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sticling to polymer buildup on the electrode. Non-uniformity exceeding seven percent is beyond some
.
, J) specified limits, in tum affecting side wall profile variance across the wafer. In addition, other

components in the equipment chamber, e.g. roofs/domes and liners are algo coated with polymers and

contaminanis which contribute particles, metallic andorganic impurities 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 witrasonically etch a
serniconductor fabrication worlpiece 102. An acidic solufion 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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in a liquid state, keeping the concentration of the etching solution stable, and the ability to provide a safer
working environment. The present invention is designed to mest these needs by providing a more
30 efficient, contaminant-frec apparatus and method than those currently available such that semiconductor

workpieces can be effectively cleaned and recycled to reduce manufacturing costs.

Summary of the ¥nvention
Accordingly, it is an object of the invention to provide, in one aspect, an ultrasonic ciching
35 apparatus for chemically-etching a workpiece. In one embodiment, the chemical is an acid.
Alternatively, the chemical is a base. The apparatus includes an outer tank at least partially filled with
an aqueous solution, an inmer tank including an chemical-resistant polymer and at least partially

disposed within the outer tank and in confact with the aqueous sotution. The inmer tank is at least
2



inaliquid state, keeping the concentration of the etching solution stable,
and the ability to provide a safer working environnent. The present
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monitoring one or more of the ulirasonic energy, ternperature, temperature variations and Impurity

concentration.
25 In another embodiment, the aqueous solution is a filtered and recirculated deionized water
( ' bath.
Preferably, the etching solution is essentially static.
In 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 selecied from
30 the group consisting of a fluorine resin and high density polyethylene.
In ancther 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 eiching solution is acidic and includes a chemical selected
from the group consisting of hydrofluoric acid, nitric acid and hydrochloric acid. In arelated
35 embodiment, the acidic solution is hydrofloric acid, nitric acid and water in a ratio of 1:1:1
Alternatively, the efching solution is basic and includes a chemical selecied 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



A probe is positioned within the etching solution, in another enbodi nent of
the invention, for nonitoring one or nore of the ultrasonic energy,
tenperature, tenperature variations and inpurity concentration. ?5 In
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Ssubstantially hqri
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apt uat or fOIInydD,tsﬁllmm@leﬁﬁmhddMeﬂnﬁémbL&EKfchdﬂ@thBésdshdpbb%@@tﬁr@ transducer. In
yet anot her1 ertboii 2 alf'e lid has a cross-section which is substantially
the sarE-iBgcyfEEeFeEEIe S ection of the mouth of the inner tank. In still
anot her enbdiie imperttank bihbe ppartias, &f anbthe embodinertduaka shagk df heectanghlapach have a
circul ar ding to the cross-section of the lid. In yet
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sane as t he Ac@rdingindt iseuthEomhicoifof thadnvensioR psi reesdde, in one aspect, a method for

20 ultrasonically chemically-etching a workpiece. The steps involved in practicing the method include

providing an inner tak 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 partiaily 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
1id 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 substantially the same; and
ultrasonically agitating the etching selution 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 tﬁnsducer.
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



15 In yet, still another enbodi ment, the nouth of the inner tank has a shape
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congsisting of sodivm hydroxide and potassium hydroxide. In 2 related embodiment, the etching

solution comprises 30% potassium hydroxide.

25 In yet, still another embodiment, the temperature of the aqueous solution is maintained from
about 20°C to about 50°C.

The workpiece may be silicon carbide, quartz or silicon, in one embodiment.

oS

Tn 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. Alternatively, according
to another embodiment, the axis is a substantially vertical axis.
In one embodiment, the mechanism comprises a rotary motion actuator for rotating said inmer
tank and/or said ultrasonic transducer. .
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 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



the etching solution for nonitoring one or nore of the ultrasonic energy,
tenperature, tenperature variations and inpurity concentration. 10 In yet
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deioni zed water bath. In yet still another enbodi h hi ng sol ution
i's esséﬁPF&FNywé tic. The inner tank and any port?ﬁﬁa%ﬁg?ﬁgggéchanisn1that
may conmEOPSTERion BHPREeTiFeh the etching C solution, in one enbodi nent,

includes a C’]gwaa' fdlothr dbRSis SldERlurR QI Bfvedidh il & mae e bgeeclareaMbbdrge gr oup 15
consi st or .a

fluorine resin and high density pglyethyl ene. |n another
crbod: men e dg e igan el G et ehb s SOt B TR eatie Sy By o
contam nants and 10 ppm of | eachabl e anionic and organi c contam nants. In
yet another. enmbadi t . the etching solution conprises an acid selected from
t he gr03$w£%%ﬂ¥ﬁ?Pgﬁgm8¥a%waﬁofIuoric acid, nitric acid and hydrochloric
acid. In a rEGt esdndiveiiomeiatpriot dnteiltebein aff-cttgapdatstison i ncl udes hydrofloric
acid, nitric Ld and wat er..in ratio.of 1:1:1. |n t __anot her enbodi nent,
t he etching gﬁ%%iag%ﬂlé%%%??fsaé’go%ﬂb“gnsagméce‘faet%"t%eamﬁ%’%ﬂt\gﬁgp rgtﬂsb consi sting of
sodi um hydr oKiGd2a ia aulillpsiiaBesit emappareinobr dehinglavhantespasitop dthemvingigiisvending t he
et chi ng ] [ v ﬁﬁ?i .hydroxide. 25 In yet, stil
anotherE%%%%%%%%E?gggﬁgi?%%%ggg%ﬁfé 0 %%%Q%queous solution is maintained
friom about PGC3HY s amBlosiatiGOEheTimer tonkrshpiingthe ivanpash in moftial rressure sgchridige o quart z

or sili S%mbh&m%%fﬁ%@%‘gﬁm- I n anot her enbodi ment, the mechani smincl udes
a rotary notion actuator for rotating said substrate about an axis. 30 In

yet another Efodisiaspihstratiomel agigifer hplding the gpist cigwniitense ofe Wpikpiggearcosdings .

