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10 Appllcatlon Serial No. 08/078.657, filed June 21, 1993, which is in urn 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-.pan 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 1n this

I5  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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0 5 MAY 2006 2. Description of the Prior Art: As integrated circuit

manuf acturi ng has beconme nore conpl ex and the di nensions of May raogg t

el ements fabricated on silicon or other sem conductor wafers have becone
smal l er, continued inprovenent in techniques used to renove 5 residues
formed fromsuch materials has been required. Oxygen plasnma oxidation 1is
often used for renpdal ofDegerintign oftherPrior Ather pol ymeric materials after
their use during thg al _ik&iaéi}ci?{? n%ﬁ&?ﬁuﬁn%ﬁs 9@‘81%%’ lc&tnglgx é@&{é hi gh
energy processes typicaFly result 1n e Pornmat1on of organonetallic and
ot her resi dues dimerssichs\wdiicirsuit eltmeme fabricared on aHicbre b othéosemicbndactbhweasfers
fabrication prqcess. 10 A variety of .netal and other |aye are comonly
erpl oyed i n | nit@ds Bresie et B BRI sRER in e P RO

al um nuni si 5: p&eéimpgmedtﬁn}smrs@xclumamﬁm das btf&xrr&itmed.ei?iyig_émliﬂhuﬂih bxiﬂgsme?.
tungsten, silicon_oxide,. polysilicon crystal. and the |ike. e _use o
such different if 8fe} gse\aefggf Vﬂn“fﬂi’@“f"%%t‘r&f PHsT B‘ﬁy'HF‘F‘T malsRls %Fbg‘ﬁ’dr'r‘é"t allic
resi dues in t hejufing fhefaBrigatioR (pAstesSIRS .bebmc@ﬁlplbte&l.osuémmpﬁbﬁ@gﬁm%és‘s@oct ive
for renoving such residyes,  cleaning conpositigns should also not attack

the different riRisalysesticln Be formatien phpreanometallicyand, other; residyps qry iqgwalls

fabrication. A gard ghienibs bdsg fhifed IS FhbEQROSIokdsONS and processes
suitable for integrated circuit fabrication have been devel oped and

mar ket ed bJO0EKC TechMdndypf mefband ether lyers grroconyRoniy,emplogadei integtadcat i on.
Sone of .these 2&“99Wﬁé&%lﬁ%?%?ﬁﬂgm%%ﬁnghﬁ&@?@wlﬁ ﬁm,stl’l ppi ng

photoresi st, polyanide or 15 polyneric layers msubstrates in
i ntegrated cirditiniuhgigride atitapim/mpgstenERMEkaR, silicon odide cpalysdliton ovystal.eangd of
conpositions a C EDRI | G om
substrates in ﬁﬂ? @gga@g%gﬁ é@%ﬁ?hggeg%k(?%F?%%.gm'égrgh%r@%ﬁﬁ%géyi%gﬁ%é%nd
processes are dirgaoiooeedlic residhes ih ahd igh regergy prazadsys. absadgitied t@ beingsued

atents: U,S. Patent 482. 566, issued January 9, 1996 to  Lee: U S. Patent
P2560. 264 17 HFHks B TSoviae treh 3. ARHEe onipasiions shilya 365 nof Saskq
January 17, 196 differé @netddufgiesRatiadilatorsIddd h3ntegrated widuibfdrisitiod, 1994 to
Lee: U S. Patent 5, 79,.771f ig@ued J%guarﬁ 18, 1994 to Leei;ﬁ%ég). Pat ent
4,824,763, issued MRYICty 91 resiise reIpoYal compositignisand-progasses FUAE H1g  j ssyed
July 26, 1983 tintegfied circuit fabrication have been developed and marketed by EKC

Technology, Inc., the assignee of the present application. Some of these

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

25 issued patcms:' 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



30 These conpositions have achi eved substantial success in integrated
circuit fabrication applications. However, further devel opnegs g %
integrated circuits and -2 0 5 MAY 2006 their fabrication process nge
created a need for |rrpr ovenent in residue renpval conpositions and
processes. As a re |t of a continuous effort to.decrease.crit

di nensi on size ¥ ca‘?%%?eésteé(ﬁ‘a\ﬁ? FIEFE ain f r“?pm%mﬂ“é&relsﬁf“? frEnoval
fabrication of Wﬁhgﬁpﬁd%}r&ﬁsﬁﬁw ces, 5 etching residue renmoval and
substrate conpatibility with chem cals enp ed in wet ocessmg IS
becom ng nore and noftsed gasplf PE&FOWtWOWfﬁﬁﬂﬂoﬂé“r&é&?éﬁt‘lﬁﬁl RSQNsize; 1A theer y
arge scale | Nt adatddiich ot Wlothd ﬁ?th!: FOBiEaA T Sub- Hﬂ@rgfi?i% EVideYLS! )
processes. The coffposition of such resi due is genera y made up of
the etchedSsubssching eesidue rnmvayMgsubmsq cqmr@tlbqbtvowmh elmnycalandplemihnng
gases. The 10 sy I e m.cals is
hi ghly dependent g?rg%%&ggggﬁé@%%&%?‘? én:po yS| ?8%\%&&& %epdﬂ@dlﬁﬂ

