
NEGATIVE PHOTORESIST FOR SILICON KOH ETCH WITHOUT
SILICON NITRIDE BACKGROUND OF THE INVENTION Related
Applications This applications claims the priority
benefit of U.S. Patent Application No. 60/715,964,
filed September 9, 2005, entitled NEGATIVE PHOTORESIST
FOR SILICON KOH ETCH WITHOUT SILICON NITRIDE,
incorporated by reference herein. Field of the
Invention The present invention is concerned with new
photoresists for use in the manufacture of
microelectronic devices such as those used in
microelectromechanical systems (MEMS). 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 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 guide for MEMS
process engineers. With a much lower etch rate than
silicon, films of silicon nitride have been used as a
protective layer or 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 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 0C.Regardless of the protective
coating or mask selected, a photoresist layer to be
patterned must be applied to the protective coating or
mask so that the pattern can be transferred to the
underlying substrate. However, this can only be
carried out after the protective coating or mask has
been applied, thus requiring time and expense to apply
and later etch this protective layer or mask, which is
very difficult to remove. SUMMARY OF THE INVENTION 



The present invention overcomes these problems by
providing spin-applied, photosensitive coating systems
that replace prior art masks or protective coatings,
and that eliminate the need for additional
photoresists in the system. The inventive systems
protect device featuies from corrosion and other forms
of attack during deep-etching processes that utilize
concentrated aqueous bases. The invention provides a
photosensitive composition useful as a protective
layer. The composition comprises a polymer and a
photoacid generator, and the polymer comprises
styrene-containing monomers, acrylonitrile-containing
monomers, and epoxy-containing monomers. The invention
also provides methods of using these photosensitive
compositions in conjunction with a primer layer to
form microelectronic structures. 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. 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 mole
of compound, or per repeat unit of polymer, that
reacts with epoxy groups to form _?_covalentbonds so
that adhesion to a silicon substrate is very strong.
Onepreferred such group is an amine group. Preferred
silanes include aminoalkoxysilanes, preferably from
about C1to about C8 alkoxys, more preferably from
about C to about C4 alkoxys, and even more preferably
from about C1 to about C3 alkoxys. Even more
preferably, the aminoalkoxysilane is an
aminoalkylalkoxysilane, preferably from about C1to
about C8 alkyls, morepreferably from about C1to
aboutC4 alkyls, and evenmore preferably from about
C1to about C3 alkyls. Phenylaminoalkylalkoxysilanes
are also preferred. Some examples of the foregoing
include aminopropyltrimethoxysilane,
aminopropyltriethoxysilane,
N-phenylaminopropyltrimethoxysilane,
Nphenylaminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane, 2-(3 ,4-
epoxycyclohexyl)ethyltrimethoxysilane, and
3-mercaptopropyl-trimethoxysilane. Other preferred
silanes include phenylsilanes such as
phenyltrimethoxysilane, 



phenyltrichlorosilane, phenyltriethoxysilane,
phenyltriacetoxysilane, and diphenylsilanes such as
diphenyldimethoxysilane, diphenyldichlorosilane, and
diphenylsilanediol. The most preferred silanes include
2-phenylethyltrialkoxysilane,
p/m-chlorophenyltrimethoxysilane,
p/m-bromophenyltrimethoxysilane,(p/mchloromethyl)
phenyltrimethoxysilane,
2-(p/m-methoxy)phenylethyltrimethoxysilane,
2-(p/m-chloromethyl)phenylethyltrimethoxysilane,
3,4-dichlorophenyltrichlorosilane,
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 formulawherein:
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
I then the other of i and j is 0; each R4 is
individually selected from the group consisting of
hydrogen, the halogens, C1-C8 (preferably C1-C4)
alkyls, C1-C8 (preferably C1-C4) alkoxys, C1-C
(preferably C1-C4) haloalkyls, aminos, and C J-C8
(preferably C1-C4) alkylaminos; each R5 is
individually selected from the group consisting of
C1-C8 (preferably 



