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Field of the Invention The present invention relates

to nethods for ultrasonically chem cal - et chi ng
WOWRN0R/0106ES,. N[ Qa S Imfep tSiRd o TUS1984/023905

i nventi on. Bac groun nventi on n a number  of

nmodern industrial processes it is necessary to etch
Fne?iﬁ&etiﬂa gnﬁl iformy. The etching nmay be confined to

erl a or the etching process may be continued
unt IThe poeenhiptetipmtelaics tencthed forhltoasgtigally lsbeneibal-ctohipg siorigpieces, and
an._un n many i ndustri al

to Sgswins gogt |%Hﬁ ‘%“3‘%?%% %L/? (glf)gexarrpl e, the fabrication of

electronlc opti cal or optoel ectronic workpieces, the
Bael;. roun f§ﬁeel%§erft8¥lm a very critical phase of workpiece

f ion he etching process typically dictates

t he Iraa:xwfoalogf ntodernfridedtrid] pecasgss k(i recesinaio stch najerials wiifprmly. The
etcﬁmgl% ey tc%rrlﬁn%%i to tﬁeeﬁlgtm?a{feor &f teﬁﬁ]ing?rlr gersgrg egﬁ]&lggéﬁ( }Qﬁlﬁtﬂe material is
etchfld| t]prsugh; mabbychxprgmg xn dnaieﬂymg materiefl.ulgimmny indestrial applications such as, for

| n {.1 an t |
exaprr%rfef %f’ a{% oa(é%?% of%?e@g dp e;?cﬂﬁl or (épQ&%g#&gcgg&%ﬁ&g u 'g{é%{éhﬁg Q5 form a very
crimqalsphlaa:tof wgrkblagcefamcame ad gpehing grocass Wpaﬂyydlth@rthetahelracy to which the
wolal el are%ltlma!:teqyl% SR %f a fewmcrons. In critical

vk% FiP&ations,” certarn new or used parts of

se rril“hcm @ba oftamrmcpc beeewihngraquecesyiag sicprge the fabribatiog bssmesdnductor

Ll [ r

chips mglgx 1%18 mg@aﬁ{olg r%ﬁﬁxts 01? g%n%%gg#{nﬁﬁ; @episrx ‘\3‘1 jf E&dﬁcﬁi}? ¥R ;zle;tors,l )
photelithdzeephyuanid sighipg. o¢a®es copducfin fivelatmedeyers sicrigpasit 1formly over the
Wateﬁto artﬁc%ness%f ;?1%@' n%gr%n%r %yﬁt?alg{)qh%!it%gp lcélﬁﬁsnséwsblr [ﬂeh ?gnsto? semiconductor

em conduct or ‘have m&a surtace sl
prom:sslpgmjumg;cnm@t to becleanbdprion @rlmmﬂetlonaahd uee imerdyr tovgfnevesresidua
conr’c]an% 1at10n gomrt)ﬁ 1n1? gi mac nmg gr r&%ﬂfa@tﬁg r&:%s%dorlﬁ%m Fee TOCESS teps, in order
semcC tor process econes con m na tmé(f
to anhletbdp)\cetsldf sledmhndssjsm;iaramthe ‘sdrrwoaﬂl@ttm wheritsel snd s dugface morphology
resgc:)redt Eurﬁlngr%o?e a‘fl‘cer i L%T&gef‘rélg %'%g bg%%tx](%ces%% ge Jﬂ%?engﬁs&g ﬁllstﬁessemiconductor
prosuppg)pmcpessgaetMS vxtaﬁzﬂmmatm dépokits bbiddgnasd thetfak bespoerymusable.

ITEt ggr]; egiémﬁl?l én anneﬁ:‘%l% cﬁ? é? n?l’g%}td%?OtSItSMn tﬁeos g&?t ﬁéuﬁﬁ’ér%ngggf electrodes or
chuaks snppoktingsherwadgeahtit it bevsines thickl c@ughoto antexiefeovithsthe wiferrpontact with the
elegcr dg rr%}rls resugtlse @%ﬁn—%fo%% Cﬁl!l’lg gqtgges?/ glg ava{gg %e \%21' age %Hgédtt}éansfers due to a wafer
stldkmgltct mlyman bildop oraﬁhé éccttnoﬂg T@ndeifwahtbr epxeqrﬁmg sevema)pnc;an sdeyond some
et At S g e
cora;b(mmts:ln dteeduipmtri clmolbyme g.sodwidbnes mtddimen arstalso wéritadhwith polymers an

ontrlbt r1i.cl es |
Taml{‘léﬁl v%n c?@ﬁuf‘%%a?tgcileg,[%%tﬁilu% Anlﬁcs)r%%}hé; E]rg;ﬁfgxl(t:lgs Sté g}g%ifeiﬁ %erefore itis
thed i n&as&g nxtxh@sseimble mfa:rmﬂs in theterepreept bkpmbman@ tleamisles m@wdual parts. Most
’cypre::)sr Sf%gr roc%ssing%{;]&{% €N %156%’ go;gl%ﬁngrh@?ﬁng Xipsgl% qugt[)ly dev%ces utilize processes
mvshrmg dn(ghahmmemmr@mlaswsardlgbdeb@ enignos o5 ﬁmdqulgln\ﬂn%qi:mmgg uring these
[

ma ue % OSI %)ﬁgsgeﬁ d&%ﬂ@%%ﬁ m%%hgﬂﬁn%&#@ts g}e)ﬁ e? aoC ?}l;e shitfac of workpiece
parr ocesses, organi ¢ and inorganic by-pr oduct s are

gg B §§rlg gp%argp a d‘l@“g%jeg"?‘g‘ﬁlg‘g all Qtilefet% %ggg&{lglg?éq&%ever none is
idealt ¢FG. vll(shcmm aqu@pntmymé} scaln @mrahs 100 of the prior art used to ultrasonically etch a

semiconductor fabrication workpiece 102. An acidic solution 110 is placed into inner container 104 and

CcO

!3

ultrasonically agitated through aqueous solution 120 held in outer container 130. The entire apparatus is

1



30

35

ideal. FIG 1 shows a representative snmall-scale

apparatus 100 of the prior art used to ultrasonically
wet@k/o9sem conduct or fabricati on workpi ece 10RPCT/BR2004/023905
con@fiied@iviEhis e exhingthobd 050 for thé @pﬁfb af gises 140 theat are emitiad frem the@4queous and

ac1d?cgsgluﬁlg$s&g on| ﬁ]gl | Xc&gﬁ Ii)ctg?]it%: g{;&% t1n Galﬁ%g%%ce OQ/Jeruetah]?petchmg
prodeSseOMbtaid e induldy d(bn(&ﬁtrz&edbmd&t athﬂorﬁcEaﬁirﬂppar des 1@9 goeg net provide the

.of gases 140th are.e from.t he
R T e e S
to chi@fih @R @mes fiprevont aﬁiwmadeomptaente a:gl mmnrltms Ebinrgvipnoes gudasrosol gases

that did no ocntr
v b ook S5 GRS AL B gy oo e
the p@hdl ipteysute®f &ﬁtvalhtﬁlmt&migesohtldrﬁﬁld o evenitobanga inghgwenientrgfion of the

C ond) tll oc?tlﬁ do ‘tfﬁog%lé’r xgﬁa’c@?% %Sléli I’R}va r(])[i%c ﬁe%&%ﬁ&éc@q&rxsn? p{oge, etc for

reghl§Rid I’chettdnﬂferafafr@mdalm\]ﬂaﬁcmmm&br fantimaerigesod dlgfas%thé cr@rgytfcbré)etter
ueous | uti ons, fromentering the etching solution
conag?roiv?fdhet PEYHi ng process, or to increase the parti al
Pr eBisdt b afparatud 200vahbd inl EI(ZatboﬁtbmhhwgJeﬁ@fS@OZ aml 284dviic contain

oS USR5 USRS S P BB B v

ovelow@ ilt@hk SonRativ@ainkn@0. MHahancaion trpnsdxtyer 228 tsofugrted to power oscillator

o AR RS TR AN = 9 ool 05 AR e

featGRR ichldin@\A@dst mgreﬁ@hﬂbyh thp it ss conflin anracidythe Zofpatoatiats a@@Bpiece being

ns .t beakers 202 and 204,
SO%?@ﬁhﬁaé‘ﬁ%ﬁlFlﬁeréé’fl‘g %%P *Fhat is provided through

0 p eUlSﬂ&t&l@ ﬁIo 6@099 5 o) vahhh @usuofloned by ndfaertcl Bergealdragpodest

i ch i.nt o .the.soni cal
1m1UP\i5p151§ 6?]\} ‘Eeg{)ﬁll%ori &V\% T a&byé%u g a o ﬁthog[a:]ltr}é 3{‘]%1 s%lllgrsomcatmg a
woilpiedd ih at £id s3R0od, butfitrfeilsitélproviti¢ meeme foir con@men@lye itcmint gv@es preventing
dei gni zed This a rat us
Bl P B B RN UG Coro S obp PP REL B g rom
entél‘khig ltfietayidic QolaHunt thé bility teiadrehse thbpartidd qpfessmc off the rgitlig s@ution, or provide a
wor. kpi ecebei ng soni cated, a heating elenent, and an
sa ‘EHIWP VEgFf user. U S. Patent No. 6,199, 563, whi ch _
IS Whegs ﬁ&ﬂ@{tleﬂmayod i epranas fcheomzilmng the gmesprodudesigiuring ultrasonic
Jnprovenent to ult n| cato f
sei, TGRS FOPT PO e N S S EB il il cnvironment whih
wolll EHeppréeet invanted axﬁtadur&nﬂs tfrbmculue. aqtmhs sotutib@addéor tqhatpnfd wieckgnism wear

S for copt ai.ni n he, aci ases vient i , -
o dnmebeter b b e SlEaRes S E I ety e port
prefsQie@F the BRhingEltian iviich wedd inhibét tlted’aﬁnaflormﬁdmleué vagors hgkeeping them
n agfqlélgiéfﬁes lg%gltn% ﬁxg bcg{g?rgra%onsoé Iﬂﬁ%‘fcélﬁg soh(l;nrog ?tzl\ae;lF L? th@ %1#1% ?tl provide a safer
wol@ighehVighn@iesti Thopreai. 1anitii)h id desipreed ctkenﬂeelt thew nﬁ@is Ib}z) grozidiig a more

apparatus for cont uce
efﬁa{éﬁtr cgg@m@n%%ﬁietagqara ﬁtfa?ﬂetg% gosgg:( B ggt avalgarbg%kéhr{gat semiconductor
wofkpiebds Rgh teeifedtivein cleed el redyviedlioatdebemaufactotmgliosts

envi ronnent which >5 woul d thus prevent unwanted

contanmi nants fromthe aqueous sol ution and/ or
Suim@iady bothalnwverthani sm wear and tear fromentering the

:prﬂcf‘gdﬁ‘%ﬁ %1118:312 Q gcrtlto etmr\]fg tlon%q b a8 PGS pec{,] qultrasomc etching

Ial reséure 0
appRiatlsi fag-he@icalllyi-exchingd wdsrkp\mel din ouetentbiodintehte the ohameitdl Granafid.

