2 1 NOV, 2003 PROCESS FOR REMOVI NG, , CONTAM NANT FROM A SURFACE ANDNQV 2003
COVPCOSI TI ON USEFUL THEREFOR DESCRI PTI ON Technical Field The presént
invention relates ac an acidic: aqueous conposition that is~especially
useful for removing particulate and netallic contami nation froma surface.
10 The present invention is especially useful for removing dnis e

particul ate and net a'ﬂﬂd&E‘S@”E‘Bﬁ‘ RE’F‘B %Q:?ﬁ'hkf ht%?g such as those used
egra evi

as interconnect structures: Clrcui es such as:
sem conduct or waf er’ds SBFRCE mgc@WIﬂnﬁ%EﬁTe THERERQR damascene

features. 15 The structures treated according to the present. i nvention
i ncl ude those that have been previ ouz#/ |_anari zed by chem cal mechani cal
pol i shi ng. Background of the Inventi IBTIH'SI and ULSI seni conduct or

chi-ps, Al and alloys of Al t are used for conventional chip

interconnect/wiring material . Ho V&L edPEEef gCeNt 1 y: copper and alloys:
of copper have been devel oped as ct materi al The use of
copper and coppef %IRW&%(F“F&“ﬁ%%qsnﬁPoﬁéda%%@Wr mance when

conpar ed tOcéhpﬁwKtldﬂfthHﬂ QpSesbecidiEly akkiraat F@R AdmseLirLonduct or

devi ces, C i ect ter.ial rin as the copper
or its' aI I g @éﬁ%dyeplaéla%l[ e%8?2n5m znqija“&f’laéf‘ogogm o‘?glst"} S50l i shi ng
~sl urril®s uSed PERsedi s:aneahapnzaﬂl Qﬁpexrlelllv'ypseml yE iy asows isgs pensi ons

conpri sed Oﬁaﬁti@lﬁt@ﬁrﬁemeéﬁlﬁj%V@or(t%ﬁﬁlﬁaﬁ§safﬁﬁﬂl Nl JuhgRRi ¢ aci ds,
surfactants Sui tagl e_oxi di zi r;glefge IS ,process is knovvn 'S

as cheni cal ﬂ%}f‘h%% 5 JFPEN PR TERES BRI HZAHER agent works to
enhance nechapégratedemivaiof dewiees aduclviaa. samitosndsiter aasiested process.

Such oxi di zbAGe 206HS 2ppiVa2lS8cene and dual damascene features.
15 The structures treated according to the present
' invention include those that have been previously
planarized by chemical mechanical polishing.

Background of the Invention !
20 Cn VLSI and ULSI semiconductor chips, Al and alloys
¢f Al are used for conventional chip interconnect/wiring

material. However, more recently copper and alloys of
copper have been developed as chip interconnect
material. The use of copper and copper alloys results

25 in improved device performance when compared to Al and
its alloys.

In the fabrication of semiconductor devices, the
metallic interconnect material or wiring such as the
copper or its'alloys is typically planarized after

30 deposition.

Polishing slurries used for this planarization are
typically aqueous suspensions comprised of a metal oxide
abrasive (such as alumina), organic acids, surfactants,
and a suitable oxidizing agent. This process is known

35 as chemical-mechanical polishing (CMP). The oxidizing
agent works to enhance mechanical removal of material
via a corrosion assisted process. Such oxidizing agents
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enpl oyed it conmercially-available or proprietary slurries are t%/p cally
inorganic :netal salts such as FeNO, or KIQ3, and al so hydrogen perOX|de
present in significant concentrations. . Qther chem cals added][ to. 5
slurries to inprove dspersion or otherw se enhance performance often are,
organi c acids (e g. citric acid) Sodium potassium and iron salts and/or

conpounds are ﬁguentl used i.n sluré Eornulatlons and. si gni fi cant
anount s of e‘F‘We@é& 1131 €9 G iRYaidahl e eHRi PERFAFAETY D. wafer after

pol i shi ng amrrp@@tamlumaalaqmm@rgihebeﬁ@wl galendandy sxists ,, for-

vari ous rticul at ont remai n _on_the polished surface The
parti cul altog ﬁ?ﬁgﬁ ?I%r’é %)r?flr erre y c%ﬁc?gfeflcﬁfaimﬁ)g?eﬁﬁgiseﬁl

partlcularkygmm annuqanqghbﬂawm@nstheOtbaDvahemumalsuﬂddﬂ&&xseIy af f ect
the pglished:race. mﬂm&;&}w@rﬁsp&ggeﬁ EPeoa?éféﬁé‘%rﬁi&HJé es typically

contain an oxLdi zi ng ent, an”oxl S present an the
copper dueP?ﬁf%W‘Hil"zeatQQﬁ?rbfartehé’raéﬁbér aQBdﬁ difithg qltfe'-"l(gvlacmddcess Thi s

|l ayer may agvelae) m@&és&mlum thed eheat khtad Sheyaet@inpdrds Qfrel he device,

and is ferabl rem) | ayer y alsao. contribute to
the cont amgn%f?"1 ﬁeé'n ﬁgufﬁ'gmﬁbﬁ?"d@ %‘é%g/ ﬂ’g%ﬁn‘tﬁl&é‘ﬁ thg 25
i nt egr at edamdymLs tOﬂelham mesiaig icoppepuast tde camtremedmmest that eri al '

afteryghenjcal, @ﬁwlﬂllsmg 3 pggosécggiﬁmgély arfindieed exists -for a

post chem cal nechani'c-al ani ng Ty that. renpves 30
metal lic and. pEfei®AR=se? G@&Eieaﬁfrﬁ’a’cst%lﬁor I‘fﬁ@ddﬁl on t he cl eani ng

step r em\@@rwr&% dmitae@aaatsozebdﬁémaﬂﬂdé@rm@tﬁb%sm@ar desirabl e
Surf ace, The - probl ens of

fl a ar co face.
devel opi ng® Lﬁr%hdea ?‘%’aen §t|1§u RGPt ﬁgF RSP e need to
m ni ni aze étthiayltogo memeveoppfhiasiseparmicuEinmyoiptiob]eriardeased surface

roughpgss éfhégnéhé“ﬂHMJvdia&hsteﬁEgn&dversely affect the polished
surface.
Purthermore, since the polishing slurries typically
contain an oxidizing agent, an oxide layer usually is
. Ppresent on the copper due to oxidization of the copper
20 during the CMP process. This layer may adversely affect
the electrical characteristics of the device, and is
preferably removed. 1In fact, this layer may also
contribute to the contamination.
To date, no known processes exist for cleaning
25 integrated circuit devices using copper as the
interconnect material after chemical mechanical
polishing. ‘
Accordingly, a need exists for a post chemical
mechanical polishing cleaning chemistry that removes
30 metallic and particulate contamination. In addition,
the cleaning step removes any residual copper coxides
and/or other non-desirable surface films, leaving a bare
copper surface.
The problems of developing such a cleaning is

35 further exacerbated bv the need ta minimize etrchinag of
the copper as well as avoiding increased surface



Summary: of the Invention The present invention related to an aci &I% 3
aqueous 5 solution that a especially, for cleaning netatlic/neta 'NQN 200
contam nants and especially, netal and non-netal oxide particles remaining
at or in. the surface of a sem conductor wafer follow ng CVMP. The present
invention. is particularly useful for- 10 renoving particul ate contam nants
from copperrouimess ¢oennyi avent forerel sxteeroves any resi dual oxide |ayer
found on the copper's urface,w thout etching or increasing the surface
roughness of the copper to any significant extent. 15 In- particular. the
present invention relates tort@ﬂﬁﬂ-’.ﬁqﬂéﬂi&émmmn corrprl si ng about .

