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| MPROVED ALKALI NE SOLUTI ONS FOR POST CWVP CLEANI NG

PROCESSES Background Field The disclosure pertains to
wabkb@lilom9 chem stries for cl eani ng copper and POWIB2007/000566

surfaces after chem cal nechani cal polishing and

planarization. Related Art Chemnical mechanical

pol i shing or planarization (CMP) is a techni que

utilized in senjuk ﬁ@ﬂfé lfP@RUl\?ég %%@qusses in
DRI b e it o S

is typically a silicon based wafer with active regi ons
formed in or on the wafer and with interconnects

fornmed of a netal (typical IBagkggendor tungsten) that
Fiefg deposited in etched lines along the wafer so as to
connect the active regions. The CMP process is used to

Thedisclosere pedains ﬂpalkaiihatchb&asthee rﬁcl)rd@pamhgeﬂ)ﬁ)@@r thé low k
seni conduct or . conponent s .to planarize the
S g@él%rmag é\iﬁpﬁ DG and\RIARRI1Z3408: | ng t he

sem conduct or substrate against a wetted poli shing

surface under controlled conditions. The chem cal
Related Wirthg agent includes a slurry of an abrasive

ol Rlechner pRishER- RerdfienitdlP) & & Feetinade thlzed in

seﬂMbbﬂ@Jdtbﬁfa@NBa%@?ﬁﬁs‘éssw il @hieMRnESos ShiraES Ve a' demiconductor
pl anari zing a substrate surface, this process |eaves

copRAnat 94 sEEstsatetis planarizad e Thessamiconguctae Capimloneat isdppically

Y T MR T T

intencdrmacks farines afanmeey) r(@@&:aﬁl? eofpet Qﬁﬁfngétdﬁ) ARG i 'd%‘{’)osned in
particles fromthe

ch films, while other

etﬁ?%f 2lang the wadersso an o eomedthe astive regiens.| ThetCMP

t d
prER O Yo Bl bes babRARATAEL oEB 520\ 8
sepaca)mdua:ber mmpmrdtsensasnms;blabanﬂeﬂwadféds) NCMFeprocesses
typlcglf'y mvol%e rotating the semiconductor substrate against a wetted polishing
surface under controlled conditions. The chemical polishing agent includes a
slurry of an abrasive material (e.g., alumina or silica) and other chemical

compounds that interact with the substrate surface during the CMP process.

While CMP is effective in planarizing a substrate surface, this process leaves
contaminants at the surface, requiring the application of post CMP cleaning
solutions to remove such contaminating residues. For example, copper residues
on low k films can degrade the dielectric properties of such films, while other
particles from the CMP process can increase the contact resistance, limit the
conductivity of the interconnect material and lead to poor adhesion of overlying
layers. Therefore, such particles or residues must be removed from the substrate

surface in a post CMP cleaning process.

A number of chemistries are known for post CMP cleaning of semiconductor

components. In particular, certain cleaning chemistries or solutions are alkaline,
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surface in a post CVP cl eaning process. A nunber of

chem stries are known for post CWMP cl eani ng of
weem7ciaodeict or conmponents. I n particul ar, certaCcmiB2007/000566

cl eaning chem stries or solations are

al kal i ne, i ncl udi ng strong basi c conpounds such as

inGlUaingr $tAony BRTE BbmpolyEs QubHes ddé@émbwmmorﬂunﬂﬁﬁf%bes

re-adhesion of particles that are renoved fromt

thebﬁb&ﬁeqﬂprguemtar@ea@ﬁsncrrgoi:p@"aaieﬁghamn@erlenm\/@&rfmr@ the

cofHftert30REE EFbd o Ot e dia RoulThS 8 At fna

ma:taﬂelonbrmumte susitabieoatitlb ¢o easpRNQITficieHt ﬁlagélutlbmidn@ removal of
sonme of the known post CMP cl eaning solutions are

melef EEWW@Saffoméﬁ%\?Pﬁ‘g)qn@@F 8udACHxi de and/ or ot her
particles as well as copper residues fromthe
‘'sem conduct or conponent surface, such cl eaning

Whibé somensf tbarknbwnqmsrt GV P eldaniag doltibas are effactive at removing

: r. orre of these cleaning soJ utions
re§ A8 e AR th S o Ras sev el aF GoBpe: TR Indee
seﬁﬂébrﬁtﬁictﬁ?é&hpéﬁ’éﬁtos%r%%edguéﬂ‘&ebﬁ cﬁ@ﬁbr’@céﬁ B& E®rrosive

particularly when a corrosive conp such as
towatd metalssuahasriappehy tir additien (snmei)of tmeaes@elanm/gisomtions are

indieaits Bf REdle 3itod i 1 Piotect S6aBEF il cofigsion dling the
cledrinvg éﬁ)c%sﬂoﬁérti@mﬂ?'vﬂ?éﬁ A¢ofekie mphiad shdiessi vel y
treats a sem conducft or conp onent surface to renpve

