
SPIN-ON PROTECTIVE COATINGS FOR WET-ETCH PROCESSING OF
MICROELECTRONIC SUBSTRATES BACKGROUND OF THE INVENTION 5Field of the
Invention       The present invention is concerned with new
protective coatings (primer layer, first protective coating, and
optional second protective coating) and methods of using those
coatings in the manufacture of microelectronic devices such as those
used in microelectromechanical systems (MEMS). 10 Description of the
Prior Art       Etchants used for deep etching may vary depending
upon the etch selectivity requirements for the devices to be
fabricated. Typical alkaline or basic etchants include those selected
from the group consisting of KOH, TMAH, and NaOH. These etchants  15
are typically provided in 10-45% solutions, and more typically about
30%. Basic etchants may contain amines such as ethylene diamine,
ethanolamine, and/or water-miscible lower alcohols such as
isopropanol to modulate the etching behavior of the solution. Bulk
silicon etching is typically performed at temperatures in the range
of 40 to 120C and most typically at 600 to 90C. The etching times
range from Ito 24 hours 20and most typically are in the range of 5 to
15 hours.       Acidic etchants include aqueous solutions of
hydrofluoric acid (HY), including concentrated (49% to 50%) HF,
aqueous dilutions of the same, and buffered oxide etchants comprising
aqueous mixtures of HF and ammonium fluoride. HF etchants are used
primarily for etching silicon dioxide. Mixed acid etchants typically
comprise  25 mixtures of 70% nitric acid (HNO3), 49% HF, and a
diluent acid (e.g., 85% phosphoric acid (}13PO4) or 100% acetic acid)
and are used primarily for bulk silicon etching. Common component
ratios by volume for the mixtures are, for example, HNO3/HF/F131304 =
7:1:7 or 3:1:4. Etching times for bulk silicon in these acid mixtures
are typically in the range of 5 to 3030 minutes and in some cases as
long as 120 minutes at room temperature.       It is common in
silicon etching processes to utilize a thin (100-to 300-run) 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. Therefore, the protective coating  system described here
is commonly applied onto Si3N4 or Si02, which means good adhesion to
these substrates is critical for obtaining acceptable protection.
In the prior art, etch protective coatings or masks for MEMS
fabrication processes have been selected primarily by using a
trial-and-effor method because there  5 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  10 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  15 minutes at
60C to 15 minutes at 90C. Black wax (Apiezon(r) W, available from
Scientific Instrument Services, Inc., New Jersey) was also used as a
protective coating in a 30% by weight KOH etch process (70C). After



The present invention is broadly concerned with a composition useful
as a protective layer. The composition comprises a first polymer and
a compatible compound dissolved or dispersed in a solvent system. The
preferred first polymer is a styrene-acrylonitrile copolymer. While
the compatible compound is preferably selected  10 from the group
consisting of: monomers, oligomers, and polymers comprising epoxy
groups; poly(styrene-co-ally1 akohol); and mixtures thereof. The
composition is substantially free of photoacid generators and other
agents capable of initiating polymerization or crosslinking, and thus
non-photosensitive. The present invention is also concerned with
microelectronic structures including these compositions in both the
15flowable and hardened (i.e., after final bake) form, as well as
methods of using these structures to form microelectronic devices.
BRIEF DESCRIPTION OF THE DRAWINGS              Figure 1 is a
photograph showing a silicon nitride wafer coated with the inventive
20protective coating and after KOH etching. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS      The present invention overcomes these
problems by providing spin-applied, polymer coating systems which
protect device features from corrosion and other forms  25 of attack
during deep-etching processes which utilize concentrated aqueous
acids and bases. Furthermore, these coating systems can be easily
removed at the end of the processes. FIRST PROTECTIVE LAYER 30The
first protective layer is formed from a composition comprising a
first polymer and a compatible compound dispersed or dissolved in a
solvent system. The  first polymer is preferably a copolymer
comprising recurring styrene monomers and acrylonitrile monomers.
Preferred styrene monomers have the formula    Preferred
acrylonitrile monomers have the formula 15 20 (H)   In each of the
above formulas (1) and (II):                     each 121 is
individually selected from the group consisting of hydrogen 25and
C1-C8 (and preferably C3-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 CI-C4) alkoxys,
The first polymer preferably comprises from about 50% to about 90% by
weight 30of monomer (I), more preferably from about 60% to about 80%
by weight of monomer 



(I), and even more preferably from about 70% to about 75% by weight
of monomer (I).  The first polymer preferably comprises from about
10% to about 50% by weight of monomer (II), more preferably from
about 20% to about 40% by weight of monomer (II), and even more
preferably from about 25% to about 30% by weight of monomer (11).
Each of the above percentages by weight is based upon the total
weight of the first 5polymer taken as 100% by weight.       It is
preferred that the first 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
even more preferably from about 30,000 Daltons to about 50,000
Daltons. 10Monomers other than monomers (1) and (II) can also be
present in the first polymer, if desired. When other monomers are
present, the combined weight of monomers (I) and (II) 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 of the
first polymer taken as 100% by weight. Examples of suitable other
monomers  15 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 methaerylate), ester
(methacrylates, acrylates, maleates, fumarates, isocyanates), or
anhydride functional groups, which react readily with functional
groups such as hydroxyl, amino, or oxiranyl 20groups that can be
present in the primer layer.       The first polymer should be
included in the first protective layer composition at a level of from
about 80% to about 98% by weight, and preferably from about 85% to
about 95% by weight, based upon the total weight of solids in the
fast protective layer composition taken as 100% by weight. 25The
compatible compound present in the composition along with the first
polymer can be monomeric, oligomeric, or polymeric, so long as it is
compatible with the first polymer to improve adhesion of the first
protective layer and to avoid phase separation in the first
protective layer composition. If the compound is oligomeric (i.e., 2
to 10 repeat units) or polymeric (i.e., more than 10 repeat units),
it is preferred that it 30have a molecular weight of less than about
3,000 Daltons, and preferably less than about 2,000 Daltons.
Preferred such compounds include those selected from the group
consisting of monomers, oligomers, and polymers comprising epoxy
groups, poly(styrene-co-ally1 alcohol), and mixtures thereof.
The compatible compound should be included in the first protective
layer composition at a level of from about 2% to about 20% by weight,
and preferably from  5 about 5% to about 15% by weight, based upon
the total weight of solids in the first protective layer composition
taken as 100% by weight.       In embodiments where epoxy groups are
utilized, the compatible compound preferably comprises from about 15%
to about 30% by weight epoxy groups, and more preferably from about
20% to about 25% by weight of epoxy groups. In one preferred  10
embodiment, the compound is a polymer that comprises recurring
monomers having one or more epoxy groups per monomer, and preferably,
at least two epoxy groups per monomer.       Preferred polymers for
use as the compatible compound in the first protective layer
composition include those selected from the group consisting of epoxy
phenol  15 novolac resins (e.g., D.E.N. 431, Dow Chemical), epoxy
bisphenol A/F resins (e.g., D.E.R. 353, Dow Chemical), epoxy cresol



