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| NVENTI ON 20 Many phot oresi st strippers and residue renovers have been
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of the manufacturing line cleaners. In the manufacturing process a thin
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design is imaged on the thi rFIELDNOFAME INNBENTIQNKI ng, the unpol yneri zed
resist is renoved with a photoresist developer. The 25 resulting inage is
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generated organic, organometallic and inorganic compounds, and cleaning residues
15 from planarization processes, such as chemical mechanical polishing (CMP), as well

as an additive in planarization slurry residues.

BACKGROUND TO THE INVENTION

20 Many photoresist strippers and residue removers have been proposed 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 fim. Following
baking, the unpolymerized resist is removed with a photoresist developer. The

25 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

30 residues around or on the sidewall of the etched openings on the substrate.



5 step by the use of suitable plasma ashing gases or wet chem cal

strippers. Finding a suitable cleaning conposition for renoval of this

resi st nawl mbeo® al w thout adversely affecting, e.g., eOTI@sU2/RO36

di ssolving or dulling, the netal <circuitry has also proven problematic. 10
As mcroelectronic fabrication integration |evels have increased and
patterned m croel ectoni ¢ devi ce di nensi ons have decreased, it has becone

i ncreasingly coomon in the art to enpl oy copper netallizations, |OMK and
high-r, dielectrics. These materials have presented additional chall enges
to find acceptable cleaner conpositions. Many process technol ogy
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Fai | ur e tarauinphas elsp prowew prablematic.r al i ze 25 these residues can result in
the absorption of noisture and the formation of wundesirable materials that

can cause corrosion to the netal structures. The circuitry materials are
corroded by the undesirable materials and produce di scontinuances in the

Cirgglitry wiringagnehisradreitroal) fabritatieRsAtedratic 9idis dRlver ffrédsdicand- 2 WO
03/ 006599 PCT/ US02/ 21436 The current back end cl eaners show a w de range
of conpatpaitarneg micreelestania rfevioen gimensions dave: deekeaged. rethas! beeemens,

carrent. SPPEastdy simPREf fEBeCTL I BhwGF SRR e A BhE oAy anlilhgs
i nt er conngiglectiiab € Mhaké nsateiald hab@ prasenattadaitiorial eRalichiged t& fikd dteemablei cs
and copper netallizations. Additionally, the typical alkaline cleaning

sol ut i onsCleapgrogem@pasitons, er Manugypesss technelgly deompesition dhati gave been
di eI1.=,e(3tr'5|%viously developed for ‘“traditional” or “conventional” semiconductor devices

containing AI/SiO, or AI(Cu)/SiO, structures cannot be employed with copper
metallized low-x or high-x dielectric structures. For example, hydroxylamine based
stripper or residue remover compositions are successfully used for cleaning devices
with Al metallizations, but are practically unsuitable for those with copper
20 metallizations. Similarly, many copper metallized/ low-x strippers are not suitable for

Al metallized devices unless significant adjustments in the compositions are made.

Removal of these etch and/or ash residues following the etch and/or

ashing process has proved problematic. Failure to completely remove or neutralize

25 these residues can result in the absorption of moisture and the formation of
undesirable materials that can cause corrosion to the metal structures. The circuitry
materials are corroded by the undesirable materials and produce discontinuances in

the circuitry wiring and undesirable increases in electrical resistance.



and/ or copper netallizations. Mreover, nmany of these al kaline cl eaning
conpositions contain organi c solvents that show poor product stability,
especi al | woaB/oésbgher pH ranges and at hi gher process tenmperatsoz/es3é 10

BRI EF SUMVARY OF THE | NVENTI ON There is, therefore, a need for

m croel ectronic cleaning conpositions suitable for back end cl eaning

oper ati ons which conpositions are effective cleaners 15 and are applicable

for stripping photoresists and cl eaning plasnma ash residues from pl asma
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+ 2 NH3 -+ [ Cu (NH3)2]+ -* [ Cu (NH3)2]2+ (Equation 3) Thus, ammoni um
flugyide can provide nucl eophilic and netal -chel ating amonia (NH3)

t hrough the equilibrium process described in Equation 1 or 2, 5
particularly when other bmﬁ?gmnm YHESHENVENTRING! am nes are added.
In the presence of oxygen, netals sucﬁ as copper can be dissol ved/ corroded
t hr ough

There is, therefore, a need for microelectronic cleaning compositions

suitable for back end cleaning operations which compositions are effective cleaners

15 and are applicable for stripping photoresists and cleaning plasma ash residues from
plasma process generated organic, organometallic and inorganic materials. This
invention relates to compositions that are effective in stripping photoresists,
preparing/cleaning ashed semiconductor surfaces and structures with good

compatibility with advanced interconnect materials and copper metallizations.

20
It has been discovered that ammonia (NHs) and ammonia-derived salts,

such as NH,X where X is fluoride, fluoroborate or the like, are capable of dissolving
/corroding metals such as copper through complex formation. Thus they are poor
choices to be used in semiconductor cleaning formulations when compatibility of

25 porous and low-x dielectrics and copper metallizations are required. These

compounds can generate ammonia through equilibrium process. Ammonia can form
complex with metals such as copper and result in metal corrosion/dissolution as set

forth in the following possible equations.

NH,F <> NH; + HF  (Equation 1)



conplex formation with amoni a, as described in Equation 3. Such conpl ex
formation can further shift the equilibrium (Equation 1 or 2) to the right,
and proviwe 03moese9 anmoni a, | eading to higher netal di ssol wcirarsbzerssesi on.
10 Hydrofluoric acid (HF) attacks and destroys sensitive |owx dielectrics,
such as hydrogen sil sequi oxane (HSQ and nethyl sil sequi oxane (M5Q),
especially at acidic pH ranges. The presence of HF, even at small

per cent ages, can be ver harnful . Ammoni a_and anmmoni a-derived salts al so
show poor conpati bi | it Nl HeOseMlatt NE.fwHE deavation 2)such as hydrogen

si | sesqui oxane (HSQ and nethyl silsesqui oxane (M5Q . Again, they can
provi de ammoni a an@uor 20¥Hers Qe (KR [-ed,Cu @)% uUEquatioh 8p

reaction/ degradation of sensitive dielectrics. Fluoride salts derived from

primary or secondauy, ammesiudr fudtiddesan pbdvidd auckephilit iarel hmtaliEhelating
di el ectrics. The%ﬂcan provi de efficjient nucleophiles, such as the

cor r espor@MmPni i)y thiRHGR 3he ceBHIRERIN BPERSS, desrbag hinmEaHAKA™S s 08idvi | ar
to the af ;?érﬁ&ﬂ?é\;'{ QRER SR8 S th atsoarﬁinegtanﬁaaﬁké)@%}nﬂeaé% %rdggd_t Rahe
cl eahi ng Tornul a1 ons contalni ng non-. anmbnl um and non- FF produci ng

pr oduci ngprekeiadcd @€ oxghérs, (etals asuehnasikbppétScan dtee tissolyedicorodednthtoughi de
salts) show nuch_ i nproved conpatibili t%qvm' th sensitive Eorous and | ow- K and

hi gh- K di @mBelex; feanaliph vithpammenial ap Zegscohed ARyEauationais e Sv6h- semBIg um

producin ) foreivte j - lieani ng
conposi t?fgﬁ'gggt?ﬁgﬂﬁ et st %‘%W‘@ﬁ“\?ﬁé&é’%ﬁ%ﬁgﬂ %@bﬁﬁéﬁ@?&%ﬂ?@%&% LED
DESCRI PTI freCEmifridinid, Néadifid @\nigher metat Hisbalakomvorredieani ng conposi ti on of
this invention will conprise 5 one or nore of any suitable non-anmoni um

proggici ng, non-HF producing fluoride salt (non-anmmonium quaternary
amoni um fluoride salt) in a suitable solvent. Anong the suitable
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mentioned tetraa nmoni um f es o rmul a , ere
each R i ssuahdapbydifegen gilsemidxanet(HSE) and meathybsitsetuiozrdna (M$Q), especallgbl y
al kyl of from,.
at acidic pH ranges. The presence of HF, even at small percentages, can be very
harmful. Ammonia and ammonia-derived salts also show poor compatibility with
15 sensitive dielectrics, such as hydrogen silsesquioxane (HSQ) and methyl
silsesquioxane (MSQ). Again, they can provide ammonia and/or other nucleophiles,
and thus lead to reaction/degradation of sensitive dielectrics. Fluoride salts derived
from primary or secondary amines are undesirable for sensitive low-x dielectrics.
They can provide efficient nucleophiles, such as the corresponding primary and
20 secondary amines, through mechanisms similar to the aforementioned equations 1

to 3.

