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- Technical Field 10 . The present invention relates to the cleaning of

equi prent in which chem cal nechanical planarization ( f or nmed.
In particular, the present invention relates to chem cammﬂ Imﬂuﬂmns for
cl eani ng CVMP equi pnent wherein said conpositions have i nprove eani ng
per f ormance and/ or reduced hazards to the equi pment human S®%ff and

environnent. 15 SCrd t | nece sary
step in the fabrdr-)ilét -+ "I(I,hl.gIB pI(l:(SéIaLnFi? %th%g“ IME:! &) %atlona}& atus

providing a flat, sm)oth surface that can be patterned and etched vmth t he
accuracy requi red of modem | C conponents. The conventional planarization
technique is 20 CWP (Chem cal I\/Echani cal Planarization or Polishing) known

in the art m (for exanple, "Chem cal Mechani cal
Pl anari zat g‘&—&ﬁ% Viaimv |v als," by Joseph M Steigerwald,
Shyam P. Murarka and Ronald J. Gut man, 1997). CWMP typically nakes use of a

pol i shing pad Qrought into nmechani cal contact with the wafer to be
pl anari zed C rasivel/reactive slurry interposed bet ween polishing

pad 25 nd waf er. eBe%tft% gnf‘%lg{egéoe oGP tain o ggstl ent ﬁ’é’hﬁgt re nts

chem ca I y with gubsy anar
causi ng pl aamhameathphnadm;am@l‘ﬁmm’;ﬁs peﬁhhﬁsd OIh pdﬂﬁhﬂhﬂ mm’eédnﬂﬁhv@xindnhe

pol i shi ng d wth respect to.the er, leads tqg polishing of the wafer
t hr ough mgﬁgtﬁ%&%aggqxgppsg}@s Eﬁg‘ﬁm}ﬂg CMR gawigment wherein said compositions

have improved cleaning performance and/or reduced hazards to the equipment, human

staff and environment. -
15
Description of Related Art

Planarization is a necessary step in the fabrication of multilayer integrated circuits

(“ICs”), providing a flat, smooth surface that can be patterned and etched with the
accuracy requiréd of modern IC components. The conventional planarization techniqus is
20  CMP (Chemical Mechanical Planarization or Polishing) known in the art and described in
text books (for example, “Chemical Mechanical Planarization of Microelectronic
Materials,” by Joseph M. Steigerwald, Shyam P. Murarka and Ronald J. Gutman, 1997).
CMP typically makes use of a polishing ped brought into mechanicel contact with the
wafer to be i)lanaﬁzed with an abrasive/reactive slurry interposed between polishing pad
25 ~ and wafer. Typical CMP slurries contain constituents that react chemically with the
substrate to be planarized as well as constituents causing planarization by mechanical
. abrasion. Relative motion of the polishing pad with respect to the wafer leads to polishing
of the wafer through mechanical abrasion and chemical etching. |
| The abrasive slurry polishing materials used in CMP typically comprise an abrasive
30 such assilica, alumina, or ceria and chemically reactive ingredients. Typically, ina -
practical production environment, these slurry materials cannot be entirely confined to the
polishing pad and often splash onto various portions of the CMP apparatus and dry in place
leading to increasing deposits of CMP slurry materials at various locations within and on

the CMP apparatus itself. Deposits also tend to accumulate on the interior surfaces of
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The abrasive slurry polishing materials used in CMP typically conprise an
abrasive 30 such as silica, alumna, or ceria and chemni cal Ty Mmaqmgve
- ingredients. "Typically, in a practical production environnment, these
slurry materials cannot be entirely confined to the polishing pad and

of ten splwsXn2asgie various portions of the CMP apparatus amergeyidsP! ace
| eading to increasing deposits of CWP slurry materials at various Tocations
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Additionally, some slurry polishing materials such as ferric

slurries tipicals pychiss &rit oftraghsimates typigpdlyawed foy EMP oftungstenlAgérg Bidsy¥ St ai ns ,

on CMP appa | urr erial.s and, of her substances have to be
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Polishing slurries containing ferric nitrate [
“hydr oxi de Hosoyghly deansq seithat slary and otherfenw @0 raneems thaterialdwé rdnefvddt O

~ precipi t alirdMbdnlli N the conduits of slurry distribution systems that carry
slurry to i1 ndividual CVP apparatus and to specific |ocations wi thin CW

equi pment . TheBelishingshutientontaising firtia hittat CPND; Raknd 6 Frm FordY By B 6xide
15 (Fe(OH)s) and ferric oxide (Fe;0s) residues that tend to precipitate within the conduits of
~ slurry distributibn systems that carry slurry to individual CMP apparatus and to sp.eciﬁé

locations within CMP equipment. These flocculent precipitates can break free, traverse
through the slurry distribution system and come into contact with the Wéfers. Undesirable
- wafer scratching may result. Hence, there is a need fora cleanihg composition effective’
20  forremoving deposits from the interior regions of the shurry-carrying distribution systems
associated with CMP apparatus.
Current practice makes use of surfactant solutions for cleaning CMP apparatus.
These sblﬁtian are typically not chemically desighed to break off or to dissolve typical
- - CMP residues, Thus, the residues must be scraped off with, for example, Teflon scrappers.
25 This scraping'tech_nique is both laborious and time-consuming, and results in the
generation of loose particles that may fall back onto the apparatus and 'eventuaily back
onto polishing pads, wafers and/or platen. Uncontrollable wafer scratching and reduced
product yie,lds are the typical results. Examples of CMP cleaning systems including wip'iﬁg
operations include those commercially available from The Texwipe Company LLC of |
30 Upper Saddle River, NJ for use in cleaning tungsten CMP slurries (TX8606 SCS)and
oxide CMP slurries (TX8065 SCS). - |

Additionally, current methods for cleaning CMP apparatus make use of hydrogen
fluoride (FHF) solutions and/or potassium hydroxide (KOH) solutions. Typically,
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through the slurry distribution systemand conme into contact, }NI tE t he

waf ers. Undesirable wafer scratching may result. Hence, t herle M€ @05need
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Furthernore, HE can al so damage the platen plates of CMP appar at us.
damage the platen plates and some of the material used to form shields of the CMP

=)

apparatus (typically Lexan). Although less dangerous to humans than HF, KOH is -
nevertheless caustic and requires care in handling and disposal.

