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M CROELECTRONI C CLEANI NG COVPCSI Tl ON CONTAI NI NG
HALOGEN OXYGEN ACI DS, SALTS AND DERI VATI VES THEREOF
FIELD OF THE I NVENTION 5 [0001] This invention

rel ates to nethods and cl eani ng conpositions for
cleaning mcroelectronic substrates, and particularly

| mor ov NCERRTREHONROELEARING CXMP oS HON cONTARNG S
i on-IAPEEREORY BN, A /At Ryt BRRVANFes R ERr

ni ckel, gold, cobalt, palladium platinum chrom um

Ut e um oot e OB IR 2 o

substrates of Al or AI(Cu) netallizations and advanced

i[tmnar] COfI lmts:lhverttlan halatesdo esethddsarndnteartingcorapasitions| fat eleaning
se of th ni ng .c osi tians . for -

SR PRBe e RupTes i PatEREEN Bl PREniadompastions useful

WithS "Ehdr RERRS URPRIVEH e Eohfbalbiltgniwith OfrfieraeleBrenit | Gubstrates

and i norgani c_conpounds, and cl eaning.residues from

ﬁhﬁﬁ?ﬁtﬁ”%%ﬁ by rpiligen e sensiive oWk & Niglh-< filelpgifip and copper,
ﬁ.g*(%%w %tél%ﬁ)&%cg?le% WDhafRdilE JIAENT kP nailm, ruthenium,

Strlo? pers and residue renovers
m;cburbe@ldlqm dpﬂfslem, titaniurps moyhdenemniia ranel ether pratalization, as

Weﬁl s ingpuast éfe ﬂ[noﬁ” 'f{@%@? gfé&?%ilz%ftloﬁﬁ‘ Snd BB RE ufn'téi'gonnect

I'ne-cleaners. rrng process a t
ftedhmnlmg:esp Adtednesitioh dlso mamsiottbd use o suati eleaning compcsmons

ubst.rat e d then cjrcui.t desi 1S | ed

it o phRfesitl. i, Aehibe TR (i TAFTS eibhest Meperated
loﬁgdrﬁﬁl atgahorhétallie a?fzih ﬂhﬁﬁmioe&?mboﬂhﬁe?d Iamecleaﬂ‘ hg residues from
resulting imge is then transferred to y|ng
PlANGFZAHOn pipRESReS SUGRARGNBNICA ashanicelpqighipg ?ﬁ@h}

way of reactive plasma etch gases or cheni cal etchant

sol utions. The etchant gases or chem cal etchant

phot or 081 st - unpr obAERGIQPRE TYTHEINVENTION

result of the plasna etching process, photoreS|st,
etching gas and etched material 30 by-products are

i&@#@ht %@ﬁpé@ér‘egﬁ? gg@ﬁg%g%d? {&sgﬂlet rltlﬁo%l%%el b&dn b%ﬁosed

for use in the microelectronics field as downstream or back end of the

manufacturing line cleaners. In the manufacturing process a thin film of
photoresist is deposited on a wafer substrate, and then circuit design is imaged on
the thin film. Following baking, the unpolymerized resist is removed with a
photoresist develober. The resulting image is then transferred to the underlying
material, which is generally a dielectric or metal, by way of reactive plasma etch
gases or chemical etchant solutions. The etchant gases or chemical etchant
solutions selectively attack the photoresist-unprotected area of the substrate. As a
result of the plasma etching process, photoresist, etching gas and etched material
by-products are deposited as residues around or on the sidewall of the etched
openings on the substrate.
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-1- [0003] Additionally, followng the term nation of
the etching step, the resist mask nust be renoved
fromthe protected area of the wafer so that the fina
finishing operation can take place. This can be
acconplished in a plasma ashing 5 step by the use of
sui tabl e plasma ashi ng gases or wet chem ca
strippers. Finding a suitable cleaning conmposition
for renmoval of this resist mask material wthout

d0083]s | Additiorally fjlowinggthe tasrinationgof Hessenifongieny the resist
i ogb‘i Ms %9’959'8‘5"?8 0%%1 rt%“&r&ﬁéc&"ésa@asé?f fPfeo\%éabr S0 that the final

m croel ectronic ri cat
|fmiahg790p@'atlbreaem ialdeal}azcel nmeaae@eaam:ompashe@rtn @oplasma ashing

B8 B8 B 190 o, ATEDREPOSARNARARS SRS &7 REFERERIGel Stropers

(Fthmﬂﬂg asligdole él@tahmgs:onhmsfrtbmafbd rénngballof tniis eémslt nnasis material

mat er e present ed addi cha | en

et avcsalp Bele, edaPoreifds 49ogs ohrIodDe meta
tcﬂﬁﬁ|ﬂ9|r%ya|§(pﬂmt§hbm}j}§-néﬁ@t 15 have been pr evi ously
devel oped for "traditional" or "conventional"

sem conduct or devices containing Al/S Q2 or
Al (Cu)/Si2 structures cannot be enployed wth

qO004Y . AsHigidtlectionlet ﬁinB&tldﬁ ﬁh@d;rat|6ﬁ|lével§@zaaé tincreased and
pal | adi um platinum chromum ruthenium rhodi um

ipatternad miemslegtrpnic devigeu imensignsd baven decreasgdd it diase pecome
r@ﬁélhﬁg%onﬁﬂgn iPie’arllo é]’nglgy gg&l AetdilAtetd, Hh-R =P high-x

exa ydr oxyl am ne stripper or
rdwemm r erfihese ma!mmia thauas paasentﬂqic @elditiboal] ghallenges oo find

SA0R08, B Sirlbled, TRRILbCEA Sl fposions e
qiave rbgsrt plelviouslyi developé&d for ‘aabifionaltiny “canppetional” semiconductor

b S, s BUCLIS e SR e v
td&ﬁﬁeﬁ Qﬂﬁé&éﬁ | RiRfaldhenidRéle goldd cbBae 5&all89m5h\/ Eﬂiaﬂhﬁn'i Fessmium,

etch and/or ash residues follow ng the plasma etch

dutneaiums hodiurpr Jddiye., Hﬁnty%vwé\nmbmlfﬂ@ﬁeumpatm @nd  other
trﬁet%[ﬂ?&!ll ﬁérﬁhgovg %S'Hg;fgqrpﬁ dleib‘i:'tﬁcr gthickGret h%?eﬁé?ﬁblg U@r@:@kmlne

resu I on of nolsture and tion
dfasad stippenbt esiduegemaver Qdmmosd@nscaae@@c@aﬁu&sum fobcleaning

td?e%lcggtvﬁlh Rf ﬁrﬁfatli&raﬁc?ns, -It;l]xeare practically unsuitable for those with copper

and other metallizations. Similarly, many copper metallized/ low-« strippers are not
‘suitable for Al metallized devices unless significant adjustments in the
compositions are made.

[0005] Removal of these etch and/or ash residues following the plasma etch
and/or ashing process has proved problematic. Faiture to completely remove or
neutralize these residues can result in the absorption of maisture and the formation
6f undesirable materials that can cause corrosion to the metal structures. The
circuitry materials are corroded by the undesirable materials and produce
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30 circuitry materials are corroded by the undesirable
materials and produce 2 discontinuances in the
circuitry wiring and undesirable increases in

el ectrical resistance. [0006] The current back end
cleaners show a wi de range of conpatibility wwth 5

%Ct&%'ﬂguﬁff%nﬁf'{"g{t@ﬂe |Cgo,r't'=qﬁﬁx§%gr@'g,q° }éﬁgﬂpgggi%gl Igilzl”?ﬁ:flgl q%%g in electrical

srggls@haetory Many of the current strippers or residue
cl eaners are not acceptable for advanced i nterconnect
materials such as porous and lowx dielectrics and
copper netallizations. Additionally, the typical

gobes] neTkd eafbmbackMndt dedifers BROW e wider rangy of mepatlblhty with
aggr essi ve towards porous and | ow K and_hi

Festel seneltivesdislestrice apgp Bretalzaipns, £%@9lm1§0mﬁﬁf@%9@acceptable to
'FHE ity 58 §f§cfah}< bRE of HRARIASt sERIPRASHE +e%ra%ecc¢éar@r§ are not
ni c SO vent s that” show poor product stabil
e&g@epiaalel yor mdvam@denntg}qonm@e@agﬁml%tsum gaﬁérp%ﬁ@%eﬁm low-x
f
RERS o0 LA BHE' OGS, T il SUBHRS ceanin
fsplution©eniplaped ares oedrlyaagdrassiveotowanty poses dndjlom\gerand high-«
BB en BB el DRRvRE AT RSl g

neinipcsiont hﬁhtah@%ﬁgahﬁﬁfbt@h@ﬁ@k Ishiow® rivlop pestiuch stability, especially
strippin 0Si t1.0ns. h instances the

Atihigher p 'QQE a“%a‘cfﬁgﬂqﬁlﬁ’&}’eéﬁ MRRIBWESS: unavai | abl e
for its intended use. Additionally, mcroelectronic
| eani ng conpositions containing 20 oxidizers often
show poor product stabi Ilty, especi al lOX in the

APBYEh c eHaretalPimi pridizere haeh HE8 B§60L 4% HIoANIRG Rgpasitions in
BridaaHIF aG RO B Tofm. @Qﬂlz@l;s Ekéﬂ‘ﬁé tHR b dr@neM§ udBd hikireBen peroxide

process tenperatures. Furthernore, In many
cantoprraeids e dhewn deresrt readiby on despmposp @adity eenacially in organic

Oéo%t@#} fi aﬁr} ﬁpﬂé’t ?ééa? %@\e?ﬁg'émdﬁlﬁféﬂ N %i?pedc&f compositions. In

ocsuchdnstantesethecexidizing agenti i ruonsmpe@wd hecoties Ltrlaaaliahlﬂgfor its

B BHS 3%, BB PiBipont eand NShAAS Grvang
teidizdre mbﬁ rshbw ppon proauet sthtbnmy,l epeciap i m th¢ rpw.mlnoe iof significant
i ons, {e ions nd ch orat %l ons

@ity 56 16 iy g AT 3t aen gHnges and high

V)?rtbééssffléh\\ﬂér?tﬂré‘sﬁ r Flﬁ‘lﬁéﬁﬂbﬂég in ﬁlé‘ﬁ? RNPRHEBHE thed GEE B stabilizers
not well controlled
and solvents often tie up the oxidizing agent resulting in diminished capabilities of

performing effective oxidation/reduction reactions employed in the cleaning
process. In US Patent No. 6,116,254 the inventors teach introducing chlorine gas
into pure water in a tank to thereby generate chloride ions, hypochiorite ions,
chlorite ions and chiorate ions in the pure water and, then immersing a substrate in
the pure water solution for cleaning. Such a cleaning scheme is not well controlled
or stable over a period of days and is certainly not environmentally friendly and has
toxic properties. Additionally, the amount of dissclved chlorine is limited to no
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or stable over a period of days and is certainly not
environnentally friendly and has 30 toxic properties.

