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PCT- APPLI CATI ON AS ORI G NALLY FI LED Met hod f or produci ng highly pur
solutions in using gaseous hydrogen fluoride 5 The pre¥6éi* i nventi on
relates to a method for producing a highly pure sol ution containing

hydrogen fluoride or a salt thereof, or-h-mxture mﬂl MMIUM’WLe thereof
wherein hydrogen fluoride is introduced into a wat in a
first step, wherein the used hydrogen fluoride is used as gas and/or as
l'iquified gasp ﬁ,@P@b)gopg?sent invention al so rej abgemb& Agoe use of the

hi ghly pure A ance w i ption as etchant.
A nunber of fﬁd&g trlnaq%iCﬁ ?gg aﬁs%%gfzgnon Mzﬁstz??cmé ectroni cs and

sem conduct or ustry are to be nentioned, have the requirenent to use
hi ghly pure so 15 lutions. Anpbng these sol utions e.g., those are to be

menti oned whi RARKE ANTOMERd THOPCTYAPPORA THOIT ASCOR RESSINLY @eRy ot her
educts. One problemof the present invention is therefore to provide a

nmet hod allowing to produce such highly pure solutions in a sinple way using
hydr ogen f1l uor, oducti,0 Therefore, resent . nvention
elates to a mucthediBironbelie bRl g boyionsi R ghfont farBeeEitry

hydrogen fs uoride or a salt thereof or a m xture of two or nore thereof,
conprising the following step (i) passi ng hydrogen fluoride |nto at
| east one watEite preasnt Jayspsing rel@Wérta@t@F’ihi’écfoi ﬁrqdﬁs.mgwy@sbkyewrmsebwpae is

I ntroduced ascoﬂtagﬁﬁgm4ﬂenl ﬂl?d‘HC{C §92938 meledr t fiCa ahixhREHr QRE VBh&E-Tree

sol vent .
thereof, wherein hydrogen fluoride is introduced into a water-free solvent in a first
step, wherein the used hydrogen fluoride is used as gas and/or as liquified gas.
10  The present invention also relates to the use of the highly pure solution produced

in accordance with the invention as etchant.

A number of industrial fields of use, among which e.g. electronics and semicon-
ductor industry are to be mentioned, have the requirement to use highly pure so-
15 lutions. Among these solutions, e.g., those are to be mentioned which are pro-

duced from hydrogen fluoride, possibly among other educts.

One problem of the present invention is therefore to provide a method allowing to
produce such highly pure solutions in a simple way using hydrogen fluoride for

20 their production.

Therefore, the present invention relates to a method for producing a highly pure
solution containing hydrogen fluoride or a salt thereof or a mixture of two or more
thereof, comprising the following step (i):

25

(1) passing hydrogen fluoride into at least one water-free solvent,

characterized in that hydrogen fluoride is introduced as a gas and/or liquified gas

into the at least one water-free solvent.

AR
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1 7 OCT 2002 -2 Passing into of the hydrogen fluoride as gas and/or
1iquified gas can therein be performed in accordance with all approgg}g%e
nmet hods as per the prior art. 5 1In a preferred enbodi nent, the at |éas Tl
water-free solvent is placed in an appropriate container. The contai ner
materials can be made of all materials appropriate for the method,
guaranteeing high purity of the solutiom- Containers are preferred that
have inner walls contacting the highly pure solution, which are made of
netal -free polynmers such as HDPE, PFA, polypropyl ene, PVDF, and lo
perfluorinated pol yet hyl ene propyl ene (FEP). Unstabilized HD pol yet hyl enes
such as e.g. HD polyethylenes with a specific density of 0.940 - 0.970

g/ cnB, in parRasdng arto @f IR hydrog@bflugiden®d gaseartdorieuntett gaaned theeigbé hem I n
parti cul ar pol yet hy] enes Bei nqy.ﬂ_iéémri buted in cgm’rerce t 5 under the
tradenar k LugbHemmes & 356amange Wikua anprpRsialmeBio4s 5 P tsotrifi 45921D, Lupol en
4261AQ1L49, and Lupol en 4261AQL35 are nentioned. The containers used in the
nmet hod as per the invention can consist of one or nore | ayers, wherein the
one or nose drtagnefaited aypbodintan theanieak ooé walet-ftdei sokabt & pletedrin ahsip- 20 The
feeders passing the hydro fluoride as. gas and/or, li.qyified gas into the
cont ai ner mé’(&?rﬁit?ﬁ t%ff‘e‘?g[n%tc%ﬁgle\‘}\/&’tag‘?m?sr%a@ eo{r\;\gﬁlof%ﬁ MY BPRZA al so
consi st of alppkafei?&rchéln%etﬁwrgwfdn@e%ﬁgfmghlﬁlﬁtmﬁ%&wmiém@orﬁﬁhw sude of
hi ghly pure PFA are preferabl’y used i'n The nmeéthod as per the invention. 25
Shoul d t he gasefeusd hyadriage rinfdruwalisdeontasting dhé thighdy wursselutione Whighewor k of
the present invention prior to the intr i of the at | one

wnter- o6 sonEntt PEHrEeR nalanat epeh b SfPH BEs bolvRarPlens, YPEAAES wi ¢
al | thinkgabl ecpmidipded il d1e ne@FERY.t. 30 170CT2002 -3if the
i ntroducti onebof t he hy?r@g}ge}ﬁ'lfl t%‘%biygi ?nt oythe at | east one water-free
solvent in gaseous formas well as in the formof liquified gas is provided
within the fr k t ent_inventjo Lt siple tq first

i ntroduce gas@xgsgégﬂéér%gO%Réghqyegféﬁ%egdsuﬁgc?r%oég%nﬁﬂ'hgg?' ,ftgél.gg?gst %‘ %Isg%&%%ssi ble’
to first intrdedsigeof 0.940 £iogyoagieny if bemicgaseous -rydsogem’ fdrues belenent t i's
further possible to simultaneous|y introduce gaseous and | i quified hydrogen
fluoride, whelBeEd agwagdheman peitighlar pelyeHiylngs) &aing| dsFiPHEd 8 rFBNEsFhI ned

prior to jcntr [0 {1 hi agﬁ_yvg S { N Lah, it is
possi bl e 1tso b@ggg&}%eh{e}a%éﬁd%rggerﬁo% %{eu ri g!&h%t ?E‘E%‘?{é g@jléjaisﬂ%‘;@
l'iquified gassi2hDoLupaes® 426440 14D eandab epoldn®@d26 bAQVEhare mentonedr The n
desired tenperature prior to ssing into. It also is pgssible to bring the
at l-east one SRATUIETT 1558 T8 HAVBRACE & Ber desinY B GHBEPBEIEN el OBF o arg lay

i ntroducti on.erd twiRkSR 1162EhDS RERVExERhI fiRerd 618 ROMHAd ONalPaiiNGLRY QHERL to a
desired tenperature and/or being held at” a desired tenperature during the

i ntroduction a¥. the hy 15 drogen fluoride into the at |east one water-free
solvent. A1l net hods known to be appropriate fromthe prior art can be used
for this Tenperature adjustnment. During passing or after passing the
hydrogen fl ucrtiedfeetdit @atses &te hpRsgenofieorivrt & gdsr aal/soligdfitd gas ints thessi bl e
t o honogeni ze the solution. This is possible _ in accor 20 dance wth all

t hi nkabl e met9eaH&ner whegein ther &l deasyonsnan-frehiolyimt il apide sahalse gonsist of

all materials appropriate for it. Hose couplings being made of highly pure PFA are
preferably used in the method as per the invention.

