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
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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 2Lk AEHS BhodVa2A03-SIP|AKPd Rt SHITEEIR dakeiyall abl e or

propri et ary
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



slurries are typically inorganic :netal salts such as FeNO or }g&g!‘lﬂgnéﬂlﬁ
al so hydrogen peroxide, present in significant concentrations. . O her
chem cals added[ to. 5 slurries to inprove dspersion or otherw se enhance
performance often are, organic acids (e.g. citric acid) Sodiunm potassium
and iron salts and/or conpounds are frequently used in slurry

formul ati ons, . and, sj gni fi cant, nounts_of .these neta] ion inpurities can
remai n on FHBTOYRS tfeRMUATCEA g RYRL ABPARICT REIRIHIEIH cl eani ng.

Ther ef or e, sauteheenaye exyaiically figkrguat corMstapagditadll Alch cant ami nants to
remai n on olis sur o N articul ategqaterials are extrenely
difficult %ﬁ? m)o\}.er;&%ﬁi sgzlléa%gsr? }gﬁqz%rqe)r/z BFGBraRE: i B¥98°8F nt?: the renoval
must not asiventdigantfdestentrat ipolsi. shetheacehenmindheraddet ,tesi nce t he

poli ShENg SIULH &8 & Aifipldve AABkakloANoPXbthelihe ‘dfitfilce an OXide layer
usually- s present an the coppe ue to; oxidization of the copper 20:
during t hePEMPHIRGS OEtm SYtapepanay aaves sétyd afdidaic @wdidlel ectri cal
charact eri sgodbudf pdteadigunGeandndrbs sR1€§ eimd) o r@mRthad Rdsact,,, this

| ayer may also . contribuie to.the cqntanination. To, date,, .no known
processes %(??ferf Ycl}seegmilﬁ'*g SIQ%'Wn%BﬁWé Y o AR FAFHESL A g copper as
the interzormrs: ghttdidssd meghfleiophémpeal thes haani aadma ipoldrs hihgg;
Accordpngl yardr 4860 €4H1SLS 13 . ] ni c-al polishing

- cl eani ng, acherri stry t%gf?at %ﬁg%lo)\%gg Bgﬁené‘?gﬁr?gélaen%ﬁ rticulate_
ccat-amirjat: i otnergioreydia it6RICPRY eXeaRT nfPBEY ioves any resi dual
copper oxigkest i AIHKY citherinaonsdesi rakh fn (K faee pdiiildieg | eaving a dare
copper surfac€. Thelﬁbeprobl ens otﬁ_Fdevgl O:E?i'lf% such a clegning is further
exacer abat B BT he Wee@rS MnArFale ettt hifTs extdi<ldpper as wel |l as am
avoi di ng. ditfieased tsurfemorer. oufhnes $= t padnycu gy fireallemagdicent .
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aqueous

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



5 solution that a especially, for cleaning netatlic/netal 1ion co tﬁmﬂlwrﬁ ﬁﬂ
and especially, netal and non-netal oxide particles renaining at 0
the surface of a sem conductor wafer following CMP. The present invention.
is particularly useful for- 10 renoving particul ate contam nants from
copper. The present invention also renoves any residual oxide |layer found
on the coppetughnesfsace, anyheignif tdanty extentncr easi ng the surface roughness
of the copper to any significant extent. 15 In- particular. the present
invention relates tort: an aqueous conposition conprising about. 0.2%to
about 5% by wei ght of a fl uor SHEvasHt @F nithry Irtemtiian, about 0 _05% to

about 1% by wei gite E&eabntewemrﬁlz@qraleeaykbcaﬁ%&dlé%J&neya%r eof or

nlxture t he about 5%
hydr oxyZar b‘Jb%fltl@n ?’8]& 831 ?S}??‘Felraglc}fy ger ﬁﬂ%?ﬁ%%gt%@&flcdﬁ@tatlhe r emai nder

- bei ng. subisramonikivgnanas exnd aEpediajilpgmacpd’ and mpuetdd, , 0 to about 5,
7 . Afurt Qﬁﬁd%sﬁﬁﬁ-hc@éstf@]\ﬂrﬁ%{"‘gn%g ayent ol urfaconc@a ned with a
cu

process for_renmoving parti at e: contam & ,, the process
conpri ses SCONCREFPAECE b rf Quimiag; CMPhat has been pl anarized by CWP

with an: aqueousheCpma@t|menﬁ®m&espagt§cﬁiwfy e 6ANtRLNI NG materi al ;
hereof or m xtures thereof.

, "at {gas c ac sal t
and atlclgeatsrta%gﬁegh ﬁ%g%‘%%% Ctoexyéontagl&flanlz a#"fonf‘ IRAERSE. - o BRI xt ure t her eof
and lai ng ®YFRPDSS lﬁﬁ%ﬁl@ #An tBFomest ahy fesicherl asqgdet lafethe present

invention feehdtes t@eacﬁgécssﬁuffgrcaf bztﬁb&@té%ﬁ?‘“ onductor integrated
circuits. ngr I Qcess, ,co formng circults he surface of a

svrni c: ar die<or 2> waf ef % uZ" GIWOE‘QBEeﬁﬁo‘?%IW%G@P@SFF &oproEess wherein,
the, circustontbhpanisesxtwopper or copper; alloy; planarizing the. surface

by, , l-hshi t | at d
et al P o A oL e B SR TR S M.

cont act ng ﬁﬂl‘%"‘éﬁ W%@@Pﬁawg about 0.2% to about 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



canprisirg fluoride containzhg, material: at. |east one dlcarbggw Rgudzmm

salt thereo or mxture thereof; and at. |east one nyroxy carboXylic acid
salt thereof or m xture thereof and having =: -H of about 3. ."to about
10 5..7. Still other objectevvvv and: advantages or the pr esent i nvention
will, becone readily apparent by those skilled in, the art fromthe