C1-C4) aliphatic groups; each R6 is individually
selected from the group consisting of hydrogen and
haloalkyls (preferably C1-C8, more preferably C1-C4);
each X is individually selected from the group
consisting of halogens, hydroxyls, C1-C4 alkoxys and
C1-C4 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. An effective primer layer composition
according to the invention is a mixture of a
diphenyldialkoxysilane (e.g., diphenyldimethoxysilane)
and a phenyltrialkoxysilane, (e.g.,
phenyltrimethoxysilane) or, even more preferably, a
mixture of diphenylsilanediol and
phenyltrimethoxysilane in a solution of 1-methoxy-2-
propanol or l-propoxy-2-propanol with from about 5-10%
by weight water. A particularly effective primer layer
composition for photosensitive layers comprising a
poly(styrene-co-acrylonitrile) polymer is an alcohol
and water solution containing from about 0.1-1.0%
(preferably from about 0.25-0.5%) by weight
diphenylsilanediol and from about 0.1-1.0% (preferably
from about 0.25-0.5%) by weight of
phenyltrimethoxysilane. Upon heating,
diphenylsilanediol and phenylsilanetriol (the 



hydrolysis product of phenyltrimethoxysilane) condense
to form siloxane bonds and establish a
three-dimensional silicone coating layer on the
substrate. Another preferred silane has the formula
wherein: each R7 is individually selected from the
group consisting of hydrogen, the halogens, C1-C8
(preferably C1-C4) alkyls, C1-C8 (preferably Cr C4)
alkoxys, C1-C8 (preferably C1-C4) haloalkyls, aminos,
and C1-C8 (preferably C1-C4) alkylaminos; and eachR8
is individually selected from the group consisting of
C1-C8 (preferably C1-C4) aliphatic groups. 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,and they are excellent adhesion promoters. One
particularly preferred silane within the scope of this
formula is This silane is
3-[N-phenylamino]propyltrimethoxysilane (mentioned
above), and it is commercially available from
Lancaster Synthesis and Gelest Corporation. The silane
should be included in the primer layer composition at
a level of from about 0.1% to about 3%by weight,
preferably from about 0.2% to about 2%by weight, 



and evenmore 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 The
solvent system utilized in the primer layer
composition should have a boiling point of from about
100 0C to about 2200C, and preferably from about 140C
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. 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 l-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 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 



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
about0.03% by weight, based upon the total weight of
solids in the primer layer composition taken as 100%
by weight. Finally, the primer layer can also include
anumber of optional ingredients, such as a surfactant.
In one embodiment, from about 100 ppm to about 150 ppm
of a surfactant such as FC4430 (available from 3M) or
Triton X-100 (available from 3M) can be added to make
a uniform primer coating that is defect-free. THE
PHOTOSENSITIVE LAYER The photosensitive layer is
formed from a composition comprising a polymer
dispersed or dissolved in a solvent system. A
preferred polymer is a terpolymer comprising
recurring: styrene monomers; acrylonitrile monomers;
and monomers comprising functional groups that react
with amines. Preferred styrene monomers have the
formula Preferred acrylonitrile monomers have the
formulaPreferred monomers comprising functional groups
for reacting with amines include monomers comprising
one or more epoxy groups (e.g., glycidylmethacrylate,
glycidyl acrylate, vinylbenzyl glycidyl ether). One
example is represented by the formula 



