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upon the etch selectivity requirenments for the devices to be
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or as a passivating layer to enclose active circuifry. Therefore, the protective coating



The present invention is broadly concerned with a conposition useful
as a protective layer. The conposition conprises a first polyner and
a conpati bwe 2w0ovpsasnd di ssol ved or dispersed in a sol verttr/ssgemsem773The
preferred first polyner is a styrene-acrylonitrile copolyner. Wile
the conpati ble conpound is preferably selected 10 fromthe group
consi sting of: nmonongrs, .oligomers, and polyners conprising epox
groups; pofsiFis Asserbre hese & sqmmenly RBPYed offte) ShiNx £ SES: gans ﬁ?@
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acrylonitrile mononers have the formula 1 0 (H In each of the

abde f or iNwes z(tﬁ)o grig 10| minutes at 50°C. Black v»ax (Apiczoad BV ovpilakje from

divid
Cloch ( and S ERIESRREohSAT P PAPIRRF bl g8l oTY RGN
sel ect ed fnradiff4 lb}evgglul]@Hemh pstess§7OTC) hnbeoge rich@t; B8 whawds prmefed abl y

Cl-C4) alk (and preferably C -C4) al koxys,
The first %’Eﬁ?ﬁ@ %é(eé‘?abl y conprises from about 50%to about 90% by

wei ght 300f noDgERE folymerirarceidg ehrdiahby fdrrpokabeldoatidfio tThealtduid 80%
by WEI ght MOEfMSn?nrgi?lstnes have been using polymeric coating materials as photoresists, anti-
reflective coatings, and planarization layers for many years. These materials are
conveniently applied as thin films by the spin-on method and then baked or UV-cured
to achieve the final coating form, One important requirement for the polymer is that it
be highly soluble at room temperature in an environmentally friendly solvent. Because
25 of the lack of a proper solvent, semicrystalline polyolefins such as polypropylene and
polyethylene, as well as semicrystalline fluoropolymers such as Teflon®, which are
known to have excellent corrosion resistance to strong acids and strong bases, cannot be
formulated into spin-coated compositions for protective coating applications. At the
same lime, many common thermoplastic polymers such as polystyrene, poly(cyclic

30 olefins), polymethyl methacrylate, polydimethylsiloxanes, polyimides, polysulfones, and

various photoresist polymers (e.g., polyhydroxystyrene and novoelac resins) fail to



(I'), and even nore preferably fromabout 70%to about 75% by wei ght
of nmonomer (I). The first polymer preferably conprises from about
10% t o abowD 26@%s8p6 wei ght of nononer (11), nore pref ermidriys26us0m773
about 20%to about 40% by wei ght of nononmer (I1), and even nore
preferably from about 25%to about 30% by wei ght of nononer (11).
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preferred &hﬁabﬂlﬂaofthé &Eha%&' %gmradh@m 18 tmeembﬁat@\f&{daﬁ@ t8TH8E tdatihg
wei ght of " from about 10, | tons to about 80,000 Daltons,

pr ef er abl getfeiemr taskof S@@blbﬂon pelvensrasceniechiB dhe MBKRATIODES NdwEry- and
even nore preferably from about 30,000 Daltons to about 50, 000

Dal t ons. 10Mononers other than nononers (1) and (I1) can al so be
present in the first pontSWl\rﬁAﬂ“ﬂ@EiTrfEiH\lWé"ﬁIQN her m)norrers are

present, the c i ned_ we oners (1) poI

P oret er abty B¢ ey tisifin SbROTerGrted Wi o bty S2u S $rom
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first polyrrer taken_as 100% by wei g npl es of suitable other

mononer s dissplysdc Py disperied dn rﬁawlﬁamf m&e@i othle GFSIPS fiFshtPobERETy Badt
Wi th grou reh@-a& ﬁnﬂﬁ]e@gé_oﬂqﬁé/re Wﬁlf&rth%m;ﬁﬁblegorﬁm%ref@&ﬁﬂ*s@lgcted
bet ween t he ayers hese nmononers rmy have, by way of "exanpl e,
hal dal kyl fr(na tg¢ grobp neydistiop lobr ingaomers,cilicomerst wllpovmmeqmrw@)epowt er
(et hacryl ] L§s. n

anhydri de* ﬁaﬁ tlfo?yv’ﬁg%eﬁé 8 allﬂaé\xl\lg ﬁ rag(fz‘lac readﬁlfml) 8 c%Rrggt%‘l’%mgIIS
groups suaibsﬁﬁnd]yrdfreeqdf pk@mamd gamerames raadlydthé‘Omemsp&phMatofcmmaheg

present in the. pr.iner The S r should be .

Phot uded PovREEED of cigitibioe: a9ty b RoBlsROr oA BGR S BYBRBHS ¢ om
about 80%t&csRautd IBRaIFoMBI AL strafitrep RfiRIRIhMe EdrRFBsaidasin HBEMhE O
about 95% by wei ght, based upon the total weight of solids in the

fasts pr ot Sevile andjsdened fvpsitier Snalibakerfors, 250t wsynsiaedsif using these
conpatlbIQHREHBQU@gng5§§&ﬂ%nb&cggﬁc&pnpos|t|on along with the first
pol ymer can nononeric, oligoneric, or polymeric, so long as it is
conpatible with the first polyner to inprove adhesion of the first
protective | ayer and t ¢$ﬁgﬁp RAL e first
protective |ayer conp05| i on. éﬁconﬁgg iS o#?gonerlc (i.e., 2
to 10 repeat URigiugs)l i phoadgyphsh®wiag a dliconmbkide tvhiancohd méthelatinvomitivs ) |
it is preferred that it nol ecul ar wei ght of |ess than about
3, 6do Dal?@ﬁ?“@ﬁ%@%&@Fﬁ%@b%%ﬁi ¢ han about 2, 000 Dal tons.
Preferred such conpounds include those selected fromthe group

consi sting of nononers, ol |$ ners, and pol yners CO@I’I Si n}ggepoxy

groups, pol y( PEFARER BESCRIATIONGR JIHE RRED &

Th ti bl

Moyer composi ¢ P PRt iy 2 %*%%%qéﬁgff%%%}ﬁ BF plchd fhe BERLEPRIAC,
and pref epdmw dortimg syEteaisaﬂnchaﬁ/@tbd dabioei fealliséboipym Wnoghm an@a&leﬁfoulps)n

th .total t of $0 int r.otective r co 03| ion
taldn as s Giptethinebrbticet i R EtektFul R0 S APRE b e
utilized, batsbﬂ F@ﬂﬁlﬂﬁ]bfﬂ %e@@ammgdymrﬁi edrabd yasilp i@ndvea it teodidadfotie 15%
to about 30% by wei ght epoxy groups, and nore preferably from about
20% t o abBfes35% by wei ght of epoxy groups. In one preferred 10
enbodi ment, the conpound is a polyner that conprises recurring

nononer s haV| ng one or nore epoxy groups per nononer, and preferably,
at | east two epoxy groups p@RW{ﬁR&%’@iC IVELAYERef er r ed pol ymers for

use;as t he co tfc}m %ECEQJIR 24 er 1£' %dfﬂr({ 2l gc{n? o@%toh c%méﬁ}ﬁg );ir
corposition inc € t’hose se cte rom up consi Sting of epoxy
phenol 1fcinawmcdnde doafphatisle cempound[didpefied 413d1 ssomw 11€heasiwﬁa Isysternep iy

bi sphenol A/F resins (e.g., D.E.R 353, Dow Chem cal), epoxy cresol
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5 about 10). Finally, the first protective layer is preferably

non- photosensitive (i.e., a pattern cannot be defined in the |ayer

when it | swexpeasstsso about 1 J/cnR). Thus, the conposiRATOUS20860 77D
fornrthe | ayer will be substantially free of photoacid generators
(PAGs). "Substantially free means that the conpositions include |ess
t han about, 0. 1% by merg preferably | ess than _about 0.05% and

pr ef er abl ?r%amnee% PRIy A eoP geoconmsegdrfsur% FOeRs MREPYHE BE t he
conposrtrg&vkﬁﬁﬁgrﬁﬁmﬁgggbby weight. It's also substantially free of
ot her agents capable of Initiating polynerization or crossl i nki ng,

ei t her ther mal Pifared slyzenkinytmomessgigsuthe forM2 PRI MER LAYER 15There is
preferably also a prinmer layer utilized in the protective systens of
the invention. This |ayer shoul d be |ncluded bet ween the substrate
and s he first protective |ayer % erred Brine | ayers are forned
fromprinmer |ayer conposrtrons[rnc ludi ng alsilane dispersed or

di ssolved in a sol vent systen1|f¢ohat|c organo sjiranes and am no
silanes are particularly preferred anesj f or se in the prinmer

| ayers of the invention. 20The nosk B‘ red sif¥anes have the
formula By A%, Si' (each of i, j, and k di vidual |y sel ected from

the group consisting of 0 and 1, and if i and j is 1, then the
other of i and j is 0; each R3 is |nqL.'. alkFy.sel ected fromthe
group consisting of hydrogen, the 5Rhal ogEns, -C8 (preferably C
1-C4) alkyls, C-CB (preferably Cl1-C) al kokys, Cl-C8 (preferably
Cl - CO hal oal kyl s, aminos, and C 1-C8 (pref®&rably Cl1-C4) al kyl am nbs;
each R4 is individually selected fromthe group consisting of Cl-C8
(preferably CI-CO aliphatic groups; 10each X is individually selected

fromthe group consisting of halogens, hydroxyls, Cl-C4 al koxys and
Cr G4 carboxyls ect.ed fromt.he onsi sting of oxygen and
sulfur; Zis S@icg&eg&crfvlo lfﬁléoné)rrgffphac?%%é&uﬁlﬁ@ of nitrogen and
phqsphorus; and each d is individually selected fromthe group
consisting of 0 and 1. 15 Particularly preferred silanes include
phenyl si | anes such as phenyltrineth ﬁ*SiF@ e, phenyltrichlorosilane,
phenyl tri et hoxysil ane, phenyl ni acetpx sila e, and di phenyl si |l anes
such as di phenyl di met hoxysi | ane, diphenyl'dijchl orosil ane, and

di phenyl si | anedi ol .(Itfhe nost preferye nes include 2-

phenyl et hyl tri al koxysi | ane, p/ m chl gphén | trimethoxysilane, p/m

20

brqmpphenyltrinethoxysiIane,(p/nrchloronuthyl)phenyltrrnethoxysrlane
2- (p/ mret hoxy) phenyl ethyl trimeth o x si lan e,

2- (p/ -chl oronet hyl ) phenyl et hyl t ri met hoxysi | ane,

3, 4-di chl orophenyl trichl orosil ane, 3-phenoxypropyltrichlorosilane,

3- (N- phenyl am no) propyl tri met hoxysi | ane, and

2- (di phenyl pholsghacnel)tbe bydve foretutesXPsind @e. 25An effective prinmer

| ayer comnposition ac dln is a mxture of

i phenyl df al koxysi IHBR, B gyt Bl st tegeh dadiigny Rydrogen
phenyl tri al koxysi |l ane, @ﬁd@-c @ﬁg@y&@ﬁmﬁmmh@nyykaﬂﬁ) or, even nore
preferably, a mxture of di hen | si | anedi ol and

phenyl tri nmet hoxysi |eafeR] i i gléwébr s§lecisel frpnyibe e&wﬁgn%ﬁtegaﬁbrdregenr

- propoxy- 2-propanol wth-f , _
particularly effective grdﬁgmdl%g(g%b]g%?ﬁ%%érl on ‘fos\r,t@%aﬁp&ef‘ﬁ%\b]yC
protective | ayers conprmsjﬂgaampoly(styrene co-acrylonitrile) polyner

i | cohol | t f about - 1. 0%
(proferably  fToirRo0msS PR oG os BPBAboH o RHaRg et PR B G ang
from aboust Rorbrder 0Yorh e ere@éram Yeoht DONEHIGHo BodtB0% B ciMt IR @BnePf

phenyl tri met hoxysi ‘ane. ~ Upon eatrn% drphenylsrlanedrol and
phenyl si | @herd ¢vsh nfarpprefiyeiip fromiaboyr/gthte ebatt 7pdmyaight pbrkoxywiDane)
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Silanes having this structure are not only conpatible with
styrene-contai ni ng copol yners, but they are also reactive with ester,
benzyl chlwoi2d@/03s806/ or epoxy groups that may be presemClius20is®7im73 st
protective |ayer, and they are excell ent adhesion pronoters. One
particularly preferred silane within the scope of this formula is

H2) HN ) 3S 5 This si

3- 1N phenwgg P rrewretfrlrlﬁwﬁemqﬂ ab%ao%tto-aé’owo?%kmﬂlalv of
avai | abl eﬁoﬁ&ﬁkﬂ{ﬁ?%ﬁﬁé ﬁ’éfe%bl}ﬁﬁ’&ﬁbl?ou@m @Jb@%o%}ﬂr%@{tbprﬁeno\ﬁ% ),
anot her preferred silane is "3-arninopropyltriet hoxysr ane.