It has been discovered that cleaning formulations containing non-

ammonium and non-HF producing producing fluoride salts (non-ammonium,

25 quaternary ammonium fluoride salts) show much improved compatibility with
sensitive porous and low-x and high-k dielectrics and copper metallization. Any
suitable non-ammonium producing, non-HF producing fluoride salt can be employed

in the cleaning compositions of this invention.



10 1 to 22, and nore preferably 1 to 6, carbon atonms (R$ H), such as

t et ranet hyl ammoni um fl uori de and tetrabutyl anmonium fluoride salts; as well
as fluorwbosatesy tetrabutyl amoni um fl uoroborates, al unmPeEMIS02/21436

hexaf | uorides, antinony fluoride and the |ike. 15 The non-anmmoni um
produci ng, non-HF producing fluoride salts show significantly inproved
conpatibility with owK dielectrics and copper netallization.

Tetraal kyl ammoni um salts, such as tetranet hyl ammoni um fluoride (TMAF) can
be blended and di ssolved in water, certain anhydrous organic solvents, or

& copper /| ow K 20 conIAbED DESERIRTION 08 TRIRFENTION 2avant ageous. Any
suitabl e solvent free of strong nucl eophiles, such as unhindered prinmary
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(HEP). Thus, a very sinple, conpletely anhydrous, and effecti've cleaning
conposi t i etranfethylamnswmiung fledderandi detrabutylasimonigindiieasider satiss asswelhaes

having a Jow,c dielectric and copper_netalljzation can be yreadqil

pr epar ed.ﬁ%ﬁO%OFé‘Eeénpﬁ%“%tr“@amﬁn% I ef]l{gr@,boo{ﬁ dr ou?'ué‘?'@%'??i nbe)@gllHBﬁgﬁ’i on is
50 parts Swtin&hydMforideERdARE 1iRe8 parts by weight TMAF. Additionally, while
not required by the fluoride salt-containing cleaning conpositions of this

invention, it may in sone instances be desirable to optionally 10 include
in the cleaning conpositions one or nore "corrosion inhibiting solvent"”,

€4 @ The non-ammonium producing, non-HF producing fluoride salts show

significantly improved compatibility with low-x dielectrics and copper metallization.
Tetraalkylammonium salts, such as tetramethylammonium fluoride (TMAF) can be
blended and dissolved in water, certain anhydrous organic solvents, or water and
one or more polar, water miscible organic solvents. Selection of a copper/iow-«
20 compatible “friendly” solvent is also advantageous. Any suitable solvent free of
strong nucleophiles, such as unhindered primary or secondary amines, is preferably
employed. Preferred solvents do not include unhindered nucleophiles, and include
for example, such as dimethyl sulfoxide (DMSQ), sulfolane (SFL), dimethyl
piperidone, 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP), 1-methyl-2-pyrrolidinone and
25 dimethylacetamide and the like. Polar nitrile-containing solvents, such as

acetonitrile, isobutylnitrile and the like, can be especially advantageous.

Moreover, whereas anhydrous ammonium fluoride is practically insoluble
in most organic solvents, in contradistinction, tetraalkylammonium fluoride salts,

30 such as for example tetramethylammmonium fluoride (TMAF), can be blended and



sol vent conpound that has at |east two sites capable of conplexing with
nmetal is enployed. Preferred as such corrosion inhibiting solvents are
conpoundswbaniongg99 15 two or nore sites capabl e of conpl exipag/usor/ki4as net al
and having one of the two follow ng general formulae: W(CR R2)n,-X-[(CR,
R2)n2-Y]z 20 or T-[(CR3R4)m Z]y where Wand Y are each independently
selected from=0, -OR -O0C(O-R 25 C(O) C(O) R -S -S(O) R, -SR
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6 when X is al kyl ene, cycl oal kyl ene or arylene; and z is an integer of
from0O to 5 when X is cycl oal kyl ene contai ning one or nore hetero atons 5
selected from0O, S, N and P atons or arylene containing one or nore hetero
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integer of froml'to corrosion inhibrting solventS nmay optionally
be presememployetie corrp05| t| ons of this invention

Preferred as such corrosion inhibiting solvents are compounds having
15 two or more sites capable of complexing with a metal and having one of the two

following general formulae:

W-(CR1R2)n-X-[(CR1R)nz- Y]

20 or
T-{(CRsR)m-Z],

where W and Y are each independently selected from =0, -OR, -O-C(O)-R,

25 -C(0O)-, -C(O)-R, -S, -S(0O)-R, -SR, -S-C(0)-R, -S(0)-R, -S(O),, -N, -NH-R,
-NRiR;, -N-C(O)-R, -NR;-C(O)-R;, -P(0), -P(O)-OR and -P(O)-(OR),; X is
alkylene, cycloalkylene or cycloalkylene containing one or more hetero atoms
selected from O, S, N and P atoms, and arylene or arylene containing one or
more hetero atoms selected from O, S, N and P atoms; each R, R, and R, are

30 each independently selected from hydrogen, alkyl, cycloalkyl or cycloalkyl

containing one or more hetero atoms selected from O, S, N and P atoms, and aryl



i n an anmount of from about O to about 80, preferably fromabout 0 to about
50, and nost preferably fromabout 5 to about 40% by weight. 15 In the
above defwoimioasss9 al kyl and al kyl ene are preferably of fr@orivsom2636 car bon
atonms, nore preferably of from1l to 3 carbon atons, cycloal kyl and

cycl oal kyl ene preferably contain from3 to 6 carbon atons, and aryl and
arylene preferably contain fromabout 3 to 14 carbon atons, nore
preferably fromabout 3 20 to 10 carbon atons. Al kyl is preferably nmet hyl ,
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usi ng ot her corrosion inhibiting conpounds, suc benzotri azole (BT), at
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corrosion can |’'eani ng conposi tions of I'nvention
wi t hout tlhbxbltn&ﬁsblf/mtssmayl opbomailsyl tomprefdmnbm thegcaroppsitions of Hm\mmnnonf
desi red such corr05| |nh|b|h|ng [of0) und tlonaII be present in
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aryl conpounds nt ai ni‘ng nor e where R is al kyl or
aryls such as for example, catechol, pyrogallol, resorcinol and the

In the above definitions alkyl and alkylene are preferably of from 1 to 6
carbon atoms, more preferably of from 1 to 3 carbon atoms, cycloalkyl and
cycloalkylene preferably contain from 3 to 6 carbon atoms, and aryl and arylene
preferably contain from about 3 to 14 carbon atoms, more preferably from about 3

20 to 10 carbon atoms. Alkyl is preferably methyl, ethyl or propyl; alkylene is
preferably methylene, ethylene or propylene; aryl is preferably phenyl; arylene is
preferebly phenylene; hetero-substiituted cycloalkyl is preferably dioxyl,

morpholinyl and pyrrolidinyl; and hetero-substituted aryl is preferably pyridinyl.

