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OZONATI ON FOR ELI M NATI ON OF BACTERI A FOR VET

PROCESSI NG SYSTEMS The present application clains
w@riogsg2¢3 f rom U. S. Provi sional Patent Appli cap¢Dns2006/036971

Serial No. 60/719,769, filed Septenber 23, 2005, which

is hereby incorporated by reference herein inits

entirety. FlERMNaTHN IFENTONNERe ol egent i nvention

relates to sem conductor device manufacturing, and
more part i BACEERYAL BOR,BRE PROCES INGeSEPTEMAat i on of
bacteria in a wet processing system BACKGROUND OF THE
I NVENTI ON Conventi onal cl eaning systens may be used to
renove Sharpyeceatdappldéoatashnahtsmangtovrity from U.S.
ticulates or to otherw se cl ea sub trate
Profort o Péﬁ@ﬁFcéPPEéEHEﬁPEaﬁGBBPEsﬁP ?éﬂxﬁa)‘? 76Rqy filed

Sepgéﬁﬁakezanegaﬁgnl@h&aﬂk§s HéHéBySQhHBP§6§atéB|Byrlnse
dryers, Nﬁrangonl dryers, etc., nmay be used to clean a

ref@ub@@ﬁah@rpégtlGWPtSAﬁnéﬂrﬁéweated use, such cl eaning
systens may thensel ves becone dirty and/or
contam nated (e.g., as a result of cleaning substrates
FIEWDt OFNTHEeINVERDIOY systens) . To prevent the cleaning
systensaéron1beconlngycontanlna i Oon_sour ces,

cl eani n§8SsPEEEREL BV SR eBREATEE. §°, Sﬁ@?FS&%@&FP§)
dev1c66ﬁ9ﬁ9faetﬁrlﬁ§flshanhogedpagﬁacﬁﬁg%@ylﬁg beehRiEaees for

for cleaning or of herwi se saniti zi ng cl eani ngs systens
theaedidénhrapheof BENWARYAOENTHEWENVERPLENSEnJasyistsem.

aspect of the invention, a nethod of cleaning a

sem conduct or devi ce manufacturing conponent is
BACKGROUND OF THE INVENTION

Conventional cleaning systems may be used to
remove slurry residue, contaminants and/or particulates or
to otherwise clean a substrate following chemical mechanical
polishing (CMP). For example, megasonic tanks, brush
scrubbers, spin rinse dryers, Marangoni dryers, etc., may be
used to clean a substrate post CMP.

After repeated use, such cleaning systems may
themselves become dirty and/or contaminated (e.g., as a
result of cleaning substrates within the cleaning systems).
To prevent the cleaning systems from becoming contamination
sources, the cleanings systems must be cleaned (e.g.,
periodically). Accordingly, efficient and cost effective
techniques for cleaning or otherwise sanitizing cleanings

gystems are desirable.

SUMMARY OF THE INVENTION

In a first aspect of the invention, a method of
cleaning a semiconductor device manufacturing component is

provided. The method includes the steps of (1) obtaining an
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provi ded. The nethod includes the steps of (1)
obt ai ni ng anozonated fluid; (2) supplying the ozonated
wo bao7ai38263 t he semi conduct or devi ce manuf act ur i PQI/US2006/036971
conmponent; and (3) cleaning the sem conductor device
manuf acturi ng conponent with the ozonated fluid. In a
ozoR§ERAJFREREGT (8 Eﬁﬁpi?!ﬁgttﬁa’o%BnéEEérﬁlﬁidaQ%pE%Q
to clean a sem conductor devi ce manufacturing
semggopduehori depioei dedufFheuappar apuponsetadesdar30zone

B e e R e

witHekheebzbhetedonated.fluid to the sem conductor device
manuf act uri ng conponent so as to clean the

seni condBcBoFeE8Yc8SRERGT 8t GRENGTYSREARENt AUNGRBAEGE US

adaPLBAr +BSPEEhS ar 8cRivhagdtb? ActotdanaBuvhER LGS
and ot her aspects of the invention. Qther feature$S and

compepents isef prhawigedsentCheneppiirehugi Lhchudese ampogone
fully .appare f,rom . oll_ow_ng t ai
modlyde FoBBPaRT by i o BRhaan Orale dad FRESIES,FhEnSRGe

witHr awEngsd. tBRoERebESERbEOhENeEF FTHEADRAVENGS ) Fiel iter the
illustrates a schemati ¢ | ayout of _an enbodi nent of an
ozopabrdt EdULPuFa EReasrAdcopstehrpr 9¢VdEs MRTREESTY&IES

Com%%hgnhhgopﬁgsﬁBtcﬁ@éﬁ”kbgnseQEEéhBEQtQES@BbEEgON The

esent invention provides systens and mnet hods for
manvfatcolinggcbapteend .i nNuserpusc esbiemg aspsicaiss are

P LAy CPRAR I, I'r8s “OraRared G87Eon  ZEa Sl o o
invanetbear cleaning solution capable of cleaning bacteria

'na Other features and aspects of the present
invention will become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic layout of an
embodiment of an ozonated fluid cleaning system provided in

accordance with the present invention.

DETAILED DESCRIPTION

The present invention provides systems and methods
for controlling bacteria in wet processing systems.
According to the present invention, a cleaning system is
provided that utilizes ozonated de-ionized water or another
cleaning solution capable of cleaning bacteria in a
semiconductor device manufacturing component (e.g., a Heat
Exchanger, a pump such as a clean dry air (CDA) pump or

other pump, a Liguid Delivery Module, a wet processing
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sem conduct or devi ce manufacturing conponent (e.g., a
Heat Exchanger, a punp such as a clean dry air (CDA)
W@ eoop/088260t her punp, a Liquid Delivery Mdul e, PET/WS1006/036971
processi ngsystem a planarization device such as a
chem cal nmechani cal polishing (CW) device, etc.) .
Sy sTiee, ¢ loe pliamg rsiyrstteionmele viieea stlobs edh lao ghesyistedmmarndiaarical

may .be e S i.n_a cabi net .0.,. a ventil ated
pollRhirg, T i) e o Wit 1ay i s pe =
closis! aMcRERE dn S /GOHa) Ned amblosdatiAvy Be&binet (e.g.,

portabl e and capabl e of being applied to_any nunber of

& VEpSidaticat €hsaticedndabisetdevi da memer imgnts, the
cleRAPNg efrrpirrﬁlé) ERNING SYCh CQINORENt S 5 ! '%h%tth?{aar be

enbodi nént s, cl eaning system nmay be integrate
Porwabh ea ag@inicegrilet of devinge appilifedc ther iany comperentt

The _cl eani ng .system of the ,present Jinvention na
APDEQBFIAE SofE B RO S0y CE34 oG Rt Tig S ST onent s
for( @l@anivicd sAATHOZARDBRAYAL Olh othRe EnPRHiRerEst &he

may al so include one or nore retention tanks for
clepgd goniSHE L Iadt Pey 1et cgEiedsidz & thate s emigopductor

n fls ' e retention tanks to create
devg?%ng?é kﬁggfrk g?%ﬁ%ﬁgﬁfiﬂﬁr alternatively, using one
or nor e Tiies pdresndmogneylsarens i (theg praseinectiorention may
. giffuser, Y-val ve,. et.c.), the cleanin systen1mpy ,
INCLEAG RESDOW WA GE3HESFr Sttt FE626Te TgeérRor g -+ Via

an apehbehesetbEdr)l.n SORE 2MARdINAERY &t 7 RS MEPEnclude
conbi ned with ozonated DiWfrom a sem conduct or devi ce

onenREUMREEUFFRGESMPoRemkst e rettedndadbef aluantdityy of de-
ion&%gﬁe@akgko(mﬁﬁﬁﬁ?tenb%% S:ﬁ%&SPFr?§OWe%aQE%%e%OStem

may al so 1 nclude any nu eérs capa
retenkteni tgnbacter icareart eoblrenaiteduDili.es Adddmithally or

ozongted DiWin the cleaning system The cl eaning

alt§§§§ ﬁygﬂyfhgﬁﬁ%%éﬁpiqﬁl AN +§Ber31on mechanisms (e.g.,

injector, diffuser, Y-valve, etc.), the cleaning system may
combine DiW with ozone from the ozone generator or another
source. In some embodiments, ozone may be combined with
ozonated DiW from a semiconductor device manufacturing
component to be cleaned before being flowed into the
retention tanks. The cleaning system may also include any
number of filters capable of filtering bacteria or other
impurities from the ozonated DiW in the cleaning system.

