TI TLE OF THE | NVENTI ON: CLEANI NG FORMULATI ONS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0001] This nonprovisional application clains the benefit of
U S. Application No. 61/717152, filed on Cctober 23, 2012, and U.S.
Application No. 61/817134, fiied on April 29, 2013, both provisional
applications having the sane title as the present application. U S
Application Nos. 611717152 and 61/817134 are hereby incorporated by
reference in 5their entirNes. BACKGROUND OF THE | NVENTI ON [ 0002] The
present invention relates to cleaning conpositions that can be used for a
variety of applications including, for exanple, renoving unwanted resi st
fili-ns, post-etch, 10and post-ash residue on a sem conductor substrate. In
particular, the present invention relates to cleaning conpositions useful
for the renoval of residue, preferably copper-containing post-etch and/or
post-ash residue, fromthe surface of substrates, preferably

m croel ectroni c devices; arid Eﬂ@ﬁ? efnEsiTiEN-sai d conpositions for
removal of same. [00031 The bac groun of the present invention will be
described in connection with icisadeseoRWUIITEENES ng appl i cations invol ving
the manufacture of integrated circuits. It should be understood, however,
that the use of the present invention has wi der applicability as descrlbed
herei nafter, [0004) InCBQSSﬂﬁﬁﬁﬁém@ﬁi@FﬁiATﬁ@éBFHBéBm%ﬁrCU|ts it is

sonetines necessary to etch openings or ty thin film
deposi t ed of0a§ibwhisgipnprysisna! g%"éf‘ea“ ?C'g'W?'leg’r?nefgﬁﬂggl uﬁr;ga!r)'ghéﬁl de, glass, or
ot her subst Batre7IseaRddes Guroban2d, A0 12r acidss. Amﬂ@gqaraw@@ﬂéﬂ@éifﬂed\ﬁaf/‘@f" Pr esent
met hods for g% o2k %%thﬁ)%u% o%aﬁdﬁhlmaﬁcﬁlg%h\ﬂﬁg thb&dmd the aﬁ iHelprd2enteppraed. t 0 a

chemi cal il m The | ar

et chi ng ager\islfs)é@at'%‘ N%n%‘v@ﬁ??earﬁc?ﬂ%ﬂ%ﬁg abefhe\“%é inePiPRiated éneg‘gr%dﬁgﬁ t he

nat ure ols t igsifdnlifes.| N the case of an oxide film for exanple, the etching
agent may be hydrofluoric acid. In the case of a polysilicon film it wll
typically be hydrofluoric acid or a m xture of nitric acid and acetic acid.

[0005] In order to assure tgg{lgggéél\lﬂ%ﬁgf@”@gﬁﬂd&ps of the filmare

renmoved, a photolithography s used rough which a pattern in a

conputer dr a[vﬁoez? ?Pme Qsenﬁlp\%ﬁﬁw fefitels rﬁ@&é«i‘nﬁb rc&ﬂp&s@ioﬁshﬁat?cﬂrﬁ bagdadr at he film,
r

The mask se e areas of 0 tgc@ egl ﬁ’msep&ﬁ
sel ectivel y Wﬂéﬁbvfe%ﬂ’P"CWﬁr@ "B&‘E"ﬁ‘@* ?f‘%xgm?'ﬁ'r'ﬁrﬂﬂ'%'“ww RSP e Pt it eri al |
whi ch i si@ |dngipbstaenfdsiduaan aednticinallictsuibstretat & nalfi@Uiahﬂ]?rRBQﬁé@tsn‘fneﬂ‘t%gr at ed

glr {)chg e\évaI ﬁrlr;elgles 19 c{ln%]amng cghbﬂti@ﬂlﬁus@&p@?t‘ﬁg retn%vjél'ogﬁshtﬁﬁ @Mdrétyy d’o@ﬁhrat ion

esi st
mat eri al , de??@ﬁdiﬂﬁ@%fr?fqhta@d’ebﬁ’ﬁ?b%ﬁhtr?%‘?‘l‘e %"t?'ﬁ Si"{?ﬁ aﬁu 8 ?FaB with
devel opers, hréicEbn deAtdseant méthads obldirgwsidebobsiigns for meméal pisa@@ in the
sel ected areas, while preventing etching in other arqerg Posi t'téq type
resists, forfoesainmphebadkaipendsdse Rssseaiieion il Resdgserbed B ERMEGI MBI F al s t o
del i neat g5 pajd.qf agan% a@p@mm\& irableing haimanuthee et iohgragd ctwils.slf sheiildlbebecone

vies, trenches, Lass ‘133?}19 Lise%f tth eﬁ\} ml/émi SR et Yppligatflfiyaset chi ng

process such“’%i’se’Stqo OURY asna ng, 5r eactive ion ‘etching, or
ion mlling desciteddetematart ack the phot or esi st-unprotected area of the

substrate to formthe vies nche ct hol result of
the plasma ef®fflnd" iﬂPB@@%@Cturﬁﬁg‘mﬁP' §d§frcu 3t'e cﬁomet'#%s n%rﬁg aﬁ ﬁgt& mat eri al

by- product s apepings paster gebraesriasdsa thindim derpaited OOGTOWH op Hie seiffewhsiicons t he
et ched OQS”' ﬁ% {Pﬁérha% gé'gswﬂe?sudsfm@ﬂat&y&harﬁﬁ )Srdab&hmtégatpdi ceesses al so
re

typically extre For

t t
exanple, in M'éﬁ?pl%ﬁs%b'ﬁftb?ﬂ?d?f@ﬁ'ﬂ“g&é?ﬂ nﬁ@ %OHE#hgt the r\?é’ﬁgg%ps%g&ﬁs and | ogi ¢
devi ces W t hcramitdl pteieind ayeerts remﬁovbaaﬂuorsmﬂthlemmesTrefpamml@re@‘dawaéa%nt whadi ng,

to remove the portions of the film depends upon the nature of the film. In the case of an
oxide film, for example, the etching agent may be hydrofluoric acid. In the case of a



reactive ion etching (RLE) is used to produce vias through the interlayer
dielectric to provide contact between one |level of silicon, silicide or
nmetal wiring to the next level ol wiring. These vies typically expose, A,
Al Cu, Cu, Ti, TiN, Ta, TaN, silicon or a suicide 25such as, for exanple, a
sui cide of tungsten, titaniumor cobalt'. The R E process, for exanple,

| eaves a residue on the involved substrate conprising a conplex m xture
that may include, for exanple, re-sputtered oxide nmaterial, polyneric

mat eri al derived fromthe etch gas, and organic material fromthe resist
used to delineate the vies. [0008] Additionally, followng the term nation
of the etching step, the photoresist and 30etch resi dues nust be renoved
from t he pr ot paysdicoreiireat valf typibaly wahgirofsorid deaitor & vextiire BRMitrié héid stH Jagtcoper at i on
can take plac%miThis can be accornplished in a plasm "ashing"” step by the
use of suitable plasma ashing gases. This typically occurs at high

t enper at ur es, [obes) WW't@assﬁBQNa@oﬂQ@&reMﬁd?ﬁ optﬂé‘mﬁ\ré@re%%d qf t he organi c
residues to Vr%o% fho Sheci e he substra

predoni nant | y¥iI°nor g pro@?fsdﬁgse%ﬂ@f"l&}‘@@?'bl%%aﬂf’gﬂd" ﬁﬁ?q’@}’t‘?'é’F?gF‘ﬁ%h%t only on
t he surfac® o'f‘a?ckr%tf%@bs'?fi tatike sugate clthedilnpnThelreask ngveldo wiahtifgthetireas ais t hat may

be present. Ase ﬂlmrvﬂﬁdlhlatre to%%@elbétﬁa%?é%o%y@%r{@;iaﬁém?srfsm% Ha hGakagd W th a

cl eani ng conposi tion erred to as
conposi tion" T3 &E 'ﬁ’gl #&H‘f%}""ﬁﬁ §pgﬁpntpg§l@a@c$§sm§?qrﬁ@£g@w trate.
Fi ndi ng a suivaidira tirdémiandjexposgeids high mienbityrradiatioo pmiecef thriligh tiegdbdue Wi t hout

adversely af f,geddl fge e)@oﬁbd orﬁﬁ’é Qéiz'd'bgotorglkzlét%ﬁité/rlangeﬁﬁdl {) |'tsrlflmp5&%n net al

C|rCU|try as, al pro ematic, Failure renove or
reutral 50 e RS AT I QBleP T t7vite SBEHTT HLISH 108 PRNORIS RAARSGP 1y

Wi ring and unudésiselatteeaient mismeventngadtantigiin athdr areasi Bbsitive gype HHsR00R0]

C eaning of pgakp.ile B@e%'e‘i{éﬁévenﬁé% Q§m§skﬁ-[?'rﬁdé&%st£’§£ﬁ§a§§ ﬁgn[ngr any

|l ow-k dielectr t o succeed I‘ICC of the

l ow-k materi aﬁ“hf}@é%th%t ‘B%"C?W nig ey, Will DRERM L ARS, BRNEhore BoMaSH E‘ﬁ‘fs eensitivity
i ncreases (e. (Hoos Cﬂ@@a&ﬁ%y/ td?fé?&‘ir@gqoeccé‘gses%ﬁﬁgs f tegarr} le ipggr%g%%lﬁ rgaui ring

shorter process ressive ch 't unat el Y,
shorter p?%ce’é%c“i’? iRpstcyash&F ian W"@ﬁ%ﬂ*ﬁ@ﬂﬁ%@ck e ﬁhﬁt@eSlSanlgpestsqi grea chemi stri es

whi ch can hauee subdiedts iorrernt taé vies, frefdhe Bodtie hbieyvels. di Q'r&@lt bi tﬁzglﬁsln?d ial, as

Il th h
r oved ol ecciring PR Bt dfobogaf SR Crea Hefel ey h pie ety
(0010) Prior agresidies P’Blé"drﬂj oB depsisisivel @m@e «?tmeﬁea@mgﬁgn thexselpgdlats; U. S. Pat ent

No. 7,399, 35 y W)l t czak U. S. Patent
No. 7. 250, 3910‘{‘{%&%%%?%%@@ p’%&f%ﬁta‘\sbﬂ&("m?',&f%{eéée s Qﬁﬂhﬁxgi?meb S. patent
appl i cat i #h Piftdult tareneye. Nior e 2008/ DL FIBSsqnEcind)ctor deBeespatteattadagppbd cat i on

Publi cati on NSRAVRDRH 04 GRR3s bhyalfiabyerdlrbactiils ARRLGALL RRFUD! T cat i on

'"No. 2006/0237392 % L% 3 % Pgl ication Publication
2006/ 0270573 "TIKE'RLE g‘j‘" Gigs b“&ﬁ Sifﬁﬁ ¢ REqUgh theintgriakel oS g
2007/ 0078073 p(wwg@pr)tactaﬁmen e lpat disticapslididear metal Wiy totrat riearteWsoof
2009/ 0301996 V\zﬁ{g\frrﬁés@tvtala}yp.camF&rel A A@ntc@trf *rlflp*ré‘&aﬁoémgﬁbrté sl%@r for

removi ng he et.chi pg Jf %e however, Trom Si i can awbacks.
For exan'p%t SPHEFS on@gmp nﬁ§'"‘i A fgsies Jpr W?t@'te}%@d’“&ﬁsst f?e bottons of
vi a hol es. I\/wmeﬂeaWMreeldp@omMJe involveerdubstere doowriding i @In@ldxImhigbre &ia€

concer ned, prnﬁé%nc%g 18t dxaRPb, r}g sﬁlﬂ@%%khb 313%89 J(}ﬁ'?[en?%%{éﬁgl%gn 958>

interlayer diel ic materials or inclu sorblntothe
pores thus 387 ‘f i HY fg8icRatsiatframthe fsist et to delineste thedasdi el ect ri ¢

materi al s act . t rformance of the
ul timat e de\\ll\ﬁ%&g] n%%d{ ?&IW&)I o@Jnr!th&glgn%athUoféhe %Q} :itepNﬁne pgotc?rfgstzqg t he

sol vent mCxt §k8 r?%lewég bamereqvnéfrom Eretheoteates) aremeishe wabensodat thadivee t he
potential t o fifiaimEdepetdion tiake dlRYEThis bdh be accomplished in a plasma “ashing” step

by the use of suitable plasma ashing gases. This typically occurs at high temperatures,
for example, above 200°C. Ashing converts most of the organic residues to volatile
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particul ar, ether solvents can penetrate the porous Inv-k dielectric |ayer
thereby increasing the layer's dielectric constant. Thus, ether solvents
can contam nate the porous owk |ayer arid adversely affect its insulation
ability. In addition, ether solvents can adversely affect and increase the
copper etch rate, 510012] Therefore, there is a need in the art for a

cl eani ng conposition for back end of the |line cleaning operations that
effectively cleans substrates conprising porous interlayer dielectric

| ayers, but does not significantly etch netals (e.g., Cu, A) or the porous
owk dielectrics, and that does not significantly negativeley inpact the
dielectric constant of the porous lowk filnms. 10 BRI EF SUMVARY OF THE

| NVENTi ON [ 065k3iks, BaEledce H&Md dniNeslibstele 5 pletisrhingsly nbiganioesdudySyahovi di ng a

conposition usef remgving.residue f 1 C tQr t he
conposition E?S'ﬁﬁer {yg'?ﬁﬁ o 'nsfngggﬂwya%’c}h %85@2“ easg’g%?esg%a%gt&we%f“ of water;
b) from abouwalE@iyienthaivanbeassetly Anaireytt, ashtregtedsuppifadgs-ai¢ SftenPaedr gani c
sol vent; c) {fipatialmgcomPoditonapruly raidfedy avaigi seibpiadcamposifore @pound

sel ected fromthe,qgro onsi.sting.of .a at .| ea one ai kanol apl ne and
ar ni nopr opyl| Wﬁ%@gihf?g& aﬁ?er?'?lfﬁﬂdﬁggfm tT%“E’%ragebﬁﬁdmgg@? k)alé%\ﬁgﬁagl el an
or gani ¢ aci dgorenoditier) fof reaveva bidhis regidod Mithayt adyersely 8ecting, agi. gertoding. a f | uori de

ion source, WaEH&gr HBgMAL Blefil cilcSifry BALaI B&Veh BrodRYNtFailse ROt an et her .
20(00141 In anot her as i de od for

ect, the present I nventlon prov S et
removi ng resF?i'aPéet?'YEﬁﬂ°§egb’?ﬁ“t{%‘ﬁ%%EH%SHJ?JEﬁB’éEefﬁk'%?'s?ﬂﬁ@"%ﬁ%d{htﬁ%ﬁf%f sing the
st eps of: contiagandupdesiebledrieasssduelpdricabigbistan@t e with a cl eani ng
conposition of claiml, wherein the sem conductor substrate conprises a
porous dil8l et40P]c Gleaniigichposkiigh regideesdPrapiatt Fiitical PERETSAMP; O A STy t he
cl eani ng conpiestttic MAatefizil@nucteds agiheaitbatic oonssnbs thedbve k matetialpusheng 25t he
sem conduct o SHbGt§ At &y MNSKEh nbdlG HrkhiG clre%sgosqg‘g't'é?@d% ftefiginPOr ous

dielectric material does no?ﬁl ncrease nor eﬁ%an I'n yet anot her
aspect, the PPERIERT: ofcnVBRIEPRAPINGPNEIERS PRCPSS IMER PRARIIATE 28BRTBEI ti on to be
added to a cheaiidting. CORGROSLElY, Bhgrtes priocksk @pkegunshalierinsia@esposorti on conpri ses

a) from 330“%993%%%&@%% A DX nR! bl @B on 1Ry loh iOBIRREUL 1530 € O

30about % \ er-msc e organi c sol vent herein the

wat er - ni sci birétedall aserall 45 Sthebiackinaiqrialsr(e e JorPopiraBieRieic o bYs: IMBEYED 59 by

wei ght of ancesfimheaspRs Rih veaehigicEsadtifityara désigedgr oup consi sting of at | east
one al kanol am ne and at | east one am nopropyl norphane. MJ] In yet another
aspect, the [Ao0&elerftrior ayetripringreoppenitioneinclydayiar pxanpleo - 8%%%7@%‘% ed

resi dues from@assueoPaINY. 6 34HSHI (Wofc80NDISI Biteld NoE258l30P SKadho), cont act i ng

5t he sem_con or _substr th eani onposi.t.i on conprising: a)
from abodt 1 3%5’8{9%@%? sgg%%@r%rcghq‘gb'?at‘wg?pé’ﬁ?a%gﬂ él’fbtr''%a(r?ﬁorz'a@%’ut 10% t o about
65% by wei gh20af00467k&t(Egbe);d-S datehiappliogtion RublestigreiNe. 20964878287 (Byema),

wat er - m sci biyes. pQlbMepblicafor HMiblicorAld) eb6e/B7iqmahout. ddert aopababi  20% by

wei ght of an 1 ne ted framth r.0 nsi.st{ng of at |east
one al kanol aﬁaﬂlﬁaté’ﬂc%%g?&q%&gﬁs%ﬁ oy )h%%r %%?}\?F“ﬂ%?%ﬁ%ﬂ%’%%“°a °from 10 about
1%t o about 29UA/09Y8WSi(figerodnddd Sl etest apptication Bebficationte. R00AAW18I6 f r om about
0. 01% t 0 Bbow;sii. bYWkt BfppRg EoiRIHER 1brABmSHY thSetc 84U stifdrd
contacting ste rezults i.n a loss of _a por |§@. of sa ﬂ C ﬁanl ng .

