
FOOD SERVICE ARTICLES OF MANUFACTURE COMPRISING HIGH
TEMPERATURE POLYMERS BACKGROUND OF INVENTION This
disclosure relates to food service articles. In
particular, the disclosure relates to food service
articles comprising a high glass transition
temperature thermoplastic. Food service is in
expanding and ever changing industry. As lifestyles
become increasingly hectic, food preparation, both in
the home kitchen and in the commercial kitchen,
becomes more efficient and stream lined. Consumers
expect and desire methods and articles which enable
them to quickly prepare food that is nutritious and
satisfying. In addition, with the increasing emphasis
on environmental responsibility, it's desirable for
articles to be reusable. Articles which function as
cookware, containers, utensils and tableware must
survive tortuous conditions. Ideally they are capable
of going from extremely low temperatures (the freezer)
to high temperature cooking without cracking,
deforming, or discoloring. In addition they must be
hydrolytically stable (for dishwashing), and
chemically resistant to oils, mild acids and mild
bases to prevent flavor absorption, allowing the
article to be used for a variety of foods. In
addition, even heat transfer is important in some
cooking methods. Having a surface for contact with
food (a food surface) that resists having food stick
to it is also valuable. There is an ongoing need for a
variety of food service articles that address some or
all of these criteria. BRIEF DESCRIPTION OF THE
INVENTION The present invention is directed to a food
service article comprising a high temperature
thermoplastic composition comprising either: a) an
immiscible blend of polymers comprising one or more
polyetherimides., having more than one glass
transition temperature wherein the polyetherimide has
a glass transition temperature greater than 217
Celsius; b) a miscible blend of polymers, comprising
one or more polyetherimides, having a single glass
transition temperature greater than 180Celsius; or, c)
a single polyetherimide having a glass transition
temperature of greater than 247 Celsius. The present
invention is also directed to shaped articles
comprising a polyetherimide having a hydrogen atom
number to carbon atom number 0.45-0.85, or 0.50 -0.80
or 0.55-0.75 or 0.60-0.70. The present invention is
also directed to shaped articles comprising one or
more polyetherimides being essentially free of
benzylic protons. DETAILED DESCRIPTION OF THE
INVENTION The food service articles described herein
have excellent heat stability, making them applicable
to a range of cooking methods. For purposes of the
present invention the term "food service article"
means an article of manufacture that is intended to
come into contact with food. As such the term food
service article comprises dishes, including plates,
bowls, cups, pitchers, etc., utensils of all sizes
including forks, knives and spoons, etc, containers,
including covered and uncovered containers, and
cooking vessels, such as pots and pans. For purposes
of the present invention a tray for carrying or
holding food is considered to be a container. "High
Tg" refers io polymers having a glass transition
temperatures of 180 or above. The definition of
benzylic proton is well known in the art, and in terms
of the present invention it encompasses at least one
aliphatic carbon atom chemically bonded directly to at
least one aromatic ring, such as a phenyl or benzene
ring, wherein said aliphatic carbon atom additionally
has at least one proton directly bonded to it. In the
present context substantially or essentially free of
benzylic protons means that the polymer, such as for
example the polyimide sulfone product, has less than
about 5 mole % of structural units, in some
embodiments less than about 3 mole % structural units,
and in otrwr embodiments less than about 1 mole %
structural units derivedcontaining benzylic protons.
Free of benzylic protons, which are also known as
benzylic hydrogens, means that the polyetherimide
article has zero mole % of structural units derived
from monomers and end cappers containing benzylic
protons or benzylic hydrogens. The amount of benzylic
protons can be determined by ordinary chemical
analysis based on the chemical structure. The term
"hydrogen atom to carbon atom numerical ratio" is the
ratio of the number of hydrogen atoms to the number of
carbon atoms in the polymer or the repeat unit
(monomer) making up the polymer. The present invention
is also directed to shaped articles comprising a
polyetherimide having a hydrogen atom number to carbon
atom number 0.45-0.85, or 0.50 -0.80 or 0.55-0.75 or
0.60-0.70. The present invention is also directed to
shaped articles comprising one or more polyetherimides
being essentially free of benzylic protons. In one
embodiment, the food service article comprises a dish,
cookware or container suitable for use in a microwave.
There is no limitation with regard to shape. The
article may have a unitary shape or may comprise
partitions to form individual compartments, as well as
covers. The article may further comprise one or more
susceptors to promote browning or more even cooking.
Susceptors are well known in the art and are described
in a variety of patents including U.S. Patent No.
4,962,000, which is incorporated by reference herein.
The dish or container may comprise a lid or cover. The
lid or cover may be attached or separate. In one
embodiment, the lid or cover comprises a high
temperature thermoplastic composition comprising
either: a) an immiscible blend of polymers having more
than one glass transition temperature and one of the
polymers has a glass transition temperature greater
than 180 degrees Celsius; b) a miscible blend of
polymers having a single glass transition temperature
greater than 217 degrees Celsius; or, c) a single
virgin polymer having a glass transition temperature
of greater than 247 degrees Celsius. The lid or cover
may have opening to allow the release ofsteam created
by cooking or for filtering. In one embodiment, the
openings are adjustable and the size of the opening
may be chosen. In one embodiment, the food service
article comprises cookware suitable for use in a
conventional oven or stovetop. The article may have a
unitary shape or may comprise partitions to form
individual compartments. The article may comprise a
lid or cover that may be attached or separate. In one
embodiment, the Hd or cover comprises a high
temperature thermoplastic composition comprising
either: a) an immiscible blend of polymersi having
more than one glass transition temperature and one of
the polymers has a glass transition temperature
greater than 180 degrees Celsius; b) a miscible blend
of polymers having a single glass transition
temperature greater than 217 degrees Celsius; or, c) a
single virgin polymer having a glass transition
temperature of greater than 247 degrees Celsius. In
some embodiments the lid may comprise openings for the
release of steam or filtering. Ln one embodiment, the
presence or absence of openings is adjustable. In one
embodiment the size of the openings is adjustable. In
some embodiments the food service article demonstrates
low temperature ductility, enabling the food service
article to be subjected to low temperatures such as 5C
to - 600C, or more specifically, 5C to -300C, or, even
more specifically, 5C to -10C. In some embodiments the
at least a portion of the food surface of the food
service article is covered by a non-stick coating.
Non-stick coatings are well known in the art and are
taught, for example, in U.S. Patent No. 6,737,164 and
EP 0199020 which are incorporated by reference herein.
In some embodiments the adhesion of food to a surface
of the high temperature thermoplastic composition is
reduced through the inclusion of one or more of the 



following, fluoridated polyolefn, fatty acid amide,
fatter acid ester, and anionic surfactant as taught in
U.S. Patent Nos. 6,846,864, 6,649,676, and 6,437,031,
which are incorporated herein by reference. The high
temperature thermoplastic composition employed in the
food service article may be in an e:tpanded (foamed)
or unexpanded form. The high temperaturethermoplastic
composition may be used in combination with one or
more other thermoplastic compositions. Additionally,
the food service article may comprise a metal portion
which is covered, usually in it's entirety, by the
high temperature thermoplastic composition. In some
embodiments, the high temperature thermoplastic
composition comprises one or more heat conducting
fillers. The high temperature thermoplastic
composition comprising the heat conducting filler may
be used through out the food service article or may be
used i only a portion of the food service article. For
example, the high temperature thermoplastic
composition comprising the heat conducting filler may
be used in the bottom and sides of a saute pan while
the handle comprises a high temperature thermoplastic
composition without the heat conducting filler. The
high temperamre thermoplastic composition may comprise
pigments or dyes to achieve a desired color. The high
temperature thermoplastic composition may also
comprise a reinforcing filler. Exemplary reinforcing
fillers include flaked fillers that offer
reinforcement such as glass flakes, flaked silicon
carbide, aluminum diboride, aluminum flakes, and steel
flakes. Exemplary reinforcing fillers also include
fibrous fillers such as short inorganic fibers,
natural fibrous fillers, single crystal fibers, glass
fibers, and organic reinforcing fibrous fillers. Short
inorganic fibers include those derived from blends
comprising at least one of aluminum silicates,
aluminum oxides, magnesium oxides, and calcium sulfate
hemihydrate. Natural fibrous fillers include wood
flour obtained by pulverizing wood, and fibrous
products such as cellulose, cotton, sisal, jute,
starch, cork flour, lignin, ground nut shells, corn,
rice grain husks. Single crystal fibers or "whiskers"
include silicon carbide, alumina, boron carbide, iron,
nickel, and copper single crystal fibers. Glass
fibers, including textile glass fibers such as E, A,
C, ECR, R, S, D, and NE glasses and quartz, and the
like may also be used. In addition, organic
reinforcing fibrous fillers may also be used including
organic polymers capable of formir,ig fibers.
