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HAVI NG THE BACKGROUND OF THE | NVENTION Field of the Inventi t
. invention relates to an illumnation optical system which i sﬂmmmmmmmm F
anneal processing of a glass substrateland the like. and a |aser processo
incorporating the optical system Description of the Related Art l%ﬁsé'

r

conventional crystallizin techr;!s(rgrue is perforned ‘gé radi ati ng Laser |ight
onto an andipRBUNATIONGRTIGCARS &l\éAM; BASERLIRQ W&lﬁ@%ﬂéqgﬁ%ting

| aser light in order to repair the crystal properties of the silicon film
whi ch is damaged by the injection of SANBrity ions, and to re

injected inpurity ions. This is called a | aser anneal nethod. Mmﬁm"m"mmm
characteristics of |aser anneal processing is that there is al nbsiehe. heat

damage to the substrate. This characteristic of causing no heat danmage to

the substrate is useful WsGKEROUNGR W BHE PIVENGIONY a sem conduct or
el ement on a substrate having | ow heat-resistance, such as glass. Recently,

a gl ass syggﬁﬁqﬁghkgmﬂyeferably used as the substrate in a liquid crysta
di splay, and i'n particular in a liquid crystal display for noving inages,
in view of coit concerns and tpe denaﬁ f.or. a | arger are%.hWhen g@ing t he
| aser anneal nEhBESTNLIRARGML af93do an, BAUOD OBH{A PXSIM YINAR IIREYI ng | ow
heat -resi stance, there is al nost no heat damage to the glass substrate.
Ther ef or eforjagngag piesessing|of awdpse sibstratgand thedikas angdidesst processel iapRsperabch as a
thin-filin transistor conprising a ccrystallized silicon film even w hen
usi ng a gthasptisllsgstterat e. Consequently) in the future, the | aser anneal

met hod i s expected to be an inportant technological feature in the
construction of sem conductor circuits on glass substrates. Mst gl ass
substrates with a sem conductor circuit or the |like nmounted thereon have a

conpar at i yel ¥ioligh 9ethaRetted ArtCONtrast, the beamradi ation area of |aser
light i m’reg%catpel?@ aPter ee% ssion fromthe light source is small. For this

redson, e ShARE.ShobigaDeaMah SRR frllmbd P Rnac R e 1REEAL M o0
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



a linear bean of light is noved perpendicular to its |Iong side and scans
the gl ass substrate. By this nethod, anneal processing of the entire glass
. substrate can be conpleted in a conparatlvely short time. An optical system
for making a |linear beam used in such Faser anneal processing is disclosed
in, for exanple, Japanese Unexam ned Patent Application, First Publication
No. 10-244392. In Japanese Unexam ned Patent plicatio First Publication
No. 10 2. qlel@%é%*}aﬁﬂﬁa@& ﬂé‘éﬁﬁﬂsﬂ%orrﬁﬂﬂ@“ﬁmﬁé&F"Sgﬁueééi e gh"f?bf”i‘ ®BER syst em
known as a honogeni zcr. The honogeni zcr is required to nake a |inear beam
havi ng extsirneglyssumbstoaten | Cdnsequeatly, dmtharfoush tpdaset annehlemethod s eppdsitédcat i on,
a nufti-cylindrical |lens systemconprising a plurality of cylindrical
| enses i sioUzad idpoitdif idANBIgL0LIZESure T thehRARARNALIEZ 65schlictBudocituftgbn rol e in
ensuring that the illumnatron of the beamis uniform In the
muf ti-cyl Mngrs'uP&*atésens system strip-like cylindrical |enses are arranged
in a row paral to the direction of their refractive power. In the sarre

manner as a fl ye |lens used.in Lonve tional or illu

bundl e of raysMoSias RS SOl ot Pt 4 1 0““{}‘8 A's Split
by the cyllndrlcal | enses and focused into a |inear shap a result, the
nunber of 4\18:4@3%1113?%@% large age  Slarenigast.thrbsanhaIdiation aré?Pf laesrilighl | enses.
These |inear images becone a plurality of new secondary |ight sources.

whi ch r adimrathedidtelyhafienerhissian anpthe lightsoarce fhweallc y [Fondis readon) thashap®le€ | i ght s
fromthe plurality of secondary |ight sources reconnect on the illum nated

face of tihebsaNR Badeydarion lia¥R| A@echreddi@fiiedrégion RQcardnkdim Fertekamiple,
di stribution beconmes uniformin the direction which the nulti cylindrical

| ens systemd.s vadh 8PEgd id on('émﬁerﬁér{d%ia'r Wit RUb Qﬁe bid §AGL {h\é 13s BBYRAek -

Furthernore, 1 n Japanese Unexam hed Patent Application. st Publication

] um nat o RS ritre et e s R BRY S S Bl ”Sed#t%% Bhe |inear

beam as wel |l as paral lel to the length of the beam However. the follow ng
probl ens ‘é%“l’%aédt\hﬁlé’rﬁ’ﬂ‘étlt’ﬁ‘& a large nunber of cylindrical |enses; as
described in the above publication. Making a cylindrical lens is not as
easy as a nor n&h opydadsysteah {dranaking alinear beath vded imsuchlaset anneal prossting s

hi gher. Furthernore, the shaping precision is greatly inferior to that of

t he nor mais diqelveed @aforfeasmple] RPpsncsCURSAREINEd Ratér A ppicdtioACKitst Publicaion act ual

apparatus, there is a possibility that an optical system conprising a great
nurber of Ngy10-nelibgal In RPSRSe Uhbdaniikd BAGR AppBcatiBAUfiAE PUKlidafon No. 10-

244392, a laser beam is made linear by using an optical system known as a homogenizcr.

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.



cost and fail to satisfy demands for high work precision. The grow ng
demand for large-scale liquid crystal displays has been acconpani ed by an
.increase in the area of the scanning region. Consequently, there is a
demand for an even |onger |inear beam Wen the | ength of the |inear beam
is increased while keeping its wdth constant, the illum nated area
i ncreases. Therefore, the energy density per area unit decreases. As a
resul t, whise {IRgar yBagRsibscomep aﬁ@ﬁl%ﬁi e vasesannelight soyrsesghchaadite o nheat
the sanple to the tenperature required for anneal processing. Accordingly,
t 0 i ncr ealéght bhe exetpdgy videnstherycylhédmeal lensini Pt lights fréme teapiplatity afhe | ong- si de
| ength of the beam need increase, also the width of the beam need be

nar r ower . secofdaBelight 8a&ESrebdhnedt dAQREINiRatéd ¢ 6O WAL, dnd aReRERGedr €
expl ai ned as follows. An exciner |aser has high output power, and is wdely

used as | : ' IS e, and
the appar Magoe et b RHER Bt BB Blconl SEaTH ke hiaEEn M HRERTIES, 2
fixed |aser, .or YAG | aser, which is.cheaper, snpller, and easier to

handl e, a8 HPARCH) IR0 YR RT EEr & (R P i QL ORI ERaciiyg PORED) aser have

| ower' output energy than the excinmer |aser. Therefore. in order to

i ncrease the ehathgymenenisiJepansse VaexamingdRatent dgplieation. Kipst PubligationdYet be
focused to forma narrower beam Consequently, not only the I ength of the
beam needl0-244382 sevaahsli-¢yligducad dns spstembare nsadrtoweske theslldmswtipheoifabove, t he
need for a linear beamwith a narrow width requires an optical systemwth
hi gh i magig thodi@tiof PafBiaBithd Width 6f the Gnékir besh aOWelhs pdialldl endie leri2th sthe

| i near beam In view of the demand for this type of I nage formation

capabi | i ty bt&%’? specifications of the optical systemdisclosed in Japanese
Patent Laid-tpeén No. 10 244392, nentioned above, are inadequate. As

descri bed above, Japane Unexam hed Pat enpt |ication; First. Publication
No. 10- 244392 %Evet?v@e?ﬁil%lﬂ%%%}’ Hisiagisy “’B@h@?&&@é&%‘%f ﬂéwiznﬂmﬁl ality of
strip-like cylindrical |enses. The optical systemfollow ng the

nul ti - cyl lepws; asalesqribgd inths abee publigativay aMakingA qydigdricat tong s es ¢askies  and
simlarly conprises a mufli-cylindrical |ens system Constructing the
optical sysdtreml sigierigalefacpddens, add thy nandfactiaihg best sdsighen, t Furthewayre. thad
constructing the optical systemfrom power apparatuses having different

beam | ongshabighe pekciseed is%‘?&tl@@xﬁfeﬁm&thﬁioﬂﬁhedlbfrﬁﬂtsbﬁﬁ?&al-faﬁe&l@hiEV?d to be an
ef fective design nethod, neking the apparatus easier for a designer to

conpr ehe n@oﬂs‘?&eﬁn& Y R e SFER RLOS 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.



£

rectangul ar (linear) beam However, in an optical system which conbi nes
cylindrical lenses with different directions of power, when a bundl e of
. parallel rays enters, there is a light beamwhich travels in a different
direction to the directions of power of* t he cylindrical |enses. The
aberration of this |ight beam cannot easily be corrected by an optical
system whi ch sipply conbines power, in intersecting directions. erefore,
this design R ERSTR Y beR BTt TEY HiT ?Fp‘%qe%if g C¥iIpingd ps %ﬂew&
aberration of the optical systemto a high |level. For exanple, that the
bundl e of Apardilreelasér hghhighayptput powsrs ambid widelp esacli as@uasar light souross- sect i on.
Then, a first cylindrical |ens having negative (concave) power is provided,

and a secpB@efret! thBekéifRt |ak@NS eXiRME0E 2RO Hieldpparatus ABMEN larBOWEForitiisa di rection
intersecting the power direction of the first cylindrical leis, is provided

behind the_first Lodei cal i [ N £17. ssuned
that the %37655' F(ET &%élhjaﬁtg tér g)%sa %%Z?&?%é%%‘}%?& gﬁ(‘:ﬁl ﬁs%@%aﬁ%"x@?r fl#]]%}%e:rts:ag? | enses,
and are focus into a.linear shape. I thig,case, first | i ndri cal
s whi cHL hargls e RElerisafEs o che s igare LAG st Bhvs ot on
only. Then, the subse%uent,second cylindrical Ices which has positive power
f ocuses t PP\ espiey dhan the graimenlagerdi 1 Brreformn iperndgiandncreasa theregerghidersitvect i on
of the dispersion. The light at the center of the dispersion, emtted from
t he negat owthefillurainatyifacedthedizht ineside fenket © foirea pasowénbeamecond cyl i ndri cal
| ens at a perpendicular to the nother line of the second cylindrical |ens.

