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*PCT/ US96/ 09555 On-Site Manufacture of Utra-Hi gh- Purity drochloric Acid
for SemMQMRPbr Processing BACKGROUND AND SUMMARY OF THEFGRUERGI%8$T The
present invention relates to systens and met hods for supplying

ul tra- hi gh- pur H a

generally an o n\hgli% mtﬁﬁ ihf mg‘@aﬂigﬁ

manuf acturi ng. ‘A Iaﬁe fractlhof t he ste sin m)dern . ntegrated C|rcuit
C ﬁ)

manuf acturing are orwot 601 reanup st eps
may need to rempve organi c con- m nants I C contam nants,

. photoresist (or |norg I crgsi.dues her products of -etching, native
oxi des, etc. As of 19 emmﬂ Orr FOCESSHA& ed circuit
waf er fabrication facility) 10 is typlcally more than a bitlion dollars

. (%1, 000, 000, 000), and a large fraction of this cost is directed to neasures
for particulate control, cleanup, and contam nation control. One inportant
source of contamination is inpurities in the process chenm cals. Since the
cl eanups are so frequent and so critical, contam nation due-to cleanup
chem stry is very undesirable. 15 “One of - the | ong-running

t echnol ogi cal shifts in sem conductor processing has been the changes (and
attenpted changes). between dry. and wet processing. In dry processing, only
gaseous or plasma-phase reactants come in contact with the wafer. Im wet
processing, a variety of liquid reagents are used for _pur poses such as
etching silicon dioxide or renoving 1 WD 96/39264

PCT/ US96/ 09555 native oxide |ayers, renoving organic materials or trace
organi c contaninants, renoving netals or trace organi c contaninants,
etching silicon nitride etching silicon. Plasma etchi-ng has many
attractive capabilities, but it is not adequate for cleanup.

BACKGROUND AND SUMMARY OF THE INVENTION

The present invention relates to systems and methods for supplying ultra-high-purity
HCI for semiconductor manufacture. - - ' ~

Contamination is generally an overwhelxmngly important concern in integrated circuit

5 ma.nufacturmg A large fraction of the steps in modern integrated circuit manufact\mng are
cleanup steps of one kind or another; such cleanup steps may need to remove organic con-
taminants, metailic contammants photore51st (ori morgamc res1dues thereot), byproducts of

- etchmg, native oxides, etc.
As of 1995 the cost of a new front end (mtegrated cxrcuxt wafer fabncatlon facility)
10 is fypxcally 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.

One 1mportant source of contammatlon is impurities in the process chemicals. Since
the cleanups are so frequent and so critical, contamination due to cleanup chermstry is very
undesirable. ' |

15 One of the long-running technological shifts in semiconductor processing has been
. the changes (and attempted changes) between dry and wet processing In dry processing,
only gaseous or plasma—phase reactants come in contact with the wafer In wet processing,

a vanety of hqmd reagents are used for purposes such as etchmg silicon dloxxde or removmg
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of these contanmi nants can have ?ects as | ncr
junction | caitisalesings these stepscne always follavedhn qlemp@tepa before highftempgrature steps

Moreoves, sfokr, He d18mupStcpstan &éﬁ@t@d&@é&éﬁ&tc@ﬂﬁtﬁnﬁaﬁéﬁﬁ&ﬁ sufthék Bdfbieqfiph-

i.e. where silicon is cot ct with an aqueous solution_ the eguilihritm

concent r at i SRPEFRIU, &eps ’E‘&‘Frf’h & c%tﬂm“!?@fsh i Jawevernpunty of the digyid ehemicals ihe

sol ution. Machomere critital) betasd Qhé Regingafiérit letat w&mmﬁx RanBcei8 itypibdlgh -
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of the sil &8&‘? igRtipes, higher 1and Becausg; SleppuRy
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met al i o_ns Infegratedt atdu}t sttmtmmusymm;aaufew doparat| species (boron, arsenic, phosphorus, and .
sometimes antimony) to form the required p-type and n-type doped regions. However, many
" other species are electncally active dopants, and are htghly unde51rable contaminants. Many

of these contaminants can have deleterious effects, such as increased Juncnon leakage, at

25 - concentrations well bglow 10B3c¢m™3.

Moreover, some of the less desirable contaminants
segregate into silicon, ie. where silicon is in contact with an aqueous solution the
equilibrium concentration of the contaminants will be higher in the silicon than in the
solution. Moreover, some of the less desirable ébn;aminants have very high diffusion
coefficients, so that introduction of such dopahts intd any part of thé, silicon wafer will tend

30 to allow these containinants to diffuse throughout, including junction locations where these
contammants will cause leakage.

~ Thus all liquid solutions which will be used on a semiconductor wafer should
preferably have extremely low levels of all metal i ions. Preferably the concentration of all
metals combined should be less than 300 ppt (parts per tnlhon) and less than 10 ppt for any

35 one metal, and less would be better. Moreover, contamination by both anions and cations
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nmetal s conbi ned shoul d be [ ess than 300 ppt (parts per trillion), and |ess

*than 10 t for any 35 one netal, and | ess would be better. Moreover,
contan1¥éx) both ani ons and cations 2 SUBSTI TUTE SHERET(USSS/95S%) WO

96/ 39264 PCT/ US96/ 09555
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. ammoni a vapordpgéo%%“%ﬁai’ﬁm% &#%%‘Qée&%% T Ppagps, %@EEMM
L hr ﬁugh dnnarc joofsitet systeno lodatéd a: thablrﬂnﬁfjundbmngwifeﬂ pfmdﬂcﬁbﬁﬁltﬁawf draviifg
i gh- pH ' ref erabl y dei oni ze whi ch _has hee
ol Pomed (b ivalBl Hond 3, 1l ARl oSy I8, Rsin € pBoia oapon, vt 2
conv;ar si cxmendﬁluamrﬁltai zg:daaiembf bingt nitke tﬁl_taéﬂrwat t ptar owitls uﬁx@?@lﬁrﬁlﬁﬁehl _glaterl
pur i n uri-n ut t.he need, f.or conventiona
ol ur oiereth s agPE b g bbb ol Vit e amem Bt greacty
reser voi thns:rdavbw ipesmitfedasomvessiony| of compserciab tgrkdeatanmmmeltbnmaidning of
nonvol at i urltles spch 15
corth rotfagesn A A K AR 08 RanBthicki ithnd i hed ¥oF aftiBlion
hy flr It dles ,cohumin H:sgﬂaln?n I Th@diwdn% oﬁfﬁiummd onid dapbpﬁamttna Supp?’l feséivoitisemves by ]
vol atile ritie e.faund in ¢ anmonia, su
e cer t aillsel s tifEle ARk Alafion aliinaling Bofofatie and ey fifbc,
cert d5n @sailkali ahdylitalink sartin theltel | oxildes, ca-bdmheé mbhﬁdndg&,eumitiﬂnymbiglbhai%est 0
require Uy o : coV e abl e .0
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oper at i origpufities tha quldaby foungin s;pngnetcmbgmleyammonme sech ad bentain draAmsitiongy
s tradit, ﬂf,aaﬁhmaey SGH)uz)GIiI hBG1 h§ARYA andnalRES, Qertfift! Group M HkrillBAhd halides,
halogens, prevmusly thought to require distillation for removal, were discovered to be —
20 c_apable of removal by scrubbing to a degree which is adequate for high-precision operations.
This is a very surprising discovery, since scmbber technology is traditionally used for the
removal of macro-scale, rather than micro-scale, impurities.

' The extreme purity levels required by semiconductor manufacturing are rare or

25  unique among industrial processes. At such extreme purity levels, handling of chemicals is
inherently undesirable (though of course it cannot be entirely avoided). Exposure of the
ultrapure chemical to air (particularly in an environment where workers are also present)

must be minimized. Such exposure risks introduction of particulates, and resulting
contamination. Shipment of ultrapure chemicals in closed containers is still not ideal, since

30 there is inherently a higher risk of contaminants at the manufacturer or at the user’s site.
Moreover, undetected contamination may damage an expensively large quantity of wafers.
Since many corrosive and/or toxic chemicals are commonly used in semiconductor

processing, the reagent supply locations are commonly separated from the locations where
front-end workers are present. Construction and maintenance of piping for ultra-high-purity

35 gasses and liquids are well-understood in the semiconductor industry, so most gasses and
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The extreme purity levels required by sem conductor manufacturing are rare
or 25 uni que anong industrial processes. At such extrenme purity |evels,,

handl i ng o sgi@pégscal s i s inherently undesirable (though of pegrissgodsks cannot -
be entirely avoi ded). Exposure of the ultrapure chemcal to air
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undet ect ed chemigals ren-sitenatrasenticonducton mempfactiring| facility, se thatitheyt ganobe piped

waf ers. §in I | nd ' Lcals are. Nl y_wsed i
sor condiict SiediBo B8 HotAl $E8 IE dlseidhi SRR VRl Corf by B S canbe
 separ at ed f losatedlin thersame buildinghas 2 fifonbend @ordn an aljacent buildingy; sorthat handling is

Constructi op.apd i ntenance of piping for ultra-high-purity 35 gasses

©and || qui ds are wel | -understood in the sem conductor industry, so nost

- applica

gasses and 3 SUBSTI TUTE SHEET (RULE 26) WD 96/ 39264
PCT/ US96/ OQ@EJ,ém#'-ga,g@n be transported to wafer fabrication stations
e

from ani/vvner In the s “building (or even in the sane site). The present
0 on di scAadmpoztant familyof semicanductor processingchemicats isfHCL, in gaseous and

chemi cal S Olqobé fitns? 1364k HYRANAI0R: 4R aRE! WL GEA i ik atid dﬁ%;\é[ﬂz:&ﬁ&e&f

can be piped 5 directly to"the points o he di scl ose ns are
very conpact€ dRCAncleamipoe | ocated in the same buil di ng as a front end
(or inan adi acems nedd dhohl)the péteht Wpplioal dederiBed ritRbdiSHd 25&%9 befi
Acid 10 | nport ant, fﬁ ' ! sem conduct or . pr ocess I ng gﬁﬂe@n%ﬁ‘ng

