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SPI N- ON PROTECTI VE CQOATI NGS FOR WET- ETCH PROCESSI NG OF
M CRCELECTRONI C SUBSTRATES BACKGROUND OF -THE | NVENTI ON
wWGE0e0ss8ed t he | nvention The present i nvRCK/USNW08/674773
concerned with new protective coatings (priner |ayer,
first protective coating, and optional second
protective coatin ods f u3| t hose
coat i ng§ WTQ%BRQ&#&TAXE&QA IE(TIQ% devi ces
such a §d¥ﬁ stens
( MEMB) Spﬁ(g@%eéjéwg)t}—: Iglrllﬁ%? EF e Pr(lmgfrte%ptB QMT@& chant s
used for deep etching may vary dependi ng upon the etch
selectivity r ir r . ' to be
fabri cat ed. T@%E&éﬁggﬂtgtbﬁe”%€%5§§¥@€§$%hants i ncl ude
}ﬁdﬁQ@%ﬁ”ﬁ@&ﬁﬁ%&d fromthe group consisting of KOH, TMAH,
and NaCH. These etchants 15 are typically provided in
10- W@rsmumwomtsm iandnasored wigtphevalproteciye wbatB@sdpiBasi leyer,
etc ai.n nes, such..as ne diani ne, .
frs ROl SR SR A BT Gk S FUMek i oM, O usine
thos%u@dﬁmﬁgs i %f@@xﬁﬁ@dtmteo@mwﬂt@é&mh&ed@t&églsu% BefRk Qked in
of the solution. Bulk silicon etching is typically
micprsidcgiomedhanical eysensaMEMS)i n t he range of 400 to 120C
and nost typically at 60 to 90C. The etching tines
range fromlto 24 hours 20and nost typically are in
])akhﬁm@ﬂﬁgﬁepﬁoﬁAho 15 hours. Aci di ¢ etchants
i ncl ude aqueous sol utions of hydrofluorlc acid (HF

i nditarniyusedriet Aearagteling 29m5 a5y Jengnding, uneg iee g5 se?ectmty
reqlﬂténlilenksotr(]ﬁ th%fd& Qgs t%%g%al%r?cg%db %&E@%%gfﬁ% ‘3? b%&ccetaﬁ'h’?s include

thosfe| sdﬁbtedéronhﬂle%tr@lhﬁmxﬁlsﬁﬁg ofIKEQ, ATNAER, Iahd/NEOH él’hkbd: &ighants
silicon dioxide. M xed ?Cld et chant s typi cal |

are ¢eAllysRrovBled; it 1%/ solurens.nnd m@reatym&:a@méesﬁ 30fgoy, Basic

I ( :

et B Sk SfhChe fndlne BT ARG nahtlor water

mistibie lmuslek akiohdle anclet o mg pard o dudatg dmeatthmgabetmsmb)of the

vqu Q. the mxtures are,. for, exanple, . o
s P S eiing b ypiehly pesfoynedet Smprgaieninthe sangp of #0

to 130 ¢ Qﬁ’c[‘mbﬁ tﬁh@fﬁ% o260 HIOREUNTSS cRhBglRis Gl deYrdnD tm hours

range of 30 minutes and in sSone cases as long

andasoslmlcmillmuteem the rangond § enpehatrar e. i's common

o SoBr IR RAROR BoRisr of hrofifafod %@{@ogtc hifgne

con@éhtttalf@l @119% EPBOGY s, ra@h@oﬁsdtﬁttl@§ kf QS s, tagl MRkered oxide
et chi ng or as a passi vat | rg& ayer to enclose active

etchaniseitprging PHe¢ws orsturesd mveu@tﬁ;tqrﬁg Heyesehams are
usemeg)‘?’f%arﬁ)eq%rseetahm sﬂgﬁw 0x1¥ xeg cﬁn%tgt%agts fg/gtcaﬁv c§m9rtse

esi on RES&“Su Iat
mix@lire§ bLAIY% hfic 8kt aAHNIOY 4&%3HBt alii@U aedivent £6d (e, 85% phosphéiric
the prior art, etch protective coatings or nmasks for
Quair i108Y4 wtleraébﬂé@sésarww pawarikefos dulgsilicon etching.
Corﬁ.{l{llo @'aneQX R "B Wﬁﬁé R nRN L L RE Bog, fhecause
ere are no ge eral - purpose protective coat’ings on
t he market. TheHNG@HHEEL,EOK FVi:1:§ 00B:1the et chant s t 0
vari ous erials i.s often used as a u e for
Etclying digss @h étﬂﬁé pon iphese QeI S E DAty iR ke ‘ial%%thf 510
30 ﬁirlu‘té‘s%d if kc%rH@cé%Es S ibhe Qé‘liU hidAe Haye, hegnised as a
protective | ayer or har dmask during KOH or TMAH bul k
s [ I It senmetahin sigicorBitthivgprodésssd tdetihzesa tamlﬂ I gheo 3@t-oin) silicon

han s I con.nitride,. Therefore 0
nitrg <5 sl B ARKTds GO B SHeq pgeto sy mert e Sliepichine
or 439 Fhséiding BREQATTHBECHdtive RNDuiRY! OMhefdre NAY SrAb&R RBBHNg
reportedly used in some situations. Non-patterned

har d- baked photoresi sts have been used as masks, but
they are readily etched in al kaline sol utions.

Pol ynet hyl net hacryl ate was al so eval uated as an etch
mask for KOH However, because of saponification of
the ester ~group, the nasklng time of th|s polyner was

o s Y A . NN N
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survive many comon, harsh deep-etching processes

because of their susceptibility and perneability to
waQ bwoesBhant s, poor adhesion to the substrate, PEAEOSWNY74773

to formcoating defects, or lack of solubility in

sol vents accepted in the mcroel ectronics industry.

SSUMVARY OF THE | NVENTI ON_ The present invention
systpry deserariidybese irceqmyadnkyi arplisd ©aposNt 0bhilds efluch means good
adh®¥] cl% t%ctffles\éﬁaé)sat%?es 18 cr?t?cba? goq.g)g’?alﬁmpncc%?gg%l p%g gctﬂ) f Irst

dl Sﬁelils adidrnar) @ﬂi \pecnéctﬁ)ﬁséc%ﬁhgs'r e skt eof Mﬂ? MISY ﬁ?lbl‘]CElthll
is a styrene-actylonitrile copol yne

PfO(Itoeﬁ@S élémalaﬁqntspléﬁéé RPBEHE PsupRe? b“raér@néreg*ex @éth@é beqa@we there
are %5 %Qﬂeﬁ Q?ug%c%lé Bgr&g&ﬁl Sctoaﬁgvsoctn thg%&l{@tr STheOtkig & Rty e

oFymer I ST ng epoxy group
etcha@tlsyc( sah;due rrm’ce(rxa}sak bfydn @akd ama)gl)ldﬁm MHAME prazssddngineak. With
Th sition i, S supsta tlall hot paci d

ee O
2 gl PR S ARG ﬁ ﬂkeaﬁﬁwie e Ffgprotective
laydR @t K%Ha%l@ﬁh%ﬂ% RO 51°§§/1AI@ Kol NGsi1i@RetEHS. Silicon dioxide has a

non- phot ose Ive. The present invention i s al so
higleo nm;b ratedlawsﬂhomnnmmlﬁmtafom i¢ istlyuesed aes promrltludnmgk laver

t hes Sit th the 15flo
for (pSeshofoPEaR ¢ PR CbakaP it (G3: 4] PoUE fHk Hoaeor Deen
repd%ﬁ:'d[}gus‘eﬂ &9 Sorfié kiveHibhe SNbR- aﬁéﬂﬁk@h@rﬁ%&@& h@BcGists have been
devi'ces. BRI EF DESCRI PTI OF THE

usectaxsgmsés but benapheddy etahed 1§h8w1ngSCéutsqm84 B@\mmmhcv} ingidacrylate

) er coated wi.th t ve 20pr ot ect atln
was g p AR B L T materor RLFH 1R R GRR 5h P Rgdtor he
esteP R RRE ISMBORIMENTSIs polymer S tblﬁzﬁﬁt@rﬁecteﬁy@mahﬂﬁ from 165
overcones these problens by prOV|d|Eg spi n-appl
p

mingiss aidd ° € dat I nariEget @n®0 khi Bhacrsie LS faéaia?lféﬁom
Sm%ﬁ?@lggﬁﬁg néggrrvg%gslgégﬁr \NFIVIT ]%L gf?t W A us%ﬁtaggﬁ)r %‘éét a@%oatmg

