NON- FLUORI DE CONTAI NI NG SUPERCRI TI CAL FLUI D

COWVPCSI TI ON FOR REMOVAL OF | ON- | MPLANT PHOTORESI ST
wWO-R@EEMD4682 THE | NVENTI ON [ 0001] The present i nvRCL/US2005/012301

relates to non-fluoride containing supercritical fluid
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i ncludi ng ion-inplanted photoresists, from substrates

havi ng such photoresists thereon, and to nethods of

usi ng such conpositions for renoval of ioninplanted

FEOLD @R TEISINVIENTE®N1 conduct or substrat es.

DESCRI PTI ON OF THE RELATED ART [0002] As semi conduct or

(E00iLT es The Gedtentribveation teb@ésafoatbnaudrids comdining Sesbreritioal fluid

I npl ant ati on has becone nore extensively enployed to

ST donFREIIbR usefiP il bdnYiceHdgtor Mefuif@singfof B removal of

sem conduct or substrate. During this process, a
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I npl ant of ions. [oodﬁ] A photoresi st |layer includes a
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ot oacti ve conpoun I's utl t o expose
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resulting in a patterned resist |layer. The patterned
resist layer is used so that only sel ected portions of
n under| vi rat e g Lhpl anted with ions during
i@“(? pﬂgéyggFiiﬁfﬁ. éﬂ?L:gﬁg?pthe‘resist | ayer nust
be renmoved followi ng . ion |nplantation, prior to, | )
P92k e difgsenticaniistaredevices Bproms e iplegiaied And gRinggfurigRd on
sem conduct or device. [0004] However, exposure of the |
phpleeptéan Bas hegome ok grerfdly, emplgyed to accyratply) gontrol impurity
atons/cnR, ion inplantation process depletes the
distrfbatiensofin tthee sphisprdustor sgubgifate.  During this process, a patterned

O

photoresist is often used for the selected implant of ions.

[0003] A photoresist layer includes a polymer material or resin and a sensitizer
which is a photoactive compound. A mask is utilized to expose portions of the
photoresist layer to ultraviolet (UV) light and then the photoresist layer is developed,
resulting in a patterned resist layer. The patterned resist layer is used so that only
selected portions of an underlying substrate are implanted with ions during ion
impiéntation. Importantly, the resist layer must be removed following ion implantation,
prior to proceeding to the next step in the fabrication of the semiconductor device.
[0004]  However, exposure of the photoresist to the high-dose, e.g., > 1 x 10"
atoms/cm? ion implantation process depletes the surface of the photoresist of
hydrogen, transforming it into a tough, carbonized, highly-cross-linked crust.

Conventional methods of removing the hardened photoresist include oxygen-plasma



hydrogen, transformng it into a tough, carbonized,
hi ghl y-cross-1inked crust. Conventional nethods of

Wo emwsito4eg2 t he hardened photoresist include PCT/US2005/012301
oxygen- pl asmaashi ng, often in conbination w th hal ogen
geess ofterpinembinatioe with dalegansgasesnt neaskiniethe fgeust and remove the
photoresist. Typically, the plasma ashing process
pegjoriesiets Eypliaally.othe pasoh eshingproedss hequéres & fiadlovea sleaning with
and/or dilute acids to renove residues and
neh chentiedls hed/crodituderncidntosremoat reseiwes and han-esiatile @ontaminants
proper operation of the mcroelectronic device, and to
MO irehdint ©r dnsiire e6ped lopélefidnCofethe yniciveleetkdtid devide) and to avoid
subsequent process steps in the manufacturing process.
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ashing and wet cl eani ng operations have been
gﬂﬁggntered in their application, including: (1)
poppi ng of the photoresist (leading to associated
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cross-1linked po that remain o onduct or
subst r at Sé)l‘@éfslﬁlﬂl?%br{{ﬁﬁéh%@%“% 1 ap;ﬁ’l“é"ssd’é‘g%gﬂ % '
chem cal treatnents; necessity of re et|t|ve

cl eani2hgPospiagse toﬁa@mdq% m@@é SOpHBIAiQIs fug tosthe sesensg of non-
cycle tinmes and wor k- |n@£rocess steps; and (5)
subst ant Voktileyuaeiali eqnenpunds jnenlantedk ite ahe phAterasist dhat (are not

acids that nust be di sposed of.
completely removed by the plasma ashing process;

(3) production of tough residues (of polymerized crust or highly cross-linked
polymer) that remain on the semiconductor substrate despite the use of
plasma ashing and wet chemical treatments;

(4) necessity of repetitive cleaning steps that increase photoresist stripping
cycle times and work-in-process steps; and

(5) substantial quantities of wet chemicals and/or dilute acids that must be
disposed of.

[0006] Significant and continuing efforts have been made in the semiconductor
manufacturing industry to develop improved formulations for removing ion-implant
hardened photoresiéts and residues thereof from the semiconductor substrate. This

effort has been frustrated by the continuing and rapid decrease in critical dimensions.