On the ot O8fiseQadidly, hdt@nly tB8length It RAKI RBE IRkeaSSAEd ROWREL h& ydi sper si on,
emtted fromthe first cylindrical lens, enters the second cylindrical |ens

at a di agﬁﬁﬁjwctr.o the nmother Iine of the second cylindrical lens. As a
result, the central and peripheral tight, emtted fromthe negative first
cylindrical |eps

have different f cab ositions after entering the
positive second f}gﬁcflﬁ?ﬂ goc?é(F’ tF‘%ﬂ%"'.d fgi)?'l ‘é%ﬁg?ﬁ"i’ Vtﬁﬁ\ﬁiﬂ’&ﬁo‘f‘h‘%‘gﬁﬁfﬁ%@%gnf ornmed in
a linear shape, the widith of the line at the center of the linear inmage is
di f f er ent OHtkahsysteEY Witk highdmage fosmatiqn capplalirip the difegtiemolgpe jeagth ofyha em
conprising a cylindrical lens, this characteristic aberration of the 6
cyl i ndri chieal bemn. miatvidye of the demtuedifor Gesnepelof image fermaébn dasbimertlse are not
famliar with the characteristic aberratic. of
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



cylindrical |enses described above. The behavior of the |Iight 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 correct tHe characteristic aberration of the
cylindrical lens with only a conbination of cylindrical |enses with
intersecting powers. Even if the aberration were to be corrected, the | arge
nunber of dicgtiomscfipoaer.Ivéres adundigwif pamdlleloaysentees, dreoy isadight Peandebichi bed
above, when nmeking a linear beamw th a narrow wi dth. an optical system

whi ch usegalsl i h@efféreitirecidin ©oThedisREbh¢F poWet bftthe eAlindtiedld@scd. s Thet
desirable froman optical design point of view The optical system

i 51 05O, hPRARRIf ARGk B 6\or80k b6 8 bkl Flslcht wEkB LA 1 On No.

10- 244392 has a constitution Intains u umnation 1nh the
direction_ of, .the short.§ide.ofdthe beaql F@mevgr, this glpucture i's not

desi r abl ¥ YRR BFTSRERE LR ¢ X Par PO WCIRUPRTOR 5 Y he ol | owi ng
reasons. Firstly, the need for uniformillum nation along the width of the
line wi| |dasEakis hgp ademptingde eagedh gherabarratiqn phitheentisal Hstemae aibtgh lavydng t he
width of the line is effective when increasing the scanning speed of the

| i near beam \Frrrxamplewihdt the bnundltef parallehiigly relysriseessivond tf bet dsular ilear beam i s
wi de, no matter how fast the scanning speed of the |linear beamis , the

total tingodsectidie |Thegad filkeeylindfca)das hatig nogdiva(@acHR) poieerS@pRiviied,
substrate and consequently beconmes a long. The illumnation tinme of the

I
| i near beﬁﬁ'ﬁ‘@é&c&ﬂbecyﬁﬂgﬂgéag}%E@%%E&é{?\%r(g(?ﬁxgk%%- inf QHirécti%E?lﬁExisEE?inﬁu‘:h as

crystallization to'ta I near beam enabl es t he

Fovover . WRER PR RN A h GEHABHOPRS 1R TDIPATR FBY RIF eliner gy

decreases at the peripheral portions of the beamw dth. Consequently, when
scanni ng lepe(onjtheipagssids)- tHispdt is assymed Hive He naeadleh light rays ethﬁi"ethﬁé'lﬁt}ﬁﬂ%r al
portions of the beam This is equivalent to scanning a linear beamw th a
nar r ow wi gteond eyhiddmesk bansést andwgye sepubddantor linger hape t he scanni ng speed. As
al ready nentioned. there is a recent demand for liquid crystal displays

with a | arge dnehis cdeetheffdsteyliidizanieadwhich hhs magkiivigpdwak gBpers@ahslifiat r at es
are desirable in order to increase the manufacturing speed of the liquid

crystal dizgPin@he diSctibdsily. DerheAPAY SubsBRRhf REbRILyENAWH1AS whthiHast ed to a
hi gh degree in order to reduce the wdth of the’linear
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



beam It is extrenely difficult to make a |inear beamw th a narrow wi dth
after aberration has been corrected to a high degree, while maintaining
- highly uniformillumnation in the short (width) direction of the linear
beam Therefore, there is a demand for ®an optical systemwhich is specially
designed to obtain highly uniformillumnation in the long direction of the
| i near begin, and to reduce the wdth in the short direction of the |inear
beam ForC\tllhii@C@fbéﬂﬂﬁtml@f be/¢astectelhe optical system di scl osed in Japanese
Unexam ned Patent Application. First Publication No. 10-244392 cannot be
regarded as ad@enesdlly. optivat Beigmersare hot fanilapwith she dystenstvhitetratdi ofs | aser
l'ight over an extremely |arge scanning range, it is very difficult to

i ncrease {igaRiTRGkeHes@itRbtlalb®RS (NA) in the optical systemon the em ssion
side. Thi s causes diffraction) so that optical considerations al one are not

suf fi ci ent. tgeh?f\gl?{ éc{lz‘ﬁ thggtt légrlnf My egﬁ-'e%%% 19l tExt?r?s c}f’oﬂ?% el?r?g'@l cal |ens

Mor eover, entne |0ne ove uses -cy

systemto |ncreasethe |IIu ion unif hort dlrectlon of
the |i neaf'oBdshfrt aids) Aineetien 0 rtg‘hé‘?aﬁh@tﬂl a“Pﬁ’@n%aﬁ%B’tt?‘B C'E‘ﬁla§ls Rt st em i s
to split the beamenmtted froma light source in the direction of its

wi dt h, and iyexagmebediffiquiide comesy s chptetsrstiopperaionsyithe cybiadren! legs vam

i |1 um nated face. Therefore, when the width of the linear inages of the

i Il um nat edy hacbimetanef ¢ydindoes] ldnkes widcimmssctingpovpare ci lveanf the abdrmtibhnear

i mages nust be made smaller than the |inear inmage wdth. In other words,

the preC'\S@tert@ﬁ@B&?&TtédtheQSrgE REmbéMERY1iAdIREAERRS RiFERed WO BB fchbebut, as the
required line w dth becones narrower. Therefore, when consideration is also

given to the ”RQH@s%fifaéH aq)o% % dnﬁ?ﬁ%uxge%?ﬁéa ?(»%th%\ﬁﬁﬂomegthsgxpgptﬁ:al the

uni formty of um nat’i on on 0O I 'near I hag

illumnated fac an be sacrifice S s ef erabl e uce the
nunber of SY${5M ‘t"ﬁlﬁg&ﬁ%salgﬂgeé‘ ﬁ’t‘?fd “‘F@Bf}t}tgﬁé{ “E“%fé‘ E%@ssa ‘%‘?Ottdﬁ%rag[?ﬁd 'i ng
work, the illumnation uniformty of the |linear inmage parallel to its wdth
can be retneriigakbdrsignipeinigfiier. of split beans can be reduced; thus, this is
desirable with regard to manufacturing the apparatus. The present invention
has been real i Fledoptivalcsystsindtischtsed in Lipandse UpexdmisabPatas cypphiedioabbve. 1t i s
an object of this invention to provide an illum nation optical system which

has super p@lichti®ORo f W IR0 RasapaRitutibh Qhichandne e uhAghhafl RnAndtiongar beam
wth excellent illumnation uniformty and a narrow line wdth having a

large as pt%EtduE&tdn%ftﬁé sh'oft as?d%‘)&f*?@{ tfe%l G iovtlverd HiSsthiEO T AP adsHaBE Y de an

|nexpenS|ve easl | manut act ure

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.



processor which can process a |large area at high speed. SUWARY OF THE
| NVENTION I n order to achi eve the above objects, the present invention
. provides an illum nation optical syst e? conprising an afocal beam expander
system 2 whi ch expands an beamillum nated froma laser |ight source 1. a
| i near beamformng leis system 3 having at |east refractive power in a

second directign y which js_sub tan}li aIIy.?t a (i htf an&e to at least a
first directidROWEveryuhan the lipeas beam has RAORK Y ‘i“@ﬂ%’-“’é‘a@l’ S VEYing the 9
beam illum nated fromthe beam expander system to a |linear beam having
its |our ddcdmsésrat thegefipheral mirtiestaf tre beamawidténs ConpegyentlyhahiemscaanipBur al ity
of elenent lenses ELI1, EL12, EL13. EL21, EL22, and EL23, arranged al ong
the firstmdlinegtbean. theredf fo anrfeaheedtionrat tRtpefiphersl)pditioms of iibedmi | Thigi nat es a
processed face 12 by reconnecting i mages of the linear beam from each of

the el emeRleqlieRSRSo SBAMER, lidddr Beal {tR 5 MEFoRWREH! arfdl mAIRS & iilln'i%%'iﬁlé gn, the

| i near beamformng | ens system 3 conprises a cylindrical lens 3 having

refracti VI%C%gsvycﬁB%i n_the se%ond direction y. 1n a preferred aspect of this
e

i nvention® ONE Bt he cylindrical lens 3, the lens array 4, and

t he condenser optical system5 is novabl e alagng an, optical axis. In a
preferred aspett algrady meatippsde Hieregs 2 reqsat ¢e@??§d£?rrl&wﬁcrﬁa§1 displaysydth sy £ r st
sub array section LA 1 and a second sub array section LA2; the el ement

| enses Ellafge argdl Therefore.t8chniques for nkekigy largadirdalsRBstrates arodesirada it drder
symmetrical; and the first sub array section LA 1 and the second sub array

section Libdn@teale mafdRgednSgpetdaf the Hguidpiysthlisplies Axdéscabad abyvd, 2, AX, AX
13 and AX23 of the elenent |lenses EL 11 and EL21, EL 12 and EL22, EL13 and

EL23, corirsReadingid & dhkceiho @Bfgﬁ)ﬁe%x%ﬂri Qs b nROthelden ctiRsiRAt i al |y
mat ch each other. In another preferred aspect of this invention, the

d i : I . i h d f ,
condenser b 156l RYBLEDSTERRY hEees ol 0 S A RBERESSEY 200, 12

anot her cylindric¢ ens econd direction vy.
The present invention further provides a | aser, pracess conprising a |aser
|ight soufteEafioRpashscl GeFpictesdo Iaé’éé‘rgelg’f Ghtt Lﬁl"’t Wé‘“?@‘i“ﬂ%ﬁ‘rgg[ﬁ ‘Bﬁ‘l{g’gﬁt i cal system
according to one of the aspects described above; and a scanni ng-nmovi ng
secti on 6illwhiediionoy the shpe (widthidingetianoof thebegar besarm altgrafere, thesdessed fact 12
inrelation to each other.

