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priority wo20epeamsse Patent Application No. 2010- 181485 pCirtusdoionm487 August
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Japanese Patent Application No. 2011-175477 filed on 11 August 2010 and
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hereby incorporated herein by reference in their entirety. FIELD [0001] The
present invention relates to a solution that etches copper or a copper
alloy froma mcroelectronic substrate, and nore particularly to a solution
t hat sclROSS-REFERFNGIESORIPATERDAPPLIGAFEONS] | oy from a microel ectronic
substrate having an el ectrode, e.g., a bunp, nade of copper or a copper
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conductive matérial such as copper (TSV techni que) has been devel oped.

Usual ly, in the case where copper is used as the electrode in the TSV
techni que, an opening is provided in a silicon substrate (1), and then a
silicorFi®lide | ayer (2) (i.e., a lowk dielectric layer) and a barrier
netal layer (3) of titanium tantalumor the like are forned on an inner
wal | of[00¢ Topendsery. inBubere Ut loys selutopiher etslesdtopey e a djppersalfoyr fieal aby a
nmetal organi c chem cal vapor deposition nethod or a physical vapor
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copper alloy and nickel.

BACKGROUND

[0002] In microelectronic devices, miniaturization of elements and high integration has progressed in
order to improve their performance with decreasing size. Disadvantageously in semiconductor
devices, miniaturization techniques are approaching their limits. While devices having a three-
dimensional structure such as wire bonding, flip chips, bumps or the like are being increasingly used,
higher integration is still desired.

[0003] A technique for forming an electrode by forming a fine via that penetrates silicon, and filling
the via with a conductive material such as copper (TSV technique) has been developed. Usually, in
the case where copper is used as the electrode in the TSV technique, an opening is provided in a
silicon substrate (1), and then a silicon oxide layer (2) (i.e., a low-k dielectric layer) and a barrier
metal layer (3) of titanium, tantalum or the like are formed on an inner wall of the opening.
Subsequently, a copper seed layer (4) is formed by a metal organic chemical vapor deposition method
or a physical vapor deposition method (Figure 1). Next, a protective film is formed with a resist

resin (5) on the copper seed layer other than the portion on which the electrode is formed (Figure 2).
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the portion in which the protective filmis not fornmed to forma bunp.
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et ching copper or a copper alloy fromthe mcroel ectronic device using a

solution, wherein the device sinmultaneously includes copper or copper alloy
and nickel-containing material, wherein the solution conprises a chelating
agent (SMNBARYIg an acid group in a nol ecul e, hydrogen peroxide (B), and a
surfactant (C) having an oxyethylene chain in a nolecule. The solution can
f ur t herl0Qhght peesent illl\@atéqn gameralb nghsesetiota s@itwotthal ok oetedtively gtabugePR®BiSiast i ng
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copper or a copper alloy and nickel-containing material.

[0007] In one aspect, a solution for selectively etching copper or a copper alloy from a
microelectronic device simultancously including copper or a copper alloy and nickel-containing
material is described, the solution comprising a chelating agent (A) having an acid group in a
molecule, hydrogen peroxide (B), and a surfactant (C) having an oxyethylene chain in a molecule.

The solution can further comprise at least one component selected from the group consisting of at



[ 0009] Ot her aspects, features and enbodi ments of the invention will be
nore fully apparent fromthe ensui ng disclosure and appended clains. BRI EF
DESCRI PTIvON 202/8M0W NGS [ 0010] Figure 1 is a sectional wceEwsediias®eticon
substrate (1) having an opening in which a silicon oxide |layer (2), a
barrier netal |ayer (3), and a copper seed |layer (4) are |l am nated on an

I nner Medst orefsolva® (Dpednildag. onk QfkicbirodvcOtohgodent 6F)atdeRt oiabi-oxideny (B, ahdex
silicon substrate after a resist resin (5) is applied and a protective film
I s f or nedt @r badiecaipbiigly) substrate of Figure 1. [0012] Figure 3 is a
sectional view of the silicon substrate after netals of copper (6), nickel
(7) and0¥8l dn @8yheapwedtur maded famrolacieg 2 oricrodlectivnicideuipe sulssribat ¢heghetiRidgur e
2. [0013] Figure 4 is a sectional view of the silicon substrate after the
resi st BTG &elecEidy hmg sePRAET & JoPpBrilisviion de enigrocleptpicedesice [usng 41
Figure 5 i.s a sectional, view of the substrate after the cqpp seed . | ayer
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solution can further comprise at least one component selected from the group consisting of at least
one solvent (D), at least one anticorrosive component (E), at least one anti-oxidant (F), and at least
one basic compound (G).

[0009] Other aspects, features and embodiments of the invention will be more fully apparent from the

ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0010] Figure 1 is a sectional view of a silicon substrate (1) having an opening in which a silicon
oxide layer (2), a barrier metal layer (3), and a copper seed layer (4) are laminated on an inner wall of
the opening.

[0011] Figure 2 is a sectional view of the silicon substrate after a resist resin (5) is applied and a
protective film is formed on the silicon substrate of Figure 1.

[0012] Figure 3 is a sectional view of the silicon substrate after metals of copper (6), nickel (7) and
gold (8) are further laminated on the silicon substrate of Figure 2.

[0013] Figure 4 is a sectional view of the silicon substrate after the resist resin is removed from the
silicon substrate of Figure 3.

[0014] Figure 5 is a sectional view of the substrate after the copper seed layer is removed from the
silicon substrate of Figure 4.

[0015] Figure 6 is a sectional view of the silicon substrate after the barrier metal layer is removed

from the silicon substrate of Figure 5.

DETAILED DESCRIPTION, AND PREFERRED EMBODIMENTS THEREOF




WO 2012/ 024300PCT/ US2011/ 047927 [0016] A solution for selectively etching
copper or a copper alloy froma mcroel ectronic device, wherein the copper
or copperwal2bmyn2émosel ectively renoved rel ative to ni ckelcTaseaaioniony
material is described herein. Further a nethod of using said solution to
substantially renove copper or copper alloy froma mcroel ectronic device,
wher ei roo1sg Acapph for setfiydy ct@hih®yoppsr seh egiper alloy fi@imvitidroeRttadnicvévice,

si mul t aneously present nickel-containing material is described. [0017] For
ease ofwheedire thervopyer ‘ormcgpeoetlpytis seleativelg verme/td cdative Ip ovlie-contamangi oaerclicst or
substrates, flat panel displays, phase change nenory devices, solar panels
and ot hescripedblfudns Funbérpdineihose ung suld selpaanete subskotidlyobmeyeceoppea el copper

m croel ectronmechani cal systenms (MEMS), manufactured for use in
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pur poses of the present description. Exanples of copper include those

f or med ‘Micraclednenic davicerdpast nekamas ibt iliatitingeh hedwaCMid imehdwdhy substphy siacaill vapor
deposition nmethod (PVD nethod), an atomi c |ayer deposition nethod (ALD
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e.g., dopstAsidafieaddersine ceoppertop conpai oy ecartsepodils thigeprsn (G for materentetienls) ofe. g. |
copper, into the dielectric material. Preferred barrier |ayer materials
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Lo k di ctri . . . . L
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or gani GlohRPTRAE tholBbRAddy S chAhBANASI:|db SR8 HeASE (@ BethodEPBnysidiabbnat ed
silicate glass (FSG, silicon dioxide, and carbon-doped oxide (CDO) gl ass.
It i's tRphaiodPRIRAIBYBheiHaa, ad A6mcMeKdPbsili@Ghdth&l (ARDARERIJS, aRBYlatiay €
varying densities and varying porosities. W 2012/ 024300PCT/ US2011/ 047927
[0021] [0@9psisalsfincd hkigingiee @ireh ““barSicrdadtaln8dr tverreiptnd o g SBatdriadiked invhe ar¥go
preferably less than 1 wt. % nore preferably less than 0.5 w. 9% and nost
pr ef er abdlyhd wetgl linegre.g). copmetr intérgonh@@R &) mAgmuzs 6d didusainrpf sdid et "e.4..scopparended
to correspond to 5 %of the stated value. [0023] As used herein,

" sel ectitgéhydigleeity mgteddp piefeged bapprdpyeaimatsyials dpchiide yantalyn, fitaien, rebeniehni ng
material"” corresponds to a rate of renpval of copper or copper alloy
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2: : ggibﬂég%g@%ﬁqe%\{gr%m@l{)\%—lp c{iggc?ﬁcaggt)e/ﬁﬁ’t C(lneegpsogldsltg%gg I:n%t’eria?lrllge assatdi erc?r];cer ably
material in a layered microelectronic device, wherein the material has a dielectric constant less than
about 3.5. Preferably, the low-k dielectric materials include low-polarity materials such as silicon-
containing organic polymers, silicon-containing hybrid organic/inorganic materials, organosilicate
glass (0SG), TEOS, fluorinated silicate glass (FSG), silicon dioxide, and carbon-doped oxide (CDO)
glass. It is to be appreciated that the low-k dielectric materials may have varying densities and

varying porosities.