I Ze concentra
in aaqusgusm@lcu KisHanth frases(70Fai.t hemmetetchinpege vesatdsngmoved
systens can be easily renoved at the end of the
Lm“ﬁﬁ@@@@%@gwaFRST PROTECTI VE LAYER 30The first

pr %I%Qﬁlb ﬁ%l}éﬁ%f? fard ?defdf EARES LSO, %r&@@ﬂ?&%sgcfa'uﬁg S 38 r}g and

conpri si Irst pol ymer and a conpati
MEMSs melusteids havedlbﬁsaismdpolmmarls obazmlgtm&ymle 13 plﬁhteresfstst; shti-

rer Gy et G SR OB L e noGier CEspraEr b e
con%lﬂér@l@’ea Fﬁ&?ﬁ%eﬂhﬁl fRYEnyf e sf)l%[dﬂ-‘xlné‘thod aftl Bfe8HaRE or UV-cured

acryl oni | e nononers have the formula 15 I'n each
to adﬁe‘tehtéae dipelveafing frnasOnd impemidnt requirement for the polymer is that it

be highly soluble at room temperature in an environmentally friendly solvent. Because
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 time, many common thermoplastic polymers such as polystyrene, poly(cyclic
olefins), polymethyl methacrylate, polydimethylsiloxanes, polyimides, polysulfones, and

various photoresist polymers (e.g., polyhydroxystyrene and novolac resins) fail to
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each R1 is individually selected fromthe group
consi sting of hydrogen 25and Cl1-C8 (and preferably
wW@00343586d Kyl s; and each 122 is individually seCEUS®AS/074773
fromthe group consisting of hydrogen, Cl1-C8 (and
preferably Cl-C4) alkyls, and C1-C8 (and preferably Cl1
4) al koxys. The first polyne referab
SHY‘GWSS@@HPP@%%@@?P'S@%%@r%&% SHvSIRSL s Frecrsi ééﬁy and
r r t t
per{RTES o M e B pERSIELA fo AT Q00K o RRHE @ PRk ppe
defdctsoor Blblo Uf scﬁﬁl%ﬁ}nnabbfants A68pteyl inchecghicredlectonerirdugtry..
The first polyner preferably conprises from about 10%
to about 50% by wei ght of nononmer (I1), nore
preferably fromgralodr 2@ roraRauinfRYe by wei ght of
mononer (I11), and even nore preferably from about 25%
t o Tmoplrtesafﬁ%mntimiig throagify nomemed \(vitlh)a caBgiitoh wdebil as a
percent a

rogenvey PR R s T PRk T B h iefpound

dissolveliSoP rd%ip@fsé& dnt hado] \?éﬂ@ ket  PDhY PRIfe@Y irdt @:}fﬁﬂéﬁ is a

aver age nol ecul ar wei ght o6f from about 10, 000 t ons
styree-adiplanitgie copdymar.- twgsie thercetprabiE gompeimdappigferaty edected
ons to a .0 and
fm‘ﬁ?’é"f Erabry Fyn%*sg%% °§b6‘b‘%ﬂ0§t?“%8g‘g‘ﬁ%?1iso?{‘s B &P%@b‘s%c?poxy
grofaRt (RRF sty kaMBITRY S1cohIg atd) afixfinomRfsdf.( | Theabdmpbdition is
can al so be present in the first polymer, if_ desired.
subsiptinllyt free afpphintesced geeerpiossand | otﬁqxeaaeéﬁb Fepallenef gpifiating

d, I r
poly(’}[) x}lf%'ﬁalg?g]f rog%l)nésg’% r§/ci V\l‘%lls IIglEI{l"EJH&OE 1%% g'rhg ggrsg t ﬁécgt%n is
alscﬁdmuim&!)?@th %11&?6Mttr&ﬁ@/sth}ctm$ @Eh}dnigabésd ngpmmdm ih bothlthe
wel t_of the firs nmer taken as Y%
vabéf?rﬁmdeéaré%negdf ¢ aaff%fpﬁq% Sk pERAssvel I}@S R %%% ghese
stru?ﬁlyésr}g_fcgﬁw&ltldrgél@ét cgﬁcoél@/acetshat can react wit h gr oups in

e primer layer for ac I eving chem cal bondi ng
between the two | ayers. These nononers may have, by
way of exa | oride,
2- chIoroetﬁg#ﬁﬂ%gﬁgggyﬁﬁ(E§%Hggggﬁﬁ€§§hﬁ@%%ylates
acrpibkqss a PR &8 kS Ssho e ﬁﬁ&ﬁvmﬂrﬁ@%ﬁ? asRS) Wltl@fhe inventive
anhyarlde flunctional groups, which react readily with
profeatiot dosting agt sy Qdekehar. hydr oxyl , amino, or oxiranyl
20groups that can be present in t he prinmer |ayer.
The first polynmer should be included in the first
Pr b ETAIIVED IDRSEIRIPOTHR DK THE FREFERRVBIEMBODIMRNDD Ut
80% t o about 98% by weight, and preferably from about
85% heopamtm%%wvmpgm thesageeblems my tivevid@gaipin-applied,
poh%\lge Cc))s};n?g a%?etn}i d\éfrlllcg g}oi%ég}}:{)lgé fe%u?%%%r&é%és@%% Ind (%th%r forms
of &asp owmg Pepsetiing prdchses afbsitilize I@o@cieﬁﬁ@e&\faqmaohh @cids and
first ynmer can be nonomeric,_ oligoneric,
basesp| %@ﬁ ¢rEiorg ghesg fgatiag pysignas %hb%@@sg‘wéeww ttrike epd of the
WD? Lymer to inprove adhesion of the first protective
ayer and to avoid phase separation in the first
protective |ayer conposition. If the conmpound is
oligomeric (i. s) or polymeric
(i.e., nore thaanéyﬁggégj&ﬁﬁ%?§5XQk is preferred
t harhé mﬁ Hrgicei@ MLEEUrRmMGGRt Bimb&STont BdHpr @sbg%ta first
Dal tons, and preferably | ess than about %
poh@adart mdsx coPneibler @dmuoh dospapediaddissaieddude whwsesystem. The
selected fromthe group consisting of nononers,
ol i goners, and pol yners conpri sing epoxy groups,
pol y(styrene-co-allyl al cohol), and m xtures thereof.
The conpati bl e conpound shduld be included in the
first protective |ayer conposition at a |level of from
about 2% to about 20% by wei ght, and preferably from
about 5% to about 15% by wei ght, based upon the total
wei ght of solids in the first protective |ayer
conp03|t|on taken as 10096by MEIght In

. o o o o - - "



Wiile the first protective |ayer conposition can be a

cross-linkable conposition, it is preferably a
wo00/08866| | nkabl e conposition. The final firseCT/US2008/074773

protective |ayer should al so be non-al kal i ne sol ubl e

(i.e., it is substantially - |less than 0.5% by wei ght

- insoluble in an aqueous solution having a pH of
ﬁrstgrr@alrlérr ist rraferabho atcoBOlymRH cPBRERG B Y BRe fhensrs and

amﬁi) 4hmn§hnally, the first protective layer is
pre era y non- photosensitive (i.e., a pattern cannot

be RlefeiBe dtykdme @ohayeliavehnforiuias exposed to about 1
J/cnR). Thus, the conposition used to formthe |ayer
will be substantially free of photoacid generators
(PAGs). "Substantialfjy fRree" neatis that the
conposi tions include Ieﬂs t han about . 1% by wei ght,
preferably less th ef erabl y about
0% by wei ght, based [10 otal |wei ght of the
conposition taken as 10 ' s al so
substan%& Iy free of other apabl e of
initiatimng polymnerization or i nki ng, either
thernally or via light exposu ’,E PRI MER LAYER
15There is preferably al sq,:8 prEr Nayer utilized in
the protective systens of ‘he invention. This | ayer
shoul d be included between the suybstrate and the first
protective layer. Preferred priner |ayers are forned
fromprinmer |ayer conpositions including a silane
di spersed or dissolved in a solvent system Aromatic
organ silanes and am no silanes are particularly
pr Ik ane: r layers of the
[ n\?%%{e?rgﬁ .a‘%ﬂéfﬁkg‘%n%?{"’fg&% a{]e ﬁ%%&ﬁd&%‘;s have the
formul a ABk each of i, |, and k is individually
selected fromthe group consisting of 0 and 1, and if
one of i and j is 1, the ng ther of i and j is O;

el %

5

pon the_

each R3 is individually di{fromthe group
consi sting of hydrogen, thé hdal ogens, C1-C8
(preferamhy C 1-C4) al ky 5§ C (preferably Cl-C4)

al koxys, C1-C8 (preferabl é§: hal oal kyl s, am nos,
and C 1-C8 (preferably C1-&) &l kyl am nos; each R4 is
i ndi vidually sel ected fronrthelgroup consi sting of
Cl-C8 (preferably Cl1-C4) aliphstic groups; 1l0each X is
i ndividually selected fromthe group consisting of

hal ogens, hydroxyls, Cl-C4 al koxys and Cl-C4
carboxyls; Y is selected fromthe group consisting of

