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o3

STAGE AND CLM\M 5 BACKGROUND OF THE | NVENTION 1. Fi €l

| nvention Th ention relates to a particle renoving nethod for
removi ng particl emo¥ust) from a stage rhat ~hol ds a pl anar wor kpi ece such
as a 10 sem conductor wafer, and a cleaning plate used according to the

nmet hod. 2. Descripti P Dt@g ﬁ%ﬁ ngAﬁkR k1RO 'Qg?qﬁ qgggining a

pl anar wor kpi ece (m%g2;ﬁT¢ErTnTmg#T-nUTHHEEVT-rh%E%i%TEg¥#%E—prece is 15
hel d on a stage having a flat plac@bEMNING {BIATE For exanpl e, during an

el ectronic part manufacturing process for processing or machining a

sem conduct or wafer, the sem conductor wafer is | ocked or held on the stage

according to a suction nethod by electrostatic force or 20 vacuum sucti on

met hod. 5 The sem cep@ueiiumRfayF +se helde@frbpcked on the stage during. such
processes as follows: a |ithography frocess usi ng a step-and-repeat

phot ol i t hogr aphy dyst edid@ich Herfeypi 7 ¢eRT8@%0r an el ect r on- beam

lithography system a fifjdndiaidig DFOCESSn 2PeYakBE 8oSRURM NI system a
deposition system, a chem cal vapor deposition (CVD) system_and an etching
system an eF&ETOVIPT SKENRY Fric MBI Y R RYCdPEs (AERIPs F iRt iheat ed on

a sem conduciselageatela tusidldi s HPreiaAfbokh et €r suahdag process for

optic I%y 30 inspectin% pat%&rns dra on a senico dgctor fer. reover

for menlf act GG CROHSTEE MAESF 1 1%jUH P T YR2Ri " BYRES BPCH AGHPTHEN ay, ' a

gl ass substrabethe meekedi.or held on a stage in order to carry out various

ki nds of processing includin at t erni ng. t or holding a 35

sem conduct or mafgf duﬁ%ﬁfﬁ%ﬁgnqqfﬁi;éﬁ%nﬁ%j%gggsgﬁﬁlI be taken for

instance in order to pFoteeddoessifng tdemalgstnipgi anplZzherpwesdpiece

invention is iqi:t.ed {. . ar re21ikBi g1 f stage.
ﬁﬁggtg.ﬁhkg ﬁ%%ggadmno Fenparg, 2008, £ o tlkg §1§QQ:1

The present iAvention ca l'i'éd to “any stage as Long as the stage
hol ds 1& pIané?lﬂopﬁpﬁe@§aeﬁl@ﬁ@NHQG?[ﬁlﬂﬁﬂpliﬁemﬁ@ti%érgﬁééesgﬁﬂ}(ﬂ

machi ni ng. Sekhfip1d,SBOWE nigh@ badide S W Of man¥Bh e u st Age paialeaed
during the lithography process or the like. In Fig, 1, a stage 1 hol ds and
| ocks a semi EBRABEPERSRANEr O&n MAke iFdpd r?erst,fd?%c%f%‘au‘?fsof)l‘ééé Tonthe

Y-direction semabbadbaserZwatlee Ysdilcekdd et eodOthesetdges support ed
P VA £ RIS R UG TERY SLONESPOLSE LhR on
di r ecilon wheacdnimvenchyoa BEtdedvomIther semidwndGaisrcradar mbeableddbase 3
I's supportedogolggkggvggl%hgns%ggé during such processes as follows:
a lithography process using a step-and-repeat
photolithography system with demagnification or an
electron-beam lithography system; a film handling process
25 using a sputtering system, a deposition system, a
chemical vapor deposition (CVD) system, and an etching
system; an electric testing process for testing dies
(chips) delineated on a semiconductor wafer using a
prover and a tester; and a process for optically
30 inspecting patterns drawn on a semiconductor wafer.
Moreover, for manufacturing a panel for a ligquid crystal
display or plasma display, a glass substrate is locked or
held on a stage in order to carry out various kinds of
processing including patterning. A stage for holding a
35 semiconductor wafer during the lithography process will
be taken for instance in order to proceed to a further
description. The present invention is not limited to
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15 direction al ong novenent grooves bored in a base 4, and n@xlgs in %Bﬁ%x
direction when driven by a DC servomotor 6. Oaing to this methEANM

stage 1 is novable in the two, X and Y, directions. In practice, the stage
1 is novable in Z directions or vertical- directions. A 20 | aser

interferonmeter or the like for precisely measuring . _ a nmagnitude of
hmovenent 1s 'Pﬁ%é’d%‘r{”o hEt%?%QG e 5B i %@gﬁﬂan Egﬁ hal ggagi@ad
| ocking a placed sem conductor waf er, vacuum sucfion nethod or sucti on

met hod by 25 &P e@iY ostagpcaboload $saddi®t eihad® ghopdghawpleharschematic
structure of gMaciieliy SysthLen-Aeghani;smdncldided 40 Lhe YateEs$hgdgr As
showmn in Fig. 2, a pl urg?ity of hol sl i's )boredei?ﬁ] tJﬁe t%p of tsheastgge 1
and conmuni cat3HyL W R%-a connection port via an air path 11 30 formed

inside the stage 1. ThepggnNnectheRsPQhl ivadidksd-iOr@rydageum PHERr 1S by
way of a hose 12 and an air valve 13, After a sem conductor wafer 100 is

pl aced on t he®%&ff IR heY8EagBringt fdcaild A AR | RXPERHBJIOF 0tRBRI ect the
vacuum punp 1bikxehi si¢apsgs theavagedu@ UMD 1 tahBS1eprsake (the vacuum
punp i s connected to,a vacuum_.chanber). The interi og of éhe aiL (g%ah 11 is
depressuri ze FHEERMHGFST TRECEeRPcGRBUEPEr TRERGOT0 FR-9 19 BLATRF Y3003 -
3 then sucked wWrdixrddieionpmofabbe dBhaege2l amthd ackEikedoiosahdeshlag t he
sem coriguctor #ae}[‘ 100 from{:hg it age 1t ai.r vaI\ye 13 is.turned to

sel ect *4n exH¥iRs e{)ajt% FHPPFERECaPF MOVERL S odutdt ¥ it THer QR r3 pab R 11.
5 Consequent Imgventents egwr covnesicbor edaf er ans XFddeck cftriem trinev alabeluraseic3 i on
mechani sm Thereafter vertj % t ,pl i.ch t,s . L ormed
on the stage %?ncglvree uﬁ%rﬂag‘%@ﬁ g%ggsgmhc%gﬁ%cqgrtﬁ%%rdﬁ%%%%é noved
upwar d, a wafwdyen régisyn thy i anD@eshavbsatpecsi.veS ) Xkl waat owmduct or
wafer. For phiglid s sem cpnduchoe vakerolaQ an e d o oy the stage 1,
the vertical novenent pin is noved upward. In thi's state, the wafer
transpdPt at i GHIREHAT A PP aceeVERens et eonasc bor afafidy A vh 4heRerti cal

novenent pi Nmofdserid Renhavat edi Adct § 8ASRRELakrA B EhAN T8 WMdRtimyeor t he
vertical novenent éPI n is noved conduct or

downwar d. Copsequently, the se
waf er 100 i s °gl af&d-"¢h F%et}%{%\d%‘?g\gﬁﬁl?lare‘{jgfengt\?gﬁ&ml&é‘lqv YecHhni smis
wi del y adopt etheaswe ,suCtarod Nechinesoidns . waffar prhagdse ,2GHdoweerye I n a
systemin whi.¢gh i COJ tor fer and a re.held.n a
vacuun( depr es%%urml%zvza Teenf\}?%nc?rlelﬁ ,t ?J%% g’é g%%%gflr ?r%—rl?é%rﬁqr}llst'hogp*r aphy
systenf 0t he Jaseamigueid fer oreetani em tke uhikabfor presucstalon megcheringm
utilizing stal i oglietldd G ndvedopt £d- 1451 SaEHCORAUGLO o ¢a have been
consi der abl y dowisi zed 1 n recent years. e occurrence of m-°croscopic
particles (d@@tl)tt@@r ihegr%\usem conductor nenufacturing process greatly
affects a yield of semw%mn&eé(w%cmngeasmhcerdh%em@o%@x@w:or

manuf acturing process is 30 carried out I1n_a very clean environnment, or
nore parti cuNaERY, iBn VAR YUoken FepkPAl PY & FRERSGRapIEhedo&¥ss for