The sil anenckmulmbrberqulblmd@m about BE% e abaxt 3D Gyler weightpefsheroorer 48). a

| evel of from t 0.01% & rom
about O. OE%Q’t %fStg ut P %Wa%ésobﬁgglé’m g b%{éib %Wﬁh?}ggr’%l ‘g‘!r:‘glrf* erﬂﬁ% %/Ln%{r om
about O. Oﬁwmerrakmwsmo%%vbymgbm ght, based upon the total weight of
the prinmer |ayer copposition taken as 100% h ht . The

sol vent syst emtit PRicHEd thahthe HEst ppivinst h?"é}ﬁe‘?’mé&f g?‘?t‘F]B]ﬁC‘g?’Fo‘?fﬁ‘%htl?gve a

boi I'i ng paipt a%utf r@rm@tmron;% 2RAfE. 3@06h nmroﬁr apéerermpnﬁ&{aoeﬁout
140- 180C. The solvent 5 system should be utilized at a |level of from

about 80- %OW/Mowercghbouta%OQ& Brlersblapd favemragse LpreiBEbbofiomy abwit ght |,
based up t taI 18 prr mer | ayer conposition taken as
100% by V\g?g(ﬂf]) oeér{sér%elg&i‘o v%ar% systems i ncl ude a sol vent sel ected

framthe gr oupmﬂmerstdtrreg tigein meﬁdiﬁaml(l) aall [{HN 6dn, alks 6 pepai ol the itanol |
1- met hoxy-2- proganol et hyl ene gl nonomnet hty et her, and

1- pr opoxyp@rra%pr deiret oty én other o agerst BNt (the eorabipsk Fsighe ¢f
enbodi men ia8d (MEihUeHoly Red R FOLME A 1eaHSHEM AL, By Vel aﬁﬁ
from abou%n Swg&ﬁé aby'(g)cer gh tﬂogng 1p?e fera g l'y from abouotgy 5I 10% b

wei ght , bammopr@rﬁgmblytﬁn@ntabmtaﬂﬂ%etpghout(?ﬂ%b}e“’gghtn’eased awﬂlet@rﬁi@@rghton

| .1 Bt cospSpasfer 37 P4 BE el B S SRABOST R0 S8 SR<S8F 2

catial yst . inSluidé &bbﬁxa@a{ca’twcs;bﬁal |cnmh3uﬂﬂt @A YedcTwitlgarous intheqirigen g eafor d
(e.g., hydrochloric Ifurr aci d, sphoric acid, acetic
aci d) or HHHSVHES %‘Hicéci%?Pdlc‘iﬁg%fﬁF%“ eele&r%% UM HPEYORY 8y
TVAH, anuﬂp@kﬁnplémhﬁ'l%ﬁ(yl (e.g., behfylacé@feerigflo@phadinBitsyldid)e ester
protective system of the invention further includes a secon

prot ect | véneteasetlateh acopatess malpates, ﬁletarqﬁsmseexamtes)r asférrhyrl@dfpﬁeﬁlférel
further p

hydr of | uoé %Egacr %ﬂ rea%? gﬁg’aor Uﬁa%%g%éﬁsggg%? %qgcoﬁgggmﬁg
m Xaour es gfoupdlﬁatfctaﬂ &g picvgnt mTtlhegnaﬁbIaglmrent is usef uI in situations

where a acid e g s ut d, re second rotective.la ers
Are formed 1 omeuRamiTEs sbatf P hEELR (e fisbEPertaaes fprrasieg
linear, s}ightdrtrdd aReheoH 19 hbdy 98%GbyNali 8 SHAtRdeRBk YRR b ssh\ed or
di spersed in a solvent system Furthérnore, these 95 hal ogenated

pol yners glmu?ﬂ/o@mmghgé)asﬁdgmon hedpigl weighidfsglids inthsrfstmetestivgdayeabout
50% by we Ew referabl y at | east about 60% by
wei ght ha‘%xglgéeSH%b?&%?ag rﬁ)st preferred hal ogenat ed pol yners are
chl2sr i nat ed poTlgmeompamd)mhccaSpduhdJQJeesenxnmr ihei cognposition ralong witn chee fisst
having the .forrnu cific exanples of prefer.red ted
ol yrar s PRt OR GRBoRETIE LU P PHETEHb 0p BB ot FHgPpe s ©

pol y(vi ny{heqmtqforﬁ&} to RRHVE Adtchig R de A pre@etiveq dgeé ¥hdie dvdenghase

e

15di chl ori de)-co-pol y(vinyl chloride), chlorinate t hyl ene,
chl or i nat &aajpHepipt st pypigetive layer composition. If the compound is ohgomenc (i.e.,

2 to 10 repeat units) or polymeric (i.e., more than 10 repeat units), it is preferred that it
30 have a molecular weight of less than about 3,000 Daltons, and preferably less than about

2,000 Daltons. Preferred such compounds include those selected from the group
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m xtures thereof Hal ogenated chlorinated rubber is also very
effective. The hal ogenat ed pol yner shoul d be included in the
second prowechiNmesdeayer conposition at a | evel of fromrliois2eB4030% by
wei ght, and preferably from about 10- 20% by wei ght, based upon the
total weight of the second protective |ayer conposition 20 taken as
100% by wei ght.. The sol vent \fa%/stem utili zg_d in the.second protective
| ayer confBSIStS Ot RATPERa S8t | $9g PRBTISTS SPUPRIRS SBSH FOBPS20C,
and pr ef eﬁﬁ?ds@r&d’e%e@l?@k!&o%@aﬂ&gﬁturgmel%giVenf[ system shoul d be
utilized at a’l evel of from'about 70-92% by wei ght, and preferably
from about 80- SBs @y pRmpEEd cdovlg obe tﬂﬁﬁvd%marthw@rsg rolestive Hayer

second pr RV it %y J,.CH
ExanpLeS ol FUEH GHRPRL 2 6 BUER 2B% VB actTh kG RO | |
accdr dancabost 58 toheboutiniiesh by eveighk,tbass] tmonhibe tnders glaad soldvievee firdt hat

t hese exanples are provided by wa il lustration and nothing
therein s%ﬁﬁcﬂv y‘F&R’é‘HO%TéODJa%nrﬁsﬁg&%’djﬁ "tﬁﬂéﬁ the overall scope of
30t he inventi of. emMYARkefeAFRER PRICEDRESare uﬁlizefrth@boﬁliﬁiti@m&ﬂﬂ&ﬂn& he

primer layer, it is preferable to prepare the substrate by exposing
it to bripefetdhtyeamaprsas Tas-aboitd a&on aByut 8R%pdwrvaieiy spaxyar eps rigd gore | ean
and/ or chenm.cal I / i ndk ng
by the pr PPt oSl b 1BoRt 35 bENERHEARS R BHHrpRRe

ar gan canembsiimbe, thecwhpoundls afpolymenphamsnmpgséxoedirmig: mGuatergnemegsse s
are especially effective for i rovi(P% %h&]bon ing of the Jprot ective
coating sYSPEH TRYXEFIPEREhMORPIRe, and preferglyr ol Ieastveq, FRYY FYPSIRSF use
in this pgeg&ss. i nclude those selected fromthe group consisting of

Si substrates, Si02 substrates, Si3N4 substrates, 5i02 on silicon
substrates, 10re&ied polymers fof nsecasribs edmpatifleccompghedin the Best prptessive
quartz su r . .Cer am 1 duct.or and
Total - subdirap g ositER TRRE BUILIBLE ot HE SR AL R0 SpT bRl 10
prilfer | ay@wldcgesm @-@pPlE.Bd4Hntpw Geersichiyt apake bapheabbAll £61@s %¢.600

rpm and prefe from ahout 1, 000-2 000 r. f t..30-90
Cbconds. DERSBrht CHRE A s Ete etk v 21 BER IR0 CiRERe. 00
seconds t g ox}bisplMdEAsRirk (e CERDIN 835, IShEICREhies lepskyi bidpheid] 8QdtblALIOUS
filmthat is bonded to surface, hydroxyl groups present on many

mi cr oel ecteFigh(FQpErs. el Chamisaban€ dhaRFS? BiFetfer red baki ng
tenperature | %Enﬁ@@&ﬁpz@ﬁ%%n%@%is@ AR SRt S SbAPdfuds! B HRAN
200C to about 225C, for about 60 to about 90 seconds. It is preferred
t haéd0 t he pthéntban thaseeqonivinieg enexaeraung ean dsclhewessnt dglepteads progided fhahn

el I'i psomeger_ qyer ff o]e]] . S / 7..and
nore pr ef%élrgae[ﬂ f/i}?fc}%%ﬁé%oﬁéﬁg%eg érgnlog% sa")(e %hlé‘%gr Fﬁgﬂgllgsggfggl&%%eggﬁege

| ayer, thmopahsteiiclude dnpatistisesdeabopowith respend toathy fiot beymemgr edi ent s
are dissolved jn a suitable sol v.em &.at a _ccgnciznt ration,.of fr@? about
5-25% by wei ght ISR CEV RS 1B Hed THPE e E f 5 RS AR P WS BYS, 000
rpm and pp&figs phihdoffffomRROLI0 T 10 Q62 200, refe@dbliaderd ibd@-196°C

seconds It is soft-baked at a tenperature_of 5 from about 80-130C

f or25about toggoutdB0sec dhrisolvegt aisirm heulddbsrtipigedang lovalef frogm ahoyt EXedd to
a final b o, 3o LENRRY, : f o, SR wabgu -90
seconds t%d%ggggs{of% f/t\ﬁ%ﬂf%&g{ragﬁ@g eff:c{al%e ?g?/égtég%ﬁg%gbﬁﬁ i‘%a??’r%ﬁs?/@to

t he pri newpdndiyeiotal Fhighpofdhefinsaetoeciwdsysr éanpdstlon tajen as 100% by weight.
styrene-agrylonitrile coat.i i s, to bake.them at a tenperat.ur f
2bout | 1soeersrdansnt Srittadihasdie ¢Rek bR Rt BT Fe e EatL.
200C for Rbaul k30HE) d5etoBasslyddlirdimehilictrt, cthak8-cthoxigrepieming diopplehs
where the conpatible conpound includes epaoxy groups, .the epox

gr A¥ps  wi EFeql @EPmg et ?ﬁé‘c%{#FfFéthhaﬁE?b% Cﬂﬁ&e%@oﬁﬁi ImIW%lSFélﬂPeF‘E?%f orma
bond such as: CHFirst protective layer H2QA NH 1, Priner |ayer Si




The pol yner solids | evel and spinning conditions are adjusted
typically to achieve a coating thickness after final bake of from
about 1- 10wprposaaskspref erably from about 2-8 15 pm degancegowpen

t he degree of coverage required over device topography on the
substrate. The second protective layer (if utilized) is applied
froma solvent _solution in a nanner sinmlar to that described above
with respect t®&hilsgherirptroteqiye lagenopmppaijen canbp a cros-linkable compepitien,
apply the; cLd Ll 20
ot 1 ment A Parierhl PhGELL Kl B EopiHLG, P Sf B il théfl

pr ef er r edalstvbt nankakame sridblpfiet, éct substahizylyr Ickathen G hYody evcighe- inbilukness

