20 FEBRUARY 2006 1 Lithographic Projection Apparatus conprising a Secondary
El ectron Renoval Unit The invention relates to a |ithographic projection
apparatus conprising: a radiation systemto forma prQ@EEBRUAREANNOS
radiation, fromradiation emtted by a radiation source, a support
structure constructed to hold patterning neans, to be irradiated by the
projection beamto pattern said projeciion beam a substrate table
constructed to hold a substrate, a projection system constructed and
arranged tq . i € i riion t j to a

tar ot por L ErlRdh AbEeaRS okl o'sifonddPl BELOM RefFAITnY

el ectromagnetic field so as to prevent secondary electrons fornmed during
irradiati 0 | nci y ' i el ded, said shield
means corrpq{r}f’ iﬁvﬁ‘gl;%ggﬂ% tggtl%%pﬁlgp eec9§+ %‘?%nrla 3C§‘§plt§£ll'ég'obj ect; and a voltage
sour ce connect eddiation kgstepbjoefotm apdyjetion beatrhef rediatiing e rhdatiopremriteli tyg a

vol tage to tdh : obé')ect relative to the electrode. In EP 1 182 510 a

i thograpﬁir%lagl%feu&el’on apparatus is disclosed which uses a particle shield
shaped as-a nesbBujiportpitrattast coastruoted ac hoklumkterihg rheahs,i to Bedriadated byralek agai nst
stray particles.. The garti cl.cfz shi el enerates an el ectromagnetic field

whi ch wi | Proiselipn beam tp patiem Sy prieetion Peity ¢ i cl es and will deflect them from

the nesh. -The pawtsirtt bRRoaicte®mIo Hofd a @bssd) but ot her geonetries are
possi ble as well. The term "patterni means’” as here. enpl oyed shoul d be
broadly inter pﬁeltowt%SYSﬁe@fceBWﬁtgd e e ¢ faaee B A OB P difdow an

i ncom ng pathihd ABank SAINaMArpE pBrtida ot ik Basdtsie,Qsg- secti on, corresponding to a
pattern that is to be created.in a target portion of the substrate; the

term"light vaptidd means fay gegerpling pnedpcrpmegiedc Bl eeaeto PIXF s2aoNdAY t he sai d

pattern WelehirdnQ¥drRie® AitshatiRadatRAtd béeme incldeftCinl Ad8]ect tB¥Ehit1le devi ce being
created in the target portion, such as an integrated circuit or other device

(see bel & shigid mepnscomprisisgich patterni ng neans include: A mask. The concept

of a mask_is mg{éle&;&gmthgvi%h? BhaRl¥or, ABA 1t includes mask types such as
bi nary, alternating phase-shift, and attenuated phase-shift, as well as

various hybri d voliade soppsesconRictedetnethe obikctsangior do it kle¢trpde Her prediding an beam
causes se Lfgl%g;: Yothe object relative to the electrode.
In EP 1 182 510 a lithographic projection apparatus is disclosed which uses a
particle shield shaped as a mesh to protect an object such as, for instance, a mask
against stray particles. The particle shield generates an electromagnetic field which will exert
a force on charged particles and will deflect them from the mesh. The particle shield may be
a mesh but other geometries are possible as well.
The term "patterning means" as here employed should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target portion
of the substrate; the term "light valve" can also be used in this context.
Generally, the said pattern will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit or other device (see
below). Examples of such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various

hybrid mask types. Placement of such a mask in the radiation beam causes selective



20 FEBRUARY 2006 2 transm ssion (in the case of a transm ssive nmask) or
reflection (in the case of a reflective mask) of the radiation inpinging on
the mask, according to the pattern on the mask. In the0REBRUSRYZ00@sk, the
support structure will generally be a nmask table, which ensures that the
mask can be held at a desired position in the incomng radiati on beam and
that it can be noved relative to the bgamif so desired; A progranmable
mrror array. One exanple of such a device is a matrix- addressabl e surface

having a vhseRRlATin the &RO6f OkankBKGle ﬁm?]ar fefédi6e tih MR casd racénectdite basic
princi pl e behind such an apparatus is that (for exanple) addressed areas of

the ref| 8@k wEthsgadiafion ppipgiag pn the Magle gecordinmio thespagpmonhe skl Ingbg | wher eas

unaddr ess ggle 3F £Rmsk, freishpfolt skRthd S gldeBiy b88 mdNdabik ARG shicOhhe thdST NG an
appropriate filter, the said undiffracted Iight can be filtered out of the

ref | ect ed mMsgkaean be aldiahydesied pasiiien @ the ngeming radigtigheasshi nd; in thi s manner,
the beam glg&ﬁ;gqﬁﬁag%%gg@glaﬁgggr | RmtiPsdtdagir@ddr essing  pattern of the

mat ri x- addr essabl e surface. An alternative enbodi ment of a programuabl e
mrror array eryiregrsmmablaminior agey-dngerample of such agevaderis omgtrixeach of whi ch can
be | nd' Vi &ichl?ééib\{e tsdrtatcg qna%ff%ld.tVi?c%elgﬁﬁcscopgolaﬂ?érydnﬁ% 7 &lv%asm'f?cel. qg%' | zed .
electric fiera, or y enployi ng prezoelectric actuation neans. ce again,

t he m rr obssi@pencip¢ behind aictt rapsappdohtes isstheth(forhaxempldyl pddbessall acasr afrthe wi | |

r .ef ! eCJ_[ ape eﬁcv%rgu%cer r%ﬂ%c?tihggenFﬁgﬁP e{sgdi ractgci(li Tlif tr & tregs! {llle %Eirlegs%d ta(r) alsJ naddr essed
mnors; in i'S manner, the're cte eam i s patrerne according to the

addr essi neefleatih@dant hght bdrendififitactek lighd distgpsalbpropiatofiker, thbieaid equi red matri x

St uat s ondGBerT HRE 8 BRI SRiol Wit Bl eGP et ol Bonishe one Tor

nore  pr ogpirsehinkdeinnihisr @innad, rtikey BeamVbdcemednpateriatl iabdording 09 thedddesiigys as here
referred to can_._be gl eaned, for .exapple, fromUnjted States Patents US

5, 296, 891 PHIF eﬁh%?%%%;%fsab'aﬁbffﬂsmﬂigg&emwwaﬁ’q%wBFS@, PREFGEIBE597 and WO
98/ 33096, mthibiChiray BmploFOL NALtAL Bkandt@iefi Of By MEikBFfsCREM. of Whichecaalsee of a
programmabl e m nor_array, the said suppaort structure nmay be enbodied as a
frame or dbyidually Hltedabgptamnaxisipppnlying g sybleilgcabzedelecivanl e as required; and

A programgghl & Hy%@&yﬁ@piezs@leaﬁaga&ﬁomnemcbp& RS thE WetrbiRRrd Matdkven in
United States Patent "US 5,229, 872, which is incorporated herein b
r ef er ence addagssablgy syeh thahaddsespadomirrosy ik rafleet anning¢iniag cedidiondipaenenbodi ed as

a frane O'Eiiff“e?éﬁk @irec{i&{ to unaddressed mirrors; in this manner, the reflected beam is patterned
according to the addressing pattern of the matrix-addressable mirrors. The required
matrix addressing can be performed using suitable electronic means. In both of
the situations described hereabove, the patterning means can comprise one or more
programmable mirror arrays. More information on mirror arrays as here referred to can
be gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193,
and PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated
herein by reference. In the case of a programmable mirror array, the said support
structure may be embodied as a frame or table, for example, which may be fixed or
movable as required; and
- A programmable LCD array. An example of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by reference. As
above, the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically



exanpl e, which may be fixed or novable as required. For purposes of
sinplicity, the rest of this text nmay, at certain |ocations, specifically 20
FEBRUARY 2006 3 directs itself to exanples involving 20REBRGEARY2a&k t abl e;
however, the general principles discussed in such instances should be seen
in the broader context of the patterning neans as hereabove set forth.

