CLEANI NG AGENT FOR SENICONDUCTOR PRCMIDED MVTH NETAL MVRING CRCSS—REFERENCE
TO REL "777 "7~ mnm e “se
Pat ent d
"Cl eani ng Agent 10Or >Sem conauctor kFroviaea wtn tungsten wring Japanese
Pat ent Application No. 2010-072824 filed on 26 March 2010 and entitled

“C eaning Agent for Sem conductor Provided with Copper Wring," both of

whi ch are hereby incarporated herein rence in their entireties.

FI ELD [0001?LW§”‘1&%§E’§? F%/%WEC&N%?T;‘?%ERPXI%E‘&%‘EH‘IMET%Wlﬁged for

cl eaning a surface subsequent to chem cal nechanical polishing (CWP) in a
manuf acturing process of a mcroelectronic device, and particularly relates
to a posicrRO¥B-REFERPNOYTORENATEDMPPLITIACICN ectroni ¢ device provided with
metal wiring (e.g., tungsten or a tungsten alloy, copper or a copper alloy)
on the surface thereof. BACKGROUND [ 0002] Market needs such as high
performance and mniaturization has resulted in the need for

i nt egr at ddSsBRHEBRHETOMC erigHe At SPERsNTETbePRIET B A 2HeWH! £EE. ﬁl‘iﬁo?n Fxanpl e,
a hi gh-| Ejve pz|0?d’lal‘l Zn%b‘igo;tiléa%%g gnqefor gmlcondu clor ?’rowdec‘l Gh "ICIH%I:? eH'\ﬂmeal ternis

necessary, O|IS sur'face
p0||Shlngqﬁh&éﬁ%a&hﬁﬁﬁﬁﬂﬁ&%eﬂno@ﬁﬁé@ﬂk@&ﬁﬂsMﬁdﬁz&%@hﬁ&ﬁﬁ&wlnéﬂMgi&d% ng
particul ates of alumna or silica is effectuated. [0003] In this CWP step,
however , faradeineusiusoliztaded esth Gepm Witiy, tHoeh «f ewhich @redfetcby 1npnﬁd)dr8&’ﬂ Rcgin Hyor
exanple polishing particulates such as alumna and silica in the CW
slurry (heveicpaftharentiglisasi ve grains), iron nitrate aqueous sol utions added
to accel erate polishing, anticorrosive added to suppress corrosion of a
metal, and residues of a polished netal wiring and zinc and rmagnesi um
metal s used pn a side of said nmetal wiring. These residues can have an
adverse effect on electrical properties of the sem conductor such as
shorting. Accordingly, it is necessary to renove these residues prior to
proceeding to the next manufacturing step. [0004] In the related art for

t ungst en [@VH, TipgstserCPereh hdds t ypleeald agenisecdafir deamon iaguidavd sibydnag en
peroxi de aqueous saol ution or _a hydrochloric acid and hydrogen peroxj de
aqueous §BWHF?8ﬁd?h“%BﬁEPW%53@ﬁ1&PPWmEQHFP&P€H%h9H?@Pﬁﬁﬁﬁhﬁwé@W63@ﬁheous

sol uti Ol’l ula% Qatgﬁ tror%tl%b)ﬁ ?l\é\zﬁ dﬁra en]i rt:'o a rmcroe rom g‘?wc%%g)alll%lgd WHIP%%‘[QIM Pall y

cor r oded P*Accor nno
”‘Cf09|eQ&h%Qb% ﬂﬁ%k&&ﬁnﬂ@M&an§b&%mﬂﬁhh%b&%mnbBnﬁéﬂﬁﬁuﬁﬂx&NOId this
corrosion eani ng process using a cl eani ng agent containing an organic

acid that is less corrosive to tungsten, such as citric acid and oxalic
acid, and a chel ating agent such as am no pol ycarboxylic acid has been
proposedl¥i§§%%5§ﬂ2Patent Appl i cation Lai d-Qpen No. 10-72594). [0005] In
the related art for copper CWP, post-CMP nethods typically use acidic

cl eani ng agents containing an organic acid such as citric acid and oxalic
acid as i} ma%edge{mgmgupeﬁféﬁa%%@m%m%oﬁ%lrésﬁl%'me hah &:Qpen No.
2001-7071). However hese cl eani ng agents have an excellent ability
to renoventimi@l kinGicoh@stod UdSnents hen GhigadicRghiagets. arrer Rkglply £ oighasikve to
the copper wiring. In order to inprove this corrosiveness, alkaline

cl eani ng ragenrtten dehtigicnfondoraimg &l fuznoir@m merass aecpsdrncoivipain ¢ 6fforent! ar e
known (Japanese Pat ent Application Laid- qgen No. 11-74243). These cleanlng
agents h&@@‘P&W’W@HT8%?91?%“&61Ph%m§ébﬁe ﬁf@?ﬁb*ﬁWﬁ“ﬁ&bE’éﬁH@§éE?Vent
ability to re %ﬁﬁﬁﬁgﬁ&%ﬁnmﬁ%}9M§§eQ@&mXﬁd fromthe anticorrosive added in

the CVP slurr hese cl eaning agents have a poor ability to
remove nﬁ&ﬁkﬂth&Q&Mﬁ@%&lm&&kﬁhﬁﬁ&kﬁak%mwﬁk&ﬁmi&?ﬂ&k@@&iﬁﬁr%&%ﬂh@1ﬂaV|n9 an
ability to renove netallic residues are known, said cleaning agents
|nclud|ngmmmkmpgamngpammumssuhhsdSmmmeminh@1mdmdm&hdmuxahwmmﬁcmmpmahd an

al kanol am ne as the principal conponent (Japanese Unexam ned Patent

Appl i cat iSEHSPUDT PiEae %lﬁoq%kﬁolu@eeeideefezseberatwmvér antiggiopiee 4dHs'e SEPEENi ng
agents have an xcelle t %tg to renpve nmetal lic and or aQHC QFSldues
the cl eaﬁ?lﬁ"é“’%@ean?l%a ( &‘ﬁl" SRRV %I’ﬁél“&%“ pere W gt RECYY di ngl y,
such C'e%@wggféﬂﬁﬂ%§wﬁﬁ%”QHwQQ%QQ&hb@ﬂwE91ﬂPQQﬁ%&&bﬁ&Qﬁhﬁﬁ&&QHEngﬁy'Ces
havi ng fine patterns [ 0006] An object of the present invention
is to provide a cleaning agent for a mcroelectronic device provided with
netal wiring (e.g., tungsten, tungsten alloy, copper or copper alloy),

whi ch has an excellent ability to renove material (e.g., abrasive grains in
a CWP slurry such as alumna and silica, an iron nitrate aqueous sol ution
added to accel erate polishing, an anticorrosive added to suppress corrosion
of awiring netal, and residues of a netal wiring and zi nc and nagnesi um
netals used on a S|de of the netal mﬁring) t hat renalns on a waf er
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[ 0009] The cleaning agent for a mcroel ectronic device provided w th copper
or cof H s ' oo ' ’ ‘ns
deri ve c
residues Troman 1nsurating |ayer, ana excellent antlcon-osiveness 10 The
copper wiring. [0010] Moreover, a mcroel ectronic device having good
contact resistance without shorting is easily obtained using the cleaning

agents descrihed herein at the st subsequent to the CWP ste in the
manuf act dFPRYIBTBRL St he ﬁcﬁcg‘gﬁlyedﬂs TR ROV BB IF I HEPT Bspect s,

features YAaR re fully apparent fromthe ensuing
di scl osu g"%d%gé’pp%%gﬁ% %éﬁ“ SelSETAl LED DESOR! PTI ON OF THE PREFERRED

EVMBODI MENJ§94] 1n08d 2diatdiosrt eﬁ&qu@tfsn CRfPe HBACRIP mBh&k AR)i Y NC ad@Mli£ 8nd
corresponds to sem conductor substrates, flat panel displays, phase change
menory déydrees pergolcrmupanslsioanth lntivellorpraodured bydraged prdexnly ageb@rsolstyst r at es,
photovol taics, and m croel ectronechani cal systems (MEMS) nanufactured for
use in nit F‘B@I‘f’é‘é‘tnr‘?ﬁ‘ﬂ’i acdﬂufeﬁthéfa?f&loeﬂa%fi faugg 50 %&On c&ﬁp‘tﬂ’ érme@}?flvph"é’ﬁ‘ﬁf | t i ons.

Sol ar SUbStr¥ at ?a% nntrel subs ahtlatfl]ljlrtcor?gdgd n%t l (!11 e?ﬁodscéniln{)tcboe%ppleg%
si licon, "polyerystalline siricon nocrj%% e rcon e, copper

i ndi UM s&i&Hd dRoni € ARRES havindifHihatdinl.i A ord@nd H&h il rdtise i fenifnpeabd i um
The sol ar substrates nay be doped or undoped. It is to be understood that
t he t er muling € cleing agchOmh@inthe wi Grganid Sidniet isnBaatrofice th@mpdtdn fuchg cittic aily way
and includes any substrate that will eventually becone a m croel ectronic
devi ce orngexehieidednt p ohflatingiagse rihys ampigonadjcarhxylisasdl Haepash proposere{appriesd "
corresponds to post e d/ or contam nants. As used herein,
"contan1ﬁ?ﬁ?§mmoiwwe§ ‘Hﬁnﬁ8q§ﬁ%%9&a|s present in the CW slurry, reaction
by- produ e the
by-produg®§5g%w££%1 h§?3% (§kﬂh;¥? |ng (ﬂQEQ%&Pﬁﬁggé EM&Q%&?ggn
nitrate agueabsSasabilid Qi @addaditio «aearl etant i 4 piicipal, coapéhe@NJapanese
anticorrosive added to suppress corrosion of a wiring netal. As used

her ei n, 'PplostAlghRtpeShid@ptn dor E@$6Hds Howepar vhib] bee fotegmmg heentp dbyesdn ng
slurry, e.g,, silica-containing particles, alum na-containing particles,
re3|dueseHF“%ﬁﬁ%WﬁW)WF@Wﬁﬁ“%Hﬁm%‘ﬁ%“&ﬁ&mﬁﬁhﬁﬁ@?@ﬁﬁﬁ@b&?gmﬂ@éﬂwﬁﬁq&@elde of

the met f”" i rlﬁ%rdeggelnkr%v t%lSB rFo%eQntess aﬁkath eeclesamlﬂ %/S i n%acfrgu%gdan H(yngl%nﬁ ucts of

t he pollgﬁlﬁg slurr ‘bon-F1ch aftlc n par brush
de|Oad|ngs9§&km9kﬁ§mmﬁﬂBhQQEWHaﬁﬁﬁ&%?ﬁ&ﬁ%ﬁﬁwﬁﬁmﬁééQﬁ&ﬁ@ﬁlpaﬁhbcrﬁ§w COppef
copper oxides, organic residues, and any other naterials that are the

by- pr oductesnu@‘ agthe hOMRVr@ogssy. to [IB0DAjer iring ahd hat aaspeldn; atdlitf itr sthove

conposi tion useful for the rempval of material renaining on a

m cr oel eCtPBareides ¢iread §oip élecfafeﬁfm% adigp 11} %ﬂe §¥ e dThasidg these clgpning
conp05|t|on co r|3|n nsi stin |st| ) entla |y of

oroantc. ARPRERTag oo it & Reapyt Bl reeng orber L eoRE ety agent
(©), and h\c’l\@ﬁgeé’n aﬁj\ﬁl to\ﬁ\’gﬁ(fvg 'ertthQQesﬁiIu%azQé ﬁgwﬂgs%ﬂtclegﬁ%; ggeptbmglfudlzg Oh $rgan;lc4 . The
first conposition |s particularly useful for the renmoval of nateri al

remai ni NQci@Rud aBkhiGtifeh@CiTIQRAIC at@\uhC ARG R GhelptiR@sl &hpoent (pGRLLN

al l oy, preferably subsequent to the CW of tungsten or tungsten all oy
layers. Unootbied Bxarphmsicaybn Phidicgiogain. @0&in3aess) AHowaet.udelecthat nleamimes,
cyclic amnes, or any. conbination thereof. Exanples of the chain anlnes

i ncl ude éﬁ&ﬁﬁmﬁbﬁbﬁﬁﬂﬁe§m15%51Wm66P§ﬁﬂ¥%@§*ﬂ%Wwdﬁvm€bﬂﬁﬂﬁﬁ??%ﬁg?ﬁé?

Exanpl es hpfhl tJ&%os(fVQat' ”[ oﬁB l"\lﬁﬂﬁr{% | DG4 r%?yh%uc%l é"'eagl' %%Jgeg{l‘)c&?%%é‘% th@Y' ”9 1 to

6 carbon dat and c am nes ‘havin carbon a (AI)
ExanplesnQﬁﬂhhﬁx&ﬁ@ﬁ&h@%ﬁ&$agh@eﬁe vindg 1 to 6 carbon atons |nclude

al kyl am nes (e.g., nethylam ne, ethylam ne, propylam ne, isopropylani ne,

but yl am ne, hexyl am ne), dlalkylanlnes (e.g., dinethylam ne,

et hyl met hyl am ne, propyl net hyl am ne, butyl met hyl am ne, diethyl am ne,
propyletﬁi@@%@%%ﬁ di i sopropyl ami ne), trialkylanines (e.g., trinethylam ne,
et hyl di met hyl am ne, di et hyl nethylam ne, triethylam ne, tri-n-propyl am ne,
tri-n-butylam ne), or any conbination thereof. Exanples of the chain

al kanol am nes having 2 to 6 carbon atons (Al) include nonoet hanol am ne
(MEA), diethanol am ne, triethanol am ne, dinethylam noethanol,

di et hyl am noet hanol, 2-am no-2-methyl- 1 - propanol,

N- (am noet hyeet hanol am ne, N, N-di net hyl- 2- am noet hanol

2- (2- am noet hoxy) et hanol , or any conbi nation thereof. Exanples of the chain
pol yam nes (A2) incl ude alkylene di am nes having 2 to 5 carbon atons,

pol yal kyl ene pol yam nes having 2 to 6 carbon atons, or any conbi nati on

t hereof . Exanpl es of the al kyl ene di am nes havi ng 2 to 5 carbon atons
|nclude ethernedlanlne propernedianine, trimet hyl enedi am ne,
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NR wherein RI to R3 each independently represent a hydrogen atom or an

al ky| gr nnn t hat mAv he nartiallv cithetitinted hv a hvdrovvl arniint and at
| east ot

group. Fe v o T T T T R T
hydrogen atom or an al kyl group that may be partially substituted by a
hydr oxyl group; Y1 and Y2 each independently represent an al kyl ene group;

and n represents 0 or an integer of 1 tq 2. [0017 romthe viewpoint of an
ability t[%’o?]e%%ecﬁ%{%q Igesélﬁdn"gﬁi"fl ésd?lpli%‘ﬁ?/%ﬁé"élglgta%ﬁln{ hEy B BRI CCTRE Yt ent  of

t he organi ¢;.&m.n . I n fi L I Vi ng

mat eri al %Oﬁlgm a ﬁ‘ln%é?)g@gger%n%%gﬁgvﬁgg%lﬁ)%@wg%h&vﬁqg PIH)'[% lﬁ%fég)t févﬁ[c\l}wh?%g is
0.01 to QxIfenbyvimpiodBhovehasad (08, dohgivé ghiad inwRININ{uBS suth afubnirdtanCQIGOSI ti on.
The content of the organic amne (A) is preferably 0.03 to 0.25% by wei ght,
nor e pr efaen@abhira@. adéotsosolitidadolyd wedcgidrate arldhipgraniagtidoresive addeftesalpteys 0. 07 to
0.15% by wei ght, based on the total weight of the first conposition. [0018]
Exanpl es “BFosPRal 4tipemeal ndastifsiof iy ieRg 8 7paynd Frengiie metals used ona

tetraal kyl a ni_um sal t.s . . .
Lr1 al Kyl RYaP oy SRy P ARHRT IR 02 2 RIS (H VBRI HUPY S ¢ s,
WO 2011/ QRAPEBRET/ US2011/ 022961 tri s(hydroxyal kyl) al kyl ammoni um sal ts, or
any conbi nation thereof.f these quaternary anmoni um hydroxi des (B), the
guat er nangoomMRa e Ppyesknoixii d@eaor( B4 Yl ednegragsefot pdt-OMP tehegnidealf b aidrdrtpcheier al
formula (3) is preferable fromthe viewpoint of an ability to renove

abr asi ve dg\fi@i ipavhiclrg mppipl ®irmg is formed, wherein the metal wiring comprising copper or tungsten.

In one aspect, the cleaning agent comprises an organic amine (A), a quaternary ammonium hydroxide
(B), a chelating agent (C), and water (W), and has a pH of 7.0 to 14.0. In another aspect, the
cleaning agent comprises a cyclic polyamine (Al) and/or a cyclic polyamine (A2), a polyphenol based
reducing agent (B) having 2 to 5 hydroxyl groups, a quaternary ammonium hydroxide (C), ascorbic
acid (D), and water.

[0008] The cleaning agent for a microelectronic device provided with tungsten or tungsten alloy
wiring has an excellent ability to remove abrasive grains derived from a polishing slurry, an excellent
ability to remove metallic residues from an insulating layer, and excellent anticorrosiveness to the
tungsten wiring,.

[0009] The cleaning agent for a microelectronic device provided with copper or copper alloy wiring
has an excellent ability to remove abrasive grains derived from a polishing slurry, an excellent ability
to remove metallic residues from an insulating layer, and excellent anticorrosiveness to the copper
wiring.

[0010] Moreover, a microelectronic device having good contact resistance without shorting is easily
obtained using the cleaning agents described herein at the step subsequent to the CMP step in the
manufacturing process of the microelectronic device.

[0011] Other aspects, features and advantages will be more fully apparent from the ensuing disclosure

and appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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wherein RO to R12 each independently represent an al kyl group having 1 to 3
car be ! . Jom A 2 .

gr ouj

(hydroxyal kyetr1 al Kyl anmobni um hydr oxl de, Dbi S( hydroxyal Kyl ) di al Kyl anmoni um
hydr oxi de, and tri s(hydroxyal kyl ) al kyl ammoni um hydr oxi de. Fromt he

vi ewpoi nt of anticon-osiveness to tungsten, tetraal kyl ammoni um hydr oxi de
and (hydroxyal kyetri al kyl ammoni um hydr oxi de are preferable,

t et ramet hyl anmoni um hydr oxi de (TMAH), tetraethyl ammoni um hydr oxi de ( TEAH),
and (hydr, e rj Igm i hydr oxi | i ferabl e,
and tetr A&né%(]h@qqé%%g%]{gﬁ%g%ey rlox?gfgrmil 's X%%f(rgt %Ogr%(p%? 3}6 %rg%ac %&%{@Esﬁaﬁ%%ﬁ From
the vi ewp@ientiisPlhysaphaddichahiey mbiorh QIEAYE, QM Pahkeardl Gthedd Hr@REs ARtulGOROIBST Veness
to tungsten, the content of the quaternary ammoni um hydroxide (B) used in

t he fi r stsubsongoshatdvoltrias.sekluhiciodectrowenbarical syygne (MEMS], rmufactired foeke ot r oni ¢
device provided with tungsten wiring is 0.005 to 10% by wei ght, based on

t he t ot alMisiesigghieniointeereedforpudly orcOpysT DiPGRPlictiEes. c SAkEHPSIEES HEdy Bt nar y
ammoni um_hydroxide (B) is preferably. 0.01 1o .2% by wei nd
orerer abry 65 PostihuRulh G S fadbui it il FROpIERR o0
conposi ticQier HRAZOLIdRIOMIPS MiiEWRRIARL, Qb @NiuAPAldnldY dnOgdiRPYeanaBbR | ic
residues and an ability to renove abrasive grains, a nolar ratio of the
guat er narkybsen®tirly beidpydsraxddaped. ( B)is to 0c tltlersoog@site tahm “mecrdeptron(cBlvi{eA)s, | S
preferably 0.1 to 5.0, and nore preferably 0.5 to 2.0. [0021] Exanpl es of
t he chel apti mepnhgebt IOENE iheyudy prlosPhdst By bhsEd bievit vatuatydatome(adl )

am ne based (fhel atin aqjint%e %CZL)Q %nocar boxylic acid based chel ating
agents (CBYOCEHIPBOIVIT € THEPUBYLEE ERE| ati ng agents (C4), ketone based

chel atin L Yer t ofthi.pati on
t her eof . q@g]erfgit ‘Zss?é g% )ﬂ? ’hgﬁ)‘j1 t) %Eﬁ%rge?p&é&bﬂggg% cﬁe{eggl%%gbgb%qﬁ%agﬂ% ')Agﬁlr%c ude
sodi um pyeephesRidhars” SOekpbm 0 thpalc-yp beshhiatie, CMPLRSS i rtididnr byrRidaphesphat e,
sodi um t et r anet aphosphat e, 1- hydroxyet hyli dene-1, 1-di phosphonic acid, or
any conbitirgplismgtshiey.cof anytotanplkiesalothattanethaby-predubla oéthe CVE raddessgindgamt s ( C2)
i ncl ude et hyl enedi am ne, triethylenetetram ne, tetraethyl enepentam ne,

di net hyl §PyBximEd 1@ 2 EQRqiiFatapPsEs soBgrhifird 1A accgleraly RYlishigatindhat B PHET eof .
Exanpl es he ami nocarboxylic acid hased, chel.ati agent.s. (C3) i nclude
ety enediush narA CaRER S e B, REBET SRS UL OO AL b Mo e
(the net hrikis 8041 i TholRNAy PEERSSI, UWilica fotiaiXA PR @k, alﬁﬁlﬂ)(—k&ﬁb@rgﬁﬁﬂarﬁ@es,
tetraacetate (EDTA) and neutralized products of netal salts thereof,

hexyl enedésamisng adinatdeviabe a@indnngdt nahésmedmprlodudt@ ofidaret @b neal haingher eof
hydr oxyet hyl i m no di acetate and neutralized products of netal salts

t her eof , chemigbdireipat Ar theislugyr ieaetien B-rroducts jof duinghghing slurry, carbon-rich particles,

hydr oxyet et hyl enedi am netri acet ate (HEDTA ent aspdi um .

