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 Conventi onal | y2ReEe3s (ROBELCH2NeLCOmBARIRANSs and microcircuits
after the etching ste - Bstih et et ley phot or esi sts nust be
renoved without corroding or dulling the surface of the netallic circuitry

or Che@g#§§ﬂdﬁnﬂlBEréﬁggﬂhQEnt§&P5trate- Resi st stripping and cl eani ng 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 coprer , paksenini dedestidicoredbbyd decangt pippilnigt aBhdiMcldanhag been
proposed in sonme stripping conpositions to 1 2 3 MAR 2005 enpl oy hydrogen

f 1 uor iPREPRFLEeERE efPhethat enfvadetced]l woldesi Hrom Hosealergr hyidrlegenif| uori de
attacks tjtaniymnetal, requires careful handling by personnel and creates
di sposH*5FEHI éfts FPRbFEBYERRCST UL, Mife SERAT F3ndNFAPF ah PR pRAEEASICHELRE ri ppi ng
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applications In -
which prevents corrosion of the metal and redeposition 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



order to rempve certain coatings- In addition, various coatlng? 3ngg¢2ﬁﬁ
resisted renoval fromcertain substrates with the avail abl e ripping
conpositions. As the processing size is becomng finer in sub-mcron
devices, i.e., nore transistors/cnR2, the etching conditions and the
neces$MPyo¥ o hivdrpgen pdsuokidsh tesirddeds bektoneahdr efcmetiaéalcorThaicn
phot or esi st becones nore susceptible to damage and nore difficult _to

r enov &N RYEF twfmﬁé SHEITigene CERNER (GRS UTRAS AL sEPT PR STg Fer Raier
formulati, P ved i ncl udi ng ProVv re efficient corraosion
i bir e SR i THEESRED 5% O ST L Sha TVRETE . HoEBRE

der | V%%lgﬁ@ﬁc%ﬁg( aﬁv&f‘iaef?%o' pho Eé’&%‘ | OLt*&ng'n'gc G Osilrt%%%cer?aq}e

bet a- na | ucose™ an es such as otria e etc

sen coaductad §ﬁ&dﬁp9rorrg Cﬂe%&ﬁ@ﬁéa' RiRE o AGKENLS 280120 c bl fnds, s ndo not
mai ntain an acceptable level of corrosion inhibition in the presence of

hi gh ckewel scofremairer ceViafn cosyenigsanaln i sdiiibar s vaxceesi pgaabast 25

wei ght percent water results in unacceptable corrosion rates for al um num
al umi haﬁearﬁéi,@temdr@wér Lrepnicechdimt sebatavites wpehf sheapceibaideyiel d are
strongly. dependent op maintaining the designed Iine width. Unacceptable

-1 i neSHEFRM I SOTPRELFINS N yleld 2 2 9 MAR 2005 | oss. Higher |evels of

wat er i nprove the renmoval. rate.of each. _inarganic_residue, omever this

had to be alaﬁ%edpro%ﬁﬁﬁﬁpgl|ﬁéz%ucﬁﬁ1 PEEYULAY, STIPRY | Rbs SUS HGE o1,
5, 5564d8Z-eyd 15 707m8ée7 QL - Sl - endChi Y & %rl%'laﬁg GOl RgLat ed by

ref erence, |sclose organi c stripping conpositions otoresists
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i nhi bitors which form
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, benzotr:_i.azole @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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coordi nati on conplexes with the netal. The corrosion inhibitors disclg d
are phenol derivatives are weak which deprotonate in solution@ UMAR Pt ﬁ(
about 9 form ng nono- and di-anions which can chelate with netal cations,
formng stable five, six and seven nenbered rings. Benzoic acid and
substituted benzoic acids have been studied as interfacial corrosion
inhibitors for copper in perchloric acid (HC104), R K Dinoppa and S. M
Mayanna, Journal O Applied Electrochem stry, 11 (1981) p. 111-116 but
neverlpeste@iQhEFhéevﬁf%I@foﬂm§?Fiﬁﬁ@FP&Teé%%rI@Bﬁﬁ%%iFFg%ngoFaFﬁe r enoval
of photoresjsts from sem conductors agd nicro%jrcuitéyaq;gggntgheThere'

