WO 01/78129 PCT/ GB01/01686 - 1 [INHBITION OF TI TANI UM CORRCSI ON The
present invention relates to the inhibition of titaniumcorrosion and, in

parti cul afyo 1Pgg@MPoUNds, 5 conpositions and nethods usegd9EpditGess
inhibition of titaniumcorrosion. Titaniumfinds application in

metal lization layers in sem conductor structures. Both the pure el enent
and 10 alloys thereof may be used as.barrier layers to prevent

el ectro-m gration-of certain atons ané/or as anti-reflective layers on top
of . other netals. The reduction of interconnect~dinmensions,~--,.n

sem conductor manuf act I i of alum num 15 by
! i o RGO wrliond RRIACRITRRL

titaniumas the netal lizationlTayer in~"Semco terials and
corrosion and electrolyte etching is a major factor in interconnect

deter! ofati 0hn 29 HLA YR LAETRAA LR JaXeS (8 anplibhidaenoxide and
corrosion inhibition can e.a5500|ate3'mnth_retentlon of this surface
| ayer. Tit anitifheing ugn ComsReien éndpetidl PRIt Udiags oltPe SOPPOVPEGes) readily

at bothsl ow -3agoRighopld aftlhletaFountELf o kO aRnwiiiel ceceyr 25 at
neutral pH tend tq | ower theﬁgH at cathodic sites and increase the pH at

anodi ¢ sit es BAPFEM KGO/ cal s which aneliorate devel opment of this pH
differential can inhibit corrosion. Organic nolecules able to conplex with

t he surface i.de .l ayer. n _30.suppr.ess .crack fqr.mat.i. n.al so
oo 1 vaCe iRy $1EA" 201 S UBRCRS (B AR TLTRLON SA0EAN A o y
i nportant: asébimoenstuchotrusée rfuctng eisn 0. B25 hprioh35 puechedleogyti anenl y

ﬁgeéogh%atel%l&%@stk%%Q%%%'§E9¢%e %%%@ and J.939 ¥ 19k s2 tlew atons can

prevent electro—mig¥atidhiof certain atoms and/or as
anti-reflective layérs on.top of other metals. The
reduction of interconnect dimensions-in semicondugtor
manufacture is leading to the replacement of aluminum

15 by titanium as the metallization layer in
semiconductor materials and corrosion and electrolyte
etching is a major factor in interconnect

deterioration.

20 Titanium forms a thin layer of a surface oxide and
corrosion inhibition cah be associated with retention
of this surface layer. Titanium is an amphoteric
metal which dissolves (corrodes) readily at both low
and high pH. Small amounts of ¢orrosion which occur

25 at neutral pH tend to lower the pH at cathodic sites
and increase the pH at anodic sites. Buffering
chemicals which ameliorate development of this pH
differential can inhibit corrosion. Organic molecules
able to complex with the surface oxide layer can

30 - suppress crack formation and can also stabilize the

metals.

The need to inhibit titanium corrosion is very
important: a 40 nm structure found in 0.25 pm

35 technology 1s only approximately 100 titanium atoms
deep and loss of only a few atoms can have a

significant effect on circuit performance and



significant effect on circuit performance and WO 01/ 78129 PCT/ GB01/01686 2
durability. As integrated circuit manufacture has becone nore conplex and
the di mengipfisisplo circuit elenments 5 fabricated on silicop@icphiiGEss

sem conductor wafers have becone smaller, continued inprovenents 1n the
techni ques used to renove photoresists and other polyneric materials and
residues forned fromsuch naterials bave been required. Photoresists and
ot her 10 polyneric materials, such as polyimdes, are often subjected to
ion irnplantat.on, plasma etching, reactive ion etching or ion mlling
during the Eﬁ?&ﬁogﬁtﬂt 1 process to define patterns in the substrate.
Oxygen plasma oxidation is also often used 15 for renoval of photoresists
and other polymeric materials after their use during the sen conductor
fabrication pgogesegroyed kiighuare iy F=Reessehambedoatlidoren the

hardeni ng of the photoresist and the foriymation .of arganqnetallic conpounds
and ot her ZOCP@?ilﬁﬁfeéngnsc S SIS 16 r?gns%tlrrt?&l&réa agrﬁngcgs forned. During

t he proéessi igbafi cadfeer ©n seddidone cat itpyeer sesdlastnidarrs: aooarfiesisng

hydr oxyl am n e i t : t ' [ st ages for renoval
of resist rglsaig%ﬁg%%gﬁl %én%gslle?g‘ e Eltlaq‘t%gr qgrbggr‘r}g%ﬁlgh@f?tr%;t ment s.
Exanpl es of tesbniigaest risggertosglemavenphodginesgtisd f gna e pr ocesses are

di scl osed i nobligmcARRl (GaR151US Raf Gt AT Tk AT o Suk332.  However,

hydr oxyl am ne al'so initiates chem cal, attack_ and co_nsequeré{) rrosion of
the titani unfBhped 2130 hedte 6N FEIYEEH -oudiNP 49e&s Ledde 1% 91 %i n
reacti ye st popRaks ilco metrabiilbilzg thethydy polldmite gndbdd dfen

subjected to ion iﬁplanfapion, plasma etching,

reactive ion etchiné or ion milling during the

fabrication process to define patterns_in the s

substrate. Oxygen plasma oxidation is also often used

15 for removal of photoresists and other polymeric
materials after their use during the semiconductor
fabrication process. Such high-energy processes may
result in the hardening of the photoresist and the
formation of organometallic compounds and other

20 residues on sidewalls of the structures being formed.
During the processing-of wafers, reactive stripper
solutions comprising hydroxylamine may be used during
the post-metallisation stages for removal of resist
residues and deposits left after plasma etch

25 treatments. Examples of reactive stripper solutions
suitable for these processes are disclosed in the
Applicant’s US Patents 5 279 771 and 5 334 332.
However, hydroxylamine also initiates chemical attack

and consequent corrosion of the titanium layer.

