SPI N- ON PROTECTI VE COATINGS FOR WET- ETCH PROCESSI NG OF

M CROELECTRONI C SUBSTRATES BACKGROUND OF THE | NVENTI ON Fi el d of the

| nvention The present invention is concerned with new protective
coatings (prinmer layer, first protective coating, and optional second
protective coating) for use in the manufacture of mcroelectronic
devi ces such as those used in mcroel ectromechani cal systens (MEM).

Descri ption of thesPN-ON PROTECTIVERCORTINES ¥oORIWEILETERP et ching may
vary dependi ng upon the etch select|V|tﬁ re U|renents for the devices

to be fabricated. HRERSHENGHARM CYHPEERALER as et hyl ene
di am ne, ethanol am ne, and/or wat er-m scible | ower al cohols such as

i sopropanol to nodul ate the etching behavior of the solution. Bul k
silicon etching is typi GACKGREOUND OFITEE INEBNEGures in the range

of 40 to 1.20C i typlcally at 60 to 90C. The etching tines
range froﬂ?ﬁ%({fg}‘%ﬂ Ps” and nost typically are in the range of 5 to

15 hours. beh?réheﬁt i@ énfion isSconBthddORIRAE Protect ™ dlatifRs er layer
hydrof l uoric acid (HF), including concentrated (49%to 50%

aqueous dRISHETAIVET caating, sande OPtigha! I5eROng rrsateptiedeoaEnEh o §S%dﬁp?hPS| ng
aqueous gd
primaril gh?%l%ﬁ%t&c%l ﬁg?%on I S)%%Q gwﬁﬂfgﬁusggiﬁldﬁéﬁgﬁant S typ| cal |y
conpri se spstetnsi(BEME). 70% nitric acid (HNG3), 49% HF, and a dil uent
acid (e.g., 85% phosphoric acid (H3PO4) or 100% acetic acid) and are
used primarily for bulk silicon etching. Comron conponent ratios by
vol une f opedchigtién oftihé BSorafre, for exanple, HNG3/11F/ H3PO4= 7:1:7 or
3:1:4. Etching times for bullc silicon in these acid m xtures are
typically in tHehanimgpsdder docp stebmermauitasy densading uBerrtheceiele seleaiviting
as 120 m
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t hese substrates is critical for o tal ni ng. accept abl e praotection.
In the prP®rodPtC Therciiroiues 128 Eoat M’i&g ﬁ%érsagstffmw e in the

fabricati gReprOFRSISaRURave been selected prinmarily by usi ng a
trial-and- error met hod because there are no general - pur

protective coabpifigstebants insludgrgeqous sletices of hE@‘Pf@@FP\Wtd mﬁl@dmg

et chants ou € [ e
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masks, bupol G B &.goﬁe%@%bybfmnﬁé farrehahmkwﬁe%eﬂea&}ngg Pol ynet hyl

met hacryl ate was so eval uated as an etch nmask f However,
because of saponification W%ﬁ@@ﬁ%r’-'{]ld@ﬁ lthhe masking time of
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coating in a 30% by wei,ght. KOH_etch process wet, et.chi ng,

the wax was reﬁﬁgﬁém%ﬂh?%%pé%ﬁeﬁ?f@H@héeathl)n(@ i?r#otpw

are ideal ey g&eﬁ dfoRfde RS g%hme%ﬂfce@sub@ﬁﬁe asVRask GorRtieiielYBtching

i ndustries een using polymeric coating materials as
phot or esi st as a passivating lapetiv veclessactivrysircuiiryd Thieesfere.i thaprabestive pesting or

system described here is commonly applied onto Si,N, or Si0,, which means good

adhesion to these substrates is critical for obtaining acceptable protection.
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The pol yner preferably conprises at | east about 50% by wei ght of
nmononer (1), nore preferably from about 50-80% by wei ght of nononer
(I'), and even nore preferably from about 65-78% by wei ght of nononer
(1), based upon the total weight of the polynmer taken as 100% by

wei ght. The polynmer preferably conprises at | east about 15% by wei ght
of nonomer (I1), nore preferably from about 15-40% by wei ght of

nononer (1), Large e aRPeRhpptRiad byatingerorafait 30 MIBVISbbreitnt  of
mononer (I11), based upon the total weight of the polyner taken_as

100% by visPé5eRes have beem@r@raqrﬁéby B§A8 2 kealvadegof mpthad feqapse theeen

al so be re
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t hose haviefg of hua@:haskr@hng mnqscrvmm 314 sﬂh@@& btchWnfh SEice ﬁﬁaxidb Is a
prlner | ayer ( an _organo, silane_ prinmer |ayer as discussed
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epoxy- conshigtitiforgstaylpse. (preferabl y Cl1-C4, e.g., glycidyl groups)
In the instance of functional groupg1 deri_ved from car boxyl i cégm ds

such as est er UG ARYHErSGEE 1dpal qadifgias, fqrprpteptivg cqaipet olfe dbotti ng
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about 20% by wei ght, prefera 'ess than about 10% by wei ghtto
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pol ynmet hyfo antdéveais ﬁﬂl&’ibaatuxgdbml 171 lmmmcreﬂhm:m@nt for the polymer is that it
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The pol yner shoul d included in the first protective aél )
conposi t i prveitylene, @ well gf serpigryshbeg ﬂBQISB‘D)@@?rst/é‘PE)Hﬁ Tefent ovhigh W& r om

about 10- %@Q@/ K\ﬁeg%eﬂeﬁt%grrﬁé’ﬁﬂr Ea‘ic?fo%&%ﬁ B ¥ ki O ls, é&ng@b@ by

wei ght, based upon the total weignt the Tirst prot ctive layer
conposi t i fmmtlaed nta spitdosted gompogtions for protatiiae sottngrappigativasn At ithe zed

in the first otectlvela it i nt
of t1om aBat HpcaysE i s BPERaR biphaR WHh d BOlByRaB bol e

sol vent smsﬁxgnpﬁbmuihgﬂrhaha&ylhtezﬁdycﬁmemylsédﬂnemboﬁy{@ﬂb@bﬁiyiulﬁﬁe@&% by
wei ght, preferably from_about 75-90% by wei ght, nd pr bly
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sol vent systens i'nclude’a so ected fromthe group con5|st|ng
of nethyl isoanyl ketone, di(ethylene glycol) dinethyl ether,

by



each of i, j, and k is individually selected fromthe group
consisting of 0 and 1, and if one of i and j is 1, then the other of
i and j is O0; each P.3 is individually selected fromthe group
consi sting of hydrogen, the halogens, C 1-C8 (preferably Cl-C4)