AD m |y of sem co CESS
is HO, in y&éaéh-paﬁ_ amebias lthss #eW been discoveyed hatn mpdificationiof, thesgimathods
wi del y 15 edandisysteinédntbe hRdto prépacé uRf-phipafinstendar d RCA cl eanup. As
not ed above, the Ba_r ent al%gl i.cation des,c[ I bed ret hods _and systens_for _
prepari ng The starting material is commercia -grade anhydrqus HCl. A first purification step
- is provided simply by evaporation. (HC! has a vapdr pressure of 613 psig at 70°F, and 1185
- psig at 124.5°F, so the vapor pressure always provides ample transfer pressure from the bulk
storage tank.) Preferably HCI vapor is drawn directly from the tank. (In 2n alternative
20 embodiment, liquid HCl is transferred in batches from the bulk storage tank, and evaporated
in an evaporation chamber under controlled temperature and pressure.) '

Hydrochloric Acid Generation
' The purified: gaseous HC] can now be dissolved in water to produce concentrated
25  hydrochloric acid. o '

On-Site Preparation of Ultrapure Mixed Cleanup Solutions

The present application discloses p'reparatioh of mixed cleanup solutions, such as the
RCA acidic cleanup and the RCA basic cleanup, at the site of a wafer fabrication facility,

30 from ingredients which themselves have been ultrapuriﬁed at the same site. =
The RCA cleanup includes: 1) solvent wash to remove gross organics - in
tetrachloroethylene or comparable solvent; 2) basic cleanup - NH,OH + H202 + H,0; and
3) acid cleanup - HCI + H,0, + H,0.) See W.Runyan and K.Bean, SEMICONDUCTOR
- INTEGRATED CIRCUIT PROCESSING TECHNOLOGY (1990), which is hereby incorporated by
35 reference. For semiconductor manufacturing, such cleanup reagents are normally bought as
packaged containers. However, this implies that some handling of the solutions in those

4
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ultra-high-purity ammonia. It has now been di scovered that a nodification

of these nethods 15 and .systems can be used to prepare u h-purity
HCI . The“@%ﬁqsﬁzﬁb material is commercial -grade anhydrous Hgéﬁug%?ﬁ%
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PCT/ ';'f\"——:"' ' ' ssary, both at the manufacturer's
plant asd at t ha‘hesasélcmt im:m&ss Mndﬂ: désovibed swidh rb&mﬂcertg the adcompahyigl

Pave been: BrSfBge wuih, Sioke HRPEIAT Guiyle SRcipedh 1Y o G 26T, Shich e
pr e- epi t axyncorparated inthe spne&ﬁhhoa hergafiby mﬁsrehcet whetmi he - cl eanup
Figure 1 is an engineering flow diagram of one.example of a unit for the production
of ultrapure hydrochloric acid. . :
20 Figure 2 is a block diagram of a semlconductor fabrication line in which the
purification unit of Figure 1 may be mcorporated

o Figure 3 is a block diagram of semiconductor cleanup stations, in a wafer fabrication
facility in which the hydrochloric acid purification of Figure 1 may be incorporated.

25

The numerous innovative teachmgs of the present apphcanon will be’ descnbed with

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

30 Purification of HC} .
In accordance with this invention, vapor-phase HCI is first drawn from the vapor
- space in a liquid HCl supply reservoir. = Drawing vapor in this manmer serves as a
single-stage distillation, leaving certain solid and high-boiling impurities behind in the liquid
phase. The supply reservoir can be any conventional supply tank or other reservoir suitable
35 for containing HCI, and the HCI can be in anhydrous form or an aqueous solution
(prefefably anhydrous). The reservoir can be maintained at atmospheric pressure or at a
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5 sequence, and uses sonewhat higher tenperatures and concentrations. See
| shi zaki and Shiraki, "Low Tenperature Surface C eaning of Silicon,and its

appl'i caiypékriossS | i con MBE, " 133 J. ELECTROCHEM Soc. 666pdg886esssshi ch i's
hereby incorporated by reference. The RCA acid cleanup solution is

typically HC J.x,H0.in | 1:1; - 1:2: 8.
Abor di ny PSSR P senewmirs, L dryed 8 Bhiscbe Fbg 86 e Hef uiudhBasiers: 10
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pr oduct i ocarbénases: ofzthasecmbtals; as iellr aschyalridds s@ch as berylliuni-hydride éhdi magnesiuor k
T g
senmi cbhduthess elementsyansition mets] hydridesyaridcheavy bydrogarbons and halocarbons such e
t he hydr og@h@rdng acid purification of- Figure 1 nmay be incorporated. 25
Det ai | ed stription of the Preferred Enbodi nents The nunerous innovative

t eachi ngs of t e @ gisawn fiop theeneseswoiniis passed theeugh » filrationnittotremove any
ref erence . m DAEEN f b Qﬂ@xjn not
of 1ini taﬁl@ﬂ??@ﬁr%ﬁﬁ%ﬁ%@ﬁ@@%&?ﬁcgat i oh-gg?ﬁ H@I I_n _aggor. ance._\%lnPﬁﬂg%i S

i nvent i onarecgspergially @veitable and cansbe ysedanThe grade modtipoof Spexwill he selestedsi d

V.

HOL syopl Yedoffifg YO héed. DIRbRGeBPPicfirfed! dhBodiMERChses 3 gt65 fifterdfotioWedySa 29e
dIStI||atI0n,.|ea\t[_l ng .certain solid and high-boiling ihpurities behind in
the |iqui 8-1pmisgen filtes in fopt pf thesioniropyrifies,andhne fijtration afterithe ignic pyrifier. ¢ ank

or other reser T fil@rid vipbe isihen passed @0 h 3tubBer i WhicRkE Vdjor ibcrabbedbgith N

anhydrous, form or %{3 yeo f}' $Q| utéésn‘gé}gr er.abl _anhgd,r ousl) : ]’he reservoir

can be nalaRHBirified @reigebRdrenzed sk The 19w-gH Watdr is preferably an aqueous
HCI solution, with the concentration raised to saturation by recycling through the scrubber.

20 The scrubber may be conveniently operated as a conventional scrubbing column in
countercurrent fashion. Although the operating temperature is not critical, the column is
preferably run at a temperature ranging from about 10° to about 50°C, preferably from about

- 15° to about 35°C. Likewise, the ‘operating pressure is not critical, although preferred

operation will be at a pressure of from about atmospheric pressure to about 30 psi above
25 atmospheric. The column will typically contain a conventional column packing to provide
for a high degree of contact between liquid and gas, and preferably a mist removal section

as well. . . :
In one presently preferred example, the column has a packed height of approximately
3 feet (0.9 meter) and an internal diameter of approximately 7 inches (18 cm), to achieve
30 apacking volume of 0.84 cubic feet (24 liters), and is operated at a pressure drop of about
0.3 inches of water (0.075 kPa) and less than 10% flood, with a recirculation flow of about
2.5 gallons per minute (0.16 liter per second) nominal or-5 gallons per minute (0.32 liter per
second) at 20% flood, with the gas inlet below the packing, and the liquid.inlet above the
packing but below the mist removal section. Preferred pécking materials for a column of
35 this descﬁption are those which have a nominal dimension of less than one-eighth of the
column diameter. The mist removal section of the column will have a similar or more dense
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operation will b@Pmnaél}'pﬂGsH@eleeVmgr&m scobher ;eano b Hurther phrified rpriorotoa Bekit
ggn\ezlnt ?gﬁ\ell pé@? u%m pac k?ﬁg to provid W% ﬁﬁia:@gr géef %@%ﬁ%’?a’g? ePeVI’Iggn
li qui d and pyaifiedarprgxemple in gome easss the inslusion; eﬁa. gydratlon unit and a distillation
20  unit in the system will be beneficial. The distillation column may also be operated in either
batchwise, continuous, or semi-continuous manner. In a batch operation, a typical operating
pressin'e might be 300 pounds per square inch absolute (2,068 kPa), with a batch size of 100
pounds (45.4 kg). The column in this example has a diameter of 8 inches (20 cm), a height
~of 72 inches (183 cm), operating at 30% of flood, with a vapor velocity of 0.00221 feet per
25  second .(0.00067 meter per second), a height equivalent to a theoretical plate of 1.5 inches
(3.8 cm), and 48 equivalent plates. The boiler size in this example is about 18 inches (45.7
cm) in diameter and 27 inches (68.6 cm) in length, with a reflux ratio of 0.5, and
 recirculating chilled water enters at 60°F (15.6°C) and leaves at 90°F (32.2°C). Again, this
_is merely an example; distillation columns varying widely in construction and operational
30 parameters can be used.
Depending on its use, the purified HCI, either with or without the distillation step,
may be used as a purified gas or as an aqueous solution, in which case the purified HCl is
dissolved in purified (preferably deionized) water. The proportions and the means of mixing

