TITLE OF THE | NVENTI ON:  WET CLEAN COWPCSI TI ONS FOR CoVWP AND POROUS
Dl ELECTRI CS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
present application clains the benefit of US Provisional Patent
Application Serial Nunber 61/138,244 filed 12/17/2008. BACKGROUND CF
THE | NVENTI ON [ 0002] One of the many chal | enges faced during
continuous scaling of integrated circuits (s) is to achieve
acceptabl e electromgration (EM re/lability for Cu interconnects.
One way to address this challenge is the deposit of a netallic
capping |layer on Cu upper interface. The el ectrol ess deposition of
cobal t tungsten phosphi de 10( CHY/BRT TafpedEdNteNbe t he nost pronising
candi date as a capping layer for Cu netallization 0003% The
successful i r‘r[WEﬁéﬁ{Eﬁ\l SRAMBTOTHRNS RSP AP Pé?ﬁéU%r?' hEGPHRIGR zed
deposition, but also on a conplete CoSIVP conpatible integration
processi ng, which includes wet clean processing. However, the common

sem_aqueots 11 uor | o A ELRRSL - ASeRT RPN pee o G (VP

CoVVWP | ayer during the wet clean process. [O See. J, uer haas, ..
Reduced J0paLh Erasery picues eipe Rrenctrt e LR A 2R eRgRton
SEI VI ATECEEL&NuagRr Biaparat ifika 1@my/osani ng Conference, March 23-25,
2009. 20The present invention discloses wet dean formul ati ons which
denonstrate proficient cleaning on CoVWP exposed patterned wafers,
while maintaining CoVIP integrity, as will be disclosed nore fully
bel ow.5 BRI EF SUWARY OF TBAJKGADITNONDE T6ESNVENT IPNesent i nventi on
is a wt clean fornulation for renoval of post etch arid ash residue
from a se[tooend0Oet of treuhsty ctatie gasi facedad CoytcoRtifumat sc@inged medrsiedg:

5Dei oni zed water.; O i.c add; ' Of .. » '
nydr oxi gecreit ARst 18 SEhE ¢ Boral R et Qe ol AR (v
f eat ure amteredrideers. Oag vitdyeo antiass trad creallefigeaisitine depmditof acgquetalés nawpng
: roxide to : Cd . ' )
T or B Shk0 Pab e RErRGH TR oE Ry Bull o BaithBRsh BRBGH R
The pr@se(toWRyapidagantoi (g thk $osa ppmusieg safiddatees adeaningdaey &r Of post

etch and ash |lreﬁi due froma sem conductor substrate having a CoWP
feature, EGHYELPhg: Providing a sem conductor substrate having a

CoWP f eat : tactin he substrat j j LS|
ToDei on 2907k aPe SRR L MEITHARAIH & i dBodRiHotd 06h SR BRI 5680
hydr oxi defepositisihebeti atsd drea EompleteaCo'di ¢anmaditsantieptasionicrdressieg, Golgh 11)
feature and, ei t he a) the | ratj i :
brmoni um Ryiees habceah sigEsTRe Hpdeh by SefhaaRio S Bb RIS @ Yoers
7-14;1®r @6h) didted hpdrolbaiciaoi (D) sttepes areiraosinahbleniindd WP, WBRh EF

DESCR PTi gc}lmgéte%Er\é%ﬁ%A\‘/lé trYé E\é\ﬁlﬂ;y&]—!ﬁjrw Wg}?’clei\rpgr%zésscow
[0004] See J. Lauerhaas, Reduced Oxygen Cleaning Process for Advanced Cu/Low-k

Integration, SEMATECH Surface Preparation and Cleaning Conference, March 23-25,
2009.

20  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.



25 CoWP cap is a scanning electron mcrogra(SE.M of a patterned
waf er having a th- before any cleaning chemcals are contacted. 1 is
copper layer, 2 is tiaver,is via hole and 5 indicates post etch/ash
residues. (00081 F.K3 2 is a SEM of a patterned wafer having a

Ct oki NP canning | ayer after cleaning with a fornul ati on of the
present invention isonprissig Fix. 2 Atp,,r21028..85G at 25C and 2
m nute5 of contact. 1 is eRpESUMIYARRY GF TEEQEVERTEZN 'q la riit LU
layer, 4 is via noie and 5 indicates goat etchiash residues, [0009]
FIG 3 is po6EM viie prepaiittievenaoh waf wet diean fognaat@oMuPrecaqypl ofgpostigteh and

after cleaning with a fornul ation pf the pres Lnvention conprising
Bx 3 AVDIOPESEER T e ARG s reHaT e BRTRE A vy At B oer
21is %)WP capBi.na. Ig}é/ve{ .3 is ILD layer, 4 is via hole and 5
i ndi cat es post C8PERFALA Y esi dues. [0010] FIG 4 is a SEM of a
patterned waf ef havi ng,.a CoWP capping |l ayer after cleaning with a
formul ati on of fgr?é"cp? ent invention conprising Ex. 0 AW1028-67E at
25C and 2 m nuies. O ' ver, 2 is CoVWP cappin
ARhLindF B nary hinGRRR Bl Rer . ppi ng

| ayer, 3 is ILD I'ayer. 'S Vi e and tes post etch/ash
resi dues. wLOQnl rhifiatiohSs Gridiile fin MeRAE HRGRLRSNOAY) i AoleP VP
cappi ng | ayér arter cleaning wth a fornul ation of the conparative
art conpr iaip g aBorepandix . quateDiHFy @8BMMYM AydrRgite © aigani@cstrendss afH in
cont : i 0 i r i - i Y EEhitaaok S | LD | ayer,
it ﬂ?c?lrénggen%ﬁ?'n%?(@é[’%ﬁr@g”sat%%fﬁ‘?jgg ﬁrbr%éﬂsoug'éﬁé"sh.'@tﬁl&TAl LED

DESCRI PTI I - , '

fluoride @t}jrol piﬁgp%ﬁ%ﬁﬂg?ﬁ%%géébﬁ%gs ﬁ?ggggtgﬁﬁé\}@\?tngﬁ%%fgh;ﬁg
sever e CoW @sldugdrogad samicondunterasiosinate naviop et GAXP feathe, ppraBesitg:

i nvention discloses wet clean formul ations, which effectively

m ni m ze CoVWPPawitingan deConpd @iorgalostaaie havios edse R feteld ecti vel y CowWp
conpati bl e), denonstrate proficient cleaning on Cullowk patterned
waf er with andCantaktng thesvivrrate smth edoamdat/e@™i§iNgal 20i npact to
porous |owk dielectrics. Preferably, the CoVWP conpatibility
represents a CP¥\@Pizediatdterate no greater than 2.5 /min. [0013] This

i nvention discloses non-fluoride wet cleaning frornul ations suitable
for post etch &hgersacidiesi due cleaning in IC integration processes,
especially for CoWP intergrated processes. The fornul ations conprise
dei oni zed” wat e ANTIPN/B G EaYAYMRHERYEIFO4d%e salt thereof, anine

arid/ or quaternary amoni um hydr oxi de and_so]l vent. The pH of the
conposi ti Bhefedn thefarmydationds genpatiple with & %?Wgtféiawe ?ﬁ%ﬁ‘%ﬁﬁéﬁ%”&?@f
used if a, gRrdresliahdbi iddhadySanihesemnthydtdeAb oRyartoatid prdvideg at giein
formul ati on pH, solvent and solvent/water ratio the C'P etch rate
and COWPHaragas ohfrilé: ¥dPt bsifemuaRneCHHesi Y ERF O BHRE™ The
conpositions can be m xed by adding sequentially. DM, organic acid,
am ne and/ or quaternary anmoni um hydroxi de, and sol vent at room

tenperature. The salt of organic i 1 ry
anmoni um hydr oxi O%R'EErP%%g?%ﬂnr‘éH (?Fflbgvgma\ml;’ﬂgs ﬁl%ld]lﬁé Pg%%gﬁ‘{)é?am ne
and/ or quat ernar moni um _hydr oxi deor gani ¢ " u reater
than 1 or LG €Y@t BooHATIR SRt e Brrayant (e oimeg BRI R PETRY fe
conposi t i orsVRESspifXiaydi bAVRINR8ASBH gDihewai ey 46, B6tastdko Adetomper layer, 2 is
aci d0. 54 wt % TEA2. 8 vvt%(gi.g/ﬁ_%roi 50 Wt%%T’EA = ér h QI ar‘q’ qa1)] Eﬁ( .
AV. / 2.%@28-% capping layer, 3'i layer, 4 s via holé and 5 indicate’s post etc /ash fesidues.
[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 CoOWP capping layer, 3 is ILD

layer, 4 is via hole and 5 indicates post etch/ash residues.




