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10 The present invention relates to th

cl eani ng CMP equi pnent wherein said conpositions havg4 § MAR 2005

necessary step in the fabrication of nultilayer

convent| onal pl anarization technique is.20 CW

VatTheipagsent inentingeustatesmo tae dleaningaf equishgairin whigh ghemical
have,yaproxedelganing performyance apdionre a@gdsée Hee¢qpipment, iuman

Rel ativg qotion of the polishing pad with respect to |
Des to polishing of the wafer through

um na ceria d chemni cal reactiv alels edi.ents. . .

sco g AR Of 0G0 TR Raenls, RS PR AP HoH0 B BHAFEARon edtniquo i

20050219 1 - .0 *159159* Il O 4 MAR 2005 0S|
, for deaning Chem cal Mechanical Planari zat?ﬁ% 651 9 1 - 0
equi pnent i n which chenical nechani cal pI anarl ﬁmm"mmumn
("CwP") is performed. In particular, the presen
i nproved cl eani ng performance and/or reduced hazards
t cComposition forrGieanbmoraihensieal Mecihadieal Plamarinabion Alfparatus
integrated circuits ("ICs"), providing a flat, snooth
surface that can be patterned and etched with the
(Chem cal Mechanical Planarization or Polishing) known
TechrﬁciﬂField” and described in text books (for exanple,
mecifitoftinPlalzchon Cibe) i B bims R B8, o plBR TpHaon
relaték td clidngicalWotrositidnb €ord] edhirig CRIP #duipmait wherein said compositions
that react chemcally with the
Staf%}gf%rate I?to be.pl anari zed as well as constituents
e i Qo i or PRt aaﬂst ng bptHe 2Rbric3li6H bP rultilaydidntegrated cirouits
abrasive slurry po materi als used 1 n CW '
cWR&en&dayMethﬂﬁ&ﬁrpmﬁu@ﬁa@ et Paeshﬁrg)lmsw lﬁmﬁm deScribed in
pol i shing pad and often | ash”onto var.ious

Appar at us BACKGROUND OF THE | NVENTI ON Technl cal F| el d
invention relates to chem cal conpositions for *159159*
Description of Related Art Planarization is a
LU INVERUEON| C conponents. The
em cal Mechani cal Planarization of M croel ectronic
abra5|ve/react|ve slurry |nter osed between polishing
dredh
causi ng pl anarization by mechanical abrasion.
(“ICtsSi)g iprenidipg ediby snswth surfbcesthatan bd @atiemied asd stichedwith the
textrhﬂoks tlosexpple.e tha@ﬁdp@ham Plananization of Migeoelectronic

- Materials,” by Joseph M. Steigerwald, Shyam P. Murarka and Ronald J. Gutman, 1997).
CMP typically makes use of a polishing pad brought into mechanical contact with the

wafer to be planarized with an abrasive/reactive slurry interposed between polishing pad
and wafer. Typical CMP slurries contain constituents that react chemically with the
substrate to be planarized as well as constituents causing planérization by mechanical
abrasion. Relative motion of the polishing pad with réspect to the wafer leads to polishing
of the wafer through mechanical abrasion and chemical etching.

The abrasive slurry polishing materials used in CMP typically comprise an abrasive -
such as silica, alumina, or ceria and chemically reactive ingredients Typically, in a
practical production environment, these shury materials cannot be entuely confined to the
polishing pad and often splash onto various portions of the CMP apparatus and dry in place
leading to increasing deposits of CMP slurry materials at various locations within and on

the CMP apparatus itself. Deposits also tend to accumulate on the interior surfaces of
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| eading to increasing deposits of. CVMP slurry materials
at- various locations within and on the- CMP appar at us
itself. Deposits also tend to accunul ate on the
interior surfaces of 1 del i very.tubes and ot her

e ERRBeH BBl 5L 19 ey, BN e Wy s
such IdSp@sﬂsdmmdrovpr nmleama dedmmon problhsn tifat pombnsbﬂsuch shurry deposits
deposi t br.e | ooge in the typj.ca rasi e, .
brealt e b G RBICAaI™ PL et RariHEbLier o S Besk pito thepaliching
pads“@gfe['ss?xgz&y 2 hteRS a'l‘%é%? }18%3.133& aﬂﬁ\é\ﬁgg%cﬁ@ afstdaeRd from slurry

bartic odge urry 5 teposits onm the CWP
depositpan teSMEFr apparatusiare e sofirce oficancerntto theEMENF gixregt mdhat they

in that t inter .ali roll abl e g
may a1y Pt e PR T Aoty o RGRalY: Semf S polishing
mate?ﬁlsesrubﬁﬁ fe?'HE Qut?&“tc glﬁfﬂés‘iyﬂibiﬁyﬂls@d SrlENVPRT gt "%}Le&‘s cause

used for of tungsten’layers cause unsi ght
unsighithy staingan Mappaa@u Henode shuxy matenialy amhother wbstaam have to

be pelpsicalirPiCTBd Fa MR por i ey e Bo BB il o Rt
the réobileoccarsmiret emaschaﬁgee bn@PEWeddd Enéd @maath, 6PFEs@ant to any
week, once a nonth, or pursuant to any ot her

othepmiaintensane schedledipesnotoregatedhe feetthntethe ppparaius eysnduallythas to be

o SRS B S BR RESek p BB SR8

theréefféiny enoved therefrom Polishing slurries containing
ferric nltrateF NB)3 tend to formferric hydt{s xide .
15 PoHelingplyyries pentainipg fersig mafeate FeQid)s terd toffosd femighydroxide

EeQED A onééty‘é?‘e%wrhﬁ?&séﬁﬁggﬂ‘%% o Wbl Y gpndits of
slun@jl‘d?stﬂbpmmwm:amthat carspshairy tocindividuat Cbﬂ%appatattumar(dl\t@ specific
equ nt hese fl ocgul ent precjpit.ates ca br.eak
10%%19 SRRy éﬁeierﬁiocgwﬁ?{rﬁeﬂp&tﬁ #@%F@Hﬁse
th"éo.ﬁiﬁr}L 8isQituRioh 3¢dtertahf cbi@ iNB bEAthct WARIERI WaABIs© Undesirable .
fer scratching may result. Hence, there is a need
wafércacraﬂclnhgmamrgsﬁb e there iet heed fov @ clzaningicomposition gffective
intecior .re s of
for tean PR et Bipine Bosiiarepentey e bmyistyine diubygin vstems
asso@M?e@Wﬁﬁm]?[p Ippggdfu@ent practi ce makes use of
surfactant solutions for cleani n CWP_appar at us.