5 about 10). Finally, the first protective layer is preferably
non-photosensitive (i.e., a pattern cannot be defined in the layer
when it is exposed to about 1 J/cm2). Thus, the composition used to
form the layer will be substantially free of photoacid generators
(PAGs). "Substantially free" means that the compositions include less
than about 0.1% by weight, preferably less than about 0.05%, and
preferably about 0% by weight, based  10 upon the total weight of the
composition taken as 100% by weight. It's also substantially free of
other agents capable of initiating polymerization or crosslinking,
either thermally or via light exposure. THE PRIMER LAYER 15There is
preferably also a primer layer utilized in the protective systems of
the invention. This layer should be included between the substrate
and the first protective layer. Preferred primer layers are formed
from primer layer compositions including a silane dispersed or
dissolved in a solvent system. Aromatic organo silanes and amino
silanes are particularly preferred silanes for use in the primer
layers of the invention. 20The most preferred silanes have the
formula By A%-,Si'  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 R3 is individually selected from the
group consisting of hydrogen, the  5 halogens, C3-C8 (preferably C
1-C4) alkyls, CI-CB (preferably C1-C) alkoxys, C1-C8 (preferably
CI-CO haloalkyls, aminos, and C 1-C8 (preferably C1-C4) alkylaminbs;
each R4 is individually selected from the group consisting of C1-C8
(preferably CI-CO aliphatic groups; 10each X is individually selected
from the group consisting of halogens, hydroxyls, C1-C4 alkoxys and
CrC4 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.  15 Particularly preferred silanes include
phenylsilanes such as phenyltrimethoxysilane, phenyltrichlorosilane,
phenyltriethoxysilane, phenylniacetoxysilane, and diphenylsilanes
such as diphenyldimethoxysilane, diphenyldichlorosilane, and
diphenylsilanediol. The most preferred silanes include 2-
phenylethyltrialkoxysilane, p/m-chlorophenyltrimethoxysilane, p/m-
20
bromophenyltrimethoxysilane,(p/m-chloromethyl)phenyltrimethoxysilane,
2-(p/mmethoxy)phenyl ethyl trim eth o x y si Ian e,
2-(p/-chloromethyl)phenylethyltrimethoxysilane,
3,4-dichlorophenyltrichlorosilane, 3-phenoxypropyltrichlorosilane,
3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane. 25An effective primer
layer composition according to the invention is a mixture of
diphenyldialkoxysilane (e.g., diphenyldimethoxysilane) and
phenyltrialkoxysilane, (e.g., phenyltrimethoxysilane) or, even more
preferably, a mixture of diphenylsilanediol and
phenyltrimethoxysilane in a solution of 1-methoxy-2-propanol or I
-propoxy-2-propanol with from about 5-10% by weight water. A
particularly effective primer layer 30composition for first
protective layers comprising a poly(styrene-co-acrylonitrile) polymer
is an alcohol and water solution containing from about 0.1-1.0%
(preferably  from about 0.25-0.5%) by weight diphenylsilanediol and
from about 0.1-1.0% (preferably from about 0.25-0.5%) by weight of
phenyltrimethoxysilane. Upon heating, diphenylsilanediol and
phenylsilanetriol (the hydrolysis product of phenyltrimethoxysilane)



Silanes having this structure are not only compatible with
styrene-containing copolymers, but they are also reactive with ester,
benzyl chloride, and/or epoxy groups that may be present in the first
protective layer, and they are excellent adhesion promoters. One
particularly preferred silane within the scope of this formula is
H2)  H N (H3C0)3S1-(C 3   25 This silane is
3-1N-phenylamino]propyltrimethoxysilane, and it is commercially
available from Lancaster Synthesis and Gelest Corporation. Yet
another preferred silane is 3-arninopropyltriethoxysilane.
The silane should be included in the primer layer composition at a
level of from 30about 0.01% to about 0.5% by weight, preferably from
about 0.01% to about 0.25% by  weight, and even more preferably from
about 0.01% to about 0.1% by weight, based upon the total weight of
the primer layer composition taken as 100% by weight.       The
solvent system utilized in the primer layer composition should have a
boiling point of from about 100-220C, and preferably from about
140-180C. The solvent  5 system should be utilized at a level of from
about 80-99.9% by weight, and preferably from about 85-99% by weight,
based upon the total weight of the primer layer composition taken as
100% by weight. Preferred solvent systems include a solvent selected
from the group consisting of methanol, ethanol, isopropanol, butanol,
1- methoxy-2-propanol, ethylene glycol monomethyl ether, and
1-propoxy-2-propanol, and  10 mixtures thereof. In one preferred
embodiment, water is included in the solvent system at a level of
from about 0.5-15% by weight, and preferably from about 0.5-10% by
weight, based upon the total weight of the primer layer composition
taken as 100% by weight. The primer layer composition can optionally
include low levels (e.g., from about  15 0.01-0.10% by weight) of a
catalyst. Suitable catalysts include any inorganic or organic acid
(e.g., hydrochloric acid, sulfuric acid, phosphoric acid, acetic
acid) or an inorganic or organic base (e.g., potassium hydroxide,
TMAH, anunonia, amines).       In a preferred embodiment, the
protective system of the invention further includes a second
protective layer on top of the first protective layer to provide
further protection  20 against concentrated aqueous acids such as
hydrofluoric acid, nitric acid, phosphoric acid, acetic acid, and
mixtures of the foregoing. This embodiment is useful in situations
where a acid etching is utilized. Preferred second protective layers
are formed from second protective layer compositions comprising a
linear, slightly branched, or cyclic halogenated polymer dissolved or
dispersed in a solvent system. Furthermore, these  95 halogenated
polymers should comprise high levels of halogen atoms (at least about
50% by weight halogen atoms, and preferably at least about 60% by
weight halogen atoms). The most preferred halogenated polymers are
chlorinated polymers such as those comprising recurring monomers
having the forrnula       Specific examples of preferred halogenated
polymers include those selected from the group consisting of
poly(vinyl chloride), polyvinylidene chloride, poly(vinylidene
15dichloride)-co-poly(vinyl chloride), chlorinated ethylene,
chlorinated propylene, and 



