; e3ex} Pxz. 6 TPNU, *G-~2* - 1 - *159159* Transfer Method for a Mask or
Substrate, Storage Box, Device or Apparatus adapted for use in such Mt

h
and Deyy uring Method conprising such a Method. The M“\mm
i nvent K\‘\\\M\\mmmﬂmo a nethod of transferring a substrate or Wam “\\\H \\
for patter Q&)@(gz*a proj ection beam of extrjeme ultraviol et el ectromagnasoss
radi ati on, a storage box, device or, apparatus adapted for use in such a
met hod, for instance, a |ithographic projection apparatus conprising, 5 a

radi ati on system for providing the projection beam of extreme ultraviolet
el ectromagnetic radi ation; a mask table for holding the reflective nmask,

the mask serving to patternr}fgg I Qj cftio beam agcording to a desired
pattern upon reflection ofrd rﬁﬁﬁﬁb@t’%ﬂ%ﬂ@i raf'ﬁlsﬁ'? sk so as to yield a
atterned proj ' I j trate;
i P oL Stk GG Bevted of Atz fig a6 hin sHeh MEfiod, s

and a projectio rpr Ing t pattern , proj ection beam
onto a target porti Qavite MAfufabiasingaViethod Tokipriiy ahi Mpthydct i on
apparatus can be used, for exanple, in the manufacture of integrated
circuits (ICs). In such a case, the patterning neans nmay generate a circuit

Pan be i mmoed onto Sheareen iumin selaes 168 meag of Erveng dorbiiietned) "on
bstrate. il f t C M . _

adhat i on- ik for e ie troledfin P HEGGeARUGEI dodrdiBtudiadiaion a |

contai n a yhabehdie H¥RE&odppadhn GRiited fir 464 inROER b Aiethdd) &dr iasitncelgcessi vel y

irradiated via the projection system one at a tinme, In current apparatus,
enpl oyi ng lithographic prpjéryion apmesstuocompnsiggk t abl e, a distinction can be nmade
between two different t pe? of nmachine, |In,one type of |ithographic

proj ecti on appaidiRHen SJ@é‘é‘h or Freyeding drenrejsction b ieé‘FEH‘elﬁ\j‘I@'g?JBEi ng the
entire nas . Q:the target portion in one go; such an 25 apparatus
is commnlé}ere%ﬁea%%(fc}?%ﬁgéﬂa waf er stepper. In an alternative apparatus
commonl y r ef erg gakki tabla Sorchoddif tha el ectivd nibE aheidsk serving &€ Pattedi gRt  por tion
is irradiated by -2 progressively scanning the mask pattern under the
proj ect i orprojsaiien beam apconding te faglesiradpattiemaiponseflqetion of theaprnicpiion brameditthen)
whi l e synchr nouslg/ sgcanning the s bstIJrFatg table parallel or anti-parallel
to this diTaPsM! gplﬁl@ep,atqepmggﬁcg? on ‘projection systemw |l have a
magni fiigcat i on . e speed V at which the substrate
tabl e liO(s: scannd;sgg\%ﬁt‘?ﬂggquﬁﬂﬂng%Sﬁﬂb%f%sah?hat at which the nmask table is
scanned. Mbr e 4 prbjecticat systemnior projetiag thet ptteimet pryjeqiondedm\vinte s tanget iperton
descri bed can be gl eaned, for exanple) from US 6, 04-6, 792, incorporated
herein by ¥feRe¥BSEHS. | n a manufacturing process using a |ithographic
projection apparatus, a pattern (e.g. in a nmask) is imged onto a substrate
that is at least partially covered by a |layer 10 of radiation-sensitive
material (resist). Prior to this imaging step, the substrate may undergo
various procedures, Such as primng, resist coating and a soft babe. After
exposude, the subst Aathegtanlic peojectionapparatus 6ambhusedplos sx¢uplesin theich as a

post - exposur e .bake (PEB evel.o ty. .a.har nd.

reasur onertPTHGRNE of Eieabef R TR o oot PEde. B Bullfing mesps pes cstiriss | s
used as a Pafhuf Rerﬁ.%ﬁe«;gana’ﬁag td RindhvIsa 1dyBY S thO1C, Bnd N pRuterl cn ban | C.
Such a 1 S pattérned layer nmay then undergd various processes such as

et chi ng, iijonagedmitaatapetqorfangeengmprisihgabne arahomendiesdoh dasubsirate (silicon

cheno- mechanj cal pol i shing, intended to Am sh of f an _i ndivi dual

etc., all [ el 0 ] ,
| ayer. |f waoRthat hagpherepsoated withqlpyes @f radiptionesgesitiyromatepiab@esisi: én geferel, 2

vari ang, t t : L ual 1y,
an oy SRR btk bl o o PhcBEncrFRARS CitiAcRhe Ry ity MiPLe ipEI V.
are then sigpaiatdaih the projeitidon 3Pasi Sdnct ading It Qatunt ﬂ%iﬁra&'u& RnfploydhgEi Ng or

saw ng, whence the individual devices can be nmounted on a carrier,

connect ed patemingshy ®mesk ¢ius miask tablef adistinétion aas damtidadpetvrsh typdiffersis can be
obt ai ned, for exanp|e, fromthef:ll]igook M crochi,p Pabricatiqgn: A Practical

Gui de to S¥RRSUMASENEy Inmng tet Highographic prolegiion aRparasys, PRANCATBFHPOIHER IS

by 1 of er erinadizR t R B enr lask Bl Bofpy o RarkelBiton RGRE RS ity ' "
her ei naf t efppRRnise{ &SchBanlyReied eas'd @ﬂ.ﬁféteﬂ;ﬁé&“ﬁﬂ%ﬁ altbiphfivd ﬁfcdtﬂla%iko-lﬂ d be

broadly interpreted as enconpassing various types of proj ion Systen)

i ncl udi ng goefmaendy raferresitbias g stepemdescan appaohts -esgach tatgetgioadibopiradiatsg by ens,
for exanple. The radiation system may al so i ncl ude conponents operati ng
according to any of these design types for directing, shaping or
controlling the projection 30 beam of radiation, and such conponents may
al so be referred to below, collectively or




-3 singularly, as a "len$". I~trther, the litltographie apparatus array be
of a type having cwo or nore substrate tables (andlor two or nore mask
tables), In such "nultiple stage" devices the additional tables may be used
in parallel, or preparatory steps may be carried out on one or mare tables
whil e one or nore other tables are being used for exposures. Twin stage 5
| i t hographi c apparatus are described, T6f, exanple, in US 5,969, d41 and W
981 40791, both incorporated herein by reference. The concept of'a nmask is
wel | known in |ithography, and it includes mask types such as binary,

al ternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. placenent of such a mask in the radiati on beam causes
sel ect i veprbgrebsivaly stamingth¢ mask pattecmnrgden theprojectinirhestsi ipa givanariegence

e sk, AERsoh (hhgweDneRLIGEOBY WOl IPRBORSR, PR e P e ur o5 ¢ hat
and that (Rt A Hudler o IR HrCioA Shd, a1 bRFRELRE AR Al At peam )