teframghyigramsiiien hYﬁlmwdQ (EMNVHHSB gsed fwhile oley cleaning solutions

oo BRSSP bR FIBSOER AP o

solutions are described herein which effectively clean

sem conduct or conponents to renove netals such as
Itis desapblenta RpViderreposidsMieaaning solitios: that eifestiyglktreats a
seftiE G &ﬁﬁpén%ufﬂéeg {5 FerBlL ‘Fn@rg!i 5&{11 bﬁ%ﬂmlpuntles while
mnimzing o reven corrosion of the meta
effentiesly arhikiting oofroeima cmfdhe@nxpoi;sd indercexnaspisasry thel Qusstiage
ol ution conprises at |east two organic base conpounds
SUEBF8cted fromthe group consisting of organic am nes
and quat ernary anmmoni um

Summary
Alkaline post CMP solutions are described herein which effectively clean
semiconductor components to remove metals such as copper and/or other
residues from a metal or low k surface after a CMP process while effectively

minimizing or preventing corrosion of the metal interconnects of the components.

An exemplary cleaning solution comprises at least two organic base compounds
selected from the group consisting of organic amines and quaternary ammonium
hydroxides, at least one carboxylic acid, and a mercaptan compound. The
mercaptan compound can be a mercapto carboxylic acid, such as
mercaptopropionic acid or cysteine. The cleaning solution preferably has a pH in
a range from about 7 to about 12.
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hydr oxi des, at |east one carboxylic acid, and a
nmer capt an conpound. The nercaptan conpound can be a
woro@apbm car boxyl i ¢ acid, such as nercapt opr opCOABINOT/000566
acid or cysteine. The cleansng solution preferably has
a pHin a range fromabout 7 to about 12.In another
InemotittrrenboditneHteaRIS@irRPE SILHON cORFREES 8 (st hed Stgdi® amine
organi ¢ am ne compounds, at |east one organic
CQ%‘?M@H: ia¢ least @ne daria carhaxylie ecids eng aumiahittiter compound that

Bl PokesERraRan o 78kah o Kh B8 S0bUHER feo or
s o R e
rerera
COMPQUE. ¢ Bf?é%f%bﬁb aisaning sutphEs BRH ibihe weffcgtmqbout 7
toia‘?bohhﬁﬂﬁﬁg@géf@[?b@bﬁpﬁegrah e ?ﬁ“abaggétct) EQSUFJI(E.@”' ng
Cri pe er acted w a

sol uti ons de ei n tan be con
surface of a sem conductor conmponent to effectively
I t he component surface while inhibjtjng corrosion
TH Sraning SAtidn Lessrbenbeleincanee seragissl aith acusioeior a
semitbh@lictbeabmpBe e HECBNEIFSRSaNHE %dgtﬁg@f@;&%%bé While

. upon consideration of the follow ng

'nf@lgékﬂgiq&rf%fpfbﬂf etal iporiionsndfdtie menfieset her eof . Det ai | ed
Description Alkaline chem stries or solutions that are
effective for cleaning substrate surfaces that include

Theedisovedahd sail Avthe? FOSUraa REHRARBEes Wil Hg@or;ﬁg dpp@Pént upon

two basic conpounds, at |east one organic aci _
copsigshatian otine fatiowingidstaitad desgsiplian of saecifinsintbadiments
th&Rofosi on of netals. The al kaline solutions are

particularly effective in post chem cal nmechani cal

pol i shing or planarization (CMP) processes of

sem conduct or conponent surfaces, where the renoval of

netal s such as cppper'?et_éypgé‘?sﬂ’imc resi dues and/ or
AlRAI MY clfé?ﬁi"sﬁ’lﬁsr@ﬁéd?&iérf%ﬁthgy&% EFQMERE ?I%%E&@?Ugﬁgate surfaces

surface 1's required. e conmbination o
thaidndude ¢oetabdebss and olteralokdmimansoingtldenst [&ast thiot dsic

the effective, renmoval ,of .auch cont am gatin .residues
C°H§P°dﬁn9§o?‘{/lﬁﬁ§t Qg PEgaNIc acid compound, and an inhibitor compound that

inhibits corrosion of metals.