I nt er connect i oninciee} keger scele Iuaygmlsoraﬁd.smmtdadum bagd smleimteghnon {ULSH
deposition, etchin n t he vva are often
quite di fferentprf’c ?ﬁ%o(rj\%'gfca‘gpig%tg |%trr15%§$ g%@?% r?sbugr'l y%ar% u(Effc’rf]”fehe above
conposi ti ons haatehedrsobltraes, wderiyisg sutbsn-mtepnhdtcaemtm aslchmg gascsul’m:or 15
substrates, ,such,as those | udi n titani u ani um has
becone o0t et SehEL A8 hakes i ek el i GATY erbndlon e e
enpl oyed both pecasihgbf therpolyamedsn,tx@ulmvar@maﬁneeduﬁxcdxaeémgu@btscamdof certain
atons and as an apti reerQtlre Iaqyfer on Emg ‘{ othe metal s. 20 SUMVARY OF
THE | NVENTI ON ARgiailigatieg) iy thip film depgsitipg; giching ang pest-esc hRimesnof e yafses de an
i mproved  conMPOwhich aft dfith quRS lféeent BIRYGle fABYiLaREPHRESS U htihe? U XM of

conposi tion suitable for neeting current sem conductor fabrjcation

requi rements. | thejaBovg rompesitigns;ha¥s pistugedcorrpsiemen eaftaifometabors wavlgach a
conposi ti onsands gy ésomsdsms%cmufgla hiahui hak RRTOiRAGiuheRs Bed oM

waf ers and ot her substrates including one or nore titani um netal layers
Wi t hout subst anmpegl widely ased r@rfew@nducmrtm&munagfemesses 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 requi.reménts.
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 titanium 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 a 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

3-



The attai nment of these and rel ated objects may be achieved thkpﬁgh use of
the residue renoval conposition and process herein disclosed. % 206
removal 30 conposition in accordance with this invention conprises

et hyl enedi am netetraacetic acid or a nono- di- tri- or tetraanmoni um salt
thereof and water or a polar organic solvent. A process for renpving a
resi due from awithiiss investioncomprisesaeontagtingthg sybsymte visha GRMPRSIESR W25 nyent i on

conprises contacting the substrg it N RS dil AR drit@tkaamefoniuat Sus
et hyl enedi ami n§IP% ?’f‘?‘"’%&élt%r&g?mg arrarlodﬁ%- -0 tTi- or tetraamoni um sal t
thereof for a iHepsf ftch wie and enpempennae suffitiest orremoue therresiduet fisem thesi due

fromthe substrate. en the ethyl.enedi ani net et. NoF 3 @ 1S din
its acid form sqqstr{t&n\%ht‘@i 'ﬁ‘ﬁéfhy{ﬂ%?‘fﬂ'l"&?%ﬁ“g %)%Jelé 5?152&t é& D ?érilé(l:?%rgﬁ u;%?i ve

i ngredi ent r s @8 RiNpRIyed Alonk afithegitimipabactive ingredienopin comigadtioniwithsi t u.
In practice, we have found that ,use of an ethyl enedi am netetraacetic acid
or a rmono- di ammopia b forEAMMOAYRSHE M t hereof gives a residue renoving
conposi tion that atjfgksicei W8MhaviTouh® tha® Xl 2 ethylededistinethmatetis atidroes

| ess' than 10 prior conpositions. At the Sane time, t.ge .

et hyl enedi ani n@tmanoadic 4% er tegrajrgmogjpm salt o &YES 3 eSO TMOY PR ammoni um

sal t thereof C%Qﬁ,é&g{ﬂd&%&%&éitm}ngfd{%&a@ﬁbj faedst aopy Bvihes néss'prat or nance
as a residue renoVving conposition to prior art cleanin sjitions. The

CONpPOS|.
attai nment 10f tphier tampagistions; A dher ams(tisre. Shg ethylenedAMINSIPURCCICAG Ol £ et ur es
of the invent| %‘onﬁh@w{ﬂ op?enﬁﬁﬁﬁxoﬁﬁﬂpéah&’thmﬁﬁnﬁ dgc@;{alg&ﬁioﬁlgii\}ek atlichsd the

e follow | ed

art, after reviewo ng nore detai escriptjion of the
i nvention, takenuivilemaierormarce fas & residheJRMAVEE CPMPONHQIIO RIIRF AT CiSERIAR) P' T' | ON
OF THE DRAW NGS 20 FELgures | A-8C are scanning el ectron m croscope (SEM

phot ogr aphs er8WPde“ 5rrpar ative results achieved using the conposition and

process of the preSeatrtainmentdfoir: foDEDLIS D rEEGRDEFISORAVERAZIIRNE NVENTENTI ON
25 The et hylenegl 3 S ihvaihoh ifbudd MofsTRldty fpafbnl®Rosediied i te”

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
and tetraammonium EDTA.