Convent i ORghdiNcatioAFatBE M (gBiNralla1),1REsHhepO Vi t wdideirths sutistrateanble dckcahhan i s
15 passed fromthe illum nation systemthrough the mask, the projection

syst erh aneilbis ofactes M i that et wisieh themmasktable as seannad. Mere infpmatios; With nasks
ass. t hr oieGRF 16 REIBBAPTICHAHAHS o8 bk PP Re O rcb GGy P PR ns ke, st
be supporfl’{sgg-I R 78, Iif °ﬁj0§§¥}$ %%gigtggqgﬁ{gngéi on of |ight therethrough. Tlus

has conventi onall’y’ bee y using a vacuumin the table at a 20
peririzeter zone thtm;iﬁiﬁ’aétﬁriﬁﬁpxbb@s% ubif@ aditeRsayhey projeation pypasatus,a cl anps
the mask to the table. In a |lithographic apparatus the size of features

that can paterméege dn emask) isdmagedemts 8 sulistriste dlntiyatilenst partiallveqyereddsy 2 layer
projection,.radiation,.To produce. j\njeqrated.circuits i i.gher Sity
of del\f ce®f Ta&ﬁﬁ?“‘ﬁ%‘ﬁ!}b”%@ﬁ%%%ﬁﬁ’ébgh%&?BEEB%%‘% §wg,ﬁ%é\&5§gtgl yz%“d? be
able to i f sV L i | oj ection
ppar at us) e e e A b A e nerat ed

by mer cur yubsaie smayrbesxibjctrdto biheepopedutesharh las e pogtraxposired beke PEB)shor t er
wavel ength radi ation of around 13 nm Such radiation is ternqu?‘extregtce
ul t r avi ol development/)a haxdibake; ad massurpmenyinsnection eicthe imagad faguressBHs prayt ed

Cxcamptos. BPoaireas BQeR R biled oo HAAHELHRT of FhRe, 22, BEKC i 0
appl i pAt | plimed layed mey théh indbBd %Epﬁ?ﬁaéss%u&h las Z@hﬂgZioﬁ«irﬂPMthr ated

herein by referentce, nce no materials are known to date to be i

suf fi ci entdoping),anstplization, ovidEisn, chethedmeshgnical polishing, gpshi bl ipieafledtoi fnish
appar at us enpl, oyi W radiation is envisaged to e oy _a reflective mask
havi ng a IaPi“F%‘{r'ggalﬁB‘éﬁ’i Iﬁﬁevﬂali?yleﬁr%quﬁﬁe‘ﬁ%‘@r@e &Flgiﬂ ﬁlrf"éqdé‘f:ﬁ’ OF2 YERAY; al s,
for insta I iyt j j i i
ol ybdenoieieeh L Es B Beteplited el @Flafle BUORAIE b uay IRISIE wlEE g
i n Eur opepfesdtbf e aibpirats dkafer). Thisé de¥ibesdde then sepurated froat et dnether by by

reference, The size of the.features to be i ms;ged in EUV [i thogracggr}/ makes
the i#gi teghpgessush 2§ diojngarsaming, wherreahy individualdayeesian hedaapiiedon & he

mask, It is _.forese a o)} I ' rti Lavi i.rension in
the 10 orﬁaé—PeroFoIgﬁg%ﬂ\EgﬁnF’ e;%su 1%1?’@%@%%1?:?%%@212%%&?%&55%5 ggﬁsjt{r:bri cated
in the suBgfainRl Sor @ﬂﬁgﬂ@,tft&ﬁ;@ié Book ' iVEcreakip FaBaechriRindR MrhcticabGokeits| € i s
covered by a so-called, pelli,cle, Any contam nation will then accunulate
on the peBemidoadwofRroesssing's dhirddditiem by Peteovan BantnsGrapw il Publshingy | |
therefore not be gsharﬁlg_ﬁ) i mmged onto the supstrate, making such masks
havi ng peCoi.dPEE IBBND-0Z067230:4 inepreesated berein PYHISFETpRde | ¢l es cannot be

enpl oyed for EUV 15-radi al on _si (EE&. L il 4 LiGLent

tr ans%%r ent to EUV F?ﬂ‘ﬂ% [ Eno? sE&ﬁfcét%tgg§F\%Aﬁﬁoﬁgﬁ%ﬁq%ﬁ%éeﬁ%a tdg%ﬁﬁegg%ri ng
ref | ecti Ve sithé Bieas"Ohowé\er TR tetDitotid leheidly entbipadied & chebrphdsitg wielsus €S
fabricated and nust be prevented. ~rther, the reflective mask is envi saged

to be hel types of projepticik systbm,dncluding refesetivaoptics ipflestisetapbiss, and catpdiopdis on a
mask- bear i ng sur.face tr S,F %%a%@to neet tth v.er% 20 stri ngsﬁnt r%gui rements
for EUV naXiems,feriexpmpie, Jhe B SYSIERR gy, 215 ineUgE camppnenis QPRI yeen t he
backsi de . - DG U f e W
resurt i novoohdfe P o Bk aB T ey R rPllind (PR ookt S b ictith

Proj esd i OBesiy Sf fidiatioh, andenbe BorhFOrREBThAY Asdbe fefiredb delovsicdRediiveluge a
reflective mask is used (nore information on this problem can be derived
from European patent application EP 1 139 176 A, 25 incorporated herein by
reference), any irregularity in the surface figure of the reflective mask
surface will translate into a local shift of the pattern imaged onto the

.. A o - \ o o o S




-5 al so be prevented. Such contam nation will have a detrinental ‘effect on

any optical conponents in the .lithographic apparatus) including the mask.
In all handling procedures of masks and substrate, care should be tal cen
that their surfaces will remain clean from such nol ecul ar contam nati on,