ThdauTens practien makp%uqeﬁﬁsuﬁmtyntrﬁs@ tionefr eleanipsdMP SRR atus.

| The%%ipgut?@ﬁ ea?c];z égo% lé( o&éfrﬁ’%&f%ags%x%glt P%Fﬁ't? WfsSolve typical

CMexesiphes, THe, tiresiduenip@stbe safapdd bff veie, & exgnipbs; meﬂqnl scrappers.
is bath Iabor| Qus and tjnme-consum ng, .and resul ts i.n

Thig spaapigg teshpiqus s bethlahezioupand tn@reégn%%pgﬁad resplis ipthe,
gené)ﬂa{lgn bPfRodR Bétrti%iéé Thdt %;ﬁféﬁ BBk Mf)arams and eventually back

onto polishing pads, wafers and/or platen. Uncontrollable wafer scratching and reduced
product yields are the typical results. Examples of CMP cleaning systems including wiping

operations include those commercially available from The Texwipe Company LLC of

~ Upper Saddle River, N7 for use in cleaning tungsten CMP slurries (TX8606 SCS) and

oxide CMP slurries (TX8065 SCS).

Additionally, current methods for cleaning CMP apparatus make use of hydrogen
fluoride (HF) solutions and/or potassium hydroxide (KOH) solutions. Typically,
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onto polishing pads, wafers and/or platen.
. Uneontrol |l abl e wafer scratching and reduced product

yields are the typical results. Exanples of CW

cl eani ng systens including w ping operations include
cohdtGated HIITRSIY 0 PRBE 9

LLC ofeqSO ppé?uggteam %@egfld{gﬁg?ﬁaéﬁ?&ﬂr@ gloea gxg a5%
to { Q¥ gelutionyigereployed. e'Ble(I’msﬂn)ﬁoﬁSGBKOH} sblution xseypﬁmly sprayed onto

e AR08 OO ML Rl o PAEE Bl ARG v

wift da;fanm«ed((hDP’)) VU Thens éf']ﬁélfb’geﬁ Hussad dﬁﬁﬁg E%ﬁg CMP

sol utions. Typically, concentra

(KOH)
appArpiyE Bas sqrious digadvaniapss as @result of fhis slhgtam@ bcmg oxtretaely

deleBrioe s gl SRR E Mg pres Ry B Bl b o reots ot

alsolbeingaddl etersorsif @R, HF slb@reqwe@sp@aiaaaﬂeﬁogamfetﬁoag UfThs,
cl eani ng and subsequently rinsed wth de-ionized

strngepbHrecaations mpsibe mistagsed whensyeking] with ambdtemrs)ng of HF.

A@tﬁ?&g?g@?ﬁﬁo Q&rgﬁpﬂg Jﬁ?@r ﬁéie ci:?mgﬁ RN £2% nitrate.

Furtbératoze, 1 sa alst dembgswhie phadieplates o€ OMPB apargtis or bed

througv#tg{kec ski %ﬁiﬁgd as a result of it _also being

del ét tyof; Y@éﬁgeﬂmeaﬁlwslsw@w withethe yse0f potassium
hy8ioSRRRIOMFfR f&%mng g {5&%

sust ai ned vvhe% wor Ki ng vmp?{ﬁr%%lgd %%l%“r oSl K@qgﬁmgu&%ssmuy
remeicH somnelicimical idfaidssubl as &mmmfﬂd&nmﬂtwi@ﬁ oftén leaves a

resfdlf kiBhodtticH Peotiins A miiiinige. H@%ﬁa%raﬂw 9nd pelishipg pad that
mdy\d3ntipEaLe sehicondFdtbt Wﬂe&%&ﬁéb? i‘es@htgiggﬁ al%&'ﬁ&ts on the

al so associated with the use of pot ydr oxl

. eleciriop) perfrrmanesef 'ihg d@N!Pe apbaraiuaton ifgyieldn @‘m&emgqreﬂceH can also

cabBid e SRR e o BB ATRS e il B o

appmame ¢iypically Lexa)s Lﬂnﬂhﬁﬁ%@fesp Fud 1 hamaasl%hﬁﬂfo ROR s
i ng pa .

par at us and polis that 15 may
E"(S&‘F W@%ﬁ@mhﬁﬂénsan@étsewlresul ting in
det FiLE L ec r| o erformance 0 .
S L i R BBt
froon@MRP qmpattﬁusatj;mt trheliqrhtet eﬂo'&lrﬁdxﬁés émﬂ)rm of thd dM@rtcomings of the
to formshields of the CWP appar at us

se
prigtipt; T lFotiog SHpORAPR O e PResest imismiioRds SR el Aigo Of FEF,
KOH Furtifermbid i
care i r?r]ﬁandl [ gre§ab;n |spos&q%sg%aﬂ%gu %@g&ﬁf;&ftrastto the
worle e Thunman-Gbrzakézne). do(FO9%/23688).0r renovi ng unwant ed
deposits from CVP apparatus that aneliorates or
overcones one or nore of the shortcom ngs of the

BRINIOSUMMARYOF Te0 INY - ition of the present
I nventi on 1s sSUDST an e of HF, KOH.

