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FOR REMOVI NG RESI DUES FROM THE M ek AN OBJECT BACKGROUND OF
THE INVENTION 5 This application is a , M ”\-i n-part application of

t he Japanese Patent Application No. 2001%9 K iled on February 9, 2001.
Field of tWeazeseati on 10 The present invents on rel at es RAIBHIHBess and
an apparatus for renoving residues from the mcrostructure of an object.
The present invention sReGitixGaladMakShalk REBMGVIREIGRuesand an appar at us
for renoving residuesﬁJgg%k1m?71ﬂﬁ?ﬂ??‘@éﬁé?ﬁrﬁﬁ—ﬁﬁrrﬁg'a sem conduct or
manuf act uri ng process fr @rox BEYIICROSABRVETUREPRANOBIECGEe having a fine 15
structure of convex and concave portions. Description of the Related Art It
i S requiredBacxkgreusnd epTHRINENIf@ECt uri ng a sem conductor wafer to renove
residuesd 20 such as photoresists, UV-hardened resists, X-ray hardened
resists,” ashed resists, carbon fluorine containing polyner, plasma etch
resi dues, amHisOsPHEdtionOK 4 ROMtgARd-ingant aplicaiot soff therfapanescoPitemt st eps of

t he manufacturjn c ) and, wet val nethods are comonly
used. In thePRR a%Pgi?@vgffﬁr@gﬂﬁd?j‘%ﬁar@a‘#ﬁwﬂz ¢tor wafer is dipped in an
agent, such as a water solution, including a renover to renove 25 residues
fromthe surface of sem conductor wafer. Recently, supercritical CQ2 is
used as suElgldaf en¥@Bause of its |ow viscosity. However, supercritical
CX2 is pet enough by itself to renove several residues fromthe surface of
the sem conductor wafer. To resolve this proble everal additives to 30
supercriti cahe Pree iy epRYSLLS 10 AProgess@nf Bgap;?aﬁz%ﬁ.' F oY EIES IHFESRM ned

patent  publieCatd@Bublore dlmladhkd 4he FRdsBRNBYDti0f bk ARLIANEelA@Ub Rgprédfess gr oup
is used as an_ additive to supercritica I n Japanese unexani ned patent

| o2
publ i cat i onang. ag_2pparas, for remoxigFWEH5IAD B2//BRHS IETEOUSIIID F508

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
coniaminants from e other steps of the manufacturing process. The dry and wet
removal methods are commonly used. In the wet removal method, the semiconductor

v 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 Jow viscosity.

However, supercritical CO; is not enough by itself 1o 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,
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di'methyl sul foxi de or dinmethyl-formam de is used as such an addi t i &V &
addi tives are not always effective for renoving residues. SUMVARY OF THE
I'NVENTI ON 5 An object of the present invention is, therefore, to provide a
process and an apparatus for effectively renoving residues fromthe

m cr ost r ucte @/086235n obj ect. According to the present inP&EFUSBHIIB process
is provided for renoving residues from 10 the object, which conprises
steps of prepar|] r ver J ing . { Ldve ing the
ool ducs and apuSuBrIETY Rl b BRDR 8 (s A, BPRANT e JBIRY Y,
pressuri zed afd ntit diveeneif¢cionfor asbvibrg ragdueg t he object into contact with said
renmover so as to renove the residues fromthe object. 15 A process is
further provided for renoving residues fromthe mcrostructure of an

obj ect, whi Guvesroses Iaveiapnof contacting the object with a renover
including a supercritical C02, a conpound having hydroxyl group, and a
fluoride®of formula NRLR2R3R4F, where R represents a hydrogen or al kyl
group. 20 Anppadaf s preschtinb&ftion B, Bherded, foQroviedd pidtgssi e iad upparbtnom t he
object, which conprises a vessel, at |least one inlet for feeding into said
vessel a OOdor effechyrdy rempymeaesidues fEamithigmicHsr i QWe #Ha5O%UF} a co-sol vent for
di ssolving said additive in said C02, a punp for pressurizing COQ2 into
said vessel, and a heater for keeping said pressyrjzed CO2 at, . .a

pr edet er mi neALcpEbifgetodhe Pecsend TSR oy a HEERY ‘P?F@J%Z‘IOTF?@WN@STW

foregoi ng ang. golglit WReRkohpHeYERS FHFefahAl acdRives richdingfa COS ArAsEnE
invention will “becone nore apparent fromthe follow ng detail e%m
descri pti on feorssicdmsdle whidpes30d pepwplyprtdor Hssp e eaadadgaivg i d FSwithyys in
which like r R b i Bie lob#& inBlcepRAtvIAAM eV &isBas 2 8
AUGUST 2005 %Q%%S%ZSS I@l?:bl']?ljgggf/]%gg 8 FIJG | is a schematic diagram of an
appar at us f dp remeensvbargsifessifignede phiedccor dance with the present invention.
FIG 2 is a, schematic diagram of another enbodi nent of the apparatus for

removing 5 residues in accordance with the present invention.
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 .
supercritical 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 COz, 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:



FI'G -3 shows an effect of the concentration of tetranethylannnniLﬁﬁﬁQEﬂﬁakgoos

(hereinafter referred to as "TMAF") on the etch rate. 10 FIG 4 shows an
effect of the concentration of ethanol on the etch rate. FIG 5 is a
schematic di agram of a third enbodi ment of the apparatus for renoving
resi dues iﬁ“%g%ﬁﬁﬁénce with the present invention. 15 . PERREYS
EVMBODI MENTS OF THE | NVENTI ON The present invention is applied to the
M crostruct @@ Of 213Bhekhie Alagrath §f an Pp SR CRREHIGERY resiv@dsef attardang witlf i ne
structure of convex and concave portions on its surface, and a 20 substrate
made of a niteairesep|iagafien.or cerani ¢ which forns or remains continuous or
non- continuous |layer of materials different therefrom As the pressurized
CQ2 is not enough by itself to renove residues, the pressurized CO2 of the
present i nvENGi Dis a schewhiic Riagramaefdinothye cathedimentoafsie pRRRFALAY ©T 48BRYNS | s used
as a 25 Lemuel, | HloctSHRKE OOn LEShEWASH{Gag.Lhe obj ect. The additive used
for this purpose can renove residues but cannot substantially dissolve in
CX2 by itself. The co-solvent used for this purpose can nmake the additive
di ssol ved or.di spetsed ho n Y.l T i a high
di spersion Egge§%ﬁé§%%é%|§s qhgpﬂﬁé§€k§§§9régp)ugé%?gﬂyggﬁngﬁgyggﬁﬁherein
| f CX2 is comvanifedrdfaral ts ap&iMAFt)iondbe gdnmiet i on, it penetrates into fine
pattern portions of the object nore effectively. By this feature, the
additive is conveyed into pores or concave portions on a surface of the
obj ect due FIGIhehoweweh ¢ifedt oftht yormbntBation AUGWSTE] 2006 c\ibrg2/ 080233 '
PCT/ US02/ 03608 CO2. The CO2 is pressurized to 5 MPa or nore, but not |ess
than 7.1 MPa at a tenperature of 31 Cto convert the CO2 to a
supercriticaGf bud @ sciomehitit idiugranT e abbisd embedimentna the appedtey fblrymaeegl as t he
additive because |t effectively hydraolyzes 5 polyners typically used as a
resist in nﬁﬁﬂ?ﬁ%?ﬁ?ﬁﬁamﬁegg"%UH%ﬁBVB%m%Tﬁe preferred basic co%pound
i ncludes at | east one el enent selected fromthe group consisting of
guat er nar yammoni umhydr oxi de, quat er nar yanmoni unf | uori de, al kyl am ne,
al kanol dfi ne, hydroxyl anmine, and aninoniunfluoride. It is preferred to use
a conpound vigpekkitio v BdpIMersd OpTAE bfvmpradrer nar yammoni umhydr oxi de, 10
quat er nar yammoni unf l uori de, hydroxyanm ne and ammoni um fl uoride to renove
novol ac phenol resists froma sem conductor wafer. The .

The present invention is applied to the microstructure of an object, €.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




quat er nar yammoni unhydr oxi de may be any quat er nar yammoni urhydr oxi de AU(?T’(I:]ST 2005

tetramet hyl amoni unhydr oxi de, tetraethyl ammoni unhydr oxi de,
t'et rapropyl ani noni unhydr oxi de, tetrabutyl ammoni urhydr oxi de (herei nafter
referred as 15 TBAH), and choline. The quatenaryamoni unfluoride may be any
quat er nar y anerohper®| uori de, e.g. tetram ethyl ammoni unf| uPErPeHa/03608
(hereinafter: referred as TMAF), tetra ethyl ammoni urn fluoride,
tetrapropyl %@Dmﬂ{i? UE ﬁ)rg&unzetdet%rﬁg»@ay&a%pd”b‘df’rfnbyﬂzrsé d8n APQPa at 2
chol i nef | uori de ne may any alkyl amne, e.g. nethylam ne,
di met hyl am nenpettoyd of 3T Cr@, corjrvetthyC@mmESUPtrrcnertaWbdmon@lolBO and
propyl am ne, dipropylam ne. The al kanol am ne may be any al kanol am ne, e.g.,
nonoet hanol am ne, di et hanol am ne, and triethanol am ne. The additive is
pref erabl y athdadsic raozapmmtliis)pmferzrbm useé sstht laém'tiﬂa l&@auswdt ef%@\ff:l)tlnelmlmver :
nor e preferabk in a. ra tio of not ess I? A Cndo/& Jleh e 2 addi tive
i s added Si n PQ'JBET} épri‘ BS6ehpse2 T5igh Mg Mg acakl;llr'lghaes CoeE6IV Nt sﬁn’c))r ar e added
nmore, but thgsi@ndupbusf incddes htSleﬁLeehea&edmamredrfﬁgnttm: ploep aomststng aff t he
added co-sol vent, which decr eas S t he enetration t? mtgﬁy surface of
the obj ect. IPRETHPFEIMUHBRYIERIGeh e ao‘iﬂa{éf’\?QW?W vorige, pr eft 56 wt .
% and nore JprRbRAN, Yhydrodylanfite, ZhdAsERbEILMAGUbEdet helt pi q&eﬁhed nyewdei an, t he
co-solvent is added to O together with the, additive. The ¢ ol. ent of
the present ©RPOHR] oninclid ’é.’gco??'b F‘?a“ha\?f'?rg gh a?‘faiﬂmrm%on‘%gﬁ ®and t he
addi ti vey Sltgjlﬁteﬁlaﬁi SRRl udHide s Bl desyimide Spar aemonhenfRddid i tvereinde AUGUST
2005 WO 02/ 080233 PCT/ USOZ/ 03608 ho eneously int ressurl zed in
fluid condi tnogalacan BP®Shol | TeSIFF et ED‘T%SUI foxi dEMGP? W’Fxt u@theredf is
used as the &Qfeﬁ%lryaﬂﬂﬁomlm%d%ﬁ&h%aymy b cﬁﬂt}ém@*ﬁﬁﬁ%&uunﬂw@mxﬁkh%@|

