;e3erF$3rC I'L*: + 262T$3/V' :1 1 S E P 2002 SPECI FI CATI ON ULTRAVICLE%‘LigEQm
APPARA URE APPARATUS USI NG SAME BACKGROUND OF THE | NVENTI ON 5
FI ELD ‘ | ON The present invention relates to a | aser apparatus,

and nore particularly it relates to an ultraviolet |aser apparat

generati ng o ?aviolet | i ght capabl e of suppressing generation OHWMMWMMMMMWMI
w th | ow coherence, such 10 as an exposure |light source used in a .66
phot o-1i t hography process for manufacturing mcro devices such as

sem conductor el enments, |iquid crystedrcdirgphatosl enents) CCD and thin film
magneti c heads, as well as relates to an exposure apparatus using such a

ultravi ol et |aser apparatus. USriESORETT LAYrRFAPPERREUATED ART As
i nformati on technol ogy eqLﬂﬂﬁnﬁgpégyhﬁaﬁggﬁgiﬁggzUggggrghﬂg i nt egrated

circuits, inmprovenent in function) nmenory capacity and conpactness have
been requested, and, to achieve this, it is required that the degree of the
20 integrati GACKGROUMD 0OFegHE! ENVENTTONt be increased. In order to increase
the degree of the integration, individual circuit patterns should be nade
smal | er. FHowdIELD QFnTHENINVBNTIONN di mension of the circuit is generally
determ ned by performance of an exposure apparatus used in a circuit 25
manuf act uri ng proc&be. presgnteipventionppatates trid ildsey apparatus,

phot o-1ithography, a circuit _pattern exactly described on a photo-mask is
optical ly préPéciogeaR@ritigidrElvedt HplateedtiRadp stjraviolet laser

apparatus for generating ultraviolet light capable of

suppressing generation of speckle with low coherence, such
10 as an exposure light source used in a photo-lithography
process for manufacturing micro devices such as semi-
conductor elements, liquid crystal display elements, CCD
and thin f£ilm magnetic heads, as well as relates to an
exposure apparatus using such a ultraviolet laser apparatus.
15 DESCRIPTION OF THE RELATED ART
| As information technology equipment has progressed,
regarding integrated circuits, improvement in function,
memory capaclty and compactness have been requested, and,
to achieve this, it is required that the degree of the
20 integration of the integrated circuit be increased. In
order to increase the degree of the integration, individual
circuit patterns should be made smaller. However, a minimum
pattern dimension of the c¢ircuit is generally determined by
performance of an exposure apparatus used in a circuit
25 manufacturing process.
In an exposure apparatus utilizing photo-lithography,
a circuit pattern exactly described on a photo-mask is

optically projected and transferred, with reduced scale,

-1 -



-1 11 SEP 21 ~Z onto a sem conductor wafer on which photoresi st 1ﬁSEP2mﬂ
coated. A mninmum pattern size (resolving power) R on the wafer in e
exposure is represented by the follow ng equation (1) and the depth of
focus DF is represented by the following 5 equation (2) when it is assuned
that a wavel ength of a Iight source used for projection in the exposure
apparatus is ~, and a nunerical aperture of a projection optical systemis
NA: R=K"' ~/NA""" (1) 10 DF = ~,/{2'(NA)2} """ (2) where, Kis a

const ant. Asomppaaesémiconitdtonbexterqmatwioith Iphotioresriddr itso cdatedase t he
m ni mum pattern size R the constant K may be decreased or the nunerica
aperture NA Aapibiémiumcpehterno$izg tirsakigiempwer)~ Rron bdedwvefeasdn.

Here, the constant Kis a constant determ ned by the projection optical
system or prbeessxpaguner hdl represented|kie Wie wWi.ng tequ@td.onA (A8t hod
for decreasing_the constant Kis referred to as a super-resol ution

t echni que 202hf Eher@eBEh QEnERCURIYParts FERRTSH &% fihitdge fodd opidPBovenent

in the projection optical system an alteration of illuym nation and a phase
Bub? et

shift mask nBEWBHLA Brbpok®pssiyred that a wavelength of a

light source used for projection in the exposure apparatus
is A and a numerical aperture of a projection optical
system is NA:
R=K-*ANA e (1)
10 DF = A/{2-(NA)2} e (2)
where, K is a constant.

As apparent from the above equation (1), in order to
decrease the minimum pattern size R, the constant K may be
decreased or the numerical aperture NA may be increased or

15 the wavelength A may be decreased.

Here, the constant K is a constant determined by the
projection optical system or process and normally has a
value of about 0.5 to 0.8. A method for decreasing the
constant K is referred to as a super-resolution technique

20 in a broader sense.

Regarding such a technique, an improvement in the
projection optical system, an alteration of illumination
and a phase shift mask method have been proposed and
investigated. However, they had disadvantage that

25 applicable patterns were limited. On the other hand, from
the above equation (1), the greater the numerical aperture
NA the smaller the minimum pattern size R. However, this

also means that the depth of focus is decreased, as apparent

-2 -



i nvestigated. However, they had di sadvantage that 25 applicable pat yqr 200
were limted. On the other hand, fromthe above equation (1), the greater
the nunerical aperture NA the smaller the mninmumpattern size R However
this also neans that the depth of focus is decreased, as apparent - 2 1
1 S EP z002 fromthe above equation (2). Thus, thereis alimt to

i ncrease the nunerical aperture NA and, in consideration of the bal ance
bet ween NA and DF, the value of the nunerical aperture NAis nornally

sel ected to fbomt tReS5abové. 6qubt Ameof2l) ngMinsa mmetresisphelanitetdecti ve
met hod for decreasing the mninmum pattern size is a method for decreasing

t he wavel engihcfeassethe mither koqbsapex tultee NA ,aamdsever gonsdddiratdns ofi
achi eving reduction of the wavel ength and in nmanufacturing the |ight source
of the exposthe halapparbetigeemNdWh anddF cdidi tviadue wifl theendwericbéd. In a
first condition, light output of several Watts is required for shortening a
time period #BErERpOsNAglanoxmahky csekefachda gbegitaled &or Qubt pattern.
In a second conditjon, in case of ultraviolet |ight 15_havin% a _wavel engt h
smal | er thhan 300 NACCRREERIEY . 1B PTorsIMRe Fgda efégstdrer netbrpodare
apparatus is_limte and it is difficult to correct color aberration.

Thoe. MonochiefiBrnetig Bhe L firgh PR Tie% dfuer BELHAE 29F ne wi dih of

spectrun1nusé be snpumller. than n1t29xln Lhirg condi tion, the line

W dth of spelfPRRRTENfalE® AP YGHERYtY dinethdrer®s PEPPRIFEAs P aPeS or e,
t light havi 1 ot Tit it s, .
:nteL?erenggggg??%$§&é§¥%t 8§%m%$kékﬁé?igﬁq ﬁﬁ? geﬁg%aigdﬁﬂ%cggggiﬁégsP in

order to SUPRKLES$n OREHEELBESr Plg 2thd @%‘iﬂ?%\ﬁ’cé e %hEee%pBehLeRCce in the
| i ght source nust be reduced. I'n order To satisfy these conditions and to

IrE egl izég 21hd ghappaph¥tu8Y NWE! . tHENYY cdhnla@RRbasl Aildepeeassagibee. - 3 11S
In a first condition, light output of several Watts
is required for shortening a time period for exposing and
transferring the integrated circuit pattern.
In a second condition, in case of ultraviolet light

15 having a wavelength smaller than 300 nm, material used
for forming a lens of the exposure apparatus is limited,
and it is difficult to correct color aberration. Thus,
monochromaticity of the light source is required and a line
width of spectrum must be smaller than 1 pm.

20 In a third condition, as the line width of spectrum
is made narrower, time coherence is increased. Therefore,
1f light having a narrow line width is emitted as it is, an
undesired interference pattern called as speckle will be
generated. Accordingly, in order to suppress occurrence of

25 the speckle, the time coherence in the light source must be
reduced.

In order to satisfy these conditions and to realize

high resolving power, many attempts for decreasing the

- 3 -



wavel engt h of the exposure |ight source have been nmade. Heretofore
reduction of the wavel ength has been investigated mainly in the foﬂﬂ&ﬁﬂﬂyz
two ways. One way is a devel opnent to apply an excinmer |aser having a short
5 oscillation wavelength to the exposure apparatus, and the other way is a
devel opment of a short wavel ength exposure |ight source utilizing harnonic
generation of an infrared or visual |aser. Anobng them as the short

wavel ength |ight source 10 realized by using the fornmer way, a KrF excinmer
| aser (wavel wagében§tR48f nthe | SxkoOy Bight ARy haven bexposdde .appar at us
using an ArF excinmer |aser (wavelength of 193 nm as a shorter wavel ength

| i ght sour ceHesebeforge devedopeton Hofvelles ,waveds gbhc ihamsr bleatier s have sever al
di sadvant ages 15 that they are bul ky, that optical parts are apt to be
damaged becalseestigated matnly pertlohe plllaemndwohateysai ndraawmay b$ t he

| aser is troubl esone and expensi ve because of usage of harnful fl uorogas.
On t he ot herahdavdelapment tataepplvadn eXrimeln slagpex) heatingd of shogdnverti ng

| ong wavel ength light (infrared light or visual light) into shorter

wavel engtth uPeehllatéen| varelenothite Ahyy SRUVRE PRRGFAtUSearEpltheal
effect of nonlinear optical crystal. For_ exanple, in the docunent

" Longi t udi naPFHeRi BaE pBnPedct P‘P&Fb%so%ﬁ/esr}g%réwvé’rv@éﬁn%hi §SEPSULE, v,

Liu M Oka, W, W h .S, Kubot Dot i Lett, , . .1 1994) ,
168) a DaoctLontr SSUER Cutl 1 g Rt e o gy an; ajgrpTed ) P

solid-state S senlLcanductor excitation type is disclosed. In this -
4 11 SEPLgOgésg%%vg%%gghal exanpl e) a | aser beam havi ng a wavel engt h of

1064 nm and enm tteﬁmaf)f.g”tﬁ&n!\ldagﬁﬁéhas%%rﬂ SrARMRIRASL NGgRYeLbRECRY USing

the non-linear optical “crystal to thereby generate 4th harnonic |ight

havi ng 3 onavebgngtbaoby 2081 RG tive | FEFHRENLAY Y. a 1T 'QimdrStiaker! aser” is a
general termof lasers in which a laser nediumis solid. Accordingly)

al though a sewhcenéhgtRrofasss i) i N€lkmiach | mrdie rwldddstsat anl exposuftea
broad sense, normally, the solid-state |aser nmeans | asers excited by |ight
such as a Ndapp&ratssrudingnan aArkibexdaser lagal (Wavelengthhiof 193 nm)
specification) such a definition is used. Further, as an exanple that the
sol i d- st at e f&sarshgrgesdwavelergth ghighb garrast ishdedngodevelepedr-at us, an

array laser in which a plurality of_|aser elenents each 15 conprising a
| aser gener afPHEVEEr t FBRSEoPXGEART ol 25/ S Nakee S BEHR1ad s2 AAPEPERS! h

ti ti f I t h; tJ the light f the |
gener at iy pOPEFoRPPRt 361 PRLBY ol BRAT i rEi G BRI & ARE it Pox pat t er ns
h b F , t i,q- 8- 334803
(1096 i ol GaR88eq BEcRNBEPLE o ERENEREGR R St WRUSORER Mol 7 aeer
el ement s { o yayeLRAALY: SLNVRE! Lot | O LLL AN dhdiftS Qincd APeRiLAG POT L] On

havi ng a sem conductor laser into ultraviolet Iight by using non-linear
optical cryspatainsevbeedshfe dorayghrigl e Rforsyaeerting portion are bundl ed

inamtrix pattern (for exanple, 10 x 10) to thereby forma single
ultraviolet |ight enuthe. ofisenriamd), tas tite drateed asgr, htheregisha above
20 method for converting long wavelength light (infrared light
or visual light) into shorter wavelength ultraviolet light
by utilizing secondary non-linear optical effect of non-
linear optical crystal. For example, in the document
"Longitudinally diode pumped continuous wave 3.5W green
25 laser” (L. Y. Liu, M. Oka, W. Wiechmann and S. Kubota, Optic
Letters, vol. 19 (1994), p 189), a laser light source for
wavelength-converting light from a solid-state laser of

semiconductor excitation type is disclosed. 1In this

-4 -



-5 1 1 SEP 2002 nentioned arrangenment, by bundling the pluraliftySBRf 2002

i ndependent | aser elenents together, |ight output of the entire apparatus
can be increased while keeping Iight output of the individual |aser el enent
at a lower level. 5 Thus, the load to the non-Ilinear optical elenent can be
reduced. To the contrary, however, since the |aser elenents are

i ndependent, when they are applied to the exposure apparatus, as a whol e,
oscillation spectra of the | aser el enents nmust be coincided. For exanple,
even when t horvierithali dixampilet,he dgsek| heaonhapbed ranvavelerdth Ler
elements is smaller than 1 pm the difference in relative wavel ength in the
entire asserifl6s imclamd regitthedpfoonl anaNdr YaGehdnes hesyavetenets pn) and
the entire width nust be smaller than 1 pm To achieve this) for exaqgle,
| engt hs of rasyoreaterd bys ustinghdheadop-dibgar: SPHLSRL e ¥af bt &Yy Hreredy
wavel ength sel ecting el enents nust be ipserted into

ihe [£59 a% SIEJo t hat

the | aser elgahanateddh Aarmandendd@dtt PFVHBPT Br HREPLGRE o €i ﬁéjirﬁal node
illati havi t h | th. .Ho . th

G Sadvanbagda RN R e T SO Stethol FEaF s ARot: Aot al FREN O ber o

| | ts IS i d, th . { ; f, th

o oments to FRTTRR ribaBiieini AR MRGIE Lt s8 L a0 Al L 1 e

| i cat ed. th h J f i : HT4 25 th
compl 1 0at od. o (ki & el MR cRR 13RIGB0Y ! OoaRELHCLN eaUaLbZiag e

wavel engt hs aser elenents, an injection seed nethod

is well knovglt%ggr £ a "Bida el OneFRAl 1y50khd- bate-Leate
Engi neeri ng", d ititon, Springer Series in Optical Science, Vol. 1,

Springer - Ver{ 8far -méans Taseds kfRiae® tySBAgHt38dch3d66a2NApYRE61248r
presented by Walter Koechner). This nethod is a technique in which |ight

from a siongl gnd aseruby ghdsepuraral habtiusg rdar tbwsospecliificetiopecsua fine
width is branched to a plurality of |aser elenents and 5 oscillation

wavel engt hs @éfihttiasets ehsadnt s coi ncide or are tuned by using the |aser
beans as seed light, thereby naking the line widths_of the spectra .,
narrower. However ,FahtRenet¥®nRhexanrlies dJednithGe sehif-chater iﬁﬁﬁﬁnﬁﬁt

becones conplicated, since an opticahaﬁath for branching{;hessegg 10 |ight
into the | asesed| afehpe hhahh SUHGR) oh e FPASHETg BBERERSH ST of 't he

oscillation maveleng%%% féeﬂéf ui%e 11@§%5R§Qﬁ5q%%@gug&eﬁgngagagﬁray | aser
arat I d b7y i

can nmake the@BREYrd ifdera in comparison W th the

et heZERE! “Shf RO e art Lh
capabl o0 SERRPEESTRY Butuaet cedle R crla s (it od RRETRRIRS B Do T han

several cent ELHEEEV SeahUbh8eSs  whie 1S 'GOhVeA AN POAY chUEBran
arrangenment, "there arise problens that the | aser i s expensive because the
wavel engt h cQayelthg8nPebhvepsing etie€quidied from tihe resescgeneratiags
portion into ultraviolet light are bundled in a matrix
patterns has been proposed. For example, Japanese Patent
20 Laid-open No. 8-334803 (1996) discloses an example of an
array laser in which a plurality of laser elements for
wavelength-converting light from a laser generating portion
having a semiconductor laser into ultraviolet light by
using non-linear optical crystal provided in a wavelength
25 converting portion are bundled in a matrix pattern (for
example, 10 x 10) to thereby form a single ultraviolet
light source.

According to the array laser having the above-

-5 -



20 and that, if ms-alignnent occurs between the | aser el enents 11 SEP 2002
constituting the array or if the optical elenents) are damaged, in order to
adjust the laser elenments) the entire array must once be disassenbled to
remove the | aser elenents and the renoved array must be assenbl ed again
after 25 adjustnent thereof. SUMMARY OF THE | NVENTI ON The present invention
ains to elimnate the abovenenti oned di sadvant ages and probl ens, for
exanpl e, problems _ 7 _ 1 1S E P 2002 regardi ng bul ki ness of the
appar at us, usageiobedadrfangdherot 0das amd lingu khes pieradd tgxpeEnsi ve

mai nt enance whi ch are caused when the exciner |laser is used as the

ul travi ol et inddpendentelader hel anegosurogyimerat Usghiir oblcpnd p€gahdi ng 5

t he danage of the non-linear optical crystal and the occurrence of the
speckl e due entinerapparatus heamns e ildlcrasvede wbd ighikekepang dagbsd when t he
har noni ¢ wave of the solid-state | aser such as the Nd: YAG | aser is used as
the ul travi oP@tPRE gPf Elertrdbriqual daresurcd eaemdr &tug, 1aweri deFrdbl ens
regarding the conplexity of the construction includin

t he
wavel engPh- corwEi deme el PR nemi g Ry ddimeare emtyicad: FgﬁﬁépFoﬁanbﬂianeter

of the output beamand the troubl esone.  mainte whj ch d
Che mrr oy P atediedd ot Mol T ey e E e Bifehohte Tores ot WV eR | ng

(7, 0T ok LadibeRienPUr St b B U B hRS BaleRns (he
of the presegbpgpgggéiogsig &ﬁble, oscillation spectra of the laser
elements must be coincided. For example, even when the line
10 width of the oscillation spectrum of each laser elements is
smaller than 1 pm, the difference in relative wavelength in
the entire assembly including the plural laser elements must
not be 3 pm, and the entire width must be smaller than 1 pm.
To achieve this, for example, lengths of resonators
15 of the laser elements must be adjusted or wavelength
selecting elements must be inserted into the resonators so
that the laser elements each can independently perform
single longitudinal mode oscillation having the same
wavelength. However, these methods have disadvantages that
20 the adjustment is delicate and that, as the number of laser
elements is increased, the arrangement for causing all of
the laser elements to perform oscillation having the same
wavelength becomes more complicated.
On the other hand, as a method for actively equalizing
25 the wavelengths from the plurality of laser elements, an
injection seed method is well known (for example, refer to
a document "Solid-state Laser Engineering”, 3rd Edition,

Springer Series in Optical Sclence, Vol. 1, Springer-Verlag,

-6 -



provide an ultraviolet |aser apparatus in which ultraviolet 20 Iighi pgpzmg
a single wavel ength and adequately narrower band for a |ight source % a
exposure apparatus can stably be obtained as ultraviol et output having | ow
spatial coherence and which is conpact and easy handl abl e. Anot her obj ect
of the present invention is to provide 25 an exposure apparatus which is
conpact and has hi gh degree of freedomand in which such an ul traviol et

| aser apparatus which is conpact and easy handlable is used as a |ight
source. _ g ISBN1043&7 5¥/2002, The24h@RA9 ahjesentied hyhWeldsdrbioaghner).
ultraviolet |aser apparatus conprising a |aser generating portion for
generating | Tighs hethed bs si nigehnong diyhich lighdt feem 3t §489dpti cal
anplifier having a fiber optical anplifier 5 for anplifying the generated

| aser |ight,laseraligliel SRgree AN iNRF SR 1956 1St 108y EPERETHMC4ADEI t i ng
the light anplified by the optical anplifier into ultraviolet Iight by
usi ng a non-ViAERr18pbrenfhed vk A4 Pt idie Ot ilesery e 1eRetss8P%ener at i ng

ti 0 incl i ngl e- I illati | for . | e,
DFB som CondRRPhT LRELER VS OB RA B YOLATH (HETOEE) RATPAGCaCRar f ow
band, d the I ight havi t i.ngl | th i LEi by th
{iber opti cal RnpibeRcly (#orid, i Ty B e, e e BpfTE chee By 11

o the 11 oleilq) Pndoy Pe STRRAITNE A Jbtrid Bl B! oL PR |1 00

fromthe fibera rer 1S converted intoan ultraviolet lig

exanpl e, ul t {8y Ohetnbl 9hhs NAVagh drIRVEIE NGt Hhel 3 rARgRMehB7HBEbMBY t he

wavel engt h converting portion using the nonlinear optical crystal (for
exampl e, crysbmpsi8RLed? 50dcé NarComili edtbashitreHorandanlt inigkehe kBethi s
way, an ultraviolet |aser apparatus which is conpact and easy handl abl e and
whi ch i 90adapigHtt ingenehat basiet relémarets ldrghta Hawniimgy angi oghdéradvddhngngt h
and which constitutes the object of the invention is provided. 25 Further,
in the preseporthornfoonthehesoilpatidn oravdiendtiyl @rsavreduigeld.oscill ating
| aser (for exanple, DFB sem conductor |asers 11,21 or a fiber laser in an
enbodi ment and t heFhrkberi sabithoweh iclhrath@d@byaser GaR Brkedithg or

entire apparatus smaller considerably in comparison with the
conventional excimer lasers, it is still difficult to obtain
15 a packaging capable of suppressing output beam system of the
entire array to less than several centimeters. Further, in
the array laser having such an arrangement, there arise
problems that the laser is expensive because the wavelength
converting portions are required for the respective arrays
20 and that, if mis-alignment occurs between the laser elements
constituting the array or if the optical element(s) are
damaged, in order to adjust the laser elements, the entire
array must once be disassembled to remove the laser elements
and the removed array must be assembled again after
25 adjustment thereof.
SUMMARY OF THE INVENTION
The present invention aims to eliminate the above-

mentioned disadvantages and problems, for example, problems

-7 -



-9 1 1S E P 2002 branching device. The output is divided into plura
outputs by the |ight dividing or branching device (for exanple, splﬂtkgﬁ%ﬂmz
14, 16 in an enbodiment and the like), and the fibers are arranged behind

t he device, and, by bundling the 5 plurality of fibers, the ultraviol et

| aser apparatus is formed. Incidentally, the Iight dividing or branching
devi ce may have any design so long as the laser light generated by the

si ngl e-wavel ength | aser can be divided or branched in parallel. 10 By
provi di ng a degardihgrbpikipeass ngf t tiee bappaxteedid i gistadee anfs hingmf@lover | apped
timely, independent |ight beans can be obtained. A preferred device for

achi evi ng t hEduprggasenpnistroebhesphe tart sxfpandirven atsiimg emizaceasdrichi ght
generated by the single-wavel ength laser into plural 15 |ight beans in
paral | el , and@rei pensefavhen thefexeimey ckages IEhdsHd Fesddeat ldyaydeletdes
of the bean1splltters In a preferred formof the fibers having different

| engt hs, the F@HQtEQUBFetHE Eh%e?%P%ﬁ%r%eﬂﬂﬁﬁﬁﬁi%ﬁ)tﬂﬁﬂ legwt degemeipgser
beans br d in parall ass through the respective 20 fjb del ay

i ot anced of T B70APE B bBe, Phel iitte T A Ay etk s

substantlall¥ t he_sane a% %Fe out %k#%e ds ,of the fibers urther ﬁpcording

to one aspec SFrFﬁECBrg r1u%n§?tﬁ§qﬁﬁﬁﬁ9 dPVF §p3r anchi ng
d 25,8 [
embodi rent) FoPCEeEbY; BhEEn g CrTERE il o MastRR frm® BRRR O

redeternlne S t It i d on
ltohe - go%hgeﬁtﬁltg Ugs%%?%%%hg?sde%ﬁ#h@q %ht d| VI glls'%dd Shse

ng or branching

devi ce, a pl umkhwométfgbﬁﬁtoa%ﬁf@é @@p&néle%fp%saﬁ% RipYfadiadise. akdrt her, it
is preferable that the |light beans are anplified by the fiber optical

anplifiars (peobkesmspregacdbhymidepeshpldstber optinealcoasiinudtaon or
ytterbi um doped fiber optical anplifiers 18, 19 in an enbodi nent and the

i ke) and t hénpludihgt yhef wavekengih +cainainjdndd eresshand sundhed. Wth this
arrangenent, |aser |ight having higher intensity can be obtained.

| nci dent al | ydlfflﬁ@éégsanyreﬂ‘@ﬂtme@if fadaratampfl Ghse cwdpyitebors pRE

out put ends (for exa fi ber output ends 114, 29 in an_enbodi nent and
the |ike) of PﬁetﬁPBgEPFPVeoma¥PEﬁﬂaQﬁﬁ|W§ﬂ°hﬂﬁﬂqfQQH%9d Nﬁephéhﬁ B&ragut put

n i i r ef er abl h i r f r for re 421 in
Shgsdra;jn; ageg ag %h& ﬁttﬁeaﬂfﬁﬁh 1é§ é¥)lase ()lé%é% S "flfora core

15 generating the ultraviolet light are bundled in the matrix
pattern is used as the ultraviolet light source of the
exposure apparatus.

Accordingly, an object of the present invention is to
provide an ultraviolet laser apparatus in which ultraviolet

20 light having a single wavelength and adequately narrower
band for a light source of an exposure apparatus can stably
be obtained as ultraviolet output having low spacial
coherence and which is compact and easy handlable.

Another object of the present invention is to provide

25 an exposure apparatus which is compact and has high degree
of freedom and in which such an ultraviolet laser apparatus
which is compact and easy handlable is used as a light

source.



15 of an enbodinment) of the fibers are gently diverged in a tapered fﬁSE@@ﬁZ
toward the output end faces. Further, it is preferable that a mﬁndoﬂ

(for exanple, w ndow nmenbers 433, 443 in an enbodi nent and the |ike) which
are transparent to the laser light is provided on the fiber 20 output ends.
Wth this arrangenent, power density (light intensity per unit area) of the
| aser |ight can be reduced at the fiber output ends, and, accordingly, the
fi ber output ends can be prevented from bei ng danaged. I|ncidentally,
according to the pfeeeabovevehjcon,is mAbievesl byalant yldfravilbdes preeirded on
an incident side of the wavel ength converting portion, it is preferable

t hat out put eppsratusheompbésinara basel expreratigingortdwndifeoror pl ural
bundl es or are forned as plural output groups (for exanple, - 11 11SE
P 2002 bundl geparptiing1iiaghbohavwing &0ingd®l wavedengibodiateAragtidonge |ike)
to match with the construction of the wavel ength converting portion. And)
in the wavel 8hg§98 EBHWEF%iﬁﬂpbb?%¢EnPaYkﬂgnﬁﬂé£Qﬁﬁu99£NQﬁ4 eaPlifdgament al

(Tor exanbl cFotr GEPLYEVE0s " Fhe SoaRvTAted of ST drigith e B "ByLeReEntas 1o
844 i [ [ I i ol li.qht .(for . | e,

i traviol et POREERRO0 o tabcF kgt steid i dhnllertay, e Ry ShR0V: Gi ng
one 10 set OBmﬁ’gig%EB%gEﬂE‘d"fﬁgﬁ'& %%%%gm%%%¥&W%1%ﬁng§g@de

nore conpact a eape an y provi sefs’ o l'engt h
converting pgyt h908g éiHSE-ifﬁe+P fdd N/ 18ACch set can be reduced, high
e.

out put can be” achi eved as a who 5 Tncidentally, when the optical

amplifier is constyppbedpbyitSarly! atnd Vidterd IgferdlingtbodRbhf i ers, in
order to suppress fluctuation in ultraviolet |ight outputs due to

fluct uatiioon fincaupesfacaihghe gaaveDéndgtie dddierlatiinac dlasarpl(ifbreeampllei, S
desirable to provide a 20 fiber output control device for nonitoring the
out put |ights PFBrsemnécénfectorolasen rdl jpurgi regngecidenendf amnide thiebdrikept i cal
anplifiers. Further, in order to standardize |ight wavel engths of the
ul travi ol et RayhRgoat parsovobandpernd | thealagangiiighti thavinge$heasHagile
provide a control 25 device for _controlling the oscillating wayelag th of
the single WAREPLRBERR 4R PPRETRILT e thyy sty abid 9adn @At deTwd+eTor
t he harnoni c_wave_.in the vel engt h. converting partion.. - 12 1 S EP
2002 i ght cBFRUBLPNG Bret BLIm AOHEA L brE B e d L AE1E %A 3Rde A? 3Pdes
of the wgvel gﬂgyﬂb88ﬁ%gﬁ£'ngdp%é'fﬂ?e),p‘pﬂ d YhiPut gﬁ#nltg@coﬁ\"lth%‘?“”g
optical e enents can be appropriately selec ed 1 n accordance wth the
output 5 congibbPNgmPl1EDNEropsi ERhvEePPLA f1 S ad U1 1@RMRhet AGGRRdi(#r
example, ultraviolet light having a wavelength of 193 nm or
157 nm) by the wavelength converting portion using the non-
linear optical crystal (for example, crystals 502 to 504 in
20 an embodiment and the like). In this way, an ultraviolet
laser apparatus which is compact and easy handlable and
which is adapted to generate ultraviolet light having a
single wavelength and which constitutes the object of the
invention is provided.
25 Further, in the present invention, the output from the
single-wavelength oscillating laser (for example, DFB
semiconductor lasers 11,21 or a fiber laser in an embodiment

and the like) is divided or branched by a light dividing or
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to one aspect, the light collecting optical elenments (for exanple, Hepggsmm
902, 453 in an enbodinment and the |ike) nmay be provided for each fiber

out put, or, according to another aspect, the light collecting optical

el enents (for exanple, 10 | enses 845,855,463 in an enbodi nent and the |ike)
may be provided for each of the bundl ed output groups. By the way, as an
arrangenent for outputting the ultraviolet light, for exanple, there is a
technique in which a | aser beam having a wavel ength of about 1.5 fun is 15
em tted fronbraechiasgrdevihe. gdier auitpytpdst ddnjideddintegpidraly owepapsi cal
anplifier, at |east one stage optical anplifier having the fiber optical
anplifiers fbY &hel 11ighhgdivbding daperralching deariiasy (foraexiediRdeh of about
1.5 wnis provided, and, a_wavel ength converting portion for effecting 20
8th har moni cSBAREFEFoRdf o161 HE ARATHGEENIndHeRe Ldied i Snd) §Be

provided. Wth this arrangenent, the ultravjolet |ight havin yt put

Wavel engt h of 1BEBE 28 0AHARRARC HReRLhL tHE HeVaRe o @bLt BV GHRALIAThERade

to have the sane el epgth _as the wavel engt of, 193 n of .the ArF

exci mor 55 | BOBFRRS Y RF PG PRE® oo bt LTI WAl ST GPPATEtIAAF | f gh

generating p j e fl for.,ex , o_1. ' .

Further, as gé%@%ér’ng#r}caln%%ﬁéegn l(}?’orth(;%u'?' g%:h t% i r?glLv? égng T% b§g$c¥!&P 2002

ultraviolet LLgk [ h qye Wi Ghgpgi M lar to

the above- m_ﬁ%?g%gd&g?rgéggpnéﬁ,&gﬁ%e% gieéarf‘%chavi ng a v?/aveﬁer?gt h of about

1.5 umis e”géhégaiéanb§h€héa§fﬁgié£%ﬁvéﬁ€ﬁ§ﬁﬁ'£H£d¥mddn0®b AYidgeqgardi ng

the opti cal anplifier, at |east one stage optical anplifier having the

fiber opticabrafphelli ehsphpalaaplifying the fundanmental wave having a

wavel ength of about 1.5 umis provided, and, a wavel ength converting

porti on ifoor effectBpugpi6vhding n@ndevigsnefat ippreviegrt inge tduep birinetied

fundanental wave is also 10 provided. Wth this arrangenent, the

ul traviol et Light hasinagtoubpueverlaredttindlabdmdersmdemtc dd abs

generated. This output light can_be made to have the sanme wavel ength as the

wavel engt h (bBeams7can) bef obhaired} gdeprgferysdngeviecofer| pahiagiMdvel engt h

of the |aser |ight enerating ortion, 15 nore_finel for example, 1.57 to
h

1.58 Vinm . FuPiReMaYaSORPFLFEnReaR FRLERITR FUr 39 d0n & 3§ PEr avi ol et
light, f I th ' hni [ i ch I [

St £ SERUBL oo EEERoyD LR ISR v e R R0 B °
porti on)y Andy ;8R¢r BEaRAI 88 bBFaPRLi Coln @ PIMdALmaviing STl 2GSt A0E
optical anplifrer having th I ber optical anplifiers for anplifying the

fundamental waygthavhnd aivpyetensgt owip@baiads bfUrHeS H¥aayisgadt tard), a
wavel ength converting portion for effecting 7th harnonic generation for the

anplified fundaaeprafewded@ 2ormsofl tloe pfiberxke hawiiid differantangaehis,, the
ultraviolet |ight having output wavel ength of about 150 nm can be
gener at ed. Thbheoldepgthki ghit thanfbeensmderd osdkaat ¢the s d@twawditengttheas t he
wavel ength (of 157 nm of the F2 |aser by - 14 _
laser beams branched in parallel pass through the respective
20 fibers, delay distances or intervals between the successive
laser beams becomes substantially the same at the output
ends of the fibers.
Further, according to one aspect of the present
invention, as the light dividing or branching device, a
25 time division multiplexer (TDM) (for example, a TDM 23 in
an embodiment) for distributing the light into respective

light paths every predetermined time is used.

Next, as the plurality of fibers disposed on the

-~ 10 -



11 SEP IUU tuning the oscillating wavel ength of the l[aser |ight 11 SEP 21002
generating portion nore finely (for exanple, 1.099 to 1. 10 6 ~.m) .
Incidentally, as the other arrangement for outputting 5 the ultraviolet
light, for exanple, by providing a | aser |ight generating portion including
a sem conductor |aser or a fiber |laser having oscillating wavel ength of
about 990 nn) at | east one stage optical anplifier having the fiber optical
anplifiers for anplifying the fundanental wave 10 having a wavel engt h of
about 990 nmutpud & ideselodndiie ééﬁhér@iﬁédéﬁgt?6hb¥%ﬁc%ﬁﬁ$xﬂ?Yﬁfgﬂ%%
harnoni ¢ generation for the anplified fundanental wave, the u traviol et

| i ght havi ngpluralddive ofiafdibergORtasathamRdeL Rt AT¢ HT 2B WM of the KrF

[ I b bt ai ned. 15 Th | h ti t
cffecti ng st e Honie GERgeRRPGR SHAtoEiAeL SREabaany o b e
t i1l be describhed in, enbodi t f | ti
A ool T B G RET ICRCAlEGPELARAAFE, (EPF oP TRl Aot aa et L re
of an arpangerent of the vavelendth 20 GRKELLIAJIBRLE! PRuLOToptiest i ng BLh

har noni c5ge Wave, ~suc n arrangenent can be

constitut ed L 41,005 298 hay M GuARtsal! ahal LaBL1pRed susteme (for

exanpl e, Fij? a fourth e I'ment) for converting the fundanent al

wave into 2 i C ~ . bl i3 eWavare Bthdhednomictimave by
SLIATEY ot iber Yl il 122 ete B

utilizing s neration (SHG of the non-Ilinear optical

crystal in ahl of,the yavslenatdszonvgit havihagas ghikt intbhsisyrcagebent
a desired 8t arnoni ¢ wave can be obtained with | east nunber - 15 11

SEP 2002 of spegesed Furtnhaendalanot her npeceteared vonadgeednfilfers ki ni ng
the 8th harnmonic wave, there is an arrangenent (for exanple, Fig. 11(d) in
a fourthoenb@Qi@a@plawdtéhEhéiddﬁggtiandﬂﬂ(iwISBaam@ﬂﬁmnﬁébﬁﬁv@ugﬁﬂt4th
harnoni ¢ wave of the fundanental wave are generated by also uti&iziggtsum
frequency geemdsmtlbh, (BFGN odn téebabimantnand g ddkeedr Ot &hei RIEHEYY
wavel ength converting stages, and these waves are subjected to sum
frequency gedErbiben eBtiedkraRIAIPED harnonic wave of the fundanental

wave, and further’lﬁhghgtgiber output ends, it is preferable that

diameters of cores (for example, a core 421 in the drawing

15 of an embodiment) of the fibers are gently diverged in a
tapered fashion toward the output end faces. Further, it
is preferable that a window member (for example, window
members 433, 443 in an embodiment and the like) which are
transparent to the laser light is provided on the fiber

20 output ends. With this arrangement, power density (light
intensity per unit area) of the laser light can be reduced
at the fiber output ends, and, accordingly, the fiber
output ends can be prevented from being damaged.

Incidentally, according to the present invention, in

25 a plurality of fibers provided on an incident side of the
wavelength converting portion, it is preferable that output
ends of the fibers are bundled as a single bundle or plural

bundles or are formed as plural output groups (for example,

- 11 -



har noni ¢ wave and the fundanental wave are subjected to sun1frequenﬁ¥
generation to generate 8th harnonic wave of the fundanental wave. | §EP§NZ
arrangenent, a LBO crystal having | ow absorption coefficient for
ultraviolet Iight having 15 the wavel ength of 193 nm can be used for 8th
har nmoni ¢ generation in the |last stage. Incidentally, regarding 7th harnonic
generation and 10t h harnonic generation of the fundanental wave, simlar to
8t h harnoni c generation of the fundanental wave, the second harnonic
gener ati on ahdndhe ootBuhSfbyuedTy Yehertltli .oV W itth&nnemblodamgntopndcal
crystal can be used. Further, according to an aspect of the present

i nventi on, th?a@FbﬁéttﬁumébchaE%?hIFQﬂuCQﬂﬁiqﬂ9ﬁﬂ9ﬂaPﬁéGh§yWBW@&?BBEQ a

pul si ng devi ce (for exanple, light nmodulating 25_elenents 12, 22 in an
enbodi ment aﬁﬂnYﬁEtFPﬂe?°¥B%°bulé¥ﬁb & theeivavpdRpIbP Fﬂ%V§¥Ebm%

wavel engt h OSC|IIat|ng | aser in the | aser eneratln%ﬂégetlon Qr

pulse OSC|IIEPFE§°Phe §Fﬂ@?%cm%%%ﬁ¥9ﬁﬁ?P Yage By d0|ng bot h.

- gg 28 % ﬁu ther y usi tﬁ V|oIe | aser ap tus
having t i aBbbECRPaREGieR: 58 %rmi}ﬂs St Y P naaE! oRRaREI e

t | | t
"Font 1 rom cHEYPEaRE LEdr cdxiiple AT %-tﬁi‘ ﬂﬁaea%?%n‘%aﬂ“ei‘ﬁ | 09
printed w thegy aiﬁaﬁtabkycypswién 848 esSiday and aéﬁ wyh%t te%oa%%ﬁftl)ve

optical systemfor projecting the pattern printed on the mask onto a wafer,

a projectiontgxpaspht appr&digsehaVi eEfol NBaMARANGA tGaR 1B e@blaighed. 10
Effect of the Invention As nentioned above, according to the present

i nvention, sha¢enghe Wwagblehgvh ngrt Siowlen wayals=nain) .f r Bin pheviasey one
generating portion is anplified by the optical anplifier in the Iight
source dd t hetaopl wavetlehgiht cosvdiSt g ventteicbniant ahehapplatradgvisocen beght
by the non-linear optical crystal of the wavel ength converting portion, the
ul traviol et mpgat mpuei agmpaet desd rehkeagrict rand | inve progtidintothex adpiral 1 pm
or less) can eaS|I¥ be obtai ned w thout conplicated arrangenent. 20

Furt her, S|n§§ch8 I8§3?1P9§HP FRRY $rot 51 h PF TS e FJITS hgi Jradd (or

nultlplexed) to the all y of .out h nd the plural output
lights are aftff F?eanb u?%?l?? ?&§?ﬁé;tﬁﬁ§ﬁ(ﬂﬂt bFs and t he
anplified I| ?Bie L§ ggnge&ﬂgg into the ultraviol et Ilghts 25 by the
non-|inear op |ca cry2t 81 $°he entire Iaser | i ght output can be increased

whi | e syppressing %ﬁe;asﬁ}fapwerw@é ti6e RSd1 HpIAS e@Ng sPul se and the
ultraviolet |ight having om1spaC|a coherence can be obtained. - 17 11
SEP 2002 constituted by the plurality of fiber optical amplifiers,
in order to suppress fluctuation in ultraviolet light
outputs due to fluctuation in amplification gain of the
fiber optical amplifiers, it is desirable to provide a
20 fiber output control device for monitoring the output
lights from the fibers to control pumping power of the
fiber optical amplifiers. Further, in order to standardize
light wavelengths of the ultraviolet light outputs to a
specific wavelength, it is desirable to provide a control
25 device for controlling the oscillating wavelength of the
single wavelength oscillating laser by using the fundamental

wave or the harmonic wave in the wavelength converting

portion.

- 12 -



That is to say, according to the present invention, there can be grog&ded
an ultraviolet |aser apparatus which is conpact and has hi gh degr el okP 2002
freedom regardi ng arrangenent of parts and in which the naintenance is easy
5 and the non-linear optical crystal is hard to be damaged and the spaci al
coherence is |ow. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an

expl anatory view showi ng an arrangenent of a l|laser |ight generating portion
and an optical 10 anplifier of an ultraviolet |aser apparatus according to
a first enbodi mentLbfht heopleseing iopkintdlorgleriegpts? are progidednatory vi ew
showi ng an arrangenent of a laser |ight generating portion and an optical
anplifier oftha ineidend|sidessef Hpparanelergidoradnventdng poOredonsd

enbodi ment of the present invention is an explanatory view show ng
an arrangenehPPb¥G%t+%5e9flt@%tlkﬁhﬁHQﬂﬁaﬁfﬁﬁﬂﬁ|Qﬂ$¥ﬂ%d &4 eBBOtEaFaBNpEi f i er
of an ultraviolet |aser garatus according to a third_enbodi nent of the
present inveAPPEAPT2BLELY. Saleeteth FXAUMRMBIFY "eWrs oG RG & ar r angenent

Cnvent for  FPgRabeians ofcERGnarei Sy BIPLL S o EPRISKPBRIS: FRGCORIIES 4
graph Shomnngoaoﬂglggpggéblghgei¥§ﬁ¥]é%llecting optical elements (for
example, lenses 902, 453 in an embodiment and the like) may
be provided for each fiber output, or, according to another
aspect, the light collecting optical elements (for example,
10 lenses 845,855,463 in an embodiment and the like) may be
provided for each of the bundled output groups.

By the way, as an arrangement for outputting the
ultraviolet light, for example, there is a technique in
which a laser beam having a wavelength of about 1.5 um is

15 emitted from the laser light generating portion, and,
regarding the optical amplifier, at least one stage optical
amplifier having the fiber optical amplifiers for amplifying
the fundamental wave having a wavelength of about 1.5 pum is
provided, and, a wavelength converting portion for effecting

20 8th harmonic generation for the amplified fundamental wave
is also provided. With this arrangement, the ultraviolet
light having output wavelength of about 190 nm can be
generated. The output light can be made to have the same
wavelength as the wavelength (of 193 nm) of the ArF excimer

25 lasexr by tuning the oscillating wavelength of the laser
light generating portion more finely (for example, 1.544 to
1.522 pm).

Further, as another arrangement for outputting the

- 13 -~



25 wavel ength and gain regardi ng el enents doped in an erbi um doped i'gg?
optical anplifier; Fig. 7 is a graph showi ng change in gain with re B ZW%
punpi ng power in a fiber optical anplifier in which - 18 1 1S EP 2002
erbiumand ytterbiumare co-doped; Fig. 8 is a constructional view show ng
an arrangenent of a fiber output control device of the ultraviolet |aser
apparatus according to the present invention; 5 Fig. 9 is an enlarged side
view of a fiber core at an output end of the fiber optical anplifier; Fig.
10(a) is a suleraveelsholdgigt Anfexsendmple, tthereutipu épdhafigtbeihi ber
optical anmplifier, and Fig. 10(b) is a side view show ng anot her exanpl e of
t he out put ewidich, 19imhkarfi bertiptabate-aitiifoned aErgngemhehds) aolased) are
expl anatory views showing first to fourth exanples of an arrangement of a
wavel engt h coeemriangngon tvavegngirh ft rabhdud! di- 5l amedsappatiedsfaevotbieng
to a fourth enbodi nent of the present invention; 15 Figs. 12(a) to 12(d)
are vi ews shb@feg %h%?%SQ%Q#F%ﬁﬁﬁﬂuBQRf%Qﬂa1ﬁan regardangh tBRafpl ésadf

Figs. 11(a

g g ) amplifier, at least one stage optical amplifier having the
fiber optical amplifiers for amplifying the fundamental wave

having a wavelength of about 1.5 ym is provided, and, a

wavelength converting portion for effecting 10th harmonic

generation for the amplified fundamental wave is also

10 provided. With this arrangement, the ultraviolet light
having output wavelength of about 150 nm can be generated.
This output light can be made to have the same wavelength as
the wavelength (of 157 nm) of the F, laser by tuning the
oscillating wavelength of the laser light generating portion

15 more finely (for example, 1.57 to 1.58 um).

Further, as a further arrangement for outputting the
ultraviolet light, for example, there is a technique in
which a laser beam having a wavelength of about 1.1 pm is
emitted from the laser light generating portion, and,

20 regarding the optical amplifier, at least one stage optical
ampliflier having the fiber optical amplifiers for amplifying
the fundamental wave having a wavelength of about 1.1 pm is
provided, and, a wavelength converting portion for effecting
7th harmonic generation for the amplified fundamental wave

25 1is also provided. With this arrangement, the ultraviolet
light having output wavelength of about 150 nm can be
generated. The output light can be made to have the same

wavelength as the wavelength (of 157 nm) of the F, laser by

- 14 -



to 11(d) and each indicating conversion efficiency of the mavelength113Elel
converting portion; Fig. 13 is an explanatory view show ng an arrangenent
20 of a wavel ength converting portion of an ultraviolet |aser apparatus
according to a fifth enbodi nent of the present invention; Fig. 14 is an
expl anatory view show ng an arrangenent of a wavel ength converting portion
of an ultraviolet |aser 25 apparatus according to a sixth enbodi nent of the
present invention; Fig. 15 is an explanatory view show ng an arrangenent of
a wavel engt htwohverthepeportianing vavedlengh oifettheadeser 12ght 1 1 SEP
2002 apparatus according to a seventh enbodi nent of the present invention;
Fig. 16 is o9ersiaing deriiawnisnifigedy dfgfpexapplan LnplP part of a
wavel ength converting portion of an 5 ultraviolet |aser apparatus according
to an ei ght Nl eh¥odi®ent of the present invention, Fig. 17 is an expl anatory

vi ew showi ng anot her enbodi ment of an input part of the wavel ength |
converting Incidentally, as the other arrangement for outputting

5 the ultraviolet 1light, for example, by providing a laser
light generating portion including a semiconductor laser or
a fiber laser having oscillating wavelength of about 990 nm,
at least one stage optical amplifier having the fiber
optical amplifiers for amplifying the fundamental wave

10 having a wavelength of about 990 nm, and a wavelength
converting portion for effecting 4th harmonic generation
for the amplified fundamental wave, the ultraviolet light
having the same wavelength as the wavelength (of 248 nm)
of the KrF excimer laser can be obtained.

