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WD 2008/ 005354 PCT/ US2007/ 015169 CLEANI NG FORMULATI ON
FOR REMOVI NG RESI DUES ON SURFACES BACKGROUND 5 1.
wWo-2@B@o364 t he Di scl osure [0001] The present di BCT/US20B015169
relates to a novel cleaning conposition for
sem conduct or substrates and a nethod of cleaning
sem conduct or substrates. More 10 particularly, the
present disclosure relates to a cl eaning composition
CLEANING FORMUEBATTORIFOR REMOVING RESIDOES ON SURFACES
sem conductor substrates after plasma etching of
nmetal layers or dielectric material |ayers deposited
on the substrates and the renpval of residues left on
the substrate after a chem cal nechanical polishing
process. 15 2. Dscussbg%‘@éﬂg @ckground Art [0002]
In the manufacture of rcuit devices,
photoresi sts are used as an internedi ate nask f or
transferring the oge Ea gﬁ mﬁaiéerr% of areticle
onto the wafer subs series of
phot ol i t hography and pl asma etching 20 steps. One of
[0001 he esiﬁnti al sr{se@s || n the hgt r at ed ClerIUIt devi ¢
nuf al0fr PIRPeT) JIEE'osure; relates dppdalows! fliraning F@F‘TP&?"'O" or
semlobhﬂhefcﬁﬁlﬂstr%tésr@nﬂ r20fetid bﬂél@bnﬁ@%rﬁ%&rdubfbr substrates. More

, this step is carried out one of
Paft'ce'@f'wogﬁe Areseny discloswee Helates 1ol a/e"ée@lmathmpwmmdor removing

'plasm%t éﬁzh' i’n‘.aé&‘l‘i.;é‘si1 férifed bRt Qér%?doﬂdm?& SYSRFAEs Siies tglﬁérﬁa' étching of

roug into contact wth hOt or es| st Strl
metaldayeqrsiasdielegtric mﬁ%najtlqumdemsn?d@m the wtmmtes and the removal

of IS5k AN AUHRE BBty RSP ARG process.

films, espeC|aIIy if the photoresist filns have been

exposed to W a ts during
fabrication. ﬂié g ﬂ,ngﬂ 4 rpGan Rhl ghly
crosslinked by such treatnments 30 and are nore
iffic to dissalve in the stri.pper saluti
10002 ;. ¢ i tne FdnfRIuES, ot FiBEarRel o REE aS st storbists are used
as an\/\hterSﬂiédlaw ﬁibﬂkefdmfbhsiéMr@Oﬂﬁ bﬂ?ﬁnal rﬂﬁéékeﬁhttéﬁl bP& reticle onto
novi i.ngrgani c. or anonetal I'i c_residual

the WHIRISYBIIE Pyrdealin Pﬁ& gﬁ@eﬁ|°$s%9t°u_iheara@yoﬁnﬁeqlaﬁma etching

steps 010X idfetHe 85 Entihit Stdpa! ROeRe qafégibfém %lraﬁﬁ efevid manufacturing
2008/ 005354 PCT/ US2007// 015169 An alternative

procegg it ermexahRfithg retiaped m@gt@teSfan 5 dreun se wafer substrate. In
generﬁl( AR d18p lé‘cggir&fgﬁ’ﬁbu)fnb{wﬁ%?tt@g MBfgigst 0 oxygen- based

pllasma 1 n or e resi st Im fromthe
substrate in a process known as plasnma ashing.

[0003 n"‘f‘éﬁg)\ﬂeglrﬁec‘tﬁﬁda gl;v%se? \!?ef"lI )}ﬂﬂé %Hbtlé %ﬁcg\gttﬁé( Photoresist-
covera@osubstrate is brought into contact w:th a photoresist stripper solution that
consists primarily of an organic solvent and an amine. However, stripper solutions
cannot completely and reliably remove the photoresist films, especially if the
photoresist films have been exposed to UV radiation and plasma treatments during
fabrication. Some photoresist films become highly crosslinked by such treatments
and are more difficult to dissolve in the stripper solution. In addition, the chemicals
used in these conventional wet-stripping methods are sometimes ineffective for
removing inorganic or organometallic residual materials formed during the plasma

etching of metal or oxide layers with halogen-containing gases.
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Instead renoval of these plasma etch by-products nust
be acconplished by subsequently exposing the
wpe@ssesed netal and dielectric thin filns to PEr/USINT7/015169
cl eaning solutions. 10 [0005] Metal substrates are
general ly susceptible to corrosion. For exanple,
substrates such as al um num copper, al um num copper
all oy, tungsten nitride, and other netals and netal
nitrides will readily corrode by using conventiona
cleaning chem stries. In addition the amount of .
[0004]cor r oAmalteniativatraethod oheemenieg eapleforesisi film inyolyes.exposing

manufacturers 1 s getl|ng. i 8 fe resist film
a photgimeceAlaubriel 8 phldep-558hd lasfly i SRacClq Bam e resist fir
from tﬁél’gﬁ@wétéﬁﬁ@gﬁ{ces_slmw as bla_sama ashingyv Hloweuss| plasma ashing is

cl eani ng_capahi lities for residue N )
also @éﬁ?“ﬁbr?gﬁ%’f'g? '§u’€§??\ﬂf‘gsthe MFEéﬁ%:gm Bhdpuocrt? snOtefj above
InsteaHa}/&nb@{aﬁQﬁ g@%@erﬁlﬁsrﬁa}/\?fdtﬂ\htﬁya)@dﬁetwmustg uTchmJe:ompllshed by

materials and as a resu ere is. a push.by, the :
subsequentho RIPOSHg itheuRIGSpsSsed téc@r‘%od%fﬁyﬁhérﬁi fims to certain

; onents. Hence there is a need for nore
CIeam;é%\%lSIrlﬁo%htally friendly materials. [0007] Therefore,

t he cl eaning solution nust be effective for renoving

[OOOSLhe W@fﬁ%t%s{i%tgfférgge}e?ﬁﬂ SUSéeptibie téorrosion. For example,

on- corrosive sed substrate 25 materials.. id d
substrates abch iasyaluminueacopper.baloEINYERRPRST 3lloy; Wegsten nitride, an

other ﬁgﬁﬁgﬁnéﬁﬁ qqetaﬁ"}ﬁtlrﬂ%sr\ﬁ@ l‘"e%lilg;é(%\‘ﬁ)gegb?)ipéﬁﬁQ:o’ﬁ%ﬁ{iéﬁélecleaning

S 1S achieved by us [ eani ng ] o
chemietigzodht addition theecamoustof corrosiass toleratem Oy theydntggrated circuit

. conposition af the pr [ f§eet . hrink.
covic RN G4BT o SO0 SEEHT Hhnf e herin
metals contained thereon because of its weak acidic
formul ation, and due to, the esence of .
(0006 o nBYPEY S 27 sevféhfwﬁ'ramfagmu SRR KaQv, to have
excell@ht élé’arﬂﬁaaeﬁﬁaﬁiﬁﬁéﬁliér résigasi ramowlf on nsernicondactor substrates.
oxi dation and r

educti on, nechani sns, .and al so whose
Howeyebs ARt seRetsshaye: aiRad FORCENTEN tOWaED hgs Safe use of those

F0RI D4 | 2041, iged ®dushsy #Me 8Bmicehditor industry to replace
mateﬂ%gé}@oég% PC# i o?gfegw SUMVARY OF. THE |

hydroByte0liaBUREe| CODBPNERIS. fientenihalpsisl ad\fed [ moregrudronmentally

. ~corrosive cleaning conposition that is
fnendﬁp@g‘%&?ﬁ%ﬁ marily for renoving plasma etch and/or
pl asma ashing 5 residues froma sem conduct or

[000 ubstr qlneﬁrgﬁoégn tﬁé‘tcﬁémﬁh%&uﬁéﬁ ﬁ-&hgt %.eméfffei:ﬁ&é Ror removing the

nuf act process: ese residues include a range
plasntd dteh atesiciles iamsbmustealsoi ke uner-cofrosivgate @l Gxpesed ssubstrate

matelriia s?ﬁ%ségfft?ll topcqgér? i ib!%ad 95%8%5%&és°eﬁ96@9@?é&’and be non-
corrosive to exposed substrate materials is achieved by using the cleaning
composition of the present disclosure. The cleaning composition of the present
disclosure effectively cleans a semiconductor substrate without corroding metals
contained thereon because of its weak acidic formulation, and due to the presence of
combinations of water soluble organic compounds which act to enhance residue
cleaning performance via oxidation and reduction mechanisms, and also whose
presence performs the dual function of corrosion inhibition and trace metal chelation.



10

15

20

25

30

nmet al oxi des which are fornmed as reaction by-products
from exposed netals such as copper, titanium
wo a008@ba3M  tungsten, cobalt, nmetal nitrides supdI/ES2007/015169

titaniumand 10 tungsten nitride, and ot her

materials. [0009] One enbodi nent of the non-corrosive

cl eaning conposition of the present disclosure

conprises water, at |east one water soluble-

hydr azi nocar bogwmwlui: FAECBISGE OSURE One vt er

sol ubl e carbo east one

wat er 15 soluble fluoride-containing material; and

opt i one,_corr [ it ; i
100080, o 16 2preRPBl Dclolps ™ [ SEATEI Al ferriineaibsive, oleaning
compdﬁ‘tndrhmamﬁmemlmmanm fmrren@vmmplasma etch eodtm plagma ashing

oat | t t | ubl h |
residug (EorDs A eFErBRORCLEIPT ORI h T HHTRERHIE S8R pomutistep
manufdBiuiing prédesat thegéhtésudlﬁédJaﬂdUGe hemﬂgmtqfl relatlvely insoluble

carbazate, and benz I ca ast_one r
mixturg ol BFGARIE BRI S PGS R FIDSTg RETgIc compounds,
metal 68@%’5%&@9 a#é foﬁﬁ@@‘é@rr@%ﬁéﬁ by@ﬁbdﬁcw ftdmcm«posed metals such as
tional |igand, nonocar bOXéI acids with

copperpfitaniufdi tataiumi ityaasten, sebafiometal HBB('QPﬁcS%%h &‘3 &h’}ﬂ”m and
tungst?ﬂg-lci){rﬁidgnghd JthGPhfteridk. | east one water sol ubl e

e-containing material selected fromthe 25
group consi sting of tetramet hyl ammoni um f | uori de,

[ooogja%f]‘f@h]& il "S&H%Htgiggﬂé 'n%?\ucd} ?snt/é It*é‘?ﬂh'iﬁ/d 8bMposition of the

east one
presentdiscissore cornplises watet, atdenﬁ’tamﬂ wgtaraﬂombdwhyg!r azipacarboxylic

acid e%Peéaﬂe Iﬁasf:gh%(gn@ gF gﬁfl‘%& %%%8)(&@% g@ﬂn %HQ%‘Q leabst one water

so|ub|\é¢f%drﬂea&muaml@ widtenal; ahdloptiohatiy,catiaast orss catrbgion mhlbltor

hydr azi nrgesrbox%l ic acid ester; about 0.01 wt% to
not cotyNINGRATRPYYIAOUPS| east one water sol ubl e carboxylic

aci d; about 0.0005 wt% to about 5 w% of at | east one
wat er 3 WD 2008/ 005354 PCT/ US2007/ 01516ﬁea sol ubl
[0010]| uor i ABotwRMPPANGRLQf DG NONGRITRYS Gieaning cglinppgglgp

compﬁg‘@s ‘Wét(ef‘sétqg étr%@Wa@ér s&@bl&%@tuﬂb&ﬂr&ﬁ(yb@&ld ester selected
present disclosure al so provides
from thetgroup @Dn§I$§al|Qfg"}9é|§Y'dl?é§aZE§ef et aaéb?ﬁaé‘grf&dc?la}v' carbazate,

and b%HQ@tJ(?%gzat-'e_h St ik Sge%?é@i' sdjuie EAfboxyRPackf selected from the

em conduct or substrate; cont acting sai
groupsmnsusimgmfc oronagssbexylis agids wath@r@ﬁdﬁglon@bwtmempcarboxylIc

d
iy BRI RS R0 ks i
hgandm lat i ast omebeaterisolutde dluodgdeicondaining material seleciad from the

or.ide-c al ni
grouq %cgﬁlstg}% 5€1% ﬁr@@e@%ﬂ%ﬁfmﬁrﬂﬂ&l {I@&‘Fdnedgg’{:rgﬁ@éﬁﬁmo%um ﬂuorlde or
tnmettgrémw}dmgmﬂmn flioridlen @ndaoptionalty catidast ame sotrgsmt ighibitor not
conta\f\rn\ilt'Ig cgrboxyl groups.

[0011] A third embodiment of the non-corrosive cleaning composition
comprises: water; about 0.01 wt% to about 15 wt% of at least one water soluble
hydrazinocarboxylic acid ester; about 0.01 wt% to about 20 wt% of at least one water
soluble carboxylic acid; about 0.0005 wt% to about 5 wt% of at least one water
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sui table rinse solvent; and, optionally, drying said

sem conduct or by any neans that renoves the rinse
w@oi0see3sand does not conproni se the integrityP@f/USBINT015169

sem conduct or substrate. 15 [0013] In a second

enbodi nent of the nethod of cleaning residues froma

sem conduct or substrate, the nethod conprising the

steps of. providing a semn conductor substrate;

solubl%ﬁgéﬁ{i% c'&g\ta?iﬁi g @r&?%& g/sg’i fd st Wnkcctrosion inhibitor

|on rins ng S sem conduct or
not comaiixsmgatafbnxyﬂgraupsu tabI e rinse solvent; and

optionally, drying said sem conduct or by any means

that renoves the rinse solvent 20 and does not .
[0012)coNpr ONhe prédemtididabosurtalsd peaiides amethoduefiadeaning residues

Fom ack R e 8 SRR iy S Boveang

semlcéﬁéﬂ&b?shwgﬁé\t@ goAtictA )Sbid:saﬂlcfbrﬂmo&w subistete wvithr @ cleaning

the group consistin net hyl. carhaza
compqsilions Aaid claaning EBF%OSEQP és'"gl)ﬂﬁa ﬁér@fj?agtac?%eaz at e;
hydra?ﬁoc&%%%/h@ BEid"Edter, a‘i%éﬂ!'dhec\ﬂé@xa‘ﬂluble @alrbeb@did:Cbptlonally,

mth e(g%oup consi sting of: 25 monoc xylic acids
at leastiane ueriderapaiainiag compavnd. AHKe CRHS '31 %%-?d’é‘%‘t’ﬁ"s"’"

mh:but&?"ﬂ P{:ont?ﬂ{lﬁ%%d(?é g*l"tlrohbgﬁ‘ﬁgﬁg sai semiouRiUeYdibstrate with a

ands | east one water
suntablmtmlﬂsrb solventirantk -aptionallyi dfglrmﬁ%ﬂ isgmisanducte by @my, maans that

S o
remoBis i bR fos FOLESTRRIEEINE HlRdry of o8
semicandodtonsubktraté.de, at | east one hydrazi nocarboxylic
acid ester, and optionally, at 30 | east one corrosion

i nhi bitor not containing a.carboxyl group. 4 WO
[0013 008/ Oﬁﬁa%caﬁa/elmmmmm mizifiod DEDIREBERIeSid@es om a

ol S S RS oS s

semlc‘éheuhﬂar%déﬂé?é doreakting sd Wﬂé@lﬁd@ﬂer bubs\mt@fwltm a cleaning
he total wei ht of the clea

compoglbpo oRRSINDSa. §ﬁm'?@%t%rrﬁP # Mﬁﬁ‘ g‘%ﬁﬁaﬁ %’éﬁ%ﬁ?'ge"t and
optno&éﬁy?ﬁ_@ﬁﬁ%\é‘éd SEMRIMRRBRIMNLY My hidand! thab I'él'ﬂoO@ﬂ'ﬂQﬁ fihé@Bolvent

t tenperature. Unless otherw se noted
and daamrmﬁtconmfpml%@ theintegrityiof seif semigonsicircsbsiiate: Tge

clean&'ﬂ; Sengﬂémgz éﬁﬂfsesee%ongeé {i&g‘e@t -cohBorid¥yl Watdh &t least one

I'sclosure 1s to a non-corrosive
watercsommiertyd reinpositioxyhic peidnaster selestad frompther @iewpi gapsisting of:

] 35 By YR 1 B Bt A mazater

least bAgWatensolué eartsniylit beldgﬁieatadrfmrtbegbup cm\rsustmg Of

ester ast Y.
monog@mpiyéll%d'gc(l%j wgﬁtqqﬁ]gﬁi&v\’é\ﬁéﬁq%\% ?rt?%rﬁoecaggégﬁg?sﬁ %élﬁs with two or
moreiddditiorialligantis cand polyicagbaxylic acids with additional ligands; at least one
water soluble ﬂuoride-containihg material selected from the group consisting of:

tetramethylammonium fluoride, tetrabutylammonium fluoride or trimethylethyl
ammonium fluoride, at least one hydrazinocarboxylic acid ester, and optionally, at
least one corrosion inhibitor not containing a carboxyl group.
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15 carboxyl group. The pH of the cleaning conposition

i s between about 2 to about 6. [0017] The present
waele@shass e conpri ses as a key conponent at | eBST/USI087/015169

wat er sol ubl e hydrazi nocarboxylic acid ester (also

known as carbazic acid ester or carbazate), which is

t hought to function as a sel ective oxidation/reduction

agent to 20 inprove the dissolution rate of a broad

AL FREPTRORIOF THE PREFERRED EMBODMERT

re C acid ester
faci Iltat es the renoval of pl asma etch residues and

[001 SL ; gfgt\sc gﬁﬁ?‘%ﬁ e@e fein {@i tﬂéb/\gfs%zh&%ﬁa akl’l%&de?\‘gé’ﬁéj expressed

anl ng COTTpOSI ti1ons
shouldnbembr@toedltoms pememtaigaesa:by weightyto thetatal aveight ofthe cleaning

compies S, KAk g el e 1 BB e e

compéﬁéﬂw of&ﬁeQﬂéaﬁim@l bdm@bbﬁbntaxtadb@%\t (tﬁﬂlpeyaﬁtmal klylless otherwise

group, or an tlon ituted 30
noted Gughiin ESEERBraluTe o Raipd i ee brbuEen aBauT 18 At Fpalt 27 degrees
Celsds‘(ﬁC%ed to, nethyl, trifluoronethyl, ethyl,
trlfluoroethyl, 2,2,2,-tr|chloroethyl,
hydr oxyet hyl , propyl, iso-propyl, cyclopropyl,
[001GE but y‘\'he' i?eMty dlsélﬁééreb%yldireéfé& brat VA n@Mfdd?hwi\Bé cleaning

hydroxypentyl, iso-pentyl, neo-p entg
compcg«tm@ppnmnly pl f@yc[qm@ﬂpg pha@mg,|ech5 apd/or 'plasma ashing

re&dU%%Sﬁéﬁ\ept Sfeln'F @ﬁ%@%@ﬁé&g%ﬁéﬁs Embex(ﬂ)”ﬁfaté’r' (B) at least one

decyl
water p salubtiz dyydrazinceayihoxylice @gid | eséem Kébr@q Iea[as@;ogg!e water soluble

carvog RS o) o bk o B Pty ot copaning
carboﬂyitgroupl The pHhof tHaitledntd) &irBpositibnas betwepmapout 2 to about 6.

Exanpl es of preferred R groups include, but are not
limted to, nmethyl, trifluoronethyl, ethyl,

[0017% 2, 2- Thief bmt&sd:losﬁre'&camﬂnseshés‘.)Bokemdqmponent at least one

droxyethyl pr o I SQ-pro ro
waterSaibig) VargBInSER OO YR (s KPERR S5:KtPagig,gFid ester or
carbaESfH)}’WhnclT Wﬂ'ﬁdﬁ@fﬂ%t fUnctibs %308rgdécttvéﬁaﬁdﬂﬁbhlréductlon agent to
cycl opent hexyl , éclohexy

improvgdhe SisaNNIRN FAtP,of ) brossLiange o hatviss ceistivelt Bealble plasma
etch Rfsidles. Wr] éf%z ﬁ&FHrISB xylic09didl edYBF fadifitatey ke YembvaFof plasma
ona s

an opt1 ubstituted, straight-chain or
etch weadueedami @5rm<9¢rrgwaptcormata@ Hydegzingeambpxylic acid esters

empl%[ﬁ%'lﬂ’i 1 %[gélrﬁrr?ﬁ; oﬁé,ﬁtl oh: hyltflgg%rﬁgﬁant%%%%dré Cdrddescribed by

are no propyl
formula§pr opyl , 15 cycl opropyl, n-butyl, iso-butyl,
tent-butyl, sec-butyl, cyclobutyl, pentyl, iso-pentyl,
neo- pentyl, cyclopentyl, cyclohexyl and benzyl. Most
- OreD abl-MHps a nethyl, ethyl, (Brt-

in which R' is an optionally substituted, straight-chain or branched C:-Cz alkyl
group, an optionally substituted C3-Cp cycloalky! group, or an optionally substituted
Ce-C1a aryl group. Examples of R groups include, but are not limited to, methyl,
trifluoromethyl, ethyl, 2,2,2-trifluoroethyl, 2,2,2,-trichloroethyl, hydroxyethyl, propyl,
iso-propyl, cyclopropyl, n-butyl, iso-butyl, tert-butyl, sec-butyl, cyclobutyl, pentyl, 1-
hydroxypentyl, iso-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl,

5
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butyl or benzyl group. [0020] Exanples of suitable
hydr azi nocar boxylic acid esters include, but are 20
woeasioosss ed to, methyl carbazate, ethyl carbaret/€$2007/015169
propyl carbazate, iso-propyl carbazate, butyl
carbazate, tent butyl carbazate, pentyl carbazate,
decyl carbazate, pentadecyl carbazate, eicosyl
carbazate, benzyl carbazate, phenyl carbazate and 2-
cycloh@kglh?é%ﬂ clél?éﬁ@lz & -ByclBhekfefiAl, ééﬁlﬂpbééﬂOfpentadecyl, eicosyl,
razi nocar boxylic¢ acid esters  include ut are not
benzyl, ﬂ'?‘ﬂtlmﬁﬂ)(b methyl carbazate, ethyl carbazate, propyl
carbazate, 25 iso-propyl carbazate, butyl carbazate,

tert-butyl carbazate pentyl carbazate, decyl
[0018kar bazlatecferaﬂ)ly]ﬁjr mgetqgtiowybammutegn@t@égmygham or branched

C1-C1%§fg§fi§ﬁ@c g[ry% ﬁlrogfagg S.l%stl rs o |‘hé£°'°%|k¥' group. Examples of

preferfean edrdups liredlinge, butanbazrmteljméedyﬂo a'aetbtyt,atrtﬂuommpmyl ethyl,

2222 GEHRRGG 230 oo Sy sl B, cvcopropy

n-butys, &Eb&iﬁi{l? terPtAﬂulfw séeboty %)e;lomﬂyy |pesitylc aFﬁym'akmentyl lso-pentyl

neo-pel.ARPeVNZ K Y aIPBEAVE EPYG) BYdepepimptiyh cyiiShepty. 2
eyclohgRYUAASBE| RIEUNBAAERRYELES [ 0021] The

ydra2|nocarboxyllc acid esters may be a blend of two
or nore hydrazinocarboxylic acid esters. If such is

[oo1ej he Caﬁﬁ)retd?SféréB@ mgrﬁbﬁﬁéﬁélﬁpﬁﬁéhﬂ sdi%ltlﬂ.:téétgti'élght-cham or
y lended I1n"any ratio up to about_99 wt % of

branch@@&u@d alkyh ggoumPh arG}a feayglaalkyl gspep eEF%‘E‘PFﬁ%(?UFQ’e preferred
R’ .ﬁapha' M de dr8 P Ylimied Vkg? Cig %tﬁﬁ”pﬁﬂﬁﬂll Aso-propyl,

epre erte inary mxture woul ntain up
cyclopxbpw; nasutyt, ¥so-butydntertcbutyb m—bwmlqal&vlepeewl ustvrwyltyl neo-

pentylrngﬁ,%@B%&mu{;ch&?&ﬁ%ﬂd% 1. Z?Yﬁ8§tt p% Pgb?/ Rﬁ s Sar‘ﬁgthyl ethyl, tert-

ernary or

butyl brytkemzyi geoapboxyl i c acid esters coul d be mxed in any
suitable ratio. 10 [0022] Hydrazi nocarboxylic acid
esters can be purchased commercially or prepared by a