:follow ng gﬁ% gg des tlon wherein it Is shomn nd described ~ only L
-he preferP }% ﬂﬁ5ﬁ? t&f?ﬂ@sstw erRYRntRe FEEC %ﬁpF$m8§l way- of
illustrati @lmpgiert be bespenude wontdapkat eiing die carrfypicrgbyut t he i nventi on.
As Il he . d n .C I ferent

W c'h%ﬁ\ '55? mbBfadk 1 tﬂg‘i{laslhrms s gﬂ&‘b}&cﬁi ?}?ﬁrcggglgté

enbodi nent s, severa capabl fcations in
vari ous 2036SVWSG§1?é§pé%t% \Mmﬂﬁﬁﬁt186ba¢@¢?&ﬂ#ﬂﬁﬂﬁ5 £He™ RBEnt i on.

Accor digngl Eur‘fé@edﬁﬁcébﬁamngﬁ “ilcthbanr S@@é&i@éi :ﬁﬁnpdslﬂtli&hr ative in nature
and. not as restricti gf 4 on_of %g var. oug Mbdes for
Carryi ng OFE™PAVERTF oh PaTt (nﬁ9ﬁtalﬁﬁ89|ﬂ%5Tr%ﬁ amﬁtn&eBF c&88§ shoul d reduce
A nunber oflicerberyaimmtide sadisitereditor misttaldd sheamocéiccapdabl e waf er

cl eani ng pP&cessst| ANPARYILNAICSTRRNY hRF aR P12, tCafRgIReS ©n the wafer to

the level RLREaRE BRéErese 4t HaAlinghanguSéEmbAlSQ,. ¢t ke aBbgani ng process
and c % % must be conpatible with 10 the materials exposed on the wafer
e

surfa Furthernmore, one should be able~ to performthe
c- Ieanlng proceéSléhf@ﬂ@exnnhmyq@@nﬂedcaévaqtasﬂﬂIqﬁﬂubewgtesent fabrication

equi pnent’ mVQhEQMﬂrwz.ii bedo?nad%\%'aﬁi@?eaﬁﬂé‘fenﬂ hg g&l%ea%k@m&' atively

i nexpensive to_ i np QE . The stryctures ,freated pursuant to the present
i nvention &PetP?pFEﬁ 3o e Fedderard dest e 4ASsF 1PEdPRer i nt er connect s
(I'ines pl ughereiasitgl®bsiodnand deatripé@rafinacies priefbedded into a law k

dleleg_ iC mgg&g&eﬁés gfq: S:ihlhi p|g;g§@gﬁ% mhlch may al so: include. 20 a

cappin Iayer Suc as silicon n| 8’e|ectr|c/danascene
and dual diAdustretien | drhealibesitdmons @memtlla}teal wifghadening

out the invention. A= 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,



deposited silicon dioxide or TECS (tetraettylorthosilicate) . in 25 Tﬁﬁ@ %mﬁ
copper interconnects typically use either tantal um tantalun1nitrﬂhé
titaniumnitride as a barrier or 30 structures- The density plasna or
titaniumor material between the As such, the post -CVMP to clean up to
four or nore: the liner material the copper and the dielectr-ic. cleaning
solution is neant different materials, copper dielectric or crapping |ayer
as wel | backsi de which i s RfSERREEGRCE HF ﬁé@ngBFwBﬁi di zed silicon.

Al'l these types of materi aMsdasefexgnaeginay otbelmswerftace of the

sem conduct or device during post-CW° 35 cleaning. Accordingly, the cleaning
conposition nust not adversely effect any of these materials to any
undesired; degr@enwibee of qniterfiacmpgel §e reansiidegedhte contaninants. This
pl aces gongiRdarabke £RNSEFS UL eURARe eV Bl 0PIk pRoslibabl enconposi tion. " The
copper iIs planarized after, deposi.tion by chem cal laechgnlcal Pol i shi ng
typical |y SFFESFHAGTantPS CAEAPHYY BTTSSS ﬁ§°5 abFasfVe and an,
oxi di zi ng agentcubach smdpedialildes cantametdantenomntardwated Mot be

descri bed; 4 efal (Y] . Of ; epchegigal wEchanical .

pol i shi ng sh%rgggggc%ﬁé %ﬂgéﬁﬁ%“FE%%gPEQ%F9%§%€%F Rb.“ﬂ§€527,423 and U. S
patent No. “3E§93NIIBICCSFR PET HEFLPERY i BiF WO POMBItERES 7W1thji sl osures of
whi ch 1@r e thecaapersibd descicd oy chéewefwe surfheestftieturiePi s t hen

cont act ed \gutr@hlé%cggpegﬁjé 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



conposition according to the: present invention. The i5 corrpos?t‘l HOV 2003
conprises. a fluoride containing material; |east one: dicarboxylic acid
and/or salt thereof; and at |east one: hydroxy carboxylic acid and/or salt
~ thereof . Typical conpounds providing a fluoride ion source according to
t he present invention are ammonium fluoride according' to the present
invention ghgeglréd dugheRf kth@niCsacill &iﬁwt,lv@(lrfp@umds:nghthé} may provide

a source of fluori dqusul o, i. ncI ;?Fﬁ?n %msu:.ee %@1 ﬁ%‘??%g Pt§a& such as

anti nony (FPRFRF52HSor i (ot 1 aor i e, al um num
(111) fluodedelopiar & Iammb@ﬁapempemabxmds Stl |l other sources of 25

fluoride such Fyg;tmél FERAL AR | arddee webh p@s other organic
conmpounds whi ch coe(Tt di gm ite a fluori peet n anﬁa ueous medi a can.