0.2% to about 5%&hyprugbghtlﬁ¢eﬁtjdﬂuygy$gegoeg # gabout 0_05%
to aboyt 196 at | east. .one di carboxylic aC|d sgwt t her eof or

m xt ur e t hel e J“on ggﬁf’ b8 esPecha) b dor s%ana@gugewﬂqm/wmtaé
hydr oxycar B@lquoatamlldan*sal and resspesgfiadly maxanr@nd hesreaferand’ the renmai nder

-belng SUQ@E@%tbQEkiclﬁﬁl ma i Q@ybgg 2 phe Ql-About .73,,0 to about 5,
7 . A further ﬁggect of e pres i vent on i et EhE&r Red with a
process forSe fiﬁﬁtﬁﬁr‘t"?@’tﬂ aﬁ@lo“'E-SSCGNPam In particular,, the process

conpri ses cont Ik pgeaeﬁ@mﬁfersjﬂcfnaQ@ patbaéuas peg harari zed by  COWP
wth ;o a i Sl fluoride contalning naterlal
"at&?%as?%@%giaﬁcggg %é?géclggggﬁngﬁpg Eﬁ AP SPRSE -ni XF8r es t her eof .

and at Iea?ﬁfeéﬁéthywwym Fhed itemaved, asyl tedtbrsdofoxide Maykure ther eof
and 1aing achhis of eRSWegbdth eiirdBeAusthbhs (WGl gypect of the present

i nvention .% Eates tota ss for ricating sem conductor integrated
circuits. TRE Process l'é%rﬁﬁ FOPAPRESS 9F dilie Sopperh&osanyace of a
svrnic:ar dﬁegmflmieremgﬁrﬂ: .1 NOV 2003 photolithcgraphic process wherein,

E)Ce Glsf CUI TS COATRA SE e PARPCL nQ pEARREL : 1, 8ld WPl agari zi ng ;rt]e surf ace
aqueous composition comprising about 0.2% to abour 5% by
weight of a fluoride containing material, about 0.05% to
about 1% by weight of at least one dicarboxylic acid,
salt thereof or mixture thereof; about 0.2% te about 5% |
20 by weight of a hydroxycarboxylic acid, salt thereof or
mixture thereof and the remainder being substantially
water, and having a pH of about 3.0 to about 5.7,
A further aspect of the present invention is

concerned with a process for removing particulate

25 contaminants from a copper surface after CMP
Planarization. In particular, the Process comprises
contacting a copper surface that has been planarized by
CMP with an aquecus composition comprising a fluoride
containing matérial; at least one dicarboxylic acid,

30 salt thereof or mixtures thereof; and at least one
hydroxycarboxylic acid, salt thereof, or mixture
thereof, and having a pH of about 3.0 to about 5.7.

A still further aspect of the present invention

relates to a process for fabricating semiconductor

35 integrated circuits. The pProcess comprises forming
circuits on the surface of a semiconductor wafer by



chem .ca , mechanical polishing., and renoving particulate and gqt ﬂUNi 2(][]3
{.e g. - nmetal ion.) contamnants f ronp the 5 surface- by contactng wth
an aqueous conpositian canprisirg fluoride containzhg, material: at. |east
one dicarboxy acid, salt thereo or m xture thereof; and at. |east one
nyroxy carboxylic acid, salt thereof or m xture thereof and having =: -H of
about 3.. Oh l%:o aﬁﬁut 10 5..7. Still_other Olg ect evvyv and: advantages or
the presen®PRCtAVERPPERARRTY PARSESTe “PEAGFT - %)p%]rré:ﬁ’tl “PRBE&®Ekilled in,
the art fraoppee ofobtbpmengldetyai pddndeseingttlon svrdfiagienbiyt i s shown and
descri bed = . = rred s nbogi : ‘] i.on-,

si npl y- by ﬁ%?‘é%aki ?ﬁ%ﬁ%eﬁoﬁﬁsﬁg%e@?ﬂ% eé{:lgﬁ gtr?g‘iéélfgé.gleéof carrying
cut the ine8ft meRalihscwi${Ihe MediFilzaan) heoraeidiiandis frem EBBabl e of ot her

and di ff er ek sa@BOBy "EShSactliiy iWith SAVefatowe!dnpesdi@oncapabl e of

nodi fications in vari? s 20 obvié_@us rLespects,. vyibf_t hq:u deEarti ng from the

i nvent i on. ““RPE6PUTRg g‘,‘%%‘%e FEREPBE PN 51 e areé&?& d°88 illustrative
i n nature dadarhokydscrasid. ctalre tBeseppoti omixifuBeshereafid #adi ous Mdes
for Carryi R§ GBESEN9RALRGH PG 192EPRHY - 1§ hec e H2 \H EA/FERETpPBCess shoul d

reduce A nuiikeuref tBetréef ishdnishk kg 0P8I Erashuto 3 @stabkbslitan accept abl e
waf er ¢l eagi 2g process. In particulate and netallic contam nants on the
he:

waf er 1% | evel present bef'ore the-polishing step. Also, the cleaning
process and cheftsiiyorst digecdspandbedvantigell datheheapereaht exposed on

the wafer suitassoal el %omaF&reraengaﬁpaf&Fc %}Pl&h’ﬁgsgesﬂ?h?&ito per form

the c-1eani,ng Brocess safely usi_ng commerci al Ci/ aval | abl e wafer or

fabri cat i ofPe§ff piEht EroMEEFOL LOWENT At 3ekgd ARSETiRAEON: he process be

rel ativel ywheespgnst ves tshdwiplaei@descridde SHlIwciHe %&eﬂ%k@é&ed pursuant to
e

e ek BYEILL ST 21 YRR Lty ol G245 gt cos having copper
into a | awiklupereeie¢n of the best mode contemplated of carrying
out the invention. As will be realized the invention is
capable of other and different embodiments, and its
several details are capable of modifications in various 1
20 obvious respects, without departing from the invention.
Accordingly, the description is to be regarded as

illustrative in nature and not as restrictive,



material such as silicon dioxide, which may al so: include. 20 a ca Eiﬁﬂ %mg
| ayer, such. as silicon nitride as in |low k dielectric/damascene éﬁ gl
damascene silicon dioxide is typically a high den deposited sili.con

di oxide or TECS (tetraettylorthosilicate) . in 25 Thee copper interconnects
typically use either tantalum tantalumnitride or, titaniumnitride as a
barrier or 30 structures- The density plasnma or titaniumor naterial
between the As such, the §5§F13ENP°P0°5I%%ﬂFlﬁ&thanaPsor nore: the liner
material the copper and thmodéeg! £64 recdrayingl eati Ihgveddiwin on i s nmeant
different materials, copper dielectric or crapping layer as well Dbackside
which is generally a thin layer of oxidized silicon. Al these types of
material s are eRposededref tdvd LAYiRaBBSBbe OnsdfiegeAdtet or devi ce during
post - C\NP 3% £hednkR0an AsCeusliabley wakhe &l&aning pserRgs.tion nust not
adversely effect ané of thgfe naéerlals to any ug@e i,red; degree while

SUi L1 of 1 cOEFberyIPENVINGaTR) COBAPLHR AR SoTRF S ARaE 82 EEns | der abl o
constrai nt paupdouilevel agpd myetzlduict abhbasompdsi tnotheTHefevpper i s
planarized ygft %vgfpgfé%é:ﬂi‘ B0k oreheflCabs fHiachanieal. PRisshivge typically
enpl oyi ng an. aqueous slurry conprising an abrasive and_ an, . oxidizing
agent - SucKkleanpasi PFafes s duaieri b BRF ﬁ@b&°ﬂ§ﬁtbﬁledﬁ%@9ibed; in any
det ai | 1her eihe. mExapphts @fpa@® on the wafer surface after CMP.

Furthermore, one should be able to perform the cleaning

process safely using commercially available wafer or
fabrication equipment. Moreover, it is desirable that
the process be relatively inexpensive to implement.

15 The structures treated pursuant to the present
invention are typically semiconductor devices having
copper interconnects (lines, plugs, vias, global and
local interconnects) imbedded into a low k dielectric
material such as silicon dioxide, which may also include |

20 a capping layer, such as silicon nitride as in low k
dielectric/damascene and dual damascene structures. The
silicon dioxide is typically a high density plasma
deposited silicon dioxide or TEOS
{(tetraethylorthosilicate) .