Illustrative examples of such organic fibrous fillers
include, for example, poly(ether ketone), polyimide,
polybenzoxazole, polyCphenylene sulfide), polyesters,
polyethylene, aromatic polyamides, aromaticpolyimides
or polyetherimides, polytetrafluoroethylene, acrylic
resins, and poly( vinyl alcohol). Such reinforcing
fillers may be provided in the form of monofilament or
multifilament fibers and can be used either alone or
in combination with other types of fiber, through, for
example, co-weaving or core/sheath, side-by-side,
orange-type or matrix and fibril constructions, or by
other methods known to one skilled in the art of fiber
manufacture. Typical cowoven structures include glass
fiber-carbon fiber, carbon fiber-aromatic polyimide
(aramid) fiber, and aromatic polyimide fiber-glass
fiber. Fibrous fillers may be supplied in the form of,
for example, rovings, woven fibrous reinforcements,
such as 0-90 degree fabrics, non-woven fibrous
reinforcements such as continuous strand mat, chopped
strand mat, tissues, papers and felts and
3-dimensionally woven reinforcements, performs and
braids. The food service e ticle may be formed using
suitable techniques or combinations of techniques
including injection molding, thermofbrming, blow
molding, extrusion molding, and cold compression.
Selection of the technique or combination of
techniques is well within the skill of one of ordinary
skill in the art. When the food service article
comprises a coating the coating may be applied by
methods known in the art such as one or more of
various laminating techniques, spraying, brushing, dip
coating and the like. Representative examples of
polymers, co-polymers and blends useful in the present
invention are listed below: A. High Tg Polymer Blends
of A SuIf one Based Polymer or Blend: a Silicone
Co-poly puer; and, a Resorcinol Derived Polyaryl
Ester. Disclosed herein are articles of manufacture
comprising a polymers blend, wherein some or all of
one surface of the polymer blend is coated with a
covering, wherein the covering material is of a
different composition than the polymer blend, and,
wherein the polymer blend comprises: a) a first resin
selected from the group of polysulfones (PSu),
poly(ether ulfone) (PES) poly(phenylene ether
sulfone)s (PPSU) having a high glass transition
temperature (Tg > 180 0C), b) a silicone copolymer,
for instancesilicone polyimide or silicone
polycarbonate; and optionally, c) a resorcinol based
polyarylate, wherein the blend has surprisingly low
heat release values. 1. The Folysulfone, Polyether
Sulfone And Polyphenylene Ether Sulfone Component Of
The Blend Polysulfones, poly(ether sulfone)s and
poly(phenylene ether sulfone)s which are useful in the
articles described herein are thermoplastic resins
described, for example, in U.S. patents No,.:
3,634,355, 4,008,203, 4,108,837 and 4,175,175.
Polysulfones, poly(ether sulfone)s and poly(phenylene
ether sulfone)s are linear thermoplastic polymers that
possess a number of attractive features such as high
temperature resistance, good electrical properties,
and good hydrolytic stability. Polysulfones comprise
repeating units having the structure of Formula  :
wherein R is an aromatic group comprising
carbon-carbon single bonds, carbonoxygen- carbon bonds
or carbon-carbon and carbon-oxygen-carbon single bonds
and the single bonds foi n a portion of the polymer
backbone. Poly(ether sulfone) 3 comprise repeating
units having both an ether linkage and a sulfone
linkage in the backbone of the polymer as shown in
Formula II: wherein Ar and Ar' are aromatic groups
which may be the same or different. Ar and Ar' may be
the same or different. When Ar and Ar are both
phenylene the polymer is known as poly(phenylene ether
sulfone). When Ar and Ar' are both arylene the polymer
is known as poly(arylene ether sulfone). The number of
sulfone linkages andthe number of ether linkages may
be the same or different. An exemplary structure
demonstrating when the number of sulfone linkages
differ from the number of ether linkages is shown in
Formula (III): -f-Ar-S-Ar -O-Ar - q 4- (III) wherein
Ar, Ar' and Ar" are aromatic groups which may be the
same or different. Ar, Ar' and Ar" may be the same or
different, for instance, Ar and Ar' may both be
phenylene and Ar':' may be a
bis(l,4-phenylene)isopropyl group. A variety of
polysulfones and poly(ether sulfone)s are commercially
available, including the polyeondensation product of
dihydroxy diphenyl sulfone with dichloro diphenyl
sulfone, eind the polyeondensation product of
bisphenol-A and or biphenol with dichloro diphenyl
sulfone. Examples of commercially available resins
include RADEL R, RADEL A, and UDEL, available from
Solvay, Inc., and ULTRASON E, available from BASF Co.
Methods for the preparation of polysulfones and
poly(ether sulfones) are widely known and several
suitable processes have been well described in the
art. Two methods, the carbonate method and the alkali
metal hydroxide method, are known to the skilled
artisan. n the alkali metal hydroxide method, a double
alkali metal salt of a dihydric phenol is contacted
with a dihalobenzenoid compound in the presence of a
dipolar, aprotic solvent under substantially anhydrous
conditions. The carbonate method, in which a dihydric
phenol and a dihalobenzenoid compound are heated, for
example, with sodium carbonate or bicarbonate and a
second alkali metal carbonate or bicarbonate is also
disclosed in the art, for example in US Patents
4,176,222. Alternatively, the polysulfone and
poly(ether sulfone) may be prepared by any of the 



variety of methods iknown in the art. The molecular
wei| rJit of the polysulfone or poly(ether sulfone),
as indicated by reduced viscosity data in an
appropriate solvent such as methylene chloride,
chloroform, N-methylpyrrolidone, or the like, can be
greater than or equal to about0.3 dl/g, or, more
specifically, greater than or equal to about 0.4 dl/g
and, typically, will not exceed about 1.5 dl/g. In
some instances the polysulfone or poly(ether sulfone)
weight average molecular weight can be about 10,000 to
about 100,000 as determined by gel permeation
chromatography using ASTM METHOD D5296. Polysulfones
and poly(ether sulfone)s may have glass transition
temperatures of about 180 0C to about 250 0C in some
instances. When the polysulfones, poly(ethersulfone)s
and poly(phenylene ether sulfone)s are blended with
the resins described herein the polysulfone,
poly(ether sulfone) and poly(phenylene ether) sulfone
will have a glass transition temperature (Tg) greater
than or equal to about 180 0C. Polysulfone resins are
further described in ASTM method D6394 Standard
Specification for Sulfone Plastics. In some instances
polysulfones, poly(ethersulfone)s and poly(phenylen.e
ether sulfone)s and blends thereof, will have a
hydrogen to carbon atom ratio (H/C) of less than or
equal to about 0.85. Without being bound by theory
polymers with higher carbon content relative to
hydrogen content, that is a low ratio of hydrogen to
carbon atoms, often show improved FR performance.
These polymers have lower fuel value and may give off
less energy when burned. They may also resist burning
through a tendency to form an insulating char layer
between the polymeric fuel and the source of ignition.
Independent of any specific mechanism or mode of
action it has been observed that such polymers, with a
low H/C ratio, have superior flame resistance. In some
instances the H/C ratio can be less than or equal to
0.75 or less than 0.65. In other instances a FI/C
ratio of greater than or equal to about 0.4 is
preferred in order to give polymeric structures with
sufficient flexible linkages to achieve melt
processability. The H/C ratio of a given polymer or
copolymer can be determined from its chemical
structure by a count of carbon and hydrogen atoms
independent of any other atoms present in the chemical
repeat unit. In the polymer blend the polysulfones,
poly(ether sulfone)s and poly(phenylene ether
sulfone)s and blends thereof may be present in amounts
of about 1 to about 99 weight percent, based on i:he
total weight of the polymer blend. Within this range,
the amount of the polysulfones, poly(ether sulfone)s,
and poly(phenylene ether sulfone)sand mixtures thereof
may be greater than or equal to about 20 weight
percent, more specifically greater than or equal to
about 50 weight percent, and even more specifically
greater than or equal to about 70 weight percent. The
skilled artisan will appreciate that the polysulfones,
roly(ether sulfones), and poly(phenylene ether
sulfone)s and mixmres thereof may be present in a
percentage by weight of the total polymer blend of any
real number between about 1 and about 99 weight
percent, and particularly from . to 70 weight percent.
2. The Silicone Component Of The Blend The silicone
copolymer comprises any siloxane copolymer effective
to improve the heat release performance of the
composition. In some instances siloxane copolymers of
polyetherimides, polyetherimide sulfones,
polysulfones, poly(phenylene ether sulfbne)s,
poly(ether sulfone)s or poly(phenylene ether)s maybe
used. In some instances, siloxane polyetherimide
copolymers, or siloxane polycarbonate copolymers may
be effective in reducing heat release and improving
flow rate performance. Mixtures of different types of
siloxane copolymers are also contemplated. In one
embodiment, the siloxane copolymer comprises about 5
to about 70 wt% and in other instances 20 to about 50
wt% siloxane content with respect to the total weight
of the copolymer. The block length of the siloxane
segment of the copolymer may be of any effective
length. In some examples, the block length may be
about 2 to about 70 siloxane repeating units. In other
instances the siloxane block length may be about 5 to
about 50 repeating units. In many instances dimethyl
siloxanes may be used. Siloxane polyetherimide
copolymers are a specific embodiment of the siloxane
copolymer that may be used in the polymer blend.