[ 0006] Significant and continuing efforts have been
made in the sem conductor manufacturing industry to
waleashows:t nproved fornul ati ons for renoving i oPET/IE20851012301
har dened photoresists and residues thereof fromthe
Senieptionhli ovasiclesnibg tmetheds, Tipluslingt pgiepusqbased sampositions, suffer
frustrated by the continuing and rapid decrease in
sulistahtial llindiatienssis origcaldimeesion (1) widiss dedresan belgw 189 moddye to
i ncl udi ng aqueous-based conpositions, suffer
fHebhigAndurfate lénsioh adhamneristivs cofi liquidsl ustidnian dieocleqnBiy) solution.
w dt hs decrease bel ow 100 nm due to the high surface
AQaBioRAllyS NRyhedis eslesiing. Solafiodsi gan dongde chffent tifiportant material
cl eaning solution. Additionally, aqueous cleaning
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propertl es of porous l[owk di electric materi al S,

'ugﬁ%éj db RGP ﬁ{éhﬁﬁ |ex,|§£n§1§ﬁ‘ Gl adHEBibS tHdifFeret sﬂkﬁvates
C

ficient of thermal expansion, and adhesion to

AT Rl ARl TS (A SR A Bl R et B removing
t r%§1et§ If %hlst G &Qﬁc Ieg{llrﬁgen Cg{ﬁis%'ifﬁf‘sgl} ‘havSlow vi scos1ty,
arst e SR S,

OW VI scosity, ero SUI' ace
tensi on

gy zslioggrfa qgﬂ?qswgr En ncglta g%‘tgagratgf%gstﬂﬁxfnw '8%: tge%glpestaﬁc? Oﬁp elg’urther

W VI SC

CFs c pi dl. tra ort di.ssol ved s i e
Bessascis dngi B oA, Bé?wnmﬁl Sragspen dﬁ’saéxgﬁavsgsﬁowm
are not adequate|y solubl ized therein 0 t .
WEHF arer highlymopwolse and 8 gt MaBH EPeGEY St el ssolubiled
provi de effective SCF-based conpositions for the
thepdal of ion-inpl anted photoresists from
sem conductor substrates that overcome such ) .
@eX08Li edciveslddherefoes bonvignifican idvanseniv die abiepRrevide gffective
and met hodol ogi es. SUVMMARY OF THE | NVENTI ON [ 0009] The
SCFdendd icompndifians fel dbe sremovahonf fiburdmpldeted opftotdredisiy from
SCF- based conpositions useful in sem conductor
Renidbabicior sutgtrites thhheercon®d\sath defficiphadésosfabé sdryentional removal

. compositions and methodologies.

SUMMARY OF THE INVENTION

[0009] The present invention relates to non-fluoride containing SCF-based
compositions useful in semiconductor manufacturing for the removal of photoresists,
including ion-implanted photoresists, from substrates having such photoresists thereon.
The present invention also relates to methods of using such SCF-based compositions

for removal of ion-implanted photoresists from semiconductor substrates.



i ncluding ion-inplanted photoresists, fromsubstrates
havi ng such phot oresi sts thereon. The present

WO pooeno468n al so rel ates to nmethods of using supdr/US2005/012301
SCF- based conpositions for renoval of ion-inplanted
BWa0br edi shsasprdnths drricodomigtatesrto suibmimplented piogareqist|rpmoval
one aspect, the invention relates to a ion-inplanted
phopwites] stmprasingvatl leaso opo SCFi enleat omp cpspliventaend afalgest one
one SCF, at |east one co-solvent, and at |east one
reddeiag agenagent . [ 0011] I n anot her aspect, the
invention relates to a nmethod of renoving ioninplanted
PRQLPr e$h Shothé0Mpacts ks Invaitnhilted gtos aneetiidie b& eamovdiey tbn-
met hod conprising contacting the substrate having the
'irﬁ’ﬁlaﬁt@@tﬁ&&%glstm Qrs@bdnate RRRIgEAMe thdrébn? BaiSeldaRYmprising
conposition conprising at |east one SCF, at |east one
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ficrent time and Under sufficient contacting
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foll owing cleaning of the wafer using a supercritical
epitan framdhs epsvipgeiselosuyg ?‘@cﬁﬁpﬁ}ﬂa‘ﬂ%}?l"tsl PA) / ? ormic acid
solution at 700C and 3000 psi, show ng conpl ete
renmoval of photoresist with only slight etching of the
surrounding Si 2 | ayer. DETAI LED DESCRI PTI ON OF THE
BRYENDESCRITVIONOF NTS THERECF

[0013]  Figure 1 is an optical image of a high-dose ion-implanted photoresist-
bearing control wafer.

[0014] Figure 2 is an optical image of the wafer of Figure 1, following cleaning of
the wafer using a supefcritical carbon dioxide (SCCO,)/isopropanol (IPA)/formic acid
solution at 70°C and 3000 psi, showing complete removal of photoresist with only
slight etching of the surrounding SiO- layer.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREOF

[0015]  The present invention is based on the discovery of a non-fluoride containing
supercritical fluid (SCF)-based composition useful for the removal of photoresists,
including ion-implanted photoresists, from semiconductor substrates having such

photoresists thereon. Specifically, the present invention relates to the removal of ion-



[0015] The present invention is based on the discovery
of a non-fluoride containing supercritical fluid
W@ SOF)ie4s85ed conposition useful for the renovaPCDiS2005/012301

photoresists, including ion-inplanted photoresists
fmpJanted mhetoredist tiom pattasnadasessicongdurtag veiles usingt Be ex¢Esbased
thereon. Specifically, the present invention relates
tanpdséionedeseabeddkrdimni npl ant ed phot oresi st from
patterned sem conductor wafers using the SCF-based
foippsi Becase d its rdalidyl nheufectnred [DOAG}r Belcitulsek of toxicgy and
readi |l y manufactured character and its | ack of
heligild ynvirvdmesgl éfgic] superyiticad ramoh dioxefef 8CCE,) is a preferred
supercritical carbon dioxide (SCCO) is a preferred
SEF ihnhé beoaddradicooaehd pRsedf idveftiddl aBkdligh ithe/ @vehtiA, may be
al t hough the invention may be practiced with any
Eﬁbﬁ&ﬁlvﬁt@&% SERA SCF spibied) Wilhans BRiceefafpaichiRF SCE WbRhding

CF dependi hg on the specific application invol ved.
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fromthe surface of a sem conductor wafer, since SCCO2
BHRC RBY ®MFA4r acteristics of both a liquid and a gas.