- manuf e ur i ng 1 seRrGARAMGLONs Hevd CRS ddopesdl redigo ackhewa kinghly precise
processing and is therefore carried out in a clean room %f t.he hi ghest 35

| evel of cl eSARERELIBoRAEICE R P IR 3 FEUPr BREESPRgMPSRERESMed out in
such an envi iasieded iith ithd WROSS €ad®. pexs eshbynpiavenly.oequar ence of
particles. Apgﬁggﬁﬁiﬁid} holes is bored in the top of the stage 1 and
communicating with a connection port via an air path 11
30 formed inside the stage 1. The connection port is linked
to a vacuum pump 15 by way of a hose 12 and an air valve
13. After a semiconductor wafer 100 is placed on the top

of the stage 1, the air valve 13 is turned to select the

vacuum pump 15. This causes the vacuum pump 15 to
35 operate (the vacuum pump is connected to a vacuum
chamber). The interior of the air path 11 is

depressurized accordingly. The semiconductor wafer 10 is



~,9 Japuary 2003 - 4 the yield caused by adhesion of particfe 0
top of anseniconductor waf er has been discussed mainly in the %a%WBQQ'ZB&?
met hod of renoving particles fromthe air circulated within a clean room
using a filter or the like 5 has been adopgted in the past. The standard
stipulating the degree of cleanness of a clean room describes the nunber of

particles existing in the ajr. wever, _particles naot floati LN the air
but adhering Tts}'B?rf h%u"g‘fﬁ‘isla‘&%t‘af thesEQRe Ofay e SEEHG o ead“qoipt%&g%dt he" & r
during pl acensiilart od | €6 | 9emHE oadaeroeowdfeirorl 0Maffarom Ithe sstaqghl y,
possi bl e that,_,the partigles adhere .to th r.face qf, anat

sem conduct ortlk%/\('f'af‘ilej‘rraavri:'ldf etac%)‘?r’gk/%l g%?%‘rj gP F%&% é:c?ag]aseg"qarﬁ%ggéﬁhelld‘%' It is
rel atively srialtsishe taict ebs thmtrodycké soavt eéhed aint gathe 115 air during

pl acenmegt or i f eq) [e, h i ar
scattered img?ﬂ%éggﬁégh;ﬁiﬁkgc%%ﬁgggﬁgﬁggP%gnggﬁffgﬁd&@?%%ia% er,lgad a
sem conduct oVagafugt fus theorexpeeRanhext | Shenerisespl lederhiedat el y

thereafter. Thefdndrs: t;!‘ﬁ?“v%fc}? Dk R 90§ﬁ'b!9'hl,i E%rhfadt 20 dee SiGafd ered
particles may adhere to the_surface o? t he next sem conductor wafer. This
greatly affecitSs Maved/ivawpr dor oyl | the| aenieppdugitge padeircidd a9 ess

likely to scaidvd Wiam&iRld paFdt cL £8nsHOMRY R onWRRBhand 2 mS B EAR@LCt Or
waf er ig pl aced on the surface of a stgge to_which the large particles

t he

adherel0if t A&esAAEGRIRIGONH e s Py BUERéBYI thHE FRELRESEUSEthe
sem conduct okyagafrer odetdy W at sy Wie t)@etaeagar i ckas. vErgic3A and Fig. 3B
show this condition. Wen the senconductor 30 mgter 100 is placed on the
stage 1 havi AGVETERT Ry 1B BONFT SURYRk@d as"showA FR2EFg. 88 YEH&Tpart of
t he sem condtetaers paaftert don ngedad em pelétces etBé sembcghanctbanwalferot her
part thereof. Jhis |l eads tq deteriorated flatnes Besides he
seniconducto&o&aF@r We(iﬂfﬁﬁﬁWﬁYﬁQF%}oﬂhﬁ'thgfﬁgft%gﬁewi%eauring
suctioh® |f thensaoritatddrs mEmeidn sought hdhewslet eheovartonailnmoNemehngt ness
of the semc uGt.o fer def ' oo J 5

ggﬂ Gk %E$@fgﬁq:néiyﬁ. égﬂ%%%%%?tl ' tRe 9@H§E¥nagg§or

thereof is n igib . 'S reason, nNo’ measures have been taken
to renove pakgiferes 04dhier iddgasas tdre the fecxgef a stage.

The foregoing vacuum suction mechanism is
widely adopted as a suction mechanism for wafer stages.

20 However, in a system in which a semiconductor wafer and a
stage are held in a vacuum- (depressurized) environment,
such as an electron-beam lithography system, the vacuum
suction mechanism is unusable. An suction mechanism
utilizing static electricity is adopted.

25 Semiconductor devices have been considerably
downsized in recent years. The occurrence of microscopic
particles (dust) during a semiconductor manufacturing
process greatly affects a yield of semiconductor devices.
In general, the semiconductor manufacturing process is

30 carried out in a very clean environment, or more
particularly, in a clean room. Especially a lithography
process for manufacturing semiconductor devices is
required to achieve highly precise processing and is
therefore carried out in a clean room of the highest

35 level of cleanness. However, even when the processing is
carried out in such an environment, it is impossible to
perfectly prevent occurrence of particles. A decrease in



However, 6 sem conductor devices have been 5 getting smaller in r?cent Y. S.
A nunerical aperture (NA) offered by the step-and-repeat phot 8I ?ngj?(a@%
system wi th denmagnification has reached 0.5 or nore. Since a depth of focus
is very small (shallow), even a small decrgease in the flatness causes
troubl e. Moreover, 10 the el ectron-beamlithography systemoffers a | arger
depth of focu h e_step-.and-repeat. phot.ol.itho y t i

demagni fi cat iJ%S)rrllé )%ﬂeéicge%?lejggg EX taﬁzjefglléﬁlneosig plaslh?r%#l?%)gs?gégagmaev%%gi tcifonal
devi ati on. Bezisksicpaduetns wedem st e etitgors bednméinhygiaphpels
systemare fi t ha d : feR-ands & e tgl it hogr aphy
systemw th e%%%;'ni f]igcﬁé%]?(ﬁjﬁc.j Efg\é\?ee%rvté, %t %ea%gcfjf ectg ofle%gr?ﬁgl ggs&adheri ng to

a stage cannctimeulahededithyn| sangdeanAsommisimal abbvktenl apsthrolike
measureg have, 20 heen é%ﬁ@e&oihe@\é?tpgértt.' cles %dé‘ﬂdté’tiﬁ@léﬁfugge of

a stage. In general, for tenpving particles _adhering to the surface an

appar atus, t & WeEee| i wasRaanNesEngipar € LRatierr QM A5 ¥ Heesf FORd, wi ped

out using a cl@MENLEl 9hhiOlebl @WASRUhgWihh 3 aifr fl ow. However, since
the 25 stage is nounted on an apparatus, it cannot be washed usi ng fluid.

If the surface of the s¥TQYRVOEr ePREBEEL68t NQS g Ot ANt ThgE 2% 0B hT oPYBI own
out with an aidhédtvg Parthéel esrwadkdobeaseibiger athywisdlided fce pppaiptos.
Thi s Wghk ca ﬁ]es new artlclef to aggear. 3& I'n particular, as far aﬁ an
el ect r 0fl- bearm 19 tAidgraphi e yRL BREBERE PFI APRARGEHRY ﬁl“gtaerﬁegﬁjc%o%gu? gr
sputtering swefEn. deposisiphghyst poEs¥Desyhbemehey pdrchiidligesysdem i s
concerned, the,stage rrus}'g be géaced i.n_a ggﬁrressur.i zed. st.ate or iln 2.4

pr edet er m necf‘ca-if SoUs® 35 Gt oS hRGE eO< VRBR aFteg‘rﬁS:tonidélc e ‘f%f enove
particles frdmddme st afpcaccosili hjet detheaker égoithg nEtcHadl, thte B$ nosphere

in which the ] I a R e 20, = to
the air. Thi Sfﬁtlgagc s‘}jetslc?pa&%d%g% g%%tlgﬁlggeggggrgfaiynger és’%gn%l_:faer‘t%% l?g%? e%eand
causesladhesiagy sfumigwy aladehesttort belieageonParlt iaclsedimandua ephut abl e

to contact befuesn a & SPMEANAUCLON . p8f eLatd Lhe Sif Ass ol Mupidge of

contact between the vertical novenent pin an e sem conductor wafer, and
grow from t h€BdEudes ¢if thesenbgenanatasnvesfducBdd RafeMiaRit BT

particles fakhjdfeg ofd Hd umosed cOREUCE Of huAf 8LppuRRU eehniddaratdlput si de a
system for prqQcessing or particles floati ng?lg E“é'tfe?inat m)spgere, of the system
S [

are thought eI Go0 sEMTdnHRICER?E Gaf EPES 1R FRAF t he
sur f ace0 of t héestsage vEedepd FaNESDOs t Ry Oadhefeat sy shemsuhriflbeeadiferting to

t he surface of sem.conduct or vvaffr dur&\ng 15 suggly %rf cgl I cg: tei on of the
séniconduct of* Haf SEMISOHIRF {RF LAt 881 edT 1T 09T B 0¥ hEF I55FEi dH%f t he
systemor intydetle air. Unless particles are renoved by performng thorough

cl eaning. particl es would AR AL, 200, L hey aUIBeA0L 3ELT Shes Juaud d

increase. As nentioned aqbove, once a s ‘ unted 1n a system it is
hard to cl eadikiedysttagescatten Hyamosmebhspautyclesr enBoweparti e & om

the stage. SQ@M%%%H@EE@@%IJ@@@PWfQJplaced on the surface of a stage

to which the large particles adhere, if the semiconductor
wafer is duly sucked, the flatness of the semiconductor
wafer deteriorates due to the particles. Fig. 3A and
Fig. 3B show this condition. When the semiconductor