25 Some suitable examples are of such corrosion inhibiting solvents include,
for example, but are not limited to ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-
hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-propanol, 1-

30 amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide, N-(2-



i ke. Such other metal corrosion inhibiting conpounds may optionally be
present in an anount of from about O to about 40 % by wei ght. 15 The

cl eani ng worpsiskd ons may al so contain surfactants, such @sT/Ufsor2@3@npl e

di et hyl hexynol (Surfynol-61), et hoxyl ated tetranethyl decynedi ol

(Surfynol -465), polytetrafl uoroethyl ene cet oxypropyl betai ne (Zonyl FSK),
(Zonyl FSH) and the like. 20 Any suitable netal ion-free silicate nay be
used in the conpositions of the present invention. The silicates are

pr ef er abl RydiRrtesimesusccinimisie; ane 3-(igthylamino)- s demopanedialy aal kyl ammoni um
silicate (including hydroxy- and al koxy- containing al kyl groups generally
of from1 to 4 ciVivlerprevions attemptsstoaganyriol or inhibitkoetal ceroegiyn haveeinvolyed

pref erabl e al _iaqn-fr sil,jcate c onent .is. tetranmeth anmoni_um

Bl 1 ot e carih Portien s 2alor Kot BB Sfvsia nhiutnc, EMphyes, ALY 35

i nvent i ondmptritoREET)2bEFEIhtively fow BoncénEafbnd BE<aW N ReRiht TPhEs ®eehhe
followng materials in the highly al kaline cleaner. Suitable netal ion-free
mat ex i al sdiscovered tihatr ugerpectad, rajgnificant dmpsovemerieincteniradingaceppasl metali | i con

wafers, silicic aci collpidal sili.ca, funed siligca or apy other suitable
Form of Siartebisth & be prdiedhy The Seahifcamronisss obfils usBid WIBSILR, (ot e
such as sqEiddr FBERTolrosRhanABiting ConfRAingY! Hewe D! if dRepPEIRIEe EoffdSiont 0 t he
detrinmental effects of netallic Contam nation on integrated circuits. The

si | i cat esinhiifingecopnpasids May oplionadnbesresent in thexaleanigrronapositiopmaitiat 0 t o
10 wt. % f Ly f fror 0.1 to about. % 5
The conpobrtGne. drarmmils S Plned artsRra Mg isorsed L nawt o

sui @bl e @rinble BeALGtHAAGle 2ERNAFI E6mpoSHdRsoRtdiRiRg BaaRbie/Off ot DR dreaps!l ati on

to retain netals in solution and to enhance the dissolution of netallic
resi dues wheretiidés alkylar asyibsuchaas for exampiee catachg!, pyesallol resogeineirand thepe

S eSO A7 B il

of chel atamgmadirnéfram ebblt 6 & abdiit*0 BWyResightar € the fol | owi ng organic
acids and their isoners and salts:

15 The cleaning compositions may also contain surfactants, such as
for example dimethyl hexynol (Surfynol-61),ethoxylated tetramethyl decynediol
(Surfynol-465), polytetrafluoroethylene cetoxypropylbetaine (Zonyl FSK), (Zonyl
FSH) and the like.

20 Any suitable metal ion-free silicate may be used in the compositions of
the present invention. The silicates are preferably quaternary ammonium
silicates, such as tetraalkyl ammonium silicate (including hydroxy- and alkoxy-
containing alkyl groups generally of from 1 to 4 carbon atoms in the alkyl or
alkoxy group). The most preferable metal ion-free silicate component is

25 tetramethyl ammonium silicate. Other suitable metal ion-free silicate sources for
this invention may be generated in-situ by dissolving any one or more of the
following materials in the highly alkaline cleaner. Suitable metal ion-free materials
useful for generating silicates in the cleaner are solid silicon wafers, silicic acid,

colloidal silica, fumed silica or any other suitable form of silicon or silica. Metal



(ethylenedinitrilo)tetraacetic acid (EDTA), butyl enedi am netetraacetic
acid, (1,2- cyclohexylenedinitrilo)tetraacetic acid (CyDTA),

di et hyl erworosanispepent aaceti ¢ 15 aci d (DETPA), PCT/US02/21436

et hyl enedi am netetrapropionic acid, (hydroxyethyl)ethyl enediam netriacetic
acid (HEDTA), N,N,N ,N - ethyl enedi am netetra(nethyl enephosphoni c) acid
(EDTMP), triethyl enetetram nehexaacetic acid (TTHA),

1, 3-di am no- 2- hydr oxypropane- N,N, N ,N -tetraacetic acid (DHPTA),

met hyl i nigiicates el agspdium ongipgilisate feay Baiuset aut ase apt eecgpmended due

nitrol otrg t LG-acl d. | 4G AR . .G . ' Ok iCc id,
sacchari ctog@red%j&é'ﬁ)?/écrg?li %F[act?cﬂcf @%Qﬁffgdz&@?ﬂ*‘ﬁ%iﬁgﬁl'E%?‘ﬁd Jr:1'1a erc ngi d,
mandel i ¢ gilidales wadyope prezentlin theaionepasitich ins aswlhtoftom, abmait @abdio, wgal | i ¢
acid, propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine.

Pr ef er r ed’oc RESTEEDNY N Ay amosinh pEfram 3R Opbig AbeutsxWhis’esuch as EDTA, CyDTA
and am nophosphonic 25 acids such as EDTMP. The cl eani ng conpositions of
thissinvention containing the non- ammoni um produci ng, non-HF produci ng
salts can be fornulated i nto aqueous, sem -aqueous oOr organic

sol vent - based coffhescdmpusitionthef therpresamtiinuantion May\Wls® BedofbAiated with

PCT/ US02/ 214 roduci ng, non-HF producing salts can be used wi th an

sui tabl e %‘%‘E@g’f% r@%ﬁﬁﬂ@ﬁ@@%ng PRGNS e{BI '\?CEﬁ?éeg?herrﬁ%a%Wl QF the da'mwang J@%t S
resi st ant ; : m ' 3 Jidt gé hil es,
such as d}%@?ﬁb?%frf%é@ggﬁ%\?{s Engﬁrll?é;ﬁ{aeng%@%%@@%gl:n%géﬁlgfe [')I pesflaﬁone,
HEP, 1- netheylwafepysubstrate.ndihe a@hdlatingeapgrtamdlt agerdeally ded presenti ke.thBol ar
nitrile-containjng .solvents ch a cetonitrjle, .is Initrile and the
" | el R A Ao dom A00R i S Witk RiefeRBRE B A e

opt i onal | oMKk D PIEIRNE B! TYIEAIAANAGE B, I AGbHS R THRASC Of

i norgani c aci ds, hindered am nes, hindered al kano , and hi ndered
hydr oxyl gpanpese aseic thaasfdlowirgppogapicanacids and dhbier isamerssiand i salidi t or s.

S SR el LRSS R, A B ARSo RERE S565 6L, B
sacri fi cabyclohexylenedinitrilo)tetraacetic acid (CyDTA), diethylenetriaminepentaacetic
15 acid (DETPA), ethylenediaminetetrapropionic acid,
(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N,N,N’,N’-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), 1,3-diamino-2-hydroxypropane-
N,N,N’,N'-tetraacetic acid (DHPTA), methyliminodiacetic acid,
20 propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA), citric acid, tartaric
acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic
acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol, gallic acid,
propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine. Preferred chelating
agents are aminocarboxylic acids such as EDTA, CyDTA and aminophosphonic
25 acids such as EDTMP.

The cleaning compositions of this invention containing the non-
ammonium producing, non-HF producing salts can be formulated into aqueous,

semi-aqueous or organic solvent-based compositions. The non-ammonium



| i ght absorbing materials and anti-reflective coatings (ARC) from

substrates with porous or lowK or high-K dielectrics or copper

met al | i zawD®A/0065%9 The cl eani ng conpositions of this invenPCarusae/ki43e

generally conprise from about 0.05 to about 20 wt. % of the non-anmoni um

produci ng, non-HF producing fluoride salts; fromabout 5 to about 99.95
.% wat er or organic solvent or both water and organic solvent; from

about O to 80 wt.& corrosion inhibiti ng sol vent; from 20 about O tI 40 wt . %
steric hiPl@EreiRgaRPRrEY BrodscingniAltsrsancBe Msednyitl ary saablesstablglvents.t o 40

cor rosi orPeraay i GGT Rier et s NG rhiGntp Shond o B ag

W . % net ahot domtaifi uBkirslieted: Alcleophipeusuth asdinadthylt sulfokide (OMEOYosukfolane
25 In the foll ow rtions of this application the

hel at i
fol I 2‘5& 23(553& dimefpylopigergdene, éﬁ%‘?’o@gagtﬁw -Zzreyirgliginene Aad, ﬁ@ﬁ&yﬁ%&tamlde

t 1-
cormonen! g wReL ot Hexuakltd scleis! Sl b gion Bz ffie and
PCT/ US02/ thg4liée, dﬂbB@edes:aﬁcial'ly aivahtagedas. TEARe rdleamaglcﬂommosﬂionsmaysalsbol ane

