MONI TORI NG STRUCTURE 1. Field of the Invention [00011 The present invention
relates to nonitoring structures suitable for placenent on photonasks. 2.
Description of the Related Art 100021 Phot onasks are comonly used in

I it hography processes associated with the processing of sem conduct or
wafers to fabricate integrated circuits (1Cs) used in cell phones, nusic
pl ayers, and other el ectronic devices. Photomasks typically consist of a
substrate such as a plate ofyGN#PORINCWPREE ich a feature pattern is
provi ded representing the circuit features to be transferred to the wafer.
The features may be provided on the mask in the formof an opaque and/or
partiaIIY opaque | ayer such as evaporated chrome. 100031 As the size of

f eat ur eslassodpldioéthedn¥entieeni conduct or | Cs decreases, the size of the
correspondi ng features on the photormask al so decreases. Consequently, the
yi el d of [088HkThegpgesnt desntians tdlatesndp fmapitorng etmictwrex satable foarplfcanénrdnng
process SRS i ncreasingly sensitive to the presence of contam nants on
t he photomask as the size of the features is reduced, [00047 Contam nants
may be introduced onto the surface of photornasks during use of the
phol ci rriask, storage of the photomask or cleaning of the photomask when

t he phOtﬂmSkﬁes@ﬁ;ﬁioh%f&%lﬁeﬁk’e%e hi the case of contam nants introduced
during cleaning, residue fromcleaning fluid nay he left on the mask

foll owi n of _.dryi f e . omask. The residu [
subs eque%t0 %%hggo?ﬁglgn % Sélﬂr}lﬂlgo B%J%d élpgﬁﬁ%gﬁ@ﬁﬁ hOPEHES kasaﬁﬁ“ﬁ?fga‘%%&eur e of
t he photBAeRIshe phsetientiidtdrorpfep y fabricae fsegraltciRonPACEAsedRYcel PHGHRs,

del eteri ati i he intensit ndl or, phase of optical illum nation
or o] et e T AP AGER “ThsT A Pnisdk T SR irbi corestobe i sss

f ai t hf uldsya plate ofiglfisnat qiae@tonr whipltat feitireQfattbs pROIRIBSHesehtBRAR cikditvi ew of

t he ever&&ﬂgggagiqgﬁgo%Ter i al C%ﬁﬁﬁ%itive pressures, along wth grow ng
consuner “axpa & %t FUHETERY hewalgr- 18 18P Be Poyied pe themsk indheforgf ul
product dfiahiopiibhdbn paRiallp opiifie TRK QlcR he&Rporated khrofifel t 1 Cal that answers be
found for these problens. Additionally, the need to save costs, inprove

eff 1 ci erlobes) sandle Fieé bO MRS ssRATRER scrfiRRBb ICLIRFASI U Size B8 AN even

greater ur gency. t? the crjtical necessity for finding answers to ese
pr obl emsc10rr sponding features on the photomask also decreases. Consequently, the yield of working

devices resulting from a semiconductor manufacturing process becomes increasingly

sensitive to the presence of contaminants on the photomask as the size of the features is
reduced.

[0004] Contaminants may be introduced onto the surface of photomasks during use of the
photomask, storage of the photomask or cleaning of the photomask when the photomasks are
to be reused. In the case of contaminants introduced during cleaning, residue from cleaning
fluid may be left on the mask following a process of drying of the photomask. The residue
may subsequently react and form compounds on the photomask during exposure of the
photomask in the lithography process. The compounds may cause deleterious variation in the
intensity and/or phase of optical illumination projected through the photomask, resulting in

failure to reproduce faithfully the original feature pattern of the photomask.

[0005] In view of the ever-increasing commercial competitive pressures, along with growing
consumer expectations and the diminishing opportunities for meaningful product
differentiation in the marketplace, it is critical that answers be found for these problems.

Additionally, the need to save costs, improve efficiencies and performance, and meet



3. Summary of the Inventi [0006] The present invention provides apparatus
for detense-acelotion on a |ithography mask, including a fluid trap having
a base and at |east one wall nenber extending substantially perpendicularly
to the base for trapping fluid on a portion of the base when fluid _
introduced during a cleaning process of the nmask is renmoved. [00071 Certain
enbodi ments of the invention have other aspects in addition to or in place
of t hosecomprtitivnedesarey; axddsThe eaaperhisr widehcyd 8 O@EcrdRMaARBEsity Foit HAGERg SKi | | ed
in the art fr a reaggﬁl of the followi ng detailed description when taken
with ref ersgr?f:seg}hc?s?ﬁré’ g‘on‘panyi ng drawi ngs. 4. Brief Description of the
Drawi ngs [0008] Enbodi nents of the present invention will now he described
hereinafter, by way of exanple only, with reference to the acconpanying
drawi ngs, in @ﬂich: %g%qgl FIGS. | and 2 show a fluid trap according to an
enbodi menit  of “PHEAY § HGIRGAEOY 0010] FIGS. 3 and 4 show a fluid trap havi ng
a recess e according. to anot her enbodi nent of the invention,