exi st $NArFFEF t B P96 d8YE POt oTtES &Pr i95piRYr R e AnP IR ' ESmId St i on

whi ch Erovides i nproved corrosive prevention to netals and netal all oys,
as wef’ dB%, ¥ ci ent and substantially conplete renoval of a wide variety

of organic ol ri hot pyesiagt antkd napgdank Cs Metenial 8o Widee Rei ng
chenicallyuiﬁér%ﬂﬁowgﬁg gh sfra?é. 3°2 '3 VAR 2005 Summary of The invention

In acgor dapgeci dhe - RHeSaRbrhsanRti 89 Fhessedcs, puaviles: agueass acidic
and basic stripping and cl eaning conpositions useful in the sem conductor
or m geopriow t cympasdusbny for phobwierjstphatoopesiigtes exgkndchaoleesi dues
having inproved corrosion inhibition, are useful in acidic_s;riggping and
cl eansafvenrpogndi dRsicarinifese WHchxi e THELPARPET t #R3ChhitCR™ar e
enpl oyed in the stripping and cleaning conpgsitions of this jnvyention are a
uquuéO@F%ﬁﬂﬁqﬁOH- coA%Rexgs with the ﬁ%talva%e 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 need to provide a photeoresist
stripping/cleaning composition which provides improved corrosive
’ prevention to metals and metal alloys, as well as, efficient and
substantially complete removal of a wide variety of organic

polymeric photoresist and inorganic materials while being

¢chemically inert to the substrate.




aromatic carboxylic acids and their derivatives selected from anmmoni 'ﬂﬁ%
benzoate, benzoic acid, phthalic acid, phthalic anhydride, iQpBHﬁAEHZ

acid and m xtures thereof in an effective corrosion inhibiting anount.
Advant ageously, the photoresist stripping and cleaning conpositions which
conpri se water basic amnes include al kanol - am nes, hydroxyl am nes and

m xtures thereof. The conpositions of he invention are particularly useful
for renoving inorganic residues on netal or dielectric substrates. It is
an obj estimm@friyt bESThO@REROLt O provide inproved stripping and cl eaning
conpositions which effectively and efficiently renove residues from .
subsr at es wilrhoudcorddeposwitidnthd t pt s ROt NRLNODLECHRQ e t LS Ji.pyenti on to
provi de an inproved stripping and cl eaning conpositions i &R 1 8 ot
corrosi ¥BECYs efiHer andt bdsic metabpild apd olsdiiglgeebipss SURSEr ates,; It is
still another object of the present invention to provide 4 2 3 MAR 2005. a
stri ppifiy ztiﬁ cF EHHTCREUERMOSITt | BRCItiichuL b bilnslus edepoirt | @amefingmet al |

i ons. lﬁhdt%r%s{§'§:hercfbje0t of the present invention to provide a
corrosi-on I nhi bitor ch®Bt%ect FREi9reEan "BE10ged iarpeed ¢ oprregiodi

stri ppi;Rg4angd; & eani c itions. It is stil]l a further object of the
presentﬁ?lrjiseﬁ%c?ddn t%ﬁwprg%f)é a Torr85THF i nAFBTRRIMS orand ri phrag nand

cl eani ngmpeSIPNSFIs,,| ORS MHLCRrNBLY.3tQ an i nproved | evel of corrosion
inhibition in the presence of high levels of water. Yet another object of

the present Thaventhibhréss t @hRERVILHG SASTRAONLLNNik t QLS ; el -.aqueous
photoresi st stripping and cleaning coﬁ%os’i tions \/\h%achggr%égﬁg%qsi gQﬁensi ve
and ar E1BRF ¥ | getRASitions of this invention are a unique 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
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| ow concentrations and | ow tenperatures. Yet a still object of the present
invention is to provide an aqueous stripping and cleaning conpog Binmf@ng
al um num and copper foils which have a high cleaning efficiency I n aqueous
formul ations wth reduced toxicity. Bri.ef Description O The Drawings FI G
1 shows corrosion inhibitor efficiency curves for a water/45% choline