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

thereof; optionally, from about 25% to about 75% by weight of one or more

4



tetraammoni um salt thereof suitable for use in the invention preferably
have relatively high deconposition tenperatures. Preferred higpeg 06
deconposition tenperature specific exanples of such EDTA salts i nyf\ugg

di ammoni um EDTA  and tetraanmmoni um EDTA. 30 The conposition desirably
contains at | eaglindRUlikaholafined oéligﬁ/aﬂgf‘;'fﬁm atidlut 28 % th 866ut 79%Cpercent by

et hyl enedi ami netetraaceti aci d no- di- tri- or tetraammonium salt

t her eof ; opti orrgight of fan onganiscpelar 2slvent: optianally, fr@mwbw Q/\Jei%gm about 4% byr nore
-4 0 5 MAY 2006 _a r_alk ng %to
about 75 %perc%ﬂ@t%?%m%tﬁgﬁérgﬁgﬁmﬁﬁ%% ar n ; ofp)&?gréfq y, from

about 0.15 %'t cnbatucnst% b9 wiigdhy of veadsfitionaf cleiatiog ggfmt Csuoln as cnmgam:cgmni um

salt; optiopall ut o ahpyt. 25 b t of an |t|onal
chel at i ﬁg agent‘%‘ds ‘ﬁrp& ‘g’éﬂ’%%/lt t?°“b§$%i ?5"“5 B Waé?f fgr'oi}?\péﬂ %5 %to
about 75 % by vmmtormfs anfiodiunt Sall). Wik @méneafmﬁmtraﬁlaﬂiéaaa id érﬁplayeaonl um
salt). Wen ethyl en m netetraacetic acid %he acid form
the conposi ti orf“r?'é"ya% 98 e SPMPEHER M2y PBYHY 66? a%b& b oA er cent

by wei ght of anman @fce;E_t yd,agm@ramﬂaﬁitaetraacetlc aC| d (EDTA) is one of the
nost widely used Och atlngqrgaentsmthe wor | amoni um sal ts,

soluble in water an %%‘Fd’é{“mcf ce?@aﬂsiéﬁ%wém*&' °f§PF()Ei‘I°§} widelk usgshger

chelants thgn F&%ﬂys‘ge&me xﬁ%tser@orloannp%manﬁmwslmw inORater [IMRASRoP bPANI C
ammoni um salts are good startin cheni cal s for ammoni um based integrated

circuit cleani rige praaniglsalveshsshosd be ssprsen shelens thep EDTA dumiosini on incl ude
ethyl ene di.am ng, l?rfxta{él SIS tl'ﬂés@%'r%%cl :Ixrﬂmomgx(m asalts| are go?d starti

2- met hyl eneami noprop ene m ne, and St tabl e

al kanol am nes faehemidals foompmgmvmchasqdnoﬁegmed mnm@tehmnmfmum;ms.

di et hanol ami ne, tri ] ryhut lgm | an.ne,

i sopr opanol am ne, ?‘@%%@{%ﬁgﬁr the éowpg)-s %?1”&1%%&% a%gfamuil: gﬁglu%?nf

%opa_nol ), h15t r|)umﬁmolpmmpmnwemoprapﬂmadgsqu;moqbdredjkz :1: i sobut anol iam' ne, 2-(2
am noet hoxy) et ha | col.am.ne - a e anol ,

net hyl et hanol = ami né@xamﬁo%_s gf g‘f‘ﬁb‘f’@“%"‘#@'&f’"&?@%ﬁﬁ? %°'“P°§ﬁaxflﬁ°l“%gl ke.

monoethanolamine, diethanolamine, triethanolamine, tertiarybutyldiethanolamine,

isopropanolamine, diisopropanolamine (2-amino-1-propanol, 1-amino-2-propanol),
triisopropanolamine, 3-amino-1-propanol, isobutanolamine, 2-(2-

20 aminoethoxy)ethanol (diglycolamine), 2-amino-2-ethoxy-propanol, methylethanol

amine, N,N-diethylene hydroxylamine, and the hke

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
ammohnium 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



Sui t abl'e exanpl es of polar solvents for the conposition, in addition to
wat er, include dinethyl sulfoxide ethylene glycol, ethylene ghﬁg{ﬁyagWI
ether, diethylene glycol alkyl ether, triethylene glycol alkyl ether,
propyl ene glycol, 25 propylene glycol alkyl ether, N substituted
pyrrolidone, sulfol ane, dinethyi acetam de, and the |ike. Additional

pol ar solvents as [0 & . J : i.td on of
t he present invtg‘}?fs %%ﬁ“au g%ﬁ%%?%@gﬁugﬁ#%ﬁlﬁﬁ%ééa ts L@?H{Rﬁgﬁa&é'
conposi tion i ncdnddke bkgani ¢  ammohium salts in addition to EDTA anmoni um
salts, such as ammonjum S&ﬁt rtrate, anmoni ug}hci trate, am Hni um bor mat e;
anmoni um gl uconat e; 117dFY eaning OMPQSLQAS P the Prrsent LOMPRHIRR HMCHFUBFi de,
ammoni um ni t r at @, reABVRE odEhoRet@lid ah he2 QRidelvesians fréth @ varty e ihtdghated

persul fate, ammoni um br carbonat e, anmoni um phosphate, and the |i1ke. The
resi due cl edni rRircisFpisen mafs subsratepeinplidingpetaloiayss sielbds AHBIWM et ive in
removi ng or ganogiliah! bfiddMefhith 26h8n Riled Uatdde Ueds, “adh Alsvidh
integrated 5 circuit silicon wafer substrates, including netal |ayers,
such as al umi numitrisle, and tailikey Thgicleaningcompositionsrpfdhe presant dryentiandesalshi t ri de
| ayers, such as_J.|:{ Lkl Q‘?%ﬂ’c | ke -@eagg itions
of the present ?f?]é&g%{?%ﬁmgyégg%gmﬂe egaﬁlﬁvdé&iﬁnox}-%er{g%ng Srggztfggdnﬁgﬁil lic and
met al oxi de r esiubsteatgjehelring dquipmer aitilizedoist the fabrisaticnt af inagrated (winpwitsnt

utilized insthegfabhricati ! i rcui .