25 The copper interconnects typically use either
tantalum, tantalum nitride, or titanium or titanium
nitride as a barrier or liner material between the
copper and the dielectric. As such, the post-CMP
cleaning solution is meant to clean up to four or more

30 different materials, copper, the liner material, the
dielectric or capping layer, &s well as the wafer
backside, which is generally a thin layer of oxidized
silicon. All these types of materials are exposed on
the surface of the semiconductor device during post-CMP

35 c¢leaning.. Accordingly, the cleaning composition must
not adversely effect any of these materials to an



cheni cal mechanical.. polishing slurries can be found in 10 U 9 P30ih2003
No.. 5,527,423 and U. S. patent No. 5,693, 239, and PCT publication WO 97
/43 015 7;. disclosures of which are incorporated herein by reference.,
The structure is then contacted with the aqueous conposition according to
the: present invention. The 5 conposition conprises. a fluoride
Contalnlnguﬁ@éﬁitéﬁ ddfast whAte dtQBIb@ﬂﬁédﬂiv&cydramdﬁmngsahé t hereof ; and

a least one. Nydiqoy carborsl Le.acld Nl Ok 33 boge LIPLED! oo YPI cal

conpounds Prd accor d esent
i nvention aevekwpmngtﬁnauum@bﬂdecoap@%wthE} to the present invention are 20

or hydrofluorl 'ébﬂgéyﬂis gqgaggggga-g{uéy1agﬁﬁsgggghdgy a source of
fluoride::ion |n ude, e,, salts_such _as_anti nony

(111/VE ) ehemicafe, mﬁﬁmq}rﬁarll EGL1 A 1n$|WP(J1Cia)11F2’ SBPLEEIEE) i num (111)
fluoride, agidold usnoher alcapedspagnas . albtdd iveotindr asoortdszthg 25 f1 uori de

such as t eLL Pt Nyl AMRNMDLGLIBEE 8 e A% einoudlS a8lNRER! B80T 5 COMPOUNGS

whi ch coul 838t 8assoeT ate de ron in an aqueous nedia can. he
used. .. Theésecriedrin sy desainchareln| udxaaelegl ©§ 8P4l i phatic prinary,

Secondary cﬁaﬂléﬂ trh@d’l‘bé.rﬁ!@a'ﬁ@o@h!@ih vadm&éeahob&o%ﬁﬂdfmrml a RN

(R3.) wherein R R2 and_R3~ div nt r al kyl
gr oup 20Ty pPcdit 1 52 % He Nyt &1 %%f{nﬁés édlgagoory? g1! E%? %ja%l R2 and
R3~ groupsahé HQT(pMHﬂMta&h@msWOrSnéssosw}uﬁlqmmshareedOflub&cme conmpound i s

annnnlun1fgygr iéggé db OrSPd ic acids include those having
two to six car |nc ude oxalic acid, malonic acid, succinic

acid, glutaric ¥Rﬁcﬁtﬁﬂﬂﬁﬂq? &él8,?“nﬁ?%ﬁ§??e@mﬁhﬁhaﬁae ROWEPER, acid. The
preferred 86kfos St 161 i r@ing do SHétphdseraalinventibiude The~ ~alkali metal,

alkalkge Sg%éég{%ﬁéh céﬁyif%ggogi%Tﬁggiég’containing material; at
least one dicarboxylic acid and/or salt thereof; and at
least one hydroxycarboxylic acid and/or salt thereof.
Typical compounds providing a fluoride ion source
according to the present invention are ammonium fluoride
20 or hydrofluoric acid. Other compounds which may provide
a source of fluoride iomn include, for example, metal
salts such as antimony (III/VI) fluoride, barium
fluoride, tin (IT) fluoride, aluminum (III}) fluoride,
and fluorcborate compounds. Still other sources of
25 fluoride such as tetramethylammonium fluoride, as well
4as other organic compounds which could disassociate a
fluoride ion in an agqueocus media can be used. These
other sources include fluoride salts of aliphatic
primary, secondary, and tertiary amines. Such have the
30 following formula:
R{N(R3)} Rz
wherein R;, Ra and R; each individually represents H or
an alkyl group. '
Typically, the total number of carbon atoms in the
35 Ry, Rz and R, groups is 12 carbon atoms or less. The
preferred fluoride compound is ammonium fluoride.



Exanmpl es of hydoxycarboxylic acids includes malic acid, tartari% hNQY 206
citric a The preferred hydroxycarboxylic acid is citric 10 aci Sui tabl e
salts. include alkali nmetal, alkaline earth nmetal and ammonium salts. A
preferred derivative is amoniumcitrate. In addition to water, the
conposition can include mnor anmobunts of a surface active agent. Suitable

15 surface acti ﬁgpwt&cammgcaawag Cm&ﬁaeor&hesenﬁgwa%%@&d

zwitterioni ¢ Conpounds f some surfactants ses in the
present i nF@nELEnCAFROT cﬁ%‘?ﬂsosé’&@ anclyds oxwddfmreidg rrlepbfer ,

Encycl opedizaidf Sheriwid akdehneflagyric 3tk Edidipqe, a¥ol, Aa1éJahn Wley &
Sons,. 198 e ncyel opedi a of urf ce Act ve, Agent s.

( Cheni cal %):%FI Jlin%urfé %56'5‘ The ﬁfé %ﬁ er?s Eﬁuf“? PPEFs &

Det-er gént sachdrt hSwheablearsaltar dnEélude orhe I\aﬂ&;tlc.hetenah vagkahindghe MC

Publ i shi ngeggth,méta%)lé.)d ,amﬁ,ggﬂ_u;[;hgalggndensed Encycl opedia of Surfactants
{Chem cal Publi Shl n Ash, VWhat Every Chem cal

Technol ogi st W E(?:Hda%ﬂﬁmhyﬁﬁﬁﬁycﬁﬁla?’@ﬂﬁ’era% WF%PQ@SA@H% Vol . 1
(Chem cal Rubflj stertpioe: akd88pndTadrose &urd.actants, (Academ c-' Press

1984), Napper, Y. Ll ' : Ll oL.d adem c Press,
1198:3)' and Ro@gén ﬁ%ﬁ% gﬁ%?ﬁ@%k#ﬁ%%#% g{ ag%eng%reglét£f§nd Edition
(John 1 | e§Cid sorduitpde sails iBFLUfe llrdrie metador pbkalime herein. by
reference datypifiedal ex@Rhtoniuf salt@l kKyl' poly (ethylene oxide)

non-ioni ¢ surfagctant NOQV. 2043' The co sitl, ns typ| cally contain
about 0 2 to %Efgﬁﬁre‘%éiﬁalg?gf’%‘?aﬁ f“g’}ﬁ%ﬁ-ﬂ-‘mo% F3"&bout. 1.3 weight |
of the fluori deIrccﬁddiutmqmg Eoowpbend. tle 'Etmgd:sa.an.bnxyhnumlu:ﬁeand/ or salt is

typically SE FROWR , @tEﬂLét weight 1, and
pref er abl ymplll;l)@rgu t-0 u0n5tsi% about §:Eag\é/vecf1 a%e ﬁgﬁ‘?%l%(y%:ar boxylic

typi caPly Py El‘f’t:l“’t%é‘:"@&ﬁﬁoé??}‘b‘f*? aacmézlﬂ%&nt §a5%°%b‘€)ut 0.2a to about 5%

by nonionic and zwitterionic compounds. Examples of some
surfactants for use in the present invention are
disclosed in, for example, Kirk-Othmer, Encyclopedia of
Chemical Technology, 3rd Edition, Vol. 22 (John Wiley & |
20 Sons, 1983), Sislet & Wood, Encyclopedia of Surface
Active Agents (Chemical Publishing Co., Inc. 1964),
McCutcheon's Emulsifiers & Detergents, North American

and Tnternational Bdition (McCutcheon Division, The MC
Publishing Co., 1991), Ash, The Condensed Encyclopedia

25 of Surfactants (Chemical Publishing Co., Inc,, 1989),
Ash, What Every Chemical Technologist Wants to Know
About . . . Emulsifiers and Wetting Agents, Vol. 1
(Chemical Publishing Co., Inc., 1988), Tadros,
Surfactants (Academic Press, 1984), Napper, Polymeric

30 Stabilization of Colloidal Dispersion (Academic Press,
1283) and Rosgen, Surfactants &. Interfacial Phencmena,
2nd Edition (John Wiley & Sons, 1989), all of which are
incorporated herein by reference. A typical example is
an alkyl poly(ethylene oxide) non-ionic surfactant.



