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conpositions useful for the renoval of bul k and

i on-inpl anted phot oresi st and/or post-etch residue

fromthe surface of mcroel ectronic devices, and
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10003] Unfortunately, when high doses of ions (e.g., doses greater than about 1 x 10"
ions/cm?) are implanted in the desired layer, they are also implanted throughout the photoresist
layer, particularly the exposed surface of the photoresist, which becomes physically and
chemically rigid. The rigid ion-implanted photoresist layer, also referred to as the carbonized
region or “crust,” has proven difficult to remove.

[0004] As such, additional, complicated, time consuming and costly processes have been
required to remove the ion-implanted photoresist layer because of the resulting low hydrogen
concentration of the carbonized region.

[0005] Presently, the removal of the ion-implanted photoresist and other contaminants is

usually performed by a plasma etch method followed by a multi-step wet strip process,



concentration of the carboni zed regi on. [0005]
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performed by a plasma etch nethod foll owed by a

multi-step wet strip process,typically using
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SCFs are highly non-polar and as such, many species are not adequately solubilized therein.

[0007] Recently, supercritical carbon dioxide (SCCO,) compositions containing co-
solvents have been used to enhance bulk photoresist and ion-implanted resist removal from
Si/Si0, regions of both blanketed and patterned wafers. However, compositions containing
only SCCO, and co-solvents have proven to be incapable of removing 100% of the ion-

implanted resist from the wafer surface.



[0007] Recently, supercritical carbon dioxide (SCCOR)
conposi tions containing cosol vents have been used to
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ion-implanted photoresist and/or” post-etch residue without substantially over-etching the

underlying silicon-containing layer(s).

SUMMARY OF THE INVENTION

[0011] The present invention relates to compositions useful for the removal of bulk and
ion-implanted photoresist and/or post-etch residue from the surface of densely patterned
microelectronic devices, and methods of using said compositions for removal of same.

[0012] In one aspect, the invention relates to a removal composition, comprising at least

one co-solvent, at least one chelating agent, optionally at least one ion pairing agent, and
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mat eri al thereon. [0014] In a further aspect,
impjasteel ipheforesist apdier Rog-eich fesidye matgrial rﬁ@mmﬁ&eﬁﬁﬁ%w éiﬁwace having
|on|nplanted phot oresi st and/ or post-etch
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material from’the mcroelectronic device, wherein t
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at | east one chel'ating agent, optiona %Iy at | east one
is@fctRl ol d}ef@eaRInbodA&ht, B trdn@RralcbyipRitioh B@Bér iRMGes a dense fluid.
surfactant. In a preferred enbodi nent, the renova
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having said material thereon, said method comprising contacting the microelectronic device
with an removal composition for sufficient time to at least partially remove said material from
the microelectronic device, wherein said removal composition comprises at least one removal
concentrate and at least one dense fluid and said removal concentrate comprises at least one co-
solvent, at least one chelating agent, optionally at least one ion pairing agent, and optionally at
least one surfactant.

[0016] In yet another aspect, the present invention relates to a method of manufacturing a
microelectronic device, said method comprising contacting the microelectronic device with a

removal composition for sufficient time to at least partially remove bulk and ion-implanted
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material froma mcroel ectroni c device having said
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the mcroelectronic device with an renoval conposition

for sufficient tine to at |east partially renove said
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conposi tion further includes a dense fluid. [0017]
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Pfrfcﬁf%ﬁﬁl (1:520eq ia&éte@@coﬂ{posﬁ&g@t 50k@019] Figure 2 is an

['ustration of the selectivity of TEOCS and thernal
Qo6 eFibkD 936 )n fiRbtAkbNVST theQelBtRfKorEARRATkIlZ ok B} relatvSOMBlack

and polysilicon, followng i mersion of each in a 1
Wiad¥%n@y (B NBdrinf dxille 3T hdxNar@tpblybilica ebiliiwen gCitiRasRintoll edth at a 1
500C. [0020] Figure 3 is an illustration of the
sel%etivthylarhiye/BF (ITRG@Svaerdospdsitionnt SAIG ri de rel ative to

Bl ack Dianond 2 (BD2), thermal oxide (Thox) and ‘
B9 IisFiire 6 s an fllybtiation efghe selaetivity S TEQS agdbdlipon pitrigle gelative to Black

Diamond 2 (BD2), thermal oxide (Thox) and polysilicon, following immersion of each in a 1

w/v% pyridine/HF (3:1) in water composition at 50°C.

[0022] Figure 5A is a scanning electron micrograph (60° angle view) of a densely patterned
substrate having ion-implanted photoresist thereon before processing.

[0023] Figure 5B is a scanning electron micrograph (60° angle view) of the densely patterned
substrate of Figure 5A after processing with the dense fluid removal‘composition of the present
mvention.

DETAILED DESCRIPTION OF THE INVENTION, AND _PREFERRED
EMBODIMENTS THEREOF




wv%triethylamne/HF (1:1) in water conposition at
500C. [0021] Figure 4 is an illustration of the
weeb®citisazity of TECS and silicon nitride rel at PCE/US2006/014407
Bl ack Di anond 2 (BD2), thermal oxide (Thox) and
polysilicon, following imersion of each ina 1l wv%
pyridine/HF (3:1) in water conposition at 500C. [0022]
Fo0g4)r Ehdprefchit Mvatianiy Mgede bie @er diftoldre bH gorafokitidnd Ghangd Righly
view) of a densely patterned substrate having
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conpositions that selectively renove ion-inplanted
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[0025] "Bul k photoresist," as used herein, corresponds
tapd payew seice/diain tsaiopseriotolitbeamarbicillytpresinced lifpthe photoresist. Preferably,
m croel ectroni c device surface, specifically bel ow

arflarssly nafsragdanicroplectione dpviss- SORpPoINE driogsHaying e WP nm features,
cruys 0026] . " Densel terned," as defined herein,
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fegiak bk 88 top Bndthe sidvallyBr tHOPRstSibst, RAd LI8MAEEh the smaller lines and holes
n1croe|ec?ron|c devices are nore difficult to clean
tihvaste laBgigRged or non-densely patterned photoresi st
because there is

[0027] As used herein, “underlying silicon-containing” layer corresponds to the layer(s)

underlying the bulk and/or the ion-implanted photoresist including: silicon; silicon oxide;
silicon nitride; gate oxides (e.g., thermally or chemically grown SiO,); hard mask; and low-k
silicon-containing materials. = As defined herein, “low-k silicon-containing material”
corresponds to any material used as a dielectric material in a layered microelectronic device,
wherein the material has a dielectric constant less than about 3.5. Preferably, the low-k
- dielectric materials include low-polarity materials such as silicon-containing organic polymers,
silicon-containing hybrid organic/inorganic materials, organosilicate glass (0SG), TEOS,
fluorinated silicate glass (FSG), silicon dioxide, and carbon-doped oxide (CDO) glass. It is to
be appreciated that the low-k dielectric materials may have varying densities and varying

porosities.



nore photoresist crust to renove, i.e., a higher
surface area because the ion inplantation crust forns
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cleaning in the smaller lines and holes is nore
chal I engi ng. [0027] As used herein, "underlying
silicon-containing” |ayer corresponds to the [ayer(s)
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andlos belaw ehet brittoalwpressure nespeiaied Wb Kt Brvbculer solvent. - Preferably, the
m croel ectronic device or mcroel ectronic assenbly.
@@@@9¥ﬂW@éﬁ§F§ﬂF%ﬁﬂ?hm%EfM§€H3ﬁ%?@in, corresponds to a
supercritical fluid or a subcritjcal fluid. Th N
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[0031] As defined herein, “post-etch residue” corresponds to material remaining following

gas-phase plasma etching processes, e.g., BEOL dual damascene processing. The post-etch
residue may be organic, organometallic, organosilicic, or inorganic in nature, for example,
silicon-containing material, carbon-based organic material, and etch gas residue including, but
not limited to, oxygen and fluorine.

[0032] As used herein, “about” is intended to correspond to £ 5 % of the stated value.

[0033] As used herein, “suitability” for removing bulk and ion-implanted photoresist and/or
post-etch residue material from a microelectronic device having said material thereon

corresponds to at least partial removal of said material from the microelectronic device.



"subcritical fluid" describes a solvent in the
subcritical state, i.e., belowthe critica
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associated with that particular solvent. Preferably,
the subcritical fluid is a high pressure Iiquid of
varying density. [0030] As defined herein,
plieﬁe%ﬁ/t %'ﬂetaét@b ({yofqmeﬁlat@ﬁa@ RirBE0ved B 8S ROA6Sechehigdet ading the
out 1 renmoval , nore preferably greater than
cé&%blﬁon@o/d’frtﬁ‘é'rﬁl‘é&ltmn améke NPStralfly ef eaghdsy, of drtaterighagmd most
about 2% renoval, of the adjacent underlying
pﬁﬁh%@@ﬂh&ﬂﬂ%ﬁﬁﬂwﬁ@miﬂysE@&Wﬂf0||OMAng cont act,
according to the process of the invention, of the
[0084TOM@brtamaypigesdehsedimidodontphsitiang pithe PrevnbirYeptiqnygust possess good
m cr oel ectroni ¢ devi ce having said underl yi ng Ia%
nfe@D@shipatibdlityl efei, Adel Bk wteon ﬂ‘ﬁ‘o’é&‘%tﬁl é’@e&lﬁ ¢f ddprg welude, but are not

corresponds to material renai olloinﬂ% gas- phase
lippitekiveeoRRes ARERFRO @E?@@?mntmﬁamn’ Y3 Hescene

ocessing. . The post-etch residue e 1,64 neoligible
[&36](33%%?? Qf ft? E’eadl rraaé,ﬁg tluﬁefl gl?ara}c%r andn%%aclﬁ f %x%g aftd gligibl

I norgani c nat ur e,

eawgﬂ?nga[f%&eicfé,rsu%ﬁrcr& 00 agr&?'lt (ﬁé){qﬁerﬂﬁ?d@ E rtﬂe%k‘efen%@ E)l}ib@Qde

as residue i ncluding, but
acglcelolf ﬂb ﬁrg%nttn%ent%y gedoad G it{réég‘;e' rEent k9 @30} al ASmi¢seBctronic
PRET I's Intended to correspond to 5 % of
dfeh@e Béisec@ntmhﬁﬁs sihQ0SR}0,Aas ths elhrdefigicnof Bogd n@m dnidtayghs.
for renDV|ng bul k and i on- i npl ant ed photoresist and/or
1RRSE Rl & Riffiesi repidly, ek advi alscdsityo mea-zerd oot eapsipp and penetrates
device having said material thereon corresponds to at
dagi@rsihto [diadpt treathes embviad. bike gdiquidnighes M# floy GrRabiily as a “wash
m croel ectroni c device. Preferably, st. 90 %.0 ¢
roduimuedGEIQ, &bs 4 densirrovadiatly BrAgeRE S?PF@F &Bﬁ? %&‘{ hag ﬁ‘recadva“tage ©
devi ce using the conpositions of t nvention, nore

hingresy Gebloy thesy mipigizine wrsty;sigrast #d dﬁ%‘tsarf?qéﬂreme&ﬁd most
|F]r ef ersfae? aé(‘éiﬂzﬁigtang %c%fgntesggee?t Or ge r%lmva ‘Bf Bﬁmggaqve and

Ul d conpositions ©

the present inve d

]?f)a%egtofl%fefliﬂf contragt eng%c&%% lag F:(%iztagﬁ) %le{{ﬁge %rf%l?%: (ARC) any

1J>)/E 1irrell lgntegiphé)t&'és@srt %Eaukengl é&g%r%aﬁyﬁn Sife. NAbwdverThéa@ 9CTCO, has not
pp ungst en, cobal t um num tantalum titanium

ﬁrg% rtéjﬁg‘ﬁﬁkﬁéﬁhﬂ}[ &'@:&5& RAGAISELsobbilizhg sdiematbdia)s. Furthermore, the
ufactured character and its lack of toxicity and

AR 6t dPoRr @BsIvERBIRS k2, aledhbBab Bie SEUPLrEnt substahtiabpimtypenyed
di oxi de (SCC2) is the preferred phase in the broad
the solubility of the materials in the SCCO, composition. Accordingly, there is a continuing

need to modify the SCCO, composition to enhance the removal of ion-implanted photoresist
and other materials from the microelectronic device surface.

[0037] The present invention overcomes the disadvantages associated with the non-
polarity of SCCO, by appropriate formulation of removal compositions including SCCO, and
other additives as bereinafter more fully described, and the accompanying discovery that
removing bulk and jon-implanted photoresist and/or post-etch residue from densely patterned

microelectronic devices with said removal medium is highly effective and does not



practice of the present invention. SCCO2 is an

attractive reagent for renoval of mcroel ectronic
wdevietie3qar ocess cont am nants, since SCCO2 has POE/US2006/014407

characteristics of both a liquid and a gas. Like a

gas, it diffuses rapidly, has |low viscosity, near-zero

surface tension, and penetrates easily into deep

tubstathRy odidtcl i tas undeiliigy élidohQotitdning layQr@&$ atdllhnktaflit Giterconnect

capability as a "wash" nedium SCCO2 has a density

ootepds.abl e to organic solvents and al so has the

advant age of being recyclable, thus m nim zing waste

$108¥lage Camdositiospolstk inverfioh meavehst suboflied 863 Wlistveriely lof ypecific

SCC2 is an attractive rea%ent for the renoval of bul k

fagaletiops aabraeipndien mare Blly dsaedsi st s, cont r ast

enhancenen yers nti-r flectlve coatings ..