conposi ti on; NAMRYes M pniicant dipubacks ngi e ‘if'b"ﬁ‘rb IrPf%tﬁ"cis © &RPUCEPEMN g
conposi ti on; esmised orepb eottostswvia hadenpdaedveo where pproisintegayealol-kf r om about 20%
to about 84%jhy,; Q'thor%gl_'n%tpﬁ&;aﬂ@ripﬁam%rﬁmmbnsleﬁ%rteﬁhMQUQO% by wei ght

of a water-m scible org,anl c solvent, wherein the water-mscible solvent is
not an et her intgslpyerdisiactis material ot igeludsaomPaas syahatsort MiheResiiYse conpound

sel ect ed 3or omctdasing the dectriaresnssdnt, ikgofatfe didledtreasdteraewkittkamodctamtiallg and at

| east one am ) rlm%!' T ki dle ¥&ice@not her aspect, the present
i nvention prggé)eggégpﬁlpggrtmos|ﬁ?%ﬁc%§3¥eulﬁm¢ o? ré:rerbvi ng residue froma

fSem' Cogdu;:t ig%(ﬁ'tﬂpﬂi\lglﬁ?et@pec% t?Q‘Jb&Q‘fﬁfH_ﬁ\SN&i7§?}23,§287(:)5ﬂi95‘§oit\)/&ﬂfnﬁ>&§rei’h‘giuaéslabfog/ot?f ; g) t
rom abou 0 abou 0 | 0 er.; ro ou oto abou
65% by wei ghteté8f' OEéh%5?'é?"?%gg‘%%ﬁrﬁa‘%%eaﬁt%”\@é? 9%%"19)9% I%‘@(Za&erf ﬁ'bm the group
consi sting of propylene glycol, glycerol, dinethylacetam de,
tetrahydrotutyl al cohol, ethylene glycolF, hexylene glycol, and m xtures
there'd; c¢) fromabout 1%to about 50% by wei ght of an am ne conpound
selected fromthe group consisting of a at |east one al kandam ne and



25am nopr opyl nor pholine; d) from about 1% to about 25% by wei ght of an
organic acid; e) fromabout 0.01%to about 8% by weight of a fluoride ion
source; and f) optionally, fromabout 0.1%to about 15% by weight of a Cu
corrosion inhibitor selected fromthe group consisting of benzotriazoie,
am no- benzotri azol e, L-ascorbic acid, genic acid, vanillin,

di et hyl hydr oxyl am ne, and m xtures thereof. 30[0018] In still yet another
aspect, the present invention provides a conposition uselui for renoving
residue froma sem conductor substrate, the composition consisting
essentially of: a) fromabout 15%to about 50% by weight of water; b) from
about 10%to about 65% by wei ght of a water-m scible organic solvent,
wherein the xvaé@rr 4§ B6NRINR cas Péneerat thesponmis lark delbaic laysy therebin about 1%t 0
about 50% b gghtha%gler% |e?e'ﬂrﬂ%0n% O] B ?&\te‘ﬁg chh QJHtatnh@atéth@Up consi sting

of a at lea noI am ne ‘and am nopr op rﬁ?%l ne; % frn?m about 1%
to about 25%"1995 imerikgdver asd aé\f?fﬁﬁ‘\g%ifﬁi"dtsé[@}"ano"@%"'?yrd GOt 69%8 50 about 8%
by wei ght of,2adibie bRt amNnads 6@ copsedetth radpt i onal Iy, from 5about 0.1%to
about 15% by weight of a Cu corrosion inhibitor selected fromthe group
consi stimgy Qfo1bEMretdiraiireis aawehio-teentior 7 flegnigsompositign ohP#kEnaeh d, garlic
acid, vanill ly AGMs Bipst-ateesomipheneedrousBRI EF

DESCRI PTI mt@mera%%‘{ﬂ?%%mw%g%g% ¥v§nz) C%m; wal | view and
(b) a top suﬁﬁffﬁtﬁdﬁ"’éﬁwaﬁﬁrﬁm‘i firgs gy '83'@?’8? r'ﬂe 5 ?hese sUr Faces before
cl eani ng angofo0y lowhedissdottes wati thavicemnatrsign(iicantly hegativalpy Sopachibe dgleeiF af t er

cl eaning wth r 950 described in the exanples. DETA LED
DESCRI PTI ON ET—SJIDH@n F&O’ilﬂlFSn[QOOZO] The present invention provides a
conposi t{pon whose conponents are present in anounts that effectively renove
residue froma substrate such as, for exa a_sem conduct or substrate.

I n applications concer ni ngB&&H SLYNIHBY OF T g‘%ﬂ%‘i’??ﬂ'@%‘ such resi dues |ncl ude,

for exanpl e, photoresi resi due sh r dues such
as, for exadﬁ&‘@] T'é%?’ﬁﬁ?@‘s‘"‘teéﬁfg‘esﬁt'%'ﬁs %&Q@?&é%pr%n ge%g%p%glﬁ Srg'zllof\g/'lej a
20seni conduat@bvistbsiiuedton asatcdndataidestraiet the CO@OF'F'Q!W"‘P%“FQ éxf'@mand/ or

inter-level qiglegtp EEOUV?(WEBy b lﬁ'ép\natatsb)dﬁ&ﬁﬁb&@ﬂb% td dbﬁmmswyd&ﬂght whi ch
will also coid into contact %

C cal netals
i ncl ude toppée WaEBIREPeAIHY, 5°'f/?’ltaﬁ)i %Pﬁt%(g P@%mgﬁ% g%gp F 'lél um
t ant al um ni tdnigkeconglournd seteated fram dire md:upmomntmabiftfyleameélkwﬁﬁhfge #¥¥nposi tion
ol the present mér?d?pgmogﬁg HeSd Ci%ﬁpgt;dup{%‘td'ﬂﬂobt SBULdY W%ealaabﬁgaﬁiﬁ atibey exhi bit

a 25| ow net af trlc et ch rticul |t|ons
provi di ng a a¥¢gEpdiomebey oroat/%toapoujﬁN%WﬁlgEWﬁai'ggr%eg "RPH i Whg%fﬁg%

LA /min or |gas-rmyblbergpiieédentdnotdaeter. [ 0021] The cl eani ng con‘p03| t| ons
ol the present invention conprise water. In the res%rs} i nvention = water
functi ong0i noQHAli duenolayaspeeiche aigsent yerigaprAYides aBeRRAIRIPYRTEHES Sy or nore
sol i d conmpongg § séthicddaBct6@PRSid, ihemetide camprsmgitier staps of: hentainpbaent s, as an

aid in the rermval f t.h of the
conposi t i on, SN ngléc [ sups ratgnt?th ggr%%?@ cﬁqp\ﬁ!;n cﬁﬁ)?'clta% {TWblfe!nQﬁe

%H e water enp o%\{glnthe
cl eani ng conposéanietorisgbsifateicomprisasia peipys drlecic matf’(f’b'?aZ]”gIat €'"Sel i eved t hat,
for nost app&dn@@ﬁt‘ @ﬁbﬁwgtwﬂlﬁnm@ﬂcb%p&mmﬂfmﬁ&w sbalcomsatpdubstrate; end drjioait 15 t o

bout 50% b t I d
Compr i so “aboliF =aseranGeal MR En g (el PEnGRARBMad R on ©o

enbodi nent s mﬁtetléh'IGOQa‘M@ﬂ@a$mﬁmabﬁ5@OU| d corrprl se from about 20 to about
40% by wt. of water. ot her preferred enbo he present

i nventi on coLﬂoa5]chtP§‘§h?’P69ﬁ°5%LPfes§6t 'TVS"%‘?B(S’U"[V'%%%B eﬁv\/ﬁ%e&of water. Still
ot her prefer &@ﬁboeiﬂhoﬁlbmnda toh cehmngroamesitoni MWplﬁmWmemﬁMMde water in
an anount frorﬂa&BQé’é) %&umﬂfo a%éut’;abé/ bWeQ;mof%tea'B) mwﬂbutet%e@tl ve to

achi eve ihe desired ot her in Ef ents Vg}ger-Msm bl e
Organi ¢ $6I vepaut 40% by welght ofawater miscible organlc solvent, wherein the water-rmisci

solvent is not an ether: ¢) from about 1% to about 5% by weight of an amine compound



10[ 0023] The cl eani ng conposition of the present invention conprises one or
nore water-m sci bl e organi c sol vent, wherein the water-m sci ble organic
solvent is not an ether. In certain enbodi nents of the present invention,

metal lines on the substrate typically dictate whether a water-m scible
organi c solvent is used. For exanple, when alumnumlines are present on a
substrate, the conbination of water and fluoride ion wll 1l6typically tend

to etch the alum num In such enbodi nents, the use of water-m scible

organi ¢ solvent can significantly reduce, if not elimnate; etching of

al um num [0024] Exanples of water-m scible organic solvents that can be
used are ethylene glycol, propylene glycol, 1,4-butanediol, hexyl ene

gl ycol , di netshigpétedilrdnoshiecequp domsistihg/df ableast anmalknplatnire mathgtdeast arref ur yl  al cohol
gl ycerol, al galiRb®pyisbiphg@nbdes, or mxtures thereof. 20[0025] Preferred
wat er-m sci bl e sol vents include propyl ene glycol, glycerol, dinethyl

acet ami teh @16 hiy getainuihyd aspédt, adrosedt lh\ydn&ﬂﬁ)rﬁ}lldé@@metﬂ’éﬁ)ﬁdfh@ﬁlﬂn l'ycol, and
m xtures therg e

conbi nati ons tﬁenrteeo ggéereyror@%tsteﬂ‘rgog&mg &gx%tgfﬁ%'?'ls §9‘|'s'sswge¥#C gaﬁt"fgnat f or
most appl i%catifeoiegicongrston fhgite Wﬁh aaleaningrogpPsiica comprisiigca) Siomagatt 1674 |

conpri se froms &0180%8) WégH 5PAdws; Mek@hkbsf 109 a@@@f@@%lbw@@hm alagm about 20

to 65% by wei SI t| sol vent
conpri ses frggn&a ou?gn&S ﬁ'en @gdyag "U\sén%hsfngrﬁéf %&?ﬁheé “[338 ally, from
about 45% t o 2a®bite 1S 8RUHL0% waldﬁ@mn amne eoreronnrt sebR2tH rpmisi gybrp of

wat ]ger - i SCi bIcensqyt.g@alamesgIoH@akanlahém%lagbtat 18dst bitLar lh{fowasnneldjfr%he[ 0%
preferred e ses (rem ou 0
By el ght0” cdBRti i ou EnPLYa ou8 B! Bt SoR A ALy o PP ot
especi al |y, &hgut 8f/§)b! weigiolia 1B09e by squstey vherein[s@i0 2@tacting stéreresdtrosi t i on of

t he present |Id3¥6ﬂi pd?t"bn of B ¥iednig c%ﬁ@éltﬂh%n@ragé’rﬁﬂﬁré@hlyﬁﬁgm édt'lﬂﬁ)&lh&ﬂs
primarily to anic r bl e sol vent

conponent of t‘i%edscgeoavFggPrﬁP%?H'gn c?f’%f?Pienﬁ?‘@%@ﬁf’ml’?ﬁ}@HF?”&?{'SHSe?% f'i‘PB‘caWHtcl ude an
et her sol vent20%ltma®wh%4"/o howelght obvdiertis) faore alrot 158619l abyed0ady Bietybt of a

wat er - m sigi b|v@te$91hs\é©lé"or§dﬂl€l%@l0@ﬂtwr@felﬂ th@ wﬁ@m%&bk'sﬂ%t anof:en\eetrférr%ent

i nvention. V\r;t hout 1 Wi, Shi F%o% B n 'Ef?/ i's believed that ether
sol vent; can 8'3 Taa blyé’f?@ te f’ﬂa%é‘?f’?’& ugg se"?"fedf?"ﬁ@?w@%d t hat
ether sol ventensisting tpf@h@@s’tan@alkmlaplme@ueal least bnedinghapatpyimorphaliper  maki ng i t
difficult to renove fromthe |lowk |ayer and increasing the dielectric

constant. Thi¥17k¢/Ryst a§8tf‘?/'e9ﬁ9"s°t é’?fr'P’%??ﬁl'&Yﬁ”P%‘t%qu?éaﬁ@ﬁ‘?ﬁﬁ'%%ﬁel@' foayer and
10adver sel y sy résidsie ifmisul saticonduator subktyate, lite cvehpbiitionRonsatihg@ésssmiament s can

adver sel oal Legf g ol mgo%@égoou%oﬁ@w&@tSﬁvm?rr@trgqm AREOHY by UPON LSe,

t he conpositions of resent 1nv i ncrease the
dielectric céﬁétb&Wte'gBtfd?N@teI’ SWCP'eerﬂ"€éPWP'B SP'&%’%@"%W“E gtohaﬁP"@'Sw %nd the Cu
etch rate doespyaie gﬁycoegiqlcedoukhmathwacsiaumel wWeatyafubb hIGEh30 bthyibies @jcerni ng

conposi tion ﬂgxlgfen ?Q%Oq}%ﬁ >+d?¥setn£rje8n af'rd%?at?o%ﬂ?f& %%ut%'a% bgtwelma{g ggources al

fluoride ion unct1ons ‘princ remving
i norganic r eé‘i"ﬂ‘ﬁé?ng?”c?Prﬁ?'PFéedsf[ﬂﬁ‘SWF 3t°éP Cwséf'r@rqf é@t legsvprasignoemioe apd ovi de a

fl uori de 250n asapropylracpldits; @Y fiom dobe 1p4 18 A8 259 B WoighId! & Srg@aTEIN; BM

fluoride and j I e

t et ranet hyi agrﬁHrr%h%%%? %dgg@ggﬁ%RF Jé@ gﬁﬁorﬁgi%%ﬁ?rﬁem {)?IOB@%%"”R fluoride
salt of an aPPPhad 7edo prquirii’y by weighs sbiaky °@f°3t°é|"’thibﬁ9f>ﬁelaﬁ9¢1@§0fcm ghipused.

Exanpl es of soreRtimydfBeszoniagold, BOFR-baaxgolb,L-&chibic Ak FaliEadid\ReRARA F

diethylhydroxylamine, and mixtures thereof.

30 [0018] In still yet another aspect, the present invention provides a composition useful
for removing residue from a semiconductor substrate, the composition consisting
essentially of: a) from about 15% to about 50% by weight of water; b) from about 10%

to about 65% by weight of a water-miscible organic solvent, wherein the water-miscible

-5-



wherein R, R2, Wand R4 individually represent Hor a (Cl-C4) al kyl group.
Typically, the total nunber of carbon atons in the R . 1-12, WAnd R4 groups
is 12 carbon atons or less. 25(00301 In selecting the source of the
fluoride ion, consideration should be given as to whether or not the source
rel eases ions that would adversely affect the surface being cleaned. For
exanpl e, in cleaning sem conductor elenents, the presence of sodi um or
calciumions in the cleaning conposition can have an adverse effect on the
surface of the elenment. In a preferred enbodi nent, the fluoride ion source
is ammonium fluoride. 30[0031] It is believed that the anmpbunt of the
conpound used as the source of the fluoride ion in the cleaning conposition
will, for nosblverpj iotat etherss) foomngtrolsts tocdboutt50%. HY elght @b Hinind ¥okyounei ght or
from about 0. sgﬂactE&’fr@rp%t u%cgafshs‘ﬂﬁé G at %fast%néglk%”o'la e4a9|d/° ammoni um fl uori de,

or stoichionetric egw va ent . onpound conpri ses
from about 0.3PKP B‘B[PP°'§'%%W°W€4bQH't1 7o W(ﬁb@“tﬁfé?é’fbérwalghﬁpf Af ergARBatd eD. 02 to
about 6% by Viegivbut (S11P4 o abmt 8%y eferiedd laYiuoraid Mitsodrcé; Qn@b%ﬁnor&%,lﬂ%mmi ght,

and nost %3] efa@Bﬁ%‘ﬂ% tofaB?prdg‘p%gEve%rtoo‘?g%u cBrr IPo%drEmb% ?se}/ect;'\ﬁ*rgﬂgh Of o Solution

of about 40% Sambni Um SPtion will
conpri se abolfPneRling otkenzdisgele: mmbe\nmt@qipledra%@mac@s[at!llca@d.azbtwn, 7% by

wei ght of a fdietgmhyélexyiming ant BRiurasticedbimay be provi ded by a 40% ammoni um
fluoride solution. Preferably, the conpound conprises fromabout 0,02 to
about 6% by wei ght of a fluoride ion soui ce and nost preferably, from
about 0.025%to about 5% or_from about about 2.5% by wei ght 10of a
fluoride on source or fromB¥du? %P@gTW%'BBWFDfé%'%@ wei ght of a solution

f 40% | 0.0 % b
05 5% or T oL, Hab 1 Spo it IGLGEN A o0 SRR R LS RR00,

ammoni um f | ud¥esae onthese petaces %@'ﬁﬁ%@t%é@)iﬂ?ﬂdem&\wamumw)ﬂm‘stqpl uori de ion

used w || typugakvigwdepedining @eMening@Bmpbiition 85 edetisdd is b Skdnii&s. bei ng
cl eaned. For exanple, in certain cleaning applications, the 15anpbunt of the

fluoride ion can be relatively hi gh V\/nen cl eani ng substrates that conprise
dielectric materials thatq%ave a reS| stance to fluoride etching.