[ 0024] As defined herein, "substantially devoid" corresponds to | ess than
about 2 wt. % nore preferably less than 1 w. % even nore preferably |ess
t han 0.1 wo0.2094/02839d nost preferably O wt % of the conposipcirars2oibasm®d? on t he
total weight of said conposition. [0025] Conpositions described herein may
be enbodied in a wde variety of specific formulations, as hereinafter nore
fully deexf ibedtandi£liQ 26Y0id Nis alefincdlURFeirC i@ Sthin DRS., Yo\hrefebly 18RakRdn 1 61t. %,
conponents of the conposition are discussed in reference to weight
per centmge preémdpbslessnicnch wig Y@ amiengt profeeblyl lessitiiap Oiltwiwlel | be under st ood t hat
such conponents nmay be present or absent in various specific enbodi nents of
t he corp&Ri thsased hareth, t'4batt” isiniendst! anesarsspahé roet SUcH thestppdnelies are present,
t hey be present at concentrations as |low as 0.001 wei ght percent, based
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essent |paéﬂ:1¥bl9fles§-fha1|1 eag1o 0en MOR! R ftally 2g€ihhn ( A)m.m,vanﬂgno@npra@fadlygmmoﬂ n a
nol ecul e, hydrogen peroxide (B), at |east one surfactant (C) having an
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of at 1[6¢S] Compogtiek dtscnilgeddgem mdyAe chbvdipdjinarnwide vaticyrod syEcific fammuixtiecuise,
hydr ogen peroxide (B), at |east one surfactant (C having an oxyet hyl ene
chai n ihsrezpafip reqre fudly dageribesast one sol vent (D), and at | east one
anticorrosive conponent (E). In another enbodinent, the solution can
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consi st of, or consist essentially of at |east one chelating agent (A)

havi ng fasmn aﬁm(ﬁloegarcﬁupc tlevica havdhgaiteeherdopdwhgen sqiesoduciod 8clédB)¢ly atchdseagicr ane
surfactant (C) having an oxyethylene chain in a nolecule, at |east one
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the solution can conprise, consist of, or consist essentially of at |east
one chepseniigiy Oégtelnitst elm)chhlamgm@elarﬁAhbavwggm@eﬁ grqvpan potokesule ry divgely ergepde
perOX|de (B), at least one surfactant (C) having an oxyethylene chain in a
mol eculB): 2 pelsayt Wpsudptapedt) hpying ap 9Xé%rgﬁflelt?n Ahin eoPelsdiis e & aprient

(E), and aé»least one basic compound (G . In still ot her enbodl nt, the
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basi ¢ conp yet another e I ment ution can corpri se,

consi styoRfion & &Qlaﬁgeséon%tsan&ﬂ &,lnéléf e@sfen@atlly bEAStasPHR &a@dl\% deBt (@? SRtind A
havi ng an acid group in a nolecule, hydrogen peroxid east one

sur f actaafit gréup) inAAM 1012 Ry RENAIRIKRIBEB L RISt ofle AirfiBth @G} ﬁavuaét an| &@sthyleme
solvent (D %~ at | east one anticorrosive conponent (E), | east one

ant i - oxdhgiarh a(ddplecuda)cht &dastl (ﬁﬁSsblv@ﬂite(Ii),aaidCatdéasaﬁlhdjhmicﬁlmi)@Ll:ladlpér@)lt (H)00m8] As
descri bed herein, the chelating agent (A) having an acid group in a

nol eculagpthgr embodahent, tthesdatfon ¢as adgeg, tonsishof, sasentitiesenadiyng at dtast ofe
copper or a copper alloy. Preferably, the chelating agent (A) having an
acid group in a nolecule has two or nore functional groups, at |east one of
which is the acid group. QG her functi®nal groups contenplated include a
neutral hydroxyl group or a phenolic hydroxyl group. Exanples of the acid
group in the chelating agent (A) include a carboxyl group, a phosphonic
acid group, a sulfonic acid group, a phosphoric acid group, a sulfuric acid



[ 0031] A3 chelating agents include, but are not limted to,

nmet hanedi sul foni ¢ aci d, ethanedi sul fonic acid, phenol disul fonic acid,

napht hal ewmednsui2fzeni c aci d, pi perazine-1, 4-bi s(2- et hane®airfuspiia/oamed) ,
salts thereof, and conbinations thereof [0032] A4 chel ating agents include,
but are not Iimted to, phosphonoacetic acid, 2-hydroxy-2- phosphonoacetic
aci d, caclhingyHghospNening aaatid grodp POBEIBOINGY Ay @Pdcd Peioxide (B, at least one surfactant

4- ( 3- phosphonopropyl) - 2-pi perazi necarboxylic acid, salts thereof, and
conbi nd€) bnsng dnerxgcthyl¥i®© cRaih 24 @ 2%BOUPGT 1438204 141007 92)7 ajd00 3Bt oAb auﬂmi@tm ng
agents include, but are not limted to, lactic acid, salicylic acid, gallic
aci d, 2ZF). hywlsdkyethey bpbakipindrihe sdetiod caR conprirsoxspotiti amew pofisgi icgseriily of stal t s
thereof and conbi nations thereof [0034] The chel ati ng agents nost

pr ef er et eieehelpEgaLFH G hyving Ap acid gronp in hslecs dy P e RFr s P st leashenc

f h | h d | |
O o steel St i e R, i B s ol o o bl gfsﬁ%%ute 0’5
t bout ..30% d t b % b ht
bgsZ‘dogﬁtl%ﬂ%f@Slff%tC&lPP‘%é?tg@? " Pplgast %ﬁ%?ﬁt%md‘%to@&s]m b %3%5 Tt A SR
i ncl Udesglutl {;]a!ﬁ 6;0%32& I:(nlgls@(;fc !)lj &951§t%gs%nt%fll ?Qﬂﬁ;{st 8fe c%glgt%‘gagg]!lt éR)( F%\Pﬁ]g #ﬁueous

solution o n’ per oxi de can be used dr ogen
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20% by wei'ght, nore preferably about 1 to about 10% by weil ght, and nost
pref er aphiy iRboMblc@? af RagthRYlsoR%tY) WaldGhticdbreR M08 doBoinat(@l). Wﬁ'aﬂbﬁhe@f the
sol ution. [0036] The surfact ant (O having an oxyethyl ene chain in the

nol eculeabbdiglenicl GhenRitioMican sanfiffraet@dndis oFuahcoasstekhytigReofoxilds de@helaiiduct s
of al kylam nes (C), EO adducts of nonohydric al cohol (C2), EO adducts of
pol yhydgee (4) datiad ar{ @39 groep hy laendecuki tedrpgeo petosie (B iaddeastopelsyrfatat (O4), EO
adducts of al kyl phenol (C5), and EO adducts of fat%% acids (C6), anionic
sur f actharing apraxpethdencoshaivoui 4 yiolguls, tlelendt ab sl cri{ DEGHtalgastione afticalrkyyte

