- 1'- SPECI FI CATI ON TI TLE OF THE | NVENTI ON Conposition For Etching of

Rut heni um Based Metal, and Process For Preparation of the 5Same Techni cal
Field [0001] The present invention relates to a conposition foy
etching of a ruthenium based netal, and to T[a,process for 10preparation of
the sanme. In particular, the invention relates to a conposition suitable
for use in etching of rutheniumnetal and ruthenium alloys conposed nainly
of ruthenium as well as a process fOoBPEEEFIPADEMAt I on. Background Art -

15[ 0002] In recent years, the use of rutheniumis being investigated
as a barrier netal for sem conductor devices. This is because ruthenium
exhi bi ts a bar rileEppditsy INBAATHR0 Ferress tihanFesppeehisgugdd as the
20wi ring netal ,RithedhinPidaspiMetact Ay adbeskueress paBda PRENLAI B8 tha
conduct i Véty even when oxidi zed. Rutheniumis also being noted as a

capaci tor-el ect?®fe material for DRAM (Dynam ¢ Random Access Menory), and
as a material fmycistiahil isgatlicon of the magnetization direction in
25magnetic el em(ﬁi] [ 0003] When rutheniumis forned as a film by
sputtering, CVDO he |like on a substrate such as a silicon wafer, the

rut heni um al so adher®Bs: gasdrite ihack tSicde randtedges 30ebmpbeisubsat Fake. |f
the rutheniumthin-.fi emai ni.ng .on the ck.side _and _edges_is left to
remain, it may %Eee ln%? eacorﬁlenchaeg}lé]gﬁg)ﬁstegjafrﬁga&fr 88EUF8I gs@ﬁ??%ﬁg %Prt he
devi ce atlt he sutstammtte.gurdfadédie granit. nmdy pemtarudatre dhheinsabsioates via
t he sem conduct VJ 53&4?&{;?% rin rat ul t.i i h_reduced
product reli abillc%'lta‘}eeoérctfﬁ el ds. oﬁtt'tjﬁ)lns%rugpa&%%%? #%g Egca:kugi ggghgﬁé ggges of
substrat es nustrWdiaiisahaitailt mayd phaidiesaiumy allogs- compehedi vafihyyt ofr enove

the ruthenium [0Q004; ke Sethod Qfs ¢l eajRY O3 SY stéFQrQEYEHQ .

rut heni um accunul ated on_its back side or edges may be 5cleaning using an
et chi ng conposiRdYATIBweVErt rutheniumis a plati num group el enent which
is not easy to giop) [0005] At the current tinme, the known etching
conpositions 10for rutheniumthat are used in sem conductor device
manuf act uring st eps TThcl R e fSaifi-s 4 Usitd Ofi EMtESRE 1EPREERE docunent
1) . However, ceiriwsptsiajdtedraduc ®reepiniatas rdur isegiebahhbgorand the
preci pitates geper.ated at_.t.he .bottom of treatnment tank .guri N :
15manuf act ur i ngcpesvtrlecpesS st e e RSERSY rfugglﬁptli‘lgh,exgﬁél &r F‘ugf%ﬁﬁe?deri ved
conponent s renghmmparion téhel subst fetcausw vhea abpeeretiehuusgdnust the renpved
before itg use jin.; ] ndti]q_lbor devi.ce, which is_inc atible with
cont am na?i on byl rrle q;ﬁ({%tg%s’. V\e/exvhelr%,ltcsersial}ﬁsgglcfcprzyoagrglg\%aeESﬁﬁoﬁgﬁt s are
difficult to rewMeE-astsh g iddrethopdtvert yorevendiwhany oadiddssdandRuhbyniegui re
re-cleaning w th; cherm 6l RIS UGN AT VRe+36hE: material for
DRAM {(Dynamic Random Access Memory), and as a material
for stabilization of the magnetization direction in
25 magnetic elements.
[0003]
When ruthenium is formed as a film by sputtering,
CVD or the like on a substrate such as a silicon wafer,
the ruthenium also adheres onto the back side and edges
30 of the substrate. If the ruthenium thin-film remaining
on the back side and edges is left to remain, it may peel
and become attached to the structural sections of the
device at the substrate surface, or it may contaminate
other substrates via the semiconductor device
35 manufacturing apparatus, resulting in reduced product
reliability or yields. For this reason, the back sides

and edges of substrates must be cleaned either physically



[ 0006] There have al so been devel oped etching conpositions 25using periodic
acid or periodic acid salts (Patent docunent 2). However, because of the

hi gh cost of periodic acid and periodic acid salts, they are not suitable
for use in large-scale manufacturing steps.,[Q007] 30Tantalumis often also
used as a barrier netal, for the purpose of inproving the adhesion and
barrier property of ruthenlun1on silicon substrate surfaces (Patent
docurment 3). HoWevehrembgrhlvtiehi rneohpdst tiwiendia.al so i npracti cal
because of the F@@O@}chlng rates for 35rutheniumalloy filns containing
~tantalum Tantalumis known to dissolve in acidic a ueous sol utions
cont ai ni ng hydr of | uot?e BRYRCAMLE | ¢l ¥neEhtfatte dubstirgig Payigoc - 3 -

aqueous sol uti opstRén Db asShm TwekdXbglei ©f e Idike alr %qu@%S&%g,%e
greater, gut thei/?are diffjcult to use in conbination wth existing etching

conposi tidns fof TP HRAI Uit BecHusTE Ot S For metO SN S or  exanpl e.
5[ 0008] A nethediaf £$ cdi st KJreAd 40 1 S RghesAd iRy EC Rlodr ielag has
al so been di sclgsedté Pat ent docunent 4). \Wen this nmethod is applied for
sem conduct or devi ces "“however, it introduces the problem of sodiumions as

a 10cont ani nat | 6RO ce, while the usable Iife of the solution is also '

i nadequate. [0009] ,: thgaéleﬁelgpc%(gt t5nd' w%s 25 AN 8t |§%S rrp05| tion

usi ng hydrobronic acid and an oxi di Zi'ng agent ydrogen 5[():er
nitric aéfd). Howevewrthemiwnetlodi nare onpasiin cﬂesz:qnsied:tfoar duervdlcem

phosphi de sem CxRé‘HHféé’Eﬁrn%@dsﬁ §0fp A 5§ %ga%fdf Sl Me g

et ching of ruthenium based Tnet al’s. reover, t e etc I'ng conposition’is
aci di ¢ and not bRatent dpomuent 1). Eywevent cHimrgmsedds preducet heni um

that have been gtééiﬁeeeéitég%wfngane%ﬂw,g dret hods fﬁreélwtea@e%mf' | s in

which a rutheniumfilmformed on substrate is etch h a chem cal

sol ution havi ngg@"pFrFd 13t of heyriaak e i t%“@ﬂtdéﬁrﬂw Idé’&l}@tg i on

pot ent i alt 5of 3Qﬁaﬂih/fa{§tu§ﬂﬁg ot g Lahest (Rat o wr.umemn a@)dltajib(i'l athe
conposi tion for_etchi ng g _ruthenium co r| SI ng car boqﬁll iC nd/ or
ammoni a, hydr og&h" P oXF e~ AR Vet eromR i°Cn é’c,tlrd’it@
(wi th optional adrlfad:@naf)tfeace’dshﬂﬁ)g; rtmhs:tdlbm mdfm GEfRciid)s (uB@t am a

docunent 7). ¥\%Xas %éggggraéevigtenq?%?ﬁ (r)ltrﬁ Ie ru Qﬁm u rl?snm al, and

are not describ ei ng appf i cap! e Pri or Art
Ref er ence 35Pat eptt®otwdrenen [190 ¢t Pat sots dodimmﬁerﬂ, cﬂea:pamemllﬂnexam ned

Pat ent Pybl i cat 9P, vaq4es = 237 t.d

Unexami neg Pat ent ﬂﬂ%ﬁil%%l{l%e%ggﬁ%%ﬁ% ng]ecn to e atent t&ogﬁﬁelntl

Japanese Pat entWPudT i er | pEpeed i vmMNeds 52008- @mm@a{r@wtrai@d@mm%

Japanese Unexanjped BatgidaP @c}!;é&@élgﬂbﬂl\ba 3%@1“1 tanf, document 5
ub

Japanese Unexamnm ned Patent P I cation 4-361434 10Patent docunent 6:
Japanese Unexant h8@6Pat ent Publi cati on

There have also been developed etching compositions

25 using periodic acid or periodic acid salts (Patent
document 2)}. However, because of the high cost of
periodic acid and periodic acid salts, they are not
suitable for use in large-scale manufacturing steps.
[0007]

30 Tantalum is often also used as a barrier metal, for
the purpose of improving the adhesion and barrier
property of ruthenium on silicon substrate surfaces
(Patent document 3). However, such etching compositions
are aiso impractical because of the low etching rates for