he -used. . . clramieal RRBRISEHr P LFALIY der Y Vd@mggf’if%n%f li phatic
primary, sgq@é&aé Ys Lniyey to@ﬁ@kasyngnaneabﬁmlvehamd aheox8@ifibg owi ng formul a
RtN (R3.) wherein h, i-d r t an al kyl
gr oup. Typ?%%ﬁgb %%t%’t%%ogﬁt gi(rg o#g é/:lbl Lj!:%)I"‘Jbﬁ'oégal ﬁétsﬁ ﬁo#ll% R2 and
R3~ groupsdescaibedrigommat cesase hexgin Th@xamPéﬁ&r PEJSPMBori de conpound i s

amoni um f Lyonider hlMa20031C bl%hﬂnéiaéwdsccaﬁl Be Epehadent hose having

two to six_carbon atons, c succinic

aci d, 3§l ut9rfc 2R A pi cgékva,g? ?rﬁ‘?é(?iéc‘ gie&taﬁ% ?Uﬁ%? agiéjam d. The

preferred anddpts patlonati®na®iod 9756k 0%b] elisalliosurasl afewhheral kal i net al

al kal i ne Sﬁétﬁ'@%ﬂ relausele] H? S&td %xarrpl es of hydoxycarboxylic
mal1'c aci d,

aci ds incl udes tartarit aci citric a The preferred
hydr oxycar boxy| Fiee &5 TRGITE dg & e&oc%ﬁ%tedsﬁiltt%fcgeséﬂ??mlf’ ncl ude al kal i
metal , al kabkpssiessd hadiirdlingndoatr®npiesaal tinwveArpoal erred derivative is

annDann]Cégégégitléhé%¥¥ﬁff%gstg %@ugridérg%ﬂ%%qggﬁlthggegﬁgl Q£AUde
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.



m nor anounts of a surface active agent. Suitable 15 surface a2t1 WOV 2003
agents. include anionic; cationic, nonionic and zwitterionic Conpounds.
Exanpl es' of sone surfactants for uses in the present invention are

di sclosed in,. fox. exanple, Kirk-OQhnmer, Encycl opedia of Chem cal

Technol ogy, . 3rd Edition, Vol. 22 (Jahn Wley & Sons,. 1983), Sislet &

Wod, Encycl 0pe§'¥ﬁ1@$l %ﬁéﬁ%x&qﬁbvﬁcfﬁé’n{&ﬂa@t‘%ﬁbﬁ%‘ hEV?ﬁn%SPrbé‘g I nc.

1964') , cheon's Emul sifiers & Detergen rican ,3rd

Edi ti on (i\/EeuFéﬁe‘é‘?'FIB?r\‘/l%qW' PRE MRS @sid, mayori§ | Ash, The
- Condensedakndy céopeiiiac alj‘ldSugfLachﬁmtSaéﬂlerﬁd}.@lxcpubh%hinﬂne@ , Inc::

1989) Ash Vv | Technol ogi st Want.s, to Know . About
Emul si fi er ay\g %% tﬁﬁ{a%e?t&% VOFE'ﬁe Pr %ﬁﬁﬁd %Clauffi @ﬁ?‘ﬁﬁ?%o. 1988)
Tadr 0s,5 Suetadt anbsitgitiend@its- inpluds 'qmzmkamlappetalPoagfhelime 30

Stabilizat bggtgfmg@ﬁ odrgiﬁlar,(mgggq%nggl& ess, 1198:3)' and Rosen,
Surfactants & Inte ci al Egorrena 2nd Ed| tion (John. ngi/ & Sons,

19S9), all, of Leg 1f 1'Ji SrYEREPREY et é?cﬁ-dsbﬁ‘nfzéPé?%nT& ¥ typi cal ,
exanpl e. iasidantattkq;&ic palid getihglienec exdide) . non-ionic surfactant. 2 11

O ooan y b A e e YRGB Y LOMALL 200U 10 ofebe® el gt o6 and

preferably about . tha~f Fuort de cont ai ni ng
conpodfd. “ 8C¥de cﬁ%%@lﬁaét&cﬂﬁcé%?oﬁlwﬂi mesatyppteline pre-sent . in
amount s of eaabl uhe th 0 i aemedt uln g\@_uggt I, and preferably about-0-05 to

about 0. 2wei ght o l..The roxycar boxylic typical resent in the
conposition at AR (?f:p)éﬁ(gﬁf’ ‘2‘3 T% %‘Eﬂﬁ’%{ﬁg%cbéxagﬁ' wei ght and. .
preferably aboufn BdsH tripraliouwages; biye ,comgicghit iodheanpirsbrde the |evel of

surface achingr difdlincd Roe LNEuCPIBOSILL (L ISehYPi ngwaﬁfé“een about FO and
about _ 3, 000 peci fic exanpl e_bel ng out ppm 1n addition, the

corrpo%?tl oﬁ’érg) ?r%tdf"(?séﬁﬁnt%l{lﬁ%‘éﬁiﬂl%%ﬁﬂ% §apHPBiCabout 3.0 to about
7 and pnefbomid \arebomtitBebitoi abastipdirds .a, ERanbles| &f umpl e

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.



bei ng about 4.0. The pHis ~ typically- measured using pM pap2rl &0V 2003
suitable pH reference electrode. it has been discovered: according to the-
present invention that the 20 pH is inmportant in. achieving objectives of
the present invention.. In particular. the conpositions are -capable of
removing netallic and non: netallig—jarticulate oxides, . as" well as
silicon dioxide;, netal ion ﬁ)nta s guchl g8 Kiga,. Ti., O, M, Fe,
71, Cu and 25 Zn; various sulfo ..@r OF i Inmpurfties adsorbed an the
various surface materials present \O he wafek. Cu s thernodynam cal ly
unstable within the pH range of the conpositions of the_ present.