FIG 5 sﬁ@&@a@%ﬁ‘%’&{ 1SHTBR PO aPP"’cSWl-bfci)’éﬂ;t&ﬂwn@smgafweafﬁpglgamatwn

spi n- dr yoma ligiopephs mdsROibhdifk @ flid H09WeviRe dibh&CAHd0N 10k: bhdlivd (lAWepver 2
pﬁotonagk g ?fn ayd;{%-dryin% procggg. 1%%131.FI63 / shomg an away of
fluid trap Hkgég?ﬁ?lﬁ'gﬂ?( BerRPndigasly torthetbasst for trepping/Ruid b a, poftde bf thefa® 8

shows r eghéiui@int@aided MuRRADS clBiHi p&&ggékﬁrtﬁ@mmiié‘ﬁg{gx%{)g of a photornask

having a plurality of arrays of fluidtraps provi respective | ocations
[0007] Certain embodiments of the invention have other aspects in addition to or in place of

those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.

4. Brief Description of the Drawings

{0008] Embodiments of the present invention will now be described hereinafter, by way of

example only, with reference to the accompanying drawings, in which:
[0009] FIGS. 1 and 2 show a fluid trap according to an embodiment of the invention.

[0010] FIGS. 3 and 4 show a fluid trap having a recessed base according to another

embodiment of the invention.

[0011] FIG. 5 shows a direction of fluid flow over a photomask during a spin-drying process.
[0012] FIG. 6 shows a direction of fluid flow over a photomask during a drip-drying process.
[0013] FIG. 7 shows an array of fluid traps according to an embodiment of the invention.

[0014] FIG. 8 shows regions of contaminant buildup due to spin-drying of a photomask
having a plurality of arrays of fluid traps provided at respective locations.

[0015] FIG. 9 shows regions of contaminant buildup due to drip-drying of a photomask

having a plurality of arrays of fluid traps provided at respective locations.



[0015] FIG 9 shows regions of contam nant buil dup due to drip-drying of a
phot ornask having a plurality of arrays of fluid traps provided at
respective locations. 5.Detailed Description of the Invention [0016] The
foll owi ng enbodi ments are intended to illustrate-don nore fully w thout
lirniting their scope, since nunmerous nodifications and variations will be
apparent to those skilled in the art, 100171 FIGS. 1 and 2 show a fluid

trap 100 Saccobédiailgl Pescaptienidfitedinmaibn of the i nvention. The trap has a wail
102 generally in the formof a T.' shape, surrounding a base region 103. An

openi ng 1086] $hpfoliowikgdmbodinteatswed intehdedab fitustrhte tiedndeatiéd Q¥tei fllyOw ARG OUt
fromthelitmrita[p. A lateral exit fl ow(g%gcti on illustrated by arrow E may he
defi ned aStRE;PIL S, S Rhmerous TRoditiglens 4udayarigtions il b iagbarent te shaspds 102A
of the wakilled mnkk 4.r ect ed away fromthe base region 103. 10018 Walls of
fluid traps are forned at the sane tine as the feature pattern of the

phot or nagto1y7} FIgS. 1 dae 22gpies fatiashpt 18t ackdSi@Ns of RRdii Ht{)(?f R iAfidn?VeNnt i on

t he wal | %Raes forﬂEd in a separate process perforne efore of after the
feature S_Q? ! ¥ Walh 2 grsergin dkthe §°rﬂb?f_rPe‘<§3.’ shag guropndinghebase segiaf 103,

phot o las, dpaihi S0 RIASRAIAN hSwall REIINE Auid OF b ifed PG d A3 (T Qe | aver
deposited in the course of formng the feature pattern on eth st

[ 00201 | teterpeexitdlow Grechiomilligiedbhaming pimabedsfivicd ts b direstion betveemand 102

may be f ouyigdidn : "Flg’ge i material. in addition to.or
instead of a Iag}/’gr Io?&lgﬁfﬁgﬁgh élof%‘@%’ agé §lﬁ%f?‘ﬁl Rgwed #‘?8?58 8% havi ng
a recessé®.base according to another enbodiment of the invention. In FIG 3

and FIG. 4, the base region 103 is recessed below the | evel of the
phot onas K048l Walle of did Aapeewss fededat ¢he egnonink0as drsfthiufe patteBD of NES €ase in

t he anmou | i gt ) . apped the flujd.tra 00. In sone
enbodi ne tost%?sk[ #evgllnnﬂ\%ga%ﬂ%g%teﬁgmtt rllerOD ec%%%&&“ﬂﬁ%‘éﬁb%ﬁ’ivﬁ‘ﬁg‘n %‘wval{srfaasf ecessed
base regbofemiEd3inas ecfaatarmoats phforaRUEbdforatorashidr CHE SFERGke! RBeRANSF ARSOCI at ed
with the ﬁ@g_}luke attern of the photomask.

photomask is formed.

[0019] In the case of photomasks having chrome layers, the wall 102 is formed from a

chrome layer deposited in the course of forming the feature pattern on the photomask.

[0020] In the case of photomasks having phase shift layers, the wall 102 may be formed from

a layer of phase shift material in addition to or instead of a layer of chrome.