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 sysiem 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



In a preferred aspect of this invention, an illum nation optical system
conprises a 10 prism nenber 103 which splits a beam illumnated froma
- laser light source 1 Ol. into a plural i8ty of light beans in a first
direction (x direction) and reconnects the plurality of |ight beans on a
predetermned face 11 OL: a linear beamformng Iens system 104 havi ng at
| east refractive 8 in,a secon? directi o H'F‘%l ectll %n which is
subst ant i $iFgction pf SW?‘B]i’rta“QﬁﬁOBn?% IpEAE npgest oy 1 SPHLPES Q8 @on) . t he
| inear beamformng | ens system 104 converting the pl urallty of split Iight
beans to ddummeé@dfab@arffhmiylrrrgwmrsthleowgthsqfdw lingar images efghe diumisatediack; and
an expandi ng optical system 105 which expands the |linear beamin the first
di r ect i onbdcsmdinafeiwi the recoanebtioh Iprutisict ¢fshe linsanintagas pusidessaid shadler 1 102, In
a preferred aspect of this invention, the prismnenber 103 conprises a

trapezoi dy,ph Eh%rﬁneﬁ’tni% %E‘%ﬂ@tﬁs' i &Hm@orﬁ@%@ﬁr@a% I%Emngﬁﬂ)nfﬁfiﬁe lideafmagaher e
the plurality of beans, split y the trapezoid prismI|03, arcC

connect ed subst t S 1 itions |1 2 of the

| i near be%erho?ng? Ji?ti%uit %3}}5 rllﬁ%nr%h %@cocﬁgﬁgﬁ ?aércot“fef)nagv egkd? F'bn) In
preferred aspect of th| s, invention, the expandi ng opti cal stem 105

conpr i s esCORsIdgipR i alsq givemioiAs manifactus of theoasar PPCEFRIEY 1 \‘,‘ §n 03¢ opt i cal
axis AX. In preferred aspect of this invention, the |inear beamfornm ng

| ens syst @mutfdrmithefithe dkinzndtionstistghutiondf ithedlineheimmgk on theallimipatedifacect i ve
power in the second direction (y direction). In preferred aspect of this

i nvent i oncantbessacrkparapit tdstibiprefembloay sédiae Honmuadepsi splitbeadni. t B sEpidR of the
processed face 1102, a second cylindrical |ens 107 haV|ng refracti've power

in the se

i nventi on&gﬂgn?g{aeg éc?(r)gté)%/a@ﬁgﬁpglt‘?gtﬂ %lflllth ??tid?{ﬁ;ﬁ?ﬁlns ‘l 4 an eat:lﬂllg %econd
cyllndrlcal C axi s ferred
aspect of PR :lzl? H%/‘é’h |8?1n ere? Hceda Enl%rquérfbﬁg()% pgb& “Efﬁ@ﬁaé“r&‘%g{s | 02
whi ch expands .t he Eeamster of the _beam illumnated fromthe Iaser l'i ght
source 10%S iidfdrableanith (eeprd tp manpfaciring theApPRigs( x di r ect | on) than in

second di rectl on (y direction). A laser processor of this invention
conpri ses t he Thd prgsenainvertiasphas ba¢n rsglizediin 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 uniformity and a narrow line width having a large aspect ratio.
It is another object of this invention to provide an inexpensive, casily 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



according to one of the aspects described above, and a scanni ng- novi ng
section 106 which noves the |inear beam and the processed face 1102 in
. relation to each other. Incidentally. in to facilitate understandi ng of
this invention. diagrans of preferred énbodi nents of the invention are used
in the description of means for achieving the above objects to explain of
the constitution of this invention, but this invention is not limted to
t hese enbertimiliiiminatad figasihe bpar exproder sysBNsto linsat besm haykegsits lenpddsi bl e to
provide an illum nation optical system which has superior image formation
capabi | i t ineke fimsndireionxadiens array # haeag a lpbaatityof HemzmdérnsenEL] 1, [Ei2nat i on
uniformty and a narrow line width having a | arge aspect ratio BRI EF

DESCRI PTI £\ OB PHEE DRAVKINED? 5| &38npcl Aol firdBdRétioixeiid SEsndkntgr t he

schematic constitution of a |aser processor according to a first

enbodi ment . . AR re Vi i , i itution of
a | aser pgr)%lccgisssg%renﬁccorgilﬁgnﬁig%a\égg%%%%gg%ﬁggibﬁrgﬁo;ﬁﬁ%?g‘? E%Q%eggg&%i ews

showi ng the ¢ nst'htutiog g{? a Ien? array; FIGS. 4A and 4B are views show ng
the schen®SeE 2ca% AT Gk Phive slement 583 M e®essor according to a third
enbodi ment; FIGS. 5A and 5B are views showi ng the schematic constitution of
a laser 12 plocrrsisred asrest ¢ofithiy invsnaos. dug insarbasayionaing les s8emea to 6E are
views illustrating effects of reconnection; FIG 7 is a view showi ng the
consti t ut ¢campriks a cylarincedpantikavingetadtivepowdringhels8Bnddicectibeps showi ng
conversion of the cross-sectional shape of a beam DETAILED DESCRI PTI ON OF

THE 1| NVENTI ON fir8frefefed asyebost thl Rivenibn, bhRaf bRS 6Nihe cAWRICAIBNY, ke be
explained with reference to the acconpanyi ng draw ngs. First Enbodi nent

FIGS. |A apd. 1B i c LUt ion, : essi
appar at us]%g?:?:%as'd‘ﬁ%wtt% Cgﬁ?i&ggl{dpgﬁ%%gﬁ%gn#% ln%rg? @%3 nkggg? t“I%Ii g’?‘n?'ts :I ggl aser

beam which is . .
In a preferred aspect of this invention, the lens array 4 has at least a first sub array

section LA1 and a second sub array section LA2; the element lenses EL11, EL12. EL13,
EL21. EL22, and EL.23 are rotationally symmetrical; and the first sub array section LAl
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, EL.12 and EL22,
EL13 and EL23, corresponding to the sub array sections LAl and LA2. 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



£

substantially circular in cross-section. and an afocal beam expander 2
expands the ray bundl e dianeter of the beam converting it to collinmate
.light wwth a |arge di aneter. The colllﬁpte light L is radiated to a

cylindrical lens 3. The cylindrical s 3 has no refractive power in the X
direction (non-power face) and has positive refractive power in they
direction,, which is Stan |aI end| Iar x dir ion.

Ther ef or &r IS’E“HBerFP"d Ht()?’ﬁ’gg ‘Esh% 51‘8?‘1“3‘5 Ita?frihgt s‘ogrc'c&g S8 bn an

i nternedi ate image-form ng face 1 |nto a Ilne the long side of this line
bei ng parmdirty of fighteamsdi p Sest diectiondk direetion) anvt repayinests gwsnlwrnabmqfon of the

| aser beam which is substantially circular in cross-section, emtted by the
| i ght soutehebéamshmsa fradaamndnat facdll 0l canlineSt beaen-fdrming lexsdystembdrhavmg
converted to a linear inmage by the cylindrical lens 3, the illumnation is

intense a least%@fr&d?ﬁe%@%f @la R6&d ARcOOn GNBrebliftS IWhidl B IfbsRistiaNeala @ihi t he
peripheral section herefore, the linear inmage formed on the internediate

| mage-f or {]Q{O ih Cf%sf{ ci‘lrecﬁox?{ka 1pe£Y1§1 herl'ﬁm%ab\ébﬂgfo rhllng r@n@%%t&ﬁ' lgh stribution in

the x di r'éetion: ens ar rovi |na |mage side of the
internediate image forpn ace and ses a first sup lens array
section LBEVHHRE eé’é‘%ﬁéf Ogﬁ 1t|lgﬁg§e§fr}sé9aixgg¥r bB?'an‘ Ang fif KNESIACHBHE t he

constitution of the lens array 4. Since the constitutions of the first sub
| ens an dirsladiresbon k;omdlan expandeng dpsicalsysam 190 hvhidrexpardsdhe Beser beam inA? ar e

identical. only the first sub lens array section LA 1 wll be described to
avoi d t hehefipt drattioarx diredtioa),exp ilamahatesit ofitoe frocestedSodz [1@Ds array section
LA 1 conprises a plurality of elenent lenses EL 11 ( EL 12, and EL 13. The

el enent | ensegpk 1@férr@cf‘£’sp€él%f'tﬂ1¥ﬁw@ﬁtﬂmr%%h'sﬂﬁﬁédab’er%ﬁﬂﬁ&hbhfe@b to their
optical axes AX11l and the lik he el ement | enses EL11 are arranged in a

row i the i pach gatﬁérg&nganro%%é BBt i AL AL B el oF, doco ot

have ref I'verpower ens - array sec
second sup.lens array section LA2 ar ositioned so tha the o cal axi S
AXLL of It Beage PRI oy dae tEﬂLPfiméfpﬂﬁlﬁel%?i%rsforgﬁse SHestataldy y"?é‘@?? LAL

mat ches the optical axis AX21 of the elenment |lens EL21 of the first sub
| ens arr dgca pesitions 11 AP andEhl 2 of thedingardicspoiordingilensisyséry in thetseaniing to FI GS.
| A and 1B. a condenser lens 5 is provided on the inmage side of the |lens
array 4. diketidrefysdigetian). 4 and t he condenser lens S constitute an inage
formation system The inmage formation systemforms an i mage of the Iinear
I mage, 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