The cleaning system of the present invention may
also include safety devices and/or interlocks. For example,
the cleaning system may include threshold level value or
other monitors that measure ozone levels in the cleaning
system cabinet, outside the cabinet, and/or at the component
being cleaned by the cleaning system. In the same or
alternative embodiments, the cleaning system may include

flow rate detectors at various locations in the system.
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al so include safety devices and/or interlocks. For
exanpl e, the cleaning system may include threshold

wo eooalo3s2ed ue or ot her nonitors that neasure 0zPCEUS2006/036971
| evel s in the cl eaning system cabi net, outside the
cabi net, and/or at the conponent being cleaned by the

Addekeanblgysyst et ehihaltired e the 2lkaniab b&stem may
enmbodi ments, the cleaning system may include flow rate
incduflec pPr 4 nEETRCKo FYSLERRMPGRS MAYL REevent start-up

andy ¥t edAddichiendldy %h%e ﬁ%%bﬁ%bysy%%%npH%a@d%%rse

system may i nclude an interlock sysStem wh
congr gvens gmarﬁeapcaﬁd/de gausgusﬂuﬁaddwmeofnmmzoper ozone

eanln |f adverse conditi ns ar et ect ed
LBl g B o P s e AP Rs Ford e dart S o Scn
mal functmm;n 1i rmrl@wraﬁcleQWar @,-tcelerrau;cic) layﬁlu@ of an
illustrates a schematic | ayout of an enbodi ment of an

embgddRgnéd Ofe 21 @FCHEF W Er lONd&RCh Y5 Pt Srhegdvicd &y Stem
pro@ﬁ@%@d%ﬂp%chE%.E%% &&%%C%%ér %%%%h%nlﬁQ%nE @B'éid that

desi gnated generally by re nce nuner al
is debadinmted gbnékedly'bythefekeamen@ugysaénﬁn@o n@m the

include a 1 cont ai n_ozone
emop BT S BES BT e 055 LoRNATG: GVSLST 1) BEiodgslis
cab@xggenoby exy@geneeuiceontids cwhiotbnebyeheSiader noar. The

out si de of the cabinet 102) . The cabinet 102 may al so

OZOBENP&NRTALPA V4108Vt Rt SHRP LieceiV¥IsFomy FOIBSThEource
106°%®H§c%e§332E%%1%%4 ?PQ&058$%%9%'6%dtW%t%%bg £ 102).

descri [ ow) an contr | ow of o0zone an
Thedeabmne@dl@@tmay(ll&b tcon&atiank mﬁﬂvenlwm|¢ha¢zmm@'and

formoz%nate D|W Ozonatedg r@y ﬁgp fram 3
recFéF{E P16y "4 Puip 1 PZC o FRTEEG By ni%egnt =
wat&i3,(a8Ndezent edNeRNHAL hod Rk :E:Ma-w Qfifc ozo@i%d and/or

flow to a sem conductor device nmanufacturing conponent

deiongzed U@t@geéﬁ@y)(écga tankef10 in which ozone and DiW

form ozonated DiW.

Ozonated DiW may be pumped from tank 110 by a pump
112, monitored by a flow monitor 113, an ozone concentration
monitor 114, etc., and flow to a semiconductor device
manufacturing component 116 to be cleaned (e.g., a wet
processing system or another component). The ozonated DiW
flows through the component 116, is filtered via one or more
filters or other cleaning mechanisms (e.g., filter 118) and
is recirculated back to the tank 110 via the valve 108.

An ozone gas monitor 120 may be coupled to a
facilities exhaust 122 and/or to other relevant locations
within the cleaning system 100 and/or to the semiconductor
device manufacturing component to be cleaned (e.g., a wet
processing system) for measuring and/or monitoring ozone

levels therein.
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processi ng system or another conponent) . The ozonated
Di Wflows through the conponent 116, is filtered via
woe@7oss2edre filters or other cleaning nmechani BOEUS2006/036971
(e.g., filter 118) and is recircul ated back to the
tank 110 via the valve 108. An ozone gas nonitor 12 0
My be LosphefolDed {2L1 hadins eabboped12@ enftoolto
other relevant |ocations wthin the cleaning syste
opengblemd?brte theartny cevigue® o 0 YedF cRSREhl %@tEPnger
belgﬁﬁpoﬁ§gtcéﬂtP@lféfaQQQ é%%gbe GoWElelr €6€88LNEYr more of
Syste for measuring an r nonitoring ozone | evels
thet beoré ngédneoatool Les, 12ieny dmimrepllfied e comtvel108,

operation of, the cl eanjng stem 10 e i b
thefﬁ??he?f%el it RH@pcgﬂ%roFﬁérkiaﬂ ﬁ§§?gggcggéregﬂFoozone
con@BBt PEt IBhEmEhitBe 0ZONEetHEN8E8her gdfdmohheo1g0yr eke

106, the valve 108, the tank 110, the punp 112, the
facilbﬁﬂﬁ%nexbauﬁis}?gheeéﬁoneaéénééﬂFFa@!BBeﬁﬁﬁFPBrt?TE?Of'

the ozopg gas ARALLPL I 2efbodlNent 35E! FiEeS1eXBAUStabinet

122, etc., and con roF operation thereof. In the
102exeppbar yuppbodedeot af sEhGLoharyt be wabihet ca®2 A&Y

e supposted on a.stationary or nobile gart, 12 6 ., .
and295/5$§n59 ﬁemgbﬁBBiPElgnPF oPZOB?oﬁ%rEart"T%eTﬁgblnet

102CARLNBE , 183rmayakpilel On ¢¥abRleted vREM:Laledabhaatcahd
cabi net and may be capabl e of contai njng any gases

maywhecharaplpupfdcaptphbiae pRE gASEEsEAiERLIMAYT PEH2d up

insggg Eﬁglgﬁgléggdn@¥8?£§9 bgacaprapke-ghiuent hhat kB¢ also
€.g., rel'easrng and/ or punping) gases to an extefna

be tapabilenpfsuehtadathesf dei.bi.ti eslerbanst anggenpra@ing)
di scussed belom% 1 In at | east.one o%ineatt.the

gastShEReEn1 B3 RE e 18oAEA0Pe EREFEE EhBe ELrIarHrs

exhéﬁsﬂ-s¥?tgﬁuﬁb§ walk kedsaed/ pe1daybl e rgoptaileaert one

cabi ne For exanple, the cabinet 102 may_incl ude an
embgdiment, the cabinet 102 may be a double cabinet type

structure (e.g., a double walled and/or double containment
cabinet). For example, the cabinet 102 may include an outer
and inner cabinet (not separately shown) which may each be
independently sealable. The cabinet 102 may be constructed
of any suitable materials (e.g., stainless steel (SST), PVDF,
PVA, polytetrafluorcethylene such as Teflon® available from
Dupont, etc.).