i nvention:. Therkemmgasiits onachypiesl hidoataabyabPigntts ¥R ching he
metallic co ' 50 3 S ®. AAngs bk M. 0Bt we gtk € chi ng

di el ectri ngg%t a%s13 %%,%}fg%gf%)g? ?%2% dq&o ited silicon oxides or TECS at
| ess than abotie 2Blugkyide SﬁﬁéagFEWn‘g"Tﬁ?. <%S'he di el ectric such as about 10
Amn 0 about PQ- AiBdriaseuis dotdngnd/frer cladanilrgtZRiskdA 2003 process of

t he present inventjon. The ~sli tehi I ts wRiygRdesrcutting of
particl es B¥FBRQF ™ aﬂ%oourrgtesd%lf gﬁg?ﬁe&it\“fa?g:ro sa%r%fwgqg Whlélch~w assists J..%
their, renaudl prefiémaisly gioust @hPRgtal BPucts 4 ¥ed88Fsf-in renoval of 5:
adsorbed netal QD GAMAR)EANKyILDEO0sHE atLtyaticalall presdeptlis in the

dielectric layer. it" has "al so been found that e.co Lt} of the~
present i n¥efi FP‘BW’%‘:Wiarjfcr‘a&%l@gf;h%ys%ﬁuaceo'%%u&%ngggako%gt e copper to

any signi f iyeaght exh@nprefeorabdyampbat 105 ARMahauta@é; baceeiddghness (RVB) of

copper on a bl agks, GOPRGIL: [ ithD WRgel Sr NANAMRILLE: 108 agbhankn copper film
foll owi ng CVMP and Cl®ani ng ‘i naccordance, Wt hé&}g nel Br gsegt i nvention
*Pn 28t F32

was: 1.2, 7thancrmpesitigne)s ((RHCRYS¥ Pekvest e-’n=§ " roughness) A
further featups ghm} he Spesiefilc ieruapléopeirsy tdiatut SWE~PPBAPOSi tion even in
concentrated formis.relativel L e 0T 4 NSlance-sgencentrated fromis
relatively conpFi %‘?%Jgt:a%no'u;lt%fytcgﬁggggég%gﬁﬁo%z by vvgl gﬁte of the fluoride

cont aiT8 ng iovepbiod, hawer FH F-about 309y about 5.7 and

preferably about 3.5 to about 5.4, a particular 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



20 wei ght of the hydroxycarboxylic~acid about 1~to about 10% by?veiN@¥ 2683
t he di hydroxy carboxylichox7.lic acid and about 30 to about, 50% by wei ght
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 coinvenience and f or econom cal reason  The corposition can be

used in a double si br. C . Lo~C n #}9] rs. follow ng a
copper ~ Q\F‘b%ﬂﬁssr%fﬁgg‘st Bgégﬁé?e{or\&/{g%?l?&dh I(I:g%,s e uge%)?én}gr%soni c bath or
spray toolrehdss ig apparaebsingrof mutdeAsenatrersly mEsPedrhe fol | owi ng

non |imting @xARRlres aLerRres e e taadfidkkhes théustrad® dihe present
i nventi on. Exanpl 1 35 A concentrate corrprl,sgng about QJSO#rams of citric
acid, abouthBF SHFRARE oA RO G H50FESE5806" HFUMER N GV 203 of
40~* agueatsced metad dbnavvmrdminantsoinderpanatedboutshalll®60 grans o f d

i ani; zed, Als 1S g&gpgggg'étg’p&a GHdIC. entrate is ther~,,:dilu.~ ed 19:1
(by wei ght) —~"w b I"oni ze?i- wat er to fornul ate .n, oqgueoas_ cleanl ng~
mxture 5 contltaihaggalgpobpen found thaitglher CEPPRFIFIVHGH i%bout 0 . 1

wei ght % gipdEdniigvesitdon, dabast incresiegfbeYe it 46900 cwdaEEsum f | uori de
and about 96.7 wei %I it }‘ cif rater. The tcor‘r‘gos!':ti 0f, heag upl—i&o . abouE. :
4.0~j as. Jute SFPPEESFP( 3™ 252 it TP e §¥ARPF rony % FEF % Stice el ect r ode
or pHLp- apEFM Guléf aees rhaghngse o) Kifheoppenbeddedeldmit ccaphdr i con

di oxi de ang; Jf i) 1Wot RanchbPefs Mt Ak 1bhe Ebgg‘éx silj ected to CVF

enp, | oyi ng_an aqueous sl urr% conpri sjin abquC 2% by weiq)~it al, 4m na,,
about * 3% ¥R \Vxigiw CMBr anfpgbeaning in | TABREE Nt bethg wat er and mi nor
addi ti ves.pAdseAft dnviche 16M5@as t hez Waidrdcares ezse (RBS! atd edinmigdultshe above

aqueous cl £ansiNg TrXEHE8acd’ foudiAWY)E 2

15 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 bathsor 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



ma cleaning experinment, 25 as-deposited TECS: coated wafers. and} 12ﬁ0§132033
deposi ted copper coated wafers are pre-read for particle counts on t

waf er surface 5 using a Tencor 642.D |ight point d feet (LPD) counter at ~
0.2 particle size. The wafers are .then split up into two, batches of 13
TECS/ 12 copper and 12 TEOCS/ 1.3 copper! Wthin_each_,  grou the TECS wafers
and copper°hat e LEIPUR EOLH5EeR © E@W%u%fM?€+d%a @#&outhe- wafers

gr fo - dt henlﬁ:w@@r:alu]gb (E&Fb@bléﬁiiedad:mmas lp&lspdreal urthe f gr 1. (rjn lr;u]Efe and
uffed in DI water o e I I p an u st ep,
the water&ORFE TrH l@r i agpﬁgeé@?g\aﬁ% ﬁ%? )rvﬁ%lw rate of 500

m / mi nute 6451@31@?&3&(%@?@-‘ tQOIEQFlﬂ@hatFﬁ e@hﬁﬁ@!’eoaécég TR FixeRdfpl e 1 with a