Mﬁe‘&) aﬂ%l ]téHC %&RO@% “ﬁﬁ{?t“o%’é% %mePBE“é%fu%feﬂ?eaF‘rn%af@n are

? Sg.\s d dn §e ?r?ncg Iltloe?,]v?1§ht Ichn etgFlran €S mé% 8erro Sl,(g oeg 1 rt w111 be

{
%ﬁ‘deﬁto%mh%{ éu@i} SEAMS &y Bo rgs'e?]tongs"é]r?%l x';ah&ﬁ é%{%@ ﬁ éd%ents of

co- sol vent e.g., as not

%Q%ﬁd@hb@'ahd/thhtﬁ@fn%&{%gs &1{.1.1% 8@ deRbbrehtY ar brelcR€ thEPhSY teitrdtent

in the SCCO2 conposition. Accordingly, there is a

GJdhdeRititioh &8 BRehs 001 RBGhtfp¥rctd®aRE e ot Peightlof B8 cdngposition in

enhance the renoval of ion-inplanted photoresist and

ohitk suchabmponedtsard anginytdaie mi cr oel ect roni ¢ devi ce

surface. [0037] The present invention overcones the

9033 dircome asped. thesigrsniicatrelefesip v hiavif eemous gorpesifienusefil iISROORing

by appropriate formul ati on of renoval conp05|t|ons
E‘d‘i’fﬁsg“ decioplagisdiregttae/ onpRyt-¢teh Aetddug gnatsel diom rpigioelectronic

escribed, and the acco dlscover
Vé%e TR ﬁ@eﬂmﬁl ﬁm%ﬁﬁ%wqrﬁw PR e ?@gﬁpgs(es a ast one

Py AR AP B il

ht%lﬂﬁr ‘?‘iefaﬁ Ghd it %{i&g 8{%9e%§m'119et 1%11'(%}1 L.%éd 9% gmé toeh Glight of

derT ying si n contalnlng
MRtcBhpdstioh:Nt €r connect materi al s. [0038] Conposi tions
of the invention may be enbodied in a wi de variety of

speci fic forifh,alechiQRS, as Ner el nal §af, WiRhE€ TUl Ty
described. [QERLT T al I SUCH COROOR), Td a060¢ 99 Jaer ei n
speci fic conpPRERLEnPT [ NE CONDRTHHIRH ok 264sCussed
in referencEl Q. GO% PET Cent ageykdidm00%c Uding a
zero |ower TGy it Wil be 0% to about 20.0%

[0036] In one aspect, the range of mole ratios of co-solvent(s) relative to chelating agent(s)
in the liquid removal composition is about 10:1 to about 3500:1, more preferably about 100:1
to about 1000:1; the range of mole ratios of co-solvent(s) relative to surfactant(s) (when
present) is about 300:1 to about 7000:1, more preferably about 300:1 to about 1000:1; and the
range of mole ratios of co-solvent(s) relative to Aion~pairing(s) (when present) is about 300:1 to
about 7000:1, more preferably about 300:1 to about 1000:1.

[0037] In the broad practice of the invention, the liquid removal composition may comprise,

consist of, or consist essentially of at least one co-solvent, at least one chelating agent,



under stood that such conponents may be present or
absent in various specific enbodi nents of the
woaopassdion, and that in instances where sSuchPCT/US2006/014407
conponents are present, they nmay be present at
concentrations as |low as 0.01 wei ght percent, based on
the total weight of the conposition in which such
SHAFRONRMaS caé RnaPhYRak, arldQPBinhilyl a0 leayd Oncsiffeidnt. Inlgeneral, the
invention relates to a liquid renoval conposition
dapsdificuipropantiche And/ kmgunits bik coplobytfsp Shaddting iagent(E)btinntleidn-pairing
resist, and/or post-etch residue material froma '
TG eddeptiomahiuctaden(s)s @, el t9 ¢aglypther messbe avitably iyyisd it preyide
according to one enbodi ment conprises at |east one
o desised sameval aetion afbitbe ligHdreainedl senogitionfon fhe byjtang jgpplanted
at least one ion-pairi ng reageent, and o {i onal.la¥ at.. . .
photoecpisiopst-<ieh Tesidiie-Anl/or pPesE g Th & Rt SRiFTg Pl g, the
on the total i ght of the conposition:
g‘ﬁﬁ%ﬂﬁéﬁﬁv‘t ‘f“tl%ﬁie %O:Irvtght co-sol vent about 0.01%to
t [ lL.at i . 0 .
A e R e S G e
ARBHhLe B0k QHpthRARE lonliRpIAN& RSIRE Sld/or tH3&-efcBNEGdRT mATHE from a
rati os of co-solvent(s) relative to chelating agent(s)
R rdelR@robic Hélide, VAHYRWA kaid QEHRO il i réfovials cadip@sition] fhcllides Qhe liquid
about 3500: 1, nore preferably about 100:1 to about
00 Tomjdaition, airg econdentmand, end dénis® €0af preforalsip | SCEIL( rysent in the
relative to surfactant(s) (when present) is about
BUOwitg tangeabaigd o7 0O Btal weighyobthpeaaesitionl y about 300:1 to
about 1000:1; and the range of nnle ratios of
co- sol vent (sympostmpf v i on-pai 1’ izht
present) isdeieG, 300: 1 to abehent 4300 F0 dboutRPIe
preferabl y dibgdten®90cdmy. o abowaboul QT tojaboitgd68%] [ n t he
broad practice of the invention, the liquid renoval
glggggf?’iti on may conprise, consist of, or consist
ssentially of at |east one co-solvent, at |east one
chel ating agEloBRGEONal Ty at T easy ,PReghton- pai ri ng
agent, and YUILPRA Ty At T eas,008s Gt A68d0%: 11
general, T oV AT Comp. OPOT UT IHT 1 abP P dop  OT
co-sol vent (sy—cttetatTng agent(s), optional
i on-pairing . .
[0039] In the broad practice of the invention, the dense fluid removal composition may

‘comprise, consist of, or consist essentially of dense CO,, at least one co-solvent, at least one
chelating agent, optionally at least one ion-pairing agent, and optionally at least one surfactant.
In general, the specific proportions and amounts of SCCO,, co-solvent(s), chelating agent(s),
optional ion-pairing agent(s), and optional surfactant(s), in relation to each other may be
suitably varied to provide the desired removal action of the dense fluid removal composition
for the bulk and ion-implanted photox;esist, post-etch residue, and/or processing equipment, as
readily determinable within the skill of the art without undue effort.

[0040] In one aspect, the range of mole ratios of liquid removal composition relative to
SCCO, in the dense fluid removal composition is about 1:200 to about 1:4, more preferably

about 1:100 to about 1:6.
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agent (s), and optional surfactant(s), in relation to

each other may be suitably varied to provide the
wdesieriesb2t enoval action of the liquid renoval PCT/US2006/014407

conposition for the bulk and ion-inplanted

phot oresi st, post-etch residue, and/or processing

equi pnent, as readily determ nable within the skill of

fob£yy ar t chisdratdpediddikuled e rdmovhIQRBR]sitibis @mRBtiMention may be of

aspect, the invention relates to a dense fluid renoval

agrpiebiettypenintisdig dicohals, rmitiesy ketgnekyLekthrs pHvo tihusegive species include,

ion-inplanted resist, and/or post-etch residue

et tager io@ bimfiedotn wiateri metbanok cthangh | igpprdeanok end highsr elcehols fingluding

dense fluid renoval conposition includes the |iquid

dielyoiial, dehpbertN-alkylpyrodidoney el wrinygelidonesngicly %ﬁ@e&&z N-

preferably SCCO2, present. in the foll ow ng ranges,

Beide T iPleRY- PHTAAdoNgE| Sg‘ﬂ‘iﬂalt?f ethila2¢eBitp 61@"?11579 éﬁﬂ?lg‘%’ btanched or

SOBOREDL, Py RS0 % ARG 5 00 8 g
g{.)rﬁlgﬁ?g alaln}f) o-ﬁ?o'%%é%e %g%naﬁ%a%%}{n%e%ggﬁ, tglﬁa'}@ ofﬁ% tcﬁ'll%gé",txylene,

0 abo conp. about 1%to

@}Q‘fbﬂ&xa&é'a e%nL,O&lg}gi}le, Idﬁnétl*f'ﬁ Mepﬁiﬁﬁﬁlylﬁﬁbﬁﬁq (MSO), pyridine,

I'nventi on, the dense fluid renoval conposition may
GRINLIES, RaHEHS! Afcolsdl AN Thbiole SEB | adrtlitgl, Ohex§iE NGebitol,
CX2, at |east one co-solvent, at |east one chelating
a@edtthandpiineOhiayrblflaciine,|d@hedl adtive, ieamefiglend suljoregibieiliy] ethergethyl
optionally at |east one surfactant. In general, the
Hpre) dthyt bgprapoethylan glyendicumipirsinefy-B8QEGR one, butylene carbonate,
co-sol vent(s), chelating agent(s), optiona

etbplenpasartonge, age ptopgyne @rbdnatg tridomixtures fhereft afviethenol, water and
relation to each other may be suitably varied to

PMRA deespdsallersieredd renoval action of the dense fluid

B RS e b S TR S s
t?rﬂéé %\rf] ’(Pﬁ%ﬂ{“%g %%{Héprgge%tg&w?n&%mrgakVv\sfdesgkhlirltgrfgcpaﬁo%gs! l;etwe%rfl the
underlying silicon-containing layer and the crust, as well as attack the crust itself. Specifically,
the chelating Aagents form complexes with the dopant ions, ie., As, B, and P, in the ion-
implanted resist. Chelating agents useful in the compositions of the invention should not react
with the dense fluid, e.g., SCCO,, the co-solvent or the other reagents of the removal
composition. The chelating agents are preferably soluble in the dense fluid and can be of any
suitable type, including, for example, 1,1,1,5,5,5-hexafluoro-2,4-pentanedione (hfacH), 1,1,1-
trifluoro-2,4-pentanedione (tfacH), 2,2,6,6-tetramethyl-3,5-heptanedione (tmhdH),
acetylacetone (acacH), pyridine, 2-ethylpyridine, 2-methoxypyridine, 2-picoline, pyridine
derivatives, piperidine, piperazine, triethanolamine, diglycol amine, monoethanolamine,
pyrrole, isoxazole, 1,2,4-triazole, bipyridine, pyrimidine, pyrazine, pyridazine, quinoline,
isoquinoline, indole, imidazole, triethylamine, ammonia, oxalate, acetic acid, formic acid,
sulfuric acid, citric acid, phosphoric acid, butyl acetate, perfluorobutanesulfonyl fluoride,

pyrrolidinecarbodithiolate, diethyldithiocarbamate, trifluoroethyl dithiocarbamate,

11



[0040] In one aspect, the range of nole ratios of
liquid renoval conposition relative to SCCO2 in the
wdeonwaidd2ui d renoval conposition is about 1:200CT@S2006/014407
about 1:4, nore preferably about 1:100 to about
1: 6.[0041] Co-sol vent species useful in the renoval
conpositions of the invention may be of any suitable
RS ombthabintbiag, ahdaahalifonicantide mesokr-ginesapt@sdcRics acid, 2,3-
etc. Illustrative species include, but are not limted
tliterciyRd-Spropiredulfamio heid, @13 hiiinadaptot 1gqpangp.otthylbioed-thiaghiag, 1,3-
al cohols (including diols, triols, etc.), ethers,
Nithadldag) py sulfolanel o n e fyorofecaethiqhy r r b7 drifhieeycloranete, as 1.4.8,11-
N-net hyl -, Noctyl -, or N-phenyl- pyrraolidones,
tetrpthiatyaltetradseang | ac el 404 3-teipselepsecighsraderionint . br hhohel 21
or crcl ic), alkenes (straight, br anchg)d or c [

c lﬁl C}?B .

hegtriepachsloigifaceratced hYHPocar BOHES( i ncifdPhg pélrp RiiBpesphine,
- £ [ d ds), ' h .