30 wafer 100 is placed on the stage 1 having a particle 21
and is sucked as shown in Fig. 3A, the part of the
semiconductor wafer lying on the particle 21 is higher
than the other part thereof. This leads to deteriorated
flatness. Besides, the semiconductor wafer 100 is

35 deformed around the particle 21 during suction. If the
particle is small enough, the deterioration in the

flatness of the semiconductor wafer or the deformation



As pentioned above, the renoved of particles on a 25 stage not b
di scussed very seriously. It is hard to renove particles. Hgﬁ/é%lf‘a,ryaﬁgﬁg
with the further advancenent of a m croprocessing technol ogy, renoving
particles froma stage has becone inportagt for inproving the yield. An
obj ect of the present invention is to 30 establish a nmethod of readily
renmoving particles froma stage and to i nprove a yi el d%b]ly r enovi ng

particles w tHEFCEUHSt dRT B FIPtousi RgLataesr E886 9 ARy a#Png rate
accordi ng t o umidathvd e at COAREL SBbNGehbe cabrve idlic’Ctadle ALhodo0Of 35
removi ng particles froma stage according to the present invention is such
that a resin 19 MAE39RH drre2%%age and then col l ected therefrom after
particl es adhere "' Hbhwkaney yséffSontihetetodelices g dsdexl es are
renoved.from ¢ Stage. .JJ.n other_words, a_nethod of _remvi.n articles from
a stage’ accorgcﬁq%d'r{gogst“ﬁellperresjerhtr?%%ﬁtY%ﬁrﬁs agspgggrﬁ'é:ratli %Ege‘? LI;T%%/I ng

nmet hod for rdmdi rdf flparetd dyestHe ot ep-bastagepehat pholtdd ia hdaregrhwor kpi ece
when i npl ene i n ) or 0cessi o] i;nixng the ar

wor kpi ece. T%é’%%eet”hggtﬁ%’ c%‘%%ﬁ%ﬁ%%ﬂgﬁnﬂgﬁa%eggﬁggi roltg'l IO% |HEA pT aced on

t he stage anéinicen acolepadt exf fraym g hies svayge. sihélr ¢sha lflioh,i vessahard

and nore el ag %ﬁlt%%%f%é%%J¥H7¥H& &oto éPge?tﬂggugﬁeq'“ﬂé%eo&@fe
particles are I'ikely to adhere to the resin fiifmthan to the surface of the
st age.10rher eftdee e l@iedn o asssilil thogwaphy| sxsteBnof Aerst age axgeshi ch

particles adbepen bhe Rad HHih HHLKs ool e L LEHBatL] #Hbt\éﬁ&&ﬂc_hfzé n
film1l5 is collected, alnpst all the particles are collected while adhering

to the resinSYSERM Kdd&dr AT e fHGat ¥ hodThei AT BAFLI dPed& e col | ected

whi | e adheri figat@elslae ilewiahiffidsted het ez isodDricAslt Batibhaoparticl es may
be scattered_intqg the air or stuck t%fnﬁhmhir ﬁart 20 The resin filmmy
th& FesF

be realized 8§53°FFanRAtHeANE HraEY LeRrheamore FhSSHARRDI v,

the res n fikpystkaukdebe ineat athayyethdde | dbsbn o Shef acepobna{depert

wor kpi ece suc s.a_ _sem conductor. waf er_.or . gl ass. subsirate, d.t | anar
wor kpi ece ShBUPASEAEHODE s 0 ety e b EST AT PRk Bhae Mlensio iy
contact withthkeesttage. ofbpamtdrcldhadlesting iton aeytage bencodt &k over the

pl anar wor kpi; i.t.s y be coated over a dedicated planar piece
that is shap%gﬁgf-r‘#ﬁl grh&yti;é%%%é pl anar wor kpi ece, for exanple, a thin

metallic plate that 30Assrguitiensmadteve n alestase, Tpasureredaydn be
removed fromthe l%laﬂ% Y, Ete!mldv%' R e 19AUTR SUPP] Y4 0L SCHREISuRFR &% t hat

al ong which the planar workpiece i's supplied or discharged. Particles can
theref ore bedr ERBG8d effi GEBRERAL afPXqHIIANA IR BOYETF L €8 hadhegd s t%si n

filmshoul d pref ghabhyeberpagl aaidatduomihe Hlanese Wos kpheEedonisded cat ed

planar piece. and L8 PLanal iR H Ya Jo 8t o8, P 808l o PLegs 3y Pe

9 January 20B8r€ watér or any + Wip g g
cloth, or blown out with an air flow. However, since the

25 stage is mounted on an apparatus, it cannot be washed
using a fluid. If the surface of the stage were wiped
out using a cleaning cloth or blown out with an air blow,
particles would be scattered within the apparatus. This
work causes new particles to appear.

30 In particular, as far as an electron-beam
lithography system or a film handling system such as the
sputtering system, deposition system, CVD system, or
etching system is concerned, the stage must be placed in
a depressurized state or in a predetermined gaseous

35 atmosphere. When an attempt is made to remove particles
from the stage according to the foregoing method, the
atmosphere in which the stage is placed must be changed



_S ,reused by being recoated with another resin film For Enabl%n\% 2003
automatic transportation of the resin filmor renoving particle P&ﬁﬁ@
efficiently, the resin filmnmust be very flat. Adifferent in film

t hi ckness shoul d preferably be 100 um or- I@&ss. Moire preferably, the

di fference should be 20 umor less. Herein, the resin filmor the
plate-1ike pigge goabed wi bhikhe el nd A@é@ﬁé%sgeﬁeg%fs k8352

cl eaning plate e present invention can be I enent e ny system 10
as long as theatgseénthackigssra ﬁnab@a‘\x&eS’loa@ilﬁ@l@thf newvkPagtacpesnar
wor kpi ece. \Wep {leggggged especially in a sem conductor manufacturing
system for processing or machining a sem conductor wafer that is
susceptible to particl eBarthelgsesa® atiivemytab b ovescapsachdbarrageods.

15 The Gﬁrdne§§m9éoﬁ@§c£8§'@a&b&”ﬁ%@0@H$l§ﬁ¥f§@@|3fb€h8fs@abgvgk
permtting the resin filmto deformreadily when neeting ? gartlcle and
e

permtting th%O%%??FCP%tWSGnaaﬁéréeFGHH%QIWQNQF?WFrﬁlWh%’ PR filmis

produced by, &&fii @éﬂ@ﬁf@éﬁoraﬂﬂkﬁki)ga@do@rro@\ﬁlﬂrdﬁ reed | yutPatbe pEapne

wor kpi ece or dedicate anar piece accordlng to a screen rlnilng met hod,
Bnd Ehon har dRFFSS 110 BPRAEAPBHCERT, BaLE oo ASEARY Fh SRHEL SRS of 4
filmaccordi nfalbimgyodf fhemvarsemScmqumm@nﬁNdKEE s&#ﬁrﬂ@duﬁeomthe resin
film ﬁt be reéal ed_in a,sta % arthées ang%e éo thenresin
film THe resTh-31%m FusY=tRE %rBl’BEeélséé‘ﬁe LRG0T vert e EtRE 2

al cohol , acettm, atmospberepyf aheohgbteﬁoeﬁdvﬁha&gﬁtwmofadhemanp¢e an
acrylic rubbe e =9 r 0 o} ne
rubber, a nltéiT g%%§9£89 wafer co%ggﬁggﬁﬁ%éggﬁﬁggjgggﬂff@%%e %ner
or a silicone¥ ubberstaae msydheabren‘sg@rrﬁ@ds@lmtemf shan skgm eﬂexla@l y be

adopted. A crOssdi ﬂ%ﬂz%dtéam@?été%%a&@sb@ %”Qfe?nf& tvbé%'lef epl
known as silicone bers (el astoners r ef er abl t e SI 1 cone rub er of
the créSsli nk-"étPRJalchJfl%%} fesiant A4t th@ Befiice waf ethd @V dpdY at ed

when har denedoesw&é)ee@dpﬂfeedthé\soeﬁey gaeqleblmbef G"hii‘ dyasidh fdd mawy be
produced 10 d¥ egwé a resin directly to a wafer_or the |ike according
St

to a screen %?ﬁEePEFt%ﬁeeﬁlRéeaﬁﬁmﬂ¥ﬁ¢lﬁ¥ REFHRFRARS

Al ternativel ythc&'d’Lﬁﬁi rt:Ida:hmm)@ pdpaﬁﬂla$e§nwb0delp%.l&d:®m{uJfaﬂemamiy #ree bonded
to a wafer usi qg esive f termeia . The ad e5|é he aéilllcone 15
adhesi ve oraﬂ?iﬁ? PREFVeIBTt VPRI PFEEEPECt e st8‘§ﬁ¢ i1 Y She.
Any adB@si ve amdd adostzaa;gé ong msubhedaidlhesi sgseérer,t Sta i énlae:tdartm reElce dyondi ng