Masks and substrates may be stored and transported in between 5 various
types of apparatus enploying a storage ™box in which a protective
environment is maintained, such as an environnment that is evacuated or
filled with an inert gas, Inside walls of such a storage box should al so
remai n cl ean. However, while txansfening a mask or substrate out of such a
storage box to a device or apparatus for processing or enploying such
subst r at esipguladislas actamsadunther, the lithegraphie appacaivemay boof atype heviog twodr

nmol ecul ar_10 contam nation. may be introdyc to nmgsk qr. subsjfrate or

i nternal WM %’%Eﬁ'atﬁt ﬁ@@?&@°ﬁﬂ%%ﬁf&?ﬁ3ﬂ ﬁ‘é{iﬁ fuyHRlestagy” devdeesor
substrate | is LASE : ocl.c
St oty ABNRISANE: il B IR pErABR D Blepurk Oy HERIAACS: LBl il
require VerpoteQitiled witlle oRehOmereTMiiet tANEN AT bEAL uSHd fof eXpRRBES ATV inQbagEhe

i nternedi ate chanber, for instance, very |long punp down tines when the
pr ot ect i vithegraphioapparatus aret desdribeld efor ezample gid. US §,969,44h and W@ 08/4079he

pr esent igl%/}ﬁntion to, proyide %\ transferring nmethod in which the
i ntroduct inforRasAted BETSHY PYRSISINCS: a protective environnent is |argely

reduced or even ful : ' ' \ ieved
according to the i nt%enﬁng%ﬁ{bﬁﬁgnaﬁléﬁ?\ggﬁﬁ?@ &alﬁigpgé?%éﬁéhzn@&ﬁ %ﬁc
subst r at eypey susRak binaty, altahairpgthaloshiftOard ARMife] fHase B ad well hovardard! i ng,

processing or. using said substrates or masks or vice versa, said storage
box conprdiridgnaskdypesr Plapenent gf suehapsaskiin sheradiatiop heam caspsiselestived

conprisi ng: providing said storage box onto ap gperable wall. part of a wall
of anfincgwgwsg%g}eé;@ﬁ < T4 %Wﬁﬁﬂ%ﬂﬁg?f ’?QF@PO&E(W %8 Cg%e ojﬁﬁﬁtﬁ%‘u& such
that sai 098 oS adiaM lﬂéﬁé Hn SiH A j abl e
wal | part o?ﬁs?aimg Sr otglci:%i e lggv%‘?lgén%%%t’,Qéc?g‘?ﬁgmtgégﬁrggﬁgﬁnrq%ﬁﬁngﬁt bei ng
adapt ed tmagketablelehautesvhintithamask eart begleld at a dexirbé pesidoni thel incopiing fdiagiand

oper abl e cove;’éé)art,of sai d storage box and, said operable wall part of
sai d pr ot %@ ¢8d Hatitcamhe movedrriative o the heamdf an desiredai d st or age box forms

D or age box becorres Aoty e ik lable Kb DR AMe ol ARG B ' €
t r ansffser r pasgedaftorh Gaillufiiatioh s§abe el ARk Othe fﬁ&? chls§smnk Ratige SpPace

of said storage box to an inside space of said wa f said protective

envi r onnetuibsioate \Such masks are knowo asliragsmissivemnsksrsines pleytssleofiveliellowvdent i on
there are grgvi g_ed % i} or.age S box and a, devi cg or apparatus for use in the
above netHOFORTERYGE g}“{"B NS SYSIE f0R98} cHIEEPY (HrAINg 3 SR A ther e i s
provi ded j (WETeY IS ‘ 0of . providing a
ubst ot & Phare el AE L Ve pBiHed Y oF ORI WM Slo T

radi at i ortheretisoughy Thivdiag comlentidridllp hesn sihieyea bpueing Gitvabwurd @dfRe?4ble ¥t /e
ultraviolet radiation using a radiation system using a reflective nmask to
endow® hePesmstaEone Af @émsg/ise thas thsatmesphefin airpeessure skimpsdhe masksio the t o
provi de a.patter ned beam of radiation; projecting the patterned beam of

radi ation onto a target portion of the |ayer of radiation-sensitive
material; and 15 trgRsf ' SHRr t jng to
t he above net hod, Nth(%% I;s]‘cibeci fiégﬁsrtgfggfzg%ggéﬁanggg%g%ygqﬁﬁéﬁﬁgpgxt to

t he use ovafenig 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
25 to be able to image smaller features. Whilst most current lithographic projection apparatus
employ ultraviolet light of 365 nm, 248 nm and 193 nm generated by mercury lamps or
excimer lasers, it has been proposed to use shorter wavelength radiation of around 13 nm.
Such radiation is termed extreme ultraviolet (EUV) radiation and possible sources include
laser-produced plasma sources, discharge sources or synchrotron radiation sources,

30  examples of which are, for instance, disclosed in European patent applications



apparatus according to the invention in the manufacture of 1Cs, it should
‘be explicitly understood that such an apparatus has many ot her possible
appl i‘cati ons. For exanple, it may be enployed in the manufacture of
I ntegrated, optical systens, guidance and detection 20 patterns for
magnetic donain nmenories, liquid-crystgl_display panels, thin-filmmagnetic
heads) etc. The slcilled axi:isan wll 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 ternms "mask", "substrate" and "target portion", respectively, 25 In
t he present docunen the terns "radi ation" a "b%anf are used to

&ﬂq en

t, d
enconpas EPk10%47 41and EP4 510:982 4y incarpprts egp]byéc, TC¥avi ng a wavel engt h

inth S-20 pm .. .30 Enbodi ' y '
:jgsf:riGb;g,nggy way g%?':&)?grfﬂ)gglaqg%rgﬁ@?%% ﬁﬁt?g? Egéﬁ@ébw %*??@%‘ﬁp%i ng
schemat i G, flsau, Beithogk hﬁ&;@@j&ﬁ&{ AfRRRnringloyiag BUBNedialenobmvisaged cat e

correspondl ~ag parts, "a in which;, Figure 1 schematically depicts a
| i t hogr aphiptoys mflectivecmaskipaingtarsultitayer chating obalimasingdaycrek digerephe

0" St B cpatmiay g 9BReIPE SEe o1 SprERdE of Brmi e sy el

hanber. that | : ' hi
of 11 gur 1Bk of B FAREEH, hitp Ra P e aifefthedin fltGpedhipaRt AP ©, BPPCL 1 S
lock ¢ hafﬁgﬁﬁca%n EPOLO6S 982 RUinc¥pbiitdd 1R ¢ BY réferenes: Oh Bize of b featarbslio bi

chanber; d 10 Figure 5 schematically d, epiets~ the storage box and | oad
| ock charthagedia®ldilitlppgraphlyingakes the, imaging\prodessvery: sensiive o any esnsamingaon

t box, Fi 1. schematical |y depicts a lith hi ¢, proj ect i
appar at usPreseBomAR et 1 faropesm oy CoRABRRTRRAHECISY HEGRE P AURREIBD e

t g d P | o oo
appaﬁgB“gﬁ%{ﬁgggﬁéﬁﬂﬂe&?g#@éfﬁdgﬁ/ ﬁrﬁ%ﬁm&éﬁce@lfabri‘c%dwaﬁ bftat@ Proj ection

beam I on g a wavel ength in the range 5-20 nm, In
thi s par tCenverionatlgahe piteemechidd dfithe syfistedmcavesal byarpo-ralled pellicdelidatyi on
source LA, a first object table (mask table) M-" provided with mas

hol der f crontsoiinatieg willtherkaceemplaty en the pallicls Sugiags at samyg dyanrs dromy thegnaskr st

POSI U1 0Nl 10 1S Y londi e ity okghl 8o LB Hial BudtFRAS! L0

item PL;
having pellicles less sensitive to contamination. Pellicles cannot be employed for EUV

15 radiation since they will not be sufficiently transparent to EUV radiation. Particle
contamination on the pattern-bearing reflective surface of the mask would therefore lead to
defective devices fabricated and must be prevented.