15 The wavelength converting portion for effecting such a
harmonic generation can be designed as various arrangements
as will be described in embodiments of the present invention
which will be described later. For example, briefly
explaining an example of an arrangement of the wavelength

20 converting portion for effecting 8th harmonic generation for
the fundamental wave, such an arrangement can be constituted
by a three-stage harmonic generation light path system (for
example, Fig. l1ll(a) in a fourth embodiment) for converting
the fundamental wave into 2nd harmonic wave — 4th harmonic

25 wave — 8th harmonic wave by utilizing second harmonic
generation (SHG) of the non-linear optical crystal in all of
the wavelength converting stages. With this arrangement, a

desired 8th harmonic wave can be obtained with least number

- 15 -



portion of the ultraviolet |aser apparatus according to the 10 pregerstp 2001
I nvention; Figs. 18(a) to 18(c) are explanatory views showng first to
third exanples of a further enbodi ment of an input part of the wavel ength
converting portion of the ultraviolet |aser apparatus according to the
present 15 invention; Fig. 19 is an explanatory view show ng an exposure
appar atus accordi ng to anot her enbodi nent of the present invention; and
Fig. 20 is an explanatory view showi ng an exposure 20 apparatus according
to a furtheroEnbbalgeent of the present invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present invention will now be explained in
connection w th enbodilhent sas lRiradfemipte fieafrede aryangempat 28oxcconpanyi ng
drawi ngs. First of all, an ultraviolet |aser apparatus according to a first
enbodi ment ofPtatnpresthe FHharRANIG Wavse ddsEei BEdaRi AKTRBEEMERte to

Fig. 1. An ultraviolet Iigpt - 20 1 1 SEP 2002 .
(for example, Fig. 11(d) in a fourth embodiment and the

5 like) in which 3rd harmonic wave and 4th harmonic wave of
the fundamental wave are generated by also utilizing sum
frequency generation (SFG) of the non-linear optical crystal
in the wavelength converting stages, and these waves are
subjected to sum frequency generation to generate 7th

10 harmonic wave of the fundamental wave, and further, the 7th
harmonic wave and the fundamental wave are subjected to sum
frequency generation to generate 8th harmonic wave of the
fundamental wave. In this arrangement, a LBO crystal having
low absorption coefficient for ultraviolet light having

15 the wavelength of 193 nm can be used for 8th harmonic
generation in the last stage. Incidentally, regarding 7th
harmonic generation and 10th harmonic generation of the
fundamental wave, similar to 8th harmonic generation of the
fundamental wave, the second harmonic generation and the

20 sum frequency generation of the non-linear optical crystal
can be used.

Further, according to an aspect of the present
invention, ultraviolet pulse laser light can be obtained by
providing a pulsing device (for example, light modulating

25 elements 12, 22 in an embodiment and the like) for pulsing
CW laser light of the single wavelength oscillating laser
in the laser generating portion or by pulse-oscillating
the single wavelength oscillating laser or by doing both.

- 16 -



generating apparatus according to the first enbodi nent conprises a Iagg;m
| i ght generating portion including a single wavel ength oscillating1fh Tﬁ
and adapted to generate a | aser beam (or |ight) having a single wavel ength,
5 an optical anplifier including fiber optical anplifiers 13, 18 and 19 and
adapted to anplify the light, light branching devices 14, 16 for branching
the light into plural parallel beans, fibers 15, 17 having different

| engt hs, and a wavel ength converting portion including a non-Ilinear optical
10 crystal (Westhemhedy atsimg arie addapiesydofletwdaekengbhacahver havieg
anplified light, thereby providing an ultraviolet |ight generating
appar at us capubl abofe guranaanep towspa lighsl engrhesafeaaproieptionavel engt h
(193 nm of an ArF excinmer |aser or output wavelength (157 nm of an F2

| aser with IQWPQ&PERMRQEEIQiHﬁmwﬁﬂgebm RTONA dipPudpr AL éumendbiehent, Fig. 1
shows an exanpl e of an arrangenent in which_the | aser ht havi ng t he

s:ngle wavel Eﬁ?ﬁ%sﬁYﬁﬁ%ﬂﬂﬁQ£j#%i?ﬂﬁﬂ%§lpgﬁéﬂgaén§F8W|ﬁbgpﬁ%gths%?rEﬁe
0
b anahedSand e a AR G Sl pg t&%ﬂi}l&?‘ngﬁg%%%’hgﬁe#”gﬁﬂ%‘é L
he | | ud | h
fageraﬁrfgfqﬁg%é?ﬂ'ﬂaﬁ%& 'h‘%rhr i 3SRy RhE 8 PRYSLERSH éﬁ@'?‘ﬁlcft'ng
further, ecf;?t:‘;%fl péf%ﬂé?@dfoszpldrxtotgr rC?tl('llg] Qﬂghgé%ﬁaggh“gBﬁtQ&Vbﬁe@e 14, 16

and the flbers avi ng di ent er optica

anplifiers IR sd b £ PR e t;&o%‘ércl%libne@Qﬁogﬁréhgp{)th{:ﬁs 1{abegng

different |engths so that the pldral” 1'ight beans are anplified in parallel.

- 21 1 1 &SRR 0En € dnbe ends f dpraihiedgr optical anplifiers 19 are
bundl ed so that the anplified | aser beans are incident on a wavel ength
convert iing Efteon ¢H0hd AmbEmtiam shown in Fig. 11(a), for exanple. A

fi ber bundle output end 114 of the 5 fiber optical anplifiers corresponds
to fiber bundl e outpuerdridmes) aivenn acofidgsg to( thet pragénly,

respectively. The wavel ength converting portion includes_non-|inear optical
crystal s S0AREHHPREo ginge tthe f%%ng@wapgmm@gém W@@@llwaﬁhtﬁﬁomu ber
optical anplifier 19 is converted into 1Q ul traviol et The wavel ength

gonver 'ltol ggl pdre |JcﬁF?E:cQﬁrtﬁ’?ﬂgtJtrt9 tq?féftﬂ'toé‘ﬁéﬁt af“ﬁv}éiﬁ?fagnb%l ?Peb%piiﬁ??
first emboct TOREHATE B Bt oRe” BAE"aRETEREAY %éﬁat%w
osci |l agigng ééﬁV%rgédf tx?qggiggf&%gé 1%Qelﬁ %rb e@ﬁghﬂMhnﬂlﬂeéfngle

wavel ength, for exanple, senlco uct ser having an

oscillating gpweteN By Hiall o4 e ma%qe@@r&hl BBAYErvaNE PYLRYbNn(reherred to

as "CWout put” hereinafter) of 20 nW The DFB sem conductor |aser is

desi gned so dhatavidlet acegf ravdhd-aliey deeieedr epeoetam Dane ngidom
| ongi tudi nal node sel ection, diffraction gratings are incorporated into a

senlconducto@fdnﬁﬂxampiqMHI(pmnamrﬂyss)l@aglEadimylbandbtasnedlwitbouUnder
any conditions and is called as a distributed feedback (DFB) laser. In such
a laser, simeligpted @rpangdmedit .node 25 oscillation is effected

fundanentally, aline width of an _oscillation spectrum can be suppressed
bel ow 0281 pm | ndIYeREH 1 \F11GP FFerl 3867T LA 9PhelBULPE SHRIEPengt h of the

ul traviol et v!ra%?ee engg?rfé “ 1v1deac‘i Io\:{:eglu \Jl.%ll%gzggl? ;Ln]i:o %he plurality

of output lights and the plural output lights are amplified
by the plurality of fiber optical amplifiers and the
amplified lights are converted into the ultraviolet lights

25 Dby the non-linear optical crystals, the entire laser light
output can be increased while suppressing the peak power of
the pulse light per one pulse and the ultraviolet light

having low spacial coherence can be obtained.
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- 22 1 1 SEP 2002 preferable to provide an oscillating wavel ength
controlling device for controlling the oscillating wavel ength of thb1§ﬁﬁ&WQ
wavel ength oscillating |aser (nmaster oscillator) to become the given

wavel ength. Alternatively, it is also 5 preferable that the oscillating
wavel ength of the single wavel ength oscillating |aser is positively changed
by the oscillating wavel ength controlling device to permt adjustnment of
out put wavel ength thereof. For exanple, when the | aser apparatus according
to the present invBEmit abs o I¥hwppEdoaatdimpancexpespresappaiatvestioencor di ng
to the fornmer, occurrence or fluctuation of aberration of a projection
optical systeEmeceecam bavetengidd fdructlidatavdmlies praseentpgarahesewlhich
preventing change in inmage property (for exanple, optical property of inmge
qual ity) durisigcpmpaet nand hassiah rdagreeOeti Horeediesr rrgagdingcording to
the latter, fluctuation in focusing property (aberration and the |ike) of

t he projecti FRrapderant s95 iR bt im Bdedr dasc 8adntRRaPEeeiEnBEYi n

hei ght | evel, atnospheric pressure and environment (atnosphere in a clean
roon) bePweeid Boe meRit bE1RAT P PicRle Y& HS 82p0sEPePgppamagad is
assenbl ed and @d{usted ag%la etting place where the exposure apparatus is
install ed caPBetRenTRIFEY PRGERDGhe S i4RY f or preparing the exposure

PP s o TR LT SRR o ot T B o
aberralon. brol Cckign o601 i SOLORANDY 98 DGHERLL LA abbnens

11U nati onoki §Niagesl 1143t gereratSirds PoalQdrAlHoSARCLpE1BRESSUr e can al So

be cancelled, so that a pattern inmage can al ways be transferred onto a

substrat® ungeplafbestof ognsiNgrafislidtd Axhsdrm appeirakiisoaecbraihggto a

wavel ength controlling device, 5 for exanple, the DFB sem conductor | aser

i s used as therstnghkodsienengt htlos prdsatnthdg nvaseripnt:he gi ven wavel engt h
can be achieved by controlling a tenperature of the DFB sem conduct or

| aser) and, thus, Bygth?sissamozkpldmatesy Miew sjpowdngl engahrangementurt her
stabilized to control 10 it to becone the given wavel ength or to finely

adj ust the o%fpatlageel bhghh. JeRpTalling RO iomB addrip@orBEEEBL | aser is

provi ded on a heat.sink_and is cont ineﬁtin a franme together with the heat
sink. Thus, PAPLAELRTF) oEtqett SerntdSeT APRALATEFafGFETSdPEsERr 3(f or

exanpleispelééggnglgggg&iment of the present invention;

Fig. 3 is an explanatory view showing an arrangement
of a laser light generating portion and an optical
amplifier of an ultraviolet laser apparatus according to a
third embodiment of the present invention;

20 Fig. 4 is an explanatory view showing an arrangement
of an optical amplifier according to another embodiment of
the present invention;

Fig. 5 is a sectional view of a double clad fiber;

Fig. 6 is a graph showing a relationship between a

25 wavelength and gain regarding elements doped in an erbium
doped fiber optical amplifier:;

Fig. 7 is a graph showing change in gain with respect
to pumping power in a fiber optical amplifier in which

- 18 -



provi ded on the heat sink added to the single wavel ength oscillati n91lﬁ?%02
(such as the DFB sem conductor |laser) 11 is used to control the
tenperature, thereby adjusting the oscillating wavel ength. In the DFB

sem conductor |aser, 20 the tenperature can be adjusted with a unit of
0.001C. Further, oscillating wavel ength of the DFB sem conductor | aser has
t enper at ure dependency of about 0.1 nm C. For exanple, in the fundanental
wave (1544 nm. since the wavelength is changed by 0.1 nm when the

t enper at ur e @fbive @5l AR ehiwwrechectamr-dogpesd; i s changed by 1C, a

wavel ength of 8th harnonic wave (193 nm is changed by 0.0125 nm and a
wavel ength of 10t F¥Har nbrit® avtan BT tignals vdeungbdwbpgoanlannangement
Incidentally, in the exposure apparatus, it is - 24 1 1 SEP Z002
sufficient tPat2 RSB el savies ofufhratlénavighet(pases |ight)

can be changed %/ about 20 pmw th respect to the center wavel ength.

Accor di ngl y, SRR EHHATWERE G PSFRTESHEoABYEREAOPaser may be changed

5 by aboyt 1.6C f f th; Bt h harrﬁlé)anﬁic waye and gy %bou%_ 2C for the 10th

har moni ¢ “wave. As & $oni toF WaVEIETG SioPe¥d64cRE BnE BT WHRRe t AE an
illati ' tr.al | t [ I th

the osol || st EEREVHE & A ket Ga ATBaARR 6851 Taser and vivel angth

conver si on out put %'iéj'emc ed Jd af ergel %ﬁgwh?h%%léh%vgxaﬁégehgfnpﬂép wave,

4th harrmoni c wave and i ke), a waveleng can provide required
sensitivity durpibe &esisecdnavslrRgidp el %pﬁﬂ‘éi\é’?',cgnPSFf Siyy(gpnitored

is selected. For 15 exanple, when thé DFB sem conductor [|aser having the

osci |l ating waveleits hvodw stokilng br2Inei exatped 88 the Shbghe ¥R¥ebength
oscillating |aser, 3rd harnonic wave of the oscillating |aser |ight becones

a wavel éagt hthd Bt com3calmamgid ftilkirs spectral bandw dth corresponds to a
20 spectral bandwi dth in which absorption Iines of iodine nolecules exist
densely. Thus, by Bdsctilg)prispdad (idddieme eppdsnhtonpsviewvsoshdéwiregt o | ock
it to becone the target wavel ength, exact oscillating wavel ength control
can be ef f ect¥ft 2 FHRUTtYxaFRLSS cfcan ﬁgﬁﬁpgemevge0§em vavielenrgth| aser
11 is converted i rgj%ppul se lig for _exanpl e, bi?usi ng a |ight nodul ati ng

el ement 12 SN é?%‘itt%odb% CR WitIRViRDAL 2BPRY EPRABALUSr an
sepusto, oot Golosait o b Bl BRI PO Rl TR LN,
T O R M Tag e Sad Rt b payency of 100
corresponding the first to fourth examples of Figs. 11(a)
to 11(d) and each indicating conversion efficiency of the
wavelength converting portion;
Fig. 13 is an explanatory view showing an arrangement
20 of a wavelength converting portion of an ultraviolet laser
apparatus according to a fifth embodiment of the present
invention;
Fig. 14 is an explanatory view showing an arrangement
of a wavelength converting portion of an ultraviolet laser
25 apparatus according to a sixth embodiment of the present
invention;
Fig. 15 is an explanatory view showing an arrangement

of a wavelength converting portion of an ultraviolet laser
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5 result of such |ight nodul ation, a peak power of the pulse light 11 SEP200
outputted fromthe |ight nodul ating el enent 12 becones 20 nWand an average
out put becomes 2 ~,W Here, while an exanple that there is no | oss due to
insertion of the light nodulating elenent 12 was explained, if there is 10
insertion loss, for exanple, if insertion loss is - 3 dB) the peak power of
the pulse light wll be 10 mMVWand the average output will be 2 ~ W

I ncidentally, when the electro-optical |ight nodul ating el enent is used as
the |ight noapbhatatgs edemEndindSto ta issvenghe rablodimentsefanhel peesendpti cal
| i ght nmodul ating el enent (for exanple, two el ectrode type nodul ator) having
an el ectrodeigventtiome chirp-corrected to reduce wavel ength expansi on of

t he out put of the sem conductor |aser due to chirp associated with the tine
change in refracti®egi ntdexis 2n Ferplleg@tdyy ydew showhadr epeekamphef p€quency
to nore than about 100 kHz, reduction in anplification degree due to

i nfl uence ofaMSEPAhPPETE QIf s orAelen s he Fosyieavingobostiiant A€ fhber

optical anplifier which will be described | ater can be prevented. Such an
arrangement BFEERELobRLI LRPT | 2PRAF IS 2ANoFdipg tReAn LAELSHt put |ight can

be pul se-oscillated by controlling the current of the sem conductor | aser.
Thus, in theem??@?%%/e?ige%(ﬂ’?ﬁnt( Y K HER ‘enbodi ments whi ch - 26 1

1 S EP 2002 mﬁlldpe dgﬁﬁrjbed léuﬁigﬁ i%i i%iprefﬁragle tha% t he pul se
{/vlagglt einstﬁeger ate J_b%th }S/l%sefrhge’f cur ént f&’nts o8¢ tzﬂg g?ﬁgl e g the
| i ght ngdulaéﬁﬁg&g+%ﬁgﬁ%@i§¥ #éﬁ%&t I §?$g§&%%b&a§%3%% g% Sgﬁggp¥?gﬁt gaving
a pul se wi dtfi,0f; 3ROSE e 101 &P Polct OMdY AppdrAtusORLEakhing tBetalr rent

of the DFB sem conductor l[aser 11 and only a part of the pulse’light is

pi cked gp bypideeht ovemeidmi i ng el ement 12. That is to say, in the
illustrated enbodinent, the light is 10 nodul ated to the pul se |Iight having

a pulse width of 1Figs. Bys W) nigo SkB (d )N arenexplanatoryhvtibescahewinhgre only
the light nodulating element 12 is used, pulse Iight having narrower pulse
wi dt h can eafitsgt bto gembr@t exarepe sirofH scifiurtthesn embodimant afidani ahpytof
oscillation start 15 and stop of the pulse |light can easily be controll ed.
Parti cul ar | yPaRke®f t Hee giavelengoh ainveiting dontignt ofstheing to be

stopped by using only the light nodulating el enent 12) if a part thereof is
outputted, ititeavielet pTeseRAPRIRA R ASHORCHG GO dPet RECERRT

seniconqﬁctor I33ﬁ£ is 20 also effected sinultaneously. The pul se |ight
output o t ai Moy T hThi s way is coupled to a first stage erbium (Er) doped

fiber optical arrpli;{%',.er1 E{g,&gn Jé(%]}#ﬁﬁq?eq;ife%ctsi}%gghgggigagggbis{lggati on of

35 dB (3162 tines). Th this case, I'1 ght ower of about
63 W25 and éﬁp&f@f&ﬁea@@éEWi?Qftéﬂﬁﬂﬂtﬁéf3éﬁﬂbd@ﬁd@%to@fthaepkbbéht

anplifier (first stage optical anplifier) 13 is firstly divided in parallel
into four ouipuéstoénecham@el s O to 3 by the splitter (flat plate - 27

Fig. 20 is an explanatory view showing an exposure
20 apparatus according to a further embodiment of the present
invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will now be explained in
connection with embodiments thereof with reference to the
25 accompanying drawings.
First of all, an ultraviolet laser apparatus according
to a first embodiment of the present invention will be

described with reference to Fig. 1. An ultraviolet light
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11SEP 2002 waveguide 1 x 4 splitters) 14 as the light dividing 1deSER¥0
By coupling the outputs of the channels 0 to 3 to the fibers 15 having

different lengths (only one fiber for the channel 0 is illustrated), the
lights outputted fromthe 5 fibers are tinme-delayed in accordance with the
| engths of the fibers. In the illustrated enbodi nent, for exanple, it is

assuned that the propagating speed of the light through the fiber is 2 x
108 nis, and the fibers having the lengths of 0.1 m 19.3 m 38.5 mand
57.7 m respgenenatingrapgiraiomectceddingt e thanfidgkstOembodmant 3,
respectively. In this case, the delay of |ight between the adjacent
channel s at ¢oePHiLASRtd lisamhd idhiegeneseddibg perkson| hecteding|§, here,
the fiber used for delaying the light is referred to_as _"delay fiber". 15
Then, out putsingle dtﬁvﬁiéré%itff iorﬁé?rlé%@rté-ﬂﬂuﬂtaﬁélr dilvraddafarbed2tout puts in
parallel by the splitter 16 (flat plate wa uide 1 x 32 sglitters of 4
i

block type (STREFATS D 13590 NGR4T BAGHE). DRAVERY A giaeks: veysisnoth,
TS EERTD L T I
'rnlgls EEEI ?Blzf;ﬁé;ﬁ%gé %ﬁ%“f&r ?Jdaaﬁféﬂae%ﬁ"e%ﬁi%{ ?%é ?ﬁéhﬁglj LEGA} 235%'3191’?9;1
25 channel s c}%‘ﬁ%%%% %F'ocié, fsc;olet atnq%ﬁglgdépgylgéhtg hgﬁgatgﬁﬁ%l }%%ga% 4'E;I%Inel
31 With respgcdmd 0 £NSe WU 106 HARA nghaIFekrBntN1886PH B! 0gkgbgcomes 93 ns

(= 3 x 31). On the other hand, between the adjacent bl ocks of the - 28 1

1 SEP 2002 fydwd1drogtoWddvdiaeks poak igRntinenadiagodenoh heifehayoptrcf6 ns
is given by the delay fibers 15 at the entrance of the block. Accordingly,

t he out pat ofrysiealh@iewstribest lidterjeandd abaptkdi sodebagkenyyhSéomgentt h
respect to the output 5 of the channel 0 of the first block and is del ayed
by 3 ns wit ithespertified hdght.pihegebyherovidding 383 wltraeiéiettlbglatk.
The sane is true between the second and third bl ocks and between the third
and fourth HRGRALIRI ARRENATUS £apAbd-ee R genguepinyg avtput p‘tﬂ@"%ﬁ%gbh 128
channels (in total%, 1%@_Pul se |.ights havi ng el ay of .3 ns between the
adj acent chdifiled LR R bIEN gt dilddnt®)| 9" PR AFR. eXCImeT hb@ERT onl y
t he channel S, ofotthe 11:‘i‘hgas‘,tvelbel oqcli1r Zr Lj | Ljstol‘ at Ield agfast he at erlochannel S are
omtted, thesame RS (YU W 51§ ™™o Ofh 8 oF hete$Hatdis 1ot By t he
above- nmggt i %ngr@gﬂ%w_ del ayi ng, at the
In the illustrated embodiment, Fig. 1 shows an example

of an arrangement in which the laser light having the single

wavelength is outputted from the laser generating portion of

the ultraviolet laser apparatus according to the present

20 invention and is branched and amplified. First of all,

explaining with reference to Fig. 1, the laser generating

portion includes the single wavelength oscillating laser 11

for generating the laser beam having a single wavelength,

and further, there are provided splitters (light branching

25 devices) 14, 16 and the fibers 15, 17 having different
lengths, and fiber optical amplifiers 18, 19 are connected

to output ends of the fibers 17 having different lengths so

that the plural 1light beams are amplified in parallel.
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out put ends of 128 channels (in total), the pulse |lights having deL?%E RU§
ns between the adjacent channels can be obtained. In this case, th Iig q
pul se observed at each output end is 100 kHz (pul se period: 10 ~s) which is
the 20 sane as that of the pul se nodul ated by the |ight nodul ati ng el enent
12. Accordingly, in consideration of the entire |aser |ight generating
portion, after 128 pulses are generated with interval or period of 3 ns,
next pul se group is generated. Such generation is repeated with 100 kHz. 25
That is to saytpitheemdd i¢f the pEibdiecyETal?@mp1i@Gexsl@y dré8v¥ndled

pul ses/sec. Incidentally, in the illustrated enbodi nent, while an exanple
that the nundertidt dihve sangyisi fiised A serd tanrst atel dyicide2fdt onlal S E P 2002
fibers are used was explained. Thus, a non-light emtting interval of 9.62
~, M8 i S generaelengthwesmmvdiet ing o mgricompd.50Eoweyv 06 )t he pbowndinbEigeen

t he pul ses can be conpletely equidistant by increasing the nunber of

di vi si ons orlb{a kb, ifer cxampie he Al Eahensbundiacodtpaly ¢ndelbs tof Have proper
val ues or by using conbination thereof. For exanple, the equidistant

peri ods &an birer eridenbyanplidcienfy aarrasPeqdss tef fihers PRpels SVtPREL t he
delay intervals between the fibers becone 1/éf x.m when it is assuned that
the pul se 103Dt ?ti PR etidnkds ofl (5 1t drl (FdanmreRergEAVESY - t nEre
splitter 14 is f %Ft and t he number of di,visiqns is nh_Further .thf nunber
of divisi ons"BYCLEPIHASTORY G RO AR uEsS PR 1PRBT pfPEECe

titi f fi by t | i.ght [ I bot h
oy be 15 adi it BT o RC B 1o ThC: Ster a o ATV LB BRI 0P EE CRPEFedls,
A di ngly, ' ' t fl : fg & [ 15, 17
andlor 0y, o ko 87 Ll arhBNe, B el ePEHEY IR 1858 0or e

pul se repetidi PfadiSMENLYght . NGheORRY el BRGRH! E6nl 8L EING! Sofeiobe made
equi di stant, but 20 al so t%e pul se |ntervaPs can be set at desired ones.

I nci dent al | yac¢édr@Lsigrtd otled ti@rfeddier fiilamyiongwidlabeeullhg begbiibedr ce
was assenbl ed, for exanple, it is preferable that the delay fibers 15, 17
are bundl ed bster uni th anef sxeicea tmifiowzih H® eeveanthedmbypdamenhsr del ay
fiber 25 unit having different delay tinme between channels. Further, also
when the division NMewbetke ofixsie efiadimand willlbeafuliy pEPApinedd, A% is
preferable that other splitters having different division nunbers are
prepared i n ©?rekpohRctreelepatizpsciliatigg 1956 dlefop gererating 16 to

PRI L, e ekehange Dot aesn LIE SHl Aot e Lhgpdent 201 ©
di vision ”“WB%&QA&%,t6$h5£%£§ééﬂ&hé€9r3%%&%&¢h%k&%5egn oscillating
wavelength of 1.544 pym and continuous wave output (referred
to as "CW output" hereinafter) of 20 mW. The DFB
semiconductor laser is designed so that, in place of a
20 Fabry-Perot resonator having low longitudinal mode selection,
diffraction gratings are incorporated into a semiconductor
laser to perform single longitudinal mode oscillation under
any conditions and is called as a distributed feedback (DFB)
laser. In such a laser, since single longitudinal mode
25 oscillation is effected fundamentally, a line width of an
oscillation spectrum can be suppressed below 0.01 pm.
Incidentally, in order to fix the output wavelength of

the ultraviolet laser apparatus to a given wavelength, it is

- 22 -



5 Further, in the illustrated enbodi nent, by controlling a timng ﬁégrimﬁ
vol tage pul ses applied to the light nodul ating el enent 12, an oscill 3n
timng of the Iight source (pulse light), i.e.) the repetition frequency f
(pul se period) can be adjusted. Further) if the output of 10 the pul se

i ght may be changed as the oscillation timng is altered, the nmagnitude of
the drive voltage pul se applied to the light nodul ating el enent 12 may be
si mul taneously adjusted to conpensate for the fluctuation of output. In
this case, theefexreblatioPrdviia An acildatinoswayvedrngiyhycestpelling
conpensated by effecting only the oscillation control of the single

wavel engt h o3@Yi¢atforn fererohhing the QsgH ldatdnsi HaveéanethsaEnthn
oscillation control and the control. of the |ight nndulating el ement 12,

I nci dent al | yS1Rgte iYa¥elRR9 Oh FchidinDrlasss jmrster gREIMEGTBE) gERer at ed

20 not only when the oscjllating tim [ Itergd but al so, when the

osci |l ation BFCRTE Tre TV em i Ceianadte ALREFRRELUSEY . (1L eiS 318Ut of the
i.cal anpl.ifiers) is.re- after such an

PeerT L:t 30 bfet el o inal U8 oI il Melvia B atho R En, ﬁé??iﬁhen Mhe
osci | ok o _ EPIT)
Co el ol e SN ARG Bl afithg Fflerl Ld DARIITETY) chafiaBEC by EheO"

current contek; Pfat{eg Sidid fe | b 10561d liakiiee kaSperditor by the
combi nati on of - 31 11SE 2002 such acurrent control and the

control of the@jhseahéntost! Qhtpher etBrBMngkd therkbhe.i | Fostépdmsh €badinent

the fiber optical anplifiers 18 are connected to 128 (in nunber) del ay
fibers 5 17, thadléder fapedrophs cidcarind iter $hed preceatnnacendibn ke fi ber
optical anmplifiers 18 with the interposition of a narrow band filter 113.
The nar léw bappliedtto dd3exposwmse tapprded ushe agpgecdiag baenthedfbroer,
transmtted (or perneated) |ight narrower by cutting the ASE |ights
gener at ed i no¢@eryenee be¥ Hhu¢euatiomplaf jaheyragiopgofng ByopeERieRi ng

transm ssion (or perneation) of output maveleng%ﬁ (having sgectral
bandwi dt h | eSBt{fah SHBEEM 1996, L rwaRL et s SHUCINAGAPBr L1FaBERVERtEAs 5

I't, the ASE |ight ted fr, teri t he | at t fib
opt i cal 15 ahRPTePRrartientind AFHEHP JPRsnCERgot dduLEPOnSERTGArn of the
I | i ght. j Jats b it
t?gg;ni;gionoé*iggggﬁgéggﬂeﬁggfﬁg vMéﬂ%%%ﬁy)gggéﬁh% Eéfmgﬁﬂzesthe spectral
bandw dtjh 0ft£Qﬁsf§¥Eiﬁ§ht(ﬁﬁ1§RP%&h§%VﬁEﬁh,tﬁ@éo?&iﬂ§1t8V€KbVWE¥EérParrOW

20 band filter permtting trnsm ssion of wavel ength having about 100 pm
presently obtaifedatSonsedl, fébEs ASF prddrsan dbersat 10ht Aadt tBEYlike)
substantial problens. Further, when the output wavel ength of the DFB

sem conduct oof| tkerpitdjestilesi orididal ey e tcausleyd dnt acedrdahthowghht he
narrow band 25 filter nay be exchanged by another one in correspondence to
new out put wa¥Efenegnaesiinikeighif ckemsgle tAiamosphexicorresadrei fndr having a

transm ssi bl e spectral bandw dth in correspondence to a variable width (as
an exanpl e) gagggonmggt (atmosphere in a clean room) between a

20 manufacturing place where the exposure apparatus is
assembled and adjusted and a setting place where the
exposure apparatus is lnstalled can be cancelled so that the
time for preparing the exposure apparatus in the setting
place can be reduced. Further, according to the latter,

25 during the operation of the exposure apparatus, fluctuation
in aberration, projection magnification and focusing
position of the projection optical system caused due to

change in illumination of exposure illumination light and
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1 1 SEP 2002 20 pmin the exposure apparatus) of the output wavel enqtf P 2007
(i.e., same as the variable width or nore) is used. Incidentally, in ?u%

| aser apparatus applied to the exposure apparatus, the spectral bandw dth
thereof is set 5 below about 1 pm Further, the |aser apparatus shown in
Fig. 1 is provided with three isolators 110, 111) 112 so that influence of
return |light can be reduced by these isolators. Wth the arrangenent as
menti oned above, the output 10 lights emtted fromthe generating portion
(i.e., from &bRoopheticeptsssird head idlado A icelcedm@ld,f iser $hd®) aar e not
over|l apped with each other in view of tinme although they have narrow bands.
Accor di ngl y, pahtespatmage codrer &heaey H dieveterartdfieratedin ot coat gubs teamebe
reduced. 15 Incidentally, in the above-nentioned arrangenent) while an
exanpl e t hatunhf@erDEBoeshi fordsictorcodmdisriars. used as the single wavel ength
oscillating laser 11 and the splatters 14, 16 of flat plate waveguide type
are used as the branchuely i epeaitklajfinhavavegiendihaconitirgldénocdewdse20
expl ai ned) any | aser having narrow band at this wavel ength regi on may be
used as the faseexppphe. sblye cREB ssepiceendurtaie IoR s dsi ¥66dué@Botheaser. For

exanple, an erbium (Er) doged fiber_ |aser can achieve the sane _effect.
Further, anyS&N8h&nvarehendth #seiblrbing karen. ghe i93visar Hrverergyoe 25

d the b hi I t of th jght b hi devi in toth
pl at tor of PPArDRI ABIRERRQLY deotbRRl L E T RSP 6 5B BFPor of &
beam spl at t egeﬂilﬁggd@gég%a%%%%lgghﬁig%shrplsz,s#)S,Inq:hrtfsr [’;I‘%g%‘%%n %Sgl eve the sane

effect. - 33 a tione ovée, in the

i11ustrated sgpggiggﬂﬁg &96?9&;% ZC%EFL;&%JM@HS sthridal2% kb%g?%r@rie

further anplifie a~single _ A or a nmulti-stage E I um
doped fijger 9ptigabeasmbi thel§ivehiwivedddghe or &S @rirn%qut Q335 stEPRA"
hereinafter). In the illustrated enbodi nent, as an exanple, an exanple that
an aver age ogtipptitofaabdehgtl. ~, Wat each channel of the laser |ight
generating portion, i.e., an average output of about 6.3 mWfor the entire
channel s i s anplifNetmaylywotlsée apjfEB EfiscarBiuci®dr] d aser46.sdBro4@66a ti nes)
intotal is shown. In this case, at the output end of each channel, the
out put havi ngnaapbeaftpsiek amd2Ds kegntaidned vindteh fafame yogefhlerewidpetiti on
frequency of 100 kHz and average output of 2 W (average output of about 256
Win the entthe BRaknelrk. cdhyfe ip dbeaiddystneted sMPASLHRNEoLP! i ng | oss
at the ﬁg}l{it}g‘lers 14, 16 of .fl at plgte wavegui de. type i s .not % ken in
consi der'a i ohS™MPPTRRUFE PAIUBEHT o LXTHH &sFelgytam &leqen 3 the gain of
the fiber opj] iflers Mo 8358 l,east_. 0 , 19) by
an anount CO‘E’#%?%%%@P%’,% tlgézlbé%ﬁes coupr?cli(flegd ?%osst,%aet hsé&%ﬁlep&ta egﬁé?‘ﬂéﬁ
fundament al ¥e¥g19808h8t £EséFoBidle &P DAL E JRERIdHe 3388 rgS 1hhe

is used to control the temperature, thereby adjusting the

oscillating wavelength. In the DFB semiconductor laser,

20 the temperature can be adjusted with a unit of 0.001°C.

Further, oscillating wavelength of the DFB semiconductor

laser has temperature dependency of about 0.1 nm/°C. For

example, in the fundamental wave (1544 nm), since the

wavelength is changed by 0.1 nm when the temperature of the

25 DFB semiconductor laser is changed by 1°C, a wavelength of
8th harmonic wave (193 nm) is changed by 0.0125 nm and a
wavelength of 10th harmonic wave (157 nm) is changed by

0.01 nm. Incidentally, in the exposure apparatus, it is
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af orenenti oned val ue (for exanple, peak power of 20 kWand the Iike)”SEPZUU2
Incidentally) by changing the gain of the fiber optical anplifier, the

out put of the fundanental wave can 25 be increased or decreased with
respect to the aforenentioned val ue. The single wavel ength pul se | aser

| i ght having wavel ength of 1.544 ~m (output of the optical anplifier) is -
34 1 1S EP 2002 converted into an ultraviolet |ight pul se output
havi ng narrow spectrumline width by the wavel ength converting portion
usi ng t he newifiimignppthatalvasreisngtd ofhéheaespeayrh tbhuminahgomorti on

wi ||l be described later. 5 Next, a second enbodi nent of an ultraviol et

| aser appar atighac@rda g ighthea deeshangednbyoabant| b0 explal Hed with
reference to Fig. 2. The ultraviolet | aser apparatus according to the
second enbodigffCl diprite Capters savielghgthench @ Tl bk Y i dhe or generati ng
a laser light 10 having a single wavel ength, an optical anplifier for

anpl i fying tYfReTFHUT SR &%\P@i%ﬁ@f%ceﬁﬁ\?,é’FPFnéaﬁﬁF tPa% pgrchanged
| h- ti t.he , lified |[jght, th b i di | t i ol et
EIZ\éEt fszt et %&” YP}?@;?#B% AR Elﬁb ﬁeoé‘cﬁ%%?%?f%ﬁe vrian‘f’eégﬂfﬁﬂ‘jfﬁg\}%ﬁg[ Ev'sgni
XCi
P, 15, S0, 185l i

wavel ength (1 | aser ?%ﬁVspatial coher ence.

I nci dental ly, thesziﬂf tq %Jrﬁ'et%a LSRN e %{Eﬂ{ BeUEBEEALRT B9nt ol Noh&ECaNd

enbodi ment differ rom-t travio aser apparatus according to the

first 20 emachieide Hg WS SR s 16A E¥OLBOLME Sthdagivde |1 ght

branchi ng devi ce divides and branches the light in view of tine and that

the laser |ightel@igiie, iddlpinedBsld1a 1itahly haeBeBhHEndEY i €Re i SFBOL
anplified by the fiber optical anplifiers. Thus, it 1s possible that the

i ght 2%0br aseridghdisvi e Ieperhandl Wavedeénathadoalerbeohi betpopsi cal
anplifiers or vice versa. Further, simlar to the first enbodi nent (Fig.
1)) fiber optdestrivgd i¥atmm) n@dnd barimeniloe wavevi ded barmoniacvaleat side
(i.e., on a side of a - 35 1 1 SEP 2002 single wavel ength oscillating

| aser 21) of4Emdharnenig@aihiany dde ddkelpvezaavalengthewbbeh ng®®) so that
the pulse light applified in the fiber optical lLifiers is incident on

the light bridrftht ?ﬁﬂﬁ%ﬁfd\NQQ?ﬁﬂﬁW§@? &Pr§H§eﬁgg§¥egeﬁﬁV?%ﬁn%5?n can be
embod ment ) STURHSEERRNITY (R oy aF P Roghe RRaRhFRy GV ce i n
gggpnglr 'G?Bgi &%&%@@,ﬂﬁ%@?ﬁ@%ﬁs %%:Mnlgo'ﬁdﬁ'cQorz 1afbkMnbhengepplt that, for
oscillating wavelength of 1.51 to 1.59 nm is used as the
single wavelength oscillating laser, 3rd harmonic wave of
the oscillating laser light becomes a wavelength of 503 to
530 nm, and this spectral bandwidth corresponds to a
20 spectral bandwidth in which absorption lines of iodine
molecules exist densely. Thus, by selecting proper iodine
molecule absorption line to lock it to become the target
wavelength, exact oscillating wavelength control can be
effected.
25 The light output (CW light) of the semiconductor
laser 11 is converted into pulse light, for example, by
using a light modulating element 12 such as an electro-

optical light modulating element or an acousto-optical
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10 fiber optical anplifiers is reduced, a cheaper apparatus can be
realized. By the way, in the second enbodiment, Fig. 2 shows an exanipl ERT002
an arrangenent of |aser |ight generating portion, |light branching device
and optical anplifier of 15 the ultraviolet |aser apparatus according to
the present invention. As shown in Fig. 2, the ultraviolet |aser apparatus
according to the second enbodi nent conprises the laser |ight generating
portion including a single wavel ength oscillating |aser 21 for generating
the | aser 2Q igamniedu ey imcsigigmentavelentghé) i hhds trdtehtendsahiofemy, devi ce
23 for branching the light, and plural |ight outputs fromthe |ight
branchi ng dewi cxa@® e e aampsd ivdbrden ther aultplt Aespedulatéd by pubse
optical anmplifiers 24, 25. Qutput ends of the fiber optical anplifiers 25
are bundl ed,light vy thelsepidthe @l ds@s hRnghrepstihipaehregnency

wavel ength converting portion (702 to 712) conprised of non-linear optical
crystal s shd¥h 300 FHg (Enlseypesindhiod. 10 e Wikdl beoskpleireds 25 &f t he
fiber optical anplifiers 25 - 36 11 SEP 2002 shown in Fig. 2
correspofd tXFiHeroh e bifjumosdidation sRoRRaknPRIET 9f . thejgulse

I th ] ti t] h . f -1 t t al
uavel enath coINer LG, REILI O LS. Qo ehanonclneal gaLicgl eryotel s
opti cal i bars. 8 (21,4 QuP8ld o Al oleb, i gitsyclbnsi dgnt aldy, the

acordintg 6 th

wavel engt h convertlng portion cor € present invention will be

fully descrhﬁgﬂl r oM o ;fourt ept.h; Foents. Now,
the second e Odél ?ﬁrﬁtegvé#él%gﬁﬁe@% eS(::LrEi gg’d.%%g ilsagt Eé éﬁ%fgi%véfengt h
osci |l ating {seri gt frsaweneis) iendn h2sqasbeaphhanbay 2rStReLe is
wavel ength, for exanple, an ytterbium (Yb) doped tiber |aser or a DFB

sem condgct oind@sefomaVd 4, HFbOHidnlpale,nd favekergbh 0bss. §89-~3maBnd CW
output of 20 nWis used. In such lasers, 15 since single |ongitudinal nobde

osci |l | ati on tise gidaictmsvdrinsinghd ghulge dilghtewwldt beoloamWoandl thei on

spectrum can be suppressed to less than 0.01 pm The |ight output (CW
i ght) of thvexzge confduet orillader 2 giWeonverted into pulse light, for

exanpl e, by using 20 a |ight nodul ating el enment 22 such as an

el ectro-optical [|ikreidankalady nyharnefbe edeciroaepticalopteRhl 1ight
Where t he oM PR LT nO RISt 5 piiech 38 Ge HaohtoparLat iRty riareaEns and
expraindd AEaE Mloferig 50 JE b L1R0 ROl OBt B [ E 1 gt Holpa REing oo
i ght. out putd ecp Lo 4 e Ly gih) OGP e 1A 1L ERDRY RCRBAES 20 YUK AOSngVer a0

out put becomne ) EP 200 out put of t pul se |ight
is shared orapraledecbddt O Aidrzamighd -dorreetald) tbr eBuacehwaielefgtr a

channel 127 successively for each pul se by neans of a tine division
mul tipl exes édpds2Sn Wi cthé sodtpmt ioFhtthler aemiicogddetbeelaser due to
chirp associated with the time change in refractive index.
20 Further, by setting the repetition frequency to more than
about 100 kHz, reduction in amplification degree due to
influence of ASE (amplified spontaneous emission) noise in
the fiber optical amplifier which will be described later
can be prevented. Such an arrangement of the modulator is
25 desirable.
Further, the output light can be pulse-oscillated by
controlling the current of the semiconductor laser. Thus,

in the illustrated embodiment (and other embodiments which
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5 That is to say, the pulses with pulse period of 78 ns are successﬂVbS@szn
shared into the channels 0, 1, 2, 3) ~~~~~~ 127. Qbserving the result for
each channel, the pulse light having pul se period of 10 ~.S (= 78 ns x 128)
(pul se frequency of 100 kHz), pul se peak power of 20 nWand 10 average

out put of 2 ~Wcan be obtained. Further, in consideration of the entire

| aser |ight generating portion, the averaged pul se |ight having pul se
frequency of 12.8 MHz, pul se peak power of 20 mWand average out put of

0. 256 MmN carwibel did alewxkildetildamrirdl,| Yt tibepeeferabilel tgatf th8 msldd

bet ween the adj acent channels, and, thus, the pulse |lights between the
channel s ar el¥ght chverdearatad thotdadly eishiog. tRer cherentncohtrol | et tlae ed
enbodi nent, the repetition frequency f of the pulse light outputted from
the |ight notkNeke e langth rsqidladiiag: dgses {DBBkepmipandechHe¥i od 20 of
10 ~,s) and the pulse lights outputted _fromthe channels 0 to 127 of_ the
time divisi orPS&RA X i1t é&&a‘g Ryrigings thee 1dghdy BadpyaEing dp LeBeRt pbt i od Tor
interval (78 _ns) which_ is obtained by divyiding the pul se period (10 ~, s)
defined By tHES iV il SR % e gzlgkﬁ Eéﬁ?ngh?spﬂgﬁ‘ayw’z%&?n?%r val

F?h?"fenﬁf?d?%{dtf 0E AL tanck iy b iopbor 15adt hS Zﬁﬁ%%’f :o to
127 ] ' 0.3 F , i 03 i
3 il%E%&%‘BVZ%%%%&“%%%%%%S% 3 pRcUh e Rt 8 el crent
22 i J . . i -

TRy S| MUSENGOUS ghba L PR S 1Y Ahken1ghe ABhSEapeRiodtdn e £).

and, for exanple, ay tine o Ividing the pulse period by

128 can be ati£¥ et o |41} deit alHe/ 1 19uBthateliOehbB8alimest , cohedL 1R , igl SO
in this enbodi nent, the single wavel ength oscillating |aser 12 may be

pul sat edo Anciukdted| o tHHe guillske JPehitohagidg~aspulley wWedshtefed hy. a
conbi nation of the control of the tinme division nmultiplexes (TDM 23 and
t he current Bwnoing 1o ofint homgiamseomanichethehcesei Wwharengnlusthe21 or a
conbi nati on of such controls and the control of the |ight nodul ating

el enent 22. Mght imeednka b melamend: #@nﬂﬁoﬁé@dabEVéﬁetgégbﬁtb@Yimgghts
emtted fromthe generating portion are not_ 15 overl apped with each ot her

in view of tRHEEMRYT LUIRS WH LGN eafdddl BRgBR"PTEREY 3Rd have narrow
bands, tively. cordj ngl th i al bet th h |
out put s can B SR L0 ATHRRYAY y 2nth SEngL 80 0O RENLF BN o FaRGenent |
20 whi | t hat ) . bi Yb
doped 1 15er Tasertd PO PR ST T ERE1B7BE Bt BB LEAR 2 s

expl ai ned, afyr-{ ASElalBY] MEhdHRHHAV A9 13k 1bR! Seene! ?H%Q igghenigry be
used as the laser light” source to achieve the same effect, simlar 25 to

the DFB sem goniCt®rbd asiedpped o uiditly @hlyheénhki MegHtVinedaDatuhgi pl exes 23
is anplified by fiber optical anplifiers 24, 25 conprised of single stage
or multi - st agkem@ifAs1 Y yti®erdipantddedepifbds ouBPutted, it is desirable
that the current control of the DFB semiconductor laser is
20 also effected simultaneously. The pulse light output
obtained in this way is coupled to a first stage erbium
(Er) doped fiber optical amplifier (EDFA) 13, thereby
effecting light amplification of 35 dB (3162 times). In
this case, the pulse light has a peak power of about 63 W
25 and an average output of about 6.3 mW.
Output of the fiber amplifier (first stage optical
amplifier) 13 is firstly divided in parallel into four

outputs of channels 0 to 3 by the splitter (flat plate
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1 1S EP2002 anplifiers; ytterbium doped fiber optical anplifier WilISEP{38?
referred to as "YDFA" hereinafter). The ytterbium doped fiber optical
anplifier has a higher exciting efficiency than that of the erbi um doped
fiber optical anplifier and 5 thus is nore economcal. Further, simlar to
the first enmbodinment (Fig. 1), for the purpose of reducing the influence of
the return light and neking the spectral bandwi dth narrower, an isolator 26

: ?gﬁlt Sggsrergdvp%%ngdéergrr}gln?gé@w# ﬁfaisr ow angﬁlfqil'lqt dﬁ%gg é#d%ngfl%ggl at or
27 are di sposedoBebaee Lhe JLBRl:ORd Gle UMY © 24 anddl g0t her fiber

optical anpli ustrate nent, as an exanple an

exanpl e thate %'?Pé’eié‘gﬁ?@i‘ﬂ@%iﬁfex?@%'tle?rngWsat( ?ho:h% fom teOQf thide tine

di vi sion mult exer ., an average out put of about O. mAV1n the

entire channghgnhél a@Dié“iPﬂu@ﬁ'réM)St agfe \i@':g?&sz‘but%'%t@éd@r@ﬁ\ £4¢000, 000

tinmes) in total is showmn. In this case, at the output end of each channel,

the out put heyvbéss Peak POMELa&faypdh kM atdrdaaranvdith thel 1Bhgthdl o€
repetition frequency of 100 kHz and average output of 2 W (average out put

of about 256tMéifibdes entin ehzhdanielstraten kabolimened. foacedampaé| yitin
Fig. 3, only the channel 0 anong all of the channels is shown and the ot her
channel s areisnassededrtnat | thstpaipaggtidly tdpeedt odr thleadrnighs avreugane
arrangenents as the arrangement of the channel 0. The single wavel ength

pul se | aser tlnghflb@nmg e el ®ngy/s . ofnd. bbe Lhbevathaving the bprytes
anplifier) is - 1 S E P 2002 converted into ultraviolet |ight pulse
out put havi n%fn%lr}dw sb%c? rim 38 ne Midhth T & He RRFPIESTGVS l80RFEr ti ng
portion_using the non-linear optical crystals. The wavel eré%:lpgﬁonvertl ng

portionifi | 1 CPRAGRERY B%dtlil%t amBeJt% q'hel'al?o@é‘dm?nt T&TEs Yand'8econd
enmbodi nent s, _.al t hough t veI opt..cal %rrE ifiers are
i fferent, HECRErttEhedt bobe] ¥ HE eeae@n&?ﬂff 53 & aate PP REE By t he
oscillating g\ﬁv@) n(%{l]f) gé $Petr§ eefc% g%s |1 a#h@?d{eﬁ?&if (11,

0 i na ion 0O Ser

21) and are tal ned y a co S'ca Ters

consi dering gbge amphé f ¥4 B@r ehdd &1 £ el ayiing IHN l%.@‘?ﬁ:t 53l r@%@@%@t Ry (for
exanpl e, 1530 to 1560 nmin the erbium doped ffiber and 990 to 1200 nmin

the ytterbi ugg dopetayi bewer” Accordingly, in the illustrated enbodi ments of
t he present invention, 15 regarding the single wavel ength oscillating
| aser, fisber opti cEhemppdutpetrs daviour gelays fdberal arendwrdhks divided
corresponding to the oscillating wavel ength may be appropriately sel ected
and conbi nedin¥ar3leoytputs eiargamnllial thhe thier spldidiedi d®nt(flit plate of
the splitters of flat
waveguide 1 x 32 splitters) of 4 block type (channels 0 to
31 in each block), i.e., divided into 128 channels in total.
Further, fibers having different lengths are connected to
20 the channels 1 to 31 of each block (except for the channel
0). In the illustrated embodiment, for example, the fibers
having lengths of 0.6 x N meters (N: channel number) are
connected to the channels 1 to 31, respectively. As a
result, the delay of 3 ns is given between the adjacent
25 channels in each block, so that the delay of the output of
the channel 31 with respect to the output of the channel 0
in each block becomes 93 ns (= 3 x 31).