[0020p' OCGSExﬁﬁfpﬂé‘s Qﬁ%dlt@bléshﬁ?@ia%ﬁod&?bokﬁﬁzﬁﬁa%sters include, but are
I ncor por at ed her ei n reference inits entir

not "FD@?S]tOvTHBeHWés%?fPaa?EeeI syl ccarbpzals: PEIRN i SR abatate, iso-propyl
carbaEﬁt%StbLﬁQﬁcé\ﬂiathé %Hbétﬁ?/l earbExaee Xpéntyl éﬁmiazai'éledecyl carbazate,

di'tion of the carboxylic acid to the aque

pentaéeﬁplo@arbaaﬁtamemw car%@ﬁ%rwaké?g@ﬂzqtﬁne'éew'|qa”P?3@te and 2-
ydro?l(ggthﬁl" rbhlst gpoﬁpé?@hbbogxéhd’éh agf Myardihoédrexylic acid esters

an acl dl ¢ aqueous co osi tion wherein |nportant
mclucteettwt arei netslimited fo.amethwlicasbazates glipd cathazate. prerivh carbazate,

Iso-plfoﬁgpI ch nzgfrtnélc bg%ﬁarlgéfatéapé{g'bﬁgg r%%%? 2%-‘?5 | %’é}tbazate decyl
carbazateserﬁ—hydsndyeﬁwlecaetlazaée.eramd benzyl carbazate More preferred
examples of hydrazinocarboxylic acid esters include, but are not limited to, methyl
carbazate, ethyl carbazate, propyl carbazate, iso-propyl carbazate, butyl carbazate,
tert-butyl carbazate, pentyl carbazate and benzyl carbazate. Methyl carbazate, ethyl
carbazate, tert-butyl carbazate and benzyl carbazate are the most preferred
hydrazinocarboxylic acid esters.
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20 beneficial functions which include: 1) enhancenent
of the residue dissolution properties of the
W@ vpoei3si on, 2) adjustnent of the pH of the sPCT/URIN7/015169
with a high buffering capacity, 3) increased
corrosion resistance via formation of organonetallic
chel ated speci es on cl ean exposed netal surfaces nay
be provi ded, and/or 4) chel ation and capture
apabi
[0021123 thtﬂr‘%\}h ra g@%mys ; L ?doﬁg& fha gt?t?"gggﬂéfd to?%@vq or more
hydraslaacardnmtybﬂ: (at:|¢ lﬁatelrsatlfe Slmly lbetheptraaﬂ dben '{Imogypraxmocarboxyhc
i nci b o t gr
acid eiora gy Be B et h S B dh, 7 25U 30Tt B, orkf blifipund. In 2
binanpneigné, & prefeswd ms(tUrbeWOuubldqntqntuppioo\abwm%aM% of one

compwrggégltmataireg %r%&n?qtg] ﬁﬂwaal(rkt wﬁgewgalgggé@tgﬂ%?lgﬁe{g ail)8u{ 9% wt% of
one c?ﬁhbbﬂﬁd |0A mébeprifeirad W&nmmewmd Ld;mh$alhhqj td:ahout 50 wt% of
orm mul.t

cach ppet, P =SS S, T o o hia tre

could BRI ARX&dah a’ng)gmtgtﬂé rafié.h which it forms a coordination
compound wi I'l be referred to 7 WD 2008/ 005354
PCT/ US2007/ 015169 as ligands. If the ligand is
[Oozzgonposﬁ?dﬂizuﬁ&’&b% hyfd A8 éé?&soeﬁnrﬁéﬁﬂi}%habédféémH@cnally or

sic of nucleophilic nature of the and is call
prepareck bv|agamcaﬁs@nesqrfbe&i mad8 patanbiNes U rfe’a&aﬂannwr@orated herein

mg t hus can occupy nore than one
byrefla*or |ng{s|(§)9rl1l“rg osition in the conplex, it is referred

to as a nultidentate conplex forner. Ligands 5

1002} PR, §er B o S d 8. b gy sovie

carboi;allwacld Cohplaridition ofitHeocanbiokdlionadit itd dine atqeebugamﬂspms;tlon within

a pre{q% dgd chel at! onm@r}d%fnealpﬁ-rn‘gltﬁéfq%ﬁéesg laigan acidic pH, thus

mak.ﬁ@/@howhuc fa@%.%ust &bm oBRibhawhereif dripordntamétalaokidey| such as
roups can ave net a chel at | nlg%\g opert | es

oxideg 0 feppnar-angd iauminiype@ng| their atRys)c arg 5§mdhg djspolved based on

themﬁﬂ?ﬁﬁ?ﬁk’: eaﬁmBﬁﬁm CrHe Sﬁfb%‘)‘(&lud’ 8t |h ihe: B?ésé’fﬂtcﬂéclosure has several
rosi on of alum num copper, alloys of -alum num and

benefigiglp unctiansawhigh ingtede:u em}mementamﬁ theygesidue dissolution

prope‘?ff%’%l%?q ?E&%Iwéoépghg?tﬁ@h@ﬁéggctﬁ@; Al gr}e SURkticdSwith a high

buffemg;caaasms Jfinneaasedscombsion dasistange vadormetion afrrganometallic

onles BB, RGREE3BSo0 AR LAJRER, M, BrtRAEY ancir

chelatibheands cappaei fdapabiltp 036 ] unwanted ermdlmetal @ontarginates that
cl eani C osition.pf th resgnt A
ctnerflSEE BB LR 4RE BT seHETARGE shbrdte may be
providlédist one 20 nonocarboxylic acid without additional
| i gands. Exanples of this subclass of
[0024] A principle benefit for including certain water soluble carboxylic acids in
the cleaning composition of the present disclosure is their ability to provide metal
chelating functionality. The chelating agent in the present disclosure is thought to
reduce metal corrosion. Chelating agents are compounds that can form multiple
bonds to a single metal ion. The metal cation will be called the central atom, and the

anions or molecules with which it forms a coordination compound will be referred to
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carboxylic acid include, but are not Iimted to,
acetic, formc, butyric, propionic, benzoic, acrylic,
WO 2008003354 i soval eric, trinethyl acetic acid anPCT/US2007/015169
m xtures thereof. [0027] In another enbodi nent of the
cl eani ng conposition of the present 25 disclosure the
at | east one water soluble carboxylic acid conprises
at | east one nonocarboxylic acid with one additional

as Ilgédo%apf‘jthe ch Pb@éa o?%e"f‘élsaféfms Ctﬁbb@ﬁfé’ Iré§pciitsle for the

fude are not li1mted %/ruwc | acti c,
basic gn m@eophlhamme of thedigandxy @@ued ¢he Hoapd aeyb ifia base contains

oo FilY B RELAEH o DRI G oI 5 eoordnation

posmornl incthiengorplepo §t isi refleréd tth aaspagvuitidentatectarpplex foraeqt Ligands

ast _one watger sol Iecb |
ocoup}Ebnan s s bR, fo SR 0GR B8 e nicentate
bidentaftd]i fridentdte| Iamhés okx @uphgiexofortridtions withl audtidenta ligands is
el QTSR S RO 248 e BRI, Ecild containing
group$aLigRtdd RPdOXFE i dmind) dhil, xiarcaptd, hearboxkyl eir&DES]bdnyl groups can
anot her enbodi nrent of the cleanin onEosHlﬁ % t
rave preisrghelgig seroperes. Rarieriadticie BARRURH JgBP o containing

hydrofﬁ'@?@&d CarPéffEctRvRIPINNRsE mdtall RFdsion of aflirsinub®> aopper, alloys of

cid w thout additional |igands. Exanples of these
alumlmmpcep%|td§munhct|aumiurrbl§vn@$t6nnaﬂd| othet @appaed metals and

interm@XAli¢ ﬁ)atgﬁée” Eﬁfh bRIRb& nitgesi ¢, nmethyl mal onic,

succl ni c, succl ni c, dlglycollc nmet hyl naleic,
pi melic, phthalic suberic glutaric acid and

[oozsg‘ XL RSt ‘ieh&é&‘?fptloilwoof[s‘?{%%@ss %at%?%bil?dle% Blids in the
f the cleaning co Ion o present I scl"osure

followinge perageepits, osebs&&uentssavltrblze nm’dg@nyldrc aqulfur atom are not
| east one fdeégar boxylic acid with one

ri,se
contefpfites Sl PUSISCSPERNI, of this subclass of
carboxylic acid include, but are not limted to,
mal i ¢, oxal acetic,, cit Lic etoglutaric
[0026} 5 xl’hr%%etﬁ%\bé’gfmeT{)(é}H the ncx?@f‘"g;no‘f?fgpoﬁ' Bdf’ﬁenﬂte present
dlscloﬁfxré fife dtelRAkh neOWREs bbbl icarbexyliteaciat comipsisssatr least one
he at | east one water sol uble carboxylic ac

monoggr,b@xyg@saqg wathout oadditignaly liggpgsi ERMBleH tcl% thip gybclass of
carbo i€ o ?IGB@' Hdtgék%dﬁot Rraited @8, Rcetib $oﬁH|BC|bQﬂ)‘&|d)fproplonlc

car ic acid include, but are not limted
benZQlﬂarQQIV'le Vadﬁ”ﬂ‘y dseuajeriprdrimethy acetisacid apdirgixigs thereof.

m xt ures thereof.

[0027] In another embadiment of the cleaning composition of the present
disclosure the at least one water soluble carboxylic acid comprises at least one
monocarboxylic acid with one additional ligand. Examples of this subclass of
carboxylic acid include, but are not limited to, pyruvic, lactic, glycolic, mandelic,
acetoxyacetic, 3-hydroxybutyric, 2-hydroxyisobutryic, 2-ketobutyric acid and mixtures

thereof.

[0028] In another embodiment of the cleaning composition of the present
disclosure the at least one water soluble carboxylic acid comprises at least one
monocarboxylic acid with two or more additional ligands. Examples of this subclass
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[0032] In another enbodi nent of the cleaning
conposition of the present disclosure the at | east
wor@snat3esr sol ubl e carboxylic acid conprises apCT/E8®D7/015169
one -25 conpound with nore than two carboxylic acid
groups (pol ycarboxylic acid) w thout any additi onal
I i gands. Exanples of this subclass of carboxylic acid
include, but are not limted to, tricarballylic,
|, gE! ' ' f galacturonic acid
of carpyyE cial iCIUTE DUC A F0t nRed 151 S bEiRE QIBSReE! galao
and mpdurassthereof. of t he present 30 disclosure the at | east
one water soluble carboxylic acid conprises at |east
one polycarboxylic acid with additional |igands.
[0029]Exan'pl las aabtheri embwidirnest offtheacleaning compositiomfuthe present

isctoifp, B b LB Sl s5bbl e AL Tpied it one

dicarbbRPid Jadidh wittediite additional rigandsS Exaenples aof lﬂgese carboxylic acids

conposition of th resent _disclosure,. t
includgy, bujArer "Qbﬁmi"é’eég’r CERYFi malenig, g sé’g‘%fc'l @\}itfyl malonic,
succurﬁaanefnyn@gaéihms)d.gl colfd, Indth ghm@uelb epirielien phthidlicpgaberic, glutaric
.. noiety. Exanples o thi's subclass of car boxylic acid
acid apdenpdresgheredfe not linited to, glycine, trycine,
N- et hyl gl yci ne 5 al ani ne, sarcosine, 3-am nobutyric

acid, pyrrole-2-carboxylic acid, serine, honoseri
[0030hspar a@i yet anqq’qh@@rqm@o mqmtqfrtbe QeEMNG, 'composition 0 the present
dlSClOng%n!ﬂgé NRaeakt %nezw%terdbéﬂbg@%%)@}bcacnﬂ%&%&@es at least one
I'nam c, am noorotic aci am no- ptyrazo e- 4-
d|carb©myl1mnyid withong additionabligand Fxamplesafibis sulclass @f carboxylic
C
acid IQFILA% %Hﬁ g )Eélb&(?;(g %XL% oci&‘fétgatlc citramalic, ketoglutaric acid and
m|xtur@sahermfyra2| ne- 2- carboxylic acid, pyrazine-2 10
carboxylic acid and m xtures thereof. Preferred
exanpl es of this subclass of carboxylic acid are
[0031]56rI nein pefrapstHareemboginiérgi difethetd‘léamhgmompoembnrw the present
m c, guani di neacetic, 2,3-di am nopro
dlsclomﬂeeélma @t @g@&,qﬂgﬂm@ e%“§p §aro )gglpdamg comprlses at least one

dlcarﬁﬂi'yﬁé’ “dYd Mt Buvd dranbrAx Wddftional igands. Examples of this subclass of
S5-nitro-pyrazol e-3-carboxylic acrd,

2-
carbokyliciagisl Ingdde. sbutapieo et fipitegl o, tartaric, dihydroxyfumaric, saccharic
acid a‘hdar'?i'i)HB e%{?.,\éqlé?(ybutyrl c acid, 3-am nopyrazine-2 15

arboxy I Cc acl pyrazine-z-carboxylic acid and
m xtures thereof. Mre preferred exanples of this

[0032j Ebd Ahy éﬁo&ﬁg %%@ﬁh&gl & e cﬁ&ér‘uﬂgc %ﬂgﬁgﬁfdnn%f the present

reoni ne roxybutyr m Xt ures
discloshes dbé . aff Ee@S5]ora watet MuMbmm etid komprisesi ay least one

compERE Rt RGs L Su 60k Go RS AT B kcst witnou
any additiongil mgabdsyExamsjobthlstshgocmsbcofwaégomd:ajaelddhclrt]:_de but are
ot i 1 ol 57 PRk, A Fheplot. ™ °

I imted to, ethyl enedi am net etraaceti c acid,

2- hydr oxyet hyl ) et hyl enedj am ne- N -triagceti
[0033]) ) ¥n angtheryer%bog%nent of tma cleamng composat?on o? the present
disclosure the at least one water soluble carboxylic acid comprises at least one

polycarboxylic acid with additional ligands. Examples of this subclass of carboxylic
acid include, but are not limited to, citric acid, agaric acid and mixtures thereof.
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acid, 5H-di ethyl enetri am nepentaacetic acid,

1- Am no-ci s-cycl opentane-1, 3- 25 dicarboxylic acid and
wWOorRooB1eBs4 t hereof . [ 0036] | n anot her enbodi meneCDUSI00E015169

cl eani ng conposition of the present disclosure the at

| east one water sol uble carboxylic acid conprises at

| east one nonocarboxylic acid with at | east one

sul fur noiety. Exanples of this subclass of 30

[0034)2ar DOXW i gnciRéf dnibdififent Dof tHE &1édiing | €bmpEsitiBn of the present
thiolactic, thiophenecarboxylic, mercCaptopropionic

d'SC‘Q‘ﬁb'f%ébFo?iyhﬁﬁt cones wates seluble carhexvigopeidusemprises at least one
monotcBH%H 56%?& \Aﬁlh 4Cle3s BFIe’Ha?‘B ﬁ?nélg @Jam;ﬂé@fo?rtﬁﬁdsubclass of
mplres thi

exa subc ass o ar oxy I C acCl are
carboxyli¢ cagid cinslude, nbut:@@oggtdirmmd tohi glueigey doldine.aM-gthylglycine,

alam@‘m_ / %&8@‘ 015q-§5ﬁﬂéplé err ed Mé é)gé'ﬁéjé(yls'%b efca'g's serine,

homoserines baspaiagine, dthaeenime; ca:peatme:cmxamlc guanidineacetic, 2,3-

ciam BRI BBfeA: (PPl AMIRORSRE, el o Apinygurazoles-

carbq&yl@@aﬁb 55n|d'b8p9razdre83-tcbeb@tyllbm Z}Flﬁldmbﬁdoﬁ@hb&ﬂrboxyhc acid,

-amlglel %g\x%l I ng%{rg:a n@rﬂ esp&%ﬁ;')xe;%%t N -g( o‘ﬁy lgggé‘)q?x%neyrazme-z

carbdiyﬁé%lﬁd‘ Mah@t mhixtukaRkRSofOfPrefdried UdXaInapiesObf this subclass of
boxylic acid include, pbut are not Ii

carbo(g(y @]cid afej gering sare, asparagiogeit geonqncta creatine, oxamic,

guanﬁifﬁe%%@hb Qr@di‘é}hh@ﬁ\‘bbn@nﬁﬁ'rﬁale%ﬁﬂ@%ﬁ&@lhﬁﬁuc C,’dﬁﬁrﬁd&otlc acid, 5-
m xt ures t hereof. Preferred exanp

amm@—@u@%&%ﬁr@am@m icidci d fawéroxgvr@;@{ee?»ﬁ@rboxyhc acid,  2-
m:daEBh@c?rfg-hcﬂd?Soﬁﬂfcbﬁé?ﬂ' 'ﬁ%ﬁﬁﬁ&lﬂzﬁw}ﬁﬁyﬁtﬁw eacu&yﬁldn'ﬁﬁopyrazme-z

m xtures thereo nore pre ed exanp e
carboxylic a;m;cpamum-2mrboxyllq ecist andi mixyeas mlaerepﬂoslslpre preferred

examylfs B #lig'd ‘%l&% 3P Carty 06 xyliBSacll 83 nn%”%d}%Sérgw% threonine, 4-

e car -G are nonocarboxyl'ic aci
amino+2ehydrokybutyet dcncgand mixturesdhéreofl ic acid with two or
15 nore additional |igands, dicarboxylic acid w thout
addi tional I|igands,- dicarboxylic acid with one
[0035]ddi t | maéncbthearéi'nbdiiMrttow lthe cleanding bbntpamtimn obrthe present

discidiuie (P8l 1699 1ER WasBl yRClB,GAERYG aci hmprises at least one
dicarBéidiilici 861! or pbB@aftSoxyNBNAGardubhY havingCatl leMst rbrﬂat nitBifdn moiety.

one nitrogen noiety, and di carboxyljc acid

Examples el tS'ab?y SuBCiass of arbaYic 20 pieiuge: regb@rﬁone% yimited  to,
ethyl@ﬁb&ugﬁﬁ%teﬁagcgﬁé @cid emt%@k?étﬁ?ﬁeﬂyléﬁwl%lr{eew N'-triacetic

one water soluble carboxylic acid are nonocarboxylic
acid, aC|@*ﬂ'@thywtfmmqma%t&andacﬁonoc"aAﬂW?Tq’%'Cﬁ%'PBe“ta“e'1 3-

d.car%;,g.c gaﬂﬁom ;ﬁg%ﬁr?%na%rbppal | i gands, di carboxylic

acl I'gands, dicarboxylic acid
with one additional ligand, dicarboxylic acid with two

[003!?]r DI &4 another embodiment of the cleaning composition of the present
disclosure the at least one water soluble carboxylic acid comprises at least one
monocarboxylic acid with at least one sulfur moiety. Examples of this subclass of
carboxylic acid include, but are not limited to, thiolactic, thiophenecarboxylic,
mercaptopropionic mercaptopyruvic, sulfosuccinic, mercaptosuccinic, thiodiglycolic
acid and mixtures thereof. Preferred examples of this subclass of carboxylic acid are
sulfosuccinic, mercaptosuccinic, thiodiglycolic acid and mixtures thereof. More
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25 additional Iigands, polycarboxylic acid wth
addi tional |igands and nonocarboxylic acid with at
WO e@sHoBRe nitrogen noiety. [0040] The nost predBEUS®A7/015169
cl asses of the at |east one water sol uble carboxylic
acid are nonocarboxylic acid with one additional
| i gand, nonocarboxylic acid with 30 two or nore

addi tional |igands, dicarboxylic acid w thout
prefer?é@éié?ﬁﬁies' 'cﬂaﬂﬁ§ SISHIHEST HORdrbéx Akl Gcid tdre mercaptosuccinic,
addi tional |igands and nonocarboxylic acid with at

thiodiglyealic agid afm mixdyees hereely. 11 wWo 2008/ 005354
PCT/ US2007/ 015169 [0041] The water sol uble carboxylic

acid added to the cleaning conposition of the present
[0037]ii scl okuaaothgr Bnbediment! off thenslesning reerapesitiny | 9fcthe present

dnscloé’l‘fl1 g'\e kﬁt IRYED ohg Wiafer § Ble tcgfébéﬂout&g 9&?335'}‘\H| /e@cétdleast one

ed In any ra
monomowincd acldqwrih ait heast ome@ujfue malepy ehdrat@lash oneinidrogen moiety.

I ' t.9 9
Examtfdl; &t 0 SBbRAS ot arl bk PR BBR IAERIS. cysteic
acid, hwr%)o?stemw aciac icdsteherubtamhémer mazﬁobylr(aayldmhnmnca/steme cystine
cont ai bout %,.0f e acid. | .

and nfislihEs JREHEOT giBrerted BRAnPIER 1% siPEResCEt fanidiofle acid are
cysteihe, mlé.@dlldmeacrafboﬁyﬂd abide Hc’mo@stélﬁe[ @Yystine Eied mu&'&nes thereof.

dlsclo?urefurther Tpri ses wate Preferaply,
The MRS Grorartc eXRIe, SL Bt 7 B Griboxylin ki Ry HBS.

orgam c contam nants. Preferably, the water has a

i mum reSIStIVIté$éf about 4 to about 17 nega
[00381Jbr e pFeedrgfarred clagses ofithe ajilegstang M@t%gglpblescgqboxyhc acid

are mbﬁ@éérb’o ns%m one a[i@%ﬁlal if&i‘ndi’rrﬁéﬁ%afﬁo%}h@%fcﬁwnh two or

rise m xture resulting from bl endi ng
more agd@lpna[ Ega@;is |diearbosylic agidavithaut asiditional Ilgands dlcarboxyllc acid
LAz [
with Jﬁéda?jﬁgo e, b(% |°%y§éc|ta§‘d v&lg'] (%ga bPQﬁBOIhG f%lﬁ@monal ligands,

polycarbaxyhmmlctoavuthmntoaddthbnal ilgandsu.opowarbawhngaad with additional

ioarciS R BERR 8 04l s op RIS, apccarbomyic ac

or polgtarboxpkc aoiipwith bt teast bnehttroges endietli. scl osure in the
range from between about 0.01 w%to about 15 wt %
Preferably, there is about 0.05 wt%to about 10 wt % of

[0039) he hYHeanbr®prefemsldidssad of thetatrieast bie waltensolable carboxylic
osl ti an

ref er abl zi nocar Qoxyl.ic .. .
acid %ren?ﬁ-oegpar Sylis aeid With oRe %ﬁ’@&ﬂwﬂ'g"%%re@o%\omsﬁbtrqa&'ﬁéc'd with
two é\mHBFe Oédaﬁloﬁaﬂ W2AdsO arér%)?@llcﬂ%%ldmﬁﬁth@ﬁ?f&Hdlﬂdnal ligands,
rangg or the hydrazi nocarboxylic_ acid ester from

dicarboxylie acid withy, Peea@%tfoeawlgenq-odmrqu'%lap& W) {WPeor more
additiGREIPASANAS BEIyEaitoxgfid eftid Wit ¥diENal ARfaNe_Nand monocarboxylic

acid with at least one nitrogen moiety.