—

are conventional. _
35 A flow chart depicting one example of an HCI purification unit in accordance with
" this invention is shown in Figure 1. Liquid HCl is stored in a reservoir 11. HCI vapor 12
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as well. In one presently preferred exanple, the colum has a packed hei ght
of approximately 3 feet (0.9 neter) and an internal dianeter of

appr oxi ﬁ?zz 4 nches (18 cn), to achieve 30 a packi ngpyql Q% 0. 84
cubic feet ( ‘flters) and is operated at a pressure drop 0 0.3
i nches of water (0.075 kPa) and_ less than 10%flood, wth a reC| rcul ation

f1ow of abifrayniram thegrpormaceinthe seservois thenpassed shroyak a sytoff sl ved3, thens
gal | ons pethriight hem(ee 1342 Thé EteR@ HERGAPSD mtwﬁ&%ﬂdvo%icoxmdltédtae Grcssird! et

bel ow t he packin uid in]et abpve ckin but ow t he

m st rermvgﬁ “taé?fg‘% BF@?‘ Ef’ %é@'ﬂ*’\’f&gﬁﬁﬁ@m ﬁ]g’ r°°§ |3, Packed sestjon dB; s
descripti omcaaem"shmww smmawmateacuqueais HCIYEOEHO% dwiivRed a§ Iﬂ?eanx vapor
one- ei %th of the CA)(}H% ter, The m st yal sectj on e coI u

wi || flows ppward, Jpe girgulaied gy 3 6jrquistion pump e liquid leve
PET / IU§9g/ Oeéﬁﬁ:ma@ygrleva{%aﬁﬁ 82, OWBfé/@tiﬁﬁ drawRY Offt eﬁaaicam frﬁﬁﬂ&tk rtaink® Rquidt 'h )
shou e un 00 a | ns a ns .in ra ap
are exanpl g’saﬁ %OHEQE% FCTPIP@"S;@?‘@ ?fg“\/gﬁ heﬁqu %

oper at i on, elevated preshireandiheined Hyya pufpt 25 anmear.bmewmm rﬂ&ﬁchlmteafto\/unbfbfl‘lc'

5 to for 2 | ut.ion for.use as the starting scrubbing nmedium During
operation ﬂge%Fﬁ' Tﬁ r?ﬁ?l amount of liquid in the colum sunp is

dr ai netd pe(l)oalidissillagion columnidewheethe CTids purified fiirtles. Thewrsultiag distilled HC)
i mpurities that wll Qe éhmé‘é?d aé ne_scl uPber i ncl ude reactive volatiles
such as metal hal i ded® hHERsurected o thepoigo phosphorus, arsenic, and
anti mony; @@ Atdlsnbllmg unit 20 twheré she HEY m Bombii\ed abith déidmﬁd)wmek 130 tarﬁm@faﬁup
VI netal halides and Th ‘descri b to
operated in either bgﬁ%ﬁ%\% %gﬁmé’f}nﬁ’nu so ’%‘é‘ﬁ&% ﬂ‘f’ PR}B §%n‘gsﬁn§1|"? mant
Conti nuous or sem - coperammumﬁopmlwple pnxmsoﬁ).lsef the aqaeous selutioh carebe callected
procesgi ng rate of t Y, i.s 0t eriti ary
wi del yisj I n nmost oper gkfl olﬂ%d &h @ﬁ%ﬁ tﬁé?@tlsldﬁ?}‘"ﬁﬂ%ﬂ d@%:ﬁ%%ﬁ
for use, 15 however multitudé bﬁwma-bfe-usef d¢9ﬁhatidnscan@ie sane plgatt em wi | | be
within t he(i)%QFaanfer fhe4d wiith c4&tils the HCl in gdseous form to the point of use.
The second and third of these alternatives, which do not utilize the distillation column 27,
are suitable for producing HCI with less than 100 parts per trillion of any metallic impurity.
20  For certain uses (such as some furnace cleanup uses), the inclusion of the distillation column
27 can be advantageous. In such cases the distillation column is used to remove
non-condensables such as oxygen and nitrogen, that might interfere with cleanup. In
addition, since the HCI leaving the scrubber 17 is saturated with water, a dehydration unit
~ can optionally be incorporated into the system between the scrubber 17 and the distillation
25  column 27, as an option, depending on the charactensncs and efficiency of the dlstlllatlon
' column. :

With any of these alternatives, the resulting stream, be it gaseous HCl Or an aqueous
solution, may be divided into two or more branch streams, each directed to a different use
station, the purification unit thereby supplying purified HCl toa number of use stations

30  simultaneously.
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tc; thousénds of liters per hour. Optionally the HCl |eaving the scrubber
- can be further purified prior to use, depending on the p pe of
manuf a&%?ﬁ%‘brocess for which the HCl is being pumﬂe?%gg@ﬂ#%
sone cases the inclusion of a dehydration unit and a distillation 20 un|t
in the sggpéimentd] Swinmareficial. The distillation colum may al so be
operated 1 n eLther batc nt i uou r_se e
bat ch operati oR? 5"3”%?%&%@?@?’? gg@ﬁ?sgnn&aﬁmgéu%?ﬁ%&%g {)

squar e | fivestigation.uDifferbn0éSwieRaotedvirt theamk;mmy compesitibng HOthese twis cylitﬁleus

Eg?ghfhﬁ?ﬁd‘z"@r‘é{“ﬁeh v indisifh B G i AT S0 i pyBfil" bl of s

vel oc3 t yinvestipation %st@ devth pﬁSﬁcatnnmmiths fod Fixtuatlytany fmirram thas)optimize

hei ght eﬁm vaI egqtg to theﬁ ﬁ%fx.' cal plate of 1.5 inches (3.8 cm, and 48
~ equi val efi Hfﬁg 8T P& size in this exanple is about 18 inches (45.7
cm in di arret The aantire experirherstal sﬁpﬁnmmasmamc@m imiat hoed irefal ventilated dubf

0.5, d | at hille <)
Peaves aptetyist Sndbndiied umphihel® kim® "1 fiod! wAP uiarkd il i dherd'e
distill ahlsﬁong:pbssrb)hty\thaWa;g(,vandéh/resmlts:mninghmtthmwa\dd bspbquamnm:al
t b t th fied HC, th th

b W0 hoapitERE et SRR LRI SofEE Lo lieed as a purified gas of air aﬁ“
aqueous sol ut The, samplmgla;ipamwahcomlructedeﬂ‘omca CGAdtos H4!' rabe Mamm

f d d
Convent ; Aingrd Se8w Setled IS i f1a” BE B, ROR hHECRREE The M“F‘“Ee
puri fi catvalve was ﬁtted”lwahcaas}dnnpmcwof ﬂ/4"hTeﬂommbmg s that thmqudm wapgr eeul
Li d t or ed er 1. (H
PIC$' ;J IUS%%GQ‘%%S‘?‘%‘{ g?ﬁ‘%bﬁ' &’r{?ﬁf V??/é%%lf 38%5\/’%%“% ré%‘gr"’ %ﬁ(ﬂ%ﬁ%@ o
t hr oggh ebesjsreparéd directly in3thetsample botleyoberiatingt the teed fondiquid mnefsmm an

vapor 15, vvh fl o trolled by a pressure regulator 16, is then
di rect ed “P8° LFG'\gFﬁémgg{]urm 17 which contains a packed section 18 nd a

m st renoval ;&hm@bo&smpﬁpmmomghm riosing anddisaarding:the minse;
vapor times before adding approximately 100 cc of DI and capping the bottles. Samples were

taken by bubbling the HCl from the selected source and method into the DI previously
20  added to the sample bottle. In most cases HCl addition was continued until the solution in
 the sample bottle was saturated as evidenced by the HCl passing through the solution and
escaping to the hood exhaust. At saturation the sample solution was quite hot to the touch
and the sample bottle partially collapsed after capping and cooling. -

A simulated ionic purifier ("IP") system was prepared from 1" Teflon pipe. One side
25  of a union was welded to a capped section of pipe approximately 1’ high. The other part
of thé union was capped with two.1/4" holes drilled through the cap. 1/4” Teflon tubing
Was insertéd into these tight fitting holes, one tube extending down to the bottom of the
apparatﬁs, the .other fube was barely pushed through the top. The lower 4" of the assembly
~ was packed with Raschig Rings cut from thin wall 1/4" Teflon tubing. During experiments
30 this simulated IP was filled with approximately 100 cc of DI. By passing HCI gas through
the bottom tube, a gas/liquid interface could be achieved. While this assembly is not nearly
as effective as a well designed IP with a packed tower, a worst case IP performance could

be estimated. The bottom sample from this IP required increased handling to transfer the
bottom sample to a sample bottle for lab submission. For this reason the IP bottom samples

35 may .measure higher in ambient borne contamination. .
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2 Jhl L e e s e A W ssimshe R e TSR E Y S A R T AT R T

