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BACKGROUND 1. Field of the Invention [0001] The present invention rel ates

t o sem comgduoticn7sdsabri cati on. More specifically, the pregemus2onvenbON
relates to fornul ati ons and nethods for cleaning a substrate surface, and
nore specifically, for renoval of corrosion products froma substrate
surface. 2. Description of the Related Art [0002] Semi conductor devices are
used in products such as cell phones, radios, televisions, etc. The

sem conductor devices include integrated circuits that are connected by
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sem conduct or device size and the use of low dielectric constant (|l ow k)
interlayer dielectric (1LD) insul /A" bterials, obtaining reliable

sem conductor devices is becom ng Amr«.aRd nore chall enging. In particular,
reliability problens occur at interfaces of the copper (Cu) wires and | ow k
I LD material in the formof |eakage, electrom gration, stress mgration,
break down voltage, and tine depBg@§E§éﬁﬁﬁectric breakdown (TDDB), etc
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[ 0004] El achéselipion i it RelafPfrecan be used in el ectronic devices to inprove
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materials, obtaining reliable semiconductor devices is becoming more and more challenging.

In particular, reliability problems occur at interfaces of the copper (Cu) wires and low k ILD
material in the form of leakage, electromigration, stress migration, break down voltage, and
time dependent dielectric breakdown (TDDB), etc.

[0003] The dielectric layers are subject to surface contamination during the
manufacturing process (e.g., Cu chemical mechanical polishing (CMP) or electroless plating
of a metallic capping layer, such as cobalt tungsten phosphorous (CoWP)). These
contaminants are charged and mobile, especially under stress, such as high temperature and
electric field. The mobility of these contaminants can cause high leakage currents, and may
cause damage to the dielectric materials when they move along the interface.

[0004] Electroless plated caps can be used in electronic devices to improve the
electromigration and stress-migration properties of metallization structures. Electroless
deposition processes are wet chemical processes. Such processes are often used with wet
cleaning processes to clean the substrates. Although liquid solutions are known for numerous
cleaning applications, the present inventors have recognized a need for new and/or improved
cleaning solution formulations and methods suitable to clean substrates for the manufacture of
electronic devices.

[0005] It is in this context that embodiments of the invention arise.



[0005]1t is in this context that enbodi ments of the invention arise. WO
2011/ 078982PCT/ US2010/ 059968 2 SUMVARY [0006] This invention pertains to
fabri cat iwo 20f1/0e8®et r oni ¢ devi ces. Mre specifically, tReTIUS?@FDRS
pertains to treatnent solutions for renoving corrosion product from
substrate surfaces. [0007]1n one enbodinent, a treatnent solution is
configured for application onto a wafer surface which includes a netallic
capping layer. The treatnment solution is effective for rinsing corrosion
product of the nmetallic capping |lagyer fromthe wafer surface while reducing
corrosion of the netallic cappi ng%@[ 0008] I n one enbodi nent, the
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for rinsing corrosion product of the metallic capping layer from the wafer surface while
reducing corrosion of the metallic capping layer.

[0008] In one embodiment, the solution includes a surfactant. The surfactant is
configured to enhance wetting of the wafer surface and to inhibit further corrosion of the
capping layer. Additionally, the solution is maintained at a pH of approximately less than 3
during the application onto the wafer surface.

[0009] In one embodiment, the surfactant is configured to form a self-assembled
monolayer on the metallic capping layer.

[0010] In one embodiment, the surfactant is an amphoteric surfactant.

[0011] In one embodiment, the concentration of the surfactant in the solution is
approximately in the range of 10 ppm to 2000 ppm. In another embodiment, the
concentration of the surfactant in the solution is approximately in the range of 300 ppm to 700
ppm.

[0012] In one embodiment, the treatment solution further includes a complexing
agent. The complexing agent is configured to bind to corrosion product which has dissolved
off of the wafer surface and into the solution. The complexing agent may be configured to
prevent redeposition of the corrosion product.

[0013] In one specific embodiment, the complexing agent is selected from the
group consisting of hydroxyethyl diphosphonic acid, oxalic acid dihydrate, phytic acid, and
pyrophosphoric acid.

[0014] In one embodiment, the concentration of the complexing agent is
approximately in the range of 0.05 g/L to 20 g/L.. In another embodiment, the concentration
of the complexing agent is approximately 1 g/L..

[0015] In one embodiment, the treatment solution further includes a pH adjusting
agent. The pH adjusting agent may be configured to reduce the pH of the solution to

approximately less than 3 during the application onto the wafer surface.



approximately in the range of 10 ppmto 2000 ppm In another enbodi nent,
the concentration of the surfactant in the solution is approximately in the
range of wWOQoppirsdse 700 ppm [0012]In one enbodi ment, t RETIUSR@DOBIVES
solution further includes a conplexing agent. The conpl exi ng agent is
configured to bind to corrosion product which has dissolved off of the

waf er surface and into the solution® The conpl exi ng agent may be confi gured
to prevent redeposition of the corrosion product. [0013]1n one specific

enbodi nent, t onp] exin ent is selected fromthe gr cqnsi sting of
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pyrophosphoric acid. And the treatment solution further includes a pH adjusting agent, the
pH adjusting agent configured to reduce the pH of the solution to approximately less than 3
during the application onto the wafer surface, the pH adjusting agent selected from the group
consisting of hypophosphorous acid, methane sulfonic acid, sulfuric acid, triflic acid, and
trifluoroacetic acid.
[0019] In one embodiment, the solution does not significantly inhibit the
functionality of a recirculated deposition solution used to generate the metallic capping layer
in the case of cross-contamination with the deposition solution.
[0020] In one embodiment, the wafer surface includes regions of a dielectric
material, the regions of the dielectric material having the corrosion product of the capping
layer situated thereon prior to application of the solution.
[0021] In one embodiment, the dielectric material has a K value of approximately
less than or equal to 3.0.
[0022] In one embodiment, the metallic capping layer consists of cobalt or a
cobalt alloy.
[0023] It is to be understood that the invention is not limited in its application to
the details of construction and to the arrangements of the components set forth in the
following description. The invention is capable of other embodiments and of being practiced
and carried out in various ways. In addition, it is to be understood that the phraseology and
terminology employed herein are for the purpose of description and should not be regarded as
limiting. Other aspects of the invention will become apparent from the following detailed

description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.



[0018] I n one enbodi ment, a treatnent solution includes a surfactant and
further includes a conpl exi ng agent configured to bind to corrosion product
whi ch haswoi2esial7s®d of f of the wafer surface and into tReTASRAIOSNYSS t he
conpl exi ng agent being selected fromthe group consisting of hydroxyethyl
di phosphoni ¢ acid, oxalic acid dihydrate, phytic acid, and pyrophosphoric
acid. And the treatnent solution futther includes a pH adjusting agent, the
pH adj usting agent configured to reduce the pH of the solution to
approximately less than 3 during the application onto the wafer surface,
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invention.

[0031] Figure 4 illustrates a treatment solution for cleaning corrosion product
from the surface of a substrate, in accordance with an embodiment of the invention.

[0032] Figure 5A illustrates a cross-sectional view of a processing chamber during
a deposition process, in accordance with an embodiment of the present invention.

[0033] Figure 5B illustrates a cross-sectional view of a processing chamber during
a cleaning process, in accordance with an embodiment of the present invention.

[0034] Figure 6 illustrates an example of a pattern for aiding in detection of the

outer frame of a display, in accordance with an embodiment of the invention.



[ 0024] The invention will be understood by reference to the foll ow ng
description taken in conjunction with the acconpanying draw ngs in which:

[ 0025] Fi gmoeoiAd7sdstustrat es a cl ose-up vi ew of a sem comrdmaAtSEE10i064968 connect
after a CWP step, in accordance with an enbodi nent of the present

i nvention. [0026] Figure 1B illustrates a close-up view of a sem conduct or
i nterconnect after an oxide renoval®step, in accordance with an enbodi ment
of the present invention. [0027] Figure 1C illustrates a cl ose-up view

of a sem conductor interconnect after_a capping step, in accordance with an
enmbodi ment of the present inwwre 2A illustrates a
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dielectric and a metal, such as copper.
[0002] Embodiments of the present invention will be discussed below primarily in the
context of processing semiconductor wafers such as silicon wafers used for fabricating
integrated circuits. The metallization layers for the integrated circuits include copper for
metal lines formed into damascene and/or dual damascene dielectric structures. The copper
metal lines have electrolessly deposited caps. Some preferred caps are multi-element alloys
such as cobalt alloy, cobalt-tungsten alloy, cobalt-tungsten-phosphorous-boron alloy, cobalt-
nickel alloy, and nickel alloy. Optionally, the dielectric is a low k dielectric material such as
a carbon doped silicon oxide (SiOC:H). However, it is to be understood that embodiments in
accordance with the present invention may be used for other semiconductor devices, metals
other than copper, caps with metals other than nickel and/or cobalt, and wafers other than
semiconductor wafers.
[0003] For some applications, cleaning solutions according to embodiments of the present
invention can be used to clean substrates after deposition of the cap. The cleaning solutions
may be capable of removing contaminants such as ions left on the dielectric surface between
the capped copper interconnect structures. The removal of such contaminants may produce
results such as improved leakage current properties, improved voltage breakdown properties,
and improved time-dependent dielectric breakdown performance.
[0004] Additionally, cleaning solutions according to embodiments of the present
invention may be used in conjunction with wet transfer systems, wherein a wafer is
transferred or otherwise transitioned from one processing step to another while maintained in
a wet state (i.e. with a solution such as the presently described cleaning solutions present on
the surface of the wafer). In such wet transfer systems, the cleaning solution may act to
reduce or prevent contamination of the wafer surface and other problems associated with dry
transfer of a wafer, such as contamination by droplets, airborne particles, and the attendant
complexities of drying and rewetting the wafer surface, etc. Additional details regarding wet

transfer systems are provided with reference to U.S. provisional patent application no.



