WO 03/ 083582 PCT/ US03/ 08408 PH BUFFERED COVPOSI TI ONS FOR CLEANI NG
SEM CONDUCTOR SUBSTRATES Field of the Invention The present invention rel ates

“to a seni -a&ueous cl eaning fornulation for use in producin sem conduct or

devi ces and"& PPH¥ss for produci ng sem conduct or devi cCNVEFHEhe cl eani ng
formul ation. More particularly, the present invention relates to a

sem -aqueous cleaning fornulation useful for cleaning organic materi al s,
organonetal i c residues, organosilicon residues, sidewall polyners and

i nor gani ¢ r esiMEERED CEMPOATIBRHOR@NELMOsEMSadiB U@k eursBaakgr ound of the Invention
The process of wafer fabrication includes a series of putting down |ayers.
Each | ayer involves a series of steps, which may conprise all or sone of

phot ol i t hogrEaRYmahedtast ri p, diffusion, ion i rrpl ant deposi tion, and

chem cal nec‘rﬁ“ﬁTﬁl_p(Tll_shl ng. Photalit hogr aph rocess t rough whi ch

i mages are tHRAREFEE MRENICD Tt Qut FEREEUSPUS, Sl rf"w a“?f’e SSHT BOLTY
sensitive pednyicoaticer fdedides hxayepmée}:qhmrqmﬂmmg Jemicbhdnclormagyieed ssifgr tanrskaituged from a
mask to th oLoresi st l.a SS, es
exposi ng reglr%‘ﬁ%mélf p?mflxglg' 0 a eggth% %@Oggrﬁirg%ée)% seﬁ(}ﬂ releauslnglfg Ang%ocked by
the mask, r éwsmplﬁfiqnglsqfqi fca %etlrtgeargﬂmemateﬁes wegpRammetaftio gisidass, orgamysilcORsesidNEpi ct f our
key photol i QG 3BHnGs S @RSaliOfcsiids R%E FRnadMduelOhedar] St process. In Figure 1
a, photoresist (10) is deposited on a silicon dioxide, dielectric, hard mask,
etch stop, and/or barrier layer (12) on silicon substrate (14). A light

sour ce (16) Béckgraundpfithe Indenkign t he down ward facing arrows) exposes the resi st
(10) not bl ocked by mask (18). The exposed resist (20), (the areas where the
down arrovvs enet rate resist di ssol ved i devel

ol Ut on. 1 BERARHG 1 S Mo E Y 1 i PO BT B i (B8 g e 1(b)
depicts t hesahessafsteppaﬂﬁch may (c@@prisoall ef tongord ptetaithogephyl atylersiripl @ffuddnt &n

di ssol uti on, nﬁ:‘ian? oSS E e&ﬁ?}'n?e%han{]ﬁpglﬁsgfdée 1(c), the silicon dioxide |ayer
(12) is then put into a plasma etch proceSs or wet etch process typically
using a fluorinated corrpound to renove the oxide in areas not protected by
resist (22) Photdmhegrmpes ihe ﬁa&eiselﬁragd which irdapes Aé GatisEdred @ YtRsutike ofd aderand/ or
trenches. At thi p r S se and
must be renﬁ%a\l}se 8] b sensftw It}c %l% 1%%{',\@%1012@‘?3?81:) %é/ %lqgé 1E &aﬂgéﬁ%&'ﬂroggﬁ#gwst b
entirely r etnﬁhpeﬂiotsueﬂeéayrrtbyla§ewlvp1nep@aqﬁp,cmﬁaﬂ ngﬁ equmg eqswns ¢f theefflm tom t he waf er
surface, %hQU‘G@&b&%, Wt b1dMR DI HRERBI Zesitfidy VSRR A AR wafthe pl asma et ch
process used to renove the silicon dioxide or other substrate materi al
requires Figures 1(a)-1{(d) depict four key photolithographic steps for an exemplary photoresist process. In

Figure 1a, photoresist (10} is deposited on a silicon dioxide, dielectric, hard mask, etch stop, and/or
batrier layer (12) on silicon substrate (14). A light source (16) (as indicated by the down ward
facing arrows) exposes the resist (10) not blocked by mask (18). The exposed resist (20), (the areas

where the down arrows penetrate the resist layer), is dissolved in 2 developing solution, leaving a
resist pattern identical to the mask (18). Figure 1(b) depicts the resist pattern (22) on silicon dioxide
layer (12) after dissolution of the exposed resist. In Figure 1(c), the silicon dioxide layer (12) is
then put into a plasma etch process or wet etch process typically using a fluorinated compound to
remove the oxide in areas not protected by resist (22), to create a patterned silicon dioxide layer of
vias and/or trenches. At this point, the photoresist has served its useful purpose and must be
removed by an ashing and/or wet stripping step. The resist must be entirely removed sincs it is an

organic material, which, if left on the wafer surface, would cause defects.



exposing the substrate surface to UV radiation. The radiation tends to cross
link the photoresist material making it nore difficult to remove in the
“subsequent ashing or wet stripping step. Ashing is a general termused for a
process, \/\hi%"wgg%des removi ng a photoresist coating bJCTEXFE&ORg t he

phot or esi st-coated wafer to an oxygen or hydrogen plasma in order to burn the
resist filmfromthe substrate surface. Alternatively, wet stripping

typically i lrmﬁ@w% GONYraessl 3G b %mv@fh@%ﬂ%&ﬁcii&&de@\é_ﬂl%ﬁﬁbiﬁ@@SﬂafeﬁﬁlgequEJ"l a
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because it magrihlesging ij gospifibitdo oo dntbaswratenohingy weheippmpseass is carri ed

out in a vacuum Figure 1(d) shows a patterned silicon dioxide |ayer (12), on
the silicon substrate (14) after plasma ashi n% removal of the photoresist
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ash residue renoval, where [ong trenches and narrow vias trap particles.
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Low dielectric constant ne such as carbon-doped oxi'de )  conprise Si-0O
Si -H and Si inrgudeaf lsishijedching |ges opPOFIS 2 cORpRFY of e Bﬁbﬁr%@bﬁr@e BY ShEe Rer eby the
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converted 4eosi+ groups, destroying the integrity of the Si-Olink and

increasing the dielectric of the lowk film e useful carpon-doped oxide
(G50 1 a POl ichEe Ry PG et Pt B AR S PRe o of
2.7-3.0. Theed ereamgss foo net lenag Walingques foopost diairang hest ash essidug repesrbwhére bngl  post
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waf er throughput. At the sanme ti i ntroduction_of or ganosi i ca glass

. the |
(OSG) di el SRITFELER LIRS 1$9PRE RAHIRFRRE RIPFTSHiET eendifficybie preseeme.

Low- dielectric constant films such as carbon-doped oxide (OSG) comprise Si-O, Si-H and Si-C
linkages. The film structure is preferably porous, whereby the porous nature of the film is due to
the loss of volatile organic species or the inherent structure of the precursor material(s). In the
presence of highly acidic or alkaline agueous formulations, the Si-O and Si-H links are converted
to OH groups, destroying the integrity of the 8i-O link and increasing the dielectric of the low-k
film.

