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RESI DUES FROM THE M CROSTRUCTURE OF AN OBJECT BACKGROUND OF THE | NVENTI ON 5
This application is a continuation-in-part application of the Japanese

Pat ent Appl i cation No. 2001-034337 filed on February 9, 2001. Field of the

| nventi on g pLesent invention relates to a process ?,?‘ﬂ vaiBhrar atus for
r enovi ng r et dtiee f3r0m the mcrostructure of an-object. e present
invention specifically rel at es to a process and an apparat us for renoving
resi dues, such as resiER® DIAPPAR ] NGRS ®tor manufacturing

process from a sem condu%g&ﬁ%ﬁrm@ rr{l A Tne 15 structure of

convex and concave porti d Art It is required
as one stepé @g%ggﬁ w| gg 2 Y i conductor wafer to renove residues, 20
such as phot resists, X-ray hardened resists, ashed
resi sts, scarbon fluorine containing pol yrrer pI asma etch residues, and

organic or i contam nants .fro he rranuf acturing
process. eﬂ‘bsrg pg'ﬁﬁf’%fs arcg%\?gtl‘onﬁgtpﬁ‘g] lcha O%S&%%ﬁ&aﬁ?é A9t he wet

r emoval rret hshlicition Noep01c0BdBET iled ondEkmary®, 200pped i n an agent, such as a
wat er solution, including a remover to renove 25 residues fromthe surface
of sem conductor wafer. Recently, supercritical CO2 is used as such an
agent becausgelaiof tHeIny @itiodi scosity. However, supercritical CO2 is not enough
by itself to renove several residues fromthe surface of the sem conductor
wafer. T resolve this problem several additives to 30 supercritical O

are pr oposedrheAvestit ShventiGitirelafestié1@ prbap3 ARG Bn biPRNAI fHIEEmBohE Adsidubdfpérhcat i on
No. 10-125644, nethane or_ surfactant having CFx group is used as an

addi tive to the, pasrestueeef apepiect Thy aﬁaﬁéwemsgﬁvﬁ%lm!ﬁ'émo pEBFFEat i on No.
8-'191063, | BaALICUSEaaR0 5y Qe HB023AuRCThS0R/ A3RR8 dhamkdyhiikf @xi de or

dimethyl-fornam de |'s used as such an additive. These additives
_ semiconductor manufacturing process from a semiconductor wafer surface having a fine

15  structure of convex and concave portions.

Description of the Related Art

It is required as one step in manufacturing a semiconductor wafer to remove residues,
20  such as photoresists, UV-hardened resists, X-ray hardened resists, ashed resists, carbon-
fluorine containing polymer, plasma etch residues, and organic or inorganic
contaminants from the other steps of the manufacturing process. The dry and wet
removal methods are commonly used. In the wet removal method, the semiconductor
wafer is dipped in an agent, such as a water solution, including a remover to remove
25  residues from the surface of semiconductor wafer. Recently, supercritical CO, is used as

such an agent because of its low viscosity.

However, supercritical CO, is not enough by itself to remove several residues from the
surface of the semiconductor wafer. To resolve this problem, several additives to
30  supercritical CO, are proposed. As described in the Japanese unexamined patent
publication No. 10-125644, methane or surfactant having CFx group is used as an

additive to supercritical CO,. In Japanese unexamined patent publication No. 8-191063,



are not always effective for renoving resi dues. SUMVARY COF THE | NVERNNGUSY 2005
An. obj ect of the present inventionis, therefore, to provide a process and

an apparatus for effectively renoving residues fromthe mcrostructure of

an ‘obj ect. According to the present invention, a process is provided for
removi ng regigdd@sozdsr om 10 the object, which conprises Stp%ﬁﬁjs@i/():;ﬂfseparl ng a
renmover including a C02, an additive for renovi ng the residues and

co-solvent for dissolving said additive in said CO2 at a ressuri zed fluid
condi tion, afEnggnispride ehdimghyklormamide iscised aictuckpn pdditived tiveo-as to

remove the I 82 indt 8% ays MR §2GorABnEGhg redidudd Process is further provided for
renovi ng residues fromthe mcrostructure of an object, which conprises a

step of contacting the object with a renover including a supercritical CQ2,

a conpound hgﬁhmnwﬁfrﬂﬁwg%w and a fluoride of fornmula NRLR2ZR3R4F,
where R represents a fryarogerr or al kyl group. 20 An apparatus is further

provi ded 5or renovi ng residues fromthe object, V\/m ch corrprl ses a vessel,

at | east one,inl et feedin ve d| tive for
renovi ng theAPeos hgefg&% TR gg'e%tb véﬁﬁérg&rc %I pgr(s“(’)'? Hrdcgsasua 48P3VE in said

C02, a punp fdreffeivelysemovdingrgsi@ier fionttbe maratruasis el an dnetta heater for keeping
sai d pressurized CO2 at a predeterm ned tenperature. 25 BRI EF DESCRI PTI ON
OF THE DRAW NGS The foregoi ng and additional features and characteristics of
t he present KABs@dihg Gnthel grésenthigcaitien, mmrece@qoi@@wwmedffbﬂf&rtohﬁgfredid@mﬁfmgl det ai | ed
description con lder d with .30 reference to the acc

an r ayi. ngs |n
which |iR@ r ffdrf@?’gpﬁesdggﬁ FRETPE R EMAICEHE gzi% Pg‘mﬂ )

AUGUST 2005 Waré}ﬂé\@ﬁé)t333esm&1 443020 Q3RER o dssolvirlgSsail AHAfOEBE dafd OO?ﬂrzﬁm Of an
apparatus for renoving resjidues in accordance with the present invention.

FIG 2 is a BendpatdRuidirogiiomn ad 8H%if‘$1§%e°€1ﬁﬁdﬂff’r?ﬁ?ft’°‘d‘f“htsﬁ'€ TEPRSF R B f or
removing 5 [EeindWete telidasaRinsiaResiew th the present invention. FIG 3 shows

an effect of the concentration of tet ramret hyl anmoni unf | uori de
15 A process is further provided for removing residues from the microstructure of an
object, which comprises a step of contacting the object with a remover including a
supercnitical CO,, a compound having hydroxyl group, and a fluoride of formula

NR1R2R3R4F, where R represents a hydrogen or alkyl group.

20 An apparatus is further provided for removing residues from the object, which
comprises a vessel, at least one inlet for feeding into said vessel a CO,, an additive for
removing the residues and a co-solvent for dissolving said additive in said CO,, a pump
for pressurizing CO; into said vessel, and a heater for keeping said pressurized CO, at a
predetermined temperature.