fromthe surface of a substrate, in accordance with an enbodi nent of the

i nventi on. [0032] Figure S5A illustrates a cross-sectional view of a
processi rgochamoess2duri ng a deposition process, in accoPdRNISR0MIOFI6RN
enbodi ment of the present invention. [0033]Figure 5B illustrates a
cross-sectional view of a processi ng chanmber during a cleaning process, in
accordance with an enbodi nent of th® present invention. [ 0034] Fi gure
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t he presesnbon- doped silicon dioxide, etc. with dielectric constants below about 3.9. Ultra-low
dielectric constant dielectric materials are dielectric materials having dielectric constants
below about 2.5. Examples of such materials include commercially available Teflon, Teflon-
AF, Teflon microemulsion, polimide nanofoams, silica aerogels, silica xerogels, and
mesoporous silica.
[0008] The dielectric layer 14 has been processed to have a channel or via formed therein,
which is lined with a barrier layer 16. The barrier layer 16 may be composed of materials
such as tantalum (Ta), tantalum nitride (TaN), titanium (T4i), tungsten (W), alloys thereof, and
compounds thereof.
[0009] The barrier layer 16 is filled with a conductor 18 such as copper (Cu), aluminum
(Al), gold (Au), silver (Ag), alloys thereof, and compounds thereof.
[0010] With reference to Figure 1B, a close-up view of the semiconductor interconnect 10
after an oxide removal step is shown, in accordance with an embodiment of the present
invention. The oxide removal step removes the oxide layer 20 of Figure 1A.
[0011] With reference to Figure 1C, therein is shown a close up view of the semiconductor
interconnect 10 after a capping step according to a first embodiment of the present invention.
[0012] A capping layer 22 is then deposited on the barrier layer 16 and the conductor 18.
The capping layer 22 can be a metal or metal compound such as cobalt (Co) or cobalt
tungsten phosphorous (CoWP), cobalt tungsten boron (CoWB), cobalt tungsten phosphorous
boron (CoWPB), etc., deposited by electroless deposition.



invention can be used to clean substrates after deposition of the cap. The
cl eani ng solutions nay be capable of renoving contam nants such as ions
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layer 22. Hence, it is desirable to 1nh1b1t the corrosion of the capping layer 22 caused by the

acidity of the treatment solution 30.

Surfactant(s):



[0013]Wth reference to Figure 2A a treatnment solution 30 is shown, in
accordance with an enbodi nent of the present invention. The treatnent

sol ution 80 20nal78edes a surfactant 32 that al so acts as @&CTAISR@PI069968
inhibitor, a conplexing agent 34, and a pH adjuster 36. Optionally, for
sone embodi ments of the present invention the cleaning solution is an
aqueous sol ution. However, other enbodi nents of the present invention may
be non-aqueous cl eani ng sol utions wherein a non- aqueous liquid is used

the. sur 1 S008F Cates i gD BTho e poRER: SURPat) Gt IFRS SUBGERRLE a0

i ncl udes whegi MaSacaf asan cirfk@a tifilibitok4 @mdneﬂgrgh@ﬂaatﬁlfantasombal3blrﬁay0@mhmg | ayer
20. During and follow ng prior processing steps . arinse step with Dl

wat er f oPIBWHE A8 B34 4nbn 16f sthEtapbralTr ‘]Gesc%]ﬁﬁflﬁﬁcel tﬁ’g‘ﬁé‘?n 9lothe t@é‘i“fe(‘}%l on of

t he cappkfgtidned(e thedBy PRYNGHGE dlloqudtD el bk bbtAShCOEIEQSE O d%%ﬂgl £doioBS ofrBY
consi st of various oxides and hydroxylated netal ions which are adsorbed on

t he surf &eesubfiraiend) whysinplied By prmding|vredingestdhp pubstraie 4&rhe pb@iarest

wher ei n 4li€ pRARRL RG elv@ryﬁéanh{gfdflﬂﬁees%b&%l?@éu}facé Q@wél@%%&le@t@on(?&rtﬁ@sﬁib&&t@r oduct s
of cobalt nay i nclude various hydroxides and oxides such as Co(COH) 2

Co( OH) 3, s@fgoHomTB eteyrpBrbomepadiclegt c. [ 0016] I n order to pronote
desor pti gy Pf t f@ﬁlec&rtBQ%&ﬂ?l%r SAHGE suRBedhi éoﬁ,' g b%%fsaaﬁﬁ%&all} gbfot&%t%ﬁé rate

40, general treatment sol utions according to enbodi e present
i nventi onamvalgelasa:r pHawf inbipip tiexcorratied §f thesppinh dayeo?? isguratkeatngen8sol@pii3dnal |y,

the pH o I han 2 r, sonme
enbodi ma%? L Q(Sgé néﬁ }Cg%ﬂ% o t?éaln?%}lt rgﬁﬁﬁtlglfseécgﬁlﬁm}gn@en |Og§ﬂ%h?1§c P%giee ]flfﬁée%’nt
t r eat meninvemicnt aro rcohfag/umg s@ aplfb @feambhmbub]strﬁe tvathl néligibie oesdtaiantiglybodi ment s,

t he pH e a e 0017 H of the tLreatnen

o ubt onreer BRGNP e timite B 20T ahE Bpout Bors 8RR R f ace
of the sutmide@tr&nﬁﬁdmwua of thetph@egfifveaticn fof thidpargusgh concentrati on of

hydr ogen [ concentrati n of en ions es the

DT 9N o3P B Strtasta 3o S EEE R Rt B Yl R et R 2 Bl ot | o

hydr ogenidwpe. MEEBSRiRame 5@ @0 of eRGUHRMEE hindy &f e¥yhgiedipetal ions,
thus releasing the netal ions; and as the netal ions are p03|t|velﬁh
rged

char ged, “@H%f}leé}y droghehig ¢l 4hq S(l:léfla?t?lt rl%?)t@nfeéldm@?’ S e Cfﬁ)ﬁggtlﬂ% |2‘§T ¢
surface @lrrdch@r SUBSE f@ afRotedR9 I8LHIRN howh REFiLAW 2Bl 0B fihed 9%1Tn§ egkfrent

solution 30, while pronoting desorption of corrosion product 38 fromthe
subst r at 82 mhlda}nétbltb thsriofregion o thp efppéngr lrss 28 slug fo thp @“‘é%ﬁpﬁ gl teggisrend

Hence, i {o1iord8F iah@R4s QO&/O;%IJI NRjuRivk a?f@&m%otﬁé Ql?él&ﬁlcofeg{olﬂg o? RPLIG YR 22
caused by the aCIdItX he treatnent "solution 30. Surfactant(s): 8
Embodiments of the invention include the surfactant 32 being configured to form a self-

assembled monolayer (SAM) on the capping layer 22, wherein the polar ends of the surfactant
molecules are directed towards the capping layer 22 and the hydrophobic tails are directed
away from the capping layer 22.

[0022] The surfactant 32 may be configured so as to remain bound to the capping layer 22
until the pH is raised to alkaline levels. Thus, during a subsequent rinse step with DI water
(during which it is possible to further corrode the capping layer 22), the capping layer 22
remains protected by the surfactant layer 42. However, when an alkaline solution such as a
deposition solution is applied to the surface of the substrate 40, then the surfactant layer 42 is
disrupted and dissociates from the capping layer 22. In embodiments of the invention, the
surfactant may be configured so as to be compatible with a deposition solution for the capping
layer. In other words, when limited amounts of the surfactant contaminate the deposition
solution, the functionality of the deposition solution is not significantly inhibited.

[0023] Numerous compounds are suitable for use as surfactants which also act as

corrosion inhibitors in embodiments of the present invention. A list of surfactants for



[ 0019] Therefore, as stated above, the treatnent solution 30 includes a
surfactant 32 which also acts as a corrosion inhibitor. Optionally the

t r eat mrentweabuti7ee3230 may contain nore than one surfact 20tr/USTé1e/052968 act ant
32 reduces the surface tension of the treatnent solution 30, thereby
pronoti ng adequate wetting of both the dielectric and capping regions of
the substrate 40 when applied. By ptonoting wetting of the substrate 40,
the surfactant 32 thus provides for even cleaning of the substrate surface,
as well as, protection of the substrate surface framdroplets and aijrborne
par ti ol cSPPERSHT ahdvoPresint ERET BRLGsY PPhE T AU dive Mnioric-br isinisg

subst ant calonye pueth@gdts,t henieapPisaFadtayer addhaatt | fthfabhits,t hevie@ionoskan of the
capping layer 22 in the treatnent solution 30. For some applications, the

t r eat mentORYPYMY HeersRic o PEMA Pl B ehBtHE AP SoPe tchRopimEaEnt! MsvEion are

confi gur @fles@nase {uPfabhR@Mat Hi9e SHRSE draliRonMelRan@glpsgi bl & or substantially no
reduction in the thickness of the capping | ayer 22. The one or nore

sur f act afi034lay IbeommemprisBeninokid FEseRs AN, tlitesupreau prelprably keRdYs for
this purppgempRASH dh8cat fRHaRN acRic MRYLSR] gf?ﬂf)' ot 8ch phte A k@igdctaye! y bind
to the capping layer 22 at low pH Mre specifically, the polar end of the
sur f act antay 3aclpden s a¢idict fiectivappgraegp Faymrpees ofppitaacing sompatbdphotithcaend of
the surf t 4ol Sei O8] ' ~ ct ant
32 thus. Tare sPSERLENKGH AL AGBT L0 FRARt I Bl D g T o
| ayer 22 gsolwimnc h Thehdidhic fenctibe! goup osiyda cofifigunal oagspd allow thegrot@ivdlayet o t he