10 wei ght and.. preferably about 0,5= to about 2%: by ,,;eigh?.] W 2003

present, the |level of surface active agent. in the conposition is

typi cally between about FO and about 3,000 ppm a specific exanple being
about 500 ppm 1n addition, the conpositi ons of the present 15 invention
have a pH of about 3.0 to about 5. d pre rabli:about 3.5 to about 5. 4;

a, particular exanple being Té\e p gypi cally- neasured
usi ng pM paper or suitable le ’ rode.[ 1t has been

di scovered: according to the- nvent| n tham yhe 20 pH |s
important in. achieving objectives of the present_ invention

particul ar. thergonmmpdsidionar eyPEepaly éﬁonéﬁlﬂeﬁ%QPﬁg nete? 13 c and non:

netallic part | at $ bl a§boﬁ\@|d @&oSlabbaanldBoweﬂ@t metal ion -
cont am nant'e é%%héa%%%ég% i de 7i, Cu and 25 Zn; vari ous

sul fur andoghtles i Buowwsis |q°F’§§1&EIE%rT)‘§EP°A’rT‘ ‘the various surface materials
present; on the méedlcag_tﬂaxyil&ct betdoatydvéonr cility iensymbreldthin the pH

range of the conpositiQ e i @n he genoval . is
achi eved WRFPESRhHI 4 ?mod‘mstls °& gﬁl i ﬁgdgrrettda:}?b?%q:qggwmg' 50 such as= | ess

than 5 angahdoptafemﬂkel}amb@ttcﬁl Ag t@ll%‘l’%t’-'t M@ ¥84AREs®hi gh density pl asnma

deposited silicefe QXSS MrobRPPiat abessid hapizhdldy Bdesédnt nibone etching
of.. the dielectric such as about 10

Almn t bout ccurs durlng
the cl eani B§S2ICRRRSPHFP Ro@BSEREE Phe tfﬁ%seogtﬁl %\%eﬁtg?plﬁ/ g%’rﬁ%‘?~sl i g
et chi ng re&ubhs aﬂdmmiaﬁmﬁhwngboﬁtparmm abasrtr @figby. wadshE bed. on t he

wafer surface Whighseasai ste %Lex/‘éih@frsufﬁ&V@ctlth&géhtgm et chi ng
al so acts to assi' s n rermva 0 L.on am nant s

gbsor bed aEEt al
i ncor por at sbeacoBRaFi BiPn deptHPLCA LKL B BL IR éﬁefm i £°R45 al so been
found that 3t b@onﬁﬁQPSétd;ﬁHt&ﬁfc tel&amplprlesmg dteenispicoppde noti ncrease the

surface roughness adiitis,coape o%ngosm&amé £xeset . For example 10

AFM sur f ace; ~ac pper on a n - copper filmwas 1.2
nanometser s in@anbibhankve op it Offl 0 to about

preferably about 3.5 to about 5.4, a partlcular example
being about 4.0. The pH is typically measured using pH
paper or suitable pH reference electrode. It has been
discovered according to the present invention that the
20 pH ig important in achieving cbjectives of the present
invention. In particular, the compositions are capable
of removing metallic and non-metallic particulate
oxides, as well as silicon dioxide; metal ion
contaminants such as X, Ca, Ti, Cr, Mn, Fe, Ni, Cu and
25 Zn; various sulfur and chloride impurities adsorbed on
the various surface‘materials present on the wafer. Cul
is thermodynamically unstable within the pH range of the
compositions of the present invention. The removal is
achieved while only slightly etching the metallic copper
30 such as less than 5 angstrom/minute and etching
dielectric such as high density plasma deposited silicon
oxides or TEOS at less than about 20 A/min.
Some etching of the dielectric such as about 10
A/min. to about 20 A/min occurs during the cleaning



fol l owing CMP and cl eani ng i naccordance, with th'ne! present in§ehtifdn2003

was: 1.2,7 nanoneters (RVM5) (a mnuscule~ increase in surface roughness) A
further feature of the present invention is that the~ conposition even in

concentrated formis relatively stable~ For instance,~concentrated fromis
relatively conprising about 1 to~ about~ 20% by wei ght of the fluoride

cont ai ni ng_conpound, . about ~ .30% b 2 i . 1 he
hydr oxy'ca?%’b?f{%) E"ci:%cit eaﬁﬁﬁ%er&gt%gg%ujt%%'10#/?)18y9:\'7\%@1%?é%${]’t% di hydr oxy
car boxyl i ctesdAtls dnasirdeardt bbemitof wnt@céséuﬁprgmiubwm@?ﬂd of water can

be provideg, angd JaranRsparEgde ! Oukive, edivser ihhensserramivdinen dilute it
such as about a 19:1 di ~ 2 t ool for

ytion by weight at the process
coi nveni ent®® &id toretﬁhbﬂgnﬂ:%\%/ '?"éfa%gr‘? as‘?ﬁétcgﬁlpf)%q‘?‘fao]no n be used in a
doubl essi deikdytesh meseil ubber concatgmntshdnecnpbeased odtt oswalgicar copper ~ CVWP
pol i shi ng r el, ) used negasoni c bath or spray tool
cl eani ng a%épggérhast l|¥21 etgl}é Eigggggrnﬁ?nmaat}%}%m t hereof The, foll owi ng non
limting exanplids hase 2ppesbreRdt g (ihdfe ChR FREPPEIBIHE Hr &dEnt

i nventi on. oAy @nbed’ibnCaBCREE I Hidr@RPEhS| BOrohowt r Qafhrgreans of citric
aci d, about 8%53]gr ans~of tmal oni ¢. aci d about é6 0, 1%arrexs azm N GV 203 of
40~* aquedifs FPPEGN -8 2B “For FEETPEnd. T E@boute 1360 grams o f d

i ani ; zed, AEM erurifacer epagbdess ThRMR)c aofc copprat enid blamk coplidru. ~ ed 19:1

(by wei ghtg; 1m Wb 1921 aRhaREre Y@t elod @ ALKl bspeP PAMLOAS cleanl ng-~
m xture 5 _cont. ainng' Z-, weight f of citric acid, about 0 . 1

0 -

wei ght % ofehfevgmsc CXE ggg/g%%‘{h’cngl? \ﬁ&%ﬁﬁfia%%fwﬁ@/%heammni um f | uori de
and about Peserwiigiviehtioni ¥asal e27 TheionetrpesikMdN. (Hasimpidaunle abouE. :
4. 0~j as. nz?r?corugaseed,inugﬁ%gge Qougﬂé';g)a.t ed antinony:: reference el ectrode
of leg- ape A further feature of the present invention is that

the composition even in concentrated form is relatively

stable. For instance, concentrates of the composition

comprising about 1 to about 20% by weight of the

fluoride containing compound, about 1 to about 30% by |
20 weight of the hydroxycarboxylic acid, about 1 to about

10% by weight of the dihydroxy carboxylic acid and about

30 to about 50% by weight of water can be provided and

transported to the end user, the user can then dilute it

such as about a 19:1 dilution by weight at the process
25 tool for convenience and for economical reasons.

The composition can be used in a double sided brush

scrubber to clean whole wafers following a copper CMP

polishing step. Moreover, such can be used in a

megasonic baths or spray tool c¢leaning apparatus, or
30 combination thereof.

The following non-limiting examples are presented
to further illustrate the present invention.