07t by BT e G B a gt A1 R s St i Pt aPRTS Rorub P BRI S acet at e,
di hydr oxyet iy b oGl %eiaBCora SRSy, aldthl BRI 1l 4 AUBY HrofiRGRIR I OF any
conbi nation thereof. Exanples of the carboxylic acid based chelating agents
(&4) inclpudesoxalic acid, disodiummalate, ethylene dicarboxylic acid,

adi pic acid, sebacic acid, gluconic acid, sodiumgluconate, or any

conbi nat il¥4lt her 6of aspEsvaarlse sormgfositidreusktdt dmethd agwedl o ebastielngmaigentos o C5)

i ncl ude acetyl acet one, hexane- 2, 4-di ong, 3-ethyl nonane-4, 7-di one, or any
conbi nat inBﬁo%(?‘iE?%%GFe.Vw@PH‘f?ﬁ‘Feé”sm S}Mptlﬁéesfﬂﬁ?le? ¢ ESTRBPSHUOR GOEYSHESOBERYS i ncl ude
sodi um pol.yacryl at e an ol.yl 2- hydr ox Lyl ate_sodi . 022 t hese
chel at1 ng ub kb hes bR & ML} AL RB My R el o T ¢
resi dues,chddigg aghin@) nas QeieCiVl dhdrOg 1RIRMISy dobrdhas 4 PIE 0BT RO LAY baXYhikC acid
based chel ating agents (C3), and the carboxylic acid based chel ati ng agents
(C4) ar e cpnghi@pablpeticdnig ubdi@ famhaonarabeixydtdriel @ahiting ars € thicolebtaticnigviagent s
(C3) are nore preferable. O the am nocarboxylic acid based chel ating

agent s ( C3yDrisEE HppeaeH ivaghien allayerrpiaal e tubteguenhie ipIdHeefitagiioner dingtarltye, and
hydroxyebhygl imno diacetate are particularly preferable. [0023] Fromthe

vi ewpoi nt¥6f" anti con- osi veness to tungsten and an ability to renpve
metallic residues, the content of the chelating agent (C) used in the first
conposition useful for renoving material froma mcroel ectronic device
provided with tungsten wiring is 0.0001 to 0.2% by wei ght, based on the
total weight of the first conposition.s The content of the chel ating agent
(C is preferably 0.0005 to 0.1% by weight, and particularly preferably
0.001 to 0.05% by wei ght, based on the total weight of the first
conposition. [0024] Fromthe viewpoint of anticorrosiveness to tungsten and
an ability to renove netallic residues, a nolar ratio of the chelating
agent (C) to the organic amne (A, (O/(A), is preferably 0.001 to 5, nore
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[ 0028] The surface active agent (El) is preferably added to renove netallic
reS| Aiiane and ahr acivia Ar ai ne Evarml aec nf ciirh a ciirf ara artivin anant

i ncl

Cati Vil v DUl 1 AUV o “Uuuvw Ll ve usbllt 9y ull'JIIUI. A B B V) DUl 1 AUV o “UuuvwiLil ve usbllt Dy wvi dny
conmbi nation thereof. Wen present, the content of the surface active agent
may be an anount necessary to reduce surface tension of the cleaning agent,
and is usually 0.0001 to 1%b i ght based on the weight of the first
conposi t ilGH3] %?PBIP‘ét %%P%/"réantf “tegﬁb%il%% BTGt Cycﬁﬁ%tmﬁegr o1} 48 FEpption

pr ot er ablike @ O Qo Oty WDt LOURE] HXEARLESHAL b RTIYE LR agent
(E2) incl ude organi ¢ reducing agents, 1norganic reduc né) gents, or any
conbi nat icebihdnes deker. Exampleest (RS chhil éroffag@its Biclo@dush BgylagRtdngnd RShidgde

pol yphenol based reduci ng agents such as catechol, hydroqui none, gallic

aci d, oxad b carb@i dorasnandscbin sikeivbmeot havgg 2 © Cuteh dehy deb, dixaaply dairbi nat i on
t her eof Exarrpl es of the inorganic reducing agents include sulfurous acid
and sal t shihekdsrnesdRGEng hio® tAgouriens dedude akdaearst & or mehydgpine.cf ytaﬁege

reduci ng agents, the organic duci ng..agent,s r.ef er abl

vi ewpoi nt’ REFR GO it%t}%enebs sy?atmmef URGLTen:” t‘ﬁéke%% "Ypheitol E5‘10 il é&mlrnéducr ng
agent s ar@yRih§laRmnef eﬁx@ﬁlhﬁethﬁdftdnega'bhﬂyﬁneﬁﬁlaﬁlnn'eS &%§1hﬁﬁé afﬂréfp [Hl‘%faﬁlﬁl@bl €.
When present, the content of the reducing agent is usual | g 01 to 1. 0%
by wei ghtdjisopiopgarpin®f efabkiplaying. QQ:L thﬁletﬂiylﬁﬁﬁlbyetwymngé’l]ﬁy,lanﬁ]ﬁbd dl:bﬂiylrnedly]aﬂl'rnle,y
preferably 0.01 to 0.1% by weight, based on the weight of the first

conposi t iterhylrgE30}-prapsapes {1 @—hrtdﬁmlgae)p Plefrereadingivh otire ntExarthe qfjthest

conposition rrses consjsts of, or consists ssentl VI.AH, TEP,
EDTA. and “(t Gf R Me 1t <t SeBDAST I W GBLFE P el LR ef i a

from a mgfigeheald AifndRHhE ARNRMLARCHALE RichiRBRbEY 5Iaﬂlgmlzsméagt gi ned by
m xi ng the organi ¢ am ne % he quaternary ammoni um hydroxi de ('B), the
chel at i n@grap@RNIN- ((aﬁz)noeﬂa;m)éthatotmernecm MPRRE R -2-a(nmo ctWHeN) 2 NBE:RIS Sedtioyy)ethdnbln oMat er
(W. A nethod for mxing the individual conponents is not particularly
limted. afyr @mbtnh@n\lheemﬁoiEmmmés obths yhaarmtlyalminﬁsc(ﬁm imlyderatkylene danghghevitd ne or
the Ii ke, however, hod for mxing water (W with the organic am ne (A
and the &d%t? é*tﬂr?&rat;?mézﬁ;ﬁﬁﬂ}{ﬂ?ﬁe ﬁgﬂmna%'s %V‘I(gﬁ)t" 6&%‘&?“@1‘?@}% R Cﬁﬁlb‘tl o dweriat | ng

agent ( C)Exgﬁq esOE) ?l‘[ glg}qpn%n nrlr:1 es( Egv'lnén br(; B rc%%gn atoms mrb)lug ee{hail%neﬁla iAﬁSSt irrer,

adrspersro i ne, e used as a m xi ng

Exanpl es éb%ylkﬁbﬁlal%tnb r trﬁﬁetﬂytéﬁédth@lﬁneW&&ﬂﬁq@ﬂhﬁaledlﬁﬁﬂné r ﬁéxﬁmé’eﬂﬁlen@@rﬂﬁlﬁé l & gty rrers.
Exanpl es of the di spersi on machi ne i ncl ude honogeni zer's, ultrasonic

di sper si eombpiecihn thesof. bEdanpled bil damiss davdesd atkiyl greup spBOBRY by b hgdow! gholpe
appreci ated that the first conposition can be useful to renoval materi al
from a nifthgel devEonrEYdapPE@YeBHdr i28¢ n@letlﬂwbgtr@hm@flamtmgst@ﬁmatet o9f wiring,

as well as roel ectronic vin i ring made o di fferent
mota sudtoH i BuBRRES R gy b S me R Bt by S FBRE EtaPor g e um
magneti ¢ tgraetﬁﬁene&teﬁﬁlx car bpgp)subst g at as, 1egt1@§t§mﬁy bst 1 gL 6Sis & AN,
substrates, glass substrates for liquid crysta s, glass substrates for
sol ar Ce|bts&),exaﬁfédlyl'él|ﬂfﬁrlhﬂnkﬁ peftieafyRicABajninet dt@nd tdnSlinaGONMPESITT | KxamplSs ¢rsd t o
renove material after CVP of a surface conprising tungsten or tungsten

Wi ring berdiasenes inglufieebingtel amirce mod elscypit atines egiddoedicahdindideast eCyr ai ns.
[0033] It should further be appreciated that the first corrposr tion can be
provi ded MY c SNt raged FPPm t sty QelpEee di Pilerdiapiet heYigierrdBrined

concentr %e't ?@%ed%fnhbg] edﬁ@gﬁy@éthepcﬁa 2 na IItlgpe%@aml& %nt%l%ge%g'cgan?l‘l%? e%;l toaCfEEt hod of

removi ng nma m croe e(:tr nic device conprising tungsten or

t ungst en adybiRy aﬁlﬁesd@?‘: 1lsckbﬁt§}one§1ainﬁte NMRahgdio QR iainRg); @aNtactd Rdeadeysiy f ace of
the mcroelectronic device with a conposition under conditions useful for
removi ng amateer (egl, pipgmirteh eN-suimb@lgépipefriat, e mab| y4-ditthigoaioipesizing)orori snyt he
first conposition described herein. [0035] In a third aspect, a second
conposi t iCgACiLAset iFedfor the renoval of material renmining on a

| d b
Compos ¢ IBHCRSRPrarig SEURE ot PhaErge GhErerrag "sabohbrdrt g er. a
cyclic pohyad @eadd) cﬁa%p'b&meegxz?Xeptré@&tJd%J @Wf&%wﬂ%ngeﬁéél %91511'1‘3-‘#2@‘ akel) (P1)

and/or a cyclic polyam ne represented by the followng general formula (2)
(P2); a polyphenol based reducing agent (R) having 2 to 5 hydroxyl groups;
a quat ernary anmoni um hydroxide (Q; a&scorbic acid (AA); and water (W. The
second conposition is particularly useful for the renoval of materi al

remai ning on a mcroelectroni c device conprising copper or copper alloy,
preferably subsequent to the CVMP of copper or copper alloy layers. [0036]
Exanpl es of the cyclic polyanine include a cyclic polyam ne (P1)

represent ed by the foI I ovvr ng general for mula (4) and a cyclic pol yam ne

e
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\/ wherein, R represents a hydrogen atom an al kyl group, an am no al kyl

gr Oup nr a hudr Aavial gl AY AN anAd D2 ranroaocante an al vl Ar AN an ﬁW‘i no
al kyl | e
I‘epI‘EScuuo all Al 1V al RNyl Yl VUNY. | VUUI] LAAIIPI ©TO Ul LIIG Uyull L pPUI yalll ne

(P1) include a cyclic polyam ne (P11) having an hydrogen atom at the R
position and an aIkyI group at the R2 position in the above general fornula
(4); acyclic. p m ne (| aving an am no al or a hydroxyal kyl
group; aP {:ﬁ‘%% f??% ani§ ey ?’)1‘33‘}10‘1?89 T dh "RERY anéﬂaaﬁ 1%Ytt" BotH® (?Pl%ilﬁe RI

posi tion gﬁaﬂ{;’. 6 e VR &Lt'o?% abfit T FlihSe f%%]%/ (ALREs (Rl ddin Ha%nﬂ&s%nﬁr Kl
group at the Rl position and an am no al kyl group or a roxyal kyl  group
at the Rprp@sid hrditra@idkndpebi@Gink & pRAtYaRipRer{pR15) havi ng an am no al kyl
group or a hydroxyal kyl group at the R position and an am no al kyl group
or a hydroxyal kyl group at the R2 position. Alternatively, a cyclic
polyanlne (Pll) havi ng an hydrogen atomat the Rl position and an al kyl
group at Forulago position in the above general formula (4); a cyclic

pol yam ne (P12) having an am no al kyl group or a hydroxyal kyl group at the
Rl position or the R2 position; a cyclic polyamne (P13) having an al kyl
group at both 8t the R position and the R2 position; a cyclic polyan ne
(P14) having aﬁ al kyl group at thg)Rl position and an am no al kyl group or
a hydroxygi« ngroyp at the R2 p05|t|on and a cyclic polyam ne (P15)
havi ng an am no al kyl group at the Rl position and an am no al kyl group at
the R2 position [ 0038] Exanples of the cyclic polyanine (P11) include

N- net hyl p N-et h era2|ne N—|sobut erazi ne. a | es
of "t he. cIUFEE By HeCPYBT TG e NEAENoHEE Ay it G a5

N-am noetptawlgng ﬁﬁ&mdrb%, a NaRTLINGRL 05%' R EHB%k RE 1o RE wgge%xamkwmpo
erazi ne, Nnhydroxyet hyl pi perazine, ﬁy dr oxypropyl pi perazi ne. npl e
of the cy@siitGtedty yadiora gfold.3) |nclude 1,4 di net hyl pi per azi ne,

1, 4- di et hyl pi perazi ne, 1, 4-di i sopropyl pi perazine, and 1, 4- dibutyl pip
erazi ne. Exanpl es of the cyclic polyam ne (P14) include 1-am nonethyl-4-
nethylplpera2|ne 1 -hydroxynet hyl-4 -nethyl pi perazine, 1 -am noethyl-4 -
et hyl pip FapmlgZhe, and 1 - hydr oxyet hyl-4 - ethyl pi p erazi ne. Exanpl es of
t he cyclic polyam ne (P15) include 1,4- (bisam no ethyl)pip erazine,

1, 4- (bi shydroxyet hyl ) pi perazine, 1,4 -(bisam nopropyl)pip erazine, 1,4-
(biShydrOXﬁﬂL$Dy|)plp eragzine, 1 -gatno ethyl-4 -hydroxyethyl pi p erazine,
and 1 -am no ¥ 4R QXY yl pi p enazi ne. [0039] Exanpl es of the
cyclic polﬁaﬁfne (P12) in Iude t hose@’ having an am no al kyl group with 2 to
4 carbon atons at the | g pOsition in the above general fornula (5).
Specifically, exanples thereof include N-anlnoethylnnrpholine

N- ami h | 0040 th

cyel | 2%{%%%5%%@%9@% AR o io63) PHAGT i " &R G Ry gr oup

or a nyar,Qx¥g!s B/snuﬂzEl‘B P hitfroxif oy v PAR! ze&ﬂ HfaEpe i1 prps%ﬁla 'al@ﬁeﬂe%r e above
R i, 00 9P R v PSS 15,051 LN e

general formil he  cyclic pol yam ne (P , t’/he cyclic pol yam ne
(P15), amdiﬁﬁgfﬁmﬁbbﬁm@@&yﬁﬁnmﬁz(P2) havi ng an am no aIkyI group at the R3
position in the above general formula (5) are preferable fromthe vi ewpoint
of anti cd¥MdlsFveressevpint vé ac elpjpgrio winovageahdndrntabirdsivenest © tresovehor gani ¢
residues that remain on the wafer after the CMP process. [0041] Fromthe
V|emp0|nﬁmﬁ?“8ﬁm%H$WP%?mP%@?éWﬂV%ﬂFH@“éﬁW§§PWb“ LiopEmeKas mrigHal Mg t he

waf er af tn% %ﬁon%ﬁsgg gl%%ﬁ dm'ihh&%?%%ﬁ rguﬁl?sob.bfﬂ@o’.‘ﬁ/o ﬁp%elgﬁwqaé‘e% g“heatgﬁalno al kyl

group at t osition 1 ove genera re
pref er ablyg; gmN;f@{@ﬁﬁ)s@ aduppliinp eTiazbMent 8NHe drodhic abdMc3 AN pRA}K )R kPEIBZINE

having 1 to 3 carbon atons in the am no al kyl group are particularly
pr ef er ablweight, more preferably 0.05 to 0.2% by weight, and particularly preferably 0.07 to 0.15% by weight,
based on the total weight of the first composition.