[0040] The most preferred classes of the at least one water soluble carboxylic
acid are monocarboxylic acid with one additional ligand, monocarboxylic acid with
two or more additional ligands, dicarboxylic acid without additional ligands,
polycarboxylic acid with additional ligands and monocarboxylic acid with at least one
nitrogen moiety.
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about 0.01 wt%to about 20 wt% in the cl eaning

conposition of the present 30 disclosure. Preferably,
W@b@enoBsHN5 wt % to about 15 wt % and nore prefBCHDE2007/015169

about 0.1 WMt%to about 10 wt % of the water soluble

carboxylic acid is included in the cleaning

conposition. The nost preferred concentration range of

the carboxylic acid in the cleaning conposition is

[0041E>et veerrhahwater @oluiik Garbéhyfic\cld added¥d 206 &diHirg €omposition of
CT/ US2007/ 015169 [ 0046]. The cl eani ng conposi ti on of .
the pregenbAisclastreinay be@ blandof tya pomare %?rbq%gpmg%dg such is the

case,theARhE cEPbdRticodcil HhPIHePhiRnBEY ik ¥hyaiatioe ¢6aRKY99.5 wt% of
groups. Theseé corrosion inhibitors Can be added to

one acitk le enbivary mixture. afrefasrechmixture would: spRtain sip 1o apout 95 wit%
e | - seni deyi 0

of ong SREReR, TS prb RS o) AP PR Mpu 6 ap U we o

one asichdy mosh pseferrest binary Mistuge avasld wontain bartosalout50 wt% of each

.. Whi ch o] .aid to inhihit.c 1.0 : .
acid. L & 19808 s FRRRP SR, e, SMRAYIC BERE SO, b8 mived in any
suitalechtims, hydroxyl, am no, thio, mercapto, and carbonyl '

groups and, therefore, have chel ating properties, and
2) they may have antioxidant 10 properties and prevent

[0042]he f o;met ir:]v@sent dis_tﬂ@d;tllrexﬁﬁmr .cﬁhﬂ;r&dﬁ;@ibwiawr. wrewra?m the water
. nore se optional corrosion Inhibitors S0
is deriAeeg eand AP aRNEnGONAIS 80 PBORA CEBIATBBARIS. Préforably, the

water HBY & indiflnuMOlesistivitdio¥idbdut 2Tt @bdut 47aHE§a \Giemel Mdte preferably,
conpositions of the ﬁresent di scl osure, include

t he
the resigtivily of the Water isat least 1heeaa PBMSng: 15 ascorbic

acid, vanillin, uric acid, butyne diols,

benzotriazole, triazole, glucose, imdazole, ) .
[0043])- but yTbel presgindidistleswieccompises the yaixtuiex@sylting from blending
) VAR PSEaEe? PRGAR 108 LR SRRYTUIFELOR. (©) o eas
one wter splubie lcarboxXyidravigeahg (D) loptionaljypabt edst one corrosion inhibitor

di.hydr oxyet net hoxy, maleic and phenyl hydrazine,

|,
not c%r;aa Qlﬁ,aﬁgééyla&rgf'Bhe oxi me, salicyl al doxi me and

but anone 20 oxinme, readily oxidized aromatic conpounds
ation inhi

nd oxi itors, such as, . .hydr.qquipong, .
[00a4}/ o oaiTe Wailgt Sighis) hsrazinbeatbdicyAgH FStetnls present in the
cleaniNnglEOMpBBIiBN| ofthebsehtdistiostHCih the raRgedrimaidtaeeh, about 0.01

o 2-propene- 1-t hiol, thi ogl ycerol, 1 o 0
Wt% 1q about11% Wige.o|Rreferakivs | thera: iscaReWnR O/ Wi%i t9a3lpwt 10 wi% of the
hydrdZidcaiPbSkylicaaeld BSter i#r TRE CAL4Mng &&hﬂo&ﬂbﬂ?%b?&?&éﬁé@ably, the

2-thiobarbituric acid, aldehydes and derivatives
hydrazinQcashoxyicacid estef is@ﬁc}g%ﬁgéle@ﬂag composition in the amount of
0.1 M%*%df.gwb/&“rﬂe%%f refl Hléﬁ%an?é@tﬁr"ﬂ‘u@ehcydiiéi‘ihaérboxylic acid ester

acetals, particular g)/col ardehyde di et hyl acet al :
is froavabont,(. tvg8o thabeut > wif®048] If enployed in the

cl eani ng conposition of the present disclosure, the

corrosion inhibitors, are added from about 0.001 wt %
[0045])o aboUthel watebosalubler earboxylic acid is added in an amount between

about 0.01 wt% to about 20 wt% in the cleaning composition of the present
disclosure. Preferably, about 0.05 wt% to about 15 wt%, and more preferably about
0.1 wt% to about 10 wt% of the water soluble carboxylic acid is included in the
cleaning composition. The most preferred concentration range of the carboxylic acid
in the cleaning composition is between about 0.1 wt% and 6 wt%.
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30 preferred concentrati on range of the corrosion
inhibitors is fromabout 0.005 wt%to about 10 wt %
wa@easoeidss pref erably about 0.01 wt % to about 8PeX/¥UsS200TI€15169

nost preferred concentration range of the corrosion

inhibitor is between about 0.01 t%to about 6 W% in

the present disclosure. 13 WO 2008/ 005354

PCT/ US2007/ 015169 [0049] In one enbodi nent of the

present disclosure, the cleaning conposition for

renmovi ng plasma etch and/or plasma ashi ng resi dues .
[0046] o; ned THE 6le@BiRg: GRAIRASHION 8 38e rRiEseRb Hisciagure 53y, optionally,

includé®ofler of %oﬁ%’%‘{r{e&i%é%ﬁﬁtb& PP UWontainihg o @irbaky!! §|g>f%bs. These

one water s razi nocar boxylic acid ester of, .
corrogign rinhikitpns can bghaddedto the agampesitiomata fedunehand dnhilig corrosion

' ) ' _ Kyl .
of xibiet el It U e SERERSAD UL, S gumpum, copper,
alloysopf these Inyetalsysand wther espased metals. TThefeoare twe)mechanisms in
: o0 t 4 20 Wt 90. Of |
which¥tidly Cobobhd g 3 aHhioR edipGidy: T}, hay BBt Bands otner
than ¢arbokylvdreups, sbchibs 1bydrokylp Brmito] thits,t mersaptor and icarbonyl groups
inhi hitor, not cont.aining a.carboxyl,.group. 15 [0050] .. .
and, Sehorec bt BRBAPERPRFSTn N Gelieh; BV 5YE, antioxidant
propelrfies aha Prevéant thefoanatiom bf hetar exides T hel additiortof lone or more of
and/ or plasma ashing residyes.forned on a .
these QRfionghBRRPSIONIABLAIPE: BaYGRIe IMRIVE the Epaing ssPppse-
about 0.05 wt % to about 10 wt% of at |east one water
sol ubl e hydrazi nocarboxylic acid ester of fornula (1)
[00471h whi G¢rrsier E\‘i"@tﬁrﬁoﬁﬁ'f |c3pnt§|gmiqq;pgayl groups useful in the

compEARER i 4%ty SRS Fhy0uEL K1 MRS o e ol
ascorhiso@cid). vanilliny, udc idit butyng digls, dienzelriazalee tiigdale, glucose,
- | u J ' )
mioe3 G UBRALERIARE REbge SSHLEEI B ef acejone and Snonere
2-onenvietramniboley | hydrazined andt its tdesivatives,r suabidas.i ovedhyl, ethyl, propyl,

kD, HESHATI ot A ooy et and
phenyli kydraging, i ©xmies sudhh akvacetone roximeaddilitylafddxime and butanone
oximelf,: B%IFSBI &?A&&? rgr%)%a!ltkcc c%%gouvx sh%l#\td %%datt{o%n?rlmibitors, such as,
hydroquinone, pyrogaliol, hydroxytoluene, 4-methoxyphenyl, and 4-
hydroxymethylphenol, thiols such as mercaptoethanol, 2-propene-1-thiol,
thioglycerol, 1H-1,2,4-triazole-3-thiol, mercaptomethylimidazole, mercaptothiazoline,
2-mercapto-4 [3H] quinazoline and 2-thiobarbituric acid, aldehydes and derivatives
thereof, such as salicylaldehyde, and 4-hydroxybenzaldehyde, glycol aldehyde
dialkyl acetals, particularly glycol aldehyde diethyl acetal and mixtures thereof.

[0048] If employed in the cleaning composition of the present disclosure, the
corrosion inhibitors, are added from about 0.001 wt% to about 15 wt%. A more
preferred coﬁcentration range of the corrosion inhibitors is from about 0.005 wt% to
about 10 wt%, and more preferably about 0.01 wt% to about 8 wt%. The most
preferred concentration range of the corrosion inhibitor is between about 0.01 wt% to
about 6 wt% in the present disclosure.
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pol ycarboxylic acid wth additional |igands,

nmonocar boxylic acid with at |east 30 one nitrogen
worpioenys3sand di carboxylic acid or pol ycar boxyl P€T/E81007/015169

with at |east one nitrogen noiety; and (d)

optionally, about 0.005 to about 10% of at | east one

corrosion inhibitor not containing a carboxyl group.

14 WO 2008/ 005354 PCT/ US2007/ 015169 [0051] In a nore

preferred enbodi ment of the present disclosure, the

cl eaning conposition for renoving plasma etch and/ or
10049b| asmeinen® ey bdiment of the Reapesh disclastie cHiedeiepping composition

for rerﬁégiﬁ{g @égmﬁqéfgﬁ fa%glt?o r PlabMa 4&HiIRG reﬁn@ﬁe@%ed)oﬂn a\b&micdnductor

5 w% o |'east one water sol ub
substratelcampnisear boxyl i ¢ acid ester of formnul a (1) in which
(aﬁﬂla@' a straight-chain or branched Cl1-C5 al kyl group
“C5 cycl oal kyl group; (c) about 0.1 wt%to about
(b)l&boutom01 atwﬂ°/ea$d> @boutatlsr widh ulof e at aldastylane awater soluble

SRR HAELAE, QPRI (AR i e an optonal
Wmtbdg?/stralggfoﬂ\am t b(r: It ‘gaaWNﬁhﬁugL e1-;ﬂdid| Ialkylalgroup, optionally
@%&s@ut ot FHPIoalT S PrRpT ALY oS aRRItytegh Go-Cre

and poI ycarboxylic acids with additional

anéls g@) optl gnal |y, about 0.01 wt% t g about
(NISR0.01 Wi ko ABRDE 2OHISk s At IGRAt SPEOHaIor SONGRIS Catboxyiic acid;

cgmd ai ning a carboxyl group. [0052] In the nost

preferred enbodi nent of the present disclosure, the
(d)cqaretmaﬂy @bﬂ\éb@ﬁﬂ"dﬁt%d@ abgwgo Brwt% oh ahieast onepairesion inhibitor

é‘ﬁnlﬁ{ g ¢ %ormad on a semn conduct or
su stretlte on‘pra?é %38” a) water; (b) about 0.1 wt%

to about 5 wt % of at | east one vvater sol ubl e

ydrazj hqcar ' ' e h
toosofy " 229 B BRI Srfibodinftr Mo [HETUE dikloddtetihE"cleaning
compasitioh fér Mﬁtoomgapldsam;tetmendﬂirqnlasmlaumranga'ebmmpla formed on a
ed fromthe group consisting of

.aci,d . 25 ;e} eEet
semiconAyetor 54 §rp RWISEPt h one additional i gand,
(amaﬁ;rgr boxylic acids with two or nore additional

(o} B350 0B YSEAREK! A ot et | SR e, solue

V\ﬁ)/dr%hn@cai'&%&hcoﬁéidc@éfé?sbp\‘brhﬁlhb bi1yoih which R' is an optionally

substituted, straight-chain or branched C;-Cyo alkyl group or optionally
substituted C3-C1o cycloalkyl group;

(c) about 0.05 wt% to about 15 wt% of at least one water soluble carboxylic acid
selected from monocarboxylic acid with one additional ligand, monocarboxylic
acid with two or more additional ligands, dicarboxylic acid without additional
ligands, dicarboxylic acid with one additional ligand, dicarboxylic acid with two
or more additional ligands, polycarboxylic acid without additional ligands,
polycarboxylic acid with additional ligands, monocarboxylic acid with at least
one nitrogen moiety, and dicarboxylic acid or polycarboxylic acid with at least
one nitrogen moiety; and

(d) optionally, about 0.005 to about 10% of at least one corrosion inhibitor not
containing a carboxyl group.
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not containing a carboxyl group. 30 [0053] In
addi tion, additives such as, pH adjusting agents,
waBaeant s, chel ati ng agents not cont ai ni NngP@EI/US2007/015169
car boxyl group, de-foam ng agents, and biocides nay
be included as optional conponents. 15 WD 2008/ 005354
PCT/ US2007/ 015169 [0054] The cl eani ng conposition of
the present disclosure may, optionally, include one
or nore pH adjusting agents. The pH adjusting agent is
enpl oyed if necessary to adjust the conposition to
[0051] 5] | vm aimorg prafersed enbastimgpbof the presend discosusethe cleaning

I t
compB556816E(oREME sl HEATRATRY iy, Ml SgobefTohned on
semicopducior stibstrate comgeses: pH i s from about 2.2 to about
(aﬁwg r: Exanpl es of cl asses of pH adjusting agents
*eur for the present disclosure include, but are
(bhabodlﬁ n.Hedwt%, tbydatmutl ahdnee% alokambl deastegne water soluble

P aRRRRR GG el prted O SR dar i T 5 A B Bit-chin or

nmfanlcthﬁdt@»{licg @Jkynmkgqu?f wcbecycﬂbak?wrbgam ox?/l am ne,

nonoe nol am ne nojl am ne rretnanol am ne . .
(cXa P dr by ootk Wil ot Bk I s Welel solible Earboxyiic acid

ﬂ@éleaﬁdwbmn@agro@bmﬁsvéta@ dsranohbbanidaoyhamcnfwnh one additional

nonoet hyl am ne, diethyl anine, et hgﬁgn@éqif}/t amnm

g SPPRRFRBOXHIG 26]5: WEDI Wt g Shagandsy dicarboxylic

NBEE -with Wéé&‘tlBﬁal ﬁ%ﬂdﬁkﬁc‘%‘ l’@acnd with two or more additional
N, N- di et hyl - R? edi am ne,

dhtgmmgn@ymlm@cbpxa aeidsiwith afisimsmahugands and
t
(o} SRR R R SR 05 280E B wi ST sF O Kaffsion inhibitor
anot cordaimjymg ardarhgxyl@rgep.hyl ) ammoni um hydr oxi de. :
[ 0055] A surfactant nay al so be optionally included in
the cleaning 20 conposition of the present disclosure
[005230 as tro theommdbst preferredt emtgpdifenheof dleen pm’sdamtttmsclosure the

cleaniilL AT IR e SaSa T SGE BaSha s ing residues
formedesn &rMviebAdustoPsLUbstrate complseésir f actants can  be
non| onl c, cationic, anionic, zwitterionic, or
fRfieric surfactants or mixtures thereof.

(b 56661" ably. wid f ast ambbt f & WiR Peesant lébs&clawrwmer soluble
ave low |levels of netallic 25 inpurities.

| e
| ByarezinacApmerisl agi8 aepr el ML Ki in WS, R ds & mathyi or ety

nﬂ d)nl ¢ surfactant, available from Arch Chem cal s
c. under the trade nane OHS. If added, the
(chabout 0ahWitis tpabouh 6 Wikt dfeat leastiang wateoselubism catboxylic acid

tggle@f&fei% 'tﬁgl gﬁ&gﬁ Pgné wﬁbgﬁtmgné yb@)ﬁ/ﬁ ?cntdﬁewnth one

parts per mllion era e Surfact
padditional ligand, monocarboxylic acids with two or more additional ligands

and polycarboxylic acids with additional ligands; and
(d) optionally, about 0.01 wt% to about 6 wt% of at least one corrosion inhibitor
not containing a carboxyl group.

[0053] In addition, additives such as, pH adjusting agents, surfactants,
chelating agents not containing a carboxyl group, de-foaming agents, and biocides
may be included as optional components.
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di sclosure is in the cleaning conposition from about

0. 0005 wt% (5 ppn) to about 30 0.22 w % (2200 ppm .
wors/op3ef er abl y, the surfactant of the presenPCT/US2007/015169

di sclosure is in the cleaning conmposition from about

0.001 wvt % (10 ppm) to about 0.1 wt% (1000 ppm. The

nost preferred surfactant concentration in the

cl eani ng conposition of the 16 WD 2008/ 005354

PCT/ US2007/ 015169 present disclosure is between about

0.001 wt % (10 t bout 05 wt % (50
[0054] 0056 T'T'ﬁoe‘g'eﬁag\%mﬁa"&ﬂa%&% P?éhe &feﬁoﬁé S?%é‘g{)ﬂfe may, optionally,
mclud@' 8¢ SruréBH fadjliSig 'a@éht’sﬂerhé p@-ﬂ@:ﬁ]ds‘fﬁ% h§aht & employed if

designed to reduce foamn

necesgary mﬂﬁgtf@@mpomyntt@ %elhmtbgrb@ m%rqrweaisem abeuty¢ & about 6.

A pre%frrfe'dhﬁl-ltr%ale is W{}Jrﬁcatlﬁge Su[‘%ﬁ(gftrf?t/l\ ﬁr‘ﬂ? J’ffé?%ﬁ’ rl-g?an%qe is from

about|2 to abdut 4, Thbemhprefaseaoanga\d pHitis érom @bong @2 to about 3.5.

a8 AT AR ABAT 4 R e Bosure nouce

but ater hghdimitéd ) h&di)dy&ﬂlhmeﬁ;r oatkéholaﬁnnelsmta;kylamsmand alkyl
and Advan

ammegiir iitofidsisc EXBmATES of RulthB® pyssailstrRl Goshfy RIFIGHE, but are

not Qmﬁmﬁﬁl tiQn Glydrddylamerisnt disthgihgdoglamine?| senomedthidaclamine,

|mcrobla addi t.i ves acterjcid
diethagoIaing, oisba o cuehybraghanaming oft tydefsirdbiperazine.
monoﬁﬂfétﬁﬁamlﬂ@t dhﬁeﬂiﬂl&rﬂ}{ﬁ,d trifsetipiamifg! nidriodiRylaifk]! eiethylamine,
Kat hon CG Kathon CG ], and NEOLONE 950

ethyImgibyIamIBRde (SARERYTING: isPRETYAIAINS.LBeRo-n-propylamine, mono-
n-butﬁErtn'iWé I sot E&é\éﬁbki{"lﬁﬁﬁne and \R-AddENz- £ 8Lpdtsaritidiamine, N,N-

roducts (avail abl e from Dow' Chem cal If enpl oyed )
dimethylcyelehexyaming, corfyduntamine.t he tetyamettylammenigm  hydroxide,

el R, DR E Sy o and

methyb tri(bgdtoxdietioyysamonigmunelrakiden i ntegrated circuit
devi ce manufacturing processes, care nust be taken to
provi de cl eaning conmpositions with low netallic

[0055] Rpuri .Y emrfé&tagerﬁtdyy ,alébe I?I Fcﬂgtidmllyommedéd oms ¢ihe cleaning
t re t 25 I SCI O re snou not exce

comphiifigh’ BbrREo RS TlaCRAPSEBaRe 85 1B REBTOIRLPESR Wetting of the

semidehalietdre Sudaee CARANE Mk MRS | po@es dfhaie hsdemiz0tetdhing residue
metal ion contamination |evels g m or _| ess

st
dissolytign gnd sermoyat fromnithg, 5@6H1§%'3‘i’49‘9h§“¥’ ftenabess; iifactants can

be ndméﬁ'it: 'dé'ﬁonf@rﬁrﬂﬂhl&ativﬂﬂeht%i@' oranphstardisefaétaM& or mixtures
059] An exanpl e of a cleaning conposition of the

therecgr r@ﬁ@rqmlgcquggqgt@ntscfgﬁﬁ}q geasent disclosure have low levels of metallic
impurities. An example is an alkylphenol polyglycidol ether type of a non-ionic

surfactant, available from Arch Chemicals Inc. under the trade name OHS. If added,
the surfactant is present in the cleaning composition of the present disclosure up to
about 0.5 wt% (5000 parts per million). Preferably, the surfactant of the present
disclosure is in the cleaning composition from about 0.0005 wt% (5 ppm) to about
0.22 wt% (2200 ppm). More preferably, the surfactant of the present disclosure is in
the cleaning composition from about 0.001 wt% (10 ppm) to about 0.1 wt% (1000
ppm). The most preferred surfactant concentration in the cleaning composition of the
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(a) water; (b) about 0.1 wt % to about 7.5 wt % of
nmet hyl carbazate; and 17 WO 2008/ 005354

weERONBSG3807/ 015169 (c) about 0.1 wt%to about ROT/UAZNTDO15169
a 3:1 mxture by weight of citric acid and tactic
acid. [0060] Another exanple of a cleaning conposition
of the present disclosure 5 conprises (a) water; (b)
about 0.1 wt%to about 5 wt% of nethyl carbazate; (c)

preseﬁb@igctl&ule"ié BetReaRoabort (M)%ﬁ olvt% (H0lppinyttar §b&(ﬁ c)>05 wt% (500

of citric acid and |lactic aC|d and 10
pp"ﬂoptlonally about 0.01 wt% to about 6 mﬁ@bascorblc
acid. [0061] Another exanple of a cleaning conposition
of the ﬁresent di scl osure conprises (a) water; é
[00563bout The cleaning camapesition ofithe preS@nid1sql@wr§rreamfu her include

iy i e
el Bt e TRygies 0 TERACEEaONNG iﬂ“ﬁxhpi%é%?ﬁﬁé?n"é“&%'as"g agent
may beoemploygpnup otol GbOubp2D netei ofi thes dofahcsurfactapd concentration.
06 e f n 0
exampfl° B AIRANGFS TR sl LA ERIROSH B 9 e v,
DeFofmir WB/500 (abailﬁblé(fmm%' oth Sdigs Qm),bhoBbem 10¢) (avallable from
Oil CPGRY TGN T et hRadReY avaiabRs fiofn JieGivsal stynol 104
(avaﬂﬁbﬂ@f ﬁ&hd%uf-l?rc%hd@} SA@ Ao givdilable ¢ofP OSB! iISpedialtiés; Inc.), and
range fromabout 2 to about 5. [0063] Another

Ade"@?Sﬁpﬁ@ (BYa'l?W iom Heredesbsi ti on of the present

di scl osure conprises 30 (a) water; (b) about 0.1 wt%
to about 5 wt% of tert-butyl carbazate (c) about 0.1
[0057}+ 9% t o TABoGIeasingt gempositionzohitha present discigrureymay also include

antimfdrbbiaf Rfdifled (e g 2bhtferkidds, APRides or fungicides). Examples of
antimicrobial agents which might be employed include, but are not limited to, Kathon
CG, Kathon CG 1, and NEOLONE 950 Bactericide (available from Rohm and Haas),
methylisothiazolinone, and the AQUCAR series of products (available from Dow
Chemical). If employed in the cleaning composition, the typical range of
concentration of antimicrobial agent would be from about 0.0001 wt% to about 0.5
wit%.

[0058] As the present disclosure is useful in integrated circuit device
manufacturing processes, care must be taken to provide cleaning compositions with
low metallic impurities. Preferably, the cleaning compositions of the present
disclosure should not exceed total metal ion contamination levels of 10 ppm. More
preferred are cleaning compositions that have total metal ion contamination levels of
5 ppm or less. Most preferred are cleaning compositions that have total metal ion
contamination levels not exceeding 1 ppm.