OXygen 19&qh§%L$Hﬁhn%ﬂn§n2dk?ﬁhed fromthe group

conSi &t INg O ygen and phosphorus; and each d is

i ndi vi duabh R’ $§inaﬁﬁ@ﬁll&f%er§bﬁeh€fr(@1ﬁ m&r%rsgmmretsuﬁg o0hy@ogen
and |I. 15 Particularl% preferred silanes include
R

phenylsilanesfmsiliéﬁzsa@P esfgrrbly iCmthabkylsi anthe,
phenyl tr 'aSH @r1901§1dw u%lly %Ql%g%!i tﬁro thh Xc}/\}%l clo?iggt’mo %f hgdrogen

phenyltrlace oxysi ['ane; anes suc

di phenyl di netmoxy(ahapxreﬁaratdynglemydndmah@cpsﬂg{aaapref@IMyc -
dlphenyIS|Ianed|oI The nost preferred si l anes include
2 phenylethV@ﬁﬁ&@Kk%xysrIane

! IGO0 Bl Ao

of nhdfﬁh’[t@@&hb@ﬁﬁeferabh from about 60% to about 80% by wel ght of monomer
p/ mret hoxy) phenylet hyltri met hoxysi lane,

(1. 6 DRI BByt YL PO ot Hosey S5 Fameieight of monomer (1),
3, 4-di chl orophenyl trichl orosil ane,
3- phenoxypropyl trichl orosi | ane,
3-(N—pheny|anino)propyltrlﬁethoxysrlane and
2- (di phenyl phosphi no) et hyl tri et hoxysi | ane. An
effective prinmer |ayer conposition according to the
invention is a mxture of diphenyl dial koxysil ane
(e.g., diphenyl di met hoxysilane) and
phenyl tri al koxysil ane, (e.g., phenyltrinmethoxysilane)
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15 Silanes having this structure are not only
conpati ble with styrene-containing copolyners, but

W@ b@y/038866 al so reactive with ester, benzyl chl®CT/t82008/074773
and/ or epoxy groups that nay be present in the first
protective layer, and they are excell ent adhesion
pronoters. One part|cularly preferred silane wthin

Thet fﬁrét Belpwer preferably copprsesairp@ abpyt Thfestosiboyned ey Welght of

enyl t, I
monomer 9% Irr>a6 %Pe%\g%b%f Iy %1%4 élgél.lrltgﬁ]/ htg)r%(z%t ﬁg? eﬂé/ @{lght of nfoﬁmgel (1),

and @Qéﬁﬂor@fe@&ﬁlﬂs ifoin ab@it 28motohatioup B@foeyr Q’dlgﬁt bamendraer (II).
-am nopropyl tri et hoxysi | ane. The sil ane

Eacb, i ihel alw@ e PrEganERees Ph Vieheht g based ynapethe é@}ﬁlpwgigbﬁ hthgt first
AN ghout 0.01% to about 0.5% by wei ght,
polﬁnér‘?%(k ?10{)(%@%6%{ 0.01% to about 0.25% by weight,

andtBMﬁakﬂﬁd&mpﬂeﬁﬁt@mﬂyn&nmweabﬁmgnavaﬁgéﬁ@kﬁhmuwmghtof
based upon the total weight of the

0.1% by we
fromy plps i%&@@ E@lkﬁ%sm iBRut 210 0adadionss Bgﬁf%blgmfrom about
e e [
20 RopAShER! oS! BT IR Lk S0 BBERE RN g o
%)dmﬂ)ﬂﬁﬁ€u>aﬂﬁnsoeﬂ@tah&% from about 140-180C. The
solvent 5 system should be utilized at a_|l evel of fr?rgt

abdJen@oers gty thyn wongmers @hang IdF edaplpy be eRcELB ke 11
e t
pol§§§er ?F%g%lye}eafl g@%mgog frgﬁpgrﬂgle he 5;!7% g{% £ bgmmrﬁﬁ $08ne of

morinefre (1) add $10) et pslysice s picfehiidet &aﬁaib\bem@()% e)ljy eadight, and
fromthe group consisting of nethanol et hano

moregBEHpNEPM ABowtaidst (o qbouﬁ%@%dww?g% Biraapon tergpkgight
1 I
o G Py TRRTRLEAL 1Bty 88, 1o BLARB 2L BE AP i
inclvad gosd l&wmgCﬂuﬂd&ﬂha] g‘roﬁﬁs&hﬂ&bﬂ mat;t wiyistrenpain the bemet lapér for
from about 5- 15% by preferably from
AR mdagg ; e@ﬁf C twaé@@% BRI MaygaIGhey Way
n
o R P R e Ay et
(meltmbmies laowylhtey ehzﬂez(tes dumaratesmisatyanbtes)] Br Qnbdrlie 086 thynal
of a catalyst. Suitable catalysts jnclude an
gr O‘FWOYVB %f%acéfeaélrlﬁg%( Fv‘g”%élpﬂal(gé"‘ﬁ’s suﬁw@a@mxa PR PH?XI}I&HY !
£ ur 9§§g id, acetic acid) or an
go%%g&%gﬁﬁ?@ #ggyggn ggggaﬁﬁ. g., potassium hydroxi de,
TVAHe fasnpolyaer ﬁmllldehs)mcluded in thafiat prioefceve ger comp051tion at

enbaodi nent, the protec systen1of t nyent
2 lep gl i bt dHlds o g@fc%’y gt weprﬁggﬁé?ﬁ Bimsg Bmo%S% 0
abohh@S“jo 'b§ %&mﬂt%a@@& {n}(&l ﬂh@Y&ﬁl WA R cﬁ‘ébﬁl@s fuhd AR protective layer
protection” 20 agal nst concentrated agueous aci ds such

mnmmmhmdnﬂ&hwsﬂD@%&@nﬂngnltr|c aci d, phosphorlc aci d,

acetic acid, . and m xtures of. the foregoi ng
o o S Rt B (Mg he e

pol &}Eaﬁ%e'rﬁoﬂdﬁﬂéﬂczﬁ‘i’gon%rﬁ:f 8F pSImSRE B oy é.%t@%tdo)/@auble with
ayers are formed from Second protective a er
the @"mstpmgmqrdn smporvpradbesen af thedesirproskiighlaygr @dam @hied, phase

c.hal ogenat ed ner. di | ved or .di pers ed
seridy Bgbg B PESET B e P Dhegapclpg ! SREIREH G c.
2 tohAy &9@@ ahRe PR (BOOKLEL GONPO kpRaNingk), 1aY leSerfd that it
hal ogen atons (at | east about 50% by wei ght hal ogen

hava g grescculas avepghs pelesthgn ahout 2899 Dalions alEh‘%Wb\ké@@ﬂfhan about
n. at f 0 e
2 O(I;@:[ﬂ%grrxss a}}?%%%rﬁcli g’r&(l%na 1%%0&&1% 1%515189 U@Sﬁ s%?e@feﬁofg%m the group
conprising recurring nononers having the fornul a ,
and Cl Speci fic exanpl es of preferred hal ogenat ed
pol ymers include those sel 8cted from the
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group consisting of poly(vinyl chloride),
pol yvi nyl i dene chl ori de, poly(vinylidene
WA SWo08a86¢ | de) - co- pol y(vinyl chloride), chl oriPeE/Es2008/074773
et hyl ene, chlorinated propyl ene, and m xtures thereof.
Hal ogenat ed chl ori nated rubber is also very effective.
The hal ogenated pol yner should be included in the
COn@@@t@nd)prIWémersveOIPW&céﬂ%o@‘?tliné’ﬁ; SPMRIIFIRG PPV RFGHAS:
ably from about 10-
3§3§§%§§ﬁ§@§i$¥0%§¥e nu%ﬁg?ﬁgg%%{al wei ght of the
s e CitedcqmfEdtided bmpbxﬁmer;hcmdxmbesmﬂmdm &Oﬂtealﬁesn I:astedIWAayer
by wei ght. The sol vent eystenrutlllzed |fjta cand

conwp@}rlee & g levelgfdrore ahpys 2t Fosbosh 40t ecbshagigh ¥ cheply from
t )

ok Byl L U gh OB 28 0pon B BUL SRR LER ity

prot&ttn& b ebmebsificprakabaut 00PO Y 24 dhy. wei ght, and

preferably from about 80-90% by wej ght, based ugon t he
t otlAI CTRRSIYREN D e CREE GHEURSY ferﬁé%rlrzr,% tb%rr;ernpaﬂbl compound

RS0, 3450 SO N0k IR SRy, o

prefecb®br flamc@owd 20% thebdun2&mthyorneighttofi eponglepSJ rdemns tpm‘felr;red
however, that these exanples are provided by wa
embodimantyhe FORPAE LTTRNYVRE D HEPBIPRSSHERHTAN HOIYR ! hungone

o R AR GRS ol Rl 81 U, LRUETIARe e

mormhdter |layer, it is preferable to prepare the

substrate by expgsing it to brief (from fl
seddarErd pRDEEES BIr4seas Secamglip C@I“élé’ﬁng 7%8 rst Protecuve
v
laydt *&%grpsﬁhgx ﬁ:ﬂ{elaepgrogr% %é?fcgidékr%% [ @b BrSH EAERIAE of EBEQY Shenol
novhha\tysmso(asg sDdhNag3 ar Qow Clamiadlsceposy bespbérotifF reons (e.g.

