APPARATUS AND METHOD FOR SUPERCRI TI CAL FLU D REMOVAL

OR DEPOCSI TI ON PROCESSES FI ELD OF THE | NVENTI ON [ 0001]
wohespneszent i nvention relates to a supercriti eair/usSkevsm14321

apparatus useful in mcroel ectronic device

manuf acturing and a process of using said apparatus

for renoval or deposition processes including, but not
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DESCRI PTI ON OF THE RELATED ART [0002] Significant and

continuing efforts have been made in the
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renmovi ng ioni nplant hardened photoresists and resi dues
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characteristics of liquids used in the cleaning
solution. Additionally, aqueous cleaning solutions can
strongly affect inportant material properties of
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util1zed for layer formation are chem cal vapor
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(ALD) processes. Problenms associated with CVD and/ or

Ral2tphison egs@EdineadidndeD) @4khstdaadscl @i stoapn devie hag @, the high
sl ow deposition rate, and the inefficient conversion
efrfapy tesion Sharacteostge pHiquide dsedwnt e icladnide(004dn. Redsléiondlly, aqueous
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[0003] In addition to removal processes, there are numerous applications in which it is
desired to form layers on microelectronic devices, for example, thin-film deposition during
fabrication of integrated circuitry. Among the methods commonly utilized for layer formation
are chemical vapor deposition (CVD) processes and atomic layer deposition (ALD) processes.

Problems associated with CVD and/or ALD processes include less than 100% step coverage,

slow deposition rate, and the inefficient conversion of precursor to deposited material.



by first dissolving a precursor within the
supercritical fluid at high concentration, taking
weadvantiagge of the solvent characteristics of tReT®SE006/014321

The precursor-containing SCF is then delivered to a
reacti on chanmber having a substrate positioned
t herein. Subsequently, (i) the tenperature and/or
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volatile organometallic precursors, which tend to be less toxic and more cost effective

compounds; and (6) the use of non-toxic, low cost, readily available and recyclable solvents
such as carbon dioxide.

[0006] Current SCFD processing techniques are based on either the rapid expansion of
supercritical solvent (RESS) or the reduction of a precursor at a substrate surface, either
thermally or reactively using a carrier or co-reactive gas, e.g., hydrogen. RESS involves the
rapid expansion of the precursor-containing SCF through a nozzle or capillary of micron size

dimension, subsequently creating an aerosol of the material to be deposited at or near the



di mensi on, subsequently creating an aerosol of the
material to be deposited at or near thesubstrate
weundeaass73 Al t hough this process may acconmpdat eCrhis2006/014321
gromh of thin filnms of various materials, the
deposition rate and surface area of the deposited film
is limted due to the small anount of precursor
mbsieats surfageh dtlthpugh dhisyeeveka blap acchimmodpke thdrgostiraf thin films of various
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times of the precursor-containing SCF in the chanber.
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I%ern tive method for renoving nmaterials, e.%.
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rpel ectroni c.device surface.. SCEs diffuse rapidly,
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tra S b Ve k1t e trenches and .vi as rther,.
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processes using SCFs greatly elimnate water
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guantities of hazardous liquid chem cal s which nust
ticsiogstesticlel andaid. Flrdebbidied ofBHeir6v0 6i8&Siky) SCI:t BPSpidly transport
[ 0008] Unfortunately, SCFs are highly non-polar and as
disrolved prelfvy sepedekwedsse (ating degessss ebivg SOFUSEdly 2Rdinate water
therein. Presently, conponents added to SCFs for
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solvents, surfactants, oxidizing agents, reducing agents, stabilizers, chelating agents,
passivators, complexing agents, and etchants. Said components are usually incorporated into
the SCF using static mixing methods, whereby the SCF and the component(s) to be solubilized
therein are introduced to a mixing chamber and the momentum of the flowing fluids is utilized
to provide the energy necessary for physical mixing by impingement upon tortuous paths,

which convert forward momentum into transverse or turbulent movement. Any change in



therein are introduced to a m xi ng chanber and the
momentum of the flowing fluids is utilized to provide
woOheosengy7gy necessary for physical mxing by PCT/US2006/014321
I mpi ngenent upon tortuous paths, which convert forward
nmonmentuminto transverse or turbul ent novenent. Any
change inpressure or tenperature in static m xers,
Persfvreasr enperetgsumestaicopixenyayuch @s @l pressoresdrbp, dmay result in solid
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has a known | ow solubility in the bulk solvent. [0010]
dppagérdnirerowhiehowillipeodpeecsiniform 2ad Boyedgerteets mydialpf §feabmmonent(s) in
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SPiv b XteVhiene campongnt dsihiold of sk anenn leysolubilil in the bulk
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residue. Preferably, the dynamic m xer is a conponent
efrfathe conti nuous-fl ow system Inportantly, a

conti nuousfl ow systemw || al so inprove the growth
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dfiaposi tion of pore uniform |ess contam nated fil ns.
allows for the uniform introduction of fresh chemistries to the microelectronic device surface

for the efficient and effective removal of unwanted layers, particles and/or residue. Preferably,
the dynamic mixer is a component of the continuous-flow system. Importantly, a continuous-
flow system will also improve the growth process of thin film materials, thereby ensuring the

deposition of more uniform, less contaminated films.

SUMMARY OF THE INVENTION

[0012] The present invention relates to a continuous-flow SCF apparatus and processes of

using said apparatus.



SUMVARY OF THE | NVENTI ON [ 0012] The present invention
relates to a continuous-flow SCF apparatus and
wonroemads®ms of using said apparatus.[0013] I n ORET/US2006/014321
aspect, the invention relates to a continuous-fl ow
supercritical fluid (SCF) apparatus, said SCF
apparatus conprising: (a) a solvent container hol ding
$0043) veit pne ipecy thd giverpioe sgatésetosotargintioysfles supercritical fluid
comuni catively connected to the solvent container for
{SC)iappprithe sdd BCB appadawnsipeisigof t he hi gh pressure
sol vent punp; (c) a solvent heater communicatively
conne@j ed atsolven conpiist KaldipetsoRainst r eam of the hi gh
pressure sol vent punp, wherein the solvent heater is
arr anged taohiglompreesute sdhent plmpe nonmmntia@tielys umeecti bi thalsolvent
state; (d) a high pressure chem cal conponent punp for
fl owi ng atconteing tforphewing i sokybnt clowprtrerem of theviright pressure @blvent
the chem cal conponent punp; (e) a m xi ng chanber
communi cath"¥ y connected to and positioned downstream

of bo the solyent heater and the chem cal  copponent
punp; gcgnd a(sf’szer’atl%?f‘?eéé%@@u‘g‘ﬁlﬂ e‘i"’m&eﬁﬁ‘iﬁ’rﬂ“ﬁ Rp§ipapd downstream of
connected 4 0, . itioned downst.ream of the sol vent
heat er, ar%l]i Sla egﬁpsgllsénsﬁivgﬁfﬁlﬁl& %Tr%%f] SOFVﬁmahr‘?%tFrhlérmanged to
aspect , t Renvof #is Sotent MG ﬁéafét-aé-es to a

conti nuous-flow supercritical flurd process chanber

CONPridpi NG highdresile bidhRSal Qhnp6haI e fol @c)wiﬁ%ﬁtl 164sthne chemical
di sperser positioned within the interior chanber; (c)
a m cr oel ecipasitdovdBiréattof fHeppdiidal @apbicnopneg; Wi t hin t he
interior chanber, arranged to support one or nore
mi cr del ectamuning cldebercwsmuaicaivélg poratctddgastd positionH Masisstream
ports distally positioned relative to the fluid
di sper ser .ofpagpthsiolvent hyater aathihe phemicalsprpenentphep;pnésent
invention relates to a nmethod of nmanufacturing a

® a process chamber communicatively commected to and positioned downstream

of the solvent heater, and the mixing chamber.

[0014] In another aspect, the present invention relates to a continuous-flow supercritical
fluid process chamber comprising:

(a) an interior chamber;

b) a fluid disperser positioned within the interior chamber;

(c) a microelectronic device support positioned within the interior chamber,

arranged to support one or more microelectronic devices; and

(d at least two exhaust ports distally positioned relative to the fluid disperser.
[0015] In yet another aspect, the present invention relates to a method of manufacturing a
microelectronic device, said method comprising depositing a thin film onto the microelectronic
device using a continuous-flow supercritical fluid deposition (SCFD) apparatus, said SCFD

apparatus comprising:

(a) a solvent container holding a solvent;



m croel ectroni c device, said nethod conprising

depositing a thin filmonto the m croel ectroni c device
wooeg1as76ont i nuous-fl ow supercritical fluid depoaistooeni4321

(SCFD) apparatus, said SCFD apparatus conprising: (a)

a sol vent container holding a solvent;(b) a high

pressure solvent punp conmmuni catively connected to the

sol vef conbigh rpegssufeo polfepiopirpry corhgumetiveln tondestad stor tharsplvent

of the high pressure solvent punp; (c) a sol vent

heat er corRtipne P feriye teakent dewatreamof podiigh rrprsee solvent

downstream of the high pressure solvent punp, wherein

t he sol verlt™Reater is arranged to convert the sol vent

i nt itical state:. (d i,gh pre r
precuflor CREH RIS StTBTGH bt aitsge d o @aSfmpfevastean of
chem cal  GRIMPON SR AOMNSH RAN Qhedill Pl REN ROE: | d
chem cal punp, ?g% a mxi ng hanber -Comuni c%ril&eﬁ“)?nge to

connect ed &&eﬁ%sﬁ@eﬁiﬂﬂoqg@&rcgﬁ&ﬁ@th ;ea_m of both the
sol vent heater and the precursor chem cal punp; and

(f) adpr ocesigh FRAND PrecGONMEMIEA UM S FIHIEL 1GE dnd Ribcal
positi oned downstream of the solvent heater, and the

m Xi ng chaoigsnent[dO@kbdam of the @tecrB@tch@ficapsppet , t he
present invention relates to a nethod of depositing a

t hi n @} | ma mizing chasbbrodmoonipatively mgnneeagios iatd prgitianet kibwnstream
filmonto a substrate using a continuous-flow

supercri t %hpth fhp eﬂlwnfdvéis@@g the prequsOrdhemisplpamptand | sai d
SCFD apparatus c rising:. (a). a solvent container

hol ditWg a 3SBIGEFPamoesomEuRiciyely camegipdto ap Rasitipned daysnstream

conmuni catoif}ﬁgls S réaec%\lﬁgleto the sol vent container for
flowing the soivent do FEART He high pressure

fplgent Irg}émioﬂlé o, fﬁQiar\é&ﬂtgn%gﬁ‘én%lat%Qtro‘qun?ehlt%ﬁtg% %?(.lés ing a thin

connected to an ositrone wnstreamo

P S84 bR hS® borPhibin P BitinBhGHR tfiln LS 2SHGD Bsiﬁkegéo%{indoﬁs-ﬂow
arranged to convert the solvent into a supercritica
siibértr@tical fluid deposition (SCFD) apparatus, said SCFD apparatus comprising:
(a) a solvent container holding a solvent;
®) a high pressure solvent pump communicatively connected to the solvent
container for flowing the solvent downstream of the high pressure solvent
pump;
© a solvent heater communicatively connected to and positioned downstream of
the high pressure solvent pump, wherein the solvent heater is arranged to
convert the solvent into a supercritical state;
(&) a high pressure precursor chemical pump for flowing at least one chemical
component downstream of the precursor chemical pump;
(e) a mixing chamber communicatively connected to and positioned downstream
of both the solvent heater and the precursor chemical pump; and
® a process chamber communicatively connected to and positioned downstream

of the solvent heater, and the mixing chamber.



(d) a high pressure precursor chem cal punp for

flowi ng at | east one chem cal conponent downstream of
woOheospmeszsr sor chem cal punp; (e) a m xi ng charO®MUS2006/014321
comuni catively connected to and positioned downstream
of both the solvent heater and the precursor chem cal
punp; and (f) a process chanber conmmunicatively
[snectiedyd canathel p@sitt itenpesegowmvsitior arslatsé tbhe euimenstlow
heater, and the m xi ng chanber.[0017] In yet another
sapeittal fvif depositee AEFD)praratus oid SEF R apRaTatys cgprising:

conti nuous-flow supercritical fluid deposition (SCFD)
appaf@t usa cagingr wpraEeA F5leashboRs ISP, grd gt Lepst gne precursor
contai ner holding a m xture of at |east one sol vent

and at | e®&"%ne precursor material; (b) a high
pressure communi cati vely.connected tpo the. .
cont Zl?u)n er E# %’E PRPGWRPRGP £ ?{Témurrrlilc\éttwﬁ p e do \%re}cg %ortgeacr%n%Pertfﬁreﬂowmg

nigh Y €S a LRl MRinsh il Rl igh flessGAPIMA call Vel Y

connected to and positione stream’of the high

presgyre PUIRy (WG iy 8nd8ad 18and SosRbARIBREL b of the high

convert the mxture into a subcritical or

super cri t peahreShuipSwheadid thé Ulated iPHirHRALSISto CoRRAElle mixture into a

comuni cati vely connected to and positioned downstream

of the heaiberitical & CupBicritical sy@t ardinot her aspect, the

present invention relates to a continuous-fl ow

super@yr i t b oekess chanderhoposiititively (SERI topphrositionsd devgiseam

SCFD apparatus conprising: (a) a solvent container

hol di ng ao&B¢Reeist; (b) a hi gh pressure sol vent punp

conmuni cat i vel ﬁvconnect ed to the solvent container fof[
S-IlOwW

P8 ngnt KE AR FEPetoViRfs PIERM BE Nt e "HSS h op P e LB TTEY
| vent [ | t h [ . vel
Sy g Fostit sRePP iRl BSRCER BATNofRIMEE o)
pr ess(ér e SOLYGDion R oldﬁ@ﬁrs&ir&lt;t he solvent heater is
n t the

arrandged to conver olvent into a supercritical
stat &b) a high pressure solvent pump communicatively connected to the solvent

container for flowing the solvent downstream of the high pressure solvent
pump;

(© a solvent heater communicatively connected to and positioned downstream of
the high pressure solvent pump, wherein the solvent heater is arranged to
convert the solvent into a supercritical state;

d) a high pressure precursor chemical pump for flowing a precursor downstream
of the precursor chemical pump; and

(e a process chamber communicatively connected to and positioned downstream
of both the solvent heater and the precursor chemical pump, wherein the
process chamber comprises a mixing system.