Conversely, in other appl éleEPn%ES BTNRMIHRINVENIIEN de i on shoul d be

relatively | t t conp rise

di el ectr |13:(5 rrgatmezpllf gfhs??tf%gm 'Rﬁentygﬂgﬁ OW T gg’ﬁrgotsgﬁrgéﬁ?sg %ﬁ%ocr)’?a ﬁagreeot csﬁptﬁ'b 20

pH Buf fer [ 0@3RYntyiha! iegtlyAl rPve sisse frppm sebstielssugr assienexamaleent i on

pref erably i mehucesctar ubétfaes. i imgpigaibihs dodc ARG §dlicont@tdp ELfratbd@ugonposi ti on,

typically to i Qut 1 | rom about 7 to
about 9, wtﬁggfﬁgé @?Ig?er ?JPS%H%E Haogg% gﬁ%ﬁuesbe?wrg%'nuets‘ra&% %&ffd%g to about 9
or from aboutsu¥ 2 PHe*arBI9t rei‘(bues?ﬁktﬁeé bareéctvar'qnmmg!sy'pppvafam ons in which

the use o buéhiesridogor @badmoag@msmetandm e HYbtifer- @Rlpautala&ﬁc because

somee appl i C%altaqglssugﬁ(gﬂ &'pg t@d Qlioﬂr I |]Zi<£ V\ﬂii }jlg sgccausfﬁ:&ntg{{ E%%nt and

undesi rabl e varl ances 1nrci e Buf fering
agents for u$eanifg Qqﬂl@OﬁiF%‘sém'cql m@t@mmwepmewpmrdm}ymw ttaniwak aci d and

a sol ubl e salnfrideoaitaiun| BetakiReited)AIUGRLE ahazsealmﬁm&m"oveﬂlﬁe @&dnmi For exanpl e,

the 30bufferipgg n_co e a weak, organi ts
conj ugat ez base psoégiﬁpgf tﬁ:eapresenppven%n is compatible wﬂh suc erlals as %ey ex |b|ta

low metal and/or dielectric etch rate. In particular, compositions providing a copper etch
rate of 4 A/min or less, 3 A/min or less, or 2 A/min or less may be preferred.

Walter

[0021] The cleaning compositions of the present invention comprise water. In the
present invention, water functions in various ways such as, for example, to dissolve one
30  ormore solid components of the composition, as a carrier of the components, as an aid
in the removal of the residue, as a viscosity modifier of the composition, and as a diluent,
Preferably, the water employed in the cleaning composition is de-ionized (DI) water.
-6-



for exanple, acetic acid and ammoni um acetate. In other enbodi ments, the
buf feri ng agent nmay conprise an organi c or inorganic base in conbination

wi th an organic diacid. Exanples of suitable bases include: anmonium

hydr oxi de, am nes, and quaternary ammoni um hydroxides. In sem conduct or
applications, it is preferred that the base not include netal ions, for
exanpl e, sodi um and potassium because they tend to contam nate the
substrate. Preferred bases are the am ne conpounds descri bed herein and the
preferred acids are the organic asides described herein. The am ne conpound
5and the organic acid conpound together function as a buffer when present
in anobunts sufficient to forma buffer (i.e., when the nolar ratio of the
acid to the Weme] ilsisbel@nedthit, foomast hfplicatiéns, neteCalipouprise] 003dhpidftenc| eani ng
composi 11 0N Ghok 116338 By MR b SRERIBARORD AT B8 HPROIRGHNd,  whi ch
may i ncl ude (13 at | east oné al kanol ar ni ne; at | east one

t ar ni noer opy IRYY PIRATEHRoULPS o ghouh 8P fe Ryrwiaal weieh s@therpeeferadanbprdimanael and at

| east one amitieopesapyihuzpiigalvalid Bémprise @3/ labbul 26 & dbaitRORLS e rof aldtﬁenmdi ments of
the present i J . am d | ._ope t am ne.

Pr ef gr r ed%al ﬁg\égﬂgﬂ%g%e%%&ﬁgﬁeumé g’ﬁ%%@gwg/e'gﬁg g%%(# %%’Sptﬁ'sé%{?%gt_’v%'?éﬁoar e
primary, secGheHBS” &nut rbwateraSiill etheriprriertadembediments oithe resenhingantion Exanpl es
of SUCE al ramﬁdxldiIﬁBIﬂwwdté?GJ! atdﬁn&lmlfﬂ?&ﬁ Bwuegmr&%@gm B?wgin amount

nonoet hanol a , e npl am. ne, nonp- i.- ar

triiscpropano fé;cﬁ\ﬁ%t%g@ 'iv-e((q% %er%ﬁ%qgvé 'glgﬁt/f’eérﬁ? nrt|8§}§? ?1”:31 rd’fg,re‘%"ﬁz-

am noel hoxy) evhaboinid Olghib8pveaM ne, N-ethyl et hanol am ne,

N, N- di et hyl et hanol am ne, NN-di et hyl et hanol am ne, N nethyl

di et hanol @ni i[0u23] Nrretcleghing bangtokiderodf aind mesen20eyitdnabexydeabnd sreciret hanol , and
m xtur es .ther\»f%%ﬁ’-misk@%%?%an|c@o|95rﬁ,fvﬁ1rei:e$rplhgWQ@Q%E&QI%%%gaﬁi@gol«?%} iQ%PtCa%.”pO“”d IS an
al kanol am ne sel ected fromthe group consisting of triethanolamne (TEA),

di et hanol ar nieH&" IResHsiNRRLodiMments Rhie AP Inventipe &t frasen div syestraifenoet hanol
am ne, am noggtchiydictate vhathola wWahieiiscibd- srgdnitydolvertivusel. Rdrierempléranen sopr opanol
am ne, cyc! ongiHAThBeS BlaAaR8h a sBiltta@ L ElithiRRod (9/aR0bnd ABART L, b Of Ner
preferred enbodi nents of 'the present I nvention, the amne conpound is

ami nopr cpyl r ABISBAPIdR Stof el U ai dermosdimants dhacsrof wapaissiRle t ypi cal |y
not needed. pRRABBkoNdnt tzh daplfiaweebdudal nbthemme®e adhigfof bibinam ne conpound in
the conposition will for 30the nost applications, conprise fromabout 1%to
about 50% by [W@flyHixamples Riewaterresiila ¢raanic spivents thatednibe usecbwaethgesd o about 50%

gy vei gﬂt o]t glyber, pedpv@a@glp4onn,4-r?ﬁanamu,ehe&peﬁd §|§c@ahilnséthy|t&hﬁfawae,%ﬁr%myo abogéI 50%
wel t of .the .conpositi.on. S ennodi nts, e am ne, conpou
c)c/)n'pri ges fr8m %@gﬂgg 'fg/%{‘{f%f“'&t%ﬁ@°’f’35§&%?'gﬁf&8§resé‘ﬁ%dean°d,’“"%?Sef“%'ﬁ cifically,

f b 3 9 i 0 j ght of the
Cgﬁgﬁogi ?:égn [(i{;g(s)]ghﬂ%rrédzvfﬂt@rtm@mggol\fern%mcﬁjdgfBro%p&\étg{I){c]:éP%]écS%e@,(?ﬁofnn%@J}] ght ot ¢

In addition to functioning as )
buffer, any & t%g%é%%mﬁﬂﬂw%h?'eﬁweéﬁ g\XF‘P'H‘eg enecdvgony mKEES f unction to
react w th otgao Qimebgacteenidn dropllelegdyeohngy@hd, od combigptivisahabdard ng
operation. Opgaii&edckd

[0026] It is believed that, for most applications, the amount of water-miscible organic

25  solvent will comprise from about 10 to 65% by weight of the composition or from about
20 to 65% by weight of the composition. In some embodiments, the solvent comprises
from about 35 to about 55% by weight and, most especially, from about 45% to about
55% or from about 48 to about 52% by weight of water-miscible organic solvent by
weight of the composition. In other preferred embodiments, the solvent comprises from

30 about 10 to about 40 % by weight, especially, from about 10 to about 35% by weight,
and most especially, about 10 to about 30% by weight.



[ 0040] The cl eaning conposition of the present invention also conprises one
or nore organic acid, which functions as a pH adjustor and, in sone

enbodi ments, as a buffer 10 conponent. 10041] Exanples of organic acids may
be aliphatic/aromatic carboxylic acids, am no carboxylic acid, sulfonic
acids and am nosulionic acid. Exenplary carboxylic acids include, but are
not limted to. acetic acid, propionic acid, butyric acid, pentanoic acid,
3- net hyl but anoi ¢ aci d, hexanoi c acid, heptanoic acid, octanoic acid,
nonanoi ¢ aci d, 15decanoi ¢ acid, dodecanoic acid, tridecanoic acid,
tetradecanoi c acid, pentadecanoi c acid, hexadocanoi c acid, hopladecanoic
aci d, octadecanoic acid, dodocaneciioic acid, 2- ntithyl heptanoic acid,

2- hexyl decanpozz)adi e camgisition étaihechresen inlbdnamb g/_ate_nmtsebl_@ g&gahidis_olf/eum_r idC aci d,
succi ni ¢ aci itaconi. i ut.ar id, adipic acid, malic aci
tartaric aci@?dgﬁiWWF@@ggﬁgngﬁgghgg%§F%% acid, citric acid, lactic acid,
glycolic aci ﬁozsﬁserﬂé Rher-Akbible samaémﬁnbmbﬂhasarﬁgosmls!d feprksht benzoic
acid, isophthalic acid,,. hthallﬁ ac’ ) @{IﬂEflk}I% acid, R rfne litic acid,
salicylic acltEMion pegnyeHR " BERZHIE adl BNENG St réefss?mﬁ%eeﬁ“ﬁ%? %%ani no

car boxyl i & atbe dster-mekib@eolvini torapaaentot the compasiionsef thglpyesemd)ventiony dr oxy et hyl

glyci ne, al agkfG: wishing to HeBBGhd Yy thARPRisHlidVd thell 4R Tbikhis AR BahAdetndtl Cd.
glutaric acid, vy ni ne, d CHIC acid, nitri otrllpg_etlc

ans, argl e |_nt|n% i ace , |
aci d, et hyl eRU&3¥RI- & PrEsYaLtR Pelieveddia ether solvepis cahrsrgifta e Re VPP Xacet i ¢
acid, di et hytielaerid layeamakieg pdifitatelo etmaye foindhe lawd layetred screBsiegtpeary
sul foni ci am @9@&!&&; %ﬁét&nt?i?hﬁl-l??th&f‘swgﬁs cditont@hRald®e dokdtks ik hfr aRENZYI

sul foni c aci p- uene sul fonic acid, 2-(N norphoiing)ethanesul fonic

aci d, N (19- FYEIEFERchUa IAIER 201t dn AR eiPRs SolVdiAaB Adtaragy afiect and

3-[N, N- bi s( 2intrgakeaiey@iphytechnatp - Recoljrdityoupop ueg dheasmpbsitiong ofdied mlesent

4- ( N- nor phol § - I i I P - Ik di ;

S0nydlr oxyel g e PPt s tho diocelic sonstan i ow  dilegioaer

hydr oxyet hyl PpiefndA0aad e Gusetet 85 £iees it £E1RPE 4 A0 . 20-
cyclohexylan%pg%g%ﬂpnesulfonic acid, and m xtures thereof. [0042] In
preferred enpbodinments, the organic acid is selected fromthe group

consi sti Rg OfgoffalThe cid&rinh cofb&ibinGf A6 bfbsertiidvEhten 86 Bommie& dne oPHb@. _

i m odi acetic aC|d,ff agiLc qﬁld Para-toluene Fqlfonlc aci d .ﬁ@ll|c aci d,
ascor bi ¢ aci BPUeERE! HPIePL <Y HEE BBfUNCYYEAFCPARY P 8595 N U RUH I he anpunt
of the or ganiesidagsifm the stbstrgenpretired emnpgiuhds, thet grovide e fildoride on seysed | cat i ons,
conpri se from:aRRYto th¥plRe R ior afPammoRirGRbrid ant GRM AR HhmbRRh0o about 15%
by wei ght of th@icoggos tion. Prgferng t.he or.gan %%Id conBrlses from
about 2% to SHHURS SHSYENME" IR (LBREY Vﬁ%@?’é‘r"&ﬂﬁ‘%‘ f PUHPEBENETE MY M about  10%
and, nor @0 pr tdogdea bl fyorifie saihchboaliphdictpdomanty cagcortiefpontertiaryamindi@otbe Rse¢do about 5%
by wei ght of g{IAee QFRRRIakiMRE are kMR haRS] B8 ickmiA:Di tors [0044] The
conpositions of the present invention optionally conprise at |east one
corrosion inhibitor, Corrosion inhilf'NeiRSR¥Ferve to react with the substrate
surface being cleaned, which may be a netal, particularly copper, or a
nonnet al , t owprieisFvdt eFtane RS inglividealy sanepsprtelemt(Ceko aksdiomspeTypifriu thaur i ng

cl eani ng. | nioRRRdmBeMbadaridndtowistihBe R be] sfaind Bbgind i © @bnpRFdsice itkar t heory,
it is believed that the corrosion inhibitor fornms a coating of an insoluble
chel ate esnpmadel dmsdldvéngibp peurcesal tedloerjdetidnusorsdpplieshouidbegyenastio bet ween

the phot or esiyglindr §Shd W do6AD Veitlas SOABRARE WouB Rtk 2 MBHe LRSLSBYgPT eventing
corrosion. [004 Al corrosion_ inhibitor known in e art for simlar

5 ny th
applicati ons,c'e%’l?%'h':%{sex?’ﬂ@%é“ HPINISEREFOINICYY Lemenly theggpsence p sodior whi ch ar e
i ncor por at edcdieuneions Ibyhe @éapingreoepositiay cdehavs edadvéise effieorothe surface of
corrosi on-i npi,hj i ' ; I - - : ibkon is used
o ol oan a moPaITEE A7g BRI g Ui ko e PRl | He
aronat i ¢ 3pydroesy nqgmevurzljdgatm@tod whmir@ caﬂnpalgehqu a@afet@wb ofgh®up- cgg} szits]ng
organi ¢ conpgunds. and, a rides thereof. and triazole conpou
ol ar/ ar et o0 Ry f SRRt REL T e ad ertfRET SuFesars i Tenol
pyr ocat echol to abeg@fchyrmight byfehmoghoilibeielo apgut 6l Welaht of aBolytiohdA%enet ri ol ,
salicyl al cohol, p-hydroxybenzyl alcoho%, o- hydr oxybenzyl al cohol,
p- hydr oxyphonetyl al cohol, p-am nophenoft, nm arninophenol, diam nophenol,
am no resorcinol, p-hydroxybenzoic acid, o-hydroxybenzoic acid,
2, 4- di hydr oxybenzoi ¢ aci d, 2-5-dihydroxybenzoic acid,
303, 4-di hydr oxybenzoi c acid and 3, 5-di hydr oxybenzoi c aci d.



