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TI TLE OF THE | NVENTI ON: WET CLEAN COMPOSI TI ONS FOR
COANP AND POROUS DI ELECTRICS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] The present application
clainms the benefit of US Provisional Patent
Application Serial Nunber 61/138,244 filed
12/ 17/ 2008. 5 BACKGROUND OF THE | NVENTI ON [ 0002] One
of the many chal | enges faced during continuous scaling
of integrated circuits (ICs) is to achieve acceptable
electronigration (EM reliability for Cu

the deposi t of a met GLE OF dXuRVENTTer on ou apper
{und ERTEAN SRR SR e A B PRRATT Ry Trics

prom sing candi date as a capping |ayer for Cu
netal lization. [0003] The successful inplenentation of

Cowp dependgy g §§th‘?—‘"€{ B ﬁ@ﬁAf&%%@PLR?/PﬁéW on,

but also on"a co e integration

[opgﬂever &Qﬁem@ Mtlbﬁ“&lla“ﬁjseﬁe\%f'\eﬁlo?@% Fﬂ'&@igi%ﬁﬁ' Piient Apfgcation

m - aqueous fluoride strippers
SMN@Imb&téﬂﬁ&ﬁﬁ‘l)fllleddﬁlﬁ/?@@ﬁd (DHF) strippers are
i nconpati ble with CoWP, which conpletely renove the
CoWP | ayer during the wet clean process. [0004] See J.
Lauer haas, Reduced Oxygen C eanin rocess for
Advanced Cu/ Low BAC MDl%THggmﬂ(ﬁﬁm%urface
Preparation and C eani ng Conf erence, March 23-25
[0902k0. Ope offthe many<hatienaes &aaedsivring sentinygys sraling Pfe'aP?gfated

mfégrtém cafiked gcllf“é\}ecatbcgﬁtg@@%lé'c?fto%@éﬁﬁd E&nphtliabhieRAt COQ on

expose atterned fers, whil mai nt ai ni n%W
mtem@@‘@eptﬁyOnwawm addrpes issdalienge isthectangpit of HEmeRlic capping

laf8t dcw F%eﬁgce-rmﬁ? W&@Eﬂ&ﬂi@ﬂof I&&Itﬁﬁ@@s@éﬁ phosphide
cl ean of

nventi o 1S a wet ormul ati on for renoval
(Goy¥P) @nredrstade the mosktrioMiRing casndidate; asd capring fayer for Cu

%e{ém%(@te having a CoWP feature, conprising: 5
loni zed water; Organic acid;

[0003] The successful implementation of CoWP depends, not only on an optimized
deposition, but also on a complete CoWP compatible integration processing, which
includes wet clean processing. However, the common semi-aqueous fluoride strippers
and diluted hydrofluoric acid (DHF) strippers are incompatible with CoWP, which
completely remove the CoWP layer during the wet clean process.

[0004] See J. Lauerhaas, Reduced Oxygen Cleaning Process for Advanced Cu/Low-k
Integration, SEMATECH Surface Preparation and Cleaning Conference, March 23-25,
2009.

The present invention discloses wet clean formulations which demonstrate proficient
cleaning on CoWP exposed patterned wafers, while maintaining CoWP integrity, as will

be disclosed more fully below.
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Am ne and/ or quaternary ammoni um hydr oxi de; wherein
the fornmulation is conpatible with the CoWP feature
and either (a) the nolar ratio of am ne and/or

quat er nary anmmoni um hydroxi de to organic acid provides
a pHin 10 the range of 7-14; or (b) the formnulation
i ncl udes a corrosion inhi bi tor [ 0006] The present
invention is also a grocess or_wet clean renoval of

post etch and B&HFEF SYMNARY Qfinf HE NUFRRNct or

substrate having a CoWP feature, conpris
(08P i ma@reaergéweetm@a Wt dleandprmylatandor Wgﬂgoaakszf\ﬂpst etch and
adrERbHUE frofPh s @hicbilictdr BuBstiidd F\é\tu% WicohvRidaglre1domiprieing:
conprising 15 Deionized water gani ¢ acid; Am ne
and/ peiofidad @afear y anmoni um hydroxi de; wherein the
formulation is conpatible with the CoWP feature and
ei t hefgdn@)adidie molar ratio of am ne and/or quaternary
anmmoni um hydr oxi de to organic acid provides a pHin
20 t Amirfeldt@iforQfuatériaty ammdniym hidrokiee;mul ati on i ncl udes
a corrosion inhibitor. BRI EF DESCRI PTI ON OF SEVERAL
wNérE\ﬁGth_orFHdEtla?&WdN%tlb@%%] th&I0BWIP feature aod eitherda) the molar

ron m crogra SEM _of atte ned fer ' .
o SEaiPe Al agefeayet smetosnin BrfSupEld g e nE gyt pH in
héﬁ@ng&diﬂ?aﬁ e (b)thé formalapen incaides a carrosion RhibToMP
capping layer, 3 is ILD layer, 4 is via hole and 5

[O'Oléﬂ C;&h@ﬁreﬁé@ttm\ﬂinghnﬁ &?&Isd’ @ piatessior weDEE®] rema@alofipshetch and
asf Fafive fiole e AP O FUPR Rl RYRD BOVHE M rECeqifRing:
s e s

| d
norEafaet %qotb% st ol p 8¥Glah oBefbes; F1Gs s a

SEM rned waf er having a CoWP cappl ng | ayer

afteﬁe'°81Z§§ ﬁg with a fornul ati on of the present

|nve rising Ex .3 AW1028-85H at 25C and 2
peéa% gcg&;ﬁt act. 1 is copper layer, 2 is CoW

hol d>5
cappyg s oo ima a8, 0o Fi A < o

wﬁFerPtfhe rﬂﬂﬁét%h@é?rﬁﬁét% \Dlﬁ'}’ @QJMWU@%B'&%H @Y e molar

ean at I on of e present
ratiovod amlm\amrmuagﬁrmjy Emm@nmymgdgmor@pmc acid provides a pH in

the range of 7-14; or (b) the formulation includes a corrosion inhibitor.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0007] F!G 1 is a scanning electron micrograph (SEM) of a patterned wafer having a
CoWP capping layer before any cleaning chemicals are contacted. 1 is copper layer, 2 is
CoWP capping layer, 3 is ILD layer, 4 is via hole and 5 indicates post etch/ash residues.

[0008] FIG 2 is a SEM of a patterned wafer having a CoWP capping layer after
cleaning with a formulation of the present invention comprising Ex. 2 AW21028-85G at
25°C and 2 minutes of contact. 1 is copper layer, 2 is COWP capping layer, 3 is ILD
layer, 4 is via hole and 5 indicates post etch/ash residues.
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25C and 2 mnutes of contact. 1 is copper layer, 2 is
CoWP capping layer, 3 is ILD layer, 4 is via hole and
5 i ndi cates post etch/ash residues. [0011] FIG5 is a
SEM of a patterned wafer having a CoWP capping | ayer
after 10 cleaning with a fornul ation of the

conparative art conprising Conp.. EX. F (800: 1 at
103887 HE S5 % SEU RIS ReEsA e Meinas COYBHerpag et a1
&Ry &P BifeYenUlMR of the Présdnt Pvehttnedomplising B .3 AV H028F85H at
5 indicates post etch/ash residues. | LED ,
2R TITeReCH CPPIECY NARRRERISYS BOb E5)VF FRPPEHAS 3 s LD
la§érTh 1Y Aeksantl 3indicates pbsti didtash residuédiE strippers have
igh CoWP etch rate and severe CoWP/ Cu gal vanic

[0090Y OFIG s 4 SERCSTal fitternedveaf@ IRaiigta CoVWPedHpbdl layer after
di scl oses wet clean fornul ati ons, whi ch. efci_(fj{egt [ Vg{@ﬁs 67E at
clganing ik afemulatiopf HiscPresgsivertiqpgamplising & P44 P28-67E a
24°C0Ar B Fiin(fds/ofCoMBCE AP adpper Rlyer, 2GSCONR edpdinyy lafercs &iLD
cl eani n /] ow k Qattee&&ﬁd wafer with and w t hout

Cu
'al’ff\/\ﬂ"?\égf‘ggea”grﬁji”ﬂi&%@ Reflistel/asiyesidyett to porous

I k_di el ectpics. Preferabl t he onpatibil i
10038} e5845 s 5 SEMRe it Brrer st SR TR e gyer ok
clééM@Yvitﬁ @er@r]ufléﬂtbhfolf thwwmﬁmivdiﬁtfdmisingmnﬁﬁ- U £ fﬂJEHFd(SOO: 1)

t _cleanin 0 ations suitaple for et c ,
ol C oo, Qs oG erh | FCSiRREb Vet Poh OB cerbliglaf¥is s 10
Ia?§r|,0ﬁ(|‘é b Ihlef4iid SGaiBates Posy qi¢ctahsidrepidaemsses. The
ormul ati ons conpri se deionized water (DIW, organic

acid 25 and/or the salt thereof, am ne and/or

guat er nary ammoni um hydr oxi de and sol vent. The pH of

t he conposi t iRETAIED-DESCRIPFI@N @ THEINYENANQNr nat el v,

| ower pH can be used if a corrosion inhibitor is _
[aon 2 eTihe coramba lseBy-aquetius dlubiidegsttiprers endrDHE&t strippeps-have high

d sol LQ.

B SBhesterng Spiin o VBB sesh calrBFae W sonfaredh sent
in&&ﬁlib&]dis_'ﬂftﬁes wqg:)ls'an faymsilatiams, lndvahi effedtive)y mifihiag COWP etch and

t y: A or gani a .
CHEHER waBom ke en RyaT Sy GV cofBaitif détnBhetrat proficient
clbanéi‘?@ bat(luﬂltew-kTﬂmterrmil Wafgrfwid'qu gwpwm_\cnm CoV\hteatune aed have minimal
. r_quat er nar.y, amon | o f
et o RO B B | brera; 8 Ry BB iffY fedets 2
CaWWrbatich nath ywdrgpeaterethtim 2dr Aanin.c acid is equal or

greater than 1 or sufficient to maintain a pH of 7-14.
[G0AB] 6T hiSirveptiers dietlosdsenarefiypaige wiebolsaring fromulations suitable for post

etch and ash residue cleaning in IC integration processes, especially for CoWP
intergrated processes. The formulations comprise deionized water (DIW), organic acid
and/or the salt thereof, amine and/or quaternary ammonium hydroxide and solvent. The
pH of the composition is 7-14, preferably 7-11. Alternately, lower pH can be used if a
corrosion inhibitor is present.

[0014] By controlling the formulation pH, solvent and solvent/water ratio, the CoWP
etch rate and CoWP/Cu galvanic corrosion can be minimized.

[0015] The compositions can be mixed by adding sequentially: DIW, organic acid,
amine and/or quaternary ammonium hydroxide, and solvent at room temperature. The

salt of organic acid and amine and/or quaternary ammonium hydroxide can be formed in-

-3-
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5 EX.