30 ,
Catechol has previously been added to certain reactive
strippers to stabilize the hydroxylamine and it has
also been observed that the addition of catechol also
has a beneficial activity in inhibiting the corrosion
35 of titanium. Whilst the mode of action of catechol is

not known, it is considered that catechol may decrease

the surface reactivity either by binding to the solid



al so been observed that the addition of catechol also has a beneficial
activity in inhibiting the corrosion 35 of titanium Wilst the node of
action ofweat/esabol is not known, it is considered that cRCECGHBOI/O1E8Y
decrease the surface reactivity either by binding to the solid WD 01/ 78129
PCT/ GB01/ 01686 3 or by influencing the pH at the interface, or both.
Al t hough-catechol inhibits titaniumeogroesion to sone extent, it would be
advant ageous to provide inproved 5 inhibitors. Furthernore, the toxicity
of catechol mnekes the. identification of alternative inhibitors desirable.
Accordi ngly, bpa Byfinstuenbodgnent, pihet phesénterfiveati on poobkides a
conposition for renoving resist, polyneric material and/or etching residue
from 10 a substrate conpri sing hydroxylanlne or a derivative thereof and
at | eash one Bbhpoual.hateagolhénpgéhéral titanihunaceryoasoshbanspeEow
Formula (1)  dpcOh ngchbufhlbg gﬁ§a§QC%EoH@eE@'Brogid@nngQO@éQ each
i ndependent |y selected from H hal ogen, Cl1-C3 al kyl, Cl1-C3
al koxy of (C}E?hh@}FO%ﬁerEPﬁtheF§°£e 2the BoxaﬁatﬁaofscééﬁééP%d from C9- C16
?;'éy' 30OrI <k39I fdReal {snéyldg’ﬁeﬁeiabtylzon%gl glﬁétﬁﬁt@def mm@mﬁ%o, Cl1 or

al ky or or, al kox e_coppo ion
according to gﬁélﬁ?ggﬁnERFHQEafpgiyrslnpﬁrFFEﬁ a¥F90 é@?ﬂ?p ghg stri ppi ng

conposi tion fpresesptovhngntéshsproatdesab dompogithenménuf aehoveéngf
resist, polymeric material and/or etching residue from
10 a substrate comprising hydroxylamine or a derivative
thereof and at least one compound having the general

formula (I) as shown below

Formula (I)

15
OH

HO OH

wherein:

R! and R? are each independently selected from H, OH,
25 CO,H, halogen, C;-C; alkyl, C,-C; alkoxy or (CH;),0H
wherein n is 1, 2 or 3; and R, is selected from Cy-Cy

alkyl, or C4-C;s alkoxy.

Preferably, R, is selected from C,, Ciy, C;; Or Cy
30 alkyl, or from Cy, Cy, C;; or C;, alkoxy.

The cOmpoéition according to the present invention is
particularly useful as a stripping composition for
removing resist material during the manufacture of
35 semiconductor integrated circuits. Resist materials
j which may be removed by the compoéition of the present

invention include positive photoresists comprising,



35 sem conductor integrated circuits. Resist materials which may be
renoved by the conposition of the present invention include positive

phot or esi 1%99r i sing, WO 01/78129 PCT/ GB01/01686 4 f c19iiRh&e

or t ho- napht hoqui none di azide sulfonic acid ester or am de sensitizer with
novol ak-type binders or resins. The conposition may al so be used to
renove cured and uncured polynmer resigts 5 conprising, for exanple, a
pol yi m de, organonetallic polyners formed on a substrate during plasm
etching processes, sidewall polyneric materials and netal oxide residues.

10 The conpogichi QR -3AQ, dicid Ho izt NRRBMor1\BRLA 1o’ MM falig0 be used as
a cl eaning conposition for renopving ,eLcmﬁg%f si due ggéln t he manuf acture
of -sem cond@Ct6r SiSHeEyPt TGS SFSS LiFS &ﬁ%i@?%ﬂ% A e substrates

i ncl ude et albinsiehst at e sdeEar | Theg dondpaditbcanchaal lady tdeneefd such as
titanium tungsten, titaniundal um num éit niuq!%%gg%%s

titaniumt ungé)t Eﬁ}“:?lv&n‘icﬁﬁfr% ¥ élrﬁcﬁ]rﬁecoﬁﬁ Y umTum

titani ud t ungsiemicdmger fand e2@ndlieaniaumalyngsitden/ cogeerdms tatilium  The
substrate ma c |.S€,~F ar ?%ﬁ@@ , ] or, fs havi ng on
a surface théﬁé%%?fist gf%r%%grona% Al oy 1 ﬁ%ﬁ%%%gx&;nﬁﬁ@lﬁg sui tabl e
substrat es aP&OoReEsIsesknevisiewa Ltlh ®odemiersrrd wetter liaddu fn) Meidli ncl ude 25
silicon, siligareoXda quzd.icon nitride, gallium arsenide, and plastics,
such as pol ycarbonate, which have on a surface thereof at |east a portion
conprising titaniumor an alloy thereof. 30 In the conposition according to

t he preagent imheerion@dsitdilte eomowithday nthd e egenar alnveormdra ndy) i S
preferably s%h%§§?p from one or_.nore:of 3

e used as a c%eanlng,cdﬁ%é%ition for removing
etching residue dufing the manufacture of
semiconductor integrated circuits. ... s

15 Examples of suitable substrates include metal
substrates comprising titanium and alloys thereof,
such as titanium/tungsten, titanium/aluminum,
titanium/copper, titanium/tungsten/aluminum,
titanium/copper/aluminum, titanium/tungsten/copper and

20 titanium/tungsten/copper/aluminum. The substrate may
also comprise, for example, a semiconductor wafer
having on a surface thereof titanium or an alloy of
titanium. Examples of suitable substrates are well
known in the semiconductor industry and include

25 silicon, silicon oxide, silicon nitride, gallium ‘
arsenide, and pléstics, such as polycarbonate, which
have on a surface thereof at least a portion

comprising titanium or an alloy thereof.

30 In the composition according to the present invention,
the compound having the general formula (I) is
preferably selected from one or more of 3,4,5-
trihydroxy-nonyl-benzene, 3,4,5~-trihydroxy-decyl-
benzene, 3,4,5-trihydroxy-undecyl-benzene, 3,4,5-

35 trihydroxy-dodecylnyl-benzene, and 3,4,5-trihydroxy-

tridecyl-benzene.



tri hydroxy-nonyl - benzene, 3,4, 5-trihydroxy-decyl- benzene,
3,4,5-tri hydroxy-undecyl - benzene, 3,4,5 35 trihydroxy-dodecyl nyl - benzene,

and 3, 4, Wdl?ﬁf%oxy tridecyl -benzene. WO 01/78129 PCT/ %@gﬁ%@ 865 The
conposition advantageously further conprises a solvent, for exanp

pol ar solvent, which is preferable mscible with the hydroxylanlne

Sui tabl e exanples include sol vents_sgl ected fromone or nore of 5 an

al kanol am ne, water, dinethyl sulfoxide, ethylene glycol, ethylene glycol
al kyl ether, diethylene glycol alkyl ether (e.g. diethylene glycol butyl

ether), tri %theﬁgoghx&% ah%&h&b'a%m@; qurttwe%t @bhﬁ&@se&' wcol butyl
et her), propyl ene ycol ene ycaol al kyl er,, di propyl ene

gl ycol alkylséﬂﬁép (&9§ e&PBPgﬁyPeﬁ@léFy§89v§thyWhéF e, tripropyl ene
gl ycol al kyl petlierablNes mbst:ubméedlpw tokl dgaeokglgmiNe. Suitable
met hyl - 2- pyrrolld ne) ene i am, _ne. '

et hyl enet ri ,
dlethylenetrlﬁﬁpﬁ esd?ﬁgﬁﬁ F 15 FSP%&WF&&egkgéd?§§hh$ﬁg;§§igﬁF e?fThe nost
preferréd sahvemkanslamlabkawet&m»ndlméheyddSMﬂﬁ@midE aesdln-eme

st rengt hens pﬁgcs&f eELEVEBRSS o9l cbhe LGQIROSIAESN. qsRRHYhHALh Y dgen It i's

used as a st pI ng osit V|ng résist material froma 20
substrate. 1Bl Yér@ﬁéﬁﬁedeeﬁbodﬁﬁﬁﬁﬁlﬁﬁ@ 8i56di PGy lcGHpeitdes at | east 5