Al t er natd ye b¥bodihaPsdhdiBventigh. @not her enbodi ment, the axis is a substantially
(verti cal axis. In one_enbodi nent, the mechani sm caonprises a rotary notion
actuat or f or FiSefaie pmelesser gicw shavving asgisw i AEY1G: 4 wsprding fagng eubpdenset eftlsducer . In
anet her ygeddiesli nent, the cross-section of the lid is substantially the sane
as the cross___35 section of the nouth of the. i tank,. I n yet another
embodi nent, ?Iﬁ}eaﬁﬁﬁ‘f B5ed iRy shotring \‘t%?ﬁ?g %fﬁﬂ"?%@%ﬁf"& a@"é’&"ﬁ“ﬁﬂfﬁ\‘}%" Tcircul ar
shape efnbdigsdposTahaifgvehtiont he cross-section of the lid. In still another

enbodi nment e . Crossg-section.of the inner nk.is substantially the sane as
the 5 VIO 2005 GbORT Berm B it bI Tt ohrall B drRBRRaRUIE wor kpi cce.

substantially vertical axis according to one embodiment of the invention.

20 FIG. 6b is an iliustration 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
L. Definitions
Unless otherwise indicated, all technical and scientific terms used herein have the same
meaning as they would fo one skilled in the art of the present invention. It is to be inderstood 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 o 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 workpicce, and
preferably can remain in contact with the solution for extended periods of time without suffering

degradation of the polymer.



These and ot her objects and features of the invention will be nore fully
appreci ated when the follow ng detailed description of the invention is
read in conjunction with the acconpanying drawings. 5 Brief Description of
t he Dravvin S FIG lis an |IIustrat|on of a prlor ar
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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

’5 through microscopic pores in the walls of the material.

. Apparatus and Method of the Favention

The invention provides, in one aspect, an apparatus and integrated system for ultrasonically
chemically-etching a workpiece. It has been discovered that the apparatus, as described in detail
0 below, provides a number of advantages over the prior art, including: minimization of exposure of the
etching solutions to the immediately surrounding environmen{ which reduces vowanted contaminants
from the apparatus from entering these solutions, the ability to controliably 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
5 composition of the etching solution. Considered below are the components of the apparatus.
FIG. 3a shows an apparatus 300 according o 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



preferably can remain in contact wwth the solution for extended periods of
time without suffering degradation of the pol ymer . 6 WO 20051010950
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is relatively inexpensive and is easier to work with than fluorocarbon polymers. When manufactured

into a tank and/or lid of the present invention, the resultant article of manufacture includes less than 10
35 part per billion (ppb) of leachable metallic contaminants and less than 10 part per million (ppm) of
leachable anioﬁic and organic contaminants, both on the surface of the articie 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 indusiry for high purity applications.
30 The apparatus of the present invention includes, in a preferred embodiment, the vse of a flunorocarbon

inmer tank and/or lid which have leachable metallic contaminants of less than 1 ppb, and extractable
anionic and organic contatninants 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 -
5 tank and 1id of the present invention are both chemically inert and compatible with hydrofluoric acid
(HF), hydrochloric acid (HCL), sulfuric acid (H,S0,), phosphoric acid (H3PO,), nitric acid (HNOs),
acetic acid (CHscOOH), hydrogen peroxide (H,0,), ammonium hydroxide (NH,OH), tetramethyl

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



etching solutions to the i medi ately surroundi ng environnent which reduces
unwanted contam nants fromthe apparatus fromentering these solutions, the
ability to controllably adjust the partial pressure of the etching solution
to inhipit the fornatlon of dangerous vapors, the ahility to scal e-up
process?’ rkpieces, the ability to provide a FEAE ¥mﬁﬂ???
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chem calygo, 0 ortant,
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descri béﬂhﬂdwﬂgtrr@atwérnl@ewad andmteswcwmramos, agoiré L ik 2,t0h émwbl goptbérer r ed
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it is relatively inexpensive and is easier to work N than f] uorocarbon
P&y ner KOHmwd 4 O-H%,ﬁ Hei0%e wajer, respectively. The etching solution may be adj usted depending on

( the subsirate, time, temperature, etck depth, movement/rotation of the workpiece and/or other

parameters as will be apparent to those of skill in the art. Exemplary ratios of acids and bases for
etching quartz and polysilicon substrates are described in Examples 1-3.
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 inmer 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 acrosol formation and/or vaporization of the etching solution ocours 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 lid is also preferably formed of a
9
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manuf acture includes less than 10 i 5 part per billion (ppb) of |eachable
nmetallic contam nants and | ess than 10 part per mllion (ppm of |eachable
ani oni c_and organi c contam nants, both on the surfa h ticle and
bei ng eWPrzaﬁoé'%SQrom the materials of the article g&ﬁ%ﬁ"ﬁ%@é%re by the
et chi ng cBaHepTesisant Ppiveey Sergass falyainmwepetiun te fraprpr pye Bokesr exheyshbivdi ve and

ar e har deg is bRviaeT ¥hivH it Reatdiiboveaneanid ﬂﬂr&@%@@i@eﬂ@’oﬁo@?@ﬂk@wﬁpﬂﬁéﬁg @aglgﬁs. accept ed
Icatl,ons., S ne

in the sem conductor. i ndustry for hi urity.appl

appar at us of Ty97& it o iﬂ?‘?\}%vﬁf‘tf%ﬁniaﬂg?sg ,&lefol"l‘gg’kpf’lg‘fné‘ia EEEHE Y ent, the
use of afé.g.u@[eaimf | tda@sity'ﬁmyalﬁyletnaaﬂqemgm,@ﬁ ddsérﬁe&\ﬁo@daisfp&wﬁi. el em;hgbhﬁ ofretal lic
contam nants 0 an nd, extract e ..anjoni c .and.or iC

SO am B BB raon St Hhie iRBR AT R el bF P T8 W ound
t 0o be clhuadérembduye shdkiat thasvdtinganfxagdedbdedorinttion and@adequehitnionnd Sseaigdlosute t he

manuf act wre. of .sem.conduyct.ors. r ex |l e,, the terjals of t. i nner .5
Tank oo gt Rt R P PPy lalt pSA AR gt ek L oot patithy

conpat i Hilled sealechindrey thnlg fsé 2500 ersura thatkdogihg Syhingiadimoe lrhiodaes natddatl dgd40the, sul furic

acid (H2 ..ph e .aci P, I LI i.d. .acetic acid
(Crc CobperRSRL AE i Bfhche) B3 debdarll bl AL P ot

t eor anethisythe advantrgnofipemtiidg oightie sl Malesited, followiigenteiizd nwoif the irMa @kl ) |

pot assi ymy,hygr oxi de (KOH) and 8 WO 2005/010950 PCT/ US2004/ 023905 i sopropyl
al cohol !EHI/PA . Fluorocarbon enbodi ments of the present invention, in
particul ar, ApraratusFethglodnghides satrasepirdranssinesa B30rhichis eauplad fo pewverosaliaisnt i oned