20 Thus, there is a need for a cleaning composifion for removing unwanted deposits
from CMP apparatus that ameliorates or overcomes one or more of the shortcomings of the
prior art. The cleaning composition of the present invention is substantially free of HF,
KOH. Furthermore, the present invention does not make use of HCl, in contrast to the
work of Thurman-Gonzalez e, al. (WO 99/23688).

25

" BRIEF SUMMARY OF THE INVENTION

The present invention relates to chemical compositions and methods of use for

cleaning CMP equipment, including the interiors of delivery conduits for carrying CMP
slurry to the necessary sites. The chemical compositions of the present invention are also
30  useful for post-CMP cleaning of the wafer itself.
' Three classes of cleaning compositions are described, all of which are aqueous
solutions. One class operates in a preferable pH range from about 11 to about 12 and
preferably contains one or more non-ionic surfactants, one or more simple amines, a

surfactant or sticking agent such as one or more soluble dialcohol organic compounds and
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‘A multiplicity of disadvantages are al so associated with the use of
potassi um hydroxide (KOH) for cleaning CVMP apparatus. For one ¥ hiig200%oH
- fails to successfully renove sone chenmical stains such as ferric nitrate.
Additionally, KOH often | eaves resjidual conposition of potassium a
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form shi el f ppar.a typically Lexan), .Althaqu | ess
danger ous ‘?O?Jn %‘?f’r‘%té?? t%%utaére@ﬁ?g Sntﬁ gt I%'%’Fte‘)é’se oélfh@flg@c@n%q?aéh‘ﬁﬂer es care
i n handl i rgelatit shest)aslidhst oo sﬂ'cfmgg' zg;,tehe&r@l at feadt MR QEioh® sudfaclaf HINGhd
conpositiqQn for renoving unwant e eposits from CVP_apparat us that

anel i or at dOBAreIpastanialy agpent Sionkihe preferred rompesitionsed the presenttineentipe.i or art ‘.

Th I ' Lt t. i ti.an i bstantially f f
i kG Fur ney ooy exitedin S0 RO ERROLisa bR Panen oS arseste e ol i o

contrast t endchanicalpidnativationuresiane M - ¢ | EF
SUMVARY OF THE I,I\?\A/%\ﬂ'l ON The present i n%ﬁf%qgﬁa%seﬁog%@g %t%g%?qg%&clg%% 3
conposi t i oRENAPRIC sfactant, abfeagiqnersinple amingiahlpagtivme stickingregent, at bektatieng t he
interiors i i tS: AV S| 0 the_necessary
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conpounds &HaNig suripgtentowbereraidbsolwtinnchag aptkfromrapoan teeshoutdsecond cl ass of
cl eani ng conmposit.i eschn.a ref erabl e pH range of approxi mately
8.5 and cont ai n& %ﬁg egﬁx%%‘éne&o © IR 5E Ct.‘i’,mpé’?‘?lf’fléor 1%310&1 ew¥eali ¢ aci d.
A third cl asehaicat plapmsiation A&sidie, edthshising:havi ng a preferabl e pH range

an aqueous solution comprising:

at least one non-ionic surfactant;

at least one simple amine;

at least one sticking agent selected from a group consisting of a dialcohol
organic compound, propylene glycol, polyethylene oxide, polypropylene oxide,
and any mixture thereof, and

at least one quaternary amine;
wherein the aqueous solution has a pH ofifrom about 10 to about 12.5.

Some compositions of the present invention are shown to be advantageously used
for cleaning the shury distribution system of CMP apparatus.

Among the advantages of the present cleaning compositions are the following:

One advantage of the cleaning compositions according to the present invention is
that they clean better than cleaning compositions based upon both HF and KOH.

Another advantage of the cleaning compositions according to the present invention
is that they are compatible with the typical plastic and metal parts of the CMP apparatus
and thus are not as aggressive as HF and KOH in attacking the materials of the CMP
apparatus.



fromabout 1.5 to about 3, preferably containing at |east onep i‘@' zi ng
acid, at least one chelating agent, at |east one sticking agéﬁf hdﬂu&t

| east one anionic surfactant. HF and KOH are substantially absent fromthe
preferred conpositions of the present invention. A first expression of the
invention is a conposition for renmoving chem cal nmechanical planarization
resi due conprising an aqueous solution containing at |east one non-ionic
surfactant, at |east one sinple amne, at |east one sticking agent, at

| east one quaternary am ne, wherein said solution has a pH from about 10
to about 12.5. A faeherudvanxtpgestiheblehing bémpesigitsiadtbrimgdo @RyHesht i on for
renmovi ng chem cal. nechani cal pl anarization residue conprising an agueous

sol uti on cHREN I fhat theyazgtar igse caustie thapily acid, at | east one chel ating
agent, at |east ivaki i EO ;
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i nvention are shown to be advantageously used for cleaning the slurry
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t han cl eaniogmeeagsssthe reywireeatol usprpm tool suchies amehtiifbr sdrapifesst ackicust age of
t he cl eaniﬁl%inc(ﬁ%osi ti ons cortd' ng to the present invention is that they
are conpatible tappatrﬁtg %Syﬁgf‘??%{?e | astic and netal parts of the CWP

apparatus and Afistheraid@antate GfehegBLERS LoBpastidik a8dtdiKShb i hiarkvafidhhe
rraterlals.of'tlt“i]eClVI? ) ) '
. is that they typically require merely the use a sponge, which does not have to be a

SCOTCH bn'ght sponge'or the like, for removing residues. This tends to eliminate

scratches to the CMP apparatus caused by cleaning with much harder and grittier, sponges

typically used heretofore. o
Yet another advantage of the present invention is the ability to clean residue from

the interior surfaces of the CMP shurry distribution system.
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. ‘apparatus. 4 L' 7 MAR 2005 A further advantage of the cleaning j@g{)@ﬁ'tions'
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t he absence of abrasives. BRI EF DESCRI PTION OF THE DRAW NGS Thi s
appl i cati QORAHIIPIG AWM Ngs. 5

One composition pursuant to the present invention (“Composition A”) comprises a

solution of one or more non-ionic surfactants, one or more simple amines, one or more
15 soluble dialcohol organic compounds (or other substance compatible with the composition
and functioning as a surfactant or sticking agent) and one or more quaternary amines, in an
aqueous solution, typically de-ionized (“DI”) water.
The non-ionic surfactant should be soluble in the composition and compatible with
the pH ranges of the composition. Additionally, it is important that the cloud point of the
20  surfactant be such as not to render the surfactant unstable when used in the cleaning
composition. One non-ionic surfactant found useful in the present invention is 3,5-

dimethyl 1-hexyn-3-ol, the structure of which is given by the following:

CH, CH,

Ha
H3C—CH—-cC C C===CH

OH

3,5-dimethyl 1-hexyn-3-ol

25 One useful commercial form of the above non-ionic surfactant is sold by Air

Products and Chemicals, Inc. under the tradename Surfynol ® 61. Other surfactants sold

under Surfynol ® tradenames include mono- and di-hydroxy compounds such as 3,6-



DETAI LED DESCRI PTI ON"OF THE | NVENTI ON Several ‘conpositions are_shown to be
useful in the practice of the present invention as cleaning agenMaRfamp CVP
equi pnent. These conpositions can be used singly or in conbination, and -
applied tayyasipys regions of the CVP apparatus requiring gehaaiipg,as 10
specified herein or determ ned by routine experinentation on sp'ecfh C
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(Surf ynol 8‘%1&,“11 Y%‘lclﬁ ity in _eocarwél_lgl,lﬁ_ Xy, ﬁma“ona on the molécule is

advantageous.

Propylene glycol may be used as a surfactant or sticking agent in the practice of the
present invention. Other such agents include dialcohol organic compounds such as

15  ethylene glycol and the like so long as adequate solubility in the composition is present.
Polymeric species such as polyethylene oxide or polypropylene oxide may be used so long

 as these polymeric species are adequately soluble in the composition and precipitation
problems in the composition are absent (which is the typical situation 6ccurring with
reasonably low molecular weight species).

20 Tetramethylammonium hydroxide (TMAH) is typically used to adjust the pH of the
composition. The present cleaning composition may have a pH in the range from about 10
to about'12.5 although the range from about 11 to about 12 is preferred. Variations of the
present composition containing greater or lesser amounts of MEA may also be used. A

. typical mixture for Composition A follows:

25 .
Typical Composition A Proportions

Solution Grams

DI water 4700

Surfynol ® 61 60
Monoethanolamine (MEA) . 1300 (@100% solution)
Propylene Glycol 900
Tetramethylammonium Hydroxide (TMAH) |4




."anor phous  si lica.carrier (Surfynol (r) 82S) and tetranethyl.. e%nedi ol
(Surfynol (r) 104). Monoet hanol am ne (MEA), or related primary i2005s, are

useful invobgiREAactice of the present invention so |ongpaghE.Ra ticular
am ne conpound is sufficiently soluble in 5 the cleaning conposition. O her

functional groups may be present at the am ne end of the nolecule.
Exanpl es of such additional functional groups include hydroxyl, acid or

ester functionaljity.and,other. am ne gr.qups..(diamne, etc.) so long as the
primary anmine n 91&}386/51@@ Atlﬁgarﬁ%@grémsg 130’&1@331%7%306%%% heTeig tg‘? om1lto
about 8 caCMMsppafausis expdsed 1 siliR, wieA&id Fefhk hyM ol S36XHe i}%\é SR dsRites.

al t hough the volatility of typical C amnes is a possible" 10

di sadvant age. TMersoves apdpIpisinglydt was fopnd gt theeGampagition A ored mngowide

bal ance of > At .l : | Li ' he..C osi ti.on. dr oxyl
functi gjnal Ye{tﬂ;\}wo%f/rtg lgﬁéﬁol*ﬁel%:{%lﬁgﬁpg mh;égévg%ée%hisﬁﬁrrg%&wéﬁgd JiUE8 nmay be

used as a kwspeativeof whethertdoppdrpglisiiey turigsteh polighiResr silecadolithife hitl B&ANt
i nventi on. C%per such agents include dial cohol organic conpounds such as 15
ethyl ene FFOP4nd the |ike so long as adequate solubility in the

conposi tion is Rir@sehbre, CRAIIIRSH & afB@SdyHH BHER &ﬁaeqil%gi/&taﬁx hids ke or

pol ypr opyl ene, oxi de may be used so long  as these polyneric species are
adequat el yeosditiops foriclkaning semippaductorarafensd Fpr exeimpile, Lomposition dbdanrbe vsed t he
conposjgt i | i .cal .sktuation occurri.n i th
reaso?\lﬁ)l ;./Ha Icgcrva\'/ﬁ rsrgrp %gu uﬁ?w\/\%#%ﬁta ﬁg%tg% %ré%oﬁ%d,r Of%'\'ﬁ]bf’ﬁw ?ﬁﬁf?mlﬁ?wfdroxi de
(TMAH) i s pojishinglapparateeid stitl veud jpnd thetpagtichesl dighotddethere @@ sot d'h?%o tHate present
cl eani ng ¢ os'Ltio[g rm.tv) haﬁ? %&E{H in thﬁ range fraqm about 10 to about
125 al houQMPUHien A GBS Pisfhia Fstave thers.otighis, ComposionAcre b berd ivdpilea i ons
of the present adeyBRsiontRAt. contai ning greater or |esser amounts of MEA may
al so be used. A typical mxture for Conposition A follows: 25 Typi cal
Conposition A Proportions SolutionGans DI water4700 Surfynol (r)6160

MonoetiRangdaid-sifon( MEA) 300 (@00% sol uti on)

Normally, the Composition A is prepared by first preparing a container of DI water
to which the non-ionic surfactant (typicaily, Surfynol ®61) is added. Then, MEA is. added
followed by the addition of propylene glycol. These are all liquids that they all dissolve
and mix quite well simply with stirring. The pH is then measured with a pH probe and

20 TMAH is incrementally added to obtain a final pH which is a preferably above about 11
but below about 12. These liquids are preferably continuously stirred within the container
during at least the time period during which the composition is prepared.

The container is typically an open-top container such as a beaker or bucket and is
typically made of a plastic type of material such polypropylene, polyethylene, or the like.

25  Stainless steel containers, black iron and glass containers should be avoided. Glass
containers are known in some cases to leach sodium into the solution contained therein,

disadvantageous in the practice of the preéent invention.