On the other hand, between the adjacent blocks of the
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20 pl ate wavegui de type (14, 16), the TDM (23) used in the second 11 SEP 2002
enbodi nent may be used, and, in the second enbodinent, in place of the TDM
(23), the splitters of flat plate wavegui de type nay be used. Incidentally,
enbodi nents of the wavel ength converting portion will be described 25

| ater. Incidentally, in a high peak power optical fiber amplifier (19 in
Fig. 1 and 25 in Fig. 2) of the |last stage according to the iIIustrated

wdins of tHELERRI o afr A pbEodea. 1as atsry one °<?v§ec't e B 2 e) 1
e ot cob"a} ﬁfalv@%d@u@ff?ﬁé%gaé'#ﬁr;e@sﬁzg o B e o
di amet er (foﬁlﬁéﬁnplfcc&&ﬂlﬁq Vi r{':)he '{S)lul Ca#S%ﬂef Bpaﬁ%*ﬂ“ﬁ' Sft ERQ are

used. An exanple of an arra erent o anpliftirer using the | arge
nmode di anet egeEbRE b PHEK CPE @é‘Péyéd 963? 46 $hoWH rke!é&ct“ td R %ut?)ut' n

the optical anmplifier 42 10 shown by "a rectangul ar bl'ock (shown he dot

line) and adgpt eHet SnaREEEAG ot hEndOEEr S BRI A Sarfd :LtshQiefl'a%rdSb 3 ns
sem conductor |asers 43 for punping doped fibers of |arge node gkaneter

optical anplyitersespecti bertoupiesut ot atge dMdtmell BRI thiebeligst
corresponding to the dianeters of the 15 doped fibers of the optical
anplifiers, sbothat Thd pHanse dfs tthees britweeducher skasadsaatethnpdt bedcke t he
doped fibers of the optical anplifiers by using wavel ength division

nul tipl exer said\Dhveiwesn digg ther@bynduimiri ttheaspedAti bergsulbseas| thydht
anplified in the large node dianeter 20 fibers (optical anplifier) 42 is

i nci dent on @ntivel @WEPWRE coRl PR IRIE R4S if S0P ahmamelishd inagetalight is
converted into ultraviolet light. It is desirable that the |l aser beans
(signal $° t o Betseptighieds heing cﬂf‘a]ﬁ &f thosudstieen éEPﬁeaﬁﬂB@eHFarret er

fib d t I 25 _Thi d t
usi ng e 1 UAARERL Sl SApARe ?ﬂ“ s 2 1eegeBRade.  TReh T8 LY AftRSiene ¥
fiber havi N9% l Qﬁge 19%9%%%5 r%rpeerfllpsa{ tb'lcouclkar lr¥a 7 7' s%ra%e t' cal

polarlzatlon -
the other channels are omitted, the same is true with

respect to the other channels.

15 By the above-mentioned branching and delaying, at the
output ends of 128 channels (in total), the pulse lights
having delay of 3 ns between the adjacent channels can be
obtained. In this case, the light pulse observed at each
output end is 100 kHz (pulse period: 10 ps) which is the

20 same as that of the pulse modulated by the light modulating
element 12. Accordingly, in consideration of the entire
laser light generating portion, after 128 pulses are
generated with interval or period of 3 ns, next pulse group
is generated. Such generation is repeated with 100 kHz.

25 That is to say, the entire output becomes 128 x 100 x 10° =
1.28 x 10’ pulses/sec.

Incidentally, in the illustrated embodiment, while an

example that the number of divisions is 128 and short delay
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coupling elenents 44 are di sposed between the sem conductor |asers 43 ggg[w
the WDMs 45 so that the | aser beans outputted fromtwo sem conduct ot 115 2
43 and havi ng pol ari zation directions perpendicular to each other can be
conbined with 5 each other. Incidentally, in the illustrated enbodi nent,
whil e an exanple that the polarization directions of the | aser beans are
made to be perpendicular to each other by the optical polarization coupling
el enents 44 was expl ai ned, when reduction in conbining efficiency for the

| aser beans fiibers wireriusest washexpdladinedat | Baugli rereonsigiy aefvtt tiag
perpendi cul ar to each other. Further, influence of return light is reduced
by an i sol atigrtef0ali&hos<EaP dmsadsi generatgd betvaen| brgePwdbse RS er
fiber optical anplifier 42. In addition, a narrow band filter 403 for

removi ng ASEIOMPYEIghtthfe RETHAAF Bptieens ther PYbELEaraRnbei FrBplate] ¥

provi ded between fiber_optical agnplifier 41 having,a,standard node

i amet or an@ IR SHA R EALRASIES (PEaPUBREFCaf SHBLFLPRE 95 B¥urt her,

i i conduct qr. | Q1 js.fiber-coupled to the fib {ical
ol i1 ep 2ot St i, FetactB o e RaatahBar s eheo 15T PR hpur o
to doped fihalsQf 4hg, PRI c%%'n%‘t%ﬁ]gg%gﬁf? %%mﬁl@er%\’e punpi ng

|1
the doped fibers. According to such since sem-conduct or

lasers 43 ar& el €thi Gdhod Lk ?é??c?ﬁ%%ﬁ%yf :bléiéétiﬁé the foNgthHg

efficiency to the fffgners i s enhance ereby Utilize the outputs of the

sem conduct aif | asersi wEFLEd Walat thie deehy BvtdsiAlst betwvaegern@de di aneter
fi bers having the sane dianeter, since the loss in the WDMs - 43 11SE

P 2002 45, 46iwenrs heedsbiced £ of fn)Cwdlefy itafsbasetmaacerat | ticé denisé| y,
connecti on between the front stage fiber optical anplifier 41 having the

st andar dOnodeepkateten frwhudey adt thieagaskear Yeampdvciidentten thdéder opti cal
anplifier 5 42 is effected by using fibers having node di aneters increased
in a taper edsplEtten. 14uks Her[HZIn apddéhet oupbexni afhfgnisiepstEsim- t he | ast
stage fiber anplifiers (19, 25), in place of the |arge node dianeter fibers
(42) of Fi g.FuEtheRo e RMReY 9feQivigienshali Ay 46aFtfPRerotl Haestructure

b d. Fjg. .51 ti | Vi howi I f the fib
410, I thi SEHSTR LS W (MORITG LEPRRGELPPCATPRNOREY the | aser.
i ght are doped ddl 4, Ak Aln S holdidhhlg bISEERLLONS L1 GRAL iy BE
anplified i s propaga I'n core. An punprng sem conductor taser is

coupl edlgo %%ﬂtﬁ&e&'%j é@%ﬁwtrh%u%hﬂgettgeeﬁﬁiaisgbﬂfepﬁfgefiﬁ’@ér§+f§l. Is a

nmul ti-nmode and has a great area, high output "punping sem conductor [|aser
light can eagsdddrdtndIPNYLrdehstang the FHbbi- TBHgtRSCHE! Bhé NGelay

sem conductor | aser can be coupled efficiently, 20 and the exciting |ight
source can heibewesl B3 f i Tl enid Aor Aisdcdon ababde#13ff at feastngne ofvelgei de
for the first clad is formed around the first clad. Further, although
quartz fiberspbitterts ct e ¥6 bardyomayrhigepuded aspehdtiohefrepuéney £,
anplifiers of the first
not only the pulse intervals can be made equidistant, but
20 also the pulse intervals can be set at desired ones.
Incidentally, in order to alter the fiber lengths
after the light source was assembled, for example, it is
preferable that the delay fibers 15, 17 are bundled as a
unit and such a unit can be exchanged by another delay fiber
25 unit having different delay time between channels. Further,
also when the division numbers of the splitters 14, 16 are

to be altered, it is preferable that other splitters having

different division numbers are prepared in correspondence to
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25 and second enbodi nents, other than them fluoride fibers (for exzqgtﬁ,
ZBLAN fibers) may be used. In the fluoride fiber, erbium doping densi't JQR
be increased in conparison with the quartz or silicate fiber) with the
result that a - 44 1 1S EP 2002 fiber Ilength required for
anplification can be reduced. It is desirable that the fluoride fibers are
applied to the |last stage fiber optical anplifiers (19, 25), with the
result that, by the reduction of fiber |engths, expansion 5 of spectral
bandwi dt h dugnd osphertewrs |1 nears afd gdrndy ithe hehphepagativeanothaul se
lights in the fibers can be suppressed, and, for exanple, a light source
havi ng the nepIDyEErspeqhr ahikaedwsedt htr equiesdraplet tiga €XHINs Ud€lappar at us
can be obtained. Particularly, the fact that the 10 |light source having the
narrower spetivent loahidveal e asxdimngaell hyn anehexpasditewappathtus i ncl udi ng
a projection optical systemhaving a |large nunerical aperture is
advant ageousdivisli@xanphleers rofesherspnid tensufldact dbe agk th&epedj ecti on
optical system 15 By the way, as nentioned above, when 1.51 to 1.59 ~mis
used as Bhe out putFyEiieRngith dfe tild ustizatedpembadingpli f P¥r chpvrayling
doubl e clad structure, it is preferable that not only erbiumbut also
ytterbi um ard HHpERE | of odekre tw Kt ises eppildedgter £hei éaghtof the 20
sem conductor |aser, That is to say, when hoth erbium and ytgerbtun1are
doped, st roMfPIBSBIHRIE e ernkd h B a8 YetdPrn fiMie9eRfehlgd il the
vicinity of 915 to 975 nm sqrthat a plyralit f, seni?onductor %asers
havi ng vari otRUXFY f rEhEe ot9 1f)a‘tiln‘ge'\N/at){' et 15OPhEECIPEREr & coupl ed
25 by the p j st Wi at,
“D{\%uz?és‘é’ oﬁéﬁ{g&g L& § J&E‘%Jﬂc?ds Eh?@ﬁér 1P Exgg éﬁg@.\% Séf‘

since the outpu | Ural  sem-conductor Taser§ Can be us

eXCitingoligﬁRé’pﬂi%tlwil p&EaNg!hzo Pas2ehiee Vet 1ML BR" tif@hgeX8MP! €,

when polarization - 45 . . 2 coupling elenments are used as the
l'ight coupl i a0t&t&AENESe dadii fide dE @G iSRATVOArAYe! pulkasappubaULs

havi ng different polarization directions can be coupled together, the
punpi ng powethe anidiet i medebserng vélemertt ALY fagr bel Bideditgneofisife doped
fibers of the fiber optical anplifier, as is in the present invention, in
an appar at usadjustedaopl eompempsste o ap fdreatilsictugdriane dfwotipptedel®r m ned
given wavel ength, material is selected so that gain of the fiber optical
anplifier attRigegased tpe vblesamfiirhafomynptesf. ther pelapléphitnman
ul travi gl et
15 be compensated by effecting only the oscillation control of
the single wavelength oscillating laser 11 or through a
combination of such an oscillation control and the control
of the light modulating element 12. Incidentally, the
fluctuation of output of the pulse light may be generated
20 not only when the oscillating timing is altered but also
when the oscillation of the single wavelength oscillating
laser (i.e., input of the pulse light to the fiber optical
amplifiers) is re-started after such an oscillation was
stopped for a predetermined time period. Further, when the
25 single wavelength oscillating laser 11 is pulsated, the
oscillation timing (pulse period) of the pulse light may

be adjusted by only the current control of the single

wavelength oscillating laser 11 or by the combination of
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| aser apparatus for obtaining an out put wavel ength (193 to 194 nm sahd &8 2007
that of the ArF exciner |aser, when the fibers of the optical anplifier are
used, it is desirable that nmaterial in which the gain becones great at the
15 desired wavel ength (for exanple, 1.548 hun) is selected. However, in the
conmmuni cation fiber, because of wavel ength division nmultiplexing

communi cation, it is designed so that relatively flat gain is obtained in a
wavel engt h area having several tens of nmin the vicinity 20 of 1.55 N, m
To this end, such aa comten i€ adorirdl emad hael r@narodnby €nbi ufyneped core as
exciting medium in order to obtain the flat gain property, alum num and
phosphorus anedebatdipgdeliementsild.ca fiber. Thus, in such a fiber, the gain
does not necessarily becone great at 1.548 ~,m This 25 condition is shown
in Fig. 6. Fig. 6 Bhowe dlhmigated emboddgesntit itheehftbey eppbpealy of

fiber, and the abscissa indicates wavel ength and the ordinate indicates

fl uorescent dmpkihEiexs 1§ gy .canecteg to 128 $Ep poubewnpi fielay/ Pleersca
corresponds to the_comrunication fiber material, when Silicate L22 shown in

Fig. 6 i uskll; ¥Ppathe her fisalosmildddess 19s5are-cannegiefdeto

al um num as dopi el enent gives agn effect for shifting a peak,in 5_the
Teinity o et b bl TR A delgth She BRat BRSLEROR ST cRves
an effect for_shifting.t eak .towa a_shorter vel engt j de.

Accor di ngl y BaRtey bR FRHBERILY iR S ARRNY TRl EEL IR L Fovesin &
smal | amount, of S r b hn Si i r
hand, for gk%%ﬁ?%?QW§@%’#ﬁ%ﬁg*ﬁéﬁﬁgggﬁgﬁ@'8%t&%§ﬁggﬁgfégiégrgﬁﬁ%ﬁgigégfe,
above- ment i ongeh{ | DerSod - daHRl G M%Ehaxbﬂgscgéﬁérwe&hm hehgt h
erbi um and ytterbium are doped (co-doped) are uSed) as shown in Fig. 7) by
addi ng aosnetibarneitiedl HHISIdiSs 18,t he cawesy perhi@behggai n can be
obtained in the vicinity of 1.547 ~m Incidentally, Fig. 7 shows a change
in gain wthtrasgersston wooel pngida titeen) iofvensipan papdlahgon (sachagged by
changi ng punpi ng power; and the absci ssa indicates wavel ength and the

ordi nat e i ndspetesahdvandgetdtinitedserdian ad@uitn 1t pa)f pbethepbFBal anplifiers
according to the ffirst and second enbodi nents, since the respective fibers
are i ndependkeinlepridectonasey drls, ABeadresetbncthe i kikohdi qafe opti cal
anplifiers causes fluctuation in |light outputs of the channels.

Accor di ngl y,P® PE¥¢EeR R (L Xgm Anlieiidy e dadedi 54286 SLRRT eABbYFARNts, for

Ut pat  3nt ST REARES b Lk (B S T e b AEREBAPP oY Lo ve
currents forgf ey PURLOY SEACONAYEHBLgh2ERESnéAPdw bana filter
preferably permits transmission of wavelength having a
width of about 1 pm, since the spectral bandwidth of the
ASE light is about several tens of nm, even when a narrow
20 band filter permitting trnsmission of wavelength having
about 100 pm presently obtained is used, the ASE light can
be cut without any substantial problems. Further, when the
output wavelength of the DFB semiconductor laser 11 is
desired to be positively altered, although the narrow band
25 filter may be exchanged by another one in correspondence
to new output wavelength, it is preferable that a narrow
band filter having a transmissible spectral bandwidth in

correspondence to a variable width (as an example, about
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- 47 1 1 SEP 2002 43) so that light outputs fromthe fiber optical
anplifiers becones constant (i.e., balanced) at each of anplifying sﬂédggzmz
by branching the outputs partially in the fiber optical anplifiers (41, 42)
of respective channels and by 5 nonitoring light intensity. In Fig. 8, the
fiber output control device 405 for detecting the branched light fromthe
fiber optical anplifier 41 serves to control the drive current for the

sem conductor | aser 40l connected to the fiber optical anplifier 41 on the
basis of a detd¢tlE Iesthe eXwpsiHe aRPamafars Jo@tpkhec outpyt WavedengbB for
detecting the branched light fromthe | arge node dianeter fiber optical
anplifier 42(kefvesSamecant i Yaelahhs &It &t Moge )t HE §&/fconduct or

| aser 43 connected to the |arge node di aneter fiber optical anplifier 42 on
the basis of IBCHEeRERLHY r ekl the 1HAg8E aRBArafusReRteqd £ogthg, it is

f ble that th ' I ided a fib t trol. devi 407
Por of foct | i PRERERCRPRBIE IO | O SRS Y RTGVREITY, RESKRRSI A5 oot

sem conduyct e 401. 43 a nt i fi.her pcal _a ifiers (41,
32) by moni (7188 TOORE Tt noriy B6Ta tPhe RaSE 2RBERERVER o Thor {1 on
500 so that lig r I 0 rti pQnrbi 500
becomnes pred%?gin}ngé ?#%ﬁ#a%%ﬁgg??h?ﬁﬂ%¥§f§§%h&ﬁ%|gﬁgﬁ éggﬁp?ébtﬁgt t he
sem conduct ofh 4 85€5 813 ce 43¢ A SribrfePRifte tidry HePHegRide@d bRy thid@ef | ber

out put control device 407 was 25 illustrated, only one of fhe sem conductor
| asers 401, {sot&yobsg.controlled on the basis of the light intensity
detected in the wavel ength converting portion 500. Further, while an
exanpl e that the fwbeh thé paitraoddnienit deyiremti®ned 4dove,ltheSbRLPAD2
branches the laser light on the way of the wavel ength converting portion
500 and l@et etightiseeminttedi fyon Mere devmsa ey giomdont Hé .leasefrmgirhe
outputted fromthe output end of the wavel ength converting portion 500 may
be 5 parti al Pytpehnenes Qﬁdth%t@#kﬁR)Pnﬂﬂﬁékﬁamﬁ%ﬁﬂ&§1@eﬂ§3té&? not
Incidentally, in Fig. 8, the other constructural_ elenents the sape as those
in Fig. 4 areveeliBhetedity eaeh her effereifve dfudme &13hQUeRpItRESt i on
thereof will be omtted. VVéh t he arg&ngﬁgpn% as nenti?ned%above since the
10 gain of t%@v?i%%Fr%ﬁtP%% S ampGPrEe ‘t gerﬁgﬁgﬁ?'vgo FarRETs at the
anplifying s r t o nic re not generated

bet ween t he #?ggéegpFng %ﬁ%??f?%g%ygﬁdggiéka5%Qggﬁgdrn1Iight intensity as

a whol €1gan be obt ) 888en A 1116 1n LIRS G ikt ed @RtahBbABAKLY 15 in
t he wavel ength converting portion 500, expected predeterm ned |ight

intensity caphbeefefl drakple tiet il igpA NEEnsilcgRmc tihenakyrcagaikedof
obtaining desired ultraviolet Iight stably. Al though not shown in Fig. 8,
at | east oneasfthées2fgle beaveleépyth cetildlatdeg dese4031 406, the7 is
connected to the single wavelength oscillating |aser (11 or 21) and the

| i ght nodul asPhiteeraeht. (10 of DYt twlalfd awrrveacarider &vpee agenusel asd

current control of the single wavel ength oscillating_ |aser and to apply
drive vol t agEhpubPsan¢ling elements of ‘the light branching device was

20 explained, any laser having narrow band at this wavelength
region may be used as the laser light source, similar to
the DFB semiconductor laser. For example, an erbium (Er)
doped fiber laser can achileve the same effect. Further, any
element capable of branching the light in parallel may be

25 used as the branching element of the light branching device,
similar to the splitter of flat plate waveguide type. For
example, a fiber splitter or a beam splitter using partial

light-transmissible mirror can achieve the same effect.
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25 the light nodulating elenent and to control timng and magnit udd 1o3EP 208
vol tage pul se. Accordingly, at |east one fiber output control device serves
to detect intensity, center wavel ength and spectral bandw dth of the pul se
l'ight - 49 11 S EP 2002 (fundanental wave, or visible Iight

wavel engt h-converted at | east once in the wavel ength converting portion or
infrared light or ultraviolet light) and to effect feedback control of the
tenperature of the single wavelength oscillating 5 | aser, thereby

control ling the cehirthewyea=engintianddspdboieal ihande dilbusbeaeed. Further,
on the basis of the detected values, the current control of the single
wavel engt h ocsubddimemty, | Eserowmhttshefc dier dlibefrst A& Ydefagefpbése) appei ed
to the light nodulating el enment are effected, 10 thereby controlling
intensity anthotker |anphified dwa singliee spalgee EDFghorandmylbitstadest op of
the oscillation. Further) at |east one fiber output control device serves
to effect cdoFRFAI (¢J@gmm|d@@®mﬁmﬁm@mé¢qﬁeﬁmp&n£ée§§m vhiaehovibhdbe
continuous oscillation of the single 15 mavelength oscillating | aser and
control 6f 0RF$TER] oFP 3R erBRHA rgﬂf fitgr) banBW "éﬁ*% IHysHeHiagse
oscillation a dcill effect at | east one of t he tion control of the
singl e vvavel%r%‘? BT 1198 9 TS DR RSB, Shabt SPnEVEFGHE. modul aci ng

Pnct dent ai |y RV GE apoii R Wil a ez Rebed; a%hﬁsggi%?s%é?whﬁ per
opti cal_amlig +§fs i APUTPLY O e SuLECRLLG0D1 9! BbuENE. B 19

sem conduct he 17°Ke) ‘connéc Ped Tort optica

anpl i fier explaipgd {ﬁﬂ@ Ahdd¥es QN1 1% 85D h%wéteggsewﬁmsngsh

oscillating laser an he |1 ght rmdg] ating el ement can be applied, as it

is, to the uig rﬁ%lmedal@mo@meaé)uaeﬁ deRials 1 51 sABfn2) im whishedde, | arge
m)de di aneter fiber optical anplifiers are not used. - 50 1 1 SEP 2002

The out put eaelstid dilneplhinsénd tafeddbehamplelcalkhanpuithbier Batdng28 peakrr di ng
to the first and second enbodi nents are bundl ed to form predeterm ned

bundl es (114po@8y .oflhz0 rikhrbepulewl wicithi @it dt nen phlskerbpetdiedonre 5
determned in accordance with the construction of the wavel ength converting
portion and ¥FRICEREY (@F at 0 drkiA EtIWe FVEFHICe @ULtPYHt oSodr Fe(aFBFagRanpl e, in
t he |IIustrated enbodi nents, a single_bundle (114, 29 ?01 601 and the
like) havi ng®atRYY cRF APWHs2& It tithrFhes cPAnPRLS) 189888, since a

clad di gget or, ol sagh Gber 19,3084k 233,0uM FolboAE! Ele (it A
16 of flat plate waveguide type is not taken in consid-
eration, if there is such a coupling loss, by increasing
the gain of the fiber optical amplifiers (for example, at
least one of EDFAs 18, 19) by an amount corresponding to

20 the coupling loss, the output of the fundamental wave
generated from the EDFA 19 can be made the same as the
aforementioned value (for example, peak power of 20 kW and
the like). Incidentally, by changing the gain of the fiber
optical amplifier, the output of the fundamental wave can

25 be increased or decreased with respect to the
aforementioned value.

The single wavelength pulse laser light having

wavelength of 1.544 um (output of the optical amplifier) is
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128 fibers bundl ed toget her becones about 2 nmor |ess. Al though thé 3E8i60le
can be fornmed by using the output end of the |ast stage EDFA or YDFA as it
i's, non-doped fibers 15 may be connected to the |ast stage EDFA or YDFA and
the bundl e may be forned at output ends of the fibers. Further) as shown in
Fig. 9, at an output end 423 of each last stage fiber 422 of the optical
anplifier, it is preferable that a dianeter of a core 421 in the fiber 422
20 is gradually infrared toward the output end in a tapered fashion so that
power densi tgoxvenbedi inhemsan yuperawiolietaridah tofpulisghbbudputhdaetihgut end
face 423 is reduced. In this case, the configuration of the taper is set so
t hat expansinarpéwt sipecbram dl Emetwidils byndileasebedenfoithi eonfher2ingent |y
toward the output end face 423 and so that a propagation |lateral node in
the fiber ispoulheniwednghihe neppriawanerkddalacrystefset hEhel at eral node
to a negligible value (for exanple, several nrad) when the - 51 11SE
P 2002 anpl i fREQLERSER FORFRTtINHRKE Ioptiddt &8 essrdhethdatgper ed
portion. By setting so, the power density of light at the_output end face
423 can Be reduce ,e’EFer%b‘i/e%f%tﬂP@w é’sfsi‘%g%&ﬁ&é{é%ﬁq EESFFber

Che Ti ber  qahaBesE e gaCarHa A & e e S rudRbcr B gduBR oenci 1y of
t he | i : _ t nut d " £ ol Ly,
(150 Sl SHREIRT RS 0. . (R LFRPRAGELARRELT
th f _ f

' G e RETEEEE, RGEALAL A0 PN MR CEoBitaE e

Further, as pRQuR ifgiht gierlt%@l)iné tpd S R IRtk a tiidl a2 14s890W; GREDET
433 having a proper ?hl ckness whicth permts transm ssion of the |aser |ight

is closalyy cravasgesd wihgl@nvard aigand dmepthTaloampilidserstage fiber 432,
either in addition to the above-nenti oned expansi on of the core dianeter or
i ndependent | gmplifyepentiesckighpon diie & agpemiemgtdnsionyeriddwey eortinnFi g.
10(a), the power density is reduced only by the w ndow nmenmber 433 w t hout
expandi ng t hEodi waeebength ¢ ¢encer blmp theaqanpl iifi edhd ightst thededb¥cond
enbodi ments, when a plurality of fiber outputs are used, other than_ the

met hod shownPFRVERENT 187 YL tFavie ket tHehls gfnegabingnBepraratyso¢praellen t he

out put end of _each fiber, as anot her enbodi nent shown in Fig. 10(b), a
conmon W ndoﬂﬁnﬁ%%?aﬁﬁ%gn% BB b V- St e S0 #Fp QU TEMSup of pl ur al

Fi'ber opyf oal o AURLALLET 2144 2m OBV ade” Elcinet®4Bkier” oF2an obehutcl 2002
wavelength (157 nm) of an F, laser with low spacial
coherence. Incidentally, the ultraviolet laser apparatus
according to the second embodiment differs from the
ultraviolet laser apparatus according to the first

20 embodiment of the present invention in two points that the
light branching device divides and branches the light in
view of time and that the laser light before incident on
the light branching device is not amplified by the fiber
optical amplifiers. Thus, it is possible that the light

25 branching device may be disposed ahead of the fiber optical
amplifiers or vice versa. Further, similar to the first
embodiment (Fig. 1), fiber optical amplifiers may further

be provided on an incident side (i.e., on a side of a
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al though dianeters of cores 441 in the fibers are not expanded, the ¢ gep 2007
di aneters of the cores may al so be expanded. Incidentally, the nunber of
the fiber optical anplifiers common to the single wi ndow nenber 443 may be
changed. For 5 exanple, such a nunmber nmay be the total nunber of the | ast
stage fiber optical amplifiers 19 or 25 shown in Fig. 1 or Fig. 2, i.e.)
128. Incidentally, the material for the wi ndow nenber (433 or 443} is

sel ected appropriately (for exanple, optical glass such as BK7 or quartz)
in 10 consi deirglewatelermgidmddaiidatdng lageat 2al) b&ndhedihght t he
fundanmental wave | aser |ight and close contacting ability wth the
fiber(s), ardramehihesdecors aCIDM23 Ha fiier @nbwidtimente @ontbatnthber is
achi eved by neans of optical contact or fusion contact. 15 Wth the

arr angenent eilsentignedarpbliiediine dhehd ibexeoprddasilt pmplifhersaser |ight
emtted fromthe wi ndow nmenber beconmes smaller than the power density in
the fiber coktecidanpromqhe tHeghiahipandrinthdeydcsut Ehth ofhise fiber due to
the laser light can be suppressed. By conbining the 20 provision of the

wi ndow nEmbert TRRILRERE oxirfsi il Faimeah HeersAusrdt R¥ EBRefiPRE damage of

Conven:onat OBt RRLAEEE S Tl A S S o SRR o e Ement)
f ti i 2 i 2 :
ol Srors, S1FeRes BN 5 Pl rche Pl AT brSHAMBLSS b UaL, LAe

o : : : ! N . Tt and
Cpamee b PebipeEpeon RLEEIcH® Alifdlte BHAANGR F1ol"9, " FithReheIN, NG
order to obtgiguihergeed ELF A id Yidihdd QPR himbwer %fex.eb%e@ﬂ?oHowever,

the | ocations where the isolators or the narrow band filters are cat ed
and thejpunbeibef bbpeitaD| MheISER¥E Ols tadddd, eles cakapset abparhedst o those
in 5 the aforenentioned enbodi nents, but, for exanple, the nunber and

| ocati ons nmayabhebappeapizedel y determ ned in accordance with the degree of
accuracies required by various apparatuses (for exanple, exposure

appar atus) to whi cBytblee praserin | themeaanmd empggdliinest . AFibeadt shaesof the
10 isolators and the_narrow band filters may not be provided at all.

| nci dent al | yant &gample off bah PFFInIanendy Ha@seighigPanRPELEREBIr egar di ng

|y desired singl I th d tr, i ssi bl tral dwi.dt h of
orLY, SesiyCCLgLIALE. S eIl B RIS T RS OGOt RO
in |5 thi | d i £l t LSSl ted
0L Y, PRLERSH oL ATRL S ARG BT 0L (R ener

T b LR AR Sl STRL e sigote A0 1ron
t he af oremenihpaesteabedtoraisg feedlatdecond embodiment comprises
the laser light generating portion including a single
wavelength oscillating laser 21 for generating the laser
20 beam having a single wavelength, and a light branching
device 23 for branching the light, and plural light outputs
from the light branching device 23 are amplified in parallel,
respectively by fiber optical amplifiers 24, 25. Output
ends of the fiber optical amplifiers 25 are bundled, so that
25 the amplified laser light is incident on a wavelength
converting portion (702 to 712) comprised of non-linear

optical crystals shown in Fig. 14, for example. Fiber

bundle output ends 29 of the fiber optical amplifiers 25
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control of the intensity of the pulse light in which the fiber anplifier
output or intensity of the pulse light picked up by the |ight nndulaﬂﬂﬁgpzmz
el enent 12 or 22 is nonitored and nagnitude of drive voltage pul se or

of fset DC 25 voltage applied to the |light nodulating element is adjusted so
that the intensity of each pul se becones equal. Further, feedback control
of the oscillating timng of the laser at the output end of the fiber
bundl e nay be effected by - 54 1 1S E P 2002 detecting the | aser beans
gener at ed frahovrhelplRiral ¥ idearrespiondaltcatfpbeki Busdl8 outRbt asmddy701
monitoring the delay tinme of the | aser beamin each channel and the
osci | | ati ng shuver vial Rifg t Het .| a¥hisbeaveléry vie eroner ttiren medrst imd Has &
either controlling the timng of the drive voltage pul se applied to the

| i ght nodul @aroup efemmait-ldmeaghtopdiiiciadg crlist@abm 282i n7¢hg. 720s071hafox he
delay tine and the oscillating interval becone predeterm ned val ues,
respect i vel yCorManihgg thee m@@ﬁ@ﬂowaﬁﬁstﬁ@1§&9élﬁﬁ@mhoﬁ¥l?%b fibers
ultraviolet 10 light may be effected by _detecting the wavel ength of the

ul travi oPet (30 gefheridti& YitERviRd elavdgBihSt h grﬁ?ﬂi%ﬁ‘t’i?i’gl%or Bén 500 and
by adj usti n&the tenmperature of the single wavgl,engéh oscillati ng | aser 11
or 21 on t h&"BEIL D (VRPN OrEdQrt ACTBTRIPENEP, TRE-REPFEY

f eedf d | A ff dd h . j i
| ntensi 1y ot M AL PAAIGAR 0T apeySRac FRRR bt st RGN ChEN: ' 12

or 22 is daiﬁﬁ%ﬁﬁq W.éé%é’l‘ﬂlfrénﬁbﬁi%ku%m at | east one stage of the
I ber

mul ti-stage optical anplifiers , 18, 19 or 24, 25) 20 located at

stages behind the Ndyghtt HDAH R enPo@TRBhtSRi8E HE £RIPENESSErSH&A. Out put
fluctuation. Further, feedforward control may be effected in such a nmanner

that ougput Ad igdd diiensivateldndthe oslkannakihgvingeshartsdel ay tine (i.e.,
channel fromwhich the pulse light is emtted at early 25 timng) is

det ect ed anogehdiet fnitad Sldbero Heam aagrihbeagaingbé wheeléebhethopforal
anplifier (or TDM 23) is controlled on the basis of the detection result so
t hat out put sexdmplee, drantdiertian (ybdeldapedi fidbkungeserhan ahBFB- 55 11
S E P 2002 of the aforenentioned channel (i.e., channels from which pul se

| i ght are erfenieprndustar kasamdavidng por Recddéating| vavefenrgharof

particularly in the first enbodi nent. shown in ~'i8. 1%hin | ace of the fact
that the outbul®brH aaud W iHRME of 2OntWorFeliSethe tﬁi‘lfﬁ’ a3 bl ock

i hayi h | o] || ed. . ; f
oast oh€ crimer Tirgte Tl mest oofer st Rihhana CRESEERRLLS of (he
channel s in f&ﬁhéﬁ%ﬁ%ﬁhi&fuggfﬁﬁél%id%%nh%oBheGSeﬁligﬁiQﬁsbﬁe@%rﬁmecan

detection 10 resu
be suppressed to less than 0.01 pm.

The light output (CW light) of this semiconductor
laser is converted into pulse light, for example, by using
20 a light modulating element 22 such as an electro-optical
light modulating element or an acousto-optical light
modulating element. In the illustrated embodiment, as an
example, a case where the output is modulated to pulse
light having pulse width of 1 ns and repetition frequency
25 of 12.8 MHz (pulse period of 78 pus) will be explained. As a
result of such light modulation, a peak power of the pulse
light outputted from the light modulating element becomes

20 mW and average output becomes 0.256 mW.
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Next, an ultraviolet |aser apparatus according to a third enbodinep%sgﬁzwfe
present invention will be explained with reference to Fig. 3. The
ultraviolet |aser apparatus according to the third enbodi nent conprises a
| aser 15 generating portion including a single wavel ength oscillating | aser
31 and adapted to generate a | aser beam having a single wavel ength, an
optical anplifier conprised of fiber optical anmplifiers 33, 34 and adapted
to anplify incide i n velengt-h viert rti (et shown)
nfhé cg.?t%}?u@ cgf ﬁﬂ?lpgidlﬁrk?g%g%o{] A& énl'{-éq:e%) ot %r}ang:%eds

for 20 wavel engt h-conv ng anp hér eby "providing an

ul traviol et Jﬁﬁ%‘tlﬂa?”&lié‘ﬁﬁé‘ﬂs aPmrfé%&ﬁ%%%hﬁ rad'tgﬂ LY e
wavel engt h the sane as out put wavel engt 1 n of an ArF excimer 1aser
or output veyey epglbe§dbie I doPfedth Fful S5y mdand ot e SFROHIBNY 1 PW
in Fig. 3, the laser generating apparatus |né%udes t he single wavel ength
oscillating h@seipBdxéer ('BOMEr 24 i sk dei d asey Diept hdithh il e .

wavel ength, and |1 ght output of the single wavelength oscillating | aser -
56 1 & S Fh&x 2002t31sag, athe i putsk bywitbarulogs ipatichmdf fiens 3Pe 34.

Qut put (anplified light) of the fiber optical anplifier 34 is incident on a
wavel engt h coneeessitgeppr shaned 602t ¢ otltd Ighdrmorelexahplle, shovh, inFilR7.13.
Incidentally, an output end of 5 the fiber optical anplifier 34 corresponds
to fiber burebeervviputtlkedseS@lt afer 68HCH hdvannel Fitdgse pullsshd it The

wavel ength converting portion includes a set of non-linear optical crystals
602, 604, 6092vEld Relsfaperhed ffdbiraHi ol = el o th2ad) f(RHAIhe fi ber
optical anplifier (31 to 36) is 10 converted into ultraviolet light. The

wavel engt h cbre@reney 9brif@nkiztoritie (REFIhPPI &t 4hvdhtath will be
the Thi AR erBEAFAERCHFPEELEE 1 110) Gaebio it as FHE tBefgl evavel ength
vavel engt e $TELaSTat Lo, o el R A s el ol ot 01 €
oscillaling yayehroelhed!pd1 084 to A AN, Hrcithdilly H190f: 8 Mird N S

| aser, since single Idngitl _ Tation Ts effecte

fundanent al I yu188 Pesk! pahéPNoS PEStHW MNAA NBretdid aatbe SrIRPIAse el bel ow
0.01 pm The light output (continuous light) of the sem conductor |aser 31
i s convert edcamtve ppbteihé@ht )InfcidestaInlye) thyresiiggaadelght offodsgl aki ng

el ement 32 such as an 25 electro-optical |ight nodul ating el enent or an
acoust 045t i ca¢twveght thhedad it cemyt edleaendls | nmride ildastites gohlerdbddigherg , as
an exanple, a case where the output is nodulated to pulse |ight having
pul se wi dth e¢tweer tipel ch@ynels jare SRt 290xrlapped with each other.

Further, in the illustrated embodiment, the repetition
frequency £ of the pulse light outputted from the light
modulating element 12 is selected to 100 kHz (pulse period

20 of 10 us) and the pulse lights outputted from the channels
0 to 127 of the time division multiplexer (TDM) 23 are
delayed by equidistant period or interval (78 ns) which is
obtained by dividing the pulse period (10 pus) defined by
the light modulating element 22 by 128. This delay

25 interval may not be equidistant time interval or, similar
to the aforementioned first embodiment, the pulse lights
may be outputted from the channels 0 to 127 at only a part
of the pulse period (10 us). Further, a timing of drive
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repetition frequency of 100 kHz will be explained. As a result of {SuUSkP 2002
| i ght nodul ation, peak power of the pulse |ight outputted fromthe |ight
nodul ati ng el ement 32 becones 30 nWand average out put becones 3 ~uW 5
Simlar to the first and second enbodi ments, pulsated output light is
anplified by a fiber optical anplifier including single stage or
mufti-stage EDFA (erbium doped fiber optical anplifiers). In the

ill d ' I | . |jfi i f

4B 10 (667, B0 EreRepurAC, a0t SHT B rund kg Pt B Tkandit €, 0
lifi 34. 1 i d of the fi

opti cal ampi 177 o 431 EPREOaetS b Sk EesLdl AL HE g Whlhe i

obt ai ned. Al i)i‘l@ulggl% Sughg ane t%m%@ cafk hfe {8 nﬁqﬂé)ﬁ:‘r}@&r}%%%& out put end

of the 15 fiber optical anplifier as i1t 1S, "a non-dope can be

coupl ed to tdgyld@shgStREcphiberpopiétaby apd iddieroshidardder. in the
illustrated enbodi nent, in order to avoid the influence of the return
light, isolators 3pncfet£1 BPPrLiiBie to itEertiadd Rnirdidshicoied i ng
portions. 20 The single wavel ength pul se |laser |ight having wavel ength of
1. 544 N, m ( oltt pthhiof embedopental tiemd ifdBs Jwave Xatyal taak i Ntoe i d Nad <y et

| i ght pul se out put having narrow spectrumline width by the wavel ength
converting pb2tmay Yeepelsabed! atrdrermsitrigetllye nhe- pudear peptibdal( 10r yst al s.
25 Incidentally, in the optical anplifiers (31 to 36) according to the
illustrated cuayrepe  alhered thie auwomhinatiidn it dist idantswlbyft Héesi ngl e
fiber optical anplifier 34, for exanple, a plurality of fiber optical

anplifiers (®W4ne._digision mulkpipbeyosr DN 2 Hat dig aprnaggetdmditagk h t he
litt 16) _of flat plat ide t ed in the first enbodi t

(o D10r henont{a8)E et I haHe autbhs b daRs: ZaltF the 11 ber
tical lifi 4 b dled to f fiber 5 bundle. I hi

oL cal ATl el e Bloe DS NG ee s TN A LBt Bl e Y S

l'ights em tt“?g‘%ﬁiﬁ’%ﬁﬁe?ﬁ%ﬂ-ﬁt' cal anplifiers can be adjusted by

adj usting the e dri've vol tage pul ses applied to the Iight

modul ati ng el ementyp; 32 @%%f’éﬁbﬂél{ﬂﬂ e{gﬂeneglﬁo&}{edo%tﬂo‘?@, R ioytg’ﬁﬁ 10

(for) exanple, the light emtting timngs o e respective optic
anplifiers arsgileyiehettdd ortaRcihdtdiers ifiptpdie ulas@ dghts are
emtted successively with equidistant interval). Further, also in this
enbodi nght , dver edqmvedrewnt tlo nedkclal dehead idon vafew hef foimsd wavid esat@id are
enbodi ments 15 can be applied. For exanple, the single wavel ength

osci | | ati ng $idsske Javelengtlpul kghitos Girnd dtaass memthavwhédansis,| | ating i nterval
(pul se period) between the pulse Iights nay be altered by effecting only

t he current XHRIBILIELY he Asicogiddngdve| dhet Brasikll aphagenasebe8ween by 20
ef fecting both such a current control and the control of the |ight

modyl ating SHmetamel \ERPUEHIRR Rhtzedicathe wavel ength converti ng

portion used in t first ta third enbodi nents wi.ll he described. Figs.
11(a) to 11(d) sh %‘iﬁ’{*halt 'se’xibrﬁe"r? & -MERt OBF L BTTRB9GECEtengt h

converthgpg %j%]ieé)ﬁ}ﬁ%?éngé%? {rhd r%eo.rlﬁﬁf@erﬂi@él%%c%%r :flgfegﬂfr the

enbodi nment s wave having a wavel ength o nmenmtted

froman out puteish &R ) tdipdd hendWndi (Wi Jaee0renaNds dydet he out put

end

t hese

wavelength oscillating laser 21 was explained, any laser
having narrow band at this wavelength region may be used as
the laser light source to achieve the same effect, similar
25 to the DFB semiconductor laser.
The output of the time division multiplexer 23 is
amplified by fiber optical amplifiers 24, 25 comprised of
single stage or multi-stage YDFAs (ytterbium doped fiber
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- 59 1 1 SEP 2002 114 in the first enbodi nrent and the output end 1zp 'EFnUZ
t he second enbodi nent; but, which may be the output end of the single § bép
(34) in the third enbodinent) is wavel engt hconverted into 8th harnonic wave
(harnonic wave) by using 5 the non-linear optical crystals, thereby
generating ultraviolet |ight having a wavel ength the sanme as the wavel ength
(193 nm of the ArF excinmer laser. In Fig. 11(a), the fundanental wave
havi ng the wavel ength of 1.544 nm (frequency of w) emtted fromthe 10

out put end SWpXifidies f ipetedningd €opaes &3 bekt opghcaonahpneaieppivital ve
crystals 502, 503, 504 (fromleft toright in Fig. 11(a)) and is outputted.
When t he funcafented waves | "WYORS'S éereimafglert)he Tioe-yitedsiwptdasdd cryst al
502, 2nd harnonic wave having frequency of 2c~.~ (wavel ength of 772 nm 15
whi ch is 1/ Zdfex hptinal eamplifgfen hasf gnddoberaexedédngwhEthciencwi ce of
the frequency c~u of the fundanental wave is generated by second harnonic
gener ati on. Than garek 2% dtin erhium fiopefafd bedy aptdsat oampéifight 2RAd
enters the next non-linear optical crystal 503. Were, the second harnonic
20 gener at i dY% ¥5 X CERPATHC t hFRRENPEsuFiMikaE W Kthearfoifie wave
havi ng frequency._ of 4m1{mavelength of 386 nmwhich is_1/4 of the wavel ength
of the fundm%m%t?/e)lp%i i SOTNitdE BRTPRESt PEQHEARGIBY bRt he i nci dent

, i.e., f ' f..the f .~ of the fund I 25 i
Gener at ed. | THEE SRS SL¥k % TRbOh O G BT PERCPIadRnERECE6 he 11 ght
non- 11 near piGabl Ypkalondd, Sy die 980900 aaEIBINCLEENELAT LAD | S

ef fected again, e resu noni ¢ Wwa requency of

8w - 60 i | f5 [ ' 8 h
W %%g%é:‘ fﬁ%gilﬁ{sw 5afet il a‘%lnjgg:':?l.a@@rv‘@lcgnﬁftﬂé 19§nthe

wavel engt h of wave ) which is twce of the frequency 4co of

the incigentmy@yEating eldmen 92 ! idiRS 0halrktow baAUeReYtee 28 hhe
fundanental wave is generated. 5 Regarding the non-linear optical crystals,

for exanpl e, anliB3dba{dBQ7 canestd@ilsposads @d tiveehheheoiibeti ogteeystal 502
fromthe fundanmental wave to 2nd harnoni c wave, LiB305 (LBO crystal is
used as the awVefieny 24 ywidltiE=)d ttheamfdberhaptdcad ampdifbedsh2Bar noni c
wave, and Sr2B2B20~ (SBBO) is 10 used as the converting crystal 504 from
4t h harnoni ¢ wave I e hakusinatedaemboddment| nashancengepseonafr om t he
fundanmental wave to 2nd harnoni c wave using the LBO crystal, a nethod for
adj usti ng a %Rt AR AN (NG FYPUH Of o 2RONtedeHBhateedBPchi ng for

NCPM sirce Sast S8 SRR i dictord IR o) Faec deth- chR o "
fund t al j i h i i cal
undarent al U G005, ESSEAIEY TP, 161G 8rkNEaBO0L. BeakogEL! €81

ef ficiency, afshisideenyhe@hurpenairad 2ad har Bynse wBVe1i 6089bobnf I uenced

by a beam due to the Wil k-off, it is advantageous.
times) in total is shown. In this case, at the output end
of each channel, the output having peak power of 20 kW,

20 pulse width of 1 ns, pulse repetition frequency of 100 kHz
and average output of 2 W (average output of about 256 W in
the entire channels) can be obtained. Incidentally, in
Fig. 3, only the channel 0 among all of the channels is
shown and the other channels are omitted from illustration,

25 the other channels have same arrangements as the
arrangement of the channel 0.