al kyls, C1-C8 (preferably Cl-C4) al koxys, Cl1-C8 (preferably Cl-C4)
hal oal kyl s, am nos, and C 1-C8 (preferably Cl-Ca allcyl am nos; each
124 i s i npeinwablilia} foyths et foby aletitietogihe pbiaRs teaténey toforfl edaling
(prefera%%& C1-§§%§$Iip&§th gépups; eaah Xis_indfviduaLI sel ected
from t he GreSPr SPIPPIgYGR SREYPRIG BTRSPIeR G By eleptioniss By s and
Cl-C4 carboxyls; Y is selected fromthe group consisting of oxygen
and sulfur; Zis selected fromthe group consisting of nitrogen and
phosphorus; and each d is individually selected fromthe group

consisting of 0 and 1. { d silanes include
phenyl si | anes such as phé%?ﬁﬁ@§%¥3ﬂ%§§§?ﬁ§?§ﬁﬁ9 enyl trichlorosil ane,
phenyl t ri et hoSis ptaere, inphdoy loveicamed theys problens By aradidihe syithepbbieds
such as di phenyl di net hoxysi.l ane, di heqyldic | or osi | ane, ~and

di pheny| SPVREERAGNS SYFfERSBEED 5%%115%%? SHLER &om Gogjoggm apd other forms
phenyl et b @ulsax Yedpl @ing PYoREEH WRiERRBRY ddnbdRiaRR4BbdRNBIds and |
p/ mbr omophenyl tri net hoxysi I'ane, (p/ m chl or onet hyl') phenyl t ri net hoxysi | a
ne, 2-(p/basest Mgrpi@ewgf@@ lsgating sistemshrsnbeysasilyl rempved ap the end of the

- (p/ mchl 59%&% yl) phenyl ethyltrinmethoxysilane, 3,4- di chl o
rophenyl tri ‘'oro si 1 ane, 3-phenoxypropyltrichlorosilane,

3- ( N- phenyl anfmmprer depyl, thesengystemsycstrpasea fissh grotective layer which is applied

2- (di phenyl phosphi po).et hyl t ri et hoxysi | ghe. . effectiv rimer
ayer | CombaRETBIP-Raic, e SERG 1 Gt BRtFv Al Bt Bou &

di phenyl %@Fbﬁ@wﬁhicmsm fse.-a pdkﬂ@ﬁﬂ&]béﬂéd&&ir@é@ﬁ%ﬁ ah@)soBBkt system,
phenyltrial | coxysilane, (e.g., phenyltrinethoxysilane) or, even nore

pr ef er ablRyefergedrokinareargthemmoplastiy Pelyingysaad ImEIHE reSHERS MONABEIRHRYSR| ane
in a SOl%ﬁéQH?@% 1- met hoxy- 2- propanol or 1-propoxy-2-propanol wth
from about 5-10% by weight water. A particularly effective priner

| ayer conposition for first protective |ayers conprising a

pol y(styrene-co-acrylonitrile) polymer is an al cohol and water

sol ution containing from aboutR'0. 1- 1. 0%3 (pr eferably from about
0.25-0.5% by weight diph nyIs]Ianedioﬂ and firom about 0.1-1.0%
(preferably from about O -GH—by—wet

phenyl tri nmet hoxysi | ane. Upon hkating, di phenyll si | anedPol and

phenyl silanetriol (the hydrolﬁ%isl-rOQ.\L.ofRﬁhenyltrinethoxysilane)
condense to form sil oxane bonds and sh a three-di nensi onal
silicone coating |ayer on the subst Anot her preferred sil ane has
the formula Silanes having this st# d.are not only conpatible

Wi th styrene-containing copol ynerys, b they'rdre al so reactive with
ester, benzyl chloride, and/or epoxy grioups that nmay be present in
the first protective layer, and they aré excell ent adhesion
pronoters. One particularly preferred silane within the scope of this

formula is H2) NH (H3C0)3Si--(C 3 This silane is
3[ N- phenyl am no] propyl tri net hoxysilane, and it is comrercially
avai l abl e from Lancaster Synthesis angl Cel est Corporation. The

silane should be included in the priner |ayer conposition at a | evel
of from about 0.01-5% by wei ght, preferably from about 0.1-1% by
wei ght, and even nore preferably Rf¥oml'dpout 0.2-0.8% by wei ght, based
upon the total weight of the pr n#r Iby r conposition taken as 100%
by wei ght. The sol vent sy 0-eg ed in the priner |ayer
conposition should have aboilin Poin f from about 100-220C, and
preferably from about 140-180C. TRe ol vent systen1sHEDId be utilized
at a level of from about 80-99.9@6byl”eight, and preferably from
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Cl Specific exanples of preferred hal ogenated pol yners include those
selected fromthe group consisting of poly(vinyl chloride),

pol yvi nyl i dene chl oride, poly(vinylidene dichloride)-co-poly(vinyl
chloride), chlorinated ethylene, chlorinated propyl ene, and m xtures
t hereof. Hal ogenated chlorinated rubber is also very effective.

The hal ogenat ed pol yner should be included in the second protective

| ayer conposition at a |l evel of from about 8-30% by wei ght, and
preferably from about 10-20% by wei ght, based upon the total weight
of the second protsheieire | ayer conposition talcen as 100% by wei ght.

The sol vent systemutiliz i.n.the . .secon rotLective |layer . .
conposi ti on shoul d havee"?‘ﬁ‘f31 i i vig tseg‘?c??d?% a%‘&ﬁm‘i%ﬁgrf%‘&,g %nd
preferably from about 140-1 0géh 8ndSO| -5 (nd HY&ERB] 10g+)q11 ‘ghalized

at a level of fromabout 70-92%by weight, and preferablly from about
80- 90% by wei ght, basedeaghdh is irsividuadly sedécgdh from thhezreur opmbisting of

protective |ayer conposition_t.aken 00% b i gh TAI L
PEQOR PTI ON b THE PR ERRED e i (S R R C A g oy ng
exanmpl es set forth preferredai®pbRebly O, - raksdaece with the

invention. It is to be understood, however, that these exanples are
provi ded by wdiepelymerprsferabvicomparng shisastiaheptSAkr b wielghimflpnbmer €ken

as alim QR._4R0 ] ' ' I

APPLI CATIr%ﬁE Rt b’éﬁ%ﬁ’Q§°“Qg€>r§?d6¢byt§’%%§§°p%?ﬁrn°lgﬁﬁ?m’\é&é?%{r’r%}n?%égrf%? is
pr ef er ablfeont eboat 69A8% Hytvesight bEmbadnter 0y, exXpasd ngon thd ttdlrweght(df e
about 15-60 seconds). oxygen, plasma et chi ng to clean and/or chemcally

acti vat e ROREICE IfkeR as0RYhymeight ths ppiymeE DECTHahY PHEPSEs eHeashRioRk} 5%

| ayer. Pl i 1 be
benot | ci &7 '?go%*?ﬂ%?%@*?%ﬁ%‘é*ﬁ%%@% “3?‘8@“&??;’?5%?%9’8 8@@@& 039“

ef f ect i veli),and svepmovd prefetably fiooradont @086 96 bewpigbt of atdnumer @B basgl wgyat em