V. ondi Such p es.are e
. Egf Pisc DOY GRemea ot b BB aroi G TRy Lfd& K i)
epoﬁ?&%?%oﬁb(%sﬁ@(&@ $PONCEIY, Rhdil CRGnical), e Pogj eh8IdA novolac
substrates for use in this process inc ose

resige(f3INe @U—Brﬁhdlr%legnmlp agdnekwitds n@ereﬁff Si s ubst r at es

Si strate ubstrate
cubSPrieeoRRGRe Rpd el € e o Jheed Monomers
othesrlﬂ@éi thetsontAiAL teéoﬁ“@%hﬁ@éaﬁsals betit, SEAStre@tR6vided that
sen conduct or substrates, and neta substrat es.
the mxrn rQyaniosss| diveusses @b atehaghierskes Eapmplee qfr suvble other

|
BHEE e MR I PR RSBl
I pThef PIveabten3@i19Rd sete fds prdtéctiv& lzt)l&eafbrb;&d{;&d)na;hould have
greater than about 100C for about - seconds to

a @b‘ﬁr&ié@i§@ﬁfﬁéﬂ aPgHA8RI ¢ Enebowb P AL - é@d prr#eaa‘%{y E6Rt b h%o C
to aEb&t"ﬂgb het The s&%‘rﬂt%gstérﬁ SRAE g% Sinly g QEMLV@@ LOHBS BLESR, to

m croel ectroni c substrates. articularly
abopf @f% deezdelblak hamppitefmddy dtour gbaus 86%o tbeahsmt Hoby \A’M)ﬂﬁ} based
and nore preferahly from about 200C. to about 5C, far
UPORBEI B IR Sbat TS OT LSRR G Pt mnéral@n dﬁ&)ﬁoﬁv Wejght:
m&%ﬁﬁ& v!eﬁxerterﬁémeme aeeﬂ%eg@re&@& EKRERS oloBs ORATHE 8fmbihy1
an e heter over 5 different pointS) of |ess than
isozalpd d{btomé) drr(mlaimize gbcel) pmeef’(byl atiley, efhybAresliioypropicatenpropylene

r the f| ct | ayer, .the pol yner, .

el O EDRDSGIAE: SN Gl R LT epgurgs fpercor.
di ssolved in a suitable solvent at a concentration of
from about 5-25% by wei ght 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 tenperaturg of 25 from about 80-130C
for about 60-120 seconds to dry the coating and then
is subjected to a final bake at a tenperature of from
about 130-225C for about 60-90 seconds to densify the
first protective layer and bond it firmy to the
prrner Iayer The preferred process for baklng

o o o o oy - a T e o, o
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10 The pol ynmer solids |evel and spinning
conditions are adjusted typically to achieve a coating
wa kiogkssses after final bake of from about 1-10PEA/US2008/074773
preferably from about 2-8 15m dependi ng upon the
degree of coverage required over device topography on
t he substrate. ) The second protective I%ier (i f .
ut i Whidedy firs pagipttivedayier ermpesisinegnbe 8 etogt-1ipkablgcoanposition,
. simlar 0, L b Q ith r
eis RS M B B e b BT PR Rt b Do PR BB e
alsotRerosedianitle pslabe ¢l d. Meislsabsantiahpuless then 8.6VEstwedgliio insoluble
. mnimze 20 detrinental interaction with the first
in ap pgeeoes sYlatipmpanng ¢ pH of gipaiqr dhaneboph$rand peefeablyggeater than
I od\ect:i I r: Lcknes s .
S AU T b S
pattefn danoeon tebdefitne@ imthedapds oudten I0isrexpased torabaut riéfret) alihys, the
fromabout 3.mt bout .5 pm_ It wll be appreciated
contnﬁ)élttwa_tw?%&s@motﬁﬁ HrORiL 45 ,Su‘e%ﬁ%ﬂ@ﬂ_éx 578 9 PBLRaF gneTators
(P AR ¥ oG WA SnAnE BN BbmPRLfdRIinEIAANELs thllMbout 0.1%
pufely as a physical barrier. 25 The structure coated
by wiight, preéerprlpiese thavebeyidt &to omdipneeiahiyerboingie banverghi tpsed

subjected to i cal processin s, . Lncl,udi ng ,wet .
spoddep iy piebtu b Rnafodidinn ag B0 B Veighlaht Mo RS Rrgly
freeSIfOHHeE bFctMabibl@pt iﬁitﬁttlﬁ%;" }aalgﬁx@r&&i&_o@@ﬂsélﬁﬂﬂg?&ﬂmr tte€mally

structure is subjected to fwo etching steps - one with
or vaa bgldiespesueshant, and one with an acidic etchant. In

ot her applications, the structure would only be

contacted with one of basic or acidic 30etchants.

Contact typically iTnplPrResHRUL A YIBRYEr si on or di ppi ng

of the structure into the etchant bath, but it an also

be Bresvisgirpisrrbly B0 8 priagr Fyer wilérgdiingie pyptective systems of the
. spin- l.vi . ' ' ' o
v ol s AP BB B B protecive
layeg OPsdfstredigrimbr KGtls aldVRiined fidnNaGhker Iihesengbsiiand sichiding a

. typically provided ingao- 45% sol uti ons, and. npre .
sﬂatlﬂg/élisa%{ﬁqd)y,oradaﬁ@%"%on/& SSPVEDCTSICE! OGS OfganR SHaRgs @nd amino
silafr S%@Bﬁﬁicﬁﬁﬂygﬁeﬁﬂéd’ ©he Oy I%Q fin 'ﬂ{erﬁ'?ri & l'a]?é}§ opthefiﬁg’ tion.
about "5 mnutes to about 24 hours, ‘and nore 5Stypically
Thefmosnpadfemtd tlaheulissettios fmouta 6 hours and at

tenperatures of from about 60C to about 100C, and nore

typically from about 8qp toBabout 90C. Typi ca

aci di c etchants include those sel ected fromthe group

consisting of HF (typically 49%, concentrated H3PO4,

and HF/ H3PO4/ HNC3. Cont act+wi ¢t h aci di c etchants can be
carried out for tinme periods of fromabout 1 mnute to

about 30 m nut eg,reand nore 10typigal | yf rom about 3

m nutes to about 7 m nutes at anbiNent /A enperatures.

It is preferred that|th riotlecti ve€ tayer(s) or
coating(s) be remveP{R%Etf%—EZﬂ%@d AtRlg processes
have been conpleted.! A aJti Gl ar 1) p{ ef err ed
technique is stripping the coating(s) w th sol vents
commonly used in mcroel ectronic proce§sing such as
acet one, propyl ene glycolwnethxj et her acetate, ethyl

| actate, or a commrercial l'y avail able, 15
fluoride-contai ni ng cEeane'

n this technique, the

coated substrateg-is Ay e hh _-:or imersed in, the
solvent until the coatiffig haygf has fully dissol ved.
The substrate is then rinseéd wth fresh sol vent until
cl ean. The protective coating §ystem descri bed here is
easi ly renmoved by dissolvigg the thernopl astic |ayer
(the first coating layer) i'n a solvent such as
acetone. The second coating layer, if present, is

ei ther dissolved at the sanme tinme 20or is lifted as
the first layer dissolves. Practicing the
present invention will result in a protective |ayer
system which suffers little or no lifting during

_____ o, o — g S

=
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Primer | was prepared by dissolving 0.5 a of

di phenyl di chl orosilane in 99.5 g of 10xyl ene foll owed
Whodosiser i ng with a 0.2/0.45-1..im pol ypropyl BCIEUS2008/074773

filter. Primer Il was prepared by dissolving 0.5

g of di phenyl di met hoxysilane in 90 a of isopropano

and 10 g of water followed by filtering wth a

0. 2/ 0. 45- 1 in1po|ypropy|ene fiIter Priner III mas

o %pgh 8? gﬁ(“;’l?] ?rrd;llvlaﬁ%g sel el%l fl‘aOﬁlé %}e ot bp cons%s mg %% 0 ang 1,

pr opy!| e%dqfa&%ﬂmﬁa@m |ﬁl¥én 8¢ Beler 6RGME); @m}d 10 g of
wat er . The primer was aged for at |east 24 hours so

t hagch fRe 1s indirislyalive sedegied fioal e apup srysisngapidhydrogen, the

condens The en~filtere

0.2/0. 4 "E) q??%o‘?ysngﬁﬁ?ﬂi’g T TCa) AT ! Begfranly, GG
was pr erm sy drs$ ferm;gy 1c0cg ahlodikphenyphinbd, aned ol-C,
and 1.0 g 20phen rlnethoxy5|lane In 88 g of PGVE

and 10 QPﬁﬂmﬁbbé% n&ybmmn@$ was S|n1larly aged and
th f Lt 5-
nengh Lt 0% 2 B0 Boru e afo PR RO RG R map bty

inm)c(nm¢m@gmma &mlm to Exanple 1, Priner
V was §fe ared addlng a of 3-
amniaaolp owxldtvnd@dltyi@sdy@ml 1) tb@grpw paadistipg pd fedogsss, hyfieayls,

