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WD 2005/ 093031 PCT/ | B2005/ 000165 | MPROVED ACI DI C
CHEM STRY FOR POST- CMP CLEANI NG 5 BACKGROUND

woRmsfoas3ur i ng of el ectronic wafer chips i nvol Pes/182005/000165
step wherein sem conductor work-pieces are cl eaned
with a liquid solution during or after Chemni cal
Mechani cal Pl anarization (CWP). A "sem conduct or
wor k- pi ece” is a mcroelectronic device which has not
condMiRROVIELR2 AGIDIC cZHEMISPRYCEOR PORTI-CMP CLEANING
silicon wafer with active regions fornmed in or on the
surface of the silicon wafer. Connections to the

active regions are nmadgagKeROUNDi pl e | ayers of
netal, typicall copper and tungsten, which has been

dM@@sxfacéurlr@@ of riectionicwafes ehins invelvewlaestep odmsein i s
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Chemiddl m@bhaﬂléaltmgnammroﬂ @NeP). dpekesticdriiuaist WhRpitds id
excess copper is renoved and the surface planarized

microgleckignis dic i@ Bas npbromried thafabiricatiom greseass, typically
s:llcong%lfer%ltﬁ B&HE R dé@bﬂ? fcﬁfr‘féguel?\tsc?{(orgb%t lﬁgs e3R8 ISﬂ%O)\ wafdr,

Fenove res from

Connaﬁmmodhetamtwmegronseﬁe made sing multipleubyers of metal, typically
significantly etchi ng)'e@he netal, |eaving deposits on

coppef [RiGspggkas, WAHCh hapleen fierosyed PP&BﬁtS”l‘iPQaWb@tr@%é/Hhen
coppei”‘%s é@é@%@thé%ﬂl’s ik AfhtbRall Q%ﬁ%&@%&iﬁéb@és %qused whereby

I ece er nore, It rote
the coplper nmdepostﬁd‘ iatebindés emhedrlntmsﬁwenntebyayelrdleeiastrlc and then the
hani sns _such

chi |
excesS eopgel Brasmovaband s audate Bnaneds viers adp qrogss.
followéﬂ%yr@b@anﬁi{{ sRpey hb%’?‘dﬁl bﬁtHéWcIE‘Eﬁlﬁtg ﬁr66§§§(r‘]‘ﬁ’6§t -CMP cleaning”)

hi nni n he netal™ l1nes. Acid cl eani g sol utions
is to r@m@vefre@lduqa ilefé bgftihe SMRtstep frorreﬂmerglcongaﬁpc work-piece

surfac e\g‘ @Q}g[ﬁlé%l?g%%tb/ &Cﬁ’l f He il"rafg\ziﬁs ﬁ%gﬁ tﬁe su(rjface or

|mpartnh@§@nrfq:am orgarfo (Sl as @aﬂfcfn%bhteﬁnmanémo Eméjﬁérﬁtdénductor
| ow pH regine. Acidic chem stries are typica

work-m&w Fedthesmareyritistdesiabinte piotect ibg ameial @uréaqs@ﬁrgrg corrosion
ey ) - 2 ol UL i
oy varltlid ool U 6L EAE TS ARG AT SRS SPBhote-

inducefdiootrosios. Gariosiprt bethe! atal Borfaces fssuiltsAn Maahrie@@ss and
sol ution ﬁét contain a "cleaning 30 agent.

thinning: kg mgtaldieee: AcKliG pleapbigpraiaiansoar emwte eﬁlgtent at

removfr?g?’BYﬁgé %gp%baﬁé/ﬁ’ g‘r?:'cr#n f g@%ﬁépﬂaﬁéoﬁrﬁ{@e Blekihg residual

coppeseﬁirmentjlsaie:mrabmhkvep nesteanig sbkdionnyatisleffective irathe moderate
to low iR e T g B SRR e A b caly; ket Bt Poushagranblaoror
megafonié R Hing nR96NPosbEMIS cleaning.

A cleaning solution may contain various chemicals that perform different
functions during the cleaning process. A cleaning solution must contain a “cleaning
agent.” A “cleaning agent” is the component of solution that removes residual CMP
slurry particles, typically particles of metal, from the surface of the semiconductor

»ou

work-piece. A cleaning solution may also contain “chelating agents,” “corrosion-
inhibiting compounds,” and/or “surface-active agents.” A “chelating agent” helps

prevent re-deposition of removed metal onto the semiconductor work-piece by
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prevent re-deposition of renoved netal onto the
sem conduct or wor k- pi ece by CONFI RVATI ON COPY WO
waQoB/08B3031 PCT/ | B2005/ 000165 2 conpl exi ng t ReTmB108$/000165
in the cleaning solution. A"corrosion inhibiting
compound” is the conponent of the cleaning solution
complekiag the mefet is thaelaaning selutier.ch “corpesien indaikiting compound” is

the cogwepgngﬁﬂh a%sﬁ?%ﬁa sgﬂ."?tgggcﬁéﬁSroﬁ%@?. nﬁ% ﬁ{gi% F%Léllfgge from attack by

mech&A§mesuen as@tﬁb\e@gr&sﬁé Agtkre of thRhgleaning %@ﬂ@ﬂor&itdﬁ@éﬁlon“\ post
"surface-active agent" is a conponent of th