Fur {TheDseseat mvntethmebeastto chemical cmpbsions and metieodsse use for
cle%mu%MP e?lul Qi ansictzlu&mg the interiors of delivery conduits for carrying CMP
slurry to the necessary sites. The chemical compositions of the present invention are also
usefill for post-CMP cleaning of the wafer itself,

Three classes of cleaning compositions are described, all of which are aqueous
solutions. One class operates in a preferable pH range from about 11 to about 12 and
preferably contains one or more non-ionic surfactants, one or more simple amines, a

surfactant or sticking agent such as one or more soluble dialcohol organic compounds and
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 acideind apligacidmpoibindichss ofeempRSIATS hrert

wor k of Thurman- Gonzal ez et. al. (WD 99/23688). 25

. BRI EF SUMVARY OF THE | NVENTI ON The present invention
relates to chem cal conpositions and net hods of use
for cleaning CWP equipnent, including the interiors

f deli duits,f ' . .
oo o S LB 3o e
. prefBfaBRYH randy 6f bhsraxiiely8sPandddntides otle dramorp afladtiviacid, citric

cleaning of the wafer [tself, Three classes of
digy Wevane RredrreblepH range
. ; -
sron BB 1S top Bt 3 MiStere it i P RGBS ondUi AR aB bR one

chelafifig Bens, b feasoona@ickingaigentamdat kastfonetaniongg swfastapt. HF and
nore sinple an ne

. s, a _surfactant or, stickjng agent .
KO fonsstaBHAILG Ro3951 BOBIhEBISGSTH ACEIARBILoBY GLIe present invention.

g ggﬁ%?@nﬁ (i)cﬁlsgﬁgkéﬁreggﬂrt fveH@A B 3how t8 @ advatitageously used

Nng conposition operates in. a

for glegfing flel Surpydishitasionisysiaprod MR epparat8s.5 and cont ai ns
"one_ or mpgre of |lactig acid, citric acid.and o ' .
ac Armong B acentegesoGhe B leehi cofBoRiplY w8 s Hilpyine:

a p(Pﬁé Ec{)v%mage BEHANSRing ERIPARRME adoordibp t@ iR ffresknt invention is
preferably Containing at |east one oxidizing acid at

that thew tleambetfer ¢lipn cledning cayaprsiticns bessdapon bethsHF @l KOH

Z? %gﬁgf %ge(tapéggg ;5:‘ g%gciﬁrig? Cgﬁ:p[oﬁg{oég %%cgﬁlg% B tt?er}ﬂeseﬁvention

is tﬁé%'ﬁ%fdxé E&Rpatitile WAt e BFRcH plasieatd @etal p&eef the CMP apparatus

conpositions of the present invention are shown to b&
andtilusaeagt et aggressisschsiHF and KOH mptieplang the mgterials of the CMP
di stribution systemof CMP apparatus. Anong the
tages of the present, cleaning conpositions are
t he Affatthevddventagd ofhe chsdvinptovgpositiohhaccotding tothe present
_ conpositions according to the present invention is
inventign is thay thaveasn fydesscausticdRar FEani ng conposi ti ons
basqd ;4P Qdﬁﬂ{%e iy tﬂ‘&em %&Hgsﬁﬁfns VR8RS the prebént invention
cl eaning conpositions according to the present
is thatthey ardeliorhis enftitbninkmetyl disgosabueptrictithserelated totHE. '

RIS IR A AT R S
in hﬁl?tﬁﬁl B4, faCRinBRbA! roﬁltlﬁe&?fﬁlg o f £Easip poRiaiud tns, ey do not leave

er advant age eani ng conpositions |
a resideal domposition bEptassivn matérial on theorpparatus-as occhesywith the use of
c&ﬁr | ess caustic than BE Anot her advantage of the
KQ@eani ng conpositions according to the present
| NVendtafbther iviahfize b e o@émiﬂ;jgaom@smnh acuvndtingab the present
di sposal restrictions related to HF. _ | )
invention is that they tend to Ioosen residues thereby reducing the required manual labor.

In some cases, the requirément of using a tool such as a spatula for scraping off residues
ffom CMP apparatus is eliminated. |

Another advantage of the cleaning compositions a{ccordigg to the present invention
is that they typically require merely the use a sponge, which doesnothavetobe a
SCOTCH bright spoﬁge or the like, for removing residues. This tends to eliminate
scratches to the CMP apparatus caused by cleaning with much harder and grittier, spongés
typically used heretofore. '

Yet another advantage of the present invention is the ability to clean residue from

the interior surfaces of the CMP slurry distribution system.
4
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20 A further advantage of the cleaning conpositions
according to the present invention is that, |acking
-conpounds capabl e of rel easing potassiumions, they do
not | eave a residual conposition of potassium

T O SRS U G il bt

P R SR e SO cases, the requirenent
nggggégm@st&%a@ggg_ as a spatula for scraping off
rési

advant age of the cleaning conpositions according to

h avent | ' typically require

Yt e e e not have to be a :

0 SRCEALESIRPbHISnsSHRO BisiviPlo BeliReful kfthefRictice WP Ylid{itesent invention
residues. This tends to elimnate scratches to the

as clenming pgenta farsCMR spiprhsnt c Theasicompesitionsroambausedsinghner in

tittier,., spanges typicall e et o e, .
configkb okt AR TR vl kAo IR EME BPRRS Pl cosning o
spediféd hér¥inld} det@iind 5y fhutind Ef¥rintcRtationtoRr spetifisdepeiies

of the CWP slurry distribution system 4 Another
advant age of the present invention is the absence of
co .Y .A BRI EF DESCRI PTI ON OF THE DRAW NGS Thi s
has no drawi ngs. 5 DETAI LED DESCRI PTI ON OF
THEOA N EnfFdsiioriSeueniaalt tecthepesseiht inventisne“Sbmposition AZ) comprises a

useful in the pracgtice ?f t he present |,n\{)int| on as
solution o ioRg ORFIORE BoR-inigRisiactants, #RH PT MPFRUMPIS ARINEH QN 0% more

sohﬁ:‘i‘é‘digﬁoﬂéle&lgﬁﬁie %%pggn&sg%(iﬁgpéd%%h%co 2itAPR/ith el édposition
vari ous regfPons of “the apparatus requiring o
anddusaioning & dofactant df steltingeagent) and ode bemoreguatépary amines, In an

 squeipeliiep NP ToRBL LR BF suant Lo the pr esent

| VeI hdiDi o CRIFRR SNt biRiuldbe sa@sreaﬁmoalpo%a{dﬂtana@oﬁ\{paume with
one or nore non-ionic surfact ants, one or nore si e

the pHi ranges ofitke oomporitiort SAdditionally, itiisiroportant dhaj sha q,lo&lp point of the
d h t t. bl i . 1 s

