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met hod for g ;d€5 by exposing a noble nmetal surface to
an oxygen nt al n| ng S ene s"(')"l]'F" e or ion beam thereby formng a
surface | ayer of noble net aloxide such t hat i mproved adhesi on and

i nterface proBASF Aktiengesellsbhafved Wi th a subsequent|y Nepsinbdre27, 2995 .

Background of the Invention I n t heNABYSH508638C 1B/SEias)
menory devices, and specifically for those memory devices fabricated by

“sub-hal f-micron technol ogy, device sizes are continually be| ng reduced in
order to mnimze thegghidg rgal estate us e the recently

devel oped fabrication #E@ﬁﬁ@‘gn Pir{"é“éﬁlw é‘ dynam ¢ random
access nenory (DRAM devices incorporates buil d| ng capaC| tors with a stack

capaci tor geometry. In a stack cagamtor fabricated for a DRAM device, a
hi gh-perm ttivi ty ( ofheni igNentioni |re }esrret{Jerd aDTOCESS f rf@lquﬁnt |eptegificatiomsof he

di el ect for . fruct f ts d bl e high
di ol eotric comeiapyiie”heid ik 3B BlKanbl. 3 | HE ABPAT of AT evpnBFaan £f- °
mat eri al s £anaps 0D aviele Curiréactsd aRtiiyy \Opbihds ERATMY (nEEN)aEBgicS Biby as

NVRAM - For instance, 1n réecently devel oped fabrication
processes f orformed Dra\sepapiesl ©off by distillation and a bottom product comprising

Fant hanum 1 190 PR P 0aBE 1S AR DAL, at hesh HBGr. O b et o

and ot her typofmafy, fayliy ofi methadkylt aickl, materials have been utilized in

such structures. The use of hl& epsilon materials

general Iy requires e pespagationdet alkyle egersneb| @ethigerylis aid oisd asually
mnimze the GlEefoulpy Q&t@fiﬁ&?ﬁﬁ & OMREP hdiVivid ARRRT BF &t Cn

woul d

temperature in the liquid phase in the presence or absence of solvent and
in the presence of acid as catalyst (DE-A 23 39 519). A disadvantage of
this method of preparation is the secondary reactions occurring under the
abovementioned esterification conditions, viz. as yet unreacted starting
15 alcohol adds onto the double bond of alkyl (meth)acrylate already formed
(Michael addition) to give a compound of the general formula I below and
as yet unreacted (meth)acrylic acid adds onto the double bond of the .ester
formed to give a compound of the general formula II. Multiple addition is
also possible. In addition, mixed types can occur. These adducts (alkoxy
20 esters and acyloxy esters) are abbreviated as oxy esters.
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ot herw se | ower the overall capacitance of the structure. Noble nmetals such
ag Pt,«Ilr, Ag, Au, Ru, Pd, Os and Rh are typical candi date el ectrode
materials for menory devices incorporating high-epsilon naterials based on
t heir desirable high conductance and their. resistance to oxidation during
a subsequent deposition process for a dielectric insulator. O the various
noble netal material's, Pt and Ir are good exanples for use as noble netal
el ectrodes. However, a problem observed in depositing a perovskite-type

i nsul at or natwheml aqytep dFSthese and other substrates is the difficulty
I n mai ntaining the correct ﬁ a‘gen stoichionetry in the perovskite material.
Loss of oxygen, eiTh he bul k of the high permttivity material, or
froman interfaci aI purtacey Jragfr, at the dielectric/electrode interface
can result in a nunber of pro Iem':'. For exanple, oxygen-poor phases of

t hese _high permtti VWhen ¥’ er #,s thendsttnﬁdmmn lisowef dcpliectacid; owinest ant s.

I n addition, gxygen vac nC|es I n, the d tric can lead to undesirably

hi gher | eakag® curSHar the esterifieatiop, is Wé‘ Sins ect ric nmore conducti ve,
or by lowering the bﬁ{ Sob1bA gptog(go&t&alf?fn%onl {y gr &3t "R §ecct rode
at the el ectrode/die r|c I nter ects due to oxygen vacancies can

al so osci | | atpreparatiers pfresters of appyliceatid, wittisthe rmiainoonyr eﬂeﬂsefotmcdtdaeimses.

Whil e the exce]l ent qxi.dation r SIS ance qf .nost nobl e netal_ rIat rials is
typically OXYpropionic esters am oxyproplomc esters where X,y = %

regarded as apedpsfio!of Ediérs 6K Metimlchylic' Beidl oRYy SésterOftiEmatibn rB%\‘.uBet@ a

di sadvantage 1 n cases where the presence of a noble netal oxide may be
usef ul i ni@r desser regtent:r The: formiitioni afnoxySestéracie desgribed inoDER&2% 39e529. oxi des

metal ] di of ect TR Rlcales ob8C te, Fpraiftn BE SRT Lty ﬁ%ﬁ%@f#&ﬁ@% adhepen:
cont ai ni ng_ i @hupeéise inekine esiBaliah Sonditions. OF very particolaF iighfarel S 20

illustration of a conventional DRAM capacitor st ruct u e
i ncor por at ed isnexy ast@emmmacmothenpnpmu@\nfc@r}datch dsq-ﬁ:%talmm inf or

exanple, in Serj.a 86 0( Case 96- Oai)ﬁ) b Cabr.al r,. et al
and Seri al “é%"l%g?fg Qﬁ‘mglf %5@’!4‘ A"X@"ﬂq n gf HTbu%Both
filed May;30,actAfté amil 2a8R1ROSY gcg,ﬁtge | BM Cor poration. Capacitor 10 is
built on a pre-processed silicon substrate on top of an oxide insulating

| ayer 12 and a si | iltdn a:sharaci:ngﬁmgfﬁhc o:w cstemﬂ@trthmdmlh;g poing t is

deposi ti ng an QL N om rode froma no | such
2 P, Pa T ‘?%oﬂﬁg Bk opstafife R xaricg Sphite Arfetoesier” ool
const ant rrat ic SolPémthalsd Hséddn material such as barium strontium

titanate or Iead Ian anum titanate is then deposited to cover the bottom
el ectrode 20 form nTherwonksup of iany suely estexdfication reaction mixture is normally

20 carried out by separating unreacted starting compounds and the target ester
from the reaction mixture by distillation, with the acid catalyst used for the
esterification being able to be removed beforehand, if appropriate, by extrac-
tion with water and/or aqueous alkali (cf. for example, Ullmann’s Encyclo-
pedia of Industrial Chemistry, Vol. Al, 5th Ed., VCH, p. 167 f£.). The

2s bottom product remaining in such a distillative work-up contains the oxy
esters which result in a considerable loss in yield.

For this reason, various further methods have been examined in
order to solve the problems resulting from formation of the oxy esters.
Thus, JP-A-82/62229 describes the alkaline saponification of the high-boiling

30 esterification residues. In this way, part of the alcohol used and acrylic acid
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top of the insulating |layer 24, a second el ectrode |ayer 28 forned of a
siPmlar noble netal material is then deposited for use as a top plate

el ect r ode. The chenical inertness of the noble netal
mat.erials may contribute to poor adhesiop.at noble netal interfaces with
other materials. For instance, other than the high-epsilon materials,

spi n-on-gl asses (SOG supplied as FOx[err] by Dow Com ng and as HSH err] by
Hitachi nmay al so be desirable i nexpensive insulating dielectric materials
for use in stramit f+hydroxgptopiomiongcid or their salts are recovered. A simple and eco-

4 noble nmetals, for exanple, as an insulating_ isolation |ayer over plate

el ectrode 28 s’!ﬂ?ﬂﬁali Fetung; lﬂl‘: PFO%%%FI}C M@@@W@ﬁﬂ%l is FP&FfQ@ not
difficult to sibié. -?-79%%3 Aes@ites e Oﬁt@g#ﬁﬁbﬂ of p&ﬁl{iﬁﬂ%s’t@&' B{?i']ﬁa?-he

O hers have recogni ze hat the presence rrace co nant s

form of very tiry B-alkoxypropionioxesters | withr acrglien aid ciat theh prededdeu HF ostrangd

reaction of atogiss ge osite tal surface. The thin surface filns
t

thus formed t &% CEFE ?Q%Q’Hialﬁ‘?"&vﬁbogfm&drf‘é'%‘?sori’sarli’éf'l’raﬁi‘éctt sevigalare
Ghere. t he' pr CLnES oP 8- BlotydrdbiBAR A |HicH et oo it O QR0 S

where the presence o e layer eneficia ance,
U. S. Patent ' 5,catidn 4eédction Knd ethereforell represerte wasté ematsrialo f JRxA-93/25086 des-

Col err err]-ljke oxide fjl.m havin hi ckness of aboyt 50A _for enhancin

e honds m bicribes ha. dsostafion noty oo Michael Rz, PEAEE U AL g |
d that t hoRdsp i i

cssured Lhat e YidaREnA/SER OISR 10 blTDOH BBk RmBR UL Y,

strong' chem c I nteraction wt cat1 ons,
i nproved adhethopreséher of isulfatic ackinams anngxcessnofovater. Hosever)sthatyield is

mechani sm of adhesi,on far naop-oetall | tings due to a,positive charge
transfer occurq"&\dim%r:’@& Pﬁnﬁér‘#%ézgﬁ&éegesﬁﬂ e %é%@ﬂé‘ém? PletEctron
affinities angyichge T g i L DX4

Q hers have a’?fienptle to smgﬁﬁiﬁ&%@ e[’)o)por dhespgﬁ1 glgt reg%ncg
spin-on- gl aof titahiyrh aalkoxides)y Inisthisy 1Saxtion, t then zonwersios uish likewise low
sputter-deposited artz material . wever, relative_to SOG sputtering is
an expensi ve yﬁﬁ)c@% ?’Eff(l,a&g? Wa‘?ﬁé&?ﬁ?‘@@i@ﬂ“@@i szE’FF%FePSi €¥1 1 ng
smal | gaps bre dnCordaticdll lahdngmﬂl‘dﬁm Xinf¥fenfiv" 6 , oPYtHesSi t he
sputter-dego\s{\iyﬂtnleed quartz ‘(:)nl y as at w?ﬁ;ﬂ esl onnFlX;eﬁr&%‘%gt \?eetr?él(g%ggoo A)
bet ween Pt andnfeOfts of titanate to be disposed of.

'GB 923 595 describes the recovery of monomers from the residue
of the esterification of acrylic acid with alkanols in the absence of molecu-

lar oxygen. It recommends, inter alia, the removal of all volatile monomers

20 prior to the dissociatibn, dissociation in the presence of sulfuric acid and

removal of the dissociation products by means of a stream of inert gas.

According to the examples, the dissociation is always carried out at at least

300°C. Coke is formed as residue (17-40%) and this has to be dug out of

the reactor. This process is therefore neither economical nor can it be

2s carried out on an industrial scale. A further disadvantage is the need to
exclude oxygen.

CN-A 1,063,678 describes the dissociation of the alkoxypropionic

‘ester present in the esterification residue in the presence of sulfuric acid in

a cascade, with temperature and catalyst concentration (0.8-1.5%) being dif-

30 ferent in each reactor. Coupled with the dissociation is a distillation to

\
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5 this cones at the expense of higher cost. Still others have used an
evapor atrai SheetHdBeei Réplacgdhesi on | ayer such as Ti. Even though a thin Ti

| ayer has ve as an adhesion layer, the possible diffusion of
Ti fromt hﬁlﬁﬂﬂm nto ot her regions 'of the el ectrode/ high-epsilon
structure process hi ghly undesj §abl e. It is
therefore an object of the present invention to provide a nethod for

i mproving the adhesion and interface properties of a noble netal and a
subsequent |y deposited high dielectric constant material that does not
have t he dr awbaegasatenlkaholr arsbadrpigte. Fhet precessriv evetyi owmberseing @sd tdoes noet hods.
It is another oa{j.ect .oh t he l_F).resent I nvention to provide a nmethod for

i mproving the 2 FvEs g %?Hﬁe 0Py f ace properties of a noble netal and a
subsequent |y deposi t eFinglly, ENO N, E58)3910 deseBb&' the | did¥cibitidrs bf ARGEGREpia- Nobl e
metal oxide layer in the top surface of the noble netal substrate.