One useful carbon-doped oxide (OSG) is a low-k material having a dielectric constant in the range
of 2.7-3.0. The irend to single wafer tools for photoresist removal and post plasma/ash residual
removal has mandated a short cleaning time to maintain wafer throughput. At the same time the

introduction of organosilica glass (OSG) dielectrics has made the alkaline strippers and post-ash
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-2 WD 03/083582 PCT/ US03/ 08408 residual renovers |ess viable since they attack
OCSG. . The solution to high cleaning rate and conpatibility with OSG requires
“new cheni stries, which are fornulated in such a way as to clean and renove
particles wiYGBEF&rroding the substrate surface. Prior PEPESGL#4R| ng

formul ati ons including highly-acidic, hydrofluoric acid are effective when the
waf er substrate is nmade of a material such as silicon, silicon dioxide,

tungsten, tuagsd e;anavers 3R Yiddle ﬁlhéeoﬁ{@ Q{acg D‘S@nlmmsahﬁoﬁllt{deﬂ hmnm&eeaﬂdal s are
relatively resi Stﬁ L&rgﬁorrom on y“gﬁg or| X " when nmade
of materi al §TPREGERY §¢ ﬁ'f%ﬁ“rﬁ“e‘éf SFﬂj’ & °’38 “h?uﬁlb g@’paﬁ t ““Copper  or
car bon- dopedndormale partidiéseitithart eormodihathe snbjtpptelsgse.r esi stant to corrosi on by the

fluori ne conpound, the cleaning agent significantly corrodes and di ssol ves
t he conductive line pattern and/or dielectric. her prior art cleaning

f or nul at i onSrifigfeleguRgfoglasig Brydinghighly- at"lé‘f?ob’@“’rﬂégrf"s?‘draé%?f&ﬁté"§ whepver, if
water is presendubai istgadd £ mhthenl, abdean ailicon) siieonl dissids hages, mgsltemmatues an

al kal i ne SOLI 5/ 0rQ1 amfl]%tmm&cgu%fﬂ %Et@ﬁa saretrggtl‘fé%’rgs%%htqg cﬁomﬁﬁ%{@drﬁ&% ?A ectrics.

Qt her prior a fornu organi c so are no
| onger corrpa@wqyprewmntmﬁde oftrenanialy, Shaves Rlumire Rty algs YOHIEYINg GIRPE W?fﬁ t he

or gani cI andoﬂlﬁéﬁi&@@:ﬁu@d &@5%&3@%&@@ 1pésQehiteat @ comﬁmbgzaielfmmaietcaﬁleﬂn@ el ﬁct ric
mat eri a .there.l a.ne ani atl on that
removes org ﬁclﬁdn%?ﬁta%m Séqm%mﬂ%?oérgﬁcé%%dgﬁs?l?’ecn'%}eézglﬁaﬁugg ] Q%%og{o | cl%chmr esi dues,

si dewal | pobygEyis @Q@aﬂu@%&ﬁm&m m&%m@ua&aﬂoragmeam 1SRk &amém@,r needver, surface
and i nsi de and around via hol es when | ow.di el ect{gl C cons filnms, and

conduct i ve YiPRIEESPERTAMHIPE §sea G A<APHrIRT S claéeéﬁ freafgsgn @ 8@@@“?08 W asma et ch
and resi st asderatesoiedbirésdn of mdtals inkidielecttitsere is a need for a cl eaning
formulation that is not effected by small changes in the concentration of
aci di ¢ and/ @Wherpasy @%W%WEPR@U“H%#%%‘P@”WS Q“ﬂb?ifé 1) e copRtRIn ¥t esent

i nvention ti@e pevdlowdedidértdol By Myedadt vitR fen@eahio i hltdga@nsubitin@hits keprodeesa or gani
mat eri al s, %rrggﬁgg%;rgdlém?e%m{}%gémt1|es organosi l i con residues, sidewall polymers
and inorganiC re ue PO A sem conductor wafer surface when |ow dielectric

constant fidge, Amek is QQ&G&%IaﬁﬁmbﬂoﬂﬁSﬂdﬁﬁlﬂﬁ FruBgnathit Feraad apghomate@pper are

exposed to cp !ga%c? m%alhc r(e:sr:]dug'sn grggneo% icon reaSJ nes i er\]v(ail tp!)l%grs and inorganic residues from a

semiconductor wafer surface and inside and arcund via holes when low dielectric constant films
and conductive lines containing aluminum and/or copper are exposed to plasma etch and resist ash

conditions.

Further, there is a need for a cleaning formulation that is not effected by small changes in the

concentration of acidic and/or basic components.

Therefore, it is one object of the present invention to provide an improved cleaning formulation
that removes organic materials, organometallic residues, organosilicon residues, sidewall polymers
and inorganic residues from a semiconductor wafer surface when low dielectric constant films and
conductive lines containing aluminum and/or copper are exposed to plasma etch and resist ash

conditions

it is a further object of the present invention to produce a cleaning formulation having a pH in a
range that does not corrode metal and/or dielectric films and that is not effected by small changes

in the concentration of acidic and or basic components,



It is a further object of the present invention to produce a cleaning

fornmul ation having a pHin a range that does not corrode netal and/or
dielectric filns and that is not effected by small changes in the

concentrat i oY° %f*3%8% di ¢ and or basic conponents. -3 WO 0BFBHESH@s408

PCT/ US03/ 08408 A still further object of the present invention is to provide a
cl eani ng agent for use in producing sem conductor devices, which neets the

above obj ect g silPfusihet bbjeck UF ﬁ@ﬁfes&%@ﬁﬂonqg ol Ride 2@kt AaMERtdsOfh fr&autige provi de a
process for producing semn H uct ces, which conprises a step of

|
cl eani ng a WAPEPBEFPRLES BT mﬁet%‘ig‘“eﬂ’ﬁ‘i'e éef’%r mul ati on that renoves organic
materials, organonetallic residues, organosilicon residues, sidewall polymers

and i norgani gf &flOuea: Sfﬁfpemr&e.ﬁmﬁa@féte&&%deﬂ@gr@aesssfwJre&anmﬁﬁbomwoﬁl el ectric

constant filns an conductive l'ines containi al um num_and/ or copper are
exposed to pleHSHaEdCImRHs pelep<t ckytie © Rl f‘i“g??s“"ﬂsﬁ leiRg formuatan (G ent i on
The present rbﬂiﬁ#eﬂ:'frgaﬁia ia@ehialk, @fzat RIS edaiducagdj@mm:ceﬂ @aﬂuengldémrpuiyﬁtaﬂs@ﬁu for

sem conduct OI’ T amc res1 ues §omny rsr':r%&: ngl{c or wa ur{ I%e\ﬁ%g\g raelealﬁc cons ar(l)tv}’ilmg n;'Pae rature
process for rEEhi ng a senicon f'eusi ng 1 aque

fornul ati on. corrdnctwﬁémas;p@mmg elhrempmes«émcopmeqqtertmqedrtelpéﬁﬁ% etﬁloa@ rg%qhashaqueous

cl eani ng forpaskRkd on conprising a buffering system In a further aspect, the
present invention relates to a sem -aqueous cleaning fornulation conprising a
buffering system a fluoride salt and a polar organic solvent and water. In a
still furthéemaepadtheflinenfinesent i nvention relates to a nethod of renoving

particles frg @sent%&m@l%st @ sémpaahéoaé aeae«i%lg%hmra@dnuﬂ@&mweﬁmbﬂamesa
sem - aqueous C eanl ng f or mul atI%?_’H npri Si n% a bufferi ng syst em and
"-’t]ﬁ@ f ha

contacting CHErias érbuéfﬁf"r“ﬁa%@e% t&‘?“%“é?’i‘l‘r ESF {2 SRR 2GR
sufficient twsieidwioptht keniteronddrmabticat | east of portion of the particles.
Brief Description of the Drawings Figure 1(a)-1 (d) shows four key
photol it hographic steps for an exenplary photoresist process. Figure 2 shows
an al umi nunithBe aPesti HePREY Ryniadrlyerde 2FFmigaueens defaing é%{mulfatroac,ce@gfrswg 3 Figure 3
shows the abwmimpspwemetal |ine of Figure 2, after chemical processing. Figure
4 shows a via structure having residue, pri or to chem cal processing.

In a further aspect, the present invention relates to a semi-aqueous cleaning formulation comprising

a buffering systemn, a fluoride salt and a polar organic solvent and water.

In a still further aspect the present invention relates to a method of removing particles from a
semiconductor substrate which includes, providing a semi-aqueous cleaning formulation
comprising a buffering system and contacting the wafer surface with the cleaning formulation for a

time sufficient to effect the removal of at least of portion of the particles.

