| LLUM NATI NG APPARATUS AND METHOD FOR CONTROLLI NG ENERGY OF A LASER SOURCE
5 CROSS REFERENCE TO RELATED APPLI CATI ONS The di scl osures of US 11/318, 127,
filed 22.12.2005, of US 60/731,539, filed 28.10.2005 and of US 60/753, 829,
filed 23.12. 2005 are considered part of and are incorporated by reference
in the disclosure of this application 10 BACKGROUND OF THE | NVENTI ON The
present invention relates to an illumnating apparatus for illumnating a
sanple on a 15 work stage with a narrow illum nati ng line of controlled
ener gy accor DI & 5 , :

control ling gﬁgﬂééﬁgﬁ&§—!¥?¥ ; '

stage W th aAdASERBOUROEI nating |ine accordl ng to the preanbl es of clains
9 and 25. 20 Many technical applications in electronics and display

technol ogy require a thin polycrystalline silicon (Si) layer on glass. Such
panel s are typically used for I|qU|d crystal di splay (LCD), organic |ight
emtting dio Jy. The standard process to
produce ssucl%ésc. EFERENG ¢ > 1.— s Si layers on glass by
chem cal vapour dep05|t|on (CVD) or sputter processes. Subsequently a
polycrystalline 25 filmis for e n r | aser
crystal | i zatihgHlisclesurss ‘gpssleléﬁ}éﬁ't%? g%F 31?2? éQO% ﬁ%ﬁ&%&éﬁ 5%@? 5&%

t echni ques. A8 oPYS 6Y/7$3\813 ﬁteaesezdodsfe@émtxdaemmﬂaaamltmmsdw ven e.g.
in US 7,061,959 which js herewith incorporated by reference. B2. A quite
novel technFﬂ%@“ﬁH?ﬂ@dﬁ%@?@?Sﬁﬂ%ﬁq%MﬁFﬁhous silicon into polycrystalline
siliconips 30 the so called thin beamdirectional x-tallization (TDX)
process. This process uses a pulsed narrow narrowmy focused |aser line with
a wdth (so called short axis) dinension of about 10 gm and a | ongi t udi nal
(so call ed BaTKEXOSNDDOIMEASIINVENTIOROUt 500 mMm which is scanned in the
short axis direction in order to nelt the thin Si |ayer having a thickness
of 30 to 100 nm When applying the ELC, SLS or TDX processes a thin silicon
layer on gl ¥EspresentBldnn te\raté taanututﬂmlﬂ@t;sgafatdslf&q1mina@gematﬁpecmy a high

energy exciner |aser, preferably a
1 work stage with a narrow illuminating lme of controlled energy according to the preambles
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of claims 1 and 18 and a method for controlling energy of a laser source when illuminating
a sample on a work stage with a narrow illuminating line according to the preambles of

claims 9 and 25.

20  Many technical applications in electronics and display technology require a thin
polycrystalline silicon (Si) layer on glass. Such panels are typically used for liquid crystal
display (LCD), organic light emitting diode (OLED) and solar cell technology. The
standard process to produce such panels is to first deposit amorphous Si layers on glass by
chemical vapour deposition (CVD) or sputter processes. Subsequently a polycrystalline

25  filmis formed by laser annealing such as excimer laser crystallization (ELC) or sequential
lateral solidification (SLS) techniques. An overview of these different common techniques

is given e.g. in US 7,061,959 which is herewith incorporated by reference. B2.

A quite novel technique for conversion of amorphous silicon into polycrystalline silicon is
30 the so called thin beam directional x-tallization (TDX) process. This process uses a pulsed
narrow narrowly focused laser line with a width (so called short axis) dimension of about

10 um and a longitudinal (so called long axis) dimension of about 500 mm which is



excimer |aser, and being shaped by a beam shaping optics. According to the
present application beam shaping optics means a nodul e between the |aser
and the imaging optics performng at |east one of the follow ng functions:
changi ng the shape and / or divergence in one or two directions

perpendi cul ar to the 10direction of beam propagation. honmpgenizing the
intensity at a field and /or pupil plane in one and for two directions
chaggi)ng the spatial and / or tenporal coherence. After havi ng shaped
sai eam by neans of said beam shaping optics sajd beam hag,a rectangul ar
cross secti cﬁﬁamdeﬁhmi’@ﬁaﬂaﬂtﬂmlpnB”r%ﬁﬁg‘hwléﬂ‘eé*&%lﬁb‘éy‘ir a‘é‘i‘&%ﬁ"i‘ﬁi“?séﬁ and/ or
short 15axi sy} §§FLhON- Such beam shaping optics may conprise one or nore
beam expanders for expanding the |aser beamin the |ong axis direction, one
or rm(rje honogeni zers for honogeni zing the beamin the | ong and/ or short
axis directi I i f 73 h

) ! 1 t&s dl SRSnfiBer dDglhdsH fbiRd byhe

di mensi on of ?Za’ﬁgé/gfﬁﬁllieﬁés ()S\r('ts'%ggpgpci?%e%%i on.. V\Dnz%lé/ 0%67S06 A2 clljlslscl oses
an eﬁ i’;m‘p :CSe faprillurintiop dineibeing druiftedjesrickih preegyexeimer logeri ArefarebiaXetd | ne being
capabl e for gpply : ﬂggas& i UpE ANEHGihg ¥ RE pleliat | aser 1ine
on the sili ceon_ af?%rg’aﬁggelgg%gé rmgglrrll-cgﬁ@ll n tﬁs\é | ong %Saxi_g direction and
| i g Wi Ej hi n appleaticn beaprshapingopticsrdeans a Todule hetween the leper gpdthe SHagingQIdIAs | s
reduced by effect i i 't{%? ity fluctuations, beam position
and pointi nge&?‘?é’?%%ﬁé%r?é?g%gﬁgé@fvgﬁs 0 1mtls}ie Si_filmthickness and/or a
variati on of theagiogéeshipeandt opdivesgentd ingne brtwpairegtiongprepandiculer tojtke i nl y

i nduced ,hy vari at.i rameters of the laser that influence the
transm Slgl on Slrre%%lﬂlggfzbﬁ%@g&%ég;@ﬁem For these reasons the rel evant 30
process par anbktresgenizing ¢hetiotetmity abafeld ent /anpupiitpddse in onedind (95 Gai¢ dijectionse | aser
energy is stalili. at neasures the energy close to
the exit w ndglv?/n%lﬁgﬂﬁggqt%lsienr‘a?gﬁ'ﬁlﬁ’g’grlaisg%%%gh%bst frequently used | aser energy
st abi | i zat i @ufter hawizigrshapeé said been byemedny obsaihbeaw shaping apticssaylbeamadps @ | aser is
equi pped w th, such f back: . L : Lsi ng
such a | as e%ecgﬁéurq%rf%s?f g%g?nf\%gltc ]!’ gﬁ&s@‘@?sﬁ@%ﬁg‘p%ﬁﬁ ggs \}\é%{ ﬁ?ﬁlggﬁv\g%{h?ﬁit does
not prev&nt asiadiretioons of energy density along the laser line on the
silicon layer |eading to poor crystal quality when using the TDX process.

Such beam shaping optics may comprise one or more beam expanders for expanding the
laser beam in the long axis direction, one or more homogenizers for homogenizing the
beam in the long and/or short axis direction and preferably one or more devices for

20 limiting the dimension of the beam in short axis direction. WO 2006/066706 A2 discloses
an example for an apparatus for generating a narrow illuminating line being capable for

applying the TDX process.

The energy density of the laser line on the silicon layer has to be homogenous in the long
25  axis direction and lie within a certain process window. The theoretical process window is
reduced by effects like long axis uniformity fluctuations, beam position and pointing
fluctuations, variations of the Si film thickness and/or a variation of the overall energy
reaching the panel. The latter is mainly induced by variations of beam parameters of the
laser that influence the transmission of the optical system. For these reasons the relevant

30  process parameters have to be measured and stabilized.

Usually, the laser energy is stabilized by a feed back loop that measures the energy close to

the exit window of the laser. This is the most frequently used laser energy stabilization

2



5 US 7,061,959 B2 discloses an energy nonitor feedback to the laser in a
stabilization netrology nodule (SMM. The SMMis part of the beam shapi ng
optics as defined above. A drawback of such an arrangenent is a non
negligible variation of energy density of the laser line on the silicon

| ayer. 10 Furthernmore, US 7,061,959 B2 di scl oses an energy nonitor feedback
at the work stage. Energy nonitoring at the work stage itself has the
advant age of controlling energy instantaneously at the location where the

light is absorbed and th fro

mel ting the %554 Bﬁﬁiﬁ%ﬁr‘:‘?@rﬁx ﬁ&%g 'ap} 'i\é “ %Pg,gé‘&"%# g\gha%e%gagocatl on
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ener gy net ertheMilicoh 14 3& I@ﬁd‘xﬁ’g’\@ ol@ysta qialippwhirsusigeie BRXprices. t he | aser |ine
i n operation node. 721,416 Al discloses the arrangenent of a

transparént mrror in the beam pat h between a reducing optics and a final

wi ndow for hyemnedy,o50 B disctosedn! dnadgy hﬁﬁii@r(f?ediaawt@&kmatm awhbithatidnen ar e
i mged by a m croscope |lens on a_solid bq%é} conv rtenpkwﬁﬂ%nltor t he

beam pr of i | @etrplogy gwrnlg (SMY)- TheaddMdR PAFE? 85 $ 4°087 i ng

purposes, O ¥rawbuck @€slRa ek aRdngtRent I hdnQleplikible gﬂ&hoﬁ of dnergyldassity of thenot
i ntended. 25 SUMVARY OF. THE | NVENTI ON Therefore, it is an object of the

pr esent |nvé4§tﬂ’|18ﬁ°fléhepﬁﬂt?9¥‘él’é(e’én il lumnating apparatus and 30 a nethod for
control ljpng energy of a |aser source with |nproved reduction of variations

of energy density of the |aser line on the sanp qg?@? t+ nated. This
obj ect may Kurthesmpeydd 71961850 BR disetpisa st ﬂ&r%’ﬁb%{PtS’i f?% 2%, ﬁ?é’? ng a

sanpl e on apKBEK mdhR@ g hB wdrldtideQMe]E hdsURe davduitipe okbmroufngceﬁﬁgy ol | ed energy
with the features of tﬁ

e characterizin port| n%Wﬁf cl ai & 18 and a
met hod for @sknieerouslgt & lacaernorhess the Ught isabseried A SIFIEYHORLDP HETE sanpl e
on a work st&ferd ihfd HRatRfithé bhsighdidséhi@onduber fin. Nevertheless, at that
15  location the light energy may only be measured at time periods when no panel is located
there. Therefore, the energy monitoring may only be performed by use of a removable
service tool for a one-time adjustment purposes or by an energy meter which is arranged

between panels when scanning the laser line in operation mode.