[0059] An example of a cleaning corhposition of the present disclosure
comprises

(a) water;

(b) about 0.1 wt% to about 7.5 wt% of methyl carbazate; and
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18 WD 2008/ 005354 PCT/ US2007/ 015169 (d) a sufficient
anount of tetramethyl anmoni um hydroxi de to adjust the
wW@RheHoBRE conposition to be in the range fr oPCHDSD7/015169
2.2 to about 3.5. [0064] Another exanple of a cleaning
conposition of the present disclosure 5 conprises (a)
wat er; (b) about 0.01 wt%to about 15 wt % of nethyl
carbazate; (c) about 0.01 wMt%to about 20 wt% of a 4:1
(cyabdutr® 1bwtosetogdbodl 16 Wit?d of acdd mbdurd byl weight of @trid;acid and
and 10 (d) optionally, about 0.001 wt%to about 15 wt %
ngfl¢ eciydr azi ne. (e) a sufficient amount of
t et ramet hyl ammoni um hydr oxi de to adj ust the pH of the
conposition to be in the range fromabout 2 to about
[0060F. [ ooBABpthEfeexaranle Afaceaprian: ¢aMPesitipR ofthes prasent disclosure
compﬁ:%]éfl osure is not specifically 15 designed to renove
photoresi st filnms from sem conduct or substrates.
(aRaaterr the cleaning conposition of the present
' [ Eo) ' 0 1R. et ch  residue
LRI LNE o SBRLVB AV BLEREMBRES: O C L,
(csaboytpd Ngwiét frodbbub i wite ofsari: t onidktureoby suight af ejtrieGacid and
[IOOE6% @ere ore, the cleaning nethod of the present
dPEHt 86T &N preferably preceded by a photoresi st
(dpoptianzillyg apoat 6 081 wils\tosaliout Blvet%l agcsthic ppidig process
can be used, including 02 plasnma ashing, ozone gas
phase-treatnent, fluorine plasma treatnment, hot H2
[0061yas tr ApbtFRdt exalapls bbPedcleanidg Einpositidn. obfHEl ptgsent disclosure
I.ncorporated herein by reference Inits entirety),
COMPHPRLS t he | i ke. In addition any conventional organic 25
(a)"ﬁbteﬂ” ppi ng solution can be used known to a person
skilled in the art. [t0067] The preferred stripping
(bhabeuts 9. Liswtioi tp cahautnddS wi%iafhat hd enixtengy weighdgof methyl

0 iFsa% e is adry stripping process.
PIfae e?g%§ﬁ§%gﬂ ry Qé#l‘%f ppi ng process is the 02
(chabeuteD.4 Mm% do @botk 4 0. with iof cittie aeids andnoves nost of 30

L B R BT 00 BB Do L AR, 5oL o

atmosphere at el evated
tenperatures (typically 250C) at vacuum conditions

0063, Bl beo el s FRbH BB ] 458 Plsd dscooure

comptisggever, this process does not renove inorganic or
gr nometal lic contam nation for the sem conductor
(aiWBie% ate. A subsequent cleaning of the 19 ‘

(b) about 0.05 wt% to about 10 wt% of ethyl carbazate;
(c) about 0.05 wt% to about 15 wt% of lactic acid; and
(d) a sufficient amount of tetramethylammonium hydroxide to adjust the pH of the

composition to be in the range from about 2 to about 5.

[0063} Another example of a cleaning composition of the present disclosure
comprises
(a) water;
(b) about 0.1 wt% to about 5 wt% of tert-butyl carbazate,
(c) about 0.1 wt% to about 6 Wt% of a 1:3 mixture by weight of citric acid and
lactic acid; and
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WD 2008/ 005354 PCT/ US2007/ 015169 sem conduct or

substrate with the cl eaning conposition of the present
waele@shass e 1S necessary to renpove those resiBUBEES2007/015169

[0068] One enbodi ment of the present disclosure is the

met hod of cleaning 5 residues froma sem conduct or

substrate conprising the steps of: (a) providing a

sem conduct or substrate contai ning post etch and/ or

(dPasuffidiént éméudu@ﬁmtﬁaaetﬁgmﬁbhnﬁnw%ﬁm@ aaslist thé pH of the
substrate with a cl eani n%r nposi t| on conprl si ng:

waeEposiion te g indhe rApge/ Iat!l’&ué e/t 8BPWoR8r boxyl i ¢
acid ester, at 10 |east one water soluble carboxylic
cid, 0
foosatcl |, AmACELARRId U 2obicaRiE] cORpoSioN 3l 8 present disciosure
compraesi sem conductor substrate with a suitable rinse
(ag\g)g and (d) optionally, drying said sem conduct or
St at e by any neans that renoves the rinse solvent
(bhablog@.91 r\m% to apoutril Sevtlé of metbyrdarbazdtesai d

LR AT h R do T bRy o % Sgr%g#&sﬁ?h@'q‘?&%f‘%ﬁ'c acid and
tDengceaerHcmtiand osure can opti onal I y contain
gAMbl ke el R
(e arslmmémgémwnt dﬁtet%?né@@mrﬁmo@ﬁlﬁﬁtlﬁ/dr@ﬂde kb @@j@lﬂ&he pH of the
0070] The sem conduct or substrates to be cleaned in

t RPDPRsHtiRpdoRmindhe rapegdrmm ahaut S ig AR Gal 1 i ¢

residues, and additionally, a range of netal oxides

[ooesjhat 'T‘ﬁ%dclbﬁn &sm\sgﬁronssmwwégérqrd@aagtﬁ@iseaot specifically
typlca are constructed of silicon, 25 silicon

desnggeﬂn@nr@npvgmmoresmtvf sasnfam csemiceaducipassubstrateg. Rather the
cleanﬁ@'@{) ﬁﬁyt&ef OFresem%lé Hb&l%nguﬁ%ﬁgné&'%tr"eﬁ&?\% BA¥%ma etch

contal n expose |ntegr Cl rcul
residuge raﬁteweerm\smg: thephatorasistnby @ dine arr etk strippingrenethod from the

N ' ctric materials. Metals and netal
semé&f']@%&ﬂ%@%h%k' i nterconnect features include, but are

not limted to, alum num alumnumalloyed with
10068iF P THEFBREE ) BB T oY B S9B8b s 83Hg0% s roreranly
precedeaosy prhoiaréis@eét‘np?ﬁ@lﬁidﬁes&Uhﬁyfﬁﬁ@bleﬁﬁw @frgj{bmg process can

i con oxi de, ljcon nitri

t
be usad BRI Ll lasma e3hiDgn 02008 GAs: PhAcRaske0s, fugsine plasma
treatr{éhi2 48/ 10§38 4reBirhe RBLAEribbal pOus] Pateht I\T6165691h1 17 incorporated

sem conductor substrate can be contacted with
hereig bydigfergnce in its entirety), and the like. In addition any conventional organic

wet stripping solution can be used known to a person skilled in the art.

[0067] The preferred stripping process used in combination with the cleaning
method of the present disclosure is a dry stripping process. Preferably this dry
stripping process is the O, plasma ashing process. This process removes most of
the photoresist from the semiconductor substrate by applying a reactive-oxygen
atmosphere at elevated temperatures (typically 250°C) at vacuum conditions (i.e. 1
torr). Organic materials are oxidized by this process and are removed with the
process gas. However, this process does not remove inorganic or organometallic
contamination for the semiconductor substrate. A subsequent cleaning of the
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conposi tion-by any suitable nethod, such as by placing

the cleaning conposition into a tank and inmmersing
wW@r@so0s3subner gi ng the sem conduct or substrat eBCT/ONE2907/015169

the cleaning conposition, spraying the cleaning

conposition onto the sem conductor 5 substrate,

stream ng the cl eaning conposition onto the

sem conduct or substrate, or any conbinations thereof.

semicohalisforBubstidie vAHTHSS BIEAMIY céugﬁeitwreaf #i& preseritsdibclosure is
into the cleaning conposition The cl eani ng

necessgppinsramene theseq mrsidhessent  di scI osure may be
effectlvely 10 used up to a tenperature of about 90
Preferably, the cleaning conposition is wused from

[0068&bout Omecenbastiment v te resentdiselosyrs ys the reeted; eigcleaning

rosid SRR h SERETOUED SRt SR SRS pR g0 Trom

(ak Ipeeviding a@ocspmicanduntorosubsteater ecntaining smatseAICB amd/or post ash
re%@ﬁ% they may be effectively used at ambient

Rrature. 15 [0073] Simlarly, cleaning tinmes can
(by acontaeting asnidi&seram@addemndhbgtrm tvaith pardleanihgr composition

cl eani n Io ed. Wen na.i n_an . .

coRTBIY N oTrit &X IEgaeone viatet sonBIE B e hOralRgavii acid ester, at
leéstroree(mbe sdllﬁblé%él’b@bdﬂn&@cum lwfdefopttérﬂllyf at eakstr omg &orrosion

or a batch type ess is fromabout 2 mnutes to
'"'&‘B%E"gbc‘?ﬁtﬁlﬁ‘(& rﬁﬁﬂé PBUPr eferred range for a

(cpﬁﬁéihgts‘éﬂfséﬁmdtér SuT A6 With 3 smtﬁbllbeﬁnéé’s@b@ﬂt add
m nutes. A npst preferred range for a batch

(d petinnally. sinying saids semisandystar sy sﬁﬁaﬁ%t%aﬂm vasam that removes
th8 fH¥eCSolvERP 4hb &?@Wdﬁ Q:OHLPFBFI'Idéé) é%é‘ S!éfcégg%)g qf’?a‘?% semlconductor

process nmay range trom abo out
substratees. A preferred cleaning tine for a single vvafer
process nay range from about 15 seconds to about 4
m nutes. A nore preferred cleaning time for a single
[0069)af er pm additomiie raieardnd compasitidn msedeimamts (bpotatheumethod of
3 mnutes. A npst prefe edcean
the plpsite Alaias e, 6ans BPRASAN faBh oRLRERT SsBlits,nach as pH
adjustifg Jgents, 2surfautants, cheldting /adents rictrdomeainfig andarbbkyl group, de-

cl eaning a of the cleaning conposition of the
foamlﬂ g ’é‘“’&‘{ﬁ%s mechani cal agitation neans may be

enpl oyed. Exanpl es of suitable. agitation neans
include circulation of the cleaning conposition ove

[0070}he 2T fmsgmmgmSPM@sgoum@fegeds%mlﬁamsthod contain
orgarﬁ%[gﬁgu l’sbt%rng:"rnétlﬂi%yr‘e'%ﬂﬂé%e anICAANIRSN ARTRP PA GO Bf RMEYal oxides that
need to be removed. Semiconductor substrates typically are constructed of silicon,
silicon germanium, Group 1ll-V compounds like GaAs, or any combination thereof.
The semiconductor substrates may additionally contain exposed integrated circuit
structures such as interconnect features like metal lines and dielectric materials.
Metals and metal alloys used for interconnect features include, but are not limited to,
aluminum, aluminum alloyed with copper, copper, titanium, tantalum, cobalt, and
silicon, titanium nitride, tantalum nitride, and tungsten. Said semiconductor substrate
may also contain layers of silicon oxide, silicon nitride, silicon carbide and carbon

doped silicon oxides.
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ul trasoni c or negasonic agitation during the cleaning

process. The orientation of the sem conductor
wGasnesse rel ative to the ground may be at anpCEHO§087/015169

Hori zontal or vertical orientations are preferred. 5

[0076] The cl eani ng conpositions of the present

di scl osure can be used in conventional cleaning

tools, such as the Ontrak Systems DSS, SEZ single

[007Maf er  Ther @eniitoscuEtBFt SUiBstrédé t 88N Sb&Jtéentasfed) with the cleaning
asoni ¢ Gol dfinger, Senmtool MIIlenium single wafe

°°mp§’ﬁﬁ‘9§}‘ Py AW syitabieemetiiad, such: as &y Blacino fhec "F“Q:W“POS"'O“

into 2AANRNARD mAfersif érm/spgnsmetrgmg Ak deMRicBhASEIBF substrates into the
disclosure is that it is conprised of relatively

cleanifigh copipasitiom ospraying #he «learingnepmpesitienventeo Hiso semisonductor
substrate V86ES thé cdin %ﬁ'i;ﬁfytlé Bntd HIP S8 HrliddHYUctor substrate, or

I ghl'y stabfe in a WI e range of tenperatures an
any qenokinstions teerecfhBrefecalyysthe semiconductpr sybsirates are immersed

into tﬁ+ F@agﬁ,tgegoh ggn%w cally conpatible with practically

Used to construct exi sting and proposed
sem conduct or waf er cleanlng 15 process tools for

100735757, 3% MG FnRbaliafS e e ergesiai ST 1Bl pe ettectvely

used wip to aataubemum of mbous d0ved! Freferablglithe clearimgl composition is

0 about ' t hout itati Qn neans. o
used wor Sgut 367G Fhoth 70, 8. Uord Apteralyithh ealind dimposition is
empldyaid in! thiet tefhperatute ranpefreratbidutH 8at € abbBt Bed@.. An advantage

et hanol i sopropyl al cohol, N nethylpyrrolidinone,

of theyGlgARING FYPRPSLiPRR Of the REesENt @mlpawed@ that thay mayihg effectively

usedgﬂﬂnﬂ{@,mlgﬁ{&rgmfgol nononet hyl ether acetate.
Preferred exanpl es of rinse solvents include, but are

not limted to, wat er, met hanol, ethanol and
[007:!%30!or 0§(hg%h§ I"é\%hpb%{uﬁeﬁ c‘”a[ﬂ/ér%%\férggftud% ?ée %‘gpgg@h&ing on the

particuiarselegning=methed imp®yedt dVhemheleaningeint arraynmersion batch type

pLi | k Y
proce¥iEesEjtalil RdERL BrplimlorkB bt RE rlipdEr  bfsferred range
for artmtchaype hErecesse is\fesmf about Remimetes donabouto40 minutes. A more
profef LA 81 o ol e b S BB, BHGRY 1d tabout 30
minutesbﬁ frivise p@éfdrha&i ririgd forf a tHagch itylse BRatieyp process is from about 3

. gf er abltég the tenperature enployed is between 16C
mmutgﬁ  Optional ly, the seniconductor
substrate is then dried. Any suitable drying neans

known in the art may be enpl oyed. Exanpl es of suitable
[0074]; yi ng Gleaniag times e & single Wates, PIPEERS B2y range Jeam about 10

secoidd 85 abblie 55AIMGREdUAT 761'(9 fSPaS [cicdfing Umd §6¢ b ngit?wifér process
2008/ 005354 PCT/ US2007/ 015169

may range from about 15 seconds to about 4 minutes. A more preferred cleaning

time for a single wafer process may range from about 15 seconds to about 3

minutes. A most preferred cleaning time for a single wafer process may range from

about 20 seconds to about 2 minutes.

[0075] To further promote the cleaning ability of the cleaning composition of
the present disclosure, mechanical agitation means may be employed. Examples of
suitable agitation means include circulation of the cleaning composition over the
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t he sem conductor substrate wth a heating neans such
as a hotplate or infrared |anp, Maragoni dryi ng,
WO 2108/9ai3s4 dryi ng, | PA drying or any conbi nati oPGT/US2007/015169
thereof. Drying tinmes will be dependent on the
speci fic method enpl oyed but are typically on the
order of 30 seconds up to several mnutes. 5 [0079]
The present disclosure is also directed to a
substrtd)- §Péa Mg’ Br RPFayikdyRheCéi8aningIcompbsRionseyer tﬁé) Gubstrate and
renoving slurry and netallic particulates and oth
ultraserisi rUBRPIBsRMIRI agitalaN AUTNO e leaniagi RIGEsssn o8 ;%\?Ptat'on of the
semicORdubRy b@'tr%llﬁ‘ﬁ?élb'u@ StHkHﬁEr tihd r\“@ %Q\Q%wﬁﬁﬁle Horizontal or
subj ecte tocemca nmechani cal |S|ng
vertica) prientationshara pegferednechani cal poI i shing pr ocess may
be enpl oyed. Exanples of suitable chenmical nechanical
pol i shing process can be found in US Patent Nos.
[0076§08384The6dearihg, compRsliDns Gf4thes pesseniddisdlosare can be used in

t
conveRfERRLSREME ke ul 41 S3Bfpt Bl DRSS SEF Sl vrer
spray mitdeasystem, poéited i simglendafieh enegasonio gBalﬁﬁpger t SermtootaMillenium
sincioS 5l 4GB et s e OB R BBl of e
compositibfy d?ahénprd%&t disticgtie isntlab A388inpribed of relatively non-toxic,
i ncoy por at dqpé%’freference in their entiretie

S
non-cgUIpeie eagtive EPMRPRRBIS: In MNQlGi PAY; B PREtarihereby the

compb§itibR T®WHHIP Stabialin &l widelraRge ldf té@perdtdres BAH process tlmes The
contam nants. 20 Exanpl es of suitable solvents inclu

compgsitipg pfz the m%entawéc HEmhds shemigally, semnativle with @éactlca"v all
r d
materﬂflé s eééﬁ't? s?riﬁ& dléprgn?mg&taa s&inf&siduttdOowlfer cleaning

he present
proceds $edvlofor baicb ancbsmgtmwafmcleamaga ng seni conduct or
substrates contai ning post CVP residues conprising the
steps of: 25 (1) providing a sem conductor substrate
[007730nt ai Siutugeguent td\ﬁher eleadm\gs the Sganﬁmnmmnguls&t'raie is rinsed with

a suntég[gpﬁﬁgg ur?(&) g‘%?‘;}}, .U x%ﬁtf%%?ﬁftéé With or without

agltatmﬁmmomhqxa‘sldf suttadlesahee ,soalent$ érecludenbutrvates not limited to,
car boxyl jc aci ti onal t, one

d, and,.
deionizet 6 o ateriiesheBPh. shaBghi isPRIGR Fiedhelo gy Hoidinone,
gamn?élbt(.@g?rddﬁrwg cﬁﬂilewhyﬂte@uﬁagﬂ@ct éthﬁuhfdtﬁii eamdit fprépylene glycol
suitabl e rinse solvent; an i,ona
monogmgthykethes gratate o relasted SF%’"Biﬁsaa{/"'F%ﬁQK’PHgft Incliffs, bt are not
||m|teH rIS DINF8teT O he@RANBNEtNASS avd |§dBFBB9I”hﬁ:©hbhel\/lore preferred rinse
egrity of said sem conductor strate

WO
solveg@ogqq)@gg@;ep@ppugggmwm he most preferred rinse solvent is DI
water. The solvent may be applied using means similar to that used in applying the

cleaning composition. The cleaning composition may have been removed from the
semiconductor substrate prior to the start of the rinsing step or it may still be in
contact with the semiconductor substrate at the start of the rinsing step. Preferably,

‘the temperature employed is between 16°C and 27°C.

[0078] Optionally, the semiconductor substrate is then.dried. Any suitable
drying means known in the art may be employed. Examples of suitable drying means
include spin drying, flowing a dry gas across the semiconductor substrate, or heating
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[00821 In addition, the cleaning conposition used in
step (b) of the nmethod of the present disclosure can
w@piosoessd y contain additional additives, suchr@yUsido7/015169
adj usting agents, surfactants, chel ating agents not
contai ning a carboxyl group, de- 5 foam ng agents, and
bi oci des. [0083] Post CMP residue contains residuals
| eft behind fromthe CW slurry, enployed in the
the sehdoordictorshbstratd withl astheatingd Mszessssuchiels aShothate or infrared

sive particle as, wel | resi dual mater
tampy SAT308 RBYingnaokinom avge. (PR SBANGoaaRY ofomBinations thereo.
Drym@llhﬁéé Hile be ld§)Seh S8 I’ HeLSpebific ARIKAH BnilbPéd but are typically on
t erconnect s, such as cg?per lines inlayed in a | ow

the of €11 30 FeeqnsisYR iR SEYe& MINUIES. mul t i ple layer stacks
of non- conducting ceramc |like conposite material s,
such as_HDP oxide, TECS, silicon carbide, carbon
[0079oped sfihe pseseti @écl@ﬁure)ﬁgglﬁ%dwecseﬁlet@,a FRXAeEresiver post CMP

clearfﬁ’qnt}ﬂ&émqp%% fisil rdrcﬁﬂ'n 1n§ ?Idrg: a‘ﬁgiegéiﬁglﬁgb%gwateg and other
remd@lay‘gam(amdnelal (qqu;g reaudm enictpper aqgirlomk(d&@nptnc substrates
whlcrLEE\% 'B@Ehoém écteﬁ% cgérﬂﬁal Fn-gc'hg n:all ﬁ ei}\y itable chemical
anples o drganl C polymners use PeY PP
mechanidaldeolishing proeesstmay nbe em‘nployedj sEtmmmie;cd)blsuitaue chemical

mecHghR .q‘%éqb@"bca' }ro R 'e” herﬁ]scg%fa%gﬁ? ' Sd&3840, 6517413,

6524050 cr644M6835 and msauanduetem iroepoited sbgh réferdiice in  their
i other netallic oxide, silicide, 20

. N, TiN _, T
entlre}%a‘, ﬁp{jrr?@ééﬁ\’/r%?% r?eo{fsg‘ may al so be present. The copper

components may be entirely copper or copper alloy
material. [0084] The c] eanin con‘posn tion of the
[0080); s enBeivWeen thp chemicak me al pelishing Angt the, ¢lganing step,

thereﬁhﬁx%@k{%tfcﬂﬁ sié’pspﬁ\ WhRARE ddlishBY stitistrald mn rTg‘i'e ~cleaned with

SucC I mrersion, or stream a

a buffjegisiep eﬁﬂlqhoas m;s@gs%d S Fateny Nmoﬁéﬁéé32rm¢§436832 (where
are u&fd?ﬁérat@(‘i %er‘érnc‘éqwt}ﬁ@l ee{htt Sbr aT Quﬁ@ﬁl%iéoé\r/r%rptownh or without

ani cal yed.
an agitation emeams stoi rembeeal;psllmalosiurrvapamd&s wohe other contaminants.

a6 W 4iERe B0EhEPNEEY B SREPRYACF S BRI substae
may begisiednisinggi dgingomeans drrprebéeed dirBethg to bg cleahed.

megasoni ¢ agitation 30 are preferred. The orientation
of the substrate relative to the ground may be at any

[008ﬂng| e. Oigé lemr?mh}em of ¢ié pﬁ&er@ﬁisﬁlﬁﬁkﬁ@@tﬂ'ﬁ?gﬁéthod og cleaning
rre acC [0OmM  abou seconas
semiBgidseior SUBSIFAlEs GonLiNBdst M PgAIduES GaragsI g dne SteRs of:
(ﬁwudm@ a $8ANBOAdlIGtoRABAbtrdte coRiaRiY pJaecWT&%r&iég e

whi ch cl eaning takes place is not

<22@erwagﬁweﬁnmsgowm5qwrat@rw'th aaﬁlearanammps't-on
cégtwgﬁéeipragwfa%ﬂl lak fedB AR tepsbiubie WyF HiNbSarbdR{ic acid ester, at
least one water soluble carboxylic acid, and, optionally, at least one corrosion
inhibitor not containing a carboxyl group;

(3) rinsing said semiconductor substrate with a suitable rinse solvent; and

(4) optionally, drying said semiconductor substrate by any means that removes
the rinse solvent and does not compromise the integrity of said semiconductor

substrate.
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tenperature range is fromabout 16 C to about 27 C
[ 0085] Subsequent to exposure to the cleaning
w@vpoeidsi on of the present 5 disclosure, thePCT/US2007/015169
substrate nay be rinsed with a suitable rinse sol vent
for about 5 seconds to about 120 seconds with or
W t hout agitation neans. Exanples of suitable rinse
solvents include, but are not limted to, DI water,
met hanol, ethanol, isopropyl alcohol, and propyl ene

zgl ycol nononet h¥l et her acetate, Preferred exanples of
[0082]i nse Inaddiiens thesleaming pompesitionoused in step (), ofthe method of

the pY‘@é&{t' FEFHL%‘?Q' caﬁtWallgn%H%‘?rpr%Pd‘{loﬂQ %hﬁﬁg@k; such as pH

Nor e pre erred rinse solvents are wat er
adjusting @SJGD&S siirfastarits, Thelating tagente inet ceotainingea sarben group, de-

. . ri nse solvent may be applied usin
foamih slent€ i wipBfis blying t X

Sthat used in appl yi ng the cl eaning
conpositlon The cl eani ng solutlon may have been

r0083) e} nfrost S esBleEbb e fefiuaik 16 BeRid fof e EmP stury.

emplaydasinr thieectdmicat nidohanicl golishingnsrotess,t «ich B8 abrasive particles,
enbodi ment, the substrate

ef erred 1
as whl (3 ESIE] | BALTAIS SRRRVEH (T s SURse. ohyle: Sepiconductor

substfate. ThOEE sUibstratey fifay BoRli imeldl fmeridnedts Buch as copper lines
lnlayeggl tation neans, followed by rinsing for about 20

ddnaslaw %'Blﬁﬁt"@d’@lﬁ!%’m@%eﬂﬁb&r @w't'alq daverysigeks of non-

condu-@?iﬁ\gt EERPhRL ke cBFnﬁd%‘?ter h5teASIsS (SBRhBY IBP2BYide, TEOS, silicon
erature suitabl’'e for the processing equi

carbidgs| earbonedpped i siicpviaxide rﬁﬂdr |Qﬁg%m§opolymerspﬂ%aéml§$yof carbon

dopecf gglggﬁ%&cgé%ﬁ{?ﬁ{dg %LR'B?E nyﬁacp "i’f‘tﬁ%l é@o&él@{%ﬂ Black: Diamond

rate is rie
| and dBlack Diaswomd Idn(aA/aphed Ma&mals) Ampr@e(A&Mllngeedatlonal) and Orion

