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CLEANI NG MASKS FI ELD The present invention relates to
the field of sem conductor processing. Mre
w@arosiotostar |y, the present invention rel ates tBCT/US2004/023596
cl eani ng masks used in sem conductor processing.
BACKGROUND One form of sem conductor device utilizes
C-bunmp technol ogy for CEBAING MABKISween t he
sem conduct or device and external circuitry. To form
the conductors utilized for G bunp technol ogy, a mask
is laid directly on a wafer of integrated circuits,
and conductive netals are deposited on the integrated
FIELDi rcuits at Iocatlons det er m ned by the mask. C- bunp

__technolo ows f er fre uency
The PESRROBPIS TR b el CuPHUGIERT SITEoRai b phgjoularly. the
preseftiffitibn FAABORENMaBideSHASRs @Scddh REhicoR&RUrFHE&kssihg.CUl TS

or ot her devices). wever, C-bunp technol ogy requires

a conplex and tightly controlled manuf act uri ng process

eve these results. As may be expected, these

IBACéﬁ?Q\E Fave precise tolerances. In one process, holes
One fofnt fesdisdndue®r dROfkk MitBBeaT- Hurl?) |t6chinddky 6fofMonhéttion between the

dianeter, with a tolerance of 1% Mbreover, each tine
semicppuctasdevics wskgxtemal wirsuittyhe Fobiors| s rmsadugiprshiifized for C-bump

h n I

teehnGigfEr B T el chap et BF i BHARE L ERE Bafuugtive metals are

deposﬂékﬁ bh ehg ingeraed birewits Addédtioan dbleymined byahe npske Eﬁ-bemp technology
masks are to be used and cleaned multip

res
allowsaéorrréasgﬂr dbigher dieApancyk comregRons,beyiven @sedﬁfﬂg&ie& PHEWE agd external
f [ [ ch 5
i PEARETR (SLE30. 0y BUBAEY ST bl A PGS, oy
technalegy capites ovompden b tighily goypth @ et smamdadtuang) ptosessuto &hieve these
hours a day, 7 days a week. As a result, a fast
resulty| eani ng process may be useful . Furthernore, cleaning
As m%:yht?e IBRKRd, tBeR I ARHBEY SHBARS B1drsh RN @r%tﬁﬁ)bé%g hdlds in the mask are
eani ng expenses are too high relative to
specifiedpdsate mrbr(tlobéstrn)f ior diameatgs kyitle R dalafange oy Yn oMcbeover each time the

s RRSE T 6 4 ! SR RIS ST BE e oo

toleraf®§ K Un@érsah@N, RieahhgliBe Madklica cl?ﬁleﬂglhg?%ﬁleman
i nexpensi ve cl'éani ng_process may be use
Additionally, in some processes, the masks are to be used and cleaned multiple times, as many as

10 times per mask in some examples. Thus, a process of cleaning in which relatively small
changes to holes in the mask would be useful. Moreover, semiconductor manufacturing plants
are known to run 24 hours a day, 7 days a week. As a result, a fast cleaning process may be
useful. Furthermore, cleaning the masks is an added expense to manufacturing. If cleaning
expenses are too high relative to the replacement cost for a mask, cleaning may not be cost-
effective. In some situations, cleaning a mask 10 times must cost less than the replacement cost
of the mask for cleaning to be viable. As a result, an inexpensive cleaning process may be
useful.

Figure 1 is an illustration of an embodiment of a prior art mask which may need to be cleaned.
Mask 110 has numerous holes precisely placed to allow formation of conductive bumps on
integrated circuits at desired location. In one embodiment, mask 110 is made of molybdenum, a

relatively dense element. Holes 170 are placed at predetermined locations of mask 110, either in
1
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Figure 1 is an illustration of an enbodi nent of a
prior art mask which nmay need to be cl eaned. Mask 110
wha®snuser ous hol es precisely placed to al |l ow POF/D81000023596
of conductive bunps on integrated circuits at desired
| ocation. In one enbodi nent, mask 110 i s nmade of
a reguiml yrrayesriatirregulalyaspiaved mteﬂeaiselrebmmbodimiemeholt? 07@pxe placed in a

e S LS 50 RS Mol JEES i, b, e

spacnig"SC}H&‘y soRepiBRINo b WS 124 Qm@rﬁldpea@ﬁ' 8@1ld Mad be expected to be about
regul arly-spaced array, with a spacing S between

101.6au sxdinmeteo| Baus, tlaangogref mﬁﬂfobm(hmm bea 8ﬁﬁa§bmd Preciss enpyation.

Figurg 46 P00 36 BRORL A TIWOR mRAGY! 1AL tepfied thereon as

seen ifilcBRBisB&ioAfaloRSlkne 1A N MRsIb €1 Rasdilfifttated Figliie Rries IbS@l cleaned of the
operation. Figure 2 is the enbodi ment of prior ar

matemden@mwd @r@wualmrtmmtpwp%@de dp gne @e&eém@& Eheﬂeﬁea@@g must be
witif A0 SRR, 9016 8 L Tfnds rorbok s 4 gdmac mbocimen,

D aﬂ@ﬁ%legmﬂé mudt&mmiﬂ}lﬁ@ 196 leﬁDQ befoye cleanisg, onlOLI6 ped/- 100 mmeo allow for
enbodi nent, Dii after cleaning nmust be w thin 1% of

up to G B FisRBINE] TGl OorASIOUSIBItInP S hg ORteF ONBREIS P Hoke-ad may also

have %Ll&ﬁ}apﬁlﬁaﬁwp&ﬂﬁ fsmf&haﬁ&éﬁf cl eaning nmust be within

ore eaning, or 101.6 mm+/- 0.1 mmto
FiguraBliswan fembodimeno of 8 peioe artinngk haf ingasieddGlepdsted thereon as seen along

illustrated, outer. di aneter of the hole
lne Ay ety e aMaPid [ Gis 3 B0 AFOgiefdp BHafigeseiigondsBir device for
purpogésagpgﬁfermgg i Gichrs de d@d%lt@d"@ﬁQhér@é}hlc@ﬁdu%td?rde‘?[cear’rhe illustration of

avi ng mat eri al osited thereon as seen al on
Figure i3nie nit Ao |s¢a1@ rto st ey thecaxpedteis that neisk 18 widlshe @Ieela@‘f@ﬂ thin, disc-

e BT G Bl B PR o
In Fi%ﬁé’ﬁ,?lﬁyerg_ g0, 1RO U0 BHdi 150 208 dEPietd 8s depoSitdiiadn i@sISTH, ELayer 120 is a
ut it may be expected that mask 110 will be a

chromex(Ca) layen yhichinay bfi @f@e@herse@hsreawdl feadrl indperatpbpisyit. Layer 130is a

connd SEHL P HRRASFI B LPAE8 O ShBLU580 UG g s s o

layer Whithahgy bepipetied tcﬁSorﬂl@@tOsﬁell elayen 1 f@ika [kadtin [(Ply/Sh) $02@er layer which
is a chrone (Cr) layer which may be expected to adhere

may Beegxpeqted @rbqﬂh t?‘eftj‘t“ﬁft \@ell aid bamdywell with thf@@l fandycieBpper
Theseéﬁ#nisga?? q’m&& BnTBY bR& Y0 %Fée%}&{ljgblﬂﬁﬁ&gyﬁ{ dﬁﬁJhens deﬁned by holes

ayer 'S a go ayer
througlxpasit EH) tsm:}mrtﬂejhdsle kb stratet dry the ckhi@r oBFigutecaal/ 3.i In one embodlment
ected t

b/ | d
e b S, s B P D PSSt S 0 e Figur 2, with
a tolel 43S Bf h qlﬁst?a&é?l ﬁ Lugd a%?osgjgé‘ctfbﬁﬁlkv@évqg aQfric® art mask along line

sem con uctor | ons defined by holes through

A-A aﬁerkaﬂhﬁpropemhleamng hné mhaskel 0. | Dstertat egr-etchinge Dhe it pew too wide a
dlameter anc‘f‘J bz may a SO %e tocl;l w?ge a ﬁlamegernﬁus taking mask 110 out of the prescribed
tolerances for use in manufacturing. Such an improper cleaning would thus render mask 110
useless, and would potentially necessitate creation of a new mask before the manufacturing line
in question could resume operation.

In general, cleaning or etching in semiconductor processes has been accomplished using a
variety of materials or solvents, including various organic and inorganic acidic and alkali

solutions. The desired etch rate, which allows for manufacturing in a reasonable time without
2
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the holes of mask 110 are specified to be 101.6 mm
wi de (as represented by Di of Figure 2), with a
wao dosnamee of 1% Illustrated in Figure 4 is aPCT/US2004/023596
cross-sectional view of a prior art mask along |ine
A-A after an inproper cleaning of mask 110. Due to
over-etohiig 18t Gtill mchiewds the dlgective (buwh asiadeally dieanipg ére, masky ndy 'be difficult

o e 2 B BT, LU S SEL R T, A s s
poorl)}ml’g é@%%%ﬁgaib%ilue%‘ b cBbhs WA QR e ScBRBGE B YhSImbAl® be cleaned.

