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device substrate is inversely proportional to the photolithographic wavelength, interference and
unevenly exposed photoresist have limited the consistency of the critical dimensions of the
microelectronic device. |

[0003] For example, upon exposure to DUV radiation, it is well known that the transmissivity of
photoresist combined with the high reflectivity of the substrates to the DUV wavelengths results in the
reflection of the DUV radiation back into the photoresist thereby producing standing waves in the
photoresist layer. The standing waves trigger further photochemical reactions in the photoresist
causing an uneven exposure of the photoresist, including in the masked portions not intended to be
exposed to the radiation, which results in variations in linewidths, spacing and other critical
dimensions.

[0004] In order to address the transmissivity and reflectivity problems, bi- and tri-layer

photoresists, bottom anti-reflective coatings (BARCs), and sacrificial anti-reflective coatings



exposed to the radiation, which results in variations
in linew dths, spacing and other critical dinensions.
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relative BRI FidtoddsisAAd e@hg{h@qR&ARCS [ 0006] Untreated

phot oresi st possesses solubility in strong aqueous
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organi ¢ solvents. However, photoreésist t een
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materi a e hardened crust I s conposed
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solubility fiNadas®fts roastERERLhBNREIGERSIaEt and/ or SARC materi al s
fromthe mcroel ectronic device wafer has proven to be

[0007] di fThé Celbdn agiadvar FOsirtshed | hhoidbsist AR SARDE naB¥RISS from  the
microelegtlraiic device wafer has proven to be difficult and/or costly. If not removed, the layers may
interfere with subsequent silicidation or contact formation. Typically, the layers are removed by
oxidative or reductive plasma ashing or wet cleaning. However, plasma ashing, whereby the substrate
is exposed to an oxidative or reductive plasma etch, may result in damage to the dielectric material,
either by changing the feature shapes and dimensions, or by an increase in thé dielectric constant of
the dielectric material. The latter problem is more pronounced when Iow;k dielectric materials, such
as organosilicate glasses (OSG) or carbon-doped oxide glasses, are the underlying dielectric material.

As such, it is often desirable to avoid the use of plasma ashing to remove the hardened photoresist

and/or SARC layers.



interfere with subsequent silicidation or contact
formation. Typically, the layers are removed by
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However, plasna ashing, whereby the substrate is
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as ILDs. | 1sb NUD Infiterials aEHIRIO Sy WheehSple LIRS Idfxld¥, FloBRRES Sticate glass
that do not danmmge the di el ectric. Moreover, aqueous

(FSG), armdengvadilicae| gl @3),ah@udifondh ]B&oﬁtaﬁ@n&gﬁor&ﬁtnﬁlterlals. _
i nterconnects. [0009] Hydrogen fluori (HF) sol utions

[0010] mejcdomlinghe thetedis @trebd Fi thd 6@ For GXH-H& HREleindl 3 corﬁl%’é’ﬁl\éﬁsr that can
HF sol utions etch silicon oxides rapidly and

completelyaind sfloéatly veloye phdicretifieneby SARY 18R4SR0l MBERrRlectt @R Sdevice
of other silicate-containing naterials in the device,

while sinedtpeoisdy nynisiziigCdin@gered eel caletch$lddly FeBent QTR YmMSBE and/or
as |LDs. Such ILD materials include, by way of

interconnest anefalse, silicon di oxide, fluorinated silicate gl ass
(FSG, and organosilicate glass (OSG, including both
porous and non-porous naterials. [0010] Accordingly,
there is a need in the art for HF-free liquid renoval

SUMMARYOE JIHEH INENTIGN can conpl etely and efficiently

renpve photoresist and/or SARC | ayers fromthe
[0011]  miBreqgebsenit inpaition delateC ® whighid Bmew teampeditnYandl frbd¥seZ LR in
danmage to the co-extensively present dielectric
microelectranie rdevibs nanahauring processes, particularly for the removal of sacrificial anti-
reflective silicate material and photoresist material from a microelectronic device having such
material deposited thereon, particularly where the sacrificial anti-reflective silicate material is present
with permanent silicate materials and interconnect metals desired to be unaffected by said
composition,
[0012] One aspect of the invention relates to substrate treatment formulations such as cleaning
formulations comprising surface interaction enhancing agents including, but not limited to,

poly(acrylamide-co-diallyldiemethylammonium ~chloride), poly(acrylamide), poly(acrylic acid),

poly(diallyldiemethylammonium  chloride), diallyldimethylammonium  chloride, acrylamide,

(8]



i nterconnect netals. SUMMARY OF THE | NVENTI ON [ 0011]
The present invention relates to a |iquid renoval
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devi ce manufacturing processes, particularly for the
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surface interaction enhancing additive, and optiona

comprisigd at“&@ﬁ&ne%@nfém@ﬂﬁ@tba&e la@l@ats? End {10 thﬁﬁ(agﬁeoéégh metal source, at
consi sting of: | east one alkali or alkaline earth

least oneMRgaalc SSRMKICE leadt oﬂees%ﬁﬁceQH@ra%cﬂ%h&cfﬁg|aﬂﬁmfe oﬁﬁonhﬁaﬁtleast one
one surfactant; at |east one chel ati ng agent

surfactan€ Gfl) lop@dnla iy 6t Feﬁls@ o8O thelathe b 8dnk) virkdh bdidluitld T&RRMPLomposition is
conposition is useful for renoving photoresist and/or

useful foB a€fidvidgCpttorét iand/&f daBiGfidial @nG-Bdlcbing oIS ARRY) §hdtal from a
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microeledtiv@lc@ievice IRk 8lichthaterial(@hdrédali d renoval conposition is
devoi d of abrasive materials and is not supercritica

[0015] oOr InSysbefidthdr Gddect, the present invention relates to a kit comprising, in one or more
containers, one or more of the following reagents for forming a liquid removal composition, said one
or more reagents selected from the group consisting of at least one organic quaternary base, at least
one surface interaction enhancing additive, and optionally at least one component selected from the
group consisting of: at least one alkali or alkaline earth metal source; at least one organic solvent; at
least one surfactant; at least one chelating agent; and combinations thereof, and wherein the kit is
adapted to form the liquid removal composition suitable for removing photoresist and/or SARC
materials from a microelectronic device having said material(s) thereon.

[0016] In still another aspect, the present invention relates to a method of removing material

from a microelectronic device having said material thereon, said method comprising contacting the

microelectronic device with a liquid removal composition for sufficient time to at least partially



[0014] In still another aspect, the present invention
relates to a liquid renpval conposition conprising at
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and/or SARCY 0@tk tfromn b Cnide¥lectfoni MR Havinh Gaidi Iﬁ&’tbﬂﬂﬂ rtﬁ‘é?@&ﬁa kaid method
COprOSI tion COprrl ses at | east one or ganl C quat er nary

comprisiigagmfactitg the astroderosidrdedice with taclied retidva dAPEdie for sufficient
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optionally at least one surfactant, and optionally at least one chelating agent.

[0019] Another aspect of the invention relates to an article of manufacture comprising a liquid

removal composition, a microelectronic device, and photoresist and/or SARC material thereon,

wherein the liquid removal composition comprises at least one organic quaternary base, at least one

surface interaction enhancing additive, and optionally at least one component selected from the group

consisting of: at least one alkali or alkaline earth metal source; at least one organic solvent; at least

one surfactant; at least one chelating agent; and combinations thereof,

[0020] In a further aspect, the present invention relates to a method of manufacturing a

microelectronic device, said method comprising contacting the microelectronic device with a liquid



and/ or SARC material froma mcroel ectronic device

havi ng said naterial thereon, said nmethod conprising
w@omnrae3shg the mcroel ectronic device with a PETUBZN06/039888

renoval conposition for sufficient tine to at | east
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of manufacture conprising a liquid renova
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| east one organic solvent; at |east one surfactant; "at

acetoguanapnst awheomtisdtiabd rigreafjet ; whtrth cadematal @agpdsiBh 89 fuseful for

~ [0020] In a further aspect, the present invention
removingr ghefpresistt andlometahidfibidf anthreftaint Ucodigg a(SART)0GhRGlO T dn a
) devi ce, said nmethod conprising contacting the
microelectrpii¢ deviex having such awvditaral(s)i thhrean. | IPgferel51€,MMY Abmoval composition is
. conposition for sufficient time to at |east partially
devoid of plrptiveeang fratobsupsicsticabordiionritiGARC mat er i al

[0023] Other aspects, features and embodiments of the invention will be more fully apparent

from the ensuing disclosure and appended claims.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED EMBODIMENTS

THEREOF
[0024] The present invention contemplates liquid removal compositions that are useful to remove
photoresist and/or sacrificial anti-reflective coating (SARC) materials from a microelectronic device

having such material(s) thereon.
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[0026] ACERAS Hebd) Slodﬂﬁ&:lgl'eaﬁgm FiQb Doyl ongéjl%t Lonal r‘?f% uged as a dielectric -

|ncorporat|ng e m croel ectroni eVIC

material BY PRY&GEd miog&%%ﬂroﬂob §év'1ée valéllglh gl%rmgéc'rpa? 5.8 gllele(pm(f‘ copstant less than

invention relates to a’ enova

about 3.5 OPfefetablyl %quw—lkecﬁééch%ﬁa@gal? gllcl\ﬁg oW oqar%ﬁe erlgﬂis] s%cg aj silicon-

surface’interaction en anC|ng a

containing WrbAEE pblith&s, aGikdop! Qoxﬁﬁﬁﬁg q}é'glgd %pgq}llgf1no§%a81%r¥gat 1341, ofganosilicate

speci es selected fromt roup tonsi

glass (01| YL@S, rﬂﬁbﬁﬁ@téj]esﬂf&fe%'la@é &P%bshsﬁ%rbx %)Mﬁ & h&ope ox1ae’ (CDO)
poiy(acrylan1de) pol y(acryl

glass. I@@'t&l (b i aphredihedld eyt ! 1@%@&‘1&1&5&1& a%laﬂ %a}y hth(e:l eVarymg densities and

di al | yl di met hyl anmoni um chl ori1 de, acr
varying pafgiieguanam ne, and conbi nations thereof and wherein
sai d renoval conposition is useful for removing

[0027] A(%hle&g{e?‘e%i S:Iboﬁtnqjsllﬁtren(feﬁ% Edrde oﬁ!l'f a+n§ b Je6fel o8 ?ed Wgcoating

SARC) materials froma mcroelectronic devi'ée haV|ng

[0028] A%U&‘J%d %I‘e%{l %111 a% ”h f er%nowPr e e\r(?gegg% anqt/cgreﬁ.%lggo materials from a

npositioén I's

mlcroele<§ﬂgglt€ Ld?\;elget llglggllg S%E nglll’%?ﬁllrﬁ)ttfle? on tcHléesPPw% Ijﬁ ?tg%irsbﬁ%a? Beéncwﬁlrcg said

h 1S I
rna’cerlal({:)l g%g%tggg’?%ﬁ%{ﬁ%&g %@#& & %ﬁtla&q% /e ﬁé{ﬂe material(s), more
preferabl}l BVENT |99>é!’ ofANPE Bﬁﬁ@%@ r&b@ 9?2 M%ly Sc least 99% of the material(s), is

removed from the microelectronic device using the compositions of the invention.

[0029] As defined herein, “photoresist” includes, but is not limited to, developed and undeveloped
photoresist material, photoresist that has been plasma etched, e.g., hardened during BEOL dual-
damascene processing of integrated circuits, and/or photoresist that has been ion implanted, e.g.,
during front-end-of-line (FEOL) processing to implant dopant species in the appropriate layers of the
semiconductor wafer. Photoresist that has ion implanted during FEOL processing may include
species selected from the group consisting of boron, arsenic and phosphorus and as such, the post-etch
residue may include said species.

[0030] “Post-etch residue,” as used herein, corresponds to material remaining following gas-phase

plasma etching processes, e.g., BEOL dual-damascene processing. The post-etch residue may be



THERECF [ 0024] The present invention contenpl ates
l'iquid renpval conpositions that are useful to renove
wWeb@rosss st and/ or sacrificial anti-reflecti VECT/US006/039888
(SARC) materials froma mcroel ectroni c device having
organic, SegdhonBaBic] akdaBosillcRer @ OMedgRiLTh KRl BRP eexgtfn e %E&ncco%tammg

"m croel ectroni c device" corresponds to se con

material,S Ui bdnedo@finidg dateRal) &xythnSBhiaM S ﬁ‘nglgrlal r{{)alﬁlm]gnc remdug material,
ni cr oel ect r omechani cal systens: ?

copper-cbRAiniig @esidite MafekiRle b8k bAsQBdidue shdht eﬁgzﬁﬁ'ahﬁ afdl ﬁl@ﬁhé and éombma’uons
conputer chip appllcatlons It Is to be un ersto

thereof. t hat the term "m croel ectronic device" is not neant to
be limting in any way and includes any substrate that

[0031] @dnhgosi@¥RYrHR! 1h\)én@<ﬁﬂ9&i§eoe%nﬂb&i5cp@] Q&sé gﬂife& gpeﬁlcf% formulatlons as

m croel ectroni c assenbly. [002

hereinafid b Kulfioglegiséd i ¢ material” _corresponds to any
material used as a dielectric material in a | ayered

[0032] Imp&rté?lﬁ fnb QR CreREVA %&ng&%ﬁ)ﬁse b B1te [}%esgi%gl%\rfl 1|%rf gﬁgtbq?vsess good

di el ectric constant an a

metal coﬁlbﬁlbh@y\"ekg g l%%ﬁh rrétg oﬁrﬁ]%%{e'ta@l ﬁde{aﬂcclfli'ﬁj[greit 1nclt%0| %EI ¢ t limited
Boty A et

mat eri al s such as sil |conconta|n|n or gani

to, coppe®, tuhg&RA; &R, @lﬂﬁlﬂﬂn rﬂﬁgﬁlhﬂl 85%%&141' {ﬁglgeg arﬂ%h nurlrlqtsﬁ:?l:icl%g%gereof

organ03|llcate g ass uor’i na

1 SrEsMatiofd [ dl0X|de and car bon-doped oxi de
akwsm?%§§§dglassmnﬁtﬁ$§8?o be appreciated that the owk

[0033] 1681584 & o‘rr&;oﬁﬁ&ﬁr évﬂérecif gg%ﬂgac@pgfen% (1&]1 Qhedceorr]ﬁc’poglg%gﬂ? rglgsfnéssed in

varylng por03|t|es erelrn

referencel tBt @ erb&tdz® rrﬁnegg.pﬁ’i@lth aberd 1509 hrﬁllaelt %vglﬁf)eednd\éa 6d that such
i BB

used herein, ui t abi
e e ei“g.f‘d L —

1nstancesﬁﬂfefe%%ﬂp&£‘1ﬁ)oh&t@§re hl%?e?ﬁ tl%?n? 'Ee%gm\éﬁlzonggntratlons as low as 0.001

material (s) fromthe m'croe Font ¢ devi

weight pdrfegf, 84s8dbthe @dtal Ivs%%ﬁ{ of 8RO ggsq)tlofé’ if? (Nhkn gucm&%fxzne?tg ?il)e ’eglployed

nore preferably at | east 95% of the nmaterra

[0034] BRtaspice hiRRRLY 1rﬁftentk0%4§l%tesgt%0{f’891d Y Q/afrc%mposﬁsl (I){lé %«ﬁ ul'in removing

renmoved fromthe mcroelectronic device usi

photores&QHW@ISSAR@ 'Ih%/el‘é’ffroﬁlrhemic%\éf% d dev[cgglfbgarat P%{il]y ef]g)amltllgtlon of
herein, "photoresist” inc
the preserfd W@ﬁti&%j«:hﬁﬁﬂaﬂ&%\ﬁ@ 'm%Qﬁg quaternary base, water, optionally at least one alkali
or alkaline earth metal source, optionally at least one solvent, a1ﬁine or combination thereof,
pptionally at least one chelator/passivation agent, optionally at least one surface interaction enhancing
additive, and optionally at least one surfactant. The formulation may include at least one organic
quaternary base, wate;r, at least one surface interaction enhancing additive, optionally at least one
alkali or alkaline earth metal source, optionally at least one solvent, amine or combination thereof,
optionally at least one chelator/passivation agent, and optionally at least one surfactant. In one
embodiment, the formulation includes at least one organic quaternary base, water, at least one alkali

or alkaline earth metal source, at least one solvent, amine or combination thereof, and at least one

chelator/passivation agent. In another embodiment, the formulation includes at least one organic



photoresi st material, photoresist that has been plasma
etched, e.g., hardened during BEOL dual damascene
wee@cessbng of integrated circuits, and/or phoPCI/ES1086/039888
that has been ion inplanted, e.g., during
quaternafyl 384, watdd wPleask bitealilaliEPhikalife Q&%étﬂ%oﬂl’ae 1 PRRA Pl S%%l%?%f?ine or

species in the appropriate |layers of the sem con

combinahhf €HereoF2NH@IQE SiheS burfab int&aSioh %thngﬁ,lg aaﬁ%lﬁ?eﬁ go%ﬁbn?flﬂy a!t:'%ast one

processing nmay include species selecte

chelator/p#3siSatiohiapéht,ahd BRIAMY ANGQYNE s Qﬁf QQ‘H&H& gdlﬁént relates to
such, the post-etch residue nmay I ncl ude sald spec

a formul§ta 3QJudifBas lea bidorb AR AR marydasd $86r, BEERL She alkali or lkallne arth
u{::orresuponds to matrérl a rengﬂlaoﬁl ng fOFﬁOWI ng ‘gas-phase’®

metal soficd WPeatohb ichdat O fASPHBES ageft, Ind atBlErg-o&uﬁkfagjealﬂﬁﬁgﬁ&eenhancmg
processi ng. The post-etch.reésidue may beorganic,

additive. OlnQéil @Bt eb6dim@rit IR YsrinkiafibiCinciBlies] am%ﬁﬂ %Hé grgluﬁc Q@atte%eﬁy base,
for exanple, silicon-containing materi

water, atfledst OgELAlka3O6H Mkl QarBh&hll @dhrce %M&@porﬁoﬂf@erﬁh{%&cﬁon enhancing
material, polymeric residue material

additive, @a¢ peleast Gﬁﬁ airfbtag. R ShEh® HBbEMER! the %x‘ﬁﬁla@@é idcRRb: I Qeast one
such as chlorine and fluorine, and conbi nations

organic dultemegfbase] W3] it 16000 SbIVER it or LORihNGE Hekdd F‘ afBYst B& surface
enbodied in a w de varlety of specific formulations,

interactioas erhenokign additde, BRd @t flaakd ¥ndd e ftiaped m [sgﬁ 3&%1)ther emb%diment the
| mportantly, the liquid renpval conpositions o

- formulatipn éeBidés dt Nasginink @Fzaid uatB@&S Ba8%, 9QH aMRE®bne alkali or alkaline earth
conpatibility, e.g., a | ow etch rate on the netal.

metal soivied, at eastf orienbBERS hmin@ r WeRbinfith BEBoM QL le!aét Bt €6k interaction
copper, tungsten, cobalt, alum num tantalum

enhancmgmdkgtli)&emdmt least oke burfabtdiith @i dd BhotBddieibSBMerdt hﬁé ?d?rnulatlon includes
al l oys thereof, and conbi nati ons thereof.

at least omgd drgsic Quamntmosasé vt at\Magy gk RIKSP 8£hlkdIfe %&M&@l%%c@fat least
the conposition are di scussed in reference to wei ght

one solvené rapénet agembmati@sthéraer] mdeadg o AR IafdrbAWAtion| dbdt; addlat least one
w || be understood that such conponents may be present

surface ingaractibis enbinding additiveus speci fi c enbodi ments of the
conposition, and that in instances where such

[0035] Beaudiyothe fitrmuhtien @fths gdent r@YoRYIuDEG thY RA&khg %m%onents present
concentrations as |low as 0.001 melght per cent

in the followinghegebakd swethg ftal kighhe tIE@IRGSitdnON i N whi ch such
conponents are enpl oyed.

component of % by weight
organic quaternary base(s) ' about 0.01% to about 30.0%
alkali or alkaline earth metal source(s) 0 to about 5.0%
solvent(s), amine(s) or combination thereof 0 to about 90.0%
chelator/passivation agent(s) 0% to about 10.0%
surfactant(s) 0% to about 10.0%
surface interaction enhancing additive(s) 0% to about 10.0%
water 0.01% to about 98.0%

The lower limit of each optional component, when présent, is about 0.01 wt %, with the exception of
the alkali or alkaline earth metal source(s), which may be as low as about 0.001 wt %.

