TITLE OF THE I NVENTI ON: FORMULATI ONS AND METHOD FOR POST- CVP CLEANI NG
CROSS REFERENCE TO RELATED PATENT APPLI CATI ONS [ 0001] The present patent
~application clains the benefit of US Provisional Patent Application Serial
Nurmber 61/223,526 filed 07/07/2009. 5 BACKGROUND OF 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. C eaning
to inprove residue renoval desired in sem conductor manufacturing
processing, include; post-CWP (chem cal nechanical planarization)

cl eani ng, photo-resist ash residue renoval 101photoresist renmoval , various
appl i cations in back-end packagilH&Es@E THEINYENT®Ybe wafer cl eaning,

di cing, grinding eteorRMAGBHONSPANDIMETRODTES POAIT-CRIPr QUM ani ng exi sts

in post CWP cleaning of copper interconnects. Sem conductor wafers contain
copper interconnection, which connects the active devices on the wafer

with each other to EROSPREFERENTE 16 REUATED PATERPRGPLICATIING CONnect s are
formed by first formng trenches in a dielectric. Athin netallic barrier

is typi calibyoerdi greser PatehEasliightRi daifs!tRY BENfP oPUS FRdNisi S PRlerli f T usi on
into the dielectric. ~This is followed bis de&gsmlon of copper into the
trenches. AfrpésatiopSecighNemberchiddd phiiled PHO7IZ2PRr i s polished using a
process referred to as Chem cal Mechanical Planarization (CW). This
process results in renmoval of excess copper deposits and planarizes the 20
surface_for the subsequent photolithographic step. After the CVMP step, the
waf er Surface contains a IaB@éKﬁ“‘u DQOFE@EZ'EY@NTWNW I f not cl eaned
fromthe s e wuld result in a defective chip as an end-product .

Typi cal - derlRet® 4 T Sapimbluing SERkhaane FoTEIcHAL BV ERe IRaT i g e

resi dues, cliogiicialstéRStode@sve bRRARIIRIIgMiO tlsiduRs ODIehRifg 36/ nREee redidtiet O
interaction of the wafer surface with

\ fthe C\VP slur_ra/.and el ev I\ﬁ? | evel s of
25 undesi r 4BMEVFHSEare iBrsentePrelrtPam@nuiariugng prRcesRing. dpgivdy: EP%@ he waf er
i s cl eaned,(cgical reERERIRY plEdrizatich) RidanlhgS BhotbPédiat 48n 068G s rebviaNg t hi s
process eaning chemstry is d on the wafer to clean the

Rarer e ARREFSTIeGPEY, vaiiols appISEUA SN PROHENS ARSI such 3s pre-Biobe

wafer cleaning, dicing, grinding etc.
[0003] A particular need for improved cleaning exists in post CMP cleaning of copper
interconnects. Semiconductor wafers contain copper interconnection, which connects
the active devices on the wafer with each other to from a functioning chip. The copper

15  interconnects are formed by first forming trenches in a dielectric. A thin metallic barrier is
typically deposited on the dielectric layer to prevent copper diffusion into the dielectric.
This is followed by deposition of copper into the trenches. After the copper deposition,
the wafer is polished using a process referred to as Chemical Mechanical Planarization
(CMP). This process results in removal of excess copper deposits and planarizes the

20  surface for the subsequent photolithographic step. After the CMP step, the wafer
surface contains a large number of defects, which if not cleaned from the surface would
result in a defective chip as an end-product. Typical defects after a CMP process are
inorganic particles, organic residues, chemical residues, reaction products on the surface
due to interaction of the wafer surface with the CMP slurry and elevated levels of

25 undesirable metals on the surface. After the polishing step, the wafer is cleaned, most
commonly using a brush scrubhing process. During this process, a cleaning chemistry is
dispensed on the wafer to clean the wafer. The wafer is also later rinsed with deionized
(D) water, before a drying process is performed.
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(D) water, before a drying process is perforned. -1 [0004] Patents in the
generally in the field of the present application include: [0005] JP
11-181494; US6, 440, 856; US7497966 B2; US7427362 B2; US7163644 B2;
PCT/ US2007/ 061588; US 7396806; US 6730644; US7084097; US 2003/0129078; and,
US 2005/ 0067164. 5 [0006] None of the prior art could anticipate the

I nvention has

I mprovenent 1 n_residue removal abjljty that the present _

Shown i ¢ h 10981, FRS irniBe Spgerafi o the fojmar e preseit adP isation REHFesent

I nventi on. formul atJjans LR .t r | nt.i.gn.were f very
efocti ve MOEoE: Ho T 1E% USPaubesPars FhzebR oy ST o n: Udebetie Gor
pol i shing ROWOS2607/061588! B85 730BANERY 7 308k4;| DS/FISEOON ©Q003/0TIn 78l asknt

i nvention i @gﬁ f cleaning to renoval residue in sem conductor
manuf acturi'“ﬁ?gﬁbdgz p 'g, conprising contacting a surface to be cl eaned

w th an_aq formul ation having a pol r.selected .fromthe qroup..

consi st Png L4061 5 Naggar heuprior gt ey ANyt e I PP e i teser Bmaval Bty ¢
aﬁi d- 2]: acr yhaimr?eslpnvegentwamdubm hapsievrowitih thal e e ?mﬁbys_ﬁgmeaafld Imtay%alc:csfes

t hereof, a surfactant an uat ernary .anmoni um roxi de,  sel ected from
the group &THRPSEMIYE "?”-q?j‘?ff &”HH O 'ﬁ}rl‘e Pr&ﬁﬁﬁd?@%ﬂ%’ﬁ&%"&@" ﬁ"a{)ﬁ ngY
great er t haffedtivear hsmovirigptiie regiducshieft balind i tigxatstye wiee tribeld EMB piofistddgant i s a
non-acetylinic surfactant. 20 [0008] The present invention is also an
aqueous foPfi®8%i on comprising; (a) a polymer selected fromthe group

consi sl;lgng of acryl am do- net hyl - propane sul fonate) copol yners, acrylic
aci d-2-acryl am do- 2- net hyl propane sulfonic acid copolynmer and m xtures

consi sting of - 25 quat or nar SR BN PMMARSElrt 5 AR B Mavi ng or eater than 4

gﬁ; ? g(r:]t :;? T&O@ﬂ d ‘l‘l“nreloplrtlasne%t inr\}gr%o%xlls gemétnoé QF cléaabnslr?gn oerer%]:)va ‘%Séiéh',é i
semiconductor manufacturing processing, comprising contacting a surface to be cleaned

with an aqueous formulation having a polymer selected from the group consisting of

15 copolymers of acrylamido-methyl-propane sulfonate, acrylic acid-2-acrylamido-2-
methylpropane sulfonic acid copolymer and mixtures thereof, a surfactant 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
the surfactant is a non-acetylinic surfactant.

20 [0008] The present invention is also an aqueous formulation comprising;

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

{b) a quaternary ammonium hydroxide selected from the group consisting of:
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, photcresist removal,

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



capabl e of cleaning a sem conductor substrate after a process selected from
the group consisting of post-CM cl eaning, photo-resist ash residue
renoval , photoresist renoval, back-end packagi ng, pre-probe wafer

cl eaning, dicing, and grinding and photo-voltaic 30 substrate cleaning. -2
[0009] In a preferred enbodi ment, the present invention is a post-CW
cleaning formulation conprisir@ﬁqéa% Oxalic acid; (b) Secondary al kane

sul foni ¢ adPePYurlp aRrefisfred embogiment &by prasent inventign &g pesitGMP cleaaing

quat er nary fainkitioRBsRipridighy dr oxi de havi ng greater than 4 carbon atoms to
provide a pHis in the range of 1.5 to 4; (e) An acrylic

aci d- 2- acr yhpm doxadic3eighy! propane sul fonic acid copol ynmer or mxtures
thereof; and, 10 (f) water. [0010] In an alternate enbodi ment, the present

i nvention i) a [Bxonddfy aMaRaRUMGhic HAE Sukadtan conprising; (a) Ethylene
di am ne tetraacetic acid (EDTA); (b) Secondary al kane sulfonic acid

sur fact gnt ;(c) 15 AdelylificxReeddaractaitcohol et hoxyl ate surfactant; (d)
guat er nary anmoni um hydr oxi de havi ng greater than 4 carbon atons to provide

a pH betweqs) 7 ajdtetdary @iyl AimdAIM hidr@dddhaisy goshmtepr £LcaBbm¥lorisapane
sulfonic acid, m xt ures thereof; and, 20 (f) water. [0011] Ina

opol y.ner. or
further al tPEPYA gpg'ydﬁﬁhﬁhﬁé?ﬂg,e PHe® ¥ 4sent invention is a post-CMVP cl eani ng
f | ati I Sing; t hyl di am t et ti i d;
ormulatt orze)conp/{nl gér{)l%acﬁcﬁ%-a%ry@/migg-%-métﬁgﬂppoepang sLI o%?ceaclzig cggollyrher or
mixtures thereof; and,

10 water.