d an%f h’g H}%ﬁga 10%*}3 Ehirs ateﬁp ﬁplgdfgt\il]ﬁ?qugluc{%s %? bl &Yl rtﬁi aﬂe‘%t Sartially filled with

an sq@ms&oluamd ath ivderatinik mdlgdmgnnmhmncderegstmﬁ@ymwmﬂ lahlgast partially
disggpr.]?\éé éﬂt 1g§lbesou6er I?ag}g g\r/dﬁg %oﬂrgcawi,‘gl Ok r}l glgeolel$ %Oglgli%{é%?ﬁeqnﬁeq TR N at least
contam nant-free apparatus an& nmet hod t han those
currently avail abl e such that sem conduct or



25

30

35

wor kpi eces can b e effectively cleaned and recycled to
reduce manufacturing costs. Sunmary of the Invention
woe@sndiosgl y, it is an object of the inventi onP€DUS2004/023905

partlg\filld@with at leRcoreite of on @ilickrtbasis whition b dhg nigtabacidity or basicity of
appagat us for. chem cal l.y-etchjn | -
at 1@%@@ 4«1 %?ﬂd tfi)? Wgergz%l( 3% atYeaSt 2 sidenal %&VMKF%)@?%E%?A\%?@%%ﬂ mouth, and

is réchygtive etk oatkplese. mlmgﬁéen'hi tlg ;p;:r:alamﬂisa lihengaghalovighrsaid mouth of said
mnegg%n%tr qnf(}%? lt(ﬂgcﬁgqn#ﬁtga%gd[ug?ag rkc&;lp eléi: té ae{u!rl] éllltglﬂan\w tI) Hn@apt ARG énergy to the
acidiheitioalin the winsttadd  pol ymer and at |east partially

e
said inhdr &ahkwhd dloakr duefactof saiélid.i lneureloted ambaitmetit thepertiobssildunctions to
e I]Se %Ig g}%ei P%g ar?e{sisglg 8?}11% ggs?a'%ﬂfé‘eﬁh?% n%osrgg@igﬁ Lu?dé%ﬁ? S%V(Qltt escape of chemical
gas&d tHawaly lcaae d cleanpraineheanoehpdefiomifilg chemiggpelutiorout h, and

' ti 0 th kpi.ece. Al sQ i. i
131; p%’sagi?ﬁ%rl 6@0%19‘1"{“&%3}1\%8%\@%{ 51, i abhatitus lﬁ%%#ggg?altlg%:élgﬁent for
regilBtirthd @imjseratarechf &1 aglidonssbnion. t ransducer coupled to

said outer, tank .to jnpart uyltr ni .

R R
motidiEbewaies iite vafkidve dispabed maint ieser stnk lhedibt ukragaicttiaabduseaThe

et ween the.nmout h,of said i.nner..
eSS S0 o ol o SNSRI B YD o
wofkpietd. al seal functions to increase the parti al

pressur.e th as .above the etchj . I

T
rec€fiRe Pazabad ptddeced diopos ichstone offthd dypeak sotirtoml ang Glegtohing soliion.

anof her enbodi,ment of the inventi.on, .th t .

e LA P e PR s siuion o
darhRAipg bt/ et dffiaingtiieesoniq umogisingaited tb the.acidiv sylatioranot her

enmbodi nent, ..t h arat.us jincludes hani s

o Mparrerndtof B RoER BEERUERR AP Ao AT ReR A ot
aqudbisREIsE6h 4nd id dperablyreennetiad o sgposbet deeillatot.r asoni c

transdycer. The mechani sm.includes. i [ . -
T SRR G LR e HeE T B b e o R vention, o
morpiofRE&. mdreloftht hilramniotechepy, coviyothiure nempesature xdrgtions and impurity
hoqgd .is included which is | ocated above the tanks and
concet@htt ve to gases produced from at |east one of the
aqueisthsidnibotliarena i atpveusedobition & asfiterediantireciroulapest deionized water
not her enbodi nent, an ultrasonic buffer is positioned
i thin the aqueous sol ution for danpeni ng and/ or
di f Pregdratly, tietchgisclutsreis gyertinfiastoted to the acidic

sol ution. . I n one,enbodi nent of the i.nv i .

ot PR e R o L e pebi B RR pl b hat may come
int@EHheRtIBitIs bk vichiog sdutibnicomprises atHeyni@byrnsistagtipolone nptene} selected from

oscill atar. robe i.s it kL on. i thin. the etching
the%?%?tcf”bgl”??l% Planatﬁué’flﬂee?es% ﬁgég%?}ﬁ%e%f 1%&0&e&t&ie§lﬁ.vem ion, for

Mo Nt Mothagentbodingnt, tierienenfank peneralet teastha 10 mpherf tppchable metal

t enper at ur. tepperat.ure variations . npurity
Cor%{’rfg@wt tHSBPfP OF%a%%%}f AP BT dg()(ﬁ%arl%%ﬁto ,%Jg[gwgﬁgqueous

sol i yedandtiger ambddithent etk acithg sebiioe islhaitisdnd clydészediemical selected
fromhg érogpagolﬂéisting of hydrofluoric acid, nitric acid and hydrochloric acid. In a related

ba

embodiment, the acidic solution is hydrofloric acid, nitric acid and water in a ratio of 1:1:1
Alternatively, the etching solution is basic and includes a chemical selected from the group consisting
of sodium hydroxide and potassium hydroxide.

In still another embodiment, the temperature of the aqueous solution is maintained from about
3
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Preferably, the etching solution is essentially
static. In one enbodinent, the inner tank and any
w@eorssioorysof the rotational nmechani smthat nmay PONES:004/023905

20&©totaéomt5mﬁh t he et chi ng sol ution conprises a e
c he ISt nmat er e ro )
Sr@tj tMlcagﬁfs%I Setm% dm{%Pt Mle ﬁoﬂ%)}ec?]lg s?lgcg?cﬁtlr g'letgif(é]ﬁ ortnmaterlals
COMmgpf/SIWyabfdyJ@amanldmlmmt her enbodi nent, the inner
tan iin gg@e%b%%%’?ent ng[ 1nbe%l‘a?nl Qléeg'g bg%{mén 1g %g%:%{{ce)tgﬁldnc%on actuator for

contam nant's
roi@hmmdcsubﬁ@nteamm am a>ss Thia relgtd animidivent, érebadiineaibstattatty horizontal

aXEt B{,Hl%l 1ﬁlsasu§s?anglal? Vegl nCl UdeS a chem cal

roup const St11AY of hydrof | uoric
ac i cIn armtlter Fmbaiimeht ah@lmmhaimm chudésta raatydmotidh aatubitet fat Rkting said

. ne aC|d|c solutlon is hydrofloric acid,
mn%l ??%ﬂﬁgdgtsadup Somcmns I'"a ratio of 1:1:1

Al t dn M‘atahotbdry&mbbd)melﬁi thélidBpsaekast-sedtion Whiblaiisbs@ntlally the same as the

m sel.ected fromthe group consisting
crds??ecéﬂ%oﬁf}rl{ﬁhrﬁyr oc>)(f’|Cc mner %ot assi um hydroxide. In still

anotihsill &mﬂ)lelchrmt@dﬁnent, HE nhcaﬂ’mf tiset ibiie taRk afidthe Hd B USve a circular shape

' Jom about 200C t o about 500C.
Coﬁ&b%din%%%h%c %%etgf et enbdgdl ment, the workpiece is

sel ém:y@ dndthep embdEment othigocrods-saaion of @k Smeomsld iS bubd@niily the same as the

r quartz and silicon. In one enbodi nent
Cm%#ée%t%’%rhf%%éﬁo ]?pgeﬁ:e the nmechani smincludes a rotary

mot loyet.a6tl aadtor efbodifientohatmbn ofti thnsitbisit Haah ehapb ofd sqaste,

a related enbodinent, the axis is a
reC@E&%gs’c an‘{%l aF‘er% iorizontal axis. Alternativel y, the axis

is dhs mb@ttarktqf dielapparastud; incaabtheventbodiheniahatali@ape of a rectangular

nechani smincludes a rotary notion
par?ﬁ'%ﬂ%’g dn}?ub Oré lm %tl ng said i nner tank and/or said

ul t Aa&mdmgiy,tlt lalamihar @bject Ioﬁthy @rtvestivatid priovidetin cheaepdct, atnft€hod for

ult%%%:té%gc}{% ?caﬁ? %trclglglg% wgr 185 Clg‘JF féﬂs lnﬁ%&%ﬂt b}%lcr%%égt tplgwgt[hod include
provilivig.an immestanlt havanga@h freer @t’fm@d:bmﬁﬂshng 4 d‘lﬁmmalsltebhstﬁﬁt polyeher and defining
and t circu

B T T R UTHAT I TN E T T S—

disposed witiin ewrbweti tanirat leaatt partigliyofikd Seibitah @fuedis dohidion, AOREst partlally filling

the{irﬁig%(tahk Yzl%]y Sﬁéa%{] f.l of%n e{] Ell‘l }ng‘ﬁ%{l]iﬁl% ?ﬁs}glﬁy (ﬁé}lﬁggty of at least

10%,Hmmm1gﬁh€mi/od<h1ecel mmo ehie dtcﬂ]lfﬂg sbhﬁmﬁ ch’&ﬁﬁ)@th@ fmoath&ﬂ'ltt&ﬁﬁler tank with a
dc The. inn

io bR AR et QOF o s i Rt ot B efpesohtion such
thatthe dlerrmat mngmmlnamonpﬁ itheel eltoaiqgls@ledon rembis Qibstantlallp @dRrsame; and

S0 ke L BRSSP B <k B SR By it
aGthletwthradt«t}yn@lfdmwrgk}aeomr kpi ece. The steps involved in
ﬁ;\z’/‘ﬁ] alﬁg?(%rﬁgnrt ng{l}p 9 ge’gxgcrl] q&eﬁgg@ og%lle gld gx%at%sn atllerllrs]tearpagt%?seal between

the methriocf adid inperitatkand a otey sefacastdaiddifii ni ng

In another embodiment, method includes providing a heating element for regulating the
temperature of the aqueous solution.

In still another embodiment, the method includes providing a mechanism adapted to impart
relative motion between the workpiece immersed in the inner tank and the ultrasonic traﬁsducer.

In yet another embodiment, the mechanism includes a rod extending through the 1id and

coupled to the workpiece.