[0036] In the broad practice of the invention, the liquid removal composition may comprise,
consist of, or consist essentially of: (i) organic quaternary base(s), water, alkali or alkaline earth metal

source(s), solvent(s), amine(s) or combinations thereof, and chelator/passivation agent(s); (ii) organic



[0034] In one aspect, the present invention relates to
liquid renoval conpositions useful in renoving

w@b@vosBss st and/ or SARC | ayers from a m croel PCT/USI006039888
devi ce substrate. Broadly, the fornulation of the

quaternaBf SRR, WAKENGLIKAN bNGIKMEARS efth |n|§af;’a§t sogﬁlg(sja?;%ﬁ'\%hgs),a lawgrei(s) or

quat ernary base, water, optionally at Te

combinaféns M, sBiPact idrhetidR Eﬁiané%dgﬁizve(@)(,)l)%cf?)ﬂﬁl c#;é’iatgltéqa%sgﬁgh a)lﬁent(s),

one sol vent, am ne or conbi nati on’thereo

and optilaﬁal |seAsdanfBe (Gl e@hRr fRRARHY %SE@E WG bikalP §¥ .90l éé(an U metal

east one surface interacti'on enhanci ng addi t1 ve,

source(s)) Rhé1BiAdakvadibn |a$6%ﬁ§), ORE st fbd BEd-ARbn efﬁﬁﬁciflg 5583’3\% s.b;o(ri]v) organic
may include at Teast one organic quaternary base;
quaterna¥yebaRé(s), Vatet, R Hkafl VR afkiififedGith ML SARL nsu%@ﬂf&ka@ﬁon enhancing
additive, optionally at |east one alkali or alkaline
dditive(©Rr4ndl RfaBtntERUHE orgll | RER a n i
: Ideﬁine or co%%?ng?igﬁ thé?%o?%%bg%$gﬁa?%§ea§ﬂ ggétggﬁgg)(r
binaidie| @E1061, Ragse VidtetRRorA 9Rhein@ NaiARiHORA) agli i
o lnaone surfactant. In o%e enb%g?ngﬁ??k?hgﬁg3¥ﬁﬁ%g#$bﬁ$ﬂ orgatie
ternalyn Ghse(yS vater,| 8RS RNEIALIARIG & b '
mmenmg? Ieggt one al kal or glkalinguggr%ﬂéﬁ%%a$ﬁ§g$$€%£ﬁ%%9 or
combinati®@8 Sthero6¥e s@lc¥ Sfforac@il BfhaflingC QUHRVADT QN ELGEEE&ES?;thﬁQ organic
r

at | east one chel ator/passivation agent. In an

quaterna§MBe{siTe Vater, t MRalfl Qfr Mitkalink OBhrth N Glethfl €RuAL(s), EQPend)€ amine(s) or
organi cquaternary base, water, at |east one alkali or

combina@dnk dlicrddg, cBelhtbfipdIBi-Aion §%Bdf(§)?and%rﬂa&51§ttera9% RRANER dditive(s); or
am ne or conbination thereof, at |east one surface

(viii) orgaifit @u@ierhird da () an@éNShrAeintdratBon Qiﬂltah&@édd}fiv@(lg), @bl alkali or
one chel ator/passivation agent, and optionally at

alkaline le@@f tmefi sofidé(b)aCpabtial sShvbrltls), BIMhAE o TBAGILARA! theidoR! Eftional
to a fornulation including at |east one organic

chelator/ppsgition ALshtER 20 opESrRAI surfbtaht@RS tn Qoferal] KR! dpefic proportions and
al kaline earth metal source, at |east one

amounts ONthk @b@pdrpas,sih telhtiodno agMther,afdd Rt sult@As VarRBfo b IRGR desired
interaction enhancing additive. In still another

removal ectivodifrtentiquid hemdvar campkition firnGé PERSresét dnBRASSARRElayer species
organi ¢ quaternary base, water, at |east one al kali1 or

and/or pradeksilg aqeipeaitt &b readlilp Hetatiiiab R, witkin the€as ofdhEarbWifRAEC@idue effort.
i nteraction enhancing additive, and at |east one

[0037) CoumpbgiGdmant the inveativatigbe embaikédve Btwidd Vaged OF FPabiat kPRulations, as

~includes at |east one organic quaternary base, water,

hereinaftgitmdre &gly desveibab| Iu @dditiora Rh&rethe oG pu¥hionirt GmuReH 86 the Rnoval
| east one surface interaction enhancing additive, and

of photorgsist| et SARE Byers dotran micrbélediohic| de@io® itRirate, O AbdiFRttions are
‘the fopnulation includes at |east one organic

substantigjlyateesitaf sbrisases.g.yaltieing, siica) teasd, cong zitdokR| ger@inia, magnesia, co-
al kaline earth ,

formed products thereof, and combinations thereof, fluoride species, and oxoammonium compounds

such as hydroxylamine and derivatives of hydroxylamine. “Substantially devoid” is defined herein as
less than 2 wt. %, preferably less than 1 wt. %, more preferably less than 0.5 wt. %, even more
preferably less than 0.1 wt. %, and most preferably less than about 0.01%.

[0038] Compositions of the invention have a pH in a range from about 11 to about 14, preferably

about 12 to about 14.
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nmetal source, at |east one solvent, am ne or _
conbi nation thereof, at |east one surface interaction
wenlvaneisny additive, and at | east one surfact ap€T/US2006/039888
yet anot her enbodi nent, the fornul ation includes at
[0039] Theamt sﬁﬁdﬂicoélﬁ&ﬁlhrﬁenﬂuﬁfeeh@ﬁd Yrexgé‘sﬁi@’co}‘x‘@&@ﬁon %lddgsa%ﬁe ‘?ﬁﬁwmg
al kali or alkaline earth netal source, at [east one
componed®l vent, ami ne or conbination thereof, at |east one
chel at or/ passi vati on agent, and at | east one surface

| Nofpafehnt &N €nhanci ng addi t1 ve. l“‘d/‘j’@_ﬁgm tty—the
f

dac +h

il ht%ax‘_s}'baée [y _presemt r""“rJ"'”QA;oeibpu,t,‘j_‘S,Q

ac-ont

T Ol O R 1S CR e Sour B S = bt D.O1% o abopt7 0%
”%31% e b ;",mf,bsmtméégmnu@9%%p(q)
© Elalo e bhsiiat 19-01%5 to-abpui5i0fe _eart h
n@@aﬁr—-s'eemee(_s.)_o_t_o_abm'f 5 0ahou Wa byt 408k ne( s)
on thereof 0 to about 90.0%
wherein B't!‘fé‘f%gagggr ?tgt&ﬁ SPPRPICBY 2Y BFEEEeDYE teighbh Pated 19, 094 weight of the
. ct.ant ( 0% t o about 10.0% surface interaction
°°m1°°s“2é’ﬁh%{ﬁc‘7‘1‘?&1fa@a Al wé the)veial paceatsastor sehovmmerteats o0 1O Tompwition

e lower limt of each optional
does not 8’8’%‘{) 3 ntet ‘énmﬁrpé%f%rﬁ@(d enjbgdigisefe the diquid removed copipositierhieciudes

e kal i, or al kaline earth netal
aboutooz%fro%‘('g)lo e@”ﬁor&’ﬁiﬁ“’ﬁ%“%e‘l‘ tow as about 0.001 wt %
6 th (Proad ractlce of the invention, the
(0040] ycfu %n ’{h ng REHp L iapid FF&VV%IOWM@OH ciovladest thef following
consi st essentially of: (i) organic quaternary
compone%ts:

dse(s), water, alkali or alkaline earth netal
S OH-6-e5)—solvent{s)—amine( c\f or conbjnations

coppeupnl of and chel at or/ passi vat i on Fabnweht (i)
oreaRig quAtEPAAbaSE@Ehr v base(s) . wat ebout 2D%ab abont 150%al | ne
alkalporafiafipg eatth metat safosls) sol vent 4be)t 0.nvite Gsut 0%
solya®) #ein¢(eres comnaivh thestof f ace abotteX (HES fo@Bo® BOA%CT NY
chelgietiprisiveti@)agem(s) | onal chel at or / pas%ityaiou0slo@gent (s) ,
surfaptdnt6pt i onal surfactant (s); (i11)0%rgHILCS. @At er nary
surfesafesactionmharcingatidild(s)or al kal T 0818 a8 A0l 5a%a

water about 1.0% to about 40.0%

ranges,

wherein percentages of the components are percentages by weight, based on total weight of the
composition, and wherein the total of the weight percentages of such components of the composition
does not exceed 100 weight %.

[0041] In a preferred embodiment, the composition includes surfactant at a concentration of about
0.01 wt. % to about 5.0 wt. %. |

[0042] Such compositions may optionally include édditional components, including active as well as
inactive ingredients, e.g., stabilizers, dispersants, anti-oxidants, penetration agents, adjuvants,
additives, fillers, excipients, etc.

[0043] Organic quaternary baées contemplated herein include, but are not limited to,
(NR1R2R3R4)OH where R, R?, R® and R* may be the same as or different from one another and each

is independently selected from the group consisting of: hydrogen; straight-chained or branched C,-C;
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source(s), chel ator/passivation agent(s), and surface

i nteraction enhancing additive(s); (iv) organic
weoares1ses y base(s), water, ne alkali or al kal PEIEUSZIE/HB39888

nmetal source(s), surface interaction enhanC|ng

alkyl gron@elidd. viaégyl, e@pd pl% Vif 919&13?&{@?1 he)é{él}doﬁ%%n %[’y?r goit‘l%y, e.g.,

base(s), water, vent (s

benzyl; d1dvRbIEQbupsSAtyf o'aﬁ)%anE’s%@ baehit Qoup NG Migad gfk%ﬁe\.f e%é ) Wherein the

and surfactant(s) (vi) organic quaternaf

alkyl, alvéhbEEnd ddrk&H-bas@f g%h%a}nh}n ®e ARELN IR adr%rﬁﬁéﬂr Erﬁl( §ls groups may be

sol vent (s), am ne(s) or conbi nations ereo

substitutddf taBd @6ihbiRAYRN MRRGF.N OriR At '"M?ﬁ'sﬁl 'mt@l{hgd Y rb %a%ﬂ/t t(;or)sfrued as

(vii) organic quaternary bas , water, alka

referring @b k@bbdyelie@lel, hheBlL, alapBBRUS 6845 andS L:A’rﬁ&tss(ng% UHS%BHHI?CGSQS well as

or conbinations thereof’, che ator passi v

substitutcdg&t g@hps. ANG SUMbRCEF ieﬁ‘& y@a?ﬁm&lﬂm’? ;ﬁ?%gﬂdy ngth zzn fllcohol group

additive(s); or (viii) organic quatefnary bas

includes WRligS. , Essitpled 6L subBit@naChi KBstRi i %gutp@%ﬁutdé %ﬁé? r?ore of C1-Cy4
optlonal al kali or alkaline eart source

alkyl, CQRt4 Offi@xy S%He%c{r% ar@rgi%(aﬁ , %he C{))rggna@ aé\tlﬁi n%a% hl{fﬁ%\l includes

opti onal “chel ator SS|vat|o agen
rabuty B AERE ThARgoe, a8 ohvant R Bt PRGodR n A,
te“a“hyl?%ﬁl%@gw'@ﬁ??@ﬁ’ Hrbih i pifobls eapbilrepoRu gy doxid
A bt ont . e readi |y doterm nabl e v thin

[0044] doﬁlgp@ﬁnk lof %IlCht &Sef‘ Eﬂéwh% ttﬁ‘ %ﬁ% r}u ndgl%blgxfe ge(ra)r%l%) gﬁe %g’q;]ceacomponent

ositions I nven

includes Vﬂog“@SlMﬁ‘r fﬁfr%ﬁl@gr I(g dlu{ll chl Oc{&r ﬁt@t | o\g;\{fﬁéwmt i’ ts Iaxqgg ta%r anion

nmore ful IR a

d. f th
oA PSS i 5 s
espemall}%‘éhﬁ e§d§Q§% h‘iéﬂeeffcr‘c%};eg?lleédlr%gv‘i’lt@glﬁe :idi(gr?es %f?e?:‘thqﬂag ¥1electrlc

ev0| raS|

layer. OtB&TAIR oF alkGRR! Brih FRITBRL gl‘e NG %eg I’E%d B tha aﬁkah or
o t ereB V! o F &8 ?Bgﬁ

t her eof, and conbi nati ons

alkaline eﬂﬂﬂn&%l%ﬁ@ﬂﬁk Hﬂoﬁﬁ TRAK %ge%teﬂlllglb plgl%emfo 9 X%fcl rngiudsec{}" é)f)t&ssmm.

derivatives of hydroxyltfam ne. stan

[0045] Shlﬁibliesfolvréﬁtd f@&gsefop sch éOﬁﬁ)ﬁSlB éfl 1th {"rﬁgf S%a%n%s_ such as

| ess than 9 nore prefera ess

monoethaBlaf@€ ﬂrlgmilﬁlaﬂﬁl%f ﬁfeﬁ?ie edléhﬁg %l%@g/leglanolamme, r%etl?ykgetga[}l%}amine,

preferably | ess than’about
pentamethyldlethylenetglalnme, dimethyldiglycolamine, 1,8-diazabicyclo[5.4.0Jundecene,

aminopropylmorpholine, hydroxyethylmorpholine, aminoethylmorpholine,
hydroxypropylmorpholine, diglycolamine, N-methylpyrrolidinone (NMP), N-octylpyrrolidinone, N-
phenylpyrrolidinone, cyclohexylpyrrolidinone and vinyl pyrrolidinone; sulfur-containing solvents
such as tetramethylene sulfone; glycols such as ethylene glycol, prdpylene glycol (1,2-propanediol)
and neopentyl glycol; glycol ethers such as diethylene glycol monomethyl ether, triethylene glycol
monomethyl ether, diethylene glycol monoethy] ether, triethylene glycol monoethyl ether, ethylene

glycol monopropyl ether, ethylene glycol monobutyl ether, diethylene glycol monobutyl ether,
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[ 0038] Conpositions of the invention have a pHin a
range fromabout 11 to about 14, preferably about 12

W eooaoasss 14. [ 0039] I n one specific enbodi ment PCT/82006/039888
liquid renpoval conposition includes the follow ng

triethyle6 BIPES @itinBbutyl GFRRE & end foly B 0¥ oiMRESN EmO! dRR I monohexyl
N yequgltper nary ut?gse( S) ab(r)lutg y2. Oo/gt 0 )%boult 1%. 8%%?1%%3 R T

ether, etifidnaldlye6] @R RIRE HRlpyRAY %1%&{1 SetFPOHL, %8%8%414 éiyc%lp gllé{hyl ether,

2.0% sol vent (s) about 0.01%to about

tripropyleﬂ&eglﬁiooﬁkt}ﬁﬂ%ﬁe{%&]@%né‘%@@&lﬁrg@g Qe H@aﬁgﬁﬁg lﬁ%og(gf)ggop& ether,

wat er about 5.0% to about wher e erc

i r ys Vetifi] 1 !
i bR oA 8161 GABAELFI IS Bl ARl o

tripropylefe ieol WEb@t etRR &RIN f)l%ﬁﬁ&leo,f;l{&‘l’ %enﬁ@ TR, ﬁo&t"z-};rg}?anol); and

conposi tion does not exceed 100 werght %

bi i 1 ek SHdiuled ESPNBINCGRIMASIkI-9N 1
b2 ) 85y ) 4 bSPTIR S

hydroxyatiy@heiphslinp agBdilsat g gige@thethIQR40] 1 n yet anot her
y Oxyenboz‘?)ner?t, théeéﬁlltyi qu%d rermv%l conposi tion includes

0046] THeechtlatol/paskingios AERRREBHCH: coRRPRAREDh 1R 0f%ndYsu eI d
(o0 organiggdggtmélronarg?@base(sc)c’ﬁ%bout 2. O%?o gbsgut 1@.}’%0% ey

include, ethauk limititio] kabdiResRBRS N2 MEERolS BUEERAR)suBRAi DO Linents
to about 2.0% sol vents), am ne(s) or conbination

such as @;H&yratiof, aatey thifl, Md¥apte) iﬁb}@,uéarl%gg @RA nitro groups, such as benzotriazole,
chel at or/ passi vati on agent(s) 0% to about 5. 0%

tolyltriazelay BSepbt@irbéisptridféld, 05-aiaoWen %18 U HAGR -4 RERLAGH j29[]triazoie, 1-
enhanci ng additive(s) 0.01%to about 5.0%
amino-1,2,4-triazole, hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, I-amino-1,2,3-triazole,
1-amino-5-methyl-1,2,3-triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4—triazole, 3-isopropyl-1,2,4-
triazole, 5-phenylthiol-benzotriazole, halo-benzotriazoles (halo = F, Cl, Br or I), naphthotriazole, and
the like, as well as thiazoles, tetrazoles, imidazoles, phosphates, thiols ahd azines such as 2-
mercaptobenzoimidizole, 2-mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-
mercaptothiazoline, 5'-a1ninotetrazole, 5-amino-1,3,4-thiadiazole-2-thiol, 2,4-diamino-6-methyl-1,3,5-
triazine, thiazole, friazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone, 1,5-
pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyliriazine,
mercaptobenzothiazole, imidazoline thione, mercaptobenzimidazole, 4-methyl-4H-1,2, 4-triazole-3-
thiol, 5-amino-1,3,4-thiadiazole-2-thiol, benzothiazole, tritolyl phosphate, indiazole, etc. Suitable
chelator species further include glycerols, amino acids, carboxylic acids, alcohols, amides and
quinolines such as guanine, urea, adenine, glycerol, thioglycerol, nitrilotriacetic acid, salicylamide,
benzoguanamine, melamine, thiocyranuric acid, anthranilic acid, gallic acid, ascorbic acid, salicylic
acid, 8-hydroxyquinoline, 5-carboxylic acid-benzotriazole, 3-mercaptopropanol, boric acid,
iminodiacetic acid, etc. The chelator is usefully employed to increase the compatibility of the
composition with the metals and the dielectric materials used in the semiconductor device.