O useless, and would potentially
Moreaver; essistedt @clingas isometines usedy atteokgtbdfiadrlringsewith it concerns about

manuf acturing |i in,question could resu erati on, .
corros{ Y UpsRcy A Pttty S g SfiEe et BB kitad ctching
may 1REAE KP $he NSrdeEE NGRS AB| tufdi®shet Sit e &urfasd ©F YanObtch bath, and a

materials or solvents, including various organic and

correspersting iniceease indiigbcane matdcial frogothgtatdnkath.TRY »pde| qnegprocess involves

.etch rate, .whi.ch allqws_f facturi j . . -
ctin i, By D" T, oHERS UELPRpR? i i v i
selectinB ehORieRE fo\tch 98 eleciasplaiiguald sxoteaaiti wgrtiohe nrsdcpumdepending on

be difficult to predict wthout experipentatian.

the relgtienships babegs thy mpfalsdavehesd. Viderrapiating fisks segngthegingthe bond which
. t : [ helee :
cteanifp b BREfortoally She 458 oREbEntc FUELDE: KRl SRRt SChoosing the
correcMyipe 0¥ eslyera aad tHeadretiahéthgd bBassistantd (iBany) ey giakn btobigh process is
that brings with it concerns about corrosive vapors
not a yMple; B QLYIGHES 6Kt he et ching baths, as the energy added
during assisted etching may result in nore energetic
atons and turbul ence at the surface of an etch bath,
SUMMA®RYa corresponding increase in airborne material from

he etch bath not e ne process.i nvol ves,.et chi,ng. .
A et ! b o oALgE B Ry By 1 OLF PR ugIeRC thhnvention is a
methoW @lehtinab@hatk. Thicind &AVdJiRSNtS AhE irvenS& Reludegplatigg the mask in an
netals to etch, as electroplating and exothermc

etchingesahxtiioora@dmjxa@agl:uw sgnélptli;mdﬁon@clg BWEY éngteriads ﬁwﬁpcbgn the mask. In
e t tal-s i . i 1 L Sk
otver SEDERAA I I LRUELY e LGE AL e B ot v

holdirg! B8 Kirstansed atHig andeCond sl bt Snd Ainsepitani @oypled e eonsected to the
oosi ng the correct type of solvent_ and the correct. )
secongrivessele 16fyehein erabrdiments, Bayyvenden mefidge Rlagingih grask in an etching

sl 955, B Op S5 BNl Tl pEVDEhay peroicly
scrublifig thieenakbodi ment, the invention is a method of

cl eaning a mask. I n sone. e i nents, in t] . .
In ong gahadiraentpihg envivgtiohis %%%Oﬁ?gp fgﬁané%%m SRYIE ik Bging @ series of

metalé"‘g%ﬁo@fté@ gxe}éb‘ﬁ. SPhdlideflddl iRcBlS pavRY tARLRI1YKefium mask in a cleaning
deposited on the mask. In

solution including hydrochloric acid. The method also includes removing the molybdenum mask
from the cleaning solution after a predetermined period of time. The molybdenum mask may
have a set of through holes.

In another embodiment, the invention is an apparatus for cleaning masks. The apparatus
includes a first vessel having an open top. The apparatus also includes a second vessel having an
open top, the second vessel containing the first vessel. The apparatus further includes an agitator

within the second vessel. Alternatively, the agitator may be coupled to the second vessel or

contacting the exterior of the second vessel.
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ot her enbodi ments, the invention includes a first
vessel with an etching solution, a second vessel
whedodiong4t he first vessel within a second sol up¢DOS20841023596
an agitator coupled or connected to the second vessel.
In yet other enbodinents, the invention includes
In an BltétEAt0 @nibb&inteAs khé Mvarmticet i§ Aintgheddidléaming mnmslch’rhmmpthod includes

material s dep03| ted on the mask, and al.sg i
placingdhs wasiciana Jeasing sobting- tihe maiad Al 4554 P&g}ﬁ ofédhing sotution
&%P bedenum
at apxﬁaggtﬁhﬁggql%ﬁgogz?v?%@%& %réigt a gl € ?g%g(?tog%ﬂ?her eon. The
In stillehbiber hitwhate embplimsmgtht hnvemu'bly bislenwppanasik fon cleaning masks. The

SR X IR T S I -

for hotlﬁlrﬁT% “Elllﬁ BLRg ﬁ% %H#aﬂiﬁlsail&?fncﬁld% gqete h{@aﬁﬁﬁ)r&%ﬁh ik first means
denum mask have a set of throug
and theoseesnd meaml oifhe apmﬁusllﬁuﬁm lnqlltr@SlanfD@rthlmwnS sfoanontammg the first

apparat us for cle sks he a a
means. f@q appatatuy alﬁoamcﬁgi erﬂeeinsgor sFﬁ;g)Bg% #liet J{'%l%tgl qeans. Moreover,
the appHatiddecudes 2AHAN thedfS foR holdayl the ik nePA alidihe thil@means.
second vessel containing the first vessel. The

In yetaq@pﬁleaalt@natg embedinient |theliEsenfipndy ﬁtr%ﬁtb?d o @1%1%11& panask. The method
1ncluc€38 ﬁ ﬁ%%@ealﬁk 11'%AI E;Cg%l velcre\s/?é% mé‘tﬁ@d '1?&119&6:5 r{ﬁé(ciﬁ)ge the container in a

cleani®¥ (sBTuitioh. qmetdl&n&%CwmldtﬁSSﬁhtalﬂédmﬂﬁhtaeﬁn’s’atfessel The first vessel is
enbodi nent, the invention is a method of cleanln%
contamé vithimha seeen 3gssehc [Theisecopd HESsRLCNT S RIy§uE solution surrounding
the ﬁrgL{;e% jng solution. The nmethod also includes agitating
eanlng solution at a predeterm ned agitation
In still eiveherfabiernatepunsisteiraent] the dnyeatioms axhethbdef cleanisg ilvholybdenum mask
anot her alt er nat e eg;g di ment. the invent

an
havm&@pssrla% af e Qrmsif dhepO s TherHeR A S PREIEbg molybdenum
mask 11'1 I:ft:tl cjaﬂﬁféns%hft% Oi‘l’f‘@ﬁ'e@lgdta%% 1H@1§H§s retdd9iRPRR A IYSdenum mask from
es “a second neans for di ng the masks. The
the clammg adlutiomlager arpzrd:dmlrwdtpﬂnod ofetame.  flhe mgihpdtaig further include
the fifst. ne an t he eaeecon means.

asitatgy SIS RE S A GHT T <o GO L BE B g mined period of

time. fTHe%EnMﬁetalI%yﬂﬁ&ﬁ&@élﬁ%@' ®Bpérh g/bltl Q88 adedditiid Mi@RNS
for surrounding the fourth neans. reover, the
apparatus includes a sixth neans for holding the fifth
BRIE bﬂf ﬁqﬁf Dﬁﬁaﬁﬁﬂ §n yet anot her alternate

efbogRerS—the—HhveRtton+s a nethod of cleaning a

The d&@&hpan-flh% amRivivgd, Whddhugte Snqoepdrated ih @dnfagi a paraof this specification,
contai ner. The nethod, al so incl udes pI aci ng. t.he

111ustr@mrgqu@nemtﬁ of the J@gmtw ang) tpgethsr withgh @|d§§§:ﬁlipﬁan serve to explain the
pnncé)gess S%tef:tﬁerlsnkfént?o%mﬂen&gwm& 8@ vkivndtesthBa € inusfafivd bf & invention,

rather than restrictive.

..)

Figure 1 is an embodiment of a prior art mask.

Figure 2 is the embodiment of a prior art mask of Figure 1 seen through the cross-section at line
A-A without material deposited thereon.

Figure 3 is another illustration of the embodiment of a prior art mask of Figure 1 seen through
the cross-section at line A-A with material deposited thereon.

Figure 4 is the embodiment of a prior art mask of Figure 1 seen through the cross-section at line

A-A after material is improperly cleaned off.
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contained within a second vessel. The second vesse
contains an aqueous solution surrounding the first
woe®seiov41 still another alternate enbodi ment, PETES2004/023596
invention is a nmethod of cleaning a nol ybdenum mask
having a series of netals deposited thereon. The
Figured IM¢@Ateh®ddinil uflg slephiag kyrger.ne nmol ybdenum rrask in a

cl eaning solution. The nethaod. al so |nclude v
Figure;his apsmpediamaniohauiier hglder heldingaaniskgs sema %‘ah 1 ]%g ofFigure 5.