made on the intermediate image-formng face 11 by the cylindrical |ens 3,
on a illumnated face (processing face) 12 on a glass substrate G That is,
. the position of the linear imge made by the cylindrical lens 3 functions
jointly with the position of the illunhated face I2. 14 The opti cal
system conprising the lens array 4 and the condenser lens 5 is an inmage
formati on system which al so converts the |inear inmage having nonur&i form
i || umi nat {@rivhichexpsadoihe dinmnateriof thacdspmy: dlumiaaied from s lgser Aght oy U ne
cylindrical lens 3. to a linear inmage having uniformillum nation on the
i |l um natmdrefgaeatly i theviirstodireicon fxedifectian) thareig sedoad direcfiva (pdirectiop).e of
creating a linear inmage with uniformillumnation distribution on the

iI'lum nat ed f ag@ask@proestdiefSATvaStIINRMPriseCthe liRindhatibnldpfic@kgstbgns used in
the conventional uniformillum nati on descri bed above. -That is. the | ens

array 4 S'c{?:lcig]ltdﬁ]gﬁpgné bg{i',fe agﬁe?@cfe?&ifble& BERe. #ﬂm&rﬁﬁ{ﬁ"%ﬁ% sEaﬁgglgk' ndri cal

|l ens 3 on the'l rmedi at nage-formng tace s e iment, the

light i ljt b he. th | t | 1, EL 12. d.EL 13. Th
clo%denESZr‘i 'étﬂé"oi’a"g? é‘&g‘r‘?ﬁ@é}%gmteaﬂgr@g‘?rP‘feesfnq%ﬁé%?ﬁlm%’é’g%EBﬂ“ f%eé‘gﬂf’?hﬁ?ﬁ nat ed fe ace

|?. As aresult) alinear image wth uniformillum nation can be obtai ned
by averagi ng tIneidentaldain jofaeibifate widersiandingi of ghis invertione fiagams of prederzed
Subsequently, the process of naking the illum nation uniform by

r econnectdmbodivhénts bethe xpleatioreale iusedjinebd dascrdfeioniof nizasefdr achidsliggShel A and 1B.
As shown in FIG 1 A a bundle of parallel rays L are radiated to the |ens

anay -t igbol@8bjéctdkd &GNAiRBS the cohdtittidnNE tiGY tvegkidnC Bt thi8 ASveRtidf ndP
refractive power in. The light is focused at focusing positions P1, P2, and

P3, COVfelfrﬂﬂé‘adéoflﬁesg%n}b%@nfén%@“t | enses. !'1ls shown in FIG 1 B, the focal

poi nt of e cylindrical Tens 3 and the focal point of the lens array 4 arc

i n approxi mte mat.chi itions in the direction in.which.the
oyl o a1 enicificd Rl T ePtonakerd: sosehledd atsde 4 MR Re whi ch
has been focused by the cylindrical |ens 3 is converted by the |ens array 4
to an af otpdicalsyptam) whiclhapugerigr imggastormatiaftgppbiliviespprdssan radiatg adingarg t he
rays are focused into |linear shapes at the focal positions P 1. P2, and P3,
and pass bdam witle exastersnBeminators usifarmity @odanawew fine widsh hevinmgésgat t he sane
positions on the illum nated face 12 on the glass substrate G

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



15 The illum nation distribution of the linear inmage on the illum nated
face 12 is a conbination of the illumnation distribution of the three
. lights, split by the elenent |lenses EL 11 and the Iike of the lens array 4.
For exanple, the linear inmage on the i 13 umi nated face |2, made by |ight
whi ch has passed through the el enent |enses EL11 and EL12. is an inmage of

one-third L1 of the.linear i f.ormed on the internedi ate i mage-form ng
face |11 b‘ifo‘quléor(?fl‘fqrflﬂé‘git%ﬁfoqﬁgha%e@.dlﬁ‘ linear image on the illuninated face

| 2, nmade by IH%ht whi ch_has passed through the el enment | enses EL12 and EL22
on the opti calFl&% 8AAXOE ase waws iHugtsatime ebieatsofirecannestio: the |i neat i mage
formed on the internedi ate i mage-funning face 11 by the cylindrical |ens 3.
The |inear i negé&. @ris 4 hiew shbwirigthe echsfitution bPa bemmlexpapddri gtk whi ch has passed
t hrough the elenent |enses EL13 and EL23, is an inmage of one third L3 of

the |inear imgest 9ANRd 88Mhré DR ws RhAUIRE dbittcesidr & Re Er0ksicagoiateigapk bf by t he
cylindrical lens 3. Therefore, it can be understood that the illum nation
distri butlgeglﬁ1 of the linear image, formed on the illum nated face |? by the
lights which were split into three by the lens array 4, conbines the
different illum nation distributions of the ray bundles L.1, L2, and L3.
The illum nation distribution of the linear imge, fornmed on the

i nternedi ate i mage-form ngI face 11 by the cylindrical lens 3, is
symetrical to the opDEIAHLER BEFKRI Q%%hiﬁiﬁ@w@y@%m in FIG | A
when the linear image is split into three, the illumnation distributions
of the linear images forned by the elenent |enses EL11 and LL 13, which are
provi ded at the two ends farthest fromthe optical axis AX of the |ens
array 4, are asyiemelchbaliniedtstdthe srehat invIltRnelidne explaied bid rtferees spl i t

| i near images are overlapped on the illum nated face 12, the illum nation

di stributjop. ﬁggﬁl riﬁé/%g%%g, obtaining an illumnation distribution with

extrenely hig identally, although this enbodi nent describes
an exanpl e using three el ement 16 | enses, the same results can be
obt ai ned when only two | enses axe used. Alternatively., if nore el enent

| enses are provided to increase the nunber of split beans. it is possible
t o i mproveirg Fanbedinrei ng effect and to achieve a linear image with uniform
illumnation distribution. Subsequently, the image-form ng capability
(aberration) rE6S. i achntddBf shiow saschématiar 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



i mge having a narrower wwdth wll be explained. The |inear inmage nade by
the cylindrical lens 3 is reproduced on the illumnated face 12 by an
. optical systemconprising the |ens arr gy 4 and the condenser |ens 5.
Therefore, the cylindrical lens 3, thelens array 4, and the condenser |ens
S are sources of aberration. Since the |light radiated to the cylindrical
lens 3 is parallel light having only one radiation. directiaon, aberration
gener at edhb5entmRESEElPR pifhe dgsar I“gﬁ%en@'}{ veak Pvg?: BFRRRSER) ARFLOR o f]ﬁ“ée@b&h dEi cal
aberration of the cylindrical lens 3. Therefore, the aberration of the
cyl i ndri dadear ierage Sorped obeheimtaringdiaterimege-fuming faemidiinamynevep lisohtsdhd - convex
cylindrical lenses, in the manner of a conventional axis-symetri cal
opti cal s)sheRiorgisgivugadin tertdiebesh. t he optical system conprising the
| ens array 4 and the condenser lens 5 constitutes an inmage formation

system Ther ef ol ofillea ASLLALE A0 findtiSe@H4d SEE RGRELAIREON OPLi cal

system nust be correc When correcting the aberration of the entire

i mge forgmat.ion optical system.the,amount of .aberrati.Q e ed by the
lens arr ﬁ’&‘“ﬁ@%"&ﬁrﬁe'sa‘%r"S EREt %’.SPS}&EE}C Sraggwecﬁgﬁf%l‘a‘ drfd ,ar}{: %Ogllals{elﬁisenér ray 4

has the sane function as a_fly-eye |lens used in uniformi|!lum nation. For
unavoi da'@y Setigdtlfd | Fﬁ@aé éﬁ‘fg‘?'s %QE‘PPSBF““PHQQFWH?RFi FFLF- ePENEME | enses of
the conventional fly-eye |l ens conprise a single | ens conponent.
Consequerphstjtutidrsrof thecfitst sypdens drap seddion L Adrahdtthesecpidesubflenstaeraly gestioar ray 4
each conpri se 17 a single |lens conmponent, the aberration of the lens is

consi der ghA BareAdeticall Hgll Yhe fadt aibtl@Rirral Sedtidd ¢ Alowitiherdesdritetl @ aladd that i on of
the lens array 4 by using the condenser lens 5 However, it is extrenely

It
di fficul tg ﬂceﬁﬁﬁrog‘ﬂ?enéxgﬁin@@&{. ;:Itﬂe%st%tlb ﬁéﬁg :?Ghyeﬁﬂ&% iﬁérlll%ic)ﬁhpiges%.nd the 1ike,

whi ch are arrange r Ow. shown 1 n ght emtted from
the lens array or | i near,,i S Lt i1s radi ated to.the denser
ens 5 FREATYgHheleMeR 1oned g nEERE Suf B Tof iy stk raridpi oy 2
enter the condenser |ens 5 at different heights. However, since the shape
of the adierg foktiogahesyaaeiripy) te their epticthanes A&AL andthe hikes ahe elementsane
aberration shape nmust be corrected in each of the 1 fight beans passing
al ong di flemseehi 1 bptei amhggkinlagoatin theex dicactiom &be direstion Svhichithe cylindecalf
aberration correction is extrenely difficult. The aberration of the |lens
array 4 qams Péoesuibf haiceafracyivepowegt ed by using two
The first sub lens array section I.A1 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. EI12 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 S constitute an image
formation system. The image formation system forms an image of the linear image,
made on the intermediate image-forming face I1 by the cylindrical lens 3. on a
illuminated face (processing face) [2 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 I2,



doubl et lenses (the first sub lens array LA 1 and the second sub tens array
LA2) to formthe lens array 4, as in this enbodi nent. Wen the two-doubl et
.lens array 4 is conbined with the condenser |ens 5, wherein aberration has
been sufficiently corrected, the opti ch system conprising the lens array 4
and the condenser |ens 5 has sufficient |mage formation capability.
Therefore) it becones possible to reproduce detail, the |ipear inmages,
created by thel hecipdicalsysigmcomprising thy FPW%é‘t*’é’&ﬂF%‘éoé‘dF@er Jeps ?és ® ear that
the correction of the aberration of the condenser lens 5 is nmade easy by
t he fact intage farhiation systent eiickralsoanalertthe linaanimageihauing opryrafrmsyst em I n
this enbodinent, the lens array 4 can easily be conprised by doubl et |enses

since t heh@irdh! Brndd of tHe i SrnediRA BRI foinsin@ fAca MU Bfthe Ry Biiicd] lgBNSI ON,
unli ke the conventional fly-eye |lens, which has a two-dinensional

arrangemgnt el ses can be
supportgglgfarhr}%grt#ﬁfg‘%?ﬁ%%]f@qlgce %Pﬁgmﬁé%ﬁgg%dg?é% ‘ghigg(l)gr?geven when
each | ens Cﬁ?ﬂﬁrl S ensef CHJ il on, the | ens ﬁ arr pcan be
shifted ima HESP arerec E ORI CH AR D%F e TRV L R |n (the
direction of the refractive power_of the cylrndrrcal Iens 3)

el i m nat edistbatemen B Ikyninaied faced? ifheraame &rihe AnqiRAees f rﬁy Hf@s rrmaltlh
direction (y direction) of the linear imge. This enbodi nent allows the use
of the onde donmensomahahifdbrensdluannaipnsiesecibed alwoval r batys. thenenoarexy,4 sphitss

