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integrated circuit manuf act uri ng. Alarge tion of the steps in

moder @ i ntegrated circuit manufacturing are cl eanup steps of one kind
or another, such cleanup steps may need to renove organlc con- 10
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I nportant source of contam nation LS I npurl e process chem cal s.

Si nce t he cl eanups are so fre bcal , contam nation due
to cleanup chemstry is very undesi rabl e. The extregsﬂaukity
| evel s required by sem conductor nanufacturing are rare or unique
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BA: OUND S ARY OF NTION
The present invention relates to semiconductor manufacture, and particularly to
systems and methods for supplying ultra-high-purity HF and hydrofluoric acid for
semiconductor manufacture.

Background: Contamination in 1C Manufacturing

Contamination is generally an overwhelmingly important concern in integrated circuit
manufacturing. A large fraction of the steps in modern integrated circuit manufacturing are
cleanup steps of one kind or another; such cleanup steps may need to remove organic con-

10 taminants, metallic contaminants, photoresist (or inorganic residues thereof), byproducts of
etching, native oxides, etc.

As of 1995 the cost of a new front end (integrated circuit wafer fabrication facility)
is typically more than a billion dollars ($1,000,000,000), and a large fraction of this cost is
. directed to measures for particulate control, cleanup, and contamination control.

15 One important source of contamination is impurities in the process chemicals. Since
the cleanups are so frequent and so critical, contamination due to cleanup chemistry is very
undesirable.

The extreme purity levels required by semiconductor manufacturing are rare or unique
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PCT/ US96/ 09554 anong i ndustrial processes. At such extrene purity
| evel s, handling of chemcals is i nherently undesirable (though of
course it cannot be entirely avoi ded). Exposure of the ul trapure

chemcal to air (particul arly in an environnent where workers are al so
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particul ates, an resu ting 5 contamnation. Shipnent of ult rapure
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The reagent SN RURARES, ‘gﬁ?ﬁ%ﬁ%ﬁ%epara EERA Y by, i Feinnd

where 10 §r contaminatino: Shipment of yltrapyrernhemitelsdn closed containers isistillhnas ideat singé
pi pi ng for ulti.érwlng.g.lfaughtm amaﬁmmhtme'ﬂ%uﬁ&%%}w@%mg&d in

the sem conduct or St 0 Nnpsi gasses an gui ds can be
transported tMomgaYeEs W&F%@&P %@?%%S“%rﬂ"&ﬁ’fm@ lprge guantitypfwafers.
glﬂ I ding (or smeermmy édh%snwﬂi&l/&ltbﬁ): cheriieals are cr:)mnWiil \lﬁﬂﬁﬁlﬁerﬂ;ﬂnductor
rocessi ng _running techno a S |
Cen Condust orPEENAS: 3 Fafest swip £l Vol £ EBaled S Yo et g

bet ween diQ dimht-end workstsess present.| Gommqon@oémm@anmrdfplpmg for q]a'a-dughspmty

pl asma- phase 636 bl \iuidP B Will-GRiltsfbol &sﬁg%{] ahd: @
variety of liquid readents are use urposes such as et |ng S| |con

di oxi de or rém#ﬁgnkemwn%wmfueﬁ hers in the same building or

trace organi qofévehdfiithoginte sitt TOVi ng rret aI S or trace organic

contam nants, etching silicon nitride, etching silicon. Pl asma

etching has nany attractive capabilities, but it is not adequate for

cl eanup. 15 Theé!_umm&mmm | abl e cheni stry to renmove sone of the

nost undesi rabl e iGHaF tHelléiik- bamIRS €S

SRR b, b i o M T g
performed wi tgaseohs bopiasnaiphase redczants, comedini mnuotwdhltkecwtfﬂ f I wet\prcessing, HY
Y T M Lo e A A R,
i ncl ude: pBRotmgtes pxide layersy semoving orgenie matsrials,en (are organics eaptaminants, (FenpYies
earths (e.g. rAcAlS ot ey orgl(é Eoritathihants) Rtthingilicon Ritfil& etching silicon.

Plasma etching has many attractive capabilities, but it is not adequate for cleanup.
There is simply no available chemistry to remove some of the most undesirable impurities,
such as gold. Thus wet cleanup processes are essential to modern semiconductor processing,

25 and are likely to remain so for the foreseeable future.

Plasma etching is performed with photoresist in place, and is not directly foliowed
by high-temperature steps. Instead the resist is stripped, and a cleanup is then necessary.

The materials which the cleanup must remove may include: photoresist residues
(organic polymers); sodium; Alkaline earths (e.g. calcium or magnesium); and heavy metals

30 (e.g. gold). Many of these do not form volatile halides, so plasmaetchmg cannot carry them
away. Cleanups using wet chemistries are required.

The result of this is that purity of process chemicals at plasma etching is not as
critical, since these steps are always followed by cleanup steps before high-temperature steps
occur, and the cleanup steps can remove dangerous contaminants from the surface before

35 high-temperature steps drive in these contaminants. However, purity of the liquid chemicals
is much more critical, because the impingement rate at the semiconductor surface is typically

SUBSTITUTE SHEET (RULE 26)



30 (e.g. gold). Many of these do not formvolatile halides, so plasna

et chi*-ng cannot carry them away. C eanups using wet chem stries are
required. The result of this is that purity of process

chem cals at plasma etching is not as critical, since these steps are
al ways foll owed by cl eanup steps before hi gh-tenperature steps occur,
and the cl eanugysdspaRggzcan renove dangerous contam nants from poruUsasobssac
bef ore 35 high- terrperature steps drive in these contam nants. However,
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many ot hef @?PEGP’&‘?“H’&E

undesi r abl e coRteatratichs tveel]l Bélow 103cndt Mwmen;cs@arufnhmless dmabla\centammmns
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desi r abl e 180 rtoncsntrations of the be diigher. dn the siliconthans injthg é@ﬁu% in
contact with yy mm&m&bﬂbﬁaﬁm@ﬁs,tsbe

MBPAEIE
Vor cover . sortbalh n%&&e%@ma%ét‘oééﬁ?ﬂmi Eﬁ%@w‘é&%f%ﬁw@ e allowhege on

coefficients cosafannnams tbhnlﬁzsemgwut,rmﬂudmg jmctiordlopations whetecthese contaminants
the silicon vva.fller Wil | tend to all ow t hese contam nants to diffuse

t hr oughout , Fiction | ocations where these contanj nants

cause | ealliige. 15 Thus 1 liquid o MMM’O%M@MWW&WBM@@H a
sem ConductOLP f Iy [BRE ekflemely 1o&ﬂ&&ﬁramlrmmwensemmlwmbwdcmﬁ ofllal |
rerera

NG s e A 10 el oafl o siop L Rl AT Y B o9 ©

one netal , armhelmetd mlﬂesbbeulﬂéttbcna MW;WWMMWMMWWS

and cations :@hﬁ E[H%Js m%;&s
effects, e.g. corrp exe |ons %3 re uce t Sr{?g netal atons or
ions in tR8 smey redrce tatmebile !5‘ atoms or ions inth °& ilities norrrally

i ncl ude on-site pLFrbﬁtlﬁatfhaMﬁmlﬁﬂl‘y i‘nﬁlhd@bf—ﬁ&r pirlftwuaf systems foi priepapationtof
water (referred @O water (refomed 1o ad "BI” Wik 12 EoBki™Nbter)MEWEr, it s thore

mor e
difficult to obtain process chemicals in the purities needed.