. Example 1
35 A concentrate comprising about $60 grams of citric

acid, about 80 grams of malonic acid, about 1,600 grams



10 Wa ers having copper Hines i-nbedded .into s.il.icon dioxide ghdq N¥e3)o3

wth . liner material ire first subjected to CM enp,|oying an agueous
slurry conprising abouC 2% by weiq)~it al, 4m na,, about *3% by wei ght' of,
H202", wth .the remai nder being water and m nor additives. 15 After the

CVs?, the wa'f'ers are contactediwith the above agueous_ cl eansing m xture.
1'1. ExanpPE %0 3guquh SR UELPRr PheHtmonisim, Sl yertds + ARTEESUE coat ed

waf er Si and} 3@ @ﬁanCBﬁWSidb&dnﬁea?e«vat‘aati@d pwabersd. areher e-r leadhf or |
particle counts .on .the [ usi T r .D l'ight point
feet (LPD) 8%%%%?%&%3[ :.s‘f’%gﬁg %g;’??% eISgs'iLize(EgT %lﬁg?)gr%ﬁgq .then split up
into two, Baiehizerdfwaltdr TECSPIRULDPHET FTWSCRS TEEHINLTE @PGEEE Wt hin each
gr OUIOi tst he%%mryggeraﬁ:o%@d 1Q?EW§£%H\@1°$VO?: @&a’ﬁhtgﬁﬁ't gﬁbciu]to_ol.ﬁ ab25 \C/ivaf.er
cassette. e- €rs are . en,di pped in al um na based.
slurry forwi?glﬁ"rmﬁ!ﬁt%tsérﬁ&oﬁﬁfzf 8d+¢n %?m‘a&atzeVEFS t1% °ée4c°o‘?1ds | mredi at el y
after the anpomiun Hifdorsitiepantihebowiat ¥ g aeéghtahsdéerwaet.o tthe cl eaned
using a 11 ouhsal £ Ofn 10 B BENELG.OT 33 6l f3Bbiged S tig O pr epar ed
according to, Exanple 1 with a ru sh_scrub cleaning Tinme of ~ 45
seconds Ai falieatqd Sntsenyanateqen @ IRGETPAe PR &HRF box. Filially, a
30 seqond. DI 2(afespi maniingecapgdebl Dimedt WmbedBed it idilheoncl ean :: Aftex
t he cl eani , - er.s: e;;.ag4in. 7. . ns t r particies using
t he Tensorggﬁéfégoatﬁq g'rl. ET%%F%?%111b€ﬁg:om“§téféégn%)§&tﬁ%gcfgt_a,.ob: t ai dedi

from the preiechrtl FosCME eRRLPAIRY 3T BEUCOUAL BLEFBM AN RIUFITY test Ls. |t
25 may be ge&E: tiatpyt heightSalahi®s! drourdderbpandigntesomty,ojhe > 0.2 4m

| evel for bpth ThEOS and (éo%pgr .waf ers: Thfé:1 aver aé;%?: a‘gder particles for
THOS ' ' i s Woth thy refigindeg belyd YALGE 2G8eP BRF ¢ "%t copper is -185.1
+ - 185 , it. Aftarn dheh&MBot tHethafers kaenegataveeduniidr tdle. adders

above agqueous cleaning mixture.

10



30 for the capper wafers, is due to -the 'fact that, these as- deposited.
copper wafers mght not be as ¢ can as: possible,prior to. the.: test..
After the clean, two TEO S wafers,- #1 of batch #1,, and #2=C of. batch
#2,, were sent out for TX P. analysis on 2 1 NOV 2003 out for TXRF

anal ysis on the; wafer backside ; r(see 3 and 2:2 in ;.able 2)' . Table 2.
presents :the TXRF data from- the i n water frontside:or

backsi de. Thi s 1ipS at elghﬁsﬁ éipéf'ﬂﬁ@:l’i S Z’Bi‘tats’?«ldep@’s@&&dcmbam nat-ion

bet ween copper .and _TECS mg % %%gel? %ﬁ net al_ con % remova

ner f or nar SC&tEGn YRAE RafBY BACKET XRPPSIn 55751 2 §78at s neta

| evel s ataﬁﬁ phel-evadefeet pantiche tsoure ept ﬂhmwwaﬁe&nsnmébﬁeont5|de . The

K Tvi la%lﬂgee' bfeﬁ@@‘éd§$90'ﬂ1§$'€ PRGR difase @) LoGnklYSachard; to -

rerno netal™ contam nation indicates that there is-
no netal er s 8- Pmcpﬂrhhtlat$bmebetmeen copper and TECS. wafer: ria the Fn
IS no Conta”‘n%ﬁboﬁaEQrE QE@ VRéRr s éﬁ‘%ﬁﬂaﬂﬂd&'%aEEﬁe%l%§n1312 21;

NOV2riff Talle Pre.- and-. Post -L Count, ss_> ir (Capper and

TECS wafeF§PSZﬁ5 copperi gRE B2i TFHS QﬁﬂB?I‘maEEFhﬁP eﬁ&#erTy, pegPr e- Po
t- Add r Lrobgs. bBeddnds ILEBPES 29 lkpper wafers are alternated

10 in a 25 wafer cagsette.
The wafers are then dipped in Cabot 4110 alumina
based slurry for 1 minute and buffed in DI water for 15

seconds. Immediately after the dip and buff step, the
watrers are LIransSIeIreq Lo TNe VRLIER Dyuslyy Jdowulac

is widad bwrush ceoxubboxr olaining FAal Tha umafeara ars
cleaned using a flow rate of 500 ml/minute of a cleaning
solution prepared according to Example 1 with a brush
scrub ¢leaning time of 45 seconds in the first box, and
10 seconds in the second box. PFinally, a 30 second DI
20.- spin rinse and blow dry to finigh the clean.

After the cleaning step, the wafers are again
inspected for particles using the Tencor LPD counter.
Table 1 below presents the data obtained from the pre-
and post-clean particle counts from the above tests. It

25 may be seen that there is almost nc adder particles at
the » 0.2 um level for both TEOS and copper wafers. The
averaged adder particles for TEOS is -2.4 +/- 10. The
averaged adder particles for copper is -185.1 +/- 155.
It should be noted that the negative number of adders

30 for the copper wafergs is due to the fact that these as-
deposited copper wafers might not be as clean as
possible prior to the test. ‘

After the clean, two TEOS wafers, #1 of batch #1,

and #20 of batch #2, were sent out for TXRF analysis on
b Cie ITONUSlas (8See 1 «&nd £y Ll tawle &7 . Twyu wvilich TOOO

wafers, #3 of batch #1, and #22 of batch #2 were sent

11



~- - 32 3TECS-- - --- = = =--n-- 38 4occoooonn- - 2 1 NOV 2003
19851546-439 CU S! ' TECS61E9- 2 6Cul | 2535208- 3- 4152 7TECS6055- 5

8CC269322. 47_446 9: TECS544: S-9 10CU20721779.._--233 . 11TEOSX 46So' "' . 12' Cu
;21981927 -271 1TECS167154-12 14CU19951716279 15TECS. 113105- 8
16CUL" 74715' 30-217 :17TEOCS99-2 - ----------- - 15TEO S 56 -7 63 -------

- e 28GH7867 Hiir @B ys3S n3fhe wafer backside (see 3 and
22 in Table 2). Table 2 presents the TXRF data from the
analysis on wafer frontside or backside. This is to
check if there is metal cross-contamination between

5 copper and TEOS wafers, as well as metal contaminant
removal performance on the wafer backside.
The TXRF analysis indicates metal levels at or
below detection limits, except for K on the frontside.
The K might be deeply embedded in the TEQS surface and
10 thus hard to remove. The low level of metal
contamination indicates that there is no metal cross-
contamination between copper and TEOS wafers wvia the

hrush Tn addition. there is no contamination to the
wafer backside during the clean.

12



~18 2: jClL. 7671612 176. - - -------- O =0S8887 21 %UV 2003
2: 4CU?216619i 5:: - 251 2' 5TECS 48568 2T5°55 7-? Table: 1, Pre- arfa
Pcstt:-L. PDYLCcunts > 0:r2. prr;..(Copper and nsnc LPG? Light Fonrt Defec
t-s 27TECs222-1' 28CU13501111 23s ~..._ TEGS3 -27 29 30C 78'41674-1157
31TECS1. 524 32cu569 4' 9 .Z.00 - ------------------ 33TECS- 371 3,9
34CU965. 6"u- 236 35TEOSX13326: -' 36CU769513-2115: 6 37TECS342S 38CULL, 4
f$1972a. 0 39, TECS23253 40CU6905 16-17'4 10111 Ir7lng~ 04 C- 10,

42Cul721480~284-
Table 1
Pre- and Post-LPD Counts » 0.2 um (Copper and
TEOS Wafers)
LPD = Light Point Defects
Wafer # g;;:r Pre- Post- Adder
1 TECS 58 44 -14
2 cu 626 729 103
3 TEOS 38 32 -6
4 cu 1985 1546 -439
5 TEOS 61 59 -2
6 Cu 2535 2083 -452
7 TECS 60 55 -5
8 cu 2693 2247 -446
9 TEOS 54 45 -9
10 Cu 2012 17738 -233
11 TEOS a6 50 4 ‘
12 cu 2198 1927 -271
13 TEOS 167 154 -13
14 9) 19385 1716 -273
15 | TEOS 113 105 -8
16 Cu 1747 1530 -217
17 TEOS S8 97 -2
L ov ‘' {2ooe 2 Y-
19 TEQS 63 56 -7
20 CU 706 771 65
| 21 TEOS 55 | 37 -18
22 cu 1788 lelz -176
23 TEOS 88 87 ‘ -1
24 cu 2166 15915 -251
25 TEQS 48 56 8
28 cu 553 557 -2