strength. The Orggag[%_(%)ul dI'Prf.l; b%g %QQBQI I | thI I er\regg)r teﬁregja%(jﬁqctllev such

as a pigment. of “ secon ry 20°C6Rt am hati of
filler shoul dusm peref extdgecovered with a resin, or in other words, the

filler should not gy b@?gp By theehtropn the surface of the film For
r oﬁ?ﬁ i

preventing the fille el ng exposed, the 25 surface of the filler is
fini shed using a FEUMIGTHGLPRERraaPVer BhOrFRBPVEThEE, PARE IRdEBalsiN idt y of

the sugface Qfcddie Hdd |Rdt iPeEPNEREELYEED RebSERrIBANY bE TtMIOVRE-d
to remove particles. However, along with the further
advancement of a microprocessing technology, removing
particles from a stage has become important for improving
the yield. An object of the present invention is to
30 establish a method of readily removing particles from a
stage and to improve a yield by removing particles
without substantially causing a decrease in an operating
rate according to the method.
For accomplishing the above object, a method of
35 removing particles from a stage according to the present
invention is such that a resin film is placed on a stage

and then collected therefrom after particles adhere



When a collected resin filmis cleaned using a 30 solvent, if §he resin
filmcan be restored to the original state in which the resin iJaRHRRS 2PR3y
particles, the resin filmis cleaned and then reused. Assum ng that the
stage has a vacuum suction nechani sm or .a -sucti on nmechani sm by

el ectrostatic force, 35 after the resin filmis placed on the stage, the

resin films ef erahly sucked, .freed, and the ol |l ected hus,
particles caEQ%%p?g§iab#@uéfugﬁetgafﬁ CIes'a%f\ﬁﬁREN?EZ B%m-%&ﬁ SF% ?ﬁ
film As nmentionedlmbovkertherdsage meclhededfi nrdnmev sb@cpaohibiéam from

| i t hography sys Laced i r ur.i iro n this
case, the sud%i%ﬁ?%nc %ﬁ?éﬁéﬁg ePegp?ogggF%% (ﬁ%ﬁ?ﬁéﬁ%%oﬁ gg.égaé%IEF
DESCRI PTI ON GF2ITHES DRAVENGSL Thembsaodr € cand eabwaimagesr bfciee fnomn2i on

will becsnore I d o] he, f QMM 1Pt d e
conj unctsi on V\ﬂ%\&% h%hﬁgc%ér%g%y?néigg]g&w %&ﬁ#l%wﬁ%cﬁwﬁ%ﬂﬁ{% fnld
schemat i cal | BX3eRB £0C cREAPESSHNISPrUTRGNES 169 & st ayjearsait WOEkPARGRg

mechani sm enphay etk Ghisd NPs achh FREGERRBYaPLACesSd & YN actuh i 19

sem conductor devices; Fig. 2 schematically shows a vacuum suction 15
mechani sm f orPSARAG i tHee st hyee PP, tBRNaRGlREG L eIB Tl O afted By
di agrams concerni Nthed #dHiM| £1 DRCUET I BEsWRER G2 2PN idHee cadharas drard he
surfaCf of the stage; Fig..4 shows the confi urathg of an el ectran- beam 20
i t hogF3phy SFRTMEMRAW PR BRCefbBERNEAL Sof et -pr éSHR RANERITH: Fig.
5 is an expl anat drikeliyvagiandipacer dbngheheebasal €idhr welaw eofthe suction
mechani sm by elggtrost ti.c force adopted for a sbage included in.the
el ect r on- bea"F5 49% rfb%ﬁ&b%f%@%‘? em FEYRGES nVIRE &fSodiSTent - lIginb.l%A and
Fi g. 6B showgleresl rarctthe ofage cteanhbghwatetiedplkoygetiere ,t Rheenbodi ment ;
Fig. 7is a fJ hart_ descri bi ng a nethod of .manuf.acturing the cleaning
waf er; 30 Fi éa'a \émll%gleas 1 ojvﬁz}ﬁa?? g%%%c??%fﬂggél%t h6d ©6f tb@nﬁﬁsﬁéj &gﬁﬂ cles
fromthe stadge coliletddctabmbeanili thegpaphycipst emeusoiderctedc] eani ng
waf er accor difyg 1t e ALRSEY {AWePLLPR: ¢80,  According to this
method, since particles are collected while adhering to
the resin film, there is no fear that the particles may
be scattered into the air or stuck to any other part.
20 The resin film may be realized as a planar plate
formed with a resin film alone. Preferably, the resin
film should be coated over at least one surface of a
planar workpiece such as a semiconductor wafer or glass
substrate, and the planar workpiece should then be placed
25 with the resin film side thereof in contact with the
stage. Moreover, the resin film may not be coated over
the planar workpiece itself but may be coated over a
dedicated planar piece that is shaped similarly to the
planar workpiece, for example, a thin metallic plate that
30 is quite smooth. 1In this case, particles can be removed
from the stage by utilizing the same supply/discharge
route as that along which the planar workpiece is
supplied or discharged. Particles can therefore be
removed efficiently and guickly. Moreover, the used
35 resin film should preferably be peeled off from the
planar workpiece or dedicated planar piece, and the

planar workpiece or dedicated planar piece should be



Fig, 9is atable listing the degrees by which 35 particles ag ) h6 V§903
when a condition is varied according to the enbodi nent of the present

i nvention, and the degrees by which particles are renoved when anot her

" 9 January 2003 - 11 cleaning nethod is adopted, thus describing the
advant ages of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENT A description will be nade of an enbodi nent in which 5 the
present invention is applied to renoval'® of particles froma stage included
in an el ectron-beam | ithography system However, the present invention is
not limted to this node. The el ectron-beam|ithography systemis a system
for 10 irmaskat iy deielectrarodead twiah seamconduct nesnaf efifor. subforat e)
to which a resist is %Egued, and dr aw nqg, desi rgd patterns on tge

seni condtAr L HAf eF Y E TRt dFec G IRRARF T Pogr Gphy 8Fst RS chat ¥t ePized
in that jd- can dr isnare paft e thap. st ep- srepeat, 1%4 1y

phot ol i t%%’bdr\“glgh@ g\ggzcé'mr&vﬁét)hhggﬁggmﬁa%?gﬁ Egrﬁ. a%%n “one 1 h?%lglea%uisg
used tolrawgmaytefhat.it takesdhffengnti nerf orf ekposuhéckkersd npslovuid a

t hroughput, various nethods including a variable rectangul ar |ithography
met hod, REeplg@L 1y t Negr apRY mitthodor ande&snul ti Meden 2pDrEfenedrlaphy BeeEhod
have be%{] proposed. The_present _inventiqn can be i nplenmented.in any ,o{‘ t he

met hods. l‘Fﬁ@_ 3 gtharion 25t thetBI &t _rJ(‘Fn'S-sb'eamHIeir ogr aphs §§§’tlé’m@\?r T pe
described brdefly,by_§aking, {he, bLock Li t1qg] aphy grihad £opi %?atag'lc%e%
Fig. 4 shows the configuration of a beam'irradration system’i ncluded 1n an
el ect r oxelfeamdd ttwgaphycigshemgaddpttieng t he bl ock |ithography nethod. The
bl ock lithography nethod is such that: patterns_servi ng as units of a

repetitive graFhiRFeF&NHr &R OH 201 r GRBpACet™RBEHESk S an el RBYr Y Tl i s
propggated igLg t t S ni. rTBls,E: d t WAl t t S a
tinme; a% tﬁgkgni %gpat{}t?é;r E%;%?e’nl in eic}‘nc'g%é d%w#h%%e% tih\%%%%hi%d An

el ect r odobéamgsteot planarawetlescizoa. guithxd | smptenketatedk spwct hdhy in
collimated into a parallel-ra Fbeam 35 by an el ectromagnetic |ens 34.

Ther eaf fer SSFREBEHNT LT paBs8d “BoUgR % 13YSES31 i £°35 P TRBS PEshatled. A
desi redy@pg: gk nRAt e NS QY4 QR Bt r@gg@gr eRt MBSk 38 d8scedriBArar ¥ 2003

- 12 selected, "and the beamis propagated into the selected pattern

porti onpeftthéetranspaneeseamski8Bensing amoslescimaost atdcaniedégectsr. 36 and

an ectromagpeti.c | ens 37. _The beam may .ot _may nof ., be ssed .t hrough a
bl afki ng 6 agBFt GAFSISEE] RS Brel et ondoral T els BaCaraanty Beoos
el ectrogt atd«e deldaatiart A0y Wher ebystRe peam i1 valirdatedreEdinyal wdated.
The beamis then deflected using electromaghetic | enses 42 to 45 and an
el ectroseatingdef {mxtviclé emad pefnitt ingt 4ge. Detheken ko EHdere to

the resin film.