[0021] FIGS. 3 and 4 show a fluid trap having a recessed base according to another
embodiment of the invention. In FIG. 3 and FIG. 4, the base region 103 is recessed below the
level of the photomask surface 106. A recessed base region 103 results in an increase in the
amount of fluid that may be trapped by the fluid trap 100. In some embodiments of the
invention having recessed base regions 103, the recessed base regions 103 are formed at the

same time as recessed regions associated with the feature pattern of the photomask.

[0022] FIG. 5 shows a direction of fluid flow over a photomask during a spin-drying
process.A fluid trap 100 has the characteristic that fluid may be drained from an appropriately
oriented fluid trap 100 when the photomask 200 is subjected to a spin-drying process. In a
spin-dying process, illustrated in FIG. 5, the mask 200 is spun about a central axis 201 of the
photomask, perpendicular to the plane of the photomask. An appropriately oriented trap in
the case of a spin-drying process is a trap having a lateral exit flow direction oriented in a

direction away from the central axis 201 of the photomask. Traps 100 not oriented to allow



[0022] FIG 5 shows a direction of fluid flow over a photomask during a
spin-drying process.A fluid trap 100 has the characteristic that fluid may
be drained froman appropriately oriented fluid trap 100 when t he phot onask
200 is subjected to a spin-drying process. In a spin-dying process,
illustrated in FIG 5, the nmask 200 is spun about a central axis 201 of the
phot omask, perpendicular to the plane of the plaototnask. An appropriately

0. ri ent efluiitaflowut ffthe@gedudinga spiptdiyiflg plob@s PAIDELSS flbid for 1biRPpddd B a
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periods of time than traps that do allow fluid to flow out during the

spi n- di yloRgETReredsses time, dheeanigminansybringdepesited dmitheatrars due emevaheratioreahi ng
fluid w{yk ' dnlati (0 fluid for |onger periods of
time, the g@ﬁ%@ﬁ?ﬁ%ﬁ]@gﬁﬁgﬂgﬂgépom?%%tt?én@atphe traps due to evaporation of
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directi oé])r O ISR alﬂtﬁr%F’&L,gg‘g\a‘re‘ft'ﬁﬁ?Ei’fedl"rl’aﬂago"iw&]g’f“&?‘? d9ngy t o

al | ow f | the drylige prbeegs.out of the trap during a dri Thdrying process wll
retain fluid for |longer pisiods of time than traps that do allow fluid to
f1 ow out [0624]i Trgpst ) absti gpietltcy itO @lIpw dhes & fléw Fuedf @le RAFDURNgAS d§RBHya{E nant s
fromthe cl eanigr f.l %%SPM]{OI therefore remain in those traps that retain
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of the inyenti Nine cells 310 are provided in a 3x3 square array of

n.
cells 30‘(?)'.1ﬂ??fég’éf‘e‘lemé‘“ﬂﬁ‘oé"aﬁpsé'éﬂ‘rﬁt@% Eu‘§é9@ﬁn$§apﬁﬁféﬂﬁ offimé-d traps 150 and
one conpdﬂﬁ%e fluid trap 100, the traps bei n%f spaced at substantially equal
angul ar PREAEIGH 4 showtian grapAPY of flyid sap3eells 510 ifpmnedeqn 2 photomaskn0 1o t he

phot or nagirdsie VAGE an EABBitHeAPoA AL iARHHAAT Nid céu%éﬂg%?? pRARIeR i+ gifnal exit
flow direction oriented towards the central axis 311 of "the cell 1n a
di r ect | cHUYBgEaY pkcdlp 30HaThoeella Bl & vash comprisetrsvan pantitiflgid traps APG awkore show a
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opposi teéogwrlég%??gr?% {) éb@rﬁﬁﬂg tg gélgggbgg%dtﬁ 0\5651 g?&e%qtglgoaﬁgﬁc}%r lgtggl%lsta%’%% 2100.
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100 exc t t] of ..t Ll.qgf th artial flud ap.an an
oppos: t & 50 by F A ol ailsfor Bl sl Bt s SLCh A RYGR 1 e
cel | 30Mimttidrheppositetto ehabdf drhvevsdras ajovetnia FIGOTY. ARw®s Asponplatia fuldénttyt r ap
feature 100.. Rat he jt c rises eight partial fluid traps 150. It wll be
appreci a oé"(’jd'f%?ffm f’ﬁ%ﬁ&@ﬁﬁ@d’ﬂl“ﬁbﬁlﬂ%‘g Sl W?‘Mﬁﬁ“ﬁﬁot@w}ﬂ“&ﬂow ui d
trap f ealinetitsh cfz@chatap 11001 fornmed on the photomask. Instead, only the
conplete fluid traps 100 are forned. [00281 The array of fluid trap cells

310 is poend)deed pattiahflbidatapeash acosmllat e the irapléte FRidl Rehshid® kcdprlupk @l exit

flow directio thatl iﬁpdi ifer r]é fromthe lateral exit flow direction of
the ot hePrBfItat wal p Eip%rflélptg" BeP o at FRposife side Hbs stastienis e eRFIFEG. 7,
105, 1s absent.
[0027] The cell 301 at the centre of the array does not have a complete fluid trap feature 100.
Rather, it comprises eight partial fluid traps 150. It will be appreciated that in some
embodiments of the invention the partial fluid trap features 150 are not formed on the
photomask. Instead, only the complete fluid traps 100 are formed.