25 Ammonia Purification : .
The present inventors have developed a method for preparing ultra-high-purity
ammonia, in an on-site system located at the semiconductor wafer production site, by:
drawing ammonia vapor from a liquid ammonia reservoir, passing the ammonia vapor
through a microfiltration filter, and scrubbing the filtered vapor with high-pH purified water
30 (preferably deionized water which has been allowed to equilibrate with the ammonia stream).
This discovery permitted conversion of commercial grade ammonia to ammonia of
sufficiently high purity for high-precision manufacturing without the need for conventional
column distillation. The drawing of the ammonia vapor from the supply reservoir serves by
s itself as a single-stage distillation, eliminating nonvolatile and high-boiling impurities, such
35 as alkali and alkaline earth metal oxides, carbonates and hydrides, transition metal halides and
hydrides, and high-boiling hydrocarbons and halocarbons. The reactive volatile impurities
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difficult to obtain process chemcals in the purities needed. 25

Ammoni a Purification The present inventors have devel oped a
met hod for preparing ultra-high-purity anmonia, in an on-site system
| ocated at the sem conductor wafer production site, by: dr awi ng

ammoni a vapor froma |iquid ammoni a reservoir, passing the amoni a vapor
through a mcrqolhlelams on filter, and scrubbing the filtered vepwsocnossa
hi gh-pH purified water 30 (preferably dei oni zed wat er which has been
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and hal Qcarbo% e rg’ac Tve Vol atiTe m%urrrtres
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as certain transition ng , G oup III metal hydr| des and
" halides, certain Goup +virretrdes and hal i des, and hal ogens.
previ ousl y1@ hought The)ptemuammmdlsdlms Mmdmform@ﬁmt 0

be capabl e of chemi %:%ﬂ&b{;ﬂﬂ: s&‘ﬁiaﬁﬂ Sanded ﬂié&ﬁﬁecil?r
hi gh- preci si on opera | ons I'S a very surprl Si nngﬁ‘gcoa\sgey si.nce
scrubber t echiwthegpintsofiuse,(The Gisclosed systesns are very located in

macr o- scal e, ﬂ%&ﬁfewmagasﬁmnsaﬁl@mﬁpwmmldmg),somanmngmvs;dsaerrs

and Met hods for Sep conduct or uf act ur|
Purification 10 ﬁ, 8' ﬁ "ﬁ}de&ﬁ %ﬂ) |p5%°g§°%'oses sysc?ndms ang
net hods f of5 pmupxgr dt lscnvevfhehlhmglupmpeﬂant for deglaze (6 &/ rsmoyal of thin aativg oxides) and
sem conduct or g ?&Hfﬂhl'%né 'IHé alsdCa nhliﬁif stafiBar@SweticRBes fbr ristlopir
to the points of use he léﬁiic')s stegtsgo_hre er gﬁ@”rp%'%t uni ts whi, gg
can be | ocat e@tching OthWWSSéFE’bu i B rscﬂ‘i’itg 3 parts goetigagil ¢
bui I di ng), so that ARaibdi abgvd, aha\peasemdnvenmrs have dxscovd::l;dirmdthodsrand systems fariF)
is an inportant pro S em.cal in. Sthese
I s overwhel m R&ff’g"ﬁ‘?n’g lhgﬁt §' E‘ . €. rem)va oﬁﬁtt t?léndlﬁ%dﬁ%g
oxi des) an2p meﬁwﬂsﬂnfbﬂmsm m‘ﬂ -high-purity hygrofluedeaRithent  of
standard wet et Che%nﬁf&roﬁs%ﬂ*fs%x&llymanufacmred by the addition of sulfuric acid to fluorspar,
CaF,. Unfortunately, many fluorspars contain arsenic, which leads to contamination of the
resulting HF. Thus arsenic contamination is a dominant problem with HF purification. One
source (from China) contains minimal As and is the optimal raw material for Ultra high
25 purity HF. HF manufactured from this material is available from Allied Chemical in the US.
Other impurities, in conventional systems, are contributed by the HF generation and handling
system. These impurities result from degradation of these systems; these systems were
designed for applications much less demanding than the semiconductor industry. These
- contaminants must be removed in order to achieve good semiconductor performance.
30 '
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etching of silicon (e.g "CP4A," which is 3 parts HF, 5 parts HNJerr], and
3 parts acetic acid). As not ed above, the present inventors
have di scovered nmet hods and systens for preparing ultra-high-purity
amoni a. It has now been di scovered that a nodification of these 20

met hods and systens can be used to prepare ultra-high-purity hydrofluoric

aci d. ,Pgm.prous HF is typically manufactured by thgaeiekbéssp Of
, : wo

sulfuric acid to uor spar CaF[err]. Unfortunately, many fluorspars

contain arsenic, ' J ds > 5 G2 ' gtlon of the resul ting HF.

Thus arseni c cont problemw th HF purification. One

source (from Chi ndhedBipratessilow includes abatehrprotess arsenicremoval and mpmmstcge.f or
U tra high ZQﬁmwtmgldamddﬁofa{wéaﬁ&wm.ﬁx %&Wﬂoﬁ@l‘&iﬁébohﬁm%

fromAIlied Chemcal |nthe her uritige entlo
systews, ar e OBAMIRAY "Fﬁ@yﬁgf&éﬂ GHBBWd 'ﬁ&c‘% @#)

These i rrpu5| ties rﬂ-seﬁdwﬁkhermdey:émahc@ﬁsukm&hddns&ebmmﬂnﬂgdmﬂhﬁbs

\é\gnecenduct or |ngus‘§ Gﬁ'ﬁ“’ﬁ% coﬁt argmsé%s%ctgmlabe rem)vegkﬁd’n oKldlg? to

achi eve good @M%MW&W‘M’H mpl’ocessas'thlsmon is slow and sufficient

4 time for contfie@ i 8 allowed before the distilation takes
PCT/ US96/ 09554~ o© on takes place, This process requires

i cati,on and Vaporj.zat| on
The FE pr oco SmBRJies At permianalys| bt sesiemithl sipecaitpe. T Meamaletemon
evapor ati dh <h ageontinuous profess souldrwtmirey highl temperatrescund \pressired (wridesivable for
- inmpurities,
: rgpmved by the #’&%&eﬁ) #?gg%’gwmg aﬁ;ﬂﬁpﬁ&s% Hiilga@hppll %
Arsenic vill betshampesss evporatr vRsel i would be feawd it an qwidant while stmiog
di still ati on gyjtable f4ctidhiméldi ti on of an oxidant (Kvh(err] or

(N sl 1 K er 1 Aci 9 s ey cBed i seneoniie o thomtal it remoning el

sl.ow and $%if fof ¢heemetallic impurities. Elements showing sngmﬁcant reduction at this step-include:

#lng

Group 1 () Na,
Group 2 (II) Ca, Sr, Ba,
Groups 3 - 12 (IIIA - HA) Cr, W, Mo, Mn, Fe, Cu, Zn
Group 13 (1II) Ga,
20 Group 14 (IV) Sn, Pb, and
Group 15 (VII) Sb.

This fractionating column acts as a series of many simple distillations; this is achieved by

packing the column with a high surface area material with a counter current liquid flow thus

ensuring complete equilibrium between the descending liquid and rising vapor. Only a partial

.25 condenser will be installed in this colummn to provide reflux and the purified gascous HF will

then be conducted to the HF lonic Purifier (HF IP). The HF at this stage is pure by normal

standards, except for the possible carry over of the arsenic treatment chemicals or the quench
required to remove these chemicals. :

The HF IP will be utilized as an additional purity guarantee prior to introduction of

30 the HF gas into the supplier systems. These elements may be present in the treatment

solution or introduced in the IP to absorb sulfate carried over in the HF stream. IP testing

« has demonstrated significant reductions in the HF gas stream contamination for the following
elements:
v Group 2 (II) Sr, and Ba,
35 Groups 6 -12 (VIA -TIA) Cr, W, and Cu,
Group 13(11I) B,
5
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time for conpletion nust be allowed before the distillation takes place.

Thi s “process requires contact times of approximately 1 hr at nom nal
tenperatures. To achieve conplete reaction 10 in a continuous process
woul d require high terrperatures and préssures (undesirable for safety)

or very large vessels and piping. In this process the HF would be

i ntroduced i nt owd9smies7 bat ch process evaporator vessel and wolpcqagshdssat ed
wi th an oxidant while stirring for a- suitabl e reaction tine.