It is a furtheRicoBjtemst inothe; peesence sef sulfurice aeido$e- o MPOIKIOLY 2Rt 3carlicr or

i mproving the eshan. ; '}%rﬁ" op [ ; Ll a
subsequent |y dggg#sgiteg hllgg %fl;élmegst?&lv@&éoﬁé a‘ﬁ%oﬁ;éttl@r Pglbdrg(y expos% t he
surface of theunddrl eflurtadd the asactioy gproductsnface subsgquenkiysdistiiled ioffin Theam such
that a | ayer of, noble | oxide is firsi formed.on the nobl e netal
substrat e. dissociation Of dhe acyylic; gei 'ﬁ?ﬁ%ngfﬁ"emgfl&b%j %8?‘ tng RIS ent
invention to pop\etif/nikttiykdeoflatt Ofethyl 'edXypfPidnie, AfidiRAl pethdRgbroplogittpce
properties of a high dielectric constant naterial depgsited

6 on a nobl e isceammedput in the presenss of ethanol or Jaethanol; Here gy dheprogess; o an

oxygen- cont ai ni Lan.he Feas {ﬁrg t length of time such

that a | ayer o#sngoe‘? @%ggaoé@vﬁbn%aﬁ% Jr‘l'%%l?h%%% e l‘fr?nét al oxide is forned

and sandwi ched bet wedh i$ lae dbjerh of i the erésentr invemtionatot cargyt ent die wedissodike nobl e

nmet al . ) It s still angther objec f t.he present jinvention

to provide a nipmSEHbE A%V 5 P@F?%@J’%iﬁﬁ%‘wﬁ‘ﬁg ?&rﬁoageéls%ﬁeaf%'bl e

metal substrat fing Qe sBNAE AlcORSI! dd" tabget RisRE btaRikd’ titreb§ Ut Ake plrposss beam
of the esterification without the disadvantages of the processes of the prior

art.

We have found that this object is achieved by a process for esterifying
(meth)acrylic acid with an alkanol in the presence of an esterification catalyst in
which unreacted starting compounds and the (meth)acrylic ester formed aré
separated off by distillation and a bottom product ¢ontaining oxy esters is
obmineci, wherein the bottom product is separated off and either (a) the bottom
product is admixed directly with oligomeric (meth)acrylic acid and the oxy
esters present in the bottom product are dissociated at an elevated tempera-
ture in the presence of acid catalysts different from oligomeric (meth)acrylic
acid or (b) the oxy esters are first separated by distillation from the bottom
product, the distillate is admixed with oligomeric (meth)acrylic acid and is
dissociated at an elevated temperature in the presence of acid catalysts
different from oligomeric (meth)acrylic acid. The alkanol is preferably n-
butanol or 2-ethylhexanol. In general, from 10 to 50% by weight, prefera-
bly from 10 to 40% by weight, based on the amount of bottom product in
(a) or distillate in (b), of oligomeric (meth)acrylic acid is added. Oligomeric
acrylic acid is mormally employed in a form known per se, stabilized by
means of polymerization inhibitors. Advantageously, the oligomeric (meth)-
acrylic acid used for this purpose is the bottom product obtained in ‘the



It is_yet another object of the present invention to provide a nethod for
deposT’t'ﬁHﬁtﬁasﬁTﬁepb&cttivi ty material onto a noble metal. substrate by

first ei urface of the noble netal substrate to an
oxygen- _
a

ﬂ gy source for a sufficient length of tinme until an
adhesi on- pronoti ng yer is forned. It is still another
further object of the present -invention to provide a structure of a

hi gh-permttivity materia/noble nmetal substrate |am nate by sandw ching a
nobl e nmetal oxistiflativex\puirifitatione @f | rawa aérylic Savid;a clsis obottone product cmhpdises
substrate for providing i nproved adhesion and interface properties of the
hi gh- per ni t t | waiglynepmepquads of formula IIT below (see,) for; We,aﬁgt 3% d26ker

obj ect” of the present invention to provide a nethod for form ng a DRAM
capacitor or ferroelectric nenory elenment by first exposing the top surface

of a first electrode to an(CH2:eOHCOR{CHNGCHNEQR) dburce for a (M)
sufficient length of tine until an

7 oxygen-éontai ning surface | ayer i sXfBr kedIsuch that the adhesion and

interface properties b | oo £ beCidded @' tHeChiiL@keGhr i C
mat eri al subsequent| gﬁée@}?é@?e ngﬁ&ﬁ}?hgg%&bg ?riéntelgl contained in the first
el ectrode ar ebendissoviated prior to the dissociation! (They cantalsnbe Hed séparatelyr ingbj ect

of the present |ayent,i pon to provide a. DRAM capacitor or ferroelectric
nenory el enen ISOGIRNON, BRACIOL. | 3yer of an interface-enhancing materi al

formmed i n g top Surf fige0bligbriert Se RbRbE Sfifcal WhgoMBRvRY Michall Walicsd | ayer

of a high-permttivity dielectric materl and a nobfga netal contained in
the first el eofrthelacid with itself, as are obtained as by-products in, fonraxampleyfthehe

| nventi on o . | n .accoy.danc ,th .the present invention. a nethod
for forming adFﬁS‘HP@‘he?fal(meﬁ 1 a@pé‘f \gﬁl"?f n‘glﬁﬁ‘eﬁ%taﬁ r DMt &

provi ded whi C?lohfé&téiﬁﬁé bilBrohubl Honf @Rih)aEyfic Sitid apddudion. heieb!dge et al
substrate to an oxygen-contal ning plasha enefgy source or ion beamfor a

suffici ent | englissociation meonditions, athesd| eligemeric s(methacryliei acidsayee also

f or med. . . Ln a preferred enbodi pgent .. a t.hod . for formng a
nobl e neta¥ oXedissorialed, coptinho b&@empaﬁ%g‘%%l{?a#%é“égﬁ“hw&t by
the operatinggstep of exposing a surface of the noble netal substrate to

an oxygen-containing plasma energy source or ion beam such that a noble
Compared with a prior addition of (meth)acrylic acid, this has the

advantage that the (meth)acrylic acid added does not immediately distill off
together w1th the dissociation products, but the dissociation proceeds continu-
20 ously in the presence of (meth)acrylic acid, which results in reduced forma-
tion of by-products (dialkyl ethers, olefins). According to an advantageous
embodiment of the invention, the process of dissociation ‘is carried out in

the presence of molecular oxygen.
According to a further advantageous embodiment of the invention,
25 the product to be dissociated has added to it, in addition to the acid esteri-
fication catalyst which is different from oligomeric (meth)acrylic acid
and may already be present, further acids selected from the group consisting
of mineral acids such as sulfuric acid or phosphoric acid, and organic acids
different from oligomeric (meth)acrylic acid, for example alkyl- or arylsul-
ap fonic acids such as methanesulfonic acid or p-toluenesulfonic acid. The total
amount of acid different from oligomeric (meth)acrylic acid which is then



met al _oxi de adhesion-pronoting layer is formed. The oxygen-contai ni ng
energﬂ/-h ag BeaniReplacedian be sel ected from a high-density plasma, a

m cr owa pl asita, an ion bonbardnent produced by

oxygen- beans, and or comiigations thereof, with or wthout
separatedly controll abl e substrate bias. The plasma process can be carried
out in a 8 reaction
chanber that has an oxygen pressure between about 5 m Torr and about 2, 000
m Torr, wher @iresent cax yige firono it ad r20%) W assightdipreferablie frein g®ner a5%d by a
radi o frequency power of at 6 least 50 watts. For renpte oxygen-contal ning

ener gy sour cedveightc based PR ameunsyefy the, bofieminBrodustninyi(e) Mﬁ,ﬂb‘f\%éﬂs or

Lho range: bet gent b Ea Rl nRUfe i Refibing uSh TrBlatn CofiiRing pittile [,

nobl e . netal darbexygeneisi paspede ftinough )th@)hoaandptoﬂut:hén day ge rthe aistillave rig

pl asma di scharge for an ex gsure .fine of at |eas second. A};sw tabl e
nobl e netaf s ﬂ’é&h%le%ﬁc’%t’@BsﬁmeF@sn B]@"HB{‘%PF"S ot ath WiB gr oup
of Pt, Pd, Ir, gFZL{“ %ﬁg% trate. may
al so be forne asb\t{e bl trg al T oy sﬁ ?e@éép omgﬁ?glngg %(Se descri bed
group of netals. The advantages of Tthe pmeessnbflnhaeptescnt invehtiod hare, diar ect ed

nobl e metal s e thay the gissoriation, progeedsy, thagea s Tnobl e
2bout S*LdeaLa*%ﬁﬁm“’%?%“ugh“f*ﬁ ?ﬁ*ﬁ%?’gﬁ@%?@?ﬁéﬁéﬁsmsi@ﬁé“e”
obt ai ned wbt hother i things) smalier rlessesrmft startingd imaterials, particularly of alcohols, n

or  depou &1 oG- H8R BRIV PUOeyset, i SHdEho st distietonsyiells Sbe o
metal subst ragﬁre né[‘l'lfeaﬁlre&eréiﬁfhr bf 4he WissBYiatiGf MRARIE! 4o @teﬂéve?gel I 1St

providing a n al substrate, then exposing a top surface o
nobl e net al saﬁeatrtheqmrmyaxﬁ m«XgBﬂx)mhaestengnddmdgytosmdoweethm cmtent

sufficient of tinme unti n.i terfaceeh S
and then depo?f’? ‘HB LE33PRen 10 ﬁQWRf a%ﬁ&tv’ tdé’r 36n t op

gf the nohle poiyflerizabiie t (midRakiylil ésh isnh&fegs%?ﬁ All in all, this also means

to a noble netal, oglde filmthat ,is forned té;/ expQ |ng the surface, of a

reduced environmental pollution, since smaller amounts of residue are
obtained.

In the distillative separation of the oxy esters from the bottom
product, the distillation conditions depend on the type of alcohol component

20 used in the esterification. In general, a temperature of from 100 to 300°C
and a pressure of from 1 to 50 mbar are employed. Any conventional
distillation apparatus is suitable for the distillation process. Since only a
simple separation task is to be performed, a simple splash guard is gener-
ally sufficient, i.e. a column is not normally required.

25 For the dissociation of the oxy esters separated off by distillation
or present in the bottom product, a simple heatable stirred reactor with
jacket heating or heating coil, or else a forced-circulation .evaporator, for
example a falling—ﬁlm eveporator or flash evaporator, coupled with a resi-
dence time vessel, can be used. To achieve better separation of the dis-

30 sociation products, it may be advantageous to use a rectification attachment



enhanci ng | ayer sandw ched t her ei nbet ween. The ener gy source utilized is an
oxYygenThis Sheet han eerWamd'Mi ch can be selected froma high-density plasng,
l e

a mcro I F plasma and an ion bonbardnment produced by ion
beans. Th ivity or ferroelegtric material is a high

di el ectric constan erial selected fromthe group consisting of barium
strontiumtitanate, |ead lanthanumtitanate, |lead zirconiumtitanate,
bismuth titanate and other dielectric or ferroelectric perovskites.