Brief Description of the Drawings

Figure 1(a)-1(d) shows four key photolithographic steps for an exemplary photoresist process.
Figure 2 shows an aluminum metal line having residue, prior to chemical processing,

Figure 3 shows the aluminum metal line of Figure 2, after chemical processing.

Figure 4 shows a via structure having residue, prior to chemical processing.

Figure 5 shows the via structure of Figure 4, after chemical processing.



Figure S shows the via structure of Figure 4, after chem cal processing. -4 WO
03/ 083582 PCT/ US03/ 08408 Detail ed Description of the Invention and Preferred
“Enbodi ments Thereof The present invention relates to a sem -aqueous cleaning
fornul ati on YOP'8E8 conduct or wafers that provides for BfFHI®4#Ebus cl eani ng
and/ or renoval of particles froma wafer surface, while maintaining a fixed
pH, thus avoi ding unnecessary corrosion of the substrate. The present

formul ati ons BEOYHEE ok 6Fthk el 2R PQreRled ERBoEHBR! TREEF, Whi ch nmeans nore
effective resrdoe renoval, Tch 1n turn means .t ha I"g er gro UCthn%l el ds can
be obt ai ned ¢ BfeRtiRyention FRlASs St BEMIRGFIPYS CFARLRA H?“lfft’r?“gée HBYYCHEHT™ "Phe present
i nvention r gkaides fok GinfultHietis- guied usd/@| reamangf potidks fin enwafgomrcesivhily a
buffering s n. i | . i i.ses at | east one organic
aci d. | the S NIRERD anPL iR, B OB o and vater, _sach
t hat the bufthepre®yIbramaiene Biotias effedive Ulch@ig of the @atp@ads] WhieH mdahtivrabifitivel 00 t 0

1000 mM t h th . it., T buf f er | . it V... db
ot SORE b, PHAT * "B abise JE JAR SRRy SERATH Yoo BE ST, O 2

sol ution of ™ watef used In the formulation is
hi gh purit ysdetratmbdegtleapgder, present in an amount of from about 0 to 70.0%

wei ght by volune of the %otal formul atilon trmre%prefera I%/ fromI bout 5.0 to
25. 0% wei ght™ 8§ §BPAGiReS fH PHESE MVEIFEr dPABT (P £r 8T BB B0 S TE W wei ght by
vol ume. As usadlisings Biffering dyeterh evhmelhseibuffigueoeisth comfraessit feast eperprgenigpad.of wat er

and organi Cth%?ﬁﬁogl@?%%ﬁlgc gég&%m@ic%ﬁjll%g H¥SER Vel sl iPhERRRL sydttY §BEQN shoul d

conprise from ab _ % wel g by _volune, and nore preferably from
about 5.0 t @ umgearatiy obfronsharndodbip 199%%%}1&%%@& qp ypit - Theuiiyment ¢ he
present sol edphd isshasikdd B9Q stBtion todihe Befenbil PRefdritdy themger vedd iBthe fdroulicd, nore
preferably . about 4 .to.7 and, nost prefer t gsterm

"buf f er sysfsg1 Py %ell%nzte%w‘[‘a]feﬂ %reosf"}%imn%tafnooﬁmgfé%%&ggﬁﬁ%gn'?/ﬁ%g glg;) gw e a buffering
system in stk aetldprotubation, avor brieferblly ffofregtioniys.0 ¢ pafdh tRright atoljme, aphBo¥apacity to

neutralize Wekfbb fbhn@bdus.0 & 160eIweRti ¥SoRmebases (al kali) with relatively
little or no change in the original pH The buffering systemof the present

invention serves to maintain the pH of the instant formulation to within a pH
of 11, and Asussdicieit, He topo(‘@mi-tabouf orfens ki alpixtugstof WA PraingTcORRInas-cor r osi on i s
limted. As used herein, the term"buffering capacity” is defined as the

m | linoles of strong acid or . :
ry\l/a’buffering system OF the present invention should comprise from about 1.0 to 70% weight by

volume, and more preferably from about 5.0 to 45% weight by volume of the total composition.
The pH of the present solution should be maintained within the range of 3.0 to 8.0, more preferably
about 4 to 7 and, most preferably about 4.0 to 6.5. The term “buffer system” refers to a
combination of compounds that provide a buffering system in solution that exhibits buffering
capacity, that is, the capacity to neutralize within limits, either acids or bases (alkali) with relatively
little or no change in the original pH. The buffering system of the present invention serves to
maintain the pH of the instant formulation to within a pH of % 1, and as such the potential for oxide

etching and/or metal corrosion is limited.

As used herein, the term “buffering capacity” is defined as the millimoles (mM) of strong acid or
base (or respectively, hydrogen or hydroxide ions) required to change the pH by one unit when
added to one liter (a standard unit) of the buffer solution. The buffering capacity will depend on the

kind and concentration of the buffer components.



base (or respectively, hydrogen or hydroxide ions) required to change the pH
by one unit when added to one liter (a standard unit) of the buffer solution.
" The bufferi &ﬁ% ?ﬂgam ty will depend on the kind and concentratl on of the

buf fer conpohefit’a*®%5 Wo 03/ 083582 PCT/ US03/ 08408 Or gani cFatFes %%&ful in the
buffering systemof the instant invention include but are not limted to:
formc acid, trifluoroacetic acid, propionic acid, butyric acid, valeric acid,
hept anoi ¢ acOfanid @@k ieful ﬂﬁﬁed)pffﬁ?ﬁgb}isfénﬂﬁi}ﬂ instd ibventiva irdludéMalt @a et liadtedlto: succi ni c
acid, fumarig _acid benzoi ht al i.c ric acid.
Conj ugat e patomae 6“%%?‘6}?“"%“& ‘ha"“*ba’%" QT RG C"“’g{%e?ﬁ"%ﬁ’ge el h?@r’f’?" %@éﬂcﬁﬁ on
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t et ramet hyl a;ﬁﬁﬂ@&cﬂﬁhd BRI dRjugliebdkaakdiy hﬁ%@ﬂﬂeﬁﬂ@sﬁ‘{dﬂ{ &X}leq&,sent invention

2- (et hyl am nQ) et hanol opr opanol ani i ne,

NG et by 1PN oE R i TR o P o (oo PRI e Ty smonipe
hydr oxyet hy|Bypiogids, aztiraatyladmfrBura nbydoetlt y RYXmpitipdanszd)atapol, mon0150pr0panolarrﬁne

1- (3 am “Opré?@’ lﬁl)amfnén dﬁé@&lﬁﬂhﬁﬂ%&ﬂﬂfnmt&)%&bp[ 51 éaa Q1 Jagﬁﬁlpchﬁﬁe’ 1-(2-

N.N. N -trinmet am noet hanol am ne, pent anmet hyl dj_et h enetri am ne,

et hyl nor pholhyﬁféxyeﬁ?mﬂﬁ%ﬂé%hyll r%mmﬂfhylilépermam Hﬁ%ﬁ@ﬁ??rﬁﬁ’ﬂ)ﬁﬁ‘t?ﬁ?oke 18-

t ri et hanol ardisagsicyaed40@higl7dhet hanol am ne. | n aNpmefmendtigdinemvbibaiodmine, the

buf feri ng %%Srﬁﬁ‘ét%ilcgl}%n&&a%&m '“\éﬁ %ﬂ?hngonp“ S€s '@ﬁﬁoh)%m? Glofnafpd anmoni um

| act at e. one e the cle ormul ation_o resent invention
conprises a aﬁﬂHOPeryl%PﬂﬁB#eﬁlethb‘lﬁ’f&P’é}el nae{hyldicthanalaming. ea %’eﬁelé‘iflt‘i"f&""g@?ﬂu/ | act at e
and citric agduwfféink 5t obmf:ﬁxefehﬂa@zeﬁmtoeﬂprlshna@cfamztnlaeﬁmemmmbmnt t he present
invention relates to a sem -aqueous cleaning forrmulation conprising a
buffering system and optionally a fluoride source. Preferably, the fluoride
source is presenmbidinan thyrokmingr fryilalign fof ghe atserat igention ZemEdsaneight- by
vol ume, nor g.Rlalehdalie &9 MR ROMbct adi@afta ol Qi u@EBs@Ad Most
preferably from about CF o 1.0 percent weight by volune. Suitable fluoride
conmpounds are ammoni um fl uori de and derivatives thereof, including but not
limted to: hamfiotbrumbolivent] #le prescatrimpentiomrelies [t o stdepudoet ¢leaink Wramiptimi um
fluorides, %}g&&hg ﬁﬂﬁeﬁngﬂéy&wﬂ S SR I, tﬂ&&%%ceof’reﬂfafslfyeﬁa@ﬂﬁor1§@é$u1‘c§Is sel ect ed
S

fromthe grou Isting of C, as
present in an amount Tanging from about 0'to 25 0% weight by volume, more preferably from

about 0 to 8.0 % weight by volume and most preferably from about 0 to 1.0 percent weight by
volume. Suitable fluoride compounds are ammonium fluoride and derivatives thereof, including
but not limited to:

ammonium fluoride;

ammonium bifluoride; .