Further, the reflective mask is envisaged to be held at its backside on the
mask table by electrostatic forces on a mask-bearing surface to be able to meet the very

20  stringent requirements for BUV mask positioning, Any contaminant particles present in
between the backside of the mask and the mask-bearing surface of the mask table will
result in irregnlarities of the reflective mask surface, Since the projection system will be
non-telecentric on the object side because a reflective mask is nsed (more information on
this problem can be derived from Enropean patent application EP 1 139 176 A,

25  incorporated herein by reference), any irregularity in the surface figure of the reflective
mask surface will translate into a local shift of the pattern imaged onto the substrate, As a
result, the imaged lgyer may not line up with earlier layers that have been processed in the
substrate, again leading to defective devices fabricated. Therefore, particle contamination
on the backside surface of the mask must be prevented.

30 Molecylar type of contamination, such as hydrocarbons and water, should



a second object table (substrate table) WI provided with a substrate hol der
for holding a substrate W(e.g. a resist-coated silicon wafer), and
connected to second positioning neans PWfor accurately positioning the
Substrate with respect to itemPL; 25 a projection system ("lens') PL for

i magi ng an i n~adi ated portion of the magk MA onto a target portion C (e.qg.
conpt ~sing one or nore dies) of the substrate W As here depicted, the
apparatus is of a reflective type (i, e. has a reflective nask), However,
in general, it may al so be of a txansm ssive type, for exanple (with a
transm ssive mask). Alternatively, the apparatus may enpl oy anot her ki nd of
patterni ng 30 neans, such as a programm 1

q ble mrror array of a type as
ref er r ed 2% begwevented. Sych oontamypatiqrewillhave _adi,elr::rﬁgrgql_ege%qubgy IPS& e sour ce

Ped i nt o CORERTort R RS E A RAHET Mo RREAR fask 3 pAballing BibohaRSRH >
havi ng t rr_ﬂi_fysﬁé W?m&%é,ic@&i s}ﬁgulﬂ%@'lﬂienih&%éﬁs@faﬁ%ﬂ%ﬁﬁﬁﬂﬁéaﬁ’mmfméb

exanpl e. ~e Illtuninator IL may conprise adjusting nmeans AMfor 5 setting
t he out ermelaciilarcontamsination; Masks endt sabstrafesanapid stored fand rauspoediin betweest er and
Qinner, respectively) of the intensity distri B’r%iil on in,the peam

I.n
addi t Pon,Varipusiypes fApPrES\EMNRIRG & BOIAZE DAY D Wiieh @ REYISHIOIFRVEONIBERHS a5 an

i ntegrator_.1N. and ser , ) : by L1 on the
sk va Maun e BagS AREAS i uiisiohicl s AURE WARRINGH bEE L0

Cr 0Ss- SeGLAIRMDf suchlPstbiage BOK kibnlP s Rinfin Wehhl HAGvet] Wifllefttisfetrirl 4 mask t he
source LA may be within the housing of the Iithographic projection

appar at usr(sabstiate aifttof sudhteestomgebohters daviceswapparatuafanpueessiing ar ¢ropleMing | anp,
for exanple), but that jt nay.,also pbe renpte fromthe.lithogr iC

proj ect i GHCBPRsrake 5 maskeon 154tl°8n€%£ﬁmﬁﬂfaé°ncqmr"‘6%¥g fﬂe‘?ﬁgaﬁ ed into
the gpparatus.. Ry ' j ' [ ' redikE S

ot 40" ccnitPribfcl i bk B Soft Bk draledt SR WAL LPABIGRE S 1 e
| aser. Thawvibfimeit! Ohs YRy iadsfepthash o subsiene dirpagssonntintephedibe Shambeanar i os.
The beam PB subsequently intercepts the mask MA, which is held on a mask
tabl e MT.forinstace, adgachieck chasilissth adingl ervitomentifon proceesingeriussabut thes ibeam PB
passes through the |ens PL i ch focuses. the beam 1' ont o, a target

or t1 on ChoY ek Semy e dies felor Syt soriRmaieh SRaphieFaB SRR AR 1
means PW ! Rir gﬁﬁgﬂ' i 3 fRb pro®givepeirbAhetial) € WT
can be m@@@%g%%ﬁg%@% e.?y@g 0 das c%‘%}g%]gg??’?gn dipfrfertlant tzgrget portions C
in the paidevetuatdte beam PB. Sinmilarly, the first positioning means PM can
be used to accurately position the mask MA with respect to the path of the
beam P8, e.g, after nmechanical retrieval of the mask MA from a mask
library, or during@.S . 2 : f j | es M,
Wrwi 11 be real i zedt iy PronionbOL e By ip R et et ol

posi t i oni weikh @rdnfoditfioh of téiainatich/into 4 ptotective ehiiranher s lavdelyoledaded opot
explicitly depicted i~ rigure 1, However, in the case of a wafer stepper
(as opposagnifalyppreveniedand- scan apparatus) the mask table MM may just be

connecgted to a shorg, .strpoke actuator) .ar be, fix .30 .The depi.ct ed
appa?’@t us can be us@'ﬂs F‘l‘i{?‘?tﬁff ‘g"lﬁ“%eqrﬁ?ﬁfhl%gﬂe%.corﬁmfé?%% InVEtandy ar’rﬁfﬁ@?aet he
mask t abl [eSiped [ j by [ eis
or o) et ador HinsiBming 8At of R ubbquls ook P YioraBB 02 ERVELoTRRAraERT |

subst r at efor abidtingfprosesking or aking kaid sibstraies ox maskl arvige vbrsx sdid stosagedokhat a
different target portion C can be irradiated by the beam PB;
comprising a cover having an openable cover part, said method comprising:

-

providing said storage box onto an openable wall part of a wall of an enclosed
25  protective environment of said davice or apparatus such that said openable cover part of
said storage box overlaps said openable wall part of said protective environment, said
protective environment being adapted to be filled with an inert gas or to be evacuated;
opening said openable cover part of said storage box and said openable wall part of
said protective environment, whereby said cover of said storage box forms part of said wall