Examples of such siloxane polyetherimide copolymers
are shown in US Patents No. 4,404,350, 4,808,686 and
4,690,997. In one instance the siloxane polyetherimide
copolymer can be prepared in a manner similar to that
used for polyetherimides, except that a portion, or
all, of the organic diamine reactant is replaced by an
amine-terminated organo siloxane, for example, of
Formula IV wherein g is an integer having a value of 1
to about 50, or,more specifically, about 5 to about 30
and R' is an aryl, alkyl or aryl alky group having 2
to about 20 carbon atoms. Formula IV The siloxane
polyetherimide copolymer can be prepared by any of the
methods well known to those skilled in the art,
including the reaction of an aromatic bis(ether
anhydride) of the Formula V wherein T is -O-, -S-, -SO
- or a group of the formula -O-Z-O- wherein the
divalent bonds of the -O- or the -O-Z-O- group are in
the 3,3', 3,4', 4,3', or the 4,4' positions, and
wherein Z includes, but is not limited to substituted
or unsubstituted divalent organic radicals such as:
(a) aromatic hydrocarbon radicals having about 6 to
about 20 carbon atoms and halogenated derivatives
thereof; (b) straight or branched chain alkylene
radicals having about 2 to about 20 carbon atoms; (c)
cycloalkylene radicals having about 3 to about 20
carbon atoms, or (d) divalent radicals of the general
Formula VI wherein Q includes but is not limited to a
divalent group selected from the group consisting of
-O-, -S-, -C(O)-, -SO -, -SO-, -CyH2y- (y being an
integer from 1 to 8), and fluorinated derivatives
thereof, including perfluoroalkylene groups, with an
organic diamine of the formula VIIH2N-R'-NH 2 (VII)
wherein group R1 in formula VII includes, but is not
limited to, substituted or unsubstituted divalent
organic radicals such as: (a) aromatic hydrocarbon
radicals having about 6 to about 24 carbon atoms and
halogenated derivatives thereof; (b) straight or
branched chain alkylene radicals having about 2 to
about 20 carbon atoms; (c) cycloalkylene radicals
having about 3 to about 20 carbon atoms, or (d)
divalent radicals of the general formula VI. Examples
of specific aromatic bis anhydrides and organic
diamines are disclosed, for example, in US Patents
3,972,902 and 4,455,410. Illustrative examples of
aromatic bis anhydride of formula (XIV) include:
3,3-bis[4-(3 ,4-dicarboxyphenoxy)phenyl]propane
dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl
ether dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)diphenyl sulfide
dianhydride; 4,4'-bis(3
,4-dicarboxyphenoxy)benzophenone dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)diphenyl sulfone
dianhydride; 2,2-bis[4-(2,3-dic
iarboxyphenoxy)phenyl]propane dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)diphenyl ether
dianhydride; 4,4'-bis(2,3-dicarboxyphenoxy)diphenyl
sulfide dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)benzophenone
dianhydride; 4,4'-bis(2,3-dicarboxyphenoxy)diphenyl
sulfone dianhydride;
4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diph
enyl-2,2-propane dianhydride;
4-(2,3-dicarboxyp'henoxy)-4'-(3,4-dicarboxyphenoxy)dip
henyl ether dianhydride;
4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diph
enyl sulfide dianhydride;
4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)benz
ophenone dianhydride; and,
4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diph
enyl sulfone dianhydride, 



as well as mixtures thereof. Examples of suitable
diamines, in addition to the siloxane diamines
described above, include ethylenediamine,
propylenediamine, trimethylenediamine,
diethylenetriamine, triethylenetertramine,
hexamethylenediamine,
heptamethylenediamine,octamethylenediamine,
nonamethylenediamine, decamethylenediamine, 1,12-
dodecanediamine., 1,18-octadecanediamine,
3-methylheptamethylenediamine, 4,4-
dimethylheptameihylenediamine,
4-methylnonamethylenediamin6, 5-
methylnonamethylenediamine,
2,5-dimethylhexamethylenediamine, 2,5-
dimethylheptameihylenediamine, 2,
2-dimethylpropylenediamine, N-methyl-bis (3-
aminopropyl) amine, 3-methoxyhexamethylenediamine,
1,2-bis(3-aminopropoxy) ethane, bis(3-aminopropyl)
sulfide, 1,4-cyclohexanedi amine,
bis-(4-aminocyclohexyl) methane, m-phenylenediamine,
p-phenylenediamine, 2,4-diaminotoluene, 2,6-
diaminotoluene, m-xylylenediamine, p-xylylenedi amine,
2-methyl-4,6-diethyl-l,3- phenylene-diamme,
5-methyl-4,6-diethyl-l,3-phenylene-diamine, benzidine,
3,3'- dimethylbenzidin'3, 3,3'-dimethoxybenzidine,
1,5-diaminonaphthalene, bis(4- aminophenyl) meithane,
bis(2-chloro-4-amino-3, 5-diethylphenyl) methane,
bis(4- aminophenyl) propane, 2,4-bis(amino-t-butyl)
toluene, bis(p-amino-t-butylphenyl) ether,
bis(p-methyl-o-aminophenyl) benzene,
bis(p-methyl-o-aminopentyl) benzene, 1,
3-diamino-4-ispropylbenzene, bis(4-aminophenyl)
sulfide, bis (4-aminophenyl) sulfone,
bis(4-amiinophenyl) ether and combinations comprising
two or more of the foregoing. A specific example of a
siloxane diamine is l,3-bis(3-aminopropyl)
tetramethyldisilo ane. In one embodiment the diamino
compounds used in conjunction with ithe siloxane
diamine are aromatic diamines, especially m- and
pphenylenediamin<;, sulfonyl dianiline and mixtures
thereof. Some siloxane polyetherimide copolymers may
be formed by reaction of an organic diamine, or
mixture of diamines, of formula VII and the
amine-terminated organo siloxane of formula IV as
mentioned above. The diamino components may be
physically mixed prior to reaction with the
bis-anhydride(s), thus forming a substantially random
copolymer. Alternatively block or alternating
copolymers may be formed by selective reaction of VII
and IV with dianhydrides, for example those of formula
V, to make polyimide blocks that are subsequently
reacted together. In another instance the siloxane
used to prepare the polyetherimde copolymer may have
anhydride rather than amine functional end groups.In
one instance the siloxane polyetherimide copolymer can
be of formula VIII wherein T, R' and. g are described
as above, b has a value of about 5 to about 100 and Ar
1 is an aryl or allkyl aryl group having 6 to about 36
carbons . Formula VIII In some siloxane polyetherimide
copolymers the diamine component of the siloxane
polyetherimide copolymers may contain about 20 to 50
mole % of the amineterminated organO' siloxane of
formula IV and about 50 to 80 mole % of the organic
diamine of formula VII. In some siloxane copolymers,
the siloxane component is derived from about 25 to
about 40 mole % of an amine or anhydride terminated
organo siloxane. The silicone copolymer component of
the polymer blend may be present in an amount of about
0.1 to about 40 weight percent or alternatively from
about 0.1 to about 20 weight percent with respect to
the total weight of the polymer blend. Within this
range, the silicone copolymer may also be present in
an amount 0.1 to about 10%, further from 0.5 to about
5.0%.3. The Resorcinol Based Polvarylate Component of
the Blend The resorcinol based polyarylate is a
polymer comprising arylate polyester structural units
that are the reaction product of a diphenol and an
aromatic dicarboxylic acid. At least a portion of the
arylate polyester structural units comprise a 1,3-
dihydroxybenzeno group, as illustrated in Formula I,
commonly referred to throughout this specification as
resorcinol or resorcinol group. Resorcinol or
resorcinol group as used herein should be understood
to include both unsubstituted 1,3-dihydroxybenzene and
substituted 1,3-dihydroxybenzenes unless explicitly
stated otherwise. Formula IX In Formula IX R2 is
independently at each occurrence a C1-12 alkyl, C6-C24
aryl, C7- C24 alkyl aryl, alkoxy or halogen, and n is
0-4. In one embodiment, the resorcinol based
polyarylate resin comprises greater than or equal to
about 50 imole% of units derived from the reaction
product of resorcinol with an aryl dicarboxylic acid
or aryl dicarboxylic acid derivative suitable for the
formation of aryl ester linkages, for example,
carboxylic acid halides, carboxylic acid esters and
carboxylic acid salts. Suitable dicarboxylic acids
include monocyclic and polycyclic aromatic
dicarboxylic acids. Exemplary monocyclic dicarboxylic
acids include isophthalic acid, terephthalic acid, or
mixtures of isophthalic and terephthalic acids.
Polycyclic dicarboxylic acids include diphenyl
dicarboxylic acid, diphenylether dicarboxylic acid,
and naphthalenedicarboxylic acid, for example
naphthalene-2,6-dicarboxylic acid.Therefore, in one
embodiment the polymer blend comprises a thermally
stable polymers having resorcinol arylate polyester
units as illustrated in Formula X wherein R2 and n are
as previously defined: Formula X Polymers comprising
resorcinol arylate polyester units may be made by an
interfacial polymerization method. To prepare polymers
comprising resorcinol arylate polyester units
substantially free of anhydride linkages a method can
be employed wherein the first step combines a
resorcinol group and a catalyst in a mixture of water
and an organic solvent substantially immiscible with
water. Suitable resorcinol compounds are of Formula Xl
: Formula XI wherein R2 is independently at each
occurrence C1.12alkyl, C -C aryl, C7-C2 alkyl aryl,
alkoxy or halogen, and n is 0-4. Alkyl groups, if
present, are typically straightchain, branched, or
cyclic alkyl groups, and are most often located in the
ortho position to both oxygen atoms although other
ring locations are contemplated. Suitable C .12 alkyl
groups include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, butyl, iso-butyl, t-butyl, hexyl,
cyclohexyl, nonyl, decyl, and arylsubstituted alkyl,
including benzyl. In a particular embodiment an alkyl
group is methyl. Suitable halogen groups are bromo,
chloro, and fluoro. The value for n in various
embodiments may be 0 to 3, in some embodiments 0 to 2,
and in still other embodiments 0 toll. In one
embodiment the resorcinol group is 2-methylresorcinol.