The alkaline solutions are particularly effective in post chemical mechanical
polishing or planarization (CMP) processes of semiconductor component
surfaces, where the removal of metals such as copper, oxides, organic residues
and/or other contaminating residues from the component surface is required.
The combination of basic and acidic compounds in the alkaline solutions facilitate
the effective removal of such contaminating residues by dissolving and/or
complexing metals to facilitate removal of such metals as well as removing
organic and/or other residues, while the inhibitor compound of the alkaline
solutions minimizes or prevents corrosion of copper and/or other metals at the

substrate surface.
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conplexing netals to facilitate renoval of such netals

as well as renoving organi c and/ or other residues,
wohod7a1ehe i nhi bitor conpound of the al kal i ne BOTAB100TI800566

m nimzes or prevents corrosi on of copper and/or other

netals at the substrate surface. Basic conpounds
BBERVIoHRSbUHYs BB vIeBan e cehitg QiIsticHLarkr @fe?éréﬁla/yorgaaic amine

organi ¢ am ne conpounds, quatéernary anmoni um hydr oXi de
CoBRPUNERI S uaterngl k amnesniumensispxidecemnamgse pgatixitres thereof.

i : i,k abl in th :
P PR E T Son Rt A0 ARepli Bbe o ciaring
splutioms incluriRs withawy liitatien (primaryabéciraidrg onmérias, sligHatic

as met hyl am ne, di nethyl am ne, trinpethylanine, _
AgNNRA & matylamingidiaethyiareiney iimehylaraing, ethylamine,
ORISR RV o o ARSARAATIOS, b SnaRLBR e
di@ithaqummimmnahjand)eteanbleinhise,ptriettmmlamﬁn&e_isopropanolamine,
O R Tea 1 RGRIOPBEIAHRE AEa DRED ST OBS B ARP aels. )
awﬂﬁétﬁ!éﬁfrﬁés?ﬂgféfﬂb%n@%iﬁféé,dﬁad:Himeté}?tlﬁeﬂkﬁt are

suitable for use I'n the cleaning so ons i ncl ude,
wi thout limtation, ammoni um hydroxi de and

E%%@b%ﬁ%hﬁ'@feg ﬁ&ﬁrﬁm%%ﬁﬁyﬂﬁ%n #-%ﬁr,r&%?;unds that are suitable for use
inttAkroReiriYd 86RMBHS MANYEE, ithdit likfthfian! SR GHUTRAMNYéRdxide and
hydr oxi de, trinethyl et hyl anmoni um hydr oxi de,

tetraaliytaraspaiuny Nydraxigashsucinas tatiamethyleaxndaium hydroxide

AP P o rvcronce
trifyesth pleshytamptoniuirm mwimmmmgﬂﬁiiﬁﬁthﬁﬁﬁmonium

m xtures thereof. I n one exenplary odi nent, an

hydrexidene2-By &y eilybisietrylammaniymdasroxidext?ar e of TMAH

' ' : Rﬁﬂ% ' I i a suitable organic
h%&gpgyégﬁ@&gﬁs |ta@mg?ﬁjnrﬂil‘§lp&8érm%gr1mound. However, it is
hydrorypropgltrimeth@ammoniammtoydroxidby dnd xidieses thsrees  TMAH

can be highly corrosive to certain surfaces which are

to be cleaned, such that it may be desirable in
e raiaRPBlrRaAT LR, B ARIFEIEAIAG s6TfioR ineack 2 mixture of
TMAE withisapsopanolamine along with a suitable organic acid and a suitable

inhibitor compound. However, it is noted that quaternary ammonium hydroxides
such as TMAH can be highly corrosive to certain surfaces which are to be
cleaned, such that it may be desirable in certain cleaning methods to avoid the
use of such compounds in the cleaning solution. [n addition, there are a number
of safety and environmental hazards associated with the use of TMAH, which can
increase the expense associated with handling and disposal of cleaning solutions
utilizing TMAH.

Therefore, other embodiments of cleaning solutions that are effective in cleaning
residues from substrate surfaces are substantially free of any quaternary
ammonium hydroxide compounds. This group of cleaning solutions preferably

includes at least two organic amines. In an exemplary embodiment, a cleaning
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of safety and environnental hazards associated with

the use of TMAH, which can increase the expense
weazsarciietied Wit h handl i ng and di sposal of cl eaRCm@B2007/000566

solutions utilizing TVAH Therefore, other enbodinents

of cleaning solutions that are effective in cleaning

s6laso Hﬁ:$udés%‘bé#]‘@ﬁdti@h%fﬁ%ﬁréﬁ&ﬁ%@gﬁné gRat antial l'y

free of any quaternary anmoni um roxi de conpounds.
(arringetiyiampinejetaarelralong withua swtaebl@ oedaniabrid andt b sdiétable

organl c amnes. In an exenplary _
'”3%983?%% ' cl eaningsol ution includes a conbination

of isopropanol am ne and (am noqt hyl am no) et hanol al ong
with a swtabl e ortgam c acid and a suitable inhibitor

Oﬁgﬁﬂ:&%aﬁ C@@%ﬂ@ al areconiiable iy usedn the eleaningpolations are

stH?@n rg %%éHtho d‘%dré)elr %ﬁﬁ lﬁélﬁgéo\mﬁ]&t ?r[ﬁg tﬁ))é‘un Bdetic acid,

pr@peﬂnla:aaldl, Uutypcwlcgmenlzem atid, tgm(ydémcla@mt @lutéﬁﬂi@t@ lactic acid,
t Ci actic aci