hydr oxi de stripper conposition matrix in the ratio of 90/6 n/mand the
inhibiting effect of various ratios of amonium benzoate and benzoic acid
on al uni nste qnd ngopRErcRinahg f&tigds 1@k or Ofhi il GnB:shons-cBgoeffieqt oen the
copper etch rate by varying the 5 2 3 MAR 2005 Proportion of the organic
pol ar so¢tantiofBMAC) conponent in 2 stripper conposition matrix conprising
6, ~(45% choline hyd-roxide and 4% benzoic acid. Detail ed Description O
The Preferred BribsdifivERbsr piriecti v§ tbet heefunds davehhimntticorprovhes ez ar e
provi ded novel stri.pper and/or cleaning conpositions containing corrosion
i nhi bi t%‘?rsm?é'lagctléﬁuglr%ﬁ? spPBLrh | CTaAPBRYTYY c8#bokR$| iusedciids, basiai ror
derivatj: rid, ol xtur ereof useful. i,n the sub-m con processsion of
seni con%f??gg.sh%%g%grragéi %‘{r:aéinr%‘ﬁfgbf?‘&?%s%ﬁ‘mﬁ hvention have a pKa val ues
equal to or gressstham@. 195 r d knhibitaors of the invention are
benzoi c acid, g%n%ﬁ?hﬁ1%e§é§2?%? gh?ﬁ% igkagpg,&%ﬁgﬁﬁﬁiéng %@ﬂ?ﬁd@’and

i sopht hadovidaci & Tderresesnf aRRyEidddes #dy baﬂﬁ,pbgggi - %gHeogeaﬁﬁ{&/ent
blends will result in the formation of the acid, -in"-situ. Corrosion

i nhi bi tapmpPerhyidms usedchn ambondisn ofardf r dmpabosd Olrell O FPOWL 15 W8 ght
percent. and can be added to the stripping arid/or

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




cl eaning conpositions. Preferably, the inhibitor concentration apes MW?@S
about 2 to 8 weight percent, and nore preferably fromabout 3 to a
wei ght percent, and nost preferable fromabout 3 to about 5 weight
--percent"These percentages are based on the total stripping and cl eaning
conposition weight. The corrosion inhibitors of this invention are at |east.
water mscible and are effective in stripping and cl eani ng conpositions
whi ch exceed 25 wei ght percent water. In fact stripping and G 2 3 MAR 2005
cl eani ngr&AMASKt | HNShavin er_contents fromabout 25 to about 95
wei ght percent can be tol r gta}é\?w%?g%ﬁt °8§1§/e’?tal (2% | pemRa@ngsi on 2
i nhi bi t $tonigreif eompase: for deainum, i.,num al,Loys and. copper. The
organi ¢ pol ar solvents which are con%%%ﬂ%?s%anfhgy 56?? rHFgréde
cl eani Pt dripbshreionsicdfi.t he present invention enconpasses a broad class
of material including NN - dialkylal kanoyl am des, N al kyl | actans,
acetate esters of ethylene glycol ethers, acetate esters of propyl ene
glycol ethers, aliphatic amdes, heterocyclics, cyclic aliphatic sulfones,
esters 'fa& 5 J?_— DEden @ Thiec Prefxned. Enypdimenssl f ones, esters of
di basi c dci ¢s f oxi des, ether al cohols and m xtures thereof.
Specifically,cfééﬁﬂﬂ qébﬂ@@n??*??ﬁﬁlﬁﬂyﬁQFlﬁpdehﬁﬂdnﬁre aretradedenowar bit ol
acet at gcrébp®t hylnadipat @, thariol am ne, tri-ethanolamn ne, propylene
carbonate, choline hydroxﬁag?“gd-(290%%}8Eﬁoxf@ﬂﬁah@mg dieretgsiydn
f oram depitetomhy@dnebusy| radne i £ Lglycql, dinmethyl glutarate,
i sophor one, g_arrma—butrolactontcag%g!Q ﬁe%ﬁ&%%%gg%gxéﬁaﬁﬁﬁﬁé? acids, their
N- met h$REPYAHives| | dode, mikmetdy| sl fapxi dgseangd mxtures thereof . O her

