P-0375.010 i Lithographic Projection Apparatus conprising a Secondary

El ectron Renoval Unit The invention relates to a |lithographic projection
apparatus conprising: 5 - a radiation systemto forma projection beam of
radiation, fromradiation emitted by a radiation source, - a support
structure constructed to hold patterning neans, to be irradiated by the
projection beamto pattern said projection beam - a substrate table
constructed to hold a substrate, and 10 - a projection system constructed
and arranged tR0375d@geé an irradi ated portilon of the patterning neans onto a
target portion.gf the. substrat t he radi ati on sysfemfurther conprising:
- an obj ect si lﬁ'ggléa(?ﬁfcﬁﬁ'f’ﬁémﬁ'e‘g‘?ﬂafi‘fmf comprisingp Secapdaxy Electrop Bemgval, o
vicinity of tHaipbject, and 15 - a voltage source connected to the object
and/or to the electrode for providing a voltage to the object relative to
the el ectrode for transporting secondary electrons fornmed during
irradiation avy idveftionirbleeod]adtiiographic BRojebtidBappaifls SomprisiAggr aphi ¢ proj ection
apparatus is disclosed which uses a particle h‘%el d shaped as a mesh to
protect an Jobj ect 3E9@jon8ystemdp fgrmaa ipjpgtion heam,ofradigiog from sadiation emitted, ¢ j | es.
The particle $i.ghdatdesasial es an el ectromagnetic field which will exert a
force on charged particles and w || defléact themfromthe pesh. The
particle shiéld ASYPPAR SEPCHERSPETICted fhald pRUgmng meaws. it rpdaledydhes wel | .

The term " pat tyedjéutin beMRaid patted® saiBprSjc@ivRlbeagd shoul d be broadly interpreted
as referring to neans that can be used to endow an incom ng radi ati on beam

with a 25 pat ter nddbsiraeeble spasfragied te dpld a spsiefr#9dt o a pattern that is to be

created inga tar geprojRéd dystBm@bnstri@eddsl strimb&io A dnSfiattd fMionVatle” can
also be used in this context. Cenerally, the said pattern will correspond

to a particul FATRAS MEYEQNo|addrest PPition offag pubstrate ghefpgliztiop sysieam futhethe t ar get
portion, such cagpading:ntegrated circuit or other device (see bel ow).
Exanpl es of such patterning means include: 30 - A mask. The concept of a
mask is wel | KnowdP phict pivatd inththeampigadiation.nc| udes nmsk types such as

binary, alternati agelpdaEmIn FidinityosTdhebjceNiat ed phase-shift, as well as
various hybrid mask types. Placenent of such a nmask in the radiation beam
causes 15 - a voltage source connected to the object and/or to the electrode for providing a

voltage to the object relative to the electrode for transporting secondary electrons
formed during irradiation away from the object.
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
20  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
25  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:
0 - 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 transmission (in the case of a transmissive mask)} or reflection (in the case of a



selective transm ssion (in the case of a transm ssive mask) or reflection
(in the case of a 2 reflective mask) of the radiation inpinging on the
mask, according to the pattern on the mask. In the case of a mask, the
support structure will generally be a nmask table, which ensures that the
mask can be held at a desired position in the incomng radiation beam and
that it can be noved relative to the beamif so desired; 5 - A programmbl e
mrror array. One exanple of such a device is a matrix- addressabl e surface
havi ng a viscoel astic control |layer and a peflective surface. The basic
principle b6h§@9 such an gﬁfaratus Is that (for exanple) addressed areas of
the reflecti JEISHyes radigtiqn {mpigging of ths masky dccgrding ta theggttsrn ghthe wher eas
unaddr essed armag. In fRfch @G ainfask, dRupPortGitict@s Wil gink NP6 Srhadk It Wil N9 an
appropriate filter, the sajd 10 undefracted light can be filtered out of
the refl ect ed BBusHhat themaskcanrhe heldgba despred nositierin the igpaming Fidistion besmg hi s
manner, the beamuaeieonBR miAtd REAGAEREAING dtGrel.ne addressing pattern of
the matrix-addressabl e surface. An alternative enbodi nent of a pr ogr ammabl e
mrror array enpl SyREosapmahls e prayeRRFEMBIE of susl a dpvigeds s masisch of  whi ch
can be indi vi Quaiegsmé gdrfa@e%aaﬁgutme&naaﬁd Snld 1ARPIMI BARFSuHER! B1d OCal i zed

electric 15 field, oyi ng piezoelectric actuation neans. Once
again, the ni PRYs B“%Fpéﬂ '?Fé’f“ﬁlls%héﬂéﬁé‘ﬁ%tﬁ that (& e¥ample) addierdedessere @f e rror s wi | |
reflect an incomig suaweaéﬂeenna@eam,%ﬂt Bs @iftiblodeli BEIR N hetal ﬁ&agh&&e&% whaddr essed
mrrors; in this manner, the reflected beamis™ pattern accor |ng to the
addr essi ng patrefleetingident fight prwndiffractedishts %mgenmpmp@pts filtgty the szidqui red matri x

addr essi ng oCaRnifrdeRh TightPaslbd/fitend tbftRbicRedld TRANR th of 20
t he situations descrlﬁg% her eabove, the pa%te?%%ﬁg&#egns cd%mggﬁgglse one

or more proghighirhehing inthis mannay, theypeam Myemcs pettemediaccerding to e pddoessiag r ays as
here referred ph@rf 8fthe Rl aﬁ@t@%gale %.ﬁ‘faceemgﬁérﬁatlvg Eﬂpadﬂﬂérﬁ%{da States Patents
US 5, 296, 891 and US 5,523, 193, atent applications W 98/ 38597 and
WD 98/ 33096, mwmb@mﬁ@bmwreamsan@mwatrgpmeetfcérttenmm,naqhhé case of a
programmabl e RidhQhn B8 mddidubiRRiIRR bSbub HPRY Hy = ?ﬁyﬁgﬁ%{aﬂfe%ﬂ%dl%ﬁcﬁ@bom ed as
a frane or table, for exanplée, which may beé as required,
and - A pridgr disidasi by empivyingrizoclavtricaactunfiinanashs. Snehagainchpgirers ticon i s gl ven
in United St Hafi Eﬁe@é&hte%ﬁet?th%?a%dézs%d mﬁﬁ@d&@uf r'éﬂ PEPRBThAL & m@&( &l

reference. As above, the support structure
a frame or tab ediffesnt dl@@@)&amdéwssvmmmwhb@ahn%ethe Gﬂcqu/hfmles as
required.

odled as

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

20 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

25  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

30  example, which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically

directs itself to examples involving a mask and mask table; however, the general



For purposes of sinplicity, the rest of this text may, at certain

| ocations, specifically directs itself to exanples involving a mask and
mask tabl e; however, the general 3 principles discussed in such instances
shoul d be seen in the broader context of the patterning neans as hereabove
set forth. Lithographic projection apparatus can be used, for exanple, in
the manufacture of integrated circuits (I1Cs), In such a case, the
patterning means may generate a circuit 5 pattern corresponding to an

i ndi vidual layer of the IC, and this pattegn can be inmaged onto a target
portion (e.g. conprising one or nore dies) on a substrate (silicon wafer)

t hat has been PEisgiplegidiggusssd ip sugliaptanses shauld he pesn instherbrioadey eontaxt efithal  (r esi st) .

