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application is a continuation-in-part ofisepplication Serial No 08/ 628, 060,
filed April 17, 1996, which is in turn—a-centinuation- m_part of
10Application Serial No. 08/078,657, filed June 21, 19 is in turn

a continuation-in-part of Application Seri aﬂuﬂuwwmmmmﬂm 102 f| I ed July 9,
1992, now U. S. Patent 5,334,332, which was on-in-part of
Application Serial No. 07/610, 044, filed Novent@iod, 1990, now U.S. Patent

5,279,771. The disclosures of those applications are hefby |ncor orat ed by
reference in tHEHY P%WT%E&@@ENH:@CWQ SAKT the

I nvention: 2 RIEP 0,

conposition a(rj1S prggﬁgﬂro remng§$ orgaﬁ?&gﬁgvné%egqlﬁbc ang@mef\m)
oxi de resisxlues from substrates. Mre paPRQ@UESS|y, it relates to such a
conposition and process for renoving sem conductor device fabrication

F resi dues from sem conductor device substrates, such as etching residues

after plasnma 25fabrication of integrated circuits
D ﬁqéﬁ’gﬁflﬁ?WNT‘i &

on silicon wafers an processes. Most
This application is a continuation-in-part of Application Serial No.

08/628,060, filed April 17, 1996, which is in tum a continuation-in-part of
10 Application Serial No. 08/078,657, filed June 21, 1993, which is in turn a

continuation-in-part of Application Serial No. 07/911,102, filed July 9, 1992, now
U.S. Patent 5,334,332, which was a continuation-in-part of Application Serial No.
07/610,044, filed November 5, 1990, now U.S. Patent 5,279,771. The
disclosures of those applications are hereby incorporated by reference in this

15  application.
BACKGROUND OF THE INVENTION

1. Field of the Invention:

20 The present invention relates generally to a cleaning composition and
process for removal of organic, organometallic and metal oxide residues from
substrates. More particularly, it relates to such a composition and process for
removing semiconductor device fabrication residues from semiconductor device
substrates, such as etching residues after plasma etching processes in the

25 fabrication of integrated circuits on silicon wafers and similar processes. Most
especially, it relates to such a composition and process which is effective for the
removal of these materials while avoiding substantial attack on metal or insulation

layers employed in integrated circuits, including titanium layers.
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especially, it relates to such a conposition and process which is effective
for the renoval of these materials while avoiding substantial attack on
nmetal or insulation |ayers enployed in integrated circuits, including
titani um | Qysbsissz00O 98/ 45399PCT/ US98/ 05150 2. Descri ption ofpthec iy Art:
As integrated circuit manufacturing has becone nore conpl ex and %he

di nensions of circuit elenents fabricated on silicon or other sem conductor
waf ers have becon@snal@“é“—,"p—‘é%ﬁ—'ﬂﬁ-m%ovenent in techniques used to
renove Sresidues f&gm&d&&%&u%m&&hﬁa@am&ohﬁ%@%@%m gen

pl asma oxidation is often used for renov of photoresist ‘or other

pol ymeri ¢ matdimendiensadft circuitteddémengss fabrdaatedign silicon ab otheatsemicopduntarswafesss been

conpl eted. Suych_high e esses _typical.l esult in the formation of
o ganomet al | 1% Mep s apakE  PRESES iiutolBhitin Yeshifite! uidd ibofpalé Dot ng
formed i 5t herefiabysi foahed fropr masﬁateﬁﬂﬁhyﬁuséeﬁtry%xﬁfednemyg@rmamileﬁd.&tiuher S
are comonly ,errﬁl oyed in integrated circuit fabrication, including

al umi num  al UfoReRResd fof Spme R 9 photoresish prather pelymietis matesialg after their use
titaniunm tun ,héwg&, Shkdds 3 ' Y Sk g t he
i ke. The usgﬁ)tg?’gsfuc i %f er%nt glsanggeﬂréekgntﬁlﬁgé'i ?h%wo%{r%ﬁ E#\oc%s?&d
di ff erent or gypioatiyt eelstlit ¢n thesfodnatson of ergandmegdilie and gthep residies ©s. sidewallsidi t i on
to being 15effective for . .remving such_residues, cleaning conpositions
shoul d al so ttﬁ%lftf‘éccﬂiref peing;Tp re’r‘htﬁﬁé"fbé?cf"d‘?'bp@§°§§r i nsul ators used in
integrategl circuitAfvaletycftmesl and other lAyét@aieCdommmbnly @siploedr iamhétated
conposi tions and _processes suitable for integrated circuit fabrication have
been devel opedresitdabrisaran ciclydingadumianms alusmjpum/silicon/coppers §igangibe of t he
_present appli 4 oo § o 0. I bl d he SO
useful for sttﬁ%%%@%ugﬁg? ct?(rﬁeusnlt‘@fr,%gtp?% @gg? %@ Sg%cggg)’%{&hgp [ygo §§n§?’€‘°‘%ﬂ aa{?)iler s
from subst r attbs liker iThearse af euchcdifferent layetsrriesdtsiimhe foroha@Cof diffea¢s o

devel oped a vari et . composi.ti.ons and processes for  st.ripping such
pol yrrePi c | aﬁg@ﬁeﬁ‘[“é 6‘?}‘?‘\"&%@“%39 FReEeY RTQSESSES-r E%ng’f“o’tﬁg‘%‘é‘ﬁgon. Such
CONposi t IPNS FedtiRd AFFemOFing sbcll te3idues Qdeanthgt dothgoRitoAVsih1E ¥BWOL YAkST gned