In yet, still another embodiment, the method further includes providing an exhaust hood which
4
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an upper nmouth and being receptive to the workpiece,
wherein said inner tank is at |east partially disposed
wowrdosiomoan outer tank at least partially fill eBCTMUSIDOQ0R3905
is REHEOIBSveIRE HhiksOe rekbptive ﬁ)sgasé%?wdhébld'f%n‘f dthdabtt@le biBe hWBASs solution
tank with at least 1 liter of an etching solution
¢ hgiciehing selBio® acidity or basicity of at least !5 10%

| ME,g kol NE OMMH%’[ et 1hé18de8 b MitrB@nR Bkt Ehtloned within the
covering t the mouth of the inner tank with a i

aqeqeey wion K dampminggnd/er difhsing Bnpnicenergy fepgsied EOHEG ctehing solution.
par th otk 8863 BeRRY R trd Bfic BhitsBidagis pOLitidred ButsiHE bf thé)@fueous solution
the chem cal concentration of the etching sol ution

ang BPRFARLY sermetiethivir RIS SFilteame; and ul trasonical ly

agi tI@Etil%o%h@@er@Jo@ﬂﬁeﬂg 1R Qhditdd 1 tnbIuady pldtidiASOptbBe positioned within
trasducer coupled to an outer tank to accel erate the

thestngrglugen fon gropitriagioae & morg of the liasogictsBHRYrFRPCEUTE:{ignperature

vafiBlohoghd 1&B§rlty;lgbrgg{traggnt he lid creates at |east a
partial seal between the nouth of said inner tank

1 doeet oelhe AEEOBRER oelaquF e SplHie oA AllFred AURT R Wionized water
bafiet hod i ncl udes providing a heating el enent for

regul ating the tenperature of the aqueous solution. In-
st i [T yeisel prothes prpbrsimehtthe qithingralupioniisiepsentipdy static.

pr oviind g EnkREe Q@t&m@& ARGk RGhdy o%nfe%'ltatzd)ﬁf&:t with the etching
notion between the workpiece imersed in the inne

solutierk inapng emhed Pty iagludes @ chemgepdlygesistant polymermaterid Frdgeted from the group
cofiiRAg| bf@fﬂlorm& fb@xn%&ﬁ@ﬁ‘ Hélg"t}}dﬁ“tﬂ}telﬁ@% ed rod extending

through the |id and couple the warkpi ece.

st i I anpthsr prebodanensdpsiapar ank generasastiess then 19 ARh of] lﬁelpay?lféée‘fal
colbMhal A RPpEXITMS b RAREN MR ESEMid QpBhAHnADOVE t he

tanks and recggtlve to gases%ﬁaoduced fromat | east

one loyetanethaqmesdigenohe eirlyng soiion Rempfsehitragidssleeieq %ﬂn the group
colsMEinFBE }H@ﬂ)ﬂubﬁb R nBTRRM A8 H?drocfhﬂfrfc held. tElelad@en@Bdiment, the etching

ul trasonic buffer positioned within the aqueous
solgdoninplades hysdroderipperdi mHigicasidepd waer nastiapitlHel - soni ¢

enengy yet'aﬂaﬁérteﬁl@o&ﬁeﬁthtﬁe @ct:lﬁﬂ% RALtRR bothprRBs a bdle ﬁdl&ﬁeﬁ@rrom the group
enbodi nent, the ultrasonic transducer is €05|t|one

copsinting efesogiumydroxiga e otasein ty Gkidn fnjagelgipé rapdjment, the etching

soﬁﬁ&%ﬁ{pﬁgesg@%%opd@é@@rﬁ hfgGlidd. ator. In still another
enbodi ment, the nethod further includes providing a
probe p05|t|oned wi thin the etching solutlon f or
nD ity 9&' 9 205 8erRnbBBARNOfhe telﬂﬁ)el"dﬁfré SR Y e dRB 8818Yon is maintained from
rgaaune tamaannevaHaUcmsan i mpurity
ab@éﬁ ‘Erte et ®WC- | n yet anot her enbodi ment, the aqueous

sol utk %rﬁpﬁec@mfaj/ b ered cﬁ*ﬁfée Eﬂti &YliRbE¢h &ﬁ'eﬁﬂbb@lﬁﬂn’c
wat er In yet st il ano her enbodi ment ,

t he
et cHn ﬁrg)ﬂ!?é PrbedRert, §h@§§«‘élml% imolpdesatoier) mqtiae aic‘ﬁﬁfé? fof rofpting said
sulAgke 3yt BPLLid. on of the nmechani smthat may cone |nto
contact with the etching solution, in one enbodi
i ncllyyeenethergakpdimpentythe axis ’§taé\”h5taﬁ%¢19’r¥’€’f’lzcﬁ‘é%l &Fi5- af‘ltemat“’ely’ according

to %ﬂt&%ﬁﬁodﬁrﬁmtﬁmmggQs&msﬁmﬂy%&mm a@f. a fluorine resin
hi gh enS|té pol yet hyl ene. I n anot her enbodi nent

F he It sk g Bl g A SFSHEH RMY ThSlon B¢thaer PR laking said inner
tarlikBh@br said ultrasonic transducer.

In another embodiment, the cross-section of the lid is substantially the same as the cross
section of the mouth of the inner tank.

In yet another embodiment, the mouth of the inner tank and the 1id each have a circular shape
corresponding to the cross-section of the lid.

In still another embodiment, the cross-section of the inner tank is substantially the same as the
5
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contam nants and 10ppm of | eachabl e anionic and

organi c contam nants. In yet another enbodi nent, the
wet@bionysesol uti on conprises an acid sel ected fPrPONMUSIVE4/023905
mgﬁ@&ﬂoﬁanﬁéﬁb&p@mﬂf hydrofluoric acid, nitric acid and

h dr chloric acid. a rel ated enbodl nt, t ,

e%/ch hege @giof F%lﬂecitsr?ﬁ‘ S%%CSW?HW&"P’&WW‘ FEP‘”“%‘%1 ﬁﬁf fRpreciated when the
foBewitlg asnsllodaleRFiplich of tHeahve@ti®H is dead inloonfufictysd twit MY d€dmpanying drawings.

enbodi nent, the etching solution conprises a base

sel ect ed fron1the group consisting of sodi um hydroxide
Bﬂannsaﬁa&ﬁmwﬂmhyd de. In a rel ated enbodi nent, the

etcﬁg@t sol ution. conpri.ses O@%fot%f5|un1hydrOX|de In

yet , TGt | [sangilustrtion of pBugiapafasontigeeiq-griRg SPaPSof t he

aqUERIGS2 $ahullis@ition®f E@h&taﬁiuiltﬁ@orﬁd’ Qﬁbl&béhﬂtng%@ﬁoil @pparatus.
be silicon. carbide

gﬁgﬁ "5 &0 OREon PR GRETBHUGE UM & RIS e Refher worpice using

an@01dQd bare Bécordidao aﬁ@&mmt srehdid@stian.r ot ary notion
trate about an axjs. In

3 2{ Lﬁho thlfé s n &ﬁ%ﬁ#ﬂ%@ﬁ?ﬁ %'P%ég%ﬂs@wmg the mRsY lﬁrﬁ’f“i“a]: Rrgpsure according to
mﬁ@mb&ﬁm&abfﬁxmﬁemﬁhternat|ver, accordi ng to anot her
enbadi he axi bstantially vertic axi s.
O b SEpion of hiiE %éﬂﬁws&ﬁoe@ﬁ&mug’&re%e o ¥pHspiece according
tonﬁﬁémmbdmﬁﬁméﬁmuuﬁ@ﬂhmﬁotat|ng sai d i nner tank and/or

sai I asonlc transqucer. | n another enbodi nent,
cr o420t FOEed Y Sy e ngﬁwéwﬁﬂ%mcwﬂ%g g cmebdiment of the

intdiorCr 0SS sectlon of the nmouth of the inner tank. In

yet of.her e i ment, the of the inner tan
A i "Eﬁe WAEsHywingt %%R%ﬁeg SHEpEP eBFI.GeéﬁefﬁaiHrggto another
entbadibeet aFreSeveaget.i on of the lid. In still another

nt, the cross-sectio he inner tank is
subgpggn %151 @AU#WEO% nga 1pgg %?S&lsio T EgRtNg G Verknigs around a

sumnkﬂly&féﬁlcafrﬁ@ﬁﬁccﬂdlﬂg @tdaeémBMﬁ&ksmadw&ﬁ@hur es of the

i nv e.ful ap r ci at ed when_ the
f ol Fﬁﬂ@u g‘s a%#laftfaéanng@w& apﬁl%/ CiHIISg OF Fodating et qrighiede around a
suusmdauyrho@@mm ALk b@BrdMolth addlier aGEsIRan i 1he 1rﬁirérﬁibh ngs.

Bri rjiptjon of the Drawi hgs FIG IS
il ffjéﬁr A ﬂq%sf?aﬂdﬂwﬁ%qg asptpoess Py alsesical e i arigprkpiece in
acEAt A S the bleSent Avérdioan 11l ustration of a prior art
- ultrasoni c water-cleaning overfl ow apparatus. FIG 3a
is an illustration of an apparatus for etching a
D&hﬁﬂbﬁﬁcrﬁﬂfohoﬁfhthMEloMDr kpi ece using an acid or base
CPO .ding to one enbodi nent of the invention. FIG 3b
0S| [ustration of the inner tank show ng the

i nc meoﬂh&w@ fitdicted PAlIESEICEl 2AE SQEMIFD Brin®udlB Berein have the same
vention. FIG 4 is an illustration

megggg gil tﬁ:{e 5 Wg{l]lg fslﬁgedtlﬂ gle&moé fhe oresent Fﬁ"é‘?“é’ﬁc gc 1%110 bg understood that this
invaBtidaak B QInARE & e Phtidular ARehoBSTBOL pitRabls,Qnd taBents described, as these may

i nv
vary. A?l pulbhcatlons and patents cited herein are expressly incorporated herein by reference for the

purpose of describing and disclosing compositions and methodologies which might be used in
connection with the invention.

As used herein, the term “etching” refers to the selective removal of material and includes, but
is not limited to, cleaning, texturing and polishing.

By "chemical-resistant polymer" is meant that the polymer composition can be maintained in
contact with solutions of high acid or base molarity for time sufficient to etch a workpiece, and
preferably can remain in contact with the solution for extended periods of time without suffering

degradation of the polymer.
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FIG 5a is an enlarged view showing a screw tip of

FIG 4 according to one enbodi nent of the invention.
WO-R@5/08950 s an enl arged vi ew showi ng t he sl ot t BAT/E82004023905

tip 4fuskd Breid, "altreoni’ ggletadiy asfattb ecouaithitdirbends inh fiefi@ncy range

| Sv1aR | str i,on_show
abb% aﬁgﬁt %{ce}gﬁ: h%he ? hl(‘thhe}e( egvo rWJ rc% t% OV vachlae%hertz
su bs%sarscd ladrdiny, a\)'wﬂqpmaé" refiis $o @paOovideing ubdergdirg a manufacture, etching,