Bt RIS RIER e iyl ohe DR oA BieR R Syiphosphine,

cet ' di met hyl f B . )
R A R el R
@ﬁﬁ&sﬁ)@ﬁt;ﬂdol"o‘ﬁhen bﬂﬁgéﬁh o]etgéht‘:,y ll,2°cﬁ'§t<§bﬂe9}lpho%ﬁ1@)éhmne, pyridine/HF
carbrtol, hexyl "carbitol, nonoethanol atnine, butyrol
L &e160 € pyrin T Okbordlx EpyriiRb/MBAE tdtyla etrsl b @IAE@HF  complex,
di et hyl ether, ethyl l|actate, ethyl benzoate, ethylene
tieytsRinine 4 x@mplex, pyorodthaelamipebilit yongleac tr@theyoldmiteyHie nemplex,
carbonate, ethylene carbonate, and propyl ene carbonate
arethyhiniceliores: dcidepapléx anfsethizmatipns thezeob rPreferablDBChelating agent is
especial ly preferred. [0042] Although not wi shing to
e predinedHibandiopighylaming/HF ¢orgpdexmed t hat the chel ati ng

IR L R T I

B Y R GR B s
l.ati J i . i

SOt 50 R IS, M0 BBk

Ghel Al i DY APRDL Sto USSEMdineRutlolBiAQNPRR! tdigRHdiRfocdiate  salt,
i nvention should nof react with the dense fluid, e.qg.,

SiHRDmeth AR 1 Bn 80k 8 Rt odethly NEBthRENRImatea Al BbSiudfiodid¥epotassium
renmoval conposition. The chel ating agents are

- proafi®s alosssaml uldhleriden thi@ densectfladindnamd edfribe agd, cetyl
any suitable type, including, for exanple,
ltgtlambth Parbménilne kalde Oregadgsytbypdiniparvbidiidem eetréthfytagisonium bromide,
1,1,1- trifluoro-2, 4-pentanedi one (tfacH),
Zioptylsulfrsucsinpty pally leﬁsfnsﬁfﬁéﬁﬁﬂ%%?%ﬂ@n 2pif FRiH) |

[0044] The removal compositions of the invention may further include a surfactant to assist in

the removal of the resist from the surface of the microelectronic device. Illustrative surfactants
include, but are not limited to, fluoroalkyl surfactants, ethoxylates of 2,4,7,9-Tetramethyl-5-
decyne-4,7-diol (e.g., Surfynol® 104), alkyl aryl polyethers (e.g., Triton® CF-21),
fluorosurfactants (e.g., Zonyl® TUR), dioctylsulfosuccinate salt, 2,3-dimercapto-1-
propanesulfonic acid salt, dodecylbenzenesulfonic acid, amphiphilic fluoropolymers,
dinonylphenyl polyoxyethylene, silicone or modified silicone polymers, acetylenic diols or

modified acetylenic diols, alkylammonium or modified alkylammonium salts, sodium dodecyl
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acetyl acetone (acacH), pyridine, 2-ethylpyridine,

2- met hoxypyri dine, 2-picoline, pyridine derivatives,
woipmriistizne, pi perazine, triethanol am ne, di gl pcoius2006/014407

am ne, nonoet hanol am ne, pyrrole, isoxazole,

1,2,4-triazole, bipyridine, pyrimdine, pyrazine,

pyri dazi ne, quinoline, isoquinoline, indole,

kuMaid aZR1og01-AT | @OTY! @afd NBuoriadi0 NindlogieX athadeet, alk@t i aumonium,

acid, formc acid, sulfuric acid, citric acid,

phfhspdpolyétiter aafackanty) Atsylfosacinbiatalis, phosphate-based surfactants, sulfur-based

per fl uor obut anesul fonyl fluori de,

pyfactaits, aidrresteactsael baskd prlaness, Pekifertlily thyistuifichatanditdenaneacetylenic

trifl uoroethyl

diot thoe 348 &rfﬁfa@lethﬂ §-lagpiedmeditlanesul f onat e,

met hanesul foni ¢ acid, neso-2, 3- dlner%%E osu00|n|c

f”d, Ir@enqﬁiln@? ?Pﬁﬁﬁﬁpffﬁ’%ﬁl%‘ﬁ gﬂgg{f{}l’% eg‘sé PR co- solvent, at least

s eghegmiondl o Brdinge Spameit roabash RS M oe
tsurfall é} etlxlﬁl 9oy e%%lpgtgec ag 'be 1ult%bl§ 'velri'ea to provide the desired solubilizing

hlacyc ote

%ctén ot 1113 'h(qﬁti aﬁcﬁflaﬁmﬁtlldﬁ%?(ﬁg @ERNBA ich- &p@nté&spl%?ore%éf and/or

hexasel enacycl ot etracosane, iodine, bromne, chlorine,

thdt pherYilRhe R NEASsed from the microelectronic device. In addition, the specific
di phenyl ( pent af | uor ophenyl ) phosphi ne,

piopdriies tualf drisomtophilaniyguid redwenlychppasiphiia.eoncentrate, and dense fluid in
tris(pentafl uorophenyl) phosphi ne,
trelatiof th- dathucthen plag iy Is)ifebly ypried heprodidethe desired solubilizing action of the
bi s[ bi s(pent af |l uor ophenyl ) phosphi no] et hane,
flerpe fid (@i%ﬂéﬁ%’?fﬁ@@ é‘m ‘;Uélt #drien-mpAnied phrioresist arkgs pest-etch
pyr.i di ne/ HO conp ridj e/HBr
mdléet tqy¢ ‘&WPYFQ/ﬁi%Fl tE%meré ctmf"m Bty Fﬂéﬁ% Sﬁ%fﬁ@fopi%‘&%|a’é%<m0“nts
ol.am ne/ HF. co nal.am
i&fg |Sgl}ﬁl%eé‘}’ %Wlﬁlgl e dslﬂgloogph]le %OdllF undue effort.
i na
@ﬂ?h A Et;%’t?%. SFER Tl Sk R Rl AR bress
[al%?cﬂ’%l)st Ach RQiHQJ‘m&Q&Hal %Iﬁ@nﬁ(goetléatr&x@c &%@’QS ot rrtelé}ﬁ%%’ llnhttmg in

i's assuned that the ion-pairing agents in the renoval
GRORES bdd RE8dedfihd R0 @S Bk ahdd V@NInpRIReBpiRdtsstst Al Godt@tch
and subsequently sol ubilize the dopant ion/chelating
agRInd maatipirax asy. substrhte St aitl evweatublyrbe@aicrainfigodleagecdesice.
include, but are not limted to,

1904310l | dh peedciiolyi fréferpddambodimertt of the present invention, the formulation
di et hyl di t hi ocarbamate salt, trifl| uoronethanesul fonate
grapludes the TR compenghts pietch ip tha foblarvine engas) asedion thydais! wisight of
i odi de,  potassi um brom de, potassium chloride, cetyl
W@F@Qﬁﬁ?ﬁ%lannonlun1su|fur|c aci d, cetyl

t et ranet hyl ams

chloride, t& sﬁf‘ anmoniL '
SCCO, about 80. O% to about 99.89%
co-solvent(s) about 0.1% to about 15.0%
chelating agent(s) about 0.01% to about 5.0%

[0044] Preferably, the dense fluid removal composition includes 98.95 wt. % SCCO,, 1

wt. % methanol and 0.05 wt. % pyridine/HF complex (1:1 mole ratio).
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di octyl sul fosuccinate salt, and

2, 3-di nercapto-I|-propanesul fonic acid salt. [0044] The
woeomviaeeconposi tions of the invention may fur POBUS2006/014407

include a surfactant to assist in the renoval of the

resist fromthe surface of the m croel ectronic device.

Illustrative surfactants include, but are not limted

flypr i S emBIaenY |t Bguidfemoval composition

[(%OQ‘Z;I-] 7, ?%ﬁ%ﬁ%ﬁ%ﬁ%ﬁiﬁgiyne 4, 7-gi ol E(?le. g.,
ﬁ%gmoﬁ&)én':g]&ﬂ%oneﬂk K¥dentih e f110IIHQ dn@esShaker .o the total weight of

Triton(r) -21), fluorosurfactants (e.g., Zonyl (r)
thdRbmpéhitRet yI sul f osucci nate salt,

2, 3-di mercapto-| propanesul fonic acid salt

dodecyl benzemnpsithfodni ¢ aci d, anphbPiyiveigbt

f 1 uor opol yngrsivedisnonyl phenyl zpalt 9o ywebbint Pehe,

sil i cone orcHaBslighe@s)s! | | cone apmt §.5/8 teabow88%y | eni c

di ol s or nodihdte€s)acet yl eni c shool (01%ab kbphigi¥oni um or

nodi fi ed alkyl'ammoni um salts, sodi um dodecyl sul fate,

aerosol -OTI (AOT) and fluorinated anal ogues thereof,
[804ey| aTHERAIgEIBmlemfidswO t@ePbleytes rbtivetachdatinareni(s) in the liquid

2-sul fosucci nate salts, phosphate-based surfactants,
rsitbvialironlypsitiah i ubduad0:ane sbouhALP0de atsarreferalle abpys -1 to about

128!@{;119;1;&@ E&;&g rraggpld% ’c:ca‘tgjoli]vecent%sljl gcafla%igé t%rcl‘,ltlrfalctralr(l:’cl(sg'li%i gbsoutaﬂ)O:l to about

2,4,7,9-tetranet hyl - 5-dec -4, 7-diol. [0041] In
18Psrragre prefriably bté’B?/?P’i topai’B%gg?qTOns and armounts of at

t ope_cq-sql vent, l.east. O ' s
@g‘?’ onal® ¢ gbfoaﬁeparlasc Ceo?}tghlleolﬁ‘?%{é?nf irhﬁeg ﬁﬁdagéé%? g %%gsgtmn i
opti.onal | | i bRolv&t at 1848 ohdchelatin
oo Pmal gy R sPRRERY B A e b BliL B R ghchelaing
%@rﬁ! thgast?&lel'ﬁgllfalc{aﬁt' RE GFibhaBf a@feask Bﬁe {oh-attifh éfgexlifD\iImgenelral, the
conposition for the bulk and ion-inplanted photoresi st
SRLEO HrdpeSibns€in@haricasts Cfecot solvine(s), vty Sgem(s), t dngfactant(s), and
m croel ectronic device. In addition, the specific
BHtORA idnifafiig agat( o tuhttien of catlh ethér mayi b suitabbyvaried to provide the
conposition, i.e., concentrate, and dense fluid in
desiralt feomvdl actwact tot Hewd rempva ecomposition|fgr thebplls qug don-implanted
provi de the desired solubilizing action of the %iens.%. e
Pllotrresist, perovialt reaidiep@dior PIoprsTRgr caRmoTi S keadify fleterminable within the
i on-i npl anted phot gresi st and/or post-etch residue to

phdll pfdherriortbpptgndue AP cr oel ect roni ¢ devi ce. Such

speci fi roportjons .and anpunts .are i .
G R b MR e Ao
the. art. wth OF durfa ' L -decyne-4,7-
e
1801 ] b ackiRARY SEARINSd inAKkHhat HO Shui@lebval @ipsiton may be

material froma microel ectronic device" is not neant
el Qvithl AdhieN@hid 8 formulate a dense fluid removal composition comprising dense

fluid, co-solvent(s), chelating agent(s) and surfactant(s). For example, the liquid removal
composition may be mixed with SCCO; to form a dense fluid removal composition.

[0049] The removal 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 compositions may be
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any way and includes the renoval of bul k and

i on-inpl anted photoresi st and/ or post-etch residue
worbt@riizd21f rom any substrate that will event uakPty/us2006/014407

becone a m croel ectronic device. [0043] In a

particularly preferred enbodi nrent of the present

i nvention, the fornulation includes the follow ng

GeIRRE Witk stiiReBN¢oniplxink Bzehie)| paQWhiBE, d ANTESssiatSeFer®) and/or

the total weight of the conposition: conponent of %y

weirggtoh inBIBEGR toaiinprove B@al@8mpatibiifyout 99. 89% co- sol vent (s)

about 0.1%to about 15.0% chel ating agent(s) about

(00391% t dn arlethar aspech Yc[1OBE ] rdites fea bdidremovabeogwpsitéonfepropriding

removal conposition includes 98.95 wt. % SCCO2, 1 w.

Friseth é’ﬁ% [co-gtsnp abagitone ghaljing dgHi/aHIPaE SHp l@RPafrng Teagenteand

ratloi 045] | n_anot her artlcularlé}preferred

ORI fRest R &urfarigefi dn e R Pragtinhob et SRt n e ligd removal

peon BALBHhoER: PARC T BrnF e e Y 1 R SHEHET P

BERPRE R 2ol e U GBSk B ey RS b gy 1
SIS %fe@@tte(( §}) oRRMta B 1% HQ ﬂﬁehglﬂfd Bn&% §d g@é@donm? be mixed

range of nole ratios of co-solvent(s) relative to
Gt aderhsB Gluid G FliaSte b Aerlsd)Buidl tephdb Al cé@mu&i cRRARNSEdehdeTRid, co-
is about 10:1 to about 3500: 1, nore preferably about
30@end(s)t cheltigp rgetB)) Gunlgairink) ezagentig)cand foptimmblesutfatanty. Bér example,
co-solvent(s) relative to surfactant(s) is about 300:1
ttlee Edyislnem@ @b Qompositionr may be fined wlith 4I6@utto ZOO; al dense Filid epmoval
1000: 1. [0047] In the broad practice of the invention,
t%ﬁmﬁﬂﬂ%ld renmoval conposition nmay conprise, consi st

onsi st ess of at | east one co-sol vent,

QosiEsiin o énoé‘}?éPf ?#ge%ikl nt, g Hopig gt vBlFamaRFtips g trssent

and opt.i

uévre]‘,xétlo mc?utrclﬁ 8t l¥as§ one c%-aégltven? §leas? néo C ela nggagg' opttionally at least one

ion-pairing reagent, optionally at least one surfactant, and residue material selected from the
group consisting of bulk photoresist, ion-implanted photoresist, post-eich residue and
combinations thereof. Importantly, the residue material may be dissolved and/or suspended in
the liquid removal composition of the invention. Analogously, the liquid removal composition
of the present invention may include at least one co-solvent, at least one chelating agent,
optionally at least one ion-pairing reagent, optionally at least one surfactant, and at least one
dopant ion selected from the group consisting of B, P, As, In and Sb, more preferably, at least
one co-solvent, at least one surfactant, at least one chelating agent:dopant ion complex, and
optionally at least one ion-pairing agent.

[0052] In still another preferred embodiment, the dense fluid removal composition of the
present invention include a dense fluid, at least one co-solvent, at least one chelating agent,
optionally at least one ion-pairing reagent, optionally at least one surfactant, and residue
material selected from the group consisting of bulk photoresist, ion-implanted photoresist, post-

etch residue and combinations thereof. Importantly, the residue material may be dissolved
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speci fic proportions and anounts of co-solvent(s),

chel ati ng agent(s), surfactant(s), and opti onal
woamepasai ng agent(s) in relation to each ot hepcmag20m6/014407

suitably varied to provide the desired renoval action

of the liquid renoval conposition for the bul k and

i on- inplanted photoresist post -etch resi due, and/or

£Eeiid re ckiMoSt RS i dnadkl. eamddeisty, the

a?ﬁ %éﬁﬁggﬁﬂ%eg arfimﬁﬁﬁggﬁgtndue effort. [004§% Fg}
ligea PRlofal cdiRsitibisiitet prEm tntio Hap Milideiden® Yluidnatliesteone co-

net hanol , pyridine, pyridine: HF, and at | east one

s@G&E, Vak RNt 6neddhelbtingpdnd Giptidially &t.1epst, one ion-pairing reagent, optionally at
2,4,7,9-tetramet hyl -5-decyne-4,7- diol. It is to be
|aBne gttt alat dng oskddphme dbn spletideoat the grhun CopSisEng pihPeiAs,
renoval conposition may be mxed with a dense fluid to
T, andrfib) more praferiblysedensediud, stdaneswag cocolvprbat lepshope SRS Rpistt gt
dense fluid, co-solvent( % chelatlng agent.(s) and
oneelelatinenaendgpant mwrw@ws’frav optiptpdly g ‘&EIPHG & agent.

