2 3 MAR 2905 Photoresist Stripper/d eaner Conpositions Cont a2n3 M&@%ti C
Aci d I nhibitors Background of the Invention 1. Field of the Invention The
present invention relates to stripping and cleaning conpositions for the
removal of residue frommetal or dielectric surfaces in the manufacture of
sem -conductors and mcrocircuits. Mre particularly, the invention

provi des a novel inhibition system which prevents corrosion of the netal
and redeposition of residue on the substrate 2. Description of the Prior
Art Conventional | yERREQ BEACTL PEAERELAMSs and microcircuits
after the etching ste : z2all phot or esi sts nust be
renoved wit hout corrodlng or dulllng the surface of the nmetallic circuitry

or chegd Galdndl berifd Mg fipstrate. Resist stripping and cleaning agents
conpri i c solvents and basic am nes are known. Wile

these resfislid sErtppimeE=ag€8Ls are effective in renoving the photoresist
residues, they also tend to corrode the netal or netal alloy conductor
such as copjrer , paksenmi Zedestidcoredhvas decanst oippiligt ashtdMcidaniiag been
proposed in sone stripping conpositions to 1 2 3 MAR 2005 enpl oy hydrogen

f | uor i YRERCFitéaneefrnethait cenfvatetcd] uwseidosi Grom Hoswalergr hyidrlegenié | uori de
attacks tjtaniymnetal, requires careful handling by personnel and creates
dlspxxﬁﬂrﬁEFSBIéﬁsthﬁbF€595§Cture of semi-conductors and microcircuits.

More particularly, the invention provides a novel inhibition system

which prevents corrosion of the metal and redepusition of residue
on the substrate.
2. Description of the Prior Art

Conventionally in the manufacture of semi-conductors and
microcircuits after the etching step, the residual etchants and
photoresists must be removed without corroding or dulling the
suriace of the metallic circuitry or chemically altering the
substrate.

Resist stripping and cleaning agents comprising mixtures of
aromatic solvents and basic amines are known. While these resist
stripping agents are effective in removing the photoresist
residues, they also tend to corrode the metal or metal alloy
conductor such as copper, aluminized silicon dioxide and/or

titanium. It has been proposed in some stripping compositiocns to



comerci al Iy avail abl e photoresist stripping conpositions have2 3@@“@@@@5

unduly long residence tinmes or repeated applications in order to renove

certain coatings- In addition, various coatings have resisted renoval from

certain substrates with the available stripping conpositions. As the

pr oceSIPAQYsinydrpgeheddbudnigie | brer rRAUGULERE cFeke gévimess]l icoarosigt e

transistors/cn2, the etching conditions and the necessity to repove post

et ch FosPUEEs HRFGIE nb e ECet PERFCKITHE T2Rhidt Giddilst T BEETRSs CABPE-!

susceptibhe tobdanﬁgg and. more difficult, . to rfnnvebﬁnder %pe nor e

stri ndBRELERRAPYT IRE SOFRES, 276 rFETi ) HERRER f SFRTTEET ondORERTS e

i npro i i.ng i.ding ffi cLent rrosj i.nhi_hit Known

ot al o oar Y AR B mPR e e fn R Rt bl e 5o

cat ech@lui r&y " @810l Lor@al ddsG dased, tIRSOISeNAlpeARE hRba1RaPidfR0l ) gl ucose

and azoles such as, benzotriazole etc., in sem conductor stripper -

cl eanetdsf ntoenemagycaastsil veddtinendsn daddiationpi mhaiouancoacoept abl e

| evel of corrosion inhibition in the presence of high |evels of water.

Wth tareenesbatad i ranidyiatlorigonxcectiphy arAlra2ss wethhthperrvehtabiat er

results in unacceptaple corrosion rates for alum num alum num alloys and

coppef “F R FIREPH EiF-ce perfornmance and yield are strongly dependent

on naintaiﬂgn r;the gqgi ned IiQe mhyth. Unacceptabl e -line width |oss

results inyierd 282°9 9005°T 05 EFGHEY eVBTE of WhafBP TR 8ve t he

r enov f g€ac ' ] i-du IS <1 t -bal anced

it e B N AR e Gl SR e L T
necessity to remove post etch residues become more critical. The

photoresist becomes more susceptible to damage and more difficult
to remave under the  more stringent conditions. Thus,
stripping/cleaner formulations must be improved including providing
more efficient corrosion inhibitorﬁ. KEnown metal corrosion
inhibitor additives (i.e. phenol derivarives such as catechol,
pyrogallol, gallic acid, resorcenol, and beta-naphthol) glucose and
azoles such as, benzotriazole @tc., in semiconductor stripper -
cleaners in semi-agueous soivent blends, do pot maintain an
acceptable level of corrosion inhibition in the presence of high
levels of water. With conventional inhibitors exceeding about 25
weight percent water results in unacceptable carzosioﬁ rates for
aluminum, aluminum alloys and copper. Semiconductor device
performance and yield are strongly dependent on maintaining the
designed line width. Unacceptable 1line width loss results in yield
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and 5,707,947 to Ward, et al., which are herein incorporated b rEferiﬁ@f’

di scl ose organic stripping conpositions for photoresists conp iasiw

organi ¢ polar solvents and basi c am nes which include inhibitors which

form -coordi nation conplexes with the netal. The corrosion inhibitors

di scl osed are phenol derivatives are weak which deprotonate in solutions

with a pH about 9 form ng nono- and di-anions which can chelate wth netal

cations, form ng stable five, six and seven nenbered rings. .Benzpic acid

and sdbstit Hlobeber2Brks acfdy'aiave HOEAYSL GBR edoMQE2} nfRFT alfal®3E0r r osi on

i nhibitors for copper in ger chloric aci dst[gHClO%? n R, K.al%iino%pal.?gd S. M