[0019] Yet another aspect of the invention relates to improved microelectronic devices,

and products incorporating same, made using the methods and systems of the invention



(d) a high pressure precursor chem cal punp for

flowi ng a precursor downstream of the precursor
woheosi1aad73punp; and (e) a process chanber PCT/US2006/014321

comuni catively connected to and positioned downstream

of both the sol vent heater and the precursor chem cal

punp, wherein the process chanber conprises a m xing

Spiseim dep@BinPla tMatfilansinp ahe methais tandfpr tyktems Assentttefl deremn, and

relates to i nproved microel ectronic devices, and

qptiomilG insorperating themaerpeiesremndeyicoriatper nigiugfg t he met hods

and systens of the inventiaonconprising depositing a

[0920h f i Stith anethercpsnenieol it FyaEonIskyey fo gﬁm%ma%éﬁg% fpr the

herein, and optiqnally,. inc rafing the s
e RBHisR BRG] UG UL Rt P ORpr ifif mixine
anot her .asg_ect of the invention relates to a dynamc
P FYPES8E em for t he honogeni zation of a

Supe gaﬁr It ia ﬁ%g Prggsur% l&;psgél idéfinﬁl%lan hkeﬁl)ldchgxﬂﬂer;at | east one

conponent, m xi ng system conprising: (a) a high

pressyfre Yegselidafl snbeiRn hdld QohtdiherChARE fie §dddrotical or
supercritical or subcritical fluid container holding

t he super gkicliticaPhui@®r saflUdpdrdriticat @k siilctiticd] fgidicontainer arranged in
supercritical or subcritical fluid container arranged
in feed r edeatdmpsshippvithitteighpeesdareghssgr essure vessel ;

(c) at |east one component container holding the at

| east(cone atlersporreqemponsal wntaiper| holding e 1eagirfne surprronent, said at

container arranged in feed relationship wth the hi ,
pressure VeBs s  compRReRtpnigiaer Aiiapgse dp f‘ffésr\é\ff‘t?oaﬂ’élﬂ "V\‘ld‘1 tﬂ%’rlﬁgh
the interior chanber to provide dynam c mxing. [0021]
In a furt REFSUESESEE20dt he i nvention relates to a

dynam.c m xi ng system for .the, ho nj 1.0 Ae  dynami
super itk a?g%?i[?lygﬂsg%:ofl i iwé%ﬁn ?hf} u‘?%gcgngé%tgérl %ag{OVIO%ewmc
ot her conpgpent sel ected fromthe group consisting of

co-sol vents, ®tchants, surfactants, oxidizing agents,
L@gﬂc' NG, 2GGHES aspR@ASHE YRERHOR relRELRUL GRathic SRR wxécndor the

gents, chelating agents, and other chem cal
AL AiX48S ofSRinsbrotitidd] BisubdyiGitE i€ @iitdt ledstidge other component selected
from the group consisting of co-solvents, etchants, surfactants, oxidizing agents, reducing
agents, passivators, precursors, complexing agents, chelating agents, and other chemical
additives, said mixing system comprising:

(a) a high pressure vessel defining an interior chamber;

W) a single source reagent container holding a supercritical or subcritical fluid and
at least one other component, said single source reagent container arranged in
feed relationship with the high pressure vessel; and

(© an agitator positioned within the interior chamber to provide dynamic mixing.

[0022] In another aspect, the invention relates to a continuous-flow supercritical or
subcritical fluid (SCF) apparatus, said apparatus comprising:

(a) a single source fluid container holding a solvent source reagent and at least one

other component source reagent;



(a) a high pressure vessel defining an interior

chanber; (b) a single source reagent container hol ding
we 2806p1@878i ti cal or subcritical fluid and at | eastUuseove/ 014321

ot her conponent, said single source reagent container

arranged in feed relationship with the high pressure

vessel; and (c) an agitator positioned within the

i nt erfbdr chhigherestwe proyi demntiyioaively dvhacciad .o [ 2Rkle | durce

anot her aspect, the invention relates to a

cont i nuousoftipsy fag flowingthe single somce Suith dowitsireal offhethigh pressure

(SCF) apparatus, said apparatus conprising: (a) a

single so®® fluid container holding a solvent source

reageci and at | ea kpge ot her conpaonent source N

reagent ; (B)"28 HI'Gh EF{B’P o S COPUNRCUSHLFIRIeEE] o |apd positioned

connect ed he singl.e source container for flown

t he singl ed%‘g%shr?%eoéq?%?lg] RGNS P1dy r‘ﬁth?)tf’mtﬂﬁem’l‘?[eﬁﬂume ot heater

pressure . ' . fl.ui.d heater.,. »

connunica?%%gTﬁﬁg%ﬁﬁgggégmﬁ%y%ﬁ eg%@f%?%ﬁ%ﬁmﬁhﬁh%fW§3W?l

of the hi ghtpmgssure punp, wherein the single source

fluid heater is arranged to convert the single source

f1 ui dd) nt @ pRocsss plebEd dotrrhic@ivel§ WbMhkdtddi 6 3hd Ss@bRd dRktream

(d) a process chanber communi catively connected to and

posi t i onedf tiovimgdd soeanfhaf héakke si ngl e source fluid

heater. [0023] In still another aspect, the invention

108334t esIn; ll anelien mipAtioths irfvendian salgierie micoitipadus-Gipw supercritical or

sgbcritical fluid (SCF) apparatus, said apparatus

TBHs Sid SCH) appatgiug, spid apperapip emaprisiag: hol di ng a sol vent

nt; (b, i gh pressure punp

commufii cat’i @%“1“9"0@%%?@8{&@3 af@‘@hi@“’%{%ﬁ% cont ai ner for

flow t he. t urce r.e nt downstream of the

i gh OF esaqil AstERo R SRR bR PE it commer o

heater co WAL ffl@gdl\%eﬁi s%u&@ﬁ&h%ﬁttdggnsﬁrgm@%e@?%: p%és%)ugeg)qlmp;

downst ream of "t he high pressure punp,

sol veat  sausiedt §08RE RAkenP B&lef EonBun®biRAethel % HAURY ?5sﬁtioned
the sol vent source reagent into a supércritical o

downstream of the high pressure pump, wherein the solvent source reagent

sour c reag

heater is arranged to convert the solvent source reagent into a supercritical or
subcritical state;
(d a chemical formulation pump for flowing a chemical formulation downstream
of the chemical formulation pump; and
(e) a process chamber communicatively connected to and positioned downstream
of both the solvent source reagent heater and the chemical formulation pump,
wherein the process chamber includes a mixing system.
[0024] = In a further aspect, the invention relates to a method of removing hardened
photoresist material from a microelectronic device having said photoresist material thereon
using the continuous-flow supercritical fluid (SCF) apparatus described herein.
[0025] In another aspect, the invention relates to a method of manufacturing a

microelectronic device, said method comprising removing hardened photoresist material from a



subcritical state; (d) a chemcal fornulation punp for
flowi ng a chem cal fornul ati on downstream of the
woheosi1aad73f or mul ati on punp; and (e) a process eoamse006/014321
comuni cati vely connected to and positioned downstream
of both the sol vent source reagent heater and the
chem cal fornulation punp, wherein the process chanber
nict6d18t888c devideXianigg S3ié photvredid GRvdriall thergorf usitghibe cargipews-flow
the invention relates to a nmethod of renoving hardened
spleatiocabiid (STFhtpparkias defaribed herein. cr oel ect roni c devi ce
havi ng said photoresist material thereon using
(@Bl i nURy suctieppspeqy9b e ru}vertealrd?wiodmerseﬂ)fmafaf}gcea%§ev1°es
descr.i bed herein. [002 ot her ect,
apdh PEOHRS D Aopraeraing sapgy fanﬁé’ﬁﬂ%?}ﬁoF’eﬁa% adiia n&fe the invention
m cr oel ectronic device,. .said Fm%

°P@Wgﬁan%vg}gcp&ﬁtgfaﬂﬁ R 2 st 4
t
"‘Rg]?lf’g‘}’ zlpel{q‘ﬁrg}opalhc AeMI 8 MIC @&n&%tgagllaﬁ presi st

u3|ng t cont 1 nuou

[F(%ggr ¢ r%ércé echs! Whithed S )eml?oqﬁfi)eﬁlét HStmd @1@@1&10@ QAN e & fully

6 ot her aspect of the invention relates to

Jn@}!c&ﬁ ¥l A8 HBAsh1e BhdCapf@MédRSms. and pr oduct s

|ncorporat|ng same, made using the nethods and systens
of the invention conprising renoving photoresi st
mat eri al u5|ng the nethods and/ or systens descri bed
BRIEF| , ‘ X i Tporatlng t he
n1croe|ectron|c deV|ce into roduct. [0027] O he
[8828bct sFigdre At isreeat aweY e‘ﬁ‘b@élﬂi*?e EED @rocesh shamphgie F‘ﬂCPré’ﬁg to the
will be nore fully apparent fromthe ensuing
igye8d@osur e and appended clalns BRI EF DESCRI PTI ON OF

[g@gb%glgc? %haaﬂ)g] g\%re I ng ?lgD G ugces?\rq@éeﬁ% et 1|f Qéﬁ’or%g tp fhe
%hegtz %] mclu T rtﬁe dgus 11§c1[10%t0? EtL m&atwe%‘f&aﬂge +Ji<§1|to Qﬁ Pﬁ% Gadp-

noer. ac € Invention I nc e axi s
,ndi cat or L L' and rel ative distance |nd|cators MM,
N and PP . [0030] Figure 3 is a cut away view of

ﬁ)b‘ﬁ? SCFRgiE 8GES sut WAV of tRESORD Pi@cdshehafnBS lifiluldMg the resistive

cartridge heaters according to the invention.

cartridge heaters according to the invention.

(§ ?ystems gescnbed herein,

[0031] Figure 4 is a cut away view of the SCFD process chamber including the heating
element substrate support according to the invention.
[0032] Figure 5A is a elevational view of the heating element substrate support according

to the invention.

[0033] Figure 5B is a cross-sectional view of the heating element substrate support of
Figure SA.
[0034] Figure 6 is a schematic diagram of the components of the continuous-flow

apparatus according to the invention.
[0035] Figure 7 is a cut away view of the dynamic mixing chamber according to the

mvention.
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[0031] Figure 4 is a cut away view of the SCFD process
chanmber including the heating el enent substrate
weupanss7according to the invention. [0032] Fi garas2ie/014321

is a elevational view of the heating el enent substrate
support according to the invention. [0033] Figure 5B
is a cross-sectional view of the heating el enent
40986}t r atFfegussBe o seannfng Blegiton @niGidgraph @O Hd torfrbDiHte (16p ie& 66° angle
schemati ¢ di agram of the conponents of the
¥ befuoRrecepsingy appar at us according to the invention.
h%335] Figure 7 is a cut away view of the dynam c

Ting EHEPHRES asearing Feptrenmickreraph 9 & e icontro] BOaaight 90° cross
E&gurqwg%g¥s a scanning el ectron m crograph of the

Tofh e CPTLEPS1 ef t 60 angl e view) before

RS gr S 1t iy on Bt PERE ol b pUger P sa ater
ki ' L OCESS 038] ,Figure 8c is a
gggﬁﬁgﬂgﬁgFﬁ%??%%9%§6?%%?%%gh%%r?ﬁgrco%¥f%] waf er of

fGogo] 8arafictd iPh SGRES AibSintehoABh PR E(g)%ﬁwéfé}%k %%idé‘[?%ﬂer

a static mxer and a recirculator. [003 Figure
arosBsnpNisihg atipp et Ofcidify g pkeOind b RRir6@d:r ol waf er of
Fig. 8b after processing using an apparatus including
#04qlat i Eigmiexdens armineng @eirsrciilcpgaph of 06 déhlrolRiFeof FREsd Ster
a scanning el ectron m crograph of the control wafer of
POgPsSISHE pRAPPpiRbe weludingp siptic mmixeamddipgachamisisies thathydimndpting
a static mxer and fresh chem stries thereby
&mﬁm%&ﬁ%& continuous flow. [0041] Figure 8f is a
EﬁgﬁningieL§ tron nicr% raph. of the control wafer of

1g. 8b" ZrTer St HEBLSS gﬁwuﬁrggfaw fipraroatrelsvates of Higi $hyafter

i c.oplXxer - fresh chem.stries thereh : :

B i B LR 0% P o R PSR ety simtaing
ShanRidwwe! ectron mcrograph of the control wafer of
Fig. 8a after processing using an apparatus including

M0sA at | Pighke %8 Ns AREnrHgl ditleBon§ &ﬁ%@raﬁlh%é EdnbBiSwdrll QF ﬁl@.VSa after
processing using an apparatus including a static mixer and dilute fresh chemistries thereby
simulating continuous flow.

[0043] Figure 8h is a scanning electron micrograph of the control wafer of Fig. 8b after
processing using an apparatus including a static mixer and dilute fresh chemistries thereby
simulating continuous flow.

[0044] Figure 8i is a scanning electron micrograph of the control wafer of Fig. 8a after
processing using the continuous-flow apparatus of Fig. 6 and a dynamic mixer.

[0045] Figure 8j is a scanning electron micrograph of the control wafer of Fig. 8b after

- processing using the continuous-flow apparatus of Fig. 6 and a dynamic mixer.

DETAILED DESCRIPTION _OF THE _INVENTION, AND PREFERRED
EMBODIMENTS THEREOF
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simul ating continuous flow [0043] Figure 8h is a

scanni ng el ectron m crograph of the control wafer of
woi2e06/18857af t er processi ng usi ng an appar at us i RCIraE2009/014321
a static mxer and dilute fresh chem stries thereby

simul ating continuous flow [0044] Figure 8i is a

scanni ng el ectron mcrograph of the control wafer of

[6U4g] S&habteent pradies sinteplates agottiveore-dAY isrsersiged [flaid) process
apparatus of Fig. 6 and a dynam c_m xer. [0045%5 Fi qure
cBjmbiess apd gpraTHfs ng’r ehee denosifionyiot iy riEph o ffEosleseico devices.
waf er of Fi 8b after processing usi.n

g. t he

Pacdertiln the Gutipyonsl o prpriuy @ichydes pdypams mihe Ysqnani ¢

] Xer. TAl L DESCRI PTI ON THE, L NVENTI ON. -AND .
W e dé’%% §“‘?¥‘i€h§&?“[§6‘b§|‘8ﬁ‘ é“°‘Fﬁ‘3erys' PELE iy Processing of
i.nvention.contenpl.ate cQnL] f RELE Lt kg
YRR GO0, SRR SRS O0ADUBHRT LA PUBEEE Ll
Q%Ier il f%ﬂrilcsmﬁ QRED uFhE EPEL QKb RMsC FHEMHGRS the present invention

referably, ‘he continuous- Tl ow apparatus includes a
MRA R afes 1 %E REnov¥ISIr@Mderdod Qictiresit frafldi thicRBlectiohie dpri@sen a
invention relates to fluid delivery systens for
RhEE Qs SR GpRfatuyiand pRLast Pefiably iy tanesyous-iol spgamtys includes a
etching, cleaning, particle renoval, residue renoval,
d@naniotbxéng systeomn f abri cation steps, using supercritical
fluids. Specifically, the present invention further
[Pe48ht e sThe dermiisuperstitiseh fluigt istsgddsisiidto ptotcor @aFdal vhich A wpder
m croel ectroni ¢ devjce using a_continuous-

3 i fl ow
®pPienapiret WEr Prigceyisal tomerBicaly (4 ehless iR HEBLREF -
apparatus includes a dynam c.m xin ste 0048].. ,
PR e D pf i heney el e b s QR I
materd almahleh i ¢Qagh 1 R o 998 LarbilAR R
%mrpltkiyfx%:‘glﬂletper?rsglle}yulé\t%ﬁ%%?& Q@%%Hﬁgtg §P%é§f8t gn a g ritical
Ql()ﬁél‘%h(ilgve SE&’&S A.p, I@‘LE]ZNS m,r s @ﬁpgg bﬁ'tsyﬁ-@;;l{u 1@2@’; ﬁm g’fd ﬂ%hke
I nt ended conpound. The preferred supercritical fluid
ﬁiﬁ@}tzﬁﬁﬁ Chithdhgh REFerPEc8Se Madé BY Qpbic@iRall SuidiOfhevibselt iARYtiddCalso
used alone or in an adm xture wth another additive
Sod@hpla®s € use NFIStherN2nseGldils, f6RdAdmplEkifberitical2ihGds. Ms@8fiB herein,
H2O, N20O and the like. Inportantly, although reference
fssbontabtidy desepless @solvint ml thef subrritien! stathia.cpbadeyethe critisyldempiersiyre
al so contenpl ates the use of other dense fluids, for
axanpilev tebutical iresaire pysegiate willicthed prtiprday splagng J other words, the

fluid is not in the supercritical state, but rather is a gas or a liquid of varying density.