20  US 5,721,416 Al discloses the arrangement of a transparent mirror in the beam path
between a reducing optics and a final window for branching off a partial beam (a few
percent) which then are imaged by a microscope lens on a solid body image converter to
monitor the beam profile. The solid body image converter is provided for monitoring
purposes, only. A feedback of the monitored signal to the laser is not intended.

25

SUMMARY OF THE INVENTION
Therefore, it is an object of the present invention to provide an illuminating apparatus and

30  amethod for controlling energy of a laser source with improved reduction of variations of

energy density of the laser line on the sample being illuminated.



5the features of the characterizing portions of clains 9 and 25.

Advant ageous vari ations and enbodi nents are subject matters of the sub

cl ai ns. Si nce sonme beam paraneters |i ke pointing, divergence, and

pol ari zati on are changing over 10 tine, the transm ssion through the beam
shaping optics is subjected to change. This influences one of the nmain

process paraneters, nanely the energy density on the panel. An illum nating
apparatus is provided for illumnating a sanple on a work stage with a
narrow illumnating line of controlled energy, whereby said illumnating

line is genefhas ehiecimay begehisiid by itywroinpting ageisstussiar Hlumimating &3R4 ne has
an di mensi onydp st?%éc wittod nﬂo&ﬁ?ﬁhﬁaﬁﬁlﬂue%@ cSHABOneRyy WithahSREARE ofkhé ect i on

bei ng perpendicular to said first rection whereby said first_direction

di mensi on exbateeterizing pertinns efielainis 1 aod il Hend metherd foncamroling gargypia laser

Fur ther mor e o5k yhdd it A ANARRAGA Wik SAPMIF SRR WARRIEAAPIAG P! | Cal
system for shapi ng sai aser aminto a Tine shape, an energy neasuring
devi ce fdr riesisatnienof thocharasteriging porsighabficleiney 9 geladh and an energy control
system for generating a control signal upon said neasured | aser beam energy
and for controlling the energy output of said |aser source based on said
control si gralvantageeusciayiatiomis andeeretrodymentsaase ubiset roatierscd thegub elaifged i n sai d
beam path after said beam shaping optical system and before said work
stage. Said energy neasuring device, in the following for sinplicity called
process eneSipee soms heam RBNERE\kerpointing. alivergeaces ansk pplarizationdehehanging ¢t panel
and fee a.s) e K QIPH : : .

illum nfait6 i ort{mggtgglrrg%%gg%& ?1‘(%% tgn y Oégax}lg%éhtlg%lsisgﬁféé@rgl%garﬁlrglggh%ng and/ or

| aser cryst aiflupncas oremf thermais pwcess parametsrsy wamelycle ensrgy densitg|on thg panglx
processes, but also to any 30l aser |ight exposures requiring a thin
ilTumnating Iine having a high aspect ratio of e.g. several hundreds or
even t housaAdsllumindting lapgardsessis pfoyided far iluminating gpampla on A eednstagedtitiiang only on
a fraction : - del i ont r ol
signal, if ?{%M;ﬁ\é}rﬁggﬂ a@ Hr%ef]ogchtl{ogl%d g’%%' %&g@}%idﬁﬁn%gﬁéﬁgeﬁg? d ﬁgxl a%egt al beam
ener gy Whi cfiomemiteddroat a lasdr lsaid diuniinating dine hasen diftrasion &y efirsbditsstieni a9 ano a
preferred eghadi. yent i . S r 5 1S 5
i cat i ve SHUMCEs @b o b Blng bdhRlackf: BRARRLEAIRRIERDY s | 0
shaped beanfiistdizafioh dimessjoncixcaeds saichsecontd dirsctipmi dimengionfby @uhultiple pl ace an
energy nete i 0. & t ; i ] | rat us

accordi ng t%ur?’ﬁlré&gér ge%%%‘%%@%ﬁ?& g}ﬁ&\%icF ‘Hg‘f‘ﬁggf’és%%%t" tgglrr%gtg?lf% mance

and/ or shaping said laser beam into a line shape, an energy measuring device for measuring

20  energy of said laser beam and an energy control system for generating a control signal
upon said measured laser beam energy and for controlling the energy output of said laser
source based on said control signal, whereby said energy measuring device is arranged in
said beam path after said beam shaping optical system and before said work stage. Said
energy measuring device, in the following for simplicity called process energy monitor

25  (PEM) measures the energy incident on the panel and feeds a signal back to the control

loop of the laser.

Said illumination apparatus may not only be limited to laser annealing and/or laser
crystallization purposes, such as related to ELC, SLS or TDX processes, but also to any
30 laser light exposures requiring a thin illuminating line having a high aspect ratio of e.g.

several hundreds or even thpusands.



10 output energy. One solution may be that said energy neasuring device
conprises a beamsplitter for coupling out a fraction of said |ine shaped
beam and a detector for detecting said fraction. In general, said detector
may be an array of any kind being capable of detecting laser light. 15 In
particul ar, said detector may be a two dinensional array having sensors in
two dinensions or a one dinensional array having |ight detecting el enents
only in one direction, i.e. being oriented preferably in |long axis

direction. In a preferred enbodi nent accprding to th [ i ntion

sai d det ect df hi?(?ﬁ?i’r‘jf”é%gtg‘& BPrEY MCAFMERt SHEESR o(’d‘easitr cgl?lgﬁﬁg??%aﬁ{ggéégsi de by
si de in sai thytdr edde nshiy' Bt deBivlerfaQisefildong6lisighgl, Hatietbnénggat theouterl@dgpistae t hese 20
phot odi odes may be arranged such that .a f.ewnréﬁﬁ/s.,iof Eh&t aodi ades ffrorm a two
di mensi onal 298fmeasursof e tptakbeamepergy shich in gengrah Wil ok Re R 57781 EEITS 4 one

di mensi onal R&didg &fa priehefimshasmdie bdidcdtrorsghabis genchitedssuclethat inisor der to
reduce the nunber of ‘phot odi odes as far as possi blgiﬁsaH}e dg%pe@hor of the
P feape

25i | | umi Sat iirdjcaiippefantayeragedsrmicne 2y gopmibe AimFasien ¥t Pses a
plurality ofg,3m&dédonl €nses for focusing said fraction onto said
plurality of photodiodes. It nay be worth nentioning that also cylindrical
| enses or double cylindrical Ienses with cylindrical surfaces transversely

crossing eagys ghipefifrRil M MalahCherfPmt figtcliPRIRSbdARYpatlfofas eithmibiaingr t hel ess,
for manufacturability reasons spherical |enses m%I ferred. .30 In a

) I'l be pr
preferred edpermtweaseordiged e P[?ﬁ?ﬂﬁ&tvf?fﬁ’ndﬁﬁ‘ﬁ%ﬁ‘%‘g g beamy Py "Pﬁncfﬁﬁ‘_ﬂf"nventi on
may furtyer oﬁgppinbgy. Ond Silitioh Bty BRtHaEid dheiFintbahi@MEdpAtdconipiiess atrinel beam

shapi ng optic em for reducing said |ine shaped beam jin said second
direction. spliter &mepuplingeutsufraction ofcpeid; ling shargd bram B¢ 28GCPHIOf ARCHBE M pat h
direction befigrg.fn after said reducing optics. Alternatively, said energy
nmeasuri ng device may al so be located in said reducing optics itself. Wen
said beamis narrowed significantly by said reducing optics the collection

(and the su %&Uﬁﬂ%m@ a&g&&i IH%) beQn okl omtkirrd%ﬁlg%_aﬁabwmete_éﬁﬁgh@eb@@m may be
easier. 5 Atfurther preferred enbodiment "of said illumnating apparatus
accor di ig t & panéculanssididetsator map b 8 o dimensiengl asy GYIRE EUFYF 10 Bgi ng sai d

i ne shaped ReatbiQ elfheAdBRl SrrayThivtheITACHe LA RSB BOAPY | S€_sal d
reduci ng Op?ICS. ean1|nag|ng may 1‘nmprove i l|lum nating |ine properties on

t he sanpl e, dinmﬁem,y.etbmg}mheqe_ preferably in long axis direction. In a preferred embodiment

according to the present invention said detector comprises a plurality of photodiodes being
arranged side by side in said first direction for collecting said fraction. Despite these
20  photodiodes may be arranged such that a few rows of photodiodes form a two dimensional

sensor array the most preferred embodiment consists in a one dimensional array of

photodiodes being placed side by side.

In order to reduce the number of photodiodes as far as possible the detector of the

25  illuminating apparatus according to the invention further comprises a plurality of spherical
lenses for focusing said fraction onto said plurality of photodiodes. It may be worth
mentioning that also cylindrical lenses or double cylindrical lenses with cylindrical
surfaces transversely crossing each other or any other focusing lenses may be used.
Nevertheless, for manufacturability reasons spherical lenses will be preferred.