The single wavelength pulse laser light having

wavelength of 1.099 um (output of the optical amplifier) is
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Fig. 11(b) shows an enbodi ment in which the fundamental wave (havingl §I$€P 2002
wavel ength of 1.544 dun) is wavel ength-converted to 8th harnoni c wave
(having a 25 wavel ength of 193 nm through 2nd harnoni c wave (having a
wavel ength of 742 nm), 3rd harnonic wave (having a wavel ength of 515 nm
and 6th harnonic wave (having a wavel ength of 257 nm successively. - 61
11 SEP20021Inafirst stage 507 of a wavel ength converting portion, LBO
crystal is used for conversion fromthe fundanental wave to 2nd harnonic
wave by secoprnveriehihigensktnawioliet NdBkt prlskeowsputehgvhngomserevwng
portion 5 (LBO crystal) 507, a part of the fundanental wave is passed

Wi t hout waveSReREFure oble STisith i thee vayedgnotbaconuesting portion

wavel engt h-converted to generate 2nd harnoni ¢ wave, and hal f -wavel engt h
retar dati on HHHPINRLRIN ehRepT QRdigad 6FYELeLlgi-velhe vatelantdanent al

wave and 2nd harnonjc wave, 10 r ctively . a_wavel ength plate (for
exanpl e, a 19PVREERNRI R éﬁieﬁgﬁ’& gﬁsﬁﬂgégr 134€Fon gf tﬁe fun((:Iament al
wave i s rotated by 90 .deqgrees. The .fundanent al ve and.2nd harnonj c wave
are incident on a Yhcond NAGe MRS 153%v8f’ iﬁSCBB?t?WﬁO@i *Y¥HF ough a
| ens 509. 15 I h_¢o ril relon. from
the 2nd har %%ﬁégglﬁ%%a%%%aﬁﬂ%gwﬁssf %s'? égeggfgggﬁgné%ﬁf%g%%ﬁ?ti ng

portion 507 I ediwit o} i rd
har nmoni ¢ wavigf?h&a%ﬁ% a V\ianf/‘ée% Z*negdt/*%\bg#e%glag% (Q?ferr) tlwg gg? %Pgegxgé%ﬁ%t?gequency

20 generati ofire LB SFYSied By HUREG R 1R’ IWRVGheBILAgERABVEEL tRE singial .
but it is used in NCPM having a tenperature different fromthat in the

first stage wavelength soevErdtiigy Addren (ALBO2anyahal xr808btdhgedr d

har nmoni ¢ wave obtained in the wavel ength converting portion 25 510 and the
2nd har @0ni cowe ecomlairsart 1 dre b rf ijeess ep tiichloampd dfitersi conaiéesepar at ed by
a dichroic mrror 511, and the 3rd harnonic wave reflected by the dichroic
mrror 511 ithé rpfeifyiong efficientyagd .wavelbeigt Bpechvelt bagdpbdthen 514 -
62 1 1S EP 2002 through a Ilens 513. The wavel ength converting portion
514 i ncl udes{£0% rumrb. (BERY & yited "M@ $henerBilmhdrrefi £1haveand

convert ed | gy b DELGIL Crate, (190 & vRvelengbl§f 252 . by 2
convert 19, PRLAD B, AEOF GARJARIY 0B bERESR ARetPIpHE" 11
CaS it U NSl O S, bickteakang Sabt! | Bisleoe 10
optical amplifiers having gain spectral bandwidths
corresponding to the oscillating wavelength may be
appropriately selected and combined. Further, for example,
in the first embodiment, in place of the splitters of flat
20 plate waveguide type (14, 16), the TDM (23) used in the
second embodiment may be used, and, in the second
embodiment, in place of the TDM (23), the splitters of flat
plate waveguide type may be used. Incidentally, embodiments
of the wavelength converting portion will be described
25 later.
Incidentally, in a high peak power optical fiber
amplifier (19 in Fig. 1 and 25 in Fig. 2) of the last stage

according to the illustrated embodiments, in order to avoid
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converting portion 517 includes BBO crystal, where, fromthe 6th har hdr§E® 2002
wave and the 2nd harnoni c wave, 8th harnoni c wave (having a wavel ength of
193 nm is obtained by sumfrequency generation. In the arrangenment shown
in 15 Fig. 11(b), as the wavel ength converting crystal in the fourth stage
wavel ength converting portion 517, in place of BBO crystal, CsLiB60lo
(CLBO crystal may be used. Incidentally, in the illustrated enbodi nent,
the 3rd harnoni c wave and the 2nd harnoni ¢ wave obtained_in the 20 second
stage converiRGELIR t1bFIREE e WWidhhde @Thhehamgildfiedc LAphEsrdseitand t he
6t h harnoni c wave obtained in the third stage wavel ength converting portion
514 and t he B9R Hsni & Rfle Bbttdieddbersehd tsdSodgsitahdevhberehgtrae
converting portiop 510 are_ conbi ned by the dichroic mrror 25 516 _to be
Cputt ed Lo T (AT S do Sl kgt G g DAOLRSoR 1B9T TogPe. ¢ he

Par moni & vy {‘%a%%%‘sr ?¢’f§%§rﬁr>h°r@d15%ﬁﬁ#@b§ﬁéﬁ¥vii R M L
514 may o AN SPGEP RN Cha Aol B Rl Bnfr b bR T hERROLRE oo

wavel engt h qgﬂmﬁg i t . In this case, it is required that the
property of the J?c réﬁg{gh%?rror 516 be al so reversed. In such an

arrangenment in whigh oagndfe td¥e £ hhamymentate ogidcaldahgl iPREE wave is
incident on the fourth st'age wavel ength converting portion 517 through the

branching |igéinpathe TobdeGidne dienaaerd¥beyldptatalnpblif@erbeibt h

har noni ¢ wave and 2nd harnonic 10 wave to the fourth stage wavel ength
converting pstiéwoniidblFigan be Iar Fagged,i int bredopt eeahtahpbhfigatds. Since
t he cross-sectional configuration of the 6th harnonic wave generated in the
third sfl@ge slaoweh émgtd oecthardilar goradkod sBiown dyeltheptictalidae apdWal k- of f
15 phenonenon, it is desirable that beam shapi ng of the 6th harnonic wave
is effected adaptedrte cinprease tHe gnske Cdpmerteirsn off thei EAB§TrERm the fourth
st age wavel engt h convertiqﬁgfortion 517. Thus, as is in the illustrated

enbodi nent, PEMEFORAREIRF t+RST | Bt ifiare DUBRSRY slPpeds£3b8ES| RFt haTEPRt f er ent

light paths, f ir. of cylindrical | b th

ens 5hg) ' Hup S5y SRARETSE T ERd T PERLAISER RSoEIgosr N BRn tRasROTF G
. Ther ef i i . i LN th th

St age wavel dioen SRt L AR el bl R ] BB ok e e

t her eby 16apaibFe @F £ LHEAH CH AT K o SNEN Uil 181l G, B6Y thhRCbdephak! ¥r the

arrangenent between the second stage wavel ength converting portion 510 and
the fourth -t19d semicdndudtdt 20erd age ianRiteed koc@hecdbpeg pabkren 517

is not limted to that showm in Fig. 11(b), but, any arrangenent can be
used so | ongofisthéeophcgah ahplifidrgity petimgofwaivied e@glthhdivbeionwave i s
the sane as that of the 2nd harnoni c wave so that
multiplexers (WDMs) 45, 46, thereby pumping the doped
fibers. Laser light amplified in the large mode diameter
20 fibers (optical amplifier) 42 is incident on a wavelength
converting portion 500, where the laser light is converted
into ultraviolet light. It is desirable that the laser
beams (signals) to be ampllified and propagated through the
large mode diameter fibers are mainly fundamental mode.
25 This can be realized by selectively using the fundamental
mode mainly in a single mode fiber or a multi-mode fiber

having low mode degree.

Further, particularly in Fig. 4, optical polarization
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5 the 6th harnonic wave and 2nd harnoni ¢ wave are sinultaneously incident
on the fourth stage wavel ength converting portion 517. Further, for 171 SEP2002
exanple, the third and fourth stage wavel ength converting portions 514, 517
may be arranged on the sanme optical axis as that of the 10 second stage
wavel ength converting portion 510 so that only the 3rd harnonic wave is
converted into the 6th harnonic wave by second harnonic generation in the
third stage wavel ength converting portion 514 and the 6th harnonic wave is
i nci dent on ¢¢kepibRd t lenents vl dra dtisnosede beitigensther spphcenduebget her
wi th the 2nd harnoni ¢ wave whi ch was not wavel ength-converted. In this
case, the dit®Fere 43 rand sthym WhMs gt £9 Bdadnitheedasprgbeanscpulpatisedn
enbodi ment ip which the fundanental wave (having.the mavelength of 1.544
~m is 20 TR ehE? EEBHRAIIIE QT et And RAVENEhROLAGL220A0RI engt h
of 193 nm through. 2nd harnonic ve (havin wavel ength of. 772.n 4t h
har noni ¢ wav lf%%E%%@FaP%%R&ﬂ iﬁi%?ﬁéé%ﬁ?qﬁ%éiﬁﬁﬁ §ER ﬂgrﬁBWP&nﬁavgl%Having
a wavel epgth 2 i,vehy. afi e

vevel engen cordirs hEE horeaREhEeY, £ FRe L BEt Rt ARt Rlet |

convertin . fo I : d.ha ni c wave
T NGPM "L, e N SAINETINAN G dONIATRTIR, WEYECtIpRRToRAtHRN

2002 st age waygl NG ins Ve mddyY RPHd Perpbhditu1ae ¥8Nkaln 8tAEEOBRY Stage
wavel engt h converting portion 520 through™a collective lens 519. In the

second stagetNavepeNGal SOIMET 4d i P AdupAin @1ekBRter ¥3t @hsi 8xpseinag, t he
5 wavel ength converting crystal so that, fromthe 2nd harnoni c wave

gener ated i nwhée fedsdtbémgen veonddianigid effiverehioyg fper thenls&8r Wehms

har noni ¢ wave (having a wavel ength of 386 nm is obtained by second

har noni d Ogenks apéoni tTéd, 4tie Heolaomizatbeore dilvtegitiedsi mayhaowabel engt h
converting portion 10 520 and the 2nd harnonic wave transmtted through the
wavel engt h cefveerdhgubar t toreasdp afhaiout FEsHRVEF s baf uenee ik aiee g
divided by a dichroic mrror 521, and the 4th harnonic wave refl ected by

the di chroi cLHoR¥ oFs reedieRd L3 Fhrisi i ¢4 94 sPRE6AgRNa2B ol PREEI ve | ens

524, On the 1 th h | ari zati dir.ecti f the 2nd_h i

vave passed TRIGUEH TR TRESR Gredty FRICs] Tbar,pRtagah, S8BT UE FEedoby a

hal T - wavel en ha«?élf{foézza I?J&drévPeb%ngé}af 4 Ve %% Egﬁ‘é@ﬁﬁgt Rggdi chroic
ctive , ar

mrror 525 through & colle ens ere the 2n nic wave is

coaxi al hy conbinedgdeshida thip Ad AT WMe ppisedethagugh the

branched pat h, and the conbi ned wave Is incident on a third stage

wavel engt h cphyeidéddo@piééd®na Sber ngtiedlniambidtrage wavheengghaconverting
portion 526, BBO crystal is used as the wavel ength converting crystal so 25
that, from téeaddardanodai diamveteeyenst dthed liargeheosiec dndmetayefiberl engt h
converting portion 520 and the 2nd harnonic wave transmtted through the
wavel engt h ceptvieal ngmpbifieon 620 Runthmn, v auapdng semiersABatost h

harmonic - 66 . ) o
laser 401 is fiber-coupled to the fiber optical amplifier

20 41, so that output of the semiconductor laser 401 is
inputted to doped fibers of the optical amplifier through a
WDM 402, thereby pumping the doped fibers.

According to such a method, since the semiconductor

lasers 43 are coupled to the large mode diameter fibers,

25 the coupling efficiency to the fibers is enhanced to
thereby utilize the outputs of the semiconductor lasers
effectively. Further, by using the large mode diameter

fibers having the same diameter, since the loss in the WDMs
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1 1S EP 2002 wave (having a wavel ength of 257 nm is obtained by sum
frequency generation. The 6th harmonic wave obtained in the wavel engthSEP 2002
converting portion 526 and the 2nd harnonic wave transmtted through the
wavel ength converting portion 520 5 wi t hout wavel ength conversion are
separated by a dichroic mrror 527, and a polarization direction of the 2nd
har noni ¢ wave reflected here is rotated by 90 degrees by a hal f-wavel ength
pl ate 528, and the 2nd harnoni c wave reaches a dichroic mrror 531 through
a collectivedbens6 528n 1O Brduded otdfefridiandyy tdam Geh ehhanmoedc wave passed

t hrough the dichroic mrror 527 reaches the dichroic mrror 531 through a
col l ective | Encid@a0)alher ecomeedtivrhdratoraen wanee firondosstiegkel fiberbi ned with
t he 2nd harnoni ¢ wave passed through the branched path, and the conbi ned
waves are 15ophi¢abramphiBi¢nudl hastiange ey tangtardc ogder diipgepert ppd 532.
In the fourth stage wavel ength converting portion 532, BBO crystal is used
as the wavel Ergtrebnsbree ngareﬁ%/ﬂ%ﬂe sHaneher fiken ketécRhaMRbALfieRave
generated in the third 20_stage wavel ength convertin% paortion 526 and the
2nd har noni cAhet® ¢FERCHET 1Y YL JHRSTS Ravemeh e SAFBREPRG portion 526
wi t hout wavel enfth ccgnver si on 8t(£ armoni ¢ wave (having a wavel ength of
193 nm is obt &F 1T yl%u%1?? (%%S &f'ation. Wth the above
arrangenent, as t % Y j Lyt ' he_f t age
wavel engt h conver Pf?\%éﬁ%\?t ?Jblﬁ ,IC?EED pb;eéé%o%l@egbégﬁg%yg{’a{e#gcgg%%
crystal may ; Cl i1y t il d i hke an
- 67 11 %gigéegb%%Peé%?%%%td?ﬁe%)c'hrlinS t(§J’1;1a“i1'tcr%r g?n?gglqggbgz%mibs

di sposed behjighéfer SEEOEEs ansh § Ni# driwpv el engtdybuiary @klang iBekt 4ees 520,
526, respectively so that the pair of harnmonic waves (2nd harnoni c wave and
4t h har moni chayeg @halngiber PIAE HMttirN Gt hehasedni crgyvel Dsitputted
fromsuch wavel ength converting portion (520 or 526) are incident on the
next stage weeetiogah vbeweshowingant ieoran(d2s ofr the2)f ibleroddhl .t hEn diifgr ent
| i ght paths was expl ai ned. However, simlar to the explanation in

connecti on wsthufFtygre]lions abeributing o tanpd dvatdegt kictheclosryg
portion 526 may be arranged on the sanme optical axis as those of the other
wavel engt h cba%REt3Rg fePedolk B 1T ALl 5382 W@tk fde drsedi LAPBtc nirrors

521, 525, 527,. 531 b i , th i .he i

enbodi nent , Z!ﬁéggﬂ.figo h&?ﬁ%ﬁ’ Egﬂa%fgylfche’%’tm%q‘?ﬂz:ﬁ%oﬁing vg;%tﬁrggtere ted in the
d d third. i t] .. 526. i pti,cal

cr oss- sact i onanP iy FoRPTadORyE L4k A (A g b 484081 Tkt 150

desirabl e t héargsaﬂﬂnepp?g Obrd Ne AN RDRY .5 paY e, aNds 65 Nyhaf TORL ge Wave
(incident beans) 1s 20 erfected to achi eve good overlapping wth the 2nd
har moni ¢ and has a great area, high output pumping semiconductor
laser light can easily be transferred, and the multi-mode
oscillating semiconductor laser can be coupled efficiently,
20 and the exciting light source can be used efficiently. A
second clad 413 for forming a waveguide for the first clad
is formed around the first clad.
Further, although quartz fibers or silicate fibers
may be used as the fiber optical amplifiers of the first
25 and second embodiments, other than them, fluoride fibers
(for example, ZBLAN fibers) may be used. In the fluoride

fiber, erbium doping density can be increased in comparison

with the quartz or silicate fiber, with the result that a
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wave in order to obtain the good conversion efficiency in the third 1a$gp 2002
fourth stage wavel ength converting portions 526, 532 into which the beans
are inputted. As is in the illustrated enbodi nent, by arranging the
collective lenses 25 523, 524 and 529, 530 in the different |ight paths,
for exanple, pairs of cylindrical |enses can be used as the | enses 524,
530, thereby easily effecting the beam shapi ng of the 4th harnoni c wave and
6t h harnonic wave. Therefore, - 68 1 1 SEP 2002 good overl apping with
the 2nd har nbhber weeRgtlh reguired  ameanpddifiicadtiage caay beengtiincednvelt i ng
portions 526, 532 can be achieved to thereby enhance the_conversion
efficiency. 55|&esHerkH | {hat Heharflangdifenibergeaxe aprifiadet@atbeengt h
converting portions 520 and 526 is not |limted to that shown in Fig. 11(c),
but, any ar rhdgenttioeahiber Rld e 1Rt ifdemFe (LengPR ) of WEEB EPGht path of
the 2nd harmonic. wave js the sane as that of the 4th harnonic wave 10 so
hat “the oncERERHbAHIA havkY SHiE MAURIAEIE eveTaranathir  aHesastgn

that bnr% | Ve arEn s |
rue regdrdi o ThEEre b e R A o TR org LeBlee BRsBPEn gt ™™ 'S
i i . . | I 15
bort1on 592 ot PRl (I Rl AR MBS HIbILE B D o vave
(having the YayEHenaid) oind; SAd oiBvir® 1oV aleRA! BotoRKeRbEdnbOLAL

har noni ¢ wave (having a wavel engt 193 nm "t hrough 2nd har noni ¢ wave

(having a 20n4e¥&henddhe OfrV Zodilwidin derjuiRiiaC feaY @hehaxpbgudewavel engt h
of 515 nnm), 4th harnonic wave (having a wavel ength of 386 nn) and 7th

har noni ¢ waveppapatig Canavel aiinad. 2RArinusdetessthel Fact Ntivat i tisd
stage 533 of a wavel ength converting 25 portion) LBO crystal is used as the
wavel engioh cbiglet t sogree Visawlng orhes aramrdweny sipee thradld baedwalithavent be2nd
har noni ¢ wave in NCPM The fundanental wave transmtted through the

wavel engt h ceseérin ngheoexposussappateins vardudigion a- pgojection S E P 2002
conversion and the 2nd harnoni ¢ wave generated by the wavel ength conversion
are del ayed BRtICHh| FYSESR RRVMhhahAL 96 AIMeEiicpd APerfukBahs of a

wavel ength plate 534, ande’g(P olarization djrection _of on t he fundament al

wave is 5 rofAYRYERYCYES delPeFaRIY Sdt %ﬂ?a§€dw€@8P%%§FHrﬁoﬁ erting
P o o ARG NESFlah SobEEf Sl ety P nat P comver 1 crystal bt
stage wagel ength couaverd 1pg, Posd 1th iR bhR!,) whdd 1,811 86S1.59 pm
is used as the output wavelength of the fiber optical
amplifier having the double clad structure, it is
preferable that not only erbium but also ytterbium are
doped in order to enhance the exciting efficiency of the
20 semiconductor laser. That is to say, when both erbium and
ytterbium are doped, strong absorbing wavelength of the
ytterbium is extended in the vicinity of 915 to 975 nm, so
that a plurality of semiconductor lasers having various
different oscillating wavelengths at this area are coupled
25 Dby the WDMs and are coupled to the first clads, with the
result that, since the outputs of the plural semiconductor
lasers can be used as exciting lights, great pumping power

can be achieved. Further, for example, when polarization
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10 wavel ength converting portion 536, fromthe 2nd harnoni c wave gerﬂ §Fp§002
inthe first stage wavel ength converting portion 533 and the fundane

wave transmtted through the wavel ength converting portion 533 w thout

wavel engt h conversion, 3rd harnonic wave (having a wavel ength of 515 15 nm)
i s obtained by sum frequency generation. The 3rd harnonic wave obtained in

t he wavel ength converting portion 536, and the fundanental wave and 2nd
harnmoni ¢ wave transmtted through the_wavel ength _converting portion 536

wi t hout wavePeHBLAREoRLETeRBH 2Fe %ﬁ%@d%ﬁ13K=%Ggﬁépé¥5ﬂéén@ye&eHPEWFoic
mrror 537) and ,the, 3rd harponic wave reflected here is incident on a

fourth stagetfalBl Ehgt n4 coRlRTe i FP PRI HH B 5 a56%0 Gt PR tSoeddPve | ens
540 and a dichroic mrror 543. On the other hand, .the fund nt al _wave and
ond har moni cOHGSBEPAESRALERT BALHOR FELTRCHIONT. 20 R CGEPAEH EP9STRERdent on
a third stage, wayvel engt h nvertli portion 5 t.hrough a collective |ens
538 In the CRF HOUPLON REVEY ot nfe et el TG 525, B0 orystal 1s
used as the wavel e nvert sk ng. &ry. S ; 1 t hat

t he fundal{:’hrrent al magg&?gg?fa%rr?%%le%{ t??r géuhg (ht%gylilgébggrfstogl lf:vh“v:g't %ggtgr

wavel engt h cgpyeeaioampnéri&e, 2808 Nar e drnt GORARItiem | Ao afit h

har noni ¢ wave (having a wavel ength of 386 n in the LBO crystal by second
harnoni ¢ 5 ggppaghtas. (F6 dxampBe Meksoname (PPariaters ) dpeie teavaliengt h
converting portion 539 and the tundanental wave transm tted therethrough
are separ at egrbgetbemilhefir gicem waveladdth aAmth Hdre dlundanelicaitedase passed

t hrough the dichroic mrror passes through a collective |lens 544 and is 10
refl ected bythatli ghini ofntheofibedt awidicasl iampldefiteromta af ideistiredage

wavel ength converting portion 548. On the other hand, the 4th harnonic wave
refl ect P bywarelghgkhobecamnes ogréat. r Fachexanpdechini anniiikvaviadethr ough
a collective_lens 542, where it is coaxially conbined with 15 the 3rd

har noni ¢ wavé2FeF| 8epPagabyst fiet ;PRI B i 3t vyt wayvglemg tbofiPfedonaves

i nci dent the f th I t ti ti 45. In th
Ih twgf ggel%awgnafﬁ%caﬁ%ﬁ?ﬁ Eﬁeiit ;&%ﬁfq%rrs'é%%@ggéw ra Zhaseg:ls: ’
and 4th har %EP%Q\QA@% %ggh%lg?éﬁ%%i%%%l%a%ﬁ%ﬁg&m@é ei(r%gt Sg?%?gf nm is

obtained by sHEkfLGQUEREY FRNEAALA Ofhe T4y WL RAIEO Y eMBe Apledi ned in

wavel ength converting portion 545 passes through a collective |l ens 547 and

i s coaxi@d | yaegnkeaedavelingtl 2hof Usnmid ali Wwane yassed ehleicedh t he
dichroic mrror 541) by the dichroic mrror 546, and the conbi ned waves are

i nci dent on the fifbhestageinavied etginurcidweirdn Ty bear,t ibeeasd. oitn the fifth
stage wavel ength converting portion 548,
wavelength division multiplexing communication, it is
designed so that relatively flat gain is obtained in a
wavelength area having several tens of nm in the vicinity
20 of 1.55 pym. To this end, in a communication fiber having
an only erbium doped core as exciting medium, in order to
obtain the flat gain property, aluminum and phosphorus are
co-doped in a silica fiber. Thus, in such a fiber, the gain
does not necessarily become great at 1.548 um. This
25 condition is shown in Fig. 6.
Fig. 6 shows a change in fluorescent intensity

property of fiber, and the abscissa indicates wavelength

and the ordinate indicates fluorescent intensity. In Fig. 6,
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- 71 11 SEP 200z LBO crystal is used as the wavel ength convertig?
crystal so that, fromthe fundanental wave and 7th harnonic wave, REP 2002
har moni ¢ wave (having a wavel ength of 193 nm is obtained by sum frequency
generation. In the above arrangenent, in 5 place of the BBO crystal 545 for
the 7th harnonic wave and the LBO crystal 548 for the 8th harnonic wave,

CLBO crystals can be used. In the illustrated enbodi nent, since the 3rd
har moni ¢ wave and 4th_harnonic wave are_ incident on the fourth stage 10
wavel engt h cBRdéet ?‘i‘iéppéiﬂ‘éﬂ ‘BQJSr%W%‘E@% hethft FFRFBILAFIN FdPeE, t he
| ens 540 for coI | ec the_3rd harnpni c wave and the |l ens 542 for

col l ecting tWetaraa ar ﬁPcS%v]dr%aE%mL%% %h‘?"?i‘hg’é‘d Eig+4 he 16 M4S&Cent | | ght

th The 4th h t d d st |
onver ting pSPERDRTS98LRaCH 8 D8] PRt Hie Eﬁsé‘@eéﬂ onEREEHRFT EPERTBAR e
to Wal k-of f ph Th i d t h f. the 4th
hgr noni covvavg ?@og‘i?xggeéamgﬁtO'ga\éégt%r?z' g’[[o]"(El éﬁ?ﬁéﬁg %ﬁl % 'O('ﬁ'nengy in
the fourt S‘:ﬁlgev S!L@gg{: Og'ye;frﬁ'f'&v%oé O‘I%Jgfégrr ga&elre%g%g‘ ISl lds Lrat ed

enbodi nent S|nce |ve enses Spose X1 th

different Ii ﬂBsBﬁBPﬁs EQGegxéﬂpé e &t PRGOS Qilfa’lridmh’ﬂec%leajke%%r‘&a% be

used as the ens 542, ereby easily effecting the beam shaping of the 4th

har moni ¢ wavgnoFkes. wgeeﬂeﬁy%l 8D@k NY AWdJrding 197, d ihabrBBCt85iney8ata the
fourth stage wavel ength converting portion (BBO crystal) 545 can be

achi eved, thenebgaghhancthng vheisotyessSi D6 &S flnt] encyhalAulEmdant of t he
iIIustrat ed enbodi nent) the lens 544 - 72 1 1 SEP 2002 for collecting

t he fundanenphbsphveusnnagehé dopédeir i $ihicdtagd agavel ength converti ng
portion 548 and the | ens 547 for collecting the 7th harnonic wave can be

di sposedd n the di@hetbatothghthaad hsforexanmil.ehamhem dhrafdbgaseodted in 5
the fourth stage wavel ength converting portion 545 has an el liptical
cross-secti okl ephirglrampbhfier (Eonvgrandke prhmiementipngs fipers
desirabl e that bheam shagl ng. of she 7th harnonic wave i s effect ed |g ar der

to obtain goBl EBHPLPsPOAdeFYPE] RRYIRG FoePd i ¥ ity datdy

e SR (A AT 'h%%%oﬁhzg%;' e

pair of cyl |ggr hgahn%egsgﬁai$ntlﬂgu#§hg%ar 14 wavet%41ZLh l;_x’y easily

ef fecting the beam shapin g ood
over | appisng H".L%_;ﬁei‘h aiHnééﬂﬁﬁéa&b%i/@ed N hgnd '\fltcflrﬁitt%g%f\/\@V%MQn%nh

converting portion (LBO crystal) 548 can be achi eved, 't hereby enhancing the
conversi on efhtttenedlly, Fig. 7 shows a change in gain with respect to
wavelength when inversion population is changed by changing
pumping power; and the abscissa indicates wavelength and
the ordinate indicates gain per unit length.

20 In the fiber optical amplifiers according to the first
and second embodiments, since the respective fibers are
independent optical amplifiers, the difference in gains of
the optical amplifiers causes fluctuation in light outputs
of the channels. Accordingly, in the laser apparatuses

25 according to such embodiments, for example, as shown in
Fig. 8, it is desirable that there are provided fiber output

control devices 405, 406 for effecting feedback control of

drive currents for the pumping semiconductor lasers (401,
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I ncidentally, the arrangenent between the second stage wavel ength 11 SEP 2002
converting portion 536 and the fourth 20 stage wavel ength converting
portion 545 is not limted to that shown in Fig. 11(d), but, any
arrangenent can be used so long as the lengths of two |ight paths between

t he wavel ength converting portions 536 and 545 are the sane so that the 3rd
har noni ¢ wave generated in the wavel ength 25 converting portion 536 and
reflected by the dichroic mrror 537 and 4th harnoni c wave _obt ai ned by
wavel engt h- cHAVeF?i Bpati highe QRbRIEhdTPEIhrediibegd poticgs s30)ifAaersnd
har nmoni ¢ wave generated in the wavel ength cqnverting paortion 536 and - 73

1 1 SEP 2002‘0?)‘3%%8 EAPDEYRT t b @i cRBFGEI) Gt §8FRaPE PRIEEdABTus v

i ncident on the wavel ength convertin ortiaon 945. Thi,s i s also true

regar di ng thﬁbﬁg?ﬁnﬁ%ngﬂ?nﬁﬁ%ﬂﬁ%§P?Pé?#hﬂqﬁjQﬂéiigaﬁXVéPeﬁgﬁhfégﬁgerting
portion 539 . fi1fth.s e v.el engt rtin rtion 24 Fi gs.
12(a) to 12(§§g§%%§/%%é%+%%%f% %%ﬁxiﬁézéﬁgégfﬁggﬁﬁéﬁ §n88§$gFa8850§?put of
t he obt aicne ni V. j e gth o 93. ch
channel i §g§%9§§g%§80%¥%¥ﬁe ééﬁgg{%grﬁyegspfsgfeg%%d?ﬁgg%héga%ﬁglength

10 conver ti ngoRerbi 088y HOWos Nedi Gt dhitly el Hdhon®h @XBhRI B2dn Rnbhe

above- nenti oned enbodi nent, the output of the fundanental wave has peak

power of 20 kWepUbseidvhdtimefidi &S, 4 P W dLRRAONE roneguenayiok 100 kHz
and average output of 2 W As a result, it was found that the average 15 of

t he 8t h har noartenaveort htilve ngembyen @dngidr Afaskd3 401) donheeaeld cbanhel

becones 229 nW (in the wavel ength converting portion shown in Fig. 11(a)),
38.3 mW (i n fhkewvaoptiogl hamphifier nhl por tihen beisdwn ofn aFdgtetteld) resu®t3 nwv
(in the wavel ength converting portion shown in Fig. 11(c)) and 45.9 20 nW
(i n t he lavear@gthe cbibert ougppbreomirahslaviae Ri0§. for( detecadaer dhegly,

t he average output fromthe bundl e obtai ned by bundling all 128 channels
becomes 29 VP¥RRckeqd. lighh)from theykargerimpde gdgmetes” £ifer pPEigalii(c))
and S.9 W(in Fig,_.11(b)), and, thus, in all of the 25 wavel ength
conver 1 ng pBIPLERISEL A 8pPPE: B Gontiih Oty QusVar et o0t The3 nny
havi ng adequate.ouiput.for.the |jght sour.c f the u pPRAr can
be provided.g%ﬂﬁﬁangﬂgg re%%%%?n%%t%gn %%}éh;kﬁuﬁgﬁéﬁéggﬁo%ﬁd%nBga%%%zr 11

SEP T02 Fig. ) iy B4 QDS A5 ' i;ghest _c i@n .
efficiency. %%%é? ? 515??r%v?gf%féfﬁgﬂﬁﬁfﬁggfﬁﬁﬂagbSFéﬁg?%‘%?*%gsrﬁﬁflt
havi ng adequate oupgpthép! dbeshowdtisauige sof ittha seppegerapbapp@ahatus can

be provi ded even when the nunber

there is also provided a fiber output control device 407
for effecting feedback control of drive currents for the
pumping semiconductor lasers 401, 43 as the entire fiber
optical amplifiers (41, 42) by monitoring light intensity

20 at the wavelength converting portion 500 so that the light
output from the wavelength converting portion 500 becomes
predetermined light output. In Fig. 8, while an example
that the semiconductor lasers 401, 43 are independently
controlled by the fiber output control device 407 was

25 illustrated, only one of the semiconductor lasers 401, 43
may be controlled on the basis of the light intensity
detected in the wavelength converting portion 500. Further,

while an example that the fiber output control device 407
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5 of channels of the fiber optical anplifier is reduced in conparisoa L@ﬁﬂﬂmz
t he channel nunber (128 channels) in the first and second enbodi nents (for
exanple, reduced to 1/2 to 1/3 and the bundle is forned) or even when

out put of the fundanental wave |ower than the fundamental wave output in 10
t he aforenmentioned enbodi ment is used. In the arrangenment shown in Fig.
11(d), although the nunber (five) of the stages of the wavel ength

converting portion is greatest anpng the enbodi nents, the conversion
ef ficiency tor#hersRvelentisehilhyst inf it yisst &bt ithe Yaveéergthane as

th inth nbodi t he in Figs.. 11(h d 11 and

sUbstant | al IGOTYEr ELPE BREFLOR 1R ATAGiAC e o H g0 AtRBAL CPUEBREPPE n ¢ he
For gener at  Har t RO BT S T S iPo R B, 4500 SDeabRbPBE by the
BBO tal, with.t l, d. To th
cont (r:;%/; ai ner}t{\%eggr?ﬁ%é‘g%‘g%{’eﬁ%%mé%ﬁlgﬁgn%l%%g)%,loggéogsi/ns?ggggan b(ca) usgd

for Jeneal | 9g: 8141 091 BPR End g THEAFQ G/ Walchleotahagae HepuBtkal! e 11 om

a market as ‘good quality crysta sorbing 25 coefticient for

ul traviol et {hghiehaying, Way et £59td), Gfnel TLIHUP idonkeihctiReh @Rdmshiksh does
not arise any |light damage problem and the LBO crystal is advantageous

fromthe vi eph@osathe Odsi tBoeOdiK AP, FUdd@esiighattea Byhthar gamec wave -
75 1 1S EP 2002 (for exanple, wavel ength of 193 nm generating
portion, althefigheh&® ntystals aide agelhnatden ahgueaf phadebeabmhitnegd.
condition, since the phase matching angle is great, the effective
non- | i near optical Witimstlaetaxcheidomdydr aree megrtrloneds abovehi siend, the is
preferable that a tenperature controlling nmechanismis provided in

associ atlifon gpin oheth@F thgsteptignl tanpligdegsy ofalthies respgctinder a hi gh
tenperature condition. As a result, the phase matching angle can be
reduced, nan®P§nnehs bnthamMRHEfFing f1a8es F&e 8668 CPOSERBLeby i nprovi ng

the 8th h ' ti ffici Incidentally) in the_ ab

expl anati on, SHHFPEC LR oPGRe o iRt ST A ARt DEmoApe PRACaL
I th ' [ ' 1. t th.h [ [

I ot L A L

converting poghigs SEERAHEAY FUrtRRr 85CRbn i RY¥S AL OMnbS1 0Nt | 1Mt dR8 £

such enbodi ments, so [ong as a wave having a wavel ength greater than t}ﬁe

wavel endtsh (in S#He wibePénghie domiBiialporaendys oo, gBikpeced i s generat ed,
20 the sane effect can be achieved. For exanple, by wavel ength-converting

t he fundamenpaédspstmihedi DUghtavel engEitofcah P4 fdanbaick &bhthar moni ¢ wave
(havi ng wavel ength of 193 nm through 2nd harnoni c wave (having wavel ength
of 772 nm, 3nplhfyimgistages. (therehy wapstdregolf 2btefin3ng depirath

har noni ¢ wave_(havi ng wavel ength of 386 nnm), 6th harnonic wave (having
wavel engt h ofld5aviedebnbigrh s&@™Mohi ¢ wave (havi ng wavel ength of 221 nm,

successively, sim]ar. effect can be achieved.
y Afthough not shown in Fig. 8, at least one of the

20 fiber output control devices 405, 406, 407 is connected to
the single wavelength oscillating laser (11 or 21) and the
light modulating element (12 or 22) to effect temperature
control and current control of the single wavelength
oscillating laser and to apply drive voltage pulse to

25 the light modulating element and to control timing and
magnitude of the voltage pulse. Accordingly, at least one
fiber output control device serves to detect intensity,
center wavelength and spectral bandwidth of the pulse light
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- 76 1 1 SEP 2002 In this case, as the non-linear optical crystal g

i n wavel ength conversion, LBO crystal can be used as the converting crysta
for converting the fundanental wave into the 2nd harnonic wave, LBO crystal
can be used as the 5 converting crystal for converting the 2nd harnonic

wave into the 4th harnonic wave, BBO crystal can be used for generating the
6t h harnoni ¢ wave by sum frequency generation based on the 2nd harnonic

wave and 4th harponi c wave, BBO crystal can be used_for generating_the 7th
har moni ¢ wavef WAaTPRiA HaSHRIe REy VGeide |1éﬁht§a§7éaeéﬁn9ﬁg F%‘dﬁﬁ%ﬁ@aﬁtv\ave
and the 6th harnpni c wave, and LBO crystal can he used for gener t he
8th har noni -S@%k ?Rp%Lﬁﬁf (%i §Pp8ﬁr6é§8dp85tFﬂB Enﬂ% %ﬁ wave

d the 7th Al , t 15
be- used for GHET 411 i VRV ZegeRtobreRbrebaral ﬁao he
d f th t t th t I
e advant ageduet iy CISERTHE ¢ e@aa ERUc hw%%ﬁ&éﬁﬁgﬁg% HTBEIE he
f th h h of 1.544
~m andeé"zﬁeﬁ?ed g ﬁ%ﬂﬂcﬂ%@ " beRdek Racd it EhmRan | e
wavel engt h- C@ﬁ@/@;ﬁ@ﬁ bl @idih Lﬂﬁélaevafol ef"uJ:’cHQ{f h@mﬂgetﬂhesﬂ@vﬁ ength of

193 nm Next urther arrangenment of a wavel ength converting portion

accor di ng t othdePfESEsd VMY | Ahd TudTedtOWdnitRoli 8¢ iBeasifngiéefth
enbodinent. In this enbodi mrent) a fundanental wave having a wavel ength of

1.57 ~, m andw&vélémghH rose o Dttt et GAHE ¢her coapeddi 6§ thet heloayput
end 114 in the first enbodi nent and output end 29 in the 77 11SEP

2002 second mwhoeli apptiedita@ fhddridhindiodulating] edemdntoahar ebfiected,
generation of 10th harnonic wave by using nonlinear optical crystals,

t her eby 1§enctkerely wtentwobling linflensidy agdaowgidlatgng dntesvahnefhe sane
as that of the 5 FZ laser. Incidentally, as a fundanental wave generating
portion acco?%ﬁrEF%%ﬁt%ﬂSh%wﬁﬂﬁh%ﬁﬂﬁt ande stoRdafelihal oRalelabheRat i ng

portion in elther one of the first to third
Further, at least one fiber output control device serves

to effect control regarding switching between pulse
oscillation and continuous oscillation of the single

15 wavelength oscillating laser and control of oscillation
interval and spectral bandwidth in the pulse oscillation
and to effect at least one of the oscillation control of
the single wavelength oscillating laser and the control of
the light modulating element to compensate fluctuation in

20 output of the pulse light. Incidentally, in Fig. 8, while
the use of the large mode diameter fiber optical amplifier
is under assumption, the current control of the pumping
semiconductor laser (401 and the like) connected to the
fiber optical amplifier explained herein and the control of

25 the single wavelength oscillating laser and the light
modulating element can be applied, as it is, to the
ultraviolet laser apparatuses (Figs. 1 and 2) in which the

large mode diameter fiber optical amplifiers are not used.
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enbodi ments or conbination thereof can be used. In the arrangement of11{ &P 2002
wave | ength converting 10 portion shown in Fig. 13, the fundanental wave
(havi ng wavel ength of 1.57 ~,n) is wavel ength-converted into 10th harnonic
wave (having wavel ength of 157 nm through 2nd harnoni c wave (having

wavel ength of 785 nm), 4th harnonic wave (having wavel ength of 392.5 nm

and 8th harnonic wave 15 (havi ng wavel ength of 196.25 nm successively. In
the illustrated enbodi ment, in wavel ength converting stages from 2nd

har noni ¢ wave genefie i FtRWt Sl phodie hasle sgager %tlbéﬁ, OR&¥ERENgt h

i ncident on the respective wavel ength converting stages are subjected to
second 20 hathhiEigEset 2t i oh. 2R N q91qﬂﬁéf%FFGsFPgtéﬁcéﬁﬂodinent, as

P mon . wav@ PP OHTERES LT Wi & DAL O SEPIRE R APRONEE. gener at i on
! ar noni ¢ wav _ a _ _ generati on
gener at ng { HEVhE ne ot e AbET; g ERETSAREREF DI PE HES S DEEE ¥ ccond

har moni ¢ gge?cg%g%-&?{hé& g?"@&%le z{bo %”c‘ﬁeréﬂe“%oga%ic%%%_i@%of':‘ﬂhg‘er’

Sr zBe2B2 Cryst IS use rgeneratin ~ '~ SEP 200z the

8th harmoni cuyeyfed § Al LGyt b IRTHBRAY fon'Varfy RARC LR 1385 AR oHAbRORKhE

generation in a wavel ength converting portion 609, and“SBBO crystal is used

for generatipgqhiged 01 Ngher SOk Le Wa R r( Ba¥inpdeWayR! eR8t 1 Phsidptad) based
on 5 sum frequency generation of the 2nd harnoni c wave and the 8th harnonic

wave in a wesmbedghénEONVErdimgl PaFindle Ghl.4,l 2o, dsougl byh tha 2rd harnonic
wave generated fromthe wavel ength converting portion 602 is incident on

t he wavel engthkeprivevingga pottewlalb Rrddw-cegit imnc dlsl ebbwne | Bmstils 603,

whi ch wavel ength converting portion 604 generates the 4th harnoni c wave)
and 2ndlRar noase. waieconk ctilad Giamedpre|afhgaehc Sibert d¢. ableg, 12RelPnd

har noni ¢ wave passed through a dichroic mrror 605 passes through a

col l ective I"én‘gl@%t%d(ﬁi% the |eutrut wrd) @fchibs Curddeocopprisgdpefis

i ncident on the mavelength converting:portion 611. On _the
128 fibers bundled togethHer becomes about 2 mm or less.