The HF is then di sgioly q?m,g a fractigpakjingzcolum with reflux thus

renmovi ng the bulkq;}g*’o the netallic rkr%'u%dtles El ements show ng
significant reduct$9APdS Vhis step i i ude: Goup 1 (I)

Tg;(IIIA ilmnﬁbﬂpseel&hédwmuxﬁd&nadﬁﬁmn§ﬂhe&cmmmonsugmelll)p Y -
Ga, 20 Qs ﬁwﬁ“ Sotunti widig from their gxcess in ¢hs reatrocnt canbe
15 (V1) 3 rectnﬁedatth:sstng This fractionating colum acts as a
series of many sinple distillations; this is achieved by packi ng t he
colum with a_hi gh surfgce grea rraterlal with a counter current liquid flow
t hus ensanerf Descriptign of the Drawingm bet ween t he descendi ng liquid and

rising vapor. Onl yrhe disilésedlimveRtci AN BE 'deiribbd Iemoeqameawcng}g@%

to provide reflux an urifie gaseous HF, wi | hen
to the HFmMH- d#'eg (gnt (fample epbadiments;ofythe inyention cand
st andar ds 10 exinenpporéted mﬂe spaemaﬂbxehmﬂby refepence)fwheftin: ar seni c t reat rrent

e et b w1 | "o HHPRRIL s ah MUt bR kit 553 PRI oo cf e

i nt roduction WWWM@as [ nto the suppl [ er systems These el enents may

be present in the Fgait1AEdows dein% CenibodinfenfBE O P
sul fate carri d élﬁlan t he ngnst regn I Pﬁ?leg%cl ql’}gﬁqhas denonstra egfs
significant r P?ﬂémf‘?f ions, ypergin highepugity, avseni %FFH"??Q ydrofiperic aqidisrused 8 ng

el enent s: IS ﬂlebulksmmn’imatmal (rn) Sr, and Ba, 35 G oups

g 12 (MIA - 11 A Figdre 2Ms 8"Hlock"diagram of a senuco@&lﬂ:w éﬁé&h& line to which the

WD 96/ 41687 Purification unit of Figure 1 may be directly connected.

PCT/ US96/ 09554 ' G oup 14(1V) Pb, Sn, and
Detailed Description of the Preferred Embodiments :
20 The numerous innovative teachings of the present application will be described with

particular reference to the presently preferred embodiment (by way of example, and not of
limitation), in which:

HF Purification On-Site
- 25 Figure 1 shows an on-site HF purifier according to a sample embodiment of the
: disclosed innovations. ,

HF purification is accomplished by first oxidizing arsenic into the +5 oxidation state

and fractionation to remove the As*> and metallic impurities. See US Patent 4,929,435,
- which is-hereby incorporated by reference. A variety of oxidizing reagents have been used
30 for this purpose, as shown in the literature.

Fluorine (F,) has been shown to work (by the published work of others), and is
regarded as the presently preferred embodiment. F, requires expensive plumbing and
safeguards, but has been shown to be workable. '

An alternative secondarily preferred embodiment uses ammonium persulfate

35. ((NH,),S,04), which is conveniently available in ultra-high purity.

.6
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Goup 15 (V) Sh. Many of these elenments are useful in

addressing the As contam nation suppression. Any carry over in the
distillation colum arising fromtheir excess in the As treatnment can be
5 rectified at this step. Brief Description of the Draw ng

The di scl osed inventions will be described with reference to the

acconpanyi Ng  weoosa1é7aW Ngs, whi ch show i nportant sanpl e enbpoTwsss9ssaf
the invention and which are 10 incorporated in the specification hereof

by, reference, whegein E| SidfeE: §%%§ eh@dH bthéd €F
according to a sahbgeé’e'eahbo Y’h’d?d? dube |sc osea&'n nir.lovat Fggé;
Figure 1A shomdlt'masomludetlio@;lmmﬁg fier according to an alternative '
enbodi ment  of k&aﬁﬂmlxama@a@amﬁewmmpwmwmduces

e e, s ranc 3,4 e B it s it

fabricati g lekplesiteo Qtlmhpﬂdns include HNQy arid Gatbmrbomftﬂ!w uﬂogm
directly Con%@ﬁdseparam}out. ed o Of D5 frletaBid Qi?od?.f:sﬁ&easa‘iﬁ&?ﬁiﬁducnon of

Enbodi nent s rous |nnovat|ve t each of the_present

appl i cati on wetal qgtionseduy ftnis stillj desirable to achicve; anign, rlemlbq S§-h Jmitaal
presently prefRidu@ibn ot ¥sbinS il aawtowwa& ofthe{ohit, puifidation

Shove an_on.si t o AR SiEmehip colabippta e € piedd sﬁsw@zé?%’ntm‘?d%ﬁsgﬂe '

di scl osed10 nlpﬁapaianomafultrapmeHF usmgaﬂ-ﬁtqalmlsfomdammep ot theic plapt inGrismas\La.
first oxidi z W‘f&{% Infidert iffefitors, but Aled!s Eecedsiipmas | on
an IC |

to renove the er TTB, gls See US Patent 4,929, 435,
whi ch is her stppeqt senfirms the, workakili n‘?,f'éi‘e dBVERensyy i i zi ng reagent s
have been used 3RMHA®) is idies st Pérfventional oRidunt, |andtxhqxedmarmmeeuseab1e for

o' oy Eee'”nitﬁ”“@g‘g%l@”%r%to Gl B, ol fm.

- expensi veljl Howewes, thiskeagent impoaésaubstantial huudennf sations on theqrifieto SR mefsl-
An al ternati WW% pref er r ed enbodl nment uses anmoni um persul f at e
Tt 6D S put 1 £y an ahrmaive eidimet, gy 90 hich i SSeB s e
can be used. Such low-arsenic matenal is expected to be available from Allied as of the
third quarter of 1995, and can used, in combination with an on-site ionic purification process
20 which does NOT include an arsenic oxidation reagent, to produce ultrapure HF on-site.
The HF process flow includes a batch process arsenic removal and evaporation stage,
a fractionating column to remove most other impurities, an Ionic Purifier column to suppress
contaminants not removed by the fractionating column, and finally the HF Supplier (HFS).
Arsenic will be converted to the +5 state and held in the evaporator dufitxg distillation
‘25 by the addition of an oxidant (KMnO, or (NH,),S,0;) and a cation source such as KHF,
to form the salt K,AsF,. This will be a batch process as this reaction is slow and sufficient
time for completion must be allowed before the distillation takes place. This process requires
contact times of approximately 1 hr at nominal temperatures. To achieve complete reaction
in a continuous -process would require high temperatures and pressures (undesirable for
30 safety) or very large vessels and piping. In this process the HF would be introduced into a-
batch process evaporator vessel and would be treated with an oxidant while stirring for a

* suitable reaction time.
The HF is then distilled in a fractionating column wnth reflux thus removing the bulk
J of the metallic impurities. Elements showing significant reduction at this step include:
35 Group 1 () Na,
Group 2 (II) Ca, Sr, Ba,

SUBSTITUTE SHEET (RULE 26)



WD 96/ 41687

PCT/ US96/ 09554 In general. oxidizers which do not
i ntroduce nmetal atonms are preferred. Thus ot her candi dat es i ncl ude
Herr]Jerr] and Jerr]. A less preferred candidate is

Caro's acid (persulfuric acid, Herr]SJerr], which produces

Herr]derr] innwg@kiieepn). Another option is Clgerr], but thircThEseseoisss
severe di sadvant age of bei ng 5 explosive. Other options include

HNOJ err] and C [er ﬁAQfImﬁeeewquaoﬂg’cpemgﬁs whi ch

must be separ at ed zlﬁﬂuctlon of non- taI l1c anions is not as critical
as reduction of cations, b Is still desirable to

achi eve anion | eveGmnprl(I}i))b or less. | niSn'.Rb and i ntroduction of

ani ons thus adds t@ﬂHﬂelD Gﬁﬁ on the ionicgyrification stage. )
0

Al'lied Signal, ion with the present |nventors

denonstr at ¥ Mmﬂng column astsca5 A 5eries,0f ANy Simp! MWS’ @Ssl‘ﬁg"hﬁ’ed by
initial As OX'ﬁa&ﬂﬂeaéldhﬁmém@wmm&eﬁalﬁmmﬁmt liquid flow tsds|

steps of this process gre kngg_&m gsenh an{ve.ﬁto S. but ciylle?dpatsl'“%
m %

success in t hjegsuring compiete
di scl osed i nvedhdensss will be mstalledmthls coluﬂib/l:(iremﬂ]: reflan i theputified gaseons HErveill

oxi dant, and i € Hﬁﬁ?ﬂrﬁieﬂt §t9$b’ f
fol | owed by tﬁé ﬁ’”g?oseg P ONi C puritier Ilil: sfrﬂle%!téllg B hﬁ%&n%ﬂnél
However, ths smadg&m:xdemfoe@s possiblaearmy overaf W‘@&é r?l' gquguench
purifier, so Fedifiedio fenfdVe these chemm@(l di zer is preferred.