In some embodiments, ozone generator 104 may be
enclosed in cabinet 102 and may capable of producing ozone.
Ozone generator 104 may be any appropriate ozone generator.
For generation of ozone, ozone generator 104 may receive
oxygen from the oxygen source 106. Oxygen source 106 may be
a bottled 02 source, an oxXxygen generator, environmental air,
or any other appropriate source.

Valve 108 may be capable of receiving ozdne from

the ozone generator 104 or any other appropriate source and
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and i nner cabi net (not separately shown) which nmay
each be independently seal able. The cabi net 102 may be
wa@oemsinss2es ed of any suitable materials (e.g., BCRUSL086636971

steel (SST), PVDF, PVA, polytetraf |uoroethylene such
as Teflon (r) available fromDupont, etc. ) . In sone

may &b ockbment Sed ozDriel g eties ad‘:z%lrl@lé 1By . beIgngh oseemphary
cabi net 102 a %knay capabl e of rod€0|ng ozone. Qzone

YEHBIRE or ERDAVIRYE b0 ANyS s AREE abe BLHHRT gRAeREt gith a

fluf@r SEOELALH PP Biw 0Z0fRe PZORE 9@@eﬁ§§oﬁe1Q%Kn§#propr1ate

recei ve oxygen fromthe oxygen source ygen
valeeursech0ss rmyvmt@rbetyp@dlmesmrcea anfbuggen a Y-

a1 SED%8! B, PO TRTLAL oy O o AL FEPL R 15

Sour ¢t |V|hg oZone

108 fii@yn fbecozbime geneldh oa dOdi 4l avyd; h@hlanpmptnates a
sour ce_andnmay be contained within the cabinet 102 .

Presplek efibt BP R bt ARHYech natt viret 1987 F s2RdpaB| %uHet

por@1dfn9h8298fv@ﬂi@sa frrpl &, pPESEGFAPEY s BEM L TDG VaL¥stes a
may be any approprlate val ve, such as a

Vacuy@ntmssldeyp@nmljlm@mr loody f fulsdeh anitiavasvezone the

lik nbod h
suct{eE ol A TR AL PR JEib1ed FarEhd ordlel™)

gengrL£ssyreodifferential between an inlet port and an
outl et port of the valve 108. This Eressure )
di f f er ehlE§ a¥at¥eat @8 B2V aECRT YRst d 1%ﬁdinf%ﬁboﬁsbgav

frorwhtlff@ EBDOALES PZONES SHEL & DB HBE 04PN Ao EHEL T BWPRELrce .
coupled to the ozone generator 104. The valve 108 may -

As seabkéde bhé¢| componemrh 16 DhyY be omn Ehat cEnpbarper118 CDA
A s stated

to clea e W sour ce, he
pum e S OHERE G 16" bRy DY HOHBEY £ changRF oo aoBtAC pikg g o
theligeed Delivery Nbdule a wet processing system or

The combination of ozone and DiW may be flowed
from the valve 108 into the tank 110. The tank 110 may be
any suitable retention tank of any suitable size (e.g., 6
gallon, 8 gallon, etc.). The tank 110 may also function as
a "spurge" tank. For instance, the tank 110 may contain a
quantity of DiW through which ozone may be flowed. Flowing
ozone through the DiW may cause the ozone to be suspended in,
dissolved in, or otherwise combined with the DiW, creating
ozonated DiW. Ogzone flowed through the DiW and/or other
gases may collect at the top of the tank 110 and/or may be
purged from the tank 110 (e.g., pumped or siphoned).

Tank 110 may be contained within and/or removable
from the cabinet 102. The tank 110 may be removable to
drain, change, and/or flush DiW and/or other fluids and/or
gases therefrom. A drain, inlets, and/or other appropriate
devices (not shown) may be connected to the tank 110 to add

and/or remove fluid and/or gas to/from the tank 110.
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the |ike. The conbi nation of ozone and Di Wnmay be

flowed fromthe valve 108 into the tank 110. The tank
wdai®7nosszebe any suitable retention tank of anyPGUUSHNG/@36971

size (e.g., 6 gallon, 8 gallon, etc.). The tank 110

may al so function as a "spurge" tank. For instance,

the tanksléBafaM,cenbakbBed BYRNhbYYLEl pDPelhEQUghthe
whi ch ozone may be flowed. Flow ng ozone through the
tankj W AehYcBUBE A8 -0z3he PompelidsPerdes PR, cdrsisigad

in,..o t i.S LG i t hen) eat ibn
pun Jor b R SRR eP s bhiel o TR PRy St ey be
conbalhredgasebimaygheokbbditeat 10heotropagf behextaemkall@o the

and/ or y be purged fromthe tank 110 . 0. unped
cab e L ATneals. B a R T ok, CHEoRORE Rt ie FAFH ARGFoPE
thel giRpabhe fe9Mokhapesbi BBLLE0Z. 4Thallank HEL mAYube.

renovabl e to drain, change, and/ or flush D Wand/ or

Othgrhé&tov| grEssamalopegdses -t herefrom A drain, inlets,

d/ ' [ ) b
connect g, LERERBY LA ERY Ea8naReh BERIEh Bk Ene
floanudébergasst enfir ohet beohankohiBoA 314t at Ady esndtnabée flow

Dl W b d f the tank 110 b 2. Th
Mot L4 1B f bR, dPeBtri Balepanp I8l SR BPteFr, & need

val@gpr epei ate punp. The punp 112 may be contained within
the cabi net 102 or may be external to the cabinet 102.
In an eXBApPaPiceRPBEEREREL 1PRePRdROraild4oMmayh®epgapable

of @%ESH§Xn etﬁgog%oﬁgo%gngsﬁtggk%gﬂsiBeEhgig%%%atgﬁhﬁﬁw
ow rates nay be used. Punp may punp the ozonated
ForDe¥amhi eyghhthezbhewcoatentta8iandmbhe tozonad 4moaiyt be

cavtle ERGRYAHERSS HhRGTRLShs 112, BBV B0, Sus
(PPM) , preferably concentrations above about 4 PPM. In an
exemplary embodiment, ozone concentrations may be between
about 6 and 10 PPM during the cleaning process. Other ozone
concentrations may be used. Any suitable ozone monitor may
be used.

After pump 112 pumps the ozonated DiW through the
ozone monitor 114, the ozonated DiW may be pumped into (e.g.,
through) the component 116 to be cleaned. In an exemplary
embodiment, the component 116 may be a portion of a wet
cleaning processing system, such as a Heat Exchanger, CDA
pump, Liquid Delivery Module, CMP device, semiconductor
device manufacturing tool, or related structures and systems.
Other wet cleaning processing systems and/or other
components may be similarly cleaned.

