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contam nants, photoresist (or inorganic resigdues thereof), byproducts of
10 "etching, native oxides, etc. IOCesSInost of a new front end
(integrated circuit wafer fabrication facility)* is typically nore than a
billion dollars (%$1, 000,000,000), and a large fraction of this cost is
directed to nmeasures for particulate control, cleanup, and contami nation
control. One inportant source of contam nation is inpuities in the process
chenmicals. Since 15 the cleanups are so frequent and so critical,

contami nation due to cleanup chemistry is very undesi rjmwﬂmlmm ,ﬂ Wany
corrosive and/or toxic chemcals are comonly used in s

processi ng, the reagent supply |ocations are commonly separ atsedsfromthe.

| ocations where S1i BSTI ME SHEET (RULE 26) WD 96/ 39237 PCTI US96/ 09556

front-end workers are present. Construction and nalntenanmwmmmmﬁmmwmm for

ultra-high-purity gasses and liquids are well-understood

sem conductor industry, so nost gasses and |iquids can be trsatsported to

waf er fabrication stations from anywhere in the sanme building (or even in

the sane site). 5 The present application discloses systens and net hods for
preparation of ultrapure

BACKGROUND AND SUMMARY OF THE INVENTION
The present invention relates to semiconductor manufacture, and particularly to
systems and methods for supplying ultra-high-purity hydrogen peroxide for semiconductor
manufacture.

5 Contamination Control in IC 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-

taminants, metallic contaminants, photoresist (or inorganic residues thereof), byproducts of
10 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.

One important source of contamination is impurities in the process chemicals. Since

15 the cleanups are so frequent and so critical, contamination due to cleanup chemistry is very
undesirable.

Since many corrosive and/or toxic chemicals are commonly used in semiconductor

processing, the reagent supply locations are commonly separated from the locations where
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chenicals on-site at a semi conductor manufacturing facility, so that they
can be piped directly to the points of use. The disclosed systens are very
conpact units which can be located in the sane building as a front end (or
in an adjacent building), so that handling is avoided. Wt versus Dry ‘
Processi ngwi@oddass-0f the | ong-running technol ogi cal shiftdiissgpgssonduct or
processing has been the changes (and attenpted changes) between dry and :
wet processing. In dry processing, only gaseous or Iasna-Fhase reactants
cone in coﬁ?i gf‘ d WorksTstane Pirsang r ComstuGhan 45F srabieianes ofpipigs far ¢ia-Righ-paryii d
reagents ogassesiaed iifjoids prer weis-esdesuadd mahetsahucmlgiusuof lireingtrydis@hade gkesrADVI Ng
native oxi

Cont arm nan B op A 1rah SR B BhOAR AR LEHLR Ford iR BB buling g
silicon ni©F F¢&, mélﬂec?@mgs@} licon. Plasma etching has nmany attractive

capabi | 5ti es, l'mhte wéseﬁtsapﬂﬁéatlaﬂ@%@gé% sybfs Gh® a2t ds foT'}ﬁép%.ra'nﬁn of Tfapurk©
avai |l abl e che to renmpve sone of _the st. undesirable inpurities,
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stri pped, and a cleanup is then necessary. The materials which the cleanup
must renove MawwkdWeridend Qs St residues (organic pol ylrrer S); SOdI ulrnd)
Al kal i earths (e cai Cl um or ghe ; and heavy netal s go
Many o 8t hese & ﬁé&‘eflwpéchh‘g‘ﬁ ?6*&%@5 ‘“§6‘“’6P%\‘§ﬁﬁ’r8’t"é‘1’f§‘ﬁ%h§éﬁeﬂ thearry
them 25 ahanges Grﬂeutlampteli&hﬂ@ey)ﬂienﬁé%ﬁmrﬁmﬁd ®6t ﬁb&sﬁi@glulnrdﬁi pr(;EbﬁungSMW of
this ist eoB%‘ I‘ h}/asrma gsgcrgféan?s o%eclanI & nl?qct Q\’lt Stga wg?ea rrll QNegtspé%gssH)& 8I’ e

critical, Srnce these e s are a up
hi gh-te npe‘raaFUroé hgtuép'sageo@@m used fﬂ@f mllrmmﬁycls megshlc&mlchtmdtdengmpmmg

cont am nandagivd 691'31: tidyRrsS WerhS\G ke QF‘gfaHl'E:emﬂéﬁms of ﬁg&e&@’é.r% %oxﬁ&rﬁﬁ’iﬁmgrﬂe}ﬁ%vfng these
cont am ants However uri té’ﬁ!@ﬁ!@ts UI d chem cal s 15,30 nmuch

criti ca\r BeRls 95 Hae e ’reé“thé“gail GO EIER COMREILBES surface s
typically a mHldsmmtd}mngaBashng’ryearmadmaa capabjlitias romt &itic hbngheqautel fdretatse t he

liquid cl eﬁ{w.sssingﬁg rae'ﬂlaglerﬁgﬁx tglréc;%dsong o?k&'}n{,s%m&sésbwe shges-

However, wet proc 1 C: CO m nati on.
| nt egr at ecPUeh poadld Eftuls oest alne@ypwé@cew gre gssertiel opadarn m@qnésctqmpmsmg,
arseni c, pdndsphikdhsto RAfin Hofos KEfotdIBRbRThiuFNY) to formt he requi red

D ypegnd n-{ype doped reqans. FONRUEL . TN 2, SURST! TUTE SHEET (RULE

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
(e.g. gold). Many of these do not form volatile halides, so plasma etching can’t carry them

25 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, the cleanup steps can remove dangerous contaminants from the surface before high-
temperature steps drive in these contaminants. However, purity of the liquid chemicals is

30 much more critical, because the impingement rate at the semiconductor surface is typically
a million times higher than in plasma etching, and because the liquid cleanup steps are
directly followed by high-temperature steps.