to silico itrid Preferred trat. for use in this process
i ncl ude ttﬁ%g’é’&%}gg'tz?%%c?‘iﬂm‘tt n@?é@ﬁi’@n‘%‘?@%i ng of Si substrates,
Si 02 subst r at @gonoRiedNAnGURBiGHRRrs (HiHd () c&d ALERNpRbEAS i 186 BSlymet, 3NA

on silicon substrates, glass substrates, quartz substrates, céeramc
subst r at edesizedyi Woenchiear srongmiys erearassnt, tha dombinad weightefmeqnomers (D) andThe

or ganosi | ol ytion u o P BT I .S SPLRh= i ed
onto e Ol BuEPutmells bRt S Byl 88aPbl HEn, BiEhalshSRIBLREY |
1000- 200Q:bbim60-9904 baheight, Bised Opaettio el wdightios tHehehmpaksadnat 100%aker
t han about 100C for about 60-90 seconds to condense the organosil ane

mol ecul esweighto Exaraplgs phiugehie pthenmenomers inchyis danse haviag fencdiensh 2oy |
roups pr ] I j S | Si £ d

Phat tho Waa becilp 3 BERAE SR IE: XHE ok Sho lind BB AL

el | i psomedistussed kerein) eiefdidrablatfoqrshiet sy cloémicabisontl b esiamithStwintagaers,

nore preferably fromahout. 2-8.n For the first protectjye
ayer ¢ HEERLAARALE e bg A tng fitag Gy <aine avE Afing B Eistinen
at a concgpldAtTHte ﬂan&ﬁ&mgﬁwe, By way/s D¥xa8il¢) hhloanh & MeRzfl eRlogide,0Nt O
t he substrate at about 500-5000 rpm "and preferably from about

1000- 30002-¢ipnoethmegiipeniatdesg(matporytites, perylates sugleatesafisepr ates) £POxY,

tenperature of . fro bout 80- ! 2 0. dry
the coati %&“ﬁ%‘&i‘{erﬁﬁ‘%}%ﬁsﬁﬁ pestlzgr %@1 Ee%&ég?&wavﬁggﬁ%ag?ﬁ?@'@?f%%%ha Sure of
fr om aboulydis9i, 285, be bxiegUirodiik- Al @E0BE Srebent e il friméigydri [Seime
protective |layer and bond 1t firmly to the priner |layer. The

pr ef er r edexgmp @-m@nom%rkmgepﬂswé%@!@&fwaﬁlﬁ rile coatings is to
bake them at a tenperature of about 130C for about 120 seconds and
then at a tenperature of about 200C for about 60 seconds. The pol yner
solids level and spinning conditions are adjusted typically to
achieve a final coating thickness of fromabout 1-5 um and
preferably fromabout 2-5 um dependi ng upon the degree of coverage




Primer If was prepared by dissolving 0.5 g of diphenyl di net hoxysil ane
in 90 g of isopropanol and 10 g of water followed by filtering with a
0. 2/ 0. 45- pm pol ypropyl ene filter. Primer DI was prepared by

di ssolving 0.5 g of diphenylsilanediol and 0.5 g of

phenyl tri met hoxysilane in 90 g of propyl ene glycol nonomethyl ether
(PGVE) and 10 g of water. The prinmer was aged for at |east 24 hours
so that the silanes werg partially hydrol yzed and condensed. The
prinmer was then itywas fﬁ tered using a 0.2/ 0045-p. m pol ypropyl ene

filter. Primpfzl Vlwas prepared pyodis =06 g o

di phenyl si | anedi ol | and ‘F.p g of pheny]| | ilane/ in 88 g of
PGVE and 10 g of water.l The prinmer -was ar-Hy—aged—and t hen
filtered using a O. Z(fﬂf(iﬁ%ﬁm’pol ypropylene filter. EXAVPLE 2
Preparation of Prinmey V (Conparative Priner) In a manner simlar
to Exanple 1, PrinerlV was prepared by adding 1.0 g of 3-

am nopropyltriet hox;ﬁsi |l ane into 95 g of PGVE and 5 g of water. The
prinmer was aged for at |east 24 hours so that the silane was
partially hydrolyzed and condensed. The prinmer was then filtered
using a 0.2/0.45-pmgol ypropyl ene filter. E)ﬁ\IVPgE 3 Preparation of
Primer Vi A di gt hyl hﬂ%;rate-m)difi ~ e nctional slime
was prepared by m xi on e of

N-(3-trimethoxysilyl) -|pr ogyl et hyl enedi amgfe W th_one mol e of diethyl
fumarate, foll owedOByFG&ti EFHY at room t enpe '
m Xi ng process was exot hetm c, indicating thel i medi ate reaction of
the two conponents. O Primer VI was prepatled by.ldi ssolving 1 g of
t he above nodified sil|ane|into 90 g of PGME anth#0 g>af water. The
m xture was aged for 24 tB°48 hour® at room tengerature and then
filtered using a 0.2/0.45-vm pol ypropylene filtgs for future use.
EXAVMPLE 4 Preparation of Primer VII Primer VII is an adhesion
pronot er based on 3-(N-phenyl)am nopropyl trinethoxysilane, which is
very effective for polystyrene-co-acrylonitrile polyners, especially
for coatings cgptaining reactive groups such epoxy, ester, or

chl oronmet hyl (benzyl chloride) groups. Primer VIE was prepared by

di ssolving 0.5 g ofeadtR’ ianmireteadlyeselaEdsidnatie grou@ngisifiz GGHreged 10

g of water. The m xture aged in er.simlar to the previous
exanpl es and filtered uﬁm%l%%@gﬁ%?ﬁ@g@gﬂfglwm%%@%k Prafespdly
EXAMPLE 5 Preparation ofeiGpathhi ympositions A and B froma

Copol ymer of Styrene and Acrylonitrile Commerci al 'y avail able
styrene-acryl oni t r icheh R eisimpdivideally sgleetgd diomethe Igyoupoongiging afgydrogen,

formul ati ons. Conpositi f.Qr myl d i.Ssal yi ng ..l f

pol y(styrene-coacryl oni @]@%Wé&gﬁg%%ﬂ’ etgyllggt,%’gdff oggllﬂflg}c)%aﬁ)cyls
acrylonitrile, avail abl ¢réfetlyNCHG,chY., i2ackdrogthol)), nd fepbxy-saamiming
ketone (M AK) and 44 g of di ((Pgt hyl ene gl ycol g{ di met hyl et her.