B RE HRn 1 nably PSP ARG P RRRY bl B8 ctoning

confdsitton Orfedt-londd €l AR RinPfoul ife il il the Pedsgntiiivéxition is B,5-

an aqueous solution, typically de-ionized ("DI")
dimethw A -hexyn-3-ol, the structure of which is given by the following:

CH, CHs

Ha |
HaG——CH—C == C——C===CH

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

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

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

under Surfynol ® tradenames include mono- and di-hydroxy compounds such as 3,6-
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The non-ionic surfactant should be soluble in the

. conposition and conpatible with the pH ranges of the
conposition. Additionally, it is inportant that the
cloud point of the 20 surfactant be such as not to

duﬁeﬁlg)gﬁl{ o& . on&&ﬁ?t%ﬁn&{%@gb 8- &Yﬁ'tﬁlﬁﬁ@&tg&a iol on an

sitron sur ound

amaﬁ%ub s1|116a bmlep ( SeEiol P msa%m&réxﬁetﬁyﬁdec%émmgurfyml ®104).

-hexyn-3-o0l, the structure of which™is given by the

f ol ll\mmoreﬂ'lanﬁld&u.fﬁbﬂ\AEA) I-dﬁ“ rblatdﬂ(ﬁrﬂrtry@rrﬁh@ aitd uskful GHthe practice of
3, 5-di pe One usef ul meLci, al .
ﬂlefrsFSﬁPUfnvm 015%{}@% dhe o igm& pampoynd g SPQ%W%SPWG in

ﬂlegcﬂr ; foﬁ% tg%}? r@)g%{. ﬁm?ﬁ(gﬁlja% F‘gjglgant CﬁrEé@ﬂ? Q?tﬂ? amine end of the

mo$eculey rigkaniples of mhradthnsnal lfmhambnahgmups mohidd myﬂgootyb ayid or ester

d t hyl
e BER R g pler 8370 iroBpHABEG ) 50 [QRRES SEAPHPAY ghine nature of
thefoleBRRGPPRYSvEd! AeAn&Hakin ﬁ&éqrtﬁié;asﬁt g Edrb&isre @86l in the

tetramet hyl decynedi ol ( Surfynol
pravticoef thapotsent imvertivd/glthough thelvalatiity of tmm,al Eiaménss is a possible

GspREE. (he alep UG ES I e sRAIoR 0 OLE: S &PHY BHERE ) on-
voﬁ.ﬁhwoétﬁl dohubility e tﬁé S0 "MPREbL}1FnctidnaBty on the molecule is

functi onal groups rra e present at the ami ne end of
advandageqtss.ecul e. Exanpl es of such additional functional

I t ' .
ana TEPmaRie B RaT R BEYeen 488 sitrBrafer Yioip PEA IR dlotice of the
prazehtiBrsntivi, Othdiauth Sgedts 1haﬁdéfﬂia@cfb%bﬁcﬂg@ni@ro©ﬁi§fouﬂdh such as
Am nes havi nghfrom 1 to about carbons are useful in

ethylene glyeal apd ghekike welom e%@lmuatﬁ\ﬁehlbﬂ&ﬁ 1 fherfompesitiqa is present.

O A B PR s v

as tlesepblymazicgpecicd mfeaude@lawly seloble\in ltié cdmpgsxtmrdand prempltanon
lubil [ty in the co Sltl ,Hydrox Lionali.t
proeR i sl commostton ave penk s oot SHETgR fﬂmﬂéwth
re&@né’cﬁ? %%cﬁeﬁ.ﬂ&f BEﬂSt i cking agent int he
0

pract vention. O her such agents
i ncl Tnlzantbthaylamlntdmmn @admoxldedMHblm typichlly ssedto adjust the pH of the

P A e e B BESRL fp om a0

to 2B6R 1235 aldidhghthe Rings fawt SRt PXksISb AUt 1294 PSR, eNdiations of the
oxi de may be used so |ong

present composition containing greater or lesser amounts of MEA may also be used. A

typical mixture for Composition A follows:

Typical Comg.osiﬁon A Proportions

Solution Grams

DI water 4700

Surfynol ® 61 60
Monoethanolamine (MEA) 300 (@100% solution)
Propylene Glycol 900
Tetramethylammonium Hydroxide (TMAH) |4
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as these polyneric species are adequately soluble in

. the conposition and precipitation problens in the
conposition are absent (which is the typical situation
occurring wth reasonably |ow nol ecul ar wei ght
speci es). 20 Tetranet hyl anmoni um hydroxi de (TMAH). is
typically used to adjust the pH of the conposition.

The QunmemsitioncA departioulagymsefilt forsiliomlyasea shurdy sybtehis wikkein the
CM?& e fromabout 10 .to about_12.5 although the _range

GRYE IS exposer tQrsiliga, water @%P@h@srké@rommemméwpé pof residues.
the VPl T&\% &@1‘?3%%1&[0{9 waf %lﬂl&%ﬁ%&? b%ﬁl&)% itigh 4 %ﬁ{eerd on a wide

annunts 0 b be use
vafiety ott:mquim umcﬂudmg iroh nitvyste, aRbmihy phd &ihcﬁlmqbdm ahd IWofked

- ort| oI utionGans DI water4700 Surfynol
nT%ﬁPf%i ?rr@aa?rmhﬁl@ng VERgsimpalighienr sdicaipolifhing had been
pe{ﬁ)ﬁ pad ene d ycol 900 Tet r anmet hyl ammoni um Hydr oxi de

(TI\/AH)4 6 Conposition Ais particularly . useful for

si | ifnrthbasard, €bmpositisy At dsoemuhnbe viad tblseme@vgreempdmﬂezscertain

condigt BE SlephBesemi BalaL AR doFeranpiv COmRRRTOR dypap be used
to bkaﬂ@&n@@ﬁ@ﬁt&ﬂ%@&e}stﬁefﬁiﬁ 1%~|<5lf§ﬁedA NBH&&? Q%ﬁel"\édiiﬁng offa