. d [ O, t
Figune 5 S ERREH b theCpbddiient 1% WRICPROIETRLS Wk A line C-C of
Figure®. edet erm ned agitati on | evel for a predet er m ned

period of tine. The es of net i.ncl ude
FigureghisgRbamodesp P iralo o G AoMEsE) ¢h oL RE InBespetive view.
RESGREHoThh G of 5 oBAW M) onpanyi ng dr awi ngs,
Fi f @ riigsgOmpPanyt ng g
18Ut gﬁear g%coropg?rted in andg forma part of this
Figuresiieis iafi iatterhaterembiodinient pfi2 prosedsedicteening aghaskhe i nventi on
and, together with the description, serve to explain
the principles of the invention. The draw ngs shoul d

DETAQJEE@ES@RMOW illustrative of the invention, rat her
rarr restrictive. Figure 1 is an enbodi nent of a

A memotl amdsappaﬂugsufoe Qeaning masksnis odiiserthad. ofn ahep fqlmllég 1descr1pt10n for

o258 S S8 IR 8 1 SR g s oo
underdtSnddPbN e inbdtihl &t wilhb®bppaient ciidveslieneiotonef skiledr 1|nd:he art that the

art mask of Figure 1 seen thrqugh the _cross-section
inventiamearAbA, mpativcRa Ehaus here p%’§?1ﬁéodqt%5r & pthag; igieaces, suctures and

devicetts %?eosglgﬁ%[qh 25?53:?{ éigzgg_r%é géljn?fn cﬂ'fiér tgﬁ%ﬁd %i)sfdfr&g the ﬂﬂvéxﬁﬁﬁ‘l

Ion at Ine A-A a mat er 1 al

In sothé eniodbneits, ythellﬁmdnahéluaesgpramng the raaskeirbeuliatehimg eblution and
a cleaning system Figure 6 is.a

agitatiia fleg SH@IRel ieh %I‘V%méteﬁ‘ﬁ@@eﬁ%s@g S i GG e pmpgdiments, the
1nvent'i:d|%glﬂgﬁd§s a fil %s? %s%el itﬁ' aﬁ@?hﬁ?rSOIUItleSé §e@5ﬁ@%s‘§@l Ecﬁ@n%:the first vessel

ment o as seen along line G
withinFa gpeord olutiory unda aﬁ aglsatgmiouphdwh epnriecled 4o thet Seeendovessdhe In yet other

embocgpn)gg‘gcs“e ri%n trgr(e)lg%oa Wailﬂ{ ﬁéﬁ lcgtfg[ tlg B‘{%gl{: élg %%gt%t\/}&lp% aﬁ)ﬁﬁmn to etch away
materﬂ?ssdégof itedl léh%heh@mél@ afid nﬁkltaﬁ:b Radledeyupiodicamy berabbifg the mask.
process of cl eanlng a mask
In one embodiment, the invention is a method of cleaning a molybdenum mask having a series of
metals deposited thereon. The method includes placing the molybdenum mask in a cleaning
solution including hydrochloric acid. The method also includes removing the molybdenum mask
from the cleaning solution after a predetermined period of time. The molybdenum mask may
have a set of through holes.
In another embodiment, the invention is an apparatus for cleaning masks. The apparatus
includes a first vessel having an open top. The apparatus also includes a second vessel having an
open top, the second vessel containing the first vessel. The apparatus further includes an agitator
within the second vessel. Alternatively, the agitator may be coupled to the second vessel or
contacting the exterior of the second vessel.
In an alternate embodiment, the invention is a method of cleaning a mask. The method includes

placing the mask in a cleaning solution. The method also includes agitating the cleaning solution

at a predetermined agitation level for a predetermined period of time.
5
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DETAI LED DESCRI PTI ON A net hod and apparatus for
cl eaning masks is described. In the follow ng
waele®sniqeT on, for purposes of explanation, nuMBEDUS2004/023596
specific details are set forth in order to provide a
t hor ough understandi ng of the invention. It will be
In stifppathenbiterhaeesneiodithentpthe mkéﬂtlloeds ian dpiperaarst for ebdaningemasks. The

v S SR e B o 10U THEEE SpeeltG
for hc%%ﬁg SHOWRsK) ﬂ@%aﬁt@il%ﬁﬁcﬁfd@% bNhRf $Rland ?oraa‘g‘?t'agng the first means

uring the in tion. In sone enbodi nents,
and thensespnd oreainsic ﬂ"hd eappq:rhfas ifunther heclndeska fourtarmedns hﬁon gontalmng the first

I I T R Y R N —

the appB@tusNMERadsAsiktA %é&ﬁ@ﬁ)r %ofdhﬂ%ﬁhe \ﬁ?ﬁﬁﬁéan‘é\ﬂah@ ttRhied Gtk
sol uti on, a second vessel di ng the first vessel

In yetygnothien alieraate @n@oslmamt,utbmmvamtwnaﬁ agmethed of clewiing adghagk. The method
1ncluci%§rg>§§0t eglf: énast(he asc%%P VeTth%el ?tB%A; gfég tmcﬁﬁ@e% Rl'ﬁcm%he container in a

| nven I on 1 nc [facrn

cleanin® selitiehC MHaCcIsMlingt $cﬂlﬁtldrplsQ}‘oﬁﬁu&b‘dl&yﬂlﬁﬁtaeﬁtsalv&sel The first vessel is
deposited on the mask, and nay al so include

contalgs'éqi o aIspprdcieasshi e s¥rengygrecl FontyAL 2R AGIPFrEHItion surrounding
vention is a nmethod of cleaning a nol ybdenum

theﬁlrrsrg\%lggﬂ'avi ng a series of nmetals deposited thereon. The

In stilireidilst allterlatecesbodimeitnige iention jshdasthod viskaning 2 molybdenum mask

cl eani ng_sol ution including h drochlorlc cid, The
havinguar 906 BF SHIHEPRRSUGS IRSHiSw: A% OB, BUbISHP IS the ghlybdenum

mask *1151% c@éaﬁﬁfg m?tyb dgi;%ﬁﬁ%gg %ﬁsoainﬂgg%eﬁgﬁi;dg%ﬂ@gfﬁe lt%mg&na{n mask from
the cllamineg .SOlllthla rfeh e rpratetnmhurmdrpenoﬁlﬁ time.eflicomethed amay further include

oA St R 3 oS TRaBP B S SR period of
time. ITHe|sESRSofAnGSIS ARG 1ﬂa§@eeéhr&ﬁwa>9pan S1BQAd b ¥hd/thhBixture.
second vessel containing the first vessel. The

Figuradpisrant gmbedintent of iangdpandiess systeragi Afeosoms tehpfmmﬁéatlon it has been

ceterRE it "% b bl SRS a8l i "B AR 'R Mg sotuion, and

assist@K&teliih® maYfbet Uzefu eBROGDr ILES Sbssel m(ﬁébn@dlﬁﬁmﬂétbﬁng solutlon 320 and is
enbodi nent, the invention is a nethod of cleanin

covereghlak capTiRd. Mﬂh}@qux@pmb@o@w@@r hgatt34e ipplared, ﬁn@wafer boat 340 holds
rnasksf htgc%n%)sngla?l? hgh) OP}efeHﬂ)?y r(%t@g ?8%6‘?49) hob §g§&ala§1ta§1&t Lng time, while

eani ng solution ermned agit

allowin@\fhiid focodontacpthedeaifedesiondd meks.od of time.In still
anot her al ternate enbodi nt he invention is
e pighe

Inner ypisek S reste op adiaganphigla 603 (9h SRISE Q5 sqehes Gersg) 0. Vessel
350 cf)ﬁtﬁl‘r‘fﬁg gﬁ; S sgﬁﬁolg ko8 RhAthA/ B SRRKI by 8P RO REH Fessel 350 rests on

Inc a second neans
agitator 390, which may be a slab attached to a vibrating mechanism for example. Thus, etching

or cleaning solution 320 may be agitated through use of agitator 390, vibrations of which will be
communicated through vessel 350, base 360, and vessel 310. Agitator 390 may be rated based
on a frequency of vibrations or based on power output through vibrations.