mixtures thereof Halogenated chlorinated rubber is also very
effective.       The halogenated polymer should be included in the
second protective layer composition at a level of from about 8-30% by
weight, and preferably from about 10- 20% by weight, based upon the
total weight of the second protective layer composition 20 taken as
100% by weight. The solvent system utilized in the second protective
layer composition should have a boiling point of from about 100-220C,
and preferably from about 140-180C. The solvent system should be
utilized at a level of from about 70-92% by weight, and preferably
from about 80-90% by weight, based upon the total weight of the
second protective layer composition taken as 100% by weight 25
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
30the invention.  APPLICATION PROCESSES       Prior to applying the
primer layer, it is preferable to prepare the substrate by exposing
it to brief (from about 15-60 seconds) oxygen plasma etching to clean
and/or chemically activate the substrate surface to improve bonding
by the primer layer. Plasma  5 bombardment with heavy ions such as
argon can also be beneficial for improving bonding. Such processes
are especially effective for improving the bonding of the protective
coating system to silicon nitride.       Preferred substrates for use
in this process include those selected from the group consisting of
Si substrates, Si02 substrates, Si3N4 substrates, 5i02 on silicon
substrates,  10 Si31\14 on silicon substrates, glass substrates,
quartz substrates, ceramic substrates, semiconductor substrates, and
metal substrates.       The organosilane solution that makes up the
primer layer is spin-applied onto the substrate at about 500-5,000
rpm, and preferably from about 1,000-2,000 rpm, for about 30-90
seconds. It is then baked at greater than about 100C for about 60-90
seconds to  15 condense the organosilane molecules into a continuous
film that is bonded to surface hydroxyl groups present on many
microelectronic substrates. A particularly preferred baking
temperature is at least about 200C, and more preferably from about
200C to about 225C, for about 60 to about 90 seconds. It is preferred
that the primer layer have an average thickness (as measured by an
ellipsometer over 5 different points) of less than 20about 10 = and
more preferably from about 2-8 rim.       For the first protective
layer, the polymer, compatible compound, and any other ingredients
are dissolved in a suitable solvent at a concentration of from about
5-25% by weight and spin coated onto the substrate at about 500-5,000
rpm, and preferably from about 1,000-3,000 rpm, for about 30-90
seconds It is soft-baked at a temperature of  25 from about 80-130C
for about 60-120 seconds to dry the coating and then is subjected to
a final bake at a temperature of from about 130-225C for about 60-90
seconds to densify the first protective layer and bond it firmly to
the primer layer. The preferred process for baking
styrene-acrylonitrile coatings is to bake them at a temperature of
about 130C for about 120 seconds and then at a temperature of about
200C for about 3060 seconds. During final bake in the embodiments
where the compatible compound  includes epoxy groups, the epoxy
groups will react with the amine groups of the primer layer to form a
bond such as: CHFirst protective layer H2C\ NH 1, Primer layer Si    



The polymer solids level and spinning conditions are adjusted
typically to achieve a coating thickness after final bake of from
about 1-10 pm, and preferably from about 2-8 15  pm, depending upon
the degree of coverage required over device topography on the
substrate.       The second protective layer (if utilized) is applied
from a solvent solution in a manner similar to that described above
with respect to the first protective layer. The solvents used to
apply the second protective layer should be selected to minimize 20
detrimental interaction with the first protective layer. It is
preferred that the second protective layer have an average thickness
(as measured by an ellipsometer over 5 different points) of from
about 2 p.m to about 10 pm, and more preferably from about 3 pin to
about 5 pm. It will be appreciated that at these low thickness, the
second protective layer is acting as a chemical barrier rather than
purely as a physical barrier. 25  The structure coated with the
protective system of the invention can now be subjected to typical
processing steps, including wet etching processes. Wet etching
involves contacting the structure with an etchant. In some
applications, the structure is subjected to two etching steps - one
with a basic etchant, and one with an acidic etchant. In other
applications, the structure would only be contacted with one of basic
or acidic 30ctchants. Contact typically involves full immersion or
dipping of the structure into the etchant bath, but it an also be
accomplished by spraying, puddling, or spin-applying.         Typical
alkaline or basic etchants include those selected from the group
consisting of KOH, TMAH, and Na0H. These etchants are typically
provided in 10- 45% solutions, and more typically about 30%.
Structure contact with basic etchants can be carried out for time
periods of from about 5 minutes to about 24 hours, and more  5
typically from about 4 hours to about 6 hours and at temperatures of
from about 60C to about 100C, and more typically from about 80C to
about 90C.       Typical acidic etchants include those selected from
the group consisting of HF (typically 49%), concentrated H3PO4, and
HF/H3P0IHNO3. Contact with acidic etchants can be carried out for
time periods of from about 1 minute to about 30 minutes, and more
10typically from about 3 minutes to about 7 minutes at ambient
temperatures.       It is preferred that the protective layer(s) or
coating(s) be removed after the wet etching processes have been
completed. A particularly preferred technique is stripping the
coating(s) with solvents conunonly used in microelectronic processing
such as acetone, propylene glycol methyl ether acetate, ethyl
lactate, or a commercially available,  15 fluoride-containing
cleaner. In this technique, the coated substrate is sprayed with, or
immersed in, the solvent until the coating layer has fully dissolved.
The substrate is then rinsed with fresh solvent until clean. The
protective coating system described here is easily removed by
dissolving the thermoplastic layer (the first coating layer) in a
solvent such as acetone. The second coating layer, if present, is
either dissolved at the same time 20or is lifted as the first layer
dissolves.       Practicing the present invention will result in a
protective layer system which suffers little or no lifting during
acidic or basic etching processes. That is, the layer systems will
exhibit less than about 2 mm, preferably less than about 1 nim, and
more preferably less about 0 nun of lifting when subjected to: (1)
about 2 hours (and even 8  25 hours) etching in an approximately



Primer IV was prepared by dissolving 1.0 g of diphenylsilanediol and
1.0 g of 20phenyltrimethoxysilane in 88 g of PGME and 10 g of water.
The primer was similarly aged and then filtered using a 0.2/0.45-gm
polypropylene filter. EXAMPLE 2 Preparation of Primer V (Comparative
Primer)       In a manner similar to Example 1, Primer V was prepared
by adding 1.0 a of 3- aminopropyltriethoxysilane (obtained from
Gelest, Inc, Morrisville, PA) into 95 g of PGME and 5 a of water. The
primer was aged for at least 24 hours so that the silane was
partially hydrolyzed and condensed. The primer was then filtered
using a 0.2/0.45-gm polypropylene filter. 30  EXAMPLE 3 Preparation
of Primer VI       A diethyl fumarate-modified, amino functional
silane was prepared by mixing one mole of
N-(3-trimethoxysily1)-propylethylenediamine with one mole of diethyl
5fumarate, followed by stirring at room temperature for 48 hours. The
mixing process was exothemtic, indicating the immediate reaction of
the two components.       Primer VI was prepared by dissolving 1 g of
the above modified silane into 90 g of PGME and 10 g of water. The
mixture was aged for 24 to 48 hours at room temperature and then
filtered using a 0.210.45-m polypropylene filter. 10 EXAMPLE 4
Preparation of Primer VII Primer VII is an adhesion promoter basedon
3 -(N-phenyl ) am in o propy I tri meth xys ilane, which is very
effective for  15 polystyrene-co-aciylonitrile polymers, especially
for coatings containing reactive groups such epoxy, ester, or
chloromethyl (benzyl chloride) groups. Primer VII was prepared by
dissolving 0.5 g of the aromatic amino silane in 90 g of PGME and 10
g of water. The mixture was aged in a manner similar to the previous
examples and filtered using a 0.2/0.45- um polypropylene filter. 70
EXAMPLES Preparation of Coating Compositions A and B from a Copolymer
of Styrene and Acrylonitrile Commercially available
styrene-acrylonitrile resins were used directly for coating  25
formulations. Composition A was formulated by dissolving 12 g of
poly(styrene-coacrylonitrile) (SAN30: M= 185,000, 30 wt%
acrylonitrile, available from Aldrich) in 44 g of methyl isoamyl
ketone (MIAK) and 44 g of di(ethylene glycol) dimethyl ether.
Composition B was formulated by dissolving 18 g of SAN30 in 41 g of
MIAK and 41 g of di(ethylene glycol) dimethyl ether. Both coating
compositions were filtered twice 30using a 0.2/0.45-um polypropylene
filter. Alternatively, a mixed solvent of propylene glycol monomethyl
ether acetate (PGMEA) and ethyl lactate in a weight ratio of 9:1 was



