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ORGANI C AND PLASVA ETCHED RESI DUES FOR SEM CONDUCTOR DEVI CES Background of
the Invention Field of the Invention This invention relates to a

sem aqueo‘g,g?%gﬁm ng conposition and processes for its wuse. The sol utions
are organ m conpound and am ne carboxyl ate corrpouncPG'l‘lﬁﬂmllam
contain fluoride conpounds, water, a sol vent and optionally contain

corr osi on LIKCT Aki @DWGSITRDFIBQ*OI@@L%ME} Aﬁﬁé $ES.
Description of Related Art Fluoride containing c %@ﬂ%@ﬁé\g&g’é used
for many years to cl eRESIDUES EORi SEMICONDUCTORGEVECEdat have not yet
undergone ion inplantation or device construction) in the 15 sem conductor

i ndustry. Nornmally the fluoride chem stry (usually dilute hydrofluoric
waci d) iBacgm(aafmqn{,@mmpr ocess step in the sequence called "RCA
r| nses The substrate I's often contam nated from previ ous process steps
m)nol ayer am)unts of netal, anions and/or organic contam nants or
'-surfac l@ﬁ% %&grtlcl es). These contani rants have been shown to have
signifi the electrical integrity of sinple test device
structures Mshheaho%(}em&@doh@erh £dus ¢ t hout Qiri
Eeoficcyl Clealing CofieBRER ¥l brieioes £F

their inte Such cl eani ng net B‘ﬁ’ﬁ?ﬁﬁ% dﬁsscussed
in the Qsé-c iong a1e ozganpamuTioniune xampéund antl anfieeéarbéxy 120 bblp §Etﬁf Devi ces

and Ma 4-486 or Kujinme, T. et al., Proc. of t 1996
Seni . Bur e “ﬁ%éﬁ ﬁg‘ﬁﬂ%‘m ayater, gpd Séﬁ@t and optienallyegniain corrasiomi |
Inl@rn&uﬁmblmg chglaﬂﬁgaégﬂtg s&%mfg& hfddfgég teach net hods for cleaning
prinme wafers With | ow pH sol uti oAs include ‘25 US Patent 5,560,857 and

5,645, 737; 5,181, 985; 5,603,849; 5,705,089. Using fluoride chem stries

(usual b\éF‘h‘Fé oﬁ‘%fﬁefa.e RCA cleaning step will cause the silicon wafer

surfac phobic state (the surface is covered with SI-H

groups)  whFhioridé bontaininglchemistfies Have ba &slea ?ﬁ;ﬁg)%ve O;}% T

proportign of the waf er surface is dissolve
cl eani ?‘@P hﬁ?@%wféﬂdﬂgﬂnmunpﬂm&mnamwﬁecbﬁmﬁﬁ)qﬁ%e sol ut i'on
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sol utlonial_%l alsféy critical. Silica 2 9 JAN 2004 WO
oxi de FPHATYR R RIPWORS Priogessisteps withawynolayeranaate ofniemi dnforissmbiigranol t he
rate Vgsanié SSHERRAAR of I In acet an aprotic
sol ventg the rate was gu#&é %Mﬁﬁ% &ggs‘}ﬁeéﬁﬁ”?t@ﬁ“%n ReD shoyn fres .
Cent erhavesighifisantdmpatton tBealiegumca] integrity of simple test device structures and they
20 need to be efficiently cleaned without impairing their i integrity. Such cleaning methods could
include techniques discussed in the technical literature, for example, mt. Conf. On Solid State
Devices and Materials, 1991, pp. 484-486 or Kujime, T. et al., Proc. of the 1996 Semi. Pure

Water and Chemicals, pp. 245-256 and Singer, P. Semi. International, p.%, Oct. 1995.

Patents that teach methods for cleaning prime wafers with low pH solutions include
25  US Patent 5,560,857 and 5,645,737; 5,181,985: 5,603,849; 5,705,089.

Using fluoride chemistries (usually HF) as a final RCA cleaning step will cause the
silicon wafer surfacc.: to be in a hydrophobic state (the surface is covered with Si-H groups)
which will repel water. During this cleaning step a certain proportion of the wafer surface is
dissolved (removed). Unless the cleaning conditions are carefully monitored (time.

30 temperature. solution composition) the substrates can be damaged, as reported by Rafols, C.
etal. J Electroanalytic Chem. 433. pp. 77-83, 1997. Numerous compositiohs combine water

and organic solvents. The water concentration in these I-IF solutions is very critical. Silica



Semi conduct or Manufacturing, Aug. 5-7, 1998, Stanford Uni versity.g AN 2804
the Front End of Line (FECQL) cleaning process the wafer proceeds to the
typi cal Back End of Line (BEOL) manufacturing process for a sem conductor
devi ces, é{’] which the devices mght be dynam c random access nenories
(DRAME), SYAMSS240dom access menmories (SRAME), |ogic, el etmismibyas
programmabl e read only nenories (EPRO\/;B), conpl enentary netal on silicon -
(CMS) , @tide hdxean! didtfraterd SN ocat t echpol ogy using 10 chem cal
reactions (liquid or pl asrra%g@%gegﬁ%ggév‘ﬁ?’ u%t‘??@&%ﬁlg%mn’ysa Wi ring
st r uct urieduasd te Qd¥ Admini alﬂmdaﬁlmﬁeriﬂh&téﬁé(gﬁapl%ti@@gfvgﬁtﬁgies f LA

. te y
deposi t the wafer .to forma mask, th a substra es'z??%ly I mged
on the ?‘ﬁ%éﬁ reporiRd at N3k R EngrResv Eentpe Envirageeitslly Besigad With a
phot or eHepti | | YROE, | n transferred to the
undgél yi ng l%@ﬁ&%ﬂ?@?&?@%ﬁg@e$gti%c§@%é Iﬂﬁé‘feﬁ?f"y-w th reactive etching
gased pr onot etftarithé FontBndofhize (FEOL) eleghif lectively attack
t he unph%tgﬁﬁﬁgf%eﬁ ﬁ]é s&?#qs",g_&gﬁat]rg. Li ?_g?gﬁcgtc ?ﬁvgafegﬁ’é?ﬁ%ﬁe%?mﬂl |y
cont ai ni ' teng-prioeess forsestnrodndnctior @bvicaRY R ars
to etChdgﬁEéglﬁjMédyﬂﬁ ggn%ﬁ]c&{c%%s. The f ori'cf chem stries 1b(‘:,I:;]tir%:ﬁ-l%gvery
aggr essi ve and can result Tnorss dP?!m‘é?sc(bﬁ-f&WE flah¢ ranpdemascess i n al |
di r ect i oremjories SR AMs),dogit cddédrgcAf g&mﬁ A | 0 today's
needs for tli ht criti aia di nensi (g’fnlﬁgontrol, 't gﬁﬁfﬂ’q{“ﬁé@é‘%&ggg attenpts
to cont PEPPeRBlansBetabpn siligon (CMQDuand the like. Htching fabﬁa@mﬂemfmes@ psing
t ectoni qeleeni : ¢ ) Solid State Technol ogy, July 1998,
o TP, itpuicd edcRBR; AR ol s Beonnsel oy b ptibdnFoenine pivering strasture