25i ssued patents; U S. Patent 5,482 566, issued January 9, 1996 to Lee,
U S. Patent ghedifferent metaluraies oRinshiators usesion ingeratest cighuis fapgeation. 5, 381, 807,

i ssued January 17, t : : gc;”@g)ts- ' ﬁﬁgust 2,
1994 to Lee; U S itgggtly ch{zﬁgue?iﬁx%v ?’gsu Hgﬁggﬁ%ﬁ%essgg%%%é ee; U S
Pat ent 4, 824, in@gratédssitmut fabri¢dtiod hiave B&h developed amiimarksteday EXKIC 4, 395, 348,
' ssued July Zlﬁéch%o%ggy,tl%c.l‘,%ﬁé assignee of the present application. Some of these

20  compositions and processes are also useful for stripping photdresist, polyamide or
15 other polymeric layers from substrates in integrated circuit fabrication, and
EKC has also developed a variety of compositions and processes for stripping such
polymerié layers from substrates in integrated circuit fabrication. Such
compositions and processes are disclosed in the following commonly assigned

25 issued patents: U.S. Patent 5,482,566, issued January 9, 1996 to Lee; U.S. Patent
5,399,464, issued March 21, 1995 to Lee; U.S. Patent 5,381,807, issued January
17, 1995 to Lee; U.S. Patent 5,334,332, issued August 2, 1994 to Lee; U.S.
Patent 5,279,771, issued January 18, 1994 to Lee; U.S. Patent 4,824,763, issued
April 25, 1989 to Lee and U.S. Patent 4,395,348, issued July 26, 1983 to Lee.

30  These compositions have achieved substantial success in integrated circuit

fabrication applications. However, further development of integrated circuits and



30These conpositions have achi eved substantial success in integrated
circuit fabrication applications. However, further devel opnent of
i nt egr at ed ®igrgg4kies and their fabrication processes have Cre}%ﬁﬁ'sﬁ/ogsles%d
for inprovenent in residue renoval conpositions and processes. a
- result of a continuous effort to decrease critical dinension size in the

i ntegrated cigeilidpd 5 bk W | Lon qof. sub-m cron size
devi ces, 5et clL ?fgllg;fabrﬁedsaﬂgug ér(cg?r%\y/ ngviﬁrghﬂéﬂ t%?fefé? g{ gﬁoﬁ%g?tf’%rﬁllf’trﬁsl%et ﬁ:movals
chemi cal s enptasymditions wad pprcessessi ng i s beconing nore and nore critical for
obt ai ni ng acceptable_yield in very large scagle integration (VLSI) and ultra
| arge scal e int egr‘éﬁ P% S“ettjlfjsﬂ ?O‘BV%B%% %rﬁtqa@r% cal gimepsion sizp ivthei ng
resi due i s gen@paidd cifRiCIndRsts], shbtfa it Fasiaaibh B §b-mHBYR 4 H9;
substrate, photoresist and etﬂi ng gases. glI'he 1OSuEstrate cos%a%qfﬁef’i ty of

the waferd widtehipgresidveremaral and sybgrts compasitikiyt witin chémeicals eompdayieddnof  t he

pol ysilicon, [ 1] | e Lon dielectric layers and netallization
o Vhin i1m TeghaiEe  BORRAEREE sil el Bt B iR eoemab e
whi ch are of tiervegularge shald iteritidnr O/LSINend aitfal el RAleMhRERSDN (OLAPPL her .
Some of the above conpositions, have produced corrosion on certain netal or

i nsul at or 15IBEEISt Lhe cQmppsiion gf sugh eiching Fesidua is gangrallyrmadstup of theer .

Ti tani um has daed¥BbdiRES, Whas! ' ' ctiring
processes. It is enployed bot hwzééﬁgﬂgﬁatr@’r Pgé[bfeggg?&%t g&%@%&%\%n’{'ﬁé
el ect r onlQr atsubsirabs cerapatibiility of dhe wafeals ssthawetahenield Bdtighly depadentosh thep of

ot her netals. > Y OF THE | NVENTI Accordingly, it is an object
of this i nverﬂrﬁ%ﬁééj%ﬁ'&?od%s@%‘?nr ﬁﬁ%&@%@%&%oarﬁ?l&%Féﬁ%ﬂq enoval
and process usétiifizationinah@ofilp® 8égositions Bichp! 48d pkt-SBR tleRthent!bf fid! wafers

sem conduct or f,%grlcatlon,reqw rements. It is another object of the

i nvention t o "HHEN PRePTteRquits diffprsntfromopnesfabirication reesss whaugthérs Serme abl e f or

renovi ng resitpligsovk ' BMpOsitiehs hAR rB&IFb?IB gﬁﬂgﬁ:g é%klecser‘c'aﬂ]c}ngg! I(r;? gﬁpﬁm?r ore

titanium netal |ayers w thout substan on suc | ayers.
substrates, such as those including a titanium metal layer. Titanium has become

more widely used in semiconductor manufacturing processes. It is employed both
as a barrier layer to 10 prevent electromigration of certain atoms and as an

antireflectire layer on top of other metals.

20 SUMMARY OF THE INVENTION
Accordingly, it is an object of this invention to provide an improved
composition for residue removal and process using such a composition suitable for
meeting current semiconductor fabrication requirements.
It is another object of the invention to provide such a composition and
25  process which is suitable for removing residues from wafers and other substrates
including one or more titanjum metal layers without substantial attack on such
titanium layers.
The attainment of these and related objects may be achieved through use of
the residue removal composition and process herein disclosed. A residue removal
30  composition in accordance with this invention comprises ethylenediaminetetraacetic
acid or 2 mono- di- tri- or tetraammonium salt thereof and water or a polar

organic solvent. A process for removing a residue from a substrate in accordance
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The attai nnent of these and rel ated objects may be achi eved through use of
the residue renpval conposition and process herein disclosed. A residue
renoval 30conposition in accordance with this invention conprises