also used as the solvent. The change of solvent did not noticeably
change the coating quality or adhesion. EXAMPLE 6 5Preparation of a
Terpolymer and Formulation of Coating Composition C from the
Terpolymer       In this procedure, a terpolymer of styrene,
acrylonitrile, and glycidyl methacrylate was prepared. Styrene and
glycidyl methacrylate were purified by passing through an aluminum
oxide column. Acrylonitrile was purified by washing sequentially with
a 5%  10 by weight H2SO4 solution, a 5% by weight NaOH solution, and
water to remove inhibitors and amine impurities that might cause
crosslinking of the polymer. It was dried over anhydrous calcium
chloride and then 4-A molecular sieves.       A 500-nil two-neck
flask containing a 1-inch magnetic stirring bar was charged with 100
g of cyclohexanone (or PGMEA) and a mixture of purified monomers
including  15 35 g of styrene, 10 g of acrylonitil 0, and 5 g of
glycidyl methacrylate. Next, 300 mg of 2,2'-azobisisobutylnitrile
(AIBN) (or benzoyl peroxide) were added to the mixture as an
initiator. The side neck of the flask was capped with a rubber
septum, and the main neck of the flask was connected to a
water-cooled condenser with the top end of the condenser Linked to a
bubbler containing mineral oil. After fixing the entire glass
assembly to a  20 metal stand, the system was purged with nitrogen to
remove oxygen through the side neck of the flask through a needle.
The flask was heated using a hotplate at 80C for about 8 hours to
polymerize the monomer mixture. During the reaction, the reactor was
slowly purged with nitrogen to prevent oxygen from entering. The
polymer obtained was then precipitated in a mixture of isopropanol or
ethanol containing 20% by weight water  25 in a fast-stirring
blender. The polymer was recovered by filtration and vacuum-dried to
remove any solvent or monomer residues. The yield or conversion of
the reaction was 80% to 85%. Gel permeation chromatography (GPC)
indicated the weight average molecular weight of the polymer was
about 200,000 g/mole (relative to polystyrene standard).
Composition C (12.5% solids) was prepared by dissolving 12.5 g of the
recovered dry polymers in 94.5 g of PGMEA and 10.5 g of ethyl
lactate. It was filtered twice using 0.2/0.45-pm polypropylene
filters. 5EXAMPLE 7 Preparation of a Terpolymer and Formulation of a
Coating Composition D from the Terpolymer       A terpolymer of
styrene, acrylonitrile, and butyl acrylate was prepared in this
example. The styrene and acrylonitrile were purified according to the
same method 10described in Example 6. Butyl acrylate was purified by
passing through a column of aluminum oxide.       A mixture of
purified monomers including 30 g of styrene, 15 g of acrylonitrile,
and 5 g of butyl acrylate was polymerized in PGMEA, and the polymer
was recovered using the same method described in Example 3. The
conversion or the yield of the 15polymerization for this system was
around 80%. GPC molecular weight (Mw) for this polymer was around
99,600 g/mole (relative to polystyrene standard).       Composition D
(15% solids) was prepared by dissolving 15 g of the recovered dry
polymer in 76.5 g of PGMEA and 8.5 g of ethyl lactate. It was
filtered twice using 0.2/0.45-mm polypropylene filters. 20 EXAMPLE 8
Preparation of a Quaterpolymer and Formulation of a Coating
Composition E from the Polymer In this procedure, a quaterpolymer of
styrene, acrylonitrile, butyl acrylate, and  25 glycidyl methacrylate
was prepared. To accomplish this, styrene, butyl acrylate, and
glycidyl methacrylate were purified by passing through a column of



5 g of butyl acrylate, and 5 E. of glycidyl methacrylate was
polymerized and recovered  according to the methods described in
Example 6. The conversion or the yield of the polymerization for this
system was around 80%. GPC molecular weight (Mw) for this polymer was
around 124,600 g/mole (relative to polystyrene standard).
Composition E (15 wt% solids) was prepared by dissolving 15 g of the
recovered 5dry polymers in 76.5 a of PGMEA and 8.5 g of ethyl
lactate. It was filtered twice using 0.2/0.45-gm polypropylene
filters. EXAMPLE 9 Preparation of Coating Composition F 10Composition
17 was prepared by combining in solution 13.5 a of a copolymer of
styrene and acrylonitrile (M= 165,000, 25% acrylonitrile) and 1.5 g
of polymethyl methaerylate (PMMA, M 120,000). The coating composition
was filtered using a 0.2/0.45-gm polypropylene filter. 15EXAMPLE 10
Preparation of Coating Composition G       Composition G was prepared
by dissolving 12 g of chlorinated tubber (CLORTEX(r) 20 from American
Tartaric Corporation) in 88 g of PGMEA, followed by filtering with a
0.2/0.45-gm polypropylene filter. 20 EXAMPLE 11 Preparation of
Coating Composition H           Composition H was prepared by
dissolving 10 g of chlorinated PVC (TempRite 674X571 from Noven,
Inc.) in 90 g of cyclohexanone, followed by filtering with a
750.2/0.45-gm polypropylene filter. EXAMPLE 12 Procedure for Applying
Primers I-VII and Coating Compositions A-G               A silicon,
silicon nitride, or silicon nitride wafer with aluminum deposited at
the 30central area was mounted on a spin-coater and centered
properly. Under conditions of a spin acceleration rate of 20,000
rpin2, a spin speed of 2,500 rpm, and a duration of  90 seconds, the
wafer was first washed with acetone for about 20 seconds to remove
any possible contaminants, and then an aliquot of 5 to 10 ml of the
primer was dispensed onto the wafer. After spinning for about another
40 to 60 seconds, a uniform primer layer was obtained on top of the
wafer. Subsequently, the primed wafer was baked on  5 a hotplate at
100-130C for 1 minute to promote chemical bonding between the
substrate and the primer as well as partial vulcanization of the
primer. After the primed wafer cooled to room temperature, a layer of
the particular coating composition (e.g., Composition A) was
spin-applied and then baked on a hotplate sequentially at 100C for 2
minutes, 130C for 1 minute, and 205C for 1 minute. 10 EXAMPLE 13 KOH
Deep-Etch Tests for Various Coating/Primer Combinations 