Ozonated DiW pumped through a wet cleaning
processing system (e.g., component 116) may contain
impurities such as bacteria removed from the wet cleaning

processing system as the system is cleaned by the ozonated
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The ozone concentration nonitor 114 may be capabl e of
nmeasuring the ozone concentration in the ozonated DIW
wo-or0703826pl e, the ozone concentration nonitor RBAHUREY6/036971

be capabl e of detecting concentrations of parts per
mllion (PPM) , preferably concentrati ons above about

Diwi PRMtem passeepiiafougtirhod RRiY clezanimg processing
concentrations may be between about_6 and 10 PPM
SV RET g A0 B Roh 0 SR De CRBIE D Fond Loved through the

£i1GQcanty at ipns e he Used. en‘fﬂaﬁl%éﬂtablﬁlqgé}_ngl.l@%a{frbe
may be used. After punp 112 punps t he ozonate

captalwlcﬁj@lf tfhd tezame menttiorl ekl fraaten Adwat edbdMtWaEd be

 th th 16 to b
SISy M o B eual) A Be SO IS 1, B o

mayrm}e heseal . pomtddmmfnaa vzeﬂwa:@amlmg nfaly0 GRS S i Syesd em
such as a at Exchanger, CDA punp, Liquid Delijvery
el IERN 1N SRR 10 (I AR CPRRARIFRAST i ng

t ool 0 rAfrt%lIatﬂdes_Ltrfgu HHY R g Systiens. Jde rtli’@to zonated

cleanlng processi ng systens and/or other conponent s
Dithapybéesifiiowad yindlcedried vadaendtosd Dirwaiumeed tdiraregh loop
Sysa et cl eani ng processing system (e.g., conponent 116)
may ‘contain inpurities such as bacteria renoved from

the wet A eanitRgl,prOResSidig 9y tBMtas 1B S)St eMdISude one
cl eaned by the ozonated[)VV After passing through t he

OF FIt ¢ P& §35T FOESHAF Syfdt-emInt S0 AFRAIRIP DN WA iment
of @Q@U"Ipe%norozfdr%w%%é RRUEL A RS of iddehel 15 éﬁké’g outside

| east one enbodinént, filter 118 nay be cap
thef |da&>am|er¢g 1ORr-t | dlmarg@éaieamatthazre Erdetd ety drlensodane

o i TN PR Sal S Gl 2P on
addeltdenar ®zomel lgas:lneﬁﬂl*daﬁr $rba§/t &3 Hl%po%ﬁeoﬁﬁﬁfﬁﬁié alry
cabinet 102. Each ozone gas monitor 120 may, for example,
be a threshold level value (TLV) monitor capable of
measuring a threshold level of about 0.10 PPM, for example.
Each ozone gas monitor 120 may include an alarm or shut down
initiator which may be activated at about half of the
threshold value (e.g., at about 0.05 PPM). For example, an
ozone gas monitor may signal the controller 124 to initiate
an alarm condition or system shut down. Other threshold
values and/or alarm conditions may be used. The ozone gas
monitor(s) 120 may be adapted to monitor levels of ozone gas
throughout the cleaning system 100 and/or outside the system
(e.g., with sensor, or "sniff", lines). For example, the
ozone gas monitox(s) 120 may be capable of monitoring ozone
gas levels inside the cabinet 102, in the tank 110, at the
facilities exhaust 122, at the component 116, and/or at any
other appropriate location. Any suitable ozone monitor may

be employed.



10

15

20

25

30

After flowng through the filter 118, the ozonated D'W
may be flowed into the valve 108, creating a closed

wo owp/038263 em A s stated, the cleaning system RABURBN6/036971
i ncl ude one or nore ozone gas nonitors 12 0 . In the
exenpl ary enbodi nent of FIG 1 , an ozone gas nDnitor

12 0 negxbeudics peseheOdbsiida thilke eatpanet 132 o
alternative enbodi nent, the ozone gas nonitor 1 O may
mongEogiESh bY@ PREFFHTENBIOBBOFe 2202 o Ngn PAGESITShAIoni tor

1229291@9 Qs 1R, t @6 ATRY, 4 gt %Ir S%Zg%ssr&&‘e hg% Qm'm%gh

Each ozone gas non
andtﬁowsﬁetdﬂo&wms vallhes( TEWe @mnﬁﬁ@ﬂecap@hk@roﬂzza may be

sse R PE Ll T3 G as e 6O ey i R TS

to/aktatme0faghiuti tdewn ekhialuis@t a2whi absyrcb@actdvat ed at
about hal f of the threshold val ue (e. at about 0.05

inspplciepsr cehanste L1oW BRYnEyES ﬁ@nlat%élﬁf“hwnﬁi&ﬁ@ln
andy/Be %%9189|%%ﬁe1%% E%l%@'%'agﬁu?nd% I 9eC QR ﬂy

system’ shut down. QO her thres ues an /or al ar
systemdilPiOoris .gay béausegighfhd ezaﬁetga$hﬁomommmt@§pxiz@4).
ted to _nonit eve %6of ozone gas

Anytﬁ%&%&ﬁg EﬁSSBFSaWPH§%$§sP8% 0Y%Kd or outside the

system Feof ofWthe $e8%etedoDiwsRiahf be hod@Ebred @t any
exanpl e, the gzone gas nonitor (s) 12 0 nay be capable

POiBE RENPEEFILSg 15, 6HE GASAIEREl SYPEEMdE 00h&YC Albiendlonn?2,
mon&@okhﬁlga%§ %ﬁgth E Eﬁ%wf%%hhkb ess%éﬁa%%tb%%%r Al R er

conmponent 6, [or "at any ot hér “appropri
thelpumplénz Amyesapm@bhenmzané nmhetaankaylbe etc Each

erof R PR Ha0B5, BuehT ol BF. rohiecss ek A2 e
andﬁaﬂlH@teiﬁaﬁlﬁgy1EnﬁhédﬁloR0&aQéaHB|%uf@l@ﬁ%&%UE%r system
egau%grwgkgmgagﬁ if the flow rate is insufficient (e.g.,

below a threshold value), the cleaning system 100 may be
caused to shut-down or may not be permitted to initiate
operation. For example, a flow monitor may signal the
controller 124 to initiate an alarm condition or system shut
down. In an exemplary embodiment, a minimum flow rate of
about 0.4 gallons per minute may be required, although any
appropriate flow rate may be used. In some embodiments,
each flow monitor may be capable of measuring a flow rate of
between about 0.03 and 3 gallons per minute. Any number of
flow monitors may be used to monitor ozonated DiW flow at
any point in the cleaning system 100. Any suitable flow
rate monitor may be employed.

In an alternative embodiment, the tank 110 need
not be connected to a facilities exhaust 122. For example,
gases exhausted from the tank 110 may flow through a series

of (e.g., one or more) inline carbon or other filters (now
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and | ow set points. Thus, the pressure nonitor 122a

may be used to determne if sufficient exhaust flowis
w@e@anss2ny) to/at the facilities exhaust 122. APCENSB06/036971

of, or insufficient exhaust flow may cause an al arm

condition and/or may disable or initiate shut-down of

showie. | 2381 DH) syt 8AYRON £€18ersVindyasétgBatoSenité® ozone
the controller 124) Any suitabl e pressure nonitor

pPreseyt ben used. exh@usbedtg@sgﬁonai@dSQWVVﬁﬁboﬁémﬁ@ﬁﬁtoF%a
he, ¢l
1nl%%ean%rggﬁn£1?Ee9%1§5%rffo& ﬁh& ggftgseayggsaglgg By

ow noni anot ow noni such as
ozohefmoriooraf secht Ae phapoidie mhnitonpbaenfotlﬁestheg and

tank 11 etc. Each flow nmonito be c
Gt HaRi G- Ohe FPOSHPUTS. BAAFoR R LEHPRPRGT, PEORS FFSW
exhi@b€ed ShyULhbCEOBEhP! System use. For exanple i f the
flowrate is insufficient (e.g., below a threshold

val ue) Th@h@lgaéangngygygmehoQomaﬁaynﬁéuéaugéd1F§erlock
Safé@é Q@Qm 2§ay %RE ?ﬁtgggﬁbktggfégg'Bkatéﬁel maK
ow r nal the

exanp
monﬁﬂ@trothDuQZASpectnlbfatheanlahanngcsydtbmomOOrand may
syst em shut _down. g an exenpl a enbod

t ,
CaBBAESD- 4 GRFI GHETBAF  nRat dnkgy ook

saf@gyrsggtéﬁdma§lbbavaﬂtaemeaemégﬁ&hgtgy&tew nabe rwe be
In some” enbodi nents, each flow nonitor nmay be