R TR R e B bR B SPrnmy. By of xample one
wonkpyiéop iisercmagoodusthr Wa&uhvhﬂchlhdsl ea’trd:ryeljﬂ analzfosttuel; odhet Sxamples include

se@fésgd’ugﬂoﬁgro&% ?ﬁ) cpmgérb rgll% ISLI;E% aga ézi;sodgsérebg,ltlplbﬁlate c?ome/rO(l)f%r wafer

chydkt Aawarpicel dftyn defings @hmbnamg; ia theebkpitadedustiy, anhalitatikalrives,
se%gﬂuﬁﬁﬁcﬂp%ﬁ&?st IBS}{ | on. Detailed Description of

nvention i hiti ons Unl ess ot herwi se
i ndilbatesd,"lid]) ds ittieuded herein, mdﬁir&dhmm&ly fd 1ﬁclt1diaf ai’@ t}tp‘éedcontainer closure

cal;é1 E{)ﬁk,gggﬁe\r% 1 %ro%v?rrg? n? € orgl?ee@%ha(s a ﬁvﬁo alr*eétypca whlch
furjgtionsrad e clotwohich aitlea:smastlaﬂly\q@ﬂuth@fank s not I | mted to
the TB@L%QH&% ?Qﬂ%gl %rs %gay FalQha t %%% &Bﬁi 1%1.5 %lﬁggtgzﬁgp two members,

descri
egpamewilsf@tanlemdhdrdm n are expressl y i ncorporat ed herein

" f and
R e
ﬂu@@%ﬂ@dwﬂm%‘ mlméwb ICQIIhammdrius ihtoer dcidicesoluitiomin eASessJSiGQachable metallic
co@%ﬁ&g%ﬂ;? oftlia%ﬁ%%ﬁmeaﬁ%g c%lc T.n% Ok e%anlc%(é{;tgr?qgaﬁg{f mﬁn{. e’laqese
corttaningltemay Pegyresemon el sndaca Ioﬁthp @latesibl thay is 1By:ontact with the etching solution,

" #2] ul’ ol r" [ nt .that the pol yner
or e 88 Sefled R0 B Bt BNk o i PE B psit bt
sol byi"drsiaily hleg'hlt aan&dnﬂhatlﬂmhiﬁgl sa]utldms Wit hoﬁshliﬁi}antlally change the

f bly can
S LS g A BERLEE R B BRI 201 €
per By deonghtible'higiswehinahet tmwfchmglsbigtmﬁﬁ gregptigdi¢atin c@ﬁpdtlb& with
chapa% oYiBHRs of‘?h H%%g her asnhe mal%%n ]?cg(gsl S eﬁgge; e?&v%l cﬁsgglg;al sample can

acous a nces
be Gb&ldﬂzredsﬁog)htlr@amp&lbﬂm&’r the matedal\iien |if ieix tleiel calllp W tigith lﬁspect to that

@A S ESNELS Gy oS0 D0 B PRS0 i
thr@lghmmgaconlemrcﬁrmrtlg:,wadis of:thea]meﬂg operation within

liquid subjected to ultrasonic energy. By way of

exanpl e, one 5 workpiece is a sem conductor wafer
II. Woparitudvd Methadexfigleynventidnl  f eat ures; ot her exanpl es

i nc yctor . process ch r ents such .
as ’gﬁ%gxée%ggﬂ r8v1§eljt in one Eﬁpact s a88fn(%?ﬁrnﬁ?lésplé@mé‘?mgt@somcally
chefioably- kqghiegewoﬂdpene defids ﬂ)esm chxonmaiehﬁt shei appdr:hﬁs emctﬂbed in detail

di sk drives
beldvp i‘bgf%dg%? nﬁrﬁlgeﬁ gfjaldhg]ta[%ei(over {Fﬁ 8r1?1’ealrtn1' nl} ﬁlag lglgurﬂzatfog oagx@asure of the
etclhngrsg]unqns itesthel anfirnguléatt libsuoradiding Eovilon@ént ehich Redudey pewadfed contaminants
frony 18 ta}?ﬂaﬂl%fs ﬁ%l‘n %%érmg these solutions, the ability to controllably adjust the partial pressure of

the etching solution to inhibit the formation of dangerous vapors, the ability to scale-up processing of

workpieces, the ability to provide a safer working environment and to prevent the change of chemical
composition of the etching solution. Considered below are the components of the apparatus.

FIG. 3a shows an apparatus 300 according to one embodiment of the invention. Apparatus
300 includes two inner tanks 302 and 304 formed of or coated with a chemical-resistant polymer.

Chemical-resistant polymers include high density hydrocarbon polymers (e.g. high density
7



10

15

20

10 cap, cover, stopper, plug, crown, top, plate or the
like, as a function of the container type, which

wo e0vs1ss as a cl osure which at | east parti al PET/E8204023905

polyiethyieag)kevailfhle commencialig ﬁﬁmtsbﬂrc@sfsadzh asNafgenes Ifco(distsm@dd by VWR in the

h
Ug M éa}%:ﬁ% %or@fagd Nto lder%o aglce Ple tlcégorpgn%ﬂg%wbypf SI}T %) and
ﬂutvmmbon prdymérhée. g:p@ﬂucﬁadlkdxg,sﬁlwtlamd finlighepropyRngand
t t d
po@ger%gén&%ﬁéﬁ?%e) 8/[1 cﬁl arg com narma ¥ SYablolir)]% ﬁromr#ugn 2 dg g\P 81[0%8
(Wiknzsingted Del. )mtda1 ther tadenammmﬂm (srvof.tefléh.qupl), and
l_l_ﬁag(léb%%hon% s%%h gl%n ca‘?sntgat g nl gef gcl;:r%n é rﬁrllnre]:ﬁ‘l ! w?{tg%gthggwentmn are
degchibechin {LBS.iPatentt et 5 8@4 74|4 1smad &lptemhet $) 10982 53’96;111241 @sued Dec. 7, 1999;
| f. t f the )
B PR 0000 SRR RIS RES bt o
Thbltankssmmelai’pre-blhated tlﬁdeseéd;by RE. £qlditialpndakihgd the Bfks in two types of
th hem I hysi I
coéc‘é&%%‘t‘ cida}lor % Ltnﬁ & eeks %54 ﬁgvcrﬂlgsgggq?rgﬁw?egﬂ g?%ﬁé }ci]gr_a- water.
"co rl*@t)mlﬂ) behotcd thatsthemeam both et denbiey @ilyethyiege s High &Hﬁﬁty polyethylene
resﬂn{gt%éa[rﬁlaglﬁ ot %elryarlge? % deb ]iaoé){ett]g?erg% isgegﬁgeer;}l Stf)l}]lcc%%l}.laé]fi is more flexible

suchas t
(ievwoord $plasicOhlarrisdeds ch@lﬂpﬂll@ reswtanbﬁammgh; daheityesblyethyldsde. The present

I th t terial en L f it is .
)RR M b BBy G he bl oy
polyethyeme, resiuwith bigh dedsity paly<tigidnaresii ta eroamé ablgld tiad B ebdiérito work with
an%%?rg@?ﬁ%t aln h\}%ll cfensn%n #)g{yﬁﬁlelﬁ%ets Bl};tr\]zv%?c } joore Kbos C%&fgmﬁm than low
denvBy h«dy{ethbﬂeltehe I nvention The invention provides, in one

3???@% %eﬁ?rg)ae %E%n ts U é)gei dnedg)%gaﬁfe%éey caa%e {?E’%f g.\xec} in aﬁ:(lfgn fashion, are
chdpgently dnest(toﬂerchdmt:eﬂmf 1nthesta43ﬂareadon$atﬂﬂswdleﬁle chddgichl$ 6f interest. Since
all ?ﬁee%f Ithege tggfurt%s are m]for‘éagteﬁle & ea%"a?%thgﬁ‘lgc\éﬁm age 2{}‘? é:?)g’fncally
comﬂwbbt heme m@nsletoubecbmgrdamr ﬂdm:al mrSm&dm atabbye. sur roundi ng

env b'%ﬁ{é Itl\go }l\'@r}e g a{erlg P] tﬂc\fl\ﬁgstsegg 1§xgei%ﬁ{)1% ?ﬂlggtﬂidg%ef ig ger?lrable in that it

t he appara m- ent
is relfiiveist igepensoennd rslehaebltglwaxdij viditthadnffofratirborbpol h@ s SWhen @inufactured

ution.to.in

AT RS O T p——
parbper h@]ndnp(p}&h) eﬁ],eadhhlﬂe adotallictcyntbrainputoatiddess thag ad @art Wﬁﬂilhﬁ@ (ppm) of
AR SO0 BB 618082 ST 58t o
the aragerinh of the apoieefitenuiictirh by Ehp pahﬂg sdutidn.G.  3a shows an

appay; 300, accor.di

R0 A AR 0T RA B A e ek, but have
the adnaind Geloffbeingednmbnlyp nccepted mdhd/\ﬂehlltboﬁdtmh)e Mdosaty- ot s huing applications.

Th%g’h%g'{ag ofﬁcﬁ];?rgsg%trl ven? ?01?1; a 1?1? @}[e en[ea Fliaﬁgclirlﬁgr%, tllqie gsre of a fluorocarbon

innetdagi an@/ pnlh@/‘ehlbﬂy]leﬁ’ﬂ G:)ac}abh Imeﬂhlhcﬁ:oﬁ’faﬁimam@ oflebsythdrr 105pb, and extractable
am(fiﬁéqn%%ggaﬁ%%gntgﬁmlﬁ\qsﬁ nc dn ! nc (dl stribut ed by WR i n

PPId Norton Performance
Pl aShe ﬁ@elﬁcmpmdatlat@‘rals(hﬂag'bten foNdd jo, bea:hdmf:dtl].yoﬁﬁcaifdbeiﬁpatlble with

| uor agal kox fl uarinat
L ey T S—
tanlcadrigrod ihalpkeperd iravetiviolage HothooheDickbynihertl endNempatitde witlhBydr&luoric acid
HF% W hﬁ&‘cﬂg{x Oid @%L) Dot RRSLid B d,S, BAEDANR 2 EHI,$ itric acid @NOy),
acetic acid (CI-I3COOH) hydrogen peroxide (H,0,), ammonium hydroxide (NH,OH), tetramethyl

ammonium hydroxide (TMAH), sodium hydroxide (NaOH), potassium hydroxide (KOH) and
8
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Cont ai ners and chemi cals that may be useful in certain
enbodi nents of the invention are described inU S

w@ai0s010966. 5, 804, 744, issued Septenber 8, 199BCT/US2004/023905

1sc§3r&:@/ﬁal@taﬂ>l (l'PjS}S Ugbrddemon zmbohﬂﬂgﬁs ¥k Pes@R3nRBfon, InSHRMar, are

which is |ncorporated herein by
c}»e@f%%we% alildrfovrtpét%%ﬁw%l &} of therpentiogerchenicglshe

pr e- wht adi&ence lafaisl wxeeﬂa,, th@ Ynneletal‘iks 392 maem lafd a.|t }éaﬁ galﬁhmgdlsposed
the tanks in two aci d

concent.r at ed
e BN K ORGP LB SORET 1T B1tares Gt BIAshL6 e oyt 318 and 320,
o&tkﬁtaxacmﬁseatmst%tlahy ﬁﬁéa%mnmquéa)qi mht{oh @08 tDEBI8 oRFBsmitting
both | ow densj t yet hyl ene and ensity

ulisespie ERRi8Ye r}’éef?rééwﬁée 3ApeqUs é‘BF%"ndﬁW?‘ﬁe giﬁﬁle gapoditpesihnot shown, the outer

taflen S} thyludod M@ﬁlﬁbﬁl‘ 2REreSve Poikiles E}Dﬁlwhg th ahﬁbo@ﬁ%ldti%n and returning it
nore flexible (ie. nore "plastic ess

|
to dheevies sank-y Inroadst & lammlﬁﬁ%ﬁ?reﬁ?e@ H taee?gipﬁrymffoqfﬁa 3qyup golution described
abbig a@&@é&@@olumbﬁmlmt BEPbePr&Gddae theSRusdus Solution supply and/or
dlun1d nsity" pol ethylene by n1X|Q% | ow density é)
CHiSBIPS]/%‘t Hiy1 & A FaBFisaie FaupRug pO Tusichep tyrep qu#ymﬁéature before being

mﬁﬁ&ﬁﬂu&gw@ﬁ@ﬂwﬂg a blend that is easier to work with
and nore flexible than high denS|t pol yet hyl ene, but

whi ST &nke? 0 20A AP e plIastRegt aélvé’zﬁﬁ YRR tefingRONgioR J22. such as

hy@ifMeidwel e Rric éEt&nd@ﬁde&ﬁQnﬂH&& ok BdsSs RERadNKIEE be TEOH, for cleaning,
because they can_ be manuf actured in a clean fashion,

etching aeﬁ/elfﬁeé‘awajwwﬁeme 308 Whigh ig eieribnfosmest ofisilicen. sgrpmicApg. AIN,

