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The present invention is concerned with new photoresists for use in the
manufacture of microelectronic devices such as those used in microelectromechanical
systems (MEMS).
15
Description of the Prior Art
It is common in silicon etching processes to utilize a thin (100- to 300-nm)
silicon nitride or silicon dioxide coating on the silicon substrate as a mask for patterned
etching or as a passivating layer to enclose active circuitry. In the prior art, etch
20 protective coatings or masks for MEMS fabrication processes have been selected
primarily by using a trial-and-error method because there are no general purpose
protective coatings on the market. The etch selectivity of the etchants to various
materials is often used as a gnide for MEMS process engineers. With a much lower
etch rate than silicon, films of silicon nitride have been used as a protective layer or
25 hardmask during KOH or TMAH bulk silicon etching. Silicon dioxide has a higher
etch rate than silicon nitride. Therefore, it is only used as a protective/mask layer for
very short etches. Gold (Au), chromium (Cr), and boron (B) have also been reportedly
used in some situations. Non-patterned, hard-baked photoresists have been used as
masks, but they are readily etched in alkaline solutions. Polymethyl methacrylate was
30 also evaluated as an etch mask for KOH. However, because of saponification of the

ester group, the masking time of this polymer was found to decrease sharply from 165
minutes at 60°C to 15 minutes at 90°C.
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15 polymer comprises styrene-containing monomers, acrylonitrile-containing monomers,

(X

and epoxy-containing monomers. The invention also provides methods of using these
photosensitive compositions in conjunction with a primer layer to form microelectronic

structures.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In more detail, these systems comprise a primer layer that is applied to a
microelectronic substrate surface, and a photosensitive layer that is applied to the primer

layer.

25 PRIMER LAYER
Preferred primer layers are formed from primer layer compositions including a
silane dispersed or dissolved in a solvent system. Aromatic and organo silanes are
particularly preferred silanes for use in the primer layers of the invention. Furthermore,
it is preferred that the silane include at least one (and more preferably 2-3) group per

30 mole of compound, or per repeat unit of polymer, that reacts with epoxy groups to form
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chloromethyl)phenyltrimethoxysilane, 2-(p/m-methoxy)phenylethyltrimethoxysilane,

2-(p/m-chloromethyl)phenylethyltrimethoxysilane, 3,4-dichlorophenyltrichlorosilane,

20 3-phenoxypropyltrichlorosilane, 3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane.

Some preferred silanes for use in the present invention can also be represented

by the general formula



20 3-phenoxypropyltrichlorosilane, 3-(N phenyl am no)propyl trinmethoxysil ane,
and  2- (diyBheiydspagsphi no) et hyl tri et hoxysilane. Some ppeffihidosisianes for
use in the present invention can al so be represented by the genera
formula -3 WO 2007/ 030593 PCT/ US2006/ 034817 A Si~ ek x3-k 5 where: R4 R4
A=1L+54Y] 10/ RA RA B=L RS R4 15 RA R4 wherein: each of i, j, and k
is individually selected fr t heBgroup consisting of 0 and 1, 20 and if
one of i and j is 1, then the Sither of i and j is 0; each R4 is

i ndi vidually sel ected fronlthelgroup consi sting of hydrogen, the hal ogens,
Cl-C3 (preferably Ci1-C4) al kyl 83« C, -CS (preferably Cl1-C4) al koxys, Cl1-C8
(preferably Cl1-C4) hal oal kyls, am nos, and C 1-C3 (preferably Cl-C4)
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of "C1-C8 (prefergBby: Cl-C4) aliphatic greups; each R6 is individually
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wherein:
each of'1, j, and k is individually selected from the group consisting of 0 and 1,
20 and if one of i and j is 1, then the other of i and j is 0;
each R* is individually selected from the group consisting of hydrogen, the
halogens, C,-C; (preferably C,-C,) alkyls, C,-C; (preferably C,-C,)
alkoxys, C,-C; (preferably C,-C,) haloalkyls, aminos, and C ,-Cs
(preferably C,-C,) alkylaminos;
25 each R’ is individually selected from the group consisting of C,-C; (preferably
C,-C,) aliphatic groups;
each R®is individually selected from the group consisting of hydrogen and
haloalkyls (preferably C,-C,, more preferably C;-C,);
each X is individually selected from the group consisting of halogens,
30 hydroxyls, C,-C, alkoxys and C,-C, carboxyls;

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



Y is selected fromthe group consisting of oxygen and sulfur; -4 WO
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est MENsSI O silicone
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phenylirimethoxysilane. 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.

15 Another preferred silane has the formula
R7 R’
H
X3Si—-‘<R8)—N R?
20 d
R? R’ ’
wherein:

each R’ is individually selected from the group consisting of hydrogen, the
25 halogens, C,-C; (preferably C,-C,) alkyls, C,-C; (preferably C,-C,)
alkoxys, C,-Cg (preferably C,-C,) haloalkyls, aminos, and C,-C,
(preferably C,-C,) alkylaminos; and
each R® is individually selected from the group consisting of C,-C, (preferably
C,-C,) aliphatic groups.
30 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,
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is 10 conmmercially available fromLancaster Synthesis and Cel est
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at_a level of from about 0.1%to about 32 wei ght, preferably from about
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100' C to about 220'C, and preferably from about 140'C to about 180'C. The
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water is included in the solvent systemat a |evel of from agout 20% to
and even more preferably from about 0.5% to about 1% by weight, based upon the total

weight of solids in the primer layer composition taken as 100% by weight.

15 The solvent system utilized in the primer layer composition should have a
boiling point of from about 100°C to about 220°C, and preferably from about 140°C
to about 180°C. The solvent system should be utilized at a level of from about 30% to
about 99.9% by weight, and preferably from about 40% to about 80% by weight, based
upon the total weight of the primer layer composition taken as 100% by weight.

20 Preferred solvent systems include a solvent selected from the group consisting of
methanol, ethanol, isopropanol, butanol, l-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 20% to
about 60% by weight, and preferably from about 20% to about 40% by weight, based

25 upon the total weight of the primer layer composition taken as 100% by weight.

The primer layer composition can also include 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). The catalyst is preferably present in the primer layer composition

30 at levels of from about 0.01% to about 0.5% by weight, more preferably from about
0.1% to about 0.3% by weight, and even more preferably from about 0.02% to about



about 60% by weight, and preferably from about 20%to about 40% by wei ght,
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R2 Preferred acry e nononers have or mu
comprising functional groups that react with amines.

Preferred styrene monomers have the formula

15 R! 1
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20 R2 R2
R2
Preferred acrylonitrile monomers have the formula
25
Rl R!
]
Cc—C (1)
]
R* C
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In each of the above formulas (I)-(III):
each R! is individually selected from the group consisting of hydrogen
and C,-C; (and preferably C,-C,) alkyls; and
each R? is individually selected from the group consisting of hydrogen,
20 C,-C, (and preferably C,-C,) alkyls, and C,-C, (and preferably
C,-C,) alkoxys.
The polymer preferably comprises from about 35% to about 75% by weight of
monomer (I), more preferably from about 40% to about 70% by weight of monomer (I),
and even more preferably from about 50% to about 65% by weight of monomer (I).
25 - The polymer preferably comprises from about 20% to about 40% by weight of
monomer (IT), more preferably from about 25% to about 35% by weight of monomer
(ID), and even more preferably from about 25% to about 30% by weight of monomer
(). Finally, the polymer preferably comprises from about 5% to about 15% by weight
of monomer (ITI), more preferably from about 6% to about 12% by weight of monomer

30 (ITD), and even more preferably from about 8% to about 10% by weight of monomer
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f | L), LIL), in.th | ] f t | east
oB0ut o oAbty 6ods b ocarEaf) W EHiek biReT 508 o 18ut *00% by
wei ght,  RREAdMROPoMEr laRbPds 1008 Whteifft. BRANPRS ¥IRiiabRkBRr AdndiBO by

wei ght. Exanpl es of suitable other nononers " include those having
f unct i onaiclugiedhgss haviag feeniionalgrounsithdt can taspbwith graves g theeprithen/leyer f or
achi evin