The resin film is produced by, for example, applying a
20 resin directly to the planar workpiece or dedicated planar
piece according to a screen printing method, and then
hardening it. Otherwise, a resin is molded into the state

of a film according to any of the various melding methods.

Before use, the resin film must be retained in a state

2
thn

in which few particles adhere to the resin film. The resin
film must therefore be cleaned using a solvent such as
alcohol, acetone, or isopropyl alcohol. For this reason,

for example, an acrylic rubber, a butadiene



10 jrradiated to a desired position. In reality, coils and pol e pieces &{e
i ncluded for constituting the el ectronagnetic | enses designeds%ﬁ nuary 2003
convergence. The ' coils and pole pieces are not shown in Fig. 4. The above
conponents are stowed in a housing referrgd to as a 15 colum 31. The
interior of the columm through which the él ectron beam passes is
depressuri zed using a vacuum seal_ 32. The conponents are well known and
have not hi ng Z%¢REF mid 1 EHeeRR SSehbPer nvBnkisay A fihltator fesrpLi6ANRi | |

be omtted. 3QArStAGh lasnd & 51888eMPYRBYcHREN MY TNkl B end NnshBbEed
bel ow the colum 31. The stage 1 and SL?%e nngb&a mechani sm 10 are stowed

in a depressirfidfed VAURAR BoOtH BREWFPAYRDA ¢ @ HEABE Y FRe vacuum

booth 51 is cawpticatinE 44l tnkePr esadhitied )peelsion ofd the 25 col um
partitigned wi th a vacuum seal 32. The stage 1.ind stage vi ng mechani sm
: AeRRe

10 have’the GESAERSEFUQUAES Yhohe i FPery. 2%, S&lAce en 1 and stage
nmovi ng nmechaniedmstdmare used dax éheb py esshei zedivaceu mikdeih &, thde stage

1 is designed.t ald and | ock a sem conductor 30 wafer 1D0 according to

t he suction (r%gto%g l&ee e(cetarqc)lgja?m: T%?%%.QIE—‘P& 15 ?ﬁ‘&%slet ﬁeorg%g?%gé ructure
of the stageabdf evapalrditreg artter dekrden¢diesksenildobeuetopbeaf.er 100
according to the ctli : I o] .clorce.. 35 1 at ed,
two el ectrodes 61%&3@2@:125?%4%2%12%\6??]8&% oﬁégg‘hefgg% @Fyf‘?%e g%fa%éé&ﬁéclﬁ nsi de
the sth@e 1 Wy eppilyimsde ofesindidizectly batarwaferHogh thel tldges of
opposite . I 0 = L phkied f 30l e
sources 63 aﬁgcggé?§%3ﬁ§ %I%%?Fﬁ%géﬁﬁﬁf%$ iﬁg?g?ggﬁgtsgsigféqgﬁﬁﬁé% in
“the placed sé&RBoh@TEEdiNtafldr- 100 tIRRBIYeBEt i AgTPEided 1dMe RyAIGREd.

The sem condugt @h WaleheHMR S SUGKethWild Bordbar €6 af whe@ Kfsind d arly
to when the vacuum suction nethod i s adopted, a vertical nmpvenent pinis
i ncl uded but 2ABESINEWARILRTFIRFd 5. TRF AFeRE PACREY oPR| §. SA11iCKEest age 1

recei vies theadRexpoecdrsem eructaihewivs J0O fsonve vaberiecasseidie 10 54.
For returnlnggthe sem _conduct or wafer_ 100, t hat. ﬁs been géggsed tQ the
|

waf er casset CBY5EPEPREIS 838 -1 ARYAART S Yhhti A9/ &Rl nGSpdsi®i on
i ndi cat ed w tHhasdashestelitnea Areassairtne ddrbeidblgi stwbhghht.he waf er

cassette 54 is st& d_.and the v uunépoot 51 are 15 separated fraom each
other with a part'ﬁ%oﬁlg? EheE %;ﬁﬁf < d TrRefdled. #g €hufdi g t he
waf er casset agdbdive shehcasset e gutearther Eﬁrcﬁedproﬁokégonﬁagythe_mafer
cassei® 11 oBbbDENGASRELEe ehaghel A% LR RATTILL 00y 321 Sp0) BRE IR 19/ der

to bring the cassefte . ' sane rnornal  pressufe-stat e”as
t he outsi de.c¥eredf weth ehgegdor ofr time ddssetyerdhanbee S31lileropened in

order to takgnhgiiq0hoRUbe! BGpRRLEY, Selded 4. oWere SeiEF A8t B Waker
cassette 54 is_conpleted, the door of the cassette chanber 53 is closed in

order to 25 Eéb@essurize the interior. After the cassette chanber 53 is
returned to a pregeteppepedtshat @het Fe 1pad ifrdm BRing €dd,! rhehi s

. state,, .t he unexposed senjcondyctor ,wafer ,100 js extracted fromthe wafer
cassePfe 54 DNTAGCS PrahBfor talFen & mish Snam 1T A LO® b Bhe stage 1
30 | ocated atatéeipbsoti anpiridiegat edhwist,h tihiee widathasti 1ite. ofhehe
CET conduct oL NELEL L7, LOSTSTHEAR SRS RR SRR VT MR Y o
improved.
When a collected resin film is cleaned using a
30 solvent, if the resin film can be restored to the
original state in which the resin film has few particles,
the resin film is cleaned and then reused.
Assuming that the stage has a vacuum suction
mechanism or a suction mechanism by electrostatic force,
35 after the resin film is placed on the stage, the resin
film should preferably be sucked, freed, and then
collected. Thus, particles can be reliably stuck to the



When exposure is conpleted, the stage is noved again 35 to the R%%l%ngOOB
indicated with the dashed |line. The exposed sem conduct or waf er b
returned to the wafer cassette 54 by reversing the route. The wafer
cassette "' 9 January 2003 - 14 54 is 1mwwed us=ng a vertical novenent
mechani sm 55 for noving the cassette 54. Anot her new sem conductor wafer

100 is placed, h ge | .Sq e S e untj re of
all senlconducggﬁkwgﬁers Uﬁ%l JWie & ?%?V%éséggtg%gﬁ |g&§ghp Z . \When
exposure of atlesepecsrdictimamealficodnaPhy sKetRaf @ﬁYCé>§s@tlta§e§4 ins a

conpl eted, t h@e?%@%’sh'r@.@e’éiz drivid Qasch@s MeRtigned aheve +ard sihe 1 Waf er

cassette 54 is taken out and another put in. 10 In the el ect ron- beam

l'i t hogr aphy sY&FBAR 188y FdRAtEOStA kS %Q%Cguﬁﬁlﬁéﬂpﬁﬁé -di schar ged usi ng

the foregoing strugkuEe PPN it erghererIhgst he stage 1, it is by
no neans easy to r particle, In this enbodi ment, fqr

epove the
particle stuck to Tgntﬁ§a§ﬁé§baf §Qﬁ%ﬁﬁﬁ$ﬁﬁmﬁfthecFEHﬁPﬁéoﬁlﬁ?e¥ g%own
in Fig. 6A anﬁloEegclearugr et bodi oA 1980961 2BweXgMRkEcfipeheani ng

waf ers made b oati.ng a r.esin filmover one side of a sem conductor _wafer.
Flg. 7 19 a LBkBRart BESILRGIHE ™ etuete HCTRBATE RE CREVErEani K 20
waf er shown iwhEth: 6A. Referring to Fig. 7, the cleaning wafer shown in
Fig. 6 mnll be descri bed. sem conduct or _wat.er, 10 ng
the samd"shape. as [HE- SaneEORTECHOR Ml AP0 140 TRERaLBegh TRaCREUTRS been
washed i s prepéreadstAgeordidng tiso moviisi? nesrtrodi sreneémpaogetli doninaf ar 101 of
B i nches (app 2 g Ss is

enpl oyed. At g?éhg§%§£M¥ g g?% fgﬁﬁh§ﬁ55§g<ﬂgﬂg g g%%%?%%g?ggg?applled to
one side of t%@V%@ﬂﬁéonductor wafer 10l. At step 203, the silicone 30

el astoner is brldgpgglnzoggg@mgglg%gqgc%ﬁ%ggﬁg b ! &yetid40 of 200 dim

thick. At step 204 he sem conduct or “waf er aving the resin filmlayer
110 forded t HBR@RANLEM| fAEr SBEXILAJakhE! tSt@sshi ¢ cl eani ng vessel filled with

acetone and ul traspngcabhyapheangd. 335 Ak %gﬁgggggof§ma§ggggﬁ@ductor waf er
101 is dried. This results in a_Clearing wafeér.
concerning a trouble occurring when a particle adheres to
the surface of the stage;

Fig. 4 shows the configuration of an electron-beam

20 lithography system employed in an embodiment of the
present invention;