NMay anABE I at = R URp p PPEEVET e ctHSc I <P ¢ FEE18%1) *F ATt -116 but

never tsgéejg?i n the field of stripper/cleaner conpositions for the renoval
e

of pHd %t's from seniconductors and nicrocircuitry el enents. There

exists a nged tg,.brouldes ay fqkel egl $1s, 485" LAPI 070l 8301 £Y wAMOSELION
whi ch provides 1 nproved corrosive prevention to netals and netal all oys,

as wekh  aswnfifigieMerand isubsianideal by corpi@ie,r enevabsofomanide variety
of organic polyneric photoresist and inorganic materials while being

cheni gakippimer todmwstiheosabsbr apbotEr&si3tyARCROOES Summergerdt Hedaknventi on

I n accordance with the present invention there is provided aqueous acidic

and basiventsyi ppEndashd cydassngresiposialiveas tiddbdbors nwbheh sdéfFEonduct or

or microcircuitry industry for, renovi n% . X iy
coordination complexes with the me¥al. The ccrrosion inhibitors

disclosad are phencl derivatives are weak which deprotonate in
selutions with a pH about 9 forming mono- and di-anions which can
chelate with metal cations, £forming stable five, six and seven

membered rings.

Benzoic acid and substituted benzeoic acids have been studied
as interfacial corrosionm inhibitors for copper in perchloric acid
{HC1Gq), R. K. Dincppa and S.M. Mayanna, dJournal Of Applied
Electrochemistry, 11 (1981) p. 111-116 but never tested in the
field of stripper/cleaner compesitions feor the removal of
photoraesists from semiconductors and microcircuitry elements.

There exists a nee& to provide a photeoresist
stripping/cleaning composition which provides improved corrosive

’ prevention to metals and metal alloys, as wall as, efficient and
substantially complete removal of a wide variety of organic
polymeric photoresist and inorganic materials while being

¢chemically inert to the substrate.




phot oresi sts and ot her residues having i nproved corrosion inhibition, e
useful in acidic stripping and cl eaning conpositions, are fre@ Bbe%?cﬁﬁats.
The inhibitors which are enployed in the stripping and cl eani ng
conpositions of this invention are a unique group.of aromatic carboxylic
acids and their derivatives selected from anmoni um benzoate, benzoic acid,
phthalic acid, phthalic anhydride, isophthalic acid and m xtures thereof
in an effective corrosion inhibiting anmount. Advantageously, the
phot or esiritarst OF PG naBdr Cdreani ng  conposi ti ons which conprise water basic
am nes i nclude al kanol'- anmines, hydroxylam nes and m xtures thereof. The
conposi ti onsrnofedrerdenvenvian i€ Pasddseulalvahit sl Uhe fOT s LORYLNLL 4
inorganic residues on netal or dielectric substrates. It 1s"an object of
this i rAABFCHEN2eH sy enfdeasinpsovedpist mnpgpiDgrrang ebepdd NG GeNResH Ll ons
whi ch e',ffechi velg/ and efficiently renove residues fromsubsrates w thout
redeposi®t i 6A% | TSRIEORABEFRT 65 eBtcusfcirhistinydmdiconcy 0 frovirdeowihg Mpr oved
stripmﬂy%tgg spl%pnin conposi tions which is not corrosive to either
metal s,” WStal - al 1oys Bt dPEl%ct r FeSisiiBSt r 428409 t impreved | anotdmionobj ect
of the ;pigse | nveption fo-provide 4 2 3 MAR 2005. a stripping and
cl eani r%gh?%ng%%dm o%%mi é%&flﬁ‘hi btt s F‘gﬁépcosi FrovPRfe netid i ekrdning is a
furthercabpectidfs,t Bge pFoSeRE LMERtkon to provide a corrosion inhibitor
whi ch ef f.ectively can be used in basic or

The inhibitors which are employed in the stripping and

cleaning compositions of this inventiocn dre a unigue group of
aromatic carboxylic acids and their derivatives selected from
ammonium benzoate, benzoic acid, phthalic acid, phthalic anhydride,
isophthalic acid and mixtures thereof in an effective corrosion
inhibiting amount.

Advantageously, the photoresist stripping and cleaning
compositions which comprise water basic amines ineclude alkanol-
amines, hydroxylamines and mixtures thereof. The compositions of he
invention are particularly useful for removing inorganic residues
on metal or dielectric substrates.

It is an object of this invention to provide improved
stripping and cleaning compositions which effectively and
efficiently remove residues from subsrates without redeposition,

It is another object of this invention to provide an improved
stripping and cleaning compositions which is not corrosive to
either metals, metal alloys or dielectric Substrates.

It is still another object of the present invention to provide

¢



acidic stripping and cl eaning conpositions. It is still a further object of
the present invention to provide a corrosion inhibitor for striQqugA@qﬁn5
cl eaning conpositions which maintain an inproved | evel of corrosion !
inhibition in the presence of high |evels of water. Yet another object of
the present invention is to provide corrosion inhibitors for sem -aqueous
phot oresi st stripping and cleaning conpositions which are | ess expensive
and are effective at |ow concentrations and | ow tenperatures. Yet a stil
obj ect eofsthipringsend d¢lIveanhiOforgosi@ 1Bk OV @Hhi@%%@eﬁ@éiﬁmnngfand

cl eaning conposition for alum num and copper foils which have a high -

cl eani ngeefY iloingncy in aqueous fornulations wth reduced toxicity. Brief
Description O The Drawings FIG 1 shows corrosion inhibitor efficiency.
curves for &t viat ér /f4s%henhoPhisethpdr skederetattpjerenbhposic ipovias réx i n
the ratio of. 90/6 n/mand the inhibiting effect of various ratios of
anmoni U 65t & WG BNz ohechcisd EBRELTIMY nEAR aRB ¢Bferimebatic forls at.
20C. FlG25,5h : ffect,on.the copper .etch rate by varying the 5 2 3
VAR 205%{ #%pgﬁ?f%%ﬁgfa&ﬁeé%%ggﬁﬁccﬁ%ggII§8P§Ent (DMAC) conponent in 2
stripper corgosidiepiimt Li %, i SLE , =E 439 lLLpe hyd-roxide and 4%
benzoi c aci d. Dgia??ggﬁD%s?ﬁ?gﬁ?ﬁn%%?&?ﬁecérgﬁ%r?ggsﬁﬁgod¥v %ﬁ%”%c%%rding
to the firoadent iaVenidre’iohhelghasady ovidied NoMelingt riaRREr B094 00,

cl eani ng conpositions containing corrosion
compositions which maintain an improved level of corrosion

inhibition in the presence of high levels of water.