The test equipment included a glass etchant tanker containing about
4000 ml of a 30% to 35% by weight aqueous KOH solution in which a
TEFLON' wafer boat  15 holding the test substrates in a horizontal
orientation was fully immersed. The etchant solution was heated using
an internal heating unit or outer heating unit such as a hotplate,
and the temperature of the etchant was controlled to 85C  1.5C. In
general, 4-inch wafers of silicon, silicon nitride, or silicon
nitride with aluminum deposited at the central circular area
(approximately 2 inches in diameter) were used for the test. For
silicon  20 wafers, the test was only conducted for 2 to 4 hours
because of the high etch rate of silicon in KOH. For silicon nitride
wafers, the test was extended to at least 8 hours. During the etch
test, die solution was bubbled vigorously with nitrogen to provide
agitation. After the etching period, wafer samples were removed,
rinsed, dried, and then inspected for pinholes and edge lift or
detachment of the coating layer(s).  25 Because aluminum is very
reactive toward KOH solution, any penetration of the coating (either
by pinholes or poor KOH resistance of the coating) was indicated by
disappearance of aluminum at the area. The distance from the edge of
the wafer to the front line of coating detachment in the radial
direction was used as a measure of the adhesion quality of the
primer/coating combination. Results are shown in Table 1. 30
Comments Control [01)UO3 Control   Edge lift not uniform   Results
IVIM of Lifting WILT 0E17  lulu cz-v  Completely lifted LULU E-z
tutu C-I 0E-c 'RUH 



URLI E-I  Protective Coating Bake Process  100C/120sec 130 C/120scc
205C/60sec  100C/120sec 130C/120sec 205C/60sec  100C/120sec
130C/120sec 205C/60sec  100C/120sec 130C/120sec 205 C/60scc
100"C/120sec 130C/120sec 205C/60sec 100 C/120scc 130C/120sec
205C/60sec  100C/120sec 130 C/120sec 205C/60sec _ 100"C/120sec
130C/1205ec 205C/60sec Coating Composition  < < < < < < m a) 



Primer None None None III E Ill III III 02 Plasma Etch  None None
OITOM S3A SOA None Sox Sox Substrate Nitride Nitride + Al pad noo!ils
Op1.131M Nitride + Al pad u0011!S 9PP1INI Nitride + Al pad it dx-a 



_ c-4 (--1 -17  9  8  WO 2009/035866PCT/US2008/074773 Comments Edge
lift not uniform   Edge lift not uniform   Edge lift not uniform Edge
lift not uniform Results MM of Lifting unu cz-E  HIM unit E-I 



LLI Ill 017-0 I   WILT -1 LULU E-.6  111111 9Z-8  iuuj c-1 Protective
Coating Bake Process   00s09/DOCOZ oasOZI/D.O I iimsOZ  100C/120sec
130C/120sec 205 C/60sec 100C/120sec 130C/120sec 205C/60sec
100C/120sec 130C/120sec 205C/60sec  100C/120scc 130C/120sec
205C/60sec  100C/120sec 130C/120sec 205"C/60sec  100C/120sec
130C/120sec ' 205C/60sec 100C/120sec 130C/120sec 250 C/60sec Coating
Composition  ;11 PO 



PC1 =     latupd III   Al AT Al AT >. 02 Plasma Etch  None SOX, SOX
None - SOX SOX None  Substrate Silicon Nitride 



Nitride + Al pad Silicon Nitride Nitride + Al pad Silicon Nitride
tlxa 6 0T I ZI CT ..cf- _ 1   WO 2009/035866PCT/US2008/074773
Comments ! Edge lift not uniform        Results MM of Liftinz 



LULU L-E  co MUT trZ o LULU 9-f, TIIIIT V-E o o Protective Coating
Bake Process    100C/120sec 130'C/120sec 250C/60sec 00809/30g0Z
00809/30001  I 00C/60sec 205 C/60sec 100C/60sec 205C/60sec 100C/60sec
205C/60sec 100 C/60see 205C/60sec 100C/60sec 205C/60sec ! 100C/60sec
205C/60sec Coating Composition  V   



U U .10111pd  IIA IIA 11A IA IA IIA IIA 02 Plasma Etch  SOA. None nom
None None OtTOK None  Substrate Nitride Nitride Nitride + Al pad
Silicon 



Nitride Nitride  Nitride + Al pad iJ (Ira LI ST 61 OZ  ZZ CZ   WO
2009/035866PCT/US2008/074773 Continents          Results NMI of
Lifting C unit 



Z- 10111 Z-1  0 0 WM I 0 tutu E-T MUT Z-T Pro teethe Coating Bake
Process  100C/60sec 205C/60sec 100C/60sec 205C/60sec 100C/60sec
205C/60sec 100C/60sec 205C/60sec 100C/60sec 205C/60sec 100C/60sec
205C/60sec 100C/60sec 205C/60sec 100C/60sec 205C/60sec 100C/60sec
205C/60sec Coating 



Composition  0      Lt?  LI..1 .1011MId IIA hA 11A hA   hA TTA ITA 02
Plasma Etch  None None None None None Ott ON None 



None None Substrate 1100MS Nitride pncl iv + opPliNt -0001IIS 012P1IN
Nitride + Al pad Silicon Nitride Nitride + Al pad # thug SZ 972 LZ SZ
672 012 cr)?Pt     WO 2009/035866PCT/US2008/074773     
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en                25  EXAMPLE 14 Resistance of Coating Combinations
to Concentrated Hydrofluoric Acid       The test described in this
example provided a means for rating the resistance of coating
combinations to hydrofluoric acid and the time for the hydrofluoric
acid to penetrate the 1.5-micron thick coating layers.       At room
temperature, a drop (approximately 0.2 ml) of 49% HF was placed in
the center of a silicon wafer coated centrally with aluminum and
another drop (approximately 0.2 ml) was placed on the area outside of
the aluminum deposit. The wafers were then 10 carefully observed for
penetration of hydrofluoric acid through the coating, as indicated by
the formation of hydrogen bubbles resulting from the aluminum
reacting with hydrofluoric acid. When a silicon nitride-coated wafer
was used as the test substrate, penetration of the coating by
hydrofluoric acid was observed as etching of the gold-colored silicon
nitride layer, which then exposed the gray-colored silicon substrate.
The results are shown in Table 152.   Results 