Preferably, the chelator is 2-mercaptobenzimidazole.
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wat er about 1.0% to about 40.0% wherei n percentages of
the conponents are percentages by weight, based on
wo oaoalo4xsed ght of the conposition, and wherei n POBEUSINED39888
of the weight percentages of such conponents of the
[0047) S9ERIO SirtdcRAfts GBS 1A r&XFREDmBBALNRIF e p%sFr[tg&%&tlonllﬁlayqnclude
preferred enbodi nent, the ponp03|tbon |§§93 ;g %4
bis-(2-hy@kbxh @B pRbdea1 e 'oRlde Otk RY1aRB Qs i , &9 deferibed i
. )gbogt %?O ;f%oﬁgﬁ?go42] Such CO%SOS|?ﬁ%n§ ngy . _ eyerbed n
U.S. Pat€dtNc0B3l2,875 MGhe fenaeiititcaak of ORpP Qse*i‘bMA}g ReL 44! R8._405, and

active as well as inactive ingredients, e.

ether am#b akidés @BV frdd SHeichadRin @p&lgohgﬁug@ﬂﬁ)MRﬁnﬁg-ﬁ @-t2| on
agents, adjuvants, additives, fillers, excipients,

[0048] Aittougt QO4R]shil 48 HeChRHA LS Ry, P33 %u%lﬁ r‘t%ﬁ@@ﬁ@a%i)imacﬁon

herein include, but are not ITmted t

nhancingedigveRboorRaate R3thandhydHoRERYcoRB ol A€ 1 ARaBShe ability to officient]
) mwm%?f#eren?m%rgﬁ1one aﬁ?ﬁ%ér(gggoeach |s‘?ngébéhdg%¥13 crenty

remove th&$ £RE e erf 1hABKA NSurBe O MR £LARS Lohhh i AfitivaENIRREN are not limited
strai ght-chai ned or branched Cl-Cyal kyl groups, e.g.,

to, pol Taplide-oBt 1dirRétRIhmor3tth YdhiorREN kv ac heyaind lic acid),
P yﬁggt$l; Cﬁﬁ%g dﬂi?§| grgups, e:gpf%gén§§#¥Q31§oﬁgpy )
oly(dialptdhgthyladiyniGar DeKlos eddRiiHdtethy QMR C RhRRde,  acrylamide,
pobt grkeﬁgé, a?kynes, etc?, mhégein yhe al kyl , a@co ol *End
acetoguataiilg BndRfdthagsR dRteof®Y be |inear and/or branched and
al | groups may be substituted; and conbinations
[0049] It heriesf preftited eRbsBImaty lthe Niuitl NERBHE SotBPodtfonbi %gﬁlﬂa[ted in the
construed as referring to carbocyclic (e.g., phenyl,
followingEgpintilagions AW tdSreR il RACANRA SR HYGveiihe Wasthioh "t‘ﬁee(gta%eight of the
well as substituted aryl groups. An exanple of
formulatibiet r aal kyl ammoni um hydr oxi de wi th an al cohol group
i ncl udes choline. Exanples of substituents for
substituted aryl groups include one or nore of Cl1-C4

Kyl , - | ko and hydroxyl. Preferably, the,

Formljlatl% n@%ﬁl 839) ; g%g‘? ar 7'6/ P tazi% g%xsflfét Q.g%t%mgmewld?zole;

15.73% Eyd;r S P AN PO Y1 e PrRPRasdiRb i i dryaieteimarpholine
- (BTMAH), tetraethyl anmoni um hydr oxi de,

Formulatiomt B:ap¥. 6% yB Evivb) i 0.2 74 poltagsiing By drbgitié; 2018890 Y- A BRI BBimidazole;
15.73% watedir 1883 the pliehiviaH)-propmebl; 56 ADY4NE-propdnelibg 5 B QY clohexylpyrrolidinone

Formulation C: 4.8% BTMAH; 0.27% potassium hydroxide; 0.08% 2-mercaptobenzimidazole;
17.53% water; 42.19% phenoxy-2-propanol; 30.13% 1,2-propanediol; 5% hydroxyethylmorpholine

Formulation D: 6.0% BTMAH; 0.27% potassium hydroxide; 0.08% 2-mercaptobenzimidazole;
19.33% water; 40.41% phenoxy-2-propanol; 28.91% 1,2-propanediol; 5% hydroxyethylmorpholine

Formulation E: 4.8% BTMAH; 0.27% potassium hydroxide; 0.08% 2-mercaptobenzimidazole;
17.53% water; 39.25% phenoxy-2-propanol; 28.07% 1,2-propanediol; 10% hydroxyethylmorpholine

Formulation F:  3.6% BTMAH; 0.27% potassium hydroxide; 1.25% TMAH; 0.08% 2-
mercaptobenzimidazole; 19.48% water; 41.00% phenoxy-2-propanol; 29.32% 1,2-propanediol; 5%
hydroxyethylmorpholine

Formulation G: 3.6% BTMAH; 027% potassium hydroxide; 2.5% TMAH; 0.08% 2-
mercaptobenzimidazole; 23.23% water; 38.08% phenoxy-2-propanol; 27.24% 1,2-propanediol; 5%
hydroxyethylmorpholine
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[ 0044] Conpositions of such type in which the al kal
or al kaline earth netal source conponent includes
WEoiassizein hydr oxi de, potassi um chl ori de, ot hePCT/US2006/039888

pot assi um salts havi ng an ani on comensurate in size
Formula;dlgt m::agm/m%mﬁ; m%ﬁyqugﬁhlq ah§d9&§de; apsk og Wwﬁ%%fﬁ' 808% 2-
mercaptdbdedifdhzold) 11 6.08%8 FRtcL SR DY, (0)V AT AL i %
hydrogyhhgﬁo@ﬁélhﬁi ency cl eani ng%vl\ﬁe%{%xgutﬁg%@%’r g?ﬁf/ Pl é%? gn\é{hﬁg 10%

dielectric layer. QG her alkali or alkaline earth netal

Formul alts are contenplated, with the proviso that the
wﬁ%&f i 0% REVIARE 271on Phaesiim cdrasiden o S%n TGRS 0.08% 2-
mercaptqbgnpinyidazales 19-417 pratgr 481746 latoxy 8-rrenendlois. B% hatiprpaistiol

pot assi um [0045] Suitable solvent species for such
Formulati@imiosi ticon BIoiArLe 0.2t Betdbsidnl Myfdfub RN 2.3 R8EARYT s, 2-
mercaptdbsnZAIdOAN 2010398 Kaid 43 DI %, %Qﬁﬂ@z%ﬁ%}dﬁol; 31.41% 1 2—propa1’1ediol

triethyl enedi am ne, nethyl et hanol am ne, ’ :

| di ef hanol ami ne, pent anet hyl di et hyl enetri ani ne,

met e
Formulat : |ﬁ;’/ EM% Héﬂ% potassium ~ hydroxide; 2.5% TMAH; 0.08% 2-
?;rcaptq elggrajgé? i 9& %%dr%er44b?9@ rpé@@éﬁ@:propanol; 29.32% 1,2-propanediol; 5.0%
ctrametiyeng § Bpy! nor phol i ne, hydr oxyet hyl nor phol i ne,

am noet hyl nor phol i ne, hydr oxypr opyl nor phol i ne,
Formulaitting|Ty c ol1e8% NBTMMHTEDRYdP Wota@idntl! MRAIRGideNV 3%, TMAH: 0.08% 2-
mercaptober2irhidzler 10OL3%I wane svNpRaRYhP¥ld Qlifold: NRNGy, 8henoxy—2-propa11ol;

ne; - %

33.49% G3rplophiediyl pyrrol i di none and vinyl pyrrolidin
sul fur-contai ning solvents such as tetranethyl ene

sul fone;. gly uch _as et hyl ene glycol, propyl ene
W' N 6%%35 Me&zéf/??l’&ﬁéﬁl%ob@fﬂme; 82 Bol MAJly 918% 2-
31419 1 _’Or%rg % cheas P v itthy e rEageddenc sbaen Vo alrgnexy-2-propanol;
S0 e P&PHY®ne gl ycol nononet hyl et her, diethyl ene glyco
nonoet hyl ether, triethylene glycol nonoethyl ether,
Formulatipn h: ene.696 yBOMANMIN ORI BPYbta@huder hydRdxitk! €19, 9¥EQY, 0.08% 2-
mercaptohnnmhdﬂzy]le; 23.2%% , waldre 5y e BRetBy 1M 0dul BRI BRWRY/ henoxy-2-propanol;
27.24% gk prepanhdivlhy| ene gl ycol nonobutyl et her, ethyFene
.gl ycol nonohexyl ether, diethylene glycol nonohexyl
her, ethyl .Yg9L,, phenyl ether, propyl ene glyco
%ﬁ%ﬂ%@%%}éﬁ 239 %Zg goﬁs Ry ing Q@GFMA ) D08% 2
b ene gl yEoT nét Wyrmebyiee sulipesy il O8% piiepesyt2-propanol;

20.329, o ene gly
g /13{1?%%§¥1ether, di propyl ene gl ycol n-propyl ether,

tripropyl ene glycol n-propyl ether, propylene glyco
Formulation bt y| 3. #0heBTMAHDr @pYk e paasgiupic Ol drbxibait Y198t NOIAL, 0.08% 2-
mercaptobqnizipﬁd;p«ylb;e RE2%Y| yatel; 1V-daut ydiragbiiglene aWlbnBr ORYI% NE2-propanediol;
17.24% digetpdene ghiveNyethgt diler ( phenoxy- 2- proopanol ); and

conbi nation thereof. Preferably, the solvent species

Formulati.oﬁlcisydeﬁ.o Gl %M n&%"/co)l Qheno o r°0pz.ﬂ‘; | l)\/IArIfE % 2-
mercaptoﬂg%tg {n(?cﬁ}ic%;%ka rvpa%gr! '29% t%ﬁgn:%;ﬁ%te ﬁ?gﬁ? 5 4%/{8 ?,E—propaltle%}?ﬁ;/m;)

di(ethylerfe 51') methy] ether

Formulation .R:. 3.46% BTMAH; 0.36% potassium hydroxide; 1.5% TMAH; 0.08% 2-
mercaptobenzimidazole; 10.05% water; 30% tetramethylene sulfone; 5% phenoxy-2-propanol;
34.55% 1,2-propanediol; 15% di(ethylene glycol) methyl ether

Formulation .S:' 3.46% BTMAH; 0.27% potassium hydroxide; 1.5% TMAH; 0.08% 2-
mercaptobenglmldazole; 9.94% water; 20% tetramethylene sulfone; 5% phenoxy-2-propanol; 44.75%
1,2-propanediol; 15% di(ethylene glycol) methyl ether

Formulation .T:. 3.46% BTMAH; 0.27% potassium hydroxide; 1.5% TMAH; 0.08% 2-
mercaptobenzumdaque; 10.02% water; 25% tetramethylene sulfone; 5% phenoxy-2-propanol;
39.67% 1,2-propanediol; 15% di(ethylene glycol) methyl ether
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[ 0046] The chel ator/ passi vati on agent in such
conposition can be of any suitable type, and may
WO p@eeBes Wi t hout limtation, triazoles, such BGI/US2006/039888
1,2,4-triazole, or triazoles substituted with
substituents such as C]-C al kyl, am no, thiol,
apt arbox and nitro groups, such as
Formulatigg S fé’l égnr |Q'%’6I b ZRtassius - Bydspide: hbA%oTMAR0I008% 2-
mercipto eizimidag ?’ﬁ‘i gx@ [:e25% tetramethylene sulfone; 5% phenoxy-2-propanol;
3947% 1 &fﬁ?ﬂﬁlsdlsl ééﬁ ene ehycal peihughadhes, 1- ‘
amno-1,2,4-triazole, hydroxybenzotriazole, :
Formulatidn ( 5= amn@%pmm ezt fokAd@h €hydho:ad8: P39, T H 0.08% 2-
mercaptobenindddzblea20485% 1wz@éf' 289 1t lenel sﬁfo%et 5% é 8/ 2—propanol
I az

38.995% 32a0baBedidl; Bofdilditiy®as g@colﬁnaﬁﬁ%ﬁﬁi o- 1,7
3 i sopropyl - 1,2,4- triazole,

F anyI t Lol benzot ri azoI e, hal o-benzotriazoles (halo
moel;l?;ﬂ?tfn 3 @Pé) iﬂﬂ%ohédm?ﬁ% 1h% MMAEL A98% 2-
PO SWatgre 2p % tramethylpned sulfoness 5%pﬂl§9ma7&-sspanol
38. 795%’ pé?@n‘ﬁgcg éz/?ﬁif ’y%?:ﬁly%@)‘?et Yheterpt obenzoi ni di zol e,

2- mer capt obenzot hi azol e, 4-net hyl - 2- phenyl i m dazol e,

[0050] FRrtherembaditnehth irkak 'Cfé@ﬁlngSF@*iHu[h@ibﬁst X@’ZJOIV}E B A éi] & .
1,3, 4-t hi adi azol e-2-thi ol , 2, 4-di am ho-6-met h m) ntages are by

weight, béspd! pb thettéthladdighe of thé fo@i’l@lht%n tFohﬁlZlbtﬁﬁs X0t leéoht%h{ l%m(lhfethylene
|, 3-di met hyl - 2-i m dazol i di none, 1,5

glycol) plethyhnﬁheh,yl et ettinéByiehe luBORNYkyS- PReAdx$-2-propanol, 0.08% 2-
rtotetrazol e, diam nonethyltriazine,

mercaptobmmﬁﬂhtzﬂhm pét@zameny dioRidd agdihk Mgted Bér@é"@a es of BTMAH TMAH,
nmer capt obenzi m dazol e, 4-nethyl-4H1, ?rl azol e- 3-

water andtpnopylene Blyedti no-1, 3, 4-t hi adi azol e- 2- th| oI
benzot hi azole, tritolyl phosphate, indi azol e, etc.
Sui tabl e chel ator species furt her i ncl ude glycerols,

aei-ds—earboxyljec—acids | cohols am de
P T R L e oottty e o,
it hi-og ycgro! _ it Y acid, 438fi cylan de,
Joenzﬁ)guali‘gm nel il de, %hi obyr anud?85 aci d
Zonthianitie actd Ofal lilc £ d | ascar W25 acid.
AQalibuli @9acidl 8 thydr dxy @i nol i ne, #18ar boxyli c
cidlbenddtriazol 8723 der ¢dht o ropandi6;4 bori c |aci d,

Tt

mpl *\\/pr‘l2f50 i ncrefde the ddhpat i bi | i t4.49f the
Af‘mnpwqui 2an with P& metall0and the didel ectri
Alypt erj al 3-0used| i n %he seniédonduct or _degs ce. '
Aor ef pr abPy, the clel at or 130 39.25
A ner capfdbenzi ni ddzol ¢. [ 6®47]| Sui t abb.e5surfagtants in
Ak he |iquRd renpvall.lconposi3o ons of tBgspresent

Ali nvent i oA.0may i nchd.asle bi s9(52- hiydr oxyebhyl)
i sodecyl oxypr opyl am ne oxi de, al koxylated ether am ne

AB
:%;m nodiadetic hciB75etd. The chel at or3%4s usefdl |y

[0051] F&Bﬁgxde%’?bodﬁlnsen%elgcﬁcje%ﬁegnillg Formulations AK-AQ, wherein all percentages are by
weight, based on the total weight of the formulation. Formulations AK-AQ all contain 3.73%
benzyltrimethylammonium hydroxide, 1.5% TMAH, 0.08% 2-mercaptobenzimidazole, 0.27%
potassium hydroxide, 5% phenoxy-2-propanol and 12.5% water and the listed percentages of

tetramethylene sulfone, di(ethylene glycol) methyl ether, and propylene glycol. .
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U S. Patent No. 5,972,875 in the nane of Crutcher et

al .,

such as TOVAH AO- 455, AO 405,

and et her am ne

wo@z2oodmes73deri ved froma branched chain C 0 al cob@l/US20061039888

as TOVAH AC- 14- 2.

[0048] Although not wi shing to be

Formulggdan{l ﬁﬁa&&ﬁﬁgﬂé’ iRy AP thelopiiig Jur face
i nt ef actiipRe onhapci nguagdeh Iy es cgﬂﬁ, jhate with the
ARy pXi de, £LoMpouNds t0 Jrctease therabil ity to
Aleffitientigyrenoye the CHayer Pﬁtgii’i al . Surface
AM TUEract gy, entancing tHves—inel we but are not
HyfacryHap ge—co—di-ald-di-Aret hyl ammoni um
AN rmred lg’O porylactyrajirie—co | i ‘/Mgﬁ‘gj_. yd)
o) ° s f Aarvl - onive Nnnl iy 7 o aCI
IIIUIUU) Uy Tty T ary e POy TR Xy ,
ﬁg:}m chi cu]gy'J airre h‘jlﬁﬁ’uf'ou { 3 —
ai :yIﬁi : hyl @ rllU‘PFi’JOLI € | 5 mn de,
Acgcet g'u'ar‘.J fre—and—¢ cor¥i%at i ond_t hbP%of [0049] In

various preferred

enbodi nent s,

the liquid renoval

[0052] It gerpasthed @ibodBnehe el tE@miotal tcbﬁpésﬁloln QMMIR@s Formulations BA-BN,

Formul ati ons A-W wherein all

percent ages are

by

wherein slepgtthiagdsase dy ORight) @ade@lo|tha\Btad Weighf oft the rdRNIEMIAt F PR ulations

Formul ati on A: 3.6% BTMAH, 0. 27% pot assi um hydroxid

e,

BA-BN all.c08%n 3-0¥ BTRPLH) Mmzsmd@s@ﬁhﬂaydil&;d@%u%h%md%?g SBidtrts of the

phenoxy- 2- pr opanol ;

56. 49% 1, 2- pr opanedi ol ;

componetity Ustakyet hyl nor phol ine Formulation B: 3.6% BTMAH,

0. 27% pot assi um hydr oxi de;
15. 73% wat er ;

2- mer capt obenzi m dazol e;

ne-o

6+4

0. 08%

00A1 2. pnron

18. 83%
5%

,; .
Formulahog) }161%?3’(5 : PEidesPnonk L ) S‘gg o ®aieyYgoh BTVAH;
0. 27% POt 435! é“ LTRSS d%yc
2=rercaptobenzii-dazeol£; /nm 42 _19%
BApHEHGX D n?)maunGIL - 3011 '20/,\ L ’) prof .9&@32% 5%
BBJﬁ\.dFGX\YLet hfﬁ! P nlhrn!’ inel For m ation | D9660T5, BTVAH;
BCy” 2704 potasdiidh hydr ox| de. 00080, | 96.5825
BD, o emot obehld ni dazol b 19839 watlef6.551_41%
BELheI ox\lluz_ [a) %{éﬁ}ﬂ[; 281 91% ]_02 prog aﬁé‘é:ﬁ%l 1 5%
BFJ,I;:ydp oxgtet hg;l pholinel Far muPat i on | E96-40%% BTMAH,
BGO_ 27% pot asst-4im hydr ax| de; 0008% 96.4575
BH). ndr capt ohef3i mi dazal 17. 83% wat eP$.4B8. 25%
Blpheroxy- 2- prBfanol ;28| 07% 102- pr opahedd®sl ;| 10%
BJ hydrloxyet hyl fr phol i ne| For nubat i on | F96.305%)| BTMAH;
BK(~ 27% pot ass)-1bm hydr ox} de; 12 25% TIWABE.591508% 2-
BL 0.15 4 92.5575
BM 0.15 6 90.5575
BN 0.15 8 88.5575

[0053] In still another embodiment, the liquid removal composition includes Formulations BO-BT,

wherein all percentages are by weight, based on the total weight of the formulation. Formulations

BO-BT all contain 3.0% BTMAH, 0.2925% potassium hydroxide, and corresponding amounts of the

components listed.