(o ke R4 P R P95 502 s mtuce,

but arédenctulisitedt ®, WwisbeazdnalomgeneafDow UCheatcaly polyarylene ethers

RIS S AT 5 SRl P SRob s Hhorrpae ano

semdﬁﬁéﬂu@ttﬁ'd'nbténa?é Suély I@lsclaé | T2l NTINLETIW A6 otbler Wet%ﬂﬁ:%bdée silicide,
several m nutes. [0087] The chenical nake- up

and ”Etﬁgerr@§'¥e<5@és BIRYsRIFPh RIRSESY- sd'l?s??%ﬁ%fsco'99°ﬁ9'ﬁf§rmﬁb5§e entirely

co @xc;,rb@i;y,g,,o Shitagiapr ocesses depends on the etch or
PP ashi ng procegs enpl oyed as well as the types of

mat eri al s exposed to those processes. The cl eaning

0080 iy, 418, ST 3 v
into cRORASEYD Zhelgulgdrate (ogbe cleanedrineaamosiitable ofanries such as by
sprayﬂrﬁgﬁ?gloﬂ' of stedhfand r?ﬁéysz%rc?eh\)ac‘e@ t(?‘i’trl‘e sBBEert%J ?ﬁ;'ough nozzles,

e-tontarning clea ion pri
hoses,qipes, brushes op\equivalent means. To assist cleaning, mechanical agitation

means may be employed. Examples of suitable agitation means include circulation
of cleaner over the surface, streaming or spraying the cleaner over the surface,
ultrasonic or megasonic agitation, or brushing. Brushing and megasonic agitation
are preferred. The orientation of the substrate relative to the ground may be at any
angle. Horizontal or vertical orientations are preferred. Contact time may be from
about 15 seconds to about 120 seconds. Preferred contact times are from about 15
seconds to about 60 seconds. The temperature at which cleaning takes place is not
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pl asma et ching and/or plasnma ashing residues froma
sem conduct or substrate 5 conprising: (A water; (B)
w@eoosmeast4 one wat er sol ubl e hydrazi nocar boxyl i BCHUBZH07/015169

ester; (C at |least one water soluble carboxylic

acid; (D) at |east one water soluble fluoride-

containing material; and, optionally, (E) at |east one

corrosion inhibitor not containing a carboxyl group.

rh 0 c g S o] d
cr|t|ca| %gﬁbbmgﬁ nflrl\ Eéétiifgtsagﬁéf Vhr) vﬁ{rggté@g]ﬁkgecr‘g%pmggeg?g Preferre
tempeqatuge T@g%ﬂﬂjfmh’babpvﬂﬁlaﬁ tgtabpghg? e corrosion

i nhibitor not containing a carboxyl group enployed in

this enbodi mrent are as descri bed above and are
[0085)r esenBubsequients tm@rxpoeu:a)m dhei clganingagemgosition of the present

asciof YRR eL b g AR A BAno3 J6id Bkt REn: 5r abour s
secontisrtb about dmmemmdn wltbmtwntrmue agiation swarns. eExampIes of suitable
rinse §<Plﬁsp{sdlgcﬁgganfl§ﬂ eré{j?('%llto,-rlﬁ?{;\%réeers ?ﬂgﬁ, tg&'h%nol isopropyl

alcohdl| aad Ipi@pyléﬁééyl%?ttmgno‘hmethw eﬂmmiwtatleo Preferesisexamples of rinse
renova post. ash or

solvenipnckige: AU APoet HERGRHE: i waterhethgnal. ABRSi,aad isopropy

alcoh@s N/Id}é ;ﬂ@ﬁérr&! FinsBasdIvbifts lar@ iTNalAter] ad istisropylCalBBheX The most
m xture of relatively insoluble netal oxi des or netal

preferseq rigseesolivent 5Bl watar.t timanse solvant Jpaxbe @ppligd diging means
&mnla%@ﬁ‘uéte@é(ﬂ}‘ﬁ\ gbé@ﬂ*d‘*ﬂé’@le‘ﬁhfﬂy Sordpd5iabh. ﬁh@%ﬂéénﬁ\b'@olutlon may

onent ca P ab
have bizes semavedgrony theesubisitate @eloam #re start pk ﬂi'%\ rﬁi@élra stepeor it may

still b% 9n ]c%gmggct RRA the. ﬁ%’ﬁ{bﬁé%%é s!tgrttcﬂ‘QPe rinsing step. In a preferred

ontai nin eani ng conposi
embopnneﬂnttheZ&udbskateasnsr eins¢d 08ithodly previbuslyt eemawingltbe cleaning

tai t |
comphbt3hL 4 SBEHE] B b8 e ol i sdehrii v 3tgpon means
followed! by rgtslhg afblr aapeuti 20 Téddm;sl ﬁ:ﬁab&bk)gmmondm without agltatlon
e or uoride salts of aliphatic, prinar .
meange {Bfdemperaiye 36 e e sz ey BCans LmRRTAIe:suitable for the
proceas*hgl egaiptﬁemuaelow tABt bomAy ;{duhtl th8 Jrirffseuebivémt. bRréferably, the
| uori tin ) fluorjide or aumnum(lll)

tempfF’PGU’ﬁlQ]’BP'OD’PGdﬁ@@éWS?@ @orﬁ)éﬂﬁég ‘hydr of | uori c acid
and m xtures thereof. Preferably, these

fluoride-containing materials are netal ion free.
[0086)br e prTBEesUbsirate i thendded Annsuitabiardying means kn@svn in the art

ry 0B8PS LSO VRS iR AL 4 i, fovin o
dry gas aordsscthecsutistiatengr heating thes sabstrataswuitly i heating means such as
a hot}:l%‘é %?lnjﬁ}%r%m%m&nalf é&ﬂf)in‘gﬁans thereof. Drying times will be dependent

on the specific method employed but are typically on the order of 30 seconds up to
several minutes.

[0087] The chemical make-up of the residue on semiconductor substrates
after post etch and/or ashing processes depends on the etch or ashing process
employed as well as the types of materials exposed to those processes. The
cleaning composition may have to be tailored to certain species of residue or
substrate.

25



10

15

20

25

30

[0092] Exanples of fluoride-containing materials are
ammoni um fluoride, 5 tetramethylanmoni um fl uori de,

wo edosaet3shy/ | anmoni um fl uori de, tetrabutyl amoni BET/US2007/015169
fluoride, nethylamoni um fl uoride, dinethylamoni um
fluoride, trimethylethyl ammoniumfluoride,
tri et hanol ammoni um f | uori de, et hanol anmoni um fl uori de,
met hanol anmoni um f | uori de, trinmethanol anmoni um
fI uori de, nethyl di et hanol ammoni um f 1l uori de,

di gl ycol anmoni um f | uori de, anmmoni um 10 hydr ogen
[oo8sy; f | uoﬁ“ﬂ’&hefaﬁmhﬂdlmﬁf‘elorfa@hpuere@@@r sligclogyyg; (herefore, is a non-

corro%r%rﬁu -8BA¢ |ﬁ5; gfé%ﬁ'\'ir{@%rﬁﬂaéél%ﬁ Hrr’r‘r@hlyd%selﬂﬂr fafMremoving

['uor trn ['uoride or al um num (I
plasnrd @mmdg antioefplasea @shing sesidues| from; aesemcmduqt@f substrate

compﬂ?ﬁwgt '(;SL@ ?éert’? I(ggggH%ééq]ofrreuﬁﬁiﬁesoluﬁlgtﬁﬂﬂﬁir'ﬂ%k%@hé‘ "Beid ester;

anmoni um
(C) attleastibme yrraiemmiubra céﬂboayllajecldnwhgt asb ohewdten soludde fluoride-

di.net hyl a ni,um | et hyl. noni .
contaiifgaaRak Ak RyPEva ) ahlRdit e iRt iSRS HotBontaining
a carbdsiw@ﬁ@lml Hhepi ofithe flusrideteontdiniag @ieaningicomposition is between

#F met hanol anmoni um f | uori de,
about ﬂ%%r anmoni um f 1 uori de,  net hyl di et hanol armoni um

fluoride, digrycolammonium fluoride, anmmonium

hydrogen difl uori de_or amm um tetraf] uoroborate
[00895 & pCOrRPORRNE:ANBI S 351 1 %BPF'BBa'c%%{eQ?LPHS Corrdsion inhibitor

not cBRidMihg 8 édrBoz QFB‘GH”ér'ﬁblBkléeflhdﬁ'ns embodiment are as described
t et ranet hyl anmoni um f'l uori dé, tetraethyl ammoni um

above | gbd; care preseabulry | tieofieride-captairiedocleaning  composition in
concérttdtiRingYa<£ %{ Jin fluoride, or
y a

trimeth no ammoni umfluorrde Exanpl es of the
nost preferred fluorlde- containing materials are

[0090}]6t r arrgthrg/ ch Llﬂé ;Sjr%sefr{eﬁfs?:gﬂwe FIRRBH Bnprises at least

| uor uorrde or
one trwataetsimﬁhtﬂbhﬂboadmntamﬁigmnaﬁma% ‘I[rmgﬁ]asé'rhﬁe\mftehrs fluoride-

sqQl ub i de- cont ai ni,ng .mat er i i s _conyeni.ent|
contaifind frateriab S quaiiag serig s FRSHELS Esibntial for the
remoﬁél cﬁhwrlﬁe pbandff éétQﬁP\OOIIO poit etchrrebiduelfrom thbaibstrat)SThis type

of pogr & r%t’bgsnzaﬁ&%t e rx%%ﬁgerg%ﬁagoeﬁ@a 14X SGRYE ot retatively

insolUbl€ (REtaPRXIdeRf o Rfetal sifcatds. ROna9BeahTbled TAAEIN dtddrsto achieve
included_ in the fl uoride-containing cleanin

good (fesistie dissolutinne withiya sherte PFRGessoRmenIngQ %&n"?%rpgesence of a
comp%ﬁwehheaﬁéﬂgrdf%smtﬂ'\d‘brfEbéTﬁu&rldié"anidh inthel danek! d*el'OO to 10000

contai ni ng cleaning conposition is between about O.
ppm % gdyTUageeus intae %ugrrdp%or(tqrggm)cﬁgmng ogmposition of the present
discl 8/ 005354 PCT/US2007/ 015169 [0094] The present

I'SCl osure conprises the mxture resulting from

bl endi ng

[0091] Typical water soluble fluoride-containing materials useful in the present
disclosure include, but are not limited to, ammonium salts such as ammonium
fluoride, alkylammonium fluoride or fluoride salts of aliphatic primary, secondary, and
tertiary amines reacted with HF, metal salts such as antimony (l1i/Vl) fluoride, barium
fluoride, tin (Il) fluoride or aluminum (ill) fluoride, fluoroborate compounds,
hydrofluoric acid and mixtures thereof. Preferably, these fluoride-containing

materials are metal ion free. More preferred fluoride-containing materials are
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(A) water; (B) at |east one water soluble

hydr azi nocarboxylic acid ester; (C at |east one
wowi0en0ssd ubl e carboxylic acid; (D) a water soP@biUs2007/015169

fluoride-containing material; 5 and, optionally, (E)

at | east one corrosion inhibitor not containing a

carboxyl group. [0095] In one enbodi nent of the

present disclosure, the fluoride-containing cleaning

ammd‘;@f1 Oﬁddﬁdé"‘ Eerteir% Mnﬁnﬂﬁﬂﬁlﬁrﬂésaﬁw&hdﬁt%ﬁgﬁmed fluoride-

resi ues or on a sem conductor substrate
contammg)mase@alsmeomsumtv@ned tetraalindamnoomiemfluetidesbout
15 wt % of at | east one water sol uble
hydrazi nocar boxylic acid ester of formula (1) in which
[0092R1 i s Exaoypié®naf [fluoridebsaritainingl materials harec FrRtmamium  fluoride,

tetran%ﬁ@%ﬂ%qygﬂmglzﬁ (?Méér/ Lbegfaoegﬁylg I%ﬁlﬁ lfldbrlos ¥ bfettllatbglmgmmomum

fluorides - @dthgtarhmaohiurgr dymrides ) dabethlyla)nﬁmm% tfuaristeut tdmethylethyl

amm%;./ Ogﬁr'éég%gﬂw I%I?Tg%ﬁl%lpugf]l rboeéﬁ 8la%?ringhium fluoride,
methéﬁd'@hhﬁiﬁ'ﬂﬂﬁm ai ni nﬂuﬁﬁd@rl al ; atridwe(tlaén@latmmoaldm, fluoride,

about 0.001 wt% to about 15 f at | east
methyldiethanalammenidm o fluqriste, coﬁl\gy ?f@"é?rﬁ‘é%o{ij‘lor@feoupammomum

hydroé@n[ogﬁﬁbnbé aa%ﬁfo%'idrﬁd ReandbretYrat, t$6dinAesastrafluoroborate,

i sclosure, the fluoride- containi ng ¢l eani

antimeovibIVI) Bonds, barte flgoriaim (Bt Bvorsie i amigwen (1) fuoride.
Prefeﬁ'éa' 'Eg(arﬁrﬁ %dlb?s ffu%hﬁ@d%d?ﬂ%nf\ NNaHHSt Yre S WiaioRiin  fluoride,

rrses. (a) water out 0.05 wt%to about
tetranlelhulavambnmml flustidentetvaatbylagynopiugn fluoride, tetrabutylammonium

ﬂuoruﬁdrrﬁéihn Hbo R CadsH e%ﬁrﬁ%th&iar&ﬁ e (fl%or‘icﬂa mh%thylethyl

nally ~substitu ght
ammdmianmch ﬁdoﬁd!e 1 Qrimetlyyletivamofaromoojptmo nﬁuhd)r}de.s u tn&thanmlemmomum

. ClO cl oal kyl _.group; Jc)..about Q.05 9 t .
fuoridg” ' et ambteniSfbe ., fhStiedy Lo BetRitigti ARRYY,  fuoride,
trimetﬁ@nél%irﬂ@bﬁwﬁ\r om nfloodde,boxyl hmtlayldlétmhmdﬂamomum fluoride,

addi ti onal nmonocar poxyl.ic, acid

digrygglarmenipm oﬁ'g'P"gFgal?d'ngEI%r HEFPaen aY! uW'i’ﬁou‘?’ ammonium

tetraﬂ@@?d)ﬁdr@[@'Mo}é ﬁﬁéﬁed@%&%bf ﬂQoﬁGé-@oMélhlr@matenals are
ditional Iigand, dicarboxylic acid w

amm@mum ifweside, .@Hmthnamanmyﬂqmd&m f&tmqthﬂammomam fluoride,

ot pbim SRS o SORAARAIT ) gromoniy,  Jugride. o

tnmeuhygaha@olamoomoﬂyon@eacﬁwmpleﬁ of theismost preferred fluoride-
containing materials are tetramethylammonium fluoride, tetraethylammonium
fluoride, tetrabutylammonium fluoride or trimethylethyl ammonium fluoride

[0093] The water soluble fluoride-containing material is conveniently added in
an amount between about 0.0005 wt% (5 ppm) to about 5.0 wt% (50000 ppm).
Preferably, about 0.005 wt% (50 ppm) to about 3.0 wt% (30000 ppm), and more
preferably about 0.01 wt% (100 ppm) to about 2.0 wt% (20000 ppm) of the fluoride-
containing material is included in the fluoride-containing cleaning composition. The
most preferred concentration range of the fluoride-containing material in the fluoride-
containing cleaning composition is between about 0.05 wt% (500 ppm) and 1.5 wt%
(15000 ppm).
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one nitrogen noiety, and dicarboxylic acid or

pol ycarboxylic acid with at |east one nitrogen
worei0sgs3s{ d) about 0.005 wt % to about 3 wt % of PETES2007/015169

fluoride-containing material; and 5 (e) optionally,

about 0.005 to about 10% of at |east one corrosion

i nhibitor not containing a carboxyl group. [0097] In

a nore preferred enbodi nent of the present disclosure,

the fluoride- containing cleaning conposition for

renovingﬁplasna etch and/ or plasma ashin r.esi

. 10 resid .
[0094] o 1ot TBR RICSERS HiSIRRIS Cmiseshe BURYFe seulipd ffom blending
(A) wiRte(B) atibadPBHE ev@at%r WhiGti® hgBraindedtb¥kylicohcialedtéa ) at least

one wat er sol uble hydrazinoCarboxylic acid ester of .
one waiefrgpluble carboxic acid (D) aawatarasqjublectiygride;eontaining material;

- | .Ca- v .
anc, GBARNS 1E9 1 R 4 inlf Dol h SR oroup
wat er sol ubl e carboxylic acid selected fromthe group

[0095? onsi st %ﬂe%m@ﬁﬂﬁ?f\g ¥ dhe cpwrégﬁﬁt( \%sﬁ:!)brs%'?n%r gﬂad nlibA8&.containing

i gand, nmonocar boxy aci d
cleaniaddicompositidn dam demovingpmiasimii etcha@ind/at plasoma ashing residues

ddi ti onal |igand ' b .c acid with t
formegoca'i ?:sgﬂﬂfonﬁljﬁgcggﬁ5”@%%&%07%;%@%%%;: i CWIaci dsW\(/)vi ? rh ore
(aperdtagrt onal |1igands; 20 (d) about 0.01 wt%to about 2
W % of fl i.de- i, terigl; d
oFSR0%, 05, "wEBL S BRUTE Do Aol 43, water solube
ORYdra2rioRarsekylishabidt ester et foramilai (1)nig whialr IRIXi8 an optionally

group, t[0092% In the nost preferred enpodi r]t of the
pPelsituted, s straightchaime or 2 hranched 6 Ayl group,. - optionally

CLEBS e TPES| tdyebdiky GRSTDY | BE dptisiaNye5GPsRUEPICe-Ces aryl

[
plasma ashing resi dues fornmed on a sem conduct or
sg¥iiat e conprises: (a) water; (b) about 0.1 wt%to

0 G i o Sbol 201w 5y it DAL MR squule caboxylc acd
(dRabowt @.0086hwt% to abohy b wt3b ofjtheufiworidg-cabiaining matgried; and

| : d | S
(eigpﬁ%ﬁ%ﬂ){l %b&l}@%ﬂsﬁﬁ%ﬁgz&@?@ %%"@tgéorfgéjFl)él%%ﬁosr}esrt:?rﬁ%ggp inhibitor
maobcenitainiyg iaccarborg gwoup. one 29 WO 2008/ 005354

PCT/ US2007/ 015169 additional |igand, nonocarboxylic
acids wwth two or nore additional |igands and

[0096)0! ycalhax yreferpéd dembbiiimerstdif itheaprdsemtndisclosure, the fluoride-
containing cleaning composition for removing plasma etch and/or plasma ashing
residues formed on a semiconductor substrate comprises:

(a) water;

(b)about 0.05 wt% to about 10 wt% of at least one water soluble
hydrazinocarboxylic acid ester of formula (1) in which R'! is an optionally
substituted, straight-chain or branched C;-Cio alkyl group or optionally
substituted C3-C4o cycloalkyl group;

(c) about 0.05 wt% to about 15 wt% of at least one water soluble carboxylic acid
selected from monocarboxylic acid with one additional ligand, monocarboxylic
acid with two or more additional ligands, dicarboxylic acid without additional
ligands, dicarboxylic acid with one additional ligand, dicarboxylic acid with two
or more additional ligands, polycarboxylic acid without additional ligands,
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(d) about 0.05 wt%to about 1.5 wt % of the

fluoride-containing material; and (e) optionally,
W@b@enoBsHN1L wt % to about 6 wm % of at | east onePCT/US2007/015169

corrosion inhibitor 5 not containing a carboxyl

group. [0099] The fluoride-containing cleaning

conpositions of the present disclosure nay,

optionally, include one or nore pH adjusting agents,

OpslyeartBxXyfic Heid afthaadditionaNRgaHds ohendEeBokglt eiciiwith at least
agents and/or one or nore antimcrobial additives,

oPne 1iroeRR MelPl. Ao firahpxlinpeid poRplyParROYlE acid With at least

pbﬁé@ﬂ}ogéﬁﬁ»{d? re is useful in integrated circuit
devi ce manufacturi n?aprocesses care nust be taken to

(dbaboub@opﬁuw/p & abeH ngf thetiypride-ceniainiagmatesial; and
(eﬁ;& rH:Ho?t‘Jt'd 605'TBuébédte‘FO%PBfaE?ﬁé’Qtyané '?:%rrosuon inhibitor not
contalnlng cl eani ng 15 conpositions of the
pce«s@mlnglascarbguymrghpul d not exceed total netal ion
contam nation | evels of 10 ppm Mre preferred are
fluoride-containing cleaning conpositions that have
[0097!] ot al iretahore prefen‘edrémbbdimedteofehe pmés@tpxﬂiatbsur&eﬁbe fluoride-
referred ar

.fI i de- cont |n|ng ani
contalig G4F2TBRCRRRPSHAVCI CETNOYIED JHErER Slegh B TaplasTa ashing
residue/Rirfheddn eXdeRidbndudtop Biibst&te] dbkAgrigesin exanpl e of a
f| uoride-containing cleaning conposition of the

(@apwatennt di scl osure conprises: (a) water; (b) about 0.1

(bgﬁ%txp ebouwt% Stom Sbeut nrshy\ht%ardfazat deadh ohe amét soluble
%to about 10 wt%of a 3:1 mxture by we

chydiazinQgagbaryic agidiastersef f@rmp[ﬁ (Qgpwhighdd 1ls\,\g (%rta&ght-cham or

a Y%cqf alkit e; and

R R RN I ST -
(ck mbaut Ad! m%ptps, abpuh 10fwWithof aideasteanes wates sphfle garboxylic acid

ggg ktﬁf fTOC It é"g&ﬁfg c&@% w %H@?’%’&?&‘? fﬁcaé@&t\mﬁ'n Yhe&badditional

Pﬁgammzﬁmmam@n(; ca)cudumtn tvoo brunéte: edditiomal Hgands.odicarboxylic
Xt ure ht f citric.acid
i Wil GlitEn Bapd, elvebinfine dds Suth i frore additonal
f ligand ded poﬁ/cafm)xyuptaotdmwnh ,additivrial Gg@ddst % t o about
? wt % 85600 IC acid.
(d) about 0.01 wt% to a out 2 wt% of the fluoride-containing material; and
(e) optionally, about 0.01 wt% to about 8 wt% of at least one corrosion inhibitor

not containing a carboxy! group.

[0098] In the most preferred embodiment of the present disclosure, the
fluoride-containing cleaning composition for removing plasma etch and/or plasma
ashing residues formed on a semiconductor substrate comprises:

(a) water;

(b)about 0.1 wt% to about 5 wt% of at least one water soluble
hydrazinocarboxylic acid ester of formula (1) in which R'! is a methyl or ethyl
group;

(c) about 0.1 wt% to about 6 wt% of at least one water soluble carboxylic acid
selected from the group consisting of monocarboxylic acids with one
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5 [0103] Anot her exanple of a fluoride-containing

cl eaning conposition of the present disclosure
weowpndses (a) water; (b) about 0.1 W% to aboRET/USH07/015169

wt%of a 1:1 m xture by weight of nmethyl 10 carbazate

and et hyl carbazate; (c) about 0.1 W% to about 10 wt %

of citric acid; (d) about 0.01 wt% to about 2 wt % of

t etranet hyl ammoni um fluoride; and (e) about 10 ppmto

1868itioRar gdnd Oridhotarb@édia Mcids wit) hl4] orARsreesdditional ligands
exanpl e of a fluorldejcontalnlng cl eani ng conposition

oPnd pelycarkapiic anids With additional liogpdsy a) "water: (b)
(dRBBHt 6 085with 16 bBoaP W wifl otk ALoRlBYdontahiRy Aaterial; and
(c) .about 0.05 Wt % to about 15 wt % of lactic acid;, 20 =
(e) aptienallys apoot O.Q bowtio 4o @loud Btk Hf at least one corrosion inhibitor
t 231oTpTR f ide; and (e) a sufficient
aﬁ%{uﬁmgwﬂt‘%traneg@ldg%%hi um hydr oxi de to adj ust the
pH of the fluoride-containing cleaning conposition to

1009512 48 FA05-LORPEUachit coibliche Fnk HHBnt dsciosure
may, optipoally, iincludé dries or pnerecpt atijesting agentso qne eesqra)surfactants,

one of i, o r§a5eihg et Etferee b Butre Slimiofbiahbetives. ail of
whichnaret deseribedvabayd. of citric acid and 30 lactic acid;
(d) about 0.001 wt%to about 3 wt % of

tetraet hyl ammoni um fl uori de; and 31 WD 2008/ 005354

[01007CT/ USAQOthE 1 ptoSerite)disciostire! Gs eDefuimtin®grated circuit device
t et ranet hyl ammoni um hydr oxi de to adj ust the pH of the
lcgec

manufacglyrng precafisesn caEe Aust henigken tp spyidsfluasidsecontainipg cleaning
compb@ﬁiﬁﬁffv&iﬂf]d@@ﬁ’étaﬁi_cﬁrﬁdﬁriti@QPPFefér&ly,ﬁhkqmideﬁE@rﬁtQﬁﬁng cleaning
exanple of a fluoride-contalning cleaning conposition )
compesitione  ofr ke npresen| @W@W@n‘;ﬂ%%& pal @xeeed total metal ion
contamination levels of 10 ppm. More preferred are fluoride-containing cleaning
compositions that have total metal ion contamination levels of 5 ppm or less. Most
preferred are fluoride-containing cleaning compositions that have total metal ion

contamination levels not exceeding 1 ppm.