10029] Furthernore, as shown in FIG 7, in sonme enbodi nents of the
invention the cells 310 of a given array 300 are provided with conplete
fluid traps at respective |locations such that an inmaginary |ine drawn al ong
the lateral exit flow direction of each trap, starting within the trap,
does not pass through a conplete fluid trap 100 of a cell of that
particular array. Thus, interference of a conplete fluid trap 100 of an

array wiooed] e btrapofafuid frap @ith BLis @rovléll shdhanat2Rat deiplEOMRl &b 16d tsd trap
100 of theg;a?rre, rray i s reduced 00301 In sone enbodi nents of the
it dgw

i nvent i nl® fian thetqy difaent drogethe lajeral exitailow diecion of dhegiast omas k

200 in Qfiplets Mui@RAR 1903f Bk s00, sHoWnFIERGE bet ween cont ani nati on
formed due to a spin-drying process and contam nation formed due to a

dri p- dré{hml FaftE&®Sre, kAW i F1G. 78irSRARnBoBRRhQTRHE idRib bRl 18T X
arrays 300 of fluid fraps 100 are provided. Arrays 300 are provided at each
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corners, j i - AXJ: 0Q. These
cositi orniha@RR It Srablnifshe the LIGUSRRA (R¥G FlaaPld Ml MEOR,
whet her teapbdies dapass thowgh awdbmaletesfliid trap €00 of acelrdfphal pyitingaprroyge Teugr a

spi n-dryj 0cess, 321 A di,stinction b en a iQ-.dryin rocess and
a spin- r@%ﬁ‘gﬁ“ﬁﬁg‘z“e"é’ﬁp %geyﬁlg‘ei t%(@b t()’?laﬁl ﬁ%ﬁe‘é’ﬁf‘ﬁgﬁ t?(hv% O?ﬁﬂ’lﬁdmf’roéﬁgt %ﬁfﬁ to

det er m ra@other avkipbdee fhiid trbye 1 00 afitiek dafre@sral GQeduckdli | d up of contam nants 350
has occurred, The build-up of contam nants may not be detectable follow ng
a si ngl 40@303 dmnsonge guitedasaits offisinvdnition BmSkay B0y i PRuided at 888l ¢ddatddhsiod] | owi ng
each of several nin rocesses before detectable | evels of
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conpr i setue th@spii-8fngProdeassdit RenthiMatiGstormel duetd 8anp-agidd prodss.f ol | owed by
drying of the mask. Drying of the mask is typically perk-tined either by
Spi Nni Ngo031¢ FIGSK sabouita fHaenuskt208l inaxhish 2L aedyst 300 sRALId2@4hs @0 &y tilting
t he mask fr. a sub ntially horizontal orientation to enable cleaning
fluid té’f‘r‘i“g‘@ f”rf&\é(ff‘ arﬁﬂé%l%ﬁ&éﬁaﬁr%mrwﬂwﬁﬁfgmm frdleat R locians i ncl ude

subj ect infigwh BetiR&K the0Qriets, 3R drﬂpbgi@sgauscof%@@éﬂtﬁg aRis 99833 the HA434do.
| nspection of the fluid traps follow ng the selected drying process my be
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contam G Al ul rappe
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traps shown in , 1 e contam’nati o up i ose traps having

| at er al bgingpesting\thelflvid drapo he0 ter datermine inrwhichdef the flushtrapg 406 stbuilthep fof ow of L
cl eanin ! ryce i.fug force L.eh 1S erall.y. in_a di.;rection i
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a drip-d of ,contam nants 350

i.n rocess, the, tra i n, Whi ¢ he bui |l d-u
has occl ?%(eggl%%aagmﬁ%?é?i?sﬁe%b?éregjﬁgg%’blfé?VFGé%S?Pd‘i"ﬁlﬁatfodl d[%ﬁ‘@l‘{l?tﬁps shown in
FIG 9, i re. again those traps having.lateral exit,flqw directions
or tent odP A GhfinBRicipi® B b BRRally borhgiset o sfps 6 Yoot ek 74 he
dryi ng pleagiag sluid, @B%Ed bhdsyisg of the nimkK Devikg o€ tiRUnisk ib Gfpltalppérfotmpd ng and
chi p-dr yeit]?e(%’byls;in%ng %ﬂelrr?z;sk about the central axis 201 of the mask 200, or by tilting the mask

from a substantially horizontal orientation to enable cleaning fluid to flow from the mask

under gravity. Washing of the mask may include subjecting the mask 200 to an ultrasonic

cleaning process. y

[0034] Inspection of the fluid traps following the selected drying process may be made by 5

eye, or by using an inspection tool.