al cohol (C7), anionic surfactants prepared by nodifying a term nal of an EO
adduct C@mp%ﬂe!ag/%r?@ﬁm 16%5081}6 baalﬁ&mam)mééﬁb. Aattilbinothsesrakodingsph ths slitigh cihe EO
adducts of .al k anlnes hgdg O adducis of oc@¥lan1nes nd EO
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sorbito ucts of pen aerythrlto CtS of sorbitan
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i ncl ude éthylene oxide adducts of polyoxypropyl'ene glycol and propyl ene

oxi de agdlelueiseaft é&pﬁaxmgmta&w LbROE it M61Bdule, FikRodt FBKidOtB)MRIIhsQIne Srkiagine
oxide to be added is 1 to 300, and the nunber of nols of propylene oxide to
be added) ihsvidg dr0ox360Mylchis ehadf inanmelctud, @n &a0Xind 8elpEnd Py ), @n &aXone @ntofadiyarer
(C4) as the conponent (C) is particularly useful because it has an effect
as an antmpdreaniBEnhgt ke nbe anEoaiiphteE), afd dt lestle@ beddwe hadioforapdayd fhenol s ( C5)

i ncl ude pol yoxyet hyl ene nonyl phenyl ether, and pol yoxyet hyl ene octyl phenyl
et her. [Mﬂrwseiéswect heseiEChe gbitleting agént f(A) hyvirgcardacid @@Yp iirnelnmﬂ@ulpomy@mwl ene
gl ycol nonostearate, polyethylene g ycol di st earate, polé¥thylene
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di ol eat e. | es of .the anionic rfactants ared b
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orgam C acCl such as poly er ace 1 C aCI

pol yoxygi t.

Gt her H%E?} Pt FPERIFHEhL %flﬁ%?%a%ﬁ%%%%atﬁ%ﬁ% LR ?&%cc. i ¢
acid (sgbdp)ap ﬁ%ﬁ?&%@lﬁ@dlﬁ naESl%ﬁlM Lci@bhep, ajﬂbgplﬂ%&ac@fp%rgufﬁ §T51ﬁf'ur1(: %ﬁhtg)oup and
polyoxyethylene | auryl "ether sulfuric acid ester . Exanpl es “of the
ani oni G e haig LAnp P b PR R HYupTOTLF Memle Ahd afemlﬂgabgeﬁtf (A3 BarEiX 18@kC€dnicOf

al kyl phenol (C8) 1nclude anionic surfactants prepared by nodifying the EO
adduct sacwf oadaky thekreniatiudiad wonrtdore tgbexyt gragisds thesuhzrap (po), pyoayietabigd ene
nonyl phenyl ether sulfuric acid ester (salt), and pol yoxyet hyl ene

oct yl pheltsythered¢thiagluding fwerdrancac plcbsgi®heracidsadupy as e efidrzalby A2t heamoptidy orof

nol es of EO present in the surfactant (C) having an oxyethylene chain in
the nolecule is 1 to 20, and preferably 2 to 15. Anong the surfactants (C
havi ng an oxyethyl ene chain in the nobecule, preferred are the EO adducts
of alkylamnes (C), the ethyl ene oxide propyl ene oxi de copolyner (C4), and
the anionic surfactants (C7) prepared by nodifying a termnal of an EO
adduct of aIkyI alcohol fron1the V|emp0|nts of the ratlo of t he etchlng

. o o - o o, o M Y .



[ 0038] Sol vents (D) include, but are not limted to, water, alcohols,

gl ycol ethers, ethers, esters, ketones, carbonates, am des, and at

conbi nat iwo 20trenewd Exanpl es of the al cohol s include nethanmskoiiesanol ,

i sopropanol, n-propanol, n-hexanol, n-octanol, 2-ethyl hexanol,

cycl ohexanol , ethyl ene glycol, propylene glycol, 1,4-butanediol,

1, 6- hexamdthekof ihalidiadwadr@fnrd snfphicakidanalp, as aiecacl 3@ @I3), and argahie acidf ot he

gl ycol ethers include propyl ene glycol nmononethyl ether, propylene glycol
nonomnetshld thetdfenclaioetat er metk kybent gghy eel onaonometphysphatihaid gredpasltiereidgl ycol
nononet hyl ether acetate, ethylene glycol WO 2012/ 024300PCT/ US2011/ 047927
nmononetdigup @¢herThorchgitongeaagent (&9 h}ﬁvéﬂqei Jilptied agron@butiydludingheny ozmeirixkly| ene
gl ycol nonobutyl ether acetate. | es of the ethers include diethyl

et her, 94Ps 8T BpyPh@tchesd g’fﬂ’Pbu‘fry(l’ne gic agidraretityr Bf GFidrgrownt a2y ithsxane.

Ex | f th t | ud | act t hyl t h t
methyl CREBtS: ae%(gmg‘rsaﬁ%rhs-‘/&%)g? a%uf%uepﬁ %@Hlaygéef?ﬁ% Eﬁ&%}hwe FiFadt ghak &0 - C
Ex t t

sopr opreatbliel THERDr PEHryR Rl are R rhyso o Ehdz. A8 M ana

cycl opyl{gt%gfrgglg%%@ﬁgmgx ‘ﬂe?ﬁg&mone Exanpl es of the carbonates include

di meth carbonate, ethylene carbonate, and propyl ene

car bongp@o) ';_Qia”Hle%n fabh agidesidac! HdenN ifbidicrehiy | acet am denidRd 1o,
N, N- di met hyl f or mam ter 1s the preferred solvent. [0039] In order to

pr ot ecteﬂﬁyreﬂbdmﬂﬁetemaaém aald, | giemylcANRnANPeRRICERSINE tEARPERRItMInE)exsddedt as
triazol es, imdazoles, thiol conpounds, and sugar al cohols can be added to
t he soladidi oiydvwhesihyigbgatadiapinetnatipl edd ofdibybexidthydzioll@sdibmabta@acetic acid,
benzotriazole, o-tolyltriazole, mtolyltriazole, p-tolyltriazole, carboxy
benzot mitaikodiaegticladiy diy doyleeryioimodazaik ecidn Btafanivedizatic hed odspartagendiacetic acid,

di hydr oxypr opyl benzotri azol e. Exanpl es of the im dazol es include imdazole,
benzi minkipdglecinddingticriciia #omedismeibioxagld ecrmedieketi aeidalyyiay ivalivestyt peidaci d,

i m dazol e-4-carboxylic acid, imdazol e-2-carboxyal dehyde,

i m dazdpédic gt b”eﬁaya%r@wa@lhﬂaﬁ‘ad@epr?r)erlér%aélr%hq %r‘o@é?ﬂ%%wreéra%hoerthmr es
of the thi g ds j ncbudef mer capt ot hi azol e, nercapt oet hanol, and

t hi ogl ysf?]ésrt freo I%R Y‘Pﬁ‘i‘é%a“?)]?“ sugar al cohol s incl ude eryt hritol, threitol,

bi i tol bi t | d t ol
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tert- bLgtﬁﬂlll&1@&1ﬁﬁllﬂglstra(ﬂ@thiflb&pﬁ&bﬁjomd’r@&Jg)}o’lhe%{elﬂﬁfieﬁedl%Qetgré?rﬁé&hyl%bh(ﬁf)ﬁ)m@
hydr oxyfl'avone, and ascorbic acid basi c or acidic conpound (G

can be guged to the sol upﬂopﬂe@alaﬁ@{d@(@i@uﬁﬂe@gpho%Olﬂ@eded The basig&iq),
conpound can be anmmoni a, am nes, tetraal kyl ammoni um hydroxi des, and a