cleanigg @gﬂpﬁ@nsgawﬁn@rattaﬁ:&t onplptoriedueskatipek: ﬁg“surface -active

agent S Fihipasy s napk Bl b iAo 1T ,

chara@erigiss, sitBpreventodaiIBRrk finfation/57 and U. S. Pat ent
Publ i cat i on 2001/ 0004633 di scl ose informtion

rldi 2vRatentsoNpese, &%3@%9@1298 U B6r4bi6s30 Lo RS2, 308,
06,546, 986€06 8 8 40 stk E ﬁEHP%Heszﬂ/cFG’é% didifose

di sadvant ages |scusse he “opt| mum cl eani ng
1nformdlbulrelemamlﬁod?aisthMPeﬂeamhge snhmahssldo\fveves tbese meferences

en conduct or ice from havin hi gh st at tch
suffer SRILORRET H1GE & e dRPOHE T Oeh Ot 2sa0 BBV acee by
form ”&@o@ﬁrﬁﬂﬁélééﬁ n 's'og]l}@? drrud Efcfté@tefheTr'ﬁ%tmaces of the

surfaces sem or wor | ece are
semicopgudctat dgvice frper havnd & highnstatie eiohdatetantg Trioan xidstionrad the

metal RSP BTG R ey MY patnpatirfe” TREmats] Sttes of the
semlcéﬁdl!idlbr”w@ﬂ(-ﬁi@‘éé'é@é Wﬂ&éllyﬁ:oﬁiﬂe'r' arfchfori the é&@dmﬁﬂgwﬂths of the

electric current. oxi dation or corrosion on the
semicgndycierwaferr Buede thg V@Wesrﬁ%l{ sire g fieaigres AN mﬂrwgoaﬂucttﬁé

watord, 18 Tych SR8 d1bI B PR eSet e B R B TR B et
currenit nWhS/to&Fdatibﬁ dﬂc@rmsiort of ties@ifacalof reess iofane 20etal causes
corr 0si on mng a suitable corraosion resistant

thinnirg ofnth@rhmeﬁéd@a@lua@@) and resaltgdn Rror pedarnaneg e deflure of the
semnc?@éd@tblo@én@é/ al"ﬂéarggﬁe IEIS 'H@l??{aer ﬂ? MEctqﬁlé\ér‘Hgﬁl %tuiﬁ‘l’glcgé from

m ng agent Pom &
corrosidrchy fc&trm@ad#wablm ghrdsiéh resistant filhreors tresisurface of the metal.

| ution's,corros ve bi l i, |es ar
Some ieaing PRHIEYS el ek g et PEouts A Il oriring ggent, and
thus sBHEF R&R Hi‘gﬁ 58S elcAYRHY 4 ﬁd/%P'P?h I’%\lﬁy Vélﬂaé b25 mean

square, value) of a neta sur een
cTheacledningtsolution’ $a@]re$10n podvantiog. abﬂltiasgtr&sqmmtb‘ieet fayh

meas yidiherigic PRI ORtE SHafRss PHafpeRe QuaPBEE L M e
mean $8u8Rd vBliedbf adketdl stifigcd®iahasNeen cleaned W|th the subject
solution. A high static etch rate indicates dissolution of the metal surface is occurring.
A high RMS value indicates a rough surface caused by attack of the metal. An
effective protective film reduces the corrosion of the metal as indicated by static etch
rate and RMS values after cleaning. The corrosion resistance of a cleaning solution
can also be directly measured using electrochemical means known to those skilled in
the art.

One preferred method of protecting the metal surface from oxidation corrosion

is by passivating the metal surface after or during cleaning. Some existing acidic
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effective protective filmreduces the corrosion of the
nmetal as indicated by static etch rate and RMS val ues
wahv@roosdseani ng. The corrosion resi stance of aPCIaBIVFIE0165
solution 30 can al so be dirgctly neasured using
el ectrochem cal nmeans known to those skilled jn the
cleaning eherpisdries do @ot passivatedhe snetph sesdting i eaeogipnguring and

ater 1 Rfigl 8PP AT Mol R some

¢k Sl gesirdlsié ¢o Wean iy @amm@@mmwme i3 a single
cl eani ng chem stries do not passivate the neta

step. SaBARhPRISTIAS &1 8GR AN G ANTAlE PG TobIOR A eriiag stap
followegnf3 gf’ %e]o‘lfftidg%i F@n@hﬁﬁﬁ VW/FFI @\kat(?ru&f é\?mhé%ltrt] dr' §ol8 léﬁ’ Some

nnsmgsagéras eaneavesdembsits ot ihe. sutiace orfrhleaenmlr-peecé dhus
cl eani

contarRipRfGEe HHelnABIRO SRaTLHER 1DFIS0 S EIAEDARK HUGS G fact
that it Il%gggffeérfgrthb l?1'1ér‘iﬁfaéf&'rl\’\g pﬁ’Bces%OBS hbé’t%% e Eﬂ@@és?s Bfi‘ﬂavmg to

epOSItS on the 'surface O t he wor | ece, t hus
handlecmnt@nhamma@andenmfmps Adndiprgvides ememjose @pssbleawwce of
i t, | engt hens