Conposi tion B was for muBEas Esfebbbor i fE- BYCHYLErowpNB0 in 41 g of
met hyl i soanyl : : " Laet hyl
ether. Both co%ﬁ%&%g%éﬁtf@%@%@%%é%3%\%\%@% agigIX %%Qa%ghtgﬁ

0. 2/ 0. 45- pamhyddides,r ib [/ ingpoetaht hatethe céiréspomtitg mehymeraontentdiicnindbat of

PR wer ibrmiepfasit SrboBEet e 5% et SOGHA0E thieiat senpretohly IR of
sol vent  diwbunQiv M&i@ﬁﬁgmmmlﬁbtm?oﬂg@}d&ggs Adabhdedud dRSNERSIO6-

EXAMPLE 6 Preparation of a Terpolynmer an mul ati on of Coating
Conposi t i eveling ofdhn fivkcoringplaygribgrrbasic etchanty Altemapyaly duueapolysier may

t I e, L.oni tril d i dyl t h | at

or cpar ot bty ahERer At ehbiende G e B iR SRl ol
pr epar e he"and SHaL e e et of
PN s e o o s v e




neck of the flask through a needle. The flask was heated using a
hot pl ate at 80C for about 8 hours to polynerize the nononmer m xture.
During the reaction, the reactor was slowy purged with nitrogen to-
prevent oxygen fromentering. The pol yner obtai ned was then
precipitated in a m xture of isopropanol or ethanol containing 20% by
wei ght water in a fast-stirring blender. The polynmer was recovered by
filtrati ethesinatovlzequimme: thyeota thomicahwpinysioyl bendivg ot thetredupsprmmeability

resi dues | d or. nversion, of the reaction was 80%to 85% Gel
per meat i & %ﬁ%ﬁ?ﬁ?lﬁﬁﬁpﬁﬁ@f(&éﬁf {]Hﬂ’it%at ed the wei ght average
nol ecul ar  wei P owmérE%MeﬁﬂaﬁdemhéE@u ro2&8iv 0 g)erﬁ% APbEtioh &ladddeye to
pol ystyrene standar nposi tion (12. 5% sol i ds) was
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EXAMPLE 12 Procedure for Applying Prinmers I-VIlI and Coating
Compositions A-G A silicon, silicon nitride, or silicon nitride
wafer with al um num deposited at the central area was nounted on a
spi n-coater and centered properly. Under conditions of a spin
acceleration rate of 20,000 rpmi, a spin speed of 2,500 rpm and a
duration of 90 seconds, the wafer was first washed with acetone for
about 20 seconds to renpbve any possible contam nants, and then an
aliquot of 5to 10 mM of the priner was di spensed. onto the wafer.
After spinning for about another 40 to 60 seconds, a uniform priner

| ayer was obtained on top of the fer. Subsequently, the prined

waf er was baked on a hot pl at &gt~ 100- 130C for 1 minute to pronote
chem cal bondi ng between the substrate and the prinmer as well as
partial vul canization of the p Lper; After the prinmed wafer cooled to
roomtenperature, a layer of the particular coating conposition
(e.g., Conposition A) was spin-applied and then baked on a hotpl ate
sequentially at C.for 2 mnutes, 130C for 1 mi_nute, and 205C for 1
m nut e. EXAVPLE 1 ?f}IDeep-Etch Tests fox Varigus Coating/Prinmner

Combi nati ons The test equipnent inclu 2 gl ass etchant tanker
cont ai ni ng about 4000 nil of |a 30%tlo,3 ¥ weight aqueous KOH

solution in whichaa TE Y 3 i Ng &2t est substrates
in a horizontal orientationdwas; flullliy i4 sed//The etchant solution

was heated using =internal heatingsunit or heati;ng unit such as
a hotplate, and the tenperature of the etghant Wwas controlled to 85C
1.5C. In general, 4-inch wafers of silichn, sili®on nitride, or
siliconnitride with alum num deposited at the central circular area
(approximately 2 inches in diaggeter) yere used for the test. For
silicon wafers, the test was oMy cofducted for 2 to 4 hours because
of the high etch rate of %silic' KOH. For silicon nitride wafers,

the test was extended to |a ours._ During the etch test, the
sol uti on was bubbl®d vi S T tTRgen to provide agitation.
After the etching period,l wafer gt es were renoved, rinsed, dried,
and then inspected for pinholes/and ‘edge |ift or detachnment of the
coating | ayer(s). Becausegsal um nggm i s very reactive toward KOH
solution, any penetration of the coating (either by pinholes or poor
KOH resi stance of the coating) was indicated by di sappearance of

al umi num at the area. The distance fromthe edge of the wafer to the
front Iine of coating detachnment in the radial direction was used as

a measure of €A%k ohbhesh s Gdividuely electedlefiom ithregroup sansisging ofBiznddli on.
Fage 1116 ot unt R b badide EUABREL S QLT R R0 (2 12011 6217
each R* is individually selected from the group consisting of hydrogen, the
halogens, C ;-C; (preferably C,-C,) alkyls, C,-Cy (preferably C,-C,)
alkoxys, C,-C; (preferably C,-C,) haloalkyls, aminos,and C ;-G
(preferably C,-C,) alkylaminos;

each R* is individually selected from the group consisting of C,-C, (preferably
C,-C,) aliphatic groups;

each X is individually selected from the group consisting of halogens, hydroxyls,
C,-C, alkoxys and C,-C, carboxyls;

Y is selected from the group consisting of oxygen and sulfur;

Z is selected from the group consisting of nitrogen and phosphorus; and

7
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Particularly preferred silanes include phenylsilanes such as
phenyltrimethoxysilane, phenyltrichlorosilane, phenyltriethoxysilane,
phenyltriacetoxysilane, and diphenylsilanes such as diphenyldimethoxysilane,
diphenyldichlorosilane, and diphenylsilanediol. The most preferred silanes include 2-
phenylethyltrialkoxysilane, p/m—chlorophenyltrimethoxysilane, p/m-
bromophenyltrimethoxysilane,(p/m-chioromethyl)phenylirimethoxysilane, 2-(p/m-
methoxy)phenylethyltrimethoxysilane, 2-(p/m-
chloromethyl)phenylethyltrimethoxysilane, 3,4-dichlorophenyltrichlorosilane,
3-phenoxypropyltrichlorosilane, 3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane.

An effective primer layer composition according to the invention is a mixture of
dipbenyldialkoxysilane (e.g., diphenyldimethoxysilane) and phenylirialkoxysilane, {e.g.,
phenylirimethoxysilane) or, even more preferably, a mixture of c'iiphenylsilanediol and
phenyltﬁmeﬂmxys:llane 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
composition for first protective layers comprising a poly(styrene-co-acrylonitrile)
polymer is an alcohol and water solution containing from about 0.1-1.0% (preferably
from about 0.25-0.5%) by weight diphenylsilanediol and from about 0.1-1.0%
{preferably from about 0.25-0.5%) by weight of phenyltrimethoxysilane. Upon heating,
diphenylsilanediol and phenylsilanetriol (the hydrolysis product of
phenyltrimethoxysilane) condense to form siloxane bonds and establish a three-
dimensional silicone coating layer on the substrate.

Another preferred silane has the formula

R3 R?