Formulation Additive Additive amount % Water %
BO Polyacrylamide 0.05 ¢ 96.6575
BP 0.1 96.6075
BQ 0.2 96.5075
BR Poly(acrylic acid) 0.05 96.6575
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mer capt obenzi m dazol e; 19.48% water; 41.00%

phenoxy- 2- propanol ; 29.32% 1, 2- propanedi ol ; 5%
whyaroxipet hyl mor phol i ne Formul ation G 3. 6% BTREFUS2006/039888

0. 27% pot assi um hydr oxi de; 2. 5% TMAH; O 08% 2-

BSTET CApT obenzi m dazZot e, 23: 041.5"/0 waters .ﬁ?‘“/
BIPNENoXy- 2- pr opanol“—27—2‘4963, ~27propa o 5%
hydroxyethytmorphotimeFor ||L|2:|_Latl ot §:§ 83% BTMAH, 0.27%

pot assi um hydroxi de; 1.25 % TMAH, 0. 08% 2-

[0054] Tpgiilg aipstthsh em: (pchm@rg,ztbq: Equid gendB8h cvatpesition3idcl08%Formulations BU-BZ,

phenoxy- 2-rropanol ; 27.24% 1, 2- propanedi ol ; 10%

wherein 14;, BtesiAgesare hmmmbt, ibaeed Porthatosd weight of thd fcﬁﬂmlBtTcMN-Fonnulanons

0. 27% pot assi um hydr oxi de; 2. 5% TMAH, 0. 08% 2-
BU-BzZ ﬁbﬁ@ﬁﬁﬂo%@ﬁzBmkdl @25%Opﬁmmahﬁhomdé3 0%% poly(acrylamide-co-

phenoxy- 2- propanol ; 35.58% 1, 2- propanedi ol Fornul ati on

diallyldimethyl ampopipmphldride), 21 %mp@slmg umotmtdofakeé aaipoRenEAistBVAH;
0. 08% 2- nercapt obenzi ni dazol e; 20.23% water; 43.91%
phenoxy- 2- pr opanol 31.41% 1, 2- pr opanedi ol For mul ati on

Formuliion 1} SYhRIY S herdinfidadBB %% 23 SHWLenoxi de; 2. 5% TMAH
- g O 9 ; . 09
BO- 080 2= e b%suucnzl ||[)L;”r:;96$,ojz$ 23% water; 41.0%

BVPTENUXY=2~ pT t—29-32 : eganedi ol ; 5. 0%
v LD O8I hn L - 1. 6% BTMAH:

BW etTamet ||y| ene tH-ene—Fot-r At pn
BXO-27] /opm asst ko(.)é hy-eroxtde Dogk] \H;, 0. 08% 2-
Y|I|:‘1_bapl. obenzttidazele—10423% ; 5% tetranet hyl ene
£lamn . AR Q’)Q/QJI he aVe WAV IS nr%r'?’ -1 33.49%

DUI HOTTC, AV L] L
BZ, opanedi-SIFor mul ati bn M08 60 BTMAH 0. 27%

ia¥'d
1 C‘lJI o1 O ot

pot assi um hydr oxi de; 2.5% TMAH, 0. 08% 2-
[0055] Imencsieptentbediziont dazRiuRl rehibvA3Umpeiifen méfmsewra{{ﬁaml@%m
sul fone; 43.91% phenoxy- 2- propanol ; 31.4

wherein 4ll, Re@niaganedbpiveiz Basb@bh e tbial 361@1% @Tﬁﬁﬂrmﬁat%ﬁ YOFormulations
pot assi um hydroxi de; 2.5% TMAH, 0. 08% 2-

BA’-BH’ radlr caaupino B edrz iIBTIMVEEZ, 002925243 p&a%u‘ﬁﬂhf’dromgb/od B 3OBLbYLER-co-
_ sul f one; 38. 08% phenoxy- 2- pr opano
diallyldimethyl ammonium chloride), and corresponding amounts of the components listed.

Formulation Surfactant Surfactant amount % Water %
BAA Tomah AO-14-2 0.08 96.4775
BBB 0.1 96.4575
BCC 0.12 96.4375
BDD 0.14 96.4175
BEE Tomah AO-405 0.08 96.4775
BFF 0.1 96.4575
BGG 0.12 96.4375
BHH 0.14 96.4175

[0056] In yet another embodiment, the liquid removal composition includes Formulations BI>-BR?,
wherein all percentages are by weight, based on the total weight of the formulation. Formulations
BI*-BR? all contain 0.15% poly(acrylamide-co-diallyldimethyl ammonium chloride), 0.1 % Tomah

AO-405, and corresponding amounts of the components listed.

Formulation BTMAH % KOH % Water %
BII 1.5 0.18 98.07
BlJ 1.5 0.405 97.845
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27.24% 1, 2- pr opanedi ol
0. 27% pot assi um hydr oxi de;
worercaptdebenzi m dazol e;

2.

5% t

sul fone; 41. 00% phenoxy- 2- propanol ; 29.32%
BKX, 2- proparnggli ol Fornup.ag1 on [P J3#% BIVAH, 0. 27%
BLpOt agsi um3yydr oxijde; glaps9% 9694 2-
BMNEI Capt 0bgpgi m dazol gng 0 407517 124%
BNRETT ameT Nyhene syl foyge,;51.77 57 anedi ol ; 17. 5_4%
B0 (€ nyl engs gt ycoty U%zgyl gthes, ation O 460/0
BPB T VA 03770 pmaaarwggyuu gxieg TMAH, 0. 08% 2-
BOUET C capt uug%u mi-dazot €018 - § ,3@ 2 [o t etramet hyl ene
BRRU! f one—g l-|-/u ;2= pr()e“"neuuo! ,3,1/,@(55“, di-fet hyl ene .
Ol yL,UI } rret ||y-r et-her—FoFmuatiof- 3-46% BTMAH, 0. 36%

pot assi um hydr oxi de;
[0057] Inestil aptich emzédimetnzbd Bquid RmdSMcwmp®ition 3Udes Formulations BS >.BB’,
t et ramet hyl ene sul f one;
wherein 2l perpentagen e ibg|vweight dastid(cet thy Lot evegihy 60ih) ForEulYibn. et&@fulations
Formul ation S: 3.46% BTMAH, 0. 27% pot assi um hydr oxi
BS’-BB’ fal 5 viH] 5% pOIf Qe diantier @afidlyhbmahyTi adazoakiei cHorP#%00.1 % Tomah

wat er; 20%tetramnet hyl ene sul f one;

1.

5% TMAH; O. 08% 2-

5% phenoxy- 2- pr opanol ;

5%

Formul ation O 3. 6% BTMAH;
5% TMAH 0. 08% 2-

18. 23% wat er ; et r aP€T/y10061839888

34. 55%

de;

AO-405 éh?é/nB&“MAZ{ pdepaespbndinghmbbits 4f Be ngpadediseld, 15%

di (et hyl ene gl ycol) nethyl
BTMAH, 0.27% pot aSSI um hydr OXI de;

et her

For nmul at

ion T: 3.46%

1.5% TMAH, 0. 08% 2-

4 t-er- 260/,
L D UTE ||LI U(
F°“n“‘?§1“? % mt’g]ﬁ& Eg’éff syl ;ﬂéﬁt yle@t“&ﬁggno ?terp%?p anolh I 39. 67%
&2 anedrot—15 erg—ghyeol)—met y
BS%% ﬁcJ:—T)urJu 1ﬁat% oR+-Y—3- "“15/ BZ"!V"“—' g@ééé—p—é‘t assi um
]]_;?’Trydhx‘rﬁe;?ol. 5% FMAH:—0--08% 2-1 ,rvéééabgnzi ni dazol e;
O 1004y L] 5%
tht‘l.e;;;(t‘i 2 2§:"o“an bl 39 499% 1 2. orofddedigl ; 15%
BWKZ; e h\yLJI erlﬁ nr\lc L{ n:gt%%\lﬁ et he pé%OﬁL attion V: 3.73%
BXEramit 0 330 nat vlsi um roxid D786 TMAH, 0. 08% 2-
BYY )" 5 o POTRSS 15 . 64.55
BZZ 15 30 49.55
BAAA 10 22.5 62.05
BBBB 20 22.5 52.05

[0058] In another embodiment, the liquid removal composition includes Formulations BCs-BH3,
wherein all percentages are by weight, based on the total weight of the formulation. Formulations
BC’-BH’ all contain 0.15% poly(acrylamide-co-diallyldimethyl ammonium chloride), 0.1 % Tomah

AO-455, 8.25% tetrabutylammonium hydroxide, 10% tetramethylene sulfc;ne, 20% di(ethylene

glycol) methyl ether, and corresponding amounts of the components listed.

}

Formulation water% propylene glycol %
BCCC 10 51.5
BDDD 20 41.5
BEEE 30 315
BFFF 40 21.5
BGGG 50 11.5
BHHH 60 1.5
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mer capt obenzi m dazol e; 10.425% water; 25%
tetranet hyl ene sul fone; 5% phenoxy- 2- propanol ; 38.995%
wa2@7psspanedi ol ; 15% di (et hyl ene gl ycol ) net hpCT/E881066/039888
Formul ati on W 3. 73% BTMAH, 0. 36% pot assi um hydr oxi de;
[0059] Ih- é%ﬂ%%%ogm%ﬁ/" hge fn%@lﬁ%ogb%ﬁ]emhm u a%e%!lo%al %le?o%ﬁm% includes

tetranet yI ene sul fone; " Ko

Formulaig{%?l? rlﬁxﬁr\/lz Rh& ﬁncﬁ)ll geréﬁta%e%%{% %Ke"r“?%%p@%%‘p IEQ ltl%%gé?al{welght of the

et hyl ene g yco net Ryl
formulatfolf. OdF&:ﬁﬂfa]ﬁoﬁsn Cﬁluﬁﬁf’ Claﬁ‘a%nqg% F8 9‘}] | at fy?ab1§/ ddeo 0- ql glldmethyl

erern a percent ages are

ammonith®t &b er\ﬁgj /[ 9f TtOElglil fg()%%,;‘tiil %%{ Ft?ﬁi;uﬁylamtlr omum %@mxﬁe 22%

contal n di (et ene g

y / en [ opano 0. 08%
“e“ame“%@‘]ﬁ%‘?%%ﬁt %’S@?%?*‘%‘J(I%‘%”%V°° BRAghR 3%d2f°agsnﬁ>n%m%y%wa%nts of the
componeAfiGisteiie | i sted percentages of BTMAH, TMAH water and

propylene glycol. [0051] Further embodi nments include
cl eani ng Fornmul ati ons AK- AQ wherein all percentages
are by weight, based on the total weight of the
Formulp |_at weter% For pubmpyleressiyit %0 Jal | contain 3. 73%
Bllbenzyl t ri nét hyl apmoni und2®ydr oxi de, 1.5% TVAH, 0. 08%
BIJ3- mer capt ?Menzi m dazol €2.9. 27% got assi um hydr oxi de, 5%
BKKFhenpxy- 2-30r opanpl and 2 5% watler and the |isted
BLIger cent age® of tetranet byl ene sul fone, di(ethylene
BMMMycpl ) mgrhyl efher, amd propyllene gl ycol.[0052] In
yet anot her enbodi ment, the Iiquid renoval conposition
on 4514550 A G S50 e

5 For | ati ons BA-BN all contain 3.

qulatm%%‘# "1‘%” »zﬁﬁ%%}npa RELET AR Pwa@t e %F‘Pe‘é’ﬁ‘b Aight of the
[ 005

fomm"llatl‘z)lnot heormg n%onﬁl mi\ﬁ{ﬁé@ A t?(?nlaald'fstj \Palvg%*afﬁ% ‘%ﬂlyld‘methyl
ammonluhpgl‘h%gdgaé)':o‘r n}longlgs Ctgrﬁ%SB 9@? fe?reg? Slpﬁl nlsglmnepfo}: ﬁggtﬁ)%ene glycol)

For mul at i B contai.n 3.0%
methyl eté%n@ﬁ% a’éﬁ‘a’lﬁ%ﬂg@nesg‘fnglsn |am‘%§/é}trtg§<?°d‘boon% 1588y r espondi ng
amounts of the conponents listed.[0054] In still

anot her enbodi nent, the |iquid renmoval conposition

Formulitivo| |Udegbutyburmenatr pprepBeheBKicol %
hydroxide%
BNNN 8.25 1.5
BOOO 7.15 2.6
BPPP 6.05 3.7
BQQQ 4.95 4.8
BRRR 3.85 5.9
BSSS 2.75 7.0

[0061] In still another embodiment of the invention, the liquid removal composition includes
Formulations BT*-CE, wherein all percentages are by weight, based on the total weight of the
formulation. Formulations BT3-CE all contain 0.15% poly(acrylamide-co-diallyldimethyl ammonium
chloride), 0.1 % Tomah AO-405, and corresponding amounts of the components listed, wherein the

tetramethylene sulfone:di(ethylene glycol) methyl ether solution has a ratio of 22:27.
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wherein all percentages are by weight, based on the

total weight of the formulation. Fornulations BU BZ
wa@bkdo7oersbmi n 3. 0% BTMAH, 0. 2925% pot assi um hy dPORUSIN6/039888

0. 15% pol y(acryl am de-codi al | yl di met hyl anmoni um

nt o
LS

Formulllb P UB) d—corregpEelirngTanouits—ef —t-he—cenponent s
I'T st ed. E’r%@@%% I'n anot her’ ermodffrréﬁ?me 11’1]8“‘;1 Iﬁgw
renoval conpositilon i ncl udes|For i Ff]h FL $9lpp
BTPHET §T 1T atjpercegnt ageg—are l % t he

put@tal weight of the fof mit-ator—Feoph at ons—BA2- BH2
BV cont :ai E 3. O?/o B-TE\T_“ f: 2|9 5% potassiim-hydroxi de,
Ot o%potyactyamae—codial-y m
%\@?{rm i de) ,4'1;nd COF+espgndi-ng _2 5 ponent s
DX sted. [0056] Li—yet—nothef _ i qui d
Y roVal—composition it udes] For mil aPifdns BIL2- R2,
BZZ‘,V,,er in al’t® per Cé;n_t_agc@ are by wei gh$0-lhased on the
CAotal weight of f{he fo¥milat{on For#il%ations B 2- BR2
CBll contain 0 15% pol bacryl ani de- col®ifal Lyl di met hyl
_ CGpmpni um @M ori de), 066 % Tommh AO 49B65 and
Clorr espondi ng amunt s 3f _t he| conpone?t& | i st ed. [ 0057]
Chin still another|enbodibnent.|the |iqll& renoval

conposi tion includes Formul ati ons BS2- BB3, wherein all
e i . hased . on..the total weight.
00c) BEEERE R35RBE 1 WS MLy B M P e
| y j - dj ' hyl a ni_um .
Forn 300 VGOS0, Sy WAL AP D o
formulatioR FESRARGSEF-& %ﬁtafﬁfo.fS@e?%%ﬂ%ﬁ%—%onﬁaﬁ%ﬁgﬁet Iy? Igl)rglgllmium

I n anot her enbodi nent, the renoval conpos

chloride)l ¢ W@&ﬁahﬁ@@@i%%%ﬁan%%]&ggulfo ,ezr\xgi %ﬁ?lyil)epg gﬁgﬁp}ngtgﬁsether,

are by wei ght, based on the tota
and cone@&fnﬂﬁk%b%of’ﬁgdaﬂbé{einﬁrﬂ@te@@' BH3 al | contain 0.15%
pol y(acryl am de-co-di al | yl di met hyl anmmoni um chl ori de),
0.1 % Tomah AO 455, 8.25%tetrabutyl anmoni um
hydroxide,  10%tetramethyle sul fone, 20% di (et hyl ene
Formulgfique | \BREARYY et hervaterdel coff r emptassdimg afrount s of t he
conpbnents |istef.[0059] |n anbtdwxidedpivod] ment of the
CH nventi on4.6t he || qui d 46enoval conposition|includes
CGror nul ati ons BI 3t BM3, 46herei|n all q@ercentpges are by -
CHrei ght, based on| the t4etal wel ght 19§ the fornul ati on.
CIFor nul ati ens Bl 3t BB akl contain 09I5%
CJpol y[Cacryl am de- co- di akl yI di [met hyTgganmoni um chl ori de),
CKO. 1 P Tomah AO- 405, 8.445% T et T abutjghamron| um

CrLhydrjoxi deg.622% ED) 0
CM 32 90
CN 32 180
CO 3.2 32 0
CP 32 90
CQ 32 180

'[0063] In another embodiment of the invention, the liquid removal composition includes Formulation
CR and CS, wherein CR contains 0.15% poly(acrylamide-co-diallyldimethyl ammonium chloride),
22% sulfolane, 27% di(ethylene glycol) methyl ether, 2.9% BTMAH, 0.018% KOH, 17.9% propylene

glycol, 0.08% MBI, and 29.95% water, and CS contains 0.15% poly(acrylaniide-co-diallyldimethyl
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tetranet hyl ene sul fone, 27% di (et hyl ene gl ycol) nethyl
et her, and correspondi ng anounts of the conponents

wo pawedr36§ 0060] I n yet anot her enmbodi nent of tPET/US2006/039888
invention, the liquid renoval conposition includes

ammoniiO EHIbHRS, 20%SsuBN3iBSB4 (BG 1@&@%194#%) Igcfﬁﬂﬁ %{Nér?%% vy g'ﬁ’h_o.ow%

wei ght, based on the total welgQ the fornu

KOH, 171095 phybiic Mz o BNGs BRH24dd 2@9_@%%,%0. 15%

pol y(acrylam de-co-di al | yl di methyl anmmoni um chl ori de),
B 0 o R L e L
e IS SEROTMUAGATINILS 4 18SCOIPRGNL ikt 8 0Bl
hereinabdgi_?.g ?&%ramﬁhﬁﬁgfrpﬁgg@g ﬁ%éggg)'srﬂgf% %@Et\%frg ittl?en%oaué)ecgnsisting

. ei qht . ' £ ..
of urea, Zé?el?: Hgﬁillﬁ%:d'g%?éé? %,43%%25021/{) &nd Waﬁgﬂsc%ﬁ]ereo ,okﬂgljngtwleglp%e liquid

removal 1861 Mb19dds A€ L@ okt . AR chl ori
%ﬁﬁ{fﬁ& Tomah AO 4%@ ?géa%lg{eygfyr es%%ﬁﬂa?sng arlr%r}lﬁllr%n’tusrga()f1 m{ %zgabt one
additional CH¥REIIPRs B atirigSdo8d, ol ~ e

T e e P Loy B poitiqpgetudes
Formulatidnd &A-DI, Olhetedn ?aﬁ_- ﬁe@&ﬁt&&esl de %P%é]%, S&Ep&) %h DG tﬁf wgighec of the

invention, the liquid renoval conposition I el udes
formulatibor mul ati ons CF-CQ wherein all percentages are by

wei ght, based on the total weight of the fornulation.