In each of the above formulas (I)-(III): each R1 is
individually selected from the group consisting of
hydrogen and C1-C8 (and preferably C1-C4) alkyls; and
each R2 is individually selected from the group
consisting of hydrogen, C1-C8 (and preferably C1-C4)
alkyls, and C1-C8 (and preferably C1-C4) alkoxys. The
polymer preferably comprises from about 35% to about
75% by weight of monomer (T), 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). The polymer preferably
comprises from about 20% to about 40% by weight of
monomer (JI), more preferably from about 25% to about
35% by weight of monomer (IT), and even more
preferably from about 25% to about 30% by weight of
monomer (II) . Finally, the polymer preferably
comprises from about 5%to about 15%by weight ofmonomer
(III), more preferably from about 6%to about 12% by
weight of monomer (III), and even more preferably from
about 8% to about 10% by weight of monomer(El). Each
of the above percentages by weight is based upon the
total weight of the polymer taken as 100% by weight.
It is preferred that the polymer have a weight average
molecular weight of from 



about 10,000 Daltons to about 80,000 Daltons,
preferably from about 20,000 Daltons to about 60,000
Daltons, and evenmore preferably from about 30,000
Daltons to about 50,000 Daltons. Monomers other than
monomers (I)5 (D), and (HT) can also be present in the
polymer, if desired. When other monomers are present,
the combined weight of monomers (I), (II), and (III)
in the polymer is preferably at least about 60% by
weight, and more preferably from about 70% to about
90% by weight, based upon the total weight ofthe
polymer taken as 100%byweight. Examples of suitable
other monomers include those having functional groups
that can react with groups in the primer layer for
achieving chemical bonding between the two layers.
These monomers may have, by way of example, haloalkyl
(e.g., benzyl chloride, 2-chloroethyl methacrylate),
ester (methacrylates, acrylates, maleates, fumarates,
isocyanates), or anhydride 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 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 asUVlight. Examples of suitable PAGs include
those selected from the group consisting of
triarylsulfonium hexafluoroanthnonate,
triarylsulfonium hexafluorophosphate, diaryliodonium
hexafluoroantimonate, diaryliodonium
hexafluorophosphate,where each R3is individually
selected from the group consisting OfC3H7,C8H17,
CH3C6H4, and camphor. The PAGs of formulas (TV) and
(V) are sold by Ciba Specialty Chemicals as The CGI
13XX Family and The CGI 26X Family, respectively. 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 boiling point of from about
1200C to about 200 0C, and preferably from about 1300C
to about 180 0C. 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 ofmethyl isoamyl ketone,
di(ethylene glycol) dimethyl ether, propylene glycol
monomethyl ether acetate, ethyl lactate,
cyclohexanone, and mixtures thereof.APPLICATION
PROCESS Preferred substrates for use in this process
include those comprising silicon. Some particularly
preferred substrates are selected from the group
consisting of Si substrates, SiO2 substrates,
Si3N4substrates, SiO2 on silicon substrates, Si3N4 on
silicon substrates, glass substrates, quartz
substrates, ceramic substrates, semiconductor
substrates, and metal substrates. The silane and any
other components are dissolved in the primer solvent
system to form the silane composition. This
composition is then spin-applied onto the substrate at
about 500-5,000 rpm, and preferably from about
1000-3,000 rpm, for about 30-90 seconds, and
preferably for about 60 seconds. It is then baked at a
temperature of from about 60-1 100C for about 60-180
seconds (preferably about 120 seconds), and then at
about 150-250 0C for about 60-180 seconds (preferably
about 120 seconds) in order to condense the silane
molecules into a continuous film that is bonded to
surface hydroxyl groups present on typical
microelectronic substrates. That is, the hydrolyzed
silane reacts with the silanol groups present in the
silicon-containing substrate and also selfcrosslinks 



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 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 100-1200C for about 60-180
seconds (preferably about 120 seconds). The polymer
solids level and spinning conditions are typically
adjusted to achieve an average coating 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 of
the primer layer.The photosensitive layer is then
imaged by exposing it to UV light with a wavelength of
from about 150-500mm (e.g., about 248 pm or about 365
nm), preferably in a dose of about 500 mJ/cm2. The
coating is then preferably post-exposure baked at 