X S'—(—R"’)—F&i R3 (0
301 4
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Silanes having this structure are not only compatible with styrene-containing
copolymers, but they are also reactive with ester, benzyl chloride, and/or epoxy groups
that may be present in the first protective layer, and they are excellent adhesion

promoters. One particularly preferred silane within the scope of this formula is

o fBri—( )

This silane is 3-[N-phenylaminc]propyltrimethoxysilane, and it is commercially
available from Lancaster Synthesis and Gelest Corporation.

The silane should be included in the primer layer composition at a level of from
about 0.01-5% by weight, preferably from about 0.1-1% by weight, and even more
preferably from about 0.2-0.8% by weight, based upon the total weight of the primer
layer composition taken as 100% by weight.

The solvent system utilized in the primer layer composition should have aboiling
point of from about 100-220°C, and preferably from about 140-180°C. The solvent
system should be utilized at a level of from about 80-99.9% by weight, and preferably
from about 85-99% by weight, based upon the total weight of the primer layer
composition talcen as 100% by weight. Preferred solvent systems include a solvent
selected from the group consisting of methanol, ethanol, isopropanol, butanol, 1-
methoxy-2-propanol, ethylene glycol monomethyl ether, and 1-propoxy-2-propanol, and
mixtures thereof. In one preferred embodiment, water is included in the solvent system
at a level of from about 2-15% by weight, and preferably from about 5-10% by weight,
based upon the total weight of the primer layer composition taken as 100% by weight.

The primer layer composition can optionally include low levels (e.g., from about
0.01-0.10% by weight} of a catalyst. Suitable catalysts include any inorganic or organic
acid (e.g., hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid) or an inorganic

or organic base (e.g., potassium hydroxide, TMAH, ammonia, amines).
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In a preferred embodiment, the protective system of the invention further includes
a second protective layer on top of the first protective layer to provide further protection
against concentrated aqueous acids such as hydrofluoric acid, nifric acid, phosphoric
acid, acetic acid, and mixtures of the foregoing. This embodiment is useful in situations
where 2 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
halogenated polymers should comprise high levels ofhalogen atoms (at least about 50%
by weight halogen atoms, and preferably at least about 60% by weight halogen atoms).
The most preferred halogenated polymers are chlorinated polymers such as those

comprising recwring monomers having the formula

H
S
{ I
|
H
I
[ (,: ],and
¢l
cl
A
¢ ]
o]

Specific examples of preferred halogenated polymers include those selected from the
group consisting of poly(vinyl chloride), polyvinylidene chloride, poly(vinylidené
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 alevel 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 taken

10
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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 140-180°C, The solvent system should be utilized at a level of from about 70-92%%

by weight, and preferably from about 80-90% by weight, based upon the total weight o f

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
EXAMPLES

The following examples set forth preferred methods in accordance with the

mvention. 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

the invention.

TYPICAL APPLICATION PROCESSES
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

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

protective coating system fo silicon nitride.

Preferred substrates for use in this process include those selected from the group

consisting of Si substrates, Si0, substrates, Si;N, substrates, Si0, on silicon substrates,

Si;N, on silicon substrates, glass substrates, guartz substrates, ceramic substrates,

semiconductor substrates, and metal substrates.

The organosilane sotution that makes up the primer layer is spin-applied onto the

substrate at about 500-5000 rpm, and preferably from about 1000-2000 rpm, for about
30-90 seconds. It is then baked at greater than about 100°C for about 60-90 seconds to

condense the organosilane molecules into a continnous film that is bonded to surface

hydroxyl groups present on many microelectronic substrates. It is preferred that the

i1
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primer layer have an average thickness (as measured by an ellipsometer over 5 different
points) of less than about 5 nm and more preferably from about 2-8 nm.

For the first protective layer, the thermoplastic polymer is dissolved in a suitable”’
solvent at a concentration of from about 5-25% by weight and spin coated onto the
substrate at about 500-5000 rpm, and preferably from about 1000-3000 rpm, for about
30-90 seconds. It is soft-baked at a temperature of 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 firmly 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 60 seconds. The polymer solids level and
spinning conditions are adjusted typically to achieve a final coating thickness of from
about 1-5 pm, and preferably from about 2-5 pm, depending upon the degree of coverage
required over device topography on the substrate.

The second protective layer 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 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
1-5 pm, and more preferably from about 2-5 pm.

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, or ethyl lactate. In this technique, the
coated substrate is sprayed with, or immersed in, the solvent until the coating layer has
fully dissolved, The subsirate is then rinsed with fresh solvent until clean. The
protective coating 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 or is lifted as the first Jayer

dissolves.

12
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Practicing the present invention will result in a protective layer system which
suffers little or no lifting during etching processes. That is, the layer systems will exhibit
less than about 3 mm, preferably less than about 2 mm, and more preferably less than
about 1 mm of lifting when subjected for about 2 hours to etching in an approximately
30-35% by weight aqueous KOH solution having a temperature of about 83-87°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.

Furthermore, the inventive protective layer system will experience very little or
no etchant penetration during etching processes. Thus, when subjected for about 2 hours
to etching in an approximatety 30-35% by weight aqueous KOH solution having a
temperature of about 83-87°C, the inventive protective systems will have less than about
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.

EXAMPLE 1
Preparation of Primers I-IV

Primer I was prepared by dissolving 0.5 g of diphenyldichlorosilane in 99.5 g of
xylene followed by filtering with a 0.2/0.45-pm polypropylene filter.

Primer I was prepared by dissolving 0.5 g of diphenyldimethoxysilane in 90 g
ofisopropanol and 10 g of water followed by filtering with a 0.2/0.45-pm polypropylene
filter.

Primer Il was prepared by dissolving 0.5 g of diphenylsilanediol and 0.5 g of
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
hydrolyzed and condensed. The primer was then it was filtered using a 0.2/0.45-pm.
polypropylene filter,

Primer IV was prepared by dissolving 1.0 g of diphenylsilanediol and 1.0 g of
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-pum polypropylene filter.

13
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EXAMPLE 2
Preparation of Primer V (Comparative Primer)

In a manner similar to Example 1, Primer V was prepared by adding 1.0 g of 3-
aminopropyltriethoxysilane 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-pm polypropylene filter.

EXAMPLE 3
Preparation of Primer VI

A diethyl fumarate-modified, amino functional silane was prepared by mixing
one mole of N-(3-trimethoxysilyl)-propylethylenediamine with one mole of diethyl
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 g 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-um polypropylene filter for future use.

EXAMPLE 4
Preparation of Primer VII
Primer VII is an adhesion promoter based on
3-(N-phenyl)aminopropyltrimethoxysilane, which is very effective for
polystyrene-co-acrylonitrile polymers, especially for coatings containing reactive groups
such epoxy, ester, or chloromethyl (benzyl chloride) groups. Primer VI 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.
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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
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(ethylene glycol) dimethyl ether.
Composition B was formulated by dissolving 18 g of SAN30 in 41 g of methyl isoamyl
ketone (MIAK) and 41 g of di{ethylene glycol) dimethyl ether. Both coating
compositions were filtered twice using a 0.2/0.45-pm polypropylene filter.
Alternatively, a mixed solvent of propylene glycol monomethyl ether acetate (PGMEA)
and ethyl lactate in a weight ratio of 9:1 was also used as the solvent. The change of

solvent did not noticeably change the coating quality or adhesion.