%%g‘? ?8' %6?315'% 4G4 Ebulagigntﬂic galicsiad, caffeigacigaginnamic acid,

taﬁﬁic%m&ﬂfd‘rﬂh&aéﬂ' ef(alﬁ! é‘é]ﬁnb’?n(?%él séli@%&ﬁ ﬁcﬂch%lcl)mg acid, malic

vanillic acid, oxa acid sal

acid, famarigl aoid maielccamdraaindcma«tmr@s theremfi ¢ acid mal eic
acid, and m xtures thereof. As noted above, the
cl eani ng sol utions contain at | east one inhibitor

As peReRLEbV Bie bl@Bh?h'gts%l@t‘ior%r @fﬁé‘lhsattlgfst‘%ﬂ |ﬁﬁ|b‘?[|6r 85mpound

oxj dation of copper and/ or ot her
thabinpibitsan nravenss tiwe cefmgourmrsmmgnoneafafopplaeaﬁdjdr«nmmetals

SRS o SR B LTS TR e
copfipdureisp filpa-fibrening icBmptRingld, amRsedAits aﬁﬁydrétbéy@eﬁ%cavenger

corrosjon_inhibitors to protect the substraté surface:
COMPQIHIAS: cePmae Of $hg prasnic apiAE hotest abovmatmeiitahie as corrosion

o ' d f.

BB B tEolcRIng Sstelo BLuBlS fbateiRsullBioia e hier

coﬁmbdundstaremomm)lmdsrtbaemhfbmd}ﬂgﬂeveﬂﬂhhbldxﬁliatlohﬂﬁ?copper
i ncl.u i mtation, acetam dophenol,

E@W‘HSﬁ ot ﬁBFag}%m{D%@f&%Pwndc%ﬂﬂfaéfail wighin onei ormATe:of these
infABIt&k: ty ?éQYrQﬂlSH@’ R e ﬁrgﬂ‘é'tlgn Q&éféﬁlfc?ot HeWoPaa?r‘?InSphenol

mer capt an corrpounds such as 'mer capt ot'hi-azdll
aSﬁ@rmtascldeca%olamd cinnamic acid, dihydroxybenzoic acid, glucose,

imidazole, mercaptan compounds such as mercaptothiazoline, mercaptoethanol,
mercaptopropionic acid, cysteine, mercaptobenzothiazole,
mercaptomethylimidazole, methoxyphenol, tannic acid, thioglycerol, salicylic
acids, thiosalicylic acid, triazole, vanillin, vanillic acid, and mixtures thereof.

In certain cleaning applications, such as applications in which the cleaning -
chemistry is highly corrosive to copper, it is preferable to utilize a film-forming
compound as the inhibitor compound in the cleaning solution. However, certain
film-forming inhibitor compounds (e.g., triazole compounds such as
benzotriazole) form thick film layers on the substrate surface being cleaned,
which can have the effect of preventing removal of certain residues from the

substrate surface and less effective cleaning. The use of one or more mercaptan
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mer capt opr opi oni ¢ aci d, cysteine,

nmer capt obenzot hi azol e, nercapt onet hyl i m dazol e,
worbtdtorigpabenol , tannic acid, thioglycerol, sal PCYIBm07/000566

acids, thiosalicylic acid, ¢riazole, vanillin,

vanillic acid, and m xtures thereof. In certain

p : .

oo B e B €0 By GG PSEC0R, it b
providies gpth@tf fiihakiyer traat wifiektively inHibitsof prevents comgslomdf asetals

t he i nhi bitor conmpound in_the ¢ e?nin SO

| .Ng.. tion. .
sUgh s, ePPer N tiesubsirale SfaGeRyWhie: %"tt%?ngseﬁﬁ%tmed@eamng of
b T SRR e Repe iR R g, S
metoaptasopidnichcid amdraysteindearefery effettive ieviehibiting corrosion of
rempval . of certain residues fromthe substrate surface
thg sy ﬁ%@@e%f & ive cleaning. The use of one or nore
mer capt anconpounds (e.g., mnercaptan conpounds that do

not include benzotriazole) provides a thin filmlayer
Thehaleasinigesalitiensycambirtbier inaludepany eanveriinnabandior ether types of

sJBb fodiick, et shftEbaRfy slfihy e Siditae PoRsliete oveol
oriolyepylehe ghedli stal)ahat ertizhpithe paifomrighte addiatfact of the

such as nercaptopropionic acid and cystei ne, are_very
cleaning solions. iReiesRENPiRy avr o PHMOse Stiiablgdyres af surfactants,

r T : i nQ. i t f
SR8 T SHIFAEL AT O BB i85 iRactans,
cardige brongged i the, cleamihgsbhntions ts enblnog wadting of isydrbphsbic