: : S S LT g sub-micron
pol ar sglcveesnts suitable for use in the stripping and/of

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 ab;;;qo.z
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



cl eaning conmposition of the present invention, include ethylene %I ﬁgl
et hyl ene glycol al kyl ether, diethylene glycol alkyl ether, tri%eh& ngm5
gl ycol al kyl ether, propylene glycol, propylene glycol alkyl ether,

di propyl ene glycol al kyl ether, trlpropylene gl ycol al kyl ether,

et hyl enedi am ne, and ethyl enetriamne. Additional 7 2 3 MAR 2005 pol ar
solvents as known in the art can also be used in the conposition of the

present invention. The stripping conpositions of this invention nmay al so
|table wat er nisci bl e noni oni c_surfactant which

ﬁggtsathl%?w& S%Dﬁ@‘%’cﬁn%ﬁ GUERH Y4 SEEn i RGE SR ofrFO’“t $BPERIZS % Zbeutanount
f ab 0. f h i i bl
O aboulhs O-alheabiulc oLt BoroRol ol d EALRLL SOMRESliLan Syl anle

alkanolanlnes se 1N the present Fnven

f or nul azoRassioN &ﬁmﬂq@R bLproiahelne anduf con haaHupr. aldud apd mis 2

or 3 and nis 1, or 3 and preferably have r ve |I|ng
poi nt s, cépear,. 100C or above and a high flash point, i.e., 45C. The

al kanol am nes are preferably water soluble and mscible with

hydroxyl ani (e Exappiies eblsui tshlivenal kasdlcani aes ideebusentnaet hapel ani ne,
di et hanol am ne, trlethanolanlne i socropanol anm ne, 2-am no-|- propanol,

3- ani noR Y EIPPEparid/PEofieané PaNiaEPoSi tkindo- Of  ghho)pEeskanolinvention

2- ananEZCgEhokégropan% trlpropanol am ne and the |ike. Various other

i ngr edi BRtSPRAGAA t 8 t d@@ HhaS ar PfnmayP3tEptFbnat pglytinanc| Wd¥d im the

ot Ea39IRoRd Al Be 8 - N INER) Ol acER) WeRaed L O P eehfene ' M
glycol ethers, acetate esters of propylene glycol ethers, aliphatic
amides, heterocyclics, cyclic aliphatic sulfones, esters of dibasic
acids, cyclic ketones, cyelic sulfones, eéters 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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The inhibitor utilized in the present stripper and cleaner 8 2 3 MAR 2005

conposi tions depends on whether the conpositions are acid or bazig. aﬂf
aromatic acid anhydri des disclosed above are utilized in the a 'diMA 005
conposi tions. ~The inhtbitors, however, are not used in acidic conpositions
cont ai ni ng an oxi di zi ng conpound. The aqueous stripping and cl eaning
conposition of the present invention conprises a mxture of: a_) about 25
wei ght percent to about 95 weight percent water; b.) about 1 weight

percent t@.ab i.ght ce f _an__.organic,polar solvent; and c.) an
ef fective gnngﬁpvgﬂt%eg%rrggﬁ%h ?%h?%ftd%ﬂ%e %%tgégof§5h15 nifim $¥nzoat e,

benzoi ¢ cagbélsi PNk ehadbsenPhifAldg ognhydride and isophthalic acid, said
conposition being free of oxidants. The stripping and cl eani ng conpositions

may be prepafied styippindl gonbosi BPod & CRARONGIVS LByl he sBr 861 A¢di tion
is not critical. In fornulations using hydroxylamne, it is first