[0047] Exenpl ary acetyl enic al cohols include 2-butpe-1, 4-dioi,

3, 5-di rnet hyl - 1- hexyn3-o0l, 2-rnethyl-3-butyn-2-0ol, 3-rnethyl-1-pentyn-3-ol,

3, 6-di met hyl-4-octyn-3,(3-diol, 2,4-7,9-tetrarnethyl-5-decyne4, 7-dol and

2, 5-dirnet hyl- 3- hexyne 2,5-did. [0048] Exenplary carboxyl group-containing

or gani ¢ conpounds and anhydri des 5thereof include ionic acid, acetic acid,

propionic acid, butyric acid, isobutyric acid, oxalic acid, malonic acid,

succinic acid, glutaric acid, rnaleic acid, tumaric acid, benzoic acid,

phthalic acid, 1,2,3-benzenetricarboxylic acid, glycolic acid, lactic acid,

mal ei ¢ acid, acetic anhydride and salicylic acid, [0049] Exenplary triazole

conpounds include beno-tolyltriazole, 10mtolyitriazole, p-tolyltriazole,

car boxybenz i ARR Rioride; &%%ﬁb&ﬁkqﬁlvdlmmbem Ardferalie izcdomipazdl e and

di hydr oxypropyl benzot r Q n t he
ﬁ:ﬁ%antea frgm ah%lﬁ 8 ggto z,er Qt% J %\pelaﬁ nﬁﬁg ﬁme?arb fr%m%gut'ﬁ%atto

corrosion i ohe  or rrazo
car boxybenz abpit&Zdiyeyeigahisiiongre isbrativagsiub topbpyt §es Wé’@'ghé &f“é@ﬁ%l t - butyi

ﬁageom: LIRS&a51p 'f:%m%lbﬁtocme:v oltd Qbo@%%ﬁb wagmlotaﬁblutmbi avgltisovaci d, di et hyl
ydr oxyl ami ne, an nei m corrosion
%M@PE% rg H;ngu% c%n mpo |i]‘ An \F f ?J I'Igg g)ogpfp

i nhi bi t ors A Si's enzol riazol o, am
i no- benzot r i zhzalses byl weight ordbioat Oawlt@abogaT% btwaléht@fa(}lﬁwﬁ? fon gource, which

di et hyl hyd“}%éﬁ)t%?r&%ed G;V'Q46%>5anoﬁﬁmtf|h&fd%@5|utdn0@@éradl;ﬁ tHecob@binaved that f or
nost application

the caorr 0 about 0.1
W. %to abf@MPASsS fipm apiP. Ogﬁ%‘%é’BWé‘f ‘P’?'%H 0%{]“01" '8bf’OU§°% anggﬁngﬁrgl ses from
about 0.1 wtpreiétablg, fmboasbut 6% t&@bqut &% er fadsh 9bouf¢@4ﬁ0@b@ﬁ?5@fotywmght%to about

Zb\(/)vt : OOA’ g()andof g‘ﬁﬁéndgro(?\fs@ﬁr@pl)&fronf aﬁ'Bm' C%BQHEb&Jt %%y wg(gﬁt@f a8Mibn &f 40k % or
u

0 about t i qnal
| ngredi ent's %PWBT“W%WF@&?{?W@V é??ﬁ‘ﬁ’g’g\’t ;nggo/ ‘%ﬁg‘ 12 £%rflrtgﬁll I’tl)\glgntl on may
al so i ncl udeo. ptvabout AP yofeighhes afsolutianat H@"/oadmmiumélslﬂﬂdguﬁﬁw%qﬁ s, chel ating
agents, Chenﬁn‘&@s‘g gﬂ;}h«?&rﬁoun@&(ﬁﬁoncﬁ'l&ﬁlsg@ﬁﬂl t@&d"y@eb@fd I@dﬁ@w&rl MEBe The

addi ti ve(s dexé ent En |¥ a t| ns§e| y affect
the pHr ang@%ﬁﬁ“'?h%lbétﬁﬂ%%%rigt‘i'e@ﬁe [[GOSHMP B’tcﬁ'é{?" %fﬁ'ﬁ'"@r?g’lj CAUROF S ent t hat
can be us®d anfounhe trel fidartierion @omwatmlmhlgh ghen %nmtsmstr@fhélha*tqomgf@gent it
can functi Ondlélg tﬁc’lﬁét&%%%ét*ﬂﬁv%ﬂ&ﬂe&&a% t hﬁm@@ tdoﬁﬁbrié?y hefrln nmetal s

in solution a nce th

re Typi cal
exanpl es of @@l"aﬁ‘?’ﬁgth&@@ﬁi"g o farqs '°"f?ﬂ°”'f’ﬁ? ée?aﬁ' $E8‘§’e Fam Eﬁeqfe(gl | owi ng
organi ¢ aci daeéilﬁld stiegrates thikBeomprisadigearicanaleriél tha ha\@taﬁw esstinemtonet et r aaceti c
acid (EDTA) ﬁn,ggdl am netetraacetic acid,
(1, 2-cycl ohexy ene m ne)tetraacetic acid (Q/DTA)
di et hyl engt r paBokdiepent aaceti c acid (DETPA), ethyl enedi arni netetrapropionic
aci d, (hydroxyethyhethyl enediarninetriacetic acid (HEDTA), N N -
et hyI enedi ar [P08Rjt he aleandrpepsijsnetiPharisent inyeqtian p includes a

g-r 'Be'([jhyl enet &Weﬁr‘ﬂ ARhax @&ﬁr@ttl&&p@@ﬂ tﬁbl&o@w&cm typically to within a range of fror;TA)
i arni no X n i
net hyl i rni noﬁq%ﬁi ag lég{) Pfa?ﬂ‘i’ 8%{}'}\'7{# 8P ér?i He té ?gﬁyé ﬁ%ng éiémgnl trotriacetic

acid (NTA), betWeerdroacab@wt&talabw Por faan aboutB. i tecabiowt 18 Toere 3RYB¥FI ¢ aci d,

gl yceri c,aci gopii0Xild ik whh the u@@thﬁ*férﬁg@stddantdﬁéb@ mdédl eden GERBdRIOAGI d,
mal oni ¢ aC|d Fiactlc ac

I catecti. ic acid, propyl
gal l ate, pyr BEFar§esIome8 aPFg'&?t'BQi/aﬁlbﬁép}"ﬁé'ﬁlwb'ﬁﬁC%rg/caf' ik 'f'bﬁg%#‘éer red chel ating
agents are aumesiebéadagks i cenitsansisobstate RPN, Q/DTA and am nophosphoni c

aci ds such as EDTMP.
[0033] Buffering agents for use in the present invention typically comprise a weak acid

and a soluble salt containing the conjugate base of the weak acid. For example, the

30 butfering agent can comprise a weak organic monoacid and its conjugate base such as,
for example, acetic acid and ammonium acetate. In other embodiments, the buffering
agent may comprise an organic or inorganic base in combination with an organic diacid.

Examples of suitable bases include: ammonium hydroxide, amines, and quaternary

-9-



[0055] It is believed that, for nost applications, the chelating agent wll
be present in the conposition in an anount of fromabout 0.1 wt. % to about
10 . % preferably in an 15anmount ol fromabout 0.5 w. ,4) to about 5
wt. % of the conposition. [0056] O her conmonly known conmponents such as
dyes, biocides etc. can be included in the cleaning conposition in
conventional anounts, for exanple, anmounts up to a total of about 5 weight
,/ 0 of the conposition, [0057] Wien exposed to a substrate conprising a
porous dielectric material, the 20cl eaning conpositions of the present
invention do riot substantially change the dielectric constant of the
porous dielectric material. In this regard, when exposed to a substrate
conpri sing a,RAbRuS hflirGidRs! hisemBhRELApplidaliéhsCit BARKNGd @RIMEBAdeiRNS of the
present invention preferably does not increase the terial's dielectric
constant by REYET %Jr‘P’ﬁ’.fg‘se’éﬁ‘ﬂlep?w@raﬁﬂf’%’s%’ bﬁ??r“%entgﬁyatﬁ"‘g‘.c’za 25[ 0058] The
cl eani ng conpwgintinatmnthe Sulishiate pPeéenat bases erstthermingcampoids|descripedpegied by

m xing the ComRy Bfefted QGBI he bRyaRic Y683 ResRbed IRAIMH. IBIERGTRLdFBomAt | | al |
solids have dissolved in the a ueous-basegéggg;éfgem B‘L 00%9%7 The cl eani ng

|
conposi tidn B b IHEEHOMPRYRHPIHIST LA TRFSVEN A8 substrate
undesi r ed r esiffitisat to kdrmiasbube (i. e weren tHeab oldrhatioebtinp @sitl td thebasars fen LUsed t o
30parti cul arl,.)(o)good advantage in cleaning a sem conductor substrate on

whi ch residue 1's deposited or fornmed during the process for manufacturing
semni conduct opmphe\dosRsunadexanpl es of such residue include resist compositions
inthe formof filnms (both positive and negative) and etchi ng deposits

f ormed duri n[podly Tee chianig coamposikdniof te prasentinyertioy compfises afeagtizaled r esi st
films. Thg us@ngRlind MRick MEPRSLEE QNat iGasPéHolalkarbiahihe! (BTaf B&dtbive When the

resi due to be renov

dis aresist fi nd/ an etching deposit on a
sem conduct o?m@%gﬂyﬁ% r@wﬁréeﬁ’/f’h@ %&'?T‘éfta&i\g]a%lop?r@é%?ﬁ{é@@(ﬁ agﬁ?l%%aéggneExarrpl es of
subst rat es t &anomapyinheptolianed by use of the conposition of the present
i nvention wthout attacki ng t he 5substrates thenselves inc¢lude netal
substrates, [93%]edheRsB:Preffradi STRRIIMERIE AT NRPERATH SYRHON e dmMasmesy™dcon;
al um nuni si | isaowrast oppakgnodimiriec Eref@vad déandanhinasomeludk thellahesr adatblamines
gal | i um ggsepj. t j i i i sing
phot or esi 2t s”2:%*37%?‘”ﬁ%@f#@%%@%aég?éﬁ)s*fa@‘{"%%‘%”sg‘*é R I
ef fecti ve whithgkarplargngsdifise Naethysthanofapine INMFAE mepeatiangathr 8- Hues on a
sem conduct otietvardoiimiteavhongt, dinarexilisspeghasauniices @-(2-hmaostaflanhind)ethanol, 22 ¢l eani ng
composi t1 0N LinGaREGlefahdl, RIRERLIE, WAR) dihBoBRRaIN hidriBulRulERdanal, copper

alloy c h a

or a copper ) ntal ni ng _copper  as e mal h conponent’ an so when a
| ow-di el ectr Nd“‘?"?‘hﬂﬂr‘g"‘ﬂ%@ﬂevﬁ‘smﬁﬁy'idﬁfhéP?'%{V%‘?’ N-¢{Q{,figPpRaeine m  An exanpl e of
a copper 2al | oylcbeylaainedirthacazpe mased thereofai N conponent i s one contai ni ng
90% by wei ght or nore copper, and other elenents, for exanple, Sn, Ag, M,
Ni, Co, Ti, HK036larfeiriaierrsi ameodinrnise thewmilesonpoued sl akagelanianedestesr i d i nprove
L he Ei g_h'Slpeﬁgmﬁﬁ%rréﬂpiceﬁhiéﬁﬁg@f!tﬁmmt)l&minbWEP@Icﬁetl]fh%S'ﬁln}he,dﬂ—ﬁﬁMyN?d or COL roded
y chemcal s, the "non-corrosiyve" properties o ti t he
pr esent inveH'P{hg'hO'aaﬂ?mee’sdi'sé’ﬁriof)alm(?\e{i"m"?epﬁagogi "TRE CI %%ﬁ?‘%‘g‘%g%%%”s?ﬂ?% can be
used to renplengisethenotimiaadnarsisorreraneamiBosygRhexyamingdiptianoyamnd ¢ resi dues as
wel | as pgl ymBiirss th@sbtdues from sem conductor substrates at relatively |ow
tenperatures with little corrosive effect. The cl eaning conposition should
be applied t osBhe Isuhérareefarendopiernisdf thé presentinyentign tHei apiirendompourdbt ai n

is aminopropylmorpholine. In such embodiments, an alkanolamine is typically not

needed.

[0038] It is believed that the amount of the amine compound in the composition will, for

30 the most applications, comprise from about 1% to about 50% by weight of the
composition, specifically, about 8% to about 50% by weight of the composition, or more
specifically, about 20% to about 50% by weight of the composition. In some

-10 -



a desired cleaning effect. The time will vary dependi ng on nunerous
factors, including, for exanple, the nature of the residue the tenperature
of the cleaning conposition and 25t he particul ar cl eani ng conposition used.
In general. the cleaning conposition can be used, for exanple, by
contacting the substrate at a tenperature of fromabout 25 C to about 85 C
for a period of tinme ranging fromabout 1 mnute to about 1 hour foll owed
by rinsing the cl eaning conposition fromthe substrate and drying the
substrate. [ 0062] The contacting step can be carried out by any

sui tabl e means such as, for 30exanple, immersion, spray, or via a single
waf er process; any nethod that utilizes a |liquid for renoval of

phot or esi st erﬂiﬂﬂm{bﬁts%ébmﬁh@lﬂ&ﬁbdtﬁd admibiriess feonin amtaboatassbeignsed, [ 0063]
The rinsing p?etrceeﬂt[%]n% 88\% sh&%cg {PX %@Va t%‘éb&ﬁ*?bé? F'E@&&?ﬁonﬁ 9[0 a%éﬁmlne rinsing
t he substrat I mer sron or techniques, In
some - 15 - ‘%ﬁbﬂ@ﬂ%@ﬁW@comM§mP”nS|ng step is carded out enploylng a

m xture of d ni z ndls | e or nt such as,

e o, 1 solPHDy IT SRR R Metssa g TREP e e eaf By out by any
sui t abl e %reasws|pofimginobreastpd with a'wmrroqy;dlsoawr@ml“db reac A oygpisrresitiugiendy or by
centripetal £Q[EEmethO@9GR] thelciddhinl ofigatRRPr eci ated by those skilled in the
art that the cleaning conposition of the present invention may be nodified
to achi eve optdanuaridl eani ng wi t hout damegi ng the substrate so that high

t hr oughput cl eaning can be maintained in the manufacturing process. For
exanpl e, onel084Q]| Teeicipaningiremapsitionelithel Prapiit BrertipRalshzamprisesongREMpEe,

nodi fi cati onsrgdrc 4cREwABPUAEBNOESs S5HTEdj@for ahd, irtdonichnboampaBeRtabui®y be made
dependi ng, 10udoor3ne§ he conposition of the substrate being cleaned, the nature
of the résidte™ nbe removed, and the particul ar process paraneters used.

[0066] In an?tmqr EQAR9EH dT%FHameam&MayFHe%ﬁﬁﬂc/hr@Mﬁmda%xyhlﬁ a&&@‘éhﬁk@d a
repl eni shnmen i nvention.

t t
As the cl ean?%c?‘%%g'hs%“ﬁ?%%aq@ aﬂigﬂ'"?%’ﬂ‘&q ‘%%902%‘%'?‘%}'8'5{3%8{?’8}“’ %“Lf%st rates the
cl eani ng conipdsdet budare et fysiteditalabgtic eddmpvapdnitSEidomtytrih ecid.gattanaieacidoB- bat h t hat

hol ds the Clﬁan¥|mﬁamraarasmetxam aMd, hep%eia aeiﬁ chéﬁou@ﬁ@&tnbﬁér@r% abipat are
cont act ed vm% d]eg(ﬁp conpasi ti ge? Cg eani ngjf ositjon is

typi cal | Y2 us&Fa9 eﬁa’%fctff’gltf ‘ifa?ﬁ'c% "AARCBIG 954 PYYRMSCOIC,| |y and/ or
si mul t aneousiojd, aedberantiotdid, Sieptaddchnoicardl, sitarigbarmivegidsdogedanaditihiacid @se of

bat ches of SHQ{%}IEéé‘ia%&cTa@i@tz mga&%&@am bJaau& hé&d, %a%f&'a!&ﬂ mm&)g&atl on fol | oned
by one or a{)Iuralt fresh quantity

en, r
R A KA S T N NS S R LN AR Y
conposi ti on &y, aérpiic aedamphaylis peidyittepctdhlectomeid oglycniragidsadosibicatids wi th t he

cl eani ng2@0”Bﬁl%bﬁu\c%uda&fﬂ/c%wCBeHE&d“:QucI B@prf?r%c QJld %ﬁﬁuc%@ﬁﬁrﬁé‘lﬁtﬁ%lbm 0 a bath
cont ai ni ng the cl eani n Ig-;;a used to clean the substrates

may be for eRAPRTINE: ac"é Cgo?ﬁgmd’?’gae”mé{’ R PRS- PEBPaR A% ngl e
waf er tool . @bAdgictacidnatiugs, butyps mnmryedttdn@lymee hidgldrbxyr ditnveglydrenplanises t he step
of heating tha.clpank %gpaqug%oﬁlbtrah meé\Ed bﬁfﬁﬂ@é@& Wsﬁeta(?gmlﬁé)fmﬁé(arrpl e a

tenmperature et ween from from about to about 45C
prior to andfigrelineh ntdntiacals agd: FHU'GB?F@"BW tﬁﬁaée@tfﬁ@ﬂ%%’?he’?ﬁ@mﬁﬁatl ng of
t he cl eanf ngtecampirSictd, disthgenesesnibdigentangio peintand ofhetshexeolpani ng conposi ti on

to evaporat e?ulfzmgarﬂiﬂ&s% f&fl%éﬂﬁ |rﬁ?{.@9q;u?ﬁrb R& Ilmlt?@t@%ngfl ?Glﬂaﬁ §98 pponents is

typically a functiaon o pol nt's onents

t her eby causiohgns réeRGRGD 2¢h- "1‘*1‘%‘0&’6’?%'@!’?@‘?\!@“‘? #id N2l eani ng conp03| tion to
change over hydmayetthmplbasz@aasn(enhemamtﬁnmadud)‘ 04N, Nhuis(Z-hygigdxivettyammppsi t | ons of
this inventi i Cl i shment conposition
to cl eani ng gr%qangsW? Qc(?d Q?Nﬂor& ﬂ.loébtugn%go@ceg&oh er of substrates or
after a é%rtbxdfpxb%w')e'ﬂefé?'"‘t Nn@ h«b‘#m’&Vﬁ@ﬁa’??é%!@ﬂ'ﬁéﬁ'ﬁ)nf" @&t a variable

char act eri st hgirdxfetfiypipsagiddNng- pedbﬁﬁé%Eﬁdnlcfaﬂ|d; hat- is related to the change in

the ratio of t osition. Exanples of the
vari abl es th(z:a}icIgﬁexy'%m‘%o ggﬁsullefo %3 é’ an£ﬁ4urnge?egEm ne 8 it is tine to add

t he 5Srepl eni shrrent conposition to t he cl eaning conposition include: the pH
or cleaning efficiency or substrate etch rates of the conposition or the
| evel of the cleaning conposition int bat h.