In general, a ' f ' in a whole network of adjacent target
pafidriiflg e a®her¥¥bove SOBLHR : : .
portions that 'are sSuccessively irradiated via the projection system one

at a time. |n cur Fékagrappis@ragctien apparamspindeiuse, faexampld, mthdmacufactek on a
mask table, a @Sl I: - ' t ypes, of
machi ne. In or?g@%dg&%dfﬁ \iilltsg ﬁ%&?ﬁf‘ﬁ?%%ﬁlﬁa}le %@Wﬁ%ﬁ%%ﬁé&%g&&g?grget
portion is>irradiracetsiepdiog frowi ingviderd lagertaf the Ifeakd tyapatiemcanhe onaghd t ar get
portion in 0%ﬁm%q'ﬁtggtg,ghioﬁ@e.ggg%pgsﬁ@g@g Br SR o Js%[a&lra{ee(ggéo% e Vfer

st epper or step-an eat “I'n"an afternative apparatus -
commonl y r ef erthas Hasthgerepated avithp-layariofgedistionSergitive matetial (resiethdi gererajj@t  porti on

o) e oot o SRR Shh ¥ BERAOLAR &8RP ecARKLRL Ratiid™r | e

proj ection beam’in a given referenc I'rec scanni ng" direction)
whi | e synchr osusgsdsivelyqaavimtedyvia the peojdosdr syttem} ablata {irac. dh betentappamtus,- par al | el

to this digreClilingSkhC ' I pr @ .'og t i ]| have a
magni f i calfi ioon%bgg)? lélgﬁt%n?&%tr?g? gﬁi;&r nia HBSI( Ia]t% lr?ég gllﬁtﬁl(eééé at%X 3&??%%?% substrate
tabl e i s scanmee diffeient typesaf madtimer [rP@he peiofitithogrighic mojestionappardtes, smhk t abl e

I S scanned. LAk gﬁ” 1.t d. t. Lthographjc. deyices as here
descri bed can getSP‘fé‘g%e , @%?ﬂgxeg 55%%%?“%%%1(%, 0"?(9 ?tar%exg%rr%%%lrnat ed

her ei n by ref enegeseuchlan appandwsli$ el g fgoed ©es 8 waksr stgpreer bii stdpend agdtac

proj ection appatafis g. . I,S_1 ed onto a
substrate thatIg Bllgs aflnlagéiggﬁ%tgﬁa P"a"‘ﬁ?‘? C%@P@%%@%dﬁéﬁ%& fandZ%an

radi at i on-lsenspparare -reher tagkt portesiisithdiattd bprogressiveiySscanmiagithiegngkep, t he

substrate may g‘ir riou rocedur es uch as primn resi st coating
and a soft bake. *"#egrrt\ﬁg ?ﬁ%@%r am i 3 Biver e erreé'fee%f“?ﬁgono@es ed to ot her
procedures, suobcties) whigestchenpueduscennitpahesubREER) tablel paralled prannitparalielh@ar d bake
and reasur enmendt./ . Gt .oé e. L mge features. This array .of
procedur es | s%désglgf%ggn’ tglmgé.lsnl en%r%’ s #1OF n°nasr¥§tfnr}E?V| ﬁ&lm“\g%@@?“%ffacéor
M (generally < 1), the speed V at which the substrate table is scanned will be a factor
20 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

235 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

30  device, e.g. an IC. Such a patterned layer may then undergo various processes such as
etching, ionrimplantation (doping), metallization, oxidation, chemo-mechanical

polishing, etc., all intended to finish off an individual layer. If several layers are

required, then the whole procedure, or a variant thereof, will have to be repeated for



30 device, e.g. an IC. Such a patterned | ayer may then undergo vari ous
processes such as etching, ion-inplantation (doping), netallization,

oxi dation, cheno-nmechanical polishing, etc., all intended to finish off an
i ndi vidual |ayer. If several |layers are required, then the whole
procedure, or a variant thereof, wll have to be repeated for 4 each new

| ayer. Eventually, an array of devices wll be present on the substrate
(wafer). These devices are then separated from one another by a techni que
such as dicing or . saw ng, whence the indgividual devices can be nounted

on a carrier, cqnne ted S etc. Furt I nf ormati on regardi ng such
processes can B [tﬁ’ﬁ’t rﬁ"’d W{)P%devﬁ%ﬁﬁ’etpﬁée%%we 'SRASERE £¥ater).
Fabri cati on: A‘hE’fc&fetllb&aﬁ'e t&ﬂ sd@a:it@d ﬁ@ﬂbﬁ%ﬁﬂh@ib}{a tE¥HRRES SichEs dicing B I d

Edition, by Peter van aw Hi | Publ i shing Co., 1997, TSBN

0- 07- 067250- 4 Sa\“ﬁ&d%&? “e’a i9RVigsp Cf"b bespeipted on g sarmiet, gonaggied tgypins,

si npli ci ty t g, Pﬁlﬂie?ﬁlfdrﬂﬁho%}fééa&ﬁﬂ ﬂ%&e@ée@@ﬁntlﬁrobﬂﬁlea abedxh@flel forRS [he
"l ens"; e EI S term shoul d i nterpreted as enconpassi ng
vari ous Q%e@ %??“%‘&@t%ﬁ‘imi‘l@!“t‘id? Agicerdugtet Froeesgng’i cs,

reflectlve optnhﬁamed w%edv@mam 81cBY: M ABPublihing®ANBYE. The radiation
system nay al sgﬁ}l nclude conponents __operating accordl ng to any of these

desi gn types foPN Gyt manmsrated bereindyieleBnes ng  the proj ecti on beam of
radiation, and supk (ROGROBE bl nﬁﬂ@;&raecdaﬁ YRk PEbrdiRaREb O erref R dsBCT T Vel y
or singul arIy, as a "lene' t'he | ithographi c apparatus nmay be of a
15 type havi ndha Wss's hovieyee thissan P@P@ be hetadly ifteraeted s engempgssing ¥ariotas k
tables). 110 SWsRs of prfkdtion sfstehd, dBRIdinGMtacH= Jphé‘s Reeiile g;m%k ah@bl es may be
used in parallel, or preparatory steps may be carried out on one or nore
tabl es while Gh‘édlﬁﬁmw@“’&tfﬁwxamalst@f%d“elobéffsﬁ‘gl megsdep ingludecsppipgnantss.  Dual
stage |ithogr apdthingtRRRdiAg 14anfbehEle A6didhIShbs frhire @B MA 969, 441
and WO 98/ 407991, t%ga'?h |§técorpgr at ed herel n byr rrgf etgenc}gngdr%nm“%

| i t hogr aphi ¢ 3#sapities beageofypdigtiopsand syghigspmporicpta mag also berefomag iakelpvont o t he
substrate is lchiEctiagly &&é:ﬂgbﬁrly\@h’@*l%ﬁ@tﬁn@& theﬁthla n@ﬂ)l‘ﬁ@iﬂp%tuﬁ a8t bpp. To

produce integrated <circuits with a higher dens devi ces, and hence

hi gher opdPat itfiRg hayjaetre, orjmorg substeatectpllespnd/ar gwe ar la@P @aﬁlbtablﬁﬁgle su¢hal | er
features. Wi kglipRStag@telRE{ thé t&dttmmmsqnay%%eeqt pRRRP B gtr mpl oy

ultraviolet |ight generated by nmercury or exc It has
been proposed S€Bs W% Weptwepemgtembieamhdtpmrmrqﬁherrt%alpger@em 20 nm
especi al |y ar quuattord pbhiles IheM sthdadi gpa['a%s%e%[a@%‘r é:&lhél avhol et (EW)
or soft x- ray and possibl e sources I nst ance €r - pr oduced

pl asma source IS 5,969,441 and WO 98/40791, both mcorporated herein by reference.