et hyl enedi am netetraacetic acid or a nono- di- tri- or tetr | al t

t her eof afOR#¥P? or a pol ar organic sol vent. A process for@%%’%@g";
residue froma substrate in accordance WO 98/45399PCT/ US98/ 05150 with this
i nvention coppy S mveRidPedmpties bentsauingttha sebstratelwith eneopiposition that hat
contains ethylenedi am netetraacetic acid or a mopo-. di - trj-— of

t et r aanmoni wontainst ethencdigmingfetraaceticactd oF aaﬂ‘mbo'tdr«gn%roarttﬁr e s"d?'?}"gl B to
remove the resid fr&fﬂg Whshshbre WiaGcate reinbys erertsidoe frtretheaacet i ¢
acid is usecfﬁﬁ3 f|J°sr Yo Ldpgra?n ?{’%;can 5ei ther be enpl oyed aJone as the
princi pal acdubsteaté.ngVheti thatetiolenediaminatetraacstisracid isussdi® afs 2418y th Anoni um

salt in situ., | n_practice, have ,f irfg?&fi iR comBinati ith

et hyl enedi an§ither B¢ FH‘Q&‘B’F&@S%@G tl\é\"’fleprzalu@r oﬂ&gﬂgﬁid- ti |?ddo%? 1itqe?r agr%%?]iwljm sal t
t her eof gi VegnRohiastéfinl SiRvhing: st i on that attacks titanium for
exanple, at [east about 3 tines |ess' than 10prior co L] he
same tine, the etlnypraetcs s e doyndthak ysg %@Pftweﬁﬁgﬁ%?‘e{ﬁmﬁ%ﬁ? El":lls\zci)rog'

tetraammoni umnzalt df-riﬁt SPtetEARIRdnRind Salf RRDF ighved A 1@hidaes rahoviegst equi val ent
performance as a residue renbving conposition to prior art c} egr{é&g
S5

CONpOSi t i oNscorpitivint thanareucks titaniuins fonexsgnlegatdeast AQUAScmEhHjes

advant ages and 15features of the inventi ig}gd‘%ntﬁﬁ WL Gefi sl o aappar ent
to thosgoski PRRGCRPQSHRONSy t‘{‘t t&?t“éq’e ¥‘g‘\7’i’ (llal\%neotﬁﬁfg & FoI'T ow nsﬁgma)r-e det ai | ed
descri ption afsntng i1\ RbiAAmmdnika tak tgetdfarontaiting tompasiten giyss at lasihi ch:
BRI EF DESCRI PTI ON OF THE DRAW NGS 20Fi gures 1A-8C.are scann%pgle%rlgggt ron

ni croscope ( SENyalpHqestprapres asHoTsHYe ETRPYPE COPROTRYY I RIYCHT &V sing the

conposi tion %Qr%pgsrit(i)&n%.ss of the

The attainment of the foregoing and related objects, advantages and
15 features of the invention should be more readily apparent to those skilled in the
art, after review of the following more detailed description of the invention, taken

together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figures 1A-8C are scanning electron microscope (SEM) photographs
showing comparative results achieved using the composition and process of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION ‘

25 The ethylenediaminetetraacetic acid (EDTA) or a mono- di- tri- or
tetraammonium salt thereof suitable for use in the invention preferably have
relatively high decomposition temperatures. Preferred higher decomposition
temperature specific examples of such EDTA salts include diammonium EDTA
ana tetraammonium EDTA.

30 The composition desirably contains at least about 1 to 50 % by weight of at
least one ethylenediaminetetraacetic acid or a mono- di- tri- or tetraammonivm salt

thereof; optionally, from about 25% to about 75% by weight of one or more
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present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON 25The

et hyl enedi am netetraacetic acid (EDTA) or a nono- di- tri- or tetraanmonium
sal t theregfo ggMsh@pl e for use in the invention preferably haperiSsisiye! v

hi gh deconposition tenperatures. Preferred higher deconposition tenperature
speci fic exanpl es of such FDTA salts include di atmoni um EDTA and

tetraamoni ugidEAr BATBRANMALED Aplibdy, %l Lt Y590 M 734 p é%@éng bgbout 1
to 50 % by wei ght of at |east one et vl enedi am net etraacetic aci

mono- di- ti Weightof matorgamerpelar selvert: optianalpf frompahounal nsyz; td alzowt dABGUbY 25%

to about 75% t r. nore nes tionally,
from about Z%Y%h\g%ggglﬂrg%%f/o Fm% e W%ughfalgfc’pglﬁ %‘Pygz{a R aﬁgxftﬁ §%I vent ;
optional Iy, abam2sigbby x&bxélﬁ%ftzm aﬂhﬁi&naﬂ&?&i@tﬁg\@bﬂhfsu&f asPat&hePoY

I norgani ¢. anmoni um sal t; optionally, from about 5%to about 25% vve| ght

of an additi afidi 28 Eom abpyt 28 énto, a@HEHS &sbx weigbhef water daigl i 25 Birkef e and
fromabout 2glfQ ofl?gé‘ %n\/r\i@ﬁﬁ@ﬁglﬂfe% noéth%@ﬁeﬁgmﬂlﬁetg raacBtic B@ﬁtxs 8&9&*}& EDTA

or its anmoni um sa I amnet e raace I ¢ acl oyed in
the acid form theleeid forposhd campositionopty optdrajly montain frofor shvuald @uto disut 0
about 10% per ﬁznt bé/ tvrPVS’ ght tof ammoni a. Et hyl enedi am netetraacetic acid
(EDTA) is on f PYRE 18's '&Pd%f ’&8% 10chel ating agents in the world. Its

anmoni um sal ts, SM&diaﬂlmaé@araca&dadm%EDQ‘fA)tmene bP @l Most ik ted Shoul d
be stronger chel ants than EDTA due to extra ammoni um chel ating”sites. These