Inanother embodiment the resorcinol group is an
unsubstituted resorcinol group in which n is zero. The
method further comprises combining one catalyst with
the reaction mixture. Said catalyst may be present in
various embodiments at a total level of 0.01 to 10
mole %, and in some embodiments at a total level of
0.2 to 6 mole % based on total molar amount of acid
chloride groups. Suitable catalysts comprise tertiary
amines, quaternary ammonium salts, quaternary
phosphonium salts, hexaalkylguanidinium salts, and
mixtures thereof. Suitable dicarboxylic acid dihalides
may comprise aromatic dicarboxylic acid dichlorides
derived from monocyclic moieties, illustrative
examples of which include isophthaloyl dichloride,
terephthaloyl dichloride, or mixtures of isophthaloyl
and terephthaloyl dichlorides. Suitable dicarboxylic
acid dihalides may also comprise aromatic dicarboxylic
acid dichlorides derived from polycyclic moieties,
illustrative examples of which include diphenyl
dicarboxylic acid dichloride, diphenylether
dicarboxylic acid clichloride, and
naphthalenedicarboxylic acid dichloride, especially
naphthalene-2, 6-dicarboxylic acid dichloride; or from
mixtures of monocyclic and polycyclic aromatic
dicarboxylic acid dichlorides. In one embodiment the 



dicarboxylic acid dichloride comprises mixtures of
isophthaloyl and/or terephthaloyl dichlorides as
typically illustrated in Formula XII. Formula XII
Either or both of isophthaloyl and terephthaloyl
dichlorides may be present. In some embodiments the
dicarboxylic acid dichlorides comprise mixtures of
isophthaloyl and terephthaloyl dichloride in a molar
ratio of isophthaloyl to terephthaloyl of about
0.25-4.0:1; in other embodiments the molar ratio is
about 0.4-2.5:1; and in still other embodiments the
molar ratio is about 0.67-1 .5:1. Dicarboxylic acid
halides provide only one method of preparing the
polymers mentioned herein. Other routes to make the
resorcinol arylate linkages are alsocontemplated
using, for example, the dicarboxylic acid, a
dicarboxylic acid ester, especially an activated
ester, or dicarboxylate salts or partial salts. A one
chain-stopper (also referred to sometimes hereinafter
as capping agent) may also be used. A purpose of
adding a chain-stopper is to limit the molecular
weight of polymer comprising resorcinol arylate
polyester chain members, thus providing polymer with
controlled molecular weight and favorable
processability. Typically, a chain-stopper is added
when the resorcinol arylate-containing polymer is not
required to have reactive end-groups for further
application. In the absence of chain-stopper
resorcinol arylate-containing polymer may be either
used in solution or recovered from solution for
subsequent use such as in copolymer formation which
may require the presence of reactive end-groups,
typically hydroxy, on the resorcinol-arylate polyester
segment! . A chain-stopper may be a mono-phenolic
compound, a monocarboxylic acid chloride, a
mono-chloroformates or a combination of two or more of
the foregoing. Typically, the chain-stopper may be
present in quantities of 0.05 to 10 mole %, based on
iresorcinol in the case of mono-phenolic compounds and
based on acid dichlorides in the case mono-carboxylic
acid chlorides and/or monochloroformates. Suitable
mono-phenolic compounds include monocyclic phenols,
such as phenol, Ci- C2 alkyl-substituted phenols,
p-cumyl-phenol, p-tertiary-butyl phenol, hydroxy
diphenyl; monoethers of diphenols, such as
p-methoxyphenol. Alkyl-substituted phenols include
those with branched chain alkyl substituents having 8
to 9 carbon atoms as described in U.S. Patent
4,334,053. In some embodiments mono-phenolic
chain-stoppers are phenol, p-cumylphenol, and
resorcinol monobenzoate. Suitable mono-carboxylic acid
chlorides include monocyclic, mono-carboxylic acid
chlorides, such as benzoyl chloride, Ci-C 2
alkyl-substituted benzoyl chloride, toluoyl chloride,
halogen-substituted benzoyl chloride, bromobenzoyl
chloride, cinnamoyl chloride, 4-nadimidobenzoyl
chloride, and mixtures thereof; polycyclic,
monocarboxylic acid chlorides, such as trimellitic
anhydride chloride, and naphthoyl chloride; and
mixtures of monocyclic and polycyclic mono-carboxylic
acid chlorides. The chlorides of aliphatic
monocarboxylic acids with up to 22 carbon atoms are
alsosuitable. Functionalized chlorides of aliphatic
monocarboxylic acids, such as acryloyl chloride and
methacryoyl chloride, are also suitable. Suitable
mono-chloroformates include monocyclic,
mono-chloroformates, such as phenyl chloroformate,
alkylsubstiruted phenyl chloroformate, p-cumyl phenyl
chloroformate, toluene chloroformate, and mixtures
thereof. A chain-stopper can be combined together with
the resorcinol, can be contained in the solution of
dicarboxylic acid dichlorides, or can be added to the
reaction mixture after production of a precondensate.
If mono-carboxylic acid chlorides and/or
monochloroformates are used as chain-stoppers, they
are often introduced together with dicarboxylic acid
dichlorides. These chain-stoppers can also be added to
the reaction mixture at a moment when the chlorides of
dicarboxylic acid have already reacted substantially
or to completion. If phenolic compounds are used as
chain-stoppers, they can be added in one embodiment to
the reaction mixture during the reaction, or, in,
another embodiment, before the beginning of the
reaction between resorcinol and acid dichloride. When
hydroxy-terminated resorcinol arylate-containing
precondensate or oligomers are prepared, then
chain-stopper may be absent or only present in small
amounts to aid control of oligomer molecular weight.
In another embodiment a branching agent such as a
trifunctional or higher functional carboxylic acid
chloride and/or trifunctional or higher functional
phenol may be included. Such br inching agents, if
included, can typically be used in quantities of 0.005
to 1 mole %, based on dicarboxylic acid dichlorides or
resorcinol used, respectively. Suitable branching
agents include, for example, trifunctional or higher
carboxylic acid chlorides, such as trimesic acid tri
acid chloride, 3,3 ',4,4'- benzophenone
tetracarboxylic acid tetrachloride,
1,4,5,8-naphthalene tetracarboxylic acid tetrachloride
or pyromellitic acid tetrachloride, and trifunctional
or higher phenols, such as
4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)-2-heptene,
4,6-dimethyl- 2,4,6-tri-(4-hydroxyphenyl)-heptane,
1,3,5-tri-(4-hydroxyphenyl) rbenzene, 1,1,1-tri-
(4-hydroxyphenyl)-ethane, tri-(4-hydroxyphenyl)-phenyl
methane, 2,2-bis-[4,4-bis-
(4-hydroxyphenyl)-cyclohexyl]-propane,
2,4-bis-(4-hydroxyphenylisopropyl)-phenol,
tetra-(4-hydroxyphenyl)-methane,
2,6-bis-(2-hydroxy-5-methylbenzyl)-4-methyl phenol,
2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)-propane,
tetra-(4-[4-hydroxyphenylisopropyl]-phenoxy)-methane,
1,4-bis-[(4,4- dihydroxytriphenyl)methyl] -benzene.
Phenolic branching agents may be introduced first with
the resorcinol moieties while acid chloride branching
agents may be introduced together with acid
dichlorides. In one of its embodiments articles of
manufacture comprise thermally stable resorcinol
arylate polyesters made by the described method and
substantially free of anhydride linkages linking at
least two mers of the polyester chain. In a particular
embodiment said polyesters comprise dicarboxylic acid
residues derived from a mixture of iso- and
terephthalic acids as illustrated in Formula XIII:
Formula XIII wherein R2 is independently at each
occurrence a Ci-12 alkyl, Ce-C aryl, alkyl aryl,
alkoxy or halogen, n is 0-4, and m is greater than or
equal to about 5. In various embodiments n is zero and
m is about 10 to about 300. The molar ratio of
isophthalate to terephthalate is in one embodiment
about 0.25-4.0:1, in another embodiment about
0.4-2.5:1, and in still another embodiment about
0.67-1.5:1. Substantially free of anhydride linkages
means that said polyesters show decrease in molecular
weight in one embodiment of less than 30% and in
another embodiment of less than 10% upon heating said
polymer at a temperature of about 280-2900C for five
minutes. Also included are articles comprising a
resorcinol arylate copolyesters containing soft-block
segments as disclosed in commonly owned U.S. Patent
No. 5,916,997. The term soft-block as used herein,
indicates that some segments of the polymers are made
from non-aromatic; monomer units. Such non-aromatic
monomer units are generally aliphatic and are known to
impart flexibility to the soft-block-containing
polymers. The copolymers include those comprising
structural units of Formulas IX, XIV, and XV:Formula
IX O O Formula XIV > 'R Formula XV wherein R2 and n
iare as previously defined, Z 1 is a divalent aromatic
radical, R3 is a C3-20 straight chain alkylene, C3-io
branched alkylene, or C4-10 cyclo- or bicycloalkylene
group, and R4 and R5 each independently represent O X
or -CH 2- Owherein Formula XV contributes about 1 to
about 45 mole percent to the ester linkages of the
polyester. Additional embodiments provide a
composition wherein 



Formula XV contiibutes in various embodiments about 5
to about 40 mole percent to the ester linkages of the
polyester, and in other embodiments about 5 to about
20 mole percent to the ester linkages of the
polyester. Another embodiment provides a composition
wherein R3 represents in one embodiment C3.14 straight
chain alkylene, or C - cycloalkylene, and in another
embodiment R3 represents C3. 10 straight-chain
alkylene or C6-cycloalkylene. Formula XIV represents
an aromatic dicarboxylic acid residue. The divalent
aromatic radical Z 1 in Formula XIV may be derived in
various embodiments from a suitable dicarboxylic acid
residues as defined hereinabove, and in some
embodiments comprises 1,3-phenylene, 1,4-phenylene, or
2,6-naphthylene or a combination of two or more of the
foregoing. In various embodiments Z1 comprisesgreater
than or equal to about 40 mole percent 1,3-phenylene.
