TI TLE OF THE | NVENTI ON: FORMULATI ONS AND METHOD FOR POST- CMP CLEANI NG CROSS
REFERENCE TO RELATED PATENT APPLI CATI ONS [0001] The present patent
application clains the benefit of US Provisional Patent Application Serial
Nunmber 61/223,526 filed 07/07/2009. 5BACKGROUND COF THE | NVENTI ON [ 0002] In
the steps involving nmaki ng of the sem conductor devices, cleaning is
required at various steps to renove organic/inorganic residues. Ceaning to
i nprove residue renoval desired in sem conductor nmanufacturing processing,

i ncl ude; post-CMP (chem cal nechanical planarizafion) cleaning,

phot o-resi st ash residue renoVvalT L EXIpHREEONEENTIOM.enoval , vari ous

i ng. grinai ng. ot eRIgDR N AR e PR G P AT SR BB Gt g e st s

in post CVP cleaning of copper interconnects. Sem conductor wafers contain
cach ot her 1o 1o SCRSHeTT SnrGECRr prCAECTa T er L sects ar e

formed by r renches i.n a di el,ectr l.ic barrier
o typi caPS e iR b EREA et o it i =ficor e ClaNieRaRaR i f f st on
i nto the dipplietioniSerialMiursbers 112813 5eitedy7/&8peGd.t i on of copper into the
trenches. After the copper deposition, the wafer is polished using a
process referred to as Chem cal Mechanical Planarization (CWP). This
process results in renoval of excess copper deposits and pl anarizes the
20surface for the subsequeMBAQKGROUNINOGraghINVENBPN After the CWP st ep,
the wafer surface contains a | arge nunber of defects, which if not cleaned
fromthe 400G2hcen theutebsrivgaving imakimg défrectenieorciicior devieas, elrdripg edeqtired

Typi cal d : s LS resi dues,
chem cal %@g{r@s@ etpr%eaﬁ? ron pl[yg /ﬁ}%rga%ﬁc '® 'gu%%r ;%%nén e e roq’ieg?% ‘Wction of
t he waf er rempfalcdesiwdtin semeEo@ifiel mamyfacdmihoeirevessed, inekwde,spast CRBuUndesi rabl e
metal s on AT f L.LShi ‘ | eaned, nost
comonl y Lgé%%éa nfoe%ﬁgrﬁ'CQ ﬁaEF{?BEQ%n 8'8%@@%’%\3%%%@ %ﬂfrﬁ%ﬁjgc%@gv qa cl eani ng
chem §0ry phstoohsm«mewi onarlomreawmlbaronsm bda@mnotmm@ﬁ@suchﬁﬂepmmrewe is also

later ri n%%gﬁ 39&%33']”%%8& @rﬂwd(r%[%]t wat er, before a drying process is

per f or med PALent € generally inthe field of the present
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above desopibahYesfisEEbh ik aReCAERER® hBFutERbSTRRD el B efbienrr o
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fromthe gubup cootesisst lange mjmbequatiefren’ar whigh Iﬁyk)t amnaDna imnhbr@smacdeudmam ng
greater t 4 S n, at.ons_and_chol j ne the,surfactant is a
non- acet y{]e%gl e e s%‘rg@gét AL =207 68&%‘@]’9% %esgéfffd?tﬁvéﬁi‘i"b‘ﬁﬁ? KO5FE0" N
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consi stin uat e havyj ater than 4
car bon at%)ﬁng%gﬁigi |a%rg%¥ﬁ?%§¥%8%®%g% méfb%fg[%ﬁ"gﬁss d eaﬁpﬁ Ee@ﬁ£r¥§ct ant ,
capabl e Ofﬂismﬁtread|0ngh@wsmmt@dadmjtfteo.wafsuB‘ﬂ;lervaife ishtsernatar mwderﬁm de@ineetied from
t he group t f n phot o-resi st ash residue

removal , Lﬁ)g\?%lregs#@ e% rrgRg%m%%@c% 2@ p(g%kagl ng, pre-probe wafer cleaning,
di ci ng, and grindi ng and photo-vol taic 30substrate cleaning. [0009] In a
preferred enbodi nent, the present i nvention is a post-CM cl eaning

formul ati on conprising; (a) Oxalic acid;




(b) Secondary al kane sul fonic acid surfactant; 5(c)Acetylinic-based
surfactant; (d) quaternary al kyl ammoni um hydr oxi de having greater than 4
carbon atons to provide a pHis in the range of 1.5 to 4; (e) An acrylic
aci d- 2- acryl am do- 2- met hyl pr opane sul fonic acid copol yner or m xtures

t hereof; and, 10(f)water. [0010] In an alternate enbodi nent, the present

i nvention [0804f paséntCivRhelgeasianginftes fiaib at iheprempapSicadn it@lddt hyl ene

diam ne tetraacetic acid (EDTA); (b) Secondary al kane sul fonic acid

sur f act ant[0005( c)PA sespIdaUE6 ako ebel UST4wosss BReUSTMA7a6L B8at UST7(64qusat er nary

anmoni um [ vi_ng, ar . 1g ! rovi a pH

between 7 EnHCra00rpEbeR Tl LS oSt MeRhel s i e e

sul foni c dd¢$ docwpediser or m xtures thereof; and, 20(f)water. [0011] In a

further alternate enbodinment, the present invention is a post-CMP cleaning
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al | sane s oni c_aci urfactant: 25(c)a npp-acetylinic-bas sur f act ant ;

(a) ohol i nan Ryl BlesainienB as e wElne el e Shet e P G ebiRsRsel ng. of

acryl am ddherptesyht-iprempameTisaifotraniaties ipteypresent ivehyidr were found to be very
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ereof ; and, : e

i nvention prede@ates to use of polynmers containing a copol yner containing

sul fonic acid and acrylic acid groups in cooperation with bases of a

m ni mith nol ecul ar 5size in cleaning fornul ations. Mre specifically these

copol ymers are formed by pol ynerization of 2-acrylam do-2-nethyl propane

sul fonic acid nmononers as BRIEFEBUMNARYOOBTRESINVENTONY| i ¢ acid as the ot her

nononer. These type of polynmers are often ternmed as AA- AMPS pol yners

(acrylic 4000y 2-Themydsem choerZiondd h ywgdh@peiroteapingftomeroowd rabictepol ymer ) .

ubsti tuted bﬁv(,%Ot er nono i

Acrylic agl %ic%&ucgcl?rsrﬁ%rlpii?f%%u%r& RO kY] Pﬁri]i“}igc%oﬁ]t%c igr ??‘d%“ﬁé‘lééjgc’: tgeﬁ?t??qelde,
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I [ 0013] The  pref d I [
2 aor'yl anf B ERErh 1P SparU TR UAPESEL  d- eyl i o aci d copol ymer. Thi's

I [ [ I ! he . ial f. . P9030 ( CAS:
0653255 J9006F, BB ofer il Rlar R i 850 B B A R o (An
20AMPS* d h f i all f [ a0 i [
erformantl. AR B8 RERE Do vdisiED bl S BBl " 18 o
K), for usefanategcopoelgabrsappliicatid-dresrdamido-Zeinethyiporpans sulichisacig t hey may be

.o%n%rg%{d%&%r%set%gpéogue’ such as ion exchange, to renove the

purified 8(%
netal ions™a acé themwth non-nmetallic ions, such as FL 25[0014]

These t yp&ﬁ of a%ﬂla‘éé%earr? a%rmorrqil}(r% H{/(?r%xigl‘;%g%ged%%% 91% garglsjpegonlsgtiﬁé)gﬁent rations
25 quaternary alkyl ammonium hydroxide having greater than 4 carbon atoms and choline

hydroxide in the absence of acetylinic surfactant,

capable of cleaning a semiconductor substrate after a process selected from the group

consisting of post-CMP cleaning, photo-resist ash residue removal, photoresist removal,

back-end packaging, pre-probe wafer cleaning, dicing, and grinding and photo-voitaic
30  substrate cleaning.