35 ruthenium alloy films containing tantalum. Tantalum is
known to dissolve in acidic agqueous solutions containing

hydrofluoric acid and in concentrated, strongly basic



"No. 2002-161381 Patent docunent 7: Japanese Unexani ned Patent Publication
No. 2008-42014 Disclosure of the Invention 15Problens to be Sol ved by the
| nvention [0012] The present invention has been acconplished with the aim
of solving the aforenentioned problens, and,;its object is to provide an
etching conposition that allows 20efficient etching of filns of ruthenium
and rut henium al | oys conposed mainly of ruthenium and including at | east
one ot her et alagechsas olaktigngmoifnpatpsesoni bedrproper ot ophg f brke het
purpose of { he Jnyeaidson: fieseeth | bud %ﬂegeagsf gipedche. coblegdivgly as
“rutheni um based 25netal s"), as well as a process for preparation of the
same. Means forcoBBViaig orhe&ibholsrdes g0 e3FPhABIacPEBOF L BN Yi fogent
research on compATddims Pe@laud@eldhbrgQhbitht 8B r8lnhHt BENI HOY 0L At DENT UM
al | oys conmposed rrgjl nly of ruthenium the present inventors have conpleted
this invehtion [LQ& % )i ndi ng that a basic conposition conprising a
b(rjgm;jne-cont ai ni ngb@prfﬂéctww o&nle;t&ihdhéﬂ l&@tﬁgﬁmﬁm aﬁbﬁgi g?@mrmﬁund and wat er
added in 35prescri ampunts al l.ows sel ective etching, of ruythenium

ot heni um a1 oy SIS o e et RE<s: F1 enopasedParnat rdrasrany &) -
thin-filns of SiherSit3NA, nleit®ddori st bepliike. for BemiSprauttoal dyvitde,

i nvention rel at 0. a cQnposition for . etchi of rut.heni um based_net al
which is a conﬁlt;eozdlet 10 cl%nplrnlstéﬁo élcﬁtseggrei Bgagg%‘uﬁ?sswlﬁm tons as -4

br om ne-t®nt ai miarg-acompduimd, samrox,divhiidg &hentisablbaditecofipbuad and

wat er, 5and whi j 1.C,- 18 | process for preparation of the
sane. [0014] Sgld@h&gla?r?v&lt%?)o\#%ggﬁ%ageeé the foll owi ng aspects, for
exanpl e. 10[1] [R%Hposition for etching of a rutheniumbased netal, in
which there are addediangd Motkmaile seaibaoBeaLAC:eoRl AL NLafpGoTPOYRd. an
oxi di zi ng agent, a basic conpound and water, wherein the anount o

br oni ne- cont ai MHG% BT Atddeddisl 219k appexdglizingr aaenk, (AWAragene

anount of 5 oxi digd Mgk ia@er added d Sdldd-.12 yeRes%y, Whhsr 88pREhgt 0 the total
mass, and the pHis at |east 10 and | ess than 12. [ 2] %\ conposi tion

for etching of @HMRAHA UM B iR rwHER UithBRasRPédgdagd aRRdNFkedsat

| east adbrO(T nea-ncﬂﬁﬁzil)wr?lioaj rajmagzlmraapla@dbemgoyfdbaitmgeageﬂt etahbagi @fd dded
conmpound and wat er, erein the unt rom ne-contai ning conpound adde
is 2-25 mass% A er“oer“hg’,aS rﬁJc]“{e?‘rgﬁe?rmuﬁ'{or(‘?f"@%i'ditg‘fenﬁgﬁgéﬁg added is
0.1-12 mass% wdnpaseigpect itso adielitotzald mass paatd.the pHis at | east 10 and

not hi gh%il 25t hﬂfq]ljoél]' [3] A conposition for etching according to [1]
or [2], erei n the ‘brom ne-containing compound is at | east one sel ected
fromthe group consi®thary edfchhiydr ogdrdsisoiode rusbenammbibatdbavpobassi um
brom de and SOtﬁg&rggg&/I-m{q ﬁ)r de, hod. I ot or
etching according to any lone oeuF e;&g} %lg, m\%’eﬁgi né%hgugglgg?;#nggggént i's
hydr ogen per oxiide dHd/hora fiutheniawi §ilm formepspnaacenpssirefenifoeteheti ng

according to anytane 3_RmilcHl t@ oMt nignel yaesr a8 bhegbaster and
conpound25at an oxidation-reduction potential of 300 mV vs. SHE or
greater (Patent document 6}, and a composition for
etching of ruthenium comprising carboxylic acid and/or
‘ammonia, hydrogen peroxide and water, the agueous
solution being acidic (with optional addition of acids
30 including hydrobromic acid) (Patent document 7).
However, these are intended for simple ruthenium metal,
and are not described as being applicable for ruthenium
alloy films,
Prior Art Reference
35 Patent Document
[0011]

Patent document 1l: Japanese Unexamined Patent Publication



'l east one selected fromthe group consisting of tetranethylamoni um

hydr oxi de, potassi um hydroxide and - 6 - sodium hydroxide. [6] A
conposition for etching according to [1], wherein the pHis at |east 10.5
and less than 12. [V] A conposition for etching according to [2], 5wherein
the pHis at least 10.5 and not higher than 13. [8] A conposition
for etching accordin t 1 wherei n the rutheni um based netal includes at
| east 70 atom Nper ium [9] A conposition for

et chi ng accor di pg. d:x [ctd@uﬂéwez 21 fh Mo HMIIRAIHTHRAS ©d LBt abub$  EUkReRT um
met al . [10] A co osition for etching according to [8], wherein the
rut heni um based“?mt?aq 2@1 at least 0.01 atom c percent and not greater

than 30 atomc mw@@mtdé@nt@fwns IRdate A aoimRes tBuen ikonnepbehtRenaeQr di ng
to [2], wger ein 6@% %&&e@ um al l oy includes at |east 70 atom c percent and
not greaté@r t hat 98" m c percent ruthenium [12] A

conposi tion forPaett@htt ngo@aaearitdi g Japdridde Rshearieien Phechtit Rapiltoaalilooy

i ncl udes at t 02(9&13& 5percent and not greater than 30 atonmc
percent tant aI u dl%if A process for preparation of a conposition
for etching accoaiemy docamnione: ofagdiieded UnEXdaminteidc Paltasta Pabepcaft insi ng
hydrobrom c acig, asz(wf PEpM pe- cont ai ni ng 25conpound and an aqueous

hydr ogen perOX|de o) ion and/or nitric acid as the oxidizing agent, and
prepari ngla m xRelt enjuedesureet ut 6 onTawaivie & et andastd tPtaéetnyle@@énCIartamnde
and oxi di zi ng agent,hsye peedy added, and a step of adding a basic conpound
to the m xed aqueous solution, so that 30t he hydrogen brom de concentration
i s 2-25 mass% aka bRk FRCWMNE he: olaRADS 97y Unpeirmisgd Sateati Gbild cation
mass% and so tifat phhgSaBopsescri bed val ue. [ 14] A nethod of

treating a substrate by etching of a rutheniumbased netal film and/or
rut heni um al | oyP$FHYSBER it 28 etN RNl Quibst rat e, using a composition for

et chi ng peepar eelrbiy1 dihe 6 0seSSo fvd B epHatimceeyrding to [13]. - 7 -
Ef fect of the \INE(\)/@;#Lon [ 0015] The conposition for etching of the
invention allo ctive etching of a rutheniumfilmand/or ruthenium

5al | oy fil m agai nst tahstgmség@rtte imtsatti;fdm Sieh mm Eﬁﬁjﬁr@ﬂﬂd;lhl@ﬁoﬁvl\ﬁﬂhf &he and
it is therefore eltlfeftég fr?r ean t.he b de and er%dg%s of a
substrate such a5 a senicon d%c'for wa menrﬁ)lloé1 et“hc’énl Ut £i1°m and/ or
rut heni um al | oyobi¢et 1sm Hdo@tmmxﬁe |an n@tycttnelgl(}wntt&i%&mmd tihats b@pewfsor
manuf act yni ng o Gt er| I

Wi rings, Egarn e%fjfsr%% %kg{rnits?ﬁes and €s e]f(r?le r;lrr?aﬂd on

substrat es suchah%oz%nftweimfﬂ oraipmferet @Hdla‘wunpmrpbmhwqugduartg
di ssol ution of faibeniyn based MBEAl SsuSHCs aSink vh Qt'ns%totp‘i'e%%ﬁ@e‘&' ons

to be used in pretreatnment for analysis of el enents presen
r ut heni um basedPHeRAFs1omr (£PT Dl rPpepte ot te BruEinide.00bepe will

[Fig. 1] A gr aphl SHOME Nge £4 ERENOL S A &B1 & OF L Fdithapd U A% e it -3ad Jut heni um
t ant al um, 1oy fi] eval uated | n the exanpl es_of the invention. Nbdes for
Carrylng t tpRe t%ﬁ@ }10%5 well as a process for preparation of
same.
Means for Solwving the Prcoblems
[0013]
As a result of diligent research on compositions for
30 etching of films of ruthenium or ruthenium alloys
composed mainly of ruthenium, the present inventors have
completed this invention upon finding that a basic
composition comprising a bromine-containing compound, an
oxidizing agent, a basic compound and water added in
35 prescribed amounts allows selective etching of ruthenium
or ruthenium alloy films without damaging silicon-based

substrates and thin-films of Si, SiiN4, S1i0; or the like.



'10017] The present invention will now be explained in
2bgreater detail. [0018] The conposition for etching of the invention
is a conposition conprising a mxture of at |east a brom ne-containing
conpound, an oxidi zing agent, a basic conmpognd 30and water, and it is used
under basic conditions with a pH of 10 or hi gher The pr esent i nventors
have found that a basic aqueous sol ution containing an oxi de obtai ned by
oxi dation of a ¥Pemd iecabkt aitiiadlrsmrhoion telade sotiodiaz crgragéht conden

aci di ¢ condi ti ansch N6 uskes, 3ReTRer ea%édﬂ%{@t%q' wBRES §3) MebiipBLaing,
ability on rutheni umbased netals. [0019] - e o

br om ne- cont ai rﬁ’?f&’rcb‘?mrﬁif‘%ﬁﬁlb’é) e tshe fc enpaomingmcpstaanéhiong of

the invention iso &im Ay @tideasty el ectrd ify edbbenar gHR R Sting
of hydr og n brom sadi um brom de, pot assi um br oni de and