30  of said protective environment and an inside of said storage box becomes part of said



5 2. In scan node, essentially the sanme scenario applies, except chat a
given target portion Cis not exposed~in a single "flash". Instead, the
mask table MI is novable in a given direction (the so-called "scan
direction") e.g, the y d,ireetion) with a speed. v, so that the projection
beam PB is caused to scan over a maslc_.grLtiage; concurrently, the substrate
table WI i s sinultaneously noved in the sanme or opposite direction at a
speed V ~ M/, in which 10 Mis the magnification of~the lens PL (typically,
M= 1/4~ or 115). In this manner, a relatively large target portion C can
be exposed, w thout having to conprom se on resolution. Since iruWv
radiation will, be |argely gbsorbed by nost gases and to provide a

pr ot ect i v@romr’?%‘mw%% apﬁe optical conponents used, the apparatus is

| argel y cont aj B 0 | 5 G ! | dfeaidi | | be

di vi ded int oatsrgelf/égerréﬁg 'Saﬂgﬁsé‘ggggiﬁ’ﬁlngﬁﬂgﬁﬁgl gur g&%kgdﬁgﬁﬂg%nggﬂk@gﬂgr age box

1 0) in whitghigaRoktsan Bisldeaphdsaf BRdkvillsofShidrpestedtive envirasmenttaavicerierst or age
and handl i ng purposes. Storage box 11 conprises a top part, 11 and a bottom
plate 12. Mask MA i AcensiingiteSurthsr aspsets 96 thsdnvention fhese aredsoified aSIPAEE20 f or
i nst ance) g’i/ a Ignemati cal | Y let er ni gedbhol di @g mechani sm as di sclosed in
Lur opeln Pk &l a deies CAPPERITUEAOHSE A7 BEAC3Ve PR fiporat ed. herein by
reference. |nside SWok oo Vel druterdspRs BN nRintian Biedd RGirbvifed h B6Vikd 92
may be mai ntai ned, to0X |n§ta ce, at a pressure above anbi ent pressure.

However, ehaviafotiingmetizddconeisim the stepeck: | nsi de storage box 10. Especially
inthe latter case) a sufficient sealing is preferably provided in between

bott om 25 pl aprvidingagubsistethatis atleass pphallveaveredfysa RYenal ridiatipi-Woeive he

i nsi de of the.aﬁt orage box and its anbient environranent and a resulting
cont ani naf™¥#1si de envi ronnent of the stor age box, For transfexring the
mask fgom st Pgﬁﬁr?diﬁé’é 18edtion tHasm! of bROGhARINa0 ol PARRIdARIrRRPALRLLE sysiie;
storage box iS put onto’a so-called load | ock 20, which i's shown in figure
3. 30 Load | oukinga@ refidctivemask torendpwdhe projection beasmn Withorpasiern Mdtssrosshe

| i t hographic, apparatus , - 10O of !ji ur . by a valve 30, Wiich is further
shown in Seqtignseas inpravides patermed %E%BSEraéﬁu\ﬁE’ posi tioned on | oad~l oclc 20

such that bot / t ﬁgg RS R By an
openabl e top Bgﬁ%&#@?&%ﬁgﬂﬁd&%ﬁ%gﬂ 5&% g{%&éalpé gufggiﬂ?lg ?réévc%ani sm
(not showm)difih-RAsiBVOMiatkeRl:@adt he | oad | ock andlor the storage box to
properly align the S storage box and the openable top of the |load | ock. A

cl anpilfg nmechémnsfamingone oh oy masksmr soksirates peerding drtherabovs mathodhe st or age
box on the load, lo when starage box_10.iS_npfr r LL.on A seal 22
is schematically shmopﬁ‘ W&P&)&Jﬂﬁgﬁnﬁ?gﬁgbﬁ&ﬁfggﬁ’ﬁﬁ%f‘g@gﬁ% g%k ° Seal2?
is prefer %P%‘M’aﬂ% Fé’do%ﬂ%\’tﬁ?%iﬂeﬂﬁ@n {rPht RANGRELSTMICR! B sHahidBel eRilfipl e t op

21, f 0 Bottomplate 1 the storage 'box and |'he openable top 21 are
now i n comnderttond that eahanaippematus Gas masy otheopessibihapplicatians: Fe exampleritpl at e

and openable top in a plane perpendi cular to the draw ng. are sg as to
have g suwmq?mlvxﬁdilgéhﬁm@%fa w&pvé;m%afségpts?ﬁéml%tﬁ%f@nﬁgfﬁg@é%‘%aﬁ bot h
el enegis w er I & ) | 4 i LV €le ..cl ose
Fo thddci Pt RE e FBbA mena iR il siPl isEleR Pemib o AEmligioicT O

punp P 1 ipgady @tfzen@é)élmmzram&adilltagglmim@t, ipthe \caset of subiealtgragtvel N bet ween

bottom plate 12 and openabl e top , L
applications, any use of the terms 'reticle", "wafer” or "die" in this text should be

considered as being replaced by the more genera) terms "mask", "substrate" and "target
portion", respectively.

25 In the present document, the terms “radiation” and “beam” are used to
encompass extreme vltra-violet (EUV) radiation (e.g, having a wavelength in the range
5-20 nm).

30 Embodiments of the invention will now be described, by way of example



Openabl e top 21 of load lock 20 is seen to be provided on an el evator 25
for noving openable top 21 up and down. A seal 24 is provided for sealing
top. 21 agai nst the upper wall of load | ock 20 when top 25 is noved fully
upward against said wall so as 20 constitute a pats: of it. A bellows 26 is
provided around el evator 25 and in between top 21 and a bottomwall of |oad
| ack 20. Llevator 25 is connected to appropriate drive neans (not shown)
for noving it up and down. Another punp P2 is provided for evacuating | oad
| ock 20, For transferring a mask in mask storage box 10 into |oad | ock 20
one may 25 proceed as follows. At first, the mask is held inside its

st oxage box, 10, e w ]l have been taken that gll insjde walls of the
st or age bBQIYaPVgh\%rFEFnE? tofhe acFOmpaRying schematic aFﬁ“Hﬁgsemc ngcﬁﬁgﬂ'e%ﬂoﬂﬂ’élé i nsi de

the box, bR nRA I SIS R ' - may make the mask

usel ess fgﬁp pgt_tgﬁnﬂ\g ?ﬁg‘%?ﬁf%&%%%ﬁgéﬁ%?ﬁwﬁékﬁi t hographi c projection
appar atus. As F!yu!!e:llSﬂfeﬁlaﬁbﬂl&&lep&ts/ﬁinﬂlbgi'a'ghic{p?ojbdlﬁhtapgﬁ&tw_ cdP€inp 6 h ded
inside the storage box, 30 Storage box 10 will then be positioned over
openabl e ewpodimest of thadnvepden;20 - 11 as descri bed above. The contami nat ed.