fromO,01 to 10 % to the cleaning fornulations. A preferred concentration
range is between 0.1%to 5 W% The formulations nay be diluted by a factor
of 1 to 10000 at point of use through addition of solvent, such as water.
Al tenativeiy, the fornulations may be supplied in diluted formfor the
direct use wthout the dilution at the point of use. 30[0015] Chem stries
cont ai ni ngiosogh 1R prERFSd BRI CERNdAS 8Bk bidsant\ViRienBEY isQf pdst-EMP Bga@fp! | cati ons,
whi ch dematnd renmoval of residues froma surface. The residues may be

i nor gani ¢ SFMYPIRRGO RS Nat ure. Exanpl es of processes, where formul ations
cont ai ni ng@ hes§ Eﬁ,ol ymers may be effective, include; post-CM cleaning,

phot o- r esi &€&Ffue renoval, photoresist renoval, and various

applicatio i n,back-end packagi ng, such as; pre-probe wafer cleaning,

di ci ng, gr{g’idi 2%9089 s Flsu'gfg”ccg%%ﬁﬁ' %% waf ers for photovoltaic
applications. Base to.increase the pH pH of the cleaning solution may
range rorrg%g. ZggﬁegliT@fbagF%éﬂ%ﬂd%‘ i nportant aspect of the present invention
is the conhination of the, above polynmers with a base of a particul ar

ol ecul ar @) 2o SAPrEHERY STy R e o8 o o RegT AR

f or mul at i gmovidde pbias ¢ thdjrargdesoftibetoptd to the desired |l evel. This invention
shows unexpected inprovenent when a quaternary al kyl ammoni um hydr oxi de
havi ng gr €&} er Arhanylt acal-banryieintds-2irsetbhgpapene sdfupicnaid copoWintdn ot he pol yner s
descri bed ove, campl es of quat ernary ammoni um bases havi ng greater
than 4 carrﬁ%ﬁpe%%ﬁ%e%ﬁﬁgﬁude tetraet hyl ammoni um hydr oxi de, tetrapropyl

ammni1lém hty)dr O)% q?eﬁe tetrabutyl amoni um hydroxi de, trinethyl et hyl ammoni um
hydr oxi de, " ‘and il t hyl di et hyl ammoni um hydroxi de. For the purpose of the

o mean tar ol (R gp o B R bafhabt AR B GUP Rl ner ~aky

or hydr ogéarmuldtion cergirisidgs al cohol s and ot her non-al kyl or hydrogen groups.
Preferably, the base is added in an anmount sufficient to adjust the pHin

t he range (ef [ GDhydnd diamsreabbangetis scibl(EDTA),use a base in the form of
chol i ne hydroxide as |long as a non-acetylinic alcohol surfactant is used.
Chol i ne hylr oxiSteongasy fatkane stitorimea@Dsurttgrdit i bl e with acetylinic diol
surfactants in the formulations of the present invention. This

i ncondat i HEl i t A secoadalywitobd! éthoxiaeplifadgarttel ow. When chol i ne hydr oxi de was
used in the absence of acetylinic diol surfactants, the choline hydroxide
was accept(ebl e,quateri@p a8imdrium ppdoxidkRadhe graate thar iabidoh gtens heeedamy be
addi ti onalacfagpggmégﬂt-fsa resent which help with cleaning performnce. Common
types of additrves include the 25followi ng. [0019] Organic acids or

m xt ures thereqf; | i : - 1 of acids,

i ncl udi ng( ut %ﬁaﬁg’%ﬁlj@t&eﬁz t%gﬂy%ongxgé]??ﬁ%@g%ﬁgﬁ %@?nﬁ:&%@%ﬂ@%&ci d, inalic
aci d, mal omkigresdhereofjlrodoni ¢ acid, glutaric acid, ascorbic acid, formc
acid, acetic acid, ethylene diamne tetraacetic acid, diethylene triamne
pent adeet i@ aci avatefl yci ne, al anine, cystine 30etc. Salts of these acids may
al so be used. A mxtrure of acids/salts nay be used as well. Organic acids
functi on 1@ pliogéutheseberneeambasiroeal e preseoy wverigans e noesCiiRegganiig

adj ust rrentfmg{u,art,gﬁ%ﬁ, HQQ‘&OSi on of netals. The preferred organic acid in the
acidic pHi1s oxalic Rerd Preferred organic acid in the alkaline pHis

et hyl ene di;am e\ 48L& ARekdiFiac86d Siq-The cleaning chem stry nmay contain
from1 pp(r:qa?o 30 yv{\it % o ! t he acdlcds/ seil ts. Preferred acid concentration range

from 10 ppm t 0. M%, aalLQ‘Q»‘zsR]%pi'%ﬂcf* C1 afa.oyr factants are used in cleaning
chem stries to inprove wetting of the sur%ac’e bei ng cl eaned and hel p renove

resi dges {d)om Lhensithace.pa9bd Boulctaiedeposi ting on the surfaces.
Surfacants may al so reduce water-marks on the surface, which are the
defects fapmed Ayinengafiiedr yi ng phase, which follows cleaning. Any type of
surfactant anionic/cationic/non-ionic/zwitterionic or conbinations thereof
may be used. The choice of this surfactant may depend upon vari ous
criteria, including; wetting properties, foam ng properties, detergency,
rinsability, etc. A conbination of surfactants 10may al so be used, wherein
one surfactant is used to solubilize a | ess sol ubl e hydrophobi c surfactant
nol ecul e. [0021] In these enbodi nents, surfactant concentration may range
from1l ppb to 10000 ppmor preferably f8em 1 ppmto 5000 ppm Exanpl es of
of surfactants include: silicone surfactants, poly(alkylene oxide)
surfactants, and fluorochem cal surfactants. 15Suitable non-ionic
surfactants for use in the process conposition include, but are not limted
to: octyl and nonyl phenol ethoxylates, such as; TRITON(r) X-114, X-102,
X-45, X-15 and al cohol ethoxylates, such as; BRI JC) 56
(C16H33(OCH2CH2) 100H) (I1Cl), BRI J(r) 58 (Cl6H33(OCH2CH2)200H) (1Cl).



may bind to netal ion contam nants on the substrate surface and di ssol ve
theminto the conposition. Further, in certain enbodinents, the chelating
agent should be able to retain these nmetal ions in the conposition and
prevent the ions fromre-depositing on the substrate surface. Exanples of
suitabl e chel ating agents that may be used include, but are not limted to:
e';]mél enedi (@iri neiﬁcblyraélgéeiébtaﬁirﬁn (tE=DBhip consisting of acrylamido- methlyl propane g
Nhydr oxyet et nedi ami netriaceti DT rilotriacetic aci
CNr o R Lh oG e e e Ry P FRblcics) o Rie,
citric aciahd gixticetheredt iadd, 50xaI|c aci d, phosphoric aC|d tartaric acid,
nmet hyl di phosphoni ¢ aci d, am notri snet hyl enephosphoni c acid,

et hyl i deneff)di phoggiboni ¢ aci d, 1-hydroxyet hylidenel, 1-di phosphoni c aci d,