N
met hacr ybatkRy of &&ihfile, haldallBi A€ BehaiRBlorids Y bidbRthylRle@atEtate)f si@r at es,
i socyanates), or anhydride functional groups, which react readily with
f bhct i onénclypayigtessaferiates, Mylgptes fimamtasnisocysnaigsl paaghydride functional
groups, which react readily with functional groups such as hydroxyl, amino, or oxiranyl
groups that can be present in the primer layer.
The polymer should be included in the photosensitive layer composition at a
level of from about 90% to about 98% by weight, and preferably from about 90% to
20 about 95% by weight, based upon the total weight of solids in the photosensitive layer
composition taken as 100% by weight.
The photosensitive composition will also comprise a photoacid generator
(PAG). The PAG generates a strong acid or superacid when exposed to actinic
radiation such as UV light. Examples of suitable PAGs include those selected from the
25 group consisting of triarylsulfonium hexafluoroantimonate, triarylsulfonium hexafluoro-

phosphate, diaryliodonium hexafluoroantimonate, diaryliodonium hexafluorophosphate,



_gro:Jpz Ejh_at can be present in the prinmer layer. The polynmer shoul d be

i ncl ude tosensitive |ayer conposition at a f about
90% to ab‘gfl}tZB(g@%l?%é wei ght, and preferably from about 98§)¥§ng®£@§‘§g@ut 95%
by weight, based upon the total weight of solids in the photosensitive

| ayer conposition taken as 100% by weight. The photosensitive conposition
will also conprise i photoaci d gefigrator (PA[B. The PAG generates a strong
acid or superacid en exposed |t 0 agtin|-C pragiakion gsivgh as UV |ight.
Exanpl es of suitabl & PAGs se- ose sel ecﬂed fromthe 25 group
consisting oftriaryls i exafl uor oant i nooat e,

triaryl sul foni umhexaf | phosphat e, diaryliodoni um hexaf!l uoroanti nonate,
di aryl i odoni umhexaf | uo ophoT hate, -9 WD 2007/031693 PCT/US211116/ 1134817
li NOS-R31M911 and N O 11 R3-1 OOSRBRO(VY FFF/ FF F~
Q ~ O where each R3 is indiidually selected fromthe group consisting of
GHr1 G3H171, CH3C6H4, and canphor. The PAGs of formulaso(lV) and (V) are
sold by G ba” Specialty Chemcals as The CG 13XX Fam |y Hand The CA 26X

Fam ly, 1 bvely. 0—S—R?
[ v
o 0 M
F F
o 0

where each R3is individually selected from the group consisting of C;H,, CsH, 5,
CH,CH,, and camphor. The PAGs of formulas (IV) and (V) are sold by Ciba Specialty
Chemicals as The CGI 13XX Family and The CGI 26X Family, respectively.

5 The PAG should be included in the photosensitive composition at a level of
from about 2% to about 10% by weight, and preferably from about 5% to about 8% by
weight, based upon the total weight of solids in the photosensitive composition taken
as 100% by weight.

The solvent system utilized in the photosensitive composition should have a

10 boiling point of from about 120°C to about 200°C, and preferably from about 130°C
to about 180°C. The solvent system should be utilized at a level of from about 70% to

about 95% by weight, and preferably from about 80% to about 90% by weight, based

upon the total weight of the photosensitive composition taken as 100% by weight.

Preferred solvent systems include a solvent selected from the group consisting of methyl

15 isoamyl ketone, di(ethylene glycol) dimethyl ether, propylene glycol monomethyl ether

acetate, ethyl lactate, cyclohexanone, and mixtures thereof.
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5 The PAG should be included in the photosensitive conposition at a |evel
of fromaBoHs;,Bkes0 about 10% by wei ght, and preferabl y-FrRMRR 7 5% tO
about 8%‘89 V7\éOI%g$?t, based upon the total weight of sol ?gsh{gn tﬁe

phot osensitive conposition taken as 100% by wei ght. The sol vent system
utilized in the photosensit APPLICAPEINPROICES®Ul d have a 10 boiling point

fof bout,120C t o abqut .200C, and preferably f bout 130C to about
T80 G The. SOPTERISCLLEBHFS b LB RS SR ot CbHtos HlfPabout *70%

to abouSotﬁ@?ﬁﬁnﬂﬁl‘ feridD SubdiRiRr2d kdledtb P FopP R or &G 21 HRE W 0% by
wei ght, base upon'the total weight of the photosensitive conposition

t aken assubS8ies PiOgsubkitates, Byif ibsteatess SiQpenisilops sehstratendidNienailwohvent
selected fromth ro consisting,of methyl 15 is0 | ket.one i_(ethyl ene
o Yool ) PRERRy! St SRARE o RUHE S wORe PRIt SO 6 o hy |

| act at e, gub¥eted) axad AR sul@tadl Xt ures thereof. -10 WO 2007/ 030593

PCT/ US2006/ 034817 APPLI CATI ON PRCCESS Preferred substrates for use in this
process i ncl udks silios entayilics cergpesientsaprdissofeddn thaprimeusayéni systeher r ed

substr at are | ect f.r.om4.he aroup. consi sti.n f S ubstrates, Si02

subst r at %3? [ %ﬁan%tf nggf’ %Elg%,ﬁ%? F:?%Rls?flllsiqg‘%rhs@ﬁ%%@’regto tso_,tﬁ%?@ﬁlﬁgtgn silicon
5 substr atasut W05 606 IS, dndtpeeferablyaida aBOESII00L36300 1paT, F6H bostDBDoat es,

sem conductor substrates, and nmetal substrates. The silane and any ot her

c&hponentesorgdseand rystrapbuior abaus 60 prconds: Iisithasrheked dlrdemperaturepifiame si | ane
Sbout 5ot 653! 1 RTRBEkdofko Bec e fhraRa i AR £80, Wb G Wa TRk @ P o

30- 90 10atmac 05350 @hibr pb@ft €030 gedonds Ghefetabbabsacmidgconds) insorliérae baked at
a tenperature of from about 60-110C for_about 60-180 seconds (preferably

about 12¢Pnderssikaslangmelechleninig 2 contipueusibur thaidebended irwiiacedignlseconds
f ' i ) I I
Mo a coRr it PATERARER LR St TRRIRIS, LSSk AfngD) Coul oo

15 reacts with the silanol groups present in the silicon-containing substrate and also self-

crosslinks by condensation. It is preferred that the primer layer have an average
thickness (as measured by an ellipsometer over 5 different points) of less than about
50 nm and more preferably from about 20 nm to about 30 nm.
For the photosensitive layer, the polymer, PAG, and any other components are
20 dissolved in the solvent system and spin coated onto the substrate at about
1,000-5,000 rpm, and preferably from about 1,000-2,000 rpm, for about 30-90 seconds,
and preferably about 60 seconds. It is then baked at a temperature of from about
100-120°C for about 60-180 seconds (preferably about 120 seconds). The polymer
solids level and spinning conditions are typically adjusted to achieve an average coating
25 thickness after baking (as measured by an ellipsometer over 5 different points) of from
about 500 nm to about 3,000 nm, and preferably from about 1,000 nm to about
2,000 nm, depending upon the degree of coverage required over device topography on
the substrate. Advantageously, the epoxy or other reactive group in the photosensitive
layer polymer form covalent bonds with an amine or other reactive group on the silane