25
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics of the present invention will
become more apparent from the following detailed description considered with
30 reference to the accompanying drawings in which like reference numerals designate like

elements and wherein:



" (hereinafter referred to as "TMAF") on the etch rate. to FIG 4 fh@awsusT 2005
effect of the concentration of ethanol on the etch rate. FIG 5 is a
schemat'i c diagram of a third enbodi ment of the apparatus for renoving
residues in accordance with the present invention. 15 PREFERRED EMBODI MENTS
OF THE | NVEWD d2Msokbe present invention is applied to the piwssizesct ure of
an.object, e.g., a sem conductor wafer having a fine structure of convex

and concave ions.on its surface, and 20 substr.ate.made of a .petal,
Plastic or chithhits SRRt Bpten of i immirits RrHET RESEOtS Hharerctsict fuous

| ayer of matwepakat thiveidthent therefrom As the pressurized CO2 is not enough
by itself to renove residues, the pressurized CO2 of the present invention,
to which an additive and a co-solvent are added, is used as a 25 renover for
removi ng r espidessfar RRdR dhpSe bf anditer *EBbdinést SR afsc%atﬁshfios rdvaRse can
remove residues but cannot substantially dissolve in by itself. The
co-sol vent usgiduesipacceriprceyjthibereseainykent he additive di ssol ved or

di sper sed honogeneously in CO2. The pressurized CO2 has a high dispersion
rate and enabl es the dissolved residues to 30 disperse therein. |If CO2 is
converted tofi&. stipghowsi an cedfectc @Adine i epicentratione (pét tegamethylamaoninméueridet er n
portions of &be; R EElrbPLSs ®TREY) MShyetctBitel N s feature, the additive is
conveyed into pores or concave portions on a surface of the object due to
the low viscosity of 3 8 AUGUST 2005 WD 02/ 080233 PCT/ US02/ 03608 CO2. The
CQ2 is presswH 0 ] .1 MPa at a
tenperatafe %¥i§%ﬂ%%%%§%%§3£?%c?ﬁ%ﬁ%§gH%g&§£?L§g§8%???%%I fluid condition
The basic conpound is preferably used as the additive because it effectively
hydr ol yzes | yne i cal . eS| Ste [ a
seniconductdgpp$ﬁéaﬁ%ﬁ?ﬁ%?égg%%gPgﬁggﬁggﬂﬁblﬁﬁﬁfﬁdggqggﬂﬁggg{H%kggglenent

sel ect ed fr omsities ilgaccondamewagthghe preseof invegtiart. er nar yammmoni unhydr oxi de,

guat er nar yammoni unf | uori de, al kyl am ne, al kanol am ne, hydroxyl am ne, and
ammoni unfluoride. It is preferred to use a conpound including at |east one
of quat epmr yanunoni unmhydr oxi de, 10 quat er nar yamoni unf | uori de, hydroxyamm ne
and anmmoni um, f-| uoride to r noval ac phenol resists froma sem conductor
waf er. The R AR e FOIHN, be any

The present invention is applied to the microstructure of an object, e.g., a semiconductor
wafer having a fine structure of convex and concave portions on its surface, and a
20 substrate made of a metal, plastic or ceramic which forms or remains continuous or non-

continuous layer of materials different therefrom.

As the pressurized CO; is not enough by itself to remove residues, the pressurized CO;
of the present invention, to which an additive and a co-solvent are added, is used as a
25 remover for removing residues from the object. The additive used for this purpose can
remove residues but cannot substantially dissolve in CO; by itself. The co-solvent used

for this purpose can make the additive dissolved or dispersed homogeneously in CO,.

The pressurized CO; has a high dispersion rate and enables the dissolved residues to
30 disperse therein. If CO; is converted to a supercritical condition, it penetrates into fine

pattern portions of the object more effectively. By this feature, the additive is conveyed .

into pores or concave portions on a surface of the object due to the low viscosity of

3



- tetramet hyl anmoni unhydr oxi de, tetraethyl anmoni unhydr oxi de, 8 AUGUST 2005
t et rapr opyl ammoni umhydr oxi de, tetrabutyl anmoni unhydroxi de (hereinafter
referred as 15 TBAI-1), and choline. The quatenmaryammoni unfl uori de may be

any quaternaryanmoni unfl uoride, e.g. tetranethyl anmoni unfl uoride

(herei naft eyohehszed as TMAF), tetraet hyl anmoni unf | uor ipdase2/03608

t etrapropyl ammoni unf | uoride, tetrabutylammoniunfluoride, and

chol i nefl uori de. The al kyl am ne may be any al kyl an ne, 9 net hyl am ne,

di met hy!l ami rfeQ2 efTHg 1 ﬁepresdi“é?teWP énM]i'é °rtfP?rét P91 nptileRs th@o AdPpEbEy| ani ne,

di propyl am ngmpe@redlf K0l dhita thBFOPR a3DYerdtleanmli@bdndRione- J-
nonoet hanol am ne di et hanol am ne, and tri et hanol am ne. The addl tive is

preferably added in a ratio of not less than 0.001 w. % of the renover,

more pref er afebakil cdmpcdhl & &EfeBQFy Js&ﬁé tfa@ﬁﬂxtgfeggéuwn ef%ct1%§9%&9$zéddi tive

is added in a 25 ratio of npre than . % the co-solvent’s d be added
nmore, butd t eharasshipicelly axd as|asreﬁ&tcm@a@é@c@a%pdﬁmgomc@cnohemmmﬁqrredf t he

added CO- SOIGRtcomphifiindEG4sSRIES RC1hERSEAL] HBmOhe g,CA%B'eapﬁst feSgir face of

t he object. e upper range Itrve 1s 8 wt ly 6 wt. %
and nore pr eﬁleteabiwwlwunﬂ%rosﬂe,Accouqdatcrgarb'mnmhmurpﬂe@mﬁ i nvadindanong, t he

co-501 vent | 5 Aol Gy R LAREL RS Al oiBEd! 1 el oR: 5 yent of

t he present ‘Inven npound having an a finit and the
addi ti ve. Suompaursh- smblu@ng datssdbaseS are dlcﬁ”pemsasmaﬂymdniumhyrhroﬂda AUGUST
2005 WO 02/ 080 33 PCT/ USO 08h eneousl iy nﬁP surl zed in
fluid condi t4“81 ™R R1CHR uon X {(ﬁ?’ Fok? de "})nrmnéum HoPEE € tﬁeénovc?f is used

as the co- soiovella& Thtenall coh@hstsmay foen any al senimhduomrg seafenol ,Theet hanol ,
n-.pr opanol , |so anol but.anol , jso-buta

G Bt by one oI VEBTRORBRERHITSE@HIE Pt B SRR TR TBIden o

hexaf | uor o tarm@nﬁmﬂmﬁmmhw@gﬁ@[ ably ethanol argraemyibamehiumiikokigd and
amount of the co-sol vent e ect endl e kind and anount of
the additi vée‘ﬁ?fmﬂﬁwﬂ ‘%’H@? fOXH‘LEQB?'%‘P eébflr}?%i% times
or nore 5t harBARRt @fd t Reolakdi tmée aeﬁaﬂﬁﬁarﬁM@lmﬂwﬁl& easy | ybdeamyes

honogeneous and 10 transparent. Alternatively, the remver may include the
co- sol vent matamaaﬁ@@oafumﬂwde 8- tgramgthyammpnivptiluegde (heppinatigiorefigrredog of  t he

co-sol vent i addpdar),he pereityhbin@hivnahered, tthtrafpﬂiWMﬁﬁndﬂﬁﬁﬁﬁ@ﬁ@@ due to
| ess amount of CO2. It is preferable to use renover including CO02,

al cohol as t'FERbeylasgnenipRiluogidet éﬂ%r%}‘&ﬁ?ﬁﬂﬁpﬂ‘i’ﬁ | 4% i dievlaming omay be any

alkylamine, e.g. methylamine, dimethylamine, ethylamine, diethylamine, triethylamine,
20 and propylamine, dipropylamine. The alkanolamine may be any alkanolamine, e.g.,

monoethanolamine, diethanolamine, and triethanolamine.