chem cal3sg anbhity 5421366 8106 B3 gt hrtstuBrafdnie end By toleRBink MIRon B SInmePZni@Aek 304 are

t least partially disposed wthin outer ‘tank 306, and include sidewalls
310 and ﬂrg{f@ﬁ- Baesuiesapiofragidyoon sgiaighthemisal sAltianya? dppeb sqpeoussolekimafs oank 306 i s
?tl‘::l eas ttacgc?l@:%feiﬂiﬂa{ ekathing of w&@bistk Bs. dili;thafﬂlﬁmglﬁenﬁéh?ﬂhﬁ, mrm@&ﬁ&@a@lacﬁlt:@ is0f t

ransmtti.n rasQni c _enerqy, efera : e ueous solution is water.
In an eﬂ??ﬁ'f&’g?fjgcf‘l‘fS‘dﬁB? Q%WW?,S S@‘ﬁ’@“‘oﬁ?‘ﬁ?"eﬂ Péﬁ e,rrgrgbq% HEE{E’ anydpceEis| at or t hat
renoves pﬁbﬁtfohéd:dzi&ﬁa By adubdul @Nitidfl A PRrafietiled 0kiasonio rbkisth@trs adagl bé &hplﬁy‘éii,][ig iht to the
outer tank..In order to ynjm S J e tenperature of the aqueous
col ut 1 ontib A HBEET sban IS it o L ORI oo b FRE e ehalrine

pr ovi dednibimving e plaglityeti slirsohiu trargducems, phigh &rbogporatd haein butefitrénon | i ne, if any,

t h : | | fore bei
T A DR A 0 LY
filled Mithixdwwemitningomh|Nrthgnlosairoliug irias feedrutigspeiubraaeictneray tri ¢ aci d
and/ or Q%Q%Qﬁﬁ%hﬁfﬂiﬁ. #ihMNo, Q,Qif&%?éuggg@sﬁoﬁi i ﬂiﬂorﬂégfédlb}rgéf?r%? éi%]‘}

etching and/or texturing workpl ece s typica or e

si | i conUltegqniganergy is tpicallyeiyeen 25-40idiray gregjeralievevernly encrayimay o pdivsiedps de. The
chem calilsited ®@pindin@ B add@HoYaTBASnIROM BhcROdd 2bdVe! OfSRic poRBARaNARhssSUCh as

nmet al s, _ani_ons an? ?r ganics into the acidic solution. The innper_ tanks
p r2&f er a@]m}l 30-50 watts/gallon; but may also be varied to mchide powers that are less or greater than this

(‘ ’ range.

A heating element 332 is also included in apparatus 300. The heating element is thermalily
coupled to the side wall of outer tank 306 such that it may be used for regulating the temperature of
aqueous solution 308. It has been discovered that controllable chemical etching may be achieved at

30 higher temperatures, The temperature is inversely 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 eiching a plurality of workpieces. Typically,
the temperature is adjusted to between about 18-45 degrees Centigrade.

35 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 lid 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,
10



generate |l ess than 10 ppb of | eachable netal contam nants and 10 ppm of
| eachabl e ani onic and organic contam nants. Preferably, the tanks are
filled with at least one liter, nore preferably at least ten liters, and 20

even nor r ef Oably_ at least thirty liters of the LE gﬂgm?z Ogtio_n. The
10
wor ?l- p?‘ggaﬁsgﬁ{%wb%?ﬁwc ; taiydé:% ‘!ﬁlg%r bt Wac%%%bg Some Elgthggbhs iete 50, "AC aton o

pre}‘ e(r]I ahitaﬁe,@dgbldh&t}bs@ﬁﬁabﬁﬁdﬁﬁbﬂt@&faﬁiciﬁ Sk, d.gearga P;anwts,_lm_(ﬂdi&eheﬁ,gwt)img solution

i ncl udes,acids, su a rof.luqgric,.aci tric acgi water. in various

o1 oo Wtk s gyt by PrcpteHefeiy etsity. Sinsireded TRy MR oy g

sol ut i on50; ehiok inslades wator 842nd alkdne 3540 drashtthgaGigtdl f@ s rotaticg.of membBR0368. 20- 30%

25 KOH gnd 50-95% or.70- 80%.wat er.. .respecti.vely.. The etchin olution may be

2dPust e TERRR R SOk e i e St S b e pisredi P alep et Babte,

NoV e mentotataitsah that raddtive inetionds dchicetlidetamal/ thy wakfiee dispacdimttodmer tak and the  be

appar entyt 0k O3B! 1RKhelerabi] B AL e RBIRL AL Yo A8Sy Bl AL HRpANd bases
pofy5| substr Fed 1 n

for etching quarlfz an I'con €S are descri anpl es
1- 3. Li dsn ®2Uoua by suglpdatandoryl etobing obihe worpspiede i§ agshievedt ank nout hs 324 and 326,
t he shape of%%m' . E% AR R i ey . €l e, oval or
the like. Pre elﬁrg_%?lf/?&{ e clg 0ssgl-sect | Qr% 0 aét%%ées'ﬁnééfog?%{p%%%%%\t ially the
safre as diffssingthosoyicoreey impartsfl to diehingwelttiondR2.t Fas diffesion apddamppringtdide The | i ds

create gf 'aﬁa%gga%egganﬁl S?ﬁ%aekchﬁgwg&. m@ﬁg@{dgl?ﬁ%a&@fdrm& t@nks and the .

| ower suref%ges 0 I I'n on odi I e seal 1s a hernetic seal.
As i ndi bwifcet profergbiyg chemicaliresisrtnolyincy delipamaiensf thy budfes will ey depepding ol gl so

functio%aﬁgun&%‘g%s@m{pggngqgmﬁuﬁbn%&%ure of the gases 395 above the
/et ching solution 322 such 35 that |ess aerosol formation and/or vaporization