tetraalkylammonium fluorides, wherein each alkyl group may be same or different and is

selected from the group consisting of C; to C, such as-

tetramethylammonium fluoride (TMATF); and

amine fluoride salts, such as,

methyldiethanolammonium fluoride (MDEAF);

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride {DGAF);

triethylamine tris (hydrogen fluoride) (TREAT-HF).



t et ramet hyl anmoni um fl uori de (TMAF); and am ne fluoride salts, such as,
met hyl di et hanol ammoni um fl uori de (MDEAF); triethanol anmmoni um fl uoride (TEAF);

.diglycol a oride (DGAF); triethylamne tris (hy f| yoride)
( TREAT- HF) . Egd%k%gz;’ 083582 PCT/ US03/ 08408 In a further eﬁ%@g‘?‘ﬁ@ﬂ % the present
invention relates to a seni-aqueous cieaning formulation useful for removi ng

particles froma sem conductor substrate, wherein said fornulation conprises
a buffer syshenurtienemiodinent alel pygserd ifvbntion ird@essto ur ewi-ggacbua nlcaingainmelsiol vent

system Pr ef]_ﬁé’ﬁﬂ tf!)rXemm% g)m? Eigsaﬁ:gngz a &%Lc\&?d%tms%ﬁm \{/Iére?péafd l}l)rﬁmfaponv@hsﬁses

Preferably the organic sol vent stem conprises at [east one fglg ar sol vent
conponent . ?rt@ff@rl%%imr@gdwwaa SHdRYroR B oBEnie STRNAEET TeleBYyaBs ght by

vol ume of t RgmselonentsySast CRbIITR kvitedd mffe;azrba,,hhyorgmtcweam stan GondPBesweieght by
volune and nmost laﬁggge]éﬁé)&pﬁnt %quan%ngf rmlcljlatlon a6ncé ht gé/r{lﬂ oluf’W?S/Of EP or gam ¢

sol vent syst’8ff° t E5EPE “Ohe o e of gani c ol vent
syst em conpmy sdemeef tersolbtent astert fere prefsrablyibetvasn (bqﬂé gepe WeBh*éDWé'PIPJ@EI anglghogient s

i ncl ude but %‘fe%bﬂf%mjeél{ﬂ 890% Q& %QQ%@Wtﬁ%rﬁhﬁé@Q{renggyEt@rﬁ FreflrablfNafTeast

di met hyl acet am de, { di met hK or mani de, cI o exyl {) rol i,di none,
N- et hyl pyr 1981 PERPRRFR Oﬂhﬁf@aﬁ SEAp B ‘fof%’ﬁ °(5>?§‘é ﬁ?‘f 89 1851 done,
N-octyl pyrr a?kafedemaplvénts?nnchiﬂmnmwepnqnelhmdcbn@rmaeﬂdwIaenrrb givopt altherspropif-ene

gl ycol , phe:ag,fg}@%%_gg&e, ?ﬁél{n%ﬁﬂﬁmmcﬂa[’%&%y{mﬂ Eﬁoﬂﬁﬁﬁonebﬁ'%{hﬂbfrfoﬁlg&g

1, 4- but aned acet oacet a cyclo rrolidone,
N-oct yl pyrr quééﬁéﬂpﬁmb%ﬁoxy bE }ﬁﬁfeﬁﬁﬁb‘PW%‘H@ﬁoxyetI‘h%W° ddF‘fmt hyb&ul f oxi de,

g! et Ey: eneg hmmblpiﬁ&mmt Kdﬂiy%ﬂerglycdl etpfwmngllyml piAGHYErhdnyll etshmﬁane
1 et ene t t et
y gra:a%&;,, JBnoe! Mg D&, d %ﬁﬁn@a& g )6%?!11?15\28\{]90@{0&? higf! NG

1, 3-di net hy azol i ofl one and ures’ t heteo er enbodi nment,
the seni - aqexsbheypyedidpneg f Brphipyrolideneof kﬁ’éﬂoﬁ&r@@&ﬁ%mﬁnventﬂhﬁwxwﬁg?m]’f urt her
and opti onahlmémﬁamaila@e @etwégmblonmbmhtpnema{ ARy Rhicgcdl] &ﬁdﬁbﬁghﬁg&iﬁ,t The

cl eani ng ag pres ncen t| on rangi O0to 5. 0%
wei ght by vg‘Ftﬁlﬂg’eo@]yf‘ﬁe “108?%13’}“}‘ t e%ﬁtﬁ’a °f c‘%ry n%l 3}°n°c5’r°p§ll g@ er a’gmmg’ YF% 2% wei ght
by vol une ofmiédagidinobend oixtagsitiegeof. or nul ati on and

In a further embodiment, the semi-aqueous cleaning formulation of the present invention may
further and optionally comprise a corrosion inhibitor and/or a cleaning agent. The cleaning agent
may be present in a concentration ranging from about 0 to 5.0% weight by volume of the total
cleaning formulation, preferably 0 to 2% weight by volume of the total cleaning formulation and
most preferably from about 0 to 2.0% weight by volume of the total cleaning formulation. The
corrosion inhibitor may be present in a concentration ranging from about 0 to 2.5% weight by
volume of the total cleaning formulation, preferably 0 to 1.0% weight by volume of the total
cleaning formulation and most preferably about 0 to 0.5% weight by volume of the total cleaning

formulation.

The corrosion inhibitor serves to react with the substrate surface, which may be metal or non-metal,
to passivate the surface and prevent excessive etching during cleaning. The cleaning agent is a
substance that chelates to specific metal or non-metal components to be removed, leading to
soluble components that can be readily removed during polishing. The corrosion inhibitor and
cleaning agent for the instant invention are preferably a carboxylic acid. More specifically, the

carboxylic acid may be chosen from, but not limited to glycine, oxalic acid, malenic acid, succinic



nost preferably fromabout 0 to 2.0% wei ght by volune of the total cleaning
formulation. The corrosion inhibitor may be present in a concentration
rangi ng frorpv ut 0 to 2.5% wei ght by volume of the total cleaning

formul ati on, '%1?32 P&PAbly 0 to 1.0% wei ght by vol ume of t h8CTEPE"8408| eani ng
formul ati on and nost preferably about O to 0.5% wei ght by volunme of the total
cleaning fornulation. The corrosion inhibitor serves to react wth the
substrate sutiiog@ec i) itGhrinRyd, BRedRlaa, Iﬁtli'ﬁdﬁﬁﬁeﬁﬂ'&blaJ their dalis fél S8itvad ertdfe surface
and prevent gxcess et,chi,n uri Ie ni.n c| a

subst ance thb‘z Etng#yatgee aﬂfoyhcgmg 'y ggarrét aﬁ}r 1ot Carbox?réc acﬁaﬂt E%%%gﬁét]g hés?f‘

renoved, | eaitiopg dowanisy futtiosal goup olaht wost h@feﬂ%ﬁ%éh?féaéﬁlqnynh*@%v’édh?dur| ng