[0010] In an alternate embodiment, the present invention is a post-CMP cleaning
formulation comprising;

(a) Ethylene diamine tetraacetic acid (EDTA);
(b) Secondary alkane sulfonic acid surfactant;
()] A secondary alcohol ethoxylate surfactant;

{d) quaternary ammonium hydroxide having greater than 4 carbon atoms to provide
a pH between 7 and 12;

{e) An acrylic acid-2-acrylamido-2-methylpropane sulfonic acid copolymer or
mixtures thereof; and,

H water.

[0011] In a further alternate embodiment, the present invention is a post-CMP cleaning

formulation comprising;

(a) ethylene diamine tetraacetic acid;

{b) secondary alkane sulphonic acid surfactant;
(c) a non-acetylinic-based surfactant;

(d) choline hydroxide;




(b) secondary al kane sul phonic acid surfactant; 25 (c) a

non-acetyl ini.c-based surfactant; (d) choline hydroxide; -3 (e) a polyner
selected fromthe group consisting of acryl am do-net hyl - propane sul fonate)
pol ymers, acrylic acid-2-acrylam do-2-net hyl propane sul fonic acid copol yner
and m xtures thereof; and, (f) water. -4 DETAILED DESCRI PTI ON OF THE

I NVENTI ON [,0012] The invention relates to use of polyners containing a
copol ymer ¢8ht aidRagnersinlectss kom heigree carsstingco! aetviangdemsshy-rargoger at i on
Wi th bases sgiforfatél gbilyers Birfe Hori- 2-a5ry§im7f§0-2fin@thﬁ€f8paﬁe EQIfdﬁiE é"&dl Bbpolyrhét €
speC|f|caIIy t hese copol yners are forned by pol ynerization o

2-acryl ami d¢ ﬂ“ﬁEFﬁfhﬁP@ééﬁﬁ sul fonic acid nononers as one of the nononers
and acrylic_acid as the other nononer. These type of polyners are often
termed as AR- AMP¥3® yners (acrylic acid-2-acryl ani do- 2- et hyl pr opane
sulfonic acid copolyner). Acrylic acid may al so be substituted by other
nmononers including 10 nethacrylic acid, maliec acid, styrene, itaconic
acid, acrylonitrile, vinyl acetate, N- Vinyl pyrrolidone and the I|ike.

Addi tion of the polyners to post CVP formulations with appropriate bases

| eads to great inprovenent in cleaning performance. The nmechani sm of
cleaning i nprovenent is still under study. One |ikely mechani sm nmay be
physi cal adsorption on surfaces, which would prevent redeposition of
renoved particles and other 15 residues. Another |ikely nmechanismis the
strong affinity towards the residues (organics) thereby increasing the
driving force on lift-off during the cleaning process. [0013] The preferred
pol ymer is 2-acryl am do-2- et hyl propanesul fonic acid-acrylic acid
copolynmer. This polymer is avail able under the commerci al nanme of Dequest
P9030 (CAS: 40623-75-4), supplied by Thernphos USA Corp., Anniston,

Al abama* (AA 20 AMPS*) and has been found especially effective in inproving
cl eani ng performance.



Whil e these polynmers are typically available as salts (Na or K), for use in
critical applications as in electronics industry they may be purified
usi ng suitable technique, such as ion exchange, to renove the netal ions
and replace themw th non-netallic ions, such as H. 25 [0014] These types
of polymers or mxtures thereof can be added in concentrations from0.01
to 10 wt%to the cleaning fornulations. A preferred concentration range is
between 0.1%to 5 w% The formul ati ons h}/ be diluted by a factor of 1 to
10000 at point of use t REGAMHELABESCRIRTISIN OF THERINVENERMN s wat er .

Al tenati vel the fornul ations may be supplied in diluted formfor the
direct usel &?mmﬁheﬂw@n@npm (RIFIER tawse: ofePohimNas containing. a GEPOlNITrSPNtEiig st ri es

cont ai ni Ng ssifsic Q&H)éﬂﬁra%ryﬂ@&c@%rébﬁqn b@oﬁbr%ﬁn'vﬁfﬁ’bé&%s of E%hlﬁﬂlm molecular

appllcatlons whi ch demand renoval of residues froma surface. The residues
may be Si néi§4nrieaning sergusations. nMﬁ’Eﬁ ﬁﬁ@'flcﬁb%ﬁhﬂﬁ%@m‘yfm@@é%@é@ed\%er e

for mul at'i ok atidH &9 2- é&?ﬁﬁﬁl rai?éﬁe%"ulf&ﬁ %%EIBIFH&IOHII&Q b dRe oL - CMP

cl eani ng, phOt o-resi st ash Tresi rem)va ot oresi st rem)val and
vari ous appPeneaarsasd peryligadid éﬁéhep@bﬁra{gpm@nersmbwedspe ohpalymersinee aRerer

cl eani ng, Qérfiddths MJAWS‘EoIgaSrsa(%cW% hci@d- é‘dr;?é’rﬂld&ge %Et%r@ﬁé:nefﬂfomc acid

phot ovol tai ¢ applications e to’increase the cl eaning
sol uti on m&PPOIYRRPe ACPifagidBay @sq Be SBb-Tf@G&@PVAWeI'WGPW&F&'”@!E@EM of the

presenygi n\h‘?é'tﬁéd?ﬂlc'a%lé %Il@@ﬁ@iﬂ”ﬁ&ﬂeﬁg lfgcoﬁlﬁ%cﬁbﬁé’r?lonméyw acdtafena base of
a particular nolecular size and conpatli b her  conponents of

t he fornul é/ﬂnv&vrrdm@%%[whadmsﬁd&ltton@f e ﬁ%ymwe: te1 pastGP ferrelations wih
i nvention EB?&)HH@%@@T&GS t&weavwwenvm'ih QesHiRg & rﬂﬁﬁ%n@é nzrhe RIEERAHisHN

hydr oxi de avin reater than 4 carbon atons Is use I n conbination wth
t he pol ymeP§°'8€§'69 .Irbarevqme@uw@l urdes AiyHis Ope lilsels macharismanaobe Dvsings es

havi ng gr ealgérptiéon Qur%e@qnhléﬁ TALETY dr@&‘n‘t‘pé'deb@&f@?&ﬂlé}‘no@mgﬂtﬂl@k Brdbier de,

tetrapropyl amoni um hydroxi de, tetrabuty anmoni um hydr oxi d

tri met A1 etesiuasndinother Hsely mbwswﬁﬁm.sﬁ@nwﬁmy tawaygs thamﬁmqmﬁoww@ku de.
For the pukipgsey iﬂErehQnﬁg m&&mﬁg foPRREesH nfpaff d&r'wg the rclaaﬁmgtp(%é&@gy al kyl

anmoni um hydroxi de is deened to nean al I” groups bonded to the ammoni um
[0013] The preferred polymer is 2~acry|am|do-2-methylpropanesulfonlc acid-acrylic

acid copolymer. This polymer is available under the commercial name of Dequest
P9030 (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 typically available as salts (Na or K), for use in critical
applications as in electronics industry they may be purified using suitable technique,
such as ion 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 wt% 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
may be supplied in diluted form for the direct use without the dilution at the point of use.

