TITLE OF INVENTION Method and apparatus for deposition removal and recycle cleaning of copper
interconnect semiconductor process kits. 1. BACKGROUND OF THE INVENTION 1.1. Field of the
Invention The present invention described herein relates in general to a method and apparatus for
deposition removal and recycle cleaning of process kits for copper interconnect semiconductor
production equipment, and more particularly, to a method and system which provide an innovative
chemicalpp NG ECINESSTPONthod that selectively and completely removes  the organic,
inorganic and metallic impurities by-products, stains, adhesions as well as contaminants by-products
on the semiconductor production equipment parts or process kits, without damaging or destroyrng the
surfaces Mﬂﬁl@dcassmepparNumeMn depesatalandmmﬂml fRmubmrecyetodcckeaning
manufactuging, various s mlconductor roduction gqujpment and process kits are used to perform
processeg BEE M Mﬂﬁle& ﬁ&n&fdg c 2k Bmgﬁﬁ‘ﬁ ?ﬂ%target substrate, e.g., a
semiconductor wafer. One of the primary steps in the manufacturing of semiconductor devices is the
continuous formation of a thin film on a semiconductor substrate to form a film of solid material by a
deposition process using high vacuum semiconductor production equipment. These semiconductor
productiop equrmmnggqﬂﬂlaspﬁqy qugms[n[mqurpment accordlng to thelr methods of
forming thin slali=Ya 2 . S sice
Deposltlona1 sputterlng method usjng a sputterrng phenomenon under reduced pressure a vacuum
evaporatioh metH&H QSitRE &M Btation phenomenon, a plasma CVD (Chemical Vapor Deposition)
method using low temperature gas decomposition by plasma, a thermal CVD method using heat
decompoSifoREFENd8YenHRBESY A ehssiTordRievipdEsingd dasbynehedgyest spardaydidngth
light or uldkpeicdtairayscaat dhe kg clhdsensegnidprdosiokiprésluctigiee fitgpooantcesgirkeptocess Kits,
wihich usHRIERDR Yufth Rk CLINAGHE Raas b .7 . caMRORBA(S ATSETIBlEdARRINGLARE they are

used to prevent sputtered maferra | from depositing ‘on the walls and other parts of the chamber.
During tHB?AY %K %@HB&H&%P&%@@@H&?&F%GH metppdaingt glpehy Q%@%FSHPH%‘?J%&%%YFS

the organic, inorganic and metallic impurities by-products, stains, adhesions as well as

contaminants by-products on the semiconductor production equipment parts or process Kkits,

without damaging or destroying the surfaces of the process kits.

1.2.  Description of the Related Art

In the field of semiconductor manufacturing, various semiconductor production equipment and
process kits are used to perform processes, such as film formation, etching, oxidation, and
diffusion, on a target substrate, e.g., a semiconductor wafer. One of the primary steps in the
manufacturing of semiconductor devices is the continuous formation of a thin film on a
semiconductor substrate to form a film of solid material by a deposition process using high
vacuum semiconductor production equipment. These semiconductor production equipment are
generally classified as deposition equipment according to their methods of forming thin films.
These deposition equipment can be further classified as a PVD (Physical Vapor Deposition)
sputtering method using a sputtering phenomenon under reduced pressure, a vacuum
evaporation method using an evaporation phenomenon, a plasma CVD (Chemical Vapor
Deposition) method using low temperature gas decomposition by plasma, a thermal CVD
method using heat decomposition of a gas, a photo-CVD method for decomposing a gas by
energy of short wavelength light or ultraviolet rays, and the like. These semiconductor

production equipment requires process kits, which usually consist of a set of individual
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as WSi, TiN or TiSi is deposited through the vacuum to form a thin film onto the semiconductor
substrate. However, during these thin film deposition processes, organic, inorganic and metallic
impurities by-products are deposited on the surfaces of the process kits as well. The sputtered
material deposits not only on the wafer substrate, but also on surrounding parts of the process kits

such as tshilaRIehsSiRdis fRE@rdNghdliney dePAsEdge Biey dhUpuiRG CORMRHMIFYRE R SiGhe

deposition equi nt will cause the pracess kits to become coated with the sputtered material and,
due to bu?fbe[ﬁ%%g?r%g (\agrigﬁﬁaetﬁ aét\?e%ftgﬁaﬁilfl%%rgﬁ?{s in flaking of the deposited materials. When the

thickness of the by-product increases, the by-product cracks and peels off for example due to a

change iPHEBEELAUHYDASPRSILIE RESEAUBGHR], T B dILd DT dQEE W rLRPeEAskrgch

contaminati®fbdUkihgath€18epasitios tpddbessgrebe vimgrimdiepositiartlail filer and defectsiCandbetonore,
the accumyyatinn. eidhesercantalpinrRisHyY piad H@})%QHJH%ﬁé@%@@ﬁ&é&ﬁi’c%@ﬁi&&%"ﬂlh%e
problems in seEnic nductgr rtnanufgcturin such as ¢ tamn%atin Waferskv¥ith parﬂclrleﬁé as vtvell gs
organic and’ 1rlrrl}a %ﬁlic%i%%’urlllﬁessaarﬁfegﬁﬁsgl eoﬁlroceessélrc emistries TAese 63n amination. i?prlllottef)?operly
and adeduai@iplrdanevis ned Wl aushisriedistsivls daindys dkaPrsttresadifes parsop t eepenasss kits,

chemicalyacticinasaind explosionshitiise deadings odidastiappents, ecinatoy]ake fRdsumIansowhich
ultimatel ul i |91 0 . .fail t t evice. O i
particle é{gﬁ%rgﬁg%:gﬁgwbe muﬁ]%‘nﬂg tpl)%g%:egsaﬁs? %tgﬂgn#r;%g%;s gﬁgs){s?e?ﬁ%l(g@gaﬁégt%g \‘%Qrﬁ)gggp%%‘sﬁ % e%n ed

or replacBiteriirafdredifce ditiltlids BB e i Wspe s Ly ufsHEN Tt rBaliing of rificaf s e
regular maattenbndEandlpr ebislor sledthrgbyependurei peopeep ehfo hyqneduof thecks)aiphpeetsaold

process Kifs prigfiR RULIRIH MR- PIRGHCIRNEEIE SaPNERsST CORRIRRMIGORRUGIRTOs SRS dMis are
made from.a combination of stainless stedel or aéuna?um .and maé;ﬁ:ontal t.ed copper, tltam:ﬁn)jﬂ
beryllium)" r%?S&SFUJﬁS&E%BP@?%% UHABUBOHISRP SRR RURSHS o B 1T P ROSKHL St or

process kitd tietbdshighest standards so that it is capable of working at high vacuum with very low
levels of contaminants in the residual vacuum, careful consideration must be given to how the process
kit is to bEwcthaneckantle ceamndaproces e soneindamageytpeodomponaht beifig«lednke pideess

cleaning methaf 0O, SAEARNYCOMRIIEN SN AYH I RRMERANS RMtAFRAGDAVGBRMGES and

metallic impurities without corroding, damaging ar altering the process kits material and surface

morphold¥yeSadtittdr! RS SRR it B HATU ABSE! Bor By AReT el LBisHithont e

expansioggntamination, if not properly and adequately removed, could cause irreversibly damaged and
reduced lifespan of the process kits, chemical reactions and explosions, false readings of
instruments, or inaccurate measurements which ultimately could result in a malfunction or total
failure of the system or device. Once flaking and particle generation has begun, the process kits
must be disassembled and the various parts cleaned or replaced. Therefore, the continuous use of
the deposition equipment creates a critical need for regular maintenance and precision cleaning
to ensure proper performance of the equipment and process kits prior to putting it into
production service.

However, most semiconductor process kits are made from a combination of stainless steel or
aluminum, and may contained copper, titanium, beryllium, ceramics of various sorts, and
various other materials. In order to clean a semiconductor process Kkits to the highest standards
so that it is capable of working at high vacuum with very low levels of contaminants in the
residual vacuum, careful consideration must be given to how the process kit is to be cleaned and
cleaning process must not damage the component being cleaned. The cleaning method should,
not only completely remove the contaminants, but also remove particles and metallic impurities
without corroding, damaging or altering the process kits material and surface morphology. In
addition, multiple parameters such as hardness, porosity, thermal coefficient of expansion,

conductivity, noise effects, chemical permeability and corrosion resistance, etc., must also be
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conductivity, noise effects, chemical permeability and corrosion resistance, etc., must also be Page 2
of 72 considered to formulate an effective and appropriate cleaning methods and recipes. Therefore,
what is needed is a method and apparatus for completely removing all process organic and inorganic
deposits from metal process kits materials as well as metallic contaminants such as aluminum,
aluminunadhalicrighs! fstainigssastedledtianivn, ipptopimantaanpanchidibendhedpesisinareteaning
method et be effepive. it SRRIPBIIA'S ARRATRILS: clcaning methods and recipes (g 1emove
organic c'on?aml‘nants as well'as particles 3R r_netaﬁlc |.mpBr| ies Wi oul%%:han%mg he emical
structureiBPEER R alempsity fien srctdramiresubtanatHalniserl asragtibis deniimg priicaachyas
thereby couiadenlamageun aliet, thie kpiosasslkitsstadietiahiand tsuwfhce mogiipplagy, which
consequently resulted in irreversibly damaged and the lifetime of the process kit is significantly

Shorteneﬁlﬁ@l@{{iQH@'MeEYB@hQI@%%@%&%@%ﬁQU96% Qe EOWRAIY, MRPIPpESRKIIL RER REAN

with respect to, or anic.metallic and particulate imlguriti sandi esta liﬁ criteria %olveri tha%tt e
. 'methods a I‘%dl €s 10 remove or%mtlc.lclgnta mants as well as particles an ntleahtm purites
physical surface’ morphology remains mtact. There are two different'approaches to determining

whether dfithoubcharaieg ibeRumiTHestierareuridamastallisnauarts Pesesrmia ehitaetc Qtheraryssshst
some sofresidhe slsiacestPrdetssniie Whabis dbatrle] densaeobel ARRrarCPrisc Lo e Prageaic Ad

simply segls [0 H?Sﬁ% 15 %ﬁ%ﬁ%@h%%q‘ﬁe&‘i’t‘i?ﬁ%%hli%‘a ?ﬁqgﬁé&‘&%hﬁﬁﬁﬁ%ﬂ 9&%%@81’% FRANRDS the

treatments, engineer should measure In‘a systematic way how the’propetfties of interest change.
UnfortunBESRFSTkit &t sigifisanily 1Bigafds have been undertaken and published, so there are poor
statistics on the efficacy of precision cleaning processes. There are many related issues to be
addressetidditesalisinghat psarielisd sidarvstgbingtisodersuth exifihthahpubmioeesidkdieaislipless with
rﬁquiremﬁiapgtthi@@@@@,&ﬂféﬁlltb?ﬁ@maﬁbiﬁta;fﬁﬁﬁﬂﬁféﬁadmgp_ @m&wﬂf&f@rm%ﬁﬂgﬁa&%@g of
the process kits, the.seguen nd interaction effects of deposition remaval praces the .
T e R R R T

recycling'Hretigian BRiarHEsfoed ey ranert (pRdamsstrkensisibreslnsmm shemictbrinly dpetific
process ktimmardrcompeneinfa@xpodadrainiacdnt antharatureeafecontcappraticniasivel paseprade sad

compatibility, T gk @ Ry IRRRH-ORIRCHAHOG A SHEMARME NN IR dD BIOUHESOmERLaGIYE MEHAHS

and apparaFus for deposition removal and recycle cleaning of process kits for semiconductor
productidfBRiBRetEASa" rﬁ‘b%%&?ﬁéﬂl&?li}} fhSYYREMAAE EAy X R AR b0l grest change.

Unfortunately, few such systematic studies have been undertaken and published, so there are

poor statistics on the efficacy of precision cleaning processes.

There are many related issues to be addressed in assessing a precision cleaning method, such as
the capability and cleanliness requirement of the process kits, the compatibility of the cleaning
process with the material/coating of the process kits, the sequence and interaction effects of
deposition removal process, and the effectiveness, usability and operability of the cleaned part.
Therefore, each deposition removal and recycling precision cleaning process for different
process kits must be custom-made for the specific process kits and component, exposed surfaces

and nature of contamination as well as process compatibility.

Thus, a principal object of the present invention is to provide some effective methods and
apparatus for deposition removal and recycle cleaning of process kits for semiconductor
production equipment, and more particularly, to a method and system which provide an
innovative chemical and mechanical processing method that selectively and completely removes
contaminants from process kits surfaces without irreversibly damaging the process kits and

surface morphology of the process Kkits.
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innovative chemical and mechanical processing method that selectively and completely removes
contaminants from process kits surfaces without irreversibly damaging the process kits and surface
morphology of the process kits. Page 3 of 72 1.3. References 1. ASTM D 1125 - Test Methods for
Electrical Conductivity and Resistivity of Water. 2. ASTM D 1193 - Standard Specification for Reagent
Water. 31ASTMREf:i&lkcesPractice for lon Chromatography Terms and Relationship. 4. ASTM E 1559 -
Contamination Outgassing Characteristics of Spacecraft Materials. 5. FED-STD-209 - Airborne

Particulate Clegningss S3aspes M GIsatMReTR 4 C5an ZQN8San RESSRRE e Clean-room
Housekeeping - Operating and Monitoring Procedures. 7. IES-RP-CC026 - Cléan-room Operations. 8.

US EPA Met .0 - Determinatign of Inorganic Anions Ry lon Chromatography. 9. US EPA
Vethod 3005 D bLbh2 SO R S A Tesium, and Gaicrm in wet
Deposition by Chemically Suppressed lon Chromatography. Page 4 of 72 2. SUMMARY OF THE
PRESENY II’%@EWMH&P e NGB RRegARhY BEERK HRAVREMEMSHRBKM) and apparatus
for deposition removal and recycle cleaning of copper interconnect semiconductor process kits using
chemical4antShdtkahiell Proseasinati@r&letasingheinsetsistips drapekesiti Metsgalie best-known-
method using both mechanical cleaning such as high pressure water-jet cleaning, clean-dry-air
blowing, beadhaSTibg2 @02 ddanird andutate I Eatlalkis( bicgsas Welhasaimesnicd(Etrapogdsy
exposing it to the different mix-acids and chemical solvents in order to remove the organic/inorganic
and metadlic ipsPRIPties bysprausisioviaitirdResians-a0pcamanmaaisnyrinforisctai ordhe
semiconductor production equipment parts or process kits, without damaging or destroying the

surfaces of thesorgeeskls. FRaRIESRNOIMEAIRY Provides a method and apparatus for completely

removing all process organic/inorganic and metallic impurities by- products deposits from process kits

materials,as [i inants.such a luminum, aluminum It, nickel, stainless steel,
nate ; tﬁ‘%? PR @%%ﬁo&f(%?&gﬂie iR oh ST [0t eanid Andon s BIHoh B RS Staghs, :
titanium, tantalum and coppér used in fhe making of semiconductor Brocess EllPs ?r%’roﬁe embodiment

of the present invention, a best-known-method (BKM) for deposition ) )
P 9. US EPA Met og %&517 - Disso Ved( SoMt)lm, gmpmon{um, Potassium, Magnesium, and

Calcium in Wet Deposition by Chemically Suppressed lon Chromatography.
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removal and recycle cleaning of a contaminated semiconductor process kit, in which the deposition
removal and recycle cleaning process includes the steps of: (a) Acceptance Inspection - receiving,
incoming inspection to thoroughly examine, dismantle, and data documented with digital pictures; and
then categorize and separate into the required deposition removal and recycle cleaning processes
such as the chemical-method and mechanical-method. Any gross contaminations are removed by
washing out, swabbing or rinsing with high-pressure city water or any general-purpose solvent. (b)

Chemica Strlp ME ? %Wm Tglf’ﬁ? strip-off or dissolve
orgamc/morqarnc and me a? R(?epos d contaminants according to the process kits materials and

type of deposited contaminants. The method generally includes immerging or submerging the process
kit into a TAWk RigseRIniAERREIS Wikedtss eidPsotdtipavand aied rdpkdVihgicapperdys fiir fdepetiion
mix-acid iaﬂﬁbvanﬁhthﬁﬂ:fiﬂéiﬂl@dlﬂﬂ@ﬂf&ﬁ)‘})‘})&ﬁiﬁ@@&%@éﬂ%ﬁmﬁl&&&f pRRiEining: Waimdignyater;
and then watgrigtinat T) QGERS: Kb ‘Z%B Wi, %9&85?%&‘4 %‘y %&8& t8%n MRYC RN kﬁ&%’es

and then re- |mmerg|n the process Kit into a tank with ight agueous mix-acid

solution; BSH: W}%%%W%}H&Egéekﬁ%ﬁwhé%ﬁ@mw%ad@&@ﬁw@&%% eh5e-diycRifen
re-rinsinghtbeippbesd kihsngy Oerimaniinsetdrky cooritebakiggyweom city sliade hend diestrippieg-jatting

the procese i yriace, Wit higRramssik %Yd%’agl%ﬁ HefHWAISE RN AYE A% a5 dues, @ndipen
repeating until. contaminants are substantially \goved from the %/agess kits; a &{gﬂ%ﬂen rénsm%Whe

process KIESATAA BTG, s EAHK CAMRTRTE DA AT Ot TaR W ALEFS I

process iptadittihightheesssurordroiorerseddiearsqinpnzint padtiospinsgsedtitly Withguiadityneg g or
recyclingdélggwn@ nﬂ@éhﬁﬂfm’e@flspkiﬁg precesfras. qfﬁ@%‘ﬂ:@éﬁ andsRrRditignRsatihg I@[ﬁ@f}ﬁb‘iﬁ &g and
then mspectln trslef&r%%%il?t for s ns of tamlglsat(l)cgn faWt% cleanlng P dz%\rﬁacgl 2nan the%
repeating %E{I 0CesPKs c]ieaned1 g(ca) anica gg MiENS & preC|S|onpmecﬁan|\éal
cleaning PidHe U4SABSHRSTIPG M@@ﬁﬁ%elﬂiﬁh@ﬁ‘i?&@ﬂé kﬂ?asWﬁ rﬁédli&efélbmﬁmﬁégﬁﬁow%%
achieve thamitfiaceahoughnesadequickeiesisiciss apgopitatéuad hasiatubeingéaopperpicatss kile
substrate[mgmgf ?é%ﬁ%%%ﬂ@io é}%éps%tpgg generally includes setting up for deposition removal by
mechanical cléaning method in th masking areas; and then masking the process kit with blasting
plaster a d alumlnkin%fon t 81‘%?“ CI’I'[IC surfa?es frorr%e chanlcale fia%I STI] en blasti n(%the

ﬁq 1| %1} ventl nown d%)01
process It WIth Sul € Dlasting m |a oac leve esur ace roug nessr quwe ents n

blowing removal and recycle cleaning of a contaminated semiconductor process kit, in which the

deposition removal and recycle cleaning process includes the steps of:

(a) Acceptance Inspection — receiving, incoming inspection to thoroughly examine, dismantle,
and data documented with digital pictures; and then categorize and separate into the required
deposition removal and recycle cleaning processes such as the chemical-method and
mechanical-method. Any gross contaminations are removed by washing out, swabbing or

rinsing with high-pressure city water or any general-purpose solvent.

(b) Chemical Stripping — This is a precision chemical cleaning method to strip-off or dissolve
organic/inorganic and metallic deposited contaminants according to the process kits materials
and type of deposited contaminants. The method generally includes immerging or submerging
the process kit into a tank with an aqueous mixed-acid solution; and then removing the process
kit from the mix-acid tank; and then rinsing the process kit in an overflow rinse tank containing
warm city water; and then water-jetting the process kit surface with high pressure city water to
remove any residues; and then re-immerging or submerging the process kit into a tank with
‘bright dip” aqueous mix-acid solution; and then removing the process kit from the ‘bright dip”
aqueous mixed-acid tank; and then re-rinsing the process kit in an overflow rinse tank

containing warm city water; and then water-jetting the process kit surface with high pressure city
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to clean the process kit surface with high pressure compressed clean-dry-air; and then inspecting the
surface roughness and conditions of the process kit after the mechanical blasting; and then repeating
the above-mentioned steps, until the surface roughness is achieved; and then removing the blasting
plaster and aluminum foil on the process kit surface for the next process. (d) Thin-film Thermal Coating
- This is &zﬂfacﬁi%lﬁb@éfﬁﬁl& SBERNIBY H?fa”ﬁﬁ% yspraeh hermat s RIANSYEI e Wit amuitpbleHerasition
media antd O;:{)nciﬁrletar Soq(tl |zeg gRrayin 89 %inqggesst ﬂ:nhéevgvtr}ﬁ t\bvlt%%(ne S %ngl S alfnalcrzle rouglhness
requirements event partlc e issues L}O e meth genernﬁy n 25 masking with
thermal plagfén%ﬁﬁ’d“mt%mﬁﬁff@w b@m@&éfyéhﬁ@&Pg‘@mé@bw&hhml@mﬁ%rﬁramﬁ%%ﬁl g to
coat the ptocass thi:s untgeetiMighthprqpiiekarkyF opdi mizgadi spreyingngantseie tsy(cheskibgviditage fRpeed,
distance), ?e%%‘?‘i%&gaE‘i’dtQ%nQ&‘i%%'%?QHE‘?#&@Q%P%HH%S%@% 0 fﬁr%‘l‘ee 1%‘69&“%%5‘?%5%”6?”3

and then blowing to clean the process kit surface with high ompressed_ clean-dry-air; and
then inspiRRiAG A FdE?jHH%é’é %ﬂaa@sna%%lbf%%&%& ke &ﬁ%?eﬁ%éth@rﬁh%ﬁ@ﬁraymg
and then repeating the above-mentioned steps, until the surface roughness is achieved; and then
removind hMasbamispblasiepmsd-allifimifmefairesistie proeleasydait §lﬁ¢aﬁgf@aqtb@¢1ess@rmd@e§%nge)
Post-ProgesseseClass Laih{deaninganddanpestionp-biisdspapesi-pfinsesseschiearaltheleantageand

i”SpeCt'?j}bH%%H%‘QQ {2 1%%8&3% Cafld u;gé %%%ed%ﬁéé} o 158{(98 Rl A0 e GYAling: h%%&ﬂ?@ mathed is

achieve e metho genera y Incl to C ean on t rocess Kit SUI‘ ace to remove

particles SIS I prERS dretReth g?@%@éhr e%é Eﬁf%{ﬁn&dﬂ’tffgn HHA® refayptrRy mechanical
non-blasteedsprayedipm e de kitaskiface are as diithrs ok s ientspassd Hmwldiddmnggtp\lequmeﬂad;s kit

Wlththlgha%ﬁltﬁﬁuﬁ? A {i%t%wg%mem%ﬁae& fﬁl%{ﬂﬂl&%ﬁaﬂ{egmﬁéﬂh m\éﬁfﬂ%lﬂ %ﬁ‘e ess
containi u [ OI‘IIC m.and warm de-lonized water; an enc anjn a rocess
et O B A LB e B SHE OIS T R s mm&i
pressuret@cﬂhpﬁe@@ﬁﬂ@é@dﬁﬁr%éﬁﬁtcgﬁdtmmmpwmgQﬁ@@ﬁ@@é@éeRnsimatﬁea@@tfmewaMt
areas sughtasithecanigrhsiiiase cblrirm surface pRRscaatadist fRCRIh ANSAI 8 | RAA eBlNG &

coated film and ol d|t n, as we Il as for staln c”h def tand fliiacture and then mdsHlectlngﬂthe uality
ll}g e d 0 e m n 1onefi stegls 1it Nness 1 ChleV €N removin
of the depé’sﬁto remova recycling ieanin met c ec he surace cleanliness ard

cond|t|on§1‘%)f’{h?$1}3€d8é§‘§wchﬂé‘fmémécﬁ§étﬂq m%sﬁﬁ/@ffﬁ@ﬁﬁ% t@?e‘tf‘é‘,tdﬂﬁﬁ?%h% process kit is

cleaned. (f) Final ClasslOO Cleaning, Baking and Certification - This is a final classlOO cleaning,
baking (d) Thin-film Thermal Coating — This is a precision thermal spraying method using a thermal

spray system with a suitable deposition media and proprietary-optimized spraying techniques to
achieve the thickness and surface roughness requirements to prevent particle issues during
usage. The method generally includes masking with thermal plaster and aluminum foil to protect
critical surface from thermal spray; and then spraying to coat the process kit surface with
proprietary-optimized spraying parameters (current, voltage, speed, distance) according to the
deposition media and the thickness and surface roughness requirements; and then blowing to
clean the process kit surface with high pressure compressed clean-dry-air; and then inspecting
the surface roughness and conditions of the process kit after the thermal spraying; and then
repeating the above-mentioned steps, until the surface roughness is achieved; and then removing

the thermal plaster and aluminum foil on the process kit surface for the next process.

(e) Post-Processes Class1000 Cleaning and Inspection — This is a post-processes overall
cleaning and inspection method to ensure the quality of the deposition removal and recycling
cleaning method is achieved. The method generally includes blowing to clean on the process kit
surface to remove particles using high pressure compressed clean-dry-air; and then wiping to
clean the non-blasted/sprayed process kit surface areas with some solvents; and then cleaning
the process kit with high pressure water-jet system; and then rinsing the process kit in an

overflow rinse tank containing ultrasonic system and warm de-ionized water; and then cleaning
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and certification method to ensure and verify that the process kits are free from organic/inorganic,
metallic and particulate impurities and that the physical surface morphology remains intact. The
method generally includes rinsing the process kit in an overflow rinse tank containing ultrasonic
system and warm de-ionized water within a class 100 clean-room; and then blowing dry the process

kit with high ﬁr@csei,gnammprﬁgﬁ@%%w&%aimmme@ﬁfa@%&% HIGANHONBWERY PN IAE Proasd then
baking arllclt dr t'ﬁgn‘)fhthe e%rggg%%r%ltr%smg a clasg Ogrdust free air oven WII[BIH a gégss,ss 1%1980 cleﬁgln room
environment to remove water vap or, ¢ emlcas a poﬁ]ts %raps I(]JSLPnn ' the cldanin process; and
then coofHEfask thidsesy Rrﬁwm?ha%mgscw@dc%aﬁmob}%ﬁtﬁéfé%fqamrﬁl@rbewéﬁirﬁtﬁ e cafdthen
inspectingoanskelng o ing ide filracesisdditgitisnile siwifaseftieating dimgrdakquatl dethereoatédhsurface,
blasted syiace; ﬂi&ecaﬁﬁﬁ%%iﬂﬂ%e s‘f‘tﬁlﬁ&‘?@rﬁ&%ﬁﬁﬁi'ﬁl&%&ﬁfgg& é;llltHg% %?emaﬁ %2 Eﬁé‘éﬁmlg”&éhe

non-existen ofs in, dirt, défect and acture such as scrat dent as well as to the particular

inner edgddiihe [5AIEBSEIGRT SRRCHHR b I RS ERY Ieitrerdh apitRcebn s SReNFETRE 9 e
cleanliness theipticpsxckss lstinfadeanithin a classlOO clean-room; and then testing the physical
surface morphology of the process kits to ensure that it is intact after a cleaning procedure is
completed) anchtiw@ascentifgirgnthe, Bgulig ahdcpri@niper mﬁgmidqiﬂm&esbab@s&leaaiagdbﬁl@ﬂg

repeating, the @%e%%msat' GHogteRS ‘éHE\BJQ%‘?&PC%ﬁ@t gleqned 2o ?&rfﬁ%e %?é“ R EOHITS
achieved; and then assem e process kits together when proper cleanliness levels are achieved,
accordin§ & e 18RIgaRif IB?E?%BB&%’SPWHHHH&H@&?HE%FI b thatdhe PRy StRcaRpsRRoloRY

clean-roarmainsl tiaotfihht methedtigenand docimdentingitiwetbeifcat cisriansioms ofdifesseseltedk
Chipment T RS DY m&%%?”ﬁ?&??ﬁ?ﬁ%&@ i A

i u identifi ully u
omaine DAY 08 T GRS TR Sk AL ol the
process kitewithinm crgsonoveleandrdm befinegaatd usiangagh thadenanegsalcl; usitherieisd fecdirsy the

conditionfRicthg \ReHUMPIACK Sld641 68 leatingandivaskagatobtienrni-sialie p%wﬂml@ﬁ@am(io
ensure a con}gl?te vagcuum eal acklngep of the proaeﬁls kit wthn @nclass 100 cI an: ﬁoom q 6Ben

uri can I‘OCG €n coo I‘OCGSS na 1
conflrmlg the quaPntl Fehe kits and generatin g a correct pa accor h dcefivery order
with pro

S ) bﬁfﬂﬁ@ ta}%%%gslmffgnaﬂw m@ﬁ pekihen; m&s%%miwﬁaa@g e Progesidnisd
containeohakenitiifatistiimnaesigratedith psapedyqpedtactaued idasetestiépepness kitebafofacdetivery

Shipmen%}ﬁlﬁlésiwﬁ@ﬁéeling of coated film as well as confirming the non-existent of stain, dirt, defect and
fracture such as scratch and dent as well as to the particular inner edge of the process kits; and
then measuring the surface particle count to ensure the surface cleanliness of the process kit
surface within a class100 clean-room; and then testing the physical surface morphology of the
process kits to ensure that it is intact after a cleaning procedure is completed; and then certifying
the results of inspection per the guidelines established; and then repeating the above-mentioned
steps until the process kit is cleaned and surface particle count is achieved; and then assembling
the process kits together when proper cleanliness levels are achieved, according to the standard
procedures, working instruction sheets and recipes within a class100 clean-room; and then final

inspecting and documenting the critical dimensions of the assembled process kits.