Li ke a gas, it diffuses rapidly,. has |OMIViSCOSi%y,
9471 7 eSECEhris qbien fegpidehas ampflagive seagantdar wawvplofiuppgnted
deep trenches and vias. Like a liquid, it has bulk

fpeoies eagiablayérs fromshesurfges pf 2 prseicandpctporail], siHensGeP; has the
despite these ostensi bl e advantages, SCCQ2 is

nlomaqeristics ofAbatbradiiquid ynd Rtgasd [Likenatgas ol diffusesz wpithinyhas low
ionic or polar species, including inorganic salts and
pRb@ity pieat-adre Sirfice naision) ald, pehdtemtesrvasly ibe deepremdics amhvias.
t he sem conductor substrate

Like a liquid, it has bulk flow capability as a “wash” medium.

[0018] However, despite these ostensible advantages, SCCO, is non-polar.
Accordingly, it will not solubilize many ionic or polar species, including inorganic salts
and polar photoresist material, that must be removed from the semiconductor substrate
for efficient cleaning. The non-polar character of SCCO; thus poses an impediment to
the use of such reagent for photoresist removal subsequent to further processing steps
in the fabrication of the semiconductor device.

[0019] The present invention, however, is based on the discovery that
disadvantages associated with the non-polarity of SCCO, and other SCFs can be

overcome by appropriate formulation of non-fluoride containing SCCO,-based



for efficient cleaning. The non-polar character of
SCC2 thus poses an inpedinent to the use of such

Wo emganest or photoresi st renoval subsequent toPET/DS19€$/012301
processing steps in the fabrication of the
sempastiods with addjBvds@e herepafig)more &illydescsibed. iand detacennpanying
however, is based on the discovery that di sadvantages
dissoeivathet rendvingt plesteresist pol dpn-ingplarftedSEIBERresistdiomn e pubstrate
SCFs can be overcone by appropriate formul ation of
woth -afSQHD, iehse donediah s highl BERCRvb asledhiongalsinh gofise, wistdne-free
additives as hereinafter nore fully described, and the
amevap i ythe gplidtssesist efrym t fhat substraty i e1g, phobisresi $én dmglanted
ion-inplanted photoresist froma substrate with a

SGeBdnasedaRE b bandthgbdy ef fective and achi eves
damage-free, residue-free renoval of the photoresist

{00207 t hen SbRbEARLRe inferflion rﬁat@ﬁ%tr@ﬁﬂﬁdrlﬂ@&ntmh%Q@@Qz-based
sem conduct or wafer, having same thereon. [002

&ﬁﬁﬁgtu’se D&y iy W [ SlAhES phRoRas frbﬁ'loi 'sglﬁlconductor

con?alnln ﬂgseéiconp03|tlons useful 1n renDV|ng

Slﬂ%tr{ltgp lTﬁQ%Q?%Uprgﬁr ﬁ{l §k)l§eg%nft Er&%’cﬁ%ﬁ%@gﬁ?&%@, at least one co-

ate sent 1 nvent

Sﬂg e%'ﬁ at e ﬁgsq%l n%cfuc%neagé pr}gseﬁ oﬁ(%he)f/ F\an%r}gn%%gafnbage?%n the

based e total.weight of the conposi tion:

%ﬂ%ﬁ‘?@‘ﬁf’%@%c@ﬁ‘%@‘w& ght SCCO2 about 60.0%to about
90. 0% co- solvent about 10 0% to abouwt—30-0%-reduci ng
agent about_c9mpenentef aphout 500 [ d0bY Weight t he broad
practi ce of $0@0j nventi on, t kbosGOOP: toabert 906kposi ti on
may conpri sep-sobvesti st of , or abanddot esbenBDald y of
SCCO , at | qadicing@entO- SOl vendboueell %ato dbeaisi.0une
reduci ng adgent.

[0021]  In the broad practice of the invention, the SCCO,-based composition may

comprise, consist of, or consist essentially of SCCO,, at least one co-solvent, and at
least one reducing agent. |

[0022]  The inclusion of the co-solvent with SCCO; serves to increase the solubility
of the composition for photoresist and ion implanted photoresist species, in a manner
providing a striking improvement in removal ability of the composition for
photoresists, relative to SCCO, alone. The co-solvent used in the SCCO,-based
removal composition is preferably an alcohol. In one embodiment of the invention,
such alcohol includes a straight-chain or branched C;-Cg alcohol (i.e., methanol,
ethanol, isopropanol, etc.), or a mixture of two or more of such alcohol species. In
another embodiment of the invention, the co-solvent is an amine including
monoethanolamine and triethanolamine. In a preferred embodiment, the alcohol is

isopropanol (IPA).