5 variety of residues I ron ni al um na
polishing appac@tuﬁ tsstidlueet a@ddhe/\pm‘keids disposed pblmemn/&rem‘ot dry so that

Coé@q g ggxgge Bgeg!ﬁc'osfgrégg% by NS %ﬂ%lg’t (ﬁ%?tlphé%ggA cansbe use&l inboth a

w@@ﬂ@eﬁrﬁeﬁxﬁmﬁr@éﬁo may be used to sone degree and
under certain conditions for cleaning sem conductor

waf ers. For exanple, Conposition A can be used 10 to

Prﬁ!"‘?&% !sem' conductor wafers after they are polished.

y, a wafer com ng off a polishing apparatus is
still wet and the particles disposed thereon are not

dr y Narntakigf the @ompmasitionoh 1s°pxepﬂebby tﬂ'ﬁﬁtci)répmihgmtdiﬂi&mf DI water

to %ﬁ’ethepi’% @HIS‘IJI T a can&aﬁy’ ot ?,Tg(ﬁ b a%flﬁ@ Then, ?\'IZSA is added
%@F%g ﬁ)dn C\’,@{gﬁﬁé&dgl}pé/olf rhéde #¢ aﬁ"firquﬂl% tBat they all d1ssolve

and mix quite well simply with stirring. The pH is then measured with a pH probe and
TMAH is incrementally added to obtain a final pH which is a preferably above about 11
but below about 12. These liquids are preferably continuously stirred within the container

during at least the time period during which the composition is prepared.

The container is typically an open-top container such as a beaker or bucket and is

typically made of a plastic type of material such polypropylene, polyethylene, or the like.

~ Stainless steel containers, black iron and glass containers should be avoided. Glass .

containers are known in some cases to leach sodium into the solution contained therein,

disadvantageous in the practice of the present invention.

COMPOSITION B

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

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

7 .
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to which the non-ionic surfactant (typically, Surfynol
(r).61) is added. Then, MEA is added followed by the

addi tion of propylene glycol. These are all |iquids
that they alldissolve and mix quite well sinply wth

et&! THik icBfpositién Bin beSuseAH r RFc1 bkbt® o?c‘i'éleoin‘atlﬁhéf'}ﬂetal salt
20 TI\/AHIS incremental |y added to obtain a final pH

coptamination forp (VIR eppargtug lg@d glsaisaube emplayed to eenmv@tbmsame

oSG B Al B0 RS AR 8

co@penamgtwigscdm the conposition is prepared. The
cont ai ner épa) i cal I% an open-top contai ner such as a

beakadd Bpnaily@w s Berp dﬂ;&;ﬁﬂu&ﬂoytmal@en& is gsprcially effective at
| ene, or
reﬁ'%?pﬁﬁgq&onn%%i’ ?{n&#ﬁ%@@@&%&%&h al %tgﬁaéﬁa‘?% gck i ron
and gl ass contai ners shoul d be avoi ded. d ass
cont aj ners. ar knovvn in sone cases to | each sodi um
Typige POSItIon 1onsiHed therein, disadvantageous
in the practl ce of t he present |nvent| on. COMPCSI Tl ON
B 30 Angtpa&f composttTom that—was—found [ty TEnMoVE
particl metal ion contamination i gi'é&??pri sed of
DI wat eDIwaterl i ¢ acid, citric acid, |act|gggacid, and

one or (—hote—tguaterRary—aft-Res—ehe--he-thyerexd dc

tetramg FWP&%m um hydr oxi de (TMAH), 7 680 Thi s
conposni' 9 £38 be used to renbve parti cggg,%omﬁm)‘
L0

oxi de al_salt contanm natid
appar af Tetranethplasmmandum Hydroxide YEMA) r 420§.2 (@153 solution
sane ontanm nants from vvaf ers poli shed W {wateVP

slurri es—Tte pUl rstred—wafers—canr—+nctuce coppet atrd

tungsten. 5 Additionally, it has been found that this
ConpDydi¢aliynteBairtigtdenbaiuny hedrorideliy gsedito adjeiik PHL of

i ron, . copper, ZI nc pot assium and cal ci um
CRmpRSHiATAGLS) 2 de5ied Sakatan s ompRsiGopBoD bkt p sHsofaryfersbly about
ol utionG ans DI vvat er658 Citric Acid28 Lactic
~Acidl5. 4 (@91% sol ution) Tetranet hyl ammoni um
Hydr oxi de (TI\/AH) 206.2 (@5% solution in water) 10
al | ] nmet hyl anmmoni um hydroxi de is used to

el i S rIopeRIaNsS{IY  on B(1) to a desired final
val ue. Corrp05|t| on B(l) has a pH of preferably about

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

Typically, choline is used to adjust the pH of Composition B (IT) to a desired final
value. Composition B(II) has a pH of preferably about 9.0 and is stable during storage.
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8.5. Typical Conposition B Proportions (11)

. SolutionGrans DI water2,657.90 Gtric Acidlls. 15
Lactic Acid63.35 Choline (two step additi-on, 618 gns +
'45.6 663.60 gns) 15 Typically, choline is used to
adj ust the pH of Conposition B (I1) to a desired final
val ue. Conposition B(ll) has.a pH of preferably about

Prepargtionq s stable during storage. 8 Preparation

Co {4 I.S: Lypical | .d i b ]
ner Semimob e B s & Bical prardh 8 BRRve Hefrit o itoations
aprelitiiathoss kavihg ordiniry@kilstin tHY &0 WBRpABACPSE égﬁ‘ggﬁhﬁtl 80D is
ed anoun