(g) Packaging, Identification and Shipment - This is the packaging, identification and shipment
method to ensure the process kits are identified and packed carefully to ensure that it remains
clean and free from damage. The method generally includes packing and vacuum sealing the
process kit within a class 100 clean-room using a double bags vacuum pack; and then inspecting
the condition of the vacuum pack such as leaking and breakage of the anti-static polyethylene
bag, to ensure a complete vacuum seal packing of the process kit within a class100 clean-room,;
and then confirming the quantity of the kits and generating a correct packing list according to the
delivery order with proper labeling of the process kits; and then packing into a proprietary-
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In another embodiment, the present invention in one aspect relates to a deposition removal and
recycling cleaning method for a contaminated process kit made of either stainless steel, titanium, or
ceramic materials, in which the deposition removal and recycling cleaning process includes the steps
of: (a) Incoming acceptance inspection to receive, dismantle, examine and digital data log the process

kit and cafegearize dnthrRPISe IR BUIR hRMIsAath aebpadymeshaniarl-ReelRo thd proddkaaasses

cleaning ffthe RIpcess Eit to femove gross contamination by high pressure washing out, swabbing or
. . (0)% Cl1yCery.snipment 1o cu T. . . . t . . .
rinsing wi cfy WaYer, ith cessary, Bremical Stripping (i) Immerging or submerging the process kit
into a tank with an aquequs mixed-acid solution; (ii), Removing the process kit from the mix-acid tank;
(iii) Rinsitfy 1A proERRO Rt ar R BFARSRIRYEM Ak BARGIMRG WIS AICE) R &RV WP ety the
process kitcsuhfizgelwitingigieihabsure citytanaiterted pemossekanyadesif aebei(jaRdernstagingronm,
submergingothenproagssHdisine A RAMKWAtAc Ry %h@%%%%%@&@iﬁi@“pﬁweﬁeiwm the
process kf]t from thg “bright dip" aqueous mixed-acid tank; (vii) Re-rinsing the process kit in an overflow
rinse tan ceosnffg?n(fn‘g warm city water; (viii) Water jetting the process kit surface with high pressure city
water to remove any residues; (iX) Repeating the above-mentioned steps on precision chemical
cleaning (MtFRIMEBhRGAREARES ASRINNOA IHalkF FatRodetPBiie s Phdie o tidiciab dath 1h& Broviso
that the pmeess kit andgategdrezénaod rstaet atitthtine iche ohicali stlntwhddread timehgnéatemtiibodfiVee-
Cumulatl\gﬁdeeygéé ERARINSIBY dhe REReEskikitdanRYSsfow é&ﬁ@rﬁ%&‘ﬁiﬁﬁrﬂ?'ﬂigﬂ WassnderzRd:
Page 8 of 72 %%Elowm%.dr%e .ﬁ%octess kit vv.lﬁ?7 hégr%fressure compressed clean-dry-air; (xii)
Inspectin%ufhé Wfff ¥ % ﬁléiev%l%ﬁﬁgl &t ‘BS? checking the surface cleanliness and
conditions of the process kit, as well as inspecting the process kit

(b) Chemical Stripping
(1) Immerging or submerging the process kit into a tank with an aqueous mixed-acid
solution;

(1)  Removing the process kit from the mix-acid tank;
(iii)  Rinsing the process kit in an overflow rinse tank containing warm city water;

(iv)  Water-jetting the process kit surface with high pressure city water to remove any

residues;

(v) Re-immerging or submerging the process kit into a tank with ‘bright dip”

aqueous mix-acid solution;
(vi)  Removing the process kit from the ‘bright dip” aqueous mixed-acid tank;
(vil)  Re-rinsing the process kit in an overflow rinse tank containing warm city water;

(viii) Water-jetting the process kit surface with high pressure city water to remove any

residues;

(ix)  Repeating the above-mentioned steps on precision chemical cleaning until the
contaminants are substantially removed from the process kits, and with the
proviso that the process kit may not be in contact with the chemical solution for a

time greater than five cumulative hours;

(%) Rinsing the process kit in an overflow rinse tank containing warm de-ionized;

Page 8 of 72



for signs of contamination, faulty cleaning or damage; (xiii) Repeating the above-mentioned steps, until
the process kit is cleaned. (c) Mechanical Stripping (i) ( Setting up for deposition removal by
mechanical cleaning method in the masking areas; Masking the process kit with blasting plaster and
aluminum foil to protect critical surfaces from mechanical blasting; i) Blasting the process kit with

suitable blasting,medispigratperns theprueaskir QHaNneareauterapmstvd Blawing geclean the
process kit surface with high pressure compressed clean- dry-air; (v) Inspecting the surface roughness

and conditions o fhe pfu%‘b%%ﬁd%t TSNS, DEFhARE H?x'@sé'fégn %&ﬁ@&@taﬁ’e% g%@%ﬂﬁ%@@d

steps, until the surface rou hness is achleved (vil emOV| the lastin ster and aluminum foil on

the process kit surfaceS @) MRS FARIHAPTOLISGR (5 gmﬁ&a}hﬁwﬁﬁﬁf%&f‘eprgﬁasam.num
foil to protect critical sukfaseiisorh contrmiabspraya8praldagng codarggrocess kit surface with
proprietary-optimized spraying parameters (current, voltage, speed, distance) according to the
deposition medigiand Kpdhicin@ssbovt sutiatensdugipie satiedidi feoremiKit)iBimwing.to clean the
process kit surface with high pressure compressed clean- dry-air; Page 9 of 72 (iv) Inspecting the

surface reualipasmaad Kepgitigns of the process kit after the thermal spraying;

(1) Setting up for deposition removal by mechanical cleaning method in the masking

areas;

(11) Masking the process kit with blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting;

(ii1))  Blasting the process kit with suitable blasting media to achieve the surface

roughness requirements;

(iv)  Blowing to clean the process kit surface with high pressure compressed clean-

dry-air;

(V) Inspecting the surface roughness and conditions of the process kit after the

mechanical blasting;
(vi)  Repeating the above-mentioned steps, until the surface roughness is achieved;
(vil)  Removing the blasting plaster and aluminum foil on the process kit surface.
(d) Thin-film Thermal Coatings

(1) Masking with thermal plaster and aluminum foil to protect critical surface from

thermal spray;

(i1) Spraying to coat the process kit surface with proprietary-optimized spraying
parameters (current, voltage, speed, distance) according to the deposition media

and the thickness and surface roughness requirements;

(ii1))  Blowing to clean the process kit surface with high pressure compressed clean-

dry-air;
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(v) Repeating the above-mentioned steps, until the surface roughness is achieved; (vi) Removing the
thermal plaster and aluminum foil on the process kit surface. (e) Post-Processes ClasslO00 Cleaning
and Inspection (i) Blowing to clean on the process kit surface to remove particles using high pressure
compressed clean-dry-air; Wiping to clean the non-blasted/sprayed process kit surface areas with

some solvents;{y) Claagietine HOCRShkE Withigkk PARaSHERINAIRS I6T SUStPIRINSINg dher piReess
kit in an overflow rinse t}lae% closntaininé ultrasonic system and warm de-ionized water; (v) Cleaning the

process kit with high pressu?e deliontzed water jet system; (vi) Blowing dry the process kit with high
pressure compressed clean-dry-air; (vii) Inspecting the process kits on the surface treatment areas
such as the coatéll sulfEREABRSIEFUINFARENHERH SRY W08 SRS ERUEIBRsH Bty Oftoated film
and condition as well as inspecting the process kits for stain, dirt, defect and fracture such as scratch
and dent as wel(¥d$ to Braneaitiedhe tietebalister and abrovaes KRy quithe Regrestifdf thefegeality of the
deposition removal and recycling cleaning method by checking the surface cleanliness and conditions
of the prdceBedtif RepeatiOtthE)ad &leamegtioddosptepsnuntil the process kit is cleaned. (f) Final
ClasslOO Cleaning, Baking and Certification (i) Rinsing the process kit in an overflow rinse tank
containing ultragpnic spstannantd vlrem de-ivrizadaieativihihecclasseh €lganicarmisBigving dry

the process kit with hig}g}F%@%égggna%?é&%@%%g_lnlg@g};dry-air within a class 100 clean-room

environment; Page 10 (n ing and dry the process kit using a class 100 dust free air

oven within a cl(a.ﬁs 10&]clean-r00|lﬂn en\ﬂronme tor movec\{vater vapor, chemicals and spouts
11 1ping to clean the non-blasted/sprayed process kit surface areas with some

solvents;
(iii)  Cleaning the process kit with high pressure water-jet system,;

(iv)  Rinsing the process kit in an overflow rinse tank containing ultrasonic system and

warm de-ionized water;
(v) Cleaning the process kit with high pressure de-ionized water-jet system,;
(vi)  Blowing dry the process kit with high pressure compressed clean-dry-air;

(vil) Inspecting the process kits on the surface treatment areas such as the coated
surface, blasted surface, non-coated surface, to ensure non-peeling of coated film
and condition as well as inspecting the process kits for stain, dirt, defect and
fracture such as scratch and dent as well as to the particular inner edge of the

process Kkits;

(viii) Inspecting the quality of the deposition removal and recycling cleaning method

by checking the surface cleanliness and conditions of the process kit;
(ix)  Repeating the above-mentioned steps, until the process kit is cleaned.
(f) Final Class100 Cleaning, Baking and Certification

(1) Rinsing the process kit in an overflow rinse tank containing ultrasonic system and

warm de-ionized water within a class 100 clean-room;

(1)  Blowing dry the process kit with high pressure compressed clean-dry-air within a

class 100 clean-room environment;
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traps during the cleaning process; (iv) Cooling the process kit within a class 100 clean-room before
taking out from the oven; (v) Inspecting and confirming the process kits on the surface treatment areas
such as the coated surface, blasted surface, non-coated surface, to ensure non-peeling of coated film
and condition; (v Confirming the non-existent of stain, dirt, defect and fracture such as scratch and

dent as well as {githe pakigigdaninosiedee Gk e Racrsukits; {\dhMERPUIATIRSSUERGE PRItIC'S
count to ensure the surf]?}gse gacqliness of the . rocess kit surface within a class 100 i:SIea -room; (viii)
r

Testing the physical surface morpﬁ?&'éog)/r%fe the Brrl(r)rtlzeélsst «itst0 Veen\évt?}(eertﬁ%??{ IS INtact afer as%?él}fning

procedure is complete&?ﬂ%ﬁ@&ﬁﬁhﬁ@ ﬁ@@if@dﬂﬂ%%ﬁinspection per the guidelines established; (x)
Repeating the above-mentioned steps until the process kit is cleaned and surface particle count is
achieved; (x Assemblifigpthmptbegsedeits kageiten wisptopalcleaninebsilevdlkare ashievedhe
according to the standggdprocedures, working instruction sheets and recipes within a class 100
clean-room; (xii) Inspecting and documenting the critical dimensions of the process kits; (xiii) Placing

the process kit esionatedaf,ingl RAclTAgiNG Alles sResian (. Radkag i denficatan g

Shipment (i) Packing and vacutim sealing the process in a class clean-room using a
double bags vacuum p@&k?%%e%ﬁﬁ?ﬁhgleﬁﬁgiﬁwﬁaﬁm@%&a@m PEACSUErE AP A8 Ekage
of the anti-static polyethytedéilbagndocendtnena complete vacuum seal packing of the process kit
within a class 100 clean-room; Page 11 of 72 (iii)) Confirming the quantity of the kits and generate a

correct packing (ig) acaosdif@ning the non-existent of stain, dirt, defect and fracture such as scratch and

dent as well as to the particular inner edge of the process kits;

(vil) Measuring the surface particle count to ensure the surface cleanliness of the
process kit surface within a class 100 clean-room;

(viii) Testing the physical surface morphology of the process kits to ensure that it is

intact after a cleaning procedure is completed;
(ix)  Certifying the results of inspection per the guidelines established;

(%) Repeating the above-mentioned steps until the process kit is cleaned and surface

particle count is achieved;

(xi)  Assembling the process kits together when proper cleanliness levels are achieved,
according to the standard procedures, working instruction sheets and recipes
within a class 100 clean-room;

(xi1) Inspecting and documenting the critical dimensions of the process kits;
(xiii) Placing the process kits designated for final packaging after inspection.
(g) Packaging, Identification and Shipment

(1) Packing and vacuum sealing the process kit within a class 100 clean-room using a

double bags vacuum pack;

(i1) Inspecting the condition of the vacuum pack such as leaking and breakage of the
anti-static polyethylene bag, to ensure a complete vacuum seal packing of the
process kit within a class 100 clean-room:;
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to the delivery order with proper labeling of the process kits; (iv) Packing into a proprietary-designed
container box with cushion designated to properly protect and secure the process kit and comply with
customer specification before delivery shipment to customer. In another embodiment, another aspect
of the invention relates to a process for deposition removal and recycle cleaning of a contaminated
gr?ces's Titsm_ad@igf(%tii?lﬁ%ﬁf%eﬂhéi‘@xmti)dmyQ)'jf @@Lﬁ{’&i%ﬁﬂ%@ﬁ@&e@ﬁ%ﬁf&m&r}]ﬁﬁlgtﬁ%a@%ﬁ@ng

emical Stripping (i merging or merging t rocess. kit into a tank with an aqueous
mixed-acid solution. The §§§§§n %ror?(r:gﬁ?r{lg?f(% eorf(? &8%5%%@51 %%1%?.58#55 Such as mix- acids,
solvents may vary according to. the particular contaminants build-up on the process kit and other
factors such as the part3nEsidh g i BRBTHEFRALERIR SHitHO AP tHA'RISAPHRY cHEvsRAE il For
the process kits contarpinptely witltGopped rekited cdrtaproasss, lstbandrgeoinphto withnlcwsitmean

aqueous acid solution gantaipiagINitisAaidi(307.HiAR%h: NGIdR¥weight, based on the total weight
of the solution, for 1-2 hours until all stains have been removed. Ensure that the acid solution contacts

al sufacge AL BIeAESRK R saRmnated il Ay ied camaminanys, submege !

into a tank with an aqueous chemical solution containing Potassium Hydro; 15% KOH at 60-65C)
by weight*BR¥aba fReydtar s of o dpigiedraracss hklir@tfiPARRtalRS i HeaHYanfived.
Ensure tlataimécasidersak)ttompasteg thaliteprfaces; (iv) For the process kits contaminated with
Titanium-related contaminants, submerge it into a tank with an agueous mixed-chemical solution of
Hydrogenaenxideal Smppaiium Hydroxide and Water (H202:NH4OH:H20), wherein the amount of
Hydrogen Peroxide, Ammonium Hydroxide and Water (H202:NH40OH:H20) in said aqueous chemical
solution s n the gatio qffik i WelGBhGBRE0A0 IR R HRIGBIANG BPTRRIAL R agus

all stains have been remf)ve ) psure that the acid solution OHtac}tls all sPrf ces; )
solution. e types and concentration of the chemical solutions such as mix-

acids, solvents may vary according to the particular contaminants build-up on the
process kit and other factors such as the part material type and its reactivity with

respect to the cleaning chemical;

(1)  For the process kits contaminated with Copper-related contaminants, submerge it
into a tank with an aqueous acid solution containing Nitric Acid (30% - 40%
HNO3) by weight, based on the total weight of the solution, for 1-2 hours until all

stains have been removed. Ensure that the acid solution contacts all surfaces;

(ii1))  For the process kits contaminated with Aluminum-related contaminants,
submerge it into a tank with an aqueous chemical solution containing Potassium
Hydroxide (15% KOH at 60-65°C) by weight, based on the total weight of the
solution, for 1-2 hours until all stains have been removed. Ensure that the acid

solution contacts all surfaces;

(iv)  For the process kits contaminated with Titanium-related contaminants, submerge
it into a tank with an aqueous mixed-chemical solution of Hydrogen Peroxide,
Ammonium Hydroxide and Water (H,O,:NH4OH:H,0), wherein the amount of
Hydrogen Peroxide, Ammonium Hydroxide and Water (H,O,:NH4OH:H,0) in
said aqueous chemical solution is in the ratio of 7:1:7 by weight, based on the
total weight of the solution, for 1-2 hours until all stains have been removed.

Ensure that the acid solution contacts all surfaces;

(V) For the process kits contaminated with Titanium-related contaminants, submerge

it into a tank with an aqueous chemical solution containing Potassium Hydroxide
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(v) For the process kits contaminated with Titanium-related contaminants, submerge it into a tank with
an aqueous chemical solution containing Potassium Hydroxide Page 12 of 72 (15% KOH at 60-65C)
by weight, based on the total weight of the solution, for 1-2 hours until all stains have been removed.
Ensure that the acid solution contacts all surfaces; (v For the process kits contaminated with

Tantalum-related contqmanetpubmﬁsgecmt%gaﬂIbw,ith eh ﬁﬁ%@ﬂ&x@@iﬂl&ﬁhﬁ%@ﬂﬁmﬁofﬁaining
Potassium Hydroxide {1%6% KOH a 8}byﬁ/ve 6g ) t, based on %total we aq[ %hof the SO|III'[I0n for

S un1
1-2 hours until all stains fiavé been remove n&ure that the acid solution. contacts ur?aces (vii)

Removing the processq@iﬁtﬁ%aﬂhéuﬁf%@%emlcal tank; (viii) Rinsing the process kit in an overflow (to
facilitate effective fluid exchange) rinse tank containing warm (temperature 45-50C) city water for
about 5-10 minutes, ahdrdhapostesekesatoninmiestédtenvial$ apidfenatsintad conevenabtmiubtesrggain

ensure all<| trap?ed air 'Et igrovediirammibe 4 E}){%rcﬁf&' cﬁ{&ﬁ@&ltE@ltﬁ%ﬁ@ﬁ%%%ﬂéﬁhl(té)%/@&@ﬁﬁ%tmmﬁde
process kit surface wit S city water t ove a re X im erglng
or submerging the proéegslsgtllﬁ%%[z g@trﬂi rlggﬁﬁ\étp A Eaﬂn ti% ﬁ-%f%%%?géuggﬁslsorrhlx 2hcid
solution for 2 seconds;lwhéwus thiatdgabotiginhigre d?seftnfﬁfa@Y@%oﬁttﬁmeoﬂtﬁtethﬁfca%tnﬁﬁlﬁ@lﬁor

process kits comprisescdrydtotuasiersid (HF) and Nitric Acid (HNO3), wherein the amount of
Hydrofluoric Acid in said aqueous "bright dip" mix-acid solution is from about 2% by weight, based on

the total weight gfithe @%%tgg 6 RRAUNEGHNIE G RGIM RId3@lution is from about 18% by

weight, based on the total weight of the solution; (x Removing the process kit from the “bright dip"

aqueous mixed %'1 ki ﬁ%)ﬂ%e ISR RISER ‘é'\txé'g@?aﬁ?‘{‘%ﬁ'o@f 14 ﬁ'ﬁ cﬁg egla%t %5 fitd
exchange) rins ta k contal warm (tem erature City water for a
tank contalmng warm (temperature 45- 5 °C) city water for about 5-10 minutes,
and at about several minutes' intervals, preferably about every 5 minutes. Again

ensure all trapped air is removed from the internal area of the process kit;

(ix)  Water-jetting the process kit surface with high-pressure (110 bar) city water to

remove any residues;

(%) Re-immerging or submerging the process kit into a tank with ‘bright dip” (2%HF
and 18%HNOs3) aqueous mix-acid solution for 2 seconds; wherein the aqueous
“bright dip” mix-acid solution of chemical stripping for process kits comprises
Hydrofluoric Acid (HF) and Nitric Acid (HNOs), wherein the amount of
Hydrofluoric Acid in said aqueous “bright dip” mix-acid solution is from about
2% by weight, based on the total weight of the solution, and the amount of Nitric
Acid in said solution is from about 18% by weight, based on the total weight of

the solution,;
(xi)  Removing the process kit from the ‘bright dip” aqueous mixed-acid tank;

(xii) Re-rinsing the process kit in an overflow (to facilitate effective fluid exchange)
rinse tank containing warm (temperature 45-50°C) city water for about 5-10
minutes, and at about several minutes' intervals, preferably about every 5
minutes, preferably at least three rinsing to ensure removal of all acid cleaning
solution. Again ensure all trapped air is removed from the internal area of the

process kit;

(xiii) Water-jetting the process kit surface with high-pressure (110 bar) city water to

remove any residues;
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minutes, and at about several minutes' intervals, preferably about every 5 minutes, preferably at least
three rinsing to ensure removal of all acid cleaning solution. Again ensure all trapped air is removed
from the internal area of the process kit; (xiii) Water jetting the process kit surface with high-pressure
(110 bar) city water to remove any residues; Page 13 of 72 (xiv) Repeating the above-mentioned
steps on precisigiwheRupshGiRAHBhHMNE - thenGomtanisaNihapecsihstantaicie meyss dramithde
process kits, and with (he, proviso. al thepragest I mavcol be, i contactwiy he gemigal golution
for a time greater than ﬂve cumulative hours;‘.'(tfxviﬁlnsmgﬁ_;[ e process Ritin 2n oyérﬁ'ow rinse tahk
containing warm (45-50©)y He-thahitedPipsess tot meymipiLtedn prafachpihiHe whamierkspBitvbiasred to
prevent air particulatesifiogreoantamingtioguheldavionizead; water; (xvi) Blowing dry the process kit with
high pressure compressed clean-dry-air; (xvii) Inspecting the quality of the recycling cleaning method

by checking the(gyjfacR;gganiinesdand kRNAIIARQIhR RReasaikloRaWal aninspesingdhac-
process kit for signs of cont&mir)[ati?n,lf ul%céea 'neciP orbqantw%gte. Ehe 0cess kit iﬁ yisual\l}g  ai
inspected for cleanlinels.os.nhZ&ng\]’v Eélepror ab e%l&ggboﬁe?r&vﬁ’f) epaélaﬁr?glj thePabove-tentioned satgps,
until the process kit is REHABIGIR AN sRIcEBIRID D dpepreZRd Ve S rted the deposition removal and
cleaning process, they should complete the cycle without a break. If it is unavoidable that a delay
occurs between(stageg3lihemgdrg tiiptdresietcistchiphtpiessoornponeetsial thenougimyidry before
storage, and all seal faces and ports must be covered. There should never be a break between any
chemical cleaniygstagaspaciife slehaeaiseniy watescwashingeaiage oiMeehacticakialinringridce
Setting up for deposition.amovel i MESHRRISH e pIE TR R e MRS A Bbrocess kit

for signs of contamination, faulty cleaning or damage. The process kit is visually

inspected for cleanliness using a portable microscope;

(xviii) Repeating the above-mentioned steps, until the process kit is cleaned. Once
process kit components have started the deposition removal and cleaning process,
they should complete the cycle without a break. If it is unavoidable that a delay
occurs between stages, then care must be exercised that the component is
thoroughly dry before storage, and all seal faces and ports must be covered. There
should never be a break between any chemical cleaning stage and the subsequent

water washing stage;
(b) Mechanical Stripping

(1) Setting up for deposition removal by mechanical cleaning method in the masking

areas;

(1))  Masking the process kit with blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting;

(ii1))  Blasting the process kit with suitable blasting media such as white oxidized
aluminum with a pressure of 3kg/cm® to achieve the surface roughness

requirements;

(iv)  Blowing to clean the process kit surface with high pressure compressed clean-

dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter);
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Masking the process kit with blasting plaster and aluminum foil to protect critical surfaces from
mechanical blasting; i) Blasting the process kit with suitable blasting media such as white oxidized
aluminum with a pressure of 3kg/cm2 to achieve the surface roughness requirements; (iv) Blowing to
clean the process kit surface with high pressure compressed clean- dry-air (dry, oil-free, and filtered at

the point of use with a RshasigrendikeniRagedpnfde tdnspRetnesthe skfasstayanaseAnt.

conditions of the process Iﬂt aft tpe .mechanical blasting; (vi) Repeating the above-mentioned steps,
. mechanical b astlé;g, . . . : :
until the surface roughness is achieved;”’(vii) Removing the blasting plaster and aluminum foil on the

process kit surface. (c) Thin-film Thermal Coatings (i) ( Masking with thermal plaster and aluminum
foil to protect critidhl sUMRE RS HRBAHEIPASA S a1 S HE BT SLReRIRRS Sa RS Witth
proprietary-optimized spraying parameters (current, voltage, speed, distance) according to the
deposition medi&/iand Reangienn Bsblestigoniesianngidususaeeled Rihie sy ¢sas ki raglaivements; i)
Blowing to clean the process kit surface with high pressure compressed clean- dry-air (dry, oil-free,
and filteréd ahiheipaifthefmskeCuithr0.1 micron filter); (iv) Inspecting the surface roughness and
conditions of the process kit after the thermal spraying. The surface roughness is measured by a

surface profilomegter. Avekrigevatiessinanmpboet axiRaisieansideres porReceataalesamedtoh
surface roughness; (v)hlgghgae'}laﬁi)rg%the above-mentioned steps, until the surface roughness is
achieved; (vi) Removing the thermal plaster and aluminum foil on the process kit surface. (d)

Post-Processes, ClasslQ00 Clea?ing atnthns ectionlsi)[ Blowing totﬁlean on tthe pr?cess it surface to
remove particlegl sing Iréal;{mg o Coat the process Kit surface” with proprietary-optimized spraying

parameters (current, voltage, speed, distance) according to the deposition media

and the thickness (0.18-0.25mm) and surface roughness (>18um) requirements;

(iii)  Blowing to clean the process kit surface with high pressure compressed clean-
dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter);

(iv)  Inspecting the surface roughness and conditions of the process kit after the
thermal spraying. The surface roughness is measured by a surface profilometer. A
change of less than about 35 Ra is considered an acceptable amount of surface

roughness;
(v) Repeating the above-mentioned steps, until the surface roughness is achieved;
(vi)  Removing the thermal plaster and aluminum foil on the process kit surface.
(d) Post-Processes Class1000 Cleaning and Inspection

(1) Blowing to clean on the process kit surface to remove particles using high
pressure compressed clean-dry-air (dry, oil-free, and filtered at the point of use

with a 0.1 micron filter);

(11) Wiping to clean the non-blasted/sprayed process kit surface areas with some
solvents, preferably hand polishing using fine mesh alumina in an isopropyl
alcohol on a lint free cloth or with ScotchBrite (Alumina loaded Grade A);

(iii)  Cleaning the process kit with high-pressure (60 bar) water-jet system;

(iv)  Rinsing the process kit in an overflow rinse tank containing four sets of ultrasonic
system (40KHz/1800W) and warm de-ionized water (temperature 45-50°C),
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pressure compressed clean-dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron
filter); Wiping to clean the non-blasted/sprayed process kit surface areas with some solvents,
preferably hand polishing using fine mesh alumina in an isopropyl alcohol on a lint free cloth or with
ScotchBrite (Alumina loaded Grade A); i) Cleaning the process kit with high-pressure (60 bar) water jet

system; Rinsing the prﬁf&‘éﬁaﬁi&iﬁ;%a@v*ﬁﬁ#&/\&ﬁi@ﬁ% t@%ﬁ%%i@%%ﬁ%&ﬁ%l@ﬁﬁ@%&ﬁﬁw
(40KH2/1800W) and wiag desionized wiater(temperature. 45:20C) Bage Lo af (2 Rreferably apast
three rinsing to ensure remova?oltza acmecleanlng solution. Qf/he e-|on|ze(§ Wa%r iS filtered to remove

all particles down to O.#tepfilnthatcomsaet that buataekimnd seateatiaranaediteitd aianierby it

de-ionized water; (v) Cleaning the process kit with high-pressure (60 bar) de-ionized (resistivity of 2 M
Ohm-cm or highe)) watdejeiny siemproteB8lbwiwgldhyedineresscesdRibavitddrighipré ssurstisadmpfésied

clean-dry-air (ionized ¢Jgan&inoAiipNds) Rewdyeilftaq; and filtered at the point of use witha 0.1
micron filter); (vii) Inspecting the process kits on the surface treatment areas such as the coated

surface, blasted syrface, NOR-cRISH.HIAGE IR GATIRAMPRERING A ARaIaT film. @0d condirien. as
well as inspect%gqhe procelsgC k@%ﬁaﬁ{s d}%ﬁ gg?écfgan%?egacture sEceh as scratcﬁ%ngﬁt as well
as to the particular inn&lF8RGE LAt BT0RE Y Kit8 iR 8heEtiEF that dhairy st tetteptkhtidnddmoval
and recycling cleaningmethiodiltoy)checking the surface cleanliness and conditions of the process kit.
The process kit is visually inspected for cleanliness using a portable microscope; (ix) Repeating the
above-mentionggistepsdpatilifie Reopasseiit istsloansd. (eifpaktalnssnl Aotdaanings Bakingand
Certification (i) Handl r?l;c%'! BRRIASANNG AR SHGR %%a%‘?,s{%”ég%%rA%%%%Q?&é‘@fgc%‘t'é& Bfin
carried out in class 100 clean-room environments. (3ng:e the c eaning process has

and condition, as well as inspecting the process kits for stain, dirt, defect and

fracture such as scratch and dent as well as to the particular inner edge of the

process kits;

(viii)) Inspecting the quality of the deposition removal and recycling cleaning method
by checking the surface cleanliness and conditions of the process kit. The process

kit is visually inspected for cleanliness using a portable microscope;
(ix)  Repeating the above-mentioned steps, until the process kit is cleaned.
(e) Final Class100 Cleaning, Baking and Certification

(1) Handling of all post cleaning activity such as assembly or leak checking must be
carried out in class 100 clean-room environments. Once the cleaning process has
started, components and assemblies can only be handled with talcum free latex,
clean room gloves. Gloved hands that touch clean parts must not touch anything
else. Immediately replace any glove which has touched an unclean surface, i.e.,

hair, clothing, bench, etc;

(11) Rinsing the process kit in an overflow rinse tank containing four sets of ultrasonic
system (40KHz/1800W) and warm de-ionized water (temperature 45-50°C, and
resistivity of 2 M Ohm-cm or higher), preferably at least three rinsing to ensure
removal of all acid cleaning solution. The de-ionized water is filtered to remove
all particles down to 0.1 um. All utensils that contact the rinse tanks and contents

are rinsed with de-ionized water;
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started, components and assemblies can only be handled with talcum free latex, clean room gloves.
Gloved hands that touch clean parts must not touch anything else. Immediately replace any glove
which has touched an unclean surface, i.e., hair, clothing, bench, etc; Rinsing the process kit in an
overflow rinse tank containing four sets of ultrasonic system (40KHz/1800W) and warm de-ionized
water (temperatyrg 451906 aery asisiviteRiidt M s predshighemppesiedaivatloast saesinsing
to ensure removal of aclieacid C"‘v‘f}ﬂ{‘@,% ueti8n. 'I;)hﬁ tgee-i%%geﬁtv%%t r {sﬂtliéter&cril ttc()) femove thalz!1 Qja{ticles
down to 0.1 um. All utensils ﬂwrét contact the rNsE tanks and conten S are rnsed with deionized water;
Page 16 of 72 (iii) Bloviligr iyt hrvdaiss i lanshl ARy slpradegre eprisyeasat dadsoarpryialiohled
clean dry air must be dip)ldreds-widztileredeat(Dp podisteiadselvdithradnl wipierignufiieé jomithtoa class
100 clean-room enVirOﬁHé% AR Iseptepyaleahol (IPA) or de-ionized water (DI) moistened clean
room wipe is used to remove fingerprints, water marks etc; (iv) Baking and drying of the process kit

using a class 100£ust ree air oyen withi class 100.clean-room enyirgnments to remove water
Voo, chomicalding SHURE TRCR MY (6 PIOSTnG biOLLEE cTHS RA T bt WE By o
sufficient temperaturedtabdld: dlecocrapa suuffeeeRisiferoNAe NYHEr t6ABO neitkITeeHS fadrepabtse

substantially all absorhegpeleaniposeltiieninghe@ass TRO sikshiree s vessshasidba ofiglifigient
size to accommodate %&%&%ﬁ?ﬁ.&%@ﬂ? fﬁ‘?&'@ngﬁ%ﬂ%%ﬁﬂ%@?ﬁxﬁ& %H‘?o%@}u @L?}’sl‘@ and
fixtures; (v) Cooling the process kit within a class 100 clean-room before taking out from the oven; (v

. : . u
Inspecting and confirnfifig ke prbtiaatallis dh theesbracletringniahtion akhsuchkssd Othdusb diee atirface,
blasted surface, non-costadsbonfidche tof evasticeenospetlingcomonated fhimandesokdiiand Ithaddision,

confirming the non-exigiemi P staip; sivhy AetacharddrasiiresHshasSeraich and dent as well as to

the particular inner edge of the process’kits;

(v) Cooling the process kit within a class 100 clean-room before taking out from the

oven;

(vi)  Inspecting and confirming the process kits on the surface treatment areas such as
the coated surface, blasted surface, non-coated surface, to ensure non-peeling of
coated film and condition. In addition, confirming the non-existent of stain, dirt,
defect and fracture such as scratch and dent as well as to the particular inner edge

of the process kits;

(vil) Measuring the surface particle count to ensure the surface cleanliness of the
process kit surface within a class100 clean-room. The criteria for a clean process
kit includes, in addition to examining visually clean and measuring the surface
for particle count. The criteria for a surface particle test for the process kit
materials is generally less than about 5 particles/cm” as measured by surface
particle detector. Typically, a particle size of about 0.3 microns is used as a
criteria particle size to test for using a surface particle detector such as QIII Plus
by Pentagon technology. The physical surface morphology of the process kits is
tested to ensure that it is intact after a cleaning procedure is completed. The
cleaning of process kits are certified and include results of visual inspection and

inspection per the guidelines established;

(viii) Repeating the above-mentioned steps until the process kit is cleaned and surface

particle count is achieved;
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(vii) Measuring the surface particle count to ensure the surface cleanliness of the process kit surface
within a classlOO clean-room. The criteria for a clean process kit includes, in addition to examining
visually clean and measuring the surface for particle count. The criteria for a surface particle test for
the process kit materials is generally less than about 5 particles/cm2' as measured by surface particle

detector. Typicallyy a pAgielgriag ﬂi‘e%h@é'és@ %@i@"g@ﬂ%ﬁﬂﬁ@ﬂp@ép@r eléalimRArtisle size denRrstior

using a surface partlcle det ctor s I Plus by Pentago techno smdd surface
morphology of the process |Psg|s tes at%o earrfsl, e o5 aticis |%taﬁ(§% ﬁ'térrlsar%\{lon ehgetg S5Pes

eani proce
completed. The cleaniiilon prodessd Qslsne é@@fﬁreﬁ@rﬁﬁﬁ@b&é RESGRSS m@uﬁwspwm
inspection per the guidgiiies eﬁtﬁkﬂﬁﬁbﬁd ;ifdsjuRepaatingohienzhade-Mentioredviiepshsati| He process

itis cleaned and surface, pafiicle,counhis,acigyedh gga%e”d%%% 224 ASSSmbY! gg%égleﬁg‘?ﬁ% GRRKILS

together when proper c¢leanliness Ieve s are achieved, accordingto the standard S, working
instruction sheets and %ﬁ@é"%lthln a class 100 clean-room. The assembled process kit is final
inspected and critical dimensions measured and documented. The kits, which need not be
assemblddl aahsutdrzkadtonent preibodasinvatet o ﬁnwrpﬁ&ks@msaﬂe% nivshedtdnnnicapiom die
embodimeniadnaibphaspaegtaetiiniadayentioridiestaor prethedof ngipasing the eeiadhdqeipment
EffeCt'Vee'é%@u%ﬁéns%H?if?%&%cé%%r%%C&P rSS‘ééngs”fg&H%eﬁ&H"g %%%%huﬂ{oa%%%%ﬂ ?r?a‘ﬂé?ﬁl?”t

compris pProcess KiIts made ma CO bination rent materials such as stainless stee

aluminuniebpetigstuisebenAlmN RS ARRS btFaryay bsmdliumy coripis efharionsntfs)and
whereby thaq@roodss kitismariamiratey thithpeocesstamisatedtspacies! detlivingoircmiagednspocidsictor

process, Richb deRasitianiemPyrl@ad TRovRloREANRd HREIRRL A %Pd'?éﬁgclﬁﬁ% oRGRRIgNCe

|nspect|on ss whereby all components of the process kits are received, dismantle
documentﬂeéi'l He&%ﬂﬁﬂ%ammed for damage, categorized and separated into the required
deposition removal and recycle cleaning processes such as the chemical-method and
mechaniéa)-MetRRiansh dFRSALIIB eGSRt RRGPYrédserapRiefePls the s crs Nk erbinycg Ry

dismantled, documented, thoroughly examined for damage, categorized and separated into the
required deposition removal and recycle cleaning processes such as the chemical-method and
mechanical-method; and then cleaned with high pressure water-jet is used to remove any gross

contamination, if necessary.

(b) Chemical stripping process whereby the process kit is immersed into a tank with an aqueous
mixed-acid solution (according to the particular contaminants build-up on the process kit); and
then removed and rinsed in an overflow rinse tank containing warm city water; and then cleaned
with high pressure water-jet to remove any residues; and then re-immersed into a tank with
‘bright dip” aqueous mix-acid solution; and then removed and re-rinsed in an overflow rinse
tank containing warm city water; and then dried with high pressure compressed clean-dry-air;
and then inspected for surface cleanliness and signs of contamination, faulty cleaning or
damage; and then re-rinsed in an overflow rinse tank containing warm de-ionized water; and
then blow dried with high pressure compressed clean-dry-air; and the chemical stripping

sequence is repeated until the process kit is cleaned.