[0018] Examples of the quaternary ammonium hydroxide (B) include tetraalkylammonium salts,

trialkylhydroxyalkylammonium salts, dialkyl-bis(hydroxyalkyl)ammonium salts,


gkj
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[0042] Fromthe viewpoint of anticon-osiveness to the copper wiring and an

abl | | tyv tn~ roamun nr Nani ~ raci Ailine t ha ~nnt ant nf tha ~Avuerli A~ nAal vram na (P)

in the

0- 005 LV [Svav) lJ_y vve BIIL y 1wl < IJI Tl I AVl _y V. U.L LV 4 7V lJ_y vvel BIIL y aliruvu .
particularly preferably 0.01 to 0.5% by wei ght based on the total weight of
the second conposition. [0043] The pol yphenol based reducing agent (R

having 2 t hydr | groups i.s a conpound incl uding phenol skel eton
havi ng 2 t%s@ygmh%ﬁﬁy‘gﬁ%wlaﬂgwaw Hn & 0 “F" H%ﬁ‘éer‘?"if'ng%faﬁesér BYHITPE ri ng,

or the Ii . I el @99$ : [ |, @ >ar boxyl
group. Efgﬁ%ngq%gggﬁ%?%%ngﬁeno ﬁ é%%ﬂﬂfgﬁﬁgﬁﬁéggggﬁgmﬁgggﬁgﬁ?@%ﬁ dr oxyl
groups i neleld@nGad @FH pleferdbRfffof the \iGipdint @lah ARt 1, rerVe A is@Gighins Ur ushi ol ,

fl avone, resorcinol, and hydroqui none. Exanples of the polyphenol based
reduci ng agent having three hydroxyl groups include enodin, pyrogallol, and
gal lic acid. Exanples of the polyphenol based reduci ng agent having four or
five hydFfesHe 3roups include quercetin, catechin, and anthocyanin. [0044]

O these reducigg agents (R), the polyphenol based reduci ng agent having 3
to 5 hydroxyl 8roups is preferable fromthe viewpoint of anticorrosiveness
to the copper ;ying. From the viewpoi nt of chemcal stability over tine in
the secongscanmpasitgon, ggy ic acid, pyrogahjol, and catechin are nore
preferable. Fu!ther, gallic acid having a carboxyl group in the nolecule is
particularly ptgferable fromthe viewpoint of an ability to renove netallic
resi dues. [00B5] From the vi ewpoint of anticon-osiveness to the copper
wiring and an ability to renove netallic residues, the content of the

pol yphenol based reducing agent (R) having 2 to 5 hydroxyl groups is

usual |y : 0.y el 0 L ght e
prefer ab%;}lglglflioﬁiq? g fg}%xﬁwvxeg?égl% ,%lgéleg{ %galru%glll %ﬁ ar Iv%/lgpl)r%(g? géré%dg%&%.aa%{ﬁtg% 0. 5%
by wei ghtmabasedapiang hevsiataal byved ghtirodfi Ebep. SesphicCoppat tthe@tf [00Q4O]
Exanpl es of the quaternary ammoni um hydroxide (Q include salts conposed of
a hydr oxyetagkdammemdia cat ihgtiohdvi ng ahhiyadydedtizdalagmoupmbonde tydragida,
quaternary nitrogen atom Exanples of the hydrocarbon group bonded to a

quat er naryPtieralhiiabdmmogumy guirosea i, Irisgpdapaliabeligiagepgung peiifsidean al |yl
group, am. Al ahiWinghaHRr At A DUILORATRON.O RN AR AN bt il o, an

al kenyl group, an Pﬁyl group or an araW%&F group’is par?la y substituted
by a hydri@xkylydiiRikyBa@beERDhRIr&XR Malee Hrdrddi e Ofctrd@ yHeBhoRiu AU AL &6 H& Y
anmoni um hydroxi de (QL) represented by the following fornula (6). Formula 6
| R6 when®nHR4 tttacthgarea@ium nbielpeiidefTEAHY, epirde s@pdroxgathgjukiydthydgmennpiviavi ng 1
to 4 carbon atons or a hydroxyal kyl group having 1 to 4 carbon atons.
[0047] SpeEprideechelinghysree sorenretserblet @nd detrargihdampeniumn kydroride Haviarigulahy al kyl
group with_1 Eo 4 carbon atons or a hydroxyal kyl group with 1 to 4 carbon
atons, tPIAT®YT - hydr oxyal kyl ammoni um sal ts having an al kyl group with 1 to
4_ car bon [ngjnproﬁrthe% %P&%ﬁ‘hﬂﬁytk tH AR aWagi{;b gl'ailtlsoané arﬁi%&%@igerégsqmn sten,

di al kyl - b1 s(hydr oxyal kyeanmoni um salts havi ng an al kyl group mnt% 1to4
car bon ati@n®@nefit & thy gua@xid] dayrhon@iObaroMde B ude® i tHzar QR mMPEsAIFB ,uscdi or

tri s(hydroxyal kyeal kyl ammoni um salts having an al kyl group with 1 to 4

car bon atrawyingmageriplyfomox patdelpbtrogicglayiconirevided with tuhggtarbone atddfis o 0008] O

t hese quaternary annnniunlq%droxides (Q., tetraal kyl anmoni um hydr oxi de,

( hydr oxy dielebriUImA aatatLh B BT SXPREIiOni 4 PrparBsay e RYAERS R3ACRHfoni um
hydr oxi d%gd&@&'e (PE lgiaﬁeg%%ﬁf@ﬁat'{) ‘g%eo | %h@%@l@&rgg}eg}@gfygﬁﬁég@ Igfég)ﬁ]“lt%{%g{ glgpl e from

t he vi ewpoi nt o r énove organi C resi VI ewpoi nt

of anti ceRR%NRBESF I fitsh@npRRer W ring, tetraal kyl anmoni um hydr oxi de and
(hydr oxyal kyet ri al kyl anmoni um hydr oxi de are preferable.
[0020] From the viewpoint of an ability to remove metallic residues and an ability to remove abrasive

grains, a molar ratio of the quaternary ammonium hydroxide (B) to the organic amine (A), (B)/(A), is

preferably 0.1 to 5.0, and more preferably 0.5 to 2.0.
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Tet r amet hyl anmoni umrhydr oxi de, t et r aet hyl ammoni urhydr oxi de, and
(hydr oxvet hvnt ri met hvl ammni um hvdr oxi de( cholinel are mnre nreferable. and
tetr. t he
View._. ... - e o o g ol .. --.....28s to
t he copper mnrrng the content of the quaternary annnnrunrhydroxrde (Q is
usually 0.01 to 10% by merght preferably 0.02 to 5% by wei ght, and nore
preferably 0. 05 to ZW ght sed on the total i ght of the second
onpos, IR Pavss) Srhetisliu i dpos B bbb brsne (G B
specific b +

%lasjea che tlrg%/z)gelﬁss(%?r{mﬁnﬁoc@% h@%ﬁd Biséd &el%ﬁl%g% gcﬁ & %)g‘ @Iaél(? sed

erythorbic aci a co name e ascor s a nctron to
suppr ess chkdtidi a@dis Q4R ketbR a0 HpARE akenkasegd pﬁredewhaglngggrhrs (@), ohawing 2 to
5 hydroxyl groups, and a function to inprove an ability to renove netallic
resi dues.cof@@idy tHercofn Ekenples exiploi pitosphbrua hise¢ ohrlaisg wemss€ 11 ocluirescdopper

W ring and an abrlrty to renove netallic residues, the content of the
ascorbi ¢ Péif@PltfPSI(hM)SOihl%m J@@brrfr%phetewmfsams@werlarﬁm ﬁrerreregﬂrirapbose@tee & 3% by
wei ght, (%1(% yQtEl Id%re 1 Xl}é}a‘)sp%o amc{ 1nﬁt%0n gerF qr t]':"x%rl“rlll @& oy tlperaerr]; & abl y

0.1to1 otéW e second ‘coIpositi on.
[0052] Tmesee %ﬁe@aﬁgg ngﬂmez)tm@raef fe%[anﬁféﬁr@ﬂhﬁ@ne‘!é@ﬁrﬁiﬁe hehgtRMMmidhe wat er
has | ow conductivity (.1, S/cm 25C). Specifically, the conductivity thereof
i s usual ldymeaytaliioxithe 0B DxiqainalpeuporPhyzin, pr ey cabbiyatiad obtieo0. OBGmples abot 0. 1,
and nore preferably about 0.057 to about 0.08 from the viewpoint of an

abi ity tginemevdicoriganioe cretdngieeys €id 1nﬁletlea¢ﬂr>rlfeeqﬂ?é@rlm@gtatea%rlque%lizrcr ty, and

prevention of t 0 fronrrec t am nati.on tt nt of neta
Pone 1 OEhatdred SR Sb Sieretin THu: TPt o Eroh SO RErErHD) o

[ 0053] Frt%cte@f% (]\l’b'ﬁx\})é?lh %Eutlgrflze@lﬂr ﬁ'{tﬂ‘,ltsl dftnyetatl Qarls HIRYE hggyggéalaﬁllr{e%CQQ’r@%nd an
ability to renove netallic residues, d viscosity of the solution, the
content @butiade® prodSetsuFuattal Yaltd thefdofl @yd&&y&ﬂﬁlblyhova@cgm andprreetim@rmmdu&@oio to

99. 5% by weight, nore preferably 89.0 to 99.0% by weight, and particularly
pr ef er abinyetad Zales thoreg® . tAslioyn wrilgfhicellas dtbodmm t Indroxptlal cthwehgghimingfriatehiee second

conposition. [0054] Other than the cyclic poly anlneméP), t he pol yphenol
based reddEp Hﬁ@ﬁﬂ“?ﬁ@ﬁ%@?ﬁﬂ@mﬁmﬁﬁwgﬁﬁ?&P@%anﬁPﬁ §WWT¥%@ﬁﬁ%?€?ﬁary

amont UM ALRXhdCa( R, o 08 3960 LA taqnare%%cﬁa@ngr pbalon2fel e

essenti al ace ac ucrn agent (R2)
ot her th&ﬁmﬁh&(Q@k%@ﬂ&ﬂﬂha&@ﬁﬁgi&QQM@h%anﬁﬁﬂwhmﬁﬁQm@ﬁ&&ﬂﬂd@mﬁ&hémﬁ%dfoxy|
groups, a conplexing agent (E3), a corrosion inhibitor (E4), and

conbi nat icthgisnd hierreodlic awmy digicadidedetasic adidi tluanal acgio rpbne lwonakenr Agcessary
to the second conposition for the renoval of material froma

nrcroele@@ﬂ@ﬁﬁ@nG@VP%eEﬁﬁWb¥Péﬂﬁéﬁeﬁb%@%ld?@@BBﬁﬂEkgﬁbF@%ﬂ%P%H§@$®F surface

active agents esc erein S

SRS e O e e SR R A e A D

reduci ng Agent . 4R éls%'clﬁ& $Bdilin® p Ry AN AR XY {)olﬂﬁ BURGx h&ﬁ!ityg)gluglﬁ gani ¢ reducing
agents and 1 norgani c reduci ng agent's. Exanpl es of the organi ¢ reduci ng
agent i nqcbmd]eonheaalelaﬁmemdﬁ ﬁamdhebed%alhdebxydﬂay foashdivg meralic hyidiexyd group
and 6 to 30 carbon atons such as oxalic acid and salts thereof, hydrogen
oxal at e amghedajet shddtieg egshts (@hdtha kabspdesyliaavil pgseé chotnti9e egantl ¢93)atnd i,

Exanpl es of the inorganjc reducrng agent include sulfurous acid and salts
ther eof , “HR¥VHhAIS BIFL R iag pFaarbYsdr PEYHhEr 8t e LOMSHORYEMAIhESH ewpoi nt

of wat er cﬁe?zlulf{? !age% %3? Qrg ﬁ%{%t Ire(fngleos b\flgln gﬁ%oca%o%yh@ aG® lpéggdrch%t{nlg n%lhts ?é gt hese

reduci ng agen rgani ¢ reducin are prefe 1iphatic
organic %@@M&hﬁ&uﬁgﬁﬁ&éa@éemﬂﬁ&ﬁm&hﬁé@ﬁ@&&@ aﬁﬁdyﬁ&@%mﬂnﬁ&JQm&ﬁﬁe%ﬁJtS
thereof are particularly preferable. Mreover, fromthe viewpoint of

conpl exi petiaddriypreferabkal ate salts are preferable and anmoni um oxal ate is
nore preferable. [0058] The content of the reducing agent (R2) is usually
0. 001 t o [4023kk iy thgeieyheint qﬁerteormserrersa%ruvgsmeldaeeblbtysm/rseevaveqwélmreﬂ Ael

particul arl rab h ba on the t of the
Becond - dinsoePl FORF RTRARET (1 Qomar I "5t AT byt dreT RO ESERURNSES (o ¢ he
copper W rrinElQelec'terE B&l&%ﬁﬁld%@ft@t&&?enwﬂﬁg%% 0961 &)r@)‘iz%?b} gduig] ReqdeR S,

i.e., the reducing agent other than the pol yphenol based reducrng agent

having 2 to 5 hydroxyl groups exceeds 1.0% by weight, anticon-osiveness to
the copper wiring is decreased instead [0059] Exanples of the conpl exing
agent (E3) include aromatic and aliphatic hydroxycarboxylic acids having 1
to 6 carbon atons (and salts thereof), heterocyclic conpounds havi ng at

| east one of a hydroxyl group having 9 to 23 carbon atons and a car boxyl
group having 9 to 23 carbon atons, and phosphonic acids having 6 to 9
carbon atonms (and salts thereof) CI t hese conplexrng agents. (E3) fronrthe

o b


gkj
Text Box


to 0.1% by wei ght based on the weight of the second conposition fromthe

Vi e\Npoi nt nf i "MmMmrnuvi nn anti ~rnn_ Nnci vivanace tn t ha ArNnNnnNnar wiri nn rNNAR11

Sui tab

FiDOSY: pui i 1ico suvii wo 1w 1wy pur T e, BuGTIvor e, yuanivor iy e win nopa 1 NE
ri bosi de, 2-nethoxyadenosi ne, and nethyl ated or deoxy derivatives thereof,
such as N net hyl adenosine (CL 11-115N504), N, N-di net hyl adenosi ne

(C12H17N504),  tri et hyl at ed .adenosi ne (C13HLINS04), trinmeth

N ot by ST TR SR ) - e AURES . Chird ek 4abhosi ne:
degr adat i qn t; : I sine.geri.vat| oL dding, but
ot i mi {aq Porfld R BBPBREDGH AN AHEPAEHDGART kB ch (R RLEL

N- met hy 1-eHpd corpoditiaim ne, C6H7NS), di net hyl at ed adenine (e.g.,

N, N- di met hyl- 7H puri n- 6- am ne, C7HIONS),

N4, NA- di rie2ilyFrpythemi edipoiat-of aBic@rdsivemasyitmengsCo kikdlaNBhility to remove metallic residues,
4,5,6-triam nopyrimdine, allantoin (C4H6N4A03), hydroxyl ated C0-0-C diners
( ( CEHANS @2y ratie ofths chekyiag gy & e exsrUNEYDe GY- @&wweza)b}y ¢¥Pdee

(C5H1905), nethyl.a ri,hose . g.

5;(nethoi%ﬁ%?ﬁ%%l%gﬁgﬁﬁéfg apg%?%Yg?%??VPg?ﬁm&BFHZOS), t et r anet hyl at ed
ribose (Qp@s), mdhcird-chip ARLDOXN By (BLRO YR MY QLELEBHNEALAE W RE protAkL805) ,
and ot her ribose derivatives such as nethyl ated hydrol yzed diri bose
conpoundsyithpuhgiterevis e ohar (Vdas prodel @xfesbly Ratetithiving Jowbdshduaddity (i $Yerh;ed°a)0,

xyl ose, glucose, etc.; other purine conpounds such as purine, guanine,
hypoxant Pgseicaliya e fspifactivity teisefoprivsyelly daftfOd)Shéo abaytj (2. grefosrblyaahent 098¢ tpani ne,
and rnet hy| at or deox rivatives thereof; triamno i m.di ne and ot her
Subst 1t Uil fr e A o LB eor b Ay e PR S i o
trimers Qr.RRl MIRELS LAY, Al fRR GRS SAGLS #ncofiedhafatdon
products,‘%ﬁ d%??@éfﬁ&gsﬂ¥heré%9§mand conbi%%tiongitﬁgrégf. For éxdhple,
t he cor r e&ttahmen bf Bdtdl ans inMRYcomPdPibh BEhAtngteasiin®neUBPRE: wser sfr@atvdd from
the group consisting of N-ribosyl purine, 2-am nopurine riboside,

2- met hoxyefdeintwiphley 2NC wethh fisedenogione,abdt NO di avedt Hy.D.adaemo g neypdintiofet hyl at ed

adenosi ne, trinethyl N-nethyl adenosine, C-4'-net§%ladenosine, .
3- deoxyad Hﬁé?ﬁ%?“ﬁ@?ﬁ??8?%%“@&@WWW§P@H?%%FH§$%& °%H@ﬁﬂﬂ@?’*mml&5“

N4, N4- di h rimdi.ne-4, -trihamne, 4 -triam nopyri m di ne,
hydroxylg%%ﬁ%%f%@ggkgﬁpw§é£?j%?%lgﬁg%aﬁ%mg%%g?s, ri bose, nethylated ribose,
t et r amet hyh &t @ler thROSKE orgié A58 (D) UL Q8 Rerndry FAMBHR SydrblidA1EBH NAPHelafidi Ne,

am no-substituted pyrimdines, and conbi nati ons thereof. ternatively, the
cor r osi ongdnnid),.ohd eatsr (Waye sinfict antiee @bnt (Blastredonieg specEDsing elntbitatichs fieeod t he
group consisting of 2-methoxyadenosi ne, N nethyl adenosi ne, .

N, N- di metiybadésdas #ditiondl corpronspisdEeahadesrosivie thet fist pempppyition for cleaning a

N- net hyl adenosj ne, . G- 4' - net hyl adenosi ne, 3-deoxyadenosi he and conbi nati ons
thereof.nn?ﬁ%ﬁk?“ﬁ%”ﬁe%3$$?@ék§‘P?gﬁﬁg?%%red enbodi nent, the second

composl t '[WQSF%&H&@%@HVQ %%bi{ @l?isq;tre_ferﬁﬁy &ﬁ&ﬂosrglﬁ()\@%@qmcl 1‘@sjiclu¥s Qlfd_aﬂ-llm N-

am noet hyl pi perazine (AEP), ascorbic acid, gallic acid, adenosine, and

wat er. [ QR63] HxamplePatr dutblc bllsatdy agiv € hent Blu@iadhitRatace biiRe 3268N6hionic
conposition is substantially devoid of abrasive (prior to cleaning),

am not et merzot estivarrdents waringesur i@ dsstearental 4ngphotevopwfacy sctigefagamedoherei n as

|l ess than 2 wt. % preferably |ess than w. % nore preferably I ess than

: 1
0.5 wt. GHmipripn ﬁP@f’fer %‘F@/ Pregesls thepcqpicny. of g Surigge gt ?ﬁ’i%ttm‘“ﬁrtéﬁf T AMW 0 wt %
based on ' . th ition .[O T e osition
can be pP%%%% 83§%M%§§?%%t%%gﬁ85%??%9%1fﬁ%ﬁrﬁgL?ggébgﬁgﬁbg @g% H%%Hgased
reduci ng vageh e R)eidhay (ARGt dothpSsith OFrerybly G10OLRS0. 1% B waidRt BlaNARNuATETONT UM
hydroxi de (Q, the ascorbic acid (AA), and ot her conponents when present,
wi t h wat ereferaAlyfeiohodd.§16§ bywekdhng t hese is not particularly limted. Fromthe
vi ewpoi nt of easy and uniformmxing in a short tine or the |ike, however,
a net hod [#BP] Fiapplsy ofvdie éedueingi agepe(Epbinglpdrerigniyadisthe refitie it e) S1ECIR)

having 2 to 5 hydroxyl grqups.w.th the.ascorbic acid (AA), and, then m xing
the oyor tEporyeni et BeRE: ohidelngr 5° SRR RTH b RGP Ot her
conponen %%e&%ﬁﬁbiﬂ%%g&%%_ﬁ{hyas 'caslecg(gl,q{y@lroépﬂo‘ﬁe, Jihe adi € ORAE AGidUn <A %6;65%6 guring
perform ng uniformm xi ng are not |Iﬁ1te§, and can be determ ned properly
according to the scale, equipnment, and the |ike for production. [0065] A
stirrer or a dispersion nmachine can be used as a m xi ng apparatus. Exanpl es
of the stirrer include nechanical stirrers and magnetic stirrers. Exanples
of the dispersion machine include honogeni zers, ultrasonic dispersion

machi nes, ball mlls, and bead mlls. [0066] It should be appreciated that
t he second conposition can be useful to renoval material froma

m croel ectroni c device conprising copper or copper alloy wiring, as well as

r r o " R 1
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[0073] 0.14 parts of TEP (A-1) (trade nane: AFR-AN6, purity of 99.2% nade

by Tocnh Ay nAar at i AN\ N 220\ narte nf a 2004 TAMH aniianiic enl iiti nn (R ’l)

(trad ,
rmde U_y | C RNV SAMiICiin val o NAS . y -L U. } y V. UU L |Jul | . ) vi A\ § Il_yl wiirovul Qunin 11

tetraacetate (C- 1) (trade nane: Chelest 3A, purity of 98.0% nade by
Chel est Corporation) were added to a 300-m contai ner made of pol yet hyl ene.

