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and inorgani ¢ by-products are deposited on the surfaces ofworlcpiece
parts. contaminants whmh contribute particles, metallic andorganic tmpurities to the wafers. Therefore, it is

30 then necessary to disassemble the parts in the equipment chamber and clean the individual parts. Most
types of dry processing equipment used for the manufacture of semiconductor devices utilize processes
involving high temperatures, plasmas and gaseous mixtures for film deposition and etching. During these
manufacturing processes, organic and inorganic by-products are deposited on the surfaces of workpiece
parts.

35 Some apparati and devices are commercially available to etch workpieces, however, none is
ideal. FIG. 1 shows a representative small-scale apparatus 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

ultrasonically agitated through aqueous solution 120 held in outer container 130. The entire apparatus is
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35 apparatus for chemically-etching a workpiece. In one embodiment, the chemical is an acid.

=

ect of the nvention to pro

Alternatively, the chemical is a base. The apparatus includes an outer tank at least partially filled with
an aqueous solution, an inner tank including an chemical-resistant polymer and at least partially

disposed within the outer tank and in contact with the aqueous solution. The inner tank is at least
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concentration.
25 In another embodiment, the aqueous solution is a filtered and recirculated deionized water
bath.
Preferably, the etching solution is essentially static.
[ one embodiment, the inner tank and any portion of the rotational mechanism that may come
into contact with the etching solution comprises a chemically-resistant polymer material selected from
30 the group consisting of a fluorine resin and high density polyethylene.
In another embodiment, the inner tank generates less than 10 ppb of leachable metal
contaminants and 10 ppm of leachable anionic and organic contaminants.
In yet another embodiment, the etching solution is acidic and includes a chemical selected
from the group consisting of hydrofluoric acid, nitric acid and hydrochloric acid. Ina related
35 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
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A probe is positioned within the etching solution, in another
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Al ternativel y, Thh@nexak of theaprsuans] iaaddilal byboditdehd, Bala shape 8 a rectangular

parallelpiped, cube or cylinder., '
Accordingly, it is another object of the invention to provide, in one aspect, 2 method for
20 ultrasonically chemically-etching a workpiece. The steps involved in practicing the method include
providing an inner tank having an inner surface comprising a chemical-resistant polymer and defining
an upper mouth and being receptive to the workpiece, wherein said inner tank is at least partially
disposed within an outer tank at least partially filled with an aqueous solution, at least partially filling
the inner tank with at least 1 liter of an etching solution having a total acidity or basicity of at least
15 10%, immersing the workpiece into the etching solution, covering the mouth of the inner tank with a
lid to enclose the etching solution and to increase the partial pressure above the etching solution such
that the chemical concentration of the etching solution remains substantiaily the same; and
ultrasonically agitating the etching solution with an ultrasonic trasducer coupled to an outer tank to
accelerate the etching of the workpiece.
10 In one embodiment of the method, the weight of the lid creates at least a partial seal between
the mouth of said inner tank and a lower surface of said lid.
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
5 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 lid and

coupled to the workpiece.

In yet, still another embodiment, the method further includes providing an exhaust hood which
4



I n anot her enbodi nent, the nmechani smincludes' a rotary notion
actuator for rotating said inner tank and/or said ultrasonic
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The workpiece may be silicon carbide, quartz or silicon, in one embodiment.
In another embodiment, the mechanism includes a rotary motion actuator for rotating said
substrate about an axis.
30 In yet another embodiment, the axis is a substantially horizontal axis. Alteratively, according
to another embodiment, the axis is a substantially vertical axis.
In one embodiment, the mechanism comprises a rotary motion actuator for rotating said inner
tank and/or said ultrasenic fransducer.
In another embodiment, the cross-section of the lid is substantially the same as the cross
35 section of the mouth of the inner tank.
In vet 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



is |located above the tanks and receptive to gases produced from at
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or gani ¢ cont ani Fah# g an illustration of d jig fpeioldmpthh@rter eindvadirerea bf a wdikpiet adtbidthg
solution c ' : o .ected fromthe group consisting of
hydr of | uor %@g%@gﬁ:ﬁﬁ;?ﬁ%&ﬁ@ &and hydrochloric acid. In a related
enmbodi ment, t helFl&t &his ayerdaged|view sbewinge sartetip ¢f\FlE. dfacarding ta ohagmbpilitnentof the
aci d;and Wat.&fiohN @ ratio of 1:1:1. I n yet another enbodi nent,
the etching solution conprises a base selected fromthe group
consi sting of sO& thisRY eHBssddEevshewipgtha slettedeiay dip ok Fiied aacerding taedngtherd
enbodi ment embdagnat &hhdigveagdnut i on conpri ses 30% pot assi um hydr oxi de.
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20 FIG. 6b is an illustration showing a mechanism for rotating the workpiece around a

substantially horizontal axis according to another embodiment of the invention.
FIG. 7 is a flowchart illustrating a process for ultrasonically acid-etching a workpiece in

accordance with the present invention.

25 Detailed Description of the Invention
I. Definitions
Unless otherwise indicated, all technical and scientific terms used herein have the same
meaning as they would to one skilled in the art of the present invention. It is to be understood that this
invention is not limited to the particular methodology, protocols, and reagents described, as these may
30 vary. All publications 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,.
35 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

depradation of the polymer.



I'n anot her enbodi nent, the mechani smincludes a rotary notion
actuator for rotating said substrate about an axis. 30ln yet another
enbodi nent, the axis is a substantially horizontal axis.

Al ternatively, ASbsSEHen thrawnist srapralbrsfciomenistio ditabaasdssn 4 Sequency range
subst ant i akidye MRt dightden R¥dhSriz and which Eﬂeﬁ%ﬁw&‘rﬁ?@@b&‘ﬁ% gtdﬂ&tzrrec;ham sm

conprises a rot tion actuator for rotating said_inner tank
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enbod? ment *OFRESHHY Teﬁ“ flgl{cF?éWf‘%rrl‘@Fd’théﬁ%‘”ﬁﬁﬁlyFW%“ fentares gter ramplesinclude
circular s haammndmttor pmpmmmamgerhﬁnlidﬂaltmas&-afgeﬁmtﬁlﬁhn@ﬁ plhiB; Qiohlbﬂoof bxnwafer

still anot cross-sectjon of th I nner .t ank

substanti a &g%otgfgn% hes cgmg?gnt%’cth °8H1PBtF“P ﬁ‘B]i“%@@k drives,
These and @mﬁ@ndmtwfmmn@tﬁdmﬁelmhkees of the |nvent|on will be rmre
fully appreci at e i | ?fg n o

i nvention is re%%I téli\% 2% n"fggtﬁgc‘t%l%%%vﬂp ?shcgﬁllgf% bmaglg ﬁ?%l cﬁ@tgmer closure

5Bri ¥t Des®@PiST4ro¥Proi. Rivg: covabm glete ot Ge likte, psa fampting bﬁjbet qoatrinartyes which

prior art Mh&tﬁﬁsséaalcﬁsﬁ@{vﬁmﬂtmkt'ﬁ%l %Ps%léih%nk':' G 21is an
illustration of _a prior art ultraso wat er -cl eani ng overfl ow

appar at us. FI G Th&rmshemetqspalsiefesstip o prabthatameaapspa Hauidibght betwesn et mgmbers,

chanber padr,g,aa«roumtoh@fanmdlgpjdece using an acid or base according to
one enbodi nent invention, 10FIG 3b is an illustration of the

i nner tank s hoﬁ%’n @fe’f’h ot 15 eemd ek the chepicalresiptans pelywery o2 Relyeidensgr ¢ 0 one

enboui mentfhofoctrhe, iwilliein inkrdduce contaminants into a acidic solution in excess of leachable metallic
contaminants of 10 ppb, and leachable anionic and organic contaminants of 10 ppm. These
contaminants may be present on the surface of the material that is in contact with the etching solution,
or can be "leached" from the material of the tank or lid by the acid or base.