commer ci al Iq;(/) a\e/%’l‘ %‘%Se&ecltogﬁe%mg%@%&ng%t% thgllgl E@H@Hﬁﬁﬁ%&g&%ﬁl ea@% grronm | -am
Resear ch, Tegal LarkResdaraht epal, Bleptrotech, Myiplied Materialy Koy & Electromg rHitachit ac hi
and the like. The .hod of cleaning a substrate using the cleaning
conpositions ofa“(dtfgg f'esent invention involves contacting a substrate

havi ng or ganonet al | i Theamiéthd®bBdieanify Dxibitateasinglire tlbmifpOtomijokilioss ¢ftthd pPpi ng
and cl eani ng conposition of the present inventigon for a tine and at a

t enperat ure suf PiEsang HveRtipn igyRivas copfactings? shihstratgihiaving grsapomerallic andymgtal o) | -y

i mrer sed i nst NeoJhd fodfahd) thettdA »ﬁhﬁ@&h?ﬁmg%&%@ RompéMiontdfiRe phdsknt
tenperature are determ ned based on e particular material being
invention for a time and at a temperature sufficient to remove the residue. The

D]

substrate is generally immersed in the stripping and cleaning composition. The
time and temperature 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



removed from a substrate.
from 20 about anbient or
time is from about 2 to 60 m nutes.
such as i sopropyl
The substrate is then nechanically dried,

pol ar sol vent,
rinse.

exanpl es and describe the invention

General ly,
roomtenperature to about 120 C. and the contact
The substrate nmay then b
foll owed by a deio

al cohol ,

the tenperature is in the range of

er

1 SR mb,

such as with a spin
drier, or nitrogen blow dried. 25 The ffllow ng represent non-limting

Exanpl es of cl eani ng

conpositions according to the pr esent invention suitable for renovi ng
resist or other oraganic residues froma substrate are set forth in Tahle |
006 gfsd gr 1 Cbﬁ@?'d&l%@ﬁﬁtorq}ﬁﬁ{oMmme Solven
ol vent Corrp05|t| onSal't ) AN . AN . %5A17 5

below. 30 -6 0 5 é
Conponent Al kanol (/im ne
TAE5 % Cat echol@@%mqm Salt%’%a‘faer

Water 5 %
% WAt er,

F5% DAE20 % HDA; 20 % Water, 1555

DVAC B

10 D

15

H

Abbreviations:

5% DAE

5% DAE

5% EDTA

5% DAE

5% DAR

5% TAE

13% EDTA

5% Catechol
3%NH3

(28-30% Agq. Sol'n)

EDTA = ethylenediaminetetraacetic acid

DAE = diammonium EDTA

TAE =

tetraarnmonium EDTA

25  DGA = diglycolamine

% HDA; 20

12.5 % HDA,

5 % MEA

17.5 % HDA,

60% DGA,

15 % HDA,;

10 % DHA"

15 % HDA:
10 % DHA
20 % HDA;

20 % HDA,;

60% DGA

% WAt er ;

BS%WAE?’S %Otrucvsétc%dlz 5 %WIDA%?Z 5 %

10 % DHA 5‘5 % DI\ISGEH'AZE DAEliS%%ﬂ@AOIlS % WQVGIDG&O %1DI5IK5W3%‘ DVEO
% DVSO 6% TAE20
5 % Citric Acid

55
T2.5% Water

17.5% Water

15 % Water,
35 % DMSO
15 % Water,
55 % DMSO
20 % Water,
55 % DMSO
20 % Water;
55% DMAC

19% Water



H13 % EDTA5" % Cat echol 60% DGA19 % Water 3 %NH3 (28-30% Ag. Sol'n) 20
Abbrevi ations: EDTA = ethyl enedi am netetraacetic acid DAE = @i@r@gmm
EDTA TAE = tetraarnnmoni um EDTA 25 DGA = diglycolamne -7 0 5 MAY HDA
= hydroxyl ami ne MEA = nonoet hanol ani ne DI MSO = di net hyl sul foxi de  DVAC =
di met hyl acet ampgn & ofylyn{}[-cdl et hyl ene hydroxyl anine The following
experinmental procedure was used with the above conpositions. The chemicals
were used as r dMEA veemondethanoddming ons were prepared by stirring the mxture
at room tenper unt.il .a. c sol ution was obtained. Heating was
required in so%@s&&’f“gm&sgkﬁgr%te t he solvation of solid 10 conponents.
Ashed-vi a, unagiaCwafdimsthglacetamilel wafers with a TINA-Cu/ Ti/TiNTi  or

Ti NNAl -Cu-Si/Ti ac .e processed in these prepared cl eaning sol utions

for 30 minut ei"'g‘% '45@?%@@5%“@5‘@’1%@%& ng on the nature of the

formul ations. The yRé RRWIRY éxpofifikitil prodeduili RRAReD GhtfItRe @dde af t er _

processing in these different 15 cl eamﬁr;g sol utions_and subsequently viewed
A

under a FE Hi t SeRPOsitiong Jbs GRTRIGAL Percsedas Meeivedc dpe selutions e Reparedsi due

renoval in vi agy 3nigingUhs tibahR at ¢66HP npekdnire YinfiNa BRARdolR{oAGHS obIAYPLE 1 20
A via opening wth a size of 1.2 micron in a silicon oxide dielectric |ayer
Heating was required in some cases to accelerate the solvation of solid