Statapaglépofmﬁﬁa§bntn§h9 gYBhemafews; BaEWeENnTaogeUSS03n
alergd gngﬁkhg é@ﬁénrlQﬂtSlaéﬁyogug?g&FOBOEHQW%EEQBE9rS In

e use ozonat e | ow at “any poi nt
oneléxéhplak?a@mbgdimshenlﬂﬁ@ 1Aﬂ¢r$uckabbéetyowysa6m may be
nonitQr_may be e In an alternative

| oyed, nmbad
1n1Fh@tF§nPY1§§aﬁ§eggn8¥ baecBHMBcLdd (6 4 ﬁaES@ e@§eSSIOn
of §XBayst La2coh9r exhmRpl Gufficient flow rate through the

pump 112 has been achieved (e.g., the flow rate is above
about 0.4 @GPM), an initial start relay 130 may remain on.
In some embodiments, a second start button may be depressed,
and a second start button relay 132 may remain on after one
or more other thresholds and/or levels of operation of the
cleaning system 100 have been determined to be within the
proper operating range. In an exemplary embodiment, five
levels may be monitored. Exemplary levels are exhaust flow,
ozone threshold value inside the cabinet 102, ozone
threshold value outside the cabinet 102, proper operation of
the ozone gas monitor 120, and ozonated DiW flow rate. The
threshold levels and flow rates may be adjusted as
appropriate for the system. Other types and/or numbers of
operating levels and/or thresholds may be monitored.

In some embodiments, the controller 124 may
monitor the states of the pump 112, exhaust flow, ozone

threshold value inside and/or outside the cabinet 102,
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gases exhausted fromthe tank 110 may fl ow t hrough a
series of (e.g., one or nore) inline carbon or other
wo 2dow@sR6 nowshown) . The inline carbon filterBCTVEEF2006/036971
serve to filter ozone present in the exhausted gases.
In sone enbodi nents, the inline carbon filters may
pro%é@“bﬁ@ﬁaﬁibhebﬁdtﬁéséﬁoh@ g8s0meNetopIfE) 01205 UoRoARted
he ozone nonitor 12 O _for testing and detection |,
DiW(§lgw, rabeenstife  t ABE ﬁF@htléOQVQr oPTEY6RE gPerasion of
e ed, By t T ankng.s
che KDRLERCR00Y ubdh B4R Spcep SSUFLES Y Y RHETPHR TRV
112) nterhotkfsateupnsygtpwppéslyaynﬁéﬁrt@ﬂYvéﬁW@&slS outside
ects of the cleanin stem 100 and ma rovi de
a PESEFFﬁFmBQE Fﬁ89§ygfeg9ié59n8§anple theylﬁterlock

safety ayskenatsBy pheveshti-bBelekeanungagydtermolpldets am
starting up, may shut the system down, .and/o
onecaysgoan afefbecharerER (Exgaushn QP&%HPS#S&phéﬁOW
¢at 1,9 e eaLe MRk, d
mon?g%E oékbsg%etggg %92 of EEBbg%ﬁﬁltlated b&lgkgsﬁ)ugn /ox
othefr thespuspmbdib2tpesgof the dépaQSQGOﬁystem 4104r-t The

button) . sufficient flow rate throu the
coniyS 1Rk aintaYn ot rangLe ot RERLEey Rt oot Bl or
reaa%g% B£4tERBMhboRR mbdintiital-sSt anht/oel @bn-’c%lﬁbpe&%ﬁﬁldm of
I n sonme enbodi nents, a second _start button
thed@éﬁé@é@@ SyRG SR é@@ondT@?aPPnﬁﬁpﬂéﬁrré@éy“?@?%ﬁééUde

har %ggln %Ef%@%%r Qne oro ﬁﬁ QL Rer SJehieshalds ard/pr, one
vels 6 operation o aleanlng system 100 have
or beee debeppiriedefly @eogmmmmedtmecpp@pGQUGﬁeﬁaﬁmmgor

ran xenmpl ary enbodi nent, five |levels may be
mlcﬁBH%FBFQEleéf mplary |evels are exhaust flow, ozone

thresholid yahuedensirde ridteccahaetl aHed.t iezeie or
t hreshol d val ue outsi de the cabi net 102, proper

alteFaestiven SOl UCHONS, 8 &es URSHi tiar Copg Ungid By dHddedhe

»cleQBWlegysE%HPloBhe For example, DiW may be replaced or

supplemented with an alternative cleaning solution, such as
a 10% hydrogen peroxide solution (creating an ozonated
hydrogen peroxide combination). Other percentage solutions
of hydrogen peroxide may be used. Additionally or
alternatively, the ozonated DiW or the ozonated hydrogen
peroxide solution may be heated to affect destruction of
bacteria. In an exemplary embodiment the ozonated fluid may
be heated to a range of about 50 to 60 degrees Celsius. In
an alternative embodiment, the ozonated fluid may be heated
to a range of about 75 to 80 degrees Celsius, although any
other appropriate range may be used. 1In still other
embodiments, the DiW or hydrogen peroxide solution may not
be combined with ozone, but may be heated to a temperature
of about 75 to 80 degrees Celsius, although any other

appropriate range may be used.
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threshold levels and flow rates nmay be adjusted as

appropriate for the system Qher types and/or nunbers
wo@boogpss2at i ng | evel s and/ or threshol ds nay be PCT/US2006/036971

nonitored. In sone enbodi nents, the controller 124 nmay

nonitor the states of the punp 112, exhaust fl ow,

ozone tUseshdl the ad Lsanirsdy dey sinehh ok 0 © udsd deh¢ heethods

s (LA B 0GRS e BEL LICN 0L 100 SES05 905 o O
cleAMUSIMPFRYEH! ORSF adiHoDE, thensysh em dod VBENBBYLE Five
system device (e.g., the punp to 112) is not

gal¥emetobnl 0 BrdrreIsy RewPxife avglueien &y obesfleshed in

t ] J,
2 BRI Fode "M M0 SORRAREE 118% o T P b
perqxds el (ekdrausdy benpirped shhrdhghy tioai ¢ompésent to be
ozone_gas and/ or concentratjon nitor (s) and/or

CLegithr T oY ot LTt SHeTdanTg SORTaN iabe Fhush
tim& G 0bd ehsd@d MR s f OTuS and) ehe NPH1 1 &hc@PBY 341 Blirge

. .and/or readings of the above nonitors, and/or contro
withpekareoen ot tdeoeheantwit alyke e 900. Thhe kbekr 6lueh

_ ) . ¢
and J38 ARVCOGEh -0 (P Re GOLSBEECRL JndPaR BELLETS®
cleanimgoohpht gis anciatedi £Totdnt rother sperceéhtages bdrd/or

under st ood_t hat addi ti onal &i alternative sol utions
St

AMOyRiS Rt REFPFCL T EmEL N L PRETRY AR NGSSyst em

100. Fogigxeaple, &)W aByy bscrep! _§Qe§£a§épﬁyéﬂg?é§d
wWith an alternative cleaning solution, such as a 10%

perogiiie gepl peioxi Wy see utsen {ereerknghancorppaced 116
oo A0 ISP P PR LS 0T 9ot 18k 055 O b8 esarpe,
the Adsthpdamat | y1©rmay ties ngd 1 ved ypathea brpnat etuDiW withhehe
hydégéggtggrg%gégqgglution and allowed to soak for an
appropriate length of time (e.g., about 4 to 8 hours). In
some embodiments, the soak may be followed with a nitrogen
purge. Additionally or alternately, a soak and/or purge
cycle may precede and/or follow the high flush and/or
ozonated DiW (or ozonated hydrogen peroxide) cleanings as
described above.