30 of the primer layer.
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groups present on typical mcroelectronic substrates. That is, the

hydrol yzegoShdAlgse3> reacts with the silanol groups pre%%@;Us'b cJoBR17
silicon-contalning substrate and al so self crosslinks by condensation. It
is preferred that the priner |ayer have an average, thickness g as neasured
by an el |i psobe’ Bhotgsesitiye deyor iy tiep B3RP By cgposiegd toHAN G IT™ 80 nm and

nore pre 2 Ak ' nsitive

| ayer, t%g&%%{%hng?%%%%g%@dg%% E%%Z%%gg%poneﬁ{%bog{rgeﬁ%’gﬂlggésr%ﬁged in the
sol vent musdogavastbus pOmdeal e The tdating ethsil paiferably patt-adposiire bakddCd- 5, 000
rpm and preferably from about 1,000-2, 000 r@m f or about 30-90_ seconds,

and pr ef &oabil{0%hEbayd 13Q Lot eboyt2 minyies ang drusioned with 8 5ebeRt e of from
about 1Q0- . r =180: 8, conds).
o pol vt A o st & o0
achi eve anameesage coating 25 thickness after baking (as neasured by an

el lipsoneter gver 5 different points) of from about_ 500 nm.to about 3,000
nm and pref eE5BSHIS (OJHRhE GRsES ,eé)(ffé IW]g?‘ber%fﬁéﬂtam%f‘%g"‘?\ﬁ?@d’é‘b‘éﬁai ng upon
t he degr V, i : i sedbstrat e.
Advant ag%gfls Yy, %t‘ﬁ{etﬁggcér%gﬁg?ﬁrg?ﬂ%ﬁ?lé‘g%{ Fg%%@gg%é)?ﬁh%(%gﬂogﬁ%ﬂ%gzﬁsi tive

| ayer polayereTheeronshoked|epoxy gronplswill hdvedime strrichee or ot her reactive group on
the silane 30 of the primer layer. -11 WO 2007/ 030593 PCT/ US2006/ 034817
The photosensitive layer is then inmaged by exposing it to UV light with a
wavel engt h of from about 150-500 Dm (e.g., about 248 nm or about 365 nm,
preferably in a dose of about mJ/ cn2. The coating is then preferably
post - exposur e baked at aboutgl C to about 130C for about 2 mnutes, and
devel oped with a solvent foro®s aboat 1 minute. Finally, the coating is
baked at about 200C to about 250C for about 5 mnutes. Exposure to |ight
causes the PAG to generate an aciHd¢c._and t"':hi s acid initiates crosslinking

of the polymer (preferably via the Mg‘ﬁo&ps) in the photosensitive
15

o}

\CH2

The exposed areas become substantially insoluble (e.g., less than about 1% by

20

weight soluble, preferably less than about 0.05% soluble, and more preferably about 0%
soluble) in typical solvent developers such as propylene glycol monomethyl ether
acetate, methyl isoamyl ketone, and ethyl acetoacetate. The unexposed areas remain
25 soluble in these developers and are thus readily removed during developing. As a
result, the pattern can be easily transferred with no additional etching steps to remove
the protective layer being needed.
Practicing the present invention will result in a protective layer system that
suffers little or no undercutting during etching processes. That s, the layer systems will
30 exhibit less than about 100 pm, preferably less than about 70 pm, and more preferably

less than about 50 pm of undercutting when subjected for about 2 hours (or even about
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| ayer. The crosslinked epoxy groups will have the structure 10 o C_10 H

HZCI H Q soi 2 p 20 The exposed areas becone su '
: QV‘?Z /030 ﬁ;g oRlo348
i nsoluble (e.g ess than about 1% by wei ght sol uble, 9S’trre g‘? a)t()):syq ess

t han about 0.05% sol uble, and nore preferably about 0% _sqQluble) in typical
sol vent 3&ouishrepichingdn aasppradpriehed 4Py edy HeisBhaquspns Eﬁﬁéﬁolué}e@t at e,

met hyl i o@C . . : ' : S remain
25 sol uf S B oo ek Ny G EhAAGRAL & aouIBIRRE R R

devel opi wiith A8 overhdrgfig frotetties Ippdriat e atdgn obetcleaisiréas ak vhsestat weldrawi t h no
addi tional etching steps to renove the protective |ayer being needed.
Practi ci eRMOIEINGTBEORE | nvention wWill result in a protective layer system

that - suffer SphiddrhrthelfiveiRiEfditdivBdydind i) BLEALDG REPE@ESERe Thal IS,

the | ayer systens w exhi l'ess” than a m~ preferably | ess
t han abogtthat® penetation dmires gictafiepmbesged. €Rmist When sbpated 56 aboof 2 hoaer cut ti ng

PCT/ US2OUBF03ABe™ 3 ORS b S5R 6@ SRR e A RS ST SRS oS8 5450 by wei ght
R o o S R e i VA
t he edgehofe letscharhtmnt@sd pashobisyer vmd ofindetrata, andgméfershly lesscthas sy .
10 0.05 pinholes per cm® of substrate, when observed under a microscope at 10X
magnification. This is different from prior art photosensitive layers, which would
dissolve relatively quickly in KOH and thus required the presence of a separate

protective layer such as a silicon nitride layer.

15
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

20 of the invention.

EXAMPLE 1
1 Terpolymer Synthesis in Cyclopentanone
A solution was made by dissolving 67.50 g of styrene, 25.00 g of acrylonitrile,
25 7.50 g of glycidyl methacrylate, and 1.25 g of 2,2'-azobisisobutyronitrile in 400 g of
cyclopentanone, all of which were obtained from Aldrich. The solution was heated to
65°C under nitrogen while undergoing magnetic stirring. The polymerization was
allowed to proceed at 65°C for 98 hours. The actual yield was determined by solids
analysis to be 97% of the theoretical yield.
30

-13-



5 Furthernore, the inventive protective systenms will experience very little

or no et&?gg&&g&gtrati on during etching processes. Thysyh&R0sihs ect ed

for about hours (or even about 3 hours) to etching in an approxi mately
30- 35%bywei ght_ aqueous KOH solution having a tenperature of about 83-87 C,
the invertive J9Pee@dpiujien&pemelationi || have | ess than about 0.1 pinhol es

er cn2 of su : ra | e t han about 1 .05 pinhol es per
(I? nm2 of subst rglt§ Eeglgé\%gﬁﬁg s&o\%‘;edg'reugéérl ga(ﬁsl?f?,pry_zeé’@ éoglpe%&t.g%maﬁ cati on.
This i s @PEMEANGdmenn Chémicalr tnd®ODSENST tHTVEEHPY ERS trisbhist oM d

di ssolve relatively quickly in KOH and thus required the presence of a
separ at e eﬁ@?@%ﬁlwnﬁf&y@m@%ﬁ ggacralosohtpiperhiiom DomtChenzigal) werg EdEQAth EtSh
The fol | gy e, orth. pr rL: nethods . accordan Wi e
[ n\glenti oﬁ&spi%%%(%?@{eg%rp&%g%rs{%%@? oﬁv\g%/lg% T E%I?qt?fe@ga% Fe re

pr ovi ded résyltimgysobitioniwas fidteredtthnonglan 0. Inphhhéigblahe iR shoul d be taken as a
limtation upon the overall scope 20 of the invention. EXAMPLE 1 1.
Terpol yi ner Synthesis in Cycl opentanone A sol ution was made by di ssol ving

67.50 g of stybp%,goggioggzogmglfagaﬁryl onitrile, 25 7.50 g of glycidyl
go ,

met hacryl ate, and 1.25 -azobi si sobutyronitrile in 400 g of

cycl opent anondo rahlte afprivder (shluviem,ell.Obtga':jmleq)hﬁaﬁﬂaﬂnﬁiogfiﬁﬁme}'ﬁ&yg%{;gt ITﬁ 2 was
i . Whi | e 2r goi hg magnetic stirring.
oo yrer | RhEAE HAG: O e&gs%%e@ig%m%r%%o%ao@«?g@g memie giveiact ua
i ! ; i J % L t heoretica
Vel d. "3 PILO0R OBEN R8s el CRBD 17 51 USbmlAT RS [ o

For nmul at s@wtion was filtered through a 0.1-pm membrane filter.

4. Preparation and Patterning of Negative Photoresist Coating

15 The primer solution in Part 3 of this Example was spin coated onto a silicon
wafer at 1,500 rpm for 1 minute. The primer coating was baked at 75°C for 2 minutes
and then at 180°C for 2 minutes. The topcoat solution of Part 2 of this Example was
then spin coated over the primer layer at 1,500 rpm for 1 minute. The topcoat was
baked at 100°C for 2 minutes. The coating was imaged by exposing it to UV light at

20 a wavelength of 365 nm in a dose of 500 mJ/cm?, baking at 130°C for 2 minutes, and
developing with acetone for 1 minute. Finally, the combination was baked at 230°C

for 5 minutes. A negative pattern was obtained.