EXAMPLE 6
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%
by weight H,S0, 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
35 g of styrene, 10 g of acrylonitrile, and 5 g of glycidyl methacrylate. Next, 300 mg of
2,2'-azobisisobutylnitrile (AIBN) (or benzoyl peroxide) were added to the mixture as an
initiator. 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. Afier fixing the entire glass assembly fo a

metal stand, the system was purged with nitrogen to remove oxygen through the side

15
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neck of the flask through a nesdle. 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 isopropanol or ethanol containing 20% by weight water
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 83%. Gel permeation chromatography (GPC) indicated the weight average
molecular weight of the polymer was about 200,000 g/mole (relative to polystyrene
standard).

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

EXAMPLE 7
Preparation of a Terpolymer and Formulation of
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
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, 15 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
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
a 0.2/0.45-pm polypropylene filter.
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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
glycidyl methacrylate was prepared. To accomplish this, styrene, butyl acrylate, and
glycidyl methacrylate were purified by passing through a column of aluminum oxide.
Acrylonitrile was purified by washing with 5 wt% H,S0,, 5 wt% NaOH, and deionized
water sequentially followed then dred over anhydrous calcium chloride and 4 A
molecular sieves.

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
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
a 0.2/0.45-pm polypropylene filter.

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.
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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-pm polypropylene filter.

EXAMPLE 12
Procedure for Applying Primers I-VI 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
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 dispensed
onto the wafer. After spinning for about another 40 to 60 seconds, a uniform primer
layer was obtained on top of the wafer. Subsequently, the primed wafer was baked on
ahotplate 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 sequentialty at 100°C for

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

EXAMPLE 13
KOH Deep-Etch Tests for Various Coating/Primer Combinations
The test equipment included a glass efchant tanker containing abount 4000 mli of
a 30% to 35% by weight aqueous KOH solution in which a TEFLON® wafer boat
holding the test substrates in 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 confrolled 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

wafers, the test was only conducted for 2 to 4 hours because of the high etch rate of

13
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silicon in KXOH. For silicon nitride wafers, the test was extended to at least 8 hours.
During the etch test, the solution was bubbled vigorously with nitrogen to provide
agitation. Afterthe etching period, wafer samples were removed, rinsed, dried, and then
inspected for pinholes and edge lift or detachment of the coating layer(s).

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 Iine 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.
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Nitride Silicon Nitride Silicon Nitride Silicon Nitride Silicon
Nitride + Al Pad # dxa il 1g vp EXAMPLE 15 A Sinul ated Test for
Resi stance of Coating Conbination to M xed Acid This test was
conducted in a nmechani cal batch etching systemusing a m xture of
nitric acid—(#0%by weight), hydrofluoric acid (49% by wei ght), and
phosphorijc adid (86% by wei ght) (BNG3: HF: H3PO4 = 3:1:4) as an
etchant. [THg |silicon wafers were contained in a wafer carrier boat,
whi ch was t§1en pl aced in the tool for exposure to the etchant. The
waf ers wer & tlunbl eld during the entire length of the etching process
(approxi Mat®elly 30 jm nutes). Once renpved, the wafers were rinsed and
eval uated for| coat|i ng performance. The test was conducted at room
tenperature, (wWithl]a constant fresh supply of etching solution applied
to the su ates.| Results are shown in Table 3. Resul ts
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Materials lifted off substrate | Conpletely dissolved after 10

m nut es exposure | Conpletely dissolved after 10 m nutes exposure 1
Material lifted off of substrate I No observable lifting or
penetration 1 Material lifted off of substrate 1 Material lifted off
of substrate Mninmal amount of lifting fromthe edge of the wafer
observed after 10 m nutes | Random penetration of film causing a
bubbl e effect. - - Bake Process GBR&MIEEI4 VIR VN V/IN Ml

¢/ D. cz Resi‘stance 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 temperature, 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 formation of hydrogen bubbles resuiting from the aluminum reacting with hydrofluoric
acid. When a silicon nitride—coated wafer was used as the test substrate, penetration of the
coating by hydrofluoric 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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205C/5 min 130C/ 60sec 205C/5 min | utat 5/ DcSQZ L 00509/ 300E1

130C/ 60sec 205C/5 m n ul mg/asSQZ 00809/ 000E I ul m gaSQz 30509/ 3008l
130C/ 60sec 250C/5 min 130C/ 60sec 250C/5 min Protective Coating 1 0 <
<< <0

EXAMPLE 15
A Simulated Test for Resistance of
Coating Combination to Mixed Acid
This test was conducted in a mechanical batch etching system using a mixture of

nitric acid (70% by weight), hydrofluoric acid (49% by weight), and phosphoric acid
(85% by weight) (HNO,:HF:H,PO, = 3:1:4) as an etchant. The silicon wafers were
contained in a wafer carrier boat, which was then placed in the tool 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
coating performance. The test was conducted 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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no lifting observed
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1. A method of forming a microelectronic structure, said
method comprising the step of applying a first protective layer
to a microelectronic substrate surface, said first protective
layer including a polymer comprising reéurring monomers
having the respective formulas

R! R!
I I
([: C
() R R2 R2
and
RZ Rl
RZ
R' R
Ll
() [ ] '
R! C
Ul
N
wherein:

each R* is individually selected from the group consist-
ing of hydrogen and C,-C, alkyls; and
each R? is individually selected from the group consist-
ing of hydrogen, C,-C; alkyls, and C,-C, alkoxys,
said first protective Jayer being essentially nonconductive,

2. The method of claim 1, wherein said polymer comprises
at least 50% by weight of monomer I, based upon the tota)
weight of the polymer taken as 100% by weight.

3. The method of claim 1, wherein sajd polymer comprises

at least 1 5% by weight of monomer (I), based upon the
total weight of the polymer taken as 100% by weight,

4. The method of claim 1, further comprising the step of
applying a primer layer to said substrate surface prior to said
first protective layer applying step.