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

t o uni f ore libhtedm &d I%apfmégl%@mhieﬂ%rthé FRABriEA ek BeIn thOintdi@ebiargt h of the
line while sacrificing uniformty parallel to its width. The above

descri pti Lﬁ?_‘ﬁg@ :f&ng{&éé’ RO | "%hik Qﬁ%g&xﬁﬁ{lp% lﬁgh f]t l.raxhﬁé tHrQé/ (99&1!:193&1)5?5

correct. OI' mat i on capabl y Ca Ul’t her I ncrease
ncreases

provi ded ns he | ens arra h this

t he cost. égﬁef@gﬁ'@ Eltlﬁ'rsﬁ%@ﬁeﬁﬁ%ger@ﬁdﬁﬁo&ni{%@@e lftqu it H'@; 1'P'?echanl sm
W1 for noving the cy,l indrical lens 3 along the optical axis AX, a second
movi ng methEias Rl 2roAsroe il adinear iwage \a’rgtlr Hyi Qrmall”Bﬁ’g“aElﬁEC@ib?q cal axis AX,
and a third noving nechani sm W3 for noving the condenser |ens 5 along the
optical aditanddby Averdgingthk disedrimpges sphésponding athgelentezet lppwest i ons of t he

| enses 3, 4, and 5, defocusing the inmage and changing the line width of the
linear image. Sdbseuensy thd protéss 8 HERIMA MeS1LRIAAAYE uLifdrih WNecstineédn | enses

i nst ead.
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 arc 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 I2 on the glass substrate G.



Second Enbodi ment FIGS. 2A and 2B show the schematic structure of a |aser
processor according to a second enbodi nent. A cylindrical |lens 7 has
. positive (convex) power, and is newy 5ppended bet ween the condenser lens 5
and the illuninated face 12. Since thel*onstitution i s otherw se identical
to that of the first enbodi nent, the same reference codes are used for the
sanme parts and_the explanation of these parts is_ng 19 In the
second enbodi raktillumipatipn ﬁyég}bup%@gmﬁélagarwagq@ @ﬁFi‘}?&P&E‘gbCF Fhsa3 s
reformed on the illumnated face 12. That is. the linear inage made by the
cyl i ndri cambirtion 3f theriltmontion distribugiompf the three lightsi splridtyabe ¢lamentlenscs
Consequently, in conmparison with the first enbodinment, the position of the

l'inear inggg dnadee live dthBe fevib bl 4.C AorleRABpI8. the Hhedr mageailﬂhe itagéndted M ng
face) is defocused toward the lens array 4. The cylindrical |ens 7 enables

the focal tﬁéeel")gﬁxgdé By hgﬂ »Whﬂ{ '%t giags’é&ttﬂre ke LiRfehi 1025 EL'iT’PQx?d P& ghanged

m)refreeyvvhen sett nses h regardtothe ine wdth of the

 mpor ant g of e -flmﬁié. ket el Frl A BntheheRlifg n g M8 Tt °

source 1. Cenerally,, ght. fromthe | aser ht sour ce shoul d ideally
conpri se [a¥ alpq @11111%935 lfaxs 3 i ghe lingasdmags Q’fgthF ﬁlwm@tﬁda&cai?r &ade by lightct ual |y,
however) light fromthe |aser light source 1 is not conpletely parallel.
Ther e i s whach hts psedvbrough the elemdn &nsksrEdRiand EbR2 bhéhd opgiesl ayendXatsed from
the light source 1. Subsequently, the effect of such characteristics of the

l'i ght soumGghage 8forichire 2R aNithd lineaPimdeb €orfelliofiahe imEphedinte imbgeforRfiRr
processor of this invention will be explained. For exanple, it is assuned

that the dighty, g@'&%@ﬂ dnoms herh'e'hg rnﬁQ%U&ﬁhl-lﬁﬁm'ﬂQ&d?%W ehfkyyparallel.

but has a tw s wave ace and an aberra | ope ang of zero degrees.

5?5232??@%”%%'%1&5%ﬁ%ﬂfﬁéﬂ%@%@%@&%‘%ﬁ% T RET PR PaoT S i o

time. The aberratlon of the | aser ght is the horlzontal aberratlon f - 4
on the i Ithisdild2f &he ngaimage forgeg orléwnfenﬂﬁmtellmﬁ&e {or@ing fa¢e 193 the near i mage
on the illumnated face 12 increases by f - U Simlarly, V represents

vari at i orcylindtidedleani s siTberefomg litecantbe underkieadribfat theniliumainatigphdists butraneof 1.
Variation in the position of the linear inmage on the illumnated face 12 is
f - V. | nhelifiek ithagd, ihee ohliie: iihindete fate Aibyahdieghts Whicheveresptit imee of the

| aser |ight, the focal
three by the lens array 4, combines the different illumination distributions of the ray
bundles L1, 1.2. 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 lens
array 4, arc 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



d

20 length of the optical system should preferably be short. However, when
the focal length of the optical systemis short, it becones difficult to

. mai ntain the working distance. As a copsequence, it becones difficult to
satisfy nmechanical restrictions. It is essential to set the focal length to
an optimum value at the ti rre of setting the optical system Wen changi ng
the focal length in th t enpodi nent IS necess ry 0 change_.eit her
t he rragni P‘i‘%%{%ﬁ?“&ﬁref‘ﬁ@ Ejgbtlab’tegﬁ‘thf'&ﬁn]éﬁ‘f"f’&eé’lsess?%? Friag ‘ﬂg ifhe 1 ens
array 4 and the condenser lens 5 (the nmagnification fromthe | ens array 4
to the i lthomicteament! ehsasard provisied thimcfeagsethe hembertef gplitthisame.yit ispassiiare | ens 3.
However, the lens array 4 and the condenser lens 5 forman optical system
whi ch i s igpramRithé Sadrading &t oft foehietxd HnAKimégensigoue firmyil lumiraton he

magni fication of the inmage formation optical systemis changed in order to

change tl‘tgstflg,?ﬁl length in the x direction of FIG 1 A the length of the
| i near 1 mage romed on the illuninated face |2 changes at the sane tine.

changed. t he MUTBEPERH- ‘52“1'&&&?39"? AR O SR LT

array 4 changes. Wen the foca fromthe i ght source 1 to the
i || um natiBYef B@:‘é“ﬁ Q“F%O‘%‘Ffd’f“fj&h‘éﬂ et"gf@aNDS di ncreases. For this reason,
aberration generated at this tine is difficult to correct, and the
aberrati on genBrdingdr ipyage made by sheanyhingrical leng B ésrsprodugderthic Apnynated, addi ng
the cylindrical lens 7 between the condenser lens 5 and the illum nated

face |2 aacd N yhinSoptivdlasiiteRROmpEVIap thwens drik® 4fddahe ¢ondeaisbsiens 5t he
cylindrical lens 3, the lens array 4, and the condenser |ens 5. have been

sel ected T’H EJTOI%r he'c ;flﬁq}"waﬂ% S i h@‘gﬁf 5@5@' p@n& ﬁ{e c%ﬁ&én@& lexlis@art& 9&@'[26 fgcal

| ength can be set b e cylindrica . Theretore. an optical system
can be obiﬁ> nted whi ch accords with the characterl stics of the |ight source
1, while 5@% (H’g t he Iength of the linear inmage constant and w t hout

i ncreasing aberration. rd Enbodl ment Pl GS. 4A and 4B show a

schemati ¢ constngeiff BEhthd‘?‘t‘?é fcr %éb lingrisableny? *sane@é#ehhl% heyng RRIYtORF 1 d

enbodi nent. A YAG laser 101 emits a |laser beamwhich is substantially
ci rcul ar rediagomdigections aberraticmgkneratedhv thx prdindrieal 102 3simplyrcomespoaddteam t o
collimate |ight
the spherical aberration of the cylindrical lens 3. Therefore, the aberration of the
cylindrical lens 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 [ormation 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
gencrated 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



" which is elliptical in cross-section. At this time, the long axis of the
ellipse is inthe x direction, and its short axis is in the y direction.