ad.awbac due t.0 t fact , tha t.he
contarfigfie &f Bt e ol Bithie e obisehvn g HPERRS i) peans ana
protechAthen@irfaee drang b@m%rﬁju@ﬁﬁmd?ﬁip‘ie@@ deirabié.eps, and

provi des one nore possible source of 10 contam nation

Thecatrity cjihe pkeﬁnmhamsw ibresmeve @sidwalymetalp esdgetain

them if B cBRARC R e B 45 EhInbBhadt ¥ldRGekiE S a PosyomP

cleanindhsolatieanChamidzeeireit cn tc@nfpﬁ?éwm resRivdl aletar il the aiskaning
retain themin the cleaning solution is also an

solutionasg ifestive lepnindesqlytions Q#C%S%B@ regipualgmedals age not re-
devos B 0 TR R BT Pl e

compl@tm@nhemlcaid; ate referrbd daas éché1&tmgaagelmtal” Qrletamiirsy aoletmns using
posited on the seni or Wo ce aft
chemitRc{faL PaPeHSTRBIe e Se) Bl Wl RPERYE oy af the
desnrecﬂ%e%rnfr?gdhatsﬁ hus qpﬁ'dﬁs‘nﬁﬂleﬁ%@@v@ cl@aﬁﬁ@' §<9luﬁ8h ‘t':tab%% of
usi ng em stry that cannot conp ex t resid

removimgtaaidscampiexind thepdissalved medal ity the chelaelngdselutled
i s desirabl e to, have

A BB inroReBs b S b ARG T difaces s the

deposiG6ARI e¥hizenihBRtsddrs &l Mafhcerifahe sBnifidthdticeaniddce. Any cleaning
solution. Another commpn problemw th cl eanin

solutions haicianasits even e gvedojesutasel wWelesipblectomposition, such as

carborf 8 BEVRR) b IE p MBI P R TERARUAE bBigs. Greaning

solutiohs\thaiireg aive esriring! Bépsdanedls @ réuiinsdgpositing oeitadsinants on the
surface. Thus, it is desirable to use a cleaning chemistry that is will not leave any
residue on the semiconductor surface.

It may also be desirable to have a surface wetting agent in the cleaning
solution. Surface wetting agents prevent contamination of the semiconductor work-
piece by helping to stop spotting of the surface caused by droplets clinging to the
surface. Spotting (also called watermarks) on the surface can saturate metrology
tools that measure light point defects, thus masking defects in the semiconductor

work-piece.
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carbon, will adversely affect the performance of the
sem conduct or device. Ceaning ?5 solutions that
WOoeosiwsn3a rinsing step can also result in depBeTaBIGS/000165
contam nants on the surfacé. Thus, it is desirable to
use a cleaning chemstry that is wll not |eave an
g@y meet

rAssingiicated abnve stbriayghlle ciraning saelkiions domg) adegea

all o e b Re ol THE LB PRt RoAR] of B fFrapt invention

make< 08¢ affmatiple adaitiveb e prvidoa @tbﬁlt@h that is-ncl &ensme tbyoxygen,
hel p to stop spotting of the surface caused

removgp@grtgggs efficigfitlyg reraoyasamstal frade thesglislaatnig, 5%‘5@% is in the
neutra‘?f’c% lo%fg%ﬁ{;@?ﬁ%%gfhé H\%t:fl‘ffofnzi‘%ﬂf‘c‘)@i'&n o“&@%@lutlon and does
net rol ogy ool's neasure |
not contaminats thiengerdie¢@dustarsutfaee sem conductor wor k- pi ece.
WD 2005/ 093031 PCT/ | B2005/ 000165 4 As indicated
above, the avail able cleaning solutions do not
adequately neet all OfStQFMAR‘JUi rements of post-CWP
cl eaning. The chem str the current invention
niellecsunnaat invemtidn prph/@leawsalummr@lemrmg desenisohdu Ctom work-
: not .sensitive to ox
pioce {iis bt S Bt Baro g e BRUE Bt aigehty . removes

metal ?ﬁa"rf" élﬂQrIY cBppéY, Filden thenBeletric éd_?fdc@WSUEH thé%@ltrapfooltﬁ@bﬂ
he net from corrosi on and di ssofl uti on, and does

range rmpteﬁbﬁﬂmrmﬁalefrqm eXiskatipn centaien and digsalionsgrmiityes not

contanEAEHId SeiceHERst ROEes” S fRriold. dedife =Bl bR ne

metal @rfaceLams cdrﬁmevemnraesuhgl@aétepamh @b&@l@ééﬂuﬂbﬁnt ly,
removes netal , particularl fromthe

dihe eeaping wﬂ%@f theguran{ ineRton Fampriges éflpaning agent and
a corrés"’}gﬁ-ﬁuhlﬁﬁlﬁg HE‘P&L]?% Ededdi tﬂetéltﬂgf aﬁ%&ﬂﬁh‘)&trate,
an 10 on am nat e e

i SSO and 0es no
ammosizm oxalkhbe,t aspastic éad,ebed?zmct aeidjoitri; acit ceysteigeaglcine, gluconic
rotecting the, net aces are conpl et ed