‘of the et chingroBBF0ds RaREEReE Fthnsihiag sltin 394 fof Mondioriefhs Wiraseyafere%nd
prievent tehgerduOiaR ARt birRlorS NRPE Ry Encdnbrtionl slaitivdiks of dal bDfe coldPpoRAS of

enbodi ngnt, the |1 | SO ncti,ons as Si e safety val ye capabl e of

ol ons T8 eipittiok O PSR hCHBT Geptl ol b o bty Srgsh R or ot he
et chi ngcaet with,am atiéaekies palymer 4 destriticd Afpet. aDnel @ mokhdditiord! prébeg hsiGhgvref er abl y
rormed oy B pesiidies SRAR DR o Lo HBalR PGS AR € REM G f S5 PRANT POl yrer.
For gas&& YHEIHEY escapem"fr%m hePRRer Cor- guter: CAanke AR EXh3ust hood
370 i s parowsialedtsadbeddroves it g anbaliradnh Ve atjiroud salukien iamdinfaged fitom vwut 20°Gnd/ or
cogpat i Bolibdh BHGSE HASE S DG STARCIITBAL cifioh s AANER AN, AN AL | east
partly defornabl e, chem cal -resi stant _coatql ng of €.¢. a umdensity

pol yet hyubslprsially theesfue davpeipturess isgraineinadduithe bavpeus selutiopr dyhetedkbens. t he nouth of 5

the i nnghiclifihe RBEH: He tdADblRB Uk bRER: Miutloh Shd Highe AGraledr f0 BRIESHEMsON Seal i ng
the inner tank wth the lid. Under pressure and heat the coating undergoes

def or natmdsheredore the Hteehe werkpigeetaymatcripl smgyad figmdissaipce Thys. ther@nmerses oft ank

i Nt eri Ofhe agddbi sbiSticR@hd the théthb WoRkPiKANEAGRGS fhe BdhibH&1Rbe Bt BPebntiupsh at | east
partially filled sealed inner tank, %%)gagﬂ,to epsure that during etching the

i ARer t HRRMeHRES pfrial sousht (9 he remgvedfpem PRS- CREBPARES RN bR @DPSRder i or
Eher eof accddimgld 6 odervikdiienGRa £@ afprt@idate sijusted tdichiey @ dbriRAdh dapts 6f

between about 1 to about 1000 pm, depending on the application, e.g., removal of damage, etc.
Exemplary time and temperature parameters for etching various depths workpieces at various rates are
given in Examples 1-3.

30 In order to increase laboratory throughput and to further decrease exposure of laboratory
workers to the hazardous reagents described herein, robotic systems which incorporate one or more of
the components of the apparatas 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.

Any 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



10 has the advantage of permtting a tighter seal, if desired, follow ng
extended use of the inner tank and/or lid. Apparatus 300 al so includes an
ul trasonic transducer 330 which is coupled to power oscillator 336 and
~outer t ch that it inparts ultrasonic ener sol ution
322 in in g‘ﬁé# 02 an 304} TQ@ Ilg%%lafomﬁoﬂt g%‘g&@%g&@ 9{)§t es chem cal
sol uti oR* W&#lcﬁ%%ﬁfr‘e%ﬁ i Etert 8 et chi ng of
wor kp| eem]&&ﬁ)mahmbbrﬁ)memapwmﬁmxsmmuamm addlmqnaeﬁallevant gohmisghicthe | S '
position out si d. 2V, ot he odi nent
t he trar?ﬂggucearp P mx’gla%g/s nfhﬁong%’ M?Vﬁ&%wo kgle‘éestﬁr;%\ﬁ scl)(F 5}01' onheﬁ?pem?ﬁag?l ty of
ul t r asoRblptic paﬂbﬂmpdaﬁmglcabée pafoind@akh thatthed@@ﬂmenbns asad(dwbmvebed e.g. in
LS. 31 " n erating
anst has gt etk ok e el B sl bfiher B 837k BRT 2
her ei n bigked &frebasin clsmetowith softaere pdraprising insieligtion wts rﬁﬁyeggbmpgﬁh@wé@@@r elbemercial |y
froma H%{mﬁrmaﬂ{puﬁ lefefients. Uﬁi&se%ﬁ?@&&@&%m@d aut%a%éﬁ%&ksza%ﬁ[&!ﬁ@y%ﬂidé com .

Met hods con l'ing various equency fanges of trasoni c energy are
descr i bedotiqpos Bhiclppinein the MgnuabopaaBons safomedpy 2 Fgentize d@y natyppeh s

| ncor poka&eknk¥Yod §hfiaRRsRndYE iRk teviedd il b3S Qih ﬁxaﬁﬂ@rrﬂf/oﬂe%teta)éﬁisﬁﬁéehy bet ween

25-40 kHz or greater. However, the ener adj usted as desired

dépendi AgeBHIL PATEHS tolPefsens Sileddn the grlovar glé“‘('fussed above. U trasonic power
typ: cgl ly rangas ﬁfmsfah@ﬁlbtﬁ&&o?%e\@@%ﬁtﬁﬁ&ﬁ& kigébe el in fr&ub@uwwgmguﬁa{aﬂhs‘dé tlo t
i nclude powers, that are | ess or r than eating el enen
332 is qthﬁla’éﬂs ?ﬁﬁ“@ﬁ%&ﬁ%t’ﬂgﬂdgg%% Flﬂrtﬂg"fﬂ?bg%’ 2{;9 @f@%@ﬁf‘ 312 WOker mal 1y
coupl ededtiiled Teafing Of NerdidonikctoPPro6ss Kkt haGbts RartsNBingiGrgdii)Sobenttrsed f or

Chat colgteek e RRERRURs8h anfti e NicbdinaR, Hrd pusten W Bggliacd Scoveres

t egper at'SyErlemmﬂ]ﬂ%ﬁ&%ﬁ@lﬁﬂﬁﬂg&micﬁnduﬂmd?abﬁﬂaﬁoﬂqﬂmﬁfﬁlP@ﬂ:ﬁ|(Afty)D6€ﬂta Not e required
for etchi | and nma at ed ddi.ti onal paraneters as

di scussgédﬁggé)@somem OPW R E I%%aete 0 8 eouplt IESGn K& OFERt i ng el ement to the
appar at us of FiGhshioms efig #Qimdap@dttmaluwmcm 404 06 mﬂlﬁﬁ 6 beesixiehden ¢hervityoubie

reduced | e plurality
of wor kf)l}c}g@e{s:tﬂe SD?% ({I&JS S&ﬂh tﬂb%o Zer%%{i@ﬁhéﬁllgése a J?E%déé}%ws Eé:ljt%V\]%gn]a%bout