Yet another object of the present invention is to provide
cerrosion imhibitors for semi-aqueous pnotoresist stripping and
cleaning compesitions which are less expensive and are effective at
low concentrations and low temperatures.

Yet a still object of the present invention is to provide an
aqueous stripping and cleaning composition for aluminum and copper
foils which have a high cleaning efficiency in aqueocus formulations
with reduced toxicity.

Brief Description Of The Drawings

FIG 1 shows corrosion inhibitor efficiency curves for a
water/45% choline hydroxide stripper composition matrix in the
ratic of $0/6 n/m and the inhibiting effect of wvarious ratics of
ammonium benzoate and benzoic acid on aluminum and copper metal

foils at 20<C,

FIG 2 shows the effect on the copper etch rate by varying:the




i nhibitors selected fromspecific aromatic carboxylic acids, the‘?r?J mw 65
derivatives arid m xtures thereof useful in the sub-m con processsi 39

sem conductos. The corrosion inhibitors of invention have a pKa val ues
-~equal to or less than 4.19. The preferred inhibitors of the invention are
benzoi'c acid, anmmonium benzoate, phthalic acid, phthalic anhydride and
i sophthalic acid. The use of anhydrides in basic, sem -aqueous solvent

blends will result in the formation of the acid, -in -situ. Corrosion
to about 15 wei ght

i nhi bi t pr&udrmy oge dsedpin 2 s, of _fromabout 0. 2 .
percent and can be added toogtgﬁgé s???% iﬁg}'égrqtd/ HPMAT) eERTRRISESNPUSI & ons.
Pref er abt gipetelre coRpobi £ 9n GRNGEAL LBLLANL31€ 54f rqm about, 2 to 8 weight

percent, and nore preferably fron1a%b%%”%g fg ébgﬁf 5 W&ﬁ%ﬁn“%%F%é £, and
nmost pr&fkrigbbenteiomastidut 3 to about 5 weight percent. These percent ages
are based on the total stripping and cleaning conposition weight. The

corrosion inhibitors of this invention are at |east water mscible and are

effecthﬁg LT st iéan .and_cl eani ng conpositions which exceed 25 weight -

per cent—vﬁ%e?———é—ehsgl ; Fa8LL hgg P =2 BuddRm2805 cl eani ng conpositions

havi ng wat ehcﬁQP&J. IS fromabout 25 to about 95 weight percent can be

tol erated w thout any faf - SFESERE Banééren Fhetehiadeomrpetfod manea f or

al um ngmyighas nuRyALL oys and, . copper. The organi c polar solvents which are

conponents in the stripper lenn or “CTEEHTG™ 8 ompye§E8imie of coheogpiresent

i nvent iohibsmoonmessesed HFRALGLASS: O rial including NN -

di al kyl al kanoyl ani des, hLaIkyIE%acta%s%xéﬁgéﬁﬁt%ﬁiﬁﬁﬁgﬁ%coﬁcéﬁﬁyl%hﬁér
derivatives and mixtures thersof wuseful in the sub-micron

processsion of semiconductos. The corrosicn inhibitors of
invention have a pKa values equal to or less than 4.19.

The preferred inhibitors of the invention are benzoic acid,
ammonium  benzoate, phthalic acid, phthalic anhydride and
isophthelic acid. The use of anhydrides in basic, semi-aquaous
solvent blends will result in the formation of the acid, in situ.

Corrosion inhibitors may be used in amounts of frem about 0.2
to about 15 weight percent and can be added to tha stripping and/or
cleaning compositions. Preferably, the inhibitor concentration are
from about 2 to 8 weight percent, and mere preferably from about 3

) to about 5 weight percent, and most preferable from about 3 to
dbout S5 weight pe;cent. These percentages are based on the torzl

stripping and cleaning composition weight,

which exceed 25 walght percent water. 1 fact stripping and



gl ycol ethers, acetate esters of propylene glycol ethers, aliph %CM
am des, heterocyclics, cyclic aliphatic sulfones, esters of dibdsi‘c ABCE@E,
cyclic ketones, cyclic sulfones, esters of dibasic acids, sulfoxides,

et her al cohols and m xtures thereof. Specifically, useful solvents |nclude
N, N -dinmethyl acetam de, carbitol acetate, dinethyl adipate,
nonoet hari ol am ne, tri-ethanol am ne, propyl ene carbonate, choline
hydr oxi de, 2- (2 anino ethoxyethanol) di metyhyl foram de, tetrahydrofuryl

al cohol col , dinet tarate ophor one
gamma- bu'g’?%uﬁ%"t Ji gogh@tWI Ih&éfe‘?% ‘i/%i"%p&ﬁ@ e’?\Fsli’ert‘E’w 2popl 35| ugent

di net h |de r t her her olar sol ye ui tabl e for
use |nyt%e st?%ppr % an§7o?chﬁ%ﬁnFﬁégcoﬁﬁgiﬁﬁF Bt e %?ggéﬁ% |ﬁ0ent|on,