However, wet processing has one major drawback. namely ionic contamination.
Integrated circuit structures use only a few dopant species (boron. arsenic, phosphorus. and

35 sometimes antimony) to form the required p-type and n-type doped regions. However. many

-

-
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ot her, species are electrically active dopants, and are highly undesirable
contam nants. Many of these contam nants can have del eterious effects,
such as increased junction | eakage, at concentrations well below 1013cm 3.
MSreover, sone of the |ess desirable contam nants segregate into silicon,
i.e. where sWPi%B8M3Ts in contact with an aqueous sol ution tlPeTA$a6/095%r i um 5
concentration of the contam nants will be higher in the silicon: than in the

sol ution.  Maeepeaés aré eleaneiuytalaﬁvé @oﬁ;%mdea%wa?@lhgh@%aéﬁhﬁl@@&ﬁam hi gh

di ffusion cg LICE c#Qﬁroduc on of “such pant s |noan part
of the sili 8 Wat® peipgns ‘Eaéh‘EFVF [N FHELR sughhat m%tlgn%t@ndﬁmgps at
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nmetal , and ess tter. Moreover, conta sand

cations tigirg "H%“ egﬂ{cg Stoparys infasgnyepastofohie sikggn Wafie will \‘/@ds!@ aligw dhesss,

e.qg. corrpl econthniivdndd toi diffase thfo t ﬁ,dmaﬁlgtjmdﬁahllmumt@her@m@@c&{tadxﬂ&ﬁs in
the sili conwlasgl%c%aﬁ Front end facilities normally include on-site

purlflcatlon systens 481 preparation of high-purity water (referred to as
"D " watl®r, i.e.Thieiahiliged sedhttiony whihwewilbrbe ised ich aemicodddctdrcwhfer tslﬁbu«D:bt ain

process CheISPeFe?AbE’ th'eteQﬁerHH 'l&évgéveﬁe&dﬁldxge fo éﬁgreg#ﬁﬁlg on?pnllir g ﬁf}ll ty

present invent ors have eve@%p
amoni a, i nmaRlsgamdined shapld baessgban 300 pat (ll?d!i@ Psetmllmmcmdtlcss ﬂwaﬂérpppfoodm;ct | on

site, by: gteamétay aamee@waumadzosenéf OMofedvbrdl¥h 8&5%@% P@ﬁé ng
t he ammoni a va%)a0 %Bamcrolltratlon ter

filtered valyy &eds °H’i“&ﬁ H3RMS iens man have a@\ﬁf?éfeéﬁeam 48. cfém@hmcbmeha}a:pm
whi ch hd$ bmey ralutowatobile mepal dtoms af Ronwiis thetsﬁlﬁ:oﬁfﬁﬁ?&l)a strean) 25 Thi s
di scovery perm tged cq e..anmoni 0 _ammoni a

0 rcial
sufficiently high purit r}é{&j&é&s '%"g%"prem &8R! ﬁgﬁ’iﬁ %?é’f’ﬁls?'%“d“ o RERErappR0 eed
f or convent Righrapritycwatemirefgtred itd ra{'PEnwatehd.eddeimhiaef whtet)heHawevm, @ i apeor

from the sugipficult’te oBiatOprocdss cN@icalY in thePRlitieOteedesi N9l e- st age distillation,
elimnating nonvol atile and high-boiling inmpurities, such as alkali and

al kaline earth netal oxides, carbonates and hydri des transition netal
hal i des and 30 HQn4Site @nﬁmﬂoini gh-boi i ng hydrocar bons and hal ocarbons. The

reactivegvol ati |-f P;gggnltt#‘?e%mr; habe %thkg;'eﬁe fn% % kR érgen%%%fl}xl?rﬁg&brpurlty

amoni a, such as ceftain transition
hydri des andMmgniagins an @érsttalsbiSt@deﬁﬁWd\/aml\QrSemnémrhahﬁed@soduam sitel dyens,

previously ﬂﬂawﬂﬁhémﬁl@mﬁeﬁﬁbrf &rofi & tliquid@binfHdnfaOfesdrf8IP Vilssind Rl aftnd i@ Vp6d t O
be capabl e &:ough a microfiltration filter, and scrubbing the filtered vapor with high-pH purified water
(preferably deionized water which has been allowed to equilibrate with the ammonia stream).
25 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
itself as a single-stage distillation, eliminating nonvolatile and high-boiling impurities, such
as alkali and alkaline earth metal oxides, carbonates and hydrides, transition metal halides and
30 hydrides, and high-boiling hydrocarbons and halocarbons. The reactive volatile impurities
that could be found in commercial grade ammonia, such as certain transition metal halides,
Group III metal hydrides and halides, certain Group IV hydrides and halides, and halogens,
. previously thought to require distillation for removal, were discovered to be capable of

removal by scrubbing to a degree which is adequate for high-precision operations. This is
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removal by scrubbing to a degree which is adequate for high-precision .
operations. This is SUBSTI TUTE SHEET (RULE 26) PCT/ US96/ 09556 WO 96/ 39237
a very surprising discovery, since scrubber technology is traditionally
used for the renoval of macro-scale, rather than mcro-scale, inpurities. *
4 SUBSTITUR58§H§E; (RULE 26) WD 96/ 39237 PCTI US96/ 09556 Hy¢hogpenssBer oxi de
Hydr ogen peroxide” (H202) is an inportant process chem cal in sem conductor

manufacturing. It is very conmpnl ed for cleanup..solutions. [For npl e,
the widely 2 YE8AumpsingiEeven): 95e Y °hf"1¢§'ﬁ"?%7p‘is é’é?‘l“?“ad‘g’e“s?e{i%éﬁ"ﬁeﬁ%& in
propor t i onsofohad-sodls, rither tharwinthed-yeales GopurREA" cl eanup is a three-stage

cl eanup whi ch uses hydrogen peroxide in two of the stages. Thus
ultra-high-purity aqueous hydrogen peroxide is a staple of integrated
circuit processing. Hydrogen peroxide is not an easy chem cal to purify,
since its deconposition is exothermc and tenperature sensitive, and is
catal yzed by various possible netals and 10 contam nants. Moreover, H202 is
a powerful oxidant. However, substantial work has been done in this area,
for exanple, it has been reported in the literature that an anionic
exchange resin for purifying hydrogen peroxide should preferably be | oaded
wi th bicarbonate (HC03') ions, since other comonly used anions (such as
OH or ') will catalyze the deconposition of H202 under sone
circunstances. 15 Elimnation of organic acidic conponents contained in
H202 is described in, for exanple: French patent/application 1,539, 843
(1968) (using non-functionalized resins and neutralized base acid); US
patent 3,294,488 (1966) (Basic resin [HCOB} + C02); Japanese patent

6, 725,845 (1967) (non-functionalized resins); US patent 297,404 (1967)
(Basic resin [HC3] and CO; US patent 3,305,314 (1967) (Basic resin [HCO3]
and (C02/3-); US patent 20 4,792,403 (1988) (Hal ogenated resin). H202
purification on cationic and anionic resins (tertiary, quaternary) is
described in, for exanple: French patent application 10,431 (1953) (use of
Sul fonic resins); Polish patent 50,982 (1961) (cationic + anionic resins);
Pol i sh patent 55,378 (1968); Spanish patent 328,719 (1961) (sulfonic
resins, acrylic, strong base and acid [gel type]); U S. patent

4
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.25 3,297,404 (1967) (use of mixed resins cationic and anionic [ HCO3]
described in line 53 col. 2); U S. patent 4,999,179 (1991) (sulfonic resin
+ anionic resin [HCOB], C02/3 + bromnated). Different configurations are
déscri bed; French patent 2,677,010 (1992) (strong cationic resin + nmedium
strength anPO66933%sin of the gel type + non-functional i zedPQR&SINPISS6 Fr ench
patent 2,677,011 (1992) (nedium strength anionic resin); world PCT

appl i cat i onHg@ro¥eh Pefohddd 1992) (cationic, anionic resins, description of

the fluidized b echnol o \éé H202 purification on sulfonic and pyridinic

resins is descri DEGOFR, p?’B’?‘ XEavels amipmpeant prpesss chersied, ins senicomingtor