18- 45 dé@m@e&y-@elﬁttmtgplam@, aS@gscmlppéabtar@ quﬂ@mgéhewumgﬂfmwn@@ﬁamgns 340 and
339 f Or 4020fa EdRDdeIHE Pad ﬁﬁhs;ﬁ&le@%vitﬁﬁaﬂ*ﬁér%k b Sdesdibid a%&%%@x%a"é@&@ns‘ﬂ@é kpi ece

and uftrasonic tra ucer hani sm 340 | ncl udes a nmotor 342 and

rod 3444%@9%% FRinCoristivih the e s tapepf thedmer fagy %@b%q%slﬁateesoléﬁm a

verti Ca{wﬁfﬁb&mbﬁ&@&lﬁw tclth@mndi‘ %@aarﬁg ulHR &R LS. ST §ik nlal, B3 4sled @ t he
constructi on shown, e modj fied with bevel gears, 10 WO 2005/010950

PCT/ USZWE?%%@@’?““B‘@F?’%C%HXWET?@W“F abyet ransmit a driving torque by the
mot or 342t ommdwﬁﬂﬂmswajh sbﬂaﬁtmtaubwsfaﬁﬁaﬂy ﬁﬁﬁedﬁpmiﬁealhﬁdo shatte gia

2 0 ?_; ant | atl']nc\{ll s%gpreld %v(o)r 1ece, aﬁie a slogcde Screw 584 as ﬂlusiratet?itnFILl?\l%b may 1153 udeélr’ to sec Narch 13,

<

a wafer shaped workpiece 510.
FIGS. 6a and 6b show variations on the rotational motion that may be achieved by the present
invention. FIG. 6a shows three workpieces 602, 604 and 606 cormected through connecting rods 610,
612, 614 and 616. The workpieces are coupled to rotational mechanism rod 644 which is connected to
0 motor 642 for rotating the workpieces in a substanially horizontal direction with respect to the base
616 of inner tank 600. Alternafively, as shown in FIG. 6b, workpieces 602, 604 and 606 comected
through connecting rods 610, 612, 614 and 616, are coupled to rotational mechanism rod 644 which is
further coupled to horizontal rod 618, which is suspended in the inner tank with suspension bars 630
and 632. Rotational mechanism rod 644 is is conmected to motor 642 for rotating the workpieces in a
5 substantially vertical direcfion with respect to the base 616 of inmer tank 600.
FIG. 7 shows a process 700 for ulirasonically etching a workpiece in accordance 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
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which is incorporated by reference herein. Alternatively, turntable 360 may
be rotated by nmechanism 350, which includes notor 352 and neans 354 for
generating a signal for the rotation of turntable 360. 5 Alternatively,

in Con%(;]%%‘lg{?lg%ﬁw th the rotation of the workpiece, gl trasnmbiopd ransducer 330
may be S hat .rel at| ve .ot | eteen, wor kpi ece
di spose Sfmuppﬁrémluﬁﬁgartgstr%cﬁ tlW't':’aa Eplece (?%g!(t)aﬁll“é%ﬁeas ducelﬂlqusn “élla%nr ef erabl e
enbodi naviiter taiewhigr lepbeen et 1¢ast padinly Btbd siitb ak gquems eplutfonoWheilmentanklis thepm t o about
20 r pM &
al t 1 oGS b P BT NI b bR 0GR Sl BB B
darrpenltn’gl wgidity mbasm_l@mﬂatleaa@bmq 19%@88@’#!]00951@09920 rip eperatign 73, @ chi ng sol uti on
ﬂﬁﬁ?@yt e L ntrol over
the etchl ﬁﬁécgﬁsg?:% S. hus thd(i}g1 Ky tf]oﬁel Trrléctelg ﬂ?elod?& or msﬁg t?m%@buffer IS
pref er abpgerﬁweﬁ@tﬁﬂémhdrtegn@s@h@ etﬁimg}ﬁﬁ@ﬁon @ﬁ@léﬁm@ prtial pressitgebdyatteer wil |

vary depeadbifod Aecdrlife farsﬁetttton@tso B2 lcBig SANRE iR uwas&ttctt%tasﬁ%ﬁl red. A
probe 390 i's positioned W thin etching solution 322 fo nmoni toring the

ul tras oamuéraeﬁertapsducets)u@e%éteaqutﬁ gk @@Wﬁ@tﬂ&%f@%ﬂt til? W@ﬁ@mq npurity

concentr at i afswaRslede B th kdeRvalafi@n YredéterinHBd FeRBPSTHRR tviRhlly thipet ARPALAL US, e. 7.
the etching_sol ution eEégd/or ageous solution. The probe is preferably formed

o} or lelsaf mmusdies ¢ g%?(ﬂfﬁt"l?‘“égﬁfgle&'ﬁtq’lﬁ“ﬁt yner as described above. One or
nore additional probes, not shown, may be positioned within or near any of
the co negg ef t he apparat us for nonitoring any of the paraneters
describ %I n one enbodi ment, the aqueous solution is maintained from
about 20C 2(’1‘1:5ﬁ)ll@hmﬁxa:ﬁﬁlﬁﬁn&enﬂu&ﬁaﬁhhv&nﬁme&esdiaﬁlheﬁeﬁahdﬁi‘eihsledraj n the aqueous
(—sol uti%thbdt e et h|n tq}éutl n _has substantially the sanme tenperature as is
_mai nt ai'f uf"l on. As noted above, typically, the higher

t Tee terrperature of the etching solution, the higher the rate of the etching
process, geg_efore the faster the vvorkpl ece has material renoved from
its surface-—a'lg , the tenperature of the aqueous solution and the tinme the
wor kpi ece r &mthensidicretohing ofsrquinizwgrkpieteusingnl: kit wiieleffudraBueric agpb@9%25 t he anount

of mat %/ﬁ&c%&&‘g nv&t)@wé?e?nﬁ;&tﬁp hf:Jn%ﬁbﬁd&?o a\‘l%&&ln@éﬁﬁanol BESS; MahARgier s may be
adj usted” accor zﬁi@pﬁ one of skil he art, and are typically adjusted

t o achi3tevtdor ENGE.of iithoaeyitigsopic m%'m%‘%tﬁ 4kBls and an vltgsonis@aver LERIESOM
dependipg. gﬂmt Q]eet&q,@b ]E’éf uteewag wigmoval of damage, etc. Exenplary tine
and tenperature paranete or etc |ng various depths workpieces at various
rates are given in Exanples 1-3. 30 In order to increase |aboratory

t hr oughput @angé)zfurther decrease exposure of |aboratory workers to the

hazar dous r S described herein, robotic systens which incorporate one
or nore of AWEEiBHERHEREENGcRREd fokis ulgasawﬂwtcheﬁéﬂthé%ﬂ@al F2eps may be

enpl oy gl Ao Lor BRI thorid 442 {obSwt) hifo %a&l@@%lmw@ér aSfolset by fiRGdndll C, basic or

aqueous) into the tanks, rotations of the workpiece and/or transducer and

t Enper HnerERofaiodPldz anden Weasona OB ebi- -”tod"’aéﬂgﬁél% & etohof i dn Higem efmatariel. et chi ng
Fr 0C €S Sppe 33:1 (e ralidlis 965 weP A 1255 Rk Hﬂb; 103 Gor RV O hifNs 10046 HIPRE Bde bl N Step

S perforned by a robotic or autonated
3.