(c) Mechanical stripping process whereby the process kit is masked with blasting plaster and
aluminum foil to protect critical surfaces; and then blasted with suitable blasting media to
achieve the surface roughness requirements; and then cleaned with high pressure compressed
clean-dry-air; and then inspected for surface roughness and conditions of the process kit after the
mechanical blasting; and the mechanical stripping sequence is repeated until the surface

roughness is achieved.
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contamination, if necessary. (b) Chemical stripping process whereby the process kit is immersed into a
tank with an aqueous mixed-acid solution (according to the particular contaminants build-up on the
process kit); and then removed and rinsed in an overflow rinse tank containing warm city water; and
then cleaned with high pressure water jet to remove any residues; and then re-immersed into a tank
with ‘brig@j RN %ﬂﬁﬁ%&rﬂ!ﬂhﬁ‘éﬁi@oﬂéﬁ@&saﬂﬂe&%ﬁ? fRIMeek ARGt rR- H&%ﬁé&ﬂﬁﬂﬁ QH&EﬂQWpﬂC%[!,@@f tank
containing warm cit r; and then dried with high pressure compressed clean air: an
mspecte(%\évr :l,u ace c egrff)npergéegn lstfé%s 0 Pélorfthrlgljma |onp ]iaaéﬁ%@ C tgla%lshué ?)5?1 dg?ﬁgslgon néieé:

re-rinsedandapT OveeHEY RISBI Faf ISR AmISEWSRS de-Rshiga e Watérw&ﬁassm@ﬁ %W@r@agbnﬁsmh
pressuregempeasdeanetearithriyigir mamwwmsﬁévlm%ysﬁqm&@rma&mﬂ ubotildingapeocess

kit is C'e%ﬁghﬂglé\’&%ﬁh%ﬂﬁﬁﬁ&%‘%?‘ﬁ%a}f&%é Mh Sft%?%ﬁ@%ﬁaﬁﬁﬁ%ﬁ%h{%a rg" h plartipg,plaster

and aluminum foil to protect critical surfaces; and.then blasted with suijtable blasting media to achieve
the surfa@é%haﬁwés@?ea%ﬁ%m%% AR SHrdas ke VR SR b %s%b?ﬁﬁln‘é%‘éf‘é’d clean-dry-air;
and then inspected for surface roughness and conditions of the process kit after the mechanical

blasting; énd’eseRrrseksasidpsttipifirdcsatctibinspegieenauasasi wecethibe nwgermiasssislegtieved.
Page 18 efi2 (dy hircfilndhaimaksaatingpiatessvherk by hadrotessdkipiayaaskethyitardaeimal

plaster aé]Qaﬁ‘Eth”%éﬂg LIQRIRE! SHHGRLRUS Qﬁ?ecﬁ%ﬁhﬁ%ﬁ@{%gﬂé"’m (S t%gé?eﬁqep?%%“ﬁ’l@d“ed'a

and proprietary-optimized spraying technlques to achieve t ness an rou'g ness; and

then cleatefith Pgh FlQN B o R iR HRB AT AliC SHHiGReNhIeEtels Tonisdavatefodgfiness
and conditionsledrtbé witchgsh kit@akterctide-thmztitinstinterral sipraylgn@chﬁlénmlﬂdnwﬂﬂ]nhtgie preskecating

is fepeat%grﬁﬁﬂ%&@& étégﬁQﬁ‘;f%ﬂg QH@%@P%BB‘J%E@%&'%&%@IE& &@)ceaéhefm@eaaﬁ? Giasalaeq
cleaning an ectlon roc hereb rocess kit is cleaned  using hi ssure co essed
R R b S o TS RE & s

cleaned \ﬂﬂthlﬁigh iprispsaies wizher jetpsptmndinatehdire piresearinod violdefontamsemnank contalnlng
ultrasonic system and warm de-ionized water; and then cleaned with high pressure de-ionized water
jet systertt) &chil@Ensdii@wl chdthinighpkegsuand cotifjprekseproteanyaiyrely; trrcptbeesirigpectadddrin
non- pee'm&iem@mﬁ@mtﬁﬁ'eoﬁgﬁlﬁgf%ﬁ&amﬁérmm AMReRCRaiNess AAtS9RfiRTa class

contamlnatlon faulty cleanin
0 clean- rgom and %wn drlef with ﬂlgh pressure compressed ionized clean dry air; and then

touched up with clean room wipe (if necessary); and then baked and dried with a class100 dust
free air oven to remove water vapor, chemicals and spouts traps during the cleaning process; and
then cooled within the dust free air oven before taking out from the oven; and then measured the
surface particle count to ensure the surface cleanliness of the process kit; and then tested for the
physical surface morphology of the process kits to ensure that it is intact after a cleaning
procedure is completed; and the sequence is repeated until the process kit is cleaned and surface
particle count is achieved; and then certified the process kits with the results of visual inspection
per the guidelines established; and then assembled according to the standard procedures,
working instruction sheets and recipes within a class 100 clean-room environment; and then
inspected for the presence of visible contaminants, confirmed and measured the critical

dimensions of the assembled process kits before sending for vacuum packaging.

(g) Packaging, identification and shipment process whereby the process kit is packed and
vacuum sealed within a class 100 clean-room environment using a double bags vacuum pack
with inner bag is a blue anti-static polyethylene bag and the outer bag is a white normal
polyethylene bag; and then inspected for the condition of the vacuum pack to ensure a complete
vacuum seal packing of the process kit within a class 100 clean-room environment; and then

verified for quantity and a correct packing list with proper labeling and identification of the
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sequence is repeated if the inspection indicates the presence of visible contaminants. (f) Final Class
100 cleaning, baking and certification process whereby the process kit is rinsed in an overflow rinse
tank containing ultrasonic system and warm de-ionized water within a class 100 clean-room; and then
dried with high pressure compressed ionized clean dry air; and then touched up with clean room wipe
(if necesspbylsangrihendakad padstiiedavidearedessd QO st ia9-alsRA tOIRMAEDYRIBENAPOT,
chemicalae%gg sqo%t%gr%§ during the cleaning process; and then cooled within the dust free air oven
before taking out from the oven; and then measured the surface particle count to ensure the surface
cleanliness of the process kit; and then tested for the physical surface morphology of the process kits
to ensure! tHaRTEIEThERLEHIS Q1AM R THOLLEIAR R epmiblate Biadhi ekl i ids g ad R until
the procdgd kitiisrulean@d) aavdl stafalses paaticlS dOUmésabchityectramd: therscerntitfigdatie pagsedbkits

with the &ﬂ%’é&% afhviskRHNSReRW maltheHide ipssrasiahlished and hepRsaenmeledArcording to
the standard proced res, ﬁ\zorkin%{irtlstr ction hetets.ﬁlnd tr%c}ges Wittl‘lllin a.clasF 100 clelgp-ro%)m 1
environmEnteahd then"nSpectel tor thepresenca ot vishig chintammants? Confired and Measured
the critic& sHrfRa9sIpTdlleey.assembled process kits before sending for vacuum packaging. (g)
Packaging, identification and shipment process whereby the process kit is packed and vacuum sealed

within a diagddiG0ncldarproen emenonmesidhisines amieubleo bagsyvéat thm packsskils imeer dmgvigla blue
anti-Stati%@dﬁ&@%v&g&lﬁq%mlm%ww&agﬁe aMRitRieo Rl ROlYRIRYICRERaG, AN FheRuingRected
for the coré Itl%oft e vac%%g] E)ack to ensure a com lete gacutjm seal ackn;g c())(whe plié)ggﬁs kit
within a JA%¥ P0G ISR PETRT RIRAYSITRENE HHEtEn UBREH a&ﬁéﬂﬂ%ﬁ%??& ASHERY JRGEHG st
with propardabielieriragitidlentification of the Page 19 of 72 process kits; and then packed and secured
into a proprietary-designed container box before delivery to customer. The present invention also can
be used tanciten mhae[’s&kit&qmnlémkmmnmm sifittrsas mlkiublauqmaﬁﬁﬁaﬁta@iuﬂre(ﬁb)iandrﬁaialess
steel (SUsph MR GRIATIA PRUSANHANAHE R iRl Va1 RFRSRRL UV ERURM PERIdaqun-method

and apparatus advantageously remove the organic and inorganic and metallic impurities by-products

without damaging fne rigingl Rigessstitnaterioh o surface morpholoay. Iy addiion, hedesent
Invention establishes criteria to verity that the process Kits are clean wi respect to organic, allic

and partietxtdingpusissi HaereatamheandritefRNt ratifefidingisn-method process knowledge and

document the deposition removal and recycle cleaning work and knowledge.

Other aspects, features and advantages of the invention will be more fully apparent from the

ensuing disclosure and appended claims.
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physical surface morphology remains intact in terms of surface roughness, hardness, thickness and
microstructure. Another role of the present invention is to offers a reliable, quantifiable and efficient
means to attain consistent quality in all stages of deposition removal and recycle cleaning processes.
Another role of the present invention is to help engineers and workers to work consistently by
providing a disciplined approach and a consistent best-known-method process knowledge and
document the deposition removal and recycle cleaning work and knowledge. Other aspects, features

and advaptage the J ' il I r [ '

ppended oamINES JotIah ATV EE b AG St T EE BN e S e rion
Accordingly, several objects and advantages of the present invention are of great benefits to the
semicondiraeidinghufeerahebierispid astveayrees velrihg apessins dnegEiomoie e cinef fehids podbible
particle regidatiaiiudeMarioTizeuesidipongiindailability, performance efficiency, and rate of quality for
optimal equipment effectiveness value and improved factory productivity. (c) Improve factory
operationg) i%%wpaiw&ria@ana%ﬁM{aﬁf@ém%aém@mg@msm e afficiangy{d) Improve rate of quality
by reducing the effects of equipment failure (wafer scrap and rework). (e) Improve bottleneck wafer
equipment.throughput for impraved factory wafer capacity,which. can reduce the need.for redundant
cauipmen b B B A T B A R e
equipmeRATAMTIEY ciativsaste Kb E NS A Gepan afvstiNifer spare parts, and lower field
service cost, which all improve factory operating costs. By implementing this invention, engineers can
increase (e position fectoyaimendicsey ttersiearidgr prpcesslyipidstiimeteasemgrosessnlelfiyiemdy .
performance, achieve faster time-to-delivery, and increase customer satisfaction, etc. Further objects
and advaiagepolthisiavehtbaslin e ceteiap phceofftiam e capsitesatidhilofet{erakavniagp and the
ensuing gg\,'g,gflg;ion. Page 21 of 72 4. SCOPE OF THE PRESENT INVENTION

(e) Improve bottleneck wafer equipment throughput for improved factory wafer capacity, which

can reduce the need for redundant equipment process kits.
(f) More productive to find permanent solutions and to eliminate recurring equipment failures.

(g) Less frequent repair, shorter repair time, fewer spare parts, and lower field service cost,

which all improve factory operating costs.

By implementing this invention, engineers can increase deposition removal and recycle cleaning
process yields, increase process quality and performance, achieve faster time-to-delivery, and

increase customer satisfaction, etc.

Further objects and advantages of this invention will become apparent from a consideration of

the drawings and the ensuing description.
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The scope of the present invention covers all ultra-high, and high vacuum-related manufacturing. This
is a critical technology for the ultra-high, and high vacuum-related manufacturing method such as
semiconductor, flat panel display and mass storage manufacturing because not only that it increases
the equipment effectiveness, efficiency, availability and equipment recovery times but also it
decreaseg the i@l o98t PVPEIFIPR PISEAHOMNG9aL APFIRPN €S inventory holdings. The most
critical advantage of this invention is _improved e times, reduces contamination and at the same
time increased overall equipment effectiveness (i.e. availability, performance efficiency, and rate of
quality.) TH ifGeRioR cdA%ePABISIED 1Y BRE U ptRIfEh RimdViraEtecide BighniNaCorMEl!atd used
componentmafadtassgmbhes, isuehcasishlietdshplbten sfostatm e s§inkig), shodehsglprosassicheatbér

doors, tf%ﬁﬁi‘ﬁfa‘%‘@ﬁ%g rq{f?ctﬂ'H&ddrk{EBQ I%rsocs‘e%ﬁiﬁbﬁﬂﬂ@&ﬁ?’ box cpater S’o%}éB}ﬂr‘&_hE’VBé%@”%thﬁg@ lock
chambers, shi Igﬁ%’g%ves, ion sources, |ffu5|on§u n Eum S, wavgfg%%udes, etc., far the
ri

mps, io
semicondUttor e & H1omEdica, at Bink & Eﬁg %nthereé@l%l W&ﬁs‘f H“Fﬂ%ﬁ%v&ﬁ%ﬁn&n be
applied te\pibtubtykiedusadpnspl tiesaygr i évessition b pladasacavD thetéviirigeesiupnmerneasinell as
ceramicspabéhoiRlialcest tsnarepires dapesitignhalgapsinchedingsbutitital HiteehiR: (AR MRUALIAR,

titanium G| Po%%étaa%i&'éaﬁ%n%‘s‘??Eé%&?%&‘?%%‘iﬁ%ﬁtospda%oﬁiF@He” At P{S‘:gc YRS £I5 ?&ﬂ%&ﬁ%@%i&gy?

(b) Ceramic parts deposition’removal, precision cleaning technolog ‘Quartz parts deposition
removal,ﬁf@%‘i‘é’l@ﬁﬁéhﬁiﬁﬁ%’é@ﬂﬁ&[@@?ﬁfe}iﬁ%@%ﬁgﬁmﬁ&iﬁ%ﬁ?@ﬁ% #d method and apparatus
are provided for deposition removal and recycle cleaning technology using chemical and mechanical
processingis il prowasbekitsp lisd doithsednissiichrc romora ufad tiedriglc Adidinimgadil nave ysré msechd
metho_d Qf&lﬁﬁ?\{éﬂ%daiﬂf @@%}Qﬂﬁ_@&pwﬁt@ﬂ@ﬁgmy if)\lﬁﬁéﬁ,tbﬁilﬂé@gmﬂsi}%}ﬁﬂ@e?é?@fbwéb é_ﬁ&f%@lffto
organic, metallic and particulate impurities and estahlishing. criteria to ve at sical surface
skl e TN SR R e N R AU
by the ertsddfsRbSTHsbicAduE. Rl P tHRNap R e I ETHHNS dRenPieiioR arRfuivaeh BBy €192 of 72
5. BRIEFOERGRIRIINDEF, THEJDIRA WINGE chhelabpuve: bdidpdihan ddviariagedueiitye invention will
become more apparent from the following description taken in conjunction with the accompanying

drawingsmhergiRdikshrefarenagpreteto tpriikespaiis asciWwhRRIRéring, deposition and plasma CVD,
etching equipment, as well as ceramics and metal parts around deposition areas, including but
not limited to: (a) aluminum (Al), titanium (Ti) and stainless steel (SUS) metal parts deposition
removal, recycle cleaning technology; (b) Ceramic parts deposition removal, precision cleaning

technology; (c) Quartz parts deposition removal, precision cleaning technology.

The scope of this invention covers a method and apparatus are provided for deposition removal
and recycle cleaning technology using chemical and mechanical processing to clean process Kkits

used in semiconductor manufacturing.

Additionally, a system and method are provided for establishing criteria to verify that the
process kits are clean with respect to organic, metallic and particulate impurities and establishing

criteria to verify that the physical surface morphology remains intact.

Accordingly, the scope of the present invention should be determined not by the embodiments

illustrated, but by the appended claims and their legal equivalents.
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FIGURE 1 illustrates the flowchart for deposition removal and recycle cleaning of the copper
interconnect semiconductor process kits using chemical and mechanical processing in accordance
with the present invention. FIGURE 2 illustrates the layout of the apparatus for deposition removal and
recycle cleaning of copper interconnect semiconductor process kits with the present invention. Page
23 of 72 6. DETAILED DESCRIPTION OF THE INVENTION Embodiments of the present invention will
be described in further detail with reference to the accompanying drawings. The concept of the

present inventiog 4 unificati a chemical and mechanical
processirgq tecmﬁglgmmgf t?)r org\’/jllggéfﬂﬁ\&?ﬁra-clean treatment of
contaminated process kits made of stainless steel, titanium or ceramics materials. These process kits
are specifibaipeiseani dbaiiedrieieess picbiadavensguipmidrmcincdaptsitimarpnd desy. tre il psimary
process eRi¢ApIBAtiaRcaNthepigreR kitkinakdes ppdialig Iekiigcotaqinarisisrgbrssaleinum,

alumlnurgor'ﬂglet, gﬁbgﬁf&ﬂl@}%@? steel, tltz_inlum, tantalum and copper used. in the maklng of
semicon uctor%rocess kits. The contaminants may further comprise free iron, oxide scale, rust,

grease, Qi ageous and other residual chemical films, sqil, particles, metal chips, and dirt. This
vetor A o A S ahA ST SHBSTISHHY VA St S AN (L HrGRe o
identify ahdctistimizedstneleriibiiatparametsss kinconsmatinbenoié fastors)eshamiealeffuetivssimgudaous
chemicalgleaningdnathons siesbhamikatsgguence of reactive solutions used, the ratio of chemicals in
each solution, process temperature, the wetting of contaminate surface, as well as chemical solution

degradatigp, o ifagiaRkdRpiRlien A RER GRNATRIAM Prln bR ikPhSOLLIORSARE or

Mechanical Techniques Used in Present Inventiaon In thjs present invention, the types of aqueous
chemicalcﬂ%%ﬁﬁeéﬁ%‘?ﬂﬁﬁtr@?fﬁﬁfb%lﬁ}qﬁﬁﬂw lé‘ésp}ﬁ’éti,ﬁ PRSI 38Ry cling cleaning are: (a)
Acidic chemical cleaners - Common acid materials include mineral acids (hydrochloric, sulfuric, nitric),
chromic acid, carboxylic acids, and other organic acids. (b) Alkaline chemical cleaners -
Alkaline-cleaning solutions can be formulated by adding such materials as sodium or potassium
hydroxide, carbonate, bicarbonate, phosphate, silicate, or other similar materials. It is important to
keep in mind that sodium hydroxide, like other alkaline metal
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hydroxides, lacks the good buffering capacity of, for example, carbonates, and is very corrosive. (c)
Chemical builders - The primary function of builders is to provide a buffer, or "reserve,"” of pH lending
material without changing the desired pH. In this manner, cleaners can establish a longer "lifetime" by
not neutralizing immediately when placed in contact with certain Page 24 of 72 contaminants.

Compongnts _suﬂEals &iEﬂﬁE@Wi@NimﬁﬁﬁmNﬂ@WOth bl_JiIders and corrosion

inhibitors, as in the case of polysilicates. In this present invention, the chemical acid solutions typically
used for deposition removal and recycling cleaning is chgsen according to the process kits made with

the followiitP Atk UsO {4 S peRsRd S stendfop b i drecsibre inB ot gt ath rsffesay eP8tthSsium

Hydroxidecqdtapdhymgecehenical solution of Hydrogen Peroxide, Ammonium Hydroxide and Water
(H202:NH40OH:H20), mix-acids (HNO3 and HF). (b) Aluminum: Potassium Hydroxide (KOH),

mixed-cheneiGainsepition ht Hyeiagen Ratxde, bAvamenitia Hydaxige @adNaigication of both a

solution G P oak PECATHIe G Sl et M S SRR oy B e
(HNO3 aRHrBPEa fremisat: aisaR RIS GINEDS SRS O SPARIT G h KO QTPSHIRMES,
Ammoniumatddiptir.oXicacapcb st di tiHR 0 2¢ifCH HROJ, mixead s {HiD Daniddtib). (qhiperamics:
mix-acid%éAbB\gﬁl&?{aﬁ)bé@: RSPk ytgfee%'gteMnmiéﬁ%ﬁhﬁm&%kégq&mnemdwﬁ%ﬁguy

Peroxide, monium Hydroxide and er (H202:NH40H:H20). In this present invention, the aqueous
chenmical R SHBRISHAES RpILally HLBERaBENGR rEby AN Shi rSEyRID EShnrBE)
Organicsteuatamiazhcopemovisid- ithéhmirakoig 96| seivrosdeticasprosestcldts (INOR eiathidm)ts may

POtaSSiUmﬂdﬁé@lf@Siﬂﬁrﬂ;%OHée miyed-shanicallsoktien g}fe:m!,d S By Radeleu L BN QRN rElysligxide
and Wateé HZO%:IHH4OH'H203 isI used tq axidize %rgarpic constituents to make more water soluble
S1 artjcies ctal C an 1

species. Meta gloshggﬁlﬁ ants Famoval < the Mix-acid solutions such as Hydrochloric acids (HCL),

Nitric acids (HNO3), Potassium Hydroxide (KOH), mixed-chemical solution of Hydrogen Peroxide,

Ammonitﬁ%lﬂy}ﬂ}‘SﬂF&@aﬁdWa@?‘tﬁ zﬁﬁﬂidﬂ?ﬁfﬁfﬁaﬁs’é‘d G euapts e BN e fE e an

anion in sedbtioues fordesinfinordapicrooeiplbr oricodrjimatietesoimeornudativag nsisoliloleri) watbe.
effective aqueous chemical cleaning methods such as the sequence of reactive solutions used,

the ratio of chemicals in each solution, process temperature, the wetting of contaminate surface,

as well as chemical solution degradation due to reactant depletion and solution contamination.

6.1. Chemical Solutions and Mechanical Techniques Used in Present Invention

In this present invention, the types of aqueous chemical cleaning chemistries typically used for

deposition removal and recycling cleaning are:

(a) Acidic chemical cleaners - Common acid materials include mineral acids (hydrochloric,

sulfuric, nitric), chromic acid, carboxylic acids, and other organic acids.

(b) Alkaline chemical cleaners - Alkaline-cleaning solutions can be formulated by adding such
materials as sodium or potassium hydroxide, carbonate, bicarbonate, phosphate, silicate, or other
similar materials. It is important to keep in mind that sodium hydroxide, like other alkaline metal

hydroxides, lacks the good buffering capacity of, for example, carbonates, and is very corrosive.

(c) Chemical builders - The primary function of builders is to provide a buffer, or "reserve," of
pH lending material without changing the desired pH. In this manner, cleaners can establish a

longer "lifetime" by not neutralizing immediately when placed in contact with certain
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(c) Particle contaminants removal - the mix-acid solutions such as mixed-chemical solution of
Hydrogen Peroxide, Ammonium Hydroxide and Water (H202:NH40OH:H20) is used to create large
repulsive force between particles to produce a cleaning action. Page 25 of 72 In this present invention,
for the most preferred mix-acid chemical solutions, the mix-acid species is nitric acid with a

COF}CGntf@Hﬂﬁlﬁfﬁiﬁfﬁb@’oiﬂ;ﬁ)ﬁ@ﬂ_@esﬁéﬁfﬁﬂk_ﬁm%s%%é%Qﬁﬁl}ltﬁ@@{%ﬁ’yﬂ/\/@kﬁ%@ﬂéﬁﬁélﬁi H@%_EQF@'_ _
weight of turllfdgr%ua%%us acid solgltl%ri]tb gshgtsm%%d-aud sfoluflorligé@g . further comprise hydrofluoric acid in

a concentration from about 18% to about 20 Cya\s/Se(?gH?. Mha specific application of the cleaning

process, the mixed-acid solution comprises about 30% of nitric acid and.18% HF..In this present

invention tHBI}yESTBE BRecibicn: ME S AeiriRb oo el BreditPt S6ROT8 G 8K Bh ¥¥moval
and recyctiong ehepdlingiapeis (@)oSe amcOr gy tBibevimgee SHig e quichi tho ol swaijet whatieals:-dry-air
compressed air or inert gas with particulate filtration at or near the point of delivery is used to remove
particulates sfathligyidsegartibulaithiseam fliad hBples)anwed asiduriadeolystPskligh PressiiddVater
jetting - Thi ique | ' i et t icul iguids,
ROISENAE NS SIS ST YIRS, IR BEAIANRS A Yo

particular | t,
of aIuminéé@éﬁ%@%ﬁ@@fﬁéiaﬂgﬁ(%ﬂ%‘diﬁ[ﬁ?e form of small beads is directed onto a surface to
physically strips deposited metal films. (d) CO2 Cleaning - This non-impact technique uses a jet of

liquid CaftbbiDivxigerwhadhsikuairHydaxomtoiHeldurratedorhemirad sentiou b Sad sonReroxide,

hydrocarbemnfibiisn{ @) ydlisarnia Clearingl> 0 HIsH@HAPOS! fae uiide WISEs, uifdaspnic system which
is directed onto the surface to remove particulates. (f) Oven Air Baking - This technique involves

baking pegase il EOMRRIRAL AiReS ,%B@@cﬁ@%@f%&ﬁ%%ﬁ%{%%?@éh@é%ﬁﬂﬁe RHIBRSHAY
pp

n : . :
rates. 6. e Best- n-Metho t esent invention. FIG illustrates the overall
generali H‘EISW;F}&F@%@%ﬁ&hﬁ@&%ﬁ@eﬁnﬁéﬁﬁ § (5 s for deposition removal and

recycle cleaning of semiconductor process kits. The deposition removal and cleaning method for the

process Kkits SOBAcasNtHifIesklsdENQrbdasssa bemippletel o ah Audeesnt R arritsnntmorine:
contamindptisstidh asl AneinHiRO AN D HMHpoBthtickeldstalNes aisdder titanium, tantalum and
copper, may include any or all of

(e) Ceramics: mix-acids (HNO; and HF), Potassium Hydroxide (KOH), mixed-chemical solution

of Hydrogen Peroxide, Ammonium Hydroxide and Water (H,O,:NH4OH:H,0).

In this present invention, the aqueous chemical cleaning chemistries typically used for

deposition removal and recycling cleaning of:

(a) Organics contaminants removal — the mix-acid solutions such as mix-acids (HNO; and HF),
Potassium Hydroxide (KOH), mixed-chemical solution of Hydrogen Peroxide, Ammonium
Hydroxide and Water (H,O,:NH4OH:H,0) is used to oxidize organic constituents to make more

water soluble species.

(b) Metals contaminants removal - the mix-acid solutions such as Hydrochloric acids (HCL),
Nitric acids (HNOs), Potassium Hydroxide (KOH), mixed-chemical solution of Hydrogen
Peroxide, Ammonium Hydroxide and Water (H,O,:NH4OH:H,0) is used to accepts electron
density from an anion in solution to form an inorganic complex or coordination compound that

is soluble in water.

(c) Particle contaminants removal - the mix-acid solutions such as mixed-chemical solution of
Hydrogen Peroxide, Ammonium Hydroxide and Water (H,O,:NH4OH:H,0) is used to create

large repulsive force between particles to produce a cleaning action.
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the following steps: Page 26 of 72 6.2.1. Acceptance Inspection (a) All components of the process kits
are dismantled, documented with digital pictures taken as well as critical data are logged; (b) All
components of the process kits are thoroughly examined for damage e.g. all vacuum surfaces shall
be free of pitting, scale, cracks and indentations, all knife edges and vacuum sealing faces shall be

checked fp ensupR-teat tAQtA@IR, NRSEHalches, pitTeRt@MifVisRNERAlidAlliRguRaRiNgOminelasions or

any other defects th tma}/dca1 e sealir(lrgsr%oblel;r&elr%%ﬁiqg to_vacuum lea gi(i#l%&poall be

SPECICS 1S NIIric, 4c a CONce, n nge OLflq:I]’O kﬁ(’)lﬁ%%&ol(iiorg
free from gcalle, VoIids, balow oles, etc: (C Wcéjmponerﬁs o? trﬁegprocesgkl S are thoroughly inspected

to identifParEeighirharcehay thegordrvaraiiatidhoartieaussactdviplubipay Jiberimedd w5t iubipididles,
re-entranfuvtleimesmisyicedrofidicacks ara exaceplesioh dreasahait Mess teatharorglilpexasiphed and

cleaned; ﬁ?%’%ﬂe%?ﬂ%?é’ék?r{]ltﬁiE%fltB? tﬁéocﬁ%&ﬁiﬁg%%ge%?ﬁ{%el%&%‘-é‘cﬂf%Iﬂff%ﬁs&l{%ﬁ%@%%%%‘?% &, line

to remove_ any debris. ross contaminations are removed by washing out, swabbing or rinsing
with high9ra&de Asidiand it 6ltany general-purpose solvent; (e) All components of the process kits
are categorized and separated into the required deposition removal and recycle cleaning processes
such as thetbifeprtsarimeysptoan dha sdrarmé Arasetiondnechani oh starean S tappiitcd pieitisisetoval

and recyegle gipasifignyebeniaal reejbaa(alchmimesging or submerging the process kit into a tank with
an aqueous mixed-acid solution. The types and concentration of the chemical solutions such as

m'X'aC'd%af@}’e%ﬂt@WiY%}bﬁﬁ%org VT‘HﬁOtéE‘ﬁlﬁﬁfé'(fH%Wégni%l'%@'&ﬁ%é?#&ﬂ?lél?r %ﬁﬂﬁ;é@ﬁ@&eﬁﬁ _&‘t and
other factors such as the part material type and its reactivit IT respect t%tthe cleanln%%%gntlcal.
poblndii R SRR eSS e B R R
contaminite diguitts Quppewlaelafeencbhmshhiplantes sibhaeyefcineyist- tank with an aqueous acid
solution containing Nitric Acid (30% - 40% HNO3) by weight, based on the total weight of the solution,

for 1-2 h@bysHiphil E:lb.maﬂas\ﬁa‘e.ejb&mg rgrﬁhﬁsetﬂ:p]iﬂqueeiﬁmﬂ\the ag"m_l dohjg'bmmsﬂmmtgfaﬁrsjﬁtfaces;
(c) For the RIReES AU ACORAMINAIRY, Withi RN HEN 813189 CROGMINGNIS < §HALAGEE. it into a tank

with an aqueous chemical solution containing Potassium Hydroxide (15% KOH at 60 Page 27 of 72

(c) Bead Blasting - This technique involves a jet of alumina or silica or some other inert material

in the form of small beads is directed onto a surface to physically strips deposited metal films.

(d) CO, Cleaning - This non-impact technique uses a jet of liquid Carbon Dioxide which is

directed onto the surface to remove particulates and some hydrocarbon films.

(e) Ultrasonic Cleaning - This non-impact technique uses ultrasonic system which is directed

onto the surface to remove particulates.

(f) Oven Air Baking - This technique involves baking process kits components at normal bake

temperatures (110°C) in air to reduce outgassing rates.

6.2. The Best-Known-Method of the present invention.

FIGURES 1 illustrates the overall generalized flowchart of the present invention, i.e. Method

and apparatus for deposition removal and recycle cleaning of semiconductor process Kkits.

The deposition removal and cleaning method for the process kits such as stainless steel
processing chambers, contaminated with elemental metallic contaminants such as aluminum,
aluminum melt, nickel, stainless steel, titanium, tantalum and copper, may include any or all of

the following steps:
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65C) by weight, based on the total weight of the solution, for 1-2 hours until all stains have been
removed. Ensure that the acid solution contacts all surfaces; (d) For the process kits contaminated
with Titanium-related contaminants, submerge it into a tank with an agueous mixed-chemical solution
of Hydrogen Peroxide, Ammonium Hydroxide and Water (H202:NH40OH:H20), wherein the amount of
Hydrogerg Pqroxideepianponispecedydroxide and Water (H202:NH4OH:H20) in said agqueous chemical
solution is in the ratio of 7:1:7 by weight, based on the total weight of the solution, for 1-2 hours until

al stains ipygiheeihJRMAEHE SR NakR anithaplition camtastsl A RSER HRMFQY s proess

Kits contammated with Titanium-related contaminants, submerge it into a tan an agueous
chemical"sohAtHIESAt SRy PlOgdum Hydroxide (15% KOH at 60- 65C) by weight, based on the
total weight of the solution, for 1-2 hours until all stains have been removed. Ensure that the acid
solution ¢Bhtagtsampertade T (e orepeshigte deekiho il IEadastHoT HaRER-2edafdt vacuum
contaminaintac&lbRatrge ifriia pidtike\wisba i) agidRous CHaminatisak tion lattadding Rotasaiuiim

HydrOXIdgegﬁﬁéaﬂ\fé%% A% Safek (?Xd"‘f‘c’s'%ﬁ&mﬁ@?iﬂ %g@%@tﬁb"!‘é}%@ t 5504%%3 ot g%r?cmws

until all stains een removed. Ensure that the acid solution contacts SUI’ ac Removmg

the procd8Y i fRAH R PhilNENSIARSaPEAN: afaRitFgHRAbraRY oY ifcaH S BIABIY ﬁo FACIRGLL
effective flaiduexdtrksgel)l rirede temincelmtHibmowdrom(seahp eraitlseb kv 3Gk citie water for about 5-10
minutes, and at about several minutes' intervals, preferably about every 5 minutes. Again ensure all

trapped qif)is IERoRshelTRMILIR iRieseR fteareftHiedianesssticdl Watrmieying:- W avhios ass itp
surface V}é'éﬁth#%f?ld%fgésaﬂr Ak B3 E}tc'é}’ % 5‘}% @ho}ézg}“&‘é %&1%% %\ﬁ% AVRGIANI RLyices

submerglng rocess Kit into a tank with aqueous mix-acid
solution f't‘)‘?dzc IS SHAHBPEGH ?ﬁérsam@éh@us .%Efmwuamgé@nw@.ﬂaﬁ detrrshical stripping for
process kits comprises Hydrofluoric Acid (HF) and Nitric Acid (HNO3), wherein the amount of
Hydrofluddit Aldidamperidis) o0& s prrighs Hips' arixcloik Gpltiionhighomesbusucauptegsadightibased on
the total yepight ahihecseiitiony anskihe ameisati RisMIEicoffide 5AISRIHE QM ISSKaBb RO ASYR by
weight, bas%qlon the to&ael Wel %%Qrf (tp%nsolgrpe?gl ng}p%ggls% gtthe process kit from the “bright dip"
agueous mlxec]i ac?d &N 4 Y8

(e) All components of the process kits are categorized and separated into the required deposition

removal and recycle cleaning processes such as the chemical-method and mechanical-method.