EN wat er 55,45 wt, 4.1 Acetic acidl.05 wit% TEA3.5 wt % d ycerol 40 wt %
Ex 3: AW21028-551-1 Di water.57,27 w % Acetic aci d0. 63 wit% TEA2. 1
wt % d ycerol 40 wt % Ex. 4: AW21028-90A DI water17,86 wt % Acetic

add0. 84 wi % NVEAL. 3wl% d yceroi 50 wt24.1 Ex. 5: AW21028-66F DI
wat er 96. 69 wt % Acetic aci d0.42 wt % TMAH (25% 3. 16 wt % ( TMAH (25% =
t et r anmet hydoasj r meB i3 BENT ehd sheter2bvafquienirsy s GbWwH mp)oir@E[ayer&fter

AW21028- 6|7E DI r65% th%?OCta . c add2 wt % Eﬁ%%ﬁt\ 8
d ycerol WEGEERY Wit a A PSR YPEE IR GBS THr i ¢ %.@éat
wt % TEAL. 35°Qnéidd ﬂwmeesabf%nwtc%ﬁx pop&)erk\&ﬂiﬁsm Bhppived ey &4 38910t %
0
Ascorbi ¢ %?/gr245|32w aE'%ZE m%ch s/pgsye%eh/ash resi ues

5 [0010] FIG 4 is a SEM of a patterned wafer having a CoWP capping layer after
cleaning with a formulation of the present invention comprising Ex. 6 AW21028-67E 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.

[0011] FIG 5is a SEM of a patterned wafer having a CoWP capping layer after
10  cleaning with a formulation of the comparative art comprising Comp. Ex. 2 DHF (800:1)
at 25°C and 30 seconds 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.

DETAILED DESCRIPTION OF THE INVENTION

15  [0012] The common semi-aqueous fluoride strippers and DHF strippers have high
CoWP etch rate and severe CoWP/Cu galvanic corrosion. In contrast, the present
invention discloses wet clean formulations, which effectively minimize CoWP etch and
CoWP/Cu galvanic corrosion (collectively CoWP compatible), demonstrate proficient
cleaning on Cu/low-k patterned wafer with and without CoWP feature and have minimal

20 impact to porous low-k dielectrics. Preferably, the CoWP compatibility represents a

CoWP etch rate no greater than 2.5 A/min.

[0013] This invention discloses non-fluoride wet cleaning 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
25  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.

30 [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-

= B~



Ex. 9: AW21656 -29F DI water53.98 wt % Ascor bi c add2.52 wt. % TEA3. 50

w % G ycerol 40 wt% Preferred ranges: D water 7 - 99.7 wt % Organi c

acid 0.2 - 5 wt% Am ne/ quaternary amoni um hydroxi de 0.5- 20 wt %

Solvent 0'- 70 wt% Most Preferred ranges: DI water 7- 99.7 wt%

Organic add 0.5 - 3 wt % Am ne/ quaternary ammoni um hydroxide 1.5 - 10
Wt % Sol vesitu. 2he mdbdy rtidof aﬁmEﬁeﬁWbaquatahgejrdnmnamummydfdmmp oEganipd@s is

of organi ¢ %il ds be aI atl g aro tic ?o&yl i c adds, am no

car boxyl i BI'& P98 n q’ﬂ)@ﬁ aci d. Exenpl ary

car boxyl i d Iud ut ar. not limted to, acetic acid,

pr opi oni cfogggj Em@@?vﬁ%&wﬁ‘@ﬂ?ﬁ% T®acid, 3- nmethyl butanoic add,

hexanoi ¢ aci d, heptanoic acid, octanoic aC|d nonanoi ¢ aci d, decanoic

aci d, dodecanoic acid, tridecanoic add, t et r adecanoi ¢ aci d,

pent a ca decanoi ¢ aci d, heptadecanoic acid,
de é@?%%zg'bgfgﬁ noi ¢ aci :

octadecan anedi oi ¢ acid, 2- rnethyl heptanoic acid,
2 hexylde ﬁdﬁﬂép aCI9638§ﬁ¥IC acid, maionic acid, naleic acid,

:nano acid,” succini ¢ acid, itaconic acid, glutarlc aci d, adeIC
aC| d, maiiAceticiadid t abBamites 15aci d, acrylic acid, nethacr yI ic acid,
citric aC|thJ actic §%N$V glycollc aci d, ascorblc aci d, anthranlllc
acid, dallic acid, bénzoic acid, |sophthaI|c aci d, phthallc aci d,
trlneII|t|GWQﬂpU pybomtiél litic acid, salicylic aC|d 2, 4- dlhydroxy
benzoic acid and ot hers. Exenplary anino car boxylic aci ds i ncl ude;
but are not Iimted to, giycine, dihydroxy ethyl glycine, alanine,
val i ne, | { be, gLne, glutam ne, aspartic aicd, glutaric acid,
| ysi ne, a?g?%iﬁg?ﬁ%ﬁﬁﬁﬁgggdiacetic acid, nitrilo triacetic acid,
et hyl enedi arnine tetraacetic acid, 1,2-cyciohexadiam ne tetraacetic
acid, diethylene triarnine pentaacetlc acid, and others. Exenplary
sul t oni cl &mi AidSUPT@R@G@ci ds include, but are not linited to, berizyl
sul fonic t ol ) fonic acid,
2- (N—nnrpﬂg |no?etha§22§ znlc aci d, N—(2-
hydroxyeth&g@pﬁ@Kh2|ﬂéBNWJQethanesulfonlc aci d),

3-[N, N-bi s{25 hydr oxygtiyf) am hoj - 2-
Glycerol 40 wt%
10

Ex. 3: AW21028-85H

DI water 57.27 wt%
Acetic acid 0.63 wt%
TEA 2.1 wt%
Glycerol 40 wt%

Ex. 4: AW21028-90A

DI water 47.86 wt%
Acetic acid 0.84 wt%
NMEA 1.3 wt%
Glycerol 50 wt%

15  (NMEA = N-methyl monoethanol amine)



25nydr oxypr opanesul foni ¢ aci d, 4-(N-norphalino)butanesuifonic, acid,
N- (2- hydroxyet hyppi perazi ne- NV- ( 2- hydr oxypr opanesui foni ¢ aci d),
N-(2- hydroxyet hyl ) pi perazi ne-N - (3-propanesul | oni ¢ add),

2. -(Ncycl ohexyl am no) et hanesul foni ¢ add, and ot hers. Exenplary

am nes: [0018] Exanpl es of am nes nay be aliphaticiaromatic primry,
secondar yExt®mvaropss®mm nes, di am nes and triarni nes, al kanol am nes,
alcycflc i nes, hetergcycljc am nes and hydroxyl am nes. Exanpl es of
am nes i niﬁd’&%@f met hylg%f#%g{,%et hyl ar ni ne, propyl am ne, butyl am ne,
rnonoet hanadesic acine, r M#®WEBPr ooanol arni ne, 2-(2- am noet hoxy)

et hanol , dinget ni diet hyl am ne, di propyl am ne, di butyl am ne,
di et hanoi M‘é@éﬁ nmet i'/‘? Wi-:'o‘ghanol arni ne, N-ethyl ethanoiarnine,
irinmethylamne, 10triethylam nea tripropylamne, tributylam ne,

N, N- di et hyl et am.ne. N N-diethyl ethan 1N |

i ot hanol SAA LT iR ReRLAY v 2afmehBpuns MR

cycl ohexyl am ne, dicycl ohexyi am ne, pyrroie, pyrrolidine, pyridine,
rnor phol i pe, .. i i perl di ne, benzyl am ne, di benzyl am ne,

N- net hyl Eénezmmzﬁgme&- et hyl benzyl am ne and ot hers. Exanpl es of
hydr oxyl anbinestet hat neg6.dewttsed in the cl eani ng conposition
15descri bed her.ein include; hydroxylam ne or al kyl-substituted

B I

derivat e& aﬂ?&?&?yl a , such as, without limtation,
hydr oxyl anf®e, N-net hy2.5awteoxyl ar ni ne, N, N-di net hyl hydroxyl am ne,