0
[ an, a1 ernat Ve ol g v NP 9o s PSR b
be avail abl e ftlie)m-‘ﬁgdslm the sqﬁplkhsystems Theseteiunedtsquqr be presént i ok trea’meman

used, in combi &:f&dmwu%m&aﬁ rch&ie&%ér%tﬂﬁ?%ﬁ&m 1P ®&ling

whi ch does an arsenic oOxl atlon reagent to pro uce’h‘g ha e
HF on-sitels d signifigaat sefuctiopinthe T)#" @E’g
arsenic rermvaﬂen@agz evapor ati on stage, a fract [ onat| ng colum to

renove nost other pypurdties, an lonig Purifier colum to suppress
cont am nants not r%?ejdh the fract %‘drﬁép colum, and finally the HF
- Supplier (HFS). Groups6-12 (VIA - IIA)s efr.cWwiand Gye converted to the +5 state

and held in the ev Ripduring disgillation 25 Dby the addition of
an oxi dant _( KMhQ ere?‘fH NH[err])[erE,LS erqé(lerr]) and a cation source
such as KHFYerr] %o formthe err]AsF[err]. This will be a
batch process as t Gréup' mgt)l on is sl osband suff|C|ent : ti rre for

COMD ot | o T ML Sl S S UL 0 e
process requir cont act Imes 0O r oXl mate Yy t nom n

t enper at ur es. Y averi isvtbe distijlation copump arising from their excesy iy tho A |“ﬁ€ﬂﬂ?§?ﬁn ess

woul d require Biiied aEilhed. Ur es and pressures (undesirable for 30
safety) or $/ery | arge vessels and piping. In this process the HF woul d be
i ntroduced®?nto a batch process evaporator vessel and woul d be

treated with an oxiFigure Tahshows sn ionssit HFfnurifier acgordinigte an alternativeg epbpdiment of
The HF is t hef}hggﬁaaéehmsmgwﬁéa QALHuRSy S SnicHdidel hyd@fbotic dctlis used as

removing the b metall1c inmpurities. Elements show ng
signi ficant rechebulkstarting materialst o j ncl ude: 35 G oup (1)
Na,

30 Wafer Cleanin
- Some cleanup stations in ‘a-conventional line for semiconductor fabrication are
depicted in Figure 2. The first unit in the cleaning line is a resist stripping station 41 where
aqueous hydrogen peroxide 42 and sulfuric acid 43 are combined and applied to the
semiconductor surface to strip off the resist. This is succeeded by a rinse station 44 where
35 deionized water is applied to rinse off the stripping solution. Immediately downstream of
the rinse station 44 is a cleaning station 45 where an agueous solution of ammonia and
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Goup 2 (I1) Ca, Sr, Ba,
7 ' SUBSTI TUTE SHEET ( RULE 26)

WO 96/ 41687 ,

PCT/ US96/ 09554 Goups 3 - 12 (II1A- 11A) C, W M, M, Fe,
Cu, Zn Goup 13 (I11). ) Ga, G oup
14 (1V) wo 9sa16s7 SN, Pb, and Goup 15 (V1) pcrmusosmesse

Sb. 5 This fractionating colum acts as a series of many sinpl e

dlstlllatlon CKi
surface area %%QME&%%%&;%IEF cu?‘?‘g‘n%s{;&l ﬁgowt W t eﬁlﬁs}ﬁrl ng
conpl et e equigdueus ARRANiA3k is eqmabineds with @RvReUS hwvgfnamowes%gm#abbresulm y a

parti al 1BIX0HE 93 & divdclel] 16 thel didahihg| sBitioh 35! i the Ged ghle6\s dhfmdn®d 321X
and the pur|f| t he to the HFE.loni

HE wi || b
Purifier (HF E)c‘ib!gﬁﬁ S W%lbé’d?gngE‘H%mﬁ'g’C%yn&#Bm § sindifar HH’&P”&‘@
except forSt hdnpbszsl likewisen rdirgcted eto - diie tdhnnmgsstaﬁan t45eat anﬁ cléaned cwitls tbe
t he quench

will be util ia{nelg %8?9”. ona¥ urliy; guarantee pFIOI’ t?gs?c §§§ On of

the HF gas i rﬁoowlp% gtawm werslfmlwé o Tereave the elganing solutipn, The r!\§§'e§\%“°m$4 he
treat ment ﬁmﬁ&ldﬁahﬁg stifion 52 rvﬂﬁi#?ﬁﬁeb& sonﬁohfoﬂhymm aidl $524f8 BAfdgeed

the HE 'r. | P d d f

educt fons 1 1P Soubfgl Ao SrpLed Retot SFRPORIOFRE Syt A her cloaning.
el enents: 10 Thls is follow@lmmﬁﬂal(riﬂsé station 57 where d€ionizedhwatBnis applied to remove the
€} 6 -12 v

5 05h8 a%d}w ! b)tdglaze\%ngﬁ"% e Wmm@mwag@m% v\
Sh. Nanwfcmuvmers@h@l oxidlerfilm)ar The,dibute jbuffered hydreflugriecpcidhis snpplied dlrectly,
cont ani nat i ORPUBE sk Pﬁbm the generidrY700VAS ddsEribleubBVeS ithe teddrv@P 72 BblEM

Step. 95 ommgy&meﬁ%e@w i o o o o et he SR BT A o
al ternati ¥® egrherdior 701 Peéferably gasdoas ainmohiasie dlso bobbled intogenerdtar76i 1o provide a
hi gh-purity md I&gﬂcﬁq .BXQMJ h&gﬁbgﬂ @Sié’;s' addd ‘t:‘oda&ﬁeve the desired dilution.
This is followed by a rinse in ultrapure deionized water (at station 60), and drying at station
58. The wafer or wafer batch 61 will be held on a wafer support 52, and conveyed from one
workstation to the next by a robot 63 or some other conventional means of achieving
20 sequential treatment. The means of conveyance may be totally automated, partially
automated or not automated at all.

The system shown in FIG. 2 is just one example of a cleaning line for semiconductor
fabrication. In general, cleaning lines for high-precision manufacture can vary widely from
that shown in FIG. 2, either eliminating one or more of the units shown or adding or

25 substituting units not shown. The concept of the on-site preparation of high-purity aqueous
ammonia, however, in accordance with this invention is applicable to all such systems.

The use of ammonia and hydrogen peroxide as a semiconductor cleaning medium at
workstations such as the cleaning station 45 shown in FIG. 2 is well known throughout the
industry. ‘While the proportions vary, a nominal system would consist of deionized water,

- 30 29% ammonium hydroxide (weight basis) and 30% hydrogen peroxide (weight basis),
- combined in a volume ratio of 6:1:1. This cleaning agent is used to remove organic residues,

._ and, in conjunction with ultrasonic agitation at frequencies of approximately 1 MHz, removes
particles down to the submicron size range.
" In one class of embodiments, the purification (or purification and generation) system

35 is positioned in close proximity to the point of use of the ultrapure chemical in the
production line, leaving only a short distance of travel between the purification unit and the
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the bulk starting material. 30 Waf er C eani ng Some

cl eanup stations in a conventional |line for sem conductor fabrication are
depicted in Figure 2. The first unit in the cleaning line is a resist
stripping station 41 where aqueous hydrogen peroxide 42 and sulfuric
acid 43 are conbined and applied to the sem conductor surface to strip
of f the resist wdbéfiesrs succeeded by a rinse station 44 wher ep@ivussingssszed
water is applied to rinse off the stripping solution. Imrediately

downstr eam Ofproducnoﬁﬁﬁ'c wmu%@tfopaaéévm pulGHIE PéthiS OF ddedthe Altraplive UAGRHRAIAN
aqueous S0 Utt]ronrn] 23rwﬁcauon and generation) unit may pass through an intermediate
PCT / US96/ 095 hélding tankfbyﬂreogachmpﬂnmodns off wsea [Habh point dfmse willlthen benfedby an
supplied in

conmbi ned w tﬁﬂg‘cﬁ@é%us ﬁygrogen perox&%% I ﬁ Eh@#%ﬁﬁmﬁm chlmici] M ur e
47 is diredt dherefore brodipgetly mlgdg@&mmsducm swmwmpasmggqm

anmoni a 32 mw.&obﬂmhgdom&tﬁa@asﬁmmnﬁe&%&mﬂ%dﬂﬁfswmﬁmmw to

produce a simlar m xture 49, which.is |ikew.e difect dtoth
cl eani ng st atROWH W@%MM&"WW °m‘§h?ﬁﬁf'§?'ﬁ‘§ de