Morri svi A GVE and 5 g of water.
The prlﬁgwém%E3§6 d?6r4é%}¥%§§ 24 hours so that the
si I anesenasdpdrh e drixuhysiisakivz edoandncandgnsed. The

LIS IONL poi b b RS

pri mer was then fiTtered u3|ng a 0.2/0. 45- pm
pol ngprsgkwteérfmm Hetmup @mswmmgogermr@gﬁmamh%w @ﬁd
Primer

Furieh giindisiguy sl Ronl R Bl Shefil 0%

N (Brrtich B hoyysTeir¥d) - filaRy | eflyl®nedhafiRBates h 988  as
nol e of diethyl S5fumarate, followed by stirring at

phemydini me thpwyyat lane . f arheas 1 tiealrlgrosthenari xphepyioedwx yablgne,
phem/\%‘txac troxmbscﬁ?an% ng n%at dl ﬁlﬁﬁaﬁe'mes%lcl"f‘t s ' %%%‘éﬁ\g@%ﬁ) th&g Silane,
d}plﬁb@ﬁ:@dlﬂ(brﬁgilallegmﬁif dipleryhiianelistp Cﬂhfeln@(d;t pidfarel silahe i80lude 2-

of PGVE and 10 g of water. The m xture was aged for 24
pllqlwla®m8aa§<%ysa@@m t anfperchlerep hevy [ihms thoxysdtae.  p/m-

bro%%gg%lﬁ{@beﬁﬁ(%fﬁ%aﬂé%m CHU %Xﬁh?ﬂﬁhgﬂymlﬁ{etho]xg51%'\”3'2E(pﬁm

m ©rti er W i panhdhesiyohpr odoyer thaseont h o x ysilan e,

2ol pety e %%ait?y' i aneo. SR BrietloroShane,

g-pﬁéﬂowg{ ghhﬁﬁﬁ@ﬂsﬁéﬂe‘y 301N %H@ﬁxllM&o@%%@ﬂtﬁhm@ﬂm&@ﬁ%bVeand
group epoxy, ester, or ‘chloronethyl (benzyl

2- (cﬁpﬂamylpﬁesph@t@ctpslmd?hmmﬂam I was prepared by
0 BEN a5 e S T BB e o
dlpl‘f%ﬂl"&?ﬂk 6@11411@ (e. tvodiph@ny@&ﬁ)é‘tlﬁk@&%@%ﬁ?ﬁexﬁﬁﬁaﬂ(bi SBhed &e. g.,

using a - um pol ypropyl ene filter
pheBylminpheatsilon:) of . Geaniaig p@éimgis; g inprigreAf aimilesylﬁlﬂmﬁrdl@l and
pherol}%axmgtﬁexvsqaneslk%rsoelugon (r)]fj 1 meﬁ%lxg ry }I)r()i)elm%l 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
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Commercially avail able styrene-acrylonitrile resins
were used directly for coating formnul ations.

W@9p03Ised on A was fornul ated by di ssol vi ng 12PQr/6$2008/074773
pol y(styrene-coacrylonitrile) (SAN30: M, --- 185,000,
30 wt % acrylonitrile, available fron1AIdrich) in 44 g
of methyl isoanyl ketone (M AK) and 44 g of

frongi ghehyl-2n8.5Gb)y b1 Yeighirelinherylsdanediol @ﬂﬁw tabont B k%

e dk $s n a;of

(p referaﬁgfl%% gtfo%cl) T ét% h5§/lL e}5 e‘961%§tc‘g|13§g%y%'l\%?h‘ix> S’? %‘ U% o%ﬂﬁf”

dipBO@flNgn€OBPOSINI oplBe@sigaddtHber €thet Whedro3Q4is| rpgoauct of
0.2/ 0. 45-um pol ypropyl ene filter. Alternatjvely

phemlﬁéae@@aiw.e\@e)o?oqé%ﬁﬁywerﬁ@’rrg|S;J%4ne &wdypstéblwéra three-

ht t f
iR LS AREARERS LT HE WBET " The change of

sohanhaqmd%ﬂaﬂmnmbmae&bmmnmhange the coating quality
or adhesion. EXAVMPLE 6 Preparation of a Terpolynmer and
Formul ati on of Coating Conposition C fromthe

Ter pol yner In this procedure, a terpolyner of
styrene, acrylonitrile, Rand gl y&i dyl net hacryl ate was
prepared. Styrene and gl ygi nmet hacryl ate were

purified by passing throu al um num oxi de col
shing sequentiall(];ﬂn

Acrylonitri] Ui fi
with a 5% 1o %&e{@%t ution, a 5% by wei ght

NaOH sol ution, and water % nove i nhibitors and
amine inpurities that mght cayse crosslinking of the
polymer. It was dried ower anhQﬂwous cal cium chl ori de
and then 4-A nol ecul ar sieves. A 500-m two- neck
flask containing a 1-inch magnetic stirring bar was
charged with 100 g of cycl ohexanone (or PGNEA) and a
m xture of purified nmononers including 15 35 of
Sllaﬁg thlgrﬁf Jd%\)ls gstﬁgé:uﬁg r %JSSHM rohl,_y ’co%gtl‘éle gw?tB gtly}/e%E (t%htalmng
cop&yﬁlerﬁbobﬂhs‘} siellHoytkamititve Ivh&l stk Bihz{lahlde@ezayllor epoxy groups

xi de) were added to the m xture as an initjator,

thdtméy SiedRreRaE Kn e ikt Pmé%qmé@ Eappbda ¥R Sxoplignbedhesion
d
PO R P GO LR S tar IR g Z0ps PALCRARRRLE
condenser |inked to a bubbl er containing n1nera| oi |
After fixing the entire glass assenbly to a 20 net al
stand, the systemwas purged with nitrogen to renove

oxygen through the side neck of | ask through a
needl e. The flask was ted usfng aYhotplate at 80C
for about 8 hEWO)S Z& t he ppnoner nmixture.

During the reaction, the TeactoN was/slowy purged
with nitrogen to prevent oxygen fromentering. The
pol yner obtained was then precipitated in a m xture of
|sopropanol or et hanol containing 20% by wei ght water
Thigssiliape s f a-@N }gipnylamﬁ@]m‘pgﬁggnethm@ﬂm yargr itwgss commercially
av aﬂa cioﬁ‘ 8 stter Swtltﬁlggl d@agst@%yo%ﬁ éﬁgano?her II‘E?GI‘?edaSn%.He
vent HONONEr T esi dues or conversi
153Qﬁnhaﬁopﬁgﬁﬁmﬁ@mmﬁﬁ 80% to 85% Gel per meat i on
chromat ography (GPC) indi cated the wei ght average
ol Beeutilane shsiuihie i6¢ uﬂ@fémﬁbq: prEer gy cappasitiopet piggel of from
[
abo dTrrg o&g‘fl § a%&nu%é%@e 5&% . %%161 plsi %@ég:ﬁ\%ﬁ%&%ﬁ@gg (%TO/B to about 0.25% by
di ssolving 12.5 g of the recovered dry polyners in
94.5 g of PGQVEA and 10.5 g of ethyl lactate. It was
filtered twice using 0.2/0.45-11M pol ypropyl ene
filters. S5EXAMPLE 7 Prepaggtion of a Terpol yner and
Formul ati on of a Coating nposition D fromthe
Ter pol ymer A terpolyner of styrene,
acrylonitrile, and butyl acrylate was prepared in this
exanpl e. The styrene and acrylonitrile were purified
according to the same nethod 10descri bed in Exanple 6.
Butyl acrylate was purified by passing through a