5. Etching of Silicon Wafer

25 The wafer prepared and patterned in Part 4 of this Example was etched in
30% KOH aqueous solution at 85°C for 1 hour. The silicon was etched 70 um deep in
areas without the polymer coating. The polymer-coated areas remained intact. The
pattern was transferred to the silicon wafer in essentially the same manner as is the case
with prior art silicon nitride masking methods.

30
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In this preparation procedure, 25.01 g of propylene glycol nethyl ether
acetate QFD, neral Chem cal) and 1.03 g of UVI-69%81hR2006/034817
triaryl su‘f@onl ur%osgﬁexafl uor oant i nonat e; aphot oaci d genergtén;% Obét a1 ned from
Dow Chem cal) were added 5 to 50.03 g of the terpolymer solution
synthesized in Part 1 of this Ex&¥AMPLERe resulting solution was filtered

t hr ough 0. 1- nbrane. filte Primer Solution Formulation To nake a
pri mer sgl uti (%Ire%p%%f"_fﬁa‘sgmgﬁe”ﬁﬂbﬁg@‘%m noproyl tri met hoxysil ane 10 (obtai ned
from Gel est) wesorutflinssa vigdk bytigsoRiingd 247.67 ©bf d4@né 19,00 ¢ O RP)bARA ! YO
propyl ether (obtained from General Themnical) a_nd 80. Zgg of” dei oni zed

wat er . TR&8 g plyridohmergonylate, end@St pellighmyd perokide(olaiped fromfAldtie). 4.

Pr epar at i. d i ng.of ative, Phot or esi ating 15 The priner
so?uti on u?%@%r P F?%l\?ﬁ?‘hi ghﬁx‘ggﬁ%%g Wsh%aﬁ?%gocgg{)gé “(%‘:ﬁ?romi‘%§?1?i waf er at
1,500 r pmd@goidg MaphétRstifies. Mhie PBK e AdtioAGvasaBoRek@Pprédeed & 180PCFor2 M Nut es
and then at 180C for 2 m nutes. The topcoat solution of Part 2 of this
Exanpl e W4dougshehhe; mtﬁalcnaldewa%d@mmgf by isolids anaiysis ot bel 9566 pPthef or 1

m nut e. . was baked at 100C for 2 minutes. The coating was

i mged b;!/-ﬂkg&etggglﬁg%hit to W light at 20 a wavel ength of 365 nmin a dose of
500 mJ/ cnR2, baking at 130C for 2 mnutes, and developing with acetone for
1 mnute._ Finally, the conbination was baked at 230C for 5 minutes. A
ndfat i veZpat t éPRFARASOGEPAITREYUIaton Et ching of Silicon Wafer 25 The wafer

prepared and ed, | } i 30% KOH
aqueous sol ut %gsﬁ&fgﬂgﬁfﬂg{?{e@%ﬁ%{%E%%Gwaﬁo'ﬁg g’i@ﬂ@%%wfﬁ% deep in
areas W tddedtio 5108 goflthererpalnats sofutiohRenthedizedeh Pag dtFahis PRasplee Myened

i ntact. T&g,(ﬁgattgfn wza}:'f transferred to the silicon wafer in essentially
the sameSHEHeTEYastltered thgughya B 1-iip mempransrfiligrs silicon nitride masking
met hods. 30 -14

15 3. Preparation and Patterning of Negative Photoresist Coating
The primer solution of Part 2 of Example 1 was spin coated onto a silicon wafer
at 1,500 rpm for 1 minute. The primer coating was baked at 60°C for 5 minutes and at
180°C for 2 minutes. The topcoat solution from Part 2 of this Example was then spin
coated onto the wafer at 1,500 rpm for 1 minute. The topcoat was baked at 100°C for
20 2 minutes. After the coating was imaged by exposing it to UV light at 254 nm in a dose
of 500 mJ/cm?, it was baked at 130°C for 2 minutes and then developed with PGMEA
for 1 minute. The coating was finally baked at 230°C for 5 minutes. A negative pattern

was obtained.

25 4. Etching of Silicon Wafer
The wafer prepared and patterned in Part 3 of this Example was etched in
30% KOH aqueous solution at 80°C for 1 hour. The silicon was etched 58 um deep in
the areas without the polymer coating. The polymer-coated areas remained intact. The
pattern was transferred to the silicon wafer in essentially the same way as with prior art

30 silicon nitride masking methods.
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WO 2007/ 030593 PCTI US2006/ 034817 EXAMPLE 2 1. Terpol yrner Synthesis in

PGVEA A s@ s made by dissolving 27.07 g of styr %,U 394597 Of
acryl oni tr| I e, 79H3?S.élé{gS g of gl ycidyl nethacrylate, and O. 5 \}&gl cunyl

peroxi de (obtained fromAidrich) 5 in 160 g of PGVEA The_ sol ution was
heated to 120C under ni trogen whiBXAMREEBgoi ng magnetic stirring. The

d at 120'C for 24 hours. The actual
poI yneri z]at| OEQW§ ’ﬁe”bﬁ’\’q@ﬁ’m&p&ﬁ@e@ a 0] (

yield was det sis to be 95.5% of the theoretical

eld. 10 2. Topaowdn wed bioOBy FRESHMhANE0 d &F s @H%?&Pﬁ pfigcedur e,
ZI 54 g of PQVEA gjrlld 0n 114 ¢ o?yUVI-697 Weregl y}ed to 03%}%?1 g

t er pol yme-3sp0ialyadyl syathasadpigeand 10 paf dichmyk pardwide ExBiRD ¢ of FGMEAOI ut i on

filt f|| .15 3. Prepar.ation and
Patterni rigeor RSN 5 8P CRERE Bfheeh g T anfenioe o Rats BiBe Part 2 of
Exanpl e Thegslyaprizatanedaltivied 1@ éﬁédeb&ﬁ’tnlmat%r 2@hoﬂrs5%era9fﬁ'a%%51fdl m nute.
The prinmer coatjng was baked at 60 C for 5 m nutes and at

m nut es. VEROM¥HEHA01E 3nalysis o fbedHh ﬁérﬁtf the @licordticsl. EThapkmpolyaser tvesn Spl n

1 mn The t was baked at
(iggtce]g o?%&pg md\gﬁésgém%%?@é R%)rhe coa SV%}B]@ %(be&fa‘ﬂﬁ}mg%g%cng it to W
light at 254 DMin a dose of 500 m]/cmZ it was baked at 130C for 2

i putes and then deyel oped with PGVEA for | mnute. The coating was
;nil{):ally %aked apcosaoRiutielh Fermglations. A negati ve pattern was obtai ned. 25

i f .e Part 3 of
(his Bxaml o waedr ool e RS A0 AR bR Rerdoth. hour
The sili ﬁomEMBplemhedisﬁﬁvcghndGG,@ d dePGMEAairﬁlaﬁ) @vgtolfﬂ@ﬂiyl hdrgy1RRtarsrer

Th ed ar ea remai ned intact. The pattern was
t ?gtnls? or N %ﬁteﬁg) mi[ﬁ??é?‘?’%?@re i and dhessolution wgs fikiered reughng Odsimi t h pri or

art membrane filter.
15
3. Primer Solution Formulation
To prepare a primer solution, 2.04 g of N-phenylaminopropyltrimethoxysilane
were dissolved in a mixture of 77.50 g of propylene glycol propyl ether (PnP), 120.14 ¢
of deionized water, 0.51 g of acetic acid, and 0.03 g of FC4430 (a surfactant). The

20 solution was stirred magnetically for more than 2 hours. It was filtered through a 0.1-

pm membrane filter.