Example 3
0 Polysilicon was isofropically or anisotropically etched using acidic and basic ultrasonic assisted

etching processes to remove 5 to 200um of material. In one example, a 1:7:2 ratio of hydrofluoric acid

(49% wi)mitric acid (70% wt)/water, which corresponds to a 5% wt for hydrofluoric acid and 7% wt for

nitric acid, at 20:5°C with an ultrasonic energy of 25 to 40kHz and an ultrasonic power of 30-50

watts/gallon was used to remove the material. In another examplg a 30% potassium hydroxide solution
5 at 20+5°C with an ulirasonic energy of 25 to 40kHz and an ulirasonic power of 30-50 watts/gallon was

used to remove the material.
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system that has been devel oped for perform ng such a task. Any of the
operations to be perforned, as descri bed bel ow, on individual nenbers (e.qg.
wor kpi eces, inner or outer tanks, transducers, probes, etc.) can be

per f or ned S8 e&;ially or in 11 WO 2005/010950 PCT Hﬁ%gﬂﬁ%&gﬁgOS par al | el
(kmangﬁyg%%.fl' t ar g |] .suited to raHf,C)ﬂa. ns (i.e.,

havi ng i Ogg?ﬁsqe?fr eﬁ?\éﬁ?déﬁflﬁld?@e%@r%gﬂ@'& y ]%B'B?’ 3)?\'1@? wpgrent

si mul t amethoss skl it iho s thof varials elagts astheodifications can Helngde witlnkisdepatingsfpt oxi mat el y
si mul t anequ agnnval of workpi eces fromthe tanks, and/or other operations).
Robot i c "Or “other mani pul ati ons can be perforned such that the actual notions
used to achieve 5 selective or parallel manipulations can be controlled by
appropriate controller devices, e.g., conputers linked to robotic elenents
Wi th software conprising instruction sets for regulating the robotic or
other material manipul ative el enents. These conputer controlled, autonated
wor kst ations may include robotic arns which mmc the manual operations
performed by a scientist. The nature and inplenentation of nodifications to
t hese devices (if any) such that they can operate as discussed 10 herein

wi ||l be apparent to persons skilled in the relevant art. The apparatus and
nmet hod of the invention nay al so be used in conbination with the nethods,
apparati and chem cals described in co-owned U. S. Serial No. 09/945, 259,
filed August 21, 2001, entitled "C eaning of Sem conductor Process

Equi prent Chanber Parts Using Organic Solvents" (Atty Docket No:

59081- 8006. USOL) and U.S. Serial No. 09/927,263, filed August 10, 2001,
entitled 15 "System and Met hod for C eani ng Sem conductor Fabrication
€Equipnent Parts" (Atty Docket No: 59081-8005.USOLl); each of which is
i.ncorporated by reference inits entirety herein. FIG 4 shows a jig 402
adapted to all ow screws 404, 406 and 408 to be extended theretbrough such
that the tips of the screws secure the workpiece 410 in place. The jig and
screws are fornmed of a chem cally-resistant polyner, as described above.
Fol l owi ng the securing of workpiece 410 to jig ? 0 402, 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.
Such a configuration holds the workpiece in place relative to the inner
tank during ultrasonic agitation. The jig may be adapted to connect with a
rotational nmechani smas described above. As shown in FIG 5a, a screwwth a
substantially pointed tip may be used to secure, e.g. a 5 cylindrical shaped
wor kpi ece, while a slotted screw 504 as illustrated in FIG 5b may be used
to secure a wafer shaped workpi ece 510. FIGS. 6a and 6b show variations on
the rotational notion that may be achieved by the present invention. FIG
6a shows t hree workpi eces 602, 604 and 606 connected through connecting rods
610,

-
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612, 614 and 616. The workpi eces are coupled to rotational nmechanismrod 644
which is connected to O 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
rotational nmechanismrod 644 which is further coupled to horizontal rod
618, which is suspended in the inner tank with suspension bars 630 and 632.
Rot at i on @tAﬁﬁghanisnrrod 644 is is connected to notor 642 for rotating the
wor kpi ec a b5 substantially vertical direction with respect to the base
616 of inner tank 600. FIG 7 shows a process 700 for ultrasonically etching
a workpi ece in accordance with one enbodi nent of the invention. The process
700 st art s\ nathep&radirsanizally dymmallyictihing saworknies, stidmiethdvaeginpgisme i nner

surface. The 'y al JIEL - The

i nner tank E%ﬂg%ﬁgﬁ%ﬁgk@gﬁﬁgﬁ@w& %’6@9{1%‘@ aczl%ﬁbcﬁgg? "%nh that is
recept i vglgmeranwaeimheae uprn chouttearidap i gireceptivd @akd Wpﬂdptdca,l\i/r)érdh sfiosed within
an outer, tank which has b en at Ieaﬁt partially Irll w th 3 gueous

Sol Ut on PR RAGFa BRI S ispased W1 Uty (it (e pstiallndiled pes a“pref erabl y
10 and npreywREfughably 30 Iiters of an etching solution having a total
acidity or basicity of at |east about 10% as given in operation 720. In
operation 730 letakte)aﬁlahlarﬂtlm&tbelnnsr ok alithyt iensvdrigedliantehingesoktiohi ng

solutio r tanﬁwgs then covered in operation 740 with

alid t%aé”H%%r tgn%év?cﬁ%l%e?rcbﬁflﬁléy gg&ftrlﬁaft nd to increase the partial pressure

above the adin@iegsisoihdtopkpicdddaorkl djignﬁg)sd}mﬁd’natl on 750, the etching solution
is then uItrasonrcaIIy agitated with an ultrasonic transducer coupled to

the outer tarfRaling lacEerBRAthe inpe tetkoithg lidio eoshbteigihdiesoutive 2j@r kpi ece can
Do oMoV ALLEBRLEHLEFTHRSH IRSAGM Gl bl 0 visualiy [ nspect and/or

test 10 lev ties or gree of etching of the wor kpi ece.
VI 1. Exanpl esrlffdsenibdl)l apiarige e atwplingsofutios heth an Iulltusbmraltrenstdlueerrcnmﬂm ion

descrrbed her are no wa nded t gcope of the
i nvent i of.™P e‘l% ”és“ie #&Be ?%O%yﬁomt‘@” Brelse %t‘heg}c ?i Swor kpi ece using a
1:1:1 rakb@peée. hydrofluoric acid (49% mﬂ)/nltrlc acid (70% wt)/ wat er

m xture, mhrch corresponds to an acid concentration of 16% w forHF and 23%
w for HMO3, at 205C, with an ultrasonic energy of 25 to 40kHz and an