Li t hographi c projection apparatus can bhe used, for exanple, in the

manuf acture of integrated circuits (1Cs). In such a case, the patterning
means ney Jg&Relt@leodexamplediidvolvitat 4 §labk aRf ﬁﬁ@ﬁoﬁm‘él R&wdver, afe ediari dual | ayer

of the IC, and this pattern can be inmaged onto a target portion (e.g.

conpri si nQ“%ﬁﬁléeSoﬁhSWé iy el ingippces shomlsk heateen msthp ibé‘@ﬁervx‘/é’P@F‘B ofthat has been
coated w bg{teﬁnﬁgayl@gnsgghgr@a@b@etgepﬁnﬁenm tive material (resist). In general, a
single wafer will contain a whole network of adjacent target portions that
are successi veLyhOgrqph@difm@@n@p@quaprbsjué@t’ farexaypele.dmthomenufactige t i ne. | n
current a , le, a

G5t nct | Srsaa oGl (R 10 Al i RS o0 e B R ©i hone type
of I|thogpamhlgnpmmr@u@ﬁonnappadaﬂdawreédhICaﬁgbﬂnsmmmmuﬂmlmsnmgmhdlated by
exposi ng t r such an
appar at us%{&g agomgp{m?&% %@&gﬁ& %8{% o nfol ?&sﬁ o gtsué%%tte 6591% wa?é?ﬁ%\ :epeat

appar at us hasl beemoaé¢d wttln atlayee oﬁppanat-msmvecmmﬂl (;eslSQf hrgeedal, @ saglea

st ep- and- SC?er WIH C%Bt%t up v&hoﬁaax(lzeh § g el adj a%gnrttt!iro I ot Inrsrtﬁq a%;[: esgcclgysn}%{ ogressi vely
scanni ng t'Re" mask a{tern er t b min a“given Pef er ence
directi onlrfatdh;&d Mamomtloldsystemt omm)amllﬂcuﬁgtmaﬂmamusl y scannl ng t he
substrate t aral.le|l or gﬁralel i s dlrectlg . Since,

general , fHB oiS‘P%E%t&CE‘?I% %?gla ASKa0E HAIFHEG i 9Tk §aR Deimade PEEER} M) (gener ally
<1, t hedlffe&me@p&é &t madhinghint die tﬁpetxsﬂmlaig&phatﬁr@edtﬁn sppuidte] ewdhl thrgbe a fact or
Mtimes that at which the nmask table |s scanned, More information with
regard toPPfHPhEJrafiteed sa@w%%thagntﬁ& mask ppiieanipdhe [BEget paTlen WAREE% f or

exanpl e, tgAMdSpfrd6 1878(?mmb1ﬂ? OeREE@LE ChsherRifdt B¥ppef f QEPIHEB-refeht a
manuf acturi ng pr ocess usin i t hographi c_projection apparatus, a pattern

(e.g. in APRFEASYS) Injag aitﬁmgtefa PRI onmanbyAeeTedioas pstepnd-gf8t partial ly

covered by ;ﬁrdt@yeeracmar et POitidh i ORradBRE bl | pSardBi AY Istdnnin @R Sk pdtletnOr to this
i magi ng ste he sub s%rate may undergo variouS procedures, such as

prinming, ® she REQieqtion featm in meiert tefammee dirosfion ftheisernaines diregiien) whilsst r at ey
be subj ect g {RolRly AR EBEERe tabIE hraBd oRalRShaRIRABY Ufe Rk SilcEER) -

in general, the projection system will have a magnification factor M (generally < 1), the

speed V at which the substrate table is scanned will be a factor M times that at which the
mask table is scanned. More information with regard to lithographic devices as here
described can be gleaned, for example, from US 6,046,792, incorporated herein by
reference.

In a manufacturing process using a lithographic projection apparatus, a pattern
(e.g. in a mask) is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features. This array
of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such
a patterned layer may then undergo various processes such as etching, ion-implantation

(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to



devel opnment, a hard bake and measurenent/inspection of the inmaged features.
This array of procedures is used as a basis to pattern an individual |ayer
of a device, e.g. an IC. Such a patterned |ayer nay t20diEBRIGERYA0¥ar i ous
processes such as etching, ion-inplantation (doping), netallization,

oxi dation, cheno-nmechanical polishing, etc., all intended to 20 FEBRUARY
2006 4 finish off an individual |ayer.4lf several |ayers are required, then

t he whol e procedure, or a variant thereof, will have to be repeated for
each new IsaNgbff aE\(mlél'@all layfer e idl 3 eRiare @&ﬁfegetﬁeﬁ’\fhl: lwhbR pRScedftor@n the
substrate (wafer). These devices are then separated from one another by a

t echni que v&iaah theseodi YYI“nbaVG rto st&vxﬁeﬁ?j‘ted\/\f?é §ed peve layadifrentyally, devaregsofcan be

mount d OReReds il b8 presGRYAGRE Sifbstrfle BlATSH). %sse dEHEésm?f]tHeﬂfs%a%éd 8" €gar di ng
such processes can be obtai ned, for exanple, fromt M crochi p

Fabri cat i one anather bica feehnliquessheheastdisingeatisevinglidteose thy ndvedsialhdgvices aanibed Edi ti on,
by Peter I ﬁ@l\é 250- 4,
i ncor por a%[ﬁg) %@pﬁel ni\% ggrt'l“édntg %Féot?quﬁe r?@fﬁ ?gg‘!igrarp ICl &przfe%gzpr oj ection

system rrayamlm@tamaaﬁmrempieefremr ed to as the "lens"; however, this term

shoul d be br Qll‘xlcro imiy géa%gn r%&?c%%?iﬁg o%mlc dl%C&IOI' Prcgc\éps(ias"Of proj ection

system i ncI u | ve op ective o nd ecat adi optric
syst ens, frhrrdéﬂmnmlbg Petbheanr Zualt, MqumHyli;Plﬁﬂmhmg/CaL 1;‘197; ncl ude conmponent s

operating 0, of these desjgn types for directing, shaping or
control | i p?ﬁﬁéﬁ dé?%%oecu Wof?éeggﬁerefnbyrﬁle |0n and such conponents may al so

be referred toFbethewske of sinlphcity, vel projedtios isyinh &rawnereﬁlsfta belrefieged toRsr t her, the
| i t hogr aphi g, a.t havi ng, two or nore substrate tables
(ands or a5 R RGeS o s e Bl B et Ssevantie | ces. ¢ ho

addi ti onakypeabtt &jedtdY sitentlS@uding PRIV Bptics,QEfldfiePaptios, @y steps may be
carried out gn qne or re tab%esr one or g ot her, tabl es are bei ng
used for @%ﬁ%ﬂ? SESIeTSy 49T PG he ﬁ%&gﬁ“&pﬁ%ﬂaw@h PuRCHe cHREMEPSed, for
exanpl e, boferkguc@fi8ing 4d any2srth O d884HIF& or Bigdchng, REQIROSrAdaFoINSE Blen by

reference. In a lithographic apparatus the size of features that can be
i magi ned BItiemdeans Hsiedigtien, jagd |suph cegPgnts Haayalve | hsngfared ftotdsdo%r oj ect i on

radi ati onqofiPOUGRuiaRY S hatR Fﬁﬁkﬁ‘tﬂeﬁfthd@répﬂlc% Pirgihehafibnstat y of devi ces,
and hence hi gher” operating speeds, it is desira Ie to be able to i mage

smal | er f&edising twai drsmotersybsteater fables (ndfor sgp apshinere 1paskj talbles)ol syshar at us
enpl oy ul bL bRl Ghe! dQEs BE28EASRbYs FRY 68s¢d P PRSI or BRPARREY steps

may be carried out on one or more tables while one or more other tables are being used for
exposures. Dual stage lithographic apparatus are described, for example, in US 5,969,441
and WO 98/40791, both incorporated herein by reference.

In a lithographic apparatus the size of features that can be imagined onto the
substrate is limited by the wavelength of the projection radiation. To produce integrated
circuits with a higher density of devices, and hence higher operating speeds, it is
desirable to be able to image smaller features. Whilst most current lithographic
projection apparatus employ ultraviolet light generated by mercury lamps or excimer
lasers, it has been proposed to use shorter wavelength radiation in the range 5 to 20 rim,
especially around 13 nm. Such radiation is termed extreme ultraviolet (EUV) or soft x-
ray and possible sources include, for instance, laser-produced plasma sources,
discharge plasma sources, or synchrotron radiation from electron storage rings.

Apparatus using discharge plasma sources are described in: W. Partlo, I. Fomenkov,
R. Oliver, D. Birx, "Development of an EUV (13.5 nm) Light Source Employing a
Dense Plasma Focus in Lithium Vapor", Proc. SPIE 3997, pp. 136-156 (2000); M.W.



| asers, it has been proposed to use shorter wavel ength radiation in the
range 5 to 20 rim especially around 13 rim Such radiation is terned
extrenme ultraviolet (EUV) or soft x ray and possibl e SXOFEBRSUARYI200€, for

i nstance, | aser-produced plasna sources, discharge plasm sources, or
synchrotron radi ation fromelectron storage rings. Apparatus using

di scharge plasma sources are describedsin: W Pardo, |I. Fonmenkov, R
Aiver, D. Birx, "Developnment of an EUV (13.5 rim Light Source Enploying a

Dense Pl ARG 68E UBowdt sehtn{g 8 YaReh "Ext®he Ulrsio16 SRUSE!, BBe. SP3B-396H (2000) ;
M W 20 FEBRUARY 2006 5 Geoch, "Power Scaling of Z pi nch Extrene

U travi ol &- @6&5@&2000}9%3 Stfspst MoKipsnerys. 31’8‘6]1&"866{ (Bmé@) G. fptiak,&.| f vast, M

Kl osner, @omalihiTk @YBAPoHer %@ﬁ@rmlgéﬁaﬁg@ub&@&, alN13.5FRIN 3L ik, for G- Pover
Pl asma Di scharge Source at 1 rimfor EW I|thoEraph¥w Proc.
pe

SPI E 3676|hﬂpgrapm7rzl’@r58?@9@36' pana72r<275i§é%9}am1i Kt Bgrgmann 4t ghl {Highgpet i ti ve,
Ex U
ol o0 Oh e, BlucRBCURhL ARy SRS, SR5E0pERa % R TR AR PRk R T

requi re t AeplhskOpics.dValai8her. SAI 13419991 pressure of a gas or vapor to emt
EUV radi ati on, E%J"{Fﬁdi%ﬁondko%%%%%g er{u?r%% Es%‘%'f%t %‘n Scligﬁ’ 89?1 S;{r?ss&%ro‘? to above.