In various embodiments of copolyesters containing
soft-block chain members n in Formula IX is zero. In
another of its embodiments the resorcinol based
polyarylate can be a block copolyestercarboriate
comprising resorcinol arylate-containing block
segments in combination with organic carbonate block
segments. The segments comprising resorcinol arylate
chain members in such copolymers are substantially
free of anhydride linkages. Substantially free of
anhydride linkages means that the copolyestercarbo
ates show decrease in molecular weight in one
embodiment of less than 10% and in another embodiment
of less than 5% upon heating said
copolyestercarboriate at a temperature of about
280-2900C for five minutes. The carbonate block
segments contain carbonate linkages derived from
reaction of a bisphenol and a carbonate forming
species, such as phosgene, making a polyester
carbonate copolymer. For example, the resorcinol
polyarylate carbonate copolymers can comprise the
reaction products of iso- and terephthalic acid,
resorcinol and bisphenol A and phosgene. The
resorcinol polyester carbonate copolymer can be made
in such a way that the number of bisphenol
dicarboxylic ester linkages is minimized, for example
by pre-reacting the resorcinol with the dicarboxylic
acid to form an aryl polyester block and then reacting
a said block with the bisphenol and carbonate to form
the polycarbonate part of the copolymer. For best
effect, resorcinol ester content (REC) in the
resorcinol polyester carbonate should be greater than
or equal to about 50 mole % of the polymer linkages
being derived from resarcinol. In some instances REC
of greater than or equal to about 75 mole%, or even as
high as about 90 or 100 mole% resorcinol derived
linkages may be desired depending on the application.
The block copolyestercarbonates include those
comprising alternating arylate and organic carbonate
blocks, typically as illustrated in Formula XVI,
wherein R2 and n are as previously defined, and R is a
divalent organic radical:Formula XVI The arylate
block:? have a degree of polymerization (DP),
represented by m, that is in one embodiment jgreater
than or equal to about 4, in another embodiment
greater than or equal to about 10, in another
embodiment greater than or equal to about 20 and in
still another embodiment about 30 to about 150. The DP
of the organic carbonate blocks, represented by p, is
in one embodiment greater than or equal to about 2, in
another embodiment about 10 to about 20 and in still
another embodiment about 2 to about 200. The
distribution of the blocks may be such as to provide a
copolymer having any desired weight proportion of
arylate blocks in relation to carbonate blocks. In
general, the content of arylate blocks is in one
embodiment about 10 to about 95% by weight and in
another embodiment about 50 to about 95% by weight
with respect to the total weighi: of the polymer.
Although a mixture of iso- and terephthalate is
illustrated in Formula XVI, the dicarboxylic acid
residues in the arylate blocks may be derived from any
suitable dicarboxylic acid residue, as defined
hereinabove, or mixture of suitable dicarboxylic acid
residues, including those derived from aliphatic
diacid dichlorides (so-called "soft-block" segments).
In various embodiments n is zero and the arylate
blocks comprise dicarboxylic acid residues derived
from a mixture of iso- and terephthalic acid residues,
wherein the molar ratio of isophthalate to
terephthalate is in one embodiment about 0.25 to 4.0:
1, in another embodiment about 0.4 to2.5:l , and in
still another embodiment about 0.67 tol.5:l. In the
organic carbonate blocks, each R6 is independently at
each occurrence a divalent organic radical. In various
embodiments said radical comprises a
dihydroxysubstituted aromatic hydrocarbon, and greater
than or equal to about 60 percent of the total number
of R'5 groups in the polymer are aromatic organic
radicals and the balance thereof are aliphatic,
alicyclic, or aromatic radicals. Suitable R6
radicalsinclude m-phenylene, p-phenylene,
4,4'-biphenylene, 4,4'-bi(3,5-dimethyl)-phenylene,
2,2-bis(4-phenyle.ne)propane,
6,6'-(3,3,3',3'-tetramethyl-l,r-spirobi[lH-indan]) and
similar radicals sitoh as those which correspond to
the dihydroxy-substituted aromatic hydrocarbons
disclosed by name or formula (generic or specific) in
U.S. Patent 4,217,438. In some embodiments each R6 is
an aromatic organic radical and in other embodiments a
radical of Formula XVII: A1- Y- A2 Formula XVII
wherein each A1 and A2 is a monocyclic divalent aryl
radical and Y is a bridging radical in which one or
two carbon atoms separate A1 and A2. The free valence
bonds in Formula XVII .ire usually in the meta or para
positions of A1 and A2 in relation to Y. Compounds in
which R6 has Formula XVII are bisphenols, and for the
sake of brevity the term "bisphenol" is sometimes used
herein to designate the dihydroxysubstituted aromatic
hydrocarbons. It should be understood, however, that
nonbisphenol compounds of this type may also be
employed as appropriate. In Formula XVII, A1 and A2
typically represent unsubstituted phenylene or
substituted derivatives thereof, illustrative
substituents (one or more) being alkyl, alkenyl, and
halogen (particularly bromine). In one embodiment
unsubstituted phenylene radicals are preferred. Both
A1 and A2 are often p-phenylene, although both may be
o- or m-phenylene or one o- or m-phenylene and the
other p-phenylene. The bridging radical, Y, is one in
which one or two atoms, separate A1 from A2. In a
particular embodiment one atom separates A1 from A2.
Illustrative radicals of this type are -O-, -S-, -i3O-
or -SO -, methylene, cyclohexyl methylene,
2-[2.2.1]-bicycloheptyl methylene, ethylene,
isopropylidene, neopentylidene, cyclohexylidene,
cyclopentadecylidene, cyclododecylidene,
adamantylidene, and like radicals.In some embodiments
gem-alkylene (commonly known as "alkylidene") radicals
are preferred. Also included, however, are unsaturated
radicals. In some embodiments the bisphenol is
2,2-bis(4-hydroxyphenyl)propane (bisphenol-A or BPA),
in which Y is isopropylidene and A1 and A2 are each
p-phenylene. Depending upon the molar excess of
resorcinol present in the reaction mixture, R6 in the
carbonate blocks may at least partially comprise
resorcinol group. In other words, in some embodiments
carbonate blocks of Formula X may comprise a
resorcinol group in combination with at least one
other dihydroxy-substituted aromatic hydrocarbon.
Diblock, triblock. and multiblock
copolyestercarbonates are included. The chemical
linkages between blocks comprising resorcinol arylate
chain members and blocks comprising organic carbonate
chain members may comprise at least one of (a) an
ester linkage between a suitable dicarboxylic acid
residue of an arylate group and an -O-R6-O- group of
an organic carbonate group, for example as typically
illustrated in Formula XVIII, wherein R6 is as
previously defined : Formula XVIII and (b) a carbonate
linkage between a diphenol residue of a resorcinol 



arylate group and a -(C=O)-O- group of an organic
carbonate group as shown in Formula XIX, wherein R2
and n are as previously defined : Formula XIXIn one
embodiment the copolyestercarbonate is substantially
comprised of a diblock copolymer with a carbonate
linkage between resorcinol arylate block and an
organic carbonate block. In another embodiment the
copolyestercarbonate is substantially comprised of a
triblock carbonate-ester-carbonate copolymer with
carbonate linkages between the resorcinol arylate
block and organic carbonate end-blocks..