[0022] The inclusion of the co-solvent with SCCO2
serves to increase the solubility of the conposition

WO orspbussDdr esi st and i on inplanted phot or esi st PGPER105012301
in a manner providing a striking inprovenent in
(0933} al Thbi reflucjngopganhds cioelpdasli td dmpfoye thé eflsetdshess sof ion-
relative to SCCO2 al one. The co-solvent used in the
Bathored abatdresismpumival ceningothiet 3@bassd prmpaesitidnk ydesanibed herein.

al cohol. In one enbodi ment of the invention, such
dherdoting agehisdes! ia tiet SCH-oAsed adagiositions ih¢ladeciomaiic @did Giydrogen
al cohol (i.e., nethanol, ethanol, isopropanol, etc.),

gds, Sorfialdehiyde, REmAND bofanes) dibohess dmlheadtabilliell befaaes @SN-BH,)
I n anot her enbodi nrent of the invention, the co-sol vent

(Whed\RAEh RRaibChbidbd\6r BrRMtAE] 0RO hR @@u@nanme stab1hzed alanes
triethanolamne. In a preferred e odi ment, the
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I's included to inprove the effectiveness of
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conposi tions erern ucl ng agent
ions include forn1c

%%ﬁ%)a<iQ@%ﬁ@%ﬁg&?Eggnﬁﬁgpﬁghﬁﬁ&y formalin, boranes

ra stahilize mh
o35 20T Rl i s B RaR Mg @%ﬁ@@ B and
anm ne stabLI| d al anes (R3N- Al H where Ris
?FP%HI@ REPE Frafefoen &e%ﬁm%ﬁ@w e@ﬁww rt%am'ldae the desired
tetraal k am nes_of BH4 and AlH4 (where the al kyls.
éﬁlébﬂé,%m%%@wu% astirapf fe HrlPnoey! Vewred@#w@r}t capgosition for
ot her hydrogen-generating conpounds. [0024] In
theribptoresist ped iopamplenied phetprssist orhs desded frowrthe sypstrate. Such

SCCX2, co-solvent, and reducing agent in relation to
srcific @tdmﬂimyndmnmtﬂaa@teydllyadete@ajmble by sinipdeexpagment within
desired solubilizing (solvating) action of the
BRECKH/of thesad withotif unddeiciifory agent conposition for the

phot oresi st and i on-inplanted photoresist to be
plogsined The ommdial sefizichat €of Stheh SPEOj/dd-wlrhtRatdingNsgent
and anounts are readily deterninable by sinple

SOt ItOR NhayVibk NdnRanced by use of elevated temperature conditions in the
contacting of the photoresist to be removed with the SCCO,-based composition.

[0026] The SCCO;-based compositions of the invention may optionally be
formulated with additional components to further enhance the removal capability of the
composition, or to otherwise improve the character of the composition. Accordingly,
the composition may be formulated with stabilizers, chelating agents, oxidation
inhibitors, complexing agents, etc.

[0027] In one embodiment, the SCF-based composition of the invention includes

SCCO,, IPA, and formic acid.



the skill of the art w thout undue effort. [0025] The
renmoval efficiency of the SCCO2/ co-sol vent/reduci ng

W@g@atloenposi ti on may be enhanced by use of ePEWES®AS/012301
tenperature conditions in the contacting of the .
nggb r edi arothes agpecty ibprinvertionjrelates tpanedimdsp! Fanpugl of photoresist,
conmposi tion. [0026] The SCCO -based conpositions of
ingludingy intinplanted yholoresish dtdny abwernrienndudiert waffexvsurface using the
addi ti onal conponents to further enhance the renoval
S8apbibhsed gompositinas desaplaslieieim, or to ot herw se i nprove
the character of the conposition. Accordingly, the
foeappsi tlher8CEY,-lased oompusaioas ofii thdr psdserdi inventios , overcome the
chel ati ng agents, oxidation inhibitors, conplexing
dgedvastagst 6f the 0Qidr Jartl ondmplagied qilibtvestst révheaBdchhigsssdby (i)
conposition of the invention includes SCCO2, |PA, and
fdimiAin @ eleOvdIfRZ 8F chémidsl abiRhtsaRp@E! thuk heduchgeRt ig@shtity of
relates to nethods of renoval of photoresist,
Wagt udhd Qi) AMaindTRh@ Popfinp NAHOERSinSihatinks” RBMABe formation, while
sem conduct or wafer ‘surface using the SCCO2-based
91%&9&!0%19 o&ﬁﬁ%%'&ﬁ&oﬁﬁ&ﬁ bijh nie%é%w?i %e@%'%ﬂ&ﬁ&nts,
conposi tions of e present 1nvention overcone the

IS ages of the prior art ion-inplanted
p'ﬁ'o oresi st renoval techniques by (i) mninmzing the

chemi cal nts needed, thus reducinng th
KRR he PPREREE SEERBMET RRHH B BoBHEO fobfict o
coptam_nating residue formati.on, while sinultaneousl
BBt AFE b S e B PTGt PR L e o Fom
constituents, e.qg., the SCFs. {,0030] The appropriate
b 09t abawral0 pyidor ficianktimpn effretithe dosiigh reppqvabof the
waf er surface having ion-inplanted photoresist thereon
photeregistes sw if@ 4 ¢pntpcHEggae &F a F30gmoA Hou abpgpb niwite fopabout 20

about 4500 psi for sufficient tinme to effect the
ohérsiteseandr a tampgratugé of fiem about 30°C to about 100°C, although greater or

lesser contacting durations and temperatures may be advantageously employed in the
broad practice of the present invention, where warranted. In a preferred embodiment,
the contacting temperature is in the range of from about 50°C to about 90°C, preferably
about 70°C.