In a di scharge plasna sourc tance, Created in
bet ween ehewtvapoesemia Bl Varadiatsan), Such gs 1heahmga Iplayma mdlanerd sq:ukcas redierreely
subsequentto Y be v that emts

au a
o ot on i HodiE ok et pifRlal BBEE P intaficla SidkRirte Bl LR TR, POLS
Xe, sinceekct@lenl asma reattingt pstidlly tohﬁecE)pl&SﬁﬁHn&WsﬂEhM):ntl)aroge:aasredund 13.5
rim For a efficient EUV production 1 ssur nbar is
o roq ouaped il Sy BBy e S Aot RS Be IV R Tu hsmdek of havi ng
such ar atpltem Bi quhte Xenuir@$RIUA Kej sinck Aade ;ﬂ@%n@&ﬁhzﬂ&i@ﬂb&ixﬁbhle padi ati on. For

exanpl e, nbar Xe transm 0. 3% EUV radi atjon having a
wavel engt ﬁEW rpggaarpyng, 13.5fm kor ?%%f%@le’btrﬂéﬁf Br(?d?"rt‘@ﬂ’ attéfplﬁ RTGSHES ?tlhe rat her high

Xe pressung rhbar & reduiet Qét:r"tlﬂ:_g:ll&ﬂo&fs%lﬁﬂgrddih@ioﬁ SBhEEA didvtachbfamMenghi s t he
source can be contained in its own vacuum chanber  that is se arat ed by a

chanber warqh arpthes ghsXe rstpueeris thabdeiganabioshsddtV radiafipn-dier erewrleeBil] ect or nirror

and i |l umpiat ke gafptid sserrm oﬁag 0304 mqulatm%amgy Wavealeth dtan sk made
transparant to EUV radiation a number of apertures - in said wall provided

by a chandiep therefag reguiredgo @mﬁné&le'rﬁ@m highy Xeypressgigdma dmithd oo array or "foi l
trap" has ap)%ﬁ&]thg sQROS QQ al:lﬁexgphlé‘thl: s&%@e &8%e @Malg&)f 1@‘ 1t} o@ﬁ Zra&zg chamber

that is separated by a chamber wall from a subsequent vacuum chamber in which the
collector mirror and illumination optics may be obtained.

The vacuum wall can be made transparant to EUV radiation by a number of
apertures in said wall provided by a channel array or so-called "foil trap". Such a
channel array or "foil trap" has been proposed in EP-A-1 223 468 and EP-A-1 057 079.
This foil trap consists of a number of focused channel-like structures comprising a
plurality of lamellas situated close together to form a flow resistance while allowing
radiation to pass without obstructing it. These publications are incorporated herein by
reference.

The molecular contamination by for instance carbon of the optical components in
a lithographic projection apparatus (e.g. grazing incidence and multi-layer mirrors in a
EUV lithographic projection apparatus) is a major problem. The contamination of the
reflective elements in EUV lithographic projection apparatus is caused by the presence
of hydrocarbons and secondary electrons that are generated by EUV illumination.

A further problem is how to monitor the dose of radiation from the source and the



This foil trap consists of a nunber of focused channel -like structures
conprising a plurality of lanellas situated close together to forma flow
resistance while allowing radiation to pass w thout CGOFREBRIUARY 2006 These
publications are incorporated herein by reference. The nol ecul ar

contam nation by for instance carbon of the optical conponents in a

it hographic projection apparatus (e.gg grazing incidence and nulti-I|ayer
mrrors in a EUV lithographic projection apparatus) is a major problem The

cont am natin@kht 8f cdnbifnindtieh e kdiveds & @EBHHca1 dothpBidits. MolREhARRtmifdt8h €Ct | on
apparatus is caused b¥) t he Fr esence of hydrocarbons and secondary el ectrons
I

that are g&néeatsddcady bEURPPElling neprdpiyn clegirangr frp@r ther GBtiedn ¢o§NI9BW!E 0 noni t or

the dose @fi ARl 1QR Jf":2dMhddACHHRYAE SoudTard e 2tholR R LARYnAEn Ghaamount  of
contam nation that gathers on the optical conponents. Ml ecul ar

cont ani nagéthers ow A obtécal exdrnorenthan be menitéradbswersidezg y el ectrons fromthe
optical CQERANGH fux bl Eﬁe@i@&? é:gl?ﬂ&%ﬁ& ©dth ﬁe"&%tﬂﬁl!o‘? ol RBniRlLEe and the

amount of contam nation 't ers on the optical conponents can be
nmoni t or edaiylelentras fink mgasuteencats st angrieckricfield toagepet #lectopt i cal conponents. Both

reducti on | ar am e} el ec I B nts use an
electric Fr |8e tgp{)@%fwe%&p&g%éséﬁ %%%Ct?lr@ 5‘1 %ﬁj{\ﬂlg acl)sg)taltcéegé{}a% ggr%%‘ﬁ?gﬁ‘?sg{()&%ﬁfs electric
field w | theadpsioal amopbmmsst &hp assuttingeion bnmbirdmentdsadstupetoospuitaralg efoponent s.
The resul teitﬂn .ion bonmbardnent | eads up to sputtering of the reflective
surface. [P P& Efore an object to reduce the ampunt of contanination

caused by il itnisndtiefofe ah dbidét nadedicet ahe @mott b abntaniAPEIAE Bdused By an EUV

| i t hographjc .projegctjon aratus. It is anoth j ect of the invention to
br ovs de- Algukioh SRR 5 op et fxponeipReALLY RHOGHIEh < no r of et L ve
el ements grofectii fHlpakathsagai nst secondary el ectrons and in which at the sanme
time the attraction of pos}%i vely charged particles is prevented. It is
anot her obj ect td¥anofher PRikrEAL they IVERSiop foRIPYde ap ¥ fithogtaphic BFoisrdsR ur i ng dose

and cont gpfaldlsiif Whichithd R8¢ BRMeRPhRGhicRIEd hiithst S¢eHatyOdledidnd AdUse t he
anount of sputtering on optical conponents by positive ions. These and

ot her obj B&ic abthe saeafiras, be atiaction of pepit vl harept pagtcles if pPEstsdon in a

It is another object of the invention to provide a technique for measuring dose and
contamination.

It is another object of the invention to reduce the amount of sputtering on optical
components by positive ions.

These and other objects are achieved according to the present invention in a
lithographic projection apparatus as specified in the opening paragraph, characterized
in that the radiation source is adapted to be operated in a pulsed manner between a high
state and a low state, and in that the lithographic apparatus comprises synchronization
means for providing a time varying voltage to the object and/or to the electrode in
synchronism with the radiation source, the time varying voltage imparting a repetitive
negative potential to the object relative to the electrode.

Thus, the secondary electrons are repelled by the negative (relative) potential
pulse from the surface of the object in the radiation beam, or are drawn away by the
positive (relative) potential of the electrode. Besides, the amount of secondary electrons
collected is a measure for the dose of radiation and the amount of contamination. This
measure may be easily determined using current measuring means connected to the
electrode. The current can also be measured at the object.