Fig. 5 is an explanatory diagram concerning the
basic structure of a suction mechanism by electrostatic
force adopted for a stage included in the electron-beam

25 lithography system employed in the embodiment;

Fig. 6A and Fig. 6B show the structure of a cleaning
wafer employed in the embodiment;

Fig. 7 is a flowchart describing a method of
manufacturing the cleaning wafer;

30 Fig. 8 is a flowchart describing a method of
removing particles from the stage of the electron-beam
lithography system using the cleaning wafer according to
the present invention; and

Fig. 9 is a table listing the degrees by which

35 particles are removed when a condition is varied
according to the embodiment of the present invention, and

the degrees by which particles are removed when another



9 January 2003 - 15 Instead of the sem conductor wafer 105, a resie&qfi | m
Layer nmay be forned on a netallic plate in order to produc pHuaLy ﬁng
waf er showy. in Fig. 6A. Thus, a planar resin plate 120 having the sane

di aneter as the 5 sem conductor wafer |ikgithe one shown in Fig. 6B may be
enpl oyed. However, since the transportation mechanismfor transporting

sem conduct or i il,ized_f.or .transportation, ..t ness of the
resin plate é%%%%ffﬁ% ﬁ%§é§édlgngogF§gsl3%uﬁbfgﬁ¥%Fﬁxgﬁ%h¢%$ckness t her eof
is 10 limtecmdrnrtages adh vheupreAemit émivantdmoh .shape neeting t hese

conditions should ﬁ@sgﬂg,gﬁbﬁe F @nggﬁ%?%%@;? IEIE)H r5;)f?1rti cles fromthe
e c ers

top of the stage 1 using t eani ng wa own inFig. 6Awll be,
descri bed with refferédeseriptfpg. wgllibeAmasiee w2 BN embdiarenty Waferi¢hke

the onesshown yd Fidse iﬁv%ﬁfcébﬂ ey flﬁredcac%S%te&@&aﬁe The unbes ) of
cl eani ng wafers depends on the degree to“which particles shoul'd be renoved.
Nanel y, one dizahingivderineladpfiuial phy edpcEreambegmafidiaiarhyo. At

step 212, thes 20 upf erpGassett erhd b§e§@EtV"ii§1k}eth@L09@rit§: tian Sincdaseds The
cassette chanjer 53 is-depressurized, and then the partition 52 is opened.

At step 213, #'He® di%HR- 1 is noved to the position indicated with the dashed
line in Fig. 4. Theevadesctranspeshaliefogkaphf isysuead il0 PlAeeld for

cleani?g waf er on the.stqg$ 1.with the resin fi j
c A Uec

] | [ f th
vater f8cing GoAEaAing d he" cPBAM: H RaPEF CoNSHBEaT MAT Fonl OF

seconds accorsdibyrratdhetelwicicostatesisti hg appbldeddescrd kietwimg
conjunction\gérLFi | ose _cant ac \@tf}the 30

ired’ 5-t3995th”3 ﬁrou%h& int8 % T~ w %e
stage 1. As nen |oneéﬁg%63é, ¥ &Ugc Pl ﬁ@?ﬁoa By eFecf?osté%lc force in
accor dance wiealecathicn-érdxodi hethograephy aysteni o tbracecdkriC@dkdgin thHas
suction force.and . s | {1 : e opt.igal. wal ccording to
vari ous conditig%g{Qﬁ%#Q2&%%%?é§ggﬁéggchﬁ%h %gﬁcgﬁﬁgyé§§ gg%ﬁﬁk f.
Never t hel ess pheartliiditegymaphbesysrevedith devaghiédcextient Caat s 15,
casserte 4. g I E S e e B e P s “and the
cassette chafi@e 214 £xRaHTRd tBO¥ hENRBPYENY pResBtPEIbPite. VRRARUS

plurality of Ir@t‘?x%@sng.nvﬁfﬁi%c% Sa S@atr{wbwer@@{sﬁgﬁ@gge&&%hégrabm above
sequence is repeated for  all ihe plurality of 5 cleanlng wafers stowed in
the wafer caf§Cd 58 PRRFHAITRIDIEBDY i Bethed cRBded BHdtinge@Essett e

chambez0 53 | 9 ik@ldgrgmhyt anddlo DGR -HELSSHFEpstaie. nhet peespatticl es can
be renoved depends ,on vari Qqus conditi ons includinggtbe sizgggad weight of

particles, tREVERTEOTh CAP 67 cEP LR Hed hhf di% sOht “RReMPERPASTI | A SThe
condi tions ceaondt gue addicar ohechaind Dpet yon Vedhel ipasgraephs sgsthe renoved

Sent UL BT BRI Y T8 7 VENS B Lok R0y BhHEALL T
method for instance.

25 Fig. 4 shows the configuration of a beam irradiation
system included in an electron-beam lithography system
adopting the block lithography method. The block
lithography method is such that: patterns serving as
units of a repetitive graphic are drawn on a transparent

30 mask; an electron beam is propagated into the transparent
mask in order to draw unit patterns at a time; and the
unit patterns are linked to draw the repetitive graphic.
An electron beam shot from an electron gun 33 is
accelerated and then collimated into a parallel-ray beam

35 by an electromagnetic lens 34. Thereafter, the beam is
passed through a first slit 35 and thus reshaped. A
desired one of patterns drawn on a transparent mask 38 is



15 plurality of tines, the probability of renoval of particles wll

i nprove. At step 216, the wafer cassette 54 is collected an iﬂwaEYéQH?ng
wafer is taken out. The wafer cassette 54 is cleaned and then reused. The
wor k of removing 20 particles fromthe stage-is conpleted according to the
f oregoi ng sequence. The el ectron-beam | ithogr aphy system is returned to a

Tor el B 0CCSR 1L LM, aThec kLT BRAUL! e Mol en: 20 10s sLepeRied o very

short. The colTected cl eani ng wafer is
Reproduct i on R&t&eich pomtiantef the iteémﬁpﬁﬂerﬁ‘q ay'ﬁk 139 Ill%llfb@eﬁéd off, the

sem conduct ore Ved &FodOt L & Eé?@@@gora@@ Ghgn alﬂqeelré‘é&fbxfnéé/ﬁ%éf‘&eﬁe%%o 'S

f or med agaln accordin o the sequence described in Renoval e of
particles frohthelke g@%alaclé%?l’dpﬁgm@bi 30tt be ForsERA n"@f“%@éfﬂen%ebﬂén&émﬂ ed

out, fos examyss.afd o au@{ﬁeeéﬁrauae@rem%retofc SRS L ONgluLt QT apaf ers has
been handl ed, per| odically, of ang tinme defect is detect ed after_an
P

exposur e proé%%§’4ﬂﬁﬁﬁ%kﬁt¢%fegc E ﬂ@mnV@GﬁﬁhﬁthﬂtQﬁa@t%ﬁéﬂ%%é?ﬁ?ﬁ@d

nunber of 35 senisadiugd oedwaf ere Basmbeen thandlRE e dfudhggwafers to be
exposed and stored in the wafer casse&te 54 is used as the cleaning wafer.

The for egoi n§ SGUARASR&Ethetenses §2 35Ru4Py 2FE0BT AL IV TREGn the
cl eani ng wal ereflrectalers g cogl €od fhershageagwbrea\zﬁ s e e et:l—iemn Fig. 9

speci figes therres X Ireas renen erf ne med b%II¥Ha||Ing th e o
el ect r oh- bearh ﬁa[cﬁbag cgh%/ sVs %?ﬁ'{?l 8?% F‘i Poomidt *Q3EY Rt S ufflce of
the stage 1 ip@lﬁj@aez:taslamgealwcabumedcfeaneonwtuhmg/vaﬂ‘a cassette 59 and

parti Ll on 2 e QR d Pdl Ahely LhetgaLicte d RUddlan, SZhs cf oscd

in order to bring acuum o a vacuum five particles
"were left. HoOwaMer anchedkhgpirces z2he deteebewnparnt iFélges 4ar e Tl egfp@vet o

or smaller t *&%&p@ﬂ@rﬁ“scoixdé ”&tév@e%hfn ngt HBQs%gr %@Q\é'r%doacr& il &g fromthe

st age 1 usi ng a vacuum cl eaner e stage resunabl y contam nat ed
secondty wit 6P Ales &Phe tEHEF RN LR ‘Vh@ug EM8a & ousdy Wil @y th@nnot

therefore bedizct dn) Hua Yo -1d 8o p£OBYRY  BRHS @Gling a vacuum seal
32. The components are well known and have nothing to do
with the present invention. A further description will
be omitted.

20 A stage 1 and a stage moving mechanism 10 are
installed below the column 31. The stage 1 and stage
moving mechanism 10 are stowed in a depressurized vacuum
booth 51 within a vacuum chamber 50. The vacuum booth 51
is communicating with a depressurized portion of the

25 column partitioned with a vacuum seal 32. The stage 1
and stage moving mechanism 10 have the basic structures
shown in Fig. 1. Since the stage 1 and stage moving
mechanism 10 are used in the pressurized vacuum booth 51,
the stage 1 is designed to hold and lock a semiconductor

30 wafer 100 according to the suction method by
electrostatic force.