di ssol véd Pasiercdr amd sWiéabihewatdremicaiponentdsiarie addedotathe Wwiikhppi ng
conpositions of this invention are especially useful and advantageous for
var i ous9Peais¥ifs FHFertdERy tirderine 2rd reisenhtg certdosi t tunscalle vat en
nisciblg 'nqn-%grr_si e, .non. flammable with low toxicity to humans and no
stress E8°fhe CEnvitT&ineht! SERi cAIRHict or "Be9hEe B9EFRBE mEHcethnd tyitald ar e

strongl y nt on mai ntaining the designed |ine w dth, Unacceptable
R e A RS yield | oss. Higher levels of water

I nprove Suitable alkanolamines for use in the present invention can be
represented by the formula:
Ry=a=N[ (CHz)nOR" ) I

Wherein R and R’ can be H or alkvyl and m is 2 or 3 and n is 1, 2 or
3 and preferably 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



the renoval rate of each residue, however, this has to be balanced agalnst
line width | oss. The present corrosion inhibitors work with | Z@ES
of water. Because of the | ow anbi ent vapor pressure of the conp05|t|o
“they evidence substantially | ess evaporation than prior art conpositions
and are non-reactive and environnentally conpatibl'e. The stripping and

cl eani ng conpositions nmay be recycled for multiple use and may be easily
di sposed without stress to the environment and wi thout the necessity for

bur densposat by HBeadL he s ane _{oken t he strlpped coatlngs nay
be readily P enoved 5@ go%fggﬁgﬁgMEE %E%teﬁp?o§:é§§ y2 1 S5ggarr Awic.

stri ppi myeantomekeankags COMRSE LLONS: 0f1 S ABYENLLon, evi dence gigher
stripping efficiency at |ower tenperatures for a w de varlet ghtlngs

and substratessomBept ebamt.at The ORBEHY o iRO| YWR/eve r MtLLI gl & i G clydg
positive photoresists, electron beamresists, X—ray resists, 1on beam

reS|stsa&ﬁﬁl?rﬁPWHQWéElS@%cwbﬂcaemampbasomidnmg@ntﬁmguudﬁner|c material s
i ncl ude p03|; ve resists conprising phenol -fornmal dehyde, poly
( p- vi nyl phenoP§ , *HfPUiovoF B8RP ings A8 BleaTdgat ibvepoEidiions of comprisisagt

cycllze POl Y sonrene. or pol Inethacrylate- containing resins and the
| 8 %&%a?ﬁ ccmBFﬁﬁasrl C %ﬁ’f"é‘?‘%/é’k ‘can be renoved from any of the

conventlonal a Subsiyates, kng) those skllle in the art, such as
silicon, si | § con d|0X|d2eé< %??%gn EonofRAUY | don weiPhki meFcere 23 MAR

2005 alunlnun1alhaﬁ§r,copper, copper aIons pol yi m des, etc. The process
of the invention conprises contacting an organic polynmeric material with

the di scl osédist rdppny aady) garteg: oML 3eN TN POe88s gongditions,
i.e., tenperature, tine, and
‘ 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
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duration of contact may vary over wi de ranges and are generally dependent

on the nature and thickness of the organic polyneric material 2(38%
renmoved, as well as, other - actors famliar to those skilledn 5%
Ceneral |y tenperatures ranging fromabout 25C. to about 1000C. for a
contact period of about 10 minutes to about 60 minutes are typical. A
variety of neans can be enployed in contacting the organic polyneric
material with the stripping-cleaning conposition in the practice of the

inventi Qadchoncexampserrd S}S_téit:lr at8s Qolgi hery NG el € L@ 9anLe Prgl::a:.yo%“ ¢