5. The method of ¢laim 4, said primer layer comprising an
aromatic silane.

30

mm C/ DoOSZ 00509/ 000E1 Protective Coating 2
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1=1 Substrate Silicon t100RTS 1100. M5 Silicon

W claim . A nethod of formng a mcroelectronic structure,

Exp # OT It

Zl Et
sai d

nmet hod conprising the step of applying a first protective layer to a

mi croel ectroni ¢ subshe Heiod Hf IARSS seﬁ@lzgmahg ﬁfangﬁ ot ecbl ve |ayer

i ncl uding a pol y@RIagOMPr 1 SI NG reeurring ners avt
respective fornul as wherein: each Rl is |nd|V|duaIIy selected from

the group consisting of hydrogen and C3-C9 al kyls;

individually selected frgmthe group consist- ing of hydrogen,

t he

and each R2 is

Cl1-C8

al kyl's, and CIaIkoxysstald first protective |ayer being essentially

nonconducti ve.

where
R3 R3
A= -[fR‘&—H’ﬁ}-E?ﬂ,—fR" 7 R
RS
R3 R3
R R?
B= —f-{-R4 " R
R? R3

each of i, j, and k is individually selected from the group
consisting of 0 and 1, and if one of and j is 1, then the
otherofiandjis 0,

each R? is individually selected from the group consisting
of hydrogen, the halogens, C,-C, alkyls, C,-Cg alkoxys,
C,-Cjg haloalkyls, aminos, and C,-C, alkylaminos;

each R* is individually selected from the group consisting
of C,-C; aliphatic groups;

each X is individually selected from the group consisting of

halogens, hydroxyls, C,-C, alkoxys and C,-C, car-
boxyls;

Y is selected from the group consisting of oxygen and

snlfur;

Z is selected from the group consisting of nitrogen and

phosphorus; and

each dis individually selected from the group consisting of

Oand 1.

7. The method of claim S, wherein said substrate surface
comprises a plurality of surface hydroxy} groups, said method
further comprising the step of heating said primer layer so that
said aromatic silane from said primer layer bonds with at least
some of said surface hydroxyl groups.

8. The method of claim 4, further comprising the step of
heating said first protective layer so that it bonds with said
primer layer.

9. The method of claim 1, further comprising the step of
applying a second protective layer to said first protective

Jayer.

10. The method of claim 9, said second protective layer
comprising a halogenated polymer.
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2. The nethod of claim1l1l, wherein said polynmer conprises at |east 50%
by wei ght of nononer |, based upon the total weight of the polyner
taken as 100% by weight. 3. The nethod of claim1, wherein said

pol ymer conprises at |east 15% by wei ght of nonomer (11), based upon
the total weight of the polynmer taken as 100% by weight. 4. The
met hod of claim 1, full nehgt ¢fsilaig 1headtiapgafatedpplyharg a pri mer

| ayer to said subst camerisng flaleast f% dry weigladiatbgbn p®tnspbokéct i ve | ayer
appl yi ng step. SUPGIHQEWW@l@hm&‘thelhahog&nétedﬁalyﬁte:pﬁkeﬁﬁﬁ | ayer
conprising an ar onat@Q% ky veight. 6. The nmethod of claimb5, said
aromatic silane havi nig. fThe nsttiadcif@mRARIIRASNsAd hilogdnatednd K is

i ndi vidual 'y sel ect palyfnenis A chlsnagedossyrg@nsi sting of % and 1, and if

one of and j is 1, thenThd@e@bdercish 4 ﬁ@m@rdo;d ﬁmQ @ﬁgo@ i's
1

i ndi vi dual 1y sel eCt%Iﬁ:ﬁ@@s&é&d%&kﬁ?wSQﬂ%}%k jpgen, the
hal ogens, Cl-Ca al kyls, Cl-C8 al koxys, ha oal ky s Pam nos, and Cl-C8

al I cyl am nos; each R4 e':ﬂghé(d gual llny13 qa: ge'%(c()algd ]{r?rﬁo t%}g

consi sting of Cl- C8. i ri@ t y sel ected
from the group consdog; 4 Q al kg 85{9&5% ydr oxy 4 PIESL 85°h)| koxys and
e

Cl-C4 carboxyls; Y i %ct m roup consi sting of oxygen
and sulfur; Zis se ﬁq:%c‘fsu t@?ﬁcﬁgﬁg’ rfé'idélﬂlFli‘? egfonii t r ogen and
phosphorus; and each i \7|°Blfa f Cteddrom Bar i gr oup

consi sting of 0 and; gmi[’lnglo s e N SUbsHatEFei n sai d
substrate surface ¢ombP}’ ]é%(m i d?e&tl Iy O&f"lé"ﬁ’llfla’é%at?ﬁyaltaﬁxyl gr oups,
sai d nethod furt herducto‘ % K a T’e‘fmﬁ’fw Rebstritety SeRiceyr i ner | ayer
so that said aronmafi¢ silan éesfzf‘rﬁlrﬂ] iS80sFPirer 1 ayer bonds with at

| east sone of said sh?fé‘c%lelllig}‘éi‘?fcﬁkw 8 gvhsupiasaid heang sEpgrictdst hod of cl ai m
4, further conpri s?rﬂj”’fel‘/@fsétpé‘ﬂe%’f’e Pryst reigbination whieksexhirist ect i ve | ayer
so that it bonds with &sf thapdimmef|lifjng when sugectghfer Adohod of claim 1,
further conpri si ng“%%‘éh“i’s&‘éf}“%Tﬁ’r%ﬁm‘t?]ﬁ@”'é‘y%@@méﬂEplﬂ@ﬁﬂéct| ve layer to
said first protect P&l sqyipabaving a egipermiie altbhad3df7° €1 ai m 9, sai d
second protective INeTllwmmmdcﬁLn@navhﬁ}eQ%la%ﬁ 11. The
nmet hod of claim 102 Pgalﬁdﬁrhaybro@em&tleﬁrp@&]ymfonchg [%f@lg at | east 50%
by wei ght hal ogen ahooh | phisledpdrupd oS §ubeirdt Ot e f the

hal ogenat ed pol yner 18akef:ad o2@0% k% Welgh met hod of
cl ai m 10, wherei n sehod habmgﬁ@aﬁeegre%ﬁékyrrerElfﬂgmaS”é’h[I” rﬁ‘fgt ed pol yner.

13. The net hod of claﬁlmnéﬁpg}ﬁ‘tllgfer“&gl cm 8?’ %Fstep of applying a

sef(ﬁng p][ ot Iectl viBI ayﬁée pegsaid Tirst t I 'ai"’ei'm 14. The
met hod of claim C|ve ayer conprising a

hal ogenat ed pol yrrer g%%? YC ﬁa é? *?ﬂéﬁ%mﬁ’s]ﬂmgpiard argrratl c si
| ane. 15. The et hed,, 11113’ n of ROWHEH compITst@ ect r oni C
substrate surface is on a ?VE@I “Hycfedermubes group

consi sting of Si substra@)es S| 02 substrates, Si3N4 substrates, SiO;
on silicon substrates, Si3N4 orfgsilicong: ubstrat es, gl ass substrates,
quartz substrates, ceramc subgtjirates, B mconductor substrates, and
nmet al substrates. 16. The thod—ofc-++ ai m 8, wherein said heating.
step yields a prinmer/first protective ljayer combination which

exhi bi ts R g

R2 R_?.