o]

met hanol , n-propanol |somgr opanol , n-butan i so- but anol
di et hyl enegltsicanefbylanmoRymEy&PXIde et hyl enegl ycol WEROBIHYPRiwRbydzex|de,
hexaf | uor o QRABGhmh R 6584, Aabut§ibRARA RSkl AGhafied Rerkdand and
anount of tﬁgtr%pggﬁs}ga’\?‘gnt rgrgﬁse} | ect gdmglependrurrggor? t he Ki n%l eande anount  of
t he add|15| veETBAHEOP andrhechahiptint The  t atepunaBy@imiuongds of BA¥bIBE £ i4P¥ ti nes
or nore ar%a%fpl?até zfﬁgmcgrh@mﬁtqgidte' RESAUSRahAEN HAMAYEle @8RirafterdREGHERS

n

hom)geneous t ransparent. A ternatively, the rempver may |ncI ude the
co-sol vent i a rEMgE)of | tefecthygmmgnisyiiygrided, | fetipproay PREIBPINCIS, of t he

co-sol vent 'étrﬁ%%n%ﬂ@mﬂ@&%cr a4rdoRhé)HeBudHdel Mene raﬂ(miw’rﬁﬁe dasy emsemydue to
| ess anpbunt of i's preferable to_use a renover |ncluding
alkylamine, e.g. methylamine, dimethylamine, ethylamine, diethylamine, tnethylamine,

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
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.C02, - al cohol as the co-sol vent, quatemaryanmoni unfl uori de and/ or & 2Y S

quat er.nar yammoni unhydr oxi de as the additive because these additives are
well 15 dissolved in CO2 by al cohol and are C02-philic. According to the
present invention, it is preferable to contact the object with a renov
conposed owadRAse2as f | uoride of fornmula NRIRZRSRAF, (R repitddeityq hydr ogen
or- al kyl group) and a conpound havi ng hydroxyl group, while CQ2 is high
pressuri zed or &f epabl at supe it ofONdizt i ollhi s
renmover is NOP8Es e"fe%“?s ive E% r%ﬁ%@ﬂkd %@ ?gsimﬁes&(%r@g]mﬁt hehse%bgonduct or
waf er. The fddanjdefoxide de mn(yurélt}uamtqfdeuwﬁ asfthy parbadveIRTRZRARDE Marpe R

represents a hy en or y roup a f.!

t et r anet hyl &fﬁ‘rﬁﬂﬁoﬁ F&ofl 1’8’ uof ?n‘ga?og’t? gtp %"cil gngg)%p Eﬁéll ué)lFJlgllq b]d?so butapol,

preferabl e tdqmmalegtyeolﬁiouambtdglew t hduRbylbmagngob;Iidnytthghemupsz,mds uhﬂ#aﬁlsorQS

t et r amet hyl anmoni u ri 9 ﬁ % ZF | anmoni unf |l uori de because such
Eieraely sifonplr

fluorides$ d’f‘)@“tliﬂéo invention, the renover may
i ncl ude the quorlde preferably in the range fromO0.001 wt %to 5 w % of

the renover, nore preferably in the ran fraom 0..002 % % of
t he renover T}@qu%g’df%r’&fb‘f’l the go-sRINEP! A€ sgﬁéteggﬁf?ef“fl\?g °tn\cl)&'% Oél"‘% ?‘f:"\glt .

in the pres%‘iﬁehﬁ’cfdltﬁfqumunﬂw aRdVhiNGr tBe ByLsl1 ety bs grefektbly &v@hmcmmﬁdﬁel (such
as et hanol anol , n-propanol, isopropanol,  n-butano] and isobuthanol,

phenol ), gl yibail tas (Réhthasadgitg| essaisg cBE TamaVeE BSTRUBEROMSS OREMIREPTPST 86233

PCT/ US02{,03608 uﬁa’?en‘?t J&)’th‘ﬁﬂ:\gzh)y aRlreAOLr H@}«Y&N@)ﬁ'twl-%mht)m atgeal conch is
preferrec? because 1t effectively dissolves or. di sgt ses the fl uow de, such

as TMAF, horfog8ndctes limps taamsdpigy Yorqf &g cocsoprent inadsisty the RYKBRUONIPR]ADE i s

_preferable heGaVSQededsRE Wlo@%&ur@%f@b? 1f ik yufdralfe toSuiel raﬁoveﬂ'h%dlngan be
di ssolved in supercritical CO2 by the presence of the eHB.Elnol Th

concentrat i dﬁODf taif@h%lom?éundh‘? n SupYEhi t LHFMERTTERY OBfiE t hE" nd and

concentrati o Si@hhioxi@Nds t e dddiFeObechie RS dueiivappreoxiciat el v,
the conpoun |s preferably included in supercrltlcal CQ2 in the range from

1w %t 20d1vaolve%r0€0t hlealﬁ@h%@'@rafe £0:philics preferabl e that the
supercritical CO2 further conprises dinethyacetam de (here| nafter referred
to as "DMAC'). The DVAC contained in the CO2 prefer Si.X to seventy
times of theAfdonding thethe preseit FRYENE R tth%pre@@bﬂfymw@v‘gﬁt‘hegﬂ?%{%}haﬁefﬂof‘éf

pref erabl e (J?ﬂ'}osgchgf @EJEJ BlbddeCR folftHa NRARUASRAIS URStcpREdnY b Yydroganadrer ,
which is a hindrance
alkyl group), and a compound having hydroxy! group, while CO; is high pressurized or
20 is 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 tetracthylammoniumfluoride. It is
preferable to use 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,