S cationic reariu.;facﬁlrﬁl,gg It iy cbmganrye.ss'twsommhﬂisahﬁonsi mdrgx{rﬁm?{hé-lﬁdely
apanese " . cationi esi +.pyridilic anionic

tract ur ) e opfatd el SRASRhAGHL W8 1 OE Sy i ropSrout el B ik 1 or

exanpl e: SFr Widel ysed EREA" 3Bamursia 4, thoe-s(ape 8B pnymawtich gisesatydmgyn perogide in two

phosphoni ¢ gfhgt sagddt to the basic resin); German patent 3,822,248 (1990)

(EDTA added to sic.resin),; European patent 502,466 (1992) 5 SUBSTI TUTE
SHEET (RULE 26) %W%@‘@B‘P%W%S%/ hygisagsn pecarideats anstaplel 06 dntegratel Gizcuind

passing i ntgrocessing. UHQropetpdraiae is@dt &h ¢asiehdidtANd penifyO8nckGR debonipbsition is

de
(addition o tabilizin cid into H202 and reacting wth basic resin

[ HCO3- , ooz%"é’-ﬁ’c ic™and %B‘é’gﬁ? %tsé‘?ff“"ézé?gﬁz cﬁ‘i%?éi Y cREPut Bessible gerlsypady
phosphatl@s contamipgms. AMorgoves; Hes is ¢ povetfal anidant Haweveresubstintabwefkthas Bedent s
have report a N LEV] [ ow._ 1. . JOKKAL!' s, French
patent 624, %dgg%?ﬁlgﬁga f é}s%%%bghg IE(:gisolE)‘:'léF1 5@6&883 Eingégﬁ ,gr 'ée)?‘;g{gﬁc BRI SXEARE 6 7
(usi ng Sno2resin forinugifying F%QFPM)PFF%FQ&ZRE@ preferebly he pratehwitabickrberetd (1CO;")

3, 045, 504 (idhd, hthé ; fou- d ' - at ed
by ref erenf::?f%iﬁf%t{’ 'berc%lr]lgg %n?g%ﬁﬁﬁ%?s (l'%qlléthréagtp())u}? Bﬁ ?—&I?@gceér@ er)cgi!li%é%&gs%l%e
; 2

present appti BIer3Rs FIFNESRHSSens and met hods for preparing

]chI }3 ra- hilgh- puri tlitlimihg{ﬂ::cnoge?r_g?ﬁé Qgi_ilﬁdsecdmpo‘h:bﬁte c@ﬁtar_%@cg iilmfzﬁ”ié 61% ‘a@scﬁ:b{dc W, tor
abricatio Lty i oi.nt is -pur.ity aqueous

1502 (o o 33EPR BN bRGhYAcbKeaibn, S0 omBREE porfuneforalieseiesiusiona

on-site purfeufralized baseasids USafatent 31204,#88 (E966) CRaaicl ratih ¢HCOx) € @dy);niapdrese Wi t h

U 11 ot | et o e eer) QPR ThicoRIBLPIesRe), U ot 404 (196 ATBRL fsi

t oget her woﬂ?%dﬁgﬁ%ds‘&f’?% (Qatﬁﬁlr%’%(issﬁl t(é%yl)l@é?% F‘)S‘"rﬂ'&%ﬂ @8 O3 VS zptenn

al so deg0riHER,40341888) (Habbgermtadadsink or preparing ul tra-hi gh- purity mxed

cl eanup solutio S SkLe: r L L. fapricatian. front-.end

facility, @/ okt i“ﬁgeﬁ‘y"ﬁ%é‘%‘ﬁ?‘%‘é%%x?ﬁ e%\,\ﬁdéﬁ“%%gjyb “e#?"ﬂﬂ”(’r‘éﬂffﬁ“?‘idé&

on-site witr gmpls: Frepchipateat application 10,431 (1953) (use of Sulfonic resins); Polish patent

50,982 (1961) (cationic + anionic resins); Polish patent 55,378 (1968); Spanish patent
328,719 (1961) (sulfonic resins, acrylic, strong base and acid [gel type]); U.S. patent
25 3,297,404 (1967) (use of mixed resins cationic and anionic [HCO,] described in line 53 col.
2), U.S. patent 4,999,179 (1991) (sulfonic resin + anionic resin [HCO,4], CO2/3 +
brominated). Different configurations are described; French patent 2,677,010 (1992) (strong
cationic resin + medium strength anionic resin of the gel type + non-functionalized resin);
French patent 2,677,011 (1992) (medium strength anionic resin); world PCT application

30 92/06918 (1992) (cationic, anionic resins, description of the fluidized bed technology).
H,0, purification on sulfonic and pyridinic resins is described in, for example:
Swedish patent 1,643,452 (1991) (cationic resin + 2,5 methy! base resins -pyridinic vinyl
[HCO;]); Japanese patent 62,187,103 (1966) (cationic resins + pyridilic anionic structure).
H,0, purification on resins and chelatants is described in, for example: French patent
35 2,624,500 (1988) (adding carboxylic or phosphonic chelatant to the basic resin); German
patent 3,822,248 (1990) (EDTA added to basic resin); European patent 502,466 ( 1992)
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whi ch has been ultrapurified on-site. 20 On-Site Preparation of Utrapure
M xed O eanup Sol utions The present application discloses preparation of

m xed cl eanup sol utions, such as the RCA acidic cleanup and the RCA basic
cl eanup, at the site of a wafer fabrication facility, fromingredients
whi ch themsgl ves have been ultrapurified at the same site. pEh@sitedssel eanup
. _ 09 ﬁsv . .