By "chemically inert" it is meant that the etching solutions will not substantially change the

0 chemical or physical properties of the chemically-resistant polymers.

By "compatible" it is meant that the etching solutions are physically compatible with
characteristics of the material such as the material's porosity. In other words, a chemical sample can
be considered to be incompatible with the material (even if it is chemically inert with respect to that
material) if the sample, due to small molecular size and high mobility, has the ability to migrate

15 through microscopic pores in the walls of the material.

1. Apparatus and Method of the Invention

The invention provides, in one aspect, an apparatus and integrated system for ultrasonicaily
chemically-etching a workpiece. It has been discovered that the apparatus, as described in detajl
0 below, provides a number of advantages over the prior art, including: minimization of exposure of the
etching solutions to the immediately surrounding environment which reduces unwanted contaminants
from the apparatus from entering these solutions, the ability to controllably adjust the partial pressure of
the efching 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
5 composition of the etching solution. Considered below are the components of the apparatus.
FIG. 3a shows an apparatus 300 according to one ermbodiment 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



FIG 4 is an illustration of a jig for holding the outwer

ci rcunference of a workpi ece according to one enbodi nent of the

I nventi on. FIG 5a is an enlarged view showi ng a screw
tip of FI Grolgethdens) dypilpletcomommsiaiybod isoneces swoh ad Nedgeh& iny @istritared byVWRm the
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according to anC&ﬂilﬁﬁerﬁﬂiB QBRI the? fnad BSuskAMig @Ertaﬁlrbmbodlments 5tz mqenhcil e

flowchart ill r for ultrasonical aci d- et chi ng

wor Kot ece. TGS T S 4 isush SePPRGE e 10k 55366 rpea s 7. 1995
Descri pti omndd,008)465, isaned Met.al, 1999; BehionwhitloR Sncorporated h&i&ﬁ%reﬁtﬁéﬂ@é Wits Entirety.
came mean T et FRODE 685 R PG 8 bR Se D (i oy Py e

i nveh® i on. cdnpenirated mmb@r umohé t8s wepdts 4ridalien tinéisg foﬂseee’iilld@ﬁ ih SltrBphre Wasdt. t ed

to the particul ﬂEhog?%Qggg+tﬂ ereoarr%o%lgw%b sﬂ paly ?Il %gt%ﬁ%%ﬁrl be yeﬂ?iﬁne

t hese may 30var |ons an
expressly Teﬁewpléqb&tog@erml@i anb‘yderl%ib'@Dh'ﬁhsdelfew eatibrgo plurkpﬂﬂﬂndﬁs more flexible

descr i bi NgaalyRgloPhig: IG20RARLY RUSRARML HELBALR) OB EH 10 Rl AN
tfe

be used i n connection wt he 1 nventi on. erein;
term " et chPHgHoR @P@F’glaf%ﬂ? H%-,e of a['reediyny genpippolagthyddne hmr@nm@lbwémw

i ncl ugles, Ihﬂbtethy&nmﬁm lwlitﬂhigﬁ erlsi®y Po@eﬁ@ﬁh&@sm Eo%d'déé zﬂgenﬁ ‘Pﬂt ﬁ%ske? B A with

35B "chem al -r ' 1 s _nmeant that po
co rr%;os it o?‘?% héﬁq’r‘i;é‘a“tl‘/ H"lﬁ?ﬁlilﬂl%’tbuwlpw ig 6!°{ﬁqh@}¥§albfresﬁiagﬁh@b1p‘d
or base nndeamytpylyéthylertel e suff|C| ent to etch a worl cpi ece, and

preferably can penmi nbe:flma% ?{f Preﬁﬁ’ &8‘8'?%%43? %lhéjatﬂ Qg‘nﬁ%?{%ﬁ%gggﬁfnfamon are

periods of time W T RO
As used heshemisally'indrt tp dehéngitalgefieerest, layd are @ipatille &t ths thetnichisSiF Hiddan Bfe

in a,d requgngy. 5&&9@&%@%&3 ?}Z?[%Hgnteth ARSI N LQf leru;[aﬁw nlgt' V\A”H "Cllgemma 13(? nd
upwards to over
compatible" have been described in greater detail in Section I, above.

Of the two preferred materia] types of the present invention, polyethylene is desirable in that it
is relatively inexpensive and is easier to work with than fluorocarbon polymers. When manufactured
into a tank and/or 1id of the present invention, the resultant article of manufacture includes less than 10
5 part per billion (ppb) of leachable metallic contaminants and less than 10 part per million (ppm) of
leachable anionic and organic contaminants, both on the surface of the article and being extracted from
the materials of the article of manufacture by the etching solutions.
Fluorocarbon polymers are relatively more expensive and are harder to work with, but have
the advantage of being commonly accepted in the semiconductor industry for high purity applications.
'0 The apparatus of the present invention includes, in 2 preferred embodiment, the use of a fluorocarbon
inner tank and/or lid which have leachable metallic contaminants of less than 1 ppb, and extractable
anionic and organic contaminants less than 1 ppm.
The aforementioned materials have been found to be chemically inert and compatible with
most chemicals used in the manufacture of semiconductors. For example, the materials of the inner -
i5 tank and lid of the present invention are both chemically inert and compatible with hydrofluoric acid
(HE), hydrochloric acid (HCL), sulfuric acid (H,SOx), phosphoric acid (HyPO,), nitric acid (HNO3),
acetic acid (CH;cOOH), hydrogen peroxide (H,0,), ammonium hydroxide (NH,OH), tetramethyl

ammonium hydroxide (TMAH), sodium hydroxide (NaOH), potassium hydroxide (KOH) and
8



As used herein, a "workpiece" refers to a part which is undergoing a
manuf acture, etching, texturing, or cleaning operation wthin |liquid
subjected to ultrasonic energy. By way of exanple, one 5 workpiece
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| eachabl e ani nd organi ¢ contam nants of 10 ppm These
cont ami nant®? ﬁ‘%&} tﬂg’eﬁﬂl@%%ﬁlf on the surface of the material that is in

contact with t hhlnattﬂiks&tgz R0 B drodt leastipartially flRd Witk ag feldng dolu@ibh 332esuch as
rraterlal o] t.ank. or
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che ally [ ' hat
t hemétg chi néﬁ ??I %%‘lﬁ%%ng% g%ﬁe{% j%rg}dga eych%glﬁ%%? %%ﬁ%ﬁ%l eré 3‘#12(;% erl E'fc%cs
of the nat etaginagtispchas mteﬁg anipnearidzprgagicpisiodhy acigic sph#tl@;t Hiése inwerrtefes prgferably
chem cal sSgRlaR 168 hak 80 SB03 HBERE mbQ] BRRiatnAERIRALL B oWeErJﬂaﬁlé"ﬁuomc and
material (even if it is chemcally inert wth respect tot
mat erial ) PEARIHOEHHEPE, due to small nol ecul ar size and h| gh

mobi lity, has thefeably] it wnmrmlgaaﬁtﬁ atlléatsmneu&h B SPr OGO b CleROk S Hiteds Nind
the walls of the m%terl al JllétyAg:'oaraI;tus and I\/et hod of the I nvention