AlRD ? quaialiobbiBcoM dafbideh Ehé SR MG Y -FesRiant ply@E@SdhoulPnBGEtréluce
t hree of these features are inportant, the terns

con’remglgﬁbs suohap @ﬁfiak’saqqlcg}is p]ixpeqrgamcs A the @ﬁgﬁselgflq)ry The mnner tanks preferably

geBEHND Bsd ﬁila@ 10 pyB\e2 1RERDIe HRES EdnRRtindns M0 ¢0bh ofRhhbIe bflonic and
Section |, above. Of the two preferred material types

m%ﬁ“%Q%?ﬁﬁW@@ént i nvention, polyethylene is desirable in

t hatpréttrabl§, thetadkd aY@ﬁlYed'vﬂ%@ %ﬁﬁ bﬂceht@tn %of@r%%bl?rat fefst ten liters, and
work wi th than fl uoraocarbon

eVﬁ%lﬁ%&ﬁfthéxﬂ af l?ﬂSbthgwthéfﬁkoféW@?na ﬁohltle’f* TIP?éOTﬁ]r qeidiprror basicity will vary

actRHBHO (RN deskiBappBatbl S rordidck Cﬂuﬁwﬁf tyﬁS'i@dl fy Wiogh about 1% to about
|ncI%des | ess ?Ean 10 15h?grt per b

OV RIS BT G niEaheresthogt e Thesiehita o e scids, such

as B?droﬂlﬂdnl: b0, fitrp MNid edd WRaGhR]08s ARLHB. gc 1and 19&9&”1' 2. In another
contan1nants both on the surface of the artic

an
erbadingnie b PRI Ao RO FORRRSCREITOMS TFies Ybatineolutions, e’ é‘? % or 20-30%

KoRB&d 59395 6r TyshRatel fipddtved| THelcRAHg sﬁhﬁ&r&&ﬁfetﬁ@ﬁls’ted depending on
polyners are relatively nore expensive and are harder

thft ORISR thﬂtthane*Fé ePﬁén%‘@maﬁt(ra%mbqf thraV orkpiess e AY gpher

paﬁ%ﬁépsta@ &illl Be iﬂﬁﬁreﬁﬁ&lﬁm%n% thi B UEiéfrﬁ/plzfr? FatilBt Sl bihd Bhses for
plicatiogns. 10 The apparatus of t resent

et‘ihH\gélH?szc?ﬁ P?ﬂé’?lh%§UbSFﬁte%lafE fesprdhef @HE’%%@ Ifent, the use

of  g.idd 329LRTET 28 Brel P orf B bf i8R 4Rk rloufhs WHY s 3havcﬁe shape of which
| eachabl e netallic contam nants of |ess than 1

MG SHRES EERREP-driapgicofirele. Q¥ ogg ks €r%feﬁ%1aﬁh%eﬂ%8§e¢te§§f the lids are

substabally tBPfme BB tedfRS-8RBH draRaouIRSBhd Bhé tm\hﬁ)uﬁﬁe%e 11ds create at
found. to be chemically inert and congatlm
f

leastrenriiahpea! browesnithe Roreh ol i fankpandrt f‘sle}‘fﬁrc%’ffww%thehds In one

enﬁ@dlnﬁﬁfta!ﬁ@ kel istalh@rniBait 6dal. A Sin@itatéd i@ FIGBBY it ShdufHe aﬁﬂgcﬂitbdjthat the 1id
32g the present inventionare both chenicallyinert and

BDRPFHNPS I HCAY the SR RIGr ssEde PIibt B35S 19y APOE RIS hingeplytion 322 such
thet H6d derdubl thiiidtioR ﬁﬁd]’or(vﬁi?oﬁ%)on oP’ﬂl@ sRhRk kalagdnb bR Hekping it in a liquid

nitric acjid éH .. acetic

sta(e(aqgl mﬁnﬁ§ ?Igﬁlgﬁaﬁ@? E}Wl %@?)hmg solution. In one embodiment, the lid also
fur Bk b Siptl fetyehedNtddgablle, off edldagifi idsure before dangerous levels are achieved,

e.g. before the etching solution reaches a certain temperature. The lid is also preferably formed of a
9
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amoni unmhydr oxi de( TMAH) , sodi unmhydr oxi de( NaOH) , pot assi u
mhydr oxi de( KOH) andi sopr opyl al cohol (I PA).
wo-asnowar bon enbodi ments of the present i nvenP¢DOS20041023905

c}ﬁﬁidal-tkkibtaﬁt JpoBhRr. qrwgase@dhhtynaylwabe 864 teapmabl ke téMk§ fan exhaust hood
ence a

Wth fe
e st SR I0cRiRT o't e ket refcptvsn S Cofopd Bleoyith these gases
par t inadht ymbbidspas GﬂhWntv@Htan Q4 tafleast fiKy d6kmaBRheMhUd6istant coating

o RS, 310,308 A, D368, F14,20G 310, ANG TOULES o mouthof
thé inhéretshkvintl/or ButtoRCGUEE Sf 10 lidbhdR C&Q&es‘sap@tHeﬁn@fthe inner tank with the lid.

Ol et AL atdacs 4o RBRibeH By ouovisgig closure

oftteane taak irfteiok ’Dlﬁsllslpmlbmlﬁ@ ﬁv&itigébﬂsaﬁdlaﬁg g 61@15833{ ®st partially
rticl.es by filterin e, aguequs sol ution and
sl e g Fafk o5 24 RenitR '%?t dpripgetching the wasr 4k depsioidegledue to the
prébelﬁé eaﬁﬁ&gluﬂthta Rerioe HRRH A The GefdfmdblteoRtehsgRiSded @b thid e‘Pfﬂ)odlment also
an agueous. sol ution heatln el ene

I bed
ha ﬁ&s‘z‘ i v 1 “Ljelet (&S IfRlavERe Sifp Wsaﬁﬁthmnner tank
anmbfnalatlon l'i ne, |f any, to preheat the aqueous
solution t et erm ned tenperature before bej

sup ‘?pé’ifl‘“ﬁsgi"gal °n‘8° & Uligsopic teRsger 8 b waioR 50wl tg gaver oscilator

336/l @,tterltaila306 Elﬁh t}iaﬁit inpatth Li@sbnit enbrg R tb By sOBtiSIOB 28 ih Rher tanks 302
fluoric acid, njtric acid and/or

h
anﬁ%”ro i ifluey Ao cberaigelsolytongedythrapehiagpeouf glution 308 to

ac@lleeaerthe @tchﬁk Shivet8piaddB0S! InttBXérbbddREnEHoWR] tBE Bltrdfic transducer is
fornmed of siljcon ceram(:(

poRned gk F P et i e s Smaab ey e Datsducer i
poﬁlhﬁﬂﬂi @éthinythe ;&ﬁlé(ﬁlts 8dlhitidao |Nﬁ1ﬁﬁ§ty%h@l&h%nﬁ%nddﬁ&é&§tqb5%‘e employed if

deiq,? agg;esaf { S%g dp p&ﬁ 53‘&;1}{&,\? ﬁh%l?&;’zgﬁ;g%gg(gﬁiI%lgtg:lengUlltrr;somc generating

uniy @neigsd HulaBiySf tlllﬁa{bnﬁQraﬁﬁlﬁc@sf 't wRich A khBrpdRlidlherein by reference.
cont.am nants an of Ieachable ani oni ¢ an

UIggaRrenseRtaTY s bR rapds 1, trqha ek of sgreses fupk gsBranson or
Mlediﬁ(v@trw hexasik.comy Nethéds. foﬂ@ﬁt&lﬁfg&faﬁﬁ@m'eﬁuéi‘&%faﬁ?e%tof LiBsonic energy

b T I B gl it et i

Ulasihi€ brieygyVis tylpicWIBy etz 0540 RHZ Blogrézﬁ& HedveLthe energy may be adjusted as
i ece, typjcally range

cat.i on or._work
e B ira kg BB 55 HW“B%‘%PE‘}VS PRt gpically renges
frotneBdi- 301 watts/gallont but @as bls@bOvbried nclddieoebis Man e %@E bt dr@er than this
i ncl udes acids, such as hydrofluoric acid, nitric acid

"&Hd water in various ratios, e.g., 1:1:1, 1:2:2, or
1: 7 Aneatiy cdn@nh®32 1§£I§lﬁlﬂblﬁmtm aﬁpﬁﬁtu@@@(f” T8 he@ndlele@Rnt is thermally

B R

aqﬁe@t&ﬁelgﬁlbﬂ/ B8y It hﬁb Beeﬁfgﬁsbcbvﬁ@d ﬂﬁltt bﬁnhﬁﬂhﬂlmﬂle@ﬁﬁlaé?dhﬂ'@riﬁ% be achieved at
endi n € substrate, tinme erature, etch

hlgg“ef S‘flﬂpefar‘ﬂ%% ﬁ@ﬁfﬁ?@&fﬂaﬁ BAnvgsely IRB’P%IPR% b tiag agayrediopephing the

wofkpfeagidendsy taselitd do abéitigPPpdrahdtert & dif0s8d Move Kitluk, dnRdvantage of

t f d d. bases
cop R B Sy 8 i P v ned forcohing may be

reddedowhitiedlows fdosa ifeteas: tAe Broulhfisiod &éhlﬁ\g'léjﬁlﬁfah% W%H@leces Typically,
f .nner tan ths 324 and th

|
the Wi%ga ?ps\ﬁhﬁ%gtﬁgmwﬁén %@H‘é& 35 B gEa9% 1 i angl e,

Ci r Abgarate/300 akkb fnichﬁes] m&gamé?lﬁsﬁﬂﬂ ﬁgcbjﬂ) f;)tt Ijafaiuon ?uﬁh that relat1ve motion is
sectian.o S ar stant]al ly e Sa
not SR e oD ) R0 g Ot MBS S 10 fiaes a motor 342

andrrodi Bdusextehbiag thrd%h tit 826 Rr ftating distrate PEH dbb@tla veRRAI axis. However, the
n the he i nner tanks and the | qwer

rotaglag fng QISAS NGk Eirqliie%go tﬁe‘ ?Pnsrﬁlénon shown, and may be modified with bevel gears,
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enbodi nent, the seal is a hernetic seal. As indicated
in FIG 3b, it should be appreciated that the lid 326

wa@bk®sofwsct i ons to increase the partial pressupPer/of20041623905

belia 5 Ethe BRDtoaRAMEL 4 et t6lLOBy §18 hdtdr O B326d §44Csticlf thﬁtsubstrate 305 is
tion_and/or va

| ess. aer osol orization
rolafedrP ol o SO IR TREER Sy B ML PAC. A 159y 368 (¥fecch 13, 2001,
Wﬁlt:lﬂfs @no@ﬂdral@efd%‘y%!&ﬂeﬁ& hereG0 NARAAY, ARnie k3 NEEMSY bd Ilaﬁted by mechanism
I n, one enbodlnent the lid als

E’fl? %‘ﬁ]é‘ l gltﬁggrg’ﬁﬁﬁp@ngagp éﬁ‘g,fo{,%ﬂngrétnggaapsa@aéfobfhe rotatlon of turntable 360.