Addi tionally, the anpunt of dissolved chlorine is

limted to no 3 nore than 0.3%due to the limtation

of the anmount of chlorine gas dissolvable in the

water. Furthernore, the pure water solutions with )
dinssothas d).3%! due toethgdisnitation aif sy smarntaef ehlaring; gasudigsolvable in

d, th [ i k
PG TuRimiRe S sle Ml soiRohe WK Bl Gt gas i
saleys anl seidic npixaoe Wndorthisy moit udfabm jor eltuatimwl wheoel et alkaline
STREING SHG fodhaTer o B iee: IMAYEONoBLoH p gl Eraliich is no
sh profhed p#oﬁubtsca?ﬁﬁ%t 6MBsing ﬁﬁél@é‘g‘é@fat‘ldttﬁarﬁﬁbﬂ&ﬂ fdrsse at a site

irradi ati on of visible and/or W light to the pure

vigrmate fsamuits grodustieni niAlp. t1he B?@Qt@ﬁeﬂa@hmﬁtl ihds gaymetimes
i 0 r

080 S B RRRERCS D SHOSTUACRANT618e G
gsmjutlcm ddntaihing the rdisschvedr ehlerines gas reomied (9 preyent dgrprpposition

K @In uﬁlntp:a“@% ﬁgn‘érwgrg%fr kﬁﬁo b |nlrgq‘?h%d19€éi\‘7énog[2@gﬂne gas is

tblm temparaturg seasmt/@ramdas geaeralld&ept abh dempdradurecofel §°C while

oo pensaie i Gkl gpaElat Uor. A o NEEPE TP i aning

CéyRfdth Bt Gy BBSitdbl®asd sévrély fiffts stwiub@bl e for back end
cl’eani ng operations, which conpositions are effective

cl eaners and are appllcable for stripping photoresists
and cleaning residues from plasnma Erocess ener at ed
organi ¢, or ganondBRIER SUMMARY QG AHFINYE ounds,
cI eani ng resi dues from pl anari zati on processes, such

and which can be u far advanced . -
00T o Bee FmtPENS &0y oh g EBIREFONR Feagyg, compositons

N érb Z&lilaBRS for BAkK Eritd clighingo bpbratibAL dwhight wrﬁp«bmns are
tantalum nickel, gold, cobalt, palladiu platin

ceffestivengleanars cand e rapiicabie for | ARAIRG PRCkAeSists and cleaning
t fdsRitied rﬁ'orﬂgilé@ﬁﬁ %seﬁérfe'{élem’drﬁérhé Z&béﬁ&neﬁﬂi@ and inorganic

por ous or n-por a X value of 3 or
| eaapowndsh iciganing r@sndees fronx plearization processegr sighepy CMP, and

d{ﬁ"ﬁ\?@ %JI oﬁ%lﬁgg% advgr?‘celasﬁ‘lttéﬂ:?ﬁﬁgct %ﬁ%ﬂl@%mlﬁlwl?ﬁ copper and

vi ces, such as those w
other metallizations, including but not limited to tungsten, tantalum, nlckel gold,

cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium,
titanium, molybdenum, and tin metallization, and porous or non-porous low-x ( i.e.,
a x value of 3 or less) or high-x (i.e., a x value of 20 or greater) dielectrics as weli
as useful for cleaning conventional devices, such as those with aluminum or
aluminum(copper) metallizations containing silicon dioxide, low-«c or high-x

- dielectrics. There is also a need for such cleaning compositions that avoid pitfalls

and drawbacks of the cleaning system disclosed in US Patent No. 6,116,254 as
mentioned hereinbefore. This invention also relates to such compositions that are
generally effective cleaners for cleaning all such devices over a wide range of pH
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al um nun(copper) netallizations containing silicon
di oxide, low1C or high-1C dielectrics. There is also
a need for such cleaning conpositions that avoid
pitfalls and drawbacks of the cleaning system
di scl osed in US Patent No. 6,116,254 as 30 nentioned
hereinbefore. This invention also relates to such

OM%i ons that are generally effective cleaners
for cleaning all such devices over a w de range of pH
4 conditions. [0009] It has been discovered that

JOBEH noff ies oBReR T Prciefipdtay et b REl | gloaring

CPRPOStNS t%ﬂ'mﬁhlﬁg aficrodisetrotic VQLbbthQl bad i pegticularly cleaning
I mproved conpati bi | t%QWI th mcroel ectr

serssROsifions UsRRW adheand; Baviby iawpIqved rF%“R?J?'B'HBf willa aictqelgotronic
! %s)fr 25 c'ﬂb&'&[(&lfé’d BY ?fgééd Gféxﬂedsen%ﬁifé?@ﬁfw-x b ﬂ@ﬁt@melectncs and

tanta um nicC cobal g |um patlnum
Cttuppm' utlamgstemt hetaltum nickeld gglnh 5 alblmali@dlu@f, rlafipum, chromium,

ARG, SRR TR, B, Pl PG 6702 e
amhémizatibrﬂ, Gasi welk as aobsicdtes ef tmojrog(@.e) matamzpmmﬂ arectl agyanced
OnfeTEck lepBeden. cOmHRIGHLRY Sy gRReLdG CloeblRgdPpostions

S@irfpiiigian oxiidr deleieat ﬂrMmShéILBWneaiyg%h edciis) shite of said acids,
deri vat ives are selected fromhal o

| st fleriaties toarpoh Wheran dhe GeTvalNES 4t Aotk g8 hgpgenated
hﬁ@%&%‘ ttﬁﬂd‘ﬁ'ﬂ pkide, 'eeﬁﬁ)?loxi%t IEmEih!ﬁyﬁc‘ic@?if’d'rﬁ@-phosphlte

e oxi |zer i's | orous acid the
ctaraplexes, ovithp 8% proviscakhad the) raxidiger ds hypochlorous acid the

n@ﬁ%@@?&nﬁ&ﬂn‘)ﬁé’& bl éﬂrﬁé\l@ g’%rﬁé}@ﬁmg:ruﬁg?r%%uﬁﬂnﬁaﬁiﬂﬁe base.

S provide I hprov cl ea
a‘ﬁhleseeaiealumg cormepasititins\provide improved agtli wupgsiod cleaning and residue

RS St ot R R S A bt

Hsna*. r?}ub@%lé&&bmcaﬂ?amxg/gﬁmmludas dhat sarhprise hmtel;—:fﬂree halogen
ave shown partj cul ar _.advant ageous ca ties for

20XYgep A6E a8t salts BeEaat BAYS ah%%bpﬁ'%a@?%@a"F@G%T caipppilities for
MinfdrO8ab&FdnicCbdning SiticAibrgonposi tions of this

invention can be ™ fornmul ated as highly aqueous to
sem - aqueous to non-aqueous (organic), i.e., non-
reactive organic solvent which is inclusive of

NtoRMER! The MRBroRREbAIY CCIBARIA! SofPdsitiRt of this invention can be
formulated as highly aqueous to semi-aqueous to nonh-aqueous (organic), i.e., non-
reactive organic solvent which is inclusive of minimally non-reactive organic solvent
based, compositions, with the proviso that when the organic salt of the halogen
oxygen acid is an alkyl hypochlorite, the solvent is not an amide, sulfone, sulfolene,
selenone or a saturated alcohol solvent, The cleaning compositions of this
invention are suitable for stripping photoresists and cleaning residues from plasma
process generated organic, organometallic and inorganic compounds, and have
improved compatibility with microelectronic substrates characterized by silicon
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25 based, conpositions, wth the proviso that when the
organic salt of the hal ogen oxygen acid is an al kyl
hypochl orite, the solvent is not an am de, sulfone,

sul fol ene, selenone or a saturated al cohol solvent.
The cl eaning conpositions of this invention are
suitable for stripping photoresists and cl eani n

rdigxideicssnsitiveriow-u Sfrhig m@l@@@ﬁ!cg@ﬁércap@@r wmﬂn@%ntalum nickel,
i%@%@gha}gélbﬁ{uﬁg‘ﬁ]étﬁﬁw%ﬁh&nlﬁmﬁ ?m AHYiAVRdRR, hafnium,

conpat | m-cf oe ronic substrates
cﬂtamlamt enmlgtmtnhm, dinl amcb nther Snetalizatide, as ovedli as sebdtrapesxof Al or

RSl AR PRt S ERAET . vo

frklé&}ﬁﬁg uaﬂn 6§1ﬂ&|stwnthnsrm\¢bnuﬁm ambmmumnarly tmlta@n; imcleamng difficult

sﬁfa'@%@?é?&”t@%&l oy Stppes) PIRRT k@t 8 oggicusS and also
%iafrp gzr,rge.@n%d ﬁr@?d?@@b@ghﬁsare ARHb gt ths marifacturing
ean| ositions of this invention are
mmce&mfc&irnrydm;mg Sulewsoand |highhk wiplectries sliueturesawheregs other
&4 Yrel oL knPlaas S
MG B IR S0P R0, ol RAS oA G aaine
tﬁtﬂmnomse)f@arfelr it grovide thén eemsaf}acmt requingg clpaning $ud fiodo so with

%%?eﬁﬁaﬁ%@ﬁ%va? hiegmrg G otas sbePuECborhESiis o e vention

? Mey Lised Rforaner sbumeyd wi!lhkaﬂheﬂ elehﬁlngod;amms Aﬁdthamally, the
f al provi de thg necessa ‘g% e I ea and ts
t Q!e%"% &Omppﬁ'ﬁora‘i: e B‘t‘%\ Iﬂ"@“ y EB‘!*‘p 40 ‘? COppRonen
Jfrﬁﬂﬁyé‘tﬂe GR 'mé\%gfdcﬁﬁﬁlc Qjeérﬁﬁgscérﬂi!@éiﬁdn%n |ncmd>ﬁutlﬁcﬁ‘ %imited to,

e’or cou W th ot her cleaning sol utions.
Hﬁltneoﬂv@lse?y NOR@MIBORILAY RASeHMA6KISt | ¥EaNisf ang; organic metal
SO R "Eéfmﬁ]@ahg ?ééﬂtsc%aﬁh %é%?m&ﬁé@oélﬁi%émg additives
% gbl e ctronic cle ning conpositions,
||nclhdnh'ngné:tait iorefret i miicates,t anetals cafmesioh ninhikitorss, fluorides, and
non: a ni um bases, acids, organic and inorganic netal
cﬂ‘gf or conpl exi ng agents, cleaning performance
enhanC|ng additives including netal ion-free
silicates, nmetal corrosion inhibitors, fluorides, an

“HOLAF! 28 i, R S e b B vt e

OpMEgEh Ry gl adidb ! san@ndedeﬂvaﬂwesemerétﬁrmmful uaethlsl |nvent|on are
th|s i nvention are bilized, as.,to thej av{eH ?
{h; of a stablllzer

h%tﬁ%@?ﬁ % to Heelusaé/a!' ? AIOgETL b2 e 48P

component that is a triazole, thiazole, tetrazole or imidazole. This stabilization

feature is particularly applicable to microelectronic cleaning compaositions of this
invention containing an oxidizer selected from halogen oxygen acids, organic salts
of halogen oxygen acids, particulary organic salts of hypochlorous acid, and
especially alkyl hypochlorites and tetraalkylammonium hypochlorites. )

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
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conponent that is a triazole, thiazole, tetrazole or

i mdazole. This stabilization feature is particularly
applicable to microel ectronic cleaning conpositions of
this 25 invention containing an oxidi zer selected from
hal ogen oxygen acids organic salts of hal ogen oxygen

H1 e B et OB oo’ YRR B RiStion of tis

tiglehdion kyll eompridelan h))(idizeh seuecmééronnaﬁmdrm)r@mmiafgarmxygen
OF. THE | NVENTION 30 AND P EFER