The present isupefidsed o5 ther dissuciationeappetatus dorstexampler @ packedhioghtray

permttivity or ferroelectric materia/ngoble nmetal substrate |an nate which
i ncl udes a noeflumae(This seatificationcattachment, iss generdlly operatgd cusing stabilizatien al

oxi de- | ayer f LD t gm. 0 . I L u and a
i o perm 11 O 1 gpEn, BRI T3 BncbByus, pBEiogdd Btk 0T
metal  subst reéher,vett)). t he nobl e netal oxide |ayer sandw ched

t her ei nbet ween. . In still another preJ}grred enbodi nment ,
the preseni inventi ofbe FeRditions for cauryme awk thePrresss 1of the PEessnbigventiehaci t or
whi ch can be r ki ed. kNG, i I QY

pre- pr ocessedﬁ)ge&rﬁksgglr? u tdc?i‘y és%ﬁ%??ﬁ% wmi’ﬁgaﬁ’?é‘gﬁél tggtéggéé@cé\n@?ﬁ a

first noble ofiseparared efroml the ebquoni peoduct @ape asrfollows:of the first el ectrode
to an energy source for a sufficient |ength of ting until an )
i nterface-enh&A@l¥SE | ayer is for mat leage 9B acid, selected £rpm, thegroun, cogsi-

dielectric material on top of thegfi RineEh " "f&ligxingﬂ Huric acid

i nterface-enhancing | ayer sandw cﬁ{é%é %?herefatrl]t?gimw’een, an ?ospm' ng; az(i:lsecond
el ectrode by a second nobl e netal anditphosptorionadidypand organic lacigh-different ti vity
dielectric material |ayer. The pre-procgessed serg@ond ctor, substrate has a
silicon contact plug that is forniem ipligemerie {methyacry ??ﬁlqaghl’él Cal
communi cation with the first _ ; ids such as . '
10 electrode. The adhesi on-pronoti b Bfgls‘#lgormn%gcll S an oxi gle o% st“l%e first

nobl e netal . The fonie sornp-toluenesulfonic iasidf urt her directed to
a DRAM capaci tor that includes a pre- rocessed senj cond r substrate, a
first el ectrofmoynt of fatalyst:nop) e Bftﬁ% &Vat“@ﬂg d Pf%?‘%'ﬁ g'nl%t%]g’y rate, a
| ayer of i nterface-enhanci ng i 8h the' it "of2 bbiedm Seroldase P f(ay he

g{‘r ”B%&Bﬁ&@ﬂﬁ&lﬁﬁy ngr @&nt{h‘gﬁt (a}

first ele ode, a layer of high-permttivit ectric erial on top
of the first electrode with the iotaffthecoxy eswradistiliate| sepanateglafromi tlreed

t her ei nbet ween, and a second el ecﬁ)r ode of a secqnd noble netal material
formed on top of the high-permttPOHIR} B‘i"g\l"édnra@ material |ayer. The first

el ectrode is UPﬁ{ fipode for the capacitor and the second el ectrode
is a top pl atéﬁle ecior?gaégbﬁgr the capacitor. The interface-enhancing |ayer

cont ai ns oxyg@methyadryliouaaid:t ypi cal 5550% bynweightjepreferatily 10-40% by weight,
20 based on the amount of bottom product in (a)
or of the oxy ester distillate separated from the

bottom product in (b)

Temperature: 150-250°C, preferably 180-230°C
Pressure: preferably at atmospheric pressure or under
25 | reduced pressure (so that the dissociation pro-
| ducts immediately vaporize) (< 1 atm)
Stripping gas,
if used: amount: 1-100 I/h
Reaction time: 1-10 hours

so Conversion: = 90%



first noble netal. Brief Description of the

Dr awi ngs O her objects, features and advant ages of the
present invention will be conme apparent upon consideration of the
specification and the appended draw ngs,gin which: Fi gure
1 is an enlarged, cross-sectional view of a conventional DRAM capacitor
structure. Figure 2A is an enlarged, cross-sectonal view
of a present invention substrate having a noble netal film deposited on
top. The reaction isFéagtiéd cuB ifor axampleabgethe botoms - predédtonal

vi ew of the present I nvention structure shown in_Figure 2A having a nobl e
nmet.al oxi de [teyhe di ‘P‘H%!Edo‘??%m %PIEIBHQW (fX‘P’Ba@Fo su%ée!@f -up of

Figure 3Ais e ﬂgﬂ@ CE O i on
structure o é%bﬁ cOat ?hﬁgn&g\/ ayer o% Qﬁssﬁél perm t?:}&l ty
materi al . the dissociation reaEﬂogu rm)\%er s the) readtiong ean a:ls@sbe smnecb nadt Vi ew
of tHe present inventiqgn structyure of Figure 3A hawm(l; el ect rode
formed of Sa %@WHJBII%%BHSSMF toyse a semicontinuous redctio P COUIE dn

enl arged, cr | el §ikSoc | ng a
| ayer of a s&ﬁﬁc%ﬁﬁgl ass er| Q"r“”gceg%g ?e%p on to;};q?d;tbl ayer of r‘ﬂﬁ

- metal oxide. reactor (which contams Elegdnswcﬁ&onscamlyahemitthe bdnm:nrgodumhrsect
wite process for att rpin alebl,e nefal film Fi gure

5B.is a schedemp I PG Wis§t dissqeiatiop; reactpr onlY; affeg the  dissociation o

dashed 1ine;s C t¥d€ offcontinuously b
Det ai | ed Descrl |on of %@errmmn gﬂ Y.y
10 dlstlllatlon.

The applicability of the dissociation process described is not
restricted to a specific type of esterification process from which the oxy
esters, i.e. the addition compounds I and II, are obtained as by-products.
In general, the esters are prepared by customary methods (see Ullmann’s

15 Encyclopedia of Industrial Chemistry, Vol. Al, 5th Ed., VCH, p. 167 ff.).

A typical example of the conditions under which the esterification

preceding the dissociation of the oxy esters can take place can be briefly

presented as follows:

Alcohol: (meth)acrylic acid : 1:0.7-1.2 (molar)
20 Catalyst: sulfuric acid or sulfonic acids
Amount of catalyst: 0.1-10% by weight (preferably 0.5-5%
by weight) based on starting material
Stabilization: 200-2,000 ppm of phenothiazine (based
on the weight of the starting
25 ~ materials) '
Reaction temperature: ~ 80-160°C, preferably 90-130°C
Reaction time: 1-10 hours, preferably 1-6 hours

If desired, an entrainer (e.g. cyclohexane or toluene) may be used
to remove the water of esterification. The esterification can be carried out
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The present invention discloses a nethod for form ng a noble netal oxide

| ayer. on a noble netal substrate by exposing a surface of the noble netal
substrate to an oxygen-

12 containing energy source. The oxygengcontaining energy source may be
chosen fromone of the follow ng energy sources, a high-density plasm, a
m crowave plasma, a RF plasma, an ion bonbardnment produced by oxygen
containing ion beans, or conbinations thereof, with or w thout separatedly
control | abl e a8 yambsphefic Dpressure! NendeP tsipétamidiph&ic ?Péiblﬁ-be& stbatmbs§pelit ON
chanber that has an oxygen pressure between about 5 m Torr and about 2,000
m Torr, wher @ressurgy eithor)santimiallyiori bajchwvisea di schar ge can be generated by
a radi o frequency of, at, | east W, Fot. renot e oxygen-contai ni ner gy
sources, such as th ehﬁnﬁﬁéfég?xzﬁqug%‘ﬁi ﬁ?%aféva@l&a‘gﬁér@ﬂ%p‘fq’on beam
sour ces, the thd1apdtRim PTG DbtiedP 2 sdphratiBg ©FFthd OMd . edtérifidaiohange
bet ween about 0.01 m Torr and about 5 mTorr. The surface of the noble

metal subst r satelystnthebanreagtests starting matesialsy @nd ctbetagrylicngsten generally dwlar ge

for an exposuyre .t ne of I { 1 second, and preferably for at l|east 0.5
to 5 m nut es%ﬁ"el'ﬁ‘%ﬁ ew%{oﬁﬁ%ﬁan be at | east one nenber selected fromthe

‘group of Pt, Hr20%\by Awighrlof Pd, dcbylithesteth. The noble netal substrate may
%e netal alloy containing at | east one of these

also be fornmed by a nob

nobl e net al s.50=|89§gl|dWes‘®iﬁht afhv entalkpxypropionates cisegs dermuyla ybl e net al oxi de
filmthat is 0l ng t : tal substrate to
an oxygen- conggﬁﬁypﬁemﬂ& The %ﬁﬂ@@%@%ﬁe&e%ﬂuﬁ ?@r med typically
has a t hi gkneghaia@érafainBO stdbilderd @hénokRiafife) ahd rsower and hi gher

t hi cknesses nmay be obtained with variations in treatnment conditions.
The present invent i dfurties odefpilsc | ande advantages| ofethRopracsss fpdhe tPresel hi gh-

permttivity, err trq Ld Al substrate by first
exposing a t e&ﬁ&ifg& %f%e@%l@%%l%%gwwhn

oxygen-cont ai ni ng erRifsly, s tesidt facliieveds ukingCa eprocéss ngoth acdortlingeto the

13 until an interface-enhancing |ayer is fornmed and then depositing a

hi gh- per i t t prasept inyentigne will hee ngedrdb'emeams 6h a epmpAratiye: eXyBple. et al

substr at elssandvvi ching the int Qfémimmw

A glass circulation reactor (volume: 1 1) heated by means of a
heating plug was charged with 500 g of an oxy ester distillate obtained
from an esterification residue from n-butyl acrylate production which has
been freed of the acid esterification catalyst, together with 40 g of p-tolue-

20 nesulfonic acid. The oxy ester distillate comprised

11.0% by weight of butyl acrylate,
64.8% by weight of butoxy ester I ( R = C4Hy)
20.5% by weight of acyloxy ester I ( R = C Hy).

The dissociation temperature was 195°C and the operating pressure
2s  was 1 atm. o '
During the dissociation, the esterification residue to be dissociated

was continuously fed to the dissociation reactor, regulaw_d by the level in

the reactor.
The dissociation products were taken off in vapor form and

30 condensed at the top of the column (50 cm X 2.8 cm, empty) superposed

_—
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| ayer.. The energy source utilized can be an oxygen-contai ning plasm. The
present invention is also a structure of a high-permttivity or
ferroelectric material/noble netal substrate |laminate that includes a
nobl e metal oxide layer formed in a top surface of a noble nmetal substrate
and a high-permittivity or ferroelectri'¢ material deposited on top of the
nobl e netal substrate sandw ching the noble netal oxide |ayer.

The present invention further discloses a novel nethod for form ng a DRAM
capaci tor by n@é eﬁhﬂg fEaEtBP %Ve?aﬁegé’ﬁo@ d' 1$9.55h&k! Ofgof Ales S
formed of a et er | al an oxygen-cont ai ni’ng ergy .
source for amﬁfrecwent fécbrtgttheoﬂlssocMomucénctdnaamhrﬂ 080n tge 1of adissoeidtionci ng

| ayer- is formed, and then depositing a high-permttivity nmaterial on top of
the first el 95?4%“@551 t he adhesi on-pronoting layer. A final

el ectrode is then fogf@g &aﬁg Bq%ﬁ{a%,gr%rerﬂﬁl 9 of the
hi gh-pernmittivity di'e ectmgncma aqu}yag apacitor © or%d on a
pr e- processegomprisedhinduct or substrate which has a silicon cont act plug
formed therein f providing electrical conmunication with the first

el ectrode. THe- %‘ze%rwelgl?n nt i onPYtdl Q‘Fré’%t%\ novel DRAM capacitor that has a
| ayer of an ij t f ing ngfgiopdl formed in a top surface of a
first electro eﬁgf %ﬁwﬁaﬁobl e netal material, and a |layer of a high-
permttivity di8%eby rweightaofri al asmylicopeidf t he first el ectrode sandw chi ng

the interface-ephanci er. T capaC|tor further- includes a
second el ect réa‘ngEYrﬂ?gg]U'f seco‘ﬂs tgf)EA Tnetal nmaterial and positioned on
top of thg hi gtbgeffﬂt I by di elgifeddekc material |ayer.