i ncludes: 1) sol'vént wash to renbve gross organics - in -

25
t etrachl oroet hyl ene or caonparabl e sol vent; basi.c ,cl ean - N + H202
L0y and (@)eleeT 0 ST OM P KB GEd T g A A R .
ﬁgyeg?\li nco@%%a{tugf b ﬁr:%tgEii "y %mrﬁ b wsiZ?ggwE%CWﬂ f}
cl eanup reaéﬁ%{“&(’pﬁﬁpaﬁ%’} r?g%’?{/f{%g%@gé{%@gg%ﬁagg? g%rl%?&g? né??&&H%nV\(g{/Aé?(fmt hi s
i mpl i es thatt chelmmnhAheidd Fg). of the solutions in those 30 containers will be

necessarys both ﬁ&ﬁm%ﬁ-{éﬁﬁ%féﬂ bRE SucBdsa it achirpt purhe b4ISR 1| SILATIONKALS

not ed above, suc an of uftra-high purity chem i.s a

undesi r abl e Frepgh ipaignt @ﬁ"h@% (e AeRNSCAErROBIPIGXEE ??&9@%@3#%?)0%%#3?7

e>0<| grrpl e, t heusi{y §d + uﬁ}aﬁmﬂiﬁnj; s:lumga:ggmﬁai pagent aps;ﬁ'rcgttdnthw,iﬂheéeﬂmg)&gmih ch
adds a nitric acid st o the cleanup s uses sonmewhat hi gher
t enper at ureé‘ea‘mf“goﬁ‘égﬁfi e agf b L P op REA WehrenBlC PSS SUTE e (RULE
26) WO 96/ 39237 PCTI US96/ 09556 Shiraki, "Low Tenperature Surface C eaning
of Si1icon q5liel $eANRLGGRL Oedghe StyafGan RRotige 133 J. ELECTROCHEM Soc.
666 (1986&), {%Y I ncor poy at e g/ re g‘e(ﬁcfe. The RC%A l%a%llrc .

cl eanup &I uti on The presssi applirgriopydassribes YatemS andPENQYS I IEHEFRS BHE- DI PUIY - 5
or 1;3 2: 7. A%Q{o(éérnﬁcré)ad@&ﬁsi&fatTahﬁhtégiﬁted/aitdu\iltéaltre:aﬁdsﬂ frgps-edil Silog eThdrearcng,
RCA basic 5 clean or anal ogoys, cl | Wi ions). | e he
site of a wdd ‘%ﬁéﬁ'?'ﬁa‘b‘? idnelon %P@hfa;g‘ §§%§«9§?n§{’% g‘ﬁ&)&?béﬁ'%ggggﬁr%gaf%%i a
whi ch has beerifipdiid n-sict pmifisation wiits efore itas madeavailghle dejerembination With\gihce h

has been purjfj T i tednbbdimeRC HRASEH Hicht® drisonddt of
undet ect ed aljg%éegtg'n;{& @%kﬁﬁsg%nwngrf ?(%B}eglb?glgt&ed. Thete g({i d tﬁlle%mjpt °

sol uti onlfs anjgmiccand aptiprag exchppggobeds, iogsthen Wit AF e PEfICUiqig iter)g o

1:2 a 8. IAccor di ng ﬂi@pﬂﬁéht@fapltdall@od ﬂﬁtO&'éstr:ibee syseseshind greetidids 6drsepdringnlenhighRCA
aci cl eanup (or .anal ogous eanup. t.| i . ) s of
a waf er namf?“é‘&f E’I"feﬁgcllea'g'fpaﬂ‘,ﬁmﬂf/ ogglrtﬁsalgtn%tlh%g’% g)efi Cﬁrf??ga% égétgq_l—%;m \%\ﬁe fcaﬁmh}gs
been puri fi ety cmtsing hydrogeniperaxadeywhich hes bren ghirappafiesomate, Wit #n fA< OhBYR

purified on-ghitR hasThUdR uRHbLfiffed Sn-tifcr eased, and the risk of undetected
acci dental contamnation is reduced.

20 On-Site Preparation of Ultrapure Mixed Cleanup Solutions

The present application discloses preparation of mixed cleanup solutions, such as the
RCA acidic cleanup and the RCA basic cleanup, at the site of a wafer fabrication facility,
from ingredients which themselves have been ultrapurified at the same site.
The RCA cleanup includes: 1) solvent wash to remove gross organics - in
25 tetrachloroethylene or comparable solvent; 2) basic cleanup - NH,OH + H,0, + H,0; and
3) acid cleanup - HCl + H,0, + H,0.) See W.Runyan and K.Bean, SEMICONDUCTOR
INTEGRATED CIRCUIT PROCESSING TECHNOLOGY (1990), which is hereby incorporated by
reference. For semiconductor manufacturing, such cleanup reagents are normally bought as
packaged containers. However, this implies that some handling of the solutions in those
30 containers will be necessary, both at the manufacturer’s plant and at the use location. As
noted above, such handling of ultra-high purity chemicals is always undesirable.
Various other cleanup chemistries have been proposed. For example, the Shiraki
cleanup is an aggressive, pre-epitaxy cleanup, which adds a nitric acid step to the cleanup

sequence. and uses somewhat higher temperatures and concentrations. See Ishizaki and
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15 Brief Description of the Drawi ng The discl osed inventions will be
dgscri bed with Iroeference to the acconpanying draw ngs, which show

i nportant sanpl e enbodi ments of the invention and which are incorporated
in the spec on hereof by reference, wherein: Figure 1 shows an
on-site sysw 6&%}5’ purification of aqueous hydrogen per oxi (RETAISICRTGSG
sem conductor facility. Figure 2 is a block diagram of sem conductor

cl eanup st &hirgkis’LownTempudtere Sustacd Cleanifglof $iticdr dIﬂMIS'aB%lYUEh&htotélﬁccﬁl pina

fEf R oWs generatlon of
B RCA” ol cani CcaRb ek, S0, B85 (1381 RGH & Heuehy Hiatnogeied Puesiiees, usi ng

two conponents % REddbasicoeanyp mlwmrtm1vmydﬁl)l4®ﬂil+ch,(h2’ive{ ﬁl"prb;ﬁﬁﬁ'bf ltnﬁ25

ul trapuri f iogd: 1€ﬁhorsll 1 ?\chcirbﬁgS@Bﬁ‘e $fafd lranVanvP?«{a@‘ihh%s dxp‘fossé h? L OBF €

Preferr ed %{Tgr?dl % Eurrer ous. i nnovative teac N

appl i catl on W B@“ %gfé‘FF BREPiOfHiony s wrransted atrféﬁéﬁenﬁe waert thanufacasiagt | y

preferred ehbbdycenbingtnn dﬁa%ﬁf)ureﬁﬁqt Hong wﬁadgggq;ggﬁgmﬁédrgntﬁg IVﬂﬁ'l)ultrz{ Pm_t hi s
ur i