(as neasured by an el |l.i psonet er.;over 5 different point of from
Chout 2 piargtedl strhbt RS EH Rt fkerd: Brl 3T S P Bl HeatL PR
about d5 paEbouk 0 F i:nalbﬁ tpffse pioddcaide tdyat is%ﬁefﬁﬂaB?a%dnqjﬁotobélﬁkﬁﬁﬁfﬁe., ﬁhe
secon rotective layer. 1s,actin as a cnem¢c arri e at her an
purely gsp%tteahwpefahey%@ﬁ it eiﬂs’gr ot 1 BRI el bdury h Rethe
protecti vsorﬁ%(o%im kd H‘f%nhriﬂceﬁ?érq{lill%rhuﬂﬁﬁlﬁdaﬁy %Qbﬁg&cﬁ&%@%}nﬁm&@l

processing steps, including wet etching processes. t etc

i nvol ves gt Yubgtantalydree lmeansdhaitherroppostiensanalude]less ghamabout 0.1%
applicati . i hest b, .eNS; -__one
wth o bad] SeigbLRcTrtElel fud Bl B0 HER BOE MO, SUBR bise8
applQ cat i opm thd ol stighiotitreeompudidoronken ab 006 hy eveighid It dldo sobeamialipasi ¢

or acidic_.30ctchants, Contact .typically .involves full i rsion.or

i pping. ofiSt Hetes FrbissrRRtiaR i HREgR bt g ot Soptiking TRerdR BN
acconpl i sheda bynteRpéyidng, puddling, or spin-applying. Typi ca
al kal i ne or basic etchants include those selected fromthe group
consi sting of KOH TMAH, and NaOH These etchants are typically
provided in 10- 45% sol uti ons anshipier Wycal |y about 30%
Structure contact with basic etchants can be carried out for tine
perliSods of fr ohheapisyreiBrahiyrmlpoaspringer ddyon utilbzd hp theprotetire mystems & the

typically.f ahout 0 { ) rat ur.es of
from abou%nt’érg@nt gﬂ gt%%"%f ?llog%déb © ‘gﬁlgg‘%oﬁeé‘g?%ﬁ@bs‘g&? %@nﬁlgﬁgﬁp%g%&g%o
about 90Qayer. Preferfatpprivatr lagrdire fehet drhs piimed lagke cohpsttiome irebidye 4 r om
the group .consisting of HF (typically 499, concentrated H3PO4,. and
T HOPOI LR SR et e TRt et Sl B Geele TR Bastes
tinme peri g@gesOdre bh@iduial Btefckredisiliied fbOusd iR tHe FRndNaetsest th i efng
10typically fromabout 3 mnutes to about 7 m nutes at anbient

t er%er at ufkssmost preferrqdsilanes ey e fgmuldhat t he protective layer(s) or
coating(s) be renoved after the wet etching processes have been
completed. A particularly preferrgd tgechnique is stripping the
coating(s) with solvents conunonlj\ €ed in mcroel ectronic processi ng
such as acetone, propylene glycol t hyl ether acetate, ethyl

| actate, or a commercially availablée 15 fluoride-containing
cleaner. In this technique, the coated substrate is sprayed with, or
imersed in, the solvent {§fit¥¥| the coating Rayer®has fully dissol ved.
Thedsubstrate is then rinsed with fresh sol Veat{ unti| clean. The
protective coating systempﬁs%@% - @ < enoved by

di ssol ving the thernoplastic | A heifidrs pating layer) in a

sol vent such as acetone. The second cdating Aayer, if present, is

ei ther dissolved at the sane tine 20or is I¥fted®as the first |ayer
di ssol ves. Practicing the present invention will result in a
protective | ayer systemwhich suffe®s liftle or no lifting during
acidic or basic etching processes. Th is, the layer systens wll
exi#bit |ess than about 2 pm : less than about 1 nim and
ng when subjected to: (1)




Primer IV was prepared by dissolving 1.0 g of diphenylsilanedi ol and
1.0 g of 20phenyltrinmethoxysilane in 88 g of PGVE and 10 g of water.
The pri merwaasosisstcs arly aged and then filtered using @/ R20845+7gm
pol ypropyl ene filter. EXAMPLE 2 Preparation of Prinmer V (Conparative
Primer) In a manner simlar to Exanple 1, Prinmer V was prepared
by adding 1.0 a of 3- am nopropyltriethoxysilane (obtained from
Gelest, Inc, Morrisville, PA) into 95 g of PGWE and 5 a of water. The
primer was age t, 4 Rl
partially hydrgﬂcégghﬁaﬁg%?g%ngg\n%%gyEée&&pfrr{;}ﬁnté]?é%%ﬁ%dﬁgﬁ@?| I te?ngd1
using a 0.2/0. 45- gmrxpofgrwrafpyhéne 1f thex deeoti@of EMAVBLE 3 Preparation
e Ve i s vt SR AR LS cofAR FHBALON e

silane was prefsPd By"

N-(3rtrimet hoxyS| | yma)og@hprxyL@g@wf@mﬁgi(aqrmeamltshcmg (pRfeay cliephyl
5fumarate, followed by stirrin oomtenperature for 48 hours. The

M Xi ng process was ﬁ,eﬁ%nccs ?Pif?fﬁid@é[t Corgax thalophiatsdizaveosy @l i ofvs of

the two conponents. , b s prepared by dissolving 1 g of
t he above nodified (grﬁf%rﬁ%hl ﬁtd %ng }g{? 'PGMVE and 10 g of water. The

m xture was agedhRJis mdn*tdnamjasdh@mds?rcam theoonpt e@npistingt of I -G rprefdrehiy
filtered using a 0.21 0 ropylene filter. 10 EXAVPLE 4
TESNETR I ﬁﬁ%gin |

Preparatl on of Pri i s an adhesi on pronoter basedon

3 -1\ phenyl )ea@m1@111@1M@Dysélec§eﬁlﬁoﬁﬁ&19gﬁéﬁﬁcdﬂs@ﬂ ofAloGéhs! 15 dYEyYs,
effective for 15 polqu1 %/rene co-aciylonitrile po yrrers especially

for coatings contai@ @xe end/e-Gr P YBuch epoxy, ester, or

chl or orret hyl g?%‘Ze}’ ¢ eﬁ*ﬂo‘?ﬁ {hgg% ugchHs‘?s'imo o%F%SF‘rgenth 3?3@? prepared by

di ssol ving O. e aro am no-si I'n d of PGQVE and 10
g of water. Thmsme}etmde?romsheagmﬂ comiingafinepgasi amidlpaospharusiradpr evi ous

exanpl es and fi red.us %}ﬁ% ump ropylene filter.
EXAMPLES Pr epa‘fagt{1 ﬁé‘ﬁm@fw%ﬁg}( Pt ’6@1 tq“B’r?smﬂg/lg{H’@(% @I]n a Copol yrrer
of 1Styrene andpAgEykaRi t plef@rddommBamisal inclamai babhsilanes such £
styrene-acrylonitrile resins were used directly for coating

f or nul at i DhenylcompBuiistana walerotiahlared! e, d|I§’se@WWWg§hq>ZYSg19@f3
pol y(styr @ﬂeﬁx Etroiq hd T izh&) d%ﬁgﬂr\}?sglh & Jip Qsoo?lpﬁgwﬁﬁ ?:tho ’SIIarfe

acrylonit aval e from in 44
ket one ( I\Aiupd(@nykimdllmwgmgfand |d(}émw:’p1hnehg}l yibe In)osdpner&rrhglr SII@bhmclude 2-

Conpositio S d by d SAN3Q | D 41,9 of
M AK and qulalwﬁly& y en%n%fl yBorP) mﬁ'n ethoxéoﬁ Toa {rﬁg
composi t i B;@ﬁuoy&ﬁdfr@'ltfnﬂeﬂ&jxedlahw(ﬁm c'iﬂhiﬁtnﬁ@yﬁpl@mﬂtﬂméﬁomlﬂﬁﬂ y @~k ene

filter. Alternatively m xed,sol vent of propy I CQ| nmononet hyl
et her acePafé ﬁlm@\)) Bt SePhyl 4 Adt Atk tim éP\ﬁnglh A7 3 bf D1 vae

2-(pi—chloromethyl)phenylethyltrimethoxysilane, 3.4-dichlorophenyltrichlorosilane,
3-phenoxypropylirichlorosilane, 3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane.

25 An effective primer layer composition according to the invention is a mixture of
diphenyldialkoxysilane (e.g., diphenyldimethoxysilane) and phenyltrialkoxysilane, (e.g.,
phenyltrimethoxysilane) or, even more preferably, a mixture of diphenylsilanediol and
phenyltrimethoxysilane in a solution of 1-methoxy-2-propanol or 1-propoxy-2-propanol
with from about 5-10% by weight water. A particularly effective primer layer

30 composition for first protective layers comprising a poly(styrene-co-acrylonitrile)

polymer 1s an alcohol and water solution containing from about 0.1-1.0% (preferably



al so used as the solvent. The change of solvent did not noticeably
change the coating quality or adhesion. EXAMPLE 6 5Preparation of a
Ter pol ynmer waredosiosasel at i on of Coating Conposition C fr aamwise008/074773
Ter pol yrner In this procedure, a terpolyner of styrene,
acrylonitrile, and glycidyl nmethacrylate was prepared. Styrene and

gl yci dyl nethacryl ate re purified by passing thrqugh an al um num
oxi de col iR a%@#ﬁ%ﬁwﬂrf% &y voﬁgglﬁugla)h?né’ ﬂsx}edlésﬁi%gr%&g@ﬁt @-311|-Qf3m th
a 2% 10 BieltfibBitor@eMo 99015400 w28 Minf ko iR SObH Helng, and

water to renove’inhibitors and anne inpurities that mght cause
crossl i nkidiheot silanepiol yraod. phengissladgetiried diler Andrplivsous praluet uml

chl oride apd._the -A. e ie T 0Q-;nL ] _-t-Wo-NeC
Fl'ack conPhrmiERgST AR, “Sledle Mo SR, vionpop AP R k¥R nit- 100
g of3 cycl diexsinatailicone RaENEAkyara the subxitate.e of purified nononers
including 15 35 of styrepe,. 10, g.of acrylonitil 0, and 5 g of

gl yci dyl nethagpvggﬂggéﬂéi?gnéaﬁtﬁ%ﬁ%?HQ,2'-azobisisobutylnitrile
(AIBN) (or benzoyl peroxide) were added to the m xture as an
initiator. The side neck of the flask was capped with a rubber
septum and the main neck of the flsask wags; connected to a

wat er - cool ed condenser wth the top end t he condenser Linked to a
bubbl er containing mneral oil. Aft ixing the entire gl ass
assénbly to a 20 netal stand, (fhe Systelywas purged with @itrogen to
renmove oxygen through Xs$ie—sR" K\, of t Rdsk through a needl e.
The flask was heated using a ﬁotpla ~at// 80C for about 8 hours to
pol ynmeri ze the nonomer m xture. Duri/ng the reaction, the reactor was
slowy purged with nitrogen to preyxent oxXygen fiomentering. The

pol ymer obtained was then precipitated in a m xture of isopropanol or
et hanol containing 20% by weight water 25 in a fast-stirring

bl ender. The polynmer was recovered by filtration and vacuumdried to
rendve any sol vent or nononer residues. The yield or conversion of

t he reacti %t 9 i 0 ;

i ndi cat edsﬁ E%Vg‘%t Ot%gesglglg%mm Be(% ij Wm“?gﬁ? tl?t(g)l? r’?ﬁgg%% yrr%o él%vx}/gég
about 200¢@@BmyisTbhiethéy @k atsd veactie yith gssdrytrenmd chloaidelandlpr epoxy groups

Compositign, C (12. 5% sol.i s._prepared b i,ssol ving.12.5.9.0f the
ecover et oy EseY i 158 AR prBp SRR Bro i U5Y i Bkt gpith

|l actate. ploniesgs.f Ohd Rireehl i eefetisd HRNOWRhE.tHEscppe PRhiPsanyd iene
filters. SEXAMPLE 7 Preparation of a Terpolynmer and Fornul ati on of a
Coéming Composition D fromthe Terpol yner A terpol ynmer of
styrene, acrylonitrile, and butyl acrylate was prepared in this
exanpl e. The styrene and acrylonitrile were purified according to the
sanme net hod 10described in Exanplﬁ 6. But ylate was purified by
passing through a C0|Unﬂgﬁéoﬁ§UD%é§FnoA'e A nixture of
purified nonomers including 30 g‘o 3styré\ b g of acrylonitrile,
and 5 g of butyl acrylate was pol yneri zed YA—PQVEA, and the pol yner
was, r-ecovered using the sane nethod described in Exanple 3. The
coriversion or the yield of the 15polynerization for this system was

around 80%his Gfenéb €L -BherWRintdhd IptoiilkriththostyRilgheP GhN N ris Wassnnddreidi
99,600 g/nole (relative to olyst%rene st andard). Conposition D
@588

P ¢
(15% sol i #aylablaEomlapeasteySyih Pelesigompragions Yetpaoheselaredsigng
pol ymer 19476 - @%{%gg-g 8.5 g of ethyl lactate. It was
filtered ftgv%ll eglgﬁ%@?%trg .I%Sgnm pol ypropyl ene filters. 20 EXAMPLE 8
Prepar ati on of Tle st sopidiby mended ch the primkaley@rompostidtoat lavgl of from

Congposi tign the Palyner .In this.procedure, uat er pql. r of
stybone.  SewipRRem g OB veieft bl PR St O b SHEAERY  at e
was prepared. To acconplish this, styrene, butyl acrylate, and
glycidyl nethacrylate were purified by passing through a columm of

9



5 g of butyl acrylate, and 5 E. of glycidyl nethacryl ate was

pol ymeri zed and recovered according to the nmethods described in
Exanpl e 6. wOleoasséer sion or the yield of the paol yneri zatiusedsersrhi s
system was around 80% GPC nol ecul ar weight (Mv) for this polyner was
around 124,600 g/nmole (relative to polystyrene standard).