Fig. 5 shows the basic structure of the stage 1 for
holding and locking the semiconductor wafer 100 according
to the suction method by electrostatic force. As

35 1llustrated, two electrodes 61 and 62 are extending along
the top of the stage 1 inside the stage 1 which is made
of a dielectric material. High voltages of opposite



As descri.bed above, according to this enbodi nent, the nechanbs$ﬁhﬁg 03
suppl ying or discharging a sem conductor wafer which is convéntio aXﬁW
included in 5 the el ectron-beam |ithography systemis used to renove
particles fromthe stage nearly perfecttylBn-a short period of tinme. A
description has been made of an enbodi ment in which the present invention

I's inplement ,e;goiélrfgiég SE%CEF%‘F%&@H# QQﬂrf?aP%E/ SYSEEDL A5t ahatgdvely,
t he pr esent I nventlion can be emante In a step- and-repeat .
phot ol i t hogr aph§ Sy8ceRPAREh JARBGACHINGANY ofhaigrRS 3he snEpceddimepds

phot ol i t hogr aphy- Sy S &M Wb hBLEeBRINLIFeGalicd) shd Wf&@t&ﬁgo%%e%s alHegh
precision as 15 that the el ectron-beam|ithography systemis, the present
i nventi on wolFReFdvede gfeat SaByaRnayesonvIrRdRLerl0 SHekphevann 2

inventign is ismdenent egloi Rga, sefk xeNdwator JTRIHEACERE | PPc YRt 80Lkhah is
not required to offer so hlgh precision as the Ilthogfﬁghﬁ syst§ns are,
particles 20 R&e +enddRtaR hBuV epéing s BMERTYE Brhe hEinbBFlbfed
particl es adhgerd ngpt oshidensunfaeg.ob.a senm conductor wafer can be

decr eased. Besi de, rticles adhering.to the back of a sem conduct waf er
e o et TR C S BN L LY Loy b Saiad T TTRre v e Shel 't
can 25 be di mnmdxghetkd Tdemicondincbotewater monoenenta ofafeyi ehdsettered by

t he system eover, as_far.as system at her than th i cond or
Ut 280ur | ng sy SO | S LR el ot RETCPEONS r dite WAL noderof &2
renovi ng par thedreefpased heo 3bhsuwbfee obstketst &de, tile cdtdpd dd asd | ocks
a pl anar workpj e W S | .t he t r i ngion is
i npl enent ed Frﬁjvgeﬁaght%mésCfs)c%ge%‘&gg{rn?#égg%E?a%ﬁﬁ?&%@éﬁvﬁﬁ%%twﬁﬁeéti ng
ot her conponetasheativisingel y.A Fozs exabpl eharherpbdsém vhiahtilon wagebe

| Pl enent ed idy 535 & S5 o1l TOLofERULAG! UhENGaRuldNBlodkdl 1 i d-crysta
di splay or a plasma display. In this case, since a glass substrate is held
and |o¥fted orf epagtatd ifgrucRach nother wothaaureytiddon 5 thakteny he

resin filml ayeinds JOrdmsk e, t heoSape 8L A§SthEbghratke s Sddnidarin
netallic plate in order to produce_ a cleanlng@ilate. As descri bed so far,

according to Hessde HaREE | oh, Opaf PFcFRSLESHIBE iRt 9% om a st age
Wi thout scat terse@t tBheradverse eidosttof cpanbiel 83, Canebparaducsh 52
e conduct o STEIGEER g 7 S5t SEEP ot PP cFBSSOH S CORTEThITh Ty |
deteridbate the fdaatnersmefl predcondscioe waf eheandtsdald.er to adversely
off et e SURCaeAL.A SO OnONeLPr 4B SL. SR BE LSRR WibWeonca o .
i nproves greatn prder to take out or put the wafer cassette 54. When
setting the wafer cassetté 54 is completed, the door of
the cassette chamber 53 is closed in order to
25 depressurize the interior. After the cassette chamber 53
is returned to a predetermined state, the partition 52 is
opened. In this state, the unexposed semiconductor wafer
100 is extracted from the wafer cassette 54 using a
transportation arm 56, and then placed on the stage 1
30 located at the position indicated with the dashed line.
The semiconductor wafer is then sucked according to the
suction method by electrostatic force, thus locked, and
transported to an exposure position.
When exposure is completed, the stage is moved again
35 to the position indicated with the dashed line. The
exposed semiconductor wafer 100 is returned to the wafer

cassette 54 by reversing the route. The wafer cassette



9 January 2003 - ?0 WHAT TS CLAIMED 1S: 1. A state particle @pggmhﬁg 2003
met hod for renoving particles froma stage, which holds a planar workpi ece,
when 5 inplenented in a systemfor processing or machining the planar
wor kpi ece, wherein a resin. filmis plaeed4or said stage; and said resin
filmis collected fromsaid stage. 2. A stage particle renoving nethod

according to shak| Loyd@ WASHE R SR e8I MbvéMhe feahedeyen sak heast
one side of a dedicated planar piece shaped simlarly to said planar
wor kpi ece, anBCWhBBetRes &R Sessien 54 mAROHrdTghev| REBLEBREHELCH VRI& d

sage. - 1~ 33064 stageapadt bel eneemdqg et hegli acsagdindet 9sCkabBbied
wherein said systemfor processing or nmachi ning said planar workpjece is a

. p P
sem conduct or UHanhf 8EPEEPRE &Fste: %%W+QMﬂﬁ¥ﬁ?P§aY@fﬁF§népOmbPkEh@ce is a
sem conguct orwiBéer cassBtde A4stiagedayildid®. r enpyh ngxpethied agcalding to
claiml, mherein,saig resin filmis gpde of a silicone resin. ?..A st age
particle renoVFRECRBRERGECACHEEETRg 100 dmhithe, Y aner eF A5 88FEesPFi tone resin
is a bridgingcsmpledag, redenpartitAcst &Pe jardéicsed resonengiortbodbove
according to claim1l, after said resin filmis placed on said sta sai d
resin filn1isa%€c€%% Y3 rdgaéﬁﬁﬁtgtége%ﬁé¥%$%ﬁ ??%eﬁ?d35n9gbeﬁjgggge
particle removang nethod according to claim®6, wherein said stage i s used
to suckasaid plan pi nd sai.d resi i C ing to a vacuum
suctioﬁonethod. afnwgggJ%2%2?3030%§a95fgig%%%%ﬁ%geg %?%@tle renovi ng
met hod accor déenyicondbatarbyadiheseamessigprstizgk and s hargedkusand pl anar
workpi ece and. 22l foregbinh! SELAEEAALN0 dne R SUELON IPLING s co the
el ectrostatic force. 9. A'stage particle renoving method according to claim
B, wherein safe%®ale 15 hEl BYi RoamgapSeSHFN Aeu TaM@ v ripemtparticle.

In this embodiment, for removing a particle stuck to
15 the stage 1, a cleaning wafer (cleaning plate) shown in
Fig. 6A and Fig. 6B is employed. Fig. 6A shows an
example of cleaning wafers made by coating a resin film
over one side of a semiconductor wafer. Fig. 7 is a
flowchart describing a sequence of producing the cleaning
20 wafer shown in Fig. 6A. Referring to Fig. 7, the
cleaning wafer shown in Fig. 6A will be described.

At step 201, a semiconductor wafer 101 having the
same shape as the semiconductor wafer 100 to be exposed
and having been washed is prepared. According to this

25 embodiment, a silicon wafer 101 of 8 inches
(approximately 200 mm) in diametexr and 700 um in
thickness is employed. At step 202, a double-fluid hard
silicone elastomer is applied to one side of the
semiconductor wafer 101. At step 203, the silicone

30 elastomer is bridged in order to produce a resin film
layer 110 of 200 um thick. At step 204, the
semiconductor wafer 101 having the resin film layer 110
formed thereon is immersed in an ultrasonic cleaning
vessel filled with acetone and ultrasonically cleaned.

35 At step 205, the semiconductor wafer 101 is dried. This

results in a cleaning wafer.