5 flows ubmard, the liquid being circulated by a circul ation punmp 21, and
the liquid level controlled by a | evel sensor 22. Waste 23 is drawn,off

peri odi c the retained liquid in the bottom of thep
Deionize?hkg?%?agz I's supplied to the scrubber 17, -with e|e§§@559§§§§sure

intained b bbed HCl 26 dj ted t
ot or nat e r out o eTHCE diaud Frorg cagh ovlindar v amploi b REYRRLa8) S Y EndeR Snric
is puri ]1: i e(ﬂrimhi%hﬂlxxd ibloe tHeqprewibusly prépated daﬁ(ﬂld-flntﬁﬁen thd\ﬁipnbtﬁltléeﬁieesixréd)arhhe
oint of u VII’-l ere the |
Fot oni oea Ve Mok Sy TR Infe ot b oS Tep oot Shage Hen st .
po: nt of usmdtlﬁxxml}mnﬁlmg)wnukh expese/the Isamplletto mmnmlfntalmfgeﬂp?m& ﬂétPaqsuhsﬁs'
t t
ra s 8 e BRpEChERGRAL, B poth.sytingers ang, B O TRNER,: B SR BV Tech™®
aast inati ortmrmtluteﬂetos‘mﬂé%ll-m the ﬂ?mxﬁal spmsfbe aqxlxeaug 3:%] fm?nrr]mhe d—E(Elrlzmm-daﬂquse
i n. gas second.an | ese...
al ter na1£:J i v%gﬁg%oﬁg %gmﬁsfnt%ﬁk&zog Feﬁa@%&p ﬁer (,gﬂltgﬁm&a& %Wc@a?é)gf‘oég ﬁfﬁtgﬁ | e
for producilGR/MSI testinigy thes sha hemall B¥elsaoft kesp promirneht comtanfinamts; arechetl knawn.
I n ity. f h
DALY, oI5 e Bt AU W AL SR B e
t he di 40i | Ieuacrtdnvdalswnlly iof tmimdlqgncal dmterest. n&nrhnatdbnslhtolfethemmipmwmd:e
dnit Qﬁ?' I ddi t t he HCl
?gavr“ngr?ﬂggggr e@s%k}&h&x{‘&?t{léfgfte%ﬁ:ﬂ?# \igtngf andghyldr ;;)Inonshzlcte caﬁ
optionally be i ﬁBErfpﬂbwlemesm ﬁqmﬂemommbeth ofitbe sylindepeanalyzedndl, tBye
distillatiqgy 7§, C&(#&g@.s%ﬁ S ?BeQ:B iaﬂﬂnat&fl E'.lk”&doﬁuﬁ ese&!}Pﬁ QEE Wil tHeCS

and efficiency of the’ ation um any of nat I ves,
t he resul t idigussed daspbssquent Sg@.ﬂ?éus HCI or an aqueous sol ution, may be

di vi deqsi nto twqmﬂw%fbé@eﬁ&eaﬁl TS haRA Ebndgéﬁsﬁxfé& Ed)vénf}' iﬁ??ﬁfi}’c&tﬁﬁ
station, the purlflcatlon unit there ésu‘i) yi ng, purified

of use st atcoBeRpt for the FGL tcasﬁao&g ybrey clarity ‘similar expemnents are described in

groups.

Liguid Anhydrous HCI Measurements
20 ~ The anhydrous liquid was measured by inversion of the cylinder and absorbing the
anhydrous liquid HCI directly into water. This represents a worst case as solid impurities
are also likely to be directed into the solvent. The samples were then sent for ICP analysis
for metals. (Cylinder 1: sample # 062993602, Cylinder 2: samplé # 062993605).

25 _ Vapor Anhvdrous HCl Measurements
In these experiments the cylinders were 'supported with the outlet at the top.
Anhydrous vapor was distilled from the liquid and dissolved in a small sample of ultrapure
water by means of a sparger tube. This method represents a traditional single stage
distillation.- These data were used for comparison with the purifier experiments: (Cylinder
30 1: sample # 071293601, cylinder 2: sample # 062993603) - ' |

Ionic Purifier Measurements
These bench experiments were carried out with the previbusly described apparatus.
After filling the simulated purifier with ultrapure water and directing the output of the
35 purifier to another portion of ultrapure water the HCl gas was 'slowly' admitted to the
experimental train. With considerable heating HCl would be absorbed into the first stage

10
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WD 96/ 39264 _ PCT/ US96/ 09555
“Experinment al _Summary Two separate HC cylinders from Mat heson Gas Products
" were us “his investi gation.” Differences were noted ?ﬁ'rflﬁgﬁ’%ﬁri ty

conp05|t|ons in these two cylinders and are probably indicative of - -- -
vari abi | i purifier vl lmanngemdmhegamaﬁd cdﬁcentpatrqmﬁetlmf pudifier ﬁouldnatﬂn&vegﬂnbl on

was to deyal Rggg f?} o &ﬁflrngr‘at %&E-n ‘l_[#g lﬂ% {ogggr 593&{0& seq nce

optlnlze a |re experit nen

or a
was carri mmﬁmbut nmwm cb@hgherthmugbrm'e |ligguidi fcﬂlawmg nbe wartious patnprovided by the

onor b1 Refeihind e Tn tRE v e~V SR> hhed MU ol mBed! 1S

an acthual mgtal iqpimpurities-havingsa strengewiaf! xmﬁxrethc aquaous splutivh éhamtkpl vapor state |

. DO T ove. SEAFR 0, BHR in 1 afic el The buriidl zed S0 i 280 s‘%eg#‘“"’%ﬁm

out | et of stagee toy fomm hydsochlaricedcidi t Both gheoliquidi leflebelfind /in "tha gurifier ((he
that th éﬂrxgpi |4 ] r(sj&gg}
Inathl se er’ t gagéggugéau o&lﬁ:t guﬁgd%r %ﬂeélrxéerg%%nggo I Téc Im{r#tehe

sanpl e bolGR/MS modt |Brghtcubn¢mwemmn inggveral experiments daghand are ad
envi rg £ blees were prepared by thoroughly DI ri nsi ng and
di scardl ng trﬁle%%%sgp?auire times before adding approxi mately 100 cc of Dl

and capping the bottles. Sanples were taken by bubbling the HC fromthe

sel ected sourchggﬂ“{&ttm,hm#xt he DI previously 20 added to the sanple
ases

bottle. In nbs Ton was continued until the sélution in_ the

sanpl e bottle &9mparng the diguid from gach eylinder twith thy vapersdistilled, fromy Averthis

sol ution B&ﬁidm'sﬁ&ettﬁe phSficaRM ﬁ)ﬁhﬁﬂ%tmtﬁmfp% dis@ilhidh ((tsﬂ lsﬁdiiﬁh% Cyl 1l
sol utjon was q touch and th e ottle partial ]

oth
col | ab%edvme&yfciamvaﬁw §o‘<ﬁppngm drshowh A g0 atiop Wi ﬁ@ar%nqnpfaywrs
\sNglsé g&n }Ngsg mg g@«'sged fBCt?fﬁéénn ie@ﬂw&h %ﬁll éBaee %néi‘: B levéﬁf %aﬁg t@ﬁbdé&ive or
| e, ot her, .pa 0]
the uni onmﬁé'és‘gépfggg afjon;cap ‘%/‘g'ﬁ‘l r%atfur@ar E‘mg '-'P%@"B&pwoﬁl/dlfes‘h
TeI l'o 3 t um ﬂ antl ﬁﬁiéa@dl éddt @nd heﬁnpletxhghmcfwwer NHe pridust owtpar sfthe punﬁer
exten |ng

bushod 1 nigGR BepReanD Teerd TnoBRS RIS cuts B priGS stk alfifietih Sask

Raschi@ RiAdgditionallyS therbdtiohn saaple fiér anyefunowas sighifigantiy highgr orpanyi particwlar
element than the product stream demonstrating the separation efficiency of this technique.
The purifier is much simpler and economical to construct' and operate than a multistage
distillation system. | '

25 o 'CYLINDER:2 IP SIMULATION I

. ‘Experimental work: Opened tank valve, no leaks. Opened sample valve too far,
' rhasswe bubbling and liquid carry over to waste. Shut sample valve back too far, some suck
back. Reopened at a reaSoriable rate. Wasted HCI gas for several seconds before injecting
into DI. DI sample remained clear, '_ IP bottom became quite yellow. Withdrew sample
30 inject tube, capped HCIS p'roduct' sample. Removed sample tube to IP from sample valve,

shut sample valve. Poured IP bottom sample into sample container. '

Sample #: IP Bottom 063093501, HCIS Product 063093502

CYLINDER-1 IP SIMULATION
35 Experimental work: Opened valves to achieve good HCl flow to IP When
- saturated, HCl gas passed through the IP. After several seconds to achleve line cleaning,

n
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30 this sinulated IP was filled with approximately 100 cc of DI . By
passi ng HCl gas through the bottomtube, a gas/liquid interface could be,

achi eved.wi¥biheehhi s assenbly is not nearly as effective aﬁcﬁugﬁhbsggem gned
IPwith a packed tower, a worst case |P performance couI d be estimated. The

bottom sarrpl r his P requir e handl i n nsf r the
bot t om sanmp? ‘Efoléf‘ 1nEeduc oty ‘ﬁﬁrb F&o ?fﬂfﬂ\cg PBrTem & SHumted. | p
bott om sanpObser@é‘d thanthy leakaorigimatéd fromythe meliaﬁpbﬁriﬁ tlimvalle (pmﬁcamsﬂek bavks afid
WO 96/ 39264, 96/ 09555
The O |1 qUg Pgsk haye corroded aole in the bellays sealy Rerysred saglphf TEEYO T ng
draining liquid Samplet#:nelePmductﬁﬂ;Z%G@gdPﬁbtmmrﬂ?H%ém ai ner. The

i mpurit |5es nmeasured are truly worst. case as the liquid w thdrawal -techni que
woul d ténd to al so sanpl e dense particles and the extra handling woul d

expose the sanple to aner period. ICP results f or

5
l'iquid withdra re_shagwn in, Table 1.. Th ve
‘been nornalized #og%%w {%ﬁngﬁi ﬁgan pgré)c?q}ﬁr a?alggﬂ‘g H “?‘F‘%Wﬁ‘iﬂ%‘?
HCl poi nt - ofNHpgS.system The significant excess of Fe and the other
cont am nant s preg us the actual
| evel s of |ess pr%n#ﬂﬁg‘nmgﬁ g’ﬁfdr?é% %dggﬁ ﬁ&l@ﬁbﬂ%i‘, ‘\b/vever as long as
t hese |lﬂ)ur|t|es can be reduced to accept able levels in the product t he 10
exact level is ophieQs & B interest. Fortunately all of these
i mpurities can b I ation and/or IP techni ques. The
fol | owi ng el emenThe fpllowving three-part tahle showsotest resultston the various samples rpfeened to) |