N, N- di et hyl,, hydr oxyl ai fi ng, and ot hers. Exenplary quaternary ammoni um
hydr oxi desélyf%aﬁg] Exa%apwg/'g of quaternary ammoni um hydroxi des nmay he

t hose conpounds 20having the fornmula: [NR RRR3RS OH wherein Rl. R2.
R3, and R iare each independently an al kyl group, a hydroxyal kyl
group, and conbinations thereof. The term"al kyl" as used herein
refers toEstT.aiWht6aer2958 anched chai n unsubstituted hydrocarbon groups
of 1 to 20 garbpn ator’rg' Qgﬁmpreferably from1l to B carbon atomns, or
nore pref eP W?S? from1 53(9) Carbon atons, 25[0020] Exanpl es of

sui t abl e ahkgdrbigmoidps 2.62MdWe; nethyl, ethyl, propyl, isopropyl,
butyl, iso I:i'}\yl and te“ﬁ?%%" [ 0021] The term "hydroxyal kyl" as used
herein refers to strai ght 'or branched tansubstituted hydroxyiai kyl
groups conGaicaiohg hydréCatton groups of from1l to 20 carbon atons, or
preferably from1l to 8 carbon atons, or nore preferably from1 to 4
carbon 30at ons, [0022] Exanples of suitable hydroxyl ai kyl groups

i ncl ude hydr ox ~@hd hydroxypropyi, [0023] Exanples of suitable
guat er nar ﬁa%‘%&éi@%@% oxi de conpoundsi ncl ude; tetramethyl anmouni um
hydr oxi de DTivAldy, tetraeBBwt@nmoni um hydroxi de, tetrabutyl am rnoni um
hydr oxi de ~letr yl arrimoni um hydr oxi de,

trimethyl e%\%-y am?t():Fr?i urg'%%s/gr/‘)oxi de, (2-hydroxyethyptrirneth;

yl ar ri noni GBAhydr oxi de2.5Q2vt%hydr oxyet hyl ) tri et hyl ar nmoni um hydr oxi de,
(2- hydr oxy riprop noni um hydr oxi de,

(1- hydr oxyggw(%ytl) tri rre%({%?/‘}lg%i rrnoni um hydr oxi de,

et hyl @i net hyl arri nmoni um hydroxi de, di et hyl di net hyl ar ni noni um

hydr oxi de and benzyl tri met hyl ar nnoni um hydr oxi de. Exenpl ary sol vents:
10[ 0024] Exe9fANRNGZR-PYNs di scl osed herein may contain at |east one
organi ¢ pohar sal vent, sthat .i,s preferably water-sol uble. Exanples of
organi ¢ polar sol vents nmaybe am des and sul f oxi des, Exanpl es of

or gani ¢ pokagorbislagisht s2iS@oititlde, but are not limted to,

di met hyl ac m de ( DVAG) t hyl pyrrolidinone (NNW;

di nmet hyl suﬂzgxi de (DrV|§'s5g)V{,>rlo/{T§t ramet hyl ene sul f one.

di met hyl f ofStweerdlde, N- ABMAYl f or mani de, fori nam de,

di et hyt - 2- pi peri done (DVWPD) and ot her am des, al cohols or

sul foxi des, or multifunctional conpounds; such as hydroxyam des or
am no al cohols. [0025] Further exanples of the organic polar solvent



propyl ene glycol dinethyl ether, propylene glycol nonobutyl ether,
propyl ene gl ycol nonopropyi ether, dipropylene glycol nononethyi

et her, dipropyl ene glycol nonopropyl ether, dipropylene glycol

nonoi sopropyl ether, dipropyl ene glycol nonobutyl ether, diproplylene
gl ycol diisopropyl ether, tripropylene glycol nnnanethyl et her.

1-rnet hoxy-2- butanol, 2-nethoxy-I|-butanol, 2-nethoxy-2-nethyl butanol
and 2- ( 2- budferxgtetahgxy) et hanol . Cbnparatlve exanpl es: [0028]

Conparati vy, hE%érl DHF (100:1) D water99 mﬂW’HE%??é%g @610[0029]
Conpar at i C2 DEM/(800:1) DI water799 w % | wt % [0030] The
sunmary ofO@bohacait es ("ER) of Co, CoVWP an@.2GuS5at® provided in
Table 1 aq? Intdeternlnlnﬁ ﬁ deand Cu §é¥ 263&& t he wafers had
a bl anket 'QV&{Q%%mQaWﬁHWHO? W £¥§ deposi t upon i't. The initia

t hi ckness @divdariie waf er was determ ned 15usi n§ -+ HewCGbE ResMap 273 Four
Poi nt Probe. After determning the initial thickness, test wafers
were immersed in the wet clean fornmulations. After five mnutes, the
test wafe fromthe wet clean fornulation, rinsed for

t hree nin&?@ﬁsﬁf%ﬁﬁgg%ﬁgized wat er and conpl etely dried under

ni t rogen. i ckness of each wafer was S oJhe procedure was
repeat ed d?h%ﬂgpzo 40. and 60 m nutes of gg@ogg?gm Thi ckness

measur erTen(DEgamrae:lodet ermined at each tinme iMé~dar%nd graphed using

| east WQE ults fpg _egphogc! ean
fornulatldﬂHﬁ§ﬁ u%%ﬁ@r ﬁhnﬁﬁﬁbﬂﬁg&ﬁfhe Ieast squé?es fit" nodel of
each conpoSoélvérdn is the resultant etch rate #Frovbadé® in
angstrons/ mnute (Airnin), In deterrnionind the CoVWP etch rate, the
filmthi ckness could not easily be neasured by conventi onal

el lipsorr ecause the Col .NP fiins were very thin and
t he underF@%ﬁB@mgﬁg%ldr@efl ection of the incident beam As an

al t er nat i ¥&917] h&xapeles of panic geisisenay ¢ alfbepy/asmatiieatnpic s AR

nmeasur ed

formul ati @grbgi&th %%Hkg@fo%o% rgjs adplgtggﬁl?hﬁrhc'id‘ E%Mvgg c?hﬁ%glg:eadcmisn

t he 500 ninchide, bdtane aDUtﬂnltﬁ@ttocﬂl@aﬁ atigr prapanicass!, QHU“t? RE PRI GRCIad

noni t ed rent

from 9(:3mde @Ibl}térﬁc aJF 0| aid Kﬁ’et%ﬁeé 67‘%!:18 o%t%mf g&%mﬁgﬁgfa?@

et ched, t Wecaénadd, rd@decarmft @wﬂ itadledagoisianid) tatragecangic Fyd. MEPiaAgCanee

tinme it t s r So.
7 AR T Sl 8 s b ok

the gal vamethyimﬁptmc atid ColvaAydesan @i agidupiadc aplﬁemlg@pg:rﬁqlqa|malelc acid,

pol ari zat lftﬂﬂamcm?%%&ﬁlg 2t Ité(ﬁ) %ﬁéﬁ@ﬂ%léé@d Ca‘aifd'l@%l@rlﬂ&l%ra{(ﬂ“tarfgnc

CoWP in a gal vani'c couple in contact with the various
wet cligan atior acrylat a@snetrmrylm anirk sitricand | | petisracgl o8GRk aqﬂ @sggrbie arid,

cm) was ipes |?cdad|&1rg§ﬂlg 44 Béd%% % hftﬁyle"élslat biXRaiRt a1 B8 fitic acid
tenperature un a al'r-sat urated con ns Wth strong agitation (600
RPM) . Cat Ingdintelldigraceshsalgsbc adier?, épmyﬁ@dy feoric a¢idgnd @era. Bxegylagy 3®ER
The pol ar C2aek iy BUUE2RRE b it iARed QBA0E, b FBLEDED SIAfE ShiPe.
zero cur r gntnalénsineyagiaesne, lwtammeosssmth)@s@rqwtanc pEddysine, argiaine, imino
currept defsif Ié’?@l& r“? fo frialetie aﬂ:ﬁi %‘hy@ne%Wr% t%’ﬂ'gagghc%koaﬁ'Zzé\}do‘Pl@xadlamme
curves gives current den Cu couple