The Fhvent FEATSFeRSHAYY aglepsy e eiching plufions L tofatpcidiy eigiesipiygill vary
syst em f or adsbriling sothé ¢irédyappiivationca I\MoquaﬁteQMt Rl Bpioallyl rafdle GO abbit 194a6about

b di t.1h nar.at us detaj.l .Obel ow,

Deer, 0 200U f hRaid 10 RBRRLR P 83 053 4T LISy A5

mi ni m zat i erhydbflexisesidrmtriofcid heiveitea:mxmgmsmdtms ie@n$:1t 1o 1:23eor Irfti dh aotey

surroundi ”?ml%'a}{ﬁehp E}fé%%np’ﬁdl&tﬂn 8 §§vaH %b%ﬁ@% oﬂéngss Ao P{Pzg%%
SO ntro

apparatus fromenferin £ ons
adj ugd® t heXpHrend &1-93% e@@tﬁﬂé’ eater; igepeetivelbii ﬂi@e %@iwvlmom@aym ladibited ¢predmg on

formation gt @%ﬁ@ﬁ%%ﬂ%@ etch t@mokeﬁeﬁwﬁoﬁnéﬁ@étﬁe WHRER GRS ofgr Of

wori cpi eces, the abi]ity to provide a safer working environnent and

to prevent PAFREETASTHE bwperﬁ@m thage obgiligdlasi art Snergflary Frsiogef@pidyand bases for
sol ution. &enngd fedt0mhdpelyantea stbskde LORROBaNH Bxhpldshes. appar at us.

Lids 324 and/or 326 are placed on top of inner tank mouths 324 and 326, the shape of which

30 may be square, rectangle, triangle, circle, oval or the like. Preferably, the cross-section of the lids are

substantially the same as the cross-section of the mouth of the inner tank mouths. The lids create at
least a partial seal between the mouth of the inner tanks and the lower surfaces of the lids. In one
embodiment, the seal is a hermetic seal. As indicated in FIG. 3b, it should be appreciated that the lid
326 also functions to increase the partial pressure of the gases 395 above the etching solution 322 such
35 that less aerosol formation and/or vaporization of the etching solution occurs by keeping it in a liquid
state and preventing a concentration change of the etching solution. In one embodiment, the lid also
functions as a simple safety valve capable of releasing pressure before dangerous levels are achieved,

&.g. before the etching solution reaches a certain temperature. The 1id is also preferably formed of a
9



FI G 3a shows an apparatus 300 according to one enbodi ment of the

I nvention. Apparatus 300 includes two inner tanks 302 and 304 forned
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of the pr eﬁ@&ﬁscﬂb@d’ ﬁlrﬁsqjateaﬁ@ X@ﬁi%'o?ﬂl?g h$ Zgﬁlﬁﬁl'@ﬁéoﬂﬁpc&#a Irgfelle%ceﬁlerein

relatively inexpensive an POCSr
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Spar{ per %‘t? o{) 1%‘ eac a l e metallic contam
t han®30 p 0 Watsienting. hub Ay alerbevaddria prladennveritiat ap dpsom gesater than this

cont am nanasge. bot h on the surface of the article and being extracted

fromthe materigl s.of the | e nufacture by the etching

sol uti ons. A 6’%9’53%‘% Spagﬁ ﬁFﬁ,’rdg napparalys100- e reatipe glelggrgéﬂgqm;@ny

and are hamouged tb dle\mie kvallbf dufer bk 306aueh tha 6 nfesba 0dea @ raplilabig tagte@@émm@ by
accept ed i n ndust for h,puri.t ons
0y e apdu iR SEEL Blen Pl ooty rBier ol o o BF i o
enboti me nthighefempesatured. The tdlrmgﬂatyo?as in@ersely proportional to the time required for etching the

workpiece and may be related to additional parameters as discussed above. Thus, an advantage of

coupling the heating element to the apparatus of the invention is that time required for etching may be
reduced, which allows for an increase the throughput for efching a plurality of workpieces. Typically,
the temperature is adjusted to between about 18-45 degrees Centigrade.

15 Apparatus 300 also includes mechanisms 340 and 350 for rotation such that relative motion is
achieved between workpiece 305 and ultrasonic transducer 330. Mechanism 340 includes a motor 342
and rod 344 extending through Hd 326 for rotating substrate 305 about a vertical axis. However, the

rotating mechanism is not limited to the construction shown, and may be modified with bevel gears,
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aqueous sol, 308 of .tr smttl n u t.ras c ener .
Preferably, % ﬂo %aﬁs%mqﬁo ?Veﬁtﬁe? W‘é 3 ﬂthg?ﬁg‘éfﬂﬁ e %gf‘mnmg the
shown, t he befier ErprEtmeb' ﬂdapmcabﬂemjmt polgmercthié ditrensidnk af the Riflyvedl vagrdependias on
by {1 teri B9 i BEUERY B L O L 1 19 L O e aomeaus

In order to mni mze erature of the aqueous
sol ution descri b@@baw}éposﬁwn@qumchmlthlil@rﬁf!hécatnongormg@imfrttasmnbrgy

provhged opnphenANMe SR PhitibRNinSHRR cYn B4 2t PEL fi d‘%}l Sine c'm%ﬁdneﬁtg of

any, to preheat the aqueous solution'to a predeterm ned tenpera
bef ore bei K 2BRIFHS el 1o 5tcbing priutign argy/or pggens solution. Themrabe isprafiablGlznediod or

304 are at cda%ﬁ&ﬁthml’ahtl%sisﬁnﬂc ﬂolﬂn@ﬁlas\/&eicﬂb@rhb@&ec OnD 6 BRL MaktRBa1Bes, Rt Slbwn,
as hydrofluorjc nitric acid drochl oric acid; bases

such as Na®# P"Fé Edf”é O BRI G %éE(B?HOH@“%&?B&PP#%%&@RW%&OW@%p@bf‘e

305, whi Chparanette},t‘:’pdle@ﬁibl=:c3/abfo@elr IR neQimbSdilnkt he acjﬁ&fu@ﬁﬂlﬂnoﬁﬁlﬁlﬂm’caxﬁédhﬂmm about 20°C
15A %)3) g%%”%/ or | con carbi de. e chem cally-res st a

pol yirers s not I 1 Se Jﬂléer Slﬁiséfﬂ?"f‘fgﬁﬁltlg ﬁ%‘ﬁmﬁs?dﬁté‘f“afhg ete °%Ii1f’d
organics i ﬂiosjalthhldy mmamecemtaum oris mAihieinedin dre atmmksomnaf e@tsahteyi above

generate | ﬁrgi%alfﬁ'htﬂ@h% l?erﬁgeralhf@&ftﬁ?et%ltc% E‘t%on t‘ﬁi)fu er aﬁﬂrte oﬁ?%eéc%?ng%%?ess

of | eachab I oni organlc conta
are fill edangitheretere ﬂ#é@?t the prerkpieeedhas mm@rmcﬁrcarbitgsudhcel é‘bu;t th¢ emperature of

liters, angle2ReMe @olﬁ%%ncpﬁmgﬁﬁE Al lv%rl@kcé 1@@1?155 i’hri'ﬁe e&c}..].u% 188 o deéﬁ!ﬂgent upon

etching solution. The total acidity or basicit vary acc

to the destfamombhifimatesial sopshs o brgmigypdien thsmorlwepq Tfhquperamptyrs mmg@adjusted

f rom about ac3S@ihgly 8penétor 4QiVen e 21, BlaarAD)iSIE ?ﬁa Hied o Qéh1é9@§ hrﬁfoh\{ ekB d@th of
| east about 10%  The etching sol ution inc des aci ds, such as

hydr of | uor $567e5R ehput hio@peut 1008 ne. depandingos ihe arplicationee:s. Tempyabef damagy, ctc.