10  components.
Ashed-via, unashed wafers and metal wafers with a TiN/AI-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 rﬂicroscope (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 IB, 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/AI-Cu/Ti/TiN/Ti
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was étched through a photoresi st patterned opening using a standard silicon
oxi de plasma etching process. The photoresist was renoved by &ygmw #Bgsna
ashing. Figure IAis a mcrograph of a scanning electron m croscope (SEM

i mage for a representative substrate of the type used in this exanple,
showi ng that heavy 25 organonetal |ic etch residue remaingd on the substrate

surface, parti®gRiymEy waspakemed ad ajched dn a plasgma mel etoherks  Figpee %™ien

processed in ceAP@Sielit QRpafohhilid Pesidiie etk Of tiRd m&dl kne suifaey et Bhotbresist
resul ti ng SEM phot ograph, shows that conposition A renoved all the

or ganomet al | i cremsyalhyeoxygen plarovpPashing. THres Waleh#igs BXPOFROIE COMBOSINBdALi tion A
does not attackeant | i Eﬁfﬂ : | t.al ' '
substrate of Ti S\I HéiSP T‘#?ﬂﬁc [ %L@E%X%%ﬂ%%%%@l ?lj?%é}gé\h/aoiﬂe%gct er ned

and et ched 5i n sesjdhaamhnoretak oattbdtaniuff metabur@p ashabemn in Figuretdiere i s
organonetal lic residue left on the netal |line surface -after photoresist

renoval by oxygen plasma ashing. The wafer was exposed to conposition A at
55 C. for 30 nENWMBLE® th substantially conplete renoval of the

organonetallic 5 residue and attack on.the titaniumnetallur as
shown in Figure 2B. RpsidEres #%é“ﬂ?l&i&ﬁ&&swed? r@fgt?piwgb Cﬁmg\?fbm?%?te
repeated with goiplesidg empBatusé of 43 °@. FlgaeesidAgartdes3thsioat the essolis elfaifizd. Fi gur es
3A and 3B show,the resylt tained.. 10 proximatel y .a 90% ¢l eani ng of
The ashed B o daporiey a0k et we et ARy fuliard 4 SFoteen o
Figure 3A. Thepg visad obkdrition P Filir@BAC OTHeS wad eittier p6 imteud Sofrasidn drhe start of
attack on the underlying al um num netal | urg]y Figure 3B shows_complete

cl eaning of a WETRARS justherstartiokatack on thg underiying alymipum metalinray. Kighte 38i on, or

just starting gswildoffpletd Bigarfg ol NEIR/WRCRITITINY TStk SakerWithb wiety. 15
EXAMPLE 4 The procedures of Exanple 3 were repeated wth conposition C

al so at a cl eaefresipm, @mist staxiing toattagk the dpginuaslayes ip e swask SealuERYe resul ts
obt ai ned.
15

EXAMPLE 4
The procedures of Example 3 were repeated with composition C, also at a
cleaning temperature of 45°C. Figures 4A and 4B show the results obtained.
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 5A. There was no metal corrosion. Figure 5B shows
almost complete clearing 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/TU/TiN/Ti stack wafer, with no metal corrosion.
EXAMPLE 6



Conpl ete cleaning of the ashed via wafer was obtained, as determ ned by
vi sual 20 observation of Figure 4A. There was conplete control f5 kaaiws
corrosion. Figure 4B shows conplete cleaning of the TiN A -Cu/Ti7
stack wafer, as shown by the clean appearance of the top TiN layer with no
metal corrosion. EX@ Bankly L A RhhositdE EE Eisneat ed
with conposition D gfﬂrgz:[eﬁ%@?g{ream éggf‘g&npgpé’?‘fﬁ?e of %@8 Fi gurelg&gA, 5B
~and 5C show t h6A,r6B ad 6C chdvatheadsults Abeixedc | Suafacsandofidewadl ceaning ofithe waf er
was obtai ned, as determ ned. by.yisual bservat i of Figur .. There was
no net al corro”éﬁ via gy r&‘tgégsé‘ﬁ’&v%‘?y 3?@}?:?0“88\1%@? élacwzggo:%mﬁ'&%éfsresi due an
unashed vi ahwade.@ermmyfitﬂy \Sﬁlﬁﬁoﬂse@hﬁbt?omnﬂgyre%lzv\.olrl'hérh&//d@m;otmem]oél\u ortdsien.\l:i a. f
Fi gure 5C shows co ete cleaping of the Ti NN Al - Cu/Ti/Ti N Ti st waf er,
wi th no mebal REeGE B ERARILETIG of tasideyorsiie gurftcs s sideaal o ey
Exanpl e 5 wer eyi; @peRtRCashivtalierC AR Q6ME irésidue- only 8t iR Dottér) of AR diadwitrnghow t he
results obtained. Surface and sidewall cl]eaning of the _ashed via wafer,
with residue onetyl essrosiea. JRigure #Cothowpsomplste geanigiofitheFIN/Ad-Cyre El ni ned by
vi sual observagi@nygt Fi gure 6A. There was no netal corrosion. 5 Figure 6B
shows conpl ete cleaning of residue on the surface and sidewall of the via
of the no-ash wafer, with sone residue only on the bottomof the via, with
no netal Orfrﬁﬁhﬂﬁ’ h#gure 6C shows conpl ete cleaning of the
TiNNA -Cu-Si /T stack wafer. 10 EXAMPLE 7 The procedures of Exanple 5 were
repeat ed with conpdBietprocediires Bf rample S7pere Tepeated Wil compasitipe Fr dgires
obt ai ned. The sjd | t f o fhe vig of { wer e
not quite cl eaﬂ‘%’d{ﬁ:’(\%g(i 'éé{l g?‘?n%er H]t%t% ob %ﬁ%&alﬂgbsg%rwéggfl %ﬁggﬁn\ét?hge\llﬁieggA{
There was no nwheakhedosia oafeowereFtayquite ¢Bareldpas datermihedt by vibirhnbsagyvatibn &5 25
resi due on the_no- fer, with only a possible_small alum num.undercut.
Fi gure 7C showE!S# et C’El%aérﬂoﬂ'ﬁe%lfw#?ém% W&F‘?@/Sﬁ‘rsﬁwﬁiﬁ%ﬁéwg fer,
wth 15 25 residue on the no-ash wafer, with only a possible small aluminum undercut.