In one embodiment of a lithographic projection apparatus according to the



| it hographi c projection apparatus as specified in the opening paragraph,
characterized in that the radiation source is adapted to be operated in a
pul sed manner between a high state and a | ow state, a20FBBRUARY 206e

| i t hographi c apparatus conprises synchronization nmeans for providing a tine
varying voltage to the object and/or to the electrode in synchronismwth
the radi ation source, the tinme varyingyvoltage inparting a repetitive
negative potential to the object relative to the el ectrode. Thus, the

secondar y yRbgfh! @8 Sxt@%ﬁpﬁﬁ Rt Rien BYpatdh&s 19 eRRiditBed ehat thy GheRALaRL 1 @l  pul se

fromthe surface of ect in he radi ation beam or are drawn away by
the posi Voliage (meqﬂatﬂweyetlw Bepativg pantiple the) objact rsdpsive Rethe gleeirodee anpunt of

secondary , ghRGIHOD Surfi&ieht! fCHk £¥pdrEn PsuBRARMNE afl e sfettﬁld%%?ec%nsrmﬁ@tl on and
t he amount of contam nati on. IS neasure may be easily determ ned using

current néermlrrn@am@mymvnéet@m &n thirewayethe seqondpey clppigons @re wviftlycan al so be
measured alq L, zq%ovehrhpgﬁl%er?emg' SR ity AORLABRL o T HhECt | 01

appar at us accor ing to the 20 FEBRUARY 2006 I nvent1 on e ogr aphi c

pr oj ect i onrepsentabays thesirrediatediairacd ofhie ohject brtandetieoledutae var yi ng vol t age
imparts th [ e bj glative to the

el ect r ode® ntcm?gﬁ} Fofﬁx% sur?zgzg t\ﬁg ]Ig{i:tl g&’trl]ner?{ho Q%aE en%o(‘-t)er}n?f:[;ulsesubst antially all

t he seconﬁa)w;dedalsﬁdibiemﬁgslofngraﬁe:dthewud|o|ﬁghe| Echuzbdelmha\Ahpctt It(DB‘]llthﬂleObj ect. In

hi I d
gener at | ol ERers Segsrt b e aoeapru o M8 URPER: Raf sphEEh: above

t he irradt}atﬁthMélémacmthMt@meect enhance mol ecul ar cont am nation of the

surface of the_obje n th ative potential pulse I‘OVI ded
St ent 1y | B ER mopRBeti g s ORE et PP A SBHTERIR 1 o gl | ow t he

(freed) seamemibal yheeli@6grhhis ptojectibf) fappaLaths emmfaeteﬁbddemt tha© tHehgeggtfiveCt r ode, it
is ascertai ned that such an_ el ectron cloud IS not present . In a further

embodi menPOIgHiah RUIsehisqPRRYAT cdupPaj B Aot Ashacat Y8l BrEsEioRds 289 t ie

i nvent i 0N midrbRcdrds, hpefcapieiesabh) 018 midr&BcARP AR fitfe isfanC RAToAE teBbighed | N t hat
the negative potential pulse is applied during a tinme of between 0,01

i cr osecoREeihEppalothe peondare clsstiens Yhjele iy islaliydy lightp Ityis hogiepdeshoild. Thi s

time Spaneﬁcﬁﬁﬁ gk &P&%ﬁbe%@celcﬁ’&t&g‘ﬁﬁ& é’ttrﬁ(%@ﬁ bt ﬁéﬁ@leﬁﬁaﬁ:@dﬂ%lﬂl £pRfvEons which
are relative It is however, short enough so as not to cause

accel er at thgeatnﬂaf Hhﬁaéle%ﬁ) ksfshigldadi er particles with a positive charge
towards the objegluleP eRBodifikR! e invention therefore the lithographic projection

apparatus is characterized in that the negative potential pulse is between 0 V and -1000

V, more preferably -100 V. By this voltage the secondary electrons can be drawn off
from the object in the radiation beam or repelled therefrom such that they only cross the
surface of the object once, and hence reduce the amount of contamination caused
thereby.

In yet a further embodiment the invention is characterized in that the voltage
source is connected to the object. Direct connection of the negative voltage to the
object causes secondary electrons to be rapidly expelled away from the object without a
chance of recapture. The positive electrode may be placed at a larger distance from the
object or may be formed by the wall of the vacuum chamber.

In yet a further embodiment the invention is characterized in that the voltage
source is connected to the electrode in the vicinity of the object. By applying a positive
voltage to the electrode, negatively charged particles such as secondary electrons will

be pulled away from the object.



In a further enbodi ment of the invention therefore the |ithographic
projection apparatus is characterized in that the negative potential pulse
is between O V and -1000 V, nore preferably -100 V. By REBBUARN280E t he
secondary el ectrons can be drawn off fromthe object in the radiation beam
or repelled therefromsuch that they only cross the surface of the object
once, and hence reduce the anount of cgntam nation caused thereby. In yet a
further enbodi ment the invention is characterized in that the voltage

source is conngeigd, fPthbEniRIKLE theDhi@Gbn GOMARCEHMA AfmdthRe REQALd ve vol tage
to the object causes secondary electrons to be rapidly expelled away from

t he obj ectPoigntighippplied ie Rbase withtherhighatqiefche mRigtignobtcve el ectrode may be
placed at sl 6k RlsB0ffarl ERENI that APLEfkRl 0l HREUHIRADY the vall of

t he vacuum c n yet a further enbodi nment the invention iIs

char act er irepetled fiom Itet surthee aovvhiglythe radigfranempmgesonneatidely sherhaegatiect r ode i n
the vicini f j | vi Itive . Q e
el ectr ode,vgﬁr{fgggfl %%gﬁtgp%ﬁ%%ge‘ﬁ%ﬁar iacﬁjl @gnezduic}lg&géﬁes@oésolﬁﬁgtﬁggﬁleé/crf ttrughns will be
pul | ed awaythtsafact lé thelmbgct and2Posk EisRaERMr{2@06r 8sdcond/time,as fadntedenctenbodi ment
the i nvenh}im?ﬁ1 i A charfactt%{ninzttlad 'egregshat the negative potential is applied in
phase wt & ¢ |n§?18 SR VNEFYGi ati on source. Advant ageously, the
secondary el ectir gétsa tfindier @mbodjeiastr tt dolvedtion isgcHabetebkdd puthae ther ghase epel | ed

hegati ve SUraSeatRehe holiphioh RS RS hrmReRE R R Puldte Lente t he.
possi bi | i fradidtidAtsolrbeid aftdiraty Thié MmedrRahaA Ut ik a6eved§ critival phjrRe ttheamdiatiéross t he
said surface for.  a second t%&e,v%%i S redgced uch that the chances of

cont am natPBff Ak Prexys thg pu tage cxIEY Aot Hiet AB ATHER PGS | s

char act er iggRgencOibdtadn thhRdiafiasgulse@hd fREMEE phBs WRRD atdeptaBlep! i cation of the
negative potential and high state of the radiation source is arhitrary. This

means that it isYsic fugthsryembedimeptihe dpyeptiqn i chaacterizad it thahthe Jepstit¥e and

provi de t Rgo vl $EEntPlist RB& AR drY asBdcidtEpRANE phichiBal. THIs BVdédnicd e Phase
di fference between the radiati on pul se and the voltage pulse is also

accept abl @robjem (hat pasifiveht Bleargednigpd Witk goin trpemeniie @nd. oprticylaglydp clost | zed in

that the reR&kd ddviEnmaeIAVe Yov R BOkrALe dShSMF&ERARANRKANHRSSOCI ated
positive potential. This overcomes the problémthat positively charged ions

wi || gai n rensersis thatiha rlativebyrhervsiiprsryiyl ekperiandedhg time averaged field, which in
this case will approximate to zero. The relatively light secondary electrons, on the
contrary, will conform to the momentarily present field and thus be removed by the
negative voltage pulse.

Although specific reference may be made in this text to the use of the apparatus
according to the invention in the manufacture of ICs, it should be explicitly understood
that such an apparatus has many other possible applications. For example, it may be
employed in the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, liquid-crystal display panels, thin-film
magnetic heads, etc. The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the terms "reticle", "wafer" or "die" in this text
should be considered as being replaced by the more general terms "mask", "substrate"
and "target portion", respectively.

In the present document, the terms "radiation" and "beam" are used to encompass
all types of electromagnetic radiation, including ultraviolet (UV) radiation (e.g. with a
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation

(e.g. having a wavelength in the range 5-20 nm), as well as particle beams, such as ion



pressure environnent, nove towards the surface of the object to be shiel ded.
The reason is that the relatively heavy ions will experience the tine
averaged field, which in this case will approxi mte toFEBRUARVR006E! ati vely
I ight secondary electrons, on the contrary, will conformto the nonentarily
present field and thus be renoved by the negative voltage pulse. Although
specific reference nmay be nmade in this text to the use of the apparatus
according to the invention in the manufacture of I1Cs, it should be
explicitly understood that such an apparatus has nmany ot her possible

applicati gRsws oFOEctRYPIRLE, It may be enployed in the manufacture of
i ntegrated optical systens, guidance and detection patterns for magnetic

domai n nmenor i eEmbedimgerityioicthy snvghtiani wibll royw bradrsprabeds by way of enampimently.c heads,
etc. The i tis | ech .t . j.n. the. co such
alternati ?/Vlé'h allﬁge%ng%tt%) oﬁg, wﬁéﬁ;}pﬁgégo%h%%ct g‘?‘&rwfsn‘(gs reti cfcg" Q&-Eeié,\g girn'g or "die"
in this tefdrersheouhtslbiediconsirtbeponding pate amin méygdhaced by t he nore general

terms "mask", ..s bshrate" nd, "t t,port.ion", respectively. In the
oresent  docunehE, L PRETH S RPics i hotranhl® rojechion appataib abcordinie doany 1o

al |t ypesembodéhet bf thermymefonc radi ati on, including ultraviolet (UV) radiation