f‘"‘)(uni di rexsuchsainjcontiodiommybsthittss at the sane tinme the byproducts (conposed

of photoresigt, etchi gasses_and etched 25 materials) are deposited on
the sidewal |R °@Eﬁ%§%;&%§?ﬁ?g§e<hgnﬂ@m@etgfemdhmld,\thmagaas&ﬁtef&&@nr;g this

pr ot ecti $bA liteql | an,be ver difficult to renove the
resi due arter fﬁ%gﬁ l&%ﬁ?ﬁg@b@éﬂ?é@@?ﬁ%ﬂ%ﬁ edwith 3 phetoresist dues

ar e notcieangn Jbe remainingtimage isaben trarssereed v MSinde t,.%% Ll .absorb
rm'h§turogln?§g t@r mc%ci dj £. speci es that can corrtlg%gt eﬁﬁgg%%g?r%\%:lﬁﬂjgs.
The r eShP& Vithreacuge ERpeS RTgmatedyeitheplasing enengyh The gtchnt gasen adver se
ef f ect selectivesattdtkitheinfRetect &Fihd i.stance.and w.re

di sconnect Qe?.saSuc_:h robl ecntgafafégquendtﬁk%%%}{amﬁﬁ&g‘%? mstres, aswallyni num

and al GARtAERRDIuT stz s(iave beatusea EkidnsiOély 38thd yesh {&é‘tédh ﬂf‘e&ﬂ% @H)y used
as thﬂ@dﬁ?&ﬁé a.hleg"he. ScEler. ubstrgte in contact with acidic mateérial s,
if not controlled, ¢ %Drﬁjga F FeC HEDREEIRssIYe @nd caufeswlthimigoteapipl et i on
of t heetehmigi(aighi ailiyoin allt diteetifRs t resis k be renoved
fromthe pr o(t elé?ig?g sd??acedf{e%uggs?m t ?@%F@ﬁ#ﬁ&ﬁgﬁ‘é oghg?‘ﬁ?'f‘tquw’@ési rabl e
t *dev s nsedsfor Hghtovitigaldimension contrgl thotgiomheriethat e BRY e RIOILIAR!

: ) . ) 1
pol ymefHe§ JNeT ) ted inorganic substrate w thout corroding,
di ssol vi n%dﬁob?%u ?’r‘\éﬁ%?he r‘?@? |PTRGEsE eantro) teghniges,asrepored by Taylor, D.,

) Solid State Technology, July 1998, p. 119. |

The usual plasma etching process involves anisotropic (unidirectional) etching ;Nl‘iile

at the same time the byproducts (composed of photoresist, etching gasses and etched
25  materials) are deposited on the sidewall of etched openings as residues.

A disadvantage of forming this protective sidewall deposit is that it can be very
difficult to remove the residue after the etching procedure. If the components in these residues
are not removed or neutralized in some manner then the residues will absorb moisture and
form acidic species that can corrode the metal structures, The resultant acid corrodes wiring

30 materials to bring about an adverse effect such as an increase in electrical resistance and wire

disconnection. Such problems frequently occur, in particular in aluminum and aluminum



altering the wafer substrate. C eaning conpositions used for %Dg ng 004
phot oresi st coatings if not already ashed and other substrates*®“h é Noz
the nost part been hi ghly flamuabl e, generally hazardous to 10 both humans
and the eg‘ydéjlz and conprise reactive solvent mxtures exhibiting an
undesi rabl'e % e of toxicity. Mreover, these cleaning cBEpdsSIIIBA3 are
not only toxic, but their di sposal is costly since they mght have to be
di sposedaltifys Sne?altsaasaﬂda 3%%% e _conposi.tions

general | h)ft)tlage severely I|m g%ll&gaait hIThI i ferte?{rllg%a rg%?ﬂt@tr?@f é\“t mategials, ot
recycl ab¥ 8oisontreliech ishredestoy Sheimeteh btructwrss. dues have been rermved with either

aci di ¢ organi ent s rgani c_sol vents. The acidic solvents
are general | yﬁoé@%%‘e%n@?& %ﬁ@ E}E&Srﬁi’ﬁfi‘ﬁﬂg itdp necepsary thatsthe vesist nansit/lny  an
ar omat i GreMpADREH IBPRRHI0E ﬁlﬁi&)sw?é}?;ﬁ &cl rmil ations
generally need to be useo} af ‘tenpera uf@gigﬂd%g%&% dﬁ%q%‘risﬁﬁ@gﬂgﬁ
chend st rAndmprRyedslensing compositioe to e thi drBariis polyRIRAD ShbstadLe Rokt's anted

hydr of | %)Jrg%yg I.d. sol uﬁgg?é@tﬁ? légg';ider]t certral n._condi tlt%ens renove

si dewal | ﬁébﬁgafﬁ ~fssphvingar dyllingthe mg Figdenitiy lor dﬂemibally

di el ect miterirpde WakirahpstRrehangi ng  the di rren5| ons of the device, as taught
by Ireland, P., Thin Solid Filnms, 304, pp. 1-12 (1997), and possi ny t he
dielectric c6‘4@5\1&00“1140&1!1:00&us&cfrferrreatavumaﬁohﬁésﬁtQBﬁtﬁi%@| 1ﬂ§>taﬂ-b£d

wat er d l,.an ne re [ ess ve enou to etc l'i con, as taught

by U.S. @é@?"ﬁﬁg F#ﬁé besmeralhrflurzmlbumtb al so

i ndigcat B&hﬂtﬁﬁianéﬁﬁlﬁbleﬂ{rﬁorﬁﬁerﬁ,%dtdogi};ﬁﬁé?%% J}gf m?,&,t%\/e fgf cl eani ng the
no e

newer CF- etch residues, as taught e CHF3

Pl asnma- mRdepisablet mmﬂ\townw i Mostover; thesesleaiingcdhpositfonshel it bgg;,bg,cAghg
Sol ut hem, .S 7) ,1997. Contact hol d
on o +RgrgiskoSt FElRsRE RS e eient Bave b st ssﬂemm%qﬁﬁmiﬁinipit‘ﬁce

there agpidétimstHese hﬁnpdsxtatrts@@ﬁerﬁﬁ hie ¢ &'%ﬁt@hb&hsﬁé o rﬁ% é“ﬂ%yﬁ%;ve may

al so be difficulty with nass transport em cal?8 :
hydr opHiT¢ Pt regyelable ongnsable. as taught by Bakl anov, MR et al., Proc.