Copolyestercarbonates with a carbonate linkage between
a thermally stable resorcinol arylate block and an
organic carbonate block are typically prepared from
resorcinol arylate-containing oligomers and containing
in one embodiment at least one and in another
embodiment at least two hydroxy-terminal sites. Said
oligomers typically have weight average molecular
weight in one embodiment of about 10,000 to about
40,000, and in another embodiment of about 15,000 to
about 30,000. Thermally stable copolyestercarbonates
may be prepared by reacting said resorcinol
arylate-containing oligomers with phosgene, a
chain-stopper, and a dihydroxy-substituted aromatic
hydrocarbon in the presence of a catalyst such as a
tertiary amine. In one instance articles can comprise
a blend of a resin selected from the group consisting
of: polysulfones, poly(ethersulfone)s and
poly(phenylene ether sulfone)s, and mixtures thereof;
a silicone copolymer and a resorcinol based
polyarylate wherein greater than or equal to 50 mole %
of the aryl polyester linkages are aryl ester linkages
derived from resorcinol. The amount of resorcinol
based polyarylate used in the polymer blends used to
make articles can vary widely depending on the end use
of the article. For example, when the article will be
used in an end use where heat release or increase time
to peak heat release are importemt, the amount of
resorcinol ester containing polymer can be maximized
to lower the heat release and lengthen the time period
to peak heat release. In some instances iresorcinol
based polyarylate can be about 1 to about 50 weight
percent of the polymer blend. Some compositions of
note will have about 10 to about 50 weight percent
iresorcinol based polyarylate with respect to the
total weight of the polymer blend. In another
embodiment, an article comprising a polymer blend of;
a) about 1 to about 99% by weight of a polysulfones,
poly(ether sulfone)s and poly(phenylene ether
sulfone)s or mixtures thereof; b) about 0.1 to about
30% by weight of silicone copolymer; c) about 99 to
about 1% by weight of a resorcinol based polyarylate
containing greater than or equal to about 50 mole%
resorcinol derived linkages; d) 0 to about 20% by
weight of a metal oxide, is contemplated wherein
weight percent is with respect to the total weight of
the polymer blend. In other aspect an article
comprising a polymer blend of a) bout 50 to about 99%
by weight of a polysulfone, poly(ether sulfone),
roHy(rhenylene ether sulfone)s or mixture thereof; b)
about 0.1 to about 10% by weight of a silicone
copolymer; c) about 1 to about 50% by weight of a
resorcinol based polyarylate resin containing greater
than or equal to about 50 mole% resorcinol derived
linkages; d) 0 to about 20% by weight of a metal
oxide; and e) 0 to about 2% by weight of a phosphorus
containing stabilizer, is contemplated.B. High Tg
Blends of: a PEI, PI. PEIS, and Mixtures Thereof; a
Silicone Copolymer; and, a Resorcinol Based Aryl
Polyester Resin. Combinations of silicone copolymers,
for instance silicone polyetherimide copolymers or
silicone polycarbonate copolymers, with high glass
transition temperature (Tg) polyimide (PI),
polyetherimide (PEI) or polyetherimide sulfone (PEIS)
resins, and resorcinol based polyarylate have
surprisingly low heat release values and improved
solvent resistance. The resorcinol derived aryl
polyesters can also be a copolymer containing
nonresorcinol based linkages, for instance a
resorcinol -bisphenol-A copolyester carbonate. For
best effect, resorcinol ester content (REC) should be
greater than about 50 mole % of the polymer linkages
being derived from resorcinol. Higher REC may be
preferred. In some instances REC of greater than 75
mole %, or even as high as 90 or 100 mole% resorcinol
derived linkages may be desired. The amount of
resorcinol ester containing polymer used in the flame
retardant blend can vary widely using any effective
amount to reduce heat release, increase time to peak
heat release or to improve solvent resistance. In some
instances resorcinol ester containing polymer can be
about 1 wt% to about 80 wt% of the polymer blend. Some
compositions of note will have 10-50% resorcinol based
polyester. In other instances blends of polyetherimide
or polyetherimide sulfone with high REC copolymers
will have a single glass transition temperature (Tg)
of about 150 to about 210 0C. The resorcinol based
polyarylate resin should contain greater than or equal
to about 50 mole% of units derived from the reaction
product of resorcinol, or functionalized resorcinol,
with ail aryl dicarboxylic acid or dicarboxylic acid
derivatives suitable for the formation of aryl ester
linkages, for example, carboxylic acid halides,
carboxylic acid esters and carboxylic acid salts. The
resorcinol based polyarylates which can be used
according to the present invention are further
detailed herein for other polymer
blends.Copolyestercarboiiates with at least one
carbonate linkage between a thermally stable
resorcinol arylate block and an organic carbonate
block are typically prepared from resorcinol
arylate-containing oligomers prepared by various
embodiments of the invention and containing in one
embodiment at least one and in another embodiment at
least two hydroxy-terminal sites. Said oligomers
typically have weight average molecular weight in one
embodiment of about 10,000 to about 40,000, and in
another embodiment of about 15,000 to about 30,000.
Thermally stable copolyestercarbonates may be prepared
by reacting said resorcinol arylate-containing
oligomers with phosgene, at least one chain-stopper,
and at least one dihydroxy-substituted aromatic
hydrocarbon in the presence of a catalyst such as a
tertiary amine. In one instance a polymer blend with
improved flame retardance comprises a resin selected
from the group consisting of polyimides,
polyetherimides, po yetherimide sulfones, and mixtures
thereof; a silicone copolymer and a resorcinol based
aryl polyester resin wherein greater than or equal to
50 mole % of the aryl polyester linkages are aryl
ester linkages derived from resorcinol. The term
"polymer linkage" or "a polymer linkage" is defined as
the reaction product of at least two monomers that
form the polj ner. In some instance.! polyimides,
polyetherimides, polyetherimide sulfones and mixtures
thereof, will have: a hydrogen atom to carbon atom
ratio (H/C) of less than or equal to about 0.85 are of
note. Polymers with higher carbon content relative to
hydrogen content, that is a How ratio of hydrogen to
carbon atoms, often show improved FR performance.
These polymers have lower fuel value and may give off
less energy when burned. They may also resist burning
through a tendency to form an insulating char layer
between the polymeric fuel and the source of ignition.
Independent of any specific mechanism or mode of
action it has been observed that such polymers, with a
low H/C ratio, have superior flame resistance. In some
instances the H/C ratio can be less than 0.85. In
other instances a H/C ratio of greater than about 0.4
is preferred in 



order to give polymeric structures with sufficient
flexible linkages to achieve melt processability. The
H/C ratio of a given polymer or copolymer can be
determined from its chemical structure by a count of
carbon and hydrogen atoms independent of any other
atoms present in the chemical repeat unit.Tn some
cases the: flame retardant polymer blends, and
articles made from them, will have 2 minute heat
release of less than about 65 kW-min/m 2. In other
instances the peak heat release will be less than
about 65kW/m 2. A time to peak heat release of more
than about 2 minute is also a beneficial aspect of
certain compositions and articles made from them. In
other instances a time to peak heat release time of
greater than about 4 minutes may be achieved. In some
compositions the blend of polyimides, polyetherimides,
polyetherimide sulfones or mixtures thereof with
silicone copolymer and aryl polyester resin containing
greater than or equal to about 50 mole% resorcinol
derived linkages will be transparent. In one
embodiment, the blend has a percent transmittance
greater than about 50% as measured by ASTM method Dl
003 at a thickness of 2 millimeters. In other
instances the percent haze of these transparent
compositions, as measured by ASTM method D1003, will
be less than about 25%. In other embodiments the
percent transmittiince will be greater than about 60%
and the percent haze less than about 20%. In sti.ll
other instances the composition and article made from
it will have a transmittance oif greater than about
50% and a haze value below about 25% with a peak heat
release of less than or equal to 50 kW/m2. In the
flame retardant blends the polyimides,
polyetherimides, polyetherimide sulfones or mixtures
thereof may be present in amounts of about 1 to about
99 weight percent, based on the total weight of the
composition. Within this range, the amount of the
polyimides, polyetherimides, polyetherimide sulfones
or mixtures thereof may be greater than or equal to
about 20, more specifically greater than or equal to
about 50, or, even more specifically, greater than or
equal to about 70 weight percent. In another
embodiment a composition comprises a flame retardant
polymer blend of: a) about 1 to about 99% by weight of
a polyetherimide, polyetherimide sulfone and mixtures
thereof, b) about 99 to about 1% by weight of an aryl
polyester resin containing greater than or equal to
about 50 mole% resorcinol derived linkages, c) about
0.1 to about 30% by weight of silicone copolymer d)
about 0 to about 20% by weight of a metal
oxide,wherein the weight percents are with respect to
the total weight of the composition. In other aspect a
composition comprises a flame retardant polymer blend
of; a) about 50 to about 99% by weight of a
polyetherimide or polyetherimide sulfone resin, b)
about 1 to about 50% by weight of a resorcinol based
polyarylate containing greater than or equal to about
50 mole% resorcinol derived linkages, c) about 0.1 to
about 10% by weight of silicone copolymer d) about 0
to about 20% by weight of a metal oxide, and e) 0 to
about 2% by weight of a phosphorus containing
stabilizer, is contemplated. Polyimides have die
general formula (XX) O O * (Formula XX) wherein a is
more than 1, typically about 10 to about 1000 or more,
or, more specifically about 10 to about 500; and
wherein V is a tetravalent linker without limitation,
as long as the linker does not impede synthesis or use
of the polyimide. Suitable linkers include but are not
limited to: (a) substituted or unsubstituted,
saturated, unsaturated or aromatic monocyclic and
polycyclic groups having about 5 to about 50 carbon
atoms, (b) substituted or unsubstituted, linear or
branched, saturated or unsaturated alkyl groups having
1 to about 30 carbon atoms; or combinations thereof.