I) is 5 anal ogous. Typically, the requir
anaEgSgcﬁs_. water is added to a container, noting the

i gt _ : . The fi ddi t.i of
oot PRI Rk Byt B3 b paed o G Aping the
weightrahd pHedties BI iwatérn Thé SirstadBRion @8 cRSlird imentt?ﬁicsﬁyl #)é&formed;
oxi.mat.ely 10 mnutes. The pH and tenperaiture ol
pr “?%E‘glgﬂlﬂ?? tarequs stigring fpr ﬁ@p@qc? efildme cypicdlyl approxingatdly 10
i ' t, 13 .
B b e wiiferdid o e R Gy 1R PHOted And popapded. T

expentsdithatiier pHl is greafer them sboutil3 PMlowing thiefist dtitiby of Sh¥lihe, and
chol 1 ne. Next, lactic

an prior to.addijion qf .the
thak (3 JeRbdralyes G2 e Solian el ghtiniper Siascutor to Bogitgn of the
holled Nekt, 1a¥ticcidSis Al NS 0 peLiod. ofy _ .
o DYkt Labtfo Bol Els BRICAN iR Hor eldcifher Wiy Dby Hhighy, witn
simpjltaneogss stirringxaised pat\m@ It)f afpraxichatdlp lggﬂm‘n_ﬂreé._t Itrie ex%dc_ted that the pH
. at . e stirring, citric acid.is. .
will B 883 BRIR 830 o fertgsttutert il Snossine sompwhaby While stiming,
citrieaoidis addéd &F thelkehitiod OtypfHally E@&u& @f2h9‘% bi{w@%t. er aboyt 10
_tenperatyre rise i s expected and the pH'w Vpi carty
minytesphisfring, g temperatuas yiseisExpatted smtihe pEbwill typicallyfdrop fo

' ' f @m.suffici.ent mount o ohtain
eppf sty 63, A R ad i GRlfY g ploref i ptBgient mount o
obtaintthodegired pHi- typicBllpapiYof9.6 & dRired SREbUA 4§12 of 8.5 may also be
roduction of the present conpositions. Snull anmpunts
usegfm eprouction §1 theprggent compositions.: Small amounts of citric acid can be
added to the solution to increase the pH if the added choline reduces the pH too much,

lying on the alkaline side of the desired pH. '

- COMPOSITION C

Another composition (Composition C), which is typically somewhat acidic,
comprises DI water, hydroxylamine nitrate (HAN), a mild oxidizing acid in comparison
with nitric acid, oxalic acid (as an agent for chelating the iron residues that may be found
on CMP 'apparatﬁs), and an anionic surfactant, typically DOWFAX 8292 surfactant, and
propylene glycol which acts as a sticking agent so that the cleaning composition will stay
in place for an effective period of time before draining off the apparatus. Additionally, and -
in general, DOWFAX 8292 surfactant is a sulfonic acid of a phenolic system.

Furthermore, The Composition C was desi gned particularly to remove iron residues froml _
the CMP apparatus and thus, the use of the HAN and oxalic acid as components thereof.

Furthermore, Composition C also has utility in cleaning semiconductor wafers to

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

9
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20 added to the solution to increase the pHif the

. added chol i ne reduces the pH too nuch, . I'ying on the
al kal i ne side of the desired pH COWPCSI TI ON C Anot her
conmposi tion (Conmposition C), which is typically

cleaR B&M&ehd@&bﬂwafergéﬁ&mw é:é 861isHed WVioShall y1 Yk 68y bARing S fF a

nitrate (HAN) oXi di zing acid in conparison

PohﬁtlTlg mnaratu; lfz:ﬂtﬂl Wgt)@alld| the pastigles dispesed fhpseen srgmot dry so that
Colipafion S ph i b sFRaR Bou, PbneP e LG opf Be S im both o

webaNFAdrPeddramidract ant, and propyl ene gl ycol which
acts as a sticking agent so that the cleaning
conposition will stay in place for an effective
period of tinme before draining off the apparatus.
Addi tionally, and 30 in general, DOWAX 8292
Typival Gotrppbitiop G PIpoktidtisc aci d of a phenol i ¢ system

Furthernore, The Conposition C was designed

part. si-dues—from—i-he-ChR
appalrSnluﬁaomnd thus, the use of the HANGEemeS oxal i ¢ aci d

as ccﬁ@onems Thereof .. FUrthiernore, g@)gg@tl on C
al so mlﬂtVIn cl eani ng_sen cond fers to

sone Mﬁﬂmmé (HAN)&I n condi ti pIRe (@gz%@gnﬂiﬁh}e

i o O _al o

Oor‘rp sHohR—C—ecanr—be—dsed—+to O9—et-eantsenrcotrductot

waf ef@xalia Aeidt hey are polished. Normal130 a wafer
com 5 %—ﬁ g d Qgs apparatus is bligb! vvet and the
part
Conppdopylene Glgesl be used to renove tHe6d Hence
Conp STtTTom Ccanm be used T oorira wet _and a dry
environment. 5 Typical Conposition C Proportions :
Sol UEomp&ition (Thaswegenet] pBGadgde friyrrabayt latvi abeutt ancha preferred
% sol ution) Oxalic Aci d130 DONFAX 8292
ragg&%%q&b@é °F5£BW ‘ene A ycol 660 Conposition C has a
general pH range fromabout 1 to about 4 and a
preferred 10 range from about 1.5 to about 3.
Pepaplomt i on Normal |y, Conposition Cis prepared by
first adding DI water into a container.

Normally, Composition C is prepared by first adding DI water into a container.
HAN is then added to the DI water. Next, oxalic acid is added which is then followed by
the addition of the DOWFAX 8292 surfactant. Finally, propylene glycol is added. These
liquids are preferably continuously stirred within the container during at least the
composition preparation.

The container is typically an open-top container such a beaker or bucket and is

- typically made of a plastic type of material such polypropylene, polyethylene, or the like.

Stainless steel containers, black iron and glass containers should be avoided. Glass

' containers are known to leach sodium into the composition.