DMPD=di net h peri done 5 TBAF=75%.t et y abut n| u fluaride
DVAC—di ne@m@naﬁx@paﬁ%e@mowmm S, Bretera rQRNIG O dRATGBEICY i ons

g‘; {/\2: W%\}ﬁ%ﬁlﬁﬁ?e gm éﬁ*%\ﬁbi %R%nél&r'n'ir%‘é‘, Yhd Eﬁ‘ﬁ'e?edl hydfoxjRRtifed, PARTS

such as triisopropylamine, and other corrosion inhibitors.
10

Thus, a wide range of processing/operating pH and temperatures can be
used to effectively remove and clean photoresist, plasma etch/ash residue, sacrifical
light absorbing materials and anti-reflective coatings (ARC) from substrates with

porous or low-k or high-k dielectrics or copper metallization.
15

The cleaning compositions of this invention will generally comprise from
about 0.05 to about 20 wt.% of the non-ammonium producing, non-HF producing
fluoride salts; from about 5 to about 99.95 wt.% water or organic solvent or both
water and organic solvent; from about 0 to 80 wt.& corrosion inhibiting solvent;from

20 about 0 to 40 wt.% steric hindered amines or alkanolamines and hydroxylamines;
about 0 to 40 wt.% organic or inorganic acids; and about 0 to 40 wt.% other metal
corrosion inhibitor compound; about 0 to 5 wt.% of a surfactant; 0 to 10 Wt.% metal
ion free silicate compound; and about 0 to 10 wt.% metal chelating agent.

25 In the following portions of this application the following abbreviations are
employed to designate the indicated components.
HEP=1-(2-hydroxyethyl)-2-pyrrolidinone
TMAF= 20% tetramethylammonium fluoride

BT=benzotriazole

- 10 -~



HEP 90 45 54 H20 16 15 15 TBAF 5.75 TMAF 15 Anhydrous TMAF 0.8 BT 0.11
0.4 DMSO 15 20 TEA 15 The interlayer dielectric (ILD) etch rates for
Conposi t iwo B/oods9Tabl e | agai nst various dielectrics werecansoyated by the
followi ng test procedure. 25 The filmthickness of the wafer pieces is
measured using a Rudol ph Interferoneter. The wafer pieces (with ILD
mat eri al deposited on silicon wafers) were immersed in the designated
cl eaning conpositions at the indicated tenperature for 30 m nutes,
fol  oned by DMaSFdineiyhsuiexidéni zed water and drying - 11 WO 03/ 006599
PCT/ US02/ 21 —p it.rogen flow stream The thickness was then neasured
again foll oﬁjwé}ﬂgh?lr%@ﬁ%ent and the etch rates were then cal cul ated
based on t hgrtksndslahe fil m thickness, which are produced by the indicated
treatnments. The results are set forth in Tables 2, 3 and 4. 5 TABLE 2
Di el ect ri cs DEIRD=diatetsyl pigeridoheat 45 C (30mi n) Conposition CDO Bl ack SILK
Coral FSG TECS FOx SiN Dianmond -16 B <1 <1 <1 <1 --- 3 <1 ---- 10 TABLE 3
Di elect ri cs TEAFE7584 &trabdfEnmmodiundfudride30m n) Conposition CDO Bl ack SiLK
Coral FSG TECS FOx- SiN

DMAc=dimethyl acetamide

NMP=N-methyl pyrrolidone

Examples of compositions of this invention are set forth in the following

Table 1.
10 TABLE 1
PARTS BY WEIGHT

COMPONENT COMPOSITION A B (o]
HEP 90 45 54
H.O 16 15

15 TBAF 5.75
TMAF 15
Anhydrous TMAF 0.8
BT 011 04
DMSO 15

20 TEA 15

The interlayer dielectric (ILD) etch rates for Composition B of Table 1

against various dielectrics were evaluated by the following test procedure.

25 The film thickness of the wafer pieces is measured using a Rudolph
Interferometer. The wafer pieces (with ILD material deposited on silicon wafers)
were immersed in the designated cleaning compositions at the indicated

temperature for 30 minutes, followed by rinsing with de-ionized water and drying

- 11 -



Diamond 16 B 2 6 <1 <1 <1 --- --- 3 15 TABLE 4 Dielectrics Etch rates
(AAmn) at 65 C (30m n) Conposition CDO Black SiLK Coral FSG TECS FOx- Si N
D anond 1w0o0B/026538 5 1 <1 1 --- 2 20 In Tables 2, 3, and #crhsogdeeBectric
are as follows. CDO=carbon doped oxi de; Black D anondTM=brand of carbon
doped oxi de; SiLKTM-=organic polymner; Coral TM=brand of carbon doped oxi de;
25 FSG=fluorinated silicate glass; TECS=tetraethylorthosilicate; Fox-16
TMef | owabl e oxide (HSQ type); and SiN=silicon nitride. - 12 WO 03/ 006599
PCT/ US02/ YndesdnitragRn flowistigany thethickness wasstheatraeasiged,again folewing

conpat i bi ity eﬁ?gﬂaﬁl’?@le{ct% s @@ﬁfh’eﬁe&aﬁbtﬁ&%ﬁsrﬁm@(J?\'alnHEXn fmt he
conposi tions of thrs ~invention. e copper and allum num et ch rates for
cl eani ng hiuKpess twioich apé prdducedi byibitindivatedetrattments.r Fhe desuitstare setch rate
data in the following Tables 5 and 6. The etch rate was determ ned

uti i zi ngorthdnfl@blesend andA- procedure. 10 Pieces of al um num or copper

f oi I50f approximately 13 x 50 mmwere enployed. The wei ght of the foil

pi eces was neasured. After cleaning the foil pieces with 2-propanol,
distilled water and acetone and t hFABILE 2pi eces are dried in a drying

oven. The cl eaned, drjed foil i eces re then_placed in | oosely capped
Diefactrics Eteh rates (A/min) at 455C (20min) y capp

Composition | CDO | Black SiLK | Coral |FSG | TEOS | FOx | SiN
Diamond -16
B <1 <1 <1 <1 3 <1 —
10
TABLE 3
Dielectrics Etch rates (A/min) at 55 °C (30min)
Composition | CDO | Black SiLK | Coral | FSG | TEOS | FOx- | SiN
Diamond 16
B 2 6 <1 <1 <1 - - 3
15
TABLE 4
Dielectrics Etch rates (A/min) at 65 °C (30min)
Composition | CDO | Black SiLK | Coral | FSG | TEOS | FOx- | SiN
Diamond 16
B 2 13 5 1 <1 1 - 2
20 In Tables 2, 3, and 4 the dielectric are as follows.

CDO=carbon doped oxide;
Black Diamond™=brand of carbon doped oxide;
SiLK™=organic polymer;
Coral™=brand of carbon doped oxide;

25 FSG=fluorinated silicate glass;
TEOS=tetraethylorthosilicate;
Fox-16™=flowable oxide (HSQ type); and

SiN=silicon nitride.

- 12 -



bottl es of preheated cl eaning conpositions of the invention and placed in a
15 vacuum oven for a period of fromtw to twenty-four hours at the

I ndi cat edwotsmpevat ure. Fol l owi ng treatment and renoval fromusez2omsen and
bottles, the <cleaned foils were rinsed with copious anounts of distilled
water and dried in a drying oven for about 1 hour and then permtted to
cool to roomtenperature, and then the etch rate determ ned based on

wei ght | oss or weight change. 20 TABLE 5 Parts by Weight of Cu Etch Rate Al
Etch Rate Conposition Conponents (A/hour) at 45 C ( (A/hour) at 45 C 24

hour test) 24 how, .t . 10: 40: 4 09 - SFh-T 4R 10 <10
4. 200 2097 MAF- sghfaD@tc&”i@Ozf‘é‘%fég‘i%qg&é%gg t?éf%ﬁ&ﬁ%égﬁﬁhgs& 100
2090 VAF- Didrhbareti3to \Wek O 40RO PBETAIUSORYpaTiBEY of GhdOcaMpeiiods 36 this

209 MAF- SFL- TEA 10: 30 20 <10 6, 100 20%MAF- NMP- H20 90: 15. 9: 0. 11: 5. 7 <10

600 HEP-IPPeNYON. 7506 TBAF 90: 15.9: 0. 11: 7. 54 <10 1,000 HEP- H20- BT- 20% TMAF
90: 155 9:7.54 <10 800

The copper and aluminum etch rates for cleaning compositions of this
invention are demonstrated by the etch rate data in the following Tables 5 and 6.