about 110C to about 130C for about 2 minutes, and
developed with a solvent for about 1 minute. Finally,
the coating is baked at about 2000C to about 2500C for
about 5 minutes. Exposure to light causes the PAG to
generate an acid, and this acid initiates crosslinking
of the polymer (preferably via the epoxy groups) in
the photosensitive layer. The crosslinked epoxy groups
will have the structure The exposed areas become
substantially insoluble (e.g., less than about 1% by
weight soluble, preferably less than about 0.05%
soluble, andmore 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 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 is, the layer systems
will exhibit less than about 100 mm, preferably less
than about 70 mm, and more preferably less than about
50 mm of undercutting when subjected for about 2 hours
(or even about3 hours) to etching in an approximately
30-35% by weight aqueous KOH solution 



having a temperature of about 83-87C. Undercutting is
determined by measuring the width of overhanging
protective layer at the edge of etched areas as
observed under a confocal microscope. Furthermore, the
inventive protective systems will experience very
little or no etchant penetration during etching
processes. Thus, when subjected for about 2 hours (or
even about 3 hours) to etching in an approximately
30-35% byweight aqueous KOH solution having a
temperature of about 83-87C, the inventive protective
systems will have less than about 0.1 pinholes per cm2
of substrate, and preferably less than about 0.05
pinholes per cm2 of substrate, when observed under a
microscope at 1OX 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. 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. 



EXAMPLE l 1. Terpolymer Synthesis in Cyclopentanone A
solution was made by dissolving 67.50 g of styrene,
25.00 g of acrylonitrile, 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 650C under nitrogen while undergoing
magnetic stirring. The polymerization was allowed to
proceed at 65 0C for 98 hours. The actual yield was
determined by solids analysis to be 97% of the
theoretical yield.2. Topcoat Solution Formulation In
this preparation procedure, 25.01 g of propylene
glycol methyl ether acetate (PGMEA, General Chemical)
and 1.03 g of UVI-6976 (a triarylsulfonium
hexafluoroantimonate; aphotoacid generator obtained
fromDow Chemical) were added to 50.03 g of the
terpolymer solution synthesized in Part 1 of this
Example. The resulting solution was filtered through a
0.1 -mm membrane filter. 3. Primer Solution
Formulation To make a primer solution, 1.02 g of
N-phenylaminoproyltrimethoxysilane (obtained from
Gelest) were dissolved in a mixture of 120.4 g of
propylene glycol propyl ether (obtained from General
Chemical) and 80.2 g of deionized water. The 



solution was filtered through a 0.1 -mm membrane
filter. 4. Preparation and Patterning of Negative
Photoresist Coating The primer solution in Part 3 of
this Example was spin coated onto a silicon wafer at
1,500 rpm for 1minute. The primer coating was baked at
750C for 2 minutes and then at 180 0C 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 1000C for 2
minutes. The coating was imaged by exposing it to UV
light at a wavelength of 365 nm in a dose of 500
mJ/cm2, baking at 130 C for 2 minutes, and developing
with acetone for 1 minute. Finally, the combination
was baked at 230 0C for 5 minutes. A negative pattern
was obtained. 5. Etching of Silicon Wafer The wafer
prepared and patterned in Part 4 of this Example was
etched in 30% KOH aqueous solution at 85 C for 1hour.
The silicon was etched 70 mm 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.EXAMPLE
2 1. Terpolymer Synthesis in PGMEA 



A solution was made by dissolving 27.07 g of styrene,
10.00 g of acrylonitrile, 3.08 g of glycidyl
methacrylate, and 0.51g of dicumylperoxide (obtained
from Aldrich) in 160 g of PGMEA. The solution was
heated to 120 C under nitrogen while undergoing
magnetic stirring. Thepolymerization was allowed to
proceed at 120Cfor 24 hours. The actual yield was
determined by solids analysis to be 95.5% of the
theoretical yield. 2. Topcoat Solution Formulation In
this preparation procedure, 4.54 g ofPGMEA and 0.114 g
of UVI-6976 were added to 5.03 g of the terpolymer
solution synthesized in Part 1 of this Example. The
solution was filtered through a 0.1 -mm membrane
filter. 3. Preparation and Patterning of Negative
Photoresist Coating The primer solution of Part 2 of
Example 1was spin coated onto a silicon wafer at 1,500
rpm for 1minute. The primer coating was baked at 600C
for 5 minutes and at 180 0C 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 1000C for 2 minutes. After the
coating was imaged by exposing it toUV light at 254 nm
in a dose of 500 mJ/cm2, it was baked at 130 C for 2
minutes and then developed with PGMEA 