Ul ason G uanalo?l oA T0ny0: AR AL A, ABuehIh L Bufmper M nute ves

obt ai ne uar Z 1 Nns foma se uctor tool is
uItrasonmmahhyufmmhedMWDmthnmnl or 1:2:2

3. The method of claim 1, further comprising an exhaust hood which is located above the
tanks and compatible with gases produced from at least one of the aqueous solution and
the etching solution.

4. The method of claim 1, further comprising an ultrasonic buffer positioned within the
aqueous solution for dampening and/or diffusing the sonic energy imparted to the etching

solution.

5. The method of claim 1, wherein the ultrasonic transducer is operably connected to a

power oscillator.

6. The method of claim 1, further comprising a probe positioned within the etching
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vol une ratios of hydrofluoric acid (49% w)/nitric acid (70% wt)/water at
20EC with an ultrasonic 5 energy of 25 to 40kHz and an ultrasoni c power of
30-50 watts/gallon, to etch off 5 to 100mof material. The 1:1:1 volune
ratio is 16%w BF and 23% w HNO3 and for the 1:2:2 ratio is 10% wt BF and
30% wt HNO3. Exanple 3 0 Polysilicon was isotropically or anisotropically
et ched using acidic and basic ultrasonic assisted etching processes to
renove 5 to 200mof material. In one exanple, a 1:7:2 ratio of hydrofluoric
acid (49%w)/nitric acid (70% [wat er,, which corresponds to a 5% w for
hydr of | JBPHEN SaimPWRE S SASRT TPHF Of e TOEOHE P S  BREE G tH PPt r asoni ¢
ener gy Ghridnt endHigdzicpbshcamragohr asoni ¢ power of 30-50 watts/gallon was
used to renove the material. In another exanple, a 30% potassi um hydr oxi de
solution 5 at 205C with an ultrasonic energy of 25 to 40kHz and an

w0 2008/ 0185B8RY) tETboay BBb T B B stfifon KM QIR RAk cn Gescr bed
wi t h respeatzed oapabsthcul ar enbodi nents, it will be apparent to those

skilled in the art that various changes and nodifications can be nade
wi t hout departing from the invention. 14 CLAIMS 1. A nethod for

ul trasory ¢Rd m¥theAeMEIGml | Yw iRk &R tGetéhi WPIHRIRGEessSift|afly RREPOD conpri si ng
provi ding an i nner tank having an inner surface conprising a

chemi cal ly-resistant polynmer and defining an upper nouth and being

receptiye kpl ec el.n.sald .i f. i I artially
di spos eﬁ' \Tmﬁ‘%ﬁlfgﬁgg\é@ga&e?’ ‘tggeﬁ%g{e %tgé@gtﬂogua“rop ?gﬁ ?/C“??eil??cé%j @&P ﬁﬁeﬁguﬁqueous

sol ut i orpnadting@daydrphadricadcldy nfttit héidgnd hedrbahinerc dck with at least | liter of
an etching solution having a total acidity or basicity of at |east 10%

i mmersing the workpiece into the etching solution; sealing the nouth of the

i nner t kT hkhad bf daitP) 8MerOS &etagﬁiiﬂoﬁﬁioﬂgloﬁﬁhkgsih?!ﬂro@l'ﬂgric L Q4 g ease the
partial pressure above the etching solution; and ultrasonically agitating

t he et chicidgnd elater iitomratiotshlegtnd oty ths eroup consistisdu€ érl:lcd ! edl 1:¥3. t he out er
tank outside of the aqueous solution to accelerate the etching of the
wor kpi ece. 2. The nethod of claim1, further conprising a heating el enent

for regullarhavg@ethb@of claim 1, wherein the temperature of the aqueous solution is maintained
from about 20°C to about 50°C.

12. The method of claim 1, wherein the workpiece is selected from the group consisting

of silicon carbide, quartz, ceramic and silicon.

13. The method of claim 1, wherein a horizontal cross-section of the inner tank is

substantially the same as a horizontal cross section of the workpiece.

14. The method 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.

15. The method of claim 1, wherein the inner tank has a shape selected from the group

consisting of a rectangular parallelpiped, cube and cylinder.

16. The method of claim 1, wherein the workpiece is selected from the group consisting

of silicon carbide, quartz and ceramic.
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tenperature of the aqueous solution. 3. The nethod of claim1, further

conpri sing an exhaust hood which is | ocated above the tanks and conpatible
wi th gases produced fromat |east one of the aqueous solution and the
etching solution. 4. The nethod of claim11, further conprising an ultrasonic
buffer positioned within the aqueous solution for danpeni ng and/ or
diffusing the sonic energy inparted to the etching solution. 5. The nethod
of claim1l, wherein the ultrasonic transducer is operably connected to a
power oscillator. 6. The nethod of claim1, further conprising a probe
positioned within the etching 15 solution for nonitoring one or nore of the

ul tr asoniCTROREGYd oﬁ@lﬁﬂ?ﬁ Al r€in thEREE Mt co‘ﬁﬂ{r}iis?shﬂy‘a% RRE abilPHfrlct Y

concentration. 7. The method of claim1, wherel € aqueous solution is a

filteredicahahdveddrr cul ated deionized water bath. 8. The nethod of claimil,
wherein the etching solution is essentially static. 9. The nethod of claim
1, wherein the etching solution is an acid selected fromthe group

consi st i 13y Thé mbBihdd of tidie | Cwikeéifl theinhdritgnkamiddnaperioy dr gehbrtibkul aci d. 10. The
met hod of claim1, wherein the acidic solution conprises, Qé%rofluoric aci d,