Although the bundle can be formed by using the output end
of the last stage EDFA or ¥YDFA as it is, non-doped fibers
15 may be connected to the last stage EDFA or YDFA and the
bundle may be formed at output ends of the fibers.
Further, as shown in Fig. 9, at an output end 423 of
each last stage fiber 422 of the optical amplifier, it is
preferable that a diameter of a core 421 in the fiber 422
20 is gradually infrared toward the output end in a tapered
fashion so that power density (light intensity per unit
area) of light at the output end face 423 is reduced. 1In
this case, the configuration of the taper is set so that
expansion of the core diameter is increased sufficiently
25 gently toward the output end face 423 and so that a
propagation lateral mode in the fiber is maintained while
suppressing excitation of other lateral mode to a

negligible value (for example, several mrad) when the
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ot her hand, the 4th harnonic wave reflected by the dichroic mrror 693 SEP 200

passes through a collective |lens 608 and is incident on the wavel engt

converting portion 609, and the 8th harnoni c wave generated here passes

through a 20 collective lens 610 and the dichroic mrror 607 and is

i nci dent on the wavel ength converting portion 611. Further, in the

wavel ength converting portion 611, fromthe 2nd harnoni c wave and the 8th

har moni ¢ wave which are coaxially conbi ned, the 10th harnoni c wave (having

wavel engt h ofmpb}fpednipses bé%%ga%%dpQﬁpgPﬁ?QﬂES%$Qﬁ threughmtheequency

generation. By the way, in the illustrated enbodi nent) an exanple that, by

br anchi ng t ht@PRBeHaPREELI® " nwave and the 4th 79 1 1 S E P 2002

har moni ¢ wave generated by the second stage wavel ength c nverting portion
e

604 by the di chroi EYnFPFEIN$080/ t He RSt e 1388%e 4t iBFet hr ough
d the 8th h [ bt ai ned I t h- ti he 4th

ﬁgrnnnsc mav8%%§8 '%ﬂ@aﬁgggléﬁ%?ﬁa%o %£$¥‘H§ngr %%ﬁxgéﬁﬁ%%§ 'ﬁcident on
he f . : h di Cah

pat hs vas oxpraPRoa: hf. Sl e REERE | ALC et DL, eh S8 Sosy

19, 511 T GRS, 9 408 AP 4SS S o e

dichroic mrro 6 wever, Int iment, the 4th

har noni ¢ WaV&a;ﬂﬁ?é')@t atbddi-dify KeaN¢HRge WaveheRgtBrCPANEpbi88 portion
604 has an elliptfical cross-sectional configuration due to | k- of f

phenomenon. dBHEityt oEStRE Uesér abl ght herhi hesaniiapithe @utiphe 4nhd b noni c
wave (incident bean) is effected to i nprove overlapping with the 2nd

har noni ¢ wavehenfobder opoiohl aamp Pk ohfier sexampdfef,i dhenty ghert haghdaurt h
stage wavel ength converting portion 611 on which the beamis incident. In
t he 20 0 usinterditybodi hkat smalhee the donesd wf [tdbeseore0&orc@8ecan be
arranged on the different |ight paths, for exanple, a cylindrical |ens can
be used as tf&@MeeRSWEDg, or hkhepsmahker ythe frumbaiy afhehgdaaslshdsirng of the
4t h harnoni c _wave. Thus, the_overlapping with the 2nd harnoni ¢ 25 wave in
the fourth s?éﬁédﬁBQeFBﬁgWHO%%n9%W?¥EQP%RRW?§n1??Elgﬁﬁ?qﬁgiSHﬁPoﬁéae&ﬁé t he

conver si on e%ficiency can be enhanced. By designing the wavel ength
converting p8FPFPBR-as - 80 1 1 SEP 2002

Further, as shown in Fig. 10(a), it is preferable

15 that a window member 433 having a proper thickness which
permits transmission of the laser light is closely
contacted with an output end face 434 of a last stage fiber
432, either in addition to the above-mentioned expansion of
the core diameter or independently, in dependence upon the

20 power density. However, in Fig. 10(a), the power density is
reduced only by the window member 433 without expanding the
diameter of the core 431. As is in the first and second
embodiments, when a plurality of fiber outputs are used,
other than the method shown in Fig. 10(a) in which the

25 window member is provided on the output end of each fiber,
as another embodiment shown in Fig. 10(b), a common window
member 443 may be provided for each output group of plural

fiber optical amplifiers 442. However, in Fig. 10(b},
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shown in the fifth enbodi ment, the fundanental wave (having wavel engt|I§E8f002
1.57 Vim generated at the fundanmental wave generating portion can be
converted into the ultraviolet |ight having wavel ength of Z57 nm 5 A stil
further arrangenent of a wavel ength converting portion according to the
present invention is shown in Fig. 14 as a sixth enbodinment. In this

enbodi ment, for exanple) a fundamental wave generating portion as shown in
t he second enbodi nent is designed, and a fundanental 10 wave having a

wavel engt h o@llhggghE@haﬁﬁﬁB%ﬁ1Qfe@pﬁ¢snﬂ%ﬁ1kﬂnﬁhﬁ fdie RO BrEc OOtespondi ng
to the output end_114 in the first enbodi ment and output end 29 in the
second enbod??‘@ﬁ{l?e@f Bhe | dbameters of stheijaasedar HEnHs expendesd:-i on of
7t h har noni c_way usi ng. non-1linear optical crystals, .therehy 15

generati ng u???é&?%%@%ergﬁ?eh%ﬂm?ﬁFePﬁwﬁnﬁ qgﬂﬂpiﬂ§?lnﬁwpﬁéf§§ﬁ§ as that

f the FZ | t I nt I t
gccorglng thS%?g e ¢ IXQI%ZZﬁU%H% aﬁﬁgpnﬁgg %ﬁé 8??{ ho?n
th t t hi d nbodi t moi t t h f
be. used. i n °%ﬁ%"ﬂs%%yn%%ﬁ%ﬁ? BIIVEE Ta T ot 1 otGHv At ﬁ'&o%éz(% T88un i n
Fi 14, th I I f < ,
w%gelength goﬁ%@ ﬂéﬂtoﬂgyﬁa% nlém%%géﬁ?%%cfﬁb mave éﬁg?ﬁglsllgf nm

through 2nd g9 haﬁm)ﬂ'& Wai’fa(h%dl%e\fﬁ\éqll?ngttheoﬁla§é91§lnm)r #hd harnoni ¢
wave (having mavelength of 366.3 nm har moni ¢ wave (havi ng

wavel engt h ofiRdbwiméiibeSULESSSoY €4 ¥3) | 1k tder ddddéb ldpplireppradhedyment , in
each of wavel ength converting - 81 1 1S EP 2002 stages, second

har noni ¢ genéfati exampls ot boak nglagenaict iamn BX7 tdre guaeitagntinl i ght i s
effected. In this enbodinment, LBO crystal is used for generating the 2nd
har noni d Owaveohsbderationndfrenamsmitavanam athe s ralobagdeddd hhafnoni ¢
generation in a wavel ength converting portion 702, and LBO crystal is used
for gener at i ket fendagenbahowace weasennl gt Bl slgfses @ontactdascy
generation of the fundanental wave and the 2nd harnonic wave in a

wavel engt h c%H%é%?YnUlerPh%nf¥@%r($hrt?ﬁﬁ tigpglaspscamtiaeti @fudde f or

generating the. 4t ar noni ¢ mave romt 2nd har.noni ¢ g@ve on th basi s of

second har no FBeﬁéﬁgrg%F t?ﬁ yl W%P% ?F(ﬁﬁnﬁQQHqﬂfdb ﬁtpﬁﬁnflﬁ SBBO
crystal is uggg Q% ggng§§£ §9d£€ 10 gggggguc wave on the basis of sum
a

frequency generation o Arfoni ¢ wave and the 4th 15 harnoni ¢ wave
in a wavegl ength copygnttng QPféh#’é}ne?rl@ as!:lIﬁéMonetd“%bfo%da@%Tc%' tyave and

t he 2nd harnoni ¢ wave gener at ed om t he wavelength converting portion (LBO
crystal) 702paweri a@hgea%v 6 thdaldsewvel @igtdnitl e Fidh teehanadky a

pol ari zation direction of the fundanmental wave 20 is rotated by 90 degrees,
and t he wavememberi hecdeat smalber wivan etrtgd lpawey efenisigypdnt ithe ELiBOr
crystal) 705 through a collective lens 704. In the wavel ength converting
portion 705,cohe 38l bar#bhi cthavdanagebifithal dutpoutt lkadf ofdadenttdbexave
and the 2nd harnonic wave on the basis of sumfrequency 25 generation and
the 2nd har n8uectaatbei $apessbighi terutbaasRRASedonBEr SPBRiInIAG bhe

har moni ¢ wave and the 3rd harnpnic wave emitted fromthe wavel ength

converti4fg pBFPYLA19B505 Ehe r YiRiy PRmReyiHiibitheriePansies, cdnd ene

diameter of the core, the damage of the output ends of the

fibers which was serious problem in the conventional
techniques can be prevented.
Incidentally, in the aforementioned embodiments
25 (Figs. 1, 2, 4 and 8), examples, that the isolators 110, 111,
112, 26, 27, 404 and the like are inserted in the connecting
portions in order to avoid the influence of the return

light and the narrow band filters 113, 28, 403 are inserted
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- 82 1 1 SEP 2002 3rd harnoni c wave passed the dichroic nirror paksS&EP 2002
through a collective lens 707 and is reflected by a dichroic mrror 708 to
be incident on the wavel ength converting portion 712. On the other hand,

the 2nd harnmonic wave reflected by the 5 dichroic mrror 706 passes through
a collective lens 709 and is incident on the wavel ength converting portion
710, where the 4th harnonic wave is generated fromthe 2nd harnoni c wave on
t he basis of second harnonic generation. The 4th harnonic wave passes

t hrough a colnheexder tensbain 1theirgpadh ERFA pmpild fyiingo PrPP8riNG wWere

i ncident on the wavel ength converting portion 712, where the 7th harnonic
wave i s genee¥pbainedm tewesier hiheodiocakidoasanherpetienisatabere Mave on

t he basis of sumfrequency generation. By the way, in the illustrated
enbodi ment, WA | RAEROY sba3Anbt Et ¢ Fatar vyl aaahechiaRg (the PREPRAr REnitEewave

Conver i ng. pob Ol BHOSB5RASE ST HE A TR SR & Pasdatt Cf SaghnEfs 1o

t ! j . as
vavel ength- conbePErRaieREofed AR R T B SR EBpaeantPR convert i ng
ti 710 LC) f t i B ti
202" through TREGE T Fagne Tt GRES Y, % S o R e e A R "

converting paebhPasn 02 i5nd bgrd? JRYBd1RR0sd R rblepgame opti cal

axis without using t ichroic mrrors 25 706, 708. However, in the

illustrated eabpghgeappaiftudtsd NESIUidnpIRE Sianaedpparbias)hitbd stage

wavel ength converting portion 710 has an el liptical cross-sectional - 83
1 1 SEP 2002wnoshi the aptrosefticinventidn ofd appaiemnont Tbast ohei SE the
desirabl e that beam shaping of the 4th harnonic wave (incident beam is
effected Ot 0o Lspiaversvand appe ngavwrdw Hdred Fid Hearsmmayc nedy dei provddedt o
obt ai n good conversion 5 efficiency in the fourth stage wavel ength
converting pektabh. 7 Ingidestiaddn.ndhiscagrirovi hapdefitlten mag haveshighed
enbodi ment, since the collective |enses 707, 711 can _be arranged on the
different |iGRenpBLihtaneerreganding el dafdmedalsingds vavepengibd 384t he

|l ens 711, 10 thereby. eas] effecti t he beam shapi ng .Qf the 4th harnonic

wave. Thus, BheTdl# ?‘ﬁﬁb’?i% W?‘F}t‘f?ﬂﬂ rbd"ﬁéirtﬁbrﬂfc t&)&vgﬁaﬁetrh@aﬁ’ogfet st age

wavel ength convertin ordion.712 .can_be i oved_.a t he_cpnyersio

o1 concy oBN 55 SRfshody Vit SR nBtrRl RS EE ek P EENERT T
ortion- s s i.0.,th Lxt 1 ' hayi

Pavel andeh ob 2 ohfyt Mo Bhd! Gl MO AR s 4 o ot o THER
portion can genepaveat €4 théoriber Wt avH ol Riplisahtr kay Be wawakeagt h of

wor nm and reduction in amplification degree of the output of the
fundamental wave due to ASE from the front stage fiber
optical amplifier can be suppressed.

20 Further, in the aforementioned embodiments, feedback
control of the intensity of the pulse light in which the
fiber amplifier output or intensity of the pulse light
picked up by the light modulating element 12 or 22 is
monitored and magnitude of drive voltage pulse or offset DC

25 voltage applied to the light modulating element is adjusted
so that the intensity of each pulse becomes equal. Further,
feedback control of the oscillating timing of the laser at

the output end of the fiber bundle may be effected by
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20 Next, another arrangenent of an optical anplifier and a wavel engt
converting portion according to the present invention is shown in Figﬂ &P 2002
as a seventh enbodinent. In Fig. 15, a wavel ength converting portion is
constituted by a plurality of parallel |ight paths (square arrangenent 25
having 4 light paths in this exanple), and output ends of many fi ber

optical anplifiers 19 or 25 are divided into f our bundl es (output groups)
accordingly, and light collecting optical elenents and wavel ength
converting -defiecting1tise El@sopoPeaies tgeneratied finen déd¢ dduredpdidiedy to
such four fiber bundle output ends. Tn this enbodi nent, since it is assuned
that the optPRaicahpanPLefsesholh o 43 @nd Ryt mung torifde theedelay fi ber
optical anmplifiers 19 or_ 25 are bundled as a 5 single fiber bundle.

| nci dent al | ytiBet ABubhet hasetinte@ chh §rCh shaidedy ard fdrer RECddepbingnd of

(he 15"t age B o VR seull Lot L, et (e
bl frers 1806pe55 g Erdi fnd ifnd MR IHE e (S, i dle FRlee

oot car anpl PPL1800E8 ERE PLALE middfaldhd 10 crldiolend o (AT Rhe 11 De!
adj acent to @aﬁhzé5iﬂtﬁf§.er§9@6 di itk e | ASkly REHD e tinad 03449BEIner

order are bundled as different bundles. For exanple, when 128 fiber optical

anplifiers (iftetva?)b8&sm8upheieteARitkd Qza_ilﬂe@,ccx%_rsiiet&i%lghe Fhgbhebeam
emtting sequence, the fiber optical anplifiers having Nos. 0, 4, 8( ~~~,

124 are 20 bBsdlipdckogenbesl ast athé redvdlerid) diheaHd hatreptioqalit anplifiers
having Nos. 1, 5, 9, ~~~, 125 are bundl ed together as a second bundle, the
fi ber ofdid calighpl mdyebs @fifectedidsy &tdstilyy the- wahed eaugehboifdithe
together as a third bundle) and the fiber optical anplifiers having Nos. 3,
7, 11, 25 12ultravboheteliighpyestrerated fram ttheh waiied entdhyg coayeirtinge
intervals of the pulse lights incident on wavel ength converting portions

(non-1inear BpEFdéan ePYsanfshy prdiysfetng theor offp thige Sipgde
bundl es can be djvided - 85 11SEP_2002 uniforn r ual | As
Shown 1 n B g"aY8LnGEh aseTI At g PSR ot M) (e it data 2 e
emtted fronhggeﬁgggugegggt84l of the optical amplifier (Fig. 1 or Fig. 2)
conprised of "€éach o )

15 Further, so-called feedforward control may be effected
in such a manner that fluctuation in intensity of the pulse
light picked up by the light modulating element 12 or 22 is
detected and in which the gain of at least one stage of the
multi-stage fiber optical amplifiers (13, 18, 19 or 24, 25)

20 located at stages behind the light modulating element so as
to compensate such output fluctuation. Further, feedforward
control may be effected in such a manner that output (light
intensity) of the channel having short delay time (i.e.,
channel from which the pulse light is emitted at early

25 timing) is detected among the channels 0 to 127 and the
gain of the fiber optical amplifier (or TDM 23) is
controlled on the basis of the detection result so that

outputs of the channels having delay time longer than that
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5 four fiber bundles is wavel engt h-converted by three stage Wavelengt1h]SEPZDU2
converting portions 842) 843, 844. Incidentally, in the illustrated

enbodi ment, although any wavel ength converting portions (Figs. 11, 13 and
14) explained in connection with the fourth to sixth enbodi nents can be
used, 10 here, the wavel ength converting portion showm in Fig. 11(a) is
used. Nanely, the fundanental wave (having wavelength of 1.544 ~ m is
wavel engt h-converted into ultraviolet |light having a wavel ength of 193 nm
by three stagé hbe-pifpzamenpirnad chgrrel s({502. tchBOWLls Aswor dilighy, the
fundanental 15 _wave (having wavel ength of 1.544 ~ m frequency of c~) is
converted i nPYlgehlaghioare fmibtedadt ndptRveieingh afe r%aHd+t hr ough 2nd
har moni ¢ wave and 4th harnonic wave successively while assing throu%h t he

non-1inear ofPPtEPI¢EPst Ferger. dprtigiandgmithdheefires eRROALFRP and
of 1. 544 = i LB4FEBorehaTOBLREE ShaURATEATT (TR bties O S o o
Sorti on ChonePEehoghaBBea tRCERRLSLIGR, 605 ARrhTE P Sl Hps® B 5
Ponverting paAvias S2,CRgfinkes fHD b EEnBLOEIEE, BT chinbies ¥ALS oncy

of 2w havi ngykpetusRohtoleastone dndnieF 202 Apide wlodiady euiency

(co) of the fundanental wave is generated by seco ar noni ¢ generation
The 2nd har mggkecweve aganehat sdtpits her Wewe ! eidiide LOMUEMHA G RYid on 842
advances to the right and is incident on the next 5 wavel ength converting
portion (nonblbkkamagPbeCabneiytied)oB46hé Mbasdh F ctld eldtectiloans 846. In
this wavel ength converting portion, the second harnonic generation is

ef fect edagaresuwltt.h the result that 4th harnonic wave having frequency of
4 w (wavel ength of 386 nm greater than 10 the frequency 2c~ of the

i nci dent wave (2ndNexitpoahcuhtivayipjet wbasepeaPRaratus @asprsinchd® @he
frequency of the fundanental wave by four tinmes) is generated. The 4th

har noni ¢ wav&hdEfeembedimgntnefnahel PRgEantoleen iR poirkl &g sapladined

incident on the further right wavel ength 15 convertin ortion (non-linear
opti ol crysPAEP BESSERPGEOROLF L8 | Ssithe It asap et 1886t Banbrafs)

converting portion. the second harnpnic.generation s effected, with the
Foult that " SFRORELRSTe SERe RaoEng PP ARt o S i By b of 163

nm greater bt@;a%ertgt&?_{yes%gasx §n81~ﬁa£n§0at &émim%% ]goﬁstné}él%@y c

wave) by two , greater than the frequency o

wave by ei ghtiaklees) bhadaaapat@dio! §eh8i-8t&MDOH s@Nthe AP HAVG PR | | Near
crystal s used for the wavel ength conversion, for exanple, LBO crystal is 25

used as the wawgllengiakretengyehti ag opystal &mplHieserdomgritdesl fofhdaent al
wave into the 2nd harnonic wave in the wavel ength converting portion 842,
BBO crystal pypticed ampilhiEieuseBadngBh andvadapred cty anpliffy iongident ng t he
2nd _ 87 _ light, and a wavelength converting portion (not shown) for
20 wavelength-converting amplified light, thereby providing an
ultraviolet light generating apparatus capable of
generating output wavelength the same as output wavelength
(193 nm) of an ArF excimer laser or output wavelength (157
nm) of an F, laser.
25 In the embodiment sown in Fig. 3, the laser generating
apparatus includes the single wavelength oscillating laser

31 for generating the laser beam having a single wavelength,

and light output of the single wavelength oscillating laser
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11 S EP 2002 harnonic wave into the 4th harnonic wave in the “aV6|?TQEP2MZ
converting portion 843, and SBBO crystal is used as the wavel ength
converting crystal for converting the 4th harnonic wave into the 8th

har moni ¢ wave in the wavel ength 5 converting portion 844. Incidentally, in
the illustrated enbodi nent, while an exanple that the fundanental wave
(havi ng wavel ength of 1.544 ~u,n) is wavel ength-converted into the 8th

har moni ¢ wave (having wavel ength of 193 nm) through the 2nd 10 harnonic
wave (havi ng3vavel anglhfoéd 76Y fuiberdnsptitn Y tdmpiaraierisc 385V a4(.hagutput
wavel ength of 386 nm) successively was expl ained, this corresponds to an
arrangenment (amphifled pighht)io§ e wiiede o thi cedn\amptliifg.epokidi dss (Fi g.
11(a)) in the aforenmentioned fourth enbodi nent are arranged in 15 parallel.
Accor di ngl y) ibgidentinging wapélerdgth ycaiventtiiarg weordliomgt(i6 02ovwe 6tlilng for
portions shown in Fig. 11(b), 11(c) or 11(d) in parallel simlar to this
enbodi nent) exampleasbevieninsFihgl ak3 ¢ o Ingildeabddynean euhpt ebdabhed.
Simlarly, a plurality of wavel ength converting portjions 20 shown in Fig.
13 or 145haytgé fiPaRgeRtifaparBplEfiesn Hbteanraspendsnitioaf iRerahyerest .

14 Sy RabarIRLErLeD Hhigrras _ _
et woen the SREPEnI ang) pPerad ol oAl Mg Al Ay phlelons i n
the illustrated 25 di t. w11 b | ai I n thi t i

(enbodi mont ) S0 RESRATEI ERGTR: EIAG T boria SR ot s RErrr 4%8eE
arranged i n BaEaLlel cagefhye LhaNtePRt Nelo and £ sy QURUENGS yhe i ber

optical anplitrers are divi _ Into five to formfive

fiber bundl eg,(QULRYL+EEOHPSH - th& d’f{v*.;%g‘e U LN antd1G [P Y3 18RdS 3@f) Like

fiber optical anplifiers are not duniformy or equally, but, an

out put ernd 888nPérpatt $htboaetfaves1dbtiNtighi N fThe. wibeiehgbnf byevéibeng
bundl es (output groups) is constituted by a single fiber optical anmplifier

or several fpbetiont acabraimyi toetise prebdrite iofveart ilomowrililn blel gully) fi ber
bundl e out put ends 851 are obtained by bundling the plural fiber optical
anplifiers ddesdeibedi Laterywith thefexdrceuibdowfthl o Isevienkdr opti cal
anplifiers in the fiber bundles becones the sanme. Qutput lights emtted
from the out pubodiamentige converted into ultraviolet |ights having
predet er mi ned wavel engt hs bgﬁ¥avelength converting portions 852 tq 857

provi ded at the re¥pBet fhe Bhipdtenpedineny el Hendivddy £¥Pipdngfe As

[ t X fo l.e. Ingidentally, th t
vl endch cbREcF RS purrEhaes bl Bt T et A By Sad@rengih .
ti i h i j s t . t | |
Conver 0. DoctLagss.b e etk IR A L0 SO, Sttal of el U
857 are consbikiped, DYnGghLBS!HHE EREESAlIGNMAT Havilichni S the same

as that of respective fiber bundl es.
oscillating wavelength of 1.544 um and CW output of 30 mW
is used. In this laser, since single longitudinal mode
20 oscillation is effected fundamentally, an oscillation
spectrum line width can be suppressed below 0.01 pm.

The light output (continuous light) of the
semiconductor laser 31 is converted into pulse light, for
example, by using a light modulating element 32 such as an

25 electro-optical light modulating element or an acousto-
optical light modulating element. In the illustrated

embodiment, as an example, a case where the output is

modulated to pulse light having pulse width of 1 ns and
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When an ultraviol et |aser apparatus according to this exanple is ﬁf?lie% Eo
an exposure apparatus (Fig. 19 or 20), 25 the fundanental waves e 15€R 200
fromthe output ends 851 of four fiber bundles are converted into the
ultraviolet lights in the wavel ength converting portions (852 to 857),
respectively, and the ultraviolet lights are illum nated on - 89 11SE
P 2002 a reticle as exposure illumnation |ight through an illum nation
optical system That is to say, the four fiber bundles are used as an
exposure |ighepebitten Oneghency hef hahdkHz hvellduthsutexplglimedni t Asdafrom t he
out put end 850 of 5 the fiber bundle constituted by the single fiber
optical anpl¥esBitopfsevehallghbaro@ptaickon .amsal inawersed ®uleg into
the ultraviolet light is directed to an alignnment systemor a nonitoring
system Thatlightooubputbad Fremrtheinkiehy axpuliatinge @legeat 32 gnment
| i ght source, 10 Incidentally, the ultraviolet light emtted fromthe fiber
bundl e out puPCEPCB50 Y ABY P ERERIL CHHR?T RPGUES ZhdWi-tted to the
al i gnnment_ system t it ough _a_nop-doped fiber connected tqQ the third stage
wavel ength convert?h@fgﬁ¥tF%nP%%4§£¥§ﬁ MR eTROdIfEnfsy PR SP&S% 16,
whil e an exa h e,fu I ves. gener ated, _f.rom ut. ends 851
of four fi beggtﬁﬁél g%glté{rgel\%vaig/rgﬁg%%f%é ct\é\‘ﬁvaefﬁlg)c? 0 (ﬁﬁ‘?& u gé%ﬁg%et lights
which are in; jre o] [ i nad | trral ;
expl ai ned, tﬁ%H%ﬂ%22§ géﬁg%%e?£%§%d+%s %Q may be gggq%#%%ﬁﬁﬁgﬁﬁgéﬁgther, in
the exanpl e EfpEkJoptcalh8mpyibesrof. fiernurdhasusadeinehbBsadhéspment or
the nonitoring is one. However, such a nunber may be plural, and |ights
emtted fromakhanpbyampléi ben buamhes Myt hengliifedaad dno of igeiggnt opti cal
systens. 25 In this exanple, the exposure light source is the sane as the
i ght sdwrce(662¢d000 timea)i gnneotabrig hef et dd myndwoarsd aigee favpasur e
illumnation light and the alignnment illumnation |ight are obtained by
branchi ng, -opbicallampBiEierg082, advplid yshmyrand Inatbliengahecoavetihéng t he
output light fromthe commobn singl e-wavel ength osqillatin% | aser, and thus,
ultraviol et PREREE ARG A§ the Siker weRElegtanhdfiss $dod thengeitPufe
al i gnnent and vari ous nnnitoring operations can he 5 effected through
optical systBA¥1BS EHETaIpoSHFRYhpphratliLade £P%aINGH nafibRowgh afh
system and projection optical stem cordingly, the alignoment optical
system can e38i PVI‘BBQd%g?gﬁaﬂ 6% %?Jé’gﬁ‘f ¥ #5479 e coﬁgturtuc?fql%oﬁft %ble’eof or
s not rnequl £eflel-0oBEs BEVAAEH: AIALAPR I 1P, W HERGGERY B HEeIRRuC T N
t he exposure apparat us.

be coupled to the last stage fiber optical amplifier 34.

Further, in the illustrated embodiment, in order to avoid
the influence of the return light, isolators 35, 36 are
appropriately inserted in various connecting portions.

20 The single wavelength pulse laser light having
wavelength of 1.544 pm (output of the optical amplifier) is
converted into ultraviolet light pulse output having narrow
spectrum line width by the wavelength converting portion
(described later) using the non-linear optical crystals.

25 Incidentally, in the optical amplifiers (31 to 36)
according to the illustrated embodiment, while the out put
end is constituted by the single fiber optical amplifier 34,

for example, a plurality of fiber optical amplifiers (33,
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Incidentally, since there is a case where illum nation of the exDOSV”ﬁEPNW
illumnation light and illum nation of the alignnment illum nation Iidh nay
not be effected sinmultaneously, it is preferable that, for exanple, by 15
providing shutters in the illum nation |ight paths or by selecting the
channel for branching the pulse |ight by neans of the TDM 23, the tim ngs
of illumnations are controlled independently. Further, in order to neasure

a focus position, 20 projection demagnification, aberration and
tel ecentrici £4)oMa¥hRepPEPRRYEON BRI ERET Mt hhe @ Ldititeavi(dibdt Ofi ght for

aceuracy. | nEHAEPARED, MaREALTe G AR skt R RS AGUBEANETE (RS-

G oot el by BsPAGE R RN EE? ho T AL SR Aoy (TR0 RS Lo ARCu e
System “the POk 8B eehr np T E AL P g e iR graR BDIeBE A c3BELCT
The i | ust ol A Pbboa el (PG 8 EnB=Rer OBy CalTag hoet Re bRt e of

the fiber opihealvalaptwbéR! €hé NHo1E U AihtH WP e Frohd@nkheilirght s fed
to the non-linear crystals, incident powers fed to the nonlinear crystals

can be reducegtethecampei¥iescoinli vl ad jurtdd &Y dage@tdnad thet RYing
reduction and |ight danmage due to |light absorption and heat effect in the
non-1|inear cofstht dficanvoetage veulsdncamsied [ty thiee Iigitte modialditingi on
(the nunber of fiber bundles) of the output ends of the fiber optical
anplifiers ielaventsnBRedssociated orith vidhebilurml lopttiwaloempdiéiekext, the
connecting portions between the optical 15 anplifiers and the wavel ength
convert ili®y pbferensxample petlas pl byl cereist tim e tgmimasnioddithentrespecé& 1vehe
out put end of the optical anplifiers is fornmed by bundling the output ends

of the fiber°oBpiredl 2BRPLFIPET 2B dehiAiad from each ofber; sor thad $8eond

mbodi . hi [ 0_cl ad di f the fi i cal
ol er  <PaBGL LI88EG: AFS T Rt R 1Y M B P ABOOA R Bunl o

bt ai ned b ' 12 | cal AN I h t 2
The: nunber” abiCeBRRRYGr o om Gy (bR B ean BRaSRERE  cPhb BopRot = M

consi der at i ofeRt 1 8hEANISTELLE1Oh e%be%%@ﬁw%dc%%w R eaRs and the

shape of the l1ght source requir: , for exanple, in the first and
second Q@Odbaﬁnb&aﬁpbﬂ@dleﬁlﬁv'eﬁﬁn%l%',nﬁh% shihgubawa¢ePERgth 92 11SE

P 2002 section is shown (114, 29, 501, 601, 701 and the like). In this
case, when tbecoliptingnlasérthe mapase quilisealosallliaftiedr, andf aheed to be a
flat plane for exanple as shown in Fig. 9 or 10, by providing a collective
| ens (for oscillating interval (pulse period) between the pulse
lights may be altered by effecting only the current control
of the single wavelength oscillating laser 31 or by
20 effecting both such a current control and thé control of
the light modulating element 32.
Next, embodiments of the wavelength converting portion
used in the first to third embodiments will be described.
Figs. 11(a) to 11(d) show fourth to seventh embodiments of
25 the wavelength converting portion according to the present
invention. In these embodiments, the fundamental wave

having a wavelength of 1.544 nm emitted from an output end

501 of the fiber bundle {(which corresponds to the output end
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5 exanple, collective lens 845 in Fig. 15 and the |ike) between the fy%gpmmz
end of the fiber bundle and the first stage wavel ength converting poftion
(non-linear crystal) to collect the light generated fromthe fiber bundle
onto the non-linear crystal, the output light fromthe fiber optical 10
anplifier can be entered effectively. Further, another exanple of the
connecting portion according to the present invention is shown in Fig. 17.
In Fig. 17, fundanental waves are emtted froma fiber bundle output end
901 obt ai nedlb¥ bunthenfivst| etbediisent gpldirdle htfputerendpt29cdn aimel i fi ers.
Lenses 902 are provided in association with the respective fiber optical
anplifiers ssechnfl emboflimenbenibat, wiviksh aray du |t editipmta efnidr off $hege
wavel engt h converting portion (non-linear crystal) 903 (for exanple, 502,
507, 518, 53singlen&ibeur{B4enbodihenthind euhpdimentyy ishawvelengdd-902. In
this exanple, the entire dianeter of the fiber bundle is selected to be 2
mm and a nodECHYekEEEr 1BEOcBER RArmeRlie jwaste odaEmanignmavie)eby 648 t uting
the fiber bundle is selected to be 20 ~, and t he fundanental waves are

col | ect ed t otPReNPPTLiNCRE gRP BECHA T EH RIS © &9 §EFETEER 9903 by t he

ti I 902. . I nci tall ' f 904, 90 di d
bet een the STTSevioRsh hEuf dharie A BRI Est (n 505 £Rd Koecond
st age mavelegggg%%ﬁggﬁét%ggé@ﬁL;%ﬁntﬁgM%fgyéxég%e 1hskyS E P 2002 that the

lights emtte convéerting portion 903 axe incident on

the wavel ength conygrigg PO} Oncid00rdillffertin SRR ANy Reas that

where such lights are 1ncident on the wavel ength converting portion 5 903.

I'n such an eghodigRgtn BRIDL 64 £ akh o R gty | N P Uil tsc x| 8kt Or

exanple, to about ten tinmes in the 1llustrated enbodi nent) so that each
beam di amet eputputhenaopoli seather vt Macdre oaREY tthdeughonodxanpl e, 200
~-m10 in the illustrated enbodinent) desired to obtain the optinum

har noni ¢ wavéineareopthnakf Ergstaly. 502 NcE03 hesd 4 i (faromo Utefitt Toand ghdl | ect ed
by independent |enses 902, magnitude (cross-sectional area) of entire |ight
fluxes (col | &etBdgfrdilall ardthe subeuikted. t Wheni fbe Sundhepntal1Bavee

non-linear crystal becones a val ue substantially_correspondin% to the
di aneter of iRePRFSef BhRaVeh| the|Ronchinefl P igicalh Coysddlf P02 i 3R%f t he

| | ecti I . A di , . Si ired j tud - ' f

The vavel onghREBBAYE: PPKG BF VARSI FERUGAEY 8, ARt vy Sty oo °
di th [ f_the fib b | e, | 1., | th

Conver Lt cPY&E TRad! RoSh: RRerarEbmelh o Ve e iRncao R Toan be

used, and th\i{vﬁﬂ:ﬁ &EeE\%EB%e?FCﬂQQ@f%& e%‘%g?ecﬁr‘rfﬁ f‘lﬁﬂdé/ 1fdr{b[a§:{eg-§t%bl°fwat\}ée

| enses 902, e output en ace of eat _ I rectl e fornmed as
a spherical 9& geneshbedi 63 stE&sSa NGaFméh Bc | datdrnaldrect rRE uneraesa Next,

ot her enbodi nents of the fiber output end in the connecting portion between
the optical anfl harmonaodwav®4advances to the right and enters the next
non-linear optical crystal 503. Where, the second harmonic
20 generation is effected again, with the result that 4th
harmonic wave having frequency of 4w (wavelength of 386 nm
which is 1/4 of the wavelength of the fundamental wave)
which is twice of the frequency 2w of the incident wave,
i.e., four times of the frequency w of the fundamental wave
25 is generated. The generated 4th harmonic wave further
advances to the right non-linear optical crystal 504, where,
the second harmonic generation is effected again, with the

result that 8th harmonic wave having frequency of 8w
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1 1S EP 2002 the wavel ength converting portion are shown in Figs. 1§g£ﬁPﬂm2
to 18(c). The enbodi nents shown in Figs. 18(a) and 18(c) are exanples that

a light collecting elenment simlar to the collective | ens 902 shown in Fig.
17 is forned on the 5 output end of each fiber 452, and, such fibers are
gathered as a bundle for each output group, respectively. In these

enbodi nents) al though the light collecting elenent 453 is forned on the

out put. end of, 8ach. {LheTo45%, Lok Sl 0L A1 e i REHIAG, e, o

menber 433 a5 a T'ens] 10 whitT IS provi er output

end al ready gxphahdetai %\9@{1%1’&{1 W thy é&-ofl%?ét A% g\éfcygoﬂ%% the

collecting function. By constructing in this way, ecting

function sinjd@fadet thabei LR Y, difgiean: fife Al aMRd BndaIme, Uk thge fi ber
out put end can be 15 suppressed. Further, Fig. 18(b) shows an enbodi nent in

which a | i ghtus@dh&estaNwarenedtgébsrate®r ovi ded wWith respect to each
out put group obtained by bundling a plurality of (fibers 462. In this

enbodi mest, for expegdedimg | tightnatd- xioldActdptgicdlemiistalE | dort @xddidle,
collective lens 845 shown in Fig. 15 is forned on the output end of the
fiber bundl elikydd, (LRO$ EsYSbahi hedubyd nas htiné ngoner v gl ovr yeeindie r 5 @124 3

al ready expl ained in connection with Fig. 10(b) as a spherical or

non- spheri cafr¢renshe of Wadamentaywawe| tednddqr@sndniwwasie , [Iid:8entIBO), in
pl ace of the fact that the_ fiber end or the output surface of the w ndow
menber is meCHY TR akS t peed pher thal cRveninpHErY el 135 faaie dMdber end

(or - 95 1 1S E P 2002 glass conposjtion of an_end_portion of a glass
wi ndow when %%Fé‘ﬁo%lﬁl‘&@éevﬁ‘%d%’%%%a{r}g%rﬂl%é”Tﬁe \/ﬁqu(ﬁﬁz}?e@rger?s%?) b’eg'l

ot hoa Sk GROG HRF niRe | ST ESE WG o T h o S SO R M give
XChangi NG L Ofl Lo hAY g5 AGklrke WAIRELBEULDL AN ERHakpLO 2 | ens

t her eby provi _ col 'ecti'ng f unct ion. _ I'gs. 18(a) to
18(c), alt h%?ﬁh%h@ﬂ‘?&fréa&é Q' 5va moArgL]c 'vﬁ)&é‘%éﬂr%er@eafﬁ%d“%ﬁﬂﬂ,ged1
enlargenent of the cores nay be used In 10 combination. Simfiar to the
first stage,aahdf1o@hedNead @bt ikPld ednpr LU (¥ SRCAUHD it Rey
wavel ength converting portions (non-linear crystals) can be effected by the
| enses for eachidvdephade anstctingll for iwavdliterndtinisddmteat irbqadioent) 15 an
exanple that all outputs fromthe fiber bundles are collected by a set of
comon [lénsesrbticakiplyhse cuantehning; NCPM) is used. In NCPM, since

there is no angular deviation (Walk-off) between the

fundamental wave and the second harmonic wave in the non-

linear optical crystal, the conversion to 2nd harmonic wave

can be effected with high efficiency, and, since the

20 generated 2nd harmonic wave is not influenced by a beam due
to the Walk-off, it is advantageous.
Fig. 11(b) shows an embodiment in which the
fundamental wave (having the wavelength of 1.544 pm) is
wavelength-~converted to 8th harmonic wave (having a
25 wavelength of 193 nm) through 2nd harmonic wave (having a
wavelength of 742 nm), 3rd harmonic wave (having a
wavelength of 515 nm) and 6th harmonic wave (having a

wavelength of 257 nm) successively.
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|l ens is described. By using the common | enses) in this way, the nunbe11qﬁpzmz
| enses used can be reduced and the alignnment between the |enses is
facilitated. Thus, this is 20 econom cal. Incidentally, since the output
ends of the wavel ength converting portions (non-linear crystals) are

| ocated within Rayleigh [ ength of the beans collected in the wavel ength
converting crystals, beans emtted fromthe 25 wavel ength converting
crystals becone substantially in parallel at the output ends of the

wavel engt h convertimga cfysétal staden 50k dfl laisiavellethgrib ednvrentinfi g. 17),
the emtted beans are collected into the second stage - 96 1 1 SEP 2002
wavel engt h cooweien NgLBO ystwstBD6Lhywuseddiar donvenrsdond@4omo@be Here, a
focal length of the lens pair can be selected to realize the magnification
such t hat befwndanertal swalesi tabird thammmmic Wwaye mymsesondr Hpgmorifi ci ency
in the 5 second stage wavel ength converting portion 906 are obtai ned.

| nci dent al | ygeRreratFrn %Hqnggan&nlipewW?Vélﬁﬁgé?aﬁﬁpﬁe¥ﬁbﬁgtP&??%@%t

ol ot g HEDR FERRERE bl S0k dh it heh i MB RS e FESE 1At BapRed
oxpl o ned) SELTEOFh YHESHISE et Ergtt A TP HPagmeRiAleaatan ho
used. In this_wa by. constructing the funda I ve generati portion
(aser 11 ghtvataiindthcOiRr e Ead A < 2ot BariRid o ¥ e 8 alls o
t he construcgi ' ' t.hi end) a :

const ruct i ngPtRe TaverhErh Fettidirih clld NIRRT aS s Pt gt on

constructi ongs8oYDyER £HerhOUFbRadite SEVE MY L HRAIHRN it raleh kY waQest ructi ng
t he connecting portion between the optical 20 anplifier and the wavel ength

convertilng ppéspest DvelicoPasi wawdldifrIc Gl qtican exadipl el Nat he 2ei ght
enbodi nent, the ultraviolet |ight outputs having output wavel engths of 157
nm and 193 nwavebebgtlobphatel, dind senlyaved lengizest iare dfthéheafendamehdal
oscillating wavel engths of the FZ | aser and 25 ArF excinmer |aser. Further,
for exanpl e, vamenis heotabednent 20 degreeenclhei fyngamental acavedamd 2odt he
first enbodi nent is used, since the ultraviolet output lights obtained in
this _ 97 _ harmenirpwayelaneyinetdenl sn |3 gaeerehistage wWavieliepgéhval of
about 3 ns, the% are not overla ged wi th each other in a time-I|apse

relation, an8OPKeTFLRPeRPTTEOBUTHUL TP &oteTdt F%Ft-erfere with each ot her

while egch output Llight has a single 5 wavelength with extrenely nagraw
band. Fggther, for %xgﬂﬁlﬁ?c%ﬁ n° ?ﬂ?f%ﬁﬁﬁ%ﬁ?lgﬁ %ﬁ%ﬁ?ﬁf&ﬁ rgpfﬁéoﬁo%g?On

according {ostlig $£E08H CDOMLIPOt ke RSk QLS LAY Qhabeout put

lights obtained are pul's ghts emtte h interval of about ns, they
are not overyapeednyth hc@ﬁ@@r@ix'i@r}%éf‘tforﬂ-osd? hrd anee fuelddiepralandvehe
[

respective output lights do not interfere with each other while each output
i ght has a pengéetvaveitnght vonverxideednd narrmsilandve (having a
wavelength of 515 pm) is obtained by sum frequency
20 generation. LBO crystal is used as the wavelength
converting crystal, but it is used in NCPM having a
temperature different from that in the first stage
wavelength converting portion (LBO crystal) 507. The 3rd
harmonic wave obtalned in the wavelength converting portion
25 510 and the 2nd harmonic wave transmitted or passed without
conversion are separated by a dichroic mirror 511, and the
3rd harmonic wave reflected by the dichroic mirror 511 is

incident on a third stage wavelength converting portion 514
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Further, for exanple, in a solid-state ultraviolet laser as discloseq1igEpp
Japanese Patent Laid-open No. 8 15 334803 (1996), although wavel ength
converting portions are required for respective fundanental wave | asers

(for respective |aser elenents), according to the illustrated enbodi nent,
since the entire dianeter of the fiber bundles including all channels is 2
mm or | ess, the wavel engths of 20 all channels can be converted by only one

set of wavel eagbligRORYEEhLNE]BON Il SyaFl A I Shv SHHNGRy MW P W1 £Nd 1S
constituted by the flexible fibers, the wavel ength converti'ng portions can

be | ocated apaktiulie@MyOpbBaBAPNIBBUGL BEG5tRANt Gne¥eNtAE BP& harmonic
si ngl e-wavel engt h 25 OSC|IIaf|ng | aser, splitter and tinme division

nul tipl exer, whier ebycphoerdeagintghedrgneemohitr vedem wavangaagenent .
Accordingly) the present invention can provide an ultraviolet |aser

appar at us whwateillenghrapfand7campabyy and haPlonic dedefatiéh 2002 of | ow
spaci al coherence although it handl es single wavel ength. Next, a ninth
enbodi mrert of an ufTheaétibl barmasic wppearabtzsinedoindi tige twavdkenpgEsent
invention will be 5 expal ained. The ultraviolet |aser apparatus according
to this enbogpn¥artisgchariiver bzddand that 2ndecharmenitovavel aser appar at us
such as described in the first to eighth enbodinents is used as a_|ight
source of th&rargpititedapparyohstheodiehroaf BEBBHAT neht dRdtReSERPosure
appar at us usi the ultraviolet |aser gﬁgaratus accordén% to . the present

I

i nvention mjFB%BBQBXBI%FH§d5&FtﬁrPeF8W gdt BT FPQMPe8ed | GORFIALIHI BY #he
g . d_i t ol.i t hogt aph LS. 1
oot oengr avi RS ChERLHEAFAREDE S8, PRSI RERatrBrHopF etfoa $owEEE Fidde on
ot o . ! o ) ‘
Bhich pito. FaveSpRbehiBRYSERLLY POERELRTSET, il SEMLTE: of Taler on

ul travi ol et r :126 (o] i t h (] nt is
Unteqrally proorezdERe BopEbg 5130 REMARS! BubNErpLeaf ] vhBHED F08n D

i | 'um nationtapt k€8l havabaitl4hdeaAdqatREORRE h@PMORI L CRhvEySE e 1265. In
this case, the ultraviolet apparatus 1261 may be secured to a table

supporting thermbhilgi waireophapingah @xstRENILHR200r19Benm) tiavowt&ined
apparatus 1261 may be secured to the table 25 solely. However, it is
pr ef er abl e t hat sampbrequenppl genenatiord tiIn tthe Wurandeniasit sgipamatios 1261

be | ocated separately. Further, the ultraviolet apparatus 1261 may be _ 99
~ ~ 15 E Pigeoill(b), as the wavelength converting crystal in the

fourth stage wavelength converting portion 517, in place of
BBO crystal, CsLiB,0,, (CLBO) crystal may be used.
Incidentally, in the illustrated embodiment, the 3rd

harmonic wave and the 2nd harmonic wave obtained in the

20 second stage converting portion 510 are divided by the
dichroic mirror 511 and the 6th harmonic wave obtained in
the third stage wavelength converting portion 514 and the
2nd harmonic wave obtained in the second stage wavelength
converting portion 510 are combined by the dichroic mirror

25 516 to be inputted to the fourth stage wavelength
converting portion 571. Here, the property of the dichroic
mirror 511 may be reversed. Namely, the 3rd harmonic wave

may be transmitted and the 2nd harmonic wave may be
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divided into a first part including the laser |ight generating port|0p1%@pzm2
the optical anplifiers and a second part including the wavel ength
converting portions, and the second part nmay be secured to the table
together with the 5 illum nation optical system 1262 and the first part may
be secured to a table different fromthe aforenentioned table. Further, the
entire ultraviolet apparatus 1261 nay be housed in a chanber containing the
body of the exposure apparatus, or a part of the ultraviolet apparatus 1261
(for 10 exanpeélemied endt theobbardi agagervavebdngily dmnvenision oo ttion
remai ning parts may be arranged out of the chanber. Furthernore, the
control syst @4 aayt be arrrpagedl en bhpasanesonbvbiahdxire doddw@t iaf ghe
control rack different fromthe chanber, or the display and switches may be
15 p05|t|oneéeF@@€tﬁéP9ﬁ Wﬁv?ﬁénaﬁBnB@FV%BF%?@ep%ﬁﬁFQ4m§#Qﬂﬂaﬂﬁlﬁ&lﬁarts may
be housed in the chamher. The ul traviol et ht havi ng | ow spaci al

coherence an&2§&vi g ﬁérFSﬂpbﬁﬁe EEEBrHFﬁgp¥ $hEY st ¢4 i%n is
ted b t 1262 20
U hanke. BEEDELGdBoheof Lo P UREPPRY b et A pretes A
dis ill t ed t t 12 3 whi_ch
lrourt patt Ehgens o Be £PECEHp ﬁaffs?’éﬂ%’ it A L e M 2
tt t | d t
Petuct on mmanci et Sx P8 EbAELA LS EaqL Sourll ol %@f‘*‘?ﬁi@fn et
system 1265 ang %%r%h@hEQhﬁdeBhehiHE 3880 £0paHet b0 VB &1 Ud Ofe @18,

silicone wafer) 1266 on whi ch photo-fesist is coated, thereby focusing and
- 100 1 1532E£Br2Q@3uttikangf enei Bﬁhti‘l@rﬁblﬁﬁ@hba@@téxﬁi ) trh vinfsh g f er .