4. Preparation and Patterning of Negative Photoresist Coating
The primer solution prepared in Part 3 of this Example was spin coated onto a
25 silicon wafer at 1,500 rpm for 1 minute. The primer coating was baked at 110°C for
1 minute and then at 205°C for 1 minute. The topcoat solution from Part 2 of this
Example was spin coated over the primer layer at 1,500 rpm for 1 minute. The topcoat
was baked at 110°C for 2 minutes. The coating was imaged by exposing it to UV light
ata wavelength of 365 nm in a dose of 500 mJ/cm?, baking at 130°C for 2 minutes, and
30 developing with PGMEA for 1 minute. Finally, the combination was baked at 230°C

for 5 minutes. A negative pattern was obtained.
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30 silicon nitride masking nethods. -15 WO 2007/ 030593 PCTI US2006/ 034817
EXAMPLE 3y ymer Synthesis in PGQVEA A sol ution
dISSO|VIng6fg§%%&3kOf styrene, 84.0 g of acrylonltrlIem@%ggﬁg&MBxglglyC|dyl
nmet hacrylate, and 7.0 g of dicunyl peroxide in 1,120 g of PGVEA. 5 The
solution was heated to 120C under nitrogen while undergoi ng nmagnetic
stirring Thelﬁﬁ)xﬁgéb atl was all owed to proceed at 120C for 28 hours.
The act ual yi € ll@ﬂh J solid analysis to be 97.5%of the
theoretical . TR WekPplphRE MASpatlRfRAl H'lia?tt@@f'ﬂ{l ESORLRP ered, and
dried overnight underpggcuun1a?)50c 10 2. Top co% %R@utﬁgﬁgﬁg%%u ation In
this prepifa aq:}}e@@ﬁaﬂ@mt@nas%g?@)rdfhm Tﬂlersnmblymseishm Hessumddep n Part 1

of c this i Ived | 0 of PGQVEA and 40,0 of et hyl
acetylaceF%@yBBSNlﬁ%‘ﬁug1 3 m@Q%@'&ﬁb@“ﬁ&ﬂ@ﬁdaﬁﬁdapﬁ@egﬁﬂﬂﬁion was
filtered THepatteh vas rasibifed IBAGEIRDGh Whfet i%resse%ﬁaﬁy thE’%AxHEﬁlaﬁ?érléE bAB:
Fornmul ati on _To prepare a prinmer solution, 2.

N—phenyléﬁﬁﬂﬁﬂmﬂﬁﬂi apeinEagikedsane  wer e dlssolved in a mxture of 77.50 ¢
of propyl ene glycol propyl ether (PnP), 120.14 g of deionized water, 0.51
g of acetic acid, -and 0.03 g of FC4430 (a surfactant). The 20 solution was
stirred magnetically for nore than 2 hours. It was filtered through a 0. 1-
m nenbrane filter. 4. Preparation and Patterning of Negative Photoresi st
Coating The primer solution prepared in Part 3 of this Exanple was spin
coated onto a 25 silicon wafer at 1,500 rpmfor 1 mnute. The priner
coating was baked at 110C for 1 mnute and then at 205C for 1 mnute. The
topcoat solution fromPart 2 of this
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Exanpl e was spin coated over the prinmer layer at 1,500 rpmfor 1 mnute.
The topcoat was baked at 110 C for 2 mnutes. The coating was inmaged by
exposing it to W light at a wavelength of 365 nmin a dose of 500 m/cn®,
baking at 130C for 2 mnutes, and 30 devel oping with PGVEA for 1 m nute.
Finally, ecmapbi nation was baked at 230C for 5 minutes. A negative
pattern was obtai ned. -16 WD 2007/ 030593 PCT/ US2006/ 034817 5. Etching of
Silicon Wafer The waf er prepar ed and patterned in Part 4 of this Exanple
was etched in 30%;§ ueous solution at 75 C for 4 hours. The si.licon

Was ot ched 178m deop PhalSieRSKiNG  BUBBRSIHA 5SB! (#e HOPHHEIVE olf¥FingSaidhe

pol ymer - caﬁﬁ;ﬁ)@n@ﬁe%erngmnmqemts@ﬁ a J]enégaﬁ&eeadam@asanar apif %ﬁﬁ,@sment he
silicon wafer in essentially the same nmanner prior art silicon nitride
maski ng nenipoigng amlymr(andl ampmotowmquone;stendlsmlvgi oomispsised am ausdyant as a
protective {F%en aﬁi §p05|t|on bei ng al kal i ne-resi stant and

negati ve- (A éalgﬁ YESE & r’fsblbgsl tion conprising a polyner and a photoacid
generator dissolved or dispersed in a solvent system @EI d poI yner
conmprising: (I) R R ~IRCR-RZ®RZ RZRZ;, R2 (Il)

f ? C+
R] RZ RZ
RZ RZ;
RZ
dn
R! R!
||
(ll—T ; and
R!' C
Il
N

(II) a monomer comprising at least one epoxy group,
wherein in (I) and (II):
each R' is individually selected from the group consisting of hydrogen and
C,-Cgalkyls; and
each R? is individually selected from the group consisting of hydrogen,
and C,;-Cjs alkyls, wherein said first polymer comprises from about
35% to about 75% by weight of (I) and from about 20% to about
40% by weight of (II).

2. The composition of claim 1, wherein said monomer (III) is selected from

the group consisting of glycidyl methacrylate, glycidyl acrylate, and vinylbenzyl glycidyl

ether monomers.
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CCand R CIlI1I
wherein in (1) and (11): each Rt
consi sting of hydrogen and C, -C8 alkyls;

N (Ill) a nonomer conprising at
is individually selected fromthe group

| east one epoxy group,

and each R2 is individually

sel ected fromthe group consisting of hydrogen,

and C1-C8 al kyl's, wherein

said first polynmer conprises from about
and from about 20%to about

40% by wei ght of

35% to about 75% by wei ght of (1)
(I'1). 2. The conposition of

claim11, wheré&in sdhdcompositen ¢fldldiln li,svfkcaﬁm&aﬁ(émomrbm(ﬂﬂhl@sgh@@pﬂu]@nsi sting

of glycidyl nethacrylate, glycidyl
et her nononers. -18 3. The conpositi og!
(1) has the formula Rl R1 0=C R
i ndividually selected fromthe gr

acryl ate,

¢ongl-gH

and vi nyl benzyl gl yci dyl

ofglclaim 1, wherein said nononer
-CR 0 O wherein each R is

ing of hydrogen and G -C8

alkyls. 4. The conposition of claim1| wierein said photoacid generator is
selected fromthe group consisti t Ritaryl sul f oni um
hexaf | uoroanti nonate, triaryl sul foni urn
1
R!—C—R!
0]

wherein each R' is individually selected from the group consisting of hydrogen

and C,-Cgalkyls.

4.

The composition of claim 1, wherein said photoacid generator is selected

from the group consisting of triarylsulfonium hexafluoroantimonate, triarylsulfonium

hexafluoro-phosphate, diaryliodonium  hexafluoroantimonate, diaryliodonium
hexafluorophosphate,
av)
0]
= |
N—O—S—R?, and
S
N
V)
0] O
RIS 0 0—$—r?
I N o
O (6]
F F
F F F F
O/\/\O
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hexaf | uor o- phosphate, diaryliodoni um hexafl uoroanti nonate, diaryliodonium
hexaf | uor ophosphate, (IV) ONOSI-R3, and S 1O Il N (V) OO Il Il
R3-S-O- ~OS-W Il NNII OO FFFI I FF O-—~0O -19 wherein each R3 is
individually selected fromthe group consisting O C31-17, C8H,7, CH3C6H4,

and canphor. Syhdbg ERAPRSI hﬂ'i\q&lfall?'@lé&le?l frmeﬂh@'g?oﬁﬁ'cgnd@s‘?in%”ﬁr CSI9JTpr i ses
fromabout 35%to about 75% by wei ght of (1), from about 20%to about 40%

by weight of (11), abdli7fCiibsHbod c&wphas. about 15% by wei ght of (111), based
upon the total weight of the polynmer taken as 100% by wei ght. 6. A nethod
of formng a mcroelectronic structure, said nethod conprising: providing
a mcroel ectrofi c sDséon@oBition of claim 1, wherein said polymer comprises from about

35% to about 75% by weight of (I), from about 20% to about 40% by weight of(II), and
from about 5% to about 15% by weight of (III), based upon the total weight of the
polymer taken as 100% by weight.