(e.g. wth a vel.engt h. of . 365 , k93, 157 or 126 nm,..and .extrene

it P vi ol et (HENG PRR eI o™ thend U, AUPRIPEE fam iRt e RS Snge. 5. 20
nm, as welithogaphiaprojectich dppaams acbidingas the divertfibnEFEBRUARY 2006 beans or

el ectron beans.. 9 Enbodinents of the invention will now be described, by way
of exanple onlg3 OPhe AEPLPEMHE BfeOR SIS A %aaﬁ%m&e%@rfeﬁﬁqre?meam ngs in
whi ch cor pesRomdnfign; I ef erence synbol s indicate corresponding parts, and in
which: Fig. 1 schematically depicts_a |ithographic projection apparatus
according to ang eeysrhEmneepent ke firstaphodiment of the proseahg¥RItignisi de vi ew of an

EW il 1 um nat llﬂg $ VisdwR MBnadn finRh €61 4 SRoRPEhERiHdnt of tHel fréteQr iBRIAki6n. Pr 0] ect i on
apparatus according to the invention; Fig. 3 shows a detail of the radiation
source and gr aZiBrfEIYeen gsaerle elnaseble prlsoieqrarecs of p sadigiion sepyeatelaye Fig. 4

shows an @rarﬁgg@g@g%eggco@iggitg%im.rrent of the present invention; Fig. 5
shows an arrangenent of a second enbodi nent of the present invention.
ig. 1 schematically depicts a lithographic projection apparatus 1 according to a

particular embodiment of the invention. The apparatus comprises:

- a radiation system IL for supplying a projection beam PB of radiation (e.g. EUV
radiation) with a wavelength of 11-14 nm. In this particular case, the radiation system
also comprises a radiation source LA;

- a first object table (mask table) MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means PM for accurately
positioning the mask with respect to item PL;

- a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means PW for accurately positioning the substrate with respect to item PL;
and

- a projection system ("lens") PL for imaging an irradiated portion of the mask MA
onto a target portion C (e.g. comprising one or more dies) of the substrate W.

As here depicted, the apparatus is of a reflective type (i.e. has a reflective mask).
However, in general, it may also be of a transmissive type, for example (with a
transmissive mask). Alternatively, the apparatus may employ another kind of patterning

means, such as a programmable mirror array of a type as referred to above.



Fig. 6 gives an exanple of possible pulse sequences of a radiation source
relative to a pulsed voltage according to the invention. Fig. 1
schematically depicts a |lithographic projection appar &20UEHRBSsB¥20D60g to a
particul ar enbodi nent of the invention. The apparatus conprises: a radiation
systemIL for supplying a projection beam PB of radiation (e.g. EUW
radiation) with a wavelength of 11-14 yyn In this particul ar case, the

radi ati on system also conprises a radiation source LA, a first object table

(mask tabl e) MrhpsQideded g thiighies blatipd Hev xfacﬁﬁtldﬁosloﬁlﬂcgbgpréducm Kead¥A (e.09. a

reticle), and connected to first positioni ng means PMTfor accurately
posi ti oni w§radisgionrgldis bepmps fed dpje an ﬂiuemilqﬂewxs em @llugipgag loisjitbenditegthl e

(substrat g, Lﬁé?lhgémglwams@a t&lRetioptn gbnéanss RS %ganhalﬁﬁ&erf@f exagl?ledTﬁ@ a

substrate W g. resi st-coate IiTcon wafer), "and connected to second
posi ti oni nlglrweapzfsﬁpwy GPmBGseLAdaSERg mEwsi for emﬁnrxgth@ toaites gbdor mper Wilish r espect

to item Pl &%:ﬂﬁxﬂmf 'tS’EE SYREAY 6-i Lr?e'?%e?geﬂvgl&?éfﬂaémg' ng an irradiated

pOI’tIOI’] of t e nmas onto a target por COfT‘pI’ISI ng one or nore
di es) of tmglssudlsmbamcm iptheAwaheln @dditipn, dttvat ,geltelmélyacppan@t\@sousytm a reflective

type ( E com (?negts s%f]pﬁ g&&ﬂ %ﬁﬁﬁ?&@dd a cI_Q(Ygg%/?th tfu nt%é %Iednk')PE %%ﬁ n:%SO be of a

transm ssive ransm ss atively,
t he appar ahtig nmy mphscwdealmltdmdbmhtymﬂdmﬁerpay dletnhutng in lteentm sestibhh as a

pr ogr ammabl e r [LOr. .arr a t ed to EBRUARY 2006
10 The sour ce AN %“39 I}héer%'gi M tot! W%S’ﬁr ci‘g')‘ E\"oduces a
beam of maﬁhn@tdfm lltﬂdgr@htqusjbcttmnhﬁ;duamt(@s xanftéd thel Base &hethe Syiséeem

(illum na er dir y after. havi trav rsed conditioning
means, E‘-ﬁ‘%é n&f%l@éfwx%amaw bé‘Ft 8’)85%!( @S&F’n‘ gﬁe ﬁat or IL may

conpri se it ogfabhid §rjRAGS apparat thé tad@tibheafUlIgEh @ pRb@es béinelediddli al  ext ent

(commonly referred to a outer a nner ectively) of the intensity
i str i but (5ARPHatA B hf ﬁlda(afcﬂlm%gw%rqcvnwrrrorsg fhir laqrypeqarinis ¥emvari ous

ot her coORROBAPIwhen SHE Rodse BA isNdnC@IcRh&T aRRdTIR GRREE NS Sktion! 4hdt HhitsWay, the
beam PB i npi ngi ngho on the mask MA has a desired uniformty and intensity

di st ri but icBgPmipassitoth fithpse scsvarioson. 1t should be noted with regard to Fig. |
that the sourcgplfeqipds Qﬁ,syqurmmynnm@pts hle%gpgletvhtéﬂqs hdld BPgaghi ¢ proj ection

apparatus (as is often the casé when the source
table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
which focuses the beam PB onto a target portion C of the substrate W. With the aid of
the second positioning means PW (and interferometric measuring means IF), the
substrate table WT can be moved accurately, €.g. so as to position different target
portions C in the path of the beam PB. Similarly, the first positioning means PM can be
used to accurately position the mask MA with respect to the path of the beam PB, e.g.
after mechanical retrieval of the mask MA from a mask library, or during a scan. In
general, movement of the object tables MT, WT will be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module (fine positioning), which
are not explicitly depicted in figure 1. However, in the case of a wafer stepper (as
opposed to a step-and-scan apparatus) the mask table MT may just be connected to a
short stroke actuator, or may be fixed. Mask MA and substrate W may be aligned using
mask alignment marks M1, M2 and substrate alignment marks P1, P2.

The depicted apparatus can be used in two different modes:

1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single "flash") onto a target portion C. The substrate

table WT is then shifted in the x and/or y directions so that a different target portion C



LAis a nmercury lanp, for exanple), but that it may also be renote fromthe
| i t hographi c projection apparatus, the radiati on beam which it produces
being led into the apparatus (e.g. with the aid of suiatHBERUAREQHIN]
mnors); this latter scenario is often the case when the source LA is an
excinmer |aser. The current invention and clains enconpass both of these
scenari os. The beam PB subsequently intefgepts the mask MA, which is held on
a mask table MI. Having traversed the mask MA, the beam PB passes through
the lens PL, which focuses the beam PB onto a target portion C of the

subst r at e S ba/rpgiaed by tielean PByand second positi oning means PW (and

interferonet “ n Q&ﬂ%den%séﬂ%ﬁﬂf tﬁeFQamet J&@nan%% ﬁésaE;&eﬁtaﬂL@a Whef 3itghe noved
accurately, % so as to positio ferent ortions CiIn the path
S

of the beAtPBC isinei Pesed, mtawengfq flﬁﬁh"pbsieedéhﬁm@s ﬁ@éﬁ&ﬁmmwbben aysed to
accur at el 1@93&% Bﬁlgh{s% TR sM Mk dbn &5 %ﬂ%t &n%cﬁéﬁs*wmﬁta n%é%ti yiee beam PB,

e.g. after ani retrieval of the froma |brary or
during a $the prajectigebenelB isrrousedrtorrcamvet helasibp@gt, cpraturrelylywrhe WE will be

realized thHatE ga%lle i&dimB1tdn ORIy HbVveq ‘S?thggﬂh‘ého"r }é&%ﬁé AifediOR b {d S?P i) and a

short - stro f1ne posi onlng) not exp ICI y depicted in
figure 1. %mmrwhlchql\/[tméeamgmﬁmoaom&@ns BLéqypleallyg Ne= l/épnpcbéaad to a

st ep- and- a aratu ust' be cted to a short
st r oke act%tljg? R Sl;tbven? Jarge tar%?/gg?(r% é uB S e o ehavglé ®1'i gned

usi ng rraskmﬁdongyemamésomamks M1, M and substrate al i gnnent mar ks P 1, P2.
The depicted aB&TEa}té gan be. used i.n In step node,