30
In a preferred embodiment said illuminating apparatus according to the invention may
further comprise a reducing optics in said beam path after said beam shaping optical

system for reducing said line shaped beam in said second direction. Said energy measuring

5



10 According to another preferred enbodi nent said beam shapi ng opti cal
system conpri ses a honogeni zer for honbgeni zing said | aser beam at | east
along its dinension in said first direction. Said energy nmeasuring device
is thus located in the beam path after said honogeni zer. Typi cal
honogeni zers for use in said beam shaping optical systemare 15 discl osed
in US 5,721,416 Al or WD 2006/ 066706 A2. In another preferred enbodi nent
sai d beam shapi ng optical system conprises a field defining optical device
for defining the di nension of said | aser beamat |east in said second
direction. dsvise may beloeates in thadegn patl direption befprg opaftesspid sesuging Opficsc| ose
arrangenent s . 10l k1 ol i i redatide b r beam at
elau il S Phagh %*%%S‘"k‘c?c%?‘ﬁ?ﬁlgi”?‘éé’zﬁ?ﬁ*e‘?ﬁ;?%ect of The. pr esent

| east in sai 1
i nvention a itself. Woenissid peanvisdamtowassignifiventh| by saig redsingppisgs the qollegtion &8s ce

when il 1um t4up§ﬂ1€ena§&{i%§8?)%@ﬂémuae%ﬁg&twwb@m?amvsa&iu.um‘ nating Iine,

wher eby saidi n ine is generated froma | aser beam 2
propagat bng al ong a beam path and being emtted fromsaid | aser source and

havi ng_an diA%ér%?efé&&%mfb%)ﬁiﬁxte Yrsa8 giu?ﬁna%ﬁg F8G RO rfhfBNR Aledtidna Second
di rection bélng perpendicular to Sai I rst rection by a multiple, which
further conpemprisss arhigaging ppticsfforgmagingspid inecshaned deanp eutprsdidsamnle. Spide shape,

measuring the ene [ G ggrg'- | i RSP Ratihprfvker said beam
shapi ng opt r&g%q?&s({?g?se%ya%?pg%%%?ﬁ&%% \Xg?ﬁiﬁg?gbe, gerﬁa’e%latpi r‘n’g a 30 control
si gnal uponilbmiighting liseipreperticsa tharampleonranedy/the pandgl.cont rol 1 i ng ener gy out put
of said,laser source based on said control signal. Preferably, said nethod

according to the invention is characterized in that said control signal is
i ndi cati ve @kcadingtosamathechréfemed eanhedigyent$aichppamisbapingentical systein caraprises ¢ ne
shaped beamin sai irst di.rectl i o s g iRV RRD @
fraction a?h%nrllc eﬁltzgrrére}&%’gorf&]'ﬁgealtgfé‘%e%ﬁ%%ﬂ?éﬁqgagwg llztasgeouss silnc_e the energy
at the out ediretge Skid egepe madsuringyiviosdt thnelobatest in thecbeBm patbrafigr sefd t he t ot al

beam According t.0 further prefecr i ] daggording to

t he inventig%”%(?%??&’é”écaﬁH%m#ggerggorgp i|gt g‘ri}éé};gg&faaﬁnggg@l %}garrlﬁaalﬁn sai d beam
pat h af t®r diadlabedh add$ §J12ah# oA bt WOH006/06670MAANd bef ore said work stage and
coupling out a fraction and detecting said

In another preferred embodiment said beam shaping optical system comprises a field
defining optical device for defining the dimension of said laser beam at least in said second
direction. US 5,721,416 Al, US 60/731,539, and US 60/753,829 disclose arrangements for

20  defining or limiting the dimension of said laser beam at least in said second direction.

According to another aspect of the present invention a method is provided for controlling
energy of a laser source when illuminating a sample on a work stage with a narrow
illuminating line, whereby said illuminating line is generated from a laser beam

25  propagating along a beam path and being emitted from said laser source and having an
dimension in a first direction exceeding an dimension in a second direction being
perpendicular to said first direction by a multiple, which further comprises the steps of
shaping said laser beam into a line shape, measuring the energy of said laser beam in said
beam path after said beam shaping optical system and before said work stage, generating a

30  control signal upon said measured laser beam energy, and controlling energy output of said

laser source based on said control signal.



10fraction. Said method further preferably conprises the step of averaging
a beam energy of said fraction along the dinension of said fraction in said
first direction. It is not necessary and in sone cases hardly possible al so
to average the beamenergy in said second direction. 15 Averagi ng the beam
energy along the dinension in said first direction contains enough
information for generating a control signal. The averagi ng may be done by

i ntegrating the beam energy along the | ong axi s direction, onIy A wei ghi ng
of the signal wth res ect to th bein t egrat necessary.
20 A furthefr ﬁ"rékflérsf"él ?‘ﬁ‘o °ﬂ3ﬁ°qfrszg a@gtc er| ze in the

step of di V'sféhﬂ&'ls haicaive bagt év@fhgb@ﬁéarrﬁenﬁ'gy aRhg thy dﬁﬁensmh obsithiineashapefl ocusi ng
said plurality of sub beans onto a detector arra onpri Si n% ﬁ%egfé@
plurality O\beﬁh@tsé@lfﬁﬁélsfecuﬂpt’éltt?%i"%lf%‘ﬁ%PUEP%@ FonZh e PR SR R ri ¢
SeNsors canpbg, Rddvatfpout SRt tﬁ@e&réﬁﬂ%bh@f‘edg@xﬂiﬁﬂeﬂumgﬁf navfefReabssary
detector array el enents such as photodi odes as well as an efficient way to
col | ect fheewssgnelte iglah®e88% on in total. Focusing of a plurality of beans

al so has the advantage that an adjustnment of the detector with respect to
the beamto be detected may be realized nuch e si er thaﬂ'ﬁd wi t hout havi ng any

f ocusi ng meAneording e ity prafereedregboristent e mathe %“&P@“Wéf’ RSt ding to the
i nvention comptisese stc@r&oﬁrpmnggmaease&@usmmm phihn@eshRMREmBRGMG N Ssai d
second direction. Sald ener be measured in said be ath direction
bef or e, af t emtlcelrsyeiamuan@bfrfer@@@ﬁﬁ@ﬂs grge and pUPERSE @ REtoR ar“ﬁ rg]%tg? tHesadond
directig g& tLhonal Iy, said nmethod according to the invention may be

char acterl zed 1n further inmaging said |ine shaped beamonto said sanple or
panel . | maging the beam has the advantage of being able to after the

L1 um natinggh| H&ﬁ:o? E’lﬂﬁ)@%&ﬁ&bﬂl coisdsheSteprst 'a?ér&%qﬁg £bAndndi® oﬁﬁtﬁid thus on

the sanple or pane according to the invention Frther

conpri se t hactioeplong ﬂhdm‘b@élﬁn,?fﬁﬁgd Fagtign th%é’rﬁfﬁéi&'ﬁ?té’fl ‘tésds’f“%:ﬁ an

di mensi on i f Sak @asfeé il gbsrsﬁ)@é igdto aIé}EgeQE@EEa&%é@y i@ feoridRmsetioad in the

beam path after n Ing said |aser beam 10 According.to still another

aspect bf theeramm @ﬁmemrgyl along; thedimagsiongp 531 fitss dicgsiion pQIIAIRS£ROYEYy a sanpl e

on a work Séﬁgﬁ fich fBE %:W; roPsiBAl. ﬁﬁwaéekégu{glrﬂ@tucmné by'Ritegfatin@ e ol | ed
ne

energy, sai fiim na el ng generated froma | aser beam

pr opagat i ngbeaincmgga abeame;mgraxmbremnn@herﬁ veighing phths signal $dth repert &2 and

havi ng an gsg%ﬁ,on exceedi ng an di nension in a second
di rection be| ng perpglﬂvg@gT F%?tn?gﬁsal first direction by 15 a nmultiple.

Sai d apparatus further conprises a beam shaping optical systemfor shaping

said lager b ?xg’[ﬁ'le} }g% rrfd e:ln&ﬁh Qﬁ%?sm@ﬂet’ﬁ@@fs%ﬂar&@&%& ife S8y bcddviliPg si@asur i ng

energy of sai eam an an energy control systemfor generating a
control si gfmmnm@Mwahtmqfdultbﬂam@ndafocmmgapa@rpélg‘el&y & bspBE 8Rf° &1 ong t he

di Tensi on Ofeicsf drdy gyggg P ORAL LR Bbads SAndhdiely ?fbele@tfnc%.&d d

measur ed | aser I'ng energy ou
thermoelectric sensors can be used. This nnphes a reduction in the number of necessary

detector array elements such as photodiodes as well as an efficient way to collect the beam
25  dimension in total. Focusing of a plurality of beams also has the advantage that an
adjustment of the detector with respect to the beam to be detected may be realized much

easier than without having any focusing means.

According to a further variant said method according to the invention comprises the step of
30 reducing said line shaped beam in said second direction. Said energy may be measured in
said beam path direction before, after or during reducing said line shaped beam in said

second direction.



200f said |laser source as a result of said control signal. Preferably, as
is already nentioned with respect to the first aspect of the invention
above, said energy neasuring device conprises a beamsplitter for coupling
out a fraction of said |ine shaped beam and a detector for detecting said
fraction. 25 Said detector optionally conprises a plurality of photodi odes
being arranged side by side in said first direction for collecting said
fraction as is explained above. Furthernore, for sinplicity reasons,
said detector may conprise a plurality of spherical 30l enses for focu3|ng
sai d fracti ddptiondlly, sid rdethdd acadriling tathe pivontisnimss s chasetegized injffadher t wo of sai d
phot odi odes I

photodlodeslg%¥ﬁg cﬁfﬁ%ﬁ%kﬁg sm§§§§% a&%n¥?%%§g%ﬁéﬂ%&p%g#%gﬁggints bei ng
gener at ed whadvantaige bibunga@ieng afaithes :pmmmmmsropntmwtm@tegn@m filddnsi sting
of an addltl?n oftghot eorgrg)liresponds to an (not normalized)

aver agi ng ofzﬂg 0|nang on sai d photodi odes. 5In general voltage
signals &re used in order to control |aser beam output of the |aser. The

vol tage control signal e .gengr at ed vol t age
drop al ong gﬁﬁﬁ‘f’ché’S{dg‘?%‘P t&ﬁéﬁvﬁﬁ N:ikedls c%rlrz‘ﬁ Igsc?tcﬁ'cﬁ %?#Eggge&ﬁ% o (at

| east one ofsid mrcbeah@tleﬁt adegsits dimeﬂsiondnskédﬁtsodxmw Thebdamsmefgymaydasur i ng
the intensit | ne se reverse phot odi odes which wi ||

al so facili Pfff‘%"”%‘ﬁ&wﬁ’s%g%&ﬂ%ﬁ?@eﬁ%zﬁ“ %@E%gb%&rt Exci mer | aser pul ses

i f desired. Exanples for detection of optlcal signals are given in Dereniak
and Cro R |at on Det ars e

i ncor po\lﬂ\ﬁt ego ol IP% esl?- g erfgpecﬁﬁ%brlp‘r’leg "B %én lkmy}qahrg%}) b%ﬁft&ﬁ(ﬁ%mngmg
control |l ed hyanae a{ewbﬂccsmge 1sfmmddddamthdmow 1rl‘11umnatmgdtle of gmabllqdep}lem,

generated b vera ot,odi odes the | aser
pul se in eagﬂ‘?ﬁ E eweﬁeéatg%g%[aa Tse r?? @a?%mg%{%négﬁodg? B %éo keep
dar k currenhrsiﬂemgetrhttddsfrqmsmséalsmb&mﬂ hhhagpﬂrldm@nsioxmdeéirmdaem@n bi ased. 20

exceeding an dimension in a second direction being perpendicular to said first direction by

dJ

-1

15  amultiple. Said apparatus further comprises a beam shaping optical system for shaping
said laser beam into a line shape, an energy measuring device for measuring energy of said
laser beam and an energy control system for generating a control signal, which is
indicative of an averaged beam energy along the dimension of said line shaped beam in
said first direction, of said measured laser beam energy and for controlling energy output

20  of said laser source as a result of said control signal.