. The structure of the beam expander 1021_,and t he net hod of converting the
cross-sectional shape of the beamw || ''be explained |ater. Subsequently,
the beamenters a trapezoid prism 103 and is split into three beans
radiating in_djfferent directions. T it di.rect,ion, matches the | ong

di recti orf S(lg(glg*epge(yrpgqﬁenbﬁhetfﬂ)grrgﬁlql] ?ﬁﬁ%%ﬁs Becgﬂéldefﬁtﬂ‘é- t‘ﬁ?%oé&g%m " beans are
radiated to a cylindrical lens 10-1. The cylindrical |ens i04 has positive
ref ract i \attemptismmade to herrect dieraberratinm ofithg lens arrayed ewsing the eondenser &8 Son at a
ri ght angle. The shape and position of the trapezoid prism 103 are

det er m nagowevet, hels ekhemélpdefficalptd dorleeadi® abeeracion 6L the elenrnt fend EL ealidat e i nage
formng face 1101. The focal position of the cylindrical |ens 104 al so

mat ches theposiiiiPhte 3Rafdi@ ih ALK MRl Mot iBI6: { QAR Nphtledfitted A6k the
Thereforet?g%lﬁg eam;eem' téeeél fromthe cyl ilndri cal Ieng1 104 are gathered in
a linear shape . i D | ] f 110%;. necannecting to
forma | i1ﬁ%’a&?%%égggl§%%%g£é%llﬁgﬁ %ﬁr‘ég%ggﬁfgﬁns?}ﬁgnesas} %rn%ég’gg the |inear
i mage, which is forned on the internediate i mage-formng face |101, has a
nore uni fRIFFE FTPER#‘?IE]FF’GH" lepses, omﬁe'ﬁiaﬂébg EYteF BESR ‘?rgﬂ‘stair?éd FREL
(hereinafter termed "raw beant') immediately after em ssion fromthe |ight
sour ce 10kighTherHowavenspan thiershapmofithaitbesptiorgenetieddryojaek elemant lenpiansi on of
the linear image of the internediate i mage-form ng face 1101 onto an 22

i ' um nat@el sdrae: €hd skthe abarratil shape mukidlercairected in cath of thalightdbehmmn passingmage
having uniformillumnation is formed on the illum nated face 1107,

Pref er abl yon AN BRGT Sptlcal S honBERY KRS | nrﬁib@;b B SefBAbRE Srection

i mage-formng face 1'101 in order to cancel the effects of diffraction at
the trape

i L, flares. Subsequently, uniformty of the |inear
i mage on %g;étg?lﬁl ?{nfgigpgte i mage-formng face 11 OL will be specifically and

quantitatively_ explained. Firstly the intensity distribution of light when
the raw beam j S1r5eTaURp ‘?fﬁl’:%{e‘als F‘i}{??'eéfar‘slﬁasﬂg?%?’ﬂgﬁofrﬁ"é DY YR cal beam
w || be explained based on FIGS. GAto 6E. FIG 6A shows the
cr oss- secdqublenlensgsdhe fust sah lepsearreybal apd therseedndishb lanawraebAvpiedess t hr ough,
as viewed fromthe direction of the optical axis AX (z direction). The
apert ur e APldns aghy 4 Hsai thinembalimente c Wigh thatvdadsublet tina arte4 isodfomtbinddl G 6B
shows illum nation

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 2. It is clear that the

correction of the aberration of the condenser lens 5 is made easy by the fact that this is 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 is 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 lens



" distribution when the raw beam has passed t hrough the aperture AP and has

been focused into a linear shape. The illum nation distribution shown in
. FIG 6B assunmes that the illum nation %')stri bution of the beam aperture AP
has Gauss distribution as in a conventitnal |aser, and is cal culated from

the followng equation. r: | (.r)a ~exp {- 2(x' +y'" )}dy Here, the x and
y coordi nates represent coordi nates on the | aser aperture AP face, as shown
in FIG 6y TaR bg shifted i the i dirscipgy which they "f%?qné‘?‘?@”s?r&’é‘gﬁq G |i near
image, and the y direction is parallel to the width of the linear imge. As
i s clear diregtion bthe befvastivepewérad thet dyéinduicabress ) dfhis ¢laminptghabematfpvsi t i on x0
on the linear image of FIG 6B is equivalent to an integral of the

i 11 um natdaggseddiysdlighiehi cMhevichsus in tHeavidpaditedtieén ARlirepias iofihetleapiamié.i on x0
on the beam aperture AP of FIG GA and extending parallel to the y axis

along a stral g'g?is EiBSdibrent Jﬁ%\lsqh@‘ﬂéﬁtﬁ rthe"ox‘fatdil?]lgﬁsi(g_}%ﬁmfb grrdykihdd€ad ange that

the intensity stribution of the light reaches e' of t'he center, as in a
conventi onal ,case.. is .clear 23 . fromFIG 6 t Lptensity . .

i ot £ buciiaAep R iR bR Tiap sfebiigromacdocine Wt dEat B TBR g near
imge (x = 0) and decreases as it approaches the peripheral portion.

| nt ensi t yPrissEy ipsdifaamdliyminatan efjthe lineasimpes pasHie! & the dangthgr{dhe Kesovhilg he
illumnation distribution of the Iight which was split into three beans by
t he tr apesciificipg usifioranity pakedlel fodcsusidth. i rfthe abovtd desaiptwhajperly sordupisahated. The

illumnation distribution can be regarded as the illum nation distribution
when t he fpedsdisivdbtihisasertidaisesrdcht o the | inear shape, is split into three
and subsequently reconnected. 'the illum nation distribution of the three

split beans i i : t il ] I ol i i shown
CEHAAELARRbREARbI L U A BT DAL, D)

in FIG 6B into thr

1, a second bea 102, gnd.a third beaml 103 (see FIG 7). FIG 6C shows
t he iIIu?)leﬂsa?tc‘iubﬁ]ch?rgtaﬁabgtﬂg‘r‘?élglb*h'sﬂﬂg@@sef eeCé’SISpI it beans. The beans L101,
L102, and L103 are reconnected on the intermedi ate i mage-formng face 1101
as shown in FIRefegbly. Ahis smbediment shopld lavp afirst mqyineraeshanisen MVEifBUt i on has
the shape shown in FIG 6E. As is clear fromFIG 6E, the illum nation

di st ri butmovingthetdy&indricad bans 3 hiqng thd omical agoAKXee sécond hmsingxhechaby hi gh
uniformty. A conparison of FIGS. 6B and 6E shows that the effect of the
reconnectiion fosmoongithieleabhigay £alongHidplical avdi X tahe aithitdifoniaki on at the
center (x = 0) of FIG 6E is regarded as 100 % the illumnation at the

out er most ,p&HLRAAVAN BPMbVABShe condenser lens 5 along the optical axis AX. This

bitfd {:d?\g)e

hree sp

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 refercnce

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



s approximately 90 % As already nentioned, the linear inmage forned on the
internmediate image-formng face 11 U 1 has nuch nore uniformillum nation

. than when the raw beamis focused intoqa Li near image w thout being split.
However, there are cases when even a |li'near image with such highly uniform
illum nation does not satisfy the specifications required by the actual

| aser processqr. In such cases, .controlling.t aber.r.ation .of the
expandi ng opt ﬁ’ééhe %%ﬁ&ﬁ@%@?mttﬁghm’alr &H?%?d??‘%rjf’)’gﬁe ?)ﬁlé‘dg‘éﬂtleélrs °0f the linear
i mge can be reduced, and 24 the illum nation at the peripheral portions
can be f uefotreed omthe dbwramater facedRanphas js. thi lineanimage made bethegybydrigali ng t he
bend aberration of the expanding optical system 105 negative value. As a
result, t&e 3 fuhetionsjéindy withitheilltdiyatebfacdR. | Tonsgaeatdybin enparisdn with cent .
Preferably, an iris (unillustrated) should be provided in the internediate

i mage f Ortge'r it érﬂP@dihﬁQﬂtHe’bo@i"tiQﬁ lof 1R 1Rk ThiAgd Ralid BY B8 cFlRMERE] [BYs 3INwant ed

em ssi on oma lens or a cylinder, and flares generated at the split prism
aperture,. which prevent. uniform.llum i e 'BI um nated face |102.
Subs equerﬂ“}{\%fm?ﬁ 1 1{11@56201%P%gatc$d R d%%%%?ﬁ‘?%d gil ]%%ear}g t4|' cal system
according to this jnyventjon_wl |l be explained. As. tioned in the
description ofThFr‘r‘éd“F%}cé{ Bs Z{F’E‘?b]?ﬁtb?lﬁ’ic%é@%g“?&Wﬁt“i‘%ﬁ%&rﬁﬁmqtiﬂﬂ‘yl“feé‘ requi r ed
in order to forma detailed image, and the aberrations of the optical

syst em misegde ksohpegedaaors lieekseifon seijing fredaisehi s point of view, in the
present enbodi nent, the lights are focused in a line on the internediate

i mage- f or m ng Wik eegaidib, thalige Wit of the liaegr amage) thedpial temigtisiyisheckinel Wit or s
the image a second tine. The main sources of aberration in the optical

system arg.Lis ngydiéee@ad)f;@imé&eaﬁt fl%gf}% e\fms%hdéhfaﬂauéﬁaiés%d kiieabie d_?'ihelt I&er

i nternedi ate 1 mage-form ng face , and the expandi ng optical system

whi gh he. i I ey he {1l um d f :
ccor i ngigpt SR & orpis R, T BT HoFEIER ol h b BB pmaBE, o

Firstly, the expand, opti.cal system 105 is a g¢onventiona
| mage- pr GPELe] T gkgq@dﬁg@%& oy OB | ol AT PR Behy o g i | s
symmetrical to the optical axis AX. Aberration can be correct by using
convent i dassr liglgrspetse il anngfroonwiriely paralipler dbgretis vetiatiop peasitisieon thtber r at i on
correction can he achi eved. As described above) the illumnation uniformty
of the | idneation sfxpelight deherated 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 12 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 I2 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 2 is - V.

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



illumnated face 1102 is corrected by controlling warp aberration in the
expandi ng opti cal 2; system 105. Warp aberration is easier to control
. than aberration of the unage caused by%pherical aberration and the like.