conbi nat i on, anH ereparddcion s atolocgtions extemal ® &edfacun'h@fnilnyl dm thls clasH56f

uher e ge! o Wbl 1, ARt Mo G ) ?%&@*:& B0 CHaLE, 1R

hydr ochl ol c purification sysiem agdiitcpping of use onjhe produetion dine Wil generslly beia fewimsiss | ed
to the sem cQpdais! ThisSdisthe Svill e greaisrhﬁienqh@ oﬂ&miﬂhis& deauilcwm& by

a final rinse statjon,57 where delonized wat ey dto rem)v
HC and H[ er FYSFB tJPT PIpAIE [9-1)Y0, 9% more, 158, Satians, |in, Uﬁiﬁﬁ ﬁgﬁeftg Wed

to the wafer mdm&feamregreatcr Tmﬁfenaanbeaohxeved ﬁmugbmdhraf-cltau)tranifnehnﬁ dtﬁJie

buf fered hydr I 1
anhydr ousl¥F P
purifier 71 into met@meqmmnyaﬁmeamﬁa@bwtmemmmmmm@mm

bubbl ed i nto gener at 70 rovigde a buf.fered s

ul trapure deltg‘h é‘d"\%”a"ﬁ’éﬁ"ﬁt"‘g“{i rala?cg a&lh’feg{}e“fl cgordléagmfagﬁﬁﬂg u |oc?1s These
This is foll ctadardy are qommosly vsed lin thepsemiconductori indugtry\andwell known ampng) thogs |
and drying atgfjedlih e art and¥periented il fie iRlust i (RhcibA! &ld Qdnddids! KIethbad ef on

?o\tI)ng egSSgé)por t, 52 and, conv ed jj r&ﬁ{sone ingl rkst aL[’(é ﬂg@ t %(ﬁaﬂr’]%)fg by a
treat nent. '[hmadamge méthodstypm;hylmludamohmrhtbbﬁmb ;‘ollawingmite dhemealtneahﬂeyt
such as chlorination to kil} organisms; sand filtration for particle removal; activated charcoal
filtration to remove chlorine and traces of organic matter: diatomaceous earth filtration: anion
exchange to remove strongly ionized acids; mixed bed polishing, containing both cation and
25 anion exchange resins to remove further ions; sterilization, involving chlorination or
ultraviolet light; and filtration through a filter of 0.45 micron or less. Reverse osmosis
methods will involve, in place of one or more of the units in the ion exchange process, the
passage of the water under pressure through a selectively permeable membrane which does
not. pass many of the dissolved or suspended substances. Typical standards for the purity of
30 the water resulting from these processes are a resistivity of at least about 15 megohm-cm at
25°C (typically 18 megohm-cm at 25°C), less than about 25ppb of electrolytes, a particulate
content of less than about 150/cm> and a particle size of less than 0.2 micron, a
microorganism content of less than about 10/cm>, and total organic carbon of less than
100ppb.
35 In the process and system of this invention, a high degree of control over the product
concentration and hence the flow rates is achieved by precise monitoring and metering using
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automated or not automated at all. The system shown in FIG 2
Is just one exanple of a cleaning line for sem conductor fabrication.
In general, cleaning lines for high-precision manufacture can vary w dely
from that shown in FIG 2, either elimnating one or nore of the units
. shown or adding or 25 substituting units not shown. The concept of the
on-site prepar ¥ odiq1ed? hi gh-purity aqueous amoni a, howewer/uspeI09sss
accordance with this invention is appl icable to all such systens.

The use of am%ﬂaaﬂm%&a%ﬁum %@eﬂeﬁﬁi&&%‘i@ﬂ&ﬁﬁ ORECL Gvaemaﬁéﬂ um

at wor kst at | onis” such_as the eanl station 45 sho |r1 Fl
wel | known tl‘l’i‘l?&ﬁhéﬂ’tsmgh@mmﬂh‘?ﬁ!d@'(lrbﬁ rgwmaevm

nomi nal syst mhﬂdﬁmmbfﬂémmﬁbﬂdoqup (aﬁng Wﬂtp,ramm}p}uieoii de
(wei ght basis % Rydr ﬁﬁEﬁéi i ght basi s), conbined in a
vol une ratlo%? °1’3§°ﬁ’$ %g?'g% g agent 1S used to renobve organic

resi dues, and, in conjunction with ultrasonic agitation at frequencies

of appr oxi m'ﬂe'y hckbigin rtsmﬁsedcmaﬂm%eéeﬂmm tehie \1R6Vige0 Ann ©
rangef Inqeclass of nt.s, .the r|f| atlon

purificati on SifEbEEsRm.4p A SFME catien fariliy, B%B‘"ﬁr"ﬁéirm'& to
the point of reupen cdtﬂ(]msingt HEpto 8 sehmmdton mahiifecturing opemﬁhn;toompnhmgzean

| gavIng ol i sath Aol o ARGk of Ui B Ypbide b 5 b

t he
WO 96/ 41687 therefrom; said flow of HF vapor being connected to pass through an ionic purifier unit

PCT/ US96/ 0953¢hich in&‘“”.ﬂfiﬁ: Woﬁfne omgf.ﬂﬁay WateY, cohfiniriy! #High ¥dricEhtration

mul tiple p0|nts o uh chem from the urlficatlon
(or purificatof ’&rﬁ?%%ﬁ“b 9“’195 “’tﬁﬂ"dﬂﬁ’fﬁ"é

hol di ng t ank df eI igtis; rad e} aﬂrakdiaxmpwﬁrmted toI seteiveaaid flow of HF vapoe fvnd baxﬂhen
be fed by an Y I

case, the ul tPPﬁﬁffr énnéjt? #ﬁq@w EH#I Hi, ﬁéofq?r“{ei{ '%gu%lﬂb '[}?5?}&‘%? Féglltfd

seni condud$ oraqueous solution compmising hydroRuaricagids ampmomecnonw ta'
storage ot hergubfRRoRtidf 0 poihid of uBCin' tBS Sénicbriductdr BevidtUfabidation Ficil nt act with

D et o7 oML g S L Sl Rl R e i

to the manuf ot an-sitegubsystein] ina seinivohductor deviesfatufcation facility, éatiprovidisg ultraigh-

pur 11 cat  on Paid: SeFapatpriag M 6 delfcablh Gty o g Ui

gener al | y2®e exaposation:sousce °°nn @F@S‘Ee HFand 19 peqvideca gy of Hicvappe thewsfromien

the purifi catsh.amowsfcmapbr h ﬂtdxghanmm:smfﬁfruimwmhpromebo
two or nore use.st L O0S) t e
t housand feet”ﬁ‘fl ggg?hmw)g %gg’@ﬁg@%ﬁﬁﬁ‘a‘ﬂ%ﬁwm clean

transfer |i nevitfsaid flow of Hit malmﬂmmdmﬁﬂmmrmmaﬁ HEwgasrend | n
most appl i caty phiSramc dHif) | Bkl &6 reive said flow of HF vapor from said purifier and to
25 combine said HF vapor with an aqueous liquid to produce an ultra-pure aqueous solution
comprising hydrofluoric acid; whereby said ultra-pure aqueous solution can be used within
the semiconductor device fabrication facility without bulk transfer or exposure of liquid
surface to any uncontrolled ambient atmosphere. :
According to another disclosed class of innovative embodiments, there is provided:
30 Anon-site subsystem, in a semiconductor device fabrication facility, for providing ultra-high-
~ - purity HF for use in semiconductor manufacturing operations at said facility, comprising: an

e evaporation source connected to receive a liquid HF source and to provide a flow of HF
vapor therefrom; said flow of HF vapor being connected to pass through an jonic purifier unit
v which provides a recirculating volume of high-purity water, containing a high concentration

35 of HF in contact with said flow of HF vapor, wherein said purifier exhausts a smail amount
of HF gas; and a dryer unit, connected-to receive said flow of HF vapor from said purifier

n
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15 polymers such as high density polyethylene or fluorinated pol yners can
be used successfully. Due to the proximty of the purlflcatlon
unit to the production line, the water used in ~  the unit can be
purified in accordance with sem conductor nmanufacturing standards. These
standards are commonly used in the sem conductor industry and well known
anong those  woddiikdred i n the art and experienced in the i npomsIsn9sse
practices and standards Met hods™ of 20 purifying wat er in accordance wit.h

these standar Bg@e‘?- n&ﬁ]g 1S baid fromQidGaedange
met hods typi c ncl u e%s?ﬂg% a f ?B\é\an unlv?psor cel;rg‘n cal
t r eat ment &?’%ﬂ’&ﬁ‘ﬁ&?ﬁ'@ﬁ“’f@e‘ﬂ?q % HEY: sand fi I tration for

patticle rem)val Axcordingtie dnstharrdiseivsed class ofmhmaivmmbbdnmemsmhereahbmmw and