Formul ations CF-CQ all contain 0.15%

‘ pol y(acryl am de-co-di al | yl di met hyl anmoni um chl ori de),
Formulation DA% WWEMHP@OZ@Z%GP@}fZ@%@f(gM}lll%eglﬁ}&bf ' 5%7-0/6_08% -
mercaptobtingietiduyblenes gl yoeta 2B idlang! 178 profiidhe %8/551?%3 | (e
- amounts of the conponents Ii st edI? [[0063] In anot her

enbodi nent of the invention, the liquid renoval
Formulatiom B0 s 2 OV0BRTMAG; l@dﬁS%ﬁQ@H}Jb%i(ﬁ{@th%@ ?co : g&e& .;no,gé@{, 2-
mercaptolgazitnddandle; (. ShoANRbay 0 2% itkoddil 0~ Cdinyhingd g y%lgi i ?&’ﬁer

amoni um chl oride), 22% sul fol ane, 27% di ( et hyl ene

glycol) nethyl ether, 2.9% BTMAH, 0.018% KCH, 17.9%
Formulatipr G)8y/| e9es BIryoa;,0.2508KClBy: andhyddhe W9boWak&hyl ARA 3% 2-
mercaptotgoritniande;Q.500%64 urea; 27% sulfolane; 17.9 propylene glycol; 28.595% water

pol y(acryl am de-co-di al | yl di met hyl anmoni um chl ori de),

22% sul f ol ane, 27% di (et hyl ene gl ycol) nethyl ether,
Formulatign 9% BTMAHBTILAGH Q%2 5GH OHL7 2 BYedREOAYALE Feoll HGRY: ot 0508, 2-
mercaptotivBlimidarde; 2%. 06 %uat B1% silRBE]1719proSlend BREIIES7.995% water

enbodi nent of the invention, the liquid renoval

conposition includes at |east
Formulation DE: 2.9% BTMAH; 0.025% KOH; 22% di(ethylene glycol) butyl ether; 0.08% 2-
mercaptobenzimidazole; 1.5 wt. % urea; 27% sulfolane; 17.9 ethylene glycol; 28.595% water

Formulation DF 2.9% TMAH; 0.025% KOH; 22% di(ethylene glycol) methy! ether; 0.08% 2-
mercaptobenzimidazole; 1.5 wt. % urea; 27% sulfolane; 17.9 propylene glycol; 28.595% water

Formulation DG 2.9% TMAH; 0.025% KCI; 22% di(ethylene glycol) methyl ether; 0.08% 2-
mercaptobenzimidazole; 1.5 wt. % urea; 27% sulfolane; 17.9 propylene glycol; 28.595% water

Formulation DH 2.9% TMAH; 0.025% KCI; 22% di(ethylene glycol) butyl ether; 0.08% 2-
mercaptobenzimidazole; 1.5 wt. % urea; 27% sulfolane; 17.9 ethylene glycol; 28.595% water
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one quaternary base, potassiumchloride, and at | east

one chel at or/ passi vati ng agent enunerated herei nabove.
woe@iesmshd y, the chel at or/ passi vati ng agent ( s)POHYS1966/039888

sel ected fromthe group consi sting of urea,

rca ob n | zoI
Formulaigg i, @ {E f%i % %gf "\?gv ther; 0.08% 2-
mercapt‘&’qg‘?%{} fzo 6‘§| Pi ‘é?ﬁ SR 8%%‘" i {de lepe gyeel % P ARy

base, potassium chloride, urea, and at | east one

[0065] Ig?ygtltz{qlgt ?rael&?g%gllpat J)ﬂlt%%%tlﬁp\égénp [‘ g‘,&% q%p?%?lﬁglgllggsn%ﬁr?c?udes 'ﬂ)out 35

o EHTH P 5 s UL LS Bl
15 wt. ‘V(tFi?q’ﬁlé‘{Xpi tllg%gangf WBT %9 2 %)rlé\;/rl\lglgfth/é @%Stgyl@g‘o/%bfo methyl ether, about 1 to

about 4 NG B B T S Fonici,” Bt BP0 Pt Bt P oy W
tetrameﬂyil%g%o%mgwﬁgg%ﬁ s Be kb e 9%3\%4“)%}1”%25%' sbout
ot BT b T S e S Bs
composifent By A ?Q%Wéng R fioRo %?O%ffd}% &l pprsgniggss are by
weight, oo ARl S I R BB, o1 ( ex hyl ene. glycol ) et hyl

ether; 0.08% 2- nercaptobenzim dazole; 1.5 wt. % urea,;
27% sul f ol ane; 17.9 propyl ene glycol; 27.995% wat er

Formulati ati &g%D’T_z &Aﬁ E% MAEL 0 u02 O/dKO‘;& 2259, TMAH; 0.08% 2-
mercaptobenzim 29} ¥ e8 jE r?'ne efe 51 f?) % 10 ropano
36. 6403: i?i)&)pa?eﬁoiﬁqlg%rﬁl %gl%fle gl§c§1)§©etr§%y ]5/ : rf’](%/s Lﬂh‘? fi%‘2é) panol;

’ene ovva er FOHTLH ati on DF:
2. 9% TMAH 0. 025% KOH, 22% di (et hyl ene gI ycol ) net hyI

Formule;ﬁt h, 39§°//° % C%%%b otzassnu ahZ% o
mercapt@oléﬁfgn% |P § j }éllf ‘,;ﬁ‘g/\‘; &%?é? é)r%)anol

9 -
39'03“’9{2%/?% edlo dl 8 % 51 ner capt obenzi m dazol e;
1.5 wt. % ur ea 27% suI foI ane; 17.9 propyl ene glycol;

Formulaf % vyakor gAY %t sivhn a DsR29RpAfE 0.08% 2-
mi’iffp%%g&w AR @%%Erfe <l JG,J%;%&& 2-propanol; 36.976%
1,2-propanediol; 15% di(ethylene glycol) methyl ether

Formulation ED: 3.18% BTMAH; 0.27% potassium hydroxide; 1.5% TMAH; 0.08% 2-
mercaptobenzimidazole; 13% water; 20% tetramethylene sulfone; 5% phenoxy-2-propanol; 41.976%
1,2-propanediol; 15% di(ethylene glycol) methyl ether

[0066] The range of weight percent ratios of the components of the removal composition, when
present, are: about 0.001:1 to about 0.3:1 alkali or alkaline earth metal source(s) relative to organic
quaternary base(s), more preferably about 0.001:1 to about 0.1:1; about 0.01:1 to about 0.2:1 surface
interaction enhancing additive(s) relative to organic quaternary base(s), preferably about 0.03:1 to
about 0.07:1; about 0.01:1 to about 0.07:1 surfactant(s) relative to organic quaternary base(s),
preferably about 0.03:1 to about 0.05:1; about 1:1 to about 65:1 water relative to organic quaternary

base(s), preferably about 2:1 to about 45:1; about 1:1 to about 55:1 solvent(s), amine(s) or
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mer capt obenzi m dazole; 1.5 wt. %urea; 27% sulfol ane;
17.9 ethylene glycol; 28.595% wat er Fornul ati on DI :

wQ 289048k, 0. 025% KA ; 22% di (et hyl ene gl ycol PCus3006/039888
ether; 0.08% 2- nercaptobenzim dazole; 1.5 wt. % urea,;

combina&éthsrebl 1RlaBREH oldanfe cﬁl&t@bﬁla%s&%%%/ ﬁ'g%fa%)ﬁ/]abg’lﬁq%?l\’%ta%ut Afds and

[0065] In yet another enbodi ne e I nvention,

al ' . abou 5 to.abou
o QL RO SRR 1R B2 g s,

ferablly @b&RUBY Y6 £36: Goy-f one, about 2 to about 15 wt. %
preerablghenl%g?t_jz- p?ag’panol, about 2 to about 15 wt. %

; . . , about 6 ..
06 B O B M B BRI Mo B s

of the proR@ihvahtivh furffort iﬁélﬁ&%‘.&){&(})’/ésgmmr %@R‘&%ﬂ&‘é’ﬁfél geggdg%lbgntﬁgortanﬂy, the

0.001 to about 0.3 wt o 2- mer capt obenzim
residue RO Mdbr hRdRRM naRid Wby 120 A?ﬁtkvf;@rdﬁd@b&‘éé%éecf % AROYLaning
50 wt. % water. For exanple, the [1quid renova

compositeAP @S likveibnl S formul ated in the foll ow ng
Formul ati ons EA-ED, wherein all percentages are by

o ‘ i ' .atjion;..
o R AR AR D B o

f fedr ingdigits dnddHRFVALhoRo SRR ol BEGAPEARERARLITHLAZ Ok Biomoval
wrespe?%‘é?l?g??&)wast er; Zg%q?el{)rggneglt hylcgnelsul%one; 5%2 v Bqfid remova

. ; - i : ._0 . ‘
compOSltg):ﬂ(e Ee}?% ))f)le ggagng F?Elg}aged%is%%pétc X é? ?@?%@gﬂr %&%égrt gczn?gl(%lons

that are nB¥ddtihe QoY 8620t BRShU MY PLEXIrdRs mlillti-%%’t Tt Iggrg@ezrﬁixed at
nmer capt obenzi m dazol e; 10.39% wat er; "25%

f g 1030 ; : Bonts
et 1 s ok o Shae o SPALEhyr s

may be Wwadelpvkadd BspESFic SukPiéy %TW‘Femgvaa%%ﬁlB@stitﬁﬁ,si.é!,%org dilufe or more
hydr oxi de; 1.5% TMAH, 0. 08% 2- nercapt obenzi m dazol e;

concentratedYmwhd Brbad ptadict 6f the iREMXh. oG iSwili bR ABprecHBd that the }iquid removal
phenoxy- 2- propanol ; 36.976% 1, 2- propanedi ol ; 15%

compositihy eft thy Ineérgiog kytC@kipusipidaydite@biiRly SoHpRM, 8BdsRNorfPhsist e §1%fally
’ BT?\/AH!WO. 27% pot assi um hydr oxi dey; 1.p5% TMAH;, 0. 08% %

of any cominativptod bgreaienis danileat willdfe Walisdre RRYS.t et ramet hyl ene
sul fone; 5% phenoxy- 2-propanol ; 41.976%

[0069] TtlwiD-ter appeeniedd hat il Bofedl (WM HPBcBbMC Ali} cHBLBY braBtdd8h make
highly concentrated forms to be used at extreme dilutions. For example, the removal composition
may be diluted ét the manufacturer, before use, and/or during use at the fab. Dilution ratios may be in
a range from 1 part diluent:yl part removal composition to 200 parts diluent:1 part removal
composition. It is understood that upon dilution, the weight percent ratios of the components of the
removal composition will remain unchanged.

[0070] Another aspect of the invention relates to a kit including, in one or more containers, one or
more components adapted to form the liquid removal compositions of the invention. Preferably, the
kit includes, in one or more containers, organic quaternary base(s), solvent(s), optional alkali or
alkaline earth metal source(s), optional chelator/passivation agent(s), optional surfactant(s), and

optional surface interaction enhancing additive(s), for combining with the optional water at the fab.

Other combinations of liquid removal composition components are contemplated herein. The
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[0066] The range of weight percent ratios of the

components of the renmpval conposition, when present,
wae@7/ostseuit 0.001:1 to about 0.3:1 alkali or aP&HUBI066/039888

earth netal source(s) relative to organic quaternary

containeRaFaleS]it sKTMELPERIMIIABP kB Ubre Qnoogagﬁei]lset e @ %e&(s} :cg'ﬁ.tained

about 0.01:1 to about 0.2:1 surface interacti

therein. Bah&BGpIBOhaEhditeyLdrIte KitthAt deMeOHP12D Q%Mil?ersq%%%ﬁ{ 8Pt bhnolo
base(s?,gbreferably aboutﬁé.03:1 to about O ‘:f; 4

Material@ D@y Dafbdy Conh.oUgRpuUt 0. 07: 1 surfactant(s) relative to
organi c quaternary base(s), preferably about 0.0?;1 to

0071] Iab@uiking afPBicakion 2aOUguid rehndv® BRBMGHHT: b & ady SRl 1e Sanger to

oo to ord%#?% anterngry base(s)? prefe%%@@y a%%uki?:l &s)

the matefifliatitbe 4feaded, BRQWY spratink hePRAME rerdyvat c%&ggs%%tn(&l) the surface of the
am ne(s) orconbi nati on thereof relatlv,.to organi c

material GpURtcRERG] Yy DigpiRE g}l a yBRugk F Ak hiyuid b&hﬂvalj&m})ogﬂoﬁ BOHE material or
30:1; and about 0.01:1 to about 0.1:1 _

article inclhéih@ttermfans to/@d dRed B9 Rbitdoting @ledhdt¥ifi bPaBEENLE cleancd with

) quat%rnary base(s), Ere erablyéabouy O.%l?? to 5%8&?3 W

another BatBidl,le.g[ Q0%d] of Ab¥ES sBHk RESICEBP ORER N that RLY thgfliqﬁlpieremoval
broadly or specifically described removal conpositions

compositidvh dbb@bdalr @66, HynaamkiiNtht WAl of BGI4GEIRAR, ‘a{eelﬁ!at%]aal to be
and/or SARC naterial residue. Inportantly, the residue

cleaned witlt @cirallatiap diqoid rBasENBSHYRBbEdrdy MBBHRE sfllaff (H?ééﬁﬁ manner or
and/ or suspended in the cleaning conposition of the

techniqud, hy eich die. liu@Q06@bval bendosiibh & b &FRViak c%aﬁﬁﬁgééﬁtdc?ggh Qlaterial to
the invention are easily fornulated by sinple addition

becleanedf the respective ingredients and m xing to
honbgeneous condition. Furthernore, the Iiquid renoval

[0072] Asonrpplisd t oo nsero@yctrbsic I @t | Yah @EoMndt 85brA%ns, the liquid removal
si ngl e- package formulations or multi-part fprnul t1ons

compositivhat! Ge ereventdfiveation hre waermt enﬂﬂﬁloyb_ﬂeto rdki6vel fHtofdsHb@hd/or SARC
parts of the multi-part fopnulation my be m xed at

materials ffilom substtategand MicRoekicOEAE Cevica RifudkRed SreRALIP Such Aitdr@R4) -have been
The concentrations of the respective ingredients my

depositedpe Wi dely varied in specific multiples of the renoval
conmposition, i.e., nore dilute or nore concentrated,

[0073] Ttjip tat breudeotedd Prapdici phesofretbeing phegsttdi® Rnd/@SARE nWheribis B®m a
appreciated that the liquid removal conpositions of .

microelectrpydc figvicet isinohmemntova lintiig] ity arBvehyain @lcids tiledroval of photoresist
conprise, consist or consist essentially of any

and/or SARE yterials foom afy subsinie diage wilsevestialy beeide vhitRelebtfonic device.
di scl osure herein.

[0074] The compositions of the present invention, by virtue of their selectivity for such photoresist
and/or SARC materials, relative to other materials that may be present on the microelectronic device
substrate and exposed to the liquid removal composition, such as ILD structures, metallization, barrier
layers, etc., achieve at least partial removal of the photoresist and/or SARC material(s) in a highly
efficient manner.

[0075] Importantly, the compositions of the present invention have a low amount of water and as
such, are compatible with copper, aluminum and cobalt layers, preferably less than 50 wt% water,

more preferably less than 40 wt % water, even more preferably less than 30 wt % water and even

more preferably less than 25 wt % water. The copper and/or cobalt etch rates in the presence of the
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[0069] It will be appreciated that in general renoval
applications, it is comon practice to make highly
weoncesssat ed fornms to be used at extrene di | UPEDIS2006/039888
For exanple, the renpval conposition nay be diluted at
composifidhe ofFBRUARGLM BE lesPBHRBEA/HSE 3pre%}%139 qeséjﬁlx%ﬁ E%/}%ﬁle m%%t ;t)rlggrably
fab. Dilution ratios may be in a range from par
less thandid/m@nt : 1 part removal conposition to 200 parts
diluent: 1 part renpval conposition. It is understood
Jobitibid {5 ' I e .
[0076) Ihhad oﬂi@@éblﬂolslﬁéﬂs%@ thel iAW ﬂ)p}enﬁ_@{nggﬁgt\?\feﬁ%t a‘rﬁé/rc%lg I&%ﬁe Materials

conponents of the renoval conpos

from mickdetRRfEEavick Q&Zgit_eﬁﬁ%l %m@ﬁ&@&{ thd fliglrliﬁ ?enilcﬂl\c{lec% | Qion tgpically

relates to a kit including, in one nor e contal ner

is contact) it theRViBe SBERAIBNE ﬁn@giafp&ﬁ thouf1 Io%gﬂtgb g}iﬂdt&uﬁi)rgfera%)w about
renmoval conpositions of the invention. Preferably, e

20 to abokit 30 hidGletl Ae&mpéBuRNE 2 P4nglBF Bork WHLAERE S Fboﬁf gﬁ?' Such contacting
quat ernary base(s), solvent(s), optional alkali "or

. : . 0t i -
e e B s ot O 0 s

| _ . . . .
TG L ve(ay for ey I EAM 8 RO0RRE Bl SARE el from

the devict hgbstral). willlih @k beRIDAREd GNBe AledtibYiad d%ﬁﬁ:g\ﬁ%}ein, “at least partial
conposi tion conponents are contenpl ated herein:

removal” ogrepbidithar fadf50vRmsldl oFhaMbAsiREnERE AR ﬁ%elricﬁ%éatgfeltagly at
store and di spense the conponent(s) contalned t el n.

least 80%-@¢m@XABPbkotortIi® 2686t BAREY Hatefiall W@oﬁi;ﬁ'ef%lylx)gz?t least 90% of the
NOWPak(r) contai ners (Advanced Technol ogy terrals,

photoresidtaad/or S2EMmMBTErial EOBRoved YSAY the [cglggébltiohsr‘ofgllle_e[ﬁ&ieﬁgnventi n.
application, the liquid renoval conposition is applie

[0077] Foltoveingy ths utHidsment Wi fReSesited daingBEtRh] B 1ilfd %o%lec%ﬂlﬁgsiﬁon is
e.g., by spraying the |iquid renpval conposition o

readily retoloeedsliiorh deesubdiratehe afRicab !\xﬁhlichti@hgg Sr&i RN Sen eﬂ%lié& Q.g.i, 'Bg rinse,
(in a volunme of the liquid renoval conposition) of the

wash, or qtlger emicavhl seap(srak inay Be dd3BEAdREThOGusTRE BRvbRlndhQe &b?ﬁcaﬁon of the
cl eaned, by contacting the material or article to be

compositighsecridpredehhingemcith eForrkiple,ahe ddic@ mayBeRRGed Wih § kR Rition
sorbent applicator elenment, that has the |iquid

including deiomved| wate epdisi diibd (6. galapiardog v, L apsia@Petc hy contacting
the material or article including the material to be

[0078] Incyee amditbr winbdliaent,i thes Liqid feR@valicGubshitoRRYIR! inGARRPSEY bORilized
or by any other suitable neans, manner or technidue,

in other agpgctwief the ntibreelkdtpuicdieviesTmualfach@ R PSdckdsOnk. | SBbRLRMIR removal of

into cleaning contact with nmaterial to

photoresist and/or SARC material processing step. For example, the liquid removal compositions
may be diluted and used as a post-chemical mechanical polishing (CI\/IP) clean.