The additive is preferably added in a ratio of not less than 0.001 wt. % of the remover,
more preferably in a ratio of not less than 0.002 wt. %. When the additive is added in a
25  ratio of more than 8 wt. %, the co-solvent should be added more, but the amount of CO;
is decreased according to the amount of the added co-solvent, which decreases the
penetration of CO; into a surface of the object. The upper range of the additive is 8 wt.

%, preferably 6 wt. %, and more preferably 4 wt. %.

30  According to the present invention, the co-solvent is added to CO, together with the
additive. The co-solvent of the present invention is a compound having an affinity to
both CO; and the additive. Such a co-solvent dissolves or disperses the additive

4



" gquat emar yammoni unhydr oxi de as the additive because these additives parqrareldoos
15. di ssolved in C®2 by al cohol and are C02-philic. According to the present
invention, it is preferable to contact the object with a renover conposed

of 'CO2, a fluoride of fornmula NRI RRR3R4F, (R represents a hydrogen or al kyl

group), andwg GesRend havi ng hydroxyl group, while CO2 igctn@hofssessuri zed
or 20 is preferably kept at a supercritical condition. This renover is nore

effective to renove ashed residues fromthe sem conductor wafer. The
fluoride mayhereogsRsOUsYUOR dfBe oPresiusizerl SOnRIR B FeQqiior: RAPel0ient s a

hydrogen or giklyl@IexiBe of a Snix@FMEesMs ubddURrthé€o-solvent. The alcohol may be
t et ranet hyl anunoni unfl uori de, and tctraethylamoniunfluoride. It s

pref erabl e t emusleohahee.g.| gibanol ancifianpl, RPrenanelg isatpkgrangly Bibytanols isetbutagolh 5
tetramet hyl agpRj i et [paagoTl i b uch
fluorides are eﬁ%egg%#éﬁ%&%}e?{@%ﬁ% p?ggl frﬁ{ég?}ﬁventrﬁggéﬁ%’lgﬁied%gmq&g%i i ncl ude
t he fl uor bdeisopropinok, bifgrably ethawol prdvgethinobm 0. 001 wt % to 5 w % of the
renover, nore preferably in the range from0.002 wt %to 0.02 wt % of the
remover. 30 The fluoride is used as the additive to supercritical CQ2 in the
presence of &hebindanddmoilrawi thy ca-shlyeitaxe/delegred Wppending.on tiad kiohedd {rsammh as

R A Y o M
PCT/ US02/ 036@&n niathyf eieghddithle berdusp othy atinylee nggkiyyc dkJomed Honwgaebad and

preferred because it effectivel di ssol ves or disperses the fluoride, such
S TVAE, TombgBRESTIs A TR G PTEY S B Sree T B ER GoAEHEe &4 Fhet 1 s
pref erabl e becsisesa If aogaharBdOMNY, dTithdddesofventas addied, thessectadtion TaWAdT the€an be

di ssolved in supercritical by the esence of the ethanol. The 5
concent r at i oYVt %éreéﬁﬁgbﬁtrgggsﬁ ﬁ%gﬂlﬁ@fg{)?ﬁﬁ 18 Brefersije Qe EROye ‘Pﬂ\éde"ikg nd and
concentratiogef tdenbl uods dahe aneb-tdMenki NQuatmidyemmesiugtorideppragdionat el y,

the conpound is preferabl c¢luded in supercritical CQ2 in the range from
Wt 96t 20 WRCMOERTPHETFlRRS 25 10e | 3ddjiye PROERUSF 2P AUfHaYves pate well

super cri tik calisttedfit COIBY a[é@}{ﬁpﬁﬁ@ﬁ@(j@iz.ﬁﬁﬂiayacet am de (hereinafter referred
to as 'DVAC'). The DVMAC contained in the CO2 is preferably six to seventy

times of the fluoride contained in the CO2 by weight. Further, it is
preferable tahadratpe G pei&t idviesiih, Fi&prbRfablds Sombdd MeDbdcBhltl a REndvat er

which is a hindrance for manufacturing sem conductor wafers.

composed of CO;, a fluoride of formula NR1R2R3R4F, (R represents a hydrogen or
alkyl group), and a compound having hydroxyl group, while CO; is high pressurized or

20 1s preferably kept at a supercritical condition. This remover is more effective to remove
ashed residues from the semiconductor wafer. The fluoride may be any fluoride of
formula NR1R2R3R4F where R represents a hydrogen or alkyl group, e.g. ammonium
fluoride, tetramethylammoniumfluoride, and tetraethylammoniumfluoride. It is
preferable to wuse the fluoride with Rs being alkyl groups, such as |

25  tetramethylammoniumfluoride and tetraethylammoniumfluoride because such fluorides
are CO;-philic. In the present invention, the remover may include the fluoride
preferably in the range from 0.001 wt % to 5 wt % of the remover, more preferably in
the range from 0.002 wt % to 0.02 wt % of the remover.

30  The fluoride is used as the additive to supercritical CO; in the presence of a compound
having a hydroxyl group, e.g., alcohol (such as ethanol, methanol, n-propanol,

1sopropanol, n-butanol and isobuthanol, phenol), glycol (such as ethylenglycol and

Y



15 Figure 1 shows a sinplified schematic drawi ng of an apparat us8usgGisT 2005
renmovi ng residues according to the present invention. Firstly, the

sem conductor wafer having residues on its surface is introduced to and

pl aced in a high pressure vessel 9, then CO2 is supplied froma CO2

cylinder |twolhgsobdsgh pressure vessel 9 by a high pressurpgrigtansédds 2. The
hi gh pressure vessel 9 is thernostated at a specific tenperature by a

thernostat 10 in order to maintain the pressurized C2 in the high pressure

vessel 9 at methylenglysa}l a1 Rolxetyleaghyerlt-i b, 2loghobig drefead berrpsatedfedtyeVent are

suppl i ed to difigived GieRESHE AuoniRSsuth adTIHIAEMhdrAdYeSeodsIf s eldMtiddi @b, Pr essur e
punps 4 and 7, respectively, while the additive and co-solvent are m xed by

a |ine m xerAmanmpcqhiob eiapoltip prefrsatil Berapieesiaigeransny a5 B| flugridepigucts asow r at es
of the addi ty\grapg B@‘aisgd?\'leﬁol{nvs%Pércﬁﬁcpal 29, U5t @€ phentR! ofafie Bn@ity. The
respectively in order to set to the predeterm ned values. The CO2, the