Coating dissolved or destroyed No penetration observed after 30
minutes; substrate darkened No penetration observed after 30 minutes,
substrate darkened No penetration observed after 30 minutes,
substrate darkened No penetration observed after 30 minutes,
substrate darkened No penetration observed after 30 minutes.   Bake
Process Coating 2 V/I\I  130C/60sec 205C/5 nun V/NI  V/I\I  V/I\I
V/1\I Protective Coating 2  None CD OUOM OLION: OLIO NI None Bake
Process Coating 1 111111 c/DogOZ 00509/D00E1 130C/60sec 205C/5 min
g/D,,SOZ 32s09/D00ET 



130C/60sec 205C/5 min  mill    linociOZ 0s09/300ET 100C/120sec
1300C/120sec 205C/60sec Protective Coating 1  < < 0 0   tattitti None
None >  Jr  Substrate Silicon Nitride Silicon Nitride  PM! NI [JODI f
Silicon 



Nitride  Silicon Nitride  Silicon Nitride + Al Pad Exp  z  -17
EXAMPLE 15 A Simulated Test for Resistance of Coating Combination to
Mixed Acid This test was conducted in a mechanical batch etching
system using a mixture of  5 nitric acid (70% by weight),
hydrofluoric acid (49% by weight), and phosphoric acid (85% by
weight) (HNO3:HF:H3PO4 = 3:1:4) as an etchant. The silicon wafers
were contained in a wafer carrier boat, which was then placed in the
tool for exposure to the etchant. The wafers were tumbled during the
entire length of the etching process (approximately 30 minutes). Once
removed, the wafers were rinsed and evaluated for 10coating
performance. The test was conducted at room temperature, with a
constant fresh supply of etching solution applied to the substrates.
Results are shown in Table 3.   Results Materials lifted off
substrate Completely dissolved after 10 minutes exposure I Completely
dissolved after 10 



minutes exposure . 1 Material lifted off of substrate I No observable
lifting or penetration 1 Material lifted off of substrate  Material
lifted off of substrate Minimal amount of lifting from the edge of
the wafer observed after 10 minutes Random penetration of film
causing a bubble effect. Bake Process Coating 2 VIN  V/N  V/NI
130C/60sec 205C/5 min ural 5/00S0Z oas09/0001  V/N  130C/60sec 205C/5
min 130C/60sec 250C/5 min V/N Protective 



Coating 2  01101\1 01.10N None 0 0 None 0 0 OITON Bake Process
Coating 1  130C/60see 205C/5 min 130C/60sec 205C/5 min    g/DogOZ
30s09/000CI  g/DoSOZ 00s09/300CT  130C/60sec 205C/5 min 130C/60sec
205C/5 min unu c/00cOt 00s09/000CT 130C/60sec 250C/5 min umi c/DOOSZ
00509/000E1 Protective Coating 1 



0. < -ct. < <  < < CD aattqad > > None > None  allow  None >
Substrate 1.100HIS IMONTS  Silicon Silicon Silicon Dioxide 1Silicon
Dioxide Silicon u9alliS 



it dxa -- c-1  17  9   61  WO 2009/035866 Results 1 Film completely
lifted after 30 minutes of exposure 1 100% of film lifted after 5
minutes exposure Excellent coating, no lifting observed even after 30
minutes of exposure Excellent coating, no lifting observed even after
30 minutes of exposure Bake Process Coating 2 V/M  V/N  



130C/60sec 250C/5 min 130C/60sec 250C/5 nun Protective Coating 2
OUONT None CD 0 Bake Process Coating 1  u1n1 g/Dc,OSZ pos09/300E I
130'C/60sec 250C/5 min mar g/300SZ 03s09/300E T ultu c/D.OSZ
Das09/000E1 Protective Coating I  0 CD < <  IT  



II  awnsqns Silicon Silicon Silicon WOWS # dxa OT I! Zr   EXAMPLE 16
Alkaline-resistant coatings comprising
N-phenylaminopropyltrimethoxysilane A. Preparation of Polymer Blend
Solution       A polymer solution was made by adding 0.5 g of
N-phenylarninopropyltrimethoxysilane (obtained from Gelest,
Morrisville, PA) to 50 g of a 25% solution of
poly(styrene-co-acrylonitrile) (sold under the name of LUSTRAN,
obtained from Bayer USA, Pittsburgh, PA) dissolved in a 1:1 mixture
of MIAK and diethylene glycol dimethyl ether ("diglyme"). 13. Silicon
Nitride Wafer Coating       A primer solution of 0.1%
N-phenylaminopropyltimethoxy silane (obtained from Gelest) in a 90:10
mixture of PGME:deionized water was spin coated onto a 4-inch silicon
nitride wafer at 1,500 rpm for 1 minute. The wafer was baked at 205 C
for 1 minute. The polymer blend solution described in Part A of this
example was then spin coated at 200 rpm for 10 seconds followed by
1,500 rpm for 1 minute. The wafer was baked at 100C for 2 minutes,
then at 130C for 2 minutes, and then at 160 C for 2 minutes. C.
Silicon Wafer Coating       A primer solution of 0.1%
N-phenylaminopropyltrimethoxy siltme in a 90:10 mixture of
PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 rpm for 1 minute. The wafer was baked at 205 C for 1 minute.
The polymer blend solution described in Part A of this example was
then spin coated at 200 rpm for 10 seconds followed by 1,500 rpm for
1 minute. The wafer was baked at 100 C for 2 minutes, then at 130C
for 2 minutes, and then at 160C for 2 minutes. D. Etch Testing of
Silicon Nitride Wafer       The silicon nitride wafer coated in Part
B of this example was etched in 30% aqueous KOH solution at 80-85C
for 8 hours. After etching in KOH, the wafer was cleaned with DI
water for 5 minutes and dried in air.  E. Etch Testing of Silicon
Wafer       The silicon wafer coated in Part C of this example was
etched in 30% aqueous KOH solution at 80-85C for 4 hours. After
etching in KOH, the wafer was cleaned with DI water for 5 minutes and
dried in air. EXAMPLE 17 Alkaline-Resistant Coatings Comprising
Poly(Styrene-co-ally1 Alcohol) 