[99531) 8 S Iﬂtgllﬁgglg{lrra gﬂﬁag atrgnllfl}ié)glgﬂls o% E\& %Tn % gr(e) refa %r?ﬁug?eﬁ %? simple
PRPRT B 8 O TP ata e e G el 8P élﬂﬂkaﬂeﬁéém%i and optionl

onent to furth
de© A thtﬂiﬁ TRE co-

R S R e B ol T o,
sAﬁl%(sf LiRBtiYg agb@), G}SHEHQ Sdnl QRS rddByit($) S bpdsha ke thctant{shmay be
stabilizers, conpl exi ng agents, passivators, e.g., Cu
&S lfdﬁﬁﬁlbt&ﬂas&glgl’étpscka@l’ﬁfnﬁﬂatlmrdr ositignrtiformulaiidne twt remixed at
i nprove metal conpatibility. [0050] In another aspect,
thépoint 0T et Tlerindivdat ress oBhemiliigert frmdaioy giay b@n%@%ﬁt thedgel or
conprising at | east one co-solvent, at |east on
iohelozize gk ag@mn ofghe thala Jhe enneenfraionpefi the Wg@lerpéﬂijé?ﬁomﬁﬁ’ans
opti onal | | east one surfactan N q, ol
eriecndividua ot sl RIERET fopmulgtioq may Ewﬂe Y é?ﬁ?@; i spetifc multipls,
conmposi ti on nma rcans

ot 9 3 B a?m?ﬂgafg? e Y b Mo fOiRl o i e
hel at .

G 1?&:9%1}@%% a‘rg?e qllq%1 emg\ﬁae CSOIdl?&%l bsg %tf rujn{érgaoﬁ e@age%musﬁn dhd

aﬁp Rb gve}ya pey iRt %k Johs@sq és&nﬁah? (ﬁrényt&ﬁﬁ)mﬁthﬁ b ﬂﬂﬂeﬁients

position my be mxed with a dense fluid to

IIC%EIM’[ e 1R EEI0SEe Rddi. ITHCIFRN FuidGOHPABEdrpeYticR O Bithé Bivéhtjon
dense fluid, cosolvents), chelating agent(s),

b0 ReafB/ f6ri Bicll BRGRI0F Synamid Atxingdt the Apdrosite tearptratate(asg pressure.
For exanple, the Iiquid renoval conposition nay be
[ooz4d Md@rcﬁi@mdﬂ&r fspeainof the envsioh [relates tp @rkipvingluding, in one or

more containers, one or more components adapted to form the compositions of the invention.
Preferably, the kit includes, in one or more containers, at least one co-solvent, at least one
chelating agent, optionally at least one ion-pairing reagent, and optionally at least one
surfactant for combination at the fab. According to another embodiment, the kit includes, in
one or more containers, at least one chelating agent, optionally at least one ion-pairing reagent,
and optionally at least one surfactant for combining with the at least one co-solvent at the fab.
According to another embodiment, the kit includes, in one or more containers, at least one

chelating agent, at least one co-solvent, optionally at least one ion-pairing reagent, and
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conposition. [0051] In yet another preferred

enbodi nent, the |iquid renpoval conposition of the
wonrewsante2i nventi on i ncl ude at | east one co- sol PeMUS2@6/014407

| east one chel ating agent, optionally at |east one

ion-pairing reagent, optionally at |east one

surfactant, and residue material selected fromthe

BFtRENIy GO RSdt Shd difacint R bdintplied VHCHE Jknse F1GI0ai BP EBNSEW another

phot oresi st, post-etch residue and conbi nati ons

trhleddeadht, tHerirandhaes, inyone oheoreesitsitkes, @alesst bial cheltinglagent, at least

di ssol ved and/ or suspended in the |[iquid renoval

e oslivent,optiapfllytahisast enecont-nagmg redeet, eurbepsipnally tth@stl thwrfelctant

renoval conposition of the present invention

fom oroieingwith eaitleagivae eaoolygnt pechdensegfiuid aé &g fabo ﬁ'ée containers of the

chel ati ng agent, optlonall at | east one ion-pairin

ki shouldibe hsiisaln éﬁfqd;;o sfpre pry@peRyy; éhe§8F1P‘§’€’E‘§§hf°maHﬁ@jth3’iem The

RRteert s K RaR be %A&f%f 5ing e SPnk B Pagvatsopposigpns.
kogag oS PR 8, Pl RIS AR SUEREL AL Dy com.

ating ag opan conpl’e

Q@k?onally at | east one ion- pairing agent. [0052] In
still another preferred enbodi ment, the dense fluid
[oeBE|val 16 QPR dspddt, e ikvBRioRKQAES eV FeRiBvil BEbIORd Fon-
dense fluid, at |east one co-solvent, at |east one
ahednsddiphcroragie aid/or p@i-Etoin@bithye favin 4 mﬁiy man@nddaierpaéctrbmigdevice
reagent, optionally at |east one surfactant, and

peng theremped emipasitieflegibedheqin ot tramgle srepchcoh gip sttuctuggs of the
bul k photoresist, ion-inplanted photoresist, postetch
paiteinad devigseimey broilovacdi irls ainisiniest the pirsiyral ifrerity , of g @nderlying
residue material may be dissol vedand/ or suspended in
gifieoncrapfaiping jaygry - éWﬁ%Tant@b?FﬁbgF}t‘?%n of the i nvent i on.

A@S@Sﬂ? B it (5 v atormaton SolEaneh Moty 'Viseae he
? Vgr:r)a % YF @1‘5 plngxlaart ?e?ﬁ%t/alqgc%n é@e@lb%ﬂ*iﬂgmﬁgg:{ﬁ: volume of chemical

one 1on-palrrng rea

&én%nﬁéehéﬁ %s r&ﬂe dg @fee u%ﬁ'ttii %@t\?@igl%’ Wﬂfﬂsd sﬁhlteln@tﬁg‘l% pQ@z@img a

dopant 1 on sel ect fron1t1e group consisting o
BSmpokifoR B SBthod RevigPe&tBbI18 Rbktitudnts] &S Ethé IsuFgl, Bath the 11qu1d
| east one co-solvent, at |east one surfactant, at

keasil oiposithelaad ki glemsg ghiid fapad icorymiitico BPihe )inveﬁfa)ﬂ effectively
optionally at | east one ion-pairing agent. [0053] The
kangpyé dhulk eamd ied-impintpd sisisi anigor gbsticlrd rbsidne nwithout sabsgntially over-
readily fornul ated by sinple m xing of the

elshingtho watlerng silisprasontaining layerés) eqdapetallnypiprsongpet materials.

i on-pairing reagent(s), and optiona
[0057] Oncé formulated, such removal compositions are applied to the densely patterned

‘Q

microelectronic device surface for contacting with the photoresist and/or residue material
thereon.

[0058] The dense fluid removal compositions may be applied at suitable elevated
pressures, €.g., in a pressurized contacting chamber to which the SCF-based composition is
supplied at suitable volumetric rate and amount to effect the desired contacting operation, for at
least partial removal of the resist and/or residue from the microelectronic device surface. The

chamber may be a batch or single wafer chamber, for continuous, pulsed or static cleaning.
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surfactant(s), e.g., in a mxing vessel or the
cl eani ng vessel under gentle agitation. The
woaewlnenis), chel ating agent(s), optional i onPORIUSRIVG/014407
reagent (s), and optional surfactant(s) may be readily
formul ated as singl e-package fornul ati ons or
multi-part fornulations that are m xed at the point of
TBLremdVAE effifighcy iofl URl defa M@ r@hovhh@mptlitdns Pd¥ be enhanced by use of
fornmul ation may be m xed at the tool or in a storage
tlaviled taptmasemndbr fréivauré a@aditiont ethe @nteihioathe buils ardfiortiglanted
si ngl e- package formnul ati ons or the individual parts of
tdsiet Anglar i popteatch fesidma Inmteridntonbsy rémeoved dthy the adenged fliid removal
specific multiples, i.e., nore dilute or nore
ewwpegitang.at ed, in the broad practice of the invention,
and it wll be appreci ated that the liquid renoval
¢Q0FHloBhet 4pelﬁ>srwéer d?nﬁ% fpi el FPoRPaFtiaps Ay ks Grpkgygd fo contact a
alternativ I se, consi st or consi st essen&hal
BHCOFIRGtrQRis sy %P‘F Hﬁgﬁgﬁ%aﬁe@m & CHRSHE (IR AR Ohirep gdout
dense fluid .
i ?‘F%‘#@S i Pfﬁ%faglﬁv%ﬁtr?n ob P AERERN o spryispp gt o
Ql}fﬁaén@hhg tooéffe Jﬂ@ﬁ@sﬁedrpetﬁévggo i 41?&(%@%{ 19‘%[3}1 Shotoresiit and/or

nperature an ressure Accord anot
@&@asﬁ re@ifiuel BE., kdd\ueRhh QMg Gt 3 £ fanbOoBirdth Bbduﬂp bkt abdud 30
one or nore containers, one or nore conponents adapted
tnfhule@ i 4 &mpmqslﬁtohwbsmeﬁ’d 3 eboud 7670} preferablprie b emadbf/from
the kit includes, in one or nore containers, at |east
abuat 600G ®abaue AT°C, aﬂlhodgh asiteron ssehehiatting duraiipanind temperatures may
optionally at |east one ion-pairing reagent, and
bp dvertagedusly emplogedsin thyrtwoad practigstod thte present Eyertsonattiersrvagented.
the fab. According to another enbodi nent, the kit
ihe pr@ff@gd emh?d@ﬁet Cﬁﬁi?cénﬁ:féﬁf’%?t\*ifé e pregsurp dsabput JRC and about.
chel at i a optlonall st. one ion-pairing
Pé%@hfes AN ‘% ﬁldlﬂﬂﬁféﬂltwm%tl‘ ‘éé@f‘t @ﬁ‘é’n'gffr factant for
E@ggiﬂé h t he at n CO- gp vent . at thgt Q&

i i’"& HRgtHE™S Bﬁe °°mlpﬂsé 105 fay freludyp daticjsgak, a

%YnaPme co{lrcgcrn%% ?ng)cget gro T%gue%?al procetssem%is eip? rl}l%luﬁmg leggaﬁnp %lﬁ)\év%? ﬁlte 'dense

'ﬂﬁfa fr&?&vﬁl'c }?Jsft‘l@lg &V the W&&Eﬂr&%e{r&{e s%}faée €8 c;weg ‘3? a st%ﬁﬁ soak of

surfactant tor conbining wth the dense f
fiRRlevicd ih te JaRO NG Eenﬁﬁtngrhﬁ@ﬂBn wiith %e'%sbedtﬁ&&ﬁléiﬁ@ flow Bnd static
one or nore containers, | east one chel ating agent,
Qbakls@Brpbing aamfmmsawemetmtgly aﬂrxbpeaﬁﬁlu h aadyclk eAaih alteiating steps.
ion-pairing reagent, and optionally at |east one
Jeosbpat-dyamicd rcomtaiig mbdeginwilvied) cdnkiguoat flbve @b the oM¥Bposition over the
co-sol vent and dense+«fluid at the fab. The containers
dfvitelyarfaké, to mixduizelthh mass trewsiee g dignt pogk efigct compietoremorahef the resist

di spense the conponent(s) contained therein. The
and/or post-etch residue from the surface. A “static soak™ contacting mode involves contacting

I.

the device surface with a static volume of the composition, and maintaining contact therewith
for-a continued (soaking) period of time.