Y L |
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EXAMPLE 8 Preparation of a Quaterpol yner and
Formul ati on of a Coating Conposition E fromthe
w@i09Msa86d n t his procedure, a quaterpol ynmer of PEGL/YSWAK)T74773
acrylonitrile, butyl acrylate, and 25 glycidyl
nmet hacryl ate was prepared. To acconpllsh this,

styrene, butyl acrylate, and é?ldy| nethacrylate
weighr endgyen Mg Pisjer il $Tomg 2w 83@ docbpunh 1 & byareighh diased

oo R S T LB BT, B S L

sequeRrblivahdsystéalutiyedn thegmingsr Ila&@r @uegosaivhytsddhave a boiling
cal ciumchloride and 4 A nol ecul ar sieves. 30A m

poitsfof i Fvai 1ABIGHLE SarKhte iRy 1091 80k 14D y/Shrle, b8 sgivent

I f | ;
sysifin OGM AU g Ryl O e 3010 BL By vATlh 2l (P crably
frorﬂ(ztbomd 851@9?/@ bl h\eem’ed; hadsi deserthe edtdl wekptanmd] e 6prm'ﬁhe layer

conver si.on or neri zati an r th
comgRatiah R By GUNG O SEE TR S ase BE IORIE £ opent
se CEQPSfr&ﬁlt}ﬁgagroW\%o&ﬁﬁhﬁgd fl%%tlﬁggl Q/ﬂ{ﬁ%b? 1@6&%%’0}/%&5}101 1-
ystyrene standard Conposi ti on
methmty -Zpyopaasl, ﬁhﬁpmgﬂcdi}nmms?@diywthq,m lgpr@pox'»hé-propanol and

. recoyere ners in.76.5 u
mix ey erent b Dot e B el b Tirag B esrb At ism
at ane{émrquﬁ @B8utfd. 511§f/<$by EXAMPLAR d9pRE2 0y &onPAb&f 0. 3 10% by
ating Conposition F 10Conposition F was prepare
weigignbisall Agon WegoRURFiGht QIHE Pamet 1z icespertop i taenseyl0Beby
ﬂﬂd acrylonitrile (Mwv= 165,000, 25% acrylonitrile) and
welghty g of polynethyl nethacrylate (PMVA, Ma= 120, 000).
Th W&Qﬁﬁﬁ@%ﬁﬁmsﬁidﬁ%aj&@gléﬂaﬂp afchdicusw igeR (e.g., from about
0.2/ 0. 45-pm pol ypropylene filter. 15EXAMPLE 10 |
0.01pP4d Q%ﬂatwahfgﬂf ceptaly v g Savrhio sataly gh inglude any inopgABisQrorgpic

acrdquvﬁg%lyaﬁogﬁg&er%%?y qulgl%%% n?l%éﬁorgc 25 %@al‘(tgy; dlcgﬁto?gn inorganic

or ot@hiosat (Of) pdtbssBin fydrbxAEVEAAH, alnirowed dnyinds)l t eri ng
wth a 0.2/0.45-m pol ypropyl.ene filter. 20 EXAMPLE 1
Pr dpaPEFEHl cgtoodBRIbe %E\‘ﬁﬁ%&? PRigA qfithe inventiep fsiber op
f
;gﬂagpge %ﬁgg&gggggro@ﬁ%@h&k gﬁ)’técgvgl ?&» 6 @kalwﬁhﬁa M@cmn
againytw@hemaimhmquebuﬂ h@d\remobyasfhyldrcé}uong awdl; hmac a01d phosphoric

i PG At e PRI AR B ol 155 4 DT o Biefidp sitvations

whe(;@ IRER LiEIRAs 1s°’uﬁlzed Preferred Seconﬂ\ p?bﬂebt‘?\%nlay&h hiecC@Bmed from
r|de or silicon nitride wafer with al um num

cnmlgmstemmb yert oo B6itions capusieg awasamslightlydrarchad, or cyclic

spi n-coaf e ent er,ed erly. Under dj.tions
hal GRue PR PSR ER bF aFEeBr O BEA ooty WSS, flose
halﬁen@te@ﬁ@h HieFs shaid c@ %Hﬁéiﬁlb@ Revelk of Qﬁoﬁl%tﬁﬁat lehg aWadte0%
first washed acetone for about 20 seconds to

by W@gbtvl@l@@p apuRss a@ﬁ Ereée@ahlaﬁi Isasi eBout /e bhesighhhadggeqgérms).
The mfo‘?t E)Pe'&?r? dnilalg entaga 915)#1{ el H8S h%r {%ﬁ Qisf?@br%nrtso%%ﬁ as those

?nnln or about ano

conﬁﬁ@ﬁfgdaeurﬂndﬂ ﬁioh@ihmsﬂfaklhﬁﬁhé ayenlavas obt ai ned on top of
the wafer. Subsequently, the prinmed wafer was baked on

10
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5 a hotplate at 100-130C for 1 minute to pronote
chem cal bondi ng between the substrate and the priner
W@200908386@as partial vul cani zati on of the pri nePCT/B$10088/074773
the prinmed wafer cooled to roomtenperature, a |ayer
of the particular coating conposition (e.g.,
Conposition A) was spin-applied and then baked on a
hot pl ate sequentially at 100C for 2 m nutes, 130C for
1 mnute, and 205C for 1 nute. 10 EXAMPLE 13 KOH
Deep- Etch Tests for Varfi oys Codting/ Pri ner
Conbi nat i ons The lt est equi prent included a gl ass
et chant tanker contai ning 'about 4000 M of a 30%to
35% by wei ght aqueous KOH solution in which a
TEFLON(r) wafer boat 15 holding the test substrates
in a horizontal orientatign was fully imersed. The

etchant sol ution was_heated using an internal heating
unit or outer heatinglunif such asad hotplate, and the
tenperature of the etchantiwas controlled to 85 C
1.5C. In general, 4-inch wafers of silicon, silicon
nitride, or silicon nitride with alum num deposited at
the central circular areadqapproximately 2 inches in
di aneter) were used for tHe test. For silicon 20
wafers, the test wa ed for 2 to 4 hours
because of the high etch tae of silicon in KOH For
silicon nitride wafers, the test was extended to at

| east 8 hours. During the etch test, the solution was

bubbl ed vigorously with nitrogen to provide agitation.
Spegific@xamhies of erifergedlaidgraatedabamaesa msiusls these eseg‘é??d\féflil,l the
eroly B8R E B Pl devene o) PRE B84t e BV A (By FGigticene
dicHRSGRY.26- R HMnPY BhibS d¥E thloFBRed Iwhy 1 dreVie grikiidd %)jvlblhfg And

any penetration of the coating (either by pinholes or

mixpres thiepf. r Belogtranslechbdrinatag rybkarithglyo Vels cifelieat ed by

di earance .of ;alumn at. the area. The distance

Fr o e Shged o e VAT Zn Ve . Wil GPRCAS: tayer
confpRaikibAat SeNACHNEBE dbBut heonadi abicHi, beE Eie@armm%m gsbuas 0-

a nmeasure of the adhesion quality of the

20%by weight Gasddngpop dibliorrd Mietght oRdis sPeond prelegivewsyer pormagsiigon

1. | uo . Cont r ol nt r.ol rol Edge. .l i {1
ks N7 Bt SO ERe Sl £ ST TP T Roerd DRSS Gaber
confpRBRbEdMd havetaasbiling 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 of

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

EXAMPLES
The following examples set forth preferred methods in 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

the invention.

11
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2-3 MmUnilE-1 WMO E-C1llul 1 MJT N Protective
Coati ng Bake Process 100C/ 120sec 130 C/ 120sec 205

W@2d9085866 100 C/ 120sec 130C/ 120sec 205 C/ 60SRECT/US2008/074773

100C/ 120sec 130C/ 120sec 205C/ 60sec 100C/ 120sec
130C/ 1. 20sec 205C/ 60sec 100C/ 120sec 130C/ 120sec 205
C/ 60sec 100C/ 120sec 130C/ 120sec 205C/ 60sec

100C/ 120sec 130 &PPRosAdIONAREOEHIRES 100C/ 120sec

%’rsﬁgrr{é)%%g %Sﬁlyﬁl%st e%@i%r?e‘f—}ayeﬁ i@?saf)ﬂef‘egab(l@ %J&Se.&)gf.eotﬂe 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 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,
Si;N, on silicon substrates, glass substrates, quartz 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 organosilane molecules into a continuous film that is bonded to surface
hydroxyl groups present on many microelectronic substrates. A particularly preferred
b‘aking temperature is at least about 200°C, and more preferably from about 200°C to
about 225°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
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
from about 80-130°C for about 60-120 seconds to dry the coating and then 1s 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. During final bake in the embodiments where the compatible compound
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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:

\ L Primer layer

A\

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
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
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 um to about 10 pum, and more preferably from about
3 pm to about 5 um. It will be appreciated that at these low thickness, the second
protective layer is acting as a chemical barrier rather than purely as a physical barrier.

The structure coated with the protective system of the invention can now be
subjected to typical processing steps, including wet etching 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
etchants. Contact typically involves full immersion or dipping of the structure into the

ctchant bath, but it an also be accomplished by spraying, puddling, or spin-applying.
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Typical alkaline or basic etchants include those selected from the group
cdnsisting 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
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
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,
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 coating system described here 1s
casily 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 layer dissolves.