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

q



, . . . . ... 8 AUGUST 2005
manuf acturing sem conductor wafers. 15 Figure 1 shows a sinplified

schermatic drawi ng of an apparatus use for renpbving residues according to
the present invention. Firstly, the sem conductor wafer having residues on
its surface is introduced to and placed in a high pressure vessel t hen
C2 is suppPP¥eE?Pom a C2 cylinder | to the high pressurE/U@BQ@W89 by a
hi'gh pressure punp 20 2. The high pressure vessel 9 is thernostated at a

specific te%ﬁﬂ&@;@obﬂnﬁa&li@m&@ﬁﬁl) Tho alcbh Al dfefched BBdabicdit BffédiRely

pressurized COZ in the high pressure vessel 9 at the supercritical
condi tion. Ahssalyes eridyeerptiha Tvendeosush s THAT. dappeaneensbintsHeerentsal GPessur e

vessel B 1T ot bANEod) hndl Dbrdllrdhle BECANI ?ar%é-x”ﬂgﬁmﬁl &fe fluoddeSBRAVEl Y.

while the itive and co-solvent are m xed I'ine mxer 11 on the way
to the hi gh Pvé&sonebeBisyasgleln gperTrised |Gy b:attlespre$ent:¢19f Hdethanpd did t he

co-sol veRt areAdLuat o3 BY Mahnes: S Wflerchicd SEBE LU ol NOTIEE di Set (O

t he predeternlne I't1ve an e co-solvent nmay be
suppl i ed conmnamuwwhyofﬁhQUhenQeshﬂmﬂwahodhérﬂenb@dunenﬁpmﬁxmheﬂﬁpﬁaratus

L SOV NG RHE 38688 flcBen AOPBELAR) POESENE b B0 £0; o 8 260

appar at us, m xed he co- vent |ne mxer 11
before belng%bédmnﬂhmwrhe hi gh pressure vessel 9 in order to avoid

het er ogeneously contacting. The ratio of the additive and the co-solvent to
be fed into 6 8 AUGUST 2005 WO 02/ 080233 PCT/ US02/ 03608 t he hi gh pressure
vessel 9oi s Icost peldrade biiata theatsbp@raivinglr ()szerfurﬂlﬁ; mhipﬁ:ibesr dndtintaesahide

feeding rate diti / the upercritica
o2 i n'the HighmApFaseTre eSS BemACRiieg s s P RY S med at
a’t enper at uree sévenfyhimdsaige fluoaite Shidhedan 2iEWD, byamdglat Farthpt esswa’embﬂaged
from5 M Pa fer.a from7.1

Feaui red foreEUIRECHIE! F 51 e QUBERIEDAS CHETS PGP & HEUBBFOAE, |t he
Ki nd and anmodstufffuringeemizehdid®s wafshs. ch i s usually |n t he range fronra
mnute to several ten mnutes. 10 Hereinafter, the present invention is

describel? with reference to experinents. EXPERI MENT | 15 This experinment is
carried out Hyurdi pphdvgs arsimpljfadtschéman adding yeas Appdtatu uiadreremogingan

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 vessel 9 is thermostated at a specific temperature by a thermostat
- 10 in order 1o 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 S 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



‘at rmspherl C pressure at a tenperature in the range of from40C to 8 180T For 2005
20 mnutes. The object for this experinent is a silicon wafer having a
Si2 |ayer coated w th a novolac phenol type resist, patterned by a
devel opnment, and treated to form mcrostructures on its surface by dry
et chi ng of YO PMEIPne gas. A rate of renoving 20 resi duesP¢EVeE{PHBted as a
ratio of an area of the surface adhering with residues after renoving and
bef ore removing; By, 8sstHeCl % 9B coriitffich @M rafio dRFoidra2! @F}ﬁhnrggulﬂ'@saﬁe t hat
the rate is less than 90% and 90% or nore, respectively. The term "0"
means the reading et dhe additive whder thh €o-aeitient ity teisupegéritigaleldOy xihe highs by a
co- sol vent igret hyl sul foxi de. 25 The results are summari zed in
table 1. Ta%’?gsgféigs&?]t%el?enovabl ity AcetoneX D nethyl formam deX
Di net hyl sul f oxi deX N-net hyl - 2- pyr oridonX Propyl encarbonateX Methyl am ne0 7
8 AUGUST _20 2/ 3 | ne0
Fydr oxyt 8t r aSCFOD AMREE inib PRTTEL At hehere R P e BEP RO ne
sol uti on***&né\mmrdsmré ranged &emsﬁoMa BTN, bHydalﬂxyﬁcmt 7 ardtRaytb 20Mdni um

: o .
sol Ut! on (e n}ﬁq : Hlﬁf;:]%‘{ﬂglgee %?eggo%%ﬁopyheél XXS c?epen 'ﬁ(e size ofntlhe ra)_)ect t e0| I ne

sol ution (
kmd 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
mihutes. The object for this experiment 1s a silicon wafer having a S102 layer coated
with a novolac phenol type resist, pattemed 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 afier
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.