COMPOSITION B

30 Another composition that was found to remove particles and metal jon
contamination is comprised of DI water, oxalic acid, citric acid, lactic acid, and one or

more quaternary amines, choline hydroxide, tetramethylammonium hydroxide (TMAH),

7



‘Propyl ene @ ycol 900 Tetranet hyl ar nnoni um Hydr oxi de (TMAH) 4 k=& MARBR52005
WO 02/ 13242 PCT/ US01/ 24515 Conposition Ais particularly useful for silica
based sl W@y2/432d2 ens wherein the CMP apparatus is exposedTiusospliica, water
and per haps, hydrogen peroxide t of residues. Mreaver, and surprisingly,
it was fou?\e}f'%‘ﬂiﬁ&f ec’% o%p%%lg? P%eﬁ%%r%?‘ﬁ esan\ﬁi%gx‘dﬁa%?ﬁhéﬁ?e@?saﬂtesi dues
i ncl udi ng icontaminatioa fiem GMPrEpparatiRAng alsb ¢an 5@&5?1@9&1 RHEMYPE IBEL same

en polishing or silica

i rrespective of . whether cgp er, g%ri shin t ungs .

pol i shi ng ﬁ%‘a‘ﬁé@ﬁm%@ilf”ﬁ lis WHBrCrl?'gP gluriggsngbs pelished avafitrs cammglube used
to some deghmeranfinmpdes certain conditions for cleaning sem conductor

waf ers. For ‘exanpl e, "Conposition A can be used 10 to clean sem conductor
waf ers after théylditronallii hek bekn fundrttat this Gompésitionc® s dagecdblfy errdealé shi ng
apparatus is still wet and.the particles djsposed thereon are not dry so
that ConpOEr{i¥n a0 CoRPH e Rfs BY af%mpélﬁ!g%lqumamntqqgﬁetgs,. Conposi tion A can be
used in both a wet and a dry environnent. 15 Preparation Nornally, the
Conposition Ais prepared by first preparing a container of DI water to
whi ch t he agpcaldmempasiitondyProperiopgfilcal |y, Surfynol (r)61) is added. Then,
MEA is added followed by the addition of propylene glycol. These are all

| i quids that they gl Ji SSof ve and m x gurte wetr—stnpty—wth—st++ i ng.
The pH is then ned Qe th a pH probe and 20 TMAISPHaS ncrenental | y added
to obtain a final |piiwidkrch is a preferably above akgupt 11 but bel ojv about
12. These |i qui ds [@re—preferabty—conttruousty—stirred—w-thi-nt-he-cont ai ner
during at | east tk?“ﬂcr'?él beri od dur i ng whi ch the d@fposition is prepared.
The container is tiyg Y an open-top contai ner s 3, beaker, of bucket
and is typically TaeAA il st 'gﬁﬁ=@l?\%‘ﬁ9' #oy| ene,

pol yet hyl ene, or t|Retramebylampenima HylwsalesTdRAHY or{ 266.8 €@25%dcAmtkon r bn and
gl ass containers ghoul d be avoi ded. d ass in water)

10 Typically, tetramethylammoniwm hydroxide is used to adjust the pH of

Composition B(J) to a desired final value. Composition B(I) has a pH of preferably about
8.5. :

Typical Composition B Proportions (IT)

Solution Grams
DI water 2,657.90
Citric Acid 115.15
Lactic Acid 63.35
Cho;ine (two step addition, 618 gms + 45.6 663.60
gms

15
Typically, choline is used to adjust the pH of Composition B (ID) to a desired final
value. Composition B(II) has a pH of preferably about 9.0 and is stable during storage.



‘containers are known in sone cases to |each sodiuminto the sgl MC}H%
contai ned therein, disadvantageous in the practice of the presen

i nvent i owo 6326SI TI ON B 30 Anot her conposition that was pt@nRe/3@:4 enove
partlcl es and netal ion contam nation is conprised of DI water, oxalic
acid, citric acid, lactic acid, and one or nore quaternary am nes, choline

hydrOX| de, t hyl anmoni um hydroxi de (TMAH), 7 7 MAR 2005 WD 02/13242
PCT/ US01/ ZPI- EfaﬂHr'? This conposition can be used to renove particles, netal

oxi de and ot her Cm&ﬁ:a&nm&B(H) mqmcmﬂiylp&tpiamd aﬁﬂm&@hﬁa@?rvaﬁwﬁm?ﬁdﬁt@déﬁo Cﬁn
be enpl oyed to r ve these sane nt mna s fromwafers p0|se W t
CVMP slurri @g’aremgon%ﬁei}?ﬁg’@ (\Kg‘flé’iy§kﬁ§’ }éepaéﬁk?ﬁé’rf Qﬂ%pqsuwgﬁ Bis 5

Addi ti onal hyaloddushas been found t hat th| s Conposition B is especially

effective at renoving iron, copper, zinc, potassiumand cal cium
cont ani nat es. T¥pieally, hewppuiediamount ¢fidkwated is néde(djt)) aSohtainien1GtiagtheDl

T
Aytront de ARG SR o T SRechal (R of SR8 it B cAS etronned O™ U
t et r aet hyb@ferubly whith shywltanedidetinéngfoe d pbodel tind, tyﬂi@augzl-!,ﬁ@ioxng@@?pﬁ] tion

abolt 5. SRR dF PRSPPI T PRoBUF oA OReAlY notdaaraEs By dhe DI

wat er 21(557e}ﬁﬁcted that the pH is greater than about 13 following this first addition of choline, and
that the temperature of the solution will be slightly lower than prior to addition of the
choline. Next, lactic acid is typically added (for example, about 1.8% by weight), with
simultaneous stirring over a period of approximately 10 minutes. It is expected that the pH
will still exceed about 13 and the temperature will increase somewhat. While stirring,

15  citric acid is added to the solution, typically about 3.29% by weight. After about 10
minutes of stirring, a temperature rise is expected and the pH will typically drop to
approximately 6.5. The second addition of choline is performed in sufficient mount to
obtain the desired pH. typicallyl a pH 0£ 9.0 is desired although a pH of 8.5 may also be
used in the production of the present compositions. Small amounts of citric acid can be

20  added to the solution to increase the pH if the added choline reduces the pH too much,
lying on the alkaline side of the desired pH.