Practicing the present 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
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.

Furthermore, the inventive protective layer system will experience very little or

no etchant penetration during etching processes. The inventive protective systems will
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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

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

EXAMPLE 1
Preparation of Primers [-IV

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

Primer IIT 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 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
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)

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-um

polypropylene filter.
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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-pm polypropylene filter.

EXAMPLE 4
Preparation of Primer VII
Primer VII is an adhesion promoter based on
3-(N-phenylaminopropyltrimethoxysilane, which 1is very effective for
polystyrene-co-acrylonitrile polymers, especially for coatings containing reactive groups
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- um 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
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 MIAK and 41
g of di(ethylene glycol) dimethyl ether. Both coating compositions were filtered twice
using a 0.2/0.45-pum polypropylene filter. Alternatively, a mixed solvent of propylene

glycol monomethyl ether acetate (PGMEA) and ethyl lactate in a weight ratio of 9:1 was
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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,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
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. After fixing the entire glass assembly to a
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 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 85%. Gel permeation chromatography (GPC) indicated the weight average
molecular weight of the polymer was about 200,000 g/mole (relative to polystyrene

standard).
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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
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
0.2/0.45-um polypropylene filters.

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
glvcidyl methacrylate were purified by passing through a column of aluminum oxide.
Acrylonitrile was purified by washing with 5 wt% H,SO,, 5 wt% NaOH, and deionized
water sequentially followed then dried 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
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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 8§0%. 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 polypropylene 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-um 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-pum 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
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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 dispensed
onto the wafer. After spinning for about another 40 to 60 seconds, a uniform primer
laver 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 sequentially 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 etchant tanker containing about 4000 ml of
a 30% to 35% by weight aqueous KOH solution in which a TEFLON® wafer boat
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
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 8 hours.
During the etch test, the solution was bubbled vigorously with nitrogen to provide
agitation. After the 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 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.
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for rating the resistance of 5coating conbinations to
hydrofluoric acid and the tine for the hydrofluoric
acid to penetrate the 1.5-mcron thick coating |ayers.
At roomtenperature, a drop (approximately 0.2 m) of
49% HF was placed in the center of a silicon wafer

coated centrally wth al um num and anot her drop
A approxjmately 0.2 m) was placed on the area outside
;Epf t he @l um num deposit. The wafers were then 10
=areful |y observed for penetration of hydrofluoric
Zacid through the coating, as indicated by the
“f ormation of hydrogen bubbles resulting fromthe
alum num reacting with hydrofluoric acid. Wen a
« Sijfliconi nitride-coated wafer was used as the test
© substrate, penetration of the coating by hydrofluoric
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Resul ts Coating dissolved or destroyed No penetration
observed after 30 m nutes, substrate darkened No
w@20ensssé on observed after 30 m nutes, substrB@BEUS2008/074773
darkened No penetration observed after 30 m nutes,
substrate darkened No penetration observed after 30

m nutes, substrate dar enetrati on observed
after 30 m nutes. Bakekgggg\@%r's\g ating 2 V/I\I
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to Concentrated Hydroﬂuonc Acid

The test described in this example provided a means for rating the resistance of

(9]

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
10 carefully observed for penetration of hydrofluoric acid through the coating, as indicated by
the formation 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 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

15 2.
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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
5 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

10 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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EXAMPLE 16

Alkaline-resistant coatings comprising

N-phenylaminopropyltrimethoxysilane
A. Preparation of Polymer Blend Solution

A polymer solution was made by adding 0.5 g of N-phenylaminopropyl-

trimethoxysilane (obtained from Gelest, Morrisville, PA) to 50 g of a 25% solution of
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 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 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 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 8 hours. After etching in KOH, the wafer

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

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 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 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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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 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 1-10 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 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
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 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
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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 100C 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 made by dissolving 20-25 g of a
poly(styrene-co-acrylonitrile) copolymer 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

90/10 (wt/wt).

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 130 °C for 1 minute. The polymer
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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 um filter and stored in a

plastic bottle.
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_iﬁﬂyiﬂgﬁn ol ution of 0.1% N phenyl am nopropyl tri nmet hoxy
silane Tn a 90:10 m xture of PQVE: dei oni zed water was
spi Thecwatechaont io FPartg2 phidbks sialiptowanétthddde ai@ffe KOt aqueous

1, 500 Jo I nute, . Th r s, baked at 130 .
SOlT5R B P Cetor TBOBo! st DI Lo BT SIS BaflEmRT oy
dioétai9+r’sw§eé§@€gl £oiRfe SNdSRRNEHr aThZROH B AQ arthOk SEERBHShe

ol 1 owed y 1,500 rpmfor 1 mnute. The wafer was

wafbaked tatre0B)© ddge liding. nut es, then at 130C for 2
m nutes, and then at 160C for 2 mnutes. C. Silicon
Waf er Coati ng A primer solution of 0.1%
N- phenyl am nopropyl tri met hoxy silane in a 90: 10
m xture of PQVE: dei oni zed water was spin coated onto a
4-inch silicon wafer at 1,500 rpmfor 1 mnute. The
waf er was baked at 130 C for 1 m nute. The pol ymer
bl end solution prepared in Part A of this exanple was
spin coated at 200 rpmfor 10 seconds foll owed by
1,500 rpmfor 1 mnute. The wafer was baked at 100 C
for 2 mnutes, then at 130C for 2 mnutes, and then at
160C for 2 mnutes. D. Etch Testing of Silicon Nitride
Waf er 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 cleaned with DI water for 5 mnutes and dried in
air. The results showed that the wafer was not
attacked by the KOH, and no edge lifting occurred. The
filmdid not | ose adhesion. The wafer after etching is
shown in Fig. 1. E. Etch Testing of Silicon Wfer
The silicon wafer coated in Part C of this exanple was
etched in 30% agqueous KOH sol ution at 80-85C for 4
hours. After etching in KOH the wafer was cl eaned
with DI water for 5 mnutes and dried in air. Results
showed that the wafer was not attacked by KOH and no
edge lifting occurred. EXAMPLE 20 Priner Sol ution
A primer solution was made by mi xing 0.05 g of
3-am nopropyl triethoxysilane with 98.95 g of propyl ene
gl ycol mononethyl ether, and 1.0 g of de-ionized
water. After stirred for 4 hours, the prinmer solution
was filtered through 0.1 umfilter and stored in a
plastic bottle. EXAMPLE 21 Al kal i ne-Resi st ant
Coati ngs Conprising Epoxy Cresol Novolac Resin 1.
Preparation of polyner blend solution A pol yner
bl end sol uti on was made by ?issolving 22.5 g of a
poly(styrene-co-aerylonitr? e) copolynmer and 2.5 g of
ECN1299 in a m xture of 37.5 g of EEP, and 37.5 g of
M AK. 2. Wafer coating The primer solution from
Exanpl e 20 was spin-coated onto a silicon wafer at
1,5001Tm for 1 mnute. The wafer was baked at 205C for
1 mnute. The pol ynmer bl end solution prepared in Part

- Y M L I 5 L 1 o, NN N
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3. Etch Testing The wafer coated in Part 2 of
this exanple was etched in 30% KOH aqueous sol ution at
wW@08883860r 4 hours. After the KOH etch, the wWedEBUS2008074773
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 Coati ngs Conpri sing Epoxy Cresol
W hpvo!ac Resin |. Preparation of Polyner Blend Sol ution
©AH8i yner bl end solution was made by dissolving 22.5 a
of the poly(styrene-co-acrylonitrile) copolyner used
in Exanple 21 and 2.5 g of ECN1299 in a m xture of
37.15 g of cEEPosaineh BE( aga pfotddtiaklayeR sai\apmpoioert ¢amgprising

N AR TS NN R T

wheldiput e. The wafer was baked at 205 C for a minute. The
pol ynmer blend solution in Part 1 of this exanple was
spi sui¢Oatt pdlyater 20@prigm f or 10 seconds and then at
1,500 rpmfor 1 mnute. The wafer was baked at 100C
for 2 mnutes, then at,130C for, 2 mnutes, and then at
160C for 2 mnuteq:. 3 Etch Testing The waf er
coated in Part 2 gf this exanple wag etched in a 30%
KOH aqueous sol utijon - “for ours. After the
KOH et ch, the waf ¢l eaned with_di oni zed water
for 5 mhutes and dri 84 Ry ajrs TheRKOH did not attack
or affect the wafers, and ffiere Was no edge lifting.
VW claim 1.A conposition useful las a protective
| ayer, said conposition cg i S a first
pol yner and a conpati bl & conpotnd dirésol ved or
di spersed in a solvent systemj 5wherei ngngaid first
pol ymer conprises: and 15 2®?> wherein: each 121 is
i ndividually selected fromthe group consisting of
hydrogen and C1-C8 al kyls; and 25each R 2. is
individually selected fromthe group consisting of