addi t i ve sancconedntratean 96| the rmompayndoan sypptriticdl céht denpsadsslop. thei jod eand shows
anot her enbaod] . Of t Me: Vi .25 d . [ 30 to
the. present (onuadpd of e MBAE e HPIGKETR ESENAR, CUIR-ARGALD IR, Che
co- sol vent kpponipend is peferable mclbediafsopescritisal(¢Of in the matgs ftdme 1 hit fhtoR0egsur e
vessel 9 in &rg%rer&govaevoi d heterogeneously contacting. The ratio of the

addi tive and™he “Cor 6T vent to be fed into 6 8 AUGUST 2005 WO 02/ 080233

PCT/ US02/ 03608 t he hi gh pressure vessel 9 is controlled by a ratio

controller ,. Which regul ates the ..feeding.rate(s) of the additive and/or
the co-st véﬁtlstgrefeﬁ ‘%35“ rEch it“fpgré:fmf%zgphg uﬁgerhlg%]ﬁpnsﬁ? e‘gglﬁt&ac\e/t&g’ééal 9. 5
The r enovi nghpeafa sefesedrorat ODNMAC " atTha DMAPebthidéEinithe COgispaaigeably siam 31C to
210C, and at a pressure.r ed from5 MPa to 30. M Pa,  preferabl from?7.1
Vi Pa’ o 20 NP SPTYEREFE s TREGHH PBRTEDH 16 Gy Phyviete BEbPute epids on t he
si ze of the @k @etsupdréiRicalkCOd iNdeasubsahtiNly A @atel St ss, a WMiidedacé Sorusual |y
in the range frgma mnute to several ten mnutes. 10 Hereinafter, the
present i nveREIUEFITOEIRICOMEET WA ER 1 ef erence to experinments. EXPERI MENT |

15 This gxperinent is carried out by dipping an object in an additive shown

intable 1 at an atnospheric pressure at a tenperature in the range of from
40C to 100C Figyreolyshows a simplified schematic drawing of an apparatus use for removing

residues according to the present invention. Firstly, the semiconductor wafer having
residues on its surface is introduced to and placed in a high pressure vessel 9, then CO,

is supplied from a CO, cylinder 1 to the high pressure vessel 9 by a high pressure pump

20 2. The high pressure vesse] 9 is thermostated at a specific temperature by a thermostat
| 10 in order to maintain the pressurized CO, in the high pressure vessel 9 at the
supercritical condition. An additive and a co-solvent are supplied to the high pressure
vessel 9 from tanks 3 and 6 by high pressure pumps 4 and 7, respectively, while the
additive and co-solvent are mixed by a line mixer !1 on the way to the high pressure

25  vessel 9. The flow rates of the additive and the co-solvent are adjusted by valves 5 and
8, respectively in order to set to the predetermined values. The CO,, the additive and

the co-solvent may be supplied continuously.

Figure 2 shows another embodiment of the apparatus for removing residues according
30 to the present invention. In this apparatus, the additive is mixed with the co-solvent by
the line mixer 11 before being fed into the high pressure vessel 9 in order to avoid
heterogeneously contacting. The ratio of the additive and the co-solvent to be fed into

6



‘'m nutes- The object for this experinent is a silicon wafer having auSu8® 2005
|'ayer coated w th a novol ac phenol type resist, patterned by a devel opnent,
and treated to form mcrostructures on its surface by dry etching of a
fluorine gas. A rate of renoving 20 residues is estimated as a ratio of an
area of theygyidsasss adhering with residues after renovi pgraRehddgkor e

renmovi ng by a mcroscope. The term"x" and the term"0" nmean that the rate
is less than 90% and 90% or nore, respectively, The term"0" nmeans the

rate i s 90%the highrrEesiHe ryetspked adenntreled by adptiq equirotlernlZ; whish nsgulgteg thesol vent

such as di eidhy @u@ 8K Gddiave Aafor tRSULobveRl 6 tRINIPREIFSACOD if @Phinl. Table
| AdditiveRenovability AcetoneX D nethyl formam deX Di net hyl sul f oxi'deX

N- net hyl - 2- pyesowie 885¢ 9Pr opy| encar bonat eX Meth | amine0 7 8 AUGUST 2005 WO
021080233 PCT/ US02/ 03608 Et hyl am ne0 Monoet hanol am neO

Hydr oxyt et ramet hyl ammoni um O sol uti on* Choline solution**0 H drox fam ne
sol ut i on** * (Tharremeningipiotese is phefomudduat jademperatareiidghgrrangetfen 316 fo\2187t.oni um

sol ution (ethan %) i 0650 hy et th Iar.}'rmi **chol i ne
. P . .
sol ution (vvaat"grai)lj Heg{ﬁﬁ%é%&e@ fé“g(?%réhgl [ gg%}%,,p;%%@&§ A né Igaomf)t}tol@ (wat er)
i ncl udes 50%a0fTHeyiolreoegirdiforeremoving the residues depends on the size of the object, the
kind and amount of the residues, which is usually in the range from a minute to several
ten minutes.

10

Hereinafter, the present invention is described with reference to experiments.
EXPERIMENT 1

15  This experiment is carried out by dipping an object in an additive shown in table 1 at an
atmospheric pressure at a temperature in the range of from 40°C to 100°C for 20
minutes. The object for this experiment is a silicon wafer having a SiO2 layer coated
with a novolac phenol type resist, patterned by a development, and treated to form .
microstructures on its surface by dry etching of a fluorine gas. A rate of removing

20 residues is estimated as a ratio of an area of the surface adhering with residues after
removing and before removing by a microscope. The term *“x” and the term “O” mean
that the rate is less than 90%, and 90% or more, respectively. The term “@” means the
rate is 90% or more when the additive is diluted ten times by a co-solvent such as
dimethylsulfoxide.

25
The results are summarized in table 1.

Table 1

Additive Removability
Acetone X
Dimethylformamide X
Dimethylsulfoxide X
N-methyl-2-pyroridon X
Propylencarbonate X
Methylamine 0




©5 **** . Ammoni um fl uori de solution (water : dinethylformam de = 1:0)avcudndans
one percent of ammonium fluoride. As shown in table 1, al kylam ne (such as
nmet hyl am ne and et hyl am ne), al kanol am ne (such as nonoet hanol am ne),

quat ernary anmoni um hydroxi de (such as TMAH and 10 choline), hydroxyl an ne,
and amoni uRd huekse have high renovability. Especially,pciabeishar Y

anmoni um hydr oxi de, hydroxyl am ne, and anmoni um fluoride have a superior
rate for renmoving residues. EXPERIMENT 2 15 This experinment for

i nvestigating an eff gEthylginirsy- sol vent on a solubili®y of additive in CX®R is
carried out via the aMvapehapelagimewn in Fig. 5/ CO2 Os intrjpduced into the
vessel 9 fromthe COHydpkytettametiyldmymdringn punp| 2. Th@ pressure and the
tenperature in the vesdelion*are mai ntai ned at R0 MPa and 80C by the

t hernostat 10. The addhélineoaneh*®o- sol vent 20| are nmxed in| the rati o shown
in table 2, then theHydbkylenmins séifign®edticed i nfo thegvessel| 9 fromthe

m xi ng tank 14 by thepAm,l,muﬂnﬂ[mﬂeg@U@onamnt of COg as t m xture is

evacuat ed fr@ Bt U By il e0luton GetRAreD Ihbikiet 25700 N al ned at 20 Mpa
when t he re 'S |ntroduced The effect 'of co-solvent, i.e., whether the

addi tive |s m'dgewfv'@melhmlanmmms observed through the gl ass wi ndow 13 of
the vessel Qux A \, S 1 solved in C02, two phases are
observed" throu&t}m?}e&@mmngg%b ldd 55‘63} 012(‘%oﬁllrllestabl e 2 neans that the two
phases are obﬁﬁiydmiylam sobtipn (V@ﬂterhmelnéeStSIG% daydrokyleminenakes the additive