up of contam nants 350 is primarily due to only one of either spin-drying
or drip-drying, inspection of the |ocations of traps in which a build-up of
contam nants has occurred will provide an indication of the origin of the
contam nation. |If both drying techniques are responsible for contam nation
buil d-up, this will again becone apparent frominspection of the |ocations
of traps in which a build-up of contam nants has occurred. 100381 it wll
be appr el§033]dd thertatildsip\oé catarninghte $ 50 hasvasinireigdugid edappiatign af faiklkrapped be

required re .abl e appunts of con i papt _arge found in of the
Frata origviRgrs AEhARARE boeATTHE winy in SRR, DR whr ulithpmud 3R e

enabl e aoacatrel b likelguarvé dosocorebpandiiganittearps siaiwnpinegde! 8 igicoganinaginons of a
phot omask .t.0 be accel erated. ,A | evel of contam pants in.a fluid trap
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enpirically determ ned. Wien a travel of contamnants in a fluid trap of a
phot omas®§ & retglien2Qlptdheumaskor exceed this critical level, the mask may be
wi thdrawn from service pending a further clean, or disposal. [0039] The
fluid tO%3YithEeduildup ¢f sontypiggnty 430 hassqeeyread due te gyappradon ef flyid wspprd 1 ui d
on a phofaspsk. o Ik rg il hidn | any @rﬁad}i i.on
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di r ect i otkeaning fhixhdigingalie dtyingptacesss across t he photornaslc thereby to all ow
a- distinction to be nade between a nask that as been drip-dried and a nask
t hat hasl08FH Thapun thir daseiof a hedkidbjevied bn both gindedng agl dip-drpmgyid adhuild-

' cont am pa ‘1S inc d :haze', and at her f.or of contam patjaon. [0041]
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| east onespeftidnhel tAb daatiomnifitepe dn phidh| 2bwld-upOéhtabiindnss Basfastirhdrwidlspect of

enbodi nents .of the invention.to vide a.mnitqLin tructyre for a
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trapping structures such as those described hercin enable a rate of accumulation of

contaminants at predetermined regions of a photomask to be accelerated. A level of
contaminants in a fluid trap corresponding to a critical level of contaminants on the surface of
the photomask leading to a risk of unacceptable levels of device yield may be empirically
determined. When a level of contaminants in a fluid trap of a photomask is found to equal or
exceed this critical level, the mask may be withdrawn from service pending a further clean, or

disposal.

[0039] The fluid trapping structure provides a structure capable of trapping fluid on a
photomask. The term comprises within its meaning an intersection between a vertical wall
formation and a major face of the photomask. For example, a plurality of non-
interconnected, discrete walls of respective orientations about a central axis may be provided
on a major face of the photomask. The walls may be arranged to trap fluid flowing in

particular directions or ranges of directions across the photomask thereby to allow a
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[ 00451 In a second aspect of the present invention there is provided
apparatus for determ ning presence of contam nation on a |ithography mask,
conprising: a fluid trap, the fluid trap conprising: a base and at | east
one wal |l menber extending substantially perpendicularly to the base for
trapping fluid on a portion of the base when fluid introduced during a

cl eaning process of the mask is renoved, wherein the fluid trap further
conpr i sedlistinctiogds the onmsleviatveemanask thatnips ibeem drigdiial indne rask (HapRaitega t he
wal | menmper ning being configured to allow fluid to flow out of the trap
in alateral exit flowdirection of the trap [0046] In a third aspect of
the pres i thion there.iks provided.apparatuys, for determ ning presence
of cont aﬁ‘ﬁ?gl ?)o{%ﬂlotlr}lle ?W%%&SB&WP rfﬁgli?{n"}?gﬁp}silgﬁ?@fiq?zﬁl i ther §orgs of | yj d
traps, eaafarfilngtich.trap conprising: a base and at | east one wait nenber
extendi ng substantially perpendicularly to the base for trapping fluid on a
portion @f041hk ibas espetrest the priesbnt RiveeiaCtotht dassd MotlyPmett ARt NGhsPERCASH: Of the
mask i s renoved,. v‘\geﬂrﬂé{n the fluid trap further conprises at |east one wall
menber CS%FT‘%WHEI ¥m$renber opening, the wall menber opening being
configurﬁ% #o allo luid toftlow ut of the trap in a lateral exit flow
directi of Odf! HHs 7 futher spsotzal prbodiments of the javentio te meovislees amanitorngnt i on

t her e i sstarcait fhed paBReat us for determ ning presence of contam nation on a
i thography mask, conprising: a cluster of fluid traps, each fluid trap