Preferred linkers include but are not limited to
tetravalent aromatic radicals of formula (XXI), such
as(Formula XXI) whereinW is a divalent group selected
from the group consisting of -O-, -S-, -C(O)-, SO2-,
-SO-, -CyH2y- (y being an integer having a value of 1
to about 8), and fluoronated derivatives thereof,
including perfluoroalkylene groups, or a group of the
formula -O-Z-O- wherein the divalent bonds of the -W-
or the -O-Z-O- group are in the 3,3', 3,4', 4,3', or
the 4,4' positions, and wherein Z is defined as above.
Z may comprise exemplary divalent radicals of formula
(XXII). (Formula XXII) R7 in formula (XX) includes but
is not limited to substituted or unsubstituted
divalent organic radicals such as: (a) aromatic
hydrocarbon radicals having about 6 to about 24 carbon
atoms and halogenated derivatives thereof; (b)
straight or branched chainalkylene radicals having
about 2 to about 20 carbon atoms; (c) cycloalkylene
radicals having about 3 to about 24 carbon atoms, or
(d) divalent radicals of the general formula (VI)
(Formula VI) wherein Q is defined as above. Some
classes of polyimides include polyamidimides,
polyetherimide sulfones and polyetherimides,
particularly those polyetherimides known in the art
which are melt processable, such as those whose
preparation and properties are described in U.S.
Patents 3,803,085 and 3,905,942. Polyetherimide resins
may comprise more than 1, typically about 10 to about
1000 or more, or, more specifically, about 10 to about
500 structural units, of the formula (XXIII) (Formula
XXIII) wherein T is -O- or a group of the formula
-O-Z-O- wherein the divalent bonds of the -O- or the
-O-Z-O- group are in the 3,3', 3,4', 4,3', or the 4,4*
positions, and wherein Z is defined above. In one
embodiment, the polyimide, polyetherimide or
polyetherimide sulfone may be a copolymer. Mixtures of
the polyimide, polyetherimide or polyetherimide
sulfone may also be employed. The polyetherimide can
be prepared by any of the methods well known to those
skilled in the art, including the reaction of an
aromatic bis(ether anhydride) of the formula
(XVIII)(Formula V) with an organic diamine of the
formula (VII) H2N-R 1-NH2 (Formula VII) wherein T and
R1 are defined as described above- Examples of
speciific aromatic bis anhydrides and organic diamines
are disclosed, for example, in US Patents 3,972,902
and 4,455,410. Illustrative examples of aromatic bis
anhydrides include: 3,3-bis[4-(3
,4-dicarboxyphenoxy)phenyl]propane dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)diphenyl ether
dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl
sulfide dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)benzophenone
dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl
sulfone dianhydride;
2,2-bis[4-(2,3-dicarboxyphenoxy)phenyl]propane
dianhydride; 4,4'-bis(2,3-dicarboxyphenoxy)diphenyl
ether dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)diphenyl sulfide
dianhydride; 4,4'-bis(2,3
-dicarboxyphenoxy)benzophenone dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)diphenyl sulfone
dianhydride; 



4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diph
enyl-2,2-propane dianhydride;
4-(2,3-dicarboxypli.enoxy)-4'-(3,4-dicarboxyphenoxy)di
phenyl ether dianhydride;
4-(2,3-dicarboxyphenoxy)-4'-(3
,4-dicarboxyphenoxy)diphenyl sulfide dianhydride;
4-(2,3-dicarboxyphenoxy)-4
l-(3,4-dicarboxyphenoxy)benzophenone dianhydride; and,
4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diph
enyl sulfone dianhydride, as well as various mixtures
thereof. Another class of aromatic bis(ether
anhydride)s included by formula (XVIII) above
includes, but is not limited to, compounds wherein T
is of the formula (XXIV) - O- <( > Q < (Formula XXIV)
and the ether linkeiges, for example, are preferably
in the 3,3', 3,4', 4,3', or 4,4' positions, and
mixtures thereof, and where Q is as defined above. Any
diamino compound may be employed. Examples of suitable
compounds are ethylenediamine, propylenediamine,
trimethylenediamine, diethylenetriamine,
triethylenetertramine, hexamethylenediamine,
heptamethylenediamine, octamethylenediamine,
nonamethylenediamine, decamethylenediamine, 1,12-
dodecanediamine, 1,18-octadecanediamine,
3-methylheptamethylenediamine, 4,4-
dimethylheptamethylenediamine,
4-methylnonamethylenediamine, 5-
methylnonamethylenediamine,
2,5-dimethylhexamethylenediamine, 2,5-
dimethylheptamethylenediamine, 2,
2-dimethylpropylenediamine, N-methyl-bis (3-
aminopropyl) amine, 3-methoxyhexamethylenediamine,
l,2-bis(3-aminopropoxy) ethane, bis(3-aminopropyl)
sulfide, 1,4-cyclohexanediamine,
bis-(4-aminocyclohexyl) methane, m-phenylenediamine,
p-phenylenediamine, 2,4-diaminotoluene, 2,6-
diaminotoluene, m-xylylenediamine, p-xylylenediamine,
2-methyl-4,6-diethyl- 1,3- phenylene-diamine,
5-methyl-4,6-diethyl-l,3-phenylene-diamine, benzidine,
3,3'- dimethylbenzidine., 3,3'-dimethoxybenzidine,
1,5-diaminonaphthalene, bis(4- aminophenyl) methane,
bis(2-chloro-4-amino-3, 5-diethylphenyl) methane,
bis(4- aminophenyl) propane, 2,4-bis(p-amino-t-butyl)
toluene, bis(p-amino-t-butylphenyl) ether,
bis(p-methyl-o-aminophenyl) benzene,
bis(p-methyl-o-aminopentyl) benzene, 1,
3-diamino-4-isopropylbenzene, bis(4-aminophepyl)
sulfide, bis (4-aminophenyl) sulfone, and
bis(4-aminophenyl) ether. Mixtures of these compounds
may also beused. The preferred diamino compounds are
aromatic diamines, especially m- and
pphenylenediamine, sulfonyl dianiline and mixtures
thereof. In one embodiment, the polyetherimide resin
comprises structural units according to formula (XVII)
wherein each R is independently p-phenylene or
m-phenylene or a mixture thereof and T is a divalent
radical of the formula (XXV) (Formula XXV) Included
among t e many methods of making the polyimides,
particularly polyetherimides, ;ire those disclosed in
US Patents 3,847,867, 3,852,242, 3,803,085, 3905,942,
3,983,093, and 4,443,591 . These patents mentioned for
the purpose of teaching, by way of illustration,
general and specific methods for preparing polyimides.
Polyimides, polyetherimides and polyetherimide
sulfones may have a melt index of about 0.1 to about.
10 grams per minute (g/min), as measured by American
Society for Testing Materials (ASTM) D1238 at 340 to
about 3700C, using a 6.6 kilogram (kg) weight. In a
one embodiment, the polyetherimide resin has a weight
average molecular weight (Mw) of about 10,000 to about
150,000 grams per mole (g/mole), as measured by gel
permeation chromatography, using a polystyrene
standard. In another embodiment the polyetherimide has
Mw of 20,000 to 60,000. Such polyetherimide resins
typically have an intrinsic viscosity greater than
about 0.2 deciliters per gram (dl/g), or, more
specifically, about 0.35 to about 0.7 dl/g as measured
in m-cresol at 25C. Examples of some polyetherimides
useful in blends described herein are listed in ASTM
D5205 "Standard Classification System for
Polyetherimide (PEI) Materials". The block length of
the siloxane segment of the copolymer may be of any
effective length. In some examples it may be of 2
to-70 siloxane repeating units. In other instances the
siloxane block length may be about 5 to about 30
repeat units. In many instances dimethyl siloxanes may
be used.[096] Siloxane polyetherimide copolymers are a
specific embodiment of the siloxane copolymer that may
be used. Examples of such siloxane polyetherimides are
shown in US Patents 4,404,350, 4,808,686 and
4,690,997. In one instance polyetherimide siloxanes
can be prepared in a manner similar to that used for
polyetherimides, except that a portion, or all, of the
organic diamine reactant is replaced by an amine-term
nated organo siloxane, for example of the formula XXII
wherein g is an integer having a value of 1 to about
50, in some other instances g may be about 5 to about
30 and R' is an aryl, alkyl or aryl alky group of
having about 2 to about 20 carbon atoms. H2N- (Formula
XXII) Some polyetherimde siloxanes may be formed by
reaction of an organic diamine, or mixture
ofdiamin.es, of formula XIX and the amine-terminated
organo siloxane of formula XXII and. one or more
dianhydrides of formula XVIII. The diamino components
may Ib e physically mixed prior to reaction with the
bis-anhydride(s), thus forming a substantially random
copolymer. Alternatively block or alternating
copolymers may be formed by selective reaction of XIX
and XXII with dianhydrides to make polyimids blocks
that are subsequently reacted together. In another
instance the siloxane used to prepare the
polyetherimde copolymer may have anhydride rather than
amine functional end groups, for example as described
in US Patent 4,404,350. In one instance th siloxane
polyetherimide copolymer can be of formula XXIII
wherein T, R' and. g are described as above, n has a
value of about5 to about 100 and Ar is an aryl or
alkyl aryl group having 6 to about 36 carbons.(Formula
XXIII) In some siloxane polyetherimides the diamine
component of the siloxane polyetherimide copolymers
may contain about 20 mole% to about 50 mole % of the
amine-terminated organo siloxane of formula XXlI and
about 50 to about 80 mole % of the organic diamine of
formula XIX. In some siloxane copolymers, the siloxane
component contains about 25 to about 40 mole % of the
amine or anhydride terminated organo siloxane. C. Hi
gh Tg Phase Separated Polymer Blends. Also disclosed
herein are phase separated polymer blends comprising a
mixture of: a) a poly aryl ether ketone (PAEK)
selected from the group comprising: polyaryl ether
ketones, polyaryl Ik etones, polyether ketones and
polyether ether ketones; and combinations thereof
with, b) a polyetherimide sulfone (PEIS) having
greater than or equal to 50 mole% of the linkages
containing an aryl sulfone group. Phase separated
means that the PAEK and the PEIS exist in admixture as
separate chemical entities that can be distinguished,
using standard analytical techniques, for example such
as microscopy, differential scanning calorimetry or
dynamic mechanical analysis, to show a least two
distinct polymeric phases one of which comprises PAEK
iresin and one of which comprises PEIS resin. In some
instances each phase will contain greater than about
80 wt% of the respective resin. In other instances the
blends will form separate distinct domains about 0.1
to about 50 micrometers in size, in others cases the
domains will be about 0. 1 to about 20 micrometers.