poli shing. TREGOLLASIO Mnibdiibodt l:0H. ks sGsRAGRE E!Ebﬁﬁgzﬁ?@&mfs@ﬁ intHittods Nd/aNt

invention are preferably arboxylic a re . .speci | 1 carboxylic
acid may be c@ﬁb‘égeﬁgef“isoﬂfm%ug“tnﬁf 1ot Hi“l”é% tPod%?i?thﬁ metS‘?(aﬁ‘feg % hgbernﬁl oni c

ac! d, succi mb:&omizowQBG’Js} 083683l PRIA USO8/ 68408 asalBTA carboxiylig @lcacbmjw atidrtari c
acid, gl uco@l'u&roﬁoﬁxk thiq, %Bf{e +a,%a£elt1@'§c§:fslg@uc@sg Saecl Nk dapSRdnt Snihe didreck Ur es ther eof .
Alternatlvely, e carboxylic acid di, tri or tetra carboxylic acid
that preferentially has a nitrogen cont ai n| ng functional group. In the nost
preferred faf il fighet OfbodBnear) the phkdat indentionoiayt fugher chgmibmdly agamise arlest

| m nodi acet LG, 8 fa LS. -SHBSLANGER pHARL Wb iR GPLRAREANCAOR B&R] sqand/ or

cl eani ng agéht’s | Rer ad t hyl ene-di am net et r aacetic

aci d (EDTA) ponidnésnwbicly mzhﬂ@eseerAlynduqﬂmoytnrqO@EW@n iEppRupfe PR P57 88ferdlych as BTA

Cfir boxyl i g i:od?slf’o Hahnlofe Iﬁé%rﬁlbly uf tl}U@S‘l@b.@fghibe&Gluﬂle %Mﬂtdrﬂﬁ-lnlnflﬁ% Q‘&ﬁlﬁkt&f aci ds,

gl ucose, o e nmer xt.u ereg In a sti urt her

enbodi nent , ﬁéﬂfﬁ%ﬂéﬁs@%@“ﬁ%ﬁ@ er%{??fm '{] et and optionally conprise at |east
one surfact ant. Suitable surfactants include but are not limted to

amphoteri c, hlccf?:t': b Hdfmen e BRbd infRBEbn rOREY 198 bféamﬁﬁh‘bﬁﬂlaﬂ&%o QS RAM one
|nd|V|duaII I'n conbination in anounts

é‘f Qljip br graob{laold{)t001%
and nore pr BfEncipial, cQmpopgst Ve H, AATEGHRS 59 BF’ﬂrf‘%weSﬂS Qi # CORSRT % Ei n

exanpl es of bufftlif et nh@orasBerBuysteynsl Well)as aTlehst ony of) 3 chidbatigy egoht( surfactznd Tween
(r). In Oneco?ﬂEPS’nd]hH?%andPop HRLesent invention relates to a cleaning

formul ati on conprising at [east one bi-fnttional conponent, wherein at | east
one conponent serves as both, a conponent of the buffering system and/or

sol vent syshemt ashodileht, BSsetili-adueads tlcaatag f@fyulatonclitk akiengneg®ntomsisesf act ant

corrosion inhibitor and/or stabilizer. Percent weight by volume

a buffer system comprising:

organic acid 0.1 to 35.0;

salt of organic acid or conjugate base 0.1 to 40.0;
water 1.0 to 70.0; and
organic solvent system 0 to 95.0; and
flueride salt 0 t025.0,

In one embodiment, the present invention relates to a semi-aqueous cleaning formulation
comprising: a lactic acid, ammonium lactate and water buffer system; a 1-cyclohexyl-2-

pyrrolidinone and N,N-dimethylacetamide solvent system; and ammonium fluoride.



I n one enbodi nent, the sem -aqueous cleaning fornulation of the present

i nvention conprises Conponent Percent wei ght by volune a buffer system
.conpri si ng: nic acid.0.1 to 35.0; salt of organic acid or conjugate base
0.1 to 40.0%° aﬂ%ﬁﬁ 1.0 to 70.0; and organic sol vent sysPERUS{080895 0; and
fluoride salt 0 to 25.0. In one enbodi nent, the present invention relates to a
sem - aqueous cl eaning formul ation conprising a lactic acid, ammonium | actate
and water byf E%{oreﬁa\‘e?érf%memﬁodllm&b’ e QBE XN hevds cldaihg Rkhditde B@th@@l@sent invention

NN- di net hyl acet am'de sol vent system and anmonium fluoride. -8 WD 03/083582
PCT/ US03/ 08408P'Fi# a nore preferred enbodi nent, the sem -aqueous cl eaning
formul ati on of t{gempimestent i nvention conprlbgﬁmgﬁﬂﬂnmmﬂﬂnmPercent wei ght by
vol une a buffe ing: lactic acid 8.14-13.26; anmoni um | act at e
13. 25-16. 95; ma%b§%§5§gﬁgﬁﬂﬂg ‘or gani ¢ sol vent stem conprising:

1- cycl ohexyl - 2- plpeticasif di none 29. 1- 31. 5; N,hﬁh% hyl acet am de 34.0-36.8; and
ammoni um f | uori dgnfbndifrBstadsd3. O her exenpl ar y13t2sriess.at i ons of the instant

invention include but are not limted to: CQHPRP Percent wei ght by vol une
a buffer system &8Hprising: fornmic acid 26. - am noet hyl ) pi per azi ne
( AEP) 37.0;

organic solvent system: comprising:

1-cyclohexyl-2-pyrrolidinone 29.1-31.5;

N,N-dimethylacetamide 34.0-36.8; and

ammoniom flucride 0.27-0.33.

Other exemplary formulations of the instant invention include but are not limited to:

Component Percent weight by volume
a buffer system comprising:

formic acid 26.2;
1-(2-aminoethyl)piperazine (AEP) 37.0;

water 32.8; and

corrosion inhibitor: comprising:

iminodiacetic acid 35

ammonium fluoride 0.5.

Component Percent weight bv volame
a buffer system comprising:

formic acid 28.7;
1-(2-aminoethyl)piperazine (AEP) 37.0;



water 32.8; and corrosion inhibitor: conprising: imnodiacetic acid 3.5
ammoni um fluoride 0.5. Conponent Percent weight by volume a buffer system
conprising: formc acid 28.7; 1-(2-am noethyl)piperazine (ABP) 37.0; -9 WO
03/ 083582 wal BP¥%3%88: and anmmoni um fluoride 0.5. PCT/ USOZLAEEHE S¢S nponent
Percent wei ght by volune a buffer systemconprising: formc acid 26. 4,

1- (2-am noet hyl ) pi perazine (AEP) 37.6; water 32.5; and corrosion inhibitor:
conprising: imnqgdiacetic acid 3.5 Conponent ;Pgr.gent wei ght by volune a
buffer systemconprising: formc acid 31.0; 1-(2-am noethyl) pi perazi ne (AEP)
36.1; water 32.9 The cleaning fornutation of the instant invention nmay have
mul ti pl e cl eani ngmusEsm aawides not |imted tos5Spost etch and resist residue
renoval . For exanple, the cleaning formulation of the instant invention when
diluted with water in a ratio of fromabout 1 part fornmulation to 12 parts
water, is useful for post chem cal nechanical polishing cleaning. The cl eaning
formul ation is ugghgbnehi cl eani ng waf er surf paeentebighativivoline particle

resi dues, a buffer system comprising:

formic acid 26.4;
1-(2-aminoethyl)piperazine (AEP) 37.6;
water 32.5; and

corrosion inhibitor: comprising:

iminediacetic acid 3.5

Component Percent weight by volume
a buffer systern comprising:

formic acid 31.0;
1-(2-aminoethyl)piperazine (AEP) 36.1;

water 329

The cleaning formulation of the instant invention may have multiple cleaning uses and is not
limited to post etch and resist residue removal. For example, the cleaning formulation of the
instant invention when diluted with water in a ratio of from about 1 part formulation to 12 parts

water, is useful for post chemical mechanical polishing cleaning.