A. Preparation of Polymer Blend Solution       A polymer blend
solution was made by dissolving 144 a of
poly(styrene-co-acrylonitrile) copolymer (obtained from Bayer USA,
Pittsburgh, PA) and 36 g of poly(styrene-co-ally1 alcohol) (obtained
from Sigma-Aldrich, Milwaukee, WI) in a mixture of 574 g of PGME
(obtained from General Chemical, Parsippany, NJ) and 246.2 grams of
ethyl acetoacetate ("EAA," obtained from Harcros, Kansas City, KS).
B. Silicon Nitride Wafer Coating       A primer solution of 0.1%
N-phenylaminopropyltrimethoxy silane in a 90:10 mixture of
PGME:deionized water was spin coated onto a 4-inch silicon nitride
wafer at 1,500 rpm for 1 minute. The wafer was baked at 205 C for 1
minute. The polymer blend solution described in Part A of this
example was then spin coated at 200 rpm for 10 seconds followed by
1,500 rpm for 1 minute. The wafer was baked at 100 C for 2 minutes,
then at 130C for 2 minutes, and then at 160C for 2 minutes. C.
Silicon Wafer Coating       A primer solution of 0.1%
N-phenylaminopropyltrimethoxy silane in a 90:10 mixture of
PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 rpm for 1 minute. The wafer was baked at 205 C for 1 minute.
The polymer blend solution described in Part A of this example was
then spin coated at 200 rpm for 10 seconds followed by 1,500 rpm for
1 minute. The wafer was baked at 100 C for 2 minutes, then at 130C
for 2 minutes, and then at 160C for 2 minutes.  D. Etch Testing of
Silicon Nitride Wafer       The silicon nitride wafer coated in Part
B of this example was etched in 30% aqueous KOH solution at 80-85 C
for 8 hours. After etching in KOH, the wafer was cleaned with DI
water for 5 minutes and dried in air. The film exhibited 2-3 mm of
edge lifting. E. Etch Testing of Silicon Wafer       The silicon
wafer coated in Part C of this example was etched in 30% aqueous KOH
solution at 80-85C for 4 hours. After etching in KOH, the wafer was
cleaned with DI water for 5 minutes and dried in air. The film
exhibited 1-10 mm of edge lifting. EXAMPLE 18 Alkaline-resistant
coatings comprising poly(styrene-co-ally1 alcohol) and
N-phenylaminopropyltrimethoxysilane A. Preparation of Polymer
Solution       A polymer solution was made by adding 5 g of
N-phenylaminopropyltrimethoxysilane (Gelest, Morrisville, PA) to 495
g of the polymer solution prepared in Part A of Example 17. B.
Silicon Nitride Wafer Coating       A primer solution of 0.1%
N-phenylaminopropyltrimethoxy silane in a 90:10 mixture of
PGME:deionized water was spin coated onto a 4-inch silicon nitride
wafer at 1,500 rpm for 1 minute. The wafer was baked at 130 C for 1
minute. The polymer blend solution prepared in Part A of this example
was spin coated at 200 rpm for 10 seconds and then at 1,500 rpm for 1
minute. The wafer was baked at 100 C for 2 minutes, then at 130C for
2 minutes, and then at 160C for 2 minutes. C. Silicon Wafer Coating
A primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a
90:10 mixture of PGME:deionized water was spin coated onto a 4-inch
silicon wafer at 1,500 rpm for 1 minute. The wafer was baked at 130 C
for 1 minute. The polymer  blend solution in Part A of this example
was spin coated at 200 rpm for 10 seconds followed by 1,500 rpm for 1
minute. The wafer was baked at 100t for 2 minutes, then at 130C for 2
minutes, and then at 160C for 2 minutes. D. Etch Testing of Silicon
Nitride Wafer       The silicon nitride wafer coated in Part B of
this example was etched in 30% aqueous KOH solution at 80-85C for 8
hours. After etching in KOH, the wafer was cleaned with DI water for



A. Preparation of Polymer Blend Solution       A polymer blend
solution was made by dissolving 20-25 g of a
poly(styrene-co-acrylonitrile) copolymer and 1-5 g of an epoxy cresol
novolac resin (ECN1299, obtained from Ciba Geigy, Tarrytown, NY) in a
mixture of 37.5 g of ethyl-3-ethoxypropionate ("EEP," obtained from
Sigma-Aldrich, Milwaukee, WI) and 37.5 g of MIAK. The
poly(styrene-co-acrylonitrile) and epoxy cresol novolac resin amounts
were chosen so that the ratio of poly(styrene-co-acrylonitrile) to
ECN1299 was 90/10 (wt/wt). B. Silicon Nitride Wafer Coating       A
primer solution of 0.1% N-phenylaminopropyltrimethoxy silane in a
90:10 mixture of PGME:deionized water was spin coated onto a 4-inch
silicon nitride wafer at 1,500 rpm for 1 minute. The wafer was baked
at 130 'C for I minute. The polymer  blend solution in Part A of this
example was spin coated at 200 rpm for 10 seconds followed by 1,500
rpm for 1 minute. The wafer was baked at 100t for 2 minutes, then at
130C for 2 minutes, and then at 160C for 2 minutes. C. Silicon Wafer
Coating       A primer solution of 0.1%
N-phenylarninopropyltrimethoxy silane in a 90:10 mixture of
PGME:deionized water was spin coated onto a 4-inch silicon wafer at
1,500 rpm for 1 minute. The wafer was baked at 130 C for 1 minute.
The polymer blend solution prepared in Part A of this example was
spin coated at 200 rpm for 10 seconds followed by 1,500 rpm for 1
minute. The wafer was baked at 100 'C for 2 minutes, then at 130C for
2 minutes, and then at 160C for 2 minutes. D. Etch Testing of Silicon
Nitride Wafer       The silicon nitride wafer coated in Part B of
this example was etched in 30% aqueous KOH solution at 80-85C for 8
hours. After etching in KOH, the wafer was cleaned with DI water for
5 minutes and dried in air. The results showed that the wafer was not
attacked by the KOH, and no edge lifting occurred. The film did not
lose adhesion. The wafer after etching is shown in Fig. 1. E. Etch
Testing of Silicon Wafer       The silicon wafer coated in Part C of
this example was etched in 30% aqueous KOH solution at 80-85C for 4
hours. After etching in KOH, the wafer was cleaned with DI water for
5 minutes and dried in air. Results showed that the wafer was not
attacked by KOH, and no edge lifting occurred. EXAMPLE 20 Primer
Solution       A primer solution was made by mixing 0.05 g of
3-aminopropyltriethoxysilane with 98.95 g of propylene glycol mon
omethyl ether, and 1.0 g of de-ionized water. After stirred for 4
hours, the primer solution was filtered through 0.1 itm filter and
stored in a plastic bottle.  EXAMPLE 21 Alkaline-Resistant Coatings
Comprising Epoxy Cresol Novolac Resin 1. Preparation of polymer blend
solution       A polymer blend solution was made by dissolving 22.5 g
of a poly(styrene-co-acrylonitrile) copolymer and 2.5 g of ECN1299 in
a mixture of 37.5 g of EEP, and 37.5 g of MIAK. 2. Wafer coating
The primer solution from Example 20 was spin-coated onto a silicon
wafer at 1,500rpm for 1 minute. The wafer was baked at 205C for 1
minute. The polymer blend solution prepared in Part 1 of this example
was spin coated at 200 rpm for 10 seconds and then at 1,500 rpm for 1
minute. The wafer was baked at 100C for 2 minutes, then at 130C for 2
minutes, and then at 160C for 2 minutes. 3. Etch Testing       The
wafer coated in Part 2 of this example was etched in 30% KOH aqueous
solution at 80-85C for 4 hours. After the KOH etch, the wafer was
cleaned with deionized water for 5 minutes and dried in air. The KOH
did not attack or affect the wafers, and there was no edge lifting.
EXAMPLE 22 Alkaline-Resistant Coatings Comprising Epoxy Cresol