Wt % hydr oxyl %Eﬂl@%h bn%eaigc& wh %,af <@nerOr(e.RRr & ralkkanaleard nes and from
0.5 to 30 wt % ( from2 to_ 30 w9 of one or nDre conpounds

havi ng t he @éﬁéPéIbPBW%uFQ EF); WEORYARPSr ichilmg PERPYIESS consi sti ng of
one origore gfiythe &ka&nEShéeclH&@ro@@Q%&e(bh@cmﬂsblmméfeﬁmbke bei ng one

or both of “Qt?r. Q%Q%prE%%th yco %%!qe%thgg € R ?EE‘%Rh%he t he
glycol alkyl ether, N—substltuted pyrrolidone (e.g. N-
methyl-2-pyrrolidone), ethylenediamine.
ethylenetriamine, diethylenetriamine, dimethyl

15 formamide and dimethyl acetamide. The most preferred

solvent is an alkanolamine. The addition of a solvent
strengthens the effectiveness of the composition,
particularly when it is used as a stripping
composition for removing resist material from a

20 substrate.

In a preferred embodiment the composition comprises at
least 5 wt% hydroxylamine, at least 10 wt% of one or
more alkanolamines and from 0.5 to 30 wt% (preferably

25 from 2 to 30 wt%) of one or more compounds having the
general formula (I), with any remaining balance
consisting of one or more of the solvents recited
above (the most preferable being one or both of water
and/or dimethyl sulfoxide). More preferably, the

30 composition comprises from 10 to 70 wt% hydroxylamine,
‘from 30 to 60 wt% of one or more alkanolamines and
from 5 to 15 wt% of one or more compounds having the
general formula (I), with any remaining balance
consisting of any of the soclvents recited above (the

35 most preferable being one or both of water and/or

dimethyl sulfoxide).



30 conposition conprises from10 to 70 wt % hydroxylam ne, from 30 to 60
wt 0. of one or nore al kanolam nes and from5 to 15 wt % of one or nore

conpoundsyhauiRphet e  general formula (1), with any remai P9:hAldGe
consi sting of any of the solvents recited above (the 35 nost preferable

bei ng one or both of water and/or dinmethyl sulfoxide). W 01/78129

PCT/ GB01/ 01686 _ 6 _ The hydroxyl amge suitable for use in the present
invention has the structure NH2OH. It nmay be conveniently provided in the
formof a commercially avail able aqueous sol ution (about 50 wt% from

Ni Ssiln S ?%&?y%@&l’%ﬁiﬂ@%@it@bfﬂ%?ﬂ&%aﬁ&é\einfstlﬁélhlaﬁeaensalt t her eof

may al so be used. no nes suitable for use.nt resent invention

are preferab’r%/‘“?ﬁfsjc‘?rbﬁ%a %{Iﬂhem r‘i%tlﬁfl%lr%%ﬁ%m ﬁet A gbreg preferably

vat er - sol ubl eonvédidént bpaptyyidae ahkanel Aoimest usefahmenciaelpresent

| nvent!on preterabl e NayS.SEL albyel Yol ghoBoL 590, ROl REsm RIELERADIY 75 C
Suf tabr e | kKan S I mary

or - above. a ol ani nés are p , _secondary or tertiary 15
am nes and Elemiedkr abPyrivabanenesf dydnpresadinetrfaafnds, 2and, nost

preferably, gypga@gg Sot [NRayah€9H0be0r9uR. Of the al kanol anines preferably
has from 1 to carbon atons, and can be based on a linear, branched or

cyclic alcohol. 20 Preferred al kanol am nes suitable for use in the
conposi ti on ACEKEi Agihest beipapsenfoknuest iantbhanpbesenepresented by the

ndependent | P EGTH S0 81 OFBEEE- 1Y FOEFREH A Rat S OLBOHEOH

10 hydroxylamine and are preferably water-soluble.
Additionally, the a%kanoiamines useful in the present
invention preferabl§ havewielatively high boiling
points, preferably 75 °C or- above. %E}Fable N
alkanolamines are primary, secondary”gi tertiary

15 amines and are preferably monoamines, diamines or
triamiﬁes, and, most preferably, monoamines. The
alcohol group of the alkanolamines preferably has from
1 to 6 carbon atoms, and can be based on a linear,
branched or cyclic alcohol.

20
Preferred alkanolamines suitable for use in the
composition according to the present invention can be

represented by the chemical formula:
25 RlRZ_N—CH2CH2“O'—R3

wherein: R, and R, can each independently be H, CH,,
CH,CH, or CH;CH,OH and R; is CHCH,OH.

30 Examples of suitable alkanolamines include
monoethanolamine, diethanolamine, triethanolamine,
tertiarybutyldiethanolamine, isopropanolamine,
diisopropanolamine, 2-amino-l-propanol, 3-amino-1-
propanol, isobutanolamine, 2- (2-aminoethoxy) ethanol

'35 (diglycolamine), 2—(2—aminoethgxy)propanol and 1-

hydroxy-2-aminobenzene.



30 Exanpl es of suitabl e al kanol am nes include nonoethanol am ne,
di et hanol am ne, triethanolam ne, tertiarybutyldiethanol am ne,

[ sopropanq,loaﬂtﬁp” di i sopropanol am ne, 2-ami no-1-propanol ,pcd7@Ri1A%%d6
propanol , isobutanol am ne, 2-(2-am noethoxy)ethanol '35 (dicg(ycofhgrri ne),

2- (2- am noet hoxy) propanol and 1- hydroxy-2-am nobenzene. WO 01/78129

PCT/ (B01/01686 7 A particularly pr_ef7er_r ed conposition for use as a
stripper solution consists of a solvent made up of about 37 w %:

hydr oxyl am ne sol ution (50:50 hydroxylam ne:water by weight), about 63 w %

of 5 diglycolga '%ifﬁggﬁ%[}ﬁgﬁ{ﬁ%{&& S Navidg. t general formla

(1) as herein descri | eto sO as to provide a concentration of
about 0.2M T pmR&emoluhian il s miovd &l @rpr ks Yoot 10 renoving
resist, polymaydiue nat eFdalh @61 LtiGHH b1 Jedrdued.raom a substrate

conprising titaniumor an  alloy thereof, the process cqmprising contacting
t he substrat@%%%%d@qq%rpyaﬁm)nh@ft&@ o@sdﬂrti%é) at a

t enper atur e ahdyIfyarolantime sAHd icienir tno remrecimdshéavasigstthepol yneri c

materi al and/ gr hi resid framthe substr.ate Tme rature is
preferably ir?oet%ega(r:lan%gc%ﬁaf r% 50 q}eoref’srbé]esr%:rlg)e&e ereé%ﬁ:gpe%(?%too 70C,
whi |l st the 2Gx @ dot piawides prafrereatiinatiion e —dwgd of- M4.om 2 to 60
m nutes, nore preferably 2 to 20 m nutes, even nore preferably 2 to 5

m nutes. The process will generally be carried out at atnospheric
pressure. Suilt¥blRresifst raten e Heeh REsEdfed aFRFESd dhel ude, for