Figure 6 is an embodiment of a wafer holder holding a mask as seen along line B-B of Figure 5.
The wafer holder 410 may be used as part of wafer boat 340 of Figure 3, for example. Wafer
holder 410 includes protrusion 420, latch 430 and hinge portion 440. In one embodiment, wafer

holder 410 is made of Teflon ®. In an alternate embodiment, wafer holder 410 is made of a
6
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for holding the masks. The apparatus al so includes a
third neans for agitating the first neans and the
waewsntoweans. The apparatus further includes BCT/O820041023596
means for containing the first neans. The apparatus
also includes a fifth means for surrounding the fourth
high-demaity po]}fbﬂlghmer In tieer appedanens, walet holdsr 41 Gsmay fberaspersed to have a

s b s e SR e el L
one of'ﬁtol:@ﬁ‘mé}f sufaBAH fReh e PG 416@10%@% a s'ﬁﬁ% iy Qﬁd E’ééhfé &ilosure of a

the mask in a contai ner. The nethod al so
lnaska@w:rgbph@nggﬁthgma@k in a cleani ng sol ut | on The

rigurr 8 o P AR b el el 88 8Bpe tine - of

Figurd b€ Gr86@Ub (Vg $B6Wn @9 PhrdioN n aheABHERY Df SRS HOMEr 410. Figure 8 is yet
surrounding the first vessel. In still another

anothey] Hlsstraiion efhibsdimhadimentiad 2 waguthodderiis mramm@de Wafer holder
410Ag n%ﬁﬂ!u{kg}g%{rﬁﬁhﬁ QQ&Q rﬁcﬁ%‘@ %cf ﬁ}g 8426 ecte(f f% X 8econd wafer

ereon. he I nven ncI u es p acCl ng

holdeMIQB)dﬁﬂulﬁng‘I;ﬁéftrusibﬂZﬂB? it g30®htd hidge 440B). Wbé@l@br wafer holders
0 includes renovin the nol ybdenum nmask from t

a
410A@piéﬁ91ﬁ@wé<sm4 ber aperEen oF gy @’t@aﬁﬁ‘#@oasﬁé?fﬁbboaéﬁm Note that the
et S8 o o A0 e 51 ALAGREUAL RIS wioin e i
and sdope ofia praBatébkieri ned period of tine. The series of

N T U EN A  E ME —

ofa pﬁ%&s@fﬁcleﬁﬂr@ a RAIE RXPBLE ﬁﬁﬂfa%ésmo b'etclé?aﬁéd Q%&alved such as from a
determi ned that mask 110 and sim|ar nmasks may

manufgrteeng dingsiAdgplack 82Q Hha gu‘rSDIVﬂ:ﬁS@lcnf a claghing sysi¢ne d)r apparatus is filled,

et chi ng nay, be us .. Fl i nner. vessel 310 }
such st TR Wl g logk aePohe 3o Ane] & B8 GlanBhesppiapysis filled
such a83dth MY étbhiRg kHBsn, 88 318 1n§é10vesé’@§seﬁla&‘aa§1t}§ﬂ @hd Suter vessel. At block
| aced, and waf er ‘boat 340 hol ds nasks such as nask
540, t qolaslpiSeplécpE‘dbwhana@@talmmucb4a@ aohdsorswater holdamsAs black 550, the
tact..th f
contalﬁ?r 1% gﬁceWn}hﬁl @lﬁ lrl1n(ei1\r% Sgsgéllew gefg S gongg%fﬁlthg r%agggﬂ ggege g}ung solution.
At blaek 66 dthatinddteresrel isadvoled OllitRby @¢dusBgoMehey @8 8dapitglnolecules of the
Vessel 350 contains aqueous solution 370 and may be
etching sQlufey by cap 380. Quter vessel 350 rests on agitator
t
At blo?rggﬂg ‘r’:flﬂg ‘ren ﬁﬁﬁﬁ sgenn% 1524@%% Sl hﬁ’r@?cﬂ %gn%gy 'uffé gﬁnél %em and potentially
speedlﬂg Iuptth@etcls ?z@e nﬂghe chag sohitied. tAftep u@i’ede&emﬁfedatgicmﬁt off tlme at block
vi brations o V\/(HlCh will he nicated t hroug

580, fpedutings rergaed st Essd Algockagil éh%ma%oarﬁagﬂshed with
de-ionPRA" whtefl DRSBRCck 595, the masks are dried with nitrogen. Thus, masks free of

materials previously deposited thereon are produced.

Note that agitation need not be used. Figure 10 is an alternate embodiment of a process of
cleaning a mask. At block 610, a mask to be cleaned is received, such as from a manufacturing
line. At block 620, the outer vessel of a cleaning system or apparatus is filled, such as with
deionized water. At block 630, the inner vessel of the cleaning apparatus is filled, such as with
an etching solution. The inner vessel is placed within the outer vessel, or may already be affixed

there. At block 640, the mask is placed within a container, such as a mask or wafer holder. At
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on a frequency of vibrations or based on power out put
through vibrations. Figure 6 is an enbodi nent of a
wowedosnideat der hol di ng a mask as seen al ong | i NnECBUR004/023596

Figure 5. The wafer holder 410 may be used as part of
waf er boat 340 of Figure 3, for exanple. Wafer hol der

block4850, thecdomttdiser is placeds iwdthid®@ , inhextveksely 3Berabd sihmeyeging the mask in the
1{)&3{9@1 on 440. In one enbodi ment, wafer holder 410 is

etchi R Teflon (r). In an alternate enmbodi ment, wafer

At bI&QJ Giﬁ el AnbSveRBd g SdveRdl, %Téﬂﬁf%ﬂﬁdfng)ﬁhﬂ&td}%s&iﬁng mBlecules of the

her enbodi ment, wafer hol dér 410 may be expected to

etchmmm@tmng rAftare predeteminedzamovsihafiuie oot bnels)660nthe inwer vhssal is opened

or unfieted, AR TRA bl 8 U mRer < ab O 31 Be ARFRMY Korpaged from the

inner &e§sBHIAf block B¢O SB€ H{agksezﬁré |S%HB&1 @ém@wf@&ﬁy tibm [FERNER protective or
bendi ng of the nask aur is another illustration

passivgting reaing) owhish mlasoha\e@ . hdt bloek £955 aedetaamariioniipanade as to
Of ok Uy

Wheth%ﬁ ﬁ‘le rm%%r accgea%f IV%? ﬁ"l%ﬁél“?%sé 1562%9 ngblgcz‘kr gﬁyan&) ftheac?)ntamer is placed

mtheaﬂﬁﬁrh'eﬁsel ddaitgt rati on of the enbodi rrent of a vvafer

i n perspective view Wafer | der 410A
If the (mawlsq; ar@.c#r@np%t&IQ%SﬁSQnth@z@a&ks A }iﬁé‘ﬁdml*i??fb‘é(atf&o/&)t block 690,
C
the ma?kgt a?ﬁ S'alﬁ%% %\313101@&@% o 3%@@ 8 Ibﬂﬁ%teﬁ%% %réw_@?_\gélg ‘abﬁ%lted thereon
are pmdiﬁ@d N tel éras vakidiA da‘iﬁﬁeﬂ]e@ﬁimgadxéuﬂmls ahdy @rmay mm’eqlure scrubbmg or

er,. hoat such as wafer boat, 340.. Note that :
agltat&@aeﬂ%aﬁ%?n rROPH AP TR PERAING, PP mﬁteﬁaﬁfeposﬂed on
the m4@ys Whil e renalnlng within the spirit and scope of a
waf er hol der. The cl eani ng system and wafer hol ders
may be used in various ways. Figure 9 is an enbodi nent

rocess of cleaning a mask. At block 510, a mask
EXA}?@@%?CI eaned is received, such as from a

In on¥BBMbadikieht, th letchfhg A0 O BRPochldiR auide(HEBSHaY u@éd Various
a cleaning systemor apparatus is filled, such as wt

concegrptinnis aé diydeachloric agidprangingsBum appreximaiely 108 tﬁeappmmmn@ly 37% by
Welgh§ vflee%{:] :teps d- glﬁ tfé %ﬁ]egl léo%ge uséﬂ&li] ?Z&ng&g\?aﬁﬂyn A hé}\ﬂﬁ particularly

VESSEl st B

usequWitﬁ ragitﬁ‘icﬁﬂ Etcﬁingbhth? the53H0, coientriddn ikl @l aglwﬂlowiﬁoh«ieﬂ of about 25
container, such as a nask or wafer holder. At blo
W/galé@oof lgrad dormbeihe) minutey geeldy wemayss maietipls dsposited 98t {ihe mask with

AR HE o D 0L S GR- b e o e

maskd waklinspgtddumes SEMesmaping glectrbeatidroscopt). t he et chi ng

. sol At bl ack 570, the cleanin stem.s
Variogg, ey, JPOMSE SEHRES #5?5 U 8910, WE'S TiFG TEJEITe fioghabout S Wigallon of
liquidP8ta8Bkd 8 Wgallon of liquid. Agitation power may be used at levels even higher, such

as 100 W/gallon for example. Similarly, etching times were tested, ranging from just a few
minutes to 40 or more minutes, and temperatures were tested, ranging from about room
temperature (25 °C) to about 40 °C.