In another embodiment, prior to ozonation of the
DiW or hydrogen peroxide solution, a UV lamp may be used to
treat the DiW. This treatment may cause destruction of
bacteria prior to the introduction of ozone into the fluid
and may be used as a pre-cleaning.

The cleaning with ozonated fluid described above
may be preceded and/or followed with any of the described
cleaning methods or any other suitable cleaning methods.

For example, the ozonated fluid cleaning may include a flush

for about 10 to 40 minutes, which may be followed by a flush
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per oxi de sol ution may be heated to affect destruction
of bacteria. In an exenplary enbodi nent the ozonated

wo ba@3srey be heated to a range of about 50 t oP@DUS2006/036971
degrees Celsius. In an alternative enbodi nent, the
ozonated fluid may be heated to a range of about 75 to

or LY ef?én Bl ShiSeq abin @Jﬂyhﬂf@éeﬁpﬁéﬁ&ki&é e

range nmay be used. In sti er” enbodi nents, the DDW
solu:irld!rydr yeot iper oxydie sof utl eanimy woth bezewabedeflwi @ hfor

be heated_t r f t 75
abo% Jg(g %%g%%erg RATRF LY a??ﬁjo hte%n}r':%/ %%‘Eééﬁ gpp?%%?l at e
range nﬁwebﬁoﬁé§61ﬁ§ed@écfﬁ@tﬁéﬁa@iaglcgeée@mlﬁoeﬁadplary
the net hods descri bed above may be preceded oy

embediTemed By BEhet NEFREHPRY HREAEHIZ- KIS eXanpPe, 28OVC
dlscigg@ddg de ﬁ@ogﬁpifgﬁngtﬁ98§ PélﬂOWQBMQﬁOQE@ scope

per oxi sol uti on u in a closed | oop
of tmmoughemheonowpbhehe #a6d1i Theapgaregentpetbrieeot

sol uti on, pay. ed th ough the co nent b
ordifarie g? ﬁ%oﬁﬁ t Wb~ hout 8% %??%%u%hngﬁ ap%%%ﬁr?gtgzone
genéf&@@réln@anﬁysbepuﬁpﬁ H@mﬁsf|MéﬁlﬂarsbeaﬁdybEMEﬂlbgrs

purge with nitrogen or another suitable gas . This
maYhb%hu$$@shA@ﬂHFEQHﬁ@%YogE%ep%%%%nh%9 B¥SHeBdMpEf Beeused

wit RN PL @ﬂgﬁfoﬁe%é@wﬂdwﬁw ﬁsv%@naaﬁgfébﬁugmgl her

percent ages and/ or anmounts o drogen peroxid
comp@m@mtomtnaytbmeueedmaﬁlhelantggrate@@antooaher

erc a dro e de. so on be used to

sem bSO IR AV Oh e R SR OF LSt BPORFTEr ¢ he
ozonateﬂnthﬂvméggelage Eaho&xasnt ¢, prb@ueonpanent otdfie by
may be filled partially or fully with the, hydrogen

the fe?eRe de25hl BRALAT aRBLANPBWLR2 1 B2¥0BR foRiRRD tO less

craORSORL! 16 Leaaulo! PR Lengy ofloNnLa Boholishe
residtabgeater from system lines (e.g., prior to ozone
exposure). For example, an N2 purge, vacuum, N2 purge
sequence may be used to remove water from lines and/or dead
legs of the cleaning system 100 and/or the component(s) to
be cleaned. In some embodiments, non-metal (stainless
steel) manifolds may be employed for distributing water to
and from an ozone unit. For example, PVDF, PFA, Teflon®,
stainless steel 316L, etc., may be used for the cart and/or
the mix tank may be made from PVDF.

In at least one embodiment of the invention, the
cleaning system 100 may be portable and used to clean an
entire semiconductor device manufacturing tool and/or system.
For example, the cleaning system 100 may be connected to the
fluid lines of a wafer cleaning system and used to clean all
components of the wafer cleaning system (e.g., by pumping

ozone through the entire system such as through scrubbers,
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purge. Additionally or alternately, a soak and/or

purge cycle nmay precede and/or follow the high flush
wa@na7oss26xonat ed Di W (or ozonated hydrogen perPXi/tig3006/036971

cl eani ngs as descri bed above. In another enbodi nment,

prior to ozonation of the DiWor hydrogen peroxide

meg@@outiicotank s,V i3 ATk 1R gL iR lesg atsdibe Inle Mihg v,

treatment may cause destruction of bacteria prior to
poligdersy r 6Fueivortdrerofdndd meshe fluid and nay be

used as = I he cl eapi | nat ed

fluid deerope, < E%EH%§§LbeO%Fegghﬁgrghgﬁgﬁégﬁ ned
filweetrs sy o eheldysdr ithedidlceanichg methededDianyfter it

h Ltabl e_cl eani thods. F le, .the
Lead s Gnkt8a SPTth o161 dAnng ey “EREMGAG™ FROSH HaR RS

sediteh® 48 RhULEeSnawWRChimmy beckokkawed Dy o%oﬁ'ﬂadli':e%lap Diw

soak of non-ozonated D Wand/or hydrogen per oxi
mays grufilewedarbrreshc pc fd 16erc PSRN d SRIVERCo £deattetk 110,

eitgggigeEeg%aggugf%gr¢ghéoggkgrgﬁégnay follow this flush

or soa he foregoi ng d n di scl oses only
exenpl aiy ephedembots mehtihe annvephieomodmme f(ieGat.i,0@S
f.the above di.scl osed. net hods and apparatus which
porgaPI AP ERTR FRECLE0FE-S SEnet REGAE Gtk P 58 edarry
ozofppabanl el 0abhesenel meudiBarvrakirchkelinywiihe @rt. For
exampl e, any nunber of ozone generators, valves,

sempGRpSUCERRK S VBRI Monyfaghdrsngf cPrppoemy b&cusedmay be
adaéggﬁtE%nﬁghgvetBgcﬁgggﬁg?goﬁy§hgnhgﬁXcg d%%%%ﬁﬁgkgice

re than one sem con or déevi ce nanufactur

manvfaponenthgatoapbhrrator Ay beonst mgtatedaildbomdy be
In at

caspRRuceACHELer fev.ce Tenul goLyul g component, ISl
ozofidtkdanlsos €abtnet s:RZcBRYuBEok! Abidet Rah®3S cturing
component, such as via one or more heaters (not shown)
coupled to a supply line or the like, located inside or
outside of the ozone module.