Then, 99. ts of wate added so_that the total weight s 100
parts. Tﬁ% @%F’Wte? -dh %§°r§tiliga¥\glbﬂle‘f39f ’f?&@ﬁét"f hegPPEEy IS RS TV 1 st
conmposi t'sﬂﬁu’éu?‘ém{ %B%Hs eHPL f%[ %@g%@a Re‘%% B AL ErHENL & m?q ” sing

tungsten W ring A ned ol gani ng agent

Exanpl e %rgaﬁlw&ha@@geﬁ@mee @@@fa&l’%lﬂrﬂﬁl as idgbini Bf &madi%lsleenlsswa&u@géﬁ Qlﬁemed
except that 0.14 parts of MEA (A-2) (purity of 99% made by Wako Pure

Chem cal pblyphesdl rheed redutidg pgonmsraused prafgidadndallidady isi jrrtiexlamypprefedblet he

bl endi ng _anount of (B-1) was changed to 0.200 parts, the bl ending anount of
(C 1) vvaé’\’lt?ﬂﬁﬁﬁéﬁthﬁﬁ‘“@en Ahegejupiag agspids yarlleO- 0\9\%} 0 Adcheey Vst g PrefrEbbot al
pf'g?; ﬁ@?p%gﬁégﬁg%ﬁ?113%559MmmfHgf&%£W9RﬁEgég%ggﬁwkﬁ m&&ﬂ%ﬁ%?Q%%PEFr'al
obt ai ned.; & ciipo@fiod he obtained cleaning agent was 12.5. Exanple 3 [0075]
The sane operation as that in Exanple 1 was perforned except that a 25%
TEAH aque@ids] Bod girii@iterlfy Brddrre(l t dhdddimerambe 26 %othfmAtios ebiprises) ,codBtsagfueous
solution with purity of 25% made by Wako Pure Chem cal Industries, Ltd.)
was used cpristenentioy (FBMAH, THP.BXdiginé waler Ther eby, a first corrposi ti on for

renovi ng e froma mcroel ectronic device conprising tungsten wiring

(D 3) mﬁﬁ}t@? Sl CORRRSTIG T (G BB s A R B B0 B rrnte

4 [ 0076 t t that
0076] T, SATE \9RGr ALLARCAS, Wishs IR FEATPh Snd P PRAL BRI RGP tha

hydroxyet hyl i'am ne triacetate (puri’t e by Wako
Pur e Chemy@alide (mluﬁet dhl@sng agdnd (Q), MStHS @shpbgts @B0wiRh né@ssax)y, with Exanphe 1, and
t he bl endi ng amount thereof was 0.004 parts. Thereby, a first conposition
for renmowi mghwetbemixals teriodyidahicoporhie et oo parecultdy lipeede o fpmi thi ngvowngSt en
wiring (D-4) was obtained. The pH of the obtained cl eaning agent. was 12.09.
Exanpl e SaSPGFﬁ‘?l} OFFHRIXEE e s@?i’é?%? ol liks hPW%ther ?H‘e@%f?bpé‘mf Wikt (Ypeyiidhred

except th h unt 0 0.07
parts, Igl LlAg ag(lir{[}}g ﬂl?ap%fa agl?rh?)ﬂ(lm hy 0x1de @}aa”@ hén mlx\llx\-%zhr? CE%&Q%%Q%%

parts, g) ﬁh%ﬂl@l‘ &%p@&ﬁﬂs”@% Qhen(pfesdn, ik Breg?ﬁ@l@pl £ stﬂre%sdls%%eﬂﬁﬂchtr@ 8- t&OG
parts, wat er was added so that the total weight was 100 parts. Thereby,
a first diberpostetisahasf omixienappirags. mataplealof fhecrira imlclk oetleoivsl onires devi ce
conprising tungsten wiring (D-5) was obtained. The pH of the obtained

cl eani ng H?i‘g@ﬁﬁ Sigees 9B pmplep il ditrevien Exrais ieclule hoomBhi~Theligwme dspEtat i on as

that in Ex rforped except that (A-1) in Exanple 1 was not
added. Tﬁneaalg%y’ aim\é@h‘“’ﬁggﬁflfl\l}gcomo& tion for removing material froma
m cr oel eGygzony; Qho%"ﬁe%ﬁpr&%%rtha% kGt ‘d&%&ﬁ& &%rb% ngal ) reﬂn))vaY"ﬁéteQQtﬁ%lnrhed The

pH of the obtained cleaning agent was . 4. Conparative Exanple
microelectronic device comprising tungsten or tungsten alloy wiring, as well as rmcroelectromc

devices having a wiring made of a different metal such as a copper wiring, aluminum substrates for
recording medium magnetic disks, glassy carbon substrates, glass substrates, ceramic substrates, glass
substrates for liquid crystals, glass substrates for solar cells, and the like. Preferably, the first
composition 18 used to remove material after CMP of a surface comprising tungsten or tungsten
wiring because it effectively removes metal residues and abrasive grains.

[0033] It should further be appreciated that the first composition can be provided in a concentrated

form that can be diluted to the preferred concentrations at the point of use.
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[0079] The sane operation as that in Exanple 1 was perforned except that

(B- 1) in Fxaml e 1 wAc nnt added Thereshv a ecnmarative comnecitinn far
renovi ng
(D -2) e oe s e v o vt vty g e e

Compar at| ve Exarrpl e-3 [0080] The same operation as that in Exanple 1 was
performed except that (C1) in Exanple 1 was not added. Thereby, a

conparati ve corrp03| ion for ving mater from m Croel ectroni c device
conpri si rﬂ?gl’%‘]uﬁ‘dﬂ*é’ﬂ fPst ﬁ&‘e'ﬁgng‘ 908%‘% IB%TTQI ﬁ@aa TR eﬁtlr—?nlff Y'he“gBt atned
cl eani nggigset‘&lt erw?ﬁg\as ého QQTEESQ; @etdl &4 Eﬁ(e atc%glﬁll%r%ogojn acti Ee &) e QPGh ation as

that in formed except t parts of “et yI enedi am ne

tetraac etna&r@ele(cﬂforﬂa dand “&h QAQoRpdsiSn afdeO¥litibnsagdel HPMMmbliYe Bhte@9Womnmde by
Wako Pure Chem cal Industries, Ltd.) were added, and then water was added
so that tiéce otPadferabbyi, thtompastid0Othp st ®mpFhien ébyrjbedheanpar at i ve conposi tion
for removing material froma mcroel ectronic device conprising tungsten
wiring (003 Inm@lr%b%psqt r?e%fconq*%mlrﬂswg# u%eﬁlé f5 Bheaicried! ef @aﬁ?ahgené@éwtonvaas 4.5.
[0082] The fi r QS| E)S ons goDcﬂﬁ? L

P
conpos t PRI ERS RS byt (ot bl Al eSS RER DR st

t ungst en qo@R AR dr Edﬁs{%t [greﬁ%\él@y Jret @kllc'f%lyﬁrﬁl%b Y eprescdfidbRie ﬁﬁlb\lvl'né g'en&@l renove
abrasive grains and evaluated.” Table sumari zes the results.
Per f or mar@ewief(1)aP Band/ogy @geniolyAbink rdpiesdned be the @loang asievet fogimhaa (03 (P2); a
polyphenol based reducing agent (R) having 2 to 5 hydroxyl groups; a quaternary ammonium
hydroxide (Q); ascorbic acid (AA); and water (W). The second composition is particularly useful
for the removal of material remaining on a microelectronic device comprising copper or copper alloy,
preferably subsequent to the CMP of copper or copper alloy layers.
[0036] Examples of the cyclic polyamine include a cyclic polyamine (P1) represented by the

following general formula (4) and a cyclic polyamine (P2) represented by the following general

formula (5).
Formula 4
R'—N N — R?

wherein, R' represents a hydrogen atom, an alkyl group, an amino alkyl group, or a hydroxyalkyl

group; and R” represents an alkyl group, an amino alkyl group, or a hydroxyalkyl group.
Formula 5

') N—R?

wherein, R’ represents an amino alkyl group.
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[0037] Examples of the cyclic polyamine (P1) include a cyclic polyamine (P11) having an hydrogen
atom at the R' position and an alkyl group at the R” position in the above general formula (4); a cyclic
polyamine (P12) having an amino alkyl group or a hydroxyalkyl group; a cyclic polyamine (P13)
having an alkyl group at both of the R' position and the R? position; a cyclic polyamine (P14) having
an alkyl group at the R' position and an amino alkyl group or a hydroxyalkyl group at the R position;
and a cyclic polyamine (P15) having an amino alkyl group or a hydroxyalkyl group at the R' position
and an amino alkyl group or a hydroxyalkyl group at the R* position. Alternatively, a cyclic
polyamine (P11) having an hydrogen atom at the R' position and an alkyl group at the R? position in
the above general formula (4); a cyclic polyamine (P12) having an amino alkyl group or a
hydroxyalkyl group at the R' position or the R? position; a cyclic polyamine (P13) having an alkyl
group at both of the R' position and the R? position; a cyclic polyamine (P14) having an alkyl group at
the R' position and an amino alkyl group or a hydroxyalkyl group at the R? position; and a cyclic
polyamine (P15) having an amino alkyl group at the R' position and an amino alkyl group at the R*
position.

[0038] Examples of the cyclic polyamine (P11) include N-methylpiperazine, N-ethylpiperazine, and
N-isobutylpiperazine. Examples of the cyclic polyamine (P12) include N-aminomethylpiperazine,
N-aminoethylpiperazine, N-aminopropylpiperazine, N-hydroxymethylpiperazine, N-
hydroxyethylpiperazine, and N-hydroxypropylpiperazine. Examples of the cyclic polyamine (P13)
include 1,4-dimethylpiperazine, 1,4-diethylpiperazine, 1,4-diisopropylpiperazine, and 1,4-
dibutylpiperazine. Examples of the cyclic polyamine (P14) include 1-aminomethyl-4-
methylpiperazine, 1-hydroxymethyl-4-methylpiperazine, 1-aminoethyl-4-ethylpiperazine, and 1-
hydroxyethyl-4-ethylpiperazine. Examples of the cyclic polyamine (P15) include 1,4-
(bisaminoethyl)piperazine, 1,4-(bishydroxyethyl)piperazine, 1,4-(bisaminopropyl)piperazine, 1,4-
(bishydroxypropyl)piperazine, 1-aminoethyl-4-hydroxyethylpiperazine, and l-aminopropyl-4-
hydroxypropylpiperazine.

[0039] Examples of the cyclic polyamine (P12) include those having an amino alkyl group with 2 to
4 carbon atoms at the R’ position in the above general formula (5). Specifically, examples thereof

include N-aminoethylmorpholine, N-aminopropylmorpholine, and N-aminoisobutylmorpholine.
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[0040] Of these cyclic polyamines, the cyclic polyamine (P12) having an amino alkyl group or a
hydroxyalkyl group at the R' position or the R” position in the above general formula (4), the cyclic
polyamine (P14), the cyclic polyamine (P15), and the cyclic polyamine (P2) having an amino alkyl
group at the R® position in the above general formula (5) are preferable from the viewpoint of
anticorrosiveness to the copper wiring and an ability to remove organic residues that remain on the
wafer after the CMP process.

[0041] From the viewpoint of an ability to remove the abrasive grains that remain on the wafer after
the CMP process, the cyclic polyamine (P) having an amino alkyl group at the R' or R* position in the
above general formula (4) 1is more preferable. N-aminoalkylpiperazine and 1,4-
(bisaminoalkyl)piperazine having 1 to 3 carbon atoms in the amino alkyl group are particularly
preferable.

[0042] From the viewpoint of anticorrosiveness to the copper wiring and an ability to remove organic
residues, the content of the cyclic polyamine (P) in the second composition is usually 0.001 to 5% by
weight, preferably 0.005 to 2% by weight, more preferably 0.01 to 1% by weight, and particularly
preferably 0.01 to 0.5% by weight based on the total weight of the second composition.

[0043] The polyphenol based reducing agent (R) having 2 to 5 hydroxyl groups is a compound
including a phenol skeleton having 2 to 5 hydroxyl groups bonded to a benzene ring, an aromatic ring,
or the like, and may include another functional groups such as a carboxyl group. Examples of the
polyphenol based reducing agent having two hydroxyl groups include catechol, caffeic acid, alizarin,
endocrocin, urushiol, flavone, resorcinol, and hydroquinone. Examples of the polyphenol based
reducing agent having three hydroxyl groups include emodin, pyrogallol, and gallic acid. Examples
of the polyphenol based reducing agent having four or five hydroxyl groups include quercetin,
catechin, and anthocyanin.

[0044] Of these reducing agents (R), the polyphenol based reducing agent having 3 to 5 hydroxyl
groups is preferable from the viewpoint of anticorrosiveness to the copper wiring. From the
viewpoint of chemical stability over time in the second composition, gallic acid, pyrogallol, and
catechin are more preferable. Further, gallic acid having a carboxyl group in the molecule is

particularly preferable from the viewpoint of an ability to remove metallic residues.
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[0045] From the viewpoint of anticorrosiveness to the copper wiring and an ability to remove
metallic residues, the content of the polyphenol based reducing agent (R) having 2 to 5 hydroxyl
groups is usually 0.001 to 5% by weight, preferably 0.001 to 2% by weight, more preferably 0.01 to
1% by weight, and particularly preferably 0.05 to 0.5% by weight based on the total weight of the
second composition.
[0046] Examples of the quaternary ammonium hydroxide (Q) include salts composed of a hydroxy
anion and a cation having a hydrocarbon group bonded to a quaternary nitrogen atom. Examples of
the hydrocarbon group bonded to a quaternary nitrogen atom include an alkyl group, an alkenyl group,
an allyl group, an aralkyl group, and a hydrocarbon group that an alkyl group, an alkenyl group, an
allyl group or an aralkyl group is partially substituted by a hydroxyl group. Preferable examples
thereof include a quaternary ammonium hydroxide (Q1) represented by the following formula (6).
Formula 6

R4

|+ ~
R’==N—R® . OH

RG

wherein R* to R” each independently represent an alkyl group having 1 to 4 carbon atoms or a
hydroxyalkyl group having 1 to 4 carbon atoms.

[0047] Specific examples include tetraalkylammonium salts having an alkyl group with 1 to 4 carbon
atoms or a hydroxyalkyl group with 1 to 4 carbon atoms, trialkyl-hydroxyalkylammonium salts
having an alkyl group with 1 to 4 carbon atoms or a hydroxyalkyl group with 1 to 4 carbon atoms,
dialkyl-bis(hydroxyalkyl)Jammonium salts having an alkyl group with 1 to 4 carbon atoms or a
hydroxyalkyl group with 1 to 4 carbon atoms, and tris(hydroxyalkyl)alkylammonium salts having an
alkyl group with 1 to 4 carbon atoms or a hydroxyalkyl group with 1 to 4 carbon atoms.

[0048] Of these quaternary ammonium hydroxides (Q), tetraalkylammonium hydroxide,
(hydroxyalkyl)trialkylammonium hydroxide, bis(hydroxyalkyl)dialkylammonium hydroxide, and
tris(hydroxyalkyl)alkylammonium hydroxide are preferable from the viewpoint of an ability to
remove organic residues. From the viewpoint of anticorrosiveness to the copper wiring,

tetraalkylammonium hydroxide and (hydroxyalkyl)trialkylammonium hydroxide are preferable.
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Tetramethylammonium hydroxide, tetracthylammonium hydroxide, and
(hydroxyethyl)trimethylammonium hydroxide(choline) are more preferable, and
tetramethylammonium hydroxide is particularly preferable.

[0049] From the viewpoint of an ability to remove organic residues and anticorrosiveness to the
copper wiring, the content of the quaternary ammonium hydroxide (Q) is usually 0.01 to 10% by
weight, preferably 0.02 to 5% by weight, and more preferably 0.05 to 2% by weight based on the total
weight of the second composition.

[0050] The second composition contains ascorbic acid (AA), specifically, L-(+)-ascorbic acid and D-
(+)-ascorbic acid (called erythorbic acid by a common name). The ascorbic acid (AA) has a function
to suppress oxidization of the polyphenol based reducing agent (R) having 2 to 5 hydroxyl groups,
and a function to improve an ability to remove metallic residues.

[0051] From the viewpoint of anticorrosiveness to the copper wiring and an ability to remove
metallic residues, the content of the ascorbic acid (AA) is usually 0.01 to 5% weight, preferably 0.05
to 3% by weight, more preferably 0.1 to 2% by weight, and particularly preferably 0.1 to 1% by
weight based on the total weight of the second composition.

[0052] The second composition further contains water. Preferably, the water has low conductivity
(nS/cm; 25°C).  Specifically, the conductivity thereof is usually about 0.055 to about 0.2, preferably
about 0.056 to about 0.1, and more preferably about 0.057 to about 0.08 from the viewpoint of an
ability to remove organic residues and metallic residues, availability, and prevention of the copper
wiring from recontamination (reattachment of metal ions in the water to the copper wiring).
Ultrapure water is preferable.

[0053] From the viewpoint of an ability to remove organic residues, an ability to remove metallic
residues, and viscosity of the solution, the content of water is usually 69.0 to 99.9% by weight,
preferably 79.0 to 99.5% by weight, more preferably 89.0 to 99.0% by weight, and particularly
preferably 92.0 to 99.0% by weight based on the total weight of the second composition.

[0054] Other than the cyclic polyamine (P), the polyphenol based reducing agent (R) having 2 to 5
hydroxyl groups, the quaternary ammonium hydroxide (Q), the ascorbic acid (AA), and water (W) as
the essential components, a surface active agent (E1), a reducing agent (R2) other than the polyphenol

based reducing agent (R) having 2 to 5 hydroxyl groups, a complexing agent (E3), a corrosion
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inhibitor (E4), and combinations thereof, may be added as additional components when necessary to
the second composition for the removal of material from a microelectronic device comprising copper.

[0055] Examples of useful surface active agents (E1) were described herein in the first aspect.

[0056] Examples of the reducing agent (R2) other than the polyphenol based reducing agent (R)
having 2 to 5 hydroxyl groups include organic reducing agents and inorganic reducing agents.
Examples of the organic reducing agent include phenol compounds and benzaldehydes having one
hydroxyl group and 6 to 30 carbon atoms such as oxalic acid and salts thereof, hydrogen oxalate and
salts thereof, and aldehydes having 6 to 9 carbon atoms. Examples of the inorganic reducing agent
include sulfurous acid and salts thereof, and thiosulfuric acid and salts thereof.

[0057] From the viewpoint of water solubility and anticorrosiveness to the copper wiring, of these
reducing agents (R2), the organic reducing agents are preferable, aliphatic organic reducing agents are
more preferable, and oxalic acid and salts thereof are particularly preferable. Moreover, from the
viewpoint of complexing action, oxalate salts are preferable and ammonium oxalate is more
preferable.

[0058] The content of the reducing agent (R2) is usually 0.001 to 1.0% by weight, more preferably
0.01 to 0.5% by weight, and particularly preferably 0.05 to 0.1% by weight based on the weight of the
second composition from the viewpoint of improving anticorrosiveness to the copper wiring. In the
case where the content of these reducing agents, i.e., the reducing agent other than the polyphenol
based reducing agent having 2 to 5 hydroxyl groups exceeds 1.0% by weight, anticorrosiveness to the
copper wiring is decreased instead.

[0059] Examples of the complexing agent (E3) include aromatic and aliphatic hydroxycarboxylic
acids having 1 to 6 carbon atoms (and salts thereof), heterocyclic compounds having at least one of a
hydroxyl group having 9 to 23 carbon atoms and a carboxyl group having 9 to 23 carbon atoms, and
phosphonic acids having 6 to 9 carbon atoms (and salts thereof). Of these complexing agents (E3),
from the viewpoint of improving anticorrosiveness to the copper wiring, an aliphatic
hydroxycarboxylic acid (or a salt thereof) and a polycarboxylic acid (or a salt thereof) are preferable,
and an aliphatic hydroxycarboxylic acid (or a salt thereof) are particularly preferable.

[0060] In the case of adding the complexing agent, the content of the complexing agent (E3) is

usually 0.001 to 0.5% by weight, preferably 0.01 to 0.3% by weight, and particularly preferably 0.05
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to 0.1% by weight based on the weight of the second composition from the viewpoint of improving
anticorrosiveness to the copper wiring.

[0061] Suitable corrosion inhibitors (E4) include, but are not limited to, ribosylpurines such as N-
ribosylpurine, adenosine, guanosine, 2-aminopurine riboside, 2-methoxyadenosine, and methylated or
deoxy derivatives thereof, such as N-methyladenosine (C;;H;sNsO,), N,N-dimethyladenosine
(C1pH7N;50,), trimethylated adenosine (Ci3HoNsO,), trimethyl N-methyladenosine (C,4H,;N50,), C-
4’-methyladenosine, and 3-deoxyadenosine; degradation products of adenosine and adenosine
derivatives including, but not limited to, adenine (CsHsNs), methylated adenine (e.g., N-methyl-7H-
purin-6-amine, C¢H;Ns), dimethylated adenine (e.g., N,N-dimethyl-7H-purin-6-amine, C,HoNs),
N4,N4-dimethylpyrimidine-4,5,6-triamine (CsH;;Ns), 4,5,6-triaminopyrimidine, allantoin (C4HsN4O3),
hydroxylated C-O-O-C dimers ((CsH4NsO,),), C-C bridged dimers ((CsH4Ns), or (CsH4NsO),), ribose
(CsH0Os), methylated ribose (e.g., 5-(methoxymethyl)tetrahydrofuran-2,3,4-triol, Cg¢H;,0s5),
tetramethylated ribose (e.g., 2,3,4-trimethoxy-5-(methoxymethyl )tetrahydrofuran, CoH;505), and other
ribose derivatives such as methylated hydrolyzed diribose compounds; purine-saccharide complexes
including, but not limited to, xylose, glucose, etc.; other purine compounds such as purine, guanine,
hypoxanthine, xanthine, theobromine, caffeine, uric acid, and isoguanine, and methylated or deoxy
derivatives thereof; triaminopyrimidine and other substituted pyrimidines such as amino-substituted
pyrimidines; dimers, trimers or polymers of any of the compounds, reaction or degradation products,
or derivatives thereof, and combinations thereof. For example, the corrosion inhibitors may
comprise at least one species selected from the group consisting of N-ribosylpurine, 2-aminopurine
riboside, 2-methoxyadenosine, N-methyladenosine, N,N-dimethyladenosine, trimethylated adenosine,
trimethyl N-methyladenosine, C-4’-methyladenosine, 3-deoxyadenosine; methylated adenine,
dimethylated  adenine, = N4,N4-dimethylpyrimidine-4,5,6-triamine,  4,5,6-triaminopyrimidine,
hydroxylated C-O-O-C dimers, C-C bridged dimers, ribose, methylated ribose, tetramethylated ribose,
xylose, glucose, isoguanine, triaminopyrimidine, amino-substituted pyrimidines, and combinations
thereof. Alternatively, the corrosion inhibitors may include at least one species selected from the
group consisting of 2-methoxyadenosine, N-methyladenosine, N,N-dimethyladenosine, trimethylated
adenosine, trimethyl N-methyladenosine, C-4’-methyladenosine, 3-deoxyadenosine and combinations

thereof.
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[0062] In a particularly preferred embodiment, the second composition comprises, consists of, or
consists essentially of TMAH, N- aminoethylpiperazine (AEP), ascorbic acid, gallic acid, adenosine,
and water.