Therefore, there is no reason why this“should make it difficult to correct
aberration (spherical aberration which affects the image). Wth regard to
wor k processjn nce the e ndi i cal s tem 10 trical to
the opti éalphthﬁe?@cmtmjﬁy%? |5€‘§ET E‘géﬁfgf S]?ﬂﬁbq vg:vgrp i)IeIF ﬁg&%%ﬁen@&h be
obt ai ned by using conventi onal mork processes. Subsequently, returning to
FIG 7, aifahe aticehsystent iseharylif bageinesdifficwligo nountsinithe wer igteneed. A¥he
cyllndrlcal |l ens 104 sinply focuses a bundle of parallel rays, split into
three by 4 hmsequehdel itgcdiésSATfitdR to batisfy edhani€al rdsmidtivher elt id disuntiai 9 no
difficulty in correcting its aberration. Since the three bundles of rays

L. 101) Ll focaamnghﬂtgcsn%gmm U G5 dfidarbdnf forent entry

angl es, e aben~atlTon generated here Is, ourse ependent on the entry

| e. he di f i gh d
e Ea?al Ir A O b0 B Bt e RS TRk ep 0 Sl L

AX. Ther ef, one eed o%}% consi der t he b@im L 102, whi ch ravel s in the
di recti orf! ‘thﬁ@wé"ﬁt jcaden gfthe imaee fomeptiol OPHEA SYSterD SOTRRING the ANS RHAY f
travels in another direction. The aberrations which depend on the entry
angl es arandtthecadaesenlengf dthe apagni{ivatign fromakd lensgmayet toitbailluppnatedfacsy st em
term nol ogy as cona aberration and sagittal inmage surface curvature, and

t he |ike.12Ybethe fovablenglheftiad dytindndal ihs s Hepevsleme 1en8 afrbe4 amd thy angl e can
easily be corrected by analogy wth an axis- syrmetri cal opti cal system

Fur t her o%deﬁ’"@el@néﬁ dr c‘?}RiEEl Lt@mt\GhiEH‘ﬁ c'ﬁ?to%hé‘@pt 15:!?@ ot i cal
ferr e t'wo

system e ang es o L 103 ra |ate romthe

oo 1 A A L r%'ch?oﬁlro?é*ﬁ“‘r’{#éﬁ°dws HEPAE R g 70
| d [ 104. t t
aﬁe'r P a{ : 3% 0i’ﬁ‘£?‘§%haé‘§? rhf;cfp?aé éﬁngﬂ\elhzhevfgélrm@npﬁﬁf&ﬁéﬁqﬁaﬁgg ?hgi‘lne%rist em

| 05, which are considered to be the two main sources of aberration, to be
easi |y comagefathed ThéhefllumenatediacolZehanges epthe szihe tipst ehuthesmbiegihémmage
formng capability. In this enbodi nent. the beam expander 102 conprises a
prism redeéicablehf ofkteroyiihdrival hs B hes Bacarchilgedahé fimthbea s bfgRurdAINdgscri bed
above) an elliptical beamis

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

source 1 to the illuminated {ace I2 is shortcned. the NA increases. For this reason.

aberration gencrated 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 12 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.



radiated into the lens array 4. This has the effect of darkening the
brightness in the focusing direction (y direction) of the beam which enters
. the cylindrical Iens 104. while sinmultaneously increasing the dianeter of
the bundle of rays in the direction (x direction) of the long side of the
linear image. It is not desirable to increase the brightness in the
focusing direction (y direction) of the beamentering the cylindrical |ens
104, since this generates greater aberration. On the other hand. when the
di aneter of the beamin the direction (x direction) of the long side of the
| i near i nHyw Embedimentarrow, the linear imge formed on the internediate
i mge-form ng face 1101 groves shorter. For this reason, the nmagnification
of the expandiliGSopniand4BshewamciOBativironstivetiomafithalseat pravesrotageordingbt ai n a
| i near image of the required length on the illum nated face | |02.

Consequengtiys thitl chiboiR@ame | A YAG laberolainiyn lader bben eivhrissutgtaagiliycal system
105 i s undesirable. The expansi on and conversion of the raw beamto the

el lipti Caﬂircﬁﬁ?iﬂ rBst o gp@g'bgﬁﬁ'rexﬁaédmrcgme?ts't& ARV b lRkh@lgr ati on.
CGeneral |y, a cylindri cal"l"ens Ts Used fo expand and convert a
cross-sectjonal ly circular raw be t.0..a cross-sectionall.y elliptical beam
However , ‘é‘é‘c ]?{Qﬂf’é[j‘%‘&?é,ec%fmcy?tmﬁ}af fimg; th Z% L Oéglbeeﬂégﬁés 1[notgﬁﬁn uf act ure
and is difficult to work with high precision. Accordingly, thiss enbodi nent
uses a prditasiienandifs shart exipisia thenodisssHorr t Therrugiupsel thebsampeigrnderdP? cul ar
raw beamto the cross-sectionally elliptical beam w thout generating
aberr at i omd the giethB Gf canvertingsh¢ bresesmtonal shaponf ti baamevhbeepplaigted 102. The
beam expander 102 is conprised by conbining three right-angled prisnms |08.
109, and 4&e. The raw beamfromthe |laser |ight source 10l diagonally
enters the face PRL of the prism 108, and exits the face PR2 at an

approxi mate ri %cﬁ{éﬂhﬁ thd"6daE &terlg"?rags%]z?ma ris}q«gi&M%smgﬁts%wﬁamw PR?

of the prism1 an approxi mate ri g thereto, diagonally enters

the f PR3 .of . t jsm 109, and exits the f 4 at.. an. i mat
gt angrRat el eRR Brergnt . TiReE et eme B helorBeutR B L pri sm

109, diagognally enters the face PRA of the prism 110) and exits the face
PR6 at andifgsppdhatikg @lipticphbeaingl Breithise sply beame aiedrdigied & 3 mylundreal denst ut i on,
a raw beamwhich is circular in cross-section, as shwan in FIG 8A, is
expanded Hhd dbnvglindsigallong 1 Qfhhas positiwemelilaciets dosver[nl they idira¢tionnwhich
cross-section, as shown in FIG 8B. F ur thetznore, this enbodi nent shoul d
pr ef er abl iynegoprnhse ditedtiondt a fight 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 (hereinafier 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 [101 onto an



mechani sm W 1, which noves the cylindrical |ens 104 along the optical axis
.AX. This enables the inage to be defocused by changing the position of the
. lens 103. thereby making it possible to, change the width of the line. This
enbodi ment further conprises a scanni ng-noving section 106 which noves the
gl ass substrate G This enables the |linear beamon the illum nated face

f 102 and the il face 1102 d.relative t
chch ot nafumHRg éO?Qn@&J%a'sgnsirﬁ?c&akb&ss‘i‘%e? b e TR PTG can

be anneal - pr ocessed at hig Pee_d Fourth Enmbodi nent FIGS. SA and SB show
t he schenitingnationds formed @mthsfl leminated degqe [ho% c defgrablyc awarfirivee thould teour i h
enbodi nent. A cylindrical |lens 107 has positive (concave) power, and is
new y appsodeed hetheieeniddetexpgadomgng fick T is psieem dfibel alndeftdets dfl | um nat ed
face 1102. 28 Since the constitution is otherwi se identical to that of

the firsty;apRadh FRRE wrapddBidHEn ARf Br&Ce codes are used for the sane parts
and the explanation of these parts is not repeated. According to this

arrangenent, t > of the
M near i mage i SatRAG \BIORLP R GFliR: BRANR BEI Sl dabIE AL ©
intermedi gate face 1101 does not function jointly with the

i |1 uni nat '8¢ lflggg\qﬁfggpe )EQC%HYE’B g\éad’d&'i‘éél‘ EXR@IEY i ndrical |ens 104 i s noved
parallel to the optical axis AXin order to focus the beaminto a |inear
shape on the iFirst thadtensiticéstibripn ofHehttwhenftorw Jramns focysedivios f rom t he
internedi ate i mage-formng face 1101 to the face 1112 in FIG 5B. Viewed in
t he w dt Nimtar siepe by ai jdedl aydiatsicud peant vl posiplained edsed trieFIGR. €Al td BE. has t he
same function as the position of the illum nated face |1102. According to

this consgd yhi @Bws m?:%rﬁsfk%@ﬁorﬁaf@ﬁﬁéotf & %gﬂu#ami %1&%'11!: R b&ah pdsslls 104 and

t he expanding opt| cal system 105 are condensed parallel to thelr wdth by

the cyli I As esuy the.ab congdensed

enabl i ngntg néﬁ a3 Gr) e tlllendeuélerc big %ePth%al d‘flgA%{f aglﬁc??{g ﬁj ?‘Heﬁtg% %ed face
| 102. Furtherrmre the above constl tut| on i s extrenely effectl ve in

prevent i nit i QEMREIN GosyRStignand hasadiagpetennf ¢ o 545 o1 ﬂﬁ’t“s HpRIngiadr der in
the direction of emssion. CGenerally, light froma |aser |ight source
conpr i sesdipaibaliorevhemths raw bedng has passeddhuatighithie apertire A@dindibagbtendocusédt ual |y,
however. light fromthe | aser |ight source is not conpletely parallel.

Mor eover , intdeelisear shapar | The dinfiveion distbition tshewsl iy FIG, 6B assimeds gt kiicght
generated fromthe |ight source. Consequently, the linear imge on the

i1 um natigdmeeien Wk RRAQTRR el apkfGe ANhs!dRiss distribution as in a

conventional laser, and is calculated from the following equation.

](r)af e\p Z(x2 +y2)}a”

Here, the x and y coordinates represent coordinates on the laser aperture AP face,
as shown in FIG. 6A. The x direction is parallel 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. GA 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



position of the entire inmage noves on the illum nated face 1102. Wen f
represents the total |length of the optical systemin the direction of the

. wdth of the linear image fromthe apeg}ure AP of the laser light source to
the illum nated face 1102, and 8 repreSents the slope error of the wave
face of the raw beamfromthe |aser |ight source 101, the anount 29
correspondin o these aberrations op the il.lumnated face 1102 is f x D
Fur t her mofm %\;\%eﬁéa}g‘i jagmsisy distibifen ngﬁhéf’ﬁré@?%ﬁfs 31%?'8&3?@& °FY e’éc,’fltf’ﬁe amount
of this aberration is also f x 0. Thus both are proportional to the focal

| engt h f.linEheimeige (e = 00 agth dearedsercasl it appnepchesithe pﬁanhm‘agptmlan-r elntansiy (y
direction) is desirable. In the first enbodi nent descri bed above, when the
optical pacaries gsrs anthe bhenexpaadphegnl ppttionsl system 105 are changed in order
to shorten the focal length, the length of the linear inmage sinultaneously

changes. Consequgntht NukiRgidroGatibh @ fihOfight R @wvid $I1iBihed BRkel RaMBEe
shorter by changing the focal Iength and position of "'the cylindrical |ens