AUGLST 2005 > oo 60033 Bed CEBUR olabs hent bRy R Sghal G0l © 8

Exp. Addi t i vefiseswbi/amhGhseflwatdeon No. wt % 2- 1TMAHL. 21et hanol 22. 10
2- 2TVAHL. 50di met h | sul f oxi de30. 00 2- 3TBAHO. 40et hanol 38. 10
2-4chol i ne0. 05et hanol 20. 00 ,

As shown in table 1, alkylamine (such as methylamine and ethylamine), alkanolamine

(such as monoethanolamine), quaternary ammonium hydroxide (such as TMAH and
10  choline), hydroxylamine, and ammonium fluoride have high removability. Especially,
quaternary ammonium hydroxide, hydroxylamine, and ammonium fluoride have a

superior rate for removing residues.

EXPERIMENT 2
15
This experiment for investigating an effect of co-solvent on a solubility of additive in
CO; is carried out via the apparatus shown in Fig. 5. CO; is introduced into the vessel 9 -
from the CO; cylinder 1 by the pump 2. The pressure and the temperature in the vessel
are maintained at 20 MPa and 80°C by the thermostat 10. The additive and co-solvent
20  are mixed in the ratio shown in table 2, then the mixture is introduced into the vessel 9
from the mixing tank 14 by the pump 4. The same amount of CO; as the mixture is
evacuated from the vessel 9 so that the pressure is maintained at 20 MPa when the
mixture is introduced. The effect of co-solvent, i.e., whether the additive is dissolved in
CO,, is observed throﬁgh the glass window 13 of the vessel 9. Whefu the additive is not
25  dissolved in CO,, two phases are observed through the window. The term “x” in table 2
means that the two phases are observed. The term “O” means the co-solvent makes the

additive dissolved or dispersed homogeneously in CO, (the two phases are not

8



'2-5chol i nel. 76et hanol 35. 30 2- 6¢chol i ne0. 25et hanol 24. 00 2- 7chol i ne®. ROGSST I BOOS
anol 27. 90 2-8chol i ne0. 39DEGVE38. 30 2- 9Mbno- et hanol am ne0. 05et hanol 25. 00

2- 10NonNonO 2- 11Nonet hanol 20.00 2-12chol i ne 0. 05NonX DEGVE:

di et hyl enegl ycol net hyl ether 5 As shown in table 2, in experinent No.
2-1-2-9, thwoebbseiss of co-solvents are confirnmed. The econdistzoans in
experinment No. 2-1--2-9 observed through the wi ndow are transparent,
honbgenous, %nd gthout two phases. EXPERI MENT 3 10 Thi s experinent for
removi ng resiPdud Jusi ng a renover including high pressure CO2. additive(s),
and co-solvent(s) is carried out via the apparatus of Fig. 1. The object in
this experinent is the sane as the one in the experinent 1. The kind and
concentration__ofl?Ple2 additive and co-solvent in the renmover _are shown in
table 3. ThiE*Perins "Q" Additiys and "x1 in_ t abe-solzentndi cat ¢ Obsfavatign e | of

removi ng redf@uels bei ng 90% or noVe% 0% or nore, an¥t %0% or | ess,
respectivel \2-1 TafTMAB Exp. Addi t ijvé@d- sethanoht Rat e No.|We2.90Mt % O
3- 1Chol i ne0|. BBEL HEMAH20. 00 3- 2Choltisfe ] din@thybaiiodi®s. 3030.0 0
3- 3TMAHL. 21\B3 haritBAR. 20 3- 4TVARL 080D erbdnoy| sul f.oxi de38100 3- 50lonNonx 9 8
AUGUST 2005 20 0ohomie2? 33PCT/ US02/ 0.8608etBaroNonEt hanol| 200.0x 0
3- 7Nondi et vk sulldhemiede30. OX | 1.76 | ethanol 353 o)
2-6 choline 0.25 | ethanol 24.0 0
2-7 choline 0.29 | isopropanol 27.9 0
2-8 choline 0.39 | DEGME 38.3 0
2-9 Mono-ethanolamine 0.05 | ethanol 25.0 0
2-10 Non Non 0
2-11 Non ethanol | 200 0
2-12 | choline | 0.05 Non X

DEGME: diethyleneglycolmethylether
5 As shown in table 2, in experiment No. 2-1~2-9, the effects of co-solvents are

confirmed. The conditions in experiment No. 2-1~2-9 observed through the window are

transparent, homogenous, and without two phases.

EXPERIMENT 3
10
This experiment for removing residues using a remover including high pressure CO,,
additive(s), and co-solvent(s) is carried out via the apparatus of Fig. 1. The object in
this experiment is the same as the one in the experiment 1. The kind and concentration
of the additive and co-solvent in the remover are shown in table 3. The terms “@”, “O”
15 and “x” in table 3 indicate the rate of removing residues being 90% or more, 60% or

more, and 10% or less, respectively.

Table 3

Exp. Additive Co-solvent Rate
No. Wt% W%

3-1 Choline 0.05 Ethanol 20.0 8)
3-2 Choline 1.70 Ethanol 35.3 %
3-3 TMAH 1.21 Methanol 22.2 %]
3-4 TMAH 1.50 Dimethylsulfoxide 30.0 4]
3.5 Non Non X -




" As shown in table 3, in the experinment No. 3-1-3-4, the resi duesgangGUST 2005
effectively renoved. 5 EXPERI MENT 4 This experinent for renoving residues
fromthe surface of sem conductor wafers is carried out by using a renover
including additives H I, G J, L, and K which include the fluoride of
formul a NRIRAR3k¥hs3( R represents a hydrogen or al kyl gr oyrusédideoslO
conpositions of the additives are listed in Table 4. AdditiveFluoride (Wt %
of Other coppaonents (w % of additive) additive) [MAE (13 43) DMAC (62.5) DI W
(24.07) | TMAES( 4. 148) DVMAC pnsDl W (28 EthanobNHAE (5. () BRRC |(64. 2¥DI W II2. 4) |
AcOH (8.0 )|3-RH40AC 10.4 NPBAF ( 25) OMAmethyisyifidenol| ( 320 LITBAF ¢ 32) DNAC

(39) Et hanol (29) KTMAF (5) DMAC (62.5) Et hanol (32.5) DMVAC. D net hyl acet am de,

Dl W De- i oni zed swaternin tablAB; in Thet exedibyt] Hombni-uaf theoresidees 406 effectively