[0063] In a particularly preferred embodiment, the second composition is substantially devoid of
abrasive (prior to cleaning), aminotetrazole, and fluoride. “Substantially devoid” is defined herein as
less than 2 wt. %, preferably less than 1 wt. %, more preferably less than 0.5 wt. %, most preferably
less than 0.1 wt. %, and most preferably 0 wt%, based on the total weight of the composition.

[0064] The second composition can be produced by mixing the cyclic polyamine (P), the polyphenol
based reducing agent (R) having 2 to 5 hydroxyl groups, the quaternary ammonium hydroxide (Q),
the ascorbic acid (AA), and other components when present, with water. A method for mixing these
is not particularly limited. From the viewpoint of easy and uniform mixing in a short time or the like,
however, a method for mixing water and the polyphenol based reducing agent (R) having 2 to 5
hydroxyl groups with the ascorbic acid (AA), and then mixing the cyclic polyamine (P), the
quaternary ammonium hydroxide (Q) and other components when necessary is preferable. The
temperature and time during performing uniform mixing are not limited, and can be determined
properly according to the scale, equipment, and the like for production.

[0065] A stirrer or a dispersion machine can be used as a mixing apparatus. Examples of the stirrer
include mechanical stirrers and magnetic stirrers. Examples of the dispersion machine include
homogenizers, ultrasonic dispersion machines, ball mills, and bead mills.

[0066] It should be appreciated that the second composition can be useful to removal material from a
microelectronic device comprising copper or copper alloy wiring, as well as microelectronic devices
having a wiring made of a different metal such as a copper wiring, copper plated substrates for
semiconductor cleaning evaluation, aluminum substrates for recording medium magnetic disks, glassy
carbon substrates, glass substrates, ceramic substrates, glass substrates for liquid crystals, glass
substrates for solar cells, and the like.  Preferably, the second composition is used to remove material
after CMP of a surface comprising copper or copper wiring because it effectively removes metal
residues and abrasive grains.

[0067] It should further be appreciated that the second composition can be provided in a concentrated

form that can be diluted to the preferred concentrations at the point of use.
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[0068] In a fourth aspect, a method of removing material from a microelectronic device comprising
copper or copper alloy is described, said method comprising contacting a surface of the
microelectronic device with a composition under conditions useful for removing material from the
surface. Preferably, the composition is the second composition described herein.

[0069] Examples of the cleaning method for removing material from a microelectronic device having
a metal wiring include a single wafer method and a batch method. The single wafer method is a
method for cleaning one microelectronic device at a time using a brush by rotating the microelectronic
device while injecting the appropriate composition. The batch method is a method for cleaning
several microelectronic devices by soaking the microelectronic devices in the appropriate composition.
[0070] In yet another aspect, the first and second compositions can be used during a cleaning step
after resist development, after dry etching, after wet etching, after dry ashing, after resist removing,
before and after the CMP treatment, and before and after the CVD treatment in the process in which a

microelectronic device having a metal wiring is produced.

EXAMPLES

[0071] Hereinafter, compositions and methods will be further described using Examples and
Comparative Examples, but the present invention will not be limited to these. Hereinafter, %
means % by weight and parts means parts by weight unless otherwise specified.

[0072] Hereinafter, preparation of a cleaning agent for a semiconductor provided with a tungsten

wiring according to Examples 1 to 5 and Comparative Examples 1 to 4 will be described.

Example 1

[0073] 0.14 parts of TEP (A-1) (trade name: AFR-ANG6, purity of 99.2%, made by Tosoh
Corporation), 0.240 parts of a 25% TMAH aqueous solution (B-1) (trade name: 25% TMAH solution,
an aqueous solution with purity of 25%, made by Tama Chemicals Co., Ltd.), 0.002 parts of
ethylenediamine tetraacetate (C-1) (trade name: Chelest 3A, purity of 98.0%, made by Chelest

Corporation) were added to a 300-ml container made of polyethylene. Then, 99.8 parts of water (W)
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was added so that the total weight was 100 parts. The solution was stirred by a magnetic stirrer to
obtain a first composition for removing material from a microelectronic device comprising tungsten

wiring (D-1). The pH of the obtained cleaning agent was 13.2.

Example 2

[0074] The same operation as that in Example 1 was performed except that 0.14 parts of MEA (A-2)
(purity of 99%, made by Wako Pure Chemical Industries, Ltd.) was used instead of (A-1) in Example
1, the blending amount of (B-1) was changed to 0.200 parts, the blending amount of (C-1) was
changed to 0.004 parts, and water was added so that the total weight was 100 parts. Thereby, a first
composition for removing material from a microelectronic device comprising tungsten wiring (D-2)

was obtained. The pH of the obtained cleaning agent was 12.5.

Example 3

[0075] The same operation as that in Example 1 was performed except that a 25% TEAH aqueous
solution (B-2) (trade name: 25% TEAH solution, an aqueous solution with purity of 25%, made by
Wako Pure Chemical Industries, Ltd.) was used instead of (B-1) in Example 1. Thereby, a first
composition for removing material from a microelectronic device comprising tungsten wiring (D-3)

was obtained. The pH of the obtained cleaning agent was 12.4.

Example 4

[0076] The same operation as that in Example 1| was performed except that
hydroxyethylethylenediamine triacetate (C-2) (purity of 98.0%, made by Wako Pure Chemical
Industries, Ltd.) was used instead of (C-1) in Example 1, and the blending amount thereof was 0.004
parts. Thereby, a first composition for removing material from a microelectronic device comprising

tungsten wiring (D-4) was obtained. The pH of the obtained cleaning agent was 12.9.

Example 5
[0077] The same operation as that in Example 1 was performed except that the blending amount of

(A-1) in Example 4 was changed to 0.07 parts, the blending amount of (B-1) in Example 4 was
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changed to 0.08 parts, the blending amount of (C-1) in Example 4 was changed to 0.006 parts, and
water was added so that the total weight was 100 parts. Thereby, a first composition for removing
material from a microelectronic device comprising tungsten wiring (D-5) was obtained. The pH of

the obtained cleaning agent was 9.2.

Comparative Example 1

[0078] The same operation as that in Example 1 was performed except that (A-1) in Example 1 was
not added. Thereby, a comparative composition for removing material from a microelectronic
device comprising tungsten wiring (D'-1) was obtained. The pH of the obtained cleaning agent was

10.4.

Comparative Example 2

[0079] The same operation as that in Example 1 was performed except that (B-1) in Example 1 was
not added. Thereby, a comparative composition for removing material from a microelectronic
device comprising tungsten wiring (D'-2) was obtained. The pH of the obtained cleaning agent was

9.1.

Comparative Example 3

[0080] The same operation as that in Example 1 was performed except that (C-1) in Example 1 was
not added. Thereby, a comparative composition for removing material from a microelectronic
device comprising tungsten wiring (D'-3) was obtained. The pH of the obtained cleaning agent was

13.4.

Comparative Example 4

[0081] The same operation as that in Example 1 was performed except that 0.100 parts of
ethylenediamine tetraacetate (C-1) and 5.00 parts of oxalic acid (purity of 99%, made by Wako Pure
Chemical Industries, Ltd.) were added, and then water was added so that the total weight was 100
parts. Thereby, a comparative composition for removing material from a microelectronic device

comprising tungsten wiring (D'-4) was obtained. The pH of the obtained cleaning agent was 4.5.
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anti cor r ncivinnnce tn titnnectan T NNQ2T Eiral iiati nn Af anti A~Arr nci vinnace t+n
tungste er
fl |m|n L1IC vl calll IIB GBCIILO vl I_I\Olllldl Co £ LV ~J aliruvu WII'JOlI all vo I_I\Olllldl Co 1
to 4, and determ ning a concentration of tungsten eluted fromthe wafer in
the conposition. It was determ ned that anticon-osiveness of the first
conposition to tungsten was better as the anount of tungsten eluted per
unit area was smaller. [0084] The procedure of the eval uation nethod was:

1) Pretr t- of e i e i.nal g i . waf er
gabing alﬁﬁagﬁ%éﬁgé? g%g&F ygiB?P%z9%§%3§m§§§%a@gﬁ%ﬁﬁ&ﬁé?3ﬁan“fgb nol ogy
Inc., obti@icnes dcovsphesdepasiidnng ailityRgshp mehEt raldud, bl skaassiof 2 ?am
on a silicon substrate) was cut into a piece 1.0 cmlong by 2.0 cm w de,

i mrer sed rémpvaabtl @ gees pel cadiatbdaqlrbbu susodrizs thevefus. 1 mi nut e, and washed
wth water. (2) Elution of tungsten In 10 g of each of the first and
conparati ve conpositions, the pretreated piece of the wafer having a
tungsten single layer filmwas imersed for 3 mnutes at 25C before renoval
fromthe conposition. (3) Measurenent of anount of tungsten el uted

22


gkj
Text Box


5 g of the first conposition subsequent to elution was collected, and the
pH thereof was adiusted to 3.0 with a nitriec acid aaueous solution. Then,
wat er |ui d
was pre,.-. - . g . L .
measur ed usi ng ‘an | CP-MB anal y5| s appar at us (| ‘nduct i vel y coupl ed pI as
source nmass spectroneter) (nmade by Agil ent Technol ogies, Inc., Agilent

7500cs type).| ([/© Eval patijon and [determ pation of anti corrosiveness to
tungst en The goncentrat|op |off tungsten was substituted into the
fol | owi ng equpt|iX @-El@, and| ¢t hel arfigunt |~ tungsten el uted (ng/cnR) was
cal cul at ed: Fla iSoR % cn |Amount |of| tungsten eluted (ng/cnm2)\A/o X FI x
F3(1) F2 x SWXwhér8irt—W—stuhgsten—¢onpeentration in the measuring liquid
determi ned by|# eol CP.IM5 anal ys} s| (jppb|{(pg/g)); FI = amount of the first
conposition irg\@igcig the test|pieedxis|knersed (g); F2 = anount of the
first conposi t%ozn&cml%ect ed|befprle |adj ustiing the pH (g); F3 = anount of the
measuri ng |iqtﬁd%ég;ﬁ;“9nd Sw + arieg of tal tiungsten single layer filmin the
waf er having g3t ungsten sijngl e | ayar |[film|(cnR). [0085] Anticon-osiveness
to tungsten w tecrnined from thg ¢al cul ated anmount of tungsten el uted
according to the ol 2owi ng°¢P| L9 |8]°|fess than 15 ng/cnR 0: 15 ng/cn? to
20 ng/cn? Xx: t g ésg than 20| ng/lcn?2 |Met hod for evaluating ability to
remove netal | jeel re&idues [10086]1 Hvdl latibnl of an ability to remove netallic
residues was perfornmed as |foh|owsl|&|wafes| having a silicon oxide single
layer filmwas [mersed i n—an|-Agtleadsaso|<tt i on containing zinc, iron, and
magnesi um et @l i%ns t & cd taninate_the hafer; the wafer was then inmmersed
in the cleanipg ag@s‘@i\;@@@gggggﬁand Conparative Exanples 1 to 4;
and t he concent|rafi Bns| oINS [POR[ S magnesi um nmetal ions eluted from
the surface of {the waflet iin|the| cl gani ng| agents of Exanples 1 to 5 and
Conpar ative Exanples 1do|4|werge |[determ ped with an | CP-MS anal ysis
appar atus. [0087] @t wgssdet ef m ned tthat [RAn ability to renmove netallic
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[ 0088] The procedure of the evaluation nmethod was: (1) Pretreatnent of

wafer havina a <ilicon axide sinnle | aver film A <ilicon wafer hayj ng
a sil 1.5
thick...._ . - - e o~ e cee == —en . <..0 by

2.0 cmw de, i mersed in a 10% acetic acid aqueous “solution for 1 ni nut e,
and washed with water. (2) Preparation of aqueous solution containing netal

i ons Water was added to 0.1 parts of zinc nitrate, 0.1 parts of iron

nitrate, E&ﬁ'ﬂatﬂ’ni’ff}&l‘t’@“ﬂ)‘i““%@ﬁ%‘ﬁs M ni trate so that the total anpunt was

100 g, f 1 y Iw o f_zinc,
106 ot QRHCREE AL AHERUT B0, H LANSF O LB o TR Bl PR

Cont an Nadng@h sifgRady8EAH i0fhe MR ad¥hnts bf mﬁ@bs 1 OB 2ACUEE B SCHxEhpIAN to 4, The
pretreated piece of the wafer having a silicon oxide single |ayer filmwas
i mer sed ahd dd@mepingf a tdmeengefive ol Surggtutivien fownthaivafengn theeompdsalon.i dnwas or 1

m nute, and then dried by nitrogen bl ow. Thereby, the netal ions were

at t ached Jeigmine tha, ptiqureosiygnegsd t%aﬁrétrcomw)ﬂovxgswﬁ&nd‘fas Weifepps the amounj of 10 g of
each of the fleliu§ and. conmpar at ye conpositions, the piece of the wafer

havi ng a "SE{coh™ >e<r|‘“etars?f1 ngle layer filmthat was subjected to the

cont am N3 sPnTicHRRALIRNM: @il iEhsRd whor 3 m nutes at 25C, fol | owed by
renovi ng the vvafper fromthe conposition. (5) Measurenent of concentration

of net al (l)mezeinuﬁeﬁwif@ha\hmﬁﬁgngq@@miye]fﬁlfmm surface of wafer 5 g of
the second conposition after the wafer was i mersed was coll ected, and the
pH t her eof Waé vattf hatngd tegstsn Onghg ket &l {pade gy ééYaéiceéd\{!Pé@@@ Tednelegyone. Then,

wat er d unti] the total anpy ache suring i UId
has  pr epgPEd PR SHST SUTSIE TP HeHORORS? 0P Feit e R F G h g of |

nmagnesi u & Qfﬁg(%' 1 re)ec% 1%;%@'2% cﬁi%&é' {rhrﬂﬁgseh ﬁnqiulloq a\eﬁ{cgmﬁ@(ﬂé &tbtf(gﬁ Ifd? 9 nﬁlﬂltel CP- M5

anal yS| S appar at us. Eval uation and determnation o ity to renove
nmet al | i ¢ ah®esdsAadesth water. AN anpunt of each netal ion eluted was cal cul at ed
using the follow ng equation: Equation 2 X GL x G3 Anmount of nmetal ions
el ut ed (ry/HEuR) Metmbter( 2) & Xx Ssi 02

In 10 g of each of the first and comparative compositions, the pretreated piece of the wafer
having a tungsten single layer film was immersed for 3 minutes at 25°C before removal from the
composition.

(3) Measurement of amount of tungsten eluted

5 g of the first composition subsequent to elution was collected, and the pH thereof was
adjusted to 3.0 with a nitric acid aqueous solution. Then, water was added until the total amount
reached 10 g, and a measuring liquid was prepared. The concentration of tungsten in the measuring
liquid was measured using an ICP-MS analysis apparatus (inductively coupled plasma source mass
spectrometer) (made by Agilent Technologies, Inc., Agilent 7500cs type).

(4) Evaluation and determination of anticorrosiveness to tungsten

The concentration of tungsten was substituted into the following equation (1), and the amount

of tungsten eluted (ng/cm”) was calculated:
Equation 1
W., ¥ F1 x F3

Amount of tungsten eluted (ng/cm?) = o xS M
w
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wherein, Metal. ion concentration of each nmetal in the neasuring liquid

N | | PN 1 A A AnaAal viAl A~ [ A~ [ v~ ~\N N\ . 1 — ~ e A ~F lhAa £ i v A~ I ~ A~
detern * * * ~ond

conpos
first/secunu LUIIPUDI LT UII LUITELLEU NEIUIE aujusLliily Lie pr (y), W — anvunt

of the measuring liquid (g); and SS102 = area of the silicon oxide filmin
the wafer having a single layer filmof silicon oxide (cnR) [0089] Fromthe

total amouynt of the cal cul ated ampunts of the ions. of res ive netals

el ut ed, e it y W8S eRBITRTARR A1t B Eee figud dﬁﬁ?‘lﬁ%f’%ﬁ’ﬁﬁ%&’sﬁéwsdi ng to
the foll oy dderias 0o s ~ C o 9 15

ng/ cn x?mﬁgg%g)g’hﬁén %‘gouﬁg?fcthrr%h‘i\s}bt&%gg 21:1 ! @gggﬂrei t% pafﬁ %??@%%r@)étﬁgve

abr asi ve agib@i BsthE 800 p&utah dateti@Mbetfre @flusddl thd 1Y (ob; F3r-0MUR 0Bl ABhsMBngIr A1 NS
was perforned. A wafer having a silicon nitride single layer filmwas

i mrer sed liqud &2)CvP Ss [Furrqayof @ Sengstert simgleQhfer Sep thowafyg havings tuegstansmeladeytro be
contam nated. ,Then, the wafer was imersed in the cl eaning agent of

Exanpl es fiim{@’5 and Conparative Exanples 1 to 4 for a sem conduct or

provi ded L, o fungsten, all oy wh g, AtLEN L Oe 98] &1 Bf 8 washing was
dried, ald&gheB FOrERE Ri'RG Doradrvaigy Sondhe @ i Ta s ¢ & e Wad "Shser ved
usi ng an ,gEMid.SeARMINGnELRGIr ON M croscope). It was determned that an
ability to renove abrasive grains was higher as the nunber of the remaining
abr asi ve cgt.ak thsn parg/cwi sual field was smaller. [0091] The procedure of the
eval uation method was: (1) Washing of wafer having silicon nitride single

| ayer fi [HmiS ng/em @ 3Rt having a silicon nitride single layer film (made by
Advanced ) tefri %I s, . Technology Inc., "PE-CVDSIN 1.5 ii," thickness of
silicon nitPide"™ 1. ¥Pm) was inmersed in a 10% acetic acid aqueous
solution for 1 mnute, and then washed with water. (2) Contam nation
treatnment with CWP slurry The wafer having a silicon nitride single

| ayer fi INRiNGSor dVERAHRGDIlRY @ rEMRe SletallicYesidiREe by Cabot Corporation, WO0OO,
princi pal component of abrasive grains of Si02, average particle size of
0.2 mm) fl86I1Evaivatirme] areabdity thesmode ingtellibyesidiict mageriomiledew. folliwe: ofptfaibmed waf er
after the contam nation treatnent was cut into 1.0 cmlong by 1.5 cm w de.
(3) Vashitndfiofit PRICTRE NG APt TPErsd dhft SHERRS SIS GURARE 4fict ¥t Bkgst en