COMPOSITION C
Another composition (Composition C), which is typically somewhat acidic,
25  comprises DI water, hydroxylamine nitrate (HAN), a mild oxidizing acid in comparison
‘ with nitric acid, oxalic acid (as an agent for chelating the iron residues that may be found
on CMP apparatus), and an anionic surfactant, typically DOWFAX 8292 surfactant, and
propylene glycol which acts as a sticking agent so that the cleaning composition will stay
in place for an effective period of time before draining off the apparatus. Additionally, and
30  in general, DOWFAX 8292 surfactant is a sulfonic acid of a phenolic system.
Furthermore, The Composition C was designed particularly to remove iron residues from
the CMP apparatus and thus, the use of the HAN and oxalic acid as components thereof.
Furthermore, Composition C also has utility in cleaning semiconductor wafers to

some degree and under certain conditions. For example, Composition C can be used to

9



Gitric Acidl1l5.15 Lactic Acid63.35 Choline (two step additiom 76M4AR odis -'
45. 6 663. 60 gé‘?% Typically, choline is used to adjust the pH of Corrp05|t|on

B(H to Yo 2d final val ue Corrp05| tion B(11) has a PH/BS0Igs8Ferabl y-
about 9.0 2005 WD.02/ 13242

PCT/ USO1/ 22@% rzéﬁ%?g OId‘%fe %f)enp %(;P?%%m{ Ji LRPY cps afal as
descri bed herishing ,appmlriths fmulfwatahd mmmrcﬁiyosédqhéﬁégﬁ BrehRY 1S WAl Nary

skills in the art atign of Conposition B(l) is 5 analogous.

Typical |y, ?fﬂpqsétliﬂ.%é&%‘ atto W@F?@"P eHencs, Gompesition & cenhe nseddn bothat | ng
the wei ghtwanddgldr dﬁénﬁfb%n@h.water- The first addition of choline is then
typically perforne preferably wi th sinultaneous stirring for a period of
time, typically approximately 10 mnutes. The pH and tenperature of the
solution is typically noted and recorded. It is 10 expected that the pHis
greater than about 13 following this first addition of choline, and that
the tenper alypicl Cbmbbatis® O Brbpstivhd | be slightly lower than prior to
addition of the <choline. Next, Tactic acid is typically added (for

exanpl e, about 1-8%by weight) with similtaneous stirring over a period

of approxi mat el y|Sbutimnnut es. 1t is expected that GhamSpH will still exceed
about 13 and the(_ﬁ grature WirT Tncrease some %%ﬁ hite—st++r+i+Ng, 15
citric acid is o the solution typically . 29% by wel ght.

After about 10 ﬂiydm;q&m:hewtritél(ﬂgN)a terrper aturp;gr(@gg%mgtmgct ed and the
pH wi |l typicall ?QF@I} { approximatety—6—5—Fhe—second—addt+oen| of '
choline is perfd r}ﬁ ufficient mount to obtgi3® the desired pH. :
typically a pH obm@mggﬁgﬁﬁ&aﬁ{though a pH ofo g 5 nmay al'so be| used in
t he production the—present—eonposttons—Snal—anrpunts of citric acid
can be 20 added |PePnyienedavenli on to increase the pA40i f t he added chol i ne
reduces the pH too nuch,

Composition C has a general pH range from about 1 to about 4 and a preferred

10  range from about 1.5 to about 3.

Preparation

Normally, Composition C is prepared by first adding DI water into a container.

HAN is then added to the DI water. Next, oxalic acid is added which is then followed by

15 the addition of the DOWFAX 8292 surfactant. Finally, propylene glycol is added. These
liquids are preferably continuously stirred within the container during at least the
composition preparation.

The container is typically an open-top container such a beaker or bucket and is
typically made of a plastic type of material such polypropylene, polyethylene, or the like.

20  Stainless steel containers, black iron and glass containers should be avoided. Glass
containers are known to leach sodium into the composition.

HAN is a fairly stable material and thus, substitution of a less stable material such
hydrogen peroxide would be disadvantageous. Nitric acid may be used but is not expected
to be as efficient as HAN. Hydrochloric acid may be used but it has the disadvantage of

25  possibly being corrosive to portions of the CMP apparatus. Sulfuric or phosphoric acid

could also perhaps be used. However, these acids are not as good as an oxidizer in dilute

10



- y'i ng on the alkaline side of the desired pH COVPOSI TI ON C ArfoMARI 2005
conposition (Conposition C), which is typically sonewhat acidic, 25

conpri seVMNY&i%r, hydroxyl anine nitrate (HAN), a mild BKT/MSOVH§ISacid in
compari son i th nitric acid oxali¢c acid (as ent for. chel ating the
i ron resi d%oé'\éﬂqnﬁﬁf y refoé’ﬁﬁghe %ﬂgﬁ@%ﬁ%’ﬁda&ﬁ@g s prefered apgpigHedo the
sur f act ant presenpingahtion. DONFAX 8292 surfactant, and propyl ene glycol which

acts as a sticking agent so that the cleaning conposition will stay in
place for an efP¥dliciagid is@chelating agenhandsssshe 2ay ehelating material thet igppar at us.

Addi ti onal : Is i syl fopic acid
of a phenoJI:fiYa(g'ng‘%/l P g’%s Hﬂaﬂgﬁlﬁfel%%rle, iﬁfagf@o?egrr(gosi rlt)fg’)ér%L %%/fg %8@)&’3%&1’

parti cUl ardnd itidiuneormtkerimatal thatsnightds folishad) téwdd 68Empnyad adtolthiefodntlatis, t he
use of the. HAN a oxali.c aci.d as co nents t hereof ., Furt hernore,

Conposi ti off P&f‘°8|°r§ g”ﬁ%@‘g‘i]ﬁ?’? fot)fxf?lﬁ’ a&?‘ggl’?ﬂrﬁﬁa‘%lﬁi LERAHABRY Walees er t o sone
degree anduypReknCaalis hid a9RRIbiREanEor exanpl e, Composition C can be used
to 9 7 MAR 05 WD 02/ 13242 PCT/ USQOL/ 24515 cl ean sem conductor wafers after

they are pol i sHeQ@WEMSX awan gnioric srrfastant and any surfhctant thashasidequate pelabitityus i s

still wet ; e parti | S her e ar.e not .dry. so that
Conposi ti 01?1[@%5 g%.‘qnugagloug gggf%ﬁi grlg'?rrt(é;t\l/‘)zlii4 é]eea}%ce@%%r}ﬁ for hotii' l.<t]i¥’tg %% an be used
in botl a wet dithylandglycslrorisomnother dialeoHolPrgalc onirand iia9be Gsdd iaRAdkiILANS

Sol uti onGr .DI ter3,436.1 dr lanine Nitrate (HAN) 178 ( @2%
Sol ut 1 on) BN Re e PREI HiRAbed 6BREar MhscommobhBov gyt e eotblpanfiiso

present cleaning solution. Additionally, polymer forms may be used. For example,

polyethylene oxide or polypropylene oxide may be used as long as the molecular weight is
low enough that there will be no precipitation problems occurring in the formulation. by

15  the introduction and use of such polymers.