EC?' %88?i9§§§@%ﬁ]eréﬁ%ﬂ§ore5| %?e é?%ﬁﬁt&*‘tﬁé ‘g‘t?gf’%i J@&égﬁvwgtﬁrl ayer

di el ectarganic solenfs. The etidicesovdnes 4rb g po@&fo licate

gl ass SG) ., whi cmare compnl y usg%ér?ln ul t %ﬂsca({b %@ﬁ?at I on
(VLSI) Qrselyentan &Fabétqmtwdwﬂr rsﬂcgtbemnesmgm alciﬂs Thesal | y
renove conm)n for,the HF to also attack the
5 di el g%rtﬁ?‘géchdrrﬂggerl a:)m%il %‘% W&é@.t?aﬁéeyeeééoﬂg‘e These and Lee,

5, Sol phelasuwenoﬁhdbtmmdlmbenﬁsemth%pxbp%} (1997)). The al kaline organic

ents fo h resL renoval can be conposed of am nes and/or
aICl‘%<anoI ani npéﬁ%‘g? P%‘hcé“ ypdey eentain catditensiremove theisidesvaflener al | y

;ﬂé:}t | Beo Z{i?gsnw adoRERR/eR! éffa@ﬁm@ RO Gia 1wt oFEEE L ridarnf, t\ﬁ’ere}‘o%es cszha)nfgnEgOSt eteh
g ) the dimensions of the device, as taught by Ireland, P., Thin Solid Films, 304, pp. 1-12 (1 997,
and possibly the dielectric constant. Previous chemistries that contain HF, nitric acid, water
and hydroxylamine are aggresswe enough to etch silicon, as taught by U.S. Patent 3 392,773
25  issued to A. Muller. Recent mfonnatlon also indicates that the dilute HF SOII-ItIOllS can be
ineffective for cleaning the newer CF~ etch residues, as tanght by K. Ueno et al., “Cleaning of
CHF; Plasma-Etched SiO,/SiN/Cu Via Structures with Dilute Hydrofluoric Acid Solutions,”
J. Electrochem. Soc., vol. 144, (7) 1997. Contact holes opened on to the TiSi, have also been
difficult to clean with HF solutions since there appears to be an attack of the underlying TiSi,
30 layer. There may also be difficulty with mass transport of the chemicals in the narrow

hydrophilic contact holes, as taught by Baklanov, M.R. et al., Proc, Electrochem, Soc., .1998,
97-3 5, pp. 602-609.



g 10 chenistries has been used to clean these substrates. These ZHenjsy EU@F
I ncl ude hydroxyl am ne am.nes, al kanol am nes and corrosion inhibitors an
general |y operate at tenperatures 20 to 30 degrees |ower. Recently,
fluoride- gﬁl gﬁgm stries have been used in limted cases to renove post
etch resid Bd*to a limted extent, photoresist residuePGTUNIIBEYr at ed
circuit substrates 15 during BEOL (Back End of Line) processes. Many of ’

t he wafer cl e@hé plbtéresinCsbld ' ori de ongnts,. specifically
hydrogen fl uori d%l?b In addiﬁdﬁéf%&%@%#8§-W°m%%ﬁ “ﬁ%ﬁ‘i‘gﬁ‘t HOSng

causti c deteasthylgrthogilinate) and-tebeori plﬁsphtﬁﬁcatﬁslﬁﬁgag’ﬁtb)%ﬂ%g Wﬁgﬂt

anmoni um Sﬁg%%l de SL{Ch as g_%‘_:slcl osed in .
5,563, 1 Td) or s pAEFRtIN 874151) structees fardettencoaformityofstepaoveabyast
system Mhl@!bmﬁ%&dimfﬁq%lmeﬁ@n&%@%@?@%?&;Oﬁﬁ(:%gﬁ' d and water while

a second phdse contains a nonpolar 0rg ck ghener s,

al kahes dielecttiz enatesial. Suth Bitdoki$ nét, e9Babilé fee L4, S anfi Q% g‘oi’gﬁ'?atie ncl ude
hydr oxyl.,gm ne .an anyfﬂltg&g]&uorl de (US Patent 5,709,786, Issued to Ward).
Addi ti or‘@f“m’é’ffénglpé’s %Mt er nary anmoni um salt and fluori de based
conposi tions, i &gﬁg ' | Eurpopean pligcation 0662705, and
or ganocar pox@?@ﬁ’rﬁﬁ&)gl um ssg Fntglrf&la&nqiﬂé%gsgﬁgﬁw @P@ epmpessdiofe based
conposi emines andéor alkswdilamings ami/biSheRtrabezatic §619eRS. s§ﬁ;§5ﬁﬁ;‘i‘iﬁl IS5, have
al so inclu %“5%53 aeEqiRg a er]}ogﬁhggg‘gl p r-e‘r:mve iéﬁrihg an ani ggng%nmﬁfy
cont ami f?’%‘é{gﬁ Reeegtly asssy Mpoknﬂtcmeid&ébmenﬁ@ents
suck _ agheihistrics hittn ufld blcfeal tdle BALRE'AGNOL, SIDNG OL e S, can. De.
aggressive toward the alum num  oxide it |y Shemm s Jelydeihydroxylamine,
‘j St udi esaminegtalicanolaminejand eoxyositw imHititirs ir_r?e‘hbﬁﬂ?‘bpgﬂtecﬁ L Joie‘i% of
. Xi

Jcitric pon an increase the alumnumo e solubility and thereby ose
t he rretézlﬁgr%eg(i?‘?ﬁrt her corrosion, by factors of 166 and 468 at pH 5 and 6

see Chnman €Re , 2 : I . (1983 . 2513). 9 JAN
5004, VO 0L/ _05(:?33%{1 » abridh Bited chEomisy 00 bdee AR 1 AR poRi 1 W@J‘%Yétpast and
met al  ctehwesidues andde adimitedfentent,iphotasesdst sesidieh AOMIRRFavP BRI bRl plasnma
as ng 4 ) .1l Rt roducl uori ne contal ning gases

£5 "0 SEREMHO MARISH aY ind) et s Whans S il
(hydr of 1 UOFi ¢ ek iﬂ’éﬁqtp"%c,ciﬁ:r}%m ofhe yvaferplgagingotgiositiogs
hydr of lcontaircflestide.comiphenis, spadificily ardper AIBLEE. WF@‘?‘H? 1%ﬁ}lgsbet_ween .1.5 to

less than 7. 5 There is also a neéd”to renove par T EATERMLORS om t he
waf er SHightgoptainstrongpanstic chemdval pichelinesderivativeatetmaliPimBbARAS RRR oy ON

ol cani i k) iR i FEUR ponr S 285 et 1 e de
molaigdic svat from
the  valednes Wiled Gfcanes or alkenes) (US Patent 5,603,849). Other formulations include
) hydroxylamine and ammonium fluoride (US Patent 5,709,756, issued to Ward). Additional
- examples include quaternary ammonium salt and fluoride based compositions, as disclosed in
published European Application 0662705, and organocarboxylic ammonium salt or amine

25  carboxylate and fluoride based compositions, as disclosed in US Patent 5,630,904,

Some chemistries have also included chelating agents to help remove ionic and
anionic contamination from the wafer surface (PCT US98/02794) but chelating agents such
as citric acid, gallic acid, and catechol among others, can be aggressive toward the aluminum
oxide that covers the Al metal lines. Studies by Ohman and Sjoberg show that the strong‘

.30 complexing ability of citric ions can increase the aluminum oxide solubility and thereby

expose the metal to further corrosion, by factors of 166 and 468 at pH 5 and 6 (see Ohman et
al., J Chem. Soc., Dalton Trans. (1983), p. 2513).