| ncl oot budieRe inolydlon SLENLAARCA! Y5Pla1akitH St lop ot oLl Ane.gl ycol

al kyl ether, triethylene glycol alkyl er pr opyl ene glyco propylene
gl ycol cé@ﬂ@ﬁ et her, dipropyl ene gl ycol aIkyI et her, trrpropylene gl ycol
al kyl et her, ethylenedianine, and ethylenetriamne. Additional 7 2 3 MAR"
2005 pol ar shhlevenrgamis kpohar i redllrerast «arhal soe becupofedts tHa  the
conposi tion of the present ‘invention. The stripping conpositions of this
i nvent | YrF RFTal W/t igrningf cgespsbtilonanyosuithabliresater imiveatbbe

nonronrc surfactant which does not affect the stripping and cl eaning
acti on, S1YprEarty i f a#roéﬁnu 38F abdut "FEETidl abdiEleigsi ght, ¥ier cent of

e Oldla1,GRIPRSd) B askl LARLIE, 8} HA0OLAM 108 100 188, IS RLPSE
glycol ethers, acetate esters of propylene glycol ethers, aliphatic
amides, heterocyclics, cyclic aliphatic sulfones, esters of dibasic
acids, cyclic ketones, cyelic sulfones, eeters of dibasic acids,
sulfoxides, ether alcchols and mixtures thereof.

Specifically, useful  solvents  include N, N’ -dimethyl
acetamide, carbitol acetate, dimsthyl adipate, monoethanolamine,
tri-ethanclamine, propylens carbonate, choline hydroxide, 2-(2-
amino-ethoxyethanol}, dimetyhyl foramide, tetrahydrofuryl alcohol,
buty; diglycol, dimethyl glutarata, isophorone, gamma-butrolactone,
methyl acetoxyvpropans, N-methyl-2-pyrrolideone, dimethyl sulfoxide
and mixtures thereof.

Other polar solvents suitable for use in the stripping and/er
cleaning composition of the present invention, include ethylene
glycol, ethylene glycol alkyl ether, diethylene glycol alkyl ether,
triethylene glycol alkyl ether, propylene glycol} propylene glycol
alkyl ether, dipropylene glycol alkyl ether, tripropylene glycol

alkyl ether, ethylenediamine, and ethylenetriamine. Additional
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R3-.-N
nis 1,

in the

dyes or cofpb®f @S oranhéd fNAIMES, |

wei ght

basi c.

((CHz)MOR )in Wierein Rand R can be Hor alkyl and mis 2 or 3 and
2 or 3 and preferably have relatively high boiling poinfs,,i.¢€

100C or above and a high flash point, i.e., 45C The al kanol am ésMAﬁezmw
preferably water soluble and m scible wi th hydroxyl am ne. Exanpl es of
sui t abl e al kanol am nes i ncl ude nonoet hanol am ne, di et hanol am ne,

tri et hanol am ne, i socropanol am ne, 2-am no-l- propanol, 3-am no-I-propanol
i sobut anol am ne, 2-am no-2- ethoxyethanol, 2-am no-2-ethokypropanol,

TP oPgRelo A eupd e ke etk gus B hefy | ngLgdient s kpoun 19 g hose

rt may ronall e’ nc

drriohn an anount of about 0.1 to 0.5

percent. The i nhibitor utirﬁtze In the present stripper and cl eaner
8 2 3 MAR 200Be camiopibd ananpdepensiss @t whes hiefvehi€ok OREI0SI1 khORSH @i ,aci d or

_The aromatic acid anhydrides disclosed above are utilized in the
aci di ¢ éénpesirecbnanyThaiitahidi vors; dicwevee  nareniat sus€dctante agiidhc

conposi ti ons cont ai ni nghan oxi di zi ng conpound. The aqueous stripping and

cl eani n§°8dnPYsiditéAto
about 2

wei ght
c.) an

i.ght _
%%%A@'é“nt °fo 3SRt wePgrPYeT céntesdfhan PesFERERA
E&Eﬁ‘&tﬂt‘i‘én?munt of a corrosion inhibitor selected

Suitable alkanolamines for use in the present invention can be

represented by the formula:

Rimn=N[ (CHz) nOR’ ) ]a
Wherein R and R’ can be H or alkyl and m is 2 or 3 and n is 1, 2 ar
3 and preferahly have relatively high boiling points, i.e., 100°C
or above and a high flash peint, i.e., 45°C. The alkanolamines are
preferably water séluble and miscible with hydroxylamine.

Examples of suitable alkanolamines include monoethanolamine,
diethanolamine, triethanolamine, isoprepanclamine,’ 2-amino-1-
propanol, 3-amino~l-propanocl isobutanolamine, 2-amino=2-
ethoxyethanol, 2~-amino-2Z-ethoxypropanol, tripropanol amine and the
like.

Various other ingredients known to those in the art may
optionally be included in the stripping composition, e.g., dves or
colorants, antifoamers, etc., in an amount of about 0.1 to 0.5
weight percent.