or gani c ﬁhﬂ%@&eemaméh@ Hoalds t iy ampgnivke ﬁalealselubl@rm araierrangnmby o d

integrated Ciye g s far. the
conposi tion :t}%'c?yégrg ﬁ@+€§h%ﬂ F‘gﬁ% ?1%6"(%? 8{1%1]’} ene 1 © t8 cXtra
2- met hyl eneamnmqnmmchelumg sitdsn €Thead drdaniz dmdnemum saJtsEmgraécBStaﬂﬁmgsui tabl e

al kanol am nes, f or e conposition. include nonpethanol d| et hanol am ne,
triethanol arrich"émc?lé:}‘t"ﬁ ARSI h‘ﬁ?fl HRtRBTaLed; Geeut ‘%‘B‘&F‘lﬁpg’ﬂa

di i sopr opanol am ngyjta1e AinfRs |f0P{lﬁ%HﬁJosm$n IR &h E@epaﬁmu)e dj céhylene
triisopr opanol am ne, 3-am no-l -propanol, isobut anol am ne, (

20ani nodd) hoxwietllna,n%me(twlglbﬁmmm@ned@mm repd 2hetlikoxy- pr opanol

net hyl et hanol am and the |ik

Sui t abl e exanpl es%g?mgi P"‘f'sﬁ 4nq orm?ﬁ;‘oratg‘ﬁﬁ%]?f’?l o "1°H’d§dd| tionto
wat er, incl udmndethmdigahmeuﬁfeﬂmnd&mmef, hﬁétamlghmeptm@ywymmabmﬁhe al kyl
ether, di et hyl ene ether triethylene glycol k et her
propyl ene gl BTOP“%?}%‘P r@raye ling k%rwmkpron@eluésamm@ééuopmol),
pyrrolidone, tﬁ%ﬂr@ﬁﬁ@%ﬂﬂé,nﬁmﬂo I-propanol, isobutanolamine, 2-(2-

20 aminoethoxy)ethanol (diglycolamine), 2-amino-2-ethoxy-propanol, methylethanol
amine, N,N-diethylene hydroxylamine, and the like.

Suitable examples of polar solvents for the composition, in addition to
water, include dimethyl sulfoxide, ethylene glycol, ethylene glycol alkyl ether,
diethylene glycol alkyl ether, triethylene glycol alkyl ether, propylene glycol,

25  propylene glycol alkyl ether, N-substituted pyrrolidone, sulfolane, dimethyl
acetamide, and the like. Additional polar solvents as known in the art can also be
used in the composition of the present invention.

Suitable examples of ammonium salts for the composition include organic
ammonium salts in addition to EDTA ammonium salts, such as ammonium

30  tartrate, ammonium citrate, ammonium formate; ammonium glucomate; inorganic

ammonium salts, such as ammonium fluoride, ammonium nitrate, ammonium



acetam de, and the like. Additional polar solvents as known in the art can
al so be used in the conposition of the present invention. Sui tabl e
exanpl es of ammonium salts for the conposition include organic amoni um
salts in XQP¥4BM to EDTA ammoni um salts, such as anmoni um BOVHFIY¥GIL,
ammoni um citrate, ammoni um formate; ammoni um gl ucomate; inorgani c anmoni um
salts, such as ammoni um fluoride, amoniumnjtrate, ammonium  thjosulfate,
anmoni um pethiesuifatee aMMARIHD BRTSBIAS, HBRRUM APt HFRBOBITS 8?058h%‘et he

i ke. (Fﬂ{eelﬁiedue cl eani ng conpositions of the present conposition are
effective in renoving organonetal lic and netal oxide residue froma variety
of integrated 5ciTheuwesidiei dicaning emipmsitiond of thetpresent aempexithep asstedfectivger s,

such as alum num or titani um,. oxi,de l.ayers u i.ligo i nitride
| ayers, sucH FnQyipg BWWP?%&&M%%%%‘E‘? ‘.“’E@P‘gtﬁh%%éf"é‘g‘ﬁfyn‘%* @gé o%} tions of
the present cirByeQlitaNwafe? sabsaresf irehidingembtal lg8By swgh 2y gamimmt af | i ¢ and

met al oxi de residue generated on the substrate of etching equi pnent
utilized i ntitaménoh aowifle ayetsn semh asrsiligpnaaxidesc piteds fayersy sshydspildeonyy

comercial ly. [ Chy yi % b t#}@ge i ef Lam
Resear ch, Tébtgiﬁg @5@? rlig%'elg%?gzkc%% tnge fg %l? ?%Pfsjfhe' okygaéﬁggﬁéﬂoﬁf aI[l-léi?)tmachi
and t he | i keffective in Taoviag oghnofmetallgaaidmetal exide residus generated brethel eani ng

conposi tions of the present .invention. involyves contactin rate

havi ng or gasBRstRLs ¢f ‘gdgﬂ%l equipmentiilized in ﬁ‘&sffiﬁ'ﬁ“éa%f)ﬂeosé'&tﬁg%tet%hg%@%'ri ppi ng
and cl egyi “Q::xﬁi%?lé@%ftcbﬁlﬂl&éiamﬁﬁvd%sﬁ%hnigwmpm@m ihelodéthat AvaiablE fadma
tenperature sufficient to renove the residue. The substrate is _generally

i mrer sed i n LiaheResearchpTegalaFlpctrpieathi Applisd Rfatsrials o F ok, Electrap, hi
tenperature _are determ ned based on the particular material being renoved
froma substapg\t%ée. nerally, the tenperature is in the range of from
20about anbi ent amermahod efpleirdngla substracebaming h2Ccl€nirgncbmpositomsoithe tine is
fromabout 2 to 60 m nut.es. The subgtrat nmay then be.rinsed in a

pol ar sol vePreseRi ENenion; igyvesANtagipe, A Srostaty ﬁ%’\k’é%ofﬁ?“%mﬁ‘@p{?n d4*%at er
rinse. f[ye txregﬁﬁ‘e trrdoneRiti'R GRpPIRAddYcleiniEcohipSsRiciSof et brésendi n dri er,
or nitrogen blow dried. 25The following represent non-limting exanples and
descri be t hanvemtiemforomtime and at a temperature sufficient to remove the residue. The

substrate is generally immersed in the stripping and cleaning composition. The
time and température are determined based on the particular material being
removed from a substrate. Generally, the temperature is in the range of from

20 about ambient or room temperature to about 120° C. and the contact time is from
about 2 to 60 minutes.