[0101] An example of a fluoride-containing cleaning composition of the
present disclosure comprises:
(a) water;
(b) about 0.1 wt% to about 7.5 wt% of methyl carbazate;
(c) about 0.1 wt% to about 10 wt% of a 3:1 mixture by weight of citric acid and
lactic acid.
(d) about 0.001 wt% to about 3 wt% of tetramethylammonium fluoride; and

[0102] Another example of a fluoride-containing cleaning composition of the
present disclosure comprises

(a) water;

(b) about 0.1 wt% to about 5 wt% of methyl carbazate;
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(b) about 0.01 wt%to about 15 wt % of nethyl
carbazate; (c) about 0.01 wt%to about 20 wt% of a 4:1

woreooseBsby wei ght of citric acid and 10 D gl BCDORH07/015169
acid; (d) about 0.001 wt%to about 3 % of a 1:1
nol ar m xture of tetranethyl ammoni um hydr oxi de and
HF, and (e) optionally, about 0.001 wt%to about 15
wt % mal ei ¢ hydrazine. 15 [0107] The

(c)f ABUiti 09- PRI R AbSG 6\WBHI 5Tt COTARkIreOPy Meibhe of citric acid and
present disclosure is not specifically designed to
rlagtigacishiot oresi st filns from seni conduct or

(dAB DBT -wtagwﬁso&mmh%uaré_ RidrAdPAGYYE; drigeni Ng
conmposition of the present isclosure i's designed to

(e} eptionally, abaut Q@dh”&ﬁdq) @bopt Bviie aseeipic Akl dues after
renmovi ng the photoresist by a dry or wet stripping
nmet hod fromthe sem conductor 20 substrate. [0108]

[0103)her ef Anetharhexarhplenofig flwaridetcontainieg elearing composition of the

| 3cl ' erably preceded by a photoresi st
prese&{@@g%%ﬁé@gb@ngggg Suitabl e stripping processes are as
(ayYwaterj bed above. 25 [0109] Anot her enbodi nent of the
resen i s¢losures | he t hod of clgani .
(b %%‘?‘btubs{jf‘?"?)mé’ ?g’r?i“'t?n u?’,"it(g? °Eu%s?:r1a{'é'x§‘5ﬁpgngVﬁ!?qt hef methyl
s@m;gfe' ah@ et @arsh@en sem conductor substrate

contai ni ng _post etch and/or post ash residues; 30 (b)
(c)c%?\?‘ét&-ﬂﬁ’g‘gé‘i’ébgémg(‘!ﬂ%e{@”%ﬂﬁ' trate with a

(dY bt 61616/1% & BbBAt 2 W98 b ttrFASIYRirhrdMivATRIO e aind
(A) water; at | east one water soluble
(eh?%?latzW]Q@H‘rEbm(P eraENen-denie surfaciantt | east one water
sol ubl e carboxylic acid; (D) a water soluble
fluoride-containing material; and (E) optionally, at
[0104] cast Anetheroexaroplenof ehfluornide-caotainiogt eleaning gomposition of the

[ . WO 2008/ 005354 PCT/ US2007/ 015169
prese%@?g?p#gir%§8@r5%§em conduct or substrate with a

(apwatarbl e rinse solvent; and (d) optionally, drying
| d -conRduct or St.pAt any means that renoves
(6} Ty 80 &P J6 rBouR O S o BREFAES 1 e
(c) abegr 0.0% wi% taiathote b wtlslof laetic st rate. 5 [0110]
(L8300 Bl SR K0S bt 2 s of Bt Bl Sl Adhuoride; and
(e) a sufficient amount of tetramethylammonium hydroxide to adjust the pH of the

fluoride-containing cleaning composition to be in the range from about 2 to
about 5.

[0105] Another example of a fluoride-containing cleaning composition of the
present disclosure comprises
(a) water,
(b) about 0.1 wt% to about 5 wt% of tert-butyl carbazate;
(c) about 0.1 wt% to about 6 wt% of a 1:3 mixture by weight of citric acid and
lactic acid; ' )
(d) about 0.001 wt% to about 3 wt% of tetraethylammonium fluoride; and
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(b) of the nethod of the present disclosure can

optionally contain additional additives, such as pH
w@ejosmoisnyg agents, surfactants, chel ati ng ageneGI/ns1007/015169

contai ning a carboxyl group, de-foam ng agents, and

bi oci des. 10 [0111] The semi conductor substrates to be

cleaned in this nethod may contain organic and

organonetal lic residues, and additionally, a range of

(eBiseificiénd é’fﬁéuh@@f té’t%?ﬂeﬂ@lé?ﬁmbﬂimﬁ PR/droade 46 HHestahe pH of the

Substrates typically are Constructed” of silicon,

' sﬂv@mﬁrcg@mngmammppsme depeuindthe rangeciag abput 2.2 to
agkoGeyBi nati on 15 thereof. The sem conduct or
substrates may additionally contain exposed integrated

circuit structures such as interconnect features like
[0106)et al Anotheraexamipls of ta fluoridercontainisg cleaning epmposition of the

P’es%ﬁbgg'ogJU#%%gnfﬁfﬁ%tfor i nterconnect features include,

Sed to, copper, titanium tantalum
(ayohatdrt, silicon, titaniumnitride, tantalumnitride,

nd t te Sai. d C C subtrterm al so
(oF ol 8T 50 LS AR B A R T, o1 o2
(cy abbaD.0dawtHAe Atboutc20 % dbaet1 shixturerbywelgist. of citric acid and
[g)SJ]L heacfgrocessn ng in steps b, ¢, and d are as
sGHPBRE

[0113] The present disclosure is also

(d9'abBGE €0.00 anathero NEbAIAr IPSiwmtds PeFt a 23:€Minolar mixture of
cl eani ng nethod useful for reppving slurry and

migtameBypmanivay RdraxdeantkkF. 8di dual * or gani ¢ and
(eZBBﬁJ)néW GBoLEB! FHE WA toCBUR M 5N, Inflvele cﬁ'a%ﬁ'\te“ c

strat'es which have been subjected to chem cal
nmechani cal polishing. Suitable chem cal nechanical
[010% ol i shiTi ng flueridascontainingi ¢clgaring gempesition @f ithe oresent, disclosure

ar,
s niosPePREGR) J0uhey BT Ientlio  PROMHESiRE AR W deritonductor
substpates eRatties cthes lﬂtmrlde-cdmiahmmoaleamlngc icompasition of the present
dlsclocsgl%%o %ﬁgr}oe[rqe oug?srtgbgtegq agr%%t%ﬁﬁ%@’ %é‘lva!:as%%ngdlrjeesﬁdues after
remoting/ tHe2HotbdsidtBy d dy o wveétditrigpingseetisad ditoth Ahe semiconductor
substrate contai n| ng post CMP residues; (2) contacting

substgaley seni conductor substrate with a
fluoride-containing cleaning conposition conprising:

[010é]A) Vatrgierefore, thie ¢l8aain gf’rﬂét%@ﬁ thécﬂré@éﬁt disclosure is preferably
dr azi nocar box l'ic aci ster | east one water

precesied i a p@a\tcar@ﬁyﬂtlsénmne ProEgss; GBI FrpBINEPCeses are as

descrﬁﬁé@ébg\% containing material; and (E) optionally, at
l'east oné corrosion inhibitor not containing a

car boxyl group;
[0109] Another embodiment of the present disclosures is the method of
cleaning residues from a semiconductor substrate comprising the steps of:
(a) providing a semiconductor substrate containing post etch and/or post ash
residues;
(b) contacting said semiconductor substrate with a fluoride-containing cleaning
composition comprising: (A) water; (B) at least one water soluble
hydrazinocarboxylic acid ester; (C) at least one water soluble carboxylic acid; (D)
a water soluble fluoride-containing material; and (E) optionally, at least one
corrosion inhibitor not containing a carboxyl group.
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(3) rinsing said sem conductor substrate with a

suitable rinse solvent; and (4) optionally, drying
W@ 200d/08888 conduct or substrate by any means t haPCT/ERWOEE15169

the rinse solvent and does not conpronise the

integrity of said sem conductor 10 substrate. [0115]

In addition, the fluoride-containing cleaning

conposition used in step (b) of the nmethod of the
(c)riresiey baidl Sermzdndactrsubptratwithya seitdble ninsedidiventaand

addj t1ves,. such a H adj yst.in nts, surfactant
(dX ftionaify Iy s seraigahdyeion subEatS by . fregiolipt removes
theél einkeagBiven8RA tdoesPR6t Bbﬁ@r&ﬂ%e tHYl It gty bABBRI semiconductor
substrates and processing in steps 2, 3 and optionally

substsate. as  descri bed above. 20 EXAMPLES [0117] The
present disclosure is illustrated in nore detail with
reference to the follow ng exanples, which are for
[0110] | | ust lnaeddition. the Suoridedcantaining HRaNBY Campesition used in step

(b) of tfk! hége ﬁ pfgsetr{gedg[:%%ﬁt Zgéli%égdﬂa%y 2B¥tain additional

percen ages ar e unl ess
additivesh esushsas pplsadmsmg a@m@s csuraptamis: chetptingragents not containing

tes one W th at 200 rpm unl ess
a carh L o%@&?'“%é%ﬁ% %\Q&Bg@ﬁﬁ For mul ati on
blendlng 30 [0118] 1000 g of the cleaning
onpositions were prepared by firs di sspl vin
“”"fhe ca#bﬁx??ﬂc%{lq“g:&ﬂos E?Haést e} ﬁrglleaéfesnfrkgg %POd may
containDory@ii€r and Tdrganbhrtaliis i riésidues, rm@mumm @ (range of metal

h dra2|nocarboxyllc aci d est nmon{ u
oxices Y s DR CeMYSSh HaRiEs BRI LRI TM&P constructed

of smé‘dﬁ re@fda éﬂhbﬁlhh?rGrdw pI-edstipanads Mké)Gé’A§S@4 4% combination
this p0| nt he pH adj usti ng ent. if used,

there@fda@@ %@mqumwztcm substrates rmwastiﬁ@naélmqm@'eseansed integrated
cnrcu;t“ss% n{)tYi%Eesﬂgﬁerl ﬁémoﬁh?ctp'ﬂeéﬁéé”ﬂ{@%été@eﬁﬁeé R dielectric

Il ent tenperature ter onents were
materfaj$ | Methls gmwmtal/allloys wpdrfentrueummvewa@tumchidm byt are not

T s

and tungmem n@ambsmnmmdunmr\wbetrptespmyeallsb;cdm:mstlamnsl qf smcon oxide,
oo AR PR e SR i ot P

[0112] The processing in steps b, ¢, and d are as described above.

[0113] The present disclosure is also directed to another non-corrosive post
CMP cleaning method useful for removing slurry and metallic particulates and other
residual organic and metal oxide residues on copper and low k dielectric substrates
which have been subjected to chemical mechanical polishing. Suitable chemical
mechanical polishing process including an optional buffing step, both preceding the
post CMP residue, cleaning, are as described above.

[0114] Another embodiment of the present disclosure is the method of
cleaning semiconductor substrates containing post CMP residues comprising the
steps of:
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oxi di zi ng/ reduci ng agents (i.e. hydrazi nocarboxylic
acid ester, hydrol xyammoni um sul fate and opti ona

W@ 0B06336N0 | nhi bitor) were added and fully di sBOI/USH07/015169
Then the fluoride-containing material was added and
fully dissolved. Then the nonionic 15 surfactant (OHS)
was added and fully dissolved. At this point the pH
adjusting agent, if used, was added and fully

(1)%&:%&1. §9 seTﬁi%oaaha@ﬁ%%gffsfa SoMBirthd BB@PCMP résiauest

nperature after all conponents were fully dissal ved.
(2m¢nta@m gaisk %emmdum@mm witha Jucridg-raptainipg #leaning

coflipgRied, falnbl¥ing KRR 1o T PBH Uiy weter soludle.

hydeazinauarboryicaacid eester; (G) ahleaskonemrtersaluble carboxylic acid; (D)

o BB AL 3 i, DA, oF g cne

cotresiomighikitor et coathioing mabrhoa'yk(ymgpcont roll ed

(3} bfinb 3id RemicdREIcior L st Wifa S0Fafe e SaIFEhE 3o
(4 pdptisralge dhang Balcﬂsmiwﬁdtmtor@ubs&éﬂa Wa\mytrheaas pleatt removes

to the rogen Electr
tne,fape Salvedb anralons Bt FotRIoBBs PRI SAH gemiconductor
subYfpate ates containing either an (a) Si/Si 2/ Ta/Cu thin
filmstack or (b) Si/SiQ/Ti/A 30 4%Cu alloy thin
filmstack were diced into 1.5 cmwi dth by 5 cm|ength

[0115%93t CWEGB&lonUSthég'llﬁ)rﬂieae&ﬁlalrﬁﬁé ich@anir ?%dﬁdp@éltlon used in step
metal fi ch were exposed to the test

(b) okdhet msatboasof Hbewmefgt disstasuselecan r ppiéenallyd cgnﬁalnnadd|tlonal

sotidd 535 51 S50 ool il GRS el conann

a carhoxyl grous sleoapaiog/ as s JamiriogRiE®07/ 015169 The
copper and al um numtest coupons were pretreated using
a dilute acidic solution dip for about 30 seconds

[0116] ol | owSditableasuystedteSlandaprecessing én ptepsr2,t D andsuptiopally 4 are as

descrireibye., &ny native oxides, leaving a bare netal test

es rgﬁdf%\%% “All test coupon areas were masked from
exposure to the test solution except for the working
el ectrode area, and 5 a%yﬁ[ SI de netal electrical
contact point. The test re i mrersed
vertically into the test solutions so that the working
el ectrode area was fully exposed to the test

[0117301 Ut | JAe RIFSeEt disslasyseis BIGFF?F%‘ 'GmeF%d?é%‘(WEBJEEﬁ{ence to the

followirRj Bk ARl \ﬁhkhaéreafor%t)/stﬁﬂt%tﬁdrﬁééeé? @ﬂbaﬁ‘ioul'drefﬁitsbe construed
wer e conduct ed by nmeasuring sampl es using a uence

as limiting fherpedpe Pf e Presant dis PSWf@aﬁﬁ‘Nd?ﬁ!ﬁ?"P@eés't ed jarg by weight
wt%)sﬁ ng'&tﬁeﬂlsé%ﬁe %8&%@%}% k}d@r nd t€¥ifilg was done with a

. arlzatlons rest” potenti al
stir b@r athOCbtprn@mlesmotherwrs@ motedaf el pol arization at +/ -

250 mV fromrest potential at 5

GENERAL PROCEDURE 1
Formulation blending

[0118] 1000 g of the cleaning compositions were prepared by first fully
dissolving the carboxylic acid(s) into ultra pure deionized water (DI water). Then the

oxidizing/reducing agents (i.e. hydrazinocarboxylic acid ester, hydroxyammonium
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nv/ sec scan rate. Copper and alum numetch rates were

cal cul ated using Faraday's |aw fromthe corrosion
weeosem3sdensity (pA/cnR) as cal cul ated from tPET/US2007/015169

Stern-Ceary equation using the Tafel slopes ((3a and

nc), the polarization resistance (Rp), and the 15

wor ki ng el ectrode surface area (see M Stern and A L.

Geary, Electrochem cal Polarization, Journal of the

sulfatE'a%@téﬂ%Fc%ﬁlosﬁﬁ'PIrﬁﬁUtor}’Were H¥bed?dnd 4@y d88dved. At this point

El ect rochem cal rates were accurately
the pi-d adiustingcapant: i thgﬁyqqq&g ang fyhyr dissrlved. Any other additives, if

used, 8" 8488 USst. %3'%[ g e'a%ol‘é%éﬂé @@P@lt%ri: L %ﬁ?olélllt(?&nperature

‘measur enents. rrosion ranki ng o cl eani ng
after alb gpoypanents were ﬁlumeilmlwq Al compenents tusedowpes ﬁgmmerma"y

es of greater than or equal to 5
avaiahfishno G Y Bt

unacceptable. Cu etch rates of |ess
than or equal to 1 Amin at were considered good. Etch

rates of less tha I LN were
consi dered excel | &?&%ﬁp‘éﬁp%@,éﬁ}ranki ng
definition. 25 Tabl Fokrmulatioasblendiagki ng Definition

Cu etch rate Cu (Almn] Corrosion Ranking >51
>4-</=5 2 >3.5-</=4 3 >3.0-</=3.54 >2.5- </=3.0

01 >2. I
[ 19?)(:_“ Usggtgd?r;dgelgtirgtauﬁﬂ%%iéémﬂgcbé)@%é‘gu% 24818/ 9@?&5&‘6 by first fully

d'ssolymm@gwhmaamsb@ﬁma#@a PyEe deianired wgi%f @'[‘Gﬁ‘?ﬂ Then the
oxldlzﬁijzgggr&gx% a‘hnefi‘ﬂg g8 mﬁ?épirl Oceag'béﬁﬁ'ice%ci'd %s‘(%r;myr%olxyammomum
sulfateomﬂ)gpﬁipoa[; cgg'oslogt inhibitorravere addedmngd fully dissolved. Then the

ﬂuorug@an%ﬁ%'e Slhg g‘?aﬂganHvsgs BB Shd! i NGisSOVBAT 3fHeff the nonionic

surfactant (OHS) was added and fully dissolved. At this point the pH adjusting agent,
if used, was added and fully dissolved. The pH measurements were taken at
ambient temperature after all components were fully dissolved. All components used
were commercially available and of high purity.

GENERAL PROCEDURE 3
Eleétrochemical Measurement

[0120] Elec;trochemical data were obtained using an EG&G PARC 263A
potentiostat/galvanostat. The electrochemical test cell had a solution volume of
about 120 ml. All testing was carried out maintaining controlled stirring and
temperature setting. The electrochemical test cell used a saturated calomel
reference electrode having a potential of +242 mV with respect to the Standard
Hydrogen Electrode (SHE), and a platinum counter electrode. 200 mm silicon wafer
substrates containing either an (a) Si/SiO»/Ta/Cu thin film stack or (b) Si/SiO/Ti/Al-
4%Cu alloy thin film stack were diced into 1.5 cm width by 5 cm length test coupons
using a diamond scribe. The Cu or Al-4%Cu metal films which were exposed to the
test solutions as the working electrode surface had a film thickness of at least 1 um,
but no greater than 1.5 pm. The working electrode area was 0.33 cm? for all tests.
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Exanples 1 - 4 Conparative Examles 1-3 Solution El

E2 E3 E4 C1 C2 C3 Conponent Citric Acid 40 40 g 10 10
wa@00800438g Lactic Acid 11.1 11.1 11.1 11.1 11pdr/182007/015169

11.1 Me-Carb 10 log 10 Et-Carb 10 HAS 2.3 2.3 2.3

Ascorbic Acid log 10 10 10 log TMAH 1.9 OHS 0.1 0.01

DI water 938.9 928.9 958.9 958.9 946.5 934.7 966.6 pH

18 C2.71 2.68 1-3.19 3.18 2.00 2.12 2.20 Note 1:

The cé&e@aérm alu'?ﬁhmﬂ tdstcBapehs were 'p?éﬁ'ébted EJsh)@ a(dilhazeidic solution

dr oxyl anmoni um sul f at e;

dip forralpe ﬁypgmfplmq%,gy exbprigs: OUMBteF rg\s‘qzdppqnqoctestmg to remove
any néfi'vé Q)% I@Ya@ (felr RHBtAY ?%t Sdrerc s tégiccou;gn areas were

g pL oni ze ter Note 2: Lactic
maskettfrqupmattogbe M%sztwﬁomgxqem#pr(mq warkiag ielectrode area, and

a dry ‘ngci@%idem@ﬁet%g %?gctﬁéala caﬁta\M Zﬁonﬁg UPRL S8 gllpgpls Wwere immersed

corrosi on re neasure
verticallydnto theh test salutiorst smghatabe evarkimg eblec@de raiea was fully exposed

Pro e 3 w.th the cleani.n i I
o thopRESEHen i b oAy RN APBIBE KO it n i as o
dry eteltdtmélzabhwctscrae?ts aWere)fccﬂwdt}btececbyThmaswun@ sgmples using a
el ect e was waf er upo a.Co COrrosi on rat.es
sequefPs pf docopen S POGHIZD BRBIEal A5 RIary SR ot res
potentigINRIG)e @) URigdd [solanzatidresweept af #/-n20 anVi ﬂ’bm:témcpotentlal at a
via array stack vvlth exFosed coppe

fixed ﬁ%@%rrpgﬁ aq@@; Tatel hola mat *-(hré.?’sgf \2 5qr§\orest potential at 5

mV/seeCsdaH ﬂaﬂé C%‘b'p@lﬂ andefuinuid iR Raitesiviérer dslentsd abmgnlgaraday s
etch process nd an oxygen plasma bul k resist reno

law fr@mof&\@s@orrgsosmw@mmw peSatyiaiedsfrem the {fem-Geary
equatioiifsih Tﬁ@ﬁé@éugna% (a, LRE BcH! the polanEatRm @éssﬁ@hbéihp) and the

m cros opy, diced into approxi mately
workingrelectiede surfacec @J@@r@eaoM t Bterpl aadi Ad--t Gsagy, ﬁh@cmochemlcﬂ

Polarization, Journal of the Electrochemical Society, Vol. 104, #1, Jan 1957, p.56).
Electrochemical etch rates were accurately correlated with both physical weight loss
measurements, and also Inductive Coupled Plasma (ICP) measurements.

[0121] Corrosion ranking of cleaning compositions was done on a 1-10 scale
with 10 being best. Cu etch rates of greater than or equal to 5 A/min were deemed
unacceptable. Cu etch rates of less than or equél to 1 A/min at were considered

good. Etch rates of less than or equal to 0.5 A/min were considered excellent. See
Table 1 for ranking definition.

Table 1: Corrosion Ranking Definition

Cu etchrate | Cu
{A/min] Corrosion
Ranking

>5

>4 -</=5
>3.5-</=4
>3.0-</=3.5
>2.5-</=3.0
>2.0-</=25
>1.5-</=2.0

~N|O|O | BWIN =
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X 1 cnmR2 coupons were held using 4" long plastic

| ocki ng tweezers, whereby the coupon could then be
waempeeied into a 250 m vol ume pl asti c beakerPCT/US2007/015169

containing 5 approximately 100 m of the cl eaning

conpositions of the present disclosure. Prior to

i mrer si on of the coupon into the cleaning conposition,

the conposition was pre- heated to the test condition

temperature of HO0&G wgdqopntfolTed stirrling. The

cleaning tests W@ IH@m cajried gut by placing the

coupon whi ch was[ Bl ggby t1e prasypc  (veezers into

t he heated conposttiom Tmmsutia way titdat the resi due

contai ning side 10 of the coupon faced the stir bar.