Preferably, as is already mentioned with respect to the first aspect of the invention above,
said energy measuring device comprises a beam splitter for coupling out a fraction of said
line shaped beam and a detector for detecting said fraction.

25
Said detector optionally comprises a plurality of photodiodes being arranged side by side

in said first direction for collecting said fraction as is explained above.

Furthermore, for simplicity reasons, said detector may comprise a plurality of spherical

30 lenses for focusing said fraction onto said plurality of photodiodes.

Said at least two of said photodiodes may be electrically coupled in parallel. Coupling of

photodiodes in parallel results in an addition of the photocurrents being generated when

8



According to still another aspect of the invention a nethod for controlling
energy of a laser source when illumnating a sanple on a work stage with a
narrow illumnating line is provided, whereby said illum nating |ine being
generated froma | aser beam propagati ng along a beam path and being emtted
fromsaid | aser source and having an dinension in a 25first direction
exceedi ng an dinension in a second direction being perpendicular to said
first direction by a nultiple, said method conprises the steps of shaping
said | aser beam neasuring energy of sai% shaped asgn.be g@ner ting a
control si gridrminadng saidiphotedigdss, A quirent signa) sonsisHREAt D 2ddifan GRPOBYTENSS, ¢ g
signal is indiedbhd8o &f (MBMoAMSlRIRNRERRVERRMENedy @iginging otlbai®nsi on of "sai d
| i ne shaped beamin said first directron and controls the 30energy out put
of said | aséow9digAese based on said control signal. According to a preferred
version of this method according to the invention a fraction of said |line

shaped beam is coupl ed out and subsequently detected. Furtggr preferably,
said fBdactlneenera veltage sienply ae used ipprderdp cenroblass beam puipWt of ghediserihe ai d beam

lets is aft %%%nﬂﬁgl Jl%y%@g@x{e?ét@d B4 means of © rﬁéa's&_ﬂ'lgrtﬂe Vd1gd@bpadngescri bed

in the forego paragraphs” preferably each of said Splurality of beanlets
is focused sShywreststorpeingelecideatly coupled in gerigs m@&@%@&%ﬁﬁéﬁﬂhﬁ%‘twﬁ%\i d met hod
conprises the step of converting detection signals being generated upon
detecting each of said beam ets separately into a sumsignal._ Such a sum

si gnal r epr ésewdesto keepdbelosgfongeastringthel intnsity weallngnedpayaise syyersshizstdsum si gnal
may 10 ggbs tefithDlife 3RbNe QMO ofthdfRkt KxeRer aX@pl € i n
t he vvangs gg@%ﬁ%%ﬁ%ﬁ%%%s%ﬁ%ﬁgﬁgm PTl ON OF THE DRAWNGS 15 The

i nvent i on wphlsesiédagisedbri bed hereinafter with reference to the draw ngs,
whereby Figure lshows schematically a TDX apparatus according to the

present invention, ) . .
Examples for detection of optical signals are given in Dereniak and Crowe: Optical

Radiation Detectors (Wiley) which is herewith incorporated by reference.

15
In principle the laser output may be controlled by an electronic feed back loop. The input
signal may be generated by several photodiodes. The charge that is generated by the laser
pulse in each photo diode may be added electronically. In order to keep dark currents low
it is possible that the photo diodes are not biased.

20

According to still another aspect of the invention a method for controlling energy of a laser
source when illuminating a sample on a work stage with a narrow illuminating line is
provided, whereby said illuminating line being generated from a laser beam propagating
along a beam path and being emitted from said laser source and having an dimension in a
25  first direction exceeding an dimension in a second direction being perpendicular to said
first direction by a multiple, said method comprises the steps of shaping said laser beam,
measuring energy of said shaped laser beam, generating a control signal upon said
measured laser beam energy, whereby said control signal is indicative of an averaged beam
energy along the dimension of said line shaped beam in said first direction and controls the

30  energy output of said laser source based on said control signal.

According to a preferred version of this method according to the invention a fraction of

said line shaped beam is coupled out and subsequently detected. Further preferably, said

9



Fi gure 2shows schematically a section of said TDX apparatus according to
Figure 1, Figure 3shows an energy neasuring device incorporated into said
TDX appar at us 20according to Figures 1 and 2 according to the invention,

Fi gure 4shows energy fluctuations at a panel/sanple when controlling |aser
out put energy with energy nonitor being | ocated according to the invention
conpared to controlling |aser output energy with energy neter being | ocated
according to prior art. 25 Figure 1 shows a schematic draw ng of an

illum nating apparatus, in particular for applying the above nentioned TDX
process, acdmetbrigdivided into pplaaadatytoﬁbmm Bach of kridbepm)ets ifoaftepwidy | ses as a

| i ght sour ce, %q XCi % | aser such as a XeCl- exciner laser emtting a
pul sed | aser®*IFEE T ypi cal pulse widths are 10 - 30 ns at a typica
repetition rate of 100 30 Hz - 10 kHz. The Energy of such a laser pulse is

typically | he, r of W th
typi cal rect@d h%‘i‘ﬂ‘f‘% eg'éoéidé%célp ‘ﬁ‘%eftl%ggngg a%né%sgrelf rect eg%ﬁﬁg a beam
path 13 and pheiliresf edmlentiofoaused separetdly fondétertipn.ng | i ne 70 via an opti cal
system described in detail in the following. The illum nating line 70 on
sai d sanpl e/ panel 66 has an dinmension in a long axis direction transverse
to the scanm ﬁlgreﬂaul’eeexhb@ilrna{t saitl nlettad tordfeStmstem of canvedfimgededdction $ignads shor t

di t di t t
e 70" wi t oRb gpretssaBo faeoBe R ot ALpBtIh elbudel il b igpat et 10
bei ng posi t isef eignd) fepResérts kn Sleaging OB said beanviwing dsteetg@ Sehl sum signabaiayni t h a

t d 10 t [
et emorlD OFUEEoND teAA R P SR A epe st ¥ e SRR |

beam 12 is dbdverted to a so called bean1dellvery
BRIEF DESCRIPTION OF THE DRAWINGS

15  The invention will be described hereinafter with reference to the drawings, whereby

Figure 1 shows schematically a TDX apparatus according to the present invention,

Figure 2 shows schematically a section of said TDX apparatus according to Figure 1,

Figure 3 shows an energy measuring device incorporated into said TDX apparatus
20 according to Figures 1 and 2 according to the invention,

Figure 4 shows energy fluctuations at a panel/sample when controlling laser output

energy with energy monitor being located according to the invention
compared to controlling laser output energy with energy meter being located
according to prior art.

25
Figure 1 shows a schematic drawing of an illuminating apparatus, in particular for applying

the above mentioned TDX process, according to the present invention. This TDX tool

comprises as a light source an excimer laser 10, such as a XeCl- excimer laser emitting a

pulsed laser beam 12. Typical pulse widths are 10 - 30 ns at a typical repetition rate of 100
30 Hz- 10 kHz. The Energy of such a laser pulse is typically in the range of 100 mJ — 1000

mJ.
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unit (BDU) 14. This BDU 14 conprises an entrance wi ndow 16, a pul se
stretcher 18 for |engthening the pulse wdth by a factor of 2- /6. The

| engt hened | aser pulse 12 exits the BDU 14 via an exit window 20. 15 In the
followi ng the cross section of said | aser beam 12 is converted froma
rectangul ar one into a line shape. For this purpose the |aser beam 12 is
first directed to a beam preconditioning unit (BPU 22. The BPU 22
conprises a plurality of optical elenents 24. This arrangenent of optical

el enents 24 serves for flattenl ng the intensi.t of' e of r beam
12. 20 The bustrssxbeandi2iythppical (%@FUI%TB%F?FS%P@HQ 9%"‘6&% aho%’?eaat h 13
after said %%&m%ﬂ@@ont&fedw@aa&kmummm@mMeamm@nmsgstmngt hvm se
direction. Hereinafter the | engthw se directipn bs aI €6ted W th

t he ref er endescriberbingptai}in Q‘ﬁ@uﬁk"’tﬂghﬂéﬁ ijluminating e 70 g S?‘ pl?f 085 Jbel | ed

with the r efﬁ%ﬁ%ﬁoﬂﬁ{%ﬁé ax¥s diteBtid T @anbVepR Qs the 6 fing Hivectibn 6f adeasi2B0 of t he
| aser beam 12 is carried out by neans of four |enses 2 ar.r.anged one

after thé otmeendan dmensiondmashytaxisidirectiorst e fisca d ‘feﬁﬁmhé’g? E?fﬂgrﬂc fenses
al so bent m,ﬁl{;ﬂﬁamgﬁﬁ%‘f@ high al}R cGRRAMLRITRE 2 SEhIOARRES: p@etsﬁ Beh pri or

art. For shortenin total dinension of said jl|umnatin appar.at.u

accor di ng t(POQIH@GQ@HFwéfrﬂtqg@ﬁgan}ﬂw&ﬁ‘%%ﬁsdf mgyediitha $19855¢ sBed.P ed
Exenpl arily mild feSQithe3R a tyboal 4n foferdesd dHiei02 bgpudeam path 13 before
said | aser l’greotzilltr?r?%3 enters agqgeam sat abi | |Cty mstr%lgogy unit (BSMJ) 36. The
beam stability metrology unit 36 conprises an arrangement of optical