[0079] Alternatively, the cleaning compositions of the invention may be combined with abrasive
material and used as a Step II CMP slurry. Step IT CMP slurries typically have a high barrier material
removal rate relative to the removal rate of copper and dielectric material. For example, abrasive
material may be added to the cleaning compositions of the invention (to yield a cleaning composition
slurry) and used for the CMP of a microelectronic device having tungsten and Ti/TiN barrier layer

materials thereon. If the microelectronic device comprises copper material, a copper inhibiting

species is preferably added to the cleaning composition slurry to protect the copper during
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be cl eaned. [0072] As applied to microelectronic
devi ce manufacturing operations, the |iquid renoval

W@ oi9p0si365 ons of the present invention are usePCl/U§2006/039888
enpl oyed to renove photoresist and/ or SARC materials

planarizerti[)f? %@%&E&; Lﬂ%}{gsﬁfe ggﬁa p?%[t?delh avlté i %glg?]s gle begﬁl%l%%’,rc%ﬁ%gnfg?lxmres
thereof. l t Iﬂh?bnto% t%ntgﬂgl?{eﬁ t g%%&t iudg he Seammg’tetholeg benzotrlazole

hotoreS|s eri al

benznmdyzcﬁg %%41 le Cal‘rbq)gésrﬁ%ﬁ%kor g%%/ glgﬁgn}ea c{ Ell;oug cpmg%l.glfl% oxalic
acid, ma n c{ﬁaglﬁﬂnﬁl ati f L @iadetic ? ﬁtlgn%tlo%taﬁ% i;'nd com%ma’%J 10Nns tlYereof

one a mcCroe ectronlc

Preferab%o %oa{eﬁ'rlaﬁoes IS%FJ tI‘)i/ prcgélg%iiholg%ocio ntrlse%n bras 8%#3” i &gs), organic

heir sel ect or su esl s
quatemagﬂlgagé’(%?aglﬁall reegﬁarl#% rg%rle m&%llr'}%gnel(gaé :{;):lvgelét% 1f>na %lysurgacaant(s), and

he liquid renmoval conposition, such as ILD
qﬁmndﬁéﬂ%ﬁﬁg %%Kbnetall|zat|on barrier |ayers, etc.

[0080] ‘@&g;)agﬂﬂ %f’lﬁIe 1I \Zﬁr E!blftela{t]e%rfg\{ﬁé prrox’e? fmlgroge:)la oG dseglces made
accordmé %Qﬁe%edagﬁ%%ﬂté nﬁxjef{tlon am].3 to &9@9@ c&ﬂt H ﬁg QJO 1&0880%?%1%9 tdeVéces

'nvention have ow ano er an as Suc

[0081] &%Haﬁlhp%r a p@clt I'bfctﬁp Hﬁx%gtuﬂ t&U{B‘ ﬁx@ﬁllo&so gfalr& PLi%cytEtjiinfg an article

preferab ess owat er, nore

compr1s1h%§ ‘?’nlérgél&:tr%glc%wg@ WAl ethoﬁ\égﬂ Ing?l{ copn r%)tﬁp Wer&e@&f}ﬂnic device

% wat er and even

with a ll%ﬁd ‘Pémo@i bsitiod or SHRBEH: tﬁ{é% 91{ le ?Qﬁﬁﬁrltlgﬂ)gk%vé gﬁo%cﬁeéls@ and/or

e presencé of theconpositions o nvent |

SARC rﬂa@e?ﬁlstﬁ)cﬁi? thRe ﬁ{c%e'ibctr(fﬁﬁ@fd&ﬁ&bﬂé(rm[ge%gi #ﬂ?ﬁﬂes?st A{uﬁéanAﬁ@%atenals

preferably less than 1 A/mn I'n use

thereon, ﬁﬁ’cf%@&b&rh safdf mk%lekt@éﬁ%‘&évﬁ@ 0 H%%Yel WG%BQBQ Tl(?tﬁ(li fdmoval

/ or  SA material s frommcroe ectroni c devic

composﬁdﬁbﬁglﬁ@éfse& 1AV % SATEqRERECRse, Lifer] b H)'n NOXRbne alkali or
ik t

conposition typically is contacted w evi ce

alkaline Satl Stdiadk&urbQbptionkily B 106t Jnk QBN AP %Hﬁnel o &nﬁhﬁﬂ&n 0ot optionally
m nutes, preferabl’y about 20 td aboUt 30 m nutes, at

at least dn@ RSV PAESvakibn BgchBRPEondMly £iN1N ARUERHP Gnli %pt"i’(pxgﬂj}t at least one
8Q0C. Such contacti ng

surface interaction enhancing additive.

[0082] The features and advantages of the invention are more fully shown by the illustrative

examples discussed below.

Example 1

[0083] Photoresist and SARC removal was performed on samples of patterned low-k dielectric
substrate including photoresist and SARC layers. The samples were dipped in removal solutions X-
Al for 30 minutes at 60°C and then rinsed with copious amounts of deionized water and dried under
nitrogen. The percent removal of photoresist and SARC material from the patterned wafer was

approximated using scanning electron microscopy. The results are tabulated in Table 1 hereinbelow.
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times and tenperatures are illustrative, and any other

suitable tine and tenperature conditions may be
weephoysast hat are efficacious to at | east parPCHEUB3006/039888

renmove the photoresist and/or SARC material fromthe

Table 1: Qﬁéﬁh&@r@suﬁ%fﬁhﬁulaﬁ’é}ngﬁ'ﬂthe broad practice of the
i nvention. As defined herein, "at |east partial

ForrduEiERY al P&@gnq@%&gggs to at Ie_ast 50% r enoval of
hotorest st gngr or- SARC naterial, preferably at |east
oY% TeNoval—gfy, ptiotor esi st and/or SARC material . Mst
east

eferably; va. 90% of the photoresist and/or
AN SR 73 . st
ARRCTRtertaj,5)s ved using the conpositions of the
A;Bc:,cr iﬁvegféw en—H0077] Fol |l ow ng the achi evenent of
destred g\glg/&am Rrgl action, the liquid renoval
mjrrmpos ton 1/"reaﬂi'y renmoved fromthe substrate or
EE‘H eHe—to vsgri#}h it—thas previously been applied, e.qg.,
A:E: FhAse; W6w./° nLgnt her renoval step(s), as may be
u(;sirei j ous in a given end use application
M¢ 1 he meﬁe?./p. ons_jof the present invention. For
|

npl &, t hS3dbyi ce may be rinsed with a rinse
4b| utinn i ndB%li ng dei oni zed water and/or dried (e.g.,
ahin-dry  NRB7 é/aoor-dry etc.). [0078] In yet another
embodi ment, the liquid renoval conposition of the
Examplelznventl on may be utilized in other aspects of the
roel ectroni ¢ devi ce manufacturing process, i.e.
[0084] PQ%@@&U@‘# SARC reneyphwap foeritrored roessaslpleamﬁ/patter&@%w-k dlelectrlc
materi al processing step. For exanple, the liquid
substrate F”éWS\?‘éIPh%ﬁ%ﬁ@MS € layesp. Bbe stiniples etreatiphed Fe@masal solutions AK-
st-chem cal nmechani cal polishing (CW) clean. [0079]
AQ for 3 lé‘lteﬁ &t pWelapd themeingepl @afhucmo'@mp@ms of dmenizefl watee and dried under
i nvention may be conbined with abrasive material and
nitrogen. |, L) pergent regpQypl pff plotamesist and PARG: mptetig) fE@MPtls| patteined wafer was
cally have a high barrier material renoval rate
approx““?%ﬁ?‘étst‘rig\ﬁéa%gteﬁéﬁ?@ﬁﬁtpawpb’aifhe rgfults augpabnlated dn Tabdd Zlotreintelow.
material. For exanple, abrasive material may be added
to the cleaning conpositions of the invention (to

Table 2: Eie&ﬂiﬂ’g@s&ﬂs%%rﬁﬂlaﬁmjA@.On slurry) and used for the
CWP of a mcroel ectronic device having tungsten and -

ForntlAtidn bpgrgdne@eglgyger materials thereon. |If the
m croellectroni c devijce conprises copper material, a
a@pper | nhi bygd,Ng species is preferably added to the
Qlieant g congpgi tion slurry to protect the copper
“gNr T ngpl anaq(boz%tl om | processes. Abrasives contenpl at ed
ReFei i nciyghss SsTtijca, alumna, ceria and m xtures

AO 100 %

AP 100 %

AQ 100 %
Example 3

[0085] SARC removal was performed on samples of patterned low-k dielectric substrate including
SARC layers. The samples were dipped in removal solutions BA-BN for 30 minutes or 60 minutes at
40°C and then rinsed with copious amounts of deionized water and dried under ilitrogen. The percent
removal of SARC material from the patterned wafer was approximated using scanning electron

microscopy. The results are tabulated in Table 3 hereinbelow.
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thereof. Inhibitors contenplated herein include
i mdazol e, anmi notetrazol e, benzotriazol e,
whewziowideazol e, am no, im no, carboxy, nercaptBCT/ONB1006(39888
al kyl, urea and thiourea conpounds, oxalic acid,
mal oni ¢ acid, succinic acid, nitrilotriacetic acid,
nodi ac nbinations t her eof .

Table 3: ﬁg%P€F55W§ hfﬂgggg?%?ﬁgfﬁﬁe Step Il CMP conposition

|nh|h|fnLIQ\

FormugﬁIT ; C;z\ hrxla‘égév
haceaf )

aPARY Regpvahptol
s), _ Bpautesal |y

ase pnt(
BA:nfl l)n nally réwpinfl nrJ

agent (&) [008

sur f actant (s),

ng{‘

|pnrﬁltesto

t_of tHA i nvent
BGh cr wel ectr @Bic_devi

ces mad@0 accord

BR¥f the invedfion an

to prdficts co

BEy cr el ect r @Ri c_devi

ces. [(381] A s

Bbhf the invedfion rel

at es t B5net hods

B&Gn article &B8nprisin

g a ni dbel ectr

BHret hod conmpPsi ng ¢

ntacti n@ t he m

Bdevi ce with7a |iqui

r enovabo conpos

A

Blkufficient t7/hme to g

it | eastioparti al

N

BXphot or esi st 7and/ or

SARC matigy1 al s f

Blm cr pel ectr @i ¢ devi

ce haviipg said

bni ¢ devi ce,
croel ectronic

organi c

ne earth neta

and
] Yet' anot her

he i nproved

ng to the nethods

Nt ai ni ng such
bill

further aspect
of manufacturi ng
sai d

tion for
y renove

romthe
phot or esi st and/ or

rating said
icle, wherein the

BMSARC| nat eri @bs thereon, andpg ncor po
BN1i cr pel ectromi ¢ devijce 1T ntgypgal d ar
I'iquid renpval conposition includes at |east one

oy gani c quaternary base, water, optionally at | east
EEHN&é&e al kali or alkaline earth netal source, optionally

[0086] SR eamivalong REbi@aton saiplIBLof SHitemITRIWIR HieRBrik @%s@&g including
optional Iy at |east one chel ator/passivation agent

SARC lapt.i Ditashinple@itvere @pbd BREmSMI oRtibABO-BANG: APhinaRab) 60 Ainutes at
| east one surface interaction enhancing additive.

40°C and[tbh3 Rsedaigh il hi@Sund st d&dM@é’ﬂt%&%n&)ﬁrﬁdhﬁdérQM%ﬁ Ofhe percent

) are nore fully shown by the illustrative exanples

removal df SARES mdtetiall ©orh theX paRbRd Ivaf) 083 a In%"t&lshﬂ &Eﬁin@“@gctron

renmoval was perforned on sanples of patter ne | ow K

microscogly. eTteatsultcars tHbshtedireTabRal Heghindglophot or esi st and SARC
| ayers. The sanples were dipped in renoval solutions
XAJ

Table 4: Cleaning results for formulations BO-BT.

Formulation | SARC Removal at 30 | SARC Removal at 60
minutes/% minutes/%
BO 70 80
BP 40 50
BQ 30 40
BR 80 95
BS 90 100
BT 80 95
Example 5

[0087] Copper etch rates were determined on samples of 1000 Angstrom thick blanket PVD copper
wafers. The samples were dipped in removal solutions BU-BZ for 60 minutes at 50°C, with or

without stirring (at 60 minutes, 48 hours, and 72 hours), and then rinsed with copious amounts of
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for 30 mnutes at 6Q0C and then rinsed with copi ous
anounts of deionized water and dried under nitrogen.

wab@7pereent renoval of photoresi st and SARC nBCEUBZM06/039888
fromthe patterned wafer was approxi mated using

deionize® GaRNANIArRH Q6det QoL MRS 0 Batd et . :
tabul ated in Tabl egél her ei l??tgereleovv. Taﬁ%;uefin@cggsﬁ?%%pmm probe

resistivity @8abhfefnehtor THEME &b ka@ﬁﬁtexirﬁable@(}%%’#b%lo%. [ 0084]
Phot oresi st and SARC renpoval was perfornmed on sanpl es
of patterned |owk dielectric substrate including
Table 5: r%trg?otor egi st and SARC | ayers. The sanpl es were di pped
able 5 {LoPpeg gl Fte ety for Sorpulaa BHBZ30 ni nutes at 600C and
thenrinsed with copious amunts of deionized water
Formulgtion o | @ertehiaer i tFwyerateThe péiuctahtrate ermv alu efeh rate
phot pr@4hstmiag SARCYReE i al (Withowt stivingat t (@ithed stivaiher
was appr‘éi‘i‘lﬁat ed| usisiginganni ng 4 ewtsdion i et BdvopyA
The fesults are tahufariad jn| TablAmher eilnbel oiu’
BUr 2: 0828ani ng red®s for for MIBALi ong AK- A0
BVeyanpl e #-068085] [ SAR®-4@noval was 0g@3 f or méd on0.8ENpI eg
BWot phttePdBd | ow k di%dléctri & sub$toBate i mcl ude.np SAR
BX ayers. PHB6sanp| es wWelMé di pped i A.3BEnpvall sol ®iasons
BYRA- BN f 00.088 ni nutes o 60 ni nutes.0a0 400C andp.ifsen
BZ i nsked wiOtOH0 copi jous @niBant s bf denosd zed Wat ero.and
dri ed under nitrogen. The percent renobval of SARC
terial fromthe patterned wafer was approxi mated
Mﬂ%ﬁi ng scanning el ectron mcroscopy. The results are
[0088] SARSANdtcewst remoTalbhas [Britveredionbehpies JRternad 10G-EaRicBEic substrate
) ~results for formul ati ons BA-BN. Exanple 4 [0086] SARC
including SRSy layerpva & heyeanfpdes veetke dippeslainpdnasabfolypiahd BANBH? 10980 kninutes at
di el ectric substrate including SARC | ayers. The
>0°C, anddhenginsed widh @pidippacnisrof deinpiveelwaso it drivd sin@On B g0 rTha Bercent
m nutes or 60 mnutes at 400C and then rinsed wth
removal @M@WUM%CYQﬁ foen Owi pednehivefer ansl aphrb:galatdd dgihg scanning
ni trogen. The percent renoval of SARC material from
electron nyigrascypy- t Ererestlltué tabulpiad indiapledxiervtbeldwusi ng scanni ng
el ectron mcroscopy. The results are tabulated in
Tabl e 4 herei nbel ow.

Table 6: Cleaning results for formulations BAZBH2

A4

Formulation SARC Removal/% Crust Removal/%
BAA 98 40
BBB 100 100
BCC 100 100
BDD 98 100
| BEE 100 100
BFF 99 100
BGG 100 99
BHH 98 100
Example 7

[0089] SARC removal was performed on samples of patterned low-k dielectric substrate including
SARC layers. The samples were dipped in removal solutions B>-BR? for 30 minutes or 60 minutes at

50°C and then rinsed with copious amounts of deionized water and dried under nitrogen. The percent

30



Table 4: Ceaning results for formulati ons BO BT.
Exanple 5 [0087] Copper etch rates were determ ned on
wa aploesedf 1000 Angstromthick bl anket PVD cOP@EIS2006/039888

waf e

(at

rs.

60 m nutes, 48

The sanpl es were di pped in renoval

removal BUSBRCS Ratefif]l Mok Whe Bat@ine® Fhfer Wist dppRixinfhdaN Qo
and 72 hours), andt

ours,

sol uti ons

%tdlllnl{ll{é B¥ctron

e

microscopy. MBRGesits 4te GOMROY 1 BBRUYNHeRiBERGI Oni zed water and.

dried under nitrogen.

The copper et

ch rate was

determ ned using 4 point probe resistivity

surenents.

Table 7: @%gﬁnﬁ E?é}llmr fmlaélogs_ Blcggp

tions BU-BZ,
FOWI?%%E%R%?H*&@H%%%
i ot ¢ (MNNEEL ¢ ot

Bl .o mr

The

er etch r
Exampl e 6

results are tabulated in Table 5

ate results for

g

Q08
PARE Remgypkas 601

i ncinjiiep(sp SA|

] SARC and crust
patterned | ow k
L | ayers. The

es_wer® dinped
Ll

in ren¥al sol

ti ons BA2-BH2 f or

Blho

nut es 28 500C,

and th&¥ rinsed

ts_of Heionjze

wat er 1®%nd dri g

wi t h copi ous
d under nitrogen.

er cent 9% enoval

of SAR®Omat eri a

| and crust from

attern®d waf er

was apploxi nat

d usi ng scanni ng

tron m % oscopy

The r8®ul ts ar

e tabulated in

6 _her#l nbel ow

Tabl el®: C ean

ing results for

ul ati on% BA2- BHR

Exanmioe 7 [ 0Q

perforn®d on sa

pl es obopattern

89] SARC renoval
ed lowk dielectric

TH

trate i9%cl udi ng| SARC | myers. e sanples were
di pped in renoval solutions BI2-BR2 for 30 m nutes or

Exam lego m nutes at 5C0C and then rinsed with copious

=B Spunts of deioni zed water and dried under ni trogen.