5t et r amet yI anmi u‘l‘ﬁjo(?}brﬁ%ebanl E% HELhRs & PEAcesan Ihe BEeRPHEH Loy
directly oxidi zofgclsd igde@= br om ne as the brom ne-cont ai ni ng conpound,

brom ne has ver (ﬁi]ong corrosivity and toxicity, making it not easy to
store and transgo ,~and i s nore expensive than hydrogen brom de.
10Hypobronous aci d dlls® draseret odn ngomgn 1 3day  tHautf dlfl oiveadi bygpdecanpdses in
acidic soluti Onéxarﬁiﬁfei nsufficient stability in basic solutions as well,
and i s expensive. € brom ne-contai ni ng conpound may be added as an
aqueous $6l ution or kbl & setnirbsiurioy Ib’ﬂepmcattﬁr@no&r at e thSodupodbiatsiean f or
etching. O th e tl?ﬂ%ﬂ d IS
preferred to u?g@%%jex%s‘?ve Tg{rogen rom %P&%gﬁo%r% ie(ﬁesttcan be
added by bubbl |WWW@W%§WHM:O 861 Iqmldln@uta%@ltmgahmmbr om ¢
aci d as an aqueghioSEhULARY St &F efﬁ{éf@lﬁ Hhe? QeR3MOh fh%%mlﬂ%h

br om ne-cont ai ni ng. conpounds i nst'ead of hydr ogen brom e there may be used
broni des such aSCRRf R BrefARRINPAR Ui ot dssdid ©6t PEPELRE, amishi um

broni de. 1bn t hi sh€agfount o5 RERIBIIRY 4@ Midanaqus) .y -add @ sgkr oRg taci d
in order to 25effici entl(%/ ronote Oxi datlon reaction., The strong acidis

not particul arl RSt i%t 'S - P oty BRSS 1 aius tmegiPHa&sdlatty le&ﬁ& fl§ and

exanpl e, hydrochéssichaci 1. SU|fUI’I c aC| d, nitric acid or the |ike may be

used, anong which ni Lﬂj aC| dis,. ul arI(X]Blpref red cause it _also has
iz

30a function as an o i 7y RgEh ? | aT&B’I SHUY Flogder to

i nprove the periorwahce meiéleawmmecﬁmm fiorxeet &t ngashr amonemine-

hypobr o S aci | S id bronnus aci d

salt, b:’rggl c ace:';i g?ﬂgﬂﬁ ‘3%‘?%’ sarf%éldlbgﬁ%g%? %dded aS r(fejglé)ssué]rdy

These may be us@@da‘v@iﬁ%rorwfilmr%ﬂmhmtawtofﬂ \mcmrlnmnt[aimml]g -9 -

The bromi ne- contahmh g CAMRAYNGs i 5_ Added 10 o%p g CORPAR et 11, e 2-25
erably

mass% nore preferably 4-16 mass% and even m)re pre - RS S 9 as
br oni ne (Tabl es®d bring fagent aied obs dbricdrt masson Gifltthhe”espect to

Sbrom ne- cont ai Pha0t SOAPAREKE | Sah@Waie tHAN & SRITAAS 1 AN @ott B8 gher
concentr?gl on of conﬁments (chem cal species) that contribute to etchl ng

w | | i npossi ble to acconplish satisfactory etching. On

t he ot her hand no S[@]mzﬁi@@i@oém@theﬂcﬁu&@emd%ﬁdﬁgl&@ ghijng,rate if
t he addition coggﬁntratl on of t br om ne- cont ai ni g% cog&ound i s hi her
than 25 mass% as® bt obi fies And ¢ %Ofﬂjs“%%%fradfb“& FRERd ys at Lehst

di sadvant ageousong 0821¢cl&d hier axi tthe | gugo g erdnios thiengu s Hyriridy@nconposi ti on
for etching of lSP&ni&'é/enéécﬂhrhaofmﬁ;o gpdttahsasvliun a fur(lftl gon, of oxi di zi ng
dlgen

t he brom ne-contal ni ng conpoun I'ng ¢ em Tl sﬁé‘& es effective
for etchPRg of Fekhaneunyhauedniwndospeiddd c exanpl es incl ude hydrogen

[4] A composition for etching according to any one
of [1] to [3], wherein the oxidizing agent is hydrogen
peroxide and/or nitric acid.

[5] A composition for etching according to any one

35 of [1] to [4], which includes, as the basic compound, at
least one selected from the group consisting of

tetramethylammonium hydroxide, potassium hydroxide and



'20peroxide, nitric acid, nitric acid salts, sulfuric acid, sulfuric acid

salts, persulfuric acid, persulfuric acid salts, peroxodisulfuric acid,

peroxodi sul furic acid salts, fluorine, chlorine, hypochl orous acid,

hypochl orous acid salts, chlorous acid, chlgrous acid 25salts, chloric

acid, chloric acid salts, perchloric acid, perchloric acid salts, brom ne,

hypobr onous aci d, hypobronous acid salts, bronous acid, bronmous acid salts,

bromi ¢ acid, braedicumdixiwetids. perbromic acid, perbronic acid salts,

i odi ne, hyp0|odous agh 5 o hedous acid
d]dc aCCRKg& %rﬁ%& % ?Sc%%(}_l(ﬁng 'tg éig

salts, iodic acid, io0 salts, periodic a eriodic a "sal ts,
rut heni um t et r dBHGERLN pereraryai caTac]lQﬁSs?iI]{OS 5 @p@née§ﬁdt@éﬂ| Uf-salts. These

may be used al one 0r[7F‘AXH@HﬂE§16EBh(ﬁof\@%dﬂin@D%%co¥@§n@dgbtWQT may be in
the form of an aqueous 35solutjon or a solid. In order to increasé the

oxi di zi ng°pover"Rreie e By agemasthddtithgnsayobe highesr kBani A3a

tenperature range thgd] @OQSorﬁ];SBsﬁ@tLl&? jifie! |ét’&un‘é_;Ufadcf&9>rd1n§0t0 myture with
t he brom ne-contai nin onpou Preferred anong .t he af orerrentl oned
oo

oxi di zi ng agent&'&F % R dRe i TR ¢ PacE e SwRén LRgdtobConi ¢
acid is used aaﬁ@mdormmmtccmitaqemlngn conmpound, hydrogen per OXI de is
f5pr eferred since it ﬁéj]ntlg'%ncr:smé]o q%:)oghc%tosr %gu]'nig %gaglgl ng 8 ?glée in the
orm of inexpensive p (i/SJp DBl f “ef fectively
oxi di zi ngOhydr obreirgion aldled rtafmbrmmraqlmcs nytdrlogen rpehexiide selafli.on is
preferably used fronH(p]e A/![(ﬁ iOJn ease chtjl%g;f‘%%léor}%l 509%2] 8] The
e OXI

addi tion concentration of I'zing ag én suitable I” differ
dependi ng on i t¥hexpE tHha Jflo‘?hermszmmﬁrqﬂﬁ;@@tlatl iincdaded at @eaSLZ On@és% of

the 19etching comIpRl O ANid ddie Rl U] GERREExXilodly ] s added

at preferably 0.5 10 mass% and nore prefer 510 “ress % { Tabl e 1),
while in the ca‘é@@ Witric acid it is added at preferably 4-10 mass% and

more prefgrably 4-5 M (dakbesAiod fediheadig arceangenty bijon of the

oxidizing agent is |ower than 0.1 mass% it wll not be possible to

conpl etely oxi df¥&F¢He o HN DRI IRy dRIsIes artd 1ers et Ohrheriist e

Wil be extrenspyrieove avid oot Syidmiactical .09.fod he addi He@ce@ncentrati on
of the oxidizin %];% enI |s greater than 12 25mass% it will not be possible
n

to suitably ge onents that contribute to etching of
rut heni um based net a[bz ] ahdcdipo et icihvmgfaate odilng kecweduerd Lo QQ23], A
basi ¢ conpound ‘l%,ﬁ?%gerg ﬂlpethetﬁ:orrposm]l[ £n for 30 tchi n of t@e |nv nt| onto

adj ust the pH o & composition for % SAsiPd t e @ &Eﬂlﬁ on .

amount may be rmrwreid c'asd dest rcydedlmr ad}ajstiiﬁeratcmfld Ip@r]@ldmo tiindta e

desired etching rate taﬁ%f%? ¥ to%_#]eg 24418 GOROS) tid %osgrtl%%otyor}g of

a rut heni um based rre I'nvention is a
| ess than 12, a%*éICW% Etﬁ%ffre‘iidlﬂ yed tany e |adfastl 11005 [didd /| ebd chhamsl 2,

Al'so, the pH ofstde SONPOSLE 11IAMF M r & DI NG PFa 2 ¢ HUtIM;WH- di ng
to the i %entl osn Jlg% at | eas H1))(F)blandr not_ hi ghera t rchan 14 :fri:lne1 %tc))lrng)éﬁ?%&g ably

at | east 20.5 andf"RINGhi FHéran RraeIs IHYQW%H%IQW%WPHDO@

etching i s | essnthanc laocldr@em@lcsmldlagﬁqg‘w erriﬂ h%mdlrme%%i% Iaefnalx%dw I
be extremely small s, fthan 10 nm.m n, i.Ss inpractical. The

e
conposi tion for %T%‘Ffﬂ%gs%futtjn%n i v et dh %sleé‘sﬁl-l% e/ Afoason brpanide
af orement i oned il r @i repradgdr e treaperaddn eadafed)s an®tC iteg) ofThatdiing,

when the etchin S is to . 10be us with heating.to a tenperature
above room terrp%r%?ét}?ée) éér}d%ﬁ 03 %%Ctlh ﬁ—cigaal AEEHES S %tﬁoﬁl’t e v That

af or emen8loned tmg@ydﬂm@mmm cfozrrcaltamqmm tiisor2-f20r metsel¥ g of the

i nvention that QE&mP&?Qn&ﬁgﬂﬂg%ﬁféhzing agent concentration is 0.1-12

mass%, and so that pH is a prescribed wvalue.
[14] A method of treating a substrate, by etching of
a ruthenium-based metal film and/or ruthenium alloy film
35 accumulated on a substrate, using a composition for

etching prepared by the process for preparation according
to [13].