the mask table t PRSI PRI S t‘f"é‘?ﬂ"&‘r‘i‘éf aq‘&ﬂa-‘/sg"ﬁ“ gn‘ﬂ“? 8 mask immge
IS proj eciceltbcton seune Lgnﬁlo(radfatloﬁuxslt N@itﬁm iflhrAiaitioh O@ﬁésmn& 4 atdgeréjepdnt i on C. The
substrate table V\g ﬁ hen sh%fted n.the X, and/ or é.krectlons so that a
di f f er ent °PUGSGEYeR bt Rashption vpjt ¢ Repd SopEdipdonsores it Lo di at ed by t he beam
PB; and 2.cohprish for BR&ple, AR RrfAplhsmal sBErcé 8 (Mg S L@V kidBRboese except that
a given target portlon Cis not exposed in a single "flash". Instead, the

mask tabl & T aplowmy &R & VaRoTasUChiay &§ P PREY YABAM gk Yery hobplasnagisn

di recti on'greaRd % entuhﬁldiétlgd nGkd EOWranb Bhth@el%&ﬂﬁx@hgﬂetlc%ﬁectﬁnﬁt Thd¥err 0] ection
beam PB is caused to scan over a nask inmmge; concurrently, the substrate

table W ihet pasmaimayrhsstrsioy biseusingiarpartigly ioaived plasmeppigaiclestrigilr ect i on at a

ipi/eg v ?}S@%(argé 13 c%épﬁg' ot tfe &&féalrﬁg% Faftil bt%glsu%fs o8 hERDERe g(aE yRically, M

vapor or any other suitable gas or vapor may be required for efficient generation of the
radiation. The radiation emitted by radiation source 6 is passed from the source
chamber 7 into collector chamber 8 via a gas barrier structure or "foil trap" 9. The gas
barrier structure comprises a channel structure such as, for instance, described in detail
in European patent applications EP-A-1 223 468 and EP-A-1 057 079, in the name of the
applicant, which are incorporated herein by reference.

The collector chamber 8 comprises a radiation collector 10 which according to
the present invention is formed by a grazing incidence collector. Radiation passed by
collector 10 is reflected off a grating spectral filter 11 to be focused in a virtual source
point 12 at an aperture in the collector chamber 8. From chamber 8, the projection
beam 16 is reflected in illumination optics unit 4 via normal incidence reflectors 13, 14
onto a reticle or mask positioned on reticle or mask table MT. A patterned beam 17 is
formed which via reflective elements 18, 19 in projection optics system PL is imaged
onto wafer stage or substrate table WT. More elements than shown may generally be

present in illumination optics unit 4 and projection system PL.



In this manner, a relatively large target portion C can be exposed, w thout
having to conprom se on resolution. Fig. 2 shows the projection apparatus 1
conprising radiation systemlIL with a collector sourQe FEBRUARY Redh ati on
unit 3 and an illum nation optics unit 4, and projection optics system PL.
Radi ation unit 3 is connected to a radiation source unit LA conprising, for
exanpl e, a discharge plasma source 6 (jhig. 3). EUV radi ati on source 6 may
enpl oy a gas or vapor, such as Xe gas or Li vapor in which a very hot plasm

is created toagRintbelsBdl labsigog th@gﬂahﬁg ﬁu\deﬂcaegl?ec&fr 16 Bsmits6€s nppggnet i c
spectrum The very hot plasnma na£3 be created cau5|n% a artlally i oni zed
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r adi at i onapphicatioadPHl0lrHR84t7i on source 6 is passed from t he source chanber 7
into collectorpghampars 8 rkd %m%ocﬂﬁm%ntbﬂz%ﬂdﬁ% 3 e %E%Bfamgént oBO’rllxe U@p 9. The

gas barrier stfucture conprises a channe ture suc i nstance,
descri bed soumecﬁethawbn PIIQVIEGJ r ppleciprgjatton theamp pf naélamqmsacE@ioApmlsQ ) 19468 and
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spectr al ds8 awvir t an
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pat t er ned The adltakd sd)Lﬁce DisneeEndsteidab the ébjdce il ewhén the EHIEVBEINS oﬂlgmatiln% in
projection optics systemPL is imged onto wafer stage or substrate table

W, More SPERBHEYViRuise SHERME SR Yefess plth Béble?}r“gssé?ﬂ“di‘rﬁ electrefti4fat i on
optics Unkfe Hin2PendRAied. Ahk sednrs LREFJRL 48 %&y%%BWb@QQ@game ASltagan be seen

in Fig. 3, the grazing incidence collector 10 conprises nunber of nested
ref | ect or ThE ¥qlieat sougee 43 pon alfemately gqnasqt fig abjsst ‘Hetﬁ@éomqaé&vms 490 Vhis type is

wel |~ knoygy %Tamfdhﬁl thd &1@15 Bf e @eawgﬁ aéctmw@ﬁls%%dea,on a%ltagestance shown
in German patent application 101 38 284.7 shows first

enbodi menforastroecigragnd; bighdidhaprteslever votegermrovaded thh,ﬁ olfgge source a3,

The assembly can operate in two ways.

Firstly, the timer circuit 41 can provide the object 47 with a low (negative)
voltage pulse during (in phase with) the periods in which the beam of radiation 16 is
provided. In this way the generated secondary electrons 48 are accelerated away from
the object 47. However, particles having a positive charge generated during the EUV
pulse are attracted and accelerated towards the object 47. Also, because of the presence
of a negative voltage on the surface of the object 47 during the EUV radiation,
electrons within the object 47 will be attracted to the surface of the object 47,
increasing the secondary electron emission yield only slightly.

Secondly, the timer circuit 41 can provide the object 47 with a low voltage pulse
during the periods in which no beam of radiation 16 is provided (out of phase). This
leaves the secondary electron emission yield unaltered. A disadvantage is that a
secondary electron cloud 49 will be present above the surface of the object 47, for a
relatively long time, which increases the chance that the secondary electrons return to
the surface of the object 47 causing contamination. It was established that the

contamination increases significantly with the secondary electrons cloud (49) being



source 6 that can provide a pul sed projection beam of radiation or radiation
pul se 16, is connected to a tiner circuit 41. The timer circuit 41 receives
input fromthe radiation source 6 and provides an OUt2QWEBR@ARY 2006 a

vol tage source 43 that can supply a voltage, preferably a voltage pulse, to
an object 47, for instance an optical conponent such as a mrror or mask.
The voltage maybe shaped as a square wgyve vol tage pul se or a sinusoidal wave
vol tage pulse. Differently shaped voltage pul ses are possible as well. The
vol tage source 43 is connected to the object 47. Wen the EUV beam

ori gi nat i mEpserft fasmoughly IOUNicIosserds- 6 i npi nges on the surface of the object 47
secondary el ec%%ﬁuéﬁdiﬁ&&lc%{ fide G%Qéna%?gﬁcaﬁmgf &@Q&O%Ea\éeghﬁgkﬁéms 48 may
be repelled by a negative voltage. The tage source 43 can alternately
connect t ithe bebinriog ofithe periag duoing wlysh the beamyobradiatig0l 6iis peoviledisound. I n t he
vicinity ectw4r I i ' vol tage, for

i nst ance 3%%&%??&Ewgﬁé?ﬁ%%§%5? g%&%ﬁ%?“ég #§8§$%¥%§ﬁgggﬂﬁs.phe vol t age .
sour ce 43 c¢lectidng andthe bk yf dentronpehiall &e npt it phaseavyth theFutss of sadiatibre timer circuit
41 can proyide the,object 47 wth | ow (negative) . voltage pulse during (in
onace ¢ R PR RERRE oo fis cBaOneRP T & Blicel 4387, prov e i 1
tB! S }[Nai7t hao ge\ﬂ&h@@ﬂlc?mmdawpa:edmcgeﬁaﬂg{ C{k&lpﬁlﬁﬁ r?émzr:\'i:a&Io;aﬂicm edt a\(/jvaé from : Ee
obj ec : wever, particles having.a positi.ve charge generate uring e
B pul <sompareds i ubation 1 BF miptpboutdd st GeSHb s a7 Al so
because ofkotmpshets 8sIEMNERe atGhclafoNe@ial bpticaVéinipagent 0k lhldctiGethbaeah®©f the obj ect
47 during the EUV radiation, electrons w {hi | ect g? w il be

. hin the ob .
at t r act ed HEen ARica e’éenafThPﬁéhe&aﬁ’@&Pma?f the radiatian pylseyl 4 if difCERb ndar y
el ectron esHdsEren optical €bnPahonts Th@hhbsoircSes 08N onikdd@hd dppBEatieh bLeui t 41 can
provi de the object with a | ow vol tage pulse during the periods in which

47
no beam ofthervoipgeulsa with thearpiyah of the trdialion PYse 1onBheyidthngljthe voltagg es t he

secondary pgls€rdstObe &3h &t ANhY s@bshat M dBhesb aréedtlcspdVpitt 2@6rdde that a
secondary el ectron cloud 49 will be present above the surface of the object

47, for a45rBrsmpansfhat the Heftage pelse mpst bveiarmpise deeton whick prgs @Berithend: he
secondary 0 : fi: j /..gausi ng

cont A nat B e B A B e e

si gni f i canf thy B\ brameapesateonierb bg/sugficent fasal (ftedlivecendialy diesirpes 20 FEBRUARY 2006
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collected is a measure for the dose of radiation and for the amount of contamination on
the optical components. The amount of secondary electrons can be established using
measuring means such as for instance a current meter 53.