30 [0015] Chemistries containing 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
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15 hydroxi de are either alkyl or hydrogen. This excludes al cohols and other
non-al kyl or hydrogen groups. Preferably, the base is added in an anount
sufficient to adjust the pH in the range of [0017] It is also possible to
use a base in the formof choline hydroxide as long as a non-acetylinic

al cohol surfactant is used. Choline hydroxide was found to be 20

i nconpatible with acetylinic diol surfactants in the formlations of the
present i nV@RPYAPhotorgpist emeyapaRd wariqus \applications indask-end peckagide sechhas: ow.

When chol i fpge- Bbﬂﬂ)@%f@ﬁ:lé@ﬁnd»‘%%g bﬁn&ﬁ&e@%%leasoéleéiﬁ%dﬂ\hﬁé& g Ol

surfactants, the choline droxi dé was accept abl e For post -

cl eani ng f@hmﬂvaﬁa'%ﬂ%pllceweBmt%acraa%ﬁ 'thie(ﬂ'fhl P%@W@ﬁ!ﬁ?ﬂé"g %l@gémawml ch
hel p with ehadie opgyitbanmance. Common types of additives include the 25
following. [0019] Organic acids or mxtures thereof: Oganic acid can be

chosen §rompeyer @@dmpbﬁﬂﬂ%s@éct&ﬁ'tlﬁb’spreéé}ﬁh%hﬂ&w RUYhe BSthbinbiBr &dnhd Qpovexal i c
acid, citric acid, naliec acid, malic acid mal oni ¢ aci d, gluconic acid,

glutaric a®PlMesswiih gikase of a pattiskiar molecyiar sige apd sompatibiity with thenetheri ami ne

tetraacet i gompblents bihBYbMifatiohl m%s@aaﬁ@mﬁé bﬂ t@f’rleddes%éf fdvBE, THi ani ne,
cystine 30 etc. Salts of these acids may also used. A mxtrure of

aci ds/ sal t @Vﬁﬁyorb@%éséd‘%ﬁed%!'T'P"OGTQ%[HlVYf‘ea@ ‘a}éa“P"UﬁBfta"@r’m apyanim Bydroxidece

net al renovalifg gf&iiEMRaPs dafbof atehs BURRd in %@Hhﬁbﬂﬂﬁ‘ﬂﬁhe?fol%ﬁi‘é‘ﬁ@s&iﬁéﬂ osion
of nmetals. The preferred organic acid in the acidic pH is oxalic acid

Preferf®d @Pa%.%aaw!% qf quetkENasy RIMORIND bases havingl sserterihaRHrrarkan Atamacet i c
-6 acid. Thﬁld&e&éﬁéélgyl%hﬁﬁbrﬁ@ah%yﬂ%\ﬁd@oﬁrﬂbfbpplré?ﬁhémg f’dﬁbx% Y@tra/ibﬂfyl t he

acids/salts. Preferred acid concentration range from mto 5 wt

[0020] Sur PEYRIM hyghioxide: Eimethviataylamapnium BY@%?’%@“@W@H?@VW'@BVH 0 i rrpr ove
wetting of aniniéhisHhiaeRideciFapitel RARRE Ak Hrabént iVERHEh, 1S tefRiatdrdfy t he

surface, wthout 5 fedepositing on the surfaces. Surfacants may al so reduce

wat er - mar k @kglAnRanky *P%@"de wﬂeemeart@"ﬁae thrtrall @reupsfonded B Pe AGeMUEY yi ng

phase, 18hi ahdroRidb ArS P )fﬂ& hyBrogehY Afis eXciudiBs bBREAGEENA other non-alkyl or
ani oni c/cationic/non-ionic/zwi tterionic or conbi nations thereof

used. The "¥HEPLR IWUPE h Prefergblyathediaee ifagdded e AR anpunt sufficientdo éelmﬁté%/e gH
i ncl udi ng; in@ktramge of

[0017] Itis 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 tc be

20  incompatible with acetylinic diol surfactants in the formulations of the present invention.
This incompatibility is evaluated in Exampie 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
25 following.

[0019] Organic acids or mixtures thereof. Organic acid can be chosen from a broad
range of acids, including but not limited to; oxalic acid, citric acid, maliec acid, malic acid,
malonic acid, gluconic acid, glutaric acid, ascorbic acid, formic acid, acetic acid, ethylene
diamine tetraacetic acid, diethylene triamine pentaacetic acid, glycine, alanine, cystine

30 etc. Salts of these acids may also be used. A mixtrure of acids/salts may be used as
well. Organic acids function to improve trace 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
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properties, foam ng properties, detergency, rinsability, etc. A conbination
of surfactants 10 nay al so be used, wherein one surfactant is used to
solubilize a |l ess soluble hydrophobic surfactant nol ecule. [0021] In these
enbodi nents, surfactant concentration may range from1l ppb to 10000 ppm or
preferably from1 ppmto 5000 ppm Exanples of of surfactants include:

silicone surfactants, poly(alkylene oxide) surfactants, and fl uorochem cal
sur f act ant £Cidy Ehesglepnipg é‘hﬁ@ﬁwmﬁy&o@ﬁﬁ‘ﬂ Hemahnprm {70 We% of the aridsialisess

conposi ti orpréfafrby d6id RBHEerFalioN Pingelftdm 1 @ Hpide 53@b4/. and nonyl phenol

et hoxyl ates, such as; TRITON(r) X-114, X-102, X-45, X-15 and al cohol

et hoxyl at egoozy CfSu@féctaBHSM‘fébtaﬁﬁ é@&%ﬁ(éﬁﬁﬁ@-@%&@ﬂ‘és {0 iBploveRidig of 58
(C16H33( 2 ag) ICI&G Ani oni ¢ surfactants may include |inear alkyl
benzenes inggleared a9 efn reqIoNs reriduas feamthegivaiaee. Wity al cohol

sul fat es 26>de(p66§hg oﬁ@l@@é\ﬁfﬂcﬁs as&wasﬁtulnimc%dﬁmmmrk@oﬁm@sma@s al so
fatty al cohol ether sulfa Still further exer%i;lta surfactants

i ncl ude: adéYSh ARithe ﬁ?fSFtStf?fH@dcﬁ‘““"ﬂ Jl‘q‘ gryinghase, yyhighistio IRg- ARYtype
secondary) oﬁk@rﬂa@lérﬂfaﬁﬁnlcﬁdﬂlﬂﬁclﬁbhﬁbﬁ&lﬁhlﬂénonﬁé HCasmhsiRRtions Méﬂw%é%ﬁﬁe used.

polyethylen col s t hyl ene col - co- propyl ene col), or other
surf act ant sT HCI@&“}%P] %@%mw&eegﬁ %H@Bﬁpé”Erfﬁ‘F'gﬁ“g Nehd
Det er gent s, ré\wrﬁiés %nﬁﬁ@ﬁﬂo@éﬂlegcﬂétérﬁénéwhnéé!ﬂntW%@d R@@ﬁbmutkbn sihRfFabiants

Manuf ag‘iéur ers fectioners en Ro The
t

sur f act&nt $"8¥eA) SCbBe Hed “ﬁ‘ﬁr%'bﬁﬁ%ﬁ?’ifaé‘tt?rgFﬁs”?erdd%sﬁ'”bﬂiﬁr?ﬁ‘??st' &, [ 0022]

Optional chgl@bhoisic 8G@abtant Phdléduléd chel ating agent may be nore sel ective
with regard to one netal ion over another, a plurality of chelating agents

grl saltz ':f[@(lﬂ}];] mrtﬁeshéfhmﬁt ehts, édtmctahtrewb egtr?tﬂﬁa rﬂ?ﬁfdﬂgbﬁ@nﬁﬁ?ﬁbm It is
elleve ese cnel at | agents nmm In orrealonconam nts on
t he substrQ%O@BP‘F‘&éé’f%{ﬁfé‘bHr}%%q\Peﬂme’ﬁ%PﬁPB' tE@MRIG P S syrfaiantg ‘ﬁ in
certain en‘@mdbﬂs@mrﬁactatr}w p@h@wwﬁwoﬁ&%wwwh%m@%&emal s@i¥attants hese

metal ions jn the conposition and Qrevent the 1ons fromre ﬁﬁlsulng on
the - 71§ub§twtafe'@ neaw? “c@””@@éﬂ%f"éé‘ il ‘EEPE%"S?%CEVHB?%?%'BC'H%% L nay be
used incl udigite@td: odlylenBNonyliphehitethdxyladd) gLEmasl TRITORESK1184,6X-102,3¢48,

(EDTA), N X-15 and alcohol ethoxylates, such as; BRIJ® 56 (CsH33(OCHCH;)1,OH) (ICl), BRIJ®
58 (C1gH33(OCH,CH,)200H) (ICI). 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: acetyienic diol type of
surfactants, alcohol (primary and secondary) ethoxylates, amine ethoxylates, glucosides,
glucamides, polyethylene glycols, poly(ethylene glycoi-co-propylene glycel), 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 surfactants may be used at concentrations from 1
ppm to 10 wt%.