20 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

25 lasers, it has been proposed to use shorter wavelength radiation in the range 5 to 20 nm,
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

30  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.
McGeoch, "Power Scaling of a Z-pinch Extreme Ultraviolet Source”, Proc. SPIE 3997,
pp. 861-866 (2000); W.T. Silfvast, M. Klosner, G. Shimkaveg, H. Bender, G. Kubiak,



di scharge plasma sources, or synchrotron radiation fromelectron storage

Ir:.i ngls ﬁppgrat ui usi gg giosaharge pl)asrga sou'r'([:)Zs iare detscricbed :EnUV }/\/13 c
artlo, 1. Fomenkov, R iver, D. Birx, vel opnent of an :
run) Light Source Enploying a Dense Plasma Focus in Lithium Vapor", Proc.
SPIE 3997, pp. 136-156 (2000); MW MGeoch, "Power Scaling of a Z-pinch
Extrenme U traviolet Source", Proc. SPIE 3997, pp. 861-866 (2000); WT.
Silfvast, M Klosner, G Shinkaveg, H Bender, G Kubiak, 5 N Fornaciari,
" Hi gh- Power Plasma Di scharge Source at 13.8 and 11.4 mm for EW

b gnlly Repett vy s PRy PR o by syl S8 Lo O
Gas- Di schar ge lithogeaphy", PropiRIE 8676Cpn: 2€527\3999);:38d KpBerghddrGst Bl 1 Highl99) . 5
pressure of o RGaunEugRY UGG Radilfy 6qPhola b4 SELOMARR T e bl asma
radi ati on sourAywbed @ptesyéal. 38 pp. &HIGvEIL7 (1999). di scha,rge pl asma source, for

I nstance, di sChat 8 St ' I # .and a resulting
partially i%oni zed%pl as%ﬂoﬁgﬁéﬁkﬂ%@ﬁ%%% eeoﬁéﬁgéﬁ%q'%%#%g?rﬁasﬂlgé) fo yield a
very hot pl asrzas ¢ethapordeemny ERdiadinticmnsiich at dighitgd Masmamgdiatichilseurv@nyfeiat 10

pl asma i s qui | Skhe¢ J !lggf@ g@i]at Ln the
Extreme W (E Y %gﬁSg[sgl%%%ﬂjéés%gégn%eh#&&gtrﬁgﬁggg| en geftbvaeﬁlction, a
typi cal presstestredes, agd a tesniting partgally depided ekismemay subsqedngdg be calesi tho t he

radi ation sour : f.having .such a rath | gh Xe pressure is
t hat Xe gas agﬁ@apg@og{%ﬁgﬁpéaﬁ E%renél%éarf%?né’? "}a)ﬁ’e %{Nhr%%-ﬁ%"@?@?zmts
over | m oil y plrs®9dsEe plighi cadaied in Kesinagja e plaved edigehinghe BE8reetivi. 15 It s
t herefore requ fi t her. hi Xe,. pressure tog a limted
regi on around%?ﬁgmég%%g%d ]'?g %@%F%@e‘eﬁ l?néb hé’r%dggtrl%lea lr?a]tPéesg'gﬁf’ ined in
i ts own vacuur lcibartetequited nearthe efpeprerdes toghle fagtiationcsosned e drambdck fof bavirg
subsequent va ' | I p.rror-and il umination
opti oo mmy Do i LARERREH L Brelle S b3S ook SRS bER IR eG SFa o 2O
radi ati on by anbauibérnsyiits 0% 1apenly 0.3%E UV radimtion hearing apraselemitidotbl.Senng hannel

array or -cgl . ol " el array.or. "foil trap" has
been pr opilgedq# lIrsl ﬂégf (kQ qu%e%ﬁﬁg@qﬁ%gﬂ Eﬁ’l}eﬁﬂﬁg{é Pro7ee @ a’llﬁl?ltsedfr H™ ruélg

consi sts of a tmarbee. Tofackiewubie the chacmmh bé cdntairstl initt ewrescnonpanbentata
plurality of I. ' hed. G her forni. a fl resi stance
whi l e al | owi ndﬂsﬁégﬁ?i%ﬁﬁ?‘o paagls@o\?lm?? %%g%{l%?g?c%%gtc ng’ T in.th%\(,aﬁéee

publ i cati ons apkecionounrgaendilkditagereeptichmay Bbobtaidedr ence.

The vacuum wall can be made transparant to EUV radiation by a number of

20  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
25  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
EUYV lithographic projection apparatus) is a major problem. The contamination of the
reflective elements in EUV lithographic projection apparatus is caused by the presence
30  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
amount of contamination that gathers on the optical components. Molecular

contamination can be reduced by repelling secondary electrons from the optical




The nol ecul ar contanination by for instance carbon of the optical
conponents in a lithographic projection apparatus (e.g. grazing incidence
and multi-layer mrrors in a ELTV |lithographic projection apparatus) is a
maj or problem The contami nation of the reflective elenents in EUV

| it hographi c projection apparatus is caused by the presence 30 of

hydr ocar bons and secondary el ectrons that are generated by EU/
illumnation. A finther problemis howto nonitor the dose of radiation
fromthe source and the amount of contami fation that gathers on the
optical compongmhSeniDH fhiike, dss%ivfsmaﬁm&ﬂm%%&mpee AURAnCof " erel |1 ng
secondary el ectrons fromthe optica conponent s urt ernore, dose of
radi ati on fr orfoRA@INgteH that gaﬁherwh&leézmmonwpnen@m@ henouitarestkbytthessuriygt her s on
the optical CORDANGBA R RGn R JFRON LARRARY BIRASHEL S ridkEufit SOt T o T uX
fromthe optical conponents. B tion of nolecular contam nation and
el ectron fl ux captawipaéoneand slectenn fhiy nespairemeints ub¢ a3l dectris fredttelrepel dedtioons 5 from
the opticals C%Piﬁ@@%tﬁ:al cHH §ne‘ﬁ IsCEhi¢ élEcufld f?éldjwm %140 a%ée?é?até‘fS(gs‘f’clv%r e positive
ions towards the optical nponent s. resulting 1on nbar dnent | eads
up to sputteri“?fgﬂfdﬂge ?malﬂempwfﬁvﬂlegﬁﬁﬂhaﬁ@ﬂbpmbﬁdlncm@aéﬂnfe spuitetihg ect to
reduce the amygile ecGRrMugibenat i on caused by illum nation of ELN radiation
on optical conponents in an EWIithographic 10 projection apparatus. It is
anot her obj ect of lih@erefppeandbisat tp gedyetiie smount ofdpntamirtation eapsrddypr oj ect i on
apparatus in wWhiGh, I st secondary
el ectrons but 1In Mt%??fﬁg? ﬁ%ﬂoggrﬁgﬁt%@ﬂe at@@a@?gﬂl g@ g3| tively