The etch rate was determined utilizing the following test procedure.

10 Pieces of aluminum or copper 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
bottles of preheated cleaning compositions of the invention and placed in a

15 vacuum oven for a period of from two to twenty-four hours at the indicated
temperature. Following treatment and removal from the oven and bottles, the
cleaned foils were rinsed with copious amounts of distilled 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.

20

TABLE 5

Parts by Weight of Cu Etch Rate Al Etch Rate
Composition Components (A/hour) at 45 °C ( | (A/hour) at 45 °C (

24 hour test) 24 hour test)
10:40:10 46 8,100
20%TMAF-SFL-TEA
10:40:10 <10 4,200
20%TMAF-SFL-DMAc
10:40:10 15 2,800
20%TMAF-SFL-HEP
10:50 <10 8,100
20%TMAF-DMPD

- 13 -



HEP- H2O- 20% TMAF TABLE 6 Parts by Weight of Cu Etch Rate Al Etch Rate
Conposi tion Conponents (A/hour) at 45 C (A/hour) at 45 C 24 hour test) 24

hour testwoll/08d39%<10 4,500 20% MAF-
10: 50 <10 1,200 20% MAF-HEP 10:50 <10 5,700 20%MAF-DMAc 10: 50 <10

anol

H20 10: 50 <10 1, 000

2,600 20%MAF-SFL 10:50 <10 3,600 20% MAF-DMSO 10: 50 <10 5, 700
20%MAF- NMP Enpl oyi ng the sane procedure the copper etch rate for a

conposition
correspondin
in place of |

310@@:

kfbsi tion in whi

R6% TiMAF e8Fet-A¥Aamoni um

s of this invention was conpared to the copper etch

ch arf®ni um fl uori ¢&.3

PROAGRVIXEH3R -

ro

rate of a
TRWMF) was ﬁ}ployed
fluoride conpoment of the composition

of the invent
presented in

14 WO 03/00

HEP-H,O-BT-75% TBAF

HOI80:Ahe copper etch ratdd of the two|Gonydpsitions ane
PORTMAF-NIAPTARDE 7 Parts by Weight of |H 10% Cu etch rnate -
6989 580/ 77 21436 Conpaggt 1 on aqueous pop/N hour) at 65 C

90:15.9:0.11:7.54 <10 1,000
HEP-H,0-BT-20% TMAF
90:15.9:7.54 <10 800
HEP-H,0-20% TMAF
TABLE 6
Parts by Weight of Cu Etch Rate Al Etch Rate
Composition Components | (A/hour) at 45 °C | (A/hour) at 45 °C
( 24 hour test) ( 24 hour test)
10:50 <10 4,500
20%TMAF- H,0
10:50 <10 1,000
20%TMAE- (2-propanol)
10:50 <10 1,200
20%TMAF-HEP
10:50 <10 5,700
20%TMAF-DMACc
10:50 <10 2,600
20%TMAF-SFL
10:50 <10 3,600
20%TMAF-DMSO
10:50 <10 5,700
20%TMAF-NMP

Employing the same procedure the copper etch rate for a composition

of this invention was compared to the copper etch rate of a corresponding

composition in which ammonium fluoride (NH4F) was employed in place of the

tetramethylammonium fluoride component of the composition of the invention. The

copper etch rates of the two compositions are presented in TABLE 7.

10

TABLE 7

| Parts by Weight of

| pH (10%

| Cu etch rate

_14_



Conmponents 24 hour test) 60:40:5 5.1 460 DMAc- H20-40% NH4F 60: 40:10 4.8
<10 DMAc-H20-20% TMAF The foll owi ng exanpl e denonstrates the superior
conpat i biwptog/oad59¢ he non-anmoni um quat ernary amoni um f IPaarisde2saé t s of
this invention, e.g. TMAF, in conparison to the ammoni um based fl uoride
salts, e.g. anmmonium fluoride 5 (NH4F), wth sensitive |ow x dielectrics,
such as hydrogen sil sesqui oxane (HSQ type FOx-15 TM | owabl e oxi de. The

test procedureis—as follows \Afer sanpo@s_wal_ed_w_th dielectric filns
wer e i mer sed GaMROSH@Met i cal | y| 30uequsy \WwétVherematlh °C ol ution (stirring
rate 300r pm) | Gashp@verds by i sopr ppanol and2ditstiritésty wat ér rinses. The
sanpl es were|6ef0:8ried with a pbilrogen $¥66am before IR anal ysis 10
Transm tt ance DNRAGRECI-40%NRHEF opt ai ned wijth a Nicolet 740 FTIR

spectromet er %@54@1@ deuterat ed| grg gl yCi $Q1§ul Tatg (DI(JD)SZdet ector. Spectra
were acquire A sHY, ution and averaged over scans. Fouri er
Transform | i r%é?zmg&%-r@%‘f? sts—provides—a—way—of—nonitoring the
structural changes of HSQ 15 dielectrics. The infrared absorption band
assi gnnent s of t yipietaliowippediahfisle deRorktrates ReSuperibptdMpatibitydfapaent s of
| nfrared Absorption Bands of Q Dielectric Absorption kFrequencies (cm 1)
Band AssiRRTBAIMONIZBL qgptemayramatenium fgoride salts sf 8@ wvestiente;a. THAG, 875

H Si - O hybrid vi brati(% 20 The cgnte ti of . Si -H bonds _in HSngi I.éns can be
det er mi neld GAPIHELLIP; ﬁ‘a aHaowEgk srehlugfidesgalts, &8s STYPPBITH A%t 2, 250
cm's  The(NIsF)Olith seASitivé\RvLR/ (IBIBBRIRs REadh EDRYdrbEeR silsesquioxane (HSQ)

type FOx-15™ flowable oxide. The test procedure is as follows. Wafer sampoles

coated with dielectric films were immersed in a magnetically stirred wet chemical
solution (stirring rate 300rpm), followed by isopropanol and distilled water rinses.
The samples were then dried with a nitrogen stream before IR analysis

10

Transmittance IR spectra were obtained with a Nicolet 740 FTIR
spectrometer using a deuterated triglycine sulfate (DTGS) detector. Spectra were
acquired with 4 cm™ resolution and averaged over 32 scans.Fourier Transform
Infrared (FTIR) analysis provides a way of monitoring the structural changes of HSQ

15 dielectrics. The infrared absorption band assignments of typical deposited HSQ

films are as follows.

Assignments of Infrared Absorption Bands of HSQ Dielectric

Absorption Frequencies (cm™) Band Assignment

2,250 Si-H Stretch
1,060-1,150 Si-O-Si Stretch
830-875 H-Si-O hybrid vibration

20
The content of Si-H bonds in HSQ films can be determined by

measuring the peak areas of Si-H absorption bands at 2,250 cm™. The use of

- 15 -



the silicon wafer's inherent absorption at 650-525 cm' (fromSi-Si lattice
bonds and Si-Cinpurities) as the internal standard/reference resulted in
guant i t atwoaslbss9anal yses with good precision (relative stramdsoz2zdesi ati on:
2-5 % . s For Black Dianond dielectric use the followng IR bands: Si-H
band at 2,100 - 2,300 cm'; Si-CH3: band at 1,245 -1,300 cm'* The results
are set forth in Tables 8 and 9. 10 TABLE 8 Corrpatibility wth FOx-15 HSQ

type low K dielectrics Process Conditions; Parts % Si - H Renai ni ng %
Fi | m Thi cgesiiconwaaiis ishemntahsorrtion af 620- Siﬁe@nne(?ﬁm - Shdaticaibendsr t er