1- hydr oxypropyl i dene- 1, 1- di phosphoni ¢ aci d,

et hyl am nobi snet hyl enephosphoni ¢ aci d, dodecyl am nobi snet hyl enephosphoni c
acid, nitrilotrisnethyl enephosphonic acid,

et hyl enedi am nebi snet hyl enephosphoni ¢ ac d

10et hyl enedi am net et r aki snmet hyl enephosphoni ¢ aci d,

hexadi am net et r aki smet hyl enephosphoni ¢ aci d,

di et hyl enet ri am nepent anet hyl enephosphonic acid and 1, 2-

pr opanedi am net et et anet hyl enephosphoni ¢ acid or anmonium salts, organic
am ne salts, maronic acid, succinic acid, dinmercapto succinic acid,
glutaric acid, maleic acid, 15phthalic acid, funmaric acid, polycarboxylic
aci ds such as tricarbaryl acid, propane- 1,1, 2, 3-tetracarboxylic acid,

but ane-1, 2, 3,4- tetracarboxylic acid, pyronellitic acid, oxycarboxylic
acids such as glycolic acid, R hydroxypropionic acid, citric acid, malic
acid, tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic
aci d, pol yphenols such as catechol, pyrogallol, phosphoric acids such as
pyr ophosphoric acid, polyphosphoric acid, 20heterocyclic conmpounds such as
8- oxyqui nol i ne, and di ketones such as a-di pyridyl acetylacetone. [0023]
Optional dispersing agents and polynmers. [0024] Optional organic sol vents.
[ 0025] Optional defoam ng conpounds. 25 Exanple 1: [0026] Fol |l ow ng

formul nUons were p spared Table 1. Run Oxalic Acid (%9 Hostapur SAS (%
AA- AMPS * (9% Base Used for pH Adjustnent pH Residue Defect count A 3 0.75
0 Chol i ne Hydroxide



2.5 12562 B 3 0.75 1.05 Choline Hydroxide 2.5 82 0.75 0 Tetraet hyl
ammoni um 2.5 25389 C 3 Hydr oxi de 0.75 1.05 Tetraethyl ammonium 2.5

137 D 3 hydr oxi de

DETANLED DESCRIPTION OF THE INVENTION

[0012] The invention relates to use of polymers containing a copolymer containing
sulfonic acid and acrylic acid groups in cooperation with bases of a minimum molecular
5  size in cleaning formulations. More specifically these copolymers are formed by

polymerization of 2-acrylamido-2-methylpropane sulfonic acid monomers as one of the
monomers and acrylic acid as the other monomer. These type of polymers are often
termed as AA-AMPS polymers (acrylic acid-2-acrylamido-2-methylpropane suifenic acid
copolymer). Acrylic acid may also be substituted by other monomers including

10  methacrylic acid, maliec acid, styrene, itaconic acid, acrylonitrile, vinyl acetate, N-
Vinylpyrrolidone and the like. Addition of the polymers to post CMP formulations with
appropriate bases leads to great improvement in cleaning performance. The mechanism
of cleaning improvement is still under study. One likely mechanism may be physical
adsorption on surfaces, which would prevent redeposition of removed particles and other

15 residues. Another likely mechanism is the strong affinity towards the residues (organics)

thereby increasing the driving force on lift-off during the cleaning process.

[0013] The preferred polymer is 2-acrylamido-2-methylpropanesulfonic acid-acrylic
acid copolymer. This polymer is available under the commercial name of Dequest
PO030 (CAS: 40623-75-4), supplied by Thermphos USA Corp., Anniston, Alabama* (AA-
20  AMPS*) and has been found especially effective in improving cleaning performance.
While these polymers are typicaily available as salts (Na or K), for use in critical
applications as in electronics industry they may be purified using suitable technique,
such as jon exchange, to remove the metal ions and replace them with non-metallic ions,

such as H".

25  [0014] These types of polymers or mixtures thereof can be added in concentrations
from 0.01 to 10 wi% to the cleaning formulations. A preferred concentration range is
between 0.1% to 5 wt%. The formulations may be diluted by a factor of 1 to 10000 at
point of use through addition of solvent, such as water, Altenatively, the formulations

Mgy e supplied in diluted form for the direct use without the dilution al the point of use.

30 [0015] Chemistries confaining such polymers may be used in a variety of cleaning
applications, which demand removal of residues from a surface. The residues may be
inorganic or organic in nature. Examples of processes, where formulations containing

these polymers may be effective, include; post-CMP cleaning, photo-resist ash residue



0,75 0 Tetrapropyl amonium 2.5 16173 E 3 hydr oxi de 0.75 1.05
Tetrapropyl ammonium 2.5 155 F 3 hydr oxi de 0.75 0 Tetranet hyl
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removal, photoresist removal, and various applications in back-end packaging, such as:
pre-probe wafer cleaning, dicing, grinding etc as well as cleaning of wafers for
photovoltaic applications. Base to increase the pH: pH of the cleaning solution may

range from 0.25 to 13.

[0016] Animportant aspect of the present invention is the combination of the above
polymers with a base of a particular molecular size and compatibility with the other
compoenents of the formulation. The base adjusts the pH to the desired level. This
invention shows unexpected improvement when a quaternary alkyl ammonium hydroxide
having greater than 4 carbon atoms is used in combination with the polymers described
above. Examples of quaternary ammonium bases having greater than 4 carbon atoms
include tetraethyl ammonium hydroxide, tetrapropyl ammonium hydroxide, tetrabutyl
ammonium hydroxide, frimethylethylammonium hydroxide, and dimethyl diethyl
ammonium hydroxide. For the purpose of the present invention, the term quaternary
alkyl ammonium hydroxide is deemed to mean that all groups bonded to the ammonium
hydroxide are either alkyl or hydrogen. This excludes alcohols and other non-alkyl or
hydrogen groups. Preferably, the base is added in an amount sufficient to adjust the pH

in the range of

[0017] It is also possible to use a base in the form of choline hydroxide as long as a
non-acetylinic alcohol surfactant is used. Choline hydroxide was found to be
incompatible with acetylinic diol surfactants in the formulations of the present invention.
This incompatibility is evaluated in Example 6 below. When choline hydroxide was used
in the absence of acetylinic diol surfactants, the choline hydroxide was acceptable,

[0018] For post-CMP cleaning formulations, there may be additional components
present which help with cleaning performance. Common types of additives include the

tfollowing.

100181  Organic acids or mixtures thereof: Organic acid can be chosen from a broad
range of acids, including bul not limited 1o oxalic acid, citric acid, maliec acid, malic acid,
malonic acid, gluconic acid, giutaric acid, ascorbic acid, formic acid, acetic acid, ethyiena
diamine tetraacetic acid, diethylene triamine pentaacetic acid, glycine, alanine, cystine
efc. Salts of these acids may also be used. A mixtrure of acids/salts may be used as
well. Organic acids function to improve frace metal removals, remove organic residues,
pH adjustment or reduce corrosion of metals. The preferred organic acid in the acidic pH

is oxalic acid. Preferred organic acid in the alkaline pH is ethylene diamine tetra acetic

-6



ammonium 2.5 1650 G 3 Hydr oxi de 0.75 1.05 Tetranethyl anmmonium 2.5
397 H 3 Hydr oxi de 0.75 0 Potassium?2.5 102 Il 3 Hydr oxi de

acid. The cleaning chemistry may contain from 1 ppm to 30 wt% of the acids/salts.

Preferred acid concentration range from 10 ppm to 5 wt%. .

[0020] Surfactant: Surfactants are used in cleaning chemistries to improve wetting of
the surface being cleaned and help remove residues from the surface, without

5 redepositing on the surfaces. Surfacants may also reduce water-marks on the surface,
which are the defects formed during the drying phase, which follows cleaning. Any type
of surfactant anionic/cationic/non-ionic/zwitterionic or combinations thereof may be used.
The choice of this surfactant may depend upon various criteria, including; wetting
properties, foaming properties, detergency, rinsability, etc. A combination of surfactants

10 may also be used, wherein one surfactant is used to solubilize a less soluble

hydrophobic surfactant molecule.

[0021] In these embodiments, surfactant concentration may range from 1 ppb to
10000 ppm or preferably from 1 ppm to 5000 ppm. Examples of of surfactants include:
silicone surfactants, poly(alkylene oxide) surfactants, and fluorochemical surfactants.