0.84 wt %

1: AW21028-83H Dl
TEA 2.8 Wt %

tri et hanol am ne)

wt %
wt %

acid 0.63 wt% TE
sitayPheopglag atiorsf aineandier ayGteipa
eduFé %Trea?te%%’h 1Qr¥egicRht 2Gnathtinldpl WVEA4= N-net hyl

CAEx. 5 ANR1028- 66F DI

les\Sfehé BorRfoditidhedle:Wt % TVAH (25% 3. 16 wt %
= tetranet hyl anmoni um hydr oxi de,

nonoe

[08436]695
(TNVAH (2

hanol

9

Acetic acid 1.05 vt %
10 Ex. 3: AW21028-85H DI
TEA 2.1 W%

am ne)

aqueous solutlon)

Ex. 1: AW21028-83H

DI water
Acetic acid
TEA
Glycerol

46.36 wt%
0.84 wt%
2.8 wt%
50 wt%

(TEA = triethanolamine)

Ex. 2: AW21028-85G

DI water

Acetic acid

TEA
Glycerol

55.45 wt%
1.05 wt%
3.5 wt%
40 wt%

Ex. 3: AW21028-85H

D! water

Acetic acid

TEA
Glycerol

57.27 wt%
0.63 wt%
2.1 wt%
40 wt%

Ex. 4: AW21028-90A

Dl water

Acetic acid

NMEA
Glycerol

(NMEA = N-methyl monoethanol amine)

47.86 wt%
0.84 wt%
1.3 wt%
50 wt%

46. 36 wt %
d ycerol
Ex. 2: AW21028-85G DI
TEA 3.5 Wt %

Acetic acid

Glycerol'
57 27 wt %

appRQNiym hy Q\Agir?xiggx éqlo&:?%c acid is
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5 Ex. 6: AW1028-67E DI water 65.41 wt% OCctanoic acid
2 W% TEA 2.59 wt% dycerol 30 wt% Ex. 7:
AW21656-29G DI water 55.93 wt% Ascorbic acid 2.52 wt%
TEA 1.55 wt% dycerol 40 wt% Ex. 8: AW1656-29H DI
water 54.89 wt % Ascorbic acid 2.52 % TEA 2.59 wt %
A ycerol 40 wt% 10 Ex. 9: AW1656-29F DI water 53.98
YOWEIOZBHPE acid 2.52 wt% TEA 3.50 w% G ycerol 40

[yytv\%;ters Pr ef %rmtp@nges DI water 7 - 99.7 wt%
anic acid 0.2 - 5 w% Amne/ quaternary ammoni um

ﬁ?ﬁg%%’de 0065#2W8h w05 Solvent O - 70 W% MNost
TRI&H e2aved r anmewi% Dl water 7 - 99.7 w %

(TMAH (25%) = tetramethylammonium hydroxide, 25% aqueous solution)

Ex. 6: AW21028-67E

DI water 65.41 wt%
Octanoic acid 2 wt%
TEA 2.59 wt%
Glycerol 30 wt%

Ex. 7. AW21656-29G

DI water 55.93 wt%
Ascorbic acid 2.52 wt%
TEA 1.55 wt%
Glycerol 40 wt%

Ex. 8: AW21656-29H

DI water 54.89 wt%
Ascorbic acid  2.52 wt%
TEA 2.59 wt%
Glycerol 40 wt%

Ex. 9: AW21656-29F

DI water 53.98 wt%
Ascorbic acid  2.52 wt%
TEA 3.50 wt%
Glycerol 40 wt%
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Organic acid 0.5 - 3 wt% Anmi ne/ quaternary amoni um

hydroxide 1.5 - 10 wt% Solvent 25 - 55 wt% 5

Exenpl ary organic acids: [0017] Exanpl es of organic
acids may be aliphatic/aromatic carboxylic acids,

am no carboxylic acid, sulfonic acids and

am nosul fonic acid. Exenplary carboxylic acids
include, but are not limted to, acetic acid,
Prsfesiaddangesaci d, butyric acid, pentanoic acid, 3 10
oY&idiyd but anoi ¢ aci d, hexanoi c aci d7 gt wt¥ei ¢ aci d,
oct anoi ¢ acid, nonanoi c acid, decg&oi Hg;/‘l d,
Qreave@mi c acid, tridecanoic acid, %%t €canoi ¢ aci d,
ARREAGIRESASY @mrAGHiGm Hyea/iecanoi ¢ a&i-t20 wispt adecanoi ¢

aci d, octadécanoi ¢ aci d, dodecanedj oi ¢id, 2-
%\ﬁﬁ@u hept anoi ¢ aci d, 2-hexyl decan Fc%a"?ti)ﬁ, oxal ic

acid, malonic acid, nmaleic acid, fumaric acid,
succinic acid, itaconic acid, glutaric acid, adipic
Most Plefdibirgngest d, tartaric 15 acid, acrylic acid,
nmet hacrylic acid, citric acid, lactic acid, glycolic
BGidler ascorbic acid, anthranilic7acdel7ywg® |ic acid,
enzoi ¢, acid, isophthalic acid, t hal.i cid,
3 ° 2 e

BAREIRCI% i ¢ acid, pyromellitic act =33 cylic acid,

RmitreddRitsthax)aniaomiomhyarixiieand ot He$ s 10Ex#pl ary ani no
carboxylic acids include, but are ot #i jted to,
NRKne, di hydroxy ethyl gl ycine, Zgl_a?f . valine,
| euci ne, asparagi ne, glutam ne, aspartic aicd,
glutaric acid, lysine, arginine, imno 20 diacetic
ERérhplarynarganit acitis:i aceti ¢ aci d, et hyl enedi am ne

b B P B S B B AEBRE b, amin
cabbaylis acikixsuiohiracidssandfapminaduifoninasidl fExemplaactatboxylic acids
lnlﬁm(é!tegt%ﬁ @ﬁegH ttdiﬁ{i%ﬂ irt](gtag%{iqr%ct:i&dprgﬁbnig ggiéyﬂautssr'ig gc%‘,'p%ngﬁbﬁ'acid, 3-
mthyhbutarionhadid, mexendiaacs Heptariot auid, dctaNoicZcid, nonanoic acid,
dgé/a?qrqpc,)goﬁ . %é&%\%ﬁ%?ﬁﬂ% '(ii‘?e %@?Wgﬁg@écgﬂbn‘é a‘aﬁi, géntadecanoic
abiv Ofiexay B¢ o esd) Ihepraidecapicdgcid, octadecanoic acid, dodecanedioic acid, 2-
e
fusarit) acid¥s(i2cinib acid, itaconic acid, glutaric acid, adipic acid, malic acid, tartaric
SR AR, R RS AHE M At MR BB e BBl el oo
ahtheamiicadcid, geilic @sid, benzoic acid, isophthalic acid, phthalic acid, trimellitic acid,
pyromellitic acid, salicylic acid, 2,4-dihydroxy benzoic acid and others. Exemplary amino
carboxylic acids include, but are not limited to, glycine, dihydroxy ethyl glycine, alanine,
valine, leucine, asparagine, glutamine, aspartic aicd, glutaric acid, lysine, arginine, imino
diacetic acid, nitrilo triacetic acid, ethylenediamine tetraacetic acid, 1,2-cyclohexadiamine
tetraacetic acid, diethylene triamine pentaacetic acid, and others. Exemplary
sulfonic/aminosulfonic acids include, but are not limited to, benzyl sulfonic acid, p-
toluene sulfonic acid, 2-(N-morpholino)ethanesulfonic acid, N-(2-
hydroxyethyl)piperazine-N'-(ethanesulfonic acid), 3-[N,N-bis(2-hydroxyethyl)amina]-2-
hydroxypropanesulfonic acid, 4-(N-morpholino)butanesulfonic acid, N-(2-
hydroxyethyl)piperazine-N'-(2-hydroxypropanesulfonic acid), N-(2-

-6-
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[0018] Exanples of ami nes may be aliphatic/aromatic
pri mary, secondary, tertiary 5 am nes, diam nes and
triam nes, al kanol am nes, alicyclic ani nes,
heterocyclic am nes and hydroxyl am nes. Exanples of
am nes includes nethylam ne, ethylamne, propylam ne,
but yl am ne, nonoet hanol am ne, nonoi sopr opanol am ne,
Py Siappet IR RASER MRS {3 BIRASRATORE A ZT G .
cygbﬁéﬂ)’dnﬁﬁb)@ﬁwan%ﬂoﬁ@dcﬁﬁbﬁ@oth@féJUt yl am ne
di et hanol am ne, N-nethyl ethanol ami ne, N-ethyl

E)@h{m@hmége trinmethylam ne, 10 triethyl am ne,
ripropyl am ne, tribut

lm% FPRETISA o @miRRS MR E%a'mamarmwrm@m SREPNGR I Lertiary
anhé&8 diivhingl sddwiasire élﬁ‘and\\brﬁhby laligjctit Bmirsanétemcyclic amines
tri et hanol am ne, cy cl ohex ne, cl ohﬁ | am ne,
ang Y AtKATFer BRATEPIRE o B EUITabces BSINATIG, SyP ARG
propyRfhing| BlRylalmR_Z Woaaétﬁanouﬂhmenmbh@mmepadwamnéxya (2-
benzyl am ne, N-eth benz m ne nd ot hers. E>§ﬂ
arwnoqtf;@fybﬁmaaﬁ'r Aimet m'nﬁa ‘Bé‘a{m% IPFORYRINIRE i 5’1’)"”9
mé%ﬁé‘m&hl fnk ON- rﬂ&hﬂ%&ca"nbmdnélw-suhw emmidumne Hyichethyidndne, ne

o Ly £y SRR o

ethatfblving amn{&hyl Richhaorapdihe, IN- eihylotn@marhmme trlethanolamlne

N, N- di et hyl _hydr oxyl d
e oL A Per S, 208 S ek PSR Bk, prazne

pisBHRArRY Béﬁzylaﬁhﬁm@mlmzpmﬁfr@( NdRsthyBenz@ainires 8l-ethyibenzydamine
20 haV|n t he

g S N T SR @mn%f%ﬁé“mn

ded sy ﬁéfé!lﬁhﬂfdrudeg h@diBxyl&rAie &P alkly Paibsftoedtdesivate$ of Ayuzoxylamine,
term " as used herein refe

Sush ERCWEPU Rite i B OMATI NI B asnem el ety

hyldPoxgRinGidé, DRIN-aletiyBhydPxyRinsihe@ aAdbihefs.om 1 to 8 carbon
atons, or nore preferably from1l to 4 carbon atons.

E%%dl&@%@]ateﬁh@?ﬁhﬁﬁorﬁlfm ﬁykﬂrbﬁbé£ al kyl groups i ncl ude;

[Oggéf%%%ﬁglg% @f@% %p@%@ ﬁgﬂy be tﬁg éc%kpo%ﬂgs
é;ahe forafuRs wingnsRa] gin{ vmeré:m mdhgdla amisRlbare each ed
mgi%/ OX tlﬂygalr;él(\g%r r a g)%gél glicf g%][‘@R%r s rsn?qé}gof‘)f he term

"G b@rmsaa Agkein Rfers 'ty ara@gmfoe bﬂhblyed ¢heain (dnsubstitutedhiydrocgon
atons, [0022]. Ex es of syl d I

9igHetpk! forl e%'a%@g?‘ax% RPRAD, qh‘% 9@%‘ %%#’% or more

preferably from 1 to 4 carbon atoms.

[0020] Examples of suitable alkyl groups include; methyl, ethyl, propyl, isopropyl, butyl,

isobutyl and tertbutyl.

[0021] The term “hydroxyalkyl” as used herein refers to straight or branched
unsubstituted hydroxylalkyl groups containing hydrocarbon groups of from 1 to 20 carbon
atoms, or preferably from 1 to 8 carbon atoms, or more preferably from 1 to 4 carbon
atoms.

[0022] Examples of suitable hydroxylalkyl groups include hydroxylethyl and
hydroxypropyl.
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-7 [0023] Exanpl es of suitable quaternary amoni um
hydr oxi de conpounds i nclude; tetranethyl ammouni um
hydr oxi de (TMAH), tetraethyl amoni um hydroxi de,

t et r abut yl ammoni um hydr oxi de ( TBAH),

t et rapr opyl ammoni um hydr oxi de, tri nethyl et hyl ammoni um

hdrOX|de (2- hydroxyethyl )tri net hyl a i um .
r cﬁesaap'esmz sytatye ﬁ%ﬁ@%ﬁ%wpwﬁw%?mwms include;
teiﬂéfrﬂétﬁiﬂbﬁ’ﬁaoﬁmMﬁr%d@(WAQ\;}%ﬁét%ﬂﬂwn&ﬁﬁmmU'm:lromde
ydr oxi de dro yl)trinmethyl a
AT AR S PORMRMRARN X PYRTOxide
tnﬁkbﬂﬁy@ﬂﬁ’dn‘?ﬁbﬁiﬁhﬁ?@%d@ﬂ?ﬁﬁr%e I)ﬁmﬁbthylammomum hydroxide, (2-

benzyl t'ri net hyl amoni um

A R AR AR R e R T
hydiPokide? ﬁ&dio@pré@ﬁﬁﬁné!ﬁ‘ﬁarﬂh@ﬁi&hﬂhﬂ%%e eﬂﬂltﬂmaﬂ'\ylah'madmum

is prefera wat er - s nlc olar
e e ST BRI AT 400 ABS T AL
hydf@@. ¢ pol ar solvents include, but are not [im t ed
to, dinethylacetam de (DMAC), N-nethyl pyrrolidinone

