
2 1 NOV,2003 PROCESS FOR REMOVING,, CONTAMINANT  FROM A SURFACE AND
COMPOSITION USEFUL THEREFOR DESCRIPTION Technical Field The present
invention relates ac an acidic: aqueous  composition that is~especially
useful for removing  particulate and metallic contamination from a surface.
10 The present invention is especially useful for removing  dnis e
particulate and metallic contaminants from structures;  such as those used
as interconnect structures: in  integrated circuit devices such as:
semiconductor wafers  containing copper damascene and dual damascene
features. 15 The structures treated according to the present..  invention
include those that have been previously  planarized by chemical, mechanicaI
polishing. Background of the Invention 20 On VLSI and ULSI semiconductor
chips, A1 and alloys  of Al t 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 res-al-ts  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 plananized after 30 deposition polishing
~slurries used for this planarization are  typically aqaeous suspensions
comprised of a metal oxide  abrasive (such as aluminal) organic acids,
surfactants::,  and a suitable oxidizing agent. This ,process is known, 'S
as chemical methanical polishing (CMP) . The, oxidizing  agent works to
enhance mechanical removal of material  via. a corrosion assisted process.
Such oxidizing agents 21 NOV 2003 



employed it commercially-available or proprietary  slurries are typically
inorganic :metal salts such as  FeNO, or KIO3, and also hydrogen peroxide,
present in  significant concentrations. . Other chemicals added[ to. 5
slurries to improve dspersion or otherwise enhance performance often are,
organic acids (e.g. citric acid)  Sodium; potassium, and iron salts and/or
compounds are  frequently used in slurry formulations, and.significant
amounts of these metal ion impurities can remain on the  ID. wafer after
polishing and, post-polish cleaning. Therefore, a tendency exists ,, for-
various  particulate contaminants to remain on the polished  surface. The
particulatematerials are extremely  difficult to remove  This is
particularly problematic 15 since: the removal must not adversely .affect
the  polished  ace. Furthermore-, since the polishing slurries typically
contain an oxidizing:.:agent, an oxide layer usually- s  present an 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. In 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  mechanic-al polishing -cleaning, chemistry that. removes  30
metallic and. particulate_ ccat-amirjat:ioll, In addition, the cleaning
step removes any residual copper oxides  and/or~ other non-desirable
Surface, films,, leaving a dare  copper surface. The - problems of
developing such a cleaning is  further exacerabated by the need to
minimiaze etching os,  the copper as well as am avoiding. increased surface
roughness to any: significant, extent . 



Summary: of the Invention The present invention related to an acidic
aqueous  5 solution that a especially, for cleaning metatlic/metal  ion
contaminants and especially, metal and non-metal  oxide particles remaining
at or in. the surface of a  semiconductor wafer following CMP. The present
invention. is particularly useful for- 10 removing particulate contaminants
from copper. The  present invention also removes any residual oxide layer
found on the copper's urface,without etching or  increasing the surface
roughness of the copper to any  significant extent. 15 In- particular. the
present invention relates tort: an  aqueous composition comprising 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 s to about 5%r, 20 by weight of a
hydroxycarboxylic acid, salt thereof or  mixture thereof and' the remainder
-being. substantially  water, and' haying a ph' of about 73,,o to about 5,.
7 . A further aspect: of the present invent on is:  concerned with a
process for removing particulate:  2S contami_ In particular,, the process
comprises  contacting a copper surface:, that has been planarized by  CMP
with an: aqueous, compaci ion:, comprising a fluoride  containing material;
, "at least one dicarboxylic acid, 30 salt thereof or mixtures thereof.;
and at least one hydroxycarboxylic acid, salt thereof, or mixture thereof,
and 1aing a phi of about 3 about 35 A still further aspect of the present
invention  relates to:a P rccss for ft.;ricating semiconductor  integrated
circuits. The process comprises forming  circuits on the surface of a
svrnic:arduc or_ wafer by 2 1 NOV 2003 photolithcgraphic process wherein,
the, circuits comprise  copper or copper; alloy; planarizing the. surface
by,  