14 pr esent |nvent|on further discloses an optical
storage medi ud2%aby iweightdes a byl hnmxmrbpmnatee and a patterned platinum

oxi de | ayer f rrred in sut f.age t he num substrate. The
pat t er ned pI @O@y&m&!’é&aﬁé PBr?@'pegﬁrssel ectively exposing a top
surface of the SubstTﬁ‘é RissSciMorO bY@sts Ve it RéhdflP ChaiMlehBle" Gfampable
Alternatively, the tinum oxi de may be forned oger t he entlrepsu strate

area and themt r%t‘Ceandactohl;almﬂano ablids. sel ecti ve renoval . | t

oxi d 7o, Wand + EXAMELE, U ThoA PROC S8 “OrC Tk, BRESER, INVANRAY' LV o o o1
at noderately el evat gdgiate GReGRicH Teactdr' (YoluiB 1U1)| Buifedlivyoanany offat he

present invention that a platinumoxide filmcan be fornmed on pl ati num

surface when lnzqmgsepdhg ovashechazgesk géith 500 rg/iof otheeexy Gstearﬂlitﬂ%ﬁfo%lﬁgna The

Condi 11 one. RTRFRS. EARERRn AL AGRER: 7 40 b, puineaotnls, Be2EABY ¢ s

of the resul tjong Ghdgisfilldtivh AlsRiue G6tAinEd TR dthYprodictivAnbfluepale ¥cryliy
phot oel ectron spectroscopy (XPS).
20 acid distillate and having the following composition:
5.5% by weight of acrylic acid
54.0% by weight of " diacrylic acid
14.5% by weight of dodecylbenzenesulfonic acid
remainder: mainly polymers of acrylic acid and phenothiazine.
25 The dissociation temperature was 195°C and the'opei‘ating pressure

was 1 atm.

The oxy ester distillate and the corresponding amount of acrylic
acid distillation residue (20% by weight). were continuously fed to the
reactor, regulated by the level in the reactor. 10% by weight of the feed

30 flow was continuously removed from the reactor.
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It was discovered that a variety of plasnma oxidation conditions can be used
te form oxide coatings on noble netal substrates or on el ectrode surfaces.
Different oxide stoichionetries are forned at different plasma pressures.
Referring now to Figures 2A and 2B, whergqjn an enlarged, cross-sectional
view of a present invention structure 30 is showm. As shown in Figure 2A,
a noble netal film32 is first deposited on a substrate 34. The nobl e netal
filmmay be deposited of a noble netal or a noble netal alloy containing
at |east one nobl e neO@r acperidEdf B0PHouRe 93,985 Pfofneldl enikira! & io§g| udi ng
Pt, Pd, Ir, Ag, Au, Ru, Pd, Gs and Rh. The substrate 34 may be forned of
Sigerr] on siester gistillate, andhaerylic acish distillatiosf residve rwascfedvie thet dissoglatiohi ch i s

resistant to j dati es Nt sreact. with the noble tal at wiith an
indert ving oi PIcR a8 2138017 e, BlodhS? Hstisk (bt shidensed”T 8rofting 1)

deposi t ed on_andlyiis Bye gist chontateguys the Conasiiaiedetmprisddnobl e metal oxi de
| ayer 36 is forned in the surface layer of the noble netal film 32 by '

exposi ng t Be ORI thy aveightyefen- corhutylnagrglage asma; This is shown in Figure
2B. The oxygen, i R | as tilized in the present invention nethod
1h o i 02

can be suitablg nost rci.al ashing or etching tools. For

instance, a Phogwlmpblwight dferr] - RBefylfe 86dRI E tool or a March[err] Jupiter
Il plasma asher. The various oxidation conditions are shown in Table 1.

Table 1 .6% by weightof dibytylyether ab[ er r ] Pl asmaLab[ err]
March[err] [ . O mforr, 150 W 500 nmTorr, 250
500 niforr, 1005’?1%1 W%velght of buteneg W

W Met aly SuCohvertion: 96% by weight bas¥d on oxy esters. PtO i ke

Ptd err] . PtJerr] 2.5-3.5 nm
3.0-4.3 nm 4 It-cgnobeseen from the above example of the process of (g

lrgerr] . . . . 5:3. 5. . -

Table 1 shomsp{er%mo%vﬁ%m& %hﬂ:kw%mgs gﬁ!f f%gghlﬁgcmggn‘%ﬁio% gﬁ num
oxides and i pdstlits!rih wmalief losses of extartihi ahatéfalnthant @skadwip prgsesses| asma
exposure in a March tool which has a 15 cmdi aneter cathode, or a

Pl asmaLab RI E tool which has a 24 cm di aneter- cathode. The Pl asnmalLab t ool
is a parallel plate reactive ion etching system Noble netal sanples
consisting of 100 nm of el ectron-beam evaporated Pt or Ir deposited on
thermal |y oxidized silicon substrates were placed on the bottom el ectrode
which is driven by a 13.56 WHZ power supply. The process gas utilized in
the chanber is (JQerr] at a chanmber pressure of 20 niforr obtained at a

e —
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16 20 scc or at a pressure of 500 m Torr obtained at a 50

sccm f:l ow r 20 nforr process utilized relatively |ow power of 0.33
Wcecnjerr], ?mﬂﬂgm,ywﬂt”m f-bias of approximtely 280~300 V. On a

plati num substr hy ss producediRtO with a thicknessz. dsnges of

bet ween about 2.5 and about* 3.5 nm The PtO thickness is independent of
treatnent time over the 1 to 20 mn tinme range exam ned. This suggests
that the Pt O quickly reaches a steady-state thickness whose value reflects
a conpetiti orBASFwaktienge®lischaftat i on (via Pt reacti ons Novenibee 2%, gE996c
oxygen species formed in the plasma) and Pt O et cINAKLIYO504639G IBSH/A®D by
energetic oxygen ions forned in the plasm). The 500 mflorr process
utilizes a higher power of 0.55 Wecnierr], resulting in a self-bias of 220
V. On the platinumsubstrate, 10 m nutes of the process produce a thicker
pl ati num oxi dWef¢laim:t hat has a conposition closer to PtO at a thickness

bet ween abo 3.0 d_about. 4.3 n ap.iridi um.substrat t hes :
processes prgltjuced i iPEPERT §95 8%““&?‘?%%@ _rﬂéfda‘flﬁi‘tv, A 9l ’Phgler ange
bet ween aboutprésenca ¥t @b esterificalion Badlest SinSwhich haeRttéd/ stah%l% o sto

IrJerr]. A dual itative indication of the Tength of -
treat ment ti randr thguimeth)aceylico ester Hformede ars -separated eoff hby dissilation andblae net al

oxi de c¢ be ,obt ai ned, f n-sityu |laser .refl ectance neasur nts__during
oxygen_ ot asnbORpRh Brainet Whtallifeoly; AR 5 ot "Hhe R B HARPERR T aser Ca
normael inci GRGE s Reparited (TR ad@ eéithed OF ' OXygen pliasma treatnent showed a
steadily decreasing reflectance that |leveled off at a 5%reftectivity |oss

after about %@) stheoheftomfproduet: ife admixedpdisestly with oligbmierie d(nmethlearyliscce to a

the ref oot vi tyAdband [ ORF Haeehf BRAGRT i U JoRPR) pindbld o8 RulSteety on:
time is expectesdt an devatdD mpdtatufs dfidthel presédte 80 avidT eatalystsOdiffesent

However, the m ni mum required. .
17 trel@ment tifremypligemeric {mediaceylia acidePfond on the pl asna oxidation

roht b ant 21 pe cHf spHkBleC ks 1 Pnitea” B (iiagll HBRC B b0 Bro-
I n anot her comedutathet distillate id/adsited” with oligonieic (méthyakhgivracid faed, ist he

pl asma oxidation of platinumsurfaces was conducted by first exposing a
bare nobl e net al disseeiatede at @n glevated temperature in the presence of acid catalysts

different from oligomeric (meth)acrylic acid.

15 2. A process as claimed in claim 1, wherein the amount of oligome-
ric (meth)acrylic acid added is from 5 to 50% by weight, preferably from
10 to 40% by weight, based on the amount of bottom product in (a) or
distillate in (b). |
3. A process as claimed in claim 1 or 2, wherein the process of
20 dissociation is carried out in the presence of molecular oXygen.

4. A process as claimed in any of claims 1 to 3, wherein the process
of dissociation is carried out at from 150 to 250°C, preferably from 180 to
230°C.

5. A process as claimed in any of claims 1 to 4, wherein the acid

25 catalyst added is an acid selected from the group consisting of mineral acids
such as sulfuric acid or phosphoric acid, and organic acids different from
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oxygen plasma discharge at an oxygen pressure in the range between about

100 an$ ' r, at a RF power of about 100 W (over a 15 cm

di anet ,"ilﬂmlum"lmluii“ or an exposure tine of about 10 m nutes.

Wiil e tHe pl asme® od dation nethod has hegn described in terng, glsnd&Shni ques
of plasma ashing, i.e., a |low tenperature, |ow substrate-bias p?asma
treatnment in oxygen, and reactive ion etching, i.e., a plastha treatnent
at noderate to high substrate bias, the present invention novel -nethod is
not |imted folightherit!!(netadrylic a0id, t fof SXapRRIKFI-Y o lapASEfodId deids ach
processes. For instance, the oxygen feed gas for the plasma can be
substituted By metharesulfonieacid or mytoluenesulfonichacid. di at oni ¢ or pol yatomic

gases whi ch contain,o . at.om C, .copstituent . i. Nlerr] 0. or gas
m Xt ures cont%ai ni nngi%y(gcg% %? %ﬁ'g?egr %‘émoSng n% ﬁ&#& 5%’9& °£uch as
an Ar/Jerr] added u¢ig- catidyhttis dvsth!| v to \20'% dySwkight] Sprefersbly $din 0P B 5% N9
energy sources nmay also be used which include high density plasmas,

nm crowavie pl B¥nweighz-based som he ramaquat, of hbottom dpreduct pino fa)c oxi ate in
oxygen-cont aigai ng ion beans. Simlarly, the noble netals may be deposited
by techni ques™dther than el ectron beam evaporation, for instance,

techni ques sggch as Aspibcess’ a8 tlaifiee MinC ahy \GENEAInfie POR' 6 Giheréidl Mlec@ist Ol YticC
or el ectrol ess plating.

18 sociationT e Caraied coytundes. redyced sprassure (5e lhawent i nvention novel
met hod may b ure RO t c . L u .Pd, GCs
and Rh, o%/ a?l gys 0 ﬁéggﬁgnﬁe@éﬁged\?\h MZ’BM §+s7’ %@sag'% e

met al s'10M t hgapiis passed tm‘bh?llsthe HottomSpRductoidl (a)rdxt distillatetih @)rinnerdet s, or

any | ayered conbi nations, of ;these netals or alloys.
Exanple 1  to remove the disgociatios: prodBetScati on for the noble metal oxides

formed by thg presept Haﬁ;n i ﬂ]img?v I i Otﬂe@ﬁ:ﬁ: tronic
properties o?' hi gh ‘ge’r)m i\algl ::Ey na e’?i %@ ?ggv(gis]i&ﬁ{éld on X)g}g[egﬁse,?fg
el ectrodes iis an oxyger-comainingegasce. The high pernmittivity oxide naterials

include high-epsilon materials, such as bariumstrontiumtitanate (BST),
| ead | ant hanlfh ti t aftaPROCEsS 28 claimed Emany:afthe creeading claime: whemsinrthe

ferroel@ctrigs i tﬁfm!f Zdof i Lt aAnat.e s Strontium
bi srmut hﬁtcantgﬂsmgﬁ, s%tbon um bi Siu n‘lﬁ(%%l et?’( Nfs%%%’rmth
titanate and other perovskites. It has been found that exposing noble
netal electrodes to an oxygen plasnma oxygenates the noble netal surfaces
by providing a surface oxide | ayer as described above. This process .
produces inproved dielectric properties in the high-permttivity material
deposited on such activated surfaces and al so | eads to i nproved nmechani cal
and chem cal )

_—
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properties. For instance, the electrical properties of specific

hi gh-epsilon filns deposited by a.s soli-gel :pfocess on the oxidized platinum
el ectTodes of Fi gure 2B are superior to those deposited on the unoxidized
el ectrodes of Figure 2A .1 Jn Figure 3A a plg ‘? Siesli zed
noble nmetal film32 is coated with an overlayer of a high- perm? Ivity
material 38. The structure 30 of Figure 3Ais then conpleted as a

19 capacitor having a top el ectrode |ayer 42 deposited on top. As an

| ogi cal extengASF AktibApRsdllsE®At | nvention nethod, i NNbRMHEEEN7] $96g SO
expected for nmetal oxides such as MyO and A1203 whj ib95b¥@3§é‘lb‘/ 05|t
with poor oxygen stoichiometry and nore general |y, Tor oxygen-con al %i ng
mat er.ial s selected fromthe group consisting of nmetal oxide insulators,
metal oxide sem conductors, netal oxides conductors, netal oxide
supercondugtors, perovskites, netal- containing silicates,. SiJerr],

hi gh-permttivity materials that have epsilon above 10, and
ferroelectrics. By depositing these nékhsttagt s on the nobl e netal oxides,
extra oxygen is provided to result in a proper conposition.