§228§'n[“? 2{ f‘%‘%g< h&&;’%ﬁ%”f’%r §°" d%‘g'éﬂt"f’eﬂt\eoﬂ-ﬂﬁs PYFity 3t increagegy and the giski c

cont ami nanf’g‘“ldeEm;B@FCN?CHSRJBMWEOISHEEHW@RULE 26) WD 96/ 39237

PCTI US96/ 09556 Th¥ RG%S&ldi@Qm%b%&moﬁ)/?% @a}ﬂ@% f%z 262 lﬁgagqﬂ%ln%nrs]%far e

prefera,lbly hég to be inert "and non- cat tic

f 1 uor opol yner pr EYCEPTHIng, to onp @& thﬁo@ﬂomvarescfuagsadlsdﬁdd IHEx@& RCA acid

deconposi t cbmulpc(osmmogo&s(blemup s51dﬁbﬁld) i€ gdnePAW 1RO st o) w?a §§’}°{"'}C’)‘{‘§/

at a sem conduc
!toﬁr Is]c Isflgtle | h(? m ﬁ@'wa‘? 88 Ejﬁéﬁghéﬁébm wa’rqde@m;ne Wlt@hﬂtmpure y) | S
further puhydrogen pecoxsdebwhiph hhseb&hgauhﬁecﬁan-@ﬁe SiTh@ pr} t fi’sPHHeE.erﬁa%rl O SYSt em

h re od| nt the on-site ultrapuri i on System
Lgets :np aﬁf‘gﬁﬂ"%“gﬁ? ﬁ%‘g“qc AIop BJRMH ﬁ%tlon with a cationic exchange

col um. However, other 10 conventional techniques for sub-ppb polishing
can al 96 bBﬁé$®esc§ti%hWtHenDFé\9H{gF 1, a filtration stage is preferably
used downst rean_h% disclosed inventions will be described with reference to the accompanying
drawings, which show important sample embodiments of the invention and which are
incorporated in the specification hereof by reference, wherein:
Figure 1 shows an on-site system for purification of aqueous hydrogen peroxide at
20 a semiconductor facility.
Figure 2 is a block diagram of semiconductor cleanup stations, in a wafer fabrication
facility in which the ammonia purification of Figure 1 may be incorporated.
Figure 3 shows generation of an RCA cleanup solution on-site, at a wafer fabrication

facility, using two components (in addition to ultrapure water) which have both been
25  ultrapurified on-site at the same facility.

Detailed Description of the Preferred Embodiments

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 this embodiment:

¢ 30 The target for purity of the aqueous H,0, is:
- cation concentration < 1.0 ppb;
- anion concentration < 20 ppb;

- total organic contaminants < 20ppm.
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exchange resin colums, to renove any particul ates which may have been .

i ntroduced by the colums. Anionic Exchange Columm 15 This columm is
preferably initially |oaded with bicarbonate ions. (Use of bicarbonate
preconditioning is shown, e.g., by US patents 3294488 or 3305314, which are

her eby inc‘gfo%gé% by reference.) This is preferably achrevedidngsasse of a
concentrate solution. (Possible alternatives include use of an

al kali bicarbonate, which requires renoval of the alkali netal ions, or
use of (02, PugspssrandSvstery OVEVIE que to the | ow solubility of C®2.) 20 In
the presently prufaoh@mhesnnodipirentrs prefreabinihosingo beiier andndmrRtdBE 1 Hofte-Rohm

and Haas. ver, other j AR fiethB ShAS 2&AN, B de Edrisitie £ koysobe
used. Cati oﬁ%%&%gﬁﬁ’eﬂs ?ﬁljﬁ%% ’?Sé&go unm s pr@fzerazocl%y initially |oaded
with acid. &hems. can be done, e.g., with a wash in e.g. a 10% sol uti on of

H2S01. 23 In theﬁguﬁéﬁgﬁd% B & &1l §eleRMTBOFiriRAton bhayueaisitytioger psbxidé st Rohm
and Haas "A- 35. i i

~However, other suifable cationic resins.ca Luely
be used. Geasemicpudicwr fagilixd 1oy ‘E‘érféiﬁe’gdpi?f’?‘%gy%%ﬂ‘r %er%lg%@&?eréglke@?%ﬁ@gn of
an RCA cl eaRisR-ppahytid ffthenpifled to aib-pptnieiels bf abonesite urapurifzetion syptemusi ng

two conponents (jn addition to ultr er) q; i 6R% an30
ul trapurified on{-"sfh[:é’r%ffm yhBre%gﬁ% CF%?{“%P%\A‘%%S‘M SRR QY Rl

Tra ) Naf er Clllﬁeanl Eg}nS UBSTI Tl}{TE
SHEET ( RULEa#i6jic\W&Ha6¢e3@28Tn RCPNUSBEr09EEE catpiie exahangs fpluEia HOYFYes RO

conventigpal, lj f | SiRh shaiinCani 90 W @edlepi cted in Figure 2.
o £ o ko bliork PRI a0kt s abnicoad o0 e

eaning line is aresist_strippin j ere
aqueous hydr ogenApeshewndeé #guranyy %Eﬂ?ﬁ??c“ﬂ%iﬁ ﬂgkg?gpgﬁﬁﬁ%%gghgﬁb%gﬁm?ied
to the semcgARALCIaR cSMihaae rémowetany panitilatehwhichsiaythaverbges inspdyerddwedbed by
arinse station 44 where 5 deionized water is applied to rinse off the
stripping s6PY¥M%n. | nmediately downstreamof the rinse station 44 is a
cl eaning station 45 where an aqueous sol ution of ammonia and hydrogen

per oxi de ar eA;ﬁ&RLiﬁghgn?iéoﬁﬂhU“ on is supplied in one of two ways. In the
first, aqu monia 31 fromthe.djssolving. unit ] ' '
aqueous h§dr ogen ThEéPB%éPE&’a%{ﬁH“Fﬂb’ﬁPéél”‘t’ r?écafﬁc’)?%‘ grlééﬁzlg@%g;fgfé%gg@%g to
the cl eani ngrédoaditioiing3s showi, heg. 1By sléS:gxa&mspWéé@ageé&%ﬁéﬁthich a3o hereby
bubbl ed i nt qnc%rr!poex"ggc? 8)5] ?ef@%r‘%'&%g?ﬁﬁs E’seﬁrgfél‘ﬂﬁy aflevtd BPudf a concentrated NH,HCO,

solution. (Possible alternatives include use of an alkali bicarbonate, which requires removal
of the alkali metal ions, or use of CO,, which is inefficient due to the low solubility of CO,.)
20 In the presently preferred embodiment, the anionic resin is IRA 958 from Rohm and

Haas. However, other suitable anionic resins can alternatively be used.

Cationic Exchange Column
This column is preferably initially loaded with acid. This can be done, e.g., with a

wash in e.g. a 10% solution of H,80,.
25 In the presently preferred embodiment, the cationic resin is Rohm and Haas A-35.

However, other suitable cationic resins can alternatively be used.

Generation of Mixed Cleanup Solutions
Figure 3 shows generation of an RCA cleanup solution on-site, at a wafer fabrication

facility, using two components (in addition to ultrapure water) which have both been

30 ultrapurified on-site at the same facility.