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 O
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***Hydr oxyl am ne solution (water) includes 50% of hydroxyl am ne. 85 *E*
Armoni um fl uori de solution (water : dinmethylfonnam de = 1:9) includes one
percent of amonium 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 er nar y WiiePioFh hydr oxi de (such as TMAH and 10 chol i nB§TVH&%&yi ani ne,
and ammoni um fl uori de have high renovability. Especially, quaternary

anmoni um hydr oxi de, | &Bﬁﬁ?ﬂle"‘”i me, —and amyoni gm 1T u@gyi de have a superior
rate for renmoving re ge .a;EféP%ei MENT 215 This expgrimem for
investigating an effe 3 : 'gc o on-aSo vttty of —agditive in CO2
is carried out via t1%pl%{8 FEOFSYSHOW N Figl 5. is introduced into
the vessel 9 fromth cyli-ngder——by—the—punp 2'@ Fhe—ptessure and t he
tenperature in the v NC SQPRONpi nt-aiped—at—P20—MPa—and—86¢ by the

p SQJ ]Eki By UL EESA Yy
thernostat 10. The agHydrryMammgsiaslyant 20lare med—A{the ratio shown

1
intable 2, then the ﬁﬂwaiiwﬂ@ridﬁﬁmei};ng—he&e?eJ- 9 fromthe
m xi ng tgnllf *Hy dngx yidiams thylsmanonimreselution (aheondpdeed”#d the nixture is
evacuat ed from e MESeSlamhoifint. Nt the pressure is maintained at 20 MPa
when the m’ﬁ@hr 'S m?ragn%’uced. The effect of co-solvent, i.e., whether

tpe ﬁddi ti veiGhotinssduticndwatar) inchdes 3050 ebefwhged t hr ough the gl ass w ndow 13
of the vesse],. . it j 150800 £H ; in C02, two phases
are observed t%ﬁg%\gﬁﬂpﬁ%es\?\ﬁ]ﬂg’éwa\@%fgatug%rgo%igmlyﬁ&? gbﬁ]gnc? means that the
two phases ar'e*cbsmprieh. lubtide sodution (Qiterrsimethylfemewidesi L@Hncladged@se t he

addi tive dissol ved. or _di.spersed honobgeneously in CO2 (the tw phases are
not 8 8 AUGREF SO0 R B /BRE33 obser ved). Table 2 PCT/ USD2/ 03608

Exp. Addi ti veCo- sol vent Cbservation No.w 9% % 2- 1TMAHL. 21et hanol 22. 10

2- 2TVAHL. 50dk%omnl iR lt!:lbfl eof(, iaﬁ(?l?é%i'&o(s&hélﬁéhglaﬁgﬁé m%my:ﬁ@niﬂg, 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. COs is introduced into the vessel 3
from the COs 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 18
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
CQ,, is observed throﬁgh the glass window 13 of the vessel 9. Wheﬁ 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
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2-6¢hol i ne0. 25et hanol 24. 00- 2-7chol i ne0. 29i so ro anol 27. 90

2- 8chol i ne0. 39DEGVE38. 30 2- 9Mono- et hanol am ne0. 05et hanol 25. 00 2- 10NonNonO
2- 11Nonet hanol 20. 00 2-12chol i ne0. 05NonX DEGQVE: di et hyl e hyl et her
5 As shown WAYHBFE 2, in experiment No. 2-1-Vv2-9, thg ePﬁg@ﬁ%ﬁ@gﬁ% d
co-solvents are confirmed. The conditions in experinment No. 2-1-2-9
observed t hrgughedyhe wi ndow are transparent, honogenous, and wi thout two
phases. EXPERI MENT 3 10 This experinment for renoving residues using a
renmover including high pressure C02, additive(s), and co-solvent(s) is
carried out via qggegpparatus of Fig. 1. The obJect in this experinent is

t he sanme as onme 11 LAgdﬁégEIIHEH[ 1 rnecmuggmﬁpu conce@B BBF of the
additive an%?- sotvent—rm the CIRVE are strownm—n Lwl%: {Fﬁ}g terps "0",
n ' 1w H 1l o 2 3 Al A ¥ + £ - il | T
or more Q@ pr AT © 2GS P I IAL A o T T LR aves ber o 0%
Exp. Addi t i v H: Rat e 03 dimsiiylsulionidg o pk 300 Bo™ oD
3- 2Chol i nel-% 135 30 A0 T gihaol o) 5ot oo 1 38, 9
3- 4TMAHL. 50 i 0 0055 Nsthapaly, 9" 5" Auau@P-O0hs wQ g2/ 980233
PCT/ US02/ 0386R . "~ 1176 |ethano 353 (@)

2-6 choline 0.25 | ethanol 24.0 @)

2-7 choline 0.29 | isopropanol 27.9 0

2-8 choline 0.39 | DEGME 38.3 O

2-9 Mono-ethanolamine 0.05 | ethanol 25.0 0

2-10 Non Non 0]

) 2-11 Non ethanol | 200 0 :
- 12-12 | 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 cencentration
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% Wt%

3-1 Choline 0.05 Ethano) 20.0 )
3-2 Choline 1.70 Ethanol 35.3 1G]
3-3 TMAH 1.21 Methanol 22.2 %)
3-4 TMAH 1.50 Dimethylsulfoxide 30.0 %]
3-5 Non Non X -




Ethanol 3-6 Non 20.0 --~ 30.0 oxide 3-7 Non dimethylsulf x As SRown in= o>

table 3, in the experinment No. 3-1-3-4, the residues are effectively
renmoved. 5 EXPERIMENT 4 This experinent for renoving residues fromthe
surface of sem conductor wafers is carried out by using a renover

i ncludi ng aM@oPses H 1, G J, L, and K which include tHhBCTPI%8%Ye of
formul a NRLRZR3R4F (. R represents a hydrogen or al kyl group). The 10

conposi ti ons_pf—tjie aucu T *N‘éﬁs are t1i E@ghd N 1apre 4. A T verort de
of Gther c gfjps])nc. ts—(wt—9tpt VAC
7/ a WA