The substrate may then be rinsed in a polar solvent, such as isopropyl
alcohol, followed by a deionized water rinse. The substrate is then mechanically
dried, such as with a spin drier, or nitrogen blow dried.

25 The following represent non-limiting examples and describe the invention
further.

Examples of cleaning compositions according to the present invention
suitable for removing resist or other organic residues from a substrate are set forth
in Table I below.

30



further. Exanpl es of cl eaning conpositions according to the present
I nvention sui tabl e for renoving resist or other organic resi dues from a

substrate P[gf orth in Table | below. 30 WD 98/ 45399PCT,
Table 1 C eam ng TA or & her Conponent Al | canol Am neSol vent rrp03| t | on Sal t
W. 0. N . % 5A17. 5% TAE5% Cat echol 60% DGA17. 5% Wat er 5% DAB5 %

Citric Aci d12. 5 % HDA;, 72.5% Water 5 %pir p% DAB17.5 % HDA; 17.5% Wat er
60% DGA; 10D5% EDTA15 % HDA; 15 % Water, 10 % DHA 55 % DMSO 5% DAB15 % HDA;

15 % Water, 10 % DHA 55 % DVSO 5% DAB20 % HDA; 20 % Water, 1555 % DMBSO 5%
TAE20 % HDA; 26—946-Aht-er-
Cleaning EDTA or Other Component AlkanolAmine Solvent
Composition Salt Wt. % Wt. % Wt. % Wt. %

5 A 17.5% TAE 5% Catechol 60% DGA 17.5% Water
B 5% DAE 5 % Citric Acid 12.5 % HDA;  72.5% Water

5 % MEA
C 5% DAE 17.5 % HDA; 17.5% Water

60% DGA;
10 D 5% EDTA 15 % HDA; 15 % Water,
10 % DHA 55 % DMSO
E 5% DAE 15 % HDA; 15 % Water,
10 % DHA 55 % DMSO
F 5% DAE 20 % HDA,; 20 % Water,
15 55 % DMSO
G 5% TAE 20 % HDA,; 20 % Water;,
55% DMAC
H 13% EDTA 5% 'Catechol 60% DGA 19% Water

3%NH3
(28-30% Agq. Sol’n)
20
Abbreviations:

EDTA = ethylenediaminetetraacetic acid
DAE = diammonium EDTA
TAE = tetraarnmonium EDTA

25  DGA = diglycolamine



55% DVAC 13% EDTA5% Cat echol 60% DGA19% Water 3 %NH3 (28-30% Ag. Sol'n) 20
Abbr evi ations: EDTA = et hyl enedi am netetraacetic acid DAB = cliamoni um
EDTA TAE = tetraanunoni um EDTA 25 DGA = di gl ycol am ne WO

98/ 45399P&0 MBESID5150 ?HDA = hydr oxyl ami ne MEA = nonoet hanBFENSHROSHINE0 =
di et hyl sul foxi de DMAC = di net hyl acet am de 5DHA = N, N-di et hyl ene _
hydr oxyl am ne The follow ng experinental procedure was used with the
above conpoi4 ondydmxylagiBsi cal s were used as received. The sol utions were

prepared by,stirLing Jhfindlatlisy € at roomtenperature until a clear solution
was obtai ned. Heating was required in sone cases to accelerate the
sol vati on oDIMSO0 & fiivathylewfndds. Ashed-vi a, unashed wafers and net al

waf ers w th ié\l/_AI.- /Ii [TINLTE or TiNA-Cu-Si/Ti stack were processed
in these pr Pﬁ‘é; d=c YRFe@% i ons for 30 minutes at 45C, 55C and 65C,
dependi Bg omHAe= NNERtAedeydfcxymmliad | ons. The wafers were broken into
pi eces before and after processi;&ﬂi n these different 15cl eaning sol utions

and subsequent | y The SoReiing gaperingalprocednre wapnsedcuith thegabove

compositions. The chemicals were used as received. The solutions were prepared
by stirring the mixture at room temperature until a clear solution was obtained.
Heating was required in some cases to accelerate the solvation of solid
10 components.
Ashed-via, unashed wafers and metal wafers with a TiN/Al-Cu/Ti]TiN/Ti
or TiN/A1-Cu-Si/Ti stack were processed in these prepared cleaning solutions for
30 minutes at 45°C, 55°C and 65°C, depending on the nature of the formulations.
The wafers were broken into pieces before and after processing in these different
15 cleaning solutions and subsequently viewed under a FE Hitachi 4500 Scanning
Electron Microscope for post ash residue removal in vias and substrate

compatibility on metal stacks.

EXAMPLE 1

20 A via opening with a size of 1.2 micron in a silicon oxide dielectric layer
was etched through a photoresist patterned opening using a standard silicon oxide
plasma etching process. The photoresist was removed by oxygen plasma ashing.
Figure 1A is a micrograph of a scanning electron microscope (SEM) image for a
representative substrate of the type used in this example, showing that heavy

25 organometallic etch residue remained on the substrate surface, particularly around
the via opening. The substrate was then processed in composition A for 30
minutes at 55° C. Figure 1B, the resulting SEM photograph, shows that

composition A removed all the organometallic residue.