el ement g, 38 Af%t%{ i x%gé/@m: Sasér] og;x fifieheRhmdbN it RA% 4 & @IEEbeatnlettiryist and/ or

correct Intl n position of the I aser beam 1 % Respectl ve
| aser beam nmn(HW) Hg This B qumlsgsw@mtrmw)ndawé 6; poulsectfersherdRdoToxi ¢ of
said BSMJ 3 ﬁ&s‘]ﬁ Stot 9529 61 The W gtheAilIaRBBuIBR12 ditkthe! OWi Ng
t he BSMU 36isen Hé%@g%&e‘;vgﬁﬂ&fréj{aa honogeni Z|eng ggng\“ ce 4guf or honogeni zi ng
sai d expand8®U l4da ehexiterindeys@d. beam 12 is positioned. This honogeni zer 40
in the exanple according to Figure 1 conprises a cylindrical | ens array 42

followed by a lens 44, a further cylindrical lens arra a rod 48 and a
condensé$ 5 theSlIswi@ theicress Atction ofidlesss berss 1 copvered ?’Bé‘é“éan}gl‘laﬁ'%ﬂei ty of

different h S dirEssrthadesrd addi tion or
alternative 33)?%140&‘?% F%%n?urggﬁac%ﬁsmﬁfg?%ﬁgglgg}%orrm entl ze? 40 i s ] ocat ed.
Subsequent | precdnditiohiag enit EBi’&BlZZZThesBHJ R coreprises,a mlmahmﬂj ORfiGal GIEMEBS 2hd in t he
fol | ow ng tfl}lfs 'aﬁir% xﬂ%ft o?bﬁgal%érﬁen@&w‘é‘lfor hitdnid Wehicnas Hof@ oSN Of the
| aser beam I'n reld

laser beam 12.

20 :
The beam expanding unit (BEU) 26 being arranged in the beam path 13 after said BPU 22

serves for expanding the laser beam 12 in a lengthwise direction. Hereinafter the
lengthwise direction is always indicated with the reference numeral x, the width direction
of the laser beam is labelled with the reference numeral y. In the present case the

25  dimension of the laser beam 12 is carried out by means of four lenses 28 being arranged
one after the other on said beam path 13. Instead of the use of such lenses also bent mirrors

are known to be capable for use according to the prior art.

For shortening the total dimension of said illuminating apparatus according to the

30  invention a plurality of plane mirrors may be used. Exemplarily, three mirrors 30, 32, 34
are folding the beam path 13 before said laser beam 12 enters a beam stability metrology
unit (BSMU) 36. The beam stability metrology unit 36 comprises an arrangement of

optical elements 38 being movable in different directions in order to adjust and/or correct

11



15 plane and in particular in the panel plane 66 in short axis direction vy.
A FDU 54 may conprise an arrangenent being described in US 5,721,416 Al or
alternatively one of the arrangenents as being disclosed in US 60/ 731, 539
or US 60/753,829. Since the optical elenents following the BDU 14 in the
optical beampath 13 until the exit 20 of the FDU 54 shape the | aser beam
12 froma raw | aser beamw th rectangul ar cross section into a |ine beam
with a target honpgeneous intensity distribution along the |ong axis
direction said respective arrangenent of optical elenents in the. follow ng
is call ed beenthsipaptingandfarpogissL9f theripser bpagh@aResPrrEIVE (ST ECAT BWTMIPHTR t he
reference n I i J i ©5f dafd 5 381 DéLEIsRd. & ADeIds&pt | cal
el enent s atq@ﬁé%éﬁﬁghégl@&%Ekﬁgéeﬁﬁgﬂég%g&gég 80 tﬁe rectangul ar cross
section shapetSI76¢059Bam 12 is directed to a conbined i magi ng, reducing
and fol ding optics 82 conprising a plurality of plan or cylindrical mrrors
56, 60, 62, respectively. Instead of an arrangenent of mrrors 56, 60, 62
al so a plsur &ollowing theBAMU A6 irctat béanmeagis 1 20¢ hamageriging devies0dpr hoapgenizing d

mrrors may bg?%%g%fé%%lsg%%%r Legh ggg %glq%ﬁﬁgrmgk&gggﬁgg 4 AO 2006/ 066706

A2 or in USS aser 12 Teaves said imaging, reducing
and f ol di ng expleacc8@ingwh Figref loromgrisgslaicylindyicaldens gray #hfollawed by 3 606 4y i s

cal | ed beam,py g leg};lfnggca&lﬁhg ?rgaﬁellé) ar%%%é?aﬁ'({ LGReRE: RXUS sWndesa§4r wihe | aser

e
beam 12 hawang an expande g axi s dinension and a reduced short axis

di mensi on  2806eA6EAG A2 disclosetasplatinlity 0§ diffont tromegerazers bripa depabRi b8WE| s f ocused
as said,parctow,il.] um.nat i I Y/ yeaid &l : ver ed
with an lgno%nﬁﬁr(t)eﬁién% i lﬁl%nooﬁgﬁ%rbéet{r},glydgmg%i%M\A/g%qg'ltw élg% S%lg%glgéﬁunzﬁaﬁfgl ng the
mai n feat ur égatkdr generating said illumnating line the optical system
according to Figure 1, Figure 2 shows the light train as a bl ock diagram
In particular, said |aser source and said BSU are drawn as rectangul ar

bl ocks i ndi Saltseqhenily, thetlhser beafrek2ain dizectedrie fodding miras 4d agdin thefolewigiel y, whil e

a1 d BPU 82045 L SREERENEPN S0 b shYcdie bRl SR HORSarY) yidrdeal ni 7 or

62. For ill és e laSer beam 12 entering said 10BSU 80 is

i ndi cat &8l aplase sidrig patiatlardan thetpatdl plenhé6/inshorbaxiodirectiony LFRESHMN whil e t he
| aser beamwith.its cross ctign furt i j i i rection
when | oaui nipistisg b SigRe 86 ety BS st ansal o ity B gt | 20000
a straight hirangeniéias ssdeingdisclogedtih &S50 T3 hs39 4ASS 6Q/258,8%%espect i vel y. The
illumnating line 70 focused on said panel 66 being positioned on said work
stage 68 is indicated by a straight line, said long and short axis

15di r ect i onSined the bptitabaérshtsfollbwing therBINE ¢4 intheoptica! beammpethyl 3 untikipeexi§ vel v,

fol evantd proaat B0 e e Ber Bt B TR B SR b R eRBeBB s (0% 57
t he panel G6&ctiun iafo adinebeat with awdrpdt hompgenepuimtensify diseibytiondaleng thg/longhi s
signal has gxcl)s 1reectfioendsa1%argsl§3egtg'etaprgngement of optical elements in the following is called
beam shaping unit (BSU). The dashed line identified with the reference numeral 80 in
Figure 1 encircles in said afore mentioned optical elements at the BSU.
25
When leaving said BSU 80 the rectangular cross section shaped laser beam 12 is directed
to a combined imaging, reducing and folding optics 82 comprising a plurality of plan or
cylindrical mirrors 56, 60, 62, respectively. Instead of an arrangement of mirrors 56, 60, 62
also a plurality of cylindrical lenses or a combination of lenses and mirrors may be used.
30  Typical setups are e.g. disclosed in WO 2006/066706 A2 or in US 5,721,416 Al. The laser
beam 12 leaves said imaging, reducing and folding optics 82, which for simplicity reasons

in the following is called beam projection unit (BPU) 82, through an exit window 64. The

laser beam 12 having an expanded long axis dimension and a reduced short axis dimension

12



20stabilization circuit of the |aser 10. The energy density at the panel 66
is nostly given by the | aser energy and the optical transm ssion through
the optical system Changes in systemtransni ssion are nostly generated in
t he beam shapi ng nodul e 80 when paraneters |ike pointing, beam divergence
25 or polarization are changing. The influence on systemtransm ssion from
the projection optics 82 is relatively small. Therefore suitable positions
for energy neasurenents are |ocated along the beampath 13 in the

projection nodule 82 or jn the reflecte rom 0 Therefore,
whi | e accor ¢ AYmRas® ‘Hé‘sS‘r“fer’mnaSr‘YheHil%fngg‘éeggﬁgh{g?%"%%%sgégggﬁo"gn ener gy
meter is | oGhimidating 1inb 0 b & paad b6, biing@ignenRreBSift 2 dmarptiotsmitivge liyerer 40
which is indicated by the optical elenent 94 in dashed lines in Figure 1,
accor di ng t ®nSHE WoRKE38%8n an energy meter is located in the beam path 13
between the exit of the BSU 80 and the panel 66. There are sone advant ages
in positioning the sensor in the projection.optics qver, a direc

measur emént Sufmarang teapain feglures forgepiating SH’BH@‘P"%"B%EE‘@?QSQ}CI%@T%S%%@ there is

a smaller i REdoHBRER Mghrd TEGRLSIY Mdwsinelight tain besBlock disgramAln panicelagssd ance
fromthe panel the |ine has 5not yet reached |<é$.full ng oit is

. | e h and s
easier to cdsprsenrce prd said BRU afedreva a3aceaiangpliey blpcks indiqgfed wi rL"t’i"’igr‘?ﬁ%ci fic
enbodi nent  $hRWAISI10 afid 80 r&péctivaly nERERABHESEN reprétedtiitsol«dy byothe afprecal | ed
process energy nonitor (PEM 58, is located betwee ttge nlférgrs 56. .and 60.
Sai d PEM 58 meatigned sdindgicy) mifrorsist Forillystigive RYFROSES G‘f’ﬁr fren Hes&s par ent

wi ndow qp apke) d0'idRARaEE R a Whdl QWight Nife Ruvilplagir Ero8seatton whikhieataser n Fi gur e
1 The main gorti on of the |ine shaped |aser beam, 12 hitti g% t he fé%?_t
rther

surface of ©pam wihit epss seetion fethep axpanding Hdongeas ditsrtiqn whendopving gaid

i maged and rs@%qﬁcﬁé’atécwy'ﬁveai‘k%g lideah 2d, 1 bW IHdNAkrhiaBt lireT0a éhnbdting iRspanel 66.
A fraction 70b of e.g.” prefera 5t0 0.5 %| reflec%&s on e.g. the
1

. : bly 0.035
rear surf actingsfl2eHabyewsstasi ﬂ@ﬁ“ﬂ@%’ﬂﬁﬂ‘?ﬁ@éﬁ?"@ sadpangl OENg 86, 15

The det ect 0L, GQnd@bLChEwaikisthgl ERLlihB ety  Bhighi lideSasd loAg pAVshort s eof ) and
converts it into a neasured S|q%nal 74, an electrical current or an
oF

LS ea. . €.9. :
el ectri d&l disectionseare indisatad with relerengegrmeralan and v5 P vi a a feed back | oop
72 to a control device 76, such as a master controller which generates a
control signal 78 for controlling the output energy of said |aser beam
20sour ce 10Thg inventererecegnizgd thet singe cnprgy dgnsty OP%ﬁﬂ%éFt HEOIVEIEERSI ty one
woul d need okéggémw@r;ﬂfergméhm@haae&%eas;ﬁla@cmﬁemm@@wtafor the
| aser startsS as an anal og value That determines th Ia(\iser energy. To get
this signal logationmathicompsppadies wgramiefl%%méagvéh&sée;? fed back to the

20  stabilization circuit of the laser 10.