In at least one embodiment, the ozone module is
adapted to flush the semiconductor device manufacturing
component with a cleaning solution before and/or after
supplying the ozonated fluid to the semiconductor device
manufacturing component. For example, the cleaning solution
may include Hydrogen Peroxide or another suitable chemical.
Further, the ozone module may be adapted to purge the
semiconductor device manufacturing component with a gas
(e.g., Nitrogen, Argon, etc.) after flushing the
semiconductor device manufacturing component. As stated,
the ozone module may be adapted to recirculate ozonated
fluid used to clean the semiconductor device manufacturing

component.
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than about 0.5 | bs/day. Vacuum may be enployed to
renove residual water fromsystemlines (e.g., prior
WO 2000088263 exposure) . For exanple, an N2 pur gePCU/HES2006936971
N2 purge sequence may be used to renpve water from
lines and/or dead | egs of the cleaning system 100
and/ or Blegordipgismt whi)let ahlke prleaamed inventdr® has been
: iyments, non-nmetal .(stainless stee mani f ol ds may
0105 T B Fop R TEh it Ry SRBner vt 6 TRGHneh ¢ herebt
it ehongdubiet unbefsewadptatPY¥ehe PEM B  hy £al1
.. stainless steel 316L, etc., may be used for thé cart
withdgy Ghet FPikik BBEAK SRRPebheimsle finyenVOR, B sefisest by
0 [ ; the invention, the cleaning system
thelgglﬁggqggngg%ﬁa I'e and used to clean an entire
sem conduct or devi ce manufacturing tool and/or system
For exanple, the cleaning system 100 nay be connected
to the fluid lines of a wafer cleaning system and used
to clean all conponents of the wafer cleaning system
(e.g., by punping ozone through the entire system such

as through scrubbers, negasonic tanks, liquid delivery
nodul es, spin rinse dryers, polishers, or any other
fluid path) . In sone enbodi nents, one or nore

additional filters nmay be enployed to filter the
ozonated DiWafter it | eaves the tank 110 (e.g., to
renove any particulates or sedinment in the ozonated
DIW . For exanple, ozonated DDWmay be fl owed through
a filter after leaving the tank 110, either before or
after the punp 112) . In sone enbodi nents, an ozone
nodul e (e.g., a portable ozone nodul e such as an ozone
cart, a stationary ozone nodule, an ozone nodul e
integrated with a sem conductor device manufacturing
conmponent, etc.), nmay be
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adapted to renove bacteria fromthe sem conduct or
devi ce manufacturing conponent. The ozone nodul e al so
wogo7loss2azlapt ed to heat the ozonated fluid befPCBUS2006/036971
suppl ying the ozonated fluid to the sem conductor
devi ce manufacturing conponent, such as via one or
THE i EENiNe (GLACHEED stibwn) coupled to a supply line or

the |ike, ed- i nside or outside of the ozone

mr)hdul elglnr‘é%?gﬁs e(glfstan‘oén‘—’g"lemrﬁ)oacli?%Wtcfo}il R TonE bHl e
manufaadaptel donddnit tdwnseid canduct or devi ce

manuf act uri ng. conponent with a cl eaning solution

bef or e MRIA T 18 FFREFhLtHed bzonated fluid to

the serd,ganductor levd o6 Jenuf 2ol 4 i g GoIm é!rgﬂ‘i ok
exanpl e, the clé;ani ng solution may incl ulge %y ro%nen& o
devikm mdrdef artwniotderorpeneaii e akem cal . Further, the

ozone ul e, may_.be adapt ed, t urge 1t he sem conduct or
devi ce TERTNAN (I ORIt (1% adigal e turing
comp¥ridragen t FAnge, odtadedftgiid | ushi ng the
sem conduct or devi ce manufacturing conponent. As
stated, the ozone nodul e may be adapted to recircul ate

t [ L t | t i '
ozponat e | 4id, s esk to £l pan Inx;?efyl} C%@md%ce

manuf act uri ng conponent . Accor
ozorrtesk il uiny ergnponi dees: been di scl osed i n connection

wi th exenpl.ary enbodi ts thereof, it should b

under stpc%%gvjt%g Gt t?é}rr%hgoedi?@ﬁ% “?%C%P]fealﬁ‘&%’%?f?nt? he
spirit and seopeiad d:Reydhverin oh cﬁsggﬂ@ctié@ﬂréy;the
followng clains. THE INVENTION CLAIMED IS : 1 . A

met hod of cl¥HHRTRF R YR dicietidre dewaen;

manufacturir% q:%oqiq{g iﬂag: o@g 'Cpi
ozonated fl ul d; suppl y1 ng tﬁe Gzonat € L?J‘fui\%gt%&%%%ate
the senreawtudilorid; and

deliver the ozonated fluid to the

semiconductor device manufacturing component.

3. The method of claim 1, wherein the ozonated fluid

comprises de-ionized water.

4, The method of claim 1, wherein the ozonated fluid

comprises Hydrogen Peroxide.

5. The method of claim 1, wherein obtaining the
ozonated fluid comprises:
receiving Oxygen from an Oxygen source;
generating Ozone from the Oxygen; and
combining the Ozone with a fluid to generate the

ozonated fluid.
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devi ce manufacturing conponent; and cl eaning the

sem conduct or devi ce manufacturing conponent with the
wozanased fluid. 2 . The nmethod of claim1l , WheT/851006/036971

obt ai ning the ozonated fluid conprises: providing a

portabl e ozone nodul e adapted to: receive Oxygen from

ans(xygenesagtted ggnenatim ezoptelredm thabdryaenthe Ozone
.. conbine_the Ozone with a fluid to generate the ,
with; 5R&t édutfuremPaRgedelcorlining §R6nreaet Miitd e Aduid
in seppgenductor device manufacturing conponent . 3 . The
method of claiml1l , wherein the ozonated fluid
conprises de- ionized water. 4 . The method of claiml

: erei.n the ozagnated.-fluid conprises r.ogen
oo Siflel e REENBECR LU OGIRLESES HINO0EN, e ozome
witBbtakeniEngithecapenaked cohbiidiagmphes €onkeGaitW Rtie fluid
. Oxygen froman Oxygen source; generating Ozone from
1n ph¥adK§gen; and combining the Ozone with a fluid to
generate the ozonated fluid.6 . The nethod of claim5
, Wherein conbining the Ozone with the fluid conprises
coBbi ni Ahet metOodnefwicilaitmhé,f Whiedeiin gomdiking theéh@©zone
. od_of .claim5., wherein conbining the Ozone with
wit B bR 624 o RBP2as=Bo rETRE G PnE ey SRE™E B (o der ird o
wateR #@rval ¥Be. s@micbhaudebRodedt cel abMuFactthReng Romponent .
conbi ni ng the Ozone
9, The method of claim 1, wherein cleaning the
semiconductor device manufacturing component with the
ozonated fluid comprises removing bacteria from the

semiconductor device manufacturing component.

10. The method of claim 1, further comprising heating
the ozonated fluid before supplying the ozonated fluid to

the semiconductor device manufacturing component.

11. The method of claim 1, further comprising flushing
the semiconductor device manufacturing component with a
cleaning solution at least one of before and after supplying
the ozonated fluid to the semiconductor device manufacturing

component.

12. The method of claim 11, wherein the cleaning

solution comprises Hydrogen Peroxide.

13. The method of claim 12, further comprising purging

the semiconductor device manufacturing component with a gas
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with the fluid conprises conbining the Ozone with
de-ionized water fromthe sem conductor device
worewaas2sdir i ng conponent. 9 . The nethod of cl BETVU$2006/036971

wherei n cl eani ng the sem conductor device

manuf acturi ng conponent with the ozonated fluid
afteonpiliisbingehbei agmbachducaotkr devtihe senmicanductan

devicg manuf act uri ng conponent. 10. The net hod of
COMRPHRPR-1 , further conprising heating the ozonated

fluid before supplying the ozonated fluid to the

sem conduct or device manufacturing conponent. 11. The

melfhod Shecharhrd off gieher 18onphesedy Fheshasgcphprises
Nit§§§gﬁgnductor devi ce manufacturing conponent with a

cleaning solution at |east one of before and after

supplying the ozonated fluid to the sem conduct or

deyjce nuf acf uri ng ¢ onent . 12. The nethod of

cl 36m 1T REFRPT PheCLRLant ngTubFaEF o OEBRYPISES
recki@n0geMmfesashdeedldiuife gBlihed efeshatRlemt Ubhh8Etor

conprising purging the sem conductor device

devigauraeviarhrgrébapensRen@inth a gasafter flushing the
sem conduct or devi ce manufacturing conmponent . 14. The
met hod of claim 13, wherein the gas conprises
Ni L6ogean dbpaFacusebliadtedl cbatheidn, af gembiebnductor
conpri Si ozonated, fluid used to cl ean

recirculatin
devifg @@ﬁ?ggﬂﬁﬁf?ﬂg BQWPEgeﬂEnEPEEFb?Fﬂ§=conponent . 16.