outside surface of .bqttomplate, 12 will overlap fhe contam nated outside

surfaci of opehdH %s&ﬁﬂ’ai‘ﬁmﬁ‘k@%it@agﬁg%%wglﬁhW“FQSkb‘éSWQbuat ed t hrough
I t 25 i ; : . -filled
Space fnsi de SEare Y SSMRRYTRhys CRNSREROL ofR1GR UAGHRNES oBl sdiBce0, ' T

st orage btxa vacuemaghuaiberiof the liggraphierphamamilof figarefl; r st evacuate | oad | och
20 using punp_P2 before gpening its top 21. In case the storage box is
filled with aFigus 4 sshemsticallydspiststhp ytorase bor iondhe loed tnskichmyberoffiguoc#, 20,
fol |l oned | rv.suyddenl njing to 1 by lowering el evator 25,
A~gas flogvyto%ﬁ?g?x?%k léﬁ#ggﬁogﬁﬂoﬁﬁgﬁfzt\ﬁ%ﬁ’ ock will then result, and
a sudpen gas fisaw fEhefuBSHRd : i: enovi ng
particles that gﬁl ght be pre@teﬁﬁﬁgsﬁh%ﬁtg&r%gﬁﬁtsag&ggatlo Chfe{ﬁ;%e{‘%&&!% {?er
approach figutedt, bet with bw extta davet oveln¢hd shardgd bsd.c Witli~ an (inert) gas

foll owed by Iowering top 21 and then. evacuating the |oad | ock using punp
P2. Care will also have been taken that all inside surfaces of the |oad

|l ock will be very cl.ean, By proceeding as described., the anmount of

contanmi nated surface area 1 S presented to the conbined inside space of

| oad | ock and stor aﬂigu.homdhsfnuﬁdaﬂyucgictﬁﬂith@tﬁ i€ BFtj@tion Abpatamk héRR@ng M ght
i ntroduce contam nation onto the mask, but would also dramatically |n§rease
punp~Hyunta 2 pasticyly smlodimentiof thejnventioncThe spparatussomprisesst wat er and

hydr ocar bons) _reduired. f rojection lLithogra . Flagure 4 shows the
nmash | ower ed. *‘5@%3%8%‘%?’%’“3’{"0ﬁaug@p%‘gﬁeﬁmﬁﬁewﬁqcaa? geafngg étﬁ.ﬂgﬁf‘%ﬁﬂ/@ &-&i de
val ve 30 gAReS MatsleddiE i k t : t em of

t he projection appa?aﬁg ﬁi\@/g?ﬂ\;ggs%dlﬁn&ﬁﬁ?gmﬁgagﬁﬁﬁp%rm ?’od?ng%ﬁfagl&g@é%%@sa *f a

gri pper A4émaprises e kadigidnhseurcadid;and transport to an internal library, the

mask table or. _any other |ocation, as required. A gripper is disclosed in
EP 01301864. 3° fifstphirstdable fmask teble} M’lterpvg?ﬁd R fh@aﬁmplgwﬁm lioldimg taimeask

pr oj [ r.akLls i < Sforage.25 hox r.ipper 40 first .puts
ok Toh ont CRE Eabley Eed R il SR et o D tpatly posonif | o
tl~e insitie mepRoLthotspeorm ilegfPK; and storage box is evacuated. Subsequently,
val ve 30 can be cl osed. The el evator may then be raised to place the mask

into the storageonbsbjeetdahle (swhitretatabled W'E providedetitls p autstiarediolier fte st or age
box when bottom t has cl osed the box. To have an atnosphere of a

clean (i nlécﬁ%’)“gdég{’% %é@tgné TEest-coRtf 5‘5‘69’&@’3@%3@‘? reragcted émsegand st oxage box
IS purge kel i il iLsed tq. -12 pat
sk A T e e B nla B st Fesb B B B e o 127

pl aceS n t he dprbjeorivpsystend{“Iérs®) FI0for inking An TradiNes partioh o ARrmedad ment  of
the invention. The figure is identical to figure 4, except that a cover is
provi ded e A t4rgei|Poriasy G (ee tromprisingrang of moye digs)oof thosubstraee W 20. The st or age

box rnay not be spegificall, esigned to, withstand a pressure induced when
the inside of the u@%@’qr-gaﬂvée&aﬁ%%!%“w@fa cefve Biweilh & haeatellsctivle box

IS not. OYdkivad ik @ fihe. oSt nd evacuating both the
space i n??'i ?:I%H)t %‘g%‘{gg’rlgérgﬁ%%lifﬁ) Eﬁd&%{'ﬁ%’e&s°@c‘gg| %?%@?Mngogﬁ@pé&wéﬂcf t he
storage bieensmidsieenask). |A]twnatjlv91fyp!he(hpbétaﬁs ARG ensHIBY Shotie@ k1 &F ﬂa&gﬁﬁg on the
storage box. P P3 is shown tor evacuating the 10 space | n betwe cover

u
50 ard t JBCasar fuck a3 a programamable mityer Amay, of Eiype aveefdredito bhsve. been descri bed
wWth respect to a |i,thographie projection




apparatus as an exanple only. The invention nmay al so be~ enpl oyed wth any
ot her type of apparatus for handling a nmask and in which a nmask needs to be
| oaded from and unl oaded into a mask storage box as described., such as a
mask witing apparatus, a nmask inspection 15 apparatus, a multilayer
deposition apparatus, a nmask cl eaning @%Qaratus, etc. The mask storage box
may contain nore than one~mask in a dedicated holder. Further, the

i nvention may al so be enployed in transferring substrates into and out of a
storage box for substrates, such as sem conductor wafers processed or to be
processed. 20 The protective environnent to which the masks and/ or nmasks
are transferred need not bﬁﬂg vacuum enyi ronment, but may al so be an

environment filled wd$PUEs kabe-g. lgses-pradyeed plasms sougee or adischagesplasmagon,

etceteras ' | 4 ' t fo L nvyent.i on _have been

descri _bedsoé%éoe\)/é\mdlu? ésvxsl1S ‘P‘i%%‘féf@?)‘%ﬂg@?gﬁ%ﬁ”?’hﬁtf“{ ﬁ‘go ?ﬁ\\;@m‘?‘g}?‘] “Be practiced
ot her wi se(iflfiafhatby) NS efthéridetly It §aeihg REVRd ondifoninBtrRad§ dutRad 4N t the

i nventi on. -13~ e~iMs 1. Method for transferring one or nore substrates
or masks beamaexpaoderdix, fonexample. The ilbmioatonfipaaytempriseradhsting imegns AMDESSi Ng
r using said substrates or rragi;g or vice versa, said storage box being