TYPICAL USE OF CLEANING COMPOSITIONS

When a user has completed the actual wafer polishing work for a number of -

semiconductor wafers (CMP), or perhaps when the user is getting ready to change out or
20  replace the polishing pad, the cleaning compositions according to the present invention are
preferably sprayed onto the various surfaces of the CMP apparatus which are desired to be
cleaned. The surfaces thus sprayed are then allowed to stand for a period of time (e.g.
from about 10 to about 30 minutes) to loosen up the residues disposed thereon. The
various surfaces of the CMP apparatus are then wiped down with, for example, a
25  polyurethane (or PVA) pad or sponge that preferably includes disposed thereon an amount
of the cleaning composition according to the present invention. The various surfaces are
then thoroughly rinsed down, typically with DI water.
Additionally, Composition C, which is acidic, can be used to clean and remove
deposits from slurry distribution systems. Specifically, Composition C can be used to
30  clean and remove deposits of ferric nitrate Fe(NOs); from distribution systems that
typically include at least one slurry holding means and associated distribution conduits
running to individual CMP apparatus.
In use, Composition C is pumped through the distribution system in an amount to at
least provide minimum pump volumes. Composition C is typically pumped through the

11



‘Conposition C has a general pH range fromabout 1 to about 4-a?ng'€
preferred 10 range fromabout 1.5 to about 3. Preparation Nor IA y2005
Conposi ti 8P €/B&2pr epar ed by first adding DI water into aPCHHBHIABIS. HAN—

is then addg i.d is added whic
fol | oned by g%&t Hﬁltgh on '}ﬁﬁ’%&%’%c@% Soﬂ?f’ﬁ’@f’ ouréif?rh‘éme) lthe
propyl ene gtopduits drslings dmhsse]ihdﬂ;}eﬂusihed] outd Next aimnl%ﬁe‘yawlnyayq;yﬁhﬁ;égqlgog
|.east the conposition prepar a§| on.

stirred Wltplab_lkh cont %\ I’II’]%P

The cont ai n&f 9js ‘9‘8?6 %ﬂ uh COpRORtAR & diweygs s ailobbiahcemt@kthwhket
and is t =5 | SB0Ee I Q

pol ylet hyl gﬁ%l {)érdy?/ he | |p‘l?{<;ayandz2 bé%tt:%e?#r%gfa g‘{sgg@'é&@gﬁlﬁﬁg b%bnlgy%fp ‘? and
gl ass cont diavings B gud an pedizeniysien: thay 1as@npa1m1awnh tise farrix @ Fe0))sach

sodi um i nt O] C i r St teri.al and thus
substituti onﬁljjc])i s %gszmsetfg cé“ﬁ%? }e:?(il\g? 'élﬁ%s ygg%‘?ﬂa Y Fnan injen %Glzéd be
di sadvant ag@ml svhehlum comaca oiitil pﬁayclmng&eﬂd@altaxﬂo‘ﬁnﬁ%tf corpesitishc, b

ef ficient a@ drochlori¢c.acid may be used but it has thé ‘8% sa vant age’
of 25 possiBH® Rstandune, o iy ‘é?nﬁ’éﬁlteﬂ@ﬁ%fe@bletméhfmmt@ppﬁﬂaummnsuI furic

or phosphorlhcenﬁ r. these acids are
not as ood as g%@%ilﬁgl:éggrﬁlhﬁﬁétpﬁgﬁgﬁ éﬁhmﬁgﬁ%%%%’smz

PCT/ USA/ 24515 Jdaving daserited thetinverttondn detail, thhee skilled mme(hrtzwmgapgsdcchté Hal) i
preferred h resent .invention. acid is achelatlng
Dgent and Sl Bedd lehfBeuB ! i Rlarany B dhade s ﬂ@fm\efappwtpo@q deaertingon
(or other tf;onptlmbpn‘ttsaf&fe thlﬁ/Ebrﬁé]ﬁCd%&ﬁib%u%@reﬁﬁ TIPS e, itli 1;{61 gﬂd edthAnNd
|r|d|umor ther ng&]g t hat m ﬁollshed coul d be e Into this
formul ati orf ?"pr)P 1’81’3“(‘?5?1"‘1' Crthespecific @di’mf@rrecbﬂdbOdﬁmntexdatmmd
citric aci dnd®¥sckigpd.ace or suppl errent oxalic acid as chel ati ng agent.
DOWAX i s an anionic surfactant and any surfactant that has adequate

sol ubi | ﬁty in this formulation and at this pH should be acceptable for use
with this invention.
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."10 Ethyl ene glycol or some other dial cohol organic conpound-qamAQ [ﬁsed in:
addition to (or in place of) propylene glycol as long as the conS% nds are
adequat elvo ®abral e in the present cleaning solution. Adgigenadyg polyner
forns may be used. For exanple, polyethylene oxide or polypropyl ene oxide
may be used as long as the nolecul ar QeAIMS is | ow enough that there will
be no precipitation problens occurring in the fornulation. by 15 the
i ntroduction and use of such polymers. TYPI CAL USE OF CLEANI NG COVPCSI TI ONS
Wien a uséWekbdmconpl eted the actual wafer polishing work for a nunber of
sem conductor wafers (CWP), or perhaps when the user is getting ready to
change out or 20 replace the polishing pad, the cleaning conpositions

accordisng to the [ QE ont o, t he vari ous
surfaces of th_g_ '%ﬁggﬁ#dgt%g&%. cfg e{l%lé%c?zgnl%?e k%&%ﬂ%ﬁ%ﬁﬁ&ﬂueﬁe
surfaces tdeugrisipgayeduennesdlitem ainkameg at bast bastbr-vhicsupftat a0kasd e (e. 9.
~from about_. 1 to.aboglt%%O n‘inglt_n%sa) to l.oosen up the residues di sposed

t her eon. THEP'©FEPH% gk/eash PRelE SEMeRtdRASt QRfiatarRATY Aine; WheroH sl down
with, for semaﬂh@sa%{%@mowr et hane (or PVA) pad or sponge that preferably
i ncl udes di sposed thereon an anmount of the cleaning conposition according
to the pré@éﬁf“b‘?‘-}’i\}@ﬁti on. The various surfaces are then thoroughly rinsed
down, 1pypically with DI water. Additionally, Conposition C, which is
acidic, can be used to clean and renove deposits fromslurry distribution
systens. Speci i datdmposiionpefi ¢lainm 1 @hessin HE and 00K are saOstehtRaly MBsht, enove
deposits of ferric nitrate Fe(NO3)3 fromdistribution systens that
typically include at |east one slurry hol ding nmeans and associ at ed

di stribution cendwotrpositik sy iRGldiM 1 WHEInAHR at {6 FRRBAASHS surilbidid B
Corrpomh\c;&ec i s punped through the distribution systemin an anount to at

| east pr oS?iaded{TAM e 2ioupponsitinges mogehydyexyl comp@ds, dibydrexyl lcpmpuupkd
through t'ﬂﬁdﬁﬁxtﬁreg/?@r%q.% WO 02/ 13242 PCT/ US01/ 24515 ' slurry distribution
system for a period of tine, perhaps one or nore hours, in which all the
conduits or lines are essentially flushed out. Next, distilled water may be
punped thr ough4‘ A composition as in claim 3 wherein said at least one non-ionic surfactant is

3,5-dimethyl 1-hexyn-3-ol.