(0031] Tamteaalzesm@m dlﬂavlenﬁélamame @ﬁeréaapeﬁléraﬁ@l ang @W@rsoﬁxﬁmé@éht

i nvention nﬁefrﬁc/%ﬂﬁﬁr uﬁlcﬁ\% £dad ﬁ'\El%ge O&t%ge n&qlwbtee'?g t@'ﬁz?@@lfbrﬂ%&d p-
gal vani c curren ensity conpare Table 1
and Tabl e t@uetrowlfohigtaci, [2-(ethowhekip) ¢f6ﬁﬂ%ﬁbﬁpﬂ'éﬁ§'dof“ ®he present

i nvention i
for Cowp hpﬁli(%é H?fﬂbé?é?hgw %étﬁShés@Ff@m@Qc@P‘é\{H N%;@Jgédtjrgxﬁﬁgﬁgiﬁidéﬁ
CoVWP2{af éwsroapierogenesiiots a@plcfrr Naw@hfmné tEFtﬂSH’tﬂ’fa‘? PYRASNBH CoCovvP

hydroxyethyl)piperazine-N'-(2-hydroxypropanesulfonic acid), N-(2-

-6-



etch rate etch rate etch rate current density (AVmn) (A mn)
(AAmn) (Alern2) Conp. Ex. 1 Didici (100:1) NA 109 14 7 2.2E-04 Ex. 1
AW21023-83H 7.33 13 1.5 3.25E05 Ex. 2 AW21028-85G 7.4013 4.5E-05
ExAW21028-85H 13 1 6E-05

10

15

20

25

30

hydroxyethyl)piperazine-N'-(3-propanesulfonic acid), 2-(N-

cyclohexylamino)ethanesulfonic acid, and others.

Exemplary amines:

[0018] Examples of amines may be aliphatic/aromatic primary, secondary, tertiary
amines, diamines and triamines, alkanolamines, alicyclic amines, heterocyclic amines
and hydroxylamines. Examples of amines includes methylamine, ethylamine,
propylamine, butylamine, monoethanolamine, monoisopropanolamine, 2-(2-
aminoethoxy) ethanol, dimethylamine, diethylamine, dipropylamine, dibutylamine,
diethanolamine, N-methyl ethanolamine, N-ethyl ethanolamine, trimethylamine,
triethylamine, tripropylamine, tributylamine, N,N-dimethylethanolamine, N,N-diethyl
ethanolamine, N-methyl diethanolamine, N-ethyl diethanolamine, triethanolamine,
cyclohexylamine, dicyclohexylamine, pyrrole, pyrrolidine, pyridine, morpholine, pyrazine,
piperidine, benzylamine, dibenzylamine, N-methyl benzylamine, N-ethy! benzylamine
and others. Examples of hydroxylamines that may be used in the cleaning composition
described herein include; hydroxylamine or alkyl-substituted derivates of hydroxylamine,
such as, without limitation, hydroxylamine, N-methyl hydroxylamine, N,N-dimethyl

hydroxylamine, N,N-diethyl hydroxylamine and others.

Exemplary quaternary ammonium hydroxides:

[0019] Examples of quaternary ammonium hydroxides may be those compounds
having the formula: [N-R4RzR;:R,]" OH, wherein Ry, Rz, Rs, and R are each
independently an alkyl group, a hydroxyalkyl group, and combinations thereof. The term
"alkyl” as used herein refers to straight or branched chain unsubstituted hydrocarbon
groups of 1 to 20 carbon atoms, or preferably from 1 to 8 carbon atoms, 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.



Ex. 4 AW21-25-90.A. 9.25 4. 5E-07 Ex. 5 /WL21028-66E; nx. 5
1Pi Al 21023-97E 2. 2E05 3.25E-06 ONA: n Ot iwailable pH
determ nations were nade using ri aqueous solutions at anbient te

per at t

Table 2: Etch rate data on bl anket Co, CoWP and Cu wafers

Cl ean Fornul ations pH Co CoVVP Cu etch rate etch rate etch rate
(A mn) (440P3N) EkévnbieB)of EXitable AAVerhesGmAA&HuUAHY diRikie Tothpounds include;
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tetramethylammounium hydroxide (TMAH), tetraethylammonium hydroxide,
tetrabutylammonium hydroxide (TBAH), tetrapropylammonium hydroxide,
trimethylethylammonium hydroxide, (2-hydroxyethyl)trimethylammonium hydroxide, (2-
hydroxyethyl)triethytammonium hydroxide, (2-hydroxyethyl)tripropylammonium
hydroxide, (1-hydroxypropyl)trimethylammonium hydroxide, ethyltrimethylammonium
hydroxide, diethyldimethylammonium hydroxide and benzyltrimethylammonium
hydroxide.

Exemplary solvents:

[0024] The formulations disclosed herein may contain at least one organic polar
solvent, that is preferably water-soluble. Examples of organic polar solvents maybe
amides and sulfoxides. Examples of organic polar solvents include, but are not limited
to, dimethylacetamide (DMAC), N-methy! pyrrolidinone (NMP), dimethylsulfoxide
(DMSO), tetramethylene sulfone, dimethylformamide, N-methylformamide, formamide,
dimethyl-2-piperidone (DMPD) and other amides, alcohols or sulfoxides, or

multifunctional compounds, such as hydroxyamides or amino alcohols.

[0025] Further examples of the organic polar solvent include diols and polyols such as
(C,— Cy) alkanediols and (Cs— Cyo) alkanetriols, cyclic alcohols and substituted alcohols.
Particular examples of these organic solvents are ethylene glycol, propylene glycol,

glycerol, tetrahydrofurfuryl alcohol, diacetone alcohol and 1, 4-cyclohexanedimethanol.

[0026] The non-aqueous solvents enumerated above may be used alone or in

combination with two or more solvents.

[0027] In certain embodiments, the organic polar solvent may comprise a glycol ether.
Examples of glycol ethers include ethylene glycol monomethyl ether, ethylene glycol
monoethy! ether, ethylene glycol monobutyl ether, ethylene glycol monophenyl ether,
ethylene glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monopropy!
ether, diethylene glycol monoisopropy! ether, diethylene glycol monobutyl ether,
diethylene glycol monoisobuty! either, diethylene glycol monobenzyl ether, diethylene
glycol dimethyl 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 glycoi monethyl

ether acetate, propylene glycol methyl ether acetate, propylene glycol monomethyl ether,

-8-



Ex. 8 AW21658-29H 7.13 5 1 1 1Ex. 9 AW1658-29F 7.66 33 <1 C

(00321 The summary of cleaning data, along with the exposure
tenperature and tinme, are provided in Table 3. The test wafers are
post etch and ash patterned wafers 10featuring trenches and vias in a
Cul Col(VP/i LD stack. In this procedure, one or nore test wafers were
pl aced i npaod§RAemylcbi dilkbeiy! &k, phgleae glyltat meesbudil Bedr,406pydneadlyeich
wet clean fornul ation. The goo m Eeaker‘#}1 rther .included a 1" stir
bar ¢ hat PGP helo B PRBY BRSBTS e FRBPYire glvEalimoroerdpy
f?r {rﬁl ati @n&r,fwmbpgem&glwanwdosbpgmgtahmdigltdwree'ergmerraommwl leeat ed

a etinmne a t enperature proyi in Table 3. Afte xposure to
The. 15wet RSV PYS ST Sapromha ek pRyeTs Eed mecerenT KPGE o b2
wat er &and bdtaner 2whéthoxy-1-bogenl, gasethdiye2-wakrefsitavwl end €2vatbxyethpxyvi de
an edge, tg%?1 anrri ned usi ng scanni ng el ectron mcroscopy (SEM on a
varieltly of"5"&: det ermi ned | ocations on the wafer and the results were
visual ly interpreted for cleaning performance and CoVWP

conpat i bi | otmﬁaPalt%leéa@p ows Conp. Ex, 2 DHF (800:1) conpletely deans
tlhe rlesi SQMMamthmmw&)i heoHoMdB: l)ayer at 25" C130 second. This
clearly deppnstrates th DHE is inconpatible to CoVP cappi ng | ayer
The wet cl @EWa?Br mul z?lbﬂggr{“s of the present invention, corrpﬂosi gg, iyn
this instanEet9sg, 2 AWNRAWD28- 85G and Ex. 6 AW21028-67E conpletely

cl ean residues wi thout undercutting the Cc.)).NP | ayer at 25Cl12 min.
These results denonstrate good cl eaning efficiency and CoVVP

conpat j bi | j of. t he t <l rul ati ons of the present
invenbpon.[baéﬂblceonfﬁar%ﬁ ar:ﬁcl' %%%ﬁ@rﬂ;nce of patterened CoWP wafers
Cl ean For nDl abieons TeWp.wiTi me CoWP patterned wafer (C) (mn)

Cl eani ng pﬁﬁ&r%’sance 1 V(\&g/(\)/\P

[0030] The summary of etch rates (“ER”) of Co, COWP and Cu are provided in Table 1
and 2. In determining the Co and Cu etch rate, the wafers had a blanket layer of a
known thickness deposited upon it. The initial thickness of the wafer was determined

16  using the CDE ResMap 273 Four Point Probe. After determining the initial thickness,
test wafers were immersed in the wet clean formulations. After five minutes, the test
wafers were removed from the wet clean formulation, 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.