det ackabl S$HREHE Suter andlon inmergadighextent (commpply sefered o graushsnd Grifiersi ng a

cover havj 5 cterd 111 igi ng said
Stor age. narehleSPEr el iafy Slenplion iy oS B6A" HERER, Bl Rebtally "D STeC i ve
envi r onneg¥mrise Varidu@thie:cRnPonsit aheh sSarbiatirdibta S/ doRaenePre, epingy part
of said storage box_overlaps sai d openabl e wall part of said protective
envi r onmeway, thabeimpPB timpinging amilie neskidA bbea depirad apiferityoariddntensityed wi t h an
i nert gas,or..to be evacuated; 10 opening said openabl e cover part of said

st or age b@i“@HH"%Eﬁ‘Eﬁ%ﬂﬁFﬁ&B‘i‘@'mll part of said protective environment,
wherefy said cover pfngad gc bRl 396 dg@%?t@ﬁi@gregl?ﬁat ol s%&g%ﬂ%&g ‘gg.rﬁ%nd of

pr ot ect i ve environnent and an I nsi sal orage

sai d pr ot the hbwsingofAhe lithogrdphicprdjettGnagparatis@s &lofte alsd cR@heh tiiotree
substrates, or ITESKS from an inside space of said 15 storage box to an
i nsi de spa®aved bp meygiry lasip, or axampls) dat that itanay alembrotematy fromshe ver sa. 2.

Vet hod  acit dlfiflc boi&dednTpbaratlld the ki h SR Wilich i padiicd Shide R 468
apparatus (e.g. with the aid of suitable directing mirrors); this latter scenario is often the

15 case when the source LA would be an excimer laser. The current invention and claims
encompass both of these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a
mask table MT. Having been selectively reflected by 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,

20 With the aid of the second positioning means PW (and interferometric measuting means
IF), the substrate table WT can be moved accurately, e.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,

25  movement of the object tables MT, W'T 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 apposed to a
step-and-scan apparatus) the mask table MT may just be connected to a short stroke

actuator, or may be fixed.

30 The depicted apparatus can be used in two different modes:



onto said wall of said protective environnent. 20 3. Method according to
claim1 or 2y wherein opposing outside surFaces of said openabl e cover of
sai d storage box and said openable wall part of said protective environnment
are in contact while be opened jointly so as to at |east substantially not
expose said protective environnent to oytside surlaces of said cover of
said storage box and said wall of said protective environnent. 25 4. Method
according to claim 3, wherein said opposing surfaces substantially match,

- 14 5, Method according to claim3 or 4~, wherein are sealed at their
circunference so as to seal a space in between said opposing surfaces from
sai d protective environnent,

5 6. Mt hod di t t f th
pr ecedi ngl.c| dRSEP TR Eiemask; tﬁplé%gisrlifgéis('ggﬂ%l%ﬁléf :spaggp%yﬁaé)g@%gﬁ@omgsrk ©

rocessi ng and use, . r.es [vel y...if. s r | ing a
Br oj ecti o’ﬁ"ﬂﬁﬁéﬁﬁr&dcggtl}] @ﬁé%(’ﬁ é\s/ﬁngﬂe‘?laélgé ?g%i %ﬁ@egl}'@@te @Fgggé 8126)?&13 apt gd
for use ighR WELHRRNIAGERAG 18 L MdARY dERetiés sbAhalaadifferedt tatzebporfion Desance or

apparatus adapted for use in a method according to any one of clainms 1 to
6. 15 9. Wyppadatedbythebean®B;to claim S, whezein said apparatus is

or ovi @GPt h3F] OB GABRAN bF SRt AL RIS BRcR: ot STk eion
di ati ong . : o plet sl f | '
Lo pat t orf 1 WFERDGR IR p el SHOL S 1Abel Yo gk PR MY ARt B D0 1O

refl ecti ofir@tioh (fie R6-RhBSH Fs0dh difRHbLEY, eleh therpditection)asith a syded|v satipatieer ned
projection beam a substrate table for holding a substrate; and

a
proj ect i oprogegtionhedm PBps ofused foawgan heerganaskimage; soprueantiynthe substighe tablg
target po ubst

conpri si n)r}}"fl ﬁgirg‘glé%’gg\ﬁéy "’;9?’%‘@%"34‘?1 SBSIQFI grcﬂ@f’gl i %Hrgr? ot igl%‘tfg weﬂ?”'gi%?%\ ly
covergfl by R diPhaimifibatidndH i leROPE Bygichily, M HBY/& ot §/5). In this manner, 2
relatively large target portion C can be exposed, without having to compromise on
resolution.
Since EUV radiation will be largely absorbed by most gases and to provide a
protective environment to the optical components used, the apparatus is largely contained
15  inavacuum environment VC, which generally will be divided into several sub-
compartments,
Figure 2 shows a mask storage box 10, in which an EUV reflective mask is
stored for transportation, storage and handling purposes. Storage box 11 comprises a top
part 11 and a bottom plate 12. Mask MA is held inside storage box 10 on bottom plate 12,
20 for instance, by a kinematically-determined holding mechanism as disclosed in European
patent application BP 01301864.3, incorporated herein by reference. Inside storage box 10
an atmosphere of a protective (inert) gas may be maintained, for instance, at a pressure
above ambient pressure. However, a vacuum may also be maintained inside storage box 10.
Bspecially in the latter case, a sufficient sealing is preferably provided in between bottom
25 plate 12 and top part 11 to prevent a gas flow in between the inside of the storage box and
its ambient environment and a resulting contaminated inside environment of the storage
box,
For transferring the mask from storage box 10 to the lithographic projection
apparatus, the storage box is put onto a so-called load lock 20, which is shown in figure 3.

30 Load lock 20 will be connected to vacuum environment VC of the lithographic apparatus



providing a projection beamof extrene ultraviolet radiation using a

radi ati on system 30 using a reflective mask to endow the projection beam
Wi th a pattern in its cross - IS section so as to provide a patterned
beam of radiation; projecting the patterned > eam of radiation onto a
target portion of the | ayer of radlathp sensitive material; and
transferring one or nore masks or substrdtes according to a nethod
according to any 5 one of clainms 1 to 6,
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contact with each other. Cross-sectional shapes of the bottom plate and openable top in a

plane perpendicular to the drawing are made so as to have a substantially identical shape.