E)(éNﬂ\ﬁ?éry sdivephyl sul foxi de (DVBO), tetranethylene
one,

N- et h ' .
(0B 28w aomBtaI AR Sefsin Y GBS OO oo
sohEingl @Rat é@b@meur)]@ w@ter:%bldnwl Eiegnplemof ongdriid falarcsalventsl maybe
ounds uch _as xyam de C

arp@gggpd pg}qufﬂgﬁ E%afﬁﬁféég? %apﬁé) fﬁ IHF{"ES brbclhgr g@l 4&% n?t limited
tol !lﬁlﬁ{e‘th?i?déta%l&e aMAARD| N-aleshys pfl‘bhatmoné (&MPﬁZﬁm_ethylsulfoxnde

al kanedi a anetriqls,.,c . :
(SHSEhSr Sin re b SARLCS Ao Griice, formamise
dlﬁ%ﬂ{ﬂlb%@ﬁoﬁ@ @mplr ganbtdessrhidest scahiots cetshyd»em or

'a»¥ it 6P| SRRt SLETHC AR S 1

I d
SR e SR OB e e
G‘QOTQB)de@BmW arldl (C\g\»OCQJr)] anmnetnslej c&ehﬂ alcolicﬂls)aﬁq suhbstituted alcohols.
certain e nts t he nIC
PGP e y B SabE SRR e BRphe LY Dp Bl ool
Iy&lé‘rbIJ erafldrofueiugy| glcyhsl) dlﬁmlﬁrlmsalbgﬂol andér4- cmld:’qﬂxen@dlmethanol

glycol 25 nonoet hyl ether, ethylene glycol nonobutyl
[MBPT Th@hbry-laqmlglsy)mhtsrmnmmw hbatelroay be gsdt/alengor in

c%vé@%{aw@?w%ﬁt S Rbisis ?%'yf”it %'J""'d. ct byl ne_ gl ycol
[(gﬁzf gﬂhéqp@et é%‘i' ﬁb%gc;%gqeopy or%ﬂpr‘ﬁ%g Qﬁllnf)rlfé A8lycol ether.
Eganiplel ofrgined) letl')érs imtlude ethylene glycol monomethyl ether ethylene glycol
monoethy! ether, ethylene glycol monobutyl ether, ethylene glycol monophenyi ether,
ethylene glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monopropyl
ether, diethylene glycol monoisopropy! ether, diethylene glycol monobutyl ether,
diethylene glycol monoisobutyl either, diethylene glycol monobenzyl ether, diethylene
glycol dimethy! ether, diethylene glycol diethyl ether, triethylene glycol monomethyl ether,
triethylene glycol dimethyl ether, polyethylene glycol monomethy! ether, diethylene glycol
methyl ethyl ether, triethylene glycol monomethyl ether acetate, ethylene glycol monethyl
ether acetate, propylene glycol methyl ether acetate, propylene glycol monomethyl ether,

-8-
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di et hyl ene gl ycol nonoi sobutyl either, diethylene

gl ycol nonobenzyl ether, diethylene 30 glycol dinethyl

et her, diethylene glycol diethyl ether, triethylene

gl ycol nononethyl ether, triethylene glycol dinethyl

et her, polyethylene glycol nononethyl ether,

dlethylene glycol nmethyl ethyl ether, trleth qne
prepyjens! 9lyrohaimetiyg ether, rpé?pyéﬁ;nst%htfe' manekyjty sthey; Rrepylene glycol
m&%’b%ﬂllygthe?tdkﬁbpy?&@?k%l m@h@ﬂ%{h‘?ﬂﬁhéﬂ M@E&pyl@ﬂb@dcoﬁhbmpropyl

acet ate, propylene col nononget et her
ethprogiprapyieng g @eh m@mﬁanﬁcgnyl gihge F'Pr‘b‘%/y Yel\7elal g\pg)%qty' ether,
dl%BB?QHE Yly c@ltd?|§6pro | RENer etﬂ?rogyl)éﬁé’ﬁlycélﬁﬁwmhﬂl eftieh ef-methoxy-2-

DU At ANl Grmaihomyt Ry PuARS i Sg-bitoRyethoxy)

ot i sopropyl ether, dipropylene glycol nonobutyl
et her, dlproplylene gl ycol diisopropyl ether,

C&mbé}gwé)@aep@g ycol nononethyl ether, 1-nethoxy-2 5
but anol , 2- et hoxy- 1- but anol

[0928}et GeRparativieb Ry lB'dFéH%Q”and 2- ( 2- but oxyet hoxy)
t\,\}g@é}ol Gopes ati ve exanpl es: [0028] Conparative Ex,
DHF (100; 1 DI water 99 w % HF(49% 1 wt% 10 [ 0029]

Hfdﬁ%é}atlv‘e . 2 DHF (800:1) DI water 799 w %
HF(49% 1 wt % [0030] The sunmmary of etch rates ("ER")
of Co, CoWP and Cu are provided in Table 1 and 2. In

[odzé]erobrnr;mwéﬂsx@DHHQB@M)etch rate, the wafers had a
bl anket a known thickness deposited upon it.
Biyateni ti af 9% Wi%®kness of the wafer was determined 15
Higsow) t he Clkg,ResMap 273 Four Point Probe. After
determining the initial thickness, test wafers were
imrersed in the wet clean fornulations. After five

the test '
(OBl PUFIA @ 1o BHRSCER BPF O e bR b 27 igiited in Table 1
aiteD O dREMWEhG thedCsl af® TDetditerate, the walersrtdeia bianked gayer of a
neasu

k%t‘tghl s ogltp‘gggq%gdt\ml{helwmzlack%s ogﬁ':& v&E@r%as ?etermlned
uthg fHeNOE rR%sM%Q 27BiFekiNesiat PIRBS U AGERddtermiaing thicinitiathickakss,
R P e PR R e e, e s
whrswbat refidved emané aat aeadifosialation, rinsed for three minutes with
deionized water and completely dried under nitrogen. The thickness of each wafer was
measured. The procedure was repeated at 10, 20, 40, and 60 minutes of exposure.
Thickness measurements were determined at each time interval and graphed using a
“least squares fit" model on the results for each clean formulation. The calculated slope
of the “least squares fit” model of each composition is the resultant etch rate provided in
angstroms/minute (A/min). In determioning the CoWP etch rate, the film thickness could
not easily be measured by conventional ellipsometric methods, because the CoWP films
were very thin and the underlying Cu causes reflection of the incident beam. As an
alternative, the open circuit potential (OCP) of the CoWP layer was measured as a
function of time of immersion in the wet clean formulation. A blanket CoWP substrate (1
x 4 cm?) was immersed in the 500 ml air-saturated wet clean formulations and the

potential was monitored over time. The OCP of CoWP film is significantly different from
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of the "least squares fit" nodel of each conposition
is the resultant etch rate provided in

angstrons/ mnute (A/mn). In determ oning the CoWP
etch rate, the filmthickness could not easily be
nmeasur ed by conventi onal eIIipsonEtric nmet hods,
because the CoWP filns 25 were ver

undRa¥ing \Hih Atdle peinkwkere dhe &eYFDR cemp% %ﬁgt}?ﬂﬂ g'eﬁ ORfRILgifcuit

peﬂéntﬁi‘ |saélﬁwﬂ35rﬂ@UuV By ridkfg ﬂﬁ&ﬂn@ it lték'éb‘to QQ\E:B e @l OCPCENd krfowing
er was measur

W | a

threrﬁtmm @wknﬁss[ ¢ QR '%}’Féé'i‘? Pemta? K camgﬁﬁsﬁwaw%oho
d&tERShing e ?élvar?fc Qurfei bf GNP m@@cﬁbdl& tﬁ&@otéﬁlﬁal pblarization was

air-saturated wet clean fornul a fnt'u"jé%ﬁ’ @fi he

5 caEe Attt delpsmingdit FYTRRPTLRHETENt Pifeo ViR 3 G2NARIE cerRip with Cu
wﬁérﬂ m doﬁta%t G/{ih \iAr}]ec\fyaubﬁw@t Eéa %ﬁhul&f@’l@ tﬁeWL szbmt tﬁlﬁu
OI n ere e e etcnhe e

Stehﬁérﬁtec(ﬁr%vm ) Wrstiemeread 'r'éOQ ."FnO? ygp?'%af&ﬁmgﬁt%? 3qgprent
teh'trt%r%tuuféajritdter bﬁkﬁt@rdtébfl 5%&0%6&0 gieatidn KﬁImI\RPUI) Cbﬂhodlc

startin | CKNess O a
AT s AARARG oM V Q&L bV A Aisg" " e Cgi.%gf#ﬁ it FsBect o the

10 AQWQC?FEfe@ﬁcéﬂwr@jéd ThHe goltzhfon édﬂﬁésl@?éﬁbldttewas Tafel plots.
polarization was 5 carried out to deter

] h
EREaRARtoB0 é%rprcgﬁﬁn&ffen@éwvw £ CQHPYIR patepti ;S'%‘é°efw fIhe&yrent

JURRD at theCPEsASdint\Wf CBWFEnd/ 61 ipBlasizatdh ctih@amgives galvanic current
formul ati ons. The bl anket CoWP or Cu substrate (2 x 2
densty ofle

GoWRROdPU GPUBID n1 of wet clean fornul ation

at anbi ent temperatu air-sat rated C
(G0 S8 1 sl At s TR IR Bfts e PR hE lower
15 eich%‘te@l@ﬁ'(loed:oWFDth &u\dnti fovidbr halanic carrsmajensm eorpard@to Comp.

m/s Wth res t to 0  Ag/ AgCl f
EX1 LPHFJ4RO: 1)Th'gaebg%1 ap¢ &aplpénsrpﬁl tﬁg%allavyez gqagt ?rgwl%{t jons of the
preREAt invinBibe havésigeabploatdteirateor SOWR; whidtris essemtialtfyr COWP
|ves the corrosion potential (Ecorr). The current

' &y at the cross point of CoWP and Cu pol ari zation

Eableck ﬁ%w P ?Qg%ﬁl[&ﬁlggp G ket Ef@ w%ﬁ%s ﬁc{‘@o ?g%uaé?& rates

TQ‘L‘IE&H R&IUISIoRE priespAt | nvent i oh IceWP | pwerCu 15 | et &alvanic

rates on Co, CoWP land Cu| aRg raf\Veletdhpiatd Nigictiiakd ¢ RUrrent density

density conpared tjo Co 1 00: abl e 2
__and_'lia%! e r2ms!n.0\,'\,'that E'p (A@gm)' ggg?q{orﬂ..ul Q’ﬂrﬁo of (hvem)

@drap. B AU (10QVIRNY i BA have1@Q|pe Lorl4 ow| et cfl ratle ch2E-04

C%\{(\P1 2&;@%@@@53@}_3@ for 3CoV\ID i1r§ egratien. 'Iabl3ez5E 05

; t-biHty—dat-a fm banket—CoWP—wat-ers—atd
CExan VWA 08BEAGr at les”.4@ ban 1Bor mil at Pons pH & Cowp €RE-05
GV 8 AW21028-85H 7.32 13 2 1 6E-05

Ex. 4 AW21-28-90A 9.25 2 <1 4 4.5E-07

Ex. 5 AW21028-66F 10.93 3 1.5 1 2.2E-05

Ex. 6 AW21028-67E 7.23 9 <1 1 3.25E-06

20  NA: not available
pH determinations were made using 5% aqueous solutions at ambient temperature.
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etch rate etch rate etch rate current density (A/ mn)
(Amn) (AAnmn) (AcnR) Conmp. Ex. 1 DHF (100:1) NA 109
14 7 2.2E-04 Ex. 1 AW1028-83H 7.33 13 1.5 2 3.25E-05
Ex. 2 AW1028-85G 7.40 13 2 2 4.5E-05 Ex. 3
AW21028-85H 7.32 13 2 1 6E-05 Ex. 4 AW21-28-90A 9.25
2 <1 4 4.5E-07 Ex. 5 AW1028-66F 10. 93 3 1. 5 1

2. 2E-05 Ex. 6 _AW21028-67E 7.23 9 <1 qzrg

NA: not Aeblpi2abich raie At en RigRketi G oWl an Hé"%%’?ng 5%

T t 3 b|
g:qu ;) ﬁ\ea\?‘}ti}“h qgn%:] %rpgnen enp.,:)a&]arg% X%/E%tée
d F | ati H Co bt bt
G egn Form et ons oy oo HBRS o