B, Ba, Cr, fg4vefe, K and Na. The contanination levels and renoval

t echni ques w | I be di scussed i n subsequent sections. 15 : ‘A nunber of-
exper i ment B} BENGREDLBESHESr med to veri fy this pur| fication concept
T e e o e
e B B T o3ame | 93-07240 | 93-0722' 93-07338 93-"0_7339 |
| Sample | Cyl1liq | cyl2Vvap | cyl2lig | cyl2p | cy2rp )
L - | . Bot Prod
sy | 610 | 1731  es0|  sass| 1534
20 fag .15 - | " “
_ | <136.18 1689 | 16434 19191 | <54.15
tx: <.15 <2404 | <54.15
| 207012 | 4.41 745.00 41077 | <2720 |
lEa 664 | <215| <1260 <248 <5.59 "
25 [Be <1.83 <0.65 <164 |  <032| <073 ||
lEi <678.44 | .15 60860 | - < | <69.78 “
a <1.33 258 | 844 <129 < “
cd <14.05 Q15| <ne| < <5.59 “
| "Co- <136.18 <215 | <1226 < | <5415 ll
12
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anhydrous liquid HCl directly into water. .This represents a worst case as

SUBSTITUTE SHEET (RULE 26)

solid inpurities are also likely to be directed into the solvent The
sanpi es WEPA6BKEH sent for |CP analysis for nmetals. (CylindBFTASIEOISSS o &
062993602, Cylinder 2: sanple # 062993605). 25 Vapor
Anhydr ous _ . i icmme yacy
supported {i thott#e puDb2293602t He Q62893603 yidr0629936050r] 63083601 | || Q63003602
the liquid ' ' . a
sparger tulje. Hdai s jjret B3<V288pr 4se@B7240r adi OB0TaH2siNngP8-07338e | 93-07339
distillati ' ; ' 4
experiment §. Safpld rper Cg01 ligl: |sagpl 2 Vi 2 @ligcyf i R Jangyie2 #p
062993603) | L g‘r) [\ZIS}lQJ Lﬂnt s1h p%nd; e np%nt S :grar ridid
out with tile previdlsly described apparatus. After fi i ngothe sfi mupgdged
purifier wifith ultrdbure water and directin the out of the 3 urifidr
t o anot her fportion u wat er € i
the experi ffehtal tr in V&fﬁt’:gi nsi de%l‘@ heatl I%I g yﬁ)& bsor d?%
into the first—st 739267
PCT/ US96/ 04685 purilfi er &fh?t'l 34 ating %tﬂli  he i fek-33sked commrat i GRT30
t he purlfl chteve—tire ot FTIIIJ ‘[JU| Yp——f—rp—t—ire- oLCITI i ~rrs |JU1 Tt
HCl gas woyfFel no | ghgerl4822%bsoy bed i 29.2Ref pu2069@r b t \86&65131) bl e<27.20
t hrough th ' 3 '
" packing. | hi s t he<g28144 Mas <289.08bpd" &g08.66 hqueous med) a. 46%785
metallic i bt ' ' fihity for
than thg v r statlp woukgrg g4e) n behgadgi p theﬁb&ggi d phagseg 78he purifie
gas was th i d at the neiki stage toformhvdrcrhloric-arii Both t
l'iquid I efth.behind §n the purifjer ("boykopt sanple) pnd the "scyubbed”
product sa e ("pripduct”) werel then sen or _analysip with the CP/ VB
met hod. Botjp cyl.i ndgrs nfin sev | ] experi 5 each, andjare
tabul ated iffn" 10 th re\#glﬁﬁlolye'?I Df TabI g%? Experlgrgntg Summry '
a <2.15 _
i <14.05 <2.15 <12.60 <2.48 <5.59
10 g | <1.83 <0.65 <1.64 <0.32 <0.73
<14.05 <4.95 <1260 |  2043.09 <5.59
“Mo <183.20 27 | <6135 41401 | <2720
- Na 293.11 - - 097 <055} <47.98 <108.06
i <271.74 <95.76 <243.77 | 1440297 <108.06
15 <136.18 <47.99 <122.16 <24.04 <54.15
|th .15
d <678.44 - <215 <608.60 <119.78 <269.78
i t <678.44 <215 <608.60 <119.78 <269.78 -
Sb <678.44 215 | <608.60 | <1978 | <269.78 “
20 “Sn <339.52 15| <0457 | <5995 | <135.01
‘[Sr <68.39 <2.15 <61.35 | <12.08 <27. 20
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Conparing the liquid fromeach cylinder with the vapbr distilled frombve}
this liquid denonstrate the purification available with sinple distillation -

(Ol -1 Wossadeas Cyl 1 15 vapor, Cyl 2 liquid vs Cyl Zpﬁpggm shows a

good purification with separation factors of 10 to 5000 But many species

were stil L=ahy etholpoh-lovel Adding _successive .
66‘3695602 x

di sti |l atfon.ggoalli | ag20omud ef capmohgopf fdh’isvb%osJ gro%gbélﬂsow

woul d reslt L0 amecantIv}lncreased cost —and cdnplexity. However the
product olit pyp. of it h i e w e@sS leca [ Jc rjty
| evel s ovr ?{11 f &e’lfsjlgrml p ?3 [ P 0%3?:3?22 %R@#. ng IO;? hg
bott om safpt e fro n_Wap flcanﬂ her art ;

el enent t a#u ! rogty}'étlljlé 83820 r ht #Ydh"'tﬁ epgyégir%’n ff‘#yilieﬁ{:y of
this techy |que Te purttrer s UCH STTIPTer and eqonomCar T CONSTTUC|
and oper 'l e than § mul tistage} di sti I I at| pn. system 25 Dot Prod |
CYL| NDER- jp=== M-—-{F e e = ; AR Ao a2 s

| eaks. i; | e vadﬁv&44t DO far<2rmS>| ve<608)ﬁb| ng a«nu9L781L DV er
to wast e. ||-She a—sonesuck-hback.—Reoy ;
reasonabl as for<4$gge al apzpmlﬁ ‘bef oty oqnjject |<54115n 0
DI. D safmle dii LP bottombecane quitle vellow \Wthdrew

sanpl e 30} tube, cappefl HC pgdpct sanple.] Renoved sgnpl e tubeto
| P from sfanpl e ve. shut sahple valve.lPoured |P {bottom sany |
sanpl e o[- Sarrpl =gl P Bot 30935 Il S ProgL 063 2}
CYLI| NDER- w LATI O%6§g9 Qg% i men%éx 3%:&” K: ened va%gget ‘n
achi eve ,-, fTowto IP. TPhen Sg%lié ed, HCl gds passed tijrough the | P.
After sev i eve lin | ani ng, 11 WO 96/ 3c 264

emoved oy sanfl e sath ‘f“’déﬁﬂed’tﬁit R ek oA g oo Eha

relief po YT OUS SUCK PacRS T st TSt Ve

cor r oded ! Bvg seal cpveré 04 reséﬁ%ﬁr

| Lot# 070193601 070193602 07129360

R ; 93-07388 | 93-07389 93-07890
10 Sample ‘ Cyl21IP | Cyl21P |Cyl 1 Vap |

<122.01 | <258 | <223.82

L Bot | Prod |
hssay | 3392 1442 | 1849
' ag _ 000 | <258 | <4493
t <2449 | 240 |
15 u}m | 000 | <258
ua <1230 | 393 | <2256
Ilfaa I <253 ] <258 8.06
lBe <033 | <258 <0.60
|

000 | <310] <42

_20 "Ca
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Sanpl e #: | P Product 071293603, |P Bottom 071293602 5 CYLINDER-2 | P TEST

- Experinmental work: Sane set up and procedure as previ.ous test but without
(NH[ er 'VYP[9689364  Sanpl e #: | P Bottom 071493603, | P.ProducRCHYS6M983s1 10
Tabl e of Sanpl e Anal yses The follomnng three-part table shows test results
on the vofToOUS SYIDIE : - -T?T?“]HCI ~-BENCH TEST RESULTS: 15

Lot # bet# o] 0712&3@993605 063093601 * 063093602 | d:

93- 7239 93|72 9070 —3f'07338  93- 07339 Sanpl e oY
11liq 1@ |c93-073863]|

93207389 | 93-098902 | P Cyl 2 1P Bot Prod
Assay ~3-0 e 6. 80 . _ 34.55 15. 34
20 Ag || Sample Cyl21P b <136. 18 16. 89
164. 34 101191 54 .18 AL - _ ) _ <2.15 _
<24. 04 <54. | Prod 070. | 4.41 745. 00
410. 77 | - <2.15 <12. 60
<2.48 <5. 59125 q ; ¥l1.83 . <0. 65 '<1.64
<0. 32 d 20, 7§ B|<25§) <238 | o7828% | <215 <608. 60
< 50, 78 (I3 33 .. 1 <2.58 8. 44
<1.29 Co o of <2449 | <25%l4 (4493 <2.15 <12. 60 <
<5.59 Co TI30 13 — 2. 15 <122. 16 <
<54. 15 1ACr <12.30 <2.58 | <2256 ' : :

<12.30 <2.58 <22.56

5 [Fe 12409 | 360 | <2256
a <12201 | <0.00 | <223.82
e 000 | <000 | <223.82
In 0.00 | <258
| I 0.0 717 | |
10 uLa 000 | <258 |
| i <2.53 <2.58 <4.63
. <033 | <258 | <0.60
, 91.15 0.00 | <463
“Mo <1230 | <258 | <2256
15 [Na <4887 | 1147 | <89.65
i <4887 | 000 | <89.65
<2449 | 000 | <4493
“Pb 0.00 | <2.58
d <12201 | <258 | <223.82 “
20 <12201 | <58 | <2382
“Sb <12201 | <258 | <23.82