25
Should the gaseous hydrogen fluoride be liquified within the framework of the
present invention prior to the introduction of the at least one water-free solvent,
this liquefaction can be performed in accordance with all thinkable methods ac-
cording to prior art.

30



vention, the solution is herein recirculated via one or nore purrp over
Tines after finishi ng the passing into of the hydrogen fluoride. I T 2002
water-free solvents in which hydrogen fluoride is soluble can be uséJ %Cs
the at 25 | east one water-free solvent. Cenerally, these are polar

wat er-free solvents. Thus, the present invention also relates to a nethod
as descri bed above, charac terized in that the at | east one water-free
solvent is a polar solvent. 30 In a preferred enbodi nent of the nmethod as
per the invention, the at | east one water-free solvent is chosen fromthe
group consi stjcpg 19frocﬂ&|n}69 lo® theGRURPEN Iflubrid€ into theat Radt FROZatzAftdSlvent
Derivatives of carboxylic acids, organic sulfur conmpounds, aliphatic or aro
matic nitrogen ga@crq:u@lfnds asamell as$ it mhreeﬁbrmf of liguified 1ges ¢ prooidedf withinthe

ot hers, ethyl Iene me Iene choI polyeth 5
yl ene glycol, ‘g‘?’%}lcogr%‘f B ’BV%‘é t‘? Bﬂ%ﬁ’ %éo g&% FcﬁaseﬁBf %‘%
wherein in papt 'llﬁuﬂfﬁﬂ rg@}o\geh mshaé] It & Abd Y&dsIbld MMt %ﬁfbﬁi‘uEé’ lighigied @mlpe
mentioned. Further, polyalkylene glycols, in particular polyethylene

gl ycol s arse ttbemgasnemﬁt hhnegenaiuopides kg ﬁmhempwﬁlbénwtoaaxmnhg@oneimbmod@te

e F e S tstoy® e gl gy FRL G P oTieEHif gadeef® Bnd Ml N noilicket phac i ¢

and aromatic fgrie calBé Bémbinedpdorab iAwdueién.condi tions, are nmentioned,
whi ch may respectively carry one ore nore acid groups. Among ot hers, these

are formc acid, acetic acid, or propionic acid. Acid derivatives of

carboxyl i ¢ achBUEh A% LAl £r RLELS Ok 1Sk T ATEFER BiAPRE ARE T at e

sol vent s. pPOSSi 0 su e acry |c°re5| of the

carbox ylioc aficHeleOintrbiheced Ak BOX3Hd/ 618w fbddek ina the/adeastivad axiet-fige eslps or
hal ogenid re si dua are to be nentioned as possible substituents. Am no
car boxylic acves taraecesiaiodesired femRagatiEe Py P assing inje it a lsp0is \ngsble ft9 ee

0 9anT ¢ SUl e, SAIPSURLS ono WS A3 S ERLES oS QRBLARN HLT QML IBRC.

sul f ones, or su are ropriate solven ioné

di methyl sulddd &, alsd eztrhb'd p@uidfed tfer, thglsylitibn $einkitreughtiteratdeyiredsiehipene,
di et hyl sul fone, dipropyl sulfone, dibutyl sulfone, tetranethy Iene sul f one,
met hyl sul f ol WFfeandfgr t@fr}sylvel% Al # dssingd terapisef&&yqiurgm thsﬂta@uca%ef {he hy-

sul foxi deys t efhaurPiivH RNRroSHE fapl)&bg%negéatétf?%l somhh%?nﬁ%JdQ%B@n td pé- but ane
di ol bi s(rret hane”sul fonate), diethyl sulfate, dipropyl sulfate, dibutyl

sul f at e, di hespplopsiatef favre thqumm'taytlcas (ke fuagdefor this temperature adJustment

During passing or after passing the hydrogen fluoride into the at least one water-
free solvent, it is possible to homogenize the solution. This is possible in accor-
20  dance with all thinkable methods. In a preferred embodiment of the present in-
vention, the solution is herein recirculated via one or more pump-over lines after

finishing the passing into of the hydrogen fluoride.

All water-free solvents in which hydrogen fluoride is soluble can be used as the at

25  least one water-free solvent. Generally, these are polar water-free solvents.

Thus, the present invention also relates to a method as described above, charac-

terized in that the at least one water-free solvent is a polar solvent.

30 In a preferred embodiment of the method as per the invention, the at least one

water-free solvent is chosen from the group consisting of polyols, carboxylic ac-



Furthernore, ethylene carbonate, propylene carbonate, dinethyl carbonate,

di ethyl carbonate, dipropyl carbonate, diisopropyl carbonate, dibutyj T 200
carbonate are 30 appropriate water-free solvents in the nethod as pgr Q%e

i nvention. ~ 7 OCR 2002 -5 Water-free aliphatic conpounds, substituted
such that hydrogen fluoride is soluble therein, can also be used as

sol vents. Hal ogen substituents are nentiéned as pos sible substituents,
anong others. 5 Another group of possible solvents are aliphatic or
aromati c am nes, substituted, if need be. E.g. am no al cohols such as

et hanol am ne {43l lervaf®ds &hdasbdkiyAb ReidSf orgME S81fit crlipdias lpRakidof B. Met hod
as per the invention to first pass the ﬁydro gen fluoride into a part of

the at | east wakc Biglogemeongprrints aadthiktyrasioétwe of mergtthereobr | 0 i ntroducti on.
In the case that two or nore different water-free solvents are used in the
met hod as per the invention, it is possible to pass the hydrogen fluoride

into first ongn@hgdBices, @thyldhe@yc®nlprepidne ANebl!fgymbdyRed gBie), Pblyeme e of

the other solvents. It is also 15 possible to produced two ‘or nore
sol uti ons %f Yyer glyeel, o1 glyedrakargdo Semmh@n@b&s\ﬁeﬂamb@rforbmiyfrietxhka@enanm to

conmbi ne these_two . or re solution ubsequently. In another preferred
rbod nent - orPE fpRhR 2T b efRdy BPS B S Ak pohe PP bad S F

sol ution is ppagiirAene ¥hess] M pirtibBaspol9aByRhbelyceRBULE th eUmttlidesiades 20
hydrogen fluoride and the at |east one water free solvent. Accordingly, the
present i nvenplietredemithean fveragenpumploy Asmeleewpi weghhb a0 teHaP00adnaEi zed in

that al | east, gne.g) hes  AaRcPE 0d A ERRIROLHEN 1 hhgui d or at least one

solid or a miXture Wo or nore ereo esi ydrogen fluoride is
introducegh 25 into the at | east one water-free solvent. In the case that
the further educt does not react. with hydrogen fluoride, the order
As carboxylic acids, aliphatic, cycloaliphatic”and aromatic acids, being liquid at
ambient conditions, are mentioned, which may respectively carry one ore more
acid groups. Among others, these are formic acid, acetic acid, or propionic acid.
Acid derivatives of carboxylic acid such as their esters or their amides are appro-
15  priate solvents. It is further possible to substitute the acrylic residua of the carbox-
ylic acids or the carboxylic-acid derivatives. Hydroxyl groups or halogenid re-
sidua are to be mentioned as possible substituents. Amino carboxylic acids are

also mentioned as possible solvent.