10 :D. A:stage particle renoving nethod according to claim?9, wmesgiry zg3d
system for processing or nmachi ning said planar workpiece is an

el ectron-beam | it hography system 11. A stage particle renoving nethod
according to claiml1, 1~ wherein said reslh #ilmis placed on and coll ected
fromsaid s age along the. same supply/discharge route as said planar

wor kpi ece. 12 A stag 9:51%.’@' ‘Ehée%gﬂl%n@%tcbc%@ fQs d2M0y1 NG, pﬁééi%§§lm1 20

froma stage, which holds sem conductor wafer to be processed,
i npl enent ed |3na¥a€%éﬁ¢3t§ofh%lu€@6meﬁaﬁﬁf achgrtiond isy stlaha ridl RAFRE tHR st age,

wherei n sai d sedaconducs of 1 wahehghavired athdweastn ene sWA acerpher epf coated
with aresinfjlmis placed.on said stage with said resin filmin contact

with 2~ the RYFM%e 0ISSRiBletageslahav Qigd tEENiSEGIR Fet e WRE 35 it ed with
said resin fls!émwomhd@@i efafeon sakdepeagee k&ow‘h &tzﬁ@&gaaram qh£y riesovi ng
met hod accor d=n laim12, said.resin filmi on and col | ected
fromsaid st QY tnmf?%%vgﬁneséﬁﬁﬁl§ﬁﬁl§Eﬁ§ﬁ@?ﬁﬁiﬁ%§%ﬁ? GpLsm

semi condus\;}orfhmﬁfﬁansp&fﬂﬁnglasym2663dua:99rAwalfe&rsl g [iatlel dexd h’mqlol aced on
a stage, iC ol ds anar _wor in_.order to.re article rom
the stage, and 16 %etHh +P%b|?%%t§g gpSﬁFtﬁé §g§géfs§§i qﬁgﬁﬁﬂb S?é
conpri sing aﬂbweneqﬂuﬂmy grelatlyesi Motebuecoatéad amdckmedsﬁﬁhgnnufsusfape
of sai dof | at jlate,s 15, A slage. particle rempulng. methad ageqrding 40,6l aim

1, subs anti a]1 y as herei ore described érence to the exanpfes.
10 16. A stagdigss tdaidl temmyi figowkdhbe deterdingdt.o claim 12,

substantially as therﬂfg_p;,{@%eogef%b{%gg%wt58&@%9@931{[ theh%o‘izx%ﬂf"@?e

1~ 17. A cleaning plat | aced on"a stage according to cIa|n114
substanti al | ft@gqﬁér el gelee d@%@@%@l WRERTr 8herBnde 8 dt-héPetdnpl &e

A5 A AL A AR ARHAD W th Adsdrefce Lo AEL QT F. AY, A Ar' . As. ANl AYYJUVV
VV 15 At step 211, a cleaning wafer like the one shown in

Fig. 6A is set in the wafer cassette 54. The number of
cleaning wafers depends on the degree to which particles
should be removed. Namely, one cleaning wafer or a
plurality of cleaning wafers will do. At step 212, the

20 wafer cassette 54 is set with the partition 52 closed.
The cassette chamber 53 is- depressurized, and then the
partition 52 is opened. At step 213, the stage 1 is
moved to the position indicated with the dashed line in
Fig. 4. The wafer transportation arm 56 is used to place

25 a cleaning wafer on the stage 1 with the resin film layer
of the cleaning wafer facing down. At step 214, the
cleaning wafer is sucked for ten seconds according to the
electrostatic cling method described in conjunction with
Fig. 5, and thus brought into close contact with the

30 stage 1. As mentioned above, the suction method by
electrostatic force in accordance with this embodiment
exerts a suction force of 100 kgf. The suction force and
suction time should be set to optical values according to
various conditions. For example, the suction force may

35 be 10 kgf. Nevertheless, particles can be removed to a
desired extent. At step 215, suction is terminated and
the cleaning wafer is returned to the wafer cassette 54.
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10%& () - Y10% & ()PItMsogggéfg; the wafer cassette 54 is collected and
the cleaning wafer is taken out. The wafer cassette 54
is cleaned and then reused. The work of removing
20 particles from the stage is completed according to the
foregoing sequence. The electron-beam lithography system
is returned to a normal processing mode. The time
required from step 211 to step 216 is very short. The
collected cleaning wafer is reproduced at step 217.
25 Reproduction is such that after the resin film layer 110
is peeled off, the semiconductor wafer 101 is cleaned,
and then the resin film layer 110 is formed again
according to the sequence described in Fig. 7.
Removale of particles from the stage according to
30 the foregoing sequence is carried out, for example, after
a predetermined number of semiconductor wafers has been
handled, periodically, or any time when a defect is
detected after an exposure process. When particles are
removed every after a predetermined number of
35 semiconductor wafers has been handled, one of the wafers
to be exposed and stored in the wafer cassette 54 is used

as the cleaning wafer. The foregoing sequence 1s then
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lithogfaphy system in a clean room of class 1. The surface
5 of the stage 1 is sucked using a vacuum cleaner with the
wafer cassette 54 and partition 52 left open. Immediately

thereafter, the partition 52 is closed in order to bring the

vacuum becoth 51 into a "vacuum. Nemely, five particles were
left. However, the lengths of the detected particles are
10 eéual to or smaller than 2pm. According to the method of

removing particles from the stage 1 using a wvacuum cleaner,
the stage 1 is presumably contaminated secondly with
particles emitted from the vacuum clezner. Particles cannot

therefore be
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N ()-' 10%&ne) mechanism for supplying or discharging a
semiconductor wafer which is conventionally included in
5 the electron-beam lithography system is used to remove
particles from the stage nearly perfectly in a short

|
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period of time.
A description has been made of an embodiment in
which the present invention is implemented in an
10 electron-beam lithography system. Alternatively, the
present invention can be implemented in a step-and-repeat
photolithography system with demagnification. Since the
step-and-repeat photolithography system with
demagnification is required to offer as high precision as
15 that the electron-beam lithography system is, the present
invention would provide great advantages. Moreover, when
the present invention is implemented in a semiconductor
manufacturing system that is not required to offer so
high precision as the lithography systems are, particles
20 can be removed without being scattered. The number of
particles adhering to the surface of a semiconductor
wafer can be decreased. Beside, particles adhering to
the back of a semiconductor wafer and being moved to
another process line, for example, a lithography line can
25 be diminished. This contributes to improvement of a
vield cffered by the system.

Moreover, as far as any system other than the
semiconductor manufacturing system is concerned, there is
no effective method for removing particles from the

30 surface of the stage, which holds and locks a planar
workpiece, without scattering them. When the present
invention is implemented in such a system, particles can
be removed without affecting other components adversely.
For example, the present invention may be implemented in

35 a system for manufacturing a panel for a liguid-crystal
display or a plasma display. 1In this case, since a glass
substrate is held and locked on a stage included in the
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As described so far, according to the present
5 invention, particles can be removed from a stage without
scattered. The adverse effect of particles can be
reduced drastically.
In particular, when the present invention is
implemented in a semiconductor manufacturing system,
10 particles on a stage which may deteriorate the flatness
of a semiconductor wafer and scatter to adversely affect
the surface of a semiconductor wafer can be removed
without scattered. Consequently, the yield of a
semiconductor manufacturing process improves greatly.
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2. A stage particle removing method according to claim 1,
10 wherein said resin film is coated over at least one side of
a dedicated planar piece shaped similarly to said planar

workpiece, and wherein said resin £film is brought into

contact with said stage.

15 3. A stage particle removing method according to claim 1,
wherein said system for processing or machining said planar .
workpiece 1s a semiconductor manufacturing system, and
wherein said planar workpiece is a semiconductor wafex. '

20 4. A stage particle removing method according to claim 1,

wherein said resin film is made of a silicone resin.

5. A stage particle removing method according to claim 4,
wherein sald silicone resin is a bridging silicone resin.
6. A stage particle removing method according to claim 1,

after said resin film is rlaced on said stage, said resin

h

ilm is sucked towards said stage and then freed.

30 7. R stage particle removing method according to claim 6,
wherein said stage is used o suck said planar workpiece and

said resin film according to a vacuum suction method.
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9. A stage particle removing method according to claim 8,

wherein said stage is held in a depressurized environment.

10 10. A stage particle removing method according to claim 9,
wherein said system for processing or machining said planar

workpiece is an electron-beam lithography system.

11. A stage particle removing method according to claim 1,
135 wherein said resin film is placed on and collected from said
5tage along the same supply/discharge route as said planar

workpiece.

12. A stage particle removing method for removing particles
20 from a stage, which holds a semiconductor wafer to be
processed, when implemented in a semiconductor manufacturing
system including the stage, wherein said semiconductor wafer
having at least one surface thereof cocated with a resin film
is placed on said stage with said resin film in contact with

the surface of said stage; &and said semiconductor wafer

[\
(9]

coated with said resin film is collected from said stage.

13. A stage particle removing msthod according to claim 12,
said resin film is placed on &and collected from said stage

along the sazme supply/discharge route as said semiconductor

v
(as]

wafer.
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14. A cleaning plate to be placed on a stage, which holds a
planar workpiece, in order to remove particles from the
stage, and to be then collected from the stage, said

cleaning plate comprising a first plate; and a resin film

coated over at lezst cne surface of said flat plate.

15. A stage particle removing method according to claim 1,

substantially as hereinbefore described with reference to

the examples.

16. A stage particle removing method according to cleim 12,

substantially as hereinbefore described with reference to

the examples.

17. A cleaning plate to be placed on a stage according to

claim 14, substantially as hereinbefore described with

reference to the examples.