chemi.ca , mechanical polishing., and removing particulate  and metallic
{.e g . - metal ion.) contaminants f romp the 5 surface- by contactng with
an aqueous compositian  camprisirg fluoride containzhg, material: at. least
one  dicarboxy acid, salt thereo or mixture thereof; and  at. least one
nyroxy carboxylic acid, salt thereof or mixture thereof and having =: -H of
about 3.. 0. to about 10 5..7. Still other objectevvvv and: advantages or
the present  invention will, become readily apparent by those skilled  in,
the art from the :following detailed description wherein it is shown and
described ~ only L -he preferred  15 embodiments at, the inventi.on-,
simply-by way-of  illustration of the best mode contemplated.i of carrying
cut the invention. As will he realized the invention, is  capable of other
and different embodiments, and its  several details are: capable of
modifications in various 20 obvious respects, without departing from, the
invention.  Accordingly, the description is to be regarded as  illustrative
in nature and. not as restrictive Desripotion of Best . and various  Modes
for Carrying Out Invention particular, the ideal cleaning process should
reduce A number of criteria must be considered to  establish an acceptable
wafer cleaning process. In particulate and metallic contaminants on the
wafer to  the level present bef'ore the-polishing step. Also, the  cleaning
process and chemistry must be compatible with 10 the materials exposed on
the wafer surface after CMP.  Furthermore, one should be able~ to perform
the c-leaning process safely using commercially available wafer or
fabrication equipment'. Moreover, it . is desirable that  the process be
relatively inexpensive to implement _. 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 law 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  silicon dioxide is typically a high den  deposited silicon
dioxide or TEOS (tetraettylorthosilicate) . in 25 Thee copper interconnects
typically use either tantalum, tantalum nitride or, titanium nitride as a
barrier or 30 structures- The  density plasma or titanium or material
between the  As such, the post -CMP to clean up to four or more:  the liner
material the copper and the dielectr-ic.  cleaning solution is meant
different materials, copper dielectric or crapping layer as well  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 cleaning. Accordingly, the cleaning composition must  not
adversely effect any of these materials to any undesired; degree while
still effectively removing the  contaminants. This places considerable
constraints upon developing a suitable composition. The copper is
planarized after deposition by  chemical Trechanical Polishing typically
employing an. aqueous slurry comprising an abrasive and an, oxidizing
agent- Such compositions are welt known and need not be  described; in any
detail herein. Examples of some  



chemical mechanical.. polishing slurries can be found in 10 U.S. Patent
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  composition according to
the: present invention. The  i5 composition comprises. a fluoride
containing material; least one: dicarboxylic acid and/or salt thereof; and
at  least one: hydroxy carboxylic acid and/or salt ~ thereof . Typical
compounds providing a fluoride ion source  according to the present
invention are ammonium fluoride  according' to the present invention are 20
or hydrofluoric acid Other, compounds~ which may provide  a source of
fluoride::ion include, for.. example,, metal  salts such as antimony
(III/VI ) fluoride, barium fluoride, tin (II) fluoride, aluminum (III)
fluoride,  and fluoroborate compounds. Still other sources of 25 fluoride
such as tetramethylammonium fluoride, as well  as other organic compounds
which could disassociate a  fluoride ion in an aqueous media can. he
used... These  other~ sources include fluoride salts of aliphatic primary,
secondary, and tertiary amines Such have the  30 following formula RtN
(R3.) wherein R R2 and R3~ each individually represents H or an alkyl
group. Typically, the total number of carbon, atoms in the 35 R1, R2 and
R3~ groups is 12 carbon atoms or less. The  preferred fluoride compound is
ammonium fluoride. NOV 2003 cal di g carboxylic acids include those having
two to six carbon atoms, and include oxalic acid, malonic  acid, succinic
acid, glutaric acid, adipic acid,, malefic  acid and" fumaric, acid. The
preferred acid is malonic 5 acid. Suitable salts include the~alkali metal,
alkaline  earth metal. and ammonium salts, 