G o1 oot r el 5 (L SEROFR oS B Khinilh, M 0BT QB i b B BEL 1O T

i ncl ude tifwssion fdetdiant 32 being configured to forma self-assenbl ed

nonol aye M .on the ¢ ing |ayer. 22.. wherei h ol .ar ds of the

sur fact altPRRb! b eGPl SRRRDE: o YESF oM B SR 4P s P95 Rant 4 he
hydgopPob?ﬁggaﬁbﬁa%mﬁnd&$gmymﬂgamayofN?Nuﬁmahgqumngéhame?nafmn@ﬁqaz]rhe
surfact an may be configured so.as to renmain bound to.the ¢ ing |ayer
35 unti | SR sturlaoPdiRg B 1ByrE ik osoa g ors R Bent
rinse stepiwiy Mublindealt ekyl( gidtpdNg SMTahhed tin IaScp@HEE Wid L@bddunédierof GRy r ode

t he capping layer 22), the capping |layer 22 remins protected by the
surfaptQH?@W5§@?§WQQP¢bﬂﬁWé?EuWﬁgﬁﬂéﬁmﬁlQ&F@ﬁ€w§BWﬁ@P%ﬁ“§B@WWé§CﬁeOf

deposi ti Qii@! dldiORurcBoRPRBE $uoh tdheafidkiiapBoPhatk NEnapGt kAtRakkOerct hen the
surfactant |layer 42 is disrupted and di ssociates fromthe cappi ng | ayer 22.
I n enbodil RPN §1uticRe apGoyding fooimetgrbodinentictl At PAsY BECTHBRITCYIYE €8° 80 as to
be compatjRl & Mbthis Prd&R S bhb@s RAbE @ {Rht IMBpHE AP RBRY 2H@YFm drnot her
words, when |imted anmounts of the strfactant contam nate the deposition
sol ut i onactiviecompaagnt oheh¢ tfgrnufation dor epsbssurfagants ol inphecbler eighsiogrihd | cant | y
inhibite SLuRE npounds are suitable for use as surfactants

whi ch a|§gﬁ%%$%§§ céréggigﬁginhibitors i n enbodi nents of the present

i nvent i of0028] | i $tenghllys wnfditat sndut of Yurkrbodistpovidedin trhdmpntembitions

I nventi Og ciop 1r|1 ut((j)etﬁé r%é‘le%t {nsenrg%% i[rll (r)?h;[:re\g rElO’theaepnil(%rr]ll Cf ssu%(f:tarﬁtir?‘ H‘I[est e, t(%naé:[ni oni ¢
surfactants, nioni ¢ surfactant's, anphot'eric sUrfactants, 2\ T ons and
conbi nat sadngort Retleatd s@dre thefsotdien sueffadtam dednory thorebsead add penidndf t he
pr esent i%vgption are.surfactantsft at _hav sulfatqvgr sul f onat e head
groups. [OBZSPPh PESHEOBREotiTRRINE T (AR pra<ERE TRRVEHR SOt {1ePSPF act ant
pr ef er ablinvegamahstrsat@ént acluasiR Roht@ihi cde Stimbacduattaiawith gachrof del difactidinct i onal
group. The anﬁﬂgteric surfactant may include an acidic functﬁpnal roup for
pur poses PEFCEHhGR EFHE U0 &?I?E‘ia\‘i()flflgnéﬁﬁ?‘?? ARl kAOP e RIED 8 PHISH @Bt i on
for the eapRungioaar. , Adndop@n faf it dia@inghelupbhsofccéilg tth eabs@®MENS 6F Ut i ON.
The aci dic functional %;oup may be configured so as to allow the protective
| ayer foﬂﬁéﬂﬁﬁvﬂﬁﬁ@F@b ‘é%ﬁ@ﬁ@#é%P@%@t%éﬁﬁP%@“W5VéF“WﬁnB@“H?@QH@?éﬁimhen
exposed {guRM@EIRhANE HBRASES JuBfnRQl dWrbifN.

[0027] In accordance with embodiments of the invention, the configuration and
concentration of the surfactant is selected so as to provide the desired pH level for the
treatment solution. The pH level may be adjusted by the presence of the surfactant so as to

promote desorption of corrosion product from the surface of the wafer.



[0025] I n certain enbodi nents of the invention, the surfactant may be a
betaine, or a zwitterion of a substituted al kyl derivative of N, N dinethyl
gl yci ne. wo20ne7essbodi nent, the surfactant is cocam dopropyiS2taesiose. The
surfactant may contain alkyl, fluoroal kyl, or partially fluorinated al kyl
groups. Surfactants in accordance W th enbodlnents of the invention may

i nclude an acidic functional group.l®The acidic functional group may be one
of various acidic functional groups, such as carboxyl, phosphate,

phosphi t te etc. Treatnent sol utions accordlng to some

enbodi ne gmg% Wesent i nvention include one or nore surfactants
present '[cnzapnumr@uﬁaiﬂgsbmgoﬁsr artoriUio tRbaReht® Ab@e tpredeRlOinP@itioh omay he
active conmponent of the fornulation for_each surfactant. The nol ecul ar

wei ght oPPY RIS s Mectudnf cpEplsying ég%%L khrotmp! T’@‘?ﬁz@ﬁ@e}f‘earcé‘i’rﬁ’;?g QR fecti ve
anount otmsedimest dMtthd prefin®VAREGoH theluli@AtIBiREnab giddf)é 9N%s 36 BRI Epang: bP the
present invention. In other words, the anmpunt of surfactant in the

t r eat menforSMERONBIEXPS WMl ises- by ¢ifpativalhiorae spmplexgssViy nelakiprrevhich

cl eani nghiReicsdBat frehenhd@8HeaPE, A gdn'ftgex%?gt W_hest QY (P AYERLLORAS idn@fid 0Si on
of the cap. For sone enbodi ments of the present invention the treatnent

sol ut i onsolem ailhs opracsoto provaat derhelek wnt rowi reHenssiting ontotthe wtﬂrfsaémnt s

pr esent t 0

Par s per il 1 Ao BE b ol st sl Ba JSARE RMREACRPSRBE o0 SRR 20 g
sol ut i onsingctepy ghegtht pHendyodérpasn ied ofise l‘ryérq@wbsgnand aricafion ofithe mhigl ivoy f act ant
IS prese rati bout 700 ppm and
all sub- rg%dn&glg u%gg%%g%ltﬁqeo?g?lg(g%g%ﬁb&%g%%%gégﬁﬁé%%eﬁ enbodi ment s of
the i nve[ﬁ(lZ@h tlhes ictsrrfoh@mpmteidohntamﬁommnmenf thatinvonticaafintlhde helcdp@eamg | S

| d ) d H f h
Thes o e 30 ubiRe BORe g shdS O Rl Bl C Rl o at AR R L O™

pronot e dasey picivdihg@il wdues 06 bah g3k aduahd fieant ﬁhhle3 S IAIS filarseateai atlgureaBer. 10

Conpl exi ent 0281 Tr t. sol. uti ans accor enbodi nents of the
o Ik A, Pl ot GRaeD e it R 48 T B IP 15T SUBRIeRY The

conpl exi RgnIGeBipR4 4266M fiH JdghpleRing ABEt 8Mbodi nent s of the present invention
i ncl udes functl onal groups so as to be capable of form ng conplexes with

metal i oH930By dir senplgengageal i MEy HinisveRBS oMY fwAstigtal BEHES WHIS EhDhav e

desor bed c{gapot RGusiab IRGRI oft e cleMR @XiiBe. RBRNMpedficARt Ge bOpIbARL hicae the
metal ions in solution. This serves to prevent the netal ions from

redeposi 154y @MY tiiteniiirene © and déetinsihe pHd depoliion ghastaynabeaipthsmdl t o

occurri ngfgggjemngm%gqgggbew%u@uch as a DI water rinse step) when the

pH may increase and cause hydroxyl ation and oxidation of the netal ions and
conseque 03l deposiptaxtng agtntclor logingsopttioauescodmetihembatimeeoiche prgnhaf er .

[ 0029] Th i elmh & odi t jﬁjmg | ude the
conpl exi Fl{%efggoéln&n %r}%el nll %%ﬁ ng}}g;g{rmes?fmgo&ahga?l oﬁgg ti ok QIY& %drllééﬂ IlItgrret al

i ons acr 6sgsng bigoald; émdrfgleplclﬁlelpH hydLm%@unﬂanSillgdlam@AphuMélMe@llofl Vodurhe | ess

t han and r illustrate t si.on product
38 1 dede ShuH FUNRTHd NG 7 st ST A N ot 122 P e fRRLBTERT P or e
a conpl exs ddkirwiytbly thik ecferongel eﬁ(ilstg)fagmplbxﬁgage[nﬁﬂ&@ibﬁﬂef dterphgethe pol ﬁghaent 34

may al so have one .or re fu ctl roups, so p
i ust ngEE BRI (L IS reb AT 081 R Er R el skl RAERT BT ERESD.
conpl exi pgropigeplioricSacll, ﬁ;adrc;@@allyh@enefdlmﬁmhbmbutzlldr(@ASo# @3do-at #eaks R@ovtlrhe pH of

h luti in h I | uti r | ow
tabguts ° 3uréls gtpdrgn?c gcsld te?haggl htygroxy q osp on}c a%ldc ore ﬁﬁbgg) p?lytLljc[ ac(l)cfI ma on?c bel o

acid, maleic acid, and mixtures thereof.