B | %%%&‘eiﬁ%ﬁaé@ 457 Bcgf ANRIONG 20H 7135 11

pomTay \JI

cl ecmEmB,dmaasarzmﬂg W®i13n| t he5 exppsurelt enperat uke and
time; ' T 1apt e 3. e Test wajers _are

post EF&A\QE?&GQ@'ﬁgﬁa  &fned ers 10 Y'eat uting
trenches and vias in a Cu/ CoWP/ I LD stack. In this ‘
280 EXHE SumAAY§ o EleBAMinG dhias tlongvaits lthe evposunel tamperatute and time,

mlliliter ( eaker that .c
arg RN JPBE. TSR TS A RO ek s,
fehtlBhalBestHRs Bhd Staslin BOWCHWP/ILDisteckd Irathis4yocedure, one or more test
revol uti s per t
e pesaby B M o BTl ER LTS o et cean
fohﬁ‘@élﬂﬁw althetdw rhi tfeakerrfdrmarrmwadz ¢ siir bai thetirotaied'atb‘}QQ
. After Q the 15 . Cl h
rewg{ptéqr(sst)er Wél?tg ﬁg t W?%%H@V\%h?'}se%t% Wzén 4 szeantaﬁ'\gﬁ therein
wéYetthen ﬂéétéd)gtethe gae. an'Bhemparfature pravideddh Falled. tAftep puRasyee to the
an ed t hen am ned usi n h
wel cleand egw}at(ng e wafer(s %\)%?VF élﬂ§ecg\?/??g Bi gglz ée glgn{e'i' di dried wit
mir@g*éht LETAR HerwdfBe were cleaved to provide an edge, then examined using
scanning electron microscopy (SEM) on a variety of pre-determined locations on the
wafer and the results were visually interpreted for cleaning performance and CowWP
compatibility. Table 3 shows Comp. Ex. 2 DHF (800:1) completely cleans the residue
and removes the CoWP layer at 25°C/30 second. This clearly demonstrates that DHF is
imcompatible to CoWP capping layer. The wet clean formulations of the present
invention, comprising, in this instance: Ex.2 AW21028-85G and Ex. 6 AW21028-67E
completely clean residues without undercutting the COWP layer at 25°C/2 min. These

results demonstrate good cleaning efficiency and CowWP compatibility of the wet clean

formulations of the present invention.
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wafer and the results were visually interpreted for
cl eani ng performance and CoWP conpatibility. Table 3
shows Conp. Ex. 2 DHF (800:1) conpletely cleans the
resi due 20 and renoves the CoWP | ayer at 25C 30
second. This clearly denonstrates that DHF is

i nconpati ble to CoWP capping | ayer. The wet cl ean

formul ati ons of the present |nvent|on onprising, in
this insthfRies @5@32'”9\\?2’_’[@???"888 Baterened §°\&&ﬂ%ﬁr§ 67E

 ERANEESPhiItibRAN T EFITEAGS [WilBJUT UNGYVeR phttéraed Wafer
LoWP | ayer at 25C/ 2 imigg) Th ﬁﬁ& results de nstrate

jood cl eani ng efficilency gn WP &degrend billity oWRe
vt clean 25 fornullations of t/hep@fers@nee i verﬂomatlbl"ty

J:)emEElxez BHF{gean) N9 per flopmarjce mra@mggrenmwwwmoved

ean_fFortuirati-ong—Teny att

vgﬁ‘e? A("Y’%m@ﬁ'laﬁ)q d eani fR) QoW be?'igb rﬁgm\é\g slight Undercut
el fooBesGConp | Exs 2 DhF (808 Akiceg 0.5 b undercut

UL SAA L AW J.ULO Oolggéo 2 bll

E3i aﬁé{\’%'!qzéﬁ"bnder i Ex. 22 |AeRoBs! 5 99 Qﬁndercut
=1 Q%WMZB@@WCM Exs 3 AYR102&n8SHskfue? no R dbreut

4 AADINDQ lanA 259
|| HL unuc1uut - W ITUZ0-{IJURA 29 <Z, SUII

GV EIP2B-88E. 5 AWaR2e- 6aF |25slightresighe FlecH@qLnderut
|Ex95'AWi‘ﬂﬁBféﬁ£ _EX.| 628310286 /En@RosiiuBO TSI itbliéndepeut

indercut 0033 R e—-StHrat-y of—blanket porous HD

conpatlblllty data are provided in Table 4 5 and 5.

[@Pgthgg F?"B bi@ﬁ(ef Eﬁg@ F‘i?f %Jpaq Bﬂ! ta are Qrmaded in Table 4

and Br @matlscbwmeﬂﬂmanm(lmws; mtedemwstqrganqglhaatfewlass (Dém iims

kool R o PRIk fed BT By PRIBEY SRS ik 2

p%@enmevmﬁwdsas the ehémica’spraalreorsma depasit theocqmpegséte &lm pato <100>

I fi I v t
b2 orftlef RDp b Btelf sy s T bl ROFRpRRHinal porous
filh Ravireg a dietectrid crmmnteofdaes eTiné thiskness ang rsactivelindrxiof the
2000. Ref | ect onet er. 7 r
cpfegitice el parauneg v SETEHTC0 2000 RBIGTGHEIE” The K value
an@ FMR (Wslurier Transform infrared Spectroscopy) spectra were obtalned using MSI
electronics Mercury probe (Model Hg-401) and NEXUS 470 FT-IR spectroscopy,

respectively.

O

(O~
)

=

rﬁq—tqr\((l

w

[0034] Table 4 summarizes dielectric compatibility of wet clean formulations of the
present invention with DEMS-based porous OSG (k=2.5). The pristine ILD wafer with a
k value of 2.5 was processed in wet clean formulations: Ex.1 AW21028-83H, Ex. 2
AW21028-85G and Ex. 3 AW21028-85H at 25°C for 2 minutes. There were no changes
in film thickness, refractive index or k value after processing. FTIR data in Table 5 show
that the bond retention of C-H/SiO, and Si-CHa/SiO, are almost constant, indicating no
damage to surface Si-CH; bond and SiO, network. These results indicate the wet clean
formulations of the present invention have no negative impact on blanket porous ILD

dielectrics.
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el ectronics Mercury probe (Mdel Hg-401) and NEXUS 470
FT-1 R spectroscopy, respectively. [0034] Table 4
summari zes dielectric conpatibility of wet clean
fornul ati ons of the 15 present invention wth

DEMS- based porous OSG (k=2.5). The pristine ILD wafer
wth a k value of 2.5 was processed in wet clean

f | ati : Ex.1 AW1028-83H, Ex. 2 AW 8- 85G d
o T e O 2bledh Hlak e oL D DS 205 COMPRIPEDpar 6 ao

' idhst il SF, ettRtatact ! VEnangesf or| kn f
Cl\ggﬁﬁg@l?ﬁhsp' ggggsi ;g,l?‘,sFTl e@atbmﬁt)a i r}efTa@iV%e;r@eahow ar:(geo

et honot et ention of C H S 02 and & - CH3/[SI 0
Exaﬂgl\/gé 78{’%%@ nstant | igdi afiﬁd no42Q dn@age to %'02

Exs2vez®28ig5GH8 mond jangd S| O2 setwork. ThE8® resul tsO

Aoy t et ctean, fpromulations of present
E&FM%Q%' 452(/: 2 nxga?ivD i mpact dn bl Q'lp Ef polr ouso

ILD dielectrics. -12 Table 4: Bl anket porous |LD

PDEMS 2.5 cogati bility Cean Fornul ati on,s_,Terrq_ Ti me
et ch rat dabiednfanset rawgle DJFDEMS i3 heapatbilibe IR t i ve

AN-AD4

Cibde nitidibns T[RRI 78Ra T 25 2 Bbide U- U2 FX. 2 After
%%1%5@-%@&820% 1 %95, SCi¥sic | A RISIe8 $rROHEsI8 FE-H/SIO

. =y
raoT © 7 J. DITATTATT

EXCBMﬂUO@ﬁfaﬁ@: 28 R|d 2an FRN-A at il o9 e 4 iroﬁé 0.014

O_ 001 0O Tabl-a Rl g porous— L.D I-’N_'VD

Before After (C)sq ni|n)o Si|- CHpHEH O ¢ W GisO Si - GgdASi O 0.013
\ Fal

y 0.013

C-HS O Ex. 2AARIG268-856-25-2 6420001500
0.014 30 2 0,023 0.[013 Q. 020080013 &&14b p oé’df?@. 01
MAEHEX. % AN21928- 85102 2 |0.913f 0| 016.021021] 0.014
Exg?%z 5 [1&35\,35J Patt'erred—t+rench—features—on—porous

OSG diel ectrics were used to determine the effect of
b BB Ph o PR G5 BRI L el grne
the! pAéCct 20therwel efiag formulatons B elahedaniegedatielestriceidewall. The
patterned wafers were prepared based upon 90 nm design rules. During the patterned
wafer process, a photoresist layer is coated on the substrate with porous 0SG
dielectrics. Using a photolithographic process, a pattern is defined on the photoresist
layer. The patterned photoresist layer is then subjected to plasma etch, by which the
pattern is transferred to the substrate. The patterned substrate is subsequently etched
and ashed to form the desired trench features. The CD (critical demention) changes of
dielectrics trench (M1 trench), after treatment with the wet clean formulations, were

measured by SEM and provided in Table 6.

[0036] Table 6 demonstrates minimal change of CD (0.03 pm, 3%) after processing in
the wet clean formulation of the present invention, comprising: Ex. 2 AW21028-8G at
25°C for 2 minutes. By contrast, a severe CD shift was observed (0.21 pm, 21%) after
processing in Comp. Ex. 1 DHF (100:1) at 25°C for 20 seconds. These results indicate
that the wet clean formulations of the present invention is compatible with etch-damaged

porous low-k dielectrics.
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waf er process, a photoresist |layer is coated on the
substrate with porous OSG 10 dielectrics. Using a
phot ol i t hographi c process, a pattern is defined on the
photoresi st |ayer. The patterned photoresist layer is
then subjected to plasma etch, by which the pattern
is transferred to the substrate. The patterned
substrate is subsequently etched and ashed tt.o..form
the desir eballe BnRattermed porus IR EOEMS 2,5 qompaibility
deENEiRRForiaRuGss Of| Téhf). Ect Mirke (| 6DWhahdd | (CORABIge
after treatment with th eBeriy)f Or mgmy | Pns, %)) e
1 [AY (

15|meastred-by SEM and-proviHded—+n—Table—6 30361

TabCom®. BeroREFI(30®3) Ini rGmal| chafge bf €B31(0. 03 pra!
3% 3&}9%}%%‘&3@@9 n o4 hel weirtl epn foqyzmul at i onzof

t he—present—i-nventionl—conprli-sing—B—2-AWR1028-8Gat
25C for 2 mnutes. By contrast, a severe CD shift was
observed (0.21 pm 21 % after processing in Conp.