20  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

25  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

-9-



conpatibility Conp. Ex 2 DHF (800:1) 25 0.5 no residue CoWP renoved

Ex.

1 AW1028-83H 25 2 slight

resi duesl i ght undercut Ex. 2

AW21028-85G 25 2 no residue no undercut Ex. 3 AW21028-85H 25 2 no
resi due slight undercut Ex, 4 AW1028-90A 25 2 sone residue no
undercut Ex. 5 AW21028-66F

5

10

15

20

sl i ght

_ resi duesli ght undercut Ex. 6
AVW21028- 8 (hdérRfn2CMOAT ©8ipdine wherdUthe €y is completely etched, the open circuit

potential is similar to Cu. By noting the time it takes to reach the Cu OCP and knowing
the starting thickness of CoWP layer, the CoWP etch rate can be determined. In

determining the galvanic current of COWP and Cu couple, the potential polarization was

carried out to determine the corrosion current of CoWP in a galvanic couple with Cu

when in contact with the various wet clean formulations. The blanket CoWP or Cu

substrate (2 x 2 cm?) was immersed in 500 ml of wet clean formulation at ambient

temperature under air-saturated conditions with strong agitation (600 RPM). Cathodic

current was then applied from -1 V to 0.1 V at a scan rate of 10 mV/s with respect to the

Ag/AgCl reference electrode. The polarization curves are plotted as Tafel plots.

Extrapolation to zero current density gives the corrosion potential (Ecorr). The current

density at the cross point of CoOWP and Cu polarization curves gives galvanic current

density of the CoWP and Cu couple.

[0031]

Table 1 shows that the wet clean formulations of present invention have lower

etch rates on Co, CoWP and Cu and lower galvanic current density compared to Comp.
Ex. 1 DHF (100:1). Table 1 and Table 2 show that all wet clean formulations of the

present invention have superior low etch rate on CoWP, which is essential for CoWP

integration.

Table 1: CoWP Compatibility data on blanket CoWP wafers and Co and Cu etch rates

Clean Formulations

Comp. Ex. 1 DHF (100:1)
Ex. 1 AW21028-83H

| Ex. 2 AW21028-85G
Ex. 3 AW21028-85H

Ex. 4 AW21-28-90A

Ex. 5 AW21028-66F

Ex. 6 AW21028-67E

NA: not available

pH Co CoWP Cu Galvanic
etch rate | etch rate | etch rate | current density
(A/min) (A/min) | (A/min) (A/em?)
NA 100 | 14 7 2.2E-04
| 733 | 13 | 15 2 3.25E-05
7.40 13 2 2  45E05 |
7.32 13 1 |  eE05
925 | 2 <« 4 4 5E-07
6F | 1093 | 3 | 15 1 2 2E-05
723 | 9 < |1 3.25E-06

pH determinations were made using 5% aqueous solutions at ambient temperature.

-10 -




[ 0033) The sunmary of bl anket porous ILD conpatibility data are
provided in Table 4 and 5. D ethoxyrnethylsilane (DEMS) based porous
organosilicate glass (OSG filnms were deposited using a Precision
5000 integrated deposition platform DEN S and a porogen were used as
the chem cal precursors to deposit the conposite filmonto <100> Si
8-12 ohm cm 200 mm wafers, The filns were UVcured to prepare the

final porous film hayheg: atcwrgtlemwb@b@amtwtov\fp gndCuTheershi ckness
and refractive index—of the 10djelectrics filmweredeterm-ned-ysing

SCI Fi | nTAT" 2000IdReffcectiptieter |, fFhe| k Cal ue| anGoWH R [ Fougiier

Transform I nfrared Spectroscopy) specetca mer g elhaateed| ustichgathBl

el ectroni cs Mel cury pr obe (Mbde] Hg- 40(A_)(mm1md NERWSInA 70 FTAJar

spectrpscopy, respectivery: (00341 Table 4 sumrarizes tireltectrio
g % 296

conpat Pbility  fEndtAYRA LR &6 bns 18f the 18present irdentilon
wi th DENI S-based )p%r%@sa _2\{"5—2751)3 Thepristine;ILL) [wafef with a k

value of 2.5 s_processeéd in an_formil munne Ex 1

AVN21028- 83H, ER %MMZOB&-SQIE) aI7I($6E>(. 33AW21028-<85H at 25€1for |2
m nut es. There were no changes T fitmthickness, refractive index or

ol P RETB I o B e, TR TAF 1B SRk AR R e,

no danage are)pmurdbameTSDIeGHT:B\ebestdvaé&Td a&ﬁ@st Bﬁﬂwandleshmésmedmaﬁderﬁs

di | f
negat 106 (TRA0E EHBFAAEr Apor o Gi P utIRul; REls ArLEREe FRef KiEes
g;)r ﬁus : gmg’:u-gﬁmre p&ce@rrgmﬁ?(bnillillttey (fﬂ!)_daaakﬂdha’_tﬂmﬁalmds40mmh?f eath m@t Clean
ra .
o o BB IS Yo Bl el T et ey
AV: 121028-r8&dtutRas peil mhuB1TIge wet clean formulations having the wafer(s contalned thereln

were then heated at the time and temperature provided in Table 3. After exposure to the

15  wet clean formulation, the wafer(s) were rinsed with deionized water and dried with
nitrogen gas. The wafers 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 CoWP
compatibility. Table 3 shows Comp. Ex. 2 DHF (800:1) completely cleans the residue

20  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 CoWP compatibility of the wet clean

25  formulations of the present invention.
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Tabl e 5: Bl anket porous ILD PDEMS 25 conpatibility: FTR C ean

Formul ations (QO)I

(mn) Tenp, Tinme Before Si-CH3/Si0 CG1-1/Si O Atte

Si-CH3/SiO CGH SO Ex 2 AW21028-85G 25 0.020 0.0151 0,021 0.014 30

0.020 0.015 0 021 0.013 35 0.020;0.014 0.020 0.013 Ex. 3

A s/1121028-85H j25 0.021 0 014 0.02110.014

[ 9035] Patterned trench

features on porous OSG dielectrics were used to determ ne the effect

of the wet

cl ean fomavkat: mmr@rpeeﬂoﬂhamrm@eﬂlerdhed o Wafse'rsdewal i

The patt er ned—wafers were pre nrnrl b

During the ﬁ%l??’b??f@ﬂ"%%’f’ér prdc %‘g nﬁﬂ‘? ot or es@?\m Q‘g_ﬁz‘fe"leg Waf8k ed’ on

the substrate with porous OSG J ) Cleaning CoWP

_ - performance compatibility

Comp. Ex. 2 DHF (800:1) 25 0.5 no residue CoWP removed
Ex. 1 AW21028-83H 25 | 2 | slightresidue | slight undercut
Ex. 2 AW21028-85G 25 | 2 no residue no undercut
Ex. 3AW21028-85H | 25 | 2 noresidue | slight undercut
Ex. 4 AW21028-90AW 25 2 - some residﬁe no undercut
Ex. 5 AW21028-66F 25 | 2 | slightresidue | slight undercut
Ex 6 AW21028-67E | 25 | 2 | noresidue no undercut

[0033] The summary of blanket porous ILD compatibility data are provided in Table 4
5 and 5. Diethoxymethylsilane (DEMS) based porous organosilicate glass (OSG) films

were deposited using a Precision 5000 integrated deposition platform. DEMS and a
porogen were used as the chemical precursors to deposit the composite film onto <100>
Si 8-12 ohm/cm 200 mm wafers. The films were UV-cured to prepare the final porous
film having a dielectric constant of 2.5. The thickness and refractive index of the

10  dielectrics film were determined using SCI FilmTek™ 2000 Reflectometer. The k value
and FTIR (Fourier Transform Infrared Spectroscopy) spectra were obtained using MSI
electronics Mercury probe (Model Hg-401) and NEXUS 470 FT-IR spectroscopy,

respectively.