The cleaning formulation is useful in cleaning wafer surfaces of multiple pariicle residues,
particularly post etch and post ash residucs from a carbon doped dielectric thin film. In one
embodiment, the instant invention relates to a method of removing particles from a semiconductor
substrate. Representative particle compositions include positive photoresists, electron beam resists,
X-ray resists, ion beam resists, and the like. Examples of plasma processing residue sidewall
polymers include among others, metal-organic complexes and /or inorganic salts, oxides,

hydroxides or complexes of the organic polymer resins of a photoresist.

In a further embodiment, the present invention relates to a method for removing particles from a

semiconductor wafer surface, said method includes providing a semi-aqueous cleaning formulation
r
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particularly post etch and post ash residues froma carbon doped dielectric
thin film In one enbodinment, the instant invention relates to a nethod of
renoving particles froma sem conduct or substrat e. Representative particle
conposi ti on&IHEFG#e positive photoresists, electron beaffVePAHEs  X-ray
resists, ion beamresists, and the |like. Exanples of plasma processing residue
sidemall pol yners include anong ot hers, 'netal -organic conpl exes and /or

i norganic S%ﬁﬁmgé bfiSng syRMﬁ! Er%bﬁlﬁ‘eﬁng)mm GREIEXB S/ith baid H@nRE GARIIRIP Sy Ter
resins of a E)] hot or es| st, pr esent invention

relates to & Wﬁf‘ﬁ%ﬁnmrefﬁ?‘%%’(ﬂ“ﬁﬁ ﬁg?lf’isiz‘]r}ggrg?‘}”%ﬂ%egm%gem conduct or waf er

surface, said nethod includes providing a sem -aqueous cleaning fornulation

-10 WO 03/ 0%% anddHe l%%g'%/ 3%4%%1‘&9 Iﬂ%:' cﬁ@mﬁ’g Mpgﬁﬁdnpgf BYptemideghogont acting

the wafer surtace wt eani ng orrru ation for a tinme sufficient to
ef fect the PRI &Pntesting supwalshavis rﬁﬁéﬂ‘-‘ﬁ fhgTeom partifpiarly QrapnqRieipliic ormelalgidh g of
cl eaning a W@iﬁjﬁ{ with laf B fing) Sdnip@sifidheof Ghee@ et gn@OUBACSH & timBandit 4 keppaesent

i nvention sur}%/ clen‘y E)Srelg o0 }]aecrgsllcﬂ? S? rr{snglba%&f{tzgﬁ eCII'gﬁEMIOIQ 3051&§$rfj&eoth%p§f}$faﬁes aa

parti cul arl y of ganofre ¥
conposi t i onareknawngn fie @t eptionllyvesnbF o1d e s@sww gawellratm%ﬁr% b devping

sufficient (bR end fife Erﬁsquﬁh%m§ﬁﬂerdéﬂeﬂﬂnedaﬁbddainl tﬁé\parﬁdul’aﬁ uiaaﬁmmmg sonl cation
or ot her techngﬁues as. are

art tional Ly ma
substrate | $mgERPR ¢ 0 ?Wep%’&}mﬁ{wttﬁ‘@peéﬁner%h fi Rghe r(%%%’é °t %%utg @ Egﬁtor e and
t enper at ur eroameengpetagirario St bmd did comadt hime pafroth @blfbuaﬁo mpreﬂﬁ itaf0 ey The enoved

froma sub ShbRh&: terSiRREE Ak Yime bA@nth& 'f@?%ﬁsaiﬁ%ﬁoﬂ i$20 0 451E aﬁdiﬁ’cg@abgfxt if @gn about
anbient or "roomtenperature to 45C t he cont ac% c%{e%ﬁly E?nt{;ngabout 30

seconds to BOUHS Abg @gnmaf*ﬁ'émabpeeﬁe@f"fcé&mf“e R ST %et for this
i nvention i ilROintthe a5 Howear) @referabdly, @b athuldtioh ¢ réBovedrbynipinedsyingT Hendrglynth¢ at i on may

be renoved \trz{fa'n’g Pora fl%‘[secp BQOIUK%]E Q&ﬁ als %ﬂ'AQIlloll Yr 'ﬁﬂ%eﬁ QvaEepQJS@ompﬁke' fted in the

art. However, era orrm ation 1s renoved by spin-drying.
General ly, ttlmmgwa#eésr |s pref erably rinsed with a solvent such as ethanol or
dei oni zed water to conplete t he cleaning process. In one embodiment, the

present invention % éeﬂ%c r2seft mvenp ion el tes "& g01¥étﬂoq Mﬁi&‘%{g l%ﬂ{c{egrgogl

sem conductBro"& §B% Ko isi™n orming an insulation 1ilmon a
seni conductsemicoslytiet wbﬁttrefe campHises abﬁepdﬁfyfoetﬂe& i dpsplideon| @ g FERCOPIIIT i nto a

prescribed QakhErakPREudeRhi8P hO insQhtRABIRA thto 4 RescfiRE phitetiitind PRSI biCdealtihd h
sem - aqueous cl eaning formulation conpri sifg 2 buf fer. gsgefm, an
the resultant product with a semi-aqueous cleaning ulation” comprisiil uffer system, an

organic solvent system and a fluoride source.

In a further embodiment, the present invention relates to a method of removing particles from a
semiconductor substrate comprising a step of forming a conductive line pattern from a metal
material or a semiconducting material on a semiconductor substrate, a step of forming an insulation
film on the conductive line pattern, a step of forming a via hole in the insulation film by dryl
etching and a step of cleaning the resultant product with a semi-aqueous cleaning formulation

comprising a buffer system, an organic solvent system and a fluoride source.
In a still further embodiment, the present invention relates to a method of removing particles from a

semiconductor substrate comprising a step of forming a film of a metal material or a

semiconducting material on a semiconductor subsirate, a step of dry-etching the film into a

-11-



organi ¢ solvent systemand a fluoride source. In a further enbodi nent, the
present invention relates to a nethod of renoving particles froma

.sem conduct Qr substrate conprising a step of formng a conductive line pattern
froma meta°%&t8# al or a semiconducting material on aPSER%CSHStct or
substrate, a step of formng an insulation filmon the conductive |ine
pattern, a step of formng a via hole in the insulation filmby dry etching
fand al st ep chon&hl:t@.@_ﬂih@&t&rh%nd @f&kﬁ dfahnify tﬁdkb@ﬁltaﬂﬂp?dﬂpaa“/S:Rﬂiscrﬂqtﬂmu&ldahiﬁ@gi ng

ornmul ation , comprising.a bhuffer system. a ni V€ stem and a
f1uoride souﬁ"rcm‘é‘gg?nnco?prgstu}glaltg’u&%rs Sﬁ’gl?‘/aneorn%ﬁis?r}‘éeﬁgE’,q’a%%nd%?félgrgd%%o?%i/enti on rel ates
to a nethod of renoving particles froma sem conductor substrate conprising a
step of df 0{ nﬂlrélg'u%c{ éﬁlﬁt&ﬁ%‘ent,athg%ﬁbc% Q%E@fnisttﬁxlt ﬁlf;lrentﬁ{l ﬁlﬁ??&?‘x@[@ﬂ?ﬁde&g a%’iali@g’i al on a
sem conduct or su rate, step. o ry-e i.n fi into. a -

03/ 083582 PCIFHSH ?fﬁéﬁlﬁé”a?%dﬁw&‘lﬂ‘t?{”f’%“@/fhﬁg?“’ﬁ%{?%g foppiiaiany = %gp‘é*%d B g m’éé%\)i ng the
resul t ant prsbsking medatonicar sikrioniaqu edus fredieppartvips aftorirafodhd whsteonpificsiong a
buffer syst egﬂn(?sglatpgn&egol vent systemand a fluoride source. In a further
enbodi nent, the nethod of the instant invention may further conprise an
agitating means, wherein the wafer is contacted with the cleaning fornulation
and agi t at edribyrestRamentvh is whiakited ¢h tho@gasBNéntbodirments shyasoxidescliled dereinibot f r eei ng
particles a rin 0 the,substr r . ! i .t enches.
The present q?aﬁvaélﬁ i%aﬁ‘gfss?n%%l? ﬂi?cla{lﬁ%% gléﬁ?e orImt%%gm%glF “:tle}’cuﬁar q]eth Séclﬁe?fgdnétﬁ? t2{10\/\111 and
descri bed hdkediventiobut t hat vari ous changes and nodifications nmay be nmade