1. Physical desorption by solvents, which involves replacing a sl UANupdfer
of strongly absorbed particles with a |arge vol une of weakly adsorbed
solvent (changing the interaction of the surface charges); 15 2. Change

t he surface charge with either acids or bases, i.e. the Si-OH group can be
made posi tW98B¥%r ot onated with acid or made negative wit RCBASE8/19333
renoving the proton; 3. lon conplexion by renoving adsorbed netal ions by
addi ng acid (O#rml 1RAEE I % i [ r dec Qsi,t,on of,

i mpurities, whi chmib%\%ﬁ %g oxXI g}aﬁeit%%nopc%?gﬁse,rgﬁ%'geagﬁiv&aq%tlgﬂl PIEYghe
sur f ace watesvapor intgthe plasmazshing chamber feltovddbycinaoisdhg fhehmesonghgen t he

impurities and substrat rlI ace. The chem cal reaction can either be
t hr ough #%& y@rﬁ-ﬂﬂ?r_é"t ‘W‘S(ﬂ?’!éf ot ﬁég:ﬂ@gﬁ)s‘?f_ aliquid eontaiginghy doofluteicswid. ace,
Whi ch rmﬁmtfm@,ﬁaggﬁﬁh%ﬁ\églmlaal_ghﬁg#%_g%geg§é%g rtain thickness of the

substrate surface. Curren aval uort d chemstries can help

in ifens #2 &ftdreds alsot neto remeanpatoulatedediid Sroi e WifeCa Rk duking the
-control | gd cases, the conponents of the cleaning conpositions are

I n man
rel ati vét5Pk Bracess, Gurrentlynest prosssserTely on as iseprepanelsand{os Dliveatensixise oitldor t 0

st ri nger§itHeaeul oy i@ Pdadif sl em cal.. hand) | procedures
and weari ng ofﬁggg‘%%@ ga?rrent Sﬁ?%%%%%ﬂ%@e%cﬁg@%g@%& d contact
Wi t h t heleahiagof nxjde wafeos inbimally. onlADIiviatarisised, bﬂ&ﬁﬁﬂﬁﬁﬁﬁ&i‘%ﬂf&s fhe toxic
conmponent s, of .such..cl ' cqQnpositions are highly AN"'200" WO 01/ 05524
PCT/ USOS?TB’S?%@MJ@&méﬁﬂg@ﬁﬁﬁmym@@%wﬁgorat ion rates, they
requ re speciTfbre RN RIS T YERG . . ecauti.ons to.be taken
during storage and useﬁg%aﬁigsconposi"?%érr??%ﬁ%%(gﬁé}cﬁeﬁlawﬁ)f h%sgﬁgﬁé"?s a
»~)need t owdfer simfgees:npr oved cl eani ng conpositions to efficiently clean a :
vari ety of dﬁposigﬁ fragga V\A'd% variety of substrates. Particularly in the
5 field of inhtegrabefacissemtion oy spivents; which involyesserlacing p smel mumber ofiat t he

e L i Py CHRACIYASEBE farEtel WG Yol YOWERRY Saindl bR O e

substrates being cleaned are Constant I'ncreasi ng.
conposi ti ons t hat{(chengingsthe intéractidnoof the mafiicaghdrges); sophi sticated integrated

Cipguit subsirates, may.not be able t r.oduce sapisfactory results with
suggtrat es sic'ont a¢l?‘ﬁnﬁé%ygg%‘g’ﬁﬁee‘ﬂi%?E‘%F@ﬁ%ﬂr@sPﬁdPt@eiﬁQﬂ@MS of
fabrication. 10 Thaagicydme o bRRSalWiNadh 3Puiile REARDEWIA bastlly F Ot 2l

friendly and easy to use. The present invention teaches su an and
i mproved cl eani ngemexisashaprotenand a process for its use. This composition

i s aqueous, iss L C ang | nj c ubst.ances, . and, when
used i n the Br oodol EompRkin B 38bPind Beo- 2 ARR! e BY ARARR SER SR 11

conposi tion proviedeltangeyyore effective cl eaning of the substrates, which
me?(ps nor e eaffecté)g

gation or deqomposition of impurities, which involves oxidation of metals,
organic materials or the surface of slurry particles, will change the chelrm'cal
: ) forces between the impurities and substrate surface. The chemical reaction can
either be through redox chemistry or free radicals;
5. Etching the oxide surface, which releases the impurity while dissolving a
25 certain thickness of the substrate surface.

Currently available fluoride-based chemistries can help in items #2 and 5, but the
cleaning conditions must be carefully controlled. In many cases, the components of the
~ cleaning compositions are relatively toxic reactive solvent mixtures and thus must be subject
30  to stringent use conditions and require hazardous chemical handling procedures and wearing
of safety garments and apparel by users so as to avoid contact with the cleaning compositions.

Additionally, because many of the toxic components of such cleaning compositions are highly



residue renoval, which in turn neans that higher product yieldsjé%HAﬁbzmM
obtained fromthe substrates being cleaned. SUMVARY OF THE | NVENTI ON 20
The novel cleaning conpositions of the invention exhibit synergistically
enhanced _cleaning action and cleaning capabilities at |ow tenperatures
that are NROKBSH bl e fromthe use of the individual conpoREBRASON33She
conponents in conbination with other cleaning conponents, or the

conponenyglaiife a0 SiHjER kd Righ 't LA S, sueh as
et hoxyet hanol ar ni ne. or Igilélklyl ﬁmrgt?s]ﬁ%e ’tﬁ?y@qgggg%gﬁgp&%ﬁ‘&mﬂfowm
i nvent i osafety pprcontiahs tabe taker durdng storags aid tifersfRhe tatapisitiongnPosi ti on that is

effective at |ow tenperatures. Itdn‘s a further object of the invention to
ASHreih RHeH

provi de a pos

e ISt o dewelpp inproyed elsaning pompositionsddeposi ti on

of net al offeRs: | : Eect | Lopn to formsuch a

cl eani ng sgﬁeﬁtb{ glﬁm% %giﬁi%t%'%{iﬁfos@%ﬁﬁgn\?}fadgfvgﬁeﬁb \“?’Qﬁskagﬁ'rl%ﬁ%?“l% E‘c&‘eof t he

i nveht i dlield of imtegvitetbcisauit fabrictionyit Skpudd beitdcopnibeihaCthE B¥martlsTBr fRbBvel
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SUMMARY OF THE INVENTION
The novel cleaning compositions of the invention exhibit synergistically enhanced

cleaning action and cleaning capabilities at low temperatures that are not possible from the
use of the individual components, or the components in combination with other cleaning

components, or the components in combination with other cleaning components such as

~ ethoxyethanolamine or atkylamides.

Itisa gelieral object of the invention to provide a semiconductor substrate cleaning
composition that is effective at low temperatures.

It is a further object of the invention to provide a post etch residue cleaning
composition that inhibits redeposition of metat ions.

It is a further object of the invention to form such a cleaning solution that is not

flammable.

It is a further object of the invention to provide such a cleaning solution having low
etch rates of silicon oxide.
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and for a time sufficient to clean the substrate.

D BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are triangle diagrams plotting cleaning results achieved in précticc of
the invention as a function of compbsition. '

25 Figures 3 and 4 are triangle diagrams plotting corrosion results achieved in practice of
the invention as a function of composition.

.DETAILED DESCRIPTION OF THE INVENTION
The cleaning composition of this invention is organoammonium and amine
30  carboxylate free. Several advantages are achievable by being able to eliminate
| organoammonium and amine carboxylate compounds from the compositions. Eliminating

these compounds reduces cost of the product. Organoammonium and amine carboxylate
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alkyl, dialkyl and alkoxy, dialkoxy piperidones, including N-methy] piperidone, dimethyl
piperidone, N-methoxy piperidone, dimethoxy piperidone, N-ethyl piperidone,
diethylpiperidone. diexthoxy piperidone, and the like; cyclohexyl analogues of these
piperidones. such as N-methyl pyrrolidone, N-2(hydroxyethyl-2-pyrrolid§ne, N2(cyclohexyl)-
2-pyrrolidone, and the like. The preferred Jactam solvents are N-methy] piperidone. dimethy]
piperidone and N-methyl pyrrolidone. Dimethyl piperidone is commercially available as a
mixture of predominantly 1,3 dimethyl piperidone and a minor amount of 1,5 dimethyl
piperidone. The lactam solvents can be used either singly or as mixtures. The composition
optionally contains alkyl sulfoxides such as dimethy] sulfoxide and/or glycols, such as
propylene glycol.

The cleaning composition contains water. Typically high-purity deionized water is
used.
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20 l
R-C-C—OH
.- x
25 X =-OH, -NHR, -H, -Halogen, -CO,H and -CH,-CO,H, -CHOH-CO,H

R = generally aliphatic, H or aromatic
Concentrations of the acids can vary from about 1 to about 25 wt percent. The
important factor is the solubility of the acid and base products with any additional agents in
the aqueous solutions.
30 The caustic components suitable for use to adjust the pH of the cleaning solution can
be composed of any common base, i.e. sodium, potassium, magnesium hydroxides, or the

like. The major problem is that these bases introduce mobile jons into the final formulation.
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11 tenperature. The sanpl e pieces were taken out, rinsed with?dkildd 280k
water and dried with the flow of N2. SEMwas performed with a H tachi 4500
FE- SEM for evaluating cleaning an corrosion effects. Residue renoval and
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HDA: Hydroxylam nc Metal Retention for Metal Lines Cean |ineés: - poor
10 - conplete At retention: 10 - no change, | - metal undercut Ti

retenti o@peddtion: N0 change, <5 - sec attack TiNretention: 10 - no change,
<5 sec attack Oxide retention: 10 - no change, <5 - see attack 20 The

resufts showebhamethod nfcleming o sulstratengifptheleaing Eoﬁﬁ&ﬁn&%’:‘oﬁﬂgg |on of
t he besﬂw Lanin erformance with the small est extent of corrosi on
the form@o nw&ﬁ% pacting a gbstrats haking, qummmmmrgammé@umﬁ for
further &tmam(ﬁ‘megegaﬁ Qﬂﬁﬂ 2. .Based on
the results in Exa éjemm?’o?rm né&véqﬁh&{%%ﬁ‘f?g q&f%@r%éaﬂdat
concent raempers maﬂtuaemdvdthedeslmmﬁmng hivdtion] difBulatiof)! QHTE{”” um
'fluorld%th H]Lle cleamﬂ]%]ofor | ati ons wi th ammoni um f i uorldse ana1 er and
corﬁ% C wn In the art optionally may be used. The substrate is generally

10 immersed in the cleamng 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 about ambient or room temperature to 100°C and the contact time is from about 30
seconds to 60 minutes. The preferred temperature and time of contact fo? this invention is 20
to 45°C from 2 to 60 minutes. Generally the substrate will be rinsed after using the
15 composition. Preferred rinse solutions are isopropanol and DJ water.
The compositions of the invention are particularly useful for removing residue from
metal and via features.
The compositions of the invention are particularly useful on low-k dielectrics. Low-k
dielectrics are known in the art and include fluorinated silicate glass (FSG), hydrido organo
20  siloxane polymer (HOSP), low organic siloxane polymer (LLOSP), nanoporous silica
(Nanoglass), hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ), divinysiloxane

) bis(benzocyclobutene) (BCB), silica low-k (SiLK), poly(arylene ether) (PAE, Flare,

Parylene), and fluorinated polyimide (FPI).
Examples of cleaning compositions and processes according to the present invention

25  suitable for removing resist mask or residues from a substrate are set forth in examples below.

Example 1. A group of cleaning chemistries containing the ingredients of ammonium -
fluoride, water, and one of dimethyl piperidone, acetonitrile and hydroxylamine were tested
with metal wafers which have stacks of TEOS / Ti / TiN /AICu /TiN (from Bottom to Top)

30 etched with CL,/BCl,plasmain a commercially available AMT DPS etcher. The resulting
metal wafers with residues were cut into small sample pieces, and then the sample pieces

were immersed into the chemistry solutions in Table 1 for cleaning for 5 minutes at room
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metal wafers wth a stack of Oxide / Ti / TiN/Al Cu /TiN (frombottomto
top). The resulting metal 30 wafers with residues were cut into small
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solutions in Table 2 for cleaning for 5 mnutes at room tenperature. The
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on a scaterresionleffets] Residirefroval indll doPdSich RLAPbE ndtal | , ght
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469 10 oVispalrorpayspns agdwereiall rankal @6a scaboofA5tod 0PTHY fdﬁﬂéﬂaﬁagﬁﬁllt%lbilgmﬁg 18
10 1Q 10 : 8 59 27 8.5 10 10 10 0.2 20.8_ 79-

10 1 0.%%%&%?%9%9 Metal Lines (Mn.) | Cdean | A | Ti 10 1 10 9.5
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Table 1 Time _ - Metal Lines
Formula | NHF DI ACN DMP HDA Min) | Clean Al Ti | TN Oxide
water
A 1 s 64 . 10 7 10 10 10
10 B "1 35 64 5 10 8 | 10 10 10
- ) C I 35 64 s 8 10 10 10 | {:
Reaction Temperature: Room Temperature Mectal Retention for Mctal Lines
D! water: Deionized water Clean lines: 1 - poor 10 - complete
15 ACN: Acetonitrile Atretention: 10 - no change, I - metal undercut
DMP: 1,3-Dimethylpiperidone Ti retention: 10 - no change, <5 - see attack

HDA: Hydroxylamine TiN retention: 10 - no change, <5 - sec attack
. Oxide retention: 10 - no change, <5 - see atiack

20 The results showed that the DMP containing formulation gave the combination of the
best cleaning performance with the smallest extent of corrosion, in the form of a slight attack
on aluminum. On this basis, DMP was chosen for further study to provide an enhanced

formulation.