[0032] Generally, cleaning solutions according to embodiments of the present invention
contain an effective amount of complexing agent capable of functioning to form complexes
with the metal ions removed from the surface of the substrate and to contribute to the
maintenance of the pH at the desired level (so as to facilitate the removal of metal ions from
the surface of the substrate). The specific amount required depends upon the properties of the

complexing agent.



[ 0031] Conpl exi ng agents for cleaning solutions according to enbodi nents of
the present invention can be found in "Stability Constants of Metal-Ion
Conpl exeswolznowogsesec Li gands, Organi ¢ Li gands; and Supplpemarseoro/omgeg ar s
@Qunnar Sillen and Arthur E. Martell, 2 Volunme Set (Special Publication No.
17 and Suppl enment No. 1), 1972, whi ch is incorporated hereininits
entirety by this reference. A Ilst 14f conpl exi ng agents capabl e of
affecting the pH of the solution includes, but is not I|mted to, phytic

aci d, CAS # [6153-56-61 ophos hor| Cc aci
hydr oxyef‘hi??l ChEr SaesthsHRTE Ao piebsaR R SoBE S ATy romemiring

etidroni agene lrﬁl,geﬁfrhﬁnaﬁroutlo ohyedr exyo b/1l- di @bﬁs Eﬁl@@ulﬁlelﬁ§ Itlﬂa, céceddziiApf phytic
acid, malonic acid, maleic acid, and m xtures thereof. [0032] CGenerally,

cl eani ngC%Plﬁlp%?&enh‘é‘éb%%%o@é‘P@fﬁﬁBHF%‘P]? &op 25tk f\&f?‘é‘géﬁ'%fa‘?gﬁ%@ﬁ{“ﬁ?fh

contai n aprgf.fective amount of conpl exing agent capable of functioning to
form corrpl exes with the netal ions renoved fromthe surface of the
subst r at HaMiu¥sGEont ri bute to the mai ntenance of the pH at the desired
llevel (sqyeag toﬁéﬁhédtts%hﬁoﬁ@@n reiRYAke QiR hBbdieRs df @@ ﬁlbéilu%ﬂrﬁnipe of

t he substrate The specific amount required depends upon the properties of
t he conplridng alj@nmcludelalpF@@B{aquéﬁ (gomeltigfbpld jadipess).of The bl i esécan in
inventio Q 05 g/L
o' 20 g Lot R bk A R S L R er D° oy
range fr gmupppr @sxtpr’mtceﬂ)éyoleoofamgmammg tRe g¥llof thendeaalnl sshubomntgpeéesuerl:leuded

t herei n. T

enbodi e ﬁxltfé'zilf\?é %’cﬁtéﬂo%@e)een dog%?’r%s {h%%'é:%ﬁgﬁsl%elfﬁd g%ﬁ 1és th%%e}%g&uﬁ;’g‘%gj {

(or mult Bﬂiﬁcélcmﬁlt&d}mtsltse(lﬁfst)le pﬂébcﬂlt pﬁe&ﬁi@mﬂlemylmeaoltbainhfngHsmijusiter B6has
accordin g Eent S Cﬁhel %i esepuﬁ‘| éep ]g ctl onal
groups s “ﬁ%‘“{a grt?gp 8{5%58 & a“n%?i‘ t af i g the  pHP o™ P& &r%‘i ution
at a deSIarseda\leeupAbﬂmésas:heﬁrqﬂescﬁ@,agem. sone errbodl rrents the desired pH | evel

may be | han about 3 or 2. peci fi.c enbodi nents of resent
vent ol hi e ARy ShedEet Faraopdia ok Pe P Haen e rbAat Grdups 1 or
produci ngmawd a6, sdiphukd eadi ffosieladids @Geh &Pbitaid@llinMied th endtidnadifusit @tidmay al so

have capabilities as a co | exi ng. aglent [0035] A |ist of pH adjusters for
enbodi neREYCHY S‘EIFPé“CpP‘éée P’Fﬂ}%ﬁﬂd yP‘?Pé‘P?PH@@US B io%aligotcidi algsspried,

sul phuri gaBelyfic Sbiaf ORich agi dar SHEh 1a8idAUto NefifbdrdictRd 4@y, MRilianesidl f oni ¢
acid, benzene sulfonic acid, and triflic acid, ﬁwfophosphorous acid, oxalic

aci d, haPegaseticarbearisorih seuage jagid dillsdrondupgic INqlpif agid. gl mixtures
trifliuor QRGRET &s AChfion! thé Iyﬁ'aﬁju%f Hlay REREY bRNG M FRELEPANING pRE hl%ut SQMAric
acid, dihydroxyfumaric acid, maleic acid, and m xtures thereof. As an
option, ther lps that Lisithere pkays tha okgatise b}gerltbm qfélneeacabioa@am\nongarpm& abbut
equal toﬂ{%ronL Gp ﬁlo}e*%q(%emg@%;a%ﬁ%'é%s tPa &?th@%%%ﬁl%@olh A5 Ul %d e[t acid
i oni zati on const ant e one nore aci el ng capa e so as to
adj ust t pH. @Ail@mtw@y Shﬁmfﬁa@bnstcbronamecldwne@dn@m aids hptng AKt @lunbimov@lsg/ t he
pH adj us or Qne .ar [ e ac ds ha |n Q.0r ss than

and- URD (CrpaE S 07 480 BRRE DRy 4K R PR AR Y 55 g
soI uti ondésﬁretlh@dld@sli red acidic pH [0036] In certain errbodl ments of the

oposi 11 SEET LSRG S G T M OREn e B e 8 PR B b

in the casapdiblecoitt addpositiorosolniont Meodl@pPasily, 'tmrpHstustdr oseleytetl behtdigat ment

| ution he fu ionali f th ition ion is n nj ficantl
IS(r)lhluti)l ? eglet ce?se ofn %E)ntgml%atl(gly ? the cﬁngs?tp o%s S(t)lut?on 't'flte ?reatmfsznt g(;[lutlong fle cantly

functionality of the deposition solution is not significantly inhibited.

er 36

[0037] Generally, cleaning solutions according to embodiments of the present invention
contain an effective amount of pH adjuster so as to maintain the pH at the desired level. The
specific amount required depends upon the properties of the pH adjuster and the desired pH
level. For some embodiments of the present invention, the amount of pH adjuster is between
about 0.01 g/L. and 20 g/L.. In other embodiments of the present invention, the concentration

of pH adjuster ranges from approximately 3 g/L. to 5 g/L..



[ 0037] General |y, cleaning solutions according to enbodi nents of the present
i nvention contain an effective anmount of pH adjuster so as to maintain the
pH at thewdesiwwsisbevel . The specific anmount required depErnssopsees he
properties of the pH adjuster and the desired pH | evel. For sone

enbodi nents of the present invention, the anount of pH adjuster is between
about 0.01 g/L and 20 g/L. In ot heruenbodl ments of the present invention,

t he concentration of pH adjuster ranges from apprOX| mately 3 g/L to 5 g/L

ad) ust ngMORb. prny eyefeBror e Ful oy ot Ter ol T obubeh R all For

exanpl e, 1dvBl vadhié @uanﬁMtlﬁﬁm@ $he ®kirkiElv@l Hektkar@fle liheasslsfaatoamiensr t he
conpl exi ng agent maﬁ@functl on as agents which |l ower the pH of the solution.
However , Sftier Rajo of thystirlpgian op fheicoRplesing dace may deetiap f‘%&"’nﬁf“@ﬁbl%’ﬁ? f act ant

or the CQ@P;BI@X)EQIS}: 08, | RoREWeric iy ehi R SrohiBRivE €S ichRUntrAWeRikd:r oFhgs ef or e,
a relatively inexpensive pH adjuster may be chosen so as to adjust the pH

to the de&ficgt Peihsl cogplexBeteerostorddidn agbigyed ths elepesision] RH wilthgrefreot ut i on
consi sti RGaRE1yARxpedshie p‘imdﬁlﬁ&:} &y paeghsbig &Q@Q&ﬁ@%kﬂ&%}ﬁ&ﬁﬂé deskFé&PRDII g8 Of

Treatment Sol ution Forrmul ati ons: [ 0039] Treat nent sol utions according to
enbodi mehveer gpstithaa Bewd bn Possile it @rﬁOhmn Kensestiag gl onle tof swigptentomd thpeci fi c
formul ati.gn em[lg 4Q] I'n one enbodi nent, the treatnent solution includes one
or nore sur act The surfactant is configured to promote wetting of the
waf er suﬁkaoﬁemfdfr@@mw@mmbn torewgaippicng | ayer from corrosion, while

(S:i);nrjl)g?(r;ﬁmi@j()ductrecglgjl‘ﬂ (?He 8 u\é\(éfogd(;&é‘(i g)f Q]E]%%[me%% O%ftﬂﬁrgsquzlg%r?%%%(}g%fal gur ation

and concengtmr&tqfournelbusslpemﬁufdrmulaams may be chosen so as to pr ovi de

PO 11 T X e TR s S G e g VN

conpat i bk@faManhisacodpos tol roms@| witiignoff tae whalee smazmplan@ td pipedct therrappisy case of

contam nati on of the de tion solution t r eat ne Iton
Co04] 1 ko st o s Han el Aol Mk ok Pt PURED Blser SRR act ant

and a pHoAQpHsdi& protier SYimf art afacProdnmE esafwet tTH@Qsp@&ff& henfigdretions Whid ace and
inhibits corrosion of the capping layer, but by itself does not produce the
desi red ﬁ‘PPCF’étVé‘Pn Pﬁmeﬁﬁ@q@é%ﬁ@ﬁfh%s%‘} NER PrOT‘Hj@ Sbﬁf-}%a I lopepH psWElb At gur ed

t o adj ushadghfe RihiQfiod BEcERIsibhi @Nhd Sapph@ 18RS1 IRMidoBNB/, HeLoubfacth@SHayt Han 3. 0) .