The energy density at the panel 66 is mostly given by the laser energy and the optical
transmission through the optical system. Changes in system transmission are mostly
generated in the beam shaping module 80 when parameters like pointing, beam divergence
25  or polarization are changing. The influence on system transmission from the projection
optics 82 is relatively small. Therefore suitable positions for energy measurements are

located along the beam path 13 in the projection module 82 or in the reflected beam from

the panel.

30  Therefore, while according to the prior art disclosed in US 7,061,959 B2 an energy meter
is located in the beam path 13 between BSMU 94 and homogenizer 40 which is indicated
by the optical element 94 in dashed lines in Figure 1, according to the invention an energy

meter is located in the beam path 13 between the exit of the BSU 80 and the panel 66.
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25el ectrical (adding currents of photo sensitive elenents) or optical
integration (adding the light with lens elenents) has to be done. For the
current problemwith a narrowillumnating line the inventors decided to
choose a solution using an optical and an electrical averagi ng nmethod. 30
Figure 3 shows said energy neasuring device 86 being part of said TDX
apparatus according to Figures 1 and 2. Approximately 0.2% of the beam
energy is coupled out with said aforenmenti oned beamsplitter 84 that is
realized as a two sided antireflective (AR) coated glass plate. Mst of the
beam fraction 70b is focused onto four photodi odes 90a, 90b, 90c, 90d by
means of fo Al i ' ic¥ betrRdirkdie
fraction 70%6%3%)9%%%&?%% gggpﬁﬁggﬁﬁgﬁngﬁggg@%%%ﬁgg%% 92d. The four
phot odi odes B@ayreRai in B8 paneblevel SFhereds mote spaceiavsilablssnd theesds pmpllef al | el and
in conbinati.on el ect.ri o i I ISkt R The
el ectrical cllnﬁ%eﬁ?etonclgl it ?Jlldsal}ﬁﬂlg&g%ﬁ%tegﬂgh%% %bg'lreo es%gforgr’n 90D, elgg%ﬁ&g%g and

sai d shurst rmesjes teachdastsifull lergtl pbsobit ia sasibr tyycoflpes thedight wish ppeasn spbifierage Vo.
Upon illum nating the photodi odes 90a, 90b, 90c, 90d photocurrents |pha,

| phb, | pha, |phd are generated. The four individual photocurrents I|pha,

| phb, | phc, Thahdn thelpecificanboiimegeshewn in Figire 1aid deangy wetes, ingthe fallgwing on sai d
si ngl e shared,.shunt resistor. R r i Ly, i REESRER 6B e feed
back | oop 753%1% PAAAPY ABiee ng)tmt?rﬁle’ggﬁé %3%8&‘{ i s&giﬂ?ecrgﬁa as o 6g’usta:ioc{]ut

vol t age VOUtPEM B&cdmpiisegehistmdplittie 84 9dtich ©bt begOremitg@epazane wisldewior Rcal | y
connect in parallel. The,el.ectrigal .cj b Lo sl ks | odes
90a, 90@?8 9(%85%8!‘%‘ o‘%nangfag%tf?térn%ésl Jrh E’:ﬁ#%ﬂt ?g&gﬁa;f&a’@ ’éﬁﬁ’lﬁg?ﬁgﬂ%ﬁ’g% vi dual
char ges, anahapeémsértbears iPrhistigrthd framdurdeen ef the bsanasplitten 4 nassopihe fegm Voat . Upon

il'lum nating the phot.odi odes 90a. .90 . he 70030 He QhcC,
Qohd are ge%%lf‘%f ég?nél'ﬁg”?%ﬂpag%dgﬁn\?ir%@g dg‘%ﬁ‘?a‘?%@’g ﬁ%&ﬁg&ﬁ%ﬁ??} Qohc, (3phd
(whi ch are ipanefj66iex frhction70b offeng. ipeedirablya.05 adtith is reflectedov.gcthe Al wurfa¢e cui t .
The control sjgnal 78. needed for ihe feed k loop 72 is available at the
out put of tﬁ?g’ggfarn&fﬁqpeﬁgpaé’ﬂdgﬁcit%%tf’%\'/eo(ﬁ: eﬁtﬁg%Tout. 20 It may be worth
menti onilag that instead of the above sensing device conprising four

phot odi odes. 90 0%, 90c, 9 nd .an. el ectroni ' j : ut any
number of - saRe GuedyRE Rar «oh BretoR IR el ey Putubebd Mdedfind PO &

( phot odi ode mepdueddaignal 74pk.gedn, elqoyticaleduerettior an elpduitab voleage. Skhevreasystdoignal dr ag,
etc. may be 72 %s%gd ba%E via a feed back loop 72 to a control device 76, such as a master controller

~ which generates a control signal 78 for controlling the output energy of said laser beam

20  source 10.

In order to detect a spatially resolved energy density one would need a large two-
dimensional sensor. The feedback signal for the laser starts as an analog value that
determines the laser energy. To get this signal a numerical (adding up recorded values),
25  electrical (adding currents of photo sensitive elements) or optical integration (adding the
light with lens elements) has to be done. For the current problem with a narrow
illuminating line the inventors decided to choose a solution using an optical and an

electrical averaging method.

30  Figure 3 shows said energy measuring device 86 being part of said TDX apparatus
according to Figures 1 and 2. Approximately 0.2% of the beam energy is coupled out with
said aforementioned beam splitter 84 that is realized as a two sided antireflective (AR)

coated glass plate. Most of the beam fraction 70b is focused onto four photodiodes 90a,

14



When upgradi ng the TDX apparatus with the PEM device 58 a significant

I mprovenent of stability of energy density on the panel 66 and an enl arged
process wi ndow is observed. Figure 4 shows the normalized |ine beam energy
in the panel plane 66 recorded with an energy neter (such as e.g. disclosed
in US 7,061,959 B2). The thin lined curve shows the 30 fluctuations w thout
PEM 58 but an energy neter 94 being |ocated in the beampath 13 between
BSMJ 36 and honogeni zer 40 that are +1- 3.5% Using the PEM 58 in the beam

ath 13 between mirrors 56 d 60 for feedback cont el : | aser source
D0 The. 11 ucibeorcind by sasees v e e RLeRes BE0, 180 84 abidg B ° 20T
the useful PFREESRLADIWirddHEE] Banits STa08b, b3c, 52 The fouRRtEdEIEEI M IVBERS
10exci mer | aser 12| aser beam 512aline, 12bljne 13beam path l4beam delivery
uni t (BDU) P9BAOF iR care plecineally samiseid i reratlel 2 3 combisaben eRie
connected in series to a shunt resistor R;. The electrical circuit comprising said

5  photodiodes 90a, 90b, 90c, 90d and said shunt resistor Rs is reverse biased by the reverse

bias voltage V.

Upon illuminating the photodiodes 90a, 90b, 90c, 90d photocurrents Ipha, Iphbs Iphes Ipha are

generated. The four individual photocurrents Ipna, Ipnb, Ione, Ipha (Which are in general not
10 identical) are added on said single shared shunt resistor Rs. The control signal 78 needed

for the feed back loop 72 is available at the output of this circuit as an output voltage Vou.

The four photodiodes 90a, 90b, 90¢, 90d are electrically connected in parallel. The
electrical circuit comprising said photodiodes 90a, 90b, 90c, 90d and an electronic circuit
15  that adds up the individual charges, analyzes the sum signal and generates an output
Voltage Vou. Upon illuminating the.photodiodes 90a, 90b, 90c, 90d charges Qpha, Qphbs
Qpne, Qpna are generated. The four individual charges Qpna, Qphbs Qphe, Qpna (Which are in
general not identical) are added in said electronic circuit. The control signal 78 needed for

the feed back loop 72 is available at the output of this circuit as an output voltage Vour.

20
It may be worth mentioning that instead of the above sensing device comprising four
photodiodes 90a, 90b, 90c, 90d and an electronic circuit for read out any number of sensor
types and their supporting circuitry could be used (photodiode, photomultiplier,
pyroelectric, photo resistive, photon drag, etc. may be used.

25

When upgrading the TDX apparatus with the PEM device 58 a significant improvement of
stability of energy density on the panel 66 and an enlarged process window is observed.
Figure 4 shows the normalized line beam energy in the panel plane 66 recorded with an
energy meter (such as e.g. disclosed in US 7,061,959 B2). The thin lined curve shows the

30 fluctuations without PEM 58 but an energy meter 94 being located in the beam path 13
between BSMU 36 and homogenizer 40 that are +/- 3.5%. Using the PEM 58 in the beam
path 13 between mirrors 56 and 60 for feedback control of the laser source 10 the

15



22beam precondi tioning unit (BPU 24arrangenent of optical elenents 26beam
expandi ng unit (BEU) 1528l ens arrangenent 30mrror 32mrror 34mrror 36beam
stability netrology unit (BSMJ) 20 38arrangenent of optical elenents
40honogeni zer 42cylindrical |lens array 44l ens 46cylindrical lens array 25

48r od 50condenser

fluctuations (bold curve) were reduced to +/- 0.7 %. As a result the useful process window

could be enlarged by 5.5 %.