[ 0067] For the cleaning conpositions of this invention that conprise: a)
fromabout 15%to about 50% by wei ght of water; b) fromabout 10%to about
65% by wei ght or 10 from about 2094;to about 65% by wei ght of a

wat er - m sci bl e organi c solvent, wherein the water-m scible organic sol vent
is not an ether; c) fromabout 1% to about 50% by wei ght or from about 1%
to about 20% by wei ght of an am ne conpound sel ected fromthe group
consisting of at |east one al kanol arnine and at | east one

ar ni nopr opyl nor pholine; d) fromabout 1%to about 25% by weight or from
about 1% to about 15% by wei ght of at 15l east one organic acid; and e) from
about 0.01%to about 8% by wei ght or from about 0.01%to about 7% by wei ght
of a fluori dgodden I6QtereiRd einbedithens, ai BfurrRncidcosge R fro@nha@yupconpri se: a)

f b % 49 f X % b
o 2bout 203 d0ap oyl M FELIT Ly Bl i o) nfGOIARIO % {0 0001

wat er - ni sci blagidaagaipiuenasyiforinacid, §a|¥*ftﬁ°'da@§°é'lb|@@ﬁ'd %md""@yfe%‘ theteplabout 1%t o
about 5% by t e 20co und sel ected from

consi sti g otouaal 118 betieE Marlie FERENT I Sorrsp e £e poppsbon wil 51 Fo

ami nopr opyl mowdehapplications| sorpaseE r@nBmdl 196wt abouti25% Hyeveightaiomgbedrtfrdsi t i on
further comprse$sd, b %ﬁwihe%fhb&ltﬁpoﬁﬁefegb% By oV&%hlg Biid %mpnses from

di et hyl hydro 1 | enli shnent, co fher conprise d)
fr om about 4%?‘626/96‘6690”%2% ByINReERE UFfe@P&F’HS}‘I"’\'W‘HrBd?r(T%gHI m/hér‘d S sai d

wat er i s pregendrabiy fremiatioutSpd amius e ortfroBtaboatrglo abdut 6% b ekightanithier om about
20% t o about Cgrqp{gswnwel ght. [0068] The nethod may further conprise the
steps of rinsing the cleaning conposition fromthe seniconductor substrate;
and dryi ng t orsssn eabeuct or substrate, wherein the sem conductor substrate
conprises a porous dielectric material having a dielectric constant; and
wher ei n af t el0044] dThesamaeditiong of the presentineamtiordenyionelly etnepse athirasidinel ectri c

30const ant ofcoﬂr&ﬁ,nmmy,s csyneé.&c.hﬁ.b.%rmrw %'actdﬂﬁ%e‘%@&stiaf&csfuﬂé’cfé%efﬂ@re t han
050, or does dl ncreasebrmreL 'P%-ﬁ%' J@ ; ref err dthcorrponents
used to form eﬁ'?;\e cVEShTRYPL MBS PETGIRDY §9R8° R goé‘ﬁ’f? ‘faéis?’ 8""C@onponent s
for use in tserfacephdprievdntrexvessivergtahingdiiing cieanide slo paiiedar andwithwuf pingt he

cl eani ng BOMESdb Qﬁy pamaarm%r@m@mwtmfm%.lr&é.dmmmbrlfbm%caraaaﬁng%fthe sane
conponents, althou

t
combosi i on 28 iAHdRe1dHs Ehpali e R LA e AP TR Bt ne
conponent s i retwaen thk ghetpnagistoesiposernovelromipbhentiarfditee metadnerettyerevattings of t he
conponent s i Rotdisonr €pl eni shment 5Sconposi tion. The exact preferred
conponents and the ratios of the conponents in the repleni shnent
conposi ti on \#d4s] benyaofrogiat inlisitooknotvh ¢ thabefoosimila spplivhticeschchp@nthdseul ar
conponent 0e| tdE‘aBse!%B{n H%S PéteNP“saz{w‘ﬁ‘ﬁ thkh%reﬁHéb?&oFﬂéﬁe@&n B refcfddBd by bath)

upon corrp etion e contact i ng evaporation fromthe
conposi tion Pél“é?q \Téet‘ée ?fﬁémﬁf’%%}""@?ﬁ?b'éﬁéﬂf‘%a"yé’{ﬁé‘?j@f’é{‘th% © cqEpIHYD] I n one
enbodi nent,  tifused epdieniashetaiiv subsingEo Hxhinplas ofTomokiieentitdtotshesiudb ammiatig

conposi tion %Qﬁ{)&éﬁﬂkﬁ dﬁggdeghe% a‘icBh&lé‘%ar@%gcr%Jparfon em Sh nic $bApdindPz2!l €. A

| evel sensor term ne how nt conposition to
add to the b@ﬂﬁa”Wﬁ@eﬁé’lﬁ’F%@ﬁﬁH@FﬂemHﬂstl on may be added after each

substrate, or r.eac batc f.a ur al i bstrat cl eaned by
contacti it NEG ERAPe Ehase g ol ot os BHBRL OB Bod, °a"2en
nurmber of sulpgroraieadsl, rasreinpleldragriseneerlrodayiolt hred-berzamting selsumteoheli on, t he
entire bath Wd(e%@hiyﬁal&mt o-thp&o@b&ﬁ Ialf&haod?mwxwheﬁbtmamrﬁpar ded and

repl aced wt resh cleanin of contacting and
I 4 o R e T e v

conposi tion taOIdIdﬁEVdNXMmzmga@d)ﬂrﬁe:!shytirmybeamb m&-édlhvgroxﬂben@mamde cl eani ng
conposi tign W4 din¥rhkybedeRea Md@&lﬁydwﬁoe%%l@éwr ature ot the cleaning
conposi tion, the 'substrates to be cleaned, and the residues and can be

det er m ned by a person of skill in the art. Al though the present invention
has been principally described in connection with cleaning sem conductor
substrates, the cleaning conpositions of the invention can be enployed to
cl ean any substrate that includes or gan%zc and i norgani c residues.



25 EXAMPLES (0071] The !all ow ng exanples are provided for the purpose of
further illustrating the present invention but are by no neans intended to
limt the same. General Procedure for Preparing_the C eaning Conpositions
[0072] Al't conpositions which are the subject of the present Exanples were
prepared by m xi ng 500g of material in a 600nL beaker with a 1"

Tefl on-coated stir bar, Coriwossitions of the Substrate [0073] Each
substrate used in the present Exanples conprised an organosilicate glass
(053) dielectric material with a titaniumnitride capping | ayer that was
deposited on a silicon nitride substrate. The 080 was etched by reactive
ion etching (R E) to | eave behind 080 |lines capped with titaniumnitride.
Fol I owi ng Rl [Boa7) hexemery aadisicvtioolt ineladeezibitynedl ,pllialsdré-diretia hhdxye-

h P
gogt o ﬁsgftt fé’ﬁ%& L d‘&tyn%dé &gm@% peikﬁkwgale o%@ﬁywwtyh %%hoﬁoé Wi; ! gguﬁzl ng

Teflon stir D& 9§@ta"&ﬂh\/6@9‘3°ﬂb‘m‘7?Wéa’@l2e%ﬁmﬁﬁy'@dﬁﬁﬂ§’i2ﬁ s were heated to

t he desired erat ure |n ow an_a ho ssary. \Wafer
segnent s appﬁog%rrgf‘%m@) anye 3{ ‘1’7y ’°L|pn°°§{a%"é19 REPEC P M r se gﬁdﬁn?’@g&%o osi tions
under thesf oihbnwﬂ|nrugadsé¢nm9fawcmtdilctacwineroplequdTbWMm%ldzﬁohuwea‘?ﬁ’ r?m'@s @ 25C
10 m nutes Oaét?’cﬁga%%c%la%grﬁnl@gtﬁﬁu%% 84, ﬂalemldsﬂﬁméo'fd B@fz&cblﬂ@n rinsed

for 3 mnutes in drled usi ng

filtered ni t?%rgaéﬁac'dl'ﬁg\g,}’%%?@’efrﬁ%r °’§¥W%‘ﬁf§8‘?ﬁ°°f %?c'%t')agg n@gs °3&ng SEM

m croscopy. #&tetiharRadrele Mbdsalicineeid. Pr ocedure [0076] Coupons of the bl anket
Al or blanket Cu wafers were neasured for | ayer, 25t hi ckness by
measuri ng t h©0#YsExemRipty (iagple qeporadsdpelyds bé%f"ﬁﬁ'%@'tﬂy'ﬁ@?ﬁ/l aerm nodel 273
resistivitby mrsiyitriuzas) b-tdlyionade; eabixyeenDegagle, Engiragemizoigazolenc. The coupons

were then | nﬁéb}ﬁ%tﬂl#olg Qﬁd Gi rBﬁy%@n?ottrlatzag desired tenperature for up to
| co

one hour. Peri cal up ns were renoved fromthe conposition,
rinsed with ﬂ)@SG]OﬂH Zﬁ&e\ﬁ@fa@ren&iadmﬂﬁtl, Bd cardioh mibitdrs eknessneadr mokesof et al | ayer

was again ne ‘%éﬁ% o’é%agbogﬁbc?n%%nazol% ?&z&tﬁazﬁ%tlg'frﬁgtgseeséat@c%olat tILW"Ct' on of

i mrersion ti _ atch ﬁ det er m ned
from t he sl opaseadpl, k-hecothin agisl, 99IBEPT] vaﬂNH'e Fehvliowich giethasy rexyiauns: ?M/ t he
conponentig OpoBRyIERMASI tions tested and referenced bel ow

[0051] Preferred copper corrosion inhibitors are selected from the group consisting of

benzotriazole, amino-benzotriazole, L-ascorbic acid, gallic acid, vanillin,

diethylhydroxylamine, and mixtures thereof.

[0052] Itis believed that for most applications, the corrosion-inhibitor will comprise from
20 about 0.1 wt. % to about 15 wt. % of the composition; preferably it comprises from about

0.1 wt. % to about 10 wt. %, preferably, from about 0.5 wt. % to about 5 wt. %, and most

preferably, from about 0.1 wt. % to about 1 wt. % or about 0.5 wt. % to about 5 wt. % of

the composition.
Other Optional Ingredients

25 [0053] The cleaning composition of the present invention may also include one or more
of the following additives: surfactants, chelating agents, chemical modifiers, dyes,
biocides, and other additives. The additive(s) may be added to the extent that they do

not adversely affect the pH range of the compaosition.

[0054] Another optional ingredient that can be used in the cleaning composition is a
30 metal chelating agent; it can function to increase the capacity of the composition to retain
metals in solution and to enhance the dissolution of metallic residues. Typical examples
of chelating agents useful for this purpose are the following organic acids and their
-13-
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isomers and salts: ethylenediaminetetraacetic acid (EDTA), butylenediaminetetraacetic
acid, (1,2-cyclohexylenediamine)tetraacetic acid (CyDTA), diethylenetriaminepentaacetic
acid (DETPA), ethylenediaminetetrapropionic acid,
(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N, N,N', N'-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), 1,3-diamino-2-hydroxypropane-N,N,N',N'-
tetraacetic acid (DHPTA), methyliminodiacetic acid, propylenediaminetetraacetic acid,
nitrotriacetic acid (NTA), citric acid, tartaric acid, gluconic acid, saccharic acid, glyceric
acid, oxalic acid, phthalic acid, maleic acld, mandelic acid, malonic acid, lactic acid,
salicylic acid, catechol, gallic acid, propyl gallate, pyrogallol, 8-hydroxyquinoline, and
cysteine. Preferred chelating agents are aminocarboxylic acids such as EDTA, CyDTA
and aminophosphonic acids such as EDTMP.

[0055] It is believed that, for most applications, the chelating agent will be present in
the composition in an amount of from about 0.1 wt. % to about 10 wt. %, preferably in an
amount of from about 0.5 wt. % to about 5 wt. % of the composition.

[0056] Other commonly known components such as dyes, biocides etc. can be
included in the cleaning composition in conventional amounts, for example, amounts up

to a total of about 5 weight % of the composition.

[0057] When exposed to a substrate comprising a porous dielectric material, the
cleaning compositions of the present invention do not substantially change the dielectric
constant of the porous dielectric material. In this regard, when exposed to a substrate
comprising a porous dielectric material, the cleaning compositions of the present
invention preferably does not increase the material's dielectric constant by more than
0.35 and, preferably, not more than 0.25.

[0058] The cleaning composition of the present invention is typically prepared by
mixing the components together in a vessel at room temperature until all solids have
dissolved in the aqueous-based medium.

[0059] The cleaning composition of the present invention can be used to remove from
a substrate undesired residue. It is believed that the composition can be used to
particularly good advantage in cleaning a semiconductor substrate on which residue is
deposited or formed during the process for manufacturing semiconductor devices;
examples of such residue include resist compositions in the form of films (both positive

and negative) and etching deposits formed during dry etching, as well as chemically
-14 -
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degraded resist films. The use of the composition is particularly effective when the
residue to be removed is a resist film and/or an etching deposit on a semiconductor
substrate having a metal film-exposed surface. Examples of substrates that can be
cleaned by use of the composition of the present invention without attacking the
substrates themselves include metal substrates, for example: aluminum
titanium/tungsten; aluminum/silicon; aluminum/silicon/copper; silicon oxide; silicon
nitride; and gallium/arsenide. Such substrates typically include residues comprising
photoresists and/or post etch deposits.

[0060] In addition to being effective when used to remove resist films and/or etching
residues on a semiconductor wafer having an exposed surface of a metal film, the
cleaning composition is especially effective when the metal film is made of copper or a
copper alloy containing copper as the main component and also when a low-dielectric
film is used as an interlayer insulating fiilm. An example of a copper alloy containing
copper as the main component is one containing 90% by weight or more copper, and
other elements, for example, Sn, Ag, Mg, Ni, Co, Ti, Si, and Al. Since these metals have
low resistances and improve the high-speed operation of elements, but are easily
dissolved or corroded by chemicals, the “non-corrosive” properties of the composition of
the present invention are significant.

[0061] The cleaning composition can be used to remove post-etch and ash, other
organic and inorganic residues as well as polymeric residues from semiconductor
substrates at relatively low temperatures with little corrosive effect. The cleaning
composition should be applied to the surface for a period of time to sufficient to obtain
the desired cleaning effect. The time will vary depending on numerous factors, including,
for example, the nature of the residue the temperature of the cleaning composition and
the particular cleaning composition used. In general, the cleaning composition can be
used, for example, by contacting the substrate at a temperature of from about 25° C to
about 85° C for a period of time ranging from about 1 minute to about 1 hour followed by

rinsing the cleaning composition from the substrate and drying the substrate.

[0062] The contacting step can be carried out by any suitable means such as, for
example, immersion, spray, or via a single wafer process; any method that utilizes a
liquid for removal of photoresist, ash or etch deposits and/or contaminants can be used.

[0063] The rinsing step is carried out by any suitable means, for example, rinsing the

substrate with de-ionized water by immersion or spray techniques. In some
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embodiments, the rinsing step is carried out employing a mixture of de-ionized water and
a water-miscible organic solvent such as, for example, isopropy! alcohal.

[0064] The drying step is carried out by any suitable means, for example, isopropyl
alcohol (IPA) vapor drying or by centripetal force.

[0065] It will be appreciated by those skilled in the art that the cleaning composition of
the present invention may be modified to achieve optimum cleaning without damaging
the substrate so that high throughput cleaning can be maintained in the manufacturing
process. For example, one skilled in the art would appreciate that, for example,
modifications to the amounts of some or all of the components may be made depending
upon the composition of the substrate being cleaned, the nature of the residue to be
removed, and the particular process parameters used.