Conmposition E (15 wt % sol i ¢s) S prep b i ssolying 15 g of .the
r ecover edVS@Ry ApbFIFRERYE PW?W@I%QWO?@@% a%&%smsoq b%d%yg‘ﬁﬁlﬂgﬂ based

| actate. VS tohdl bieRaher i ffietBld%oRpdlifofRreasAObYA, AR LIRNE
filters. {&S&INPLE&%I“%%pgr aztévlboncof Cogt |Pnd c’Corrposisti on 10Conposi tion

17 was pr epar ethdsplventaystern ntlized inibE prinorayesc@nppsiionghadplovy abeiliog

styrene and _acyylonitr.i.l , 9 htehde) g
of pol yma?% O{r%?lﬁédé?%lgﬁ ezémg %%@B@%g%?%%gﬂgég? i(“figT@%%%%%n?ti on
was 5fi |t esyefkn?ﬁiéglgl & lﬁﬂiEécDatéﬂe@mbﬁﬁlémmbmuﬂoglg@% b} tefght, éﬁcEpﬁAM?ﬂEy 10 |
Preparatign o ti Qsition 0osi.tian was prepare
by 8i ssol grPWgaWt §3§gg/t£§o gt bﬂse{iu"ﬂ’nﬁ’é‘rﬂlﬁ éﬂ@%‘@é’é’? )O?fbe ProWT R?P? i can
Tartaric (arpRliRhi@eh 4N08% B AbigROVEAerfea!sbReRsyB¥mE ihd@lel NEblvért h a

0. 2/ 0. 45- gm pol i\ipr o%yl ene filter.” 20 EXAVPLE 11 Preparation of
Coat i ng Ceshysissi fipwinthpy group consistingeppahanph rethangh dsqpresasle futggol, 1-

IO i R i A e e

750.02/ 0. 4Bixgmepthesepf. dpyhe pefdiet embodiBXAl/PREr EandPadsd émithe eolf ot syypaeh yi ng

Priners |-Vl nd. atin i.tio A- =Si-bi con,
o1 | oon nfd I3 ordrors i GroRe R B Tttty BomnihrssGsdont B8 e
t he 30ceniveight, BrLa upasthetataltvedsio s thegpinter boat @mpasidios ekeeaeD0% by
properly. Under conditions of a spin acceleration rate of 20,000
rpin2, a ¥pightspeed of 2,500 rpm and a duration of 90 seconds, the

vaf er was firstpdRghethyy p%asa%l@s@l JpRbnah M uddPo® RGOS, ok SBAY €

any possi bl e contam nants, and then an aliquot of 5 to 10 ml of the

prilfer wa8.0Hi0s9entstweiahil of adatelyshf Bitablafetalysts piclde ARy inenganip BLATSAHSt her
40 to 60 £ oL J : .ned L he
water . - subSEEETpARHSHE B BT A BHE N IR L b4 S it finid T
100- 130C émoargdnicrbase (g moigsicmotydraddenil ¥4 H.aomghma atmétegleen t he

substrate and the priner_as. wel| as rtial vulcani zat i of

i mer A tor PREBFTHEMORArER: 58 b GBI e AU et S of

t he parti gidcand groRtlivtda@esPpiof themirft®rdectivERIRAS bovide fdithenpi®tection

spi n-applied and then baked on a hotplate sequentially a Igégog for 2

m it es, 2BOE pAcenirARdRGUEOUS AHs spE% prdrofluepf geid, NIl 1SGanPRIENPEC KoH

Deep- Et ch, J@SL&ichel, MRmiQHSesEP aleifh@bdihs. Bfis SWHiA& isQRSful in situations
where a acid etching is utilized. Preferred second protective layers are formed from
second protective layer compositions comprising a linear, slightly branched, or cyclic

halogenated polymer dissolved or dispersed in a solvent system. Furthermore, these

o
(W)

halogenated polymers should comprise high levels of halogen atoms (at least about 50%
by weight halogen atoms, and preferably at Jeast about 60% by weight halogen atoms),
The most preferred halogenated polymers are chlorinated polymers such as those

comprising recurring monomers having the formula

10



The test equi pnent included a glass etchant tanker containing about
4000 mM of a 30%to 35% by wei ght aqueous KOH solution in which a
TEFLON wafver20ddamasses 15 hol di ng the test substrates in adioudzasntels
orientation was fully inmersed. The etchant sol ution was heated using
an internal heating unit or outer heating unit such as a hotplate,
and the tenperature of the etchant was controlled to 85C 1.5C 1In
general, 4-inch wafers of silicon, silicon nitride, or silicon
nitride with alum num deposited a t?e central circular area
(approximately 2 inches in dianeL%L)CmeLg_used for the test. For
silicon 20 wafers, the test was only conducted for 2 to 4 hours
because of the high etch rate of siIicon in KOH. For silicon nitride
wafers, the test was extended to at |east 8 hours. During the etch
tests, die solution was bubbl ed vigon9usly Wi th nitrogen to provide
agitation. After the etching period,,maf r sanples were renoved,
rinsed, dried, and then inspect -p#§hole and edge lift or
det achnent of the coating layer(s). |25 ecaliSe alum numis very
reactive toward KOH sol ution, any péfetration of the .coating (either
by pi nholes or poor KOH resistance of the coating) was indicated. by
di sappearance of alum num at the area. The distance fromthe edge of
the wafer to the front Iine of coatiflg detachnent in the radi al
di rgction was used as a'neasure'gf t hesion quality of the
primer/coating conbination. Results are shown in Table 1. 30
Comrents Control [01) UG Control Bege lift not uniform Results
IVIMof Lifting WLT OE17 Ilulu cz-v Conpletely lifted LULU E-z
tutu CG1 OE-c ' RUH

Specific examples of preferred halogenated polymers include those selected from the

group consisting of poly(vinyl chloride), polyvinylidene chloride, poly(vinylidene
15 dichloride)-co-poly(vinyl chloride), chlorinated ethylene, chlorinated propylene, and
mixtures thereof. Halogenated chlorinated rubber is also very effective.
The halogenated polymer should be included in the  second protective layer
composition at a level of from about 8-30% by weight, and preferably from about 10-
20% by weight, based upon the total weight of the second protective layer composition
20 taken as 100% by weight. The solvent system utilized in the second protective layer
composition should have a boiling point of from about 100-220°C, and preferably from
about [40-180°C. The solvent system should be utilized at a level of from about 70-92%
by weight, and preferably from about 80-80% by weight, based upon the total weight of

the second protective layer composition taken as 100% by weight.

25
EXAMPLES
The following examples set forth preferred methods iﬁ accordance with the
invention. It is to be understood, however, that these examples are provided by way of
illustration and nothing therein should be taken as a limitation upon the overall scope of
30 the invention.
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URLI E-I Protective Coating Bake Process 100C/ 120sec 130 C/ 120scc
205C/ 60sec 100C/ 120sec 130C/ 120sec 205C/ 60sec 100C/ 120sec :
130C/ 120sew020B@5806ec 100C/ 120sec 130C/ 120sec 205 C/ @IALS2008/074773
100" C/ 120sec 130C/ 120sec 205C/ 60sec 100 C/ 120scc 130C/ 120sec

205C/ 60sec 100C/ 120sec 130 C/ 120sec 205C/ 60sec _ 100" C/ 120sec

130C/ 1205ec 205C/ 60sec Coat }XBQLI@AHBE))% IEIE88E83<ES< < < < < ma)

Prior to applying the primer layer, it is preferable to prepare the substrate by
exposing it to brief (from about 15-60 seconds)- oxygen plasma etching to clean and/or
chemically activate the substrate surface to improve bonding by the primer layer. Plasma

5 bombardment with heavy ions such as argon can also be beneficial for improving
bonding. * Such processes are especially effective for improving the bonding of the
proteciive coating system to silicon nitride.

Preferred substrates for use in this process include those selected from the group
consisting of Si substrates, SiO, substrates, Si;N, substrates, SiO, on silicon substrates,

10 Si.N, on silicon substrates, glass substrates, qﬁaﬂz substrates, ceramic substrates,
semiconductor substrates, and metal substrates.

The organosilane solution that makes up the primer layer is spin-applied onto the
substrate at about 500-5,000 rpm, and preferably from about 1,000-2,000 rpm, for about
30-90 seconds. It is then baked at greater than about 100°C for about 60-90 seconds to
condense the organositane molecules into a continuous film that is bonded to surface
hydroxyl groups present on many microelectronic substrates. A particularly preferred
Baking temperature is at least about 200°C, and more preferably from about 200°C to
about 223°C, for about 60 to about 90 seconds. It is preferred that the primer layer have
an average thickness (as measured by an ellipsometer over 5 different points) of less than
20 about 10 nm and more preferably from about 2-8 nm.

For the first protective layer, the polymer, compatible compound, and any other
ingredients are dissolved in a suitable solvent at a concentration of from about 5-25% by
weight and spin coated onto the substrate at about 500-5,000 rpm, and preferably from
about 1,000-3,000 rpm, for about 30-90 seconds. It is soft-baked at a temperature of

25 from about 80-130°C for about 60-120 seconds to dry the coating and then is subjected
to a final bake at a temperature of from about 130-225°C for about 60-90 seconds to
densify the first protective layer and bond it {irmly to the primer layer. The preferred
process for baking styrene-acrylonitrile coatings is to bake them at a temperature of
about 130°C for about 120 seconds and then at a temperature of about 200°C for about

30 60 seconds. During final bake in the embodiments where the compatible compound

12
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includes epoxy groups, the epoxy groups will react with the amine groups of the primer

layer to form a bond such as:

CIH First protective layer
MG,
2O mmmmmmm e m e e
NH
l Primer layer
Si

The polymer solids level and spinning conditions are adjusted typically to achieve

a coating thickness after final bake of from about 1-10 pm, and preferably from about 2-8
15 um, depending upon the degree of coverage required over device topography on the
substrate. '

The second protective layer (if utilized) is applied from a solvent solution in a
manner similar to that described above with respect to the first protective layer. The
solvents used to apply the second protective layer should be selected to minimize

20 detrimental interaction with the first protective layer. It is preferred that the second
protective layer have an average thickness (as measured by an ellipsometer over 5
different points) of from about 2 pm to about 10 pm, and more preferably from about
3 um io about 5 pm. It will be appreciated that at these Jow thickness, the second

protective layer is acting as a chemical barrier rather than purely as a physical barrier.

[\
wn

The structure coated with the protective system of the invention can now be
subjected fo typical processing steps, including wet efching processes. Wet etching
involves contacting the structure with an etchant. In some applications, the structure is
subjected to two etching steps - one with a basic etchant, and one with an acidic etchant.
In other applications, the structure would only be contacted with one of basic or acidic
30 ctchants, Contact typically involves full immersion or dipping of the structure into the

etchant bath, but it an also be accomplished by spraying, puddling, or spin-applying.

13
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Typical alkaline or basic etchants include those selected from the group
cbnsisting of KOH, TMAH, and NaOH. These etchants are typically provided in 10-
45% solutions, and more typically about 30%. Structure contact with basic etchants can
be carried out for time periods of from about 5 minutes to about 24 hours, and more

5 typically from about 4 hours to about 6 hours and at temperatures of from about 60°C
to about 100°C, and more typically from about 80°C to about 90°C.

Typical acidic etchants include those selected from the group consisting of HF
(typically 49%), concentrated H,PO,, and HF/H,PO,/HNO,. Contact with acidic etchants

. can be carried out for time periods of from about 1 minute to about 30 minutes, and more
10 typically from about 3 minutes to about 7 minutes at ambient temperatures.

It is preferred that the protective layer(s) or coating(s) be removed after the wet
etching processes have been completed. A particularly preferred technique is stripping
the coating(s) with solvents commonly used in microelectronic processing such as
acetone, propylene glycol methyl ether acetate, ethyl lactate, or acommercially available,

15 fluoride-containing cleaner. In this technique, the coated substrate is sprayed with, or
immersed in, the solvent until the coating layer has fully dissolved. The substrate is then
rinsed with fresh solvent until clean. The protective coatiﬁg system described here is
easily removed by dissolving the thermoplastic layer (the first coating layer) in a solvent
such as acetone. The second coating layer, if present, is either dissolved at the same time

20 or is lifted as the first laver dissolves.