char ged pallt i preiectipaagpament ed. 1t i s anot her obj ect of the i nvention to
provide a techniq MRS GANy Hy o S another
obj ect of the mv%alﬁ%%%%heto rgsfutggmtq%%g%%nt sputt %ﬂl&%ﬁ%%otlca
conmponent s by 2pRas3tes ip avhich ke feﬂmwlmw@[ﬂnﬁlﬂ@@]ﬂméSe&@mﬁﬂ%f@llﬁcéméuaccor di ng
to the present Ofnd

specified in tuhgméiﬁogttnﬂllng Sgggé%éaﬁﬁgﬁg a%ﬁ;e?{?ﬂg%@&%%ﬂ?lﬁsq? gt%t e rad| ation
source is adapt ed!tABECLUICEYIRF invengorpia|psilepdeAhaiaubler mewshring dasgendst at e
and a | ow st atcgna@fAghidn? that the |ithographic apparatus further conprises
synchroni zati on neans for providing a tinme varying voltage to the object
and/or to the el Bdgsnether ehiecsghtbhinpentigrioteduge thh emperd obsputieringonopecal t he ti me

varying volt ag:@mbéﬂ@ﬁ‘t‘é tojr Békitive ions.

These and other objects are achieved according to the present invention in a

lithographic projection apparatus as specified in the opening paragraph, characterized

20  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 further 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.

25 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

30 electrode. The current can also be measured at the object.

In one embodiment of a lithographic projection apparatus according to the
invention, the lithographic projection apparatus is characterized in that the time varying
voltage imparts the repetitive negative potential to the object relative to the electrode



a repetitive negative potential to the object relative to the el ectrode. 25
Thus, the secondary electrons are repelled by the negative (relative)
potential pulse fromthe surface of the object in the radiation beam or
are drawn away by the positive (relative) potential of the electrode.

Besi des, the anmount of secondary electrons collected is a neasure for the
dose of radiation and the anount of contam nation. This neasure may be
easily determ ned using current neasuring means connected to the 30

el ectrode. The current can also be neasured at the object. In one
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obj ects to be estighlsclathot torassefapeetehation embaticictiemef hedvidr iperticlay eith h positiveer ef or e
the lithographjic projection _apparatus,is characterized in that the
negative ggter%?rﬁi%‘ﬁhﬁ%‘%ecios'egse V\ézesﬁltlefé% and -1000 V, nore preferably -100
V. By this voltagh 4 fushaembodiment of the éhventive tsaefode eheditbopraphiciprojédtionn t he

object in the radiat.ign beam.or repelled therefromsuch that, the nly
cross the 20 BRRIGEL erpenzed ‘%hhégtge DTSR e@“ﬂjgglﬁ%@%fthv@c %Lﬁlﬂ?%)f)g

cont am nat i on \¢ aesegtefefablye b30. V. Bynthig ebltage thersedondareetbamdhii@ntbe dhemiofiventi on is
characteri zed floth t‘lﬁb (%jectt hln e }agl%tignq;e%r%%?repelled therefrom such that they only cross the

20 boundary surface once, and hence reduce the amount of contamination caused thereby.

In yet a further embodiment the invention is characterized in that 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

25  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.

30 In yet a further embodiment the invention is characterized in that the negative
potential is applied in phase with the high state of the radiation source.
Advantageously, the secondary electrons that are generated during the EUV pulse are
repelled from the surface on which the radiation impinges by a relatively short negative



source is connected to the object. Direct connection of the negative

vol tage to the object causes secondary electrons to be rapidly expelled
away fromthe object without a chance of recapture. The positive el ectrode
may be placed at a | arger distance fromthe 25 object or may be forned by
the wall of the vacuum chanber. In yet a further enbodi nent the invention
I's characterized in that the voltage source is connected to the el ectrode
in the vicinity of the object. By applying a positive voltage to the

el ectrode, negatively charged particles suBh as secondary el ectrons w ||

be pulled away fraomih bject. 30 Iln yvet a th enhodj nent_ t
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characterized in that th hase di fference between the application of
the negative po ‘e:en%n?léﬁr 0‘%1(%(}'? etﬂ?“gﬁ%d 5?555%@8?”‘[% ' sf'ﬁﬁ}l\“%?‘i%arg’gﬁ‘g@g"ﬁes o
arbitrary. Thidifemmaesetivimtthd fadiationpalse waf e Coliagd mide id Lscbctaptablehe radi ation
source and provide the | seq yol tage exactly at the same tine. An
arbitrary phase ﬁ”felt @F‘gﬁﬁree“g’é?g’\%@rfﬁ? ﬂéenlt‘%ﬁép?ﬁﬁerﬁﬁﬂ ‘é‘ghaéﬂ’& RNl t age
pul se is al0so nagatieppaditiel is burcseded By dnuasdobiated podpai porntal tThE: dveicanés thé | S
characterized i

an associ at ed pb‘%’é%’%] ttegogigféﬁ%&jﬁ‘g?ﬂigaéﬁl g’gﬁtﬁ@/’fe‘ﬁg‘gtpg?%‘h% ni:“tsaﬂgﬁcceeded >
positively chatgeade énvirenntént, lmoga towards ierstidite aNthe opjadttd badhtded. THe a | ow
Dr eSS eI SOl UL DS 2CE O LS CLLSCl L 0B o ne
time averaged this edselwilldppiriniate totzblosTiRasiativlyl lighBgpendxiy Rk @orsConzthe 0. The
B O S BT 0 OB Ll £ T L
pul se. Al t hougbga#sipeedlbagepulef erence may be nade in this text to the use of
Shoul d be-expl i oi (go%ehaer B SercF Y e et BASpas BUE: MR HRAG™S her
possi bl e appl iacakding s thehovenaorpifpleamaniufactiff)of IDEs, it should be explicitly understood
that such an apparatus has many other possible applications. For example, it may be
20  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
altemative 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”
25  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
30  beams or electron beams.
Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding

reference symbols indicate corresponding parts, and in which:



20 enmpl oyed in the manufacture of integrated optical systens, guidance and
detection patterns for magnetic domain nmenories, |iquid-crystal display
panels, thin-film rmagnetic heads, etc. The skilled artisan will appreciate
that, in the context of such alternative applications, any use of the
terns "reticle", "wafer” or "die" in this text should be considered as
being replaced by the nore general terns "mask", "substrate" 25 and
"target portion", respectively. 1n the present docunent, the terns
"radi ati on” and "beant are used to enconpa8s all types of electromagnetic

radi ation, including,ultraviolet. radiation (e.g. with a. wavel ength of
365, 248, 103 155] Schaae Y%R&QS(';%‘P%@ |pE?J%“!‘\£)?6‘ﬁJé{a“’(SE‘Ef\9fdl?gat8iaation
(e.g. having ambedimeatrogthe inventidne range 5-20 rim, as well as particle
beans, such as iolt_li nts. of the

beans, or el ec beans. Enbodi .
i nvention will nowgbggﬁ’évgérs}dﬁéﬁ,w?fﬂ“\tﬁgy}g?m@ﬁtwp’gg%ﬁ? eGP RPISSEr ence to
t he acconpany iarhcgedpRiceidjection Hphiatys adcObrdingite the@diehtempondi ng  ref erence
synbol s indicate correspondin rts, .and in ich: 9. Fig. | schematically
depicts a Sithogrgﬁh#§K§?8%53?P§ﬁe5@8@?&?“@”Q%Q%Fﬂﬁﬂﬂmﬂ%mgﬂ““ﬁﬂﬁ%&?hent of
t he i nventi on;prdséry invent®Apws a side view of an ELTV illum nating system and
projection optics_of, .a |ithographic oj egtion apparatus .according to the
i nvention; 5 Fig. "% $HoNS aﬁaﬁ%’@gﬁ nt8¥£{irﬁJee“? N ‘gﬁhes%f?f"'&én"éﬂt&’“gr azi ng
i nci dence col | ect Big. ®fhoisi@n aingatdhit of 1WéeddictBodiik@ of the pROMS indBntRRI angenent
of a first enbodigen% of the present invention;, Fig. 5 shows an
arrangenent of a SBcOHEYCSANSEYPRIE A PosHble PUsesPRreRss of fipdiationsiqurce lative g gi ves
an exanpl e0of tpepaldalveltipelasrrdmqy eRGeentidn. & radi ati on source relative 10

to a pul sed voltage accordi o.the invention. Fig. | schematically
depicts a lit hogrgﬁhfﬁcwca&‘iSGBﬁtsé’Sﬁha‘}%E'ﬁ PlojegHen¢PRRIAYS § dccqrdingdpaj cul ar

embodi ment of phdieularensbatiinght of heinvppal. Thelsppaaip chfgiies:- a radi ati on system
IL for supplying a praqjectio t%eam PB of radiation ée. g... EUWV radiation)
with a wavel erigt h? B ‘isfﬁte‘ﬁ:]rl- rTupnlyiae Hpreiertion bgsm EE oL Tadjatign (e BV on
system 15 al saitidfipwitts £&aldh@dliofl 1 -0 nG Ol ftii S pdriéular cikefthe SHia S6tkemt abl e
(mask tablg) I\/[I; provided with a mask holder for holding a mask MA (e.g. a
reticle), 1Snda B RATBRAISELP PieHon so¥ee b4 t i oni ng neans PM for accurately

- 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 (sub strate table) WT provided with a substrate holder for

20 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.

25  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.

The source LA (e.g. a discharge plasma EUV radiation source) produces a beam

30  of radiation. This beam is fed into an illumination system (illuminator) IL, cither
directly or after having traversed conditioning means, such as a beam expander, for

example. The illuminator IL may comprise adjusting means for setting the outer and/or

inner radial extent (commonly referred to as G-outer and o-inner, respectively) of the



positioning the mask with respect to itemPL; - a second object table
(substrate table) WI provided with a substrate holder for 20 holding a
substrate W(e.g. a resist-coated silicon wafer), and connected to second
positioning nmeans PWfor accurately positioning the substrate with respect
toitemPL; and - a projection system ("Jens") PL for imaging an

i rradi ated portion of the mask MA onto a target portion C (e.g. conprising
one or nore dies) of the substrate W 25 As here depicted, the apparatus is
of areflective type (i.e. has a reflectivd mask). However, in general, it
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accurately, e.g. so as to position different
after mechanical retrieval of the mask MA from a mask hbrary, or during a scan. In

general, movement of the object tables MT, WT will be realized with the aid of a long-

20 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.

25 The depicted apparatus can be used in two different modes:
1. Instep 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
can be irradiated by the beam PB; and

30 2. Inscan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so

that the projection beam PB is caused to scan over a mask image; concurrently, the



portions Cin the path of the beamPB. Simlarly, the first positioning
means PM can be wused to accurately position the mask MA with respect to
the path of the beam PB, e.g. after nechanical retrieval of the nask MA
froma mask library, or during a scan. In general, novenent of the object
tables MI, WI wll be realized with the aid of a |long 20 stroke nodul e
(coarse positioning) and a short-stroke nodule (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 apdaratus) the nmask table M nmay
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The collector chamber 8 comprises a radiation collector 10 which according to
20  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
25  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.
As can be seen in Fig. 3, the grazing incidence collector 10 comprises a number
of nested reflector elements 21, 22, 23, A grazing incidence collector of this type is
30  well known in the literature as "Wolter" type and is, for instance, shown in German
patent application DE-101 38 284.7.
Fig. 4 shows a first embodiment according to the present invention. The EUV

source 6 that can provide a pulsed projection beam of radiation or radiation pulse 16, is



radi ation. The radiation emtted by radiation source 6 is passed fromthe
source 15 chanber 7 into collector chanber 8 via a gas barrier structure or
"foil trap" 9. The gas barrier structure conprises 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 nane of the applicant, which are
I ncorporated herein by reference. The collector chanber 8 conprises a

radi ati on collector 10 which according to 20 the present invention is
formed by a grazing incidence collector. R&diation passed by collector 10

Is reflected of - ect.r tilter . to.be. focused in.a virtual
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i nput fromthe_r.adiation . source %g nd provides.an, oytput signal to a
vol t age sourchﬂ¥ a?ngghﬁgﬁﬁéﬁﬁ qV@?Pﬁ © Prgyy B¥§6W¢w§e edde pul se,
to an obj ect AThe afsembly nat epece inbwopdyscal conponent such as a mrror or
mask. The voltage b haped .as, a_squ ve | tage pulse or a 5
si nusoi dal wave vgﬁrsthégtge %‘&F N mgﬁﬁf FaPEY i% &eﬁgﬁte%o"\“fhﬁ %Bﬁgn%ﬁ‘@gs are
possi bl e as webltage pilsedwmk {iagbass suthrtbe gliodsinodtinhahd edmtod rddi@on g 8ct 47.
When t he TV bea riglnatin framthe EUV source 6 inpinges on the
surf ace 05%thg“gg%ﬁ@?“ﬂ%wae%%ﬁagﬁ%%gﬂa?ﬁ¥%§@3%§55%?Ea%§ﬁﬁgﬂ§gﬁgﬁgwed_ The
secondary el edherobiest 4F8Hrmyvehgartielpehdving alppsidvevhgat pstreraval dufigethe EUVe vol t age
source 43 can gﬂ rnat el onnect the qgbject. 47_to a,voltage as | ow as -100
10 V and grouf .Sé %ﬁ aﬁrﬁ‘gte%//?ngi ERNE t%‘# to‘fv?‘irgs %‘5}:’%‘8‘# 45‘7'&531 b‘é‘iag%t(’?ﬁﬁé’r%%“‘? s
provi ded on aofehtgage, volthgeronitiessusfaeef dreobjoct, 47 ugiathe EU¥madidi@n) ower vol t age
provided by the VOLGUARS ROMGE47 Rl be attracted to the surface of the object 47,
20  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 space cloud 49 will be present above the surface of the object 47,
25  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 space cloud (49)
being present for roughly 10 microseconds.
An arbitrary difference in time between application of the low voltage pulse and
30  the beginning of the period during which the beam of radiation 16 is provided is
another possibility. This makes it possible to reduce the presence of secondary
electrons and the flux of electrons which are not in phase with the pulse of radiation

(for instance electrons resulting from other components in the projection beam).