15 Suitable non-ionic surfactants for use in the process composition include, but are not
limited to: octyl and nonyl phenol ethoxylates, such as; TRITON® X-114, X-102, X-45,
X-15 and alcohol ethoxylates, such as; BRIJ® 56 (C45H33(OCH,CH,)100H) (ICH, BRIJ®
58 (CygHa(OCH,CH2)200H) (ICH). Anionic surfactants may include linear
alkylbenzenesulfonates (LAS), secondary alkylbenzenesulfonate, fatty alcohol sulfates

20  (FAS), secondary alkanesulfonates (SAS) and in some cases also fatty alcohol ether
sulfates (FAES). Still further exemplary surfactants include: acetylenic diol type of
surfactants, alcohol (primary and secondary) ethoxylates, amine ethoxylates, glucosides,
glucamides, polyethylene glycols, poly(ethylene glycol-co-propylene glycol}, or other
surfactants provided in the reference; McCutcheon's Emulsifiers and Detergents, North

25  American Edition for the Year 2000 published by Manufacturers Confectioners
Publishing Co. of Glen Rock, N.J. The swiactants may be used ai concentrations from 1

opm 1o 10 wt%.,

00221 Optional chelating agent: Since a chelating agent may be mere selective with
regard to one metal ion over another, a plurality of chelating agents or salts thereof are
30 used in the compositions described herein. it is believed that these chelating agents
may bind to metal ion contaminants on the substrate surface and dissolve them into the
composition. Further, in certain embodiments, the chelating agent should be able to

refain these metal ions in the composition and prevent the ions from re-depositing on the

-7 -



0.75 1.05 Potassium 2.5 78 J 3 Hydr oxi de K3 0.75 0 NHMCH 2.5 6452 L 3
0.75 1.05 NH4OH 2.5 378 [ 0027] These were fornulated to show the effect

of AA- AMPS* (* Dequest P9030) polyner in formulations nade with different

bases. These fornulations were diluted 1:50 ratio with DI water for the

cl eaning testes [0028] Bl anket copper wafers were polished on an | PEC 472

CVP t ool wubbtratetsiwiasd. efpxapi@cassit{tde clelatingugenahatahauisé 0gedGud o) pGvP

slurry from Du Tenpe, Arizona, on
platen 1 o?retnﬁglor‘ﬁﬁ)qﬁgh@ﬁyl?%(:&lm'ﬁ?l\%ﬁg Bﬁclﬁ(ﬁmh\?DP6545- MD5 barrier slurry
f r om DuPontydfixyefRyethytnsdibanemdcetic atis (NHECTAT efpietriadeticzaanb(NTa), on pI aten 2
of the poli

PRt T B T e B

10di speinseoﬂhdaaﬂspiﬁbpmtc@rmd tar@eic imbidamkthyRiiphbspisdhidaid, | n a second brush

box, the V\alar}cw|%0tnsmethylenephosphonlc acid, ethylidene-diphosphonic acid, 1-hydroxyethylidene-
1,1-diphosphonic acid, 1-hydroxypropylidene-1,1-diphosphonic acid,
ethylaminobismethylenephosphonic acid, dodecylaminobismethylenephosphonic acid,
nitrilotrismethylenephosphonic acid, ethylenediaminebismethylenephosphonic acid,

10 ethylenediaminetetrakismethylenephosphonic acid,
hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid and 1,2-
propanediaminetetetamethylenephosphonic acid or ammonium salts, organic amine
salts, maronic acid, succinic acid, dimercapto succinic acid, glutaric acid, maleic acid,

15 phthalic acid, fumaric acid, polycarboxylic acids such as tricarbaryl acid, propane-
1,1,2,3-tetracarboxylic acid, butane-1,2,3, 4~ tetracarboxylic acid, pyromellitic acid,
oxycarboxylic acids such as glycolic acid, R~hydroxypropionic acid, citric acid, malic acid,
tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic acid, polyphenols such as
catechol, pyrogailol, phosphoric acids such as pyrophosphoric acid, potyphosphoric acid,

20  heterocyclic compounds such as 8-oxyquinoline, and diketones such as a-~dipyridyl

acetylacetone.
[0023] Optional dispersing agents and polymers.
[0024] Optionai organic solvents.

10025] Optional defoaming compounds.

Example 1.

(00261 Following formulations were prepared



was subjected to an additional 5s chem cal dispense and 45s of DI water
rinse. [0029] The AA-AMPS'' Fornul ations A-F are fornmulated with quaternary
anmoni um hydroxi des with greater than 4 carbon atons in their structure.
They show the | argest inprovenent in the defectivity with the addition of
AA- AMPS* pol ynmer addition. 15[0030] Wth other bases, such as; tetranethyl
anmoni um hydr oxi de and amoni um hydroxi de, the defectivity inprovenent with
AA- AMPS* polynmer addition is snaller; Tgmed1at the same tine, the defectivity
even with AA-AMPS* addition is relatively high. [0031] Fornul ations

cont ai ni ng pot assi umkidr oxi des prayl de T ow resi due] ef T eatsduehRvgyer
pot assi um hydf oxi dés areg not desiirabl e|in sem condugtor |fabrication
process, 20betause| ofcihgsdioprrurt hehMiEr rtase YsapierHof resi dudUnpot assi um
ions on the dj gl,gctridg prqg@r@ées.*éﬁanplgdég ﬁnt[oo 2l | The fol | owt ng
formul ati ons were made tlo eval uate e| AAC AVPS " ont I ning_25fornul ati ons
n, diiforent |ypes]ofs suraetant g Thopendie Muraidons suer o st wih
Run cal o Ac| 0 (o4 S ffaciait canbent| SETBRA UG G Paol ant (Red AR ANPS:
(99 pH Residug Defect cquntoM 3 0, 7p None LyBHand- 5 785 25389
ammonium
C 3 Hydroxide
0.75 1.05 Tetraethyl 2.5 137
ammonium
D 3 hydroxide
0.75 0 Tetrapropy! 25 16173
ammeonium
£ 3 hydroxide
0.75 1.05 Tetrapropyl 2.5 155
ammonium
F 3 hydroxide
0.75 0 Tetramethyl 2.5 1650
ammaonium
G 3 Hydroxide
0.75 1.05 Tetramethyl 2.5 397
ammaonium
H 3 Hydroxide
075 0 Potassium 2.5 102
i 3 Hydroxide
__________________________ ST e T Bt T
i 3 Hydroxide
K 3 0.75 0 NH,OH 2.5 6452
L 3 0.75 1.05 NH,OH 2.5 378




N 3 0.75 Calfax DBA-70 (Anionic Surfactant) 1.05 2.5 53 0 3 0.75 Tergitol
15-5-7 (Non-ionic Surfactant) 1,05 2.5 34 P 3 0.75 Tomah 0-18- 15 (Cationic
Surfactant) 1.05 2.5 43 [0033] These fornulations were diluted to a 1:50
ratio wwth DI water for the cleaning tests. Bl anket copper wafers were
polished on an | PEC 472 CWMP polishing tool with a two step process: (1) 1

m nute pol [cmlz?psn"n@e@@a@&rr@ré?emlghanltﬁ@eﬁédﬂbfmmmwe*f@*mtquéﬁmg@tae)n of the

pol i sher; ﬂ é m nute polis CVP654 pol.i shing bharri er
PPty on BetBLomuRsPh: Erbar DRI EeRE: Thotc RN Gl LTS BN ERAGD on an

Ont rak DSSZ(0 wiafmrvaseifohe cleahifg tdbitss. st udy, wafers were subjected to 20
seconds (s) chem cal dispense and 30s DI water rinse in a first brush box.

IE a secogmobapsbnab@et,cop;b@ v}@ér@ﬁn&r@@bi&hé@bh@ﬁEBB%MQZ&IMIadM witeaako 8fep g
chem ¢ i spen 5s of DI nse. _The elnspecte
si g o CPRBESSL | Patadp B (o8 NBSRTY 160" BUTRELE NBHE andon y
revi ewed pRBEnovaGterials, :]'Lme: wm}p@(rjm?fonae@i slu@ndedfesd solflsaand) il midle %@ﬁ@ﬁwatﬂ mages
wer e nor ng tetoa e unb shown in
Tabre 9 " DPESE et i T BE Rt Az R aRAE Bl ot LR
achi evabl eamddnl, én v ﬂ@teﬁﬁb@f&h@bol%éur’ff@\h@‘@hﬂmer@&:lmbh oBSINV@AKNTISS200
surfatct an&vaf\é?gcrubber tool?xﬁanﬁs study, wafers were subjected to 20 seconds (s) chemical

10  dispense and 30s DI water rinse in a first brush box. In a second brush box, the wafer

was subjected to an additional 5s chemical dispense and 45s of DI water rinse.