EP, oo NS TS SR the AERISndintirefendisiretyfeq 17 phipltghyq 1R
HEP- H2O- Tty &5 willsGood pmeibion (relaff StaAAArE. deiRlich: TS PEP- H2O- TBAF- BT- 65C,

15m 84 93 90:14.5:1.52:0.11 HEP- H20 TMAF-BT 65C, 15m 81 89
90: 6: 1. 42.0 11 HEP-H20 TMAF-BT Oiginal filmthickness: 4,500 A

5 For Black Diamond dielectric use the following IR bands:
Si-H: band at 2,100 — 2,300 cm™;
Si-CHj: band at 1,245 —1,300 cm™

The results are set forth in Tables 8 and 9.
10
TABLE 8
Compatibility with FOx-15 HSQ type low-« dielectrics

Process Conditions; Parts by | % Si-H Remaining % Film Thickness

Weight of Composition after Treatment (by | Remaining after
Components FTIR measurement) | treatment

65°C, 15m; <9 0
90:17:0.6:0.11

HEP-H,O-NH,F-BT

(Comparative)

65°C, 15m; 91+1 98

90:17:4.28:0.11
HEP-H,O-TBAF-BT
75°C, 15m 855+ 1 96
90:17:4:28:0.11
HEP-H,O-TBAF-BT-
65°C, 15m; 84 +2 93
90:14.5:1.52:0.11 HEP-H,O-
TMAF-BT

65°C, 15m; 81 89
90:6:1.42:0.11 HEP-H,O-
TMAF-BT

Original film thickness: 4,500 A.

15

TABLE 9
Compatibility with Black Diamond Low-k Dielectrics
Process Conditions; | % Si-H % Si-CH,4 % Film

Parts by Weight of Remaining Remaining Thickness
Composition after after Remaining after

- 16 -



15 TABLE 9 Conpatibility wth Black D anond LowY, Dielectrics Process
Conditions; %Si-H %Si-CH3 %Film Parts by Wight of Remaini ng Renmai ning
Thi cknesswo@onpsssd ti on after after Renmaining after - 16 \WOTABODBGSO9

PCT/ US02/ 21436 Conponents Treatnent (by Treatnent (by treatnent FTIR FTIR
measur enent) neasurenent) 650C, 15min; 91 +2 101+1 99 1 90:17:4.28:0.11 H
EP- H2O TBAF- BT 75C, 15min; 88 5 96 2 96 1 90:17:4.28:0.11 H

Fi |l m Thi ckness:

EP- H2O TBAE-BT_(xi gi nal 5,400 A The cleaning capahility of
conposi t i gnSomponants i nvent i| Freatnrenar(dy [t Treatrhentc (mantregtraemabi | ity of a
commerci ally avail abl e cl eanFi¢Rconposi t|ilFARATM 5| ST-250) is illjustrated
in the folll owing tests in wWhntdasaremeni)glmeas@enierg) fucture that cqnprised
a waf er of [ &dw T igWw ng Vi aggirpcture, ngpely pTECS/ggral TM carbgn doped
oxi de/ Si N/ |(gp5.qh/sbdh Gy, was |i'mTersed in [cl eaning sol ytions for the
i ndi cat ed |t epper af U me, were then water rinsed, dried and tlhen the
cleaning d ) | nspection The results ate set forth ig Table
10. 10 TABLED 1Bgbess Con@BBiod and O |Hhi@g Perf of REnide Substr atle
Conpat i bi | i 99:173c20si1t i on 45C, 1 min 1J0% C ean; Repoved all 100%
conpati bl ef MEPAH-TBAF-BT
Original Film Thickness: 5,400 A.
The cleaning capability of compositions of this invention compared to
the cleaning capability of a commercially available cleaning composition (ATMI
5 ST-250) is illustrated in the following tests in which a microelectronic structure
that comprised a wafer of the following via structure, namely pTEOS/Coral™
carbon doped oxide/SiN/Coral/SiN/Cu, was immersed in cleaning solutions for the
indicated temperature and time, were then water rinsed, dried and then the
cleaning determined by SEM inspection. The results are set forth in Table 10.
10
TABLE 10
Process Condition and | Cleaning Performance Substrate Compatibility
Composition
45°C, 1min 100% Clean; Removed all | 100% compatible with Cu
Composition B of the residues metal, dielectrics and etch
Table 1 stop/barrier layers.
65°C, 4min 100% Clean; Removed all | 100% compatible with Cu
Composition B of the residues metal, dielectrics and etch
Table 1 stop/barrier layers.
65°C, 20min Not compatible; Severe
ATMI ST-250 attack and remove all the
(a NH,F based SiN layers.
cleaner)

15

With the foregoing description of the invention, those skilled in the art

will appreciate that modifications may be made to the invention without departing

from the spirit and scope of thereof. Therefore, it is not intended that the scope of

the invention be limited to the specific embodiments illustrated and described.
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Conmposition B of the residues netal, dielectrics and etch Table 1
stop/barrier layers. 65C, 4m n 100% C ean; Renoved all 100% conpatible with
Cu ConpowiotozoncsB of the residues netal, dielectrics and ecalusoFabbe 1
stop/ barrier layers. 65C, 20m n Not conpatible; Severe ATM ST-250 attack
and renove all the (a NH4F based SiN | ayers. cleaner) Wth the foregoing
description of the invention, those skilled in the art w /| appreciate
that nodifications may be nade to the invention w thout departing 15 from
t he spil Glaimind scope of thereof. Therefore, it is not intended that the
scope of the invention be I[imted to the specific enbodinents illustrated
and described. - 17 WO 03/006599 PCT/US02/21436 | Claim 1. A cleaning
conposift i on A gleakingyunitbsiticH e R inicréslestroaicesibeRdigsthaling gaiehst one of
a porous dielectric, a IoWK or high-K dielectric and copper 5

net al | i zat | @F€ of & ROrOLE siflaefrie oafaysiktardrighrerdielpsiriggnd ¢apesbout 0. 05 to 20%

by wei ght of . - mon| o J. . hon- HF producing fluoride
salt? from gﬁ%ﬁ&%@ﬂfﬁ%ﬁ@%@%@%#n@%ﬂﬂgtﬁm ater, organic solvent or

both water and ofigaiiabogd. 08N 20%0bY Weigrtlud wnebrimorbroi-affifomiymrei ght of a
metal corrosion inhibiting solvent; fromabout O to 40% by weight a steric

hi nder ed aniPfedusing,a1qtehbi Rirdweng flurdesallit 0 to 40% by weight of an
organic or 1nor g?lrrﬁql? 8?{3%1?5 toé%p%@%@d%l%%y Relght SPWLRY, BRJHY s@leftbrot her

nmet al corrosion
both water and organic solvent;

10 from about 0 to about 80% by weight of a metal corrosion inhibiting
solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
from about 0 to 40% by weight of an organic or inorganic acid;
15 from about 0 to 40% by weight of an other metal corrosion inhibitor
compound;
from about 0 to 5% by weight of a surfactant;
from about 0 to 10% by weight of a metal ion free silicate compound;
and

20 from about 0 to 5% by weight of a metal chelating agent.

2. A cleaning composition of claim 1 wherein the fluoride salt is a

tetraaalkylammonium fluoride.
25 3. A cleaning composition of claim 2 wherein the tetraalkylammonium fluoride
salt is a compound of the formula
(R)4N'F

wherein each R is independently a substituted or unsubstituted alky! group.