SCTRNEVANN R P 1 B Gl A

(W %

(62. 5) DTW (124707 FFMAF—¢ BIVA )
(00 2)PTW 12,4), BoCH0:0 s o 10, o 8378 35U (49 Bhhng, (22

DMAC: Di net hykagedaanm de, DI W De-ionized water, TMAF:
Tetramet hyl ammoni unf [ uori de, PG Propyl enegl ycoI , DMSO D net hyl sul f oxi de,
15 AcOH Acetic acid, TBAF:. Tetrabutyl anmoni unfl uoride, NH4QAc: ammoni um

acetate. g n gy SumxPesi ment, three kinds of silicon waters A, B and C are
used. These Siticon wafers have different patterns on their surfaces and

the renoving characteristics of their 20 resists are also different. The
silicon waf eflﬁse %&ﬁe}gmeﬁp?d’rergmBﬂnge&%u@@ @ro&hﬁletslﬂﬁ"ﬁ&%f %@ﬂﬁuctM wéflefs i§on on

the surface thereof and broken Tnto chi (1cm x ps are
et ched in t harigdmt bylesipgarenpheringpding @@thsﬂehcmé @hd Bswla?fbma@ﬁ%ﬁl%y a

plasma to fluoride of formula NRIR2ZR3R4F (R represents a hydrogen or alkyl group). The

10  compositions of the additives are listed in Table 4.

Table 4 Compositions of Additive

Additive | Fluoride (wt % of Other components (wt % of additive)
additive)
H TMAF (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),
NH40QAc (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)
DMA C:Dimethylacetamide, DIW:De-ionized water, TMAF:

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

In this experiment, three kinds of silicon waiers 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 (Icm 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 5. The solutions
of additives H, 1, 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 is 40°C, the pressure is 15 M Pa, and the time for making the

10




.gén'er'ate ashed resists. The chips are placed in the high pressure veUsGsU TE?OOS

The solutions of additives H |, G J, Kand L are prepared such that the
fluoride is dissolved in the 25 other conponents listed in the table 4,
respectively. Then, such additives are introduced wth CQ2 and et hanol
into the hwhosedsure vessel in Fig. 1. The tenperature T¢I the
hi‘ah preﬁsure vessel 9 is 40C, the pressure is 15 MPa, and the tine for

maki ng the 80233
hen ooy oo bagt & “ﬁaﬁgg TRORL 1 Pomls Afeh blefout foll LR LM ) 3n08023
the high presipuare ovesed wit antdiestrog hiigrescape observed with an el ectron

m croscope. The result of this experinment is summarized in Table 5. 5 Table
5 RunWaf eAddi ti veConc. in Renmover Result wt % TAdditi veEt hanol

| AHO. O55Excaht edstit 3th3. Ap&mxae isl semmaBBtdin0BBEAI r 4BHO. 105Excel | ent

5BHO. 255Fai r 6B10. 055Fair 7CHO. 105Excel | ent 8AGD. 055Fair, but water rinse
needs to°renpve the residue new y app%gﬁﬁe’g 9AJ0. O55Excel | ent

10AKO. 055Excel+enrt—13AL0-0655 -’C’o%lclﬁﬁtemtfré?“ —105Excettent—13BKO—165kxcel | ent
Run Wafe Additive [wi%] Result
T 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

i 7 C H 0.10 5 Excellent

' 8 A G 0.05 5 Fair, but water rinse needs 10

remove the residue newly appeared

9 A ] 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 LK 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
NHA4F, 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 11to 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 1, no water 18
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 10 be removed from the surface of the

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

11
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14BL0O. 105Excel | ent The asked resists on the wafer-A are cl eaned by pbot%

0.05wt % of Hand | with 5wt % ethanol dissolved in the supercritical CC2.
The term "Excellent” neans that there is no 10 residues on the surface of
the silicon wafer (chips). The term"Fair" nmeans that there are a few
resi dues orwoleoasf ace or a little di sappearance of the PalPeR#3¥n run 8
using NH4F, a water rinse is needed to renove residue since a
.- wat er - sol ubl.e_resi . ace of the silicon wafer
(chips). In 1&{1]%e§%%ﬂ;&%f§e%‘%re§§?§§i{}? r%ﬂlettlgv\kgtcg&m rinsing step subsequent to
the renoving step is not needed. In these cases, a solvent 15 including CO2
and al cohol , e.g. me} ganol and et hanol, but no water is preferably used
for rinsing ERMETERn wafer. Further, in cases of the additives 3, K and
L, no water is substantially needed in both steps of renoving and rinsing.

Such nethod is superiaqr because it uses, s bst ant i.al h
becomes & hi HefrSabfe8 “fag‘f*rs ARG REAPE &E?ﬁl@rae%ﬁ% agﬂﬁdfﬁ'o 8?\§@E}565$@0%

cont ai ns Nor &qdiré bickeh Int@ekied TiRSIhisSrd laded in emgdprégsmmekselsuﬂ?@cb of t he
silicon wafer (chips). In order to re%\ée t hi,s reS|st

t
(three timesThens agem@yspdpelutssCQRp o EsE B E RS i IBWgtgfwfghng '

wafer-B) is geauld @dsel DNAfiee$hY femoSalexdathdne fidr. sekotklEdeh Mﬁhﬂ'te5 the Thies 81|e| | con
waf ers are prepared to