6.2.2. Chemical Stripping - deposition removal and recycle cleaning by chemical method

(a) Immerging or submerging the process kit into a tank with an aqueous mixed-acid solution.
The types and concentration of the chemical solutions such as mix-acids, solvents may vary
according to the particular contaminants build-up on the process kit and other factors such as the
part material type and its reactivity with respect to the cleaning chemical. Adjust the dipping

time according to the thickness of the membrane.;

(b) For the process kits contaminated with Copper-related contaminants, submerge it into a tank
with an aqueous acid solution containing Nitric Acid (30% - 40% HNOs) by weight, based on the
total weight of the solution, for 1-2 hours until all stains have been removed. Ensure that the acid

solution contacts all surfaces;

(c) For the process kits contaminated with Aluminum-related contaminants, submerge it into a

tank with an aqueous chemical solution containing Potassium Hydroxide (15% KOH at 60-
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Page 28 of 72 (1) Re-rinsing the process kit in an overflow (to facilitate effective fluid exchange) rinse
tank containing warm (temperature 45-50C) city water for about 5-10 minutes, and at about several
minutes' intervals, preferably about every 5 minutes, preferably at least three rinsing to ensure
removal of all acid cleaning solution. Again ensure all trapped air is removed from the internal area of

the process &Ity Wae biREINgha P I06e SeckihsWifare YRMHAIhFRrassusud A BRRIICEMnAtRI I

remove gny residuea; ﬁn Re tj[ﬂg th%ablo e-men%ioneci steps an precision chemical cleaning until
n réemoved. SU. GQF% acl SO&I}’IOI’I cqntacts all su atCCS . .

the contaminants are substantially removed from the process Kits, and with the proviso that the

process kit may not be in contact with the chemical solution for a time greater than five cumulative

hours; (o) RIFINt T Mot SESkRIRARBYSHSW il AR CAtEh rOg R R N TP RIS B8P @) de-
ionized wabdr ¥othl Bonaiqueess Rrstatabimite tarksere kéhdcogerdittoxpteydmiavpantidiydresideom
Contaminﬁi&*.mﬁ‘eldQ}Q@%m@iﬁm@)ﬁmf&nd&Méhﬁrﬂéﬁﬁﬁﬁﬁkﬁyﬂ%%éaw hpRESSRIAE ARRIASRE
C'ea”'d%la'&é%dknafgﬁ‘i%ﬂ?eﬁh@gagkg

of the recycling cleaning metho hecking. the surface
cleanliness “and conditions of (@éﬁtﬁl@g we %&s:? gﬁ%‘(%i%efﬁéc%ﬁg%%lsusoﬁﬁonrl éf?benrsa{ol? of
contaminatiohbyfavdightidasedpartiantidecisie pfdeeselwitas, viyukih/hiewsattbbaldsieioahmedsesing a
portable miigrestapeu® (Raptatiog dwvsilbawrinenignedsiess, until the process kit is cleaned. Once
process kit components have started the deposition removal and cleaning process, they should

Comflbete(yf q:d{')’ﬁld@ - F?ﬁét ﬁ@r@@&aﬁl%hhﬁtelﬁn@Y@ﬂ ﬁ@gimﬁqlﬁ‘lﬂ@@tyﬁ%ﬁﬁ%}ﬁmﬁg%’iHi‘@ R C?re
mus e e ICIS a e Cco one IS orou ar ore storage,, and a an orts
et it i Attt F s e kel G R e
subsequéat@aber weishingasesgen ahe. sotwlexhishicafl Sieipplntcnddpodifohowmpntl aHdaaydieve

cleaning byereehanigak iiethodt (@ Seilingluiotot slepasiinrueneyal by mechanical cleaning method
in the masking areas; (b) Masking the process kit with blasting plaster and aluminum foil to protect

critical Sl{‘f&"ﬁ@? tﬂ@ﬂé@@&hﬁ'@éc@éﬁ@ﬁ}mef 296 200 An-related contaminants, submerge it into a
tank with an aqueous chemical solution containing Potassium Hydroxide (15% KOH at 60-
65°C) by weight, based on the total weight of the solution, for 1-2 hours until all stains have

been removed. Ensure that the acid solution contacts all surfaces;
(g) Removing the process kit from the mix-chemical tank;

(h) Rinsing the process kit in an overflow (to facilitate effective fluid exchange) rinse tank
containing warm (temperature 45-50°C) city water for about 5-10 minutes, and at about several
minutes' intervals, preferably about every 5 minutes. Again ensure all trapped air is removed

from the internal area of the process kit;

(1) Water-jetting the process kit surface with high-pressure (110 bar) city water to remove any

residues;

(j) Re-immerging or submerging the process kit into a tank with ‘bright dip” (2%HF and
18%HNO3) aqueous mix-acid solution for 2 seconds; wherein the aqueous “bright dip” mix-acid
solution of chemical stripping for process kits comprises Hydrofluoric Acid (HF) and Nitric
Acid (HNO3), wherein the amount of Hydrofluoric Acid in said aqueous “bright dip” mix-acid
solution is from about 2% by weight, based on the total weight of the solution, and the amount
of Nitric Acid in said solution is from about 18% by weight, based on the total weight of the

solution;

(k) Removing the process kit from the ‘bright dip” aqueous mixed-acid tank;
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(c) Blasting the process kit with suitable blasting media such as white oxidized aluminum with a
pressure of 3kg/cm2 to achieve the surface roughness requirements; (d) Blowing to clean the process
kit surface with high pressure compressed clean-dry-air (dry, oil-free, and filtered at the point of use
with a 0.1 micron filter); (e) Inspecting the surface roughness and conditions of the process kit after the

mechanigp| }@fﬁﬁiﬁﬁg (ﬂ@ﬁi@;@é‘émllihﬁ @B%&m@@ti@lﬁﬂo’iﬁ%ﬁé éﬁEEtiO@ ﬁufcﬁaé‘fcffaﬁg@mﬁﬁ%i&ank
achlevedgégt) Removm q_% blast nlgeg1 é})ncolltalu ) IE ocess kit uptabout several
Thermal pray /UGatin ing NifTiim coa ng pr fla? As |ng with thermal pflas &r andaitimmum foil
to protectEfHEsl W%@@frﬁﬁ?ﬁ%&b%ﬁrﬁ&e%ﬁ SOHEYRSe RECEBAb hatpiessk Saret BoFfRgdngipure
proprietarysaptinofed]splidyihgfiaasoriess. (Epbiehsntiagerspaedaidiziance) et carchingetintbal

deposmo‘ri}gg%g@@B%gggstﬁlpkness (0.18- 0.25mm) and surface roughness (>18m) requirements; (C)
Blowing to clean the process kit surface with high pressure compressed clean-dry-air (dry, oil-free,

and fitered e PO Of e it 8 QL cron Teny (G lnspectng: e surfoce ovghness and,
conditions of r5Ces he th&rmar spraying. The surface rot sy I hRAST by

surface rf@ﬁﬂ’@ﬁ??eter. A change of less than about 35 Ra is considered an acceptable amount of
surface roughness; (e) Repeating the above-mentioned steps, until the surface roughness is achieved,;
() Remoundrtipedhegnia ptastensnd alednimpn doiporithenprboasskitlsanfageintil2lix RogtiRnoogsses
Classmogrgﬁﬁlﬁtgﬁkﬁﬂ? %ﬁﬁﬁ%ﬁ%oﬁ@%@%@&E%?%@%ﬁ? 1RO tﬁﬁ%ﬁs‘@ttﬁ%f g@gpgwtlcles
using high pressure com ed.clean a[ﬁ g air gﬂ% oil-free, and fil at the Eomt Ef use with a 0.1
micron fiR9) BG4S A ST b TR A aLsals v e el Boice areas with
some solvents, preferably hand polishing using fine mesh alumina in an isopropyl alcohol on a lint free

cloth or WHHRESHEHBFIRE RNtk A S8 RYSTEPRHEIAY (AOk CRIKMNG EREBIL LEEW R A Srbdeure
(60 bar) vatiee jetvaystéon; I(8 nRmséag Riefapabbe shKihitksnrovenpiovevinse tankoantaaninpgfiocr]sets of

uItrasomc;rg}{ﬂqma%ﬁ%@(ggy\{)ﬁggm{&de -ionized water (temperature 45-50C), preferably at

least three

(p) Blowing dry the process kit with high pressure compressed clean-dry-air;

(q) Inspecting the quality of the recycling cleaning method by checking the surface cleanliness
and conditions of the process kit, as well as inspecting the process kit for signs of contamination,
faulty cleaning or damage. The process kit is visually inspected for cleanliness using a portable

microscope;

(r) Repeating the above-mentioned steps, until the process kit is cleaned. Once process kit
components have started the deposition removal and cleaning process, they should complete the
cycle without a break. If it is unavoidable that a delay occurs between stages, then care must be
exercised that the component is thoroughly dry before storage, and all seal faces and ports must
be covered. There should never be a break between any chemical cleaning stage and the

subsequent water washing stage.

6.2.3. Mechanical Stripping - deposition removal and recycle cleaning by mechanical
method

(a) Setting up for deposition removal by mechanical cleaning method in the masking areas;

(b) Masking the process kit with blasting plaster and aluminum foil to protect critical surfaces

from mechanical blasting;
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rinsing to ensure removal of all acid cleaning solution. The de-ionized water is filtered to remove all
particles down to 0.1 um. All utensils that contact the rinse tanks and contents are rinsed with
de-ionized water; (e) Cleaning the process kit with high pressure (60 bar) de-ionized (resistivity of 2 M
Ohm-cm or higher) water jet system; (f) Blowing dry the process kit with high pressure compressed

clean-drygiB(ianie thelgait Sy k AivIISH RS I B Rihemeands iR R {h 8:peind PAMaa WD R 4
micron filter;' l(l%g (I)@gting the rocess kits.on the surface reatment areas such as the coated
ed sur

[~ cm>t0 achieve,the surface roughness requiremen . ...
surface, Bfas% €, non-coated surtace, to efrsure no -peghng of coated film and condition, as

well as inspecting the process kits for stain, dirt, defect and fracture such as scratch and dent as well

as to the PaRICHHISIA S BB OPIRESS ILbSETRHS thY IHYSBAREHIE SRRy BF e B8N Hnoval
and recyolihgaieanidgtaredrrsdhioypoheckinsg thiehsuffdasicteardlit@ys and conditions of the process kit.
The process kit is visually inspected for cleanliness using a portable microscope; (i) Repeating the
above-metinipdcsigpsheiniikthe: proggdas kit iscleanditiofs2 3. fhinprédassIO.Gleanngadzakitighiind
Certificatibqgls A),Handling of all post cleaning activity such as assembly or leak checking must be
carried out In c%éssloo clean-room environment. Once the cleaning process has started, components

and assaﬁ%ies ¢an g{lnly be handled w#httalcum fﬁg Iateéx, clean.room. Iog(les. loved hands that
touch cledh DarEa BN A AP EARLNORHS RS ARG TAE ?_x?eré%‘%é%e&%;‘/ggaf Ve\itich has touched an
unclean surface, i.e., hair, clothing, bench, etc; (b) Rinsing the process kit in an overflow rinse tank
containingidteRynsrhiRiading RiAsERidokmMABOON AR REAS S IEIaSre 45-50C) de-ionized
(resistivity of 2 M Ohm-cm or Page 31 of 72 higher) water within a classlOO clean-room, preferably at
least three rinsing to ensure removal of all acid cleaning solution. The de-ionized water is filtered to
remove all particles down to 0.1 um. All utensils that contact the rinse tanks and contents are rinsed

with de-ioilzed Whtem4t SplawiagxingheTiriveéidm oo viily pgbeessure compressed clean-dry-air
(ionized clean dry air must be dry, oil-free, and filtered at the point of use with a 0.1 micron filter)

within a glasaifil@nEernt AREmeNVHRBREMIAINSIRIADYRICRNBHAIEA aitider inizRe atertiohnal

moisteneSoII) %}g,an room wipe is used to remove fingerprints, water marks etc;

(b) Spraying to coat the process kit surface with proprietary-optimized spraying parameters
(current, voltage, speed, distance) according to the deposition media and the thickness (0.18-

0.25mm) and surface roughness (>18um) requirements;

(c) Blowing to clean the process kit surface with high pressure compressed clean-dry-air (dry,

oil-free, and filtered at the point of use with a 0.1 micron filter);

(d) Inspecting the surface roughness and conditions of the process kit after the thermal spraying.
The surface roughness is measured by a surface profilometer. A change of less than about 35 Ra

is considered an acceptable amount of surface roughness;
(e) Repeating the above-mentioned steps, until the surface roughness is achieved;

(f) Removing the thermal plaster and aluminum foil on the process kit surface.

6.2.5. Post-Processes Class1000 Cleaning and Inspection.

(a) Blowing to clean on the process kit surface to remove particles using high pressure

compressed clean-dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter);
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(d) Baking and drying of the process kit using a class 100 dust free air oven within a class 100
clean-room environment to remove water vapor, chemicals and spouts traps during the cleaning
process. The baking of the process kits for a sufficient temperature of about 110C and a sufficient
time of about 60 to 80 minutes is to remove substantially all absorbed cleaning solution. The classlOO

dust ree @ ViR EH O SUTSIRNL S AROBITIOIAIRING AIREARIS AN L i ipud be
ept away from oven wall by jig.and fixtures; (e) Cooling the process kit within SS
ol S AT B LA ST B RS RSE Rt b AR i or
surface tisibntsptchRyals sodpmysatradediamdsuMace, blasted surface, non-coated surface, to ensure
non-peeling of coated film and condition. In addition, confirming the non-existent of stain, dirt, defect
and fract(reSeehias therpitetesmidt detit kighvettamito (ebparvcautar isgstedge of the process kits; (g)
Measuring the surface particle count to ensure the surface cleanliness of the process kit surface
within a ql@sRikeMhglaanpioosss khecriedadalonclarp pracesstkihinglisiassdt additiemdaiexpmrining
visually ¢ &Eﬁ% uri urfa particle Heria for ' for
the procedgs kit magtrgﬁgé é%ge\%grglIé%z%%{t%gn%%%tt(%%gg%{%%%/cqrg?é:gﬁngfs%%é%ﬁ bﬁéﬁ%%%?ﬁérticle
detector. ¥Higal), DPERICRILY Siabloiclahitrags e tider dhg dirizghrielersiveoeredt idr
using a stafane pdripaleldesedbormnstch. duQ 1 APl usdnyi Behtagontdectrealogy. taile physicatsusface
morpholagysaf thenIesssskits/irdested to ensure that it is intact after a cleaning procedure is
completed. The cleaning of process kits are certified and include results of visual inspection and
inspectio t ujdel lished: (h) eati ove-menti te il cess
it s sl A B B R e B
proper clebRigFsEs eiEReA Yy HePieved, according to the standard procedures, working instruction
sheets and recipes within a classlOO clean-room. The assembled process kit is final inspected and

critical ditieBdtorisgrisaghrepreerisdocumidniegh Pregeng2conzepsrs kitsawdiziaindeuhizod sdcasshsnbled,

are put bagkiesthe plgceidasignated ifercinaliRapkagipguaiteitingpecian & Aifefackaging,
Identification and Shipment (a) Packing and vacuum sealing the process kit within a class 100

Cr'fin'mq% ﬁggggcarfgo&@lﬁré%gs% VRCUHTh PG dDGIARRIR %R 2l 6ARE-Satic RAlveBYIRGag of
thic nesssur'f%lcg,1 rPlon-coa‘[ed surface, to ensure non-peeling of coated film and condition, as well as

inspecting the process kits for stain, dirt, defect and fracture such as scratch and dent as well as

to the particular inner edge of the process kits;

(h) Inspecting the quality of the deposition removal and recycling cleaning method by checking
the surface cleanliness and conditions of the process kit. The process kit is visually inspected for

cleanliness using a portable microscope;

(1) Repeating the above-mentioned steps, until the process kit is cleaned.

6.2.6. Final Class100 Cleaning, Baking and Certification

(a) Handling of all post cleaning activity such as assembly or leak checking must be carried out
in class100 clean-room environment. Once the cleaning process has started, components and
assemblies can only be handled with talcum free latex, clean room gloves. Gloved hands that
touch clean parts must not touch anything else. Immediately replace any glove which has

touched an unclean surface, i.e., hair, clothing, bench, etc;

(b) Rinsing the process kit in an overflow rinse tank containing four sets of ultrasonic system
(40KHz/1800W) and warm (temperature 45-50°C) de-ionized (resistivity of 2 M Ohm-cm or
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with clean lint free material to prevent damage during handling or shipment. The outer bag is a white
normal polyethylene bag of thickness 0.12mm. Before packaging, verify all parts are dry. After the
component has been cleaned and baked, it must be packed carefully to ensure that it remains clean
and free from damage, protect all seal faces and/or knife edges with clean used metal gaskets where
possible,apgkp0¥afcANRASMIES STONY BiRERE Wralurabiy A foikeiltle PIaRlELOVEISure MRALNA MY
should be,\viapped i slear aluminym Joil and sealed. n % polyeibylens, bagy Lndef dryironeg f
possible; (b) nspecatlr_l he condition of the vacuum pack such as Ieg&mg ancP reaﬁage of the -
anti-stati®npohbtighsHe thalcaptesidheaiasedanbieted sengrissEa BN b g prsckaRIE within a
class 100 clean-room; (c) Confirming the quantity of the kits and generate a correct packing list
accordingctoBhevidglideryherdaroadshkpropdr lage lmgsofrtheoprpoessdkisardiipraoeasikitsdacteinedryfied
per specifis QRWING N9ttt ihaddeniificatian mugidag \isible thiavah@NhRaASRS PLHIhine
outside of1 thq(ﬁflcklage_; d Packing into 2 pé%prieta%-d(fﬁsiicqoq%e(ii E?B‘E‘ iner box.with (HJshi(?n d@il?nated
to properfyasﬁrotecf and secure the pr}glgéls's | ansé)]gor%% y Wi R custd e?rspeec%ﬂrclézt?on &iBre'de ivery
shipmente1sigarshetaarsrgomhei pp atent SofetnevisrEsepnrvsniiater Therkfegisition removal and
recycle cleaning process shall be performed with equipment and facilities capable of monitoring,
controllingl aBdkegoadih draihgritictlcpararemst&rs ubaizadfeles she0 gluatitycasadedviadvintbinisasplassfit@tion.
These paiRMetehs NG RIEHATS ROhIRIGEIP VRFRFEaNNAINGNANPRRStiaPs ANA TS TRERINE !
chemical baths, methqd af rinsing, resistivity .of rinsin ter and operations of ultrasonic equipment.
A certfiel Br5tes n B B S HEACSHoidftett SHFSHAISIREH G & 3 B A As an
illustratiosrbficirataymat of thwappirseustomdupesitiotorephov anbsteeyelly elbabimgbstiselergmeductor
process kigguvidth the pIesgobinvetienait wiliReoeiarechs apmraciatadthatibenanpaiaiscliproesycle

cleaning ol STIFRIEHEGHRIRRESS KIS Il AESOTHRISE MG Bresenkanion includes equipment

and facilities such as: e-lonize e source of de=ionized water have a specific
resistivity of no less than 16 M Ohm-cm as determjned in accordance with ASTM D1125. A proper UV
light y(e% élooﬁmg the proces'valt within a c?assl(%ryfean-room l(:):etrore taking out from tPe oven, prop

(f) Inspecting and confirming the process kits on the surface treatment areas such as the coated

surface, blasted surface, non-coated surface, to ensure non-peeling of coated film and condition.

In addition, confirming the non-existent of stain, dirt, defect and fracture such as scratch and

dent as well as to the particular inner edge of the process kits;

(g) Measuring the surface particle count to ensure the surface cleanliness of the process kit
surface within a class100 clean-room. The criteria for a clean process kit includes, in addition to
examining visually clean and measuring the surface for particle count. The criteria for a surface
particle test for the process kit materials is generally less than about 5 particles/cm” as measured
by surface particle detector. Typically, a particle size of about 0.3 microns is used as a criteria
particle size to test for using a surface particle detector such as QIII Plus by Pentagon
technology. The physical surface morphology of the process kits is tested to ensure that it is
intact after a cleaning procedure is completed. The cleaning of process kits are certified and

include results of visual inspection and inspection per the guidelines established;

(h) Repeating the above-mentioned steps until the process kit is cleaned and surface particle

count is achieved;

(1) Assembling the process kits together when proper cleanliness levels are achieved, according
to the standard procedures, working instruction sheets and recipes within a class100 clean-room.

The assembled process kit is final inspected and critical dimensions measured and documented.
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module is installed for bacteria control. At point of use, DI water used for rinsing and cleaning (except
for drag out rinse) have a minimum specific resistivity of 2 M Ohm-cm. DI water used for various
stages of rinsing referenced in this invention meet the following requirements: (a) for drag-out rinse:
Rinse by spray or immersion is acceptable by using cold DI water with specific resistivity of no less

than 0.2 vhORm:GimidRfIdSRseYd IngenBRUC Ay RURAOBlep15ce AN AR P TEIIRI S8AMS by
using cold ge)rl water with specific resistivity of no less than 2 M Ohm- cm, (c) for hot rinse: immerse in

hot DI bat ofl{lesﬁ%gpgfure of 45-50C with minimum resistivity of 2 M Ohm-cm. DI water in immersion
tanks shall be overflowing. (b) Blasting Media: Aluminum Oxide, A1203, is used unless otherwise
specified. The use of garnet is prohibited unless otherwise specified. The cleanliness and
effectiveness of such media shall be controlled so the processed components will meet the
requiremégid-sgaskaging) dentfieatien angsddpmaentir: Nitrogen or air used to dry components shall
be dry, oil-free, and filtered at the point of use with a 0.1 mm filter. The filters are replaced regularly
and a méntBadnce sedovdcshoulktdengdabomented. Kd) vdiban aedass IACHSssEO®Or betteractamlroom

as dkefinesia' h'%%&ﬁaf ?589.9;]%{@15% smplovedifer iltﬁaggﬁirﬁ?@eq{mm ﬁggllﬁgsgﬁﬁﬁe& «'}tﬁplzmm "
ackaging. operaton, nousekeeping, and monitqrin C Nn-room sna n compljance wi
e R Sy R e S e R Pt ey e
Class100"1amenph polesihatenchigsof gbichaass D dAmae-Befowdpaokpgiage varge al mastovitre @ityasonic
cleaning. Ae:Precesmpunkat Ghenisakianksifoncieamngishalkbeerpesiieredregguaily davuaseguate

control o 2mi 0 itiops, Cl ines t era l.chemical sfarc ing shall
be propa e o e e A o AOLEY se.
The cherfER! t8ARSC EntIIsTovBRSH IR SrRe reRis itk aie Préhotfpngitkiat By bitiadBL b3 dir or
nitrogen ahdtivechamicabagifatiemis siseddolprewenipedntiamitatinglby particlésloandydealearians. The

equipme%f Hﬂfl%ﬂefgﬁ%ﬁ&fmtdﬂ%’%%ﬂ%@J@siﬁ@;“’"o mix-acid tank for HF and HNO3; (ii) two

chemical solution tank; {lii) one mix-acid tank for "bright dip" agueous mix-chemical solution; (iv) two

warm ?'t@’)’%ﬁeﬁé’c SriioN ling 1(%%%‘?5% 9% o Nidh Rigssie a5 3 %BE%}’%%”%#%{ BRSIBNKE; VY two
de-ionize fwae rNSe tanks with ultrasonic deanin ; (viI) two de-ionize ? ) water finse 1anks.

PreferabBPlprotdeacdnsipin At WIS 18 atfse atei e eRAbPRK RSP ESstigeRss bit itaralstasat 00

clean-room;

(c) Confirming the quantity of the kits and generate a correct packing list according to the
delivery order with proper labeling of the process kits. All process kits are identified per specific
drawing note, and the identification must be visible through any packaging or on the outside of

the package;

(d) Packing into a proprietary-designed container box with cushion designated to properly
protect and secure the process kit and comply with customer specification before delivery

shipment to customer.

6.3. The apparatus of the present invention.

The deposition removal and recycle cleaning process shall be performed with equipment and
facilities capable of monitoring, controlling and recording all critical parameters that affect the
quality as defined in this specification. These parameters include but are not limited to
processing time, composition, and temperature of chemical baths, method of rinsing, resistivity
of rinsing water and operations of ultrasonic equipment. A certified process shall be established,

documented and maintained.
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will not damage or contaminate components during processing. The tanks are fabricated from
polypropylene and have sufficient dimensions to completely hold the process kits and allowing for
submerging thereof. More preferably, the dimensions of the tanks are design and built between
600-1000mm in length, 600-1000mm in width, and of sufficient height to provide at least a
300-600rmrdttnal Ayl Rreino RpSIRUAI s iaNeh Al miasini Shesmisak sldionm
solvent i in, the r:onterrertrra}rlrr(r)ugrl g)t%ratrleast suffrcﬁleﬂrt gruantrt){ and depth to wet the surfaces of the
process kit to Er8ate a Gcfeanrngpe Sct. The selection Fof the e approprrate type of container or tank for
the cleaning systems tends to be. impartant. The container must be fabricated from any material that
remains UntOrBEEEPT hrearrﬂegeﬁ%i Brhile ARREHPHEFRERS oA REAH P HRIFSPAI R ETCG Rt iner
is fabricaketd of fveatdresistarth flagsoestaniesostesluibedankmeay dvel incdrposated wdth a heat
source coupled to the tank to "warm or heat" up the mix-acid or chemical solutions or de-ionised water
content ingjdaetheniaek (Dgbaveramhensate "takvidamnaemitichy eRR iewesRaating Mraksssuch
as 2 resRCERRURLICHCE, TSlaiAtl. e Acaig R ENALSIGlIa erIReaRIG B mener

the temperature within the tan or safety reasons rrmarﬁ constituents o se tanks may

include R misdriliad s RasiriaenPUnl 45 Reidh o VBRIt R FiRsg 2 Leting be
disposed(axamptefrikbaghentaihs safieve ethodinsingmeifiatomatici tyaste-tve &thmernpl @t wiatedlhtkdrefore

be appre?d?‘@ﬂﬁ%@a%@‘@@&éﬁ% FPRAALS TS RARIHAE %&%E%ﬁd@ﬁi’&%qﬁiﬁé}ﬂeﬁgs Ofa) for
semicon ctor rocess rts in, accordance with a referred |ment 0 létﬁ? glesent ventr%n
mcrudes%('# REEERE e ﬂ%%%‘ét?BﬁaiSr%rc%%%l%ﬂrgﬁeﬁfﬁﬁ?é eH%é“éf“t% ToeSL BdhaiRe Al Gived,
dismantleesigioatimdrite deth drau gy Ldiminay, foy dansag) eaﬁegd?m@r aphsbpasthelrinwanss,
required dﬁpﬁeﬁi%mm@mhaw mﬁ@&mm@rmmiﬁuqemﬁh@ OTeical-atoNaDkn-
mechaniea melRe FCLSD Cigperyil RIS g G BRI B S O ST AN AR

contamrnar{l If necessaQiHn emica Stl’lpplng process w rocess kit'is |mmerseldlrnto a
tank with SHSAiRGUS Mikken e BY st (&éeerarﬁ@rd%eﬁadrdaﬁaqve Pa¥Hiants build-up on the

process kit); and Page 35 of 72 then removed and rinsed in an overflow rinse tank containing warm
city watefbatidatitiong desslisd Aluminum Oxide, A1203, is used unless otherwise specified. The use of

garnet is prohibited unless otherwise specified. The cleanliness and effectiveness of such media

shall be controlled so the processed components will meet the requirements specified.

(c) Compressed Nitrogen or Air: Nitrogen or air used to dry components shall be dry, oil-free,
and filtered at the point of use with a 0.1 mm filter. The filters are replaced regularly and a

maintenance record should be documented.

(d) Clean-room: A Class100 or better clean-room as defined in FED-STD-209 shall be
employed for final cleaning, drying, final inspection and packaging. The operation,
housekeeping, and monitoring of clean-room shall be in compliance with IES-RP-CC026 and
IES-RP-CCO018. The equipment required for this present invention include Class100 clean room

oven and Class100 clean room de-ionized (DI) water rinse tanks with ultrasonic cleaning.

(e) Process tanks: Chemical tanks for cleaning shall be monitored regularly for adequate control
of chemical compositions, cleanliness and temperature. All chemical baths for cleaning shall be
properly filtered and free of any visible surface films or scum. Tanks are covered when not in
use. The chemical tanks and DI water in immersion tanks are properly agitated by oil-free clean
dry air or nitrogen and mechanical agitation is used to prevent contaminating by particles or
hydrocarbons. The equipment required for the present invention are : (i) two mix-acid tank for
HF and HNO3; (ii) two chemical solution tank; (ii1) one mix-acid tank for “bright dip” aqueous

mix-chemical solution; (iv) two warm city water overflow rinse tanks; (v) two high pressure

Page 34 of 72



with high pressure water jet to remove any residues; and then re-immersed into a tank with “bright
dip" aqueous mix-acid solution; and then removed and re-rinsed in an overflow rinse tank containing
warm city water; and then dried with high pressure compressed clean-dry-air; and then inspected for
surface cleanliness and signs of contamination, faulty cleaning or damage; and then re-rinsed in an

overflow {iage }whmmmmf%d&imm \uateky AB ri@ndiew i divikohigh RERSSEI @vii)
compres%vs) Iéfean drﬁ @5 anoJ[ the ch(?nﬁi(cal stripping sequence is repeated until the process kit is

cleaned CHARTC |pp|nrgrbnrsocess whereby the process kit is masked with blasting plaster and

alumlnum f0|I to &otect critical surfaces; and then blasted with suitable blasting media to achieve the

surface rb RIGGRSHSEHEMSA thiahh Rreadearairtl rroHmmeekanre cBipleededf Balshatsy At and
then inspwdﬂmbtaiesm@cerrwghurmewcamimmmr@rmmhgwprpmmsg kit adtemitreamm édivagrital biasting;
and the fﬁ@WIﬁt%ﬁ"ﬂgﬁeﬁﬁﬁ@&%ﬂ%{ﬁ@ﬁﬁﬁﬁﬁ W%H’iﬁl&%[ @ldr%!gﬂf&é%'%@scﬁiﬂ/ﬁ%\@ﬂ
Thin-film tIher al coatlngﬂproc$ pererlg hﬁ‘ é,)r?ﬁées(ﬁnlglt IS. mas sfararpal Isasrtler %ng q
aluminumYoiT 18 pro%lené critical 'sur agep d tRen sPraye ¥ swt p05| ion n%e Rd

proprietaPposamoeRt ls(k%wivﬂgmelﬁmﬂjuég%l a@ﬂmévelmé/tdﬁhkﬁ@@@ﬁﬁ@fﬁewatéqf@hgﬁ@u@égylém@tthen
cleaned wéibt higopreasure aepﬂlpr@ssﬁyl GlRAND -Gt andpth@ﬁdﬂsp@cwdefmfsmﬁaaeid@@hm and

CO”d't'O”EORIt?H SRS, &'Eﬁ’f‘ﬁé g %f'llﬁ'ﬂksm%”&?le%? %@@%ff%!‘& f@éﬁﬂ fHH?ith‘ ass‘?ggi g 1s

repeated until t e surface roughness an ness IS achieve t-Processes

cleaning SHERsEPELRSRTBFSES §W§F§ﬁ§ e l5AiREsSlfeRd- cleaned using high pressure compressed
clean-dry-air; and any non-blasted/sprayed surface area is cleaned with some solvents; and then
cleaned Wha betfistpre syutec\eansppetasy $¥dm péﬁarﬂhérwrrﬂﬁ@dlirf@rnthﬁ/émng‘rﬂyétmte@dﬁdmﬂm

ultrasoniengysteit. anekWwanmiderighizeskWabeicand fﬁhﬁrhﬁieaﬁmlwihlmimﬁﬁuﬂw%mmdh@ater
Jet system, e%Qdcéhgf d“egcvﬁ'th h'% tl% i ?ut?%{gprgs £ erae‘ﬁy %«]Y air:.and thep brfc"?%I C%fheat
e erec ra

non- peel%g of coated film, stain ure. surtate cleanliness and signs of
contamlrféﬁﬁ?r\‘a%}ﬂ?sd?ééﬁﬁ%%? %ﬁ%age and the sequence is repeated if the inspection indicates the
presence of visible contaminants. (f) Final Class 100 cleaning, baking and certification process
whereby e processykicisndagaaaiedamidverfiea sinsectanipdeshtaitingank ssomisrsy steheadn dwdim
de-ionizegliwatgl Wﬁbﬁéﬁll@dﬁ%lﬁ%@ﬁd%\r&é%msmm@%&[’i@ﬂ't \WithdBigle pagRSUreLeREREaseRAIPNIzEd
clean dry,,alr a,nd[ then tp hg Wlt clean oom WI e if neceﬁsary)d and tt ql d an drled with
aclass 1 cempcraturc nown eans Ssuch as resistance- 11’1g evice
Preferably, the heated tank should include a thermocouple to monitor the temperature within the

tank for safety reasons.

The primary constituents of the rinse tanks may include heavy metal waste concentration and as
such, acid bath solution and rinse water should be disposed in an environmentally safe method

using an automatic waste-treatment plant.

It will therefore be appreciated that a method and apparatus for deposition removal and recycle
cleaning of semiconductor process kits in accordance with a preferred embodiment of this

present invention includes:

(a) Acceptance inspection process whereby all components of the process kits are received,
dismantled, documented, thoroughly examined for damage, categorized and separated into the
required deposition removal and recycle cleaning processes such as the chemical-method and
mechanical-method; and then cleaned with high pressure water-jet is used to remove any gross

contamination, if necessary.

(b) Chemical stripping process whereby the process kit is immersed into a tank with an aqueous

mixed-acid solution (according to the particular contaminants build-up on the process kit); and
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dust free air oven to remove water vapor, chemicals and spouts traps during the cleaning process;
and then cooled within the dust free air oven before taking out from the oven; and then Page 36 of 72
measured the surface particle count to ensure the surface cleanliness of the process kit; and then
tested for the physical surface morphology of the process kits to ensure that it is intact after a cleaning

procedurgis sompleles: BARsHIEISGAURRERNY aRRatelt ubhine preaassii ivAleanedirnd RdHase
particle coutﬂtf'ls chleved and then ertlfled the process Kits \é\}qthhthe results of ans%al 'ntsa% ctlon per

the guidelines € ablished: and {Hen assemobl%é cCor %gs 1d'the s?antfarlg proce ures, wor
|nstrucuorb@ﬁbbfbmnaqs@@i%wtwﬁaselaggi@@néiéhenré%ﬁ?%ﬁaﬁ rff‘eﬁf*s%ﬁltﬁérpff%ﬂ@@té@ﬁ?r the
presencegikvisibieicioptaminacis; oendirmad dre meéaswab thghcpisahrditmemnsiansdtihm-akseanpled

process kiy bcﬁfe%r%&“ff(’éi’{é‘@ ey, V&‘H’H&’é‘ PREKAAMLY- 49 R P%%‘%lﬁﬁ%ﬂ&ﬁ‘&?”ﬁﬁﬂ RIRMERS Ripcess

whereby the proce It Is packed and vacuum sealed a class 100 clean- roo environment

using a dARBIED \}HE{}J&%?@Q RigrioNerngg TnseHitRk SRR B RIEtTena Bet) WA th& Guter
bag is a Mebiowndhq&blyethylagh lpacgsard cherpinspdctdehfodihaicpndidighofdimmiedusmppack to

ensure aLQMRIEISs MU Baal RRPF NGRS RIeEESS Kit within a class 100 clean-room
environment; and then verified for quantity and a correct packing list with proper labeling and

'dentlflCaﬁcﬂ%%éﬂfn@&?%ﬁ‘?%éﬁﬁ p?QS'eBQ %S?SCH %Sc%ﬁé“igf‘ 'E%ﬁ%@%ﬁ%@’a&ﬁ%ﬂ&%ﬂé}oﬁﬁi”er

box before” delivery to cus ustrative embodiments o nvention, it

will be a@%ﬁ%aﬁo\l)aﬁbw@ﬁér%% ?Hbf&ﬂ?éat?é‘l‘?st Ristedetibnaiiah re bR Be P dintiRse
skilled indbleant. ﬁudur’fabmwghﬂemmmpsrmmdmcandnﬁlandlmmnhemgh thiesghaocdeppeessly

describedahoyey aie Aanathalesringndedimbedn ﬁ&é&ﬁd@&mﬁaﬁb%‘ﬁﬁpﬁ%@&@ RiopR Ofihe
invention. Aﬁﬁordlp%ﬁi the fore 0'3 disc 3510 Is intended to be illustrative ogly, Wot limjting; the

invention T S Rt ditn el n?&lé’%f?ﬁs SH BGEivaI SHRS A retd W ifie TS
inventionrpeghbesnstduayethd descrlbed Wlth reference to specific features, aspects and
embodiments herein, it will be appreciated that the invention is susceptible of a wide variety of other
embodiment$hfedilre shandanypleingniaiess whosibietitenpiods disalosurekbdneith dnantileplagention

and C'a'”&ﬁ&‘ﬁfﬁﬁﬁﬁfrﬁ%fp{%%?eyﬂ eraiese sﬁ?r}a%ebrﬁﬁﬂixe%%gy&%ﬂ? AUGERFRISRp UIHYA h&aRPIt

and scope of the foregoing. disclosure. Page
p 8 proprletary-op 1m1ze<? spraying gt’e:chmques to achieve the thickness and surface roughness;

and then cleaned with high pressure compressed clean-dry-air; and then inspected for surface
roughness and conditions of the process kit after the thin-film thermal spraying; and the thin-
film thermal coating is repeated until the surface roughness and thickness is achieved.