nitric 'BRhAMERAMRSCOMS itocaptpg Vel the pleling solHTiohE gPeHpFdYisi sting of
10101, 152+¢ide &R AR T | ai rel the tenperature
of the iﬁuébas ggﬁﬁﬁ?%wn%iaﬁ%gﬁ?gﬁﬁgggt@%&ﬁ#@%%ﬁ%m%ggﬁaﬁ1ébout 50C. 12. The
met hod ofonghanamtslandvifiewpei of ledvbaerkipiieerd dizasie kegtmchahtsom t he gr oup
consisting of silicon carbide, quartz, ceramc and silicon. 13. The nethod
of claim1, wherein a horizontal cross-section of the inner tank is

subst antigalrhymkihed SaoRinaS, \ﬁhd’l‘ghitlie‘]ﬂﬁ@'tarﬂdéﬁﬁ%nﬁ@@&ﬂoﬁ@f B rbtagonr kpi ece. 14,
The met hod of claim 1, wherein the nmouth of the inner tank has a shape

sel ect edngahamsmthas mgy sapedvaspaiastngthohe aichigaselation setrasglia sele¢tpdngl e, circle

and_oval ot e G ARL0AE G Bl Dk in MRS AeolD0Rgfank has a shape

sel ecte rom group “consisting of a tecta aral | el pi ped, cube and
cylinder. 16. The nethod of claim11, wherein the workpiece is selected from

h r nsi stin f silican r bi r n m 1
the g O%. %l?e rsnlet told OPclaﬁ)n l&,lw}{e%)m th%ai'nr?elrga%k g%llqjéarattesz[egs %ag% %pb gf 6

leachable metal contaminants and 10 ppm of leachable anionic and organic contaminants.

21. The method of claim 1, wherein a cross-section of the lid is substantially the same as

the cross section of the mouth of the inner tank.

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

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

23. The method of claim 1, wherein the etching solution comprises a base selected from

the group consisting of sodium hydroxide and potassium hydroxide.

24. The method of claim 23, wherein the etching solution comprises 30% potassium

hydroxide.

25, The method of claim 1, wherein the etching solution is a basic solution consisting of

potassium hydroxide and water.
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17. The method of claim1l, wherein the acidic solution conprises
hydrofluoric acid, nitric acid and water. 18. The nethod of claim1,
wherein the inner tank and any portion of the rotational mechanismthat may
come into contact with the etching solution is conprised of a fluorine
resin and the inner tank generates | ess than 10 ppb of |eachabl e netal
contam nants and 10 ppm of | eachabl e anionic and organi c contam nants. 19.
The nethod of claim1, wherein the inner tank and any portion of the

rotationgl .., mechani smth .C into contact with the etching solution
o5 o o PEBPRoT Bl 24 oS Yatis sCufST S arig ot hRRUBH e Teai n- and
hi gh densgitakieanyebinskene.wad. The method of claim 19, wherein the inner
tank generates |less than 10 ppb of |eachable netal contam nants and 10 ppm

of | eachabl e anionic and organic contam nants. 21. The nethod of claim1,
wherei n | bd .S thinE as the cross
section %ﬁﬁﬁﬁgéﬁggﬁ E%Ph?%éﬁ?ﬁﬂgP%Jgﬁﬁ%HQ@@@@%@Q#%?H%Bﬁgﬁﬁgﬁain]21’ wher ei n
a nout h lofdrdxdive and7eé+800ank veatt. t he | i d each have a circul ar shape
corresponding to a.cross-section of the Iid. 23. The nmethod of claiml,

wherein the etching solution conprises a base selected from the group

consi st i 79 TRE me@El Wt OpliHE RRrRAEL @WcHiﬂiM%%@d@@-imﬁéft reldife et hod of
claim 23, wherein the etching solution conprises 30% potassi um hydroxi de.

25. The meitidgtwiendhaivarkpiccopicpesin in aéd vnoHimgndoridtulersonis tngslis¢re sol ution
consi sting of potassium hydroxide and water. 17 26. The nethod of claim 25,
wherein the basic solution is 5-50% wt. potassium hydroxide and 50-95% wt .
wat er . 2. Thheetietl boclaipd 28, veliemei2 the dvdadsm coineriEasired sabuting®irdugh20- 30% W .
potassiug1.h¥Q£oxiF§ gﬂg 70-80% wt. water. 28. The met hod of claim 1,
further ‘BoHHPISTNG'S ekt adapt ed to inmpart relative notion between

t he workpi ece disposed in said inner tank and said ultrasonic transducer.
29. The nmethod of claim 28, wherein the nechani sm conprises a rod extendi ng
t hr ough 30 fke medhodndcleinups.echeran theemsobaniph sewprigs a rifary metidrodttustorcl ai m 28,

wherein th hani rises rotary notion actuator for rotating said
substraI%rg%%ﬁgsgﬁsgg%ggqgfm ﬁ%%hethod of claim30, wherein the axis is a

substantially horizontal axis.

31. The method of claim 30, wherein the axis is a substantially horizontal axis.
32. The method of claim 30, wherein the axis is a substantially vertical axis.

33. A method for ultrasonically chemically-etching a workpiece, said method comprising:

providing an inner tank having an inner surface comprising a chemically-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 a etching solution
having a total acidity or basicity of at least 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; and

ultrasonically agitating the etching solution with an ultrasonic transducer coupled

to the outer tank to accelerate the etching of the workpiece; a mechanism adapted to
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32. The nethod of claim 30, wherein the axis is a substantially verti cal
axis. 33. A nethod for ultrasonically chem cally-etching a workpiece, said
met hod conprising: providing an inner tank having an inner surface
conprising a chemcally-resistant polynmer and defining an upper nouth and
being receptive to the workpiece, wherein said inner tank is at |east
partially disposed within an outer tank at |east partially filled with an
aqueous solution; at least partially filling the inner tank with at |east |
liter of a et hln solytion havin otal acidit asicity of at |east
1006 | § miEPE RE IO A TR UERRPh bl b HICREVER: gt he. mout b
of the iymgobnkaaksditéaf Whaelh@h&a@dr@ﬁ@mtceﬁlpﬁg&m @&rﬁ%ubh AuARcor 1 0
increase the parti al pressure above the etching solution; and ultrasonically
agi t at i ngiatingsad sinenignls aldieniseid Wirasaniarrapsdueeisoni ¢ transducer coupled to the
outer tank to accelerate the etching of the workpiece; a nechani sm adapted
to 18 inpart relative notion between the workpi ece disposed in said inner
tank and said wultrasonic transducer, and wherein the nechani sm conprises a

rotary notion actuator for rotating said inner tank and/or said ultrasonic
transducer. 19
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