, bru_sh é@ﬂé@lﬁix@mﬂ&ﬂ hme Qél?ht‘.lSs SECeAds A Qc:.clhehﬂch{ts'fo hox, and .10
seconds in.

second 0 sec D) spin rinse and
bl ow dty t¥® ’rghthl%i:r? é’mEI 88?1 x%"&e% Vﬁé e%n?% 4205‘? ep, the wafers:
ar e: ag4| narimomrmpeiﬂnm;hfdar apdr eboi eSS weighe ?emt&o«ratl_eFID dbent er .

Tabl e: 1 bglgusefr 5P H he odak B0 4 3 Q%dhesgmatmﬁea and past - cl ean

pa.rt. |d1e counts romt above testlLs. may séen that there is-
al nost no E%I%Hs‘?r%}‘a?q St EoRY TRhRTENGR ?LEEFFPQ%?WQH RfBST ‘“TEOS and copper
waf erspy The avwedfgedhhaadder cpppérclﬁaas‘ AmbEEded ' intso -2 Micon/ - 10:. The

aver aged- agfgki PRI £ 19%ekOh gﬂpg Sl w2l ;/amﬂﬁr cit. should he

not ed t hat negative nu he capper wafers, is due
to -the 'faepiedad Gh&¥E gupl Gﬁb@%l%l‘e@ql@@%eﬁ 1YEFEreeRIFi g0t be as ¢

can as: p@ﬁ@wln Ry QleigBt hmﬁmlné eﬁboutAfB%ebytﬁ@lﬁte&fﬁ H0p, TEG S

waf ers, Q}? q_?tch #1, F’ C of . g;t dr%\e%le sent out for TX P.
anal ysi s oﬁ NOF G55 ef"B? &h: §?§F§r o VSfaf er backsi de ;
r(seel3 and 2:2ftier thehC¥P2) the Waldrs 2represeatied tic T X®e data from -

the anal yﬂ,@‘,@rh%q@&{ fnenhshdenpirbackside. This is to check. it there is
mettal, cross-contam nat-ion bétween

10



copper and TECS wafers, as wei ?.as netal contam nant renoval. nerfornar_ce
can the wafer backside. The TXRk' analysis i. d cat s netal levels at or

bel ow detection limts, except fore Kan the!frontside.. The K Tvight be
deeply enbedded in the TROS surface and 1.G thus, hard; to rernov'e!,

The low | vel of netal contam nation indicates that there is- no netal
Cross-- contamration between copper.QEEEEﬁﬁfi wafer: riathe Fn is no

cont am nation E% b, Bsean@ﬁgreﬁﬁékzméﬁ&echsié§4aé§m@i@baamgokz 21; NOV2ri f f

Talle 1 Pre. - t 2.} 0ir (Ca d TEOS
Vaf ors) LPBACe SBAGRE AR £F BBISERTAA P BPRRY SGFEFT)LLREGo-Po 1~ Add

r | TECS. 5&%4@ré4ré&ﬂﬁ?Sr?ﬁQiﬂBcle -eeunts -or -the wafer 32ArfageCS-- - ---

é&h[[§%352%§n§ 41Tencor 52420 1ight poimSAerl439.08Y SbunlECSREES- 2
> 0.2 pm particle size.

The wafers are then split up into two batches of 13
TEOS/12 copper and 12 TEOS/13 copper. Within each
group, the TEOS wafers and copper wafers are alternated
10 in a 25 wafer cassette.
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



7TECS6055- 5 8CC269322. 47_446 9: TECS544: S-9 100U20721779. . - -233 2 1183003
46S0' ' .12' Cu ;21981927 -271 1TEOS167154- 12 14CU19951716279 15TEOS. 113105-
8 16CUL' 74715' 30- 217 : 17TEOS99-2 - ---ccemm-n- ~ 15TEO S- 56 -7 63
------- . ... 200U70677165 TECS :55 Q37 _1 8 2. jCl.76"1612 176. - -
------------------------- =088887 2:3 2: 4CU?216619i 5: : - 251 2' 5TEOS 48568

2T5° 55 7- 2od@bf@: TxriPrfalgiia Basthe-wafYaekatige> (8623 gnd; . . (Copper
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



menc LPG? Light Fonrt Defec t-s 27TECs222-1" 28CU13501111 23s ~2'1-NU-VE%
-27 29 30C 78'41674-1157 31TECS1. 524 32cu569 4' 9 _.Z. oo -
------------------ 33TECS- 371 3,9 34CU965. 6"u- 236 35TEOSX13326: -
36CU769513-2115: 6 37TEOCS342S 38CUL1, 4 f$1972a.0 39, TECS23253 40CU6905
16-17'4 10111 Ir7Il ng~ 04 C 10, 42Cul721490-231 44CU159267: 381

45T ECS272' 92 As r”rr 5KR 41 -1510 47TECSI 81: 9i 34 48Cu 148 X68 -11.3 -- 4

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



--------------- “SEC S31941 54CU254:3' . 2369 21 NO V 2083 1'42 $ NOWOIN3
2CU L,Lc ~~ 111 ! LIV VIl p:o -f- Lo.OLn V4Dr-! V LY}r
jLn 00 CD | 11 ~ {