[0022] Optional chelating agent: Since a chelating agent may be more 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
retain these metal ions in the composition and prevent the ions from re-depositing on the
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hydr oxyet hyl et hyl enedi am netri acetic acid (NHEDTA), nitrilotriacetic acid
(NTA), diethylklenetriam nepentacetic acid (DPTA), ethanol diglycinate,
citric acid, gluconic acid, 5 oxalic acid, phosphoric acid, tartaric acid,
met hyl di phosphoni ¢ acid, am notrisnethyl enephosphoni c aci d,

et hyl i dene-di phosphoni c aci d, 1 - hydroxyet hyl i dene- 1, 1 -di phosphonic
acid, 1-hydr | i dene-1 di phosphoni ¢ aci d,

et hyI ani noﬁf“'g?y%ﬁ \B pfﬁi@ﬂ]ﬁ’aﬁﬁqs%ﬁhie chrlating,agentsthat mar be yrechisgkide phbni ¢

acid, nitraréd ﬁbtrlinﬁtéatt&yétmmhet@trscé@a‘énd (EDTA) N-
et hyI enedi m nebi r[eﬁilhlyl enephosphoni c acid, 10
et hyl enedi Wﬁ?éi’%@ VieRed i RWINeHasRtE A¥S ANHEREAY nitrilotriacetic acid (NTA),

hexadi ami n@‘teﬂﬁ;ﬂI@#ﬂéf@hlh&b&ﬂﬁé&ﬁl@%@mWP@A?Cétﬁ'anoIdlgchmate gitric acid, gluconic acid,
di et hyl gnetri am cg B met hyl enephosphoni ¢ aci d and 1, 2-
pr opanedi af‘A& 4L PRARA WF@ﬁ@pmﬂﬁéﬁﬁcm%W@Rﬁlﬁsmw salts, organic

am ne sal amindéraéth IHdspISoHiE
glutaric aql ('jglpgaipngeié\cq dSp 15 ﬁ??l;elt%bg’g? gip %&n‘gﬁkg‘aﬁﬁﬁwwﬁy gﬁj%oxyl iC

aci ds such pigAg|d, éavaroxwraaﬂwéneﬂ rdiphesphepic acish boxyl ic acid,

but ane- 1, 2efh i%rﬁﬁéb’ﬁﬁ@th BH¥dHIEpREHIE!
S M S A T

aci ds such gs“g é: ?H}c aci ,
acid, tarPEYPESTE enﬁ?*f“ERPi’hE”'S@F@ e*(H‘V n%ammélsmet@éﬁne@mnhoamamd gal lic
acid, pol YBhﬁl’éﬁbﬂlaﬁM@?etﬁe&lsn?eﬁﬁ)ﬁéﬁEﬂhosMnﬂgé’dld ol , phosphoric acids such as

yrophosph i c.acid, po hosphoric acid, 20 heterocycllc conpounds such as
8- oxyqui no ’ﬁ’é"ar@ﬂﬁﬁteHP'&@%”Sm?@U&qﬁpagn'ﬁaﬂ'ldpyr| dyl acetyl acetone. [0023]

Opt i onal du&méﬁeﬂ&nﬂﬂ@ﬁn&rﬁéiﬂ e prEsior £c9&)3|43| @tional organic solvents.
[0025] Optional ?(gef opamn 3({)un Pionic anple 1: [0026] Fol |l ow ng

f or nul at i oR¥PRR afﬂF@Efa? E‘Pethy n?am-“@hgmc@wl qranpenime sialis SrgrTieamine
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, pyrogallol, phosphoric acids such as pyrophosphoric acid, polyphosphoric acid,

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

[0023] Optional dispersing agents and polymers.
[0024] Optional organic solvents.
[0025] Optional defoaming compounds.

25

Example 1:

[0026] Foilowing formulations were prepared



Aci d Hostapur AMPS Base Used for pH count Run (% SAS (%9 * (% Adjustnent
pH A 3 0.75 0 Choline Hydroxide 2.5 12562 B 3 0.75 1.05 Choline Hydroxide
2.5 82 0.75 0 Tetraethyl 2.5 25389 anmonium C 3 Hydroxide 0.75 1.05
Tetraethyl 2.5 137 amonium D 3 hydroxide 0.75 0 Tetrapropyl 2.5 16173
ammonium E 3 hydroxide 0.75 1.05 Tetrapropyl 2.5 155 ammonium F 3
hydroxide 0.75 0 Tetranethyl 2.5 1650 amonium G 3 Hydroxide 0.75 1.05
Tetramethyl 2.5 397 amonium H 3 Hydroxide 0.75 0 Potassium 2.5 102 1 3
Hydr oxi de 0.75 1.05 Potassium 2.5 78 Ja®¥erlydroxide K 3 0.75 0 NH4OH 2.5
6452 L 3 0.75-1.05 NHMQOH 2 5 378

Oxalic AA- Residue Defect
Acid Hostapur | AMPS | Base Used for pH count
Run (%) SAS (%) * (%) Adjustment pH
A 3 0.75 0 Choline Hydroxide | 2.5 12562
B 3 0.75 1.05 | Choline Hydroxide | 2.5 82
0.75 0 Tetraethyl 2.5 25389
ammonium
C 3 Hydroxide
0.75 1.05 Tetraethyl 2.5 137
ammonium
D 3 hydroxide
0.75 0 Tetrapropyl 2.5 16173
ammonium
E 3 hydroxide
0.75 1.05 Tetrapropyl 2.5 155
ammonium
F 3 hydroxide
0.75 0 Tetramethyl 2.5 1650
ammonium
G 3 Hydroxide
0.75 1.05 Tetramethyl 2.5 397
ammonium
H 3 Hydroxide
0.75 0 Potassium 2.5 102
| 3 Hydroxide
0.75 1.05 Potassium 2.5 78
J 3 Hydroxide
K 3 0.75 0 NH,CH 2.5 6452
L 3 0.75 1.05 NH,OH 25 378




-9 [0027] These were fornulated to show the effect of AA- AMPS* (* Dequest

P9030) polyner-in formulations made with different bases. These

formul ations were diluted 1:50 ratio with DI water for the cleaning

testes. [0028] Bl anket copper wafers were polished on an | PEC 472 CWVP t ool

with a tw step 5 process (1) 1 mnute polish using Cu3900 CWP slurry from
Nanomaterials, LLC, Tenpe, Arizona, on platen 1 of the

DuP Al
o Loher ( 290 Thgse Wath oBRaaeRH o ShPE See TR HAMANRS T edybstBSoRBLPont

Ai 't Produc sy GiRAGiaBorss mba&mtﬂ Qifiefont bASds? TRase RAM@BLiIGHsWEB dutel 1t4te
pol i sher. The waf srs were cl eaned on an Ontrak DSS200 wafer scrubber tool.