1:1:1, 1! 2B2mpRfy tx'kne7an3 tendpBrafifQahi8icteRTRQEILIR Rhriont B8 %ﬁ(‘pﬁges %PJaHBﬁsQﬁes are

conpri ses vari.oys r LI%S of basic solutions, e.g. 5-50% or -
gIven 1 Bxamples

30 In order to increase laboratory throughput and to further decrease exposure of laboratary
workers to the hazardous reagents described herein, robotic systems which incorporate one or more of
the components of the apparatus and/or the method steps may be employed. For example, robotic
introduction of solutions (acidic, basic or aqueous) into the tanks, rotations of the workpiece and/or
transducer and temperature control may be performed to enhance throughput of the etching process.

35 Thus, in one embodiment of the invention, the inoculating step is performed by a robotic or automated
system that has been developed for performing such a task.

Amny of the operations to be performed, as described below, on individual members (e.g.

workpieces, inner or outer tanks, transducers, probes, etc.) can be performed sequentially or in
11



25KOH and 50-95% or 70-80% wat er, respectively. The etching sol ution
may be adj usted depending on the substrate, tine, tenperature, etch
depth, novement/rotation of the workpiece and/or other paraneters as
wi | | be appealightCettain phsiel fofnatslerd wellispited iepasalle] opEetions Kigr, havieg thosme for

d d
26105 20 Sl AR 00 BRI RS ESE Ehydi p
i nner tan ktﬂﬂﬁmfﬁﬁpl‘%matalm@m?slﬂﬁleoﬂsﬁﬁn@hhﬁémd@%|ff@ﬁl t@ﬁlﬂﬁy %é/olsﬁhmpnﬂmﬁons)

rectangl e, Rsﬂoh@&giﬂﬁer mﬁﬁiﬁtﬁzit%ns Q84 pe@f%nﬂéa%udhlﬂka@me B0 8688 Yiseatdehieve
cross-section of the ds are substantially the sane as the

cr oss? sect fesatiesr P%@lehﬁ‘ﬁﬁlwl%‘fmt Febs sopEetlef BnapPrABTItth Son e dP‘i“ifé‘; S EPPRILErS

at | east alifkad toirdotis a&herﬁlﬁh%&@ﬂwirheorﬁﬂﬂdﬁ@irﬁﬁfruch&%etsﬁﬁ&é ulaBfiK e AIBBtid d? @ther
| ower surfaces_of t one enbodi me t he se% is a her JGC

son | e | Rir Dbl Ein T R o i, e S e P
326 al so fiebéticiagmswlich hinfid amenah@eratsns p&forrﬂécB@SaU;blentﬁf ']Ihhﬁat@ﬂﬁﬁts 395

b the eteh l.uti 322 f
and) o vapBETEP R EPrRE iR tera TR ssB IRy oR S o e
| i quid stalteeeuawdlh@mmtwmgsalseloﬂndemthaaalevaﬂanhange of the etching
sol ution. In ong, q.‘{sq}?d.'z?]eth&c{b?tﬂe 1&6&10?1?1‘1 {ygﬁ?ﬁétﬁ n%gmﬁnzﬁi'oﬁr%tﬁ ¢ methods,

safety val ve cap ab easi n ressure ore an erous | evels
are achi ev@ﬂafméa@ chmf:@& gesqrived @p@hw 5% [Sentid] dia- Q9é9éé,ﬁé9s filed dwgustitin 2001

tenper at ur &iydd " 1dahide biSSeﬁilic%QduQﬂbﬁﬁr@Ee@@c%ﬁ iphfRFt T8 Bér PArts Using Organic Solvents”
chem cal -resi st ant For gases escape fromthe inner

or Cout or 1 @AK DodkhN, HUTI00RGYD) SH S SeprIOw B AT B AVENS L8, enttied

abovgs t he tsgnks arﬁﬂdetﬁ&ﬁ&ﬂtlba\ﬁﬁxg%&nﬁ&%&fmr Fabyidaad miug,rﬁté?mrts"][m&yngﬁéﬁso
ar erom apl e

I b th 1 t | t

cRe(r)nngale- rf'gez)g ﬁ@;ﬁﬁwﬁﬁ “\égcrﬁéé %Q“%Pf Yﬁ?ﬁgrg‘zﬁ%ri ’ttS;FnB]iﬁP' ©Hy| ene or

Tef Ikon( (r]I 3 aE d?sm shbeel ]ag:)mfadatplr:]es tc}omwisekgd;m 4daanm&$1becﬁ‘xteﬁadaehetdﬂlﬁaigh
and/ or om surface 0 id and,j.s conpr on _sea

e e OB TS B on S ol wsPaReh 1o RO TBE 16 g SRt i fyiHea ofa

under goes dtehisaliyaesigant polyineoas senquieed ebope f Bollowing tlmeadunngof@#msmme4mfto lipe

I nney, tankﬂob MELL devi %]l;n@' 4::%@&@%& &Hl%uﬁ‘%& Mne?ga‘ﬁﬁné %E’c?ang'z‘ &u&gﬂq& c?r ﬁﬂm

a sea

of the at eas parti I nher as to
that duri rM§sendHBats in paataciwidythe innk s@fae@ofmlmmneeukk oﬁmeh ) wnﬁgwatwnélglguﬁle

occurring Jdughide nhmc@ difive {ohﬁélﬁ&fr taltl&nﬁlgwamlagm@xgét mglgma%e Q&Qtea B

this enbodi nent al'so 10has the advantg‘g permtting atight

seal , if d@%‘?etg‘é‘ﬂthﬁraﬁlwlﬁ@’h@kﬂl‘%dé%ﬂ ébQﬂe the inner tank and/or

lid. AP P A sahéten iBPEG.3h,9QckR qhtud%s@ﬂmuy béiREOR) Qay weaia&ﬂu g&ﬁre@%
at

L har SR P et B RRIPG, Vil 3B g vSDf th Do T Sodhes e e

302 and S%afaihmpudtvéraﬁamlsw,otransducer agitates chem cal solution 322

th h I 08 t0.15 t tch

505 Tn ¢ e omsarq8 e it o R B B kil o Gtr e O plopt Bl e
out si de ofmwteh&onadﬁ[@cﬁa shosve lthurtel voomkpideleni®®,6a04 andro0a nambnd tentghdiomesting rdada @10,
transduce r6 ? 51K 91?# ()t1'6 Of'ﬁeqv&&pb&%&ré {bﬁg}%?&%&ﬁ%ﬁ%ﬁz}ag& rorﬁSéﬂlvH-lEc%lxé %Xne%!ed to

ul trasoni ¢ transducers as descr
e.g. 4 n Umsordt énrotring 16 “msquegtszn { Sastanidly ho2Poth) dlreetrmlmﬂae@pect to the base
"Utrasonigg gﬁﬂﬁér%& Béb. Uﬁfe;namw Mh@vrpih ‘Ff@lfib thorﬂ;lecEg dob ) %&606 connected

t ransducers, is incorporated herein erence.