The configuration and specific concentrations of the surfactant and the pH
adj ust er CHHiEUISE Se ADEET coBPAEdle withp dorasiiondelyien for lercapnigg lagufinite @t

i nhi bi ti gpcAfanfRATR St 91'3 d%osﬁllaﬁ s&lﬁtﬁ’cﬁf \9193 Jh@ﬁ@e{tmeﬁt@gluﬁbﬁ{ ficiently low pH
Addi tionally, the surfactant and e pH adjuster nay be configured so as to

be corrpa{(?()éﬂb wilt kg clbgsinpnti te t@@'lnmnt erludapr ingladescppi igrfacsgnennd kot he case
of conta Hél&‘ Brf&é?zﬁlt éstdzé% rﬁsenttﬂé WAk X‘ﬁr?é%e% 1nh[b?t§rc forSQ i | ON.

[0042] I n dne enbodi nent treat solution In bot a surfactant
and a conmlpexilagerdgehy 1tSérh@oesmptf1afodlamtthq &sicahpphl @ﬁwleﬁr the tmammt e)lmemtl ng of

the wafe L face and. i Si e.cappi
compl exi 1 BceE B ko ARL! BR AT e MR SPRRLC el Rl G5 s 10
prevent tiaei3r0) d@h@&lﬁ@ﬂlﬂtl(ﬁtﬂﬁndﬁﬁdﬂi}m@lnt@mt)om rmlf dletshéac\nﬂlft end e pHadpsteEi t her

or both of the surf act nt an I exin so be ¢ gur ed
S0 2. o By GG P Datr o i Tule PR SRR DB OLERuERar Ui
speci f i ¢ cqpivg 1gyet,adni Garfidiedily low pH. Additionally, the surfactant and the pH adjuster may
be configured so as to be compatible with a deposition solution for the capping layer, in the
case of contamination of the deposition solution with the treatment solution.
[0042] In one embodiment, the treatment solution includes both a surfactant and a
complexing agent. The surfactant is configured to promote wetting of the wafer surface and
inhibit corrosion of the capping layer. The complexing agent is configured to bind to metal
ions in solution so as to prevent their deposition (or redeposition) onto the wafer surface.
Either or both of the surfactant and the complexing agent may also be configured so as to

produce the desired pH level for the treatment solution. The specific configuration and



13 concentrations of the surfactant and conpl exi ng agent nmay be chosen so
as to provide adequate wetting, adequate inhibition of corrosion of the
cappi ng hageni1/gsdski ci ent preventi on of redeposition of pcomsesinomps oduct ,
and the desired pH level. Additionally, the surfactant and conpl exi ng agent
may be selected so as to be conpatible with a deposition solution for the
cappi ng layer, in the case of contdfination of the deposition solution with
the treatnent sol ution. [0043] I n one enbodi nent, the treatnent sol ution

i ncludes a surfactant eX|n ent, and a pH uster. The

sur f act afit"FRTEGHY Pﬂ&?"eﬂ“ 3648 Yo & ﬁ%enbfm%yh‘g ﬁﬁ?% el to

i nhi bit e@quas iweningf adefj@acARDIY df@&@@s;onﬂf&h@@@plhlgmeg s@gierht prévea@t i gur ed
to bind to metal ions in the treatnent sol ution. P H adj uster is

conf i gur 8HTEPsHRSf comrsiqppraguct: fad fheedesivehipH %Wth‘i*%‘i‘i ipnglly h@e de3ctal | evel .
Ei t her ofind BgnekidRsdeanhaPbe §éﬂ&te‘€lc&mls%(b@golﬁiﬂlﬁ8fe,w1ﬂfa @%Qtloﬁ%utwn%r be
configured to affect the pH | evel. [0044] The specific configurations and
concent r 16 GARINSIYEh & $6 CRE O AAREMIHEOTRIBE saongon gangon ‘aﬁlaqxeﬁ@afﬁmnhd juster
may be chQséd. SO as to provi de adequate wetting, adequate inhibition of
corrosion of the capping |ayer, sufficient prevention of redeposition of
corrosi of4Pbdudn oph e bedmentafher trapimgng celutiem inctuges @Iégliffrc@dlt pHe¢reRleing

Addi tion , t S may be
cel et od E0t e P ARRE s, GRS, UBRRD o 0ol Pt PO hEe oY
| ayer, i purtdee andh®anipbit comisam afahd eppiog layhe H@p@mpﬂqug agentus ¢afigwied o t he
treat men r r hani sm
For desor B rofar Py rrSethlor ShELdE MRS Qi SRRl R A EF S
illustr att&dreamnﬁnasrdmrcaianm (WSllré’d lavele iibeli afeint suoficthiteor itheventplexmg adsntshown at
Fi gure 3A avsubs aLe s r &Pl a dielectric such as silicon

di oxi de. 1 PSS gﬁ‘%iﬁu r%?% C(Shﬁ ectri cs and surface naterials
may conp@Mﬂ41heT&abgrﬁhi@mﬁgmﬁmm@eﬁ@coﬁ%h&ﬁ@ﬂsdﬁmmhdemmastmﬂanaxaﬂmie, has

a point of ze har ge.of a xi mat el 2 to. 3. Thus, at. a of

Zpproxi Aty B P e BB OF PR Bl BUVIE WEHERAMFURERGFERE Ao
shown i nidnitgtidd drusStrbAbE6E (BX edpping lagleﬁ Kefifibiesi préve@itordbfa¥ddp6sili¢n oMmoetruded i n the
substrate surface, the exposed hydroxy Ig?rou s 52 of the sili con di oxi de

surface EWHPYi iy Bretvalessyripqsapyb they oy ¥¢lonafdfligionaliyt te| uEfaeighly osi on

product, SHpIBxiAS gﬁﬁaéndhmrmla@ﬁl&eif\/ﬂia hhePscGlddi §ahe 1 hORLPAdHId Qi 4Ty be
present on the substrate surface 50 ol | ow % deposition of a capping

| ayer, t HeRositighypolitin &uibpcaprinh&ysiudh tes cage (Of peplaginaonpf thepfleppgitien t o

hal t thesgmlgﬂﬁgtrggtggﬁ§§luagp to renmove the deposition solution. However,
such steps may al so pronote corrosion of the capping layer, resulting in

t he for mi048h ofWidorafaeicorio praadisciA and 3B he meghkanyinelfos evarptian FEicgupHoBA, t he
corr osi g {o‘a{l&%?ﬁ thgfsluﬁeﬁgl)yzgﬁﬁ)st%&( Q‘ill%tr%l/ﬁ%%' J&éﬁlaﬁc%%lht EmbbdinfehCoR LT T 0Si on

of a cobalt-containing cappin i ons orm agua ions in
aqueous sokuidnosshadwunpdéggo 3a hyldzsmtysur@ce 8@ orcludes atdleli%ctnmsmcﬂl@s cibiber t

hydr oxi de; \whi, C'i %‘?&ds%%b%&%n 3 t%e cﬂ%eétﬁcssénhas%r ST Iuér‘%eﬁs ma Lo Y@rdous
enbodi ment’$ 6f The rosion Uct e %I udB ¥ ari ous
net al hydmlmratelemfmwdsmzorﬁahmneslomdde clus DBS uketmlﬂas deca)lpbms IOﬁl’ZeﬁDf chegeabf i C

kR TR I T R X A R T
appr oxi mat@tayly kesged. As shown in the illustrated example wherein silicon dioxide is included in
the substrate surface, the exposed hydroxyl groups 52 of the silicon dioxide surface exhibit a
net zero charge.
[0046] Additionally, metallic corrosion product, such as metal hydroxides which
precipitate from solution, may be present on the substrate surface 50. Following deposition of
a capping layer, there may subsequent steps such as a rinse step with DI water to halt the
deposition process and to remove the deposition solution. However, such steps may also
promote corrosion of the capping layer, resulting in the formation of corrosion product. In the

example shown at Figure 3A, the corrosion product 54 includes Co(OH), which has resulted



than 2), the substrate surface 50 becones positively charged due to
protonation of the exposed hydroxyl groups 52, as shown at Figure 3B.

Addi t i onawvbyp1ingsesexi de corrosi on product undergoes a delydrsativososgeact i on
which is driven by the | ow pH according to the follow ng general reaction:
MOH) " + nfl+ M+ + nH20, where Mis a netal. In the specific case of
cobalt hydroxide, the reaction is d¢ follows: Co(OH)2 + 2H+ Co2+ + 2H20.