[0049] As defined herein, “microelectronic device” corresponds to resist-coated
semiconductor  substrates, flat panel displays, thin-film recording heads,
microelectromechanical systems (MEMS), and other advanced microelectronic components.
The microelectronic device may include patterned and/or blanketed silicon wafers, flat panel
display substrates or fluoropolymer substrates. Further, the microelectronic device may include
mesoporous or microporous inorganic solids. It is to be understood that the phrase “depositing
a thin film onto the microelectronic device” is not meant to be limiting in any way and includes
the deposition of a thin film onto any substrate that will eventually become a microelectronic

device.
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"subcritical fluid" describes a solvent in the
subcritical state, i.e., belowthe critica

woenpanaisr e and/ or bel ow the critical pressurecT/US2006/014321
associated with that particular solvent. In other
words, the fluid is not in the supercritical state,
but rather is a gas or a liquid of varying density.
[@6e9] As ddipfed hezen, Hkiglepmssure Nesseldmbled:s b miing cheniec£ S well as the
corresponds to resist-coated sem conductor substrates,
Progess phapber. Epopmdy.dhe nroress-chimher mescioelatie mygxie@phbilities so that the
m cr oel ect ronechani cal stenms (MEMS), and ot her

B9 chaggd ‘?hlséﬂsa&eé&’fl%‘il?ﬁ%g GHPBIALYSS. The
Bt S B 5 Bl B S B o
E}W&Esgs? w?elo% %ho (r)ersfs) grloysqeuﬁ(ecﬁ%{}b t&cr%t & 0606 {)[ﬂj\gte}%lf been plasma

Croe devr cé nay

rdﬁHﬁg Ba@lpgng @in(fe g%%b'lj&ual %J Fmagc% e ocessmg op T{%%rateg Circuits,

that e phrase "depositing a
Bl a2 mt&ssﬁsf BEYEs BAEVibiE Bnpl H?%?g'ﬁ
any \%ay and includes t ﬁeﬁgggggtsldt i on ogé&glg?ﬁ{e (@6%):%1%Cé£mg
enimplaangopsii Bedcieainethd Bipkoprit llayei @B tiéakh¥oddBGR ard. It is to be
m croel ectroni c device.[0050] As defined herein, "high
prdesood éhat/igs sighsts 'radvirdeisrdndd ptotogesisthandal tas a\dﬁbrbelaﬁomc
the process chanber. Inportantly, the process chanber
AerieeT ﬁ@l“ﬁﬂﬂ’@c‘i‘fﬁgﬁmﬂeﬁ?ﬁmlb Hevicesvith @ r¢vhmare] coppsipd CES® meant
cgﬁgb i.s al so the m xing chanber, and vice versa.

& tingip, fy 9F AndyiAElds? e jremovalzod herdened phefoessist materlal s, and

d d phot t
Bemb e ot pae i %?ea@éx he?n%&%%aﬁ%ﬁ%@?@ewee

@hgﬂ or gls ﬁ ﬁn]%?%éeu{,' g]éa%e c?le IlC ragear{g cglﬁeépdrsxfi%@ gg)épﬁtarlaé flsged as
b BERE e rif ! III{ @Hﬂfetrél grﬁglé:&ron ? QQJK%F %ﬁ égfﬁ ¥hte Pn erlzla?n’a_sE%ﬁx)%lgctnc

ion inplanted, e.g., ring front:
PhaeR 3G Ben Elﬂ)u’t P! 2RErHRP %tb\%ﬂke&él&%lc'rﬁlaténgﬁ mclude low- olarity
appropriate | ayers of t he sem conduct or waf er. 23
tnaterdés Ushdier a¢ ogilicohRadtaililg PREAS € $oly &m\éilﬁ&-&ﬁfaﬁﬁlﬁe%ybnd
photoresi st material froma mcroel ectronic device"
erpahic/ic@gangC matargpls Im@amsdmﬂelghaei NORG)C TS| Ceorivbted sBicate glass
renoval conposition” are not neant to be limting in
&RG). wigonadieridenanid gerben-doped exader(CRIO) @lassh dt il énigechppreciated that the
photoresjist material from and the contacting of any
@Wﬂ‘s‘%‘#e&% TfafFERls Hp haveNpsrg dgnsites prdcirving gorosities.
ﬁ%ﬁiﬁel ctronic gFV|ce 0052] As _defined. herein,
PR °W§{’1€H | eraﬁsse%eﬁ%ﬁffshefeai rawve employed for
& tric .mater.
Perb oL AR Bl e PR St Gt o oo i
ﬁéﬂnﬁ%&%r‘{u) etching, cleaning, residue removal, thin-film deposition and the removal of

layers and/or residue from a microelectronic device, preferably layers including hardened
photoresist, using supercritical or subcritical fluid mediums. Specific reference to supercritical
fluids hereinafter in the broad description of the invention is meant to provide an illustrative

example of the present invention and is not meant to limit same in any way.

Growth of Thin Films onto a Microelectronic Device

13



constant | ess than about 3.5. Preferably, the | owk
dielectric materials include lowpolarity materials
weueds/1ass73i | i con-cont ai ni ng organi ¢ pol yners, PCT/US2006/014321
silicon-containing hybrid organic/inorganic materials,
organosilicate glass (0OSG, TECS, fluorinated silicate
glass (FSG, silicon dioxide, and carbon-doped oxide
[06320) gll@ssicrodidctrbfic dichmapippindroiati¢rad andfertblanketed stligerk wafers,
dielectric materials may have varying densities and
flanpanbinigsplop substiates esfluofop@iB@3r sttivisateso Thindilptrsayfalse e deposited into
appar atus and process descri bed herein na¥ be emE gg
1hesppogquy or reicrgpasaNs Husganicoldst j Pypsrogigab figids have gas-like transport
m croel ectronj c device using su ercrl ical 4 penetration of
REPRSEeS (G2odPW VRSl H9d APSEHE °aH P?frte*tSPf% %tea%lfeﬁépl penetra
cl eaning, residue renoval, thin-filmdeposition and
FR Fenpval of | ayers and/or residue froma

fhss oc! %g%%{te% ﬂ%gﬂn%qnag@r[cﬁldg{l ALY b @Y nd Il alE), metal

ene oresi s I Ng super critical or

Chbeh! e AESHdd T B DRBG! fulikled, ARSNGBl material, or
%ﬁ%@%%?ﬁ@?gzﬁk%Fufds herelﬁ%fterlﬂnethé broade e

desclibiRiicanate . t 1 o MEddtinRAks,i the BTN ch@prBEOMiltse Mptals and
Illustrative exanple of the present invention and is

Med tH¥BREdursboO chrip¥isds malbple iprecaisyts fary the Goowspéndipf Hiiple metals.
Films onto a M croel ectronic Device[ 0054] The

Hirtheoetee tk tom finscheayi be @ homygenenss mn@amp@nma iy ofmultiple
bl anketed silicon wafers, flat panel displa

welplst fonexaenplsy te| W@b@ﬁx/hw Pé,a(ﬁlﬂ'é’t’/f“a]ff‘éénl"“?’ﬁu% ajl9%), 19 2 FgPer

e B ley. ST Ssar g‘fs%ﬁlé’ga%’o‘é‘?’qn%%@gs ﬁéi}ﬁwgugﬁf;ﬂal& gay be
traﬁlﬁ?&?@‘&?@g‘%ﬁ%ﬁ) 1% Consure 1aptd penetrat on of
gdaggpm 5. g %lls-que &I})@,Iragéaaf Aiat %ﬁml @erBRY robdd6 gm to

t al ure nmet al oy, neta OXi

%%@ng LﬂlctF' sgﬁtloﬁoﬁﬁﬁmg% fthst Q%d SiBRnt e baft®h@precursor into the

insulator, dielectric material, or [owk

?fo@és@ Gﬁafﬂbgr %tpﬁd'cés@chmﬂber £ qed @it acti: JEKns (wlﬁdhes itlaisame as the

nlconprlses mul tiple netals and thus the precursor
SANaRE B @R Fredutsbip beutphe stusupersiichlopressive andrspwesqpitierd] itegperature.
multiple netals. Furthernore, the thin filns nmay be a
aeragen éo SEFGplutipns bofinyesheesided mﬂs@tm@swharnh@r gqajgingng at least
netal s, for exanple, the material may
ohe triianestetininick @4vicR 36t RIERISET derPRIBRFItiop rproaiu% Shafuse sepgiggs are
or alloy. Moreover, gradlents of, v
oy aeneypdsfrom ﬂ}@r?aqceﬁﬁ s e’he f@‘”yﬁﬁ‘ﬁg’%’ 2 8oL e process

tcEam%ulg Qrg l'elt}aprgxu%gt 9 Sélq&a Eh { @xe pressure within the process chamber remains

substantially constant, ensuring the maintenance of a supercritical state and uniform precursor
concentration. The overall flow rate is optimized according to the particular reaction.

[0057] Solubility of the precursor in the supercritical solvent at the reaction conditions can
be verified in a variable volume view cell, which is well known in the art (e.g., McHugh et al,
Supercritical Fluid Extraction: Principles and Practice; Butterworths: Boston, 1986). Known
quantities of precursor and supercritical solvent are loaded into the view cell, where they are

heated and compressed to conditions at which a single phase is optically observed.
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[0056] In a continuous-flow supercritical fluid
deposition (SCFD) process, prior to introducing SCF
weabestiiisar3cont ai ni ng at | east one sol vent and aCT/USa®b/014321
one precursor into the process chanber, the process
chanber is filled with neat solvent (which is the sane
as the solvent in the precursor solution) at
[€05Bler Crliht 'teﬁ‘@braipfeeﬁdspmﬂuranﬂhtsmmvd%sidcﬁhdstosrﬂp@rﬁmlf@m@) and
Thereafter, the SCF solution is continuously added t
chéie qfscvms sCakmbh drmusrheis Fsngansds0]Gomd pfiemless than 100°C while
m cr oel ectroni c devi ce, recur sor deconp05|t|on
v pisee 5 pioaiy SeeReH EEni® B 4 GHEICHOB SRy ey te
fromthe %Eocess chanber. The flow rates.into and out

mpjgroglesronis drvic and sAlupeRan alfode B3 ISP ISE ‘31“'55‘”81&&8"[“‘“3’0 t hat
ressure rocess ,cha

LR qnglmo é&a'%?mceéﬁ%fﬁ % g RERE Lol B A3 congpl of e

fg rgtre %E %@urso%t ﬁé 18 lﬁﬁ CPOPLG S 3P Lontrol the growth rate of

oncent ration. ow rate 1s optim zed

t%é:ﬁﬁ‘[) .dTIMIeE 9 hﬁ@mpﬁ{et dnﬁéﬁgﬁﬁ sh@Pdst tha¥B typicd@Pdshociated with RESS
0 Ity of the precursor in the supercritica

SBeRN redbiot LR foe@BEhadHak OREl ildrged TRidC B6wdd Becesiry ffbred uiniform

a variable volune view cell, which is well known in

didugbubért of (1€ fecursddedahigining SCR bver switeragni MogalerFhay id a maximum
Extraction: Principles and Practice; Butterworths:

BostErssotioes yith Krswozgeawisht i eferolowpy hayhairedsh ?P contml the

supercritical solvent are |loaded into the vie

steth eate ¢l THmetveEsEg copfEnEbpY 868 aA B° e 6? ?f6*f?§P%fF“1n
h d. 8
berpend caieiing rase o TR CRERERS e B ar ta
t h f | t. Ge | ly,
P apimabrg Bl BeofilE, 5500C and of ten i ess than
ég@?c’ %% %egdhc?ehp Spdtdofhed the LR Jb&@ieé ¥e Gﬁtp\f’ﬁeﬁ}t Alid aRBvery

_ enperat re gradi ent between t he
M &5Reke ?/fo?e%&hféuﬂ%y b G waEhdIRbtiek Qﬁh&s@z&tl@é T eheesdaSRbention

to enhance chem cal selectivity.

HRnhiRi QU ndid A1 SEHRIN Pt B SSEBe ekt wihlsrem @rmedsitlg is joined

nonitoring and control of the flowrate of the

I e Uoiiunicaioh atithi agpBChE precutshiecoB@RDe (EHN e hpying includes a

control the gromh rate of the film Nozzles of

whltdetining 2 discheligerbins ofale, dispersdn, sueh walldgeing apsirenef djscharge passages
~associated with RESS chanbers, are not able to

thereio fercsibaltaggeta éhe| prgereer-coiainine $ERR depasisien loeys i poxizity to the

uni formdistribution of the pnﬁ?gfsor contain

BN S U TR Bt PP R p-apart
th th
161 RS T ol RS A Mt gy e
%arge 8, SR e RORI UM HLQUSGED. Al the

end
[0061] Referring to Fig. 1, a SCFD process chamber 100 that may be employed for the

growth of thin films from sub- and supercritical fluid media, is illustrated. The high pressure
chamber container 110 and high pressure top 120 defining the interior chamber 124 may be
connected using connecting means 122, for example, bolts or the equivalent thereof rated to
withstand the high pressures associated with supercritical fluids. The interior chamber 124

preferably has a variable volume in a range from about 45 cm’ to about 60 cm’. It is to be
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the standard fluid delivery openings associated with
CFD chanbers are typically so large that fine fluid
woOl2ow/mat7e control is inpossible. [0060] Showeprb®as2006/014321
delivery overcones the deficiencies of the prior art
fluid delivery nechanisns. Mdire particularly, a
shower head di sperser in the practice of the present
appveited by amaykillerc inuthe 2t thaubé AGFR podcess ichgnban niantheve Dkingle
vol ume therewi thin, wherein the housing is joined in
Eonsigpous peRptrichont promayminclndeameng glny2 efmponents, as long as it defines an
precursor-contai ning SCF. The housing includes a wall
JEFIORTIRea Afisethh e GE TP awesessichanber gineisritsd fo 2 watehly prapgeable
havi.n n arr of. di sghar ge passages therein for
a7 a&‘}?g}@é“ P ?%é’s 8}08'85%’61?&& Nt &eni ng SCF to a
Siti locus in.proximty to the wall apd. i _
FOBAG. - aBEstofiieSon ORI el et o Be Banee B Lihprgasore e
@ﬁﬁfﬁ&gtﬁx%ug'l’ﬁ ryk lﬁigﬁ%@%ﬁgé ﬁ)?eagognn{ugl :ﬁé | i%t%ricgnv%lu%lg qt4!4j ev5Hich is
formng a corresponding array of di'sc arge passage€e
QEREd BPke bushBaatl.acharma di i i
shome?%ead isgdevoid of anfﬁgﬁgéggg%%%@h%%gggFﬁmmgﬂlsnm“
RefeeblylanBbwethedd. Qs illustrtedISHE} PUKIERSSGRBNIBY hob Q8 1423 axially
may be enpl oyed for the growth of thin filns from sub-
adicstablg plongthe engladf thd eontdinneldD &, vaiyshd didtansd Gebtefl the i@ disperser
hi gh pressure chanber container 110 and hi gh pressure
{¥ppnd g sehstatnl Wy Mdves fondallyadiuging the dista @4 f Hiyflulsiedisperser 140

cgrnected usi ng _connecting nmeans 122, for exanpl e,
Bofitsiodhe vhradod ¢usidetsrmipabler ygme sleiiaddn ths aflh e-Bse dmiehdednabat

hj ressur associated W th supercritical fluids.
PRI R T30 A RS R o wp vl 5 Flat Bt fgositoned
' from abaut .45 c 0 _abaut. 6 ns.
Ty b0 O A 2, D A, S0
Edﬂﬁorlsﬁb_' R cHbfsEtred WM&Fati atg'ﬁy Prok. .,I aggiu%m%-%gﬁtgm%g Ramic
construction or nay I nclude nore tha conmponent's; " as
In@BiGh1 8Seqiiivaléh@ eSS 1A td BH Bpre@tedi HEBillcASh BY G hat HiEw
SCFD prgC%Zs chanber is ﬁ%% Iiﬁyﬁgﬁ to a natebf? alls of
tho Bigh) fradshre caitieAl 10@Efink hQirad, diPRcal &PoBSons 18 or chamber 124.
schematically in Fig. 1. [0062] The chanber top 120
[0863] udeB @articp drei ligh frossuit Hige PRS&tiges Pecudsohtd@bhind g T Uloethe
line 130 therethrough. The high pressure |ine
nspenrhielst B4 tpueh theflvgd disperserdi haying 4 aqultiphititytofiperforations, thus
defined by the housing 142 and the fluid disperser
Feryne rePERLn distHuted shower of Gp BreaiEser-sogtaipgg S Chselfiiona friortantly,
ihomerheqd tAi iIIustratedig% t.he doubl e- headed arrow,
"R EPHEUST G P4 Sepeeursqrapming s 1 apinkansd prrgeamad devrstrerm
fid A | fgakalns howdhir, §i%s ¥R ndt BE (e b AN S BRINRE BettehS and
downstream of the fluid disperser may be the same or different. Upon introduction to the

heated microelectronic device 150, the precursor species thermally decompose thereon.