15



WD 96/ 39264

PCT/ US96/ 09555

Lot # 062993602 062993603 062993605 063093601 063093602 |d: .
| 93-7239 w0 9682647240 93- 07242 93- 07338 93- 07339 cidkMAosss OY!
-1 1iq Cyl 2 Vap Syl 2 1iq Syl -2 1P Cyl 2 1P Bot _ Pr od
o B2 10 <0135 27276.06 <27.20 u
1337. 34 i 1070193601|670193602{071293680F - 71 -+ <27.20 Fe
144225 fo_22 120606 . 84B65. 31 <27.20 Ga
<678. 44 13-07388193607%89 | 93-07890 <269.78 5 GE
<678. 44 B 4608, 60 <i1dl 78 In -
<2.15 <1801 q : -
<2.15 Lj Cy<11%.1& Gi2lp Q.‘ ?é’ép <12. 60 <2.48
<5.59 10 S 3. 65 <1.64 <0. 32
<0.73 <14. 0f <B%s rod 14 60 || 2043. 09 <5.59 Mo
<183. 20 R b T =4l 01  <27.20 a
293. 11 <1124017.|p8 <108. 06 Ni
<271.74 - 34402 . 97 <108. 06 15
<136. 18 ‘<2504 04 <54.15 <2.15 <678. 44
<2.15 <260 73 1P <678. 44
<2.15 <268 g8 fSb <678. 44
<2.15 <269 73 PO Sn <339. 52
<2.15 oY Sr <68. 39 -
. <2.15 <2720 |13 -
5 1
<22.56
|
<2256 |
<44.93
10 E—
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VIO 96/ 39264

«Lot. #

PCT/ US96/ 09555

SUBSTITUTE SHEET (RULE 26)

062993602 062993603 062993605 063093601 _ 063093602 I d:
93- 7239W0 9613926417240 93-07242  93-07338 93-073%6T 55 oyl
11iq Cyl 2 Vap Cyl 2I|q Cyl 2IP QII 2IPBot ProdTa
<678. 44 [=———=p— : o : o
<47.99 dw# 16 || 071293603, | 072398603 T
<2.15 V 6839 Pl
<27.20 5| W Id 93-07891 93-078%2. 19
<24.10 | <681 35 : <27 .20 7r
. <2.15 | <18Zmpk Gy (¢ 11 Lot| # cgr918360 07@ P3Gp2
071293601 _1d ﬁ ﬂ4 : Q%?RQO 1 Cgan'nl e ?i'l P _Cvl
| P Cyl | jvap Bot ' 92
.0.00 4p.58 <241.%§S
0.00 , F.58 <I2.30 = H@ cvamoy |
8.06 & [Assay <0 33 <2. %833 | <0. 60 1867 <123508 | <2 581449
<223. 82 2 ca 000 <310 —<q. 4217 9067392074
PCT/ US96/I3@555 <2492 | <49.83 7.33
||Al | 0.00 0.00 - 3.57 0.67 |
u 0.00 | 0.00 <1.06 <257 |
| <1252 <25.03 19.64 <57 |
10 Fa o 5.59 <5.14 <1.06 57
. . . i . ?
e <034 <0.67 <1.06 <2.57
i <12417 <248.26 <1.06 <2.57
| IICa kD <134 <.68 19.76 1.90
“Cd <1.45 <.90 <1.06 <257
15 oo , <249 <49.83 234 <57 |
"Cr | <12.52 <25.03 0.00 0.00 |
: - . i
- fCu <12.52 <25.03 21.02 <257 |
e - 62.59 <25.03 0.00 175 |
lFa <2417 <4826 0.00 0.00 |
20 [Ge I T <124a7 <248.26 0.00 0.00 i
n £ 0.00 0.00. <1.06 <257 |
. — 1
- 0.00 0.00 0.00 2.08 |
. . . |
“La 0.00 0.00 <1.06 .57 ’i
i .57 <5.14 <106 .57 |
| | - - |
25 ﬂ}j{g | <0.34 <0.67 11.79 .57 |
17.



Lot # 070193601 070193602 071293601 |d

93-07388 93-07389 93-07890

Sample Cyl 2 1P Cyl 2 1P Cyl 1 Vap Bot Prod Cd <2.53
<2.58 WO098r3664 Co <24. 49 <2.58 <44.93 r pc;-msga,agsgg)
<2.58  <22.56 Cu <12.30 <2.58  <22.56 5  Fe 124. 09
3. 69 <2256 122 | —<0 .00 1 : : '
<0.00. <22B. 82L& # F 0712@3902 <%75§9§803 | 0714938000] 0714836040 H
a . ﬂ 00 <2 <2158 : <4 63 M
G230 boss M o) 22 "?E”’”‘a | 9%7%%:87 3%, | et
3.48687'_ <2168 gg‘“"'e & Gig‘épl bIP o 1R, 55 oo %OIOIPHQFM' ST, |
;3?889673522 Sb <1¥0t0_1 <Z. %Od <Z? b. 02 bot vo/ 59287[
| | 257 “—wﬁw o.bo T 000 |
- Mo 1 | <12.52 <25.03 29.63 <2.57 l
“;h <49.73 <99.44 171 4.19 }
Y <49.73 <99.44 0.00
s IE | <24.92 <4983 | 0.00 0.00
b 0.00 0.00 <106 .57
'E 1 <2417 | | <4326 <1.06 <2.57
| <124.17 <24826 <1.06 <2.57
b t <124.17 <4826 | <106 <257
10 [sn ] T <6214 | <1244 <1.06 <2.57
_u& | <12.52 <2503 <1.06 <2.57
| “Ta <2417 <4826 <1.06 <257
"ri <24.92 <4983 0.00 0.00
1 ' 0.00 000 |  <Lo6 <2.57
15 l£ | <a2.52 <2503 0.00 0.00
“w | 0.00 0.00 <1.06 <257
nZn 40.23 <2503 | 0.00 0.00
r <24.92 <49.83 <1.06 <2.57
.20 Modifications and Variations

As will be recognized by those skilled in the art, the innovative concépts described in

the present application can be modified and varied over a tremendous range of applications,
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Lot # 070193601 070193602 071293601 Id 93-07388 93-07389 93-07890

.Saml e 2 1P Cl 2 1P Cyl 1 Vap Bot : Prod Sn <61. 06
<2.58 WO 6232324 Sr <12. 30 <2.58 <22.56 Ta PCT/USI6/9%550
<2.58 <223.82 Ti <24. 49 0. 00 <44.93 5 Tl 0.00
<2.58 V  and accordinbly 3t scope on)a@teted subject attbr is not limited by MY of the Spedific Zn
<12. 30 <22 %4 49 <2.58 b244 93 16ig

56 Zr
96/ 39264 °"emPParY teachings given. PCT/ US96/ 09555 Lot #
071293602  Fopéxanpkthe dtscl&ké&l‘iﬂﬁ’cﬁﬁﬁve technidié«l&¥3a¢ sthidtly limited t0 thadvfiidture

?A/SI 018?% of i te@ﬁ?ieg c?rgfxllésotbut can a so %g,rag%frgé %o manufagéxpng éxscrete sem%:{mfu b

Assay 5. components, stth.addptoelectroniclénd>power devices35. 08 14. 49 Ag
) ;23792 o F_o?éary?&?' eg cxample, th7e' %?sclosed- iap?)@ﬁflg'tgzhn?q%goﬁpn also be g.ggop(%% to

<2. 57 <12.rhahufacture of 6itier Bithnologies whife infegrated circuit manifactiifing methods have been
5.59

<0. 67 addpt<eg' %\f’%s in thin-'-ts ﬁ'n ggagyti%p&ds a<n% chivE’-ematrix ligll'ﬂtcrﬁtal displafrg;'bgt’ft'
<248. 26  the primaty. fifplication is in<idtegrated circuit manufactunng, and applxcanons of the
10  disclosed techniques to other areas are 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 because
of the less efficient gas/llquld contact. _ '
Optionally other filtration or filtration stages can be combmed W1th the disclosed
15  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.
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
20 also be adapted to operate as a part of a manufacturing unit to produce ultra-high-purity
chemicals for 'shipment; however, this alternative embodiment does not provide the
advantages of on-site purification as discussed above. Such applications encounter the
inherent risks of handling ultrthigh-purity chemicals, as discussed above; but for customers
who require packaged chemicals (with the attendant handling), the disclosed innovations at
25 least give a way to achieve an initial purity which is higher than that available by other
~ techniques. Again, in such applications a dryer stage may also be used after the ionic -
- purifier. o _
As noted above, the primary embodunent is directed to providing ultrapure aqueous
chemicals, which are most critical for semiconductor manufacturing. However, the disclosed
30 system and method embodiments can also be used for supply of purified gas streams. (In
many cases, use of a dryer downstream from the purifier will be useful for this.)
It should also be noted that piping for ultrapure chemical routing in semiconductor front
ends may include in-line or pressure reservoirs. - Thus references to "direct"” piping in the
claims do not preclude use of such reservoirs, but do preclude exposure to uncontrolied
35 atmospheres.
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Ca | <1.34 <2.68 19. 76 1.90 <1.45
<2.90 <1.06 <2.57 15 Co <24.92,

<49. 83 WO096/3926L. 34 - <2.57 Or <12 PEXUS96/09555 <é5.’ 03
0.00 - 0.00 Cu . <12.52 <25.03 . 21.02
<2.57 Fe : 62.59 . . 4 _ 0. 00 1 75
G . <124.17 _ <248.%M $ﬂ||| I ﬂ ﬂl
S et [