[0031] The effect of specific temperature increases and temperature ranges on the
nature and extent of the removal of photoresist in the practice of the invention may be
readily empirically determined by varying the temperature to specific values and
measuring the amount of photoresist material removed from the substrate by the
SCCO,-based composition at that temperature. In such manner, optimal temperature
levels may be determined for a specific SCCO,-based composition of the invention, for

the specific photoresist material to be removed.



photoresist, e.g., for a contacting time in a range of
fromabout 1 mnute to about 20 m nutes and a
wo eovpae@msur e of from about 300C to about 1000CPCT/US2005/012301
al t hough qreater or , lesser contacting durations and
{0033k aturlks marpenethe pressssa gEWiHaNy olhes| ek empsratie may be
broad practice of the present invention, where .
weleqtedhandchptima! er gtherpise pdvpntagprygicaaditionsidgisrmised withinfhe skill
tenperature is in the range of from about 500C to
abthet a19Cociudipg dhe saistaymadpberic FessCre pOBBILh th supstdrigieal fluid
of specific tenperature increases and tenperature
campeitionnis tchetacted witk thm thnemplanted phototesist tnipey eemogéd from the
photoresist in the practice of the invention may be
seBtthteythe fipwrand/al btytideiaencter ofitie IS COabasedgotipesition contacting,
tenperature to specific values and neasuring the
anthe duefiopbithec@sdctig.mat eri al renmpved fromthe
substrate by the SCCO2-based conposition at that
[GUIBET AtThe ewafeP shkBdt OBRAGM QB! ioRBImileNRE r@bﬂéfs@ist may be
'evel s may be determ ned for a specific S - based
%Rﬁpé%&l i QPhatficall) SowWmEat skRallyf %kih? EheSR@CHLbeBed composition
hotoresi st matefrial to be renoved.[0032] In |ike
: hit ot her than tenperature

ﬁggqﬁtwgeFﬁ%ggﬁﬁgﬁl1@%@?h§#8g§ﬂbthermﬁse advant ageous
If(ﬁ%‘?Lt ' %Sc%)ﬂgltnﬁr’ %ﬁgﬂingrrfolala Ehv%lq/@s 5&&ilnhmﬁfﬂo(/\h .t@i&otnhpeosition

di ng F ?Fpegatn spheric pressure at X
ARl ST 0 RO Gl
t : : d/ le ch f .
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of the contacting. [0033] .The wafer surface containin
EAEAGHEA thepsping cep{*ﬂs? 8okt 45l BrECELLLang greintating
dynanicallé flow ng or statically soaking the

setey thezandth fevnprabinyeddspakipg) perind ofier surf ace

containing the photoresist. [0034] A "dynam c" i
tWBthct iThy teoweali proetsyes &awtticnladyisprefesed smbodient includes
composi tion

sequential processing steps including dynamic flow of the SCCO,-based composition
over the wafer surface containing the ion-implanted photoresist, followed by a static
soak of the wafer in the SCCO,-based composition, with the respective dynamic flow
and static soak steps being carried out alternatingly and repetitively, in a cycle of such
alternating steps.

[0036] For example, the dynamic flow/static soak steps may be carried out for four
successive cycles in the aforementioned illustrative embodiment, as including a
sequence of 2.5 min-10 min dynamic flow, 2.5 min-5 min high pressure static soak,

e.g., about 3000 psi to about 4500 psi, 2.5 min-10 min dynamic flow, and 2.5 min-10

min low pressure static soak, e.g., about 1500 psi to about 2900 psi. In a preferred



over the wafer surface, to maxim ze the nmass transfer

gradi ent and effect conplete renoval of the
w@bwsooe8i st fromthe surface. A "static soak"PCT/US2005/012301

contacting node involves_ contacting the wafer surface

oinbarimenss the SRIuERE FRBSIBY of %%méfb%’é%’i“t §loyw andy g min static soak at

mai nt ai ni ng contact therewith for a continued

W40 @Y. peri od of tine. [0035] The renoval process

in a particularly preferred enbodi nent includes.

{937lent Fallowing thesepnirgting efptbe iSEEQudaseg apypasitien ith wheopafer

t he SCCO2- based conposition over the wafer surface

soficaitn wafet thereifton prafqyhtin isorhshdlovitr expias pambwits of REF/algohol

a static soak of the wafer in the SCCO2-based

sEidSh tai first, washinp stepeto respeciny vesidiyhgedipitdiddobemivd] additives

static soak steps being carried out alternatingly and

fieRahé tgital of.thd Walr sureice irdfvhishi phrtiake tremonall hagbesh effscted, and

[ 0036] For exanple, the dynamc flow static soak steps

ARMIPRIE 86 i Canvhtsf FrpufOSCE SiH GCRESHIVRadhing| 8, tdreide any
af orenentioned illustrative enbodi nent, as including a

SRAHANHEth A0l Zarrd/oN FredkBitdldn I dldfiiveVfror BheMwafeP siifhce.