W t hout departing fromthe scope and spirit of the invention. The features,

aspects and _adyant ages of .the present inyenti.on r ith

ref erence tﬁe %éﬁtére?’gﬁpF%Wﬂ M 991?% *PTHG lél%llflr% )Y P%egﬁ%@[t%épﬁe\é%tmenti on.
Exanpl e Exaripd fallotving bt-Erhitifg edamplatelgngtp the@09600r nul ati on: pH of approxi mately
6 Conponent a buffer system conpri sing:

Example

Example 1: Metal Etch rates at 100%

Formulation:

pH of approximately 6
Component Percent weight by volume
a buffer system comprising:
boric acid 5.0
formic acid 19.0
1-(2-aminoethyl) piperazine (AEP) 26.0;
water 48.6; and
corrosion inhibitor: comprising:
citric acid 0.4; and
ammonium fluoride 1.0

Recommended Process Conditions;
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Percent wei ght by volume boric acid 5.0; formc acid 19.0 1-(2-am noethyl)

pi perazine (AEP) 26.0; water 48.6; and corrosion inhibitor: conprising:
.citric acid : ammoni um fl uoride 1.0 Recommended Process Conditions: -12
WO 03/ 08358 qﬁ%ﬁ%%ggo M nutes Process Tenperature: 400%&’@&18813%3& 3

M nutes Table 1: FilnEtch rate 100% AlICu 1-8 Amn Cul.2-4.1 Amin TaN13.6 ,/mn
Ti0.55 Amin WO.2 A/mn TiN5.6 ./mn Thermal Ox3.0 Amn Pol Si0.6 Am n Exanpl e
2: (O eani ng GineMaOMimltgsnes =~ PCT/ US03/ 08408 The sane fornul ation as used in
Exanpl e 1, wescessskediptrgue] 94N al um num copper netal lines; Figure 2 and Figure
3 show t he aPLHaORimet:Addipeies netal |ines before (Figure 2) and after (Figure 3)
cleaning with the above fornul ation. Experinental conditions included a
processi ng tenperature % 1_4OC for a tine of 10 m nutes, followed by a

. . . @\
dei oni zed (DI) water rhse: T Fiohaie @ 100%
AlCu 1-8 A/min
Cu 1.2-4.1 A/min

TaN 13.6 A/min

Ti 0.55 A/min
W 0.2 A/min
TiN 5.6 A/min
Thermal Ox 3.0 A/min
Poly Si 0.6 A/min

Example 2: Cleaning of Metal Lines

The same formulation as used in Example 1, was used to clean aluminumy/copper metal lines:

Figure 2 and Figure 3 show the aluminum/copper metal lines before (Figure 2) and after (Figure 3)
cleaning with the above formulation, Experimental conditions included a processing temperature of

40°C for a time of 10 minutes, followed by a deionized (DI) water rinse.

Example 3: Cleaning of Via Structure

The same formulation as used in Example 1 was used to clean a via structute:

Figure 4 and Figure 5 show a via structure comprising silicon dioxide, before (Figure 4) and after
(Figure 5) cleaning with the above formulation. Experimental conditions included a processing

temperature of 40°C for a time of 10 minutes, followed by a deionized (DI} water rinse.

Although the present invention has been described in detail, it should be understood that various
changes, substitntions and alterations can be made hereto without departing from the spirit and

scope of the invention as described by the appended claims.
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Exanpl e 3: Cleaning of Via Structure The same fornulation as used7n X%fple 1
was used to clean a via structure: Figure 4 and- ®i.gdreibt shows &k b8l &t ructure
conprising silicon dioxide, before (Figure 4) and after (Figure 5) cleaning
with the above formnul ation. Experinental conditions included a processing

t enper attye €14is40C for a time of 10 mnutes, followed by a deionized (D)

wat er rinse. Al'though the present invention has been described in detail, it
shoul d heauRdRESddqed that various changes, ‘substitutions and alterations can
be nmade hereto wi thout departing fromthe spirit and scope of the invention
as descr.ipashifudoleclaRR@IsathfibA dFEemicdRiucthP feyie@bdBo gt bh?fcrﬁl%hzﬂgrq. Is: 1. A
sem - aqueous cleaning fornulation for sem conductor ‘devices co Ising a
buffering system 2. The sem -aqueous cleaning forrulation of claim1, further
CoNnpri si. Tge rnMQ@doudEiBRHFordRMMNBRbf clait 1. Hiehe? %Hlﬁréﬂlg%%m%r GaBfRLdiekaf O mul ati on
of claim1, further conprising a fluoride source. 4. The sém -aqueous cl eaning
formulation of claiml1, wherein said buffering systemconprises at |east one
or gani g, fkd fmi-2queditISRIk TRANBALS oI AAN AGHEALIMHRhE Q RusfdeGh@bdn 1. wherein
said buffering system conprises at |east one organic acid and the salt of the
organic acid. 6. The sem -aqueous cleaning fornulation of claim1, wherein

sai d buffief dcheagestERANTEIRERi0A LS chPR P! W& i BRHGiIn Gl Fem %m;:,)r?s@§£t one
conjuggée base and water. 7. The sem -aqueous cleaning formulation of claiml,
conpri $PHGDE PEAIGMNt 1.0 to 75.0% wei ght by vol une buffering system 8. The
sem -aqueous cleaning fornulation of claim11, conprising a pHin a range for
from ?b ut 4 to 7. 9. The sem -aqueous cleaniq? formul ation of claim1,

havi ng”-d B5FPPERURYPs Clepaing faymyltianef damigotherqyn sid bufferimp aystsansonmpgigesas ¢l eani ng
f or nul Rist e @farkd RidEnd thedliebhdozatisladaf f eri ng system conprises an organic
acid selected fromthe group consisting of. formc acid, trifluoroacetic acid,
propionic acid, butyric acid, valeric acid, heptanoic acid, |actic acid,

oxal i c6. ¥6¢ sbmiBhdoGs A6dnthg O uMRlos oBGhish 1, WHefid¥afd buffering system comprises at

least one organic acid, at least one conjugate base and water.

7. The semi-aqueous cleaning formulation of claim 1, comprising from about 1.0 to 75.0% weight

by volume buffering system.

8. The semi-aqueous cleaning formulation of claim 1, comprising a pH in a range for from about 4

to 7.

9. The semi-aqueous cleaning formulation of claim 1, having a buffering capacity of 100 to 1000
mM.

10. The semi-aqueous cleaning formulation of claim 1, wherein said buffering system comprises an
organic acid selected from the group consisting of: formic acid, trifluoroacetic acid, propionic acid,
butyric acid, valeric acid, heptanoic acid, lactic acid, oxalic acid, malic acid, malonic acid, succinic

acid, fumaric acid, adiptic écid, benzoic acid, phtalic acid and citric acid.

11. The semi-aqueous cleaning formulation of claim 1, wherein said buffering system comprises a

salt of an organic acid, wherein said organic acid is selected from the group consisting of; formate,




. )

acid, fumaric acid, adiptic acid, benzoic acid,., ,p?tmlﬁagfaaugt%ﬁgcwpﬁé aci d.
11. The seni-aqueous cl eaning formul ation of fehailm’t, Whbrer A SRMIIME f eri ng
system conprises a salt of an organic acid, wherein said organic acid is
selected fromthe group consisting of: formate, -14 trifluoroacetate,

pr opi ongifi@oroldtayd, alrpionsd, Budirfte, RARERNAI Shoale2 HcBle oxOX Rl Mabite, RABERe,
mal onate, . succinate, fumarate, adiptate, benzoate, phtalate and citrate. 12.