for 1minute. The coating was finally baked at 230Cfor
5 minutes. Anegative pattern was obtained. 4. Etching
of Silicon Wafer The wafer prepared and patterned in
Part 3 of this Example was etched in 30% KOH aqueous
solution at 80C for 1hour. The silicon was etched 58
mm 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 silicon nitride masking
methods .EXAMPLE 3 1. Terpolymer Synthesis in PGMEA A
solution was made by dissolving 168.0 g of styrene,
84.0 g of acrylonitrile, 28.3 g of glycidyl
methacrylate, and 7.0 g of dicumyl peroxide in 1,120 g
of PGMEA. The solution was heated to 120 0C under
nitrogen while undergoing magnetic stirring. The
polymerization was allowed to proceed at 120 0C for 28
hours. The actual yield was found by solid analysis to
be 97.5% of the theoretical. The terpolymer was
precipitated in isopropanol, filtered, and dried
overnight under vacuum at 500C. 2. Topcoat Solution
Formulation In this preparation procedure, 32.8 g of
the terpolymer synthesized in Part 1 of 



this Example were dissolved in 140.0 g of PGMEA and
40.0 g of ethyl acetylacetate. Next, 6.0 g of UVI-6976
were added, and the solution was filtered through a
0.1 -mm membrane filter. 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 g of deionized water, 0.51 g of acetic
acid, and 0.03 g of FC4430 (a surfactant). The
solution was stirred magnetically for more than 2
hours. It was filtered through a 0.1- mm 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 silicon
wafer at 1,500 rpm for 1 minute. The primer coating
was baked at 1100C for 1 minute and then at 205 0C for
1 minute. The topcoat solution from Part 2 of this
Example was spin coated over the primer layer at 1,500
rpm for 1minute. The topcoat was baked at 1100C for 2
minutes. The coating was imaged by exposing it to UV
light at a wavelength of 365 nm in a dose of 500
mJ/cm2, baking at 130 0C for 2 minutes, and developing
with PGMEA for 1 minute. Finally, the combination was
baked at 230 0C 



for 5 minutes. A negative pattern was obtained.5.
Etching of Silicon Wafer The wafer prepared and
patterned in Part 4 of this Example was etched in 30%
KOH aqueous solution at 750C for 4 hours. The silicon
was etched 178 mm deep in the areas without the
polymer coating. The polymer-coated area remained
intact. The pattern was transferred to the silicon
wafer in essentially the same manner as prior art
silicon nitride masking methods.We claim: 1. A
photosensitive composition useful as a protective
layer, said composition comprising a polymer and a
photoacid generator dissolved or dispersed in a
solvent system, said polymer comprising: (DT) a
monomer comprising at least one epoxy group, wherein
in (I) and (II): each R1 is individually selected from
the group consisting of hydrogen and C1-C8 alkyls; and
each R2 is individually selected from the group
consisting of hydrogen, C1-C8 alkyls, and C1-C8
alkoxys. 2. The composition of claim 1,wherein
saidmonomer (JS) is selected from the group consisting
of glycidyl methacrylate, glycidyl acrylate, and
vinylbenzyl 