[ 0048] The rel eased nmetal ion (Co2+ in the illustrated exanple) is

el ectrostaticall r%pel Ibe fromthe gigsi tivel chgrlfged ZUbSt rate surface.
Thus, t h&OPoG OB dpprr8RicRuTEIN §4BREE {HSh aCPy At e8™ AR'“dE8bpti on of
cor r osi oaqurbeduslbtidadadd oietdoea aydslykiatreactivh fiddembthe {JPRH yWiokide vetli@r ence to
Figure 4, a treatnment solution 60 is shown for cleaning corrosion product

f rom t he PEGIPF&ER OB Be SEsERF UEaCq - o dR SrEN @R nEnOleih dBCHETR BF t he

i nvent i 0Berrdkitf SbdicaaRy QhclideeyasiBRshb@l BydrBGiddRd HePlcRASwRIth Fesditgtopctric 70
and a capping layer 74. I n sonme enbodi nents, the capping |ayer 74 consists

of cobal £oBPoR o gisallic arfaesp, TapgomrssngEediceILisadivehedve hegpbptratayigiicys a
copper |gyer 72 from oxidation and el ectromgration. In one enbodinent, the
treatnment solution 60 includes a surfactant 62, a conpl exi ng agent 64, and
a pH adj (MMé} eélovepacohamée Dl deverd (62 syfisinpt aeenivet & jappfokionafede josd t at e
cover age r 1 : ne
R e R A S S
cappi ng hadrexyl 7touparid, faorshoven selFiguas senbhdditioralpl yerxidocamsivo podrcect t he

cor ut § on TSHos G PELORA ARy Enich B EMCAR P RN TFRhe o RELSHIT™ o o1

a | ow pHgpreaindaesondesor pti on of corrosion product (such as netal hydroxide)
whi ch is adsorbed on the su of 1 i el ric 70. The desorption may
occur via a dehydration reaM(lagﬁ’JégHilgl J’E%@?d at reference nuneral 68.
The | ow plHeefM ihemémledi merpecsid dabd @robauhydroaldeothp k@omidngs hufotlves: corr osi on

of the capping |layer 15 74; Y e,.su ctant SAM on the capping
|l ayer acts to inhibit such gB@ﬁ?%ﬁiraé%ouﬁ #&72} herwi se occur due to the
| ow pH ofog4BE t rmaatd@edd m@hiuba @v** hOROGALThe dARERFIPLE OBctRstatib@ly ¢&en@si on
product ffrt;)glnt]h;[: Bgsitisvléltgzsgh;%%c? susbléltrrettg' gl?rfa%gu%t?lfs, trtrl'gtloa\xlz pH of approximately less than 2
facilitates the desorption of corrosion product 54 from the substrate surface 50.
[0049] With reference to Figure 4, a treatment solution 60 is shown for cleaning corrosion
product from the surface of a substrate, in accordance with an embodiment of the invention.
The surface of the substrate includes regions of a dielectric 70 and a capping layer 74. In
some embodiments, the capping layer 74 consists of cobalt or a cobalt alloy, and protects a
conductive layer, such as a copper layer 72 from oxidation and electromigration. In one
embodiment, the treatment solution 60 includes a surfactant 62, a complexing agent 64, and a
pH adjuster 66.
[0050] The surfactant 62 promotes wetting to facilitate coverage of the substrate surface
by the treatment solution 60. In one embodiment, the surfactant 62 is configured to
selectively bind to the capping layer 74, and form a self-assembled monolayer so as to protect
the capping layer 74 from corrosion.
[0051] In one embodiment, the treatment solution is configured to have a pH of
approximately less than 2 to 3. Such a low pH promotes desorption of corrosion product
(such as metal hydroxide) which is adsorbed on the surface of the dielectric 70. The
desorption may occur via a dehydration reaction as illustrated at reference numeral 68. The

low pH of the treatment solution would also promote further corrosion of the capping layer



ions to be released into the treatnent solution. The conpl exi ng agent 64
binds to the netal ions, form ng conpl exes which stabilize the netal ions
in the trwatznanrssel uti on and inhibit their reprecipitarcoruSasiohydsoxi des
onto the surface of the substrate, as would otherw se |ikely occur when the
pH is adjusted upwards in subsequent steps (e.g. a rinse step or subsequent
processing step with a higher pH IHQU|d such as DI water). The conpl exing
agent is conflgured to bind to nmetal ions at |ow pH, such as a pH of

appr oxi Ies dd|t|o aII t he eX| ent y be
P e i s e SERepELY Ry nebt Fingrere b s b BESGh PRy Sahe
SOlUtiOno&bﬂﬁ&ﬁkﬁﬁuﬁﬁKHMe%ﬁWpHBf@m@ﬁﬂhﬁmjbmmbme case of corrosion product
of a cobg&t cap%gn% | ayer, the reaction nay proceed according to the

fol | owi n§I053}F muiThe desppriygp f fheyqormpsion grodugistiam fhe pybgirats furfage Aguspgmgtal

conpl exi fghs 30BN el GRS in@URE BediPe i BRtbL TRO&hpIE:QNSagehOQPKhdN® the Ratarent
solution 60 may al so include an optional pH adjuster 66. The pklﬁg%yster 66
1

i s provi i 9ENiag coyplgEgsetich Hebilig the mefpd iqng dnptheereetngs) slFton ang t desir ed

level . ThUGBLhs o Bk 29RB L OB Mfe &Bs@Ed, ds wbitd SRRy ment s
it may be undesirable to concentrate the conpl exing agent 64 to provide the

desired p#fur eshen theuwdl tsoadgfsieid aipwatdy i pebseyisht EpA $§-Blet BRSCHHPD. Or THeseadedr e, it
nay be a e u n d
y Dt ﬁ’o%&fsf%%l sg(%;i w{uﬁeyhg'gl ; pcﬁﬁ? VS B Bhed.N BIIE, 1&1gﬁ%m is

efficiently ac evel for pronDtlng sor
corrosionmﬁmmdﬂaobﬁﬂaam&héi@ub$kwapﬁ smhﬁa@@Hiﬁ0©B@}meéwhssénm@doﬁents,

t he treat i : e ot e
conpl exi gt apua: i <Gl Pof A 1RY o AFAHAE A bt Sl M brerb L
Concentf@HEdHEOmmmxmp@mupnlate concentratlon so as to provide the desired

pH | evel 56],The pLreatnent so Iut on 60 in accord nce nbodi nents of
the i nveﬂ;‘kdsgﬁ m}ar yc‘%%f?g?iﬁaléﬂa 58 5‘% Ty OETSFTB%WE’P %%ﬁoq’é‘ﬁc?@i%%% tion
sol ut i onldyer, tHeheacdapPhyprobaeyl@tcording d@&he:ﬁ)ﬂewmg feaniam nati on of the
deposition solution with th at t sel utjqgn. h contam nati on may be
of concern when the applicaﬁ?@#%é# & Yep §k%r63§§§d the cl eani ng sol ution
take pl ag@eien tlzi‘]@ccﬁmndgedgieﬂtfbonﬁglﬂedtb%nﬂ&@@@ﬂaltil&ﬁ solution is recircul ated.
Thus, it may be desirable to configure the treatnment solution so that the

functi ondl®tl offhe HeatBepoeiutios AU sV AlsodRCIPE #HoePiopH AL adivsignI &0 i hsindl t ed by
i nadver t giiitist&o6H B PrRAddQD aWird Rdjtidiend pieat MRNFeaBRinttdI&bn o 36 §QB&V]eRs1. such,

each of the conponents of the treatnent solution may be configured so as to
be conpatlhpned g ¢rnlerineepySrmaybeeslaciti BRome pmbedimentyih py be pagessig act ant |

the Comk@eﬂnﬂ&tﬁ&%& cmﬁﬂguﬁgh eﬁ‘t"&@tg]pkﬁﬁ&r thérﬁé/an@ pﬁqg\fel au t%@fﬁc@en@? ahP Not
substantially inhibit the functlonallty of the deposition solution.
cost considerations. Therefore, it may be advantageous to utilize a pH adjuster 66 in order to

more efficiently achieve the desired pH level for promoting desorption of corrosion product
from the substrate surface.

[0055] In some embodiments, the treatment solution 60 does not include a pH adjuster.
Rather, the complexing agent or surfactant is configured as an acidic compound and
concentrated to an appropriate concentration so as to provide the desired pH level.

[0056] The treatment solution 60 in accordance with embodiments of the invention may
be configured so as to be compatible with a deposition solution for the capping layer in the
case of contamination of the deposition solution with the treatment solution. Such
contamination may be of concern when the application of the deposition and the cleaning
solution take place in the same device, and the deposition solution is recirculated. Thus, it
may be desirable to configure the treatment solution so that the functionality of the deposition
solution is not substantially inhibited by inadvertent contamination with the treatment

solution.