Wi ring l.n 1 . of  each .of the first and rativ sitions, a
wa er Chav Dbl o S8l hEGuth hEbe LS RTRARALLUT E RIS, 2o
and |eft ofexgipdRd 0 and COPUERS BEmARC wIheRd Hch@ndat fibns"@VARiréd, §id | con
nitride single layer filmwas renoved fromthe first conposition, and dried
by ni t r ogepndsibounetal dhs M bdns e watbeor tlefwagu inf thc@eaoihg wgehte pf Framplagl ®id i con
nitride single layer filmafter washing The surface of the wafer

havi ng a 8¢ ¢ rersritive Bxpinples st Agiew dptaryraied pith pa KPS anglygihidigaWas observed at a
g?g'o‘; ot ﬁ‘@dg%“ﬁgia% gré%ﬂ%}%gd %%g%g@%{t‘y BB Y LRGN i OTs FEGRRS! Qo' es

metal ions eluted per wafer unit area was larger.
[0088] The procedure of the evaluation method was:
(1) Pretreatment of wafer having a silicon oxide single layer film

A silicon wafer having a silicon oxide single layer film (made by ADVANTEC Co., Ltd., "P-
TEOS 1.5 u," thickness of silicon oxide = 1.5 um.) was cut into a piece 1.0 cm long by 2.0 cm wide,
immersed in a 10% acetic acid aqueous solution for 1 minute, and washed with water.
(2) Preparation of aqueous solution containing metal ions

Water was added to 0.1 parts of zinc nitrate, 0.1 parts of iron nitrate, and 0.1 parts of
magnesium nitrate so that the total amount was 100 g, to prepare an aqueous solution containing 0.1%

metal ions of zinc, 0.1% metal ions of iron, and 0.1% metal ions of magnesium.
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(5) Evaluation of ability to renpve abrasive grains From an SEM i nage

Of the ~riv F AAA AF + lhna nnf A # lha A A ~Ff v AarmAnt mr ma Al AAl Vi A A Al A u\,\r
vi sual
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| ess than 20 [0092] As shown in Table 1, the first conposition according to
Exanples 1 to 5 had favorable results in all three evaluated itens. On the
ot her ratlve e 1 contalnl no organic amne (A), an
ability Rg C}‘)Btﬁ]i‘]’\?%t FaéIFlfthf‘?%%rlr‘T‘E‘hgﬁtab\‘ﬁ%aqﬁ‘é’&? 50 ‘glﬂla an ability to renove
abrasive grai g Was, r‘ﬁ?% dﬂﬁé’&i G %@am cBn {1‘&)&{ Al %Pﬁlﬁ?&@amh@er&d%m ai ni ng
no quaternary armoni um hydr oxi an a ff 0 remove aprasi ve grains
Wwas poor .g JrmheGRRaday @tutivie cdakaiig! e Betfl Qs dbrnil AGuB0ane Rh ALitdy B@RBE bl6K) , an
ability to renove nmetallic residues was poor. Furthernore, in Conparative
Exanpl e Zhgent &i metAlgosmlese atdvbedoh gk atrfapgptdgenter.(C) and the oxalic acid,
anticon-osiveness to tungsten was insufficient, and an ability to renove
abr asi ve @ﬁ%ﬁﬁggﬁﬁg‘ﬁoor [ 0093] Hereinafter, preparation of cleaning
agents for a rovi.ded wi.t er w|r|n acgc

Exanpl es 6 tol %?ga‘% a%o fq%erg 8 ° a‘i‘ra“Ye °°“?°%“P°9 T OpET é‘se{:g%

Exanpl e Q;jik@QR4k < 197ayc9q{h§1%ap\tvasNTﬂﬁéE'teﬁQ@{hQY(Lnﬂin@r%ﬁ@r;ﬂréa@neﬁﬁ@:) lnnﬁ&%'f&rﬁ of 99%
made by Wako Pure em cal Industries, Ltd.) and 0.05 parts of gallic acid
(trade natimites gadsbd,dolaetdb yromemediicatdsr ﬁpmrthetcymmfsn@Q% made by Wako Pure
Chem cal Industries, Ltd.) were added to a 300-nm container nmade of

pol yet hy|(Briéeasusganent, of gomp@irgiipn Smesl igps P8 viRpNiREAged GgmseTaot @fd‘f’ife( G 1) (trade

25% T | th f 25%
O v oo St ol SN RS Ses il Mt DpPitneite s R (9 G ok
L( +) asc%apéo%héﬁ 'tocg (i\lmlfbéé)i‘mc chtl(f Aqh%u?golu%gn S%iqenrr@g[gr vpa¥ (%J@n%:@fltlﬂhe %%%%nt I ne. )

were ad 4 parts of water was added so t the total weight

m ght be r&QQd mag,taad a fﬁ%urﬁl@ hitpdidl @ pASredt IThe eGhcddMatRndTGRE io6s &Elzink, lo€frord O
obtain a second conposition for renoving material froma mcr oel ectroni ¢
devi ce cenppri ghggsion gpesnedi in itgmeFurgy livais ot aksvedd uErampl@- MS[@&J%] The
sane operation as that in Exanple 6 was perforned except that 0.10 parts of
Ni sobut yI?PiiéFazi ne (puri ty of 98% nuade by V\ako Pure Chenical Industries,
Ltd.) m%@lﬁggdaéllog gnded%tgrm(?n nof afnptyl’tz‘xrerrg\g%-l Cf’lhcq’es gsndl ng amount of TMAH was

changed t wat er “was a at the total weight m ght
be 100 parts. AJQﬁ'Juﬁmfeacﬁn}%@g&naut&waa%unatms&g{he FRORME BEatRt erial from a

m croel ectronic device conprising copper wiring (F-7) was obtained. Exanple
8 [0096] Efiioszanme operation as that in Exanple 6 was perfornmed except that
0.13 parts of Nnhydroxypropyl piperazine (purity of 98% made by Wako Pure
Chem cal Industries, Ltd.) was used i nstead of AEP in Exanple 6, a bl ending
amount of TMAH was changed to 0.52 pwsrdis,, angwakegavas added so that the
total weifgreentef Rkl igrs el (ﬁ@(Pft‘s) = > osi®on for renoving
material froma mcroelectronic device conpristy copper wiring (F-8) was
obt ai ned. Exanple 9 [0097] The sane operation as that in Exanple 6 was

per f or medvhexsigepttalt N ationGol@ntR@bd 6f @bh thetdl-in the AMRESNAPligRRI R@IfALd(yuCcPiMs of 98%
made by Koei Chem cal Co., Ltd.) was used instead of AEP in Exanple 6, 0.32
parts of aglBBEWPPEAYE)AGU eoumuyof the if’ltstviseec@d@ml(oaihoraiqu@@bgt@mim isgmmggisedh purity
of 25% nade by Wako Pure Chem cal I ndustries, was used instead of

TMAH, 0. 185 Far peowy 0@%@%@3%@%@9%%@1&,&)%1 ke[f%ef&mﬂ%ﬁfae pfb(gl) LU ¢ aci d,

t f o
P l('l :_I) )a/.S 80 i T%l?{:ngaas%lllng%qlg}% ggx an gs?n \%Ig.rsea %%gicg% (px? e)ﬁl%ﬁﬁ[heuéa? V%ea s?h%l e(?%%e g ht be

100 part311m3ﬂe1{cglb&ﬂdeqcrg¢cond corrp05| tion for renoving materi aI froma
m croel ectroni c device conprising copper wiring (F-9) was obtained. Exanple
10 [0089] From the total amount of the calculated amounts of the ions of respective metals eluted, an

ability to remove metallic residues was determined according to the following criteria:
o: Not less than 15 ng/cm’

: 10 ng/em’ to 15 ng/em’
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[ 0098] The sane operation as that in Exanple 9 was perforned except that
0' 08 Nnarte nf 1 A f hi cam nnanr nnul Y ni naraZsi na fnuri tv Af QQ04A rmmda hyvy Koel

Chen !l e
9, O ~J L IJOlI Lo vl A L J /U 11vimu i Ol\.iUCUUQ QUI UL 1 Vil vvei o uocvcu I 11o9L CAu vl II_I_\H, and

wat er was added so that the total weight m ght be 100 parts. Thereby, a
second conposition for renoving material froma mcroel ectronic device
conprisiqg copper. wring (F-10) was obtained. Exanple 11 [0099] The sane
operation‘%?sﬁﬁbﬂ”ﬁﬁmExanple 10 was perforned except that 0.08 parts of

Nam noet hyl nor pholine (purity of 98% made by Koei Chem cal Co., Ltd.) was
used instead of 1,4- (bisam nopropyl)piperazine in Exanple 10, the bl ending

amount  ofvethMdHo MaG s GMANBAREY foQefovd 2bRgIHE SaindnNd Wat er was added so that the
total weight mght be 100 parts. Thereby, a second conposition for renoving

mat er i al [#090InEaluaticnrobed #dlity @Emgove evbstve geanypyak pérfognaloppevafenhavingg silierl 1) was
obtained.,[OOlOOh The content of each conponent is shown in Table 2 in % by
wei ght aBbife sigls lypreidmivatyi mayresat § AP QryaiideontMes6r ©pr BVEtaaiethba copper

wiring (F-6) to (F;11) according to Exanples 6 to 11..100101] The content
of tha quat i TR R CRR P G BB SRyl Becron RO g

convert i RGbHRIVOESALRT 108258 LRSI YondhBiR Blovikd Wl Lxhsen aHeaks. Sahython into

a solid content. In the used cyclic polyam ne (P), bonding groups at the R
to | e posiafer efis wiashirighes dbaly e dgeaealf admaindrgmblagivd drpinapd vgen éclalwad ossbrutéda ( 2)
are shown in Table 3. WO 2011/ 094568PCT/ US2011/ 022961 Conparati ve

Exanpl e 3sipOOMYR] SFmeing desrop pereedron  Havas fesarmingd B apphikly @ igrevegeiefior med

except thag the.g?llic ac q }@ Ex%nﬁla)G.mas.nog adqag. Iher@by, a
conpar i sEHTESHHELIT 150 FEPeT 8T SRR ERETREEF SBIOOT ot AP FA S B Bper wi ri ng
(F' -95) o) lﬁb%ﬁgmmﬂﬁﬁBg&ﬁﬁ&%ﬁmﬁ%éQ&Le 6 [00103] The sane operation as
that in anpl e was perfornmed except that the L-ascorbic acid in Exanple
7 was not()addrag of e BRihg slic@aip@s sirsRMaye0Aposi tion for a sem conductor
provided with a copper wiring (F -6) was obtained.
A wafer having a silicon nitride single layer film (made by Advanced Materials Technology
Inc., "PE-CVDSIN 1.5 u," thickness of silicon nitride = 1.0 um.) was immersed in a 10% acetic acid
aqueous solution for 1 minute, and then washed with water.
(2) Contamination treatment with CMP slurry
The wafer having a silicon nitride single layer film was immersed in a CMP slurry (made by
Cabot Corporation, W7000, principal component of abrasive grains of SiO,, average particle size of
0.2 um) for 1 minute, and then dried by nitrogen blow. The obtained wafer after the contamination
treatment was cut into 1.0 cm long by 1.5 cm wide.
(3) Washing with cleaning agent for semiconductor provided with tungsten wiring
In 10 g of each of the first and comparative compositions, a wafer having a contaminated
silicon nitride single layer film was immersed, and left to stand for 3 minutes at 25°C. Then, the
wafer having a silicon nitride single layer film was removed from the first composition, and dried by
nitrogen blow.
(4) SEM observation of surface of wafer having silicon nitride single layer film after washing
The surface of the wafer having a silicon nitride single layer film after washing was observed

at a magnification of 10,000 using an SEM (made by Hitachi High-Technologies Corporation, model

name S-4800).
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Conpar at i ve Exarrpl e 7 [00104] The sane oper at on as that |n Exanpl e 8 was
per f o "y Koei
Cher

conpari son composition TOr a sem conauctor providea witn a copper wring
(F' -7) was obtained. Conparative Exanple 8 [00105] The same operation as
that in Exanple 11 was performed except that 0.08 parts of

Nmet hyl no %l i.ne%éaﬁ r|t %8‘V made by Koei Chemical Co., Ltd.) was used
i nst ead 6 HA'A% \El‘ el‘i &V #*Banpl e 11. Thereby, a conpari son
conposi tion f t was
bt ai ned. Cormarar $ ﬁzﬂ%’ﬁ% U RoB et LB STRBRR AR ) |
Exanpl e &iswaSiclaefat oncoed, £ e€filith RAtemOveQBrafdd &rSinO¥asdieRingRdivyend Pubwitgy Of
97% made by Koei Chem cal Co., Ltd.) was used instead of N hydroxypropyl
pi per azi materin Exanpl e 8. Thereby, a conparison conposition for a

sem conduct or provided with a copper wiring (F' 9) was obtained. WO

2011/ 094568PEHMUS2011/ 022961 Conpar ative Exanple 10 [00107] The sane
operatio LHhhat in Exanple 8 was perfornmed except that 0.08 parts of

tri et hanol am’ne (purity of 98% nade by Wako Pure Chem cal I|ndustries,
Ltd.) was:ns8edsinpsicead of N-hydroxypropyl piperazine in Exanple 8. Thereby,
a conparison conposition for a sem conductor provided with a copper wring
(F' -10) wamw2jobi eabwes. Taklo mMphy @t cwepdsixianib@didd o[ RekN8]1 td b dadsanebpeni | on as
that in Exanple 6 was perforned except that 0.08 parts of .

t et r aet hyt dhiyse syadypicadleps. r Aehaneibrs haI}dFR—QW@aTafp\@rEXtﬂypleﬁ coigainiog mnﬂféféﬂdoy Tosoh

Cor porati %H) sled i nstead of AEP in Exa 6b Thereb\y conpari son
conposi t i* #%f albaééh%"c%lﬁ‘aﬁélie PPV dED Pt d&“&é‘bt EYTRp reuahr551¥ngf P1) was
obt ai ned Wagglg&)ﬁlglﬁﬁéléﬁ? %%GBILa?athngLanBileozglonzgnﬁlg% at%%& @Inhlgﬂulﬂsh (ﬁr@)ﬁ&e in

Exanpl e 6 was performed except that 0.20 parts citfric acid (purity of
99% nmadeB)yin NEiGH! Birerh®% HbRsivd Bin} waaq»o@ddlecbmwaevetmmglald tdmtagigdnoand
L-ascorbic acid were renoved. Thereby, a conparison conposition for a

sen condubdaing pgeoviCaled abilityto wmooppesliwicsidury WéSFlboor 12yrtheagro iyt @ommedtivd 00110]
The content of each conponent is shown in Table in % by weight for
conpar at |E\’)‘%mlﬁ‘b?‘rﬁ%“§‘imc“igd’ﬁ‘ tt“l:@helgt)ngtaée“( f—C) a@)he Pﬁh%%é}l%ff’]ir‘eﬁéve@%ﬁﬁﬁ@é%e% to 12.

The conten t dr de is shown in % by weight by
converti ngg{n llfﬁqbel n’g]ggaﬂlg{t elbrérrrllgvrea1 ot A SW‘"‘%&}& oxi de aqueous solution into

a solid content. In the used cycl i c pol yam ne (P), bonding groups at the Rl
to R3 positions in the above general forrmula (1) and general forrmula (2)
ar e shown0a9s] Habkhates preparation of cleaning agents for a semiconductor provided with a copper wiring

according to Examples 6 to 11 and Comparative Examples 5 to 12 will be described.

Example 6

[0094] 0.07 parts of N-aminoethylpiperazine (AEP) (purity of 99%, made by Wako Pure Chemical
Industries, Ltd.) and 0.05 parts of gallic acid (trade name: gallic acid monohydrate, purity of 99%,
made by Wako Pure Chemical Industries, Ltd.) were added to a 300-ml container made of
polyethylene. Next, 0.28 parts of a 25% TMAH aqueous solution (C-1) (trade name: 25% TMAH,
an aqueous solution with purity of 25%, made by Tama Chemicals Co., Ltd.), and 0.18 parts of L-
ascorbic acid (trade name: L(+)-ascorbic acid (L-AA), purity of 99.5%, made by Nacalai Tesque, Inc.)
were added. Then, 99.4 parts of water was added so that the total weight might be 100 parts. The
solution was stirred by a magnetic stirrer to obtain a second composition for removing material from a

microelectronic device comprising copper wiring (F-6) was obtained.
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WO 2011/ 094568PCT/ US2011/ 022961 [00111] In the second conpositions (F-6) to

(F_ 11Y nranarad in Fvamloe R tn 11 and tha ramMmarati va cnmMmnciti nne (F _5)
to ( ove
Or galll AV 1 w1 uu\/\-’1 ALl CANT 1 1 L y v v 1 wIiIlIwV « UNIT A1 Vv o ul “Al ||\J1 ALl CANIT 1 1 L y . v

renove netallic residues, and anticorrosiveness to the copper wiring were
nmeasured and eval uated using the foll ow ng nethods. Table 6 shows the
eval uation result. Table 6 C eaning agent Abilityto renove organic
residues Abilityto renove abrasive grains Abilityto renove netallic
residuesEﬁg&Lﬁqrrosiveness to copper wiring Exanple 6 (F-6) o

[0095] The same operation as that in Example 6 was performed except that 0.10 parts of N-
isobutylpiperazine (purity of 98%, made by Wako Pure Chemical Industries, Ltd.) was used instead of
AEP in Example 6, a blending amount of TMAH was changed to 0.40 parts, and water was added so
that the total weight might be 100 parts. Thereby, a second composition for removing material from

a microelectronic device comprising copper wiring (F-7) was obtained.

Example 8

[0096] The same operation as that in Example 6 was performed except that 0.13 parts of N-
hydroxypropyl piperazine (purity of 98% made by Wako Pure Chemical Industries, Ltd.) was used
instead of AEP in Example 6, a blending amount of TMAH was changed to 0.52 parts, and water was
added so that the total weight might be 100 parts. Thereby, a second composition for removing

material from a microelectronic device comprising copper wiring (F-8) was obtained.

Example 9

[0097] The same operation as that in Example 6 was performed except that 0.08 parts of 1,4-
dimethylpiperazine (purity of 98%, made by Koei Chemical Co., Ltd.) was used instead of AEP in
Example 6, 0.32 parts of a 25% TEAH aqueous solution (C-2) (an aqueous solution with purity of
25%, made by Wako Pure Chemical Industries, Ltd.) was used instead of TMAH, 0.18 parts of D-
ascorbic acid (D-AA) (trade name: D(+)-ascorbic acid, purity of 99.5%, made by Nacalai Tesque,
Inc.) was used instead of L(+)-ascorbic acid, and water was added so that the total weight might be
100 parts. Thereby, a second composition for removing material from a microelectronic device

comprising copper wiring (F-9) was obtained.

Example 10
[0098] The same operation as that in Example 9 was performed except that 0.08 parts of 1,4-
(bisaminopropyl)piperazine (purity of 98%, made by Koei Chemical Co., Ltd.) was used instead of

1,4-dimethylpiperazine in Example 9, 0.52 parts of a 25% TMAH aqueous solution was used instead
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0 0 0 Example 7 (F-7) o0 o0 o o Exanple 8 (F-8) o0 o0 o o Exanple 9

of TEAH, and water was added so that the total weight might be 100 parts. Thereby, a second
composition for removing material from a microelectronic device comprising copper wiring (F-10)

was obtained.

Example 11

[0099] The same operation as that in Example 10 was performed except that 0.08 parts of N-
aminoethylmorpholine (purity of 98%, made by Koei Chemical Co., Ltd.) was used instead of 1,4-
(bisaminopropyl)piperazine in Example 10, the blending amount of TMAH was changed to 0.32 parts,
and water was added so that the total weight might be 100 parts. Thereby, a second composition for

removing material from a microelectronic device comprising copper wiring (F-11) was obtained.

[00100] The content of each component is shown in Table 2 in % by weight about the cleaning agents
for a semiconductor provided with a copper wiring (F-6) to (F-11) according to Examples 6 to 11.

[00101] The content of the quaternary ammonium hydroxide (Q) is shown in % by weight by
converting the blended quaternary ammonium hydroxide aqueous solution into a solid content. In
the used cyclic polyamine (P), bonding groups at the R' to R? positions in the above general formula

(1) and general formula (2) are shown in Table 3.
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o Conparative Exanple 5 (F -5) o o o x Conparative Exanple 6 (F -6) 0 0 x X
Corrp?.. ~F L v~ M avmasl A~ -7 [/ 7\ s

Comparative Example 5
[00102] The same operation as that in Example 6 was performed except that the gallic acid in Example 6
was not added. Thereby, a comparison composition for a semiconductor provided with a copper wiring

(F'-5) was obtained.