generate e the xide icon
surface andt@hete OBl HideHie; tﬂ’c‘: Ehio E;gh #‘ﬁ P’rcplilﬂ"b a‘.’r“et?‘fjl é’éds |”r’1eat°“f{%é1ﬁ
Pressur e;¢/es§fhsedmeter. Fithe dich rdtbesm, t]l@tlﬁdi‘:li’fﬁllve:t’xd¢snis| dﬁhrmgnem dithn@ddl tives,
and ethanol is introduced into the hi ressure vess {Attéé %
removal treaf¢fEiese PHthe didmsss 'E"érfh?n”ﬁﬁ'f"& ipe CAS b?’pe‘ffaéuret 2 8ut™and t he
thi ckness of stQx%nﬁEﬁchﬁ&m&Msd@s: 08 prhieussh [SMi Ba, BRAM @Gyt Bie 1020 to
el l i pseoneter. The etch rate of the thermal oxi des is deternined by
di vi di ng t he60 osteSase of the thickness- per the treatment tine. The
tenperature of CO2 at the supercritical condition is 40C the pressure is
15 M Pa, and the treatnent tinme is 20 to, 60 mnutes. 15 The result of this
experi net | Sheiesvaef this gxpeimeabls supmaEnddn 208 8i t i veConcentration in
Renover wtf%Etch Rate of thermal oxides of

Table 6
Additive Concentration in Remover [wt%] Eich 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
1 0.025 5.1 1.4
1 0.044 2.2 33
1 0.048 4.8 1.6
1 0.049 4.8 1.6
1 0.050 5.0 1.7
1 0.050 10.0 0.3
1 0.056 5.5 1.6
1 0.057 2.8 2.0
1 0.057 5.6 1.9
1 0.071 3.5 3.7
1 0.248 4.7 5.3
G 0.005 5.1 1.1
G 0.012 4.7 -0.]
G 0.028 5.5 3.9
G 0.039 5.1 8.3
G 0.043 4.2 7.9
G 0.044 4.4 5.1
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10.0255.11.4 10.0442.23.3 10.0484.81.6 10.0494.81.6 10.0505.01.7

| 0. 05010. 00. 3 10.0565.51.6 10.0572.82.0 10.0575.61.9 10.0713.53.7

| 0.2484.75.3 (0.0055.11.1. (0.0124.7-0.1 G0.0285.53.9 0.0395.18.3
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These data in table 6 are plotted in Figures 3 and 4. As shown in Figure 3,

the etch ratg..Off HekiiBk Ml&ﬁiﬁf]g?%g&q% 08 4 hg sﬁ%@ﬁmlgﬁ:’r@ﬁ@)e(&{cj}{i%g' tives.

Besi des, as shown 1 n Figure concentration of dditive is
constant, t tvé therofal loaldes deirendss omdboreficagiration of rddisiverafissidenriseshovatinon. The

etch rate Cafe, J?sa 8héeﬁgatﬁo% gﬁﬂ'a@@mwm cgggtin?rm‘%ét&gra% mlesegctcérdmg hhe

renovi ng proc seen trom ures e etch rate I's
control | ed bye etﬂpmétcpmgnﬂrtt@ncdﬁ’matﬂhrlatq @ndesbnirdlizdadeirding do thedremphiagol , and

el 2Ll KSR BOGAET T RREL R 20 Todaegh apesation

of the p eseoltf S gen d oregoi Ry
speci fi cat i @ontréipd®yea;ustitpahé evneedtiadonsdfitiehnddBive and ethanol, and thexr ratio.

The principles, preferred embodiments and modes of operation of the present invention

have been described in the foregoing spcciﬁcétion. However, the invention which is

10 intended to be protected is not limited to the particular embodiments disclosed. The

embodiments described herein are illustrative rather than restrictive. Variations 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.



10 intended to be protected is not limted to the particular embgdiy 2005
di scl'osed. The enbodi nents described herein are illustrative rather than
restrictive. Variations and changes nmay be nade by others, and equival ents
enpl oyed, wi thout departing fromthe spirit of the present invention.
Accordingly, it is expressly intended that all such variations, changes
and equi VAIHATT IS GUAIMEDX IS | within the spirit and scope of the present 15
invention as defined in the clainms, be enbraced thereby. 13 8 AUGUST 2005
VWHAT IS CLAI u

m crostr %t U?EP %o%esslfob'rbénpcgvﬂ@erﬁﬁp pégéfﬁérﬁ@hhf%%sfrﬁ&h%&sa& egéarl ngprlaf’In enover

i ncl udi ngthestepsofi tical C02, an additive for renmoving the residues and a
co-sol vent for Y | zed fluid
cO-solvent ! OpdhagRlateARSaduaHg AeIE 0L i S R 2C0, |
renove t heesidees mﬂa%Coﬁﬁlﬁmtthed'Qﬂﬁvmsa'da@ﬂﬂ'tWBr'miéh@;CtQ:@télﬁf@@wlw flyigh ng a

sol vent i gglgi@hng substantially no water. 2. The process according to claim
1, wherein said additive includes a basic npound. 3. The process

accordi ng to cirisoingshe grigstdnta contegt Witssald @m%emmaﬁ@ramov%ﬁ@treﬂws el ement
sel ect ed froanhd Stedy aHdp consi sti ng of quartenary amouni um hydr oxi de,
quartenary anmpuni um f | uoride, al kyl am ne, al kanol am ne, hydroxyanmm ne, and
anmoni unf | uor i §ingghe ?H’Ecﬁﬂyd’(,sé‘@sa Yeoi H‘PW@'“ES“Nt%”tﬁll'![mWﬁ@t’el n said
co-solvent is alcohol. 5. The process according to claim?2, wherein said
co-sol venp, i s Py Fro66¥3Uccerd Tgf'céllcldnm b%hé‘renﬁ%ﬁl@%ﬂﬁwéﬁwcﬁ.@b@ﬁtbaglcf romat | east
one of quartenary ammouni um flouride and quartenary ammouni um hydroxi de.