25 examyl e, a HRIViGRNAUE 1t W Elryrltail G2k 18l SIUTFRGR ¢ tdieitgefg titani um or
an alloy of titanjum Theapro ess Ima further, conprise the step of rinsing
residue from substrate :comprising titanium or an

alloy thereof, the procesé comprising contacting the

substrate with a composition as hereinbefore described

at a temperature and for a time sufficient to remove
15 the resist, polymeric material and/or etching residue

from the substrate.

The temperature is preferably in the range of from 20
to 150°C, more preferably 60 to 70°C, whilst the

20 contact time is preferably in the range of from 2 to
60 minutes, more preferably 2 to 20 minutes, even more
preferably 2 to 5 minutes. The process will generally
be carried out at atmospheric pressure. Suitable
substrates have been described above and include, for

25 example, a semiconductor wafer having on a surface

thereof titanium or an alloy of titanium.

The process may further comprise the step of rinsing
the substrate with a suitable rinsing composition

30 following substantial removal of the resist, polymeric
material and/or etching residue from the substrate.
Preferably the rinsing composition comprises a polar
solvent or an aqueous solution having a pH in the
range of from 2 to 5. Suitable examples of rinsing

35 compositions include isopropyl alcohol, N-

: methylpyrrolidone, dimethyl sulfoxide, dilute citric

.acid and/or dilute. acetic acid. Alternatively, the



the substrate with a suitable rinsing conmposition 30 follow ng substanti al
renoval of the resist, polyneric material and/or etching residue fromthe

substrat ey RiR{R/rably the rinsing conposition conprises $da:ad0188 vent
or an aqueous solution having a pHin the range of from2 to 5. Suitable

exanpl es of rinsing 35 conpositions include isopropyl alcohol, N

nmet hyl pyrrol i done, dinethyl sulfoxide,, dilute citric .acid and/ or dilute.
acetic acid. Aternatively, the W 01/878129 PCT/ GBO1/ 01686 8 substrate
may be rinsed with a rinsing conposition as described in the applicant's

| nternat i onals Al Oﬁx&.ﬂ} 'GRLL AN O A DU sm%%&nﬁ&é@@%ﬁ i ops

conprise a nono dlfunctlona rifunctional organlc acid and
a buffering sifrikgd alndlféﬁt%mﬂeﬂf%ﬁfﬁq‘nfnem%ﬁﬁﬂﬁﬁ%ﬁﬁ X Rfe,
hydr oxyl am neypp ik oM amcmewﬁééomydr azh g Oiorﬁp@krﬁ@im salt base. The

rinsing step be foll owed wat er_ rins referably a deioni sed water
ri nse, and flcfﬁi%f]i/l%e aldm?:f"r?ﬁ“dgc@t%]s'uc%ﬁén%p fcﬁ% drying. I n another
aspect, 3 he presfntct invedl | @ryqiiayieisd andred Hodf O imdi dndumy @f)rai osi on of
a substrate 0 i Si t nium or an_al.l er eof

conprising co a@c[lrflg ]%ﬁeén]isu s’tral?nor%‘ %ﬁyr hlcg hy&P%‘p%%rEls sl ect ed
from t hose hawdrp:theargerersdlt f dryrm‘aim(ng s rsm:wm ovelFdrasga (1) 20
CH HO O R0 B3 &0 e dhef ) e RloRINIED 8 r06h Hoependent |y

sel ected fromH,
preferably a deionised water rinse, and finally a

10 drying step such as vapour IPA drying.

In another aspect, .fhe present invention provides a
method of inhibiting corrosion of a substrate
comprising titanium or an alloy thereof, the method
15 comprising contacting the substrate with one or more
compounds selected from those having the general

formula (I) as shown below:

Formula (I)

20 oH

HO OH

25
wherein:
R! and R® are each independently selected from H, OH,
30 CO,H, halogen, C,-C; alkyl, C;-C; alkoxy or (CH,),0OH
wherein n is 1, 2 or 3; and R, is selected from Cy-Cy

alkyl,Aor Cq—Cis alkoxy.

Preferably, R, is selected from Cy, Cip, Cy; 0Or Cy,

35° alkyl, or Cy, Cy, Cy; or C,;, alkoxy.

The compound having the general formula (I) may be



30 CO2H, hal ogen, Ci1-C3 al kyl, Cl1-C3 al koxy or (CH2),,OH wherein nis 1, 2
or 3; and R2 is selected from C9-C1l6 alkyl, or C9-Cl6 al koxy. Preferably,
R2 is selﬁ@(ﬁ%h@om C9, C10, C11 or Cl2 35 alkyl, or C9, dehlspfthlesdr C12
al koxy. e conpound having the general fornula (I) may be WO 01/78129

PCT/ GB01/ 01686 9 provided in a conposition conprising hydroxylanmine or a
derivative thereof or it may be provded in a conposition conprising a

sol vent as hereinbefore described. 5 In the nethod according to the
present invention, the conmpound having the general formula (1) may

preferably &ﬁic%‘deﬂqfé OcEB ﬁlé@r@orﬁ)gﬁriﬁsﬂné hydhy@y DxYine or

nonyl - benzene 4, trlhy | - benzene

tri hydroxy- uﬁﬂé@?ﬁlYﬁﬁﬁﬁﬁl %§§ ? |ﬁ%d?%&;b%oﬂﬁ%V$de%eh9e%e and

3,4, 5= tr|hydrdnmpdgltmmw1e&m@m&x&ng ¥red evaibt ya s thereompelimde havi ng t he
9, eneral for 4 is used in the method according to the present 15

i nvention as a con ?uent i n conpositions conprising hydroxylamne or a
derivative thereof and preferably at |east one al kanol ami ne as herein

descri bed. fm{@%n&éhéal%ééfa aﬂﬁie £20LRY £RPRSLLH ONghe have been
descri bed above. Suitabl e substrd?g% ave al so been descri bed %bove and

i ncl ude, for SRR Qﬁv%ﬁﬁn?ﬁﬁuﬂﬁﬁ%ﬁaM@#%¥m%%%lhﬁ Jgre A REpFeEePtYier eof
titani umor ae adycweddtitani e thancpf@seflt3jmyentmw@fd;w further

provi des for the 5 use of avi ng,t he gener al (1) as
shown bel ow ﬂ?rbyjs?b?%%‘?e'or?’cf'egpﬁﬁﬁ% ??cc‘%l 19%? ‘?fé%v ’225 $e5| st
pol ymeri®@ matterilafd soly-eundtchl figen zese dug, 4 r ot ai bubhsdx gt @odevhy th
substrate Com%ﬂééne, and 3,4,5%§rih§dgoxy—tridecyl—benzene.