glycidyl ether monomers.3. The composition of claim
1,wherein saidmonomer (HT) has the formula wherein
eachR1is individually selected from the group
consisting of hydrogen and C1-C8 alkyIs.4. The
composition of claim 1,wherein saidphotoacid generator
is selected from the group consisting of
triarylsulfonium hexafluoroantimonate,
triarylsulfonium hexafluoro-phosphate, diaryliodonium
hexafluoroantimonate, diaryliodonium
hexafluorophosphate, wherein each R3 is individually
selected from the group consisting of C3H7, C8H17,
CH3C6H4, and camphor. 5. The composition of claim 1,
wherein said polymer comprises from about 35% to about
75% by weight of (T), from about 20% to about 40% by
weight of (IT), and from about 5% to about 15% by
weight of (TS), 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 aphotoacid generator and a polymer
dispersed or dissolved in a solvent system, said
polymer comprising: (Hl) a monomer comprising at least
one epoxy group, wherein in (I) and (II): each R1 is
individually selected from the group consisting of
hydrogen and C1-C8 alkyls; and each R2 is individually
selected from the group consisting of hydrogen, C1-C8
alkyls, and C1-C8 alkoxys.7. The method of claim 6,
wherein said monomer (IH) 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 (TS) has
the formula wherein each R1is individually selected
from the group consisting of hydrogen and C1-C8
alkyls.9. The method of claim 6, wherein said
photoacid generator is selected from the group
consisting of triarylsulfonium hexafluoroantimonate,
triarylsulfonium hexafluoro-phosphate, diaryliodonium
hexafluoroantimonate, diaryliodonium
hexafluorophosphate, 



wherein each R3 is individually selected from the
group consisting of C3H7, C8H17, CH3C6H4, and camphor.
10. The method of claim 6, wherein saidpolymer
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 (HI),
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 where: 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 R4 is individually selected from the
group consisting of hydrogen, the halogens, C1-C8
atkyls, C r C8 alkoxys, C1-C8 haloalkyls, aminos, and
C1-C8 alkylaminos; each R 5 is individually selected
from the group consisting of C1-C8 aliphatic groups;
each R6 is individually selected from the group
consisting of hydrogen 



and haloalkyls; each X is individually selected from
the group consisting of halogens, hydroxyls, C1-C4
alkoxys and C1-C4 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 wherein: each R7 is
individually selected from the group consisting of
hydrogen, the halogens, C r Cg alkyls, C1-C8 alkoxys,
C1-C8 haloalkyls, aminos, and C1-C8 alkylaminos; and
each R 8 is individually selected from the group
consisting of C1-C8 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, phenyltrichlorosilane,
phenyltriethoxysilane, phenyltriacetoxysilane,
diphenyldimethoxysilane, diphenyldichlorosilane,
diphenylsilanediol 2-phenylethyltrialkoxysilane,
p/m-chlorophenyltrimethoxysilane,
p/m-bromophenyltrimethoxysilane,(p/mchloromethyl)
phenyltrimethoxysilane,
2-(p/m-methoxy)phenylethyltrimethoxysilane,
2-(p/m-chloromethyl)rhenylethyltrimethoxysilane,
3,4-dichlorophenyltrichlorosilane,
3-phenoxypropyltrichlorosilane,
3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane. 15. The
method of claim 6, further comprising baking
saidprimer layer after said primer layer applying. 16.
The method of claim 15, wherein said primer layer
further comprises a catalyst, and said primer layer
baking results in crosslinking of said silane. 17. The
method of claim 6, further comprising baking said
photosensitive layer after said photosensitive layer
applying. 18. The method of claim 17, wherein said
baking causes the polymer of said photosensitive layer
to covalently bond with the silane of said primer
layer. 