conpri si [@43jpARARS a?{l@t 8f ethBtherR) 6 WR! JresRIMAGNLE (LRLHHIS Y Atal 1y

perpendicular|ly to e base for trapping fluid on a portion of the base
when f | uf@uitornedarrcse i apfolwmasloani ng process of the mask is renoved,
wherein the fluid Inp further conprises at |east one wall nenber conprising
a wal | M@rm&p@‘ﬁ? #gectof dhe prpsentimiakension dhese isnovidednapparaiv i forudesatminingal | ow
fluid topflawe t ' I I e £l [ td f.the trap,
| at er al Iéxi t flgg\%\?rg??%gtﬁnoﬁggoﬂfﬂ{br eé’t‘gtéﬁss’e°°?‘?%%§ngbg}%ﬁgd érgéctg(g@lg t|rr]i)t erval s
of bet wetHNHisiHgt aheseandyat kgstang weioneiobpreatendibg substantalkpespendiadierntor nal |
100481 | i : t.he. pr pLnvwentd on. there i.s.provi ded a

net hod o?le?f,ta)gne: t%%){r}?lﬁg Eaﬁ%&%é L}%ﬁg& %ﬁﬁ?gﬁe%hﬁ sﬂ ugdqnméo 4P SRR 6 Pigy

conpr i si prgcashel the mpsk isfemgyedvi di ng a mask having at |east one fluid trap,
the fluid trap conprising a base and at | east one wall Menber extending
subst ant [04#3]yin pseqoad dspect| citieypresenttiimeentians thefeds povidpdippgratdsfortdetsimmingor t i on

of the b ui.d i ntrodyced during, a cleanin rpcess of the mask is
renoved;&ﬁm%g%%qﬁgcing‘%gﬁgkoq ?‘llﬁgho @ i"hagk’f folfi'fpﬁ',smg'rgifﬁﬁf ap, dhe fuid. trag g
measur i nepngmisiagnalhiseahd @bl whe antlSndnbes ak@ndihg hbs@htiNDetjeaticuldB0B91 1 n a
Si X aspe e.present inventio ere i rovided a method of formn

th t@etc}j%{bg $t tﬂ'tJh%g p ded thod of f g
a |ithogt a%ﬁ%? ReLP '§n€1fl op gdortiog gfithgbase vhen diuidsnoduced duringacleaqing sur f ace
of a |itprogsaphihemsk.is tdifved, &pheddin kiRilhiaGrapHertl chBsdes qafeaitldéab Gafiap

conpri si n%rlt he stegs of form ng at |east one wall nenber extendi ng

subst antT ﬁ"i’; °BEPP %Pd’{ﬂlé}lmﬁe{ opening she WAk mempet orening) teingeoaplguredstof or

t rappi noalfoleld @M SR it Rrapfn 4 ﬁ%rﬁ%ﬁ@ﬂ%%e&loﬂ'o@%@%]ﬁpdUCed during a

cl eaning process of the mask is renoved. [00501 Enbodinents of the present
i nvent i qoo4y) oy adigrd Aspbdl of BRIPEBREL ifldndeh WS istiak Q! dup of

cont am nan?s] on ar p#lsgtqr(;askqevist hiln the flui losltﬂt?r a%egicéﬁgérgt{b%o?tdﬁ{é@%he

bui | dup RSFserssiRt spntAmipationpn alithographyinask, comprising: & phualityi offluid traps, pashi t i on on
the pli ohpd K oMb ok { L t.Q deyy G Hﬁ?u cture, .provides an

i ndi cati on (;r%%ac?@/rgl gt)fSa ?géﬁt gﬁrg tﬁgﬁtg%sstio%erglé]? orﬁs 0 {xﬁeendfo"ﬁo§uggt Otls Yout si de

the f| uiretRendipginiytosthe base doretrappingHluic ot hossicaré g tase vhen Milioimmdsded

Cont oo bR clofuh BloHLE Bt e nhalf i) B L WEere b Hlitsreb dpihisl eorvirises Ahet o
relati ngeasoonerwalymeinuemq‘onmsih'g lagvanenéx?bér q@temdg;aﬁalwus hﬁ&b&?ﬁ;@ig@&,@pﬁgs k in
of . cont a s in.a flui rap

order taqg termne acritical |eyel nant s |
corres pgﬁgﬁ%ed{? allow faid tp flay Q“EO%E? trep in & lger g@(,{l]%c_hrectlon of the trap.

{0047] In a fourth aspect of the present invention there is provided apparatus for determining

presence of contamination on a lithography mask, comprising: a cluster of fluid traps, each
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[ 00521 Enbodinents of thei in provide fluid trapping structures |located in
respective |locations across a photomask, and having lateral exit flow
directions of respective orientations, enabling contam nation due to
different drying processes to be distinguished. [0053] For exanple, in
sonme enbodi nents of the invention, fluid trapping structures are provided
that enabl e a buildup of contam nation due to a spin-drying process to be
di sti nguiluitheterpf eonprisingui4 dese ofd aoritztrionat walh rlensber cextendinigpsubstaitiediypr ocess.