Wafer Cleaning
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.to'produce a similar mixture 49, which is likew se directed to the cleaning
station 45. Once cleaned with the amoni a/ hydr ogen peroxi de conbi nati on,

t he sem conductor passes to a second rinse station 50 where deionized
water is applied to renove the cleaning solution. The next station is a
further cledR#P%3¥ati on 54 where aqueous sol utions of hydrechusssiosssaci d 15
55 and hydrogen peroxide 56 are conbi ned and applied to the sem conduct or

surface for furShme &ﬂédﬁ&ﬁllswons-r M 9 donvérioh@VBsE by @eﬂtlbmluctgll % ﬁtﬁoﬁuﬁla?r 57

wher e dei oni a ve t e HC an

dryi ng stat |dgﬁgt§£% ul“\Bsfvzaf gfr?e T’SFV%{# ’é’rt{‘%’go ine i§ar¢sish strigping S@H“&%\Hh@ﬁ
support 52, 2g¥Reug dwdregert peroside ofie anv sidéurat md 430 ateheornisinéd ld applfeabt tHe3 or
sone ot her %%M&Mub@?@ﬁrfﬁg%‘ﬁng of@@xp &Y “M%Q@E@Hd@& by %?ﬂtﬁ?gtg“?}’r Iﬂ&’{lere

20 of co ance JmN% i{ aut onat ed

aut omat e ah’é?f“lze 6 1s aApLed Bh'r‘ﬁ‘%%‘hﬂémﬂpmg Qolhéloacﬂmmﬂdwﬂiy dowsdtetmas 54
may be prep eednsermhtmupqw istcl@dihlﬁg btetior 48 wHERNRL hq &bﬁg E@r{ltlé itg}ﬂé]oﬁ} b aS‘lQe
ammoni a pur em The. syst.em.shown I n Fl

one exanpl elhg‘lfhsgéd '?e%’an%{eﬁéf ﬁléedf ﬁ’%%‘@&d&ﬁ%ﬂ%d 13 gBs ?fc%‘t‘ﬁ ways- 1In l@eﬂ@h aI

cl eani ng | i Ag¥oRHAmAioghe- Bt e"mm; itheen dissoinifig aihisr 29 isaébmaﬁed WitedgtedusOR)dragent hat

shown in Fl t I n units shown or
addi ng 0{ sgbbrgtgﬁfgqfl % ltjﬂr?l f[eg&ln Hq)%m% o7 % regéﬁ 8ptpe 5‘9“?1% satior40e In the

pr epar at 1 on SEPhiPYFF- g58aaus Wd’faééeﬁbllhb&domcdie aqhepne ipdrpgdnrpeenxider sQRIGGE 484 t h
this invent to)prodﬁceamﬂhil&aﬁ&ﬁué @9 alrﬂnc}ﬁ@(ﬁﬂe»%i}ééﬁﬁé’@ c?to%clyeﬁx?nrgk;t%t%mag ?}ﬁand

hydr ogen per{)m g}s a sen Gco ctor cleanin I um at  wo tich
as the cleafF ths RmBond ogeR Rerzidepcompingsion, thesemicondustogipasses the 30

Tt o s s st e S e
per oxi de ( ﬁ%’“g o l)%mf%ﬁﬁ ﬁ‘éﬁg T'#og Vo‘%ﬁ%aquﬁ?‘?séqﬂmﬂs @hl’dm?hlpgc aoid
cl eani ng agéﬁtﬂmﬂ §>’<ﬂ}'9w pegoxiderb areocoyatrined amelsipplied to tlﬁrbdmldoﬂdlfcﬁiij SMFFEdel fgp
Wi t h ul trasejHhe [ mat

particles down ;%gdnh%t Tgl%rﬁggoruoﬁégyggﬁb%%bn% W‘V‘&%" §7‘¥’BZM¥M ?Hg’?

ul trapuri fi EaFMEKe B‘F?ﬂ’%@n d 3@ geddinglly adiryine statiomplir &%We&npngafesbdtdt 5pn

will be conwdtbedeldoon hevafeoisappond S2y2ad iconvehed BoMdsHe! Woksthtidtrolfe R B)9a

whi ch d E 26 96/.39237 PCTI US96/ 09 t
ca:Jge aoeseiﬁggﬁ{?? %o Mﬁhﬁjﬁn n&ﬁ%‘e’ﬁeaﬂ%‘gy\oﬂ‘fevmﬁﬁeqﬂ?%‘? freatment. ¢ \f@qap‘g

bet ween oLfAnyveyansrimay, be fatally autdmated, partialipgutbmatethor hot(duroniduel statie Nite a
dedi cat ed pmanpurmedlmc_a ot the 6id{ Rtahing is¥lion 59 afddGhnd {l] Wld rapure
cl eani ng Sol'n n% or y be (g:onnect eEF ?m%ufy %I e tglrjj%’hte %ncﬂt ths
t hr ough uItr E’fﬁ?ﬁﬁ of the lpmmppiaRreification systery ofddCatle hol di ng t anks may
be e 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
25 that shown in FIG. 2, either eliminating one or more of the units shown or adding or
substituting units not shown. The concept of the on-site preparation of high-purity hydrogen
peroxide, 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
30 industry. While the proportions vary, a nominal system would consist of deionized water,
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.
35 The on-site system for ultrapurification of H,0, and generation of ultrapure cleaning

solution will be connected to the point of use in the production line by piping which does
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5 used to average the flow rate to conpensate for varying demand, but in
any case the cleaning solutions are nmaintained in an ultrapure

envi ronnment, and are never exposed to anbient contam nation. This avoids
the risks of contam nation due to packagi ng, transport, or transfer

bet ween con‘tvgiggggﬁg., Thus the distance between the point atpahiusde/oobss

cl eanup solution leaves the generation systemand its point of use on the

production |ine may be from one foo 30 .10 up to r .. nore

(in the cad®t Ges FYIRPPHE OFR %F%}"i‘?&eé ampigify 3@8&?%%%‘1“%8&%? ‘.;negf:jisﬂ%z;lt?lﬁ1 a

si ngl e manuhaeterbdigtion li) mayTheashoft ¢ tharnsbef adddicated goinhphusgmizie facilitel | ean

transfer |ine of Ly al i : 4 G 1okt th QRultiple NSt
or morg tp%f%?lgg Stllxeglf\lgé\@rg Ple%gﬁg s&@fior Sdnk YOI doRRR LAl t ip

appl i cati ons, ai r mers such as high ge Sit ,

pol yet hyl ermoints offuse throyshtubisaciren prates leéﬁ%évst%e'&‘eweg@% ?lalnss}%‘*ig‘abﬁ?s to
the proxim vy Rfaviiage tE FloRRbE o Bothpenbhaior @aryingeiamiand, borinanyfase theickdanigg uni t s
to the production Tine,. deioni ;ﬁ wat er .é)%ri fie a}enne%crcgrgg%act% m&é’ht
seni conductSSHtoRAG BRPGNEH R 8P hERAHS PP OPENy A1 25V ET FabPe™Tor pur poses
such as conganhfimitibeNTHS pvsdsteatisks of tarsdmingtjonaiue th paekdging wanspdrt, gasansier The