[0090] SARE mpmpemias penturabd off s dTehdrhall lohIOdRIbHE: ALtAS Meklding
waf er was approxi mated usi ng scanni ng el ectron

SARC layrrg r Biecepyles Whe digedlii feravd sbabiolsadBBE for Balh@utés at 40°C, and
her ei nbel ow. Table 7: Ceaning results for

then rinsedl oyitindopibiomsouBls of BRomExanpte aBd HAOMHerSARG A TR Rk ced@Smoval
performed on sanples of patterned |lowk dielectric

of SARCaudtesiat fivw thenpdttaohed gyafer was approximated using scanning electron microscopy.

The results are tabulated in Table 8 hereinbelow.

Table 8: Cleaning results for formulations BS*-BB>.

Formulation SARC Removal/%
BSS 30
BTT 100
BUU 100
BVV 90
BWW 98
BXX 100
BYY 95
BZZ 100
BAAA 70
BBBB 100
Example 9

[0091] SARC removal was performed on samples of patterned low-k dielectric substrate including

SARC layers. The samples were dipped in removal solutions BC*-BH® for 30 minutes at 40°C, and
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SARC | ayers. The sanpl es were di pped in renoval
solutions BS2-BB3 for 30 m nutes at 400C, and then

WO 20wged736F t h copi ous anounts of dei oni zed wat ePCEHOS2006/039888
dried under nitrogen. The percent renoval of SARC

then rins€@vRE tépiouk bRARHNEE RRLES Red: YRl HEd M@hlzﬁ?%e X i’[geg%e:r?eélt removal

usi ng scanni ng el ectron m croscopy sul
of SARQ akehiatfegh B pdelRhd vBrlerL] ; %p LinLganin
results for formulations é@%@%@ﬁéw@g gclagm@g flﬁ%f]n%cmsc"py'
The resulpARCGah@BYRITaWRS HBRHbALWed on sanples of patterned
| ow-k dielectric substrate including SARC | ayers. The
sanpl es were dipped in renoval solutions BC3-BH3 for
Tabl ﬁﬁam nutes at 4Q0C, andthen rinsed with copious
able 9: Llssping Lesplts fordpsmlations REHRBH. and dried under nitrogen.

The percent remmval of SARC material fromthe
Formul C alifas | appr oxi mat ed usi ng scanni ng
BCCYH ectron ni M oscopy| The results are tabulated in
BDDPypl b 9 her# nhel ow] Table 9: C eaning results for
BEEEqr mul at j on§0BC3- BH3. Exanpl e 10 [0092] SARC renoval
BFEas perfonn®d on safpl es of patterned lowk dielectric
BGG&i hst rat e i8] udi ng| SARC | ayers. The sanpl es were
BHH# ppied in rlédoval splutions BI3-BMB for 30 minutes at
400C, and then rinsed with copi ous anmounts of
Exampled®! ONi zed water and dried under nitrogen. The percent
noval of SARC material fromthe patterned wafer was
[0092] SABErrompyrhtved perfirmed it samiileshf PatetddABw K GEIOSGORWstrald Ficluding
results are tabulated in Table 10 herei nbel ow. Tabl e
SARC layegs. Theesamplag weesiippes if @mofa rsotutiidsi BINB MBFcR -3BMBinutbX #MBP€ and
.11 [0093] SARC renoval was performed on sanples of
then rinsed atithenopietls dnpwnts of debeazddrvater ad éligdain@eri nt€dgbitli Tk FAREE removal
| ayers. The sanples were di pped in renoval sol utions
of SARC ppggerBbBom ghe Btemid whfes wat apptB@Enatanghidgh@ihnidgnNs@oMnlidoscopy.
copi ous anmounts of deionized water and dried under
The resulty prertaigylated i RieblpH) feesitbeloanov al

Table 10: Cleaning results for formulations B-BM?.

Formulation | SARC Removal/%
BIII 5
BJlJ 40
BKKK 100
BLLL 100
BMMM 100
Example 11

[0093] SARC removal was performed on samples of patterned low-k dielectric substrate including
SARC layers. The samples were dipped in removal solutions BN>-BS® for 30 minutes at 40°C, and
then rinsed with copious amounts of deionized water and dried under nitrogen. The percent removal
of SARC material from the patterned wafer was approximated using scanning electron microscopy.

The results are tabulated in Table 11 hereinbelow.

Table 11: Cleaning results for formulations BN°-BS?,
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of SARC material fromthe patterned wafer was
appr oxi mat ed usi ng scanni ng el ectron m croscopy. The
wo e@alossenr e tabul ated in Tabl e 11 herei nbel owCTak1086/039888
11: deaning results for fornul ati ons BN3- BS3Exanpl e
Formufbol (03RS vhiPFOVal was performed on sanples of
BNNtterned T@w K dieflectric substrate including SARC
BOO@YENS. Thegganpies|were di pped in renoval sol utions
BPEPl - CE for ggmnutes at 400C, and then rinsed with
BQG@PT yus—anoygts of—dei oni zed water and dried under
B T

JgeTT. ’Figﬁ percefit renoval of SARC material from

%ﬁmerﬁeﬁ—waf—ef—ms appr oxi mat ed usi ng scanni ng
etrectron—metroseopys The results are tabulated in

Tabl e 12 hereinbel ow. Table 12: C eaning results for

Examplé & nul ati ons BT3-CE. Exanple 13 [0095] SARC renoval
|l es of patterned | owk dielectric

rnmed ) ‘ | Q)
10094) Y880 PRI B TR helfiri "B arer P Bmernath vk Allegitoapogate inciuding
i.pp in renmoval..solutions CF-CQ for 18 m nutes or 30
SARC I8 érﬁ'ute’@"s? SS‘PP‘EH?@%’HP&’@‘% TPy R SERtiQls (B CEdPods minwisaat 40°C, and
: Loni zed t and dried ynder njtrogen. The
th :
s ““S%Jevrv‘glg!r’{?"%r“é ERoAT e Qe et Aneq pishs FieEcPadhe poresat removal
£ SA - roxi nat ed using scanning el ectron _
of SARC BBl 0 AR TRARE o2 B o SBAPLLDRE PP g microscopy.
The resul ' W Ta 13: O eaning results for \
e resu %Egnﬂﬁﬁgiﬁ%cgwg aklﬁq %%‘el Sl ati on SARC Removal at 30
SARC Renoval at 18Exanple 14 [0096] SARC and
photoresi st renoval was performed on sanpl es of
Table 12:pGlepuingweshilts fwfirmiiagbes®TFiGE. subst rat e i ncl udi ng SARC
and photoresist |ayers. The sanples were dipped in
Formulgtionpy aP ARG Rempe¥CR| f or 30 mi nutes at 400C and t hen
BTTHi nsied wi t hOcopi ous| anobunts of dei oni zed wat er and
BUUYY i ed under5hi trogen. 100% renoval of the SARC and
BVVphotlor esi stlobmt eri a] fromthe patterned wafer was
BWWihser ved using scanni ng el ectron m croscopy.
BXXX 20

BYYY 95
BZZ7 0
CA 10
CB 70
CC 0
CD 5
CE 50
" Example 13

[0095] SARC removal was performed on samples of patterned low-k dielectric substrate including
SARC layers. The samples were dipped in removal solutions CF-CQ for 18 minutes or 30 minutes at
50°C and then rinsed with copious amounts of deionized water and dried under nitrogen. The percent
removal of SARC material from the patterned wafer was approximated using scanning electron

microscopy. The results are tabulated in Table 13 hereinbelow.

Table 13: Cleaning results for formulations CF-CQ.

| Formulation | SARC Removal at 30 | SARC Removal at 18 |
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Exanpl e 15 [0097] Patterned wafers having post-etch
ashl ess photoresist thereon were contacted with
wo eoomoksss ons DA-DH for 20 m nutes at 500C. PCT/US2006/039888
| nportantly, the wafers included exposed TEOCS and
| ow k di ehpelEp € Maferi alyJllegacirtase, the
cphot or esi styggat erialfderamm pom t he surface of
| ___caéhe \wafer ajyy froated rnm thefornutpation and/ or the
CH 1 NS¢ wat erjggontai ner.  FESEM-mi—erogr aphs of each wafer
ci ndi¢ated tgat the photor ca:OSt was—substantial |y

C¥ emoyed and;jyhat—the ||i1"“rﬁ“'|’cs?—a-ﬁ%b|-ﬂt— of lowk materi al
crattatk—was i servedron—thepters—contacted with
was determ ned that

C
GIi OTmhitat omy B6—ane BH—Fo888) 1

cyfeguat-et ﬂfb'”o'f paserana—the—KOHKCL were inportant
crponponents: 0 —erovnrg—the-photoresi st fromthe
C@:u'r_f“ce of o e—wat-el- Exwrrpl__e_lﬁ_[_d099] Bl anket ed
CistHponr—ni-tride{(Si-N-—appra¥i mately 300A thick), Black
cpen nd(trr}l(%%l—aé—k-D,-rappLole_%l_el_;L_lo KA thick), and
FECS - wafers—Fapproximat pLyl@ﬁ)OOJ tihi ck) were di pped
in renoval forrmul ati ons DH and DI at 500C, 600C, and

Example/JOC for 20 mnutes to determne the etch rate of the
ecfive materials. Etch rates were determ ned using
100ss] SARIDERE Blnforesish deragvah Wag trgiforsred tonesamplep @ tatkemadalorl dietciric
substrate &, ta%&ed gel ow, It is noted that FTIR of the
e eﬂfﬁﬁi"a’é angphoofrsishlayee s Seosamplss kereviiined instvosed solatien CR
for 30 minler e no detrinmental change in the chem cal
rovmg U%a ét %ﬁ@é a8$ RN ek coripusHnsgat of deiorized: YiaterBind aiigd under
. afte roc ing. [00100] Patterned wafers
nitrogen. \é\g@%g‘e‘%@ﬁ -Ogttgﬁh %g‘i{ﬁl s Phtosest amatasial ey e rpatiemed wafer was
Observedgont act ed with formulation DH and DI for 20 m nutes at
TOC B EFE CHA™FHEeOPYr i nsed with DI water, and dried

.under N2 gas. Inportantly, the wafers included exposed
TECS and lowk dielectric material. In each case, the

Exam le|{1Eotor esist material delam nated fromthe surface of
e wafer within 1 mnute and did not re-deposit on

) PR e L SR e S i
formulati(?rg ?%%@Fiofg}é %(E) H?ngu (%Isalf E@"tCﬁ é[lq?)glggc’iﬂ?l,x tlﬂé ?Ja%e?sdinglgc?ed%?iggsed TEOS and
low-k dielectric material. In each case, the photoresist material delaminated from the surface of the
wafer and floated in the formulation and/or the rinse water container. FESEM micrographs of each
wafer indicated that the photoresist was substantially removed and that the minimum amount of low-k
material attack was observed on the wafers contacted with formulations DG and DH.

[0098] It was determined that the quaternary base and the KOE/KCI were important components for

removing the photoresist from the surface of the wafer.
Example 16

[0099] Blanketed silicon nitride (SiN, approximately 300A thick), Black Diamond™(BlackD,

approximately 10 kA thick), and TEOS wafers (approximately 8000 A thick) were dipped in removal
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anmount of damage to the lowk dielectric material, as
evidenced by the FESEMresults and the etch rates of

wo b@7BisekD and the TECS. * * * [00101] Accor dpemiU§2006/039888
whil e the invention has been described herein in

formulatiog BIEGREDL A SHAE WoPd, n@FIREES 20 TEALLY de%ﬂgm% the. elt(ih rate of the
illustrative embodi nents of the invention

respectwta%ljmseﬁhl@lisﬁ]@?ig é&@%ﬁ/?& nglﬁ{elﬂ;édle&x%ﬁ qf a§1 ed. nydl%re%égo el § X tge respective

material A RILOME BERR! TBKAREIIShat (PR} lé? %’-ungﬁgesgégba?lﬁ'tﬁee]grocessed BlackD
Accordingly, the clains hereafter or

0 hQk Yin RO B Y5 Q0L L e,
e e SR Rty Sk I TP

propertieWbf thé BlatiI®whfeSdief blocdfifh, scope. THE CLAI 'VS What is
clainmed is: 1. Aliquid renoval CONpOsi ti on corrprl si ng
| Formulafiod ASTTcAREraRAFIANT EicHZL SRUAT Fite BiholDIR S Eed S TROS/A

surface |g1?er acti pn”enhapei ng ad%,tlail Xffll, an op@fb‘i%ﬁﬂ%p

DRt Teast ogecconppnent gghecte f1 05 gT_otE ol
consi stTngyeef ™ at [ teastgmeatkal ﬂrorﬁ. K?.. : f": earth

DIet al' [ sourgeg at [ east gre org f: E+SE YSE;:’# ta east
one S]TT&Qﬂﬁ@f a Icab%)yifnbLE:S(:bﬁé?ﬁ%;n’ aha 230
Conbl a[IOﬂPCIHEI UI’ szlfnnﬂ\ihﬂ nﬁsﬁnresi t nnd42§
COfT'pOo (Trom rsus lur —O1 —CTt THg—pHot+o

sacrificial anti-reflective c;atl ng (SARE) n?é(relrlalal(s)
ch ma
oo OB L S B AR B, v
formulatl&hﬁﬂeéﬂa lﬁlhﬁr @5 nln%ﬁ% %BQC 9 89(? 8 7@9 ftﬁe(ﬁﬁ}é@%%%%m_pnd dried

conprises a conpoun haV|n

under N, eﬁxﬁb&taﬁﬂy 1R2wa B 1ndfAg cﬁ xpose% EE§§ é1n§ @Wg&nﬁlglactfi? Batct# e In each

ifferent from one ano

case, the g{oﬁd;‘%,ls@ g@%hlglthdeeggl&%@q‘}/oﬁ{(@l? surgalcj Sf ﬁ‘? g\{ate {nrc]aexgmgefgg did not
re- depOSﬂg&ﬁghﬁgEHQ%tn :jlf alEEgneS %&1 %%”yea?h waf%ro h’?‘&ﬁ%@ gl'lla[g thie photoresist was

substantiaflP FARVEd heRAGE. ‘P}o@ésg‘né at SPEL li 1tedhhee best rletgdavaI resuqts with the least
quaternary organi c

amount of damage to the low-k dielectric material, as evidenced by the FESEM results and the etch
rates of the BlackD and the TEOS.

* ok ok

[00101] Accordingly, while the invention has been described herein in reference to specific aspects,
features and illustrative embodiments of the invention, it will be appreciated that the utility of the
invention is not thus limited, but rather extends to and encompasses numerous other aspects, features,
and embodiments. Accordingly, the claims hereafter set forth are intended to be correspondingly

broadly construed, as including all such aspects, features, and embodiments, within their spirit and

scope.
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conpri ses a conpound selected fromthe group
consi sting of tetrabutyl anmoni um hydr oxi de,

whewzpi13ss net hyl anmoni um hydr oxi de ( BTMAH), PCT/US2006/039888
t et ramet hyl ammoni um hydr oxi de (TMAH), and conbi nati ons

thereof. 4. The |i qui gpERAOVRks composition of claim 1,
What is AhE! §i.n the at | east BEE—EUETETnary organi ¢ base
-—————&gﬂgﬁ#%es benzyl t ri nmet hyl ammoni um hydr oxi de. 5. The .

quU|d renoval conposition of claim1, wherein said at

{ g a one surface interacti on enhancing additive
' Ac Y reoyal Cowé%ﬁl%c%@rlé@% alglegst onn erpaniqqutANaco bask.Sit ileagt one

p ol y de- codi al | yl di net hyl anmoni um
surface ngcﬂfugl'op nc%%zfcg'(tge,rayﬁ gpﬁoa Y, at fratyppier eenyionent selected from the group

Idlne | ammoni um chl ori de
cons1st1n%i f)}éla? S?F ﬁ%gk% gmp% e isepace; atlegdt and Qk?gamc solvent; at least
cet oguanami and conbi nations thereof. 6. The
one surfaﬁaxdturl e?sé %%a}elaemr ane) porgfFinagipnag ﬁh@l}of (gvd;ﬁpini sgidrigutdhemoval
compositd orfalkallne earth netal source, wherein the at
postly gdétus‘?ﬂﬁle ok | TRAPYing, photprrsist 4ae/or secrificipe autl-refentive @oating (SARC)

i ses ssiumsalt selected fromthe group
nmmHMS%gw 8 WETORlge ﬁ%Y%%@WHﬁﬁH?UF%%@H@tmﬁ%ma55|un1ch|or|de
and conbi nations thereof. 7. The liquid renoval
conposition of claim1l, conprising the organic

2 TR %e@m@%‘%%h%&kgeﬁ%%@ Saisrn ot oy oage quternary base
comprise€ 2 BShTAtaa BE smulrian R R RIOHOHBHNALY oRo It Hed Gamoihe the
same as J‘JP glﬁﬁﬁe%uh%}ﬁrﬁzlg?a%@tﬁa FHEES selecth o e Swh soupang ofbythozen
sraightofi IR COUR .gﬁg&,,?g O TR PAS] BEBH ke, and anbobstiuted Ce-Ci
aryl, alcolg?h{%y t ano Lhe. PS bt arabi eyel oo e