EXAMPLE 2

In an alternate embodiment, an etching solution of hydrochloric acid was used. The
hydrochloric acid was found to be most useful at a weight concentration of about 37%. No

agitation was used. It was found that the Pb/Sn layer tended to bond with chloride to form an



10

15

20

25

speeding up the etch rate of the etching solution.
After a predeterm ned anount of tinme, at block 580,
W b@soosai ner is renmoved fromthe i nner vessePCT/B$2004/023596
bl ock 590, the masks are washed with de-ionized water.
At Dbl ock 595, the masks are dried with nitrogen. Thus,
insolubdskubstaness sudh thatttbe nakks tpolesigoifishntlyimpreshare0 tii@rtenfon the order of
are produced., Not.e that, agitation need not be used.
20 hopys jp Pge f’@&inge)é?]a%tl”?veer%%}?aéig UEB%i ment of a process of
cl eaning a mask. At bl ock 610, a mask to be cleaned is
recei ved, such as froma manufacturing |ine. At block
EXAMUU.E Bhe outer vessel of a cleaning system or

I [ i{led, such . i th dei pnj z wat er.. At
tn anfyfigFaMelfe Bpbldinell o80uRE oPdiga "5 BRRORHoE sEi, L oot The
hydrochlofit labRldwas fsindas bé mbstauket] chiangeight téricentrationCof s6vRK 37%. No
vessel is placed within the outer vessel, or

agitatign, wapeRe et Jauidithuihe PASTHpIdcwies, o fead midkchlaride to form an

. r .
nsol PESIaE 10 Bub o) AR secE b B2 TSl gnive o cen
etchirigh €ThHenumtire pressss|wastfhetdtoytake bigpifgamty b s RO innintifes, but less than
et ching solution. At block 655, the inner vessel is
2Oh°E‘E§vered, t hereby reduci ng funes or escapi ng nol ecul es
of the etching solution. After a predeterm ned anount
of time, at block 660, the inner vessel is opened or
EXAMPddvéred, allow ng access to the nmasks. At bl ock 665,

the.container js.renmoved fromthe inpne ssel .. At L
In ety og Qegnals HebGURET 2 ccbioBapilan oF Bfbortircayd A petic acid was
used. (IHeHydRhR1IR201d8#4s fbEnPlo ARSI MMLNA aGRAEhI@hcaMiatibn of about 99%
may have forned. At block 675, a determ nation is made
of theyéoteloacithantbe ectdhingnseiudomralthohgnmveight pencentaghe aprlowess 90% (9:1,
roccof R A 8BS oE B 000y aE PR s B s e o

layer ho&ktodd witlecHIBisdds sadhethweihb eshsid {00k @i fdain#$ ehoba tieh. 20 minutes
At Dbl ock 690, the masks_are dried with nitrogen. Thus,

(on thegrdes of 2@ Boys imenedpstancs) iy ashieya dIcjeansisbiig ed t her eon

OTHE&%WE@ Note that various different etching
solutions may or may not require scrubbing or

Varioagothet étciiing asidtivdsaverdiafttaptedt Thiesemchmdyd bigric acid (HNO;), phosphoric
acid (REOR TR Ead 1T, B e N GiLHTiRgeid (B8O, and
i 0 GO GRSl ot B LS e s
and amplscioodenat the yoliGo6a)t wasaypsed dx icnpjuattion3with lygrious bases. These acids and
bases had differing results for the specific combination of metals used, and some showed
potential to be useful with different combinations of metals. The concentrations ranged from
about 5% to about 99.9%, with various concentrations tested for each acid. Some ranges of

concentrations tested are included in the following table:

Acid Concentration Range
Nitric Acid 7% - 70%
Acetic Acid 13% - 99.9%
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wei ght were tested. It was found that a concentration

of approximately 37% was particularly useful wth
wa@giosatiden. Etching with the 37% concentr at i onPENUSENG/023596
agitation power of about 25 Wagallon of liquid for
about 20 m nutes quickly renoved materials deposited
Qﬁogﬂh@ﬁm&{ﬁ with relativel y4o9,nigged damage to the nask
(within the +/- 0.1 mmspecification). Damage to the
Sagdiutm Mpdrokidspect ed on an BENOUsERoibRgisE! ectron

m croscope). Various different p for
Suiftiat Acidwer e tried, rangi hg0%-&¥about 5 Wgal |l on of
liquid to about 50 Wgallop of liquid Agitation power

Hayrdfotis ddtiht | evel s even SivogHidPs such 55_ 100

fb’géoéég Pergrtgieng from j ust

about room ure (25 O to about 40 C. EXAMPLE 2
Each #)]f‘th@ﬁa AldLH AR WA By ing ABerBLLH TS, oﬂogéf t&gtsthe agitation

ydrochl oric acid was used. The hydrochloric aci
can b¢ measiired obect s sit funeteinudf fagquanayeofgvibrationcandt frequiensieoin the range of

ut 37%: agi tatiaon used. |t fo t hat .
254008 v Eotind ) oB Fots Rl 5 TBiaR not® T e S b be formed in
a vari@hiof k¢l Rhe bsthSB AR &&1 top Wiekigh Bd a EIRMSABIBESIORK potentially useful.

significantly nmore than 20 nminutes (on the order of 2
From e foscgomep evillan appessjatedothatsniceifie embordaenteof thierigvention have been
descriS eq i r%ignfg%]%@rﬁé%gg)g q{ugfr%ltfl:o%; §ﬁtt Jﬁ%\g\lé%ggslelgl%&tﬂ%ﬁ‘gnser}lg}b bd'Riade without
deviatingdfr6ra iheospitit Al dopsf the ivénfich. U@ soBRtindt&ekl reRiende has been made

wei ght, concentrati on of about 37% No agitation was o
to chagacketisties likaly, (9 beREPSEHAN VieH@usPby g @9@31mﬁtaewttbess&haractenstlcs
e A GO0t of G DA U SHP B30 BFDusentons nd
descripiidn, evractaress| lean et providedTWhicknhay Be fodoessr y@embledria other ways

withiy her S35t i eoPeESiAlL VAR, SEm AT HEFIGHS B pesn Mlustrated and
descriBaPRHBP Igro cBRe LR LNG lg%al%éeﬁﬁ{/ gﬁvé‘%‘{éﬁ'&’cﬁﬂﬂs %(Brgelag 'Sog implemented

_ and aceti ¢ acld was use rochl oric aci
in parlal mdthimotheepind sind semplewif thet insentiding A ccoslrgint thatnventiaf is not limited
ut,, 99% 0;1641? e.total acid in the etching solution,

b
excepﬁqst ot}}‘@ﬁp%é‘ AW cent ages as | ow as 90% (9: 1,

10
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hydrochloric acid to acetic acid) were tested. No
agitation was used. It was found that the Pb/Sn | ayer

wao eovdethosd bond with chloride, such that the nmeERES1000023596

significantly nore than 20 m nutes (on the order of 20
hours in one instance) to achieve a clean etching.

CLAIDTSHEREXAMPLES Vari ous ot her etching sol utions were

1.

attenpted. These included nitric acid (HNO3),

phosphoric acid (H2PO4), hydrofluoric acid (HF),

soft U hydr oxi de (NaOH), sulfuric acid (H2SO4), and

hydrogen peroxide (H2Q2). Furthernore, electrolysis.

( Usmethoda clehping rincoly bdsnumbyeaskdeminghicsenasddmetals dgposited thereon,
electrode in the solution) was used in conjunction

COMPIFINR: vari ous bases. These aci ds and bases had

di ff er iph@ingehl hiokydefurh eask REE tlehing SotatiO@incRidiny hydrochloric acid;
net al s used, and some showed potential to be useful

wia$h di fferent conbinations of netals. The

concen | . r [O % . - 99 00 .
it varetiE i AReEn oA o i B Qbdt iyt redetermined
r pegedopfimeoncentrati ons tested are included in the

followi ng table: Acid Concentration Range Nitric Acid

7% - 70% Acetic Acid 13% - 99. 9% hosphoric Acid 40% -

8 | [ -10%:(-el ectrol ysis) Sulfuric
A%%%%}g%ﬂ%m%#ﬁorf{%&%l d 5% - 49% Hydr ogen
Per oxi deit&ifng-th8ORartiag bolofiort tegeedatérddnataegithiombtveldor a
have, varyi degrees of effectiveness. Note that the
a@F?dﬁfqr‘aWegg’ﬁnB Oh#¥¥8ured or set as a function of
frequency of vibration, and frequencies in the range
of 25-40 kHz were found to be particularly useful.
AlThe matlaadeofidiaim 2, Hertlwaitemptising's can be forned in a

vari et f S, d both a.boat and to esign and a

o1 ams hPngdRe Fion R puank g Ypeatee o BEI t ne

f or egoipn@ing the YidlybdeRuA RBRER & Ak RFkahidglsoRIABS irfdledes placing the
enbodi ments” of the invention have been descri bed
hepeiainer Brthp glepwsgsolgtion.| | ustrati on, but that various

nodi ficati ons may be made w thout deviating fromthe
spirit and scope of the invention. In sonme instances,

I afhe mestiee] d¥asaikes; Furihed @omprising:

closing the container.

The method of claim 4, wherein:
the cleaning solution is contained within a first vessel,
the first vessel is contained within a second vessel; and
the second vessel further contains an aqueous solution surrounding the first

vessel.

The method of claim 5, further comprising:

covering the first vessel with a lid.

The method of claim 6, further comprising:

drying the mask with nitrogen.
11
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10.

11.

12.

13.

14.

15.