0. 00 What j3 8%9’“_"1 is: 208 La 0.00 0,00
<1.06 ' <2.57 <2.57 o <5.14 T <1.06 - <2.57 25
My thoati

IO 96/ 392 6& An on-site sﬁ%sﬁ?&m, ina senuc%gdggtor dev1ce fab, o facu”p&’fﬂ@&%d’é%%
Lot # 0712 dighepurity reagentso@mgnising HCI 0o 24esdanductor manufagteeing operation,
93-07891 - 9% &%ﬁ%g - 93-07974- . 93-07975 Sanple. - vyl 1 1P
ol 11P oyf oyl 1 1P Bot . Pr od Bot
Prod <2. 57 an evaporawn Isqurce connectedOtog@ceive a hqmd HCh sorce/and to provxde a flow
<12.52 - <25 - .- <2.57 Na- :

<49.73 > 2011 vapor ther€fofy: 4.19 N

<49. 73 saut @gmqf HCI vapor being)gonnected to pass throughsan mmq::opunﬁer unit which
3.23692 : 348%1%31des a recucul&nﬁo volume of 91@ ﬂﬂl&f’ water, containing a high
<124. 17 ' <2/¢pngentration of hydx_pcbtpnc acid, in contact with said flow of HCI vapor; and
<124.17 a géredator’ finit, connectedth f8€eive said flow of ACP Zapor from said punﬁer and to

10 combine said HCI vapor with an aqueous liquid to produce an ultra—pure aqueous
solution comprising. HC}; and '
a piping connection which routes said aqueous solution to poiits of use in the
semiconductor device fabrication facility. |

2. The system of Claim 1, further comprising a panu:ulate filter mterposed between said
- evaporation source and saxd punﬁer

3. The system of Claim 1, wherein said liquid HCI source consists of anhydf'o'us HCL.

4. The system of Claim 1, wherein said recirculating volume of high-purity water does not
contain any additives whatsoever ' '

5. The system of Claim 1, wherein said liquid HCl source has only standard comimercial-
grade purity. ' '

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

7. The system of Claim 1, wherein said evaporator operates at a controlled temperature, and
"is connected to receive liquid HCI from a bulk storage tank.
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| sb - <124.17 mﬂﬁliﬁ <1. 06 <2.57 10
212, 55 WO9639264 L5 03 14”!I|II<IHI.I|CI)6.M ls IIII .57 Ta  PCTUSIGROSSS

<124. 17 <248.26 <1.06 <2.57 Ti
<24.92- 8. An on-sitésilBystem. in a sefiiddfiductor device fabfic@bnlfacility, for providing ultra-

21(2)0 52 hxgg-%gbt?' reagents %%m(%)gilsmg HCl to a si%ﬁiggqél?:&rdganufactming_og%on,
<1.06 conprisingzn 40. 23 <25. 03 0. 00
0.00 Zr _

. < .<49.83. <1.06

22,5720 NEMEFIRSTRION SRS Colfeeie 18 fecel i, HG) opd 4R Froid p oy of HCI
skill & in the awvapor-therefromyvati ve concepts described in . the present

licati A | ' t do oo .
gggl Bled gggaa;%&s o?ﬁggﬁ@%iﬁi&&% “10' pelds throtph @n ionic purifier unit which
PCT/ US96/ 09555 amptbwidesoradiregjt syohmee off fhigleparty svitérecéontaihingr ai highot
limted by any Ofcoﬁ&?\pﬁﬁﬁ bghggr%éﬁgpﬂﬁar}/ t.eachin s.tﬁjsgﬁn For, %ﬁ%"e’ﬂ?ﬁe
.di scl osed" i nnovat’ veunbﬁc ni ;Jedl &cdslxw:ginlagtqw ispid flow of & Tor %t
i nt egr at ed @igeneratos unit, connected! toaetmiveggid iflav 6O H@ rvape from said gurifiercardd to
-sem ggnductor 5 ﬁ,‘ggﬁ%@ﬁ&laﬁ#&%ﬁ??@%@el eﬁtr | C agd powgr devices. For
anot her exanpl e, P e disclose nnovati PR ﬂ}‘@[}g@r% e&f‘é‘%@“ﬁ?o@b‘?%‘bsto
manuf act ure of oseltionsompsising HE€Lwhere i ntegrated. circuit nmanufacturing
met hods hav C Lt i 0= &L he, PR
act i ve- mat Wfﬂ’% SRl urs Wit sbfbib) ofn b WS RARR e ERERAor devie
i ntegrated circuifabriration facility wighous bulk:tpaisfer ar empesuce of liquad $irfaceddp anibientd
techni ques to.other areas are secondary. For another example, it is not

strictly necessary tq use a scrubber to performthe liquid- vapor contact;
a bubbl er9-cHhf stz of Klaimn §; Surther dompaisigig 2 Ipaticulatenfiter linteposed betvren said

because evaporation source and said purifier.

10. The systerh of Claim 8, wherein said liquid HCI source consists of anhydrous HCl.

11. The system of Claim 8, wherein said recirculating volume of high-purity water does not
‘contain any additives whatsoever. )

- 12. The system of Claim 8, wherein said liquid HC] source has only standard commercial-
grade purity.

13. The system of Claim 8, wherein said evaporator is a bulk storage tank.

14. The system of Claim 8, wherein said evaporator operates at a controlled temperature,
and is connected to receive liquid HCI from a bulk storage tank.
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of the less efficient gas/liq tlonally other filtration or
“filtration stages can be conbi Em ﬂ"ﬂ | osed 15 purification.. -
. appar at uswa %@l d al so be es can bhe inrmsmssmto

. the purification water if desired, although thIS i s not done in t he

- presently pnsfghpRdie mysteiﬁn&, a é&:@&iﬁéﬁh@%& féb?ﬁam fRility ‘Eﬂﬁa
- an on-site purlf t|o Alternatively, In | ess refer ss  of
enbodi nent, the w%&i@ﬁr pse i sespicerActon rany %mn%?%a%séﬂﬁﬁﬂé'@lh%

. operate as a parbomﬁnﬁngranuf acturing unit to produce ultra-hi gh purity
' chem cals for shipnent.; however, thi,s alterna JV% §aod| ment es not

. provide the a ROFation sore g?‘ﬂ-?c p?tgrtPfTF?F&Y‘? gAY apddep %ﬂOSU%ﬂ'nHCl

. appl i cat§ ons encou nfaPbr thegefiomer ent risks of handling ultra-high-purity .

t chem cal s, as djsgusse ove; -byt for. c tomers who require packaged
chenical s  (wi opd 9Wa9fdlé§5m0rh%\%w ctel{@ RASS SITGUSR a ripiG AFHIeE Uglt hich

| east give a way t(?praﬁhbsivﬁ racﬁrdtﬂutﬁigabonmlié tof MHH: t§' Waﬂi?ercohﬁﬁﬁné h@thigh
avai | abl e by other tech l'{t]llﬁgues ﬂ Jn Sd;'ch a E’ stage
may al so be used af$oBf€ °P8ﬁ#'¥3'¢9& foric el il éﬁl

embodi nent i s gldryecinie] dofingtted/iockiedéivel sait dluw QfHBI%yér ﬁbﬁx@a@bﬁmﬁéﬂnﬂho%&ﬁ
nost crm]l cal for se ﬁg&ﬂguct ore%‘ilranuf acturing. However, the disclosed 30
system and net hod al so be used for supply of purified gas
streanms. (In napjping smnecum which dmmr sdﬂ\l\lﬁqﬁe"oﬁﬁrﬁoidtfdﬁ td1Points i dfl Gse \bh [the
be useful for thi Srf)"' houl g?‘a otg%c that piping for ultrapure
chenical routing i fe if'chW?%‘h Hﬁy i ncl ude in-1ine or
pressure-reservoirs. Thus references to "direct" piping in the clainms do

; not . preclud e, f gV but do prec u osure to
. uncontrol | egﬁgg 35%"?%&9@6‘ fug{he'r %alﬂ" 'ﬂateeﬁpet iterposed between said
PCT/ US96/ 09555 Cevepoatidheasource anldaaaub;iumﬁer o

17. The system of Claim 15, wherein said liquid HC] source consists of anhydrous HCl.

18. The system of Claim 15, wherein said recirculating volume of hlgh-punty water does
not contain any additives whatsoever. -

19. The system of Claim 15, wherein said licjuid HCI source has only standard commercial-
grade purity. . |

20. The system of Claim 15, wherein said evaporator is a bulk storage.tank.

21. The system of Claim 15, wherein said evaporator operates at a controlled temperature,
and is connected to receive liquid HCI from a bulk storage tank.