13



44CU159267: 381 45T EOS272' 92 As r rr 5KR 41 -1510 47TEGCSI 81: 9i 341 AW 2063

X68 -11.3 -- 4 O------mmmm e e e " SEC S31941 54CU254: 3'. 2369 21
NOV 2083 1'4" 2 1 NOv 2CQU L,Lc ~~ 111 ! LIVW V 111
Table 1
Pre- and Post-LPD Counts » 0.2 pm (Copper and
LPD = Lmi?hct r'%;‘o‘ﬁi.ﬂnr‘t:q \Def acts
27 TEOCS 22 21 -1
28 cu 1350 1111 ~-239
29 TEOS 32 27 -5
30 CU 841 674 ~167
31 TEOS 15 24 9
32 cu 563 469 -100
33 TEOS 38 37 -1
34 Cu 796 S&0 -236
35 TEOS 33 26 -7
36 CU 769 513 -256 .
37 TEQOS 34 25 -9
38 CuU 1147 897 -250
39 TEOS 23 26 3
40 cu 690 Ele -174
41 TRNQ 50 40 ~10 |
42 CU 73L. 490 -231
44 cu 592 673 Bl
45 TEQS 27 29 2
L R E
48 Cu 481 368 -113
43 TECS 39 41 2
50 cu' 254 323 69

14
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d-r-Itl~ -r-1 ~U W- Exanple 3 atom c force mcrosco
ana~l Ysi.s was. conducted to determine the etch rate, of fine TE%£;¢¢mé§m3

when exposed to aqueous cl eaning solutions of the present. invention A
Cleaning formul ation [CP 60] A concentrate containing 960 grams, of citric

10 acid, about SO grams of mal oni CE&QLI‘ jedpout 1600 grans of 40% aqueous’
annnnlun1fluor|de ands about 13-66 arrs—of dei oni zed water-is

prepared... Thy concentrate is then dlluted 19:1 (by weight) with
dei oni zed, water Agbat{:gggukgg.@e AniBpdedody caﬂaay@imgua&bmgmdpctgd wei ght %
0 wel ght

citric 15 acid % of I on| [ %?enz wei ght of 40%
amoni unl  f lnpodeteraateabbat ST F3k& Tudy %k e conp05|t|on has

a pH of §b0'-gxpos‘éda$:onﬁq'a§6@§i c:usam:glga sodatv-bnat@ﬁ '@?ﬁl Def er ence
el ectrode or aer 20 Reduced citric aC|dforrruIat|on [CP 60 RCA] A
concentratejc}"d’ g--460 grans of citric acid,, about 80 grans of

mal oni ¢ ac-id, about 1600- grams of 40% aqueous ammoni um fl uoride, and,
about 1840 granBPQS OElgﬁhQﬂﬁZQGrM@Eéﬂldns[n@epaied The concentrate is then
difuted 19.1 (by melght%ogkgntrggéqgl rﬂ%EBBSEograms of citric
10 acid, about 80 grame of malonic acid, about 1600 grams
of 40% aqueous ammonium fluoride, and about 1360 grams
of deionized water is prepared. The concentrate is then
diluted 19:1 (by weight) with deionized water to
formulate a mixture containing about 1.2 weight $ citric
15 acid, about 0.1 weight % of malonic acid, about 2 weight
% of 40% ammonium fluoride and about 96.7 weight % of
water. The compogition has a pH of about 4 as measured
using a calibrated antimony reference electrode or pH
paper.
. 20
B. Reduced citric acid formulation: (CP €0 RCA]

A concentrate containing 480 grams of citric
acid, about 80 grams of malonic acid, about 1600 grams
of 40% aqueous ammonium fluoride, and about 1840 grams

25 of deionized water is prepared. The concentrate is then
diluted 19:1 (by weight) with deionized water to
formulate a mixture containing about 0.6 weight % citric
acid, about 0.1 weight % of malonic acid, about 2 weight
% of 40% ammonium fluoride and about 97.3 weight % of

30 water. The composition has a pH of about 4 as measured
using a calibrated antimony reference electrode or pH

paper.
C. Reduced citric acid and reduced ammonium

35 fluoride formulation: [CP 60 RCA RF)
A concentrate containing 480 grams of citric

16



formul ate a m xture contai ning about. 0.6 wei ght %) citric acid, %bo

1 NOV 2[](13

wei ght % of malonic acid, about 2. weight of 10 ,; annnnlun1fluor|de and
about 97.3 weight. %of 30 water-. The conposition has a: pH off about: 4
using a calibrated. antinony reference: electrode or_ ph paper
C. Reduced gligi CopGhel #§0yFAticetl malamienacdy, SEbbuungoaegtemﬁu?%tlon [CP

60 RCA RF A"Contentrate conta|n|§%+480 d0|§ﬁ Qkoﬁhtgk%olérgmé KW'

as neasur ed

aci d, about4@® aTaRRYS ATTORTHR

out

annnnlun1f1dg95hggedawﬁtebOU$ ﬁ&épﬁrqﬁémnﬁh@fCoﬂéﬁﬁﬁrﬁﬁédls haeer

is: prepared

The.SO0Gept 120 Si e i Weadni9ch Gy opeiaht ) wih

2903

grans, 4Ck aqueous

-de ionized héPEF ar jxt.ure' contalg gutcu- S
wei ght gltrfermamade abmuktﬁrelconWﬁﬁEﬂﬂg‘ﬁhﬂutnﬁl5nV@la , 0t wei ght
of ™ 40% ammnl abELHOBI Pt Rb.chicaicghdl, beht WaWengh‘lrhe

a
conposition ﬁé of a out asu Si g b at.ed~
ant i nonYr ef &r of. 4881 aBRPBHET oF L %$F1€E 6&?’% W%§ h%a%i%% copper
l'i nes- ernheggggrlntghg campositlahsmaﬁuﬁangprE@@ut 4 as measured

(tetraethyl o.rthosi c u 80 o ﬁ enpl oyi ng
an aqueous U§1§Euﬁr§ai&g t%ﬁs Eb%%ﬁ% %ﬁégg%é%;%lgba and t ret ainder
papeérm nor additives :: After the CWP,. the mafers are Concacleu

7 i-1y mxtures. . _'"ii ---n 14 ria ,20 The following is a
table of TECS etch rates vs, line t hi ckness f0|:E varlous cl eans. Smal

belng Wat er
.-11 Ll a-

pre- pol i shed coﬁpéﬁrdahﬁyééﬁeCREPEF pierese
pol i shing on %@@rgggaglsgohbsmﬁg Tgabe(Sefwa&ﬁhylnmuhod%ﬂuqauai.

reverse d||sh|n e S MRS, observed,
L%ﬂ@SePFFréﬁF§t_FH§SE gﬁgl éﬁ§3 @? léghecgﬁ#lnnersed with
agi t ation I&1u&&@hc©hp&helagoabodtlE%escleahl Iﬁh@lFQE§ ind®%50, OP 6-0

In separate

20

25

30

35

being water and minor additives. After the CMP, the
wafers dre contacied wilil tlhs whure agquesus =olaaning

mixtures.

The following is a table of TEOS etch rates vs.
line thickness for various cleans. Small pre-polished
copper damascene wafer pleces were initially prepared by
polishing on the rotary polisher. The samples were
polished so that reverse dishing (i.e. copper features
protrude) was cobserved. In separate experiments,
individual samples were then immersed with agitation in
each of the above dilute cleaning mixtures [CP 60, CP 60
RCA, CP 60 RCA RFi for 2 minutes, rinsed in DI water for
1 mipute, then blow dried with filtered compressed air.

It may be seen from the data in the following table
that the etch rate of the TEOS linesvusing the
unmodified CP 60 is between about 57 to 66 angstroms per
minute. When the citrie acid level is reduced by 50% in
the formulation [CP 60 RCA), the etch rate of TEOS lines
ranges from about 43 to 67 angstroms per minute.