In this stu@ﬂp“’\% bWﬁte\/\ﬁ?"éh%EfB?'@Egtﬁﬁ% 20 seconds (s) chemical 10 dispense
and 30s DI se in a first brush box. In_a second brush box, the
waf er l@ﬁ‘i eé' ef gorRer walhrs WerPolished A AN HRIFC 4if S SR ook with a3wo sterp)

wat er r 5 NS @rode@920]1 ikt PolibVasihg Fcu3aub @MF@QIEr 'frErrﬁD@Pcforﬁ pipratigss Wi t h

quat ernary droxi des with greater bon atons in their

h
T et oY Raalstals. LLE TaPas drzonamsAaRariof e BHEMERLE TR Polsh Hih he

addi ti on ofDPBA4HMRSE baAley BRfry #deH DiReht AlEPHAORO NaHbBiepbiREL L O arRspe, SUCh as;
tetramet hyl, ammoni um h dr oxi de and ammpni um hydroxi de, the def ECtIVIté

i mpr ovenrent™ PR SRANANBER 20 e eQMshefui thegwaTps "&‘?fﬁlcfe@f‘e 8H@“ Qutrakifes

time, the egferaicrubbeltodV an tMﬁstsfhd@AwéM%SNer%@bfet&ﬂ tb 201s8EEHds\US) dhehigH -
[ 0031] droxi des provide |ow residue

|
ef f ect ggor ﬁu&@bg an 5&@?‘&%%@%&%??%&“@%/ bR 'n@secand Eruﬁh bgéﬁh%&ﬁfﬁﬁct or

fabri cati omvagrsebReted to 4f daarions SsthemRab Hibpénselmdms o DI watpdinke Of resi dual
potassiumions on the dielectric properties. Exanple 2: [0032] The

fol l owi ng fo0299| athieqrrs AMPS® FEReBatihseNF draf@miuiRed With YD dmtnien 25
formul ations .in dlffﬁrent t\ul%('aa of surfactants. These\}jorrrul ations were

made with YEPKIGE WIN gAeALE AN A FaroRi ARmB itbel strugtiiee Jdey Spew dhe largsst . 19
Tabl e 2:  improvement in the defectivity with the addition of AA-AMPS* polymer addition.

15 [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 surfactants. These formuiations were made with
tetraethylammonium hydroxide base to achieve a pH of 2.5.
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Oxal i ¢ Surfactant AA-
5 Run (%9 (% used (%9 pH count M3 0.75 None 1.05 2.5 78 Calfax DBA-70 N

3 0.75 (Anionic 1.05 2.5 53 Surfactant)

Resi

due

(Non-ionic 1.05 2.5 34 Surfactant)
2.5 43 Surfactant)

with D

wat er for the cl eaning
on an | PEC 472 CWP polishing tool

t ests.
with a

Tergi tol

Acid concentration Surfactant AWMPS*

Def ect

15-5-7 10 0 3 0.75

Tomah Q18 P 3 0.75 15 (Cationic 1.05
[ 0033] These fornulations were diluted to a 1:50 ratio

(1) 1

Bl anket copper wafers were polished
two step process:

m nut e

pol i sh using Cu3900 CWVP polishing slurrypen: a first 15 platen of the

pol i sher; and,

slurry on on a ¢
Ontrak DSS200 v
seconds (s) che

In a second brug thula

chem cabk di spens
usi ng an Orbot I
revi ewed per waf
| mages were nor
showmn in Table
achievable with
surfatctant was

10

Secon(
vaf er
2 cal
o]
e an(

] S

SC(ut
Aflics
, et N

engPfactahe
ber. In th

erggeengiatiors
e wa[nrs W
of DI 'wate

bol 1 Sher .

s study, W
Ds Spafagipitter
Br e | ect
20 rinse.

af ers

he Anaf e s W
re |

AMPSE in a
ed n_ad
TI%PWaf grﬁs

JERCIE
5ubj ect e
f Pefeet p
i Lpgpal

were I n

DUOA 7

86 naf

er imapect

on Need . 1

001.0def jeeiss

wer/é ra

(2) 1 mnute polish with CMP6545 CVWP polishing barrier
| ORAIRL

ned on an

d to 20
rush box.
5s

spect ed
ndom y

ral i zé¢
2 \ Of
a W (
used,

The nt
bd to
D344 T

e ran

Exan

T C

t he total

he rgsql ts
ge of 25
ple 3:

b due-def ec
esl-ague—-getrec

1 EPIERPBAURD

shpwignece!
surfactants
Surfactant)

ts foun‘d
ers found o

[l a)
R

wo aet
[l aj

| eRfps! O
as we

50—def
n the wa
ectghVvi t
5 when n

0.75

Tergitol 15-S-7
{Non-ionic

Surfactant)

1.05 2.5

34

0.75

Tomah Q-18-
15 {Cationic
Surfactant)

1.05 2.5

43

ect
fers,
y is
o]

[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 CMP6545 CMP polishing barrier

slurry on on a second platen of the polisher. The wafers were cleaned on an Ontrak

DSS200 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 S5s chemical dispense and 45s of DI water

20

rinse. The wafers were inspected using an Crbot Duo 736 wafer inspection tool. 100

defects were randomly reviewed per wafer. The number of residue defects found in 50

defect images were normalized to the total defect numbers found on the wafers, shown
in Table 2

[0034] The results show excellent low defectivity is achievable with a wide range of

25

surfactants, as well as when no surfatctant was used.

Example 3:

-11 -



-11 [0035] Follow ng fornul ations were made to effect of pH on the cleaning
performance. pH adjustnent was perforned with tetraethyl amonium

hydroxi de. Table 3: 5 Oxalic AA- Residue Acid Hostapur AMPS* Defect Run
(%9 SAS(%9 (%9 pHcount Q3 0.751.05253 R30.751.053 41 S30.75
1.054 96 10 T 3 0.75 1.05 9 44 [0036] The nethodology was the sanme as
Exanpl e 2 for polishing, cleaning and anal fq per wafers. The results
show very IBWﬁefF@H?WK'/‘Qth"BWP“QWﬁ?’%@aﬂﬂtq %ﬁféo phb@arﬂm @eﬁ”'“ﬂﬂe'[fUUWPeThe
fol I owi ng fpw@uﬁmeﬁn&aéﬂﬁérﬁ)rnﬁawwtéﬁaahﬁlfaﬁ{rﬁéﬁuu.ﬁ%&%x.dzetraet hyl  ammoni um
hydr oxi de was used for adjustnment. Citric acid was chosen as a exanpl e
of hydroxycarbxylic aci d and et hyl ene qhggiane tetraacetic acid (EDTA) was
chosen as a exanple of ami no carboxylic acid. Table 4 20 Citric EDTA (%
Tergitol AA- Residue Acid Hostapur 15-5-7 AMPS* Defect Run (%9 SAS(% (%
(%9 pHcount U3 0.751.052.556 V2.510.51.410.5 23 [0038] The

met hodogogy was the sAMe ag deipPl € 2 T O Pl SNT NG, [CR&HIENP and 25
anal yzi ng copper wafefs. ThHe results of Table 4 show|very |ow defectivity
is possible for a valiety |ofcidrgdivis@paci|d4MPSY2 Defect
Run (%) SAS (%) (%) pH count
Q 3 0.75 1.05 2 53
R 3 0.75 1.05 3 41
S 3 0.75 1.05 4 96
10 T 3 0.75 1.05 9 a4

[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 hydroxycarbxylic acid and ethylene diamine tetraacetic acid (EDTA) was chosen as a
example of amino carboxylic acid.

Table 4
20 Citric | EDTA (%) Tergitol AA- Residue
Acid Hostapur | 15-§-7 AMPS* Defect
Run (%) SAS (%) (%) (%) pH count
v 3 0.75 1.05 2.5 56
\ 2.5 1 0.5 14 10.5 23

[0038] The methodology was the same as Example 2 for polishing, cleaning and
25  analyzing copper wafers. The results of Table 4 show very low defectivity is possible for
a variety of organic acids.