I gh pressure static soak, e.g., about 3000 psi to

%&g#%bdﬁgfmlgegsﬁﬁsed%or%miﬂg i&cud, dynamic flow, and 2.5

W pressure-stati ¢ soak, e.g., about 1500
BBl8 oM ortgr o e phcing” fbeht Ch AR RO O R Qe QG pased
SomRestioTn gt dRe pRevScere B et a-lnptriiteh A ffeleiine of
el enirpro s RONESSBRe Sefaf conol - sof uti on i
a first washing step, to renpove any residual

H088k pi Oacetorarlsfcaieh 3660DaE PRBINIHIMS areepplise 9rihe Haler

waf er surface in which particle renmpval has been

sirfase f@crontaplings Wit theyiongimplanterh Plpiresstdigrecs, gk suifgble elevated
SCF, in a second washing step, to renove any residual
mesdueasole.gantl or prpssutizedi centasting isbamba toapdlichi the sSE¢@rrpased
t he wafer surface.

composition is supplied at suitable volumetric rate and amount to effect the desired

contacting operation for removal of the ion-implanted photoresist from the wafer
surface.

[0040] It will be appreciated that specific contacting conditions for the SCCO,-
based compositions of the invention are readily determinable within the skill of the art,
based on the disclosure herein, and that the specific proportions of ingredients and
concentrations of ingredients in the SCCO,-based compositions of the invention may
be widely varied while achieving desired removal of the jon implanted photoresist from

the wafer surface.

10



Preferably, the SCF used for washing is SCCO2. [0038]
The co-sol vent/reduci ng agent conponent of the
wWEB00204585 ed corrpositi ons of the pr esent i NVenkCDIS1085/012301
readi ly fornul ated m xi n i ngredi ents,
0041] i The fpfugesnad vét@}s/'%@itgea REBe i lPréarﬁgmrStfvlbhshown by the
[0039] Once formul ated, such SCCO2-based conpositions
diustratiyp lekanplesglischesedibg] 8V surface for contacting with
the ion-inplanted photoresist thereon, at suitable
€10d2ht e Thpsasplarvedsrs examined quoﬂc@smnez&&&@np@@uted rvgpfers
chanber to which the SCCO2-based conposition is
banipd DEDV htghsiosd adnHenplentednpitotaresist dtyersatheleamd Matiowsochemical
effect the desired contacting operation for renoval of
tdiditiveonad nipdcaibéde dephptvorre idddd fo drn SGEOwaAied @xpbsitien and
[0040] It will be appreciated that specific contacting

pldickiesibto fnovelr effltenSCEuatbd s €TheC GampREdtire asTsthef SCHO,-based
Invention are readily determnable within the skill of

ERBp&ftion WRSEREARRed he708C IRbOSHINLhBSERIVAL exRAmERAL FhIying

specific proportions of ingredients and concentrations

Pl ST SRR M I Rgetict
CPD Q SE%fTOé gic%‘rgﬁ)lr]e%ﬁg Ql# 1%§1§€agtssglg§ 'aﬁé{oJ ér%%ﬁggd ?hemlcal
. | |
sPedh ’i%@‘iﬁ%gegs&g%é?% urf%bézﬁs sedbed rbbdiier o °
t d f
ﬁqge%w?%%] P63 %e B! a%ﬁ%f éﬁ%ﬁ%%f%@?%f%&%?%ofa
reon. Various cheni cal additives, as described
H@PQIWVIQA@KEUXQI high-doge pﬁémympm@réﬁst@swomrwaé%
hot oresi st renoval efficiency evaluated. The

Wrpler afigues Dis anfnptishampeend dagrespapding pestplegiied sample, which

mai nt ai ned at 700C t hroughout the renoval experinents.
Po$ [cteangdgof photoresist by contact of the photoresist-bearing substrate with a

cleaning composition of SCCO2/IPA/formic acid, at 70°C and 3000 psi. As observed
in Figure 2, the photoresist was completely removed under these conditions. It can be
concluded that alcohols plus reducing agents are effective for high-dose ion-implanted
photoresist removal.

[0045]  The above-described photographs thus evidence the efficacy of SCCO;-
based compositions in accordance with the invention, for removal of ion-implanted
photoresist from wafer surfaces.

[0046]  The following formulation resulted in substantial removal of ion-implanted
photoresist from the patterned Si/SiO, surface. “Substantial removal” is defined as

greater than about 98% removal of the photoresist from the semiconductor device, as

11



| ayer renoval, the wafers were thoroughly rinsed with
copi ous anounts of SCCQ2/I1PA and pure SCCQ2 in order

W@ 200580882 any residual sol vent and/or preci piPGt/HSIz005/012301
%f' mcal1 addi.tives. The relsqults are shovvn in Fig

Tmipg B&@B?%@acrﬁ%m riehis ipecfigsoumijo W%yowremoval of the

SpeCIfI C exa I e re 1 is an optical mcroscope
iRt fw&rﬁﬁli& Wes ghﬁieme@tn liaugas ith? ginugrs 96 70°C and 3000 psi.
i on-inpl anted phot oresi st-bearing control wafer.
[0044] Figure 2 is an optical inmage of a corresponding
post - cl anple. which was cl eaned of photoresi st
by cont géempdnenthe phot or esi st - bear i ngWsighiStef@he W th a
cl eani ngfopmigpedi(9dwn of SCCO2/ I PA/ T or m cqgg! d, af 7Q0C
and Sooqsmbpylago&merved I'n Frgure Z, Thyg phot oresi st