To further prove the effectiveness of the present invention nethod,

nom nal ly identi Ca'In%'p’i‘BéHSS%ﬂ_eEte mggg[mem li8Mcidtwith tafi ﬂkﬂ&ﬂsm‘/‘ere
sh

deposited sequentially on an un- a err] substrate and an

ashed (in a Mhecpresanse ofoaniesterification /camalyst Cipew hsumreacted cstartihg coBST was

2ot howy® noFRME 4, 157 bﬁ%fwfs%ﬁv il 68 beotHied 2 ! Alitefons s

| ayers. Each d:ﬂysrbm?mtg cotining’ ﬁeﬂie?st% dblaitiéd! T8 boflothY prodnét

condition of 300[err]C en crystalllzed by ra |d t her mal

anneal i ng i n iat sepapatest ioff (ands eithes ﬂ;cygettommmduat tlypﬁlwﬂn omithof
70[err] C for T he, un-ash stra

chgr ac]t eri Zeo&lg?n%n& Zﬁg@?&}%ﬁé M%ﬂ? g!}e ﬁgﬂnl g?s\&i’éﬂﬂent
The BST fil mpodidicaresiizsbcRited ab e’ Slefatéd eihl éedpiesertedof a6l I'i C

constant of 214, and_an acceptably |ow | oss tangent. These resul ts obtained
are typic# icatalysts diffecent from o Wmmmmm agids or the oKya estens me

substrat es. LT fil. pr. t ults on

ashed el ectrtﬁfgts.wteflhibg ﬁgﬁgﬁ‘g\ H‘h tie %&&n p?&ﬂfé?, Qﬁé distifiate s
admixed with oligomeric (meth)acrylic acid and is dissociated at an elevated
temperature in the presence of acid catalysts different from oligomeric
(meth)acrylic acid.
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20: dielectric constants in excess of 500 are achieved on as%lﬁq_.gn.ddr
el’ectrodes, while lower values often result on un-ashed Pt an

- el ectrodes. Sone inprovenents in | eakage current have also been”observed.

- Exanpl e A-second application for the noble netal oxides
formed b gr’% n S@vel] nethod is to inprove adhesion

bet ween § ﬂﬁt‘?qr??éed tohmagedble Jmetal s on which they are deposited.
For exanpl @'6‘58) adrf@gﬁd)hltto pagedliBe [netal substrate surface m ght be
desired Drawi i\paged r1.itdgmgsdich 4s TiN, TaN and TaSi N, dielectric

oxi des s Abstragt| i cqxagedn)}f&d@ eglectfric nitrides such as silicon nitride

and silijcon oxynitride; and car on-containing dielectrics. Adhesion
enhancen _rDA’IESGFQQEcﬂﬁﬁDnSZFlr(ﬂag@—for the specific use of a spin-on-glass
over l.ayer on a pratrmtHa--F phristrate. Simlar effects are expected for
filnms of other materials deposited fromsolution, e.g., photoresists, or
filns deposi t ed by clEsterifitationp of (ﬂieﬂnac)tylmnacxdrwithsmesalkmq; Sigerr]
formed by | ow pressure chem cal vapor deposition (LPCVD) froma

tetraet hoxysilane (TEOS) precursor. Such a structure 50 is shown in Fi gure

4 uhereln 2 brasia 10 dhidtiloROpliedPhe! af igriReld K Y Cleltbrilarith BfSr | aver
of adhesi on-pronoting materi h t1 num |Im 2 was prepared by a
sequenti al - r ¢meth)sorp hcramd evxﬂvanoalkknalnunﬁel@ﬁesénéﬁl of ramt estefificationacat 1, 000
A Pt on a thermall, zed 0 silicon subsfirate Adhesi on | ayer
36 was ei herfaly '88, %d@‘?‘?@‘!ﬂdﬁnﬂé ‘E‘ F‘!??h)ﬂ%\uﬁx?séfé | ayer
that was prep nggrohe ftil o, n t

Pl asnmalLabl[ er ri tooI | n- el tHergﬁa Om ‘(é)ir&rl %i}ég?s&&e‘gm g@;elg%%ﬁlphgm% nut es

(wWith 20 sccrox@ester§ if lobtainest TheOted (hethjaerylic adid feve Kenttes;i asy isious-300 V
self hias) or a 500 Torr essure fl‘)lrocess for 10 mnutes (Wth 50 sccm

Qerr] flow fPAY, RCEBIC)PE
21 power density, tisf! Q_u%?) S P i cate
that the PtO | ayer q?ﬁi%%ﬁaees‘séﬁwaéf ro%tégrr;t %ﬁ (ﬁ&ﬂigﬁe;ryiéé (r)f{rﬁ‘?olrg ﬁdaﬂg
Torr procwss carrigd3o06t~by 3esterification of mmh)amyliorac@ rwithe satkanols at elevated
The spin-on-glass | ayer 46 deposited ,was a H tachi HSG 220 mat eri al .
The “bondi 1 DRI . {6 I Hse,dF dbe BrbsaRe, Bes heRaien OF SODiEHt. 2805 soc
ranp, 3 mn [ eﬂeé‘ ] rr]C
ranp at 5- 10%?et§é] mn florlr’ era{rEl e%\nél?r%[ Sbﬁcé\: 2rg\altgrrgegd)@gocﬂ ]caghggl&éég[&
this method of preparation is the secondary reactions occurring under the
abovementioned esterification conditions, viz. as yet unreacted starting
15 alcohol adds onto the double bond of alkyl (meth)acrylate already formed
(Michael addition) to give a compound of the general formula I below and -
as yet unreacted (meth)acryhc acid adds onto the double bond of the ester
formed to give a compound of the general formula II. Multiple addition is
also possible. In addition, mixed 'types can occur. These adducts (alkoxy

20 esters and acyloxy esters) are abbreviated as oxy esters.

-
I
RO—(CH,-CH—CO,),—R @
25
R’ R’
I l
30 CH,=C—C0,—(CH,~CH—CO,),—R o
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The adhesion of an approximately 1 [err]mthick |ayer of H tachi HSG
2209-S7 to a 100 nmoplati num |l ayer was conpared for the cases of Pt with
no adhesion layer and Pt with one of the three different adhesion |ayers
descri bed above, i.e., platinumwth a 10 nmoverlayer of Ti, and platinum
with the plasma oxidation treatnment at 20 and 500 m Torr. After a standard
thermal curing process by ranping up to 250[err]Cin Nerr], the HSG on
untreated platinum becane cloudy and winkled in patches which expanded
over a period of 2~3 days to cover the conplete wafer surface, and was
easily renmoved by Scotch tape. In contrast, the HSG on Ti-treated and both .
pl asna- oxi di M| akihid™ sdpl es remai n snooth and adherent even after
scratchi ng through thegi%lgy?nd attenpting to peel it off with Scotch
tape. Wiile PtOx and Ti bo unction as adhesion-pronoting |ayers, the

Pt Ox processing is Rot enl | &t gHer, but also avoids potential problens
with Pt/Ti diffusion reaction. It is also expected that adhesion
enhancenment can be Yi¥MaiRed=1Hy B hesssrificationd ihopf oreryc necih | avhen

deposi ted by Le er get | ' sma- assi sted chem cal .
vapor depgsi tl{nc))n M éa%%*@é&é%ﬁ%@i%ﬁ@?%&ﬁ%g&?n sone cases, the
22 oxygen treat menThef probRnD Q¥ 6xyreistr forRatioRtie pattibdadyt scut®riin thee

adhesi on- enhanci ng, nobl e nmetal oxide |ayer may even be carried out
concur r ent | y Prgparationeof] pstersof acrylie agid, t With dbe) saaipioxy esters dogmed tbeinge

process gase IR L A5 - [0l ng. SPEaL e r, £xanpl e
process of ?g%@-g%k’ %g‘%??fgég%ﬁ@xﬁ%&%{bg%%l e "?e?gfegsu’ijgt ra 'quy&%ACVD
from a m xt upeepatatibhCoF @s@rs of yipethadrglic acid, oy iégter Sfornhtion gemt t i | i con
target in an_oxygen-contai ning working gas) .is likely to result in the
©un-i nt entPondgss§rbentense Jhe; formation of pxY| esierd s dascaibrd SpOREM Ao BPneehobl e
met al oxi de. qy:q :.a: . f lﬁ:l%:a

I n addition F(l)]lst kll%dl?ant%sr &/aén%lﬁt fs°“|“ﬁ“%%h°efsf’ n egtr?(lis SCELT BRTT properties of
the deposit dentiyRiof thellspecifid @sterificaivn tonditivnsOOfMoete| paitibdiar impeftarsi de
films also provide benefits in optical storage and sel ectjve catalysis.
Rel ative to fhexy et fermation in the preparatien of erdairdiof e -CyralkaRolsy dipr owner

incolor_andl_qiéﬁfi Il oy Eopal inereflegtivity
is approxi mBtery 5% ﬁxlnrc'gna1 neagsﬂrge’%(fyb?gglcg%gfyﬁﬁl—gﬁe%& EEH Rt %goﬁr?g

i nci dencgsangtglatelad 2ethyegyic acrylbggest the possibility of using PtOx on
pl ati num system as an, optical stfqrage A nmedium Since heatipng the filnms up

to 450~550 [err] C il i8na ssharpsteristior ol the OFY gsars BN thek boding-peidl o cause

PtOx to | ose t ot [1k~H %gc t he
sane reacti 8%8%2%@6@3%?8@% ogccur gn%gﬁ,gé&@%xglﬁléoﬂgzﬂ ectl vées@rafr?%d by

| ocal Iy heat aiid) afty ctEaiic isofvent also used.
' The work-up of any such esterification reaction mixture is normally

20 carried out by separating unreacted starting compounds and the target ester
from the reaction mixture by distillation, with the acid catalyst used for the
esterification being able to be removed beforehand, if appropriate, by extrac-
tion with water and/or aqueous alkali (cf. for example, Ullmann’s Encyclo-

\ pedia of Industrial Chemistry, Vol. Al, 5th Ed., VCH, p. 167 ff.). The

25 bottom product remaining in such a distillative work-up contains the oxy
esters which result in a considerable loss in yield.