pol yet hyl ene gl ycol or pol ypropyl.ene glycol, etc.)
sirfages b éh‘b%tﬁ%te@“’m&r%@@g angligat of the

cl eani ng solutions. For exanple, any one or nore

sui tabl e types of surfactants, such as non-ionic,
T tleaning saltiiars can insludeciromrabouaBdé to abogii% ycweight of the

surfactants, can be vi.ded in cl eaning.sol utions
b33 eaaRUEOS o Dok Orpete S AbBHE SRy RERL B SfRdr o
o@%ﬁ%‘écﬁ@ ®o duﬂ@scér?diﬁ?&gt @R tEabORTB% biReightaNbmd or more

ol utions can include fromabout 3%to about 12% by

inhibitghcompothds iragisuitallesmivant suth as daionized w2des. t o

about 5% by wei ght of one or nore organic acid
conpounds, and about 0.1%to about 5% by wei ght of one

It & néfelenhhihiebé Waligiftgyarestnageiranges tifepld) endiRite® dleadiie)

as dei oni zed water. _ _
solutions, and such cleaning solutions are preferably diluted to suitable
concentrations prior to being used in a cleaning application. For example, the
cleaning solutions having chemistries within the weight percentage ranges as
noted above can be diluted from about 50 times to about 100 times with
deionized water while ensuring an effective cleaning of a substrate surface at

such diluted levels.

Preferably, a diluted cleaning solution includes from about 0.05% to about 0.2%
by weight of the basic compounds, from about 0.002% to about 0.1% by weight
of one or more organic acid compounds, and about 0.004% to about 0.1% by

weight of one or more inhibitor compounds in deionized water.
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It is noted that these wei ght percentage ranges refer

to undiluted cl eaning solutions, and such cl eani ng
weabartiions are preferably diluted to suitabl e PCT/IB2007/000566

concentrations prior to beimg used in a cleaning

appl i cation. For exanple, the cleaning solutions

INéYé BLeGBRIF Sl REmBht, gi arqeéﬂ'ﬁ g% & lﬁelheggfa%ﬁt W lﬁveigm

as not ed above can be ute from about tines
o bdéH, Ehout Bieby weightddiisorirepanaelatmane, vahdue 2%119;4 mmghtanf

cl o t.rat rf t
gV iE et alarBOuBTaf by ey i Rap i Sriafag i detonized
wsﬁdrurnm@somﬁbn@@ﬁ e @intédasbue@fifcsGoalmtl ddndéniition of
wei &?t of the basic conmpounds, from about 0.002%to

0@"/01bwr@§ghx@f JMAID; alosie (b1 0Hoseprapgaalamiaei @bout 0.033%

o B S8 AR Sy PSR PR P D B onc

acidén elmamiarwatgrbodl ment, a cl eaning soI ution includes
about 3% by wei ght of TMAH, about 6% by wei ght of
i sopropanol am ne, about 2% by wei ght of salicylic

P dinoPoseARRIY ohiBdeimf, dieAlindBbRABRIAEARES BhGLPEY Y
el oni ze ter. I'S’'so can out
We@htt ofrseptapandiamale, abouebor layt weighbfof edirnmoemw@%m ethanol,

f T b % i | - s
S S eI A SroTeis A AN i T B MGt & sdedic acid in
dabn%u%tepf Tﬂ%ré‘cﬁlﬁ’ﬁcﬁpéé’rpbé @'ulﬁ;oe%céﬁbdt%o%héf‘ k# 89inal

wat er. |In another exenplary enbodi ment eani ng
C@tﬂamltﬂabnniqﬁ@bodb@.1&bbumeﬁghlh§i iseprghanolamine, about O 0833% by

wh P RO oMY Bftano! dhat D G5 Pweight ofpscorbic acid,
aiR$ apobi @. 0251’/cdby QreigHTeklidylieadhy ingeiehize8fwaat.i cyl i c
acid in deionized water. his solution can be dil uted

about 60 tines to a final concentration of about 0.1 %

THY o 0 PR SRR AR PR e QRSB i
thefbassie coibpounds, coneeodmabo utghid2&ithdoympeirafstaref one or more
'nE alicylic acid, in deionized water. The cl eaning

titar P%W@OEBQ%M geionigeseatenin aay priakle é@armerrﬁq(aw frma
g%ﬁlﬁfl’gllﬁh{ﬁ& E;Egogé‘?r‘l )‘(‘tu?é’gp%”go?npé’&‘ﬁdsoirn R FeMifG 8bfition. The

conpounds and one Jor
cleaning solution chemistry is further prepared such that the pH of the cleaning

solution is preferably within a range from about 7 to about 12. For example, for
cleaning solutions that do not include TMAH, a suitable cleaning chemistry can
be prepared such that the pH of the cleaning solution is in the range from about 7
to about 11, preferably from about 9 to about 10.5. When TMAH is provided as
one of the basic compounds in the cleaning solution, the solution chemistry can
be prepared such that the pH of the cleaning solution is in the range from about
11 to about 12.