16



52mrror 54field defining unit (FDU) 56m rror 30 58process ener noni t or
(PEM 60mrror ; it

. 62m rror
line 70a |ine shaped beam 5 70b fraction of

| oop 74neasured signal

10

15

20

25

30

REFERENCE NUMBERS

10 excimer laser

12 laser beam

12a  line

12b  line

13 beam path

14 beam delivery unit (BDU)

16 entrance window

18 pulse stretcher

20 exit window

22 beam preconditioning unit (BPU)
24 arrangement of optical elements
26 beam expanding unit (BEU)

28 lens arrangement

30 mirror

32 mirror

34 mirror

36 beam stability metrology unit (BSMU)
38 arrangement of optical elements
40 homogenizer

42 cylindrical lens array

44 lens

46 cylindrical lens array

48  rod

50 condenser

52 mirror

54 field defining unit (FDU)

56 mirror

58 process energy monitor (PEM)
60 mirror

62 mirror

64 exit window

17

64exit w ndow 66panel 68work stage 70illum nating

| i ne shaped beam 72f eedback



76master controller 78control signal 10 80illum nation system beam shapi ng
unit (BSU) 82i magi ng optics/reduci ng optics/ beam projection unit (BPU)
84beam splitter/transparent mrror 86detector 88a | ens 1588bl ens 88c | ens
88d | ens 90a phot odi ode 90b phot odi ode 20 90c phot odi ode 90d phot odi ode 92a

f ocused beam | et

66  panel
68 work stage
70  illuminating line
70a  line shaped beam
5 70b fraction of line shaped beam

72 feedback loop
74 measured signal
76 master controller
78 control signal

10 80 illumination system/beam shaping unit (BSU)
82 imaging‘ optics/reducing optics/beam projection unit (BPU)
84 beam splitter/transparent mirror

86 detector

88a lens
15 88b lens
88c lens
88d lens

90a photodiode
90b  photodiode
20  90c photodiode
90d photodiode
92a  focused beam let
92b  focused beam let
92c  focused beam let
25 92d focused beam let
94 energy meter (prior art)

X first direction

y second direction
30 V bias voltage

Vout  oOUtput voltage

R shunt resistor

Ioha  photocurrent
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92b focused beam | et 92c focused beamlet 25 92d focused beam | et
94energy neter (prior art) first direction second direction 30 Vobi as
vol t age Vout output voltage Rsshunt resistor | phaphotocurrent

| phbphot ocurrent | pticphotocurrent |phdphotocurrent CLAINMS 1.

[I'lum nating apparatus for illumnating a sanple (66) on a work stage (68)
wth a sharp illumnating line (70) of controlled energy, said illumnating
line (70) being generated

Iows  photocurrent
Iphe  photocurrent

Iona  photocurrent
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5 froma | aser beam (12) propagating along a beam path (13) and being
emtted froma |laser source (10) and having a dinension in a first
direction (x) exceeding a dinmension in a second direction (y) being
perpendi cular to said first direction (x), conprising: - a beam
shapi ng optical system (80) for shaping said | aser beam (12) into a line
shape 10(70a), - an energy neasuring device (58) for neasuring energy of
said | aser beam (12), - an energy control system (76) for generating a
control signal (78) upon said neasured | aser beam energy and for

control ling €o&iMy output of said | aser source (10) and /or transm ssion of
one or nore conponents of said beam shaping optical system (80) upon 15said
control signal (78), characterized in that - said energy neasuring device
(58) is arran@ashinating apmrdnesfor jlaminatidg) saaiptec(56)smiadvdsie stagesBB)ovidtya etn cal

system (80) . nd bef 8 par at us
according td Erf“é‘f‘?ﬂg meé@i?ﬁ%%?#?z ’i%x’ S%‘ﬁa%l sa'gélgé%lﬁt‘}rég})a@ %érglgll-a 78) being
i Edi cgt i)\ﬁe Qfo;;gﬁl lagat deag elg) ?ﬁ@@(a&i;géﬁlg:}g abeamgpath(é3)dindrbeing omitted fromiadaser ne
shaped beam a ai iLs irec

appar at us ac Hfﬁzlﬂba‘t@la&lﬂ% aélfmet"ﬁlgnﬁ}ae{érég‘?ﬁée(‘}é’l & CXC?C%E: aardarg%nglrb?ée in that
25sai d ener ggcoig ditttion () tep perpérfulat angald firatsliractivedh splitter (84) for
coupling out a fraction (70b) of said |ine shaped beam (70a) and a detector

(86) for det®CP¥'said fraction (70b).
- a beam shaping optical system (80) for shaping said laser beam (12) into a line shape

10 (70a),
- an energy measuring device (58) for measuring energy of said laser beam (12),

- an energy control system (76) for generating a control signal (78) upon said measured

laser beam energy and for controlling energy output of said laser source (10) and /or
transmission of one or more components of said beam shaping optical system (80) upon
15  said control signal (78),

characterized in that
- said energy measuring device (58) is arranged in said beam path (13) after said beam

shaping optical system (80) and before said work stage (68).

20 2. Illuminating apparatus according to claim 1, characterized in that said control signal (78)

being indicative of an averaged beam energy along the dimension of said line shaped beam

(70a) in said first direction (x).

3. [lluminating apparatus according to one of the preceding claims, characterized in that
25  said energy measuring device (58) comprises a beam splitter (84) for coupling out a

fraction (70b) of said line shaped beam (70a) and a detector (86) for detecting said fraction
(70b).

4. Iluminating apparatus according to claim 3, characterized in that said detector (86)
30  comprises a plurality of photodiodes (90a, 90b, 90¢, 90d) being arranged side by side in
said first direction (x) for collecting said fraction (70b).

20



4. Illumnating apparatus according to claim3, characterized in that said
detector (86) 30conprises a plurality of photodi odes (90a, 90b, 90c, 90d)
bei ng arranged side by side in said first direction (x) for collecting said
fraction (70b). 5. Illum nating apparatus according to claim4,
characterized in that said detector (86) further conprises a plurality of
l,enses (88a, 88b, 88c, 88d) for focusing said fraction (70b) onto said
plurality of photodi odes (90a, 90b, 90c, 90d). 56. Illum nating apparatus
according to one of the preceding clains, characterized in that further
conpri ses &. Hbehiwiting apgsratessace@ding toelaimed gharaierized i thatsaiddetesion (§%3am (70a)
in said se i i . letitrigR A tel : Bh ¢ to one
of the pregﬁe)@%ﬁg&éﬁgs%%guéaﬁ%g&ng%(zsg% 8?1??8? ﬁa8!t8 H%gﬁ?ﬁ?s{:ﬁée!ﬁ%gﬁ&p” ?eo;)gan

i magi ng optonwssaidgPrality of phsegiodss 20000 e, YMAped beam (70a) onto said

sanpl e (66). 8. Illum nating apparatus according to one of the preceding
clains, characterized in that said beam shapi ng optical system (80)

conpri sés &. hiunimting agraratubGredrding hoons@é thepresgding clain, phasacterisediin that2)  at

| east along its dinmension i.n sai ' Ls ey it i ng
appar at us F &G EY lgﬁ‘écm gf{%ﬁg(sfpz)? E"Zée i #\%Eg %Fﬂ%@%ﬁ?abr?g?t(zdr%)ﬁ&?n t hat
sai d beam sévepd digectiphi (Y02l system (80) conprises a field defining optical
device (54) for defining the dinmension of said | aser beam (12) at least in
said second direction (y). 20 10. Method for controlling energy of a |aser
source (10Y. Naminatihg sppanaisiacgprding anqreef (e @yecedingiclaiorsk charastpeiz¢d®)thati t h a

narrow il lym.nating. line (70 wh .sal.d 1] 1 i i ei ng
gener atléd T %f’"?pg’g%sranﬂlél %"% bepycs g@ géé’g“é‘? é’ﬁ% EJ&'A’ gﬁr?g&gﬂébég%ﬁ]héz@ g%@?f)a Qand
bei ng em t kf6blé (660 sai d | aser source (10) and having an dinmension in a
first direction (x) 25exceedi ng an dinension in a second direction (y)
bei ng perpendicular to said first direction by a nultiple, conprising the

steps of: gshapidatngaiptratud aedordirgid dnabbtha praceingstlaips, ¢(habajerimed in thatbeam
Shaping oLt ¢ p oo ob system! B0 cohipRSes 3B Yertler 24) bor BRREeBRE (12)-

15  said laser beam (12) at least along its dimension in said first direction (x).

9. Illuminating apparatus according to one of the preceding claims, characterized in that
said beam shaping optical system (80) comprises a field defining optical device (54) for
defining the dimension of said laser beam (12) at least in said second direction (y).

20
10. Method for controlling energy of a laser source (10) when illuminating a sample (66)
on a work stage (68) with a narrow illuminating line (70), whereby said illuminating line
(70) being generated from a laser beam (12) propagating along a beam path (13) and being
emitted from said laser source (10) and having an dimension in a first direction (x)

25 exceeding an dimension in a second direction (y) being perpendicular to said first direction
by a multiple, comprising the steps of:
- shaping said laser beam into a line shape (70a) with a beam shaping optical system (80),
- measuring energy of said laser beam (12),
- generating a control signal (78) upon said measured laser beam energy, and

30 - controlling energy output of said laser source (10) and / or transmission of one or more
components of said beam shaping optical system (80) upon said control signal (78),

characterized in

21



- generating a control signal (78) upon said neasured | aser beam energy,
and 30 controlling energy output of said |laser source (10) and / or
transm ssion of one or nore conponents of said beam shapi ng optical system

(80) upon said control signal (78), characterized in - neasuring said
energy of said |laser beam (12) in said beampath (13) after said beam
shapi ng and before said work stage (68). 11. Method according to claim

10, characterized in that said control signal (78) being 5 indicative of an
averaged beam energy al ong the dinension of said |ine shaped beam (70a) in
said first -Gidaqfing 6did enxergy of saill JaseMedaim(d2)xia said Heangpath (13N efterfsaidivears| ai ns 10
or 11, characteri %d in tSS’pli tigeq@?i d |l aser beam (12) in said beam path
(13) after S ?Péﬂﬁﬁ'?é eforeFRlSr 51 ‘ore said work stage (68) 10and out
coupling a fraction (70b) by splitting and detecting said fraction (70b).