Practicing the pfesent invention will result in a protective layer system which
suffers little or no lifting during acidic or basic etching processes. That is, the layer
systems will exhibit less than about 2 mm, preferably less than about 1 mm, and more
preferably less about 0 mm of lifting when subjected to: (1) about 2 hours (and even 8

25 hours) etching in an approximately 30-35% by weight aqueous KOH solution having a
~ temperature of about 83-87°C; or (2) about 30 minutes in an approximately 49% by
weight aqueous HF solution at 70-75°C. Lifting is determined by measuring from the
outside edge of the substrate to the furthest point on the layer system where the layer
system is still attached to the substrate.
30 Furthermore, the inventive protective layer system will experience very little or

10 etchant penetration during etching processes. The inventive protective systems will

14
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Conposi t i B#ve lesp thangbout 0.1 pinholes per cm” of substrate, and preferably less than about

0.05 pinholes per cm® of substrate, when observed under a microscope at 10X
magnification after: (1) about 2 hours in an approximately 30-35% by weight aqueous
KOH solution having a temperature of about 83-87°C; or (2} about 30 minutes in an

5 approximately 49% by weight aqueous HF solution at 70-75°C.

EXAMPLE 1
Preparation of Primers I-IV
Primer I was prepared by dissolving 0.5 g of diphenyldichlorosilane in 99.5 g of
10 xvlene followed by filtering with a 0.2/0.45-pm polypropylene filter.

Primer II was prepared by dissolving 0.5 g of diphenyldimethoxysilane in 90 g
of isopropanol and 10 g of water followed by filtering with a 0.2/0.45-1um polypropylene -
filter.

Primer III was prepared by dissolving 0.5 g of diphenylsilanediol and 0.5 g of

15 phenyltrimethoxysilane in 90 g of propylene glycol monomethyl ether (PGME) and 10
g of water. The primer was aged for at least 24 hours so that the silanes were partially
hyvdrolyzed and condensed. The primer was then filtered using a 0.2/0.45-um
polypropylene filter.

Primer IV was prepared by dissolving 1.0 g.of diphenylsilanediol and 1.0 g of

20 phenyltrimethoxysilane in 88 g of PGME and 10 g of water. The primer was similarly

aged and then filtered using a 0.2/0.45-um polypropylene filter.

- EXAMPLE 2

Preparation of Primer V (Comparative Primer)

25 In a manner similar to Example 1, Primer V was prepared by adding 1.0 g of 3-
aminopropyltriethoxysilane (obtained from Gelest, Inc, Morrisville, PA) into 95 g of
PGME and 5 g of water, The primer was aged for at least 24 hours so that the silane was
partially hydrolyzed and condensed. The primer was then filtered using a 0.2/0.45-pum
polypropylene filter.

30

15
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EXAMPLE 3
Preparation of Primer VI
A diethyl fumarate-ﬁlodiﬁed, amino functional silane was prepared by mixing
one mole of N-(3-trimethoxysilyl)-propylethylenediamine with one mole of diethyl
5 fumarate, followed by stirring at room temperature for 48 hours. The mixing process
was exothermic, indicating the immediate reaction of the two components.
Primer VI was prepared by dissolving 1 ¢ of the above modified silane into 90
g of PGME and 10 g of water, The mixture was aged for 24 to 48 hours at room
temperature and then filtered using a 0.2/0.45-pm polypropylene filter.
10
EXAMPLE 4
Preparation of Primer VII
Primer VII is an adhesion promoter based on
3-(N-phenylDaminopropyltrimethoxysilane, which is wvery effective for
15 polystyrene-co-acrylonitrile polymers, especially for coatings containing reactive groﬁps
such epoxy, ester, or chloromethyl (benzyl chloride) groups. Primer VII was prepared
by dissolving 0.5 g of the aromatic amino silane in 90 g of PGME and 10 g of water.
The mixture was aged in a manner similar to the previous examples and filtered using

a 0.2/0.45- pm polypropylene filter.

EXAMPLE 5
Preparation of Coating Compositions A and B from a
Copolymer of Styrene and Acrylonitrile

Commercially available styrene-acrylonitrile resins were used directly for coating

25 formulations. Composition A was formulated by dissolving 12 g of poly(styrene-co-
acrylonitrile) (SAN30: M,,= 185,000, 30 wt% acrylonitrile, available from Aldrich) in

44 g of methyl isoamyl ketone (MIAK) and 44 g of di(ethvlene glycol) dimethyl ether.
Composition B was formulated by dissolving 18 g of SAN30 in 41 g of MIAK and 41

g of di(ethylene glycol) dimethyl ether. Both coating compositions were filtered twice

30. using a 0.2/0.45-um polypropylene filter. Altemnatively, a mixed solvent of propylene

glycol monomethyl ether acetate (PGMEA) and ethyl lactate in a2 weight ratio of 9:1 was

16
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also used as the solvent. The change of solvent did not noticeably change the coating

quality or adhesion.

EXAMPLE 6
5 Preparation of a Terpolymer and Formulation
of Coating Composition C from the Terpolymer

In this procedure, a terpolymer of styrene, acrylonitrile, and glycidyl methacrylate
was prepared. Styrene and glycidyl methacrylate were purified by passing through an
aluminum oxide column. Acrylonitrile was purified by washing sequentially with a 5%
10 by weight H,SO, solution, a 5% by weight NaOH solution, and water to remove
inhibitors and amine impurities that might cause crosslinking of the polymer. It was

dried over anhydrous calcium chloride and then 4-A molecular sieves.
A 500-ml two-neck flask containing a 1-inch magnetic stirring bar was charged
with 100 g of cyclohexanone (or PGMEA) and a mixture of purified monomers including
15 35 g of styrene, 10 g of acrylonitrile, and 5 g of glveidyl methacrylate. Next, 300 mg of
2,2'-azobisisobutylnitrile (AIBN) (or benzoy! peroxide) were added to the mixture as an
mitiator. The side neck of the flask was capped with a rubber septum, and the main neck
of the flask was connected to a water-cooled condenser with the top end of the condenser
linked to a bubbler containing mineral oil. After fixing the entire glass assembly to a
20 metal stand, the system was purged with nitrogen to remove oxygen through the side
neck of the flask through a needle. The flask was heated using a hotplate at 80°C for
about 8 hours to polymerize the monomer mixture. During the reaction, the reactor was
slowly purged with nitrogen to prevent oxygen from entering. The polymer obtained was
then precipitated in a mixture of 1sopropanol or ethanol containing 20% by weight water
25 in a fast-stirring blender. The polymer was recovered by filtration and vacuum-dried to
remove any solvent or monomer residues. The yield or conversion of the reaction was
80% to 85%. Gel permeation chromatography (GPC) indicated the weight average
molecular weight of the polymer was about 200,000 g/mole (relative to polystyrene

standard).

17
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Composition C (12.5% solids) was prepared by dissolving 12.5 g of the recovered
dry polymers in 94.5 g of PGMEA and 10.5 g of ethyl lactate. It was filtered twice using
0.2/0.45-um polypropylene filters.

EXAMPLE 7

Preparation of a Terpolymer and Formulation of

Lh

a Coating Composition D from the Terpolymer

A terpolymer of styrene, acrylonitrile, and butyl acrylate was prepared in this

example. The styrene and acrylonitrile were purified according to the same method
10 described in Example 6. Butyl acrylate was purified by passing through a column of
aluminum oxide. _

A mixture of purified monomers including 30 g of styrene, 135 g of acrylonitrile,
and 5 g of butyl acrylate was polymerized in PGMEA, and the polymer was recovered
using the same method described in Example 3. The conversion or the yield of the

15 polymerization for this system was around 80%. GPC molecular weight (M,,) for this
polymer was around 99,600 g/mole (relative to polystyrene standard).

Composition D (15% solids) was prepared by dissolving 15 g of the recovered
dry polymer in 76.5 g of PGMEA and 8.5 g of ethyl lactate. It was filtered twice using
0.2/0.45-um polypropylene filters.

20
EXAMPLE 8
Preparation of a Quaterpolymer and Formulation
of a Coating Composition E from the Polymer
In this procedure, a quaterpolymer of styrene, acrylonitrile, butyl acrylate, and
25 glycidyl methacrylate was prepared. To accomplish this, styrene, butyl acrylate, and
glvecidyl methacrylate were purified by passing through a column of aluminum oxide.
Acrylonitrile was purified by washing with 5 wi% H,50,, 5 wt% NaOH, and deionized
water sequentially followed then dried over anhydrous calcium chloride and 4 A
molecular sieves,
30 A mixture of purified monomers including 25 g of styrene, 15 g of acrylonitrile,

5 g of butyl acrylate, and 5 g of glycidyl methacrylate was polymerized and recovered

18
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according to the methods described in Example 6. The conversion or the yield of the
polymerization for this system was around 80%. GPC molecular weight (Mw) for this
polymer was around 124,600 g/mole (relative to polystyrene standard).

Composition E (15 wt% solids) was prepared by dissolving 15 g of the recovered
dry polymers in 76.5 g of PGMEA and 8.5 g of ethyl lactate. It was filtered twice using
0.2/0.45-um polyprop;vlene filters.

EXAMPLE 9
Preparation of Coating Composition F
Composition F was prepared by combining in solution 13.5 g of a copolymer of
styrene and acrylonitrile (M, = 165,000, 25% acrylonitrile) and 1.5 g of polymethyl
methacrylate (PMMA, M= 120,000). The coating composition was filtered using a
0.2/0.45-pm polypropylene filter.

EXAMPLE 10
Preparation of Coating Composition G
Composition G was prepared by dissolving 12 g of chlorinated rubber
(CLORTEX® 20 from American Tartaric Corporation) in 88 g of PGMEA, followed by
filtering with a 0.2/0.45-pm polypropylene filter.

EXAMPLE 11
Preparation of Coating Composition H
Composition H was prepared by dissolving 10 g of chlorinated PVC (TempRite
674X571 from Noven, Inc.} in 90 g of cyclohexanone, followed by filtering with a

0.2/0.45-um polypropylene filter.

EXAMPLE 12
Procedure for Applying Primers I-VII and Coating Compositions A-G
A silicon, silicon nitride, or silicon nitride wafer with aluminum deposited at the
central area was mounted on a spin-coater and centered properly. Under conditions of

a spin acceleration rate of 20,000 rpm’, a spin speed of 2,500 rpm, and a duration of

19
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90 seconds, the wafer was first washed with acetone for about 20 seconds to remove any
possible contaminants, and then an aliquot of 5 to 10 ml of the primer was dispensefi
onto the wafer. After spinning for about another 40 to 60 seconds, a unifonm primer
. laver was obtained on top of the wafer. Subsequently, the primed wafer was baked on
5 a hotplate at 100-130°C for 1 minute to promote chemical bonding between the substrate
and the primer as well as partial vulcanization of the primer. After the primed wafer
cooled to room temperature, a layer of the particular coating composition (e.g.,
Composition A) was spin-applied and then baked on a hotplate sequentially at 100°C for

2 minutes, 130°C for 1 minute, and 205°C for 1 minute.

10
EXAMPLE 13
KOH Deep-Etch Tests for Various Coating/Primer Combinations

The test equipment included a glass etchant tanker containing about 4000 ml of
a 30% to 35% by weight aqueous KOH solution in which a TEFLON® wafer boat

15 holding the test substrates ih a horizontal orientation was fully immersed. The etchant
solution was heated using an internal heating unit or outer heating unit such as a hotplate,
and the temperature of the etchant was controlled to 85°C £ 1.5°C. In general, 4-inch
wafers of silicon, silicon nitride, or silicon nitride with aluminum deposited at the central
circular area (approximately 2 inches in diameter) were used for the test. For silicon

20 wafers, the test was only conducted for 2 to 4 hours because of the high etch rate of
silicon in KOH. For silicon nitride wafers, the test was extended to at least § hours.
During the etch test, the solution was bubbled. vigorously with nitrogen to provide
agitation. Afier the etching period, wafer samples were removed, rinsed, dried, and then
inspected for pinholes and edge lift or detachment of the coating layer(s).

25 Because aluminum is very reactive toward KOH solution, any penetration of the
coating (either by pinholes or poor KOH resistance of the coating) was indicated by
disappearance of aluminum at the area. The distance from the edge of the wafer to the
front line of coating detachment in the radial direction was used as a measure of the
adhesion quality of the primer/coating combination. Results are shown in Table 1.

30
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EXAMPLE 14
Resistance of Coating Combinations
to Concentrated Hydrofluoric Acid

The test described in this example provided a means for rating the resistance of
coating combinations to hydrofluoric acid and the time for the hydrofluoric acid to penetrate
the 1.5-micron thick coating layers.