U trasoni éhrtovsiwwe@ggow B .9%&5&@@%%%@@@@@1 W‘&"ﬁﬂlﬁﬂ e rhieh is
S ou; celsI S Lmﬁea&uﬁrem?@ﬂz@faz M SO0 bokich w&ggperlmheﬁ Rheimte? Fhi wikk hiipssiof ©ks 630

contro in r_ous nc es o u rasonic

descri bed ﬂg‘flug% §°taﬁ8&ag %ﬂﬂlg@d% 18 Jeserealid to mofor 643 5°ta%ﬂﬁfhél"i"°ﬂ%’mes ma
i ncorspor atsatktdayallyetrica etk Rspetdtd tha BB 65 FReLOynkd ot ypi cal |y

bet ween 25-40 el be adj usted as

reater. +—1P er .tpe ner my .
desired dependi'ng ‘ofl ‘gsc?d?r?cie%?r?g %@%ﬁ%’f@ s“’t"ﬁ‘é‘ga%féﬁkﬁg“e‘a agpvRre with one
embodiment of the invention. The process 700 starts in operation 710 by providing an inner tank
having an inner surface. The inner surface includes a chemically-resistant polymer. The inner tank
i2



range. A heating element 332 is also included in apparatus 300.
The heating elenent is thermally coupled to the side wall of outer
tank 306 such that it may be used for regulating the tenperature of
aqueous sollft #gRPEPuththat j5zecepfive o aiverkmicoerand the trak iseo teast pirtiallyl disposed within

cheni cal et bitdGardByhiddnad6dth SV&E p%%haﬁjpﬁﬂe‘&% ah Eﬁﬁfs%lﬁﬂio%s&h T1Aer tank is then
terrperaturg.l&% |nv§rsely rop rtional require ko
et chi ng t hd O PIEhtdeest o lite eE?é'erIQIa&‘i ’@@Feﬂ?@ff’&@hi 30 lmaofapakhms@msn baving a

di scussed ad:ﬂ\aadltﬂ' chlIstml@ré:f atdéﬁ@l%é\ﬁ €0%] as %ﬁb&pﬂn'oﬁgat{oﬂgzdﬂ elﬂto?%%logt?(: t

tothg apparatus o 1h nvetlonl that tine required
may bé reduced, =W oD G o irbins i wiose Theraon otk ihen covered
etching a piepembiont Mommmlt@mmaﬁe etdhify s6Rtidryand tdNBcrb RS bt bfesdu above the

adjusted t ou 8- 45 degre nti grade. 15Appara 30
al'so inclu ééﬁg%réee%ﬁgn?*gc%&%git O%eﬁ%iw%g{? ﬁ‘Sth& ﬁﬁ'lt’Bﬁ‘S&ftPW“faﬁ%{‘fcapiéﬂ%ﬁiF@‘éﬁh
notion is &aewlireserid tthisthwersoupled teficeoter BGto atvelletitel o Qitighf e FABGUELT
330. Mechani sm nd. rod .34 end t hr ough
lid 326 for rot gltée%dé géﬁ %tﬁr%%?mgg%g&erg I%gé?eém Ve Ifeir%%%u&’)?tt gt andror test
the Bt ati Kyclhefdmrmiesor fhs demre of $tehinemfithe worki@econst ruct i on shown, and
may be nodified with bevel gears, belts or the like to transmt a
driving torque by the notor 342 to rod 344 such that substrate 305 is
rot at ed about a%ﬁlﬂgiantially hori zontal axis. See, e.g. U S Pat.

No. 6, 199 563 (Mertedwi3 exQbh fuchiMah Ghhd e Ih%ﬁﬁén%&ﬁﬁe%%@% aﬁfzir@ﬂl%%

her ei n. %@’ﬁﬁ% L tur hlabl e 360 may be rotated ani sm

whi ch |ncI’Llil 8 %21”‘ CSEHen 354 for generati ng a signal for

the tdtation of turntable 360. 5 Alternatively, or in conbination
with the rotati m&e-l-t he wor kpi ece, ultrasonic transducer 330 may be
rotated such t ative notion is achi eved between the workpi ece

di sposed in t heFor thmaqidi¢ aq:imlgaxﬁaiquahewmkmafca&myaq IthaﬁtS(ﬁlh?cﬂéﬂuothcﬁ (49%

Bbout 1 1 i RRaRR I eI 5T bk Rt iing gl on ana

about 1 rpmto about 2

wor kpi ece 3386 wichri TBV@gat 2M°Q| Iwith arsditasonibanbrie of 23 8040kH pASh bineasie pwwek Bi30-50
the gpueoug, soliidhi ng N | 10di ffusing the sonic
energy i npaa‘rt/g(w{lgggtflﬁz rsggﬁ ut p"gwasé’gémedrhl s diffusion and danpeni ng
of the energy allows greater control over the etching process. Thus,
al though the maierhab for formng the buffer is preferably a

chem cal -resi st‘a‘n‘[‘é‘p'o t he di nensions of the buffer will vary
dependi ng on t HeTU&fHH t%fln%ﬁf@iig%ﬁm@amﬁpetmtqglsoﬂtradmcbﬂbsetmaddﬂsi I:eok.1:2
probe 390 vofmResibd drafGshhil dla®h Ghii% ! 11O

the ultrasonic ene 4%9& u5terrpd(;tr atﬁrp aﬁ%’f{f"/ " 2%{/%%&;&%1@“”{“50 1©

i npuibi ty CONBENEs éﬁéﬁnéh@ﬂtmgmt poker B0-ahyatsiealdngto emmﬁmnbmnfﬁfniaﬁﬂal
appar at us,The19:1 vbidg ﬁa&&ﬁ'l@%vﬁ u ol.ut 0
probe is preferably formed ﬁkgédzéguav?e d) etgenls%lgfa o}s ?’Néﬁfmﬂ%
pol ymer asM¥dscri bed above. One or nore add| t| onal probes, not shown,
may be positioned within or near any of the conponents of the

apparatus for oring any of the paraneters described above. In
one enbodi nent ﬂﬁf-’i&—%queous solution is maintained from about 20C

20t o-0about 50CPolRsikvatises Iiohepl&amga &rangmglgdt@gitclli@gﬁ&lﬁ@&hdgf@gEagm?gwn%)gi#gsm&treg

sol uti on, %%ﬁ et chi ntg sol u%l on_ has, su

as is mai ACAPHEECFHS P FEroxtRiesidmmatergino OA%CXH@PIE-@ Lakbraido ofthydsbituaiid agid

t he hi ghel(49%m)/hﬁim' eitl €0 vet)/Giter hﬁcﬂoﬁt&?&lﬁs @le%tw&hy%ﬁuohb SABIna YAt for
ore fastér the workpiece

rate of th 'Etlé 3@5%0 ess and there

has materia ;U tgs oG cpesgyeof 257 6@k1{ztaﬁ‘ém’cl@%‘é¥<m°m@@f &-5¢ he

23 Iu 5 ) Iu 3 ) S g»lrattm’gammem dsetl hﬁ'&l’hb\ﬁ%eﬁlﬁh&nm IHRbtRG Sxdn PR 8B4 bdlastith® nfh &bt Bution
2 2%4-518 R tﬂ 2500 1c energy of 25 to 40kHz and an ultrasonic power of 30-50 watts/gallon was

used to remove the material.
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25t he anount of material sought to be rempved fromthe workpiece.
These paraneters may be adjusted accordingly by one of skill in the
art, and are typically adjusted to achieve a uniformetch depth of
bet ween abd\thoughttles intsaien hOBBEn dessribde pamutspegt to pertidwiar appidinais, Dwill e agparent
removal of (JRIRARiIeEH Ehe aﬁ)fﬁagpéri%ﬁsy chhﬁ;@anﬁ%d%ﬂ%%ﬁg Ah YL HaRALBTEE ra%tinfg%rom
etching varjiqus depths worl kpieces at various rates are given 4
Exanpl es 11D or der to increase |aboratory throughput and to
further decrease exposure of |aboratory workers to the hazardous
reagents described herein, robotic systens which incorporate one or
nore of the conponents of the apparatus and/or the nethod steps may
be enpl oyed. For exanple, robotic introduction of solutions (acidic,
basi c or aqueous) into the tanks, rotations of the workpi ece and/ or
transducer and tenperature control may be perfornmed to enhance

t hroughput of the etching process. 35Thus, in one enbodi nent of the

i nvention, the inoculating step is perfornmed by a robotic or

aut omat ed system that has been devel oped for perform ng such a task.
Any of the operations to be perfornmed, as described bel ow, on