L aces ol o SR oAty el R SHS AF adet SRk con% ducton K 61°70°

cati on andS23he mmoﬁnqwrmmgnte mpmhéai i 9eth ﬂmsmgz&a)l on,
i nvol vi ng Chl(ﬁﬁ E%&@Kb&kﬁ?d&ﬂ%emﬁ‘ﬂﬁx'}m-&%ﬂﬁ g tel3érsith a

filter of 0.4 ron, hgrnes se Osmiqlr%ﬁrgg rrethogs wi || ﬁanpedo\ée

in place of Pﬁ?mm
passage of t hficiatthdrefrotaa(c) W@hﬁﬁmfyaﬂﬁQhﬁhméﬂm@mbbemy said HF

ZﬁEE[ZREeE’“'%@s St wifh o, izt PRl or 1 % biBgfld e WhBABPERCE ber
fromt heséopr asmall @mounteof Hit gas! and (d) regavering HF sepemerging framysidacrbben

25C (typical lgag QR I A to4aidWdrkétdtion! €SS than about 25ppb of
el ectrolytes, a particul ate content of |ess than about 150/cnferr] and

a particle size of less than 0.2 micron, -a m cr oor gani sm cont ent of

| ess t han abQvibdificdtiviks and]Vargatisng ot al or gani ¢ carbon of |ess than
100ppb. 35 b | g-‘g;v Q&xceﬁsﬁéﬁﬁ:ed
degree of control overr‘%he % g b?% @onc%ﬁﬁt%%ﬁg hence t he ow

rates is a&hiipvibe psgsen) application,gan dei mpdifisd) and  aried V9L &, fremendous range of

10 B & mof fimited b; £
o 06/ 41687 - applications, and accordingly the scopeR¥ patthied sijbdt mattkitis mited by any o

PCT/ US96/ 0955%¢ specific exemplary deachings gived, y i st rument ation. A conveni ent
means of achi evi nfot kxampls, the smuceief gaseous HF fagl mmﬁcgthneM|b¢ganhﬂm§rﬂFﬁeorhods

will be read'dwé &t bel £hdatdvapdthtbt Which Qvélbémhom 49% a)f@b
nodi fi cations t € concent ratjon control | oop, (usin conducH
é%é-*{}fedcm@

Vi |
in place &9 &0 (F¥ample,, nffchrigyrs c e poty S yed“"hes
Accor di ng t o ramiffko of dntegraed cidcuits) bav ain also chebapplied 1o s mdnefacturing discreteded:

An on- semiconductor components, such as optoelectronic and power devices.
For another example, the disclosed innovative techniques can also be adapted to
manufacture of other technologies where integrated circuit manufacturing methods have been
25 adopted, such as in thin-film magnetic heads and active-matrix liquid-crystal displays: but the
primary application is in integrated circuit manufacturing, and applications of the disclosed
techniques to other areasare secondary.
For another example, it is not strictly necessary to use a scrubber to perform the
. liquid-vapor contact; a bubbler could be used instead, although this is much less desirable
30 because of the less efficient gas/liquid contact.
Optionally other filtration or filtration stages can be combined with the disclosed
purification apparatus.
It should also be noted that additives can be mtroduced into the purification water if
desired, although this is not done in the presently preferred embodiment.
35 As noted above, the primary embodiment is an on-site purification system.
Alternatively, in a less preferred class of embodiment, the disclosed purification system can
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Ssite subsystem in -a sem conductor device fabrication facility, for
providing ultra-high-purity reagents conprising HF to a sem conduct or
nanuf act uri ng operation, conprising: an evapor ati on source connected
to receive an HF source and to provide a flow of HF vapor 10 therefrom
said flow of HF vapor being connected to pass through an ionic purifier

uni t whi clud¥eRiésdes a recirculating vol ume of high-purit pcresssrnsss
cont ai ning a high concent rati on of HF in contact with said fI ow of . HF

vapor, wherein ur, i f| ggﬂé :‘BIH&J d a
geﬁer at or um@%‘%ﬁ t@?é%l :% %‘S%fg? OW O va or‘g%er om sal R
purifier and dlanmdsbfmesimﬂt,Hhowmrthm alreramive (erekodiment (loeg nob movidr e an
ultra- t)ure \%hfhd ![6? oﬁgghgt chtionPds| ﬁ#&%@%?@;' lgﬁﬂ-t ﬁpﬂﬁaﬁbgs eﬂﬁbumepltm ng
connecti on I ﬂ féou es..sa d eoys .sql uti,on 0i n er?
the sem condugk W‘&ﬂﬁ@@@%ﬂ%@&h‘%‘ﬁ?’?ﬁ as discussed 460 Aitoi?ﬁc'#ﬁﬁf
anot her di sclﬂmdq\ﬁfeamkag‘edlchms (with mmdzdamrhanqllmg),ahednsdoqsdmoampns at
oo i 5%35}’ vsfpwsymaaaﬁwg% reag@[rf‘g corrprl # ‘iﬁ:nﬁﬂ é&)’oﬂfepr

provi di ng ul t'f purity to m condyct or
manuf act ur i ngedlpweau &saxnemmhsmgmm Emﬁ\%r d?%e’&ﬁﬁ%é?‘gﬂ to
recei ve HF angyilser, provide a flow of HF vapor theref rom said fI ow of

o ovi s e AP sk s et SHPouia oGPt lppu ok Hhoie

hi gh concaet rakmwmmbEmmmwformmdmmmoﬂomeu osed

\émeﬁre(ra;?ofaluﬁl : connechal (T&Llf%&d f#&: X,gpor f{a{ja}& aid o :

purifier and manyx@sescuseisfiaedryey dp Pi‘“'lsﬁ?‘é‘ﬂ o produce
an gl tlra pure aqquﬁmﬁp;l# b foted that rﬂ,,siél dh@ﬁ;bal&bmﬁgaﬁlsdmm&by
sai d ul tra-pure aqueous_sol uti can used wt t he or
devi ce fabri clientspdsmay inclugde Bﬂ%ﬁ'tp‘m Wﬁgﬁe&hﬁm?e aﬁggﬁ
-surface tasante mmudﬁtlmlmufm rssenvbics, but do: preclude expos\mmom@llsé
anot her di scl %P&Je gss of innovative enbodi nents, there is provided: 30
An on-site su %3’&/ in a sem conduct or device fabrlcatlon facility, for
provi di ng ul tra-high- purity HF for use in sem conductor manufacturing
operations at said facility, conprising: an evapor ati on source
connected to receive a liquid HF source and to provide a flow of HF

vapor therefrom said flow of HF vapor being connected to pass through an
ionic purifier unit whi ch provides a recircul ating vol une of

hi gh-purity water, containing a high concentration 35 of HF in contact
with said flow of HF vapor, wherein said purifier exhausts a smal'l anount
of HF gas; and a dryer unit, connected to receive said flow of HF vapor
fromsaid purifier 11