[0029] The AA-AMPS* Formulations A-F are formulated with quaternary ammonium
hydroxides with greater than 4 carbon atoms in their structure. They show the largest

improvement in the defectivity with the addition of AA-AMPS* polymer addition.

165 [0030] With other bases, such as; tetramethyl ammonium hydroxide and ammonium
hydroxide, the defectivity improvement with AA-AMPS* polymer addition is smaller; and
at the same time, the defectivity even with AA-AMPS* addition is relatively high.

[0031] Formulations containing potassium hydroxides provide low residue effects,
however potassium hydroxides are not desirable in semiconductor fabrication process,
20  because of possible the harmful impact of residual potassium ions on the dielectric

properties.

Example 2:

[0032] The following formulations were made to evaluate the AA-AMPS” containing
25  formulations in different types of swfactants. These formulations were made with

tetraethyiammonium hydroxide base (o achieve a pH of 2.5,

w40 -



[ 0035] Followi ng fornulations were nade to effect of pH on the cl eaning
performance. pH adjustnent was perforned with tetraethyl ammoni um
hydroxi de. Table 3: Run Oxalic Acid (% Hostapur SAS (% AA- AMPS* (% pH
Resi due Defect count Cc cGmen 0.75 1.05 2 3 53 41 0.75 1.05 S30.75

1.05 4 96

Table 2:
Oxalic Surfactant AA- Residue
Acid | concentration Surfactant AMPS* Defect
5 Run (%) (%) used (%) pH count
M 3 0.75 None 1.05 2.5 78
Calfax DBA-70
N 3 0.75 {Anionic 1.05 2.5 53
Surfactant)
Tergitol 15-5-7
10 0 3 0.75 {Non-ionic 1.05 2.5 34
Surfactant)
Tomah Q-18-
p 3 0.75 15 {Cationic 1.05 2.5 43
Surfactant)

[0033] These formulations were diluted to a 1:50 ratio with DI water for the cleaning
tests. Blanket copper wafers were polished on an IPEC 472 CMP polishing tool with a
two step process: (1) 1 minute polish using Cu3900 CMP polishing slurry on a first

15 platen of the polisher; and, (2) 1 minute polish with CMP&545 CMP polishing barrier
slurry on on a second platen of the polisher. The wafers were cleaned on an Ontrak
DS5200 wafer scrubber. In this study, wafers were subjected to 20 seconds (s)
chemical dispense and 30s DI water rinse in a first brush box. In a second brush box,
the wafers were subjected to an additional 5s chemical dispense and 45s of DI water

20 rinse. The wafers were inspected using an Orbot Duo 736 wafer inspection tool. 100
defects were randomly reviewed per wafer. The number of residue defects found in 50
defect images were normailized to the total defect numbers found on the wafers, shown

in Table 2

(U034} The results show excellent iow defectivity is achievabie with a wide range of

25 surfactants, as well as when no surfatctant was used,

Example 3

<11 -



3 0.75 1.05 9 44

pol i shi ng,
defectivity over a wi de pH range.
formul ati ons were made with different acids.
was used for pH adjustnent.

cl eani ng and anal yzi ng copper wafers.

[ 0036] The net hodol ogy was the sane as Exanple 2 for

The results show very | ow
Exanpl e 4: 15[0037] The foll ow ng

Tet r aet hyl

anmoni um hydr oxi de
Citric acid was chosen as a exanpl e of

hydr oxycar [pe0glsy ¢ Faltdwingfoo eltatiyHsemere th a3 to effbatof pRcetthe ceanitg pERIAaneas

i L IR TR RE SRR - N UL
Run Table 3:
5 Oxalic Ahl- Residue
Acid Hostapur AMPS* Defect
Run (%) SAS {%) {%) pH count
Q 3 0.75 1.05 2 53
R 3 0.75 1.05 3 41
5 3 0.75 1.05 4 96
10 T 3 0.75 1.05 9 44

[0036] The methodology was the same as Example 2 for polishing, cleaning and

analyzing copper wafers. The results show very low defectivity over a wide pH range.

Example 4.

15 [0037] The following formulations were made with different acids. Tetraethyl
ammonium hydroxide was used for pH adjustment. Citric acid was chosen as a example
of hydroxycarbxyilic acid and ethylene diamine tetraacetic acid (EDTA) was chosen as a

example of amino carboxylic acid.

Table 4
20 i Citric | EDTA (%) Tergitol | AA- Residue
Acid Hostapur 15-5-7 AMPS* Defect
Run (%) SAS {%) {%) (%) pH count
U 3 0.75 1.05 | 25 56
v 25 i 0.5 14 [ 105] 23 |

{0038] The methodology was the same as Example 2 for polishing, cleaning and
256 analyzing copper wafers. The results of Table 4 show very tow defectivity is possible for

a variety of organic acids.

-12 -



(%9 SAS (9 (%9 (W pHcount U3 0.75 1.05 2.5 56 2l a 0.5 1.4 10.5
23 [0038] The nethodol ogy was the sane as Exanple 2 for polishing,

cl eani ng and 25anal yzi ng copper wafers. The results of Table 4 show very

| ow defectivity is possible for a variety of organic acids Exanple 5:
[0039] The follow ng formulations (C-E) were prepared with

t et raet hyl anmoni um hydr oxi de as a pH adjustor. These fornul ati ons were
diluted to a 1:25 ratio with D wat eExdmplers:t he cl eani ng tests. Bl anket
copper wafers were polished on an | PEC 472 polishing tool with a two step
process: (10033] nimufodiowiol femuligiong (CERE R EhPapdMitkhetngtisllammyniam a fir st

pl at en of J ;..an 1. mnute polish w,th DRP6545-
ol | shi ng Do b0 B aBior, Beed i BPTun s B 1o rarto e atrtrs
wer e cl®antd thercleamir@niestak BRBS20@ ppafl wafesowerblpelishedront dni IPES Aidypolivaihgr s wer e
subj ect ed 0 s).10 m.cal dispense 3 D .water rinse in a
first brus O%L)"ﬁ@? 5&9}0% §é’£°o°§as'b Egﬁmggg?,pob Y 8?@%%?@33?86%’& FHTY 8an
addi ti onal a8est platami of e phlishemnsed, d2) AbsitopolBh withtlEP6CSHERS@S CMIre puihegs wer e
i nspect ed I 0,736 wafer. inspection tool. 100 defects re
andont v r 292 o ke bR o B ner T RS 1 Bt Rt P oo
def ect i malg&8200wenter pomibtedri 2ethid Budy) evafert aleralefigattediordfesesohauisdl on the
waf er $10 Sh%ié‘é'd%pgﬁs%l §n05303T!§|bv!/§erl:’rinse in a first brush box. In a second brush box,
the wafers were subjected to an additional 5s chemical dispense and 45s of DI water
rinse. The wafers were inspected using an Orbot Duo 736 wafer inspection tool. 100
defects were randomly reviewed per wafer. The number of residue defects found in 100

defect images, were normalized to the total defect numbers found on the wafers, shown

15  inTable 5.
Table b:

Oxalic Residue

Acid | Hostapur Dynol AA-AMPS* | Tetraethylammonium Defect

Run (%) SAS (%) 604 (%) (%) Hydroxide {%) count
w 2 0.5 0.25 0.175 3.32 121
X 2 0.5 0.25 0.2625 3.34 64
Y 2 0.5 0.25 0.35 3.39 57
Z 2 0.5 0.25 0.4375 3.46 34
AR 2 0.5 0.25 0.525 3.51 46
BB 2 0.5 0.25 07 3,57 18
ce 2 0.5 0.25 0875 1 39 21

[0040] Itis clearly evident that increasing the concentration of AA-AMPS* (*Dequest
20 P9030) results in improved residue removal.