i ndi vi dual menbers (e.g. workpieces, inner or outer tanks,
transducers, probes, etc.) can be perfornmed sequentially or in
parallel. Certain physical formats ale well suited to parallel
operations (i.e., having the same or simlar operations performed by
approxi mately sinmultaneous additions of relevant solutions to the
tanks, or approxinmately sinultaneous renoval of workpieces fromthe
tanks, and/or other operations). Robotic or other nanipulations can
be perforned such that the actual notions used to achieve 5sel ective
or parallel manipulations can be controlled by appropriate controller
devices, e.g., conputers linked to robotic elenents with software
conprising instruction sets for regulating the robotic or other

mat eri al mani pul ati ve el enents. These conputer controlled, autonated
wor kst ati ons may include robotic arns which mmc the manual
operations perforned by a scientist. The nature and i npl enentation of
nodi fications to these devices (if any) such that they can operate as
di scussed 10herein will be apparent to persons skilled in the

rel evant art. The apparatus and nethod of the invention may

al so be used in conbination with the nethods, apparati and chem cal s
described in co-owned U. S. Serial No. 091945, 259, filed August 21,
2001, entitled "C eaning of Sem conductor Process Equi prent Chanber
Parts Using Organic Sol vents" (Atty Docket No: 59081-8006. USO1) and
U S Serial No. 09/927,263, filed August 10, 2001, entitled 15"System
and Method for O eani ng Sem conductor Fabrication Equi prent Parts”
(Atty Docket No: 59081-8005. US01); each of which is incorporated by
reference inits entirety herein.
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FIG 4 shows a jig 402 adapted to allow screws 404, 406 and 408 to be
ext ended t heret hrough such that the tips of the screws secure the

wor kpi ece 410 in place. The jig and screws are fornmed of a

chem cal |l y-resi stant pol yner, as descri bed above. Follow ng the
securing of workpiece 410 to jig 2.0402, the entire device may be
positioned within an inner tank as descri bed above such that screws
404, 406 and 408 are in contact with the inner surface of the inner
tank. Such4™M8nfi guration hol ds the workpiece in place relative to
the inner_ tank during ulfrasonic agitation. The jig nay be adapted to
connect wht h oAb BHEOTGASHTAERNERS SR UL EET BB BB DACERBAN i n
FIG 5a, a screwwth a substantially pointed tip may be used to
secure, e“YPUE"E5cy|indrical shaped workpiece, while a slotted screw

504 illustrated in FJG |5 b to . f, h d
wor kglS ei:e gio.ra% oiter {a%f i%?te%ﬁ’%ﬁH@gﬁbﬁgﬁﬁﬁl}%ﬁ?‘?@%%g’%‘geogﬁo “ﬁgg;r gt glto i60nal
b ee wor kpi ocldmB0B T KO SREY B Bhrat Pt g TRFCOYRL Eshely AP rotis
610, 612, G614 16. Th l.cpi | ed .t tati I
nechanisHW@B%m%ﬁ%maﬁggﬁgﬁgmggﬁﬂ%ﬁlg%E%H%Bﬁ%%%ﬁgﬁgfﬂw%?ﬂr%aa%%%g t he
kpi | i i ] i t] i, t . to th
P S5 bl 8 SOSLANERN YRR e UG PR PRk e

kpi t ' . 610,
wor kpl eceﬁdqulg i%c?aota%s@ﬂlq dg%] %ggfﬂtrﬁg&é} ! &E%F&Qﬁﬁ%ﬂﬂ&%ttﬂe’l&é&pﬁ%

612, 614 and are co rotati ona anismro whi ch

is further coupfed.tQ et nggggd%éithrt&%pﬁﬂr%mumfﬁmn& SUSRADEET Welnt e

i nner tank with suspension bars 630 and 632. Rotational nechani™sm rod

644 s i SpeRnREHRA t8 QediDl Mast@2riihiQkal bARL tROughBENNR R iR Bk fhdd
S5substantially vértical direction with respect to the base 616 of

i nner  t ankw&QWeface of the fid {8 incfeaSONBiR pREOC RS & 1048 dnk Bls abbei@Rpingal | Y
etching a worlcpiece in accordance with one enbodiment of the

i nvent i onsoluliB@ aRMERSE 1ré sk SdubRd lthORRS: Adnk RN ImpADuldNsoRic @Hér%i tB¢hea@n
i nner tank having an inner surface. The inner surface includes a

chem cal | ycHiSbltianh tRaneMRRk; adde i nner tank has an upper nouth that
is receptive to a workpiece, and the tank is at |east partially

di sposed wi t hiamahanidit sfaptedkmpdi elativeasotioe Baiwedn theev@kpi@adispakd ¥ the
filled wth an aqueous solution. The inner tank is then filled wth
at | east iome tdnk tugtthe Wirasbsic abdsguckf) and nore preferably 30 liters of an
etching solution having a total acidity or basicity of at |east about
10% as gi ven wigraoptbe ae¢hemsid 20nprises aoperyabeton a3 kr forhretatingar ket e ils
totally imersed into the etching solution. The nouth of the inner
tank is tihemtaglewttheiulirgronipaemtiioon 740 with a lid to enclose the
etching solution and to increase the partial pressure above the
acidic solution. According to operation 750, the etching solution is
then ultrasonically agitated with an ultrasonic transducer coupled to
t he out er2-t anklhe@rraeatus|oéelaimel furber spraprisig adpating element Ryipted do regifiee a

wor | cpi ece can be renmoved after a predeterm ned period of tinme to

vi sual | y FHEGpERE ohhereoussdlptiongl evel s of inpurities or the degree of
etching of the workpiece.

3 The apparatus of claim 1 further comprising an ultrasonic buffer adapted to be positioned
within the aqueous solution and to dampen and/or diffuse the sonic energy imparted to the

etching solution.
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VI | . Exanpl es The follow ng exanples further illustrate the

i nvention described herein and are in no way intended to limt the
scope of the invention. 15 Exanple 1 For the acidic etching of a
gquartz workpiece using a 1:1:1 ratio of hydrofluoric acid (49%
wt)/nitric acid (70% wt)/water m xture, which corresponds to an acid
concentration of 16% w forHF and 23% w for HNO3, at 205C, with an
ultrasonic energy of 25 to 40lcHz and an ultrasoni c power of 30-50
20wat t s/ ghl | ontheappagtstof grinpl Bithst seppifingatrecbiadertsp toiemeditioned Hifhin éep
A quartz insulator ring froma sem caonductor tool is ultrasonically
et ched wi ¢i¢hing splugionpnd {0 monstoy;ofle prmore the S1U3FONIFHFT Y, GHIIETARI G EFTHPCIRRYRD
w)/nitric acid (70% w)/water at 20L-5C with an ultrasonic 15
ener gy of VAR angdGpppity FRpceliratign r asoni ¢ power of 30-50 watts/ gal | on,

to etch off 5 to 100mof material. The 1:1:1 volune ratio is 16%
wllF and 23% w HNO3 and for the 1:2:2 ratio is 10% wai f' and 30% wt

HNG3. Ex | e . OPol ysi |1 con was isotropi.cally or, anisatr.opicall
et ched ualh. AieaPEding Bt Cone we S SuE At hialEhi o s Bbinks
to remove 5 to um, of terial . .l ne exanple, a 1:7:2 ratio of
nydr of L uPREo R Tt s sl r0oe we) f et er  whi ch
corresponds to a 5% w for hydrofluoric acid and 7% w for nitric
acid, at 205C with an ultrasonic energy of 25 to 401lcHz and an

ul trasoni é: pOV\ﬁlI‘e a ara‘%ﬁh%ga%f gﬁf{é‘g&hlsggem iy aq&atﬁpgmg Ye% “Iittl)l?he

materi al . "I n anothier exanp assi um hydroxi de sol uti on 5at

205C w t rhélgéb gL&lﬁtﬂaﬁ 91711 £ exﬁ@@r&% oPhhe gcg,e&f& sélQ&o%ﬁ?inﬁQinéﬁ‘frH% LERPRR L o
power of S50 watts gatl n was used to renove the naterial.