The inhibitor utilized in the present stripper and c¢leaner

? he-53iPedadt 2nd rilesnion soTimn, s6ypacailxt uneaof: a )

percent to-about 95 wejght percent water; b.) about 1
éol 2 icPprth? dolcaént ;

and



from ammoni um benzoate, benzoic acid, phthalic acid, phthalic anhydride
and isophthalic acid, said conposition being free of oxidants.?T%pM
stripping and cl eani ng conpositions nay be prepared by sinply nixing ﬂﬁ@
~conmponents where the order addition is not «critical. In fornulations using
hydroxyl amne, it is first dissolved in water and ‘then the other
conponents are added. The stripping conpositions of this invention are
especially useful and advantageous for various reasons including that the

stri ppi NGneRpeshid aLe LeRLsclhl non-.corrosive, .non- flammabl e
with IOM/F%&icity tgﬂ%ﬁnan§%g%§eﬁgégt#%§§b B THe O98néT T Gifiten £~ #i<onduct or

devi ce el airenacecandiyi ehil@i8est 500N I eqdepERdeDt, ON, IR At NI Ng the
designed line width, Unacceptable |ine 2 §GNAR ZOOQEEW?Hﬁﬁ'egséﬂre lts in

yield | sssdibi ghapokevins of imat ennismicove Adiveemouak rale gl.gaqh

resi due, however, this has to be bal anced against line wdth [oss. The
present 266f+BsFUWATARE DS orgonweiking h okidihemngl evglsunafl wat er. Because of
t he Iom/anbiggt vapor pressure of the conpositions they evidence '
subst anti al | y?F eS¥SAPEpSFaLFIINY Bhanchrdrdmgaconposiposnt bONshantteakat
non-reagtj and __environnmental |y conpatible. The stripping and cl eaning
Conposi ?lhg%gt'on%fcg'gr’rsé%@c?l 5‘8“?’5‘%’5 @&Ftipl e use and may be easily di sposed

Wi thout strgss tgadhe £ovi ment _and without, the pecessity for burdensomne
safety precautions. By f ewégﬁgthﬁéﬁe?%etgtr#%ﬁ%d E%aﬁﬁﬁgggnéﬁrﬁéﬂﬁeadily

removed as solidsatapd coll ected for easy disposal. The stripping and
cl eani ng conpositions of this invention evidence higher stripping

b.) about 1 weight percent to about 30 weight percent of an

organic polar sclvent; and

€.} an effective amount of a corrosion inhibiter selected

frem ammonium benzoate, benzoic acid, phthalic acid,
phthalic anhydride and isophthalic acid, said
composition being free of oxidants.

The stripping and cleaning compositions may be prepared by
simply mixing the components where the order addition is not
critical. In formulations using hydroxylamine, it is first
dissolved in water and then the other components are added.

The stripping compositions of this invention are especially
useful and advantageous for various reasons including that the
stripping compositiens are water miscible, non-corresive, non-
flammable with low toxicity to humans and no stress to the
environment.

Semiconductor device performance and vyield are strongly
dependent on maintaining the designed line width, Unacceptable line

aq
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efficiency at |ower tenperatures for a wide variety of coatings and

substrates. Representative organic polyneric materials include Pcasb?\fg,vzq@
phot oresi sts, electron beamresists, X-ray resists, ion beam resi :

the |like. specific exanples of organic polynmeric materials include
positive resists conprising phenol -formal dehyde, poly (p-vinylphenol), and
novol ak resins or negative resists conprising cyclized polyisoprene or

pol yrmet hyl met hacryl at e- containing resins and the |like. The organic

pol yimer e B! ebd) 68l he £21pNad N6e8 aRygl: [NRe1600¢eNLLORal  Sllat rat es
known to those skilled in the art, such as" silicon, silicon dioxXide, :
si | i con thiet retlevalpalatei bifColich ad4dTdONM hduwd w33, VAR 2003 aluglnym ald-ays.
copper, copper alloys, polyimdes, etc. The process of the invention .
conpri s@gsagnt dcttengidhh otaqmeni Che patemeeri cormisdonal nnibitdrbewsiiisgliesed
strippi ng and cl eani % conposition. The gr ocess conditions, i.e.,

t enper altiPReT t19e 1S3 “aGrat | Brraofsec Ot 40t hew smiriencverper derassnges and.

are gene_rgalrhé degend.ept on_the nature and thickness of the organic
pol ymer Pt “fat SFFEPSt-BE (Eifdv &y idgacheFrbsantdehdy least svapdratiibhar to
from about 25C.

t hose §g'%l e%f'-qj_‘t he_art. Generally tenperatures rangin
to about ﬁ 00C " %6r a®éont a{g&pﬁéﬂ'%b%”sof &h8ut 15° i rﬂ?%é?gf‘ﬁtja‘ﬁout ango
i Ut €S ot Lrdrititineal 1y Aok ebYe Of1IPaRs:; SAMPEAMD] ANGA ol Do EONLRGLLNY the
organic polymeric material with the strippi°ng-cl €ani'ng “conposi roh%in the
practi ceapfbd hecynvedt fean mufelplexaER! end tdde subshsale LABLEEQINGHoLDE
organic polyneric material can be imersed in a stripping bath
stress to the envirenment and withaut the necessity for burdensome
safety precautions.

By the same token the stripped coatings may be readily removed
as solids and collected for easy disposal. The stripping and
cleaning compositions of this invention evidence higher stripping
efficiency at lower temperatures for a wide variety of coatings and
substrates.

Representative organic pelymeric materials include positive
photoresisis, electron beam resists, X-rey r=3ists, ion bezm
resists and the like. Specific examples of organic polymeric
materials include positive resists comprising phenol-formaldehyde,
poly (p-vinylphencl), and novolak resins or negative resists
comprising cyclized polyisoprene or pelymethylmethacrylate-
containing resins and the like. .