‘roomtenperature (25C) will be roughly the sane at room 15t enperature (25C)
and at 50C, and the pH may vary during use. During the etching treatnent,
the conposition for etching of the invention is used in the aforenentioned
pH range at the etching tenperature. [0024],20According to the invention,
"rut henium based netal"” refers to a netal cont aining at least 70 atomc
percent ruthenium and al so includes rutheni um oxides (Ru0.), nitrides
(RuN) and oxynik¥feies qRUNG .Irfwattian the term i ncl udes rut heni um net al

al one, alloys capy@ini ng at 25l east 70 atomic percent ruthenium and

rut heni um oxi des (RuO ), nitrides (RuUN) and oxynitrides (RuNJ). According
to the invention, r“m%é?ﬁnmﬁ%}lqw fraf @tehigdgawfalthey leganaiaANnglaowbeast

70 atonic perceé‘élééﬁlhﬂ-ﬁléﬁﬁh fmf detal S 19fdhahint Ban %@%kum%emgﬂer
concentra i ons than 30unavoi dabl e concentrations. That is, the term

"rut heni urh al | 1A dordt mPdidthe i FRsihads m%reﬁaéé ﬁpéhueﬁsawth a | ower
r ut hfambijm cont egt‘émitclftﬁﬂjdchﬁnpwaﬂéfr Ofa{rﬁf acduGlss t}hfé&%tf@][r@ @fot&@tﬁr@' Y r
avai | abl e as _rutheni um me upper Jimt for eniumin a
Yt honi um 3501 TP LG T e (R Ghe 1% G GRS 04 ggsagaﬁretseﬁesm :
12 - [0825] ) as arrmarrﬂcajrequn:amamﬂ ?E!’mp’l@@tllirﬂngl Q‘Iﬂtﬁhﬁnlhi‘wfbaﬁu c
conpound to be us he. co t|on or e t he .i nvent
t et r anet hyl ammnl(?frjn I‘OXI ]ag\él%%hyctj[rllofl %é%lé)&ﬂl din B9 dr %?l de
ammoni a, 18al ci um dwsddy omedb 1rba&rheu_:m hicelr @ardﬁaqtmqa@@l o lsypdi orndector
tetraethyl amm”éi%%}iﬁ% 0)&‘1 eﬁlré ’Eg%ﬁ@’ﬂlaa[”l‘ ’éel men &t h¥z|ﬁg‘n§% BEQ‘EE' di ne,

pi per azi ne, nor'’pho ine dazol e,
derivati ves, pyf?lﬁ”‘eﬁ]r% W@ﬁlmﬁwqm |a/1@tqt\r@sieSp9ch|a¢| @repfapmbddpum

derivati ves, QU@@6§Hfﬁ%é§"%déﬁaéél%%ﬂﬁ%bﬂﬁ%d€8¥jwéE%§%e %ﬁﬂ.?@ﬁygggxgggge or

i n conbi nations, Anong these, sodium % roxi de and potassi um e are
preferred becausRCtiENGidis 0 lgH Qe g Waeas windases agsplee eHch AS

15Tet r amebhy| amm nd 18 SIve QX1 1810181 sl tabhR filesam @Q@@%ta%eﬁ%wgtis

because it contai no nmefal ions, and is nmore preferred for a high etching
rate. The basi ¢®% o PR TH o RF SN %&@&h@n@&m%ﬁ%maa&@ i d
during preparatbBoiedfDdder oopasidi athd @raatichjsng. 20[ 0026] The
conposition for (5“ ng of the invention is intended to be a conposition in

whi ch a brom ne cohtai ni ng conpound, an oxidi zing agent, a basic conpound
and water are added [iidymXkeds caraph qu:ﬂm;:reltbﬁdnz_ﬁbmdzmsnéoﬁromhah@hﬁgm
conmpound,gnd o gant d are rescrl be but
conposi ti gn |nXf %rﬁ%n%ﬁcgse Cl%e% one%an%avuenpm X6 gtfll reae(‘:rt“’lel %grclidltnhghe
actual concent refdmmsepfof Hehebrlcmerré;mnt ai ni ng conpound and oxi di zi ng

agent in the cogpesd t#on @deviat e fdamd ri bed addition amounts,
are al so encorrpassed V\A&?hl n tf}lerf%cope of t |§:\§g)nt| on. The reaction

products may be QJQ”T?&H |y brom ne, hypobrom)us acid, hypobromte ion,

bromous acid, brom tehd Qe fUrRiN G AGH G orPrAMAL %d“p@)earéqu%q%@e iOn.
35[ 0027] The procedure for preparing an etching conposition of the

i nventi oR2i s pret et P%‘%ﬁﬂed out by adding a - 13 - brom ne-containing
conmpound to an pxdtBgi ng agent, and adding a basic conpound to the m xture

hyclr obr o ¢ aci § as THe SIS Eh U A TP 6 & ot A TVEF S0 O dadeous
sol uti on of hydm@hpmnmmlabrmndlmgawe@u&m W et Qfeadit exboriimg-agent
are mxed | Conaieatien afod gy VAl S9E 10N R Y GZLIRIE, |
and t hen3fhe bazid @@hybunﬂuigi.ls used under basic conditions with a

PH of 10 or higher. The present inventors have found

that a basic aqueous solution containing an oxide

obtained by oxidation of a bromine-containing compound by

an oxidizing agent under acidic conditions includes

35 components (chemical species) with etching ability on
ruthenium-based metals.
[0019]



'10added to reach the desired pH while nmeasuring the pH of the mixture. The
preparation may be acconplished by another nethod, so | ong as the
performance as a conposition for etching is satisfied. [0028] 15The etching
conposition of the invention will usually_bg used as an aqueous sol ution,
but if necessary an organic solvent that is conpatible with water, such as
acetonitrile, acetone, nethanol or ethanol, may al so be added. 20[ 0029]

| f necessary, a surfHe? dntorsiuedr esn bt i g | damipreinisy [tamipenusedb i onitthe,

sodi um al kyl sul £&t yeshydenegl -4-al kyl pheny| e
added to the etchi%%gg%%%%s€%$d% of ﬁ¥39¢535ﬂ9f§ﬁ§¥§¥”%25 ?%Sﬁ%gggégﬁ%tb
preventing deposF3TorPRe Ihe @Rt the oo MsEsiitsitdndor i MvdFiogieny

adhesi on of et Cibi-&@i && UM & & tHREBURS M8 SUNEA T ombilRRr §nlgs no linitation
to these, _so Ion%Eas t he etchi ng‘ﬁgerfor,rrance i s _not affected. [0030] 30To

the etchiAg conpBsTATBFapHY PR he B ik thiessape &dd&q ocgani ¢
aci ds, i norganilse ashksimsd ahel @t @ Bgestisdiding wdinpd EEBAmine as the

(et hyl enedi am Qgt etraacetic acid), thiourea, urea, cet)(]I acet one, catechol,
pyrogal | ol , hydP ol NoneS SBHEESE cFABO UG 1 MmO Paforifte 4@ %ascor bi ¢
acid, oxalic actdrracetilcy amdl, tdar¢ary c mdtithg SHCGIdt @ad§i o Steseniaqidaci d
i mde, malonic I iC id leic - 14 - acid, glutaric aci.d, adipic
acid, D gl ucani g%lrg?% |"ta%rg€1i e ang;iar, TR Mo ct%éla & gg@o%ﬁr(?m&gied, 2-
oxogl ut a p_c aci dypebroredls tacidc byo drdotdiadt ingglautidnity ,abud, it readily

et hyl sucei ni ¢ agh gy, sbdd Al de: gl o Rt hyl enedi e, g hghant hrol i ne,
2,2'-bipyridine, 4, 4p I pyridine, pyrazine, ‘cyani ¢ acid, thiocyanic acid,
1- hydroxyet hyl $ERpEl 1LY - B phosihome Eutabdns a ewtlilne anck dat iepeesiopanuri c
acid, sulfam ¢ fgé dyrdiR] A0 A6ht INIAN U dmpdUnd Slay TRNGRIJANAIATNE,

di et hanol am ne and 10their derivatives, wthin ranges that do not interfere

with the etchi nigdperidriRbitel 9 eher et hi gt sHFgdIa irgierarattien fertticon,
for the p8rposecehpsapt Lbh NEoF U Hemiwdn | ik pRAueRedie riH:$8Rlau i om 19f 1 he
rut heni um based netal by the co&ggsi tion for etching of the inventiaon, or
15preventing deCOMPOSTHTDrCTrPYHE DX i 21 h P LRFSHECH &S 41580 dinSHPER SHEP al so
be added in thehjoroged Isedbde ThefigdtSgdo Bridhildt icem 12 adeidd &y of these,
so long as the {[10%]1{119 qg{,%grmnc% IS, not affected. .[,0031 OFor .
stabilization of ‘The tSaby &I RFORHL st e %ﬂdﬁ%’rﬁ’fi'o M AGd%r a
chl ori de may behaddedrasiaetdid Exanph esqodowchlarliudeson nd gde feadicdmfor

chl ori depppot asgsi |01 nmoQl | ori de .and .t ef ramet hyl ammoni um

chl ori de?OZS[ 00‘%?'5n & }?éﬁlgﬁgirréghre én(L#Er]%)%?]tr}ecucfoa]nrtarlens 4 cctolmgr?é%é% t he net hod
in which the ruthebeadh of hydiegeundadiie filane whikhvd sistedl e cdmdetsed

usi ng a conposi &4, r j b he i 0N, s .f on the
substrate, and an%nifh%gég%}glr}g?]&géa%/d%fyﬁﬁ@glb@&gg @giosi tion), ALD
(Atom c Layer [)E%%%?@?Wl,a@b@ﬂ@ﬁik?@%* f-acuimbhborcadepositt ilen may be

enpl oyed, al so pkéheRpPedi bt AMONSaod 0By fAddrd Arvddiy RN 4ir0Rs-qd0933]
35Tant al um may bf mentioned as a ty(?l cal ‘exanple of arother netal to be
i ncl uded”Pn a r&EhERt oL LY IRYORARE  PEL @it ek artitnn, offheusiamngmacid

according to thesimnvendapbicutadby -rédtthecd@nialibne ey ant Hay theyh
rut heni um based_net al enium al] oy .is _not greater ,tcﬂan 20 at.om c

t
percent, it wilfb 15368;?1[}#6 o FETHDT i S BIXHIRF Wi AF e SHHHG

acid, nitric acid or the like may be used, among which
nitric acid is particularly preferred because it also has
30 a function as an oxidizing agent (Examples 8-13 in Table
2). In order to improve the performance of the
composition for etching, bromine, hypobromous acid, a
hypobromous acid salt, bromous acid, a bromous acid salt,
bromic acid or a bromic acid salt may also be added as
35 necessary. These may be used alone or in combinations of
two or more.
[0020]



‘conposition of the invention, albeit with a slight 5difference in etching
rate. Wth an even |larger content, the etching rate will be reduced
somewhat, but etching will be possible. Metals other than tantal umthat may
be present in the rutheniumalloy include_Sj, _Cu, Hf, Zr, A, V, Co, N,