NTS -.6 ., . .
1 AYOrGAC REGRTIBRIEISELR A CBENES: oL WIS g dertvaties

érg8Fébféd%rﬁfha‘id&je?natéd‘%@@dn@fés\/\fchlbnﬁ@ ARMIES chldrine monOXIde,
. di zer sel ect rom one or nore of hal ogen ox%%
oxidizer is

%ddwynonwpg@nmowhﬂe GPERIAxEs with hepravige th
tﬂ;ﬁé@ Browggxrc?d ﬁet%@@bﬂlﬁﬁ?é{% aléd %&?ES%ﬁﬂ? hbRBmmonium-

nate I SOCyahna ori ne di oxi ori ne
rmnmmn@ alkaling obasypo&'he dralagenperygpni ackdse s e;fes;aldmatcﬁis and

B b YOS 55 pHEREBA G54y e
fRIBrifeYBRoiniNG aifyy iodine] g and kepaciatly bhlerne, Hremire, age fluorine, and
T

Bl gEﬁ&bﬂWSe éstﬂh'tﬁ@corﬁﬁ@éﬁdﬁ&n an @mc@m NRasel bh ﬂ@é ®tal weight
espéci al l'orine, bromne, and fluorine

rafitiee @@p@@ﬁl@ﬂ f EAMEoHED.0fH% ta PedciD’ @,)@rsgﬁaﬂﬁ jngah amount of
SRdrh Sab%ﬂg 0%1"’/" "1‘6 2608t ﬁg%r el préferablP 9 ¥t hinbuReof from about

present OﬁpOSI |on I N an anount based on th
GO °/oW9|q]1wt 8% by weighdnpbke CPBROSHANSS wiinbeusueh 28 te(sfnera"y

08Bl A0 BE9% 80, AR g, phragigo avu
f0.001%busbolfl). 08%4%@nd rabreu predérably thmIgdlhqut 1he01% to about 8%
BB o e b A S bl G Gtominc

Nb8brREmB kitkafisgrom about 0. 001% t o about 15% and nore
preferably from about 0.001%to about 8% avail able
hal ogen in the conpositions, wherein the avail abl e
hal ogen is determ ned iodonetric titration. 20

] e narigen askygey acidisanditte, ibut lare et Hintitedrte, hypiohalous
I imtéed to, hypohal ous acids, hal ogzﬁ? i ds

s, aloup REIdbGal: S, BAEI o ANE SRR RS ereagids of
Othe group VIA elements S, Se and Te. Examples of especially useful halogen
oxygen acids include chlarous acid, hypochlorous acid, hypabromous acid, chloric
acid, perchioric acid, and monobasic ﬂuorine_containing oxy acids, such as

HOSO,F, HOSO,CF3, HOSFs, HOSeFs and HOTeFs.

[0014] Any suitable inorganic salt of the halogen oxygen acids may be
emploved in the compositions of this invention. The inorganic and organic saits of
the halogen oxygen acids include, but are not limited to, organic and inorganic
hypohalites such as hypochlorites and hypobromites, chlorates, chlorites and
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the group VIA elenents S, Se and Te. Exanpl es of

especi al ly useful hal ogen oxygen acids include

chi orous acid, hypochl orous acid, hypobronous acid,

chloric acid, perchloric acid, and nonobasic fluorine
cont ai ni ng oxy acids, such as 25 HOSOQ2F, HOSQ2CF3,

HOSF5, HOSeF5 and HOTeF5. [0014] Any suitable

i peichiondtes.sdlne ipbraamic ﬁalta)g@np@iqrgw alieglidgandralkatiee earth metal
e 0 i g n

R 5Py O SN £, SR B9 shif S Rl sud Bl anc
ahyptehlonitd sats, mlost ea:reeuaﬂpsuth hypoeblotile, salts gand i memticular sodium

'h%ﬁ% an g jglp BE lat ?)egﬁ h,u?% ggggo%gdﬁh%ypo&qonte calcium
Kﬁd'yhmnfggﬁj sodiemichRirgani ¢ salts are preferably
ali and alkaline earth netal salts, especially Na,

K Li, Ca, Sr, and Ba salts, and especially such

chiorite and hypochl orte salts nost especially such

hpovash! ophy Sukdlié BrgadisisaiiofitRe hhlégér@bxfgéih abilds ﬁlﬁ? be employed
cal cium hypochlorite. Especially useful are sodiu

hgndb@ [FPBWPPsions:of thisdnventiony SeethPERNCSalim Mckisie: B are not imited
] iyl EchidritSe sgndA?fky‘f uhﬁp%k&hl%nféég ;lé‘t'ré?alﬁﬁérhrd%u.ﬁwh €chlorites and

halog n oxygen acil
ctﬁ’malekylarrtmm'IllMﬁ hm@hlmmt $ldh$’(ltu$§gﬂc ﬁrtaik)gaﬁnmmt@-ulontes and

B, B BBl RS Ny G i s ane

| tetiaatkyiaa posphonium urhypy)plmloﬂﬂeerl e, tzaﬂzexomuzmwchlontes and

i al kyl ammpni um chl ori stitute
BB o Aot SRS hidiehed' melelhes, capipining
CBalRy Iuﬁcﬂ@deanﬁethyret e, kWopDhoﬁlﬁlhﬂnltéﬁalh!&ﬂWﬁhmbntﬁﬁ tetraethy!
and benzoxonium chlorites and benzoxoni um

hPRGNWR t es. Exan‘ﬁ?"@%mwam“ﬁ? ef erred neelpbylylggmonium,
c ncl ud
GEﬁéh))rl&ilEﬂ\gltar findr 5r§w‘n um et P@hﬁ%@thyiélﬁﬁ‘@‘nlwn glycidy!

yfamm thy I's ammoni um
ttrmﬁhylafpmoammmm um t etahigsehygrexypionyium triethylammonium,

d
bgﬁéjﬁ%g{yg{aﬁ%ﬁ@ P\I ﬁ%@r?bu%%l?ﬂsgtr}?mtém alad benzoxonium  salts.
t Espmdmyl aipreferredn  oetalfieey drsalty prarpy | t-butyl hypochlorite  and
rmonl u benzyl t ri met hyl anmoni um
ge[t MWTWBQ'H%WR%B ‘benzoxoni um sal ts.
Espec:| ally preferred netal -free salts are t-butyl
hypochl orite and 20 tetranethyl anmoni um hypochlorite.

[0016] The derivates of the halogen oxygen acids that may be employed in the

microelectronic cleaning compositions of this invention include halogenated
isocyanates, particularly chiorinated isocyanates, chlorine dioxide, dichlorine
monoxide, and hypochlorite-phosphite complexes.

[0017] Especially preferred for use in the microelectranic cleaning compositions
of this invention are sodium hypochlorite, calcium hypochlorite, alkyl hypochlorites
such as t-butyl hypochlorite, and tetraalkylammonium hypochlorites such as
tetramethylammonium hypochiorite. In one embodiment of the invention the
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[0016] The derivates of the hal ogen oxygen acids that
may be enployed in the mcroelectronic cleaning
conmpositions of this invention include hal ogenated
i socyanates, particularly chlorinated isocyanates,
chlori ne di oxi de, dichlorine 25 nonoxide, and
hloriter Y | Bestaml & Ystabilizin

gﬁ(‘épép?tewe R R A ¢

GROR Hrichmain m‘e telvels of ravaitatile haiogens od themcompositions.  Such

ochlorlte C C|um e I
%gﬂ}é‘ﬁg (ﬁgepggna ﬁngssqtgﬁiél.&}?{ch%/ptga%? I’cc%t(reazole and imidazole.
S6ER aaétk{ﬁhz%%mmmwﬁdlymhl arel t st slimledis to~obenzotriazole, 1-
tetrane

AEHA TR I

conpositions of this invention w

sua‘lmotrlazolné-cé@éml'ctQﬂ%ﬁrﬂ'ﬁ‘?t??”tzﬂ{é'a%'@elm‘8?2§9aP?%ﬁ9ﬂ'§’azole

' %gljgggzgsfgﬁgnégﬁlaﬁ @Q%ék&&tﬁbe@iﬁﬁhaz@kﬁ*Pldh'eﬁyln91 Fagtiaizole-5-

& tri azol e, thiazol e, tetrazoleaP
ithiTbig and|$pher$dj-d H-tetratsie, zél'rhﬁ prateriedestabjizer ig Bopgplriazole. The

I t t t
G e, BERHEL ARl o Ty YIS HReRZ Bl bl amoun
b At ér@?ﬂlly&)e';')baae;d)owylhe mtaomeightanfmme compagiter kel €5% by
d | b 0 t o,
&%io%ﬁwosﬁ%raﬁaa@w"@f B e, RPRAER, Rofit fudc 0.01% to
| g{ 9 2908y ﬁre@lge nwnta !;tdthlitzlelt magt obeaddéum {:hee?mnpcmltlon along with
s abi [1zer” i s benzotriazol e, unt of s
dhatfialagenroxyagn Ggide spi qrrggequﬁ(l,\@nﬁe m? e gﬁ§ in most cases
tspﬂéite?ﬁ{bglléga&é%%o ti"n? r@ﬁée tioW rhiktugs Rewiich Yhdoﬁalobm eﬂygmn acid, salt

conposi tion, about 5%

\mlc@lmvatwe theueef isqrendiraed ;Esa»@@al!y for m%ﬁrqequamgﬁa%s such as ¢

r abI 5 he )
%Eyl yagehio r{(g %mégggﬁ&hgﬁgﬁ}@?@“t S%I?J:Egsﬁef)%tﬁwﬁfégn %spema y
V”édiotrhhﬁehraleugmvedw genreactiah midure inpwhigh the gradyet is produced

;}g&%?{h@ lgvﬁeé n?é\é@%ﬁ%nhﬂ?%fﬁorﬁ W& éﬁdﬂ%ﬁ% éiﬁﬂa gle ﬁr at least its

oY EHhAS isdbstardally dbated cdﬁmlbiﬂtil ve thereof is
produced. Especially for netal-free organic salts such

as f- butyl hypochlorite or tetramethyl anmoni um
hypochlorlte the stabilizer, especially

SR | 220 refehococirg eommatinsof i vecana b2
aam pegiarablly g@@g@uﬁiq;ﬁﬁ ﬁg”%t’fﬁﬁ‘tp(’fs@mhﬁmbﬁf gx%&edg fBqulated as
%ﬂﬁgﬁtﬁfegbé Sand &onaRhBEe FinBlUbis adtt hﬁduhmﬂsab\attretéactwe) organic
solvent based compositions. Generally, the preferred solvent is water. The water
can be present as part of the aqueous portion of the other components and/or as
additional added water. However, the compositions of this invention may also be
formulated with non-reactive organic solvents, which are chosen based on the
particular halogen oxygen acid, salt or derivative thereof employed. Examples of
such suitable non-reactive organic solvents include, but are not limited to, sulfolane
(tetrahydrothiopene-1,1-dioxide), 3-methylsulfolane, n-propyl sulfone, n-butyl
sulfone, sulfolene (2,5-dihydrothiopene-1,1-dioxide), 3-methylsulfolene, amides
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20 [0018] The m croel ectroni c cl eaning conpositions of
this invention may be and preferably are fornul ated
as aqueous conpositions, but may be fornul ated as

sem - aqueous and non-reactive (inclusive of mnimlly
non-reactive) organic solvent based conpositions
Cenerally, the preferred solvent is water

i esaRiviee pare Tone B AgheIPpEJEMPD), N-

h /
gﬁtpyﬁgﬁlﬁgﬁg Q@Eﬁcgﬁ%’ dithetiiac oﬁil&%?lgﬁilﬁ\r?zgﬂ?\l@ghglformam[de
IEBMFE}J and heatutaesdalcaheld suqhhaﬁ(methsaelt iefleansl,garepanol, butanol,

| vent's, which h
Ko 0o TR GE i) S Bt opropana
ANREs shyaR!Retopftriles habganttédblkenes (CrdaatYi)ewhere Y is a