30 EXAMPLE 2
This example shows that composition A does not attack a titanium
metallurgy. A sandwich metal thin film substrate of TiN/Al-Cu/Ti/TiN/Ti

-8-



El ectron M croscope for post ash residue renoval in vias and substrate
conpatibility on netal stacks. EXAMPLE 1 20A via opening with a size of 1.2

mcron in g hddsen oxide dielectric layer was etched througB-2.Rb9sqEes! st
patterned opening using a standard silicon oxide plasna etching process.

The photoresist was renoved by oxygen plasma ashing. Figure 1A is a

m crograph ofpetlBpE W PatBirféd 4 letBR RSCHORENA rieMl ediREE Fciéusrﬁ"?A shows

representative substrate of the type us in this exanple, oW ng that

heavy 25o0r gat@hihiess isi ergananetallis ireniduer lefreonibe mgtalt line surfase afteeplsuoresiste,

particularly t Vi eni, ng. e _substrate was then processed in
conposi ti on E%og}ripg}s 02? ?ﬂ @g?@q ag%&: %aﬁ% g e’iﬂ?@@@sfﬂ“ﬁﬁ(ﬁﬁm\% at

phot ogr aph, $$0@s foh30 niiMEYSVith AIbsAntigNpY&Hplalel refd®al0610MB VARindiretlic

resi due. _30 EXQQ/PLE 2 Thi s exanpl e shows that conposition A does not
attack adtitEdidymandme atiacken the dpng Bwtalurgy, asshawniip KigwpdB: at e of
TINA-CUW/Ti/TiNTi  nmetallurgy was patterned and etched in a plasm netal
etcher. Figure 2A shows that there is organonetallic residue left on the
nmetal |ine sEXAMEBLEfX er photoresist renoval by oxygen plasma ashing. The

waf er was exposed.0 _co osit'%n A at .55 ;ﬂ for 30 nu@gs, W L h
substantially co %PEOCEEWB@Q* 5?‘“‘?‘%@16’?‘8 gﬁ’iﬁﬁpﬁtg}% GORROSKIRR BhButat t ack
on the titanatdreleriiag kethghtatufsSoSAD 0. iFipurésIiA Qnd BB §60MBleGesiilts obtained)€

procedures of Exanples 1 and 2 were repeated with conposition B but at a
cl eani ndVt enPEPRXifpatelyra 98%cleaning efcthe 3shednvia I3femwes obfainedsad deterntined ned.
10Appr oxi mat gl y.: 8.190% I Pg. e i fer S._obt.ai ned, as
determ ned b y}sgﬁla S% gﬁ%g??’g@%wpi gﬁ%%ﬁa‘? er e Tt QIPREP %o net al
corrosi on orpgrbapsajost the start dfeatstkioh thé uaddrBidg alanfimen wrdghryy NFiglre FBAUM

tall . Fi 3B shows. | et e cl eani f a TiNA-CU/Ti/TiNTi
Stack war er  TEompIHE ERerig ol ot ATy s ek it v s b
al um num | aygrrdsion, 2 j8dt AftiREiPAdaek e al&é.ixﬁ?ﬁl&\'}@eﬁiﬁm i REGHEGS Of

Exanple 3 were repeatéd with conposition C, also at a cleaning t erature
of 45C. 1F¥i gures 4A and 4B show the results obtained. Conplete cleaning of
t he ashed ViTﬁX.‘ﬁ@rﬁLEV@S obt ai ned, as determ ned by visual 20 observation of
Fi gure 4A ere was conplete control of netal corrosion. Figure 4B shows
conpl et e cl eani ngThé pideeduleNoAExAPIEiY Teny repeasédsiithvddhifposition CShawaty t he

clean appear calge(x:n?ngo ];entlprt]a?'atltn%pof-rjél\"ld ai‘éiegrurfygi 4t1{] arl;](? 4gesthg|w t(l:lg rr(rascl)l?tis %gfajned.
Complete cleaning of the ashed via wafer was obtained, as determined by visual
20 observation of Figure 4A. There was complete control of metal corrosion. Figure
4B shows complete cleaning of the TiN/AI-Cu/Ti/TiN/Ti stack wafer, as shown by

the clean appearance of the top TiN layer with no metal corrosion.

EXAMPLE 5
25 The procedures of Example 3 were repeated with composition D but at a
cleaning temperature of 65°C. Figures 5A, 5B and 5C show the results obtained.
A 90% cleaning of the ashed via wafer was obtained, as determined by visual
observation of Figure SA. There was no metal corrosion. Figure 5B shows
almost complete cleaning of residue an unashed via wafer, with some residue only
30 on the bottom of the via. Figure 5C shows complete cleaning of the TiN/Al-
Cu/Ti/TiN/Ti stack wafer, with no metal corrosion.
EXAMPLE 6