Propyl enegl ycol O Dinet hyl sul foxi de, 15 AcOH Acetic acid, TBAF:

Tet r abut yI anffB¥i | uoride, NH4OAc: ammonium acetate. In this experinent,
three kinds of silicon wafers A, B and C are used. These silicon wafers
have different patterns on their surfaces and the renoving characteristics

of their 20 M—Bﬂe also different. The silicon wafers are prepared to
generate the thermal oxides of silicon on the surface thereof and broken
into chips (lcmx Icm. The chips are etched in the fluoride gas. Then the
resists on tHds EhpssEneat @ragrﬁ@anws@%ﬁ fromethe surfage 196 semisonduRion Wagsss & 5. The

chips are plagsg du'f‘b§' h@ngu ﬁhlopéremrﬁg 2898 HY; cTNE, SAIKWARAScIRE tddi tives
H 1, G J, K and are (rN?are such that the fiuoride is dissolved in the

25 ot her corrfﬂ)‘ém@ﬂtosf forngitle NI FRZRIBAF 4B eepeesenised dwdtogere oy alkyh@rpups uEhe
addi tives, ar i Jakkio st athM:l SRqand ebipanol into the high pressure vessel

in Fig. 1. The tenperature of in the high pressure vessel 9 is 40C, the
pressure is 15 M Pa, and the t| me for making the Table 4 Conpositions of
Addi tive 10 Table 4 Compositions of Additive
Additive | Fluoride (wt % of Other components (wt % of additive)
additive)
H TMATF (13.43) DMAC (62.5) DIW (24.07)
I TMAF (4.48) DMAC (67.5) DIW (28.02)
G NHA4F (5.0) DMAC (64.2) DIW(12.4), AcOH (8.0 ),
NH40ACc (10.4)
J TBAF (25) DMAC (43) Ethanol (32)
L TBAF (32) DMAC (39) Ethanol (29)
K TMAF (5) DMAC (62.5) Ethanol (32.5)
DMAC:Dimethylacetamide, DIW:De-10nized water, TMAF:

Tetramethylammoniumfluoride, PG: Propyleneglycol, DMSO: Dimethylsulfoxide,
15  AcOH: Acetic acid, TBAF: Tetrabutylammomumfluoride, NH4OAc: ammonium
acetate.

In this experiment, three kinds of silicon wafers A, B and C are used. These silicon
wafers have different patterns on their surfaces and the removing characteristics of their
20 resists are also different. The silicon wafers are prepared to generate the thermal oxides
of silicon on the surface thereof and broken into chips (lcm x lcm). The chips are
etched in the fluoride gas. Then the resists on the chips are ashed by a plasma to
generate ashed resists. The chips are placed in the high pressure vessel 9. The solutions
of additives H, I, G, J, K and L are prepared such that the fluoride is dissolved in the
25  other components listed in the table 4, respectively. Then, such additives are introduced .
with CO; and ethanol into the high pressure vessel in Fig. 1. The temperature of CO; in
the high pressure vessel 9 1s 40°C, the pressure is 15 M Pa, and the time for making the

10



8 AUGUST 2005 WD 02/ 080233 PCT/ US02/ 03608 chi ps contact with CO2 g8 aaudusT 2005
m nutes- After taken out fromthe high pressure vessel 9, the chips are
observed with an el ectron mcroscope. The result of this experinent is
summari zed in Table 5. 5 Table 5 RunWaf eAdditi veConc. in Renover Result wt %
r Addi ti veEt Qg aloscbsyi0. 055Excel | ent 2AI 0. 055Excel | ent 3BHG, B3Gos

4BHO. 105Excel | ent 5BHO. 255Fai r 6B10. O55Fair 7CHO. 105Excel | ent 8AGO O55Fai r,
but water rinse needs to renove the residue newy appeared 9AJO. 055Excel | ent
10AKO. 055Ex celipsegontagiwittnCO56 Buaiahtes riften pigoow GemdbehiglepressugBikesel D3Rx cel | ent
14BL0O. 105Exc ot e wafer-A are cleaned by both

0. 05wt % of ﬁéélsdﬁ%oﬂgléﬁze@@hﬁg/néﬁé ar@lcl%gc ggol ved in the supercriti%:/al cQ2.
The term "Excellent” neans that there is no 10 residues on the surface of
the silicon h " ns that there are a few

resi dues on ?ﬁge%éudﬁqgllégg%m;ﬁ %ﬁn{}}' f|:§dai|t)pegti‘r%g’nce of the pattern. In Run 8
using NHIF, a water rinse is needed to renove residue since a water-sol uble
residue newy appears on the surfaceTeblethe silicon wafer (chips). In Runs

| to 7 and to |3d.rot he water Conc. in Remover
Run r Additive [wit%] Result
Additive | Ethanol
1 A H 0.05 5 Excellent
2 A 1 0.05 5 Excellent
3 B H 0.05 5 Fair
4 B H 0.10 5 Excellent
5 B H 0.25 5 Fair
6 B 1 0.05 5 Fair
7 C H 0.10 5 Excellent
8 A G 0.05 5 Fair, but water rinse needs to
remove the residu¢ newly appeared
9 A J 0.05 5 Excellent
10 A K 0.05 5 Excellent
11 A L 0.05 5 Excellent
12 B J 0.10 5 Excellent
13 B K 0.10 5 Excellent
14 B L 0.10 5 Excellent

The ashed resists on the wafer-A are cleaned by both 0.05wt% of H and I with 5wt%
ethanol dissolved in the supercritical CO,. The term "Excellent" means that there is no

10  residues on the surface of the silicon wafer (chips). The term "Fair" means that there are
a few residues on the surface or a little disappearance of the pattern. In Run 8§ using
NH4F, a water rinse is needed to remove residue since a water-soluble residue newly
appears on the surface of the silicon wafer (chips). In Runs 1to 7 and 9 to 14, the water
rinsing step subsequent to the removing step is not needed. In these cases, a solvent

15 including CO; and alcohol, e.g. methanol and ethanol, but no water is preferably used
for rinsing the silicon wafer. Further, in cases of the additives J, K and L, no water is
substantially needed in both steps of removing and rinsing. Such method is superior
because it uses substantially no water which becomes a hindrance for manufacturing
semiconductor wafers.