' or %;@og&eg%& }a&%ﬁﬁmﬁéﬁeﬁﬁ éUEH%tSJJP'IE,g]}(%[B?le 8o, C:Cls and

'ifg h’r’ﬁéaidfﬂ lcPGhs o RS ﬁﬂﬁberﬁukff@ﬁ%mdk drattiibse Hiat Arenganerally

ol ane hydr ot hi opene 1-di oxi de),
39mmtaty;dwtrfm@h@acm @raanic solyenthased farmulations. However, when

t d
é“%@{?@?\? g%g% %ﬁ EMI?I%EI?IBJI% th@qﬁﬁ'ykagﬁer %rgflnllcnsgwgnt is not an
(dWBb, suilfnde.dssulhtdml selebens o saveidd algoheliseiventr Fgreneunt of
{ t d
0, SRR, G LB Ek  tr,wtr
PArRPYOrERBcEHVY 6”fanictiaivent, @r noafdadiive airjarie eotsraptr wﬂiageoerally be
gﬁrgllaigwlgd ?&ﬁ%ﬁ&hyﬁﬁﬁ%ﬁ ﬁrﬁé%qqgﬁgtgget%%ﬁljgelgm of the
@&%Bsg% Mo g orh 2BBL 7098 16 absut ©b.989% By welghep! e, CCl 4,

F6. The organic salts of the hal ogen
oxygen acids are those that are generally fornul ated
in the non-reactive organi c sol vent - based

f\‘ﬁbqﬂ atpgs 18:?'8&1%&’@&10 V8shing heorpesitivres Sl this sineention may
Ky hypoch orite, the non-reactive gQrganic

i gptiopallyan comtaii g@er s gpmpaBeents | fonc ndn é‘@F‘@ﬁ%ﬁl@"&}? ag;leanmg
ﬁéﬁ%ﬁ@%gal %ggglot t%ﬂl&hal E&ﬁ SHENE inchide, TRk \e@@ tnot Mimited to,

it 'S |nven i on, whet her t he
salkalime Hasevatrd , pavicearly aran-somanaie t basesr geifs.c organic and

it S P 5L 5 g drc
ag@difites PRRAIThMetdidohficel silivateshtmethl cheosnomnmaltqrs,oﬂpondes

of from about 70%to about 99.999% by wei ght. 15
and surfactants.

[0020] The alkaline base is a non ammonium-producing base and can be
present in an amount, based on the total weight of the composition, of from 0% to
about 30 %, generally in an amount of from 0.1% to about 30%, preferably in an
amount of from about 0.1% to about 10 %, most preferably in an amount of from
about 0.1% to about 5%. Any suitable alkaline base may be employed in the
cleaning compositions. As examples of suitable non-ammonia derived bases there
may be mentioned tetraalkylammonium hydroxides such as those of the formula

- 10 -
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[0019] The m croel ectronic cleaning conpositions of
this invention may optionally contain other
conmponents found in mcroel ectronic cleaning
conmpositions. Such other optional conponents include,
but are not limted to, alkaline bases and

a@%ﬁ 1A Roka ﬁl"ﬁ‘g‘l’%@m@;%%gbgﬂ%tegégﬁphgu@éﬁﬂxtg@ alky!

ghﬁ@el ﬁn@f&gbfyoafn’anwzewm Iatrgns andi moneeprafe;rabw tm4 carbon
metal 1on-free silicates, %‘8 onlnhlblto th
Al dedMoNg nthes RINAANERNE C[%é‘ﬁ eal tRafiané‘SBéf eln the

'cﬁmgoélf?éhsarfﬂé’rré' e r@%érﬂﬁm@é‘s%ra@(aﬁﬁlﬂ’e b%tra?rﬁathylammomum

present I n an ano based on the total ht of the
bythpwides i on te@fabﬂty@mrooalu@ abamlros@e% geqli'@ |y ifydroxide,

R L R

tetefoatyddhiogphoniam laytaxide, @bnmmurrahud!loxldemdt’fbedlb@utlnorganic

gpg% p% ¥ g%&%blgquqél}égplotﬁ%ug?iﬁ% éle 5 So il cﬁgmﬂé‘ ah8i%he like

éﬁ@@h@e@ﬁéth@ﬂk@mmséhere 30 may be nentioned
t etraal kyl ammoni um hydr oxi des such as those of the

formula - 10 RAN+OH where each R is independently a
substituted or unsubstituted al kyl groups, preferably

¢ho2k)t 0 The @amlpagtaaﬁsm tﬁl@dmmrt@npn'@ﬁ/ealablqptibnaky éontam any

car bon at ons. Anong non- ammln ?erl ved allkal i n c

Setalas NGEBANIC PriOEHBE 5k 3% BTSN WeIErep s5aploy ah Horgan

k gj i QResbid ﬁé’éﬂw&l eThd atinaeahbd émiﬁlvjrbdftb?generate lower pH
ydr

oxl de, tertrabutyl anmoni um hydroxi de

lepehpositices whe ihatiis desieabley |aaﬁ1¢eﬂ.h9rﬁrnglem<rq;@upgp with halogen
h t
h%%gl%wspbﬁggﬁ@h# unar}:S E&'{(;ér OXI ieo%aﬁ]rﬁﬁ]{&ﬁ-}/e moﬁﬁh A8t Wiiited to.

Ihydroghloric achhskvdroﬂumim a:sd fsuifueix anidl ghMQ .agﬁl, and acetic acid.
de d dr qxl. g I

P52 o B, PSS ol o8 R i roun,

q:‘astbal BF thentedl weight oR theadosrpostibn cofetdiy oem»tamont 30, generally in

sSultapbl e I horgani c r an e

Pt By % A0 PG 0o efprp df MR ot of from

4RIy .69, thoats®s can be enpl oyed to generate | ower
pH

[0022] Organic or inorganic chelating or metal complexing agents are not
required, but offer substantial benefits, such as for example, improved product
stability. Examples of suitable chelating or complexing agents include but are not
limited to trans-1,2-cyclohexanediamine tetraacetic acid (CyDTA), ethylenediamine
tetraacetic acid (EDTA), stannates, pyrophosphates, alkylidene-diphosphonic acid
derivatives (e.g. ethane-1-hydroxy-1,1-diphosphonate), phosphonates containing
ethylenediamine, diethylenetriamine or triethylenetetramine functional moieties
[e.g. ethylenediamine tetra{methylene  phosphonic acid) (EDTMP),
diethylenetriamine  penta(methylene phosphonic acid), triethylenetetramine

- 11 -



conpositions when that is desirable, and can be

enpl oyed to couple with hal ogen 15 oxygen aci ds.
Exanpl es of suitable acids include, but are not
limted to, hydrochloric acid, hydrofluoric acid,
sul furic acid, phosphoric acid and acetic acid. The

acids nmay be present in the co 't' f thi
ihexatueBHens Dglﬁsmﬁﬂmﬁc'd) bHag Pt f 5@{92?9%,\'@}1?6 preserit in

thE & ?rﬁ]%gﬁi'o |ﬁrbn g oLﬁP'BaQ@/ﬁ R Mbabial AIeht A BE Aoposition, of

an ano rom about 0.01%to about 10% preferably
ifrora 0% dooahmiut 60%, praferably frano abous 0ot de abowRdat 5%
[0022] Organic or inorganic chelating or netal

conpl exi ng agents are not required, but offer
substantial benefits, such a for e

o T slseningycontaaaone & S SRTRT Eray AR PPlghaly nclude
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l?q('pgﬁ Seﬁﬂé?\bﬁgea&aﬂt\/eéﬁ‘& that cotfpdsitioht et thi@ invention,
trans

cycl ohexanedi am ne tetraacetic acid (CyDT g
estuol afneateamln pyrogeliolagalic aeidaseserginniTand the: likm sndsparticutarly

dﬁ%%&?lsfpéba IF e Q{aw élge%%y%uggﬂé%‘&ﬁl Ba? il gate may, be used

I'VES ane- P osp onat €)
ho&rﬁﬂm&ip&&ltmat af rthmgpreeerlltyirefeetﬂmramThe silicates are preferably

e D aruird sifeiR. arah e radied b fobtf g8 Uncluding
: rk{uﬁd l@:mOsa/-cEEtaTrgﬁa alkd0 gﬂmxﬁj&gbﬂmﬂy:oﬁrﬁmt'l o 4 carbon
ent a( ne ene 0S oni c ene I a
'.O toms incha a1 ) AN B S0t BiETerabe TDRtar s Siicate
g%dé?ﬂs agrity %Hetﬁl@afﬁh@ﬁﬂm silicaté heteﬁ@@mgmbgmats and
an anount ase on total weight of

Cbﬂ'pbls(a'h‘fﬂfoxyﬂ*hyﬁ rQItﬁW@’@ abdbe '?LlG%"nﬁr E?@%Wef eghancing
chdgti Selgtlflgif"sbteg?l%ggm irtffe é:rﬁ&&?n’ﬂn fﬁhﬁn Cdnﬁﬁﬁl't ”Based on the total

I'S I nvention tlona Iy
i weiguuef thel eampositiqne iof n’mrraawtéﬂhmlél)%g pa@farthw isan gmount of

C i) on Is invention, such as catechol,
p ?'Bg%%gﬁ”@fﬁg? ta?% resorcinol and the Iike, and
particularly netal |onfree silicate stabilizers. Any

suitable nmetal ion-free silicate may be used in the
conpositions of the present invention. The silicate

al09241 ef dhaomnasitions: & hig iverties g, 25e oplierally cqpigin metal
aéca'f'd'ﬁtu{(o"’\hﬁl)ﬁltor@”@aﬂ ugg St[gé' fiaSle( | tARkzEE! rlﬁtraiblé” anmy - imidazole

Xy-contai ning al K roug generally of froml
t stabmwsb(’rﬂne raetaheorrasiarhiphifitarywill §e esmikeysd i Woumheased on

"R 1L SLSHRCLE tHEE btnpb &b, "o Groth 1096 b Sabout 30%, generally in an

amount of from about 0.1% to about 5%, and preferably about 0.1% to about 3%

[0025] The cleaning compositions optionally may aiso contain suitable
surfactanis. 'Examples of suitable surfactants include, but are not limited to,
dimethy! hexynol (Surfynol-61), ethoxylated tetramethyl decynediol (Surfynol-465),
polytetrafiuoroethylene cetoxypropylbetaine (Zonyl FSK), Zonyl FSH and the like.
The surfactant will generally be present in an amount, based on the total weight of
the composition, of from 0% to about 5%, preferably 0.001% to about 5% and