The senf*sHeriedimarale adiitale berpronta) nifalabnandfcitiatai m 1, wherein said buffering
system conprises a conjugate base selected fromthe group consisting of:
amoni a, tetranet hyl ammoni um hydroxi de, tetraal kyl anmmoni um hydr oxi de,

2- (met iyt S 158Y attanbIcanfsemabiion parsIna hwiesreia sy Pulétrmgisyéem Comprises a

N, N- di rgehjlydie Bast 21 dn@sh hﬁ@&@tﬁﬁﬂﬁinﬁ ob-dagndi, RraBb A laBloR&R HidRide! - (2-

hydr oxyet h I%piperazine,_l- 2- am noet hy| ) pi per azi ne, _ _ ]
1-(3- arﬁ?"ﬁé%!’ mopiuf baboride, 21(methylaminoyethasph mongjsapraeasolpminge diglycolamine,
N. N. N N,Nidifﬁétﬁwlza%iaﬂgl%mg Agdle,  Pent AL Mot el idranet ri am ne; ;.

ethylnn&gholine,_ ydr oxyet hyl nor phol i ne, am nopropyl nor phol i ne,
tri et hAYBPRREPiPgRAt Set Ny(Zaminesinbpigiasee. 13!-Crraingrapyligidasals cl ki ng

f or mul akigyorbised @lmbed7-wbier ei n sai d buf f eri ngasyStEHSAMRIdeAERlahag! | ¢ aci d,
ammoni um{ actate and water. 14. The Seni-aqueous cleaning formulation of claim

1, wheP@faredyldetrylenstianine or nul dbYiBAPholRher conpri sBedrexysyimorRivliahi ¢ sol vent

syst emmidépropyhforpRiline AGLBMEPanthE 3Rt MGh{i8fetRdh@lmep. of claim 1, wherein said
cleaning fornulation further conprises a polar organic solvent system
wherein at | east one conponent of the organic solvent systemis selected from

t he grQUEhe odGitaghéong cRhninNfdNmBiai®H bydiaset amicidn sl lbbﬁ@ﬂﬁgtsIbéfélﬁ Qb HiEdedle,

1- cycl.ohexyl-2-pyr.rol i di none, N-nethyl pyrrolidone, N eye |ohexyl pyrrolidone,
N hydPER¢ iﬁV@g g factafeand walloct vl pyrrol i done, |, 3-di net hyl pi peri done,

et hyl ene glycol, propylene glycol, phenoxyethanol, sulfolane,

gamabuyt,yrol actone, 1,4 butanediol, N N dinethyl acet oacet anj de,

N-cyc Tiéh@fﬁfwﬂﬂwmﬂﬁ@}ng@w OBy P doHerenT saﬁeﬁ?rawyg 0T{3H o Sirther
phenoxympﬁmm€bohm&@mﬂh%h&ﬂhﬁa&hde, di et hyl enegl ycol mnonobut yl et her,

di et hyl enegyl col nononet hyl et her, di ethyl ene gl ycol nonoethyl et her,

di et hyl ene dtycol monopropyl ether, 1,3- dinethyl-2-imnmdazolidinone and

m Xt un&sThHehemeafucodsteleahing foRitlatidn BEOldtn ¢) WRdEAGaill QleBtih@fdrRtlatdn LttRdrm 14,

wherein said Bqlar or.ga i C solven%
comprises a potar organic solvent system, w

CII‘CISI‘I at least one component of the organic solvent
system is selected from the group consisting of: N,N-dimethylacetamide, N,N-dimethylformamide,
1-cyclohexyl-2-pyrrolidinone, N-methylpyrrolidone, N-gyclohexylpyrrolidone, N-
hydroxyethylpyrrolidone, N-octylpyrrolidone, 1,3-dimethylpiperidone, ethylene glycol, propylene
glycol, phenoxyethanol, sulfolane, gamabutyrolactone, 1.4 butanediol, N,N-
dimethylacetoacetamide, N-cyclohexylpyrrolidone, N-octylpyrrolidone, 1-phenoxy-Z-propanol,
phenoxyethanol,  dimethylsulfoxide, diethyleneglycol monobutylether, diethylenegyicol
monomethylether, diethylene giycol monoethylether, diethylene glycol monopropyl ether, 1,3-

dimethyl-2-imidazolidinone and mixtures thereof.

16. The semi-aqueous cleaning formulation of claim 14, wherein said polar organic solvent is

soluble in water,

17. The semi-aqueous cleaning formulation of claim 14, comprising from about 10.0 to 95.0%

weight by volume solvent system.
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soluble in water. 17. The seni-aqueous cleaning form“ﬂ ation of claim 14,”.

~ conprising fromabout 10,0 to 95.0% wei ght bylval.tre "6 Merth!§yst&ni: - 15 18.
The sem -aqueous cleaning forrulation of claim 14, wherein said polar organic
sol vent system conprises at | east one conponent having an am de functional
group. 18. ThEh&nBﬁﬂboL@%lé@ﬂH@f&ﬂnﬁﬁﬂchﬁ%Wl whir QR <0 @Lua&tga&c ALt D&fem

conpri SI n a fluyoride source. 20. The sem -aqueous eanfng FormuPation of
claim1%® ?ﬁé S SHB FIERME A2 B %arwﬂ@&ﬁpf@nskﬂrv@m system and a fI uori de
source. 21. The sem -aqueous cleaning fornulation of claim1, further

conpri sj gfrom about 0.1 to 25.0% weight by volune fluori de source. 22. The
semi - aqlied IS S @aioHYC FmmprRUlasan of cleial, Mirthor capreisisg A fuaiidk sobgor i de source i s
sel ected fromthe group consisting of. ammonium fluoride and derivatives

t her eof i.g The sem - aqueous cl eaning fornulation of claim19, wherein said
f1 uori dd- dBusaU-aeouplertingformylaiontat agR dupyrtberromptisingya pblar ergsromsalvent | uor i de:
ammoni umth bhdiOMiddRe séueder @al kyl anmoni um fl uori des, wherein each al kyl group
may be sane or different and is selected from the group consisting of C, to
C4, such as tetranethyl ammoni um fluoride (TMAF); and amne fluoride salts,
such agj. THEQEIIﬂinQh@IsQ&Bﬂh oL SR Oﬁcla%ﬁ'ﬂﬁhér%éﬁgiﬁg fr%fﬁ'aﬁ&d?ﬁri%)? ni um
fluoride. Yﬁ’l)j"bee‘? ammnlumfluorlde ; an rlethy amne tris
(hydr o§&¥ ?lfy | uo eHF) 24, The sem - aqueous cl eaning formul ati on of
claim1l, further conprising a corrosion inhibitor. .25. The sem -aqueous

5, cl eani éltor mul ation ?f claim1, further conprising a cleaning agent. 26. The
semi - % SG SR MR S lrpaigraLlatian of claimyi $nvoherel 8proridsasoerce &relssticdn

i nhi bi frem theSgréup ceadiddiRK ¥l afinGiugh fluoride and derivatives thereof.

23. The semi-aqueous cleaning formulation of claim 19, wherein said fluoride source is selected
from the group consisting of:

ammonium fluoride;

ammonium bifluoride;

tetraalkylammonium fluorides, wherein each alkyl group may be same or different and is

selected from the group consisting of C; to C,, such as

tetramethylammonium fluoride (TMAF); and

amine fluoride salts, such as,

methyldiethanolammonium fluoride (MDEAF),

triethanolammonium fluoride (TEAF);

diglycolamnmonium fluoride (DGAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

24, The semi-aqueous cleaning formulation of claim 1, further comprising a corrosion inhibitor.
25. The semi-aqueous cleaning formulation of claim 1, further comprising a cleaning agent.

26. The semi-aqueous cleaning formulation of claim 24, wherein said corrosion inhibitor is a

carboxylic acid.
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