104. \We [ . cvlindri ; i & S : , the
number of Manape Ry kAR e focktR i bl e kEMaRE,  PnSlRERER. | 0
nunber of .apertures (NA) of |light enteri t.he. expandi ng optical system 105
si mul t anedifEPYIgHtandsLegar eﬁtﬁség% %éat@BﬁgﬁtrM‘QBl ney q?eé’fni' B’h!‘:%&"’éor di ngl y.
in this enbodinent) the cylindrical |lens 107 is added on the illum nated
face | | forussidesodie linver shaparisisply inp threasndsspbsegpentlyosconseried. eniheg t he focal
| ength of the linear image in the direction of its wwdth (the y direction).
Accor di ngillumiddiios désoiiiaitiob wif therthree plitbepas & dauivaleqt rspliitiolg tienllopinagiah Syst em
with even nore superior image formation capabilities. Preferably, in

addi tion dighibli§ord dHo%in iHEYGEB RS &Y. S MhMarde Wit ©BarPHE ferfnB& a EivdiibBEHHT cal
| ens 104 along the optical axis AX, this enbodi nent should further conprise

e opt 1 dafOra PR BERRL . i W Bl i S S HIGREC shRpt ™ = 7

cylindrical lens 104 acid the cylindrical lens I07. it is possihle to
def ocus tHEMiRREGE daﬁ%b%wah@%t%?%?éhﬂfep selitheamp.  Uie Reams $401.i11102candddd@3t abl e to
nove only one of tile |enses instead. 30 What is clainmed is: An

i |1 um natdrerecopdctss onsthis indgermediate imsgerdorming 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
tace 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



an af ocal beam expander system whi ch expands an beamillum nated froma
| aser |ight source; a linear beamformng | ens system having at | east
. refractive power in a second direction which is substantially at a right
angle to at least a first direction, the |inear beamformng | ens system
converting the beam illum nated fromsaid beam expander system to a
| i near beamhhaving its long side in the first direct] or}; a lens array
section HaeHHgniaatinm atahs peyipherabpripns can bp fwther Hicregstte d FAF BHEPRIGI RS i r st
direction; and a condenser optical systemwhich illum nates a processed
face by rendesnreckievetpy givipgshobendabeirationed therxaamdinpoptisalcdysiom KAild el emrent
| enses thereon. 2. An illum nation optical systemaccording to claiml
wher ei n thgativd\aiic. Deya feoiltlitngusiGatisy ShiEohntiraan bs intgeasedyl denetal cal | ens
havi ng refractive power in said second direction. An illum nation optical
system ac&gfe(igit.ng to claim?2, whereein at |east one of said cylindrical
| ens, sai cf ens array section, and said condenser optical system being

novabl e al ong an.optical. .axi 4. An.illuym natiaon opt. cal stem accor di ng
Lo olai m 1. anaPErPL andrs indtusitpiad) oy Bt feledd SR ot sup
array section acid_a second sub array section, said elenent |enses are

r ot at i onaforgingyasedd P serderdagligunae flareseausedbiaynveantedemission o adansPrsecond
sub array section are arranged so that optical axes of said elenent |enses
cor r esponaiyigpden andBarssi pereratad/atsleceplio pgsis abatan twhadh preveat ohifeach ot her. An
illumnation optical systemaccording to claim1l. said condenser optical

Syst em compisdtiod on@he flkgisdielefaed (192l d processed face, another cylindrical
| ens having refractive power in said second direction . A |aser processor

O 2175, AR T I bS]
SCann NG AR 00350 bl TN eblie AR DERTR0 S BRSRRREC, 200
system Coiglpargie Sfci)rrnn%:tion 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 [101, 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 1102.  Accordingly, the correction of aberration in both must be considered.

Firstly. the expanding optical system 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 achiceved.

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



a prismnmenber which splits a beam illumnated froma |aser |ight source.
into a plurality of light beans in a first direction and reconnects the
. plurality of light beanms on a predeteryined face; a |inear beamform ng
| ens system having at |east refractive~power in a second direction which is
substantially at a right angle to said first direction, the |inear beam

formng | ens systemconverting said plurality of split light beans to a

| i near bé&ﬁ?fﬁdéﬁngwaﬂ%aﬁﬁ&og i‘scF‘é‘S‘thosc&PHglft,‘?‘gibe ?‘gh?lfth?ﬂlg%(‘fa’éﬁggkpandi ng
optical system which expands said |inear beamin said first direction, J7
and il | unphatcebatietration andathp tike e SEedefbrc there/Am no kdagon why thomshopldi reakle isy st em
according to claim7, wherein the prismnenber conprises a trapezoid prism

and the poiclik &cdfecbMetralbe(iBh@IdAl SREafi@C RhicWatfeas griisagd)ur With y of i ght
beans which were split by said trapezoid prismare connected substantially

mat ches e, 4 Ebcébrkgﬂé%.iéiﬁ%ssf&% d&aéxﬁlaﬁdiﬁgeeﬁﬁc?lﬁ@%ﬁpfdﬁiBS;rdlﬁaﬁcélxékt?em in said

second direction. um nation optical "system according to claim?7.

Fot at i ondP A &y ek Peiop s e e R e e RES e BY SR O ot

system according to claim7, wherein linear beamformng | ens system
conpri si gn¥entivpaltwerk presgsscal | ens having refractive power in said second
direction. 1 1. An illunination optical systemaccording to claim?7, said
expandi ng opt iSshbequymstiye netomingrto FIG Y], aberrdtive of ildecybidrical Bnpi@kedkled f ace, a
second cylindrical lens having refractive power in said second direction.

12. An i lkprireal | PRe Oyindeiadl 1@%&@@@1@99%&5@& Buddrelctipaiaflel raysakpllit@@st one of
said first cylindrical |lens and said second cylindrical |ens being novable

al ong an (gRELEAe s?gﬁgrﬁ pdm 1038jrtd & Hm.ggﬁ{&&m@pﬁk&q& nS¥iFh&Myapcording to

claim?7, further sing a beam expander system which expands the

di ameter of the .pe%m illumnated fromsaid | aser
correcting 1S aberration.

Since the three bundles of rays L101. 1102, and 1103 enter the cylindrical lens
104 at different entry angles, the aberration generated here is, of course, dependent on the
entry angle. The directions of the two light beams L101 and L103 which do not travel
parallel to the optical axis AX are symmetrical to the optical axis AX. Therefore, one
necd only consider the beam L1102, 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.



| i ght source. nore greatly in said first direction than in second
direction. 14. A |l aser processor conprising: the illumnation optical
. system according to one of Claims 7 to, 13; and a scanni ng-noving section
whi ch noves the |inear beam on said processed face and said processed face
inrelation to each other. .Aafy.A R A , AN A

. Aa?. Aa, . Aa. A Au’>AAuRAaeAu’>ARAaA ﬁ e..Au ANLA A A

A A9 A7 AN?. At v@&mwboggpgnt enables the a errahon n thc cxlm rical lens 104 'and
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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 is

newly appended between the expanding optical system 105 and the illuminated face 1102.
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Consequently, the linear image on the illuminated face 1102 becomes too wide. and the
position of the entire image moves on the illuminated face 1102. When f represents the
tocal 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 illuminated face 1102, and 6 represcnts the

slope error of the wave face of the raw beam from the laser light source 101, the amount
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of the linear image simultancously changes. Consequently. the focal length of the entire
system is made shorter by changing the focal length and position of the cylindrical lens
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 I102 side of thc 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 MV 1 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.



10% u& () -, YL0% u& ()- 10% u& ()- 02dEbC

10- u! 10% u& () - mL0% u& ()-10% u& ()-f!10% u& ()-Lgl0% u& () -

*10% u& ()-33dEbC 10-u- 10% u& ()- +10% u& ()-)- 10% u& ()-s'

10% u& () - YOd0% u& () -, #@ 10% u& () - 2c>YYNC 10-u 10-u 10-u 10-u8

10% u& ()-610% u& ()-410% u& ()-S2 10% u& ()- &010% u& () - 2dEYNC 10- u

& 1099& ()-T 1000& ()--1090& ()- 109F& ()- 109F& ()-109a& ()- N\WIEYNC 10- u
3% 1000°& ()-#, 1090& ()- @ 109F& ()- 109T& ()--109F& () - S109T& () - BAJEYNC
10-u @& 10907& () - 0&1094T& ()-- 1094T& () -

+10907& () WhiMLieUiB&néd is3 ' 91094& () - Jqr st wbC 10-u” 10% u& ()- @0% d& ()- 10T
10T 1078 10947& () - 6310947& () -1 4F1094& ()- z, dEbC 10-u

10% u& ()-10% u& ()-s410% u& ()-Y 10% u& ()- 10% u& ()-10% u& ()- 9FdEbC
10-u  10% u& ()-- 10% u& ()- 10% u& ()-S@10% u& ()-& 10% u& ()-S

1098 O TCIEHE i Bl Gk AR, O -1) 2109 s O L 100t (-

an afocal beam expander system which expands an beam illuminated from a lascr

light source;
a linear beam-forming lens system having at least refractive power in a second

direction which is substantially at a right angle to at least a first direction, the linear

beam-forming Jens system converting the beam. illuminated from said beam expander

system. to a linear beam having its long side in the first direction;
a lens array section having a plurality of element lenses. arranged along said first

direction: and
a condenser optical system which illuminates a processed face by reconnecting

images of said linear beam from each of said element lenses thereon.

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

3. An illumination optical system accordint to claim 2, wherein at least one of said
cylindrical lens, said lens array section, and said condenser optical system being movable

along an optical axis.

4, An illumination optical system according to claim 1, wherein said lens array
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5 An illumination optical system according to claim 1. said condenser optical
system comprising, on the side of said processed face, another cylindrical fens having

refractive power in said second direction .

6. A laser processor comprising:
a laser light source which supplies laser light;
the illumination optical system as described in one of Claims 1 to 5; and
a scanning-moving section which moves the linear beam on said processed face

and said processed face in relation to each other.

7. An illumination optical system comprising:

a prism member which splits a beam, illuminated from a laser light source. into a
plurality of light beams in a first direction and reconnects the plurality of light beams on a
predetermined face;

a linear beam-forming lens system having at least refractive power in a second
direction which is substantially at a right angle to said first direction, the linear beam-
forming lens system converting said plurality of split light beams to a linear beam having
its long side in said first direction; and

an expanding optical system which expands said linear beam in said first direction,
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plurality of light beams which were split by said trapezoid prism are connected.
substantially matches the focal positions of said linear beam-forming lens system in said

second direction.

9. The illumination optical system according to claim 7. wherein the expanding
optical system comprising an optical system which is rotationally symmetrical to an

optical axis.

10.  The illumination optical system according to claim 7, wherein linear beam-
forming lens system comprising a first cylindrical lens having refractive power in said

second direction.

11, Anillumination optical system according to claim 7, said expanding optical
system comprising, on the side of said processed face. a second cylindrical lens having

refractive power in said second direction.

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

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

-

13.  The illumination optical system according to claim 7. further comprising a beam
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the illumination optical system according to one of Claims 7 to 13:
and a scanning-moving section which moves the linear beam on said processed

face and said processed face in relation to each other.