Table 1
Pre- and Post-LPD Counts » 0.2 pm (Copper and
LPD = Lmi?hct r'%;‘o‘ﬁi.ﬂnr‘t:q \Defects
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
47 TEOS 15" a5 52°°
48 Cu 481 368 -113
43 TECS 39 41 2
50 cu' 254 323 69

14
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to determine the etch rate, of fine TEOCS |ines when exposed tolggtwsm
cl eaning solutions.of the present. invention A. C eaning formu ivn”

60] A concentrate containing 960 grans, of citric 10 acid, about SO grans
of malonic acid, about 1600 grans of 40% aqueous' amoni um fluoride, ands
about 13-60 granms of deionized wa & “h$ePyepared... Thy concentrate is
then diluted 19:1 (by weight) wt ed, water to formulate a

m xture containing about 1',2" weight %citric 15 acid', about 8.1 weight %

of mal oni c acid, F‘gbggtmgcv\g&ggg mlquogg%pengﬁﬂlymsfWamroqi:eiua:N@dabout 96.7
wei ght = of

e conpositian, as neasur ed
using a. caltichcetedmanei ﬁbﬁye?%kt SO ?eBFrJg%e o?ﬁg%tt w&fgler 20 Reduced
citric agid J,%{cméldaﬁ:bOB ub &R 681 RGAIng Acdohiensraf etlz%rﬂreﬂ%ﬁq‘fg- -460 grans
of CItI‘IC acj about 0 grans of malonic ac-id, about 1600- grans of 40%
aqueous amrti‘rﬂ"lﬁ’i‘l Pftor i de, and, about 1840 grans 25 of deionized water is
prepared. The concentrate i's then diluted 19.1 (by weight) with. deionized
water to fornul gte adibéhgﬁg g@ﬂﬁ@ﬂm e{b:q;uSD]O 6 weight % citric acid,

about 0.1 weight 9% of nmalonic acid baut, 2 i Of o Q5 g i@moONi um
fluoride and about 97A3C\W/E'F§ﬂt:ra1§)a O nmlgeS% %%mcor;’rgoslltl on has a: pH

of f aboyh: 4a@sdmeasniedo gsamg af celdviat é¢idantPHBhyL?et FEe: el ectrode
or ph paper fgd%eduégﬁ%éﬁth 2k Or ARsk rRduUGad abamnwmngﬁﬁnm ung de

formul ati on:® concentrate con a|n|n itric 16
2 1 RW' 2068 deiahizsoyRted &P aREFPIFSS - mt 8P| %u%af%b"g{ﬁ’?soo gr ams

40k aqueous Mprudinmd .k Ak deighol \abtd:utdeZﬁand.@eg.r wateof todei cn~i zed- -
wat er is:pr egg{rglglétéheas%ﬁ% eurg_ter ggﬁjcgiltt:h‘?f' aﬂydtutleg J,gléhéby et i . ) vvt h

-de_ioni zed ure' contagl ni ng abotht
wei ght qistrigcid, about 0.1 welght % of malonlc acid,

% 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



¥ 2003
acid, about O.1. ,weight %of malonic acid, about I weight of" 4(;%)1 NOV 20

ammoni um -, fl uoride -and about 98.3 .weight % of water. The conposition
has a pH of about 4 as nmeasured wusing a cal.ibrated~
anti nonYreferen. ceel ectrode or pH 1.0 paper . Wa.fe-rs. having copper

|'i nes-ernhedded i of ?u@-a@Lgkéﬁé dﬁfﬁhﬂﬁNMC agi@EOsbout 800 grams of

(tetraethylo.rthosil.icate:), lints ar e Pa&MLEBs enpl oyi ng
an aqueous #8%sagRegus AP "I"émlﬂdloaﬁlb UL E@%aﬁép. |gg$gn% The! ret ainder

bel ng water dgpgnﬂhmrw@ﬁértiqurepaﬁder Thige CORPentERESWAFeFESRr e Concacleu

i.-11 LI a- r 4 hesfollowing is a
tabl e of TE@BIEFE% ¥3t g]s)((gg ‘sejﬁ ne t %rﬁ%&%ﬁflgl?a \»}régleg %o | eaps S%mal | :
pr e- pol Eshedormappee daméstene m%#lfpﬁf&é?"%toe |f'ﬁelli9§ =y ﬁﬂ‘gﬁ?ﬁ?ed by

pol-i shing on tge gggyo pQH,é{@&t %Tck@ a 1amlce 2cie, e abBaki dhedighto t hat
reverse dili §hrn § eat SU2§S9%\A§t I;Vléq_ ﬁ)cl sWag observed,
rF@ﬁE’%lu‘i“nﬁ %”a‘frﬁ ém i nmrer sed with

| n separ atefex’ﬁ ép
agitation igae g?ch ohet bgmpbgyeldnlhﬁ@ a:l;&arufn@huwtt ér @§ repsggedoP 6-0 CP

60 RCA RF] 111 ut es S # then bl oom
dried W|th e édcégﬁg@g?gdan%rﬁgn%op ét% ey be gg:g%d%g%%t he data in

t he foljlgow %gpb&ble that the etch rate :off the TEGCS |ines using the
unnodi fi ed 60 i s between about 57 to 66 angstrons per minute. Wen
the.citric', acid to el is r-.educed, by 50%| heforrrulatlon {i OP 63
RCA} t he. etch r#egess. haEtRy| FﬁEEerrJaﬁﬁ%% Ef to 67 angstrons
per mnute. J1{-21-hNEV.2003nRedHE NMEOSI tté@rﬁhlﬁrﬂc&\tﬁomﬂmu‘e)does not have

an inpact on the TEGS .~ etch rat | evel and
t he amoni urhiAegoPr&e LHEFE sPﬁjFﬁgeﬁnﬁ%d&? d&b](y}%chf or M t| on are

r educed, Py rga,ldrr[yCEoﬁ@arR@AngF]abputhé%TEiB-re% c#nd rdien TalEPsiato about 10 to
23 angstrong per. JOY GnaTHiSorOuaRiflfes Al i Bie AMMETHS

wafers dre contaciLed wllili tls ulhwre agquecus o aaning

mixtures.