[0687] 1ASEEN bd 88erlfroraitheaovieatata) this nveontits. diddieses wet sigbb s

f°:fﬂr‘]‘g'i§&$ﬁse‘i"ﬁ8%tﬁ#3$%iﬁé'p§reem’/§h‘p§‘:?‘8’g{]eé£%ﬁb§‘)fz§§ g%&@@g Borrosion,

deraoseiatd Wi&eﬂidﬁa;nctgrdmsullom&ﬁ pi%\'tﬁlheddﬁrith Bad Wi!hmln@bWP wafers
ous | LD PDE .5 co tibilt ean For tion
ar%’cgﬁ%v_e W‘n%alw%gé%ago&%ﬂﬁgec{rfé (secong) m(Jpﬁ) | (()°/§
. . DHF, (100:.1) 25 20 0.21 .
(ORRER 26 s oiohs tobpolgters B8y e HefitaBhe 3t mefe otthe floying

adidievesb@uroslat mhibitbiss O, svarhgers, ahdsathersakitives. Tecmiditiye(s) may

o BRSSPSRy A, G0 o e

cohpaaitiong With Earfdsiit ikhipigdrtamtive @, \stavengedaduitives,the Gl ratio of

waf ers —and have m ni mal i npact,to por Kk

aiiie 2reyor etenasg aBontEn pudPBgt g SeBRk A B el e (e eaual o, )
gRlasd, on(d) ede tizsret.or nore of the following additives:
corrosion inhibitors, 02 scavengers, and ot her

[603d] t Exaapled oEtheddintpositiéss aneny 10 be added to the

extent that they do and/or do not adversely affect the
EpHI 0. &Vg21686-1t6De conposition. Wth corrosion inhibitor

and/ or 02 scavenger additives, the nolar ratio of

Dbhwatee and/ or §Babewt¥hary anmmoni um hydroxi de to organic

A??C{Ijg%cc-n be: q%)sﬁ%ual to, (b) greater, or (c) less

—+

Tt

TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 2 wt%

Ex. 11: AW21656-16E

Dl water 54.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 1 wt%
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[ 0039] Exanples of the conpositions are: 15 Ex. 10:
AW1656- 16D DI water 53.45 wt% Acetic acid 1.05 wt%
TEA 3.5 wt% d ycerol 40 wt % Benzotriazole 2 wt % Ex.
11: AW1656-16E DI water 54.45 wt% Acetic acid 1.05
w% TEA 3.5 wt% G ycerol 40 wt% Benzotriazole 1 W%
-14 Ex. 12: AW21656-16F DI water 54.95 wt % Acetic
acid 1.05 wt% TEA 3.5 wt% dycerol 40 wt%
ExpddANVRIG I 0.5 wt % Ex. 13: AW21656- 19A DI wat er
55.35 wt% Acetic acid 1.05 wt% TEA 3.5 wt% d ycerol
Diwateit % Benz®?%aWidt e 0.1 W% 5 Ex. 14: AW1656- 18A DI

AcB@d £8id 94 95 WIS wt%

TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 0.5 wt%

Ex. 13: AW21656-19A

D! water 55.35 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 0.1 wt%

Ex. 14: AW21656-18A

DI water 54.95 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Tolyltriazole 0.5 wt%

Ex. 15: AW21656-19B

DI water 55.35 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Tolyltriazole 0.1 wt%

Ex. 16: AW21656-18G

DI water 53.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
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Acetic acid 1.05 wt% TEA 3.5 % dycerol 40 w %
Tolyltriazole 0.5 wt % Ex. 15: AW1656-19B DI water
55.35 Mt % Acetic acid 1.05 % TEA 3.5 % d ycerol
40 wt% Tolyltriazole 0.1 wt% 10 Ex. 16: AW21656- 18G
DI water 53.45 wt% Acetic acid 1.05 wt% TEA 3.5 wt%
d ycerol 40 % -15 1,2,4-triazole 2 wt% Ex. 17:
1,%&@63'6- 18C BiWHft er 54.95 wt % Acetic acid 1.05 wt %
TEA 3.5 wt% dycerol 40 wt% 1,2,4-triazole 0.5 wm %
Ex. 18. AW1656-19C DI water 55.35 wt% Acetic acid
Ex). 165A\N23BS6r 8¢ 3. 5 wt % G ycerol 40 w% 1,2, 4-triazole

DI Qafert % 54.95 wt%

Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
1,2,4-triazole 0.5 wt%

Ex. 18: AW21656-19C

DI water 55.35 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
1,2,4-triazole 0.1 wt%

Ex. 19: AW21656-19D

DI Water 50.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Ascorbic acid 5 wt%

Ex. 20: AW21656-18H

DI water 53.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Ascorbic acid 2 wt%

-16 -



5 Ex. 19: AW21656-19D DI Water 50.45 wt % Acetic acid
1.05 % TEA 3.5 wt% d ycerol 40 wt% Ascorbic acid
5 wt% Ex. 20: AW21656-18H DI water 53.45 wt % Acetic
acid 1.05 wt% TEA 3.5 wt% dycerol 40 wt% Ascorbic
acid 2 w%-16 Ex. 21.: AW1656-18D DI water 54.95 wt %
Acetic acid 1.05 wt% TEA 3.5 wt% d ycerol 40 wt %
Ascorbic acid 0.5 wt% Ex. 22: AW1656- 18F D water
Ex2118Wa'Gip6A8E i ¢ acid 1.05 w% TEA 3.5 wt% @ ycerol
DBRatek % Car bobyds afdde 2 Wt % 5 Ex. 23: AWR1656-18B DI
wat er 54.95 wt %

Acetic acid 1.05 wit%
TEA 3.5 wt%
Glycerol 40 wt%
Ascorbic acid 0.5 wt%

Ex. 22: AW21656-18F

D! water 53.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%

Carbohydrazide 2 wt%

Ex. 23: AW21656-18B

DI water 54.95 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%

Carbohydrazide 0.5 wt%

Ex. 24: AW21656-16A

Dt water 50.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Catechol 5 wt%
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Acetic acid 1.05 wt% TEA 3.5 % dycerol 40 w %
Car bohydrazide 0.5 wt% Ex. 24: AW1656- 16A DI water
50.45 Mt % Acetic acid 1.05 % TEA 3.5 % d ycerol
40 wt % Catechol 5 W% -17 Ex. 25: AW1656- 29A DI
water 64.91wt % Cctanoic acid 2 wt% TEA 2.59 Wt %

A ycerol 30 wt% Ascorbic acid 0.5 wt% Ex. 26:
AW21656- 30D DI water 56.9 wt% Acetic acid 1.05 wt%
Exrgn AVEH634-38A A ycerol 40 wt % Benzotriazole 0.5 w %
DI@a@? 27: AWBLaPQrAOE DI water 55.86 w % Acetic acid

05 wm % TEA 2.59 wt% dycerol 40 wt %
OctanO|c acid 2 wt%

TEA 2.59 wt%
Glycerol 30 wt%
Ascorbic acid 0.5 wt%

Ex. 26: AW21656-30D

Dl water 56.9 wt%
Acetic acid 1.05 wt%
TEA 1.55 wt%
Glycerol 40 wt%
Benzotriazole 0.5 wt%

Ex. 27: AW21656-30E

DI water 55.86 wt%
Acetic acid 1.05 wt%
TEA 2.59 wt%
Glycerol 40 wt%
Benzotriazole 0.5 wt%

Ex. 28: AW21656-30H

DI water 56.9 wt%
Acetic acid 1.05 wt%
TEA 1.55 wt%
Glycerol 40 wt%
Tolyltriazole 0.5 wt%
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Benzotriazole 0.5 wt% Ex. 28: AW1656-30H DI wat er
56.9 wt % Acetic acid 1.05 % TEA 1.55 wt% d ycerol
40 wt% Tolyltriazole 0.5 wt % -18 Ex. 29: AW1656- 301
DI water 55.86 wt% Acetic acid 1.05 % TEA 2.59 w %
G ycerol 40 wt% Tolyltriazole 0.5 wt% Ex. 30:
AW21656-30F DI water 56.9 wt% Acetic acid 1.05 wt%
TEA 1.55 W% dycerol 40 wt% 1,2,4-triazole 0.5 wt%
Ex 29 AWR1656#Pl 656- 30G DI wat er 55.86 wt% Acetic acid

Dﬂwgér w % TEAsR8&Qtt % G ycerol 40 wt %

2. 4-triazole 0.5 % Preferred r D | t -
A%IC-PCW 105wt% () anges water 7

TEA 2.59 wt%
Glycerol 40 wt%
Tolyltriazole 0.5 wt%

Ex. 30: AW21656-30F

Dl water 56.9 wt%
Acetic acid 1.05 wt%
TEA 1.55 wt%
Glycerol 40 wt%
1,2,4-triazole 0.5 wt%

Ex. 31: AW21656-30G

DI water 55.86 wt%
Acetic acid 1.05 wt%
TEA 2.59 wt%
Glycerol 40 wt%
1,2,4-triazole 0.5 wt%

Preferred ranges:

DI water 7-99.7 wt%
Organic acid 0.2-5wt%
Amine/ quaternary ammonium hydroxide 0.5 - 20 wt%
Solvent 0-70wt%
Corrosion inhibitor and /or O, scavenger 0.01 - 10 wt%
Contact Time Interval 0.1 -5 min.
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Oganic acid 0.2 - 5 wt% Am ne/ quaternary ammoni um
hydroxide 0.5 - 20 wt% Solvent 0 - 70 wt % Corrosi on
i nhibitor and /or 02 scavenger 0.01 - 10 wt % Cont act
Time Interval 0.1 - 5 min. -19 Mdst Preferred ranges:
DI water 7 - 99.7 wt% Organic acid 0.5 - 3 w%
Am ne/ quaternary ammoni um hydroxide 1.5 - 10 Wt %
Solvent 25 - 55 wt% Corrosion inhibitor and /or 02
MestLyeifed raN9es. 5 wt % Contact Time Interval 0.5 - 2
Dhwaterd Exenpl ary organi ¢ corrosi o 4g9d7 t¥%pors and 02

scavengers: [0040] The conpositio 0 Jée pr esent
CHQ%’EFag'Gre can al so optionally coﬁts‘r’a_l%“é to about 10

Aifie/ iateray anfinchidrd hgdrekitle 5 W % af5 210 M%O0si on

I nhi bitor and/ or oxygen scavenge E%Qf»%% her reduce
SoWENht t ack on the Cu, Co and Co\/\P.55 }%s of 10

CoprosidAiifHIbitoR Bh&Idr@,scavengee a tri @ziokewtkuch as
%,4-tri zole, or triazoles substoiénu ed wth
_etifemievalych as c1-c8 al kyl, Yahi &Mt hi ol
mercapto, imno, carboxy and nitro groups, such as
benzotri azol e, 5-carboxylic acid benzotriazol e,

E%%%r&[g{rg?éﬁc!zgqrmss@gﬁg&drs gr%1 6‘3%5:!1\/%%8&%

3-am no-5-nercapto-1,2,4-triazole, 1-amno-1, 2, 4-
triazol e, hydroxybenzotri azol e,
[094@]5- Bine cownpositions pf the mzedent disclbsyre can also optionally contain up to

ab}g{uﬁﬂ) %&ébrﬁ%ﬁf;pH ?5 %Pé@ttql\?tg% o ae?orrosion inhibitor and/or oxygen
scaverngento fLthedreduceathel attaciBemtireclyy tGo AndPCAWP: | Bxarhples 8f

oA 3R bics Bl ik 50U o B ket wi
substitiazisisash apltdsghalkgsaminbi thich, reerdapte] imsw, sakblexaandnitro

o RS BERaTR bR A RERh NeB Rk le S
bénzatrianolt £5-nitoethemzotbiazote rBarhind; Stmehiapth- h 2 d-gazole Hi-amnino-1,2,4-
tr%;ég,%yﬁgxﬂ}ﬁ%r?zﬁﬁ%zgﬁ g-g%){aé'l’insd-lp;égtsgli-géryaﬁ'iazglgE 228lifo-1,2,3-triazole,
1-Brrinad b-medting 1. 23-tridzdiez Blaiminorb2e4-triazole, 3-mercapto-1,2,4-triazole, 3-
sSorlED SR B3RSk s popps el g g
tetrazoles, imidazoles, phosphates, thiols and azines such as 2-
mercaptobenzoimidazole, 2-mercapto-benzothiazole, 4-methyl-2-phenylimidazole, 2-
mercaptothiazoline, 5-aminotetrazole, 5-amino-1,3,4-thiadiazole-2-thiol, 2,4-diamino-6-
methyl-1,3,5-triazine, thiazole, triazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone,
1,5-pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethylitriazine,
mercaptobenzothiazole, imidazoline thione, mercaptobenzoimidazole, 4-methyl-4H-
1,2,4-triazole-3-thiol, 5-amino-1,3,4-thiadiazole-2-thiol, benzothiazole, tritolyl phosphate,
indiazole, etc. Suitable corrosion inhibitors further include an organic acid, an organic
acid salt, a phenol, a hydroxylamine or acid salt thereof. Examples of particular
corrosion inhibitors include citric acid, anthranilic acid, salicylic acid, lactic acid,
iminodiacetic acid, benzoic acid, isophthalic acid, maleic acid, fumaric acid, D,L-malic
acid, malonic acid, phthalic acid, maleic anhydride, phthalic anhydride, resorcinol, diethyl
hydroxylamine and the lactic acid and citric acid salts thereof, and the like. Yet other
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mer capt obenzot hi azol e, i m dazoline thione,

nmer capt obenzoi m dazol e, 4-nethyl -4H

1,2,4-triazole-3-thiol,

5-am no-1, 3, 4-t hi adi azol e-2-thi ol , benzot hi azol e,

tritolyl phosphate, indiazole, etc. Suitable

corrosion inhibitors further include an organic. acizg, ,
exgmpiasg sHitade; cerrqsipnsighipitory "b’l'i-&?cf[”,"t%eh%mgk‘r'f“a‘g‘i%lé'f g, glycine,
tefahBth§BLANILINEG! Mz og RIS TnekmiPa! dudhiHedbderfity, tfI6gIpderol,