[0054] T : id.assessin e.qualjty,of .different

dryi ng pé2> g%g%%lg%w{?ﬁg?/g{ésr%etgiﬁépggngsdgjf‘%ﬁn 7RO ﬁ’é’ﬁé’? ﬁ}erﬁaﬁegwbwgﬂlﬂﬁfi Wq’f?&“?‘ﬁdst ory of
a mask. quoiegs tlemifg proeess of teantiskintmoodd, vherejrtes Mt tiap figthier impiskd athave ‘
some, al,l e of the above aﬁgﬁg&l@?rand features descri bed above,

or n
[ 00561 fﬁ”ﬁ%ﬁ&h%@[]mfﬂ T fETEFREion SPRUNG NG KIS MEPRET IRCRLE BSIRE t he

wor ds " configuraeto Ale fleans Ao oud B théardpahia0aerad bxit New\Wsfon Jfahe GXRNPI €
"conpri gltglg and "cg‘irprl,ses" means "including but not limted to", and is
not i nt SAEEH K6 A IERGERIS, BY yreBSRVE EAPSt PriRE $BACet | asintesysdl ©Of Vesbween

conpo: Nebtantibil AOAHIS 80/ degle@SoulARRK kurFRE QU@GPPUt the description and
clainms of this specificatron, the singular enconpasses the plural unless

the cont[eeds] &t RGN aSeck BEIe thRentlifveR@dd iHetd! i@ hroviMAg hSnddRf %ﬂﬂ&ﬁio%%% article
is used, the specificationis to be understq(_)do as contenplating pfurality
as wel | bygduy tinants ofh p dishogranby awsk exmprisiepuibe stepo o arwiidieg 2106881

Feat ur eg4avin rast 8kl fitd (ﬁﬁ{m h Cal j et | r ginps
descri begwi gtafé%ﬁsjrt Eﬁ%? Pign@a\%i ?‘I% fgﬁdpga?"[ 7c a@ggg%%%ﬁaeagﬁr%%ﬁn@n% r(r)lfg?ﬂ()a‘%arrpl e of
t he i nvertending sybstaninllyeerpeddiceladpty thobise fappippiog fiuil dne wmtjoroofitbe baspect

enbodi . i .herein ess .inconpati bl e. t her.ew t h.
[o0sar AP SRS RS QERUSR AMhERRS RSB mut ik Tk
speci f i an bedbdaning dwid; idrying sdid ninek; and ecatoing dnhaiounbetycoatatrbfisngt inVearl, at
nodi fi C%ais On%,traand variations will be apparent to those skilled in the art
inlight 0 TréPaf or egoi ng description. Accordingly, it is intended to
enbr ace uch. al ternatdyves dificatjons, and variations that thll
within t[ﬁ‘g% (f:no% lxg} . pﬁé} ?flntgf 3868%1?(}?‘@}‘?@ RFq 1S previded 2 WF{hﬂgr"? PR &et forth
her ei n dithoghupisn miask téhrepréstan MRatiyg fdestt aué AR tedpeort Dsilifick BF BNy N an
illustrative, and npp-ljmﬁln sense, . . .

mask, the step of forming the at'least one fluid trap comprising the steps of forming at least

one wall member extending substantially perpendicularly to a base whereby the wall member

is for trapping fluid on a portion of the base when fluid introduced during a cleaning process

of the mask is removed.

[0050] Embodiments of the present invention provide fluid trapping structures that accelerate
the buildup of contaminants on a photomask within the fluid trapping structures. The buildup
of contaminants within a fluid trapping structure, at a position on the photomask which is not
critical to device manufacture, provides an indication of a level of contaminants in regions of
the photomask outside the fluid trapping structure, such as those areas of the photomask
corresponding to features of the integrated circuit.

[0051] The level of contaminants in a fluid trapping structure may be correlated with data
relating to the yield of working devices produced using the photomask in order to determine a

critical level of contaminants in a fluid trap corresponding to a mask that is not it for service.

[0052] Embodiments of the invention provide fluid trapping structures located in respective
locations across a photomask, and having lateral exit flow directions of respective

orientations, enabling contamination due to different drying processes to be distinguished.
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CLAI MVB: 1. Apparatus for determ ning presence of contam nation on a
l'i thography mask, k,onprisi ng a fluid trap on the Iithography mask, the
fluid trap conprising: a base and at. |east one wall nenber extending
substantially perpendicularly to the base for trapping fluid on a portion
of the base when fluid introduced during a cleaning process of the mask is
renoved. 2. The apparatus as clainmed in claiml| wherein the fluid
trap furli0A%¥ koorepanplesinatomecambodonatsiaf theavdnéion,cuip riapping saustared areenber

openi ng, er .openi ng hein onfigured to allow fluid to fl ow
oﬁt of gt%rébi? ?dggﬂﬁltne“gﬂPa o g upe??tco?tf’%’%aﬁ?r} éfc‘;‘?i%((.}na JP I TEnE (Rypcess fo be 3 pe
appar at ulistarguishei froeeda buildnpaif tordamciaaihidat ida difPdiyinglprécgssof fluid traps.
4. The apparatus as claimed in claim3 wherein a cluster of traps is
provi dedf054] tThwes fesmuict afel uaefullinr Redksdingthe qlialite sPaiEteievdiying PFode@bf OTHRaced at
interval s olf be en substantially .10 and 180 degrees about a mask surface
noi n al Ar¢aiso “Se%@?“ %ﬁ%’"ﬁﬂ%ﬁhﬁfjﬁ%négﬁwggmsk-n claim 4 wherein said ex:jt

wdir j are ced at_intervals of between substantially 10 and 100
]:Jllegr ees [Qﬁgjﬂﬁﬁgnﬁﬁég’%W%%thﬁ &Fgset mvention W’lﬁa"‘f"hsé’“%?pﬁ‘hr%t‘\%e akthel ai med
i n cl ai nbovaMdpER dhdFeddhrd @dstribed@bovel Usters is provided at respective
| ocations on a surface of a nask.