material can be imrersed in a stripping ba or the stripping-cleaning-

conposi tthenreasvdie SrayEdeaverrdhauessudace rof thhe al WeebkCriBdelial as
will be apparent to those skilled in the art. The present invention is
furt her agesest beldhe midel alds by Theamseseot tderdsdlohovhng, eaaphkesi Alicpart s
and percentages are by weight and all tenperatures are degrees Celcius
unl ess BXpIeEi 198RSt dtfedatBEhebsdase of 2hg MMR 2COSnEXANPLE drsssiei ppi ng
and cl eanin ncon&{osi tion having controlled dielectric capabilities is

pr epar ed*by*ffi XCAGOEhot e Hidr SHiGe™ R dSURRAE14L LY 0dASE eAPRPAAILES t O
forma dilute e solytion_and then adding a_corrosion inhjbitor. The
Conposi tl%ﬁ i s s%dwn FﬁETABi‘E‘pfﬂBEEO'EOWp(?Hgnt PET ght" P EBRE Bei oANded

Vater 9@nv{Rinchealy frosrie i¥1e | ML OI o8k 001 cleaning compositions
may be recycled for multiple use and may be easily disposed without
stress to the envirenment and withaout 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 polymeriec 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, silicen dioxide, silicon nitride, polysilicon, aluminum,

10




Frmunr . E 2 Several inhibitors used in the conposition of Exanple 1

conpri sed ammoni um benzoate (AB) and various concentration ratiog 3%%’ 2005
anmoni um benzoate (AB) and benzoic acid ;BA) _ FIG 1 shows al um num an
copper corrosion i-nhibition.. efficiency curves at 20C for the inhibitor
systens nentioned and the results are tabulated in TABLE H TABLE Il Ratio
AB/Ba Etch Rate A/mn. 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
i nhi bi t %o efFict » GRBRAE AmTORP & deiPySat BoHHd SRz ottes- acid are |
conbine, i.e S ISt ffects pot attainable using the conpounds

al one. This Ftslepé??%%’u ac’rfyt *he M58 UheTP P SR &t F%“@C%éﬁﬁnﬁﬂuﬁ?%@?iz:oate i's
greater polbgEeid S ticdnc se, . efficiency of alumnum
cor r osi on Pﬁhi bi tinglrfgg%g?a hfr’btjrne éﬁgduda‘lsré%é?gdsusstt%fjﬁéﬂgi feFeaSes i "opper

corr osi epmpadd hidri.omheElpdokEs3 IS l ¢ deterdy per, etch rates
for a sem -aqueous dil LEIJ'?G base iﬂao\s;—itﬁgﬁt egggh'e‘ra% p?%?ﬁ%?%’ti%’r{[%df aIlélfégarrpl e-1
usi ng 4cdvetyinn pbrcemtadienzoi ovad®i bvas WiQeCRhQSE ORnd NPLDI EQﬁezaarlq.v
additionally_ including varying weight percentages of -

N, N - di fiePeRAsidet e b= ( DRATye afdie theskseswer ef Conduetgshid F&Gmerhe
results_are own |n FIG 2 and TABLE I1Il.TABLE Il DVAC (wt.%D.1. H20

(Wt . 99 ETCE eAkﬁ1¥ﬁmDVEG, 8s well as, other Ffactors 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.




0901. 56 10803. 89 20706. 56 30607.78 405012.33 It is noted fromthe resulting
data, that as the anmount of DMAC increases in the stripping-cleanin

conposi tions, the copper etch rate also increases. This unexpegtaﬂﬁiR 2005
phenonenon is |likely due to the chelation product having a higher affinity
for the solution, 13 2 3 MAR 2005 resulting in a reduction in the corrosion
inhibition efficiency. E3SWLE 4 A series of experinental runs were
conducted to evaluate the corrosion inhibitor efficiency for alum num and
copper filnms of the present invenéion versus the known and prior art
inhibitor. To a stripping conposi ri x conprising 64% N, N -