(e) Post-Processes Class1000 cleaning and inspection process whereby the process kit is cleaned
using high pressure compressed clean-dry-air; and any non-blasted/sprayed surface area is
cleaned with some solvents; and then cleaned with high pressure water-jet system; and then
rinsed in an overflow rinse tank containing ultrasonic system and warm de-ionized water; and
then cleaned with high pressure de-ionized water-jet system; and then dried with high pressure
compressed clean-dry-air; and then inspected for non-peeling of coated film, stain, dirt, defect
and fracture, surface cleanliness and signs of contamination, faulty cleaning or damage; and the

sequence is repeated if the inspection indicates the presence of visible contaminants.

() Final Class100 cleaning, baking and certification process whereby the process kit is rinsed in
an overflow rinse tank containing ultrasonic system and warm de-ionized water within a
class100 clean-room; and then dried with high pressure compressed ionized clean dry air; and
then touched up with clean room wipe (if necessary); and then baked and dried with a class100
dust free air oven to remove water vapor, chemicals and spouts traps during the cleaning

process; and then cooled within the dust free air oven before taking out from the oven; and then
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7. THE CLAIMS What is claimed is: 1. A Best-Known-Method on deposition removal and recycle
cleaning for a copper interconnect semiconductor process kit to remove contaminant residue and
species deriving from a semiconductor process, the Best-Known-Method comprising the steps of: (a)
Acceptance Inspection - receiving, incoming inspection to thoroughly examine, dismantle, and data
documented it Qiﬁ”aﬁir%_@%@ﬁi@@@dﬁ‘m&@ﬁﬁ% iR @ﬂﬁa_%%&%@ﬁ@iﬁ@&@ MQH@E#BE%%_ Repasitioen
removal ang epycle csaning roecsses such a5 s shemicalmethod and, mechanicalmethed, Any
gross con?am[na ions ar remove&qby wa mgggu?, swa Ibmg or rinsing With igh-pressure cfy water
or any geReFAIRBURERSSE WS Ve SoB) e RiidallStrRspieRee Thisnsacdratsidhechesieakédarisgnebthod
to strip-ofindr dis&olyanigiantolinongadibiavid melidlicdeposiied dantaovaantstaccaicing tesiie process

its mateiala, and,iyws ot deaRsiethoanianinansihe mefiad aenmalinaliles i merdinaa

submerging the process kit into a tank with an aqueous mixed-acid solution; and then removing the

process RiPFFSI Ehe RECAGINEIHICIARFRIER AR IRRS prUbELe ieheis LY SleafidRP hSRVipikment;
containingnduaem iokpentatefoatict thesewatef jettilg toatproicess kivstiriacd avithnhighuprd dsureiciyl water

to remo‘(ﬁrﬁ&&é{&%%@ﬁé Q&Qﬁhﬁéﬂr '&E@ﬁ(ﬁ@&eﬁfré%@ﬁﬂ%@iﬂﬂ U_a%%ﬁ%%ﬁégl_ﬂ toa tank with “bright
dip" agueous mix-acid solution; and then removing the process kit from the “bright dip" aqueous

P G SR DRPRERR R S r

move an

residues VAR Rt HS I XY uh G eBh EhAlSATECR MR SRBERRTRINy YRS I P PlPaSS 5%&@%%&5 and
then rinsiwglthmmpro begs ikitairbare cveifitaticinsdyisthil eonteigi g dvaim odeiomized wateljtantbther
blowing dyyiibe Procass Ky thdaigh pLeSIUs: eaMuicaasH slaan-diyanaiAnd thensispectingithe
quality of thé recycling cleaning. method by checking the surf leanliness and condition cﬁ}gghe
orocess KECUN fah TReSuEiAY e Browstskth TPty A Br N IRTsiasm ST BRERn ATt Hefhage:
and then vepéedidgruminthiy pratesskiei cleckieg 1ig) Widtpaepeallshebpgnand TiHn g isapietisiorhe
mechanigabedeaning method L pnakedastiagoaashingivithpsoabia-plasiinemnesidatacstibe0before

depositioal ﬂl\r}n totg%qi%ve the surface roughness requirements and appropriate adhesion between the

process Ki subStrate and the coating film. The method generally includes setting up for deposition

removal by mechanical cleaning method in the masking areas; and then masking the process kit with
blasting %ggg described 1llustrative embodiments of the invention, 1t will be apparent that various

alterations, modifications and improvements will readily occur to those skilled in the art. Such
obvious alterations, modifications and improvements, though not expressly described above, are
nonetheless intended to be implied and are within the spirit and scope of the invention.
Accordingly, the foregoing discussion is intended to be illustrative only, and not limiting; the

invention is limited and defined only by the following claims and equivalents thereto.

While the invention has been shown and described with reference to specific features, aspects
and embodiments herein, it will be appreciated that the invention is susceptible of a wide variety
of other embodiments, features and implementations consistent with the disclosure herein, and
the invention and claims hereafter set forth are therefore to be broadly construed and interpreted,

within the spirit and scope of the foregoing disclosure.
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aluminum foil to protect critical surfaces from mechanical blasting; and then blasting the process kit
with suitable blasting media to achieve the surface roughness requirements; and then blowing Page
38 of 72 to clean the process kit surface with high pressure compressed clean-dry-air; and then
inspecting the surface roughness and conditions of the process kit after the mechanical blasting; and
then repeatrng mﬁogﬁmgoned steps, untrl the surface roughness is achreved and then
removing )
Thin-film Thermal Coatrng Thrs is a precision thermal spraying method using a thermal spray system
with a sulfAbEispEEd i media and proprietary-optimized spraying techniques to achieve the
thickness and surface roughness requirements to prevent particle issues during usage. The method
generallyling| lksss reskindf ofhpd eardeappiaerereary alland naendisicleaprageter arvopars infekse s
thermal sprajcoadddioenyspeayingito ﬁD&bHﬁl@VEerMiﬁaﬁurf%s@d%thar[lfoﬁlﬁ&ﬁaﬁywimgetﬂrﬁﬁfa&ing
parameters eyt {%‘ro So&é‘ge%ssﬂl%erﬁ'es? &%&?&%ﬁ% i @8&5&0&“‘1'3 and the thickness
and surface roughness requirements; an the owrng to clea ocess kit surface with high
pressure compressed clean-dry-air; and then inspecting the surface rou ess and conditions, of the
process Igﬂ)a‘%’t‘e“reﬁrtgnﬁe&ﬂ?gf’%tb?ﬁyrnbeCSdeﬁrelﬁcgelﬁgg ?H&pﬁ?é‘%&r/é- e%f‘%f%ﬁ? Tﬁ’?ﬁ?ﬁ‘?&le
surface rouddatisdoswabiésbayitndigieh peshuom gnﬂwellﬂmem’regwiastenémdmnamrrrum thesil iauhed
process lgésasitase fwﬂbeameéh@f%eﬁﬁe(eélé’d?ﬁﬁg’ rpesasess Clash 1800kdeaning @naniispectian -
This is a&osﬁgrocrssgﬁ overaII cleanrn nd d insp ectronemreethod 'ﬁ) gosure tlhe q(l),la}h% ];[Pl or
deposition removal an recyénr?é gcloeanrng method IS achieved. r%e%og %nerélly nciudes
blowing tH@&Mah M%%thsm%@r@rém%m@% §elKghigh pressure compressed
clean-dry-air; and then wiping to clean the non-blasted/sprayed process kit surface areas with some
solvents;(Bh& hisenceleSninginge- prosessakirevididngheresdurksanate metlyyd tensframdithendissibvg the
process kifdmaniyesHrnarnasadankcapaining éﬂﬁﬁﬁﬁﬁiﬁlt%y%emﬁﬁg Wwate prsiesizad waieriand
then cleanrﬁg[ the oggrgcesstgg %gtrarrﬂ%m 1;i)treslﬁ%re dgircgnzeen d Vﬁ% r l:eu(sé/stem anlrrj1 thoernsu owrné(% dry the
process e Wit ni gh pressure comp ressed cléans en mspec ]i% %rocess tS'0R the
surface tﬁbﬁ@ﬁ%&#@h@é@réﬁ%tweﬂt@atwlsauﬁaeéxeria%%bssmm aﬁdﬁb@aanea%r&é@ RECsA%Ure
non-peelitig fodwodteshiilmcan echenslitiahe @ sineloas dqirstair, idirin dafecta@nmhiigaie teniandiaiing
inspectin I 1 [ e

Al s e e S e R R

remove any residues; and then re-immerging or submerging the process kit into a tank with

‘bright dip” aqueous mix-acid solution; and then removing the process kit from the ‘bright dip”
aqueous mixed-acid tank; and then re-rinsing the process kit in an overflow rinse tank
containing warm city water; and then water-jetting the process kit surface with high pressure city
water to remove any residues; and then repeating until contaminants are substantially removed
from the process kits; and then rinsing the process kit in an overflow rinse tank containing warm
de-ionized water; and then blowing dry the process kit with high pressure compressed clean-dry-
air; and then inspecting the quality of the recycling cleaning method by checking the surface
cleanliness and conditions of the process kit; and then inspecting the process kit for signs of

contamination, faulty cleaning or damage; and then repeating until the process kit is cleaned.

(c) Mechanical Stripping — This is a precision mechanical cleaning method using blasting
machine with suitable blasting media to strip-off deposition film to achieve the surface
roughness requirements and appropriate adhesion between the process kit substrate and the
coating film. The method generally includes setting up for deposition removal by mechanical
cleaning method in the masking areas; and then masking the process kit with blasting plaster and
aluminum foil to protect critical surfaces from mechanical blasting; and then blasting the process

kit with suitable blasting media to achieve the surface roughness requirements; and then blowing
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steps, until the process kit is cleaned. (f) Final ClasslOO Cleaning, Baking and Certification - This is a
final classlOO cleaning, baking and certification method to ensure and verify that the process kits are
free from organic/inorganic, metallic and particulate impurities and that the physical surface
morphology remains intact. The method generally includes rinsing the process kit in an overflow rinse
gﬂllnk CO“&@E]E&& %U%Qéi%%%ﬁfa@@dww&mﬂ%@@@%QWS@Q&B&M&??&OQ@Q%{%%C%%%‘G?
owing the process kit with hi ssur mpresse air within ass e 390
72 121c|%%én rocf)gr(r:l en\%gn?rsﬁsé% dn @gn%aﬁr%geép dary %&]?oﬁ fhe prfg%%é;l\{s (fa?lﬁasa gl’ass(i1 Yust
free air olRRSANREIHE Hrays- m@@ﬁﬁ#@@m l@ﬁ%ﬁbﬁm@%rmw&?@h@ﬁér Rfie dpnaveng
spouts trapstdasting HieseleaningupiaaesSodnd thepeeelingitkarfioceaskitwithpraalass 100
clean-room before taking out from the oven; and then inspecting and confirming the process kits on

the surfa@@) M@RLOTRR @fﬁﬁ%zﬁU@Ba@&g@ taated §‘;§E€%‘iﬁoﬁ|ﬂ§éﬁﬂaﬂg %@%t%gﬁ fagerifl
ensure non T{)},eellneclno %ated f%ab g awell as confj rmlnathe non-existent. of(t%aln dirt, ?Zfect an

fracture SHE a3 LAY R AT SN GE R e A A I P RAEY SRR G e ISP ORR LERINIUSS
measunr@hl*@’%dhac@lﬁhﬁﬁéiie%ﬁ@ﬁf&%%ﬂéﬁh@%dﬁ@@éﬁ?@waﬁhﬁéﬁ@ﬁﬁeﬂ?ﬁ@é@sésﬁﬁe%mﬁé@
within a d@@géorh@lﬁatmatg@hem@thﬁmt&stfﬂgsmﬂgowﬁiﬂﬁmﬂmmﬂ@alﬁgy@frﬁheﬂnwﬂﬁéckits to

ensure thattis IIAGE ff?&ﬁ‘ ?ﬂ%%%{l hE%i’ eth?eﬁ §d 't‘ecﬁ Eﬂ‘é’e@ P%Jﬁ%%tsxﬁ%
R

%then

mspectlon per. the gUI nes est then re ove- entlone s untl

process RTBTGEAORERed ﬁa@d‘ﬁérﬁé@@Sﬁfﬁ %Ff?év@ fﬁ@?ﬁa&@ﬁ%ﬁ?@%‘? gdasth ths
together Wdperifivapacdieankinhdss tlevkiearaathieted, aogbrdisg e thestandarod pheaddoresgiorking

instructiop shegls ﬁ'&‘ééﬁ%ﬁ%u\f‘f'é@é”vﬁtﬁ'fhﬁghl &Q&%%B%%s@é@ dhan HP@&W%%CM& #ecting
documenti ngt critical ns of the a ‘?fg& bled proc ssr#é?ﬁéag Packa Identlflc ti and
t

Shipmen eﬁﬂ 98 5 eratiHeRticH Ahe RINBrR AL @’B’r%c%% are
|dent|f|ewwmﬁwa@an@f@nmen@ut@mamlrmam@c@eamghmwréeaﬂmm@hm&mhem@@thgd

generallytipciudam PAakint.a0dviaaHum &EPINEHhErREQSRSSKITWVEEY eh6lass PR &dean-room using a
double bags vacuum pack; and then inspecting the condition of the vacuum pack such as leaking and

breakage §f \ig@pialalis FD@!X&%@@”@%?W%@&&%P'Et‘?ﬁ@c{éuﬁ‘ 56aL I%EEQSSOBU%%H
process k|t within a élass 100 clean- room and then co i{]r{lrmln%}ee quantity of thell nd generating
I

a correct SERiNg 1 ZER5HAIAY BHhad dRIvRH BRI WRHE é‘SBﬁﬁ‘é‘%]? tife'pracé I¥Ft%y R& then
packing ioleasimgopeibtatys achieved. The method generally 1ncludes blowing to clean on the process kit

surface to remove particles using high pressure compressed clean-dry-air; and then wiping to
clean the non-blasted/sprayed process kit surface areas with some solvents; and then cleaning
the process kit with high pressure water-jet system; and then rinsing the process kit in an
overflow rinse tank containing ultrasonic system and warm de-ionized water; and then cleaning
the process kit with high pressure de-ionized water-jet system; and then blowing dry the process
kit with high pressure compressed clean-dry-air; and then inspecting the process kits on the
surface treatment areas such as the coated surface, blasted surface, non-coated surface, to ensure
non-peeling of coated film and condition, as well as for stain, dirt, defect and fracture; and then
inspecting the quality of the deposition removal and recycling cleaning method by checking the
surface cleanliness and conditions of the process kit; and then repeating the above-mentioned

steps, until the process kit is cleaned.

(f) Final Class100 Cleaning, Baking and Certification - This is a final class100 cleaning, baking
and certification method to ensure and verify that the process kits are free from
organic/inorganic, metallic and particulate impurities and that the physical surface morphology
remains intact. The method generally includes rinsing the process kit in an overflow rinse tank
containing ultrasonic system and warm de-ionized water within a class 100 clean-room; and then

blowing dry the process kit with high pressure compressed clean-dry-air within a class 100
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designed container box with cushion designated to properly protect and secure the process kit before
delivery shipment to customer. 2. The process of claim 1, wherein the contaminant on the process kits
comprises a contaminant species selected from the group consisting of partially elemental copper,
elemental aluminum, elemental tantalum, elemental titanium, fluorinated hydrocarbons, elemental

silicon, ekﬁé@ﬁﬂ@inﬂ@ﬁm%ﬂﬁmnﬂhﬁqﬁom%ﬁﬁéoiﬁﬂe&#ﬂﬁ@% Qf&ﬂi@é@s@ﬂétg%ﬁﬁgaﬁlildlﬁbsfr@@ Hon,
ide sealt WERIREIRCL FEPAIR TR A0a aler esyal chemieal lins, gl PRIcies, T
chips, an (5 d| rocesso alm ) W erelnrt%e acceptance mspectlorPs{e comp

recelvmgspﬁi%f’nfé?ﬁﬁr@lm&& rﬁ@ed?é@?mlegcmf@@sm&aqdagmgoelmﬂmrﬁ@?%nkléavé@ém@e%ﬁd é@ﬁarate
into diffesRahdeposiidoreankivaloandsaciitie cleaninpieadagsceoutings RagendidothébcERekirocess

of claim '89)th‘@'§8f%@et¥}%a%%ﬁ%%ﬁcéﬁc%"é‘ét{ﬁ@ Qa£0¢ Eﬂﬁﬁ‘éétﬂf?&{@@ JQEfa@@%%r J&!?é&@&?z[&t@%”am

deposits comprises Nitric Acid ( rocess of claim 4, wherein the amount of Nitric ‘Acid

(HNO3) IS 2qudsssngrt °§’8f8ﬂ(ﬁ'])rf§ wﬁlg%a?@ef%%&%%% PRSI aaghittndeisetrRight
of the soliitionrésidheapracash ohdldimt I welhesein ttirepaduedusicheneidgd sbltkarrafeshémicahd

stripping ity %éﬁélﬂ%@ FplatedrsQn %i@l%%cﬂﬁ;@%"&ﬁ@f@QH§%%1’?&H@%‘P&HHI1JT&%§'@N@% Qﬁ&@s thThe
process of claim 6. where n tsﬁﬁ(g ount of Potass t]h dro |n ?fld a ?& che?tﬁ
solution i fr&RY f%%%y Wéi 8580 O et Wlelg 'ini‘ﬁ B stl &reill fEP IR

tem pera@f@%&ﬁ@?&@ugésﬁfqr@m #bointeootien %@QWIBBG@C@dWW@@@gt@f caadﬁhwmmfémm the
aqueoustabeaiigal soluipecabshrmitalsidenig etadlithetmnEtatad-cauniangifanisleRosits temsgrises

ix-ch t
The orocagp: SAUAN phYegen Raiiida é?r%}gﬁ?%w&é%‘erééd?ﬁtﬁﬁm%%&%&%ﬁﬁ’ﬁzx.§§%‘§§%ater
(H202:N tORI99e55) kiSs in et avhrn dHeRsE aless) §V?ﬂ%ﬁé€raﬁ%\fe¢»1a9ce§ﬂ1ﬁ%f@rﬁheo%ea the
total weight ofdiressoltibmglifstiinei pobess ahdlaimpkéb )yitie reiriaisel A0 weomsrcbemiadl thotufiaal of

chemicalisiining I JanATIfelAied sniamiRAg Aeapts,comprisep Batasgium Hydroxde (KOR)

. The process of claim 10, wherein the amount of Potassium Hydroxide (KOH) in said aqueous
Chemlcal(g?lp aé?n%??&]en%%%ap Xn%%gtghl?)?ﬁse% ﬁl{]selgothacl %Va(:’\c gtn(l){g,th ent?ﬁ'lca 3 and shipment

method to ensure the process kits are identified and packed carefully to ensure that it remains
clean and free from damage. The method generally includes packing and vacuum sealing the
process kit within a class 100 clean-room using a double bags vacuum pack; and then inspecting
the condition of the vacuum pack such as leaking and breakage of the anti-static polyethylene
bag, to ensure a complete vacuum seal packing of the process kit within a class 100 clean-room;
and then confirming the quantity of the kits and generating a correct packing list according to the
delivery order with proper labeling of the process kits; and then packing into a proprietary-
designed container box with cushion designated to properly protect and secure the process kit

before delivery shipment to customer.

2. The process of claim 1, wherein the contaminant on the process kits comprises a contaminant
species selected from the group consisting of partially elemental copper, elemental aluminum,
elemental tantalum, elemental titanium, fluorinated hydrocarbons, elemental silicon, elemental
germanium, the common air formed oxides of silicon and germanium, free iron, oxide scale,
rust, grease, oil, carbonaceous and other residual chemical films, soil, particles, metal chips, and
dirt.

3. The process of claim 1(a), wherein the acceptance inspection step comprises receiving,
dismantling, taking digital pictures, data logging critical dimension, categorize and separate into

different deposition removal and recycle cleaning process routings.
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wherein is carried out at temperature in the range of from about 600C to about 650C. 12. The process
of claim I(b), wherein the aqueous "bright dip" mix-acid solution of chemical stripping for process kits
comprises Hydrofluoric Acid (HF) and Nitric Acid (HNO3) 13. The process of claim 12, wherein the
amount of Hydrofluoric Acid in said aqueous "bright dip" mix-acid solution is from about 2% by weight,
based onyhetoiplueiohi ot imsaluionnaush i amaualoLIrioAGB I saaonpfiam mhou

o by weight, based on the total weight of the solution. 14.. ess of claim , Wherein the
chomical SHTBe e o B ot e b e il Do i 250C to about 650C. 15,
The process of claim I(b), wherein the chemical stripping.is carried qut for a contacting time of from

about 600 130 PGS TAHATE darkiBareit 105 ABIHgEF MuH e LN oaH. 8GR P72
16. The prdutes offotematioi) 3 0fheredl thbypracgss it dsonirtbedoitalaneggterfibtheistdattamk for about 5
to about 10 minutes, with multiple dippings in a drained, cleaned and refilled rinse tank and is carried
out at a tempes itk Bf @badtrd 9ol whEreih/thEhe)roce shchickdigdLiin wherrinihe pragass Kis is

cleaned Wil WG 14010 AR FRSIES MherEinghe cieaniags cairiagay o & hioh-pressure

in the range of from about 90 bar to about 110 18. The proce im 1(b), wherein the process
kits is multiple-rinsed with warm de-ionised water in ap overflow rinsg tank f ut 5 tq about 10
minutes. Tol BB B GERLF Eatn FE PP AU A B e S 5Dl e FSSRER up to
a temperhrinical spiotionsCitors0C72by Trreghbtobases sircthmiigalreigdih afdlsniobenritarhgsed for

rinsing iscaanédletattaniggiativith te2MQbMem abdligber@ndabibatedto. substantially remove all
particles down to 0.1 um. 21. The process of claim 1(b), wherein the process kit is cleaned and dried

using high BRSSEEIOVEHHE/L AN Al RIS LRIKIRY OHLAIAINGSSIE SARESALALHEER PR t0 110
bar. 22. Eﬂe rocess of claim 1(c), wherein the mechanical strjpping comprises sefting up.and .
raskine HEDHEASIEHS SAREATE ERESinG BRSPS STERTRUR (7 B Ebvbel s
from mechamicaiwiastigo2dePhé Proce I claimQliclWherein the blasting media used for

mechanical stripping is white oxidized aluminum and is carried out with a blasting pressure of
3kg/cm2 90 Thbipue¢he sEqiiied8, wherein the amount of Hydrogen Peroxide Ammonium Hydroxide

and Water (H,O,:NH4OH:H,0) in said aqueous chemical solution is in the ratio of 7:1:7 by
weight, based on the total weight of the solution.

10. The process of claim 1(b), wherein the aqueous chemical solution of chemical stripping for

Tantalum-related contaminant deposits comprises Potassium Hydroxide (KOH).

11. The process of claim 10, wherein the amount of Potassium Hydroxide (KOH) in said
aqueous chemical solution is about 15% by weight, based on the total weight of the solution;

wherein is carried out at temperature in the range of from about 60°C to about 65°C.

12. The process of claim 1(b), wherein the aqueous “bright dip” mix-acid solution of chemical
stripping for process kits comprises Hydrofluoric Acid (HF) and Nitric Acid (HNO3).

13. The process of claim 12, wherein the amount of Hydrofluoric Acid in said aqueous “bright
dip” mix-acid solution is from about 2% by weight, based on the total weight of the solution,
and the amount of Nitric Acid in said solution is from about 18% by weight, based on the total

weight of the solution.

14. The process of claim 1(b), wherein the chemical stripping is carried out at a temperature in
the range of from about 25°C to about 65°C.

15. The process of claim 1(b), wherein the chemical stripping is carried out for a contacting time

of from about 60 to 120 minutes, and is carried out for not longer than five cumulative hours.
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surface roughness. 24. The process of claim 1(c), wherein the process kit is cleaned and dried using
high pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron
filter), and is carried out at a pressure range of about 60 bar to 110 bar. 25. The process of claim 1(d),
wherein the thermal spray coating comprises setting up and masking the process kits with different
thermal pﬂ@SfHﬁ@gﬂ)@émﬂ‘émifﬂihthPWh%féiﬁfﬂi%%réw@%@ ﬁ@ﬂg&?@ﬂﬁ%&ﬁ@?@bﬂ%@%ﬁeﬁ&@oﬁﬁ
process of clai ein the thermal spray parameters ysed for thermal spray., process are the
Dot 1300 A eI S IR AR BRI 5 AERRE g R S ROERR BIR e
surface rdbgHresE theribriesecpage ababpro Cthépfocess of claim 1(d), wherein the process kit
is cleaned and dried using high pressure ionized clean dry air (dry, oil-free, and filtered at the point of
use with &70 Theioraredilter ;lamad 1$bpartiettnuthat aqessdute isaciganefl abdumetebgette T¢Ddar agg. The

process QfGlRIg; ]v(z%r&’ﬂ%E@iaéﬁlﬁirﬂg%%%i%ﬁ%ﬁf%@@ﬁigﬁf?@s%ﬁ&|ﬁ@ﬂ%drﬁfgé sRestedowiduna-class
1000 C'e%g‘a%"o%% The process of claim 1(e), wherein the process kit is cleaned and dried using

high pressure |onize]?]'a{:1ean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron
filter), and is_carried out at a pressure range of about 60 bar to 110 bar, 30. The process of claim 1(e),

wherein the 18R Dietstdayad Jrbuaerwin JiFrRE Sibkisaremtiials clashdey Witk 4 drdeRisttimina
in an isoprepylialoohetdhve lintstrémklfithabowithtSdeichBYitedtiesmina loaded Grade A). 31. The
process of claim 1(e), wherein the water-jet used for removing any residues is carried out at a high

pressure ip. tred pageaf abauthQ anhdeih BPkasFSS R €l d (@)ivhaseivihe pracesd kifstare

rinsed in t%ﬂltggﬁgﬂperv]\{)p%g&agﬁcc%rg@&@ng four sets of uItra_lsonic system ar_1d warm de-ionized water,
preferably at least three rinsing to ensure removal of all acid cleaning solution. 33. The process of

claim 32, in the ultrasonic system is 40KHz/1800W. 34. The process of claliggBZ, wherein the

e e
tem perat%\évggﬁ‘edﬁ’éoﬁgs-f’o ST teP IS RER SIS BBt gee oIS BRI SRR S A 35°NHIN the
de-ionizeef wadePhfikered hichsmandefdiktpssk tickadstantially remove all particles down to 0.1 um.

21. The process of claim 1(b), wherein the process kit is cleaned and dried using high pressure

ionized clean dry air, and is carried out at a pressure range of about 60 bar to 110 bar.

22. The process of claim 1(c), wherein the mechanical stripping comprises setting up and
masking the process kits with different blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting.

23. The process of claim 1(c), wherein the blasting media used for mechanical stripping is white
oxidized aluminum and is carried out with a blasting pressure of 3kg/cm? to achieve the required

surface roughness.

24. The process of claim 1(c), wherein the process kit is cleaned and dried using high pressure
ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter), and is

carried out at a pressure range of about 60 bar to 110 bar.

25. The process of claim 1(d), wherein the thermal spray coating comprises setting up and
masking the process kits with different thermal plaster and aluminum foil to protect critical

surfaces from thermal spray processes.

26. The process of claim 1(d), wherein the thermal spray parameters used for thermal spray
process are the current is 300A, the voltage is 29V, the speed is 90rpm, the distance is 30cm, to

achieve the required surface roughness and thickness.
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down to 0.1 um. 36. The process of claim 32, wherein the process kit is cleaned with high pressure
de-ionized water jet system; wherein the water jet pressure is controlled at about 60 bar and the
resistivity of the de-ionised water is controlled at 2 M Ohm-cm or higher. 37. The process of claim
1(e), wherein the process kit is dried with high pressure compressed ionized clean dry, oil-free, and

filtered abthern@iptREUSBUIMIA Od)MGORIHIEE Frod8s Khepinsesa @B&'éﬁ@&ﬁ@%g\@@{?fs‘rémﬁuaﬁw
of the processf;qt s V'iua"X Ear%nt re]éorand%pllrg SS Hs smg %?rt%bl\ggﬂlc an'&lcerflﬂ %g 43 0 72 39.

The process 0 dam he p’rocess Its are hinal deand in'a class
100 cleaﬁ%’@ﬁomﬁtmeﬁﬁ@é‘é@% elbakreiHOwreteih theaprocess kits are rinsed in an overflow rinse
tank containing four sets of ultrasonic system and warm de-ionized water, preferably at least three
rinsing to28ndinemeresyalioflaihadic clehning sbiuporevsithity arclasstPOcisaclqom asdvingpaviedt. 41.
The procgssef £lainy A ovelsiRdas ultrasonic system is 40KHz/1800W. 42. The process of claim 40,
wherein the temperature of the de-ionized water is set to 45-50C. 43. The process of claim 40,

wherein %éﬁ?gc%@s%%tar infiieied i ssmeve Alaariles AONDIARLHTY dddT HF% asssel
Qbé}q 1s

claim 40, wher rocess kit is Cleane ssure de-ionized water |

the watelJ8I75bS SR G ftaeri %&&ﬂé‘étsafpgaﬂﬁﬁ%%&ﬁ %ﬁ/wéffhtﬁé’de“iéfﬁfgb
controlledaanédl\m&)hm -preseurhigge. diabboe irbeess dfickaim 1(f), wherein the process kit is cleaned
and dried with high pressure compressed clean-dry-air (ionized clean dry air must be dry, oil-free, and

filtered aBmeTm@irptr@éemefwjtmI@ Q.&ynicrercfiten: Widhin asetaspraR ¢ pardaorit efiviearaat 4& The
process Of %ﬁ%e JU0sIE R ARe PIGCEss Jﬁﬁéslgaﬁqs\?g%e% G4sin &C'a?%f”PPéj‘é%tﬁr%? Agven

within a cI an-room environment to remove apor, ¢ emlca sand spouts traps during
the cleanﬁﬁtﬁ?&léEéAAW?ﬂ%g?a@Fcﬁtm 46, wherein the process kits is baked for a sufficient

temperature of about 110C and a sufficient time of about 60 to 80 minutes, to remove substantially all
absorbed tleBrirpyasigstiohclaim 1(e), wherein the water-jet used for removing any residues is carried

out at a high pressure in the range of about 60 bar.

32. The process of claim 1(e), wherein the process kits are rinsed in an overflow rinse tank
containing four sets of ultrasonic system and warm de-ionized water, preferably at least three

rinsing to ensure removal of all acid cleaning solution.
33. The process of claim 32, wherein the ultrasonic system is 40KHz/1800W.

34. The process of claim 32, wherein the temperature of the de-ionized water is heated up to 45-
50°C.

35. The process of claim 32, wherein the de-ionized water is filtered to remove all particles

down to 0.1 um.

36. The process of claim 32, wherein the process kit is cleaned with high pressure de-ionized
water-jet system; wherein the water-jet pressure is controlled at about 60 bar and the resistivity

of the de-ionised water is controlled at 2 M Ohm-cm or higher.

37. The process of claim 1(e), wherein the process kit is dried with high pressure compressed

ionized clean dry, oil-free, and filtered at the point of use with a 0.1 micron filter air.

38. The process of claim 1(e), wherein the quality of the process kit is visually inspected for

cleanliness using a portable microscope.
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48. The process of claim 46, wherein the classlOO dust free air oven should be of sufficient size to
accommodate the process kits and the kits should be kept away from the oven wall by jig and fixtures.
49. The process of claim 46, the process kit is cooled before taking out from the oven within a
classlOO clean-room environment. 50. The process of claim 1(f), wherein the surface cleanliness of

the process Kihsifa&&dSoMmaask!rae Usineréis Yhtapeopadtipstasteri ffledeinBie Mawihind GArgs400
clean-room envir?epsréqf%lat.cfalge 44 of 72 51. The process of claim 50, wherein the acceptable criteria
r

ith - C . .
for the pr\gtl:eé% kit Slirface dleantiness is generally less than about 5 particles/cm2' based on particle

size of about 0.3 microns, as measured by surface particle detector, such as QIlll Plus by Pentagon

technolody: 52 TE¢55ceES BRI SO NGHELIT tREPEHYSILG AlRTHRES R pHbIOY ST hE D S Kits
is testedcmemsme fihat stis itattrafoarasyitaningdroed de isncomh pleted. (58{cTild prodess direkaim

1(9), whesgimhepreasse kikisantked and yaauiBaagaledonithin, awetass 40Q1518800ra8An-room
environment usin% double bags vacuum pack; 54. The process of claim 53, wherein the inner bag is
a blue anti-Static | p8 yethylene bag of thickness 0.12mm with clean lint free material to prevent

damage during handling or shipment. 55. The process of claim 53, wherein the outer bag is a white
normal pBlyetRyIRMSIa G ot Ak hesbeel i lasarte pirteads 47k 408}V wherein the condition of
the vacuum pack such as leaking and breakage of the anti-static polyethylene bag, is inspected to
ensure a‘orhptateooasueimlsival parkaigivthpécprovesykriththiedonasd 10T el ohs SVfonment.
57. The process of claim 1(g), wherein the quantity of the kits is confirmed and a correct packing list
accordingio The gedivery af dériis goneratednnvibie piojer tath elingofstidtpratessditevb T harfictsess of
claim 1(g),Whesain thg process kits are packed into a proprietary-designed container box with cushion
designated to properly protect and secure the process kit before delivery shipment to customer. 59. A

method o dg %.ﬁ'&’c%srs?’gioé’ﬁir%r‘ibfew &'éﬁ‘% ﬁl%rf‘pc?!)”c%sfsoiﬁ ?&ﬁ%‘a@éﬂ%ﬁ%ﬁ{@ﬁﬁ%ﬁ%‘r”é‘ad%%o%f%ed
stainless steel, titanium, or ceramic’materials, and 1S contaminated with con nant species irom a

semicondUREST B sutieio VprseEsdIc VRTCIs tRECE R ST e af bR Srgnd the resistivity

of the de-ionised water is controlled at 2 M Ohm-cm or higher.