17

4 AR y prepared by
so t hat



CP 60 RCA RF] Ill for 2 ninutes, rinsed- in DI water for 2 nminute, {1t{g¥% 2003
bloomdried with filtered conpressed’ air. 30 it. may be seen from the
data in the following table that the etch rate :off the TECS |ines using
the wunnodified C? 60 is between about 57 to 66 angstrons per mnute. Wen
the.citric', acid to el is r-.educed by 50% in the forrmulation {iOP 63
RCA} the. etﬁé’aﬁﬁtr%o(\l/f 5+ rLEOSch 8nksvel angdmlfir dnpabbok Bavs 3% 67 angstrons
per minute. 17 2 %90% Bﬁdgg%ﬂgrg%arlgméﬁjgokﬁvgﬁebwiiﬁﬂ& 4lges not have
an inpact ohmEEH"e ete en~both, the citric 4! evel and

t he amoni um éveibrante tlmverﬂmpnltlﬁefhlﬁm’b’cﬂq |1€8910Pn66h?0?%?§ lo&n are

reduced by h@ﬁtscﬂ G 58R.1RCARFhre FoeudRODyetah£; r[aPaGOdR@psREb, about 10 to

23 angstrons mnute. This_|ower et t 6 0L TEAS, desirabl e
when the3tar ? Tﬁ%? [FaFSt 85PRS E&fclr%dq' bgfwegg\nlné% 0: angstrons

per nminute mil.ﬁ)utbé om'mnfa)rlmnerrret;cbsm)mf f TEORe A &ReF ok - n TEOS li nes

wi th either I &k UPREORRR rhkeewsdbPecf Led TECS
i new dt h, o&l %razb]oe u&ni'][%iot%h lﬂara um copper | | new dt hia 1.5 um TECS

linewidth ~ benwee@ﬂ%@éocaggs'tms POy IBIGYSS ¢ acid] C. C? 5C. RCA RF
: L112,, citric acid and" NH4 " e 4 C a'} 15 PE=s, Linme Mean urenent. TECS

TEUS w Ii%tt -orig. Atgoe Ech’forééak‘nlgggggop;t §&rﬁatw%re taken across
TEOS lineg with either 1) 6.0 um pitch, 2.0 um copper
linewidth, & um TEOS linewidth; or 2) 2.0 um pitch, 0.5
um copper linewidth, 1.5 um TEOS linewidth.

PETECS Line Measurement: TEOS
TEOS width orig. depth Final depth Etch Rate
Clean (A)/ (ay/ {A/min)
A. CP &0
4.0 um 122.74+/-5.7 237+/-13 57.2
1.5 um 99.6+4/-§ 232+/-10.5 66.2
B. CP 80 RCA
[1/2 eitric
acid
] 4.0 um 237+/-13 324+ /-24 43.5 !
1.5 um 232+/-10.5 366+/-40 67
C. CP 60 RCA
RF [1/2 citric
acid and ¥
NHaF @ 40%]
4.0 um 150+/-14.2 170+/-9.2 10
4.0 um 150+/+~9.6 183+/-8.2 16,35
1.5 um 122+/-7.9 168+/-6.4 23

15

The foregeing description of the invention
illustrates and describes the present invention.
Additionally, the disclosure shows and describes only

20 the preferred embodiments of the invention but, as
mentioned above, it is to be understood that the
invention is capable of use in various other
combinations, modifications, and environments and is
capable of changes or modifications within the scope of

25 the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge

18



(1.} /(AT/T, 7" 4.. 0 ~sml22::7-+./:-5.77237+/-1357.2 1 . 5 ur %39&9_@ 2003
4--523:2+/-1D.5: 66,2 #: <C unR37+/-13324+/ 2-4 1 . 5 unR32' +/-, 10.56368%~' = ="
@7 4.0urnsL50+/-14.2170-r/-3.210 4,=3UM 150 t/-3.Gl83+/-S 215 $ 1.

5um | 22+/ 7-91c58+/-C. 423 The foregoi ng description at the: invention
illustrares and decribes the present invention. . additionally, the

di scl osure. shows WVG%CP-FEeS,TB%IW"Z&W%FE,S?E‘}P% enbodi nent s of
the inventi oRefuinardsre BRL fapeHeabineenddd ito eapbeinndesstmedies hat t he.
invention is capable of use.in i | Lhati , oftRdid i cation and
envi ronnent sk%%“%*i%fepd'ﬁ& Nl g%%a%%%r%lrwm?&g??gat%%%gévft hi nEf the.. scope
of 25: the skikled vier checept 59. ubkpizaddw IRVEBEACR LBNFERRuUr%te . with

the abovg tegg%prgsem%/@&tst Bea skih!the Farkinw edgefi8aidndOV t he
rel-evant "art. e [ '

emjodi nents descri bed herei nabove_are; r r intended
to explain bERTLHRELY MN%\NPGF‘:&FHE%C? 19 YORT e RE | B%egnégt%ﬂ]%nabl e
ot hers. skijheshtior he Zardortddnglyl i zke tdesdmipgdonoasi nosuthterded ot her
enbodi ment s~~ang. wi.t i dimd t €3t i t he
particul ar a'b‘f)lnf]o"\gﬁ (I;Enrgs;g"rn\(’%%ls‘fggﬁoggt %réé I nve(rﬁl%g%gg,%\gcgﬁg?%l y, the
descri ption Riseotit rkeride@nded FhatttineRRRAREst SL8ATE0Fhe form di scl osed
herein. ;oA S@pnitrudd ddtieRdedet Aatether Dppandedikeatss be 10 construed to
i nclude alternative enbodi nents. 20; 19 111 NOv? 2003 CLAIM Wat, i:s
clainmed is Ar ac ueous conposition comri ir_g about 0-2% to about 5% by
we Sht of fluoride cantainirig material,
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about 0 .0,51 to about 1% by wei ght of at |east- one dica,rboxyld d BOV.2003
Jisalt therecf,:or mxture thereof; about O 2 to about 5 .by., weight of at
| east -one 10 hydroxy carboxylic :acid., salt thereof or nix.t' re -Af- n
" fin;;iAndez bein t substantialiy water, and hawi ng, a pH of about.
.C~::to about 5.7 2. The corn ao.sit.ion'' of claiml wherein. the 15,
fluoride containing' conmpound ilis sel cted fromthe; group coms-isting
of = anmoni um fl uori de'; hydrofluoric; acEg Ngntinnny (rre/ "mt fluoride,
barium fluoride, Lin (T1) 1luvL1~3~r o0.~u> @5 aim{S 1yt 1,~vwi~ riiir ohor
tes,,. tetram- thy~ammpo ur . fluoride, and fluoride salts of. ,20:

aliphatic primary,'"'sex .gdary . and tertiary am ne having the, formul a
wherein, Ri W?E%axgngiglﬁgg ggiCh, i ndi vidual | y represents: H g% an al kyl
group havi ng 1.210arb6n,aﬁveﬁﬁso¢°WE%%%§lqﬁsQ?WP?HélBEOﬁ%SE i Pi8h, cf c1'6im
i1, whereindhepdikuek 8¢ GenyRt NbHYE Lot dtdrt'aindegeatedriabm t he 99oup
consisting of a n.myni,um f | rj or. _hydr.of l.uQr.i i.d he ccrPCs'ition
of dels."1 ﬁﬂ%*@iH'PﬁéitPlﬁb?Pgeig§%¥aYe¥ Hbcgg%%ogﬁggks9?lanwonium

fluori de=-. did@rHSxyIie eonpossalontiéread ammixtyre EheTrAlt he:

di . carboxylic aci g :car sa 8hLE0ks Jé%qhé(bﬁ‘at,lkéghcahéon atons .
6, The conpositig%og% grgikkr%?Th epgfn: uhe _dicarboxylis ac.idiJs, se

.ected:10 f i dyddexygcogbosyhirserhg, 3521 bfthepeah € et fal onic acid' ' ;
.~ succiridc.-acisd, -glkuknar irema afildr PeithdpEubsdaticdallyalekteraci d and,
fuma:ric acigha20 2 1 NOV; Ill, P3 The conpo=sition of cl'Iml| wherein
the dicarboxvlig, acid.is_mlani cid | neitlon of clains 1
wherein the ! hyd ﬁngé@iBHi9§,§%§uEe%t%d§ R gggﬁoup consisting of 5
mani c' acid; tartaaric Thei domppsdtiont of ccbriw!l 9FeIFi@ ESnpesition of

C'ai”"1&““‘%1&H¥HHQf%%itaining compound is selected from the group
consgisting of ammonium fluoride, hydrofluoric acid,
antimony (III/VI) fluoride, barium fluoride, tin (II)
riuvelde, alwelnwm (ITE) £luarida, Finarnhorates,
tetramethylammonium fluoride, and fluoride salts of

20 aliphatic primary, secondary and tertiary amine having
the formula:

RiN(R3) Rz
wherein Ri;, Rz and R3 each individually represents H or
an alkyl group having 12 carben atoms or less.