The organic polymeric material can be removed From any of the
conventional substrates known to those skilled in the art, such as

silicon, silicon dioxide, silicon nitride, polysilicon, aluminum,

10




or the stripping-cleaning conposition can be sprayed over the surface of

the polynmeric material as will be apparent to those skilled in §hg ] 2005
The present invention is further described in detail by nmeans of the

f ol-l owi ng- Exanpl e.. Al _parts.and percentages are by weight and all
tenperatures are degrees Celcius unless explicitly stated otherwise. ii 2
3 MAR 2005 EXAMPLE 1 A stripping and cl eani ng conposition having controlled
di el ectrilc caBab%Jr' ties is prepared by mxing choline hydroxide and water
at roomefperat St 0 “PBR TR ‘a CAPPRT S IeyE sBrlitimdfeandethen adding a -

corrosion inhipi The ositiopn is showm in TABLE TABLE Conponent
Q%‘QDE%CE’;] a“’%%r *§H" el | TEPAF AR BX PO AF ELPEhRBI PBFAMC100

Wei ght Percen I Onize

Frunr . B2y Sevet alnakabi b t agrused, | 1y he conposition of Example 1

conpri sed ammoni um benzoate (AB) and vari ouS™ conc

amoni uechpoazoeie . (A ¥16-B8H20haG1Hs; B . FI al um num and

copper corrosion inhibition effici engysfzurv%s' a%én%og%ﬁ?ﬁé‘?e,t htgf%ehhiaﬁl%t or

syst emsdrEAtiTnedt andntddie mBsuldcy are-t ahukatradgld IABLES (JABLE, |
dependent on the nature and thickness of the organic pelymeric

material to be removed, as well as, other factors familiar te those

skilled in the arr. Ganerally temperatures ranging from about 2Sec.

to about 100°C. for a contact period of about 10 minutes to about
60 minutes are typical.

A variety of means can be employed in contacting the organic
polymeric material with the stripping-cleaning composition in the
practice of the invention. For example, the substrate containing
the organic polymeric material can be immersed in a stripping bath
or the stripping-cleaning composition ecan ba sprayed over the
surface of the polymeric materizl as will pe apparent to those
skilled in the art.

The present invention is further described in detail by means
of the following Example. al parts and percentages are by weight
and all temperatures are degrees Celcius unless explicitly stated

otherwise.




Ratio AB/Ba Etch Rate A/lmn. Al Cu 4/0 25 40 2/2 50 18 4/2 10 4 12 2 3
MAR 2005 As shown in FIG| and TABLE Il there are added benefits in
corrosion inhibition efficiency, when anmoni um benzoate and benZ03 MAR 2085
are conbine, i.e., synergistic effects not attainable using the conpounds
al one! This is parti cularly the case when the ratio o ammoni um benzoate is
greater. There is a dramatic increase in the efficiency of alum num
corrosion inhibition and a nore gradual but sustained increase in copper
corrosion inhibition. EJ]Q LE 3 This_examl e determ ned copper etch rates
for a sem -aqueous dilute base hﬁm&e general fornulation of Exanple 1

using 4 wei ght., pgreent, .hepzoi c acid as corr05|on i nhi bi tor and
addi tional | 3‘ ts| ngﬁg ngngag%ﬁar?gi"nﬁm arﬂ%osp%ﬁ%nt”adé‘@ gpntrollad

N, N - digmeiiaykacet DNVAC C t 75 -
resultls arie)&shom@elmr?g%%fé 2 )é'rs\dp%ggélf%s%? ﬁ"I'\'AL;,;\IIB}E' gquﬁﬁ&% W9 ?)Eln H20

(Wt . %) EECHrRATE-¢oM nenpe AROk.56:4 0803 8942076 156« 39&0.171;17:% 4Ha0dze33 1t s
noted fromthe resulting data, that as the anount of ’
adding & corrosion inhibitor. The composition is shown in TABLE I..

TABLE
Compornenc Weight Percent
Deionized wWater S0
Choline Hydroxide )
Inhibitar 4
100
EXAMELE 2

Several inhibiteors used in the compgsiticn of Example 1
comprised ammonium benzoate (AB) and wvarious concentration ratios
of ammonium benzoate (AB) and benzoic acid ‘BAY .

FIG 1 shows aluminum and copper corrosien inhibitien
efficiency curves at 20e-C for the inhibitor systems mentioned and

the results are tabulated in TABLE IT.

TABLE IT
Ratlio AB/Ba Etch Rate A/min.
a1l Cu
g/o 325 40
/2 50 18



DVAC i ncreases in the stripping-cleaning conpositions, the copper,. etch

rate al so increases. This unexpected phenonenon is |ikely due §03¢H§ 2005

chel ation product having a higher affinity for the solution, 13 2 3 MAR

2005 resulting in a reduction in the corrosion inhibition efficiency. E3W

LE 4 A series of experinental runs were conducted to eval uate the

corrosion inhibitor efficiency for alum num and copper filns of the

present invention versus the known and prior art inhibitor. To a stripping

conposition matrix conprising 64% N, N - di met hyl acet am de, 30% di oni zed

wat er and 6% (45% choline hydroxide were added various inhibitors. The
magnetic stirrer until the inhibitors were

sol utions were agitated“g%th a [ /
in sol uti on.”SAl PPt *"wdfErd UMt af e 1260 thege 13RS nafdexi derantfer néat h
t he net i<l \ di d .into the various .sol ytions maintai ned at
50C. an rrfglgiltggtt gig.%léﬁf%n rrggﬁlect:"lecncé'fi el f8FCse U I\rlﬂﬁ”ég?t? oPFBweF B8 3
m nut € JdiRS el t heni zed wa .hen -d[ i L4 h nitrogen gas. al
etch rates were é(;ben?:gqu% ngdgu'si %gﬁ%&@%égg EFgggtgngmttelaec %ﬁ”@gﬁefg‘ar*- (I\)/E%?
probe sysipenmuki chofet ermpigesi srepaktfdd1@-11hiGlnessd hiQugh Jesi st ty-
measurement metal and bl anket netal filns on silicon wafers. Wienr is”
zero peffentunhéenahits t 05 igsernneff eCheve asd £ apisha Gl r DSdsBaSin +he
occurred,_ where r i.s one hundred percent no corrosion has occurred. Val ues
| ess t Fanlzef¥HefEedtl HeMHt eConbriiced ‘HuissPon 2ngr chabdse dyeadiml buc
increa%%gtgglq%ijit of the chelation product in the solvents tested. The
resul t $ are-dHoOwH SR Fant e GegPeqcorrosion inhibition.