30 4. A cleaning composition of claim 3 wherein R is an alkyl group containing 1 to
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fromabout O to 5% by weight of a surfactant; fromabout O to 10% by wei ght
of a netal ion free silicate conpound; and 20 fromabout 0 to 5% by wei ght
of a net awoabmb@bd ng agent. 2. A cl eaning conposition of peitaisor/ii4eber ei n
the fluoride salt is a tetraaal kyl anmoni um fluoride. 25 3. A cleaning
conposition of claim2 wherein the tetraal kylammoniumfluoride salt is a
conpound of the formula (R4 NWF. wherein each R is independently a
substituted or unsubstituted al kyl group. 30 4. A cleaning conposition of
cl ai m 3 whel22icarpon @tams.al kyl group containing 1 to - 18 WD 03/006599
PCT/ US02/ 21436 22 carbon atonms. 5. A cleaning conposition of claim4
wherein Ris an al kyl group of froml to 6 carbon atons. 5 6. A cleaning

conposigt i on po¢leahightdmpbatieh bf thmf4 wiiersif R34 anCAIRWArdra@p of from 1to 6
tetrabutyl ammoni umTluoride. 7. A cleaning conposition of Claim1l wherein

t he corrosi earbamhatems.ng sol vent 10 conprises a conpound sel ected fromthe
formulae: W(CR R2)n,-X-[(CR, R2),2-Y]Z 15 or T-[(CR3R4) m Z]y where W and
Y ar® each i ndependently selected fromthe group consisting of 20 =0, -OR,
-0 0 R AC(ERaning C&hpbsitio: of Y4l B witdeinr $hé( Momde -sAtOBAMprisesS( O) 2,
-N, -NHR -NRR2, “NC(O-R -NR-C(O-R2, -P(O, -P(O-OR and

-P(O) - (OR) 2tetrabulylemreenivm flyasidie: he group consisting of al kyl ene,
cycl oal kyl ene or cycl oal kyl ene containing one or nore hetero atons
selected fromO, S, N and P atons, and aryl ene or aryl ene containing one

or nor g, het & eledniig composition of Claim 1 wherein the corrosion inhibiting solvent

10 comprises a compound selected from the formulae:

W-(CRR2)n-X-[(CRiR2)nz-Y1,

15 or
T-[(CRaRs)m-Z]y

where W and Y are each independently selected from the group consisting of
20 =0, -OR, -0-C(O)-R, -C(0)-, -C(O)-R, -S, -S(O)-R, -SR, -S-C(0)-R, -S(0),-R,
-S(0),, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(0)-R;, -P(0O), -P(O)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more hetero atoms
25 selected from O, S, N and P atoms; each R, R, and R; are each independently
selected from the group consisting of hydrogen, alkyl, cycloalkyl or cycloalkyl
containing one or more hetero atoms selected from O, S, N and P atoms, and
aryl or aryl containing one or more hetero atoms selected from O, S, N and P
atoms; each of n1 and n2 is independently an integer of from 0 to 6; and z is
30 an integer of from 1 to 6 when X is alkylene, cycloalkylene or arylene; and z is
an integer of from O to 5 when X is cycloalkylene containing one or more

hetero atoms selected from O, S, N and P atoms or arylene containing one or
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25 selected fromO, S, N and P atons; each R R and R2 are each

i ndependently selected fromthe group consisting of hydrogen, alkyl,

cycl oal kyWwoas/oesse® oal kyl contai ning one or nore hetero atremseskres ed from
0, S, Nand P atons, and aryl or aryl containing one or nore hetero atons
selected fromO, S, Nand P atons; each of nl and n2 is independently an
integer of fromO to 6; and z is 30 an integer of froml to 6 when X is

al kyl ene, cycl oal kyl ene or arylene; and z is an integer of fromO to 5
when X i s cyworediaigiccateomoseladtedferoke SrNm@ndP atemsr b inselestesiremttbg from

0, S Nand P or arylene c | nbng . 9 /

pcr o) 01858 REBuSing Bl ol o) 2124 Bhishles fr%’}‘ X C%?](%%@BQT is
sel ected frem ffiRogeh OUDREONN{RY], "andf-SRY; eash ofN RNR; BndZR;sareleaehed
fromthe group consisting of hydrogen, -OR5, -N(R5)2, and -SR5; each of

R3, R4 and Mslependentiy selesteshicpmdhe gjourrensisting ebidrageryraigd, evstealkyli ng of

ot sl ec b BubHng s EHfioBheitle ARIDE sBleBRntD, B ARE' O C

or nore het ¢r gtoph®Nand ahye oF eflyifdoprainidg dne OF Aitile Metdronmonts ssleetedifrérager of
fromO to 6 and y is an integer of from to 6. io 8. A cleaning

1
conposi t i on @fS.dN&neh 7 algres.anris 2n integer ef fram ¢ &m 6Endry ishan inegewsoffrRm al kyl
group has fr1otron61 to 6 carbon atons and the aryl group has from3 to 14
carbon atons. 9. A cleaning conposition of Caim7 wherein the corrosion
inhibiting solvent is 15 selected fromthe group consisting of ethylene
gl ycol, diethylene glycol, glycerol di et hyl ene gl ycol _di net hyl et her,
nondet Banol An¢lganingiCefPRstPaef féaim thé'fer'fthhﬁtﬁeﬂ@Pon of R through'Rsthe
N, N- di et hyl j = (n2< -2 b ol Gl
3 (2 hydr oxs SO R RSt m o etbh BRI SR Ink arypLBak o 3964, .
propanol , l-cardgroatdmat opanol, 2-(2-am noet hoxy)-ethanol, N-(2-hydroxyethyl)
20 acetam de, N (2-hydroxyethyl) succinimde and

3-(diethylam no)-1, 2-propanediol . 10. A cleaning conposition of claim1l
oF Bk v K R B RGh SRI3MR wrEh e LoHosR MRslrg BosgNek™
15 selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,

diethylene glycol dimethyl ether, monoethanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
4-(2-hydroxyethyl)morpholine,  2-(methylamino)ethanol, 2-amino-2-methyl-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)

20 acetamide, N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

10. A cleaning composition of claim 1 comprising water or an organic solvent
selected from the group consisting of dimethyl sulfoxide, sulfolane, and dimethyl

piperidone.
25

11. A cleaning composition of claim 1 comprising an anhydrous composition of

tetrabutylammonium fluoride and 1-(2-hydroxyethyl)-2-pyrrolidinone.

12. A cleaning composition of claim 1 comprising tetrabutylammoniun fluoride
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pi peridone. 25 11. A cleaning conposition of claim1 conprising an
anhydrous conposition of tetrabutyl amoni umfluoride and 1-(2-hyd

roxyet hylwo3pyesewl id in one. 12. A cleani ng conpositi onPeffl/tSoz¥Bd
conprising tetrabutyl ammoniun fluoride - 20 WO 03/006599 PCT/US02/ 21436
di met hyl sul foxi de,, 1-(2-hydroxyethyl)-2-pyrrolidinone, water,

triethanol am ne and benzotriazole. 13. A process for cleaning photoresist
or plasma etch or ash residue froma 5 mnicroelectronic substrate having at
| east one ofdimetit ozufoidel, e dt(Riydraxyethwb2-pysrolidisiogr. kvateb &iathanolamimecopper
metallizatiaq Ss conprising contacting the substrate with a

cl eaning co gsé%?c?ﬁ#@@'a time sufficient to clean the photoresist and

pl asma ash residue fromthe substrate, wherein the cleaning conposition
conprises: 10 from about 0.05 to 20% by wei ght of one or nore non-anmoni um

produci ng, non-HF praqoducing fluorjide salt; fromabout 5 to about 99.95% by
wei ght 1&9 wefd rOCeISy RN £leabinge Rholgresigoph Plganes alety 4y gahni esslveyBAm & r om

about 0 to 0 i ; i i ahg i L sql vent ;
fromE about 89%6 ej,%@)ﬁ?%y \?\%ﬁg é ggg%ngr%{ggﬁ%tn% éﬁaa%? %gglg’;&é(gilﬁgaml) am ﬁje;
from about igl4ietlyic srdgiuppef metallizagen; thegrocess gamprisiag contactingptheabout

0 to 40% by wei %ht of an other metal  corrosion iphibito 28 c n’Pound; from
about 0 to sushgtewithacleaning campoesitioner atimesufident to C[E@”l %03?9 Qfesight of

a metal ion Jrfoeﬁlggiéiﬁit £§H FeiQIBP RYRAhe SILIES ARG tHe EiBariry Bonsisiiyn of a

metal chel ating
comprises:

10 from about 0.05 to 20% by weight of one or more non-ammonium
producing, non-HF producing fluoride salt;
from about 5 to about 99.95% by weight of water, organic solvent or
both water and organic solvent;
from about 0 to about 80% by weight of a metal corrosion inhibiting
15 solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
from about 0 to 40% by weight of an organic or inorganic acid,;
from about 0 to 40% by weight of an other metal corrosion inhibitor
20 compound;
from about 0 to 5 % by weight of a surfactant;
from about 0 to 10% by weight of a metal ion free silicate compound;
and

from about 0 to 5% by weight of a metal chelating agent.