Examples of hydoxycarboxylic acids includes malic acid, tartaric acid and
citric a The preferred hydroxycarboxylic acid is citric  10 acid.. Suitable
salts. include alkali metal, alkaline  earth metal and ammonium salts. A
preferred derivative is ammonium citrate. In addition to water, the
composition can include minor amounts of a surface active agent. Suitable
15 surface active agents. include anionic; cationic, nonionic and
zwitterionic Compounds. Examples' of some  surfactants for uses in the
present invention are  disclosed in,. fox. example, Kirk-Othmer,
Encyclopedia of Chemical Technology, . 3rd Edition, Vol. 22 (Jahn Wiley &
Sons,. 1983), Sislet & Wood, Encyclopedia of Surface Active Agents.
(Chemical Publishing Inc. 1964') , . Mc Cutcheon's Emulsifiers &
Detergents, North American  ,3rd Edition (McCutcheon Division, The MC
Publishing co. , 1 9911) , Ash, The -Condensed Encyclopedia  of Surfactants
{Chemical Publishing Co., Inc:: ,, 1989)  Ash, What Every Chemical
Technologist Wants to Know  About Emulsifier and Wetting Agents, Vol. 1
(Chemical Publishing:Co. 1988)  Tadros, Surfactants, (Academic-' Press
1984), Napper, Polymeric  30 Stabilization of Colloidal (Academic Press,
1198:3)' and Rosen, Surfactants & Interfacial Phenomena,  2nd Edition
(John.Wiley & Sons, 19S9), all, of which-acre  incorporated herein. by
reference A typical, example. i.s  an alkyl' poly (ethylene oxide) .
non-ionic surfactant. 2 11 NOV 2043' The compositions typically contain
about 0 _2 to 5  weight % and preferably about 0.4 to about. 1.3 weight I
of the fluoride containing compound. 5 The dicarboxylic acid and/or salt is
typically  pre-sent . in amounts of, about 0.05 to k out I weight I,  and
preferably about-0-05 to about 0.2weight o I. The hydroxycarboxylic
typically present in  the composition at amounts of about 0.2a to about 5%
by  



10 weight and.. preferably about 0,5= to about 2% : by ,,;eight. When
present, the level of surface active agent. in  the composition is
typically between about FO and about  3,000 ppm, a specific example being
about 500 ppm. 1n addition, the compositions of the present  15 invention
have a pH of about 3.0 to 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 pM  paper or suitable pH reference electrode. it has been
discovered: according to the- present invention that the 20 pH. is
important in. achieving objectives 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 K, Ca,. Ti., Cr, Mn, Fe, 7i, Cu and 25 Zn; various
sulfur and chloride impurities adsorbed an  the various surface materials
present on the wafer. CuO  is thermodynamically unstable within the pH
range of the  compositions of the present. invention:. The removal. is
achieved while only slightly etching he metallic copper '50 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_ Amin Some etching
of.. the dielectric such as about 10  A/min to about 20 A/min occurs during
the cleaning 21 NOV 2003 process of the present invention. The ~slight
etching  results in undercutting of particles strongly. adsorbed.  on the
wafer surface, which~~ assists J..% their, removal.  The slight etching
also acts to assist in removal of 5: adsorbed metal ion contaminants
incorporated at shallow  depths in the dielectric Iayer. it has also been
found that the compositions of the~  present invenition do notincrease the
surface roughness  of the copper to any significant extent. For example  10
AFM surface;~ace roughness (RMS) of copper on a blank~ copper  film was 1.2
nanometers. On a blank copper film 