-13-



Run Oxalic Acid (% Hostapur SAS (% Dynol
Tet raet hyl anmoni um Hydr oxi de (% Resi due Defect count
3.34 64 2 0.5 0.25 0.35 3.39 57

3.32 121 X 2 0.5 0.25 0. 2625

10

Example 6

604(% AA- AVPS* (%)
2 0.5

0.25 0.175

[0041] Choline hydroxide presents a special case as a base for formulating a post
CMP formulation with AA-AMPS* (*Dequest P9030). Although an effective base when
used in combination with AA-AMPS* or analogous acrylic/suifonic polymers, choline
hydroxide has been found to not be compatible with acetylinic diol surfactants, such as
Dynol 604. When the acetylinic diol surfactant was added to the formulations set forth
below, the solutions became cloudy, indicating a precipitate, and the cloudiness

persisted and did not clear. This instability and cloudiness, consistent with reaction and

precipitate formation is unacceptable for a commercial formulation and shelf life

considerations. See the results in Table 6 below.

Table 6
Secondary Precipitate
Alkane
Sulfonic
Oxalic acid
Acid | surfactant | Dynol | AA-AMPS*
Run (%) (%) 604 (%) (%) Base (%)
Choline Hydroxide Yes
DD 2 0.59 0.25 0.17 (2.65%)

- 14 -



2 0.5 0.25 0.4375 3.46 34 AA 2 0.5 0.25 0.525 3.51 46 BB 2 0.5 0.25 0.7
3,57 18 2 0.5 0.25 0.875 3.59 21 [0040] It is clearly evident that

i ncreasing the concentration of AA-AWMPS"' (*Dequest 20P9030) results in

i nproved residue renoval. Exanple 6 [0041] Choline hydroxide presents a
speci al case as a base for fornul ati®gAIBISost CMP fornul ati on with AA- AMPS*
(" Dequest P9030). Although an effective base when 5used in conbination with
AA- AMPS* or anal ogous acrylic/sulfonic polyners, choline hydroxide has been
found to not be conpatible with acetylinic diol surfactants, such as Dynol
604. \WWen t hel.adenglihpdiotclaaning touemaye seridugds saadeddidon mendfestwingt i ons set

ol oudi ness. per SFSLed P g oo ¥ gyt RS B L BTERRLNENS Cos, |
cons® st ent wi t hferawiation havng a ropiees ispiecigd dronpihgwrewncansisting efcagpylamlde- f or a
%ggrgr gi ggl L\C/)vr My ProrARE sBfSHate) ! dolymer O ehile bkl RAGyIamkf>-2-AethyiiHbdr 1 N

sulfonic acid copolymer and mixtures thereof, and a quaternary ammonium

hydroxide selected from the group consisting of. quaternary alkyl ammonium

hydroxide having greater than 4 carbon atoms and choline hydroxide when a

10 surfactant is a non-acetylinic surfactant.

2. The method of Claim 1 wherein the semiconductor manufacturing processing is
selected from the group consisting of post-CMP cleaning, photo-resist ash
residue removal, photoresist removal, back-end packaging, pre-probe wafer

15 cleaning, dicing, and grinding and photo-voltaic substrate cleaning.

3. The method of Claim 1 wherein the surface comprises copper patterns on a

dielectric substrate.

20 4. The method of Claim 1 wherein the polymer is present in a concentration of
1ppb to 10wt%.

5. The method of Claim 1 wherein the polymer is present in a concentration of
0.1ppm to 5 wt%.

25
6. The method of Claim 1 including an organic acid.
7. The method of Claim 6 whereln the organic acid is selected from the group
consisting of oxalic acid, citric acid, maliec acid, malic acid, malonic acia,
30 giuconic acid, giutaric acid, ascorbic acid, formic acid, acetic acid, ethylene

diamine tetraacetic acid, diethylene triamine pentaacetic acid, glycine, alanine,

cystine, salts of such acids and mixtures thereof.

- 45 -



Tabl e 6

10

15

20

25

30

Secondary Precipitate Al kane Oxalic Sultonic acid
Aci d surfactant Dynol AA- AMPS* Run (%9 (% 604 (%9 (% Base (%

8.

10.

11.

The method of Claim 1 wherein the quaternary alkyl ammonium hydroxide

having greater than 4 carbon atoms has less than sixteen carbon atoms.

The method of Claim 1 including a surfactant, wherein the surfactant is
selected from the group consisting of acetylinic diol surfactants, silicone
surfactants, poly(alkylene oxide) surfactants, fluorochemical surfactants,
octyl and nonyl phenol ethoxylates, alcohol ethoxylates,
(CieHas(OCHLCH3)0OH) (1C1), (CraHaa{ OCHLCH,)200H]), alcohol, ethoxylates,
amine ethoxylates, glucosides, giucamides, polyethylene giycols,
poly{ethylene glycol-co-propylene glycol), linear alkylbenzenesulfonates
(LAS), secondary alylbenzenesulfonate, fatty alcohol sulfates (FAS),
secondary alkanesulfonates (SAS) and in some cases also fatty alcohol

ether sulfates (FAES) and mixtures thereof.

The method of Claim 1 including a chelating agent.

The method of Claim 10 wherein the chelating agent is selected from the
group consisting of ethylenediaminetetracetic acid (EDTA), N-
hydroxyethylethylenediaminetriacetic acid (NHEDTA), nitrilotriacetic acid
(NTA), diethylkienetriaminepentacetic acid (DPTA), ethanoldiglycinate, citric
acid, gluconic acid, oxalic acid, phosphoric acid, tartaric acid,
methyldiphosphonic acid, aminotrismethylenephosphonic acid, ethylidene-
diphosphonic acid, 1-hydroxyethylidene-1,1-diphosphonic acid, 1-
hydroxypropylidene-1,1-diphosphonic acid,
ethylaminobismethylenephosphonic acid,
dodecylaminobismethylenephosphonic acid, nitrilotrismethylenephosphionic
acid, ethylenediaminebismethylenephosphonic acid,
ethylenediaminetetrakismethylenephosphonic acid,
hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphoenic acid and 1,2-
propanediaminetetetamethylenephosphonic acid, maronic acid, succinic

acid, dimercapte succinic acid, glutaric acid, maleic acid, phthalic acid,

- 16 -



10

10

15

20

25

2.

Chol i ne Hydroxide Yes DD 2 0.59 0.25 0.17 (2.65% CLAIMS 1.

15

3.

12.

13.

14.

20

fumaric acid, polycarboxylic acids, tricarbaryl acid, propane-1,1,2,3-
tetracarboxylic acid, butane-1,2,3,4- tetracarboxylic acid, pyromellitic acid,
oxycarboxylic acids, glycolic acid, 3-hydroxypropionic acid, citric acid, malic
acid, tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic acid,
polyphenols, catechol, pyrogallol, phosphoric acids, pyrophosphoric acid,
polyphosphoric acid, heterocyclic compounds, 8-oxyquinoling, diketones, a-

dipyridy!l acetylacetone, salts of the same and mixiures thereof.

The method of Claim 1 wherein the quaternary alkyl ammonium hydroxide is
selected from the group consisting of tetraethylammonium hydroxide,
tetrapropylammeonium hydroxide, tetrabutyl ammonium hydroxide, dimethyl
diethyl ammonium hydroxide, trimethylethylammonium hydroxide and mixtures

thereof.

The method of Claim 1 including an agent selected from the group consisting of

dispersing agents, organic solvents, defoaming agents and mixtures thereof.