[0066] In another embodiment of the present invention is provided a replenishment
composition for the cleaning composition of this invention. As the cleaning composition
is used to clean semiconductor substrates the cleaning composition is partially removed
from the container or bath that holds the cleaning composition with each of the
substrates that are contacted with the cleaning composition. The cleaning composition
is typically used to clean a plurality of substrates that are serially and/or simultaneously
and/or both serially and simultaneously (in the case of batches of substrates that
contacted with the cleaning composition followed by one or a plurality of batches) and
then replaced with a fresh quantity of the cleaning composition. The substrates are
contacted with the cleaning composition by, for example, spraying the one or more
substrates with the cleaning composition and/or dipping the one or more substrates into
a bath containing the cleaning composition. The tool used to clean the substrates may
be for examples, a spray solvent tool, a wet bench tool or a single wafer tool.
Additionally, typically the method further comprises the step of heating the cleaning
composition ambient temperature to, for example, a temperature between from about 25
or 85 °C or from about 25 to about 45°C prior to and/or when contacting the one or more
substrates. The heating of the cleaning composition causes the components of the
cleaning composition to evaporate. The rate of the evaporation of each of the
components is typically a function of the boiling points of each of the components
thereby causing the ratio of the components in the cleaning composition to change over
time. It has been determined for the cleaning compositions of this invention that it may

be beneficial to add a replenishment composition to cleaning composition after it has
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cleaned a set number of substrates or after a certain period of time or upon
measurement of a variable characteristic of the cleaning composition that is related to
the change in the ratio of the components in the cleaning composition. Examples of the
variables that may be measured and used to determine if it is time to add the
replenishment composition to the cleaning composition include: the pH or cleaning
efficiency or substrate etch rates of the composition or the level of the cleaning

composition in the bath.

[0067] For the cleaning compositions of this invention that comprise: a) from about
15% to about 50% by weight of water; b) from about 10% to about 65% by weight or
from about 20% to about 65% by weight of a water-miscible organic solvent, wherein the
water-miscible organic solvent is not an ether; c) from about 1% to about 50% by weight
or from about 1% to about 20% by weight of an amine compound selected from the
group consisting of at least one alkanolamine and at least one aminopropylmorpholine;
d) from about 1% to about 25% by weight or from about 1% to about 15% by weight of at
least one organic acid; and e) from about 0.01% to about 8% by weight or from about
0.01% to about 7% by weight of a fluoride ion source, the replenishment composition
may comprise: a) from about 20% to about 84% by weight of water; b) from about 15%
to about 40% by weight of a water-miscible organic solvent, whersin the water-miscible
organic solvent is not an ether; and ¢) from about 1% to about 5% by weight of an amine
compound selected from the group consisting of at least one alkanolamine and at least
one aminopropylmorpholine. In some embodiments, if the cleaning composition further
comprises from about 1% to about 15% by weight of diethylhydroxylamine, the
replenishment composition may further comprise d) from about 4% to about 35% by
weight of diethylhydroxylamine, and said water is present in said replenishment

composition between from about 20% to about 80% by weight.

[0068] The method may further comprise the steps of rinsing the cleaning composition
from the semiconductor substrate; and drying the semiconductor substrate, wherein the
semiconductor substrate comprises a porous dielectric material having a dielectric
constant; and wherein after said contacting, rinsing and drying steps the dielectric
constant of the porous dielectric material does not increase more than 0.50, or does not

increase more than 0.25.

[0069] The preferred components used to form the cleaning compositions are the

same preferred components for use in the replenishment composition as described
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above for the cleaning composition. The replenishment compositions will comprise the
same components, although typically fewer components than the cleaning composition
to which it is added and typically the ratios for the components in the cleaning
composition will differ from the ratios of the components in the replenishment
composition. The exact preferred components and the ratios of the components in the
replenishment composition will be a function of the rate of loss of each particular
component either by its removal with the substrate (e.g. from the bath) upon completion
of the contacting step or due to its evaporation from the composition relative to the other
components’ evaporation.

[0070] in one embodiment, the replenishment composition is added to the cleaning
composition by periodic addition to the bath, for example, via a nozzle. A level sensor
may be used to determine how much replenishment composition to add to the bath. The
replenishment composition may be added after each substrate or after each batch of a
plurality of substrates are cleaned by contacting them with the cleaning composition.
However, after a set number of substrates have been treated, by the cleaning
composition, the entire bath may require that the cleaning composition be discarded and
replaced with fresh cleaning composition, and the process of contacting and adding can
be repeated. The intervals for adding the replenishment composition to the cleaning
composition and replacing the entire cleaning composition will vary depending upon the
temperature of the cleaning composition, the substrates to be cleaned, and the residues
and can be determined by a person of skill in the art. Although the present invention has
been principally described in connection with cleaning semiconductor substrates, the
cleaning compositions of the invention can be employed to clean any substrate that
includes organic and inorganic residues.

EXAMPLES

[0071] The following examples are provided for the purpose of further illustrating the
present invention but are by no means intended to limit the same.

General Procedure for Preparing the Cleaning Compositions

[0072] All compositions which are the subject of the present Examples were prepared
by mixing 500g of material in a 600mL beaker with a 1" Teflon-coated stir bar.
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Compositions of the Substrate

[0073] Each substrate used in the present Examples comprised an organosilicate glass
(OSG) dielectric material with a titanium nitride capping layer that was deposited on a
silicon nitride substrate. The OSG was etched by reactive ion etching (RIE) to leave
behind OSG lines capped with titanium nitride. Following RIE, the substrates were
treated in a plasma to ash the photoresist.

Processing Conditions

[0074] Cleaning tests were run using 305 mL of the cleaning compositions in a 400mL
beaker with a %" round Teflon stir bar set at 600 rpm. The cleaning com positions were
heated to the desired temperature indicated below on a hot plate if necessary. Wafer
segments approximately %" x %2 in size were immersed in the compositions under the
following set of conditions.

10 minutes @ 25°C

20 minutes @ 25°C

10 minutes @ 35°C

20 minutes @ 35°C
[0075] The segments were then rinsed for 3 minutes in a DI water overfiow bath and
subsequently dried using filtered nitrogen. They were then analyzed for cleanliness
using SEM microscopy.

Etch Rate Measurement Procedure

[0076] Coupons of the blanket Al or blanket Cu wafers were measured for metal layer
thickness by measuring the resistivity of the layer by employing a ResMap™ model 273
resistivity instrument from Creative Design Engineering, Inc. The coupons were then
immersed in the composition at the desired temperature for up to one hour. Periodically
the coupons were removed from the composition, rinsed with de-ionized water and dried
and the thickness of the metal layer was again measured. A graph of the change in
thickness as a function of immersion time was made and the etch rate in Angstroms/min
was determined from the slope of the curve.

[0077] The following Tables identify the components of the compositions tested and
referenced below.
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Comparative

Example A wt%
Dimethyl acetamide 39.15
DIW 49.75
2.60
Ammonium Acetate
2.00
Acetic Acid
Ammonium fluoride 0.5
Propylene glycol 6.00
92A wit%
DIW 34.66
Glycerol 22.80
Propylene glycol 22.90
N,N-
diethylhydroxylamine 8.08
Lactic acid (88% sol) 20
Ammonium fluoride 0.56
Monoethanol amine 3.80
94W wit%
DIW 27.15
Propylense glycol
(PG) 34.00
N,N-
diethylhydroxylamine 4.25
(DEHA)
ethanolamine
(MEA) 17.00
16.00
Acetic Acid
Ammonium fluoride
(NH4F) 160
950 wit%
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DIW 30.86
PG 45.70
N,N-
diethylhydroxylamine 8.08
, 3.80
Monoethanol amine
Paratoluene sulfonic 11.00
acid
| Ammonium fluoride 0.56
94V wt%
DIW 26.40
Propylene glycol (PG) 39.00
ethanolamine
(MEA) 17.00
Acetic Acid 6.0
Ammonium fluoride
(NH4F) i1E0
95V wt%
DIW 31.30
Propylene glycol 45.70
N,N-
diethylhydroxylamine s
Monoethanol amine 3.80
Paratoluene sulfonic
acid 11.00
Ammonium fluoride 0.12
95w wt%
DIW 31.30
Propylene glycol 23.00
Dimethyl acetamide 22.70
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N,N-
diethylhydroxylamine Bi18
Monoethanol amine 3.80
Paratoluene sulfonic
acid 11.00
Ammonium fluoride 0.12
96A wi%
DIW 34.3
Propylene glycol
(PG) 49.3
sethanolamine
(MEA) 8.5
Malonic Acid 6.7
Ammonium fluoride
(NH4F)
1.2
96R wt%
DIwW 34.3
Propylene glycol
(PG) 46.3
ethanolamine
(MEA) 8.5
Malonic Acid 6.7
Ammonium fluoride 12
(NH4F) )
glycine, 3
96W wit%
DIw 33.8
Propylene glycol 47.3
Monoethanol amine 8.3
Malonic Acid 6.7
Ammonium fluoride 0.9
glycine 30
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ar ni ne
97L wit%
DIW 34.66
Propylene glycol 47.30
Monoethanol amine 8.30
Malonic Acid 6.70
glycine 3.00
Ammonium fluoride 0.04
99U wt%
DIW 30.86
Propylene glycol 42.70
Glycerol 3.00
N,N-
diethylhydroxylamine &ipd
Monoethanol amine 3.80
Paratolueqe sulfonic 11.00
acid
Ammonium fluoride 0.56
a9V wit%
DIW 34.66
Propylene glycol 45.70
N,N-
diethylhydroxylamine 8108
Monoethanol amine 3.80
Lactic acid (88% sol) 7.20
Ammonium fluoride 0.56
99pP wi%
DIW 41,32
Glycerol 44.75
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Par at ol uene sultonicll.00 acid Amoni um fl uori de0. 56

Aminoethoxyethanol 8.3
citric acid 475
Ammonium fluoride 0.88
100A wt%
DIwW 34.26
Propylene glycol
(PG) 50.80
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 3.50
malonic acid 2.80
Ammonium fluoride
(NH4F) e
1008 wit%
DIW 34.26
Propylene glycol
(PG) 50.30
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 3.40
citric acid 3.40
Ammonium fluoride
(NH4F) 0.56
5
100C wt%
DIW 34.26
Propylene glycol
(PG) 50.60
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 3.40
acetic acid 3.10

=24 -



94wt % i

b

~39.00

1 26.40 propyiene

1 et hanol am nel7. 00 ( MEA)

Ammonium fluoride
(NH4F) 0.56
100D wt%
DIW 34.26
Propylene glycol
(PG) 53.95
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 1.75
malonic acid 1.40
Ammonium fluoride 0.56
(NH4F)
100E wit%
DIW 34.26
Propylene glycol
(PG) 53.70
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 1.70
citric acid 1.70
Ammonium fluoride 0.56
(NH4F)
100F wit%
DIW 34.26
Propylene giycol
(PG) 53.85
N,N-
diethylhydroxylamine 8.08
(DEHA)
ethanolamine
(MEA) 1.70
acetic acid 1.55
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10. 00 Acetic Acid Ammonium fluoride 1i
Propyl ene giycer J 45,70

Ammonium fluoride 0.56 ‘
(NH4F)
100J wt%
DIW 34.26
Propylene glycol (PG) 42.80
N,N-diethylhydroxylamine 8.08
(DEHA) )
Cyclohexy!diethanol 11.50
Amine
malonic acid 2.80
Ammonium fluoride
(NH4F) 230
100K wi%
DIW 42,26
N,N-diethylhydroxylamine
(DEHA) 0%
Cyclohexyldiethanol
amine S35
malonic acid 10
Ammonium fluoride (NH4F) 0.56
100L wit%
DIwW 32.26
N,N-diethylhydroxylamine
(DEHA) 208
Cyclohexyldiethanolamine 47.10
malonic acid 12.00
Ammonium fluoride (NH4F) g
103A wt%
DIwW 34.26
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8.08

Propylene glycol
(PG) 14.10
N,N-
diethylhydroxylamine EALS
Diethanolamine 30.00
acetic acid 13.00
Ammonium fluoride 0.56
103B wt%
DIW 3243
Propylene glycol
(PG) 9.87
Diethanolamine
(DEA) 42.08
acetic acid 15.05
Ammonium fluoride 0.57
103C wt%
DIW 34.26
Propylene glycol
(PG) 1410
N,N-
diethylhydroxylamine 0
Diethanolamine 30.00
Malonic acid 13.00
Ammonium fluoride 0.56
106A wi%
DIwW 34.26
Propylene glycol 10
(PG)
N,N-
diethylhydroxylamine 8.08
Diethanolamine
(DEA) 30
citric acid 17.1
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Ammonium fluoride |

056 |

1068 wt%
DIW 34.26
Propylene glycol
(PG) 11.35
N,N-
diethylhydroxylamine 8.08
Diethanolamine
(DEA) e
citric acid 15.75
Ammonium fluoride 250
112A wi%
DIwW 34.26
Propylene glycol
(PG) 47.8
N,N-
diethylhydroxylamine 8.08
(DEHA)
Diethanolamine 6.5
(DEA) '
Malonic acid 2.8
Ammonium fluoride 0.56
1128 wit%
DIwW 34.26
Propylene glycol
(PG) 52.40
N,N-
diethylhydroxylamine 8.08
(DEHA)
Diethanolamine
(DEA) 3.20
acetic acid 1.50
Ammonium fluoride 0.56
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Cvlonoet hanol

am ne3. 80
112C wit%
DIwW 34.26
Propylene glycol
(PG) 47.30
N,N-
diethylhydroxylamine 8.08
(DEHA)
Diethanolamine
(DEA) 6.40
citric acid 3.40
Ammonium fluoride 0.56
101A wit%
DIW 40.71
Propylene glycol
(PG) 44,75
Aminoethoxyethanol 8.90
citric acid 4,76
Ammonium fluoride 0.88
101C wt%
DIW 41.32
Pronylene glycol
(PG) 42.80
Diethanolamine
(DEA) 10190
citric acid
(anhydrous) 5100
Ammonium fluoride 0.88
115A wi%
DIW 41.32
Propylene glycol
(PG) 27.80
Diethanolamine
(DEA) 20.00
citric acid 10.00
Ammonium fiuoride 0.88
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diethylhydroxylamine

115B wt%
DIW 41.32
Propylene glycol
(PG) 12.80
Diethanolamine
(DEA) 30.00
citric acid 15.00
Ammonium fluoride 0.88
110A wi%
DIwW 33.94
Propylene glycol
(PG) 10.00
N,N-
diethylhydroxylamine 8.08
(DEHA)
Disthanolamine
(DEA) 32.10
acetic acid 15.00
Ammonium fluoride 0.8
112E wi%
DIW 33.94
Propylene glycol (PG) 45.30
N,N-
diethylhydroxylamine 8.08
(DEHA)
N-
methyldiethanolamine
(MDEA) 8.40
citric acid 3.40
Ammonium fluoride o=
112F wit%
Diw 33.94
Propylene glycol (PG) 45.9
s 8.08
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Par at ol uene sul fonic acid

(DEHA)
N-
methyldiethanolamine
(MDEA) 8.40
Malonic acid 280
Ammonium fluoride 0.88
113 wt%
DIW 32.86
Propylens glycol (PG) 34.9
Triethanolamine 10
(TEA)
Ethanolamine (MEA) 11
Malonic acid 10.68
Ammonium fluoride 0.56
114 wi%
DIW 29.84
Propylene glycol
(PG) 38
Triethanolamine 10
(TEA)
Ethanolamine 10
(MEA)
citric acid 9.63
Malonic acid 1.65
Ammonium fluoride 0.88
115 wt%
DIW 29.72
Propylene glycol (PG) 36.8
Triethanolamine (TEA) 10
Ethanolamine (MEA) 11
citric acid 11.6
Ammonium fluoride 0.88
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Ammoni um fluoride 0, 12

Di r net hyl

95Wu % DI
acetam del 22. 70 di et hyt hydr oxyl am ne

W ) )

Comparative Example B wi%
Water 41.76
Penta methyl

diethyleneamine 13.88
Triethanol amine 33.62
Iminodiacetic acid 3.07
Ammonium Bifluoride 7.67

, 31. 30 Propyl ene glycol 23. 00

52J wi%
DIW 40.52
Glycerol 15
Triethanolamine (TEA) 325
citric acid 7.98
Ammonium fluoride 4
52Q wit%
DIw 37.81
Glycerol 14.27
Triethanolamine (TEA) 37.38
citric acid 7.14
Ammonium fluoride 3.4
52L wit%
DIwW 41.52
Glycerol 10
Triethanolamine (TEA) 32.5
citric acid 7.98
Ammonium fluoride 8
56D wit%
DIW 45.09
Glycerol 27.3
Triethanolamine (TEA) 10
Aminoethoxyethanol (AEE) 10
citric acid 6.73
Ammonium fluoride 0.88
56S wit%
DIW 46.01
Glycerol 27.3
Triethanolamine (TEA) 8.5
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1 net hanol am ne Parat ol uene sul fonic acid Anmonium fluoride  w % 97L
DI VB84. 66 Propyl ene glycol 47.30 Monoethanol am ne 8.30 Malonic Acid 6,70
ol vcine 3. 00 Anmonium fl uoride 0.04 99U DIW Propylene glycol dycerol