di net hyl acetanid %.di,onj zed water and.6% (45% choline hydroxi de were
added vario&%gkﬁgFgﬁﬁﬁafg? %4&5%58Fu5?@ﬁﬁ§4%éP% éﬁﬁ t EA W magneti c
Stirrergiwieck -t hecddaibi ¢ : o Luti.an. fers cont ai ned
1200 . of thernal dxiégiu%%ifﬁgg?ﬁﬁgﬁﬁpﬁgt%ﬁg%ﬁgﬁ%boééﬁ? “:ﬁ%DE%%%éH‘ nto the
vari ousvaselrutt onsorraenpatdted=at t60farmAdd; B 8h86 Wiftid-"BEAetiG, Sstirrer
for 30 mnutes, followed by a 3 mnute rinse with deionized water and then
dri ed W9dANE| & roppaesgaes. itNtibakoet cther abesoseriendet eshbwied nUSABE a&. Veeco EFF
5000 electrical four point probe systemwhich determnes netal film

t hi ckness through resistivity nmeastA8#ent nmetal and bl anket nmetal filns on
5i|i00%€§§5§é§t When+—is-zero percent the inhibitor is jpneffective and

rapid Fo5ion has occurred, where r is one Reh#fitedsgeraent no corrosion
Deionized water S0
Choline Hydroxide 6
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
4/2 10 4



has occurred. Values |less than zero percent denote enhanced co F§SIOH
probably due to increased solubility of the chelation product AR 2005
solvents tested. The results are shown in Table IV. 14 2 3 MAR 2005 As
noted from Table lv, all. the aromatic carboxyllc aci ds. di scl osed, benzoic
acid, phthalic acid, |sophthallc aci d, and phthalic anhydride, prOV|de an

overall inproved corrosion efficiency in low and high concentrations for
bot h 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 - nalic acid
show conpar abl e results for both netals. Wien only phenolic hydroxy groups
are avallabug in the glbltor j.e. 8-h droxv ui nol i ne, catechol and’
pyrogal l ol , & PO I"%v ISf  BtF oSHBHE | AR INSEF %9 cF‘@’ﬁ‘?ﬂl PeERFis e

1] o abprantel o hose ALY ANt Lol St erbodente,

|nprovenents etall's and uSesS Can

SPITi Rl hird 0ia@0kBp dl 90 0SS AN vl Lbiehecd NgoBo0RE ol 0 5 vent on.

which is limted only the fo clains, const T UBt

wi th t hempbahds eslehet hanpat end g@ﬂﬂsuﬂa&%uow&g & dQRERI NQOf ravin of
equi valence. i5 2 3 MAR 2005 TabFe | v Corrosion Inhibitor Efficiency Cr) at

50 degr@@entunf drenapatmdi€u gEieher . DVAELH, G5Ch| B emadidy xR aNBE X che
i nhi bi t or Pw, 8- HQ145 ', techol 110
efficiency’ of aluminum corrosion inhibition and a more graduzl buz
sustained increase in copper corrosion 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




ryrogal ] .ol 126 Gallic Acidl70 3enzotriazol e119 Ml onic Aci d104 BufeMAR 2005
Azid%16]whlefic Aci d116 D,L-Malic 134 Acid Benzoic Acid 112 Phthalicl66
Acid Isophthalic 166 Acid Phthalic 152 Anhydr. n_ K Conc. (M 9.510.069
9.850. 091 -9.800.079 4.410.059 ---0.084 2,830.096 3.030.086 1.830.086

 3.400.075

reseliing in a reduction in the cerrosien inhibition efficiency.
EXBMPLE 4

A serles of aexperimental runs wers conducted to evaluate Che
corrosion inhibitor efficiency for aluminum and copper films of the
present invention versus the known and prior art inhibitor,

Te a stripping composition matrix comprising 64% N,N'-~
dimethylacetamide, 30% dionized watef 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.