Inhibitors include citric acid, anthranilic a

aci d, ,
salgiapipe] ench@imethyiaseioREetarids, In $boRIAEBISatheEeia G orrosion
inRBHFrG4 &n BFdaflic dckP Y fighhie adidinday ERheisamRGdstthatf usgBIin the

acid, D/ L-malic acid, malonic acid, phthalic acid,
SO#IoBi ¢ anhydri de, phthalic anhydride, resorcinol,

di ethyl hydroxylam ne and the lactjc acid and, citric .
(98471 ExarmRiaY oy RSy SCaUPROSTHIBCKAR @SCOTRIE aGichgstechsy) carohydrazide,

o, B§diRbuIRbhE, MRyl EyRiohexariedivingi hyairazing) @l disite, a bisulfate,
fructose, ammoni um thiosul fate, glycine,
anddraisitey | guani di ne, benzoguanami ne, mel ani ne,

uani ne, adenine, thiog]ycerol, salicy]amde, and..
108 Aot TA crrenasiioBimaK 2ies nblde fBb or e § Bainorfigives
s@ﬁb{ja‘ﬁ@, @Iﬁbblat'ir{yr']édéhtsf? bhérﬁic?lhﬁn?dimﬁ,iddyeﬁ,cﬁiiﬁbid%sh emlv bihenadditives.
acl ma e e Sanke as at U | e SOl ULl .
THeoRREivels) Gy B g e it extary 4 ey 4o averad aiest dhe H
raﬁgdé df th@;%bﬁfbb@ihonﬁsd&l’ﬁl@ lbxiﬁ*hpléis dfnepraahiaiti@e a@ditﬂ‘ﬁséncluqe
rQqul none, rogall o C onexaneqgl pne . [ N
agghieed 21gondls el daThaties therath aFél&'eﬂ'F% 3\°fst @P”T%M%FWE%“
afRETRFLINMUNITFBRY addtionitsaiblelefaomats) anddesvatifed thereof, alcohols,
P AM NPT e deiotn G e s i 25 ety
foﬁé‘ﬂtntd'te\r??ﬁ-dém@ﬂh?ltéb@?rﬁiﬂéo,elél&}l alf“f&%o?ﬂ}ir&éw(eﬂcﬁ as uihmaa?lwﬁlamine),
a ney 0O no aaver s a ecC e range,. or . .
R PHRIRNG A ANts Sue o6 betaraialonss, patprHetiin s PO feids dali
adid abw ltibi‘ta_riéléefg}ﬂalgéﬂ ester e stere ld dierivatiaes thesedf haroeteftiary
acetylenics diols

_ -i ol ated /
agppr e raBlante, St Ao uds Fiaudirhal 465
smﬁg;iaé@bbmsletfhﬁﬁ Apfgrocalc@é}fd %perﬂisalq,uatt._eAnm?me:msylvania,
an I -am nes, am gae I NC n |1 C, SOLV S .
UA GLHUTP5 4 BeiraemayHToRETng - SE RS ORI Wi 10
emkiba@ekiaahni@ss $64108 RasterdlisetiTaoolat cbiyharg, iieg 46. and

chel ati ng agents such as bet a-di ket ones,
Ccbebardieé examples, carboxylic acids, malic acid and

tartaric acid bas nd di esters and

[0(%”( VQPW@@“{’?]EF'e:gg@hgé%gBti ary amnes, dianmines
nd triam nes ecjfic acetylenic diols include

DSWP¥E)nol 465 56%&8%’ v

actant available fromAir Products
Agdtit daitem cal s;1.06nt% Al | ent own, Pennsyl vani a,

TEA 1.55 wt%
Glycerol 40 Wwt%
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USA. Surfynol 465 is

2,4,7,9-tetranet hyl - 5-decyn-4, 7-diol, which is

et hoxylated with 10 ethylene oxide units. See US
Patent 6,717,019 at colum 9, line 46. Conparative
exanpl es: [0043] Conparative Ex. 3 AW1656-30B DI
water 57.40 wt % Acetic acid 1.05 wt% TEA 1.55 w %

d ycerol 40 wt % - 0044] Conparative Ex. 4
[0044)1 ceampsativerf X \M%@[?%é-@'%%é)mﬁ%keti c acid 1.05 wt%
TEA 2.59 W % GIP cerol 40 wt % Table 7 and 8 sumari ze
Diwalehet al et cPP %i"’é°data of wet clean formnul ations
Addtit Acig addi ti poawtwor r osi on i nhi bitors and/or 02
scavengers. The corrosion inhibitor and/or 02
Tl:s%avenger an%ig%?"'?%’onbi nation of two or nore corrosion
Glybdtobi t or andd@wt®2 scavenger are useful to inprove
the conpatibility of the conposition with the netals
at pH >7 or pH<7. Table 7: Etch rate data on bl anket

F t [ .
o B8 GrUTERTES T REALEIeT B8 SRRy ran LB AEng bin
adRfitiar @&ir@sphathibittreand/vt Of sdadéngens. The/ cormogiot Adhibitey aiyor O,
SRV RES AR BT LW (g Fugs g nfioldr arfjor sokbenger
arB\(R&Hibf-ikpFovBang obmpatibdityeof(tBe bymposdtibrowittithe netals at pi >7 or

A 1656- 19A Benzotriazole (0.1) 7.33 2 <1 <1 Ex. 14
1656- 18A Tolyltriazole (0.5) 7.33 2 <1 <1

Table 7: Etch rate data on blanket Co, CoOWP and Cu wafers

Clean Formulations Corrosion inhibitors pH Co CoWP Cu
/10, scavengers etch rate | etchrate | etch rate
(Wt%) (A/min) (A/min) | (A/min)
Ex. 10 AW21656-16D Benzotriazole (2) 7.13 2 <1 <1
Ex. 11 AW21656-16E Benzotriazole (1) 7.26 3 <1 <1
Ex. 12 AW21656-16F Benzotriazole (0.5) 7.24 2 <1 <1
Ex. 13 AW21656-19A Benzotriazole (0.1) 7.33 2 <1 <1
Ex. 14 AW21656-18A Tolyltriazole (0.5) 7.33 2 <1 <1
Ex. 15 AW21656-19B Tolyltriazole 0.1 7.35 4 <1 1
Ex. 16 AW21656-18G 1,2,4-triazole (2) 7.36 4 <1 1
Ex. 17 AW21656-18C 1,2,4-triazole (0.5) 7.43 4 <1 <1
Ex. 18 AW21656-19C 1,2,4-triazole (0.1) 7.50 8 <1 1
Ex. 19 AW21656-19D | Ascorbic acid (5) 4.47 10 <1 3
Ex. 20 AW21656-18H Ascorbic acid (2) 5.22 12 1.1 2
Ex. 21 AW21656-18D Ascorbic acid (0.5) 7.15 5 1.2 1
Ex. 22 AW21656-18F Carbohydrazide (2) 7.42 11 22 7
Ex. 23 AW21656-18B Carbohydrazide (0.5) | 7.45 14 1.5 6
Ex. 24 AW21656-16A Catechol (5) 7.42 2 1.8 5
Ex. 25 AW21028-29A | Ascorbic acid (0.5) 6.44 8 1.3 3
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Ex.

15 AW1656-19B Tolyltriazole 0.1 7.35 4 <1 1

Ex.

16 AW1656-18G 1,2,4-triazole (2) 7.36 4 <1 1 Ex. 17
AW1656- 18C 1, 2,4-triazole (0.5) 7.43 4 <1 <1 Ex. 18

AW21656-19C 1, 2,4-triazole (0.1) 7.50 8 <1 1

Ex.

19

AW21656- 19D Ascorbic acid (5) 4.47 10 <1 3 Ex 20

AW 1656- 18H Ascor bi

c acid (2) 5.22 12 1.

AW 1656- TEblerd Edeibrate datapn(ianiet 60,1%0‘@*’18"2' C1u WE@?’S 22

AW1656-18F Carbhohydrazide (2) 7 42 11 2.2 7 E
AV1E65 6 ofRBatdasbohyld Camrbsien (rbiditprs7 . 45H141 1.Go 6 E>Covm Cu
AW21656- 16A Cat echol (&), séavehgdr 1. Petct2fate | etch rate [etch rate
AV\21028 29A Ascor bijc aci dwt®)5) 6. 44 8 1. 8\/in)10 {&min) | (A/min)
t-ch—ate dataombtamketTCo—CoWP _amd {Cu
CmpérxS3dV¥%w2ﬁ&q%| af®%hs Cor r osi on A-8fhi[bi '8Ps gH b3 6
CHREE koS eTael o 1AL Sl o ieTliatgy |
EnCI6eAW28656188D 4. 3 6 Be‘mzqtnazEbe (043)Af\241%(> 30%3 none 6<19 <1
, T2 AT OR BemzpifijazolLe (J.05)
Eﬁjzélg‘{\é@@%‘lé:xlzx BenRRPRERIE (IGE b 11 adol o (0.5} <
ER-2BPA2Tdse<doH Ex.  28TaVEEL R §§b* Tolag3 i azm e (0. 5x1 1
; n X 30+—FetyHHiazote \05)
E6 205AW24856<301 Ex. 3|oT¢Mzmsls @6F 1|51 {riaol e (0. 5 <1
G -triazolle
EY FUARR 1G5 30 o | T2 Aol sR o s L LIS S 1 | 14
EWEM wveat@sé-meul at i jom2{riazeie(y8) ¢f6.fgt efch dnd hsh <1

restdue—froma—sem
feature, consisti ng

bUIIUUbl Ul
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essentially of; 5 Deionized water; Organic acid,

Am ne and/or quaternary ammoni um hydroxi de; optionally
one or nore of a corrosion inhibitor; a non-aqueous
organic polar solvent and an oxygen scavenger; 10
wherein the fornulation is conpatible with the CoW,
feature and either (a) the_nmplar ratio of am ne

and/ or quaternary annnniunphﬁmﬁﬁxide to organic acid
provides a pHin the range of 7-14; or th .
For il dh NRHOREE weed Slean ASrLIBLPB o remAYa) .%F 6?8." el ana appygesiaue
f or mul 3iohPA serhicohdidiorsupbipdte ihBvihla QUWVP SedtireNtarisisting i n
the range of 7-11. 3. The fornulation of Caiml

i ncl udi€i8eHiahbAt aqueous organic polar solvent. 4. The
formul atign of é?ain)l wherein the organic acid is the
salt of tHeogEgAMA" 20 acid. 5. The fornul ation of
Caim1l m@Freln t%e organic acid is selected fromthe
group conST¥YGRF'Gf aliphatic or aromatic carboxylic
acids, amno ac%@s, Fulfonic acidi acg_ic aci d,

pr opi oni cARNeRNdRuateEnay ARMQIYR Bkdoxdg iy 3 25

met hyl but anoi ¢, aci d,  hexanai c_aci . I,C [ :
octanoi ¢ SRY{OFANREHINEe °Z@i°8,r f°8r8g£ﬂ%‘5>bﬁ‘§@3? 6(5‘ ; adfbfls organic
dodepalaosdivent add ah bikgtehatavengaci d, tetradecanoi ¢ aci d,
pent adecanoi ¢ aci d, hexadecanoi ¢ aci d, heptadecanoic

aci dwherirattie ¢arnilation s campalibbogitinthd iCoVEP fastare and either (a) the
2- met hyl hept anoi.c acid, 2-hexyl ' [ {-Cani
aci amOREra & e BN BV REETyBfEs to BigRhlcacia
succprivideaaipH inithacamgeof 73@; ac(biithegbumwation ingudes a corrosion
adiph&lﬁcid, malic acid, tartaric acid, acrylic acid,

-24 IBtH8Crylic acid, citric acid, lactic acid,

gl ycolic acid, ascorbic acid, anthranilic acid,

gallic acid, benzoic acid, isophthalic acid, phthalic
acid, tj it i TP ol ' | -
et a2 ZE TR S G, REERIEYE o € g i E g of 7-11.
et hyl glycine, alanine, valine, |eucine, asparagine,

gl utam ne, aspartic acid, 5 glutaric acid, |ysine,

ar gi gi Ny foh(StidH G<8hikt1 Rclubing™ Adn-aqueblis BfahichoRstisBivent.