- 12 -
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conmponents are tetranet hyl anmoni um silicate,
tetraethylorthosilicate, and tetrakis(2-hydroxyethyl)
orthosilicate. The cl eani ng perfornmance enhanci ng 15
additives may be present in the conposition in an
amount, based on the total weight of the conposition,

f f 0% t f
Fresmpegstbroramaped bt 80533 ' The composi t§ ons

of this invention may al so optlonally contai n netal
20 corrosion inhibitors such as the triazol e,

B c e SleaRTB RO Y s At yly” friain litable. non
%Bﬁaun@@%@%ﬁ% flubMie. t Ex@impied @htsu@ﬁ stLitablé dmudetconmpounds
bto a

rom QO out 30% generally in an ' apoun

finudeaboligt 0are ogelo hpied 99 &‘??FP‘B‘P"BY'@WHRW"&bJUP"@e'l and
%{r&ﬁggﬁh&?@rﬁ%d&ggﬂ Other CéLFP@Bie”QIuS@d&O%dIUdénSfor example

al'so contain suitable surfactants.
Efmmﬁowesxf hatnabatulammmtﬂmct &mrgbq:rﬁ&Sud@lurﬁmtlmar bexafiuorides,
mted

eqqﬁlmyaﬁ@aldF e?l{@ gg%% do% F&%@ z)lell be §>resent in an
RhotirR} bafséwwmeteh;dtaa nwelget of yipe oq:grhmtmlnn of (fzcn'ny@% to 30%,

Sgg Zon ogb aﬁqgi(gﬁ?} h(ﬂ é@r(k,a%qj g0 e%géffg%%m%rﬁ‘é‘é@&t 69.01% to

VHouh 0 f 30 the conposition, of fromO0%to about 5%
preferably 0.001%to about 5% and - 12 nore
preferably from about 0.001 %to about 0.3% [0026]
The cl eaning conpositions may al so optionally contain

7P| eTﬁé’%leaﬂmﬁDéﬁngmsmd?@Lﬁfitﬁg ihlerstiondean I aispl @venh wide
E suitable fluoride co ound}'sﬁﬁ 5 include, but

rr@ngeuqfnnr@@?szs@pEfaém&ﬁeéﬁw%\ﬁﬁB #hH famRsTatyEe. Bljycan be used
t%t @%H\tréﬁ*/ exaﬁﬁt&‘e&@& g:%st abeb steivbablaidiesosadttsial light

bor at es,
tahsoaﬂung ymtemimaummbugﬂemue £08tings(ARE huAdditionally, it has been

fl I
ﬁ‘g‘?" e élg%pver%acpﬁs' Fl%/ cgédﬁ°§éer§§|e§“§H£H;%s hlﬁ@ly &rBSslinked or
bmdn@m phbtaresutalanumtgmtures wlmh comtpmsutan:um (swhfaSomamum

_ %’pt@%ﬁ gx%@,eagn@ i aicr@.{ﬂ? o %Hte gr d%?}%ﬁ&"g é% ehy Egééﬂta/ u6@ 2%ﬁtalum

ThadéE bRatamalupPABRIR) Earrbe reddilytieanedweitit the mleaamgm)mposmons
used over a w de
of this invention.

[0028] Examples of cleaning composition of this invention containing metal
halogen oxygen acids salts thereof and derivatives are set forth in the following
Tables 1 and 2. In the following Tables 1 and 2 the abbreviations employed are
as follows.

NaOCl= 5.25% NaOC! (aqueous)

NaOCI-Solution A= Aqueous NaOCl solution with 12.9% available

chlorine
NaOGCI-Solution B= Aqueous NaQC! solution with 12.3% available

- 13 -
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15

range of process/operating conditions of pH and
tenperature, and can be used 15 to effectively renove
phot oresi sts, post plasma etch/ash residues,
sacrificial |ight absorbing materials and
anti-reflective coatings (ARC). Additionally, it has
been discovered that very difficult to clean sanples,
such as highly crossligREEN®r hardened photoresists

and stru h contain ttanium (such as
titani unﬁbﬁﬁ Qﬁfg’ﬂﬁq @ de and titani usn nitride) or
t ant al unpMEASHE DS RBST ett@lmahylammmmammydmlcte((adweauso
tantalumnitride can be readi q h.éhe
L oant noCyBAGAAnsche ovgeh et bnns AtGRostd Aot

Exanpl esgpipps %@um SAERSS | T-diphoghohnlt &id nvent i on
cont ai ni ng net al Yogen oxygen acids salts thereof

and deri k& Qtésﬂea"ﬁQ'V%'t forth in the following 25
Tabl es 1}/\?&3@&' addifl @afé?'olv@r"‘fwé‘l@rﬁ_r@ﬁi é‘tﬁje'ou@@@lu%ohfw

abbrevi a ns enployed are as follows. NaOCl= 5
NaOCl (aqueousyola@@ntSol uti on A= Aqueous NaCCl

solution_wt able chlorine 30

NaOCl - SOFBFY'Q#% gﬁé{%&%hs NaOCl solution with 12.3%
avai l able 13 chlorine HCLG3= Chloric acid TMAH= 25%
Tet ranet hyl ammmoni um hydr oxi de (aqueous) CyDTA=

trans- 1, 2- cycl ohexanedi am ne tetraacetic acid 5 EHDP=
1- hydr oxyet hane- 1, 1- di phosphoni c acid EG= ethyl ene

gl ycol Water= additi onal vvat er water from aqueous
sol ution of conponents Z ﬁﬁ EFgHz Surfactant 10

TABLE | Compositions/Parts by Weight
Component A B C D E
NaOCI 100 | 40.6 |
NaOCl- 60 30
Solution A '
NaOCi-
Solution B
HCIO; : 6.6
TMAH 2.7 ‘ 8.3
EG
EDHP 0.6
CyDTA 0.58

Zonyl FSH
Water 8.8 39.7 30

—14_.
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Conpositions/Parts by Wight Conponent ABCDE
NaOCl 100 40.6 NaOCl- 60 30 Solution A NaCCl -
Solution B HGJO3 6.6 TMAH 2.7 8.3 EG EDHP 0.6 CyDTA
0.58 Zonyl FSH Water 8.8 39.7 30 15 - 14 TABLE 2
Conposi tions/Parts by Wight Conponent F GH I NaCQCl
NaQOCl - Sol ution A 30 30 QL [ution B 150 HCI O3 20
TMAH EG 3 EDHP CyDTA Zony H 0.06 0.07
Compositions/Parts by Weight

Component F G H I
NaOCl
NaOCI-Solution A 30 30
NaOCI-Solution B 150
HCIO, 20
TMAH
EG 3
EDHP

CyDTA ‘
Zonyl FSH 0.06 0.07
Water 40 30 | 147

{0029] The cleaning capability of such microelectronic cleaning compositions of this
invention is illustrated by the following tests in which a microelectronic structure that
comprised a silicon wafer of the following structure, namely photoresist (PR)/cqrbon
doped oxide (CDO)/Nitride/Copper vias was cleaned. In a first test, the microelectronic
structure was first immersed in a 10:1 solution of commercially available CLk-888
cleaner/residue remover (Mallinckrodt Baker, Inc) and 30% hydrogen peroxide at 75°C
for 30 minutes and then immersed, in a second step, in Composition A of Table 1 and
then the structure was water washed. Composition A removed 97% to 99% of all PR
(bulk PR and tough “skin”) and stubborn via residues. Composition A aiso exhibited
excellent substrate compatibility since there was no CDO etch. Similarly, in a second
test employing Compositions G from Table 2, a first microelectronic structure that
comprised a silicon wafer of the following structure, PR/CDO via, was immersed in
Composition G of Table 2 for 30 minutes at 40°C and then water rinsed, and a
second microelectronic structure of the same composition was immersed in
Composition | of Table 2 for 30 minutes at 40°C and then water rinsed. Compositions
G and | both removed 97% to 99% of all PR (bulk PR and tough “skin") and 100%

...15_
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Water 40 30 147 [0029] The cl eaning capability of such
m croel ectroni c cl eaning conpositions of this 5
invention is illustrated by the following tests in
which a mcroel ectronic structure that conprised a
silicon wafer of the follow ng structure nanmel y

phot oresi st (PR)/carbon doped oxid

stubBoe) M mslwsc(),gmnpwtggls agpdl éaa{g@j expjpitgd 1 ¢xceflent substrate
tructure was first
COVW%@P gt&%‘:ﬁc% tliér%&w_{a% SO ?ll?ltdl:%tnﬁof commercially avail abl e

CU- 888 cl eaner/residue renover (Mllinckrodt Baker,
Inc) and 30% hydrogen peroxide at 75C io for 30

aﬂgﬂg eist gg%né‘gggf #I%ﬁ@%f%mpggmﬁﬂéﬂtﬁ:% tf;é&c S?egnl\rl\\g metal-free
A5 USSS CHTESE S0 TR 2yl

resi dues. Conposition A also exhibited excellent
swhereinat e conpatibility since there was no CDO etch.
Simlarly, in a second test enploying Conpositions G
f r om TabTMADClaSdliticr AmTcatraeteewlammpowthmochIpétet (véithout

15 conprised a silicon, er
structure, PR/ CDO via, z@%‘ %é? gab" etc%én%@ga{ |do'H G
of Table 2 for 30 m nut qsrephrmqeﬁpafoﬂowlhgmwmter
rinsed, and a second _mni_croel ectronic struct 0 % eb
? IorlteO ith about

sane conﬁ?ﬂ’i@@&f"“ﬁ%ﬂ Brinstame F‘ﬂam@BH%'ﬁylpPB

Table 2 for 30 mnutes %1%@6&5&8@@5@&@) % Pﬁe:ﬁred in
Conpositions G and | both renoved 97%to 99% or all

PR (bul k PR and tough ' éﬂreﬁayatian@fptnwmgu 15 stubborn

via resi ddfiion IR ARAalAnH zﬁéﬁnlﬁrﬁblseltﬁzﬁﬁ with 7.8%

excel | en strate compat nce there was no
CDO et ch. [0030] mnpbtes:hhfrznel(wahahgutdbh%dmzomazgte
this invention cont ol netal -free s hal ogen oxygen
acids salts thereosfgi&'ﬁﬁegerivatives are set forth in

the fol | oWMARF 20¥Tetiametfj@Gionfioh fiuorde (aqueous)

Tet ranet hyl a ni.un ochl orite (w,thout
benzot naiﬁ@?ﬁﬁﬁm%\ﬁ?mww@ﬁﬁhﬁ Preparation A
fol | ow n%ulf@l%ﬁeJQeWMehbﬂoﬁdlBﬁde

-Tetramet hyl anmoni un hypochiorite (with about 0.1%

benzotriazole stabilizer) as prepared in
Preparation A
To a 250-ml Erenmeyer flask was added 152.8g of 25% TMAH
(tetramethylammonium hydroxide). Chlorine gas was introduced in a slow
bubbling rate for approximately 6 minutes to give a yellow solution (with a weight
gain of 18.25g). To this resulting yellow solution was added additional 33.8g of
25% TMAH to give an intermediate solution. After removing 3.5g for pH
measurements, additional 3.1g of 25% TMAH was added to the remaining
soluton to give a yellow solution of TMAOC! (tetramethylammonium
hypochiarite) mixture. This mixture was calculated to contain the following
components: 15.2% (wt) TMAOCI, 13.2% TM_ACI, 0.9% TMAH, and 70.8% water.
The available chlorine was calculated to be about 8.6%. A cleaning formulation
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Preparation B follow ng. Solution 81=