20  Water-free organic sulfur compounds, such as sulfates, sulfonates, sulfoxides,
sulfones, or sulfites are appropriate solvents. Mentioned besides DMSO are di-
methyl sulfite, diethyl sulfite, glycol sulfite, dimethyl sulfone, diethyl sulfone,
dipropyl sulfone, dibutyl sulfone, tetramethylene sulfone, methyl sulfolane, di-
ethyl sulfoxide, dipropyl sulfoxide, dibutyl sulfoxide, tetramethylene sulfoxide,

25  ethyl r;lethane sulfonate, 1,4-butane diolbis(methane sulfonate), diethyl sulfate,

dipropyl sulfate, dibutyl sulfate, dihexyl sulfate, dioctyl sulfate.

Furthermore, ethylene carbonate, propylene carbonate, dimethyl carbonate, di-
ethyl carbonate, dipropyl carbonate, diisopropy! carbonate, dibutyl carbonate are

30  appropriate water-free solvents in the method as per the invention.



of the introduction of the educts is not critical. It is possible that the
at |east one further educt is'introduced into the solution of hydrog'eTUC 200
fluoride in the at |east 30 one water-free solvent. It is also possib el v
first conbine the at | east one water free solvent with the at |east one
further educt and than to introduce hydrogen 1 7 OCT 2002 -6 fluoride.
Furthernore, it is possible to introducesthe at | east one further educt
together with the hydrogen fluoride into the at | east one water-free
solvent. If need be, the hydrogen fluoride can be mxed with the at |east
one further egyet fRE 'aﬁ‘?hatn@ cbmpeﬁmcMb@uﬂuwdcgu&maaﬁydr@ge%tﬂmﬁe\f@mmé ree
solvent, and the resulting mxture can 5 be added to tThe at |east one

wat er-f r ee sdhmeint, carl alsahoubat apsodvents. &dlogeh substibrentsodre memtioeechadpass  per

t he invention, onia is used as further educt besides hydrogen fluoride,
wher eby an arﬁlrlﬂ \hhﬁt‘fqeﬁﬁr?rﬂ%“%%tSEFFI on is produced. Therein, it is possible
in principle to use ammonia as liquid. 1lo Preferably, hovvever, gaseous
ammoni a i s used. Thus, the present invention also relates to a nethod for
procuring sa hkayhhgr gnwpeofmsubie@nlveatg aobdiphiaubce@r aboans awings,subsititzed i n t hat
amoni a i s used he at f furﬁhe % é trrrmnlumfluorlde

sol utions, to“e\ﬁﬂ 8 ﬁ|aéW8?aC8§ e§ e 5}”&‘7 Buax gr'ae & Burity are
posed, are generally produced by soI ving crystalline ammoniumfluo ride in
t he correspondi ng solvent, as is e.qg. described in US-A-5,320,709. 20 One
di sadvant age ©f caunsesit irepdseibils is tbhme%tqdeasmét ﬁnenntemnﬁpm@ firgt @gssgthe hidrot hus pro

duced sol utions erally t.he p at th ol utions
are theref Orege[nntg rgbrgf)&tpémf L@asft i%8F a@ ggo aﬁggﬁlrh& F\n H'Sher
requireneft s iﬁﬁo(m.d;ltibﬂ,y regar di ng the nmetal content. The purification of the
crystalline ammo nium fluorides which woul d be necessary for producing

hi ghly pure solutions 25 with a substantially |ower content of netal is,
however, expayigepialhat Hhidridfitl aitrdBnAy REEHEL LACeRIRRTIIER ylmbdl6q Pr esent
i nvention therefore a ighly pure ammo nium fluori e o) ioni's produced

i n accor danceaswet thet ineeritiony & id@sssiblbed pass the hydrogen fluoride into first one or

more of these solvents, and then to add one or more of the other solvents. It is also
15 possible to produced two or more solutions of hydrogen fluoride as per the above

described method and to combine these two or more solutions subsequently.

In another preferred embodiment of the method as per the present invention, a
highly pure solution is produced, wherein at least one other educt is used besides

20 hydrogen fluoride and the at least one water free solvent.

Accordingly, the present invention relates to a method as described above, char-
acterized in that at least one other gas or at least one other liquid or at least one
solid or a mixture of two or more thereof besides hydrogen fluoride is introduced

25 into the at least one water-free solvent.

In the case that the further educt does not react with hydrogen fluoride, the order
of the introduction of the educts is not critical. It is possible that the at least one
further educt is introduced into the solution of hydrogen fluoride in the at least
30  one water-free solvent. It is also possible to first combine the at least one water-

free solvent with the at least one further educt and than to introduce hydrogen



met hod. 30 ~ ~ oCcT zoo2 Herein, it is possible to treat the at |east one
‘wat er-free solvent with the deS|red anount of gaseous hydrogen quorigﬁ f?ﬁ
to then introduce the correspondi ng anount of gaseous amonia into i F !
is also possible to first treat the at | east one solvent with the desired
amount of gaseous ammonia and then to introduce the 5 correspondi ng anount
of gaseous hydrogen fluoride into it. The-two gaseous conponents can al so
be introduced into the at | east one solvent simultaneously and spatially
separated. It is also possible to introduce one of the two gaseous
conponent s anﬁuaAh%nFaRham;é it @%gme 5l HiREdaRe Bf ot RBsOsREfurBRS&RES o-
conponent after a certaln In a particularly preferred enbodi nent
of the pr esengethn&rtwmdthet}‘r}{drngnlfblasde one theatt deast omewsiet-freatsolventf Ifrreed t r eat ed

with the desire mount o seou r.ogen qu ride d this solvent is
recircul at ed, bea ?se&é&* 2@8\9%“ ge\'ﬂé’ﬁe ‘8’&%&9&% afn e’ GO RIAECRd i nt o
thi s homogeni @%a&&ﬁymt%eﬂme&h&é@ﬁm ?ﬂe@golsahuaﬂoome r§su'lt'ihg11'i_’nxttl5’x% Ran
recircul ated punpi ng over and thus honogenlzed The tenperature In the
reacti on contls zrcteiledrtcsthccmtaasildnedvatan ftdeablvdot: i ng i ntroducti on of the gaseous
ammoni a that it amounts to a maxi mum of 35C, preferably a maxi num of 30C,
and particularly preferably to | ess than 30C. 20 The concentrations of the
highly pure sg| éﬂo’t&?%r&‘én@d@fﬁ%dﬁbﬁt' &iQhé ARIMAI ShpealiR xmaﬂ%eslmmomn@ the

framework of the nmethod as per the invention are essentially only dependent
on the sol ubumaeti;asémrt@ﬁmdnttmﬂslfdbubydrdgen fuarids, whetebngn ameorsmm\/fbwndand can