Mh, Au, Rh, Pd, Ti, Wand M, and their 100kides, nitrides and silicides
may al so be present. A practical etching rate can be obtained if their
total anmount in the ¥he Herdrineddoytdining sdmpaundarige adoedexoetgtieng 30
atom c percent. : - {101 oChi 0 i Nt i

al l ows sel ecti v%{%?%ﬁ% néégéwsr ut enisduém%;bsgegr[arrsgf’él “@%%&’ﬁt%@ﬁg&;ﬁcgug?ng
damage to substPate® nEtEre8s ozt amdnly ofl Gimdsedn, asublordnsi | 5i 02,
Si C and Si 3NA. [DASEds 20Byn@l 3£ i nor thes amRuntiSPlcdnten?-ami Be- 6@Nkaieni ng
conpound, _oxi dizing, agent and basic conpound added to the conposition for
etching of the PHABMT NI G g dsadjarar ttherpR spseheas

conposi tion forbestnmdd, thd ecel € i 888, o ANbnigt dhgabl @hkifieadf the

sol uti on. 25[003@% . %y addi ng, .a conponen ,mﬁth_qH gyffer action to the
conposi tion forSBthi g Wit el G0 iqE G N $di) £t & OFe c BRERPSN

et ching with a st abheogpddbIdetphhdadifieri sty conpmeniormythdiagy one tihat
stabilizes the _ Obasi ¢. condi ti ons, such as phosphoric_acid,

pol yphosphori c %%#%?dﬁ%ﬁézzéﬁn%ﬁg%ﬁﬁiﬁﬁﬁeuﬁ@fr%ﬁﬁﬂﬁﬂﬁ ¢SadtE! égegbg aci d,
carboni cl8ci d, otckhhg sraterebfthdhmidl i somadrgrrttatdtdont oft kse, so | ong
as the etching JBOGE: i s 0037 T QnpQsi tion
for etching of ?ﬁ%$$%ventlS%E%ggiéﬁ%%ﬁﬁgﬁﬁé§%§%g$§¥l&?gg é; %%ﬁ uc %ng

et chi ng treat nep¥omingg andttiprefies dfigrdBB0Ecdnonisaddysi bl e to obtain an
excel | ent etchifgss@rgnensbisable life of the solution. It is preferably
not used at a tenperature | ower than 15C because the etching rate may be
reduced, and it[$@b%breferably not used at a tenperature higher than 60C

because ygl atilizatipme Wi&ﬁ@ﬂﬂ@%iéﬂ‘@nt&fbé hes Rt G RGeC QERPSIst QBN
conponents may he accel erate Ag@? the usable life of the solution nmay be
r

shortened. The tBhpo&Fiteh ¢ HEFRPoFOR HeS i AR h &S VANgHv al ue

wi thin the 10afdwedendn onedoptiiiange thelesrdmiord-IMmRTAaning ompeenGduhidng
etching), as nenéiopediabove. OQﬁgl | f, the Qﬂyne-%gptainingﬁF%&pound,
oxi di zi ng agent S BAET ¢ EHnPEUNEE Hhd Ricfet € 99 e TEoMFEStgn or

15et chi ng of theutneritmonetalk, seh@ci@sk 50l @etanpclent dinelnelengtyalrogen
conponentg, it possi . acconpld sh et chi treat.nent, W_t hout
cont am ngt%i on o&%é}éﬂgee’m %%%%J%t%cgl device Wt Clﬁétsﬁqs.s’a?%lhélr&tchéarcl dnd,
when a netal co#pbhienic canidi v higs capositfwnid saaishd pdrts@livayi cheaisied f or
el ectroni c devi ggst & orp, Ml £y £OM A Nat b j : ern, such
as MEMs devi ces, whi 1 e F or electr%ﬁﬁk; éggg%éﬁ)t 5$k§f%ﬁgg%%é$ﬁ§§' or
cont am nati on whdhtFet hleorine meshberined Hmethlawiisngaldeat nent with a

treatment sol utheBo®hléReuL5hoNensd o f abianwesh P GlEANING AdgatigRt Wi th

dilute hﬁgrochloric acid or the |ike. []0039] . There are no particul ar
restrictons onS@tedt roht LR eEd e‘fﬁi%ﬁ‘hgaqllﬂa Tt HeniRRbESEd cmetcdid,
film and perchloric acid salts, bromine, hypobromous acid,

hypobromous acid salts, bromous acid, bromous acid salts,
bromic acid, bromic acid salts, perbromic acid, perbromic
acid salts, ilodine, hypoiodous acid, hypoiodous acid

30 salts, iodous acid, iodous acid salts, iodic acid, iodic
acid salts, periodic acid, periodic acid salts, ruthenium
tetraoxide, permanganic acid salts, ozone and cerium
salts. These may be used alone or in combinations of two
or more. The addition may be in the form of an aqueous

35 solution or a solid., In order to increase the oxidizing
power of the oxidizing agent, heating may be performed in

a temperature range that does not cause boiling, during



30t here may be nentioned di splay devices, sem conductor devices, MENS
devices and printed wiring boards. These also include those wherein, even
if a rutheniumor rutheniumbased netal film does not remain on the final
product, a rutheniumbased netal filmis usgd during the 35production
process and the rutheniumbased netal filmis to be entirely renoved by
di ssolution with the - 17 - conposition for etching. [0040]

Treat ment of a BiHsEFatrelshychhasbrenine cermn iifremdbcaapsomgosi Pired efrared

etehing of 2 ruiens UPOased oRLA 1 SACE A G iy LAREW B8R PR dtillorisual Iy
be carried out bg/ ésfgﬁ)lylgg the conposition for "etching to the back side
and edges of the®k ¢ AR R a ahEdt - B aYHPPrIRd @ peddnest usad al so

be carried out by emotibesmimshoshtSuehh@Scdndiltl) Mmidieden 9erexatp 6.5 Such
treatment .may be 10carried, out while stjrring or rocking, or applyin

. plylng
ul trasoni @ waveRTeTErhay Hiase bkt (SHFEHRS g gt HObadE disddeard ladge
faces, but al scatatldioleratin orthefféhe senmcandictior eligepius.itragnetic
mat eri al el emre i.rings, .barrier tals, liner. tal s ,and .el ectrodes to
15be for ned onnéﬁ%dlys% 5t ?%I?%.lfoﬁqé]gfe of el‘#eecgo'ﬁi? | (%07 1fd" %t chi ng of a
r ut heni um basedhyét@braofic hecidyemd om reyudie: epldyegnecaotiisisol vi ng
solution, to begy o ngp% f I,.s. of .20var.i qus el enent s
ot her than rut hsemP%%ér)rtgt a ?JF%% ne %I&)%el(?mw%grt%eexgnlpw O et al” A 5 i1 m

cont ai ni A§ r ut hemedki ™y be di ssol ved with a conposition for etching of the
invention and, i#pggpbination with other pretreatnent, provided as a sanple
for measurenent by | CP 25em ssion spectroscopy, |CP nass spectronetry or
absor ption spect r ophb?®md¢it i g o ean fo4nn THe thee serddiizineneoembni | |

now be expl ai neghith B9osepts1delail Byre@MRHAMd bt fl%su%g/%fes,t i ng
t hat the mventi:on is not limted only to these exanmples. [0043] A
[

rut heni um filmToF B aIRHPeFEM tontSididnf 20 &-dmile perssénelt aheal umin
addi tionlbo rutdechimy aspESioidrd byd SPUHIRS idig O A hl dPSgh ¢k r$idilgeon
waf er. The fil rq,éhick{irl(g%s inteach caazD Weli 50 nm_ Each substrate was cut
into a 3 mn squar et " THrhi h° P Sarpf %pYe @ TidF MasSrg and Bl eprent of t he
etching rate. [0042¢rably 2 FoflGinaswhk S{(Mh1Si1 awava uat etheusiang tdre
silicon wafer di Y. . Si 0 val uat usi.-ng a.S 02 film 5formed by
sputtering to ?*?ﬁ%t%?%igletisl%f%en atorP]:[ eers‘%]i cdn Wafless*ggqon more
substrate was cexeforablenyth dsd% (iaklna 223 W dith tofe Zdunttionobt ai n a
sanpl e pbgce fox ﬁ@mﬂ@tg;@fg}p@ chi n e r, Si 3N4 f il m.was
formed in the sa?re manner ]Y sputter%llgﬁo{nhqﬁéag%nn%:nqlshﬁgwefog“l%laincgﬁ 1vvafer,
to obtain a Saﬂ%@%s%i%%éWll not be possible to completely oxidize the
bromine-containing compound and the etching rate will be
extremely low, which is impractical. If the addition
concentration of the oxidizing agent is greater than 12
25 mass%, it will not be possible to suitably generate
components that contribute to etching of ruthenium-based

metals, and the etching rate will be reduced.