25
14. A process of claim 13 wherein the fluoride salt is a tetraalkylammonium
fluoride.
15. A process of claim 14 wherein the tetraalkylammonium fluoride salt is a
30 compound of the formula
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25 14. A process of claim 13 wherein the fluoride salt is a

tetraal kyl anmoni um fluoride. 15. A process of claim 14 wherein the

t et r aal kywermmodsam f |l uoride salt is a 30 compound of thePCaruso/ai4z6 21 WO
03/ 006599 PCT/ US02/ 21436 (R)4 N F wherein each Ris independently a
substituted or unsubstituted al kyl group. 16. A process of claim15
wherein Ris an al kyl group containing 1 to 22 carbon 5 atons. 17. A
process of claim16 wherein Ris an alkyl group of from1l to 6 carbon
atoms. 18. A process of claim 17 vifO«Nim the fluoride salt conprises

tetrabutyl a I Opf.Luor i f L | the
corrosion i W‘%{emﬁé@& '%E’?{{epgg%&&3?uggﬁggﬁ%ﬁ%%sqsbg'g]é%ggY@féanL{bhe
formulae: 15 W(CR, R2)n,-X-[(CR, R2)n2-Y]z or T-[(CRBR4)mZ]y 20 where W
and Y are each independently selected fromthe group consisting of =0

"R, - 365 OA Rrocessy. Glainp By whereisR sSroplkel g, coatnitg THO 22Cae
-S(0 2, -N, a'twsR’ -NRR2, -NC(O-R -NR-C(O-R, -P(O, -P(O-OR and 25
-P(O-(OR) 2; § selected fromthe group consisting of alkylene,
cycl oal kyl ene or cycl oal kyl ene contai ning one or nore hetero atons sel ected
fromO, S, Nand P atons, and arylene or arylene containing one or nore

het er o Ht-ons” PEAGESE & Clain whereinRaisanralkylaraup @4 fRnR] tRE Garomatere each
i ndependently selected fromthe group consisting of hydrogen, alkyl,

cycl oal kyl 30 or cycl oal kyl containing one or nore hetero atons sel ected
from 0,185, M prstess of claim 17 wherein the fluoride salt comprises tetrabutylammonium

10 fluoride.

19. A process of Claim 13 wherein the corrosion inhibiting solvent comprises a

compound selected from the formulae:

15
W-(CRRz)n-X-[(CR1R2)2-Y],
or
T-[(CRsR4)m-Z]y
20
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(O)-R, -C(0)-, -C(O)-R, -S, -S(O)-R, -SR, -S-C(O)-R, -S(0),-R,
-S(0),, -N, -NH-R, -NR;R;, -N-C(0)-R, -NR-C(0)-R,, -P(0O), -P(O)-OR and
25 -P(0)-(OR),; X is selected from the group consisting of alkylene,
cycloalkylene or cycloalkylene containing one or more hetero atoms selected
from O, S, N and P atoms, and arylene or arylene containing one or more
hetero atoms selected from O, S, N and P atoms; each R, R,and R, are each
independently selected from the group consisting of hydrogen, alkyl, cycloalkyl
30 or cycloalkyl containing one or more hetero atoms selected from O, S, N and
P atoms, and aryl or aryl containing one or more hetero atoms selected from

0, S, N and P atoms; each of n1 and n2 is independently an integer of from 0O
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P atons, and aryl or aryl containing one or nore hetero atons selected from
0, S, Nand P atons; each of nl and n2 is independently an integer of from
0 - 22 WO0BBIBI6599 PCT/ US02/ 21436 to 6; and z is an i mcegsn2/oi3d rom 1
to 6 when X is al kyl ene, cycl oal kyl ene or arylene; and z is an integer of
fromO to 5 when X is cycl oal kyl ene containing one or nore hetero atons
selected fromO, S, N and P atons or arylene containing one or nore hetero
atons selected from0O, S, Nand P atons; T is 5 selected fromthe group
consi sting ofo 6;@ndSis arNindeger-ab:from i1do Sawvben &dstallienacyclpaliinena®isi st i ng

of hydrogen, -0OR5, -N(R5)2,. and_ - : c . re. h
i nde%endgnt I ?W@eeé{‘g 'Fl)‘a(?rf{‘fl ’8?&38‘ @g%glvgriqrﬁ% '%&ﬂ%?xggﬁ“%ﬁ?ﬁﬁ@
cycl oal Kyl opné& BE hidré eters Gtdmk Heldtted fof 08! Rl &ied Pratomisdrtargiehect ed from
O, S, Nand P atons, and aryl or aryl containing one or nore hetero atons

10 sel ect ed ¢omaining @e v made hetgroratommsetecied fraiege S, O and Bratomsp TéSand y

' i nt ff 1.t0 6. 20 ' j o ineih
et 1A 11 on' arorRPelfistiiebRubodiy ol oEs S, ALai 56T 7 sPREIE Bk b or
and the aryl g@upudndRting'd?Fydrdgen] AORE!-NER; ) a1E-SR,} 2adh of R,PRP@AE R:Of

Cl aim 18 wherein the corrosion inhibiting solvent is selected from the
group consi s@iengackfindepgndsndlygigjedied fr@rreamar@#i@ agngisting of hydeagsn, alkyl,

di et hyl ene I ' - Lne, ...diet )

triet Kanol arﬁ%ﬁci&ﬂkyl(Igﬂrr%g%@élWﬁéﬁh%ﬁ)gﬁghgm%?‘?t‘%?aa tﬁ@%y%{e??? ?[ﬁg)(/)r’r ol id

i none, 4-(2S2N dngiPaxoreshand Bpy phahyl kentathitgenedranbreohetehaatims

2- am no- 2- net hyl - 1- propanol , 1-am no-2-propanol , .

2- (2%ami noet $RIRGIEddtamLdI S, Niapd-MatanesiyBihian yntgees ahfre Oto 6 and y is an

N- ( 2- hydr Oxy%;%r@?%nﬁ?i‘l%@ de and 3-(diethylam no)-1, 2-propanediol. 22. A
|

process of c! erern’'the solvent conprises water or an organic
solvent 25 selected fromthe group consisting of dinmethyl sulfoxide,

sul f ol ane, and di neth eridgone. 23. A process of claim 13 wherein the

o
cl eani néoconﬁdﬁ’?@%@fw{' Sdrecain i hpaiegnison o RibeauiahdRs the alkyl group
tetrabutyl angRot U § {8 ELBRNHE hd thY R &Y NS fidm 3 to 14 carbon atoms.

15

21. A process of Claim 18 wherein the corrosion inhibiting solvent is selected from

the group consisting of ethylene glycol, diethylene glycol, glycerol, diethylene

glycol dimethyl ether, monoethanolamine, diethanolamine, triethanolamine, N,N-
dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-

20 hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-propanol,
1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide,

N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

22. A process of claim 13 wherein the solvent comprises water or an organic solvent
25 selected from the group consisting of dimethyl sulfoxide, sulfolane, and dimethyl

piperidone.

23. A process of claim 13 wherein the cleaning composition comprises an anhydrous

composition of tetrabutylammonium fluoride and 1-(2-hydroxyethyl)-2-
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- 23 WD 03/006599 PCT/US02/ 21436 pyrrolidinone. 24. A process of claim 13
wherein the cl eaning conposition conprises tetrabutylammoniun fluoride

di mret hyl wolBosésde, 1-(2-hydroxyethyl)-2- 5 pyrrolidi nonepPonaiser/21436

tri et hanol am ne and benzotri azole. 25. A process of claim 13 wherein the
copper netallization conprises an essentially pure copper netallization of
the substrate. 10 24

pyrrolidinone.

24, A process of claim 13 wherein the cleaning composition comprises
tetrabutylammoniun  fluoride  dimethyl  sulfoxide, 1-(2-hydroxyethyl)-2-

5 pyrrolidinone, water, triethanolamine and benzotriazole.

25. A process of claim 13 wherein the copper metallization comprises an essentially

pure copper metallization of the substrate.

10
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