A polymer blend solution was made by dissolving 22.5 a of the
poly(styrene-co-acrylonitrile) copolymer used in Example 21 and 2.5 g
of ECN1299 in a mixture of 37.5 g of EEP and 37.5 g of MIAK.  2.
Wafer Coating       The primer solution prepared in Example 20 above
was spin-coated on to a SiN wafer at 1,500rpm for 1 minute. The wafer
was baked at 205 C for a minute. The polymer blend solution in Part 1
of this example was spin coated at 200 rpm for 10 seconds and then at
1,500 rpm for 1 minute. The wafer was baked at 100C for 2 minutes,
then at 130C for 2 minutes, and then at 160C for 2 minutes. 3. Etch
Testing       The wafer coated in Part 2 of this example was etched
in a 30% KOH aqueous solution at 80-85C for 8 hours. After the KOH
etch, the wafer was cleaned with dionized water for 5 minutes and
dried in air. The KOH did not attack or affect the wafers, and there
was no edge lifting.  We claim:  1.A composition useful as a
protective layer, said composition comprising a first polymer and a
compatible compound dissolved or dispersed in a solvent system,
wherein: said first polymer comprises:     wherein: each R' is
individually selected from the group consisting of hydrogen and CI-Cs
alkyls; and each le is individually selected from the group
consisting of hydrogen, CI-C8 alkyls, and CI-C8 alkoxys; said
compatible compound is selected from the group consisting of:
monomers, oligomers, and polymers comprising epoxy groups;
poly(styrene-co-ally1 alcohol); and and mixtures thereof; and said
composition is includes less than 0.1% by weight of photoacid
generators, based upon the total weight of the composition taken as
100% by weight, and is non-crosslinkable.        2. The composition
of claim 1, wherein said compatible compound is selected from the
group consisting of epoxy phenol novolac resins, epoxy bisphenol A/F
resins, epoxy cresol novolac resins, epoxy bisphenol A resins, and
epoxy bisphenol A novolac resins.       3. The composition of claim
1, wherein said compatible compound comprises from 15% to 30% by
weight epoxy groups, based upon the total weight of the compatible
compound taken as 100% by weight.       4. A method of forming a
microelectronic device, said method comprising contacting a
microelectronic structure with an etchant selected from the group
consisting of basic etchants and acidic etchants, said
microelectronic structure comprising: a microelectronic substrate
having a surface; 



a primer layer adjacent said substrate surface; and a first
protective layer adjacent said primer layer, said first protective
layer being formed from a composition comprising a first polymer and
a compatible compound dissolved or dispersed in a solvent system,
wherein: said first polymer comprises:      wherein: each Pi is
individually selected from the group consisting of hydrogen and C1-C3
alkyls; and each 122 is individually selected from the group
consisting of hydrogen, C1-05 alkyls, and CI-Cs alkoxys; said
compatible compound is selected from the group consisting of:
monomers, oligomers, and polymers comprising epoxy groups;
poly(styrene-co-ally1 alcohol); and and mixtures thereof; and said
composition is includes less than 0.1% by weight of photoacid
generators, based upon the total weight of the composition taken as
100% by weight, and is non-crosslinkable.       5. The method of
claim 4, wherein said contacting comprises immersing said
microelectronic structure in said etchant.       6. The method of
claim 4, said structure further comprising a second protective layer
adjacent said first protective layer.       7. The method of claim 6,
wherein said contacting comprises contacting said structure with one
of said basic etchant and said acidic etchant, and further comprising
contacting said structure with the other of said basic etchant and
said acidic etchant.       8. The method of claim 4, said first
protective layer having an average thickness of from 1-5 p.m.
9. The method of claim 4, wherein said microelectronic substrate is
selected from the group consisting of Si substrates, Si02 substrates,
Si3N4 substrates, SiO, on silicon substrates, Si3N4 on silicon
substrates, glass substrates, quartz substrates, ceramic substrates,
semiconductor substrates, and metal substrates.       10. The method
of claim 4, said primer layer comprising a silane selected from the
group consisting of an aromatic organo silanes, amino silanes, and
mixtures thereof       11. The method of claim 4, wherein said
priiner and protective layers ekhibit less than 3mm of lifting when
contacted for 2 hours with a 30-35% by weight aqueous KOH solution
having a temperature of 83-87C.        12. The method of claim 4,
wherein said primer layer and first protective layer interact to form
bonds comprising:  CH 



H2C NH       13. A microelectronic structure comprising: a
microelectronic substrate having a surface; a primer layer adjacent
said substrate surface; and a first protective layer adjacent said
primer layer, said first protective layer comprising a first polymer
and a compatible compound dissolved or dispersed in a solvent system,
wherein: said first polymer comprises:   wherein: each W is
individually selected from the group consisting of hydrogen and CI-Cs
alkyls; and each R2 is individually selected from the group
consisting of hydrogen, C1-C8 alkyls, and crcs alkoxys; said
compatible compound is selected from the group consisting of:
monomers, oligomers, and polymers comprising epoxy groups;
poly(styrene-co-ally1 alcohol); and and mixtures thereof; and said
layer is includes less than 0.1% by weight of photoacid generators,
based upon the total weight of the composition taken as 100% by
weight, and is non-crosslinlcable. 14.The structure of claim 13, said
structure further comprising a second protective layer adjacent said
first protective layer.        15. The structure of claim 13, said
first protective layer having an average thickness of from 1-5 gm.
16. The structure of claim 13, wherein said microelectronic substrate
is selected from the group consisting of Si substrates, 5102
substrates, S13bT4 substrates, Si02 on silicon substrates, S13N4 on
silicon substrates, glass substrates, quartz substrates, ceramic
substrates, semiconductor substrates, and metal substrates.       17.
The structure of claim 13, said primer layer comprising a silane
selected from the group consisting of an aromatic organo silanes,
amino silanes, and mixtures thereof       18. The structure of claim
13, wherein said primer and protective layers exhibit less than 3mm
of lifting when contacted for 2 hours with a 30-35% by weight aqueous
KOH solution having a temperature of 83-87C. 