Alt@he@laélly NG iPEREIEEBn FEA Be otakRMR IR WeorkyRaes | FtrAbBc transducer 330 may be
eveg before the etching solution reaches
hybt éﬁﬂéﬁe Fatiprs aghevedpgfveen the warkpices dspgpdyn the rﬂﬁ”é’bl"ank and the

ulﬁisoﬁe RemEiGRt. - Th @ PreFérallé el (R, thd WdrkHlaeSrotdidlsldvayY, e.g. from about 1
escaﬁgn%$0n1th i nner. or outer _ tanks, an exhaust 100d

IPRHipa B0 sl thek imiform &tehigg f tbe warkgipee SREUVARKs and

r ecemt iBsohie barrel 380 isGRBAGH HiRinvhd Mubhif %&uﬂ(ﬁﬁ%ﬁdan{p@mng and/or
I nvention, an at Ieast partl

d t of th
i Ra i e TSP bG8 AMROmae] A dfhglog dpdampening of the

enBi%Si hllkmfsdgeéh%rtcbht@@ byeetHe ¥icBRe p%esgeﬁlu@ Nithpughde ﬂﬁ@&aﬁ it @8tming the
provi ded on the nouth of the inner tank

ove,
17 BB RO bR |thedillaﬁz§1m§0%tbwf@§ wilbvapndepending on
théﬁﬂdunﬂ@fehagy Hathhink dNEifMibhddsigl. | | d. Under pressure

and é t he coati ng undergoes deforpnmati on and
con Pt /s pesttipgediwidlun F‘M%@g 2qlyion 32 B mopEorng g ulirasppic energy,

terhp¥raire Qémpéfﬁth& vaSatfoas, irhSuHtPédnYen@ iVl hbADBO URe SHahY Bbhe components of
et chi ng of .the. at | east partially filled sealed inn

(G SRS 6.y e P BR S FEPTRY o RGP SBIUERT FRTR oD Hrelprgply formed of o

coﬁt@dﬂﬁlﬂd Q8 ScilBesistBEFoLEHNE ab QestiRd BERE S Oh&ordR&H hddithhal Fobes, not shown,
e interior thereof. The defornabl e coatlng provi ded

gy e R SRR BB R 305 thecrompprenis @) His eRRfEatefTor monitoring any of the

paﬁﬁfet’&st debdtiBe@atolr€ Nh @he &REYdimdnf, t&%héoﬁ&jsohftf?)h |1§)Mﬁ1ﬂiglned from about 20°C
d_use of the inner tank d/ior lid

o %‘W §o BGRfe o SneL O FARSEN & (e MveRRsCRIiang éﬂew@a solution has
subsﬁanﬁﬂl&ﬁh@ﬁnfe@mﬁ&f@ﬁre QSi6 indalodid 1330 aqReusdiuBibn.t Aot 0B ove,

i mparts ul trasonic ene%g to etchin
9]

@ﬁ:l&,ttfx%ﬁ}glsﬁg the; temperAtEp of the, kiching)solutien, thphigher the rate 09 the etching process,

andithefeB3 Ot Castef 8 SOHUGRIce BB intaddrRBremO M o itS@kdd. aRus3 @R temperature of
through agueous sol ution 308 to accel erate the etching

theAqueRys RYHDaEGHs timethe werkpipas semginsp theistahng splyion are dependent upon

thelniduasTaerial ROSH Wreh&v@ﬁ%hi th@REMpRse. Sihde pﬁfaxﬂe{é% may be adjusted
, 1 n anot her enbodi nent,

sol ytion. Howeve
30%0@@36@%@1@ of gkill gsthe %ﬁé@j arwfstprﬁaﬂy thwsteddeadhifye 8 @Pltfﬂqncﬂt\ch depth of
betveltl aboad 1 foXib&k: 1600t ﬂl@%@ﬁk‘n@lng Bﬁ‘fh% qwﬁﬁtﬁ)nr@g Qﬁlo@{m&‘ %‘ge etc.

if desired, as described, e.
Exgmplgry tnygazin(l feapperagime paz@@e_tt)rs fOé ﬁtphxpg wations flapths wﬂ{p@eces at various rates are

g“ggﬁﬁﬁg%bnglgnlt having a plurality of ultrasonic
transducers,” which is incorporated herein by

r ef & eierdo mgpepsedaborvtery fhesbeHierd o fdlier frsrqsen ashemseschf laboratory
woBlRRIE feingdardbuf Feafenf JALRBE] hef'gm ?(9)‘6{1@ %gteﬁlls! %lc@%c@%@ﬁ%@&e or more of

or M soni x (www. M soni X. com for contr
the\cqppeReatsof &g aaeusasgiise method @tﬁmmmé eppboyery Eer example, robotic

1ntﬁ|)@§&1roh Be@ itidndtadidic ARkiE B a({ﬁ@ousgnflj?tﬁe 460, &éﬁgns oFdhe workpiece and/or

002), which is incorporate ref erence herein.
ﬁalamdmea@@ﬁ@ap%%qe Gonifol mey be zeaﬂorrpedﬁ@ erlenst tougipuigihepiching process.
Th¥, 889n8 @mbé'@fﬁ@ﬁt F the ifVentRRASHE }ﬁo&ﬂé{m@ Stef N PestbGEad$ a robotic or automated

desired de pendi ng_on addi ti onal paraneters as
Sys&ﬁ“&@ﬁ‘é@éhﬁe& Hexeioredfor patasming synedeskt ypi cal |y ranges

fr onng@r e oﬁ@iﬁoﬁé 2%e S PormbBdl tas H&Vrﬂﬁh%Qleronvlﬁ&ﬂVQQaltr&mbers (e.g.

i ncl ude powers that are less or greater than t
WORkpiFges, npeTiop Qutprianks) teanadyeers ppobes; elg) gan bermrf@a@é smentlally or in
appar atus 300. The heating elEnent is thermally
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coupled to the side wall of outer tank 306 such that

it may be used for regulating the tenperature of
waousouwssol ution 308. It has been di scovered PEEUS2004/023905
par@ldelf Ce&teluabﬁyem@lifamacsaﬂfé wedlCditedtompamlid@péaetiine ied haimg the same or

sinﬁagg‘%ht]fog%froat be gp}gr%)rﬁgla{ﬁg&%w taé'lc{ug ?éds t%oln ral%ﬁ% solutions to the

tan¥) fok fipeaxématélgl simmytadzoud rematad df wakpields frbm iz tam;mﬂm ethe&r operations).

. di d : d
ST T TR T
selédtiat oit ﬂa@lehﬁﬂiﬂpmzeﬂni @h betaiong! byapplopristechinoeller dekites)e.g., computers

lin]gqldll}g gc?bf){x§élggenr\$\|%\? ﬁo S & tcg%ﬁqlggﬁ&?&li‘%%fgt% r oerﬁ%él?aélpg r?bsf)tlc or other
maiihLiirshldtioe bleinaee ﬂIT&EHm)tnpﬂlﬁf dintraibgly #esndientorkstaides may include

arat s 300.al so i ncl udes mnmec 0 for
rotD R e T S e B e B O BTF Y SRSt PRt

implemkatRaef &G&ﬁmdnyﬂottmeasdmnoes (iff mppaioic that tBScan Mg itand dsussed
od, 344 extendi ng through

340 .incl udes, a
hergig V‘S’Bg © PREPTCRGP Qf’rs?ﬂi sglﬂf)cg]??%ﬁrg{e% hhout a vertical
axi The bjpaave and bod attledt mvuyuwemh;amcsm us&l inedmbinmidnedth the methods,

o s oD e 8 R Ve Do, Gieclulger 21,2001,

entitled QURariye dflfemitdhdictod Bidctsd Eqmﬁméhi Chatledn Pﬁﬂtﬁis’lﬂ sispighiaBalvents”

(A%rolgoékgt %@tsﬁﬁ@%o@gﬁﬁbmnégkﬁg a%ga 3(9@ 9%, %%t%i’io 2001, entitled

"Sywteincdnd |1\$et1ndalcferr(neernatgesénmond®fcﬁ mecetldﬁ&'rqmpment Parts" (Atty Docket No:

e R R

for ngemaham A 4022udgad to hilow fdnevsr40t,a106 amd 4188 tb ti¢ exttaldedtherethrough
t ively or.in
such i e s BRG th h BokB 0h PRy it sproys e formed ofa
chdﬂfﬁ@’allb&esﬁ@drﬁtxﬂﬁn&pﬁfdeich&éd dbeveatHollewinp tHeaecurisg aﬁ)xhcbrkpiaré 410 to jig
ose

40 e G AREEHIS TIROCOE A PR Spebiath G HPE- LB R At sorews 404,
404 i 200 b emect With the alhetbuha@Wwl the ithegtankf. rSuch abaifigurhtisrpimlds the

to. abo h that f t chi f th
WO&@}CE%F]U i%e Feéatgg}ﬂ tE%](é:laer t dtﬁ{]?%l lggésﬁlplg aglﬁ;;tlplgr’f)[?gtg 1—}?@/ be adapted to
corpect ivtitharedtiomal fedhadifie abdps@ibasateot.ut i on for danpeni ng

and/,or, di ff the s ted t i n
o derhsinan ST M PP SR TR g fe FRED e, .0 2
cyladeica) yhaptd wovkpigtec@hibs a d@tet sa@bw 60deds ilidseated MHIGQYSH may be used to secure
“%EF?C‘@ Tuséﬁlthoughthe material for formng the
Peped WorkME® M bl y a cheni cal -resi stant pol ymer, the
dl NEIGS. 68 8ndXb shbl&vhlailf)l&ron\mhd totatiatay mdegehsintg be actidved by the present

i BT P15 S5 e ORGP b st 1P ket dofi coBaecting rods 610,

614, 614 smdrd16. omengorklha:euhrte capuditeroeiend ynecmmﬁﬁﬁbasm\ehlch is connected to
rati on

ol B4 ORI 7 SV BP CRE 5B BEHY LGP ELreg ey By Qe o th bas
61@ofgnnet tack 600C hﬁklt‘eglaﬁvﬂlyj taé showandFIoy. 666 Getkitecsd0d) 60drand Gteconnected

nef GOl B RO o e PEisBlet™ eBmg g4 vin i

furtheldiotipledi@l hoﬂﬁcmlﬁﬂa snd MBtwisdhaswsyspetEyd ineheimssr tank et sudpeitsian bars 630