following CMP and cleaning inaccordance, with th'ne!  present invention
was: 1.2,7 nanometers (RMS) (a minuscule~  increase in surface roughness) A
further feature of the present invention is that  the~ composition even in
concentrated form is relatively  stable~ For instance,~concentrated from is
relatively  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
carboxylichox7.lic 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
coinvenience and f or economical reason   The corposition can be used in a
double sided brush  scrubber to~clean whole wafers following a copper~ CMP
polishing step. Moreover, such can, he used megasonic bath or spray tool
cleaning 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 960 grams of citric
acid, about 80 grams~of malonic acid about 1,600, grams 2 1 N GV 203 of
40~* aqueous aolu.ti:on of ammonium r uoride, and. about  1,360 grams o f d
iani;zed, water is prepared:- The cc nc.entrate is ther~,,:dilu.~ ed 19:1
(by weight) ~ witb d ionized- water to formulate .n oqueoas c1eanIng~
mixture  5 cont.ainng' abo%it. I. Z- weight f of citric acid, about 0 . 1
weight % of malonic acid.,, about ..2 weight % of 40%%  ammonium fluoride
and about 96.7 weigIit 1 cif rater The  composition. has pH o : abouE.:
4.0~jas. meaour.ed, ussrL(3_ a  calibrated antimony:: reference electrode
or pH p-ape 



10 Wa ers having copper Hines i-nbedded .into s.il.icon  dioxide and lines)
with . liner material ire first  subjected to CMF emp,Ioying an aqueous
slurry comprising  abouC 2% by weiq)~it a1,4mina,, about *3% by weight' of,
H202",  with .the remainder being water and minor additives. 15 After the
CMS?, the wa'f'ers are contactediwith the  above aqueous cleansing mixture.
1'1. Example 2 m a cleaning experiment, 25 as-deposited TECS:  coated
wafers. and! 25 as deposited copper coated wafers  are pre-read for
particle counts on the wafer surface 5 using a Tencor 642.D light point d
feet (LPD) counter at  ~ 0.2 particle size. The wafers are .then split up
into two, batches of 13  TEOS/12 copper and 12 TEOS/1.3 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 41110 alumina  based.
slurry for 1. minute and buffed in DI water for 15  seconds Immediately
after the dip and buff step, the  waters are transferred to the   cleaned
using a flow:rate of 500 ml/minute of a3 cleaning  solution prepared'
according to, Example 1 with a , bru_sh  scrub cleaning time of ~ 45
seconds Ain. the first box, and  10 seconds in. the second box. Filially, a
30 second. DI 20, spin rinse and blow dty to fi.hich i!the- clean :: Aftex
the cleaning step, the wafers: are::ag4in:7  inspected for particies using
the Tensor LPD: counter.  Table: 1 below- presents the data,ob:taidedi
from, the pre- and past-clean pa.rt.id1e counts from the above testLs. It
25 may be seen that there is- almost no adder particles at  the > 0.2 '4m
level for both TEOS and copper wafers: The  averaged: adder particles for
THOS ''is -2.4 -~/- 10:. The  averaged-adder particles for copper is -185.1
+/- 155 ,  it. should! he noted that. the negative number of. adders 