16.

to characteristics likely to be present in various or
sonme enbodi nents, but these characteristics are also
woodosneessarily [imting on the spirit and scPEEUSI004/023596
the invention. In the illustrations and descri ption,
structures have been provided which may be forned or
assenbled in other ways within the spirit and scope of
the invention, Slnllarly, nmet hods have been
i Thesiethodend clig 7o 84ther sRIBPHENG'| near processes, but
such .reordered or
|nple2§%$gg Fﬁﬁ%§$§YFE@§§#?%?ﬁQﬁ%e spirit and scope of
the invention. Accordingly, the invention is not
limted exce S t he appended cl ai ns. CLAI M5 W
cithe Fﬁe%Pd OACEI’%‘P%@H’ | eani ng a nol ybdenum mask
havi nggg &@aﬁﬂrfgssoﬁfnoﬂ‘% Qhﬂﬁﬁﬁgﬁé hqd sélﬁﬁérﬁﬁ’ﬁﬁmg an acid concentration
conprising: placing the mol ybdenum mask in a cl eaning
sof attleash S ipaxckntdi ng hydrochl oric acid; and renoving the
nmol ybdenum mask from the cleaning solution after a
predeterm ned period of tinme. 2. The nethod of claim
1ThE Wk ofCRRRIY, SihB@in:agi t ati ng the cl eaning sol ution
at a predetern1ned agitation level for a ﬁredeternlned
pe ri odthsfcleaning sobitioniea hpdreldons acid selption having Heecid concentration
LSl ting the nol ybdenum nmask in a
Egge%%Tgpmgghmhereln pl aci ng the nol ybdenum mask in
the cl eani ng sol ution includes placing the container
in the cleaning solution. 4. The nethod of claim 3,
f Ghe methadgristain 10y WheleBki ng t he container. 5. The
et hod yof
cont ai LK dpl&ln?r Oﬁltl }Wfé tﬁ&%}gg}ggﬁc E&E @&Pﬁ?fg tﬁg\}lgés grg{lbldli goncentratlon
coﬂmabmﬁdspmmammndnsannaﬂmmé@iehmnand

The method of claim 11, wherein:

the cleaning solution is a hydrochloric acid solution having an acid concentration

of about 37 percent.

The method of claim 8, wherein:
the predetermined period of time is at least 5 minutes and no more than 300

minutes.

The method of claim 13, wherein:
the predetermined period of time is at least 10 minutes and no more than 100

minutes.

The method of claim 14, wherein:
the predetermined period of time is at least 15 minutes and no more than 40

minutes.

The method of claim 15, wherein:
12
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17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

the second vessel further contains an aqueous sol ution
surroundi ng the first vessel. 6. The nethod of claim

W®G20060100MEr conprising: covering the first vesBEl/US20041023596

alid. 7. The nmethod of claim®6, further conprising:
drying the mask with nitrogen. 8. The nmethod of claim
7, fur tthepredetmmined pgiodweSimeany at leesti2shinude nd no more than 30
de JO{‘II zed water. 9. The nethod of claim8, wherein:

8% ani ng solution is a hydrochloric acid solution
haV| ng an acid concentration of at |east 5 percent.
10. The nmethod of claim9, wherein: the cleaning

solhgtmeshod ef daimy@mvdwiinri ¢ acid sol uti on havi ng an
11. The

acid copeentra of at as
net hod o?a%fé 15116 Slls\ﬂﬂﬁl}tgie m%eﬁ@SS f?l ﬂﬁ?BP?P(CP’on is
a hydrochloric acid solution having an acid

concentration of at |east 25 percent and no nore than
sdFhsanctig of olgm Whahgwitiod of claim 11, wherein: the

cl eani qutlon

havi ngq%n aH%ﬁ %‘%:ezlnflsr%%%%gfgq&g I{%cia’]g{ pércent 13.
TiThe medthwiofaflainl &8, mh8reimher ei n: the predet er m ned
period of time is at least 5 minutes and no nore than
300 mi AR agdtatiay freqysacyistisbuecd 20t aad1sMHfher ei n: t he
predeterm ned period of tinme is at |least 10 m nutes
and no nore than 100 m nutes. 15. The nmethod of claim
14’ he winthagd of claim 19, wherein:

the agitation frequency is between 20 kHz and 100 kHz.

The method of claim 20, wherein:

the agitation frequency is between 25 kHz and 50 kHz.

The method of claim 8, wherein:

the agitation level is quantified in terms of agitation power.

The method of claim 22, wherein:

the agitation power is between 1 W/gal and 100 W/gal.

The method of claim 23, wherein:

the agitation power is between 2 W/gal and 50 W/gal.

The method of claim 24, wherein:

the agitation power is between 5 W/gal and 40 W/gal.

The method of claim 25, wherein:

the agitation power is between 10 W/gal and 30 W/gal.

The method of claim 26, wherein:
13
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

the predeterm ned period of tine is at |east 15
m nutes and no nore than 40 m nutes. 16. The net hod of

wW@Lb@b1®%7 wherein:the predeterm ned period of PCT/IE2004023596

at least 25 mnutes and no nore than 30 m nutes. 17.
The method of claim@8, wherein: the agitation level is
quant i ftheagifation power isbetagiet 20 Wyigalf andpOeWegal. 18. The

hod of clai.m 17, wherein: the agitation frequency
in?hﬁé’il‘?}ig%o 1@&1%#%@621‘%2 19. The nmethod of claim
18, Vm@l‘i@égzﬂtgtibl_?_go@&‘iE@Bdlﬂ’QSfW%GHenCy i s between 20 kHz

and 1MHz. e nethod of claim19, wherein: the
agitation frequency is between 20 kHz and 100 kHz. 21.

The netho .claim?20, wherein: the agitation
f@&&%e_&l&‘i/dd‘?fgcfl%‘é’t@év " Kz and 50 kHz. 22. The method

of cl aitie Fedstbretifédperiod®f aigictiahi 104kt 596ats dnd BYASKe thdneM hours.
in ternms of agitation power. 23. The nmethod of claim

22, wherein: the agitation power is between 1 W gal

a .2 .ret hod of claim 23, wherein:
t@e% Ogcgg:l%m%ol\i&h-g%gn'betmen 2 Wgal and 50 Wgal .

25. Theéhemblybdernin mhsk Ms2dket wttforch holebe agi tation
power is between 5 Wgal and 40 Wgal. 26. The nethod
of claim 25, wherein: the agitation power is between

1Qh¥\f&ﬁ{odadﬂle§8 1\’/\(@1%{ein:27. The net hod of cl aim 26,

wherel n:the agitation power is between 20 Wgal and 30
W gal . tiRGerndhef methlsonklodes chainm, 2dppentpeidamt a lead/tin mixture.

A method of cleaning a mask, comprising:
placing the mask in a cleaning solution; and
agitating the cleaning solution at a predetermined agitation level for a

predetermined period of time.

The method of claim 32, further comprising:
putting the mask in a container; and wherein
placing the mask in the cleaning solution includes placing the container in the

cleaning solution.

The method of claim 33, further comprising:
closing the container.
The method of claim 34, further comprising:

receiving the mask.

The method of claim 32, wherein:

the mask is a molybdenum mask.

The method of claim 32, wherein:

the cleaning solution is a hydrochloric acid solution.
14
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38.

39.

40.

41.

42.

43.

44.

45.

46.

the agitation power is about 25 Wgal. 29. The net hod
of claim1, wherein: the predeterm ned period of tine
WO 20080109¢Bst 5 hours and no nore than 48 hour SPCB0S20051623596
met hod of claim 1, wherein: the nol ybdenum mask has a
set of through holes. 31. The nethod of claim1,
wherein: the series of netals includes chrone, copper,

gol.d a ad/fin.m xture. 32. A nethod of cleaning
a%gﬁe?g%cg#pﬁ?lgﬁ#gwhﬁfe%i ng the mask in a cleaning
sol uti GRe cladiin@&lit@n 19 Gorthifed WRBH NErsBOdudli On at a
predeterm ned agitation |evel for a predeterm ned

per i od tlf finst vessel 3gconthredwithiog sstomsl veissel;3md f ur t her
conpri $i ng: tti he sk in_a container: and..
wher ef MfaeRhl o RutiE cBRTe p Gy R FuOG ffiime the first

I vessgtles pl acing the container in the cleaning
solution. 34. The nethod of claim 33, further
conprising: closing the container. 35. The nethod of

Chai : ﬁﬁgg LSihas: receiving the mask. 36.
T%%%%ﬁogdg%£%e%i’ m H%@?Senll% the mask is a
nmol ybdeowringabk firsBvessdlheitnetidod of cl ai m 32, wherein:

the cleaning solution is a hydrochloric acid
solution.38. The nethod of claim 37, wherein: the

C @@ i Jich SSH ki Oy hﬁth%pgglﬁl!r,]- M thin a first vessel;
|7 e

the first vessel is contal v thin a second vessel ;
and t hdrgegthednasksgt nifrogdnher cont ai ns an aqueous
solution surrounding the first

The method of claim 40, further comprising:

washing the mask with de-ionized water.

The method of claim 37, wherein:
the cleaning solution is a hydrochloric acid solution having an acid concentration

of at least 5 percent.

The method of claim 42, whetein:
the cleaning solution is a hydrochloric acid solution having an acid concentration

of at least 15 percent.

The method of claim 43, wherein:
the cleaning solution is a hydrochloric acid solution having an acid concentration

of at least 25 percent and no more than 50 percent.

The method of claim 44, wherein:
the cleaning solution is a hydrochloric acid solution having an acid concentration

of about 37 percent.