nitr Ogmﬁetmﬁiaﬂﬁﬂagerﬂfﬁéﬁlahﬂegb@hdsphdhﬂﬂmndietlﬁleaﬂﬁkmn@fsxd(ﬂﬁahﬁaﬂepmmhdﬁm ude
fatty am nes, al kanol am nes, al kyl ene di am nes, pol yal kyl ene pol yam nes,

ar onat iacidam nes, tahrhimytcibulmlalahiemg(me&rytbnglhamhdmime Exarpliles of tHhenfbity

am nes include net hyl am ne, ethyl ani ne, prop | am ne, isopropylam ne,

but yl arwﬁehexwmymﬁq&e(mediyr@@mrwﬁm@mdétgi erﬂrrralmtﬁéa(mghﬁdwph@plwmam ne,
but yl met h | am ne, diethyl am ne, pr op¥ll et hyl am ne, dii sopropyl am ne,

tri met Hgid nreﬁéethsé%qﬁmnéﬁnﬁw&lﬁg}r mithylsaenhoyphoa Aeth4 010 PETEYIS MY 1 Fampbrgsions

di et hyI H%s‘ yI amne, triethylamne, tri-n-propylam ne, and
tri- $H'am neExanpl es of the aI kanol am nes i ncl ude nonoet hanol am ne,

dietha i et hano A noet h dieth
et hanoﬂB‘l’gwAgrﬁhﬁlaﬁ B Ry 2% i o N BineRo iy o SfnETs el ne,
N, N- dla@ﬁls }ﬂ){é'no%lsulfomc acid, naphthalenedlsulfomc acid, piperazine-1,4-bis(2-cthanesulfonic acid),
salts thereof, and combinations thereof.
[0032] A4 chelating agents include, but are not limited to, phosphonoacetic acid, 2-hydroxy-2-

phosphonoacetic acid, carboxyphosphonic acid, 3-phosphonopropionic acid, 4-(3-phosphonopropyl)-

2-piperazinecarboxylic acid, salts thereof, and combinations thereof.



am no et hanol, and 2-(2-am noet hoxy) et hanol . Exanpl es of the al kyl ene

di am nes i nclude ethyl enedi am ne, propyl enedi am ne, trinmethyl enedi am ne,

t et r anet hybenedi2assone, and hexanet hyl enedi am ne Exanpl egcofustéia/ 047927

pol yal kyl ene pol yam nes i nclude diethylenetriamne, triethyl enetetram ne,
t etraet hyl enepent am ne, hexanet hyl enehept am ne, i m nobi spropyl am ne,

bi s( hexeess| sl daljitg igants Mejuda it penoadiniiyd enebex adid, RelicyX adif)| @Bicatidf be
aromati ¢ am nes include aniline, phenylenedi am ne, tolylenedian ne,

xyl yl ergdiocaydtingnhosphbiny hade-ldidemydthanesulfdnip had phlsttheeod) aadicemshinations thereof.

napht hal enedi am ne, and ant hracenedi am ne Exanples of the alicyclic am nes
i ncl udd0933dghorlpirtidi aganenost prefeohéy ltenedpam nd?2, i pbmapzi preferably from A2.

N- am noet hyl pi perazine, and 1 ,4- diam no ethyl pip erazine. Exanples of the

t et r aal Wy ICAHAS N (chSJeig REcs EA) TRing b a¢id eroamst s meteswa isuis TRy bl dsemmabout
cont ai i {gaaa%?t%lo&i&yc q‘?éa?é%%%aw%a%lx RS o By Riabtp g EERsbe,
ond” okt Af St b B ot o A B B AR o | ot gi'm"ﬁr ;S: Se’
such ajﬂ@#&l df*o elﬂ?er e*tﬁ [a%nldRd L m&SAScheg{cB%?até‘g#é: e?&g og drady u

aci d, c aC| ch as aceti ¢ |I| e t e
etc h' ngaqﬁ&h@ sohtltn)% o@‘ﬂ%r%éeﬂ’be&%db R BaRYe§ a@ﬁ;kﬁ'og‘téﬁ pé’ro;%é«l: EB)t h‘?ﬁee&)fnte'ntsth@xleép
effective. In"a preferred enbodi ment he pHi1s 'in a range from

about Qnte@mﬁsmlhtﬁs pFERSE B 1Pfr&th @b 0 Y5 &bt 2094 ) wh@HI méke pRAGhbRPSMoulr. efcer abl y
about 2 to about 3. [0044] An antifoam ng agent can be added to the

sol ut i abowmhien Hyactsgs any mokbpadtphids abdut a0t Aaniodn gy ageht imsédal thel®tas wkightone
antifoam ng agents, |ong-chain alcohol antifoam ng agents, fatty acid ester
ant i f oarfithegolagent s, and netal soap antifoam ng agents. The et hyl ene oxide
propyl ene oxi de copolyners (C4) descri bed above can be used as the

ant i f odf93ed Tag eln*facta{ﬂd@amwiflgw@ sokthyleenehagas dhei heebulveindiige noajpnigavdaqtanis| i ty
in applications includin but not limted to, the renoval of copfer or
copper Sifi Wthyéﬁ“éfoé‘fdél@@ tdducts ef dkylpmigey (&J&nﬁeﬁ adsucts 9 pepolyeric tlpghet (@1 oy
relativ ni c |n| |als ddltlon i | at ed

t hat t H%D e Pg%‘/héf lg(%ﬂga@r‘/ e %EOR}( SBF g¥idg ggpo ymsé?%bw@%ﬁd

pr ot ecti.Q in

D0%2) ofiéﬁ%%%ﬁ@éfﬁﬁ &%’f@ﬂt}c%f’ i R PP PR Sar R v epiinget o
devi ces,  f& t | s and
ot her o ai hce S aftE ?ﬁ%@h@?%%@é@aﬁw‘mﬁt% SB PSS FbhTdye ¢ Rehd

par ti cuyraf Yy Rbgk 8F 511%;91?& @RITRAL an cﬁﬁbﬁ%dﬁtth&%fc Oﬁspdmp&@%f thE RSIRhGs of » or

consi sts essenti al | , an EO adduct of lauryl am ne, hydrogen

per oXi dgkyRtndd@t Binclude EO adducts of octylamines, and EO adducts of laurylamines. Examples of
the EO adducts of monohydric alcohol (C2) include EO adducts of polyoxyethylene octyl ether,
polyoxyethylene lauryl ether, and polyoxyethylene stearyl ether. Examples of the EO adducts of
polyhydric alcohol (C3) include EO adducts of sucrose, EO adducts of sorbitol, EO adducts of
pentaerythritol, and EO adducts of sorbitan monolaurate. Examples of the ethylene oxide-propylene
oxide copolymers (C4) include ethylene oxide adducts of polyoxypropylene glycol and propylene
oxide adducts of polyoxyethylene glycol. The number of mols of ethylene oxide to be added is 1 to
300, and the number of mols of propylene oxide to be added is 1 to 300. Use of an ethylene oxide-
propylene oxide copolymer (C4) as the component (C) is particularly useful because it has an effect as
an antifoaming agent. Examples of the EO adducts of alkylphenols (C5) include polyoxyethylene

nonylphenyl ether, and polyoxyethylene octylphenyl ether. Examples of the EO adducts of fatty

acids (C6) include polyethylene glycol monostearate, polyethylene glycol distearate, polyethylene