HAN is a fairly stable material and thus, substitution of a less stable material such
hydrogen peroxide would be disadvantageous. Nitric acid may be used but is not expected
to be as efficient as HAN. Hydrochloric acid may be used but it has the disadvantage of
possibly being corrosive to portions of the CMP apparatus. Sulfuric or phosphoric acid

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

10
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HAN i s then added to the DI water. Next, oxalic acid
i's added which is then followed by 15 the addition of
t he DOWFAX 8292 surfactant. Finally, propylene glycol

is added. These |liquids are preferably continuously
sobitidris@d AN Mofe WS ast _1he :
conposi tion pr %pg??al? ?{gkm eldi%iglﬁtagglnm 1%@5#5511 pSFording to the

Prefsa inveptiomnt ai ner such a beaker or bucket and is
typi . de of .a.plastic type of material such )
ooty SRR RIRES Bl 2bunoa b B any Fheltingmpatorl that i
effgctivellybirdsSitGelor GAMUr B | RS
i o ey Bty OF B AP hoBll s opoer, tungstn,

contai ners shoul d be a ners ar
or pidgr metad that mighttbe polishedp oquid bk ientploydaihto$hid formulation

. fajrl able..materi al,, an hus, substitution of a
inpiice %&é@?éﬁﬁl%@&f’xgﬁ@ﬁ% :%J\}a PYRTRPI e Riinaab mAY Beriadger
suipRAtnOskARCRIE as Mdldting ag&ltd My be used but is not |

expected to be as efficrent as HAN. Hydrochloric acid.
1530 anorhesurfanantirslany antfactentothatifas pdegiate) solubility

may . .
AR BB e 1 O RSB .

us edEthiiene giycol bhesifie atGbiEalesiio] %Pém?@c&ﬂﬁ&mﬁ%%e used én addition

%i.di er in dilute 10 solutions as HAN." Moreo
to 401 1 RiaGe ) Prapyiese glyaahas long aptheicompeundscare rdéqugtelyosoluble in the

prédiat c19£zﬁ§§ B51uliBY & %&dﬂ{/&n@& %lgly[%}?g %&sﬁnpﬁpg ?1%@? tlJfogn %xample,

agent and“as such, an
i) m_Bfé@ula.t; weight is

polyetydene/etivle bt polypidpytent exidentkS belised hpwf@gﬁ_

1 C\P ﬁél?r&‘lgsai such ﬁ? copper, tungsten, 5 an iri diumo

O¥He Lihers,will he go presipitgtion pioblemsonsntringindhpfomputition. by

taé D066 40f Y A BpgleR) 2ce Of (or in addition to)
exa ,

oxalic acid. For citric acid may repl ace or
suppl enment oxalic acid as chel ating agent. DOANFAX i s

E@ml acta and 3 surfactant t hat has

' : y T N8| ation and at this

H sWaen 8 ubsr i e b RS LAV, - |

Do B ok 8 ubr 106 CBRiphi it ubiNFafth bl bREER hilber of
seriopduster Wﬂ@rszMé’é,obrimﬂmpsthbmﬂxe user is@etting readycte chfnge out or

reglh Gk BRRRRK AL, (B8 clediifle Sompeidine Aorudingto thepissens fuvention are
preferibly sppayddyontd ehevBiout QirffedBYhE ENIP %p%arﬁfae w%gé}{% Qesired o be

ol ye | ene oxi de or pol ypropyl ene oxT'de may
°1§§e‘¥' oﬁgg%}g’f%q%tmwsamgare\&ge owed tolstand daaipériddafitime (e.g.
bl IPLtation obl e ccurr.i in
SR ES it 2B RGP | BorcR e lhe e dfotibeon. The
vagouhsysficesief the CMP|2pirat are el ARG Thihfle, 2
polyurethane (or PVA) pad or sponge that preferably includes disposed thereon an amount

of the cleaning composition according to the present invention. The various surfaces are
then thoroughly rinsed down, typically with DI water. .

Additionally, Composition C, which is acidic, can be used to clean and remove
deposits from shurry distribution systems. Specifically, Composition C can be used to
clean and remove deposits of ferric nitrate Fe(N Os); from distribution systems that
typically include at least one shury holding means and associated distribution conduits
running to individual CMP apparatus.

In use, Composition C is pumped through the distribution system in an amount to at

least provide minimum pump volumes. Composition C is typically pumped through the
11
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- forRPwRES i Ghntaet Witk pBstei&ing RYiABAI Abuntd 6 Cath] asuﬁonc

When a user has conpleted the actual wafer polishing
work for a nunmber of sem conductor wafers (CWP), or
per haps when the user is getting ready to change out
or 20 replace the polishing pad, the cleaning

stuff ) WA BEORL pRed SriE UAREBhe oPURI hilftsFnSvhich all the
coxﬁl\i&s apfinesdre sssdﬂiiadly ﬂushedjmmh Nekt,tdistiied wdteameyl be Ptmaped through
re then

RS S AR B R HEe s B g b9 tat e
dlsﬁll&l'%ﬁ'} ste éé‘&)r%? Be HPceEJ!a?y 5&9§ i‘éiﬂﬁ%f o ﬁﬁntdqﬁ&ﬁg "3cidic and

vari o aces of ap par tus are
hawmp a@I—HMmm&zerfaystem)d:hatps eompati?cﬂe puithythe fartia m!xa(t@ Fe(N 03)3

o) B RO B S A Yo P85 S iized

even absent a
surfaces are then thoroughly rinsed down, typical Fy

" DIwinsé: Nlotwms@andmgdrtus ¢apsideted preforgbdsintthe practlcwa thie present

i § ooRPy R Gl ovuRRt R PRI OSBRRS 1 on

C cauvig disedbddGhe Bl efticddin dRnA], mmand@ Bpﬁﬂeta& Will appreciate that,
ferric nitrate Fe(N03)3 fromdistribution systems that

given shepresgut disslogere, modifications sney be wads ta ik daveytion aﬂ&out departing