45. The process of claim 1(f), wherein the process kit is cleaned and dried with high pressure
compressed clean-dry-air (ionized clean dry air must be dry, oil-free, and filtered at the point of
use with a 0.1 micron filter) within a class100 clean-room environment.

46. The process of claim 1(f), wherein the process kit is baked and dried using a class100 dust
free air oven within a class100 clean-room environment to remove water vapor, chemicals and

spouts traps during the cleaning process;

47. The process of claim 46, wherein the process kits is baked for a sufficient temperature of
about 110°C and a sufficient time of about 60 to 80 minutes, to remove substantially all
absorbed cleaning solution.

48. The process of claim 46, wherein the class100 dust free air oven should be of sufficient size
to accommodate the process kits and the kits should be kept away from the oven wall by jig and
fixtures.

49. The process of claim 46, the process kit is cooled before taking out from the oven within a

class100 clean-room environment.

50. The process of claim 1(f), wherein the surface cleanliness of the process kit surface is
measured using a surface particle tester or equipment, within a class100 clean-room

environment.
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cleaning process includes the steps of: (a) Incoming acceptance inspection to receive, dismantle,
examine and digital data log the process kit and categorize and separate them into chemical-method
and mechanical-method. Pre- processes cleaning of the process kit to remove gross contamination by
high pressure washing out, swabbing or rinsing with city water, if necessary; (b) Chemical Stripping (i)
;fgf?gfgrﬂl me?gﬁ&ﬂﬁgdf‘&:@ﬁ?@%hﬂtﬂ@f@i@ %Bka‘éj:é@p@'ag%ﬁt‘éﬁi Wedr@%%&%uq@ﬁs 1?“'9&:45 of
ii) Removing the process kit from.the mix- tank; (iij) Rinsing the process kit in ver rinse
tank conARIER é%y%%%zr;li.ss% o R B A RARTE St ST Y e
to removB AT dRRaSUToN RS g De detspieigingtre Qb Fdus tharsrgaatemosright dip”
agueous mix-acid solution; (vi) Removing the process kit from the "bright dip" aqueous mixed-acid
tank; (viioReTesimgatse pfodess Kifimdiereve thevphiyrwsentamifeontaivipigolegsno Cithenaiarg sg viiils\idater

jetting the.precesenkilrSYRRGEIWIR0IM B e SRS YAIEH O SRy RRAY residues; (ix) Repeating the
above-mentioned steps on precision chemical cleaning until the contaminants are substantially

removed oM DB RIASE S KimA AL DR PRV AL e RIBgERSKITRUARLPE N GoRARhYIh the

chemical solution for a time greater than five cumulative hours; Rinsing the process kit in an
overflow FIASY YA EBrHCRRHE WERRTARL IbHRE B B AT W ThBasKacess kit with high pressure
compressed clean-dry-air; (xii) Inspecting the quality of the recycling cleaning method by checking the

surface érbahlinayocnssl ebstitionzoftherpibtessier agesl adinsputiinginerphodbslene teg igns of
contamingfigkheRUWLY igaWnG elcglmadesd xilkdiapeapng dhedahrye-tentianedisieRs, sHiththe

process kit is cleaned. (c) Mechanical Stripping
55. The process of claim 53, wherein the outer bag is a white normal polyethylene bag of
thickness 0.12mm.

56. The process of claim 1(g), wherein the condition of the vacuum pack such as leaking and
breakage of the anti-static polyethylene bag, is inspected to ensure a complete vacuum seal

packing of the process kit within a class100 clean-room environment.

57. The process of claim 1(g), wherein the quantity of the kits is confirmed and a correct

packing list according to the delivery order is generated with proper labeling of the process kits.

58. The process of claim 1(g), wherein the process kits are packed into a proprietary-designed
container box with cushion designated to properly protect and secure the process kit before

delivery shipment to customer.

59. A method on deposition removal and recycling cleaning for a contaminated process kit made
of stainless steel, titanium, or ceramic materials, and is contaminated with contaminant species
from a semiconductor production process, in which the deposition removal and recycling

cleaning process includes the steps of:

(a) Incoming acceptance inspection to receive, dismantle, examine and digital data log the
process kit and categorize and separate them into chemical-method and mechanical-method. Pre-
processes cleaning of the process kit to remove gross contamination by high pressure washing

out, swabbing or rinsing with city water, if necessary;
(b) Chemical Stripping

(1) Immerging or submerging the process kit into a tank with an aqueous mixed-acid

solution;
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(i) ( Setting up for deposition removal by mechanical cleaning method in the masking areas; Masking
the process kit with blasting plaster and aluminum foil to protect critical surfaces from mechanical
blasting; i) Blasting the process kit with suitable blasting media to achieve the surface roughness
requirements; Page 46 of 72 (iv) Blowing to clean the process kit surface with high pressure

compressed clegf)- dryraitidvhigRasibeesthaswsiacss auahrestard conditions of the process kit after
the mechanical blasting; (v Repeating the above-mentioned steps, until the surface roughness is

achieved; (vii) R(ﬁ?gOdﬁﬁﬁgﬁﬁﬁg%géﬁiﬂmo@mwgh@'té%ﬂ(%ﬁﬁﬂﬁ&s&éﬁ%&{{mﬁte@d) Thin-film

Thermal Coating (i hermal plaster and aluminum foil to protect critical Surface from

thermal spray; iprayl erJgcjx[t;[the grocess Ki surfa eW|t 1{) rletar ize ¥p}g}

t
parameters (curre a e; spe c§ %l%]i%negé) écsclgr |ng p%%l Cm\éc‘iv E e:glnd Khess

and surface roughnesg%ggu@ements; (iii) Blowing to clean the process kit surface with high pressure
compressed clean- dry-air; (iv) Inspecting the surface roughness and conditions of the process kit after
the thermal spréwing; Ro-Repeating the atbove-gmention qosteyss kiniitheastmiicevrihugbnglss ép”
achieved; (vi) Remowg%,%grﬁr{[@@@g{g{(ﬁnd aluminum foil on the process kit surface. (e)
Post-Processes ClasslO00 Cleaning and Inspection (i)

(vi)  Removing the process kit from the ‘bright dip” aqueous mixed-acid tank;
(vil)  Re-rinsing the process kit in an overflow rinse tank containing warm city water;

(viii) Water-jetting the process kit surface with high pressure city water to remove any

residues;

(ix)  Repeating the above-mentioned steps on precision chemical cleaning until the
contaminants are substantially removed from the process kits, and with the
proviso that the process kit may not be in contact with the chemical solution for a

time greater than five cumulative hours;
(%) Rinsing the process kit in an overflow rinse tank containing warm de-ionized;
(xi)  Blowing dry the process kit with high pressure compressed clean-dry-air;

(xii) Inspecting the quality of the recycling cleaning method by checking the surface
cleanliness and conditions of the process kit, as well as inspecting the process kit

for signs of contamination, faulty cleaning or damage;
(xiii)) Repeating the above-mentioned steps, until the process kit is cleaned.
(c) Mechanical Stripping

(1) Setting up for deposition removal by mechanical cleaning method in the masking

areas;

(11) Masking the process kit with blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting;

(ii1))  Blasting the process kit with suitable blasting media to achieve the surface

roughness requirements;
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Blowing to clean on the process kit surface to remove particles using high pressure compressed
clean-dry-air; Wiping to clean the non-blasted/sprayed process kit surface areas with some solvents;
(iif) Cleaning the process kit with high pressure water jet system; (iv) Rinsing the process kit in an
overflow rinse tank containing ultrasonic system and warm de-ionized water; Page 47 of 72 (v)

Cleaning the prorgss Hwithdiah dEassHEe ecanikadMaRE IRt BYRIBR b fldlrBlawingedevdhgeprocess
kit with high pressure C(Prqgﬁessed clean-dry-air; (vii) Inspecting the process kits on the surface
treatment areas such as*the coated surface, blasted surface, non-coated surface, to ensure
non-peeling of coated film and condition as well as inspecting the process kits for stajn, dirt, defect
and fracture subfl as SERREG BRI et HARIPUERS thePArGeOHF e b e BRAFRSS pricBYE HE (vii
Inspecting the quality ahthbadepbdbibstmgmoval and recycling cleaning method by checking the
surface cleanliness and conditions of the process kit; Repeating the above-mentioned steps, until the
process kit is cleaned. RypeinalGlassho-Glaaningd Ragingmndhe eiificationdihtdirsiogi¢hedprocess
kit in an overflow rinse tank containing ultrasonic system and warm de-ionized water within a class

100 clean-roomgji) Blewingshy the MERERSD KL UhHIAN RIBSSUAS IGHMREGRSBE SlgRBupREaIr within a
classlOO clean-room environment; i) Baking and drying of the process kit using a class 100 dust free

air oven Mﬂﬁ@&ﬁg%sﬂ%&ﬂ%{i%%m environment to remove water vapor, chemicals and spouts

traps durin aning process; (V) Cooling the process kit within a classlOO clean-room before

taking out from the oven, . . : . . .
g H} %\Ul’askmg with thermal plaster and aluminum foil to protect critical surface from

thermal spray;

(i1) Spraying to coat the process kit surface with proprietary-optimized spraying
parameters (current, voltage, speed, distance) according to the deposition media

and the thickness and surface roughness requirements;

(ii1))  Blowing to clean the process kit surface with high pressure compressed clean-

dry-air;

(iv)  Inspecting the surface roughness and conditions of the process kit after the

thermal spraying;
(v) Repeating the above-mentioned steps, until the surface roughness is achieved;
(vi)  Removing the thermal plaster and aluminum foil on the process kit surface.
(e) Post-Processes Class1000 Cleaning and Inspection

(1) Blowing to clean on the process kit surface to remove particles using high

pressure compressed clean-dry-air;

(i)  Wiping to clean the non-blasted/sprayed process kit surface areas with some

solvents;
(ii1))  Cleaning the process kit with high pressure water-jet system;

(iv)  Rinsing the process kit in an overflow rinse tank containing ultrasonic system and

warm de-ionized water;
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(v) Inspecting and confirming the process kits on the surface treatment areas such as the coated
surface, blasted surface, non-coated surface, to ensure non-peeling of coated film and condition; (vi)
Confirming the non-existent of stain, dirt, defect and fracture such as scratch and dent as well as to
the particular inner edge of the process kits; (vii) Measuring the surface particle count to ensure the

surface cleaniingss of theaRAQEARSHKiieWTRRS WHNRIR #asE10Q ippndanyBadg Ao 72 (vii)

Testing the physical surface morphology of the process kits to ensure that it is intact after a cleaning

procedure is copygletegt () e YiRg el o HRSHIR ASTARG e nes epyaplshed: (9

Repeating the above-mentioned steps until the process kit is cleaned and surface particle count is
achieved; (x As i b"rigso}a%%tﬁ{g% 38 s logether Wﬂ?”sl%'}?é)c%r 55 ”'é%?%sré%’esﬁ% rﬁsa@@eé’c%g@
according to the standard procedures, working instruction sheets and recipes” within'a class

clean-room; (xii) Inspe&tfacanbleised srefgagnere crriedsHIMen P SBTF e PSS kit oga) fPmcing
the process kits designai¢ddadfital packaging aipednapattioprodeysRaekagingaildeditificasion amnd

Sribment () ( packino ARANECHU SealR G Gefes L IING AR R0 PFRIPULSRR

double bags vacuum pack; Inspecting the condition of the vacuum pack su reakage
of the anti-static polyeBigf&HtMily, to ensure a complete vacuum seal packing of the process kit
within a class 100 clean-room; i) Confirming the quantity of the kits and generate a correct packing list
according to thévddlivénrynsadeevilh gveper Mbbindepeshiopiscesekirad(ierPraisiddemmg method
proprietary-designed ceptaisgtinoxwilh tushiRadpsignaieddadipmpaiyiy ptectandtsecure the
process kit and comply with customer

(ix)  Repeating the above-mentioned steps, until the process kit is cleaned.
(f) Final Class100 Cleaning, Baking and Certification

(1) Rinsing the process kit in an overflow rinse tank containing ultrasonic system and

warm de-ionized water within a class100 clean-room;

(1)  Blowing dry the process kit with high pressure compressed clean-dry-air within a

class100 clean-room environment;

(ii1))  Baking and drying of the process kit using a class100 dust free air oven within a
class100 clean-room environment to remove water vapor, chemicals and spouts

traps during the cleaning process;

(iv)  Cooling the process kit within a class100 clean-room before taking out from the

oven;

(v) Inspecting and confirming the process kits on the surface treatment areas such as
the coated surface, blasted surface, non-coated surface, to ensure non-peeling of
coated film and condition;

(vi)  Confirming the non-existent of stain, dirt, defect and fracture such as scratch and

dent as well as to the particular inner edge of the process kits;

(vil) Measuring the surface particle count to ensure the surface cleanliness of the

process kit surface within a class100 clean-room;
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specification before delivery shipment to customer. 60. The process of claim 59(a), wherein the
acceptance inspection step comprises receiving, dismantling, taking digital pictures, data logging
critical dimension, categorize and separate into different deposition removal and recycle cleaning
process routings. 61. The process of claim 59(b), wherein the aqueous acid solution of chemical

stripping for CO@HJIGJ -quéléﬁﬁgcﬂmé}mj@féﬁl Gﬁﬁ@&tmﬁmllﬁs Mitrie ﬁ&i@eé‘d IN23o RAsUrbamioress of
claim 61, wherein the amocl{nﬁof Nitric Acid HNE?& En ggi qgcgous acid solution is from about 30%

d
to 40% by weight, basér(ljtaon tgrt%fgf%lé? SF the sofution. iaﬁagie 49 of 72 63. The process of claim

59(b), wherein the aqueous chemical solutign of chemical stripping.for Aluminum-related contaminant
deposits comprid®s PotASEfyEHarsRtE akaERcEPmRE Mroskids'dasiidshitierein the amount of

Potassium Hydroxide (KOH) in said aqueous chemical solution is from 15% by weight, based on the
total weight of th&)soluBieReatimebakoysrisatiuedt sisnspartitube iprosesrarg s sleroad apd usdesto
about 65C. 65. The preaess©telains 290 yvvdierein the aqueous chemical solution of chemical
stripping for Titanium-related contaminant deposits comprises mix-chemical solution Hydrogen

Peroxide Amm@ﬂd"}‘m RYSRERANE WM& (HRASIHAGQIER ARG cTRARIRIQS AN Haipria.yherein
r

the amount of Hydrogen Peroxide A%Emc%ml%?({—lgé ro%%de and Water. H20t2:NH OH:H20) in said
aqueous chemical soldHfSRTETS e YAtis 8PP ?/C gfﬁﬁt,%%(é%gol PHEGRR WGt BhE LB Gtion.
67. The process of claifvitBoyB)clatiépdinleaa-sepmous chemical solution of chemical stripping for
Tantalum-related contaminant deposits comprises Potassium Hydroxide (KOH). 68. The process of
claim 67, wherefrithe dmspectingf #dtdssiunerttipgrixide ((KO#ipiensaids afjttequechekitsal solution is
about 15% by weight, based on the total weight of the solution; wherein is carried out at temperature

in the range of fre)abprt RO REC deeThedntndass phalaimbatk): indjrteionthe aqueous

"bright dip" mix-acid solution of chemical stripping for process kits comprises Hydrofluoric Acid (HF)

and Nitri‘igﬁ?%ﬂé‘?&@[ﬂ@ﬁﬁ%ﬁi@ﬁ%@h@ﬁrﬁ@m 69, wherein the amount of Hydrofluoric Acid in said

aqueous "bright dip™ mix-acid solution is from about 2% by weight, based on the total weight of the

solution, and the amoyt af Niig Acic iR saif SRS LOm ARAHH 15X QY Meisllh Passgndhe Lot
weight of the solution.

double bags vacuum pack;

(i1) Inspecting the condition of the vacuum pack such as leaking and breakage of the
anti-static polyethylene bag, to ensure a complete vacuum seal packing of the

process kit within a class100 clean-room:;

(ii1))  Confirming the quantity of the kits and generate a correct packing list according

to the delivery order with proper labeling of the process kits;

(iv)  Packing into a proprietary-designed container box with cushion designated to
properly protect and secure the process kit and comply with customer

specification before delivery shipment to customer.

60. The process of claim 59(a), wherein the acceptance inspection step comprises receiving,
dismantling, taking digital pictures, data logging critical dimension, categorize and separate into

different deposition removal and recycle cleaning process routings.

61. The process of claim 59(b), wherein the aqueous acid solution of chemical stripping for

Copper-related contaminant deposits comprises Nitric Acid (HNO3).

62. The process of claim 61, wherein the amount of Nitric Acid (HNO3) in said aqueous acid
solution is from about 30% to 40% by weight, based on the total weight of the solution.
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71. The process of claim 59(b), wherein the chemical stripping is carried out at a temperature in the
range of from about 25C to about 65C. 72. The process of claim 59(b), wherein the chemical stripping
is carried out for a contacting time of from about 60 to 120 minutes, and is carried out for not longer
than five cumulative hours. 73. The process of claim 59(b), wherein the process kits is rinsed in an

overflow gmsen@plotess FrQuim toopbRWinkPemittaguydti BHekiniel dRRIGsIn déepiaesHsmaedand
e i nEniEFaetoul Pl alemperalin of AbeuliRG A0 G TReR a0 of 72 74, The
process 0 caim @9{% , Wherein the process it iPCieBAned WithWa erjeﬁ 0 Femo e any residues;
wherein the cleaning is carried out at a high-pressure in the range of from apout 90 bar to about 110

bar. 75. Pe PRScBELHTCIXnT B8 PGSR I raresttard RHastigR-Haderidrn R dB-Bifsed
water in anusvesfloveminsé sahkifor mbootb tbalbpuvezhtirhaesl 36.thihéoprbeesghtfatldhn SButvinerein

the tempegiathiia géQﬁiQ@dQﬂE@%@%@ﬂ% %%@%ngtgﬁréﬁm%{ﬁ%@ﬁo%% #5¢ o 50C. 77. The
process of claim 75, wherein deionized water used for rinsing is controlled at a resistivity of 2 M

Ohm-cm %{; TV%% % %%%ng}eggﬂﬁ%iﬁé?:gaﬁé@w iRm0 @,0%(;4 @ﬁ‘éﬂﬁlﬁ% goqmﬁbhoopcﬁéfﬁ@mﬁt y;ﬁr%r?&‘? ss of

claim 59 e process cleaned and dried usin ﬁJressu.re ionized ¢ ry air,

and is cariB8 B Elal gk tine MY SPABIELCEBBER D THE ikl TRl Hrocdbeiganifesvtde

wherein thexmedhhanidgdsixipleiagdcBraeritE sBeNiHgOH Idrd). masking the process kits with different
blasting plaster and aluminum foil to protect critical surfaces from mechanical blasting. 80. The
plrocess ebclahd H9tekswhelgim 6% hinsting tﬂlﬁﬁiﬁ@odﬁﬁ}dﬁﬂyﬁi@gbﬁm@@xﬂépﬁiﬂﬂl&iﬂmiIB_yQ??ﬁiiaed
aluminu ' [ j ! u cme jeve. reguire e
roughnes B B A P S T
pressure Weig e rbAIRP éW%HYﬁléhtﬁég?%ﬂﬁ“m%ed at the point of use with a 0.1 micron filter), and
is carried out at a pressure range of about 60 bar to 110 bar. 82. The process of claim 59(d), wherein
the thernfel- dgraprosesinel chanpridek)suthierginpheragiueous chemical solution of chemical stripping for

Tantalum-related contaminant deposits comprises Potassium Hydroxide (KOH).

68. The process of claim 67, wherein the amount of Potassium Hydroxide (KOH) in said
aqueous chemical solution is about 15% by weight, based on the total weight of the solution;

wherein is carried out at temperature in the range of from about 60°C to about 65°C.

69. The process of claim 59(b), wherein the aqueous “bright dip” mix-acid solution of chemical

stripping for process kits comprises Hydrofluoric Acid (HF) and Nitric Acid (HNO3).

70. The process of claim 69, wherein the amount of Hydrofluoric Acid in said aqueous “bright
dip” mix-acid solution is from about 2% by weight, based on the total weight of the solution,
and the amount of Nitric Acid in said solution is from about 18% by weight, based on the total

weight of the solution.

71. The process of claim 59(b), wherein the chemical stripping is carried out at a temperature in
the range of from about 25°C to about 65°C.

72. The process of claim 59(b), wherein the chemical stripping is carried out for a contacting
time of from about 60 to 120 minutes, and is carried out for not longer than five cumulative

hours.

73. The process of claim 59(b), wherein the process kits is rinsed in an overflow rinse tank for
about 5 to about 10 minutes, with multiple dippings in a drained, cleaned and refilled rinse tank

and is carried out at a temperature of about 45°C to 50°C.
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masking the process kits with different thermal plaster and aluminum foil to protect critical surfaces
from thermal spray processes. 83. The process of claim 59(d), wherein the thermal spray parameters
used for thermal spray process are the current is 300A, the voltage is 29V, the speed is 90rpm, the
distance is 30cm, to achieve the required surface roughness and thickness. 84. The process of claim

59(d), Whmeﬁhékﬁw&@&ﬁsclﬂ% Beanecharehdnedysiag g hsnﬂ%ﬁﬁblaewiﬂﬂ{zﬁdrqa&@ el il (&,
oil-free, and |Iteredlle at the % é;)f use with.a (p 1 mjcron ter %?dlls cararlled 0 at a ﬁ)ress%ebrange
of about%e@ arto L (5615 genéllg P 73THES ? e proc Slaim e)r w%erel he process Kits are
post- proé@@é"é‘l’ééﬁ@d’ﬁnd inspected within a class 1000 clean -room. 86. The process of claim 59(e),
wherein the process kit is cleaned and dried using high pressure ionized clean dry air (dry, oil-free,
and filteréd. dtltherpoiss of akemviih(b) Owheneenahdiftaryesridtisiscaniepl ouinacd pridssare dngmotdbout

60 bar to\k0-RahBdveHewiasesa ! [aipoa? el Yhrneld nnen-blasted/sprayed process kit surface
areas are wiped cleaned with fine mesh alumina in an isopropyl alcohol on a lint free cloth or with

ScotchBrig (upiaaaded fteds thiTie RIRGESRAL i SR WAPTEIRINE Wajen b tosd 1

removing any residues is carng out at a pressure in t e range of about 60 bar. 89. The process
of claim SO WHE afrhRbto dede L are rinsed in an overflow rinse tank containing four sets of
ultrasonic system and warm de-ionized water, preferably at least three rinsing to ensure removal of all
acid cIeaﬁ?ngTé@ILH@ﬁ@@OPﬁNéabrbﬂéssWiﬁéﬁmds@mméréYﬁtﬁﬁeuaﬂdaﬁ@nilénsﬁi%eiﬁ eonoriled 10O,

91. The peanesstpiogiain 8Shwheiein Hentermpealredidhaiensnzedomaier isheatrlkyRda A0 50C.
92. The pyocess of claim 89, wherein the de-ionized water is filtered to remove all particles down to

0.1 um. 93. Theé process of claim 89, wherein the process kit is cleaned with high pressure de-ionized
waterjet,zg/mﬁm wherelntfg aég(ket ressure is contro ed at abogt 60, bar d the resistivity of the
de-ionise SEEEHRYI A TSI BICHRGRSSS ! PHABPRSENY! Mﬁ‘%%(%‘ &igth'the
process kimggtiddanidiyhigh nésseauied pireisspaessure range of about 60 bar to 110 bar.

79. The process of claim 59(c), wherein the mechanical stripping comprises setting up and
masking the process kits with different blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting.

80. The process of claim 59(c), wherein the blasting media used for mechanical stripping is
white oxidized aluminum and is carried out with a blasting pressure of 3kg/cm? to achieve the

required surface roughness.

81. The process of claim 59(c), wherein the process kit is cleaned and dried using high pressure
ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter), and is

carried out at a pressure range of about 60 bar to 110 bar.

82. The process of claim 59(d), wherein the thermal spray coating comprises setting up and
masking the process kits with different thermal plaster and aluminum foil to protect critical
surfaces from thermal spray processes.

83. The process of claim 59(d), wherein the thermal spray parameters used for thermal spray
process are the current is 300A, the voltage is 29V, the speed is 90rpm, the distance is 30cm, to

achieve the required surface roughness and thickness.

84. The process of claim 59(d), wherein the process kit is cleaned and dried using high pressure
ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter), and is

carried out at a pressure range of about 60 bar to 110 bar.
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ionized clean dry, oil-free, and filtered at the point of use with a 0.1 micron filter air. 95. The process of
claim 59(e), wherein the quality of the process kit is visually inspected for cleanliness using a portable
microscope. 96. The process of claim 59(f), wherein the process kits are final cleaned, baked and
certified within a class 100 clean-room. 97. The process of claim 59(f), wherein the process kits are

rinsed in @ QUEIHRNKNSE taitkn SORMRININGIRLIhSaIRoBEIL RS ANCHRY BRI SR WaKEY dRdQRipeE sMater,
preferabI%%ﬂggsétlggg?goﬁ%ge%éz of 72 rinsing to ensure removal of all acid cleaning solution, within a
e

classlOO cleanr6ém environment. B8. The process of claim 97, wherein the ultrasonic system is
40KHz/1800W. 99. The process of claim 97, wherein the temperature of the de-ionized water is set to

45-50C. Yoo PrHESTESsCh a7 VRFs it eHE Re SO KiL Luclransdianthdrisd 15 bel HiFsHFficles
down to @Gohiged. & difyeprecessi bfreckaian® ] terad @iththeoprocessekitiib eleédnadwitHiltigh prdssure

de-ionizedhyy@iefiel SYsiemiWheigin the wMak et RIagsuss:is controlled at about 60 bar and the
resistivity of the de-ionised water Is controlled at 2 M Ohm-cm or higher. 102. The process of claim

5900, wherein s RiaRees i e lsaned nd e i gt avessie BRBRVeRSEdRan Ayl

(ionized clean air must be free, and f ereé?att e se with a 0.1 micron filter
within a cBEfOTFRREAnYEBARHISNRRRIPA 3N THE 16%’6%%%? ekt 89, ihdrem athpPocuEl kit is
baked arfitdribBuisiid larniasddbdoddlsidérdg.air oven within a class 100 clean-room environment to
remove water vapor, chemicals and spouts traps during the cleaning process; 104. The process of

claim 103gwinpseprodesnsoeesm ity i3, hakedifotha suticipptiRmperatuievaigakhguledilides andadried
sufficient tim 0 0,minutes m bstantially all absorbed cleaning solution. 105.
out & ?g]%pn n#i%?g}ﬂ’g 1% tﬁg paﬁge %%lﬁ%ué%(?eogy

The process o whereln the class ust free air oven should be of sufficient size to

accomm%ga the rocessf I%ts an Ighe kits shoud be ke%t %way from the.oven wallgbé)'i and gﬁtures.

106. TheProlBELEIERIM 193 e SrbRBE RIPI& CoRIREF e it ke Bl e DO ORI

classlOCOcelgamingb M rsgionimelttasonic system and warm de-ionized water, preferably at least three
rinsing to ensure removal of all acid cleaning solution.

90. The process of claim 89, wherein the ultrasonic system is 40KHz/1800W.

91. The process of claim 89, wherein the temperature of the de-ionized water is heated up to 45-
50°C.

92. The process of claim 89, wherein the de-ionized water is filtered to remove all particles

down to 0.1 um.

93. The process of claim 89, wherein the process kit is cleaned with high pressure de-ionized
water-jet system; wherein the water-jet pressure is controlled at about 60 bar and the resistivity

of the de-ionised water is controlled at 2 M Ohm-cm or higher.

94. The process of claim 59(e), wherein the process kit is dried with high pressure compressed

ionized clean dry, oil-free, and filtered at the point of use with a 0.1 micron filter air.

95. The process of claim 59(e), wherein the quality of the process kit is visually inspected for

cleanliness using a portable microscope.

96. The process of claim 59(f), wherein the process kits are final cleaned, baked and certified

within a class100 clean-room.

97. The process of claim 59(f), wherein the process kits are rinsed in an overflow rinse tank

containing four sets of ultrasonic system and warm de-ionized water, preferably at least three
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107. The process of claim 59(f), wherein the surface cleanliness of the process kit surface is
measured using a surface particle tester or equipment, within a class 100 clean-room environment.
108. The process of claim 107, wherein the acceptable criteria for the process kit surface cleanliness
is generally less than about 5 particles/cm2' based on particle size of about 0.3 microns, as measured

by surfacgnRaticle deteator rsuelaas §21HIPlis dyRaniagosuiaabRolaghif agech3 Q062 dibgh-fden
process af claim 10?, wherein the physical surface morphology of the process kits is tested to ensure

that it is intact aner & cleaning procedure is completed. 110. The process of claim 59(g), wherein the
process kit is packed and vacuum-sealed within a class 100 clean-room environment using a double
bags va %%eﬁa%iﬁ?fm@ar%e\gé%mahﬁ Yigsureraitiesitiézay* ¥ biue anti-static
polyethylene bag of thickness 0.12mm with clean lint free material to prevent damage during handling
or shipm&At. Thervers 0 88 e Mafrarenchoy renppatvec fttersteg el ine sidsrietl tadiyetyiene bag
of thickness 0.12mm. 113. The process of claim 59(g), wherein the condition of the vacuum pack such
as leaking0énd herpakage of thamii’staticrpalytbthitenaizad , iatiaspetiaadd ensumea cohplgieles
vacuum salnhgeking,ef the process kit within a class100 clean-room environment. 114. The process
of claim 59(g), wherein the quantity of the kits is confirmed and a correct packing list according to the

deli ; ith i : ' 15, f claim: ,
e R PP S LS e 0

designatStd prbpEtis i StRTicAh he StaffE e rEtEs S kit d gembpent SHibATerckdhedsttisiy116.
A processfitredizpositsod vweteoat autcbikdyd b §/lc(@lanieg of dighataminated process kit made of either
stainless steel, titanium, or ceramic materials, and is contaminated with contaminant species from a
Seg‘iCOﬂ%Qt%TKH@%&H&@EP_&%ﬁﬁSS%%M&B?ﬁ theprarssafit(R) Chaed ?@h%fi@@%ﬁihigﬁrpgé@ﬁ& or
submerging the prqcess kit into a.tank with an agueous mixed-acid salution. The types and .
concenti SR ST R A e B e B 10 T R W of
particul ap&mﬁ%h@@mfﬂﬂa@ﬂ“@n a class100 clean-room environment.

103. The process of claim 59(f), wherein the process kit is baked and dried using a class100 dust
free air oven within a class100 clean-room environment to remove water vapor, chemicals and

spouts traps during the cleaning process;

104. The process of claim 103, wherein the process kits is baked for a sufficient temperature of
about 110°C and a sufficient time of about 60 to 80 minutes, to remove substantially all

absorbed cleaning solution.

105. The process of claim 103, wherein the class100 dust free air oven should be of sufficient
size to accommodate the process kits and the kits should be kept away from the oven wall by jig

and fixtures.

106. The process of claim 103, the process kit is cooled before taking out from the oven within a

class100 clean-room environment.

107. The process of claim 59(f), wherein the surface cleanliness of the process kit surface is
measured using a surface particle tester or equipment, within a class100 clean-room

environment.

108. The process of claim 107, wherein the acceptable criteria for the process kit surface
cleanliness is generally less than about 5 particles/cm™ based on particle size of about 0.3

microns, as measured by surface particle detector, such as QIII Plus by Pentagon technology.
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process kit and other factors such as the part material type and its reactivity with respect to the
cleaning chemical; For the process kits contaminated with Copper-related contaminants, submerge it
into a tank with an aqueous acid solution containing Nitric Acid (30% - 40% HNO3) by weight, based
on the total weight of the solution, for 1-2 hours until all stains have been removed. Ensure that the

acid solulign coigebr it HIERGRS BROSIRAAE de (HhykiRhtRarpIacass kisiconEmaairtwitlits is
Aluminurpe-sr I %eoﬁl} 1%0% i ¢ nts tggtb grge 'tailplgg a tranle< vl\l/ri'éhiagoa lfee%#S chemical solution containing
Potassium Hy roxide (I5% I{%)llhl 4t 60- (fieoy vv%%ﬁf gase& on the'total weight of the solution, for
1-2 hours until all stains have been removed. Ensure that the acid solution contacts all surfaces; (iv)

For the pldledd%pLosstathratarigd TidsrimbeRigtr Ebkbmiacd apd VRS YEEsHE AR Rith an
aqueous ¢hisg < bleanigabsokniorvohehidrogen BarblddegsArmmonipaclydroxide and Water
(H202:NH40OH:H20), wherein the amount of Hydrogen Peroxide, Ammonium Hydroxide and Water
((H202:NHAOTiE 261 i35 eAid]awiea0s wheriicahsahitierbig it the liationdf static’ puiweigiehdbsedon the
total wei ' - i ' e cid
solution SRS S R e TR b PR
contaminanis,.submerge itinto.at with an agueous chemical splution containing Potassium
oo AT TR 45 a0 et e A QB R SPTR o BILHY EFe S
until all sthikngss/B. b&amremoved. Ensure that the acid solution contacts all surfaces; (v For the

process kits contaminated with Tantalum-related contaminants, submerge it into a tank with an
aqueous theicapsalediont chaitainfiig)PetassiuthHyaiditide oflHovwd QidnatpaOkehcl) by lnsigiat abdsed

on the tofgluyaightefthe spiuiian fas LRy g pautilalhsiRitshaye Resn ferayaeEnsigihatthe

acid solutio .contia ts all surfﬁces; Vil) RFm%l&g the process kit from the mix-chemical tank;
packing ot the process kit within’a class lean-room environment.
114. The process of claim 59(g), wherein the quantity of the kits is confirmed and a correct

packing list according to the delivery order is generated with proper labeling of the process kits.

115. The process of claim 59(g), wherein the process kits are packed into a proprietary-designed
container box with cushion designated to properly protect and secure the process kit before

delivery shipment to customer.