[0047] In yet another preferred enbodi nent, the solutions described herein
further include copper. The copper nay be dissol ved and/ or suspended in the
sol ut i onswo[2048}300he sol uti ons of the invention are sulpstramstéeialohy2devoi d
of abrasive material, fluoride sources, fluorinated carbon conpounds,

bi oguani de conpounds, serine, histidine and aspartic acid, and any

conbi naflyconmbi@icarf afdpotyddllendgh@olsdibledté. 0N Exafides T ithcCaiai @irfadtardftOpropangl

resi nous or polynmer materials using the concentration of conponents

descr i bydndhikfysigr. tefnG@d 9F anTh@ adddcutdf dkd akobol ¢63)i ingludeommmmicatuelactioygs wiepapdde
addition of the respective ingredients and m xi ng to honbgeneous condition.
Fur t herbyomwdifyihg theol BQi edductiayl eonplesaldr | gledhol G htveith asgaicngids, psuck agge
formulations or multi-part fornulations that are m xed at or before the

poi nt dPbigsxsthydeng octyl rgher ragetis agidl (SPRr PAYSHhHEN AU - eﬁl%FFtaCFtéfr Atif! a(f’?l@an nay
be m xed, at th t ool a stora nk ups am of t t
ConcentPAOKHE F OftPI]eeﬂirleéégéoé‘t“iCI}‘éc 19 ?fﬁ%@ Yﬁ@mﬁéawoiﬂ lﬁ@ﬁ?cg i i

speci fi c oncl%lt rat ed,

SheCit S irobRiBigt oot D pilloh il o “%&813/8’96@13%‘“% et sha
vari Ousal bl e@{%g s‘ztlllt)t erlg%;n{ e§|0¥ tife %‘iﬂc sﬁrfacqgl%hérg areglc}) ?ﬁ@/ﬁ{g e%ﬁlﬁﬁ'&l o@lanl[ué of ~any

conbi nat'1 on 1'ngr nt S consistent wt erern

Accor diAgley of §m9pr§1rol &8 8fdudeel &S sﬁfrﬁctgnté( Hepér@@ lo&r' %dagym!g rl'heoﬁé ddiudiPb€
cont ai ners, one or nore conponents adapted to formthe solutions described

her ei n.aliBAhekd] (CoBYit BehiieBeidd, Buding pRlyoXRIHH 16O REBIPHERS cthdf sulfBAS hei@RGer

chel ating agent (A) having an acid group in a nolecule, hydrogen peroxide
(B), at(sdigasid pohexgthyleae bamiphdy) clharviuifgriancidxytat (9yit) e nerefetadiyn tiemuabsobfecul e,
optionally at |east one solvent (D), optionally at |east one anticorrosive
conponendles(EEO mpiehton diel syrfattant @3 dibviogen awytthylexd dhamtin (he)mola&nld iopto Wnadd y at
| east one basic or acidic conmpound (G, for conmbining with solvent at the
fab or nréferablpi’hto 6f. useongAiheerragtiniely), having &i pxyetlylannchaiten tha meleilest
contai ner_at |east one chelating agent A% having an acid group in a

nol eculiEcferigd arethe FO&H@J%Smf phyleaies (). thast ﬂ@leézﬁldew@tﬂﬁeﬂ cevpdmer.(%a
I I t | | t I pt

ant ?Eﬁraﬁsg?e\%@%oﬁ?eﬁ%h I@%aﬁrea%%‘ Bhary i Rt 48 P U%y?if a‘%ﬁfaﬁm?éye and
t I d

op I Onaf]r wgoglsn S (()) the rag 8 é?e etahlng ra({ CIO c Oel'rmor a(ﬁ%%%er a atlve 1310{1 of

cont al ne n peroxi er an

addi ti qf 1&9 mﬁ%nalé@n@ﬁéﬁ \Qe%a"bﬁQQP /M%Olﬁxgﬁ%ﬁf%% E&ﬁt Shafl: hi@ pol Nt

of use. & contdl ners of t Kit nmust be suita toring an i ppi ng
sai d sqlphkifReSmork ref@ﬁﬁ@lmkethe W@&ﬁ@ts%@@h%laﬁﬁﬂe% (éﬁdV@ﬂﬁ?qle'ﬁﬁ?&mﬁh Q8¥he
Mat erials, Inc. nbury, Conn USA In use of the solutions

descri %dfoaﬁfngleffe& Qfior8 BleRdblevd the ERNINY B@HcGRERBMe Bt &PPRBEsALLOY from

m croel ectroni c devices having sane thereon, the solution typically is

cont act[@eB7\Fidin tHee/idhgoint ef therctching et @F e@heit d)rrmmpberfmoya tabetid (AP(Bes thco
about 10 mnutes at tenperature in a range of from about 10C to about 100C,
pr ef er abdight abtha cth@9Bg tagerd HoUliavBQ @n a8d ghoup dmthaatalaegletty hesofaydrogenpesadeur es
are illustrative, and any other suitable tine and tenperature conditions
may be (BMIPW@@IY thq 3 merefreferrhlyiZ2ga 20.tapd gutiadarwatfprably dHo & p fderedyier. dispper
alloy relative to nickel-containing materials, within the broad practl ce of

the netMédA){BbeZhe Veighiod ergelaiis deendiib by ing R @cidgreppip Fhejneol w1 &' P any
Soppar R i G o SR b Sl

f h t at
vl um 18808y AR (b B st BB AR Plist Thef S fsSieh ageffsgla%thef%rethef%s%?fsa| | oy
in the ﬁ@h%blz EQBnafly aGRRL %ﬁ& t’l;ng)IiIﬁu EII{ér&ﬁ‘ V‘E;Eaﬂug?e@%“ﬂ% EI%ISEII%&@Je me‘?ha%op a

pad, ous sorbent ’ap |cat or el enent has t e solution sor bed

t her eonypnahyl, ﬁ@d?&;ﬁﬁ&l' ﬁlgro‘pﬁﬁ)l ql%kﬁl%l infetatdli ﬂ&h&lﬂ&aﬁ&lpc%foh&{an&OeRPﬁéne%Uc@l}’ W th
a circulating solution, or by any other suitable neans, manne

t echni qlighylday gwbdiC 41>hneneaa>!1 ut d-Bdxah ol Dl @A fr k@ aREIY At gwcérbl. t E@amples
ni croel ectroni ¢ device havi ng the copper or copper al | oy thereon. The

appl i caffiti@nglysay cthas include papgbneatlycsi mgh@naenagi etherapipaylateugycof monahyatiaireitheror
static cleaning. Advantageously, the solutions described herein, by virtue
of t heiacetstel] edyldny glygolfnomowmetppethen rthyEppglycad iMooymetitl ethezdcetate] @byleng glygolot her
ni ckel -containing material that nmay be present on the mcroel ectronic
device structure and exposed to the solution, achieve renoval of the copper
or copper alloy in a highly efficient9and highly sel ective manner. [0053]
Fol | owi ng the achi evenent of the desired etching action, the solution can
be readily renmoved fromthe mcroelectronic device to which it has

previ ously been applied, e.g., by rinse, wash or ot her rermval step(s) as

- o Y .



WO 2012/ 024300PCT/ US2011/ 047927 [ 0054] Anot her aspect relates to an article
of manufacture conprising a cleaning solution, a mcroelectronic device

waf er, coppeniznr4zmopper alloy material, and nickel - cont acmiusgoimasmei al ,
wherein the solution conprises at |east one chel ating agent (A) having an
acid group in a nolecule, hydrogen peroxide (B), at |east one surfactant
(O havhdgmamyloxthe pivploame, diyddng glydolandiob@gidier, aaptihglead ¢lycoiinohaasi chae
solvent (D), optionally at |east one anticorrosive conponent (E)
optionakﬂweatlmeawhsom@tmnKMonﬁmamk (iedhyl amtickr,opiisopriplyl \etlat, dibagt @oime, basi c
or acidi c conpound é [ 0055] The features and advantages are nore fully
shown B¢trahkdofurdnysind at, ﬂ#@xmﬁan@@@pm sduthsedstdrelivaideErtiriplagtate, oBB6}- The
sol utions described herein and the solutions for conpari son were obtai ned
by i ximRhaxperopiredi ey agiein: cifu)accinly direryé ACHt: ard weuyBjactophe Fxamplazelant

©, an ter shown in Table 1 in a _container nmade of ropyl ene.
(Crg lq etones 1ncl:1)2de acetone, methyl ethyl ketone, meth ?psopropy ketone, methyl 1sol)1¥ ?l ke (}/

methyl amyl ketone, cyclopentanone, and cyclohexanone. Examples of the carbonates include
dimethyl carbonate, dicthyl carbonate, ethylene carbonate, and propylene carbonate. Examples of
the amides include N,N-dimethylacetamide and N,N-dimethylformamide. Water is the preferred
solvent.