Upon obtaining the desired concentration for a cleaning solution (e.g., by
appropriate dilution with deionized water from initial concentrations to desired
cleaning concentrations), a cleaning solution is applied in any conventional or
other suitable manner to the surface of a substrate. In an exemplary
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I nhi bi tor conpounds in deionized water in any suitable
manner so as to forma generally honobgenous m xture of
woheo7cieomounds in the cl eaning solution. The cleamBng7/000566
solution chem stry is further prepared such that the
pH of the cleaning solution is preferably within a
et ERO B ERiebndudter %@éﬁls brovided wﬁh%ﬁﬁbé reén@hs formed in the
cl eaning solutions that do not include T
welenais wita |ceaneh@t@menne¢tsyh@teafet¢@p|@s@©@ireatcmdnmteaazlong the

Wl A, Sonte it R 48 8 Pedtble) Tk ol i s el

p[bihaﬁze&’\hlemgTé/@MP%r@é@é dedieaniresolofiort havihgs Suitable chemistry
npounds in the cleaning solution, the solution

a8 W@ﬁp@,@@dja%\‘e sethgPapplied te tht%hme whter surigee dma post-CMP

u t
oERHY 5oB5L 1 ThERhRacg s SRS MBI e Ytercurace
can @qunfang]edofartemmnme oy brdwnr@omr sgrubbing tHe lwdfepsurface with
wi th dei oni zed ter frominjtial ncentrations

NECIPRAIBISOMEIAM §Y SHRRUNG the FlsasINg %P?%ﬁ'%ﬁnwgthgmf@r gHrface, by
irhfePSRY b?goﬁﬂnggﬁb Sﬁﬁwb%ﬁgr N a Brle ftﬁ%‘cﬂ@ﬁﬂlﬁg solution, and
manner-to t rface of a substrate. I'n

cembingitiang éndredi.nent , a seni conduct or vvafer i's provided

wWith active regions forned in the wafer and with

copper interconnects that are deposited in etched

The resanmPBolutibes Weber béﬁ“gb&ﬁé“é‘@c\yervﬂeﬁ‘ﬂéch\‘i@ irffdnhdfing metal
regions. The wafer surface has beeh planarized usi n%
oPipaades othes residans figns slsubsbat aag during pastl @MP cleaning

oF RSB} Ry eRHny ¢ A gk SEEb 8 p s, o

cleafirgssolutidies deutrivetliatdvelthah@vdid efnuse o TIMAH @hovidié %afer and
the wafer surface can be performed, for exanple, by

mere AViNBENERY AosERiRNIS ENeRISSies ur face with the
cl eani ng solution, by spraying the cleaning solution
onto the wafer surface, by i mrersing or soaking
Hpeingi deseribéd oeelatkeline solatib@sforqiost TR Ickamim®processes and

solutio C tions thereof. The cleaning
o3reRariis Belasdian CRAVAD s B IcBRlcior ROBHGTeN Aurfaces with
su NUtiGhdT8E ilbeliele@ Mt ey ﬁb%@fﬁgﬁ"?né §2tidHESs Bh@Bhanges will
strate 'surface during post ani ng processes
bwsuggeefiedttMIumsegskllrm sutbstarhineviéwarhtise tdaohéngosetdsitbrnerein. It
isltﬂel%qgrlettlo%é understood that all such variations, modifications and changes

are believed to fall within the scope as defined by the appended claims.
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cl eani ng sol uti ons descri bed above that avoid the use
of TMAH provi de safer and nore environnental |y
weeeEptiecabe chem stries. Having descri bed novelPCT/1B2007/000566
al kal i ne solutions for post9CWVP cl eani ng processes and
correspondi ng nmet hods for cl eani ng sem conduct or
conponent surfaces with such solutions, it is believed
that other nodifications, variations and changes w | |
Cchémstiggested to those skilled in the art in view of
the teachings set forth herein. It is therefore to be
undet-st oot ClerRinch$PIULQR KONWNISEG ons, nodi fi cations and
cha I t T
O3 1 p L Cap b bl RGP AStng o
orgahm;tamlmes@mﬂrqwtemamarﬁraamum mpdrozisies; conpounds
sel ected fromthe, grq consi stl ng of organi c am nes

and %}d%%%tm&rvgém%ﬁ'@ﬁp at | east one

Or 98 hferéshidn €8 and a msrcapt an conpound. 2.
The ngéutl on of ai m 1, wherein the pH of the

solution is in the range from about 7 to about 12. 3.