acid, dlytaglie agide pisfiding. &0 ?iﬁ@c Splie I, P qwga@riéa?ﬁyhcamd or
tartari bl bP Eobirdibns Wi HfFE thaly B P R/ MEARRS dhehieamhe

agent and a corrosion-in iting conmpound:
corrostdreishibiiing gempousd é eithear aesrmtlcrid: anidbbnzcatriezoleanaiﬁeicmid
artcaC|d Z0i C ac&, cifric ac

cinnar@%aécﬁ ﬁﬁé(s?ed &IH%osegprmg@ﬁp n‘&rp@pto @I%oc{m maecrp@p oethanol,

mercab’to?)trb@ﬁbﬁI%:~ ada) ﬁb%a@%ﬁénz@ﬁﬁcﬂe APkfeaptbrABHRIhfd#£418, tannic
sal'icylic acid, tartaric acid, or combi'nations of

acid, thl@gb/cer@lntrmﬁah@th aeid, etrlaz@gnva@Illag@hv@mllm:mld?(Dr combinations

ot mo 3P M, ATRGHRE crtnls! - ==cor <

The cleaning agents of the current invention are also chelating agents. The
cleaning action of the current invention efficiently removes residual particles from the
surface of the semiconductor work-piece and also complexes the metal that is
removed in solution. Thus the cleaning efficiency is improved by presenting metal
from re-depositing on the semiconductor work-piece surface.

The corrosion-inhibiting compound of the current invention protects the metal
of the semiconductor work-piece from oxidation, and corrosion. The corrosion-
inhibiting compounds are effective at forming a film on the metal of the
semiconductor work-piece that protects metal surfaces from chemical, galvanic and

photo-induced attack during and after the cleaning step. One preferred embodiment



cinnam ¢ acid, cysteine, glucose, imdazole,
nmer capt ot hi azol i ne, nercapt oet hanol ,

WaRN@GAPSBPr opi oni ¢ aci d, ner capt obenzot hi azol ePCT/IB2005/000165
mer capt onet hyl i m dazol e, tadnic acid, thioglycerol,
thiosalicylic acid, triazole, vanillin, or vanillic

forms agyptective oy reduchigsthecfurifgee offibe reelel.dBy praigeting the metal

surace RSRAE KR rRbal BRI erad Wukfiads AR QEARREM bamying

capacitylhe cl eaning action of the current invention
efficiently renoves residual particles fromthe

Ther ¢laaeingrsalyfionseline awiieht BnveRiian 5 Belkhighly sangifive to oxygen
becausé: ﬂerﬂﬁg@(ﬁ&. Jdﬁ?aiﬁﬁtn?! og{)@gh iéeinsifi@@%&ﬁfﬁgﬂ;f?ld%?bg{:‘%l?%bgth@biéaning

cleani ng e S i nprove pres
solutionnetradt highlyp sensitive fookydgeny tioe pérdorpeancooflthet ceaning solution is

wor k- pi ece surface, 30 The corrasi on-i.nhibitin .
not aﬁe@&%@EQQn eJiresRRce of @dintn h@véi?@’aﬂgp‘?%i'@ﬂe@t-_t Fasrethe cleaning
solutiongé)frﬁwﬁeclfr?éﬂt foh%an'Bé '&S%iﬁﬁth@h?%&@ék@%&é@ﬁbn@@purge the

r osi on. he corrosion- It nhibitin unds are
storageefréesier ead atedningrequjpmeni bmessenkiallyrall air. of t he

THOHE RO SHtoTe DB LErephan Rt fariiscDs sara feRducor wor:

piece afyFbRfls AEorRddiSh-inHISHIAY FRAI B9 HeCmetdMeuPiRsanr B8 same step.
enbodi nrent WO 2005/ 093031 PCT/ |1 B2005/ 000165 5 forns a

Becausgtioe etaaning and gorgsiosdokibilighg ieascemplishes intasingie step, there

s tess kMR, bR frmi fodif HePMAb o Srobky separate

solution¢ ®uithenGors; ARAGALIY . probessihg atiinediss ohvdd ®Y Wbt héNdng to add an
current invention is not highly sensitive to oxygen

additiongbipilyéng steoes not contain any oxygen sensitive
B R N S e —

agent, alkeasfaredst ubi dBuiface-nettirngf agéretd The shdace-askivecageht helps
air in the cleani n% equi pnent . Thus, the cl eaning . )
prevent Spoting Walermaekse oRriBRsUTaGeh thadtarhhe e sodeg Qfi ¢andamination

orhide&?fte'éﬂs thﬁé%%Hi@él?d&P?rRH&Q?Hb% storage, transfer and
C n

eani ng equl pnent of essentially all air. - The
cl eaning solution of the current invention cleans the

sem conduct or wor k- qi rns a
corrosi on-inhibiti ngBﬁ%%feﬁlﬁ?{cﬁ netal surfaces in the
THRBreSERCinve ARGAMSECIEARING SAMItBA f8REleaning a semiconductor

corrosion-inhibiting is acconplished in a single step,
work-piedeeride ¢ampesiton pkikle ¢cleaingr selutivn comyrisesra aeaning agent

ana a oo HRATH PR AT RLE BYeBERE) RS AN e eraponm
citrate, Aaviidriumxa@ittte paspariél abidobédnZoihabidt tiige at@Pcysteine, glycine,
gluconic acid, glutamic acid, histidine, malei ¢ acid, oxalic acid, propionic acid,
salicylic acid, tartaric acid, or mixtures there of. Preferred corrosion-inhibiting
compounds are ascorbic acid, benzotriazole, caffeic acid, cinnamic acid, cysteine,
glucose, imidazole, mercaptothiazoline, mercaptoethanol, mercaptopropionic acid,
mercaptobenzothiazole, mercaptomethylimi dazole, tannic acid, thioglycerol,
thiosalicylic acid, triazole, vanillin, vanillic acid, or mixtures thereof.