[0039] In order to protect a wiring metal, at least one anticorrosive component (E) such as triazoles,
imidazoles, thiol compounds, and sugar alcohols can be added to the solution when necessary.
Examples of the triazoles include benzotriazole, o-tolyltriazole, m-tolyltriazole, p-tolyltriazole,
carboxy benzotriazole, 1-hydroxybenzotriazole, nitrobenzotriazole, and dihydroxypropylbenzotriazole.
Examples of the imidazoles include imidazole, benzimidazole, benzimidazole carboxylic acid,
imidazole-2-carboxylic acid, imidazole-4-carboxylic acid, imidazole-2-carboxyaldehyde, imidazole-
4-carboxyaldehyde, and 4-imidazoledithiocarboxylic acid. Examples of the thiol compounds include
mercaptothiazole, mercaptoethanol, and thioglycerol. Examples of the sugar alcohols include
erythritol, threitol, arabinitol, xylitol, ribitol, mannitol, sorbitol, maltitol, and inositol.

[0040] In order to protect a wiring metal, an antioxidant (F) can be added to the solution when
necessary. Examples of the antioxidant include phenols such as catechin, tocopherol, catechol,
methylcathecol, ethylcatechol, tert-butylcatechol, gallic acid, methyl gallate, and propyl gallate, 3-
hydroxyflavone, and ascorbic acid.

[0041] A basic or acidic compound (G) can be added to the solution as a pH adjuster, as needed.
The basic compound can be ammonia, amines, tetraalkylammonium hydroxides, and a nitrogen
containing heterocyclic compound. Examples of the amines include fatty amines, alkanolamines,
alkylene diamines, polyalkylene polyamines, aromatic amines, alicyclic amines, and guanidine.
Examples of the fatty amines include methylamine, cthylamine, propylamine, isopropylamine,
butylamine, hexylamine, dimethylamine, ethylmethylamine, propylmethylamine, butylmethylamine,

diethylamine, propylethylamine, diisopropylamine, trimethylamine, ethyldimethyl amine,
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diethylmethylamine, triethylamine, tri-n-propylamine, and tri-n-butylamine. Examples of the
alkanolamines include monoethanolamine, dicthanolamine, triethanolamine, dimethylaminoethanol,
diethylaminoethanol, 2-amino-2-methyl-1-propanol, N-(aminoethyl)ethanolamine, N,N-dimethyl-2-
aminoethanol, and 2-(2-aminoethoxy)ethanol.  Examples of the alkylene diamines include
cthylenediamine, propylenediamine, trimethylenediamine, tetramethylenediamine, and
hexamethylenediamine. Examples of the polyalkylene polyamines include diethylenetriamine,
tricthylenetetramine,  tetracthylenepentamine, hexamethylencheptamine, iminobispropylamine,
bis(hexamethylene)triamine, and pentacthylenchexamine. Examples of the aromatic amines include
aniline, phenylenediamine, tolylenediamine, xylylenediamine, methylenedianiline,
diphenyletherdiamine, naphthalenediamine, and anthracenediamine. Examples of the alicyclic
amines include isophoronediamine, cyclohexylenediamine, piperazine, N-aminoethylpiperazine, and
1,4-diaminoethylpiperazine. Examples of the tetraalkylammonium hydroxides include
tetramethylammonium hydroxide, tetracthylammonium hydroxide, and choline. Examples of the
nitrogen containing heterocyclic compounds include pyrrole, imidazole, pyrazole, oxazol, thiazole,
pyridine, pyrimidine, pyridazine, pyrazine, bipyridine, and phenanthroline.

[0042] The acidic compound can be an inorganic acid such as sulfuric acid, hydrochloric acid, nitric
acid, and hydrofluoric acid, and organic acids such as acetic acid. In order to stabilize the etching
rate, the addition of inorganic acid or a salt thereof is also effective.

[0043] In a preferred embodiment, the pH is in a range from about 0 to about 5, more preferably
about 1 to about 4, and most preferably about 2 to about 3.

[0044] An antifoaming agent can be added to the solution when necessary. Examples of
antifoaming agents include silicone antifoaming agents, long-chain alcohol antifoaming agents, fatty
acid ester antifoaming agents, and metal soap antifoaming agents. The cthylene oxide propylene
oxide copolymers (C4) described above can be used as the antifoaming agent.

[0045] The solutions described herein may have utility in applications including, but not limited to,
the removal of copper or copper alloy, preferably the selective removal of copper or copper alloy
relative to nickel-containing materials. In addition, it is contemplated that the solutions described

herein may be useful for the cleaning and protection of metal (e.g., copper-containing) products
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including, but not limited to, microelectronic devices, decorative metals, metal wire bonding, printed
circuit boards and other electronic packaging using metal or metal alloys.

[0046] In a particularly preferred embodiment, the solution comprises, consists of, or consists
essentially of HEDP, an EO adduct of lauryl amine, hydrogen peroxide and water.

[0047] In yet another preferred embodiment, the solutions described herein further include copper.
The copper may be dissolved and/or suspended in the solutions.

[0048] The solutions of the invention are substantially devoid of abrasive material, fluoride sources,
fluorinated carbon compounds, bioguanide compounds, serine, histidine and aspartic acid, and any
combination thereof. Further, the solutions are not capable of forming resinous or polymer materials
using the concentration of components described herein.

[0049] The solutions are easily formulated by simple addition of the respective ingredients and
mixing to homogeneous condition. Furthermore, the solutions may be readily formulated as single-
package formulations or multi-part formulations that are mixed at or before the point of use, e.g., the
individual parts of the multi-part formulation may be mixed at the tool or in a storage tank upstream
of the tool. The concentrations of the respective ingredients may be widely varied in specific
multiples of the solution, i.e., more dilute or more concentrated, and it will be appreciated that the
solutions described herein can variously and alternatively comprise, consist or consist essentially of
any combination of ingredients consistent with the disclosure herein.

[0050] Accordingly, another aspect relates to a kit including, in one or more containers, one or more
components adapted to form the solutions described herein. The kit may include, in one or more
containers, at least one chelating agent (A) having an acid group in a molecule, hydrogen peroxide (B),
at least one surfactant (C) having an oxyethylene chain in a molecule, optionally at least one solvent
(D), optionally at least one anticorrosive component (E), optionally at least one anti-oxidant (F), and
optionally at least one basic or acidic compound (G), for combining with solvent at the fab or the
point of use. Alternatively, the kit may include, in a first container at least one chelating agent (A)
having an acid group in a molecule, at least one surfactant (C) having an oxyethylene chain in a
molecule, optionally at least one solvent (D), optionally at least one anticorrosive component (E),
optionally at least one anti-oxidant (F), and optionally at least one basic or acidic compound (G), and

in a second container hydrogen peroxide (B), for combining with each other and additional solvent at
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the fab or the point of use. The containers of the kit must be suitable for storing and shipping said
solutions, for example, NOWPak® containers (Advanced Technology Materials, Inc., Danbury,
Conn., USA).

[0051] In use of the solutions described herein for selectively removing copper and copper alloy from
microelectronic devices having same thereon, the solution typically is contacted with the device for a
preferred time of from about 30 sec to about 10 minutes at temperature in a range of from about 10°C
to about 100°C, preferably about 20°C to about 80°C. Such contacting times and temperatures are
illustrative, and any other suitable time and temperature conditions may be employed that are
efficacious to selectively etch copper or copper alloy relative to nickel-containing materials, within
the broad practice of the method.