Preferably, the compound having the.general formula
(I) is used in the method according to the present

15 invention as a constituent in compositions comprising
hydroxylamine or a derivative thereof and preferably
at least one alkanolamine as herein described.
Examples of such stripping and cleaning compositions
have been described above. Suitable substrates have

20 also been described above and include, for example, a
semiconductor wafer having on a surface thereef

titanium or an alloy of titanium.

The present invention still further provides for the
25 use of a compound having the general formula (I) as
shown below in a stripper or cleaning composition for
removing resist, polymeric material and/or etching
residue from a substrate, which substrate comprises
titanium or an alloy thereof:
30
Formula (I)

35




titaniumor an alloy thereof: 30 Formula (1) OH HOOH35 1 Os RR 2 W
01/ 78129 PCT/ GB01/01686 10 wherein: Rl and R3 are each independently

sel ected {iPMKh20oCH, CO2H, hal ogen, C1-C3 al kyl, Cl1-C3 al BRAVo1édgH2) nCOH
5 whereinnis 1, 2 or 3; and R2 is selected from C9-Cl16 alkyl, or C9-Cl6
al koxy. Preferably, R2 is selected from(C9, Cl10, Cl1 or Cl2 alkyl, or C9,
Cl O Cl11 or C12 alkoxy. 10 In this -aspect, the..;conpbund having the
general fornula (1) is nost preferably selected fromone or nore of
3,4,5-tri hydroxy-ftonyl -benzene,. 3,4,5 ..trihydroxy-decyl -benzene,

3,4, 5-tri hydwbeyedandecyl - 15 benzene, 3,4,5-trihydroxy-dodecyl -benzene, and
3,4,5- trihydroxy-tridecyl-benzene. The present invention also provides
for the use of a conpound havi ng the general formula (1) as shown bel ow 20

as a corrosi 8h #mhi B tBgie igrch sndemsades©t It esianf e dipasiii & f or
removing rescsly, %Y@?Béhc @Ricer hakyiang/ oF ehqhiRg orresoc@IU? dgoma

substrate whi ch’" sub te conprlses ti anlun1or an al on hereof. 25
For mul a2 (1) wearely aqis @/32 or 3; and R, is selected from Cy-Cy

alkyl, or C4-C,¢ alkoxy.

Preferably, R, is selected from C,, Cyy, Ci; or Cy,
alkyl, or C4, Cy, C,; or C,, alkoxy.
10
In this aspect, théﬁcompbgpd having the general
formula (I) is mosﬁzpfefefably selected from one or
more of 3,4,5-trihydroxy-fitnyl- benzene, 3,4,5-
_trihydroxy-decyl-benzene, 3,4,5- trlhydroxy undecyie
15 benzene, 3,4,5-trihydroxy-dodecyl-benzene, and 3,4,5-

trihydroxy-tridecyl-benzene.

The present invention also provides for the use of a
compound having the general formula (I) as shown below

20 as a corrosion inhibitor in a stripper or cleaning
composition for removing resist, polymeric material
and/or etching residue from a substrate, which

substrate comprises titanium or an alloy thereof.

25 Formula (I)
OH
HO OH
‘ 1 3
30 R R
) 2
wherein:
35 R! and R?® are each independently selected from H, OH,

CO,H, halogen, C,;-C; alkyl, C,~C; alkoxy or (CH,),OH

wherein n is 1, 2 or 3; and R, is selected from Cy-Ciq



30 RR 2 wherein: 35 R1 and R3 are each independently selected fromH,
OH, CO2H, hal ogen, C1-C3 alkyl,' Cl1-C3 alkoxy or (CH2),OH wherein nis 1,
2 or 3; a {5 selected from C9-Cl6 WD 01/ 78129 PCT/ GB 11

al kyl , or dﬁggggﬁalkoxy. Preferably, R2 is selected fron1g§ég%gﬁﬁngﬁl or
Cl12 alkyl, or C9, Cl1O Cl11 or Cl12 alkoxy. 5 In this aspect, the conpound
having the general formula (1) is prgferably selected fromone or nore of
3,4, 5-tri hydroxy-nonyl -benzene, 3,4,5-trihydroxy- decyl -benzene,

3,4,5-tri hydroxy-undecyl - benzene, 10 3,4, 5-tri hydroxy-dodecyl - benzene, and
3,4,5- trihydnyiy-bri gecyl - ;bgpzene. Exanples of stripping and-dl eaning
conpositions have been described above. Suitable substrates have al so 15
been descri bed above and include, for exanple, a sem conductor wafer
having on a suefFaegblherepfistiédpddtwd of réh @l,| @y,,ofc,tidantym The present
i nvention mﬁlh n?M/be gesqiibe withC 20 .reference to the follow ng
experimantala 5¥ & °Thesr e %ér'ﬁeﬁfs Féﬁékoﬁg'the followng figures: Figure
1is aplot of titaniumfilm conductance versus tine upon exposure to a

corrosive solytign.23,6andr oxylan,p @ggg'xgeaa gL gBHeUREN exposure to

the sane corrosive so%uplbn contalﬁ a corrgglon I nhibitor (catechol).
Figure 2 is Aopmstaof(linhsbPredprebhy versegsethéroBOoRs| egumareweifght a

series of n-alyb-_subatitekednoagnt8eheBnkNhBbUt 8rerihydroxy-
decyl-benzene, 3,4,5-trihydroxy-undecyl-benzene,
10 3,4,5-trihydroxy-dodecyl-benzene, and 3,4,5-
trihydroxy—tridecyigbenfége.

Examples of stripping and c¢leaning cg@gositions have

been described above. Suitable substrates have also
15 been described above and include, for example, a
semiconductor wafer having on a surface thereof

titanium or an alloy of titanium.

The present invention will now be described with
20 reference to the following experimental tests. The

experiments refer to the following figures:

Figure 1 is a plot of titanium film conductance versus
time upon exposure to a corrosive solution

25 (hydroxylamine/diglycolamine) and upon exposure to the
same corrosive solution containing a corrosion

inhibitor (catechol).

Figure 2 is a plot of inhibition time versus the
30 molecular weight a series of n-alkyl substituted

corrosion inhibitors.