19. The method of claim 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. Themethod of claim 19, wherein said
firstportion 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 layerbeing substantially
removed during said developing step so as to form a
stack including a photosensitive layer having a
pattern formed therein. 24. The method of claim 23,
further comprising baking said photosensitive layer
after said developing. 25. The method of claim 23,
further comprising etching said stack with KOH so as
to transfer the pattern of said photosensitive layer
to said substrate. 26. The method of claim 25, wherein
said photosensitive layer exhibits less 



than about 100 mm of undercutting during etching. 27.
The method of claim 25, wherein said photosensitive
layer exhibits less than about 0.1 pinholes per cm2 of
substrate. 28. The method of claim 6, wherein said
substrate is selected from the group consisting of Si
substrates, SiO2 substrates, Si3N4 substrates, SiO2on
silicon substrates, Si3N4 on silicon substrates, glass
substrates, quartz substrates, ceramic substrates,
semiconductor substrates, and metal substrates.29. 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
comprising a polymer comprising: (TTT) a monomer
comprising at least one crosslinked epoxy group,
wherein in (I) and (II): each R1 is individually
selected from the group consisting of hydrogen and
C1-C8 alkyls; and each R2 i s individually selected
from the group 



consisting of hydrogen, C1-C8 alkyls, and C 1-C8
alkoxys.30. The microelectronic structure of claim 29,
wherein said crosslinked epoxy group comprises 31. The
microelectronic structure of claim 29, wherein said
silane comprises an amine, and the polymer of said
photosensitive layer comprises an epoxy group
covalently bonded with said amine. 32. The
microelectronic structure of claim 29, wherein said
polymer comprises from about 35% to about 75% by
weight of (T), from about 20% to about 40% by weight
of (IT), and from about 5% to about 15% by weight of
(EI), based upon the total weight of the polymer taken
as 100% by weight.33. The microelectronic structure of
claim 29, said silane having a formula selected from
the group consisting of 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 R4 is individually selected from
the group consisting of hydrogen, the halogens, C1-C8
alkyls, C ,-C8 alkoxys, C1-C8 haloalkyls, aminos, and
C1-C8 alkylaminos; 



each R 5 is individually selected from the group
consisting of C1-C8 aliphatic groups; each R6 is
individually selected from the group consisting of
hydrogen and haloalkyls; each X is individually
selected from the group consisting of halogens,
hydroxyls, C1-C4 alkoxys and C1-C4 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
wherein: each R7 is individually selected from the
group consisting of hydrogen, the halogens, C1-C
alkyls, C1-C8 alkoxys, C1-C8, haloalkyls, aminos, and
C -C8 alkylaminos; and each R 8 is individually
selected from the group consisting of C1-C8 aliphatic
groups. 34. The microelectronic structure of claim 29,
said silane being selected from the group consisting
of aminoalkoxysilanes, phenylsilanes, and
diphenylsilanes. 35. The microelectronic structure of
claim 34, wherein said silane is selected 



from the group consisting o f aminoalkylalkoxysilane
and phenylaminoalkylalkoxysilanes.36.
Themicroelectronic structureof claim 34,wherein said
silane is selected from the group consisting of
arninopropyltrimethoxysilane,
aminopropyltriethoxysilane,
N-phenylaminopropyltrimethoxysilane,
N-phenylaminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-mercaptopropyl-trimethoxysilane,
phenyltrimethoxysilane, phenyltrichlorosilane,
phenyltriethoxysilane, phenyltriacetoxysilane,
diphenyldimethoxysilane, diphenyldichlorosilane,
diphenylsilanediol 2-phenylethyltrialkoxysilane,
p/m-chlorophenyltrimethoxysilane,
p/m-bromophenyltrimethoxysilane,(p/mchloromethyl)
phenyltrimethoxysilane,
2-(p/m-methoxy)phenylethyltrimethoxysilane,
2-(p/m-chloromethyl)phenylethyltrimethoxysilane,
3,4-dichlorophenyltrichlorosilane,
3-phenoxypropyltrichlorosilane,
3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane. 37. The
microelectronic structure of claim 29, wherein said
substrate is selected from the group consisting of Si
substrates, SiO2 substrates, Si3N4 substrates, SiO2 on
silicon substrates, Si3N4 on silicon substrates, glass
substrates, quartz substrates, ceramic substrates,
semiconductor substrates, and metal substrates. 