Comparative Example 6
[00103] The same operation as that in Example 7 was performed except that the L-ascorbic acid in
Example 7 was not added. Thereby, a comparison composition for a semiconductor provided with a

copper wiring (F'-6) was obtained.

Comparative Example 7
[00104] The same operation as that in Example 8 was performed except that 0.13 parts of piperazine
(purity of 98%, made by Koei Chemical Co., Ltd.) was added instead of AEP in Example 8. Thereby, a

comparison composition for a semiconductor provided with a copper wiring (F'-7) was obtained.

Comparative Example 8

[00105] The same operation as that in Example 11 was performed except that 0.08 parts of N-
methylmorpholine (purity of 98%, made by Koei Chemical Co., Ltd.) was used instead of N-
aminoethylmorpholine in Example 11. Thereby, a comparison composition for a semiconductor

provided with a copper wiring (F'-8) was obtained.

Comparative Example 9

[00106] The same operation as that in Example 8 was performed except that 0.08 parts of 4-picoline
(purity of 97%, made by Koei Chemical Co., Ltd.) was used instead of N-hydroxypropyl piperazine in
Example 8. Thereby, a comparison composition for a semiconductor provided with a copper wiring (F'-

9) was obtained.
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Comparative Example 10

[00107] The same operation as that in Example 8 was performed except that 0.08 parts of tricthanolamine
(purity of 98%, made by Wako Pure Chemical Industries, Ltd.) was used instead of N-hydroxypropyl
piperazine in Example 8. Thereby, a comparison composition for a semiconductor provided with a

copper wiring (F'-10) was obtained.

Comparative Example 11

[00108] The same operation as that in Example 6 was performed except that 0.08 parts of
tetracthylenepentamine (trade name: AFR-ANG6, purity of 99.2%, made by Tosoh Corporation) was used
instead of AEP in Example 6. Thereby, a comparison composition for a semiconductor provided with a

copper wiring (F'-11) was obtained.

Comparative Example 12

[00109] The same operation as that in Example 6 was performed except that 0.20 parts of citric acid
(purity of 99%, made by Nacalai Tesque, Inc.) was added while the gallic acid and L-ascorbic acid were
removed. Thereby, a comparison composition for a semiconductor provided with a copper wiring (F'-

12) was obtained.

[00110] The content of each component is shown in Table 4 in % by weight for comparative compositions
(F'-5) to (F'-12) in Comparative Examples 5 to 12. The content of the quaternary ammonium hydroxide
is shown in % by weight by converting the blended quaternary ammonium hydroxide aqueous solution
into a solid content. In the used cyclic polyamine (P), bonding groups at the R' to R® positions in the

above general formula (1) and general formula (2) are shown in Table 5.
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X Method for evaluating ability to renmpve organic residues [00112]

Eval ||r\+: ~n~ ~F Anrm Ak P kA A A Ar ~aAanmE A v Aanl AiiAaAa Al nAa LA Al o AAns v\’~]
agent

aCCOl Ul Ily LU LIl 1TUITUW Y PIULEUUl €. (1) veasSHilly Ul LUPPEl -plateu >i1l con
wafer WD 2011/ 094568PCT/ US2011/ 022961 A waf er obtained by performng

copper plating on a silicon wafer (nmade by Advanced Materials Technol ogy
Inc., "Cu plated 10000A Wafer," thickness of copper plating = 1.0 p.m was
cut into a piece 1.5 cmlong by 1.5 cmw de. The cut wafer was i mersed for
1 mnute in a 10% acetic acid aqueous sol ution, and washed with water. (2)
Pr epari@lilbiin dfe seeaqpd romposaging (fe6) foqlit1d) prepared G Bxagpleh 6btenld oind itleez@inparaGves g
of a hydrogen peroxide solution at a concentration of 30% and 200 g of

wat er CQEpPeItipn EeS) End-ajripbeied imCpmpEHIVeixa@nlen S thai. anppbilisHojagowhyganica. 0,

t hus preparing an organic residue |iquid. (3} Producti on of copper plated
waf er "8G &h BHEANP c 1908F qtPssivagrigHs, an ability, do JgHpvs mptfallice dosiicsr 2iths

imrersed in.the organic residue |iquid prepar in (2). for. 60 seco

Then, Sen it D e Corper €ane Mot B BT b Rabeil e B
pIateqhmg&g&e&%hggéqgmnrganic resi dues adhered. (4) Check of anount of
organi ¢ resi dues adherihng to copper plated wafer The anount of
organi ¢ resi dues adhering to the copper plated wafer was checked by
measuring an anmount of nitrogen derived from benzotriazole, which was an

or ganitgpik@si due product, using an X ray photoel ectron spectroscopy (XPS)

apparatus (made by ULVAC-PHI  lnc.  ESCA-5400 type). ecifically,
usi ngl XPS, the|nunber |[Mli¥hotoglPEbt r En&OURS miasured at a bihdi ng energy
from[397 eV to|SePiRe/|"RAY a pEHRYGr ed'HVEe at| ARUWIHVHGSSePer gy from 397.5
to 398.4 eV derds®¥d f O8N t r ofEH \Ras |dEREICT na8PPRYKIAS r ays| (1253. 6 eV)
were lused as alsoft X rﬁ@igpes(‘-'\) SIS v gl regdugsy ganic residue adhering to
copperEX?)mE:lPéd tQr ° ° ° °

Example 7 (F-7) o o o o

Example 8 (F-8) o o o o

Example 9 (F-9) O o o o

Example 10 |(F-10) O O O O

Example 11 |(F-11) o o o o

Comparative ,

Example 5 (F-5) © © © *

Comparative ,

Example 6 (F-6) © © ) )

Comparative ,

Example 7 (F-7) ) ) © ©

Comparative ,

Example 8 (F-8) * * © ©

Comparative ,

Example 9 (F-9) ) ) © ©

Comparative ,

Example 10 (F-10) ) ° °

Comparative ,

Example 11 (F-11) o © © )

Comparative ,

Example 12 (F-12) 1o © © )

Method for evaluating ability to remove organic residues
[00112] Evaluation of an ability to remove organic residues using the cleaning agents of Examples 6 to 11
and Comparative Examples 5 to 12 was made according to the following procedure:

(1) Washing of copper-plated silicon wafer
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In 50 g of each of the second conpositions, the copper plated wafer

or odu COUTAC N . S " . : o -

m nut 1en,
the copper piatea warer was Inmmersea in L L OT water 1or ou seconas, and
the wafer surface was dried by a nitrogen stream (6) Check of anount of
organi c residues that remained in copper plated wafer WO

2011/ 094568PCT/ US2011/ 022961 Simlarly to the case of (4), the anpunt
of the organvderdsicdds ptifamineerrppa @thtiofot b eilicopypeer (pladt By Adaiherd Masrials
checked by measuring an anount of nitrogen derived from benzotriazol e,

whi ch Teelmolgy bregdfi plated I De0e WelodUthickness ofigpp@Plating J= 1BV pinpierkd o irdal picce
determ nation of ability to renpve organic residues Two peak area

val ued-eaduedy linem jdeandhg @) wakr avas gpaersediford minteingh % e¢tio@FiAgaesgifat i on
(3), and an organic residue renoval rate was cal cul ated: Equation 3 Organic
resi dieUignprdaeshediitwgter.  (xa-x13) Xa - x 100

(2) Preparation of organic residue liquid

0.4 g of benzotriazole, 0.6 g of a hydrogen peroxide solution at a concentration of 30%, and 200 g
of water were mixed, and adjusted with chloride so that the pH was about 3.0, thus preparing an organic
residue liquid.
(3) Production of copper plated wafer to which organic residues adhere

The copper plated wafer was immersed in the organic residue liquid prepared in (2) for 60
seconds. Then, the wafer was immersed in water for 60 seconds to produce a copper plated wafer to
which organic residues adhered.
(4) Check of amount of organic residues adhering to copper plated wafer

The amount of organic residues adhering to the copper plated wafer was checked by measuring an
amount of nitrogen derived from benzotriazole, which was an organic residue product, using an X ray
photoelectron spectroscopy (XPS) apparatus (made by ULVAC-PHI, Inc., ESCA-5400 type).

Specifically, using XPS, the number of photoelectrons was measured at a binding energy from
397 eV to 399 ¢V, and a peak area value at a binding energy from 397.5 to 398.4 eV derived from
nitrogen was determined. MgK o rays (1253.6 eV) were used as a soft X ray.
(5) Removal of organic residue adhering to copper plated wafer

In 50 g of each of the second compositions, the copper plated wafer produced in (3) to which
organic residues adhered was immersed for 3 minutes to remove the organic residues from the copper
plated wafer. Then, the copper plated wafer was immersed in 1 L of water for 60 seconds, and the wafer
surface was dried by a nitrogen stream.

(6) Check of amount of organic residues that remained in copper plated wafer
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wherein, Xa = Peak area value of nitrogen derived from benzotriazol e before

Organi r reacidiire arm reamved: Xh = Pealk area wvaliie nf nitrnnen derived from
benzot
FEIMDVEL . guiir v+ cor mive smac wos wr s timm 1 1 wrir & e v v we v s geens w1 oo dUE

removal rate according to t he follomnng crlterla o: Organic residue
renoval rate is not less than 90% x: Organic residue renoval rate is |ess
than 90% Method for evaluating ability to renove abrasive grains [00114]
Eval uat i onSoiiilagin t@the kast yf @Q thicemovet @hiicaggane renidicn hausinniged drethe t@paer piged
agents of Exanples 6 to 11 and Conparative Exanples 5 to 12 was nade

accor diafig way dhheked blyl owswggpmogedut ef nitrbpeidgtved droof baegperolep ivdiahdwasi 41 con

waf er A copper plated silicon wafer was washed by the same nethod as
t hat wswgicireyideg alodedt wing &P San ablllty to remove organic residues. (2)
Cont ani nat | on treatnent with CVP slu The washed copper-pl ated

si | i codn Eyakationgad ?ﬁﬁ%@@%ﬂoVﬁﬂﬁyKmﬁmgﬁdﬁ??NGWﬁwggby Cabot Cor por ati on,
Wr000, | t of th b 0 ticl
o 26 ot 0 %'3'%% ST oSBT 0 HRare e fafirE AaT B e ©

by nitro T 7] to the contam nation treatnent was
cut |n? quncmme gn&ﬁfgk‘%b%m%ﬁ%gcn1mﬁde to obtain a sanple for

eval uati on.
Equation 3

Organic residue removal rate (%) = Xa—Xb) x100

Xa

wherein, Xa = Peak area value of nitrogen derived from benzotriazole before organic residues are
removed; Xb = Peak area value of nitrogen derived from benzotriazole after organic residues are removed
[00113] An ability to remove organic residues was determined from the calculated organic residue
removal rate according to the following criteria:

o: Organic residue removal rate is not less than 90%.

x: Organic residue removal rate is less than 90%.

Method for evaluating ability to remove abrasive grains
[00114] Evaluation of an ability to remove abrasive grains using the cleaning agents of Examples 6 to 11
and Comparative Examples 5 to 12 was made according to the following procedure:
(1) Washing of copper plated silicon wafer

A copper plated silicon wafer was washed by the same method as that used in evaluation of an
ability to remove organic residues.
(2) Contamination treatment with CMP slurry

The washed copper-plated silicon wafer was immersed in a CMP slurry (made by Cabot

Corporation, W7000, principal component of the abrasive grains of Si0O,, average particle size of 0.2 um)
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(3) Washing with the second conposition In 10 g of each of the

secor - - 2. N L cL o To

i mer

eval uat1 on was extracted Tromsald conposition, ana driea 1 n nitrogen bl ow
(4) SEM observation of surface of evaluation sanple after washing

The surface of the washed eval uation sanple obtained in (3) was observed at
a magni fication of 10,000 using an SEM (made by Hitachi Hi gh-Technol ogi es
Cor porfat i mimuteiadiedricd dymiteedB8bioy. () wivadutigttedro the dontleiiedtiovh maitinont vafs cut
ability to renove abrasive grains Fromthe SEMimage, it was

det er nitpedicthht cinthengdlyillSi anywide ta etaw e saiplafot evelugtiai. ns was hi gher as the
nunber of residual abrasive grains per visual field was snaller.

Speci 3K prshipg withdhangedsd copposiieni dual abrasive grains per visual field was

checked, and determ npation was made according to_the followng criteria: o:
Less than IblE:g qlpcach obghexsccondopomnosidionsy gy ppigeton seelraion dPRIGALR Ag) WB ity

to renove netallic resjdues.[00115] Fval uation of an ability to remove

ot ol PP EE Pl S0 SFRLEL R bSah g ageit Seormel i Bosign s P Hom
Compar gl Ly, EXRIPLE S h QindGeniSy Por for med according to the following
proceéure. ?f} Priét r eat ment cof Waf er havi ng silicon oxide single layer film

A sili aF\VAl b i i ayer film (made by ADVANTEC
Cor (e B o o Bl e = T 6 pm ) ws et

into a piegge durflcCHn thORBHBY el fiiSiRaMpieobiditiABh £ Avak RbgrvbQ % AGRLAifcafiGh 6f
aqueous solution for 1 mnute, and washed with water. (2) Preparation of
aqueous,080bdiid MISERO (thalle BY AgadiEHadh- Teoi®1og\WOC3H bkl 0) 48 Reht §IAR0W 1/ 022961
(5) Evaluation and determination of ability to remove abrasive grains
From the SEM image, it was determined that the ability to remove abrasive grains was higher as
the number of residual abrasive grains per visual field was smaller. Specifically, the number of residual
abrasive grains per visual field was checked, and determination was made according to the following
criteria:
o: Less than 10

0: 10 to 20

x: Not less than 20

Method for evaluating ability to remove metallic residues
[00115] Evaluation of an ability to remove metallic residues using the cleaning agents of Examples 6 to
11 and Comparative Examples 5 to 12 was performed according to the following procedure:
(1) Pretreatment of wafer having silicon oxide single layer film

A silicon wafer having a silicon oxide single layer film (made by ADVANTEC Co., Ltd., "P-
TEOS 1.5 u", thickness of silicon oxide = 1.5 um.) was cut into a piece 1.0 cm long by 2.0 cm wide,
immersed in a 10% acetic acid aqueous solution for 1 minute, and washed with water.

(2) Preparation of aqueous solution containing metal ions
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Water was added to 0.1 parts of zinc nitrate, 0.1 parts of iron nitrate,
and 0 1 narte nf mMmanaciiim nitrata ecn that tha tatal amiint m aht ha 100 g,

t here nc,
0.1% iicv w1 uno U U, WU U e UL W 1 Uio Un aygrie o uin vy

Contam nation treatnment of wafer with netal ion aqueous sol ution The
pretreated piece of the wafer having a silicon oxide single |layer filmwas
imrersed in 10 g of the aqueous solution containing nmetal ions for 1

m nut e, an®atkrivesadigd i 6.1 peresvflainowitraichen @by oftitvd nirett@knd @hpanverfenaghdsmahed
to the surface of the wafer. (4) Washing of wafer In 10 g of each of
t he segwmdsoctbarplstotal eneunt might bé &eleg,aherthygo prntrani padceds whitien corgaining 04 %
silicon oxide single layer filmwas i mersed. After the piece of the wafer
was | atetal foys af zined Ul rmetal agrs of en, apd @G mefah ponp plapegngfiumhe waf er was
extracted fromthe conpositions. (5) Measurenment of concentration of netal
i ons i(f) (COREHRIER HFFEFY PO Vighndplienraacqys solaosy 5 g of the
conposition after the wafer s, i nmer sed was col | ect and the pH t heyeof
st ust ah by Naet B G BE G et s wree iR T o Brie e s
until th l, .amount. r d 1 .an ri | 1, Qui red.
The ot RTSr b SRS R By 9y R o BT o e b, “EBhERELE
magnesi N MecoRt e efnd Qb beoriRasHEI Ng 11 quid were measured using an | CP- M5
anal ysi s appar at us. (%? Cﬁfculatlon of amount of netal ions eluted in

cl eanicngyagelrfhem surface of wafer An ampunt of ions of each netal eluted
was cal cul ated using equation 2. (7) Evaluation and determ nation of
ability ton BnPyLcabRbidht k& ofi®Singhd&tons, the pide @ahd édnyanti@itdderamdtehatiag akilicén
resi dues was evaluated fromthe total amount of the respective cal cul ated
anountogidokingietlaler fibnsvaeimmaskd. aAder the piese dethe vateneds dfiab sand &loi3 minptet ot
renove netallic residues was higher as the anmount of netal ions eluted per
uni t R tiefpicchef thafvefer wasexiragtglerom Bpeanfdstiahd. y, an ability to renove
metallic residues was determ ned according to the followng criteria: o:
Not | é&Meanaamqm ofenegppration of metagjopmin seeond Sompppigiams fiom swsiee efedr10 ng/ cne
WO 2011/09%568PCT/U82011/022961

g of the composition after the wafer was immersed was collected, and the pH thereof was

adjusted to 3.0 with a nitric acid solution. Then, water was added until the total amount reached 10 g,
and a measuring liquid was prepared. The concentration of metal ions of zinc, that of iron, and that of
magnesium contained in the measuring liquid were measured using an ICP-MS analysis apparatus.
(6) Calculation of amount of metal ions eluted in cleaning agent from surface of wafer

An amount of ions of each metal eluted was calculated using equation 2.
(7) Evaluation and determination of ability to remove metallic residues

An ability to remove metallic residues was evaluated from the total amount of the respective
calculated amounts of metal ions eluted, and it was determined that an ability to remove metallic residues
was higher as the amount of metal ions eluted per unit arca of the wafer was larger. Specifically, an
ability to remove metallic residues was determined according to the following criteria:
o: Not less than 15 ng/cm’
[): 10 ng/cm” to 15 ng/cm’

x: Less than 10 ng/cm’
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Met hod for evaluatlng antlcorr05|veness ‘to copper mnrlng [00116] Evaluatlon
of ¢ f

Exar di ng
to tne Torrowmng proceaure: (1) Fretreatnment or warer naving copper single
| ayer film A wafer having a copper single |ayer film (made by

Advanced Materials Technology Inc., a wafer obtained by vapor-depositing a
copper nmetal at a thickness of 2 mon a silicon substrate) was cut into a
pi ece MetBod for eailgating adtitbressiveh@efo dopp@needgi N a 10% acetic aci d aqueous
solution for 1 mnute, and washed with water. (2) Elution of copper

I n 10[@HéﬂE@d@hkmﬁﬁBMBmseﬂamas@Dﬁ@@&ﬂmiohﬁglmhgﬂpnémmeamgmwpﬁé@@ths@he

waf er having a copper single layer filmwas i mersed. The piece was left to
st and 1fl apd Gomppamitve Xzatlplgssﬁeo 1A nes peatepvehesarding torfbe follewing Rpcedyent . (3)
Nbasurenent of copper iqQn concentration 5 g of the second conposition

af t er (Dactpspigeat Wmﬁﬁéwﬂﬁi%Ppﬂéwgﬁé%ﬁf@gbper S|ngle | ayer film was |nnersed
| 1 ected, dth f t
aqueous softHi'y Wk Sl ke PR BN dwaftcﬁ(ﬁMeta?%{fo ol Pt 10
, d d, Th i trat th
rreagurOP%b ”&gs uall‘plg'r’]— Momﬁ%a C(}IIP%S Iﬁestaiﬁg?r ?hlckinéﬁ)e g_ﬁ al‘ll a s|1 con gu gr?t \rvaas c|u1(() 15%50' an €

Cal cul ?etcé &y éﬂ{ 10‘35‘Bg Qt()_ 8;1 Wi Hﬁrﬁerﬁéﬁnﬁ aeﬂO% Q(Qtlc acid aqlilébﬁ‘s G E %rrlalttﬁngl{é Qﬁd

coppep ions was sSubstituted into the f ow ng equation (4), and the anount
of CORREK-divaMSvaguted (ng/cn?) was cal cul ated: Equation 4 Amount of copper
ions eluted (ug/cn2) = Cuor, x H x H3 H2 x Sou

(2) Elution of copper

In 10 g of each of the second compositions, the pretreated piece of the wafer having a copper
single layer film was immersed. The piece was left to stand for 3 minutes at 25°C, and removed from
the cleaning agent.
(3) Measurement of copper ion concentration