Eggi °! u%ﬁ@@t g():rlﬁg)lf regéﬁl bhgnﬁﬂfe h%a%olutton is in the

rah?éﬁ‘@ﬁ?fabbjhtﬁmﬁb&mi‘ydmx' de. 4. The sol ution of
aim1l, wherein the mercaptan conpound conprises a

mercapt o carboxylic acid. 5. The solution of claim 4,

vvher int t r
o R BT e R 5 Mg SRR ifounce
|n§lQHétan0cbrg@ﬁ|d3érﬁlrf@ dnd wWhemesthyt hentmiuhinyadrddde a
suitabl e conposition such that, upon about 50 times to

about 100 tines dilution with de| oni zed water, the

dilu ed omﬁfé t ut
0. 05% tosgﬁbég%élago'gg/)f 8% rEPQﬂﬁerﬁgricaPeast t%aﬁ&)
cdvaysiiise sca mMpvomots Oaﬂbd))k}&ICdadldlt ed sol ution, about 0.002%
to about 0.1 % by weight of the at Ieast one organic
acid in
5. The solution of claim 4, wherein the mercaptan compound

comprises at least one of mercaptopropionic acid and cysteine.

0. The solution of claim 1, wherein the solution has a suitable
composition such that, upon about 50 times to about 100 times dilution with

deionized water, the diluted solution has a composition that includes about 0.05%

. to about 0.2% by weight of the at least two basic compounds in the diluted

solution, about 0.002% to about 0.1% by weight of the at least one organic acid in
the diluted solution, and about 0.004% to about 0.1% by weight of the mercaptan

compound in the diluted solution.

7. The solution of claim 1, wherein the solution includes tetramethyl
ammonium hydroxide, isopropanolamine, salicylic acid and mercaptopropionic
acid.



the diluted solution, and about 0.004%to about 0.1 %

by wei ght of the nercaptan conpound in the diluted
weabartiieny 7. The solution of claim1, wherei nPCiAB2007/000566

solution includes tetranethw ammoni um hydroxi de,

I sopropanol am ne, salicylic acid and nercaptopropionic

acid. 8 The solution of claim1, wherein the solution

is substantially free of quaternary anmmoni um hydroxi de

conp8unds The soitiionsef|alainoh, whersimthe 99lutivie iscsubstartially free of

r ' id o c nd.is a conpl exi ng agent
qugﬁé%ggﬁpﬁm%gnhﬁygﬁggﬁ?ﬁggggFSQ%on conprising: at
| easd. t woThegaNitionasTilgint 9 WRGHRES thepht Ibasisdne®BRyanic acid
organi ¢_acid conmpound; and an i nhi bitor conpound t hat

COMRPBNE ¢S 8 SOMPIPERY GoerbloiicopP@her ein the solution is
substantially free of quaternary ammoni um hydr oxi de
compounds. 11. The solution of claim 10, wherein the
i nhi B0t or A cleaaimydsalotigy ce@prigingant i oxi dant t hat
inhibjts revents the oxidation of copper. 12. The
sol u?i IS’ﬁsg{E‘NCEP'EQQWGl@m'%%?’EPHU@% i nhi bi tor conpound

COMPE{ 85t GnaBICARS BEACRAMIY; ahd, The sol ution of

claim 10, whereint tion ;i ncl udes
i sopaoparibiteméamepoyrehihad éthilyitsacormasien bammstalsascor bi c

acid and.salicylic acid. 14. The solution of claim 10,

aner 8PRTGIRdne, BEuH6R REsdhatinsall Te ProtsEMatH PG
hydtoMide cdrp@iifyyt 11. 15, The solution of claim 10,

wherein the pH of the solution is in the range from

about 9 to about 10.5. 16. The solution of claim 10,

ooer P i JoieBAY Rl . 98 In ARBPESMpotnd comprises

conpl €xi ng
an antioxidant that inhibits or prevents the oxidation of copper.

12. The solution of claim 10, wherein the inhibitor compound comprises

a mercaptan compound.

13.  The solution of claim 10, wherein the solution includes
isopropanolamine, (aminoethylamino)ethanol, ascorbic acid and salicylic acid.

14.  The solution of claim 10, wherein the pH of the solution is in the
range from about 7 to about 11.

15.  The solution of claim 10, wherein the pH of the solution is in the
range from about 9 to about 10.5.

16.  The solution of claim 10, wherein the at least one organic acid
compound is a complexing agent for copper.

17. A method of cleaning a semiconductor component, the method

comprising:
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17. A nmethod of cleaning a sem conductor conponent,

the met hod conpri sing: providing a cleaning solution
woaeoqviieiltmg at | east two basic conmpounds sel ecPew/1B200mM00566

the group consisting of organic am nes and quaternary

amoni um hydr oxi des, at | east one organic acid

conpound, and a nercaptan conmpound; and contacting a

surface of the sem conductor conmponent with the

cl egirboidirgph ¢ldaming d8utidmeompribing atfleasteive lasic wbmpeunds

the pH of the cleaning solution is.nth

segggg@ from they,grauP CORSISTig of IEIRIE FGYNES agsag an%;lary ammonium
S)EIH%Q dth&adtorle e&ﬁbnkv&l@ﬁgﬁ{ﬁoﬁnaaéﬁ%%%m#b@én compound:;