25 Example 2. Based on the results in Example 1, formulations with low ammonium
\ fluoride concentrations were evaluated to determine a lower limit for the ammonium fluoride
) in the cleaning formulations with ammonium fluoride and water and DMP. A commercially
available LAM TCP9600 etcher with a C1,/BCI, plasma was used for etching metal wafers
with a stack of Oxide / Ti / TiN /A1Cu /TiN (from bottom to top). The resulting metal
30  wafers with residues were cut into small sample pieces, and the sample pieces were
immersed into the cleaning solutions in Table 2 for cleaning for 5 minutes at room
temperature. The sample pieces were taken out, rinsed with deionized water and dried with a
. flow of N,. SEM was performed with a Hitachi 4500 FE-SEM for evaluating cleaning and
corrosion effects. Residue removal and corrosion effects on the metal stack were assessed by
35  visual comparisons and were all ranked on a scale of 1 to 10. The formulations in table 2 are

shown in weight percent.



10 1 10 10 1 10 0.2 1 30.8 1 69 1 2 1 9 1 10 1 10 f 10 Reaction £ 9 JAN 2004
Tenperature: Room Tenperature DI water. Deionized water DWP : .

1. 3- Di et hyl pi peri done Metal Retention for Metal Lines Clean tines: | -
poor 10 - W}ﬂgte Al retention: 10 - no change. |- neta! undercut Ti
retention: 05374 change, <5 - see attack TN retention: RCTUSNH/19333nge,
<5 - see attack oxide retention: 10 -1&o change, <5 - see attack 10 10

These reqults show tnaj_%tl ST gni 11 cant jciean My rest-ts—are—obtaihred—wi-th
conposi tijgns __ 20 cont ‘h?ng as |ittlelime pbout 0.1 Metgitinger cent of the
ammoni umjf ride ] n orfjastom.  Belfer cljean npTesyrts—t+i—a—she{ter
t r eat ment Hd?%ulgr EW;J nce)]a Wi 1 ??ig% %‘H}hlﬁml udkli dp Téor|c8ENr atOxideof 0.2
wei ght pércent injthe forguegpt jons. [Exanpl e 3. |The pfoceddre of [Exanplpe 2
was repe A Forr-atoRst-eortpi-Rh 2543 -weihht pdrcent jor 1.0
wei ght péercedd of | andronjun3f | upréale| argl \7*1'“] pfopyl ene;@! )coﬂo a dsg, as| an
addi tion ' —TnelTEsuttEare ai.uvw—bﬁ#bt-es—ﬁ&-&nﬂ 4—JAN 2004 MO
01/ 05524 1 YS@:H8 9p33-92r %t | orb we|. @/ . | Tabl € 310 e 1@ efAjget 4 Lin
es | de ?bE?OD er{ DVP [ MmNt o3—=49—+1+1+0—-46e60101d W
03 59.7 0 3099 7 o hod 5101610[ 03079 710.0] 1aD10{010 PH 0. 3
79.7 30 B0104010%0 B/, 010101Q 10 O 3. 27 [T 67 1 P16

&1010 i Pols? HLYLOLOT] 19 O35 10#[ 10| 10

H 0.2 40.8 59 2 7 8.5 10 10 10

1 0.2 20.8 79 2 10 10 10 10 10

10 K 0.2 30.8 69 2 9 10 | 10 10 10
Reaction Temperature: R Ti i .
Diwater; Delonized water Cleanines - pa T oS
15 DMP: 1,3-Dimethylpiperidone Al retention: 10 - no change, - metal undercut
Ti retention: 10 - no change, <5 - sos attack

TN retention: 10 - no change, <5 - see attack
Oxide retention: 10 - no change, <5 » see attack
These results show that significant cleaning results are obtained with composiﬁoné
20  containing as little as about 0.1 weight percent of the ammonium fluoride, with no corrosion.
Better cleaning results in a shorter treatment time are obtained with an ammonium fluoride

concentration of 0.2 weight percent in the formulations,

) ' Example 3. The procedure of Example 2 was repeated with formulations containing
25 .3 weight percent or 1.0 weight percent of ammonium fluoride and with propylene glycol
added as an additional solvent. The results are shown in Tables 3 and 4.



SS 0.3 27.7 57 1510101010 0.3 27.7 0 7010101010 WU 0.3 29.7 45 22818A8180h
0.3 29.7 25 4510101010 15 ww 0.3 29.7 69 010101010 0.3 30.7 35 351010 11010
Reaction Tenperature: Room Tenperature Metal Retention for Metal _Lines DI
wat er. Dei W U&82%at er Clean tines: 10 - conplete, | - not peTAsEdAé333! | 20
DMP: 1, 3-Di ntt hyl pi peri done At retention: 10-no change. 1- Al |ayer gone

PG Propylene glycol Ti retention: 1013 no change, | - Ti |ayer %or]e TI'N
ret ent i opr—4t6—mo—cheange—t——F-N-lay e Qxide retentiof®™em iy %
change, [-Qxide |ayer T¥Ae 25 10 15 Relactincor) Tenper at we@Lmd00m Tenperlat ur e
20 DI wat eformultCll BIFZ ¢ 8 MRt pdVP| 1 S- t Ryl pr per [ aqgnce: uWne
gl ycol 2%‘0‘@-@1 o D ’ L Aidedid I, | s:110 -
conpl et L™ ot %Hepn®dt lal |0 ret gntiSon] 10 { no dhange, 1l |- Al layer
‘gone5 Ti| rementji arx  0ss7 10 ghanpeg | |- T Fayer [gopef JINTETgntiom] |. 0 -
~ho chandF; T | TN TRYErgoe—g rde—retentien—to go--c! 1L - _QOxide
| ayer gdae Perdiuios ha¥%3a I:()Fq"nlll ti'nlinsw | 810 #0 jorw0 3019 10 d.5
00 03 79.7 10 10 5 9 7 10 1 [ 10
PP 03 9.7 30 30 5 8 10 10 10 10
Q 03 397 2 48 5 10 10 10 10 10
10 RR 03 227 67 5 5 10 10 10 10 10
ss 03 277 57 15 5 10 10 10 10 10
T 03 229 0 70 5 1 10 10 10 10
~) uu 03 297 45 2 5 7 10 | 10 10 10
vy 03 29.7 25 45 5 7 10 10 10 10
15 ww 03 29.7 69 0 5 1 10 19 10 10
XX 0.3 30.7 35 35 5 7 10 10 10 10
Reaction Temperature: Room Temperature Metal Retention for Metal Li
20 D1 water: De!onucd\\:am_' Clean tines: 10 - complete, llfl:sot clean at all
DNFP: lJ—Dlmgmylplpcndone At retention: 10 - no change, 1- Al layer gone
PG: Propylene glycol Ti retention: 10 - no change, 1 - 'Ti layer gone

Tﬂ‘:l mtcntio?: 10 - no change, 1 - TiN layer gone
Oxide retention: 10 ~ no change, 1- Oxide layer gone