ﬁoﬁ%e%?@ﬁ%k%}gvéﬂéﬁrg g{i’c&b{ &)t{éﬁﬁﬁg«gﬂér%% n,&g:géf% bre h§tgs not intended that

thmape of theriowegkion Be lighited td thétsbeific uad prfbri‘ecﬁﬂnEéﬁiﬁi&htstlﬂustrated
| east provide m ni mum punp vol unes. Conposition C

an@§“$9§ﬁ@ally punped through the 11 slurry distribution
system for, a period of time, perhaps one or nore
hours, in which all the conduits or lines are
essentially flushed out. Next, distilled water nay be
punped through the distribution systemto flush out
Conposition C. However, is should be noted that the
distilled water step may not be necessary as a result.
of Conposition C being acidic and 5 havi-ng a pH and an
oxi di zer systemthat is conpatible with the ferric
nitrate Fe(NOG3)3 slurries. That is, the ferric
nitrate Fe(NO3)3 slurries will typically remain in an
oxi dized formwhen in contact with post-cleaning
resi dual amounts of Conposition, C, even absent a D
rinse. Notwithstanding, it is considered preferable in
the practice of the present invention to enploy a
final distilled water flush of the distribution
system 10 Havi ng described the invention in detail,
those skilled in the art will appreciate that, given
t he present disclosure, nodifications may be nade to
the invention w thout departing fromthe spirit of
the i nventive concept described herein. Therefore, it
is not intended that the scope of the invention be
limted to the specific and preferred enbodi nents
illustrated

12



and described. 15 12 CLAIM5S 1. A conposition for
removi ng chem cal - nechani cal planarization residue,
conpri sing: an aqueous sol ution conprising: at |east
one non-ionic surfactant; at |east one sinple amne;
at | east one sticking agegi sel ected froma group
consisting of a dlalcohol ni ¢ conpound, propyl ene
gl ycol, polyethyl ene oxi de, polypropyl ene oxide, and
any mxture thereof; and at |east one quaternary
am fe; wheP@PROSIARN Qfnisaqving hemicalmee qahmﬂapanm@n residue,
coﬁﬁﬂﬁﬁ' ounds capabl e of releasing potassiumions. 2.
c n%gsition as in claiml, wherein the aqueous
soI ah equeohasolution pdinpfisingr om about 10 to about 12.5.

.. A cong)osntl on for, renovi ng chem cal nechani cal
pI anar i z A&t €8t} oPg appienic 8 i ng an aqueous sol ution

conpri si Hgleﬁétto'hb%m%b pact | c acid, and at |east one
quat ernary ani ne, e(rgjéllln the solution has a pH of

about " 8. 8t leastaineisticRing sgent setectrd<firdrm angrasp lcnnsﬂ;tfngmf& dialcohol

wherei n, t he conposi tion i bst an ree, of

conB s CuaERe PEPs e cilifalo bl Eri i Polpropylens oxide,
conmaﬂy@[kta@th&e@pgn@f claims 3 and 4 ., wherein HF
and KOH are substantially absent. 6. A conposition as

in any oftleastions qatsmarywimingi n, the at Ieast one

A SR tedRiabelainif 3R REF 8o maghits frpphiof eleaing -

potassiirhoraci d i s present in the conposition at
approxi mately doubl e the anobunt by wei ght of the
lactic acid. 13 8. A nmethod of cleaning residue froma

ggg?]e mal éggn%?ﬁ&ﬁﬁl ad @Qﬁﬁhzlat\bﬁe?emsthg qu!sSsto'iutPo%t l'la%na pH of
from abo.ut 10 to about 12.5. :

3. . A composition for removing chemical mechanical planarization residue
comprising an aqueous solution comprising citric acid, lactic acid, and at least one

quaternary amine, wherein the solution has a pH of about 8.5 to about 9.

4. A composition as in claim 3, wherein the composition is substantially

frée of compounds capable of feleasing potassium ions.

5. A composition as in any of claims 3 a.nd.l; ., Wherein HF and KOH are

* substantially absent.

6. A composition as in-any of claims 3—5,I wherein the ‘at least one

quaternary amine is tetramethylammonium hydroxide.

7. A composition as in any of cldims 3-6, wherein the citric acid is present

in the composition at approximately doublé the amount by weight of the lactic acid.

13



fl om ng a conposition conprising an aqueous sol ution

of- at | east one oxidizing agent, at |east one

chel ating agent, at |east one sticking agent, and at

| east one anionic surfactant, through the slurry

di stribution system'for a tinme sufficient to | oosen

residue fromthe slurry distribution system 9. A

nmethod _as in cIa|m8 further corrpnsmé after the '
f1owind; ritdnethod RE clepsingresidoe frarmetdhenticat-meehaniedlplanarization
1ty Hstripigs el ﬁtéx{f%o%tnr} d.does not |eave a residual

co

03|t|ono ‘assitu aterial in the system 11. A
met hodlowfing hmmlt'tOﬁdeﬂMﬁistﬂQEB aqeddass6RtioARE e Masfbne oxidizing
plargarl ation urry distribution system conprising:
tn]éas‘; O@BIF&G ting @Bﬁ’ét@ﬁbhaﬁ o Stic agend, 3l aitleash one anionic

~@arf@atadteg§<s ng, %irg» §

chel ati ng augggint © lgiésg?ouéi%g 5? te{:nkfo %ﬁgﬁflﬁecé‘mﬁ tgdoosen residue
Ifl@asthe(shmmmlbunonsystémct ant, to at Ieast a part of

" the systemfor-a tine suffici ent to | cosen residue

fromthe part. 12. A nmethod as in claim 11, further

conprigi ng A afeliyd 4shg cfd Wsn%hm{ arg

met hod -as i n claim 1lcor119 retlre?ﬁﬁlp ﬁ &Eﬁﬁfﬁaahedg%@ng’ tinsing the

Agtemeave a residual conposition of pot assi um
material on the part. 14

10. A method as in claim 8 or 9, wherein the method does not leave a

residual composition of potassium material in the system.

11, A method of cleaning residue from a chemical-mechanical planarization
. slurry distribution system, comprising:
applying a composition comprising an aqueous solution of at least one oxidizing
agent, at least one chelating agent, at least one sticking agent, and at least oné anionic

surfactant, to at least a part of the system for a time sufficient to loosen residue from the
partt. |

12. A method as in claim 11 further comprising, after the flowing, rinsing the
part. '

13. A method as in claim 11 or 12 wherein the method does not leave a

residual composition of potassium material on the part.

14