[ 0058] I n sone enbodi nents, the surfactant is configured so as to
selectively bind to the netallic capping |layer at |ow pH As indicated
previ ouslwp 2bhie78esef act ant fornms a surfactant SAM on t heCTtapspigs4as er
which may remain on the capping |ayer even at neutral pH However, the
surfactant may be configured so that the surfactant SAMis disrupted at
al kal i ne pH. Thus, the deposition g8l ution may be configured to have an
al kal i ne pH, and as such causes disruption of the surfactant SAM when

appl i ed e substrat rface. In i s manner. the surfactant does not
o bder o« BOSELE T ey RieRip i pagend  BrreA lsoB S i S BH508 mens s,
the conpheid Agnpages tvithShC@pbiiget @MtD0. aSoth& Wairdd teuRdi@lL] th€ cdifisxind)
solution only at |ow pH. Thus, when the conpl exi ng agent of the treatnent
sol ut i on2&Ght i it BY tHEIHePasite enligniettjooas ¢ HIRt SHRNERIN diulibdbe i s
render ed ridasdaliMeorie deP&i@nkalutibg pH of the deposition solution. As such,
the conpl exi ng agent does not interfere wwth netallic ions fresent in the
y

deposi t i §¥038bI ut¥ gHne pRpdsBeniody sHErcla isteareyrad pa/as Aplpstty ey o the

functi ongletdiy éaPpihQ‘fayQﬁ'chQ%tpr MAS Rlikhde@BrevIoHA0 Ght BurBROR: HFROFii®RL5 the pH
adj uster is configuréd so as to not substantially interfere with the

f uncti on&AM yndhe chpintepoedi vhieh neyl igoiagnon thy Fopee drssdivereat seutiehpH. may be
acconpl i Y, i e.-nk i r i A whi i eady
resent TRrene G SEEE O R Rt bR PR A P B SR
5B, a cr pHs Bwest thongpositioewolofiomnpy de essligvgedclodriye an 8kalise glhoand dsrsuchi f f er ent
nodes of 1] Fi gur I r essi ng er 80
during a‘ efg)%glltsffuﬁo%n 8# %%egusrél @tﬁt&%ﬁ%&@é@?%ﬁghtﬁﬁ%%sul%ggt:é n%%%‘esﬁgﬂgmgf er
support 8Rnfierthbelrtictag dewaft @ind&3he tdugitywaf the depopipon sol@®nbei ng configured to

rotate t fer 83 as .various.processing solutions are | j ed .t he

o fce HOsIR Sl GBS RS ER AR Rac i Shi B Rh B PR GRcalié 1o per
di vi der 8shs amneblaidn@a®yr atdow iptlie rTH36, whdhehappeslexiigragder of8ée ircatuentablugorso as to
forma seal with the |ower divider 86. Figure 5A illustrates the processing
chanber _ SORMRINCs dieodengsitinn SPHER Gk SPRPIES cReS B iy FERFH&R G Y Mol od

agai nst tielidepMess He ¥épdsitioBolutione ARPE, tH bingRkin8 dgéd dodshdt in@iefe Wiktyi der 86
t oget her define an inner chanber 88 and an outer chanber 92. The inner

chamber 8BWUSN108F RESEMh dn et EPOR i EHYIBoanthep H9fs nRaFYItagtally igbies RGur e 5A

i1 ustr at@gidagnynh acerRpoNHnGOROBEr 80 during a deposition process, wherein
t he processi ng chanber 80 is in a closed position, and a deposition

sol uti on[§00be kg somey capprimertst be hleadiviqrae ovfeurddesont ©rnBIubsitiee waf er
83 is rotalede Ryh tGuNRLRIES YPROELpoSidon LIQiAERPSIhd QRbRfhithd, Mk hhpys of f
the edges of the wafer 83. ‘Because the upper divider 84 and |ower” divider
86 are seéedonnlishsddyhsstectinghdeddpadiveteory Bokunpidnviyeys alyaghipresetignithher
chanber : downward, and exits the inner chanber via inner
chanber g‘?peﬁsﬁl@gé&ll% deposition solution flows to a deposition storage 96,
from whi ¢€006ihe dégosifeiemn afigieoAi B1dr i ¢ cwbatedoirdokiew of o prhesvied er
processi ng, GHATREL 0o LOBRLELOHNE B LLLSET 3SR NS | RLAGES TG, Ehamber
80 during a cleaning process, wherein the processing chanber I's’in an
open posiptdceming shahber 3atdutihg a uppwitiodiprocder B precessnsetindndd G apadated from

the | ower divider . | eani olution is i.-ng. applied to the surface
of Tt e e byt 8 Spr poi6ing B 83 O P st BRI REPRE S bt | e
maj or ity wafer t8heasclagia prgces@hglisolotonk | apanvappdiedl t@fthet fuefaad g the ofaférhgs. waher 83
and into the outer ch r 92, and exits.the outer chanber 92 via outer

e haber B G Shpal a0 18 bis Bt veiss o%isag RET ST TRCHEG TSP € i

t he i nnedivalasherm&8bleands foltemeh daewap tHedbh atiddrize. GRRASIA lIRArAaIkE | on as
it isrecirculated. For this reason, it is desirable to fornulate a

cl eani ng PEBFIE SRAMbET 86 diop dalftsd RPtitiore eI tsvrpebividieShisesdrt gaivent i on,
such t hathelibRecdiRadt 989 190 upbdr Aide? 8 QAP 1B @ dWidd 8b Gy eheP@Fink aRhnep! uti on
in the event of such contam nation.

chamber 88 and an outer chamber 92. The inner chamber 88 contains the wafer support 82

and the wafer 83.

[0062] Figure 5A illustrates the processing chamber 80 during a deposition process,

wherein the processing chamber 80 is in a closed position, and a deposition solution is being



[0064]Wth reference to Figure 6, a nethod for treating a surface of a
substrate is shown, in accordance with an enbodi nent of the invention. At
nmet hod opwoabilnts®e0, a surfactant is provided. The surPaTiisnationegche
configured to enhance wetting of a substrate, as well as inhibit corrosion
of a capping layer. In one enbodinent, the surfactant is an anphoteric
surfactant. [0065] At nethod operatildn 102, a conpl exi ng agent is provided.
The conpl exi ng agent nay be configured to bind to corrosion product of the

capping |layer which_is | eased . fromdiel egtric regions of the rface of
Che’ supsteded © P ogstehel BeSabacs e Mo tos LA faferrpe lobl dea.
The pH adppsitioh sbigtiGONSWQUIT ek Edgead] 1s twadies3pHBRfiusa thd ipdf eivRier 8hend
surfactant, the conplexing agent, and the pH adjuster, to a desired |evel.

The desi FR¥T (98T Sy tralef ot iy dappsijien pludgrsts edthinbe dmeprisebet i s

desor bedgkr g idhves s ae® Al dxine tsUpstr alagibel CRGANAchERbROG i@ atrhon 106,
the m xture including the surfactant, the conplexHygﬁggent and the pH
€

adj ust er dgrositigp pelgtion BoB8IoA deROSIHER SEFEE 201 BAMIYEC AP ©1Yten appl i ed

to the swfaage@backifo alolilidh&eWoRhahi; 8. Peri od of time, so as to
acconplish renoval of corrosion product fromthe substrate surface. 18

[ 0069] As [M63bpt Hegyre PReillystontess reoprogdsgianichgmberb&d daries ayslepung Ipeegaisng
sol ution i pelele] ~ AN i ~

per for g Cep 6 PRt R AR ERIE fy B el poRiGR S0 HAVEELORP AT e
Al t er nat rargldyand séparatdole@s sheclawebdivider $tor Aedbabipg aplpliyn ndhetnigeppliaiani thy

sol ution rat e s di ppi IS e
cubstr ot &Pt SPR IR Prbe JREPRSE RUED RonCh AR DehoBly b HELRIIG OOV,
t he cl eadiengeasmigusbiudnn flewe hifad tiepedryd oigtht Ivafa |88 anil migo sted aittdrahaokrd2t he

o SR AR BREL APl BhRELR 0 EhER, AT B PR,

enbodi merdlsti@f mbidall within the inner chamber 88, and therefore contaminate the deposition
solution as it is recirculated. For this reason, it is desirable to formulate a cleaning solution in
accordance with embodiments of the present invention, such that the cleaning solution is
compatible with the deposition solution in the event of such contamination.
[0064] With reference to Figure 6, a method for treating a surface of a substrate is shown,
in accordance with an embodiment of the invention. At method operation 100, a surfactant is
provided. The surfactant may be configured to enhance wetting of a substrate, as well as
inhibit corrosion of a capping layer. In one embodiment, the surfactant is an amphoteric
surfactant.
[0065] At method operation 102, a complexing agent is provided. The complexing agent
may be configured to bind to corrosion product of the capping layer which is released from
dielectric regions of the surface of the substrate.
[0066] At method operation 104, a pH adjuster is provided. The pH adjuster is
configured to adjust the pH of a mixture of the surfactant, the complexing agent, and the pH
adjuster, to a desired level. The desired level may be that level of pH at which corrosion
product is desorbed from the surface of the substrate.
[0067] At method operation 106, the mixture including the surfactant, the complexing
agent, and the pH adjuster is formed.
[0068] At method operation 108, the mixture is applied to the surface of the
substrate/wafer for a period of time, so as to accomplish removal of corrosion product from

the substrate surface.



present invention can be enhanced further by using processes such as

appl ying ultrasonic or negasonic energy to the substrate during cl eaning
and/ or bywogpng7edsevat ed t enperatures during the cl eani RGT/USRI10969968
applications, the cleaning solutions are used at tenperatures in the range
from about 5C to about 90C. C eaning solutions according to enbodi nents of
the present invention can be appliéd8 to clean substrates after deposition
of a cap layer. [0071]1n the foregoing specification, the invention has
been descrihed with reference to specific enbodi ments. wever, ope of

orat nar y BT s Rty I meuchr aRaEnE i S e pus s i
changes eadmtiagif@eeofWhd frodeht idemadt tdhdefpedtiniddaising @peushio 4pp8y BE ER&ig
invention as set forth in the clainms bel ow Accordingly, the specification
is to beSPIRYRE el PSS | 1Sty §ethf AIAESS CHARC LerReied; Bt ARRYViBe A%, and
al | suchcrmdhd i@tonad healiBsulatgNaaBbLds Qudbeasidiypinbde dmelstionnd fidssaoRR of the
present invention. [0072] Benefits, other advantages, an§ solutions to

pr obl ens Msaveanige rplefEe sideds aBY0R e c¥PsHegarigh ths <lpavng pluimhodshmht s.