Tet ranet hyl amoni um hypochl orite solution with 7. 8%
avai l abl e chlorine (with about 0.1% benzotri azole 15
stabilizer) TMAF= 20% Tetranet hyl amoni um fl uori de

(aqueous) TMACI = Tet ranet hyl ammoni um chl ori de

%f' Hhey ﬁU&tTtlo-Fle\tvé@'bY@HéPé@'Wﬁ%ﬁﬁrglmﬁgjbpm@l@mxt&ib 160g water and

Preparation A Erl enmeyer flask was

10525%gy Z@ﬂyfzﬁwwdm etﬁ@ﬁéﬁﬁyﬁoaﬁﬁléﬂp'm Wasy &Rl B%ﬁf&g) to contain
ﬁgé%ﬁd&ﬁ%gaﬁs?’a(w @hﬁ@f@f cgdod ﬁMﬁo‘F'@x\s%lgme' BS.3%Rlter, and

nutes ‘to gi Ve a yel | ow sol ution
(CWDB% af ZenyHSH.ghe avdilate 26lgyine Wast ¢aleulatedyiiot begbout 4.3%.

yl’fﬂ{ﬁ Ugét\%té""g% &?ﬁ@qﬂ%ﬁﬁ/&@@éﬁ@%& A 3A1§3 ? e?fréﬁos??g
3.59g for pH neasurenents, additional 3.1g of 25% TMAH

was added to the remaining solution to give a yellow
sol ution of TMAOCI (tetr &veparatiamFbni um hypochlorite)

L Xt T
3T b Bl S R B4 00 R okl 0199
Ob&¥olidable. aCisloflie 846 (tik 2y). wadnFoducaddn laatidw buhbling nate for 11
}A%?l}yﬁ%!a qlﬂglﬁ}a% clggr ?fglflgv? %ﬁ@ltlpﬂg 28 ?Lfl%tﬁdwaé a f ergagted The
n?eéhﬁia H@aoed sbition Haxé Uhe fomaamg a@s@r ofambllaﬂlelﬁﬂqrme 8.1%
Zoné%“ SH surfactant. Thus

céni a?- baursoaties fyaihesis; Be! "»% 21 ﬂaw[ﬁgutaﬂd'a%a(‘ mm temperature);
% 4 T, agl A cf

Oé/ﬁ 3/ gn@@w @ﬁe%a%&?r?zmﬁﬂ Zﬁav)\/g 9 cleaning

cmmmbsmcmot thisiaventinn was gyspared framsthisoraagtien perfugkRY adding

S5 BRLFATVAR PRl Al Aon s PRI s Zon)

enneyer was C ar ge
apuifdrtaitto gies zofindl dawh@atidth Bolutltma withs3.6%0 aszgl}ablﬁaghlonne and

ow b ngqr
 BS5P SRR baBo? PR ok Behhblpe IR B 67 r0%
ThRéduRasdigibn wabebout pH 13 at 25°C. This formulation was designated
TMAOCI-Solution B. The stabilizing effect of benzofriazole in maintaining the

level of avaitable chlorine is illustrated by this Preparation B.

[0031] In addition to said TMOACI-Solution A and TMOACI-Solution B
compositions further examples of compogitions of metal-free halogen oxygen
acid salts include, but are not limited to, Compositions J, K, L and M in Table 3.
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resulting TMAOCI solution gave the follow ng assay of
avai l able chlorine: 8 1% (initial, <2 hours after
synthesis; 8.1% (1 day old standing at room
tenperature); 8.1% (6 days old); 8.0% (14 days old);
and 7.5% (70 days old). A cleaning conposition of

this invention was prepared fromthis reaction product
by addi ng 15 sufficient water, 25%¢tetranet hyl ammoni um
hydroxi de (TMAH) and Zonyl + gsurfactant to give a
final formulation solution wth 3.5% avail abl e
chlorine and 0. SWWSI'(DOMB&&ZGJWe@H and 0.1%

faYeVA Al H
U1 Ul . IIIC |JI_I UI =} J.U aqu FOUS—S ot
abo '“S?P‘i at 25C. JTh| s formulati onjwas desi gngﬁ ed M

TGN S0l uti gn B. 4Bhe stpbiligsng efifect 4% 12.1
i LA maint-ai-n Ag the 20l evel of

benzotriazol e
aMi0a% e chidrine 8% il lustraf®d by |t his 4 eparfati on

BrvARO3I] T gddiTion to gaid TMOACH Sofutygorm Ajand
Cl-Solutign B conposjtions_further exanples| of

dNatmrsHl ons qf metal -free hal then oxygen 25 ac

|
1 Coranaoclt o
J

hitt oo ! + aod o]
T ||\,| uuc, oot alr et Tl T |—||| t—ea—t0; CSOTTHPOST + LILE® BT
Kﬂ\ltma\nd Min|Tabl e 3. gF) 17 Table|3 1.6

Conpositions/ Parts by Wi ght Conmponent J KL M

\slﬁl utjon_81 45 45 45 12.1 Sul fol ane 55 45 45 TMAF, 10
P31 10Tl exceliapt Riganing perforange pRE suksiiate gempaibilities of

HRAnBEHARE! aéaﬁsngeccﬁﬂabsﬂmtafafrﬁ‘s WBA?&JR érbt iiGstratdd by the

such netal -free cl eaning conpositions o
iraswia pbth&aft&lomnwgmqmwt%y Eh%conr@mtaréalum amg tungsten etch

rQ{é e gie e%pc%rrﬁﬂqasmo?ngro}_“ﬁs frVBREEn artea@é {;ﬁglhag&gpy {I'he efch rate

tungs eani ng conposi
|datae rin itioe falfoavinge Tabiet 4at Ee bicht fate e\tashdetermmedafbaOomposmon

f'lgﬁAéggllrﬁi mtpﬂo bt%lﬁm‘é theh%llgxtﬂ%ré {es§ proceduret e{=’|ec:es of copper,
titanium and tungsten foil of approximately 13 x 50 mm were employed. The
weight of the foil pieces was measured. After cleaning the foil pieces with 2-
propanol, distilled water and acetone and the foil pieces are dried in a drying
oven. The cleaned, dried foil pieces were then placed in loosely capped botﬂeé
of preheated TMAOCI-Solution B cleaning compositions of the invention and
placed in a vacuum oven for a period of from two to twenty-four hours at the
indicated temperature. Folbwing treatment and removal from the oven and
botiles, the cleaned foils were rinsed with copious amounts of distilied water and
dried in a drying oven for about 1 hour and then permitted to cool to room
temperature, and then the etch rate determined based on weight loss or weight
change.
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to TMAOCI - Sol ution B utilizing the foll ow ng test
procedure. Pieces of copper, titaniumand tungsten
foil of approximately 13 x 50 nm were enpl oyed. The
wei ght of the foil pieces was neasured. After cleaning
the foil pieces wth 2- propanol, distilled water and
acetone and the foil piecgggpegq dried in a drying
oven. The cl eaned, dried foil pieces were then placed

d beyt |
[RREPRR 10 L el s, ReRSaF o ot

nvention and placed in a vgcuumoven for 9 458€i od of
romtwo to twentyffour hours (Aimime indicat in)

[

f

t enper ature. Fol | owAdmin)r eat fent and r enoval romthe

oVERMATT-Sdiidd BS. | L€ cleanddfolTs were rinsed wth
&

)
copious ampunts ofl distilled ter and. drided in a

dryi ng oven for about 1 hour and then permitted to

q003an T GeatE BGL Tt R S0 rdr e MAGE Soution B
B e o o, Eidleviite WheL Darmiers were
bRy e ol wing Bstarocadiay Sh FIRh Ligknass Bf fHouvaALpisces is

hassdupsd BERY d RLBSIphARteHBRNMM EAD/SOEMpsSHAetBr. The wafer pieces
goM[TFOSI tion of this invention against various

ehelestis opharries materd deppaitedson siiperm wealers) werr immersed in
fl\tg#: 'gr@%YBH&eB %féanﬂ{msgiong Beaddd Mok %bgﬁﬂﬁi%%, floW& by rinsing

) leces Is usi ng a Rudol
| withed¢-ianizedt watenand eiryied Lngrrotitegen. flawystreainer The thinkpess was

e o e, Joug AL RO o SR el were then

clatoastated) basehasy theookarge HSHNT thick®@ss whichsaref prodoweti by the
hy .rinsing wth_de-ionized water and, dryin .
HeiFg irefmdti . TRS plefeRiE orneReR e oS WY HhecfRbCHSolution
B EdHipesitien Mefe £0b&tTvING Tapke 6§ eat ment and the etch

rates were then cal cul ated based on the change in
filmthickness, which ar emmmlsced. by the indicated

L-,"iit nemnts. —Thedietectricor—barrier—etch AR V&tJII
L tc

ielegtierEardss ut i on ate @
‘ 45°C
(A/min)

Carbon doped oxide (CDO) <1
Coral (carbon doped oxide) ' 1

Black Diamond (carbon doped oxide) 5

Fluorinated silicate giass (FSG) [ <1
Tetraethylorthosilicate (TEOS) <1
SiOC <1
SiC <1
Silicon nitride (SiN) <1
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B Conposition were as set forth in Table 5. TABLE 5
Dielectric/ Barrier Etch Rate @ 45C (A/mn) Carbon

doped oxide' (CDO) <1 Coral (carbon doped oxide) 1

Bl ack Di anond (carbon doped oxide) 5 Fluorinated

silicate glass (FSG <1 Tetraethylorthosilicate

(TECS) <1 SICC <1 SIC<l Silicon nitride (SIN <1

119034] | Jbe4tleamivg qresigrmancep et ther metrldress halagen oxygen acid salt

bt REmBLARRe TMAGERBEkSH Aedy THARICWften B, i fustated
i By ﬁhlelal&an'rr@treslultsbsettfmm ol Teebte 8@ wiaish Hesclsaning cornpositions of this
TR e e 5 o GRS VR nebblric icure

V&Y deigifedTh EeDTFAIIEI ronic structure 5 as detailed in
the Table. Table 6 M croel ectronic Conposition and

Process Results Structure ggpdigi ons PR/ CDO

TMAOCI - Sol ution A, 50C for 100%clean (PR _shell, 20

NUitvbBEcitbAic’ €S| J8Rpositii e PM¥dss- So| ut i on RRisueC

for 100%clean (PR, shell, 20 m nutes|via residues)

FR{raptReg cDO | mepkeBditionsst at 60C for [16 100% dean

I DR, heall

‘PRICDO TMAOCI-Solution A; 50°C for | 100% clean (PR, shell,
20 minutes via residues)

PR/CDO » TMAOCI-Solution B; 50°C for | 100% clean (PR, shell,
20 minutes via residues)

PR/SARC/CDO Immersed first at 60°C for 16 100% clean (PR, shell,
minutes in a solution of 8 parts | via residues)

of a solution of
150:60:17.5:1.8: 30 parts of
sulfolane, water, 25%TMAH,
EDTMP and EG , and 1 part
30% hydrogen peroxide;
followed by:

immersion in TMAOCI-Soiution
A for 15 minutes at 55°C

SARC= Sacrificial anti-reflective coating

TMAH= Tetramethylammonium hydroxide
EDTMP= Ethylenediamine tetra(methylene phosphonic acid)
EG= Ethylene glycol