EXAMPLE 3
This example determined copper etch rates for a semi-aqueous
dilute base having the general formulation of Example 1 using 4 weight
percent benzoic .acid as the corrosien inhibitor and additionally
including varying weight percentages of WN,N"-dimethylacetamide {(DMAC),

The tests were conducted at 75°C. The results are shown in FIG. 2 and

TABLE IITI.
TABLE TIT
DMAC (wt.%) D.I. HaQ (wt.3%) ETCH RATE (A/min)
0 80 1.56
10 80 3.89
20 70 5.56
30 60 7.78
40 50 12,32

Tt is noted from the rasulting data, that as the amount of

DMAC increases in the stripping-cleaning compositions, the copper
etch rate also increases. This unexpected phenomenon is likely due
to the chelation product having a higher affinity for the solution,

13




2 3 MAR 2005 As noted from Table Iv, all the aromatic carboxyli @ acMAR 2005
di scl osed, benzoic acid, phthalic acid, isophthalic acid, and phthalic
anhydride, provide an overall inproved corrosion efficiency in |low and
~high concentrations for both al um num and copper filnms. Only the data for
the aliphatic di- and tri-hydroxy acids, i.e., malonic acid, maleic acid,
and D, L - malic acid show conparable results for both netals. Wen only

phenol i ¢ hydroxy groups are available in the inhibitor, i.e.
8- hydr oxv- qui nol i ne, catechol and pyrogallol, a |ower |evel of corrosion

i nhi bi t eeselting ey af edubsiod t 2 M lchenQWrbes ARPAL G549 ohhQge: Skidd.ed in
the art that other enbodinents, inprovenents, details and uses can be nade
consistent wth the letter and spigxaMerf 4 he foregoi ng di scl osure and
within the scope of this invention, which is linited only by the followi ng
clai ns, conskraedien afcerrruicentii hruhe wdmt utesiveted heo pateniatecae,
including the doctrine of equivalence. i5 2 3 MAR 2005 Table Iv Corrosion

| nhi bi t88”§%’i°6’i SASYPEF- ALHGLERGY eEF @Lumbpum anghdc@@eki Eibns of the

DVAC/ H, é%% riégl—?(ggchivdeg Mat i x i nhi bi t or Pw 8- HQL45 ° . t echol 110
ryrogal 1~ 0 5 F LW df?ﬁ € known and prlor art inhibitor.
Te a stripping composition matrix comprising 64% N,N'-~
dimethylacetamide, 30% dionized water and 6% (45%} choline hydroxide

Wwere added various inhibitors. The solutions were agitated with a

magnetic stirrer until the inhibitors were in solution. Al]l test
wafers contained 1200 ., of thermal oxide underneath the metal film
and were dipped into the various solutions maintained at 50°C. and
agitated with a magnetic stirrer for 30 minutes, followed by a 3
minute rinse with deionized watér and then dried with nitrogen gas.

Metal etch retes were determined using a Veeco FFP 5000
electrical four point probe system which determines metal f£ilm
thickness through resistivity measurement metal and blanket metal
films on silicon wafers.

WhenI' is zero percent the inhibitor is ineffective and rapid
corrosion has occurred, where r is one hundred percent no corrasion
has occurred. Values less than zero percent denote enhanced
corrosion, probably due to increased solubility of the chelation

product in the solvents tested. The results are shown in Table IV.



[ [ [ [ [ | efic Acidll
3enzotriazol e119 Mal oni ¢ Aci d104 Fumaric Aci d116 Mal « :
134 Acid Benzoic Acid 112 Phthalicl166 Acid |Isophthalic 166 Acid

152 Anhydr. n_ K Conc.
---0.08Z 2,830.096 3.030.086 1.830.086 3'400ﬂ075

200 S

(M 9.510.069 9.850.091 -9.800.079 4.410.059

As noted from Table IV, 21l the aromatic carboxylic acids disclosed,

benzoic acid, phthalic acid, isophthalic acid, and pnthalic

anhydride, provide an overall improved corrosion efficiency

in low

and high concentrations for both aluminum and copper films. Only cthe

data for ths aliphatic di- and Eri-hydroxy acids, i.e., malonic

acid, maleic acid, and D, L ~ malic acid show comparable results for

both metals. When only phenolic hydroxy groups are available in the
inhibitor, i.e. 8-hydroxy-quinoline, catechol and Pyregallol, a
lower level of corrosion inhibitor efficiency results.

It will now be apparent to those skilled in the art that other

embediments, improvements, details and uses can be made congistent

with the letter and spirit of the foregoing dismlesure andg within

the scope of this invention, which is limited only by the following

claims, construed in accordance with the statutes of the patent

code, including the doctrine of equivalence.

i3



4.190.082 2.690.060 3.540.060 ---0.066 r Lul-1 r SJConc.(ML l%T 1&1 -
50-3070.34'1 59 98 50700. 4598-104 50330. 4099. 826 5000. 2999. 9-3 3 MAR 2005

10260. 4210033 99850. 4899. 874 0930. 4399. 970 77890. 4399. 963 77480. 3799. 981
50780. 4199. 944 17850. 3099. 978 50780. 3010085 50890. 3310085 FW and pK3 were
fromCRC tables. (1- ERERO ) x 100% which is a quantitative neasure of the