[0057] The alternating dynamic flow/static soak steps may be carried out for successive cycles

in the aforementioned illustrative embodiment, as including a sequence of 2.5 min-5 min
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containers of the kit nust be suitable for storing and
shi pping said liquid renoval conpositions, for
weoxersligs21 NONPak(r) contai ners (Advanced Techn®togyg2006/014407
Materials, Inc., Danbury, Conn., USA). [0055] In yet
anot her aspect, the invention relates to nethods of
renmoval of bul k and i oni npl anted phot oresi st and/ or
B@Sbicelonh) 2.5 @fi-lueh dtio Rvak, €gnaeabont PAK0LRY, aekD.5 min-5 min dynamic
m croel ectroni c device using the renoval conpositions
flescri bed herein. For exanple, trench and via
structures on the patterned devices may be cl eaned
OSBEL iminbea ipprenigted e opé skil¢duinathe jar tteg thet gonpéting lreode can be
underlying silicon-containing |ayers, i.e., no
subsively dimamicosrelusieshcsidtisgr afy(osbipatiph ef dapsie afd sttig steps needed
renmoval conpositions of the present invention overcone
toheffegiuata @i koAt aEd erowhel ity Bdiorarihist resistdiohgaY-eteh
he vaol une qf chem cal reagents needed,

by. m pi m zin
f%ﬁl e‘?%f?&fnﬁlgoeteﬁt@nﬁﬁg‘ﬁﬁ *8f waste, whi IS e
AT R ST T —

tdcra]v(:i‘ceI si ie,dther c?e@%/ ﬁlleregl%FB{%ﬁgaﬁ)iyqp riﬂggﬁi, e:gj,gv%lgga@ | ;c/s];cif lﬁbg/methanol

renoval conposition O nventio Yy

r(fﬁ)%?ﬁ@%) Qbiht‘ﬁm?t@ Cknlo9B éﬂyqpsjicﬁﬂtp%iipﬁtﬁgd &Emﬁﬂ‘%cﬁﬁvepﬁ% t}ﬁtrgéibn of
resi due wthout substantially overetching the

A& icY 1 s08acs Iih Ivh@R - CaAt BitVal Gad BRI dfBdtedAN WraB2dbd), [theC rinse is
i nterconnect materials. [0057] Once formul ated, such
effeanset adeRiimsd tirhean A fiartke fpptinse cycteds ¢onpletteths elbaning vessel may
patterned mcroel ectronic device surface for

o repaitst depigsswiized, eteh @ ppitroeoY sinds. Bhedleaning wsselgpay then re-charged
material thereon. [0058] The dense fluid renoval
oS SCF ehabowrdy 0desi &5 pprredmaiely & grinvigp eemop eapy tresifiual methanol

B i ek B B e SR A S i
PSR R R R R
r.enmoval . of [ 0 i due fromthe
&F@%ggﬁg%?%g%i§%§%§%%g%§gé?%%gééﬁhe chanber may be a

.S . [ r r . L
I00) 16 WRAP L B RN o R Do 0

fshiticd of BEBYRelc@FRARYES RV TRk HE iGDRSRRETHrddSE mB/or post-
el evated tenperature and/or pressure conditions in the

GRRA @t Mgt tefaon, Bigl, Iy spishiigthe fefiptah Bdn@dsition on the surface of the

device, by dipping (in a volume of the removal composition) of the device, by contacting the
device with another material, e.g., a pad, or fibrous sorbent applicator element, that is saturated
with the removal composition, by contacting the device including the material with a
circulating removal composition, or by any other suitable means, manner or technique, by
which the removal composition is brought into removal contact with the bulk and ion-
implanted photoresist and/or post-etch residue material.

[0019] In use of the liquid removal compositions of the invention for removing bulk and ion-

implanted photoresist and/or post-etch residue from microelectronic device structures having
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resi st and/ or post-etch residue material to be renoved
with the dense fluid renoval conpositions. [0054] The
wapmweapsdzat e dense fluid renpval conpositions RFay/uSeN06/014407
enpl oyed to contact a mcroel ectronic device surface
having resist thereon at a pressure in a range of from
about 1,500 to about 4,500 psi, preferably in a range
cied B0 tRUhiblogécablic
s R0 8P fifle 3?1%%&2@?@1@%9@%@2?%% the bul k and
dEV(i)Jg s&EHBJré‘f&E £0mb Bt R H9it3b sé@&@é @ abpA b niiubs, pieisabiitdout 1 to
for a contacting tine in a range of from about 1
3%’6&&&&% 4t @ t@RRtture3d arfhdpt beSora HigbuB2(°€ npahoat WO, piefefably about
about 350C to about 750C, preferably in a range of
4b900151 aBdad B0°CO Gich tantaatingitmes 345 tembdrivonag) bre g].h@@qtl@@ agc} any other
| esser contacting durations and tenperatures na

seitibla niva gebleshyatemodndifiens ay be aplpyed dept p a@icﬁweoés @fsultSﬁ%ﬁaﬂy
present invention, where warranted. In a

r

remdyo dharbwlk  and Hen-implentad PhoiRyesish ﬁ%?fal?%? %Chaﬁg‘d g%‘% {Fsedgvice
about 7CI)C and about 3,800 psi, respectlvely and the
sE@#@cting tine is about 10 m nutes. [0055] The

| [ t It
lps?@ﬂo Heltovdnes s ?cé@%%ﬁt of S AR AR ARG T ol sl
qé'ls % ésgel:aflﬁ ki tngagelécﬁﬁly@vﬁg tqu{@m Has Igrle@dﬂsl?i)een

rennva Mposition over

aggl?erlc(ioe% G5t R0 'v&isl’fj & &tﬁé? réﬁb%l@ﬁ:ﬁ(s) EQ&E@MSM add &ficikiogs in a

he deviée in the dense fluid renoval

SHRAS Iyt %Ehca‘l%ﬂ Br thb GorhRSRGE lof IR ShyssANeenfidnOVWFaa rRglmple, the
Static soak steps being carried out alternatingly and
HRekdtohiv aévyoe maf bamcsyd:dwel defonistidorten btdairied tdinggritogeps .
[0056] A "dynam c" contacting node involves conti nuous

F()b@l’}/ 1o%illthe epiresigpashat sperifiowatactingeontitiong éor thgrémenyel comppsitions
maxi m ze the nmass transfer gradient and effect
efahepinedntionr ermeadily determinebly wishs the i/ of thauasts Pased ey the disclosure

residue fromthe surface. A "static soak" taic;i sg th
et aichthes| theespecifisrrepettiopspf ingeedigaty prdeFoRqspiralions ‘\%ﬁ“ﬁ? ignis'm the
static volune of the co g{ltl%gh ndrransnerdre al of the
eosPPRiEans PhHBE SiFLten 5y b%\ Yo %sa@élﬂl%ée e
o s {Fgg/ oo % A SR0aLd B DRI fic b AW aaLi ¢ soak

or successi ve CycCl es in the

@‘QE%@EE th]ln dsg(')pHo B rrggehtv ﬁlg[[rgg glq. Vémd @ﬁo&aﬂ%%r%génﬁgs Hay
ge use& &) I‘%Ig% ph&tofsist, }%Et—(ﬂ\}ﬁofégld@és 8080oPSARC 8Réls Bor tH¥istkfe of a

rmcroelectromc device. In addition, the liquid removal compositions of the present invention
may be used to remove contaminating materials from photomask materials for re-use thereof.
As used herein, “post-CMP residue” corresponds to particles from the polishing slurry, carbon-
rich particles, polishing pad particles, brush deloading particles, equipment materials of
construction particles, copper, copper oxides, and any other materials that are the by-products

of the CMP process.
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flow [0058] It is to be appreciated by one skilled in

the art that the contacting node can be excl usively
wdadyomniiss21 excl usi vely static or any conbi nati ORCDfUS2006/014407

dynam c and static steps needed to effectuate at | east

partial renmoval of the bulk and ion-inplanted resist

and/ or post-etch residue fromthe m croel ectronic

[g@éél Q[%t]; %Hﬁgyaa% oct bIORO Hverdeh hAMdsNg tﬁehxﬁlﬁfb%li AktdeRBrRfc delites

ense urd renoval conposition to the mcroel ectronic

ARYI fcfordig figcBe hddded a8 barieafherioppeiietsabdnyidits such

rinsed, e.g., with aliquots of SCF/ nethanol (80% 20%
mieltltduemic ddvRed, eNOVE any resi dual precipitated chem cal
additives fromthe region of the device surface in

(064G A\ stiBSAnSier spemd vhithe iasntioe edlatef tb ectheds ofPnaofifectarbigyan article
the rinse is effectuated at |east three tinmes. After
dohgridirignaicroeleg®nicylevies, sad oetirpd ednerising eontde@grih groyestpstegnic
may be rapidly depressurized, e.g., 0 psi over 5

Eeiconts 2 lifikregowd aemppsiviens e puffigispt e o 4t deagtpatiglrempyerpulk
pure SCF at about 1,500 psi for approximately 1.m nute.
08 iqrcrplpelehpRpUF B! HIARF PARGEHARISIUPEF ) m By Piesiperonic
ég’ggh%%{@rf? 31'131;[5%1\6/1? %{8,{?? mrrglélgce%tpgo? | Cgalids rl'rllglc];]ogéfegtro%pcddevice into said

re-char gi ng/ depressuy i zi M [
0% B SERERPAL Pl Bl e UL B BB e
&%ﬁ%%g&t,fo&fonmpfe&goﬂe%onm ageLtQ’Qﬁ%latioIEl@r ak leSHY bifd shritadiast.
renovall conposi'tions may be applied 1n any suitable
Eﬁ@ﬂ Anofn®r bdpEet Y th@GRreftion tBBIedTHE MRBLEC b @aFactleM 8 article
avi ng bul k”and ion-inplanted photoresist and/ or
BRSHEEE D Sl Bidicdel &6, isaill nidthed eanprisiig gontackiyg Hp magroahgironic
t he renmoval conposition on the surface of the device,
picelinfit ia lepsé Klinid aemvovhinompasftion e snifinient dime o atdenst nartigly regove
the device, by contacting the device with another
bk eanidalion-implgnted ephplandsistorndidrb pertrsicls optistsrrsista pptarialafepm  the
element, that is saturated with the renoval ,
wismslsgtionicolsvichyavingrieidcnaiong! brreoatd BEOPHRING i grigrpRlectronic

g%ﬁg g‘{t‘ﬁ lé*V(%M ér{j?r{?s %%%%%%enﬁg% ]??g?’%g lrcor{q;gogﬁﬁl}s %%lig?ers] Byd%rrlse k}%id,
BRSO 0b T BHGOBL RO o G et AR vtk Yk one
%rr]l%éigrrlg a%grﬁ,tahg Bp%neﬁl‘if 2 lgﬂpongﬁhﬁgthﬂ.l :

[0066]‘ The features and advantages of the invention are more fully shown by the illustrative

example discussed below.

Example 1

[0067] Dilute chelating agent (Lewis base/HF adducts) (0.4 g) was combined with 40 mL of a
co-solvent to form compositions having a 1 w/v % of fluoride source for etch rate studies. The
dilute Lewis base/HF adducts were prepared as follows. Commercially available Lewis
base/HF adducts, specifically pyridine/HF (1:9) and triethylamine/HF (1:3), were diluted to 1.3,

1:1 and 3:1 (mol:mol) using the same Lewis base. To make pyridine/HF (1:3), 52 wt. % of
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[0019] In use of the liquid renoval conpositions of
the invention for renoving bul k and ioninpl ant ed
wohoisansRi st and/ or post-etch residue from PCT/US2006/014407
m croel ectroni c device structures havi ngsane thereon,
the liquid renoval conposition typically is contacted
with the mcroel ectronic device structure for a tine
irle! [-ﬁjli ) SuslAri&R® Were4BmbPh &t BSmake pyridine/HF
P Ede “era 1%%@%& 1/?%1%9%0 nI?ﬁut es, at a tenperat upr ein
(B1Y 8NGE b byrRA/ABQUY) 200C vitov%ahbyiond BRdiGe vitetebied.y To
about 400C to about 600C. Such contacting tines and
ntaROP AL MFES AT 1ewt. Yol of imiditelHR(1:nmdl 8arvt. % iiydrosnyridiné were
time and tenperature conditions nmay be enpl oyed that
catitinedf fTo ke wishyltroingHB §t: BNTl wit Vool tuathylpemineiE (i) wd2Rat %
i on-inplanted photoresist and/or post-etch residue
afitrydrons Iresthotaing evese carhingde. T oBbO [retylemsitigCilhets Wt % of

achi evenent of the desired renpval action, the, !l iqui
oo B 0t oML 08 B o ERB T SbrRe Wi e

IS Sy £ Syl RS BB PEF D
{ . ' i I . i. i Ln: i ion
T, Y T Y

\{?gx{fﬁ?édl ﬁ%‘b&ﬁ?ﬁeﬂ%ﬁﬁﬂﬁlaﬁd anbf& s@v&ﬁ,@. .,%Ehﬁlﬂ)mi c device may

nse el oni zed water and dried using

[0068] 285N ate QRELVert bherlhhdd BCnARRAIR1ALE dvatdiadf sHR@CEdntatiing
contacting conditions for the renoval conpositions of
hddial (SRt Digbordr & TEOR( iteptatl @kiae, nilitab hizvidel b polytstiieon) in the
skill of the art, based on the disclosure herein, and
&l thsposifac af 50C plopond itOnsingks. | Ay ectbodvents inygefigated were
concentrations of ingredients in the conpositions of
rhdtlemblnetiesh bictote, EFO ad whidie The stelt tats@f (b pilieongemiiniyg myjerial was
desired renoval of the photoresist and/qr post-etch
detsmrigedbyipnespeeand the wsplts Freotied d Tablsli heretidif e sur f ace.
[0062] It is within the scope of the present invention
that the liquid renoval conpositions may be used to
renpve photoresi st, post-CMP residues, and/or BARC

rs fromthe surface of a mcroel ectronic device.

osition of the. igve[l

lnaddition, the Jiguld regoyal CoMpes iedy5uldn hilfae and
Sy ik o o Dot R SCHES B e
W e o] SR S P B Mot i P 16T R et

icon ina o
. ' ethbfo? Ld H &yl QLKL QJQt@Idas t=L PDMSO at t=
particles fromthe pol|spNgins! Haf o 8@ PORMkFN 2 min/
particles, |polishing pad panti cl et mhrush dehigadl NGA min™
AL DidnloEe | pHHHETET nater salrs pf 559 43 0
pyr/HF (3:1) 34 206 28 0
pyt/HF (1:1) 15 140 5 0
pyr/HF (1:3) 5 71 0 0
trieth/HF (3:1) 0 34 17 10
trieth/HF (1:1) 0 27 10 4
trieth/HF (1:3) 0 17 0 0
thermal oxide pyt/HFE (1:9) 51 328 255 0
pyr/HF (3:1) 45 227 85 0
pyr/HF (1:1) 31 200 10 0
pyr/HFE (1:3) 17 155 7 0
trieth/HF (3:1) 32 53 101 12
trieth/HF (1:1) 20 42 40 0
trieth/HF (1:3) 4 37 11 0
TEOS pyr/HF (1:9) 388 468 690 6
pyr/HF (3:1) 207 249 292 7
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construction particles, copper, copper oxides, and any

other materials that are the by-products of the Cw
wonromadsa2f 0063] Yet anot her aspect of the i nveRCT@S2006/014407
relates to the inproved mcroel ectronic devices nade
according to the nethods of the invention and to
products contai ning such m croel ectroni c devices.
[0064] A St lp '/HIfHFI Ner [aspegt of [ Ngsi NVENTIPN T &l at go
to net hods |g /}@jjamg%act uringsan artigke conprigsing a o
m cr oel ect i giggrE@vice,| sairgd met hodisgonpri si2ey 22
contacti ng |tu@/HAF CrQel gctreni c deviee with a25iquid 18
renoval conpgsi/HF aB)f o, sufficient fdne o at7 | east 15
aantially nepmoNne(lsyl k and i6@n-i pl aived phot48¥ esijst 0
and/ or post|petBRGphot orlesi 48 maferiZl from tihe 2
m cr oel ect r|omi/KdF Aelyi ce {havi2hg sai d Wt erial Ihereon, 0
and i ncor paratiig:3ai d |m cibel e¢trodfc devicl into O
sai d articl|diet{HE(eDn tthe Blqui ¢ redbval |corBbsit/i onl2

i ncl udes at| MEF (ohle do- sdfvent, af®least dak 1
i P~ FEedi anal 1/ at | aacf0 nali ar2bnai i na 10