13. Method according to claim 12, characterized. by averagi a. beam ener gy
of said frégtMB‘h"‘% %fgﬁf)d%‘?)gfg"’i 16 chfmareet et Sé%?i%“‘(?‘é@f‘?'ézg)(bfﬁﬁ) in said
first disregidi@nvd dan akérdded tilah baetgAaiong the Aindnsion bAsaid [rk, shefedrbamh €T0ayed in
dividing said fraction (/7/0b) into a plurality of sub beans (92a, 92b, 92c,

92d) and f Jtifd firgt derendRhiral ity of sub beans (92a, 92b, 92c, 92d) onto a
plurality of photodi odes (90a, 90b, 90c, 90d). 15. Met hod accordi ng

to one of clai 10 to, 14, characterized | urt her ,reduci ng .,said line 20
shaped beant- (Mg Forordinedd ewalier smadp bl earecteneed inselifisg Sag 85 i ng 1 o
one of cl ap&®n @9) inQailidearh F)a:hm QFtbZshdpih@sdidibdaheindibefogd sail waikdtdgt (68) shaped
beam (70a) onto sai d sanpl.e &6 )) 231_7. &meéhod acccggdi nﬂ z@’ one of clains
10 to 16, aweubceeplingedraction (1Ob) byspHttipg an deteehnd L BRSPS %) honogeni zi ng
said | aser beam (12) at least along its dinmension in said first direction

(x). 18. Method according to one of clains 10 to 16, characterized in
that said bbafisteadascHigingtreinipy 1% skarerarizeg %a‘feF?@‘"éiar@ﬁ’?ieBWgBP? ?é‘fd | aser
beam (12) ghctibof @fib) hiBn® te dint6ion f shid £6dtA70BYin said first direction (x).

15 14. Method according to claim 13, characterized in dividing said fraction (70b) into a
plurality of sub beams (92a, 92b, 92¢, 92d) and focusing said plurality of sub beams (92a,
92b, 92¢, 92d) onto a plurality of photodiodes (90a, 90b, 90c, 90d).

15. Method according to one of claims 10 to 14, characterized in further reducing said line

20  shaped beam (70a) in said second direction (y).

16. Method according to one of claims 10 to 15, characterized in further imaging said line

shaped beam (70a) onto said sample (66).

25  17. Method according to one of claims 10 to 16, characterized in that said beam shaping
comprises homogenizing said laser beam (12) at least along its dimension in said first

direction (x).

18. Method according to one of claims 10 to 16, characterized in that said beam shaping

30  comprises defining the dimension of said laser beam (12) at least in said second direction

o).
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19. Illumnating apparatus for illumnating a sanple (66) on a work stage
(68) with a narrowillumnating line 870) of controlled energy, said
illumnating line (70) being generated froma | aser beam (12) propagating
al ong a beam path (13) and being emtted froma |aser source (10) and
having an dinension in a first direction (x) exceeding an 5dinension in a
second direction (y) being perpendicular to said first direction (x) by a
mul tiple, conprising: - a beam shaping optical system (80) for shaping said
| aser beam (12) into a line shape (70a), - an energy neasuring device (58)
for neasur il@gllieminating efpatatiisdol nélg@rnab%mmw)m a wrk stage (Qf) “g'ar?trol syst em
(76) for gener 8adl bdimser beam
ener gy and nfu(—)r?\% llh.}lgnﬁn%cﬁ%% o?'c&ﬁx% leéZrﬁ*)’gg’#Qés?glllﬁlﬂiughggg so(lz?ge l?éi()) upon

sai d cont r @enesatgdfrbm(a18ser baahe(rla):nrepagz@lw dlong skeam path (13) apd jbging 6mited) si gnal

Cooh T ned Sl 8% e 0 ghgha e RRAS inRH2Eh SIEARY aiReh aays beeegiipael on_ 150f

said line in's rst |rect|on IIumnatlng
appar at s alﬁmafstﬂmmga segond direntidif(y) béing popendicnied td ﬂ@ldcﬁfaft ‘@&‘i"ﬂ‘ (éh Yy

measuri ng %% qe g ? .conprises a beamsplitter (84) for coupling out a
fraction (FONSPIGEODRIY S| ne shaped beam (70a) and a detector (86) for

det ecting saibearh sleptrigapti¢al System (BO) fo shapirigl saidi langr beatn @ @piatoat ling shansor di ng to
cl ai m 20, gﬁg acterized in that said detector (86) conprising a plurality
of phot odi (90a, 90b, 90c, 90d) being arranged side by side in said
first directn e;ibrgy(meafsmingﬁdviceciinrﬁg maswhrfgmcltgwﬁsaécvlasgr bearg 012), | | | uni nat i ng

appar at ys according to c char cte or (86)
furt her’gconﬂ’i‘ pReLEy onppl iy %fF'f‘Rzg)(])r?r EPRe m%a %rgﬁssl%rﬁ ! §7§ggp°§§h@ nﬁ’e%&‘é 88d) for
focusi ng sadsék Hetm@hérgy akd/Ob omrdlling saérdy pltputaifissig lasér sohmoe Od) Gmsa(CQOa, 90b,
90c, 90d). X
control signal (78),
characterized in that

- said control signal (78) being indicative of an averaged beam energy along the dimension

15  of said line shaped beam (70a) in said first direction (x).

20. Illuminating apparatus according to claim 19, characterized in that said energy
measuring device (58) comprises a beam splitter (84) for coupling out a fraction (70b) of

said line shaped beam (70a) and a detector (86) for detecting said fraction (70b).

20
21. Illuminating apparatus according to claim 20, characterized in that said detector (86)

comprising a plurality of photodiodes (90a, 90b, 90c, 90d) being arranged side by side in

said first direction (x) for collecting said fraction (70b).

25  22. Illuminating apparatus according to claim 21, characterized in that said detector (86)
further comprises a plurality of spherical lenses (88a, 88b, 88c, 88d) for focusing said
fraction (70b) onto said plurality of photodiodes (90a, 90b, 90c, 90d).

23. lluminating apparatus according to claim 22, characterized in that said at least two of

30  said photodiodes (90a, 90b, 90c, 90d) being electrically coupled in parallel.

23



23. Illumnating apparatus according to claim 22, characterized in that
said at | east two of 30said phot odi odes (90a, 90b, 90c, 90d) being
electrically coupled in parallel. 24. Illum nating apparatus according to
one of clainms 22 or 23, characterized in that at |east one of said
phot odi odes (90a, 90b, 90c, 90d) being electrically coupled in series to a
shunt resistor (Rs). 525. Illum nating apparatus according to one of clains
22 to 24, characterized in that at |east one of said photodi odes (90a, 90b,
90c, 90d) being electrically reverse-biased (VO). 26. Method for

control li ngz4ememg;auﬁé a}:@)a}aasaécosding oeoné bHYlaints@a or B3, characterized irathsteatpl e ( 66)

on a work stage 8 |Li.n 10). s Wher sai d

i1 umi natl ﬁqnﬁé?i%ﬁ %nﬂﬁd“gl@f E?r&a %ﬁné@f@ﬁ%ﬁgwg@gg Ao irée)%wa
propagatingm@haﬁguﬁ(m@an1path (13) and being emtted fromsaid | aser source
(10) and having an dinmension in a first direction (x) exceeding an
dinmension in a second direction (y) being perpendicular to said first

gl rec'z l1 g;l (ZS%Illbﬁ‘nnlatuli@d %ﬁi&acd@ﬁm@" foin8 §f dliths 20 P24, @ﬁe:cracteriﬁaam that aSﬁasi Idaser
eam into a |ine a ring.energy of s e shape
| aser beam°(“?L‘2f)sa'dIPhQ@H@F%Ft(;’9ﬂg %gb 88%993 %e tegiest "c("g%ﬁevffﬁ% a§°§|(8n)rreasur ed

| aser beam energy, - control I i ng energy output of said |l aser source (10)
upon said control signal acterize i g)ontrol

si gnal ( 7870-0dsthefl fonernecat li“&é"%ﬁy %%rléﬁférs% qg)e‘gl?ﬁ“éﬁlg}”é‘?m& %ﬁg‘%i‘%é di mensi on
200f said bh ae«om%&)%tﬁ d A8 iilimmalinh liner(M) @heret salilludihatinglideod

according to claim?2 characterlzed in co i f 70b f
sai d |I19Ig 6102 peite E'é'&WFe("TfE%E) ka5rd b é&)pwgaga@paggpge 'F%hpgtﬁ&% 2k el ©

emitted from said laser source (10) and having an dimension in a first direction (x)
exceeding an dimension in a second direction (y) being perpendicular to said first direction
(x) by a multiple, comprising the steps of:
- shaping said laser beam (12) into a line (70a),

15 - measuring energy of said line shaped laser beam (12),
- generating a control signal ("78) upon said measured laser beam energy,

- controlling energy output of said laser source (10) upon said control signal (78),

characterized in that
- said control signal (78) being indicative of an averaged beam energy along the dimension

20  of said line shaped beam (70a) in said first direction.

27. Method according to claim 26, characterized in coupling out a fraction (70b) of said

line shaped beam (70a) and detecting said fraction.

25  28. Method according to claim 27, characterized in dividing said fraction (70b) into a
plurality of beamlets (92a, 92b, 92c, 92d) and detecting each of said beamlets (92a, 92b,

92¢, 92d) separately.

29. Method according to claim 28, characterized in focusing each of said plurality of beam

30 lets (92a, 92b, 92¢, 92d) separately.

24



25 28. Method according to claim 27, characterized in dividing said
fraction (70b) into a plurality of beam ets (92a, 92b, 92c, 92d) and
detecting each of said beam ets (92a, 92b, 92c, 92d) separately. 29.
Met hod according to claim 28, characterized in focusing each of said
plurality of beam 30l ets (92a, 92b, 92c, 92d) separately. 30. Method
according to one of claim28 or 29, characterized in converting detection
signals (1phd, Iphb, Iphc, Iphd) being generated upon detecting each of
said beanlets (92a, 92b, 92c, 92d) separately into a sumsignal (74). 531
Met hod acc@PdVisthod ascotdinigrie 808 of lmim 28108 P9, £Baraterized iy enVeRige dEfeelioBum si gnal

(74) into %%bgs ﬁ,‘,?,[,‘,tl{.,g II,,;,E .kp% ﬁéiné Zé‘rera\t/éai \.ﬁ;))n detecting each of said beamlets (92a, 92b,
92¢, 92d) separately into a sum signal (74). '

S 31.Method according to claim 30, characterized in converting said sum signal (74) into

said control signal (78, Vo).
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