[0023]
A basic compound is used in the composition for
30 etching of the invention to adjust the pH of the

composition for etching to basicity, and the addition
amount may be modified as desired for adjustment of the
PH so that the desired etching rate is obtained. The pH
of the composition for etchihg of a ruthenium-based metal

35 according to the invention is at least 10 and less than
12, and more preferably it is at least 10.5 and less than
12. Also, the pH of the composition for etching of a



[0045] Exanple 1 After placing 1 nL of a 35 mass% aqueous hydrogen
peroxi de solution (product of Kishida Chemcal Co., Ltd.) 15in a glass
container, 4 nL of 48 mass% hydrobrom ¢ acid (product of Wako Pure Chemi cal
I ndustries, Ltd.) was slowy dropped inta it; while cooling with a water
bath at ordinary tenperature, and the container was covered in a
non-airtight manner and allowed to stand for 3 hours. 20Next, a 9 nL 35
mass% aqueous teftrkertwy| akiani aredydimoxi e tde dinvemtipnodecatofle8AChdm,
prepared wi th ddtAdn of gRENaldraf.e Hd iy Iiad. RN er hewas,addag, sand
a trace anmount of a 35 nmass% aqueous tetranet hyl"ammoni um hydr oxi de sol ution
was further add®f 25t pryhar thamppkdi n B dhepdsi wiforheocoapenil g olaiory

the conpositionetdistegd i ladd ecHan The, liid G8MREALY ¢ ikRenium-
conpositi gn for etching at thijs tinme was 25C. The remai nder after

t he
conponent § | i stRWFFh HAAES 17k Brirddierinedat enddilon séxdRgfgédaRatdr) . An
F-52 pH nmeter 3Qb¥miloy ideichtis {sie el eatyodespb28iioh0@)h)y was used
for adj ustnent and%maasu er%nt, of the IgH. oogﬂ) Next, 0.5 mL of the
prepar ed conpost tF UMY oFt etthi HY SRist 9 ébf’e%"’i v2lys yathyehBesanpl e
tube, and a 35tatsrasdationdatdil wesngts athdey o et rath@e. ofhaspH of the
conposition for I was,,10. 9. at 50C. The - .19 - ruthenium or, rythenium
tantal um al | oy hg'%%?%@(?)abhedqas%nﬁ e ee%et-liﬁaseﬁc&&dlé’d PHEPEE L8R 8 IL{&\ed to
stand, thE tinebemnt$ed di sEppematanoe tof 4 hempstradt urid mbsare rioswal |y obser ved

and neasured, and the etching rate 5cal cul at ed. surement, was
conducted at | eadtPSr s ¢ C}Eaﬁ‘%mtci’o Ne3K f"geS r%é"’%ﬂ?% W& used.
The resul ts ar eafdosmen i diedd erdngdlpormicemi etdlareoffcet ehicegposhie ipd of t he

conposition for chi ng. was_10..7 at_50C.. 10[,Q047] Sanpl es_f.or

nmeasur enent of %ﬁée %?&Q?Y%f%n?%i%% cHi ngla;}Catheass &S Qr}%é)agteghé:d’ with
the conpositionréan edmbengtuler (13 )eta@hilnge @odghllyoththgagenpesibban for
etching was | oaded into a poI%et hyl ene sar‘rQI e tube, a 15thernostatic bath

was usedifor waFPPRFIBIBDC22%d Bmel f4nPI0ECpi ee@ Ve Pbdted Varardialndwed

to stand for 50ugdNut®sriderise ot & CerdBsnd AC G Mddhp R b0 Jher eof
exposed out of the conposition for etching, the thickness difference

bet ween the porEFoRFomRt st i HvsRt Boet thivwet dipddia isde remenithensst Biton
not i mrersed wasam@asat ethav étciai syirf agseroughness meter, and the etching
rate was cal cul g&sﬂ ]I\/Easur ement was conducted at least 2 tinmes for

cal cul ation, an % average val ue was used. The results are sumrarized in
Tabl e 1. 225[ 0048] Exambesizyg 18, (osrphtadntieorEXampliesenti-un-based metal”
Conmpositions fo ing were epared. in th ane ner. as Exanple 1

havi ng t he COITD%%IE f%n%gl?sl}leét F e AT gstd aa?lcd A5 d % RS BHEhPTG Ftes for
rut heni um 30r uthieheénhwn aned vl 29 | Oy 18les ShtheamidinSicaN4daser @udgasur ed at
the tenperaturegi{isied g, Jables s da e HBRY IS A own,in Tabl es
1 and 2. For pr e|loar atfé\ont}&1 fh.e coéJX sH%o%%Jlf(oP{ et'chi r?glaletn_%%%%eest o]
13 and Conpar at +Vel Bespreshen by 16 thbral o wIdPYF7 ardsordsioumitng nitric

acid (product ofe¥8Ko7PufEofeEAted DMt ESim Lidid 1r&;t%re5n([)lru?rp%r}%tde%n of
a

the conposition for etching in Exanple 7 there was use mass%
potassi um - 20B9%kdr giitde 98 u(tf‘?"g‘ﬁ Epro @yt 16F ikeshi(BaNGheni BgFoteing
Ltd., comrerci atbytieyai habdheisw) i drgissol weth Midyr pddied oatrelti And for
preparation of the conpositjon for f(ﬁjchi?r}g, in Exanple 13 there was used a
40 mass% 5aqueot@EoHT MY 7 ont @25 S of Ut d ot p RSt o fr URAIEE 1l e and

metals other than ruthenium at higher concentrations than
30 unavoidable concentrations. That is, the term "ruthenium
alloy" according to the invention includes products with
a lower ruthenium content than the purity of products
that are commercially available as ruthenium metal.
Thus, the upper limit for ruthenium in a "ruthenium
35 alloy" according to the invention is 99.99 atomic

percent.



‘Chemical Industries, Ltd., comercially available solid dissolved with
purified water). Al so, for preparation of the conpositions for etching in
Conpar ative Exanples 3 and 4, there were used 35 mass% hydrochloric acid
10(product of Wako Pure Chemical Industries,, Ltd.) and 56 mass% hydroi odic
acid (product of Wako Pure Chem cal Industries, Ltd.). [0049] [Table 1]
15Table 1 Conposition and addition amunt (mass% Brom ne content (mass %
pH Tenp. (O EttHi4gl rate (nm nin) Ru RuTa Si S13N4 Si 02 Exanpl e HBr

H202 TMVAH 1 fdeNe are no particular restrictions on the basic
compound to be used in the composition for etching of the
invention, and tetramethylammonium hydroxide, potassium

5 hydroxide, sodium hydroxide, ammonia, calcium hydroxide,
barium hydroxide, magnesium hydroxide, tetraethylammonium
hydroxide, trimethylamine, triethylamine, piperidine,
piperazine, N-methylmorpholine, choline, imidazole,
imidazolium derivatives, pyridine, pyridinium

10 derivatives, pyrrole, pyrrolidium derivatives, gquanidine
and the like may be used. These may be used alone or in
combinations. Among these, sodium hydroxide and
potassium hydroxide are preferred because they give high
etching rates and are easy to obtain.

15 Tetramethylammonium hydroxide is suitable for
semiconductor devices because it contains no metal ions,
and is more preferred for a high etching rate. The basic
compound may be added as an aqueous solution or a solid
during preparation of the composition for etching.

20 [0026]

The composition for etching of the invention is
intended to be a composition in which a bromine-
containing compound, an oxidizing agent, a basic compound
and walter are added and mixed, and the prescribed

25 bromine-containing compound and oxidizing agent contents
and pH are as prescribed, but a composition in which
these components have mixed and reacted, and the actual
concentrations of the bromine-containing compound and
oxidizing agent in the composition deviate from the

30 prescribed addition amounts, are also encompassed within
the scope of the invention. The reaction products may be
primarily bromine, hypobromous acid, hypobromite ion,
bromous acid, bromite ion, bromic acid, bromate ion and
bromide ion.

35 [0027]

The procedure for preparing an etching composition

of the invention is preferably carried out by adding a
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bromine-containing compound to an oxidizing agent, and
adding a basic compound to the mixture to appropriately
~adjust the pH. More specifically, for an example of

using hydrobromic acid as the bromine-containing

5 compound, first an aqueous solution of hydrobromic acid
and an aqueous solution of an oxidizing agent are mixed
in consideration of the hydrogen bromide and oxidizing
agent concentrations in each aqueous solution to obtain
the desired mixing ratio, and then the basic compound is

10 added to reach the desired pH while measuring the pH of
the mixture. The preparation may be accomplished by
another method, so long as the performance as a
composition for etching is satisfied.

{0028]

15 The etching composition of the invention will
usually be used as an aqueous solution, but if necessary
an organic solvent that is compatible with water, such as
acetonitrile, acetone, methanol or ethanol, may also be
added.

20 [0029]

If necessary, a surfactant such as an
alkyltrimethylammonium bromide, sodium alkylsulfate or
polyethyleneglycol mono-4-alkylphenyl ether may be added
to the etching composition of the invention for the

25 purpose of preventing deposition of the additives in the
compositioﬁ or inhibiting adhesion of etching scum onto
the substrate surface. There is no limitation to these,
so long as the etching performance is not affected.
[0030]

30 To the etching composition of the invention there
may also be added organic acids, inorganic acids or
chelating agents, including EDTA
{ethylenediaminetetraacetic acid), thiourea, urea,
acetylacetone, catechol, pyrogallol, hydroquinone,

35 resorcinol, citric acid, formic acid, ascorbic acid,
oxalic acid, acetic acid, tartaric acid, succinic acid,

succinic acid imide, malonic acid, malic acid, maleic
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acid, glutaric acid, adipic acid, D-glucanic acid,
itaconic acid, citraconic acid, mesaconic acid, 2-
oxoglutaric acid, trimellitic acid, endothall, glutamic
acid, methylsuccinic acid, citramalic acid,
ethylenediamine, o-phenanthroline, 2,2'-bipyridine, 4,4'-
bipyridine, pyrazine, cyanic acid, thiocyanic acid, 1-
hydroxyethylidene-1, 1-diphosphonic acid, creatine,
creatinine, cyanuric acid, sulfamic acid, melamine,
hydantoin, biuret, monocethanolamine, diethanclamine and
their derivatives, within ranges that do not interfere
with the etching performance of the etching composition
of the invention, for the purpose of capturing ruthenium
ion produced by dissolution of the ruthenium-based metal
by the composition for etching of the invention, or
preventing decomposition of the oxidizing agent. These
additives may also be added in the form of salts. There
is no limitation to addition of these, so long as the
etching performance is not affected.

[0031]

For stabilization of the usable life of the
solution, hydrochloric acid or a chloride may be added as
well. Examples of chlorides include sodium chleoride,
potassium chloride, ammonium chloride and
tetramethylammonium chloride,

[0032]

There are no particular restrictions on the method
in which the ruthenium or ruthenium alloy film, which is
to be treated using a composition for etching of the
invention, is formed on the substrate, and any method
such as CVD (Chemical Vapor Deposition), ALD (Atomic
Layer Deposition), sputtering or vacuum vapor deposition
may be employed, also with no limitations on the film-
forming conditions.