Examples

35 Materials:
Titanium coated wafers were obtained from

International Wafer Service. 3,4,5~trihydroxy-n-alkyl-



Exanples 35 Materials: Titaniumcoated wafers were obtained from

I nternational Wafer Service. 3,4,5-trihydroxy-n-al kyl WO 01/78129

PCT/ GBO1/ Qiffifs12b2 benzene conpounds were synt hesi sed by Ptcbﬁcﬂﬁﬂ)%s%'
reacti on schenme shown below. Ow OV OV Mo OV Meo OV MeO OWVB
BrMpCH2ZR O HCOH O CHO CH (OH) CH2R CH=CHR H2 Pd OH Owe Owe HOO-lNEo
BBr3 O CH2CH2R CHZCH7R Purifi cati Qn:leI_I corrosion inhibitors tested were
anal ysed for 5 traces of calciumusing Atom c Absorption Spectroscopy.
The cal cium signals were conpared to those of standard nethanol sol utions.
The i nhi bi t%énzmceoﬁgshﬁageaeygaggﬁ%é@hgeangyn&ﬁeo cfakgium vere
purified by passage th an 1 on exchange colum 10 (Dowex 50WK8) unti l

t he cal ci um F@%@Fl%ssﬁéﬁi&@eahPBn Belew: 2ppm Measurement of titaniumfilm
t hi ckness: The thickness of the netal layer is directly related 15 to its
conductivity. Therefore the resistance ofuet he filmwas debes m ned using a
4-poi nt probey (Keifher,,,2010) and thg cohdugiivity was.d aken as.a neasure

of Athe t hi ckness + BrMgCHR MeOH

HC1
CHO CH (OH) CHzR CH=CHR
Hy
Pd
OH OMe
HO OH MeO OMe
BBrj
CHoCHR oo CHpCH-R

e

Purification:
All corrosion inhibitors tested were analysed for
5 traces of calcium using Atomic Absorption
Spectroscopy. The calcium signals were compared to
those of standard methanol solutions. The inhibitors
which contained unacceptable amounts of calcium were
purified by passage'through an ion exchange column
10 (Dowex 50WX8) until the calcium level was reduced to

below 2ppm.

Measurement of titanium film thickness:

The thickness of the metal layer is directly related
15 to its conductivity. Therefore the resistance of the

film was determined using a 4-point probe (Keither

2010) and the conductivity was taken as a measure of

the thickness.

20 Corrosion studies:
The corrosive solution used in the tests consisted of
35 wt$ aqueous hydroxylamine solution: (50:50
hydroxylamine:water) and 60 wt% diglycolamine.
Compounds being tested as corrosion inhibitors were

25 added in an amount of 5% w/w.



20 Corrosion studies: The corrosive solution used in the tests consisted of
35 w % aqueous hydroxyl am ne solution (50:50 hydroxylam ne:water) and 60
wt % di gly .ng. Conpounds being tested as corrosion i Ry re 25
mded Tn A . W WO 0y Th10e Pe aa01o1eds TeAAELe
silicon wafer coated with 200nmtitanium were suspended i'n the corrosive
solution and periodically renmoved fofzneasuenent of the film resistance.
In the absence of inhibitor the film5 conductivity decreased linearly with
time as shown in figure 1 (dotted line). Figure 1 also shows for

conpari son t pg ccRANGE isN 1GRRAUGIAAEL Yoot IPeeM Wo (hRf &GhQIniiw | ncl uded in
the corrosive solution (solid line). It can be seen that catechol del ays

the onset 10Y6FScEMSESTGIRY e HismE A o SeVE K& i I m conpl etely is
i ndi cat edb: y petrii® dp@iantl yofr dnfitveys eeld afeasofertdrs plfottha tiilinhe x-axis. The
di fference between__the ti t aken to remove,.t.he filmin 4. presence of

i nhi bitor an&eisﬁsttl’?élcaebser?ggthoef FANBS gpéoilsnhrle lé':rorre kﬁ% J&{l(r)}f?nas t he

i nhi bi tiSon ticeaduAt)viky deatrechssld AtiniesirlapprioXi it ya 55 hrwrs . imThe

sol uti on' LeMperature WemeReC1ithe | MihlAd an JidPsddls &series of 3,4, 5
tri hydr oxy- n-al’kyl - benzene conpounds re measured in the same way. Figure
2 shows a pl GOTBRILFON HicniAiaewe20 it iasd dUA IS Werd e t3fe "Wl ecul ar wei ght

of the testegdsreempauned \WR1QHBL20 RCT/BAYNKBGo1ldidd ajgdmiid 1. A

conposition for renoving resist, polyneric terjal and/or etching residue
frgﬁ]a subst#gpg)' It can be seeAJt at catechol déﬁays he onse 9
10 of corrosion. The time taken to remove the film

completely is indiégted:by:the point of intersection
of the plot with tﬁé x—axis. The difference between
the time taken to remove the film inﬂgpe presencgmgﬁ
inhibitor and in the absence of inhibitor is referred
15 to as the inhibition time (At). For catechol At is
approximately 55 mins. The solution-temperature was
65°C. The inhibition times for a series of 3,4,5-
trihydroxy-n-alkyl-benzene compounds were measured in
the same way. Figure 2 shows a plot of the inhibition
20 time (mins) versus the molecular weight of the tested

compound.



5 conprising titaniumor an alloy thereof, the conposition conprising

hydr oxyl am ne or a derivative thereof and at | east one conpound havi ng

t he gener la (1) as shown below 10 Fornula (1) O3 15
RR 2 éygﬁﬁﬂkzo R1 and R3 are each independently sel ect Tﬁé#@%%%%

CO2H, hal ogen, C1-C3 al kyl, C1-C3 al koxy or (CH2) ,OH wherein nis 1, 2 or
3, and R2 is selected from C9-Cl6 al kyl .. or C9- C16 al koxy. 25 2. A
conposition as clained in claiml wherein R2 is selected fromC9, Cl10, Cl1
or C12 alkyl, or C9, Cl10, Cl11 or Cl2 al koxy. 3. A conposition as cl ai ned
inclaiml orecdghdn 2 30 wherein the conpound of formula | is selected
fromone or nore of 3,4,5-trihydroxy-nonyl - benzene,

3,4,5-tri hydroxy-decyl - benzene, 3,4,5- trihydroxy-undecyl - benzene,

3,4,5-tri hydrpxy- mogefydsber@entsr arshsy fhd- ﬁéeiﬁlﬂf ogew:ﬁéﬂe@yl 35
benzene 4. A conposjtipn as g%a inmed.in a'%éﬁ%é?% t he WO /78

PCT/ GBO1/ 01686 15"precedt mP U X et St @i Vg yA atime i S s provi ded
in an agueous scﬂmempmléhng\tIMQmmmmlmmlam £l boyrecherect ai thel wherein the

5 hydr oxyl am ne |s &%ﬁ%%f%?%ﬁrh Pf¥ﬁ9¥5h§ﬁ46§yf§hlﬁg a-weight ratio

(hydroxyl am ne: wat e appr oxinmat €
derivative thereof and at least one compound

having the general formula (I) as shown below:

10 Formula (I)

15

wherein:

20 R! and R’ are each independently selected from H,
OH, CO,H, halogen, C,-C; alkyl, C,-C; alkoxy or
(CH,) ,OH wherein n is 1, 2 or 3; and R, is

selected from Cy-C,¢ alkyl, or Cy—Cy alkoxy;

25 2. A composition as claimed in claim 1 wherein R, is
selected from C4, Cy, C;; or Cy, alkyl, or Gy, Cy,

C,; or C,, alkoxy.