For this reason, various further methods have been examined in
order to solve the problems resulting from formation of the oxy esters.
Thus, JP-A-82/62229 describes the alkaline saponification of the high-boiling

30 esterification residues. In this way, part of the alcohol used and acrylic acid
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sel ect ed regions of PtOx with an el ectron or photon beam This is shown in

tFllustrations in Figures 5A and 5B. Figure S5A illustrates
a schematic for a direct wite process for patterning a noble
23 netal film while Figure 5B illustrates a reflectivity vs. position

trace for the dashed |line shown across ¥he patterned area of Figure 5A. An
oxi de-free feature 60 is witten on the PtOx surface 54 wth a directed
energy source 56, for exanple, a focused |aser or electron beans. Spatially
sel ective catalysis could therefore be achieved if the sane patterning

t echni ques wand &mmox)@ropiemcrm:uhm|the1resdlt$narmm¢coacuedva& sdnplegmdnscaaf an
oxi di zed nobl e petal surface

t should b
addi tion to peraicah d%r’aégc&Fb@Hd%ﬁé?l'pg ﬁm‘ﬁﬁms og‘g lé%?%@%& o by tlhe
present 1 nve 6 sthie. ”ﬁf’g‘?ﬁ/ﬁ) YLICEBES tHE éﬂigatﬁﬁ&dof’%fﬁfc”bit&rs by reac-

characterlst are anced by a pl asma ashing “or oxidation process.
This has beetinglemm»{ypnopmrﬁmrcsmﬁ -wulge!cry:hm@sldt dul the| peesericenpfIstdng| ectri c

const ant nmater.i aI such PLT d f f I
mat eri al s5suéﬁd§as éna?ﬂg WEYeTs | ¢ r 0 é‘gﬁé’?'&e%“%?o?&'}’f*f. num
el ectrodes 55B3M@ tcﬁdﬁ Qkac ?ﬁ‘(ﬁl(ﬁ?& 13670 wilichS tdrn®P 'beOrenftfiéd to the esterifi-

In recent years, the Inven new m croscopi es t hat have near atomic
resol ution, tation, rd:dcaoncamdnmayefomrrepres@t mivaste Joaspsial; TPV 9/ RI08 des-c force

(S5 A o ¢ Fibfgc i dissprinies, 0 e el (ao@ion pfadlr S -RRRwTREF 7 or °

storing inf OP[@HeO&eéMfEHnﬂhtfaxhégb gat= Biﬂ*]l IaTtyele\}al‘bdt erdt@feaand inhe
ac

probl em of f Ing a suitabl'é method for I evi ng ensity read-only
st or age mchmeepmcrsommlﬁmoeacidlgndsm \exEese anwallehe YQ,i',- theyigldolSi de

cont ai ned | nonbeabar 0% of el 1B S Ted bl o il ot 08T, .,
be made on apgekd gdmnfﬁaaﬁcwfl a%ﬁ'\'lls(séé‘dbd\’é'\/‘:@,—%}mob)gﬁl it presdicy  at

relatively | ow spe whi I'e hi gh density r eadi ng can be done faster by
nmeans of theoSI titvhium alkox1des In this reactlon, the conversion is likewise low

24 A pract] ool ouay of MEL! LGB! dabdle o hedS0RY e Brddss 'R ik oM

di stinct cat
s fore uneconomical and environmentally unfriendly because of the large.

amounts of titanate to be disposed. of. '

GB 923 595 describes the recovery of monomers from the residue
of the esterification of acrylic acid with alkanols in the absence of molecu-
lar oxygen. It recommends, inter alia, the removal of all volatile monomers

20, prior to the dissociation, dissociation in the presence of sulfuric acid and

" removal of the dissociation products by means of a stream of inert gas.
According to the examples, the dissociation is always carried out at at least
300°C. Coke is formed as residue (17-40%) and this has to be dug out of
the reactor. This process is therefore neither economical nor can it be

2s carried out on an industrial scale. A further disadvantage is the need to
exclude oxygen.

CN-A 1,063,678 describes the dissociation of the alkoxypropionic
ester present in the esterification residue in the presence of sulfuric acid in-
a cascade, with temperature and catalyst concentration (0.8-1.5%) being dif-

30 ferent in each reactor. Coupled with the dissociation is a distillation to
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selected surface sites, so that material that creates optical contrast can
pe selectively deposited by neans of CVD techniques. Due to the known
catal ytic properties of metals such as Pt and Pd, a nethod that locally
shi el ds such netals can be used to selectively deposit material on the
uncovered regi ons by neans of a CVD process. For instance, surface

oxi dation of these netallic surfaces in the formof a very thin oxide

| ayer can prevent the catalytic effect. Wil e the present
invention has been described in an illustrative manner,it should be
under st 0od t hadepira® AIRAr®l AQH QYy1ats € The rbdess iy Gkyt cuniiersomen andiddésen®f Wor ds
of description rather than of Timtation. - Furt her nor e,

whil e the presashievg high cpaygrsions. been described in terms of several

preferred enbodi nent ﬁ@&é@_k&?ﬁ@ggg&%@eg%‘; RRkodidt eofshk&iﬁ?oﬁ& t he

art will readily apply ot her possi bl e vari ns of the
i nventi ons. nic esters in the presence of sulfuric acid, etc., into alkanols and #fylic
dains

.1, A. et hod for fQrm.ng an. nobl tal. oxide film
layer on and SStFealfis Farufrief| gutc SERVISAg °s&l5?%°6%1°8f 8 %EF%mﬁgt %‘ﬂ
substrate COMMfqe} Q%ﬁﬂ"%n&tﬁesm%do%r RRfuBY &Ai Q.xbséc}ﬂeﬁﬂﬁediﬁillzeﬁheffnqtﬂee met al

sma

substrate to an oxygen-containing p . : A net hod
according to odissopiatior of the-acrybienacidstontpining ester sesidues Eom ffe PrenHHORa Wit h

at | east one oxy - L QU A : :
according to c&a&ﬁﬁi@gﬁgﬁ %b’%ges glgtgy lo>%§/h§’é¥2r8%ﬁf'§atf’n ﬂ\egt;h Ygl Iggt#g&@lg’%q%)ct ed
from the groupscaniedsoutna the presencd-ofl @dminbly op nseshmmol. aHerectooydhee pruicessma,  a
RF plasma and an ign bonbardnment produced by oxygen-containing i on beamns
or conbi nati ori§ 9 ] a&b&‘t‘ﬁ)‘so‘}"‘\&cgﬁ&ﬁﬁ"@eﬁ%" WSy controll abl e

substrate bi as. It is an object of fhe preséht"BidieidnaOCRIAl @& the felRbdtial,
wherein said nethod I's conducted in g reacti on chanber having an oxygen

pressure bet wetion abdhet oXy Gsters meindthisobgttong,mww]mértp. reuse the star-

"% ey oo A Pk U T S PRI B8 B o
of the esterification without the disadvantages of the processes of the prior
art.

We have found that this object is achieved by a process for esterifying
(meth)acrylic acid with an alkanol in the presence of an esterification catalyst in
which unreacted starting compounds and the (meth)acrylic ester formed aré
separated off by distillation and a bottom product containing oxy esters is
obtained, wherein the bottom product is separated off and either (a) the bottom
product is admixed directly with oligomeric (meth)acrylic acid and the oxy
esters present in the bottom product are dissociated at an elevated tempera-
ture in the presence of acid catalysts different from oligomeric (meth)acrylic
acid or (b) the oxy esters are first separated by distillation from the bottom
product, the distillate is admixed with oiigomeric (meth)aci'yl_ic acid and is
dissociated at an elevated temperature in the presence of acid catalysts
different from oligomeric (meth)acrylic acid. The alkanol is preferably n-
butanol or 2-ethylhexanol. In general, from 10 to 50% by weight, prefera-
bly from 10 to 40% by weight, based on the amount of bottom product in -
(a) or distillate in (b), of oligomeric (meth)acrylic acid is added. Oligomeric
acrylic acid is normally employed in a form known per se, stabilized: by
means of polymerization inhibitors. Advantageously, the oligomeric (meth)-

acrylic acid used for this purpose is the bottom prqduct o?t:ixﬁg trlﬁ'e %‘;‘; \acement shee!
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6. A nmet hod according to claim1, wherein said surface of the noble
metal substrate is exposed to an oxygen plasna di scharge for an exposure
time of at least | second.

26 7. A nmet hod according to claim 1, wherein said noble
metal substrate conprises at |east one soble netal selected fromthe group
consisting of Pt, Ir, Ag, Au, Ru, Pd, O and Rh. 8. A

met hod according to claim 1, wherein said noble netal substrate conprises
a noble nmetal alloy consisting of at |east one noble metal selected from
the group cdistillstivengurification of , rangacridic #&id; Fhis Bettam dprduct comprises

compr i sea. 1w rmPOPEE oL Tl L BAGHE (e o Rt BRRIE BIE 2203 (B 0r oup

consisting of Pt, Ir, Ag, Au, Ru, Pd. Os and Rh. 10. A
noble metal oxide filmlayer fornmed by exposing the surface of a noble
metal substrate to an oxyg€H2renCH-G0BgCH2EHR2 CO2) -H D) An

oxygen-containing filmlayer accordi ng_t(f cl.aim 10, wherein said fi | m
| ayer havfng a thickness between abofit=0:4 Am and about 10 nm

12.  An oxygen- Conigd Ninaeh)hdrylit | RKE oligemersdcatd) beCadded O tHd) mixture eon sai d
oxygen-containing plasnma is sélected fromthe group consisting of a

hi gh- densi t y bpldissociated pridrc toothey disgaciation, Therrcap) alsorbe fod separadniibtod nent
produced by ﬁ)ﬁ/a‘en-%gnt ai ni‘ng i on beans and conbi nations thereof, with or
wi t hout sepa WP F9F1% 0l e substrate bi as.

% herd® caid 19nese dMpoRieydare HONfreé-fdical fdlightnens, cut Adichiaei adiuers cl ai m
of the acid with itself, as are obtained as by-products in, for example, the
distillation of (meth)acrylic acid. These oligomers are usually burnt as
nonrecyclable by-products from (meth)acrylic acid production. Under the
redissociation conditions, these oligomeric (meth)acrylic acids are also

15 redissociated, continuously generating free (meth)acrylic acid in statu nascen-
di. '

Compared with a prior addition of (meth)acrylic acid, this has the
advantage that the (meth)acrylic acid added does not immediately distill off
together with the dissociation products, but the dissociation proceeds continu-

20 ously in the presence of (meth)acrylic acid, which results in reduced forma-
tion of by-products (dialkyl ethers, olefins). According to an advantageous
embodiment of the invention, the process of dissociation is carried out in
the presence of molecular okygen.
| According to a further advantageous embodiment of the invention,

25 the product to be dissociated has added to it, in addition to the acid esteri-
fication catalyst which is different from oligomeric (meth)acrylic acid
and may already be present, further acids selected from the group consisting
of mineral acids such as sulfuric acid or phosphoric acid, and organic acids
different from oligomeric (meth)acrylic acid, for example- alkyl- -or -arylsul-

30 fonic acids such as methanesulfonic acid or p-toluenesulfonic acid. The total

amount of acid different from oligomeric (meth)acrylic acid which is then

"~ This is the replacement sheet

0 2 APR 1997

Date



oxygen plasma di scharge is generated by a radio-frequency power of at |east

14. An oxygen-containing filmlayer according to
claim 10, wherein said surface of the noble netal substrate is exposed to
an oxygen plasma discharge for an exposure tine of at |east 1 second. _
15. An oxygen-containing filmlayer according to claim10, wherein said
noble netal substrate conprises at | eas® one noble netal selected fromthe
group consisting of Pt, Ir, Ag, Au, Ru, Pd, Gs and Rh.