6. A method of forming a microelectronic structure, said method
comprising:
providing a microelectronic substrate;
applying a primer layer to said substrate, said primer layer comprising a silane
dispersed or dissolved in a solvent system;
applying a photosensitive layer to said primer layer, said photosensitive layer
comprising a photoacid generator and a polymer dispersed or dissolved in

a solvent system, said polymer comprising:

D

R! R!
L I I 1
r? C-
R! RZ R?
R2 RZ;
RZ
(I
R! R!
| |
rC—C-1— ; and
|
R!' C
ll
N

(III)  a monomer comprising at least one epoxy group,
wherein in (I) and (1I):
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applying a prinmer layer to said substrate, said primer |layer conprising a
silane dispersed or dissolved in a solvent system applying a

phot osensitive layer to said prinmer |ayer, said photosensitive |ayer
conprising a photoacid generator and a pol ymer dispersed or dissolved in a
sol vent system said polggRIR CARIdIGHRYY SeloctedRirofl tie™gloufy Ensfsdngef RZ /
R, R2(Il) 11 L-i and 2 RLC IIlI° N (Il'l') a nmononer conprising at

| east one epoxy group, wher eihydragetphd @néls glkyls;and20 each R is individually
selected fromthe group consisting.of . hydrogen.and. Cl- al kyl s: d each
%2 15 1 ndi vidual |y sel octel Iy b Ehals SIBR B iy Broienyivislen Mang

Cl- C8al kyl's; and etchi ng sai chydtopek, andi()-GsGlitysas to transfer the pattern

of said photosensitive layer to said substrate, wherein said _
phot osensi ti ve etching said stack with KOH so as to transfer the pattern of said

photosensitive layer to said substrate, wherein said photosensitive

layer exhibits less than about 0.1 pinholes per cm? of substrate.

7. The method of claim 6, wherein said monomer (III) is selected from the
group consisting of glycidyl methacrylate, glycidyl acrylate, and vinylbenzyl glycidyl

ether monomers.

8. The method of claim 6, wherein said monomer (III) has the formula
R' R!
Ban
O=(|3 R!
5
R! (I:—R‘
O

wherein each R' is individually selected from the group consisting of hydrogen
and C,-Cgalkyls.

9. The method of claim 6, wherein said photoacid generator is selected from
the group consisting of triarylsulfonium hexafluoroantimonate, triarylsulfonium
hexafluorophosphate, diaryliodonium hexafluoroantimonate, diaryliodonium

hexafluorophosphate,
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| ayer exhibits | ess than about 0.1 pinholes per cne of substrate. 7. The
met hod of claim6, wherein said nononer (II1l) is selected fromthe group
consi sting of glycidyl nethacrylate, glycidyl acrylate, and vinyl benzyl

gl ycidyl ether nmononers. 8. The nethod of claim®6, wherei n sai d nononer

(111) has the formula R1 RL ~i-1-- OCR 0 R-CGR g[r\gln eachR‘
is individually selecfed fromthe group consistgng of hydr 0g and Cl -
al kyls. 9. The net pad cl ai m g=Nerein said |||)hot oacid generator is

ekt aO-sH-E @] Wy |

um hexafl u rophosphat e, diaryliodonium
6doni ¥Im hexaf | uorophosphate, -21 (1V) I
L1l

sel ected from thel
hexaf | uor oant i nona
hexaf | uor oant i nonat e
NNOS-R and S I

N
V)

0 0
R3 g o) O—S—R3
g SN N7 ’

F F

F F F F

0”7 "0

wherein each R? is individually selected from the group consisting of CsHj,

CsH;7, CH3CgH4, and camphor.

10.  The method of claim 6, wherein said polymer comprises from about 35%
to about 75% by weight of (I), from about 20% to about 40% by weight of(II), and from
about 5% to about 15% by weight of (III), based upon the total weight of the polymer
taken as 100% by weight

11.  The method of claim 6, wherein said silane having a formula selected

from the group consisting of
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R3-11-OMN NCO-S-R3, 11 OO FF F F ao""Ox) F wherein each R3 is
individually selected fromthe group consisting of C3H7, C8Hl7, CH3C6H4,
and canphor. 10. The nethod of claim 6, wherein said polynmer conprises from
about 35% to about 75% by weight of (1), fromabout 20%to about 40% by
wei ght of (11), and from about 5% to about 15% by wei ght of (tl@), based
upon the total weight of the polyger taken as 100% by wei ght YL . The

nmet hod of claim6, wherein said si™Npe”havi ng a formula selected fromthe
group consisting of -22 (VI) A-~' /%k, Si X3 k where: 10 R A=
--ff-R5)-FY | t-(-R&d R4, R R4 4 IRA RA R4 4 wherein: each of i, j, and
k is individually selected fromthe §Mup consisting of 0 and 1, and if
one of i and jwhés: 1, then the other of i and j is 0; each R4 is

i ndividually selected fromthe group consisting of hydrogen, the

R* R*
A= TERIFEY f%]t(RS‘d RY
R6
rR* R*
R4 R4
B= Ry R*;
R* R4

wherein:

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

each R* is individually selected from the group consisting of hydrogen, the
halogens, C;-Cs alkyls, C;-Cg alkoxys, C;-Cg haloalkyls, aminos, and C;-
Csalkylaminos;

each R’ is individually selected from the group consisting of C;-Cj aliphatic
groups;

each R® is individually selected from the group consisting of hydrogen and
haloalkyls;

each X is individually selected from the group consisting of halogens, hydroxyls,
C,-C4alkoxys and C;-C4 carboxyls;

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

-23-



hal ogens, C1-C8 al kyls, Cl1-C8 al koxys, O -C8 hal oal kyls, am nos, and C - C8
al kyl am nos; each R5 is individually selected fromthe group consisting of
Cl-C8 aliphatic groups; each R6 is individually selected fromthe group
consi sting of hydrogen and hal oal kyls; each X is individually selected
from the groupy paBRt®d s @k gF@EQem;ngwdmgyﬁ snd pHespeAusaakk@xys and Cl-C4
carboxyls; Y is selected fromthe group consisting of oxygen and sul fur;
-23 Z is sel ecaehidiyisdividvelly sadentedd FEQHWNPQﬂmﬁﬂmgﬁﬁkﬁ“gﬁdnéhosphorus; and
each d is individually selected fromthe group consisting of 0 and 1; and
(M1) g R7 R7T X3Si-tRS N\ / R7 7 R7 _wherein: each’R7 is i ndi vidual l'y
sel ected fromthe group consisting of hydrogen, the halogens, Cl-C3
al kyls, C,-C8 al koxys, Cl1-C8 hal oal kKyess{ am nos, and Cl- C8 al kyl am nos;
and each R8 is individuaLLz §e|gcted Q0 the group consisting of C -C8
aliphatic groups. 12. XfhetRe?Rd0 oY\ C! gfm B, said silane being sel ected
fromthe group consisting of am no oXysi | anes, phenyl sil anes, and
di phenyl sil anes. 13. The net hod of 2, wherein said silane is
selected fromthe group consisting of afi noal kyl al koxysi | anes and
phenyl am noal.kyl al koxysi | anes. 14. The nethod of claim 12, wherein said
sil ane iswgg?gbted fromthe group

each R’ is individually selected from the group consisting of hydrogen, the

halogens, C,-Cjs alkyls, C,-Cs alkoxys, C;-Cs haloalkyls, aminos, and C;-
Cgalkylaminos; and
each R® is individually selected from the group consisting of C;-Cg aliphatic

groups.

12.  The method of claim 6, said silane being selected from the group

consisting of aminoalkoxysilanes, phenylsilanes, and diphenylsilanes.

13.  The method of claim 12, wherein said silane is selected from the group

consisting of aminoalkylalkoxysilanes and phenylaminoalkylalkoxysilanes.