Al t hough jb& sprwention has been described with respect to particular
enbodi ments, it will be apparent to those skilled in the art that
various changes and nodifications can be nade w thout departing from
t he i nventi on.

7. An ultrasonic etching apparatus for chemically-etching a workpiece, the apparatus
comprising:

an outer tank adapted to be at least partially filled with an aqueous solution;

an inner tank comprising a chemically-resistant polymer and at least partially disposed
within the outer tank and adapted to be in contact with the aqueous solution, the inner tank
adapted to be at least partially filled with an etching solution, the inner tank having at least a
sidewall and a base and defining an upper mouth, and being receptive to the workpiece;

a lid adapted to be engaged with the upper mouth of the inner tank, wherein a weight of
the lid is adapted to create at least a partial seal between the upper mouth of the inner tank and a
lower surface of the 1id to increase a partial pressure of at least one gas above the etching solution
to maintain a substantially stable concentration of the etching solution;

wherein the weight of the Hd is selected so that the lid releases at least a portion of the at
least one gas before a dangerous pressure level of the at least one gas is present within the inner
tank;
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CLAIMS 1. An ultrasonic etching apparatus for chemcally-etching a
wor kpi ece, the apparatus conprising: an outer tank adapted to be at

| east partially filled with an aqgueous sol uti on; an i nner tank
conprising a chemcally-resistant polyner and at |east partially

di sposed within the outer tank and adapted to be in contact with the
aqueous solution, the inner tank adapted to be at least partially
filled wwth an etchlng solution, the inner tank having at |east a

si dewal | and aanpssoEGREEbEs SPYEdan the slertankoo mpart aH@samis cAgeY ©dkpt i ve
to the workpiece; a |lid adapted to be engaged with the upper
nout h of %tﬂ“éﬂﬁsﬁﬁé?mtlé}tﬁém%@? éfth a wei ght of the lid is adapted to
create at least a partial seal between the up nmout h of  the_inner
tank and a Iov@e‘Pecé'ﬁfF%EdéPtﬁ‘ll togipary Iie]d“‘ted“‘?‘ﬁﬁt’%tﬁ%“é‘ ﬂée weakrigegdispysediaice of
at | east one ﬂﬁgove t he et hlng solution; an ultrasonic transducer
coupl ed t%n? ?mFeﬁwCFew Yar t ul trasonic energy to the etching
solution in th |nn %F and a nechanlsqtada ted to %ﬁggﬁt
relative notio W&“W&BF%@“H‘ 8558 AGUAY [rHRaf ALy g

the ultrasonic tnﬂﬁ q# ; wherein the mechani sm conprises a
rotary mottofsedEs Y &?RPrWEF%?Tng at | east one of the inner tank
and the ultrasonic transducer. 2. The apparatus of claim1l further
conprising a heating el enent adapted to regulate a tenperature of the

agueous Sé)l uti eap agaéustoggl @P’Pgﬁe?’ H?he?nner ta and%ﬂ#p%ﬁ[ h%%th%?o%tonzﬁl ng an

ul trasoni ¢ buf € positione gueous

sol ution Iﬂ&:‘ﬂ &1% f[illl At a%rbof'ﬁgq{t ongtl:tfv&lhlﬁﬁe ét&%lg?sglﬂil&l & ?ﬁ%ur tnﬁgﬁgltsggctédo

the etching so e appar at us t
conpri si ngo,24RLRRE AdRATER 1 hRorkE ragtsatlt biigRaew dielyhe et chi ng
sol ution and t6 mbnitor ‘one or more of the Ultrasoni c ener gy,
tenperature, tenperature variations and inpurity concentration. 5.
The apparatus of claim1 wherein the inner tank is at least partially
filled wigh thgeabsubinRGr sitintd WaReiR M ifnbeadt fehirfteh 189 kHdh i1 @Ppt oF leachable
essentially static. 6. The apparatus of claim1 wherein the outer
tank is ahethi@dshmialtd dndl1b ypih of leRUabM dnfonidiBd BgMEOLREEAHEI ON and a
tenperature of the aqueous solution is naintained fromabout 20 C. to
about 50 C. 7. An ultrasonic etching apparatus for

chem cal l y-etching a workpi ece, the apparatus conprising: an outer

t ank adaptoed tAn lleasahic kelisg appaatus fk thenfidall}-edhing 4 Rodpic@pbie oppsratus

sol ution; an inner tank conprising a chem cally-resistant

pol ymer amnchpating:east partially disposed within the outer tank and
adapted to be in contact with the aqueous solution, the inner tank
adapt ed to be atoulee@sk adppted todk btyledsi daktatly fillddwitrnefehussglusal; ut i on, t he
i nner tank having at |least a sidewall and a base and defining an
upper nout h, andnrgefanigecompospg @ shemically-tesistaw pkipinetcand at least partially Hispbsed
adapted to be engaged with the upper nmouth of the inner tank, wherein
a wei ght ‘within the otprijarikaing edapted th tean eontsat withahe dqpenys sautivasthd iaher Sk

bet ween the upper nouth of the inner tank and a | ower surface of the
lid to iriseriesle baatdeastnagiallp Adwlovithangfching sqltipgy theineer gpak haepablepth e
etching solution to maintain a substantially stable concentration of
t he et chi sftfg:wglé A Qgpp and defining an upper mouth, and being receptive to the workpiece;

a lid adapted to be engaged with the upper mouth of the inner tank, wherein a weight of
the lid is adapted to create at least a partial seal between the upper mouth of the inner tank and a
lower surface of the lid to increase a partial pressure of at least one gas above the etching solution

to maintain a substantially stable concentration of the etching solution;
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wherein the weight of the |lid is selected so that the |id rel eases at
| east a portion of the at | east one gas before a dangerous pressure

| evel of the at |east one gas is present within the inner tank;

an ultrasoni c transducer coupled to the outer tank to inpart
ultrasonic energy to the etching solution in the inner tank; and

a nmechani sm adapted to inpart relative notion between the workpi ece
di sposed in the inner tank and the ultrasonic transducer;

wher ei n t he ne¥sEn Saiveighisf thsdd isselegedioyhatihe lid relenses gbleast a pastionrabthgnt ng
at | east one of the inner tank and the ultrasonic transducer. 8. The
appar at uslesst oneleas hpfore pRRMBRPYF Presairs IsvR pT thasiieagtpge easys piesertivotinghe ippra
rotational nmechanismthat may conme into contact with the etching

sol ution %@%ﬁWﬁses a material selected fromthe group consisting of a

fluorine resin and high density_ polyethylene. 9. The apparatus of
cl ai m 8 wher eiaﬁuitﬁéoqlwﬁé?d%eaﬁﬂupgéﬁ%ﬁ)ﬁawgr P it LGP sRCTeY to the

| eachabl e tal contam.nants and .l m of | eachabl e .anioni¢.a

or gani c c%%‘?%ﬁf’lﬁ%\?ﬂ '8 ?he gt ARG WRATER %& gﬁria%f’“&“@fﬁ%ﬁﬁr 368%?%?01%“‘%‘%0%3
chem cally-etching a rkpi.ece, the apparatus conprising: an outer