At room telnperatufe, a drop (approximately 0.2 ml) of 49% HF was placed in the
center of a silicon wafer coated centrally with aluminum and another drop (approximately
0.2 ml) was placed on the area outside of the aluminum deposit. The wafers were then
carefully observed for penetration of hydrofluoric acid through the coating, as indicated by
the formarion of hydrogen bubbles resulting from the aluminum reacting with hydrofluoric
acid. When a silicon nitride—coated wafer was used as the test substrate, penetration of the
coating by hydrofinoric acid was observed as etching of the gold-colored silicon nitride
layer, which then exposed the gray-colored silicon substrate. The results are shown in Table

2.
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en .25 EXAMPLE 14 Resi stance of Coating: Conbi nations
to Concentrated Hydrofluoric Acid The test described in this
exanpl e pro@i2ded3soereans for rating the resistance of REAVISI8/074773
conbi nations to hydrofluoric acid and the tinme for the hydrofluoric
acid to penetrate the 1.5-mcron thick coating |ayers. At room

tenperature, a drop (approximte . of 49% HF was placed in
the center of a silicon wafer colg'%ésg‘/[éleﬁtl%al ly with al um num and

anot her drop (approxi mat el s@mdated Tedds Rekideeet #n t he area out si de of
t he al um num deposit. The wafers were then 10 carefully observed for

penetration of hydrof | uor Featag eprebingiogho MigedAidi ng, as indicated by
the formati . ing f L
€ tormatron . EI%‘%U'I LGB ?ﬁ%ﬁﬁ%fﬂ .3{&181@85'{{%13L1H% glk'l{e%re of

reacting with uoric acid. en a silicon®n e-to waf er
was used asrid fvéd (7% by weithr)ahgrofhenetacal @ of weibkt),codphogphbyc acid

rde | O wiab ERs 0 HoR = th o ClBt B PGB at 0.
The resul EsAh& i AWMRerd ArrkaBb&, Ridn was [ReS Hlabei in the 100l for exposure to the
etchant. The wafers were tumbled during the entire length of the etching process
(approximately 30 minutes). Once removed, the wafers were rinsed and evaluated for
10 coating performance. The test was conducled at room temperature, with a constant fresh

supply of etching solution applied to the substrates, Results are shown in Table 3.
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penetration observed after
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substrate darkened No
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Nitride Silicon Nitride Silicon Nitride + Al Pad Exp z -17
EXAMPLE 15 A Sinul ated Test for Resistance of Coating Conbination to
M xed Aci dWODH0/B8%6 was conducted in a nechani cal bat HCTA{SCH8MAF773
systemusing a mxture of 5 nitric acid (70% by wei ght),

hydrof luoric acid (49% by wei ght), and phosphoric acid (85% by

wei ght) (HNG3: HF: H3PO4 = 3:1:4) ant. The silicon wafers
were contained in a wafer carrie?ﬁgggggéaﬁich was then placed in the

tool for exposure to the sgkainantsistabioeoat@becsnpiing t unbl ed during the
entire length of the etching process (approximtely 30 mnutes). Once
rerioved, the wafers wer e VPRHOSHTARMPrVHFTatheaysidne 10coat i ng

perfornange;y%ﬂﬁﬂ&ﬁqy;%ﬁﬁwpggggggﬁgmgt.roonltenperature, wth a
constant fresh supply of etching solution applied to the substrates.

Results are shéwplymeTagiiéor3was nReg A sddies 8r5 &l & Nirbemdaraimppropyl-
subst rat etrﬁﬁ%@;&&%& (S350 ¥68 &L MADE PaF %0 35 B U259 sofdRiBR '8t o Y

di ssol ved"a
poly(styrene-co-acrylonitrile) (sold under the name of LUSTRAN, obtained from Bayer

USA, Pittsburgh, PA) dissolved in a 1:1 mixture of MIAK and diethylene glycol
dimethyl ether ("diglyme"). -

B. Silicon Nitride Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane (obtained from
Gelest) in a 90:10 mixture of PGME:deionized water was spin coated onto a 4-inch
silicon nitride wafer at 1,500 rpm for 1 minute. The wafer was baked at 205 °C for 1
minute. The polymer blend solution described in Part A of this cxampl'e was then spin
coated at 200 rpm for 10 seconds followed by 1,500 rpm for 1 minute, The wafer was
baked at 100°C for 2 minutes, then at 130 °C for 2 minutes, and then at 160 °C for 2

minutes,

C. Silicon Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 riam for 1 minute. The wafer was baked at 205 °C for 1 minute. The polymer
blend solution described in Part A of this example was then spin coated at 200 rpm for
10 seconds followed by 1,500 rpm for 1 minute. The wafer was baked at 100 °C for 2

minutes, then at 130°C for 2 minutes, and then at 160°C for 2 minutes.

D. Etch Testing of Silicon Nitride Wafer
The silicon nitride wafer coated in Part B of this example was etched in
30% aqueous KOH solution at 80-85°C for § hours. After etching in KOH, the wafer

was cleaned with DI water for 5 minutes and dried in air.



m nutes exposure . 1 Material lifted off of substrate I No observable
lifting or penetration 1 Material lifted off of substrate Material
lifted of fWwofz0exni3steé ate M ni mal anount of |ifting fromidraUeugs7ofs

t he waf er observed after 10 m nutes Random penetration of film

causi ng a bubble effect. Bake Process Coating 2 VIN V/IN V/N

130C/ 60se 5.m ral .5/,00S0Z 0as09/ 0001 V/N 130C/ 60sec 205C/ 5
mn 130C/ %oé%@qﬁ%‘&sﬁ{“ﬁ" \V/?af{frPr otective

The silicon wafer coated in Part C of this example was etched in 30% aqueous
KOH solution at 80-85°C for 4 hours. After etching in KOH, the wafer was cleaned with

DI water for 5 minutes and dried in air,

EXAMPLE 17
Alkaline-Resistant Coatings Comprising
Poly(Styrene-co-allyl Alcohol}

A. Preparation of Polymer Blend Solution

A polymer blend solution was made by dissolving 144 g of
poly(styrene-co-acrylonitrile) copolymer (obtained from Bayer USA, Pittsburgh, PA) and
36 g of poly(styrene-co-allyl alcohol) (obtained from Sigma-Aldrich, Milwaukee, WI)
in a mixture of 574 g of PGME (obtained from General Chemical, Parsippany, NJ) and

246.2 grams of ethyl acetoacetate ("EAA," obtained from Harcros, Kansas City, KS).

B. Silicon Nitride Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon nitride wafer at
1,500 rpm for 1 minute. The wafer was baked at 205 °C for 1 minute. The polymer
blend solution described in Part A of this example was then spin coated at 200 rpm for
10 seconds followed by 1,500 rpm for 1 minute. The wafer was baked at 100 °C for 2

minutes, then at 130°C for 2 minutes, and then at 160°C for 2 minutes.

C. Silicon Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy stlane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 rpm for 1 minute. The wafer was baked at 205 °C for 1 minute. The polymer
blend solution described in Part A of this example was then spin coated at 200 rpm for
10 seconds followed by 1,500 rpm for 1 minute. The wafer was baked at 100 °C for 2

minutes, then at 130°C for 2 minutes, and then at 160°C for 2 minutes.
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Coating 2 01101\1 0O1. 10N None O O None O O O TON Bake Process
Coating 1 130C/ 60see 205C/5 m n 130C/ 60sec 205C/5 m n g/ DogQz
30s09/ 000CWO 2809567 00s09/ 300CT 130C/ 60sec 205C/ 5 mi rPCIAEABOIECES
205C/'5 min unu c/00cQ 00s09/000CT 130C/ 60sec 250C/5 min um c/ DOOSZ
00509/ 0O00E1 Protective Coating 1

D. Etch Testing of Silicon Nitride Wafer

The silicon nitride wafer coated in Part B of this example was etched in 30%
aqueous KOH solution at 80-85 °C for 8 hours. After etching in KOH, the wafer was
cleaned with DI water for 5 minutes and dried in air. The film exhibited 2-3 mum of edge

lifting.

E. Etch Testing of Silicon Wafer '
The silicon wafer coated in Part C of this example was etched in 30% aqueous
KOH solution at 80-85 °C for 4 hours. After etching in KOH, the wafer was cleaned with

DI water for 5 minutes and dried in air. The film exhibited 1-10 mm of edge lifting.

EXAMPLE 18
Alkaline-resistant coatings comprising poly(styrene-co-allyl alcohol)
and N-phenylaminopropyltrimethoxysilane
A. Preparation of Polymer Solution
A polymer solution was made by adding 5 g of N-phenylaminopropyl-
trimethoxysilane (Gelest, Morrisville, PA) to 495 g of the polymer solution prepared in

Part A of Example 17.

B. Silicon Nitride Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in & 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon nitride wafer at
1,500 rpm for 1 minute. The wafer was baked at 130 °C for 1 minute. The polymer
blend solution prepared in Part A of this example was spin coated at 200 rpm for 10
seconds and then at 1,500 rpm for 1 minute. The wafer was baked at 100 °C for

2 minutes, then at 130°C for 2 minutes, and then at 160°C {or 2 minutes.

C. Silicon Wafer Coating
A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon wafer at

1,500 rpm for 1 minute. The wafer was baked at 130 °C for 1 minute. The polymer
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blend solution in Part A of this example was spin coated at 200 rpm for 10 seconds
followed by 1,500 rpm for 1 minute. The wafer was baked at 100°C for 2 minutes, then

at 130°C for 2 minutes, and then at 160°C for 2 minutes.

D. Etch Testing of Silicon Nitride Wafer

The silicon nitride wafer coated in Part B of this example was etched in 30%
aqueous KOH solution at 80-85°C for 8 hours. After etching in KOH, the wafer was
cleaned with DI water for 5 minutes and dried in air. The film exhibited 1 mm of edge

lifting.

E. Etch Testing of Silicon Wafer
The silicon wafer coated in Part C of this example was etched in 30% aqueous
KOH solution at 80-85°C for 4 hours. After etching in KOH, the wafer was cleaned with

DI water for 5 minutes and dried in air. The film exhibited 1-4 mm of edge lifting.

EXAMPLE 19
Alkaline-resistant Coatings Comprising
Epoxy Cresol Novolac Resin

A. Preparation of Polymer Blend Solution

A polymer blend solution was ma-de by dissolving 20-25 g of a
poly(styrene-co-acrylonitrile) copelymer and 1-5 g of an epoxy cresol novolac resin
(ECN1299, obtained from Ciba Geigy, Tarrytown, NY) in a mixture of 37.5 g of
ethyl-3-ethoxypropionate ("EEP," obtained from Sigma-Aldrich, Milwaukee, WI) and
37.5 g of MIAK. The poly(styrene-co-acrylonitrile) and epoxy cresol novolac resin
amounts were chosen so that the ratio of poly(styrene-co-acrylonitrile) to ECN1299 was

90710 (WH/WL).

B. Silicon Nitride Wafer Coating
A primer solution of 0.1% N-phenylaminopropyltrimmethoxy silane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon nitride wafer at

1,500 rpm for 1 minute. The wafer was baked at 130 °C for 1 minute. The polymer



it dxa -- ¢c-1 17 9 61 WD 2009/035866 Results 1 Filmconpletely
lifted after 30 m nutes of exposure 1 100%of filmlifted after 5

m nut es exPOPL3EBeEel | ent coating, no |ifting observed®E@RESIOBOIET3 30
m nut es of exposure Excellent coating, no lifting observed even after
30 minutes of exposure Bake Process Coating 2 VVM V/N

blend solution in Part A of this example was spin coated at 200 rpm for 10 seconds
followed by 1,500 rpm for 1 minute. The wafer was baked at 100C for 2 minutes, then

at 130°C for 2 minutes, and then at 160°C for 2 minutes.

C. Silicon Wafer Coating

A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 rpm for 1 minute. The wafer was baked at 130 °C for 1 minute. The polymer
blend solution prepared in Part A of this example was spin coated at 200 rpm for 10
seconds followed by 1,500 rpm for 1 minute. The wafer was baked at iOO °C for 2

minutes, then at 130°C for 2 minutes, and then at 160°C for 2 minutes.

D. Etch Testing of Silicon Nitride Wafer

The silicon nitride wafer coated in Part B of this example was etched in 30%
aqueous KOH solution at 80-85°C for 8 hours. After etching in KOH, the wafer was
cleaned with DI water for 5 minutes and dried in air. The results showed that the wafer
was not attacked by the KOH, and no edge lifting occorred. The film did not lose

adhesion. The wafer after etching is shown in Fig. 1.

E. Etch Testing of Silicon Wafer

The silicon wafer coated in Part C of this example was etched in 30% aqueous
KOH solution at 80-85°C for 4 hours. Afteretching in KOH, the wafer was cleaned with
DI water for 5 minutes and dried in air. Results showed that the wafer was not attacked

by KOH, and no edge lifting occurred.