T s SR OSSR VKT i VAN
Rogetit , and é’%ﬁ ly at |edst one ghrfactanf, [Q065]
Anot her aspé he ijnveritionjrel gfes {o ngthods of,

manuf act ur i ﬁ’g ticlle copprising A mi¢roefect roni g
devi ce, sai (ﬁ sdpconpri shng ¢ont ggting the 0
m croel ect rigRlgeueeN]ce |W thpa dense sl ui d regoval 0
conposi ti on fiQi/ppyf.d) cilent gine|to at | east partijallyo
remove bul K and ion-inplanted photoresi st and/ or

post -etch photoresist material fromthe

MOETOPREGSHE QNTAIAEME 0 B e Bht Sl 1¥ritié/HF isalutidnd @fce @i, studied
and 1 ncorporating said microelectronic device into
sititdh-aafithind b anatesaBr @ildak tHiencid?) SEECS, whetinal enxdleakilicon nitride, and
conposition includes a dense fluid, preferably SCCQ2,
ablyilizas) fashan ¢hag the suipthylmine/Hiftsolvgans t Addiy anf e high [HHy 1 engesntration
optionally at |east one ion pairing agent, and ]
afstepssnfial foyetching sigencoplaiaing meterdls ot 2 repilip g piclr pges increase in the
f eat ures and advant %?es of the _ invention are

prpgge Abowpyrigypeiesolupions dpgause iwrédl%%(@ﬁp}newqﬁ?fs=c@g§égﬁ°ngﬂ acid
bel qw. 1 [0067],.D Jut | at i { i

SehSihe oL . (905710 LUk cli) 840 RSSRLLE\PH B
f%f?t_re%%iyv elfg‘lt etct:hora oGS Etﬁér %i%ugené%uﬁgll}%sggieﬁh éCo}Me}fue%y? Ehe dilute

uorrde-source rt1or etc

solutions have a more substantial potential of selectively removing photoresist, ion-implanted

photoresist, and post-etch residue materials relative to the underlying low-k dielectric, hard
mask, and silicon-containing layers.

[0071] Co-solvent also plays a role in the etching of the silicon-containing materials.
Referring to Table 1, the etch rates were found to increase on the order DMSO << water ~
methanol < ethyl acetate. Another trend of the dilute anhydrous amine/HF (mol/mol) solutions
is that the etch rate of the materials increase on the order 1:3 < 1:1 <3:1. This is probably due
to the increased deprotonation of the HF with increasing anhydrous amine concentrations.
[0072] In addition, selective etching of one silicon-containing material relative to another was

observed, depending on the dilute amine/HF ratio. For example, Figure 1 shows that TEOS can
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dilute Lew s base/ HF adducts were prepared as foll ows.

Commercially avail able Lewi s base/ HF adduct s,
wepewitisceal | y pyridine/HF (1:9) and tri et hyl amPa&/usE006/014407

(1:3), were diluted to 1:3, 1:1 and 3:1 (nol:nol)

usi ng the sanme Lewi s base. To nmake pyridine/HF (1:3),

52 wt. % of pyridine/HF (1:9) and 48 wt. % anhydrous

BY disehivee Wil ®o€ edidetivigdoved the oe® WRinpithE peidide/HF1C1T) soldin in

wt. % of pyridine/HF (1:9) and 73 wt. % anhydrous

myethashl. NBigwe? showo tibi thealal oXde aelkKEEQSycan b diwplid Wil gbyd selbdtivity

w. %of pyridine/HF (1:9) and 89 w. % anhydrous

pyer it othersieingthe pyriding@df . (1:Tosohvtidrein ethilardiate. alfiiunes/3t4rd 4 show that

(1:1), 71 w. %of triethylamne/HF (1:3) and 29 w.

Giligenhaiaide gad FE‘P%PWy‘Pea‘#FSﬁ]éfG Kl seadnsleptedy oves thsRiBers using the

trlethylamne/HF (3: éffs %of trlethylamne/HF

(et yantinedrie 1y golution %{ﬁw’dﬁ‘e 3} soliRg InavRiche wer e

conbined. Wth dilute triethylam ne/HF (1:3)

solutions, to prevent the precipitation of solid upon

QﬂlMEieQn of the comrercial triethylamne/ HF (1:3)

n wth triethylamne, the commercial stock

2@67‘3 'I'Ré’]samal% vgfelr E’Jaﬁ;gleﬁ\'ixlt tnls Etg&}hwets pgtttéyeld@m&lewaﬁé?%cludmg bulk

not her solvent, e.g. nol. [0068] Etch rate
Sh'dh &sp1MeH %h&&édﬁ&fa?@g(s&yﬁ%mﬂ).s agoub bifkal addai &l & dekribed
silicon-containing material (Black Dianond 2, TECS,
thBRmTwkre Qided Qo i3 dehde Ofuid telniobAl € omypuRition ahdy Rimbval @fficiehdy of said
the renoval conposition at 500C for up to 10 m nutes.
Thepsitios elainetnd. sThe piviess tlirig a¢nsoralwemposition imakddd, 98@6 .l % SCCO,, 1
acetate, DVMBO, and water. The etch rate of the
Sit1% wethanglp ardeh 08w fo mumidine/ B copmlsx (let wplairatiell Ty tnpprayfse the
and the results reported in Table lhereinbel ow. [0069]
Bélbtbesed compasiion Fpemeighingl alciO°Oithaprsherp thet rapvehpxperinaes, The
TECS, silicon nitride and ol silicon in a I|]

FE A G e et o e Geseieg Hgrinabore

ut.es. 0070] Ref rring . to Table it c n be seen
tFﬁ TViEhe %%Y'f‘lr I HerosHy ét“&fﬁ fire a?pé‘ﬂls amountsof
%ﬁddOC/o nthgn% %Itlgalglnl rcrghoeurrs] al?s (o pure Ecpof ySHelscribed Eerem in order

Z&&@%L:g/ar%[\chgeso Eﬂt%&}éﬁj %ﬁ&eﬁﬁhl%dﬁﬁ@é Pbé?ﬁéjﬂi thows the

COI’]CGI’] r tion are essenti al

%sqi@bnglsapémﬁéanam%@me%mﬂals As a result t he
etch rates increase in the presence of the pyridi ne/ HF

Joled| FRas SBEE a Ysanipy ledlion eridrfbikedh i(60° Wadleview) &)a defisely patterned
stronger acid than triethylamne (pKa in water = 11).
Gotrsireie bivalg iop-implantédaihberepiytriheton bbb podesng. has an

[0065] Figure 5B is a scanning electron micrograph (60° angle view) of the densely patterned
substrate of Figure 5A after processing with the dense fluid removal composition of the present
invention. The micrographs illustrate that the carbonized photoresist crust was completely
removed without substantially over-etching the underlying low-k dielectric material

[0066] The above-described micrographs thus evidence the efficacy of dense fluid removal

compositions in accordance with the invention, for removal of ion-implanted photoresist from

microelectronic device surfaces. Accordingly, while the invention has been described herein in

24



extrenmely high etch rate conpared to the dilute
sol utions studi ed. Consequently, the dilute solutions
woavw/1azamr e substantial potential of sel ectivety/us2006/014407
renovi ng photoresist, ion-inplanted photoresist, and
post-etch residue materials relative to the underlying
| ow-k dielectric, hard mask, and silicon-containing
L R¥EISo sieBB¢ dpeded feamiey Rt illatrGife RiBYSmehts FHR ihvlntdagit will be
etching of the silicon-containing materials. Referring
dppredi@b] @afl the tdfiityaifaie hednéeh ivatoe tHuo tingied, bui rathee agendorp and
the order DMSO " water ~ methanol < ethyl acetate.
cAnpiphees hungmahs ethet ippecthi Featums anh yaibaglinsentsiyi Axsprdifgly, the claims
(rmol /nmol) solutions is that the etch rate of the.
hreeepiariset] fortlh ave inended tobe corresperdifisly broaglyconstryedcasgngudingliguch
IS g;obably due to the increased deprotonation of the
aspeciyi ERUPARE eRRqdERp s i RSP ERIE“®Bncent r at i ons.
[0072] In addition, selective etching of one
silicon-containing material relative to another was
observed, depending on the dilute am ne/HF ratio. For
exanple, Figure 1 shows that TEOS canbe di ssolved with
good selectivity over the others using the pyridine/ HF
(1:1) solution in nethanol. Figure 2 shows that
thermal oxi de and TEGS can be dissol ved with good
selectivity over the others using the pyridine/ HF
(1:3) solution in ethyl acetate. Figures 3 and 4 show
that silicon nitride and TEOCS can be dissolved with
good selectivity over the others using the
triethylam ne/HF (1:1) solution or pyridine/HF (3:1)
solution in water. Exanple 2 [0073] The sanple wafer
exam ned in this study was a patterned silicon wafer
i ncl udi ng bul k and ion-inplanted photoresist |ayers
(see Figure 5A). Various chem cal additives, as
descri bed herein, were added to the dense fluid
renoval conposition and renoval efficiency of said
conposition evaluated. The dense fluid renoval
conmposition included 98.95 w. % SCC2, 1 w %
met hanol, and 0.05 wt. % pyridi ne/ HF conplex (1:1 nole
ratio). The tenperature of the SCF-based conposition
was mai ntai ned at 700C t hroughout the renoval
experiments. The renoval conditions included a static
soak at 3,800 psi for 10 mi nutes descri bed
her ei nabove. Fol |l owi ng renoval, the wafer was
thoroughly rinsed first with copi ous anounts of
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SCC2/ met hanol and then with copious anmpbunts of pure
SCCO2, as described herein, in order to renove any
woesietiuzd21 sol vent and/ or precipitated chem cal PCT/US2006/014407
additives. Figure 5B shows the result of this
experinment, as described herein below [0064] Figure
5A is a scanning el ectron nicrograph (60 angl e view
of a densely patterned havi ng i on-i npl ant ed
phot or esi st thereon beg%g%'ﬁTﬁé§SS|ng [ 0065] Figure
5B is a scanning electron mcrograph (60 angle vi.ew)
of the densely patterned substrate of Figure 5A after
W29 ehihddGs: WM th the dense fluid renoval conposition of
€ present invention. The micrographs illustrate that
t he carboni zed photoresist crust was conpletely
renmoved wi thout substantially over-etching the
1undenl iog! kowpokitich, sbeprising ct faastenp &P-sPLowB 6} leppieone chelating
above-descri bed m crographs thus evidence the effjc
agrfnt, diptivsdllyfot lehst onecivm DaifnecEPRbGET PRHGPALY hieat ERs YHPrEL® m‘a‘?fﬁn
the invention, for renpval af 1@? nFIanﬁ g
Spfh SRRl SPIROSHIPR i SHIRIOTET BEP YR P

Accor di e the ] vent ged
PRI F?S‘H‘?ﬁ‘éal‘eé‘\rggﬁo 2 {1’5“06 ec fl%vchél L\g& sjal‘a‘i‘i?deegltgl 3?%%) and
illustrative enbodlnents of the invention, it wll be

appreciated that the utility of the inventio
2% hus The yinpealiconpasitignpf Hlaim la g@ﬁﬂ the Pt?ledﬁta’ 03 81630 e&@% ée?at“ve to

numer ous ot her aspects, .features

R p e e e SR R R

i ntended to be correspondingly broadly construed, as

i ncluding all such aspects, features and enbod |weq :

i t hiThe rdweivel copbosition oA daigch peerP IR CERoRISIhfREPrIseg ot teast one
claimed is: 1. A renoval conpositi

0 f 1SN
ol Pl P B LS s T A P R -

Ig%%}h-g}l}g{ 1}1%/}163:1\110 ala; lﬂﬁnegugfpg%%ya%rghgﬁ%%; te%ulrt]”(?}%g ethyl acetate;
]J@Hes-' a,ke]ngsnfi &S p;thalrt?aﬂ ﬂuon%%ﬂ:cf lﬁ@%ogaﬂgo‘ﬁg agrﬁr{'ég\ﬁhaﬁlsbfé{rhly@rﬂﬁran

oresis ost-etch residué
u%neer nglle gm)l*gxame C 5&%'11@ CibQR,; Cdugéiﬂ}}l Ci8rnkt@Ndel Pirhedtythulfoxide;
reon. 2. Thé renobval conposition of claim

;]ynd %ahﬁar&ti@ 200 Brile iy 19 but§Ocasol @tkHys yarbiedalteicyl @atbitol;
chel a ating agent(s) in the rempval conpositionis in a
heibeBardolafifien B@itbol kidtode; tdfplabioathing 3@BmEthyled. suTfhee; rdisthgly gther;
conposition of claim1, wherein the co-sol vent
GRYTAd%E S thatt bdne@sd, ethplene glycol; dioxane; pyridine; y-butyrolactone; butylene

fl ghotores1st and/or

carbonate; ethylene carbonate; propylene carbonate; and mixtures thereof.
4, The removal composition of claim 1, wherein the co-solvent comprises methanol.