16. An oxygen- cont ai ni ng filmlayer accor di ng to claim 10, wherein said
noble netal substrat rrprl ses e nmetal alloy consistin of at | east
one nobl e rretpé?s"%'eFé‘bt t?hﬁ)% g&p‘”@&%l@‘?fﬁ‘i@b Ipsfrem 5| fo 1A% byu, Ru,

Pd, Gs and f yer
accordi g t o Mgt bpsd aﬂe'rhg. %mg%'?td"f S5 SRR B WQF%O%%#@#%&@ two or
nmore | ayers le) riohkeparmmMﬁy asefil ﬁéha:txppia@rg:mpﬁe&r@ipmmaﬁnnglmbreag of Pt,
lr, Ag, Au

28 Tar oxygeg 5 Datserb throuEh ghe chastout Profpch dn o8 Rentheodistillae nig
mat eri al gbo){;?% LE efbafer fof''ond Bﬁ&&!ﬁfﬁ?}pﬁfoﬁh@@ EAHP o? {fired of air with

provi di ng a metal substrate posing a top surface of

t he nobl e netmert gadHge. lgatmubgexammxam“agmmm nsedgasarsa-immlg gasirce for a

sufficient length o until an |nterface e anC|n l.ayer, i s formed,
and. Il‘a%é@@faa@s ey gEaresHAfa R °§F1°Bnarf’opmof sai d

nobl e metal gubstiat 880cHatidyt q!gg}gn I rp2Rd

t her ei nbet vveg af, Tat! iié d L!Ld& ﬁ&%& t g‘%@%?d%‘g to (Q:I Xa#l%

wher ei n sai dammyg;enf dwypmdacts gsueheas) \etheso Lorc olefins ais pformed. éltms,camong

20. A net ho ordin ocla|m1 , Wherein s |d o 0%52 ?ﬁ%&i ener gy
source i $%an® gé'o T rlgssss Qfjtarting maten d

according t%&hﬁ‘ (bt §n MRS pRoceidel. ?&%ﬁiﬁo‘ﬁ?%ﬁi '&ké&&cnﬁtﬂﬁf $ields can be
achieved. The direct return of the dissociation mixture does not adversely
affect the purity of the (meth)acrylic ester and leads to a low ether content.
For this reason, no complicated separation of the ether from the easily
is  polymerizable (meth)acrylic ester is necessary. All in all, this also means
redubed environmental pollution, since smaller amounts of residue are
obtained. | _ |
In the distillative separation of the oxy esters from the bottom
product, the distillation conditions depend on the type of alcohol component

20 used in the esterification. In general, a temperature of from 100 to 300°C
and a pressure of from 1 to 50 mbar are employed. Any conventional
distillation apparatus is suitable for the distillation process. Since only a
simple separation task is to be performed, a simple splash guard is gener-
ally sufficient, i.e. a column is not normally required.

25 For the dissociation of the oxy esters separated off by distillation
or present in the bottom product, a simple heatable stirred reactor with
jacket heating or heating coil, or else a forced-circulation evaporator, for
example a falling-film evaporator or flash evaporator, coupled with a resi-
dence time vessel, can be used. To achieve better separation--of -the dis-

30 sociation products, it may be advantageous to use a rectification attachment
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source i s an oxygen-containing plasma selected fromthe group consisting of
a high-density plasm, a mcrowave plasma, a RF plasma and an ion '
bonmbar dnent produced by oxygen- containing ion beans or conbinations
thereof, with or without separatedly controllable substrate bias. 22.

A nmet hod according to claim 18, wherein said step of exposing said top
surface of the noble netal substrate to qn energy source is conducted in a

reaction chanber 29
havi ng an oxygen pressure between about 0.01 m Torr and about 2,000 m Torr.
23. A nmet hod according to claim 18, wherein said noble netal substrate

conprises at g ﬁ@%%se&nﬁnnﬂ@ QisIdiationS Apparafifd, T foP NexabPl&’ £ YhckESdS itkayg Of
Pt, Ir, Ag, Au, , Pd, Os and Rh. 24. A et hod
accor di ng t ocoluginnTHds regtification attachnzant fis geaenally expgrated usingnstabilization | east
| second. o e .20, met hod accar di to claiml18 rein
sai d nobi e b aPolYBELEsian. idGiors | ek BOFTSREAe: BretoavBont chanemeRy of "o
| east one nolliarmeicqy selected fromthe group consisting of Pt, Ir, Ag,
Au, Ru, Pd, Os and : 26. A method according to claim
18, whereisn sai d ox¥bemonditions forncarring outiithe peocasspef thespresentt ippentionsul at or
mat eri al . s 27, A net.ho ccording to.claim.18. wherein
sai d oxygen- g?fn?‘ﬁ?%’é‘gn%yeﬁtﬁqs fof@ggépe@f‘ }&%PP’ORH%H%‘ Qﬂ &Fpei%ﬂg‘faé‘toflng of
bari um Stronbttgeitﬁrhiean&b& {H8SBottorh G8dbcNiBa Bllowsanat e (PLT), |ead

na

zirconiumtitanate (PZT), bariumzirconiumtitanate (BZT), strontium
bi smuth tanCatadysts (SBT), strontialinieast omet acidiisolsated fromnshe gFoypheanst h

Fs;;[ gngisgen- cont ai ni ng mat er |22I %@;@lﬁeﬂcfﬁéﬁﬂ@ﬂé%ﬁl?g%? é&?ﬁée'o?
metal oxige insulators, nmetal oxigg ﬁﬁj’gbﬂ&mju@mprﬁd oMMt acids different
from oligomeric (meth)acrylic acid, for example
alkyl- or arylsulfonic acids such as methanesul-
fonic or p-toluenesulfonic acid
Amount of catalyst: 1-20% by weight, preferably 5-15% by weight,
15 based on the amount of bottom product in (a)
or of the oxy ester distillate separated from the

- bottom product in (b)
Amount of oligomeric
(meth)acrylic acid: 5-50% by weight, preferably 10-40% by weight,
20 based on the amount of bottom product in (a)
or of the oxy ester distillate separated from the
bottom product in (b)

Temperature: ' 150-250°C, preferably 180-230°C
Pressure: preferably at atmospheric pressure or under
25 reduced pressure (so that the dissociation pro-

ducts immediately vaporize) (< 1 atm)
Stripping gas,

if used: | amount: 1-100 Vh
Reaction time: 1-10 hours
30 Conversion: = 90%

This is the replacement sheet

Date: 02 APR W



30 oxide conductors, netal oxide superconductors, mnetal-containing
silicates, silicon oxide, high- permttivity materials having epsilon of
greater than 10 and ferroelectrics. 29. A et hod
according to claim 18, wherein said interface-enhancing |layer fornmed is an
oxi de of the noble netal contained in the noble netal substrate.

30. A nethod according to claim 18, whgerein said interface-enhanci ng

| ayer formed has a thickness between about 0.4 nm and about 10 nm

- 31. A structure of an oxygen-containing material/noble netal substrate
| am nate conpri sing: a noble netal substrate having a top
sur f ace, The reactioﬂnlxe cuetied oux €er exapple; byatheopottamfproductf said
nobl e netal substrate, and n oxyg gont aj ni ng nat erj al
deposited ontQ d}s dissaciated rhsing tﬂ@i‘a‘l”‘%%@‘ﬁllétféo‘én &’ﬁ ‘§§iﬁl%flvﬁoﬂ’%ék'ﬁﬁt oxi de
| ayer sandw b t r
according to C al quﬁa@io\?xmgfrxgﬁﬁer'gg? ed t[g)gethﬁ%tvg (%1(? 3’3&5 Pg%krﬁl%mﬁd ®

interface- enhmcdlssgcnhﬁmrrehmr ngHowdvbr c ltiree seadtisnwean alsoube Gatriedn eutd about
10 nm A structure according to claim3,1, wherein

sai d oxygén- 8hwiski Ay israloa pagpidls 1o 35% 2 FETRICRNLAYONS TERGKOD; BRCSHHIE P o
| ected f -
el ectod 1T OWrhdlr o BAnEET3) ¥ ol ! LRERERY |t ipkoBRIGRIARAT)

2| rcontumtitdanate (PZT) arium
zirconium  reactor (which contains the dlSSOClatIOIl catalyst), and the bottom preéducttist anat e

(BZT), strontium bisnuth taptal ate strontiu nmu Jobate(SBI\I)
and bi smut h rqm@@ﬁ patchwise from the dlg Jt@g reacggr 9 ylcqf[}r tfhgc 15§%

TS 5 g e o Sy
31, wher gpn distitlatioiygen- cont ai ni ng materl al
The applicability of the dissociation process described is mnot
restricted to a specific type of esterification process from which the oxy
esters, i.e. the addition compounds I and II, are obtained as by-products.
. In general, the esters are prepared by customary methods (see Ullmann’s
1s  Encyclopedia of Industrial Chemistry, Vol. Al, 5th Ed., VCH, p. 167 f.).
A typical example of the conditions under which the esterification
preceding the dissociation of the oxy esters can take place can be briefly

presented as follows:

Alcohol: (meth)acrylic acid 1:0.7-1.2 (molar)
20 Catalyst: sulfuric acid or sulfonic acids
Amount of catalyst: 0.1-10% by weight (preferably 0.5-5%
by weight) based on starting material
Stabilization: | 200-2,000 ppm of phenothihzine (based
on the weight of the starting
25 ' materials)
Reaction temperature: 80-160°C, preferably 90-130°C
Reaction time: 1-10 hours, preferably 1-6 hours

If desired, an entrainer (e.g. cyclohexane or toluene) may be used
to remove the water of esterification. The esterification can be carried out

‘This is the replacement sheet

Date: @ 2 APR m‘?



I's selected fromthe group consisting of nmetal oxide insulators, netal

oxi de sem conductors netal oxide conductors, netal oxide superconductors,
netal -containing silicates, silicon oxide, high- permttivity materials
havi ng epsilon of greater than 10 and ferroel ectrics. 36.
A structure according to claim31, wherein said noble netal substrate
conprises at | east one noble netal selec?ed fromthe group consisting of
Pt, Ir, Ag, Au, Ru, Pd, Os and Rh. 37. A structure
according to claim 31, wherein said noble nmetal substrate conprises a
noble nmetal alloy consisting of at |east one noble netal selected fromthe
group consi @t iatgosphere pressurepgundap superatrmesphenic presswig. or subatmospheric

38. A et hod for fo&lm' gné Sﬁm' cogdtu tor nenory el ement conprising the
steps of: pressure, clther WW &i?fg %cﬁ‘ﬂ?&r ocessed sem conduct or substrate,
32 _ f Ao agididataiyzed! estérifcation 6fh adrylic " adid Nwith calkBAGS,

mat eri al , exposing a top surface of said first electrode to .

an Qxyge][l- coitieai batiom eprorlust obtainede afigr sepamatimgciofintthe eacjd h eserificationt o f or m
P gh. per et ¢ ERRDSE e WEBGHa sparing. materinls And. e SFRRE bt tosBergiy s

first el ectr gge ffidwing adotposit®hf ace- enhanci ng | ayer sandw ched
t her ei nbet ween, and form ng a second electrode with a second

nobl e netal mat20% iy aveighspofor saacaylia @er pernmittivity dielectric or

ferroelectri Wr' ele. _ . : t hod according to

cl aim 38, Wn§Pé °sdfglem-{gr oces%%@é%l%%ﬁeéugsggrfor%@ﬁgﬁr ate having a

conductive coSt30% Y weigherdfed t heyRixpprgivhes (& fernfudd Tcal conmuni-cation
40.

with said first el ectraode. . L. A et hod according to
cl ai m 38,10whemmaindera mainlyr stabiligense(phenethiaginek and| polymerssai d second nobl e

netal material are Sl gk Qe okt SabkitibsCOPhR! phdbeR F b prebll A

invention may be taken from the examples described below.

Firstly, a result achieved using a process not according to the
present invention will be described by means of a comparative example.
15 COMPARATIVE EXAMPLE
A glass circulation reactor (volume: 1 1) heated by means of a
beating plug was charged with 500 g of an oxy ester distillate obtained
from an esterification residue from n-butyl acrylate production which bas
been freed of the acid esterification catalyst, together with 40 g of p-tolue-
20 nesulfonic acid. The oxy ester distillate comprised

11.0% by weight of butyl acrylate,
64.8% by weight of butoxy ester I ( R = C4Hy)
20.5% by weight of acyloxy ester I ( R = C Hy).