WD 96/ 41687

PCT/ US96/ 09554
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and to dry said HF vapor; and a piping connection which routes said vapor

fromsaid dryer to points of use in the sem conductor device
fabrication facility. Accordi ng to anot her disclosed class of
i nnovative enbodi nents, there is provided: A nmet hod for supplying a

hi gh-purity HF reagent to a workstation in a production line for 5 the
manuf act ure of WolbkdisePreci sion el ectronic conponent, said nmetreIvs96/095s4
conprising: (a) drawi ng HF gas from a vapor space above hydrofluoric
acid in an HF-containing reservoir, %I‘Massi ng said HF gas through a
filtration nenbrane renoving particles t han 0. 005 nt cron
therefrom (c) passing said HF gas thus filtered through a scrubber whereby
said HF | t:acted with an aqgueous solution of HF in deionized
wat er, V\hereiﬁ%gtallkglag%at}%ber 10 exhausts a small anount of HF gas; and (d)
recovering HF gas energing fromsaid scrubber ‘and directing said HF
gas to sai § WprAgbémiiteibsystem, in a déaticdndacton devive &ibsicatonifadilisynfor providing ultra-  As

escribed 15° 1 n PRI Epe soprtt, HECY pitolfors AR EIP BARAD,

t remendous range cebmprising:tapplications, and accordingly the scope of

patent ed subj ecpy BRiphffior SouR conhébtddad rEééiv”érhh ¥ source arld\8 pidVide 4 16w of HF

exenpl ary teachings gl ven. or exanple, the source of gaseous
HFE for purification YaRer BerefAmydr ous HF, or alternatively can be a

heat ed evapor at edid \HowCéf HF QlapérSbdiliy tomeetdd o pays elrongh-in iodit purifier unffowhich
exanpl e, the disclosed .nnovative technidue .6 s{Llct J.01 ted.ho
manuf acture of int eg?'gY'g?f & I¢ Fﬁlgun%l%iugx%nigftégh @%pﬁ*‘gd%ﬁ@ gq_“éh
manuf act uri ng di scr etoncentrationsefHE imehntactwitk said fow of EIF vapor, wherein said purifier

optoel ectroni c and p, AesthAPSmount of HF gas; andFOr anot her exanple, the
di scl osed i nnovati ve tecﬁnl ques c¢an also gn

da to nufact u of
ot her technol ogf SENERHES Wit GP &Wﬁﬁ?‘? @Hﬁ#&gm@%ﬁ’nﬁaﬂlﬁﬁﬂ een
25 adoptaf, such ascontbidelsaid HF vaporwdthain aquéoms tiguid talpradode\an-ulted-pune aqueous '
i quid-crystal di Spl&‘l’lﬁiﬁ%&:ﬁﬁ%ﬂﬁ%h droflitiric R a@PP! i Cation is in integrated
and appll f

circuit manufacturing, . Ttations of the disclosed techniques to
ot her areas ar easpipisgeengection which routes said agyequsesohionnfe points; of uise,dp the
strictly necessary t @micoadittsrCdevieh Ebricatigncaéilitym t he | i qui d- vapor
contact; a bubbler could be used instead, although this is much |ess
desirabl e 30 because of the |less efficient gas/liquid contact. .

Opt i onal | 200t &FhefsystemanfiQGlaimo i, further compyisingt axpasticulate filler intemprised: betweemsaidh e

di scl osed puré",%ﬂogﬁ;ohg&a@pm &' Surifier. It should al so be noted
that additives can be I ntroduced ﬁtg‘"{he purification water if
desired, although this is not done in the presently preferred enbodi nent.

35 As 3 dhedyaen \of Cldimel, wherehi yaid HiFadiuee oonsists afrenbydreistHF.puri fi cati on
system Alternatively, in a less preferred class of enbodi nent, the

di scl osed purification system can . )

12 .25 4. The system of Claim 1, whersispsgid recireulating volume gf thighsgurity water does not

contain any additives whatsoever.
5. The system of Claim 1, wherein said HF source is essentially arsenic-free.

30 6. The system of Claim 1, wherein said HF -source has only standard commercial-grade
purity. :

7. The system of Claim 1, wherein said evaporator is a bulk storage tank.

35 8. The system of Claim 1, wherein said evaporator operates at a controlled temperature, and
is connected to receive hydrofluoric acid from a bulk storage tank.

14
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WD 96/ 41687

PCT/ US96/ 09554 al so be adapted to operate as a part of a manufacturing
unit to produce ultra-high-purity chem cal s for shipnent;- however, this
alternative enbodi mrent does not provide the advant ages of on-site

purification as di scussed above. Such applications encounter the
i nherent risksypdogiggsd! i ng ultra-high-purity chemcals, as di pewessibossaove:
but for customers 5 who require packaged chemcals (with the attendant

handl i ng) , th@ﬁﬁgﬁ ﬁ?ﬂs{gﬁgrt SoRhor e BT APRB o RoRl GHE: an

initial purity at aval | ot er ni ques.
Again, in such appt %ﬁgasamarcym Wa?sép‘:? é%ﬂ'“fff‘?’@?g PH%’“‘FQS‘m c
purifier. prisingtot ed above, the primary enbodinent is directed to

e conductor ﬁﬁﬁﬁ?@%ﬁ%ﬁ%ﬁ%@?@%%ﬁ%@ﬁ fiBile S0 SEAE Shaen o

enbodi ment § can al soths@fmmed for supply of purified gas streams. (In
many cases, UsegRd fRwlst %ai»ﬂeeemts&s %1%l:|u¥iﬁerbk§ﬁtfﬂhlcﬁ0r

this.J Itsh,udals e noted that ping for uItr ure
chenical routing in X8 'E‘}Flg 0! e 8’ |WU(§8“‘%‘“S

pressure reservoirs. wﬁbumm&tdnnmeeoﬂmmsﬁdmbvmmmmpmwmmbn&iﬂa do
not preclude use of %g%ﬁsre?egrg %%émo?%ﬁ:&g %ecl ude exposure to

uncontrol |l ed
10 a generator unit, connected to receive said flow of HF vapor from said purifier and to

combine said HF vapor with an aqueous liquid to produce an ultra-pure aqueous
solution comprising hydrofluoric acid;
whereby said ultra-pure aqueous solution can be used within the semiconductor device
fabrication facility without bulk transfer or exposure of liquid surface to any
15 uncontrolled ambient atmosphere.

10. The system of Claim 9, further comprising a particulate filter interposed between said
evaporation source and said purifier.

20 11. The system of Claim 9, wherein said HF source consists of anhydrous HF.

12. The system of Claim 9, wherein said recirculating volume of high-purity water does not
contain any additives whatsoever.

25 13. The system of Claim 9, wherein said HF source has only standard commercial-
purity. -

14. The system of Claim 9, wherein said evaporator is a bulk storage tank.

30 15. The system of Claim 9, wherein said evaporator operates at a controlled temperature, and
is connected to receive hydrofluoric acid from a bulk storage tank.

* [ L M S *
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PCT/ US96/ 09554 VWhat is clainmed is: 5 1. An on-site subsystem
i.n a sem conduct or device fabrication facility, for providing ultra-

hi gh-purity reagents conprising HF to a sem conduct or manufacturing

oper ati on. conpri si ng: an evaporation source connected
to receive an Ko sQHkde and to provide a flow of HF PCT/US96/0958 O
therefrom 10 sald fl ow of HF vapor being connected to pass through an

ionic purifie nit | r .C
of" hi gE\ puri t{ﬁéé't é'rs\f@k&g’f%%lurl\ semxﬁondnuctor@v?c\éfﬁﬁﬁm?onﬁ&iné %LWW of HF
in contact with sams!a-pmﬁ&ffmmwwcmﬂm|m&pmwmns at said facility.

exhausts a snal | n%f HF gas; and a generator unit, connected
to receive said flow of F vapor fr sai.d and t
conbi ne sai d_ HFSYAEP SSprets o FRtisr B omwaﬁwwe&ﬂwf
aqueous 5 HFvalxmlthdrcfmm,corrprl si ng hydrofl uoric acid; and
a pi ping connec ‘QHS Eﬂrn@&&f ﬁf"oﬁmﬁé
t he %Qﬁow;érilccon ct oré%ew ce Rﬁ?asg |o%10 ac 20 2 T
system of Claim1, fRIPYides acEepFylatngg valume, of ty | WRIg ¢ o dil
bet ween said " concentra€OfPGIOHRB fin meemarﬂtusoﬂmpmfaxﬁr

adryerumt,connectedtorecewesa:dﬂowofl—ll’vaporfromsaldpm'lﬁerandmdry

10 said HF vapor; and

a piping connection which routes said vapor from said dryer to points of use in the
semiconductor device fabrication facility.

17. The system of Claim 16, further comprising a particulate filter interposed between said
15 evaporation source and said purifier.

18. The system of Claim 16, wherein said HF source consists of anhydrous HF.

19. The system of Claim 16, wherein said recirculating volume of high-purity water does not
20 contain any additives whatsoever.

20. The system of Claim 16, wherein said HF source has only standard commercial-
purity.

.25 21. The system of Claim 16, wherein said evaporator is a bulk storage tank.

22. The system of Claim 16, wherein said evaporator operates at a controlled temperature,
and is connected to receive hydrofluoric acid from a bulk storage tank.