The method of claim 37, wherein:
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47.

48.

49.

50.

S1.

52.

53.

54.

55.

vessel . 39. The nmethod of claim38, further
conprising: covering the first vessel with a lid. 40.

wab@soekod of claim 37, further conprising: dpgI/DsRHE3596

mask with nitrogen. 41. The nethod of clai m 40,

further conprising: washing the mask wth de-ionized

wat er . tU@predétermimtd pelticalf oftingd inaBRast\Shalmeied ant ke more than 300
cl eanjng solution is a hydrochloric acid sol ution
hd¥HE§San acid concentration of at |east 5 percent.

43. The nethod of claim42, wherein: the cleaning
solution is a hydrochloric acid solution having an

aclihg neesherbofi dlait 4m vdferea: | east 15 percent. 44. The

met hod .pf cl.aim.43, wherein: the cleani.ng sol ution

2 hydr RHPEATEMBFPS LR gie i 2l lepy 10 Aiagieq and 16 mors than 100
comaentration of at |east 25 percent and no nore than

50 percent. 45. The nmethod of claim44, wherein: the
cleaning solution is a hydrochloric acid sol ution

hayi hd. cC ntrati on of about 37 percent. 46.
Tﬁfée%tﬁ%id&gcflggﬁ Ag?%%ﬁtﬁm'v\her ei n:the predeterm ned

per i od tlef predét@rmisedperlodaFtinke iFhildise I 5 AduRS aPhEmobPtRan 40
300 mi nutes. 47. The nethod of claim46, wherein: the

pr¥BEE®r ni ned period of tinme is at |east 10 minutes
and no nore than 100 m nutes. 48. The nethod of claim
47, wherein: the predeterm ned period of tine is at

| dhsmettodofridimsi8amdieren: nor e t han 40

the predetermined period of time is at least 25 minutes and no more than 30

minutes.

The method of claim 46, wherein:
the predetermined period of time is at least 10 minutes and no more than 100

minutes.

The method of claim 37, wherein:

the agitation level is quantified in terms of agitation frequency.

The method of claim 51, wherein:

the agitation frequency is between 18 kHz and 2 MHz.

The method of claim 52, wherein:

the agitation frequency is between 20 kHz and 1 MHz.

The method of claim 53, wherein:

the agitation frequency is between 20 kHz and 100 kHz.

The method of claim 54, wherein:

the agitation frequency is between 25 kHz and 50 kHz.
16



10

15

20

25

30

56.

57.

38.

59.

60.

61.

62.

63.

64.

65.

66.

m nutes. 49. The nethod of claim48, wherein: the
predeterm ned period of tinme is at |least 25 mnutes

wa@pasoowbdre than 30 m nutes. 50. The net hod oPCTU&INF/023596

46, wherein: the predeterm ned period of tine is at
| east 10 mi nutes and no nore than 100 minutes. 51. The
meltheaaetbdd ef daim 357 whateir:ei n: the agitation level is

quantifjed.in terns of. itati%%gdizrge u . 52. The
net hodtf(l) g‘%ﬁagf’ 5&2‘6”\%&6%“?@3% ?%a‘ﬁﬂ%#frequency
IS between 18 kHz and 2 MHz. 53. The nethod of claim
52, wherein: the agitation frequency is between 20 kHz

aride mathod ofplaimdy, wbetedd of cl ai m 53, wherein: the

itati 2 L . 20 kHz d 100 kHz. 55.
The. metieoip GROH RIEMe bRl FEfen o icfaf e,
frequency is between 25 kHz and 50 kHz.56. The net hod

of .claim55, wherein: the agitation frequency is
bdtGEsthoso il m AT Wherek¥z. 57. The net hod of cl ai m 37,

wher ei fe Jofi8HAP; Is | hid in terns of
agitati oen po&%}?ﬁg\g{{}%&g@%@t X&Z/galga?ﬁﬂgﬁ)gf\i{n&g% wher ei n:
the agitation power is between 1 Wgal and 100 Wgal.

59, Th thod of claim58, wherein: the agitation
p%&%@eﬁ?ﬁ%’éﬁ%&@%gﬂv I§%F and 50 Wgal. 60. The nethod

of ¢l aiRRRai MR bdREerPBi/aLll Q8 sHaMRLL T S between 5
W gal anda%40 Wgal g © Bh<AA 5B :
The method of claim 59, wherein:

the agitation power is between 5 W/gal and 40 W/gal.

The method of claim 60, wherein:

the agitation power is between 10 W/gal and 30 W/gal.

The method of claim 61, wherein:

the agitation power is between 20 W/gal and 30 W/gal.

The method of claim 57, wherein:

the agitation power is about 25 W/gal.

The method of claim 37, wherein:
the container is made of Teflon®.
The method of claim 37, wherein:
the container is made of a material essentially inert with respect to hydrochloric

acid.

The method of claim 37, wherein:

the container is made of high-density polyethylene.
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67.

68.

69.

70.

71.

72.

73.

74.

61. The nethod of claim60, wherein: the agitation
power is between 10 Wgal and 30 Wgal. 62. The net hod

w@RooshaionT 61, wherein: the agitation power is PET/VA®N4/023596

20 Wgal and 30 Wgal. 63. The nethod of claim57,
wherein: the agitation power is about 25 Wgal. 64.
Thighematthattofoflaind 37, wigrgin:wher ei n: t he cont ainer is rrade

of Tefl e thod of claim wher ei n:

Cont ai By o deer g R g SRRy ing  SEPRIAHLY Between 20
r espg@t7oteg. hydrochl oric acid. 66. Themet hod of cl ai m

37, wherein: the container is nmade of high-density

pol yet hyl ene 67 The net hod of cl ai m 37, wherein: the

h | S .0 within an environnent having a

%%get i P\/\él}eﬁ"hffflbc and 70 OC. 68. The nethod of
cl ai m @ife mmea & perforined Wit dnyirbRhEAHIRGH e t%ﬁlb@raﬁﬁ‘e between 20
envi ronrrent having a tenperature between 25 0C and
0C€C @94 50fhe nethod of claim68, wherein: the mathod |s
performed within an environnent having a tenperature
between 25 0C and 40 OC. 70. The nethod of claim 68,
mﬂélemanhoddf&lmtﬁsod/hiefblmerfor med within an environnent
havi ng .a tenp [ature of about 25 0C. 71. The nethod of
clai m &8¢ m@ﬂh@& & Rerformed Withinge snyirpamens hagige g temperaise between 25
ela@iagl@qgegt having a tenperature of about 30

The method of claim 68, wherein:

the method is performed within an environment having a temperature of about 25
°C.

The method of claim 68, wherein:

the method is performed within an environment having a temperature of about 30
°C.

The method of claim 68, wherein:
the method is performed within an environment having a temperature of about 40
°C.

A method of cleaning a mask, comprising:
putting the mask in a container;
placing the container in a cleaning solution; and wherein
the cleaning solution is contained within a first vessel;
the first vessel is contained within a second vessel; and
the second vessel further contains an aqueous solution surrounding the first

vessel.

The method of claim 73, further comprising:
18



0C. 72. The nethod of claim68, wherein: the nethod is
perfornmed within an environnent having a tenperature
w@booaboes7 40 0OC. 73. A nethod of cl eaning a nmaB&T/US2004/023596

conprising: putting the mask in a container; placing
the container in a cleaning solution; and wherein the
cl eani redpssg the comtainer. cont ai ned within a first vessel
the first vessel is contained within a second vessel;
and the second vessel further contains an aqueous

75. Sqfh%tnh&ﬁbcﬁwdlﬁﬁﬁﬂi,@&tﬁeilﬁo&#ﬁéﬁ vessel . 74. The met hod
of claim73, further conpr sin%:closing t he contai ner.
75. Theovetiugdte 6fst wesselwitlda lilur t her conpri si ng:
covering the first vessel with a lid. 76. The nethod

> of claim75, further conprising: washing the mask wth
76. da“hbmﬂtﬁcﬁtbﬁ/wéiﬁﬂs,ﬁﬂtheir&ﬁn{iﬁiﬁ%?d of claim76, further
conpri si nﬁli drying the mask with nitrogen. 78. The
net hod V&shigg fiamask withide-ipaized ovateri si ng: recei ving t he
mask. 79. The nethod ofclaim 73, wherein: the cleaning
solution is a hydrochloric acid solution. 80. The
77.  n@hbagtlefd oflckdim 769 furthees@nprisiidie mask is a nol ybdenum
10 mask. E%V The msého,d of claim 75, further conprising:
agi t at PREPS the neask athatregmut i on.

78.  The method of claim 77, further comprising:

receiving the mask.

15 79. The method of claim 73, wherein:

the cleaning solution is a hydrochloric acid solution.

80. The method of claim 79, wherein:

the mask is a molybdenum mask.