. t.h t f th atuys. f : .
o BB mib rAEP BT S rbette QAR RAZE ol e yorioicces n-
sub@ﬂa&uaelybadbmdnéqtloh kvith &g peeotoShesterkel6 i6af irnsr tawk 600ai ned
f t.h k .
| o Pl Mo RO UG PR GRE S Pt et Riaaty a0 with one
emlmiment ofithh awergiohs ﬂ"hmpirbalsd F00tstaets mmatlﬁrmerbatpm&hmrﬂ isner tank
d b :
hav1r§gpan n%reP seurfa e’J.tlﬁe agsur A mcfh%ﬁfj a Fhetmlca - 6?s%%aﬁrgpoe¥r§%/{$ %’86 inner tank

sol uti on, the hi gher t he ratezof the etching process,
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and therefore the faster the workpi ece has materia

renmoved fromits surface. Thus, the tenperature of the
waouwsouwssol ution and the tinme the workpi ece rRPORURR04/023905
has e umer_;mputg thmbisue¢deptvede EWdﬁpIBCEd et thelpolistabRadd patiaity d¥dposed within

ve m t he mnr
eeg génﬁ gvrllr;cge eeltl & lpagbpg%ggy \a%é%rba&ymuﬁ é Etlogy %ﬁ gqnatrtank is then
ﬁléqdmnh a|t Ieagtione ]dﬁlt, preml}ar(mnﬂmlrmbﬂegabbdp Uisdre6f ah@tchlng solution having a

toﬁg%bﬁi}fl%é %%09 %%a":s‘lt Qlﬁtqut Qst qcﬁ)\ffengrg %Qve\?aglg{l §g(g Lin gpaatlon 730, the
worlspieseas totally @tamagai inettie ettﬁmtgn;pluably THemBoude! theSiffde tamk B tBen covered
in B rﬁmﬁtﬁ(i %tfl QMid % glﬁ the € ﬁ b ussorlhlj gég(ito\é\ﬁ)crrgaﬁé Elg géqi'g:paessure above the

rrous rates are
acxtdm:aomsg Acrouting to pyerathmdﬁ@;mmmcmmomoﬁ isnﬁdﬂel[traéﬁﬁdaﬁﬁsgtated with

rke to.the ha
SHRRTH! Bl ABADES R0 ABE SIS 124008 AEREAR e vt
i ncolhp MOEICIP@CWB bc)remamdelftetf a ﬁr&detemﬁmd%ﬁm o tiftke td ViSually inspect and/or test
L9 th s may be enpl oyed. For
1
eﬁg%ﬂnﬁ%}{&e&g% éet%? eﬁgnlﬁ? eﬁv 9 leg%l utions (acidic,
baS|c or aqueous) into the tanks, rotations of the
ypor and/ or transducer and tenperature contro
nayﬁahﬁ %_f rmed to enhance throughput of the etching
pr odés fllo¥ing sxamplhes durthersitiizoake the idventfon idbseribed \herdini addare IR way
thAOFH| rformed by a robotic or
mau oﬁéﬂéﬂ %vs% 1%%%% ffds been devel oped for
perform ng such a task. Any of the operations to be

per fQrmd,; as described below, on individual menbers
(e g—%r‘k

pleces i nner or outer tankS tranSducerS
pro Wexthe apidic gtclmmvf b Quqme Wbrkpﬁﬁadlsﬁg qug t‘ltraiﬁi dfylyd}f)ﬂuonc acid (49%

Mj/rﬁtplg 5&& t?@t/ th%gt% 11|x81ﬁe$¥/ Lcﬁ“ Céorresqq @’%ﬁtﬁ%n a?:{qgcogcgﬁ%anap o% 1690 wt forHF and
23% |W'nfdr é]NQapﬂa Q@ﬁSP@; ndthpe tlreoRie Anddyy ARP tONLKARARIaY ultrasonic power of 30-50

t anequs. additi ons of relevant solutions to the
Wa% gﬁr%jgn Ay %U%pﬁ’h’i“é‘ﬁ? w5 dhiivedneous renoval of
wor kpi eces fron1the tanks, and/or other operations).
Robati c.or other nanlpulatlons can be perfornmed such
thagigﬁéiéctual notions used to achi eve sel ective or

par al qluﬁkz ifgantop th@frbrd B Seni@dhdiReor %nis hﬁﬂaLo%i%alﬁsyetched with Li1:1 or 1:2:2
deg (% ﬁte control | er devices onputers |1nke

S Prydrofluarieseids(49%0 i) /nitsie p%ﬂ@%@@}{wpﬁezgﬁt A¢5°C with an ultrasonic
enet) St B340 DI, a%ggﬁultr%mﬁ ?MJ, @HOnﬂ) "%%Efg/ éz!:ll%g 9% et%]il s &4 R)a,tm of material.

mat eri al mani pul ative ements.
Theclpkit vedpmesgtio adﬁ%wﬁf@@n@\bﬂm HNDoars! forehe §: m Fatid és 10&wiEFoand 30% wt

s which mmc the manual operations perforned by a
scientist. The nature and inplenentation of
nodi fications to these devices (if any) such that they

CangQpplat e as di scussed herein wll be apparent to
persons illed in the relevant art. The apparatus and

met Pvilisen wirdsotrapieaily iopanisagpically efclipd usispatidiannd basic ultrasomc assisted

GG R Bt 08, R 10 ERB AR o i

described i n co-own
(49%ivtiéaliringejd §10%vt)/ waee) Whick n(trresﬂoﬁdk t0 EIS%aﬁlfdirglydﬁ)ﬂuonc acid and 7% wt for

. ] ) acess Equi Parts Usi n
i Ol 7 Bl {2 S s st 30-50
watta/ig@llou v@s uﬁé ta radnoxhd(]he 108¢rAP Tn 2other EdalPlR £80045dtasdiin @Bide solution
+ 2@Ib A tﬁ ﬁysten1and %%ZH for C.eaning Seni conduct or
2 %abr WHLE SRR TSR Of 43¢ 8 a(@\f“% S)”ﬁﬁ@ké?weﬁlef 30-50 watts/gallon was
used® OBdov8 O matdfihll) ; each of which is incorporated by
reference in its entirety herein. FIG 4 shows a jig
402 adapted to allow screws 404, 406 and 408 to be
ext ended t heret hr ough

13



such that the tips of the screws secure the workpiece
410 in place. The jig and screws are forned of a

WGE b@siotmbo y- resi st ant pol yner, as descri bed abP@BUS2004/023905

A]ﬂmiugh)vhe ﬁlgleﬁtgtﬁ haebash desgriledd witIrbgped @cgpaﬂﬂdﬂlﬁlt embddgnéds] it will be apparent

ir.e.devic Wi t i

oyt SO e velie ali® And malh Pl an B acc Giegt dpparting from

thd@Bemtion. i N contact with the inner surface of the inner
tank. Such a configuration holds the workpiece in
place relative to the inner tank during ultrasonic
agitation. The jig nay be adapted to connect with a
rotational nmechani smas descri bed above. As shown in
FIG ba, a screwwith a substantially pointed tip nay
be used to secure, e.g. a cylindrical shaped
wor kpi ece, while a slotted screw 504 as illustrated in
FIG 5b may be used to secure a wafer shaped workpiece
510. FIGS. 6a and 6b show variations on the rotationa
notion that may be achieved by the present invention.
FIG 6a shows three workpi eces 602, 604 and 606
connected through connecting rods 610, 612, 614 and
616. The workpi eces are coupled to rotationa
mechani smrod 644 which is connected to notor 642 for
rotating the workpieces in a substanially horizontal
direction with respect to the base 616 of inner tank
600. Alternatively, as shown in FIG 6b, workpieces
602, 604 and 606 connected through connecting rods
610, 612, 614 and 616, are coupled to rotationa
mechani sm rod 644 which is further coupled to
hori zontal rod 618, which is suspended in the inner
tank with suspension bars 630 and 632. Rotationa
mechanismrod 644 is is connected to notor 642 for
rotating the workpieces in a substantially vertica
direction with respect to the base 616 of inner tank
600. FIG 7 shows a process 700 for ultrasonically
et ching a workpi ece in accordance with one enbodi nent-
of the invention. The process 700 starts in operation
710 by providing an inner tank having an inner
surface. The inner surface includes a
chem cal | y-resi stant polyner. The inner tankhas an
upper nmouth that is receptive to a workpiece, and the
tank is at |least partially disposed within an outer
tank which has been at least partially filled with an
aqueous solution. The inner tank is then filled wth
at least one liter, preferably 10 and nore preferably
30 liters of an etching solution having a total
acidity or basicity of at |east about 10% as given in
operation 720. In operation 730, the workpiece is
totally imrersed into the etching solution. The nouth
of the inner tank is then covered in operation 740
with a lid to enclose the etching solution and to
i ncrease the partial pressure above the acidic
sol ution. According to operation 750, the etching
solution is then ultrasonically agitated with an
ultrasoni c transducer coupled to the outer tank to
accel erate the etching of the workpi ece. The workpi ece
can be renoved after a predeterm ned period of tine to
visual ly inspect and/or test levels of inpurities or
t he degree of etching of the workpiece. VII. Exanples
The follow ng exanples further illustrate the
i nvention described herein and are in no way

14
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intended to limt the scope of the invention. Exanple

1 For the acidic etching of a quartz workpiece using a
wa 2@s501@60 o of hydrofluoric acid (49% wt )/ ni t rPCT/a82004/023905
cLARYg W )/ wat er m xture, which corresponds to an acid

concentration of 16%w forHF and 23% w for HNC3, at

205C, wth an ultrasonic energy. of 25 to 4CkHzand an

ul t r hshPiEeseBiReiching 2peRrats fRAheRIcRL-¢iefHNS A NOEPiese, i apparatus
cdthpriBE Per mnute was obtained. Exanple 2 A quartz

insulator ring froma sem conductor tool is

ul t ryiT Eak pyleast parédly dilled with 42 aquegus golption; y o| une

rat i SSmed tahl bR SH@W cﬁelﬁﬁhlgf 14 Q% Yo Bl dnbilafleRS Fﬁhﬁlw{@posed within

wt)/water at 20t5 an ul trasoni.c ener%gﬁ
saifoiufe tagh andin caqlt@qt afétb ﬁ‘i’“é agsousrsolytion erid mngifpilict fpgstipgitially filled with at

ledsP1 BleEHr éﬁfetchﬁlgtsgluﬁmm gfa té’fﬁta&%& baa—ll?i%/ ch at lelébe%r{ﬁ said inner tank
ratio is 16% w HF and % the 1:2:2
hayviggiaplegst a gidowyalkangt 2 hasg ag@%ﬁmng N epper Egathpqné bging receptive to the
whiRbi¥sl | i con was isotropically or anisotropically
et ched u3|ng acidic and basic ultrasonic assisted
et chi libenerase adibsaidmouthafsyi inger tanko wherpip e Wraght of e lid prgates at least
D1 64 BIHER&n 1R rhoufh of hAdlilnRr Bfik Mt 10 riarie ofGdidid d9rease the
q@%/nltrlc acid (70% wt)/water, which corresponds to a
pasfos] esspEsrof g dpbTtotiv e elchisg sPIEis: @M% wt for nitric acid,
at  204pOGott trbhsditetdoupies B b ofREfaAY oG %ulﬁQsoﬂQ'%ﬁl?rgﬁf(‘)Qald etching
an ul trasoni c power of 30-50 matts/gaIFon was used
sofusigp ipesatdrane rial. In another exanmple, a 30%
pot assi um hydroxi de solution at 20+50C wi th an