Taple IV
Corrosion Inhibitor Efficiency (I') at 50 degrees ¢

for Al and Cu Films

DMAC/H,0/Choline Hydroxide Matrix

Inhibitor W Bk, Comc.ty L. (m) T _ (%) Conc. (M) T,I(%1 T‘m(%n

8-HO 145 9.51 0.069 50
1 . . -307 0.34
‘techol 110 9.85 0.0391 50 70 0.45 gg ~fg4
ryrogallol 126 ~9.80 0.079 50 33 0.40 99.8 6
Sallic Acid 170  4.41 0.0%9 50 0 0.25 555 -
Eenzogrlazpla 118 =-- 0.08a 10 26 0-42 ;2 3
Malcn;c Ac;@ 104 2.83 Dpn.o09s a9g as 0‘48 o5 7e
Fumaric Acid 116 3.031 0.08e 0 93 Q.43 2 e
Maleic Acid 116 1.83 0.oae 77 89 0.43 598 o9
D,L~Ma};c 134 3.40 0©.07s 77 48 0-37 ' o
Mali . ) 93.3 g1
Benzoic Acid 112 4.19 0.o082
: i i 50 78 )
Phthal;c 166 2.8% 0.gs0 17 85 g gé 25 e
alic . $9.9 78
Isophthalic 166 3.5¢ 9
htha . 080 50 78 0.30 100 85
Phthalic 152 - 0
hehalic .06§ 50 83 0.33 100 85

FW and pX, were from CRC tablas,
T = {1~ ER(E?D ) x 100% which is a quantitative measure of the
cteh rate eziectlvgness of the inhibitor ranging from 0 to 100
E § determined for blanket filme with a Veeco SOOOFF.
robe P four point

s ] ¥ 1 L3 1 ’
olutions were runm with magnetlc stir agitation, 3’ water rinse, and N dry
’ 2 -
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effectiveness of the inhibitor ranging fromo to 100. Etch rates determ ned
‘for blanket filnms with a Veeco SOOOFFP four point probe. Sol uti@sg M&R €085
run with nmagnetic stir agitation, 3' water rinse, and N. dry. 16 2 3 MAR
2005 Repl acenent Sheet: Date: 17 March 2005 What Is Clainmed Is: 1. In an

aqueous acidic or basic stripping and cl eani ng conposition fgr It heemergt v?_l
of residues fromnetal, netal alloy or dielectric surfaces, eel:

conposi tion conprising water and an organic pol ar sol vent, t4f€] WBW
whi ch conprises said conposition having an effective anount of an aromatic

carboxyliq acid corrosion inhibitor, said inhibitor consisting of a

m xt ure of benzowgl@%!éigd%éiammni um benzoate said conposition being free
of oxidantls and having a pH of |less than about 4. 2. The conposition of
claim1l cqnprising fr 2 1 ut .15 i ght .percent . of said

i nhibitor.| 3. Thlg corrlgggg%ta?%gﬁm%g%éﬁ %ib%%gs@rga% %ﬁéeﬂ%ﬁ%{n%@bﬁlﬁbput 5
wei ght percent of sakethowailufbedidies fibm BRI, GRARIAIIOY 00 AicldctiGd firficks, Wigr ei n

sai d pol aff solvent is NIN - dinethyl acetam de. 5. A basic_phot oreési st
stri ppi ng {and cl eani f@TPOMYEBICOMBHSIAR Nk Snd gh organicadsolenhfidr oxi de; b)

e 2118 e PGl TN AL AP S e
percent N,| N -di net hydnammt afard@omatie c@boxylic acid corrosion inhibitor, said inhibitor
' consisting of a mixture of benzoic acid, and ammonium benzoate said
composition being free of oxidants and having a pH of less than about 4.
2. The composition of claim 1 comprising from about 0.2 to about 15
weight percent of said inhibitor.
3. The composition of claim 2 comprising from about 3 to about 5 weight

percent of said inhibitor.

4, The composition of claim 1 wherein said polar solvent is N;N'-
dimethylacetamide.
5. A basic photoresist stripping and cleaning composition comprising:

a) cholrine hydroxide;

b) about 2 to 6 weight percent of a mixture of ammonium benzoate
and benzoic acid,

c) about 80 to 90 weight percent water; and

d) 0 to about 10 weight percent N, N'-dimethylacetamide, wherein
the ratio of ammonium benzoate and benzoic acid ranges from
about 2:1 to 1:1, said composition being free of oxidants.

6. A basic photoresist stripping and cleaning composition consisting

essentially of:

a) about 10 weight percent N, N'-dimethylacetamide;

b) about 6 weight percent choline hydroxide;

c) about 4 weight percent benzoic acid; and

d) about 80 weight percent water,

said composition being free of oxidants.

17



the rati o of ammoni um benzoate and benzoic acid ranges from about 2:1 to
1:1, said conposition being free of oxidants. 6. A basic photor %i@kR 2005
stripping and cl eani ng conposition consisting essentially of é? about 10
wei ght percent N, N -dinethyl acetam de; b) about 6 wei ght percent choline
hydr oxi de; c¢) about 4 wei ght percent benzoic acid; and d) about 80 wei ght
percent water, said conposition being free of oxidants. 17 Abstract of The

Di scl osure A stripping and cl eaning conposition for the renoval of residue
fromnetal and dielectric surfaces in the manufacture of sem - conductors
and mcrocircuits. The conposition is an aqueous system including organic
pol ar solvents including corrosive inhibitor conmponent froma select group
of aromatic carboxylic acids used in effective inhibiting anmounts. A

met hod | p _accqordance with this invention for the renmoval of residues from

net al ahgiﬁﬁﬁﬁéé&Figilgéﬁﬁééééﬁconprises the steps of contacting the neta

Jgfrerect i <epbaig Md Lieht, 820G LS SRS VROZeho LT 0 eed 1000
from metal and dielectric surfaces in the manufacture of semi- |
conductors and microcircuits. The composition is an aqueous system
including organic polar solvents including corrosive inhibitor
coﬁponent from a'selett group of aromatic carboxylic acids used in
effective inhibiting amounts. A method in accerdance with this
invention for the removal of residues from metal and dielectric
surfaces comprises the steps of contacting the metal or dielectric

surface with the ahove inhibited compositions for a time sufficient

- to remove the residues.
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