3. A composition as claimed in claim 1 or claim 2
30 wherein the compound of formula I is selected
from one or more of 3,4,5-trihydroxy-nonyl-
benzene, 3,4,5-trihydroxy-decyl-benzene, 3,4, 5-
trihydroxy-undecyl-benzene, 3,4,5-trihydroxy-
dodecyl-benzene, and 3,4,5-trihydroxy-tridecyl-

35 benzene.

4. A composition as claimed in any one of the



6. A conposition as clainmed in any one of the 10 preceding clains further
conprising a solvent which is mscible with the hydroxyl am ne or

derivativamhhﬁ@ﬁgf. 7. A conposition as clainmed in claim6GevbgiiRhkket he 15
solvent is selected fromone or nore of an al kanol am ne, water, dinethyl

sul foxi de, ethylene glycol, ethylene glycol alkyl ether, diethylene
gl ycol alkyl ether, triethylene glycalg al kyl ether, propylene glycol
propyl ene glycol al kyl 20 ether, dipropylene glycol alkyl ether,
tripropylene glycol alkyl ether, N-substituted pyrrolidone,

et hyl enedi am ne apgdecethybeaebingm/Aere2d 8heAngamrpayitindheasscl ai med in
claim?7 conprising at . Igast 5 mﬁ@bh%drox%lanine, at least 10 wt % of one
or nore al kanol anPREYIGRE &Mt 8PaPIBFORFoRPOY5 P8 30 wt % of one or nore

conpounds sel ected from conpounds having the general fornula (1) above, 30

with any rengining halkance GaRSsLS! LAG1RLAORR Ao RPUCBE LG Akd sol vents.
9. A conposition as clainmed in ¢ a|n1%.or c.alnlé conprising from10 to 70
wt % hydbPoxyl ani nehyfireryl38ing0isop60viigsiofinops 8AURENE &CRERSIAN nes and

a total Of.ffpﬁl5aE0a1§ew%%t0EaQ@6C$h RLgyv16TPRURds 59l egt ed from
conmpounds having the WO 0I/78129 P /éBOl/gl686 16 general formula (1) as

shown above, with2BRYOXABA&EAYNG ‘Bal ance consisting of one or nmore of the
said solvents. 5 10. A conposition as claimed in claim8 or claim?9
wherein the remai in% bal ance consiits of, a_ sol vent s%l%%;ed from one or
bot h of mateﬁ'and of mposition as clailmed in any one O e
10 preceding claims further comprising a solvent
which is misciple Witb the hydroxylamine or

derivative théreof.'

7. A composition as claimed in claim 6, wherein the

15 solvent is selected from one or more of an
alkanolamine, water, dimethyl sulfoxide, ethylene
glycol, ethylene glycol alkyl ether, diethylene
glycol alkyl ether, triethylene glycol alkyl
ether, propylene glycol, propylene glycol alkyl

20 ether, dipropylene glycol alkyl ether,
tripropylene glycol alkyl ether, N-substituted
pyrrolidone, ethylenediamine and

ethylenetriamine.

25 8. A composition as claimed in claim 7 comprising at
least 5 wt% hydroxylamine, at least 10 wt% of one
or more alkanolamines and a total of from 0.5 to
30 wt% of one or more compounds selected from
compounds having the general formula (I) above,

30 with any remaining balance consisting of one or

more of the said solvents.

9. A composition as claimed in claim 7 or claim 8
comprising from 10 to 70 wt% hydroxylamine, from
35° 30 to 60 wt% of one or more alkanolamines and a
' total of from 5 to 15‘wt% of one or more

compounds selected from compounds having the



di met hyl sulfoxide. 10 11. A conposition as clained in any one of clainms 7
to 10, wherein :-the "al kanolamne is selected from one or nore of

nonoet hangl@ffidpe di ethanol amine, triethanolanine, tert pergBooiess

arybut yl di et hanol am ne, isopropanol am ne, diisopropanol am ne, 2-amno-1 15
propanol, 3-am no-I|-propanol, isobutanolam ne, 2- am no-2-ethoxyet hanol

(di gl ycol am ne), 2-am no-2- ethoxy-prgpanol and 1-hydroxy-2-am nobenzene.
12. A process for renoving resist, polynmeric material 20 and/or etching
residue froma substrate conprising titaniumor an alloy thereof, the

process conprisi ngegeRbackbpguthe (sybakraheww bhova, caapaskhion as cl ai med
in any one of clains 1 to %1 at a tenperature %gd for a time %ufficient 25
to substantial ly FERBVBITAePRESNSE, CRBPyREAPE CfaPBFi 8F BRAdFoP et chi ng
residue fromthe thubstaidt eol&d8ntA.process as clainmed in claim12, wherein
the 30 tenperature is in the range of from20 to 150C. 14. A process as
claimed in any one of clains 12 to 13, wherein the tine is in the range of
from2 6o 600m niit esmpB5itsonAapr otesmedsiol ailaed Bnoanylesam 6f clainms 12

to 14, wherein te.substtaLe cATRH;AES LA Y0-01623129:BCHECROL/ 01686 - 17

sem conduct or wafer _having on a sur ereof titaniumor an alloy of
titanium 16. A pPee®SBtageéparprddirAmanpconE BPLRI afnk¥atert gndsofs furt her
conprising the stgpmethkyinsiingokhae.substrate with a rinsing conposition
following the substantial renoval of the resist, polyneric
10 11. A composition as claimed in any one of claims 7
to 10, whereiﬁﬁthe'é;kanolamine is selected from

one or more of monoethanclamine, diethanolamine,

g

triethanolamine, tertiarybutyldiethanolamine, -
isopropanolamine, diisopropanolamine, 2-amino-1-

15 propanol, 3-amino-l-propanol, isobutanolamine, 2-

| amino-2-ethoxyethanol (diglycolamine), 2-amino-2-

ethoxy-propanol and l-hydroxy-2-aminobenzene.

12. A process for removing resist, polymeric material
20 and/or etching residue from a substrate
comprising titanium or an alloy thereof, the
process comprising contacting the substrate with
a composition as claimed in any one of claims 1
to 11 at a temperature and for a time sufficient
25 to substantially remove the resist, polymeric
material and/or etching residue from the

substrate.

13. A process as claimed in claim 12, wherein the

30 temperature is in the range of from 20 to 150°C.