Fig. 5 shows a second embodiment according to the invention. The corresponding
reference numerals of Fig. 4 are used. The embodiment of Fig. 5 is comparable with the
embodiment of Fig. 4. In contrast to the embodiment of Fig. 4, the voltage source 43 is
connected to the electrode 45 and the object 47 is connected to ground instead of to the
voltage source 43. The voltage source 43 in Fig. 5 can switch between ground and a
relatively high voltage, for instance + 100 V. This voltage attracts or pulls the
secondary electrons 48 to the electrode 45. In the embodiment of Fig. 4 on the contrary,
the secondary electrons 48 are repelled or pushed away from the object 47. The voltage
can be applied to the electrode 45 by the voltage source 43 in phase or (partly) out of
phase with the pulsed projection beam of radiation 16 from the EUV source 6, as

described above.

From calculations it can be shown that for an Argon gas in which the mean free



t he begi nning of the period during which the beamof radiation 16 is
provided is another possibility. This makes it possible to reduce the
presence of secondary electrons and the flux of el ecRoOFEBRUARY 2806 not in
phase with the pulse of radiation (for instance electrons resulting from
ot her conponents in the projection beamj. A lithographic projection
apparatus generally conprises several jgptical conponents in succession. The
radi ati on pulse 16 travelling along the optical conponents will arrive at
each fol | gh g cRBirdrs 3hd LATRAIRMtALy 18rgbAhST a fyhidR dishABe Althd HBtem ! €Nt

optical conponent. Thus, the arrival time of the radiation pulse 16 is

di f f er ent insfepge thy qitancs Retwspr the saspectrpUpdiede) theisecondare legtyang take 41

synchr oni Zﬁp?o%iﬁ@telggm 4sG8 ol Af mmidap in/inl &8 ShdUidcRBdalWith Al fokendhlr | Val of the
radi ati on pulse 16. The width of the voltage pulse has to be such that all
t he seconddfeyened efd0P YnBurise Bisdingsp the dagarpapicles heweveacresp aely 487 ofith¢ s neans
that the t - L1047 i fter the end
of the (I gécﬂal}és?gg%muf\z/ﬂ %?%%P%Yﬁg%ﬁ%ﬁ?ﬂﬁ@&?%% ec'(té P?rtg’g urgti on after the
end of t hele@gdehEam yxtowsumhichnthetmdae froe pdth ¢s smatlerfthan aal | (freed) secondary

el ect rons o JILA8hEL AN AE iRk BNl A0%s I0oblnel ol pade 45, The
anount of “secondary electrons coO l'ected 'S a neasur e r dose of

r adi at i onthamthef3ct nstrhentiamadishoveoBy eppiyiagra prelsd long aruglt tochavpthe elattramonponent s.

The amount_of . secon el ectrons_can be. establi.she i asuring neans
such s 1 8% BEFE B BTN PR pE PR i ERE Rt BB B Bheel B e o
accor di ngtie®bjebiendusedEbit the ion fllk igaificaapisardasagwithi ekpicetock: DOMeral s of Fig. 4
are used. The enbodinment of Fig. 5 is conparable with the enbodi nent of
Fig. 4. |X8AfPS%st to the enbodi nent of Fig. 4, the voltage source 43 is
con necéI Edf to t 'mlri]b cﬂécﬁ@?d’ 45ie typicalin ﬁhab&ﬁlsQEiKSE bf thih WiSesCWRIRELHBidalt 0 gr ound
instead of to the vaqltage source 43, The voltage source 43 in Fig. 5 can
switch befi{fiEBsf tﬁr"fﬁﬁmeéﬁgﬁ%ﬁ 45@@91@&8169 HityH ey {hgmeshiragy erpéﬂtcafrfce + 100 V.
This vol t 308 AkfatiaEbamOAs Rtk s the RBres BCAAABEYareh & 6dd Qe tékBthe tehe el ectrode
45. I n the enbodi ment_ of Fi 4 on the_contrary t he secondary el ectrons 48

are repel mssh Wseﬁaﬁéw%ﬁﬁéw Brh bramy Bjivalto npssiblyfplogals the glectredsn be appl i ed

to the el gekinOMS rdtifatid) béddLso/Rltd RER nd MErfRerts with 1RIAEAiMAMbedRAK Lhy) out of
phase with the pul sed projection beamof radiation 16 fromthe EUV source 6,

as descr hipedleeitndo ds anpihgiossbiitn ati ons it can be shown that for an Argon gas
in which the npi%.néaf, 66 %c 2R SERRHBRY agg'pécaljnﬁle to illustrate the variation of the

radiation from the radiation source 6 and the variation of the potential on the electrode
45 and the object 47, respectively with time. In Fig. 6a a pulse sequence from the
radiation source 6 is shown. In Fig. 6b a positive voltage on the electrode 45 is shown.
The voltage on the electrode 45 may be provided in phase with the pulse of Fig. 6a, as
indicated by the solid line. However, it is also possible to provide the voltage some
time after the radiation pulse is provided. This is indicated by the dashed line in Fig. 6b.
In this way, there will be a phase difference Q between the radiation pulse and the
voltage pulse. The voltage pulse does not have to be present during the entire radiation
pulse. In Fig. 6¢ the variation of a negative voltage pulse on the object 47 to be shielded
versus the time is shown. The same remarks with reference to phase difference and
presence as explained in connection with Fig. 6b apply. Fig. 6d shows the

advantageous variation of the voltage on the object 47 with the time. After application



path for electrons and ions is substantially larger than a typical distance
in the system (for instance the distance between the respective el ectrodes)
the secondary el ectrons take approximately 3.4 ns to20FeBRIEAKY 2000 gap in
between the electrodes with a potential difference of 100 V. During this
time, the Argon particles however, cross only 10"5 of the gap |ength and
thus gain an energy of 10"5 tines thegotential difference between the

el ectrodes. For a systemin which the nean free path is smaller than a

typi cal djsf A6hve Jbu&%eplﬁs)ésts &dvBehd pri®nd decdn@k§ 1dcRonsCIHE Gblelfy 0 Cross the
gap is larger than the 3.4 ns nentioned above. By applying a pul se | ong
enough t ocheegare withea pasiive veltage pelse slde ﬁﬁ@lvgbzﬁ}ea@h@n%wdfge FHRIUPAD BBt t 0

accel er at i WeTal A . jectyjmaduced by the
Tont i O ds VAL, SHGRCIREAR Wkt HOACRTRER 08 i 1k e b B Case. The
el ect r odeneggtivesant\positied Yojtaghpylesd: Hus amerawhagofwill e merpior eknostvrerd, @0 a t ypi cal

di st ance l.ect j 7.15+10 mMm The nesh may
be pl acedg&lttﬁ@ﬁ)ﬁse&pgr%ﬁg‘?&olig%ggﬁlﬁe %EQF‘IS{%S tcglgdr(?s&fele é\bﬁ%?'of t he nesh are not
t oo cl ose togethde spetifie embedilments abths ingemiog hagi Hetredestritetdwbowve, it wdl beam 1t is
al so pOSS{) blae éc?atédot%gttt% tinrl/% t‘l‘:’(lner%%tlr Bderact?%}i%ith%e itsehﬁler aa(sjidg'stciri 0 %am so as to
have no iRt & erence wth the rad at PR Gedm A grla type el ectrode is
anot her passiigdiohiis not infiinged Bdimitthe infentmnd 6d are nmeant as an exanple to
illustrate the variation of the radiation fromthe radiation source 6 and
the variation of the potential on the electrode 45 and the object 47,
respectively with tinme. In Fig. 6a a pul se sequence fromthe radiation
source 6 is shown. In Fig. 6b a positive voltage on the electrode 45 is
shown. The voltage on the el ectrode 45 may be provided in phase with the
pul se of Fig. 6a, as indicated by the solid line. However, it is also
possible to provide the voltage sone tine after the radiation pulse is
provided. This is indicated by the dashed line in Fig. 6b. In this way,
there will be a phase difference Q between the radiation pul se and the

vol tage pul se. The vol tage pul se does not have to be present during the
entire radiation pulse. In Fig. 6¢c the variation of a negative voltage
pul se on the object 47 to be shielded versus the tinme is shown. The sane
remarks with reference to phase difference and presence as explained in
connection wwth Fig. 6b apply. Fig. 6d shows the advantageous vari ation of
the voltage on the object 47 with the tinme. After application 20 FEBRUARY
2006 15



of a negative voltage pulse to renove the present secondary el ectrons, the
object 47 is charged with a positive voltage pulse. The rel atively heavy
ions will be acted upon by the force that is generat ed HBBROSREI2006 ri C
field averaged over the tinme caused by the negative and positive voltage
pul ses. This time average wll be zero or alnost zero, so that the ions
wll not or only slightly be accelerated towards the object 47. Wile