The assenbly can operate in two ways. Firstly, the timer circuit 41 can
provide the object 47 with a |ow (negative) voltage pulse during (in phase
with) the periods in which the beamof radiation 16 is 15 provided. In
this way the generated secondary el ectrons 48 are accel erated away ftorn.

t he object 47. However, particles having a positive charge generated during
the EUWW pulse are attracted and accel erated towards the object 47. Al so, :
because of the presence of a negative voltage on the surface of the object
47 during the EUV radiation, electrons wil3hin the object 47 will be
attracted to the f g | L NCE ' secondary

el ectron em ssi on%yihgfggﬁ’gﬁlpf{éjgﬂ)g%pﬁéhs%‘(Za%%&hlgIcgﬁﬁéﬁgg&# |£}grrle(;rp F‘}i%}lr cuit 41 can
provi de the olspmpencat impuceesgon. die pdiatienymilggu b sravellingralang thetpptigadr i ods i n whi ch
no beam of radi,at,i L. S; | : ) LS, he
secondary el e%?‘?l%?\&gtﬁnj@é ?%Hpi‘lt%g%hgﬁﬁoﬁéﬁ %l(téprtlg%.Cgﬂaglﬁétgégghe?éﬁg%%fﬁgt a
secondary el ecuregt optisabempprayt] Thes, the [atrivaldingr of skeerradiativo\pelst heissliffdrate of t he
obj ect 47, §25 - ' L e, - whi ] C ce that
he seconddry o ueh Shel dfipbns & It bE clll By hERERS S sbilfa SRS ng
cont am nat i on.thq yoltpgespulss with [thesmisd! efitbe radinéon pubed & fihn atidto of thegelbgs es

significantly 6)\MSE Basttb 8 S6 RRAAT e & ﬁ?&g%@g(ﬁgqg%e(?oﬁ&%d%??ﬁﬁe el%%{a%eﬁr esent

for roughly 10 m croseconds. An art(): ference I n

appl i cati on of45t Hus meags that the yeltageipulse mustihavg @ pulbeedussigh mhichgndsfaftehtbe per i od
during which t j aki:0n. i VI | osgibility.
This nmakes it eggggtﬁﬁpg&pg L?ﬂ%%@eﬁpﬁéggpggigﬁg\eé&gﬁ%stg%odn a@%gﬁélﬂgecet%rﬁons and
the flux o0 elofdecdSRsbean exhosareanysbie sufficinboraliifepd)tserongany slectrohs toadi at i on

(for instance ghe tfromﬁia@éas SlrkR8 1ol hOM LRSS, ?Réfﬂr?d%ﬁﬂ&ﬁ?dyﬂ Qediofl €CL I on

bearn). 13 A Irthograp rc&;f;:tlon appar at us gener al conprises several
optical conporfekbretediivp mepswe deritapdoserefaadiatioh and Bnthg angent Dcantammindtioney al ong

the optical  GRIDABRAWbmpdehtt. THE bkt B s @E&fef%ur&wcﬂﬂ%%g%ﬂ%?%de& onent at

a later time than at the current optica nponent . arrival tinme
of the radi at i"asYsine gansaushss derfinsganesa cugrentgpetelipf er ent opti cal conponents.

The tiner @ircui tF%QLS M*ﬁ%@d&h&&ﬁb&dﬁ]ﬁen@&%léﬂd&g% e _i@%%ﬁo%mexcgh%%ﬁﬁé@é I se

with the arrival of the radiation pulse he w pul se

has to be sucHefeigage mymeralsiof Figed are aisady Tl etbodimest of 8igaf és copiphrable avithithe t he

el ectrode 45-emw&iﬁlemp%. i NAborkdg 1o/ @k bR SEFFLS the BN & ol £§s dur at i on
whi ch ends after the end of the (local) EUV beantinpinging on the object.

The time dur attPyscied todhe ¢leptrodadp 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

20  relatively high voltage, for instance + 100 V. This voltage attracts or pulls the
secondary electrons 28 to the electrode 45. In the embodiment of Fig. 4 on the contrary,
the secondary electrons 28 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

25  described above.

From calculations it can be shown that for an Argon gas in which the mean free
path for electrons and ions is substantially larger than a typical distance in the system
(for instance the distance between the respective electrodes) the secondary electrons
take approximately 3.4 ns to cross a 10 mm gap in between the electrodes with a

30  potential difference of 100 V. During this time, the Argon particles however, cross only
10°% of the gap length and thus gain an energy of 107 times the potential difference
between the electrodes. For a system in which the mean free path is smaller than a

typical distance in the system the time it takes the electrons to cross the gap is larger




10 of the ELTV beam exposure nust be sufficient for all (freed) secondary
electrons to mgrate fromthe object surface to the el ectrode 45. The
anount of secondary electrons collected is a nmeasure for the dose of

radi ation and for the anpbunt of contam nation on the optical conponents.
The ampbunt of secondary el ectrons can be established using neasuring nmeans
such as for instance a current neter 53. 15 Fig. 5 shows a second

_ enbodi nent according to the invention. The corresponding reference
nunerals of Fig. 4 are used. The enbodi ment4 of Fig. 5 is conparable with

the enbodi ne ' . t t.o th nbodi t.of Fig. 4, die
vol t age source %{1? gh%gﬁﬁg@%ﬁeﬁgﬁ?&ohs} %éplgﬁ%% Lﬁsoe 8ng4q§°§13° e tgeo‘fq%cgf’nsﬂ i's
connect ed to gresathd gamandshyrighough nptte acoplbrateatheioposignmficady, thEkiamaugd thage
source 43 in Fi : | %I und _and g 20 rel agtively high

vol tage, for it}ﬁﬁg?bé%églaﬁbe_ﬁlg%h%ﬁo |\é§%°&gpe&ggﬁs‘?savg sm??lp(’tgﬁﬁ’F?/ cf}he
secondary el ecioltegesa®8 to the el ectrode 45. In the enbodi nent of Fig. 4 on
the contrary, th . | l.ed qgr. pyshed away from
the ob] ect 47, Tharyarraae e isRrRahy S5 4 U bR B8 M ST, "t o

vol tage sour celiskgics betytrndles alectrodsatStang Jhe objectdf is [hameTiwi mdsh inag bp plaseid

proj ecti on begf the M qifiRH b, AR 1ohg al B Wik D6 tﬁeﬁ{es?%grgaﬁto%rclo%‘es togeghecrletﬁg i bed

above. Fromcalculations it can be shown t gon s7in which the
mean free patihesh oguses| agegligible stada inghsbdam. B iddtoguotsitdd toylodagrtheelediodn a