4. The formulation of Claim 1 wherein the organic acid is the salt of the organic

acid.

5. The formulation of Claim 1 wherein the organic acid is selected from the
group consisting of aliphatic or aromatic carboxylic acids, amino acids,
sulfonic acids, acetic acid, propionic acid, butyric acid, pentanoic acid, 3-
methylbutanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic
acid, decanoic acid, dodecanoic acid, tridecanoic acid, tetradecanoic acid,
pentadecanoic acid, hexadecanoic acid, heptadecanoic acid, octadecanoic
acid, dodecanedioic acid, 2-methylheptanoic acid, 2-hexyldecanoic acid,
oxalic acid, malonic acid, maleic acid, fumaric acid, succinic acid, itaconic
acid, glutaric acid, adipic acid, malic acid, tartaric acid, acrylic acid,
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et hyl enedi am ne tetraacetic acid, 1,2-cyclohexadiam ne
tetraacetic acid, diethylene triamne pentaacetic

acid, benzyl sulfonic acid, p-toluene sulfonic acid,

2- (N-nor phol i no) et hanesul f oni ¢ aci d,

N- (2- hydroxyet hyl) pi per azi ne- N - (et hanesul foni c

acid), 3-[N Nbis(2-hydroxyethyl)a L g
hydroxmgtr@gmhgggpf@wic@cgdagtlc acid, glyco ic aci ascorblc acid, anthranilic

Lh‘ry((:irl\t)ggéteh I d‘é})og?&gﬁim&éneé’éﬁﬁ Q Zﬁhtrﬁgb dcidN\bKtRalic acid, trimellitic acid,
aci d), pwo(nglhtlg agd salicylic ac1d 4- dll}{ydrrg)z()y tperng u%%%%“bl‘}%ﬂe Cdlhydroxy
hydf OXXE\%W%&M REAE DEMY. relSner Rpangie, §mtanmne;casd?rﬂc acid,

| am no) et hanesul fonjc ol m,.xt ur,es
ther eof utars agid, ysiger %remneatm'aﬂ digceg %9"%1“1"@/28?%9"3 ?‘He
Zlml Beabﬁg%ﬁle&s&% tbfr@4betib acial OQchIﬁWHrNMte@bacetlc acid,

i hes dlethyteseiierng RenERFa 31 BB S A i 5 Bluéne sulfoic

ﬁ' i cychibg SUNReSp h&ﬁb%ﬁ%%lfdﬁno@éﬂm%& -hydroxyethyl)piperazine-N'-
ydr oxyl am nes anm ne | am.n ropyl am ne,

but yI amth@nesum@e@'ﬁﬁﬁdl‘lmw h %ﬁ?'gs‘ﬁg& ani ne,

2- (2- aml §R&yd Qﬁé’r)esﬁl?d}ﬁ’cn@éld 2N- ﬁiomﬁohtyd)ﬁttan&sulfomc acid, N-(2-

di et hyl am ne, pylamne di bu

di et hamdr@mﬂ@yl)plwm%w (%QMWP%?H%S“WRD'S%V N-(2-

et hanol y
tripr Ogg{iﬂoa thgllmt'é%éi"'yé ﬁm@ﬁopérﬁésaﬁdwd: acitne;(N

N, N di W@'h@?’@iﬁﬁﬁ?@?ﬁﬁf‘ﬁ%"mﬂlcﬁclﬂ’l Y tures REIFST ani ne
N-net hyl di et hanol am ne, N-ethyl diethanol am ne, ’
tri et hanol am ne, cycl ohexyl am ne, di cycl ohexyl am ne,
pyrrol e, pyrrolidi

Dy 281 ne Thmsaioniah Claibel Syerain (e e, S AS P &S Trom thp,groue
Ln;glPg|Xyc%%géigﬁﬂgaé'ﬂa‘ﬂﬁhati&oﬁ?fahﬁhath&mm}drﬁmenmdary, tertiary amines,
m ne
hydr oxydidAiNA anc|1\|tr‘q_n'an%st ﬁkkpX(ﬂérg)ﬁ%iﬁmgwﬁﬁ gw\ % hQEHWLhc amines,
?gmﬂj Fg{}laﬁixpﬁpﬁ’rhesamm?la\’j\\ﬂde Tetbrflamies, propylamine, B!Glyl’amlﬁﬁhe
on o aim erein th
hydr oxi "B@N9p4RanciaRung, JPeRAISOPraPRNpIa %gﬁ a'ﬂ%ﬁ_ﬁa%@fhﬂﬁbl
grlou R2, du'ﬁﬁthd&Prdné?ﬂeahﬁarﬁmehdnpnownawmd dibutylanzine adi¢thanolamine,
, a r ox
t her gof n@%l@yl &t %g\a@n ,rr\ggtgylset%]d OMW%Q%FQQI%H\ tnethylamlne
; tng zgStt\tﬁ%ﬂdmrﬁeB éﬂm@]a}?‘fé o N-gimethyletfiarblangn@ N, Nadleibvi
erei n_hydrox a str h
ans ubst ATRIRRM RS NS clRencRr S Al e aho anERs o7
1 to 2Gyiethanolamine, cyclohexylamine, dicyclohexylamine, pyrrole, pyrrolldlne,
pyridine, morpholine, pyrazine, piperidine, benzylamine, dibenzylamine, N-
methyl benzylamine, N-ethyl benzylamine, hydroxylamine, N-methyl
hydroxylamine, N,N-dimethyl hydroxylamine, N,N-diethyl hydroxylamine, N-

methylmonoethano! amine and mixtures thereof.

7. The formulation of Claim 1 wherein the quaternary ammonium hydroxide has
the formula: [N-R;R,RsR4]* OH, wherein Ry, Rz, Rs, and R, are each
independently an alkyl group, a hydroxyalkyl group, and combinations
thereof, wherein alkyl is a straight or branched chain unsubstituted
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carbon atons. 8. The formulation of Caim7 wherein

t he quaternary amoni um hydroxide's 5 al kyl group has
1 to 8 carbon atons. 9. The fornulation of Caim?7
wherei n the quaternary anmoni um hydroxi de's al kyl
group has 1 to 4 carbon atons. 10 10. The fornul ation

of Claim?7 wherein the quaternary a niym hydroxi de's . .
hydr ox{4enegarogp grayreid tq 2p &a@oeéy%gr@\%ﬂ%%q@?‘y%g's astraight
for mul 3t brmcRdd GhsubshitdtedyaRix-doRtairinghedrocaryoragmsp iofifto 20
hydr oxi de's hydroxyal kyl group has 1 to 4 carbon

at ons. C@HODAOMHe fornul ation of Claim7 wherein the
guat er nary anmmoni um_hydroxi de’ al kyl group is .
So1 et deoaTHARE o FATD CUPRE RS BLaPmAg Sy Roh D fyeroxide’s
propyl alkyi %@Qpﬂﬁyh,tobwthwon ategpdutyl and tertbutyl and

m xtures thereof. 20 13. The formulation of Caim?7

wherei n the quaternary amoni um hydroxi de's

hydr oxyal kyl group is selected fromthe group

consg s tiihadomaiuldtiodrad CyadinMWhereinytie quatpmapyamaodium hydroxide’s
m xtureﬁihheregf. i4.4 The formulation of Cdaiml

wher ei AIYhFOHR AR %r)?a&ﬁlﬂt?x?'mn hydroxide is 25

sel ected fromthe group consisting of

t et ranet hyl ammouni um hydr oxi de ( TMAH),

tetr l.a I um,hyd [ .t _ ' .
o 3506 BRI A o AR TR o
t ri met hyteixbslky gnoup has hipd cacbareatoms.

(2- hydroxyet hyl ) tri met hyl ammoni um hydr oxi de, (2-

hydr oxyet hyl )tri et hyl anmoni um hydr oxi de, (2 30

hydr oxyet hyl ) tri propyl ammoni um hydr oxi de, (1- -26 L
hy dr o%yiedpynylatianms Caimahwbereinthe gdatesriageammonium hydroxide's

R et

benzyl tri met hyl ammoni um hydr oxi de and m xtures

thereof. 5 15. The fornulation of Caim3 wherein the
non- NN b qusterms® SmhRMAiUN RyBroxide’s
t he g?m‘%%é%"ﬂéh st |6rig?%b]a{j\|’vﬁ§fltemﬁaget_am de (DVAQ Ry

N- et hyalkyl group is selected from the group consisting of methyl, ethyl, propyl,

isopropyl, butyl, isobutyl and tertbutyl and mixtures thereof.

13. The formulation of Claim 7 wherein the quaternary ammonium hydroxide’s
hydroxyalkyl group is selected from the group consisting of hydroxyethyl,
hydroxypropyl and mixtures thereof.

14. The formulation of Claim 1 wherein the quaternary ammonium hydroxide is
selected from the group consisting of tetramethylammounium hydroxide
(TMAH), tetraethylammonium hydroxide, tetrabutylammonium hydroxide
(TBAH), tetrapropylammonium hydroxide, trimethylethylammonium hydroxide,
(2-hydroxyethyl)trimethylammonium hydroxide, (2-
hydroxyethyl)triethylammonium hydroxide, (2-
hydroxyethyl)tripropylammonium hydroxide, (1-
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pyrrolidi none (NWP), dinethylsulfoxide (DVSO),

~_tetranmet hyl ene sul fone, dinethylformanm de,

N- net hyl f or mani de, fornmanm de, di nmethyl -2-pi peri done
(DWPD), tetrahydrofurfuryl al cohol, glycerol, ethylene
gl ycol , hydroxyam des, 10 am no aI cohol s, diols,

pol yol s, (C2- C20) al kanedl ol s, z

al kanef‘W@K)@fOPYBW’P%Y@PEk?ﬁb'mshydé% iethyitegethylagipenium

propy!| ﬁi{;tﬁ'oﬂhé( Cd?éth th%‘ﬂ%ﬁé?ﬂrﬂoﬁbmbxﬁﬁd beAzyltrimethylammonium

4- cycl ohexanedi rre hanol’, gl ycol ether, ethylene glycol
rmnorref"yﬂfpx'@? Red mixtwies eseef gl ycol monoet hyl et her,

et hyl ene gl ycol nonobutyl ether, ethylene glycol
nonophenyl ether, ethylene glycol dinet hyI et her,

o L ki St Mo Sy B sovent
di et hykgBgted frsftthe FRSUPRIoRBIElingLoftRn )E%%zllaeétbwmemwul-methyl

nmonoi sopr o et her di et hyl ene nob et h
di et hy Pvﬁ@'dﬁwoyeéwpmra?@ﬂﬁum earagzeﬁﬁ,(xl stifone

gl ycol dmmﬂﬁyﬁnudet N&ﬁethﬂf@lhbmidén&)rmbm dlmhth;&-tzhybendone

et her, diet e t |
gl ycoI ([PMRQRF! fﬁé}]yd%g@rﬁlé?co%prﬁhp rgh‘yl rl)pi)(ﬂoy hydroxyamides,
gl rftEL hlléhwlrﬂi él@dholsf@lo#ﬁb?]bletn(ﬁhg|O,é??lkaﬁédtilogﬁgd}y:ngtdﬂenetnols,

I ethyl ene co ) et her [ ; ne
gl ycol CY(ﬂ'ﬁ@?Pé‘fv’ﬂ 15@@8{“ ajﬁoé%/’Lﬁ 8r°p¥|f3h?/9[¥ﬁ§| 5%&938"6 alcohol and
mon ft {ml 4-%9&]@(ﬁexaﬁ@dlﬁlbﬁ\anﬁlf Qwuélmrgétywa?]e gt ylonetriethyl ether,
acetate 0 er ro
gl ycol €Hy %@?p@ﬂmgﬂ‘ﬂa‘?é{hﬁﬁf 'WE[“OHBRL@HLF&Y,?V Qfylene
et her,, ﬁb@lnﬁbr&fmelwneﬂfér emﬁ@rw @p%dl diridiieyl ethh, ethylene glycol

| pro en (0] et ro
gl gcof%ﬁy}y 5?\8\6)@&@( cqﬂ%mn ﬁgh%tﬂalp )(;Lsmylene glycol
nonoi SWn@EbHyI @thé}eanetrmd%wbanen@rym letha ntdthylgne glycol

? : ,hS: oﬁiﬂ"@ Eqp§ Fer,{gﬁ%ﬁgrla%dli/lci{%%%txl eetF'ler diethylene glycol

met hOEYno?Tot%@b@WDénheZ-d”&Iﬁ)h@‘)@/glﬂcdvtﬁoabbénzyl ether, dlethylene glycol
2- met hox

th
et h anoId'%ﬁay'ﬁtnﬁru?'%éy‘gﬁgpg{ia dpl e\géyl fgherﬁ}ﬁgtﬂy%e f?lg%(llna?{\omethyl
?f c ?Emel tﬂ@th?l@hélgWlolailrﬁ@thylcéilhe?npdﬂvéthjderﬁe)gly@ceIrrmnbméthyl ether,
romthe

O Shetisdhasa ety pifttber. kil fRog aeptmanametny ether

benzot rEicataty, @thyte@b)dl)ﬁcbl malﬁ)étﬁyl ethepheetate; peopyiene ighyzol reethyl ether
5-nitro-benzotri

am no- Bcatale: gmpgﬁefeg?y&oltm?ré%?tgyl eiher%oH)Benelglycol dimethyl ether,
2, 4- t r ippgyleme glycol monobutyl ether, propylene glycol monopropyl ether,

dipropylene glycol monomethyl ether, dipropylene glycol monopropyl ether,
dipropylene glycol monoisopropyl ether, dipropylene glycol monobutyl ether,
diproplylene glycol diisopropyl ether, tripropylene glycol monomethyl ether, 1-
methoxy-2-butanol, 2-methoxy-1-butanol, 2-methoxy-2-methylbutanol, and 2-
(2-butoxyethoxy) ethanol and mixtures thereof.