\Q/as COIT'[JS@@' Yy enoved uUnder these COHUI 93 &)llb can

e conc
St R el SR A O BB B e
g cﬁﬁ:ng eétp Cre t&I %8 ylllustraF ive emb?cgple?té rﬁ%\}g%) ?%:e}lglo%n slt Wnll be

corda ce VVI Inventi on

AR S
renoval nt ed pgotoresmt fromt

FatTEPTEY n%’i“?@f‘b?%h PIPSESE. atéf?ﬁ?ﬂlgrﬁl?bélﬂm}eéﬁovéworql%glya the

Eflng afge( eg}ﬁtﬁr t han about 98% renpval of the

GIRURD PEIERLET S tm e ikeided dp G ctosesrgadipgly broadly construed, as

asdet erm ned by optical mcroscopy. In this specific
grdriich aspenss feafrsand embediments ryvithirpihein spitit and scope.

phot oresi st was observed in all areas in 9 mnutes at

70Q0C and 3000 psi. Conponent Wi ght Percent formc

acid (96% 0.60 isopropyl alcohol 6.0 SCCO2 93.4

12



[0047] Accordingly, while the invention has been
described herein in reference to specific aspects,

w0 e@bne482 and il lustrative enbodi nents of the PCT/US2005/012301
invention, it will be appreciated that the utility of
the invention is not thﬂ&ﬂﬁghéﬂﬂﬁ but rather extends
to and enconpasses nunerous ot her aspects, features
and enbodi nents. Accordingly, the clains hereafter set
forth are intended to be correspondi ngly broadly
c\What s glaitnedhis: i ncl udi ng al | such aspects, features and
enbodi nents, within their spirit and scope. THE CLAI M5
Vhat i4s igi-mpleded photdresidk feorovalngnapuisition,p b s itsapi it least one
renoval conposition, conprising at |east one
super eupetdritiahl flhidi @CEHGEE)lcasBbnd easslvameanioatSRhy &Mt ,reducing
and at | east one reducing agent. 2. The renoval
conposggdnt.on of claim1, wherein the SCF conprises a
fluid selected fromthe group consisting of carbon
di oxi de, oxygen, argon, krypton, xenon, and ammoni a.

. The,renmpval conpasition of clajm.], erein the SCE .
?onpr T8 JBAPA SETUP STl S T priE e npoERisey R fluid
of claim1l, wherein the co-solvent conprises at |east
one cielested fimdhe gxgup epnsistiagal) earbonodigeds. txgeeno prsen. ditkiton,
1, wherein the co-solvent conprises isopropanol (IPA)

6. ThESHOBnBWAMEMNAosi tion of claim1l, wherein the
reduci ng agent conprises at | east one of form c acid,
hydr ogen gas, formal dehyde, formalin, boranes,

di bor e TemavHl N@mpb@id bZ @ehiR O, 3NRSrein AL RIS taRp1ided ®rbon
al anes, and tetraal kyl

dioxide.

4. The removal composition of claim 1, wherein the co-solvent comprises at least

one C1-Cg alcohol.

5. The removal composition of claim 1, wherein the co-solvent comprises
isopropanol (IPA).
6. The removal composition of claim 1, wherein the reducing agent comprises at

least one of formic acid, hydrogen gas, formaldehyde, formalin, boranes,
diboranes, amine stabilized boranes, amine stabilized alanes, and tetraalkyl

amines of BH, and AlHj,.

7. The removal composition of claim 6, wherein the reducing agent comprises

formic acid.

13



amnes OBH4 and AIH . 7. The renoval conposition of
claim6, wherein the reducing agent conprises formc
wW@eiod/1868The renoval conposition of claiml, wWher/E52005/012301
t he SCF-based renoval conposition conprises about 60.0
W % tlde arssnvalo gompaegition g&mlalﬁbdutwmlm the 86T-basgBotemoval
30.0 wt % co-solvent, and about 0.01 vt %to about 5.0
W % rcempesiting cagwrises abews €0.00vt % baeattout 2.0 weVg¥EF, @boit16.0 wt
conposition. 9. The renoval conposition of claimS8,
wher ei”h t¢ abouBCR.(cwtré coedvarr donabdiof0tevt %0o abbet 5.0 wt %
renmoval conposition of claima8, wherein the co-sol vent
conpr irgisingtigdne dated on eheGbtalheightkd il compdsitidhe r enoval
conposition of claim@8, wherein the reduci ng agent
conprises at | east one of formc acid, hydrogen gas,
foor ma f L es, .dl hor ane am ne
sggabi hﬁggéﬁg%arl an é{sﬁ,% ng% N g%i ab?’l fvigéergma gn%cslf “gRgrses carbon
tetraghg%k ami nes OBH4 and Al H4. 12. A nethod of
renovi ng 1on-inplanted photoresist froma substrate
havi ng sane thereon, said nmethod conprising contacting
the substrate having the ioninplanted photoresi st
tlBer edhe winidvabhernBCFitiasdaiondpdsrdii tre cosniventsiomgrisds at least
| east one SCF, at | east one co-solvent, and at [ east
one reokICi-Ogalagmht, for sufficient tinme and under
sufficient contacting conditions to renove the
i oni npl anted photoresist fromthe substrate. 13. The

t ho f claim12 ..wh in the SCF comprises a fluid
T8 cornf ool dabrogridt Sathy boPhorgh (i Bl Aegft Sarthfos a
oxyge[]e,,dsta(r) orgf fci)(r%g ta(c)fgii h’§§r%§é‘ﬁ ggsr,] dformaldehyde, formalin, boranes,

diboranes, amine stabilized boranes, amine stabilized alanes, and tetraalkyl

amines of BH, and AlHj,.