30 for the capper wafers, is due to -the 'fact that, these as- deposited.
copper wafers might not be as c 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
analysis on the; wafer backside ; r(see 3 and  2:2 in ;.able 2)' . Table 2.
presents :the TXRF data from,- the  analysis on water frontside:or
backside. This is to check. it there is mettal, cross-contaminat-ion
between copper and TEOS wafers, as wei?.as metal contaminant  removal.
nerfornar_ce can the wafer backside. The TXRk' analysis i. d cat s metal
levels at or  below detection limits, except fore K'an the!frontside..  The
K Tvight be deeply embedded in the TROS surface and  1.G thus, hard; to
rernov'e!,.. The low l vel of metal contamination indicates that there is-
no metal cross-- contamiration between copper and TEOS. wafer: ria the  Fn
is no contamination Lo t,he  wafer back-side durih!d the clean. 12 21;
NOV2riff Ta11e 1 Pre.- and- Post -LPD: Count,ss > O'.: 2 .}.ir (Capper and
TEOS Wafers) LPD .... Light Pciint Def.ects' Wader ni  WaferTy, pegPre-Po
t- Add r I TEOS.58~44-14 2CU626 729103 - ---- --------- 
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GI-r-!t1~ -r-1 ~ U        W~ _  Example 3 atomic force m croscopy
ana~lYsi.s was. conducted to determine the etch rate, of fine TEOS lines
when  exposed to aqueous cleaning solutions of the present.  invention A.
Cleaning formulation [CP 60] A concentrate containing 960 grams, of citric
10 acid, about S0 grams of malonic acid, about 1600 grans  of 40% aqueous'
ammonium fluoride, ands about 13-60 grams  of deionized water-is
prepared... Thy concentrate is then  diluted 19:1 (by weight) with
deionized, water to  formulate a mixture containing about 1',2' weight %
citric 15 acid', about 8.1 weight % of malonic acid, about 2 weight  of 40%
ammonium! fluoride and about 96.7 weight = of  ,water. The composition, has
a pH of about : 4 as measured  using a. calibrated antimony reference
electrode or pH  paper. 20 Reduced citric acid formulation: [CP 60 RCA]  A
concentrate containing--460 grams of citric acid,, about 80 grams of
malonic ac-id, 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 %o citric  acid, about 0.1
weight %" of malonic acid, about 2. weight of 10 ,; ammonium fluoride and
about 97.3 weight. % of  30 water-. The composition has a: pH off about: 4
as measured  using a calibrated. antimony reference: electrode or ph  paper
C. Reduced citric acid and reduced - ammonium  35 flung de formulation: [CP
60 RCA RF A concentrate containing 480 grams of citric 16 2 1 R W ' 2903
acid, about &0 grams! of.: mia1.;oriic,acid, about 800 grams  4Ok aqueous
ammonium f1:aoride, and about 26'40 grams of  deicn~ized-- water
is:prepared. The concentrateis;then  diluted 19:1 (by weight.) wth
-de_ionized water to. 5 tort ul ale a r jxt.ure' containing about U- S
weight citric  acid, about O .1. ,weight % of malonic acid, about I weight
of" 40% ammonium,-,fluoride -and about 98.3 .weight % of  water. The
composition has a pH of about 4 as measured  using a cal.ibrated~
antimonYreferen.ceelectrode or pH  1.0 paper . Wa.fe-rs. having copper
lines-ernhedded into a  sub:str also havi. g TEOS~'
(tetraethylo.rthosil.icate:)  lints are first subjected to CM1P employing
an aqueous i5 slurry, ccmp:ris:ing albouL. 5%; silica and the! ret ainder
being water and minor additives :: After the CMP,. the wafers are ConcacLeu
w.i.-11 Lla-7_ i-1 y  mixtures. ._'ii ---n 14 ria ,20 The following is a
table of TEOS etch rates vs,  line thickness for::various cleans. SmaII:
pre-polished  copper damascene wafer pieces. were initially prepared by
polishing on the rotary polisher.. The s amples were  Polished . so that
reverse diishing. (,i . e _ copper: features 2S protrud.e)i was observed,.
In separate exp-erirrents, indiz dual sample.s;~~were them immersed with
agitation in  each of the above dilute cleaning mixtures [OP 60, OP 6-0  