20
Wafer-C contains more difficult ashed resists to be removed from the surface of the

silicon wafer (chips). In order to remove this resist, longer removing time (three times

11



"rinsing step subsequent to the renoving step is not needed. |n tiBGIEICR005
a solvent 15 including CO2 and al cohol, e.g. nethanol and ethanol, but no
water is preferably used for rinsing the silicon wafer. Further, in cases
of the additives J, Kand L, no water is substantially needed in both steps
of renovi ng yanghgsbA$i Ng. Such nethod is superior becausepdttusisBfios
substantially no water which becones a hindrance for manufacturing
sem conductor wafers. 20 Wafer-C contains nore difficult ashed resists to be
renoved fromanger By ¥afereBbis regiised. sFhejresgl isge@lent chi ps). I n order to renove
this resist, longer renoving tinme (three tines 11 8 AUGUST 2005 WO
02/ 080233 PCT/ US02/ 03608 | onger than wafer-B) is required. The result is
excel | ent. EERPERIMENYS5 5 The silicon wafers are prepared to generate the
thermal oxides of silicon on their surface and are broken into chips. The
chips are placed in the high pressure vessel 9 in Fig. 1. Then, a renover
i ncl udi ng5C0Zhe siheonawafers mxegegpased do gankhreshe therniah pxidebuad edicomemthein surface h
pressure vessel 9. After the r al _treat or several t . nytes, the
hipe are. & reresuenfie e | TR e eld SRR hBh RRYGE Pl R Chi ps s
measur ed by dher,@ retbvep Sedudiige€O,, Theadsdittles, raatl ethafioltih mtrobiasedririto ohei ldgls | S
determ ned by dividin ecrease .of the_.thickness per the treatnent
Cmer The. « oS Hed ot " Y PRER apisP i e Ep SR AR Lo SGE ¢ he
pressure i s idkeMoRaandatd thitkness @Atheethbmial mRides o? Ghé¢ ohip6@s Memutedsby b The
result of this experi t 1SS rized in Table 6 Table .
Adal 1 veCBne ENPRTEh | Thereb YT Chc bR e RGeS i CHERRAFE Byiditiding the
addi ti veEt hadedrédst iof ake AidkiedsiOped 3RS 18AMENtHIMO4 7Phe 7@mPertldre? 3843 7at The
10, 0255.11.4 10.0442. 23,3 . . .

‘ supercritical condition is 40C, the pressure is 15 M Pa, and the treatment time is 20 to

60 minutes.

15  The result of this experiment is summarized in Table 6

Table 6
Additive Concentration in Remover [wt%] Etch Rate of thermal oxides of
additive Ethanol silicon
[A/min]
H 0.030 5.9 2.4
H 0.047 4.7 4.6
H 0.228 4.3 7.5
I 0.025 5.1 1.4
1 0.044 2.2 3.3
I 0.048 4.8 1.6
I 0.049 4.8 1.6
I 0.050 5.0 1.7
1 0.050 10.0 0.3
I 0.056 5.5 1.6
I 0.057 2.8 2.0
1 0.057 5.6 1.9
1 0.071 35 3.7
1 0.248 4.7 5.3
G 0.005 5.1 1.1
G 0.012 4.7 -0.1
G 0.028 5.5 3.9
G 0.039 5.1 8.3
G 0.043 42 7.9
G 0.044 4.4 5.1

12



©10.0484.81.6 10.0494.81.6 10.0505.01.7 10.05010.00.3 10.0565.51. @ AugUST 2005
1 0,0572.82.0 10.0575.61.9 10.0713.53.7 10.2484.75.3 (0.0055.11.1

(0. 0124.7-0.1 G0.0285.53.9 (0.0395.18.3 (0.0434.27.9 (0.0444.45.1 12 S

AUGUST 2005 WD 02/ 080233 PCT/ US02/ 03608 These data in table 6 are plotted in
Figures 3 agg, fhosddss shown in Figure 3, the etch rate of gheidiBbsepxi des
depends on the concentration of additives. Besides, as shown in Figure 4,

if the concentration of the additive is constant, the etch rate varies

accor di ng t oThespdataihighls|6 oplote indiguss.3 aRé. dsshowmindigwn 33be elotatol | ed

according tof g @Yde@%e?enﬁ?loﬁ%é c%ceht%oﬁ %’?Da\éhl'ﬁgesprB%ﬁésS a8 @ﬁo\&eﬁ{’ from

Figures 3 and the etch rate 1s control by adj usting t
concent rat i oRiguesf4, ifitke coneintaten ofiter @ti'rﬁlamslconw thehes¢hrrateyanes. acqthém@pq nci pl es,

preferred_emhadRnt nplaTBOIof PR bl ENSCALBREN ol DUERION  have

been described 1'n the Toregol ng speci |cat| nvention whi ch
is 10 i nt&ndeljedts obehq:nerzmge;tocess nds skénnfromdFigares Beamglas t tthﬂtcar raniodi nent s

eI M A T o
enpl oyed, without departi ng fromthe spirit of the pr esent i nvention.
REIER IH C R SRTECHSRE Ty N
i nventi on ashélefieaededcribddnia thé Rirégoingspecifitution. e Hotvaedr ey invkdtion which is
10 intended to be protected is not limited to the particular embodiments disclosed. The

embodiments described herein are illustrative rather than restrictive. Vanations and

changes may be made by others, and equivalents employed, without departing from the

spirit of the present invention. Accordingly, it is expressly intended that all such .

variations, changes and equivalents which fall within the spirit and scope of the present

15  invention as defined in the claims, be embraced thereby.
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8 AUGUST 2005 WHAT IS CLAIMED IS: 1. A process for renoving resi auayGsgnmz2005
the mcrostructure of an object conprising the steps of: preparing a
renover including supercritical CO2, an additive for renoving the residues
and a co-solvent for dissolving said additive in said CO2 at a pressurized
fluid condition; bringing the object into contact wth said renover so as
to rermvev\t”QETESeam I§.rom the object; and rinsing the object by using a
sol vent inﬁ-udrn'QT%l@?ﬁti ally no water. 2. The process according to claim
1, wherein said additive includes a basic conpound. 3. The process

accordi ng 1t o cAgirone@s fortiemeving eaiddedh ismcehe minpaainudturesofeein dbgecs toroprisinge| enment
sel ected f“{eogr%%sh&_ group consisting of quartenary anmouni um hydr oxi de,
guartenary a uni um fl uoride, al kylam ne, al kanol am ne, hydroxyamm ne, and
ammoni unf | uor i deepadng T reengueo nekiding soperdiititgl €0., @hadditite fonnemeing thei d

co-sol vent . J: I . The . : Fding. . | i rekn said
co- sol ven:reéilcsﬁjegr?ﬁgFgghsgﬁ’egtnﬁgpglg%dg\ﬁﬁigaéélg&cg%\gﬁﬂ@g?{gQzlcgz aggmé%%ngr@ﬁq] at | east
one of qu&PRditR®; y anmouni um fl ouride and quartenary ammouni um hydroxi de. 6.
The process ac i o6l il Boh I | Ghncl udes: a
conpound havi ngﬁi%d;%s tc?%(/ela Ig{r oupgacg\drol@{ %@ {%V?agé@%%?%?“fﬁﬁ? gﬂéﬁ%cilb%% RAF,
where R r &grdbepbiectaand dr ogen or al kyl group. 7. The process according to
claim6, wher elifsigs@ing dofecPbyPusihdy boldér HRfuding&ubdtftialy A6 Gferaccor di ng to
claim6, wherein said fluoride1s a tetranmethyl anmoni unfluoride and said
conpound is an_al cohol. 9. The process according to claim®6, wherein said
renover i Rel ud&be pigsessmancpulingtogtaimiawhereinsgidadditige)8Iclurigs s begic The process
accordi ng Cg,qullnﬁj_m 6, further conprising a step of rinsing the object by
usi ng a solvent including substantially no water.