Aminoethoxyethanol (AEE) 10.2
citric acid 7.1
Ammonium fluoride 0.88
56U wit%
DIw 46.79
Glycerol 234
Triethanolamine (TEA) 8.5
Aminocethoxyethanol (AEE) 10.2
citric acid 7.11
Ammonium fluoride 4
560 wit%
DIW 45.87
Glycerol 23.4
Triethanolamine (TEA) 10
Aminoethoxyethanol (AEE) 10
citric acid 6.73
Ammonium fluoride 4
1A wit%
Diw 40.55
Glycerol 32.76
Triethanolamine (TEA) 8.5
Aminoethoxyethanol (AEE) 10.2
citric acid 7.1
Ammonium fluoride 0.88
2A wi%
DIW 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Benzotriazole 0.5

5

| 2C [ wt% |
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N, N- di et hyl hydroxyl am ne wt % 30.86 42.70 3.00 8.08 Mnoet hanol am ne
Par at ol uene sul fonic acid Amonkimfluoride 11,00 0.56 w % 34, 66

99V  DW Propylene glycol N, N diethyl hydroxyl am ne Monoet hanol am ne
Lactic acid (88%sol) Ammoniumfluoride 99P DIW dd ycerol 45.70 8.08
3.80 7.20 0.56 wmt %

DIiw 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Carboxybenzotriazole 0.5
2N wt%
DIW 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Amino-benzotriaole 0.5
2E wt%
Diw 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
D-Fructose 0.5
2F wt%
DIW 45,78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Catechol 0.5
2G wt%
DIW 45,78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
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41.32 44.75 Ammoni um fl uori de 115 vt %

citric acid 7.07
Ammonium fluoride 0.88
t-Butyl catechol 0.5
2H wt%
DiwW 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
L-Ascorbic acid 0.5

21 wit%
Diw 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Gallic acid 0.5
24 wit%
DIwW 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Vanillin 0.5
2K wt%
DIw 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Salicylic acid 0.5
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DI W Propyl ene glycol (PG Triethanol am ne (TEA) Ethanolam ne (MEA) citric
aci d Amoni um fl uori de- 0.88 Divti dycerol Triethanol am ne (TEA)

Ar ni noet hoxyet hanol (AE E) citric acid Ammoni um f | uori de

Car boxvbenzotri azol e 45.78 27.16 8,46 10,15 7.07 0.88 0.5 2Nwt% DEW'
45.76 dycerol 27.16 Triethanol am ne (TEA)8, 46 Am noot hoxyet hanol

(AEE) 10, 15 citric acid7 Ammoni um fl uori de0. Am no-benzotriaolt30.5

2L wit%
DIiw 45.78
Glycerol 27.16
Triethanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Diethylhydroxylamine 0.5
2M wit%
DIW 45.78
Glycerol 27.16
Triesthanolamine (TEA) 8.46
Aminoethoxyethanol (AEE) 10.15
citric acid 7.07
Ammonium fluoride 0.88
Poly(ethyleneimine) (P3143) 0.5
7A wt%
Diw 40.96
Glycerol 10
Triethanolamine (TEA) 32.5
citric acid 7.54
Ammonium fluoride 8
L-Ascorbic acid 1

7B wit%
DIw 39.68
Glycerol 10
Triethanolamine (TEA) 32.5
citric acid 6.82
Ammonium fluoride 8
L-Ascorbic acid 3

7C wit%
DIw 40.96
Glycerol 10
Triethanolamine (TEA) 325
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2E 01W45.78 ,d ycerol 27.16 Triethanol am ne (TEA)S8. 46

Ar ni noet hoxyet hanol (A EE10,15 citric acid7.07 Amonium fluori de0O. 88
D Fructose0.5 2F 01W 45.78 G ycerol 27.16 Tri et hanol arni ne (TEA) 8. 46
Am noet | -i oxyet hanol (AEE)10.15 citric acid7.07 Ammonium fl uori de088
Cat echol wt % DEWA5. 78 d ycerol 27.16 Tri et hanol am ne (TEA) 8. 46

Am noet hoxyet hanol (AEE)10.15 - 3,1 -

citric acid 7.54
Ammonium fluoride 8
gallic acid 1

7D wi%
DIW 39.68
Glycerol 10
Triethanolamine (TEA) 325
citric acid 6.82
Ammonium fluoride 8
Gallic acid 3

The following tables summarize the copper etch rate (E/R) data:

Product / Formulation 5% pH Cu E/R (A/min)

52J 7.81 24
52Q 8.00 23
52L 7.81 2.8
56D 8.38 4.0
5635 8.23 1.8
56U 8.14 2.3
560 8.46 2.3
E00201-1A 8.21 1.2

Product / Formulation 5% pH Cu E/R (A/min)

2A 8.22 0.3
2C 8.16 5.5
2N 8.33 1.7
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2E 8.26 4,6 2F 8.23 6.3 2G 8,23 4.6 2H 8.16 4.9 2J 3.7 2K 8.226,6 8.3

3.2

2E 8.26 4.6
2F 8.23 6.3
2G 8.23 46
2H 8.15 3
2l 8.16 4.2
2J 8.14 3.7
2K 8.22 6.6
2L 8.3 3.2
2M 8.4 5.9
7A 7.79 1.8
7B 7.76 1.5
7C 7.78 1.6
7D 7.77 20

[0078] As is evident, a number of the formulations tested exhibit an excellent copper

etch rate. A lower Cu E/R value evidences a better copper etch rate. In particular,

compositions providing a copper etch rate of 4 A/min or less, 3 A/min or less, or 2 A/min

or less are preferred.

Comparative Examples — Use of Ether Solvent Showing Increase in Cu Etch Rate

[0079] As comparative examples, two of the examples provided above, 52J and 56S,

were evaluated by replacing a portion or all of the glycerol with an ether, dipropylene

glycol monomethyl ether (DPM). The compositions remained otherwise identical.
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2M 8.4 T7A 7.79 1,8 78 7.76 1,5 7,78 1.6 707.77 2.0 [0078] As is evident,
a nunber of the formulations tested exhibit an excellent copper etch rate.
A lower Cu 8113 val ue evidences a better copper etch rate. In particular,
conpositions providing a copper etch rate of 4 AAmn or less, 3 Almn or

| ess, or 2 Annin 6or less are preferred. Corn par Exanmiee Use of Ether Wnt
Showi ntiriareaso in Cu Etei W [0079] As conparative exanples, tw of the
exanpl es provi ded above, 52J and 569, were eval uated by replacing a portion
or ail el the glycerol with an ether, dipropylene glycol nononethyl ether

(DPM . The conpositions remained otherw se identical. Fornulation' Cu EZR
(A/mn) As above 52J replacing all glycerol with DPM (15 wt9% 52J
repl acing half of glycerol
Product Formulation Cu E/R (A/min)
524 As above 2.4
) 52J replacing all glycerol with
Comp-69A DPM (15 wi%%) 5.8
Comp-698 52J replacing half of glycerol 44

with DPM (7.5 wt%)
56S As above 1.8

56S replacing all glycerol
with DPM (15 wt%)
568 replacing half of glycerol
with DPM (7.5 wit%)

¢n

Comp-69C 47.7

Comp-69D 26.3

10 [0080] These results demonstrate that the Cu E/R significantly increased when a
portion or all of the glycerol was replaced with DPM (an ether solvent). Thus, these
results suggest that an ether solvent can produce an adverse impact on the copper etch
rate when employed in the compositions disclosed herein.

Procedure: Film Loss Measurements

15
1. Measure the thickness before chemical immersion.
2. Immersion test was carried out in beaker with magnetic stir agitation (500 rpm) at
35C for 15mins.
3. Chemical immersion was followed by 3 minutes DI rinse and N2 blow dry.
20 4, Measure the thickness after chemical immersion.
5. Film loss = Step 4- Step 1

[0081] An ellipsometer for SiN and TEOS thickness measurements and a 4 point probe
for Cu was employed to make the measurements as summatrized in the Table below.

Ellipsometer 4 Point Probe
Company | SCI (Scientific Computing International) | CDE (Creative Design Engineering)
Model FilmTek 2000SE ResMap 273

25

30

-39-



with DPM (7.5 % As above 65 replacing all glycerol with DPM (15 wt %
55S replacing half of glycerol with DPM (7,5 wm % 10[ 9080] These results
denonstrate that the Cu UR significantly increased when a portion or all of
the glycerol was replaced with DPM (an ether solvent). Thus, these results
suggest that an ether solvent can produce an adverse inpact on the copper
etch rate when enployed in the conpositions disclosed herein. Procedure:
Fil mLoss Measurenents 15 1. Measure the thickness before chem cal
imersion. 2. Imersion test was carried out in beaker with magnetic stir
agitation (500 rpm at 35C for 15m ns. 3. Chem cal immersion was
followed by 3 mnutes DI rinse and N2 blow dry. 204. Measure the thickness
after chemcal imersion. 5. Filmloss = 'Step 4- Step 1 [0081] An

ei | | psonet erRekolts GiANNEls TECS t hi ckness nmeasurenents and a 4 point probe
for Cu was enpl oyed to ke the nmeasurenments as summarized in the Tabl e

bel ow, ElIl Il psoneter 4 i nt be C ny (Scientific Conputing
I nt er nati onal ) CDE"R%r eaﬁb\?e [ﬁéﬁgn 18#& ngfeﬁr?nq 1%§Itljel Fi | mrek 2000SE ResMap

273 25 30 [Note: T. Fillmloss in Alwas_ neasured ggéer 15 mns in each
cl eani ng compoSitilore3dt 3584 |pi/ -4t abfFPty 1194 :

SiN 2.7 2.06 0.95 1 7.02 4.87

TEOS 0.3 1 0.3 0.3 1.3 1

Note: 1. Film loss in A was measured after 15 mins in each cleaning
composition at 35°C.

5
. pH in 5% Cu loss TEOS (undoped and undensified) loss
Formulations| “soition | @35C/15min, A @35C/15min, A
112A 8.16 24 15
112B 8.36 118 <1
112C 8.22 89 <1
112E 8.31 76 10
101A 8.20 165 14
101C 8.30 191 <1
115A 8.21 126 21
115B 8.13 72 16
103C 8.22 17 17

-40 -



5 pH neasured is a 5%aqua U an of the fornulations [ 0082] Conpare with
conventional |ow pH fluoride stripper Conparative Exanple A Exanple 950
showed much lower filmloss on dielectric blankets. electric FilmLoss Test
L. | ‘"anp. bc. A(@25C1 1 .t.. ;rxaniMe nso (cgl. -350 53.5 3.7 57.1
27 39 4.4 unit: A 15rnins tinme frane [00831 The dielectric constant of
each sanple filmwas determ ned according to ASTM Standard D150-98. The
capaci tance-vol tage of each filmwere obtained at 1 Mz with a 15 Sol artron
Model SI 1260 Frequency Anal yzer and MSI El ectronics Mddel Hg 401 single
contact nercury probe. The error in capacitance neasurenments and nercury

el ectrode area (A) was less than 1% The substrate (wafer) capacitance

(Cs,), backdround
1068 8.27 61 9
110A 8.37 15 14
H Stabilit
5 pH measured is a 5% aqueous solution of the formulations
Day Day Day Day Day Day
1 2 3 4 5 8

100A 8.22 8.19 8.25 8.22 8.23 8.29
100B 8.24 8.32 8.35 8.31 8.3 8.31
100C 8.21 8.28 8.26 8.24 8.24 8.31
100D 8.28 8.32 8.34 8.33 8.34 8.32
100E 8.16 8.25 8.22 8.27 8.28 8.26
100F 8.44 8.48 8.41 8.45 8.45 8.45

[0082] Compare with conventional low pH fluoride stripper Comparative Example A,

Example 950 showed much lower filmlloss on dielectric blankets.

10  Dielectric Film Loss Test
Comp. Ex. A (@ 25C) 53.5 57.1 39 59
Example 950 (@ 35C 3.7 2.7 4.4 7.6

unit: A, 15mins time frame

[0083] The dielectric constant of each sample film was determined according to ASTM
Standard D150-98. The capacitance-voltage of each film were obtained at 1 MHz with a

15  Solartron Model S| 1260 Frequency Analyzer and MSI Electronics Model Hg 401 single
contact mercury probe. The error in capacitance measurements and mercury electrode
area (A) was less than 1%. The substrate (wafer) capacitance (Cg;), background
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capacitance (Ct.) and total capacitance (CT) were neasured between +20 and
-20 volts and the thin fil msanple capacitance (C9) was cal cul ated by
Equation (1): C, --,1GCsi (CT- CO (Cs i (CT - C,)]Equation (1) The
dielectric constant of each filmwas cal cul ated by Equation (2) wherein d
is the filmb5thickness, Ais the nmercury electrode area, and e0 is the
dielectric constant in vacuum C Equation (2) The total error of the

di el ectric constant of the filmwas expected to be |l ess than 6% [0084] K
shift of 950 was | ower than Conparabl e Exanple B on 40/45nrn dielectric
film The results are in the followng table. 10 K shift of Catnavett?20
Exanpl e B and Exanpl e 950 Conp. Exanple B (400

270sec270sec.cap&Bante (GH) bnd &l capacitance. (Cr).wera measured b2iwéd?+20kAd 72D vos 74 3. 05
2172723'8é220'9‘?h%gﬂ§gﬂn ﬂl;'n s%mp%%%é‘cﬁanc'a%&9%3&%@&%%&&@?\ (ﬁ 2.72 2.73 2.71

Ce= CSi (CT - Cb)/ [Cs; - (CT -Gy )] Equation (1)

The dielectric constant of each film was calculated by Equation (2) wherein d is the film
5  thickness, A is the mercury electrode area, and &, is the dielectric constant in vacuum:

C,d
E =
& A

Equation (2)

The total error of the dielectric constant of the film was expected to be less than 6%.

[0084] K shift of 950 was lower than Comparable Example B on 40/45nm dielectric
film. The results are in the following table.

10 K shift of Comparable Example B and Example 950

Comp. Example B (40C)

270sec 270sec | 15mins | 15mins
Before 2,73 2.71 2.71 2.74
After 3.05 3.07 3.12 3.15
Delta K 0.32 0.36 0.41 0.41

Example 950 (35C)

270sec 270sec | 15mins | 15mins
Before 2,72 2.73 2.71 2.72
After 2.88 2.9 2.93 291
Delta K 0.16 0.17 0.22 0.19

[0085] Example 950, shown in FIG. 1, can be also applied to Aluminum Back End of
the Line (Al BEOL) clean. FIG. 1 demonstrates that the residue on an Al pattern wafer
15  can be effectively removed at 25°C for 1min.

Examples of replenishment formulations include the following compositions 43A and 93B

43A wt%
DIwW 55.45
Propylene glycol (PG) 29.83
N,N- 12.27
diethylhydroxylamine

(DEHA)

ethanolamine (MEA) 2.45
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2.91 0.16 0.

[imting the present
readi |y appreciated,

17 0.22 0, 19

[ 0085] Exanple 950, shown in FIG 1, can be

al so applied to Alum num Back End of the Line (Al BEQL) clean. FIG 1
denonstrates that the residue on an Al pattern wafer 15can be effectively
removed at 25t for 1m n. Exanples of replenishnment fornulations include the
foll ow ng npositions 43A and 93B 43A w % DIW 55.45 Propyl ene glycol (PG
29. 83 di et hyl hydr oxyl am ne (pai A)
Propyl ene gl ycol (PG 2735
the preferred enbodi nents should be taken as illustrating, rather than as

[ 0096]

et hanol armme (IMESA) 12.27 2.45
The foregoi ng exanpl es and descri ption of

invention as defined by the 5clainms. As will be
nuner ous vari ati ons and conbi nati ons of the features

set forth above can be utilized wi thout departing fromthe present

i nvention a
departure f
vari ations
clains. 10

10

593t forth in thevwl a
‘oWwthe spirit angs$sq
AL Had ol BB RREA) O [DC251TC
N,N- 35
diethylhydroxylamine

(DEHA)

Propylene glycol (PG) | 27.35

ims. Such variations are not regarded as a
pe of the invention, and all such
|l uded within the scope of the /allow ng

[0086] The foregoing examples and description of the preferred embodiments should

be taken as illustrating, rather than as limiting the present invention as defined by the

claims. As will be readily appreciated, numerous variations and combinations of the

features set forth above can be utilized without departing from the present invention as

set forth in the claims. Such variations are not regarded as a departure from the spirit

and scope of the invention, and all such variations are intended to be included within the

scope of the following claims.
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CLAIMS "Wiat is cl5irnE3d is: 1"A conposition useful for renoving residue
froma sem conductor substrate, the conposition conprising: a) from about
15%to about 50% by wei ght of water; b) fromabout 10%to about 65% by
wei ght of a water-m sci ble organic sol vent; C) fromabout 1%to
about 50% by wei ght of an am ne conpound sel ected fromthe group consisting
of a at |east one al kanol arni ne and 10am nopropyl nor pholine; d) from about
1% to about 25% by wei ght of an organic acid; and e) fromabout 0.01%to
about 8% by wei ght of a fluoride ion source, wherein the water-m scible
organi c solvent is not an ether. The conposition of claim1l further
conprising fromabout 0.1%to about 15% by wei ght of a corrosion inhibitor
sel ected fromthe group consisting ofCladn2otri azol e, am no-benzotri azol e.
L-ascorbic acid, (talk acid, vanil I i n, diethyl hydroxyl arni ne, and m xtures
thereof. 20Wsatisggmadis: 5 30 : The conposition of claim 1 wherein

t he wat er-m sci bl £ organl C oI vee[rt]t seI ected f Erorn t he rﬁr ou tconS| sting of
propyl ene glycol ,"gly éP'BPOS iaP HEY) AT SRO0RVIDE Fesse e ASRRY ISR e yI al cohol |
ethyl ene glycol, hexybenstatglteaimpositimh aemptisnges t her eof . The conposi tion of

claim3 whgerein the wg ﬁgmgb&fihgb} fbéUout b BIYdnRGelf de. The conposition

of claim3 wherein the water-m s ic.solvent is ro | ene gl ycol.
b) from about 10% to about 65§}oaby weight of awater-mls cp gan% gty

solvent;

¢) from about 1% to about 50% by weight of an amine compound

selected from the group consisting of a at least one alkanolamine and
10 aminopropylmorpholine;

d) from about 1% to about 25% by weight of an organic acid; and

e) from about 0.01% to about 8% by weight of a fluoride ion source,

wherein the water-miscible organic solvent is not an ether.