[0035] While the invention has been described herein with reference to the
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mnutes in a solution of 8 parts via residues) of a

sol ution of 150:60:17.5:1.8: 30 parts of sulfol ane,

wat er, 25%MAH, EDTMP and EG, and 1 part 30%

hydrogen peroxide; followed by: imersion in

TMAGCI - Sol ution A for 15 mnutes at 55C SARC=

%%Hﬁ[: @n%dn"ﬁ%{s fiehdStCHIWR tféO%S bragiattMitat changes, modification
anmoni um hydr oxi d = Et hy | enedi ani ne

temidlr ee(rmmhslcan ebep hsishwithast atﬂpaytmglfooreehe Epifif |1 agescope of the

ﬁg{eéﬁwe \[/ﬁ%?%gét %ﬂg Iloge:c'(ie W}%Fél{‘?% eRédo?@gB@S itQs ‘?ﬁ{eﬁ@é@ kb Rfbrace all

efiendhargéess ndutfieatibn and mnbtlodse’thab‘iaﬂe*ﬂﬂ‘dheaptrh and scope of the

chan es dification and variations can be nade
&Eﬁﬁ?ting fromthe spirit and scope of the

inventive concept disclosed herein. Accordingly, it is

i ntended to enbrace all such changes, nodification
and variations that fall with the spirit and scope of
the 5 appended clains. - 21 | Caim 1. A process

for cleaning photoresist or residue froma

m croel ectronic substrate, the process conprising
contacting the substrate with a cl eaning conposition
for a tinme sufficient to clean the photoresist or
residue fromthe substrate, wherein 5 the cleaning
conmposition conprises: (a) an oxidizer selected from
the group consisting of a hal ogen oxygen acid, a salt
of said acid, or derivative thereof wherein the
derivative is selected from
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the group consisting of hal ogenat ed i socyanates,

chl orine di oxide, chlorine nonoxide, and

hypochl ori t e- phosphite conpl exes, and 10 (b) a sol vent

for component (a), and, optionally one or nore of the

foll owm ng conmponents: (c) an non ammoni um produci ng

aIkaLine base, (d) an acid, (e) a netal chelating or
®xing agent, 15 (f) a cleaning perfornmance

B ey

st ahhé prRiess @meﬂﬁng abhtectingl the subdtraterwithe diesningecomposition for
oxygen aci d

t d at th
LT I A A THIVR L T e X
‘(3O;T'RR@%@gnﬁg)cohﬁcgmoﬁlogmbnggg@ochI orite, the conponent

sol vent “is not an am de, sul fone, sul fol ene,

sel 3525@ oRfdiz&r sél%b!éﬁ&?o?ﬁ tlfél ﬁr@bp'coﬁgbu’r@éﬂ a aﬁldgm @Rydereacid, a

oxXi nponent (a) ochiorous acid t

cl eani st @fo&qlxbe@lﬂa e e BoChea Be Reriaiys is selected from
ammoni gé}[v é&ﬁhé]&lr‘al &Hal anéﬁ%o%ané*teQr @6Bffe dioxide, chlorine

accordin wher he conposition conpri ses
a hal ogxe;noxrdgyamblnypoohlosial-nhoephltﬁecmmﬁexaseatl%ereof in
an anount, based on the total weight of the
corrp(o;;btsbwantfofccbmpmeitb(ﬂ)t 0.001%to about 30% and
provi des fromabout - 22 0.001%to about 30%

avai arh bptidredilp gae or Brorg\ofihe dalowingeeampinegtst o claim 1
wherein the conposition conprises conponent (i) and
sai d(cy balbiohianemoniams ptoglatied afkatime base, gr oup consi sting
of triazoles, thiazoles, tetrazoles and imdazoles. 5
4. Adpaneerls according to claim3 wherein the
stabilizer is present in an amount up to about 0.5%
by wei ahhetal chelating or complexing agent,

(f) a cleaning performance enhancing additive,
(g) a metal corrosion inhibitor,
(h) a non ammonium-producing fluoride,

(i) a stabilizer for available halogen from the halogen oxygen acid, salt or
derivative thereof, and

(i) asurfactant;

with the provisos that when the oxidizer component (a) is an atkyl hypochlorite,

the component (b) solvent is not an amide, sulfone, sulfolene, selenone or a

saturated alcohol solvent, and when the oxidizer component (a) is

hypochlorous acid the cleaning composition also must contain the non-

ammonium-producing alkaline base.

2. A process according to claim 1 wherein the composition comprises a halogen

oxy acid or salt or derivative thereof in an amount, based on the total weight of
the composition, of from about 0.001% to about 30% and provides from about
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5. A process according to claim3 wherein the
stabilizer is benzotriazole. 6. A process according to
claim1 wherein the oxidizer conponent (a) is selected
fromthe group consisting of hypohal ous acids, hal ous
acids, halic acids, 10 perhalic acids and inorganic

and oQicHant ¢ oSt sByPsvaRabiE rBRkER. 7- A process

according to c' ai m% erel n oxidi zer conmponent (a) is

sel gc : i:S o :
5. 3ot AFb ek BB LR FRARALAE R BH BN Somponent
of <idi ahchsiatts statiillzgt i%ygetrotaco fione dhangroup consisting of triazoles,

e R R (o oSl
r roup .1 st ' i ori
o, ° R ybBedt 8:uop o R bRl sRbB T REEH] busfy crmoum

I s Wpttembol0.5% Wy weighls according to claiml wherein
t he oxi di zer conponent (a) conprise HCI03. 11. A

5.pr ogepecessadddrding tocclsihed whéindherstabiizehis epapiiasdie.
(b) solvent conprises 20 water, and the conposition

6.CONMN hiREsH absUIBAg e tlaim 1 wheréiaahakidizb? compbh@tdaris selected
accor di ng to claiml wherein the oxidi Zj{ﬂ congqgen% \ .
() TophpRe seeup congisting 18)1 YRRBRAIPUS 43ASe (1IYS ABICS. Raliyacids,
pro ue;‘aefafs%aqnérgamb ah@brranikh i8R shib Bcids. '

t et raal kyl ammoni um hypochiorite 1s

7.t et panRi-Byd ACEHRAhY B AXRPE Wherdid Sxidizer dotnpdheht g&)‘i’s9§elected from
according to claim 13 wherein the conponent (D) o
sol Ve gragpmensisting of fapechiosyg acide cblerip aein: alkall apdsalkaline earth

COMLS G se?% %&H [igzﬂﬁﬁh%é&mgﬁ@slﬁﬂﬂ%g%% S@l?rgmgfigﬁn%yfﬁch lorites.

conponen 0ocess acco

addig | L& .
8.3ur 7 REee ¥ GARPLhpfh BBRBGRneh) (o) §'selectqg from the group
c onmuohsisting tfestdaum hpaehloritess conponent (i). 17. A
process according to claim 13 wherein the conponent
9.(b) sspiocest acomning fedains8 vheleimthe satvent kevademposi ti on
al so conprises tetranet hyl ammoni um fluoride 5 as
10c onpo proties$ laccording to claim 1 wherein the oxidizer component (&} comprise

HCIOs.

11. A process according to claim 10 wherein the component (b) solvent comprises
water, and the composition comprises a component (j) surfactant.

12. A process according to claim 1 wherein the oxidizer component (a) comprises a

tetralikylammonium hypochlorite.

13. A process according to claim 12 wherein the tetraalkylammonium hypochiorite
is tetramethylammonium hypochlorite.

14. A process according to claim 13 wherein the component (b) solvent comprises
water, and the composition also comprises a tet}amethytammonium hydroxide
as component (c).

15. A process according to claim 14 additionally comprising a component (j)
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18. A process according to claim1l7 wherein the
conposition additionally conprises benzotriazole as
conmponent (1). 19. A process according to claim 13
wherei n the conmponent (b) solvent conprises water,
and the conposition al so conprises tetranethyl anmoni um
fluoride as 10 conponent (h). 20. A process according
to SHEAMAAY wherein the conposition additionally
conpri ses benzotriazole a congonegtﬁ*i%. Fl. A \
1601 o deRfOCBREARAINHRD Iriainy 14HAemptisieg Bengoffiazoless Garapenent ()
the mcroelectronic substrate being cl eaned Ss .
17 haraprosess agcasding fie clair dsrwerain the Compeneria) gpivent cpgnprises
cop n i ' i aonium fluoride
pal EalipahE" B cAMBERAAT cich ffrised totameRp g rmoni.
i ri diswomgonknt vy titani um nol ybdenum and tin
metal | ization, and sensitive |owic or high-K .
18li elfegprotess @2ordmg dopeokirti 6R fwberein etani wgmposition  additionally

hot i St ' b | ect [
CunePririses bR S BRI on corpr i <1 ng: 20 (a

n oxidizer selected fr { I.SLd ;
1621 hRiPoBss GERPraRpaC clanola PesfinP goiiRlySh (B9 sBbeft comprises
der iwaaéd, \eidt ther epipostiioneadlso thmprsess tedtamethylameenamn didoride as
from the grg%%lp consi sting of hal ogenated isocyanates,

chl sorReNgNbde, chlorine nonoxi de, and

APoEnLoriLe EspiLLE chiplGiecy ol 1) S telien sera
the dopldrRist REnSAABRRESS Bompérfent &).noN

amoni um produci ng al kal i ne base, (d) an acid, (e) a i

21, A Prodele! fLbREhdo SBBhE B BRIAYER 20 whéfein (the miicroelectronic
cl eaning performance enhanci ng additive, (9) met ag
cor raptratei baindicieaned isghasactarizas i e rieseererel Ayleast one of a
fluor]j ' t @bk ZEr avaid a al Aiuft, OPlati ’
| 2 Aot e 106,218 6ol st i
chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, and

tin metallization, and sensitive low-x or high-x dielectrics.

22. A composition for cleaning photoresist or residue from a microelectronic
substrate, the cleaning composition comprising:

(a) an‘ oxidizer selected from the group consisting of a halogen oxygen acid, a
salt of said acid, or derivative thereof wherein the derivative is selected from
the group consisting of'halogenated isocyanates, chlorine dioxide, chlorine
monoxide, and hypochiorite-phosphite complexes, and .