del i berately be chosen this fra urse i s al so, possi

25 ble 1o pr otgbieraartrdibed el ionaeoT R arnlR bF rabonl elist 7 oae:
one sol very, Pleesraily, idwdver, Rededidaramsniagengdal | y possible that such an
anount of ammoni a and hydrogen fluoride are introduced into the at | east
one solvent that ammoni um fl uori de preC|p|tates as solid. 30 In a preferred
enbodi nent of e yh I um
fluoride are %&%ﬁuceﬁ%ggﬁt%ﬁ%ggﬁ%gggﬁg%%ggéo ven ﬁgl#%&l Bgﬁgﬁgn%rk of
1 7 0 CT 200sdlutihn, ahdestEbédsboas, ¢hafactdieed nwhattarﬁmonitaheumrusam ataleasdpn of
whi ch solutions generally ranges from0.1 to SO wei ght percent, preferably
from1l to 30 %%ﬂgﬁbm' éeent, and particularly preferably from2.5 to 10
wei ght peggent. 5 In order to avoid creation of explosive ammonia-air

m xtures, 1t is possible within the framework of the present nethod to

i nertisize thAnmontahfarorideiseluapms, mhwhgaéégusranmmnkamhggmﬂhgahgme@finto
the at |east one water-free sol ution, wher ei n h%dro en fluoride may

al ready have PHY % Bassdy @1§ sepfra ¥.Pﬁ%4uﬁf by AV Menytaliag aBRepiye ffudqpng

others, nitrogeinaRe r&ptndifg SINORIAE 8. deSEie8iARISYA-3 S, a@nt ainer 1 o is
|nert|S|zed prior to filling mnth sol vents and, if need be, hydr ogen

fluoride. In principle, all above described sol vent s can be used as

sol vent s by wihel) Lhe, SO0 WD DLUGY Ol fcBaRNE SPoulllPoPRELFLY BE.

enbodlnen Iyo are art|

enbodi ment  wageded fsoReionk hyd gaerglyywhhinl the J;ﬁzrrUSaﬁ@e nd ufat hl&r s(ﬂus@mVaaat age of
t he net hod according to the prior art, alreadg descrlbed above, wherein
crystal | i ne afSeiergAnFARTRRTI AN far Some Sishis Ridisenhaying Fusk BigheT FRAUieme®ht , i s

the fact thatj guﬁt?/l r\é '5&11&1% thé i tco nﬁaﬂlrg At aating of ucg‘?slt%lhﬁe nt of 2o

the free hydrogen contalne In the annnnlun1 e solution to
be produced i niusuflnoadesephistueolill deveacesshnt fotrvmodlrcmg)h@hbnwwi sodutidneor i de

o osal e SR o SR e T 3
fluoride is decisive.
In a preferred embodiment of the present invention therefore a highly pure ammo-
nium fluoride solution is produced in accordance with the above described
method.
30



Anot her problem of the present invention therefore was providing a nethod
‘al l owi ng for production of highly pure ammoni um fl uoride sol utions, {:Zﬁtgg
a constant content of free hydrogen fluoride which can reproducibly 002
30 The content of free hydrogen fluoride contained in the highly pure
ammoni um fl uori de sol utions produced as per the present invention can be
set in a sinple way 17 OCT 2002 -9 by neans of the stoichionetric

met hod wherein the gaseous hydrogen fluoride and the gaseous anmonia are
introduced into the at |east one solvent. By the possibility of exact
dosage Whi ch figreldl QVik ¢REsiblerto ideat A€ abl $s0bnd WEteBASE IS eRANER She ddsirkd 1 N
particul ar possible to produce highly pure solutions which have an exactly
5 defined coraneqint of gasenus Hydragge rilvoride rand etovher lintrastucé éhee corresppndivigici bl y
settable. In particplar, highly pure solutions.af a ni fluoride can be
pr oduced, ha\ff)%cﬂmf P}é%asﬁ%%g’élﬂx‘ﬁ”ﬁ}S#‘rz‘ SERC &Ors ﬁﬁéo g?s? F«Sérsﬂ’f ALIG2H 989 wei ght
percent. A tentaithappldesidéd Shodh df Aswak Whirkdifa BREehdnodnaeddange W th

t he present inl0 vention and in using gaseous hydrogen fluoride is etching.
Ther ef or e,5 arrorigerongingh PEAIYT of BEesepiseBedipgemflepidointods Preoteligageoas met hod
wherein the hj r ' : t es)

requi r ement shdé)?‘mtoﬁgﬂgecg%égtoi%ée%&% gﬁcﬁﬁg‘gg’r @?}gﬁﬁﬁ& %&gﬁlgt%}gpﬁ%ﬁg%%?' ment of
t he nmet hod i mndcspatislaneepavdtéd) It healse1pessiblono ihtieluat oneagtthe meo Gakwis educt
used besi des hydrogen fluoride is anqther gas acti ng}das reactive gas in

et chi ng. ExarfSImpongite and them 1o sRer e lﬁtymsg@rh of the pihge gasreun yampgeamt

brom de. 20 I . the present invention also relates to a nethod, as
descri bed ab?\?%?g\?\hggh%lmset’char acterized by the use of gaseous hydrogen

chl ori de mr gaseous hydrogen brom de or a mxture thereof as the at |east
oné other educt. Referrin o the producti.on of these. soluytions, the order
'of adding t hegh8icE Y e8¢ oA 96 tﬁ%péqswr@sthg& ekt st 958
critical. It {gePReSkoNEntR MASReddLwWRASES deflidd dhSurilof! %@&Jus M Brodeh er -free
solvent in sequence or simultaneously, if need be spatially separated or

t oget her in ofherideeaiérthisl golvent fsurerinerlatpd sasi deiserihed dboyeii Thert Igescatis kmast one
ot her gaseous_educt. pri.or to introducing jt.into e at |.east. one. .

vater - oo sqRGBRES infoditegigiarbls MDA LB AR BILHEE Pt e pr i or
art, as dgscri,Redc3IABO¥S phRpidgtel Md1AEIhORNREdhydr ogen fluoride, and
to introduce the at least one |iquified gas into the at [east one

wat er-free sol vent. 170CT2002 - 10 In principle, all
~above-nentiongd, water-free solvents can be used for.thjs. preferred

anbodi ment  of e Reak T fredeiaPRRraRy Prrol el Bk PrBdfr bR ovi ded
that the at |sfast QB&UEdGhhbGIAahatJASLBUALs &8 UL makEman|dftd 2Ci Prdféreblyod vent s.
In 5 preferred enbodi ments, acetic acid or _a mxture_ of acetic acid and
acetic ester, MPEEELeF Y&y andparhclarly rieferably Ve thanB Bl are used as the
wat er-freg solvents, respectively. If a mxture of DMSO and DVA is used,
the mxing ratio of the two conponents can in general be deliberately
chosen. Pr ef eTlabtoncenttmions of theilngey pure svlwiong of amimpnafm BNBOdamdiddMei s in

the range from30 :; 7Q.tq 70 : 30, In a r.t oticularl. referre
e oo | Prontrel mitin the Rernework el s BRI 5s pet bEAnNe Bt SsEutaDy en
fluoride are gHpdus@dehttmathOVEELHinPMafinShidhEALMIRR IR INELPIRNsJilder | de,

DMSO, and DVA have the same wei ght” portions. In hi g)hl y pure solutions made
i n accor danceang) aah deliberpielis bhehasey siithinotiis Gamewenkl OF icogrstyitiscdsenpdssioni de

atio of Fyarogdn st iR bkl S B R i BSATEERORERR Ge 1 <

preferably invdnhevlicagiget @fheteds slsd garerally ggsidle thar shich ph @Al Haniodile range
of less than 1. zo It is further possible within the framework of 'the

met hod in acc¥duideegen ffueridpareintredyred in dhg atdpast engsalvent ihat smMmaniyBseous
hydr ogen chl og| : hydr ogen brom de besi des hydrogen fl uoride
and gaseous ammeg’?% E)atigﬁ%%gﬁé'l east one water-free solvent. Herein, the
order of introducing the individual conponents is in principle not limted.