EXAMPLE 20

Primer Solution
A primer solution was made by mixing 0.05 g of 3-aminopropyltriethoxysilane
with 98.95 g of propylene glycol monomethyl ether, and 1.0 g of de-ionized water. After
stirred for 4 hours, the primer solution was filtered through 0.1 ym ﬁltér and stored in a

plastic bottle.
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EXAMPLE 21
Alkaline-Resistant Coatings Comprising
Epoxy Cresol Novolac Resin
1. Preparation of polymer blend solution
A polymer blend solution was imade by dissolving 22.5 g of a
poly(styrene-co-acrylonitrile) copolymer and 2.5 g of ECN1299 in a mixture of 37.5 g
of EEP, and 37.5 g of MIAK.

2. Wafer coating

The primer solution from Example 20 was spin-coated onto a silicon wafer at
1,500rpm for 1 minute. The wafer was baked at 205C for 1 minute. The polymer blend
solution prepared in Part 1 of this example was spin coated at 200 rpm for 10 seconds and
then at 1,500 rpm for 1 minute. The wafer was baked at 100 °C for 2 minutes, then at

130°C for 2 minutes, and then at 160°C for 2 minutes.

" 3. Etch Testing
The wafer coated in Part 2 of this example was etched in 30% KOH aqueous

solution at 80-85°C for 4 hours. After the KOH etch, the wafer was cleaned with
deionized water for 5 minutes and dried in air. The KOH did not attack or affect the

wafers, and there was no edge lifting.

EXAMPLE 22
Alkaline-Resistant Coaﬁngs Comprising
Epoxy Cresol Novolac Resin
1. Preparation of Polymer Blend Solution
A polymer blend solution was made by dissolving 22.5 g of the
poly(styrene-co-acrylonitrile) copolymer used in Example 21 and 2.5 g of ECN1299 in
a mixture of 37.5 g of EEP and 37.5 g of MIAK.
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Il awnsgns Silicon Silicon Silicon WOWS # dxa OT 1! Zr EXAMPLE 16
Al kal i ne-resi stant coatings conprising

N- phenyl anVRIINIM[66 r i net hoxysi | ane A, Preparation of MRSITyisae0sBr&ny
Sol uti on A pol yner solution was nade by adding 0.5 g of

N- phenyl ar ni nopr opyl tri met hoxysi |l ane (obtai ned from Cel est,

Morri svi IIeY JP tp 50 g of a 25% sol ution of

poly(styr éhga r‘rfﬁ onitrile) (sold under the name of LUSTRAN,

obt ai ned from Bafypﬁm&ﬂSAlunB‘n pie@h'ddi gi”ExaBﬂslemaﬁ)ﬁ)é Wﬁdsplmc@teﬂohtﬂhmmr e
of M AK and d| et hgl ene, gl ycol et her iLgl, 13. Silicon

' I :
Nitride Wik abha (i)l‘ﬁﬁl for 1 mm%e p’i?l}erf.bgfy rssbqqhaﬂc%at@pso gfol’iaor a minute. The
N-phenyl apmg%f ‘B%)e{htsbﬁ%ﬁﬂ%llﬁaﬁ' 1 80 ehid ORIAIOSMs 55&%%%%0' mefg0: 10

m xture o I onl zed water was spin coate onto a 4-inch silicon
nitride wéﬂ eccoaﬂs a;;tBttbal aqohﬁ@tbrpnlfcm lmmneute THee wafee wanhsketaik @00°4t fo205 C

bl o waaSah B2t YEE A SR IS e Bl S8 BET aiBute L £ 0 Lo S

1,500 rpmfor 1 m nute. The wafer was baked at 100C for 2 m nutes,
then at 130C for 2 mnutes, and then at 160 C for 2 mnutes. C.

Silicon WAf&F" E6stgng A primer solution of 0.1%
N- phenyl am noptapyhfef LRGN P 3 dfttlﬂk?eicﬁ‘npﬁe R8s dbhelixh 90% KH aqueous
PGVE: dei oni zed water was spin coated onto a 4-inch-silicon wafer at

1,500 r prrﬁffl@tﬂOHlatrﬁQﬁféﬁ €. forBehonest eAfpmthedaRE kel ﬂzaomﬁ@r fos cleapdnwitle.
The pol esGri . t hi S
thenpsp?/ngc?glaz ’atef %%% uﬁ@gfd?)lg 1g§se‘l€5n§% Fq%f 8de taﬁac%x%ggij e(?tp%@f or
1 m nut e. whiegs, ued erewes; nbaaki@jhmhg.loo Cfor 2 m nut es, then at 130C
for 2 mnutes, and then at 160C for 2 m nutes. D. Etch Testi ng of
Silicon Nitride Wafer The silicon nitride wafer coated in Part
B of this exanple was etched in 30% aqueous KOH sol ution at 80-85C
for 8 hours. After etching in KOH the wafer was cl eaned with DI
water for 5 mnutes and dried in air. E. Etch Testing of Silicon
Waf er The silicon wafer coated in Part C of this exanple was
etched in 30% aqueous KOH solution at 80-85C for 4 hours. After
etching in KOH, the wafer was cleaned with DI water for 5 m nutes and
dried in air. EXAMPLE 17 Al kal i ne- Resi stant Coatings Conpri sing

Pol y(Styrene-co-allyl Al cohol)
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A. Preparation of Polyner Blend Sol ution A pol ynmer bl end
solution was made by di ssolving 144 a of

pol y(styrene-co-acrylonitrile) copolyner (obtained from Bayer USA,
Pittsburgh, PA) and 36 g of poly(styrene-co-allyl al cohol) (obtained
from Si gma- Al drich, MI|waukee, W) in a mxture of 574 g of PQWE
(obt ai ned from General Chem cal, Parsippany, NJ) and 246.2 grans of
ethyl aceppagetate ("EAA " obtained fromHarcros, Kansas Cty, KS).
B. Silicon N'tride Wafer Coating A primer solution of 0.1%

N- phenyl am nopropyl tri met hoxy silane in a 90: 10 m xture of
PGVE: dei oni zed water was .spin_.coated onto a 4-inch silicon nitride
wafer at 1,500 rphPBPOSion MG as FRREHY Y ia s2ih spBpOsHionzompdsingr 1

m nute. ;EH& BRI L BeiRetsthiRRd Qli@@q;\fe;lci BedispeiselB! 4 sofveR sybBinSwherein:

exanpl e was 'then spin coated at” 200 rpm for 10 seconds followed by
1, 500 rpm f orsait figst patyeer qumeprisgst er was baked at 100 C for 2 minutes,
then at 130C for 2 mnutes, and then at 160C for 2 mnutes. C.
Silicon Wafer Coating A pripmer gsol uti ogs of Q. 1%

N- phenyl am nopropyl tri met hoxy sil ne|in a 90110 m xture of
PGVE: dei oni zed water was spin c é-' ilicon wafer at
1,500 rpmfor 1 mnute. The wafer| way baked at 205 C for 1 m nute.
The pol yner bl endI)sol uti on descri bedpi g2Part LA of ghis exanpl e was
then spin coated at 200 rpmfor 10 second ed by 1,500 rpm for
1 mnute. The wafer was baked at 100 C for utes, then at 130C
for 2 mnutes, and then at 160C for 2 m nu D. Etch Testing of
Silicon Nitride Wafer The silicomr?nit g X

B of this exanple was etched in 30% aqueous KCH sol ut pgn at 80-85 C
for 8 hours. After etching in KOH, the waferrias cleaned with D

water for 5 mnutes and dried in air. The filmexhibited 2-3 nmm of
edge lifting. E. Etch Testing of Silicon Wafer The silicon

waf er coated in Part C of this exanple was.efched in 30% aqueous KOH
solution at 80-85C for 4 hours. After g¢tiching in KOH, the wafer was
cleaned with DI w#jer for 5 m nutes an%gdrﬁ inair. The film
exhibited 1-10 mm of edge lifting. EXAVRLEA:18 Al kal i ne-resi stant
coatings conprising poly(styrene-co-allyl Ml cohol) and

N- phenyl am nopropyl tri met hoxysil ane A. PreParation of Pol yner

Sol ution A pol yner solution was nade by adding 5 g of

N- phenyl am nopropyl tri net hoxysil ane (Gelest, Mrrisville, PA) to 495
g of the pol ymer gRl&tf.i on prepared in Part A of Exanple 17. B.
Silicon Nitride Wafer Coating A prinmer solution of 0.1%

N- phenyl ami nopr opy! t r e#astR dxipdividualiyeselented from: thoziehix eqnsisting of hydrogen and
PGVE: dei oni zed water was spipf ﬁﬁﬁ#ﬁgjonto a 4-inch silicon nitride
wafer at 1,500 rpmfor 1 mhuate. e wafer was baked at 130 C for 1
m nute. The pol ymer besh®’saditideily prlepadlfod thogiPar tcondstog of hyidsogen.dhisl,e
was spin coated at 200 rpn1£3r %g sggqus,and then at 1,500 rpmfor 1
m nute. The wafer was baked 4P *10bt #6PYS minutes, then at 130C for
2 minutes, oAl oheaHBE cckiRond Biseldctéd Moth @R gréup cOhdidtiagof: Vaf er Coati ng

A prinmer solution of 0.1% N-phenyl am nopropyltrinethoxy silane in a
90: 10 mi xture of NPOAMECHBRMSBERHRPHICHLORHAS ERIZY 89 BHt 0 a 4-i nch
silicon wafer atp&y@@%ﬂ&&&ﬁ?fd&mﬂﬁﬂﬁﬁﬁ- The wafer was baked at 130 C
for 1 mnute. Thé pol'yner blend solution in Part A of this exanple
was spin coated awdmdguepteicol ax) seconds foll owed by 1,500 rpmfor 1

m nute. The f 4 f-0fo 1 at 130C for 2
m nut es, andﬁﬁﬁéhmﬁgﬁig8%Sgg§%£%%gﬁﬂ§§%{%ES&%#%ﬁngéggﬁb of Silicon
Ni tride Wafer generaldre, babddi upon thei thral deighadfehe comtedionnakieant 1®%by weight,

this exanple was_etched in 30% aqueous KOH sol ution at 80-85C for 8
hours. After et c?ﬂdifén%‘cf@ﬁlﬂ“%?ﬁl% waf er was cleaned with DI water for
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A. Preparation of Polyner Blend Sol ution A pol ynmer bl end
solution was made by dissolving 20-25 g of a

pol y(styrene-co-acrylonitrile) copolyner and 1-5 g of an epoxy cresol
novol ac resin (ECN1299, obtained from G ba Geigy, Tarrytown, NY) in a
m xture of 37.5 g of ethyl-3-ethoxypropionate ("EEP," obtained from
Sigma- Al drich, MIwaukee, W) and 37.5 g of M AK. The

pol y(styrene-2¢0- aqhytdlickitibh &)clamid, WRGHY sid @RPatiBlONDEnd 1B 541t RIS
were chosen so that the ratio of poly(styrene-co-acrylonitrile) to

ECN1299 &% 9pfigipechierony phenpl no¥plpe regins, Rpaxy difahopak A/F resigt gppxy cresol novplac
primer selipd @fspRenb P NesBREMNI O NARRARY hih VAR RQ%y Silane in a
90:10 m xtlur e&gﬁy PSFCJEM]EQl dei oSni zed e\;\i/g% er “was spl)ion coa%le% onto a 4-inch
silicon nitride wafer at 1,500 rpmfor 1 mnute. The wafer was baked

at 130 'Cfor I m r Lend | uti in Part, A of this-
exanpl e was s3|'oi n c@gkgﬁpg%&ﬂg%c?%%lfﬁ el%bn %ai‘g%°n sa?lF%ICPB\R/B‘é“doy 1, 500
rpm for  tompiiuet GomTts8s wed(86 byasighakmetyatoubdHasddipod tid 13t G8ight QR at
130C for_2 q%gutes q$9 theq0®}b16och or 2 mnutes. C. Silicon Wafer
Coat i ng COmPAUbIACIIHOUR] taken a5 DU DY otht of

N- phenyl ar ni nopropyl tri nethoxy silane in a 90:10 m xture of
PGVE: dei oni zed water was spin coated onto a 4-inch silicon wafer at
1, 500 rpm fof 1 ningthod offamyag 8 migrasleptspnicideyice] $0d method camprising e.
The pol Y8Rkt andc2akstdnRsuRE ifChnl r heSerENAITRLI -
spi n coated at% 200 rpm fg{b _10ﬁ§2@gﬂd§s%h§?lsgl\?\é§&%§/ﬁ}?ll,leé%o r pn%lfalcl)]\rgao?basm
m nut e. SFhanthildaridigeichspiR.adidapicrpigetragiosyrcigregpmptisrg: t hen at 130C for
2 mnutes, apd;: : : ! s. D. Etch Testing of Silicon
Nitride Waf e?ﬁa:&@é&t@ﬁg%&%&%%\uﬁ% %@%Eee’waf er coated in Part B of
thi s exanpl ea wamerdayxshedjadent BB4ubgaoudad€Citdsol uti on at 80-85C for 8
hours. After_etchi N H..th fer s _cl d wth DI ter.for
5 nut es. anti s PR e ot A bl Bkovel T arot e reR e
attacked by the Kehhaamnthosidoeageprising b firsgpobae biddomphtidld dohpviddissdied
| ose adhesion. The mafer.aft%r etchin%iis.$homn in Fig. 1. E. Etch
Testing of SilicdhdiARfayd ina solveniystery, Wb yaf er coated in Part C of
this exanple was et chegyd it 30 YmadisapussKOH sol ution at 80-85C for 4
hours. After etching in KOH, the wafer was cleaned with DI water for
5 mnutes and dried in air. Results showed that the wafer was not
attacked by KOH, and no edge lifting ccurred. MPLE; 20 Primer