The coupon was left static in the cleaning

Compost 11 ancutbidh A4 aft Compafplivh Excfbld® 1%

control led stirring. Once the coupon was exposed |n

012231 RO s St S BB 5oherd Foparea using

Genefd) Fpeséduren ithh dleaniag ddh‘\ﬁoﬁﬁ@lﬁmds fibfedin 'pdalﬂétz C
beaker filled with 15 approximately 150 ml of DI water

at anbi ent tenperature (-17 C) wth controlled
Tablesi'thjﬁist oA Sl P ofEXxantples! 114tdiRd B éraﬂiv&xamples 1-3

wat er appr oXi mqtp y 20 secaonds, and then gentl

_rempved g,gd__p_l_a,gg&%anﬂ{ﬂ& | cond 2EQ o np mpﬁatlveExam les 1-3
s°'“t"lﬂéa§er hl s 1) ed B4 th| ap oxi matety 150 of D? c3

Componen

Citric AGHCST ] 267 biet tad gPeraf g ™ thy oGPt T UbEd St 1e b Mg [10g
Lactic %&ﬁ CUUUW gﬂ . le1.§§coi di1;.1! JISEAgaREr _1911Q0 1119
ih

g
Me-CafeCONdS 10 § em)ve:hog Udon renoyal, thejcoupon

Et-Carbas | rrrr= | at el y| exposed [o nitrdg®p gas|streamiroma

HAS hand held nitrogen blow p ' |20 any | 2.39 23g
Ascorbje glcht & on thel #h@pon shit9ace tlal0the bllown of f {08 109
TMAHPmIpnn, nd furlther to r-nnpl etely dry t! coupop h1.99

oHs I‘lﬂ\ll ol al LK laVWalal Ef\l -) 1 I"\i o 'Fi P'\"\I 1
Diwater " T 3 Q“’a“ 9%8“’99' ot ,58‘.?'?' - 'Qéﬁ‘g'l !g"' l94“’%‘9[3“ E*%ﬁ—‘?ﬁ 966.6 g

H qhwc)_ LY L Ty P C ] 212 220
Note 1! MECAR “"Mlalﬂ"l Edrbavate; Bl-eas L Eth Camarald o Wyér%kyblémmomum sulfate;
TMAH GaffefrbREthyibrhMohi0® HiRYdxER: OHEE dhbnfodlc seRactiiR Blailie Fom Arch
ChemigdlOnagb! watergH wigh purity Beionisdaowster2 hours. The t est

Note 2ciggtioasid wes ebauh 8 wi% ghiiviey TMAid fHeatjwaitinthagent) s Addert asom?sS wt%
aqueoysofytion.ayer of sputtered plati num and scanning
el ectron mcroscopy (SEM images were collected for

[o123fey fe@dﬁ&%ﬁ EOrrdSiBnC rfa8ederé SineasHiPd Q—')lé@tﬁochemlcal testing
surface eaning results are listed in Table

accorging o §en@5§ip%fow|r%§ withrthecdeaning mpaﬁ@oeﬂiecm.a‘ﬁ@ constant
temp%r%‘ﬁWet feti_ ﬁ§t01C509(§ %a}‘ni%t ﬁné%’r Rgbl%ﬁﬁa@)’ﬁ rsdlsn rdtef & Q%Vlsec The

rosion I ng** nki ng*** Ranki ng*
working @lectigde was wafensR sy (u)s@smpscnoosrgmr@tfgwg Ilsted in Table

3.

[0124] Cleaning tests were conducted using substrates containing a dielectric
via array stack with exposed copper, porous low k material, TEOS and TiN layers.
The stack also contained residue resulting from a fluoride-containing etch process
and an oxygen plasma bulk resist removal process.
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E2 0.5 10 9 9.5 E30.7999 E4 0.4 10 10 10 C 2.8

555 251635 C1217 4 * See CGenera
woe@smoiise 2 for definition. Cean ratings werBCHUS®ODONLS169

a scale form1l -10 with 10 being the best. Cears

results were based on residue renoval efficiency as

observed on SEMs. *** Qverall ratings are the average

of copper corrosion ranking and clean ranking. 5

[0125i 0126] The %férgewé?@ﬁnﬁnéwnc? y%d?’ by2 Ptlééle?rﬂbf&copy. and then

n’p03|t| ons that contal ne a carbazate conponent
diced orrgpaamr@gmat@)y dehiony %qnargéeﬁmmm%f@rébﬁ@ieamng tests. The 1

X 1 cﬁ?@?&béﬁé’ﬁ?ee( FRPALRG ¥e I@@(’?@é&ﬁ: fockingd Ww@@&@rs whereby the

ubstrate ani ng and“copper rosi on rat es.
coupdix gopldethedr beasdspandedr intd \ae259awﬂ>|\@wlne5pl?§nqneaker containing

approﬁfﬁ%@lf? érﬁlgﬂﬂ neraf‘agr\c@)e 0! 181Stht‘éh;§r Wehfdisclosure. Prior to

pared usi ng Soean ng
mmemmpcu:fl theocsupon lintet the cleanimgl eorhposBionadhe onmposmon was pre-

neate YIS 4L Rt e AU, B or R i ilF T ciaring
tests Saratthen Edrried G4t 6y plGoimgothentoGponiwhishi wadtheld By the plastic
weezifs IR g rbfod by S b goriing i
of thd 8cdupbry Fadef4thle &fir lbard Tlﬁ‘eec;ﬁl.q:tcns viagrigft2 statiominm eheecleaning
compRehBh e 5 e BT S aied Wl R ST S R e oot
tempdrafifealuride?Cedhtrélled Vétiring. CONGé afie cHupoNTReAS! éxposed in the
setting of 50 Cand a |linear polarization scan rate of
compositipnsfor theduration of the test, the coupon was gently removed from the
cleaning composition and placed in a second 250 ml plastic beaker filled with
approximately 150 ml of DI water at ambient temperature (~17 °C) with controlled
stirring. The coupon was left in the beaker of DI water for approximately 20 seconds,
and then gently removed, and placed into a second 250 mi plastic beaker also filled
with approximately 150 ml of DI water at ambient temperature with controlied stirring.
The coupon was left in the second rinse beaker for 60 seconds, and then removed.
Upon removal, the coupon was immediately exposed to nitrogen gas stream from a
hand held nitrogen blowing gun which caused any droplets on the coupon surface to
be blown off the coupon, and further to completely dry the coupon device surface.
Following this final nitrogen drying step, the coupon was removed from the plastic
tweezers holder and placed into a covered plastic carrier with the device side up for
short term storage no greater than about 2 hours. The test coupons were then lightly
coated with a ~30 Angstrom thick layer of sputtered platinum, and scanning electron
microscopy (SEM) images were collected for key features on the cleaned test
coupon device surface. Cleaning results are listed in Table 3.

Table 3: Copper corrosion rates, and residue cleaning results

Test Cuetchrate| Cu Clean Overall
Reference [A/min] Corrosion | Ranking** Ranking***
Ranking*

E1 0.6 9 10 9.5
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wor ki ng el ectrode was wafer coupon (a) for the copper
corrosion rate and (b) for the alum num corrosion

WO 2608/0038pper and al um num corrosi on rates ar ePCT/ES®A7/015169
in Table 5. 39 WD 2008/ 005354 PCT/ US2007/ 015169
[0129] C eaning tests were conducted using substrates
containing a dielectric stack with exposed Al -0.5%u
lines as well as TiN, Ti and TECS | ayers. The stack

al Soggont ai jned rgsl due [Fresujfing Ji r om ag 95
Twmg ergh pPrgress [and ang oxyggn pl agne

DUF—KEthI SUT BIILUQI PI Lbebb1o Thetest I1@ pl octgssS V\Rﬂm

I LU P E)\dé co J"-!- [=1] \.AJI }Jdl dl IBU EXdI pi_Ub 5
4“. he—t |ti 11—t ratdre—wass—hetdtat—60£
;\. j :S“ léo u::IsJ ea:I nlgc:"lqzul tS—ate Iﬁst ed—HnR Tab.‘g
5 !c Brocsar OR = Btes—ana—-es-d 1?\ eteant-hRg 4

era
g% cﬁf gdg h?a‘{h wi elfoed’ g\ﬁ bed { @Jﬁ qults were
%Eﬁ@ﬂdue {}BI@ icleAid yeas o%@br@ed érsemg0270.6 7 E6 0. 002

*"OOSedIOratu% die HeZverade 6f copper@ofdéifion rarkingandR@in REHKkeE. t O

5 table 2 10 [0130] Ethyl carbazate and HAS were highly
[o1zs§ffect in&drb %&w f?Smr?ébQU@ all ERFhindEcSmpBLlidMs that contained
ubstr at es. measur ed al umi num corrosi on rates were

a carhagaje cpuwonm:éﬁéampm y-4m¢ﬂma@womf@mﬁcathﬁ ather@mpositions
(Comggfﬁ%ﬁ%ﬁarﬁgfgf@oﬁ%@ in Eaﬂ" SSosthB!d daq'gc)%%nel é? orrosnon rates.

Ion um num an
W|th 15 | ow substrate corrosion rates. Exanpl es 7 11

10 Qe at VERBISY 88 6 Cahpalpsie eI %5, o

General Procedure 2 with fluoride-containing cleaning

012715 6o RepBTied 2P AN Chiprar AT ERuiB 4o Rie prbared using

Genefal(Rrodedgre © wihneleahirlyy coragositions aistlisted inoTiablend.
tenperature setting of 60 C +/- 2 C and a |linear
pol ari zation scan rate of 0.16 nmv/sec.. Results are

15 Tabled4sCompésition ana P of Examples 5-6 and Comparative Examples 4-5

Examples 5-6 Comparative
Examples 4-5

Solution E5 E6 C4 C5
Component
Citric Acid 40 g 409 409 40g
Lactic Acid 111g 1119 111g | 11149
Me-Carb 10g
Et-Carb 10 g
HAS 10g
Dl water 938.9g 938.9 g 948.9 g 938.9 g
pH (@ 18 °C) 2.73 2.64 1.86 1.94

See notes 1 and 2 from Table 2

[0128] Both copper and aluminum corrosion rates were measured using
electrochemical testing according to General Procedure 3 with a constant
20 temperature setting of 50 °C and a linear polarization scan rate of 2 mV/sec. The
working electrode was wafer coupon (a) for the copper corrosion rate and (b) for the
aluminum corrosion rate. Copper and aluminum corrosion rates are listed in Table 5.
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25 Tabl e 6: Conposition, pH and Copper Corrosion of
Exanples 7-11 and Conparative Exanples 6-8 40 WO
wWQe®8/0@35854 PCT/ US2007/ 015169 C eaner E7 E8 BOI/EIM07/015169
ElIl C6 C7 C8 Conmponent Citric Acid 30 30 30 30 30 30
40 40 90% Lactic 33.33 33.33 33.33 33.33 33.33 33.33
11.11 11.11 Acid sol. Me-Carbazate 10 2.5 10 10 10 O
00 HAS0O0OO0O000.102.3 20%TMAF 2.5 2.5 2.5 2.5
[0129F: O 2-él@arﬁn%‘?estgiih/ér@‘é%i'\&c@e&%@lr%zsgbéﬂ&eg?cd?atéiﬁ%g‘saQilelectrlc
0.1 0.10.1 01 0.01 O . wat er
stack 9dth expasd AF-053%Crslingag avadl as JiNg 33 agd BEQSylayers. The stack

H 0, I j

oo s vatuERRIRF o QuBhybl A LA s and an
oxygen. plasma tmlk(]msrsjsnemoval oprocese.. The. testing praressswasgsimilar to
Examg%ﬁy 1 ox@fj '\(%r% B%P@e E?é%@?eaérm Mrd Bt (S@ﬁ&iﬁ&?tt&npg'ﬁa?ure was
held at&0r q‘{Bremhjyrh|ammuraadud:d:hszemn@e}eswmﬂlars listed in Table 5.

Tet r amet hyl anmoni um Hydr oxi de; OHS = a noni oni c

surfactant available from Arch Chem cals Inc.; D
Tablev8:t Corrosionirages,idnd nﬁmduezﬂdanhigare@ll@lSZ] d eani ng

tests were r-nnr~|||r~+ a'~| ||C| r~| r-nnnr\r t oe no| ogy based

L vy |}

Test ¢ ;|| 20p Abetaldo| Hﬁdbstr %Bn ai|ni ng dual
Refergngfscene dataict ur@é 3&!’5@' copper wring. The

un-cl eah futald) ce ?ace features of| these substrates
cant aj nad a__sign iR ampunt_of speckl e type
ESsi due T%QOgub<~t r Bi€s surveyed by

E6ti cal | ni@082copy. Ofhd | hen de:ed into approxinately

Cax 1 ciP B602relt et coupons 40 for fhe cleaning
C8sts. The0.D06 1{cnZ.2oupons vl e pl aced devi ce

** see galed @dablé p"” on the bottomof a 200 m plastic jar
contai ni ng approximately 100 nmi of a fluoride-

cont ai ni ng cl eani ng COI’TpOSI tion. Prior to i mrersion of
[0130f he cobyl canbazatee ahdublASiavereohighiyiefgctiveani regmoving residue

0
from # gtgr#\ HI% s\AL/gtJS%‘?raftéé‘ All qﬁg’%ﬁﬂ'gﬁt u?l?ggtr?con jon_rates were very
low. Hemm.qeal Lﬂrﬂy(fqrmmatidqs HoGtaioing) Ghewcatbazate component can be
employed as cleaning compositions for both aluminum and copper technologies with

low substrate corrosion rates.
Examples 7-11 and Comparative Examples 6-8

[0131] Examples 7-11 and Comparative Examples 6-8 were prepared using
General Procedure 2 with fluoride-containing cleaning compositions as listed in
Table 6. Copper corrosion rates were measured using electrochemical testing
according to General Procedure 3 with a constant temperature setting of 60 °C +/- 2
°C and a linear polarization scan rate of 0.16 mV/sec. Results are also listed in Table
6

Table 6: Composition, pH and Copper Corrosion of Examples 7-11 and
Comparative Examples 6-8
L [ ] I
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15 shaker/water bath set at approximately 80
oscill ations/second for controlled solution

wW@iosaeizon. The cl eaning tests were then carriBCr/O81000§15169
pl aci ng the coupon "face up" into the heated
fluori de-containing cleaning conposition, and | eaving
the coupon in the fluoride-containing cleaning
conposition with constant agitation for the test

Cleatgendi t1 dn E7 g (Egpi[cakEdy |2 B0 10 EmMnyt ecg. |[OnCe tjhecCs
Compongmbn las exgosed ijn the |20 fl dori de-{cont aijni ng

cleaning conpasition for the durlationlof thdg test
Citric-A¢id (9)i dr30 30, 30.. ckll3P ¢ orb?0ad f1r40n + K40

90% Laclc o 'r38n W o Pt of3 %’I BB 1 BF 'ng1'1l"11“ N

Acid sol.

Me-C?I 5§grv, oanu Q?\,c idl a[SfgEon 1%50 Mo ptasitgT 'LEIFHKET—

| (g) i th agproxinately 200 mis of jultra [pure
HAS (i1 oni zd@ wat grp at  an®l ent| § enperai ur § . apprioxi nat g2.g
20% 1 (g)The2.5 coumnh wals2.5eft| 2.6 t he2.beaklez.5 of |dzboni zt1
25% TMABI(gl dro apprldxi matje19.920| 0 15 sletifrds 0 41 126 |0

| OHS #9)08/ 0QH3BY P 'ro.Usz - M;ﬂi@-w mill M agil 01 onf 0.01

| DI water(@) her 3516cl92418d 81324 1933.975(833,78 [ 936.58

0

opperetch rateérpf upr-gwcqntawi sitigns 1

D

H p . I:A AY .’vr 1l . U.': CH A,o 2I.2Q
T I C (U atl IT[JI Cq | L I .

&gémmpoﬁo‘was ‘eft jnthe téake 1? a1ri2 add HI onaus_'go

Note 15 Me B HASazaldl L MethyIGhrstEbieHAS B, Hydfbiyl &AM Bnilra IEUNR€L. TMATOH

Tetranfetiyianathonidn Elucide) TMAWST étranethyatredopiubn teydomndted OHS = a nonionic

surfactant avatipbie fopes Afch@iheridalsroe. Hall whteri=thighqruritylisleionizad wgten

whi ch caused any droplets on the coupon surface to be

[013{]' own_ %léahﬂ&/&%@%g 2B ali bacﬂé%aéﬁggg%ﬂo\’ol%dﬁﬁsed full 200

on dé&vi ce surface an
or 300 mah smbstram cdn;anmuggsdmi damlaecerwptmctmes rwithy exgposed c0pper

i SR 04 S ARl S Sy, comained

signifﬁjmtarﬁmmﬂatsv&gle typegres&ilm TEH’eiml&hraIES Z’NerlaOinitmllyssurveyed by
. The test coupon é nli htI an

°pt'°%l'ﬂﬁl°6%°’9?d¥ q\déﬁen c!;ge Kﬁeﬁqp t%lp( 3e‘?m gquare test coupons

for théRiI’éérﬂtheﬂ@' Theansd 1S6rA &bngoﬁé Weré Pladedcdeviee I%er(aﬁél\/hp" on the
were collected for features on thgwgl ea

bottopn Y 8 20638 nmieRipsHC slarfmam"m RREXImAEI i1 "&'n&’? a fluoride-
contefu%?@' éléaﬁihg édrﬁb@&hbﬂ PRBF %0 fmmictsibAbbethe célisém i the fluoride-

Resll ts an [ uori de- Cont ai ni n d eani ng COITpOSI tion
contgipingi elganing Eszmqgsém the Bueri ﬁ@ratammgé@ra'ﬁsl gamposition was

pre-h%?éﬁ’lt? @&ﬂeggb%r@@m tgn(%??atru"i'é'gﬁpl%lf‘)ﬁ'h%@ 1t8970°C) within a

shakexwatergpathreatAt@prroxienatebnso mﬂlgtlonslsecm@@occeotrdled solution

agltaﬁgn.gTﬁe ]cha}rgnS téstsﬁ%e?e fh&p clipneqj dut by placing the coupon “face up”

into the heated fluoride-containing cleaning composition, and leaving the coupon in
the fluoride-containing cleaning composition with constant agitation for the test
condition time (typically 2 to 10 minutes). Once the coupon was exposed in the
fluoride-containing cleaning composition for the duration of the test condition, the
coupon was quickly removed from the test solution with a pair of plastic “locking”
tweezers, and placed in a second 250 ml plastic beaker filled with approximately 200
mis of ultra pure deionized water at ambient temperature (approximately 17°C). The
coupon was left in the beaker of deionized water for approximately 10 -15 seconds
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EQ 7 3 10 6 5.0 E10 9 10 9.5 HI

10 7.5 C7 82 5.0 C8 310 6.5 See Cener al
woe@msmeisse 3 for definition. ** Cean ratings RMEF/ESHOTIEIS169

on a scale form1l -10 with 10 being the best. C ean

results were based on residue renoval efficiency as

observed on SEMs. 20 Overall ratings are the average

of copper corrosion ranking and clean ranking for 2

with rﬁilmldg@tatlbﬁ‘rﬂ%frtﬁ tier@rethdved| 8hd3plaktkdhimto ke eecohdv@50 ml plastic

beake&ng\@pf élgqqa og%;g?{gg S y? épghyg[tﬁgaé u&ca:]rggrlzest g?c?mze({ water at

amb.&@maaeb&urél TBid 8bGpdn WRkiIERin B BEAkeY for A8 FdFHENA1B0 seconds
nposi ti ons. Methyl carbazate in conbination with TMAF

with n@l!ﬂc agitation. 3nd them éarmneds beer| ergyal. thes caueonwasinmediately
expos‘é@”i?:eﬁl% bf gé@' e h%i% ‘Pfé‘ﬁ?%'lt?&?éﬁ Brswing #@n GaREN %Qused any-
oppe I on | ow. C

rro | uori de- conht ai ni ng eanl ng

dropleipopGhe/ WuELB/S TR fSPbe blays ofighecnypen, angrfgrther to complete'y
dry thb %Pﬁpbflto%%’é 50r508 BAG YaloRsiRe® FBﬁ?vaﬁg{/ﬁﬁ’sr fifial Jf\gr%?ﬁg drying step,

and nore environmen
the cadpenowas semongd doom dbe iplastis. tweezeps belde2-arel pladed into a covered

p|asti§§§}3§[r g%:#hzg'\egégg%ﬁgsﬁgg \Héofgrghégtiir%g %ﬁ%é A3, dréaflt AR about 2
hoursPﬂ'd»eethsta:cmpnrtshw‘elrelcthedeligtmytbamamedgwuheag:arm)roximately 30 - 60
8 10 T S, .
AngstfHIOPTa IR, S ApuEPERe i e pRaP PO At igroscopy (SEM)
nmagé§anbm<¢bll@ct6&rfoaz<a§/efe5tu:es igtetHeClefuhedidt iese coUpoléddetice surface.

Proce%g:cemglt ns ;Q.[K{:IQ%SP tg)ar%gps@og eﬁb'ﬁ%glggocgf) E%27CAL,(A\3g30é

E13 MA (30.0) MC (5 0) NH4F (1. 2) (5 0) none (953.3)
| DTPA E14 % EC (10.0) TMAF
Table('Qt @pap@gféggﬂ@ @gqlflyprgj%Contammg leaning Composition

Ranking for Examples 7-11 and Comparative Examples 6-8

787.5 C 87 10

Example Cu Clean rating Clean rating Clean rating Overall_
Corrosion (2 min (4 min (2 min Ranking
Ranking' immersion immersion immersion
@ 50 °C) @ 50 °C) @ 60 °C)
E7 9 4 10 10 6.5
E8 9 4 10 10 6.5
E9 7 3 10 6 5.0
E10 9 10 9.5
E11 7 8 7.5
C6 8 7 10 10 7.5
Cc7 8 2 5.0
cs 3 10 6.5

* See General Procedure 3 for definition.

** Clean ratings were done on a scale form 1 -10 with 10 being the best. Clean results were based
on residue removal efficiency as observed on SEMs.

*** Overall ratings are the average of copper corrosion ranking and clean ranking for 2 minute
immersion @ 50 °C.

[0133] It h-as been shown that hydrazinocarboxylic acid esters (carbazates)
are an effective replacement for hydroxylamine type compounds in acidic fluoride-
containing cleaning compositions. Methylcarbazate Vin combination with TMAF
successfully cleaned the speckle type residue at low temperature and short

processing times while keeping copper corrosion low. Fluoride-containing cleaning
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G yc.

(10) E15 MA (30.0) EC (10.0) NH4F (1.2) (5.0)

none (943.8) 2.4 dycine (10) E16 MA (30.0) EC (10.0)

(5. 0)

none (910.1) 3.2 Malic (10.0) EC (5.0) DTPA (0.5) EL8
CA (30.0) MC (10.0) TMAF (2.5) (5.0) none (909.6) 2.7
G ycA (42.9) E19 CA (30.0) NC (10.0) TMAF (2.5) (5.0)
comp8&ifiené Qéﬁngl)ate?d With éaﬁ*b)ﬁ%&e%)ar@gpr@ferﬁ'ééé f%)thw éréos?)er to use and
more ﬁamﬁonm@taﬂuqf@emh{ thendHH$ qq@@pms’lccgnpmg\ﬁzso 0)

none (5 none (921
Note: MC = Met hyl Carbazate;
= Citric Acid;

EC = Et hyl
LA = 90% Lactic acid; MA =

Car bazat e;

CA

Mal oni ¢

Aci d; DTExamples 12{19rand Gompapative:Examples®-40 Mal i ¢
Acid; GA = duconic
Acid; AdycA = dycolic Acid; NHAF = 40. 6% Anmoni um
[0134F uor | Examipiias 12-20%and eComparativenfamplen 81 werée derepared using

Malic Acid; Ascorb.

Geneddl' Braeriire '

Tablel81c. ;

= Ascorbic

WORMB¢DB56) (5.0) Ascorb. (10.0) (938.1) 2.4 TREFUSDIBYI5169
TMAH (5.0) E17 GA (63.2) M (5.0) NH4F (1.2)

PRECHR GRS Peahiris spriabsichs de tisted in

(01351 C eaning tests were conducted using
copper technol ogy based full
containing via test structures.