CP 60 RCA RF] III for 2 minutes, rinsed- in DI water for 2 minute,, then
bloom dried with filtered compressed' air. 30 it. may be seen from- the
data in the following table  that the etch rate :off the TEOS lines using
the  unmodified C? 60 is between about 57 to 66 angstroms per  minute. When
the.citric', acid' to el is r-.educed by 50%6 in  the formulation {iOP 63
RCA} the. etch rate of- TEOS lines  ranges from about !;43 to 67 angstroms
per minute. 17 21 NOV 2003 Reducing citric acid level by~half does not have
an  impact on the TEOS ~ etch rate.  When~both, the citric ac d  level and
the ammonium fluoride level in the unmodified  CP 60 formulation are
reduced by halt [CP 60 RCA RF] , the TEOS etch ;rata -drops to about 10 to
23 angstroms per  minute. This lower etc rate or TEAS' lines is desirabIe
when the target. TEAS etch rate is specified  between! 10 and 20: angstroms
per minute . 10 Atomic force- microscopy scans were, take -n TEOS lines
with either w , 6 . 0 um pit .h, 2O um copper  linewidth, 4 um TEOS
linewidth, or 2) 2.0 um pitchy, 0.5 um copper linewidth, 1.5 um TEOS
linewidth ~   A:: cP a E3 C C 5 8 RCA  [1rl citric  acid] C. C? 5C. RCA  RF
: L1!2,, citric  acid and' NH4 " e 4 C a'} 15 PE=s, Lime Mean urement.TECS
TEUS wILdtt.orig. depth, Final depth: Etch Rata 



(11.}_/(A'f/T, 7" 4.. 0 ~sm122::7-+./:-5.77237+/-1357.2 1 . 5 urn,99!.6
4--523:2+/-1D.5:66,2 #:<C um237+/-13324+/ 2-4 1 . 5 um232'+/-,10.5366+~'-~
Q57 4.0urnsL50+/-14.2170-r/-3.210 4,=3UMI150 t/-3.G183+/-S_215 $ 1.
5um,I22+/7-91c58+/-C. 423 The foregoing description at the: invention
illustrares and decribes the present invention. . additionally, the
disclosure. shows; and describes, only  20 the pre;-erred embodiments of
the invention but, as  mentioned above, it is to be understood that the.
invention is capable of use in various Other combinations, modification 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 2 1 NOV the
relevant art. The embodiments described hereinabove are:, further intended
to explain best modes  know of practicing the invention and to enable
others.  skilled in the art to utilize the invention in such, or 5 other
embodiments~~and with the various modi,ftcationo  required by the
particular applioations or  uses of the  invention. Accordingly, the
description is not intended  to limit the in-vent-ion to the form disclosed
herein.  Also, it. is intended that the-appended claims be 10 construed to
include alternative embodiments. 20; 19 111 NOV? 2003 CLAIM What, i:s
claimed is Ar ac ueous composition commri ir_g about 0-2%  to about 5% by
we Sht of fluoride cantainirig material,  



about 0 .0,51 to about 1% by weight of at least- one  dica,rboxylic ac .d;
J!salt therecf,:or mixture thereof; about O.2 to about 5 .by., weight of at
least-one  10 hydroxy carboxylic :acid., salt thereof or nix.t' re -A f- n
" fin;;iAndez bein t substantialiy water, and hawing, a pH of about.
.C~::to about 5.7 2. The corn ao.sit.ion'' of claim-1 wherein. the 15,
fluoride containing' compound iIis sel cted from the; group  com,s-isting
of= ammonium fluoride'; hydrofluoric; acid,  antimony (III/ 'T)' fluoride,
barium fluoride, Lin (T1) 1uvL1~3~r o.~u>>%1"a9m {S'IYt 1,~vwi~ riiir ohor
tes,,. tetram~ thy~amm>o ur . fluoride, and fluoride salts of.  ,20:
aliphatic primary,''se-con.dary . and tertiary amine having  the, formula
wherein, Ri , Ra and I [R* ea-Ch, individually represents: H, or  an alkyl
group having 1.2 carbon, atoms or less:. 25 3. The c'ompos'ition,cf c1'6im:
iI, wherein the  fluoride containing compound is'; selected from the 99oup
consisting of a n.monium f i ,oride or hydrofluoric acid. The ccrPCs'ition
of de1s."1 wherein thei fluoride codtai .ing compound is.. ammonium
fluoride=-.  30' S. The composition of':claim -I,w'h-ere'in the:
di.carboxylic acid :car salt thereof has two..to ,~,,,ixm carbon  atoms .
6, The composition of claitrr::Th wherein: uhe  dicarboxylis ac.idiJs, se
.ected:: fion the group consisting 35, of: oxalic' acid, malonic acid'';
.'~I succiriic acid, glut:aric  acid, a-d pc ,7~kcid,: maleic acid and,
fuma:ric acid. 20 2 1 N O V; III, P3 The compo=sition of cl'Im l wherein
the  dicarboxvlic, acid.is malanic acid. 8.. The compneitlon of claims 1
wherein the !hydroxy  acid i.s,-se .ected from the group consisting of  5
manic' acid; tartaric acid. arid, citric acid! 91. The cornpesition of
claim I which comprises 