t ank adap‘{ i e %Ohﬁg’“ éTg\lgg%egﬁb?ypcgﬁﬁcﬁgf%;&iwle’i B§ WPt h an aqueous

sol ution; an i nner tank conprising a chem cally-resistant

pol ymer and at |east partially disposed within the outer tank and
adapted tg be .jn._contact wt e_aquequs _sol.uti;on, . the inner.tank
Sdapted 15 be TP PR % BMERHE R TR O e MAB-A BRI e
inner ta i .si dewal | and a base and defining an
upper noﬁ%ﬁggﬁﬁggﬁé%%Igggégg?ﬁbe to the workpiece; alid
adapted to be engaged with the upper nmouth of the inner tank, wherein
a weight of the Iid is adapted to create at |east a partial seal

bet ween tfie UPERLyIHRIsE Ofint IuIRP EmprRiK 1P BasBnik VRS 1Bl Rk of the
lid to increase a partial pressure of at | east one gas above the

et chi ng sRkiubiea Vit (hBdqRiAL Sidios HRsh aihpedahdoriBRE fie 9&&%&%{, RhantB @f
t he etching sol ution; wherein the weight of the lidis

sel ect ed H&eidifidisolugn.l i d rel eases at least a portion of the at |east
one gas before a dangerous pressure |level of the at |east one gas is
present within the inner tank; and an ultrasoni c transducer
coupled to the outer tank to inpart ultrasonic energy to the etching
sol ution 130 t Ndeiappacitustod ElkimNIEElieRcdntpeisidl & pRsOapted fodB poMitAEd Within the
positioned outside of the aqueous solution and is operably connected
to a powedtchigGoluti@t aad to mdritor dieer apeal &k uBraghicehaipyntchipefatifd, R@fperature
conprising a heating elenent adapted to regulate a tenperature of the
aqueous swaliattonomd impdity ddneerapiar at us of cl aim 10 further conpri sing
an ultrasonic buffer adapted to be positioned within the aqueous
solution and to danpen and/or diffuse the sonic energy inparted to
the etching solution. 13. The apparatus of claim 10 further

conpri si nig- a plhebppacatizsef defint 1§ Werepobé nhanad ismt tepit partidlly fBled ithde
solution and to nonitor one or nore of the ultrasonic energy,

t enper at watéingiseliieyaat dhestobing sautiopissessgntdaliyaiatie-i t y concentration. 14.
The apparatus of claim 10 wherein the inner tank is at |east
partially filled with the etching solution and the etching sol ution

is essentially static. ) ) , ) _
15. The apparatus of claim 10 wherein the outer tank is at least partially filled with the

aqueous solution and the temperature of the aqueous solution is maintained from about 20° C to

about 50° C.
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15. The apparatus of claim 10 wherein the outer tank is at |east
partially filled with the aqueous solution and the tenperature of the

aqueous solution is maintained fromabout 20 C to about 50 C 16.
An ul trasonic etching apparatus for chem cally-etching a workpi ece,
t he apparatus conpri si ng: an outer tank adapted to be at | east

partially filled with an agqueous sol uti on wherein the aqueous
solution is a filtered and recircul ated dei oni zed water bath;

an inner eank AbWEICRF AiGhiES swaRius B Fipmicely-siching 2 werkpiaesy thampaas| east
partially disposed within the outer tank and adapted to be in contact
with the @§UBYEE sol ution, the inner tank adapted to be at |east
partially filled with an etchln solution, the inner tank having at

| east a si dewaqnwuﬁhfanlaada@g%wabﬁatqaaéfmamaH@ fillgd va&@@raqwﬁe&t"ﬁluﬂ%whea%? g
receptlve to th

dtob d th
e eradhyt Fgion (3 M Ero 4P R AEP A SBRGBIG e of Cho (1 d |
dapted t t. t | t | bet t t h of
the i rner -t aniEtdmgr Gnk smereRg s %‘i@é“a@*rse%%‘émlpgla‘m“?fga%ﬂ Az §r§§ Ay fprral
1 t | uti t
Cubst ant 1 5115 e B e A ey BYRURC bR Fl s SRS Lhlolipo Rosf Pk 2 1 ©
wher ei n t ]%tvfto%h?t l%ar_ltepagially hﬁled w1th an e%ﬁmg Boh?uon tpe in rtanklhavm a?leas%%es at

| east a pOI’ east O e ore anger ou pressure
| evel of he nn nk: and
0% O 0T e T AR B TS 00

ul trasonic en %yads edtt Be %ﬁ%@d%%l fnér%u{hrbfthg%n'eﬂgﬁ whéaﬁawe%ﬂ The

appar at us of c alm urt conprl a heatin ment ada to

regul ate @ge L@HQ@J W &ea‘i?ef atid1& a%%@l%’a’i bé@Léﬂtth%per njrcﬁlth oFiae ﬁﬁpéﬁléénld% of

claim16 further conpr|5|ng an‘ultrasonic buftrer adapted to be

posi ti onegyWst#cB of RE1ARUERSe SRtH hRBuR Rt QAPPSR Qb@v@ q{e%chgh RSt
the sonic energy inparted to the etching sol ution.

appar at usy,faintdidd fodbhribily S cof@ARLHos bNbe AcPRAIBH apt ed t 0 be
positioned within the etching solution and to nonitor one or nore of
the ul trasoni GuRRET @Y weilgRIH th &l W sBlectb ST B WH eeldhids iaBlbAsONSor@IHbS the at
inpurity concentration. 20. The apparatus of claim 16 wherein the

i nner t anlast Snedghs be®RSH ddd@srbisdhrdsyird levdl etthanitlidasttone gL iciésed witinuhd igmer and
the etching solution is essentially static. 21. The apparatus of
claim 16 wtiemei n the outer tank is at least partially willed with the
aqueous solution and a tenperature of the aqueous solution is

mai nt ai ned fr amuitheouic (2@sdicdr oowmledud thd Outés. tank2@imphh @ltagparcatrggtooie cl ai m
16 further conprising a nechani sm adapted to inpart relative notion
bet ween tdehingoplkpiragehedirgpesled in the inner tank and the ultrasonic
transducer. 23. The apparatus of claim 22 wherein the nmechani sm
conprises a rod extending through the |id and coupled to the

wor kpi ece.  24. The apparatus of claim 22 wherein the nechani sm
conpri sesl7a r okharppraraisiod plaigctofutlesr commprising o heatingyelernent adabied fogegmlaggrout

an axis. 25. The apparatus of claim 24, wherein the axis is a

subst ant i tampsyaters pf e prugeus sdptson.

18. The apparatus of claim 16 further comprising an ultrasonic buffer adapted to be
positioned within the aqueous solution and to dampen and/or diffuse the sonic energy imparted to

the etching solution.
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26. The apparatus of claim 24, wherein the=axis is a substantially
vertical axis.

19. The apparatus of claim 16 further comprising a probe adapted to be positioned within the
etching solution and to monitor one or more of the ultrasonic energy, temperature, temperature

variations and impurity concentration.

20. The apparatus of claim 16 wherein the inner tank is at least partially filled with the

etching solution and the etching solution is essentially static.
21. The apparatus of claim 16 wherein the outer tank is at least partially willed with the
aqueous solution and a temperature of the aqueous solution is maintained from about 20° C to

about 50° C.

22. The apparatus of claim 16 further comprising a mechanism adapted to impart relative

motion between the workpiece disposed in the inner tank and the ultrasonic transducer.

23. The apparatus of claim 22 wherein the mechanism comprises a rod extending through the

lid and coupled to the workpiece.

24, The apparatus of claim 22 wherein the mechanism comprises a rotary motion actuator for

rotating the substrate about an axis.

25, The apparatus of claim 24, wherein the axis is a substantially horizontal axis.

26, The apparatus of claim 24, wherein the axis is a substantially vertical axis.
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