20 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

26 protrude) was observed. 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.

30

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

35 the formulation [CP 60 RCA], the etch rate of TEOS lines
ranges from about 43 to 67 angstroms per minute.

17



desirable when the target. TEAS etch rate is specified between! 201;3]@@1\!%[]3

angstrons per mnute . 10 Atomi c force- mcroscopy scans were, e -n TEGCS
lines with either w, 6 . 0O umpit .h, 20 um copper |inew dth, 4 um TECS
[inewidth, or 2) 2.0 umpitchy, 0.5 um copper linewdth, 1.5 um TECS
linewdth ~  A: cPa E3 CC58RCA [1r]l citric aC|d] C. C? 5C RCA RF

L112,, citgigucis ¢iatde Bbda"levdl @w'Hali5dpeesnotj Ravaedh ur ement . TECS

Isggz\éw Lgti frﬂé%ctﬁggt?tﬁ‘g/e %@%l Eggﬂtﬁgtézt CRyEat Bothlehe/ &ftﬂc‘r achd 4.. 0

urn, 99!. --5& &I% {PG 2 #: <C
U237+ - 1332%ev¥eD-ahdl theb ammep2um/ £ luer gifsd-pve: &' &in
4. 0urnsL50+/ <i§4 @Ji&n(dla%;.%iaoaﬂe =3&BbdED By -11%.1@186?/663 RS BFIL.
Sum | 22+/7-91c58+/ - C. 423 The forego ChigPt 083 Ak ndBerohd st | ON
i | l-ustraPes BRA® TRRS i rRES figgg%t’:, nven scl o, E%’ E%Id %gna?l y, the
di scl osure. ghowse. ar‘nrhﬂeslmewestcrbntgfte Zopn FEOSr élnﬁﬁrbﬁ enbodi ment s of
t he |nvent|o but

et ont | 2Bg it AP wlBN N edrg0eveaod tedch Hacbeiundpeotohen hal f he.

use I n various O her, conbinati ons, nodification and
enV|ronnentsban@e$% 1¢#5uhI20 GPISRARRBSPTF HoWFications within the.. scope
of 25: the inventive concept as. expressed! herein;, commensurate mnth

the abog% teaChlngtémlru¥é¥be %H%ro§56£§ scHs KW ed96n 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)
0
A CR S 4.0 um 122.7+/-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



18 2 1 NOV the relevant art. The enbodi ments descri bed hereinabo;s agﬁ',zmn
further intended to explain best nodes know of practicing the i é gn *
and to enable others. skilled in the art to utilize the invention in such,
or 5 other enbodi nents~~and with the various nodi , ftcationo required by
the particul ar applioations or uses of |nv§nt|on @ccordlngly, t he
description ¢§ e IeiesR@édarto | FRgte ’1“}‘?”\F§n eF5R-P8t he form di scl osed
herein. Al sgerdinadcvd Rrendedthbat ihtendmpendedpthannsede Modednstrued to
i nclude alternative. enbodi 0 ? .20 IMybad, i:s
claimed i s AFYE RokF3 g&g@&%tF8% %%#é%égﬁﬁ’uggaﬁé Qﬁa é%é%o about 5% by
we Sht of flsloillkd clamttdieniaricgtravbil bre tl’@od@ﬁ’e@}tlenS?LntBu%OLﬁr 1% by

wei ght of at | %ﬁ e infdind, BRAXWEEE @6 vhrlowal holbetestioms m xture
t her eof ; about 2

abqQu .at_| east-ope ydr oxy
car boxyl i ¢ ﬁ%ﬂ‘ﬁlre%gﬁ t?ﬁeP@EFl\éPlﬁfxa&mlrceathnTg A HS?Q oK n%ez bei n t
substantlal|ynv¢ﬁ&iqnzﬂundummddgglg pth@fd&&nnnptloa~lstGOEb@ute%ﬁ@dz The
corn ao.sit. %°ﬁ%m’9i el i bnph8heLs- tﬂ@eféén cﬂslé%bde fEpEahNi ng' conpound

ilis sel cte group coms-1sting of = angoni um fl uori de'

hydr of | uori cAlsei dit Jafhtllnweél Fhat: ghe #RH%’H%“B&F‘? fluoride, Lin
(T1) 1luyqll~3z5nerrivn® %o a¥BITel Xl tdrn¥tive rdridodimeatstes, ,. tetram-

t hy~ ammeo ur . fluoride, and fluoride salts of. ,20: allphatlc
primary,''se-con.dary . and tertiary am ne having the, fornula wherein, Ri
, Raand | [R* ea-Ch, individually represents: H, or an alkyl group having
1.2 carbon, atons or less:. 25 3. The c'onpos'ition,cf cl'6im il, wherein
the fluoride containing conmpound is'; selected fromthe 99oup

1s



consisting of a n.noniumf i ,oride or hydrofluoric acid. The ccrPdsNOYi 2083

of dels."1 wherein thei fluoride codtai .ing conpound is.. ammonium
fluoride=-. 30" S. The conposition of':claim-1,w h-ere'in the:
di . carboxylic acid :car salt thereof has twd..to ,~,,,ixmcarbon atons .