citri: acid or ammonium citrate 1.0. The compositions of chair, 1  cite is
acid. which camoris.es 10 1.1 The composition c:f claim: ',which comprises
anmoniurr, citrate.. .. 12- The compcsition- of 'claim 'ill , comprising
ammonium fluoride, maloni.c acid and-!Citric acid. The composition
of'c.laimr.I hawzrg a p ?5 about; 3.5 to about-5,4 14, The compositiora~
of! alaim~. I wherein?:-' the- amount  of fluoride containing material is
-about 0.2 to about  1,3t by weight. 15, The composition of'' .Slaimi ~1
wherein the amount  20 of` d;icarboxylic acd is ab:out Q-'_ 05: -to: about
0 2'%; by wed ght . 16. The composition of claim' 1 wherein the amount  of
hydroxy carboxylic acid is' about. 0'. 21 to~ about. 2% by  weight  25 17.
The composition of claim 1 which further  comprises a surface active.
agent., The composition of tlaim 1 wherein the, amount of surface a ti.ve
:a9 e, is about SD' ppm to about_ 3000 30 19. P. proces for removing
particulate  contamina ~~ from a copper surface: after CMP  planarizaticn
which comprise contacting a! copper aa:cface that has been piararized: by,
CMP ith an aqueous  composition conmprLsing a.. iluorid'e co)ntainling
material;  301 at least one' dicarbo'y1.i'c acrd, salt ther af. or  mixture
thereof.; and 21. 21 NOV 2003 at 'least one hydroxycarboxy'lic~ acid, salt.
thereof  or mixtures thereof and having a pH of about 3. 0 to  about 5.7
2.0, A process for fabricating semiconductor  integrated circuits
comprising 



forming, circuits on the surface of a semiconductor  wafer by
photolithographic process wherein, the, circuits  comp-rise copper orcopper
alloy planarizing the~surface by chemical mechanical  10 polishing; and
removing particulate contaminants from the  surface. by contacting with a
aqueous composition  comprising fluoride: containing material; at least
one.. dicarboxylic acid; salt thereof or  1 mixture thereof ; and at least
one hydroxy Carboxyl is  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  2}
wherein, a barrier layer is;present between the dielectric material and
copper  22:. The process: of claim 25 is silicon dioxide and the or Copper
alloys. 2c wherein the dielectric is barrier material selected from the
group consisting of:  tantalum, titanium:,'. and nitride's 23. An aqueous
composition  about 2 0 % by weight of the fluoride contsining material;
layer is at least one consisting  thereof, comprizing about I to  de
containing material; about I to about 10% by weight of a dicarboxylic
acid, salt thereof.:; or mixtures thereof; :30 about _ to about 30 by
weight of a hydroxy  carboxylic acid; and 30% to about  



salt thereof or mixtures thereof, and 30 to about 50% by weight of water.
22 21 NOV 2003 PROCESS FOR REMOVING CONTAMINANT' FROM A SURFACE AND
COMPOSITION USEFUL THREREFOR ABSTRACT OF THE DISCLOSURE Particulate and
metal ion contamination is removd  from :surface, such as a semiconductor
wafer containing  copper damascene or dual damascene features, employing
aqueous composition comprising a fluoride containing 10 compound; a
dicarbdkylic acid arid/or salt thereof; and a  hydroxycarboxylic acid
and/or salt thereof .  