typi cal dista -4 t% Lem  Lf inst angce the..djstance between. the
respective el e%gt&rdg es (ﬁ% e%secoon é‘?f;aveelnééq? ohgee ¥ eé%ﬁﬁ%?(?‘ﬁﬁ't gid3 4 ns
to cross a010 tynerelegtipdeiinarpthenpassibilitye el ectrodes with a 30 potenti al

di fference of 100gY. [ ' [ t he Argon.particles howeyer, cross
only 10-5 of the_Flé' %Pﬁ%’r?gtgﬂ&_gﬁn%e{nﬁ%ﬁgasgaéﬁeﬁmma?%gg’r%%grﬁw&evfﬂ‘-’tgm\t,‘\)? s the
potenti al di f fredistien dromibe spdiation Jource b end tho darmtiorFafitheapatantisleomtharledrbdh t he
mean free pat bysisg a7t ibeal v di. ' stemthe tine
it takes the el ec(_% %gﬁgjk(?(g?’cr s‘gﬁglﬁ.té%ﬂé%%i_Isflqilléﬁggﬁ&ﬁ&qée}?genég%téheB. 4 ns
menti oned abovediatisy seusest 6/is gepvan. Iullis Sblapasitiwrioliags onsherddactodets iehowmr ons
cross the @ap, thaRGi=30 84 he SROMIP 4 r he | Lgnificantly,
t he damage to t.het%bj ec{: ‘?ndugegﬁ%§5§ﬂ@9@gdnﬁf%§vé@gl}leip?"%aoﬁb%;éadgscreases
wi th respect tiliqaped bipthe splid livegHowerss it iSalhmossble o prodde S voltgt yamecal | y

shaped as a nggh 1.0: A Whil.e art.yni. [ 2n .t he
el ectrode 45 and_aft?t %e&%ﬁ&gﬁﬂﬁ%eilim&%&guﬁy ﬁ[gﬂﬁgg%&%n%% %’Edg‘ﬁéa%\ﬂ@g& 6|¥"n t he
radi ati on bear® thisswaypthgreawll bhaphase differgficetQctwes theandiativopubsoanddhos e

together, the ylage pulse. The voltage pulse does not have to be present during the entire radiation
20 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
of a negative voltage pulse to remove the present secondary electrons, the object 47 is
charged with a positive voltage pulse. The relatively heavy ions will be acted upon by
the force that is generated by the electric field averaged over the time caused by the
negative and positive voltage pulses. This time average will be zero or almost zero, so
that the ions will not or only slightly be accelerated towards the object 47.

While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise then as described. The

description is not intended to limit the invention.




mesh causes a negligible shadow in the beam It is also possible to |ocate
the el ectrode outside the radiation beamso as to have no interference
with the radiation beam A grid 10 type electrode is another possibility.
Fig. 6a, 6b, 6c and 6d are neant 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 tine.
In Fig. 6a a pul se sequence fromthe radiation source 6 is shown. In Fig.
6b a positive voltage on the el ectrode 45 li5s shown. 15 The vol tage on the
el ectrode 45 may be provided in phase&idiyd he pul se of Fig. 6a, as
indicated by the solid line. However, 1t 1s also possible to provide the
voltage sone tinme after the radiation pulse is provided. This is indicated
by the dashed {ling i i . i re will be a phase
difference Q blét mgeﬂndgbtgﬁgglfggﬁeﬁl?%ﬁ)p%@gﬁg%%pésﬂg vol t age pul se. The

vol t age pul se -does radgtiomsysemt (3, 4)¢o forre s@rjection baam (Ghef radutiongfianadi ati on 20

pul se. In kig. - : |, at] gative voltage pul se on the object
47 to be sEi elracf%gl&l\l%@lr&égg&? Aggp?]%m?cg@hom. The sanme remarks with

ref erence to phasesuppbit ersticee(Mhdonsimetskiodeldgsttaniof aicamsdtoibe igalmeicdyi on wi t h
Fig. 6b apply | variation of the voltage on

t he obj ect 47mﬂﬂeﬁtﬁgbmﬁa%ﬁ%ﬁ%@g§?ﬁn of a negative voltage pul se
to renove the-pr essubstraerbla &Y cabsertaddnbold b bébsiodig,@ad 47 is 25 charged
with a positive v > e relativel v heavy ions wll be acted upon
by the force thatg éfeggor{rgs&g@g&ﬂ& Stm%(gte(g?ngc erulyg(‘:3d 98 %”a“vlg?ﬁ%tg‘iip%g%r} 0': he tine
caused by 0he thematierning encansdnposthrgétpertipo bf thgsubsttses. This tine average wil |

be zero or al .zer tﬁpﬁ .ons wll not or only slightly be
accel erated t%ﬂé&fﬁ%ﬁ%&%c hﬁéor&&ﬂlg'ﬁg speci fic enbodi nents of the
i nventi on have beanotykss@7) Hmatedindlreheantof vidiation 36),be appreci ated that the

i nvention may _be ed-0 r W scri bed. The descriptionis

not intended to | iﬂ{m‘ﬁ% toﬁee(qls)nlbg%t‘;iwgﬁg oﬂ%@@%ﬁ’@fndp\ | i t hographi c projection

gppar ?g ;JS f(5 1) - EJpanl@'gﬂ@ma(4%)@@?@@119@3031’039‘1 (Sl'&,g:ld/))r toahe‘eiffcrcr;agde @flpect | 0?6)
eam r 3 | ; radjiation source :

O tppor? PR v i0 s eleBt Bkt b S RE o RSl 0 o

i rradi at ed by secohdanpelegtent (48)nfolyeainiuting jpaditmvweg frdmphogtget (4G) beam a

substrate table (WFT) constructed to hold a substrate, and

characterized

20 in that the radiation source (6) is adapted to be operated in a pulsed manner between a
high state and a low state, and
in that the lithographic apparatus (1) comprises synchronization means (41) for
providing a time varying voltage to the object (47) and/or to the electrode (45) in
synchronism with the radiation source (6), the time varying voltage imparting a

25  repetitive negative potential to the object (47) relative to the electrode (45).

2. Lithographic projection apparatus (1) according to claim 1, characterized in that

the time varying voltage imparts the repetitive negative potential to the object (47)

relative to the electrode (45) for a time period sufficient for transporting substantially
30  all the secondary electrons (48) formed during irradiation away from the object (47).



a projection system (5) constructed and arranged to i mage an irradi ated
portion of 10 the patterning nmeans onto a target portion of the substrate,
the radi ation system (3) further conprising: - an object (47) situated in

t he beam of radiation (16), - an electrode (45) in the vicinity of the
object (47), and - a voltage source (43) connected to the object (47)
and/or to the electrode (45) for 15 providing a voltage to the object (47)
relative to the electrode (45) for transporting secondary electrons (48)
formed during irradiation away fromthe obﬁbct (47), characterized 20 in