116. A process for deposition removal and recycling cleaning of a contaminated process kit
made of either stainless steel, titanium, or ceramic materials, and is contaminated with

contaminant species from a semiconductor production process, comprising the steps of:
(a) Chemical Stripping

(1) Immerging or submerging the process kit into a tank with an aqueous mixed-acid
solution. The types and concentration of the chemical solutions such as mix-
acids, solvents may vary according to the particular contaminants build-up on the
process kit and other factors such as the part material type and its reactivity with

respect to the cleaning chemical;

(1)  For the process kits contaminated with Copper-related contaminants, submerge it
into a tank with an aqueous acid solution containing Nitric Acid (30% - 40%
HNO3) by weight, based on the total weight of the solution, for 1-2 hours until all

stains have been removed. Ensure that the acid solution contacts all surfaces;
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(viii) Rinsing the process kit in an overflow (to facilitate effective fluid exchange) rinse tank containing
warm (temperature 45-50C) city water for about 5-10 minutes, and at about several minutes' intervals,
preferably about every 5 minutes. Again ensure all trapped air is removed from the internal area of the
process kit; (ix) Water jetting the process kit surface with high-pressure (110 bar) city water to remove
any residues; (xifje-iNFBIerging plosbhMergingdheMIRAeas kitintoaankumith REONE iR k2IHE and
18%HNOS) aqueous mpacid solutionfor 2 secendsiherein, e aguspus brioht dip: pcacid,
solution of chemical strlpplng%or process kits compris%s %ge_ of 72 y8roﬁuorlc gi. ? and
Nitric Acid (HNO3), whidheeside et Oty e fiort Menyaiebhiased eauderaghrumenm-desd
solution is from about ffutiyhweight2besad antiheltasaindight dkthersolotian, Bnaihehambenicaf Nitric

Acid in said solution is fram abouk 1826 RX Jigight, based on the total weight of the solution; (x
Removing the process kit from the “bright dip" aqueous mixed-acid tank; (xii) Re-rinsing the process kit

in an overflow (tg J}agl-“ tle tngectlve fl%ﬁgsexchan%%)[e 5|nsl(altqri1k contali |r‘g]g jvarm &[emrﬁerat%re 45-50C)

. Y% rocess cqnta {amu -rela n%a 161|a sbsu merge
Clty water for ab minutes, and at about several minutes' Intervals, preterably apbout ev y5

minutes, preferably at léastotiréankingitly 28 efseresrameativfrairacielbleeinipl Hadiogsn. Ixgaridensure
all trapped air is removaghfiefitheHy@dalaraal oftiier ProCosSSKIDXil),Watehdedtinenthensasess Kit

surface with high-presikggr é%lqu\irg,gl Y V)éﬁ}%{,él%h{&”ﬁ’y&c?}[mer%ﬁiﬁj%ﬁiegxmh%zpﬁﬁigﬁﬁ?O in

above-mentioned steps on precision c emical ¢ eaning until the, contaminants are substantia

removed from the proct¥dd RASCARICRANIAE SpRRSD it the FHdReds kit Bl Wotahe ot the
chemical solution for atdiahergiehterftitan foletcumtdativé hours;u ) Rinsingstheyprdeessrkihioyed

overflow rinse tank conginiRgmyanm (4Rr30Gideionigad waterfg.15 minutes. Preferably, the tanks
are kept covered to prevent air ’

(v) For the process kits contaminated with Titanium-related contaminants, submerge
it into a tank with an aqueous chemical solution containing Potassium Hydroxide
(15% KOH at 60-65°C) by weight, based on the total weight of the solution, for
1-2 hours until all stains have been removed. Ensure that the acid solution

contacts all surfaces;

(vi)  For the process kits contaminated with Tantalum-related contaminants, submerge
it into a tank with an aqueous chemical solution containing Potassium Hydroxide
(15% KOH at 60-65°C) by weight, based on the total weight of the solution, for
1-2 hours until all stains have been removed. Ensure that the acid solution

contacts all surfaces;
(vil)  Removing the process kit from the mix-chemical tank;

(viii) Rinsing the process kit in an overflow (to facilitate effective fluid exchange) rinse
tank containing warm (temperature 45-50°C) city water for about 5-10 minutes,
and at about several minutes' intervals, preferably about every 5 minutes. Again

ensure all trapped air is removed from the internal area of the process kit;

(ix)  Water-jetting the process kit surface with high-pressure (110 bar) city water to

remove any residues;

(x) Re-immerging or submerging the process kit into a tank with ‘bright dip” (2%HF
and 18%HNOs3) aqueous mix-acid solution for 2 seconds; wherein the aqueous

“bright dip” mix-acid solution of chemical stripping for process kits comprises
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particulates from contaminating the de-ionized water; (xvi) Blowing dry the process kit with high
pressure compressed clean-dry-air; (xvii) Inspecting the quality of the recycling cleaning method by
checking the surface cleanliness and conditions of the process kit, as well as inspecting the process
kit for signs of contamination, faulty cleaning or damage. The process kit is visually inspected for
cleaniiness using a poriale ciRseane: (Xi) RRPaaing heiabavROTgiasstans, wiflfieor
process kit is cleaned. e process kit.compaonents have started the deposition remoyal a
cleaning process, the)}%ﬁ%%ﬁlgg %%?npfé?e%(s-:-alcgc MWithou rétg%?é}élﬁ. it Ct?(r?as\(/)(i)lllggglést#g a%‘éty

occurs between stage2’/then waighimbatadeorxbeciaiad Weaghhaldbmpdnepnianthbroagand af Pafdfe

storage, and all seal fagegrldndgidrislmnist Befeaveresht TSt aga b6, dhet shothe oeaerdigha bfeak
between any chemical gleafing,stage and the subsequent water washing stage. (b) Mechanical
Stripping (i) ( Setting up for deposition removal by mechanical cleaning method in the masking areas;

Masking the process kit with blasting plaster.and alyminum, foil tg protect critical surfaces from
mechanical biastil, ) SRS HHSCERErbr (it LhitABR ARG S R SRS oxicized
aluminum with a pressure of 3kg/cm2 to achieve the surface roughness re%irements' (iv) Blowing to

clean the proce&SiRit st WtHI gasrssdiifetafpresLey e dipiaip sttt cxFRrRfered at
the point of use with a Grkaniznknciibériniy) Wspectingpdretstrfd6eS 3Gy hngssvated conditiaris of the
process kit after the meghagical hlagting 4y Repeaiing thaabaxgsmantioned siapsasitl hesHriace
roughness is achieved; QVI]I} Remoying the blastlng glaster. and aluminum foll on fhe proﬁesls Kit
surface minutes, preterably at least three rinsing to ensure removal of all'acid cleaning
solution. Again ensure all trapped air is removed from the internal area of the

process kit;

(xiii)) Water-jetting the process kit surface with high-pressure (110 bar) city water to

remove any residues;

(xiv) Repeating the above-mentioned steps on precision chemical cleaning until the
contaminants are substantially removed from the process kits, and with the
proviso that the process kit may not be in contact with the chemical solution for a

time greater than five cumulative hours;

(xv)  Rinsing the process kit in an overflow rinse tank containing warm (40-50°C) de-
ionized water for 15 minutes. Preferably, the tanks are kept covered to prevent air

particulates from contaminating the de-ionized water;
(xvi) Blowing dry the process kit with high pressure compressed clean-dry-air;

(xvii) Inspecting the quality of the recycling cleaning method by checking the surface
cleanliness and conditions of the process kit, as well as inspecting the process kit
for signs of contamination, faulty cleaning or damage. The process kit is visually

inspected for cleanliness using a portable microscope;

(xviii) Repeating the above-mentioned steps, until the process kit is cleaned. Once
process kit components have started the deposition removal and cleaning process,
they should complete the cycle without a break. If it is unavoidable that a delay
occurs between stages, then care must be exercised that the component is

thoroughly dry before storage, and all seal faces and ports must be covered. There
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(c) Thin-film Thermal Coating (i) ( Masking with thermal plaster and aluminum foil to protect critical
surface from thermal spray; Spraying to coat the process kit surface with proprietary-optimized
spraying parameters (current, voltage, speed, distance) according to the deposition media and the
thickness (0.18-0.25mm) and surface roughness (>18m) requirements; i) Blowing to clean the process

kit surface with high pressytereeBHYeassnd4lerey &y -ay omeikfaeansd filissed attbenpiniuehtise
with a 0.1 micron filter); Qt\/e)r Ivr‘}saﬁctirggathe surface roughness and conditions of the process kit after

the thermal spraying. )iyhe suftaceTitghness is measured by a surface profilometer. A change of less
than about 35 Ra is considered an acceptable amount of surface roughness; Page 57 of 72 (v)
RepeatinPtNSSBRREaRRARE steps, until the surface roughness is achieved: (vi) Removing the
thermal plaster and aluminum foil on the process kit surface. (d) Post-Processes C1ass1000 Cleaning
and Inspection (i) (v BISotH tepciendcoasibepremesslidy supraiclslagve paerbied ndhryhighing
pressure compressed gleady-dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron
filter); (ii) Wiping to clean the non-blasted/sprayed process kit surface areas with some solvents,

preferably hand(ﬁ?_"5hm%%@ﬁ@&&%%@%%ﬂ%lﬁbt@ﬁg'ﬁ%wpé(ﬁdaéﬁﬁﬁﬁh@ﬂ ﬁ)ﬂl%fﬁ?&éép%f?éa‘l\”th _
ScotchBrite (Alumina loaded Grade A); i) Cle?Bing.the process kit with high pressure (60 bar) water jet
system; Rinsing the proce %%eﬁi{r%ﬂl ERISH PIRSE ik containing four sets of ultrasonic system
(40KHz/1800W) and warm de-ionized water (temperature 45-50C), preferably at least three rinsing to
ensure removal§f)all a%laSE%%ﬁh?g%r@ﬁﬁ%éAfltTw&%é%ﬁ'P}%dﬁwg%gim@&ew AmBPEaPpisifetes

down to 0.1 um. All  aluminum with a pressure of 3kg/cm® to achieve the surface roughness

requirements;

(iv)  Blowing to clean the process kit surface with high pressure compressed clean-
dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter);.

(v) Inspecting the surface roughness and conditions of the process kit after the

mechanical blasting;
(vi)  Repeating the above-mentioned steps, until the surface roughness is achieved;
(vil)  Removing the blasting plaster and aluminum foil on the process kit surface.
(¢) Thin-film Thermal Coating

(1) Masking with thermal plaster and aluminum foil to protect critical surface from

thermal spray;

(11) Spraying to coat the process kit surface with proprietary-optimized spraying
parameters (current, voltage, speed, distance) according to the deposition media

and the thickness (0.18-0.25mm) and surface roughness (>18um) requirements;

(ii1))  Blowing to clean the process kit surface with high pressure compressed clean-
dry-air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter);

(iv)  Inspecting the surface roughness and conditions of the process kit after the
thermal spraying. The surface roughness is measured by a surface profilometer. A
change of less than about 35 Ra is considered an acceptable amount of surface

roughness;
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utensils that contact the rinse tanks and contents are rinsed with de-ionized water; (v) Cleaning the
process kit with high pressure (60 bar) de-ionized (resistivity of 2 M Ohm-cm or higher) water jet
system; Blowing dry the process kit with high pressure compressed clean-dry-air (ionized clean dry air
must be dry, oil-free, and filtered at the point of use with a 0.1 micron filter); (vii) Inspecting the

process kits on the surfegrdteatineabaieandaih@bstapsCoaiRthSHilae Piasiaesw iatienen-coated

surface, to ensure non-peeling of coated film and condition, as well as inspecting the process kits for

stain, dirt, defect.and faglyre.sugp %%ﬁ?é?kﬁ@s?e?‘lrﬂ?ﬁhﬁﬁﬁﬁﬁl‘ A% Bhifie pRItCUIRl innegdge of the

process kits; (vili) Inspecting the quality of the deposition removal and recycling cleaning method by

_checklngét %,g?t[@cece%lse(?%%gss%%%f?%ggr%%rﬁ% ?Ilistheegp(r)ocess klt._The process Kitis _\/lsually _
inspected Tor CleanlinéSs using a portable NMiCroscope; bxr} Repeating the above-mentioned steps, until

the process kit is cleaned. Page 58 of 72 (e) Final Class 100 Cleaning, Baking and Certification ( (i)

Handling of all g0kt cleBIMAEECRiS] e hdbisRERTER dlieSKiaRe dONG RIS BATEScd B Hedlass
100 clean-room enviropressots. ©Ongediseldamndrprocédy has-fstarted] ddtmpdnentsgndrssensblies
can only be handled wifhtalaymffieg,latier)clean room gloves. Gloved hands that touch clean parts

must not touch anything else. Immediately replace any glove which has touched an unclean surface,

must not touch anyihing else. Immeciatel ql A nclean strface
o itasonic. syutim (0BG LS0M A ik el ety B ML

least three rinsing to efQL@FenRbtArdtkINaes BRIGHING stiigoReT Mt sbHIYE Watdt ISMERY to
remove all particles doaleptmDoh artintAHecitdothils téth SwotabBitie (tabertmakeaaied CGomdeits; are rinsed
with de-ionized water; i) Blowing dry the process kit with high pressure compressed clean-dry-air

(ionized (iii)  Cleaning the process kit with high pressure (60 bar) water-jet system;

(iv)  Rinsing the process kit in an overflow rinse tank containing four sets of ultrasonic
system (40KHz/1800W) and warm de-ionized water (temperature 45-50°C),
preferably at least three rinsing to ensure removal of all acid cleaning solution.
The de-ionized water is filtered to remove all particles down to 0.1 um. All

utensils that contact the rinse tanks and contents are rinsed with de-ionized water;

(v) Cleaning the process kit with high pressure (60 bar) de-ionized (resistivity of 2 M

Ohm-cm or higher) water-jet system,;

(vi)  Blowing dry the process kit with high pressure compressed clean-dry-air (ionized
clean dry air must be dry, oil-free, and filtered at the point of use with a 0.1

micron filter);

(vil) Inspecting the process kits on the surface treatment areas such as the coated
surface, blasted surface, non-coated surface, to ensure non-peeling of coated film
and condition, as well as inspecting the process kits for stain, dirt, defect and
fracture such as scratch and dent as well as to the particular inner edge of the

process kits;

(viii)) Inspecting the quality of the deposition removal and recycling cleaning method
by checking the surface cleanliness and conditions of the process kit. The process

kit is visually inspected for cleanliness using a portable microscope;

(ix)  Repeating the above-mentioned steps, until the process kit is cleaned.
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clean dry air must be dry, oil-free, and filtered at the point of use with a 0.1 micron filter) within a class
100 clean-room environments. An Isopropylalcohol (IPA) or deionized water (DI) moistened clean
room wipe is used to remove fingerprints, water marks etc; (iv) Baking and drying of the process kit
using a class 100 dust free air oven within a class 100 clean-room environments to remove water

vapor, chenveais @ads$poWRaianRs Buing the claampgiprocess. The baking of the process kits for a
sufficient temperature of about 110C and a sufficient time of about 60 to 80 minutes is to remove

substantially all @psorbgd, aieaning,faluleprIG Q%R&QQ&H%J%%&%BI%‘?@eﬁﬂ%ﬂ&?ﬁé’%ﬁ&g{'ﬁé‘am

size to accommodate the process kits and the klé should be kept away from the oven wall by jig and

fixtures: (v) Cooling thé%@eggtuﬁ fiapin Q% ?é%%lf@@lmsawr%wmlﬁ%fa%%mg S%HI%IIPF?HESE\F&?/en
Inspecting and confirmitigttde gropessikitsioh thesbifeccaneatindnt bandls dvaithasldhe doatédsyrface,

blasted surface, non-cepigfSBHASRWIR EORWEINRMREBIRGAECORIBAMIMR AREGRIASIRM. ARyasidision,

confirming the non-exis entIof nslteadla't e(lll"[f afcecg rfflnd fractu e s ch as S%Eadtch and denntS as\ Wéelllaes to
the particular inner edge “f the procegs%) Pa ot 7 fw ﬂﬁeasurlngatﬂe sur aceupar ICle Count

to ensure the surface &éﬁnﬁh’é@@@fﬁﬁ@fb%@ess kit surface within a class 100 clean-room. The criteria
for a clean process kit includes, in addition to examining visually clean and measuring the surface for
particle count. Time crit®issfog theprfacspartiolertesteffiotheipyeo cegsdob tanater ias iscgerfarbithsdess than

about 5 particles/cm2’ ?}%ﬂ%]ﬁa K@IE’M@M ea&ﬂ%ﬁrﬂ%@‘%&%z@d’m@ﬁ@}’ (@eﬁﬁ{é&%ﬁ%‘z%@ﬁ@@m 0.3
microns is used as a crlt artlc:le SItZ o test for using a surface g I‘i ctor such 22 C%Hl Plus
by Pentagon technolody S IFHRb Bhisiear GG & RBHoAG ICTU S TFE R LL kAL SSepibe AN P that
it is intact after a cleanitity ptodenigead isvatsmsiefdgrathéo armniiegaof pﬁ@@é@ iiesvaréocOrlifiear-and
include results of visualtfispiectigncandcinkperiionpRE tha soigelvasasisdlisnadde-ionized water;

(ii1))  Blowing dry the process kit with high pressure compressed clean-dry-air (ionized
clean dry air must be dry, oil-free, and filtered at the point of use with a 0.1
micron filter) within a class 100 clean-room environments. An Isopropylalcohol
(IPA) or deionized water (DI) moistened clean room wipe is used to remove

fingerprints, water marks etc;

(iv)  Baking and drying of the process kit using a class100 dust free air oven within a
class 100 clean-room environments to remove water vapor, chemicals and spouts
traps during the cleaning process. The baking of the process kits for a sufficient
temperature of about 110°C and a sufficient time of about 60 to 80 minutes is to
remove substantially all absorbed cleaning solution. The class100 dust free air
oven should be of sufficient size to accommodate the process kits and the kits

should be kept away from the oven wall by jig and fixtures;

(v) Cooling the process kit within a class 100 clean-room before taking out from the

oven;

(vi)  Inspecting and confirming the process kits on the surface treatment areas such as
the coated surface, blasted surface, non-coated surface, to ensure non-peeling of
coated film and condition. In addition, confirming the non-existent of stain, dirt,
defect and fracture such as scratch and dent as well as to the particular inner edge

of the process kits;
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(viii) Repeating the above-mentioned steps until the process kit is cleaned and surface particle count
is achieved; (ix) Assembling the process kits together when proper cleanliness levels are achieved,
according to the standard procedures, working instruction sheets and recipes within a class 100
clean-room. The assembled process kit is final inspected and critical dimensions measured and

documented. Theikits, whistripethpchbacassamiiedoane wteka@ﬁle tththeuplace degignateddotiiinal
packaging after mspectlon 1].(7 Th %é)roc ss of ?Ial E‘;l wherelfhthelfﬁlquep us a id solution of

chemical stripping for }Efopper fefated contaminant eposits comprises Withe Aei (I%I 8?) 8 rhe

process of claim 117, WHensihidae amedition Nuds meipigrNOB Y slern aidemgasyeing Sbeusigitare from
about 30% to 40% by \fgighiithasedan. tihéotalterighirod therSoltpantidlid XedthGopriree peoot el alsin

116(a), wherein the a%ﬁ%f&ﬁhﬁ”%gﬁéx%%’t 108 %QH‘%{H&)‘&?' §tﬂ&9fagsf8£ﬁ'wéé@hf§daﬁ?’dsurface

contaminant deposits comprlses Potassium [)éérom process of claini 119, wherein

the amount of Potassidi iRk dEpifa Said Bﬁ‘iﬁ‘é&éléﬁe‘?ﬁ|8BP%|%0H1}§I%HSLS‘%%?M|9ht
based on the total weight@itipasolgtions twhesteforis tagriesuolataprete dtigrtonstivd ranQ8IoP fuom

about 60C to about 65{% F@ﬂta@&@ RIAEB RS9 ?@é%%ﬁ(ﬁ)s&ﬁ%@fﬁ&ﬂﬁ&%ﬁ?%&@ﬁm&% KQytion of
chemical stripping for Tita um- related contamlr@nt deposits om rises mix- chemlcal olu% %h
3,0 25

Hydrogen Peroxide Aﬁ%rsﬁonlumeﬁlf%?oxﬁtelgﬁ% 202 ﬁ\ﬁ?lﬂ %llﬁﬁfﬁ B& 18 88%?
process of claim 121, wisenéig Wiepapaeismnkist Mydagésdardxirdudenierodivaf \‘Wﬁﬂo‘%ﬁ@@mw&er

(H202:NH40H:H20) imsgéetiaayse ysecnateicaseltiiontisdn the ratio of 7:1:7 by weight, based on the
total weight of the solution. 123. The process of claim 116(a), wherein the aqueous chemical solution

of chemical stripping fREJamAUUN:BlBlrhraniaRn ML ISR IR ComRIsEs RolassivmaRy diexide
(KOH). 124. The process of claim 123, he%g the amount of Potassium Hydroxide (KOH) in said

aqueous chemical sol RS ?58‘6%1_%@9 ight, based on the total weight of the solution; wherein
is carried out at temperature in the range of from about 60C to about 65C. 125. The process of claim

116(a), whereinike aqhesmbIgghedpraikkdisidogshson s erepsicdranlipsi ders proaclicigd:
comprises Hydrofluoriaéwoidi i) camiet Nitsiod Aci dpflldd@Bys, working instruction sheets and recipes

within a class 100 clean-room. The assembled process kit is final inspected and
critical dimensions measured and documented. The kits, which need not be
assembled, are put back to the place designated for final packaging after

inspection.

117. The process of claim 116(a), wherein the aqueous acid solution of chemical stripping for

Copper-related contaminant deposits comprises Nitric Acid (HNO3).

118. The process of claim 117, wherein the amount of Nitric Acid (HNOs3) in said aqueous acid

solution is from about 30% to 40% by weight, based on the total weight of the solution.

119. The process of claim 116(a), wherein the aqueous chemical solution of chemical stripping

for Aluminum-related contaminant deposits comprises Potassium Hydroxide (KOH).

120. The process of claim 119, wherein the amount of Potassium Hydroxide (KOH) in said
aqueous chemical solution is from 15% by weight, based on the total weight of the solution;

wherein is carried out at temperature in the range of from about 60°C to about 65°C.

121. The process of claim 116(a), wherein the aqueous chemical solution of chemical stripping
for Titanium-related contaminant deposits comprises mix-chemical solution Hydrogen Peroxide
Ammonium Hydroxide and Water (H,O,:NH4OH:H,0).
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126. The process of claim 125, wherein the amount of Hydrofluoric Acid in said aqueous "bright dip"
mix-acid solution is from about 2% by weight, based on the total weight of the solution, and the
amount of Nitric Acid in said solution is from about 18% by weight, based on the total weight of the
solution. 127. The process of claim 116(a), wherein the chemical stripping is carried out at a

temperatype . irfee aRES Obir eralabqqtﬂa%t@e@,bq% 651@013{380?_%&?6@@153%‘}@@8@ Whbtaoniherein
the chermieal SUIRPIA RIS 994 12 FARGHND e AN AU 0 5,420 miiee Al

carried P no Ionger the process of claim a), wherein the
process Kits fsbirkeigli hﬁsé@'@ﬁlﬁw %@t@ﬁkﬁ@ft@%&lﬂg%y about 10 minutes, with multiple dippings
in a drained, cleaned and refilled rinse tank and is carried out at a temperature of about 45C to 50C.
130. ThelpibcBss piockain i thia), Mbene iwhbe prdoesgukitsishieaiceldsnlit anadé icjeniocad stoppingny

residues;rythereinihe clerRaivsna catRciep Sl highipie se e inhey@ardrie{ kom)about 90 bar to
about 110 bar. 131. The process of claim 116(a), wherein the process kits Is multiple-rinsed with warm

de- ionisqg ajr grg&ssvgﬁlawa{h PECORRE UL RO AT SRR REsRese gt

131, wherein t perature o e-ionize eated upto a te perature of about 45C to

50C. Pag’él‘éeﬂbf’r ghemygaliolub s Atk dive 1231 Wkisdte PRI SHIZEA Wibrissal R tRsiA o
controllecvat@inasistivied ofiRaMddiprramcontitghengadffiitene dbtous GO Sfamotiddyutéridle all particles
down to 0.1 um. 134. The process of claim 116(a), wherein the process kit is cleaned and dried using

high prr]e?pgsrelm@ipe@c@éemfdéwaﬁ BIas ciaheﬁdnom@taqmgsumlgmgﬁpﬁ aheuicd banted 6t bEr.
135. The pr e I ' ett masking
the procecé%s t%sa\ifswtﬁ%#grent?ﬁlasﬁ%% ﬁa‘%t%ﬁ § qﬁlﬂn}lrﬁjuné} e to prot c%%arﬁ%a éhl{}'qfdj aces 8211
mechanical b 13 fclal 116 e blasting media used for,
mechanaf o BEMSE I Rred: i 82%{%?& LI BRUedtre ieh
3kg/cm?2 depa miéwmgo}@mnmfgmma@ﬁ@u@@@hmsgelght based on the total weight of the solution,

and the amount of Nitric Acid in said solution is from about 18% by weight, based on the total

weight of the solution.

127. The process of claim 116(a), wherein the chemical stripping is carried out at a temperature
in the range of from about 25°C to about 65°C.

128. The process of claim 116(a), wherein the chemical stripping is carried out for a contacting
time of from about 60 to 120 minutes, and is carried out for not longer than five cumulative

hours.

129. The process of claim 116(a), wherein the process Kkits is rinsed in an overflow rinse tank for
about 5 to about 10 minutes, with multiple dippings in a drained, cleaned and refilled rinse tank

and is carried out at a temperature of about 45°C to 50°C.

130. The process of claim 116(a), wherein the process kits is cleaned with water-jet to remove
any residues; wherein the cleaning is carried out at a high-pressure in the range of from about 90
bar to about 110 bar.

131. The process of claim 116(a), wherein the process kits is multiple-rinsed with warm de-

ionised water in an overflow rinse tank for about 5 to about 10 minutes.

132. The process of claim 131, wherein the temperature of the de-ionized water is heated up to a
temperature of about 45°C to 50°C.
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137. The process of claim 116(b), wherein the process kit is cleaned and dried using high pressure
ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter), and is carried
out at a pressure range of about 60 bar to 110 bar. 138. The process of claim 116(c), wherein the
thermal spray coating comprises setting up and masking the process kits with different thermal plaster

ang (al)umir?gmlfﬁél {Q&r&gegtfccriﬂﬁﬁl 1§qrfaeféﬁérmetbfﬁf£eal W&y@@p%ﬁﬁsﬁﬁg it bh@nﬁr&r&ﬁetoﬁsccl)%im
116(c), wherein par eters 0] rocess are the current i A,
lié&'/ {“Ie spee er(ﬁm %qge Ie&:i Slr;gatan%a P mf%e re%@re surfi %O

the voltage 1 rpm stance Is cm 6 ac ace.
roughnedslaw@ thickness. 140. The process of claim 116(c), wherein the process kit is cleaned and
dried using high pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1
micron filt¥4), Bind psacassedl aldiat d presswbamnyéhef atmu!ssﬁtkibas tdebh@dbandl ddied hsipgobeds of

claim 11%);5%&&‘@%%9@@1&{19@%’5%%'%@% PRPIRARERS PRI cIBEREGIedythin a riasgs. 1000
clean-room. 142. The process of claim 116(d), wherein t e process it is cleaned and dried using high

pressuref%@l%cémg%%mq%g%ﬁl iigematihe oAb Hee Al A QLGN Sy, and

is carried out at a pressure range of about 60 bar to 110 e process of claim

ar. P
116(d), whatkineieenBrosssstatyspidy dd's F@Ee??ﬁ‘i’t‘%ﬁ&é@ra?@%saé‘ignﬂ%}eé"é\ééln%rtﬂ“\ﬁﬁfhcﬁ%?%esh
alumina isughdsofiropyhatbalmohbblating free cloth or with ScotchBrite (Alumina loaded Grade A). 144.
The process of claim 116(d), wherein the water jet used for removing any residues is carried out at a

high presrsweirﬂetljed@gg%pﬁahﬁm1%th)amﬂe4&nTthe EF@@ﬁx‘gSrﬂé(ﬁEliﬂﬁealt@(QhéUﬁ@fﬁm theppiagass kits
are rinseg finté“é} é'c?""lulg§nu%%%dc‘§”t9}ﬂééﬂc§°t“r AR ? ag ﬁagdg%s?sﬁ}’es 9&("%’%}?0”{%8"
Iutlon

water, prefera “east three rinsing to ensure remova cleaning s

process 6?%%&%@%%@%@%% ultrasonic system is 40KHz/1800W. 147. The process of claim 145,
wherein the temperature of the de-ionized water is heated up to 45-50C. 148. The process of claim
145, wheléih theedprisaiseel viten id fidwedMiecreimadlie aflogassidiésisdeleantsl Gradudried using high

pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron

filter), and is carried out at a pressure range of about 60 bar to 110 bar.

138. The process of claim 116(c), wherein the thermal spray coating comprises setting up and
masking the process kits with different thermal plaster and aluminum foil to protect critical

surfaces from thermal spray processes.

139. The process of claim 116(c), wherein the thermal spray parameters used for thermal spray
process are the current is 300A, the voltage is 29V, the speed is 90rpm, the distance is 30cm, to

achieve the required surface roughness and thickness.

140. The process of claim 116(c), wherein the process kit is cleaned and dried using high
pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron

filter), and is carried out at a pressure range of about 60 bar to 110 bar.

141. The process of claim 116(d), wherein the process kits are post-process cleaned and

inspected within a class1000 clean-room.

142. The process of claim 116(d), wherein the process kit is cleaned and dried using high
pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron
filter), and is carried out at a pressure range of about 60 bar to 110 bar.
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149. The process of claim 145, wherein the process kit is cleaned with high pressure de-ionized water
jet system; wherein the water jet pressure is controlled at about 60 bar and the resistivity of the

de-ionised water is controlled at 2 M Ohm-cm or higher. 150. The process of claim 116(d), wherein the
process kit is dried with high pressure compressed ionized clean dry, oil-free, and filtered at the point

of use witlad G pietesstieslAih Lfekd] Renbroisess abalaimddRHiywherelastrituaityclihe process
itis visugliy inspected [ohcleaniness tising 8 portable miersepne. 132. 11 process of dlaim 416(e).
wherein th process Kits are final ¢ aned, baked dnd'cértfied Within a'Cldss 100 Clean-room. 153.
The procasetefRIEmAlsIEY lprdediitie prdcess kits are rinsed in an overflow rinse tank containing
four sets of ultrasonic system and warm de-ionized water, preferably at least three rinsing to ensure
removal dft4ll dbed wleasingisolation], Wihin wheizss|OO© vlaaniroarsed hviroememgl &y Térdprocess of

claim 153 harsin he MERSRREGRYSE farrbRitHz6b8PaY b Fage 63 of 72 155. The process of claim
153, wherein the temperature of the de-ionized water is set to 45- 50C. 156. The process of claim 153,

wherein tﬂ%.d‘i'*ﬂg%"??‘ié‘és‘é’%‘ieélﬁsfrE'tﬁ@Qi,ov&ﬁg?&iéetﬁ' &%E%leﬁit%g&r},ﬁ%gd]g%ﬂ- FfTRERRGERR of

claim 153, wherein the process kit is cleaned with pressure de-ionize Wateriet system; wherein

the wateFRRAHIBEUIRTSSEEnHoMKERSATIP SYE 68 A alier thelrasRirsy Vaithd Erdeiahléed Iratbiisee
controllediadifgMo@hmremeop g hénllAdd Tlempngeedstiohclaim 116(e), wherein the process kit is
cleaned and dried with high pressure compressed clean-dry-air (ionized clean dry air must be dry,

oil-free, ang filtesgdRtto fREIh alyse NéthiatBelultigen Jikamithir& Hiagsd0d/clean-room
environment. 159. The process of claim 116(e), wherein the process kit is baked and dried using a

classlOO, gust{res Al QVenMHNN AClass A0 FleRRFRAM R YITRRNMENH LA FRNIRYE: WERA MR to
chemlcaléé_asréq pouts traps during the cleaning process; 160. The process of claim 159, wherein the
its

process aked for a sufficient temperature of about 110C and a sufficient time of about 60 to 80

minutes, to remove substantially all . o ' '
148. The process of claim 145, wherein the de-ionized water is filtered to remove all particles

down to 0.1 um.

149. The process of claim 145, wherein the process kit is cleaned with high pressure de-ionized
water-jet system; wherein the water-jet pressure is controlled at about 60 bar and the resistivity

of the de-ionised water is controlled at 2 M Ohm-cm or higher.

150. The process of claim 116(d), wherein the process kit is dried with high pressure
compressed ionized clean dry, oil-free, and filtered at the point of use with a 0.1 micron filter

air.

151. The process of claim 116(d), wherein the quality of the process kit is visually inspected for

cleanliness using a portable microscope.

152. The process of claim 116(e), wherein the process kits are final cleaned, baked and certified

within a class100 clean-room.

153. The process of claim 116(e), wherein the process kits are rinsed in an overflow rinse tank
containing four sets of ultrasonic system and warm de-ionized water, preferably at least three
rinsing to ensure removal of all acid cleaning solution, within a class100 clean-room

environment.