[0052] In etching applications, the solution is applied in any suitable manner to the surface of the
microelectronic device having the copper or copper alloy thereon, ¢.g., by spraying the solution on the
surface of the device, by dipping or immersing (in a static or dynamic volume of the solution) of the
device including the copper or copper alloy in the solution, by contacting the device with another
material, e.g., a pad, or fibrous sorbent applicator element, that has the solution absorbed thereon, by
contacting the device including the copper or copper alloy with a circulating solution, or by any other
suitable means, manner or technique, by which the solution is brought into contact with the
microelectronic device having the copper or copper alloy thereon. The application may be in a batch
or single wafer apparatus, for dynamic or static cleaning. Advantageously, the solutions described
herein, by virtue of their selectivity for copper or copper alloy material relative to other nickel-
containing material that may be present on the microelectronic device structure and exposed to the
solution, achieve removal of the copper or copper alloy in a highly efficient and highly selective
manner.

[0053] Following the achievement of the desired etching action, the solution can be readily removed
from the microelectronic device to which it has previously been applied, ¢.g., by rinse, wash, or other
removal step(s), as may be desired and efficacious in a given end use application of the solutions of
the present invention. For example, the device may be rinsed with a rinse solution including

deionized water and/or dried (e.g., spin-dry, N,, vapor-dry etc.).

13



(N

o) kr) 1-1

WO 2012/024300 PCT/US2011/047927

[0054] Another aspect relates to an article of manufacture comprising a cleaning solution, a
microelectronic device wafer, copper or copper alloy material, and nickel-containing material,
wherein the solution comprises at least one chelating agent (A) having an acid group in a molecule,
hydrogen peroxide (B), at least one surfactant (C) having an oxyethylene chain in a molecule,
optionally at least one solvent (D), optionally at least one anticorrosive component (E), optionally at
least one anti-oxidant (F), and optionally at least one basic or acidic compound (G).

[0055] The features and advantages are more fully shown by the illustrative examples discussed

below.

Example 1

[0056] The solutions described herein and the solutions for comparison were obtained by mixing the
chelating agent (A), hydrogen peroxide (B), the surfactant (C), and water (D) shown in Table 1 in a

container made of polypropylene.
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oonuuopod Jo uogenteng WD 2012/ 024300PCT/ US2011/ 047927 Synbols in Table 1
correspond to the follow ng conpounds: HEDP. 60%
1- Hydr oxywohylZdesve- 1, 1- di phosphoni ¢ aci d aqueous sol ut iPom/USE#:1/047927
1, 2- Et hanedi sul fonic acid di hydrate NTMPA: Nitrilotrismethyl enephosphonic
acid (C1): 8 Mol EO adduct of lauryl amne (C2): Sulfuric acid ester
sodiumsalt of 2.5 Mol EO adduct of lauryl alcohol (C 3): EO adduct of
pol yoxypropyl ene glycol (about 10 to about 50 nols of propyl ene oxide,
pr ef er dlympolloTiabl3llcomps@ndfo the Hyviepeompoudds; about 30 to about 60 nols of
propyl ene oxi de, preferably about 45 nols of propyl ene oxide)

HEDP: 60% 1-Hydroxyethylidene-1,1-diphosphonic acid aqueous solution

EDA: 1,2-Ethanedisulfonic acid dihydrate

NTMPA: Nitrilotrismethylenephosphonic acid

(C-1): 8 Mol EO adduct of lauryl amine

(C-2): Sulfuric acid ester sodium salt of 2.5 Mol EO adduct of lauryl alcohol

(C-3): EO adduct of polyoxypropylene glycol (about 10 to about 50 mols of propylene oxide,

preferably about 31 mols of propylene oxide; about 30 to about 60 mols of propylene oxide,

preferably about 45 mols of propylene oxide)

(C'-1): Stearyltrimethylammonium chloride

[0057] As evaluation of performance, etching time of copper and etching performance (etching
amount) of nickel were evaluated by the following methods.

[0058] The etching time of copper was evaluated by the following method:

(1) A wafer produced by processing a silicon substrate into that illustrated in Figure 4 (the thickness
of the copper seed layer was 1 um) was cut into 15-mm squares to prepare test pieces. Using a
scanning electron microscope (SEM; Hitachi High-Technologies Corporation, S-4800), a cross
section of a test piece prepared by cutting a wafer into a 1 cm square was observed. The width of the
bump was approximately 30 pum, and the height of the bump was approximately 8 pm. The
thickness of the copper seed layer was 1 pm.

(2) Each of the etching solutions prepared in Examples 1 to 7 and Comparative Examples 1 to 5 was
placed into a container made of polypropylene, and were stirred. The test pieces were immersed in
the etching solutions, respectively.

(3) The surface of the test pieces immersed in the etching solution was visually observed, and the time
until gloss of copper on the whole surface of the copper seed layer disappeared (for example, (3) in

Figure 5: until the whole surface of the titanium layer can be seen) was measured.
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(C-1): Stearyltrinmethylamoni umchloride [0057] As eval uation of
performance, etching tinme of copper and etching performance (etching
amount) obonbkehsower e eval uated by the foll owi ng net ho#sT/(Use@38})797he
etching tine of copper was evaluated by the follow ng nethod: (1) A wafer
produced by processing a silicon substrate into that illustrated in Figure
4 (the [0é89¢ PrEissblnf the hiencCc@iiipalic slogdofl aypper dppchrsrisnpreféBlyCibt nhodd GhahSHONM
squares to prepare test pieces. Using a scanning electron m croscope (SEM
Hi t achimikiitgh- Wt nesbeayite shCoasp preatsi mn whish 4860)did aot dogpezeditar g minugst est
pi ece prepared by cutting a wafer into a 1 cm square was observed. The

wi dt h ofomerseonpyyarptoperd afip0axites: eidth@eyalyatiqn iashywnhe "“HeEi' ghtablsfl. t he bunp was
approximately 8 p.m The thickness of the copper seed layer was 1 p.m (2)
Each of[0¢49& Té@ cHlony Hforiglel dhde sicphres detsrrethpicanting oothy faliyinp ﬁﬁgwé-ti ve

Ex les.1 5 I d int tai ne de of I I , d

St 111 ea B P OB BEES ey SSACHY TP EHE Bt BATHE b s ePe et ke " ©
tively, 3). T f f th t pi ' d in the etchi

Cor ot ofsted bk DS sist 68 St it hoel G R BT e Fo R Bt ne

whol e chfrﬁc?e‘a%nﬁftl%ehgﬁ%itgf}P&r t0 %?%S'rrclcﬁé? %%nhﬁ'é FRORGRN € drbf e @g)gdggdgﬁic iﬁé%es

in
Fi gure unt i e surface o e titaniumlayer seenj was

measur egl. ¥ 20 %%P@fét_%@%ﬁ?éﬁ/ 2 Ot :{-l{eotéﬁz %%:Zle) lfb91‘3§94tcﬂ?ﬁgeﬂ°h€{cﬁﬁaﬂﬁy ieoeh &l (7R until

the gl oss of copper disappears is preferably not nore m'nutes. Wth
r espectrifie 1HRdtRSHidRI £GRH) bNhWRLKD 19T $hedbd pR&L afdl SBRREATIn fhRI7) §re

m nutes, i mrersion was stopped after 60 mnutes, and the evaluation is
shown asecasé)" If the Tafekedcdl A DM@ ced e widde RE thefnidkeiClkgd btforehmd afteh@chimas
determ ned according to the follow ng nethod. Using SEM photographs of the
si de surdsdes tiph themi gstas ghearerizved es dall e dfftromce wdieotBppban $6oh, liayey was
etched and after the copper seed | ayer was etched such that the degree of

t he ni chekctprzgpdes .0 be corroded and the width thereof to be corroded can be
determ ned From t he photographic i nages, the width Al (pn) of the nickel

| ayer dPOGIhesicabe %F@@Jabgflaw@%ﬁﬂem & e coppspared sV psapRifly etehedwikfegur e
4) and the w_dth. m of the nicke|l |ayer of the te Lece, after