200 nmm substrates
The stack contai ned

Si, Si 2, 19Hle 8. Plaskide-@entdining @i¢aning Contbdsitions
Exampled] Carbox§lice! 1 | Garbagate 0 Etucride m"'a‘am TATithie (g0 | Water | pH @
# r eprasidlig) pl asnmp(gish) pr o¢g)ss. Thdg (@n-clieaned devi cg(a) 22°C
E12 suf Cagso.0eat ur emcoofio.ohes &NH.E (It rlab0s donbtai ned a | (9204) | 2.7

si ghA 333Nt anpunt of sildewall pdlyner ltyne resjdue
E13  ThEMA@RP) ng pt MGEP) wad NR{12yr [t@OExqmEN®s 7- 11 afftp3-3) |24

m_Dﬁ?MO@e Ex : The—43-MO 2048/ 005354
E14 por PRy 015 TN (3R o RiOhg |dP@Rning | (9429) (24
E15 W' BbbE"b v b FINFAF T2 [AB10) L 'HeRE At UT € O (i 8) [ 2.4

C Waivche COJpon( co’dp( ns‘vve% i%’nlggsed Fnto t he ( )

E16 T mfAl é.oyont al gcn®.6) €4MNHJE (0.6)0 9 U1]PEBorb@10.0)0 | (938.1) | 2.4

m hut es. SEMs yere eval yamead (3 |how mjcima betyal |
E17 re$GaU63.2)\as r ¢mMD/@Ed) and NHsE(1.2t c|(50) tlmendar dnmask] (910.1) | 3.2

Pr )%ﬁ“@@hdl t | &8458hd results arle
E18 CA (30.0) MC (10.0) | TMAF (2.5) | (5.0) | none (909.6) | 2.7

GlycA (42.9)
E19 CA (30.0) MC (10.0) | TMAF(2.5) | (50) | none (919.2) | 2.75
‘ LA (33.3)
c9 CA (30.0) MC (10.0) | none (5.0) none (921.7) | 2.7
LA (33,3)
c10 CA (50.0) none none none TEA (600.0) (100) 11.5
DMSO (250.0)

Note: MC = Methyl Carbazate; EC = Ethyl Carbazate; CA = Citric Acid; LA = 90% Lactic acid; MA =
Malonic Acid; DTPA = Diethylenetriaminepentaacetic Acid; Malic = Malic Acid; Ascorb. = Ascorbic
Acid; GA = Gluconic Acid; GlycA = Glycolic Acid; NH4F = 40.6% Ammonium Fluoride; TMAF = 20%

Tetramethylammonium Fluoride; TMAH = 25% Tetramethylammonium Hydroxide; OHS = 0.2%

nonionic surfactant available from Arch Chemicals Inc.;

[0135]

mm substrates containing via test structures. The stack contained Si, SiO2, SiC,

Cleaning tests were conducted using copper technology based full 200

Black Diamond Il and TiN hardmask layers as well as residues form a bulk resist

removal (plasma ash) process. The un-cleaned device surface features of these

substrates contained a significant amount of sidewall polymer type residue. The

testing process was similar to Examples 7-11 and Comparative Examples 6-8. The
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51listed in Table 9. Table 7: Ceaning Results and

Fl uori de- Cont ai ni ng O eani ng Conposition Ranking
waE@spdssH C eani ng Rank' Over etch of har dmasRCT/ESR07/015169

2.7 10 Slight E13 2.4 Very Slight E14 2.4 10 Very

Slight E15 2.4 10 Very Slight E16 2.4 9 None E17

3.1 9 Slight E18 2.7 9 None E19 2.7 10 None C9 2.7

O None CIO 11.5 0 None Rank: 10 10 [best] Represents

ﬂuon@@&@h@hﬁné eI8ithg ebnficiftivd wéféshéibl%t F6hsta ﬂf/@efrﬁy&%kure of 70

. of hardmask/ di el ectr| c interface.
C whileghe £oMpon-onuprpssuare mmeesequat %‘{MP"%GOBWE!BQ ciganing

compBQ%u <l|§/ %?ﬁl Gids. %EI\VIEW&@ I&té@% ﬁ&\g?ﬁﬂéﬁ%ﬁh&lIQéﬁdue

Sl resi ue renoval an

was ramc&eaam\eereetch of thmherdraeek Proces conditigngi andoresyits are

; f ' clearly inproved the ability to renove the

'|Steds'+ ﬁ%ﬁd‘? resi due of the fluoride-containing cleaning
conposition of the present di scl osure. This was

Tabi G AU A0 S £ A 508 cmbBpron

Rankihgcl osure has been described herein with reference

-—E_Xé?glfecp&_e.dﬂhhax_e afdmingRanke | oo Quer eteg,of hargmagk; b
E be fmde 2t hodt dnnnr}q ng-fromthe s fight and |

e ha cnoeci fi o~ o fhnﬁh nnnf s—t lnr\r r\n-F | t uu | | ho
LI P AY) L \*

El‘%ne ol _the-$s in\/(nm“l\/e'Z r‘nnr‘pn di s qr;i)ﬁSthtprp'Ln

Eétordihgly24t iq intend® to enprace Very Skighh

Eh&inges| nmodi4icatlion andl®ari atibns t MeryStight wi t h

Ehé spitit 24 scdpe of tBe appehded cl afore. 44 WO

BOD8/ 005354 3PCT/ U32007/ 019169 Slight

E18 2.7 9 None

E19 2.7 10 None

C9 2.7 0 None

Cl10 11.5 0 None
' Rank:

10 [best] Represents complete removal of sidewall residue
and 100% reveal of hardmask/dielectric interface.

5 [middle] Represents ~50% sidewall residue removal and
reveal of hardmask/dielectric interface.

0 [worst] Represents 0% sidewall residue removal and no
visible hardmask/dielectric interface.

[0136] The addition of fluoride clearly improved the ability to remove the
sidewall residue of the fluoride-containing cleaning composition of the present

disclosure. This was accomplished without degrading the dielectric or the hardmask
significantly.

[0137] While the present disclosure has been described herein with reference
to the specific embodiments thereof, it will be appreciated that changes, modification
and variations can be made without departing from the spirit and scope of the
inventive concept disclosed herein. Accordingly, it is intended to embrace all such
changes, modification and variations that fall with the spirit and scope of the
appended claims.
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VWHAT IS CLAIMED I'S: 1. A non-corrosive cl eaning

conposition conprising: water; 5 at |east one water
waedoglobBshydr azi nocar boxylic acid ester; at |PEBUSHNB0IS169

wat er sol ubl e carboxylic acid; optionally, at |east

one water soluble fluoride-containing material; and

optionally, at |east one corrosion inhibitor not

cont ai ni ng carboxyl groups. 10 2. The non-corrosive

WHAT ISTLAIMEDWISsi tion of claim 1, wherein the pH of the
cl eani ng conposition is between about 2 to about 6. 3.
The non-corrosive cleaning conposition of claim1,

1. A AdH-tBRbsRRREARINGLoMpEItb tymprisfigect ed from a group
consi sting of. surfactants, de-foam ng agents,
b¥8t&8rdes, and 15 any conbinations thereof. 4. The

[ ' L ief MBe-l, wherein
M Bl o oK) e rer has
tatdeast pogwajer selpblexcarbpxylizoacid; O CO- NH- NH2 (1)

"By, 5 Pl Bl EROARAS A app
aoptionallyu pt ezt Bne Toerasen inbibitesingt containinggecarboxyl groups.
conposition of claim4, where Rl is selected from a
group consisting of : methyl, trifluoronethyl, ethyl,

2. Thé nan2edrrosivewie@arihy lconihasition of clairh|10mdwdrkin the pH of the

hydr oxyet.hyl . pr |, iso-propyl,. cyclopropyl,
cleanifésayposiien s Beffeer ab3st i pbout Y pory
cycl obutyl, pentyl, 1-hydroxypentyl, iso-pentyl,
neo- pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl, »
3. TheanseeigpiveGEANING FONHIRSHAN of glaisd 1. juthgrsgmetiafg an additive
selecte@fidm #1§ftp cORSISMIL6Y lsurfarity, de%iﬂg af&R8Y biocifes, and
and_any “comnbi nations thereof. 45 WO 2008/ 005354
any cerabjinatpnstherenfeo 6. The non-corrosive cl eaning
conmposition of claim4, where RL is a straight-chain
C1-C10 al kyl group, branched Cl-Cl10 al kyl group, or
4. Thenoptcoggsivexlegningcomnosition offelaimdh whereuxssaid water soluble
| j L4 fonclead m - j ny.sai d wat er
hydragihBEBHk/ RIS bhich hal iné Aot FBHELE O: LY 1'Cact
one selected fromthe group consisting of: nethyl
car bazat e, ethyl .carbaza propyl carbazate,
i so-propyl ¢C Qé_ b_u&az car bazat e, tert-bl(Jlt)yI
carbazate, pentyl carbazate, decyl carbazate,

wheregrir ggs:rg é{tra@-@%%zug tg? Bg@?ﬁ%sdgéu-&%g baalﬁy tgei'bug,egzéll-czo cycloalkyl

group, or a Cg- Cq4 aryl group.

5. The non-corrosive cleaning composition of claim 4, where R'is selected from
a group consisting of : methyl, trifluoromethyl, ethyl, 2,2,2-trifluoroethyl, 2,2,2,-
trichloroethyl, hydroxyethyl, propyl, iso-propyl, cyclopropyl, n-butyl, iso-butyl, tert-

_ butyl, sec-butyl, cyclobutyl, pentyl, 1-hydroxypentyl, iso-pentyl, neo-pentyl,

cyclopentyl, hexyl, cyclohexyl, heptyl, cyclohexylmethyl, cycloheptyl, 2-
cyclohexylethyl, octyl, decyl, pentadecyl, eicosyl, benzyl, phenyl, or and any
combinations thereof.
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10 hydroxyet hyl carbazate. 8. The non-corrosive
cl eaning conposition of claim?7, wherein said water
wa@odoalobsss4 hydr azi nocarboxylic acid ester is atPCPHES1007/015169
one selected fromthe group consisting of: nethyl
carbazate, ethyl carbazate, tert-butyl carbazate, and
benzyl carbazate. 15 9. The non-corrosive cleaning
conposition of claim1, wherein said water sol uble
hydr azi nocarboxylic acid ester is present in an anount
fromabout 0.01 wt%to about 15 wt % of the cleaning .
6. TheggmrspirpsiNe chepning coraPesition of Flgim e Whesg R 1§ a straight-chain
) i . Pt
O R g LBl TR Cho R FOUp SECHTLEEverReal Broup,
fromabout 0.1 wt%to about 5 wt% of the cleaning
7. THERBEEbirb e ani b5 BE ik % SFEFSR raigvatep soluble
hydrazirdcariomgtia ok gsier ineat tbast bee seledced fnoan thergraup eonsisting of:

ot HBARE, SR FEL o RIS AEIPERERPNEL - AR Ehflibe, buy
carbawates; ters-blutyd Icarbyziatez pentyh carbazate, devyticaiazate, gehtadeeyl
carbagl, ERoYLr BERALE PIHEH GREAZate. herib CodiaRte Bneid-
hydroRyéthgrcarbaaateoxyl ic acid esters is blended in a ratio

of up to 95 w % of one of said water sol uble
hydr azi nocarboxylic acid esters. 46 WD 2008/ 005354

8. Th&abhléotiisvd dlebihthg Sompasitivp ofcdiinP ¥| WhefdiAJaiid Water soluble
conpositign of claim1l wherein said binary m xture

hydraginacaghamie ackhesiares Y lnast PRESSIARY fom e graun epasisting of:
methyicath @28 deth) Bartiizate AeributyPcarBazite’unll BEHZyPLafbiZate.
wat er sol ubl & hydrazi nocarboxylic acid esters.” 5 14.
The non-corrosive cleaning conposition of claim13,
. . , . - I
9. THRIECOmaSE ceaih Dtbdfion Bt ol 1 R firgRP 3 Fter soluble
hydrazinacarbaxylio acid ester is peesdntiniath amoent frarinudatbaut 0.01 wt% to about

b [ rboxylic acid esters. 15. The non-corrosive
15Mc{¥§gﬁ\zen‘88%@iﬁl§o§%f’§ﬁ'ﬁ§f1‘ claim1, wherein said water
soluble 10 carboxylic acid is at |east one sel ected
fromthe group consi.sting of..nonpocarbaoxylic . acids
10, \uTHR HECSHRRIYS GIEANING SENPOSHIEELS R t helgintieater soluble
hydrazifocarboRylie it ebteriglpreseritan @9, arflbant feermyabeutal i d@% to about
W@t}ﬁr}e addi tional |igand, dicarboxylic acids with
S wt% gpths cleaging CiPPsRARL | i gands, and’ pol ycar boxyl i ¢
acids wth additional |igands. 15 16. The

non- corrosi ve cl eani ng conpasition_of claim 15,
11. Theahen-rogasiyegeaningsiqmpesition of slajmi b whergin theywater soluble

hydrdnzgﬁ)?g{g%)l(ié ?ch‘(f:‘& bStbriis @bihBRy MbRHR 60 WatdiSsdlible
hydrazinocarboxyli% acid esters, blended in a ratio of up to 99 wt% of one of said

water soluble hydrazinocarboxylic acid esters.
12. The non-corrosive cleaning composition of claim 11, wheréin said binary mixture

of two water soluble hydrazinocarboxylic acid esters is blended in a ratio of up to 95
wt% of one of said water soluble hydrazinocarboxylic acid esters.
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acids with one additional |igand, nonocarboxylic acids
wWth two or nore additional |igands, and

w@odogoessboxyl i c acids with additional |igands.P@DUS2007/015169
The non-corrosive cl eaning conposition of claiml,
wherein said water soluble carboxylic acid is present
in an anount from about 0.01 wt%to about 20 w % of
the conposition. 18. The non-corrosive cleaning

13. W\%’ﬁ&ﬁbbi‘r@&v%fclébﬁ{hﬁ‘ cbmpddisre bR clathth 2\aliférefrP5 4idl tﬁnary mixture
25 car ox%l ic acid is present_in an ampunt from aho

of twgwatey splublednsirazivogpgaoxylic Reid etapois blepded ina rohia of up to 75
wt% SYUHEOf ESa Whte? |s‘6ﬁ.ﬁii éé?\?/&m&rbafylf&fatﬁb @s@r; wher ei n

sal d corrosion not contal ni ng carboxyl
groups is present in an anount from about 0.001 30

14. 5B 5B et o GETBE Rl f, whferth saig binary mixture
of twa water sajubleniydrazinonadioxyliaanidiestershis biendediia a ratio of up to 50
wis SRt S e 3olite RYIR A B B e rslout 6
%of the conmposition. 5 21. The non- corrosi ve '
5300 BB R 8 G0 P b s . B s e ol
carbotxbﬁc gtiolis aloéasﬁdnmseleétemrthemroﬁblﬂiﬂﬂsiﬁmg of monocarboxyllc
acias s e AT B eSS P SR B b bre actiona

ligandd, idi¢drbpkiid ¥ tide (BN bHEadditidnal Rigand, dlcarboxyllc acids with two or
tri met hyl et hanol anmoni um f | uori de.

10
more gsiditional §sa0ds card Malycarbardic aids with %#‘A'F'ﬁﬂéll"ga“ds

wherein said water soluble fluoride-containing

material is selected fromthe group consisting o
16. The noaneQmYsiendigaNing cromasition okelamp 15y wharsin ?cﬁﬁ’ water soluble

caerfs:XH'@ bRfisit Iééé{@ﬁé‘FéI@E@d fromr’q Hgfédl‘%" it of:L ﬁw%r%carboxyllc

on-corrosive cl eanli ng conpos
acudsvmm ehe agditipnaltigand omeimiogartiaxylie |a@csi&wﬂhetwm qrgnore additional

oanfE G b B GRE B R RS2 02005

non- corrosi ve cI eam ng conposition of claim 23,
e sad sol u Luoride-co ining.
17. Ytk dotRihs BeBhirt oo BhSanbnial oS Bbakeih S yetgr soluvie
carbdxylieaeld is greSent ih ad ahtvint Gigpo abbub0.01 wt% to about 20 wt% of the
composition.

18. The non-corrosive cleaning composition of claim 17, wherein said water soluble
carboxylic acid is present in an amount from about 0.1 wt% to about 6 wt% of the
composition.

19. The non-corrosive cleaning composition of claim 1, wherein said corrosion

inhibitor not containing carboxyl groups is present in an amount from about 0.001
wt% to about 15 wt% of the composition.
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25. A non-corrosive cleaning conposition, conprising:
25 water; at |east one water soluble

whyasaeizspcar boxylic acid ester sel ected from PE&EUS2007/015169
group consisting of: nethyl carbazate, ethyl
carbazate, tent-butyl carbazate, and benzyl
carbazate; at |east one water soluble carboxylic acid
selected fromthe group consisting 30 of:

20. TRemoRatdTRRiVe eleaiinty coipdsition @fch‘&mi "9avhéredasaid corrosion

o arboxllcalds Wi th two ror e _addi tional o
inhibifqr et gontaNASRATPRRASRYPS i REISESt i £ SBHRHTY (B about 0.01 wi%

to abbiitB A% oftBe\WBmPesitieR>354 PCT/ US2007/ 015169 at | east
one water soluble fluoride-containing nmateri al

sel ected fromthe group consisting of:

21. T‘fﬁr‘é@fﬂgbﬁblsﬁr@@@éMﬁyddﬂﬁ?dﬁgﬁon bEEfRUL YWHEFER &4l water soluble

or trine %‘pam’mnlumfluorlde an
ﬂuonmoowarmng materiaésssseleﬁ@dc mdbe@ioup sppsisting gft ammonium

nuor2 A SR ALCHEE omefbrariupui it
tetrabatgiatunamiom flagride @r dfimathylethyt amnmmwméluameu loire
d ester; 10 about 0.01 wt%to

tnme% eﬁéﬁ%ﬁﬁﬁ%hﬁpﬁ%t one water soluble car box(;/I I C

acid; about 0:0005 wt%to about 5 wt% of at |east one
2. THE PSRN E cdahd BBl gl JArT R hhBlsin Bl water soiuve
ﬂuon@@-&bﬁtdinlhg raatdriaNyd seef@téulsfronﬂiﬁg@ouﬁ beneanngrufr osi ve

ositjon of claim?2 rei

tetrarpg P RO RIS (SRROWAIMRING Buptids of tamstipdety!
amméhighebofide an anmount from about 0.001 w % to about 15

wt % of the conmposition. 28. A nmethod of cleaning
resi dues froma senm conductor substrate, the nethod

23. '@ﬂ%ﬁ@%ﬁh&s% élESangsmeh%\f% IO, AvISErBirF QARAERIr soluble

strate; contact sem con ctor substrate
ﬂuorldp-tonngamllnganatq;pat mpc@qntamanmwntdrcgamhwt 0. 0005 wt% to about

wt°/:%me°‘b5 g B%lﬁ'prl Si ng water, at | east one

ydrazino oxylic acid ester at | east one water
soluble carboxylic acid, optlonally, at | east one

uor cant ai,ni ng 25 cq ,
24. T BPn SREeRYerBr B e PR EPR s I 2 SR, St Rhter soluble
fluoridéidontaihing material is present in an amount from about 0.05 wt% to about
1.5 wt% of the composition.

25. A non-corrosive cleaning composition, comprising:

water,;

at least one water soluble hydrazinocarboxylic acid ester selected from the
group consisting of: methyl carbazate, ethyl carbazate, tert-butyl carbazate, and
benzyl carbazate;

at least one water soluble carboxylic acid selected from the group consisting
of. monocarboxylic acids with one additional ligand, monocarboxylic acids with two
or more additional ligands, and polycarboxylic acids with additional ligands;
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group; rinsing said sem conductor substrate with a

suitable rinse solvent; and optionally, drying said
wa@esmsoaisduct or by any nmeans that renoves the rPeBES2007/015169

sol vent and does not conpronmise the integrity of said

sem conductor substrate. 30 29. The nethod of claim

28, wherein said sem conductor substrate contains post

etch and/ or post ash residues. 49 WD 2008/ 005354

PeT leds 6Aé/Midtet 681ubkd fludtide-cohtainingf matariahns2Rctedi from the group

consi3fidiaf tRkPR U EImEEL e, 184S aot s fr
trimeth¥letMleirAbrilie fliilRiridled afll cl eaning is conducted at a
5 tenperature of about 16 C to about 70 C

32. A
nePHeRIbr at leastiang srtesior inhibiten nptcantaibing cadioxyl groups.
substrate, the nmethod conprising the steps of:
provi ding a sem conductor_substrate; 10 contacting

26. Asppa-cogiasisheleanta carpeesitios, GRMANSINGE eani ng
CQRRgsition; rinsing said sem conductor substrate
wth a suitable rinse solvent; and optionally, drying

s abaut @M 1cwité dotaboubyl Sawtdo of ahleash anerwater soluthe ri nse
V. t conpromise the integrity of said
hydra?@rﬁ%@%%ﬂ@?oﬁ‘g%gs tate, wherein said cleaning
c abput0101owt% do@aticsrt 20 vt \ofi bk leasd bnessater solublecarboxylic acid;

b ) i , .
: Bu8BLP GO GELTBHHRIR A o oo il Syd e
contalriing aaateeial;tavd - butyl carbazate, and benzyl _
B HBRah ot s S oS SRR KeloFlbups.
nmonocar boxylic acids with one additional |igand,

nonocar boxylic acids wth two iogr nor e addi ti onal .
27. The,ReRreOraRly e dlPFRIgRNYPPSItiaR of £laim: 26 .aMaerain said corrosion

inhibitdrdf EontathingedarboRPegraabsis pRAdENt I an amount from about 0.001
fluoride-contai ning"materi al selected fromthe group

wit% teoakouit iyt %rof thetqoampeslemmmoni um f | uori de,
tetrabut yl ammoni um fluoride or trinethylethyl
ammoni um fluori de, at |east one hydrazi nocarboxylic
28. Awniethed oécleaning pesidpes from B semicohductor stbsirate; $e method

comﬂrﬂMgb{h%oéteBQtof:Cont ai ning a carboxyl group. 50

providing a semiconductor substrate;

contacting said semiconductor substrate with a cleaning composition, said
cleaning compdsition comprising water, at least one hydrazinocarboxylic acid ester,
at least one water soluble carboxylic acid, optionally'. at least one fluoride-containing
compound, and, optionally, at least one corrosion inhibitor not containing a carboxyl
group;

rinsing said semiconductor substrate with a suitable rinse solvent; and

optionally, drying said semiconductor by any means that removes the rinse
solvent and does not compromise the integrity of said semiconductor substrate.

29. The method of claim 28, wherein said semiconductor substrate contains post
etch and/or post ash residues.
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30. The method of claim 28, wherein said semiconductor substrate contains post-
chemical mechanical polishing residues.

31. The method of claim 28, wherein the method of cleaning is conducted at a
temperature of about 16 °C to about 70 °C.

32. A method of cleaning residues from a semiconductor substrate, the method
comprising the steps of:

providing a semiconductor substrate;

contacting said semiconductor substrate with a cleaning composition;

rinsing said semiconductor substrate with a suitable rinse solvent; and

optionally, drying said semiconductor by any means that removes the rinse
solvent and does not compromise the integrity of said semiconductor substrate,

wherein said cleaning composition comprises:

water;

at least one water soluble hydrazinocarboxylic acid ester selected from the
group consisting of: methyl carbazate, ethyl carbazate, tert-butyl carbazate, and
benzyl carbazate;

at least one water soluble carboxylic acid selected from the group consisting
of: monocarboxylic acids with one additional ligand, monocarboxylic acids with two
or more additional ligands, and polycarboxylic acids with additional ligands;

at least one water soluble fluoride-containing material selected from the group
consisting of: tetramethylammonium fluoride, tetrabutylammonium fluoride or
trimethylethyl ammonium fluoride, at least one hydrazinocarboxylic acid ester, and

. optionally, at least one corrosion inhibitor not containing a carboxyl group.
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