25 3. The composition of claim 1 wherein the
fluoride containing compound is selected from the group
consisting of ammonium fluoride or hydrofluoric acid.

4. The compogition of claim 1 wherein the
fluoride containing compound is ammonium fluoride.

30 5. The composition of claim 1 wherein the
dicarboxylic acid or salt thereof has two to gix carbon
atoms. ‘

6. The composition of claim 1 wherein the
dicarboxylic acid is gelected from the group consisting

35 of oxalic acid, malonic acid, succinic acid, glutaric
acid, adipic acid, maleic acid and fumaric acid.
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citri: acid or ammoniumcitrate 1.0. The conpositions of chair, %E cit% IS
acid. which canoris.es 10 1.1 The conposition c:f claim ', which dnﬂﬂis@@m
annmoniurr, citrate.. .. 12- The conpcsition- of 'claim'ill , conprising
ammoni um fl uoride, maloni.c acid and-!Citric acid. The conposition
of'c.lainr.l hawzrg a p ?5 about; 3.5 to about-5,4 14, The conpositiora~
of ! alaim-. | wheyei nThe ddmposatbont of oflairudr wherednt BhAi ng material is
-about 0.2 tq.about , 3t i 15, he conposition of'" .Slaim ~1
wherein the gﬁﬁﬁ%"%%fa ?ﬁ%a?‘%i? ?ca%%g' i.s ab: oyt % _hogz -to: about
0 2'% by wed ght8. lethermonnssisdrei oh of2 @ di MeFeRe FEFNYRE Hount  of
hydr oxy car bexyhhuack thdisd abélecled Pdon chealooup 2embystwegghf 25 17.
The conpesit maniefa€ldj nearidyieh akist hrd cionipr issgsl.a surface acti ve.

agent., The conpogitiap of, 63&*3%@%%% 8, JARuNtRbrsyeface a ti.ve

:a9 e, is about SO pprito about _ P. proces Tor renoving
particul ate cébrtantaed-or (ARG UTOFPEF2SRrface: after CMP planari zaticn
whi ch conprise coppactiid @dmpzikebnadt CtBein tihakhilvas cheeripearari zed: by,
CWP ith an aqueoys copposition connprlsing a.. iluorid e co)ntainling
material; 30G}CELC|B35%T- one' dicarbo'yl.i'c acrd, salt ther af. or mxture
t hereof .10 and 21. 121 Nowe 209bcatitilcaast oheithyld vidywdacloorylEe8~ acid, salt.

t hereof or ghé%ﬁggi %pg;ggg‘and having a pH of about 3. 0 to about 5.7

2.0, A process fofr ftabricating seniconductor integrated circuits

conpri sing 12 The compositicn of claim 1 comprising ammonlum
fluoride, maleonic acid and citric acid.

13. The composition of claim 1 having a pH of

i5 about 3.5 to about 5.4. ’

14. The composition of claim 1 wherein the amount
of fluoride containing material is about 0.2 to about
1.3% by weight.

15. The composition of claim 1 wherein the amount

.20 of dicarboxylic acid is about 0.05 to about 0.2% by
weight.

16. The composition of claim 1 wherein the amount
of hydroxy carboxylic acid is about 0.2 to about 2% by
welight.

25 17. The composition of claim 1 which further
comprises a surface active agent.

18. The compogition of claim 1 wherein the amount
of surface active agent is about 50 ppm teo about 3000
ppm. ,

30 19. A process for removing particulate
contaminants from a copper surface after CMP
planarization which comprisés contacting a copper
surface that has been planarized by CMP with an aqueous
composition comprising a fluoride containing material;

35 ‘at least one dicarboxylic acid, salt thereof or
mixtures thereof; and
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formng, circuits on the surface of a sem conductor wafer by 924 NOV 2003
phot ol i t hographi ¢ process wherein, the, circuits conp-rise copper orcopper
al l oy planarizing the~surface by chem cal mechanical 10 polishing; and
renoving particul ate contam nants fromthe surface. by contacting with a

aqueous conposition conprising fluoride: containin terial. cat | east
one.. dicarboxyl at aekdt %@Rth)tqrMGPrBnyil?ﬁ ?‘Elti#'e%a}%r Z“(ﬁ)??;eognd at | east

one hydr oxy o@?gggﬁgegsthggé&g, sdld Hshdngoh pH of xehaudts X-Refteof . : and.
having a pH of about 3.0 to about 5.7. 21. The process of claim 20 wherein
t he copper @PU¢ofpér alloy is inbedded into a dielectric- material and 2}
wherein, a barri an.l ageprésess oimntt ArsiRasAng neeT SIETEE nateri al and

copper %2: ..n'gégz%q:%&eggicgitgl@g@ﬁiﬂ@:si I'icon dioxide and the or Copper
al loys. 2c wierei n the

] lelectric’is barrier materj %f&frromthe
group consi sti ng EEEMinGaRLEFIHYS (R %%ﬁur'%?c%nagnéll %‘?@g <25 CAn aqueous

conposi ti on AR Ey2 pBo¥oby thegoithiof proeekbuwhedeins oS | Hinfgt st eri al ;
| ayer is at |east, one ¢ nsi%ig dherns ; conprizing about | to de
to [

cont ai ni ng e &A% “EB8GE out "10%'by weight of a dicarboxylic
acid, salt theregflanaréringxthe esuGedsy © SGlﬁgQJu‘f‘eih"frb”a%'out 30 by
wei ght of a:$g§yénghg;carboxylic acid; and 30%to about
and removing particulate contaminants from the
surface by contacting with a agqueous compesition
comprising fluoride containing material;
at least one dicarboxylic acid, salt thereof or
15 mixture thereof; and at least one hydroxy carboxylic
acid, salt thereof or mixtures thereof and having a pH
of about 3.0 to about 5.7.
21. The process of claim 20 wherein the copper or
copper alloy is imbedded into a dielectric material and
.20 wherein a barrier layer is present between the
dielectric material and copper or copper alloys.

' 22. The process of claim 20 wherein the dielectric
jg silicon dioxide and the barrier layer is at least one
material selected from the group consisting of:

25 tantalum, titanium, and nitrides thereof.
23. An aqueous composition comprising about 1 to
about 20% by weight of the fluoride containing material;
about 1 to about 10% by weight of a dicarboxylic
acid, salt thereof, or mixtures thereof;
30 about 1 to about 30% by weight of a hydroxy
carboxylic acid; .
salt thereof or mixtures thereof, and 30 to about

50% by weight of water.
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salt thereof or mxtures thereof, and 30 to about 50% by wei ght of water.

22 21 NOV 2003 PROCESS FOR REMOVI NG CONTAM NANT' FROM A SURFACE AND 1 NOV 2003
COVPCOSI TI ON USEFUL THREREFOR ABSTRACT OF THE DI SCLOSURE Parti cul ate and

metal ion contamnation is renovd from:surface, such as a sem conductor

waf er containing copper damascene or dual damascene features, enploying
aqueous conposition conprising a fluoride containing 10 conpound; a

di carbdkylic acid arid/ OrPRSQaéEtSSt @%&eﬁhﬁoegﬂsacoﬂﬂﬁﬁwrml ic acid

and/ or salt thereof
A SURFACE AND COMPOSITION USEFUL THEREFOR

S BARSTRACT OF THE DISCLOSURE
Particulate and metal ion contamination is removed

from a surface, such as a semiconductor wafer containing
copper damascene or dual damascene features, employing
aquecus composition comprising a fluoride containing

10 compound; a dicarboxylic acid and/or salt thereof; and a
hydroxycarboxylic acid and/or gsalt thereof.
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