U| t raspRia gpa@ﬂl%r dI¥1a8h 1,20tk coit SRR Rthed g ¥l chicAsoRie ulatmg the
ower of 30-50 matts/gallon was used to renove t

wﬁﬁ?@ﬁ@&f@ﬁ@@ﬁ@ﬁﬁﬁhWﬁ% i nvention has been descrlbed
W th respect to particul ar enbodi nents, it will be

ag pag. ané aﬁpgrafub @ﬁ?alﬁki ke &oﬁlphﬁblﬁg @-ﬁlgcﬁahﬁﬁi a‘dﬂd’cédlu $mpart relative
changes an difi atlo s can be
mﬁl@ﬁé’g’i“’eﬁ‘gthf o) teﬁ% PBH EEA] i“kq% g Sa‘%\H“ra?"PPé?Bfﬂ“&er
et chi ng appar at us for chem cal | y-etchi ng a workpi ece, ,
sai 4. areapRkdnss df@]’mﬁ B Silitgpirtthe GistiRhisin@bkpAdes b Risitending through the
1d:)artla ly filled.with an aqueous sol ution; an inner
G20 LORFIP FSNREPI e heri cal I 'y-resi stant pol ymer and at
| east partially disposed within said outer tank and in
cont SElCEhe\abﬂak’atL‘Bsaif dlaﬁﬁ] Lefottiser s@hptisingan edaid hosuweliicl @idcatad above the

| L I t it
aE N st el Bt p P Bt SR arfy S g iting
sohtioh.east 10%w, said inner tank having at |east a
sidewal | and a base and defining an upper nouth, and

be! C t Y e of Fclo I'lmfurvt\ﬁ)e{ g rﬁ{pml\%ﬁ an uitrag%nﬁc%%gr oh%{m Oltlé‘?i within the

sai nDut sal |Nner
aqtidbvas bdldion ﬁ@‘aiamﬁeng dndas tiffasipatht s<a:ilc Sealy ilpdried dmthe btehing solution.
mout h of said inner tank and a | ower surface of said

lid 7t C’l"hie gﬁﬂ’a?a%l?seof Eﬂgn 1, wherein the ultrasonic transducer is positioned outside of the

aqueous solution and is operably connected to a power oscillator.

8. The apparatus of claim 1, further comprising a probe positioned within the etching solution
for monitoring one or more of the ultrasonic energy, temperature, temperature variations and impurity

concentration.

9. The apparatus of claim 1, wherein the aqueous solution is a filtered and recirculated

deionized water bath.
15
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partial pressure of the gas above the etching

sol ution; and an ultrasonic transducer coupled to said
wouiosnivank to i npart ultrasoni c energy to sai BCEUSINH0R23905

solution in said inner tank. 2. The apparatus of claim

1, fiy tihe Bplﬁ%m%ro'f §1h1?r91 thgl%ﬁﬁh@&c}ﬁﬁgem%n fscé%seﬁ@cﬂb’rl sakit.ng

t he tenperature of e aqueous solution. 3.

apparatus of cIa|n11 further conprising a nechan
adaptledhe apnapyof clpigl hevhereine Be kR &N Ropien of the rotational

m¥BEARh 8REmEY SRRSAE cbitach @htﬂ tHeQEbﬁfngtsé‘lﬁﬁoxf’db% fds@ material selected from
ul trasoni ¢ transducer. 4. The apparatus of claim 3,

the\rerRFRSISTIE %@H&fﬁ}esf?ﬁ%%ﬁﬁlighsdé%“‘é pPlyethEsicendi ng
through the lid and coupled to the workpiece. 5. The

apparatiys agtfaralsadi B 11, WhérbiatheGORED fnk pf@raddd 18X thanl $6 ppb of leachable
hood which is. |ocated above the tanks and conpati bl e

meiplicqniguats gpdlf rpBPifsepipbeniogisend grganigsonaTinay e ous
solution and the etching solution. 6. The apparatus of
cl ai 1. Ithe E}Wafahﬁ lof E1IAT, nthkidgh tﬁfﬂetbﬂlﬁg’ S80I6h CorptfsbLn acid selected from

ositioned w e agueaous tion for danpening
thgﬁayllb?onalﬁtrrfglféﬁm%ofﬂwsc agmie AR @ﬂfﬂt FROPIPREEAD ¢ he
etching solution. 7. The apparatus of claim1, wherein
t he w4l tThasspatacusior elmacilBe @hertia tipasidid ohveioh cottiigisebchydfofludiée acid, nitric

BTy B ot B BT oG SRR L P ooy P

conprising a probe positioned within the etching

sol ut5i Qe bygparanmpf tleifd N grhere the tenpéretucfof tHeaqudotis dudion ¢s maintained

ener o er e, tenperature variations and
ﬁ?@éﬁﬁw%%&ggﬁ?gﬁﬁggtion. 9. The apparatus of claim1

wherei n the aqueous solution is a filtered and

r eci Iroc Thetgdratisiobelrineld wherearthdoabrhpigdd. is Seheeted fipar tht groupéonsisting of
mhcn ﬁ%%e ]$ ﬂmn&g&igﬁchlng solution is essentially

LR L e 1 aratus’ of claim1, wherein the

i nner tank and any portion of the rotational nechanism

t hat17mélje eppartis of daigoh tvheteinihe inedhhms sre tatiprisgs swkant inginon actuator for

i I sel ected fromthe group

‘”%ﬁ%ﬁ%%ﬁﬁﬁ%ggg%éﬁ b%%?lne resin and high density

pol yet hyl ene. 12. The apparatus of claim 11, wherein

t he 1i8ndde anparakus géeleimal7ewhéreig ghetalyisns ﬂ@lbﬁtpmiabf horezauthldzise

nmetal contam nants and 10 ppm of | eachabl e ani oni ¢ and

org al@' Gné ﬂms %135151%1 171\%herg_ A EheBRIA! éagu"d&alﬁfall§ jV&JClHJH dis.

wherein t etching sofution conprises an acid

sel ected fromthe group consisting of hydrofluoric
aci B0- dihe prngragie oficland, Miperemdha meqhanise periprisgs a rpfpgy motion actuator for

ro3RRAL AL iHSer Ok GhddrThid Jlra WY ©inbaklte acidic sol ution
conpri ses hydrofluoric acid, nitric acid and wat er |n

aratio selected fromthe group consjstin

1:1:
1: 2: 2. hejapparptus of glgjm frw@eraﬁﬁ%ﬁ Gosssecon o] GF Hﬁl i SuWPélFl@liYﬁh? same as

thd §6ssts6MBE bRk Bullof B endaugous sol ution i s maintai ned
from about 200C to about 5Q0C

22. The apparatus of claim 21, wherein the mouth of the inner tank and the lid each have a

circular shape corresponding to the cross-section of the lid.

23. The apparatus of claim 1, wherein the cross-section of the inner tank is substantially the

same as the cross section of the workpiece.

24. The apparatus of claim 1, wherein the mouth of the inner tank has a shape selected from

the group consisting of a square, rectangle, triangle, circle and oval.
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16. The apparatus of claim1, wherein the workpiece is

sel ected fromthe group consisting of silicon carbide,
wa@easorescer ami c and silicon. 17. The appar at uBCD1S2004/023905

claim 3, wherein the nechanismconprises a rotary

not | - r ot al ik [

i 5 10 SHRLRL of unt B PGS At G 15} £ Bsfc ARl 18 e roup
congisting i psectipgylaipesallelpippd ovheahd eidinder. 19. The appar at us

of claim 17, wherein the axis is a substantially

Ver L3¢ &the 8¥afitus?? clailh' & vARRA @ UShiff sofltBh %xﬁ%ris\épgﬁ t Eblected from the

t he mechani sm conprises a rotary notion actuator for
SIPER RPFiF e Shsadivnhimslroxidgrerd pefersivm hygiodidal t r asoni ¢

transducer. 21. The apparatus of claim1l, wherein the

Cr osgr 986 bpRnRlof tilgh 24, dhbSinSMRSMU o Rk isS9, '

t he cross %ﬁbtion of the nouth o#ﬁgﬁtﬁkﬁ%gﬁﬂﬁgnk. f%%ﬁmmn
hygrogidsnnar at us of claim 21, wherein the nouth of the

inner tank and the lid each have a circul ar shape

cor s Pomethetfo GltrbddBictMyOHEmREN-etHings whitBietd, Shid Rdthod Bnprising

apparatuys of claim 1, wherein the cross-section of the

i nn é%ro‘ﬂ%ﬂ%aq ignes (9kihaying ¥ inyer sirce sarprisig sherpipgdlygresistant polymer

an8 @6fid i bnQippdrMuyld PEBE Rcepiide to tAEwRRPiBEA S e sai8 hifheMbnk is at least
the nmouth of the inner tank has a sha

1, er ei | $ e
pegiiigdoeied VU eh B el e mESeLT g vith 29 gaerogs soluton;
I eCtzangdtartihlly FINGE e intlef @hIEWRANA 1QYA 1itdDof 2 ERBinROBHRH HdSing a total
rei.n the inner tank has a shape

of claim1, wherelr
ackly gehasaty Pl eHd 9% oup consisting of a rectangul ar
par amhtspighROworkpib® a0 theCydhind@6lutiond6. The apparatus of
l ai m erein the etching solution conprises a base

1, | . .
sel GCtaie %@amumf st 9 tank dth edliddgyensiose Big ietshing yeliénni agé to increase

theaphekiad PleaSifel MOVHSE R ARl and N apparatus of claim
26, erein the,etching_solution compri ses 30%
11,

pot ALEFRHTAHY asikipg e ething polpiianpy th an yftrasenis Gansdycengoppled to the outer
tarfkN@ Rdcelatateyth@dt eI d&F 1 WakjdeeCce, sai d nmethod conpri sing
providing an inner tank having an inner surface
conprising a chem cally-resistant polyner and defi ning
an upper nouth and being receptive to the workpiece,
wherein said inner tank is at least partially disposed
within an outer tank at |east partially filled wth an
aqueous solution; at least partially filling the inner
tank with at least 1 liter of a etching solution
having a total acidity or basicity of at |east 10%
i mrersi ng the workpiece into the etching solution;
covering the nouth of the inner tank with a lid to
encl ose the etching solution and to increase the
partial pressure above the etching solution; and ,
ultrasonically agitating the etching solution with an
ul trasoni c transducer coupled to the outer tank to
accel erate the etching of the workpiece.
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