5 g of the second composition after the piece of the wafer having a copper single layer film was
immersed was collected, and the pH thercof was adjusted to 3.0 with a nitric acid aqueous solution.
Then, water was added until the total amount reached 10 g, and a measuring liquid was prepared. The
copper ion concentration in the measuring liquid was measured using an ICP-MS analysis apparatus.
(4) Calculation of amount of copper ions eluted

The concentration of copper ions was substituted into the following equation (4), and the amount
of copper ions eluted (ng/cm’) was calculated:
Equation 4

Cu,,, X Ht X H3
H2 X Sg¢,

Amount of copper ions eluted (ug/cmz) ]

wherein, Cug,, = copper ion concentration in the measuring liquid determined by the ICP-MS analysis
(ppb (ng/g)); H1 = amount of the second composition in which the test piece is immersed (g); H2 =
amount of the second composition collected before adjusting the pH (g); H3 = amount of the measuring

liquid (g); and S., = area of a copper single layer film in the wafer having a copper single layer film (cm?)
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wherein, Cue. = copper ion concentration in the measuring |iquid determ ned

by the 1CP-NMR analvecic (nnh (nAa/ MY H1 = amiint nf the cernnd frnmMmneci t | gn
in wh
CONMPOcC. . cih et cvtvu ot vr v iy woe s T “irsan

ey ~ o e
measuring liquid (g); and Seu = area of a copper single layer filmin the
waf er having a copper single layer film(cn2) WO

2011/ 094568PCT/ US2011/ 022961 (5) Eval uation and determ nati on of

ant i c@f)riosivettiness détantieppesf apicdrogiveness to céupti widing 0Si veness to t he copper
wiring was evaluated fromthe cal cul ated amount of copper ions eluted. It
was det er mAnaehriokistnesrip itleoropes iwenzess dveluathiefren pipesaloviateld pgows 9f beppeeionas

t he anount of copper ions eluted per unit area of the wafer having a copper
si ngl elutedy eft Wap deterprcddhph patisprrosgisaesh fo thasdpper VERDS War beg gl ay disaguntet copper
copper. wiring was determ ned according to the follogwing criteria: Q: Less

t han 1 ﬁ@teﬁﬁe@mﬁ@% gf trovaly ging gy eappersinglpfayprolilin pias smaltrn gyperipealyo117)

As shown in.Tabl , the second ositions in lLles 6 to 11 had

Favor AT &0 M canler ¥H0F ey SRS PR © B O RR G FT Fhand, |
Conparat iy a%ﬁ?ﬁ%%%?5 cont ai ni ng no pol yphenol based reduci ng agent having
2t05 yaroxy roups, anticorrosiveness to the copper wiring was poor. In
Conparatk ¥o.f248hg 2 cont ai ning no ascorbic acid, an ability to renove
metal lic residues was poor and anticorrosiveness to the copper wring was
poor . I NoGe¥R@habinyemExanpl e 7 containing a cyclic polyam ne not included
in the cyclic polyam ne according to the present invention, Conparative
Exanples 8 and 9 containing a cyclic nonoam ne instead of the cyclic

pol yam ne, and Conparative Exanple 10 containing a chain nonoam ne, an

abi | i t[§0111 7] Asestrove ir0T pdené, cha @sérduwespaditibnain Blintpldsyo fod 1rladdneraakrrasity & gr ai ns
were all poor. Mreover, in Conparative Exanple 11 containing a chain

pol yarfuevilngekhansof OnHbe otal hapd,polGranprntye Bxranplofrpentaning eo Brlypdsinel Baged
containing citric acid instead of the ascorbic acid, anticorrosiveness to

t he coppengweeit hgvings tpoorydraxphigeprs anticappriyeaesditp ithoycoppO 1TSS Tae poor. In
conpositions for renpving material froma m croelectronic device conprjsing
met al CRIPPREVHREMRE Gsoiefingto asertie 8654138 2Pidhp) &omaye Astallie 16¥ Sen ¥ayeior ¢l

froma polishing agent and an excellent  a 'Iity.to renpve netal.lic reFidues
on_an RTPSYTRY ©1 i coBh UL 838 dPPond APEBH D ER ARG ds COB e & ek
oot PoyABRHETA ed A€ ATRRShILAARe SAOAE: 25 W Blelnt A5 A, T SARTI

in V\hiEngm@esrrgf[aﬁh 9V\éoﬁliaﬂlgn i eyt %oanﬂ\@@h%%&%@%i@@f%él%ﬁ% ]a/nQ %%%‘ggrrative

Al t hough the invention has been variously disclosed hefeirn wth reference

to il !Eiﬁﬁqﬁl@tliov&nﬁmﬂ%dﬁ R4 %oﬂﬂﬁniﬁéaaﬁl%ﬂﬁy td Fentdvb |or§hﬁicaﬂéﬂﬂ&§ia§& ed abﬁ'i%? td he
enbodi nents and features described hereinabove are not intended to limt
the i nuBRlel Diwsivangaihdatere0dl@bory aModdol@Nsy Codgirhitivealttagipfe aNdo@iiliag a chain
enbodi mrents wi |l suggest thenselves to those of ordinary skill in the art,
based polyainine irdicgd biabeicyelihipel ginnne, keCompeenive Grarhie it 2Eoraningcitio abid ildreaddf y
construed, as enconpassing all such variations, nodifications and
al t er riztdseaabie abddnimmrps vaness o the corwespiring wasapmdr.scope of the cl ai ns hereafter
set forth. WD 2011/094568PCT/ US2011/ 022961

Industrial Applicability

[00118] The compositions for removing material from a microelectronic device comprising metal wiring

has an excellent ability to remove abrasive grains derived from a polishing agent and an excellent ability

to remove metallic residues on an insulating film, and has excellent anticorrosiveness to the metal wiring.

Accordingly, the compositions can be suitably used as a cleaning agent in a post-CMP step in the

manufacturing process of the semiconductor in which a metal wiring is formed.
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What is claimed is: 1.A conposition conprising a cyclic polyanm ne, a

pol yplﬁnnnl hacad radiiri na anant (DY hawvina 2 tna KB hudr avial ArY A1ine a
quat er I N
Sal d (lU”l\JUQ' L1 Vil 1o uo vl Ul 1 VI L1IC 1 Cliuval vl At i1 1 Al 11 Vil A oul 1 av o Uf a

m croel ectronic device, wherein said mcroel ectronic device conprises
copper or copper alloy wiring, and wherein said cyclic polyamne is
represented by the general formula (4) and/or formula (5): Fornula 4 /\ RI1-
NN - 1A3@ough thbatventivn Had becapragiswhit disdoshy derogenitlatetimncarn Aluktyalive cabiplimants

am no al kyl group, or a hydroxyal kyl group; and R2 represents an al kyl

gr oup andéreagmisnd aillkhyel apgreoiated tioxt tiee erplehdowansl ol fegnou gescilpadnhelanagoye\ arg Mot R3
\/ wherein, R3 represents an am no al kyl group. 2. The conposition of

cl ai mintendgghde dimif thpdnyeniicss jand thap piber wwitionss modifirations ppd) ethgi gpplsrdiments will
contam nants. 3. The conposition according to clains 1 or 2, wherein the

pol ypﬁ%%%?t %%Sélae% tadbiese 0§ onlieRt Sk(lh)n g afhaftapgdeonythe disclogpre hesein. co%dgveml%
t t dr oxj d
(0 1 Sty BP0 Ry Sy et e S5 b PR M P g

gener al bO((ﬁmni'i{l %1tf11§1)the spirit and scope of the claims hereafter set forth.
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WD 2011/ 094568PCT/ US2011/ 022961 Formnul a 6 R4 l+ R? NRS OH I Re wherein,

R4 tC m=7 -~— e N e T T B P e - -1 1. - RSN [ L o~ a -‘..bon
at one
COMPOSI L1 Ul dCLuUI Ul 1Yy LU Clal il 4, wiel el Lig yudlerndly diui uin nyur oxi de

(Q conprises tetranethyl ammoni um hydroxi de. 6. The conposition according
to any of clains 1-5, wherein the cyclic polyamne is selected fromthe
group consisting of N-methyl pip erazine, N ethyl piperazine, N isobutylpip
er azi éhat Nohiimahiet hyl pi p erazine, N am no ethyl pi p erazine,

N-am nopr opyl pi p erazine, N hydroxynethyl pi p erazine, N hydroxyethylpip
erazine, N-hydroxypropylpip erazine, 1 ,64- dinethylpip erazine, 1,4- di
ethylplp erazine, 1 ,4- diis oprop y |p|p erazine, 1,4- dibutyl pip erazine,

1 -am norrewmpqmtp@tqumupg @%&E? payanine, Wa%la@y?ﬂétaﬁweduamﬁégqmy(% hgvieg 254 ne, 1
- amno ethyl-4- ethyl pip erazine,1l -hydroxyethyl-4- ethylpip erazine,1 ,4-
(bis érﬁYH@X@t%wy i i}latﬁrla&y ?H@n%nma h(%?@%@ﬁ?)o%mwp%ﬁé) &d Feiee wherein said

am o BER I By @&9@?%%%?03 B 'i%w)fa%%?ﬁ%%%%?’ec%%eﬁr AU
yl pl P ecr: gl (p 1%h1c de%g% st éo?)gé’r or rz:gppe} nﬁdy w%ng,na%}arw%%yemn%qg h)%ﬁl!: nglya%qlne 18

represented by the general formula (4) and/or formula (5):

Formula 4
R'—N N — R?

wherein, R' represents a hydrogen atom, an alkyl group, an amino alkyl group, or a hydroxyalkyl group;
and R represents an alkyl group, an amino alkyl group, or a hydroxyalkyl group,

Formula 5

o) N —R®

wherein, R’ represents an amino alkyl group.

2. The composition of claim 1, wherein the material comprises post-CMP residue and/or
contaminants.
3. The composition according to claims 1 or 2, wherein the polyphenol based reducing agent (R) is

gallic acid.

4. The composition according to any of claims 1-3, wherein the quaternary ammonium hydroxide

(Q) is a quaternary ammonium hydroxide (Q1) represented by the following general formula (6)
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am noi sobut yl nor phol i ne, and conbi nati ons thereof 7. The conposition
accorAdinn tn anu nf rclainme 1_R furt har cnmrici nn at | aact nna efnrrancign
i nhi b i on
IiNhi Dl cur Conprioeo Ul T Cuol UL Pt Lo ol Lutuu T U e g vup wunosr SETNG
of N-ribosyl purine, adenosi ne, guanosine, 2-am nopurine WD

2011/ 094568PCT/ US2011/ 022961 ri bosi de, 2-net hoxyadenosi ne,

N- net hyl adenosi ne, N, N-di et hyl adenosi ne, trinmethyl ated adenosi ne,

t r i metHoythuld\s met hyl adenosi ne, C4' - net hyl adenosi ne, 3-deoxyadenosi ne,

adeni ne, nethyl ated adeni ne, dinethyl ated adeni ne,

N4, N4- dlnethylpyruwﬁdlne 4,5, 6-triamne, 4,5, 6-triam nopyri m dine,

al I ant oi n, hydroxyr d G0-0-Cdiners, CC bridged diners, ribose,
nethylated rlbose te ranethylated rlbose met hyl at ed hydrol yzed diri bose
conpounds; xiioeerﬂg+uag puHhe, guani ne, hypoxant hi ne, xanthi ne,

t heobrom ne, caff urlc acid, isoguanine, triamnopyrim dine, and
conbi nati ons there¢ '9. A method of renovi ng post-CMP residue and/ or
contani nants fromfM nicroel ectronic device havi ng sai d residue and

cont an,n ?I{ﬁ} heef{egach %@ngn(ﬁﬁtg h?eil?re%e e aﬁkyggg@ ”Ef?&rg ?Q{Pti‘%ar{;% %I%sne‘%t [ Og't ¢

devi ce’ MA conposition o ficren

| east | @5£a'g1¥“§5 quqc&géigaﬁ;and contam nants fromthe

nicroe ectro eV|c wherein the mcroel ectronic device conprises copper
or copper all oy mnrlng. 10. A conposition conprising an organic amne (A),
a quaternary ammoni um hydroxide (B), a chelating agent (C), and water (W,
havi ng. pH i NThheomRgien abcoadiftito dlafh 40 wabeiut thd 4uernih mnehdhiRihgdreampes) t i on
is useful for the renoval of material froma surface of a mcroelectronic
devi cepmpiires eiramghyldnmviduodyd&ctidoni ¢ devi ce conpri ses tungsten or tungsten
alloy wiring. 11. The conposition of claim 10, wherein the materi al

conpri ses post-CWP residue and/or contam nants. 12. The conposition
according to clainms 10 or 11, wherein the organic anmine (A) is an

al kanét ani ne Thogompespereasetdias tappy & f elaims dvi, MGogerike @rliq ralyeniing it sjecieddiosr a

chain polyanlne (A2) represented by a follow ng general fornula (2).
he group consisting of N-methylpiperazine, N-cthylpiperazine, N-isobutylpiperaziné, N-

aminomethylpiperazine, N-aminoethylpiperazine, N-aminopropylpiperazine, N-hydroxymethylpiperazine,
N-hydroxyethylpiperazine, N-hydroxypropylpiperazine, 1,4-dimethylpiperazine, 1,4-diethylpiperazine,
1,4-diisopropylpiperazine, 1,4-dibutylpiperazine, 1-aminomethyl-4-methylpiperazine, 1-hydroxymethyl-
4-methylpiperazine, 1-aminoethyl-4-ethylpiperazine, 1-hydroxyethyl-4-cthylpiperazine, 1,4-
(bisaminoethyl)piperazine, 1,4-(bishydroxyethyl)piperazine, 1,4-(bisaminopropyl)piperazine, 1,4-
(bishydroxypropyl)piperazine, 1-aminoethyl-4-hydroxyethylpiperazine, 1-aminopropyl-4-
hydroxypropylpiperazine, N-aminoethylmorpholine, N-aminopropylmorpholine, N-

aminoisobutylmorpholine, and combinations thereof.

7. The composition according to any of claims 1-6, further comprising at least one corrosion
inhibitor.
8. The composition according to claim 7, wherein the corrosion inhibitor comprises at least one

species selected from the group consisting of N-ribosylpurine, adenosine, guanosine, 2-aminopurine
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Formula 1 WD 2011/ 094568PCT/ US2011/022961 | N - wherein, Rl to R3 each

i nder\nnnlnnf Il vt r anracant a hvudr naan at nm Aar an al vl Arniin t hat vy ha

parti 3
repr boUIIL 9 alnl al r\_y' U' UUP DSUNMNOLI LUuL TuU U_y A ||yu| UAyI UI UuP, 1 VI l1ulr a o y " Yl
-N-y2 - N..... " R8 111 R8 wherein, R4 to R8 each independently

represent a hydrogen atomor an al kyl group that may be partially
substituted by a hydroxyl group; Y1 and Y2 each independently represent an
al kyl eibesidy; Qumsthayddanosisgp resertygdéhosine, aN, N-diethgtadaiosiie, t ®indthylafed. adbh@ine,
conposition according to claim 12, wherein the organic am ne (A2) conprises
t et r adtithsthd Nepetitviadinveine, 44’ -nitthgladowposiX-doryadénoainy, wkniod, anetbyldied adnine,
wherei n the quaternary amoni um hydroxide (B) is a quaternary ammoni um
hydr oxirahylaad adesce Edimsthylyrigidinsed. hg-tigranes: af .5 -poramingpy(igydine, allantoin,
hydroxylated C-O-O-C dimers, C-C bridged dimers, ribose, methylated ribose, tetramethylated ribose,
methylated hydrolyzed diribose compounds; xylose, glucose, purine, guanine, hypoxanthine, xanthine,

theobromine, caffeine, uric acid, isoguanine, triaminopyrimidine, and combinations thereof.

9. A method of removing post-CMP residue and/or contaminants from a microelectronic device
having said residue and contaminants thereon, said method comprising contacting the microelectronic
device with the composition of any of claims 1-8 for sufficient time to at least partially clean said residue
and contaminants from the microelectronic device, wherein the microelectronic device comprises copper

or copper alloy wiring.

10. A composition comprising an organic amine (A), a quaternary ammonium hydroxide (B), a
chelating agent (C), and water (W), having pH in the range of about 7.0 to about 14.0, wherein said
composition is useful for the removal of material from a surface of a microelectronic device, wherein said

microelectronic device comprises tungsten or tungsten alloy wiring.

11. The composition of claim 10, wherein the material comprises post-CMP residue and/or
contaminants.
12. The composition according to claims 10 or 11, wherein the organic amine (A) is an alkanolamine

(A1) represented by a following general formula (1) and/or a chain polyamine (A2) represented by a
following general formula (2).

Formula 1
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Formula 3 Fe Rs - N - R120H 1+_ | R' WO 2011/ 094568PCT/ US2011/ 022961

Mer ei N DO t+tn D12 aarh i ndanandant |l v r anr acant an al vl Arniin havi nA 1 to
3 car up.
15 -IIIC LUIIPUDI LT VI ALULUI Ul 11y LU Ul Al Il 15, VuITI Gl 11 LI yudaL CI 1ial y annuvill UM

hydroxi de (B) conprises tetranethyl ammoni um hydroxi de. 16. The conposition
according to any of clains 10-15, wherein the chelating agent (C) conprises
a species selected fromthe group consisting of phosphorus based chel ati ng
agents (Cl), am ne based chel ating agents (C2), am nocarboxylic acid based
chel ating agents ((3), carboxylic acid based chelating agents (C4), ketone
based chel ati ng agéﬁts (C5), polyner chelating agents (C6), or any

conbi nati on thereo 17. The conpositi 6w according to claim 16, wherein the
chel ati ng ageri=tCN Tonpti ses et hyl enedi ami ne tetraacetate. 18. A nethod
of renovi ng post-CMP residue and/or contam nants froma mcroel ectronic
devi ce having said residue and contam nants thereon, said nmethod conprising

contact,i n h croel.ectroni c devic th the co itio of. cl ai s
10 17 iy i ?(i ) GHf Tt gy S e dvieeh A i BT I stoupef e B i

cont anj,n I Ni.C 4Vl && erein m.cr tronlc
devi c esul%sg{?ﬁe% yd%oxgl %rm? 9&! %tﬁl%asg neenofa | (()) ® ’repres nts an %@I& groun. sul?sge egic i c
deV|c%y@5gg 9 usi ng the conp03|t|on accordlng to any of clainms 1-8 or
10-17 at a Step subsequent to chenical mechanical polishing in a

manuf agisa g process of a mcroelectronic device in which a netal or netal
alloy wiring is forned.

R ] AR
/N LY anYz N\\R7 {2}

Rs
8

wherein, R* to R® each independently represent a hydrogen atom or an alkyl group that may be partially
substituted by a hydroxyl group; Y' and Y* each independently represent an alkylene group; and n

represents 0 or an integer of 1 to 4.

13. The composition according to claim 12, wherein the organic amine (A2) comprises

tetracthylenepentamine.

14. The composition of any of claims 10-13, wherein the quaternary ammonium hydroxide (B) is a
quaternary ammonium hydroxide (B1) represented by a following general formula (3).

Formula 3

R!U

RP— N — R OH (3)
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wherein, R’ to R'? each independently represent an alkyl group having 1 to 3 carbon atoms and that may

be partially substituted by a hydroxyl group.

15. The composition according to claim 14, wherein the quaternary ammonium hydroxide (B)

comprises tetramethylammonium hydroxide.

16. The composition according to any of claims 10-15, wherein the chelating agent (C) comprises a
species selected from the group consisting of phosphorus based chelating agents (C1), amine based
chelating agents (C2), aminocarboxylic acid based chelating agents (C3), carboxylic acid based chelating
agents (C4), ketone based chelating agents (C5), polymer chelating agents (C6), or any combination

thereof.

17. The composition according to claim 16, wherein the chelating agent (C) comprises

cthylenediamine tetraacetate.

18. A method of removing post-CMP residue and/or contaminants from a microelectronic device having
said residue and contaminants thereon, said method comprising contacting the microelectronic device
with the composition of any of claims 10-17 for sufficient time to at least partially clean said residue and
contaminants from the microelectronic device, wherein the microelectronic device comprises tungsten or

tungsten alloy wiring.
19. A microelectronic device produced using the composition according to any of claims 1-8 or 10-17

at a step subsequent to chemical mechanical polishing in a manufacturing process of a microelectronic

device in which a metal or metal alloy wiring is formed.
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