-12-



Exanple 5: [0039] The following fornulations (C-E) were prepared with

t et raet hyl anmoni um hydroxi de as a pH adjustor. These fornul ati ons were
diluted to a 1:25 ratio with DI water 5 for the cleaning tests. Bl anket
copper wafers were polished on an | PEC 472 polishing tool with a two step
process: (1) 1 mnute polish using Cu3900 CWP polishing slurry on a first
pl aten of the polisher; and, (2) 1 mnute polish with DP6545- MX% CMP
polishing barrier slurry on a second platen of the polisher. The wafers
were cleaned on an Ontrak DSS200 wafE¥amRigedbber. In this study, wafers
were subjected tqo 20 seconds (sél 10 chem cal dispense and 30s DI water
rinse in alP§3: Thedfsiewies formulatiorselCoRbiweieuapaas with teteaatiiammonime

subj ect ed th@QlQ@%'ébl‘?%ﬁ]usﬁ‘ﬁ ‘?H@é@fﬁﬁﬁulgt‘lo‘m%@ aitdd 408 1945 Rlio Wath 1 watdrnse.
The vvafers wer e inspected usin Duo 736 wafer inspection tool. 100

def ect sOwe@ thaﬁﬁaﬁm tesdy: Blpake qﬁ@ppwﬂers viare palishserongn IPES 4i%plishiegt s
found in 1Q8b withflo été@ﬁr%esé"’e(ﬁﬁ ﬁﬁﬁ&@'pbm%sﬁ@ éb@gdo%rab pﬁéﬁélﬁﬁé s:nw‘eﬁrs

found on the wafers, shown Tabl e 5. Oxalic Resid
Host apur DBt Rigtempbibe %?he&énﬁ/(%ﬂn@mumcméhé&th D'ﬁﬁﬁ5('\4@5 SMP P%ShB'IM(%

(% Hydr OX'bQﬁle(r%unﬁ}%rH sec\Aﬁa p%t& Qf ke thsl\ZFS %@@aﬂe?slwe?é @eé?'teﬁ i 5‘50%@@25
3.34 64 vy .5 0.25 . 0.4375 3.46 34 AA 2

0.25 0.525 Dﬁ%ﬁﬁowfemﬂzbw5|rtih§55tl@¢y7waf%$ww SL@@CEEthOEZQ)Se@anﬁ G675 3. 59' 21

(0040] 1pt 'cﬁeﬁkﬁﬁalki{er‘%\é'ﬁ@@ostﬂlﬂatéﬂﬁ{séﬁé 'ﬂ&t Bhﬁh%ﬂcﬁﬂé E@édrfarbrﬁ‘éh By, AMPS*
(*Dequest 20 P9030) results in inproved residue renoval
the wafers were subjected to an additional 5s chemical dispense and 455 of Dl 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 in Table 5.
Table 5:
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
AA 2 0.5 0.25 0.525 3.51 46
BB 2 0.5 0.25 0.7 3.57 18
cc 2 0.5 0.25 0.875 3.59 21

[0040] Itis clearly evident that increasing the concentration of AA-AMPS* (*Dequest
20  PS030) results in improved residue removal.
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Exanpl e 6 [0041] Choline hydroxide presents a special case as a base for
formul ating -a post CWM formulation with AA- AMPS* (*Dequest P9030).

Al t hough an effective base when 5 used in conbination with AA- AMPS* or

anal ogous acrylic/sulfonic polymers, choline hydroxide has been found to
not be conpatible with acetylinic diol surfactants, such as Dynol 604.
When the acetylinic diol surfactant was added to the fornulations set forth
bel ow, the solutions becane cloudy, indicating a precipitate, and the
cloudiness persisted and did not cle&x@ampki& instability and cloudiness,

consistent with reaction and 10 precipitate formation i s unacceptabl e for a
commrer ci al [P¥HhICEhaling hydraxide rasenisraspasiah sasfersd pasasfor fumutatied pd9sl ts in

Table 6 belgw rdatiiftioR wﬁ%mﬂﬁmﬁ* ulébtt BHE0). AJAK%E%B%' dfRBlie bddealidn acid
Aci d surfactant Dynal AVPS* (% 604 ase (9% Choline
Hydr oxi 8e W8§d Iwrabloatw mtwtﬁ\l\&%*(cg a@amouqac n'CPOWN%tWGBFQ)f
cleaning tq Emadasrb%‘éh%d' tB N3 ek E&ﬂg‘?*eaneﬁmﬁ% Hbl NUFaBlaRES ST YD

COI’Tprl Sl ng Cont aCtl a Sur ace to UeOUS for mJI atl on
RE604; VBe

having a p }Slﬂ n the agedinicisiol @p@‘@pﬁa@m, %:tdieﬁéo me fgrmuiatlons set forth

acryl am do-yeRf Yhe %I@Rﬁﬂ@%e@%é%lﬁﬁ?)m&@étyﬁq Srecipats! rfd tﬁ@'cﬁm@m@% yl am do- 2-
met hyl propane sul foni ¢ aci d yirer _and m xtures thereof,

quat er nar y PERERT and Aigdias glege 'E@ﬁ mstabyity ?Qﬂﬁ'?%@ﬁ%&@%ﬁ'ﬁl“@h rﬁgct@n -and
quat er Ry prédipitat@formBiiaHTs rdEptdlfe A% RehnKrEal BFfmbIBASh dhdCeHekOife at ons

considerations. See the resuits 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%)
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and chol i ne hydroxi de when the surfactant is a non-acetylinic surfactant.
10 2. The nethod of Caim1l wherein the sem conductor nmanufacturing
processing is selected fromthe group consisting of post-CMP cleaning,

phot o-resi st ash residue renoval, photoresist renoval, back-end packagi ng,
pre-probe wafer cleaning, dicing, and grinding and photo-voltaic substrate
cleaning. 15 3. The nethod of Caim1 wherein the surface conprises copper
patterns on a dielectric substrate. 4CLAWS nethod of O aim1 wherein the
pol ymer is present in a concentration of 20 1 ppb to 1 Om% 5. The net hod
of O ai m 1 whereiln A Rethas of giganing to remexal residug ie sarisanduateronamsfactering ppm t o

S wt% 25 6. The naibaskskb, Qrﬁbﬁglrﬂg SdMeddand E%uﬁﬁc@fo&%‘él@alﬂé&'\ﬂth dn adpuget hod

of Claim6 wherein the organic acid is selected fromt group consisting
of oxalic acid, citfPimeulatigndaving a eRlvraei selegied fremdbe Grouﬁﬁ%ﬁﬂngﬁl

gl uconi g acid, gl Uta%ﬂl&m@%hﬂethﬁ%ﬁ@ﬁﬁe%tﬁ@h&iﬂ bAYHLS, a&ib acfi’&-QIa'cFylﬁﬁltlge-
et hyl ene 30 d| am ne tetraacetic acid hyl ene triam ne pentaacetic acid,

glycine, al ani ne, "e§tiylprapane gulfanicacid gepelyoerNdRUtuesAhgress anld eof . - 15
8. The method of O qiafriarfafirbriutioaRifieenrpid flr e SBUP BonkRiRYEHOXI de

havi ng greater than 4 carbon atons | ess than sixteen carbon atons. 5 9.
The nethod of O ai rﬁUftqrn@V@Hﬁyhgﬂmogwm bydrexide hayig gieater franstiearhen atoms s

sel ected from the giaumoffRdroLNIWAn BHetlufabhtis & n- afdéiw.ﬁréts%ﬁsaants' i cone
surfactants, poly(al kylene oxide) surfactants, fluorochenm cal surfactants,

octyl apd nonyl phenol et hoxyl ates, al cohol ethoxylates,
(C16H33( OCH2CH2) 1o0H) (I1Cl), (Cl6H33(OCH2CH2) 200H), al cohol, et hoxyl at es,

10 ami ne et hoxyl gt emhe BbM6Q Dt BRFm 1GHEFSRIEESemiBOAI RIS fHIPaclNAgPrSeessing
is 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-voltaic substrate cleaning.

15
3. The method of Claim 1 wherein the surface comprises copper patterns on a
dielectric substrate.

4. The method of Claim 1 wherein the polymer is present in a concentration of
20 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 in¢luding an organic acid.