standards commonl y used t Sem loid LK dhe @lcEnupBblutibmR¥Esanong
t hose skil |Cbe°8” R C%; R l.rizs(ggig%lgﬁgmsefb g%iﬁtgg pfocl)drt Qf”h?%u? [ gy dg? 56 he Q/at er
resul ting fthogerehation spstere @& Bs peinkoluse ©8i1ag profysjiopfing may aéP“hB’&PIPml‘é
rr:sgoPm Iqmt alm) &pfo (I{Oﬁ@inl‘;e%%rg Yr %rterqgfm;&fe ahertzE.m}aclaaequmg;a?roammenz&ppb of
el ectrolytes, a particulate _content of.le n abqu C
particle sibuildges ppg singlsdpanyfastynng Si- gran%”f@rc‘i‘%}rﬁgaﬁ e, térg%g%%ug%dil%gs
t han about d&fsferBine aNA makadl wiiigadbes waritwotduod corasinatiom In 1BCPEAPLCRBNS.N t he
process and_system of i S| IO, hi A dly n¥E€anttae
SRR TIRT B R Al 4ol P SRSy Mol Byt fen

product co ence es I's preferably mintained,
by preci se wedisuwmeisfidlyand nmetering using known equi pnent and

| nstrumgat ati on. pky t%qnéfgﬂak&my Mﬁltﬁfmra(bﬁﬁgéﬂtiﬁﬂ,l glehétﬁtiomamlﬂ)r wliking s0id © Wave
propagation to nmonitor densjty, er t W be readiily to
those skil| B8 PrPApHiongdine. 6! ¢ VBT | (PHEDIE P 255 %“6%2‘9{ W {g@gg&ér
recogni zed hyndfhastngsindhres) is reatite awailable tforepurpnses/aich geconemialirnsadiisyesnt.bed

|1 e Pr sl A0l SAMAT, GFJalEs IS e ok AONO sy B R kRIS

range of a t1ons, and accordi ngly the scopeg af .patente ubj ect

matter is nowdustiynare svgllkpownypmenpg thoges %@d"‘fq‘%a’éxgﬁﬂf’ﬂfﬁ?"‘%ééscﬁf ﬂﬁsﬂuﬂ?yv%fn. 10

SUBSTI TULE leEkater(rRukidz 26 tHe62 Prote3feddire PEchistilifodf Seakt 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.

25 In the process and system of this invention, a high degree of control over the product
concentration and hence the flow rates is preferably maintained, by precise monitoring and
metering using known equipment and instrumentation. A convenient means of achieving this
uses ultrasonic wave propagation to monitor density. Other methods will be readily apparent
to those skilled in the art.

30 Modifications and Variations

As will be recognized by those skilled in the art, the innovative concepts described
in the present application can be modified and varied over a tremendous range of
applications, and accordingly the scope of patented subject matter is not limited by any of

the specific exemplary teachings given.
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For"exanpl e, the disclosed innovative techniques are not strictly linmted
to manufacture of integrated circuits, but can also be applied to

manuf acturi ng di screte sem conductor conponents, such as optoel ectronic
and power devices. For another exanple, the disclosed innovative techniques
can al so be VU849 to 5 nanufacture of other technol ogi esPGFEFW/09556

I ntegrated circuit manufacturing nethods have been adopted, such as in
thin-film mlagnetm bemtte, att@ aitlowd- Whovativel 'tdmiiql?dsry&t abt @ﬂrﬁﬂ% Ahited s the
primary application is.in inteqgrated circujt manufacturing, .and. .

appl i cat i onrsna%‘%‘ftﬁrg %’??éﬁg&%t%% cgf%éhg}“qﬁ@k al58 Bt AR rtgaé”%ﬂugacg’é‘egnﬂ%f’l’?‘? For
anot her exasgpiiegndiigtor eompenents,rsuch hs/optededmaicyant powsedevieesr ubber to perform
the 10 |iquid-w ; G : | ,

his 15 muoh | esorustien sRabels hE IR FAV et I SR o RARR

cont act . “OpfRaastuss of pther teghnologies wheredptegrated cieyibmanriifagiusingasthasis hevsrtsemed
Wi th the di addpdesich BiinithinSaini Rdpneiiitadd a3l aclive-SReH 1uRl &Pt ispRYE Gut hat
additives can _be | n{.]ragduce.d into the @url fication ter. it fﬁé’ﬁ detiécr ed

al t hough t hPR™fY 4RBYCAYERA & MniEratef cas hmapmfaftmswa@ applisatpnsg the disclosed eq
above, the tchniguey tenthedanesndre isscoadarpn-site purification system
Alternatively, i I 9213@; r. I of . &l | t, | S se
purification s sit%er%nggﬁlsea ég’bl{e%ggéégﬁ lyt_%ecg"gg&gdtore@ gsa %:}‘%g’ﬁd{ooﬁér%m ¢
nmanuf acti@r i Hepighypportconigetod pubblen equid h¢ ysedpinsteady althavghithis ismber leshigsirahie ;

however, t hp&aidel It leks/ EfigiRROsHs/{Od da@er, not provide the 20 advantages of
on-site purification ﬁs di scussed abgve. Such applications encounter the
Yi

i nherent risks oPPHRIRHY joHygr filwrationarfpltration stpeesaRibeAogbingd withs thesdisciosabove:
but for cuspaifivation ¥pparan@qui re packaged chemicals (with the attendant

handl i , the dj sgl d innovations.at |east give a to, achi eve an
o1 8l hur Uy it SRS S PEAGES 08 A ies o5 B Iyt ed SR CCRiEab.
Again, i1 sdedredmithpegit thisris net dhmgen tiet prgentipprefired doodimmit.af ter the ionic
25 purifier. As potgflfhBYR, ﬁl@eprﬂﬁég?‘géﬁﬁsﬁ@%' wenh bfsitt bRk 'ogngystem.

provi di ng ultrapuyre aqueous _chem c h are most critlca
sem conduct GYETRRYA A AR Adgss grefomsdeniass of erpodiment; e disclossdpusificating sygtem san

enbodi nment s alsabe akdamed e vpeste fapn ;&up@ﬂf a/r?tahuﬂamx;ifxg' affit g??rﬁhé@ﬁlﬁfﬁvhlié}i-ﬁuritﬁﬁny
cases, use Vi I IQ t frrrer W e us u 1,01
Choesy 40°) Bhenfledle Y6 HBNARE AL N Rrbtive! iibothiny S5 "R Houisf e
routing 30 8dventesesdok pwsite pruficatiomds distyssed abovie iSucH iapplicationsrenseunter the

reservoirs. inhksat figks QF RMHaBAg hifra-HEH-Firtty cRARICAE o RisclB& £Hodd; Rt £ cMRdmers
precl ude use,of such resec[ vOi .S u 0 Rr ecl Lﬁie ex 0ﬁure to uyncontroll ed
€ th the t andlmge,t

at mospher es _who require packaged chemicals (w1 attendant he
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

25 purifier.

e disclosed 1innovations at

As noted above, the primary embodiment is directed to providing ultrapure aqueous
chemicals, which are most critical for semiconductor manufacturing. However, the disclosed
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.)