An aqueous formulation comprising;

(a) a polymer selected from the group consisting of acrylamido-methyl-
propane sulfonate) polymers, acrylic acid-2-acrylamido-2-methylpropane
sulfonic acid copolymer and mixtures thereof;

{b) a quaternary ammonium hydroxide selected from the group consisting
of. quaternary alkyl ammonium hydroxide having greater than 4 carbon atoms
and choline hydroxide in the absence of acetylinic diol surfactant,

wherein the agueous formulation is capable of cleaning a semiconductor
substrate after a process selected from the group consisting of post-CMP
cleaning, photo-resist ash residue removal, photoresist removal, hack-end
packaging, pre-probe wafer cleaning, dicing, and grinding and photo-voltaic

substrate deaning spplications.

-17 -



4. 5. 25 6. 7 30 A nmethod of cleaning to renove residue in

sem conduct or manufacturing processing, conprising contacting a surface to
be cl eaned with an aqueous formnul ation having a polynmer selected fromthe
group consi sting of acryl am donet hyl - propane sul fonate) polyners, acrylic
aci d- 2- acryl am do- 2- met hyl pr opane sul fonic acid copol yner and m xtures
thereof, and a quaternary amoni um hydr oxi de sel ected fromthe group

consi sting of: quaternary al kyl amoni um hydr oxi de having greater than 4
carbon at ons andlochbé fanmutayidn okCldien Wheneeirsthefratiranis presentimoa- acetyl inic
surfactant. The ne : i,m.1 rein the sem conductor manufacturing
processing is sele%@§%”?%5ﬁ3$H8p%F%ﬂ§“ ‘onsi sting of post-CMP cl eani ng,

phot o-resi st ash residue renoval, photoresist renoval, back-end packagi ng,
pre-probe wafer cleaning, dicing, and grinding and photo-voltaic substrate

cl eaning. The h f | ' ne r .C ' copper
patter % on a g‘ialtgl' 3@%‘ %@%"ﬁ%@@%ﬁ‘?weéfgﬂjeth%\tebtom‘?gfajg%dtﬁfi wherein the
guat ernary al kyl agersahuaticsyad OdppoeocH@00mgngr eat er than 4 carbon atons has
| ess than sixteen carbon atons. 59. The nethod of Caim1l including a
surfactant, wherein the surfactant is selected fromthe group consisting of
acetylinic diol surfactants, silicone surfactants, poly(alkylene oxide)
surfactants, fl JdrbeheinelatioseirGlaiot dhinsludogtan oraardc aody| phenol

et hoxyl ates, al cohol ethoxyl ates, (Cl6H33(OCH2CH2)100H) (I1Cl),

(C16H33( OCH2CH2) 200H), al cohol, ethoxyl ates, 10ami ne ethoxyl ates,

gl ucosjdes, gl U‘%@UTP‘?’@?JWQIQ%W@%MEWW b&(‘e‘m the &%ﬂ#?&i@%ls%ﬁb%eﬁf m the
gl ycol -co-propyl ene glycol), linear alkylbenzenesulfonates &.A , secondary
al yl benzenesul f onagreup faraistinglof oxriic acidl, Pifriceariq, FRBpe asidcakiagagd, malonic

al kanesul f onat es (S4P) il 3 fait I Fy sul fates
(FAES) and m xtures T é@gg%c..d&ge%r 'al“‘%? r?g‘%ﬁ%gi ag@,. érrg!cﬁ#%qiaﬁ%h%’dhg a

chel ati ng agent. lathylgpredigmineoiétrascetc acish diethyleae diaming ecetaateticiasy, agent i s
sel ected fromthe grQ 1S std nesd g kc acid
(EDTA), N 20hydr o@{llet 1y et y?%%ﬁ@gi %%Sﬁgggéﬁcetl%ma@?gﬁ%%ﬁéﬁ),
nitrilygtriacetic acid (NTA), diethylklenetriam nepentacetic acid (DPTA),

et hanol di gl ycinate, citric acid, gluconic acid, oxalic acid, phosphoric
acid, tartaric d8i the wenwplien gHdaiphbhivbergt e caaienvty PRSI BydrpXids phoni ¢
acid, ethylidenediphpsrRbont i 5 ey avls ' 2 5 fli nic
acid, 1- 25hydr oxyplr o%y?%der%gﬁ% _?#%ﬁ}ggﬁﬁom Crﬂ%’{l%%:tgwru&&e ﬁéﬁégém

et hyl am nobi snet hyddaepbabpheteins iadhal, mdeddaystectirgobi snet hyl enephosphoni ¢
acid, nitrilotris tethyl eneonic d,
etidyier.lediarriinebisineftiyienepidosphoriic acid,

et hyl egedi am nebgt¥RKLSIBRLIVH &8RP ' i ; .
30hexadi am net et r aki sneﬁ?ﬁyﬁ%eﬂnegﬂ%spﬁ%ﬁ?fgbg@%ﬁ%ﬁf&?taﬁt wherein the surfactant is

di et hyl enet ri am ne3séasteshEenjhesiephseptidinoef aestdinkhdiolsupactants, sificone
propanedi am net et ef, dyed; ! i ! HOR I LAl ¢ acid,
di mercapt o succinic aci H ’ g@g@!}?%@%}g{d@ ngrrrjé gﬁﬂg%figgéogﬁéghtgksa%g@g@i d,
fumari c acid, pol yaséf Bastppigd phendsihoxylatesr Blaelyd! ethoxdatesr opane- 1, 1, 2, 3-
tetracarboxylic agpdy beranerl, & tet i Cl Y, itic
aci d, 9xycarboxylﬁcfh§$ds,zgﬁygbﬁﬁé&géﬁgFpgﬁggP%§¥gggﬁﬁbﬂggwgéﬁﬁgﬁk%?ric
aci d, 2fral i ¢ aci d, aine athogylaiekdglugspidesi gluawnides dicglefinttneadyads, sal i cylic
acid, gallic acid,,2polyRhenels..-cateshal 1M +) T o] 1.¢. .acids,
pyr ophosphori c acfﬁ?@pgygﬁﬁdgé 5Pﬁ%5§5$ﬁ%@ﬁet%?%%ggﬁhéﬁggﬁgggﬁggﬁw

8- oxyqui nol i ne, diltkéEbresgndary alylbenzenesulfonate, fatty alcohol sulfates (FAS),

secondary alkanesulfonates (SAS), fatty alcohol ether sulfates (FAES) and
mixtures thereof.

30

21. The formulation of Claim 14 including a chelating agent.
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di pyridyl acetyl acetone, salts of the same and m xtures thereof. 12. The
nmet hod of Caim1l1 wherein the quaternary al kyl anmoni um hydroxide is

10sel ected fromthe group consisting of tetraethylammoni um hydroxi de,

t et r apr opyl ammoni um hydr oxi de, tetrabutyl anmoni um hydroxi de, di et hyl

di et hyl ammoni um hydr oxi de, trimethyl et hyl anmoni um hydr oxi de and m xt ures
thereof. 1513. The nethod of Claim1l including an agent selected fromthe
group consi sti ng2ofhefspeiomg’ Glgen? s whergethe cheletingeadert iscelemton fngn agent s

el ect ed 1rom the. geubEouitDe R ERE e B iR AT A ™ 28r opane T
sul fonate) pol yner BydraxyeiHyiethydaried abricatriydetioiadid{ RHESTAY  niribpaacetisadid oni ¢

o e Yo AL B SR ipsh Bl LSO ARG 0
havi ng greater thaacid, gimobmracatomlcmuﬂ phadphnge hcyldlrtavtwdzeaam t he absence of

ol cani ng & sem conay S BoR T ot BB oA BTG or oup.
consi sting of postdighpobeanacikg]- hpdfroky}atmyadersmagdlpho&sshdueacnenbval

phot or esi st renov o obe wafer cleaning, dicing,
and grinding and S’hotr @@pﬁﬁ%@ggutgﬁhgg@oﬁ Geaé:n({ ng applications. 30 15. The
formul@ i on of C aéthylasinehismeihyldrieehpspihpnieracids present in a concentration

of 1ppbtoIONt% ;@!;ﬂt L0 th olyner is
present in a concencg(’%a{(ll%ﬁmfgg n’%ﬁ s?pm%%ﬁ'@ mﬁm%ggh?’ghﬁﬁfdgfjb ¢ of