15 2. The composition of claim 1 further comprising from about 0.1% to about
15% by weight of a corrosion inhibitor selected from the group consisting
of benzotriazole, amino-benzotriazole, L-ascorbic acid, gallic acid, vanillin,
diethylhydroxylamine, and mixtures thereof.

20 3. The composition of claim 1 wherein the water-miscible organic solvent is
selected from the group consisting of propylene glycol, glycerol,
dimethylacetamide, tetrahydrofuryl alcohol, ethylene glycol, hexylene
glycol, and mixtures thereof.

25 4. The composition of claim 3 wherein the water-miscible organic solvent is
dimethylacetamide.

5. The composition of claim 3 wherein the water-miscible organic solvent is
propylene glycol.
30
6. The composition of claim 3 wherein the water-miscible organic solvent is
glycerol.
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The conposition of claim3 wherein the water-m scible organic solvent is
gl ycerol. The conposition of claim1l wherein the fluoride ion source is
selected fromthe group consisting of ammonium fluoride and a quaternary
ammoni um conmpound. 8. The conposition of claim7 wherein the fluoride ion
source is ammonium fluoride. 11. The conposition of claim7 wherein the
fluoride ion source is a quaternary amoni um conpound sel ected fromthe
group consisting of tetranethyl anmoni um fluoride and tetrabutyl arnnmoni um
fluoride, The conposition of claim1 wherein the am ne conpound is an

al kanol am ne selected fromthe group consisting of N-rnethylethanol am ne
(NMEA), nonoet hanol am ne (MEA), diethanol am ne, nono-, di- and

trlisopropanol amzne, 2nd ZnRbtifRek B RdiethB aidide iodsbdce is selected
am noet hoxy) et hanol , fl‘l %t hanol am. ne

N-et hyl et hanol am ne

N, Ndi et hyl et hanol ar ni"f[@! eIQ,“NP&P'éSESIIIW °f§m§ﬂ§["a{ﬁ1°rh°§,anf{l-aﬁﬂ%}ﬁrww
di et hanol am ne, N- et hgthmdniet hemmuad.ni ne, cycl ohexyl ar ni nedi et hanol , and
m xtures thereof. The conposition of claim 10 wherein the al kanolam ne is
nonoet hanoi am ne. The_conposition of claim 10 wherein the am ne conpound is
ani nopr op§! nor phd i neThergpEnPegingicd Fleimahwhsreir fra fiHeries Iqeayas i MR ne
conmpound i s triethanolant®e. The conposition of claim10 wherein the am ne
conmpound is a mixture of triethanol arni ne and 2-(2-am noet hoxy) et hanol . The
conposition of claiml wherein the conposition conprises: a) from about 35%
to about 50% by i ghfhformpasiqn of claig) 7 whesein K8 JHerde (SCY s Gt a8B8 by wei ght
of the water-m sci bl eatmgaioh coapduvie sélectedfont the groapounsisBipd 0 about 50% by
wei ght of .the am ne c ; Lsll Ng of a at
| east onéoalkanolaningﬂgﬁgﬂgﬂﬁﬁgﬁgﬁgyr@%%&g&%ﬁ?%&?“gﬂﬁgﬁﬁgﬁﬁébout 6% to
about 10% by weight of the organic acid; and e) fromabout 1%to about 8%
by wei ght of the 1ol uorhélenpoasitieniitiaien 1 dfereiAthaaiirectofmpoundénmyi ng resi due
froma sem conduct or %@Q?o‘iarnﬁ“eesegtc{éﬁfr&rﬂmwﬂji BF: ih%ﬁl’Nnguefh EtnSfcRiine f -

Strate w a cle co

contacting the sem conductor su _ . ani ng osition of claim
1, wherein the sem coffdfedororagianqiapiae ddifprdigranciamps: e di-éMdetri ¢
mat eri al 1Bavi ng a di elreblopanct@isl agd-aminoethylamino)ethanol, 2-(2- ri nsi ng t he

cl eani ng conposition f W&ﬁ@%ﬁ‘%@'ﬁ‘ﬁ%@%ﬁﬁ?ﬁf"%ﬁ‘%{)ﬁﬁ%"”m‘g r;].,ﬁdr yi ng the

sem conduct or substraﬁe _ ( onstant of 'the porous
dielectric material dgesthyisthapeizprieadeNdisHy dhapaninggN-metryl The met hod of
claim 16 wherein the diethesinihs NeQRS tiaMinddmibd) eydudegisnitkidizthasdlrana mat er i al

does not i ncrease rmre.tthgn 0 ZfS 18. The nethod claim 16 wherein the
. L. mixtures thereof. . .
cl eani ng conposition provides a copper etch rate of 4 Airnin or |ess.

2519. A r éBl eni shnent conposition to be added to a cl eani ng conposition,

sai d repl eni shmenty, coOnRsdrigobiiorC s Rl sBShardin e @muadamibe 20% t 0 about 84% by
wei ght of water; b) fr%%qrpa%tm%%%to about 40% by wei ght of a

wat er - m sci bl e organi ¢ SO ven'fa, Wwherein the water-m sci ble solvent is not
an ether; c) fromabout 1%to about 5% by wei ght of an am ne conpound

30sel ected from tie QgrrasBorsRRBbSEicREN 0 witdreih B@SireRemablsamol am ne and at

25 aminopropylmorpholine.

13. The composition of claim 10 wherein the amine compound is

triethanolamine.

30 14.  The composition of claim 10 wherein the amine compound is a mixture of

tristhanolamine and 2-(2-aminoethoxy)ethanol.

15.  The composition of claim 1 wherein the composition comprises:

a) from about 35% to about 50% by weight of water;
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| east one am nopropyl norpholine. 20, The repl eni shnment conposition of claim

19, further conprising fromabout 4% to about 35% by wei ght of diethyl

hydr oxyl am ne, and said water is from about 20 to about 80% of the

repl eni shnment conposition. 21. A nmethod for renoving unwanted residues from

a sem conductor substrate conprising the steps of: contacting the

sem conduct or substrate with a cl eaning conposition conprising: a) from

about 15%to about 50% by wei ght of water; b) from about 10%to about 65%

by wei ght of a water-m scible organic solvent, wherein the water-m scible

solvent is not an 10ether; c) from about 1% to about 20% by wei ght of an

am ne conpound selected fromthe group consisting of at |east one

al kanol am ne and at Ibpasin abnet 1870 Aot Py binweigh of thewategmis¢iblp AigaPBUt 1% t 0

about 25% by wei ght qf af. | east one organic acid; and e) from about 0.01%

to about 8% by wei ght of a fl uoride ion %our_ce, fg{her ein sai %dcont acting

step results in 15a |hdemapoy 83ipabeyh SCip by ypightal g AMNg CRBRBESi ti on; and

addi ng a repl eni shnenklecleapars iHel gosuptconsstinglofcl st eabtoge glsanolsiineiand; sai d

repl enis nt conpositi. ihSiRg: a) from about 20%to about 84% by

wei ght of” water; b) farmd'ﬁ)ﬁgéq‘ég%%@!%g'to about 40% by wei ght of a

wat er - mi sci bl e or ganid feg] ahert6% aepEil A% oK weight A e @arErd 8| vent is not

an 20 ether; c) from@hput abbi tootcaboutBsSovimyghneitghtuodde iemsaardene conmpound

selected fromthe group consisting of at |east one al kanol arni ne and at

| east one am nopropyl rnorpholine. 22. The nmethod of clajm 21 further

conprising the sti@ps Admethphist rgoving reodue ama AEMEIFHELISUPTR®S P8 m t he

sem condygt or subst r ah&hofddfhpsivg R@steheofseni conduct or substrate, wherein

the semi conductor subetfate COMRR-SERP(RREAUTHL Bhafid dofpBRlofbl al having a
er el er s actin

di el ectric constant; @A Inarte ard cont Ing, rinsing arid drying
steps the diel ectric damst ahareipthersh@icprsiupiasSHFEIRTIM eS8 Fal does ri ot
increase nore than 0.@8ect®0nasrial hingRidrmdtraicomstamizm 22 wherein t he
dielectric constant of th rous di el ' bctBEBstARt ahdICr ease
nore than 0.25, 24. Tt '"ﬁ&eﬁcgeémcr}? C%T%%S?hgiﬁ%rﬁ%ggéﬁ?%@%e ¢l eant ng

conposi tit®n used in t drgingribe seodiconsyctPigubPHEL, conpri se from about Ito about

15% by wei ght of di et ydreiR alrashdBbrivent @imeh dohsus isfek@n mater@ibesc@iposi ti on
used in the nethod may further cag;géi ses from about 4% to about 35% of

di et hyl hydroxyl am ne 83 UF §20&P8&r i s from about 20 to about 80% of the
repl eni shnment conposition. 25, A conposition useful for renoving residue

froma sem condugtor $ybsthed & clainh €6 w0 HE dieRkatric onsiast of iy peesent i al | y of :
10a) from about 15%t 8iel§3ﬁ£rtpat?8%ﬁd§yﬁfﬁf‘égfg%ﬁe%%gﬁ,ﬁ-g? b) from about 10%to

about 65%by wei ght o C vent, ‘ein the water-miscible
solvent |Is not an ether; e) fromabout 1% to about 50% by wei ght

of an amine conpoynd gl GehescdinOBWHBRINGROENIRRSINSSItDY pfides Atopp@ast one
al kanol am ne and 15am nog&g&&%r ph[)?l ine; d) fromabout 1% to about 25% by
N f

wei ght of an organic §€P 8566%°0. 01% t o about 6% by wei ght of a
fluoride ion source; and

25 19. A replenishment composition to be added to a cleaning composition, said
replenishment composition comprises a) from about 20% to about 84%
by weight of water; b) from about 15% to about 40% by weight of a water-
miscible organic solvent, wherein the water-miscible solvent is not an
ether; ¢) from about 1% to about 5% by weight of an amine compound

30 selected from the group consisting of at least one alkanolamine and at

least one aminopropylmorphaline.
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f) optionally, fromabout 0,1%to about 15% by wei ght of a corrosion

i nhibitor selected fromthe group consisting of benzotriazole, am no-
20benzotriazole, L-ascorbic acid, genic acid, vanillin,

di et hyl hydr oxyi am ne, and m xtures thereof. 26. The conposition of claim25
wherein the water-m scible organic solvent is selected fromthe group

consi sting of propylene glycol, glycerol, 25dinethyl acetam de,
tetrahydrofuryl al cohol, ethylene glycol, hexylene glycol, and m xtures

t hereof. 27. The conposition of claim26 wherein the water-m scible organic
solvent is dinethylacetam de. 30 261. The conposition of claim26 wherein
the water-m sci ble organic solvent is propylene glycol. 29. The
conposition of cl&l m 26evwpnshmenthenpuattion ofrtdage il §lf@ther gamrigngsfednv et | S

gl ycerol, 30. The comoskkban & bgmefgmo?§.em%9@rb;r}/1|wr% éﬁoégfawager'son source

is selected fromthe group consis . niu a quat er naw
amoni um conpound. Thé&PRFABY<LA S %ﬂ?ubaf%/‘b‘?fé'?erﬁe@@“ PMEPERORPPHEON | uori de i on
source ammoni um fluoride. 10 32. The conposition of claim30 wherein the

fluoride igon sour | S\ Aetholf [ @rmgpt? Py elefolysoToTU]qfo IS ed fromthe
gr oup COI’]SI sting %‘1? tzt r%rret r%ﬁ\@w mohi PUOI’IB e and te‘?gnsﬁcttcf yl ar nmoni um
fl uori de. 20 34. stbstrate compnsmg the steps of: contacting the semiconductor substrate

with a cleaning composition comprising: a) from about 15% to about 50%
by weight of water; b) from about 10% to about 65% by weight of a water-
miscible organic solvent, wherein the water-miscible solvent is not an

10 ether; c) from about 1% to about 20% by weight of an amine compound
selected from the group consisting of at least one alkanolamine and at
least one aminopropylmorpholine; d) from about 1% to about 25% by
weight of at least one organic acid; and e) from about 0.01% to about 8%
by weight of a fluoride ion source, wherein said contacting step results in

15 a loss of a portion of said cleaning composition; and adding a
replenishment composition to said cleaning composition; said
replenishment composition comprising: a) from about 20% to about 84%
by weight of water; b) from about 15% to about 40% by weight of a water-
miscible organic solvent, wherein the water-miscible solvent is not an

20 ether; ¢) from about 1% to about 5% by weight of an amine compound
selected from the group consisting of at least one alkanolamine and at
least one aminopropylmorpholine.

22. The method of claim 21 further comprising the steps of rinsing the
25 cleaning composition from the semiconductor substrate; and drying the
semiconductor substrate, wherein the semiconductor substrate comprises
a porous dielectric material having a dielectric constant; and wherein after
said contacting, rinsing and drying steps the dielectric constant of the
porous dielectric material does not increase more than 0.50.
30
23.  The method of claim 22 wherein the dielectric constant of the porous
dielectric material does not increase more than 0.25.
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35

The method of claim 21, wherein the cleaning composition used in the
method may further comprise from about 1 to about 15% by weight of
diethyl hydroxylamine, and the replenishment composition used in the
method may further comprises from about 4% to about 35% of diethyl
hydroxylamine, and said water is from about 20 to about 80% of the

replenishment composition.

A composition useful for removing residue from a semiconductor
substrate, the composition consisting essentially of:

a) from about 15% to about 50% by weight of water;

b) from about 10% to about 65% by weight of a water-miscible organic
solvent, wherein the water-miscible solvent is not an ether;

¢) from about 1% to about 50% by weight of an amine compound
selected from the group consisting of a at least one alkanolamine and
aminopropylmorpholine;

d) from about 1% to about 25% by weight of an organic acid;

@) from about 0.01% to about 8% by weight of a fluoride ion source; and
fy optionally, from about 0.1% to about 15% by weight of a corrosion
inhibitor selected from the group consisting of benzotriazole, amino-
benzotriazole, L-ascorbic acid, gallic acid, vanillin, diethylhydroxylamine,
and mixtures thereof.

The composition of claim 25 wherein the water-miscible organic solvent is
selected from the group consisting of propylene glycol, glycerol,
dimethylacetamide, tetrahydrofuryl alcohol, ethylene glycol, hexylene
glycol, and mixtures thereof.

The composition of claim 26 wherein the water-miscible organic solvent is

dimethylacetamide.

The composition of claim 26 wherein the water-miscible organic solvent is

propylene glycol.
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The composition of claim 26 wherein the water-miscible organic solvent is

glycerol.

The composition of claim 25 wherein the fluoride ion source is selected
from the group consisting of ammonium fluoride and a quaternary

ammonium compound.

The composition of claim 30 wherein the fluoride ion source is ammonium
fluoride.

The composition of claim 30 wherein the fluoride ion source is a
quaternary ammonium compound selected from the group consisting of
tetramethylammonium fluoride and tetrabutylammonium fluoride.

The composition of claim 25 wherein the amine compound is an
alkanolamine selected from the group consisting of N-methylethanolamine
(NMEA), monosthanolamine (MEA), diethanolamine, mono-, di- and
triisopropanolamine, 2-(2-aminoethylamino)ethanal, 2-(2-
aminoethoxy)ethanol, triethanolamine, N-ethyl ethanolamine, N,N-
dimethylethanolamine, N,N-diethyl ethanolamine, N-methyl
diethanolamine, N-ethyl diethanolamine, cyclohexylaminediethanol, and
mixtures thereof.

The composition of claim 33 wherein the alkanolamine is

monoethanolamine.

The composition of claim 33 wherein the amine compound is
aminopropylmorpholine.

The composition of claim 33 wherein the amine compound is

triethanolamine.

The composition of claim 33 wherein the amine compound is a mixture of

triethanolamine and 2-(2-aminoethoxy)ethanol.
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