30 23. A method for supplying a high-purity HF reagent to a workstation in a production line
for the manufacture of a high-precision. electronic component, said method
comprising:

_ (a) drawing HF gas from a vapor space above hydroﬂuonc acid in an HF-containing
Teservoir;
35 (b) passing said HF gas through a filtration membrane removing particles greater than
0.005 micron therefrom;

. | O B
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3. The systemof Claim1, wherein said HF source consists of anhydrous HF.
.25 4. The systemof Caim1l, wherein said recirculating vol une of

hi gh-purity water does not contain any additives what soever.
5. The systemof Claim1, wherein said HF source is essentially '
arsenic-free. 30 6. The systemof Claim1, wherein said HF source has
only standard gyggRighal - 9r ade purity. 7. pOHGsssieodsg M of

Claiml, wherein sald evaporator is a bulk storage tank. 35 8. The system

orig s M NS A Y B e dBIORP S ahli 8  igBEE LS B
4

st orage tank. with an aqueous solution of HF in deionized water; and 1

W0 96/ 41687 d) recovering HF gas emerging from said scrubber and directing said HF gas to said
PCT/ US96/ 09554( .gAn (g)ar?- site subsystem in a sem conduct orgagevi ce
fabrication facili tﬂ“iﬁﬁ"%‘r oviding ultra- hi gh-purity reagents

conprisind HF to a sem conduct or manufacturing operation.

conpri si ng: : | SQMhE qﬂﬂﬂﬁ ikife "dRES o Ao
provide a fI%%\'/ %fm a?/allifoor E ke it ] ,93 er e?ﬁgﬁ{lg@g . b,i\ﬁga#? ?Po%vgsof
HF vapor being cotfPriging drom,saitscxubber in Ryeifisd, watsy, prior g directing saidiHF ggsite gaid
provi des a recir cuwbikkthtigh. vol unme of high-purity water, containing a high
concentration of HF in contact with said fl ow of HF vapor, wherein said
purifier exhausts a snmall anmount” of HF gas; and 10 a
gener at orlun2s. A owthoddb actordzncecwith claing 33 durthien corgrisiig passing said HFgssithdough

purifier and to 4 gigillation column fof FaHHeF parifichtibh pYioPRY ditclily Sdd 4§ shiqui d

to produce an ultra-pure aqueous sol ution conpri st ng
hydr of | uori c aci gworkstation. ‘whereby said ul tra-pure aqueous sol uti on can be
used within the sem conductor device fabrication facility

w t hout bul k,transt.er, .or._exposur e, of . | laud [ t . .
uncontrol | e dzém@ flg:{thodd{x r%%%%@?eev.vﬁh chm px Lﬂu%xe% Léox;xsﬁs?ng &%tl&gl step of:
15 . (b’) passing said HF gas from said scrubber through a distillation column for further

purification, and dissolving said HF gas emerging from said distillation column

“in purified water prior to directing said HF gas to said workstation.

27. A method in accordance with claim 23 in which step (b) is conducted at a2 temperature
20 ranging from about 10°C to about 50°C.

28. A method in accordance with claim 23 ir which step (b) is conducted at a temperature
ranging from about 15°C to about 35°C.

25 29. A method in accordance with claim 26 in which steps (b) and (b”) are conducted at a
temperature ranging from about 15°C to about 35°C.

30. A method in accordance with claim 23 in which step (b) is conducted at a temperature
ranging from about 15°C to about 35°C and at a pressure of from about atmospheric
30 . pressure to about 30 psi above atmospheric pressure.

31. A method in accordance with claim 26 in which steps (b) and (b’) are conducted at a
temperature ranging from about 15°C to about 35°C and at a pressure of from about
atmospheric pressure to about 30 psi above atmospheric pressure.

35
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10. The system of Cl.aim9. further cdrrbfising a particul ate filter

i nt erposed bet ween said evapor atiion source and said purifier.
20 11. The systemof Caim9. wherein said HF “sour ce consists of anhydr ous
HF. 12. The systemof Claim9, wherein said recircul ating vol ume of
hi gh-purity water does not eontai n any ‘addi ti ves what soever.
25 13. The systwyoerress ai m 9, wherein said HF source has onlypetasskaosss

* comer ci al - grade purity. 14. The systemof Caim9,

wherein said evaporator is a bulk stora éank 30. 15. The system of
Claim9, wherein said evapg.ator operatezat a controlled tenperature, and
IS connected to receive hy of luoric acid froma bulk storage tank.

WO- 96/ 41687

PCT/ US96/ 09554 16. v -site subsystem in a sem conduct or device
fabrication facil X 0 pyi ding ultra- hi gh-purity HF for
use in seni conGANDEN ring e¢peratiofgs at said facility,

conpri si ng: . an eviee tlc duce cofnect WENTt 0 recei gpNgpR | quid HF
sourcé and to provide a fI EPU ] HF $apor therq :
said fl ow of HFvaporconm one &fﬁ pasy_Nupagr ric pyrifier
unit which br pvifds ;r rcuI 'o Iurre of rreih- purity
wat er, cont g i g do.of HF i njcontact with

saidflowoMﬁﬁDR- = -:- 'é etedtqr |ve sai d
rowof HF vapogr fro ' ir iff ijer and o sal
1 C Bction s paeetd  Vapgr %‘A'GE

e m S dtVT
e_g_::_J urthgr conpri sing

fabrication faciglity. 17. ..— v} eloot
a particulate figlter intg bet wegn sai d

WASTE G —» PRODUCT
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15 evaporation source and said purifier. 18. The system of

Cl aim 16, wherein said HF source consists of anhydrous HF. 19. The
system of Claim 16, wherein said recirculating volume of high-purity water
does not 20 contain any additives what soever. 20. The system

of Claim 16, wherein said HF source has only standard conmerci al - grade
purity. 25 21.w@gbgmggrstem of Caim 16, wherein said evaporat @oriodeslsy K
st orage tank. 22. The system of C aim 16, wherein said evaporator
opgrates at a controlled tenpgrgllLe o/ and is connected to
recei ve hydrof luoric acid froAMNg bukk [st of age t ank. 30 23. A nethod for
supplying a high-purity HF reagsg nt_ a workstation in a production |line
for the manufacture of a high el qn el ectronic conponent, said nethod
conpri si ng: (a) draw HF ﬁaﬁ froma vapor space above
hydrokluoric acid in an HF-coft dining reservoir; 35 (b)
passi ng said HF gas through ajfi ltration rane renoving particles
greater than ) mcro efrom

16 ¢ WO-06/ 416
PCT/ US96/ 09554 ~ sai d HIEgc{‘f’hus filtered through a
scrubber whereby said H tacte w th an aqueous
solution of HF in deion{zed water and (d) recovering HF gas
energing fromsaid scru nd directing skhid HF gas to said

wor kstation. 5 2R d in accgredande 4 th claim23 further
conpri sing dissol ving sai I-§ S 2 «©
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emergi ng fromsaid scrubber in purified water pri oq*hg t’il&iféct kng said HI'—RTHP

- gas to said - workstation. 10 25. A net'hod in accordance w t#°Y
clfai m 23 further conprising passing said HF gas through a
distillation colum for further purification prior to directing sSged HF gas
to said wor kst ati on. : 26. A nethod in accordanguiPggt h
claim23 further d‘g(grsing t hroR@tirfal1@PRar. SROARTAGcadAmoN (D' ) Regge ng
said HF gas from said™scrubber through ety eyt i on col umm for urt her

purificati ormlmA'uomwAmg:Aqmmpmmmmnmvmapmon TREATY (PCT) -

step (b) |is
10[err]CtU7:1u0ut EULUIrJ\.’
i n whisch | e pplhi@tdoRhRe at pcﬂmms )Designated States: AL, AM,NTAT) GZf BBBG, BR, BY,

bout 115 C to about 35 C. 25 29. Almeth
o i |2 ) v ey %‘“ﬁézﬁ”}wﬁ @%ﬁﬁﬁ"g

rangi nb firom about 15[err]C to about 35[err] T, UA, UG, US, UZ,

accor dang GO\Mriodity Dateti m 23 i n whi ch step ( %, S CONH eﬁ% UG),
' ?1cC
ranging {rom SEEEpe e b i bl i wssm% T
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(5T) Abstract

A system for purification and generation of hydrofluoric acid on-site at a semiconductor device fabrication facility. An evaporation
stage (optionally with arsenic oxidation) is followed by a fiactionating column to remove most other impuritics, an Ionic Purifier column
to suppress contaminants not removed by the fractionating column, and finally the HF Supplier (HFS).