Figure 7C shows complete cleaning of the TiN/A1-Cu/T¥/TiN/Ti 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 resuits 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 | was repeated with composition H on three

different wafer types. When composition H was mixed, a substantial amount of

-10-



no netal corrosion. EXAMPLE 8 20 The procedures of Exanple 5 were repeated
Wi th conposition G Figures 8A, 8B and 8C show the results obtgiSnggy 2006
Surface and sidewall cleaning of the ashed via wafer, with residue only on
the bottom of the via, was obtained, as determ ned by visual observation
of Figure 8A. There was no netal corrosion. Figure 8B shows conplete
cleaning of resiugaPRad faemtid! aoRadnpiheiifeindfdrmafiod bftedBanvhenieh EDTA no- ash
wafer, with residue only on the bottomof the via, with no netal

corrosion. Fi gurasc@dingioihs egethiNet e cl eaning of the Ti NNAL-Cu/ Ti / Ti N Ti
stack wafer, with either L 198 O i of titanium
corrosi on. EXAMPLE 9 30 Thgﬁggg%? urge) 0 Exa&rrp?tlinén’)f[ljf's'lﬁvxgéi -‘rsgg{azg't ed with
conposi ti on H orFigtmee®A, 9B fafid € rshomaliccresulispmbtainedh sPhecashgslowin tWadar was waky

m xed, a substanti al nt .of 510 Y . n

i ndi cating the iﬂmg‘i %O%T?%?"r?'gt ﬁo%e%%?%egtb%éﬁg?sﬁﬁqﬁ% F%ggge.o%i %8% §91E(he
equation: EDTA -+poihiréd strips Grere obduia) 4 BMEAINAAMER/ T/ TEV /U sack Safer 98s and 9C
show the results obtained. The ashed via wafer .was onl 5 about 80%

cl eaned, as det e"r%pﬁféedy de%QISE%vbege'}%%Ql’T°8W"c9f elfﬁeédp%ﬁﬁﬂpugbﬂre&‘%ul k

pol ymer strips vagiufhoersyasl sholein HigrAl9BCUTHE TiITANCUISI/TM clackvabetlsonas

conpl etely cl eaned ?n‘ﬂ ;E%v‘\?ﬁd .No _carrosion 'P‘f ei ther the aI.u?.nun‘b r the
titaniuml ayers, PNy BT EUgEUmR RSB, PTINT T8 % “Was al so
conpl etely gbeaned with no alum numor Ti corrosion, as shown in Figure 9C.
10 It should now be readily apggren to those skil]ed.in the art that a

novel conposition arbshsridcioss appatenttorthess; skiled fn theratt thet pgvekt s of

the invention hagJaGEh ROMLERE caplbie dfrzaﬁewﬁ%inﬁt Byddedgettsoon he tRbdiRacet i ¢
acid or a nono- di -Hatri - or tettg?mmni um sal thsereof based corrp(;siti on

and process usi nepsdeermpravided. c 3hp imprevedretiylencpiaminetpimpgerio AciH r sumanabtie f or
reeting current ﬁ@%&?ﬂﬂ“ﬁbfﬁﬁm 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 titanjum metal layers without substantial attack on such titanium
layers.

20 It should further be apparent to those skilled in the art that various changes
in form and details of the invention as shown and described may be made. Itis
intended that such changes be included within the spirit and scope of the claims

appended hereto.
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fabrication requirenents. The conposition and process is suitable for
renovi ng photoresist residues and other residues from wafergs5ausy 200§er
substrates including one or nore titaniumnetal |ayers w thout substantial
attack on such titanium l|ayers. 20 It should further be apparent to those
skilled in the art that various cOBAlMS in formand details of the

i nvention as shown and descri bed may be nade. It is intended that such
changes be included within the spirit and scope of the clainms appended
hereto. 0 A‘ScoMWsiﬁ@OlBr femdl v ad orgAnicngaosiétaltio of etalroaive vésiye ﬁnm@rsgmriate