The illum nation optical system 1262 is disposed in a plane substantially
conj ugatkd wwhlret e makt €#onrshr aage ovatékength cten 631 ran homci ardexl A
field stop defining an 5 illumnation area on the reticle 1263, an aperture

stop defi ni ngahi et asmangeddist thbudibhenént hbight rpatld et |ight on a
predeterm ned plane having substantially a Fourier transformrelationship
Wi th the pattern s§ingeetbe cresseseetionabaconfiguration |9fymhmtbtdn

optical system 1262, 10 and a condenser lens for illumnating the
ultraviol et PPERODARi Me¥e EPBHF?ﬁédab%rPﬁ?et%%%$ %ﬁﬁQPtWﬁY%%ﬁqQﬂna 1263. In

't aviof et PEQHER6A B onraae: 8 fi hBae bt ShE Frebu st Marat EI ey,
plural aer type shons,15 gaying &££§i§ " SORLABAGEN Qi gt on

may be provi urret one o ure
accor dance Wh%%mbﬂ%cp%%b%rEsOEfEQEtéétiﬁ|8réé§3t&aabééid(¥KEG§deﬁ a |'9ht
path of the illum nation optical system 1262. Further, an optlcal

i nt egrat or (h@ﬁﬁ@&@ubﬁshfﬁ&blbﬁcﬁolﬂlﬁﬁ@SﬂﬂufEﬁV§¥ﬁbérWhW@méﬂ
converting portion of the ultraviolet |aser apparatus 1261 and the field
stop, and, weenverflipgeperkténs b37usethud hed lis dye thend liagtirated
embodiment, by arranging the collective lenses 515, 512
20 in the different light paths, for example, a pair of
cylindrical lenses can be used as the lens 515, thereby
easily effecting the beam shaping of the 6th harmonic wave.
Therefore, good overlapping with the 2nd harmonic wave in
the fourth stage wavelength converting portion (BBO
25 crystal) 517 can be achieved, thereby capable of enhancing
the conversion efficiency.
Incidentally, the arrangement between the second

stage wavelength converting portion 510 and the fourth
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arranged so that the em ssion focal plane thereof substantially beco f?§ EZMZ
Fourier transformrelationship 25 with the pattern surface of the re ﬁ
1263, and, when a rod integrator is used, the integrator nay be arranged so
that the enission pl ane thereof becones substantially in conjugation with
the pattern surface of the reticle 1263. - 101 1 1S EP 2002
Incidentally, as a shutter for starting exposure of the exposure apparatus,

the el ect1 o gRLLEAYATBILLGLRNG0RL IR TR OpoLDEoACRYFL 05 ORLE CRLIPAN! 8110

el enent (12 Imed 1 nconn ron wt he™ fi

embodi ment s ¢aAcOEnBRR0AnCK1GI LhbNY bRE, Chig! herpRbLAa: DAY BY | Aka

el ement or the acousto-optical nodulating el efrent om an OFF condition

(i.e.) condi kponotBaksngner €8hgtAt 8EN@he! 28§t t Path PEF SESe 86 €n Whrmonic
generated) to an condi tion ? e., a condition that the pulses are 10
gener at ed anglat/BeisntBengbhmb0ss tBated8CeHei Pna Pat\énpPatwLYd)so tHigat
exposure is started. Incidentally, in the exposure apparatus having the
ul traviol®et kheepthpharmbniclibde a4hd 2ndt haneositiwdve naye be out putted
fromthe single-wavel ength oscillating | aser or the single 15 wavel ength
oscillating Bamedtamgobelpuliseidsnt]| pat tde Pawnrthusbagey wavelemgtiatter, by
using both current control of the single-wavel ength oscillating | aser and
control of then¥kstine-ppricah hddul BEuirhper) ehent examphe. atkristlvbpdi cal
nodul ating el ement, oscillating interval, start and 20 stop of the

ul travi ol et PpghﬁoesﬁhsétﬁsehW?VﬁMﬁaﬁhaP@HV%ans h@@é?e?lﬁ 219635 hhd the
sem conductor wafer 1266 may be controlled,  Fu £t n the eﬁgosure

appar at us haf¥g Fh@rEPP9§9|BPth?a§€WeaBBE?8? ai%%la%CE%?Bl et he

|t oor nd SERRRETE e yp iR gt h LipBEheLREREELLOR 5 03 SOTEASL LAy A7

the nechani cah SHUR! Rbenblce¥aUR! £s WBRDEPEULEEAVIRL Sk ﬁ%@Téﬁlc

oscillated in or sta l1zet outp power, center wavel ength
spectral - 1Q2ve b% ée§o§dph39ﬂgn98n %Qkﬁti\aﬁ 1heché kej1od 4hegal travi ol et
| aser apparatus 1261, a shutter may di sposed within the illum nation

l'i ght path bﬁh%@@nblﬁﬁ ubhﬁamhgtpb_aﬁ;e_bnasparaﬁ@StﬂQGétm@bﬁh&w@fer 1266,
or a stage 1267 nmay be driven to retard the 5 wafer 1266 fromthe

ul travi ol et whivenisafinefndah€aoni Bher deurth ptayenvatdbend th avowrettinght
fromreaching the wafer 1266 to photo-sensitize the photo-resist. The

sem condict opondiien $286tbgetberedibh the 3ndgkaftRGridawaveg which weas
mechani sm 1269. Wienever each exposure 10 is conpleted, by shifting the
stage 1267, Bathvavedengtpacoavarted: r absfriecant .o dec Klighngifs er ent
positions on the sem conductor wafer. Such_stage driving/exposure systemis
referred to B$TE95Fepland>LBpERD E?s?@h?tﬂg the stage driving/ exposure

system ot her than %he a??Yc) aJlows gn embodiment in which the
]

fundamental wave (having the wavelength of 1.544 pm) is

20 wavelength-converted to 8th harmonic wave (having a
wavelength of 193 nm) through 2nd harmonic wave (having a
wavelength of 772 nm), 4th harmonic wave (having a
wavelength of 386 nm) and 6th harmonic wave (having a
wavelength of 257 nm) successively.

25 In a first stage 518 of a wavelength converting
portion, LBO crystal is used as the wavelength converting
crystal for converting the fundamental wave to 2nd harmonic
wave in NCPM. The 2nd harmonic wave generated in the first
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15 there is a step-and-scan systemin which the support nenber 1264
supporting the reticle 1263 is also provided with a drive nechanisnléﬁHSEpzmz
scan exposure is perforned by shifting the reticle and the sem conduct or
wafer in a synchronous manner, the ultraviolet |aser apparatus according to
the 20 present invention can also be applied to the step-and-scan system
Incidentally, in an exposure apparatus in which exposure is effected by

usi ng P'traV'QEQE g%@@&enﬁ%ﬁnc@ﬁv&?%aﬁﬁp88EE§ﬁﬂpB§§35951H8¥hQ§ttQE a

ul traviol et apparatus accor gto resent 1rnven

normal l'y, botRchag bk%ﬁ%‘Qﬁbbﬁ@n?@h'86hvé¥%iﬁ§‘ﬁgﬁgléﬂdsabetHEBPgﬁtéon

optical system 1265 aré constitu quartz~lenses with no co

correction. E@ntBekiveankhsukasly mefhe dd3ona dtdgSERIL e wavel engt h

of the ultraviolet light is smaller than 200 nm at |east one of the plural
refracti on opbh¢akte@hgmpBirgieansbbt ut.BogctetANOlecthbea g8t tgal system 1265
may be fornmed fromfluorite, or a refraction/reflection 5 optical system
obt ai ned Py @awbilenaghatoheastiangecrekkalt sonthpti ckrorl enentndchacayric
mrror, mrror and the like) and the refraction optical elenment nay be
used. As nenwaveredeakwadpdt he ¢kpofiretappapet wavhaengght benvetrtamgol et

| aser apparatus according to the present 10 invention is nore conpact in
conpari son wepEtérhes l8andéht herabnagpusuee (hppandat asesvelengthanpl 886
exposure apparatus using an exciner |aser or a solid-state |aser) and has
hi gh degree Bﬁ)f#éeQQ#ﬁﬂBPdaPVaﬁ@PﬁBduHPF§°EéﬁsBPPEFPH§°Phefﬂﬁi Ht us since
various elenents are 15 connected to Ws ot

enbodlnent |Ha%WPBH°sW€NecHQFQ&PEP|%PlEge WaYﬁéeBQF8a9?BV%Ft}%§eP°55baPatus
di t t d th
aser i aéﬂeﬁﬁﬁ F5%,0r8, BR-perig) 6okh, raRGrnt Palo e Rk FhExes) and
the 20 Opt'C%E %ﬂ% Eher B%r%%QH dg3 hBﬁdsbB b0Enbhisto égfgfg ofpghird
enbodi nment , Ad Navelengti—c n |ng portion escrrb the ourth,

fifth, S'Xthsg a§%%%ﬁtBreE§9§h€8”5y359d§55?898d $eParaksly SRdeHQ‘@Eh

exposure apparatus. That Is to say, a wave engt converting portion 1272 is

provided 25 garmchedy wake! her@xBeeUr ByapRar aiArand Ribesrppehtnes &l aser
| i ght generating portion, optical anprlfler portion) 1271 of the

ul traviol et hasBioappatiairez dre dhepaghdaoubiildetatet benbody4of drmethe
exposure apparatus, and these - 104 1 1 SEP 2002 portions are connected
t o each Idi heptherobghda eoprédetrimgtfiiohedikrenticf78f ther2b¢ bansoniating
the ultraviolet |aser apparatus. Here, the connecting fiber line 1273 may
be fiber thelgwevpassedf tbspugpt tbal daaprpiremirror exinpserotatedebybfdl e
114 in the first enbodinent, and the |like), non-doped fibers or a

combi nati on PBREEESE. bynélaéggawpy?length plate 522, and the 2nd harmonic

wave reaches the dichroic mirror 525 through a collective
lens 523, where the 2nd harmonic wave is coaxially combined
20 with the 4th harmonic wave passed through the branched path,
and the combined wave is incident on a third stage
wavelength converting portion 526.
In the third stage wavelength converting portion 526,
BBO crystal is used as the wavelength converting crystal so
25 that, from the 4th harmonic wave generated in the second
stage wavelength converting portion 520 and the 2nd
harmonic wave transmitted through the wavelength converting

portion 520 without wavelength conversion, 6th harmonic
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portions of the body of the exposure apparatus other than the ul trﬁ%i EIJ%UZ
| aser apparatus can be constituted by using the sane el enents as t é
shown in Fig. 19. 10 Wth this arrangenent, main conponents generating heat
such as an punpi ng sem conductor |aser of the fiber optical anplifier, a
drive power supply of the sem conductor |aser and a tenperature controller
can be positioned outside of the body of the exposure apparatus.

Accordi ngly, a problem 15 based on heat, in which the body of the exposure
appar at us i swavé | (eaickeld by watee rnatlf rafim23¥e nuiht dsvoblteinedsby &ppar at us
(exposure light source) to deteriorate the alignnment condition between the
optical axestESMUERCY UgpReBalon 20Ty OB RaymoRicstavm Phtaiged 2m e
reticle stage 1264 holding the reticle 1263 is designed to be shifted in X
and Y di r ect 73VR1ERIEL dF PN ECTEHHA R Uh 11006 S Zon @Nide thét éPédhﬁﬁanéﬁaWPvﬁngl e.
Further, a reference ate FMis provided on t waf er sta

whi ch ref ere%%nﬁ‘ﬁpkt% é?’g?‘égl?s thes St W’W}Sblqoﬁé’eﬁgéggr 895311 f’é Wil |
be descrlbed later, Furt in the illustrated_ enb he e are

o ovi ded an PR ¥EEs LG Tattene Aty bl RTRERSRIRY RPRrRiFhe
reticle 126 %%a§952n%?31 £§¥E%g$zaé%%% 1f£c¥1 EJR %ggzgﬁ&sten1128l of

of f-axis type I'ndepend o ec ion op i cal system 1265. The

alignment SYsham, gﬁ% 08 veSe Agdq{af@tﬁ a%lao?r@o' dblybag! banal | ght

or illumnatio avi ng t sanme wavel ength t hat sal

exposur e l"l&'&lﬁ%&@é‘léhg}fﬁ)p%@ G¥1: 3 EHdcﬂrHH%nth'&ah%%m@Blhhﬁaﬁr@t' cle 1263
and onto reference narks on the reference mark pl ate FM t hrough the

proj ecti on opéa€hts S¥SEELEhIZHE mixrd® FECahdUghght sogeererated1bhenshot h

mar ks by an inmaging elenent (CCD) to 10 thereby detect their positional

devi ati dQ. Tomsthé¢i gbinventhayd erhe 6 tlsdhrimemiad wgvee passkdt hbroeghcltbel1263
and basel i ne neasurenent of the alignnent system 1281. The alignnent system
1281 of of f -@k¢ehroypaniereresSid 1eachahdhe WHicharoiicgmirtioroadlbihdonphht )
for exanple having a spectral 15 bandw dth of about 550 to 750 nmonto the
al i gnnent nﬁk@obge?hbv%em%n%ﬁfb{ orhefs dhel X4 Bagmesicora¥ehdfh i mages of

i ndex nmarks provided within thls S stemand i mges of the alignnent narks
onto an i naggﬂ@xe?yﬁén?o’(' t“bltc %ﬁ‘c}éﬁ f"iaéfﬁapaﬁégaati on

bet ween bot h_ar ks I’ICI den al | nt__s stems 1280, 1281
detect the rElFJé?‘éﬁlée g ke (i %*eraéﬁt niHQ.gF ffﬁlv Ba&&8 on the
result ofz it f tem 1281
can be (r%gasufe‘gf&%‘ﬁ (glgntgf]? alt E&L h the e{gg;ste |c%§%ﬁgl§ggregﬁbﬁktil}%

effected priggato 25 exposure of the sem conductor wafer, the baseline
measur enent nmay be perfornmed each tinme the sem conductor wafer is exchanged
or the baseline nensutkeefdurily DmdeeworaiRthgtic kohivertiagepaktion 532,
sem conductor wafers are exposed. - 106
BBO crystal is used as the wavelength converting crystal so
that, from the 6th harmonic wave generated in the third
20 stage wavelength converting portion 526 and the 2nd
harmonic wave transmitted through the wavelength converting
portion 526 without wavelength conversion, 8th harmonic
wave (having a wavelength of 193 nm) is obtained by sum
frequency generation. With the above arrangement, as the
25 wavelength converting crystal in the fourth stage
wavelength converting portion 532, in place of the BBO

crystal, CLBO crystal may be used.

Incidentally, in the illustrated embodiment, while an
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11 S E P 2002 However, the baseline neasurenment should always be efiffegtes
after the reticle is exchanged. In the illustrated enbodi nent, as a

wavel engt h converting portion connected to the ultraviolet |aser 5
apparatus (fundanental wave generating portion) 1271, the wavel ength
converting portion showmn in Fig. 16 is used. That is to say, a wavel ength
converting portion 1272 on which the fundanental waves generated from four
fi ber bundl e output ends 851 are incident and a wavel ength 10 converting
portion 127%3¥mhe ckhahethe rnikohirnig m&%n@rgéﬁ@ﬂapéd52ﬁgni§h€iﬁpﬁéﬁdbundle
output end 850 is incident are provi ded separately, and the wavel ength
converting peeling tbgosecondtany} dhird maviedeagkt soaveabirdf BPThdPHENg t he
illumnation_ optical system 1262 and the 15 wavel ength_ converting portion
1279 is int eyft@t | 320r oVPTRIF W YN % Satihatt dhenrdirngtt RBTRPP4RNBAVESy st em

O e ot B et erthd, A e e pa e 85l Rekhgnliocr, o
cource 187 Pevr Todrery Bl e i itded saaR FkE 1V dnaRarh® "
reference ; d i Iy |y Is i ght i t he sane
wavel engt h%@%ﬂ%ﬁﬁtﬁ?g%gs(uﬁo :tﬁ lrj%ldr?ataili?na fcgﬁ'?'nlt!t %gr Eggviﬁggﬁ’l tting

hi gh accur acyt 8¢ k86 &4 GOR - cdPrd G HE B tibn !(rszfslh_%ri byst Eatedgh

enbodi ment, whiTe an exanple that theil'lumnation Iight having the sane
wavel ength aghé hgd fPéréfe EXPOS WaHd lwiB 1eA nlelgght Hbwewbr ecd ARl 14r t he
al i gnnent system 1208 was expl ained, a - 10 1 1 SEP 2002 wavel ength

| onger than thethavekpnghdt {dwrirexssiestilhd wingh ¢figt.he1¢bposuhe third
illumnpation light may be directed to the alignment system 1280 or 128Z.
That is 100 ssyagenvaygelémegth staygemaing qegttiocnod2ér maggbporrrengedhomn in
Fig. 16, for 5 exanple, the pulse light emtted fromthe second stage
wavel engt h cor®esanegopbieabragss amthinseliafedhed otherhwayelgRatht system
t hrough the connecting fiber lire. Further, a part_of the gg% e |ight

entted fronPPRECFH1R¢ BRBLEOHRVABNRAP corifer SO GRS EREN r 'ﬁgge _
the Second sTEBEoRRVAEEnGPRS Softs crit it B0 8385 That o pul se 1 ghts
D2y "god 1 M YRS RS ST LA, O o B e R 0T 01
appar at 4 shouinhhi El PYavéland 6th harmonic wave generated in the second
and third wavelength converting portions 520, 526 have
elliptical cross-sectional configurations due to Walk-off
phenomenon. Thus, it is desirable that beam shaping of the
4th harmonic wave and 6th harmonic wave (incident beams) is
20 effected to achieve good overlapping with the 2nd harmonic
wave in order to obtain the good conversion efficiency in
the third and fourth stage wavelength converting portions
526, 532 into which the beams are inputted. As is in the
illustrated embodiment, by arranging the collective lenses
25 523, 524 and 529, 530 in the different light paths, for
example, pairs of cylindrical lenses can be used as the

lenses 524, 530, thereby easily effecting the beam shaping

of the 4th harmonic wave and 6th harmonic wave. Therefore,
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i ncl udes a wavel ength control device 1274 for controlling the oscill ﬁtf 9 00
wavel ength of the DFB sem conductor |aser (i.e., the wavel ength of the
ultraviolet light (exposure illumnation light) illum nated onto the

reticle 1263) by 20 adjusting the tenperature by using a tenperature
adjustor (for exanple, Peltier elenent) provided on a heat sink on which

t he singl e-wavel ength oscillating | aser (for exanple, DFB sem conductor

|l aser (11 in Fig. 1 and the like)) within the fundanental wave generating
portion 127199&d restebapiieg 261 tavidie gt haomondlc saviecénl2ié shivds to
effect both stabilization of the center wavelength of the ultraviolet |ight
and adj ust neard cfowpth catage oprvrelengfulsonvertdmg PesiiopssbLbond32

proj ection demagnification and the |like) of - 108 1 1 SEP 2002 the

proj ecti on ofpRRcee aghkieved 2e%, therelphtendlanagy thise coaygeEracbre of the DFB
sem conductor | aser so that the tenperature is changed at a unit of 0.001C
Wth this ar¢ehtER*EY- t he wavel ength stability of the ultraviolet 5 |ight
during the exposure of the sem cqonductor wafer can be enhanced, and the
optical propertiest¥FIEREFHY ecthoPIHANGEHIendy DLW CEBs EWRNFEAIfRY be
changed due to either illumnation of .the uy.traviol l,i_ght .ot .a.change in
2t mospher | o BrEEkerdtn conlir PAg bk i 29 8 e B asoes dpfaFafie
shown in Fi r rincl S | s ntr i 7 of..appl yi ng
driving vol tg%l%gp%% sééﬁ‘s‘%nt#g %ngi CI;I @dd&‘g?i r?é@elaggrr{‘sahtgg?'f%‘%i gabi {d? 1 and
the like) foisf@NYSTidNg ARCOROM MO oY 19GRE' et LEORNENGNG

si ngl e-wavel ength oscilTating |aser (DFB 15 sem conductor |aser) within the

fundament al weMBoREE ehadé NDs PO | Sdinel 2kl HHHHO FUlthe laitthharaBnexpRavee
control portion 1276 for cal cul ating the nunber of pulses required for

exposi ng.ot hesphth&t r eisé S2nd Vi@imditec ovavadlidn@atthe harmdnticawaiker aed, in
accordance with the sensitivity of the 20 photo-resist coated on the

sem conduct osimaltand@6$lynindbderxomn dle nhitride sdsgel watviedgngitii ng of t he
control pulse outputted fromthe pulse control portion 1275 and the

magni t ude ofcemeerbhng aboptiicr 320 acddbedgame WwFt hirufperagabeingft®rl ses) and
a control device 1277 for controlli nqbirZFS the entire _exposure apparatus

col | ecti vel y2rTRRIPECRE RBRYERP TR 11 A B9 A6 MAYS 1L IEBN CPBV &I ETT | ¢
current, of erelog! exeuehonglhe gBsul 84 ARk, Ll kg e
15 portion 532.

Fig. 11(d) shows an embodiment in which the
fundamental wave (having the wavelength of 1.544 pm) is
wavelength-converted to 8th harmonic wave (having a
wavelength of 193 nm) through 2nd harmonic wave (having a

20 wavelength of 772 nm), 3rd harmonic wave (having a
wavelength of 515 nm), 4th harmonic wave (having a
wavelength of 386 nm) and 7th harmonic wave (having a
wavelength of 221 nm) successively.

In a first stage 533 of a wavelength converting

25 portion, LBO crystal is used as the wavelength converting
crystal for converting the fundamental wave to 2nd harmonic
wave in NCPM. The fundamental wave transmitted through the

wavelength converting portion 533 without wavelength
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generating portion 1271 so that the single-wavel ength oscillating lﬁ% r aﬂﬁ
be pul se-oscillated. That is to say, by the current control effecte §§Pt
pul se control portion 1275, the single-wavel ength oscillating | aser can 5
switching by output either the continuous light or the pulse light. In the
illustrated enbodi nent, the singlewavel ength oscillating |aser is
pul se-oscillated, and only a part (having pulse wdth of about 10 to 20 ns)
of the oscillated pulse light is picked up under the control of 10 the
above- nent i ogedvepsionl anddthat 2hg khxnemnic (vave gensiidtacedn dhsul se |i ght
having pulse width of 1 ns). As a result, in_conparison with a case where
t he conti nuoW&veilgRgthsceBNoEFien anecdehayedi e 3 ikt -Wive RpASNEg t he
opti cal nodul ating el enent, Eulse l i ght havingﬁgarromer 15 pul se width can
r

easi |y be gel@V&reyCSRAGLLNELEscPYImERRT Phi2rWATe g e BdAtse 334gheehd
tart/ st f th illatign of th I | i ght b trolled by th
e e B SaSERbyEFErRhrLCE B ST A S Wbl d Y P
portion _1,J275 eff%cés no%028 onlé th nsvgl;t%hi n%tb tween ttelg u%ﬁe

osci | | ation ER&°rRE BEnePnisHse &ei 1Tt ST Re S ngPE=nalel €ngt h
oscillating E@ﬁgﬁrgﬁﬁgabBQtﬁﬁﬁ;§95"ﬂ90055$$§g€%%'d§§dr¥%'ﬁ&frva' and

pul se wi dt h, "upon e  0scCi roh, and s at least one of the

oscillation gagbhehgeh E:Bﬁ?ré&\;g?i[ugé&’f‘yﬂ:51'9"1]5\.11.251195.@ ldsdd e h§r and

control of the magnitude o e pulse applied to the optical nodul ating

el ement to cepaRengaketbhpetrHabi-enal ProdépEt s Bdm thitatbuls &Hd Hitrs tBY téjeng
this, the fluctuation in output of the pulse light - 110 1 1S EP 2002

caused upon qbeegengthheonserthiayi pertnder yeBo hetyed )t Iesul a4 thgbts or
upon restart of the pulse light can be conpensated. That is to say, the

out put (It ewsveyengtht beniveghingapobtiomi H3 i nfcbnt cdthee Ak thearmiopliloy a
constant value 5 for each pulse. Further, in the pulse control portion
1275, gai n oWaye Peasratrd &h pharfirstbstagptwavglengiih fqaaaventizag 18, 19
in Fig. 1 and the like) arranged in _serial_wthin the fundamental wave
generating pBPEtdAN1573 ??daﬂgﬁsfﬁﬂ?a@ﬁﬂtﬂb Y3 ensFansmt tate thiodwh j ght on

th ' duct b trolled I t) ' dj,ust t b
2 conbi nat | ofG! ERE 1GAFERa AP DX AERPS G- EHER o A ALY RSB

Al 9 €LaSRE L 353 Abkiont % Dabf'e Bt PPt o
Chamnel 8 016" oBRSTALE. pinebher UL ALE sl e cort o] oo
The 3rd harmonic wave obtained in the wavelength
converting portion 536, and the fundamental wave and 2nd
harmonic wave transmitted through the wavelength converting
portion 536 without wavelength conversion are divided or
20 separated by a dichroic mirror 537, and the 3rd harmonic
wave reflected here is incident on a fourth stage wavelength
converting portion 545 through a collective lens 540 and a
dichroic mirror 543. On the other hand, the fundamental
wave and 2nd harmonic wave passed through the dichroic
25 mirror 537 are incident on a third stage wavelength
converting portion 539 through a collective lens 538.

In the third stage wavelength converting portion 539,

LBO crystal is used as the wavelength converting crystal so
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detect the fundanental wave outputted fromthe fundanental wave gen&rdaXtPdll
portion 1271 or the ultraviolet light 20 outputted fromthe wavel ength
converting portion 1272 or the pulse light outputted from for exanple, the
first or second stage non-linear optical crystal within the wavel ength
converting portion 1272 and to control the pulse control portion 1275 on
the basis of the detected values 25 (including intensity, wavel ength and

spectral banguihgt fhe EHﬁﬁ?ﬁ%Rﬁghu§5vgg%§h@rQﬁ&%%%@%%Pg%i§$éﬁs@%e pdhe

pul se light, start/stop o e oscillatron o tand intensity

of the pul sectigbhi ﬁﬂfhbﬁf:whbélgﬁégﬁtégnyéfgfén'aﬂéj%he Ind mafndn #9002

are inputted to the wavel ength control device 1274, ere tenperature

control of t\hé‘véiﬂ§|6oﬂﬁéﬁtéagiﬂt95@£ﬂ1|ﬁéfrﬂ&nié‘s‘%vésﬁ?é\fﬁ?éecg on the basis
of the detected values to adjust the center wavel ength and Spectral

bandwi dt h of watie18ngx¥possr 886! huyi DAt LBONEr¢stAT ay od&dod @SBLrmd gt ) -
The control device 1277 serves to send information regarding sensitivity of
t he phot & r egésératnont r dfhe 4tEadiangnadald cavien@btaiowd ifhorheeadi ng an
identifying mark (bar code and the |ike) provided on the sem conductor
waf er 10 or waveieedtk hohvéengindepsehicwmnsidetamd weierfurddmmmittdedvdye t he
operator to the exposure control portion 1276, where the nunber of exposure
pul ses requi FEaRFBitiae pPhaerethroughsiee rsepprated| byl thedliohndic basi s of
the inputted {nfornmation. Further, the exposure control portion 1276 15

control s t he™bEFSE 2dht r 3hdpbhe; brndamental (vave RISSe throuahtidre of
exposure puléeg and intensié% of thgqfulseIiéﬁi}deternined !n accordance
with the pul SECRERDSrJLFReT BISRRF uSRT SR 2 YD N8R i eﬂ%}ﬁtlﬁe
it f I lied to t t] | nod ti t.

ne 00 1Boour et e fEO, By £ ubiAREs Ef RS ctfe i Lt d-T I?E d

I i ght i i . ,
Phe. i nt eqrat S P gheadsl favé Lengtif NI WS o s POl RRES Lot on'
of the plurabeiet Seahd 9Ntfe | Srif M Ffb £ J AT APId SRUR DPIHYE QAN 25

corresponding to the sensitivity. Incidentally, the exposure contro
portion 1276msends $he coavmes & 0aiderPid @Sy rEd3 F}_Q{J:tdu%'h }275 to cause
12

the latter to effect the current control of the single -
collective lens 542, where it is coaxially combined with

15 the 3rd harmonic wave reflected by the dichroic mirror 537,
and the combined waves are incident on the fourth stage
wavelength converting portion 545.

In the fourth stage wavelength converting portion 545,

BBO crystal is used as the wavelength converting crystal so

20 that, from the 3rd harmonic wave and 4th harmonic wave, 7th
harmonic wave (having a wavelength of 221 nm) is obtained
by sum frequency generation. The 7th harmonic wave obtained
in wavelength converting portion 545 passes through a
collective lens 547 and is coaxially combined with the

25 fundamental wave (passed through the dichroic mirror 541) by
the dichroic mirror 546, and the combined waves are incident
on the fifth stage wavelength converting portion 548.

In the fifth stage wavelength converting portion 548,
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1 1S EP 2002 wavel ength oscillating |laser so that the start/stop of éﬂ?ﬁn
exposure (pulse oscillation) by the current control alone or by a 115
conbi nati on of the current control and the control of the optical

nodul ating elenment. 5 In the illustrated enbodi nent, when the | aser
apparatus shown in Fig. 1 or Fig. 2 is used as the fundanental wave
generating portion 1271, one pulse |light picked up by the optical

nodul ating elenment is divided into plural 5128 in nunmber). In the

i |l ustrat ed L&Chodiystatl, ishased gsvibedvayeglength ¢oymesting CE)‘?aYsrtéﬂarScféd as
one pulse in total and the exposure anmount control may be effecte q§sed on
sai d one pultdat,n fremlther fuagameptahevavei gBd 158 %%g%%P%?gﬁﬂ¥FTéhF e
regarded as one pul se respectively and the eﬁpo?u §5am ni cant rol y be
ef fect ed badedmomissv@veadhardngypsuavehengtht & |§7,3iW“§J e’ | ‘i%’rnec‘gge, in

pl ace of the control of the optical nodulati el.ement f by it he
pul se cont r &Y oI THeILPSY GFDETALERD; ¢ 1Ibft eatbchvfesea]i‘?':faéﬁ;ég‘“(;%gltt’héLtn

i condyct f troll j usting, t ' i b
opti ool ArpiEYatE S5.E BB S P GARAOAI IRy A hCHET e T WEIT B 1271
or a combin io’l,q‘,ﬂ ﬁtrgyes % t"ﬁac‘}?#r %Et Bth RErisRYc FHvEhecnpdhe exposure

appar atus sh can éffec exposure of the sem conductor

waf er by sel j,vel i tehi he step-and-repeat system and the 25
ce.r.%;étqeie% c%%’ﬂn @ﬁ i d,

st ep- and- scan “sys e step-and-repeat system the field stop

(reticle blind) wihiyhd heidderdcedt capboaRikatl, syatemtA@62rd shalrmomicto
adj ust the magnitude of the aperture so that the entire circuit pattern on

the reticle wyavd3and 4t 1EMAAR? whie3 are iihcidienat ed bhet fieurkipostage
illumnation light. On the other hand, in the step-and-scan system the
apert ur @oof waneeIdrayth stapvest iad ypstrdd oo 5¥Batthrbagh| thai Ahfferedtea of the
exposure illumnation light within the circular 5 projection field of the
proj ecti on dptgltial patiss et ckenss §40rifioad Gpdlﬁé’t&nﬂeé‘&naﬁﬂa]?‘a’élf‘?{‘lc
extendi ng along a direction perpendi cular to the scanning direction for the
reticle 1263vavecendiHeg ylens Q‘f?e qncodd@cddas st é‘ﬁ#‘ gF‘ﬁE@nbﬁl Y28 part

of the circuit pattern on the reticle 10 1 6§.i§ ilg%ggnat 4{hcwder to
scan- expose & Rfit3¥ERISL IR t Fehthe 9B 85 ct or water, in
synchronous with the rel ative novenment t { rat | and the
exposur e iII%ﬂ¥m%?+%ﬁw?Y%h??n?#%?%é:ﬁhuﬁ% u??%?ﬂhgﬁggglggggﬁéggﬁPfted

relativeelo LESuEKPORHT Sobbis 09 IOl IO otk epesd-tatiaonal

correspondi ng ection demagnification of the projection optica

system 1265. By § herieYon | fud Neo GXPOELIEE PHEHBmI@M.I OThupoNi t his
scan- exposure, by adjusting at | east one of the pul se repeating frequency f

defined by theseopabral thatubsean nshaflimd enferthearitht harendiy wawe BEtween t he
channel s defi ned by )
effected in order to obtain good conversion efficiency 1in
the fourth stage wavelength converting portion 545. In the
20 illustrated embodiment, since the collective lenses 540,
542 are disposed in the different light paths, for example,
a pair of cylindrical lenses can be used as the lens 542,
thereby easily effecting the beam shaping of the 4th
harmonic wave. Thus, good overlapping with the 3rd harmonic
25 wave in the fourth stage wavelength converting portion (BBO
crystal) 545 can be achieved, thereby enhancing the
conversion efficiency.

Further, in the illustrated embodiment, the lens 544
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the TDM 23 shown in Fig. 2, the plurality of pulses are oscillated at ggﬂhmz
time intervals fromthe fundanental wave generating portion 1271 durihg e
scan- exposure. Further, in accordance with the sensitivity property of the
photo 25 resist, by adjusting at |east one of the intensity of the pul se

| ight on the sem conductor wafer, scanning speed of the sem conductor
wafer, oscillation interval (frequency) of the pulse light, and the width

of the pulse light ii.e:, - 114 1 1 SEP 2002 illum nation_area thereof)
regardi ng t hEOEcarhi Agt Y ebRe churdanent &l Hath ditGistentadr thend ifklegr at ed
| i ght t of th I I I lights illum nated il h i nt th
e conduot of EAgF ovaTeLHRg RGP aRFeR SR PeniiRA ikl GohrBs 4P Bt rol  cd
toth ti . t..l.n thi in th
control . in bohetaer S EHRO orht hF gt ghe iy e ey AR teRsl 3 Bsst

f the i ' | i ght [ ks i dt h of
the 111 um naft EECEREE LA0RE, BEPIE. | 18 poe RarnBhiRousbe EREY,RRE ThAID ©

sermi conduct ofuakehr i 2PREQhIRL ALYG I AN 0 ROl Bee 3By O 2

hi ghest speed of the wafer~stage e scan-exposure is

effected by yshpgtibgel! 85655 2P0 HEASL LW dut i ibn b to Walk-oeF the 15
exposure anount control) it is preferable that the divided 128 pul se lights

are oscill at pleabmefigal tHEs | niterivaldesi@abhat thaehpebmt BRagingded pheses
is one pul se. However) the 128 pulse lights nay be regarded as one pul se
and the expojuhehapmoniccwate ols neffdetgerimromitisad abfadn goed20 Z28
pul se lights can be regarded as one pulse (i.e., the shifting distance of
t he sem condachversabprefifiicbendre iR 8thpil Kief th gitage evayeilegpathl uni nat ed
does not becone a factor for reducing accuracy of the exposure anpbunt
control )1y sapusrtipdtperbien| $48i o?lni vher vdllussrated embodinenEd 128 25
pul se lights in accordance with the scanni ng speed of_the sem _conductor
waf er. | nci déhRae| §hej gol hechbv® cleniRT ottty 7 ARe dHspaseehtd &St he

t i ti [ t jolet - 115 1.1 SEP 2QQ2
Bppar at us 1 of EEEERbET hiobherBtEbutt SEVAFERAS: o PRI R SV L18F ARPthe same
as that of ”_ﬂgnéég. Séﬁ' ggruggae so{hgz%érﬁ?%ﬁy‘faﬁiheé&@b@ neds e present
invention is"hot Timted to such af ulfraviol € 1aser “apparatus having such

a 5 wavel enggfeeB¥ingaPnd! B¥AHCsRAp G & | USTAIRIRRRY 3l CapaRke of
generating a wavel ength of 248 nmthe sanme as that of the KrF exciner

| aser, hys apgoear bateidpseh§Chity fhé anaeIBiDl wdie |ias ahedenghat i Ng
portion, optical anplifier portion and wavel ength converting portion. 10
For exanpl e, shigaswagedenythecbnver{ by sopeibr | (I8B0 crystal) 548 can
be achieved, thereby enhancing the conversion efficiency.
Incidentally, the arrangement between the second
stage wavelength converting portion 536 and the fourth
20 stage wavelength converting portion 545 is not limited to
that shown in Fig. 11(d), but, any arrangement can be used
so long as the lengths of two light paths between the
wavelength converting portions 536 and 545 are the same so
that the 3rd harmonic wave generated in the wavelength
25 converting portion 536 and reflected by the dichroic mirror
537 and 4th harmonic wave obtained by wavelength-converting
(in the wavelength converting portion 539) the 2nd harmonic

wave generated in the wavelength converting portion 536 and

- 73 -



| aser or a semiconductor |aser capable of oscillating at a wavel ength of
992 nmas the single-wavel ength oscillating laser in the |aser geneﬂ&tSEPgZ[][]Z
portion and by using an ytterbium doped fiber optical anplifier is used as
the 15 fiber optical anplifier and by using an LBO crystal in the

wavel ength converting portion whereby the output fromthe fiber optical
anplifier is subjected to second harnonic generation (wavel ength of 496 nm
and 4th harnoni c wave (wavel ength of 248 nn) is further obtained fromthe
20 resul ti ngP8&Epat thyoughnghe @beheeiStBITIHS 3 taney isdimat faresusdypar at us
capabl e of generating a wavel ength of 248 nmthe sane as that of the KrF

exci mer | asetPEAHEBE BRovRBeHavVELER gt GPRYRTTiNg @%fé@étm t RSt he

fib 25 | ud fib t f d t h t d

erbod: ment & ALECANE By TArPBrEne TRETRACTES ?e&agq‘e?aaariet 3L F AR The

fib bj ect ed Tef | t I ted

W thin the -V3yglengghogiyept aﬁ%‘%‘péﬁﬁmﬁaﬁ B R 15385%f the

exposure 5app§égy_,dgn LE 88%8’%9}{?1-@;#9{'0“ reason i s that forel gn natters
er

(including fi ces and génerated fromthe f| bers may becomne
contam nant for co n e p ARPATRIYS co provi di ng
the Tefl on coati ngpiggg g?kggtf'% %§(§2nﬁ%%onsﬁt uti ng the |ll um nation

optical systgekipiehegt bRl %ék&?& SYEHOM S0 1 | HYERIHe O B Marfbniiem
fluctuation in transmttance (reflection index) and/or optical properties

(i ncluding awaveaihawingf wafelbagth opt i T8 my S 3% eaid dHamielatiinoach
illum nance and distribution thereof on the reticle or the sem conduct or
waf er, all ottebechbiéadénedufedmbiesberesunl bsn mesgardican the prenedreingdth
Further, in place of the Teflon coating, the fibers housed in the chanber
may col I1dtti eenhyepgisgcpostdions shownsimiless K@ teasildd) - ndkdental ly,

a sem conductor device is manufactured by a step for effecting
functi on/ per fEPAaABEAdEB| §het Abpeefmentiorea fepbadimandy dheeudpalto®ft he
basis of the de5|8n|n stei a steg for form%tg a wafer fromsilicone

n¥ i)

material, a dBesf ENERL YRR Rag REFRtRMY (Pt &) KYonddtisife WA by

usi ng the abo ey rrentl an d exggsu e appar at us enbll t he

devi ce (incl u |ng Bar cPhg®&t epPeBond? n s?uepn%cf)%aﬁ@aéﬁ ng s%iepVe %& a step
for checki ngoﬁ'ﬂ?u‘éex!fci Furgdel,p d{t@xﬁxmswa%_ %Bﬂﬁﬁattﬂﬁt‘?%ﬂe 4sgdefoOr 25

manuf acturing o 't quid crystal pl'ay, an imagi ng el enent or exanpl e,

CCD), a 1tahi noki ltma”%ﬁehlaﬁmbﬁﬁé \%vél (B4¥ £ P(j—‘ wafe MBI tIAD ARG aai)uorg of
t he sem conductor elenent. - 1 1 SEP 2002 Further, the exposure

appar at us aceaegi agahﬁettheebbtnugtzmaﬁhenmdtmntamred@a;mmfwﬁmm@d in
such a manner that the illum nation optical system and the projection
optical systportéanhsbowst ituFid. byl eap) urad i3 ymf(ioptihealwavelength
converting portion shown in Fig. 11(b)), 40.3 mW (in the
wavelength converting portion shown in Fig. 11(c)) and 45.9
20 mW (in the wavelength converting portion shown in Fig.
11(d)). Accordingly, the average output from the bundle
obtained by bundling all 128 channels becomes 29 W (in
Fig. 11(a)), 4.9 W (in Fig. 11(b)), 5.2 W (in Fig. 11l(c))
and 5.9 W (in Fig. 11(b)), and, thus, in all of the
25 wavelength converting portions, the ultraviolet light
(having wavelength of 193 nm) having adequate output for
the light source of the exposure apparatus can be provided.

Among these embodiments, the arrangement shown in
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5 elenents) are incorporated into the body of the exposure apparatus and
optical adjustnent thereof is effected, and the reticle stage and thé SeRf8?
stage (each constituted by a plurality of mechanical parts) are attached to
t he body of the exposure apparatus and wiring and piping are 10 connect ed,
and total adjustnment (electrical adjustnent) operation confirmation and the
like) is effected. Further, in the above-nenti oned exposure apparatus, the
ultraviolet |laser apparatus 1261 is attached to the body of the exposure
appar at us, ahilgpattéa] | Bsenogle nsimenlie@nsbmboyiyess hdghessl cappersiienr and
the like) of the ultraviolet |aser apparatus 1261 di sposed outside of the
body of the ekpbsieecrppdiatsus thee uddmarérday Lighthehavibey vavelergthhe
wavel engt h converting portion di sposed within the bod and alignnent

bet ween t he @bt 123l Nk eBavpbadeatedunt &I a B toIfor f@eléééptaﬁBEF fuSt1261

(wavel ength converting portion) and the illum_ natjon optical stem 1262 is
effected. | nERGeRXRPFYTe| RPPRTYELT (CAT g’ec I%Ovt%@dlef‘ﬁgguw e&pﬁi%a?ﬁ%'kleg

fact d i I i ich at t d_cl .
Control | 0. 95 FRERRERELPFy o ne R it e O s i B CAN B Aol e ¢ hat
t he | t ' ligd tg th Lhed, f
exampl o, t heoPRERt T apRar s C o AR (RS (PRRE e mRed), TP CRETEE 1O

applied to af%.r%#égand gag?ﬁgp?lﬁ%g%%%ﬁgg (2RAId i 13P P FHeluibe qU 28 1f/(%r

cutting a par use an circuit pattern forned on the

waf er. Furtheg, ﬂﬁea 8SEhe 2DRAARL USs 35N Dt @uidie wiie®s SRt pluftv Ot it can
be applied to a checking apparatus using visible light or 5 infrared |ight.

In this casefuhBahént8l weadi 16Wet hetian hehevasial Eh@int aQomarkt iomd poar tinon
described in connection with the fourth, fifth, sixth or seventh enbodi nent

be i ncorpmor atkd apbeehbatiased appedhterst fhatsdd. to say, the present
invention is effective to not only the ultraviolet 10 | aser apparatus but
al so a | aser appar @ihuthhaairngngememt esleoun hirc @dnar tildg )poatlitheughd thgapt ed

to generate a fundanental wave having visible band or infrared band. - 119
number (five) of the stages of the wavelength converting

portion is greatest among the embodiments, the conversion
efficiency to the wavelength of 193 nm is substantially the

15 same as those in the embodiments shown in Figs. 11(b) and
11(c) and the substantially the same ultraviolet light can
be obtained. Further, in the arrangements shown in
Figs. 11(b) and 11(c), since the BBO crystal is used for
generating the 8-time wave, the 8th harmonic wave 1is

20 absorbed by the BBO crystal, with the result that the BBO
crystal may be damaged. To the contrary, in the arrangement
shown in Fig. 11(d), LBO crystal can be used for generating
8th harmonic wave. The LBO crystal can easily available
from a market as good quality crystal in which an absorbing

25 coefficient for ultraviolet light having wavelength of 193
nm in very small and which does not arise any light damage
problem, and the LBO crystal is advantageous from the view

point of its endurance. Further, in the 8th harmonic wave
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11SEPZ2002 WHAT IS CLAIMED IS: 1. An ultraviolet |aser apparatus
conprising: a |aser generating portion having a single-wavel ength 17 SEP 2002
oscillating | aser for pulse-oscillating |aser |ight having a single

wavel ength within a wavel ength range froman infrared band to a visible
band, and an optical nodul ator for narrowing the pul se width of said
oscillated laser light; an optical anplifier having a fiber optical
anplifier for anplifying the laser |light generated by said | aser generating
portion; and ﬁom/a%w@abeh ¥aroLergHy %rkﬁg D orgeRAFA MG POF3APErt i ng t he

npllfled | aser into ultraviol et ht by using a non-1|inear _optical
crystal ; mhe?%BQoﬂgFr%@POFEYSF?bﬁtaﬁ%ﬂ??ﬁﬁl?%ﬁ%ﬁﬂﬁ?ﬂ@iﬂﬁ HGER M tg8ASMat ed.

2. A It | t di t | , wh d
Singl e MCZ‘Y"@%& t388° | pARR %%2@1?3%%“ 't;&lr‘igzéanadl% Le Gheadposhe

illati th [ | at
Coctl enat NI FEYELERGE TnbRY %ﬁe? Jg%% ﬁa%s ' eeaiﬁs%?f%éav%‘wéﬂgm a.
An ul tray ol%{;lgﬁ@sreaapaaetg peses aane e GR o110

conprising a drvidi ng I hg or Oranc l"aser

light gener %nggﬁiéﬁ\' I@ FSbE&@d%ﬁ”@é&&?&éidrﬁ%ﬂﬂu 't@x%erLHd“c‘%y@tha'

lights. 4. An travio aser apparatus according to claim 3, "wherein

said |ight di¥ding fgyi €§y9€‘§lal§pt|1§éc§et5néé¥ AindigH RGnerftiirehi ng the
| aser light generated by said single-wa~relength oscillating laser into

plural 1ightgonhiehonle A Paredd @, tihechaset harchand angdesphatber is
provided at its'output side with
reduced, namely, the constant (d.,) can be increased,

10 thereby improving the 8th harmonic wave generating
efficiency.