[0064] Notably, the housing 142, which may be axially moved to adjust the distance
between the fluid disperser 140 and the substrate 150, provides additional control over the
residence time of the precursor-containing fluid species. It is well known in the art that control
over residence time minimizes precursor decomposition in the precursor-containing solution,

which minimizes particle contamination of the growing film. Additionally, the axially

16



140 and the substrate 150. Means for axially adjusting
the distance of the fluid disperser 140 relative to
woOheossiubsssr at e 150 are determ nabl e by one ski PCeAIS20V6/014321
the art, e.g., a threaded shaft whereby the housing
142 is screwable up and down al ong the shaft. The
substrate is positioned upon the substrate support
A6 @tablgtflughdisperyer nay nirdeizaithh eeel Areg oftheineriér. walpof thetagH pressure
the substrate support 160 is circunscribed by an
Persifien 1 hexporad torthabreauor-caataiping SEIF, iewsbni mininsioing Biieptitgnyg losses
ceramc material or eqw valent thereof. It is to be
g‘ﬁﬁ?é@i"%{?@d‘tﬁwl’éﬁbﬂg“rﬂ% | ed |n the art that the walls

s, AP G o B e
LBSBASY S5 b5 1D PEERUS LS S ELISES
E?F@glgpesg &gmgéré"ih(gucﬁ 9 Ghehan 3)911 nﬁ)\{éa ?ﬁte%ah]e% ognu (%r){)ack-

rations us“creatin |str|

m SUFD! dAEmURE, L SO e e bl Hon%%gneﬁlsgxreé@d} the precursor-

Importantily, the supercritical state of th

PO gSSUF oF &ftheahiBtod1gtrbhitl idick Surfa®d. Nt ai ned upstream and
downstream of the fluid disperser 140, however, it is
(006@d t Reffertidyeo Fienipemaliplioty afhtlEpessisn ere dRRIY @aifuRd eelative
downstream of the fluid disperser may be the sane or
&ithe @idditperseyd6h Avrtefiesd berpingidistally pdsisioned adlasigle to the fluid disperser”
m croel ectroni c device 150, the precursor species

fefrey Ws?vlwgslalo%%lﬁwlgavettﬁé%%w dlfp@@equat Njogrepsr fhan fig@xial distance
Si n 142, B |y moved to _adjust the

ff? ?ﬁe%rrﬁ“? ﬁg 3 ehitiieq RelpEie 518 dgvisiergigns the SCED

a%%é 1%6 %f %?Ol ﬂa@%:%%{l' lgne o%qlge c‘ﬁan%%? }s ﬁ%pg?rgt rteﬁi d) ?‘\égﬁ‘ ?’he fluid

resi dence he precursor-co

§1%{“S'mel§l0 éx{msécﬁsu%le Iof éyﬁﬂﬂra{erﬁé Ql% oﬂt’ieg r@ ng ag‘g {%Flres?ehteé) 1B/yehnes

residence tinme mnimzes precursor

bipe NARELUNERL - e QBLRLRI ﬂgotﬁé?lv@*&'dso%stm pgshtlom:d]femrgeet% the fluid
partl cle contamnation of the growing f

Aigkstisti” @Biadsponds th e are pedeh At thd Als@ndeb p«MiMaBI s@@)ﬂei |$ (N-N?)
may minimze the total area of the interior wall

+ (ReP’h)i ddngplied sk ukis. cont ai ner 110 exposed to the
precursor-containing SCF, thereby m nim zing precursor
[086Bes dudogonsiy egsodsifingdohereit, trexidilanireitioned| delstive] ©06:5] fluid
The thin filmgrowh rate and uniformty of the thin
flisnepseig reffih thanyaxial distatre relefive rtcorhp dlgidpsljsperegs that ériesmﬂ@n ithyg axial
he SCED. ess chanber ex t ort design.

é‘é?ﬂf? é?latw% p?ﬁ‘?i’é%’s%“f&‘}?a uBRer %ﬁez “proximally

(%Rl%u del ve %thhe é&!l:%spehsa nﬁ(gr?e%o\?\lgs tg Hn %%ﬁge?rgtg{wq‘tereg%thf Hlétances
&N J?Ql'(pg;%ﬂ %‘%k@{-ﬁﬁ r—e@q’ ﬁ[f al&n@ Gl EC WS th%qﬁ]co%oﬂ{l&xgof multiple
outlet ports, distally positioned relative to the fluid disperser, in combination with a continuous
flow of fluid ensures a uniform flow of precursor-containing fluid over the heated -
microelectronic device and hence the deposition of an increasingly more uniform film upon the
exposed surface of the substrate.
[0068] Preferably, in addition to being distally positioned relative to the fluid disperser,

the outlet ports are located proximately to the substrate to minimize the exposed surface area of
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SCF over the mcroel ectronic device surface. [0066]

Referring to Fig. 1, a multiplicity of outlet ports
woaWeanss7di stal |y positioned relative to the fParas2006/014321

di sperser 140. As defined herein, "distally positioned

relative to the fluid disperser"” refers to an axi al

di stance relative to the fluid disperser that is

the aattrer wakiaf the chighxpresburel catadmer @10 gldabe wisttate fubgort 160. Most

exposed surface of the substrate. Referring to Fig. 2,

wisiceahlyr thprbselaia WistandydroSEDL dhAD éy in 2 GO gofronFalgut 5% totah@it 20%

axial length of the chanber is represented by |ine

pLthe overpl) kength gf the gl 1 Qalong My L-leyaxissed surface of the

trate 150 and. outl et ports 180 are represented by
TR Pic © SRaiRPetie et o5 biouls PorBILGO if et pymimetioally

cdistal.l ositi.gned.relative to e fluyj
BT e Sl B R S o s Ml Pt
inS: : S (o( - (P-P
Sh A FZe bt Mobuan el i o, Mo o et Ry may e
Bﬁit&'tﬁhn twB 6O Xn B4 thy eﬂk@h%érin'g%@ﬁl@ S@b%ﬁéﬂﬂﬁr I’vgllstig]ﬁotfchﬁﬁl)r ised.
di sperser" refers to an axial distance relative to the
Piefetatlly(lihe pérfitee bf dullétpoitsS18D @Sif a kdh@d b 8bax? & abslit 30 2 &Lalso to
relative to the exposed surface of the substrate.
Redppreciatedythbtohdit ¢past Byo Sutlet@ritmadyl be nposininhetrivalty gosltiadell Wit the
to the fluid disperser” corresponds to an arrangenent
girsamrspce ¢ ghepriripgn & bsor j( diffaxen) planeg plor2 thg I-L>axig( M M ) -
P-P'))| along the L-L' axis. The incorporation of
T4 pl & Fditiewtthe ¥Ry chaggbes 1180 piFigdlsmey pelads at érgops itermglly
the fluid disperser,. in conmbipation with a conti nuous
PPBRPS PP B HSTIFLE PR foghnfepioBt, ieyponitor the temperature of the
: -containing fluid gver the.heate . .
B B BRI ohd el (Rhechett  BRKELy et op g i

b {g@é}dgglle%t(ggg aOgsfor m fil mupon the exposed
sll%fsace of the g@bst rat e. [0068] Preferably, in

RO t | 0Mhd &R ar Ak Sttt ProdQSink 'tlQQﬁQit}'{ &f @ ¥ LatCerbiPmay
fluird disperser, the outlet ports are 1ocated

fgodei ORESHEY b © hédre [@ubBit balvehih e Fubktrife 2@pbh ERGXAASR g, 3,
surface area ofthe interior walls of the high pressure
wlond sinile rcobidestnate hinebesad bsdlogaisty ®RIPOJ 4t 1ch§ne MBiStve cartridge
preferably, the absolute distance fromMM to NN is
hepter2 10 ampy dbe laceied witunithe Sdf5ttate sabrouit] 6Q 0Wbeaésistiviecannidee abdter 210
l'ength of the chanber 100 along the L-L' axis. [0069]

ip telociically ppamegtid we jcarneetionnaR0 it 2| royst supply 9t huslt opsionally a

t180 %‘5{? Er ef er abl %/ slyrmet £i cally positioned about the
CPREUHT SF e e FotPRIEHIEh *pPeLetidantegibyaAn exterpally g foth the
(gentgr a§9§1@ e&&%%% Substrate support surface to monitor the temperature across the entire

dimension of the heated substrate. It is to be appreciated that although three cartridge heaters
210 are shown schematically in Fig. 3, the present invention is not limited to the use of exactly
three cartridge heaters, i.e., more or less may be used.

[0072] The heat generated by the cartridge heaters 210 is preferably localized in the head
165 of the substrate support. As defined herein, the “head” of the substrate support corresponds
to that portion of the substrate support that is located proximately to the substrate (as

approximated using the dotted line in Fig. 3).
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100 in the sanme plane. Although not illustrated in
Fig. 1, the nunber of outlet ports may be greater than
woOwwegia3d7’eng as the engi neering of the SCFD chaoibais2006/014321
wal I's is not conprom sed. Preferably, the nunber of
outlet ports 180 is in a range from about 2 to about
10. It is also to be appreciated that the at | east two
deN7Blet pPdtemnativetyy relferimeon Fipprevd) A aml 3B tROShiirigoda@anadBaus the
the circunference of the container 110 or in different
rbatiss suppost{Fist Meand features e conduftye 7oy film24Qdetidtan Gusplatoher heating
SCFD chanber 100 of Fig. 1 may include at |east one
ielyme A8 pRplipbio; the wiface (3 e npRiBg piceoelepramiptdeticd 250. Accordingly,
@%oxinit% tgﬂthe aubstrate to nonitor the tenperature
PR SFRER A HeSHps TRt SUPRRTEREF Qs e agfive heshsqurcg,vehighpeayidgy wore
t er. i roximt elative to the fluid )
RN e Rl T B s oot osipnd s
[ Gl f . d the qual ity of
Phe Rt ener Al uPLOPRER FRE il By @i of o
hegiad Senddt sBktrald fubpddt 333€e.8 UDS Lk ?oééﬁ@e@qs& Reh g'[eﬁi!a B8 fast
to Fig. 3, where simlar conponents are nunbere
heuih© esfdelantl @nokd Geurdte téipeta®ASdon@NE FuRiSkfdrb, MBe low mass of the
cartridge heater 210 may be located within the
Sentisg sueftce abawsgordimihBBed hih dissigtonstd the &alladftieirehgBonBaibey,
210 is electrically connected via connections 220 to a
REr s dppadyanapes oflepsoliselingdedigny ara twodolibefirsit since thg aufyer area of
Ther mocoupl es may be positioned internally and
EneroB7mphsy fsyminimiggdy fhet Farouptenftnarcursgs matdvial bodigduegp deppsition at the

substrate._.su surface to nponitor the tenperature
513‘?“8% Egts 1L %‘Eﬁg‘ﬁ% RS imgRmiged PR atrentomiant itssseseqip ubstrate
.5t appreci at ed at .altho three_cartridge
b S O SR b P i B BP0 Yoo
j ' ' L1 m. to t se of exactly
?x%d?rgg rl‘(%:s%l i;r?}rf Iﬁl(rjétgs{edg eﬂ g?eel{&gifer IIL h@uﬁaﬁ,ﬁ%ern%ceosggl og g%werrrﬁcilmpglésatlon due

sy bR ALhinidigedneat generated by the cartridge
heaters 210 is preferably localized in the head 165 of
100®5] s ubBihé adnoSsfIROhickneASor @Rl AehokiRH &t mihilBI 10R&RPrecursor
of the substrate support corresponds to that portion
ohtetidh gnag LSt reatchiesedpingt a pllstl hahdd OsFadr@ding FiOXd Foth §Jrdéursor-
to the substrate (as approxi mated using the dotted
FanfpaninignSGE gplutighs. [ QOIBpptiddizatiomet growthyparanefeey sucings sl@werhead/
Fi gures 4, 5A and 5B, the heating elenment 235 is the
Siyieete distances tybitsier teyeraiure and S&H derfsibalaye besn sealizsr.cagrewtty process
t.hin film 240, and an_insul ator or heating el enent

%Ba}r tgﬁ Cealyiroepftﬁcg. P log ) beaC}g‘?Ye‘? Heoneh 13 ]ﬂ-&sed delivery of the
P Gr08 LSS Lol Sndeyi ce 250, Accordingly,

[0076] This pulsed delivery is similar to a continuous flow, dynamic process but differs in

that the precursor-containing fluid is delivered directly to the process chamber in a pulsed
manner and the chamber exhaust is always open and regulated by a back-pressure regulator
downstream of the process chamber. Pulsed delivery allows the decomposing precursor
material to migrate on the substrate surface, thus forming a uniform layer of the film to be

deposited before being covered by the next incoming pulse. By controlling the number of
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the entire surface of the substrate support becones

the active heat source, which provides nore efficient
wenerspy3is ansf er. Advant ageously, thin fil m heRCrmg2006/014321

requires |ow watt density and | ess power for inproved

energy efficiency, and as a result of the extrenely

smal | thickness of the heating el enent substrate

ulpsor thin@ Ientrok ofy film GriGngsmmaly tbepokises et thinital fess i Iprecursor

inertia for fast heating response and nore accurate

fsiepdr at ure control. Furthernore, the | ow mass of the

heating surface allows for dimnished heat dissipation

{07¢Ihe " Wabdsdedrery mey g disven Werkers et the thod aljspepsee perforations.
van es of these at i es] are twofold; | .
PRV AR Bkt T8 Gl G0 oot fraoi araet opding i achioved
I, LT -t a .of .precur sor erial, lost due ..
P B Bt} WP R, il B EF A STo e fecgetifsorbining

GhRNDELe b \ ] I.NCK i

R Ry A Shodh) Pk AL b SRR Pppigned
apsdtank 5 thOfad igReeAtpréfian] e vhiREis SHBakEAL d&?ogfi}f
aﬁggheat | oss ff%ﬁ1tﬁe sigggg%f ghe ﬁo de; is%ﬁinina %mn

tlteclobe e 8dr tdy acdhievdRyVedsir €O S8 E .0 A cdkin gty tH RRBENY of time the
| osses is mnimzed. [0075] Fine control of the

héntedkmmergsorofesidds an filid finidi @jppsict @ekfordtions ¥ minimal addos@c@fiitantly,
recursor material may al so be achi eved using a pul sed
g@?h@éﬁj‘)fé@d prowiiony ifsubstantilly deargasedc ur sor cont ai ni ng SCF

sol utions. Once optinm zation of %romﬁh parameters such
HO78h oner Teemafic i FPAPRargPssI08 € B Prstppisipyeation is shown in Figure
e rat.ure and SCF densjty have been realized, a

é-r ?1“ ?’%‘@eﬁg’? as‘i"maﬁ“%fr"rfl?S’z i?zoﬁqvelgﬁéﬂgféﬁm lgihead,ppesurg, og-» 800-

: [ r ulsed delivery.of the
S AR el B o8 e Bo Mot e rdriedep e

9&'%&%& Yo Joﬁlpl%gsrﬁllé lﬁ{tong %eiaeﬁlgt? Iﬂ%lh RYQUP thg b@‘{‘!&o& ¥ %?%%)u% it(l)’l aé highly

process but differs int € precursor-co

plettinthel Sedelidiiesfgd directly to the process chanber in

a pul sed manner and the chanber exhaust is al ways open
f0000]r eqThaderst Hayid @) acdire@EERH S il pFef@te patnd 3081 OWRES SFRRY) the
of the process chanber. Pul sed delivery allows the
desotPosdyrgeyatettongor Comchitled HD fdr delivergbadk@o tha high pressure pump
substrate surface, thus formng a uniformlayer of the
$98 nVithoup éhe d&pohiliers dheplifuisl @rtoridivgide ove realtupy teheh eyeitibrium
i ncom ng pul se. By controlling the nunber ofpul ses, a
PrReFaEEnY o fhe gvipqnmgity Wheesbi s CRaymayeconerti ©vibel sajepys phase.