7. The method of Claim 6 wherein the organic acid is selected from the group
consisting of oxalic acid, citric acid, maliec acid, malic acid, malonic acid,
gluconic acid, glutaric acid, ascorbic acid, formic acid, acetic acid, ethylene

30 diamine tetraacetic acid, diethylene triamine pentaacetic acid, glycine,
alanine, cystine, salts of such acids and mixtures thereof.
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pol y(et hyl ene gl ycol -co-propyl ene glycol), linear alkylbenzenesul fonates
(LAS), secondary alyl benzenesul fonate, fatty al cohol sulfates (FAS),
secondary al kanesul fonates (SAS) and in sonme cases also fatty al cohol
ether sulfates (FAES) and m xtures thereof. 15 10. The nmethod of Caiml
including a chelating agent. 11. The nethod of C aim 10 wherein the

chel ating agent is selected fromthe group consisting of
ethylenedianinetetracetic acid (EDTA), N 20

hydr oxyet hyl et hyl_ e iam netriacetic acid (NHEDTA), nitrilotriacetic acid
(KITA) Xyd. e%/hyl k?/ nﬁ}% Igr}hﬁé;?é APy wheraini the Aupemary i ansmenignyydixide.

citric acid, glucaw g@bﬁier 44 Gareh stomBIHaS LRI than Sikten c&%h%'idrﬁs aci d,
met hyl di phosphonl c aci am not ri snet hyl enephosphoni ¢ aci d, ethylidene-

di phosphoni ¢ aci d, 1-hydroxyethylidene-1, 1-di phosphonic aC|d 125

hyd [id - 1 -diph hani ¢ i

e%/h;lmgrsagg%/s Ime'?ﬁsléw ﬁ%‘glﬂﬁéﬁfd@“édPHUd'”QjGGHHWta% Whereihivesyrfastanti®s phoni c
acid, nitrilotri S”HQH&WWM% Gonsi&ting. of acetylinic diol surfactants, silicone

et hyI enedi am nebi sne

| epnepho onic a
et hyl enedi ami net et rsé'ﬁiiggtﬁﬁ?sh &&%ﬁ%ﬁﬁ?ﬁﬁ@ﬁ? glriactapts, flgorochemical surfactants,
hexadi ani net et r aki ool Byl ﬂampbﬁémfémdkyléﬁésdalcohol ethoxylates

ot Spaneal am ot et ol HRBKBHEEMobIEIS (et 6 OSHEGH s deorsh o tessci o

di mer capt o succi ni arsigé dthogylute@rgmc@qzje@ g|ﬁ§érﬁidgs %Iyéthw&ﬁef‘g’ﬂ/do@s acid, -16
fumaric acid, polycar s, tricarbar opane 1,2, 3-

tetracarboxylic aciP®V ?ﬂﬁ{léhég@cg -08-pfopylens %be%f%/)oﬁam %VE’@FB‘B"Q&WW% itic

acid, oxycarboxyl I(I:Aa);Isdeoncgkwmbeﬁze%smfon&% mf@ré%‘hlar Qﬂﬂa% d(FAgg: dC f: E“ c
i cy

acid, malic acid, tartaric aci ruvic_ acid aci
acid, gallic acid, S@"?}'ﬂf?ﬂ%ﬁ'@ﬁ%@%‘“%?%@ﬁﬁ) anghji 5@@%08?93 R B IGokohei ds,
pyr ophOSphorl C aci Gther sulfates (FAES) and mixtures thereof.

15

10. The method of Claim 1 including a chelating agent.

11. The method of Claim 10 wherein the chelating agent is selected from the
group consisting of ethylenediaminetetracetic acid (EDTA), N-

20 hydroxyethylethylenediaminetriacetic acid (NHEDTA), nitrilotriacetic acid
(NTA), diethylkienetriaminepentacstic acid (DPTA), ethanoldiglycinate, citric
acid, giuconic acid, oxalic acid, phosphoric acid, tartaric acid,
methyldiphosphonic acid, aminctrismethylenephosphonic acid, ethylidene-
diphosphonic acid, 1-hydroxyethylidene-1,1-diphosphonic acid, 1-

25 hydroxypropylidene-1,1-diphosphonic acid,
ethylaminobismethylenephosphonic acid,
dodecylaminobismethylenephosphonic acid, nitrilotrismethylenephosphonic
acid, ethylenediaminebismethylenephosphonic acid,
ethylenediaminetetrakismethylenephosphonic acid,

30 hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphanic acid and 1,2-
propanediaminetetetamethylenephosphonic acid, maronic acid, succinic
acid, dimercapto succinic acid, glutaric acid, maieic acid, phthalic acid,
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pol yphosphoric acid, heterocyclic conpounds, 8-oxyquinoline, diketones, a-
di pyridyl acetyl acetone, salts of the sane and m xtures thereof. 12. The
met hod of Claim1 wherein the quaternary al kyl ammoni um hydroxide is 10
selected fromthe group consisting of tetraethyl anmoni um hydroxi de,

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

di et hyl ammoni um hydr oxi de, trinethyl ethyl ammoni um hydroxi de and m xtures
thereof. 15 13. Thdumerinageidopolysashanylic acids, tidnanepriaci erapasetleb2dd from t he

group consi sting O(Etrgéa?&%{yﬁé Bld Al fREReS Z@ﬂ%ﬂr&céﬁﬂxg%‘ééd rﬁé\(f)ﬁ‘id‘&)l@ge”t S

and m xtures thereof queous f'or rul at 1 on risi
pol yner sel ect ed fr@qmnbexx@p@ws(:@}mhg@pﬁg%wdmvwawn@@cldréﬁmm medligne

sul fonate) pol yner sac.@%ryéricfacﬁ;c wru%caa%rovhgmcepac?a saﬁéywhaaom&eac?aﬂ foni c

aci d cogol yner and m Xt ures thereof uat er nar nmoni um hydr oxi de
sel ecte@ fromthe g?qmﬂ@enelénw%qhoh@yma italuw@ph@rmya ﬂ<9vf0§hﬂ$m\°[19rﬁﬁ'9dr oxi de

havi t th
aving greater thar, sur ?pﬁcﬁ{c%fb mﬁl‘éi’@%y@l&‘#}dﬁ#ﬁuh&@ d“yﬂbgmﬁ% ldiketdiRs asence

of a non- acetyllnlc act ant erein e aqueous ion is capable
of cleaning a sem cpuricytasetylagetene; salts qﬂ*ﬂ%sarae preawdyresdheresfed from t he
group consi sting of post-CWMP cleaning, photo-resist ash residue renoval,
photoresi st renoval, back-end 30 packaging, pre-probe wafer cleaning,

di cing, and grindi nﬂ' and photo voltaic substrate cleaning applications.
-17 15. The for miBathegnedpd of Glam 1avigieindne auaterngsy gied @mraonivra Syaioxidg is

concenypation of lpjhediéd fEMERE group Bonsiéithgld? istidletiyiimBhiuf ng,umxiefé wher ein

the polyner is present in a concentration of 0.1 ppmto 10
tetrapropylammonium hydroxide, tetrabutyl ammonium hydromde dimethyl
diethyl ammonium hydroxide, trimethylethylammonium hydroxide and

mixtures thereof.

15 13. The method of Claim 1 including an agent selected from the group consisting
of dispersing agents, organic solvents, defoaming agents and mixtures
thereof.

14. An aqueous formulation comprising;

20 (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

25 carbon atoms and choline hydroxide in the absence of a non-acetylinic
surfactant,

wherein the aqueous 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, back-end

30 packaging, pre-probe wafer cleaning, dicing, and grinding and photo-voltaic
substrate cleaning applications.
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17. The fornulation of Claim14 including an organic acid. 10 18. The
formulation of Caim117 wherein the organic acid is selected fromthe
group consisting of oxalic acid, citric acid, maliec acid, malic acid,

mal onic acid, gluconic acid, glutaric acid, ascorbic acid, formc acid,
acetic acid, ethylene diamne tetraacetic acid, diethylene triamne
pentaacetic acid, glycine, alanine, cystine, salts of such acids and

m xtures thereof. 15 19. The formulation of C aim 14 wherein the quaternary
anmoni um hydr oxi gg aft great r..than 5 carbon atons in their nol ecul ar
structure has | ed? HFdR™ @'@H}%Whﬁr@%ﬂs‘e PRIVMEEiS PreBedduBar struct ure.
20 20. The for mul atdonberstfatich af mppbdtol 1oWtudi ng a surfactant wherein the
surfactant is selected fromthe group consisting of acetylinic diol
surfactants, silicone surfactants, poly(al kyl ene oxide) surfactants,
fluorochem cal surfactants, octyl and nonyl phenol ethoxyl ates, al cohol

et hoxyl &t es, (Clﬁmeﬁﬁimlai@émﬂﬁhhereh%@%@m@rﬁﬂpgb , al cohol ,
et hoxyl ates, 25 ani ne t?oxg* Blt es g 03| des, gl ucam des, polyethyl ene

gl ycol s, poI y (et hyPeREMHIOR ’Brt [3§ QRPN g ycoI ), linear

al kyl benzenesul fonates (LAS), secondary alyl benzenesul fonate, fatty

al cohol sulfates (FAS), secondary al kanesul fonates (SAS), fatty al cohol
et her sul fates ( m_Xtur es ereof . 30 21. The formul ation of

Cl ai m 14 incl udi ng a gﬁﬁﬂﬁ?tloﬁgd éaé'ﬁ'tfﬂnglﬂg‘”ﬁfn OfgRNIG 3%yl ati on of C aim 21
wherein the chelating agent is selected fromthe group consisting of

et hyl enedi am netetracetic acid (EDTA), N

hydr ox{@t hyl et hy1&aﬁ'@dlfmnu*ﬂitonlcawmnd7a.0h1&1‘e|(1|‘tlﬂE&'§é)uc atid s isbREfdIEM te acid 5

(NTA), diethylklen i.d (DPTA) . ethanol di gl ycinate,

citric acid, gl ucgwd a}%g&ggﬁ'?%éfaq%ﬁ%hc 3‘3 t"B%S'QpH%P?‘ba%\ rﬁa"cta&f‘i AalNigei d,
acid, gluconic acid, glutaric 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.