Sol uti on A primer solution was de| by m 05 g of

3-am nopropyl triethoxysilane with 98 gCofrpr gt ycol non
onet hyl ether, and 1.@.,g of de-ionize maLeg. Jred for 4
hours, the primer solugion was filtered thrisugh Rfilter and

stored in a plastic bottle. EXAMPLE 21 Al kali ejsgfistant Coat i ngs
Conpri si ng Epoxy Cresol Novolac Resin 1. Prepa of polymer bl end
sol ution A pol ynmer bl end sol ution was .wete by & ssol ving 22.5 g
of a poly(styrene-co-acrylonitrile) copolyﬂ%r and 2.5 ¥ of ECN1299 in
a mxture of 37.5 g of EEP, and 37.5 g of MAK 4, Wafer é@éting

The prinmer solution from Exanple 20 was spin-coaﬁed onto a silicon
wafer at 1,500rpmfor 1 mnute. The wafer was baked at 205C for 1

m nute. The pol ynmer blend solution preparedrin Part 1 of this exanple
was spin coated at 200 rpmfor 10 secon%§_géd then at 1,500 rpmfor 1
m nute. The wafer was @aked at 100C for [2] m[nutes, then at 130C for 2
m nutes, and then at q OC for 2 mnutes. 8. cEtch Testing The
~wafer coated in Part 2 of this exanple was %;fheq in 30% KOH agueous
solution at 80-85C for 4 hours. After the KOH etch, the wafer was

cl eaned with deionized water for 5 mnutes and dried in air. The KOH
did not attack or affect the wafers, and there was no edge lifting.
EXAMPLE 22 Al kal i ne- Resi stant Coatings Conprising Epoxy Cresol

|
C
I

39



A polynmer blend solution was nade by di ssolving 22.5 a of the

pol y(styrene-co-acrylonitrile) copolymer used in Exanple 21 and 2.5 g
of ECN1299 in a mxture of 37.5 g of EEP and 37.5 g of MAK. 2.

Waf er Coati ng The primer solution prepared in Exanple 20 above
was spin-coated on to a SiN wafer at 1,500rpmfor 1 mnute. The wafer
was baked at 205 C for a mnute. The poI ymer bl end solution in Part 1
of this exanple was spin codtesdniat 200 rpmfor 10 seconds and then at
1,500 rpmfor 1 minute. Thewafer;WasgivRak +cHORSHf Bk

then at 130C for 2 m nutes, EJland tlﬁen glt 1ggc&%cor g mi nut OIEB gbﬁsgﬁmﬁ of
Testing The waf er coated ﬂlmrp’mntanQCmCs tlhyls; agstanpl e was et ched
in a 30% KOH aqueous sol utl b o} fter the

etch, the wafer was cl eaned3 31 ‘Eu o%v@édg Sef%eé:gaf%?m fﬁﬁl“ﬁﬂfpegorgﬁ ng of
dried in air. The KOH did not ahydrcgenpC,-af flletd, atd@, -@pdlilrxgs; and there
was no edge lifting. W clai nmpositjion yseful as.a
protective |ayer, sai dsa@o%’é’éﬁl? BWIQ?BH% S@F‘H@‘l ’go’F%Fsﬁro";?cPPﬂ}%Pgéﬁd a
conpati bl e conpound di ssol ved omodbS&tel SBgbuiehs, dand OpiGitrs SSMERIng epoxy
wherein: said first polyner conprises: wherein: each R 'is

i ndividually selected fromthe groups€¥Hsi sting of hydrogen and Cl-Cs
al kyl's; and each le is individughly.salested fhm. Lhe group

consi sting of hydrogen, Cl-C8 a?%(%%s} and ﬁélq-a& @onys sai d

conpati bl e conpound is sel ect edafdmomiurdsshggecdigrdconsi sting of :

ol y(styi ene- coral 1 y1 AL RRBHITors ABRIs IR PR By b ot sai o

conposition is includes | esvéoﬁobradilga]eia’oﬂé,&ba\é&l 183h (0 oD YeRAES Bthe composition
generators, based upon thet%ﬁ%t al (}/@Rght of the conposition taken as
100% by wei ght, and is non tFrbas} pwgight, and is nop-crosskinkableposi t i on
of claim1, wherein said corrpatl bl e compound is selected fromthe
group consisting of ep nol oI ac resins,  epoxy bisphenol AF
resins, epong cr eﬁlﬁ’l mﬁ@\?é ‘ﬁc%?‘&l né” legg o R3jd tﬁog’ﬁﬂéﬁof‘)“ﬂ”’@%% TR ersiggsaid
epoxy bihsabandond sREMAeAE s e&LRS:. 3. The conposition of claim
1, wherein said conpatible conmpound conprises from15%to 30% by

wei ght epoxy groups, based upon the total weight of the conpatible
conmpound takgn a Vof ]

m croel ectr Oﬁl c ?gl\%?]geﬁ R ‘é%'i iﬁ“dds n@%ﬁ%ﬁ”@@rﬁﬁ%ﬁ ﬁ Sie%%rd?‘ H&eifve tayer
m cr oel edjagepivag f%mmurvel&\bmlt h an etchant selected fromthe group
consi sting of basic etchants and acidic etchants, said

m croel ectronic structure conprising: a mcroelectronic substrate
havi ng a surf.ace;The method of claim 6, wherein said contacting comprises contacting said structure

with one of said basic efchant and said acidic etchant, and further comprising contacting said

structure with the other of said basic etchant and said acidic etchant.

8. The method of claim 4, said first protective layer having an average

thickness of from 1-5 pm.
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a prinmer |ayer adjacent said substrate surface; and a first
protective | ayer adjacent said priner |ayer, said first protective

| ayer being forned froma conposition conprising a first polyner and
a conpati bl e conmpound di ssol ved or dispersed in a solvent system
wherein: said first polyner conprises: wherein: each Pi is

i ndi vi dual | y Sel edhecdrethodnf tlhien 4rdepicankshstdckgraic supsratge selemd Bin 8
al kyls; and each.122.i s, indivi.dually sel.ected fro he .grou .
Condi ot | B Ry e LSl e ) Ryl % bt 5 o6 R, s,
conpat i bbe si;bi_@dil‘p@hb’i;(faﬂeﬁ %sﬁsemlnbafhta‘sr quart eubgiraesp co@mid Stbstgenfsemiconductor
nononers, oligoners, a ol ymers conpri si ng epoxy groups;
poly(sty?@ﬁﬁw%d£§WF§ﬂS&S fbl); and and mixtures thereof; and said
conposition is includes |l ess than 0.1% by wei ght of photoacid
generators, based upon the total weight of the conposition taken as.
100% by wei gHf; ahbe mathpdofclaing 4 staidikiznsy layer comprising a sifane selegi¢fdeprathe group
claim4, i i G t GRS L LIRS i=d
m cr oel e%)%q?%%}%g@glt%%g? ﬁf@%?r% SE%% etc g%tﬁés &&Eegghﬁi%dfhet hod of
claim4, said structure further conprising a second protective |ayer
adj acent said,firgf protective layer. . . "7.‘IG$ met hod of cl aim 6,
wherei n sai d 'cont act 5608 ShiF I & VRESFR SUA PHECs dpPretertive lavass diibit one
of said bashe Bhalwmitiandh&aiodnarl #h2 RisH30E o _3@@@%‘5%&?& £RABRLs Si ng
contactlgg@§ald s%ructure with the other of said basi'c etchant and
sai d aci QAR Aving a tempegaturgRE 838t Hod of claim 4, said first
protective |ayer having an average thickness of from1-5 p. m

9. The method _of claim4, wherein said nmicroelectronic substrate is
sel ected frot?t hellsseodefidtind whersin sup pamBLipyes presfirsigolpctiighayer ifesast
Si 3N syb sk doRd comlpi@sin@n Silicon substrates, Si3N4 on silicon
substrates, glass substrates, quartz substrates, ceram c substrates,
sem conduct or substrates, and netalé;igstrates. 10. The met hod

of claim4, said primer |layer conprisihg a silane selected fromthe
group consisting of an aromatic organos+dtanes, am no sil anes, and
m xt ures t hereof 11. The nethod of claim4, wherein said

priiner and protective |ayers ekhibit T%ﬁs than 3nmof |ifting when

contacted for 2 hours with a 30-35% by i ght aqueous KOH sol ution
having a tenperature of 83-87C k2. The method of claim 4,
wherein said prinmer layer and first pr ctive layer interact to form
bonds conprising: CH :

13. A microelectronic structure comprising:

a microelectronic substrate having a surface;

a primer layer adjacent said substrate surface; and

a first protective layer adjacent said primer layer, said first protective layer comprising a first
polymer and a compatible compound dissolved or dispersed in a solvent system, wherein:

said first polymer comprises:
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H2C NH 13. A mcroelectronic structure conprising: a

m croel ectronic substrate having a surface; a priner |ayer adjacent
said substrate surface; and a first protective |ayer adjacent said
prinmer |ayer, said first protective |layer conprising a first polyner
and a conpati bl e conpound di ssol ved or dispersed in a solvent system
wherein: said first polyner conprises: wrerein:Réach IS
individually selected fromthe group censiijsting oﬂ hydr pgen and Cl -Cs
al kyls; and each R2 is individually

consi sting of hydrogen,, Cl1-C8 al kyl s, ndlcrcs al

conpati bl e conpound isagelected fromthe d?fzc
nmononers, oligoners, and polyners conprising edp Of oups;

pol y(styrene-co-allyl al cohol); and and m xtures eof ; and said
llayer is includes Iess than 0.1% by wei ght of -phQte&ctid generators,
based upon the total weight of the conpositifon taken af"'100% by

wei ght, and is non-crosslinlcable. 14. The structutge of claitMd 13, said
structure further conprising a second protective Fayer adjacent said
first protective |ayer. 15. The structure of claim 13, said
first protective |ayer having an average thickness of from1-5 gm

16. The structure of claim 13, wherein said m &qu ctronic substrate
is selected fromthe group consisting of Si supgtratles, 5102
substrates, S13bT4 substrates, Si02 on silico ates, S13N4 on
silicon substrates, gl#ss substrates, quartz sulstfates, ceramc
substrates, seniconductor substrates, and metal sypstrates. 17.
The structure of claim 13, said priner |ayer conprising a silane

sel ected fromthe grouwhes@fisi sting of an aromati c organo sil anes,

am no silanes, and m xtures thereof .18, The structure of claim
13, wherein said pri méfchdhds prdbtidatly sedectedyfeonsthe grpup censisting of ydrpogmnd
of Iifting when contacted faop 21feuhg With a 30-35% by wei ght aqueous

KCH sol ution having a tenpe%afure of 83-87C.
each R’ is individually selected from the group consisting of hydrogen, C,-C,

alkyls, and C,-C, alkoxys;
said compatible compound is selected from the group consisting of:
monomers, oligomers, and polymers comprising epoxy groups;
poly(styrene-co-allyl alcohol); and
and mixtures thereof; and
said layer is includes less than 0.1% by weight of photoacid
generators, based upon the total weight of the composition taken as 100% by

weight, and is non-crosslinkable.

14, Thestructure of claim 13, said structure further comprising a second protective layer

adjacent said first protective layer.
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15.  The structure of claim 13, said first protective layer having an average

‘thickness of from 1-5 um.

16. The structure of claim 13, wherein said microelectronic substrate is selected from the
group consisting of Si substrates, Si0, substrates, Si;N, substrates, Si0, on silicon substrates, Si,N,
on silicon substrates, glass substrates, quartz substrates, ceramic substrates, semiconductor

substrates, and metal substrates.

17.  The structure of claim 13, said primer layer comprising a silane selected from the

group consisting of an aromatic organo silanes, amino silanes, and mixtures thereof.
18. The structure of claim 13, wherein said primer and protective layers

exhibit less than 3mm of lifting when contacted for 2 hours with a 30-35% by weight
-aqueous KOH solution having a temperature of 83-87°C.
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