Incidentally, in the above explanation, while
preferred embodiments of the arrangement of the wavelength
converting portion in which the 8th harmonic wave is

15 generated from the fundamental wave was explained, the
wavelength converting portion according to the present
invention is not limited to such embodiments, so long as a
wave having a wavelength greater than the wavelength (1.544
um) of the fundamental wave by eight times is generated,

20 the same effect can be achieved. For example, by
wavelength-converting the fundamental wave (having
wavelength of 1.544 pm) to 8th harmonic wave (having
wavelength of 193 nm) through 2nd harmonic wave (having
wavelength of 772 nm), 3rd harmonic wave (having wavelength

25 of 515 nm), 4th harmonic wave (having wavelength of 386 nm),
6th harmonic wave (having wavelength of 257 nm) and 7th

harmonic wave (having wavelength of 221 nm), successively,

similar effect can be achieved.
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fibers having different lengths. 5. An ultraviolet |aser apparatus 11 SEP 2002
according to claim4, wherein the lengths of the fibers haring different

| engt hs are selected so that delay intervals between the |aser lights
branched in parallel at output ends of the fibers becone substantially the
same. 6. An ultraviolet |aser apparatus according to claimb5, wherein the

| engths of the fibers having different |engths are selected so that the
delay interval between the laser lights branched in parallel at output ends
of the fibers becohistials 338 ocas é%e;ﬂqankﬁnagw pegdgpddcryegaéacysed t he
| aser light incident on said splatter and the nunber of |ight paths
branched i n Par%ayelength fonegratanr LBR cxysipedr &aPobst UF§dePSapPar at us
according to claim3, wherejn gééd | i ght dividing device conprises a tine

di vision - 1%30Ver§ing LR PBHOMAPTHEIEAY 1Be ANNGRPPRTPS| WRpVPadBLO

SE0a opt cal CRRpPIR BFEROGLS diar e TP itk CERUSeopeRs: ACulBl angth
Fiber ina taphyShcble PErBtatls & R B 1S, Zng” BptiikBih: G805 °,
the aut put cracer taa AR e e o A et oo o BP B O o of

sai d wavel engthe £QPYRE LAY POK thDndP PRRAMSAYY Wuli FReluBAeY BBABBARtion
provi ded at an output end of a fiber and allow ng the l"aser light anplified

by said optigate@dndhi ther24@ herhdémits v rid aiet hagwehicl@Wava) BBO

ul traviolet |aser apparatus according to any one of clains 1 to 7, wherein
sai d opti cal cepptali eancoapise@sfan gsrinanicepatef 7y harmbnficewavélbyAn
ultraviolet |aser apparatus according to any one of clainms 1 to 7, wherein
sai d optliocal sampirégeencynpensest torf ilFedmn ddle dmpdamestadopesebandr bi um
and ytterbium 12. An ultraviolet |aser apparatus according to any one of
claims 3 to thevhthcharmanic opaveal anthgiBG oy sitad] ga@ds bg psedafpry of fi ber
optical anplifiers for anplifying the plural |ights branched by said |ight
di vi di ng devPeReTrabipdcthe et harmopiq wave, iy sum £L6AUERFNr at us accordi ng
to claim12, wherein sajd optical. anplifier .includes _a_.fiber t put control
devi ce for c%ﬁP?B?lF’r?n‘@ As c‘i’?ihbeir%ré‘;rf’é‘?et‘&? Wé"é{c?haf‘dlfge 7% ) sep 2002
of said pluralj fLher tj cal li fiers t t

ul traviol et ﬁ%gﬁ%ngéc%%gg'aqgf%bgfbiﬁﬁﬁeﬁagégh?gﬁéggﬁ?32¥gﬁigﬁ%sgi%ﬁﬁﬁ%
anpl i f1 q@ bypgahde@! H6R! §&NePht {APHnO B HardiBRilcl Wake ,PEEY Broblem
predeterm ned |ight outputs. 14. An ultraviolet |aser apparatus according
to claim 12, rehereingt tRe Oddmage eofl €ie Sayb Rl idee)s arl ialiee,paaaided at
the incident side of said wavel ength converting portion is fornmed by

di vi di ng t hethusputsagadst othé MEBQ| ey tdly iof ddviamtagentis.one out put group
or plural output groups and by bundling each of the output groups. 15. An
ultraviol et | aser Bpparnangingconrelivayealengtdl mohvenitisgeperthenoasput
groups of said ogtical anplifier divided into the plural groups are
constituted BYyeafeurth empedimepbuptherffanemgddwayg Saxisg $BGeral fiber
out put ends, and_second gne or nore ural output groups fqrned by either
bundl | nf henRERREROED. P bor S bt Hh obh FETATRHCR o Chfe LHPASREBEERUL or oup
to result in singl e_bundl e out put gro Qr_ bundl i ch_of plural output
gr oups, obt af ned %%“%F%EQP gpggﬁf)?eé%ﬁt#%uf%ﬁ%%ggggugﬁﬁﬁvgﬁ gdo ﬁé? t han

the Tirst OUERHtagERHD1ol 0 eoukt haAlgrale bRdherotPYE goaups. 16. An

ultraviolet laser apparatus ac _ claiml~ “wherein the output
end of said opti caxheﬁeplaffﬁupépvaﬂe%h@éméﬁe Jf@ dRaRe1ehdenof said

wavel engt h converting portion has w ndow nenbers provided at the fiber

out put ends &ehvBEtDNgbpSEtise Sasdr@ind N He WrededtPInventnoat hxel y and
allowing the laser lights anplified by said optical anplifier to be

transm 2t5ed shewat inobpgy. 13.adna ufiftdyiemieidinesar. appathissSeacedimeny, t o
cla3.m14 - 123

a fundamental wave having a wavelength of 1.57 pm and

emitted from an output end 601 (corresponding to the output

end 114 in the first embodiment and output end 29 in the
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1 1 SEP 2002 or 15, wherein said wavel ength converting portion is priovjEremw?
for each of said output groups of said optical anplifier . 18. An
ultraviolet |aser apparatus according to any one of clainms 1 to 7) wherein
sai d Wavel ength converting portion is provided at its input side with a

i ght collecting optical elenent for collecting and directing the | aser
light emtted fromsaid optical anplifier into the non-linear optical

crystal. 19 5BoHh! EUbALRAERLSEE APPRDALUSAGEL! £k "GubReCtan k8, Ul Lher
I ght

conprising a Ividing o ranching device for dividing or branching

the laser |ighimbRig BEHEEBthBHth’1@ﬂﬂ_Mgfﬁgﬁﬂcsﬁégeoﬂiiﬁ@in@nﬂ$ﬁiier has
a plurality of fiber output ends for emtting the plural branChed |ight,

and said |'Qminéﬁk|Sﬁtieﬁlebﬁﬁﬁﬁhlb§ Phe¥eBedgéREr£8£Hg Oh1 62491 OUEPUL
groups obtained by dividing the plural fiber output ends into plural groups
and by bundl Laghthra¢iivgdadwgieupfigtBOof AD5Tl Aimavhe| €amé ager tRgpasat tise
according to claim18. wherein said light collecting optical elenents are
provi ded Sy ForIaser i hdnaidenttadigs as théubdadkesdadutwput geoepatahgsai d
optical anmplifier as |enses, respectively. 21. An ultraviolet |aser

appar at us acporting aogcerdingl8¢ fhishembedipenti ngha fughemenvali wgver
branchi ng device for dividing or branching the laser light into plural
lights, and ghBeERrkiBgi BoBpiPRalnafpLhercpn@act athe ufFbrstytof this@r out put
ends for emtting the plural branched Iight) and said light collecting

el ement is pPBPPaéEePBF gxcRoPpinatign thereof @apobs ¥Hedfi ber out put

ends. 22. An ultrayiolet |aser apparatus, according to claim?2l1), further
conprising a IightIHi5P8iﬂﬁrﬁPgﬁggﬂﬁh?ﬁgtﬁ%vV%%ﬁf%#n FRi SRR RY anchi ng

he | i ght_. i Lural | L.gh wherein saj | ljfier h
ol urardy BPEFLBbr sBakhirncRed: Thp otpl FRBS RSB I T L BRRY 5y

and sai d || ohveokhgehi BY §870hs R5 SyRGOYLARCh DIOKOERLRG LheoPLbkal (1 ber

out put ends as l'ensés, respecti . 23. An uftraviolet er appar at us

accordi ng tvnasmoane whvel 2hB%ikg! Ravel¥hgiRi BrSB hRFefn aph&g
portion generates |aser |ight having a single wavel ength of about 1.5 ~. m
and sai d wavehemghicCcRaver (ha¢iRgr whP818RGERAGESTEE LhAY] Obeh haghéniavi ng
8-times or 10-tine high harnonic wave Wiich is obtained froma fundanenta
wave havi ng wawved (hRueliaggiwhvelieaboht of. 39p0% onrh push@ds th dnasmoniopraceal
anplifier. 24. An ultraviolet |aser apparatus according to cla~. m 23,
wher ei n ISai d(banghg- wavellength ofcilPbalbngm) aseccessivéles drDRBe
sem conductor | aser or a fiber laser having an oscillating wavel ength
falling wthihlustragedi epRrdiBentuninowavebenghl) eoRvent HN%aseredyt h-
converting portion aenerates 8-tinme high harnonic_wave havigg a wavel ength
g I

falling wthfR°® FaHgBAFPBR EataNf FBREERLHAT B3 8WR RATRANA DI B2VE aser
appar at us accokdiggitg claigh2§ ?ﬁ %ﬁ .&he egg aédrgén éfiygvelength
osci/llating Paser geﬁefaW%g Y Ilgﬁ% ﬁ%ving oscifrarrng wavel ength
falling wthj 3 5 ; el ength
converting pg?Y?%%ﬁagﬁe%gggélg?ﬁénggﬁ?%% %Egn%%?ig%tﬁggtéa§%0§ﬁ% E P 2002
wave havigg Raya¥ghengbletathbRg Within a range from 193 nmto 194 nm which
is substantially the Same as an oscillating wavel ength of an ArF exci ner

| aser, 26. An ultrauiehet,| asethaPPalasta BE€ hbodhon €] 44N & o4,
wherei n said wavel ength converting portion has a first non-linear optical
crystal for geneaat bopgiBali beybtghsharBOnceyseat i thse@spectgémwetditing
fundanmental wave, which is obtained fromthe fundanental wave and 7-tine
hi gh har noni theag¢edwhakmpaipewaveofrom fhedinedenen el ewdvye shmséd equency
generation. 27. An ultraviolet |aser apparatus according to claim 26,

wher ei n saidSﬁﬁ?éﬂeh@?ﬁoééﬁvGPPPﬁgtbéﬁtE@nah@BV%l%@@bth%@ﬁ¢¥h%%$ opti cal
crystal for generating 2-tine_high harnpnic wave which is obtained fromthe
f undanerital gﬁﬁélPHréaﬁh 888ohBAr GTRFEALNEF nBReY ERRIERPHALIRIt Hi¢ gdth

non-linear optical .crystal _for nerati 3-tinme hi har goni ¢ wave _w th
espect to ¢ REEPARAENUAVE: EraPeChR: ERI BIEROI HetRYS ORATFR PRroErERtal vave
and the 2-ti high harmonic.wave by sumftr n eneration..a fo h
non- | 1 near  oBRFign Ler SEPRrar bl Enok P eTe Tt oSt e R FLR bR e B ¥l 1
respect tot a t v i~Gh tai;ne 0 h =L i gh

har nmoni ¢ mavgﬁfﬁﬁgggﬂggé%%ﬁﬁg?3Eﬁ@%ﬁ ﬁgﬁﬁﬁﬁﬂbigeﬁg%gt?g%,%gngkgqﬁp th
non-1linear optical czystal for generatin -time high harnmonic wave with
respect to the fundanental wave which is obtained fromthe 3-tine high

har noni ¢ wave and the 4-tinme high harnonic wave of the fundanental wave by
sum frequency generation. 28. An ultraviolet |aser apparatus according to -
126



11 SEP2002 claim?27, wherein said first to fourth non-1inear Opt‘IiFS‘EP'lUUZ
crystals are LiB305 (LBO) crystal, and said fifth non-linear optical

crystal is either ~-BaB20a (BBO) crystal or CsLiB60lo (CLBO crystal. 29.
An ultraviolet |aser apparatus according to claim23, wherein said

si ngl e-wavel ength oscillating | aser conprises a DFB sem conductor |aser or
a fiber laser having an oscillating wavelength falling within a range from
1.51 Eun to 1.59 Vim and said wavel ength converting portion generates
10-ti me hi ghth@r &bhi karmorinawayre) Bremvidiedih eamondg wevei RagefarBe from
151 nmto x59 nm 30. An ultraviolet |aser apparatus _according to claim 23
or 29, wher eFRCIBRL RITRGNEC WICRPERHGLIN ddtid WRVied§ngdde COJURELADES | aser

| i ght having sn oscillating_wavelength falling within a range from 1.57 ~rn

to 7..58 dunPORRHORaPA%naFREPRP Stttk iTRy Yt ifOF generatdiarbhei ne high
h i ' | h falli i thi f 15 to 158
o whi ch 1 CobaYhAERaTS Free iy i wvslandch i Mg emangeactr on o

i | -3 traviolet. | ding t f
ot 150 emohsealaieh! SELat 1R AROYA MR RSl WA%e BnflXn8", O

aving a singig W@bﬁﬂs.@?\% fll?gﬁtw%vell%gg)c}u m@%tgﬁvgﬁggggggg eidavel  hd

pOI’ti on. gener ates ultravl ol et av! -ti1ne
| s obtained from arfuddaeal ey, vene ARy imidindRikeaghBrateabebbml. 1 - un

outputted fromsaid optical anplifier. 32. An ultraviolet |aser apparatus

accor di ng totkbawavélenyfRr 8biivert theigratterom w2 ng Anesalehabhngnkaser
conprises a - 127 1 SEP 2002 DFB sem conductor |aser or a fiber |aser

havi ng an osgavéaehgghvweyelenging fpditigh Wdhithughnge conoecti®sd penko
1.12 Vim and said wavel ength converting portion generates 7-tine high

har noni dOnvave0Bavwhich wavelengtin ¢a@itemging tdunt i ®9de genemrat4s miet o 160
nm 33, An ultraviolet |aser apparatus according to claim31l, wherein said
si ngl e- wavel ébt haswenicavave, | andr2nfdmmasiq e whilgh Bgvipeg an
oscillating wavelength falling within a range from 1.099 dun to 1.106 Vim
and sai d wavERBR4ERIEBRGRRYEREEHor (TNER -gdher 208 haIMPRLC HWHFRE HBFH8PTc wave

havi falli it hj f 7 15 which i
Cubst anti a1 | PP ERES8 peoseh it Prdk (€Y Rarsam g e F3LARHE | aser.
34. An ultrayj ' | ai 3 i

ai d singl o VRS BOBT AT LR TR HE AL & O i Teter Togd ee PELer

| aser. 3% Aﬂn@%ﬁ@ﬁ‘drS?a\gﬁé,r\%{r'élé\f%ﬁ?!&n@é}:ﬂ’i'ﬁd %‘é)}r&'i%h l635er GRPERAL US

according to any one o ainme 1 to 7 is used as a |ight source. 36. An

exposure appgtRt¥shasgor €h8Jdste KaAmdA 3D wdwd it BN by Rled@ichroic
illumnation optical systemfor illumnating the ultraviolet Iight emtted

fromsai d ul hiavonl 605| paeseapplaratgls ntalleaiEsie) lang &08r andctison optica
system for projecting a pattern image of. said mask transm tted therethrough
or reflectedinhnédenh by theuwaveléngtlofcareemtinmpagitdon 6§Rt, apdt she
substrate. 37. An exposure apparatus according to claim35 or 36, wherein
there is profthehasmpnaigl vaugi opreratedhegpitanses thregoh a1 1 S E P 2002

20 collective lens 610 and the dichroic mirror 607 and is
incident on the wavelength converting portion 611. Further,
in the wavelength converting portion 611, from the 2nd
harmonic wave and the 8th harmonic wave which are coaxially
combined, the 10th harmonic wave (having wavelength of 157

25 nm) is generated on the basis of the sum frequency
generation.

By the way, in the illustrated embodiment, an example

that, by branching the 2nd harmonic wave and the 4th
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in which said optical anplifier conprises a plurality of fiber optic€$ P 7002
anplifiers) and the output end of sa~.d optical anplifier has the ﬂl %I

out put groups formed by dividing the plural fiber output ends and by
bundl i ng the divided fiber output ends; and further Werein the ultraviol et
|l ight outputted fromat |east one of the output groups is used as an
alignnment |ight source of the exposure apparatus. 38. An exposure apparatus
according to claim35 or 36, further conprising an projection optical
system for phaimeniagvaveagerenateddgey ofha sl mtage saysleagsh and a
pattern detecting systemfor illumnating the ultraviolet light emtted
from sai d ul ¢pRVEBLERY | BREELeP el 4tk e dlifhrade pEmnem 605catthg dRdan

obj ect side or on an image side_of said projection optical system 39. An
exposur e appRfEREBiEoyaye apaseedi Hiere huqugh andhddeoftR hasopdctovave
substrate, conprising: a light source including a | aser apparatus far
emitting a I%ggﬁlP?ﬁh Y 37 fheRI SR eV slalvidi e ridien 4 T A3TaoNLc, ¥AVEpifca

Lifi f lifyi t he | dight,. a light dividi devi
o OBk LY CohFetdd e AN g tovice ty

d fib tigcal lifi i FRAY t he .pl [, qi
cecond 11 ber O FUCRID LhySlonten AINLLA0 IR M Soped o

transnittingd%ggekgﬁgrﬁiéggtaggééZﬁ%gfé§535§ﬂé%Ji 9@%e§89f0§089 t he exposure

apparatus. - An “exposur e apparatus according to

claim 39, whghebiesgtd LOACErAPRG S4+E1S5E teod Nl e&dd Ifth 10may Bebl €
light, and further Conprising a wavel ength converting portion for

converting tbﬁrhﬁ?&i bhObhs sahbt et {1 Saidl wwaait hidielg apld cal
anplifiers into ultraviolet light. 41. An exposure apparatus according to
claim 39 0r dfchwhecennrsard 605ht6eDuUrce has an optical device for
reduci ng coherence of the plural branched |ights. 42. A |l aser apparatus
conprising: a |lighiosevere iortlyentllustinptshtamhestignentghttheadtbpti cal
modul ating device for converting the continuous |light into pulse light; a
first fiber bprmepicavwprefgereratednin ithe mpaad fage Mayelengtdecond
fiber optical anplifier for anplifying the anplified pulse light; and a

li ght divi di REREPTELAAcRPRGLORVFEE la?%p?féeqjlwtdr?q]naprd’éﬁt’sﬁcgéoﬁﬁlat | east

f id first d dfib tical li fi : Ln th I
o o o b PRl RE e e R AEE ] oS by e PuL e
s 1 nci dent 8B8,LhREr ABL £8lnATRALLAS ol SROSA HarhdrlEhaiRge of said
i ght di'viding or branching device. . | aser apparatus according to
claim42, whejgtRasatdpbhfit 161 ¥k LbOE@TtH BRGHENY cﬂ)@i’l‘f%gi%gdm@lsed on an

incident side on said first fiber optical anplifier. -
the 2nd harmonic wave in order to obtain good conversion

efficiency in the fourth stage wavelength converting
portion 611 on which the beam is incident. 1In the

20 illustrated embodiment, since the collective lenses 606,
608 can be arranged on the different light paths, for
example, a cylindrical lens can be used as the lens 608,
thereby easily effecting the beam shaping of the 4th
harmonic wave. Thus, the overlapping with the 2nd harmonic

25 wave in the fourth stage wavelength converting portion 611
can be improved and the conversion efficiency can be
enhanced.

By designing the wavelength converting portion as
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11 S EP 2002 44. A |laser apparatus according to claim,g~, furtHekSEP2002
conprising a delay device for directing divided plural pulse lights into
said fiber optical anplifier disposed at a | ater stage of said |ight

di viding or branching device with tine delay_ 45. A | aser apparatus
according to any one of clains 42 to 44, wherein said second fibor optical
anplifier conprises a |arge node dianeter fiber. 46. A | aser apparatus
according to any one of clainms 42 to 44, wherein said first and second

fi ber opticafhevwplinithe £bhph i eebetinesit a4 theafiundaneaitalawave dhegigdoup
fiber and a fluoride group fiber. 47. A laser apparatus according to any
one of cl ai mia¥elepghd ofihbr2] Mhagemnratadbh @t thenfupdamgpitaleaVeght or

visible light, and further conprising a wavel ength co veééin gortion for
wavel engt h- cBRVEFRFhBIt PRTHEPR LR I CRIHISHYE W Os & tSRYL8pEECal

anplifier into traviolet light. 48. ser apparatus according to claim
47, wherein ibﬂﬁLséﬁgﬁﬂgo ?Y%é#ngﬁﬂﬂqﬁﬁg$?éwhprises a ZBLAN fiber. 49. A

| aser appar atus acgor di o_any one of clainms 42 ta further conprising
at Ieastgbne thir f?g ?96%3F@%fréﬁEﬁ?QQ%§en |§Eb$e§aﬁéﬁﬁ€8ﬁksaid first and

second fi bercﬁﬂtggg%aggp+f{igﬁ Sacé@rdfl‘{b 33%0% %I%gg%rta?}“%eﬁquhic?gng: -

131 11S aser apparatus acc g to any one ains 42

to 44, an ilLHgRaihOopigPt] £ahs SYS{ LMY UmdddiEnal | B8 £REs PEhESaLhenE,
anplified by said second fiber optical anplifier onto a nmask; and an

adj usti ng deybgeckonpdd] Ust Fidtadhen €85 twaARE defne@ediinlgablo@t i onnbenshbynand
wavel ength of the pufse light. 51. An exposure apparatus according to claim
50, wherein sai ghadsesbhfgemityd Dfelinsif dddignemntand ad@®vndemeartal
controlling oscillation and magni tude of a control pulse applied to said
opti cal l@oduwatvenbaelirgeat wvabelergtkexpd sy B ppacaidu emdcteddiEmgmt ancl ai m 50
or 51, wherein said adjusting device has a second control device for
control I ing augnith enda?ol ebsermesproiding dd ithet oytpudeeddd 11dbdr &pei cal
anplifiers. 53. An exposure apparatus according to_claim5Q or 51, wherein
sai d adj usti hyrabverRofiEent and PRERIY ARHAA d@ fthe S6rORG PMRgddment)

Lemperature of S2GLEL RPN £8: oo Al PROTNS SRS RER! drgilo |
(oo o 2 EREon 80yl AP FLEA T SR Bl gy o9 g
PP L5 SCERRELRRLAD LA Mo ELSLE AU PSR ORSUE A8 A oo
iI'lum nationtppt bRk 8¥StRst ape &% drahiageRentISysdSMar®spesd iavel y. - 132
fundamental wave generating portion according to this
embodiment, the fundamental wave generating portion in
elither one of the first to third embodiments or combination
20 thereof can be used.
In the arrangement of the wave length converting
portion shown in Fig. 14, the fundamental wave (having
wavelength of 1.099 um) is wavelength-converted into 7th
harmonic wave (having wavelength of 157 nm) through 2nd
25 harmonic wave (having wavelength of 549.5 nm), 3rd harmonic
wave (having wavelength of 366.3 nm) and 4th harmonic wave
(having wavelength of 274.8 nm) successively. In the

illustrated embodiment, in each of wavelength converting
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1 1S EP 2002 56. An exposure apparatus according to claimb55, furtp?r
conprising a plurality of wavel ength converting portions for SEP 2002
wavel engt h-converting the anplified pulse light into ultraviolet light, and
wherein) anong said plurality of wavel ength converting portions, a first
wavel ength converting portion is di sposed between said second fiber optical
anplifier and said first fiber or between said first fiber and said

illum nation optical system 57. An exposure apparatus according to claim
56, wherein ShRges i r SECORI NEFRMN¢ FRRETRAHPH O st TFeguepsFed bet ween
said first fiber and said illumnation optical systemand is integrally
hel d t oget hePeRRTAtHPn | @Esthe jRFident daidht 1isuGEfeGte] -optical system 58.

ol ural iy of whvel LROERLE CHURAEHHE o LAY 43 e o oy 2PENGERCEBRIBP | ng
Cacond 11 ber B¢ SR BEHIGRTG et o1 odte G AY FienerosePoRroes. an
conver {1 g pok  PeroRd Brehatie wddhelnay A & Sae e SRR R G
) Tonment syRPERER PR ORIt Fed TH BTN 3050, 51

further conpsi§i RErRoRIE) #&Ye 06h ORld G s Y I B ' IR/ ga_n@_&alt%ﬁt a
part of a pattern fornmed on a mask onto a substrate) ‘and a driving device

for shiftingosatHe akdanental dveddi@itthd Rl NEIGONAROUGVRRARCE at a
speed - 133 1 1S EP 2002 substantially corresponding to a projection

magni fi cat i onavéleaythpeoheet t g qdriciodn SHOH enFurtheder BBO seastaxpbse t he
entire pattern on said substrate. 61. An exposure nethod conprising the

st eps ofl0 nausedi figrt generat ineftheveiletgimafiqpwiase [firgt the 2edns of an
optical nodulator, said pulse light being oscillated fromor by a

si ngl e- wavel eagmendecvavet pmgtheskasismmi ifegang theemenise genghatdenndsns of
a plurality of fiber optical anplifiers in plural tinmes; illumnating the
anmplified puPsEaV?ﬁﬁnghtﬁo’&V% 19 PRIy SEESEFETEWAth UERE pul se

190 L ough 2 TRsk s B2 Al e BRG: WA o0 eV bd  peo ool By
o o et BB oS HoRUUEPLLL V0B ld D SALAGA PO B Ll
said |ight dh¥idbR9cOhablanshingadedffth converting portion 712.
Further, the fundamental wave and the 2nd harmonic
wave generated from the wavelength converting portion (LBO
crystal) 702 are incident on a half-wavelength plate 703,
where only a polarization direction of the fundamental wave
20 is rotated by 90 degrees, and the waves are incident on the
wavelength converting portion (LBO crystal) 705 through a
collective lens 704. In the wavelength converting portion
705, the 3rd harmonic wave is obtained from the fundamental
wave and the 2nd harmonic wave on the basis of sum frequency
25 generation and the 2nd harmonic wave is passed without
wavelength conversion. The 2nd harmonic wave and the 3rd
harmonic wave emitted from the wavelength converting

portion 705 are branched by a dichroic mirror 706, and the
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62. An exposure nethod according to claim®61, wherein said

si ngl e-wavel ength oscillating | aser generates pul se |ight having i nf 1 4rS&8 2002
band or visible band, and the pulse light is wavel ength-converted into
ultraviolet light before the pulse light is illumnated onto said mask. 63.
An exposure nethod according to claim62, wherein, - 134 11SEP 2002
prior to the exposure of said substrate, at |least a part of the pulse |ight
is illumnated onto a mark on said mask to detect positional information of
the mark. 643rdnhaxperiecwaie hprs et dit i ahy adlaimhre®roPasse switbrenghat

| east one of said_single-wavel ength oscillating |aser and said optical

nodul at or i s2afPLdeeliye tomsrH07 ARt é?ﬂﬁlha“g:fedc by @ CAghreist MIrgRE. 65.
An exposure nethod accprdingmto claim62 or 63, wherein at |east one_ of

sai d singl e- $B%eFenhenlpstienh ohgthes@ve ety GAnvaT thoguPEdrO8nd 14ai d

I lit f _fi tical ljifi [ trolled t dj ust_ int it f
Fha’ o+ hup bt CRE PR Sl b I e Sl s ) S8E Y °
wh [ t f h I |.i ght, defined hy i.d igal
o o T <AL b L ERRY STt S S il o HBR st e”

| t iolet Ligh . ' . .o 64, i
sai d 11 ght crbiaragtiet fEnECRRNHiE RISty 720%T €1 "
Lime-dividingnihe PHbSEh! Bhimdiio PAVE Al |ddHiraAdh WihPiheSand LM
divider is controlled to adjust the oscillation interval of the ultraviolet

light. 68. AaBhéRiclRavaronf aed Wdsis dHladdhad Qﬁfﬂfdn&icngénér%‘t‘i@nf.or
transferring a device pattern onto said - 135 1 1S EP 2002 substrate

by using an ex@osuhehathdnic agaws dasd® winouyre fcodllzictivel 1emds631169. A
| aser apparatus according to any one of clains 42 to 44, wherein said

opti cal Lleoduandi hge déichrobsanltades?Ghiahd iightisddend wnddhecur r ent
control, and a pulse width of the pulse |ight oscillated by said |ight
source is redavedengthnconyerbingmphlitiomy 18 enthare the Xthaberm@pdsgr at us
according to claim42 or 43, further conprising a control device for
control | i ng %&VeehSt Ipneratedafeom g Fohmarmond S aiayeoptdcdlenddt ati ng

devi ce t te the fluctuatjon i tput_of the pulse |ight outputted
from sai d scRGREORT BePaBpt PRAPIGHATIT GHE SHI CRPURERSIL FENEHPaRPus

according to clainh ?tﬂé é%%'mﬂgr 'é\ffﬁ&éﬁﬁ%ﬁé?ie 8%ﬁ%%ﬁ%'egggggsa§urrent

control of said Iigi sour t0 pulse-"0scl sal t ‘source. /2. A

met hod her naRERATLUEARE, Aoyt Sfeh FYHS IIHE rardldtl d Yavier anel ¢hel N9 a

patter formed on said nask onto a substrate by using an exposure mnethod

accordi ng t 0388ah8rROn1id3watd EPOSH st ROk GHHYNES istagehGasedRngh:
illumnating ultraviolet light emtted froma |aser apparatus according to

cl ai m 47 ont coavartkng apodrexewsT 0, atlsallBatd dieermurtile seive plaksisad ol et |1 ght
t hrough sai d mask
through this converting portion and the 4th harmonic wave
obtained by wavelength-converting the 2nd harmonic wave in
20 the wavelength converting portion 710 are incident on the
fourth stage wavelength converting portion 712 through the
different light paths was explained, four wavelength
converting portions 702, 705, 710, 712 may be arranged on
the same optical axis without using the dichroic mirrors
25 706, 708.
However, in the illustrated embodiment, the 4th
harmonic wave generated in the third stage wavelength

converting portion 710 has an elliptical cross-sectional
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74. An ultraviolet |aser apparatus according to claim?1l1, further cog‘pr' iﬂ&
a light dividing or branching device for - 136 1 1 SEP 2002 divi ﬂngﬁ

| aser |ight, generated by said | aser generating portion, into plural |ight,
said optical anplifier having a plurality of fiber optical anplifiers for
anplifying said plural light formed by neans of said |ight dividing or
branchi ng device. 75. An exposure apparatus conprising: said ultraviol et

| aser apparatus according to claim74; and an illum nation optical system
for illum na¢omEiamratiomvies eto |Walt-offe mhemaagnon .salfus) t+tvi®l et | aser
apparatus, onto a mask; wherein said ultraviolet |ight exposes a sensitized
obj ect t hr ouéPsEeaklembirat 7acamshamdd et dhiearkidtu$220CHAE W§VEo cl ai m 75,
further conprisiqg an adjustjng device, said adjusting._device detectjng

| aser |ight WhHreHI$RE be %tlma‘%/%ﬁ%fg%-%mé@ Oy eLIFRDLPE, WIEDI Ehe! ght
within said glﬁtlravi olet laser a par%t us_and.. r,espona’ ve to_the detected
result, adj usF?nRPHRCRLS YT i Bh rdperty Btadd go0% FROVEIECPi ght

illated b id ult [ t.l o LT A t
accordi ng t SV ETLrieHEY Kt ol HREE Py 2aREREIEE Fohet one
f int it | dt MAa; i | of
gsc: Inl :??Iony%?fgg{“grﬂ?\r/%ﬁ@?ie%hI%%t%bﬁ/ l\c,,%\r{ft%lr o%ﬁdag?n: g%g Vgneoof sai d
singl e-vavel enghbe PSeLd ! 8hbHEih&SE! SNths b %ﬂl%@tilgﬂ%dllleﬁ%@‘is- §68-, An

exposure apparatus according to claim 77, wherein - 1 EP 2002

sai d adj ustifng; deyh CBe Ag+HEH§e @ 08 O Q1 5 AirdrRa i ghite pafeha ,t egper at ure and
a control paraneter of said singlewavel ength oscillating |aser and anot her

control paraskémplef aacdlopdirtedl NDshi ataar .be/ hse aaxpbeurlenappanat us
according to claim77, wherein said adjusting device adjusts intensity of
sai d ul thoavi thetebygbasiby ebHficcting nthatbdamsthagpismgofsdihg 4th
si ngl ewavel ength oscillating | aser, said optical nodulator and said optical
anplifier. Soarmpnégpesvee APpur.atthe yeFlaPrdngowithi Fheo3rdnkaenenig| d
adj usting device adjusts a control paraneter of at |east one of fiber
optical anpl Yaverinuwkpenfeshthi staee St ity tdulconyantang: Pogtiomn 7déposur e
appar atus accordj ng,to _any_one clainms 76 to 8 wherein _said adj usting
da it Fe

devi ce det ect&PuPer ZUPHPE I?ﬁﬂ?LEﬁwﬁﬁQﬂ%ﬁf%) d- A i6Pe e aser

appar at us angnﬂggge&he detected result for said adjusting operation. 82. An
exposure apparatus according to any one of clains 76 to 80, further

conpri sijg a proj egyi aBs9BhL Gl 1Y SKART Nt URRAAAY RRILICR @g sai d

mask onto said sensitized object, said adjusting device adjusting an
i mage- f or m ngnBRAPEAt ¥nef ssatd 8neb@GhdPn, ofifd GalnGRindal Raveonhadlingng at

| east one of said single-wavelength oscillating |aser and said optical
nodul ator. wavelength of 1.099 um) generated at the fundamental wave
generating portion can be converted into the ultraviolet
light having wavelength of 157 nm.
20 Next, another arrangement of an optical amplifier and
a wavelength converting portion according to the present
invention is shown in Fig. 15 as a seventh embodiment. In
Fig. 15, a wavelength converting portion is constituted by
a plurality of parallel light paths (square arrangement
25 having 4 light paths in this example), and output ends of
many fiber optical amplifiers 19 or 25 are divided into
four bundles (output groups) accordingly, and light

collecting optical elements and wavelength converting
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83. An exposure apparatus according to any one of clains 75 to 80, vﬁq&@ﬁmz
said ultraviolet |aser apparatus is provided such that at | east one portion
of said light dividing or branching device and said optical anplifier is -
138 1 1S E P 2002 changeabl e or replaceable as a unit. 84. An exposure
apparatus according to any one of clainms 75 to 80, further conprising a
projection optical systemfor projecting a pattern on said mask onto said
sensitized object and a mark detection systemfor detecting a mark which is
illum nated pprsapdsubtreaproveétiefli ghrtrespondingaia gpra] eixturrf i cal
system 85. An exposure apparatus according to any one of clainms 75 to 80,
wher ei n sai dbunfdevoutput| g8ds . appardtis anbogdmeinded sénck tihatisaaskumed
sai d wavel engt h-converting portion is held integrally with at |east a
portion of s héti¢hﬁnpﬁ§ﬂpég eppilifiesy sslown gn I exdp U SapFardditus
according to any one of clains 75 to 80, wherein said wavel ength-converting
portion is pP§¢Pded2sfidhernaptafal campluhient HOMY idRefrounddiedc@fisal is
used in NCPM (non-critical phase matchjng). .87. An_exposure at us
accordi ng® t oS H918n§iBPrcPHBﬁ%375 Inpigten Yéiﬁl§§PHQHIF£SVggR§ €| §8Br

?Eﬁg‘;?;t’ﬁlr " Be 55 EnagL BYLReths' Fnfi PrhRur "Bi ek the ash & o RN ¢ ut e
i 5 i i - . HAY. E
SA A An ARIRCRE REAIRY RRRR0GPeq £ iBGes 47 Y ruddidd i e
-A-A-A-A-A-Aﬁaé%-étégeAﬁﬁ ﬁAbrAYDﬁAAhfﬁl€hepbuﬁﬁléw%ay be formed at

A A AAY A {1 A AF, A A A A

F
ACAY. AAAACAA ;. A{l . AF. An,

- AUF. A A A Aoﬁltgﬁﬁ- 8nlsABfAthe fibers.
LA TLAY. Aa A CA AN ALLAY. A A LA A AU AN@A{. A AY.AU3. A A LA A

CACAA AR Y. AL A AbufBhArARVASH. Ehé@utpdeFerls of the fiber optical

. AuS. AaY. Aa. A. Ay{2. AS. A, 5Y. A@E. A@QY. A@QA, | | . A

E. AS. A ASY. ARfpAfLEiA¥sAl8l oAY2HFare AfFiNY k&edU8gz pE9rm plural fiber

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]
ca] ca] ca] ca] bunfidepcajitajisaprRiprable @hat, am@gsihek plural (128 in

. HQa} xsnid_Z ca]qa%ca ca] ca] ca] ca] ca] ca] cal ca] ca pa]ca]cach]ca]c%]ca]ca]ca
] ca] ca] ca] cafbg] dafusreared] en ea}laambhmvaﬁﬂcal amplifiers 19 or

25, output ends (fiber optical amplifiers) adjacent to each

15 other regarding the laser beam emitting sequence or order
are bundled as different bundles. For example, when 128
fiber optical amplifiers (19 or 25) are numbered as 0 to
127 according to the light beam emitting sequence, the
fiber optical amplifiers having Nos. 0, 4, 8, **, 124 are

20 bundled together as a first bundle, the fiber optical
amplifiers having Nos. 1, 5, 9, -, 125 are bundled together
as a second bundle, the fiber optical amplifiers having Nos.
2, 6, 10, ***, 126 are bundled together as a third bundle,
and the fiber optical amplifiers having Nos. 3, 7, 11, ',

25 127 are bundled together as a fourth bundle. As a result-
time intervals of the pulse lights incident on wavelength
converting portions (non-linear optical crystals) provided

in correspondence to the fiber bundles can be divided
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-1 #=#/ % xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca-i ?%kp%ﬂl
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! / ¥ YR&F&G&SE&\ &k &&&' (k) 1)) **+9+, ), ,
,,-#-%-1----}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]
ca] calca]ca]calcalca]lc*a]calca]cal]calcalcalcal--.g...//+0?0u000%1%) 1711111
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wave generated in the wavelength converting portion 842
advances to the right and is incident on the next

5 wavelength converting portion (non-linear optical crystal)
843 through a collective lens 846. In this wavelength
converting portion, the second harmonic generation is
effected again, with the result that 4th harmonic wave
having frequency of 4 o (wavelength of 386 nm) greater than

10 the frequency 2w of the incident wave (2nd harmonic wave)
by two times (i.e., greater than the frequency of the
fundamental wave by four times) is generated. The 4th
harmonic wave generated in the wavelength converting
portion 843 is incident on the further right wavelength

15 converting portion (non-linear optical crystal) 844 through
a collective lens 847. In this wavelength converting
portion, the second harmonic generation is effected, with
the result that 8th harmonic wave having frequency of 8
{wavelength of 193 nm) greater than the frequency 4 ® of

20 the incident wave (4th harmonic wave) by two times (i.e.,
greater than the frequency of the fundamental wave by eight
times) is generated.

In this embodiment, as the non-linear crystals used

for the wavelength conversion, for example, LBO crystal is

25 used as the wavelength converting crystal for converting
the fundamental wave into the 2nd harmonic wave in the
wavelength converting portion 842, BBO crystal is used as

the wavelength converting crystal for converting the 2nd
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harmonic wave into the 8th harmonic wave in the wavelength

5 converting portion 844.

Incidentally, in the illustrated embodiment, while an

example that the fundamental wave (having wavelength of

1.544 um) is wavelength-converted into the 8th harmonic

wave (having wavelength of 193 nm) through the 2nd

10 harmonic wave (having wavelength of 772 nm) and the 4th

harmonic wave (having wavelength of 386 nm) successively

was explained, this corresponds to an arrangement in which

a plurality of wavelength converting portions (Fig. 1l1l(a))

in the aforementioned fourth embodiment are arranged in

15 parallel. Accordingly, by arranging a plurality of other

wavelength converting portions shown in Fig. 11(b), 11(c)

or 11(d) in parallel similar to this embodiment, the

arrangement similar to this embodiment can be obtained.

Similarly, a plurality of wavelength converting portions

20 shown in Fig. 13 or 14 may be arranged in parallel to

obtain the similar arrangement.

Next, with reference to Fig. 16, an alteration of

the connecting portions between the optical amplifiers and

the wavelength converting portions in the illustrated

25 embodiment will be explained. 1In this alteration

(embodiment), the wavelength converting portions shown in

Fig.

15 are arranged in parallel as five light paths, and

the output ends of the fiber optical amplifiers are divided

- 88 -



10%4& () -'!1094& () -10%4& () -y10%4& ()---.9...//dEezZ; 10!!F""10%4& {)
109448 () -s10%4& () -y, 10944& () -L10%H& () -1 109%4& () -/ +0?0u000) 1dEeZz; 1
10918 () -+ 1094& () -y) 10%4& () -' gl0%& () - &m
1094&' () - y&$10%&' () -) 171112A2x2dEeZ; 10! !'y810%4& ()-6
10948 () -4"10%4& () -29109%4& () -110%4&' () -y, / 1091& () -x2222222t314_=
10!!!~#10@&L&T()-!v#10%PP&f()-'10@6&T()- 10H 10H
10Hs<10%H&' () -: 1094& () -14y445567}[< =
10! | $T#10%' (rtol $THEOU) Eofh- £GFH30FEHEY - BN it GBS () Th#10%
& ()-778888889{\: 10!!T#10%H& ()-f"' 10%4& ()- 10\ 10\
10\ s<10% &' ( xhhislL #L0% off, ( the! butptBefds 89 the<{vdn loptical
100 TP S#109%R ()-"109% ()-@t"10% vtv& ()-@"10% ()-S!y"10%H& () - S#10%&' ()
- f <==>>>>>>z7pRpl ifGers] @bel Obit 10He 848 %A1 £ o riY]l i 084HE dYallgd, "uh44s () - S! RO
"10%&' () - S! sSHL0YR () - >>??@ AA} [ 9PE:
10! ! xL" 10%Huitpux! 841 6%PIHEEL( part 6#1 00k HRLYSr skgridbeg' in) -Filas @LEQWEHER’ () - f
Y(nﬁO%H&}g)-ACCDEEEEEz[PE: 10!!

five fiber bundles (output groups) is constituted by a

SEP 2002
orly -

single fiber optical amplifier or several fiber optical
amplifiers, and the other (four in Fig. 15) fiber bundle
output ends 851 are obtained by bundling the plural fiber
optical amplifiers divided uniformly so that the number of
10 the fiber optical amplifiers in the fiber bundles becomes
the same. Output lights emitted from the output ends are
converted into ultraviolet lights having predetermined
wavelengths by wavelength converting portions 852 to 857
provided at the respective output groups (fiber bundles)
15 and are supplied to the exposure apparatus, for example.
Incidentally, three stage wavelength converting portions
852 to 854 are constituted by wavelength converting
portions, the number of which is the same as that of the
plural (five) fiber bundles, and the light collecting
20 optical elements 855 to 857 are constituted by collective
lenses, the number of which is the same as that of
respective fiber bundles.
When an ultraviolet laser apparatus according to this
example is applied to an exposure apparatus (Fig. 19 or 20),
25 the fundamental waves emitted from the output ends 851 of
four fiber bundles are converted into the ultraviolet
lights in the wavelength converting portions (852 to 857),

respectively, and the ultraviolet lights are illuminated on
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10\ 10\ illumination optical system. That is to say, the four fiber
bundles are used as an exposure light source. On the other
hand, the output light emitted from the output end 850 of
5 the fiber bundle constituted by the single fiber optical
amplifier or several fiber optical amplifiers and converted
into the ultraviolet light is directed to an alignment
system or a monitoring system. That is to say, one fiber
bundle (850) is used as an alignment light source.

10 Incidentally, the ultraviolet light emitted from the fiber
bundle output end 850 and wavelength-converted is
transmitted to the alignment system through a non-doped
fiber connected to the third stage wavelength converting
portion 854, for example.

15 By the way, in Fig. 16, while an example that the
fundamental waves generated from output ends 851 of four
fiber bundles are wavelength-converted into the ultraviolet
lights which are in turn directed to the illumination
optical system was explained, the number of fiber bundles

20 may be one or plural. Further, in the example in Fig. 16,
the number of fiber bundle used in the alignment or the
monitoring is one. However, such a number may be plural,
and lights emitted from the plural fiber bundles may be
directed to different optical systems.

25 In this example, the exposure light source is the
same as the light source used in the alignment or the
monitoring, and the exposure illumination light and the

alignment illumination light are obtained by branching,
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10' o ultraviolet lights having the same wavelength can be used.
Thus, the alignment and various monitoring operations can be
5 effected through optical systems of the exposure apparatus
such as illumination optical system and projection optical
system. Accordingly, the alignment optical system can
easily be designed to greatly facilitate construction
thereof or is not required to be provided additionally,
10 thereby easily constructing the exposure apparatus.
Incidentally, since there is a case where illumination of
the exposure illumination light and illumination of the
alignment illumination light may not be effected
simultaneously, it is preferable that, for example, by
15 providing shutters in the illumination light paths or by
selecting the channel for branching the pulse light by means
of the TDM 23, the timings of illuminations are controlled
independently.
Further, in order to measure a focus position,
20 projection demagnification, aberration and telecentricity
of the projection optical system, the ultraviolet light for
the alignment or the monitoring can be used, thereby
enhancing measuring accuracy. Incidentally, when alignment
between a focusing plane of the projection optical system
25 and a photosensitive substrate (wafer) is effected, by
using light having the same wavelength as the exposure

wavelength and by effecting the alignment through the

projection optical system, the aligning accuracy can be
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10-!\-|10960%F¥§ngement og the illustrated embodiments (Figs. ﬁs and
16), by dividing the outputs of the fiber optical
5 amplifiers into plural groups to divide the lights fed to
the non-linear crystals, incident powers fed to the non-
linear crystals can be reduced effectively. Accordingly,
problems regarding output reduction and light damage due to
light absorption and heat effect in the non-linear crystal
10 can be solved. Incidentally, the number of division (the
number of fiber bundles) of the output ends of the fiber
optical amplifiers is not limited to four or five but may
be two or more.
Next, the connecting portions between the optical
15 amplifiers and the wavelength converting portions will be
explained as an eighth embodiment. Here, the output end of
the optical amplifiers is formed by bundling the output
ends of the fiber optical amplifiers as a bundle as is in
the first and second embodiments. In this case, since a
20 clad diameter of the fiber optical amplifier is about 125
pm, a diameter of the output end of the bundle obtained by
bundling 128 optical amplifiers can be smaller than about 2
mm.
The number and configuration of the bundle can be
25 determined in consideration of arrangements of the
wavelength converting portions and the shape of the light

source required, and, for example, in the first and second

embodiments, a bundle having a single circular cross-
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amplifier is formed to be a flat plane for example as shown

in Fig. 9 or 10, by providing a collective lens (for

5 example, collective lens 845 in Fig. 15 and the like)
between the output end of the fiber bundle and the first
stage wavelength converting portion (non-linear crystal) to
collect the light generated from the fiber bundle onto the
non-linear crystal, the output light from the fiber optical

10 amplifier can be entered effectively.

Further, another example of the connecting portion
according to the present invention is shown in Fig. 17. 1In
Fig. 17, fundamental waves are emitted from a fiber bundle
output end 901 obtained by bundling outlet ends of plural

15 fiber optical amplifiers. Lenses 902 are provided in
association with the respective fiber optical amplifiers so
that the fundamental waves are collected in a first stage
wavelength converting portion (non-linear crystal) 903 (forxr
example, 502, 507, 518, 533 in the fourth embodiment;

20 Fig. 11) by these lenses 902. In this example, the entire
diameter of the fiber bundle is selected to be 2 mm and a
mode diameter of each of the fiber optical amplifiers
constituting the fiber bundle is selected to be 20 um, and
the fundamental waves are collected to the first stage

25 wavelength converting portion 903 by the respective lenses
902. Incidentally, a pair of lenses 904, 905 are disposed
between the first stage wavelength converting portion 903

and a second stage wavelength converting portion 906 so
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ights are 1n01 on the wavelength convertlng portion
5 903.
In such an embodiment, magnification of each lens
902 is selected (for example, to about ten times in the
illustrated embodiment) so that each beam diameter in the
non-linear crystal becomes magnitude (for example, 200 pm
10 in the illustrated embodiment) desired to obtain the
optimum harmonic wave conversion efficiency. Since the
fiber outputs are collected by independent lenses 902,
magnitude (cross-sectional area) of entire light fluxes
(collected from all of the fibers in the fiber bundle) in
15 the non-linear crystal becomes a value substantially
corresponding to the diameter of the fiber bundle itself
regardless of the magnification of the collective lens.
Accordingly, since required magnitude (cross-section) of
the wavelength converting crystal becomes a value
20 substantially corresponding to the diameter of the fiber
bundle, a small, wavelength converting crystal having
dimension of several square millimeters can be used, and
this is therefore economical. Incidentally, in place of the
lenses 902, the output end face of each fiber may directly
25 Dbe formed as a spherical or non-spherical lens having a
light collecting function.
Next, other embodiments of the fiber output end in

the connecting portion between the optical amplifier and
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to 18(c). The embodiments shown in Figs. 18(a) and 18(c)
are examples that a light collecting element similar to the
collective lens 902 shown in Fig. 17 is formed on the
5 output end of each fiber 452, and, such fibers are gathered
as a bundle for each output group, respectively. In these
embodiments, although the light collecting element 453 is
formed on the output end of each fiber 452, this is
obtained by machining the window member 433 as a lens,

10 which member 433 is provided on the fiber output end
already explained in connection with Fig. 10(a) to have a
light collecting function. By constructing in this way, the
light collecting function similar to that in Fig. 17 can be
achieved and damage on the fiber output end can be

15 suppressed.

Further, Fig. 18(b) shows an embodiment in which a
light collecting element 463 is provided with respect to
each output group obtained by bundling a plurality of
fibers 462. In this embodiment, for example, a light

20 collecting element similar to the collective lens 845 shown
in Fig. 15 is formed on the output end of the fiber bundle,
and, this is obtained by machining the window member 443
already explained in connection with Fig. 10(b) as a
spherical or non-spherical lens to have a light collecting

25 function.

Incidentally, in place of the fact that the fiber end

or the output surface of the window member is machined as

the spherical or non-spherical lens, the fiber end (or
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glass composition of an end portion of a glass window when
such a glass window is used as the window member) may be
partially changed or altered by ion exchange by using an
ion exchanging method such as thermal ion exchanging method
5 or electrolytic ion exchanging method to have refractive
index distribution equal to a lens, thereby providing the
light collecting function. Further, in Figs. 18(a) to 18(c),
although diameters of cores 451, 461 in the fibers are not
enlarged, enlargement of the cores may be used in
10 combination.

Similar to the first stage, although the light
collecting onto the second and further wavelength converting
portions (non-linear crystals) can be effected by the lenses
for each fiber or each bundle, in the illustrated embodiment,

15 an example that all outputs from the fiber bundles are
collected by a set of common lenses or a single common
lens is described. By using the common lens(es) in this
way, the number of lenses used can be reduced and the
alignment between the lenses is facilitated. Thus, this is

20 economical.