15
19. The formulation of Claim 14 wherein the quaternary ammonium hydroxide
with greater than 5 carbon atoms in their molecular structure has less than
sixteen carbon atoms in their molecular structure.
20 20. The formulation of Claim 14 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,
(C16Ha3(OCH,CHy)41,0OH) (ICI), (C18H33(OCH;CH,),,0HY), alcohol, ethoxylates

25 amine ethoxylates, glucosides, glucamides, polyethylene glycols,
poly(ethylene glycol-co-propylene glycol), linear alkylbenzenesulfonates
(LAS), secondary alylbenzenesulfonate, fatty alcoho! 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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met hyl di phosphoni ¢ acid, ami notrismethyl enephosphoni c acid, ethylidene-

di phosphoni ¢ aci d, 1-hydroxyethylidene-1, 1-di phosphonic acid, 1-

hydr oxypr opyl i dene-1, 1 -di phosphonic acid, 10 _ _ _
et hyl am nobi snet hyl enephosphoni ¢ aci d, dodecyl am nobi snmet hyl enephosphoni ¢
acid, nitrilotrisnethyl enephosphonic acid,
ethylenedianinebisnethylenephosphonic aci d,

. . h d
ﬁteggldiegrendlng'[ne?re;% r‘l?péfﬁ ne@gwég kv%gér%@atﬁl_q_ghelatmg agent is selected from the
di et hyl enet ri am neppaipesishyihg eah éﬁé@é\hﬁe&@ﬂa@et@ﬁé’cl&-(ébTA N-

di net et et anet h onic acid, maronic acid, succinic acid,
Slr ?T’gfgg.p![ gms ucci ni & g&i MgtL'E)'P&WEPP@aHW%”a%m arig (NHERTA HYtRiptiasetie peid

fumari csacid, pol yQNH'JAEﬂﬁthyﬂkléﬁétﬁ&mn@bérﬁté&é}%@é‘d @F’T‘i«) &ﬁ&ﬂﬂ&lgw&n&tel f.lﬁ‘lc

tetracar boxyl I c aci t ane- tetracarboxylic acid 1tic

acid, 20 oxycar boxﬁcldcg EPRIS acig) xalF agidaeiesphanc W@tr‘é&@fﬂr@ﬂﬁ oni ¢ acid,

t cid, malic methjldiphd baibla% rhotithetMi1EnedhbSphdHicdhdl@ Uthyg
(s::aI H:)C/I ?c aci d, gam y 'p @h Ioagnolosfm‘r?:at*ec %ﬁ‘ p%/dﬂlgl ?{? W %‘lOSphOI‘I C

aci ds, pyrophosphoA®°§E Qqic agj IV%Y?EQWBTY;'@E"@C? d- d'FPhQEE é@ﬂd-corrpounds

8- oxyqui nol i ne, di kgt@R@SropPideréYi-dighds gﬁ,b)élc@cetone salts of the sane
and m }rﬁgures t her eo 2%&25?' The forrgml e??l on of Claim 14 wherein the

quat erhary al kyl a Fﬂ’WHPb'WBWB@PE@“?S@h%@FGE*Ped fromthe group consisting

of tetraethyl amrmnuduaecww.h@msﬂlethyreﬂbﬁwpﬁwb ABRCAItrSTHEM P hélhoshRdriabut |
anmoni um hydr oxi de, . dineth di et hyl ammoni um hydr oxi de,

trimet hyl et hyl arrm)ﬁFGn‘?W’&F%‘?&P@'@ebWWWQPWQ'%W eof . 24. A post-CW
cleani ng fornul at i ethyrmeBiahfindletrakidiothf¥addros@drit acid® (b) Secondary al kane

sul phoni ¢ aci d; hexadiaminetetrakismethylenephosphonic acid,

15 diethylenetriaminepentamethylenephosphonic acid and 1,2-
propanediaminetetetamethylenephosphonic acid, maronic acid, succinic
acid, dimercapto succinic acid, glutaric acid, maleic acid, phthalic acid,
fumaric acid, polycarboxylic acids, tricarbaryl acid, propane-1,1,2,3-
tetracarboxylic acid, butane-1,2,3,4- tetracarboxyiic acid, pyromellitic acid,

20 oxycarboxylic acids, glycolic acid, R-hydroxypropionic acid, citric acid, malic
acid, tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic acid,
polyphenols, catechol, pyrogallol, phosphoric acids, pyrophospheric acid,
polyphospharic acid, heterocyclic compounds, 8-oxyquinaline, diketones, a-

dipyridyl acetylacetone, salts of the same and mixtures thereof.

25
23. The formulation of Claim 14 wherein the quaternary alkyl ammonium
hydroxide is selected from the group consisting of tetraethylammonium
hydroxide, tetrapropylammonium hydroxide, tetrabutyl ammonium hydroxide,
dimethyl! diethyl ammonium hydroxide, trimethylethylammonium hydroxide
30 and mixtures thereof.

24. A post-CMP cleaning formulation comprising;

(2) Oxalic acid;
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(c) Acetylinic-based surfactant; (d) quaternary al kyl anmoni um hydr oxi de
havi ng greater than 4 carbon atons; 5 (e) a polyner selected fromthe
group consisting of acrylam do- nethyl-propane sul fonate) polyners, acrylic
aci d- 2-acryl am do- 2- net hyl propane sul fonic acid copol yner and m xtures

t hereof; and, (f) water. 10 25. The fornulation of Caim 23, conprising:
1-6 wt% oxalic acid, 0.1-2 wt% secondary al kane sul phonate, 0.05-1.5 wt %
acetyl i ni c- based sur f actin®econdary akapesgulpbegiciasid;

aci d- 2- acryl am do- 2- met hyl pr opane sul fonic acid copol yner; quaternary

al kyl ammoni um hydr oxi dé&)naeatyigicgrasgdsprfastant: 4 carbon atons to adjust the
pHin the range of 1-7, remainder water. 15 26. The formnulation of C aim 24
diluted with water in t& qualgearyralky! ammenium bydyoxide having afesterthart 4 use. 27.
A post-CWP cl eani ng for gatdhiag®mgonprising; 20 (a) ethylene diam ne
tetraacetic acid; (b) secondary al kane sul phonic acid surfactant; (c) a

non- acesyl i ni c-based su(d)agpairher éSectedBbinge Bﬁﬂb%h%ﬁngg&)ac by ITer
selected fromthe group consisting of acrylamdo- 25 met'hyl-propane

sul fonate) pol yners, ac MAYEPERPARE sulipnale) pelvaners-achdic Imgidpd-aersiamidas s oni ¢
acid copolynmer and m xt we@fylprogdrR0duifoRit Geid(dobol/Rlef Bnd mifures thereof: and.

() water.

10 23. The formulation of Claim 23, comprising: 1-6 wt% oxalic acid, 0.1-2 wt%
secondary alkane sulphonate, 0.05-1.5 wt% acetylinic-based surfactant, 0.1-
3 wt% acrylic acid-2-acrylamido-2-methylpropane sulfonic acid copolymer:
quaternary alkyl ammonium hydroxide having greater than 4 carbon atoms to
adjust the pH in the range of 1-7, remainder 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 acrylamido-
25 methyl-propane sulfonate) polymers, acrylic acid-2-acrylamido-2-
methylpropane sulfonic acid copolymer and mixtures thereof: and

(f) water.
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