154. The process of claim 153, wherein the ultrasonic system is 40KHz/1800W.
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absorbed cleaning solution. 161. The process of claim 159, wherein the classlOO dust free air oven
should be of sufficient size to accommodate the process kits and the kits should be kept away from
the oven wall by jig and fixtures. 162. The process of claim 159, the process kit is cooled before taking
out from the oven within a classlOO clean-room environment. 163. The process of claim 116(e),

wherein thessutfagasdeantinessiaf the, Pkoeess icSkitasedtirepshrert ishHia SHRCR partisiagester
or equip , within a class 100 clean-room environment. 164. The process of claim 163, wherein the

acceptable criteria for the process kit surface cleanliness is generally less than about 5 particles/cm2'
based on particle size of about 0.3 microns, as measured by surface particle detector, such as QIll
Plus by ﬁgﬁtalj%?] RERSFSO Bl 14BS! %&BF&@&%#&&%%WW%&@&#O R DIy SRAPKEN A dRrticles
morpholatppaftth®. protess kits is tested to ensure that it is intact after a cleaning procedure is
completed. Page 64 of 72 166. A method of increasing the overall equipment effectiveness and
availabilitysof ahswaic@gdjfatmﬁlﬁqmﬂnmeim \Hai gcee s (Mis Bscifaa o odeas hilstispHiaadiite cniamisated

with coniainant SRREieSASTNIN T4 SSTPIRQNESIOLAIRRSE N ME S ameRng: @iy

Acceptance |n on process whereby all components e process Kkits are receive ismantled,
documerfEH W&ﬂg@%@%ﬁé@%‘i’ pdhabd M sy oh iR separated into the required
deposition removal and recycle cleaning processes such as the chemical-method and

mechanidaBmétifoarensestisénctaganetb(eith Wilighiopredsupsageterkit is asedad pamoliednyigrdygh
contamingiéesurtf beepssRBd (Rhk-demitalishinm mwe@mﬁ%ﬁmﬂ@sﬂewab,e protessakill isliersaessa into a
tank W'thlg%sn?g%'e? US i fxed- eﬂg&éokﬁ‘l@é’ {ARGeraing. fﬁ%ﬁ‘%@%{% rEQNAmiagNts build-up on the

process and then remov rinsed in an overflow rinse tan contalnlng warm city water; and
then clea ith hi r jet to remoyve any resjdues; and thep re-immerse 0.a tank
with o R TSt LONEH ORI s PER5D A S L P A tank
containindugsiings @ity avatewidnd ehelasdHed cAdenigimprrsisaneneoiipreesse ciader-sapatir chendadien

inspectedfarspuiiacapiannness andsignset &gntamination, faulty cleaning or damage; and then
re-rinsed in an overflow rinse tank containing warm de-ionized water; and

160. The process of claim 159, wherein the process kits is baked for a sufficient temperature of
about 110°C and a sufficient time of about 60 to 80 minutes, to remove substantially all

absorbed cleaning solution.

161. The process of claim 159, wherein the class100 dust free air oven should be of sufficient
size to accommodate the process kits and the kits should be kept away from the oven wall by jig

and fixtures.

162. The process of claim 159, the process kit is cooled before taking out from the oven within a

class100 clean-room environment.

163. The process of claim 116(e), wherein the surface cleanliness of the process kit surface is
measured using a surface particle tester or equipment, within a class100 clean-room

environment.

164. The process of claim 163, wherein the acceptable criteria for the process kit surface
cleanliness is generally less than about 5 particles/cm™ based on particle size of about 0.3

microns, as measured by surface particle detector, such as QIII Plus by Pentagon technology.

165. The process of claim 163, wherein the physical surface morphology of the process kits is

tested to ensure that it is intact after a cleaning procedure is completed.
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then blow dried with high pressure compressed clean-dry-air; and the chemical stripping sequence is
repeated until the process kit is cleaned. (c) Mechanical stripping process whereby the process kit is
masked with blasting plaster and aluminum foil to protect critical surfaces; and then blasted with
suitable blasting media to achieve the surface roughness requirements; and then cleaned with high

pressure NKesaedoalesn- ﬂfdi‘e%iﬁr%nm%w}ﬁﬂe@tﬁﬁpf%ﬁu réaeRdosgRnessiand sapdiipnsrohthe

process kit after ygtom%cﬁa%cal blastl nd theﬂrsnechﬁnlcarlosété ipPing stgqtuenc% s repeal %(d uptll the
surface rougﬁness i achievad t(’d I]Thln ilm-thermal coatin process Whereby process kit'is

masked \ﬁmﬁ%ﬁéﬁﬁwsgméfie&wan&MGWWP%M&@H@%F%ﬁ&é@%mﬁ@w%rayed with a
suitable deposition media and proprietary-optimized spraying techniques to achieve the thickness and
surface réaghnegganandinhper tlenpetesitvHigiepreds wempompris sse dhelganedsy-kirs anel thenved,

'nSpeCteﬁl@ﬁﬁHI&C%oWﬂ&?&H&% 9'@5?51%1%3’%{3 k'éa%é@ir@@d@ﬂlﬁk@]ﬂaﬁ%%&”ﬁhéf%@'ng,
and the thin- fllrg Hwerm I coatln(%a:? r%%eated until the surface rou%uc ickness ﬁa%ple\ged

cle cleanin TOCESSES e cnemical-
(e) Post-ProcesseSROESeDOT EaniNG ahd Mepectionsplocess Where yt & procesEiit's hod ey

using higﬁl?ﬂléﬁgeﬁb@@%ﬁ?ﬁeéééd@é&#F@l??daw,lthdﬁ%lnvrﬁﬁﬁrbI&@lfé&ﬁpllay@édstﬂﬁé@aﬁe@bsgt‘ﬂ’é&ned
with someos@ivenisioantt Hiesssheaned with high pressure water jet system; and then rinsed in an
overflow rinse tank containing ultrasonic system and warm de-ionized water; and Page 65 of 72 then

cleaned ygihdngRiBAESEHE dﬁ%@%@%@i%ﬁ%ﬁ%&s%ﬁmﬁﬁm Wib Q@Hl@&%ﬁ?ﬂﬁeaqueous

compressed clean-dr then inspected far eeling of ¢ film, stain, dirt, defect a
ottore, BN B e o B AR R FATH EISRIG U B LAk OXE S O &uence
is repeatéltﬁif pagNspestiomiedi @a@sqh@rfé@@sen&@t@mumr@lcmammaﬁw WitFthanclhegs deaed

cleaning \hakiﬁ@mﬂs‘gelﬁ%iaaéi@nﬂaf%eﬁ@mb@rw theducess kitds HoseaniErsan pyerilannkinsarank

containing lfesgric A AK NGNS WaleL A GRS 00 SitRToomAIA en

pressure compresse |on|zedjcl%an (iall’ an then touc up wi ean room Wlpe
(if necesé%ﬁb)cglﬁalm%& YakBrEnvatied WaH e dEgd oth dgghr@@%wrs\féwwm%&ée?f@a@éwgpor
chemicalsnanchspoinitiaps doringrtheccldamihggssoaadssians dfiecvood@chiioihirfinkydukiafige aot oven

before ta&!ﬂﬂa%é“ amibe AVARsaNhIIELMeASH ¢HhiBGa Sk IR RAMECIF.FOUML 1B AASYICE ShHface
cleanliness of the pr cess kgﬁq%d then tested for the p CP ical urfa,ce mgrphologe y of the process kits

to ensurd ikt Howi 518 ald @hrﬂ}:@sure compresse cean -air; and the chémical stripping
sequence is repeated until the process kit is cleaned.

(c) Mechanical stripping process whereby the process kit is masked with blasting plaster and
aluminum foil to protect critical surfaces; and then blasted with suitable blasting media to
achieve the surface roughness requirements; and then cleaned with high pressure compressed
clean-dry-air; and then inspected for surface roughness and conditions of the process kit after the
mechanical blasting; and the mechanical stripping sequence is repeated until the surface

roughness is achieved.

(d) Thin-film thermal coating process whereby the process kit is masked with thermal plaster
and aluminum foil to protect critical surface; and then sprayed with a suitable deposition media
and proprietary-optimized spraying techniques to achieve the thickness and surface roughness;
and then cleaned with high pressure compressed clean-dry-air; and then inspected for surface
roughness and conditions of the process kit after the thin-film thermal spraying; and the thin-

film thermal coating is repeated until the surface roughness and thickness is achieved.

(e) Post-Processes Class1000 cleaning and inspection process whereby the process kit is cleaned
using high pressure compressed clean-dry-air; and any non-blasted/sprayed surface area is
cleaned with some solvents; and then cleaned with high pressure water-jet system; and then

rinsed in an overflow rinse tank containing ultrasonic system and warm de-ionized water; and
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procedure is completed; and the sequence is repeated until the process kit is cleaned and surface
particle count is achieved; and then certified the process kits with the results of visual inspection per
the guidelines established; and then assembled according to the standard procedures, working
instruction sheets and recipes within a class 100 clean-room environment; and then inspected for the

pfesenciﬁngﬁgéh%&%?ﬁﬂfgﬁ%s%ﬁfﬁ iH@%‘ﬁ@i@:@ W%ﬁﬁé@gﬁ@r&”&iﬁ@%@y&%ﬂ%ﬁ?mﬁﬁ Aesambled
process kits before,sending for. vac acka Packa ntification a entprocess
whereby the' IE)rocess Gt is ISP SKed'an e\iaa(%s r%c sea&g RrPn a (&t) ggn r(;][om e(#\)\{/[l]‘réi;lrfg:eﬁt

using a d8ishiEapags @atfa%p]@ﬁ@knﬁmraﬂ%@gmgf|§<am§mmmmstfaﬂ5x)el9@tmgéﬁéib@@gﬁmartﬁéheuter

bag is a whjtemermatppalyethiienespagianddharinapeetschtar dheisondiiomafithatyacuum pack to
ensure a complete vacuum seal packing of the process kit within a class 100 clean-room

e”V"O””“(%'PFﬁ&ldCtB@@l O@El@@ﬁﬁ%f BranytyRANG & GeARE! 1&%@%&39&1&%@%&5@% RYANLd in
|dent|f|cat|on of the process EI'[S 11%njd then acked an | secur d mtog pro “eg:]wg desg dcolntalner

ITIOW 11nse 1 ul rasonic S I
box before (c)ieﬁlvery to customer. %L? nlgﬂ I’OCGSS a), W ereln € accep ance mspectlon

step compMseleradevimgandishsartisg, \talhdg&hmtaw@mpwﬁ@ddggmgd&lﬁ@alcarfr?ehsaeﬁ then
categorizewahddapayate didgh Géﬁﬁ{emﬁaee(ﬁqséﬁemgm@\mﬂ g takydlecleRogvMOeRIS 5000 NSt 168.

The procgss of A A8, REIEN0S NSO IAL SR “&3“@5{1%%“ &0 and

Copper-re lated contaminant ep05| s comiprises Nitric Ac e process of claim 168,

wherein H8MABIH BitRiRtBeadis (@B Pivre e abing aerofr@eiﬁl@fbﬁve%m hssursevyed sos by
weight, baséttopdheotaluveigkhefithesclutiare. BegeibG0d7 thd pocEheptoass shoh ctated X661k,

wherein %QGMGQM%%Q%%& IJF Qhe G}JE@s‘ ﬂ%@@éﬂgniﬁfﬂﬁw'ﬂum fRialed faNRINAR .
deposits co ePél'lses Potassiu X|de 171 TQI cess of cIa| 170 wherem the mount

of PotasdilMh FY/ErEXiGE" § Sﬁa ﬁ%’r‘?ﬂ&e tBﬁRéOﬁS% 554 E‘Efon
the total wasigHe ebthng ecﬂghiienedamémrisseerﬁe@l batraecesn [béﬁamtb fhetresulingé esmbrmmgtmeoc to

about 65gerlild Ehmaﬁﬁeeses@t)ﬁkﬂéu 1aRdbihvhersinthieradesdseheigal seiding grebemieal
stripping fork-{ﬁta%us 1Iglte conta inant dep tls congrlslj%mi( ch_emlr%alele\gllyotlll%lel-{y%r&ge]}

PerOX|de mmonium anXI e an a(iéjr H‘§ I&Iﬁ f% 9‘?1 rocesso clam 1 En
wherein t‘ﬁépﬁﬁﬁ‘%fhrﬁoéfﬁ?d%@%ﬁqﬁeﬁxfﬂ@m%ﬁ@ﬁwams conﬁrmed and measured the critical

dimensions of the assembled process kits before sending for vacuum packaging.

(g) Packaging, identification and shipment process whereby the process kit is packed and
vacuum sealed within a class 100 clean-room environment using a double bags vacuum pack
with inner bag is a blue anti-static polyethylene bag and the outer bag is a white normal
polyethylene bag; and then inspected for the condition of the vacuum pack to ensure a complete
vacuum seal packing of the process kit within a class 100 clean-room environment; and then
verified for quantity and a correct packing list with proper labeling and identification of the
process kits; and then packed and secured into a proprietary-designed container box before

delivery to customer.

167. The process of claim 166(a), wherein the acceptance inspection step comprises receiving,
dismantling, taking digital pictures, data logging critical dimension, categorize and separate into

different deposition removal and recycle cleaning process routings.

168. The process of claim 166(b), wherein the aqueous acid solution of chemical stripping for

Copper-related contaminant deposits comprises Nitric Acid (HNO3).

169. The process of claim 168, wherein the amount of Nitric Acid (HNO3) in said aqueous acid

solution is from about 30% to 40% by weight, based on the total weight of the solution.
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Hydroxide and Water (H202:NH40OH:H20) in said aqueous chemical solution is in the ratio of 7:1:7
by weight, based on the total weight of the solution. 174. The process of claim 166(b), wherein the
agqueous chemical solution of chemical stripping for Tantalum-related contaminant deposits comprises
Potassium Hydroxide (KOH). 175. The process of claim 174, wherein the amount of Potassium

HydroxideAK@hh frsridd SOH8RNS CH@NicRksaliianigRBAYLASMAY WRiAb: bpsrdretheipialgveight

of the solution: wherein js,carried out at temperature in th nge of abou [% to about 65C.
78 The B B e e e B o
stripping for process kits comprises Hydrofluaric Acid (HF) and Nitric Acid (HNQO3). 177. The process

of claim 176; WRerBiAEs SmBaHR of 1y a¥BatsaRichk AP ahiat depasimpHydtoxide FCHeidsetion is
from aboaqRsbychesight, basadmors thertothl Weighvothie tlsokdion, tiantbthleveerduntfohNisibideid in

said solutigiis TRTaRRALIBI Y RiElS ased-Andhe il wsiohbaf ihaisalutien: 178. The process

of claim 166(b), wherein the chemical stripping is carried out at a temperature in the range of from

about 2561 SO 88 17%Hhe REASeSH LRI, 106N AMErSIO B SERIHRAIG B GAYtied

out for a contacting time of from about 60 to 120 minutes, and is carried out for not longer t ve

cumulative RIARIets afeb RRRNEAS deRns 1B BIR)PURGE B TS PHERe R wid I ARss P P S flow
rinse tanifomaboot Bydrakdatahd Wiatete s, @it hiuiblE ppings in a drained, cleaned and refilled
rinse tank and is carried out at a temperature of about 45C to 50C. Page 67 of 72 181. The process of

claim 16609, vwhergirtbes peIceBskits s, ckopneth Witk Waieshiet 60 NetieyeerarPLFesidtesmminian the

leaning | | highrres . ! f - : bar. . Th
process oA T %??*ﬁh%‘?@‘nﬁ?ﬁééﬁﬁ?ﬁs???é%gsﬁ%ﬁt%%?ﬁﬁé’gﬁéﬁ?ﬁa?v%%ﬁ% AT S

overflow filsb RErfieighabaindribthb ity RE 183Ut process of claim 182, wherein the

temperature of the de-ionized water is heated up to a temperature of about 45C to 50C. 184. The
process df/8lalhel8Reeshercitndridbhttbll wheeeinsbe daneimsinhamsehyoliedmoa chesisthligrafmng

Ohm-cm for: mghen.anctfilteled teasibsiantipdyikernryeist PREsdamiRwéRide (KOH).

175. The process of claim 174, wherein the amount of Potassium Hydroxide (KOH) in said
aqueous chemical solution is about 15% by weight, based on the total weight of the solution;

wherein is carried out at temperature in the range of from about 60°C to about 65°C.

176. The process of claim 166(b), wherein the aqueous “bright dip” mix-acid solution of

chemical stripping for process kits comprises Hydrofluoric Acid (HF) and Nitric Acid (HNO3).

177. The process of claim 176, wherein the amount of Hydrofluoric Acid in said aqueous “bright
dip” mix-acid solution is from about 2% by weight, based on the total weight of the solution,
and the amount of Nitric Acid in said solution is from about 18% by weight, based on the total

weight of the solution.

178. The process of claim 166(b), wherein the chemical stripping is carried out at a temperature
in the range of from about 25°C to about 65°C.

179. The process of claim 166(b), wherein the chemical stripping is carried out for a contacting
time of from about 60 to 120 minutes, and is carried out for not longer than five cumulative

hours.

180. The process of claim 166(b), wherein the process Kkits is rinsed in an overflow rinse tank for
about 5 to about 10 minutes, with multiple dippings in a drained, cleaned and refilled rinse tank

and is carried out at a temperature of about 45°C to 50°C.
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0.1 um. 185. The process of claim 166(b), wherein the process kit is cleaned and dried using high
pressure ionized clean dry air, and is carried out at a pressure range of about 60 bar to 110 bar. 186.
The process of claim 166(c), wherein the mechanical stripping comprises setting up and masking the
process kits with different blasting plaster and aluminum foil to protect critical surfaces from

mechaniqglibiagiinge d&< of ReRHOCEED RiveHRIFIH B Proie RIR B RIARING MadiRHSOGk§demove
mechanical Sipping Isyiite,pxidized aluminumy an o chrrled out with & dlasting pressure of o
3kg/cm2%oya§h|eve the require strtace roughness. 18, epprocess of CIAINT 16 fces) w ereanhe
process it ocibanell Atiidried using high pressure ionized clean dry air (dry, oil-free, and filtered at
the point of use with a 0.1 micron filter), and is carried out at a pressure range of about 60 bar to 110
bar. 189.1BBe Progessash cibintaiiB6( AP (Whevkincinethhgrmedspkay coatirdempsisksvabttivayrapdand

masking {he Ripeass kit diferentihanmal Pisstrrsapdiumioymiaido protect critical surfaces
from thermal spray processes. 190. The process of claim 166(d), wherein the thermal spray

parametegyused (9, 0eral sRre PUORERS AIR. NS GUITEL 53RO, s alagRdo 2R L 39

dis
90rpm, the distance is , 10 leve the required surface roughness and thickness. 191. Ti%e
process GHRREFAMEEAETORIHE2 T e Blocess kit is cleaned and dried using high pressure ionized
clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron filter), and is carried out at
a pressurdfanide afrapesst d0drintol 820 Wher@agleiesistd vagp sk Hrodtrkngs tasantreBed) alvherein
the processiitsiRre PPN MAGESMClRangrbanddinsReaiad wWittinmisipseiAQ aleaarem dbds: tthe

process %f Iu 166(e), wherein the process kit is cleaned and dried using high pressure ionized
clean dry air ?gfny, oil-free, and filtered at the point of use with a 0.1 micron filter), and is carried out at

a pressure range of about 60 har to ar. 194, The process of claim 166(e), wherein the .
non-blasﬂzgdgdsﬁaé%/é’cﬁoﬁ%ﬁe‘gg ‘iljﬁlghr’é&bgr@%{?%i’% Wiperersandl Wil e [SFhitR Bt
isopropylpatseirs| ionizetirml ¢evedeiotiv, and/hcSaodonB dter (Xrsavirgardoad ol aBeat 60N)ar1@5] Hmprocess

of claim 166(e), wherein the water jet used for removing any residues is
186. The process of claim 166(c), wherein the mechanical stripping comprises setting up and

masking the process kits with different blasting plaster and aluminum foil to protect critical

surfaces from mechanical blasting.

187. The process of claim 166(c), wherein the blasting media used for mechanical stripping is
white oxidized aluminum and is carried out with a blasting pressure of 3kg/cm? to achieve the

required surface roughness.

188. The process of claim 166(c), wherein the process kit is cleaned and dried using high
pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron

filter), and is carried out at a pressure range of about 60 bar to 110 bar.

189. The process of claim 166(d), wherein the thermal spray coating comprises setting up and
masking the process kits with different thermal plaster and aluminum foil to protect critical
surfaces from thermal spray processes.

190. The process of claim 166(d), wherein the thermal spray parameters used for thermal spray
process are the current is 300A, the voltage is 29V, the speed is 90rpm, the distance is 30cm, to

achieve the required surface roughness and thickness.

191. The process of claim 166(d), wherein the process kit is cleaned and dried using high
pressure ionized clean dry air (dry, oil-free, and filtered at the point of use with a 0.1 micron

filter), and is carried out at a pressure range of about 60 bar to 110 bar.
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carried out at a high pressure in the range of about 60 bar. 196. The process of claim 166(e), wherein
the process kits are rinsed in an overflow rinse tank containing four sets of ultrasonic system and
warm de-ionized water, preferably at least three rinsing to ensure removal of all acid cleaning solution.
197. The process of claim 196, wherein the ultrasonic system is 40KHz/1800W. 198. The process of

claim 196 gwhenginghr demperatine 06818 deviRpizeadmaiRbisReRIBAHP (b tpreltss 188ankae figcess
of claim 196, wherein the dﬁ-io{r%s%l\évaater IS filtered to remove all particles down to 0.1 um. 200. The
h

mspgecte 1n a class Nn-room. . . L .
process of cqalm <! , wherein the process kit'is cleaned with high pressure de-ionized water jet

system; wherein the water jet pressure is controlled at about 6Q bar and the resistivity. of the .
de-ionisetWatdiGiPENTTDIRAER S M Whih- RSP RigREPRSESSTRE oteaacds e b s &/ MeBin the
process kitdssargec il hitgap dessure dompilessedandnid eded eanhdrpooil-vé esarvdthlte@d atithenpoint

of use Wimt@rg-ﬁﬂﬁlﬁr&ﬁrﬂ&?&ﬁi&t 2Q2eskR REREE ST M laiy B4G(e)1wherein the quality of the process
kit is visually inspected for cleanliness using a portable microscope. 203. The process of claim 166(f),

“T“h“:fSJQJ?;Pﬁ%&?%%%ﬁzﬁcéﬁ%r3@%%%%%&@%:3@%@%&%%&%%%e%@;ﬁea%%‘%éé?%@n{%%%é%%g
four sets WiMsRr&seedsyatBniinn g Al iRiRhive atvisir gprd ratetip Pt astith e P slgtheer ot b

rinsing toSensinigrieridlahofadibatid GiedniAg solution, within a classlOO clean-room environment.
205. The process of claim 204, wherein the ultrasonic system is 40KHz/1800W. 206. The process of

claim 204 9 herpintiedtsmpesrinie 16bion denisizatvataeisaeideddforSR@othe INe RINeess 1f
claim 204!i w ﬁrgirg%Fg hl Qi% qé/\,tl%tﬁ]rei%f'l grg,{d o re raII particles down to 0.1 um. 208. The
? 20 LW %rg]ln tgu éé N gﬁg\%i

process of claim e process kit is cleane high pressure de-ionized water jet

system; vtg rejin the water 'eﬁa ressure is controlled at about 60 bar and the resistivjty of.the
de-ionise @a?geigr&gﬁst?oqlée egfnzl @WE%G& ﬁ]&%?_cess its are rmsedt n an overHXW rinse tank
containing four sets of ultrasonic system and warm de-ionized water, preferably at least three

rinsing to ensure removal of all acid cleaning solution.
197. The process of claim 196, wherein the ultrasonic system is 40KHz/1800W.

198. The process of claim 196, wherein the temperature of the de-ionized water is heated up to
45-50°C.

199. The process of claim 196, wherein the de-ionized water is filtered to remove all particles

down to 0.1 um.

200. The process of claim 196, wherein the process kit is cleaned with high pressure de-ionized
water-jet system; wherein the water-jet pressure is controlled at about 60 bar and the resistivity

of the de-ionised water is controlled at 2 M Ohm-cm or higher.

201. The process of claim 166(e), wherein the process kit is dried with high pressure compressed

ionized clean dry, oil-free, and filtered at the point of use with a 0.1 micron filter air.

202. The process of claim 166(e), wherein the quality of the process kit is visually inspected for

cleanliness using a portable microscope.

203. The process of claim 166(f), wherein the process kits are final cleaned, baked and certified

within a class100 clean-room.

204. The process of claim 166(f), wherein the process kits are rinsed in an overflow rinse tank

containing four sets of ultrasonic system and warm de-ionized water, preferably at least three
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209. The process of claim 166(f), wherein the process kit is cleaned and dried with high pressure
compressed clean-dry-air (ionized clean dry air must be dry, oil-free, and filtered at the point of use
with a 0.1 micron filter) within a class100 clean-room environment. 210. The process of claim 166(f),
wherein the process kit is baked and dried using a classlOO dust free air oven within a class 100

clean-rogip@nyirNreeRiEo FaMAVE WAtRNIVaRAl, eREMItAISoRASPUiRKaRS dHsNOchelciearing
process; 211. The process of claim 210, wherein the process kits is baked for a sufficient temperature

of about TT0E"ahd a sufficient time of about 60 to 80 minutes, to remove substantially all absorbed
cleaning solution. 212. The process of claim 210, wherein the classlQO dust free air oven should be of

sufficient? &z 15 BEXSIAOGRIEHE or8REsihs LR AR GRESEHB I BE HZHEARNy from the oven wall

by jig and fixtures. 213. The process of claim 210, the process kit is cooled before taking out from the
oven witHfta Thassiovesciehalan hEnviksime ibeotemprr ot skeof cliomized oratol Hepeliansd-
surface ci@agliness of the process kit surface is measured using a surface particle tester or
equipment, within a class 100 clean-room environment. 215. The process of claim 214, wherein the

acceptabi@ﬁr'r_t%@apffa&é&ge il Qﬁﬁﬁiﬂh?Wﬁ@{@n qieaplingss iy gener %‘Xﬂ?e‘i%_&h@r}él%% 519?&]?'{%@@5(0m2'
based on egartl le sjize of about 0.3 microns, as measured by surface particle detector, such as QIH

Plus by FS1 mgggr(?'tegﬁlnology. Page 70 of 72 216. The process of claim 214, wherein the physical
surface morphology of the process kits is tested to ensure that it is intact after a cleaning procedure is

completetP® 1FheHasFs Hsd VR YEBIE N hAdversh&ibis ekt ripbiebsriawadsisngsdied
within a elass-jth@yslean-rdameianhiconarenttpiegsare it béatoalisivacahon 6adkgr2ifl thhepisttess of

claim 21 grwhetein the nRelPRGkha g AinialicRraly sihyiane bag of thickness 0.12mm with clean

lint free material to prevent damage during handling or shipment. 219. The process of claim 217,

wherein outer bag is a,white normal polyethvlene bag of., thickness 0.12 . 220.T rocess of
53 tl\%e e}grogeﬁ? oiméPa ri% \%R&em)@le lS>ro € s(f(tls crea € an:cll é‘rnlg W]EIQ hlg}il

. ¥ cssure
claim 16 elin the conaition o € vacuum packK such as leaking an reakage of'the

anti-stati€ JBRi&tRsAtleB Al yidihdpeizgidisdnduraa esph Preti X aihilfise st filtered at the point of

use with a 0.1 micron filter) within a class100 clean-room environment.

210. The process of claim 166(f), wherein the process kit is baked and dried using a class100
dust free air oven within a class100 clean-room environment to remove water vapor, chemicals

and spouts traps during the cleaning process;

211. The process of claim 210, wherein the process kits is baked for a sufficient temperature of
about 110°C and a sufficient time of about 60 to 80 minutes, to remove substantially all

absorbed cleaning solution.

212. The process of claim 210, wherein the class100 dust free air oven should be of sufficient
size to accommodate the process kits and the kits should be kept away from the oven wall by jig

and fixtures.

213. The process of claim 210, the process kit is cooled before taking out from the oven within a

class100 clean-room environment.

214. The process of claim 166(f), wherein the surface cleanliness of the process kit surface is
measured using a surface particle tester or equipment, within a class100 clean-room

environment.

215. The process of claim 214, wherein the acceptable criteria for the process kit surface
cleanliness is generally less than about 5 particles/cm™ based on particle size of about 0.3

microns, as measured by surface particle detector, such as QIII Plus by Pentagon technology.
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packing of the process kit within a class100 clean-room environment. 221. The process of claim
166(g), wherein the quantity of the kits is confirmed and a correct packing list according to the delivery
order is generated with proper labeling of the process kits. 222. The process of claim 166(g), wherein
the process kits are packed into a proprietary- designed container box with cushion designated to

properly prgterhapeosese? Hamrocesy kiehetarepiobivars iR et imsusip et g cthielgRparatus
for deposfiti?n removal %ﬂgt r?%yl%l% (g);[leﬁggnagc fsemicondldgtor. rocess k&ts In comprises of the
aC ;

equipmen?saerﬁldt Aciities such 3s: Besichizét 1\/I\I/‘f’f\t%rrog%urrceel; (%(}néﬁ)aesttelng Media; (c) Compressed

Nitrogen or Air; (d) Class 1000/100 Clean-room; (e) Process Tanks; (f) Thermal Coating System; (g)

High Pre bire WAKSESE YR I91aL0TH) <Y RSy Deacim ki RoRacky e Vi eEmGAD D 2

Equipmenlasg?d) Tleerappeanaus ohoiairn@i 3 a)dlevhér dagthesounceack.de-ionized water have a

specific resistivity of no less than 16 M Ohm-cm as determined in accordance with ASTM D1125, with

a propenrUrahigiesdightonorule 29 mstakes fahbasteridgoirolbabdatiReint golpeh denemised water

used for finsing an SIEAMDANAG AU SREFIDGIERRIaLS M QDR r s RHoCesS of
erein t SO er In t

claim 224, w e DI water used for various stag rinsing reference S Invention meet

the followjng reguirements: (a) for grag-out rinse; Rinse spray or.immersign i§ acceptable by using
cold DI v A S e et 3t SEREE 009 RS b T b G i hray
blind holékickress sl Zananon-welded seams by using cold DI water with specific resistivity of no less

than 2 M Ohm-cm, (c) for hot rinse: Page 71 of 72 immerse in hot DI bath of 45 to 50C with minimum
resistivity200 2e@hovessrofldlairateé 60ginwhersio rhtagtks] ghall dfeheverdlowinopcR 26 e lappagaiud of

claim 223} RETRTDE ARSING TGRS AUBIOUR QSR ALZD3 7L T06 ANBRTAS Ok

223(c), wherein the Nitrogen or. air.ysed t? dry components shall be dry, oil-free, and filtered at the
point of d%aé%bﬁ%%fe&i%?ﬁeﬁﬁ ERIBIHRAS QTJ%Q aftE 51 AT D231} Wherein the equipment required
include Class 100 clean room oven and Class 100 clean room deionized (DI) water rinse tanks with
ultrasonié ledhipProsds The Kipatafie) o s s gy aptiereinthsekilgun rreht resLired akoprsherly
agitated byctilhdrée atearddry witlar ditrogeoated ingahamniedhdditptiper sabskalgto futevadtesritaminating
by particles or hydrocarbons, and includes: (a) two mix-acid tank for HF and HNOS; (b) two

222. The process of claim 166(g), wherein the process kits are packed into a proprietary-

designed container box with cushion designated to properly protect and secure the process kit

before delivery shipment to customer.

223. The apparatus for deposition removal and recycle cleaning of semiconductor process kits in
comprises of the equipment and facilities such as: (a) De-ionized water source; (b) Blasting
Media; (c) Compressed Nitrogen or Air; (d) Class 1000/100 Clean-room; (e) Process Tanks; (f)
Thermal Coating System; (g) High Pressure Water-jet; (h) Ultrasonic systems; (i) Vacuum Pack
System; (j) Quality Control Equipment.

224. The apparatus of claim 223(a), wherein the source of de-ionized water have a specific
resistivity of no less than 16 M Ohm-cm as determined in accordance with ASTM D1125, with a
proper Ultra-Violet light module is installed for bacteria control, and at point of use, de-ionised

water used for rinsing and cleaning have a minimum specific resistivity of 2 M Ohm-cm.

225. The process of claim 224, wherein the DI water used for various stages of rinsing
referenced in this invention meet the following requirements: (a) for drag-out rinse: Rinse by
spray or immersion is acceptable by using cold DI water with specific resistivity of no less than
0.2 M Ohm-cm, (b) for spray rinse: Power spray blind holes, creases, and non-welded seams by

using cold DI water with specific resistivity of no less than 2 M Ohm-cm, (c) for hot rinse:
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chemical solution tank; (c) one mix-acid tank for "bright dip" aqueous mix-chemical solution; (d) two
warm city water overflow rinse tanks; (e) two high pressure water jet rinse tanks; (f) two deionized (DlI)
water rinse tanks with ultrasonic cleaning; (g) two deionized (DI) water rinse tanks. 230. The
apparatus of claim 229, wherein the tanks are fabricated from polypropylene and have sufficient

dimensiopgresemPIRIEly It the 4y eseste ity ianchalioninor Es By RgNeraing thareQlnm Mare pegferably,
the dimensio e Qveg'riﬁ” and built between 600-1000mm in length, 600-1000mm in

e dimengions of (e fanks pre desiona gth, 600-1
width, and of Sufcien ﬁelg tto prOV|8e Atleast a 300-600mm depth of any liquid therein. In
operation, the level of mix-acids, chemical solutions or solvent in the container must be at least of

sufficient’gdantiy RRATARSIA O B RlrtAeEs bith B ATHRE Sodia 1§ M B R LAdsiAR Qfrect. 231.

The apparatus of claim 229, wherein the tanks tank are incorporated with a heat source coupled to
the tank &2 wahhaBwhEdes g bl Heid BhesehiheaNssnaes s air decditsdy srmponsritshathBide the

tank to adeyeambigaha e ateivpeiatwreuby witine knawn higating means such as a
resistance-heating device with a thermocouple to monitor the temperature within the tank for safety

reasons. PRIGUL Yphtatus of claim 223(d), wherein the equipment required include Class 100 clean

room oven and Class 100 clean room deionized (DI) water rinse tanks with ultrasonic cleaning.

229. The apparatus of claim 223(e), wherein the equipment required are properly agitated by oil-
free clean dry air or nitrogen and mechanical agitation is used to prevent contaminating by
particles or hydrocarbons, and includes: (a) two mix-acid tank for HF and HNO3; (b) two
chemical solution tank; (c) one mix-acid tank for “bright dip” aqueous mix-chemical solution;
(d) two warm city water overflow rinse tanks; (e) two high pressure water-jet rinse tanks; (f) two
deionized (DI) water rinse tanks with ultrasonic cleaning; (g) two deionized (DI) water rinse
tanks.

230. The apparatus of claim 229, wherein the tanks are fabricated from polypropylene and have
sufficient dimensions to completely hold the process kits and allowing for submerging thereof.
More preferably, the dimensions of the tanks are design and built between 600-1000mm in
length, 600-1000mm in width, and of sufficient height to provide at least a 300-600mm depth of
any liquid therein. In operation, the level of mix-acids, chemical solutions or solvent in the
container must be at least of sufficient quantity and depth to wet the surfaces of the process kits

to create a “cleaning” effect.

231. The apparatus of claim 229, wherein the tanks tank are incorporated with a heat source
coupled to the tank to “warm or heat” up the mix-acid or chemical solutions or de-ionised water
content inside the tank to above ambient or "room" temperature by some known heating means
such as a resistance-heating device with a thermocouple to monitor the temperature within the
tank for safety reasons.
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