EXAMPLE 5 25The procedures of Exanple 3 were repeated wth conposition D
but at a cleaning tenperature of 65C. Figures 5A, 5B and 5C show the -
results obtained. A 90% cl eaning of the ashed via wafer was obtai ned, as
det er ni newdmg/as8®ual observation of Figure 5A. There was noPGEPS8/05150
corrosion. Figure 5B shows al nost conplete cleaning of residue an unashed

via wafer, with sonme residue_only 300n the bottom of the V%h% El ure 5C

shows conpl et e c%ﬁf%@d‘ﬁ?s pf]gxqrpme,élwewa/tqq Riith; cogipgsitio S$h no
metal corr O@AO@ AP how the results obldified’ SEAALY A GdewalPEBAEnd ofvBe
repeated w Uh’ conposi t| on E. Figures 6A, 6B and 6C show the results

obt ai ned. Sashtdwia &afd:r,swdbwe:*.ldluecdndamnrtge bbttoth of shdwid waSaolmm%,asW th

resi due onI on th botto of t bt by vi sual
observati on S‘ﬁ PE VISR Gﬁ‘f&?’é‘ g: ﬁ%téa &?gtsrz}sgrg g'gl gure % ‘shows
conpl et § cl ﬁ?g%wea%owgbﬂym@aemﬁag sfifdsaine oantle sidRwRdnd sidevwdieoftha of t he
no- ash wafer, sone residue only on the bottomof the via, with no

metal corr osxacqf th@hgﬂﬁlé walsrs Mdthssoasnissidie OBiyé%{hFhﬁd’%Pmc plctheivig Ayithene si / i
stack wafer f r epeat ed
wth corrposfn[flag %Ag\@rgur 676E h}%}; gﬂ@%@%{} hogl%?%ggﬁ&ﬁgﬁﬁed The

si dewal | ansgtatlotvafem of the via of the ashed via wafer were not quite

cl eaned, as determ ned by visual observation of Figure 7A. There was no
metal corrosion. Figure 7B shows conpl ete cl eaning of 1525 residue on the
no- ash jyaf egx MirbhEonl y a possible small al um num undercut. Figure 7C shows
conplete cleaning of the TINA -Cu/Ti/Ti NTi stack wafer, with_no netal
corrosi on. EXAVPITHe progdurss of Fxampleek were ropgafed avith I@Sl’t@ﬁe%tt EIBURRY h

2?3232: ItI Onggn 7ngg"tﬁaf ﬁgov‘éstﬁ %‘\I/nllglsagbc';a?\Q&)W’Ith'tgeé resﬁglue on on tvﬁau {)gtcteo?nnd

of the via, thweghebvia wefdr wase dett qritei oimﬂedb,yawdesmaimabls)ewwaﬂl Qinemncﬁl gﬂr e 8A

There was no_netal corrosion. Figure 8B sh% &Ep ete cl eiml n si due
on the surf&imradd- sTheFRaYas ner mefal comosjon,  Sigure B 3hoys compiets ¢ 9\?‘{‘%0 esi due
only onst hez?%&&’d@ Qrﬁ tHelYo-Ydhtwatet. L Rith @nlyed bssié 68l QbmilheWrdeRGt. Shows
corrpleteceanlngo the Ti N Al -Cu/ |/T|I\V stack wafer, with either no

met al cor r oFigure GC $hosts camplese cleaing jof b Em/édrﬁb/éﬂmN/Tl stack wafer, with

no metal corrosion.

EXAMPLE 8
20 The procedures of Example 5 were repeated with composition G. Figures

8A, 8B and 8C show the results obtained. Surface and sidewall cleaning of the
ashed via wafer, with residue only on the bottom of the via, was obtained, as
determined by visual observation of Figure 8A. There was no metal corrosion.
Figure 8B shows complete cleaning of residue on the surface and sidewall of the
25 via of the no-ash wafer, with residue only on the bottom of the via, with no metal
corrosion. Figure 8C shows complete cleaning of the TiN/A1-Cu/Ti/TiN/Ti stack

wafer, with either no metal corrosion or just a start of titanium corrosion.
EXAMPLE 9

30 The procedure of Example 1 was repeated with composition H on three

different wafer types. When composition H was mixed, a substantial amount of
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EXAMPLE 9 30The procedure of Exanple 1 was repeated with conposition H on
three different wafer types. Wien conposition H was m xed, a substanti al

amount of wHedi83§e Was generated, indicating the in situ forpabiReseiso
t et raanmoni um EDTA according to the equation: EDTA + 4NH3 H20 ->

(NH3) 4EDTA + 41120. Figures 9A, 9B and 9C show the results obtained. The
ashed via Waflgrhexvavswgé&m‘i&hquaicﬁﬂiénﬁ&fmﬁﬂfo&atieﬁto%&&}mﬂnmumhéyghe

observation of Figure 9A Sone bul K polyner strips were observed.
Ti N/ Al - Cu/ Ti ARiondifg te thecéquatid®r was conpl etely cl eaned and showed no

corrosion of either the m ,n Mo tit gl yer,s shown in Figure
9B. The Ti/A -Cu-Si/Ti l\lEﬁt'IgsbR" &&Bal 3@@6‘%?@3@?&%3@@ th no al um num
or Ti corrosFifuressSA SHBWAdIIT Hiogwthe B6ults bbtained. The aéifed| via Raferbeay &g |y
apparent to those skilled in the art that a novel_ conposition and process

capabl e 8f aabué B0y cleareds g deterpised by vinml obseryatios nfi guteatA b Someghuiki ded.
The i nproved R]glé/g)?é%‘ @{}ﬁg Ir‘gé(?? salERAGRE 'T?Nﬂﬂ-éuﬂri/ﬁNVﬁPpﬂickdﬁlﬁfek wa'

t et raanmoni u based conposition and process using such a
15conposi t i opompletely sieamadearid showied nsuiormbios df eithertiei abkgmimunr enthe

sem conductor. fabricati on [equi.r ement The i £.i.Q0. an rocess i s

sui tabl e fortl}a@m;laﬁ'ﬁ_rspﬁétsb?ggi“é ’%‘é?gue eaﬁ@%ﬁﬁl‘é#”f‘&f'ﬂ%%@*‘? fh waf er s
and ot her subshpRied cleRfidd#ith GoUNEMMHm S Bi édriAny Xk ¥Ré%h ih FYARS 90, t hout
substantial attack on such titanium|layers. 20lt should further be apparent