25 O course,_the field of use of. the highl ure.sql utions, . wherein at
Teast one } ur Froprefeatic sRpdiREn of (g a5 ol deyenbon dughy Buts i A98ats
hydrogen fl uogibfigm fiSorittart !prdh@éii hQhd Qﬁe@é@%ﬁ@l'sméﬂt'»ﬂgﬁlgltfretﬁﬁh%rk?& I'n

principle, the term"purity” as used herein relates t I magi nabl e
impurities which a solution, nmade in accordance with the present invention,

can show.



17 0CT 2002 Anong others, netal ions, hal ogenides such as chloride or
brom de, further anions such as nitrate, phosphate or sulfate, organ{f
conpounds, generally particular inpurities, virus, bacteria, and the 0CT 2002
by- products, such as endot oxi nes or nycotoxines, are nentioned as
inmpurities. 5 The term"highly pure"” as used herein denotes degrees of
purity regarding a cer taro inpurity, beigng in a range of |ess than 1 ppb.
In principle, highly pure solutions can be nmade in accordance with the
nmethod as 1 o per the present invention which are highly pure with regard

to all imagi nghl &.indl REMe CEJ I;'t}ﬁesmv%ﬁhoﬁ B{eeéo‘?ﬁ%xﬁpan%mq{/mgolgf}\% ﬁerﬁ?atl fod as

per the present inventi pure solutions are na d a very
| ow content ofanges rbmi ho Smfyhnperbmt;‘prafemhw koo 1 toh#0 weighoperasntpaid t he
present invention, educts are used 15 which have a degree of inpurity

regar di ng allP?Wﬁb]?H&BF‘?feﬁaWLqunﬂ FedoAieieht #EK6M% ow t hat the highly pure
sol utions can be produced fromeducts without a further purifying step and
with the purity required by the user. According to the degree of purity
required for Irherdlai phdvpideresicnadfiekplosi ve amipeonpa-air oxtivesei is pdssibée wakii bl e

within the fr rk o res vention to use ur,e hdrogen
'l uor | de gas irdrareuite o e renghoq 5 L Geffgane Wiret Hecrar
| east one foBDéaﬁm%Hfatxs%tr&ﬁ;%Ed {re6 thea Q¥R bise W%f%@fre%f%bﬁm@ﬁ%{d Whéterl SO be
highly pure. 25 Wth regard to producing the highly pure sol utions which,

as descri be aby)d»regemﬁumdﬁemﬁylW(L}ohamb®ncﬁlswﬂedl Iri pnsmplgasre)oumrmwr ogen
fluoride is used, the ne

f. which
preferably |o atsh%morﬁ)?)tgfjrﬁt m{}%ont na%%q?vs anng?tgsﬁerﬁim"ibmgﬁ? ?%Bg?rso

relates tgpa fgahmgyze@ﬁn@ke@qmubgeauabéwaus&sum&bbe%ﬁh?geaqmeﬁa@ed by the
used hydrogen fluoride having a netal -i on content of 'Less t han 1 ppb per

nmet al .

In principle, all above described solvents can be used as solvents in which the
ammonium fluoride is produced. In a preferred embodiment, water-free polyols
are used, in a particularly preferred embodiment water-free ethylene glycol is

15  used.

A further disadvantage of the method according to the prior art, already described
above, wherein crystalline ammonium fluoride is dissolved in a corresponding
solvent, is the fact that it is very difficult in manufacturing to set the amount of
20 the free hydrogen fluoride contained in the ammonium fluoride solution to be
produced in such a reproducible way that two or more ammonium fluoride solu-
tions have a constant value of content of free hydrogen fluoride. For some indus-
trial applications, however, a constant content of free hydrogen fluoride is deci-
sive.
Another problem of the present invention therefore was providing a method al-
lowing for production of highly pure ammonium fluoride solutions, having a con-

stant content of free hydrogen fluoride which can reproducibly be set.

30 The content of free hydrogen fluoride contained in the highly pure ammonium

fluoride solutions produced as per the present invention can be set in a simple way



17 CCT 2002 -12 Exanples for netals, referring to which the solutions nade
in accordance with the present invention is highly pure, are, annng1oaﬁﬁfﬁm
al um num antinony, arsenic, barium beryllium |ead, cadm um calci'u
chromum iron, gallium germanium 5 gold, indium potassium cobalt,
copper, lithium magnesium manganese, nolyb denum sodium nickel,

pl ati num silver, silicon, strontium th&ktlium titan, vana dium bismuth,
zinc, tin, or zirconium According to required purity of the solution to be
made, it is possible, if required, 1 oto |lower the content of the at |east

one wat er - freag, aRhNEBF theNstaiRhRhRANC memoﬂhwhaeincmmgasbmtﬁyafb@eﬁm&%e prior
art so far that it ranges within the framework of |ower than 1 ppb,

pref erabl y | cagrthe Bassoun@mmpnia arqintredu¢egunigrthe af least lopaselyentpByithepasg i s to
be mentioned far. the at |east one.water:free sqglvent . wherein, anmon

others, puri rGHH Sres: S5as BRRADRRSIScdifEt by i R8st 81 BoEo Y it RoR 1 o
using mcro 15 iNeuRichRdipatdislp tb praiRos hosked pulensodtidhs &hidh Bir dreekagipodi ment
of the method as per the fpresent invention, highly pure solutions can be
made, havisng ¢afingd cpetert 9f fremhyspgaantluasidenihigh is derein repedusiply setipbirer al

bel ow 1 ppb r -y erablyv..l es han .100 p tal . y
Accordingly, %W@%@Z&éﬂﬁhﬁfn@%ﬁl? ?%H&g éfoér?rgf)%lgl %sﬂ cg-}dzg C%étq%dga%ceé’g%aé ri bed

above, char acihgfficé @gdidgei Neortdedhlaytamier of 163 thin OIS wBiRHI pegcentmet al - i on
content of less than 100 ppt per netal. 25 The highly pure sol utions nade
in accordance with the present invention can be used in all inmaginable

techni cal app)ig ici‘ai‘ﬁ?pllcgti&%lﬁ ih%%ﬁltfon@%die%??ai:&?&ar{cé‘ v{iplethfeip%s‘ént"{n-
sem conduct or and el ectronics 1 ndustry, analytics as well as

( bi 0) phar racewintios aadentwinye gmeols hydrdgen3 fudddoisdetolghy., Thérefope, em@tter
invention also relates to the use of a highly pure solution, producible in
accor dance mﬁrﬁblaﬁleof&f‘eeréer&u%ﬁ%oawtaspsqulﬁg £ ethadeyherein thefghbPure1 7 ol

2(11 solutions can be adapted to the desired requirements of the respective etching pro-

CEss.