14.  The method of claim 12, wherein said silane is selected from the group
consisting of  aminopropyltrimethoxysilane, = aminopropyltriethoxysilane,  N-
phenylaminopropyltrimethoxysilane, N-phenylaminopropyltriethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,  3-
mercaptopropyl-trimethoxysilane, phenyltrimethoxysilane, phenyltrichiorosilane,
phenyhriethoxysilane, phenyltriacetoxysilane, diphenyldimethoxysilane,
diphenyldichiorosilane, diphenylsilanediol 2-phenylethyltrialkoxysilane, p/m-
chlorophenyltrimethoxysilane, p/m-bromophenyltrimethoxysilane,(p/m-
chloromethyl)phenyltrimethoxysilane, 2-(p/m-methoxy)phenylethyltrimethoxysilane, 2-
(p/m-chloromethyl)phenylethyltrimethoxysilane, 3,4-dichiorophenyltrichiorosilane, 3-
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consi sting of am nopropyltrinmethoxysilane, am nopropyltriethoxysilane, N
phenyl am nopropyl tri nmet hoxysi | ane, N phenyl am nopropyltriethoxysilane, 3-
gl yci doxypropyl tri met hoxysi | ane,

2- (3, 4- epoxycycl ohexyl ) et hyl tri nmet hoxysi | ane, 3-

ner capt oppieRYtyprépyEitReraéBadeanes-(RipaBylamhindRirbyityigctiRgsilane, and  2-
phenyl trichiorosilane, phenyhriethoxysilane, phenyltriacetoxysilane,

di pheny! didinbendriyasphiankethyltsietipeysilpe. chi or osi | ane, di phenyl si | anedi o

2- phenyl et hyl tri al koxysil ane, p/m chl orophenyltrinmethoxysi | ane,

p/ m br omophenyl tri met hoxysi | ane, (p/ m chloronethyl)pheqyltrinetho§¥silane,
2- (p/ m met hoxy)phentheenetped pf platnn bxipstherepmprising baking said primer layer after

(p/ mchlo L hyl t ri met hoxysi | ane,

3,4-dichi%@ggﬁﬁﬁv%§$§§%&b osi |l ane, 3- -24 phenoxypropyltrichlorosilane,

3- (N- phenyl am no) propyl tri net hoxysi | ane, and 2-

(di phenyl phosphi no) i il . . cl ai , . T urther
conpri si ng bakp%g ég%g%g%§%§? ﬁéﬁ?ﬁ’g??%?&éggﬁgﬁ%gﬁﬁgfqP%@%H*@B%%%%%g. 16.
The net hoghtd)fst,cdndisaid Primenuse cbakirpaieshltein coesslinkingrof faid silere. conpri ses a
catalyst, and said primer |layer baking results in crosslinking of said
silane. 17. The nmethod of claim6, further conprising baking said

phot osensi ti vel7.| aykte mkthed cfadlsimpbpofinthensbiprising dykihgaqajdl photgsendifive The
met hod of claim 17, wherein said bakjng causes the pol yner of said

phot osensiy§nager %Phqt‘bseﬁ%%ﬂ laygrapplyE8d with the silane of said primer

| ayer. 19. The nethod of claim6, further conprising exposing a first
portion of sai phqt osepsjtjve |l ayer to actinic radiatjon while_a.second
portion of sai ‘g; s’@?fg?‘i Pb%‘ami i%//’e‘?’hqr%‘“ aid t@ig%s@asepdh%e?lymeﬁ of %i’df? ation.

20. The nﬁk!f&%s‘?t{iv&hf’ér% é&aleﬁﬁié@ﬁcﬁwﬁﬁhﬁ st1hReSdf sRRrin®? 18fer.SaI d

phot osensitive ayer crosslin during sald exposing. 21. The nethod of
claim 20, further conprising baking said photosensitive |ayer after said

exposing to acfy ni cryeaAiREd Sclaim 6, further comprising exposing a first portion of said
photosensitive layer to actinic radiation while a second portion of said photosensitive

layer is not exposed to actinic radiation.

20.  The method of claim 19, wherein said first portion of said photosensitive

layer crosslinks during said exposing.

21.  The method of claim 20, further comprising baking said photosensitive

layer after said exposing to actinic radiation.

22. The method of claim 20, further comprising developing said

photosensitive layer.

23.  The method of claim 22, wherein said developing results in the second
portion of said photosensitive layer being substantially removed during said developing
step so as to form a stack including a photosensitive layer having a pattern formed

therein.
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22. The nethod of claim 20, further conprising devel oping said

phot osensitive layer. 23. The method of claim 22, wherein said devel opi ng
results in the second portion of said photosensitive |ayer being
substantially renpoved during said developing step so as to forma stack

i ncluding a phpfosensd hiewRd! FYR4imh2Y, fgthé GMprRing baAinEshid (Ph6losémitive 25 24.
The method of claim23, further conprising baking said photosensitive

| ayer af t Eyersdiersaiédevedqpingg. 25. The nmethod of claim 6, wherein said

phot osensitive |ayer exhibits |less than about 100 m of undercutting during
etching. 26. The nethod of claim®6, wherein said substrate is selected from
the group con2i.stiTle oketh®d fudasitr 6t whereidi Gid phitesensitivs ,1aysir IXHibitsildess r at es,
Si2 on silicon strate i 3N4.on si.licon substrates, glass substrates,
quart z suh@??g‘?‘ﬁj,ﬂ By Mnﬁéfgwfﬁgﬁgﬁf@s‘?taa% conduct or substrates, and
metal substrates. 27. A mcroelectronic structure conprising: a

m cr oel ectroni ¢ subst rat{; afgéi nmer | ayer adjacent  said sut?st rate, said

primer |ayer c&hpri Singethod of glaum bpwhereuy saichabstzaty iy selectsdsirom phe groyR

adj acent sftiRg LERY sk I 9 i a in bstrat
al kal i ne- ?@éﬁgt%hﬁa%ﬁgg&s rlﬁgf g‘bﬁgg&%dﬁgﬂn@r%g%ﬁ%ﬁ §ﬁ5nzg(:9p%ll ?‘)“ =4 Slr?&'les(‘: R Rz
R2 Rz R; SEX, on silicon substrates, glass substrates, quartz substrates, ceramic substrates, semi

conductor substrates, and metal substrates.

27. A microelectronic structure comprising:

a microelectronic substrate;

a primer layer adjacent said substrate, said primer layer comprising a
crosslinked silane;

a photosensitive layer adjacent said primer layer, said photosensitive layer being

alkaline-resistant and comprising a polymer comprising:

R! R! (I)
| I
tC C

1|11 R2 R?

R2 RZ;

RZ
an

RI' R!
|
(ll—? ; and
Rl C
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(') RIRR G C; and RLCIII N -26 (I11) a nononer conprising at

| east one crosslinked epoxy group, wherein in (I) and (I1): each R is

i ndividually selected fromthe group consisting of hydrogen and GCi-Cs

al kyls; and each R2 is individually selected fromthe group consisting of

hydrogen, and(Ifj- Gemahénitiscompigingianleagiode tioksinkpdépox®regrapypri ses from
about 35%to about 75% by weight of (I) and from about 20%to about 40%
by wei ght of (Whgreindg (D#A&(IM: croel ectronic structure of claim27, wherein

sai d crosslinked epoxy R'% AURIRIPIISRH U drotPoolREMEHE EFeerl 1S

29. The mcroelectronic structure o m rern s
conprises an am ne, andCi{-Ggalpyk)amdr of sai d photosensitive |ayer conprises

an epoxy group coval ent,l.y .banded with sajd amne. 30. The m.croel ectronic
rr it e of ol ai m & Rk g BrShem o Hpe oA b YRSt ¢ 0
about 75% by wei ght of (dpy.C LELIKAD AMteredR ¥Rill Fir@ POHIMeS @enprises from about

35% to about 75% by weight of (I) and from about 20% to about

40% by weight of (II).

28.  The microelectronic structure of claim 27, wherein said crosslinked epoxy

group comprises

29.  The microelectronic structure of claim 27, wherein said silane comprises
an amine, and the polymer of said photosensitive layer comprises an epoxy group

covalently bonded with said amine.

30.  The microelectronic structure of claim 27, wherein said polymer
comprises from about 35% to about 75% by weight of (I), from about 20% to about 40%
by weight of (II), and from about 5% to about 15% by weight of (III), based upon the
total weight of the polymer taken as 100% by weight.