The dissociation temperature was 195°C and the operating pressure

25 was 1 atm. |
During the dissociation, the esterification residue to be dissociated
was continuously fed to the dissociation reactor, regulated by the level in

the reactor. _
The dissociation products were taken off in vapor form and

30 condensed at the top of the column (50 cm X 2.8 cm, empty) superposed
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Ru, Pd, Gs and Rh. 41. A nmet hod according to claim 38,
wherein said first noble netal material and said second nobl e netal
material are formed of a noble netal alloy consisting of at |east one
nobl e nmetal selected fromthe group consisting of Pt, Ir, Ag, Au, Ru, Pd,

Gs and Rh. 33

42 A nethod according to claim38 wherein said first noble netal
material is the sane as the second nobl® netal material . C L
M S 34 43 A

met hod accor di ng to clai m 38 wherein said oxygen-containing energy source

Lo olai m 36, OB dPsaapiord Faue . Qtes, i PRyt o of 19-Sohoued 1A ¥ & @ 10

oxygen- cont ahﬂkﬁﬁﬂe Pkére MhedS @ St e&'wéccaeﬁbhheeaafo?umd:mos@tgl 8 @bscRiation
hi gh-density asma, a mcrowave plasma, a RF plasma and an ion

bonmbar dnent praﬂubeﬂetwcm@gsnd‘ containing ion beans or conbi nations

45" K mot hod hocorRebin B AeAbS Hinand SRR, Che, bme, (op

surface ok sgh@pfitddst el ectrode to an energy source is conducted in a
reaction chanber having an oxygen pressure between about 0.01 m Torr and
about 2,000 7215 rby wexght of butylagerylateA et hod according to cl ai m 38,

wherein said i.Ci ent th of is at least 1 second.
47. A net h&glb%clyré‘f F@t cl ai rﬁ“@ wherein said high -permttivity or
ferroel ectri cqrg epy eight of Per Ovaglgliceaéiipe i nsul ator material.

1.4% by weight of dibutyl ether
10 6.6% by weight of butenes
0.2% by weight of butyl butoxypropionate

Conversion: 96% by weight based on oxy esters.
The dissociation bottoms were still readily handleable (pumpable)
at 25°C and contained no solids.
15 EXAMPLE OF THE PROCESS OF THE PRESENT INVENTION
A glass circulation reactor (volume: 1 1) heated by means of a
heating plug was charged with 500 g of the oxy ester distillate from the
Comparative Example, with addition of 40 g of p-toluenesulfonic .acid and
10 g of a distillation residue obtained in the production of a pure acrylic
20 acid distillate and having the following composition:

5.5% by weight of acrylic acid
54.0% by weight of diacrylic acid
14.5% by weight of dodecylbenzenesulfonic acid
remainder: mainly polymers of acrylic acid and phenothiazine.
25 The dissociation temperature was 195°C and the operating pressure
was 1 atm. '

The oxy ester distillate and the corresponding amount of acrylic
acid distillation residue (20% by weight) were .continuously - fed .o -the
reactor, regulated by the level in the reactor. 10% by welght of the feed

30 flow was continuously removed from the reactor.
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35 48. A method according to claim 38, wherein said
high-permttivity or ferroelectric material is a high dielectric constant
material selected fromthe group consisting of bariumstrontiumtitanate
(BST), lead lanthanumtitanate (PLT), lead zirconiumtitanate (PZT),

barium zirconiumtitanate (BZT), strontium bismuth tantal ate (SBT),
strontium bi smuth niobate (SBN) and bismuth titanate. 49,
A nethod according to claim 38, whereild said high-permttivity or
ferroelectric material is selected fromthe group consisting of netal oxide
insulators, netal- containing silicates, silicon oxide, high-permttivity

mat eri al s havi ng epsil on of grgeate an 10 ferroglectrics.
50. A method accordlfig?t Be‘%(fcgi% é@ﬁ e?ﬂ%gi% ‘?t{n FTRESTHG- 8h 8 ci ng
layer formedsks difilae £ Qéry}i@!a@id; gfsﬁilaﬁ@pké%idﬁ%_t was & & B dissocigtion

51. A met hod according to Claim 38, wherein said interfacing-enhancing

| ayer fornmedeastor and h2LRBQ s dfeproslunt ahixtitre Owéren rcoadehsedho LAcchfilingn to

52. A et hod acc&eri nqg o cl aim .38, vvhergi n at | east one of said first
e85 §

and second APAl¥is matosraphy. (e candeRsple pamensedss nopl e et al
mat erial gel goisogl ty @@ighicof 9 OUlbugANRdr§late’d of Pt, Ir, Ag, Au, Ru, Pd. Cs

and Rh. 36

53. A seni c6rddhchy weightoofy el ertmtanotonpri si ng: a

pr e- processe i,conductor, substrate, . a first el ectrode of
a first nobl iﬁ@ina‘?y SEiEhof on AP agd:rate, a layer of

an interfaci ng-g3phyn Wellght "6t e | aldibityPeltep surface of said first electrode,
a layer of high- ermttivity dielectric or ferroelectric material on top of
said first .1% by weight o butenes
10 Conversion: 96% by weight based on oxy esters.
It can be seen from the above example of the process of the
present invention that this process is able to achieve higher conversions and

results in smaller losses of starting material than in known processes.
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el ectrode with said adhesion-pronoting |ayer sandw ched therei nbet ween, and
a second el ectrode of a second noble netal material on top of said high-
permttivity dielectric or ferroelectric material |ayer.

54. A sem conductor nmenory el enent according to claimb53, wherein said
pre- processed seni conductor substratejhaving a silicon contact plug
forned th 1'“““““1““&1““1“{““ el ectrical &emmunication with said first

el ectrode. il 55. A sem conductor nmenory el enent accordi ng
to clajmb53* vhereif sdid first noble netal material and said second noble
metal material are selected fromthe group consisting of Pt, Ir, Ag, Au,
Ru, Pd, Gs and Rh. 56. A 'sem conductor menory el enent
according to claimb53, wherein said first noble netal -material and said
second noble netal nmaterial are formed of a noble netal alloy consisting
of at |east one noble netal selected fromthe group consisting of Pt, Ir,
Ag, Au, Ru, Pd and Rh. :

37 We ¢lgim: A seni conduct or menory el enent according to claim
53, wherein said first M ; ' | i%Rh hik8ndlCmO

nobl e net al rnatfgri al . A ?fapbﬁén%%%‘fn%)ﬂﬁe%s%%nducfaglr rr\err‘gr?/1 giléerrent
according to clpresenés of vane esterificatiod catalystsinowhishowareacted Istagting icompoundsi de

f id first | | t terial. 9 A, ] duct-
Ty el enont BcBIG AT, eRes formsth Aty femarpigd AR o istHRRBR R0 4™ "
material 1§ a RS 5&‘(?&1& %ﬁm&r@%‘iﬂigoést&@tigré&ﬁined, wherein the bottom Bfb- A

sem conduct or nenory-el enent a g to claim53, wherein said
hi gh- permi tti vidugt isseparated i off andli ejthedli el ectri c constant nmaterial sel ected

| 2t hanum 1t Ak e pbadoin) SEndodl 14 Gt Pkl oV oheomery GpfRFryi
to ol al m 53, wher olohd A e e e B e clnoas
bet ween about 0.4 atnmannelevdted ttemperatare in the presence of acid catalysts different
10 from oligomeric (meth)acrylic “acid or
(b) the oxy esters are first separated by distillation from the bottom pro-
duct, the distillate is admixed with oligomeric (meth)acrylic acid and is
dissociated at an elevated teﬂlpératme in the presence of acid catalysts

different from oligomeric (meth)acrylic acid.
15 2. A process as claimed in claim 1, wherein the amount of oligome-
ric (meth)acrylic acid added is from 5 to 50% by weight, preferably from
10 to 40% by weight, based on {ie amount of bottom product in (a) or
distillate in (b).

3. A process as -claimed' in claim 1 or 2, wherein the process of
20 dissociation is carried out in the presence of molecular oxygen. |

4, A process as claimed in any of claims 1 to 3, wherein the process

of dissociation is carried out at from 150 to 250°C, preferably from 180 to

230°C. '

5. A process as claimed in any of claims 1 to 4, wherein the acid

25 catalyst added is an acid selected from the group consisting of mineral acids
such as sulfuric acid or phosphoric acid, and organic acids different from
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62. A sem conductor nenory el enent according to claim53, wherein said
first electrode is bottom el ectrode for the capacitor and said second

eI ect rode ”“l“”"li HHlIHleect rode for the capacitor.
optical storage medi um conpri sing:

a pI atinum substrate and” a platinumoxide layer fornmed in a
top surface of said platinumsubstrate. == 13 64. An opti cal

st orage nmedi um according to cl ai m{63, vvherei n said platinum oxide layer is
patterned by exposing a top surface of said substrate to a directed energy

sour ce. 65. A nmethod for depositing a material on a
nobl e netal substrate conprising the steps of: providing a
nobl e net al . . exposi n t op ce of, the noble
Toral Subet r SYEDHER, methiperytic acid, for sRABie, AfksFc PERET PTG B, 60 "ot 1
an adhesi on- gy gietianBailfoRNE acidS of Y-tHRfbnediMdnic acid depositing a

material on top of said noble nmetal substrate with the adhesion- pronoti ng
| ayer sandwi@hed, tAeP@KcAsse@seclaimed in claim 5, whereingehe addedramtondt afcor di ng

. to cl ai m 65, ur, S an ai asma
sel ect ed fro%ﬁea%ﬁﬁ%h%& Pf%‘ﬁ{rg fzcbg Wgﬂe@gﬁg&F?ﬂﬁ sfg?fn g\ B Bwave
pl asma, 5a Ripyplvasight, baSed Gh RRETAMGUIEUf Botfdy GROdkot B YHC0r ChstiBd iR | ON
beans and corrbl nations thereof, wth or w thout separat edI y controllable
substrate bi@3. 39
67. A net d acc cl ai.m 65, wherein sai terial osited is a
spin- on- gI dss ma?gdﬂreges aspﬁgﬁlwgs‘i“s?ny of ' clairis q 6, erefn” B s
sociation is carried out under reduced pressure (< 1 atm).

8. A process as claimed in any of claims 1 to 7, wherein a stripping
10 gas is passed through the bottom product in (a) or distillate in (b) in order

to remove the dissociation products.

9. A process as claimed in clalm 8, wherein the stnppmg gas used

is an oxygen-comamng gas.

10. A procsss as claimed in any of the preceding claims, wherein the
15 dissociation prodmcts obtained are returned directly to the esterification.
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68." A net hod according to clairm65; wherein said material deposited is
.selected fromthe group consistimng of conductive nitrides of TiN, TaN and
TaSi N, dielectric oxides of silicon, oxide, dielectric nitrides of silicon
nitride, silicon oxynitride, and carbon-containing dielectrics.

69. A structure of a material/noble nggal substrate | am nate conprising:
a nobl e netal substrate having a top surface, a noble neta
oxide layer formed in a top surface of the noble netal substrate, and

a material deposited on top of the noble netal substrate with the noble
nmetal oxide |ayer sandw ched therei nbetween. 70. A
structure according to claim69, wherein said noble netal oxide |ayer is
an adhesi on-pronoting | ayer having a thickness. between about 0.4 nm and
about 10 nm 71. A structure actording to claim 69,
wherein said material in the material/noble netal substrate |lamnate is a

spi n-on-gl ass rial ic with an alkanol :
40 'nﬁéisﬁtfica5&0£ of fmeth)acizalc 1 b —wherei n sai d -

mat eri al deposited on top of said noble metal substrate is selected from
t he group consisting of conductive nitypsgigeeof Ti N,  TaN and TaSi N
dielectric oxides of silicon oxide, dielectric nitrides of silicon nitride
and silicon oxynitride and carbon-containing dielectrics.

In a process for esterifying' (meth)acrylic acid with an alkanol in
the presence of an esterification catalyst in which unreacted starting com-
10 pounds and the (meth)acrylic ester formed are separated off by distillation
and a bottom product containing oxj esters is obtained, the bottom product
is separated off and either the bottom product is directly admixed with
oligomerié (meth)acrylic acid and the oXy esters present in the bottom
~ product are dissociated at an elevated temperature in the presence of acid
15 caﬁhm& different from oligomeric (meth)acrylic acid, or the oxy esters are
first separated by distillation from the bottom product, the distillate is
admixed with oligomeric (meth)acrylic acid and is dissociated at an elevated
'temperature in the presence of acid catalysts different from oligomeric
(me_th)acrylic acid. | .

No figure suggested.
¥ — .
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