14. A process as claimed in any one of claims 12 to
13, wherein the time is in the range of from 2 to
60 minutes.
35
' 15. A process as claimed in any one of claims 12 to

14, wherein the substrate comprises a



material and/or etching residue fromthe substrate. 10 17. A process as
clainmed.in claim 16 wherein the rinsing conposition conprises a polar

sol vent oo @msp@ueous sol ution having a pHin the range gfcr/dsAMicsst © S-
15 18. A process as clainmed in claim16 or claim 17 wherein the rinsing

conposition conprises one or nore of isopropyl alcohol, dinethyl

sul foxi de, , N net hyl pyrrolidone, dilLute citric acid and/or 20 dilute acetic
acid. 19. A process as clained in claim 16 wherein the rinsing conposition
conpri ses a nmonofunctional, difunctional or trifunctional organic acid and

a 25 buffering anoddiii @ nduEtér 1ed Aed Yh 201 Mg, ord NEIDEh tifa cd yicki ©xé i,
hydr oxyl am ne, hy ro&ylanine salt h%gégzine or._hydrazi ne salt base. 20. A

process as cl ai med-1EARY  ofe F THET 6-1 5?5519 wherein the step of

rinsing is followed by a water rinse and then a drying step. 21. A method

O et DI &1 0y gO7 103100 Ol % SUDBATALE 4 £ ORI SLOGL 1L AR 07 @ al | Oy
thereof, the met hod conprising contacting the substrate wth one or
nore conpounds sel ErtEdrtiewnremesks awifee steP geherEPSIR ntha (1) as

shown bel ow. VD 014 7829 PCT) Q91 02686ing dinpEOLEUR £4)lowthgHO OH 5 RL
the substantial removal of the resist, polymeric

material and/or etching residue from the
substrate.

10

17. A process as b;aimédﬁin claim 16 wherein the

rinsing compoéition éomprises a polar solvent or
an agueous solutibn'having a pH_in the rangeﬁgf
from 2 to 5. -

15

' 18. A process as claimed in claim 16 or claim 17
wherein the rinsing composition comprises one or
more of isopropyl alcohol, dimethyl sulfoxide, -N-
methylpyrrolidone, dilute citric acid and/or

20 dilute acetic acid.

19. A process as claimed in claim 16 wherein the
rinsing composition comprises a monofunctional,
difunctional or trifunctional organic acid and a

25 buffering amount of a quarternary amine, ammonium
hydroxide, hydroxylamine, hydroxylamine salt,

hydrazine or hydrazine salt base.

20. A process as claimed in any one of claims 16 to
30 19 wherein the step of rinsing is followed by a

water rinse and then a drying step.

21. A method of inhibiting corrosion of a substrate
comprising titanium or an alloy thereof, the
35 method comprising contacting the substrate with
4 one or moré compounds selected from those having

the general formula (I) as shown below:



2 wherein: 10 RlL and R3 are each .independently selected fromH, OH,

CO2H, hal ogen, Cl1-C3 al kyl, Cl1-C3 al koxy or (CH2) "COH wherein n is-"i, 2
or 3; andwiPil sel ected from C9'-C16 al kyl, or C9-Cl6 algegxy, 2. A
met hod as clérﬁgg in claim?21, wherein the conpound i's prOVIdg%k?ﬁ%a
conposition conprising hydroxylamne or a derivative thereof. 20 23. A

met hod as clainmed in claim?21 or claiqyg22, wherein the conpound is
provided in a conposition conprising a solvent. 24. A nethod as clained in
any one of clainms 21 to 25 23, wherein the conpound is provided in a
conposi tion conprising hydroxyl am pgrfi1a (derivative thereof and at | east
one al kanol am ne which is mscible wth the hydroxylamne. 30 25. Use in a
conposition for renoving resist, polyngyjc material and/or etching residue
froma substrate, which substrate conprijses titaniumor an alloy thereof

of one or nore conpounds selecteddro ds having the general 35
formula (1) as shown bel ow. WO 01/ 781 / 3B01/01686 - 19 Formula (1)
OH 5:5: 02 wherein: 10

wherein:
10
R! and R?® are each 1ndependently selected from H,
OH, COPI halogen, C,-C4 alkyl, C,-C; alkoxy or
(CH,) ,OH wherein n is "1, 2 or 3,_and R, is o
selected from C4-Cy; alkyl, or Cy-C,s alkoxy. S
15
22. A method as claimed in claim 21, wherein the
compound is provided in a compbsition comprising

hydroxylamine or a derivative thereof.

20 23. A method as claimed in claim 21 or claim 22,
wherein the compound is provided in a composition

comprising a solvent.

24. A method as claimed in any one of claims 21 to
25 23, wherein the compound is provided in a
composition comprising hydroxylamine or a
derivative thereof and at least one alkanolamine

which is miscible with the hydroxylamine.

30 25. Use in a composition for removing resist,
polymeric material and/or etching residue from a
substrate, which substrate comprises titanium or
an alloy thereof of one or more compounds
selected from compounds having the general

35 ) formula (I) as shown below:



R1 and R3 are--each "n.dependently selected fromH,

OH, CO2H, hal ogen,

Cl-C3 al kyl, Ci1-C3 alkoxy or (CH2) OH wherein nis-1, 2 or 3; and R2 is
sel ect ed {ygyN17ePCl6 al kyl, or C9-Cl16 al koxy. 15 26. Use ForaghAidifs on
inhibitor in a conmposition for renoving resist, polyneric material and/or

etching residue froma substrate, whi.ch substrate
all oy thereof of one or 20 nore compounds sel ected

conprises titaniumor an
from conpounds havi ng

the general formula (1) as shown below. Formula (I) OH 25 HOOHR 1 OR

3 2 30 wherein: Rl and R3 are each independently
C2H, hal ogen, C1-C3 al kyl, Cl1-C3 mbkexyaorr) (CH2)

selected fromH OH
nOH wherein nis 1, 2 or

3; and R2 is 35 selected from C9-C16 al kyl, or C9-Cl16 al koxy.

OH
HO OH

wherein:
10

R! and R} are each independently selected from H,
OH, CO,H, halogen, C,~Cy alkyl, C,-C; alkoxy or
(CH,) ,OH wherein n is~1, 2 or 3, and R, is
selected from Cy;-Ci4 alkyl, or C9 C16 alkoxy.

15

TRt

26. Use as a corrosion inhibitor in a composition for

removing resist, polymeric material and/or

etching residue from a substrate,

which substrate

comprises titanium or an alloy thereof of one or

20 more compounds selected from compounds having the

general formula (I) as shown below:

Formula (I)

OH

25 HO OH

30 wherein:

R! and R’ are each independently selected from H,
OH, CO,H, halogen, C,~C; alkyl, C,-C; alkoxy or
(CH,) ,OH wherein n is 1, 2 or 3; and R, is

35 , selected from C,-C,q alkyl, or Cy—C;s alkoxy.