15 In another embodiment of the method in accordance with the invention, the at
least one other educt used besides hydrogen fluoride is another gas acting as reac-
tive gas in etching. Examples are, among others, hydrogen chloride and hydrogen

bromide.

20 Accordingly, the present invention also relates to a method, as described above,
which is characterized by the use of gaseous hydrogen chloride or gaseous hydro-

gen bromide or a mixture thereof as the at least one other educt.

Referring to the production of these solutions, the order of adding the gases to the
25 at least. one water-free solvent is not critical. It is possible to pass the gases into
the at least one water-free solvent in sequence or simultaneously, if need be spa-
tially separated or together in one feeder. It is further possible to liquify the at
least one other gaseous educt prior to introducing it into the at least one water-free
solvent in accordance with the common methods as per the prior art, as described
30  above for the introduction of hydrogen fluoride, and to introduce the at least one

liquified gas into the at least one water-free solvent.



-13 ductor and el ectronics industry, analytics, or pharmaceutical or

bi ophar maceuti cal applications. Preferably, the highly pure applications
made in accordance with the nethod as 5 per the present invention afld A&l
as etching agents. Herein the advantages are particularly applied which
result fromthe fact that e.g, the content of free hydrogen fluoride in the
solutions can be reproducibly set to a-gonstant value in the production as
per the invention of the highly pure anmonium fluoride solutions. Thus, it
is possible to provide an extrenmely narrow process w ndow for the etchlo
ing rate of the solution. Accordingly, the present invention also relates
to the use, as described above, which is characterized by the highly pure
sol uti on bei ng preedlagsalkesmvengernigeed, water-frec s@mentonatube asedafict tisepter oni cs

industry. 15 |In particul ar, .the hjghl ure solutions nade in accordance
W th the met HoHebEmbafmebopPederibss i eftbrncah EO e iR Baent s f or
sel ectively rgiQVinAOmer43a8NBARhddiCorda Shbes c@lict & GRS Pt SN, 51 dues

in plasma etching within the framework of producing wafers. Wth regard to
thi s sel edt i virtgrred lembodintants, asctizeacid loe a2voixire o recetins@d tand racetam edder,

particul arly advant ageously, use thce el ectivi can be controll ed,

anong ot hers ,rewc?%eil}%ioﬁtaéﬂ%%ﬁ8FDM??%ﬁW e 83 %éyaag?rf & Sg?ivseé‘ ’such as
hydrogen chl agigdeti@ily.y dingRke Hf OMELand DM A isused, RS mitih g aslio brRgatwescri bed
above. 25 In anot her enbodi nent of the nethod as per the present invention,

wat er can be qempedentncan irhgensrajbieydepberatehothasero Prefgrably, lee storegianimiriet chi ng

selectivity. A._consi.derahle~ad e.of, the t had . the,invention is
That the h gHyERRa SEEREFQ AR BNARE T e adfecdRi 30,75 830 c Pl WG

pure ammogpi Unidul iR prefRree leHibo@indni of HeNte A6 GRSt dY HIgMYE Purlel oQItiode of gaseous
amoni a, and water-free solvent, and 30 that an extraordinarily precise and

repr oduci bl e hagregen dhieridatare aiedyesdsiara BMS Gt/ dalifomaxtuegel diheredm hydrogen er
after the pragucliamelo %P&dihﬂ*hgﬁe B Qe t BBrtions b 7 OCT 200 -14 o

course, it is also possi’ble to add general agueous systens to the solution
after producing the water-free, highly pure solution as per the invention.

Herein, the advantage is, anong others, that t hg1 wat er content of the

sol ution to b8 PSBYFEEGSAUeRS MadedBacerdaice dYiih R PresqRielVeHIAm EORAir - f 1 ee
sol ution.{EX I , i i cid,
Squeous. ar aop Rl brfiRE hadiHArdich ChIHAETEReP ndro P PRORIL the
preferred enxtoicimemetrof ratiheofprydsemen fluovidaitd duydrogen khklasitie and/os hlydrbgen st ance

is added to the ter-free sol vent as addi ti onal , educt t.o0 draogen fl uo
e 5t 1 oot TG R ap DL e ands of let i or e S ity ah dBE Ut i on
anong ot hers rafgdi¥8eash&i chi ng agent. Therein, appropriate polar as well as

unpol ar sub stances can be used in principle. Exanples are, anong ot hers,
aliphatic or aro matic amnes. Aliphatic amnes with a chain length of 5to

subst ] tutd. i BEhy RSPkt Rl gabiS HERE LEARAT BRo e B e
possi bl e subsgredeneinventidnntocisbeihtrbéuog passont dedioben cldotide adl/clegaseisdify- puri ty
of the highl ydrggernebr%n%licﬂet li)e%pd’es ihgldrogen fluoride and gaseous ammonia into the at least

one water-free solvent. Herein, the order of introducing the individual components

is in principle not limited.

25 _
Of course, the field of use of the highly pure solutions, wherein at least one fur-
ther reactive gas is also used as educt besides gaseous hydrogen fluoride, is not

limited to the above-mentioned etching.

30 In principle, the term “purity” as used herein relates to all imaginable impurities

which a solution, made in accordance with the present invention, can show.



may be necessary to purify the at |east one substance, affecting surface
activity, 2o prior to use. Herein, all appropriate nethods as per prior_ art
may be used. The follow ng exanples are to explain the nethod in acdor Gantde
with the inven tion in nore detail. 25 Exanples: Exanple |: Production of a
solution of hydrogen fluoride in ethylene glycol 800 g ethylene glycol were
placed in a 1,000 ml batching container-11By neans of 30 an injector,

approx. 80 g water-free, hydrogen fluoride was condensed and dis solved in
the ethyl ene glycol. Therein, the increase of content of hydrogen fluo 1

7 0 CT 2002 aAdpngioHRrivatANHsyhdl6gdnkdes F0EH dsQ@hRFide BaSRInMEe,| ftRer®hidnte
liquid acid was térm nated at a content of 10 wei ght percent. After

term nat ed dosmbes nittete, phbsphiaterorveaifategciganialcampduraisdgénsradlyqrartzadarfior 1 5
hour by neans of. a gfnp-over Iigeh.Tge cq&&gine solution had a netal -i on
con tent of |REHIESHYIRIS) bacteia and thelp PYProGuglssych as. ensplptines of myspetay-

sol ution of apEDRLUMeAtdHRE LdEnhitREhy! ene gl ycol 1o Al,000 m batching
contai ner was I nertisized by rinsing with nitrogen for 1 hour.

Subsequentdy, the process as of exanple 1 was applied. Gaseous anmoni a was
i ntroduced in hi s,.solution of in ethyl ene glycol..wherej.n the nolar
At on-of - ammbi ERENARUPESeAT PR e ST L B Sk b i ea 1o 1
1 1. Therein, tafhigngueitP SeidlgUh & riie oF ek kidhl186hbl N such a way by ex ternal

cool ing and dosage speed of the ammonia passing-into that it did not ex

ceed a value of 30C. After introducing the entire anount of ammonia, the
sol ution was {neézﬁx{cﬁo% %Erﬂmv:‘fpgfe %?ut?b%s A bg\/ﬂ'laldg incgc%kfﬂgcg\@?th%m Fn%ﬁl%g 8N The
achi eved sol uti‘on had a al=-71on
10  per the present invention which are highly pure with regard to all imaginable im-
purities. In a preferred embodiment of the method as per the present invention,

highly pure solutions are made which have a very low content of metal ions.