16. The formulation of Claim 1 containing a corrosion inhibitor selected from the
group consisting of triazole, 1,2,4-triazole, benzotriazole, 5-carboxylic acid
benzotriazole, tolyltriazole, 5-phenyl-benzotriazole, 5-nitro-benzotriazole, 3-
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hydr oxybenzotri azol e,

2- (5-am no- pentyl)-benzotriazole, 1-am no-1, 2, 3-
triazole, 1l-am no-5-nethyl-1,2,3-triazole,
3-amno-1,2,4-triazole, 3-nercapto- 1,2,4-triazole,
3-isopropyl-1,2,4-triazol e,

5- phenylthlolbenzotrlazole napht trlaz?
t hi azoPBWNO-p-E1&GaRNP-d 2,4 Frﬁi"-ﬂfﬁzb?@é"o E d3pAe'es, thiols,

azi nespy dr%x{)ﬂér E@tﬂhi&?@@z@-%ﬂ@@éh@l) benzotriazole, 1-am|no 1,2,3-
2- mer capt o- ben

zot hiazol e, 4-
2- ner cHﬂﬁZSlehﬂ'@EB'l“? Aranethyl{n, ﬁérﬂaépfyeaé (ﬁ”@'ﬁz g%‘i’l‘{rﬁﬁgi %mf’rcapto-
t hi adi quJ;.ﬁTa%oféhB-qﬁopro%ym Qlﬂﬁbftheﬁ ﬂlﬁ?éri%tihlolbenzotnazole
1,3,5-triazine, thiazole, tri Fe }¥ trang
1, 3- di ﬁéplpfyptﬂgqu%tala%gﬁ$ d@trq:ﬁg%é |m|dazo s, phosphates, thiols, azines,
1,5- pe'Qtrﬂ@F‘ébﬁ)Sb&’ﬁh%hﬁiHéﬂiéﬂzemeﬂchto benzothiazole, 4-methyl-2-
1- phenyl - rrercagtzot etrazole, dia norret{%zo r azine,

mer ¢ aptpag@ﬁlgwq!q;p gTr@ercaqtmh@gglmq @Rt e, 5-amino-1,3,4-

Mer capth@azde- Qltﬁ’ialz ol4ediarhindEs- h&ihyﬂ-h‘lﬁlﬁ-ﬂlaﬁmé rthiazele etridzine,
thiol, 5-amno-1

benzot ﬁneélgygqegaqug |1t§)—pw1et®ﬁ- -%]?fgezggqurwd gZQﬁr%am%tpggrﬁ?tgtrazole
acid, qrgenyics- ﬁffé'rdép&ﬂéttfazoléhGi@ﬁﬂunodibtdymmxlhermee;apt@bémzm|azole

acid, .anthranilic acid, salic) ci,d C a

i m nodimidageve dhipee. MRIFSRIPReNZRIM % 4égf)th?] ‘{zﬂ ?@ ‘ﬁfﬁaéme 3
mal gl C 6l h,alnﬁmmrsl ﬁthmlzfiolem-ttnﬂ"ﬂberﬂomﬁte tritdlglpihosphate,
aci t I C acl nalelc a t

o hydr iHAZO St A Asic. SEgaENs 3ere Sal PSS Rtgtglantine, citric acid.
fruct O%ﬁhhraﬁllmédldl %hﬁ&yh@&dbflabt&; adi, yminbdlalcetlc aCld benzoic acid,
t et r amet uani di ne, anami nel.am.ne

guani nésoP éﬁgﬂ? Agd. mﬂﬁpﬁf@ﬁ&]lmc a%‘g‘f:l'c aﬁﬁf“ﬁ'g fralonic acid,

di met hygheamé aaaerhammhgmwewpmurcesnﬁybsdemésorc.aﬁl digthy!
The fornul ati on of

1 t
scavendwpr%@ﬁ@&eegung?n%{B&ﬁgm% Lﬂ%f'f’ggyf%i)ﬁ gegf
ﬁsgor blt@traﬁtﬁétﬁylg@ﬁuﬁﬁé‘l CHenz@gifahGi‘mW mziateine, @lahlne adenihe,
r oquj none, ro C exan i
aysul ? |"t"89'y%er85p§?1|°9'5f“é& dﬁ"%ﬁ’f'??q %%18 o¢ Uﬁ)gg'%é thEfeot.

thereof. 25 18. The formnul ation of CI aim1 having the

fol |l owi ng conpositi onal ranges water 7 - 99.7 wt%

O ga Am ne/ u

hydr J{<Ql'd'lgcferngsuqat|oEcpf\\;'50“11 r\%w{tg GH o%ﬂe)én V&Ve@@?@lh%ﬁ from the
group consisting of ascorbic acid, catechol, carbohydrazide, gallic acid,
hydroquinone, pyrogallol, cyclohexanedione, hydrazine, a sulfite, a bisulfate,

a nitrilte and mixtures thereof.

18. The formulation of Claim 1 having the following compositional ranges:

DI water 7 -99.7 wt%
Organic acid 0.2 -5wt%
Amine/ quaternary ammonium hydroxide 0.5 -20 wt%
Solvent 0 -70wt%.
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-28 19. The fornulation of Caim1 having the

follow ng conpositional ranges: DI water 7 - 99.7 wt%
Organic acid 0.5 - 3 wt% Ani ne/ quaternary anmmoni um
hydroxide 1.5 - 10 wt% Solvent 25 - 55 wt% 20. The
formulation of Claim1l1 wherein the nolar ratio of

am ne and/or quaternary 5 ammoni um hydroxide to
organic acid is equal or greater tha

1. 21, .Th ,
f or r# &b muiation af Faim Bvs g 1980‘@89\150%‘8&%5‘?'!32[‘1"19??/

conprises a CoWP etch rate no greater than

10 22. RIWeBLf| uori de wet clean fornul ati ongggrwt
renoval oRfanROsdid et ch and ash reS| due franba3wt%
sen conduct or substrate havin WP fea

consi st Amge/ g4atemansgmpogium 3 ide ed vvat{ajl;l'mﬂgétl c

aci d; 1§okeptne sel ected fromthe group caasstsswty. of
triethanol am ne and N- net hyl nonoethanol am ne;

G ycerol; optionally one or nore of a corrosion

i nhi bitor and an oxygen scavenger; wherein the
formulation is conpatible with the CoWP feature and

ei t hgy Tha¥orAfldtiBe oﬂclaﬁiﬁ 1fvaidr@m¢|ﬁe Mbian eatlof anirenand/erajuaternary
provides a pHin the ran

f or mul 2MNRTIYTR Hydrquide Lo E%PP'Bﬁcl%s F’ﬂ“?cik?f g%aler%%an

non-fluoride wet clean fornul ation for renoval of post

etch and ash res d fro ctor r
et 2 he S tsiaisn e Flaim dome el e, COWP et Pl o Bes =
Dei oni zRAvmetchirate- rﬁﬁ;r@tteﬁmene Bhintn.  Tri et hanol am ne;

22. A non-fluoride wet clean formulation for removal of post etch and ash residue
from a semiconductor substrate having a CoWP feature, consisting

essentially of;
Deionized water,;
Acetic acid;

Amine selected from the group consisting of triethanol amine and N-
methyl monoethanol amine;
Glycerol;

optionally one or more of a corrosion inhibitor and an oxygen scavenger;

wherein the formulation is compatible with the CoWP feature and either (a)
the molar ratio of amine to organic acid provides a pH in the range of 7-14; or

(b) the formulation includes a corrosion inhibitor.

23. A non-fluoride wet clean formulation for removal of post etch and ash residue
from a semiconductor substrate having a CoWP feature, consisting

essentially of;

Deionized water;
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G ycerol; optionally one or nore of a corrosion

i nhi bitor and an oxygen scavenger; 5 wherein the
formulation is conpatible with the CoWP feature and
either (a) the nolar ratio of amne to organic acid
provides a pHin the range of 7-14; or (b) the
formul ation includes a corrosion inhibitor. 24. A
non- f | uorPetangieecidl ean fornul ati on for renoval of post
etch and ash residue 10 from a sem conduct or

subst r at eTRRANGH2RINCOWP f eat ure, consi sting

essenti al yc&bi; Dei oni zed water; Ascorbic acid,

Tri et hanol "am ne; 15 dycerol. 25. A process for wet

cl ean r engyhalff orletimdt ©ha @6Ao6MinhROCAIR drf oxygan scavenger,;
sem conduct or substrate having a CoW, feature,

conpr i ginagsin trBrfthlﬂétm lﬁc&ﬂﬁétmﬂlﬂlﬁ:therCMBSédtateand either (a)

having a CoWP feature; 20 Conta rate

L 3 ROl e o SR G GATG artp PRYIcRg  RRLIRGhE Bire of 7-14: o
wat er ; (?tﬁéfbrﬁuﬂa@ibﬁmc@&b@@ cRRESION ifiktber nary anmmoni um

hydr oxi de; wherein the fornmulation is conpatible with

the CoWP feature and either (a) the 25 nolar ratio of
am ne and/or quaternary amoni um hydroxi de to organic
aci d24. 0 RoH-fleside welticlean fdreutation foroémaval 4f post efdh)andhash residue

formul ation i ncludes a corrosian_ _inhi,Rit
proces roavfaefrgmp%ﬁwﬁgﬂrq}e?\ﬁ}gn%s\}%VPEgﬁﬁWg %%s.sTR&
adj acergss@qtanpaer 30 netal feature. -30 27. The

process O&F an @f wherein the substrate includes a
porous | onP'ORFER 8@ i ¢ feature. 5 28. The process of
C ai m 25 ab&recacidhe tenperature during the contact is
in the . .

Triethanol amine;

Glycerol.

25. A process for wet clean removal of post etch and ash residue from a
semiconductor substrate having a CoWP feature, comprising;
Providing a semiconductor substrate having a CoWP feature;

Contacting the substrate with a wet clean formulation comprising
Deionized water,

Organic acid,

Amine and/or quaternary ammonium hydroxide;

wherein the formulation is compatible with the CoWP feature and either (a) the
molar ratio of amine and/or quaternary ammonium hydroxide to organic acid
provides a pH in the range of 7-14; or (b) the formulation includes a corrosion
inhibitor.

26. The process of Claim 25 wherein the CoWP feature is adjacent a copper

metal feature.
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range of 20 to 45C. 29. The process of C aim 25
wherein the contact is conducted for a tine interval
in the range of 0.1 to 5 mnutes. -31

27. The process of Claim 25 wherein the substrate includes a porous low
dielectric feature.

28. The process of Claim 25 wherein the temperature during the contact is in the
range of 20 to 45°C.

29. The process of Claim 25 wherein the contact is conducted for a time interval
in the range of 0.1 to 5 minutes.
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