6, The conposition of claitrr::Th wherein: uhe dicarboxylis ac.idiJs, se
.ected:: fion the group consisting 35, of: oxalic’ acid, mal onic acid'';
"~ succiriic acid, glut:aric acid, a- QLQ 7~kcid,: nmaleic acid and,

fuma:ric acid. 202 1 NOV; Il1l, P3 The conpo =sition of cl'Iml| wherein
the dicarboxvlic, acid.is nalanic acid. 8.. The compneitlon of clains 1
wherein the lhﬁdrgxxl Q&E keS - .ected fron1the group consisting of 5
mani c' aC|d“mE

ari ¢ acid. arld C|tr|c acid! 91. .The gpg h%lon of
clai m | Shich codpri sA5 BRERPUS EPEPRFL HiRThMATRIdELFH: 8 Tu
conposi ti ong Plapche 5% iay @elght SoACE Thomhie eceammningesatérial, The

Compost {1 onaRE &G0 =PI FOSUEGRRI Pk, 1 Hvai G PG BAC mal oni o aci d

i Ng Smoni Gm flaori mal oni .¢c acid
and- l()trl(:dﬂnaibdibﬂlcoapédbtsehtother¢qﬂrnrImﬂm§NZﬁgt§eEE°§ about; 3.5 to

about -5, 4 14, The GoIPQSb! 8" AoRt! 5! B eidnilder @icnTezst! Bae amount _of

fluoride contalnln material Is - tto about | 3t by wei ght. 15,

The coﬁbb5|ﬂnmﬁrqay'CarSP§VﬁFC~§c%ﬁer%$}Ft?ﬁ?ﬁﬁﬁﬁJﬁF m?ﬁ 8f€ d;icarboxylic
acd is ab: o Qs .05m~ 8 abANEnde? Béidy sedtghciall§. wiherconp03|t|on
of claiml 1aMeerein the amount of hydroxy carboxylic acid is' about. 0.

21 to- about. 2%y, WeLOBk o25:hdur TH% COIMGRAL @1 0f claim 1 which
2. The composition of claim 1 wherein the
15 fluoride containing 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.

20



conprises a surface active. agent., The conposition of tlaim1 wherein. the
anmount of surface a ti.ve :a9 e, is about SD ppmto about 3000 d N8V ﬂm3
proces for renmoving particulate contam na ~~ froma copper surface: after
CVP planarizaticn which conprise contacting a! copper aa:cface that has
been piararized: by, CW ith an aqueous conposition connprlLsing a..

i luorid' e co)ntainlingrtemnpasitisflofitclasastl oherednchhdo’ y1.i' ¢ acrd,
salt ther af..or_,m her.eof _; .4 21 NOV 2003 at 'l east one
hydroxycarbo%%c?f%qmg%#%éuégfﬁ%.&ﬁé?ggg g%ﬁé?ﬁxt res.the eo% gnd havi ng a
pH of about 3. 0 8o dBwutcomMPPEAtHon Ohr DR X ) eF&BPiEé?i §E2M conduct or
integrated ClhLcHihdst COMUicsiiRg seQeatag, £ad atid sreapt kensistaoe of a

sem condugct opa1vef geidy fEitiidt hegtaphd coprmicessidherein, the, circuits
conp-rise copper grco_ er all oy sRlanapkzing & hezguichacexByicagm cal
mechani cal 10 pof i shing; an&’ranV|ng particul ate contam nants fromthe
surface. by ecoénractsatd W RERAGYE0GILEBRDPOSI tion conprising fluoride:
containing materiah; athd e@sip¥itiondbeasbody !l avrdehdcosprtsther eof or 1
m xture thereof ; and,at |east one hydroxy Carboxyl is acid, salt thereof
or mxtures CREFEBF2*QAnd. having a pH of about 3.0 to about 5.7. 21. The
process 1af cl ai m 20. wehei cotpgreicdppertorlabopparhigh eprpsipaBedded into a
di el ectric- i gFg, wherein, a barrier layer is;present between

t he dielectrgghﬁé g&ia 5% copper. 22.. The process: qf claim25 is

silicon dioxide ahd-thEhercYIRAFSLIZN BF sCLIET vh SWET SR@YIREFERL T ¢

fluoride, malonic acid and citric acid.

13. The composition of claim 1 having a pH of

i5 about 2.5 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

21



is barrier material selected fromthe group consisting of: tant QI ROV 2003
titanium,'. and nitride's 23. An aqueous conposition about 2 0% by

wei ght of the fluoride contsining material; layer is at |east one
consisting thereof, conprizing about | to de containing material; about I
to about 10% by wei ght of a dicarboxylic cid, salt_ ther p m Xt ures
thereof: :30 aboet legst apmithyRFIRYCREP Bﬁy?b? %Fﬁﬁ; §%§'t§%%§oxyllc aci d;
and 30%t 0 qﬂp%ﬁxtﬁggg theresf, amdrnsiihgsat berebfgbawtd 3¢ £6 about 50% by
wei ght of water. 21 NOV 2003 PROCESS FOR REMOVI NG CONTAM NANT' FROM A
SURFACE ANDa@ENPCEITICN USEFUL THREREFOR ABSTRACT. OF THE DI SCLOSURE
Particul ate and metalAlpnoceﬁﬁeﬁnﬂuﬁﬂhﬂ4°ﬁ§lFEn%%%FCQWQHﬁ “Furface, such as a

seniconq¥ctor - -GORL ALHL Y céﬁgyyyinganascene or dual damascene
f eat ures; enﬁ} ng aqueoqus conposu%fg gngr Skng qady%d%ontalnlng
10 conpound: a dﬁ@EFB&EyFFEC%k?ﬂ &t hereo

hydr oxycar boxfd:C 3Ciptoablli bhogmdph i ererkss wherein the c1rcu1ts
comprige copper or COpPpPer alloy;

planarizing the surface by chemical mechanical

10 polishing:;

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
dlelectrlc 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 ﬁo 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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