[0034] Table 4 summarizes dielectric compatibility of wet clean formulations of the
15  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
20 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.

-12 -



di el ectrics. 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 formthe desired trench features. The CD (critical denention)
changes of dielectrics trench (ML trench), after treatnent with the
wet cl ean fornul ati ongapper e;lah‘iamﬁbIMﬂEWDI:SEMmdompmﬂld,ed in Table
6. [0036] Table 6 deppnstrates mini 39/2
after procegan ﬁ@”‘i“l'{attor'i'é WPl eaWT‘Porn’?fK?f?t Cj‘a é thang of
i nvent i on.conprising: Ex. (&) ANSIH2 P 25 'V?' ites, By

Ul ooy,

contrast | Ex. $ AVE2 H26B3%h| f t25nas oBsefved<{0.21 pm 2)1% after 0.02
processi [F{(100: 1) at,25C|for econds, ese
results H%‘&(l CQWé@Z§hnf h?%\mt c naq—mﬂn,u_al ensggﬁ 'ME*‘

i nvent i on Hxs 3@oMpEIBESE W 125 et ch2dammged! por gus | 0@k die] ectd cs.
Tabl e 6: Patterrned porous LD PCEVMS 2.5 conpatibility O ean

Formul ati ons Tenp. Time CD changeCD change ("C) (second) (pr’r)(%
Comp. Ex. 1 DHF (106adh 28ictRe(hctduLDEPDEASAV 4GBt tRR S TIRO 0, 03 3
[ 0037] As can be seen fromthe above data, this-invent

wet ¢l ean FeAMTATBLIaYRES iﬂ%ﬁ‘%ffé'@h ve SAERt Co\ NP _etc L .
CoVWPI Cu |gal vani ¢ _cor r osi of C)dedist r 8 i c@M’]@'O «5:5&\"'* A§Qn C-H/SIO

Cu/ | ow k |pat p enned2sidsis andan tihout |CoViPopef erls canbith have oot mal  0.014

i npact to porous ow k di
may al so |i ncl ude one or

lrectrijcs, . [[0038] ~Th "ean § ormul ati
or of the folq? ng M hs: O 1roqio;9'cm%

i nhi bitons, 02 scavenger

10 be addedto theexten

, @nd |ot her adgiom')ves. orbes addi t(]@ms) may013
the pH randge3dVE S

or'tne Sit_%llﬁd_z)rtt “ﬁt h CQIIOE E)SI an m%ft @Zﬁ:jyo; § %914

scavenger additives, the nolar ratio of amine and/or quat ernary
anmoni um hydroxi de to organic acid can be: (a) equal to, (b) greater,
or (c) |es[eoaajarpattemedtrenpb@@urémnmowsdastﬁw@lmrnqso&erﬁut@ﬁ@tQa glermine

e o 0 SR S S0 R e iaogat T o
vsi ati t t r phttdrnBd wafers were prepared based upon 90 nm design rules. During the patterned
wafer process, a photoresist layer is coated on the substrate with porous OSG
10  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

15  measured by SEM and provided in Table 6.

[0036] Table 6 demonstrates minimal change of CD (0.03 um, 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
20 that the wet clean formulations of the present invention is compatible with etch-damaged

porous low-k dielectrics.
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Acetic acidl.05 vwt% 3.5 iitt% veeroi 40 Benzot hazoiel yvti% Ex. 12:
AW21656- 16F DI water59.95 'wh, 4% Acetic addl. 05 wt % TEA3.5 wt, 10

A ycerol 40 wt % Benzotri azol e0.5 wt % Ex. 13: AW21658- 19A DI wat er 55. 35
wt % Aceti c addl. 05 wt % TEA3. 5 wt % d ycerol 40 wt % Benzotri azel e0.1 wt %
Ex. 14: AW21656- 16A DI water54.95 wt % Acetic addl. 05 wt % TEA3.5 wt %
A ycerol 40 wt % Tol yl triazole0.5 w" / 0 Ex. 15: AW21650-19B DI

wat er 55. 35 wt % Acet | qagRi 6l Pa@territdpdrEASILD MDEVE z/sebmbdﬁbnw %

Telyltriazol e0-1 wt % 10Ex. 16 AW1656-18G DI —»?—e@ ic
aci d1. 05 wt %| TEA!eRYERFBIAenst oo EXP17: HRE165 -[?L?'@nge change
(°C) (second) (%)
Comp. Ex. 1 DHF (100:1) 25 20 ) 0.21 21
Ex. 2 AW21028-85G 25 120 0.03 3

[0037] As can be seen from the above data, this invention discloses wet clean
5  formulations which effectively prevent CoWP etch and CoWP/Cu galvanic corrosion,
demonstrate proficient cleaning on Cu/low-k patterned with and without CoWP wafers

and have minimal impact to porous low-k dielectrics.

[0038] The wet clean formulations may also include one or more of the following
additives: corrosion inhibitors, O, scavengers, and other additives. The additive(s) may
10  be added to the extent that they do and/or do not adversely affect the pH range of the
composition. With corrosion inhibitor and/or O, scavenger additives, the molar ratio of
amine and/or quaternary ammonium hydroxide to organic acid can be: (a) equal to, (b)

greater, or (c) less than 1.
[0039] Examples of the compositions are:

15  Ex. 10: AW21656-16D

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

Ex. 11: AW21656-16E

DI water 54.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 1 wt%
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DI water54.95 wt % Acetic acidl. 05 wt % TEA3.5 vvt % G ycerol 40 wt %
1,2,4-triazole0,5 wt% Ex. 18: AW1656-190 D water55.35 wt % Acetic
acidl.05 w % TEA3. 5w1% d ycerol 40 wt% 1 , 2,4-triazole0.1 w % Ex, 19:
AW21656- 19D DI Wat er 50.45 wt % Acetic,' acidl, 05 wt % TEA3.5 wt %

d ycerol 40 wt % Ascorbi c add5 w % Ex. 20: AVV21656-18H [) wat er53. 45
wt.:4, Acetic acidl..05 wt% TEA3.5 wt % Gycerci 40 vyl 'tsi, AscorNe
acid Ex. gZli2-AN21€556168 8D DI wat er 54. 95 wt % Acetic acidl. 05 w %
TEA3.5 W % d ycerol 40 wt % Ascorbic aci d0.5 wt % Ex. 22: AW1656- 18F
DI wat er 58) d4atamt % Acet i g4asivitl% 05 wt % TEA3. 5 wt %

Acetic acid 1.05 wi%
TEA 3.5 wt%
Glycerol 40 wt%
Benzotriazole 0.5 Wwt%

Ex. 13: AW21656-19A

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

5
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%

10  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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G ycerol 40 voi % Car bohydr azi de2 wt % Ex 23: AW21656-18E3 DI water
Acetic acid TEA dycerol Carbohydr de 54.95 wt% 1.05 wt% 3.5 wt % 40
Ww%O0.5 wt% Ex. 24: AW21656-16A DI water50.45 wt % Acetic acidl. 05
wt % TEA3.5 W % d ycerol 40 wt % Catechol 5 wt % Ex. 25: AW1650-29A DI
wat er 64. 91wt % Ccl arl oi ¢ aci d2 wt % TEA2. 59 wt % d ycerol 30 wi % Ascor bi ¢
aci d0, 5 Wy %P L¥ia-d0: AVRDERG; 30D DI water58,9 wt % Acetic acidl. 05 wt %
TEAL1.55 w4, dycero/40 wt % Benzotri azol e0.5 wt % Ex. 27.: AW21656- 30E
DI water55.86 wt % Acetic acidl. 05 wt % TEA2. 59 wt % G ycerol 40 wt %

Ex .17 AW21656-18C

DI water 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%

5
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%
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Benzotri azol e0.5 wt % Ex. 28: AW21056-30H DI water56,9 w % Acetic
addl, 05 wt % TEAL1.55 wt % G ycerol 40 wt % Tol yl triazoie0.5 wt% Ex. 29:
AW21656- 301 Di water55.86 wt % Acetic acidl 05 w % TEA2. 59 wt %