R R!

|
w N

C

N

wherein:
each R' is individually selected from the group consisting of
hydrogen and C,-C; alkyls; and
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
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hydrogen, C,-C8 al kyls, and Cl1-C8 al koxys; said
conpati bl e conpound is selected fromthe group
w@ensh3sshg of . nononers, oligonmers, and pol yneeBUS2008/074773
conpri sing epoxy groups; poly(styrene-co-allyi
al cohol ); and 30and m xtures thereof; and said
conposition#js,substantig}l ree of photoacid
germéidatapRosition is subsintigty f%% fECEEar i & m 1,
wherei n said conpatible conpound is selected fromthe
group consi sting of epoxy phenol novol ac resins, epoxy
bi shhendlheAtdmprsitsinnst clapoxl, whesiol saidvomaetiile sionpound is
selegggg’%/oggtlhg ggq%%g:l_onﬁst{negsolf ggs)éxyap d pgl%%gglég Ipﬁsggg ie qr;])i%%y] <t%éphenol A/F
. . o o
R R R s AR R
novbasedkingpon the total 10wei ght of the conpatible
conpound taken as 100% by weight. WO
2009/ 035866PCT/ US2008/ 074773 4. A nethod of forming a
mi cy oel egld QRGN Gf: ciah & MRhbRg CARPEISABle compound
contacting a mcroelectronic structure wth an etchgnt
congelsecfred aboamitvhe @ooupd% bysiaglitrgoof glbapd, bastichamtls total

.and acidic etchants, said m |l ectrqnic structure
weigpithesamepatiyTasdipund iken i OCABS R having a
surface; a prinmer |ayer adjacent said substrate
surface; and a first protective |ayer adjacent said
primer |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
sol vent system wherein: said first polynmer conprises:
10 wherein: 25each R' is individually selected
fromthe group consisting of hydrogen and Cl1-C8
al kyl's; and
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each R2 is individually selected fromthe group
consi sting of hydrogen, Cl-C8 al kyls, and Cl1-C8
W@L0ORITS66 sai d conpex/Ukd0e8/074773
conmpound is selected fromthe group consisting 300f:
nononers, oligonmers, and polynmers conprising epoxy
groups; poly(styrene-co-allyl al cohol); and aHd .
mi X4 ur es™ PKEREGHE formEe 8 S gelespys OEYipn Spig method comprising
co L T P B QSRS P08 o pgisine
of basiretchamg asdaddiviechortk eatd wmreel stonet dmneturaicEaprtking:
etchant. 106. The nmethod .of claim4, said structure
fur%?%ﬁo%%ﬁﬁﬁﬁ%ﬁuﬁ§“%¢g%%%%ﬂs %%Féctive | ayer adj acent
sai, L LSty . M - 7. The net hod
of‘%?g#%ﬁgygﬁﬁgggﬁﬁgggkgMgﬁ%%g%%%ﬁgdconprises
cord fast progesed ldystadjactusadpritder biyer, edid Siadt drdasiive layer being
et chant and gid aci di c. etchant,,. angvfur her .
conpri si fﬁgﬂﬁfg BRCALOPIPRG ISR CHMETRE f HFE PRIVDIFT £R&2 BIRR}LIDIe
of said ' Id ;aci.di Ntoterein:
5. The rorTisd or ol o e R R My er
havi ng an avenapérst polgkoessnpisef:r om about 1-5 m
209. The nethod of claim4, wherein said
m croel ectroni c substrate i§ sel ected fromthe group

consisting of Si substrate® SiO , Bubst rat es, Si 3N4
substrates, Si02 on silicod substrakes, i 3N4 on
silicon substrates, ¢ : y4

substrates, ceramc sudstrdtes, senj conduct or
substrates, ahd metal substRatles. 2810. THé method of
claim4, said prinmer |ayer conpny )
sel ected fromthe group consisti
organo silanes, am no sil anes,
11. The net hod of claim4, whegpéin sald prgzner and
protective |layers exhibit 30l ess thgn about 3,gm of
lifting when contacted for about 2 grours wth a 30-35%
by wei ght aqueous KOH sol ution having a tenperature of
about 83-87C. WD 2009/035866 PCT/ US2008/ 074773

12. The nethod of claim4,vs,therein said prinmer |ayer

and first protective Iayil:@ Rl
|

an |

CoeC

L

e

Z

wherein:
each R' is individually selected from the group consisting
of hydrogen and C,-C, alkyls; and
cach 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:
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interact to formbonds conprising: 5 CH H2Q NH 10
1.3. A mcroelectronic structure conprising: a
wWOorR@p/ozd8ect roni ¢ substrate having a surface; aP@¥/USIp8/074773

| ayer adjacent said substrate surface; and a first
protective | ayer adj acent said priner |ayer, said
first protective |ayer r|S| 15a first olsymsr
and a conpati bl e corrpodﬂan dirésol 87881667’ aaggsg?‘%eédc?rﬁprésmg
sol vent system wherein: saidhoki geluppol ymer conpri ses:
R1 (I'l) wherein: 30

poly(styrene-co-allyl alcohol); and

and mixtures thereof; and

said composition is substantially free of photoacid generators.

5. The method of claim 4, wherein said contacting comprises immersing said

microelectronic structure in said etchant.

6. The method of claim 4, said structure further comprising a second

protective layer adjacent said first protective layer.

7. The method of claim 6, wherein said contacting comprises contacting said
structure with one of said basic etchant 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 about 1-5 pm.

9. The method of claim 4, wherein said microelectronic substrate is selected
from the group consisting of Si substrates, SiO , substrates, Si,N, substrates, 510, on
silicon substrates, Si,N, on silicon substrates, glass substrates, quartz substrates, ceramic

substrates, semiconductor substrates, and metal substrates.

10.  The method of claim 4, said primer layer comprising a silane selected
from the group consisting of an aromatic organo silanes, amino silanes, and mixtures

thereof.

11.  The method of claim 4, wherein said primer and protective layers exhibit
less than about 3 mm of lifting when contacted for about 2 hours with a 30-35% by

weight aqueous KOH solution having a temperature of about 83-87°C.
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each R' is‘individually selected fromthe group

consi sting of hydrogen and Cl-C8 al kyls; and each R2
WO 2000/808¢¢ dual |y sel ected fromthe group consiBCT/H§R00$/074773

hydrogen, Cl1-C8 al kyls, and Cl-C8 al koxys; 5said

conpati bl e conmpound is selected fromthe group

consi sting of: nononers, oliuoners, and polyners

conpt i si ‘Hep repbsgoiplamps wherelnsatprineméaye oanall flrytbrotective layer
inmﬂ%ﬁghﬁ#&@)aad and. m xtures thereof; and said layer is

SUHET A APEY TS phot oaci d generators. 10

14. The structure of claim 13, said structure further

conprising a second ot ective | ayer adjacent said

first protective |ayep» o 15. The structure of
claim13, said first prétéctive |ayer having an
aver age 15t hi ckness of @ﬁonwabout 1-5 im 16.

The structure of claim 13, wherein said
m croel ectronic substrate is selected fromthe group

consi sting of Si substratses, Si02 substrates, Si3N4
substrates, Si 02 on sﬂ%#é@g@gubstrates, Si 3N4 on

silicon substrates, glass strates, quartz
substrates, 20ceranic substrates, seni conductor
substrates, and netal substrates. 17. The

structure of claim 13, said prinmer |ayer conprising a
silane selected fromthe group consisting of an
arJ%atidgBFSQH@C§WP%ﬁ@%?m%ﬁPﬁ@”§Pganes, and ni xt ures

a micR&I&Ponic&Rbstrate havidda skfiReStructure of claim 13,
wherein said primer and protective |ayers exhibit |ess

a pritherrayeb edipcdt mand ofibdtiafe sunfycevh@d cont act ed for about 2
.hours with a 30-35% i ght aqueqQus KOH sol ution

A FIRCP iR Pahgih et o R er 9 G protaciive ayer Comprising

a first polymer and a compatible compound dissolved or dispersed in a solvent
system, wherein:

said first polymer comprises:

R R!
T
[ ]
M R R ‘ N
R? = R?
R and
RA
RI Rl
e
C—C
(ID) 1|a1 i
I
wherein:
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each R' is individually selected from the group consisting of
hydrogen and C,-Cq alkyls; and

each R? is individually selected from the group consisting of
hydrogen, C,-Cy 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 substantially free of photoacid generators.

14. The structure of claim 13, said structure further comprising a second

protective layer adjacent said first protective layer.

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

thickness of from about 1-5 pm.

16. The structure of claim 13, wherein said microelectronic substrate is
selected from the group consisting of Si substrates, SiQ, substrates, Si;N, substrates, SiO,
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 about 3 mm of lifting when contacted for about 2 hours with a 30-35%

by weight aqueous KOH solution having a temperature of about 83-87°C.
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