20
8l.  The method of claim 75, further comprising:
agitating the cleaning solution.
82.  An apparatus for cleaning masks, comprising:
25 a first vessel having an open top;
a second vessel having an open top, the second vessel containing the first vessel;
and
an agitator within the second vessel.
30 83.  The apparatus of claim 82, further comprising:

an aqueous solution within the second vessel; and

a cleaning solution within the first vessel.
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84.

85.

86.

87.

88.

89.

90.

91.

92.

82. An apparatus for cleaning masks, conprising: a
first vessel having an open top; a second vessel

whaoosngadn open top, the second vessel contai NP@US1964/023596

first vessel; and an agitator within the second
vessel . 83. The apparatus of claim82, further
c dhsrapparays ofelatg 88 dushealontprisingwi t hi n t he second

vessel ; d cl eani sol uti ithin the first
vessel .aégl.nﬂ?ﬁeto sPp3 Flé"%?%ené?p Bftgf’ ﬂrsé 3Fur t her
conprising: alid sized to cover the open top of the

first vessel. 85. The apparatus of claim83, further
c IS PPRITAYs obclpian 83, fpehr comprisingont ai ner si zed to hol d

a pluralj . Mas i to fit within the first
vessel % r%l%ﬁvef& g{ggtpéégrfa%g 3&8% %g}foéﬁ? W%%?IWME Pasks andgized to fit
c with#a therfirktagssl.cl anshel | form 87. The apparatus of
claim 85, wherein: the container has a container

vessel with an open top and a container lid sized to

c : . cont ai ner vessel. 88. The
ag%&g?%éﬁuguggﬁgflgggrﬁ’g&e}%ér ein: the cleaning solution

is an 8o onta@®r hdheclapphelbfons. of cl ai m 88, wherein:

the cleaning solution is hydrochloric acid. 90. The
apparatus of claim 83, wherein: the cleaning solution

| ThaapRsfus Selaik®s, 3RRALAL Uus of claim 90, wherein: the
cl eaning solution I's sodi um hydroxi de. 92. An

appar athgsoniainee hassnéanainersiessel withyan iopemtp and a container lid sized to

cover the open top of the container vessel.

The apparatus of claim 83, wherein:

the cleaning solution is an acid.

The apparatus of claim 88, wherein:

the cleaning solution is hydrochloric acid.

The apparatus of claim 83, wherein:

the cleaning solution is a base.

The apparatus of claim 90, wherein:

the cleaning solution is sodium hydroxide.

An apparatus for cleaning masks, comprising:

a first means for cleaning the masks;

a second means for holding the masks;

a third means for agitating the first means and the second means;
a fourth means for containing the first means;
a fifth means for surrounding the fourth means; and

a sixth means for holding the fifth means and the third means.
20
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a first neans for cleaning the nmasks; a second neans
for holding the masks; a third neans for agitating the

wo poosp10veans and t he second neans; a fourth neRCEUSIO04/023596

93.

containing the first neans; a fifth neans for
surroundi ng the fourth neans; and a sixth nmeans for
hol ding the fifth neans and the third neans.93. A

e A RS EAHES SBE Fdot ed on

comptisihybdenum mask in a cl eaning solution; and renoving

94.

95.

96.

97.

98.

99.

100.

the nol ybdenum mask fromthe cleaning solution after a
pr edet &fagingdhe phibdanur maslhin a daanimheolntiarhedd of cl ai m

93, fu Eéﬂ@&ln%ﬁfp%@é%&&umarg%s&aé&?n glelt cg%nﬁrge/sg)?dt%graﬁgr a predetermined

sol ution at er ni ned adgi

ppedet eftitheied peri od of time. 95. The method of claim
94, further conprising: putting the nol ybdenum mask in
a container; and wherein placing the nol ybdenum mask

i Tht BRuKIGFULAY 930 %Pébnﬁﬁ}fs}irk%qes placing the

contai ner in the tleaning so ion. 96. The nethod of

cl ai m 9§atingthedeantiggpiitminrag a peddeirminet heitativt [ave €6r. a

97. .The ne{lhod(ﬁgf claim 96, further conprising:

r BEAPGTRgeY REFQEIIMSS  The et hod of cl ai m 93,

wherein: the cleaning solution is a hydrochloric acid
solution. 99. The method of claim 98, wherein: the
cleamicthgdodiclaim o, fusthenromairisg: wi thin a first vessel ;
taES fi f)lf&lng ﬁﬁesmelolybgen%&nrgqgslkr}rel% C\é)ml’l apl’{e?; a%dsx’?v %?qu vessel '

placing the molybdenum mask in the cleaning solution includes placing the

container in the cleaning solution.

The method of claim 95, further comprising:

closing the container.

The method of claim 96, further comprising:

receiving the mask.

The method of claim 93, wherein:

the cleaning solution is a hydrochloric acid solution.

The method of claim 98, wherein:
the cleaning solution is contained within a first vessel;
the first vessel is contained within a second vessel; and
the second vessel further contains an aqueous solution surrounding the first

vessel.

The method of claim 99, further comprising:

covering the first vessel with a lid.
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the second vessel further contains an aqueous sol ution
surroundi ng the first vessel. 100. The nethod of claim

wO@NosHhuvther conprising : covering the first vRGHER2004/023596

101.

102.

103.

104.

105.

with a lid.101. The nethod of claim 100, further
conprising: drying the mask with nitrogen. 102. The
nmet hod of claim 101, further conprising: washing the
K with ~i.onj ze ter. 103. The nethod of claim
gg?‘e\%eg?oé%%‘:%laﬁ?e O<Z9I’ g‘éﬁ%ﬁb"%@?%ﬂg:on is a hydrochloric
aci d sdiuhg e rhakivith @ftogél. d concentration of at | east
5 percent. 104. The nethod of claim 93, wherein: the
series of netals includes chrone, copper, gold and a
I L1] ' ren 105, A nethod of cleaning a
mﬁggjﬁ%ﬁ%"g ell%)&vﬁlﬁtge%coé‘&ﬁsgég' of netals including
chr onme wasltipg eHe, mg@! witlodeionideg@ ¥etdri N M xt ure deposi ted
t hereon, conprising: placing the nol ybdenum mask in a
cl eani ng solution; and renovi ng the nol ybdenum mask

flm%ﬁg,quf%pa%@%ogﬁé#%on after a predetermn ned

per tine. hé nmet hod of claim 105, further

conpr i Hiergeanigisbhttiongs 4 hydrodtdedd #gd selhtidr kividd arfacid concentration

pr term ned agitation |evel for a predeterm ned
pgfg[gﬁasgg]p?ﬁcﬁrgz 107. The nethod of claim 106, further

conprising: putting the nol ybdenum mask in a
container; and wherein placing the nol ybdenum mask in
t he miethadiofiglagn 98t whereinnc| udes pl aci ng t he cont ai ner

in the,cl eani lution. 108. The nethod .of claim,
57! e BRI B pbOBfer B B M

A method of cleaning a molybdenum mask having a series of metals including chrome,

copper, gold and a lead/tin mixture deposited thereon, comprising:

106.

107.

108.

1009.

placing the molybdenum mask in a cleaning solution; and

removing the molybdenum mask from the cleaning solution after a predetermined

period of time.

The method of claim 105, further comprising:
agitating the cleaning solution at a predetermined agitation level for a

predetermined period of time.

The method of claim 106, further comprising:
putting the molybdenum mask in a container; and wherein
placing the molybdenum mask in the cleaning solution includes placing the

container in the cleaning solution.

The method of claim 107, further comprising:

receiving the mask.

The method of claim 105, wherein:
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109. The nethod of claim 105, wherein:the cleaning
solution is a hydrochloric acid solution. 110. The

woreiokoef cl ai m 109, wherein: the cl eani ng soPTI/US2V04/623596

110.

111.

112.

113.

114.

115.

contained within a first vessel; the first vessel is
contained within a second vessel; and the second
vessel theclkieng saintiai is s hydroahjleeio usidsolutibh.on

surrounding the first vessel. 111. The nethod of claim
110, further conprising: covering the first vessel

Wi Rethdfof ddid 10006 HEREN0d of claim 111, further
comprising: drying the mask with nitrogen. 113. The

met hod tif cledrmngrsolaiin it gonthioed wothpr 4 Sishgesselashi ng t he
mask wi.f h.de-ioni.zed water...114. The nmethod of claim
105, wiEF Grhre e SU B PH YoSoek Mgr ochl or { ¢

aci d sqhdlédcond Nek¥élTortiad caftaihs GRAGEIMLE 381hQh Qfrradhdin8 W8 first
5 percent. 115. The nethod of claim 113, wherein: the

clvesssl-ng sol ution is a hydrochloric acid sol ution
havi ng an acid concentration of at |east 5 percent.

The method of claim 110, further comprising:

covering the first vessel with a lid.

The method of claim 111, further comprising:
drying the mask with nitrogen.

The method of claim 112, further comprising:

washing the mask with de-ionized water.

The method of claim 105, wherein:

the cleaning solution is a hydrochloric acid solution having an acid concentration

of at least 5 percent.

The method of claim 113, wherein:

the cleaning solution is a hydrochloric acid solution having an acid concentration of at least 5

percent.
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