to thosdOskilled in the art that various changes in formand details of the

et LD, 2o AU RSF SIS el dah, B L
hereto. WO 8GAGHIGPLN piSBessapdile YWHAChidving thd! Sv4tEd bbjects of the invention
has been provided. The improved ethylenediaminetetraacetic acid or a mono- di-
tri- or tetraammonium salt thereof based composition and process using such a
15 composition of this invention is suitable for meeting current semiconductor
fabrication requirements. The composition and process is suitable for removing
photoresist residues and other residues from wafers and other substrates including
one or more titanium metal layers without substantial attack on such titanium
layers.
20 It should further be appzirent to those skilled in the art that various changes
in form and details of the invention as shown and described may be made. It is
intended that such changes be included within the spirit and scope of the claims

appended hereto.
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1. A conposition for renoving photoresist or other polyneric material or a
residue froma substrate conprising at | east about 1 to 50 % by wei ght of
at 5l east one ethyl enedi anm netetraacetic acid or a nono- di- tri- or

t et r aanmoOWQIN4539% t hereof and water or a polar organic sol PERUSI8/5150 2.
The conposition for renoving photoresist or other polyneric material or a
residue fr b @iﬁ-pf claim1 additionally conprising fromabout 25%
to aboutﬂé&—m “an am ne or allcanol am ne. 103. The conposition
for renoving photoresist or other polyneric material or a residue froma
substrate of claim1 additionally conprising fromabout 0.15%to about 10%
by wei ght of lan ordy&amposition i GHIPVEZRPHASPTCER Qapther polymeric materiakhe
conpositjaon_f I [ L. t [ | or a

o) due §rbresiue TEF ¥ PRt fRkigk afleat dhBly PO0 XOPE 1 MBERH 4% 1 for e
i n tHe deasposne eihglenbdiamiremermuataicait dhe nedroy ldénteidioanetraaimbomraaeshitc aci d.

5. The &gn%ggit'on for renovi ngqjghotoresi st or other polyneric material or
a resi dUBCePHIRGLWaIGH O ARAUATATBANE SAVENt, Gdi t i onal |y conpri sing from about 5%
to about 25%hy wergihormffoshibnode irdh&¥iag phb©kakist B8 oft@ePblymeric 6. The
conposi tion for renoving photoresist or other polynmeric 20material or a
resi due matgriploorsatesidugtfeomia substrate of claimti additionally vomprising fsepant i s

cat echol lic.aci 4 e vi ng phot oresi st or

ot her poﬁbg)prte?% t%aatbglr":gq%obry gelﬁgts?fd@e%?%nﬁ suoé rlg?e whi ch conpri ses
cont@cting th® sulFlig asmpositidn fat rémaihg phetoedsivy loe e polynedriet r aaceti ¢ aci d
or a nono- di- tri-_or tetraammonium sal tlo%t“ggr,eof 25for. a tjme and at a

t enper at'ﬂ?‘éﬁélt}?"fq rsidye frgm pcypbyEate RE BBt tiqally somwrising| yofBric material
or resi djpyf pasvs REaBYR 3692 F weight ofan%r%ﬁﬁ@opmgm Surfonfinisale, i 0 whi ch
the tine is fromabout 2 mnutes to about 60 m nuies and the tenperature is
from about 204.to dBeucomp@it@enfor gemoleing photoresist 09 othien@olymesisss of claim 7
further conpri sing sj t aneousl t 1 30t ith an am ne
or all caﬁ%ﬁg}é}?rli C?lrea.l gemd“wm'&% : 5"5#%5‘% %%ggie@é logp‘cvf'%?mtn %a'?‘dﬂﬁ%?{fen?ts%%\{rgpri si ng

si mub t anfeemed yn tHerdoRiosition tfien anbsdniabed We! dihgisnaligrintwetradcetio acigani c

ammoni um sal t5.

The composition for removing photoresist or other polymeric '
material or a residue from a substrate of claim 1 additionally comprising from
about 5% to about 25% by weight of an additional chelating agent.

6. The composition for removing photoresist or other polymeric

20 material or a residue from a substrate of claim 5 in which the chelating agent is
catechol or gallic acid.

7. A process for removing photoresist or other polymeric material or a
residue from a substrate which comprises contacting the substrate with at least one
ethylenediaminetetraacetic acid or a mono- di- tri- or tetraammonium salt thereof

25 for a time and at a temperature sufficient to remove the photoresist, other
polymeric material or residue from the substrate.

8. The process of claim 7 in which the time is from about 2 minutes to
about 60 minutes and the temperature is from about 20° to about 110° Centigrade.

9. The process of claim 7 further comprising simultaneously contacting

30  the substrate with an amine or alkanolamine.

10.  The process of claim 7 further comprising simultaneously contacting

the substrate with an organic or inorganic ammonium salt.
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-12- TH S SHEET HAS BEEN REPLACED WO 98/ 45399PCT/ US98/ 05150 11. The
process of claim7 in which the ammoniumsalt is forned fromthe

et hyl enediggiogaERLr aaceti c acid and ammoni a. 12. The pl‘@ﬁ@%?%/o‘afsod aim
7 further conprising sinultaneously contacting the substrate wth an

addi tional chelating agent. 513. The process of claim 12 in which the

chel ating agent i19. catEhstoca of @ladmaTintwhich the arhfhonklif sBf ACRSHe@ ot 2l M 7
in which the substrate conprises titanium 15. The process of claim

14 in whi ch thnethylepedipmmetainasstigrasidyidammeniag it ani um | ayer of an
integrated circuig.

- Yie process of claim 7 further comprising simultaneously contacting
the substrate with an additional chelating agent.

5 13.  The process of claim 12 in which the chelating agent is catechol or
gallic acid.
14.  The process of claim 7 in which the substrate comprises titanium.

15.  The process of claim 14 in which the titanium substrate comprises a

titanium layer of an integrated circuit.
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