4.190. 082 2.690. 060 3.540.060 ---0.066 r Lul-1 r SJConc.(ML 1§~3 Wf’ 2005
50-3070.34'1 59 98 50700. 4598- 104 50330. 4099. 826 5000. 2999. 9-3 '
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 nmeasure of the
ef fectiveness of the inhibitor ranging fromo to 100. Etch rates determ ned

for blanket filns with a Veeco SOOOFFP four point

As noted from Table IV, 21l the aromatic carboxylic acids disclosed,
benzoic acid, phthalic acid, isophthalic acid, and pnthalic
anhydride, provide an overall improved corrosicn efficiency 1n low
and high concentrations for both aluminum and copper films. Only cthe
daéa for the sliphatic 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
embodiments, improvements, details and uges can be made consistent
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.
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probe. Solutions were run with nmagnetic stir agitation, 3 watergrinse, and
N. dry. 16 2 3 MAR 2005 Repl acenent Sheet: Date: 17 March 2005 ZAﬁaﬁARs,?UUS
Claimed Is: 1. In an aqueous acidic or basic stripping and cl eaning
conposition for the renoval of residues fromnetal, nmetal alloy or
dielectric surfaces, said conposition conprising water and an organic
pol ar solvent, the inprovenent which conprises said conposition having an
effective anount of an aromatic carboxylic acid corrosion inhibitor, said
consisting of a mxture of benzoic acid, and anmoni um benzoat e

i nhi bi tor
said conposition being free of oxidants and having a pH of |ess than about

4. 2. The conposition of claim1 conprising fromabout 0.2 to about 15

wei ght percent of said inhibitor. 3. The conposition of claim2 conprising
fromabout 3 to about 5 weight percent of said inhibitor. 4. The :
conposition of claiml wherein saidngyartgolvent is NIN -

di met hyl acetam de. 5. A basic photo f stripping and cl eani ng
conposi ti on camririoSiBg: Ind)bChol I 16 Xi; grey oyt to 6 weight
percent of a nixture of annnn?ﬁ%f%gﬁggéggg égg)b%%z%?éﬂggéﬁf & about 80 to
90 wei ght. percent water; and @prOatozgdatl =kQmuei ght percent N

N -di net hyl acet ani de, wherein the ratio of ammoni um benzoate and benzoic
acid ranges from aboutDMACQ/R,0/dnd]isRidyrdeoRPAs| fh©pipei ng free of

oxi dants. 6. A basic photoresist stripping and cl eaning conposition

consisting essentially of :

Inhibitor ~ _FPW = pK, Conc. (M) rm L|(%! Conc .. (M) T (%) 'r 3

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 -
Eenzot;rlazc?la 118 =-- 0.08a 10 26 0 -42 ;2 3
Malcn.lc 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:'r.c 166 2.8% 0.gs0 17 85 ggé 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 tablaes,
T = (1~ ER/E?D ) x 100% which is a quantitative measure of the
cteh ratese_dectlvgness of the inhibitor ranging from 0 to 100
5 etermined for blanket filme with a Veeco SOOOFF.
 robe P four point
s T ¥ 1 L3 1 ’
olutions were runm with magnetlc stir agitation, 3’ water rinse, and N dry
’ 2 -
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a) about 10 weight percent N, N -di methylacetam de; b) about 6 weight
‘pércent choline hydroxide; c) about 4 weight percent benzoic aC|a;3$MR A5
about 80 wei ght percent water, said conposition being free of oxidants. 17
Abstract of The Disclosure A stripping and cleaning conposition for the
renoval of residue fromnetal and dielectric surfaces int
of sem - conductors and mcrocircuits. The conposition is a
i ncl udi ng organic polar solvents including corrosive inhibi "t
froma select group of aromatic carboxylic acids used in effective

i nhibiting amounts. A method in accordance with this invention for the
removal of resigﬂi@wkﬁ%f I8 and dielectric surfaces conprises the steps
of contactling the nmetal or dielectric surface with the above inhibited

conposi tigns fory a t ilﬁ%nsald{léciugiagﬂgc ortb%sfc%gﬁ)\f)?ng z?n crleeazsnljlgguc%srﬂpolsl ion for the

removal of residues from metal, metal alloy or dielectric surfaces, said

composition comprising water and an organic polar solvent, the
improvement which comprises said composition having an effective
amount of an aromatic carboxylic 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.
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