I nimal. | oss of precursor material.
Il:q"lerefore, in any lquid caRon ioxide system, it is d%snrable to keep the fluid in circulation

and continuously being cooled. Further, once the pump is primed with liquid fluid and the
cooling system running, the pump is most efficient if it can remain operating. Previously
cooled, stagnant fluid can only heat up, and once the gas phase develops it can be difficult to
prime the pump and then recommence operation. The CO, chiller 310 and the CO, heater 312
may be equipped with a thermocouple (TC), a pressure transducer (PT) and a rupture disc
(RD).

[0080] During deposition, the dense liquid CO, is pumped to a CO, heater 312 to convert

the highly pressurized liquid into the supercritical phase. A portion of the supercritical CO, in
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[0077] Pul sed delivery may al so prevent bl ockage of

the fluid disperser perforations. Pul sed delivery
wel20winat7es t he need for cooling the fluid di Speramse006/014321

because cooling is achieved by the constant flow of

pure SCCO2 into the process chanber. The heated

precursor-containing fluid is intermttently pul sed

ling P4the bpdiccted o aghizind drambéri3dgh CA, mixirgehansterkne 316, while the

posi tioned upstream of the fluid disperser.

Pegefnderapsype dirgsted s Brecagn¢hamber $24vie EMapumerst ehamber line 318. The

periodically open and close in order to achi eve the

GO MRE BRUTST Hing 4P mey include ¢ biglypragitg check galyadZ0nvhig allows the

[ he heat e recursor resides in the fluid
3‘:“@3°e‘{1°§”ewstb6é¥lﬁgﬂlgf?qﬁeﬁ@?v°§ P YaPA U ORI 9 SCCO:
of said.perforations,js.substantjally. .. .
Ao RO eSO TP P b Y et limieoestpgens
gfméﬁ%dﬂ&ﬁé&ﬂ%pkﬁ%ﬁﬂ}&&ﬂw&? shown in Figure 6. Carbon

i oxi de froma contalner of CO2 302, having a
oe8[uUr alhemBReRdnRRS 1 Bay R Gtatic FBQF orsas@nprﬁi'c mike?, preferably a
delivered to a gas booster 306. House alr or nitrogen
3{ddmicSmifdr SDercit thOBUIE vehtDcd HEre@Atd SRAShGH echBorlsP R RS hly
the pistons therein to help convert the CO2 froma
geséodbe thmamichhiging yhambesefithd grednt it tiyht whed toahR.a wide
[0079] The dense liquid CO2 is directed to a high
prEy ol padidfigush susprgsionyytems, dfcfuding simplet dilote dieidssesp@GRnsTaywell as
circulate through a 2 chiller 310 for delivery back
FIRIe corghatp Businy whish Mgy Sufgbit wopaleus VisqeaityCrbpracteristics.  An
chiller, the Liquid carpon dioxide may eventual |y
eraglgiﬁ i PABFS g‘?ﬁ‘etr e‘ﬂ%‘é‘?&tﬂﬁﬁ SURF (d5closcd BnYiSy Srgrisipual Patent
onver 0 .t he ous se. ..

SEPGR ERTL SOAYE et 8 1S B80S B2 .

d@;ﬁalaﬂ_aﬁpglﬁ l\tié?holﬁ %?prelbjfiﬁm% IS{T]BeQ ikidd ﬁl{urd (ﬂélngxgall gé}ﬁﬁﬂgons for Removal
ed. Furt er, e pump is

conti nuously belng coo once

ProtdiRel” Witida & iiﬂdé.l*ﬁ_raﬁelduﬁe?eh@@? £ BEn L0l ha AnB¥G! G hereinbelow.
running, the punp is nost efficient if it can remaln

Npebiftlicrgpardtls @9 tho tiStnfio A8} i@€ludeFisBORARhic bdiAdk, GusCAdht0 Hidr, or
heat up, and once the gas phase develops it can be
bt fi¢gpendirty oh ghepratuneeoft theepripaurspr(9Ln Wokteetertiets, GRTBTIC é1d precursor(s)
operation. The CO2 chiller 310 and the CO2 heater 312
fra pise usinp g dypede Wixeth a t her nocoupl e (TC), a pressure
transducer (PT) and a rupture disc (RD). [0080] During
$si t Tenprogepiochaphae32di gui be aopchasbys teprseiryt &rudOpin film
heater 312 tﬁ conv r& :
deposition process. For example, the process chamber may be the chamber disclosed herein in
Figs. 1, 3 and 4, or alternatively, any other chamber required for the desired deposition process,
as readily determinable by one skilled in the art. The chamber may be a batch or single wafer
chamber, for continuous, pulsed or static deposition.
[0083] Concurrently, precursor solution components from precursor component containers
330 are introduced into the precursor chemical pump 332 for pre-mixing therein. Precursor
chemical pump 332 is a high pressure liquid pump. Although, four (4) precursor component

containers 330 are illustrated in Figure 6, more or less containers are contemplated herein, as

required for the particular material to be deposited. Precursor solution components include, but
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the highly pressurized liquid into the supercritica
phase. A portion of the supercritical CO2 inline 314
woayoshie3sddrected to a m xi ng chanber 322 via CeRTmS2006014321
chanber line 316, while the remai nder nay be directed
to a process chanber 324 via CO2 process chanber |ine
318. The CO2 m xi ng chanber |ine 316 may include a
pie gt fniésdgorseurcheedent@aleseso 20mpavinii@)) cahgloys) dddendidril(g; co-
to flow upstream of the valve but not in reverse.
PHYSBHD ayerraptantheuriasanisdirrhelfting et (s) SCDOR(sHiandiatodig: Hposition-
§$§ E;ocess chanber 324 serves to cool the fluid
CUBEIS &F  ORRSItRRsRbHiZNEn GorEnoBEEI gRsoecesprsy fdr udegired for such
giﬁp§rser as pre iouslg di scussed. [0081] The m xing
CRANDRT 3TBPOREYHE° RIEYTHY | (CRETCRE coBfamars 7 dRAide e arecursor
bl. nam.c .ni xer. ereby the bul k. sol vent,
et T RAZRENE o Bin SOFAE o e  igr L precuror
B8 in bR SpppRADLGoulll of kM hamber of the present
i nvention may be used to mx a wde variety of
P084] d/ | THAprecuSHSREMSE BBy 5/ SnSE to e Gt Ak B §a chemical
dilute fluld suspensions as well as conpl ex,
nixingehiritat Bk 34 of guped BREG o BRYrR¥ ichintberPD@RRcBScal process
viscosity characteristics. An exanple of a dynamc
ehasaber linecl3Gd ebhet lhter whtivar mali b heed edhring) the. (RlsePdgokiiorOpdbess
Patent Application No. 60/672,170, filed April 15,
degoibed hereingbovsane of M chael B. Korzenski et al. for
"Aﬁﬁaratu and Met hod of Pre-M xing Supercritica
P g & St 32 H 78 amernt e pesymikedPpreRiEses exgupbnents are
which.is incor ed herein by reference in the
e Vit §r 5 REPEDAG iEuhe Rertior g Sp salany heppmount
1 RV ' Jnclu | ust dynam c. m xer, just a,
L RN Lol B it B e R il et e B

B8 GBS Rpbsidd anwtﬁetpr&'eﬁfng ARk s, L BE régfm%?r%ceul,rs.or-rc&&gjﬂg SCF

precursor(s) are mxed using a dynam cC

sbluoPim B8 Sde Gl 88K en AHth B erBRicANMYatc Qi &ﬁﬁvegf; %E%F’%Bé’ of the

for such thin filmdeposition process. For

dohiporenie BsasSin e ipeefiticARYa IRt ikteadGNRRRRE inHieSGeRSIRGM fluid.

herein in Figs. 1, 3 and 4, or alternatively, any

[8086kr cHanbeeursoeguizngg $OF sbldondesy redind@@REFi ficOthe process

(grocess,‘as readily determ nable by one skilled in the
ftpber $3evizpreqysercontaiping SCB pioeisethamber sine13His dawimf aheck valve 340
hanber, faor continuous, pulsed or static deposition.

BOES o8 F9F PReFPIPyhe 1Bt coBipining SGE ingh be ommpioweasiyt istroduced

fraom precursqr ohent containers 330 are introduced
1R TR SPARH UB0t Rl T B 2o R G M egivered
ih rf)'ﬁfs%' ik deEJrl%gci’l Bgfcaol{labove. Alternatively, the precursor-containing SCF may be

exhausted from the mixing chamber 322 via mixing chamber exhaust line 350. A back
pressure regulator (BPR) 372 may be provided in the mixing chamber exhaust line, to
depressurize the remaining fluid. Egress of the precursor-containing SCF may be effectuated
when the process chamber is offline or during standard maintenance of the deposition
apparatus.

[0087] Following deposition of the thin film in the process chamber 324, the remaining

fluid comprising unreacted precursor-containing SCF and products of the decomposition
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chem cal punp 332 is a high pressure liquid punp.
Al t hough, four (4) precursor conponent containers 330
waneslidarstrated in Figure 6, nore or | ess conParmse®e/014321
are contenpl ated herein, as required for the
particular material to be deposited. Precursor
sol uti on conponents include, butare not limted to:
r&0libh e the @R@Mctrdniy @ein¢ o exhacifonnityB)cesschampenddf erig)process
and material (s); cosolvents); co-reactant(s);
chanifenehant Ifre360.c Hel ramiiving Spdmey B thepugheip-(iag filtes A6 a pack
ot her depositionfacilitating or _
peoposEulitedos auhs qhEcki valye BPrBishiorRIeEYs @ ssRarp Al S s Thaserspator
desired for such appl i cat] qns. Ingo tantly, .the ide for
spRagias r % PR GPRSLBERE &7 Mar deaaiy qisshitgi g ey prov
precyrsor conponents either in neat ] qui J [
Sriror phrred from o e arlrtaR Tk b el Bl ot bl e
di ssol yed in a [ oLl at e u e
8 B LB iy e iR o RREE, SR Mha lon SR B mad RERAL
a ' JTpaie el Ghapledsseki ne 334 or
%%ﬁ%gg&cﬂ% ?@"‘é‘%’f@’% the%g)lﬁrgigagggﬂlgha er 324 via
OR8N CalhePhPG @SS ifchAbDedtiohd PrRssB36 tembb@tuted tahd Mlevelptranamitters,
may be used during the pul sed deposition process
A858nhdetbnas einfalbawes, cHe€O8bEs, telieftvalesniupiuregliskh alrbeff valves,
322, an anount of pre-m xed precursor conponents are
imilatien valves) oger-peasmtelicff vaBEOORsT Fovf gpniot fi@ves and interconnecting
precursor-contai ning SCF sol ution. The appunt o IIF“]\e
pipics Wi gtibr badren apresaty sto | fe @Eces risYind %{?Ct’a % The
skilled in the art ba%e_d on tEe_thi n fjsl n% ta be . iate user
aepEe Patbarriteid byotEek tRgeleh fuf ETHRSPETNE ™ BEUPTI TG
recursor-containing. SCE sol ution [ pc I
Bl e Cip o of HEUE RS er e 28 ot Boccll il monior te
altter natively, at |east one of the conmponents is not
he supercritical state but instead is solvated in
B)Bﬁ)é su pﬁ‘ﬁp%(‘t&iﬂﬂ?’,ctﬁé m&ing 'cﬁiunbgrgggﬁla pr-gtlﬁs chamber are high pressure vessels
recursor-contal ning SCF solution may be introduced
b teBmb B 1P VORARS to HaRRE Ipredside \swihgP AU heDEptiatad apertbmgnee.
SCF process chanber Iine 338 having a check val ve 340
HirSpe®eg tht bRl thambarmag xahpd @ixinglapabilities so that the process chamber
precursor-containing SCF may be continuously ,
isntsb G udeiog ¢hatbers nd vioe ves Thedeatiyers-Bradygpmic apparatus described
alternatively, the precursor-containing SCF may be
tertin wey beireadily pligredsay qug silled d the @ torjaflwle qall Ghghielt pressure vessel
Al ternatively, the precursor-containing SCF may be
&ox P B4 PFSSRE e xi ng chanmber 322 via mixing

B SEREBhet 5, iy A R St o

%ﬁ(err}gc%ﬂesilstgnq ?ﬂetaisp Materials used in the process chambers should not flake, corrode,

etch or outgas during processing, and compatible with process chemicals, operating pressures
and temperatures, and should be able to withstand the necessary cleaning processes. Although
all corrosion-resistant materials protect themselves by forming a protective oxide layer on the
surface of the metal, e.g., aluminum forms aluminum oxide (AlOs) and stainless steel forms
chrome oxide (Cr,0s), these oxides will pit if exposed to halogen salts. In addition, all

concentrations of hydrochloric acid will corrode the 300 series of stainless steel, even at low
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depressurize the remaining fluid. Egress of the
precursor-contai ning SCF may be effectuated when the
wonroemadss7ehanber is of fline or during standardPCT/US2006/014321
mai nt enance of the deposition apparatus. [0087]
Fol | owi ng deposition of the thin filmin the process
chanber 324, the remaining fluid conprising unreacted
tERRENES Qhd Gakll@isslitivgs, SCfria mtosphicpid et sirio feid teadily attack T316SS
deconpositionreaction at the m croel ectronic device
(acledisydtavis Yarbnf Y20m Yerackply Bowts % diteaitye 253244 vnadybdprypied &t
chanber exhaust |ine 360. The remaining fluid nmay pass
% nergangise aud 1iwih-% ikieony 3t elewgted Saperagires apdPI§FFBESs ur e
regul ator 364 and a check val ve 366 ior to enterin
(809 k p ar Forayeid sorrpsion prd/x gRtifeHf By maleHalp g{ astpgfien 9 Eglg Ao

and constituents of the cl eani.n i schar a

et TR e T ST By e SEURE Hror B Plombers
or_reclained,cl eani ng, f | ui - g t oREsive