25
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10 10 40 20 10 10 30 48 5 15 70 25 45 0 49 1 10 59 20
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14 : Formulation inwt %
Table 4 Time Metal Lines
Formula NHF DI DMP PG (Min) | Clean Al Ti TiN | Oxide
water )
5 L ] 49 10 40 5 8 7 10 10 10
' M 1 59 20 20 5 10 6 10 10 10
N 1 49 40 10 1 7 7 T 10 10
0 1 il 10 10 E; 8 '3 10 10 10
P 1 39 30 30 5 7 10 10 10 10
10 Q | 27 24 48 5 10 10 10 10 10
' R 1 2 | e 5 5 9.5 95 | 10 10 10
s 1 27 57 15 5 10 10 10 10 10
T 1 29 0 70 5 8 10 10 10 10
U 1 29 45 25 5 10 10 10 10 10
15 \' 1 29 25 45 5 8 10 o f 1w | o
w 1 30 69 0 5 10 7 10 10 10
X 1 | 2 35 3s 5 8s | 10 | 10 | 10 10
Reaction Temperature: Room Temperature Meta! Retention for Metal Lines
20 D! water: Deionized water Clean tines: 10 < complete, 1 - not clean at all
DMP: 1,3.-Dimethylpipetidone At setention: 10« no change, 1 - Al leyer gonc
PG: Propylene glycol Ti retention: lo-noqlmnge,l-‘l'ilayergom
TiN retention: 10 - no change, 1 ~TiN layer gone
Oxide retention: 10.- no change, I - Oxide layer gone
25

In order to understand the results obtained with the formulations shown in Tables 3
and 4, the data was plotted in the four triangle diagrams of Figures 1-4, showing
respectively, residue cleaning performancé as a function of water, DMP and PG
) concentration in the low fluoride and high fluoride solutions, and aluminum corrosion as a
30  function of water, DMP and PG concentration in the low fluoride and high fluoride

solutions. A comparison of Figure 1 with Figure 2 shows that higher fluoride concentrations
are sometimes necessary to obtain satisfactory cleaning results with high water and high
DMP concentrations. Figufes 3 and 4 show that the least corrosion occurs with a high
concentration of DMP relative to water., )

35 Example 4, As a result of the above experimental work, an especially preferred
composition was determined to be 0.75 % of 40% concentration by weight in water
ammonium fluoride, 17% by weight DMSO (dimethyl sulfoxide), 57.25 % by weight DMP
(dimethy! piperidone) and 25 % by weight D.1. Water. Further tests in accordance with the
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D DW Tine (Mn.) Cean 8 10 10 7 Metal lines 10 10
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15
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procedure of Example 2 gave corrosion numbgrs of 10 and cleaning numbers of 10 for all of
the substrate materials listed in Tables 3 and 4.

Table 5, below, shows the corrosion and .cleaning results at various pH values
and a vanety of compositions according to the present invention. The pH values as
reported in Figure 5 were measured with an Orion SA520 meter with glass pH
electrode. Table 5 demonstrates the effectiveness of compositions according to the

present invention throughout a wide range of pH values.

Formulation in wt. %

Table § Time Results and Conditions
Formula NHF [ D1 water DMP DMSO PG Min.) Clean Al pH
(40% ag) '
AA 03 397 24 0 43 5 10 10 6.7
AB 03 277 67 0 5 s 10 10 785
AC 0.3 27.7 57 (1 15 5 10 10 771
AD |- 03 | 2045 | s925 | 20 [ o 5 10 10 30
AE | 03 | 2045 | asxs 35 0 s 0 | w0 | 30
AF 03 2045 4925 30 0 5 10 10 30
AG 03 | 297 10 60 0 s 10 10 30
AH 03 2045 | 6925 10 0 5 | 10 10 30
Al 03 2045 6425 15 0 5 10 10 30
Al 03 2045 2425 55 o s 10 10 30
AK 03 2045 4.25 75 0 5 10 10 | 30
AL 03 18.7 78 3 0 5 10 10 40
AM 03 | 197 | 6 20 ° 5 10 10 4.0
AN 03 | 27 5 72 0 5 10 10 4.0
AO 03 28,95 45.75 25 (] s 10 10 | 40
Reaction Temperature: Room Temperature | Metal Retention for Mctat Lines
Dl water: Deionized water Clean tines: 10 - complete, 1- not clcan at all
DMP: i.3-Dimethylpiperidone - At setention: 10 - no change, 1- Al layer gone

PG: Propylene glycol
DMBSO: Dimethylsulfoxide

Substitution of other fluorine compounds, lactam solvents, organic sulfoxides and
other glycols gives similar advantageous results.

One skilled in the art will recognize from the foregoing examples that modifications
and variations can, and are expected to be made, to the foregoing cleaning solution in

accordance with varying conditions inberent in the production process. The embodiments
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per f or manc f.uncti on of water, DWP and PG concentration in the |ow
fluoride and high fluoride solutions, and al uni num corrosi FFFHYS¥/19333
function of water, DWP and PG concentrﬁion in the | ow fluoride and high

f1 uori de abowt arcigiven. byAvayoofieaninplen FOf exahils] ehelspubifib disc@iidh oF BHQUSt hat
hi gher fluoride concentrations are sonetines necessary to obtarn

sat i sf actRSFSPT@HRR S IRGCripe afothepmatalimgtal slboyeandipalyilicin stibRresyropteddy ONS.

Fi gures . 0siQn _occur i th hi gh

concent r gqtll npésfe 4 W@?QP%‘Z a{"g&\%g}@r%%%a%%mﬂ%%ﬁ%@wwnt he
above exirventiomtveicvisrdefinedhbyethedeliéwing cRirgé er red conposition was
determned to he Q.75 % of 40% concentration by weight in water anmmonium

flduor51 ﬂe, 17% nsm@sm@nﬁamlingﬁorr:smenﬁm@miﬁp@m%ﬁbummh DVP

i met hyk. niper| o i ght..D. ... \\at. Further tests i
gctgda%&&#ﬁ%ﬁﬁe}%&éiﬁ% I %%’f&a‘f!i”?égﬁ‘ﬁlrﬂm : Bgégﬁelfir Iocr:]edure
of Exanphgplitatien/wasspetidiealinarl idig dually MCM&;"%‘EB;{E%WB?%%@ 10 for

all of the substrate materials listed in Tables 3 . bel ow,
shows the cor Thginyantignanasy being Ay desenibed, will eiapparentito vat o srdirmrg skl

ho' ! emolt G STRAL e S B bddiel Rl ol 1 B theloiO Bithont deppeindrom o) s
pH 18| ectheapieit oifstope obthd appéiriled alairhs.t he ef f ecti veness of conpositions

_according to the present invention throughout a wi de range of pH val ues.
ijo_rrruI ation in w. %10 15 20 25 Reaction Tenperature: Room Tenperature



D water. Deionized water DVP: 1. 3-Di nethyl pi peridone 30 PG Po@ylgReni,
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10 - conplete, I- not clean at all At retention: 20 - no change, 1- Al

| ayer gone Substitution of other fluorine conpounds, |actam solvents,

organi c sul foxides an 35 other glyc@ s gives simlar advantageous results.
One skilled in the art will recognize fromthe foregoing exanpl es that

nodi fications and variations can, and are expected to be made, to the
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CLAIMED | S: "An organoanmoni um and am ne car boxyl ate free conposition for

per cent - o G L U Bl sale TR Zoiioh” SEVIRP LA BEEr e
vator .t s AE8H REERPEE 987 ght To about 80 per tent by wei ght Jof
oo SN AR i RS B BEE g oot B -
and about 10. The conposition of claiml in which the |actamsolvent is a
| actam having from 4 to 7 membered rings and is a 1 to 5 carbon atom alkyl or

alkoxy substituted lactam or a 5 to 7 member ring alkane substituied

lactam.