5. The removal composition of claim 1, wherein the chelating agent comprises a chelant
species selected from the group consisting of 1,1,1,5,5 ,5-hexafluoro-2,4-pentanedione (hfacH),
1,1,1-trifluoro-2,4-pentanedione  (tfacH), 2,2,6,6-tetramethyl-3,S—hei)tanedione (tmhdH),
acetylacetone (acacH), pyridine, 2-ethylpyridine, 2-methoxypyridonde, 2-picoline, pyridine

derivatives, piperidine, piperazine, triethanolamine, diglycol amine, monoethanolamine,
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sol vent selected fromthe group consisting of: water;
nmet hanol ; et hanol; isopropanol; ethers; Nmrethyl -

woyooealisadones; N-octyl -pyrrolidones; PCT/US2006/014407

N- phenyl - pyrrol i dones; sul fol ane; ethyl acetate;
al kanes; al kenes; at |east partially fluorinated
hydr ocar bons; am nes; phenols; tetrahydrofuran;

| X | " | : , ® ozl ine, quinoline
ST, i e e, e

_ ( I'met hylsul't oxf pyri‘dine;
isoq! iﬁ&lf}xg,li e 'ind ifAfd o%[]{rfeﬁlgflliﬁi:ne,%ﬂ&ﬁia,séxaﬁié! éébﬁcc«ﬁ_fdbfohﬁllc acid,
et yl'’carbftol; hexyl carbitol; nonoethanol ani ne;

ST Rld. |oAGE ARE; phBipBireCald, BBiyD Béetated bErATRbINBhenkonyl fluoride,
sul fone; diethyl ether; ethyl |actate; ethyl benzoate;
StbidiRbgv@lieat,; diienAtieiocpyimaas, ne; riffadsasthyt ol alghionadamate,
butyl ene carbonate; ethylene carbonate; propylene
tifidpetatesuldnate, Minetharessionih eacalo f mesd-2, 3 Thraereapiopngeiic acid, 2,3-
conposition of claim1, wherein the co-solvent =
dmerpaptosepropretshifonis] acid52,3-Fimsreprierbwippaneb Apsesiiyiien thipzoline, 1,3-
claim1l, wherein the chel ating agent conprises a
dhivlaant syyifelpess SQP@E‘F%‘HCEF‘F%‘H& hgl"b?ﬁ‘ﬁﬁa%ﬁ?@%’f’i ngléf1l-

l,1,1,5,5,5-hexafl uaro-2 4-pent anedi one (hfacH),, )
tpirgiligcyelpteiadgrghcy. 2, 4-552?1%3&%%?%8‘}?&‘/%’??’%@?6“%’ 15:5,13,1721
2,2,6,6-tetranet hyl -3, 5-hept anedi on . thdH) ... :
1?5%*‘?&?’1‘35%%0?6%%’53(“8’0 acH %y r !Obd ?mn]gg 2- %ltﬂ&l?/r}psyr i ﬁ?lhegs,dphmphme’
- | 501 COl i e, Py pdodiniGo e ¥Rk MRSphine,
S I P I L R
@i@(?élﬁaﬂu%ﬂﬁ@lﬂﬁ&%{ﬁn ne, pyr md£fludr§B%apstlosphine, 1,2-
1,2,4-triazole i pyridine, pyrimdine, pyrazine,
PiY[bis@adaRBrophiypEdshHity]cthan€) o U2 i (diphenylphogivih@pthauad _pyridine/HF
I m dazol e, triethylam ne, amonia, oxal ate, acetic
asiplex, f pritiheHAL | ehmpBw fpyriflice/HBi dgompleky i tejethdirgine/HF  complex,
phosphori c acid, butyl acetate, . )
p'@mﬂammp/@@htcampggu|m@g§thanplpxgi(1}plﬁaec’omplex, triethanolamine/HF complex,
pyrrolidi necarbodithiolate, diethyldithiocarbarnate,
triethylamine/Gumisypid agnpriixorng coyalipptins thereof.
trifluoromethanesul fonate, nethanesul fonic acid,
meso- 2, 3-di mer capt osucci nic acid, 2, 3- _
di mer Tiaptemotal poopaites ulff daincl,aghegkin the chelating agent comprises a
2, 3-di nercapto-1|-propanol, 2-nethylthio-2-thiazoline,
pyrline@Rdoimpl:ane, sul f ol ane, perfl uorodecanet hi ol ,
1,4,7-trithiacycl ononane, 1,4,8,11-
tetrathi acycl ot etradecane,
%, 5, 9THS rdnRidl asabesitaa yaf| dfiax delkseie thel ¢iislaBing 3geh7 cotmprises a
hexasel enacycl ot etracosane, i odine, brom ne, chlorine,
iricthyheme/Hivosplat. ne,
di phenyl ( pent af | uor ophenyl ) phosphi ne,
bi s( pent af | uor ophenyl ) phenyl phosphi ne,
gr i s pRIGEANaLQIPHRRA Y Jl4ia S@kipfigng the at least one ion pairing reagent.
tris(4-fluorophenyl)phosphine, 1, 2-

9. The removal composition of claim 8, wherein the ion pairing reagent comprises a salt
selected from the group consisting of pyrrolidinecarbodithiolate salt, diethyldithiocarbamate
salt, trifluoromethanesulfonate salt, trifluoroethyl dithiocarbamate salt, potassium iodide,
potassium bromide, potassium chloride, cetyl tetramethylammonium sulfuric acid, cetyl

tetramethylammonium bromide, hexadecylpyridinium chloride, tetrabutylammonium bromide,
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bi s[ bi s(pent af | uor ophenyl ) phosphi no] et hane,

1, 2- bi s(di phenyl phosphi no) et hane, pyri di ne/ HF conpl ex,
woyoictiitseed HCI conpl ex, pyridi ne/ HBr conpl ex,  PCT/US2006/014407

triethylam ne/ HF conpl ex, triethylam ne/ HC conpl ex,

nonoet hanol am ne/ HF conpl ex, tri et hanol am ne/ HF

conplex, triethylamne/formc acid conplex, and

aRRkNALIcERSe tHRS @9fiimeRaptd N Brop@FaNBhic CRMP 881, tdndNcddbinations

claim 1, wherein the ch ?ating agent conprises a

pgfebdi ne/ HF conpl ex. 7. The renoval conposition of

claim1l, wherein the chel ating agent conprises a

triethylam ne/ HF conpl ex. 8. The renopval conposition

9. cl ﬂ&éﬁrﬁovap&masgnﬁ,h egclatm RhnptiGRShe £1Est bmun%am ng

reagent. 9. The renpval conposition of claims8

wherein the ion pairing reagent conprlses a salt

Eglr ?8 egliefwrxg) ?FW& ? Lofe:‘lﬂcon I ﬁ{elreﬂlgthe surfactant comprises a surfactant
Sl dleh oBCAL gﬁwzo Sl br aldbbY QAR ARESHS R LS

, tri |UOI‘O€ ocar te sa1, pot'assi um

*I@Mﬁwl-ﬁ@éc@?&i LD Bﬂlﬂ] AR pollehas Sﬂddf@slﬁﬂt:@l{té EoctysBlfdéhccinate

t et ranet hyl anmoni um sul furi ¢ acid, cetyl

s, BBy dpRiITpidhddBBu TSI ThAELE salf) ens@daﬁseﬁmwulfml@ laéld) amphiphilic
chl oride, tetrabutyl ammoni um

Mln@opothenedh, 0dihytyényb Sotyoxyathylenes adilicone polymers, modified silicone
2, 3-di nmercapto-1-propanesul fonic acid salt, and
poltbérnapicoimict Hisise ghiodified. acalenie edidly aﬁlksdmw@mt isalfs, gpodified
claim1l1, conprising the at |east one surfactant. 11.
Tirdlapwariynsaliso oD dadesprl Biffate) asTorl Y, (AfHe eed ﬁ“‘ifﬁéted analogues

sur apt conprises a surfact nt spe s sel ec
ol @Wﬁlﬁ o ‘Lﬁ’f"Pﬂ&eﬂﬁf S fa?taa% ieéff’sug%fiﬂfea f%ﬁ%’%sphate-
xyl.a net 5- de ne- 4, 7-di
§ Xrg ic y ts suﬁ e’éirs%n%ac%afl’clsJ 03CS g.acre aaerc]lt 3¥ne s, and combma'aons
%{g ylsulfosu00|nate salt,
di mer capt o- I-propanesulfonlc acid salt,
dodecyl benzenesul foni ¢ acid, anphiphilic

o P N R ——

Qﬁtylenlc diols, nodified acetylenic diols,
ylannnniun1salts, nodi fi ed al kyl anmoni um sal ts,
sodi um dodecyl sul fate, aerosol-0Or (A&W) and
fluorinated anal ogues thereof, alkyl anmo

gér f | &b 5pery) SoPRSp g el i rderen. I%‘t}? Fo58 (Ot B HAEWO) relative to

Ssgrlfatctsant(ssJ tI?JJ rlgr%gveapc%%%gsmon is in a range from about 300:1 to about 7000:1.

=

14. The removal composition of claim 1, wherein the chelating agent is present in an
amount effective to remove bulk and ion-implanted photoresist and/or post-etch residue

material from the microelectronic device having same thereon.

15. The removal composition of claim 1, wherein the chelating agent is complexed with at

least one dopant ion to form a chelating agent-dopant ion complex, wherein the dopant ion
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surfactants, sulfur-based surfactants, acetoacetate
based pol yners, and conbi nations thereof. 12. The

woeomviaezconposi tion of claim 10, wherein sai dPCT/US2006/014407

surfactant conprises an acetylenic diol. 13. The

renmoval conposition of claim10, wherein nole ratio of

co-solvent(s) relative to surfactant(s) in the renoval
sza%lahl B skiSctddNiréin BN GRuf cHR@I0SH an3QQinke 108, alWAtbh ion, a

7000: 1. 14. The renoval conposition of cIa|n11

pvEhiots ib) én Biiehadn, 8@ aag@Miony Bnpr esent in an anount

effective to renove bul k and ion-inplanted phot oresi st

and/ or post-etch residue material fromthe

rl%. cr Oﬁ{ qgﬂo&ﬁ@oﬁ (g:ﬁl\’)h Q)? claﬁVﬂSn&n@m 605 ack IenlIlafél and a

r enov conp03| ion of claimi1, wherein the chelating

aggﬂ&yggqugghgﬁggmmkth at |east one dopant ion to
fopn a chel ating agent-dopant ion conplex, wherein the

dopant ionconprises an ion selected fromthe group

cfﬁnSi t I nglox(?a].‘l I%p(gsli% ?Eéélfuc &liflnig*xn% ?wpeg)%rp Qhé %lat%%n ﬁent compnses

osp or 6US an ant
dinb R rennval conposition of claim15, conprising
ﬁbnol an acetylenic diol, and a chelating

agent - dopant i on conpl ex. 17 The renoval conposition

0 o Bt SR LG5, SRl S SIEHRS o
e r SERMAL of 9§41taa1%9n Qfoxia
s e
?ﬂﬂﬁjfrltlca| carbon di oxi de (SCCO2) . 19. The dense
ui d renmoval conmposition of claim 18, wherein the
conmposition conprises SCCO2, nethanol, an acetylenic

qb ol , "[‘heﬂcf:j S€ ﬂux?%r?cgvlapc%@gs%v\}} ‘of é&%m fgh@he; %Fﬁlat Irrr11posxt10n cotmprlses

conp03|t|on 0 the c

F?‘,C@ %? th We%ﬁm@hml GRES chgﬁﬁlg g&ﬂ@ nt ion selected

e group onS|st|ng of an arsenic ion, a boron
ion, a phosphorous ion, an indiumion, and an anti nony

28. The removal composition of claim 19, wherein the chelating agent is complexed with
at least one dopant ion selected from the group consisting of an arsenic ion, a boron ion, a

phosphorous ion, an indium ion, and an antimony ion.

21. The removal composition of claim 1, wherein the microelectronic device comprises an
article selected from the group consisting of semiconductor substrates, flat panel displays, and

microelectromechanical systems (MEMS).