12. A method of removing ion-implanted photoresist from a substrate having same
thereon, said method comprising contacting the substrate having the ion-
implanted photoresist thereon with an SCF-based composition comprising at
least one SCF, at least one co-soivent, and at least one reducing agent, for
sufficient time and under sufficient contacting conditions to remove the ion-

implanted photoresist from the substrate.

13. The method of claim 12, wherein the SCF comprises a fluid selected from the
group consisting of carbon dioxide, oxygen, argon, krypton, xenon, and

ammonia.

14



amoni a. 14. The nethod of claim 12, wherein the SCF

conpri ses carbon dioxide. 15. The nethod of claim 12,
wob@sai4s81 he contacti ng condi ti ons conprise prESEUSEOH/02301

a range of from about 1500 to about 4500 psi. 16.

The néhtodthod ofdlaimnh21 phergiid Qa$(ﬁF empriseosartwodiaoxddet | ne

is in a range of fromabout 1 mnutes to about 20

m nutes. 17. The nmethod of claim 12, wherein the

QQ SOITNEREHEP BPLAIRED, FherbBARE cAARRLiLS co@dﬁbﬁsoéb%lprlselﬁessure in
The method of claim 12, wherein the co-sol vent

Conpm,h %e bER ﬁ%ﬂ&f?ﬁ?&oo(r#s%)abo&%odr met hod of claim

I'n t e reduci ng agent ri ses at | east one
of formc acid, hydrogen gas, fornaldehyde, formalin,
bor anes, dlboranes am ne stabilized boranes, am ne
dbabi IThe awther 0f «kaim il viheteimeid gontantips deos i rgpge of from
Al H4. 20. The method of claim 12, wherein the reducing
agent abauhpniigges to ebpqvi 20 maiuges. 21. The met hod of claim
12, wherein the SCF-based conposition conprises about
60.0 wt %to about 90.0 wt % SCF, about 10.0 Wt %to

qbout TﬁQ nfetholl o%féﬁﬁ Qb V&RtreinaRd c@-?&%tnt 90191%115% at/ibﬁs@ one C;-Cg

about 5.0 wt 9% reduci ng agent, based he t ot al

wei ght; gﬁ the conposition. 22. The nmethod of claim12,
mhereln the contacting step conprises a cycle
including (i) dynamic flow contacting of the SCF-based
conmposition with the substrate having the

i18n- | pt mathed opHemoewherein thap-galvent eomprises isapepang) (IPA).
contacti ngof the SCF-based conposition with the
substrate having the ion-inplanted photoresi st

tiber eqpe nlihod bR Slafi® i NAGhepdin ﬂle@‘eﬂﬂc?r?ga agdhedoRipRiscya tast one of

cycl e conprises alternatingly and
formic acid, hydrogen gas, formaldehyde, formalin, boranes, diboranes, amine

stabilized boranes, amine stabilized alanes, and tetraalkyl amines of BH4 and

AlH,.
20.  The method of claim 12, wherein the reducing agent comprises formic acid.

21.  The method of claim 12, wherein the SCF-based composition comprises about
60.0 wt % to about 90.0 wt % SCF, about 10.0 wt % to about 30.0 wt % co-
solvent, and about 0.01 wt % to about 5.0 wt % reducing agent, based on the

total weight of the composition.

22.  The method of claim 12, wherein the contacting step comprises a cycle
including (i) dynamic flow contacting of the SCF-based composition with the

substrate having the ion-implanted photoresist, and (ii) static soaking contacting
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repetitively carrying out dynamc flow contacting (i)

and static soaking contacting (ii) of the substrate
whaosngieshe i on-i npl anted phot oresi st ther eon. PREUSZh#&012301

met hod of claim 12, further conprising washing the

subst 1htte S&F-basqdeeguanpsigion itk ithet pubstraie hiavipg ahe deh-implanted

phot or esi st has been renoved, with a SCF/i sopropano

wat er phefetesisidhereéron in a first washing step, and with

a SCF in a second washing step, to renove residua

preci pitated chem cal additives in said first washing

si3ep, TBBAndtRod SPRNYEm! £85I QH@}ainpaagf ic?&l& Hofri f!gemegﬁltingly and

addi ti ves and/or residual alco n sal d secon

was hi &t : hﬁumﬁhg l.ai.m..24, .wherein.the,.
SCF coms ey ofityind s TEAA Hol LBhiRE: 154 dlic Saling
wher ei : t i 1L,oNs conpr | e ature
I P O B e o Rk RS TR Bl e e
nmet hod of claim 12, wherein the photoresist was
exposed to a hi gh-dose ion-inplantation process,
wher eiThe migthoth pfiHaito ke fiirthar ¢ompiriaing atasling thatebsirstegat @atgion at
than 1 x 1015 at ons/cn®.
which the ion-implanted photoresist has been removed, with a SCF/isopropanol
water wash solution in a first washing step, and with a SCF in a second washing
step, to remove residual precipitated chemical additives in said first washing

step, and to remove residual precipitated chemical additives and/or residual

alcohol in said second washing step.
25.  The method of claim 24, wherein the SCF comprises SCCO,.

26.  The method of claim 12, wherein the contacting conditions comprise

temperature in a range of from about 50°C to about 90°C.

27.  The method of claim 12, wherein the photoresist was exposed to a high-dose
ion-implantation process, wherein the high-dose ion implantation rate is greater

than 1 x 10" atoms/cm>.
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