Within the framework of the method as per the present invention, educts are used
15 which have a degree of impurity regarding all imaginable impurities which is so
low that the highly pure solutions can be produced from educts without a further

purifying step and with the purify required by the user.

According to the degree of purity required for the highly pure solution to be pro-
20  duced, it is possible within the framework of the present invention to use highly
pure hydrogen fluoride gas and/or one or more highly pure solvents. In the case
that at least one further educt as described above is used, this educt can also be

highly pure.

25 With regard to producing the highly pure solutions which, as describe above, have
very low contents of metal ions, gaseous hydrogen fluoride is used, the metal-ion

content of which is lower than 1 ppb, preferably lower than 100 ppt.

Accordingly, the present invention also relates to a method, as described above,
30 which is characterized by the used hydrogen fluoride having a metal-ion content

of less than 1 ppb per metal.



content of less than 100 ppt per netal. 1 7 OCT z002 -i~ Patent Cains 1.
Met hod for producing a highly pure solution containing hydrogen fluoride 5
or a salt thereof or a mxture of two or nore thereof, wherein the hﬂdﬁ@@@ﬁm
fluoride is introduced into at | east one water-free solvent, wherein
hydrogen fluoride is introduced into the at | east one water-free solvent in
the formof gas or as liquefied gas or ag a mxture of gas and liquefied
gas, characterized in that at |east gaseous anmonia is used besides

hydrogen io fluoride. 2. Method for producing a highly pure solution

contai ning hydrogen fluoride or a salt thereof or a mxture of two or nore

t hereof, wherein the hydrogen fluoride is introduced into at | east one

wat er - free sofygfples MI@RRALS rbfsetin fo WhiblethelsbhabheiRadSin REseMEantH REO the
at | east one water-free solvent in the formof gas or as |liquefied gas or

as a ni xture pfesgasnvgnton isqughly puregars, amhag albesr pluadnym, aniatonyt arpeniss t
gaseous hydrogen c Iorli.de fr h%glro en g:r.o m,de _or a m'xtlrre thereof is used
besi des h_ydrogééwl?’l oY e e%) AR HE S e Cﬂ%&“&hﬁ‘&%”ﬁf IHr_r’cEWT%r 2,
charact erigzedgdld, fifdm, igeassitim, eatsdlt, eSheVaitBinn, he@neRhieRhngmest, BRIRL

sol vent. 4. thod in accordance with any of clains 1 to 3, characterized
in that the adenugaspdivme nigkebmldtinam, sgveresiticorns sippicwm, thedwim, hisang vargp

consi sting of ;25 polvols,. carboxylic acids, derivatives of carboxylic
aci ds, organi glug’uI%i‘sﬂ%/u(?l%’oz}ﬁ’foﬁﬂ’aosr,zyrﬁ?ri”ﬁﬂ]ati c or aromatic nitrogen conpounds,
and m xtures of two or nore thereof. 170CT200Z -1 "1 S Mthod in

accordance with one of the clains 1 to 4, characterized in that
According to required purity of the solution to be made, it is possible, if required,
10 to lower the content of the at least one water-free solvent in accordance with the
common methods as per prior art so _far that it ranges within the framework of
lower than 1 ppb, preferably lower than 100 ppt. In particular, distillative purify-
ing is to be mentioned for the at least one water-free solvent, wherein, among oth-

ers, purification by means of common distillation or distillation in using micro-

15 wave radiation is mentioned.

In another preferred embodiment of the method as per the present invention,
highly pure solutions can be made, having an extremely low content of metal ions,
ranging in general below 1 ppb per metal, preferably less than 100 ppt per metal.
20
Accordingly, the present invention also relates to a method as described above,
characterized by the highly pure solutions having a metal-ion content of less than
100 ppt per metal.
25  The highly pure solutions made in accordance with the present invention can be
used in all imaginable technical applications. In particular, applications in the
field of semiconductor and electronics industry, analytics as well as

(bio)pharmaceutics are to be mentioned.

30 Accordingly, the present invention also relates to the use of a highly pure solution,

producible in accordance with one of the claims 1 to 8, in the field of semicon-



t he used hydrogen fluoride has a netal -ion content of |ess than 1 ppb per
netal. 5 6. Method in accordance with any one of the clains 1 to 5, ..
characterized in that the highly pure solution has a netal-ion cont eﬂ]t7 04 2052
| ess than 100 ppt per netal. 7. Use of a highly pure solution, produced in
accordance wth any one of the 10 clains 1 to 6, in the field of

sem conductor or electronics industry, -aidad ytic chem stry, or

pharmaceuti cal or biopharnmaceutical applications. 8. Use of the solution in
accordance with claim7 as an etching agent in the sem conductor and

eRLﬁgtl—{ 3}8' gj NI Bisbastt 4yl el debronF ifidsiN . el yAés, Br Phdkmabéutdal Slbibpined@iST!

zupkf a\ W ca] calipdedteerisca] ca] cal] ca] ¢: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] caU] ca] caUca] cal e

: 7+$YO>KQO0} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] P@l’&@ﬂl?aﬂh%&hg}ﬂ éﬁ]pﬁ@hﬁ&k%d@&h%c&rﬁ@nm With the method as

P11 s d" " #a###MPSS! 984 xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]
ca] ca] ca] c] ce§rcth eagsen] wupaiigncat osbd a3 kP ng] aesnsaetde eaduariages are' ) C) ) ) 5
*frE 4] 40+, | } < ] cajcalc
a] ca] ca] ca] cabl Caﬁ plle]dcwg$ 2k ?esgi oﬁ?a}]%gﬁ%tctﬂ}x ea% Ctﬂ% @r}tgrg] Cfaf}e%g{y‘d?‘c]
1>1233566667} gati Aseridad<inChle @GBREIONE khir Gt Tapbfoibivhet X b]oajam] eale ] 6] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca cal cal ca] ca] ca
] cal MWNpmpi{oﬁ eeiterafythe highly pure’ammonium fluonide solutions.