3. The process according to claim 2, wherein said basic compound is at least one
element selected from the group consisting of quartenary ammounium hydroxide,
quartenary ammounium fluoride, alkylamine, alkanolamine, hydroxyammine, and

ammoniumfluoride.
4, The process according to claim 1, wherein said co-solvent is alcohol.

5. The process according to claim 2, wherein said co-solvent is an alcohol and said
basic compound is selected from at least one of quartenary ammounium flouride and

quartenary ammounium hydroxide.

6. The process according to claim 1, wherein said remover further includes:
a compound having a hydroxyl group; and
a fluoride of formula NR1R2R3R4F, where R represents a hydrogen or alkyl

group.
7. The process according to claim 6, wherein said Rs are alkyl groups.
8. The process according to claim 6, wherein said fluoride is a

tetramethylammoniumfluoride and said compound is an alcohol.

9. The process according to claim 6, wherein said remover includes substantially no

water.

14



11. The process according to claim®6, further conprising the stepsAUGUST 2005
pl acing the object in a vessel; feeding into the vessel CO2; and mai ntaining
said CQ2 including said fluoride and said conmpound at a supercritical
condition to contact the object with said CO2, wherein a concentration of at

| east one of said fluoride and said conmpound in said CO2 is so adjusted as

to control an etch rate of  etchjng_the object so as tq renoye the residues.
19, “The. piBees SNERORRR 20T ST B, LHOTREPTSIR SR A5mSPB N ¥t achi ng o
resi st onbgpusing &ackentfindlldingdjbstihtiallyme veligrect bei ng a sem conductor wafer;
and contacting the sem conductor wafer with said supercritical CO2 so as to

hed ist f th ' t f. 13. T f
amovi g Dbt oFERPPPETH TR IG BRI Relitber SOPRRMBHERERE Snccor di ng Lo cl ai m

1, further conplatiag g dojet Btepssself : pl aci ng the object inside a vessel,
wherein the vef‘?s | i.§ r ovi dqq:(#é)th at least one inlet for feeding CO2 into
sai d vessel, aft°8G8i"?VeE Y5 re e'?qﬁg the residues, and a co-solvent for

di ssol vi ng t hemaohthiting said 1©Q.lirc| DRy said fisside pad sajd compQdR] dta dupercaiital nt o sai d
vessel ; a t.] [ j ald v gntain the
pressuri zg%dé%% tb ggntéag?gé@%‘%&vrhﬁﬁsgg’ @dgrggfnué &nc%ﬁ&%éo?sflggéetg)g ggck:cor di ng
to cl ai m $£8d fiionideland sahqomiung int $aid €0eis sofadjustedxasrtg comteol ad étahirate chind t he

co- sol Ven{"‘%"ﬁﬁ%ﬁ@eﬁmﬁ%&rﬁgg&%j’é”ﬁ@t@f*&g‘dﬁgﬁssel' 15. The process according to

claim 13, rising providing a controller for
adjusting a feed rate of at |east one of the additive and the co-solvent to
be fed intld. salbe presess acca@ingThelapm 6cfedberavopridinggteps ofl ai m 13, furt her

conpri sing the_st : el : . Sali or keeping
the pressuri zea%a Fefns'ség{; g\éh&éeég%fﬁh%w%ﬁgﬁ%rgéﬁé%ﬁ ng%]“?ér?r%}groat ure. 15 8
AUGUST 200&fet;7andAn appar atus for renoving residues fromthe mcrostructure

?LeaCeggje fclt . c@@%@héﬁi%@i@oﬁﬁ%?@g\@%P%ﬂ%% G rEMRaBOESS ad BF5HGve WHET €1 N
ashed rgsist from the semiconductor wafer.

13.  The process for removing residues from the microstructure of an objects
according to claim 1, further comprising the steps of:

placing the object inside a vessel, wherein the vessel is provided with at least
one inlet for feeding CO, into said vessel, an additive for removing the residues, and a
co-solvent for dissolving the additive in the COy;

pressurizing the CO, to be fed into said vessel; and

heating the pressurized CO0, in said vessel so as to maintain the pressurized CO,

at a predetermined temperature.

14. The process according to claim 13, further comprising the step of:

mixing the additive and the co-solvent before being fed into said vessel.

15. The process according to claim 13, further comprising the step of:
providing a controller for adjusting a feed rate of at least one of the additive and
the co-solvent to be fed into said vessel.

16. The process according to claim 13, further comprising the step of:
providing a thermostat for said vessel for keeping the pressurized CO, in said

vessel at the predetermined temperature.

15



one inlet for feeding CO2 into said vessel, an additive for renovi ng t he
residues, and a co-solvent for dissolving the additive in the CERAUGUEENH005
for pressurizing the CO2 to be fed into said vessel; and a heater for

heating the pressurized CO2 in said vessel so as to maintain the

pressurized CO2 at a predeterm ned tenperature. 18. The apparatus accordi ng
to claim17, further conprising: a mxer for mxing the additive and the

co- sol ventyy bef gf gphiahitg r98mbih@ rexfiuds ws.snstﬁé mickSstrutiife BPRRGH S according to
claim 17, further conprising: a controller for adjusting a feed rate of at

| east oneCOPPISAY additive and the co- solvent to be fed into said vessel.
20. The appar aj Uéss@PféP pating tﬁ@ots}éc@mgldywhér%ttﬁ@veééem piovidad with ot RAEITDSt at
for said vessel |n91 pressurized CO2 in sald vessel at the
pr edet er nPRR2H etté(ﬁ’g%‘?déﬂ%e@ ' ﬂsa'dl'}‘leessﬁ'r e additivedpr regipying i fesidueRi @89y om t he
m cr OStrU@debleerﬂfforaibs@Mr@Qhe a@@mérnhmertgo§teps of ! preparing a rempver
including CO2 , z% dditive f F r@v gé F qul dues and a co-solvent for
di ssol vi ng sai apH'a'B 9ri Rr@ssupziag the obeted Bfosald ¥¢s584@RY i d condition: and
bringi ng the objheatterionh@atmgnm@prbsyurizbd €, th s VsRE| sHsAB nidintaianiy e t he
residues fromt Q?ré)r# " \I‘\,here said additive includes is at |east one
el ement s&BEEI 76 A £ 1RE d&% %’HE?’QEU{%Q of quartenary ammoni um hydroxi de
and quartenary ammium fluoride. 16

18. The apparatus according to claim 17, further comprising:

a mixer for mixing the additive and the co-solvent before being fed into said

vessel.

19.  The apparatus according to claim 17, further comprising:
a controller for adjusting a feed rate of at least one of the additive and the co-

solvent to be fed into said vessel.

20.  The apparatus according to claim 17, further comprising:
a thermostat for said vessel for keeping the pressurized CO, in said vessel at the

predetermined temperature.

21. The process for removing residues from the microstructure of an object
comprising steps of:

preparing a remover including C0, , an additive for removing the residues and a
co-solvent for dissolving said additive in said C0, at a pressurized fluid condition; and

bringing the object into contact with said remover so as to remove the residues
from the object,

wherein said additive includes is at least one element selected from the group

consisting of quartenary ammonium hydroxide and quartenary ammnium fluoride.
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