However, s%rgﬁng ﬁf@%fléahﬁg SN RIER suEQ}aH:t, hRNsuch s Qﬁ;@ﬁhg mé’clfﬁﬂﬁlg dBMtion
el enment (s) that nmay cause any benefit, advantage, or solution to occur or

beconme nutieg ppntideddare not to be construed as a critical, required, or

essent i 6“'[0(;76]’jlt Uhfe %[eaﬁhg Men@{r oft Iaéglgiég %lhtiélﬁ eac&lraiinglﬁo e[n%gglﬁl]eﬁtls to@ Qhkgp the

foregoi ng 1 nventi on has been descri in some detall for purposes o
clarity ofesemidercsticandirbg cnhanced fukthéyebyapparmgadesseh atchge rpplymg elteasges oand

difi X . . L . e
Aocor d nolcgRepEAReRE BLACLUEE. Wbl Dkl 3RPRCRD LubbEISRRERIGHALE T0: |
and not dedigthetlieadng. divd setheapphvaiohs, oie disaningtsofntonzerd wsil hietdmporatntes idet ai | s

gi ven herein ut modi f | Lt hin t scope and equival ents of the
I bpendea e Rt £ FRE GG Lt SR RERETRR S SRR HS or
appl i cat p@gend iventionwaid B¢ applicd @adan bltsrwad ffter depobieiceof nebudicng a nmetal i c
cappi ng , the solution effective for rinpsin orrosi on product of the
ool e LRAELT o s ebing et S M ienrc BRvine S8 RGRr Iy RESEEL on of

t he net akpdclicCampidngentsay Bbwete €orObfUbrti@dRryCRNPIH e appreciatesath®U¥driags ant ,

t he surfactant configured to enhance wetting of the wafer surface and to
i nhi bi t Medtications gngd chpngss g0 Pﬁénaéﬁﬁﬁfhﬁ@t @e&?’é‘r‘l,g from the {gope &f thet Pesedbl ut i on

i's mai nt ivegchnak <& rodth Qf th@@lﬁfnﬁﬂef&&. eA&o}cE@y,tt eéfi@Hﬁbh oo thd @egﬁﬂi@h iication
onto the wafer surface. Caim?2. The solution of claim1l, wherein the

sur f act aAl iusktyeaadel handdesiitiv seRspoindyidl sush madgicadens| 4y agdphinge | ayer .
included within the scope of the present invention.
[0072] Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical, required, or essential feature or
element of any or all the claims.
[0073] Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:



Claim3. The solution of claim1l, wherein the surfactant is an anphoteric
surfactant. Claim4. The solution of claim3, wherein the concentration of
t he surf awbDant1/i7sesthe sol ution is approximately in the ramgs2ab/0i®eppmto
2000 ppm Cdaimb5. The solution of claim3, wherein the concentration of
the surfactant in the solution is approximately in the range of 300 ppmto
700 ppm Cdaim6. The solution of clawm 1, further conprising a conplexing
agent, the conpl exing agent configured to bind to corrosion product which
has di ssol ved off of the wafer surfEcgmnd into the solution. aim7. The
solution of claim®6, wherein the complexi ng agent prevents redeposition of
the corrosion product. Caim8. The solution of claim6, wherein the

. 1.. ol .0 aj i.c 10 .o 1 surf e, .a urfa ciudin .
conpl exi ng genY Ao fof ; A edr B4 urra®. G Hafr QurfalPErcRALYL T ON Of

claim 8, whérein the concentration of the conpleéexing agent 1's approxi mately
i n the rangemehlliQ c@ping lhydr,ch@@hgioh eff@tiai fiorkdsing bersaingpredmnt @fthec| ai m 8,

wherein the concentration.of the co exing agent is approximately 1 g/L.
Gaim 11, THERREEHRERF o R PREAAR SRE RN g Boer
t he pH adj usippinglaagethe sclotidn guipeidink0 reduce the pH of the solution to

approximately | ess than during the application onto. the fer surface.
SRR R L A T DR e e A T el
hy pophos pho4naus inatbitdfurtdr abrisiod.of Teeag@hglab@n of claim 11, wherein the
concentration of the pH adjusting agent is approximaiely in _the range of
0.01 g/L to 20 Q’Y@eﬁtﬁ%ﬁﬁ‘ﬂiﬂi%}s g 3 f BH O FPREPAMAF Y 1SS WKEPSUANS he
concent r at i @0aslicidda oRfd (Belivhist dupBicagent is approximately 8 m /L 50 w w
Claim 15. The solution of claim1,

Claim 2. The solution of claim 1, wherein the surfactant forms a self-assembled

monolayer on the metallic capping layer.
Claim 3. The solution of claim 1, wherein the surfactant is an amphoteric surfactant.

Claim 4. The solution of claim 3, wherein the concentration of the surfactant in the

solution is approximately in the range of 10 ppm to 2000 ppm.

Claim 5. The solution of claim 3, wherein the concentration of the surfactant in the

solution is approximately in the range of 300 ppm to 700 ppm.

Claim 6. The solution of claim 1, further comprising a complexing agent, the
complexing agent configured to bind to corrosion product which has dissolved off of

the wafer surface and into the solution.

Claim 7. The solution of claim 6, wherein the complexing agent prevents redeposition

of the corrosion product.

Claim 8. The solution of claim 6, wherein the complexing agent is oxalic acid

dihydrate.



wherein the surfactant is an anphoteric surfactant; further
conprising a conpl exi ng agent, the conpl exing agent configured to bind to
corrosi orwproduossahi ch has di ssol ved of f of the wafer earfisc@oasdes nto the
solution, the conplexing agent selected fromthe group consisting of

hydr oxyet hyl di phosphonic acid, oxalic acid dihydrate, phytic acid, and
pyrophosphoric acid; and furthego conprising a pH adj usting agent, the
pH adj usting agent configured to reduce the pH of the solution to

appr oxi mat eChirh ©SBhet AIM0B o0ty whBeinapptincaditiaton eMthOcdnij@eximf Rentsur f ace,

t he pH adjusting .agent. sel ected fromt roup consisting of
hypophosphd?&ﬂggﬂggﬁg”ﬂgpﬁﬁﬁﬁngpééﬁ}@qﬁéﬁd, sul furic acid, triflic acid,

and trifluoroacetic acid. 21 Caim1l6. The solution of claiml1, wherein
the solution does not significantly inhijbit the functionality of a

reci rcul at e4laHR Asiheisgitiabphaigs. wheginthe ariratien ke sopixieeetppi ng

| ayer in thea.sasan@fel,crgps-contam nation with the deposition solution
Claim17. The solution of claim1, wherein the wafer surface includes
regions of a dielectric material, the regions of the dielectric materi al

having the eRfh %8R sBRAMSGLh 1t RBNEARRIRRink @YATadRiGHALER, &Q?Heon prior to
application of the solution. Caim18. The solution of claim1l7, wherein
t he di el ectadjustingagsnt eoinfigiaed tg reduge thg@Hoff thapyotubien treapploxinasdy lashitan or  equal

to 3.0. C'@§&hﬁ%-mJ%%n?@hHEﬂéﬂhéq?%QS '%%1, wherein the netallic capping
| ayer consists # cobal't or a cobalt "alloy.
Claim 12. The solution of claim 11, wherein the pH adjusting agent is

hypophosphorous acid.

Claim 13. The solution of claim 11, wherein the concentration of the pH adjusting

agent is approximately in the range of 0.01 g/L. to 20 g/L..

Claim 14. The solution of claim 11, wherein the concentration of the pH adjusting

agent is approximately 8 ml/L 50 w/w%.

Claim 15. The solution of claim 1,

wherein the surfactant is an amphoteric surfactant;

further comprising a complexing agent, the complexing agent configured to
bind to corrosion product which has dissolved off of the wafer surface and into the
solution, the complexing agent selected from the group consisting of hydroxyethyl
diphosphonic acid, oxalic acid dihydrate, phytic acid, and pyrophosphoric acid; and

further comprising a pH adjusting agent, the pH adjusting agent configured to
reduce the pH of the solution to approximately less than 3 during the application onto
the wafer surface, the pH adjusting agent selected from the group consisting of
hypophosphorous acid, methane sulfonic acid, sulfuric acid, triflic acid, and

trifluoroacetic acid.
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Claim 16. The solution of claim 1, wherein the solution does not significantly inhibit
the functionality of a recirculated deposition solution used to generate the metallic

capping layer in the case of cross-contamination with the deposition solution.

Claim 17. The solution of claim 1, wherein the wafer surface includes regions of a
dielectric material, the regions of the dielectric material having the corrosion product

of the capping layer situated thereon prior to application of the solution.

Claim 18. The solution of claim 17, wherein the dielectric material has a K value of
approximately less than or equal to 3.0.
Claim 19. The solution of claim 1, wherein the metallic capping layer consists of

cobalt or a cobalt alloy.