LAl e F o o O BHERR kS aBAPRNTE L RE BRI SRR AT S
apparatus (1) fémngésl tha}tm}aﬂmeeﬁivzaotpmm mawsle@ duringfagime qfbetwieeti 01@1 a time
synehr ont sm w TR aRPL lrdadohad Blihert il O BREEEEED V01 e
inparting a 25 repetitive negative potential to the object (47) relative to
Cllai m 1, char aet ortiadprhl TRAGER ndafl  SELh e ARRRE e prbedC T ™ 1
repetitive negéathyechapagterzediimthat the ndgetivsipoteotial (szbiyweem @Namﬂvla)ODOi mioe: el ect r ode
(45) for a tigﬁﬁggg'ggggpff|C|ent for transporting substantially 30 all the
secondary electrons” (48) fornmed during irradiation away fromthe object
(47). 16 3. Lithographic projection apparatus (1) according to any of the

precedi ng cl aigrs ﬁﬂ%é t he ative ent| is provided
during a tine of % %ﬁﬁg&g%ﬁgnh@?%ggig (Hﬁn Ofﬂﬂmcg 0§338% , nore

pr ef er abl yl00, Flaihgehataeienzed in hatghe tqlltagﬂﬁgmpmﬁlsrwm}eaed toahe atpgrasad.us (1)
according to anyone of the preceding clains characterized in that the
negative potential is between O V and -1000 V, nore preferably -100 V. 5.
Li t hogr aphi ¢ ¥ oj bithigmphigpeeischionapparaius éb@mocﬂmgomoywnyﬂhepmtedmge pr ecedi ng
10 clains charg [ ed to the
obj oot (A7) G HamElnil ik Bl ud Wi BB Rb R Wl B ARREEBL R one
of the precequfmuw&ﬂﬂﬁﬁ@mﬁ?géler|zed in that the voltage source (43) is
connected ko the el ectrode (45) in the vicinity of the object (47). 15

7. Lithographic projection apparatus (1) 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 (6).

20 8. Lithographic projection apparatus (1) 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 (6) is arbitrary.

9.  Lithographic projection apparatus (1) according to anyone of the preceding
25 clams characterized in that the repetitive negative potential is succeeded by an

associated positive potential.

10.  Lithographic projection apparatus (1) according to ¢laim 9 characterized in that
the positive voltage is between 0 V and +1000 V more preferably +100 V.

30
12.  Lithographic projection apparatus (1)} according to anyone of the preceding

claims characterized in that the time varying voltage has the form of square wave.
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7. Lithographic projection apparatus (1) according to anyone of the
preceding clains characterized in that the negative potential is applied
in phase with the high state of the radiation source (6). 20 8.

Li t hographi c projection apparatus (1) according to anyone of the clainms 1-6
characterized in that the phase difference between the application of the
negative potential and the high state of the radiation source (6) is
arbitrary. 9. Lithographic projection apparatus (1) according to anyone of
the preceding 25 clains characterized in l’hat the repetitive negative
potential is cc ﬁﬁiﬁﬂ . i osi.tive poteptial. 10.

Li t hogr aphi c Bl'?bj gCtl oﬁhéﬁgﬁ?°3ﬁ%%?fﬁggﬂég°ﬁg4‘ﬁ tot“ﬁ@f’ﬁﬂ‘ﬁ% gla’gﬁgilrt%%’eri zed in
that the posichargaerized indbps thedimgetanmngrvobagy handie #6000 a vinnwidal wavef er abl y +100
V. 30 12. Lithographic projection apparatus (1) according to anyone of the
preceding clains characterized in that the tine varying voltage has the
form of squar d4walhogtiphic1@ojettionhapgamiphi(t) pecojdigs tco anyape aff ahel precdding

accordi ng t0 i ! . characterized in that.the tine
varyi ng vofst ageHIY rﬁgghiﬁaceté rpg? %11104 aﬂ% i fr‘nﬁ%%igp&gl PR e\?g‘.}n fﬁp‘ﬁ%%égr spmprees

proj ecti on apmaasnirng nedds @3)cor diemsgritgthe pyrome gokrated byphe scechidagy eidetrohsai N
characteri zed jd : i<t hographi c projection apparatus (1) conprises
measuri ng neargjégj(‘g@l)g%e{:)&r}’%ﬁgasguri ng the current generated by the secondary
el ectrons (48) in the electrode (45). 15. Method of manufacturing an

i ntegrated struct Yy Lithoaraphic process 10 conprisi t he steps of.
- providing a lg'adlkl%ﬁogn()fgﬂ}l%. em 3 &) mf‘%w?e r PO Bf’enﬁﬁﬂ}?ﬁraglg&rﬁr?‘é’fs of

radi ati on,l0 f comprsng the stepso€nitted by a radiation source (6), - providing a
support structure_ (M constructed to,hold patter.ni 1o be

i rradi ated by thep%%ggtr?dzatﬁm%%yasgﬁn}@’ B8 {ngﬁpéoéercﬂmbf’]%f‘%f\dlﬂ?&m 15 -
provi di ng a sisstmdinteonteatitted by\WRdigionsdureed6ed to hold a substrate, and -
providing a projegcti. 5] ¢ tructed d,arranged to | mage an
irradiated porti 0‘91'10{6@& F%éﬁg aﬁsgé‘%%ﬁ%n)e"gﬁ%“&ﬁ? %’%@W&%&gmﬁ’ i??eof t he
substrate, thérddiadddyrtapprojectiopboue ®epafiem sdidprogotigurtiesinng t he st eps of -
providing 13" obj eﬁr%vi{:ﬁig)a s&ﬁs{r&g Ea%l% M)%Qn%tntl)c?e% og(f)ldlélas'qus ;[ltla,oagd( 16).,

- providing a projection system (5) constructed and arranged to image an irradiated

portion of the patterning means onto a target portion of the substrate, the lithographic
process further comprising the steps of:
- providing an object (47) situated in the beam of radiation (16),

20 - providing an electrode (45) in the vicinity of the object (47), and
- providing a voltage source (43) connected to the object (47) or to the electrode
(45) for providing a negative to the object (47) relative to the electrode (45) for
transporting secondary electrons (48) formed during irradiation away from the object
(47),

25
characterized in that

the radiation source (6) is adapted to be operated in a pulsed manner between a high
state and a low state, the lithographic apparatus (1) comprises synchronization means

30  (41) for providing a time varying voltage to the object (47) and/or to the electrode (45)
in synchronism with the radiation source (6), the time varying voltage imparting a

repetitive negative potential to the object (47) relative to the electrode (45).



20 - providing an electrode (45) in the vicinity of the object (47), and -
providing a voltage source (43) connected to the object (47) or to the

el ectrode (45) for providing a negative to the object (47) relative to the
el ectrode (45) for transporting secondary electrons (48) fornmed during
irradiation away fromthe object (47), 25 characterized in that the

radi ati on source (6) is adapted to be operated in a pul sed manner between a
high state and a |ow state, the |ithographic apparatus (1) conprises
synchroni zati on neans 30 (41) for providing a time varying voltage to the
object (47) and/o th trod 45 nchronismw th the radiation
source (6), tﬂ% Meih%d ac‘%nﬁ tg a?seétfaF%tgflﬁ%ﬁ‘é}i’ﬁt f ¥pept P%MS\?‘éo ative
potential to telv@tr@bj(ﬁ)tmc@&ﬁt)onr@eitméemﬁ))ammezehxedtrode (45). 18 16. Method
according to claim 15 characterized in that the anbunt of secondary

el ectrons (48) incident on the el ectrode (45) are neasured.