4. 0]undecene an1nopropy|nnrpho|ine,
hydroxyethylnnrpholine aninoethylnorphorine

h |
3. Tll;]sy%{ ﬁf&?ég{)/\?efr? g?m%os 181% 8% ?l ngj V\gﬁ%& 1%,1 rpntplgqut B1si WRtsaey organic base

comprlsesNé %ﬁggtlneygeﬁe%led dilrcglg) ntﬁé g%}{%)l C%IHSst}/llgpgg {e(t)rlall)u%lllggrggmum hydroxide,
benzyltrimethylammonium hydroxide (BTMAH), tetramethylammonium hydroxide (TMAH), and

combinations thereof,

4. The liquid removal composition of claim 1, wherein the at least one quaternary organic base

comprises benzyltrimethylammonium hydroxide.
5. The liquid removal composition of claim 1, wherein said at least one surface interaction

enhancing additive comprises a species selected from the group consisting of poly(acrylamide-co-

diallyldimethylammonium chloride), poly(acrylamide), ’ poly(acrylic acid),
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vinyl pyrrolidinone, tetranethyl sulfone, ethylene
gl ycol, propylene glycol, neopentyl glycol, diethylene
w@bkgocok73sononet hyl et her, Methyl ene gl ycol nonp@EUR006/039888
et her, diethylene glycol nonoethyl ether, triethylene
poly(dialpidigethylniamneatny | cigbmey,,  ehidhi noRERLEPY ! i
?tl her, Y et hyl ene gl yco? mﬁg%{ijltﬁ%ﬁy%ﬁ[%?%umdi g@ﬁ{}?ﬂgneacrylamlde’
acetoguafinyiSd kndGa®Hatiots tiRkdder . triethyl ene glycol rmonobutyl
et her, ethyl ene glycol nonohexyl ether, diethylene
gl ycol nonohexyl ether, ethylene glycol phenyl ether,
propyl ene gl ycol nethyl ether, .di propyl ene glyco
6. Tetiiayid refnbei ,co&fdsﬂfoﬁwlcfaﬂﬁ 1 |c¥1ﬁ§}lisil{éeﬂ193élkr1§top gfkfﬂﬁw arth metal
propyl ene gl ycol n-propyl ether, dipropylene g yc&f
source, WhefirOfhyl at @8abiCéne ANkalliPsrOMHISE Barfl] MEQ] sJﬁTog,rc%H%lise tah%{tassium salt
propyl ene glycol n-butyl ether, dipropylene glyc
selected frerUthey bro@h B&Msistidd bpfS&Mihﬁn@ngxXﬁ,obot%'siQH_t éﬁllorfag,hﬁﬁ’combinations
propyl ene gl ycol phenyl ether, and conbi nations
thereof. t hereof.9. The liquid renoval conposition of claim1,
conprising the chel ating agent, wherein the at | east
one chel ating agent conprises a species selected from
the group consisting of benzotriazole, tolyltriazole,

7. The [ilpeid YémdveNZadtposiBaObEslaim Hicbﬁlﬁrl'isk?l?gn%?toféaﬁ‘ié QbiGent, wherein the at

3-am no- 5-nmercapto-1,2,4-triazole,” 1
least one @rgafiio sblvéht 4otpriisde § b@npdAYSORUELRE ALK S onsisting of an amine, a
2- (5-am no-pentyl)-benzotriazol e,
sulfur-coﬂtaiaiﬁ_g bemponid, 3-glycdlpZ @@l ether, and combinations thereof.
| -am no-5-nethyl-1,2,3-triazol e,
3-amno-1,2,4-triazole, 3-nmercapto-1,2,4-triazole,
3-isopropyl- 1,2,4- triazole, _
8. The pigeidylembiz0| cob@ositidn bRzRine, 7, RAleRid @2 6ichhid Z8NES comprises a
napht hotri azol e, 2- nercaptobenzoi mdizole,
compound - seectipt henziat hirago! onshtinget by | méndfeRfAnhifd, dagiethSolamine,
_ 2- nercapt ot hi azol i ne, 5-am notetrazol e,
triethylen&lizaming o nhefl¥ ] efhahbibanie,a z0¢tRyldicthito®mine, pentamethyldiethylenetriamine,
' 2, 4-di am no- 6-nethyl -1, 3,5- triazine, thiazole,
dimethyldiglycaleinire, net hyl,$-eiazaiogtie]s.4.0]undecene, aminopropylmorpholine,
|, 3-di et hyl - 2-i m dazol i di none, 1, 5-
hydroxyethmorpirelitey | @niedaiiylaaphdine,1 -ph@RyroB A& HIGARS, OluBliyBRM®R, N-
di am nonet hyl triazi ne, mercaptobenzothi azole, »
methylpyrirqlidgane (NVB), ﬁ\hmdmﬂp}/,rro!ﬁéimm&p Nqbempynodaia&{e,e cyclohexylpyrrolidinone,
- 4-methyl -4H1,2,4-triazole-3- thiol,
vinyl pyrgplidimion - tetrBnedhyl hiukfotiea zeHytena - gidon)| proPREeOLINEAZ Qbdentyl glycol,
) tritolyl phosphate, indiazole, guanine, adenine,
diethyleneg |glyeelr glonomdéinyd géthare tiddthylenet glybadt mbReeklyC eek,ddiethylene glycol
sal i cyl am de, benzoguanamni ne, nel anine, thiocyranuric
monoethyh ethef;, trigtitytana rglicblc mandethyl gthbi, icthyiat dlycas@eddpidpyR6hél, ethylene
salicylic acid, 8-hydroxyquinoline, 5-carboxylic
glycol monebuiyieethant diethylohe glycol monobutyl ether, triethylene glycol monobutyl ether,

efhylene glycol monohexy! ether, diethylene glycol monohexyl ether, ethylene glycol phenyl ether,
propylene glycol methyl ether, dipropylene glycol methyl ether, tripropylene glycol methyl ether,
propylene glycol n-propyl ether, dipropylene glycol n-propyl ether, tripropylene glycol n-propyl ether,
propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl ether,

propylene glycol phenyl ether, and combinations thereof.
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3- mer capt opropanol, boric acid, and im nodiacetic
acid. 10. The liquid renoval conposition of claiml,
w@ompnesehg the surfactant, wherein said at | eBSI/USIU66/039888
surfactant conprises a species selected fromthe group
9. Tenijuflt fefgvad tomb&itld oh ¥R X kihe the chelatin ent, wherein the at
isoggcyloxyprggglanine OXId%, . %§§¥Fatga éﬁﬁ%rqag1ne
least oneOotietd hh e mRREE s ¥ies] &3 AR e Sn8LRAYG triazole,
e chai ﬁﬁgca% al ggﬁols, zsalpr%l _con%i nat | o_nlé3 %rﬁ@r egg. _ glo. %ﬁzg Hlazole
tolyltriazbleg lii-pﬁeﬁ%%@iriaﬁ&é]pS’-ﬁitltol-lﬁﬁ‘zoﬁfazglle,aanlno— - lrcgﬂtp-lhq?tgazole, 1-
m croel ectroni c device conprises an article selett
amino-1,2,ﬂ0ﬂiﬁzbhﬂ1}@fdiy&nmﬂ§zbﬁ,t i-malﬁﬂo-ﬁéﬁlf-ggﬁg&ﬁg fe ?—HJ% nto-rl?lt,ﬁéiazole,
flat panel displays, and nlcr%e ectro?ec ahléagion o
1-amino-Syistteivs,2 S MEM)e, 3 hinoTiE4-triagMiL & HEIRYRL 269 '3 1-1,2,4~
06?§Jﬁ11,bfurther cgﬁprisiﬁg photoggglst aﬁ%ﬁoflgﬁgf?yf
triazole, r esiSgi@nyidbbdbuibble, The hig¥idohamual ¢ trtiallzgfé,do 2-
claim 12, wherein said photoresist and/or residue
mercaptohalz&miditold; 0Mpr i&ﬁ&aﬁp%ﬁﬁhi%lé e | € Ci—f?l@th?léﬂ@lekﬁﬁni z{z%fél,p 2-
consi sting of: organic photoresist residu
mercaptoth@uaoling) Srahiddteghone Bhﬁlitﬁ)ell,?,@-ﬁﬁﬁiefzr)l@@-thgﬁ Zglr—aé”hqino-&methyl-l,3,5-
consi sting of boron, arsenic and phosphorus;
triazine, si lthi€olkec OnttaiAieng Nisthylle@azoRNd Qlﬁ(ﬁfﬂ@ﬂlﬂtﬁnﬁiaﬁg&ﬂﬁme, 1,5-
el enents sel ected fromthe group consisting of oxygen
pentametigiahetetrarote] ne.  14. 13yl i-abictbtsterByR! Conpo%fiatrﬁiﬁ&ne?l{yltriazine,
claim1, wherein the weight percent ratio of the
mercaptolrnrdiifiemld, Ninélagdink Ahiofd) hﬂéi@dp_f&erﬁﬁﬁiiﬂﬁio)é? 4[1%’[9}11-'4‘1{1@1 5,9—triazole-3-
organi c quaternary base is in a range from-about
thiol, 5-ar@in@-l,'3;Iél*ﬂhiad'ﬁhﬂd:m-tIﬁoleeJ;zotHi&oleTﬁ_ﬁol&l‘ ﬁﬂHéantE,%myz%le, %uanine, adenine,
conposi tion of claim®6, wherein the weight percent
glycerol, thigglhywerof, nitribtritcbtil dcid) saltly lalkde Ber@SdubhniTRL %ela%ﬁﬁg, (flﬁ?clyranuric
‘ rel ative to organic quaternary base is in a range om
acid, antheghidio cif, Q0L adidt Beabio utid Gafylic adk® -8-nbaR x duidiife, rs-%%\é%lﬁc acid-
conposi tion of claim 10, wherein the weight percent
benzotriazolgt $-gremhptoprepamul, baritaaldl andehabiiMetit &i@r gani ¢ quat er nary

base is in a range fromabout 0.01:1 to about 0.07:1.
10. The liquid removal composition of claim 1, comprising the surfactant, wherein said at least
one surfactant comprises a species selected from the group consisting of bis-(2-hydroxyethyl)
isodecyloxypropylamine oxide, alkoxylated ether amine oxides, ether amine oxides derived from a

branched chain C; alcohol, and combinations thereof.
11. The liquid 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).

12. The liquid removal composition of claim 1, further comprising photoresist and/or SARC

residue material.
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17. The liquid renmoval conposition of claim 10,
wherein the weight percent ratio of the organic
W@ odoveu36s el ati ve to organi c quaternary base iBCT/HSH06/039888
range fromabout 1:1 to about 55:1 1. 18. The liquid
13, TiemMa remoVaP 0ShpdsRidn OF clﬁin?ﬁinu%ﬁreﬁpsgfdeplhﬁtoreisgt Pn'a‘é?r $ARE Asidue

range from about 11 to abouf

material &S84 a GROBO Sidcted Froff the lof - orbant ; ion-
benzyltr |¢r%et hyl ar?marnl um 3?18 (ﬂq'gggp% msgamg photoresist residue; fon

1 | !
imp ant@gﬁ:l egtﬁelﬁlg rg‘%ﬂbggﬁ ﬁ_?_ﬁﬁgtﬁel: Iggogfl) 581&52&1”%%?3{){2%%&1 Ia(l)lfl] ph?splcmr])rgf Filicon-

containingSesidvae Fuﬁi adnlH UL
n|1;nt eract i oﬂ enﬁeéégﬁgg%ts g%g{e&?\r% ge{%{ g‘%{? \%\e %mgp ]tgls?nﬁa?f pxygen
and fluodi@se is in a range fromabout 0.03:1 to about 0.07: 1.
21. A kit conprising, in one or nore containers, one
or nore of the following reagents for formng a liquid
renoval conposition, said one or nore reagents
14, TeliReideenbvaPBndsiieh 0 RaaP Svl/h%f'énp@le %elg%{ P%ge"ﬁ? FatiQ"0% the surface

organi c quaternary base, at |east one su

interactiointhBnaid; ia@dt RNERAG BDraHRl dub¥SaryHAL QRS L i
. | east one conponent se %%cf@d f?gn1tﬁe rg%%éégﬁé%m?OOIIto

about 0.2, : at | east one al kali or alkaline earth net al

source; at |east one organic solvent; at |east one

surfactant; at |east one chel ating agent; and

conbi nations thereof, and wherein the kit is adapted
15, The lifjaid Renidvel aiFpasdd d)fQ:‘IhlrﬁfG Fhabilie ngh gé} gﬁtrzgﬁ?)dof He alkali or

renmovi ng phot or esi st and/ or SARC mat e

alkaline qurth meeed! 8GirtcORIativel @Vbrgmid qoakdnthry 8isd 1§T§1t £ fr{nﬁ Qb&if"d: 001 1to
said method conprising contacting the m cfoelectroni

about 0.3devi ce with a liquid renoval conposition for
sufficient time to at least partially renove said
material fromthe mcroel ectronic device, wherein the
liquid renpoval conposition conprises at |east one

16. Toe dianidcreguead] efomdbaitikiase clapd 10 3GbreANGie S\’V'&élﬁc;%rcent ratio of the
i nteraction enhanci ng additive, and optionally at

surfactant relagive to natio qpaeneiny baelsed i edgd f@MEJE0.07- PR LERMSI7St | NY
of : at |east one alkali or a%kaline earth netal
source; at |east one organic solvent; at |east one
surfactant; at |east one chel ating agent; and

17. Thohdiiheetioval sotpesitdafos claim 10, wherein the weight percent ratio of the organic

solvent relative to organic quaternary base is in a range from about 1:1 to about 55:11.

18. The liquid removal composition of claim 1, wherein the pH is in a range from about 11 to
about 14.
19. The liquid removal composition of claim 1, comprising benzyltrimethylammonium hydroxide

and poly(acrylamide-co-diallyldimethylammonium chloride).
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23. The nethod of claim 22, wherein the
m croel ectroni c device conprises an article selected

WO e@miod13es gr oup consi sting of sem conductor subPGI/D81086(39888
flat panel displays, and m croel ectronechani ca

20.  Bhedi@rehMaMRmpoddion H‘ﬁalﬂiefw Wﬂet@fn e @élg{t?p%rcem%feoedg?%eusgrface

the material conprises a |ayer selecte om t
interacti@OGBbrEldgn@dBibe rddRt &F 8S d, tLdal. ng.,

photoreglst har dened gy ?%ﬁy?%%qgﬁia?*gp?agggogﬁggj'%zmom
0.07:1, material s.25. The nethod of claim 22, wherein said

contacting is carried out at conditions selected from

the group consisting of: time of fromabout 1 m nute

to about 60 m nutes; tenperature in a range of from

21, Ab&udomptRifg tia cﬁb%tmcgm&talﬁ‘é}g &Q'U?'lmﬁ loP i Foh%ﬁg reagents for

26. The nmethod of claim22, wherein the cont act

forming & QA kSRS alecoRp OGRS 3@ bRCr&ichré Fegé@ngsl"sgle&gc? HQmQQJ]%BEI} éorﬂgstmg

of : spraying the liquid renoval conposition on

of at leastusfeadrgardd qlidd@nd¥y GhLREhEEhdt Rk Csuxq}aﬁ:\é'1ﬁt@ract%npﬂhﬁﬁ1r%ha%dltlve and
mcroel ectronic device in a sufficient volune

optionally hitjerstone@BRYHentRRBIOS Frbih ¥ g &R)rgoﬂ&&fng Or: 3t B4 bR ?kaﬂfor lkaline
the m croel ectronic device wth anot materi a ?

carth mefaBsoutdagat! 1éaiond o QARVBlvetONNQSI 5ﬂe%ﬂrf§c*9a%9 P estlo E@ El?e‘?a@mg agent;
and contacting the m croel ectronic device w t

and comtgiationd thdrbdTgant mGsiieth thEIDY adap&@ PR Sh EHeQBmpc?s?tlon Tp&aiet hod
of claim 22, wherein said at |east one surface
i nteraction enhanci ng additive conprises a species
sel ected fromthe group consisting of
22.  Apolethbaof ybasrighe pieotatbsadt |ayd/ei BRREYh 26000 oM Ghk R leGfohic device
pol y(acryl am de), poly(acrylic acid),
having sqib hnpteclblathérydng i@ tdjhod RbAPHNHing R cRRLE ]! tﬂ@)mcroe]ectronlc device with a
di al I yl di met hyl anmoni um chl ori de, acryl am de,
liquid remeet oguEnesioh Me, suffivibne CfbitH at ldéﬁ%)ai’tﬁﬁ%@&ﬁove and WHESEIE™m the
the at |east one organic quaternary base conprises a
microelectronip olemide, hadrein thdqdiorrenibal NhFRRERIRAGHprivdIef Qbddt Rlo organic
R2, R3 and R4 nmay be the sane as or dlfPerent from one
quaternargrheschet leastdorar erfsel @etedod B diltE a@itPP afd Gﬁtio‘ﬁﬁl‘bngt Qgst one
hydr ogen, straight-chained G -C al kyl, branched
componeng|sklydted from the group consisting of: at least one alkali or alkaline earth metal source; at

least one organic solvent; at least one surfactant; at least one chelating agent; and combinations

thereof.

23. The method of claim 22, wherein the microelectronic device comprises an article selected
from the group consisting of semiconductor substrates, flat panel displays, and

microelectromechanical systems (MEMS).

24, The method of claim 22, wherein the material comprises a layer selected from the group
consisting of: photoresist hardened by plasma etching, photoresist hardened by ion implantation, and

SARC materials.
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substituted C -G o aryl, and unsubstituted C-Cl O

aryl, al cohol groups, alkenes, and al kynes. 28. The
woretooarses cl ai m 22, further conprising rinsi nBCT/IE2006/039888

m croel ectroni c device with deionized water foll ow ng

25. Hemieictd oficihim 23) e/hbdefshid cblﬁg@i\ﬂ%hs GRS ot ERBitiofSelediBEfrom the
nmet hod of claim 22, wherein the pH of the renoval

groﬁp coogistpESf: tin@vf iiSmi dBod 1raRGe td 1M RRMhted JerlRra@ROHLa range of from
14.30. A liquid renoval conposition conprising at

about 30ti@sibowd BECY Al BMBRETonD @RRof. POt assi um chl ori de, and at
| east one chel at or/ passi vati ng agent, wherein said

l'iquid renmoval conposition is useful for removing
photoresi st materials froma m croel ectroni c device

26.  ThewdigdfchintBl, ¥herln thd\en@Rng dhpriddd@ pr&BRBkcted from the group
conposition of claim30, wherein the

consisting lof| sptagink piRes Bywi@ tdntdgal a@BbsiGA Y & S8 of BE GhiSDelectronic device;
selected fromthe group consisting of urea,

dipping tHe mitr@otratedwicitasadli@ent Loldmé of hudZRMBval 8position; contacting a
conbi nations thereof.
surface of the microelectronic device with another material that has the liquid removal composition

absorbed thereon; and contacting the microelectronic device with a circulating liquid removal

composition.

27. The method of claim 22, wherein said at least one surface interaction enhancing additive
comprises a species selected from the group conmsisting of poly(acrylamide-co-
diallyldimethylammonium chloride), poly(acrylamide), poly(acrylic acid),
poly(diallyldimethylammonium  chloride), diallyldimethylammonium  chloride, acrylamide,

acetoguanamine, and combinations thereof; and

wherein the at least one organic quaternary base comprises a compound having the formula
NR'R’R*R*OH, wherein R, R%L R®and R? may be the same as or different from one another and are
selected from the group consisting of hydrogen, straight-chained C,-Cs alkyl, branched C;~Cg alkyl,

substituted C4-Cy aryl, and unsubstituted Ce-Cyp aryl, alcohol groups, alkenes, and alkynes.

28. The method of claim 22, further comprising rinsing the microelectronic device with deionized

water following contact with the liquid removal composition.

29. The method of claim 22, wherein the pH of the removal composition is in a range from about

11 to about 14.
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30. A liquid removal composition comprising at least one quaternary base, potassium chloride,
and at least one chelator/passivating agent, wherein said liquid removal composition is useful for

removing photoresist materials from a microelectronic device having such material thereon.

31. The removal composition of claim 30, wherein the chelator/passivating agent comprises a
- species selected from the group consisting of urea, 2-mercaptobenzimidazole, 1,2,4-triazole, and

combinations thereof.
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