20 5. A composition as in claim 1 wherein said at least one simple amine has from 1

to about 8 carbon atoms.

6. A composition as in claim 5 wherein said at least one simple amine has from 1 -
to 6 carbons atoms.

25

7. A composition as in claim 5 wherein said at least one simple amine has
hydroxyl functionality.

8. A composition as in claim 7 wherein said at least one simple amine is

30 monoethanolamine.

9. A composition as in claim 1 wherein said at least one sticking agent is a

dialcohol organic compound.

13



‘the distribution systemto flush out Conposition C. However, _is should be
noted that the distilled water step may not be necessary as o MABA0ES of
Conposition C being acidic and 5 having a pH and an oxi di zer systemthat is
compatible with the ferric nitrate Fe(N03)3 slurries. That is, the ferric
nitrate Fe(NO3)®B Acomppgtionns in ¢lois & atheyeinsaidiah leaptongrstisking agent is selectedvhen

absent o TR By B0 by e B ol e iy o BB 0 1 e
pract i ce milyprbpylpieesddd and mistates dertsf, enpl oy a final distilled water flush

of the distribution system 10 Having described the invention in detail,
those skilled in the art wll appreciate that, given the present

di scl osure, nodifj i - . . i tion without departi ng
from the api rih- ot ORGSR RYin P G feih a8 W KEH R Dl bR 7
not i nt eneleaméthpitmniontuns bpdexife. t he i nvention be linted to the specific

and preferred enbodinents illustrated and described. 15 12 7 MAR 2005 WO
02/ 13242 PCT/ USOr/ 24515 CLAIMS W claim 5 1 - A conposition for renoving

chem cal rechas, seloflaaL 80l £95di5 TR HoBER G RE 3011 01

cont ai ni ng at e non-ionic su _ am ne,

at | east one sticking agent, at |east one quaternary am ne, wherein said

sol ution has '%ﬁpH fromabout 10 tg about 12.5. 10 2. A conposition as in
[

claim | whereild- Breamrpsiion fay eermaeipag shemice] ymeehsstasl plananizationpesidud on as in

claiml whehakt gu aﬂﬁﬁﬂf" Al G G, ' lected from

t he group cgnslggtgl? 'ﬁ %PS %r@ﬁ%%@g‘?%xy %gﬁp&oﬁcﬁﬁg‘fl&% %?%é%dx%lle%g%%_und 15 and
m Xt ur es quatemanf ardine Awkeraipeeid scduti@shasm pHaif sbAitwtker ei n said at | east one.
non-ionic surfactant is '

14. A composition as in claim 13 wherein HF and KOH are substantially absent.

15. A composition as in claim 13 wherein said at least one quaternary amlljne. is

tetraethylémmonium hydroxide.

16. A composition as in claim 13 wherein said citric acid is present in said

composition at approximately do_uble the amount by weight of said lactic acid.

17. A composition for removing chemical mechanical planarization residue
comprisitig an aqueous solution containing at least one oxidizing acid, at least one
' chelating agent, at least ornie sticking agent, at least one anionic surfactant, wherein said
solution has a pH from about 1 to about 4. :
18. A composition as it claim 17, wh¥rein the composition is substantially

frée of compquhds capable of réleasing potassium ions.

19. A composition as in claim 17 or cléi_m 18 wherein HF and KOH are

substantially absent.
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"3, 5-dimethyl 1-hexyn-3-ol. 20 5. A conposition as in claim| wherein said
at least one sinple anmine has froml| to about 8 carbon atons. . MAR 2005
conposition as in claim5 wherein said at | east one sinple amne has from1l
to 6 carbons atons. 25 7. A conposition as in claim5 wherein said at | east
one sinple am ne has hydroxyl functionality. 8. A conposition as in claim
7 wherein said at | east one sinple amne is 30 nonoethanolamne. 9. A

conposition as ia cl ai L E j : 1 c ki is a

di al cohol or ganlk(?:]' co%pwﬁgm?é%w (gr(?g%m%g?i}b\lg%geg lg'#%ﬁglg%g?ﬂécl aim1l
wherein said.at | east one i ckj,ng agent is selected. framthe, group

consi st i ngoﬂﬁlzglglﬁ?f(gﬁéc‘&f’g?ggo,m g’?%ﬁ?}ﬁ’e é‘Sléﬁl%%illl}lgﬁoqC%tSH PGy de,

pol ypr opyl ene oxi de_ and m xtures thereof. 11. A conpposition as in claim!|l
wher ei n saPpspheriq zeid thydraxyiymine pittate andmixirpsstheregf. - anet hyl anmmoni um

hydroxi de. 12. A conposition as in claim1l wherein said pHis fromabout 11
to about 12. 13. A conposition for renoving chem cal nechani cal

pl anari zation residue conprising an aqueous solution containing citric

acid, lactic acki and @imposiidh asireanyopfafiamsdf o ddiwhereinedd et leasanel sol uti on
has a pH of about 8.5. 14. A conposition as in claim13 wherein HF and KOH

are subst apidiaingageS@RiprisdPan £i€ KBS frb@Rh&Sroup c6hRdtiNglo? owhied flid) sai d at
| east one quaternary amine is tetraethylamoni um hydroxi de. 16. A

conposi ti Oatrglfaéi@ofﬁlﬂtﬂ?eg’g}re‘ﬁébggei n said citric acid is present in said

conposition appr oxXi na ubl e the amount by weight of said |lactic
acid. 17. A conposition for renoving chem cal nmechanical planarization
resi due

22. A composition as in claim 17 wherein said at least one sticking agent is
10  selected from the group consisting of ethylene glycol, propylene glycol, polyethylene

oxide, polypropylene oxide and mixtures thereof.