Preferred cleaning solutions may contain mixtures of more than one cleaning

agent. Furthermore, preferred cleaning agents may perform more than one function.
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Sonme preferred enbodi nents of the cleaning solution
i nclude a surface-active agent, also referred to as a
weundsamosn3nettiri g agent. The surface-active agemiB2005/000165
hel ps prevent spotting (waéermarks) on the surface
that can be a source of contamnation or hide defects _
For exampitweonsepiedenied sleaningagerdi eysieinpESTRplexes cpsithal metals in

the oG8 A SaES b Trg B Composi ¢ on of “the -
PrefitidtlesRodinm@its eaptonam mixtliesifmgoradhah ongngbreosion-
corrosion-inhibiting conpound. Preferred c|eaning

inhibitiagaempaiing. arefomrample Ane RreETrachelgANinm SHIHIoR @omprises
ammoﬁﬁﬂ?%ﬁn‘a‘fe atﬁ}e%leé?’ﬁr’?& ggggﬁ%hﬂ 2 friX ﬁ]'p&urle ofa%'cghl létﬁﬁgxeéﬁk? cysteine,

uconi ¢ a
the corrabnen mhmﬁin@; agends.iln tlajsleinb@cﬂlnwnura preferreld mistalre bgsi c

artaric acid, m xt er eof re
conceggatans Sho mﬁrf smm(?@unwﬁaij & %@@g&*%@;@dﬁ' wt. %
n
oystoie AL phaRSR o AR TRIG a8 ALISKIoR0NCi etishied (D1
water pgorciapisset Anoiber praien'adtdﬁa'rdmg solLiioraconnprises ammonium citrate
ner,capt pbenz Ihl a nercgcﬁ)ﬁonet hyl dazol e,
and a [GTS Obasehric Ao, Ayl sp SRR REAR AT e oo d.

tli‘rbﬂﬂ;zr%c?em‘béﬂlmérﬁtﬁ of ¥edlbhhihg sBRitien cﬁ"théTb?ﬂtréﬁteiﬁventlon have a
thereof. Preferred cleaning solutions nmay contain

neutrahfacidiesptdf Bvenenereapretaree Is&nHmj abagkAatto about 6.

R SBEREG AT 5 B 13325858 B il wi
water BEthbB%QQélbl@Qﬂ&@ﬁts Kndviat tc%mklﬁed figepref erred

cl eani ng gent cysteine, conplexes residual netals in
tQree @Eﬂfatre @leaamg palsi§pn aﬂc‘é@dee% skeace-aslive ag@nt to promote

even v?%tﬂﬁ& of Btk §é‘?ﬂﬂ:%n%efo‘? sﬁﬁélcg ofglle"f’ér?ed'rb%\tbg[jﬁﬁe |H8[18? but are

one corrosi on- L Ng conpoun

not limited tp) wbeiaree, arliesio) as@cmm wwittericrberpr ans@hofermfacﬂnmts or
citrate, the cleaning agent, and a m xture of ascorbic
mixturgg tReraak cysteine, the corrosion inhibiting agents.

Iond Bkifie& PR 5???5@ prod) fé i §&arith %Hfuﬁoﬁé%gthe current

concentrations o anmmoni um |tra e
lnventmamlmg coammloaaticlﬁbrﬁloal mixing teahyrdquasneithatteingiuef err ed
?%erent can be diluted 5X to 20X with de-ionized (D
experq}en prior to use. Another preferred cleaning
sol ution conprises ammoniumcitrate 10 and a m xture
of ascorbic acid and nercaptopropionic acid. Preferred
errbodl ments of a cl eaniEANBLES on of the current
vention have 0, acl H. .Eve

arvaet E¥Gnfon oF “biBlieted 75'tiaf, PoipiCVih Pefefonce 1o the

followmg Examples, which are for illustrative purposes and should not be construed
as limiting the scope of the present invention.
EXAMPLE 1

Chemicals of the present invention were tested to determine the particle
removal efficiency compared to commercially available acidic post-CMP cleaners.
Blanket copper wafers were contaminated with a commercially available Barrier
CMP slurry comprised of silica particles. The wafers were then cleaned with
samples of the chemicals of the present invention in a megasonic tank followed by
rinsing and spin rinse drying. A control wafer that was not exposed to any slurry
particles, as well as a contaminated wafer that was only cleaned with DI water were