[ GaJ oal e cal 7% ) €8 Satied) PR PR RCON BN EBROR VT ol x

\] \\"_adl(dlddxg(rmyaéklwsmﬂmib\f] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ee*ff%gugghMhhhGiii
ijPjjjjkk k~kkl Al'l'l rf mmVn{upkfa\W ca] ca] ca] ca] ca] caV]ca]ca]ca]ca]ca]ca]ca]
cay ca] ca] ca] gaMaa galtﬁ%?@m%caltroﬂ] A& radeals e Al ok RbGHAMbB0,
08o0@Eo0JoXoo00q' qsqqrrr +s S;

ttttttJIJuuudv?whichgh glne]rh@t]amr]ddad tha Jhegill e pire apbatipo Feoe] wad eapthingadeeal]ica] ca] ca

|
|l cal cal cal gal gal Sah cal nalqal s gy o2 oal cal vikwanEodoXoooq' sagr v +

ttttttJuuydv?vv{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca

] cal ca] ca] ca] ca] ca] ca] ca] c*a] ca] cal] ca] ca] ca] ca] caRuhl *° LlO%ﬂ,L& ()- @&10%| &
"() - Z10%4| & ) partioder, Bie(highdy pure solutions made in accordance W1th the method as per

L A B ) TG, U AT, )

()-) 1094 & () mefaliQ¥#kiGués oxj& érﬂt@%xl:brie&eél)iués]m 9@l @tind within'@e frafe-/ 104
104| ! <10%| & () - &9210%4| & ()- &@10%4 & é) &510%| & ()-310%t| & ()-110%4 & ()
-<=JNuuV4/ 10Werkeef proguang wafers. With regar to this selectlvxty, the method as per the

%gg%y %‘o Lfﬁ%&%@g&% iéd ca %%r%%ui%@%@%geuk%%g%&ée h%%%ct}& O%}\%g' ()

e :mV 310% u&b¢ ):eriltfi%ed&ar(mn@ome% bgti(e) mtehﬁ%a]&d(lbtl-oﬁlc(f%mkfér(r)aadtwﬁ‘@%as& O)-

such as hydrogen chloride or hydrogen bromide; their use has already been de-

scribed above.

25 In anot—her embodiment of the method as per the present invention, water can be
mixed into the highly pure solution for affecting the etching selectivity. A consid-
erable advantage of the method as per the invention is that the highly-pure solu-
tion is water-free, e.g. in producing a highly pure ammonium fluoride solution in
using gaseous hydrogen fluoride, gaseous ammonia, and water-free solvent, and

30  that an extraordinarily precise and reproducible water content can be set by inten-

tional addition of water after the production of the highly pure solution.



10@ 10@ 7+dEmN 310% u$10% u&' ()-!10% u&' () -,

110% u& ()-10% u& ()-!10%.u& ()-110% u& ()-+$YCaBmV 310%810% u&' () -! q'fg‘(I]&P%ﬁZ
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& ()-- ./ 0=A bC310% 10%& ()-910%& ()-'Z10%a& ()- 10b 10b

10b@10%& ()-9610%& ()- ! _!'!11S"'dERC310% 10%@& () - 10%& ()-lefV@E (0)-
109%& () - &10@c?grsq!0b/@15(o) pogs@le't#@gggag;mw@n@)to the solution after

Tovia (). ve1ouEse e S Vbt ey in el b AP Y URBAER PR REC 0
L0@L0%GE: () - EaRQUEK, binohid OUEK, (hat HOWGE (omerd HIUBEANHAOBABGOced’ ) O) )

)xY:/ 10@0%0& ()- 10%0& E -F 1096 (?1- L10%0& () -910%&% () - (Z10%0% () -
10@ 5*f * * +5+1 +¢fm; be 3af @@@cisely and based on the water-free solution. Examples are, among

0, ! - 0, ! - 0, ! _ 0, ! - ! - 0, ! - .
ig &?51(12) Wég,/f%ftpgs f%%g&fé % f.};Qp/ﬁ%%pﬁéncl%’{é?%q(&ods%é%%h(o)nc- 268 bor laguediE /
10908 () - & 109@&aéin- SH109%0% () - & 109%0% ()-, M-@....aB7/ 10@

100F 810%08 () - &610%08 () - 8510908 () - &310%0% ()-!1.! 10%00& () - & 10%0& () - . .
...180;1j K/ 10@ 100f 10% u& () -39 10% u& ()-! 39

ig;yﬂéilgi! (1 %W ég"c/ﬁl&l ] @%%?ﬂig%%% gr&%&ﬂ%f@%ﬁ?&éﬂ%ﬂmi%&@t least one sub-

110% & () t0 ! 1986aeHs 8dded-thOBe watef-fred S6l56M66 AnSiditional educt to hydrogen fluo-
109L10%& ()_r%gé%o;{ﬁ:giég _tkleréLuOrOéf:gagt%\;e pg%gxft\ilés of the highly pure solution, among
others in use as etching agent. Therein, appropriate polar as well as unpolar sub-

stances can be used in principle. Examples are, among others, aliphatic or aro-

matic amines. Aliphatic amines with a chain length of 5§ to 12 C-atoms are pref-

15  erably used. The mentioned amines may be substituted, if need be, wherein OH

groups or halogenide residues are possible substituents.

In order to guarantee the required degree of purity of the highly pure solution, it
may be necessary to purify the at least one substance, affecting surface activity,

20  prior to use. Herein, all appropriate methods as per prior art may be used.

The following examples are to explain the method in accordance with the inven-

tion in more detail.

25  Examples:
Example 1: Production of a solution of hydrogen fluoride in ethylene glycol
800 g ethylene glycol were placed in a 1,000 ml batching container. By means of

30  an injector, approx. 80 g water-free, hydrogen fluoride was condensed and dis-

solved in the ethylene glycol. Therein, the increase of content of hydrogen fluo-
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Example 2: Production of a solution of ammonium fluoride in ethylene glycol

10 A 1,000 ml batching container was inertisized by rinsing with nitrogen for 1 hour.

Subsequently, the process as of example 1 was applied.

Gaseous ammonia was introduced into this solution of HF in ethylene glycol,
wherein the molar ration of ammonia and hydrogen fluoride already introduced
15 amounted to 1 : 1. Therein, the temperature was controiled in such a way by ex-
ternal cooling and dosage speed of the ammonia passing-into that it did not ex-

ceed a value of 30°C.

After introducing the entire amount of ammonia, the solution was recirculated for
20 30 min while cooling was switched on. The achieved solution had a metal-ion

content of less than 100 ppt per metal.
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5 or a salt thereof or a mixture of two or more thereof, wherein the hydrogen

fluoride is introduced into at least one water-free solvent, wherein hydro-

gen fluoride is introduced into the at least one water-free solvent in the

form of gas or as liquified gas or as a mixture of gas and liquified gas,

characterized in that at least gaseous ammonia is used besides hydrogen
10 fluoride.

2. Method for producing a highly pure solution containing hydrogen fluoride
or a salt thereof or a mixture of two or more thereof, wherein the hydrogen
fluoride is introduced into at least one water-free solvent, wherein hydro-

15 gen fluoride is introduced into the at least one water-free solvent in the
form of gas or as liquified gas or as a mixture of gas and liquified gas,
characterized in that at least gaseous hydrogen chloride or hydrogen bro-

mide or a mixture thereof is used besides hydrogen fluoride.

20 3. Method in accordance with claim 1 or 2, characterized in that the at least
one water-free solvent is a polar solvent.

4, Method in accordance with any of claims 1 to 3, characterized in that the

at least one water-free solvent is chosen from the group consisting of

25 polyols, carboxylic acids, derivatives of carboxylic acids, organic sulfur

compounds, aliphatic or aromatic nitrogen compounds, and mixtures of

two or more thereof.
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7. Use of a highly pure solution, produced in accordance with any one of the
10 claims 1 to 6, in the field of semiconductor or electronics industry, analytic

chemistry, or pharmaceutical or biopharmaceutical applications.

8. Use of the solution in accordance with claim 7 as an etching agent in the
semiconductor and electronics industry.
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