6. The pr8¥@¥NGccording to claim 1, wherein said remover further includes:
a conpound having a hydroxyl group; and a fluoride of fornmula NRILR2ZR3R4F,

where R rgpresmy @o@eé&%&@am@ t@aaﬁah B Vivhed&ifieBid bagrc clsh@)onﬁ@@@%aap@r@r ding to
claimé wherein sajd u%:ﬁidsro%gcordl ng to

8.
claim6, GREEE;sPleckrorem erawép P%'%/S%%t'ﬁg of Gzitenary amoun

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



t et ramet hyl ammoni unf |l uori de and said conpound is an al cohol
according to claim®6, wherein said renover includes substantlall}pﬁgﬁﬁﬂﬁ'ﬁ§%o5
water. 14 8 AUGUST 2005 10. The process according to claim®6, further
conprising a step of rinsing the object by using a solvent including
substantially no water. 11. The process according to claim®6, further

conpri si ngo.t heTrs ;ﬁ'bﬁes@faccorﬂing% Bigink Befuﬁmr%h\phéinga\éﬁéiﬁ@rmsﬁg% dijedtnt o t he
vessel sajd CO2; @ ILE.itg] %‘sqﬂy CC% including said fluoride and said
conpound ¥ USNGsg, SAVEHing 93”98 A1V ER W cont act the object with said

CJerr], wherein a concentration of at |east one of said fluoride and said

conpound 1N sarke @@eés%e&@dm@jtual@mGﬁ&nhé}d@ﬁi@hélﬁi} tst@bscdf: rat e of  etching
t he object so gs.to,renov ei3| dues. 12. The process according to claim
6, further conP?P§'y thg objes @ao‘fess?;lshl ng a resist on a surface of the object,

t he obj ect beifegdiag Startheoedsat said COwbed ; and contacting the sem conduct or

f ith sai i.ti~cal , t. hed t £ th
ser conduct or. VBTG Spit B neihetBid e hETRAE coBBRTA SuuBpeetia |
M crost r ucdnditien & cemad tjecatiject with seiddi g wheretl atoncéntrétiontdfiat leestrgneioti ng t he

st eps of : sﬁ%ﬁ& Piglatng% %bc! ﬁg)touh{' s%fdot?ové%gealdgus%setbr&oﬁtpoqaﬁ%%%er!ate'osf an

provi ded W sai d vessel
addi ti ve étghing ¢heonbjenyso heta eeiatadls reaiddesn  co- sol vent for di ssol ving the
additive in the CO2; pressurizi ng the CO2 to be fed into said vessel; and

heati ng “i;% CO‘@?&&B!:&S‘% 9@‘&{ g’loﬁéln‘?e"f‘ﬁﬁﬁ&'cc né\ﬁg%%pg%”t ain the

pressuri z rmned tenpera e process according
to claim13, f@ﬁhmgeare@tshpm a§uﬁqset¢féh%@m@ctdhe obmtmar@ah@wgmmoye and t he

co-sol veny, QF’ aﬁae being fed into said vessel. 15. The process according to
claim 13, ?urt er conprising the step of: providing a controller for

adj usting a f eeantacling thersemicanayeter wafer with saié supsicriticelC@nep ag tegemeve ol vent

to be fedaéH@gqesq@lf%ny%ss%h,,coqa@ucta'mafg,r ocess according to claim 13, further
conprising the step of

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.
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providing a thernostat for said vessel for keeping the pressurized CQ2 in
said vessel at the predeterm ned tenperature. 15 8 AUGUST 2005 £7 AURYST 2005
apparatus for renoving residues fromthe mcrostructure of an object,
conprising: a vessel for placing the object inside, wherein the vessel is
provided with at least one inlet for feeding CO2 into said vessel, an

addi tive fhr rAmappangius foe remsviciiesiduesfiora themicsadtruetute dfcan abjecs,ol vi ng t he
addi tive &J?n&rgﬁ\ CX2; a punp for pressurizing the CO2 to be fed into said
vessel ; ahd 'a dater for heati ng the pressurized CO2 in said vessel so as

t o mai nt ai n t hevesseldesplacing the@biechinside pwiratein éhaveased is propEledwithet led8t. The
appar at us, ac | I t : I SHAG: ] 1 Xi ng the
200 11 ve SAdnE,h R, COANE chfa s BTG Bhieding IndTet e, Apg ¥ 11 0
appar at uscxedand fan gisselviep sheradditivefintheeP2: conpri si ng: a control l er for

adj usting a fegguhgtd p?éss@ﬁziﬁggﬁﬁ%tc@ﬁé beffed A il dss¥ieaqd the co- sol vent
to be fed into said vessel. 20. The a(ggarat us according to claim17,

further conpri&heaier far heplingdhe Rressugred el insaidasselsio agde Frainaipiie

pressuri zgdsddriZed 8O3 at 8 prAISEPhindl tdrigeratdfecdet er m ned tenperature. 21. The
process for renoving residues fromthe mcrostructure of an object

conpri si n? steps of: preparing a renover including CO2 , an additive for
renovi ng The rE¥ Rpasatahaccardinbocimdd further eampisingi ng sai d additive in

said Q02 at a PhrP&PrinfifFg tHehddite RAH tHedd-sohet béTbleiHintfeli o gAect i nto
contact with said renover so as to renove the residues fromthe object,

wher ei n s¥is§laddi tive includes is at |east one el ement selected fromthe
group consisting of quartenary ammoni um hydr oxi de and quartenary ammi um

fluoride. 146 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 CO, 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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