[0056] Throughout the description and claims of this specification, the words “comprise” and

“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,

additives, components, integers or steps.

[0057] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requites. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.

[0058] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith.

[0059] While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



7. The apparatus as clained in claim1l wherein the at | east one wall nenber
is generally 'C or U shaped, 8. The apparatus as clained in claim
| wherernleast a portion of the base is below a surface of the nask.

9. The apparatus as clainmed in claiml wherein the wall menber conprises at
| east a portion fornmed above the surface of the mask. 10. Appar at us
for deterpyhpNviR9 presence of contam nation on a |ithography mask,

conprising: a plurality of fluid traps on the |ithography nask, each fluid

trapprising: f}ybagﬁP;%g&g?tfo} %@ﬁi‘imﬂﬁ'ﬁ' ée?fée@%n%ﬁlﬁé}%” 8n S&’@ﬁﬁ%?&ﬂhgl l'y

per pendi cul ar t ase for tra i'ng portion of t
when f | unhakki, adimpxtihingd during a cl eanl ng process of the mask is renoved,

wherein the fl trap u | east one wal |l nemnber
conprising a Uf?@r?&é Eé’@ﬂ’l’aﬁ y ﬂP‘drf@Plfé’Fn%ﬁE}gr ng being confi gured
to allow fl u'agbésg th%Wléak'tto&fwﬂhﬁlehfbﬁpeit@mﬁné ik AkiaBy b&rp%ﬁd?i&‘ﬁlgﬂlj; gftheon of

t he trap. . Apparatus for determning presence of contam nation on
a lithogr aphybalsasfkr, trappipg ifidhgn aperttiosterthofbasd wibdn tfhag sntorduced diiingiegr aphy

mask, each flbéfi d.tr&B cong %% a bas and at |east one wall nenber

ext endi ng subStEHE HPFSS B Fhﬁ dﬁfeg?qvf to the base for trapping fluid on a
portion of the base when fl uid |ntrod ced _during anl rocess of the
mask is removed, whe BPAAaslaingd in BmFélr"Y é"rmglfr%%g 88‘%‘?“?)‘?% wal |

menber CaQ tsh Qafl r}o@&b J@mﬁ £ W AMOmetnBEr wﬁérﬁng*eﬁ@wauqﬁaﬂb&q)ﬂeﬁfn g

conflgure Iow out of the trap in a lateral exit Tlow
directi dmntg‘ c(mIﬁ'gutadap allbwtfaridiko Bawtout bbthedrapao tailatesal ekit flospdivaciior of theps

bei ng spaced at intervals of between substantially 10 and 180 degrees about
a mask AP ace nor mal .

3. The apparatus as claimed in claim 2 comprising a plurality of fluid traps.

4. The apparatus as claimed in claim 3 wherein a cluster of traps is provided,
lateral exit flow directions of respective traps being spaced at intervals of between

substantially 10 and 180 degrees about a mask surface normal.

5. The apparatus as claimed in claim 4 wherein said exit flow directions are
spaced at intervals of between substantially 10 and 100 degrees about the mask surface

normal.

6. The apparatus as claimed in claim 5 wherein a plurality of clusters is

provided at respective locations on a surface of a mask.

7. The apparatus as claimed in claim 1 wherein the at least one wall member is

generally ‘C’ or ‘U’ shaped.

8. The apparatus as claimed in claim 1 wherein at least a portion of the base is

below a surface of the mask.

9. The apparatus as claimed in claim 1 wherein the wall member comprises at

least a portion formed above the surface of the mask.
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10.  Apparatus for determining presence of contamination on a lithography
mask, comprising:

a plurality of fluid traps on the lithography mask, each fluid trap comprising:

a base and at least one wall member extending substantially perpendicularly to the
base for trapping fluid on a portion of the base when fluid introduced during
a cleaning process of the mask is removed, wherein the fluid trap further
comprises at least one wall member comprising a wall member opening, the
wall member opening being configured to allow fluid to flow out of the trap

in a lateral exit flow direction of the trap.

11.  Apparatus for determining presence of contamination on a lithography
mask, comprising:

a cluster of fluid traps on the lithography mask, each fluid trap comprising:

a base and at least one wall member extending substantially perpendicularly to the
base for trapping fluid on a portion of the base when fluid introduced during
a cleaning process of the mask is removed, wherein the fluid trap further
comprises at least one wall member comprising a wall member opening, the
wall member opening being configured to allow fluid to flow out of the trap
in a lateral exit flow direction of the trap, lateral exit flow directions of
respective traps being spaced at intervals of between substantially 10 and

180 degrees about a mask surface normal.
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