An appagat Ysoadapbedl £0,858885a-8¢M conduct or devi ce
manuf act uri ng conponent conprising: an ozone nodul e

adapted to: ©ebtain Qzone;;
combine the Ozone with a fluid to generate

ozonated fluid; and
deliver the ozonated fluid to the
semiconductor device manufacturing component so as to clean

the semiconductor device manufacturing component.

17. The apparatus of claim 16, wherein the ozone

module is portable.

18. The apparatus of claim 16, wherein the ozone

module includes:

an ozone generator adapted to generate Ozone from
an OxXygen source;

a valve adapted to combine the Ozone from the
ozone generator and the fluid to form the ozonated fluid;

a retention tank adapted to store the ozonated
fluid; and

a pump adapted to pump ozonated fluid from the

retention tank to the semiconductor device manufacturing

18



10

15

20

25

30

conbi ne the Ozone with a fluid to generate ozonated
fluid; and deliver the ozonated fluid to the
W@ e oss26kict or devi ce manuf acturi ng conponent BOT/ES200€0036971
cl ean the sem conductor devi ce manufacturing conponent
. 17. The apparatus of claim 16, wherein the ozone
compethdng s par ttablad.eal8 . thEhesappamatuct f ddaida 16,
manw%%r%jn.the ozone dul e i ncludes: an ozone generator
adapt &d

1S FENEFASE ezone from an Oxygen source; a
val ve adapted to conbine the Ozone fromthe ozone
generator and the fluid to formthe ozonated fluid; a
r etlént | dhe aFPaF@Epe®ft ¢lstior d & hEvatdeat epriduiising a

AR A PP et u on fluid fromthe :
ca retent?bn fgﬁggkb%thh%éggfgﬁﬁﬁ%agﬁ%%igﬁ’cgalve’ retentlion
t anfm emBaptanp g ersp aioe forso aapdra atilear Adie module.

sem conduct or devi ce nmanufacturing conponent . 19. The

apparatus of claim 18, further conprising a cabinet

t hato . surmheuRgpatae uez oFe AR/NSS alOkihetd Ve tHELIEMHIRR is a
tank and punp so as to forma portable ozone nodule .

doubde-vRd Lgfpsekinetof claim 19 wherein the cabinet is a
doubl e-wal | ed cabinet. 21. The apparatus of claim 18,
wherei n the ozone nodul e further conprises a
coBflr.ol Tae agpptredusoofmaiiatiar 18ne wherdne tofe @zsnat e

modﬁg t?e ggng, a |l eyel of exhaust flow fromthe ozone
Gul-&F -2 e TEIMPo 5620 fe CPRSF R LEfe 2678 EImbaul e, a

level omoazebe eHbkSb@#enmbh@ of a state of the pump, a
level of exhaust flow from the ozone module, a level of
ozone inside the ozone module, a level of ozone outside the
ozone module and a level of ozonated fluid flow rate; and

limit operation of the ozone module if the pump is

not functioning properly or any monitored level is outside a

predetermined range.

22. The apparatus of claim 18, wherein the ozone

module further comprises a controller adapted to:

monitor one or more of a state of the pump, a
level of exhaust flow from the ozone module, a level of
ozone inside the ozone module, a level of ozone outside the
ozone module and a level of ozonated fluid flow rate; and

generate an alarm if the pump is not functioning
properly or any monitored level is outside a predetermined

range.

23. The apparatus of claim 16, wherein the ozonated

fluid comprises de-ionized water.
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ozone nodul e and a | evel of ozonated fluid flow rate;

and |imt operation of the ozone nodule if the punp is
Wmea07/088263 i oni ng properly or any nonitored | eveCT/S2006/036971

outside a predeterm ned range . 22. The apparatus of

claim 18, wherein the ozone nodul e further conprises a

cdm rolTrer apfptais ®f o itor2 onevirrei el Ge stenized

f exh fl.ow f
wat i e T T Gin T et b A el o, g

mand emeduefng ondsi de the ozone nodule and a | evel of
ozonat ed qui flow rate; and generate an alarmif the
punp i s not functioning properly or any nonitored

I i i r e i n 23ne 1&Eonated
ag%g'r at&gﬁﬁ%%%%%G@%h%@ %he ozon%t egh? gw

f luich munsess ek -Hydndged Reteri@A. The apparatus of claim
23, wherein the de-ionized water is supplied fromthe
sem conduct or devi ce manufacturing conmponent . 25. The

appar attigse odp wmd&af WEs £rh N6 hewlozoahah ethé | 0kohe is
conpri ses Hy en Peroxide. 26. The apparatus of
COTT%JrfaeFC?thlBthV\H%? Hidelmdne@ s combi ned with the fluid
in a tank. 27. The apparatus of claim 16, wherein the
Ozone is conbined with the fluid in a valve. 28. The
appar atTise oéppammamf whbz B nl € hewlogoaen nodel @zpre is

adapt ed, t.o reno cteria f omthe sem conduct or
co“‘lii’e‘%/? eW%utFIé%t%fﬁlhg Jcrbn?)oYi% © 29. The apparatus of
_ : pp
claim 16, wherein the ozone nodule is adapted to heat
the ozonated fluid before )
28. The apparatus of claim 16, wherein the ozone
module is adapted to remove bacteria from the semiconductor

device manufacturing component.

29. The apparatus of claim 16, wherein the ozone
module is adapted to heat the ozonated fluid before
supplying the ozonated fluid to the semiconductor device

manufacturing component.

30. The apparatus of claim 16, wherein the ozone
module is adapted to flush the semiconductor device
manufacturing component with a cleaning solution at least
one of before and after supplying the ozonated fluid to the

semiconductor device manufacturing component.

31. The apparatus of claim 30, wherein the cleaning

solution comprises Hydrogen Peroxide.

32. The apparatus of claim 31, wherein the ozone

module is adapted to purge the semiconductor device
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suppl ying the ozonated fluid to the sem conductor
devi ce manufacturing conponent . 30. The apparatus of
wa@bk@o8s263 wherein the ozone nodul e i s adapt edre¢DUST006086971
t he sem conductor devi ce manufacturing conponent wth
a cleaning solution at |east one of before and after
mansigpiyring (¢t adlth @ daw alees oid wointhetdee
devi ce manuf act uring ¢ nent . The appar at us of
sendiosRE arat TR sl ommr es
Hydr ogen Peroxi de. 32. The apparatus of claim 31,
wherein the ozone nodule is adapted to purt?g t he
n

setd conthR tIRPYRG e rRh U =t iri fig i ¥¥ a gas

{8l fhushi g, t he sem conductor device nanufacturing
Comﬁé}%)n'posnent } %%n The apparatus of claim 32, wherein the

gas conprises Nitrogen. 34. The apparatus of claim 16,

V\lrz13g ei n.the ozone m)du%e j’es.nal\ é)t &g éjgerecéré:uclagtge
ozthat eS| WRPTREH 1 Tt her SEM L oHAuTEDroddNT ce
moduTed U 14 di b teH Codpedeittculate ozonated f£luid used to

clean the semiconductor device manufacturing component.
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