I%,Oé ﬁ)éaglaf:ea%up%r mck(e:l a%B slyang}{n EVHI(;(‘ t?e%r &ggieﬁtj &R I:Jgf'% sg\%?enc Q‘@s \

he™'sup e systen1z%u

%ﬁ(ﬂf’ﬂ)rngt if]&ofi]st %F)éorﬁrﬁoﬂ]%gﬁmgrbiﬁlﬂpwaﬂéb%realp hRUAr@tdsRiantab chloride

ase changes or other chem cal ysi cal processes.
52088M b §ay BOAREE dsARe thiléalis@Snsh@FibDOIE thE BESS kpBaratus described
tenperature, and |level transmtters, manual and
RiiePbliGedheinbbw:val ves, check val ves, relief valves,
rupture disks, shut-off valves, isolation valves,
over-pressure relief valves, mass-fl ow control valves
Anhg 40mt er connecti ng pi pi ng and ot her hardware
necessary to operate the process safely and
afidyemb isvalajloy fittedingeewt Pomckeiagl-het. doearre) ndd 2oyt % iron. For
digital controller in a control panel wth_appropri Hi
wsBY applireiéant atceffezmebort BpisEle eSRTOsioN BFIRAICE G Nifkde Rk gyl higher
for an operator to control and nonitor the system i
PEOBYR WoRRE: PaTIRes, 20d REPTHIWES R H Mi98F" S95H b?%%?e p??]efé 58wy
chanber are hig ressure vessels of co rabl e.vol u
R &b 565 YRR TR é’ﬁef?“r“ﬁng‘g"a“sg" Soif

rf.or ce. FEurther , - : ;
S e S e b

%]anm%ellén‘cl‘ eS8 ffxfr Qﬁorme,xﬂyﬁgg&lt}ﬁm?@erand ﬁf@oﬂﬁbﬁ@aciﬂ%&s‘i@as. Alloy

e continuous-flow dynam ¢ apparatus described herein
ARY ofds §RRAkdiYandd IEhRIERYriORR Silfinid @ilisi 4 niddest @dnipedatdres and

include only one high pressure vessel for nmixing and
P& &tohs) Gutl ihie s€lddin the QRSO df iclepide dorcthaernddsl  AanbuBOCEERpected
process equi pment shoul d be made entirely of _

from its high copper content, Alloy 400 is rapidly attacked by nitric acid and ammonia systems.
Alloy 600

Alloy 600 is a high nickel alloy including 76 wt. % nickel, 15.5 wt. % chromium, and 8 wt. %
iron and offers excellent resistance to caustics and chlorides at high temperatures and high
pressures when sulfur compounds are present. It also is often chosen for its high strength at
elevated temperatures. Although it can be recommended for a broad range of corrosive

conditions, its cost often limits its use to only those applications where its exceptional

characteristics are required.
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chem cal resistant netals. Materials used in the
process chanbers should not flake, corrode, etch or

woub@aa3dsri ng processi ng, and conpati bl e w t hppTase®s/ 014321

chem cal s, operating pressures and tenperatures, and
shoul d be able to withstand the necessary cl eani ng
processes. Although all corrosion-resistant materials
Alo9BexB-3t hensel ves by formng a protective oxide | ayer
on the surface of the netal, e.g., alumnumforns

Adloy Bi- Minetudex bchet. YoAlcRADB vetri neddidenumsZwis Vewh, I ot Yoghromium, 1
chrone oxide (Cr203), these oxides will pit if exgosed
wto%hradnagese awdlltve, %l webaliddid dlls, B- émdué@rﬁéé’ﬁt Yoanigkeln 38.§ Wt %
hydrochloric acid will corrode the 300 series of
nadlhideiuas &5 .o fron, &y eyt %tchqomr%ﬁ@f % EapEEese. it apobalt and 3
dilute solutlon sulfg hos oric and nitri

e a’auwst%&t R B8 res‘é}*“}"F dh,™ m%vta‘“d

e‘ﬁnp&m%e ﬁlilﬁlg% y 1%/ 8Cliorlc sulﬁ}gnlé |an gho hori O/%ce eva eggéggtange to
hEIRGd:3 Pﬂgrg Forfl 1 pRLGEIN 63 the[aqfe } of BB Y e %algﬁg Qs in

Ing o e materi construction of Hie
FRRRRESL v 2sBb FinEaR Rlahatlialik &lorRaHE sidthd OWShRE Bloys €d,
particularly I'n the m xing and/ or process cha ers.
For exanpl e, super nickel alloys are known for their
Lrgel-dmnt resistance to severe corrosive conditions. A
list of cormon, comercially available alloys that are
K185 AN ahﬁk&hﬂu&ﬁmﬁan@yﬁdhnﬂgamp Ghetubiis SBrey. 9b @icks €d.5a8t. %
the material of construction for the SCCO2 appar at us
diemiinh, 16 6t Ve melybreinsn, 150w % drdn,Hertedoninedtav.5 At Vosob40ad 1 wt.
Al'loy 400 is an alloy including 66 wt. %nickel, 31.5
%;tmang@@gppé has pethaps the Droaglest gen¢rplpatrosiog rresm of all commonly used

pplications it offers about the sane corrosion
eﬂlesﬁ sltayisedesdlonsd énitgally Torypse\yitn W ihlfé‘l“ Rk AT NG Pggflent
pressures and fenperatures an

{ofisngs logihe PR AR e ?h?qnf)gsm%rd G5 Vit Tigonne
d f

St S50 e DB BE ST RE5E HERUE G EhEABER pns

g.lltlo 57658 e CS)?CP s E}gb?)ﬁapg o& rfo g ﬁqg’é§ ﬁﬁltzésgé"ssusecl t rksSarch

0 an exce erla uoriné, hydrogen

Foli el HReR Ry dr of [ uori c aC|d systenms. Alloy 400
of fers sonme resistance to hydrochloric and sul furic

aci ds at nodest tenperatures and concentrati.ons, but
Nickdi8opel dom the material of choice for these acids.
As woul d be expected fromits high copper content,

Wk Yodt Qbnk $f ha Péstthitiond dodoka@rddyly ik hickel At dfersntlk ultimate in
anmonl a systens.
corrosion resistance to hot caustic environments, but its applications are severely restricted

because of its poor machinability and resultant high fabrication costs.

[0092] The apparatus of Figure 6 is a continuous-flow SCFD apparatus as opposed to most
SCF systems, which are static, or recirculatory. The present invention allows for the removal

of undesirable products of the decomposition reaction from the process chamber at the same
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Al'l oy 600 Alloy 600 is a high nickel alloy including
76 wt. %nickel, 15.5 wt. % chromum and 8 wt. % iron
wanwoefidsss excel |l ent resistance to caustics aRdT/US2006/014321
chl orides at high tenperatures and hi gh pressures when
sul fur compounds are present. It also is often chosen
for its high strength at el evated tenperatures.
tiletiaofteph preturs@tomening$Chgviuticteshtdrothe profrsoddmbeanas glows for
corrosive conditions, its cost often [imts its use to
ngnd offididnbdeposipplapdminingred coutrarinani reslepogigienpat ithgafer surface.
characteristics are required.Alloy B-2/B-3 Alloy B-2
includes 66 wt. % nickel, 28 wt. % nol ybdenum 2 w. %

iron, 1 wt. % chrom um 1 \}% % man Ylese and 1 wt. %
Reggualef Mategials ppd, Resslugs frop p *‘ergelg%roaﬂ_ “Yhi ckel , 28.5

% npl ybd 1.5 w,. %.iron, 1.5.w. 9 i
W % TR IRRBSRUS bRyl g0 o Ml ST 8o
ixtxv%rr;t%%tig 'Ql'so ﬁgétﬁteg %ﬁg QQ%QS g%&%e@ Bgrginm&gaﬂel r¥m<§v9f apparatus in

resistance to re ng acil envi ronnents, particularly

claﬁ{sqr[lg%ﬁf)éo‘ﬁsly RUhd #6rtrfenfdidd @BQM‘&F;&&&&@Q{V@&M kbB®lidn that the
resistance to these acids in pure forns is
HPSAERATRER,6 Bkt bd ABHtArESeneal Rbcefsed, eigC difadnt@ideess chambers,
oxidizing ions in quantities as |ow as 50 ppm can

dleraioA commhénys, legr ade t he resi stance of these all oys.
Alloy C276 Alloy G276 is a '

[A99%3k e| - Biercomtinugnstiioivybieiestns anditrpasss desreibesdicrsép By hgemplgyed for
nickel, 15.5 wt. %chrom um 16 wt. % nol ybdenum 6.5
sghinggslpaning, residyg renpyaly gl flepgsitign gnd tag, TRyl ©f Layeps pod/or

wt. % nmanganese, and _has perhaps the broadest |

BB oD r?g F’é“é‘i’ei‘”i“é‘ﬁ’éce dgiee gisins c%‘ﬁ%m@ s Cré%?lo@g. %e? HUrs.
evel pped initially for.us | t i ne.

HRea C R RS eoBiping i PhelaR it Bl JRfed Mfin Bl

X aZ§ %t;éregig@g}h AaliRl ilﬁcree@&ug,gs ke Chl el 08Sein @RS to

a varie rine conpoun and chlorine _
SPALAY NA6H HIREEhdr@hafter iBRCWISA dRcribtich JPHRARNEIAM Sddnt to
resistance, Alloy C 276 is the second nost popul ar

Ab¥i@Yan ifi@trht@leREnp TGS Presén® nvAISH RldSs HG@fkantio liBis eAtedi any
and devel opnent work. Nickel 200 N ckel 200 is one of

whe designations of comercially pure nickel. It
offers the ultimate in ‘ _
[0095] In a continuous-flow process, prior to introducing the chemical formulation

components, e.g., co-solvent and chemical additives, into the process chamber, the process
chamber is filled with neat solvent (which is the same as the solvent in the SCF-formulation) at
supercritical pressure and supercritical temperature. Thereafter, an essentially homogeneous
SCF-formulation is continuously added to the process chamber containing at least one
microelectronic device, as removed products and/or unused SCF-formulation are continuously
removed from the process chamber. The flow rates into and out of the process chamber are
made approximately equal so that the pressure within the process chamber remains

substantially constant, ensuring the maintenance of a supercritical state.
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corrosion resistance to hot caustic environnments, but
its applications are severely restricted because of
woRsospass73machi nabi ity and resul tant hi gh fabpctaiscae/o14321
costs. [0092] The apparatus of Figure 6 is a
conti nuous-fl ow SCFD apparatus as opposed to nost SCF
systens, which are static, or recirculatory. The
[#096]S € NtThe Natgietatued ail bresasre fofrthet bamtimenoiiad pokess depends on the
undesi rabl e products of the deconposition reaction
changieal tdnepopeniiDesd ciofrarebediveat Gdnerallya trstppmiiret if leps Hangkdf’C and
precursor-containing SCF solution enters the process

oftprelats éhen 1007 .while thewresspig is trigally Btysea P and S8&PBsi ti on and
m ni m zed contam nant re-deposjtion at th fer
[Q497F ac SolpliRRfdhe %F“%P@PEOSF‘%@HH S‘GF%E%GF%‘E}%?’E S‘ﬁ%&hﬁ“ fhe process
M croel ectroni ¢. Devi. 093] A schenati .
oQHT T 08 YRS e v ot el e Blouhan e e
l\gcr o gttbal,l §\ﬁ>gr@1t1ﬁcglnli‘)l{u§ ]ﬁl:r%cﬁoﬂ: lIJnHé £ q’rdc@cel:hgﬁ&@o_ rﬁs:%ston,
escri bed herei nabove. e renoval apparaius In
1988)S Wb &l@nﬁ‘&é loPQQHﬁ:IaquoEEoﬂeﬁ?s) @(@Juﬁ&;&ﬁi%él%@l@&t are loaded into
deposition apparatus, with the exception that the
RONET B Fh&E thel Bd Meatddl AR Sém@scadapdmmiofsatt whithe\¢ible phase is
processes, e.g., different process chanbers, chemn ca
paappoeatva, etc. [0094] The conti nuous-fl ow apparatus
and process descri bed herein nay be enpl oyed for
[0498hi nglheciressi sgmbere¥itdue be muw ghambehpggesary pr SCF removal
deposition and the renoval of |ayers and/or residue -
mrocetrsanhiding butawt fipiadco.rishingcclogampPatiglsdrayvah peshfichyyesidue
subcritical fluid nmediuns. Preferably, the |a .
wwEn el HFeg Phaieredy ﬁft‘ni“?{ﬁ}oifsria"?dfliﬁxﬂft%’ﬁ%‘ﬁ?lg?& oyl g an
erei n include hardened .phot.oresi.s : .
HRcPatrsdty o2 M0 P Shel PPLE BBleRh B SR hL REE o o
s&gg&%ritical carbon di oxi de hereinafter in the broad
%éscr ption of the invention is nmeant to provide an
f0b§9}l St I @180 SRASIIIL apphrathd) @hdPi @S Sitpohdheitinh BtmAACohHonent
not neant to limt sane in any way. [0095] In a
&afhnkR 8 NSe flrolcl RLABSchefichl Qbmp et i A3 fon Pretnfi€ing therein.
chem cal fornul ation conponents, e.g., co-solvent and
chegidactmadidh pinge3d?2 is mhigh plasup ligeié psme haltvegh, faurhé@) chemical
process chanber is filled with neat solvent (which is
tonporsatmentaigers B soillysmated inFigunes, SO 4rdespredniginiers gie cqptemplated
supercritical pressure and supercritical tenperature,
Hepeity, @sfegeiied foxrthecnsefisplen materipl 1 SBEPETResgu S heeal CofpRAnFsy ipdife:
s continuously added to the process chanber ) i
P A P ]ﬁ@ltegt toj gogiqiveptfsy oxi 1zmgp agent?s%; reducing agent(s); surfactant(s);

passivator(s); chelating agent(s); etchant(s); and/or other process componeni(s), as necessary or
desired for such applications. Importantly, the chemical component containers 330 include the
chemical components either in neat liquid form or in solution form, e.g., a liquid or solid
chemical dissolved in an appropriate amount of solvent.

[00100] In the mixing chamber 322, an amount of pre-mixed chemical components are
mixed with an amount of SCCO, to form the SCCO, formulation. The amount of the
individual components is readily determinable by one skilled in the art based on the layers to

the cleaned/removed and the processing conditions. The resulting SCCO, formulation may
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m croel ectroni c device, as renoved products and/or

unused SCF-fornul ation are continuously renoved from
woOheospnssress chanber. The flow rates into and 8Qr/usk006/014321

the process chanber are nmade approxi mately equal so

that the pressure within the process chanber remains

substantially constant, ensuring the nmaintenance of a

#igpide dirdompenaikts Bttt wpdr@ 08 staffhealt-empelyait ldag oBNEF the components

pressure of the continuous-flow process depends on the

EHER g SupsisHiFalai tus instgadds sohvelied i tifsupsoiritienh fluid.