G ycerol 40 wt % Tol yitriazol e0,5 wt % Ex. 30: AW1656-808 DI water56,9
wt % Acetic ac dl.05 wt % TEAL1.55 wt % 3 ycerol 40 wt% 1 2.4tri azole0.5
wt % Ex. 31: AW165630G DI wat er 55. 86 wt % Acetic aci dl. 05 wt % TEA2. 59
w % G ycenl 40 b Eseldsg@tlri azol e0.5 wt % Preferred ranges. DI water7
99.7 wt% Organic acid0.2 -5 rt% Am ne/ quaternary am Onl UM

hydr oxi de®! Hatro wt % SolP¢&stY6’2 70 wt % Corrosi on nhttor and for 0.2
scavenger Q¢ g Wt % Cont@cftodi me Interval 0.1 - 5 mn. Most

Preferr edrT%Rges:

3.5 wt%
Glycerol 40 wt%
Ascorbic acid 0.5 wt%

Ex. 22: AW21656-18F

Dl water 53.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Carbohydrazide 2 wt%

5
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

DI water 50.45 wt%
Acetic acid 1.05 wt%
TEA 3.5 wt%
Glycerol 40 wt%
Catechol 5 wt%
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D water7 - 99.7 wt% Organic acid0.5 - 3 \rvt% Am ne/ quaternary
ammoni um hydroxi del.5 - 10 wt % Sol vent25 - 55 wt % Corrosi on i nhi bitor
and /or 02 scavenger0.1l - 5 wt% Contact Tine Interval0.5 - 2 mn.
5Exenpl ary organic corrosion inhibitors and 02 scavengers: [0040] The
conpositions of the present disclosure can also optionally contain up
to about 10 wt% or about 0.1 to about 5 wt% oi a corrosion inhibitor
and/ or oxygeps soayererosa o further reduce the attack on the Cu, Co
and CoWP. Exanples of 10corrosion inhibitors may be a triazole, such
as 1,2, 44Ph¥81%, or tri &2&"¥&%substituted with substituents such as
a-C 'S abenoicadidno, thiab, nercapto, imno, carboxy and nitro
groups, such as benzotriazole, 5-carboxylic acid benzotriazole.
tonItriaEgﬁe, 5-pheny|8é%§%ﬁ$iazole, 5-nitro-benzotriazol e,

3-am no- 5giyergtapt o-/, 224-ityd azol e, Fami ne- 1, 2AMazol a,

hydr oxybenzotri azol e, 2-(5-am no-pentyl)-benzotriazol e,

1- ani no- 1/°8Chiag0| ¢, PJEW%HL-S-nEthyI-1,2,3-triazole,
3-amno-1,2,4-triazole, 3-rnercapto-1,2,4-thazole, 3-

i sopropyl -1,2,41-tri azol e, 5-phenylthiol benzotri azol e,

napht hot r iz 26:eawamsba-fimzol es, tetrazol es, ireidazol es, phosphates

thiols and azj nes such - r capt obenzoi r ni dazol e,
2nercaptef%éﬁ%%thiazoleé%igwggﬁyl-z-phenylinidazole, 2-

mer capt ot Ricazoddidne, 5- ami.gwowetrazol e,

5-am noi , 3I_E§-t hi adi azol %f%vt@? ol , 2, 4-di amano- 5-

20nmet hyl - 1,78, 5-tri azi ne," 2ol e, triazine, nethyltetrazole,

1, 3- di net kyhceroli M dazol igdivione, 1, 5-pentamnet hyl enetetrazol e,

1- phenyl - 5- nercaptotetr | di ar ni nonet hyl tri azi ne,

mer capt obSFPEHEZi e, ?ﬁ?@ﬁézoline t hi one, mercapt obenzoi i dazol e,
4- met hgl - 4H- 5-am ne-1, 3, 4-t hi adi azol e-2-t hi ol ,
benzot hi azol e, t.r] osphate, indiazole, etc. Suitabie corrosion
inhibitor§£$g7ﬂﬁékagﬁ%?@%e an organic acid, an organic nacid salt; a
phenol , arChy@teoxyl am ne 55860i%l salt thereof. Exanples of particul ar
corrosion ,inhibitors inQG@gecfitric acid, anthranilic acid, salicylic
acid, |actiC€'S29d, i minod?a¥?ic acid, benzoic acid, isophthalic add,
rnal eic aged, fumaric ad.sQwiLinaiic acid, nmalonic acid, phthalic
acid, rnaleic gnhydride,, prithalic anhydride, resorcinol, diethyi

hydr oxyl a W@“ﬁnd the la ®acid and citric acid salts thereof, and
the |ike Yehzettibsyle exanpbes%of suitable corrosion inhibitors include
fructose, ammoni um thiosulfate, glycine, tetranethyl guanidine,
benzoguanam ne, nel am ne, guani ne, adenine, thioglyeerol,

salicylarride,. i yl acet oacet am de. |In enbodi nents wherein the
corrosion ¢¥§Pb§%&?g$§géﬂ organi c acid, the organic add may be the

sanme as that used in th tion. [0041] Exenpl ary oxygen
scavengers i E?hde ascoﬁ%éégg%id, catechol, carbohydrazide, gallic
aci d, hydrragtic acide, pyrogéb e, cycl ohexanedi one, hydrazine, a
sulfite, isulfate, a nitrilte. (00421 The conposition nmay
al so inclaggxone or nnrgﬂé50¢%e follow ng additives: 10surfactants,
chel ati ng Glgemdls, chem c#l witedi fiers, dyes, biocides, and ot her
additi ves. e_additive( be added to the extent that they do
not adverggﬁ@ngﬁqgct théiéﬁﬁgénge of the conposition. Some exanpl es
of representative additives include acetyl enics al cohols and
derivatives thereof, acetylenics diols (non-ionic al koxyl ated and/ or
sel f-enul sifiable acetylenics did surfactants) and derivatives

t hereof , al cohol s, 15quaternary am nes and di-am nes, am des
(including aprotic solvents such as di nethyl forrnarnide and di et hyl
acetam de), al kyl al kanol arni nes (such as di et hanol et hyl am ne), and
chel ati ng agents such as bet a-di ket ones, beta-ketoirnines, carboxylic
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25 [0044] Conparative Ex. 4 AW1858-30C DI water56.36 w % Acetic
addl. 05 wt % TEA2.59 wt % d ycerol 40 wt % Table 7 and 8 sumari ze the
metal etch rate data of wet dean forrnuiations with 5 additional
corrosion inhibitors and/or 02 scavengers. The corrosion inhibitor
arid/or 02 scavenger, and/or conbination of two or nore corrosion

i nhi bitor and/or 02 scavenger are useful to inprove the conpatibty of
t he conposixt ponwwidretde netals at pH >7 or pH<7. Table 7 Etch rate
data on bl anket Co, CoLAP and Cu wafers Cl ean Fornul ati ons Corrosion
i nhi bi t or 8! Y"thrscavenger'sé 8@\)0(‘/() pHCo etch rate (Ainmin) CoWP etch rate
(A/mn) Cuc&iccdrid ate (Anmsiway, Ex. 10 AVW21656- 16D Benzotri azole (2)
7.13 2 <1i <1 Ex. 11 Avg 656 16E Benzotriazole (1) 7.26 3 Ex. 12
NA/ 21656- 16f Benzotri az

Glycerol 40 wt%
Tolyltriazole 0.5 wt%

Ex. 30: AW21656-30F

DI 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 0-70 wt%
Corrosion inhibitor and /or O, scavenger 0.01 — 10 wt%
Contact Time Interval 0.1 = 5 min.
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7.24 2 <1 Ex. 13 NA/21858-19A Eenzotriazole (0.1) 7.33 2 c-; <1 EX.
14 AW1656- 18A Tolyltriazole (0.5) 7,33 2ci<1 Ex. 15 AW1658-195
Tolyltriazole 0.1 7.35 4 1 Ex, 16 AKAI 21656-18G 1 "2 4-triazole (2)
7.36 4 <1 1 Ex. 17 AW1658-18C 1,2,4-triazole (0.5) 7.43 4 Ex. 18
AW21656-190 1, 2,4-triazole (0.1) 7.50

Most Preferred ranges:

DI water 7 —99.7 wt%
Organic acid 0.5-3wt%
Amine/ quaternary ammonium hydroxide 1.5 -10 wt%
Solvent 25 — 55 wt%
Corrosion inhibitor and /or O, scavenger 0.1 -5wt%
Contact Time Interval 0.5 -2 min.