[0033]

Tantalum may be mentioned as a typical example of

another metal to be included in a ruthenium alloy that is

composed mainly of ruthenium, according to the invention.
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If the tantalum content in the ruthenium-based metal or
ruthenium alloy is not greater than 20 atomic percent, it
will be possible to accomplish etching with the etching
composition of the invention, albeit with a slight
difference in etching rate. With an even larger content,
the etching rate will be reduced somewhat, but etching
will be possible. Metals other than tantalum that may be
present in the ruthenium alloy include Si, Cu, Hf, Zr,
Al, v, Co, Ni, Mn, Au, Rh, Pd, Ti, W and Mo, and their
oxides, nitrides and silicides may also be present. A
practical etching rate can be obtained if their total
amount in the ruthenium alloy film is in a range not
exceeding 30 atomic percent.

[0034]

The composition for etching of the invention allows
selective etching of ruthenium-based metal films without
causing damage to substrate materials composed mainly of
silicon, such as 8i, Si0,, SiC and SisN,.

[0035]

By altering the amounts of the bromine-containing
compound, oxidizing agent and basic compound added to the
composition for etching of the invention, it is possible
to adjust the pH of the composition for etching, the
etching rate, and the usable life of the solution.

[0036]

By adding a component with pH buffer action to the
composition for etching of the invention, it is possible
to accomplish etching with a stable pH. The pH buffering
component may be any one that stabilizes the pH under
basic conditions, such as phosphoric acid, polyphosphoric
acid, boric acid, citric acid, phthalic acid, acetic
acid, carbonic acid, or salts thereof. There is no
limitation to these, so long as the etching performance
is not affected.

[0037]
The composition for etching of the invention may

also be heated for use. By conducting etching treatment
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at preferably 15-60°C, it is possible to obtain an

excellent etching rate and usable l1ife of the solution.

It is preferably not used at a temperature lower than 15°C

because the etching rate may be reduced, and it is

preferably not used at a temperature higher than 60°C
because volatilization and decomposition of the etching
composition components may be accelerated and the usable
life of the solution may be shortened. The composition
for etching of the invention has a pH value within the
aforementioned pH range under the temperature of use
(during etching), as mentioned above.

[00381]

If the bromine-containing compound, oxidizing agent,
basic compound and additives in the composition for
etching of the invention are selected so as to contain no
metal components, it will be possible to accomplish
etching treatment without contamination of the
semiconductor device with metals. On the other hand,
when a metal component-containing composition is used, it
may be used for electronic devices for which
contamination by metals is not a concern, such as MEMS
devices, while for electronic devices that are concerned
for contamination with metals, it may be used after
etching treatment with a treatment solution of the
invention followed by cleaning treatment with dilute
hydrochloric acid or the like.

[0039]

There are no particular restrictions on electronic
devices employing the ruthenium-based metal film, and
there may be mentioned display devices, semiconductor
devices, MEMS devices and printed wiring boards. These
also include those wherein, even if a ruthenium or
ruthenium-based metal film does not remain on the final
product, a ruthenium-based metal film is used during the
production process and the ruthenium-based metal film is

to be entirely removed by dissolution with the
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composition for etching.
[0040]

Treatment of a substrate such as a silicon wafer by

a composition for etching of a ruthenium-based metal

5 according to the invention will usually be carried out by
supplying the composition for etching to the back side
and edges of the substrate using a sheet-fed method. The
treatment may also be carried out by another method, such
as a batch method, for example. Such treatment may be

10 carried out while stirring or rocking, or applying
ultrasonic waves. It may also be used not only on the
back side and edge faces, but also for formation of the
semiconductor elements, magnetic material elements,
wirings, barrier metals, liner metals and electrodes to

15 be formed on the substrate.
[0041]

The composition for etching of a ruthenium-based
metal of the invention may be employed as a dissolving
solution, to be used in pretreatment for analysis of

20 various elements other than ruthenium metals in a metal
film. For example, a metal thin-film containing
ruthenium may be dissolved with a composition for etching
of the invention and, in combination with other
pretreatment, provided as a sample for measurement by ICP

25 emission spectroscopy, ICP mass spectrometry or

absorption spectrophotometry.

Examples
[(0042]
The present invention will now be explained in
30 greater detail by examples, with the understanding that

the invention is not limited only to these examples.
[0043]
A ruthenium film, or an alloy film containing 20
atomic percent tantalum in addition to ruthenium, was
35 formed by sputtering on a 1 mm-thick silicon wafer. The
film thickness in each case was 50 nm. Each substrate

was cut into a 3 mm square to obtain a sample piece for
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measurement of the etching rate.
[0044]

For Si and 8i0;, Si was evaluated using the silicon
wafer directly, and SiO, was evaluated using a SiO, film
formed by sputtering to a film thickness of 50 nm on the
silicon wafer. Each substrate was cut to a length of 15
mm and a width of 5 mm to obtain a sample piece for
measurement of the etching rate. For SiiNg, a film was
formed in the same manner by sputtering on the 1 mm—thick
silicon wafer, to obtain a sample piece.

[0045]
Example 1

After placing 1 mL of a 35 mass% aqueous hydrogen
peroxide solution {product of Kishida Chemical Co., Itd.)
in a glass container, 4 mL of 48 mass$% hydrobromic acid
(product of Wako Pure Chemical Industries, Ltd.) was
slowly dropped into it while cooling with a water bath at
ordinary temperature, and the container was covered in a
non-airtight manner and allowed to stand for 3 hours.
Next, a 9 mL 35 mass% aqueous tetramethylammonium
hydroxide solution (product of SAChem, prepared with
dilution of pentahydrate with purified water) was added,
and a trace amount of a 35 mass$% aqueous
tetramethylammonium hydroxide solution was further added
to pH 11, to obtain a composition for etching having the
composition listed in Table 1. The liquid temperature of
the composition for etching at this time was 25°C. The
remainder after the components listed in Table 1 was
purified water (ion-exchanged water). An F-52 pH meter
by Horiba, Ltd. (using pH electrodes (9611-10D)) was used
for adjustment and measurement of the pH.

[0046]

Next, 0.5 mL of the prepared composition for etching

was loaded into a polyethylene sample tube, and a

thermostatic bath was used for warming to 50°C. The pH of

the composition for etching was 10.9 at 50°C. The
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ruthenium or ruthenium tantalum alloy film-attached
sample piece was loaded therein and allowed to stand, the
time until disappearance of the metal film was visually
observed and measured, and the etching rate was
calculated. Measurement was conducted at least 2 times
for calculation, and the average value was used. The
results are shown in Table 1. Upon completion of
etching, the pH of the Combosition for etching was 10.7
at 50°C.
[0047]

Samples for measurement of the Si, S1i0, and SiaNg
etching rates were also etched with the composition for
etching. For the etching, 0.2 mL of the composition for

etching was loaded into a polyethylene sample tube, a

thermostatic bath was used for warming to 50°C, and the
sample piece was loaded in and allowed to stand for 50
minutes. The sample piece was placed with a portion
thereof exposed out of the composition for etching, the
thickness difference between the portion immersed in the
etching composition and the portion not immersed was
measured with a surface roughness meter, and the etching
rate was calculated. Measurement was conducted at least
2 times for calculation, and the average value was used.
The results are summarized in Table 1.
[0048]
Examples 2-13, Comparative Examples 1-6

Compositions for etching were prepared in the same
manner as Example 1 having the compositions listed in
Tables 1 and 2, and the etching rates for ruthenium,
ruthenium tantalum alloy, Si, Si0, and Si3N,; were measured
at the temperatures listed in Tables 1 and 2. The
results are shown in Tables 1 and 2. For preparation of
the compositions for etching in Examples 8 to 13 and
Comparative Examples 5 and 6 there was used 97 mass$
fuming nitric acid (product of Wako Pure Chemical
Industries, Ltd.), for preparation of the composition for

etching in Example 7 there was used a 50 mass% potassium

pH



'Ru RuTa Si S13N4 Si 02 Exanple 8 HBr (9.6) HNOB (4.9) TMAH (19) 9.5 11 50
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hydroxide solution (product of Kishida Chemical Co.,
Ltd., commercially available solid dissoclved with
purified water), and for preparation of the composition
for etching in Example 13 there was used a 40 mass$%

5 aqueous sodium bromide solution (product of Wako Pure
Chemical Industries, Ltd., commercially available solid
dissolved with purified water). Also, for preparation of
the compositions for etching in Comparative Examples 3
and 4, there were used 35 mass% hydrochloric acid

10 (product of Wako Pure Chemical Industries, Ltd.) and 56

mass% hydroiodic acid (product of Wako Pure Chemical
Industries, Ltd.}.

[0049]
[Table 1]
15 Table 1
Composition and addition amount Bromine Temp. Etching rate (nm/min)

(mass%) ?zgz:gf pH {°C) Ru |RuTa| Si |[SiaN,| Si0.

EXﬁTPle ﬁﬁﬁ (gf?) fg?? 14 11 | s0o 11372 | < | @ | «a

Exagple Ei; (gf?) fg;? 22 11 | so |75 | 58 | <1 | <1 | «i

Exazple 535 (g%?) Tg?? 14 11 50 | 14 [ 13 | <1 | <1 | <1

Exagple EE; (gﬁ?) TT?? 13 11 | 50 [125| 85 | <1 | <1 | <«

Bxanple ﬁﬁﬁ (g{?) ?g;? 14 11 | 25 w00 a3 |||«

Exagple Ei; (ﬁ%?) éﬁﬁ 23 11 | 50 |120| 59 | <1 { <1 | <1

g:rfnpi (HZB;:) (1;2.092) '1(‘51‘12§[ 21 8 50 | <1 | <1 | <1 | <1 | <1

A N B B N

g:Tpé ﬁﬁi (?fﬁ) T??? 0 11 | 50 | <1 | <1 | <1 | <1 | <1

S I I O S B BN BN RN

TMAH: Tetramethylammconium hydroxide
*Precipitation

[0050]



HBr ' (14) HNO3 (9.7) TMAH (21) 14 11 50 50 36 <1 <1 <1 Exanple 11 HBr (4.4)
HNCB (8.8) TMAH (20) 4.3 11 50 47 35 <1 <1 <1 Exanple 12 HBr

(1.6) TMAH (6.3) 3.2 11

10

15

20

25

(3.2) HNCB

- 21 -
[Table 2]
Table 2
Composition and addition amount zzgrsigi oH Temp. Etching ratle (nlm/min).
(mass%) (masss) {°C) Ru |RuTa| 51 |S5isN4| 310,
Exagple (g?g) ﬁﬁ%ﬁ TTS? 9.5 11 | 50 |117]) 68 | <2 | <1 | <1
Exagple ﬁﬁ; ﬁﬁ%ﬁ ng? 16 11 | 50 [111] 66 | <1 | <1 | <1
Example ﬁﬁ; &Ega Tgﬁ? 14 11 | 50 | 50|36 ] <1 | <] <«
Fxample (ﬁ?z) gﬂi; fgﬁ? 4.3 |1 [ s0 |47 ]3| < ||«
Exéﬂfle (g?g) gﬂiﬁ 5$i3 3.2 11 | 50 |19 [ 10 | <« | <1 | <1
Fxample Tigf ??f; TT?? 14 11 | 50 | 94 | 23| <1 | <1 | <
S N S 0 I B D S N N R
Engé gﬁ; ??f; - 11 <1 25 [ <1 | <1 | <1 | <1]| =<1
[0051]
Example 14

Compositions for etching with different pH values,

containing 14 mass$ hydrogen bromide and 5% hydrogen

peroxide, were prepared by the same procedure as in

Example 1,

and the etching rates for a ruthenium film and

a ruthenium tantalum alloy film were measured at 50°C.