Incidentally, since the output ends of the wavelength
converting portions (non-linear crystals) are located
within Rayleigh length of the beams collected in the
wavelength converting crystals, beams emitted from the

25 wavelength converting crystals become substantially in
parallel at the output ends of the wavelength converting

crystals. In the illustrated embodiment (Fig. 17), the

emitted beams are collected into the second stage
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to realize the magnification such that beam diameters
desirable to obtain optimum conversion efficiency in the

5 second stage wavelength converting portion 906 are obtained.
Incidentally, in Figs. 11, 13 and 14, while an example that
the light collecting element (for example, 505, 506 shown
in Fig. 11(a)) for collecting the fundamental wave or the
harmonic wave thereof into the wavelength converting

10 crystal is constituted by the single lens was explained, as
is in the illustrated embodiment, a set of lenses can be
used.

In this way, by constructing the fundamental wave

generating portion (laser light generating portion and

15 optical amplifier) on the basis of the construction shown
in the first to third embodiments and by constructing the
wavelength converting portion on the basis of the
construction shown in the fourth to seventh embodiments and
by constructing the connecting portion between the optical

20 amplifier and the wavelength converting portion on the
basis of the construction shown in the eight embodiment,
the ultraviolet light outputs having output wavelengths of
157 nm and 193 nm can be obtained. These wavelengths are
the same as the oscillating wavelengths of the F, laser and

25 ArF excimer laser.

Further, for example, when the fundamental wave

generating portion according to the first embodiment is

used, since the ultraviolet output lights obtained in this
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they are not overlapped with each other in a time-lapse
relation, and the respective output lights do not interfere
with each other while each output light has a single

5 wavelength with extremely narrow band. Further, for example,
when the fundamental wave generating portion according to
the second embodiment is used, since the ultraviolet output
lights obtained are pulse lights emitted with interval of
about 78 ns, they are not overlapped with each other in a

10 time-lapse relation, and the respective output lights do
not interfere with each other while each output light has a
single wavelength with extremely narrow band.

Further, for example, in a solid-state ultraviolet
laser as disclosed in Japanese Patent Laid-open No. 8-

15 334803 (1996), although wavelength converting portions are
required for respective fundamental wave lasers (for
respective laser elements), according to the illustrated
embodiment, since the entire diameter of the fiber bundles
including all channels is 2 mm or less, the wavelengths of

20 all channels can be converted by only one set of wavelength
converting portions. Furthermore, since the output end is
constituted by the flexible fibers, the wavelength
converting portions can be located apart from other
constructural parts such as the single-wavelength

25 oscillating laser, splitter and time division multiplexer,
thereby providing high degree of freedom of arrangement.

Accordingly, the present invention can provide an

ultraviolet laser apparatus which is cheap and compact and
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wavelength.
Next, a ninth embodiment of an ultraviolet laser
apparatus according to the present invention will be
5 expalained. The ultraviolet laser apparatus according to
this embodiment is characterized in that the ultraviolet
laser apparatus such as described in the first to eighth
embodiments is used as a light source of the exposure
apparatus.
10 Now, an embodiment of the exposure apparatus using
the ultraviolet laser apparatus according to the present
invention will be explained with reference to Fig. 19.
In principle, the exposure apparatus used in a photo-
lithography process is the same as photoengraving, in which
15 a circuit pattern precisely described on a photo-mask
(reticle) is optically transferred on a semiconductor wafer
on which photo-resist 1s coated in a reduction projection
manner. The ultraviolet laser apparatus 1261 according to
the present invention is integrally provided with the
20 entire exposure apparatus including an illumination optical
system 1262 and a projection optical system 1265. In this
case, the ultraviolet apparatus 1261 may be secured to a
table supporting the illumination optical system 1262 or
the ultraviolet apparatus 1261 may be secured to the table
25 solely. However, it is preferable that a power supply
connected to the ultraviolet apparatus 1261 be located

separately.

Further, the ultraviolet apparatus 1261 may be
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(10% & () - l19epenatiod@MBrtion and the optical amplifiers and a second
part including the wavelength converting portions, and the
second part may be secured to the table together with the
5 illumination optical system 1262 and the first part may be
secured to a table different from the aforementioned table.
Further, the entire ultraviolet apparatus 1261 may be
housed in a chamber containing the body of the exposure
apparatus, or a part of the ultraviolet apparatus 1261 (for
10 example, wavelength converting portions) may be housed and
the remaining parts may be arranged out of the chamber.
Furthermore, the control system for the ultraviolet
apparatus 1261 may be housed in a control rack different
from the chamber, or the display and switches may be
15 positioned together with the chamber outside and the
remaining parts may be housed in the chamber.
The ultraviolet light having low spacial coherence
and having narrow band according to the present invention
is macro-projected by the illumination optical system 1262
20 so that illuminance distribution on the required projection
plane is made uniform, and is illuminated onto a quartz
mask (quartz reticle) 1263 on which a circuit pattern of an
IC circuit is precisely described. The circuit pattern on
the reticle is subjected to reduction with predetermined
25 reduction magnification (or demagnification) by the
projection optical system 1265 and is projected onto the

semiconductor wafer (for example, silicone wafer) 1266 on

which photo-resist is coated, thereby focusing and
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plane substantially conjugated with the pattern surface of
the reticle 1263 and includes a field stop defining an
5 illumination area on the reticle 1263, an aperture stop
defining light amount distribution of the ultraviolet light
on a predetermined plane having substantially a Fourier
transform relationship with the pattern surface of the
reticle 1263 within the illumination optical system 1262,
10 and a condenser lens for illuminating the ultraviolet light
emitted from the aperture stop onto the reticle 1263. 1In
this case, in order to change or alter the light amount
distribution of the ultraviolet light on the predetermined
plane (Fourier transform plane), plural aperture stops
15 having different configuration and/or dimension may be
provided on a turret, and one of the aperture stops selected
in accordance with the pattern of the reticle 1263 may be
located in a light path of the illumination optical system
1262. Further, an optical integrator (homogenizer) may be
20 disposed between the wavelength converting portion of the
ultraviolet laser apparatus 1261 and the field stop, and,
when a fly-eye lens is used, the fly-eye lens may be
arranged so that the emission focal plane thereof
substantially becomes a Fourier transform relationship
25 with the pattern surface of the reticle 1263, and, when a
rod integrator is used, the integrator may be arranged so

that the emission plane thereof becomes substantially in

conjugation with the pattern surface of the reticle 1263.
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&'()-6|}[<Q¥Le exposure apparatus, the electro-optical modulating
element or the acousto-optical modulating element (12, 22,
32) explained in connection with the first to third
5 embodiments can be used. By switching the electro-optical
modulating element or the acousto-optical modulating
element from an OFF condition (i.e., condition (having
great internal loss) that pulses are not generated) to an
ON condition (i.e., a condition that the pulses are
10 generated and the internal loss is reduced in a pulse
pattern), the exposure is started. Incidentally, in the
exposure apparatus having the ultraviolet laser apparatus
1261, the continuous light may be outputted from the
single-wavelength oscillating laser or the single-
15 wavelength oscillating laser may be pulse-oscillated.
Particularly, in the latter, by using both current control
of the single-wavelength oscillating laser and control of
the electro-optical modulating element or the acousto-
optical modulating element, oscillating interval, start and
20 stop of the ultraviolet light (pulse light) illuminated
onto the reticle 1263 and the semiconductor wafer 1266 may
be controlled. Further, in the exposure apparatus having
the ultraviolet laser apparatus 1261 according to the
illustrated embodiment, although it is not required for
25 controlling an integrated amount of the ultraviolet light
on the wafer 2366 by means of the mechanical shutter, for

example, when the ultraviolet light is oscillated in order

to stabilize the output (power, center wavelength, spectral
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bandwidth and the like) of the ultraviolet laser apparatus
1261, a shutter may be disposed within the illumination
light path between the ultraviolet laser apparatus 1261 and
the wafer 1266, or a stage 1267 may be driven to retard the
5 wafer 1266 from the ultraviolet illumination area, in order
to prevent the ultraviolet light from reaching the wafer
1266 to photo-sensitize the photo-resist.

The semiconductor wafer 1266 1s rested on the stage

1267 having a drive mechanism 1269. Whenever each exposure

10 is completed, by shifting the stage 1267, each circuit
pattern is transferred onto each of different positions on
the semiconductor wafer. Such stage driving/exposure system
is referred to as a step-and-repeat system. As the stage
driving/exposure system other than the above, although

15 there is a step-and-scan system in which the support member
1264 supporting the reticle 1263 is also provided with a
drive mechanism and scan exposure is performed by shifting
the reticle and the semiconductor wafer in a synchronous
manner, the ultraviolet laser apparatus according to the

20 present invention can also be applied to the step-and-scan
system.

Incidentally, in an exposure apparatus in which
exposure is effected by using ultraviolet light, such as
the exposure apparatus having the ultraviolet laser

25 apparatus according to the present invention, normally,
both the illumination optical system 1262 and the

projection optical system 1265 are constituted by quart:z

lenses with no color correction. Further, particularly when
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10H 200 nm, at least one of the plural refraction optical

elements constituting the projection optical system 1265
may be formed from fluorite, or a refraction/reflection

5 optical system obtained by combining at least one
reflection optical element (concave mirror, mirror and the
like) and the refraction optical element may be used.

As mentioned above, the exposure apparatus having

the ultraviolet laser apparatus according to the present

10 invention is more compact in comparison with other
conventional exposure apparatuses (for example, exposure
apparatus using an excimer laser or a solid-state laser)
and has high degree of freedom for arranging units
constituting the apparatus since various elements are

15 connected to the fibers. Fig. 20 shows other embodiment in
which such characteristics of the ultraviolet laser
apparatus according to the present invention are utilized.

In this embodiment, the laser light generating

portion (single-wavelength laser, multiplexer) and the

20 optical amplifier portion described in the first, second or
third embodiment, and the wavelength converting portion
described in the fourth, fifth, sixth or seventh embodiment
are arranged separately to form an exposure apparatus. That
is to say, a wavelength converting portion 1272 is provided

25 on a body of the exposure apparatus and other portions
(laser light generating portion, optical amplifier portion)
1271 of the ultraviolet laser apparatus are disposed

outside of the body of the exposure apparatus, and these
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fiber line 1273, thereby constituting the ultraviolet laser
apparatus. Here, the connecting fiber line 1273 may be
fiber themselves of fiber optical amplifier (for example,

5 fiber bundle 114 in the first embodiment, and the like),
non-doped fibers or a combination thereof. Incidentally,
portions of the body of the exposure apparatus other than
the ultraviolet laser apparatus can be constituted by using
the same elements as those shown in Fig. 19.

10 With this arrangement, main components generating heat
such as an pumping semiconductor laser of the fiber optical
amplifier, a drive power supply of the semiconductor laser
and a temperature controller can be positioned outside of
the body of the exposure apparatus. Accordingly, a problem

15 based on heat, in which the body of the exposure apparatus
is influenced by the heat from the ultraviolet laser
apparatus (exposure light source) to deteriorate the
alignment condition between the optical axes can be
suppressed.

20 By the way, as shown in Fig. 20, the reticle stage
1264 holding the reticle 1263 is designed to be shifted in
X and Y directions by a drive mechanism 1268 and be rotated
by a small angle. Further, a reference mark plate FM is
provided on the wafer stage 1267, which reference mark

25 plate is used for baseline measurement which will be
described later. Further, in the illustrated embodiment,
there are provided an alignment system 1280 for detecting
alignment marks on the reticle 1263, and another alignment
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The alignment system 1280 serves to illuminate the
exposure illumination light or illumination light having the
same wavelength (as that of said exposure ijillumination
light) onto the alignment marks on the reticle 1263 and onto
reference marks on the reference mark plate FM through the
projection optical system 1265 and to receive lights
generated from both marks by an imaging element (CCD) to
thereby detect their positional deviation. This alignment
system is used for alignment of the reticle 1263 and
baseline measurement of the alignment system 1281. The
alignment system 1281 of off-axis type serves to illuminate
white light (broad band light) for example having a spectral
bandwidth of about 550 to 750 nm onto the alignment marks on
the semiconductor wafer 1266 and to focus both images of
index marks provided within this system and images of the
alignment marks onto an imaging element (CCD) to thereby
detect positional deviation between both marks. Inciden-
tally, when the alignment systems 1280, 1281 detect the
reference marks on the reference mark plate FM, based on
the result of its detection, an amount of baseline of the
alignment system 1281 can be measured. Incidentally,
although the baseline measurement is effected prior to
exposure of the semiconductor wafer, the baseline
measurement may be performed each time the semiconductor
wafer is exchanged or the baseline measurement may be

performed each time several semiconductor wafers are exposed.
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In the illustrated embodiment, as a wavelength
converting portion connected to the ultraviolet laser
apparatus (fundamental wave generating portion) 1271, the
wavelength converting portion shown in Fig. 16 is used.
That is to say, a wavelength converting portion 1272 on
which the fundamental waves generated from four fiber
bundle output ends 851 are incident and a wavelength
converting portion 1279 on which the fundamental wave
generated from the fiber bundle output end 850 is incident
are provided separately, and the wavelength converting
portion 1272 is integrally provided with a table for
holding the illumination optical system 1262 and the
wavelength converting portion 1279 is integrally provided
with a table for holding the alignment system 1280. In this
case, a connecting fiber line 1278 is joined to the fiber
bundle output end 850 to introduce the fundamental wave to
the wavelength converting portion 1279. By doing so, it is
not required that a light source for the alignment system
1280 be provided additionally and the reference marks can
be detected by using illumination light having the same
wavelength as that of the exposure illumination light,
thereby permitting high accuracy mark detection.

Incidentally, in the illustrated embodiment, while an
example that the illumination light having the same
wavelength as that of the exposure illumination light is

directed to the alignment system 1208 was explained, a
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alignment system 1280 or 1281. That is to say, among three
stage wavelength converting portions shown in Fig. 16, for
5 example, the pulse light emitted from the second stage
wavelength converting portion 853 may be directed to the
alignment system through the connecting fiber line. Further,
a part of the pulse light emitted from the first stage
wavelength converting portion 852 may be branched and the
10 remaining pulse light may be wavelength-converted in the
second stage wavelength converting portion 853 so that two
pulse lights having different wavelength emitted from two
wavelength converting portions 852, 853 are directed to the
alignment system.
i5 Further, the exposure apparatus shown in Fig. 20
includes a wavelength control device 1274 for controlling
the oscillating wavelength of the DFB semiconductor laser
(i.e., the wavelength of the ultraviolet light (exposure
illumination light) illuminated onto the reticle 1263) by
20 adjusting the temperature by using a temperature adjustor
(for example, Peltier element) provided on a heat sink on
which the single-wavelength oscillating laser (for example,
DFB semiconductor laser (11 in Fig. 1 and the like)) within
the fundamental wave generating portion 1271 is rested. The
25 wavelength control device 1274 serves to effect both
stabilization of the center wavelength of the ultraviolet
light and adjustment of optical properties (aberration,

focal position, projection demagnification and the 1like) of
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arrangement, the wavelength stability of the ultraviolet
5 1light during the exposure of the semiconductor wafer can be
enhanced, and the optical properties of the projection
optical system 1265 which may be changed due to either
illumination of the ultraviolet light or a change in
atmospheric pressure can easily be adjusted.
10 The exposure apparatus shown in Fig. 20 further
includes a pulse control portion 1275 for applying driving
voltage pulse to the optical modulating element (12 in
Fig. 1 and the like) for converting the continuous light
generated from the single-wavelength oscillating laser (DFB
15 semiconductor laser) within the fundamental wave generating
portion 1271 into pulse light, an exposure control portion
1276 for calculating the number of pulses required for
exposing the photo-resist, when the circuit pattern is
transferred, in accordance with the sensitivity of the
20 photo-resist coated on the semiconductor wafer 1266 and for
controlling the oscillating timing of the control pulse
outputted from the pulse control portion 1275 and the
magnitude of the control pulse in accordance with the
number of pulses, and a control device 1277 for controlling
25 the entire exposure apparatus collectively.
The pulse control portion 1275 serves to control
electric current of the single-wavelength oscillating laser

(11 in Fig. 1 and the like) within the fundamental wave
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wavelength oscillating laser is pulse-oscillated, and only
a part (having pulse width of about 10 to 20 ns) of the
oscillated pulse light is picked up under the control of
10 the above-mentioned optical modulating element (i.e.,
modulated to pulse light having pulse width of 1 ns). As a
result, in comparison with a case where the continuous
light is converted into the pulse light only by using the
optical modulating element, pulse light having narrower
15 pulse width can easily be generated, and the oscillating
interval of the pulse light and start/stop of the
oscillation of the pulse light can be controlled by the
exposure control portion 1276 more easily.
Further, the pulse control portion 1275 effects not
20 only the switching between the pulse oscillation and the
continuous oscillation of the single-wavelength oscillating
laser but also controlling of the oscillating interval and
pulse width, upon pulse oscillation, and effects at least
one of the oscillation control of the single-wavelength
25 oscillating laser and control of the magnitude of voltage
pulse applied to the optical modulating element to
compensate fluctuation in output of the pulse light. By

doing this, the fluctuation in output of the pulse light
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5 for each pulse.
Further, in the pulse control portion 1275, gain of

at least one of plural fiber optical amplifiers (13, 18, 19
in Fig. 1 and the like) arranged in serial within the
fundamental wave generating portion 1271 is adjusted, and

10 intensity of the pulse light on the semiconductor wafer can
be controlled only by the gain adjustment or by a
combination of the gain adjustment and the control of the
optical modulating element. Incidentally, gain of at least
one of the fiber optical amplifiers provided in parallel

15 with respect to the plurality of channels divided in
parallel in the multiplexer can be controlled similarly.

Further, the exposure control portion 1276 serves to

detect the fundamental wave outputted from the fundamental
wave generating portion 1271 or the ultraviolet 1light

20 outputted from the wavelength converting portion 1272 or
the pulse light outputted from, for example, the first or
second stage non-linear optical crystal within the
wavelength converting portion 1272 and to control the pulse
control portion 1275 on the basis of the detected values

25 (including intensity, wavelength and spectral bandwidth),
thereby adjusting the oscillating interval of the pulse
light, start/stop of the oscillation of the pulse light and

intensity of the pulse light. Further, the detected values
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5 exposure illumination light (ultraviolet laser light).
The control device 1277 serves to send information
regarding sensitivity of the photo-resist sent from a
reading device (not shown) for reading an identifying mark
(bar code and the like) provided on the semiconductor wafer
10 or a cassette holding the semiconductor wafer or inputted
by the operator to the exposure control portion 1276, where
the number of exposure pulses required for the pattern
transferring is calculated on the basis of the inputted
information. Further, the exposure control portion 1276
15 controls the pulse control portion 1275 on the basis of the
number of exposure pulses and intensity of the pulse light
determined in accordance with the pulse number, thereby
adjusting the oscillation timing and the magnitude of the
control pulse applied to the optical modulating element. As
20 a result, the start/stop of the exposure and the intensity
of the pulse light illuminated on the semiconductor wafer
1266 are controlled, and the integrated light amount given
to the photo-resist by the illumination of the plural pulse
lights is controlled to an optimum exposure amount
25 corresponding to the sensitivity.
Incidentally, the exposure control portion 1276 sends

the command to the pulse control portion 1275 to cause the

latter to effect the current control of the single-
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exposure (pulse oscillation) by the current control alone
or by a combination of the current control and the control
of the optical modulating element.

5 In the illustrated embodiment, when the laser
apparatus shown in Fig. 1 or Fig. 2 is used as the
fundamental wave generating portion 1271, one pulse light
picked up by the optical modulating element is divided into
plural (128 in number). In the illustrated embodiment, the

10 divided 128 pulse lights may be regarded as one pulse in
total and the exposure amount control may be effected based
on sald one pulse in total or each of the divided 128 pulse
lights may be regarded as one pulse respectively and the
exposure amount control may be effected based on said each

15 pulse. Incidentally, in the latter case, in place of the
control of the optical modulating element effected by the
pulse control portion 1275, the intensity of the pulse
light on the semiconductor wafer may be controlled by
adjusting the gain of the fiber optical amplifiers within

20 the fundamental wave generating portion 1271 or a
combination of these two controls may be used.

Further, the exposure apparatus shown in Fig. 20 can
effect the exposure of the semiconductor wafer by
selectively switching the step-and-repeat system and the

25 step-and-scan system. In the step-and-repeat system, the
field stop (reticle blind) within the illumination optical
system 1262 is driven to adjust the magnitude of the

aperture so that the entire circuit pattern on the reticle
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of the field stop is adjusted so that the illumination area
of the exposure illumination light within the circular
5 projection field of the projection optical system 1265 is
limited to be a rectangular slit extending along a
direction perpendicular to the scanning direction for the
reticle 1263. Accordingly, in the step-and-scan system,
since only a part of the circuit pattern on the reticle
10 1263 is illuminated, in order to scan-expose the entire
circuit pattern on the semiconductor wafer, in synchronous
with the relative movement between the reticle 1263 and the
exposure illumination light, the semiconductor wafer 1266
is shifted relative to the exposure illumination light at a
15 speed ratio corresponding to the projection demagnification
of the projection optical system 1265.

By the way, in the exposure amount control upon the
scan-exposure, by adjusting at least one of the pulse
repeating frequency £ defined by the optical modulating

20 element and the delay time between the channels defined by
the TDM 23 shown in Fig. 2, the plurality of pulses are
oscillated at equal time intervals from the fundamental wave
generating portion 1271 during the scan-exposure. Further,
in accordance with the sensitivity property of the photo-

25 resist, by adjusting at least one of the intensity of the
pulse light on the semiconductor wafer, scanning speed of

the semiconductor wafer, oscillation interval (frequency)

of the pulse light, and the width of the pulse light (i.e.,
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1 of the semiconductor wafer, the integrated light amount of
the plural pulse lights illuminated while each point on the
semiconductor wafer is moving across the illumination area
5 is controlled to the optimum exposure amount. In this case,
in the exposure amount control, in consideration of
through-put, it is preferable that at least one of the
intensity of the pulse light, oscillating frequency and
width of the illumination area is adjusted, so that
10 scanning speed of the semliconductor wafer is approximately
maintained so as to correspond to a highest speed of the
wafer stage 1267.
Further, when the scan-exposure is effected by using
the laser apparatus shown in Fig. 1 or Fig. 2, in the
15 exposure amount control, it is preferable that the divided
128 pulse lights are oscillated at equal time intervals so
that each of the divided pulses is one pulse. However,
the 128 pulse lights may be regarded as one pulse and the
exposure amount control may be performed so long as the
20 128 pulse lights can be regarded as one pulse (i.e., the
shifting distance of the semiconductor wafer while the 128
pulse light are being illuminated does not become a factor
for reducing accuracy of the exposure amount control) by
adjusting the oscillation interval between the divided 128
25 pulse lights in accordance with the scanning speed of the
semiconductor wafer.

Incidentally, in the above-mentioned wvarious

embodiments of the present invention, while the ultraviolet
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1 10! #10%H8s ¢ - gepan@besd £9r outputting the output wavelength of 193
nm or 157 nm the same as that of the ArF excimer laser or F,
laser was explained, the present invention is not limited
to such an ultraviolet laser apparatus having such a
5 wavelength, but can provide an ultraviolet laser apparatus
capable of generating a wavelength of 248 nm the same as
that of the KrF excimer laser, by appropriately selecting
arrangements of the laser generating portion, optical
amplifier portion and wavelength converting portion.
10 For example, by using an ytterbium (Yb) doped fiber
laser or a semiconductor laser capable of oscillating at a
wavelength of 992 nm as the single-wavelength oscillating
laser in the laser generating portion and by using an
ytterbium doped fiber optical amplifier is used as the
15 fiber optical amplifier and by using an LBO crystal in the
wavelength converting portion whereby the output from the
fiber optical amplifier is subjected to second harmonic
generation (wavelength of 496 nm) and 4th harmonic wave
(wavelength of 248 nm) is further obtained from the
20 resulting output by using a BBO crystal, the ultraviolet
laser apparatus capable of generating a wavelength of
248 nm the same as that of the KrF excimer laser can be
provided.
Incidentally, it is preferable that the fibers
25 (including fiber optical amplifiers) used in the above-
mentioned embodiments are coated by Teflon. Although it is
desirable that all of the fibers are subjected to Teflon
coating, particularly, the fibers located within the
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chamber for housing the body of the exposure apparatus are
coated by Teflon. The reason is that foreign matters
(including fiber pieces and the like) generated from the
fibers may become contaminant for contaminating the
5 exposure apparatus. Thus, by providing the Teflon coating,
fog of optical elements constituting the illumination
optical system, projection optical system and alignment
optical system, fluctuation in transmittance (reflection
index) and/or optical properties (including aberration) of
10 these optical systems, and fluctuation in illuminance and
distribution thereof on the reticle or the semiconductor
wafer, all of which are caused by the contaminant, can be
prevented. PFurther, in place of the Teflon coating, the
fibers housed in the chamber may collectively be enclosed
15 Dby a stainless steel casing.
Incidentally, a semiconductor device is manufactured
by a step for effecting function/performance design thereof,
a step for forming a reticle on the basis of the designing
step, a step for forming a wafer from silicone material, a
20 step for transferring a reticle pattern onto the wafer by
using the above-mentioned exposure apparatus, a step for
assembling the device (including dicing step, bonding step
and packaging step), and a step for checking the device.
Further, the exposure apparatus can be used for
25 manufacturing of a liquid crystal display, an imaging
element (for example, CCD), a thin film magnetic head or a
reticle, as well as manufacturing of the semiconductor

element.
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illustrated embodiment can be manufactured in such a manner
that the illumination optical system and the projection
optical system (each constituted by a plurality of optical

5 elements) are incorporated into the body of the exposure
apparatus and optical adjustment thereof is effected, and
the reticle stage and the wafer stage (each constituted by
a plurality of mechanical parts) are attached to the body
of the exposure apparatus and wiring and piping are

10 connected, and total adjustment (electrical adjustment,
operation confirmation and the like) is effected. Further,
in the above-mentioned exposure apparatus, the ultraviolet
laser apparatus 1261 is attached to the body of the
exposure apparatus, and parts (laser generating portion,

15 optical amplifier and the like) of the ultraviolet laser
apparatus 1261 disposed outside of the body of the exposure
apparatus are connected, via the fiber line, to the
wavelength converting portion disposed within the body, and
alignment between the optical axes between the ultraviolet

20 laser apparatus 1261 (wavelength converting portion) and
the illumination optical system 1262 is effected.
Incidentally, it is desirable that the exposure apparatus
is manufactured in a clean room in which a temperature and
cleanness are controlled.

25 Incidentally, in the ninth embodiment, while an
example that the laser apparatus is applied to the exposure
apparatus was explained, for example, the laser apparatus

according to the present invention can be applied to a
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the like) of a circuit pattern formed on the wafer. Further,
the laser apparatus according to the present invention can
be applied to a checking apparatus using visible light or
5 infrared light. In this case, it is not required that the
wavelength converting portion described in connection with
the fourth, f£ifth, sixth or seventh embodiment be
incorporated into the laser apparatus. That is to say, the
present invention is effective to not only the ultraviolet
10 laser apparatus but also a laser apparatus having no
wavelength converting portion and adapted to generate a

fundamental wave having visible band or infrared band.
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1. An ultraviolet laser apparatus comprising:

a laser generating portion having a single-wavelength
oscillating laser for pulse-oscillating laser light having
a single wavelength within a wavelength range from an
infrared band to a visible band, and an optical modulator
for narrowing the pulse width of said oscillated laser
light;

an optical amplifier having a fiber optical amplifier
for amplifying the laser light generated by said laser
generating portion; and

a wavelength converting portion for wavelength-
converting the amplified laser light into ultraviolet light
by using a non-linear optical crystal;
whereby ultraviolet light having a single wavelength is
generated.

2. An ultraviolet laser apparatus according to claim 1,

wherein said single-wavelength oscillating laser has an
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2, further comprising a light dividing device for dividing
or branching the laser light generated by sald single-
wavelength oscillating laser into plural lights.
4. An ultraviolet laser apparatus according to claim 3,
wherein said light dividing device has a splitter for
dividing or branching the laser light generated by said
single-wavelength oscillating laser into plural lights which
are in parallel to each other; and

said splitter is provided at its output side with

fibers having different lengths.
5. An ultraviolet laser apparatus according to claim 4,
wherein the lengths of the fibers having different lengths
are selected so that delay intervals between the laser
lights branched in parallel at output ends of the fibers
become substantially the same.
6. An ultraviolet laser apparatus according to claim 5,
wherein the lengths of the fibers having different lengths
are selected so that the delay interval betwgen the laser
lights branched in parallel at output ends of the fibers
becomes a reciprocal of product of repeated frequency of the
laser light incident on said splitter and the number of
light paths branched in parallel by said splitter.

7. An ultraviolet laser apparatus according to c¢laim 3,

wherein said light dividing device comprises a time division
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¢laims 1 to 7, wherein the output end of said optical
amplifier provided at an incident side of said wavelength
converting portion is formed by expanding a core at an
output end of a fiber in a tapered fashion toward an output
end face of the fiber.

9. An ultraviolet laser apparatus according toc any one of
claims 1 to 7, wherein the output end of said optical
amplifier provided at an incident side of said wavelength
converting portilon is provided with a window membexr provided
at an output end of a filber and allowing the laser light
amplified by said optical amplifier to be transmitted
therethrough.

10. An ultraviolet laser apparatus according to any one of
claims 1 to 7, wherein said optical amplifier comprises an

erbium doped fiber amplifier.

11. An ultraviolet laser apparatus according to any one of
claims 1 to 7, whereiln said optical amplifier comprises a
fiber optical amplifier doped by erbium and ytterbium.

12. An ultraviolet laser apparatus according to
any one of claims 3 to 7, wherein said optical amplifier
includes a plurality of fiber optical amplifiers for
amplifying the plural lights branched by said light dividing
device, respectively.

13. An ultraviolet laser apparatus according to claim 12,
wherein said optical amplifier includes a fiber output

control device for controlling an exciting intensity of each
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zezzzziils fiber optical amplifiers become predetermined light outputs.
14. An ultraviolet laser apparatus according to claim 12,
wherein the output end of said optical amplifier provided at
the incident side of said wavelength converting portion is
formed by dividing the outputs ends of the plurality of
fibers into one output group or plural output groups and by
bundling each of the output groups.
15. An ultraviolet laser apparatus according to claim 14,
wherein the output groups of said optical amplifier divided
into the plural groups are constituted by a first output
group formed by bundling one or several fiber output ends,
and second one or more plural output groups formed by either
bundling the remaining fiber output ends other than the
first output group to result in a single bundle output group
or bundling each of plural output groups, obtained by
dividing said remaining fiber output ends other than the
first output group, to result in plural bundle output groups.
16. An ultraviolet laser apparatus according to claim 14
or 15, wherein the output end of said optical amplifier
provided at the incident side of said wavelength converting
portion has window members provided at the fiber output ends
formed by bundling each of the output groups, respectively
and allowing the laser lights amplified by said optilcal

amplifier to be transmitted therethrough.

17. An ultraviolet laser apparatus according to claim 14
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18. An ultraviolet laser apparatus according to any one of
claims 1 to 7, wherein said wavelength converting portion is
provided at its input side with a light collecting optical
element for collecting and directing the laser light emitted
from said optical amplifier into the non-linear optical
crystal.

19. An ultraviolet laser apparatus according to
claim 18, further comprising a light dividing or branching
device for dividing or branching the laser light into plural
lights, and wherein said optical amplifier has a plurality
of fiber output ends for emitting the plural branched light,
and said light collecting element is provided for each of
said output groups obtalned by dividing the plural fiber
output ends into plural groups and by bundling the divided
groups.

20. An ultraviolet laser apparatus according to claim 18,
wherein said light collecting optical elements are provided
by forming the output ends of the bundled output groups of
said optical amplifier as lenses, respectively.

21. An ultraviolet laser apparatus according to
claim 18, further comprising a light dividing or branching
device for dividing or branching the laser light into plural
lights, and wherein said optical amplifier has a plurality
of fiber output ends for emitting the plural branched light,

and saild light collecting element 1s provided for each of
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lights, and wherein said optical amplifier has a plurality
of fiber output ends for emitting the plural branched light,
and sald light collecting elements are provided by forming
the plural fiber output ends as lenses, respectively.

23. An ultraviolet laser apparatus according to any one of
claims 1 to 7, wherein sald laser generating portion
generates laser light having a single wavelength of about
1.5 pm, and said wavelength converting portion generates
ultraviolet light having 8-times or 10-time high harmonic
wave which is obtained from a fundamental wave having said
wavelength of about 1.5 um outputted from said optical
amplifier.

24, An ultraviolet laser apparatus according to c¢laim 23,
wherein saild single-wavelength oscillating laser comprises a
DFB semiconductor laser or a fiber laser having an
oscillating wavelength falling within a range from 1.51 um
to 1.59 pym, and said wavelength converting portion generates
8-time high harmonic wave having a wavelength falling within
a range from 189 nm to 199 nm.

25. An ultraviolet laser apparatus according to claim 23
or 24, wherein said single-wavelength oscillating laser
generates laser light having an oscillating wavelength
falling within a range from 1.544 ym to 1.552 pm, and said

wavelength converting portion generates 8-time high harmonic
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first non-linear optical crystal for generating 8-time high
harmonic wave with respect to the fundamental wave, which is
obtained from the fundamental wave and 7-time high harmonic
wave with respect to the fundamental wave by sum frequency
generation.

27. An ultraviolet laser apparatus according to claim 26,
wherein said wavelength converting portion has a second non-
linear optical crystal for generating 2-time high harmonic
wave which is obtained from the fundamental wave through
secondary high harmonic generation, a third non-linear
optical c¢rystal for generating 3-time high harmonic wave
with respect to the fundamental wave which is obtained from
the fundamental wave and the 2-time high harmonic wave by
sum frequency generation, a fourth non-linear optical
crystal for generating 4-time high harmonic wave with
respect to the fundamental wave which is obtained from the
2-time high harmonic wave through secondary high harmonic
generation, and a fifth non-linear optical crystal for
generating 7-time high harmonic wave with respect to the
fundamental wave which is obtained from the 3-time high
harmonic wave and the 4-time high harmonic wave of the

fundamental wave by sum frequency generation.

28. An ultraviolet laser apparatus according to
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optical crystal is either f-BaB,0, (BBO) crystal or CsLiB,0,,
(CLBO) crystal.
29. An ultraviolet laser apparatus according to claim 23,
wherein said single-wavelength oscillating laser comprises a
DFB semiconductor laser or a fiber laser having an
oscillating wavelength falling within a range from 1.51 um
to 1.59 pm, and said wavelength converting portion generates
10-time high harmonic wave having a wavelength falling
within a range from 151 nm to 159 nm.
30. An ultraviolet laser apparatus according to claim 23
or 29, wherein said single-wavelength oscillating laser
generates laser light having an oscillating wavelength
falling within a range from 1.57 pm to 1.58 um, and said
wavelength converting portion generates 10-time high
harmonic wave having a wavelength falling within a range
from 157 nm to 158 nm which is substantially the same as an
osclllating wavelength of an F, excimer laser.
31. An ultraviolet laser apparatus according to any one of
claims 1 to 7, wherein saild laser generating portion
generates laser light having a single wavelength of about
1.1 pum, and saild wavelength converting portion generates
ultraviolet light having 7-time high harmonic wave which is
obtained from a fundamental wave having the wavelength of
about 1.1 um outputted from said optical amplifier.
32. An ultraviolet laser apparatus according to claim 31,

wherein said single-wavelength osclllating laser comprises a
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7-time high harmonic wave having a wavelength falling within
a range from 147 nm to 160 nm.
33, An ultraviolet laser apparatus according to claim 31,
wherein said single-wavelength oscillating laser generates
laser light having an oscillating wavelength falling within
a range from 1.099 wm to 1.106 pm, and said wavelength
converting portion generates 7-time high harmonic wave
having a wavelength falling within a range from 157 nm to
158 nm which is substantially the same as an oscillating
wavelength of an F, excimer laser.
34. An ultraviolet laser apparatus according to claim 32
or 33, wherein said single-wavelength oscillating laser is
an ytteribium doped fiber laser.
35. An exposure apparatus whereiln:

an ultraviolet laser apparatus according to any one of
claims 1 to 7 is used as a light source.
36. An exposure apparatus according to claim 35, further
comprising an illumination optical system for illuminating
the ultraviolet light emitted from said ultraviolet laser
apparatus onto a mask, and a projection optical system for
projecting a pattern image of said mask transmitted
therethrough or reflected thereon by illumination of the
ultraviolet light, onto a substrate.
37. An exposure apparatus according to claim 35 or 36,

wherein there 1s provided said ultraviolet laser apparatus
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fiber optical amplifiers, and the output end of said optical
amplifier has the plural output groups formed by dividing
the plural fiber output ends and by bundling the divided
fiber output ends;
and further wherein

the ultraviolet light outputted from at least one of
the output groups is used as an alignment light source of
the exposure apparatus.

38, An exposure apparatus according to claim 35 or 36,
further comprising an projection optical system for
projecting a pattern image of a mask onto a substrate., and a
pattern detecting system for illuminating the ultraviolet
light emitted from said ultraviolet laser apparatus onto a
mark pattern located on an object side or on an image side
of said projection optical system.

39. An exposure apparatus for transferring a pattern image
of a mask onto a substrate, comprising:

a light source including a laser apparatus for
emitting a laser light having a single wavelength, a first
fiber optical amplifier for amplifying the laser light, a
light dividing device for dividing or branching the
amplified laser light into plural lights, and second fiber
optical amplifiers for amplifyling the plural divided or
branched lights, respectively; and

a transmission optical system for transmitting the
laser light emitted from said light source to the exposure

apparatus.
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and further comprising a wavelength converting portion for
converting the laser lights emitted from said second fiber
optical amplifiers into ultraviolet light.

41. An exposure apparatus according to claim 39 or 40,
wherein said light source has an optical device for reducing
coherence of the plural branched lights.
42, A laser apparatus comprising:

a light source for generating continuous light;

an optical modulating device for converting the
continuous light into pulse light;

a first fiber optical amplifier for amplifying the
pulse light;

a second fiber optical amplifier for amplifying the
amplified pulse light; and

a light dividing or branching device disposed on an
incident side of at least one of said first and second fiber
optical amplifiers,

wherein the pulse light to be divided into plural by
sald light dividing or branching device is incident on a
fiber optical amplifier disposed at a later stage of said
light dividing or branching device.
43. A laser apparatus according to claim 42, wherein said
light dividing or branching device is disposed on an

incident side on said first fiber optical amplifier.
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44. A laser apparatus according to claim 42, further
comprising a delay device for directing divided plural pulse
lights into said fiber optical amplifier disposed at a later
stage of sald light dividing or branching device with time
delay.

45, A laser apparatus according to any one of claims 42 to
44, wherein said second fiber optical amplifier comprises a
large mode diameter fiber.

46. A laser apparatus according to any one of clalims 42 to
44, wherein said first and second fiber optical amplifiers
comprise one of a quartz fiber, a silicate group fiber and a
fluoride group fiber.

47 . A laser apparatus according to any one of claims 42 to
44, wherein the continuous light is infrared light or
visible light, and further comprising a wavelength
converting portion for wavelength-converting the pulse light
amplified by said second optical amplifier into ultraviolet
light.

48. A laser apparatus according to claim 47, wherein said
second optical amplifier comprises a ZBLAN fiber.

49. A laser apparatus according to any one of claims 42 to
44, further comprising at least one third fiber optical
amplifier disposed between said first and second fiber
optical amplifiers.

50. An exposure apparatus comprising:
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an illumination optical system for illuminating the
pulse light amplified by said second fiber optical amplifier
onto a mask; and
an adjusting device for adjusting at least one of
oscillation, intensity and wavelength of the pulse light.
51. An exposure apparatus according to claim 50, wherein
salid adjusting device has a first control device for
controlling oscillation and magnitude of a control pulse
applied to said optical modulating element.
52. An exposure apparatus according to claim 50 or 51,
wherein said adjusting device has a second control device
for controlling a gain of at least one of said first and
second fiber optical amplifiers.
53. An exposure apparatus according to claim 50 or 51,
wherein said adjusting device has a third control device for
controlling a temperature of said light source.
54. An exposure apparatus according to claim 50 or 51,
further comprising an alignment system for detecting a mark
formed on a mask, and a transmission system for directing at
least a part of the amplified pulse light to said alignment
system.
55. An exposure apparatus according to claim 54, wherein
said transmission system comprises first and second fibers

for directing the amplified pulse light to said illumination

optical system and said alignment system, respectively.
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comprising a plurality of wavelength converting portions for
wavelength-converting the amplifled pulse light into
ultraviolet light, and wherein, among said plurality of
wavelength converting portions, a first wavelength
converting portion is disposed between said second fiber
optical amplifier and sald first fiber or between said first
fiber and said illumination optical system.

57. An exposure apparatus according to claim 56, wherein
said first wavelength converting portion is disposed between
said first fiber and said illumination optical system and is
integrally held together with at least a part of said
illumination optical system.

58. An exposure apparatus according to claim 56 or 57,
wherein, among said plurality of wavelength converting
portions, a second wavelength converting portion is disposed
between sald second fiber optical amplifier and said second
fiber or between said second fiber and said alignment system.
59. An exposure apparatus according to claim 58, wherein
sald second wavelength converting portion is disposed
between said second fiber and said alignment system and is
integrally held together with at least a part of said
alignment system.

60. An exposure apparatus according to claim 50 or 51,
further comprising a projection optical system for
projecting at least a part of a pattern formed on a mask

onto a substrate, and a driving device for shifting sald

mask and said substrate in a synchronous manner at a speed
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10 said projection optical system in order to scan-expose the

entire pattern on said substrate.
61. An exposure method comprising the steps of:

narrowing the width of wavelength of pulse light by
means of an optical modulator, said pulse light being
oscillated from or by a single-wavelength oscillating laser;

amplifying the pulse light by means of a plurality of
fiber optical amplifiers in plural times;

illuminating the amplified pulse light onto a mask;
and

exposing a substrate with the pulse light through said
mask;

wherein the pulse light is divided into plural by
means of a light dividing or branching device provided on an
incident side of at least one of said plurality of fiber
optical amplifiers, and is directed into said fiber optical
amplifier disposed at a later stage of said light dividing
or branching device.
62. An exposure method according to claim 61, wherein said
single-wavelength oscillating laser generates pulse light
having infrared band or visible band, and the pulse light is
wavelength-converted into ultraviclet light before the pulse

light is illuminated onto said mask.

63. An exposure method according to claim 62, wherein,
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64

An exposure method according to claim 62 or 63,
wherein at least one of said single-wavelength oscillating
laser and said optical modulator is adjusted to control a
wavelength of the ultraviolet light.

65. An exposure method according to claim 62 or 63,
wherein at least one of said single-wavelength oscillating
laser, said optical modulator and said plurality of fiber
optical amplifiers is controlled to adjust intensity of the
ultraviolet light.

66. An exposure method according to claim 65, wherein
repeated frequency of the pulse light defined by said
optical modulator is controlled to adjust an oscillation
interval of the ultraviolet light.

67. An exposure method according to claim 66, wherein said
light dividing or branching device includes a time divider
for time-dividing the pulse light into plural light and
wherein said time divider is controlled to adjust the
oscillation interval of the ultraviolet light.

68. A method for manufacturing a device,

comprising:

a step for transferring a device pattern onto said
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reduced by an optical modulating element.
70. A laser apparatus according to claim 42 or 43,
further comprising a control device for controlling at
least one of said light source and said optical modulating
device to compensate the fluctuation in output of the pulse
light outputted from said second fiber optical amplifier.
71. An exposure apparatus according to claim 50 or 51,
wherein said adjusting device effects current control of
said light source to pulse-oscillate said light source.
72. A method for manufacturing a device,
comprising:
a step for transferring a patter formed on said mask
onto a substrate by using an exposure method according to
claim 50.
73. An exposure method comprising the steps of:
illuminating ultraviolet light emitted from a laser
apparatus according to claim 47 onto a mask; and
exposing a substrate with said ultraviclet light
through said mask.

74. An ultraviolet laser apparatus according to claim 1,

further comprising a light dividing or branching device for
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dividing laser light, generated by said laser generating
portion, into plural light, said optical amplifier having a
plurality of fiber optical amplifiers for amplifying said
plural light formed by means of said light dividing or
branching device.
75. An exposure apparatus comprising:

said ultraviolet laser apparatus according to claim
74; and

an illumination optical system for illuminating an
ultraviolet light, generated by said ultraviolet laser
apparatus, onto a mask;

wherein said ultraviolet light exposes a sensitized
object through said mask.
76. An exposure apparatus according to claim 75, further
comprising an adjusting device,

said adjusting device detecting laser light which is
not yet wavelength-converted to said ultraviolet light
within said ultraviolet laser apparatus and, responsive to
the detected result, adjusting an oscillation property of
said ultraviolet light oscillated by said ultraviolet laser
apparatus.
77. An exposure apparatus according to claim 76, wherein
said adjusting device adjusts at least one of intensity,
center wavelength, width of wavelength and interval of
oscillation of said ultraviolet light, by controlling at
least one of said single-wavelength oscillating laser and
sald optical modulator.

78. An exposure apparatus accorxding to claim 77, wherein
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said adjusting device adjusts or controls at least one of a
temperature and a control parameter of said single-
wavelength oscillating laser and another control parameter
of said optical modulator.

79. An exposure apparatus according to claim 77, wherein
said adjusting device adjusts intensity of said ultraviolet
light, by controlling at least one of said single-
wavelength oscillating laser, said optical modulator and
sald optical amplifier.

80. An exposure apparatus according to claim 79, wherein
said adjusting device adjusts a control parameter of at
least one of fiber optical amplifiers which constitute said
optical amplifier.

81. An exposure apparatus according to any one of claims
76 to 80, wherein said adjusting device detects ultraviolet
light generated by said ultraviolet laser apparatus and
uses the detected result for said adjusting operation.

82. An exposure apparatus according to any one of claims
76 to 80, further comprising a projection optical system
for projecting a pattern on said mask onto said sensitized
object, said adjusting device adjusting an image-forming
property of said projection optical system, by controlling
at least one of said single-wavelength oscillating laser
and said optical modulator.

83. An exposure apparatus according to any one of claims
75 to 80, wherein said ultraviolet laser apparatus is
provided such that at least one portion of said light

dividing or branching device and said optical amplifier is
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changeable or replaceable as a unit.

84. An exposure apparatus according to any one of claims
75 to 80, further comprising a projection optical system
for projecting a pattern on said mask onto said sensitized
object and a mark detection system for detecting a mark
which is illuminated by said ultraviolet light through said
projection optical system.

85. An exposure apparatus according to any one of claims
75 to 80, wherein said ultraviolet laser apparatus is
provided such that at least said wavelength-converting
portion is held integrally with at least a portion of said
illumination optical system.

86. An exposure apparatus according to any one of claims
75 to 80, wherein said wavelength-converting portion is
provided such that at least one of non-linear optical
crystal is used in NCPM (non-critical phase matching).

87. An exposure apparatus according to any one of claims
75 to 80, wherein said ultraviolet laser apparatus includes
a temperature control mechanism for controlling a
temperature of at least one of non-linear optical crystals

which constitute said wavelength-converting portion.
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