The cl eaning solution may be supplied in concentrated

form or diluted wwth water or other suitable
wdizbasaassiknown to one skilled in the art. 15 @©a®1B2005/000165

preferred cl eani ng sol ution7includes a surface- active

nt to pronote even wetting of the sem conduct
mclude@ur rbﬁ: studyrfer sprpgrisaBodineeiesylts sE1ame in dable eem%rstrate the
effectivehdid Sﬁ dn eﬁr‘?}rcl)d'irﬁgrlntC of MK §ent°rf{\}e9ﬂ|'oﬁ a’F%r?mB@%ﬁ%@'r&sndual
or anphoterrc surfractants r res thereo
slurry p@kﬁidlé@drom theecoppier camfage caki compaeed &aai ogmsrmebmtallyrm/allable

alternatgr{eeﬁnhlgmc %rﬁfft;%rl]%&opggqlqnm\r/re rrtglser%féjrﬁlg@%rfﬁ%g H]t Itﬁg achemrstry of the
e T
present! %9§ﬁfrc§igt'?ﬁé él,l}ri]’chim %ﬁg@eftégéfrd RE E?Fe rgcpgr’t‘?gérpﬁgwér;es close to
those dfotheowmngniﬁmnaﬂedswafﬁn ahdalrowefdrhan Ithet waférveleaned with the
rposes ang Lﬁ?{”mt be construed as linmting the
comme ‘?Jr?&' £ PORECHRS i nvention. EXAMPLE 1 Chemical s
of the present inventioggpry¢ tested to determ ne the
particle renoval efficiency conpared to comercially
available acidic post-CMP cleaners. 30 Bl anket copper
waf erls were contam nated with a ¢domBefactl Tetadsai | abl e

Barrijer CMCIlglaniny Cleemistrgd of 4ilipaal pajt Leles. | The
waf efS Wer e tnen creaned W Th S4nmplgf of

chenifeats—of—4he LTWSI_ Haventtgn—th ] gafo} e] t ank
f ol | pwed—byv ‘.NQJ Qj‘arcmn rigse l'z:inﬂ A—cond r ol

A o—of

vaf el t hat ~ uddl Watee€leand t o any| 85431 [ 85402 bs,
as wgl | a€camouercial Gheevstaf er hatl882s pniB68 epned
wi t h [Dl Cigict AGE6rbiO LCYstot03] Pauki7B2D04/4G01p5 7

i ncl uged—Tm the study for conpari Som. _THe Tesutts
shown in Tabl et denonstrate the effectiveness of one
enbodiaidat!: &Pt parti@teemoval redan foro IC e afensossgd oseid

l.. sl | f th f
CompdPcalies BABUESMEISS Ach RANSB SWiA| DLRRETV@, The
par L ghfinRUANS ORliffie"alRbaeanst v Hhsterrog

chemstry t’he ~present "I nventi on neasur
st andamblodment of e pre&fent irantienweAd” cheeres the tdathiose

f th t aminat.ed waf | han.i he waf
O e AR RS metRt fn Ry STl Bt
Tabl ¢,yber.

EXAMPLE 2

In a second study, patterned Cu/low k and blanket copper wafers were
exposed to chemicals of the present invention as well as commercially available
alternatives, in order to determine the efficiency of chemicals in protecting copper
and barrier materials from corrosion and dissolution. Table 2 shows one set of data
from these experiments, illustrating that a preferred embodiment of the present
invention is much more effective at preventing barrier dissolution (example of
prevention of galvanic corrosion) than a commercially available acidic post-CMP
cleaner. The data also suggest that this chemical is also more protective of the
copper against corrosion, and yet is still capable of cleaning the particles from the
surface more efficiently as evidenced by Example 1.
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Defect Totals Ceaning Chemstry Al Lpd [#] [#]

Control Wafer 742 706 DI Water C ean 65431 65402
wQansmosizal Chem stry 1852 1368 Citric + Ascor BCT/IB2005/000165
Cysteine 1457 1451 Table 18 SPl1 particle renoval data
for Cu wafers exposed to silica particle slurries and
cleaned with DI water, al2bléwdercially available
product and a preferred enbodi ment of the present

| nv e ntp=ef—A——eahs—t-he—totad e-H—geteets
I_pd nmeans | ghf pm nt _defects fﬁpu rre_ln&ﬂﬁﬂy;r_

EXAVPIE 2 | FleaninghGhesnistiy pat fer (Riblcull olembhnd

bl ankgt @ipier Agdorbie WOysteingpoged 2@m2chgni 6.5 of

taCZI IOC esentcg mﬁ,?é]-b eﬂ)@]r%ﬁnwyl as COIIIA_EI‘CI F: | Y34

efficiency of chemcals in protecting copper and
barri efg Hiﬁt oF i @oppbf o8 Obéﬁﬁrorars%%tﬁinssrﬂhﬂbén%” for
Table 2 ows one set of data fromthese experinents,
il ustpaaterm@thafera prposad el earbmmrrmncralty aailable