€ an organi c am ne an et ranet anmmoni um
arh)ydr OXI de 20 The nethod of claim 17 wherein the
nerca to car

e CEPLS, COTROUAL, CPIRE LSS oRB0F ERLRe RPN ceanng

sdi®drgpt an conpound conprises at |east one of
mer capt opropi oni ¢ acid and cysteine. 22. The method of
claim 17 further conprising: prior to contacting the

ol caflng ot DBRTERRLH 7 WRETBRAEAHY b8 duno selion i
inaRe vn frbhﬂ@@odtcr @iyt 420 time with dei oni zed water
such that the diluted cl eaning solution includes about

0. 05%to about 0.2% by wei ght of the at |east two

basi ) "Br?éiﬂ%?hécﬁ'o? Elghrﬁ'1l7u9\ﬁ1%réﬂlt ‘%a?féas?mb“brgarqg%é%e

to a e at east one or

camapeunds hbﬁld@ldmbmnﬁpémlnmand totchradibyt afn@domt lyydroxide.
about 0.1 % by weight of the nercaptan conmpound in the
di luted solution. 23. The nmethod of claim 17, wherein

the 50! ut 108 rdlfibd 8PSl WRicyh REFRHHAI AR
Icylic acl

i sopropanol am ne and ner capt opr opi oni ¢
camprisela niéreapietdesboxyflicdcd.m 17, wherein the sol ution
is substantially free of
21.  The method of claim 20, wherein the mercaptan compound

comprises at least one of mercaptopropionic acid and cysteine.

22.  The method of claim 17, further comprising:

prior to contacting the surface of the semiconductor component with the
cleaning solution, diluting the cleaning solution from about 50 times to about 100
time with deionized water such that the diluted cleaning solution includes about
0.05% to about 0.2% by weight of the at least two basic compounds in the diluted
solution, about 0.002% to about 0.1% by weight of the at least one organic acid in
the diluted solution, and about 0.004% to about 0.1% by weight of the mercaptan

compound in the diluted solution.

23.  The method of claim 17, wherein the solution includes tetramethyl
ammonium hydroxide, isopropanolamine, salicylic acid and mercaptopropionic

acid.
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amoni um hydr oxi de conpounds. 25. The nethod of claim
17, wherein the at | east one organic acid conmpound is

wea 20@0nmbAaxi ng agent for copper. 26. A nethod oPCT/1B2007/000566

cl eani ng a sem conduct or coanrponent, the nethod

conprising: providing a cleaning solution conprising

at least two organi c am ne conpounds, at |east one

organi ¢ acid conmpound, and an inhibitor conpound t hat

i nhi Bitt s The musthod obtlaimat &, syheanbiar tbiersoliencik esabistegtially free of

solution is sybstantially free of amoni um hydr oxi de
AR BNRTaNHE COMPAUIISY o surface of the

sem conduct or conponent with the cl eaning solution.
27. The nethod of claim26, wherein the inhibitor
conpddnd Ehepretbed oh cladmchpivherennpedldeast@nemrganic acid

| aj [ i nhi bitor conpound
C@ﬁhgﬁﬁggga%Rﬁgﬂ%&@%?ggﬁ{ﬁ¥%8bggkhibits or prevents the
oxi dation of copper. 29. The nethod of claim 26,
wherein the cl eani ng solution includes
i sop2®pandi raﬂﬁhﬁé,of@ieﬁmwﬁrﬁﬂnaﬁpﬂ@)cé@hg@mppna% hapmethod
Cﬁﬁéﬂgﬁﬁd salicylic acid. 30. The nethod of claim 26,
reirA the pH of the cleaning solution is in the

r angprdviding alodedinidg tsolugibawonidrisidy 4t leBsetwe blgahiobmine
claim 26, wherein the at | east one organi ¢ a.Bi d
ORI 3t LAt CBRTEA A EAPPUT B aR InAIbIOr compound that

inhibits corrosion of metals, wherein the cleaning solution is substantially free of
ammonium hydroxide compounds; and
contacting a surface of the semiconductor component with the cleaning

solution.

27. The method of claim 26, wherein the inhibitor compound comprises

a mercaptan compound.

28.  The method of claim 26, wherein the inhibitor compound comprises

an antioxidant that inhibits or prevents the oxidation of copper.

29. The method of claim 26, wherein the cleaning solution includes

isopropanolamine, (aminoethylamino)ethanol, ascorbic acid and salicylic acid.

30. The method of claim 26, wherein the pH of the cleaning solution is

in the range from about 7 to about 11.

31.  The method of claim 26, wherein the at least one organic acid

compound is a complexing agent for copper.