Cl ai m 14 i ncl udi ngacaa mmlw-mmhméiﬁwenep‘ﬁbepﬁamnmdmti on of Claim17

R d. citric aod, S e R BV GBIt HBISTa. Sgl Loni o asl d.
glutaric acid, ascorbiemactelrakisorathyderaphdspracetdotd, aci d, et hyI ene di am ne
tetraagetic aC|d entaactlcald yci ne, al ani ne,
cysti ﬁg salts of és%tghi@éétﬁ%%meh%ﬁameﬁureggp ?15@ gof 2 ?nju.él% The fornmul ation
of C aim 14 wher elmopMdtﬁmanﬁemmryetaymmpmapﬂrwmmd thearanitlecig eadcic t han 5

carbon atons in t I ructure has l.ess than X ar bon
atons in their nora:dé‘{udaw“]-"'%?‘f‘ag{‘%%? gg'(fiz@maﬁlﬁgc'fjbmﬁﬁfcaﬁddr? hﬁ@?@% 'm 14
i ncluding a surfadtmatscmbudr;ailycatwte(yiﬁmd@ctra}atbarw asil, poipede-flirigly8t he gr oup

ol y(al kyl ene oxi dey @Rt asd St BP oo aReafRa i 4t B E™Beegic. anc

nonyl 2phenol et h0>wdyearbs>;yhala01dboglyc&ﬂahemyij &hedroxypropionic acid, citric acid, malic

( C16H33( OCH2CF12) ( OCH2.CH?. hoxyl ates, 25am ne
St hoxyl st ee. gl ubduTHuL MGk THES 2ogor Gubl i 3Gy S S B RREL ot ane
gl ycol - co- propyl ermal;galhyn@k)qatéahnlaayroglaillqr'mMﬂemsamidsomabpisos(ohéﬁ) acisecondary

a!'y! henzr mesuf f onPt )

al kanesul f onat es (p§§/ quhzf%{'f?c' lh%tﬁ qcy(é Cﬁé’ppé’ﬂﬁ?sat%ed ygﬁg\gg}e a%atoﬂ?’?ctoures

t hereof. 30 21. Thipyridynadegidcetonef sdlisaif theldhnenehdichixdgea trehedfat i ng agent .
22. The formul ation of Caim?21 wherein the chelating agent is selected
from&he group consisting of ethyl enediam netetracetic acid (EDTA),

Nhydr oxyet hyl et hyl enedi am netriacetic acid (NHEDTA), nitrilotriacetic acid
S5(NTA), di et hyl R}.dmetfoiranativepe Mzcetd whaeindh¢ BRTS)nanetkgroldoglyici nat e,
citric acid, gluc I iLd._phosphoric artaric acid,
nmet hyl di phosphoni g]gg%lxg{% 'gﬁ‘lm%%(;t?g |fr§We ﬁ)?f% ecpqqgléggrllﬁ)%f igg%&pggmmomum

et hyl i denedi phosphs@namidacieﬁapibpwdmmxy@t hyticdieneetailsidi phvosphonivoraricd, 1-
hydr oxypr opyl i den sphonlc

10et hyl ani nobi sm&*‘(sjhnjﬂfﬂjj}ﬁl Eﬁ gﬁjﬁmﬂo%u'ﬁ yamxéjgdté‘@jei“&\ﬂ?i VBSRNRY Mehesios phoni ¢
acid,3hitrilotri srmetihnyktemeﬁhersphonl c acid,

et hyl enedi am nebi snet hyl enephosphoni ¢ aci d,

et hyl enedi am net et r aki snet hyl enephosphoni ¢ aci d,

hexadi am net et r aki smet hyl enephosphoni ¢ aci d,

15di et hyl enet r i 2hifnEpetiviheehyhe rephiediphoninprisiogd and 1, 2-

pr opanedi am net et et anet hyl enephosphoni ¢ acid, maronic acid, succinic acid,
di mer capt o succi ni ¢ adedOxglweedsi c acid, maleic acid, phthalic acid,
fumaric acid, polycarboxylic acids, tricarbaryl acid, propane-1,1,2,3-
tetracar boxyl ic acid, butane-1, 2,3, 4- t1%t racar boxylic acid, pyronellitic
aci d,




20oxycar boxylic acids, glycolic acid, 13-hydroxypropionic acid, citric
acid, malic acid, tartaric acid, pyruvic acid, diglycol acid, salicylic
acid, gallic acid, polyphenols, catechol, pyrogallol, phosphoric acids,

pyr ophosphoric acid, polyphosphoric acid, heterocyclic conmpounds,

8- oxyqui nol i ne, di ketones, adipyridyl acetylacetone, salts of the sane and
m xtures thereof. 25 23b) Sémnbienyrailaatisaiphohic €tidgj m 14 wherein the quaternary
al kyl ammoni um hydroxide is selected fromthe group consisting of

t et raet hyl amoni um hydrgxAckylintcetasapsopyatantni r i oni um hydr oxi de, tetrabutyl
ammoni um hydr oxi de, di net hyl diethyl amoni um hydr oxi de,

tri met hyl et hyl ammoni um{dlyalradxrnde BQaadmoniiiuinasotidehaafg grgdter hapdist - CVP

cl eaning fornul ation cQ B%%ﬁ .. (a) Oxalic acid; (b) Secondary al kane
sul phonic acid; (c) Acetylinic-Dased surfactant; (d) quaternary al kyl
ammoni hydr oxi de havi ng 4 ; yner
selectgg]fron1the grouSQG%EQ?®%F%%é%?yE%?;&%ﬁﬁggﬁbﬁ%§ﬁ§?§%%g%gﬁ%lsuIfonate)
pol ymers, acrylic aci dndtadpydrant dofchatarpbhyions, apatie asidid-amylemator

copol ymer and m xtures X (). - rouyl atj on of
Claim 23, conprising: f%%ﬁﬁfgé%¥% |gmgg%gﬁQ%Squ}gﬁ€g¥§g§%B§¥§ydﬁEgne

sul phonate, 0.05-1.5 wﬁ%@&&g;ylinic-based surfactant, 0.1- 3 wt% acrylic
aci d- 2- acryl am do- 2- met hyl propane sul fonic acid copol yner; quaternary al kyl
ammoni um hydr oxi de havi ng greater than 4 carbon atons to adjust the pHin
the range of 1-7, remainder water. 15 26. The fornulation of Caim24

di | ut W th water-i - ] : 1. 100( : I At _Of ouse.
27 A S@st - CWP c|2§a"r}'?é’nfg‘*¢’§'raﬂﬂf%??‘§"m %%%BWE%H%‘; ngo? Ea!§ O;éét]'ﬁfpghgﬁd? Jé% ne
tetraacetic acid; secondary alkane gilphgrateritld-§ Savtkaaeetdinicgrasai sudadtent, 0.1-
surfactant; (c) a YL LRILCx S4l o { hali Xi de;
(e) a poiyrner se|g@%§%&'%hqb'?réa§9§ﬁﬁh°%nﬁ‘f§i t;?ﬁ%angfﬁﬂggrﬁngtagﬂ%r&ggg¥ﬂéﬁ
25met hyl - pr opane swidernatyelkybaingroméms hydiexige having pater g earhdaatoms to
met hyl propane sul fopiG vachd it MROLNIERSr @R JeRbitbbF Gt her eof ; and

(f) water.
15

26. The formulation of Claim 24 diluted with water in the range of 1.0 to 1:10000
at the point of use.

27. A post-CMP cleaning formulation comprising;

20 (a) ethylene diamine tetraacetic acid,

(b} secondary alkane sulphonic acid surfactant,

(c) a non-acetylinic-based surfactant;

(d) choline hydroxide;

{e} a polymer selected from the group consisting of acrylamide-
25 methyi-propane sulfonaie) polymers, aciylic acid-Z-acryiamido-2-

methylpropane sulfonic acid copolymer and mixiures thereof; and

(f) water.
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