present vent ' fectiye,at

pr everP(rPﬂﬁC baEr e‘?‘ (ﬁ’ir%{%eat 8?@ | & orhe pPE%?‘?H{. on

of galiy@shtlonCor rpsd oplefeiad @nsutiRieht ald Yol abf e

acidic post-CVMP cleaner. The data al so suggest that

thi s dheigctiag the barriss rmie@alp‘r@negﬁdvamc 60rresien. copper

agai nst corrosion, and yet is still capable of

cl eaning the parti cles fromthe surface nore

eilfHo@'ghﬁhé)pré&r&ﬂh@@ﬂ@ﬁdwé&/b@mdebmﬂed m&wr@%&i’étarl with

PCT/ | B2005/ 000165 8 Tabl e Cu Barrier (Ceanin
refere@ﬁaﬁesqq@rre ppefergshivprsiens ,therepf Ag’g@‘rb\(efsrpna,gree,pﬁ@srble For

examptd; the" Lot oG H&) b BRGHEY fladfrocess other than post-CMP

cleaning. In addition, the cleaning of semiconductor work-pieces can be

accomplished at a variety of concentrations of cleaning solution, temperature and
conditions. Furthermore, the invention may be used to clean a variety of surfaces,
including but not limited to surfaces containing copper, silicon, and dielectric films.
Therefore, the spirit and scope of the appended claims should not be limited to the
description of one preferred versions contained herein. The intention of the
applicants is to cover all modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the appended claims.
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Tabl e 2: Copper and barrier dissolution nunbers for
patterned wafers exposed to a commercially available 5
wonrodwososand a preferred enbodi ment of the preBemtiB2005/000165
i nvention. The preferred enbodi ment i s capabl e of
rotecting the barrier material from gal vanic
CLAINGF osi on. Al t hough the present invention has been
described in considerable detail with 10 reference to

1. A GBS A KR 8l R By bSoA

comppisimgt i ced in a process other than post-CWMP cleaning.
In addition, the cleaning of sem _conductor work-pieces

a leaning aggrb yYhareBrald gteaningpgeintys selestat Baey thei BaYP of
cl eapi &g+ j . t i1 . . .
Fur PRERRURg oF prbnib BTHEAE, dhindfitm 6RAHS. ¢BBArtio acid, benzoio
var iaeidy ciific aoidf apstsine] §lyicing, giliconidatidnglutdric daid] Histidine,
surfaﬁe,s cont ai ni ng_ coP er,. siljcon, and dielectric
fi | RAICICHES §XGHe atidy BrUPICacith $aliey |2 W¢: tararic acid, and
appefigefestnirdsr: shqul d not be limted to the
description of one preferred versions contained

a dosrasion-irhitsdtinghcemppund ovhetein saidpddroesitrsinhébiting compound is
al | dificati,ons, equivalents, and, alternatives .
fal PRRGSA FAinRE Riol Gppsisling f eSpbicacid ienzalirole pafteic
as_defdi Brthabic bR, @gﬁ@ﬁﬂf%Isﬁo@bﬂﬁnid%lépﬁ_@r@éﬁg%zoline,
PCT/ 1 B2005/ 000165 CLAIMS : 1. A conposition for
cl egmragpigethamniol sneligaptapropicricaed anerteaptelenzotiaras,

R e e )
amartrzone, Giahlligt, &andilacid Uah@ xakiarés treseef tic aci d,

benzoic acid, citric acid, cysteine, glycine,
gl uconic acid, glutamc acid, histidine, nmaleic acid,

2, Th%’éﬁhﬁﬁo&ﬂﬁirﬁ%éj@ﬁfggﬂ gfggﬁprigﬁgi a%héf&c@%hﬁ\re Lgihearic
corrosion-inhibiting conpound, wherein said

corrosi qQp-i nhi bjting, conpound | sel ected fromthe
3. ThersumpesIian Of S B Herah SAK sitace BeMesentis pelcoted from
e o EASRIA o PSR ol Mt nonoter
surfactests,sartcbpixdpiesrtheresdi d, ner capt obenzot hi azol e,

mer capt oret hyl i m dazol e, tannic acid, thioglycerol,
thiosalicylic acid,

4. The composition of claim 1, further comprising a diluent.
5. The composition of claim 1, wherein the pH is between about 2 to about 6.

6. The composition of claim 1, wherein said cleaning agent comprises ammonium
citrate.

7. The composition of claim 6, wherein said corrosion-inhibiting compound

comprises ascorbic acid.

8. The composition of claim 7, further comprising cysteine.
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15 triazole, vanillin, vanillic acid, and m xtures

thereof. 2. The conposition of claim1, further
woan@rowsisng a surface-active agent. 3. The conpOsilBi00§1000165

of claim2, wherein said suoface-active agent is

selected from 20 the group consisting of non-ionic,

9. Thegempasitiorcef ¢laim 8, furtharcerpsising, a sndacemaciiver agent.
surfactants, and m xtures thereof. 4. The conposition
of claiml1, further conprising a diluent. 25 5. The

10. Theceompssitiow bf efairdl Riwnskeindid sifa¢dracive ERdmtisvesicted from
about 2 to about 6. 6. The conposition of claiml )

the groyp epR$isting pENeN-dRRE RNiagiEneationie Zwiitericmim @ngramphoteric

surfactéHtg,gﬁrﬁc?miﬁBsz thepgofcomposi tion of claim6, wherein
salr’d corrosion-i1nhibiting conpound conprises ascorbic
acid. 8. The conposition of claim7, further
conpri si.n yst ei ne. WO 2005/ 093031 PCT/ | B2005/ 000165

1. Theggpraposifien @gﬁlﬁaeim,&ﬂfﬂw @martaing adilkeRtr conprising a
surface-active agent. 10. The conposition of claim9,
wherein said surface-active agent is selected from

12. Thet ¢mpositipn obalksirat7, figrtfodr copmprisimg mereaptorpropiardd Boid. ¢,
zwi tterionic, and anphoteric 5 surfactants, and
m xtures thereof. 11. The conposition of claim 10,

13. Thef cBrhP&SitiGP BPEIFh N, furthdrt@Riprisigy a EiffaeThesd bgenof
claim?7, further conprising mercapto propionic acid.