et chi nget“(hlfqgi"r’ﬁgﬁi“&é%é’(o%"nm@f EOtr?g?ﬂYﬂded. a‘P‘% ’tarf’é“ﬁﬁd?bf”é‘?’éﬂ@éb A AOREen t he
wi dt hs <Pf ét&e ni ckel Ialerfthbefore a&l? after etching was less than 1.0 p. m
it was CRATACtert 268 as™ 0 ke Gl f¥€r ence was not less than 1.0 p.m it
was ch i . I o ol lto
5t ho 1t Sht EE R b, i ERHrS (AP BEC e tfimbrs 2o AR T

por ti on,Mas.nPRL) KRR LY @@eth?@ige?é}%éiﬁl iR 162168 a0 YERERAH A D thelcBF TR Le@ YOt be

degraded during the renova e copper seed | ayer.
is rapidly etched but nickel is etched as well, resulting in a deformed bump. As a result, the wafer
cannot be used. Also, in Comparative Example 3 using sulfuric acid instead of the chelating agent
(A), the copper seed layer is rapidly etched but nickel is etched as well, resulting in a deformed bump.
As a result, the wafer cannot be used. In Comparative Example 4 not including the chelating
agent (A), neither the copper seed layer nor nickel were etched. In Comparative Example 5 not
including hydrogen peroxide (B), neither the copper seed layer nor nickel were etched.
k ok 3k

[0063] Although the invention has been variously disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features described

hereinabove are not intended to limit the invention, and that other variations, modifications and other

embodiments will suggest themselves to those of ordinary skill in the art, based on the disclosure
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[0062] On the other hand, in Conparative Exanple 1 and Conparative Exanple
2 not including the surfactant (C) having an oxyethylene chain in the

nol ecul e we 2deauiobed herein, the copper seed |ayer is rapiutey1pt®bed but
nickel is etched as well, resulting in a defornmed bunp. As a result, the
waf er cannot be used. Also, in Conparative Exanple 3 using sulfuric acid

i NSt eachefdin. t Mae chehtadni there@eeRtto (bA)broddiecoopReS assS@eompayRY all Sudhagiridlighs et ched
but nickel is etched as well, resulting in a deformed bunp. As a result,

t he wafmrvdiiganeretanddtcosek cnhdGomnparitin thespibiaun ke@pdofitbt clains herdafieg sdt fieth.

chel ating agent (A), neither the copper seed | ayer nor nickel were etched.
I n Conparative Exanple 5 not including hydrogen peroxide (B), neither the
copper seed | ayer nor nickel were etched. * * * [0063] Although the

i nvention has been variously disclosed herein with reference to
illustrative enbodi nents and features, it will be appreciated that the
enbodi nents and features descri bed herei nabove are not intended to limt
the invention, and that other variations, nodifications and ot her

enbodi ments wi ||l suggest thenselves to those of ordinary skill in the art,
based on the disclosure WO 2012/ 024300PCT/ US2011/ 047927 herein. The
invention therefore is to be broadly construed, as enconpassing all such
vari ations, nodifications and alternative enbodi nents within the spirit and
scope of the clainms hereafter set forth. WD 2012/ 024300PCT/ US2011/ 047927
The Cains 1. A solution for selectively etching copper or a copper alloy
froma mcroel ectroni c device sinultaneously including copper or a copper
al l oy and ni ckel-containing material, the solution conprising a chelating
agent (A) having an acid group in a nolecule, hydrogen peroxide (B), and a
surfactant (C) having an oxyethylene chain in a nolecule. 2. The solution
according to claiml1l, wherein the chelating agent (A) conprises an organic
acid having at |east two phosphoni c acid groups, carboxyl groups or

sul fonic acid groups in the nol ecul e.

18



3. The solution according to claim1, wherein the chel ating agent (A
conprises an organic acid having at |east one carboxyl group and at | east
one phosphonr/aeiod group in the nolecule. 4. The sol ucomusaeiaoudeng to
any one of claims 1 to 3, wherein the surfactant (C) conprises an ethyl ene
oxi de (EO) adducts of al kyl alcohols (Cl), EO adducts of al kylam nes (C2),
EO addubteLlaimsal kyl phenol s (C3), EO adducts of fatty acids (C4), anionic
surfactants prepared by nodifying a term nal of an EO adduct of alkyl

al cohol (C5), anionic surfactants prepared by nodifying a termnal of an EO
adduct lof AabWytiqehtonsele¢tasly, cteliel genpet ofrigi geapdr olloy Heane ¢f mickelettienics df\itd on

accor disﬂﬂuliaﬁeo%_ﬂy igaﬁdiﬁg cgﬂp@f' ITp achpBerSall 'aeliligkei—gﬁlta?ﬁlﬁé %Tt&i'élf, tﬁec)solﬁ@Jﬁpr i ses
an et hyl ene oxi de adduct of fatty am ne’ 6. The solution according to any

one of eMmafisiag 4 chedating agghe A viag parsid gronp /ig modsculs, hydraghr Paexidhd)cidldat i ng

agent (sWfadift alaviﬁ%amgetﬁge&oﬁa%%ﬁae&@ is about 1 to about 30. 7. The
solution according to any one of clains 1 to 6, wherein a ratio (A/(C of

a weight of the chelating agent (A) to that of the surfactant (C) is about

1 to aboutrhd QutionBaccdrlifig $O bint ONWRGERTEH Qglatify AdWt Q:oﬂflprige!s ah MBgahict Rid?
further conprising | east .one solvent (D). 9. ution according to

t The . so
any ond@¥hne ¢ leashigo %95@11@,16 Joift AU CEIOY uﬁgorawlf%%@ceds GRS bk Sr&RYIe-
selected fromthe group consisting of at | east one anticorrosive conponent
(E), at, least one antioxidant (F), and at | east one basic conpound (G .
10. A net ﬁg‘d sqlgoncaetieg r‘i‘bg]ém?rﬁ c%’%eéi’%élﬂer ‘BﬁlaE“%%SFPtc@,) Ct"ﬂ’@“?f‘étaﬂd’ﬁﬁa%rf’éiﬁ') si ng
sel ect ina€ihy atBhin3GabOPP lou® tindeat LA PAE pdkphoyic heid Brdup éh tht morallect r oni ¢
device using a solution, wherein the device WD 2012/ 024300PCT/ US2011/ 047927

si mul t aneousl y i ncludes copper or copper alloy and nickel -containing
mat er i al., Thhesletioh ichadigltathypnnd of daiyhsOnN® Dfwiehe MB sthirficand (C) comprises an

ethylene oxide (EO) adducts of alkyl alcohols (C1), EO adducts of alkylamines (C2), EO adducts of
alkylphenols (C3), EO adducts of fatty acids (C4), anionic surfactants prepared by modifying a
terminal of an EO adduct of alkyl alcohol (C5), anionic surfactants prepared by modifying a terminal

of an EO adduct of alkylphenol (C6), and any combination thereof.

5. The solution according to any one of claims 1 to 3, wherein the surfactant (C) comprises an

ethylene oxide adduct of fatty amine.

6. The solution according to any one of claims 1 to 5, wherein a ratio (A)/(B) of a weight of the

chelating agent (A) to that of hydrogen peroxide (B) is about 1 to about 30.

7. The solution according to any one of claims 1 to 6, wherein a ratio (A)/(C) of a weight of the

chelating agent (A) to that of the surfactant (C) is about 1 to about 100.

8. The solution according to any one of claims 1 to 7, further comprising at least one solvent (D).

9. The solution according to any one of claims 1 to 8, further comprising at least one component
selected from the group consisting of at least one anticorrosive component (E), at least one anti-
oxidant (F), and at least one basic compound (G).

10. A method for producing a microelectronic device, the method comprising selectively etching

copper or a copper alloy from the microelectronic device using a solution, wherein the device
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simultaneously includes copper or copper alloy and nickel-containing material, wherein the solution is

any one of claims 1 to 9.
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