ﬁ@n@galgﬁl tenperature is | ess than 2500C and often

(WL ¢ Epllormgssanipgiiermaval KE s uawantpddaiess in Jhsinsasedsychamber 324,
etween. 5 nd 500 bar. 097] Solubility of the _
?ﬁerr%m%%li“g %B@p%)ﬁé’ﬁf’{‘%)“"ﬁeﬂ'{‘e?‘hgcé%pé% qtiop @afl reppvgd prodygts, is

e SR RN (LW,

une viewce 'S

id Gna ﬁMQ@h i upghCr it S eh i action:
gﬁd %3: 1 8{1\%3 and %Plr g%]te iﬁﬁe ; B’uatr it)atéff &%Lr PJ; S%Jgu %té)g? %{ﬁnﬁ fd: g%;}( valve
KevMor 16 btk b k@eraRf 30haRd &?Axat&%?&&&@ R %ﬁa)ses%ﬂﬂjconstiurerus of the

supercritical solvent are loaded into the view ce
whoesseditcheye, atdandy@edveld fanetlBRnm BSHRE ule® oGORA ik OBSre@imed
whi ch a single phase is optically observed. [0098] The
procrseelughva pdigive 3B carelye rbBedainthe edpalylide oNBEESEAT Yhefs@faration
SCF renoval processes including, but not limted to,

ey f mpde drquigh jthegmappiration |of phesahalzes grosther edherhical e i plysdoal
renoval and hardened photoresist renoval, as readily
B8t nabl e by one skilled in the art. The chanber

t i ngl fer. chanber, f
E)gﬁqﬁ)ﬁu 161?% tg E}legggﬂoarr}])ggi?tg%ﬁ@el%}lg% eqr{d{ld [(])‘lre@%TSS chamber are
iLm . t hem | {
el ick ol Pash hion BRPALS S oGP EOSE ok RR B foatoe
. els ot anl u ro_ess. | er ma
B G ID RO A5 1 0 e

REIeGSHikBg bipehilitids BOIIR: thé Bl mibd: Qlliso (i) mEiHE ThifHer, and viee

conponent containers 330 are illustrated in"Figure

yemsa e Th cohtteus ERIdFhamas Sppatls ERGHHERY M ALl NEERI alteRS by one
required for the particular material to be processed.
BHledringld art¢ompudeentyone nigh prekeyre este] fof MixiQtand prodebsad Hesin,
co-sol vent (s); oxidizing agent(s); reducing agent(s);
08I c t Bistipvsptiongaaysingledeoiaties prestue, temipergtugg et 16®) fransmitters,
et chant (s); .and/or other process conponents), as

g cegaupmgtic el valyess dhecksialyps, eeligfl velyess jupies disks, shut-off valves,

| ortaptl t he chepica{ conponent contai ners_ 330
isolanon yalves, ver-pressure relief valves, mass-flow control valves and interconnecting

piping and other hardware necessary to operate the process safely and effectively. The
invention may be controlled by a digital controller in a control panel with appropriate user
interface and display of information necessary for an operator to control and monitor the
system.

[0100] An embodiment of the mixing chamber is illustrated in Fig. 7. Preferably, the
mixing chamber is a dynamic mixing chamber whereby the bulk solvent, co-solvent and
chemical additives are thoroughly mixed. The dynamic mixing chamber of the present

invention may be used to mix a wide variety of solid/liquid suspension systems, including
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chem cal conponents either in neat liquid formor in
solution form e.g., a liquid or solid chem ca
wdizemaliysgd i n an appropriate anount of sol vent PCTAB1@0H14321
In the m xing chanber 322, an anount of pre-m xed
chem cal conponents are m xed with an anount of SCCO2
to formthe SCCO2 fornulation. The anount of the
simgley flititrafluid ensprovien ts wek ay eathldxy cotleneatet shalds evhih npyeexhibit
skilled in the art based on the |layers to the
eroEminaglyiscasiy vkercisrdict he processing conditions. The
reafltigg SCCO2 formul ati on mayi ncl ude all conponents
{HO%he Jhpdmapi mixng chambar 0455 a hish arepmiteivewssl 10, afefarablydiaving
ne of the cqnmponents is not ip the supercritjca
BESHEE Y R S SRAT SHEPS A P P APPRESE et P he art tha
| ol | ow | eani ng/ r val of t .
e oty or R bl bl 0 B L QN R S eppalShped miving
CRBED T dfdabhidn &R REdRENY QS}% 431
and r ermvegrl pr oduc?g, Tlﬁ)g ef%@%@gﬁf’%m _ aeﬁe%tfg%lésgsucg asa
jéblaffth@ Kho%#4n Wiga7 YPERERSSdsdR @ﬁm%ﬁes,egﬁm{.éﬁgr (Jnjcﬂﬁscm thd Berior
remaining fluid may pass through an in-line filter
B6IB, of shehBdmipmBagthAntet gStRInRE po3Bd 8 AddthoRert DR GkcalVAHNi®e inlet
366 prior to entering a separator 370. The separator
papi20aneSCEhdophat@uticigot é12stré fluentivelyGhovinhe bgpie:sd at the
dischar?e, and may provide for reclamation for other
gagigtignel hotpm ohthe fiygamic imixing dembdrrhoweysr. ddetodi agprdciateil thaptheir
addj tives that can be reused at the supply side of the
BQPEiopiRg is ppfdimitedia thedocgtipnsdlystigted ipfdie 7t hr ough t he
jpul ation of phase changes or ot her chem cal or
ROA o e, P SBO%8 PrstrboR ardlidesny Mobripplaeitspfor erample a
- K 1 X h e nd the .process cha
BT (S P BUAERRL 1S oG PHREES T EERTIR0 oo

RS AR 1t E b SLA YIS AL Al & tvlg éeu?&gdrehgvhﬂé@%%%h pressure

bl
pressure sw ngs and non-optim ze

fddeel aticdnd 6f a thdl6hizBd QERHSI 8BNS atdBYay b &lyUde oxrgh&gen& readily
capabilities so that the process chanber 'is also the

detecinthgd Whaeklalled ibthekry/i ce ver sa. The conti nuous-fl ow
dynam c apparatus described herein may be readily

BIL033r e d Obtjonallye thekinhltidthded inhfeBerad1b ihdudesn Obanth@s @othiyiurdagvely
hi gh pressure vessel for m xing and processing
- taneqctsfl e 2 haywongtoripprbcalympeii dm prastice,i gash ude by autrbdwsi into the
pressure, tenperature, and |level transmtters, manual
BReArBhra Ly easBniheaes Jawy, g holave ewrtorizad celsmn fan ¢eeess out the
%9|ﬁ§$p rupture disks, shut-off val ves, isolation

VE IR er-pressure relief valves, nass-flow contro

N)%4YGS ?ﬁ%ddﬁ%‘? I}n%?qu (c:}l{:a}nlbglgdescribed herein ensures a homogeneous SCCO,

formulation for delivery to the process chamber, thereby improving the cleaning/removal
ability of the formulation relative to an apparatus having a static mixing system. As defined
herein, a “homogeneous” SCCO, formulation corresponds to a solution wherein at least 95% of
the total volume of components, e.g., SCCO,, co-solvent, etc., are miscible, preferably at least
98%, most preferably at least 99%.

[0105] The features and advantages of the invention are more fully shown by the

illustrative examples discussed below.
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pi pi ng and ot her hardware necessary to operate the
process safely and effectively. The invention may be
woaniwi08d7ed by a digital controller in a contreCTasnmb/014321
with appropriate user interface and display of
i nformati on necessary for an operator to control and
nmonitor the system [0100] An enbodi nent of the m xing
dtideiber A seried dfusperiatents wers peifgmed to Rrtapdiipe disloffpctd dfemixing, i,
m xi ng chanber is a dynam c m xi ng chanber whereby the
SbRaRiicNSFspeTiatic, cadhegemayelvificiney of herdenedbhotperdist fowessmigroglectronic
thoroughly m xed. The dynam ¢ m xi ng chanber of the
FVégeer??  [SHRRIH E§ViSh, Wﬁ%i/%%m% ghirop gvafeyr gavglgvﬁ thia emicab pyideyfayer

4 ﬁg/éL ol ﬁll‘gl ’%ﬁ té(ﬂérlﬁ%ﬂc Iiég’tr‘a\%én’flﬁyeéﬂg g ngfé’gfngfls of the sample

S B AT TR i o

Ghapbasw)400 is a hi gh pressure vessel 410 preferably
havi ng the same volunme as the process chanber. It is

@ofe apme Sfiphivagr Ris RORssSdivitl £6Cdd), i1 indi¥@Hs 18 B8 % co-

wal I's of the high pressure vessel 410 define a

Golventl batipondi(k)l PlHe SAICOQ fwap eied Gl thé MARE &6 Bd-5JNRGt component(s)
chanber. The dynam c m xi ng chanber is preferably

elq'nai ppett mixing chanibeat Bre pddedssing apgarans (@ot jsivehp furtha Snchidedhn re-
in Fig. 7), heating rods or cartridges, said heater
Cirqulatpirs eharddy nge tswetlcex egsgshing finmdl Iths prboessh ehaghperawpsc subsequently
m _xi ng chanber. inlet port 418, )
é%m%w%m e mEAsESE a!m&ao@f Feyse thefpint THeProceasivg RaaetsGagiuded

stsﬁ%“am%‘%éﬁcrf@%ga%ae%éte%%ﬁ% i r%m Y5k me 10
Magﬂn §t eé.\n{l%la%: @%ﬁt&gg reBeaQe\ﬁ% tgtal’ of three tlmes Rjgie rrm;% CFi’c{S'O 8c and

appreci ositionin not

sk %vﬂléﬁ%;résg&ﬁ th Méﬂ%&ﬁ)ﬂg @adanh b, rbsgectlzely, [aﬁér%ces-ﬁlg it can be seen

dynamc m xi ng chambér 400 i ncludes d@ notor

a@t hatt A of 18 rphEXRARN | Bitedia RN RIroGedStsing R ktaticN Ak ideB&irSulation
on the gravitational bottom of the high pressure

¥@ese| SAicRINO ttheS pvugsisO lyirl befdwn dlel M@deWed Rn-implanted crust was

mul ti-bladed inpeller 416 that is suspended within the

Idngpedobue e Uhadened smigtl waahott (the camiccotidpsal intiteaibsea@chf delsupporting

412. The agitator nmay be any size or shape, as readily

detiardenetephotpyesishe Tksi i [belépvedhtor brothg result [of 1@@jquate mixing of the
tionally, the multi-bladed inpeller 416 includes

SheRs r?@e““’l@?ﬂtn%‘h F@eeqabeldylveoﬁﬁé%f@w tneerapwtv eerducuon to the

g%tfe‘%%%%gg %ﬁ?cgﬂlo e reclzlrcu atrloancgf It}?eespen over;mﬂ}{e sample surface did
not allow for fresh incoming chemistry, which is necessary for proper cleaning/removal.
Importantly, during the recirculation cycle, any small changes in process conditions, i.e.,
pressure or temperature, may induce phase separation, resulting in the precipitation of the co-
solvent(s), chemical additive(s) and/or residues.

[0108] The importance of introducing clean chemistries to the process chamber was
supported by the following experiment. The SCCO, was mixed with the 12 wt. % co-solvent
component(s) using the static mixing chamber of the present invention. The processing

apparatus was similar to the apparatus shown in Fig. 6, whereby the solution egressing from the
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m xi ng chanber by passing the gas down the holl ow

nmotori zed colum for egress out the inpeller openings.
wpQa@Al3sTBe dynam ¢ m xi ng chanber descri bed hece®ius2006/014321

ensures a honogeneous SCCO2 fornulation for delivery

to the process chanber, thereby inproving the

cl eaning/renoval ability of the fornulation relative

fr&es haaDpava ditectdday b BParatosdnd bé &I BrmeNSibieRust BSintroduced

defined herein, a "honbpgeneous"” SCCO2 fornulation

tc direrpesps tlamtieo derirpodacit subsequehiedl@ning aycld. e @isd pro&@3ingf pataheters

total volunme of conponents, e.g., SCCO2, co-solvent,

ingluded stajic mixigivhphied cqgm@rfhvlwl fygr ?atnnhfea%ﬂovgasw a mobanol/SCCO,

preferably at |east 99% [0105] The features and

rﬂ’éfi/ aﬂﬁ%\&e@mof g, TiRPetYElp otes gersatphpetoel pf Jhreghmgs Wigh fresh

| di d bel 0106
deprue Eéu@%g' yﬁﬂ%ﬁ?&‘? Y a,vafz, B Raat S S e
t
e b W B By Py GERca B SP U B L P o ey
1%1&1%@ %l)\%%% &pr%?o% at ﬁg gatéﬁlgcp Lu? geexyels B \RE Fs@e Fligs 8e and

pattérne con |ng a t I'n chem ca
éfﬁy@ﬁo@]@o@vi@ﬁlﬂéqfoqﬁ%guddq’@ Heb! iPRLEAMES BHNHE re01p1tat1on was the
phot oresi st | ayer thereon. crographs of t%e sanpl e
réaft OF iA@dqAae niHiRL BSEHE BEticinRerSROMN dsha Rib@antiaBAsaflAdA SCCO,
|l eft 60 angle view) and 8b (right 90 cross section
soivew) . [ 0107] The sanple wafer was processed with a
SCCO2 fornulation including 12 wt. % cosol vent

[B¥9b onelre s¥act spine PRCBONasvaseaisil neek wf tvh % Fremdi@ioptto deYgrmine if
co-sol vent corrponegqt;é@) usi ng a static m xing chanber.

Inqieesipg e serifve i S, ishafing ey Heersatereted gbtion,
| at the solution. e fromthe
Pl "%%ﬁ%rfﬁ ?%@apg arggaaaqﬁ#vf RO HG00 B R e e

Th
ﬁé?ﬁﬁ‘i {'éf's e See %tegor af’m% cyr‘ﬁ{%m CO?JP%%S? c{&?gﬁ% &n Cogcg?tra’fﬁns
d}“cE‘ %gh%ﬁts ftﬁ)ércl: 9%1%%&%}1}1@11@ hix tcuhfzgpcln uﬁ%v& %1%%% efﬂgL Sntly

m n cl eani ng, rrnse was repeate

1%19&\1@4 p&torésﬁf £R dul s?ﬁe?tcal@@jpgf drtﬁgast Qi s ﬂlﬁ%\ﬁtﬂﬁe éég 'process

whi ch correspond m crographs 8a and 8b

ih@&Re pilobodSlinde andfat Qich, N REREHINTG, 1t can be seen t hat
not all of the photoresist material was renpbved using

[0116] St althe mcatina(riaﬁrg:/dféy:iamimﬂuﬂhg an seplifyata pr&ﬁscahd tedak tiyaning
t he photoresist |ying below the hardened ion-inplanted
tinpest s tWhem the continuous—flow apparatus of Fig. 6 is used with the dynamic mixer, the
photoresist is completely removed (see Figs. 8i and 8;j).