or ganonet a st n titani um
conpri sﬂﬁé #‘P%H%ﬁ’t‘)’ ?Onin%sknéq%& tby{ \%ﬁo L yw? %ﬁ Ofre% ?eélﬁ‘(?lﬁlg gtfgérr%g%et ic
acid or :&ldmraannodldi— trit m tetraammmalm adtrthmuf,umteradlﬂ fltoheab@uafZS%/\mtaboqt 78nd from
about 25%to%}?bg l 75% ntght of a polar organic solvent. 2. The
conposi t i f BY'Hh olrga"csfpVe the water is present in an amount of from
about 25%to about 75% by wei ght. 3 The corrp05|t| on of any of clainms 1-2

wher ei n antc p al.vent selected fromthe rou sisting of
ai et ot 2 e RO AEn T Gl S STL B SaBT T ERE ) a8 kPR &

di et hyl eaveut Pyoleightkyl ether, triet hyI ene glycol al kyI et her, propyl ene
gl ycol, propylene glycol alkyl ether, N-substituted pyrroli done,

sul fol ane, and di nmet hyl acetam de. 4. The conposition of any of clains 1-3
further &dprcompesifiohrafrmpbdeltin592 twheraipahrt org&tio pélar mivienteis oelecdddaomotien ne.

5. Th t t

a1 kano! aoHecingiQlh &R il bl ial YFeS TR o ARF oRE B Mheyiene, |
di et hyl eglgcd nikghéthee, trizthplendglyeh eyl ﬂhmrmpwlmgwcahpmylenmméahalmﬂhmm ne,
di et hanok n?)stlgl'te pyggflcho%g Osluﬁ}me td?r%thﬁragé%!ﬁ Xé di et hanol ami ne,

i sopr opano an ne, I'sopropanof am ne I'’sopropanol am ne,
3-am no-| - propanol i sobut anol am ne, 2-(2-am noet hoxy) et hanol

2- am no- hox thyl gthanol ami ne g ,
hydr oxyl nﬁ? (?f“a P?ﬁ’(gnﬁf l}l(iofjf?g}éeﬁ VAR I}g'afrom a 0%2 heruqy-)(g r| sing
from abouhmeoﬂeﬂl%nblamabout 10% by wei ght of an organic or i norganic
amoni um sal t.
5. The composition of claim 4 wherein the at least one amine or alkanolamine is selected from the
group consisting of ethylene diamine, diethylene triamine, 2-methyleneaminopropylenediamine,
monoethanolamine, diethanolamine, triethanolamine, tertiarybutyldiethanolamine,
isopropanolamine, diisopropanolamine, triisopropanolamine, 3-amino-1-propanol,
isobutanolamine, 2-(2-aminoethoxy)ethanol, 2-amino-2-ethoxy-propanol, methylethanol amine,

and N,N-dimethyl hydroxylamine.

6. The composition of any of claims 1-5 further comprising from about 0.15% to about 10% by

weight of an organic or inorganic ammonium salt.

7. The composition of claim 6 wherein the organic or inorganic ammonium salt is selected from
the group consisting of ammonium tartrate, ammonium citrate, ammonium formate, ammonium
glucomate, ammonium fluoride, ammonium nitrate, ammonium thiosulphate, ammonium

persulfate, ammonium bicarbonate, and ammonium phosphate.
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7. The corrp05|t| on of claim®6 wherein the organic or inorganic gnn&mzwﬁ
salt is selected from the group consisting of ammoniumtartr Q ium

citrate, anmonium formate, ammoni um gl ucomate, ammoni um fl uoride, ammoni um
nitrate, ammoni um thi osul phate, anmmoni um persulfate, anmoni um bi carbonat e,
and amMTuencphipspioatof any b2 cl@inﬁ IMAYurBH26 GorBprisitigefrand apas i504 wnabohit 26%y bpf

clainms 1-7 further om about 5% to about 25% by weight of an
addi ti on“éﬁ'gh(':ﬁéﬁnfﬁfhﬁ ngléerlﬁ%mg he conposi tion of claim8 wherein the

addi tional chelating agent is catechol or gallic acid. 10. The conposition

of cl ai of cl.ai furth ni a co sition
for ng]%?%wé‘}?%' °J:a'm§r"8’§}? "h’g'f g‘ﬁot alc elﬁ’g}gaalgen X teedrm(laré)lr Wy afrcr}r)dgm a
subst rate conprising fromabout 13%to about 50% by wei ght of

et hyl enedi m net et.r aa LC ac or tetraammoni um
sal t thelr% WBWM&F"@%%?%MEB%{J%%%ﬁﬁ’?’p\/\%"%ﬁ'f’mg?laa pol ar organi c
sol vent, and wat er . 12 The conposi tion of cI aim1ll wherein the water is
present in

an_ anmount om about 25%+t0 Qut 75 i The
conposi tilod* 8?m%qsg'i°fln "M r%"v}"él A PR ?réanome 2 preden allbé’“gﬁ ‘%Q"oﬁnf‘) of from
about 15Ubitate cahpﬂiingﬁ&fn fabouradBghd abalitl 5097 he wexghpﬁstliyleoeﬁnmﬁnnaﬁwaodtlc@bxdl s
11-13 further r| S from. abo 25‘V bo 0/ b at | east
one ami n¥ ad?O“QT’ hné'r 8#&%""‘"1%"“"1’?1 ttg‘g?ﬁﬂ)s?"tl ?%or‘f% aonaﬁ/boows\éﬁlé%gwe'gﬁft of
wher ei n gole oty ke nendiaadrivatet.et r aaceti ¢ acid consists essentially of d| -
tri- or tetraammonium salt thereof present in an anmount from about 17.5%

and about 50% by weight. 16. A conposition for renoving an organic,
or ganonet2aiThé engositiet aff claimild evhersi tHeiwater opresent sLnstoatieofifrogl abditrgy*t ot ani um

consi st ntially of about 1%to 50% by wei ght of
et hyl ené %%gﬁ%ﬁ Y¥#cetic acid or a nono-, di-, tri- or tetraammonium

salt thereof, water, and from about 25%to about 75% by wei ght of a polar

g: gggln'f Flnll" epc%?%ﬁ ?n %pc(?%llip g?q%}eﬁ I ggg}fe{ %lp(;j‘ielsql]t:ll'6 n%g'\; ﬁt c;}ﬁto% be'i‘tt l%f%fo

about 75% by weight.