31.  The microelectronic structure of claim 27, said silane having a formula

selected from the group consisting of
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by weight of (I1), and from about 5% to about 15% by wei ght of (I111), based
upon the total weight of the polyner taken as 100% by wei ght. 31. The

m croel ectronic structure of claim?27, said silane having a formula
selected fromthe group consisting of -27 (VI) A _ ,Bk, Si X3k where: R*
R4 A= -[tR5 Yi RRe R4y R4 RARA B=ERs d\ / R4 R4 wherein:
each of i, j, and k is individuallay selBgted fromthe group consisting of O
and 1, and if one of i and j is 1, Shen the other of i and j is 0; each R4
is individually selected fromthe grdup consi sting of hydrogen, to

hal ogens, CI-C8 al kyls, Cl-C8 al koxy&sk Cl-C8 hal oal kyl s, am nos, and G - C8
al kyl am nos; eackhh&e: is individually selected fromto group consisting of
Cl-C8 aliphatic groups; each R6 is individually selected fromto group
consi sting of hydrogen and hal oal kyl s; eactR*X i s Rhdividually sel ected
fromthe group consisting of hal ogens, hydroxyls,

A= R % EY'],'—['T Tt R® d R
R
R* R4
R4 R4
_ 5 4,
B= —+R>y; R%:
R4 R?

wherein:

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

each R* is individually selected from the group consisting of hydrogen, to
halogens, C,-Cg alkyls, C;-Cs alkoxys, C;-Csg haloalkyls, aminos, and C;-
Cgalkylaminos;

each R’ is individually selected from to group consisting of C;-Cg aliphatic
groups;

each R® is individually selected from to group consisting of hydrogen and
haloalkyls;

each X is individually selected from the group consisting of halogens, hydroxyls,
C-Cqalkoxys and C;-Cq4 carboxyls;

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; and

228 -



G -C4 al koxys and G -C4 carboxyls; Y is selected fromthe group consisting
of oxygen and sulfur; Z is selected fromthe group consisting of nitrogen
and phosphorus; and each d is individually selected fromthe group
consisting of 0 and 1; and -28 (vii) R7 R7 X3Si-f RB\ /| RT R7 7
wherein: each R7 is individually selected fromthe gr consi sting of
hydrogen, the halogens, CI-C8 al kyls, Gi-C8 al koxys, Cl1-C8, hal oal kyl s,

am nos, and C - Cg al kyl am nos; ang each R8 is individually selected from
the group consisting of Cl-C8 aliphst=s=8 groups. 32. The m croel ectronic
structure of claim 2%, .saig silang N sel,ected from the group

consi sting of am noal%@gk:&éﬁ_gnes, si ﬁghes, and di phenyl sil anes. 33.
The microel ectronic structure of cl 32, wherein said silane is sel ected
fromthe group consisting of am nodl kylal koxysilane and

phenyl am noal kyl al koxys i lanes. B4. Th&'nicroel ectronic structure of claim
32, wher e\ivll'ﬂar?lfilj d silane is selected fromthe group consisting of

am nopropylirinet hoxysil ane, am nopropyltriethoxysilane,

N- phenyl ani nopacpRtisi individusligiselrored omphthedraup nogsisting| 6fr hpdrbgeay shé ane,  3-

gl yci doxypropyl tri nmet hoxysi | ane .

2- (3, 4- epoxycycl ohé‘ﬁtﬂgj"‘@t ﬁ:y'lctstaﬂm frerEplloxrie Crs, haloalkyls, aminos, and C;-
mer capt opr opyl -tri r@gfah&]‘é{xﬁh&aﬁﬁd phenyl tri net hoxysi | ane,

phenyl trichiorosilane, ° phenyltriethoxysilane, phenyltriacetoxysilane,

di phenyl di net reasty &'liarindividdalisheelydtetl dormothes gloapesonsistiige nf IG i Caalithiat
2- phenyl ethyl tri al kg(r)g)%gi | ane, p/m

32.  The microelectronic structure of claim 27, said silane being selected from

the group consisting of aminoalkoxysilanes, phenylsilanes, and diphenylsilanes.

33. The microelectronic structure of claim 32, wherein said silane is selected
from the group consisting of aminoalkylalkoxysilane and

phenylaminoalkylalkoxysilanes.

34, The microelectronic structure of claim 32, wherein said silane is selected
from the group consisting of aminopropyltrimethoxysilane, aminopropyltriethoxysilane,
N-phenylaminopropyltrimethoxysilane, N-phenylaminopropyltriethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-
mercaptopropyl-trimethoxysilane, phenyltrimethoxysilane, phenyltrichiorosilane,
phenyltriethoxysilane, phenyltriacetoxysilane, diphenyldimethoxysilane,
diphenyldichiorosilane, diphenylsilanediol 2-phenylethyltrialkoxysilane, p/m-
chlorophenyltrimethoxysilane, p/m-bromophenyltrimethoxysilane,(p/m-
chloromethyl)phenyltrimethoxysilane, 2-(p/m-methoxy)phenyl ethyltrimethoxysilane, 2-
(p/m-chloromethyl)phenylethyltrimethoxysilane, 3,4-dichlorophenyltrichlorosilane, 3-
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chl orophenyl tri met hoxysi | ane, p/ m bronophenyl tri net hoxysil ane, (p/ m

chl or onet hyl ) phenyl t ri net hoxysi | ane, 2-(p/ m nmethoxy) phenyl

et hyl tri net hoxysil ane, 2- (p/ mchloronethyl)phenyl ethyltrinethoxysil ane,

3, 4-di chl orophenyltrichlorosilane, 3- -29 phenoxypropyltrichiorosilane,

3- ( N- phenyheak ypeo @Rt lotdsi lams, ho3yBi-phieAdam&iadprdpyltrimethoxysilane, and  2-

(di phenyl phaosphi no) et hgql triethoxysilane. 35. The m croel ectronic structure

of cl ai m @mheppiphesphingzgthylaighorysilage.i s sel ected from the group consisting

of Si substrates, Si Q2 substrates, Si3N4 substrates, SiO2 on silicon

substrates, Si3N4 on silicon substrates, glass substrates, quartz

substrates, c&.am thesunlstorelettemic santtoendiiclam 27 bshemie saidasdstrat ais

substrates. 36.. A nethod of farm a mcroglectronic ucfure, said

met hod  coPRFEs YT rgﬁep%raw EANSITIEE %S&_Bﬁt@&etsr HZ&“@HB@M%“L sibitiiscdter om t he

group congy tiicBA @bstBites, SHG! stksAiRon JubRrakEDElEALRRtrads SWarbURHshALES, Si 2

on silicon substrates, Si3N4 on silicon subStrates, glass substrates,

quart z substmigtsebstratesy semicondgetbssubstrates, agbemetabsubisteates: substrat es, and net al

substrates; applying a prinmer |layer to said substrate, said priner |ayer

conprising a silane dispersed or dissolved in a solvent system applying a

phot osensi ti ve3d.ayek nigthcuad fdomiihg® mitd¥I8EtronfPdtAic IO s YideMthdd dengr’yef

conprising a photoaci d generator and a pol yner dispersed or dissolved in a

sol vent syst enprosiding panigieslecieetipshbsingy: sefecied framphe |group fonsptimeof Sfz R2 R2

an substrates, SiO, substrates, SizNy4 substrates, SiO, on silicon substrates,
SisN4 on silicon substrates, glass substrates, quartz substrates, ceramic
substrates, semiconductor substrates, and metal substrates;

applying a primer layer to said substrate, said primer layer comprising a silane
dispersed or dissolved in a solvent system,;

applying a photosensitive layer to said primer layer, said photosensitive layer
comprising a photoacid generator and a polymer dispersed or dissolved in

a solvent system, said polymer comprising:

R! R! ®
| |
—C C—t
Rl RZ RZ;
R? R?
RZ
D
R!' R!
| |
(I:_(lj ; and
R! C
|l
N
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Rl ~CCT, and RL C IIl N -30 (Ill) a nononer conprising at |east one
epoxy group, whereinin (I) and (1l1): each R is individually sel ected
fromthe group consisting of hydrogen and C 1-Cs alkyls; and each R2 is
individually selected fromthe group consisting of hydrogen, and Cl-Cg

alkyl's. -31  (I) amonomer comprising at least one epoxy group,
wherein in (I) and (II):
each R' is individually selected from the group consisting of hydrogen and
C-Cg alkyls; and
each R? is individually selected from the group consisting of hydrogen,

and C,;-Cgalkyls.
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