(b) a solvent for component (a),

and, optionally one or more of the following components:
(c) a non ammonium-producing alkaline base,

{d) an acid,

{e) a iiietal chelating or complexing agent,

- 24 -




5

1

=]

15

20

25

5 derivative thereof, and Q a surfactant; with the
provi sos that when the oxidizer conponent (a) is an

al kyl hypochlorite, the conponent (b) solvent is not
an am de, sulfone, sulfolene, selenone or a saturated
al cohol sol vent, and when the oxidi zer conponent (a)

'S 10 dRashh B8 MAEE SnhBRcify 8aMAG cOmPOSI tion al so

contain e non- amoni um produci ng al kal i ne

bas?%)oaﬁ%hetﬁc{i%g?&?%ib%r according to claim22 wherein

t he osition conprises a halogen oxy acid or salt

o B PSRBT, L350 oL 2
sboll, R R debe Fofd PR 1A GG, oo or

cl ai mdzRivather thereof, lsmdconposi tion conpri ses conponent

(i) and said stabilizer is selected fromthe group
cong) s suraotdnt; tri azol es, thiazoles, tetrazoles and

i m dazol es. 25. A conposition according to claim?24

whe Mﬁt’h rthé Iim)\Mog lhati viiean the gxidizee ebmiponant (aPis ammih%\thyppchlorite,
to out 0.5% by wei ght.. 26. A cqnposjtion cor di

Lo SrearsmpansiidbLPaEmds SOLA araae. SdlopenSyRIaE, Gehone or a
27. shurMaRORidohsN sHhRE didhd twhetl ahgl dRidiker ompohent (a) is
oxi di zer conponent (a) is selected fromthe group
conéyBeGMerods 36jhdhal eaaniagi eRMPeRiasy isgc st mtfle the non-
aci al j LQorgani ¢ and organic salts

of %g}rg%gmﬂpﬁgéﬁgg&aW%ﬁ%gsi tion according to claim

2322 W@%ﬁ\bﬂsi{i&‘? a%ﬂinéefo Elgfﬁf‘%?e%e{eﬂ') theS coﬁn?bﬁﬁér?‘i':ompﬁses a
from the group consisting o ypochl orous aci d,
chi balogencixy,acid amsalt anderivative theseofdnranhasaunts base onithe total

aci I L Ori | inbiN .
1 iS4 o BRBERSE o Bl GO AR s rovicos
whe frerrmalbdig 0c0018% teaboud BpYhrevatiatflehaloges.el ect ed from
the group consisting of sodium hypochlorite. 30. A

24c ompo $otriposities cascdrdiey tto abie 1822 Whetein dhe ¢cdmepasitione nomprises
is

triazoles, thiazoles, tetrazoles and imidazoles.

25. A composition according to claim 24 wherein the stabilizer is present in an
amount up to about 0.5% by weight.

26. A composition according to claim 24 wherein the stabilizer is benzotriazole.

27. A composition according to claim 22 wherein the oxidizer component (a) is
selected from the group consisting of hypohalous acids, halous acids, halic
acids, perhalic acids and inorganic and organic salts of said acids.

28 A compositibn according to claim 22 wherein the oxidizer component (a) is
selected from the group consisting of hypochlorous acid, chloric acid, alkali and
alkaline earth salts of said acids, alkyl hypochlorites and tetraalkylammoniun

hypochlorites.
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31. A conposition according to claim22 wherein the
oxi di zer conponent (a) 5 conprise HCIO3. 32. A
conposition according to claim31 wherein the
conponent (b) solvent conprises water, and the
conposition conprises a conmponent 0) surfactant. 33.

A conposi ti on according to claim?22 wherein copponent
20( a) AcComPos of B § ANEEIRrHSARUIFEH GHBRANG (ELE Teected from

34. }%§%W§%ﬁ%&%ﬁ§%ﬁch deRlofilei M 33 wherein the

t et oriteis
t et hvyl. L Uy :h| : it
oo s TGP RSP R RO RRER 8 fsrerine Coff e fajercr
I t ' ’ h A |
o oS §BA, FEAEAT B 22 S 85 Ot trponent (9

coneenmite HOIO;.15 36. A conposition according to claim
35 additionally conprising a conponent ()
325 Ur facjofipositidR - adsocdimpdsi tlaion Hc wheim ghe ocampanengsb) solvent

| €0 %Ig} S;{ng%?l‘t")’ggerzf 8% [ tﬁé %I{;ﬁ\pggiﬁ%ﬁ{;&%&aé%?%%%t (j)%urfactarﬂ.
Lomonsit L SSLUeH, 20RO AN A

f 1 uqgirsliRviARn PR AfRichiofle. 39. A conposition according
to claim 38 wherein the conposition additionally

3£0MK | sGRpESRHOtddcamiee 18S cR@MD@Bewhelein . the0 tetfaalkylammonium
conposition according to claim?24 v\‘herei n the
conpuwipedhlorits)s tegrmetiylammoplRhyroghiolle: er . and t he
conposition al so conprises tetranmethyl ammoni um ivent
35. uoh | eeenpasitionnpegesding (ta) claim  34a Wheptia sthie ;eorppeneny @) solven
cl ai : oy QSROSditd hbrigtidad tetramethylammonium
con‘pcﬁmﬁlssg%g{la;égf ?*gg‘ﬁc e as étgjﬁp%oﬁﬁ?h?qé)& 56 42 A
pr odeaisoxide as edmponenb(c)a conposition as to the anount
of avail abl e hal ogen wherein the conposition ,
36.0nA icoergiosition according to claim 35 additionally comprising a component (j)

surfactant.

37. A composition according to claim 35 comprising benzotriazole as component
().
38. A composition according to claim 34 wherein the component (b) solvent

comprises  sulfolane, and the composition  also  comprises
tetramethylammonium fluoride as component (h).

39. A composition according to claim 38 wherein the composition additionally
comprises benzotriazole as component (i).

40. A -composition according to claim 24 wherein the component (b) solvent
comprises water, and the composition also comprises tetramethylammonium
fluoride as component (h).

41. A process according to claim 40 wherein the comhosition additionally

comprises benzotriazole as component ().
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(a) an oxidizer selected fromthe group consisting of
a hal ogen oxygen acid, a salt of said acid, or
derivative thereof wherein the derivative is sel ected
from s the group consisting of hal ogenated
isocyanates chl ori ne di oxi de, chlorlne nonoxi de, and

o PR RS - ATRLBE AR AR refoen

thewﬁ@rrénptﬁétcbﬁia:oam@ﬁ 88inbtigédng effectlve anount of a
stabilizer selected fromthe group consisting of

”' @@n%td:ié?'%&ﬁfmmltﬁe dpaéd?is%ﬁnﬁl@ﬂ alhﬂlommé)@@en acid, a

rocess of claim42 wherein the stabilizer

a t ri 8% p‘ésaldm‘ﬂdm@d%'rveé\é%ﬂ\eaﬁrof Mhgrein e GRrvalYe, 'St%%e‘ﬁed from
stabi lyz §foutnsco*ﬁ§f§ﬁtgé bt ﬁél@%@nat&@ isok a‘?éé’ccﬁﬁ)?m@fdlt‘?&l@é Bhiorine
42 where he oxi di zer nponent I's selected from

t he gmrpxmienamd;hymg:hlﬂniaapmqphh?p@@hl%¢$ ta®d and

tetral kyl ammoni.um 15 hypochlorites. 46. The process

of ()i solvept foneompnnentdabxi di zer component (a) is
selected from the group consisting of t-butyl

hy pthehprocésseoampisingtadaing toythe npposition & gisbiliing affestive amount

gg g Pfag ﬁ%b %é—:?rs issg%ggq%le%t g%dtﬁ’? \3@]85[; O&'ﬁgﬂa@ )é(tfg trfzGbies, thiazoles,

Confdt@kblﬁgaﬁﬁ irhidazdlys. hypochiorite and
t et ramet hyl ammoni um hypochi orite. 48. The process of

43¢| aiTRe frbcabeshdlaint A2 whbren theztabilizer isreciiapaeat ed Wi t h

conmponent (a) during synthesis of the oxidizer

44CONTRS pRiceésdf cidith 4T wheithestalidiizer isdiemedifiazdier ei n t he

stabilizer is incorporated with the oxidizer 25

45CONYAB Prdcess Jof SR anstdie mesomﬂlzémmpomnt ¢a) is selected from

conmponent (a). 50. The pr S I m44 wh n_the

st aBlg | 8P| sCansisyng o oft e%kﬁn 31%/ T’fgo'%ﬁ? di?Pgr Feiralkylammomum
corrng Psthlorited) during synthesis of "the oxidizer

conmponent (a). 51. The process of claim45 wherein the
465t alhbig&dask Bf IHIAT 4O WABRSh e Bxidiber cothstnent (a) is Zélected from

component (a) during synthesis of the oxidize
confenegreup afonsisting  of f-butyl hypochlorite and tetramethylammonlum

hypochlorite.

47. The process of claim 44 wherein the oxidizer component (a) is selected from

the group consisting of f-butyl hypochiorite and tetramethylammonium
hypochlorite.

48. The process of claim 42 wherein the stabilizer is incorporated with component

(a) during synthesis of the oxidizer component {a).

49. The process of claim 43 wherein the stabilizer is incorporated with the oxidizer

component (a) during synthesis of the oxidizer component (a).

50. The process of claim 44 wherein the stabllizer is incorporated with the oxidizer

component (a) during synthesis of the oxidizer component (a).

51.  The process of claim 45 wherein the stabilizer is incorporated with the axidizer
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52. The process of claim46 wherein the stabilizer is

i ncorporated with the oxidizer conponent (a) during

synt hesi s of the oxidizer conponent (a). 53. The

process of claim47 wherein the stabilizer is

i ncorporated with the oxidizer 5 conponent (a) during

synthesis of the oxidizer conponent (a). 54. A

conpoaipbhent (a) duringi syatheais of the dridizermompasentigai | abl e

hal ogen conprising: (a) an oxidizer selected fromthe
5291 0Uihe qrocasstaf mtpirmf4Gawhereingtbe stabjiizenisdoterpotated; with thg oxidizer

said acid, ar, derivatjve. thereof .wherej

dor CoRPPORTIE) iinges blnepis st et SoRnsife): g o

hal ggenat ed i socyanat e chl orine. di pxi I -
5210, TOROIPERES A ARy FobhYEH 18 30Eh S EeEBaftad Bl s, gucaer
(b) BmpbAbht (RydurthglyhBekis\# tn®udikeraomporieabld)i zer
sel ected fromthe 'group consisting of triazoles,
54 hi 2z QrRSositiodl tAAIReasa0thd Aindamtdf evaildble hdlbgen comprising:
conmposi tion of claim54 wherein the stabilizer is a
tri géféﬁ oxigfer SEIBcEQ TRRS tHel GBuP Codisting &fa Whlegen bxyden acid, a
stabi1i1zer 1s benzotriazole. 15 57. The cone

. osi tion of
cl ai m sAlt eftssicasid (o degyaiiyetbereebmprspiBribe dgnvatye is Selected from
sel ect r ar .St | C lori
fﬁgrqr{ntgg 'Egh%ﬂ{ngt r ;Iﬁl< a§{eﬁ l!sé’%aﬁéteé, Kibrine dioxide, chiorine

hypoch nmoni u hypochl ori tes.

58. Thmonoxipesarid hypodilotteghesghitedosmuiexes; gad oxi di zer
conmponent (a) is selected fromthe group consistin%

of t(bpuat gtabliigingc bffantive caranantt of rastabiiizer setestedmiropp the group
hypoch

S s e P P SHAHRES (ML
o 0 Sl o A B 808G vzl

56. The composition of claim 55 wherein the stabilizer is benzotriazole.

57. The composition of claim 54 wherein the oxidizer companent (a) is selected
from the group consisting of alkyl hypochlorites and tetralkylammonium

hypachlorites.

58. The composition of claim 54 wherein the oxidizer component (a) is selected
from the group consisting of t-butyl hypochiorite and tetramethylammonium

hypochlorite.

59. The composition of claim 56 wherein the oxidizer component (a) is selected from
the group consisting of +butyl hypochlorite and tetramethylammonium

hypochlorite.
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