3. The composition of claim 2 in which the {actam is a piperidone.

4. The composition of claim 3 in which the piperidone is a 1 to 5 carbon
atom alkyl, dialkyl alkoxy or dialkoxy piperidone.

5. The composition of claim 4 in which the piperidone is N-methyl
piperidone, dimethyl piperidone, N-methyl piperidone, dimethoxy
piperidone, N-ethyl piperidone, diethyl piperidone or diethoxy piperidone,
wherein the pH of said composition is between about 2 and less than 5.

6. The composition of claim 2 in which the lactam is pyrrolidone.

7. The composition of claim 6 in which the pyrrolidone is N-2(hydroxyethyl)-
2-pyrrolidone or N-2{cyclohexyl)-2-pyrrolidone, wherein the pH of said

composition is between about 2 and less than 5.



having from4 to 7 nmenbered rings and is a 1 to 5 carbon atom aé:ﬁll (N
al koxy substituted lactamor a 5 to 7 nenber ring al kane substi éé‘ 2004

| actam The conposition of claim2 in which the lactamis a piperidone. The
conposition of claim3 in which the piperidone is a 1 to 5 carbon atom

al kyl, dial kyl al koxy or dial koxy pif#ridone. The conposition of claim4 in
whi ch the piperidone is N-nethyl piperidone, dinethyl piperidone, N nethyl
pi peri done, dinethoxy piperidone, N-ethyl piperidone, diethyl piperidone

or digt hoxuer&cnﬁgbgnm oMeedifin fhevHiIEh QheSAkEhrROBPRSELRN pipebigbygen about
2 and less than 5. The conposition of claim2 in which the lTactamis

pyrrolid chg;pﬂﬂ I R i y ich the pyrrolidone is

N-2( hydr 8@5‘%‘?@?5’- - pyrér griwdgqneetﬁgfbﬁrgyggg%ghexyI )-2-pyrrolidone, wherein
t he of [ onpasi td gn. i S, bet n,about 2 and |less than. 5. 2 9 JAN
20041 THES SOmESTERD e B oMPRERHTE oAl Ralmaihys bR ising

pi perjdone, dinethyl piperidone or N-nethyl rrol i done., The conposition
of "ol Hm E1¢ SOmRRRTPRET Sleimrd rs vehisk the usrisls: peBIROUNEbs ameneBNbsi 11 on
of claim8 in which the fluoride conpound is amonium fluoride, amonium
bi f | uor i du@ideyaimayemum iftuaiide o1 hyrRegen Myesidsi. on of claim 1 in which
the fluoride conmpound is anmonium fluoride, ammoni um bifluoride or

hydr oben Theieongeosiiian dfhaatonpas wthicim tbé fhicaide ¢ofmpraumer iscamprdsiung a
corrosion inhibitor. 13. The conposition of claim1l further conprising a

chel at i nglggedd, ambfonile bffRIGHEE br ydedgéeh fudridel urt her conprising a
surfactant. 15. The conposition of claiml further conprising an acid, such

that {he 1 c?f’ncpfé’@tiﬁﬁrg?(@étﬁ qnfdr%é}%d\ﬁgﬂgﬁ'@gé'tco%rﬁgq_liﬁﬁi%itbli’.an 5. 16. The

conposition o alm 1 further conprisin se. 1 he conposi tion of

cl ai Gﬁ@r' i . i I i , . i [VE |._pLperidone,

furt hn?e3:-' corrprclbg'#ﬂr:cgs'ogﬁg}q #g?gf'st1u@ﬁg%§ﬁ#§%%@q%&¢%$ﬁﬁgggﬁhct ed fromt
and hel ati ng agent. rou opsisting .of a coryosion inhibitor 18. The
compadd 1 iF gpmacativn of G e tRRPiRng aet e Bht er i et hyi

pi peri done and further conprising dinmethyl sulfoxide, wherein the I-PH of
sai d o coowesitipat dleelRimbbdtrthes serpidsingnam agid, such that the p

of the composition is between about 2 and less than 5.

16. The composition of claim 1 further comprising a base.

17. The composition of claim 1 comprising ammonium fluoride, water and
dimethyl piperidone, further comprising of at least one additional
component selected from the group consisting of a corrosion inhibitor
and a chelating agent.

18. The composition of claim 1, comprising ammonium fluoride, water,
dimethyl piperidone and further comprising dimethyl sulfoxide, wherein
the pH of said composition is between about 2 and less than 5.

19. A process for cleaning residue from a substrate, which comprises
contacting the substrate with an organcammonium and amine
carboxylate free composition comprising one or more fluoride
compounds, water and an lactam solvent at a temperature and for a time

sufficient to clean the substrate.



19. A process for cleaning residue froma substrate, which coni9sdAN 2004
contacting the substrate with an organoanmoni um and am ne carboxyl ate free
conposition conprising one or nore fluoride conpounds, water and an | actam
solvent at a tenperature and for a tinme sufficient to clean the substrate.
2 9 JAN 2004 19 20. The process of cjgaim19 in which the tenperature is
fromabout 201 about 100C. 21. The process of claim20 in which the
tenperature is fromabout 20 about 45C. 22. The process of claim20 in

WhiC@@.hﬁﬁérﬁobésgrm%t?ﬁuﬁQﬁn”%ﬂ%rﬁﬁhéQBnﬂﬁ'éiur%piﬂr% %?bou.ﬁszogr% o1

process of claim19 in which the conposition conprises from about
per cent %3\?&9 hoct O about 10 percent by weight of the one or nore
fluori de conpounds, from about 20 percent by weight to about 50 percent by

wei g of-the water, from ahQut 20.percent b ight to abqut 8 er cent
by et bt ToF RGeS caiahialoy aBrin, WhiR tiseiRarar fain Foms AGUtER RN about
2 and about 10, _further conprising of at |east one additional conponent
sel ected EFt?‘lin'hﬁ‘ﬁlé:-group consisting of a corrosion inhibitor and a
chel ati ngTagent. 24. The process of claim 19 in which the conposition
addi t42dnal hg pospss selsclgim @0alomhislo thei tite jwerfoemt abbutad ovigatescto
sul foxi de, wherein the pH said conposition is between about 2 and | ess than
about 10 minutes.
23. The process of claim 19 in which the composition comprises from about
0.01 percent by weight to about 10 percent by weight of the one or more
fluoride compounds, from about 20 percent by weight to about 50 percent
by weight of the water, from about 20 percent by weight to about 80
percent by weight of the lactam solvent, the composition having a pH
between about 2 and about 10, further comprising of at least one
additional component selected from the group consisting of a corrosion
inhibitor and a chelating agent.
24. The process of claim 19 in which the composition additionally comprises

up to about 50 weight percent of an organic sulfoxide, wherein the pH of

said composition is between about 2 and less than 5.