5  Exemplary organic corrosion inhibitors and O, scavengers:

[0040] The compositions of the present disclosure can also optionally contain up to
about 10 wt%, or about 0.1 to about 5 wt% of a corrosion inhibitor and/or oxygen
scavenger to further reduce the attack on the Cu, Co and CoWP. Examples of
10  corrosion inhibitors may be a triazole, such as 1,2,4-triazole, or triazoles substituted with
substituents such as C1-C8 alkyl, amino, thiol, mercapto, imino, carboxy and nitro
groups, such as benzotriazole, 5-carboxylic acid benzotriazole, tolyltriazole, 5-phenyl-
benzotriazole, 5-nitro-benzotriazole, 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-
triazole, hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, 1-amino-1,2,3-triazole,
15 1-amino-5-methyi-1,2 3-triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-
isopropyl-1,2,4-triazole, 5-phenylthiolbenzotriazole, naphthotriazole, and thiazoles,
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-
20  methyl-1,3,5-triazine, thiazole, triazine, methyitetrazole, 1,3-dimethyl-2-imidazolidinone,
1,5-pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyltriazine,
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
25  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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8 <1 1 Ex.

19 AW21856- 19D Ascorbic acid (5) 4.47 10<1 K 20

AW2165%- 1811 :sscorbk. add ) 16E1 Accord add 0 5) 22
Al N666- 18F Carl schvdraz; de ; 2) 2.2 Ex. 23 AV s2 1| :356- 18B :{(,?
1.5 ExXA 21656- 16A Catedic

10

15

20

25

examples of suitable corrosion inhibitors include fructose, ammonium thiosulfate, glycine,
tetramethylguanidine, benzoguanamine, melamine, guanine, adenine, thioglycerol,
salicylamide, and dimethylacetoacetamide. In embodiments wherein the corrosion
inhibitor is an organic acid, the organic acid may be the same as that used in the

solution.

[0041] Exemplary oxygen scavengers include ascorbic acid, catechol, carbohydrazide,
gallic acid, hydroquinone, pyrogallol, cyclohexanedione, hydrazine, a sulfite, a bisulfate,

and/or a nitrilte.

[0042] The composition may also include one or more of the following additives:
surfactants, chelating agents, chemical modifiers, dyes, biocides, and other additives.
The additive(s) may be added to the extent that they do not adversely affect the pH
range of the composition. Some examples of representative additives include
acetylenics alcohols and derivatives thereof, acetylenics diols (non-ionic alkoxylated
and/or self-emulsifiable acetylenics diol surfactants) and derivatives thereof, alcohols,
quaternary amines and di-amines, amides (including aprotic solvents such as dimethyl
formamide and dimethyl acetamide), alkyl alkanolamines (such as diethanolethylamine),
and chelating agents such as beta-diketones, beta-ketoimines, carboxylic acids, malic
acid and tartaric acid based esters and diesters and derivatives thereof, and tertiary
amines, diamines and triamines. Specific acetylenic diols include Surfynol 465
surfactant available from Air Products and Chemicals, Inc., Allentown, Pennsylvania,
USA. Surfynol 465 is 2,4,7,9-tetramethyl-5-decyn-4,7-diol, which is ethoxylated with 10
ethylene oxide units. See US Patent 6,717,019 at column 9, line 46.

Comparative examples:
[0043] Comparative Ex. 3 AW21656-30B

DI water 57.40 wt%
Acetic acid 1.05 wt%
TEA 1.55 wt%
Glycerol 40 wt%
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1.8 25 A) A21028-29A Ascorbic add (0.5) 8 1.3 10 Table 8: Etch rate
data on bl anket Co, CoW,P and Cu wafers C ean Formul ati on Corrosion
inhibitors /02 scavenger (W% r, etch rate (Aimin) Cowp etch rate
(AAmn) Cul etch rat& (AAmn) , Cornp. Ex. 3 AW21028-30B none 4 89
199 4.3 6 Conp. Ex 4 AWW21656-300 none 6.19 >1011 3.2 5

[0044] Comparative Ex. 4 AW21656-30C

DI water 56.36 wt%
Acetic acid 1.05 wt%
TEA 2.59 wt%
Glycerol 40 wt%

Table 7 and 8 summarize the metal etch rate data of wet clean formulations with
5  additional corrosion inhibitors and/or O, scavengers. The corrosion inhibitor and/or O,
scavenger, and/or combination of two or more corrosion inhibitor and/or O, scavenger

are useful to improve the compatibility of the composition with the metals at pH >7 or

pH<7.
Table 7: Etch rate data on blanket Co, CoWP and Cu wafers
Clean Formulations Corrosion inhibitors pH Co CoWwP Cu
/0O, scavengers etch rate | etch rate | 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) 28 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) 447 10 <1 3
Ex. 20 AW21656-18H Ascorbic acid (2) 5.22 12 1.1 2
Ex. 2_1 AW21656-18D Ascorbi.c acid (0.5) 7.15 5 1.2 1
Ex. 22 AN21656-18F | Carbohydrazide 2) | 742 | 11 | 22 7
Ex. 23 AW21656-188 | Carbohydrazide (0.5) | 7.45 | 14 15 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

10
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Ex. 26 AW21656- 30D Benzotriazole (0.5) 4 88 33 d <1 Ex. 27

AW21656- 30E Benzotriazoie (0,5) 6.15 3 <1 <1 Ex, 28 AW1656-301-1
Tolyltriazole (0.5 4,93 10 <1 Ex. 29 AW21656-301 Tolyitriazole
(0.5) 6.15 2 d Ex 30 AW21656-30F 1,2,4-thazole (0.5) 4.84 16 1.6
31 AW21656- 30G 12, 44ri azole (0,5) 6.12 1.3 d

Table 8: Etch rate data on blanket Co, CoWP and Cu wafers

14

Ex.

Clean Formulations Corrosion inhibitors | pH Co CoWP Cu

/0, scavenger etch rate | etch rate |etch rate

(W%) (A/min) (A/min) | (A/min)
Comp.Ex. 3 AW21028-30B | none 489 | 199 4.3 6
Comp. Ex. 4 AW21656-30C | none 6.19 >1011 3.2 5
Ex. 26 AW21656-30D Benzotriazole (0.5) 4.88 33 <1 <1
Ex. 27 AW21656-30E Benzotriazole (0.5) SN 3 <1 <1
Ex. 28 AW21656-30H Tolyltriazole (0.5) 4.93 10 <1 1
Ex. 29 AW21656-30I Tolyltriazole (0.5) 6.15 2 <1 <1
Ex. 30 AW21656-30F 1,2,4-triazole (0.5) 4.84 16 1.6 14
Ex. 31 AW21656-30G 1,2,4-triazole (0.5) 6.12 % 1.3 <1

-23-




CLAI M5 A non-fluoride wet clean formulation for renoval of post etch
and ash residue froma sem conductor substrate having a CoVVP
feature, consisting of: delonized water; an acid selected fromthe
group consi sting of Acetic acid, Cci anQ_ng"\?s:i d and m xtures thereof;
am ne selected fromthe group consisting of Methanol am ne and N

et hyl nonoet hanol am ne; glycerol; optionally a corrosion inhibitor;
wherein the formul af AdfiubSdeCREtRRlah RbrRulatibiiol Rendvatohbbste@atand eishnekidu)

the nmolar ratio of ,ami ne to organi ¢ _agi r ov an7-11 pH.and (b)
the formul ati on had©gf %'W@Bﬁ?%#sﬁ%g?@?g? %&ad?%ﬂ'i?ﬁ%"gﬁﬁn%qual to
or less than 2.0m % 2. Thefformul ation of Caim1 wherein the

corrosi on inhi bi tordehﬁizé%&tgﬁed and is selected fromthe group

consi sting of benzothazo olyltriazole and m xtures thereof.
an acid selected from the group consisting of Acetic acid, Octanoic acid and

mixtures thereof;

amine selected from the group consisting of triethanol amine and N-methy!
monoethanol amine;

glycerol;

optionally a corrosion inhibitor;

wherein the formulation is compatible with the CoWP feature and (a) the
molar ratio of amine to organic acid provides an 7-11 pH and
(b) the formulation has an acid content greater than 0.84wt% and equal to or
less than 2.0wt%.

2. The formulation of Claim 1 wherein the corrosion inhibitor is included and is

selected from the group consisting of benzotriazole, tolyltriazole and mixtures

thereof.
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