{o111] Accordingly, while the invention has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses numerous
other aspects, features and embodiments. Accordingly, the claims hereafter set forth are

intended to be correspondingly broadly construed, as including all such aspects, features and

embodiments, within their spirit and scope.
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removed but the hardened crust was not (the crust
col l apsed in the absence of the supporting
woamshassdened photoresist). This is believed tacbastdve/ 014321
result of inadequate m xing of the SCCO2, co-solvent
and chem cal additives in the static m xer prior to
i ntroduction to the process chanber. In addition, the
recircul ati on of the spEmk ciAmvsl over the sanple
surface did not allow for fresh incom ng chem stry,
whi ch is necessary for proper cleaning/renoval.
| nportantly, during the recirculation cycle, any snal
Veehisgleisel i process conditions, i.e., pressure or
tenperature, may induce_phase separation, resulting in
It he preawippiup-dey sepetsritiqahiliid GE) pattes) said- Y &\ pppasptus comprising;
addi tive(s),and/ or. resi dues 0108] The i nportance of
intrgéuci%%hﬁﬁgﬂﬁm%%gﬁ?§¥??@§£ﬁo the process chanber

was ppoy the fallow ng experinpent. The S
vas MRoct PR Fob it ok SRmESRGENTT Shmsdficin ) v
using t hecoﬁttaﬁgzj for ﬁb%in@ G Hﬁ’\;mte&owﬂgtxem Qf m{e,eﬁngpgressure soh/ent
i nvention. The processSing apparatus was si r to the
appar at uspugfpown in Fig. 6, whereby the sol ution
egressing fromtheprocess chanber was directed to a
separat ora @h@ntdsatGUohmubicRi5€ly t@nheatdad i@dpositisid B®vnstream of
i ntroduced to the process chanber during each
subsequenthe bigkardssvge sofehe puriih evhprein cibs silvegt Pateaietreanged to
i ncluded static m xing/sinmulated continuous flow for 2
m nut es f@rvesikedolygut intqpiupaerdicalSISO 2 rinse. The 2 nin
cl eanjng, rinse cycle was repeated a total of three
ti me&Dwi thbigh BEsuE hsmicy! coraronent gpmpg fop flaping at least one chemical

ti - hi by .i ntroduci f h
a1 quot s BrPpitE SRRt bR PG Fach i eani ng

le, Th eSSt t el
oo, FRREpEAAR, RISLRLERCE, coffiBer B Ebloked dompggpen

surface Wa$oM *a&%slv&l@he(a&?&dﬁ&egﬁem&?cmgueﬁfaumg%hhOugh

not wishing to be bound by theory, it I's assunmed t hat
the pyeci Phrb@td MRmMRASodhifhidaBvely) donRbted RARE HbdoBed AokntEtam
in the static mxer as well as a substantially

sat ur at edofB{eGERens datte ahid th MikBQPchahiber. exact same process
was repeated using a 6 wt. % fornulation to determ ne
if increasing the capacity of the SCCO2 for sol utes,
i.e., using a nore undersaturated solution, would

2el i mlha$@ wperatypfedldin dl whéreip sddd prpeeiupistusefildor e depositipn of
Figs. 8e and 8f, Referring to Figs. 8g and 8h, it can
thie Ilms op mickpstecteqisdeviesSeani ng cycl es in conjunction with
smal | er concentrations

3. The SCF apparatus of claim 2, wherein said process chamber comprises:
@ an interior chamber;
®) a fluid disperser positioned within the interior chamber;
(©) a microelectronic device support positioned within the interior chamiber,

arranged to support one or more microelectronic devices; and

(&) at least two exhaust ports distally positioned relative to the fluid disperser.
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of co-solvents, thereby sinulating dynam c m xi ng and
a continuous flow process, efficiently renoves
wohoicomews st and al |
said, this nmultiple-step process increases process

time and as such, is undesirable. [0110] The

i ncorporation of dynamc m xing can sinplify the

4pr oC FBSSGapdraaht elaind 3 shérsig tHe ifiiid HispdMee tontpkis a showerhead.
conti nuous-fl ow apparatus of Fig. 6 is used with the
dynam c m xer, the photoresist is conpletely renoved
(see Figs. 8i and 8j). [0111] Accordingly, while the

5t nvedbs T wazatbeedivlage dovhe phehowithead s axeefle pdipsiabletalpng the
specific aspects, features and illustrative

lengthodi the At Pepeest |sRambeR ontapotie disfangg betwase thephprehesd apd the
t.hat the utility of the invention is not thus |limted,
Iﬁﬂ?d?’?ﬂ%%wﬁ%tends to and enconpasses nunerous ot her
aspects, features and enbodi ments. Accordingly, the
clainms hereafter set forth are intended to be

georr %@W&pﬁ&b&{s @cﬁ%b,ﬂ&&%ﬂ{%ﬁ&st t@tt? e)!hg\vﬁ\} 1!{%%'& H!Ig tp@éit&oned in

such aspects, features and e I ments, herr
pERirhitytto O chicsseRBEonictdevibd-Al M5 What is clained is: 1. A
conti nuous-flow supercritical fluid (SCF) apparatus,
sai d SCF apparatus conprising: (a) a solvent container
hol ding a solvent; (b) a high pressure solvent punp

7e ormikhd ¥GH dppaitys of olained; tvdekein dhetahleass lo\eglnist paistasd sy@metkiodly
fLQmﬁn%)the sol vent downstream of the high pressure
Peptiapathrbop iprircymrenge althe/ G H prepsssicbambebnmuni cat i vel y
connected to and positioned downstream of the high
pressure solvent punp, wherein the solvent heater is

t.th t int [t
St o a oa) SRS st &, Paheizatide BBt S et gor
BBl 6A5 ke RO GREhEM cal component downst T eam of
the chem ca conponeﬁ punp; (e) a m xi ng chanber

comuni cati vely connected to and positioned downstream
of both the solvent heater and the chem cal conponent

9PUNMPTh@BCF apparatus of claim 8, wherein the heating element comprises at least one

resistive cartridge heater located within the microelectronic device support.

10. The SCF apparatus of claim 8, wherein the at least one resistive cartridge heater is

positioned to emit heat to the microelectronic device support in proximity of said device.

11. The SCF apparatus of claim 8, wherein the heating element comprises a conductive
thin film.
12. The SCF apparaﬁls of claim 3, wherein the process chamber comprises a high pressure

container and a high pressure top, wherein the high pressure container and high pressure top are

matebly engageable and define the interior chamber.
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(f) a process chanmber communicatively connected to and
posi ti oned downstream of the solvent heater, and the

woizsoeng3thanber. 2. The SCF apparatus of cl ai mP@T/US2006/014321

wherei n said apparatus is useful for the deposition of
thin filnms on mcroel ectronic devices. 3. The SCF
apparatus of claim2, wherein said process chanber
conprises: (a) an interior chanber; (b) a fluid

di sperser positioned within the interior chanber; (c)
1a. m dho¥lgbirand «f cliavi, eeangeddip onintanaBd solvem étthedubditriticiliate
interior chanber, arranged to support one or nore
upstrerp eddedownetigin ofthafluidkdisperasid (d) at | east two exhaust
ports distally positioned relative to the fluid

di sperser.4. The SCF apparatus of claim3, wherein the

fluid d.sperser comprises a showerhead. 5. The SCF ,
lé‘ppa&h‘? QP apagpsst ajm 2.l & fras §PF0R%€TFJH% SefuRogent comprises
axi al | dpustabl e al ong.the | ength of the S rocess
hshsEr o VA ERY GTerCY BUESRATY RPN g e
i e, . e p u

ISR PELEA, Co AR Sl R AP RRU Gye
desist in8 & FbihdRoRiRxof1 ty to the m croel ectroni c device.
7. The SCF apparatus of claim3, wherein the at |east

two exhaust ports are symetrically positioned about
the circunference of the SCF process chanber. 8. The
1SCF ahpSCRdppsrand ofclain iy vierefnithd hésasteaahemhlregmponbg ad isbdjto
el ement | ocated at or within the mcroel ectronic

deeoyit thin gl prdected fiom thergroug CPhsistineant ametl, ofmetpl allopn :Byetal oxide, a
wherein the heatjng el ement conprises at |east one
npegd pudfidey pmixsd peplRyie fgnikwmata) egg@da tliclesitipy adqyek dielectrics, and
g%g%ozlectronic devi ce support. 10. The SCF apparat us
°Of" 'eai™i 8, wherein the at |east one resistive
cartridge heater is positioned to emt heat to the

m croel ectroni c device support in proximty of said

lg.eVi ﬁ”ﬁe Sélﬂ'aé)ﬁégtﬁs <§g§uﬁ5‘f3 Qﬁin%@d’lfgr & ﬁl’RlL)l?Si fmw%ﬁ fhﬁ@l&%ﬁ%&aﬂoﬁent

heating el nt conprises a conductive t
from the solvent heater to the process chamber.

17. The SCF apparatus of claim 1, arranged for mixing the supercritical solvent and the at
least one chemical component within the mixing chamber to form a chemical component-

containing SCF.

18. The SCF apparatus of claim 17, arranged for continuous flow of the chemical

component-containing SCF from the mixing chamber to the process chamber.

19. The SCF apparatus of claim 17, arranged to pulse flow the chemical containing-

containing SCF from the mixing chamber to the process chamber.
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12. The SCF apparatus of claim 3, wherein the process
chanber conprises a high pressure container and a high

wonremsius3t op, wherein the high pressure cont aPaemUsa0wd/ 014321

hi gh pressure top are natebly engageabl e and defi ne
the interior chanber.13. The SCF apparatus of claim 3,
arranged to maintain the solvent in the supercritica
291 at ehaIPCH fipaniua bilclgda\in Sithe @bt fsing Aeefakdttr hodii BpEdS@Etream
14. The SCF apparatus of claim 2, wherein the at |east
ofthe pkmesithg@berconponent conpri ses speci es sel ected from
the group consisting of source reagent conpounds,
source reagent conpl exes, source reagent material s,
co-sol vents, co-reactants, surfactants, chel ating
Zagenﬂfée SEF | aeaites, ofarlime i tihprsn o sk s fegulpigr lsmémoned
appar at us of cI |n12 wherein the at | east one
]%W@ﬁﬁggmeﬁﬁB ﬁ?1|§53§@@rto deposit thin filns
selected fromthe group consisting of a netal, a netal
alloy, a netal oxide, a nmetal sulfide, a nixed net a

22’“ dgpe Zcf gﬁﬁgatg?toﬁlclaﬁﬁjllf LWAlG: mathéjlvgl Qtorfltﬁe nﬁx&é"éﬁa&ba is

ielectrics ot her thin
?ﬁﬂﬂ%ﬁﬁwéwﬁﬁnQk%bﬂhéofﬁ%ﬁ@ﬁﬂ%ﬂmﬁﬁ! contlnuous f|0m’0f

e supercritical solvent fromthe solvent heater to
the process chanber. 17. The SCF apparatus of claim1,
arranged for m xing the supercritical solvent and the
28t | dasiChHhapparcioeoi o 1 cotrrotbenixiwigichknibet i eclevied ifiog the group
chanber to forma chem cal conponentcontai ni ng SCF.
cosistiffghad 2 SEHC mipya ckamipst aod 2 dnamigqymizing hambenged f or
conti nuous flow of the chem cal conponent-contai ning
SCF fromthe m xi ng chanber to the process chanber

Z%I owﬂw‘h éég?greﬁ%% & gal’ff]&f’ i %fal @ﬁl%ﬁ?%as%gg?ttcgm%%égubon

J&geng chanber to the process chanber.20. The SCF
apparatus of claim1, further conprising a separator
positi oned downstream of the process chanber. 21. The
SCF apparatus of claim 20, wherein a back pressure
Jsegultal Qe HpRRed bi epef | bﬁ&%@%mw&goa QERASiticN QBTQ&E chiller
and the separator. 22. The SCF apparatus of claim1
ohehdtdlivéli RomBd® @fe Hifle pRskie N@lvedtagiaRr tol Srculatingly cool the

supercritical solvent.

26. The SCF apparatus of claim 23, wherein the dynamic mixing chamber comprises:
(a) a high pressure vessel defining an interior chamber; and
(b) an agitator positioned within the interior chamber to provide dynamic mixing,

whereby the SCF and at least one chemical component are homogenized.

217. The SCF apparatus of claim 26, wherein the agitator is selected from the group

consisting of magnetic rotating bars and motorized multi-blade impellers.
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approximately equal to the volume of the process
chanmber. 23. The SCF apparatus of claim1l, wherein the
woizsoeng3Thanber is selected fromthe group conBCEUSHW6/014321
of a static m xi ng chanber and a dynam ¢ m xi ng
chanber. 24. The SCF apparatus of claim1l, wherein the
supercritical solvent conprises carbon dioxide. 25.
2Bhe $6dsap papasitus of @fainC R6)i ithts cdnipiikile b heMRp fadckdt RPcudscribing
supercritical solvent chiller communicatively
erineatied tedighipeessuragiesspt essur e sol vent punp to
circulatingly cool the supercritical solvent. 26. The
SCF apparatus of claim 23, wherein the dynam c ni xi ng
chanber conpri ses: fa) a high pressure vessel definin

%n i AbePYHAPRAFAINISE clainy Adviesyn sl appRiEt Srusplsior fhrfegoval of

within the interior chanper to provide dynamc mXxin
‘WW%‘F@BV@{SW@“’%ETE“&‘Z’H <3 “ﬂntj?&k‘%“@ﬁ‘%“fci’ﬂé V&"Sg ha@‘élﬁﬁaé‘??éﬁﬁ“g-
are honogeni zed. 27. The SCF apparatus of claim 26,
wherein the agitator is selected fromthe group

onsi - . QL ~
B E R AP e 6, SR R A0S, PR o s
20 seldetddl BRI thE RIIBS ks REhoPorPAlich FeslddS KTk SHofofediB Gid kddfked
exterior walls of the high pressure vessel. 26. The
phcloregifgpar at us of claim 1, wherein said apparatus is
useful for the renoval of unwanted | ayers, particles
and/ or residue from m croel ectroni c devices having
same thereon. 27. The SCF apparatus of claim 26,
28her dha SEEi abparamaof ethinh 2o whereip ghe jatc least evacbhepical component
resi dues are selected fromthe group consisting of
ogriseR eRepiey gl dionhihe |erqym Sensisting &t co-sglyenth éwéaé%@a oxidizing

hot oresi st. 28. .The .apparatus . of claim 26,

¥ SoRReReensy SRkt gﬁcgt“tﬁ%é?ﬁtsc ARl IS BEEH PAEDYRY gEgnts,

sgg%i%%fge%ggkgd fromthe group consisting of
P SLRIGEAF S5 f act ant s, oxi di zi ng agents, reduci ng
agents, stabilizers, chelating agents, conplexing
agents, passivators, etchants, and conbi nations
soher e0hen A retholBl RRmPhintE MDA foR rhibRLBALEE device having
photoresi st froma mcroel ectroni c device having
photoresist material thereon using the SCF apparatus of claim 1.

30. A method of removing ion-implanted photoresist from a microelectronic device having

photoresist material thereon using the SCF apparatus of claim 26.

3L A method of depositing thin films onto a microelectronic device using the SCF

apparatus of claim 1.

32. The SCF apparatus of claim 17, wherein the chemical component-containing

formulation comprises a solution selected from the group consisting of an etching solution, a

cleaning solution, a particle removal solution, and a post-etch residue removal solution.
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photoresi st material thereon using the SCF apparatus

of claim1. 30. A nethod of renoving ion-inplanted
wohoiconewdst from a m croel ectroni c devi ce havpgw/us2006/014321

phot oresi st material thereon using the SCF apparat us

of claim26. 31. A nethod of depositing thin filns

onto a mcroel ectronic device using the SCF appar at us

Bf  claahdiholl.of BdovilfRatSE fraf R atiabdisirefic &hivé iBink fhe PP FHrlus

t he chemi cal conponent-containing formulation

of Gl I Seisredn S0l ietnbaih caglrieGtagiodessantedtéiefr@l did[Eroup consisting of

consi sting of an etching solution, a cleaning

etahing tthip filmsa frgya rat inigtoelestropio\dayices dvingiseid , thin fidma thewert; -retaing

resi due renpval solution.33. A nethod of renoving

Regicnte anattey Bpmap Migpersirenia deoidechaygiseid pasticalgtet watesdpereon,

apparatus of claiml, wherein said renoval conprises a

THPOEES BOskefhe EEE f0Bin? tHEFOgFYaYC JSHES Sty st retdenitisgron

thin filns from.a mcroel ectrani.c device having said

PROPETTES PRAP SO - PO REC Sa e RUrS R rheer e

&%ﬁ&g&k@&&&gnic devi ce having said particulate natter
thereon, renobving post-etch residue froma

m croel ectroni c devi ce having said residue thereon,
renovi ng aqueous species froma mcroel ectronic device
AV NYe 30B YRS RECLES 1,IIRIBORM lcait e 6O MRINARhE Siber and the
thereof. 34. The SCF apparatus of claim1, erein at
fr@aschapiber ipfonttivetediranh nigket-haadh@ivy maeridihe cpsDeass

chanber is constructed from nickel -based al | oy
materials of construction.

37