14. The composition of any of claims 11-13 further comprising from about 25% to about 75% by

weight of at least one amine or alkanolamine.

15. The composition of any of claims 11-14 wherein the ethylenediaminetetraacetic acid consists
essentially of di-, tri- or tetraammonium salt thereof present in an amount from about 17.5% and

about 50% by weight.

16. A composition for removing an organic, organometallic or metal oxide residue from a
substrate including titanium consisting essentially of about 1% to 50% by weight of
ethylenediaminetetraacetic acid or a mono-, di-, tri- or tetraammonium salt thereof, water, and

from about 25% to about 75% by weight of a polar organic solvent.

17. The composition of claim 16 wherein the water is present in an amount of from about 25% to

about 75% by weight.
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0 5 MAY 2006 18. The conposition of any one of clains 16-17 g4

organi ¢ polar solvent is selected fromthe group consisting O$M€T thl
sul f oxi de, ethylene glycol, ethylene glycol alkyl ether, diethylene glycol
al kyl ether, triethylene glycol alkyl ether, propyl ene egcoI, propyl ene

gl ycol al kyl ether, N—substituted pyrrolidone, sulfolane, and dinethyl

acet am j% T g%oélﬁ‘)a%gn(})?gl g (9nr¢]: Jf% ims %)Y‘/ Welh RE g%gﬁlg n?} ?Pe%mt s%*elcfeg or

nmet al subs rate consi sting “ess rom about
13%to afhmuthe@%ﬁagonmrgrﬁf difnethgplt Mtbmdecme{immglyeoh; athylend glyadla(li%rethar nmono- ,

di-, tri- r u It t O/ 5% b
wei ght cfifletl%ﬁ% gng“’@ﬁgg‘r)?qt? 'ngt R, 5 ]teélﬁegn%gg?#hél glﬁ%%ogyr??egg@coz cl alym
19 wher ailkyl éthe, Matistitutes! pyrreldone, suhﬁolare, andmlumhydhcatam:dq about 25%to about
75% by weight. 21. The conposition of claim19 wherein the water is present
in an anount of from about 15%to about 75% by weight. 22. The conposition

of any ome Atomipasitioh mf%vmgemebnganiheorgammbeh'eddramtnleméder salee ifomaei d

consi sts gssential.l. i r i t her rgsent in
an armurFfIE FREmegpette i-“fe'g@“-‘éna %'ﬁt 65'(8'&/0 33% %Jta.usg%(f% Ag’go%%‘étf)t ?on f or

r enovi ngetwmnedlgamhteuaaoatgmmmtaainbmcn, di¥, tnecnratbtraamd:eiunesaltdh@edfr ﬁnmalbout

subst ra':%esg hgﬂ%%&frﬁrﬁ?%@ﬁ um po?arg%lr %;["I (qve%sdg@&&tg]l Iy of about | to 50% by

wei ght raac idor nono-, di-, tri- or
tetraanmmoni um salt thereof from about 25%to about 75% by wei ght of a

pol ar Olr‘]g)ag‘) C%ﬂ?r%lgﬁl n of clalr(r:)l%%v 2t ntt%§ \421%[0 is %%Qéﬁtt i 7&Wnt\’@'ﬁ%m abo&f%%t tol €ast

one ami P ne, renovi ng an organic,
or ganomedbalid 75& Wrweigttal oxi de residue froma substrate including titanium
t he nethod conprising the steps of contacting the substrate with the
conposition of any one of clains 1 to 23. 25. A nethod for renoving an

or gani c, 210 Tgasmpabiabn ofclam 19pthateirthe deter b predent irf ancamcantsefiony aboet, 15% tee

met hod cQnor steps of contacting the substrate with the
corrposm‘?nﬁdéf/‘lggi’/elgﬁe of claims 11-23. - 13a

22. The composition of any one of claims 19-21 wherein the ethylenediaminetetraacetic acid
consists essentially of di-, tri- or tetraammonium salt thereof present in an amount from about

17.5% and about 50% by weight.

23. A composition for removing an organic, organometallic or metal oxide residue from a
substrate including titanium consisting essentially of about 1 to 50% by weight of
ethylenediaminetetraacetic acid or a mono-, di-, tri- or tetraammonium salt thereof, from about
25% to about 75% by weight of a polar organic solvent, from about 25% to about 75% by weight

of at least one amine or alkanolamine, and water.

24. A method for removing an organic, organometallic or metal oxide residue from a substrate
including titanium, the method comprising the steps of contacting the substrate with the

composition of any one of claims 1 to 23.

25. A method for removing an organic, organometallic or metal oxide residue from a substrate,
the method comprising the steps of contacting the substrate with the composition of any one of

claims 11-23.
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