The results are shown in Fig. 1.

[0052]
As shown by Examples 1 and 5 in Table 1 and Examples

8 and 9 in Table 2, high etching rates of 100 nm/min or

greater were obtained with the compositions for etching

of the invention.

The etching rate tended to be maximum

at near pH 11 when using both hydrogen peroxide (Table 1)

and nitric acid

(Table 2)

as the oxidizing agent.

Similar results were obtained for Example 6 in Table 1,

where the evaluation was conducted at ordinary

temperature

(25°C),

employed potassium hydroxide as the basic compound.

and for Example 7 in Table 1 which

From

the viewpoint of productivity, an etching rate of at

least about 10 nm/min is generally preferred for removal

of ruthenium,films accumulated on the back sides and

edges of semiconductor devices, and the composition for

etching of the invention satisfies this condition.

Where
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treatment is possible at ordinary temperature, it is
preferred because it allows the cleaning apparatus for
substrates to be more simply, and results in more
moderate decomposition and volatilization of the

5 composition for etching.
{0053]

Etching of ruthenium and ruthenium tantalum alloy
. could not be accomplished in a pH range of lower than 9,
as shown by Comparative kExample 1 in Table 1. As shown
10 by Comparative Examples 3 and 4 in Table 1, using
hydrochloric acid or hydroiodic acid instead of
hydrobrbmic acid did not allow etching of ruthenium or
ruthenium tantalum alloy to be accomplished.
[0054]
i5 | Since the composition for etching of the invention
does not etch silicon-based materials (Si, SisN,, $i0,),
it allows selective etching of ruthenium-based metals to
be performed on such materials.
[0055]
20 As shown in Fig. 1, it is possible to accomplish
etching of ruthenium-based metals at pH 10 and higher.
The etching rate also varied with the pH, and a high
etching rate for ruthenium-based metals was obtained near
pH 11 with the composition for etching of the invention.
25 Industrial Applicability
[0056]
The present invention is industrially useful since
it provides a composition for etching capable of

efficient etching of ruthenium-based metals.
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10a rutheniumtantalumalloy filmwere nmeasured at 50C. The results are
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Simlar resultsmaese, obikalnesh f 6 EX o eafidd alaPhi xbd 20Whensatt he
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[ 0053] Et ¢8i,AgMO% 1 rut heni um and rutheni um tantal um alloy could not be
acconplished in a pH range of |ower than 9, as shown by Conparative Exanple
1 in Table 1. As shofwnCaB9s Cohpar BeF vet &gl @ls B midieniug Bdbicy,1,inusi ng

hydrochloric ackdien tN&rei 6k Cadgdd dMstRAk fathydlLhr oi-Atid-di d not
all ow etching of ruthepiumor rutheniumtantal umalloy to be acconplished.
[ 0054] contalning compound, an oxidizing agent, a basic compound
15 and water, wherein the amount of bromine-containing
compound added is 2-25 mass$%, as bromine, and the amount
of oxidizing agent added is 0.1-12 mass$%, with respect to
the total mass, and the pH is at least 10 and not higher
than 14.
20 [CLAIM 3]

A composition for etching according to claim 1 or 2,
wherein the bromine-containing compound is at least one
selected from the group consisting of hydrogen bromide,
sodium bromide, potassium bromide and tetramethylammonium

25 bromide.
[CLAIM 4]

A composition for etching according to any one of
claims 1 to 3, wherein the oxidizing agent is hydrogen
peroxide and/or nitric acid.

30 [CLAIM 5]

A composition for etching according to any one of
claims 1 to 4, which includes, as the basic compound, at
least one selected from the group consisting of
tetramethylammonium hydroxide, potassium hydroxide and

35 sodium hydroxide.
[CLAIM 6}

A composition for etching according to claim 1,
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metals. - 23 - CLAIVECPERAF M AP™ AL b riplesh i DRI Bhitig cdria 2,

rut heni um basedwiietaln tifle Whii Chs ther eedse prdedRNGJE Xl keast 1& .,

5br om ne- cont ai Fgﬁgg ﬁgﬂﬁound, an oxi di zi ng agent, a basic conpound and

wat er, wheérein Y t of brom ne-containing conpound added is 2-25
mass% as bromine, ahdcémposiolot bHbr oxtchizigGagentimdded disit 1,12 mass%

with respect to t mas and the i t Jeast. 10 and 10l e t han
12. [CLAIM 2] AW%%ﬁ%%Igi]?tll‘%nr o e%%%%T%%S%$ et A Gt Ia%yflelaﬁ Deh
there are addedabemdlei xedcentt | vashemilmoni ne- cont ai ni ng conpound, an

oxi di zi ng agent[chmséf conpound 15and water, wherein the anount of

brom ne-cont ai ni ng conpound added is 2-25 nass% as brom ne, and the anount
of oxidi 20ng agent addeeimpes ot o 2f amsstghivia awsploty tte eimotlal mass,
and the pHis agnéeash 40 angkinotihhghesd h@é‘ta]ill"sz\%]u%nl\ﬂu%metal. A
conposition for _etching according to claim1l or 2l erein the

br oni ne- cont ai nf n]g lind is at |east one selected fromthe group

consi sting of hydrogenchiyedd deioms o Hn-BEo feyc RAUATY WY kneride and

t et ranet hyl ammoni um 25brom de.. [ CLAI M 4] A conposition for etching
according to anyOheof e oF n}gPaGEE G bRt i Hdasziatg 1egsit 0-91
hydr ogenlper oxi ateorahd/ psr et i en@cheh LA MiBIn 30 atofhicomRasidhiton for
et chi ng accordiggnéé)l@rgy one of clainms 1 to 4, which includes, as the basic
conmpound, at |east one selected fromthe group consisting of

t et ramet hyl ammobCidiMydt bxi de, pot assi um hydr oxi de and 35sodi um hydr oxi de.
[ CLAIM 6] A conpositjo ' ccording to claiml1, - 24 - wherein
the pHis at |east 10. or{%%éf%%@t a‘ﬁ e_LtZChJ[rtfﬂq\ﬁoﬁcﬁmg Yo Cladl Guposi t i on
for etching accorgrayntohe|aupheniwneakioy tieslpidds st lesast 700 a% canidk not

higher than 13.percent and not greater than 99.99 atomic percent

ruthenium.
[CLAIM 121

A composition for etching according to claim 11,
wherein the ruthenium alloy includes at least 0.01 atomic

25 percent and not greater than 30 atomic percent tantalum.
[CLAIM 13]

A process for preparation of a composition for
etching according to any one of claims 1 to 12, which has
a step of using hydrobromic acid as the bromine-

340 containing compound and an aqueous hydrogen peroxide
solution and/or nitric acid as the oxidizing agent, and
preparing a mixed aqueous solution to which at least the
hydrogen bromide and oxidizing agent have been added, and
a step of adding a basic compound to the mixed aqueous

35 solution, so that the hydrogen bromide concentration is
2-25 mass% as bromine and the oxidizing agent

concentration is 0.1-12 mass%, and so that pH is a



5[ CLAI M 8] A conposition for etching according to claim1, wherein
the ruthenium based netal includes at |east 70 atom c percent ruthenium

[ CLAIM 9] 10A conposition for etching according to claim1, wherein the

rut heni um based netal is rutheniumnetal.. [/ A M10] A conposition for
etching according to claim@8, wherein the rutheni umbased netal includes at
| east 0.01 15atom c percent and not greater than 30 atom c percent
tantal um [CLAIRFagg¢ribed velgsnposition for etching according to claim 2,
wherein the ruthemityn 4] oy includes at |east 70 atom c 20percent and not
greater than 99.99 atonm c percent ruthenium [CLAIM 12] A conposition for
et chi ng according td* drelbrd 10f treatinget ejubpstrateut MonietrmbahboyLi wcl udes

at least 0.01 at@thén ADPSLEN dchNOti OF edlElor! NaR R a0 19 e amt
tantal um _[ CLAIM 13 process for preparation of a conpdsition for

A
et chi ng aécordi?ﬁf?%P%ﬁﬁFQNﬁPcﬁ g2 ie 1 3SR \phiCORPREd t4 08t €87of usi ng
hydr obrom ¢ aci et @sitdiepbsmat ae-bB0gent@t didig FUIPYpaad iah AGURUEng
hydr ogen peroxige S Auti and/or nitric acid as the oxidizing agent, and
preparing a m xed agu%%u solution to which at | east the hydrogen brom de
and oxi di zi ng agent have been added, and a step of adding a basic conpound
to the m xed aqueous 35sol ution, so that the hydrogen brom de concentration
is 2-25 mass% as bromi ne and the oxidizing agent concentration is 0.1-12
mass% and so that pHis a - 25 - prescribed value. [CLAI M 14] A
met hod of treating a substrate, by etching of a rutheniumbased netal film
and/ or rutheniumalloy film5accunul ated on a substrate, using a
.conposition for etching prepared by the process for preparation according
to claim13.