speci fic enbodi nents of the invention frave been descri bed above, it will be
appreciated that the invention nmay be practiced otherw se then as descri bed.
The description is not intended to dgifivisthe invention. 20 FEBRUARY 2006 16
CLAIMS 1. A lithographic projection apparatus conprising: a radiation system
to forma projection beamof radiation, fromradiation emtted by a

radi at i on Isour éelithegraphigaweiecton apraratiscopwrsing:uct ed to hol d patterni ng nmeans,
to be irradiat sdad@axiomgsten?{oofoﬁﬁfa' ?ﬂeéﬁ%ﬁ‘ dn oPALLES £3R iR &GkiPN beam a
substrate table constructed to hgl a substrate, a projection system

const ruct & azadiptionsemigled to i nage an irradiated portion of the patterning

means onto a t grsglg}ortg%éthl%%oﬁlfﬁ%ﬁ ééié%ﬁ%é&’ettr%n%%gnssw & ﬁjragl‘éf%g%yft% ect rons

generating an el ectromagnetic reveht secondary
f or med dumprajegtipm beadi tatpattan s2d profeotian beamj dent on an obj ect to be shi el ded,

said shield nean o) { Sing: | ectrode.in the vicinity of the object,
and a vol tage gS%S%aetggangir?ncéné%euﬁf%?f)oe}fﬁée;a%‘%}S%actﬁ’ and/or to the electrode for
provi di ng-a vaelptagaot gysteheconitjuett] andhraingatctotivagelsd irhdiated putton efhle act eri zed

in that the radi ati on source is.adapte 0 _be operated in a pul sed manner
bet ween a PRTGHS g‘F%{{Sé’ng’ﬁ" ar§etlp8\‘7\[/‘°§t°§ﬁ1§ sgtghﬁtei ®dthat the Iithographic

appar at us -conpslhisléd $neaydfohgentiang anddleciomignefioficlp 6O tdipfegert sédoA®ary var yi ng

vol tage to . the aqbject and/otr. to the el ectyode in_ synchroni with the

radi ati on eleg%?l’tsg%‘J?“eg Auring ‘Hﬁé’%ﬂ”)}? H‘QCOV‘SIWC&%E AR APIeCHg by SI?IE@ itive negative
potenti al ki@ shibl@ nahLkmprikigh:at i ve to the el ectrode.

- an electrode in the vicinity of the object, and
- a voltage source connected to the object and/or to the electrode for providing a

voltage to the object relative to the electrode,
characterized

in that the radiation source is adapted to be operated in a pulsed manner between a high
state and a low state, and

in that the lithographic apparatus comprises synchronization means for providing a time
varying voltage to the object and/or to the electrode in synchronism with the radiation
source, the time varying voltage imparting a repetitive negative potential to the object

relative to the electrode.

2. Lithographic projection apparatus according to claim 1, characterized in that the
time varying voltage imparts the repetitive negative potential to the object relative to the
electrode for a time period sufficient for transporting substantially all the secondary

electrons formed during irradiation away from the object.



2. Lithographic projection apparatus according to claim1l1, characterized in
that the tinme varying voltage inparts the repetitive negative potential to
the object relative to the electrode for a tine peri @) FABKUARERZ004 or
transporting substantially all the secondary electrons fornmed during
irradiation away fromthe object. 20 FEBRUARY 2006 17 3. Lithographic

proj ection apparatus according to any ©f the preceding clains,

characterized in that the negative potential is provided during a tinme of
between 0,01 m croseconds and 10 m croseconds, nore pref er_abI?/_O, 1

nmi crosecord. 4Lithegrapbisr pigiscdony ppyagays asoupBatoatls ohdopErceding 612éRyone of the
precedi Ng cklrRkd¥Bed if BAF ﬁﬁtrﬁgét%%okeﬂtiélhégxr&vﬂﬁd%ﬁﬂg VP OF 8&tived! 0o between 0
V and -1000 V, nore preferably -100 V. 5. Lithographic projection apparatus
accor di ng ml@oﬁﬁ?mlﬁen&o migeosprondse iorepreferablyd), 1 misraeeend.eri zed in that the

vol tage source is connected to the object. 6. Lithographic projection

appar atus according to anyone of the preceding clainms, characterized in
that the ¢ol t ajshegmphseprpsctionrppars acoorditge toednyong ofithe ipnecediog ¢laonsi ty of t he
object. 7. ;11 | r.ol L.on. of anyone of the

pr ecedi ngC}(l:+%:|t[Jr%%,gJ%§ éghgc egdrnslgégtgﬁﬁ?ﬁ%g@%lﬁgvﬁaégaﬁa\ggg% ential is applied

i n phase wefdralilhadOhivgh state of the radiation source. 8. Lithographic

proj ection apparatus according to anyone of the clainms 1-6, characterized
in that the phase difference between the application of the negative

pot enti al 5and Lhkoghipgie @bjettonadppirals heddrditig @narsony 6€the praeding chirgs, 9.

Li t hographj c projectjon apparatus accordi 0 anyone of the preceding
cl ai s, E‘IFé?Cg‘Hzg‘finzt %erfgﬁ?ﬂﬁtswrﬁ%lsrc%‘fi’éftie??“\fge %iﬁé‘ti ve potential is

succeeded by an associated positive potential. 10. Lithographic projection
apparatus according to claim9, characterized in that the positive voltage
i s betweef 0 VLEMEraPhIOWOIRELOD pRPAFAESIAssading toapgonee! thepreceiipg plpnsp 006 18 11.

Li t hogr apjfadirRbLmlthR theABRAAbHSe RCEHEED D thO1BMANG RE vitiRy Bf @S edi ng
clainms, characterized in that the tinme varying voltage has ¥he form of

squar e waghiect.

7. Lithographic projection apparatus according to anyone of the preceding claims,
characterized in that the negative potential is applied in phase with the high state of the

radiation source.

8. Lithographic projection apparatus according to anyone of the claims 1-6,
characterized in that the phase difference between the application of the negative

potential and the high state of the radiation source is arbitrary.

9. Lithographic projection apparatus according to anyone of the preceding claims,
characterized in that the repetitive negative potential is succeeded by an associated

positive potential.

10. Lithographic projection apparatus according to claim 9, characterized in that the

positive voltage is between 0 V and +1000 V more preferably +100 V.



12. Lithographic projection apparatus according to anyone of the clains 1 to
11 characterized in that the time varying voltage has the formof a

si nusoi dal wave. 13. Lithographic projection apparat u0aEEBRUARY 20@6 anyone
of the preceding clainms, characterized in that the |ithographic projection
apparatus conprises measuring neans for neasuring the current generated by
the secondary electrons in the electroge. 14. Method of manufacturing an
integrated structure by a lithographic process conprising the steps of.
providing a radiation systemto forma projection beamof radiation, from
radi ati onlénmi t LEbPgsphis Hreiestian ppriraisceading fopyenern the nsessivg ladsys uct ur e
construct eghricRer2Od f (RAHSMY \Bgyiﬁ%ggﬁge a9 tRSornt b @eliralvaek by the projection

beamto pattern said projection m providing a substrate table
constructed to hold a substrate, providing a projection system constructed
and arrandad t bithoggaphicaprojegtioaciratralys agrordingte ayonchefl tatclaamnilrig ldeans onto a
target POoLfiRirdba faltfa B @ Hle R0 b D6k AhuSbigatoEBgNeti ¢ field so
as to prevent secongary e ect?}g?]gs@(p'?%r mg{e%an T T alg?atai on to becone

i ncident on an object to be shielded; characterized by operating the

radi ati on,sour i . - i st « | ow state,
and provi é?'ng g%é%&%’%@?‘%ﬁéﬁ%ﬂ \%@# Pﬂ Zx&g@?o%&?%% a%g%ﬁeeg)? thzgrPg‘gcgcrhg? gla%hs’ el ectrode
provi ded icimractdnzed/inchan iteylitiofgraphie podj¢ction apparasusrcomposes sraswihp nielra radi ati on
source,

O I A AR R AR
characterized in that the anount of secondary electrons incident on the
el ectrode lir © K'Eet SOH ro?l(ill'anufacturing an integrated structure by a lithographic process

comprising the steps of:

- providing a radiation system to form a projection beam of radiation, from

radiation emitted by a radiation source,

- providing a support structure constructed to hold patterning means, to be

irradiated by the projection beam to pattern said projection beam,

- providing a substrate table constructed to hold a substrate,

- providing a projection system constructed and arranged to image an irradiated

portion of the patterning means onto a target portion of the substrate, and

- generating an electromagnetic field so as to prevent secondary electrons

formed during irradiation to become incident on an object to be shielded,;
characterized by

- operating the radiation source in a pulsed manner between a high state and a low
state, and

- providing a time varying voltage to the object and/or to an electrode provided in
the vicinity of the object in synchronism with the radiation source, the time varying

voltage imparting a repetitive negative potential to the object relative to the electrode.

15. Method according to claim 14, characterized in that the amount of secondary

electrons incident on the electrode are measured.