22. The removal composition of claim 1, wherein the bulk and ion-implanted photoresist
materials comprise dopant ions selected from the group consisting of arsenic ions, boron ions,

phosphorous ions, indium ions, and antimony ions.
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21. The renoval conposition of claim1, wherein the
m croel ectroni c device conprises an article selected
wonewtidee1 gr oup consi sting of sem conductor sSuBeT/UAR@®SE/014407
flat panel displays, and m croel ectronechani ca
systens (MEMS). 22. The renoval conposition of claim
1, wherein the bulk and ion-inplanted photoresi st
terials conpris. | i b BledEdOftih
2£§n§ﬁ§f?ﬁﬁgb g%ﬁ@%?@ﬁﬁgﬁg, g?%ﬁkg%%ggm%ﬁggphorous
th G ”&;8 oﬁ&éﬁ&iéﬂ o? B phBBDsi@N ok HRANntd O PribtodeBist, PBE-efcl FaIAE and
C sition"of claiml1, further conprising residue
JBlidRlmexgt ected from the group consisting of hulk
phot oresi st, ion-inplanted photoresist, post-etch
resi due and conbi nations thereof. 24. The dense fluid
2%.6 oyl deS QTR J)Vgﬂiog‘%osﬁlgﬂlfomlgiﬁr 180 Hithd) €5mSRAP kst Baterial
esi due nmaterial selecte romthe group consisting of
salsilel fROHQ gg?&xg Shasistif ot B AdtRdish RALighREES bhotddRBE, pedtetth
resi due and conbi nations thereof 25. A kit conpri sing,
rdsluORA QLRGSR teRddt ai ners, renoval conposition
reagents, wherein the renoval conposition conprises at
| east one co-solvent, at |east one chel ati ng agent,
ptignal |l ind &8 i Rak vl S4tfon réddéhts, wherein
28t o 1ol B3 SR e el R e s e
ﬂ#%l femoval acgﬁf%sﬁgn teBmprREsThteAsE ORY 8d-sohRAP @S ichdt @he Sheldtiaplagent,
or renovi hg bul k and ion-inpl anted photoresi st and/ or
oB@shhityedt Gdhst! A8 il YeirifBieRdeh@ bndf dpasnaBly arlestomb ewfaptar and wherein
devi ce having said material thereon. 26. A nethod of
Ry hdagtedtsl fhrmen@mbaheomppditntseitibls Hertremeviigdulk gpdjiopmplanted
post-etch residue material froma mcroelectronic )
Hietviesis ahdiuripng-eaiesidwpmatrieldfon sisicrogiictrogis HeyigrbpRgfaid material
conprising contacting the mcroelectronic device with
thergoamoval  conposition for sufficient tinme to at |east
partially renove said material fromthe
m croel ectroni c device, wherein the renoval i
TEONP QS infeihod of reaovidg sullapnd asplavial Rhotossistaafor pet-ctrlpregidue
one chel ating agent, optionally at_ |east one ion -
paérial frgmageinoelecimlc dqyice drang spidgpaterishbiereqsn grid et OgRES e
27. The method of claim26, wherein the co.solvent ...
ootging dhegnigrpelpcrans degise Wiy (PEIFYR! SepRegiigryfor sufbicient time o at feas

partially remove said material from the microelectronic device, wherein the removal
composition includes at least one co-solvent, at least one chelating agent, optionally at least one

jon pairing agent, and optionally at least one surfactant.

27. The method of claim 26, wherein the co-solvent comprises at least one solvent selected
from the group consisting of: water; methanol; ethanol; isopropanol; ethers; N-methyl-
pyrrolidones; N-octyl-pyrrolidones; N-phenyl-pyrrolidones; sulfolane; ethyl acetate; alkanes;
alkenes; at least partially fluorinated hydrocarbons; amines; phenols; tetrahydrofuran; toluene;
xylene; cyclohexane; acetone; dioxane; dimethyl formamide; dimethylsulfoxide; pyridine;
triethylamine; acetonitrile; glycols; butyl carbitol; methyl carbitol, hexyl -carbitol,

monoethanolamine; butyrol lactone; diglycol amine; tetramethylene sulfone; diethyl ether;
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fromthe group consisting of: water; nethanol;

et hanol ; isopropanol; ethers; N-nethyl pyrrolidones;
woRkoewiyse2pyr r ol i dones; N-phenyl - pyrrol i dones; PCT/US2006/014407

sul fol ane; ethyl acetate; al kanes; al kenes; at |east

partially fluorinated hydrocarbons; am nes; phenols;

tetrahydrofuran t ol uene; xyl ene; cycl ohexane;

@Rt QBSke; ShRRRatedEmRINRlycbIO bidRHEE: A ridine; y-butyrolactone; butylene
dlnethylsquOX|de pyridine; triethylam ne;

aa@brl dthy1dne carniie Pr&pylefdbaibbnabetidinti@lres HBEY4nd
carbitol, hexyl carbitol, nonoethanol am ne; butyro
| act one; diglycol am ne; tetranethyl ene sul fone;

qv}rh%};e ) e &’1{ 'agEJM)m;IL &l aat,thglant ‘é‘% U sef%‘é‘f!é& B8 Fhe %&J\;%&%ﬁﬁng of

gl'yco pyr |ne tyrol act one;

ciey, P%‘é‘h&aﬂnﬁﬁd“)’ 1 %Elﬁan@cﬁ&l@o ﬂﬁ&cﬁ) ArIORYHERS 2 AL RANRBDR  (tfacH),
and ‘m’xtures therfeof ; d wherein’the chel ati ng agent

Czomns teB8Set]- g,b&ule;aﬂfedls&ecmeﬁd}gel 8dety@etérlcONTabdE), 91 BHiBine, 2-
consisting of |,I1,1,5,5,5-hexafl uoro-2, 4- pent anedi one
(ttiy@tifine, |2-thethoxtyiritine,02-pic@lind,- peidina ndeelivaives, (pifeiditd, , piperazine,
2,2,6,6-tetramet hyl -3, 5- hept anedi one (tmidH),
ddehapblagiet,odiglycelc awidp, nppedtidnelenin® - pwatotey | yxaradé, né2.4-triazole,
2- met hoxypyri di ne, 2-picoline, pyridine derivatives,
pripyeiding ipprEmidiseppyraziienByTidpzeo g amwhnm igfojes gnd imidazole,

am ne, nopnoet hanol an ne, erole xazol e,
1m§hYAan%uﬁ FPBP 075%1159 PP Aed fwfc.am df ic agidy &itrioqeid, phosphoric

3}813,@8 %C% Gyt hyfrglﬁ?rﬂbu%n%%ﬁ I}Elgrxdg{] g?pé/%blé(@lg{)a[rbodlﬂnolate
a[ﬁéﬂg'ldn Bga%a&aém d’tﬂfﬁl%*oeﬁwll ¢ a&ﬁo@mb&ﬁattg I C tﬁﬁﬁ&omethanesulfonate

oric acid, but acetate
%Jtﬁahéé@l?dﬁp:uﬁcﬂq exﬁééuzgﬂﬂllnergabfégfchﬁ’i@’ac1d 2,3-dimercapto- 1-propanesulfonic
pyrrolidi necarbodithiol ate, diethyldithiocarbanate,
takidf | ugraasdrbyplo-1dbbiabelc an hamwkifo-2-thiazoline, 1,3-dithiolane,  sulfolane,
trifluoronet hanesul fonate, nethanesul fonic acid,
s erddedardthivhl ¢ Aticthisc@lonbrandCl,48,11-tetrathiacyclotetradecane, 1,5,9,13-
2, 3-di mercapt o-1 - propanesul foni ¢ acid,
ZstBsakinapyclokepadsedne,pr bpa il 7,21 Dexmeddnydytibietmacdsapdi agdirlei neromine,
1, 3-di thi ol ane, sul fol ane, perfluorodecanethiol,
1ch11>ru;e,t rithi actylglpegﬂgtwgph@ 1,4, 8 1dlphenyl(pentaﬂuorophenyl)phosphlne

| -tetrathiacycl otetradecane, 1 13-
tté&(]?ea@%@équwgplgwé%mﬂ e, trls(pentaﬂuorophenyl)phosphme tris(4-

BB et OB R Do o R 12
%Jg%lgﬂ%{% %}EF u;cl)‘l?%p s h%&{l@%% l%g:ﬁ%l%g Iﬁ]‘}ﬁdme/HCI complex, pyridine/HBr

t crohlﬁ{ep e HIeﬁlﬁdaiﬂ%@ﬂh %&}{}gléxp hﬂ@tﬁ’ﬁérﬂﬁe/H(tJlr IC&(II‘ﬂCX monoethanolamine/HF
f uor ophenyl ) phosphi ne;

2iplek, Shidths61namnt/ak| cuassl@;p ) e ladnRRESR 2] SPRRCand Lodbinations
blsgdlphenylphosphlno et hane, pyridi ne/ HF conpl ex,

pydreadi ne/ HO conpl ex, pyri di ne/ HBr

28. The method of claim 26, wherein the microelectronic device is of an article selected
from the group consisting of semiconductor substrates, flat panel displays, and

microelectromechanical systems (MEMS).
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conpl ex, triethylam ne/ HF conpl ex, triethylam ne/ HC
conpl ex, nonoetl i anol am ne/ HF conpl ex,
wonrimtihanol am ne/ HF conpl ex, triethyl am ne/f or BFCT/US2106/014407
conpl ex, and conbi nati ons thereof. 28. The nethod of
claim 26, wherein the mcroelectronic devite is of an
arti cI e sel ected fromthe group consisting of
em 494, k! HEdn el il RANGL-inflagih BNoresh Ghaterials
2%1 I e ordo()r%a?caﬁl’zjtn|Iscaﬁ’le systeems I\/EI\/SmQ ?he nmet hod
09 rﬁul: %t)}g‘g}ll.z%ns VBEG&QI Rothfe Riddup &)ﬁgsﬂng’ Mot aﬁ&hlanibﬁsd boron ions,
ot or es1 st material s conpri se dopant ions sel ected
pfld'sﬁm&lpﬁngﬁﬁﬂﬁu&@%ﬂ&{tirr[d)gyﬁfls arseni c ions, boron ions,
phosphorous ions, indiumions, and antinony ions. 30.
The net hod of cl aim 26, wherein the contacti ng
onditi 9 GO R O AfcabithBing HnditibR RGRprist RMpaRGLtin a
3%00C eméh%)do?mglgb%?w%% The met héodnof1 cl alrtn 26,
ré@%@ﬁ&h%oﬁ@iodc&%&@@d%ng time is in a range of from

1 mnute to about 30 m nutes. 32. The net hod of
claim 26, wherein the renoval conposition further

3&/?' 1?8.'31? (gie g“zﬁafrfglgg Iv%erem sai Téggtacglgé Hﬁ@' 15% acrln%'e A% §gm about 1

conditions conpri se pr essure in

a about 1500 to about 4,500 psi. 34. The
mt%t%{%%@ou?;olfu%ﬁ% 32, wherein said cont actl ng tine is in

a range of fromabout 1 mnute to about 30 m nutes.

Bondiips BRELShPT PLAER Fit SPglel bopof fnCRAP S done
400C to about 750C. 36. The met hod of claim 32,
tkrei n the contacti ng step conprises a cycle

including (i) dynamc flow cont acting of the renoval

conposition w th the cro ronic eV|ce

Bul k Thadeheh of APt é‘@erﬁ’ﬁ‘o %F e QRAFBF “Bo o% > 3%9#&8 4

resi due ther | . static soaki ng cont acting of
? %%@Ptlgg%(%@?u??édﬁ W th the nicroelectronic

deV|ce havi ng the bul k and i oni npl ant ed

._g

34. The method of claim 32, wherein said contacting time is in a range of from about 1

minute to about 30 minutes.

35. The method of claim 32, wherein the contacting conditions comprise temperature in a

range from about 40°C to about 75°C.

36. The method of claim 32, wherein the contacting step comprises a cycle including (i)
dynamic flow contacting of the removal composition with the microelectronic device having
the bulk and ion-implanted photoresist and/or post-etch residue thereon, and (ii) static soaking
contacting of the removal composition with the microelectronic device having the bulk and ion-

implanted photoresist and/or post-etch residue thereon.
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phot oresi st and/ or post-etch residue thereon.37. The
nmet hod of claim 32, wherein said cycle conprises
weaho®rinaingly and repetitively carrying out dpaamisegoos/014407
flow contacting and static soaking contacting of the
m croel ectroni c device having the bul k and
i on-inpl anted photoresi st and/ or post-etch residue
? her gl%' imetBSh of e BBIIRAmOhidCdyalk Bdbmnisesdiehfinply tah@ regenively
| ui onprises supercritical C32. 39. A nethod of

5BV aﬁk&w a0 doitRAngd fAAl At @ekkpfaodonneiag of tenditoelectronic
post etc esidue material froma mcroel ectronic

dekGasihe @nd @y buligarslaéndmpidtet jhaloresibtendamostsh csidwe theyepn.
conprising contacting the mcroelectronic device with
a dense fluid renoval conposition for sufficient tine

380 atl"hs% £a8da JRakhid P! WkrdiBADNBseTRIdCLoNBRE dupdrerfiiclDAL.he
m croel ectroni ¢ device, wherein the dense fluid

renoval conposition includes dense fluid and a liquid

oo b e R nyl B Bl a" BIBNAL, MORCFRLIR) Ssicue

HeFentR nposition o aim 1.
mrTa?erlQlloigonQ b ggﬁg 1880 JBJ]&V & Ha@/ﬁlg fshild inGhyc iGN RY G, ﬁﬂmﬁdtcbﬁﬁnsmg
, sal d conprising dynani cal 'y mi xi ng

SRhdn %Siﬁlcxfolella’étx@m@'agw&ahﬂﬁ 4 HtH Auidl eamvall coppdiition Forastifficient
to make said dense fluid renoval conposition. 4 1. The

it th e 1eadt patigilyteddve saldandrial fitie teheicatldgniagevite, wherein the
conpl exed with at | east one dopant ion selected from
defie i ugnaenesinpbiitvy iofluden derss ehidc aidom liquid emeyal FareTALS,
phosphorous ion, an indiumion, and an antinony ion.
wireinftheremetdh oxicevfrate poiprises the repsplepmpastien gt ng

agent is conplexed with at | east one dopant ion
selected fromthe group consisting of an arsenic ion,

A). borOmeihod of MalpoEPlmEcoflisd retmoyal Znmpasition nf ¢lam, 39aswdl method
anti nony ion.

comprising dynamically mixing said dense fluid and said liquid removal concentrate to make

said dense fluid removal composition.

41. The method of claim 27, wherein the chelating agent is complexed with at least one
dopant ion selected from the group consisting of an arsenic ion, a boron ion, a phosphorous ion,

an indium ion, and an antimony ion.

42. The method of claim 32, wherein the chelating agent is complexed with at least one
dopant ion selected from the group consisting of an arsenic ion, a boron ion, a phosphorous ion,

an indium ion, and an antimony ion.
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