2. A system for the preparation of ultra-high purity HCI, said system comprising:
(a) a reservoir of liquid HC] with a vapor space above said liquid;
(b) 2 connection for drawing vapor containing HCI gas from said vapor space;
| (c) a filtration membrane removing particles from vapor thus drawn; and
5 (d) a gas-liquid interface chamber in which filtered vapor having passed through said
 filtration membrane is contacted with an aqueous solution of HCl in deionized
water, the vapor thus scrubbed being purified HCI gas.
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-~

1. An on-site subsystem in ' 1 t device fabrication facility,
-for .proyjdi tra- high- pmﬁﬂm Bﬂj{] nprising HCl to em conduct or
manuf ac%#%erat ion, co . malls oration source"%‘%ﬂ = to

receive a liquid HCl source and to provide a flow 5 of HCl - vapor
t her ef r onR23sAisgsteindy acéordiitice weigtoCldivai 22 finrtiren eomprising ajlistillatibn colymnaasranged c

purifier unit i DL.QVL ' i ol une of high-purity water,
containing a hﬁgrﬁ%gn%a&\r%gg}%fgﬂégfdr{ﬁ%rdg%ﬂ%c acid, in contact with said

flow of HC vapor; and a generator unit, connected to receive said flow of

HCl vapor 5fr | red f | Q P GRUbd 3 e 1Ghs
- Wi th an a%&é%@%'gu@g l‘f‘%%&%&ce a?]flgilgprpé?%ﬁlf’g eé%ueousggrg u on%‘gvrr% ng

HCl; and a pi picomprisingecti on whi ch routes said aqueous sol ution to points

o A AR L ki et Y

further conprising a par erpos et ween sal
evapor at i on sour ceespestivesteps,pon wafegs corainifigesemiconductor m@terialy i manudactirs of

said lkquid HCl squrLg ' r . . 1,
wherei sai d reci ALSIEESRS Tobirnlin, BILSNHAGS whiksbins Yahg Buouf RIS T
addi ti ves what soeaspurcs gasifer eperation ofi tissidmvarkpiekey adh said |iquid HC
source has Oogl\Y. oy =1 LL M- Q. The. syt f \

T her ei n oG BSRGRC SBHNE Cbndcied o3 Miftdationt byrolfing 8 SR sefd AT
1, wherein said eimplirashigh pupity foron, said subupittoptpristng: enper at ure, -and i s

ted t | Ve s ; VO 96/ 39264
connected to re@?& X%et\}r?‘i’tubidhmh ﬁé};%@] ?%ﬁg%@g%a%goﬁgzbgitﬁoh d HCl

PCT/ US96/ 09555 '8 -si tersubsy r-devicé
fabri d8ti on fadii)iagpnnectionfosdrawing vapor sontainitg HGL igay fronn said (vapetosnace:si ng
HC to a sem cqfihie FitatBR tERAblate! RthoVRY Firli€lds from vapor thus drawn; and ,
(iv) a scrubber arranged to contact filtered vapor having passed through said
filtration membrane with an aqueous solution of HCl in deionized water, the
vapor thus scrubbed being purified HCI gas; |
15 (c) said purification unit being connected to said workstations by piping, to supply said
HCl in ultra-high purity form.

25. A system in accordance with Claim 24 in which said subunit further comprises a
_ distillation column arranged to distill vapor emerging from said scrubber.

26. A system in accordaxice with Claim 24 in which said subunit further comprises means
for combining said puﬁﬁed HCI gas with purified water to form an aqueous HCl
solution. ' ' '

27. A system in accordance with Claim 24 in which HC! purified by said subunit leaves said
subunit at a location positioned within approximately 30 cm of said means for
applying the product of step (b) directly to said workpiece. -

28. A system in accordance with Claim 24 in which said subunit is .sized__to produce said
purified HCI gas at a rate of from about 2 £/h to about 200 L/h.

29. A system in accordance with Claim 24 in which components (if), (iii), and (iv) of said
subunit are arranged for continuous or semi-continuous flow.
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| conprising: an evaporation to receive a liquid HCl and to
provide a flow of HCl 5 HEQWEWTMMID refrom said flow of HQ vapor
bei ng coweeésarea 0 pass thr call i fier unit whirdTgseepsiss a

recircul ating volune of high-purity water, containing a high concentration

genorat or oot i ek o4 ApBORILE g b Be it ' bkl o Bl line

connect e b ; T ! [ k
purifier and to fep the manufacture; afpanbighznrerision elegstonic)jcompaneniqsaidu sethag,i d
to produce an uldopriprisinge aqueous sol ution conprising HCl; whereby said

ul tra-pure aqueous sol utjon can be used within the sem conductor device
fabrication fégi W&ﬁ%&ﬂs %ewatmmceoﬁb@s@pb@ude!i& injan HE -sontating t o |
ambi ent §9. The sysgggpvgfr; 0 aim 8, further conprising a particulate filter

i nt er posed between ,said ev%por ation source and said purifier. 10. The

system of O afbhpassingsad HClgas tropgh, a filistjonsmembrane semoing particles greates shan .

HCl. 11. The syst eglo05 nicidnthereftohr €i n said recirculating vol ume of
hi gh-purity water does no'i_m;ont614'“2a any additives whatsoever. 12. The system

of Claim 8, wfdrRassingsaid HC gag thiey hltered through @ serpbbarawhereby saidnbctigas is -

grade purity. 13. Jéiftadias Wit &) aqubdisRoutiot 6F BCDirsddichisePRaedland | S a bul k
ai m 8,  wher ai d evapor at o, rates

storage,. tank. ,14. The sys, of _ her.ei n : 0
at 2 coftrol |@§¢%@P&ﬁﬂf[i§§&asﬁ emerERg, femm sid ey berang diterting id fCl gas 1
bul k storage tank. said worksfticao/ 39264 ' ' .
PCT/ US96/ 09555 15. An on-site subsystem in. a sem conductor. device

fabrication facility, for providing ultra- high-purity HCI f0r'.u.se I n

seni conduct3ar Arsthal il atdvgdaaiee vAth eRma30 m&itﬁcaﬁigﬁ ing diSsoving %i_liElQHCli?as

evaporation source connected.to receive, i qui d ,HCl. and.to vi.de a w
t b 68 SErob b fRriled bt Bribi o diecobg s B4 38s b e

of HCl emerging trom said scrubber in purifie ter prior to directing 1 gas to sa1

workstation.

32. A method in accordance with claim 30 further comprising pasSing- said HCI gas through
a distillation column for further purification prior to directing said HC} gas to said
workstation. : '

33. A method in accordance with claim 30 further comprising the additional step of:
(b) passing said HCl gas from said scrubber through a distillation column for further
purification, and dissolving said HCl gas emerging from said distillation column
in purified water prior to directing said HCI gas to said workstation.

34. A method in accordance with claim 30 in which step (b) is conducted at a temperature
ranging from about 10° to about 50°C.

35. A method in accordance with claim 30 in which step (b) is conducted at a temperature
ranging from about 15° to about 35°C. ' '

36. A method in accordance with claim 33 in which steps (b) and (b) are conducted at a
temperature ranging from about 15° to about 35°C.
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5 vapor ther efro l i l’ HC_:I vapor being connected to
‘pass. t.hr ionic puri finH m : U vai des a recir i ol une .
of hi gh-‘8§3?? ter, containn L ntration of h@%*’@% % aci d,

in contact with said flow of HCl vapor; and a dryer unit, connected to
recei ve sa’d A methodfinjacrordanserwith clatm s30cinpukich istep (bhds conddeted 20a temperature

said HCl vapor; L Qi : i ol at Esire o EON
to points of---usrﬁﬂgﬁo?gwclgggg%ép%evi ce ta icatl gﬁﬁ?ﬁﬂ#&?%“ﬁ%ﬂ%e
system of O ai raressure; ©orabout 3¢ pshaboyeragmasphericipsessaree filter interposed

bet ween said evaporation source and said purifier. 17. The systemof Caim
-15, wherein said |iquid HCl source consists of anhydrous .HCI. 18. The

syst em of 38 4% method ipraccerdaneewithrclaim 33 immwhich stepsi(h) asd (b7 )are sonducediat @
does not cont ai btk e ] '

«wherein said Iiﬁﬁigﬁéﬁ%g%éﬂ%go a?s"gﬁ% g‘t’ 3%‘?‘53 go%%‘%%“&'gﬁgb%ﬁ%. '
20. The syst em aimospheris, pressusgiorabioyt 3Qipsi ehoysstmospheris pressuex st or age t ank.
21. The system of C aim 15, wherein said evaporator operates at a

control l ed tenperature, and is connected to receive liquid HC froma bulk
storage tank. 22. A systemfor the preparation of ultra-high purity HC,
said systemconprising: (a) a reservoir of liquid HOI wth a vapor space
above said liquid; (b) a connection for draw ng vapor containing HCl gas
from sai d. vapor space; (c) a filtration menbrane renoving particles from
vapor thus drawn; and 5 (d) a gas-liquid interface chanber in which
filtered vapor having passed through said filtration nenbrane is contacted
wi th an aqueous solution of HCl in deionized water, the vapor thus. scrubbed
being purified HCl gas. 22 - * WD 96/ 39264

PCT/ US96/ 09555 .

25

SUBSTITUTE SHEET (RULE 26)
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23 WO 96/ 39264 - PCT/ US96/ 09555 30. A
-nmet hod, j@h’?ﬁﬁg‘yi ng a high-purity HCl reagent to a workstation in a
producti . for the manufacture of a high-precision el BETASHI/AQISSS
conponent, said nethod conprising: (a) drawing HClI gas from a vapor space
above liquid HCl in an HC -containing -52/2- _ reservoir; (b) passing
said HCl gas through a filtration nenbrane renoving particles greater than
- 0.005 micron therefrom (c) passing said HCl gas thus filtered through a
scrubber whereby said HCI gas is contacted with an aqueous sol ution of HC

i n deionized water; and 10 (d) recovering said HCI gas energing from
.said scrubber and directing said HCl gas to said workstation. 31. A nethod -
in accordance with claim 30 further conprising dissolving said HCl gas -
enmerging fromegai d scrubber in purified water prior. to directing said HC . .
-gas to said @cgkstation. 3z~-A-matbed-in.accardance with claimg@ further
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Highly purified k<1 for use in semiconductor manufactunng is prepared on-site by drawing HCl vapor (12) from a hqmd HCI
reservoir (11), and scrubbing (17) the filtered vapor (15) in a low-pH aqueous scrubber (17). .