30 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 uncontrolled
atmospheres.
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SUBSTI TUTE SHEET (RULE 261 WD 96/ 39237 PCT/ US96/ 09556 CLAIMS Wat is .
clainmed is: 1. An on-site subsystem in a seniconductor device fabrication’
facility, for providing ultra- high-purity reagents conprising H202 to a
sem conduct or manufacturing operation, conprising: a tank connected to
receive aqueou% H2_p2 and to provide a flow of H2Q, therefrgafuspeadsssani oni c
exchange betO 3K cati onic exchange bed connected to receive said fl ow of
H202 fromsaid tank, and to produce therefroma purified H202 flowwith a
reduced | evel of ionic contaninants; &hA&IMS$, said cationic exchange bed is
preconditioned with acid and said anionic bed is preconditioned with

bi carbonate ions; 10 a filter downstream of said ani onic exchange bed and
sai d cati onVbatéxelarrdedsbed; and a pi pi ng connection which routes said
aqueous H2O, fromsaid filter to points of use in the sem conductor device -

fabrication facility wthout expasure to.an ncont rel l.ed I el AN
on-site subsy\¥t WP Sﬁbﬁ'sﬁgninc%ﬁ%ﬂﬁ?lg}mare%v Cé fj?‘lbéggﬁ%nafaflgﬁ” f ngﬂ?}”? 13& u}_t(?)ar

provi di ng ul t r a-high-gifitpeapéngs comgsingsHHnpra Smigpniik® manuactemi eperduet. or
manuf act uri ng opsr a;igign, conprising: a tank connected to receive aqueous
H202 and to provi d8"E% ow of H202 therefrom 5 an a 'onifc exchange bed and
a cationic exensgentssted o rereive @gueoss HoPraUbIRIPYIYF RAIRv0P Hl—‘él)‘ferfe 8 sai d

tank, angd to pk QelbGe ekdhRA®Rf Be@nind aRufidrid exthin@defl lcomented o meceive suid Bdwlatvel
of ionic contam napts; .an iopic,purjifier sys o] ok ed:  t S
gaseous reagent p?g@@lgrBF‘ faﬁcp h‘”ﬁfn OaPYQQU%ot%grﬁégﬁl?g%ﬁﬁ%cgﬁ(?%@@t\gﬁ%ﬁoduce

an ul trapure gaseottsuseddgehtf iohls @enermntson and i Xxi ng subsystens,
connected to Corwde?e% gﬂ{l_'g%g)lntcre@(% e BA5E QMR oh B RGRA Wit YcldardQhNinZAtt tat er
e

and with said puri _ _Flow 10 produce an ultrapure cleanup sol ution;
a pi ping connection WwhpPrespndisiopeds With birashqnde iSH2O7 from said filter to
poi nts qfy use zifliiter HMEnsHr@AFh ©PRAH GhidhicdWhagge babaridcald anofiaekthahge bddt Audit

exposure to any.uncontrolled. 15 anbi.ent. 3...The S i erein
sai d gener at i GrP'RAR%CHKTHRY ‘%ﬁgévg{eéﬁ%géﬂ%eogsegédrab{%% SR 1 ARof use
the semiconductor device fabrication facility without exposure to any uncontrolled

ambient.

2. An on-site subsystem, in a semiconductor device fabrication facility, for providing ultra-
high-purity reagents comprising H,0, to a semiconductor manufacturing operation,
comprising:

a tank connected to receive aqueous H,O, and to provide a flow of H,0, therefrom;

5 an anionic exchange bed and a cationic exchange bed connected to receive said flow of
H,0, from said tank, and to produce therefrom a purified H,O, flow with a
reduced level of ionic contaminants;

an ionic purifier system, connected to pass a gaseous reagent precursor through an area
of gas/liquid contact to produce an ultrapure gaseous reagent;

10 generation and mixing subsystems, connected to combine said ultrapure gaseous reagent
with deionized water and with said purified H,0, flow to produce an ultrapure
cleanup solution;

a piping connection which routes said aqueous H,O, from said filter to points of use in
the semiconductor device fabrication facility without exposure to any uncontrolled

15 ambient.

3. The system of Claim 2, wherein said generation and mixing subsystems are separate.
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12 SUBSTI TUTE SHEET (RULE 26) WD 96/ 39237 PCTI US96/ 09556 4. The system of
Cl'aim 2, wherein said generation and m xi ng subsystens are conbi ned. 5.
The system of Claim 2, wherein said gaseous reagent is HCI. 6. The system
of*Claim 2, wherein said gaseous reagent is NH3. 7. A nmethod for providing
ul tra- hi gh- piPi?#99%8tagent s conpri sing H202 to a seni conduct BET/US96/09556
manuf acturing operation, conprising the steps of: providing a flow of

aqueous H202. Thesystent aN€lahi2; vheil QEPE@Rratbn bAE® mBARE siits) Rer@Sark Rmbined.
sem conduct or manufacturing operation; 5 passing said flow of H202 tﬁr ough

an ani oni c exchange bed and a cationic exchange bed, to produce a purified
H202 fl ow widt Bhesystegucfedlaine\2e wherfein said gasemstreagemasiatiCl. wherei n sai d
cationic exchange bed is preconditioned with acid and said anionic bed is
pretondi tioned with bicarbonate ions; filtering said purified flow, to
produce a fPohrofystam phCIgim 2 yherginewissgasoms reagentis Ofl;. and 10 routing said
flow of ultra-purity agueous H202 sol ution through a piping connection

whi ch rout ez ai %Pa‘gyeous .H202 fro.n%sai,d filter to points of use in the
sem conduct dr AdBEPREIG RR0Yidigg julire-Righ-ppsity reagepis sompesipg $hPe te 8 serigonductor
uncontrol | ed antasufacturh®y GidBEDh Ttshiprishighhe ctebd &f: 261

providing a flow of aqueous H,O, from a tank which is located at the same site as the
semiconductor manufacturing operation;
5 passing said flow of H,0, through an anionic exchange bed and a cationic exchange bed,
to produce a purified H,0, flow with a reduced level of ionic contaminants;
wherein said cationic exchange bed is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions;
filtering said purified flow, to produce a flow of ultra-purity aqueous H,0, solution; and
10 routing said flow of ultra-purity aqueous H,0, solution through a piping connection
which routes said aqueous H,O, from said filter to points of use in the
semiconductor device fabrication facility without exposure to any uncontrolled
ambient.
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