23. A composition as in any of claims 17 to 21, wherein the at least one
sticking agent is selected from a group consisting of a dialcohol organic compound,

15  propylene glycol, polyethylene oxide, polypropylene oxide, and any mixture thereof.

24, A composition as in any of claims 17 to 22, wherein the at least one

sticking agent is ethylene glycol.

20 25. A method of cleaning residue from a chemical mechanical planarization
slurry distribution system comprising:
a) flowing the composition of claim 17 through said slurry distribution
system in an amount at least equal to the minimum volume required by the pumping

system; and,

15



“conprising an aqueous sol ution containing at |east one oxidizing acid, at

| east one chelating agent, at |east one sticking agent, at | €aptyspn

ani oni ¢ surfactant, wherein said solution has a pH from about 1 to abOut

4. 18. A conposition as in claim17, wh rein the conmposition is
substantially free of conpounds capable of releasing potassiumions. 19. A
conposition as in claim17 or claim18 wherein HF and KOH are substantially

absent. 14 20. @y CONpQ{ithihAB 3% SirPdw Fbr £iRk Wrritient & rtRoVBfEsRieFaiRl d at
| east one oxidizing acid i S select'ed fromthe group consisting of nitric

acid, sulfyrj i . S ic acid, hydroxylam ne nitrate and m xtures
thereof. 5 (liglu ggmn%%@{b?lis&%géls in any of clainms 17 to 20 wherein said at

| east one chelating agent conprises an acid selected fromthe group
consisting of oxalic acid, citric acid or m xtures thereof. 22. A
conposition as in claim1l7 wherein said at |east one stjckin? agent is 10
sel ected from tB@ grdupctbodsas Bxdlaigm DY fusthpy¢aspnrisig, ismedigtaby {allomangstor ol |

pol yet hyl ene oxi de, pol ypropyl ene oxi de and m xtures thereof. 23. A
conposiii oftb)disereof: any of clains 17 to 21, wherein the at |east one

sticking agent is selected froma group consisting of a dial cohol organic
conmpound, 15 pregpyl engsidhy sl slup§ldrgtibuticangsteni wigh depnvadopsttene oxi de, and
any mxture thereof. 24. A conposition as in any of clains 17 to 22,
wherein the at | east one sticking agent is ethylene glycol. 20 25. A nethod
of cleaning residue froma chem cal nechanical planarization slurry

hr ough sai d o) Bty o SRmaplER gafteuly Pl ARl AR SRR PRt Ralidlel { e

m ni mum vol une .r.equired by the in te and, 15 7 MAR 2005
i \Y; c&anMHQUI y punpi ng system

10 an aqueous solution comprising:
at least one non-ionic surfactant;
at least one simple amine;
at least one sticking agent selected from a group consisting of a
dialcohol organic compound, propylene glycol, polyethylene oxide,
15 polypropylene oxide, and any mixture thereof; and
at least one quaternary amine;

wherein the aqueous solution has a pH of from about 10 to about 12.5.

28. A composition as in claim 27, wherein the composition is substantially

20  free of compounds capable of releasing potassium ions.

29. A composition as in claim 27 or claim 28, wherein the aqueous solution

has a pH of from about 11 to about 12.
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'b) maintaining said slurry flowfor a tinme sufficient to renove reside from
said slurry distribution system 26. A nethod as in claim25 fu gﬁg
conprising, imediately following step 5 (b) thereof: c) f1 ushi’ a|
slurry distribution systemw th de-ionized water. 27. A conposition for
renovi ng chem cal - nechani cal planarization residue, conprising: 10 15 an
aqueous solution conprising: at |east one non-ionic surfactant; at |east
one sinple amn at

consi sting of a?OdIaﬁe%ﬁﬁxmgﬂﬁg%h%t@kﬂ%%ﬁ%%@%t?%bﬁf%%%nlfycafK_ o#%ethylene
oxi de, po“éﬁ$ géﬁe e oxide, and any m xture thereof; and at |east one

quat er nar yS ¥in the aqueous solution has a pH of from about 10 to
about 12.5. 28. A conp05|t|on as in claim27, wherein the conposition is
substantially 20 free of conpounds capabl e of rel easi ng potassiumions. 29.
A conposition as in claim27 or claim28, wherein the aqueous sol ution has
a pH of from abdlt 14 compusision agn amyeof-claimwiR to 005V B@cinAhe aintpast bné won-as i n
any of clainms 27 to 29, wherein HF and KOH are substantially absent. 31. A
conposi § i ofonissurfactanyisélectedifivtn 2 group cofkistidgafaimorohgddixyl @aspouddea non- 5
ionic surfactant is selected froma group consisting of a nmonohydroxyl

conpound, alh%myr%ouﬁgngﬂ% § mi*fifle #dYeof xture thereof. 32. A conposition
as in any of "clainms 27 to 31, wherein the at | east one non

32. A composition as in any of claims 27 to 31, wherein the at least one non-
ionic surfactant is 3,5-dimethyl 1-hexyn-3-ol.
10
33. A composition as in any of claims 27 to 32, wherein the at least one

simple amine has from 1 to about 8 carbon atoms.

34, A composition as in any of claims 27 to 33, wherein the at least one

15  simple amine has from 1 to 6 carbon atoms,

35. A composition as in any of claims 27 to 34, wherein the at least one

simple amine has hydroxyl functionality.

20 36. A composition as in any of claims 27 to 35, wherein the at least one

simple amine is monoethanolamine.

37. A composition as in any of claims 27 to 36, wherein the dialcohol

organic compound is ethylene glycol.
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e

‘ionic surfactant.is 3,5-dinmethyl 1-hexyn-3-ol. 10 33. A conposition as

any of clains 27 to 32, wherein the at |east one sinple anine Ras MARéﬂﬁl to
about 8 carbon atons. 34. A conposition as in any of clainms 27 to 33,
wherein the at | east one 15 sinple amne has from1l to 6 carbon atons. 35.
A conposition as in any of clains 27 to 34, wherein the at | east one sinple
am ne has hydroxyl functionality. 20 36. A conposition as in any of clains
27 to 35, wherein the at | east one sinple am ne i s nonoethanol am ne. 37. A
conposition as in any of clains 27 to 36, wherein the dialcohol organic

Clarme 27 Lo 37 Sunofuranmiionasin el CEmE 78 ARe GOR e o B B 1 1Y

t et ramet hyl anmoni um hydr oxi de. 18
quaternary aming is tetramethylammonium hydroxide.
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