Shapes of contacting surfaces of both elements will therefore match. A seal 23 is preferable

provided very close to the circumference in between bottom plate 12 and openable top 21.
15 A pump P1 is preferably provided to be able to evacuate the space in between bottom

plate 12 and openable top 21,

Openable top 21 of load lock 20 is seen to be provided on an elevator 25 for
moving openable top 21 up and down. A seal 24 is provided for sealing top 21 against the
upper wall of load lock 20 when top 25 is moved fully upward against sajd wall so as

20 constitute a part of it. A bellows 26 is provided around elevator 25 and in between top 21
and a bottom wall of load lock 20. Elevator 25 is connected to apprapriate drive means (not
shown) for moving it up and down. Another pump P2 is provided for evacuating load
lock 20,

For transferring a mask in mask storage box 10 into load lock 20 one may

25 proceed as follows. At first, the mask is held inside its storage box 10, Care will have been
taken that all inside walls of the storage box are very clean so as not to contaminate the
mask stored inside the box. Both particles and molecular contamination may make the
mask useless for patterning the projection beam in the lithographic projection apparatus. As
discussed above, a vachum or an inert gas may be peovided inside the storage box.

30 Storage box 10 will then be positioned over openable top 21 of load lock 20
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$$10% & (dgptant lﬁgtgfghéi&)su&}&% o@nab}eotof_&l. The space in between will be evacuated

through elevator 25 using vacuum pump P1.
Dependent on an evacuated or gas-filled space inside storage box 10 one
5 may proceed in various ways. In case the storage box is evacuated, it seems prefarable to
first evacuate load lock 20 using pump P2 before opening its top 21. In case the storage box
is filled with a gas, one may proceed by also first evacuating load lock 20, followed by
gently or very suddenly opening top 21 by lowering elevator 25, A.gas flow out of the
storage box into the load lock will then result, and a sudden gas flow and evacuation of the
10  storage box may help in removing particles that might be present on the mask so as to clean
it. Another approach would be to first fill the load lock with-an (inext) gas followed by
lowering top 21 and then evacnating the load lock using pump P2.
Care will also have been taken that all inside surfaces of the Joad lock will
be very clean, By proceeding as described, the amount of contaminated surface arca
15  presented to the combined inside space of load lock and storage box is very limited. Such
contaminated surfaces might introduce contamination onto the mask, but wonld also
dramatically increase pump-down times to the partial pressures (for instance of water and
hydrocarbons) required for EUV projection lithography.
. Figure 4 shows the mask lowered out of its storage box, The figure further
20  shows a side valve 30 connecting the load lock to another part of the vacuum system of the
projection apparatus. Valve 30 in its open position allows access of a gripper 40 to pick up
the mask and transport to an internal )jbrary, the mask table or any other location, as
required. A gripper is disclosed in EP 01301864.3, referred to earlier.
For unloading the mask from the projection apparatus into the mask storage
25 bog, gripper 40 first puts mask MA onto bottom plate 12 that has been lowered by
elevator 25, while the inside space of 1oad lock and storage box is evacnated. Subsequently,
valve 30 can be closed. The elevator may then be raised to place the mask into the storage
box and to maintain an evacuated space inside the storage box when bottom plate 12 has
closed the box. To have an atmosphere of a clean (inert) gas inside the box, the space of

30  load lock and storage box is purged with such gas and subsequently elevator 25 is raised to
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identical to figure 4 except that a cover is provided over mask storage box 10 when located
5  onload lock 20, The storage box may not be specifically designed to withstand a pressure
induced when the inside of the box is evacuated and the ambient environment of the box is
not. By providing cover 50.over the storage box and evacuating both the space inside the
storage box and the space in between cover 50 and the storage box, there will be-no or only
a negligible pressure induced on the storage box, Pump P3 is shown for evacuating the
10 space in between cover 50 and top part 11 of the storage box. -

The invention has been described with respect to a lithographic projection
apparatus as an example only. The invention may also be-employed with any other type of
apparatus for handling a mask and in which a mask needs to be loaded from and unloaded
into a mask storage box as described, such as a mask writing apparatus, a mask inspection

15 apparatus, a multilayer deposition apparatus, a mask cleaning apparatus, etc, The mask
storage box may contain more than one‘mask in a dedicated holder.

Further, the invention may also be employed in transferring substrates into
and out of a storage box for substrates, such as semiconductor wafers processed or to be
processed.

20 The protective environment to which the masks and/or masks are transferred
need not be a vacuum environment, but may also be an environment filled with an inert

gas, such as dry air, nitrogen, argon, etceteras.

25 Whilst specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described, The

description is not intended to limit the invention.
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1. Method for transferring one or more substrates or masks in a storage box
to & device or apparatus for handling, processing or using said substrates or masks or vice
versa, said storage box being detachable from said device or apparatus and said storage box
comprising a cover havi.ﬁg an openable cover part,

5 characterized by;
providing said storage box onto an openable wall part of a wall of an enclosed
protective environment of said device or apparatus such that said openable cover part of
said storage box oveﬂaps said openable wall part of said protective environment, said
protective environment being adapted to be filled with an inert gas or to be evacuated;

10 opening said openable cover part of said storage box and s2id openable wall part of
said protective environment, whereby said cover of said storage box forms part of said wall
of said protective environment and an inside of said storage box becomes part of said
protective environment; and

transferring at least one of said substrates or masks from an inside space of said

15  storage box to an inside space of said wall of said protective environment or vice versa.

2. Method according to claim 1, wherein said cover is sealingly provided

onto said wall of said protective environment.

20 3. Method according to claim | or 2, wherein opposing outside surfaces of
said openable cover of said storage box and said openable wall part of said protective
environment are in contact while be opened jointly so as to at least substantially not expose
sald protective environment to outside surfaces of said cover of said storage box and said
wall of said protective environment.

25

4. Method according to claim 3, wherein said opposing surfaces

substantially match,
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environment.

5 6. Method according to any one of the preceding claims, wherein said
substrates and/or sajd magks are for processing and use, respectively, in a lithographic

apparatus employing a projection beam of extreme ultraviolet radiation.

7. Storage box adapted for use in a method according to any one of

10  claims 1 to 6.

8. Device or apparatus adapted for use in a method according to any one of

claims 1 to 6.

15 9. Apparatus according to claim 8, wherein said apparatus is lithographic
projection apparatus comprising:
a radiation system for providing the projection beam of extreme ultraviolet
electromagnetic radiation;
a mask table for holding the reflective mask, the mask serving to pattern the
20  projection beam according to a desired pattern upon reflection of the projection beam at the
mask so as to yield a patterned projection beam;
a substrate table for holding a substrate; and
a projection systern for projecting the patterned projection beam onto a target portion
of the substrate.
25
10. A device manufacturing method comprising the steps of?
providing a substrate that is at least partially covered by a layer of radiation-sensitive
material;
providing a projection beam of extreme ultraviolet radiation using a radiation system;

30 using a reflective mask to endow the projection beam with a pattern in its cross-
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