) 13. The conposition of claim 12, further conprising

a surface-activ ent. 14 .The _conmposition of clai
14. Thefegihodin AF Ll €5 Whesendaid SEragERiNe Barkls SalefRgrfrom
the grolifoB4iStitRy 6PAGH-$6 0 JarfbniBOdatioRid, GwiddHidicC andidmpRbteric
zwitterionic, and anmphoteric 5 surfactants, and
surfactaptg ancemixtHeaseipereals. The conposition of cl ai m 14,
further conprising a diluent. 16. A nethod for the
cl eani ng a sem conductor work-pi ece, the nethod

15. Theccompositiony of tlaimsitde fsrtiedr:copiprisirg adilaesenm conduct or
wor k- pi ece, contacting said sem conductor work-piece
with a cleaning solution conprising: a cleaning

16. A nﬁ@&% ﬁ%r‘l’}ﬁércfééhiﬁ@b%e%i@@ﬁ‘(@i&%ﬂ%ﬂé—pileﬁe%@%@[ﬂoﬁr&ﬁ]}prising
the steps of:
providing a semiconductor work-piece,
contacting said semiconductor work-biece with a cleaning solution comprising:
a cleaning agent, wherein said cleaning agent is selected from the group
consisting of émmonium citrate, ammonium ox alate, aspartic acid,
benzoic acid, citric acid, cysteine, glycine, gluconic acid, glutamic acid,
histidine, maleic acid, oxalic acid, propionic aci d, salicylic acid, tartaric
acid, and mixtures thereof; and
a corrosion-inhibiting compound, wherein said corrosi on-inhibiting compound
is selected from the group consisting of ascorb ic acid, benzotriazole,
caffeic acid, cinnamic acid, cysteine, glucose, i midazole,
mercaptothiazoline, mercaptoethanol, mercaptopropionic acid,
mercaptobenzothiazole, mercaptomethylimida=zole, tannic acid,
thioglycerol, thiosalicylic acid, triazole, vanillin, vanillic acid, and
mixtures thereof.
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consi sting of ammonium citrate, ammoni um oxal at e,

aspartic acid, 5 benzoic acid, citric acid, cysteine,
waqhyasioasn31 gl uconi ¢ acid, glutam c acid, histi 8@ CDEB2005/000165

mal ei ¢ acid, oxalic acid, pnopionic aci d, salicylic

acid, tartaric acid, and m xtures thereof; and a

corrosi on-inhibiting conpound, wherein said corrosi

17. T Brep P EEBRER g sRErRL SILORTUARE niitRes o

surfacéeictive eigeneselectediftbm ¢iys yeiupecorgistirgsef, nan-ionicl aniwnds,
. mercaptot hiazoline, nercaptoethanol, nercaptopropionic
cationigczwitterigpice apd @vapniens agidpeiantse aeaw@f%ﬁﬁﬁwﬁp aaol e,
tannic acid, thioglycerol, thiosalicylic acid,
triazole, vanillin, vanillic acid, and m xtures
18. The meibod. of\W2iIR00HR/VITE Bils AT tid B2t S610€04 6&rthel tohprisEsea
) net hod of claim 16, wherein said cleaning solution
diluenk ¢t her conprises a surface-active agent sel ected
fromthe group consisting of non-ionic, anionic,
cationic, zwitterionic, and anphoteric surfactants,
19. Thamdethioxitaf robsimt e rvdedreirbsai@ sefieonmiitdtaniwork-pikee gomprises a
wherei n _said.cl.eanin oﬂu{ion further conprises a
metal {§j4. GefeTieL 81215, ARTRAICBEIS ai m 16, wherein sai d
sem conduct or wor k-pi ece conprises a [0 netal line, a
barrier material, and a dielectric. 20. The nethod of
20. The mgthod 9f claireridl, whesgio said metali line camprseseePRPSHper .
21. The nethod of claim 20, wherein said barrier
material conprises materials [5 selected fromthe

21. ThemagihodwTdldlin 20 vieréh sdidBarrlér, matddal Yompridey\hat@@als
The method of claim 21, wherein said cleaning agent

selectegifpm Hegrarpwensisting iof Tar daNodi, 23N, Yhandghbd of
claim 22, wherein said corrosion-inhibiting conpound
conprises ascorbic acid. 24. The nethod of claim 23,

22. Thelmewiod cfalainc@t, neisérein saiticednimy agenpermpridas dmnatonium

, conpri ses cysteine.
citrate.

23. The method of claim 22, wherein said corrosion-inhibiting compound comprises

ascorbic acid.

24. The method of claim 23, wherein said corrosion-inhibiting compound further

comprises cysteine.