(n
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| ess than 3 nm of Hi ne when subjected for 2 hours toietching in an
approxi mately 30-35% by wei ght aqueous KO1:1 solution having a

tenperature of about 83 87 C. 17. The rret hod of claim 8, wherein
said heating step yi r/fi rst ctl ve r conbi nation
havi ng | ess than abou‘i‘“’f}R PCLI‘H g?{: "rou f"?%?e surf ace.
18. A method of form ndn’saO P%"é’l“é’ ure, said method

conprising the steps @fhRajspndiyidepilys ?ﬁt??éf‘)llll éFc’” GOS8 cr oel ect roni ¢
substrate surface; and iegqibyingenaCi-Ce 8kyisradf fetGe P reyer to said
priner layer, said fipriie metisideditciaine 1Baykarein paid pelymgr 0ol yer
conprising recurring possatest HSvbygeighef meyese, bised PRNUI as (1)
wherein: each Rl iige iondiweighue] thepadeher taken af Ya9th heeighitoup consi sting
of hydrogen and Cl -2@sTiad kathsd ofoimeide iwhéreinissidipotyimer dorad |y sel ect ed
fromthe group consi stpriseg l@kt Iyslbpgepht Ehadibmat @) wsedand Cl1- C8

al koxys. 19. The gyRhhae @bl etightaflBe polyereikesas dOpdl yrer conpri ses
at | east 50% by wewghtt. of rononer 1, based upon the total weight of
the pol ymer taken ag; Q% Oy,dW Bith 18, whereid B8d BBk hedcah- cl ai m 18,
wherein said pol ymer ggésfromso %%l%ﬁﬁﬂ@ﬁnhﬁ@ﬁhtel@f@lﬁ}'roml ght of

nononer (11), based u 8y (velaB oI rBhter Qf), daliepepainiogey  t aken as
100% by wei ght ]Py\:.l_é] 1t'E§i‘h ggsegfupd—‘d 1@&@&%@&%&@& polgaed pol ymer com
prises from 50- 859 }chqﬂpnoner (1) and from 15- 40% by

the total weight of h A 22. The
met hod of claim 18Con r?fe selfinelnod {I ses a

art er om n 1 este 01 Jeatm sa fe%?a ers
plurality ofsurfac% ) ﬂ EE conpri sing
the step of heati n %‘i“ al ﬂ fmfnsmd nm%‘ A %gwcf ar]orgr{attl c siltne

from said priner eo{w rd“ sald surface

hydr oxyl groups. hemn ) ’Igr'(n3 e tectv Elﬁ?fcﬁ?l Esmd FE’h conpri si ng
the step of heating T TTITSROBO (P(W/Oe prds §itiald it bonds with
said priner Iayer ai m18 Ih%%“ljj er conprising

wei ght of ronomer 16 thodo c] ”fsa% ere 1djsebgth§tesqte neg based upon

xnetm ofn‘?at n 1f i e(;rc m JSTy
the step of appl ylagﬁy% gj ’}?P o('f a£$ 8%136&3 % i r st

protective |ayer “Wcond

protective |ayer cg f 26. The net hod
of claim27 said ﬁé’%§h@@to§0p&iﬂw algsccg'&%n%:%‘feﬂ@y%t | east 50% by

wei ght hal ogen at o, THASE ph It t he hal ogenat ed
pol ymer taken as 100%g&y. qp 0 qu;g;:}g éJPBIy“Z:eFal m 28,

wher ei n sai d hal ogggat t;—wéjﬁl Ogﬁ"‘{? 28. The
met hod of claim 18,19 % hlrtngfcﬂ?%e C@c‘t’a“3 e i at e surface is

on a substrate sel egt p.consisting of Si substrates,
Si O Isubst r at gs Ig])g&ﬁglis%{egﬁﬁéagag}} 5 ‘,"Eermss‘t"ld I@%%;Ei*f trates, Si3M
on silicon substratesp.glass FHR I g %gl’e! Zr gupstrates, ceramc
substrates, senm cOPGMEL QR ALES il seﬁT roFrnoﬁle tgér%?q}(aé tes.
consisting of Si substrates, SiO, substrates, Si3N, substrates,
8i0, on silicon substrates, Si,N, on s1]1con substrates, glass
substrates, quartz substrates ceramic substrates, semicon-
ductor substrates and metal substrates
29. The method of claim 25, wherein said heating step
yields a primer/first protecttve layer combination which
exhibits less than 3 mm of lifting when subjected for
about 2 hours to etching in an approximately 30-35% by
weight aqueous KOH solution having a temperature of 83-87°C.
30. The method of claim 25, wherein said heating step
yields a primer/first protective ]ayer combination having less
than about 0.1 pinholes per cin? of substrate.

31. The method of claim 18, said primer Jayer CD!’J]pI‘JSlIlU
an aromatic silane,
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29. The nethod of claim 25, wherein said heating step yields a
primer/first protective |ayer conbination which exhibits | ess
"than' 3 mmof lifting when subjected for about 2 hours to etching in
an approxi mately 30-35% by wei ght aqueous KOH sol uti on having a

tenperature O 83-87C. 30.. The nethod of claim 25, wherein said
heating step yields a priner/first protective |ayer conbi nation
havi ng | ess than about 0.1 pinholes per cm of substrate 31. The

52 The met hod of ¢l Z?”nﬁgéﬂe@seaé%%?? PP SRS Ol

Bk Si X34 where: each® , J, and k is |nd|V|duaIIy selected from
the group consisting of 0 and 1, and if one of and j is 1, then the
other of i and j is 0; eagh R% is individually selected fromthe
group consi sting of hydroges;” t'he hal ogens, Cl1-C3 al kyls, Ci1-C8

al koxys, Cl1-05 bal oal kyls, 4minos, and Cl-C8 al k-yl ami nos; each le is
i ndividual ly selected fromffe group consisting of C1-C8 aliphatic
groups; each X is individdatly selected fromthe group consisting of
hal ogens, hydroxyls, Cl-C4 al koxys and Cl1-C4 garboxyls; Y is selected
fromthe group consisting of oxygen and sul fur s selected from
the group consisting of nitrogen and phosphor d each d is

i ndividual |y sel ected from th&@mﬁmnﬂi%' &nd 1.

B = ‘_.[-(-R“ 4 Rz;

each of i, j, and k is individually selected from the group
consisting of 0 and 1, and if one of and j is 1, then the
other of iand j is 0;

each R? is individually selected from the group consisling
of hydrogen, the halogens, C, -C, alkyls, C,-Cg alkoxys,
C,-Cg haloalkyls, aminos, and C,-Cg alkylaminos;

each R*is individually selected from the group consisting
of C,-C4 aliphatic groups;

each X isindividually selected from the group consisting of
halogens, hydroxyls, C,-C, alkoxys and C,-C, car-
boxyls;

Y is selected from the group consisting of oxygen and
sulfur;

Z is selected from the group consisting of nitrogen and
phosphorus; and

each d is individually selected from the group consisting of
0 and 1.
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