Domain size refers to the longest linear dimension as
shown by microscopy. The jphase separated blends may
be completely immiscible or may show partial
miscibility but must behave such that, at least in the
solid state, the blend shows two or more distinct
polymeric phases.The ratio of PAEK to PEIS can be any
that results in a blend that has improved properties
i.e. better or worse depending on the end use
application, than either resin 



alone. The ratio, in parts by weight, may be 1:99 to
99:1, depending on the end use application, and the
desired property to be improved. The range of ratios
can also be 15:85 to 85:1 5 or even 25:75 to 75:25.
Depending on the application, the ratio may also be
40:60 to 60:40. The skilled artisan will appreciate
that changing the ratios of the PAEK to PEIS can fall
to any real number ratio within the recited ranges
depending on the desired result. The properties of the
final blend, which can be adjusted by changing the
ratios of ingredients, include heat distortion
temperature and load bearing capability. For example,
in one embodiment the polyetherimide sulfone resin can
be present in any amount effective iio change, i.e.
improve by increasing, the load bearing capability of
the PAEK blends over the individual components
themselves. In some instances the PAEK can be present
in an amount of about 30 to about 70 wt% of the entire
mixture while the amount of the PEIS may be about 70
to about 30 wt% wherein the weight percents are with
;respect to the combined weight of the PAEK and the
PEIS. In some embodiments the phase separated polymer
blend will have a heat distortion temperature (HDT)
measured using ASTM method D541 8, on a 3.2 mm bar at
0.46 Mpa (66 psi) of greater than or equal to about
170 0C. In other instances the HDT at 0.46 MPA (66
psi) will be greater than or equal to 200 0C. In still
other instances, load bearing capability of the
PAEK-PEIS will be shown in a Vicat temperature, as
measured by ASTM method Dl 525 at 50 newtons (N) of
greater than or equal to about 200 0C. In still other
instances load bearing capability of the phase
separated polymer blend will be shown by a flexural
modulus of greater than or equal to about 200
megapascals (MPa) as measured on a 3.2 mm bar, for
example as measured by ASTM method D5418, at 200 0C.
The phase separated polymer blends may be made by
mixing in the molten state, an amount of PAEK; with
and amount of the PEIS The two components may be
mixedby any method known to the skilled artisan that
will result in a phase separated blend. Such methods
include extrusion, sintering and etc. As used herein
the term polyaryl ether ketones (PAEK) comprises
several polymer types containing aromatic rings,
usually phenyl rings, linked primarily by ketone and
ether groups in different sequences. Examples of PAEK
resins include polyether ketones (PEK), polyether
ether ketones (PEEK), polyether ketone ether ketone
ketones (PEKEKK) and polyether ketone ketones (PEKK)
and copolymers containing such groups as well as
blends thereof. The PAEK polymers may comprise monomer
units containing an aromatic ring, usually a phenyl
ring, a keto group and an ether group in any sequence.
Low levels, for example less than 10 mole %, of
addition linking groups may be present as long as they
do not fundamentally alter the properties of the PAEK
resin For example, several polyaryl ether ketones
which are highly crystalline, with melting points
above 300 '0C, can be used in the phase separated
blends. Examples of these crystalline polyaryl ether
ketones are shown in the structures XXVI, XXVII,
XXVIII, XXIX, and XXX.(XXVII) (XXVIII) /--\ // \ /
(XXX) Other examples of crystalline polyaryl ether
ketones which are suitable for use herein can be
generically characterized as containing repeating
units of the following formula (XXXI):wherein Ar2 is
independently a divalent aromatic radical selected
from phenylene, biphenylene or naphthylene, L is
independently -O-, -C(O)-, -O-Ar-C(O)-, -S-, -SO2- or
a direct bond and h is an integer having a value of
Oto about 10. The skilled artisan will know that there
is a well-developed and substantial body of patent and
other literature directed to formation and properties
of polyaryl ether ketones. For example, some of the
early work, such as US Patent 3,065,205, involves the
electrophilic aromatic substitution (e.g.,
Friedel-Crafts catalyzed) reaction of aromatic diacyl
hulides with unsubstituted aromatic compounds such as
diphenyl ether. The evolution of this class was
achieved in US Patent 4,175,175 which shows that a
broad range of resins can be formed, for example, by
the nucleophilic aromatic substitution reaction of an
activated aromatic dihalide and an aromatic diol or
salt thereof. One such method of preparing a poly aryl
ketone comprises heating a substantially equimolar
mixture of a bisphenol, often reacted as its
bis-phenolate salt, and a dihalobenzoid compound or,
in other cases, a halophenol compound. In other
instances mixture of these compounds may be used. For
example hydroquinone can be reacted with a dihalo aryl
ketone, such a dichloro benzophenone or difhioro
benzophenone to form a poly aryl ether ketone. In
other cases a dihydroxy aryl ketone, such as dihydroxy
benzophenone can be polymerized with aryl dihalides
such as dichloro benzene to form PAEK resins. In still
other instances dihydroxy aryl ethers, such as
dihydroxy diphenyl ether can be reacted with dihalo
aryl ketones, such a difluoro benzophenone. In other
variations dihydroxy compounds with no ether linkages,
such as or dihydroxy biphenyl or hydroquinone may be
reacted with dihalo compounds which may have both
ether and ketone linkages, for instance bis-(dichloro
phenyl) benzophenone. In other instances diaryl ether
carboxylic acids, or carboxylic acid halides can be
polymerized to form poly aryl ether ketones. Examples
of such compounds are diphenylether carboxylic acid,
diphenyl ether carboxylic acid chloride,
phenoxy-phenoxy benzoic acid, or mixtures thereof. In
still other instances dicarboxylic acids or
dicarboxylic acid halides can be condensed with diaryl
ethers, for instance iso or tere phthaloyl chlorides
(or mixtures thereof) can be reacted with diphenyl
ether, to form PAEK resins.The process is described
in, for example, US Patent 4,176,222. The process
comprises heating in the temperature range of 100 to
400 0C, (i) a substantially equimolar mixture of: (a)
a bisphenol; and, (b.i) a dihalobenzenoid compound,
arid/or (b.ii) a halophenol, in which in the
dihalobenzenoid compound or halophenol, the halogen
atoms are activated by -C=O- groups ortho or para
thereto, with a mixture of sodium carbonate or
bicarbonate and a second alkali metal carbonate or
bicarbonate, the alkali metal of said second alkali
metal carbonate or bicarbonate having a higher atomic
number than that of sodium, the amount of said second
alkali metal carbonate or bicarbonate being such that
there are 0.001 to 0.2 gram atoms of said alkali metal
of higher atomic number per gram atom of sodium, the
total amount of alkali metal carbonate or bicarbonate
being such that there is at least one alkali metal
atom for each phenol group present, and thereafter
separating the polymer from the alkali metal halide.
Yet other poly aryl ether ketones may also be prepared
according to the process as described in, for example,
US Patent 4,396,755. In such processes, reactants such
as: (a) a dicarboxylic acid; (b) a divalent aromatic
radical and a mono aromatic dicarboxylic acid and, (c)
combinations of (a) and (b), are reacted in the
presence of a fluoro alkane sulfonic acid,
particularly trifluoromethane sulfonic acid.
Additional polyaryl ether ketones may be prepared
according to the process as described in, for example,
US Patent 4,398,020 wherein aromatic diacyl compounds
are polymerized with an aromatic compound and a mono
acyl halide. The polyaryl ether ketones may have a
reduced viscosity of greater than or equal to about
0.4 to about 5.0 dl/g, as measured in concentrated
sulfuric acid at 25 0C. PAEK weight average molecular
weight (Mw) may be about 5,000 to about 150,000
g/mole. In other instances IVIw may be about 10,000 to
about 80,000 g/mole. The second resin component is a
polyetherimide sulfone (PEIS) resin. As used herein
the PEIS comprises structural units having the general
formula (VII) wherein greater 



than or equal to about 50 mole% of the polymer
linkages have an aryl sulfone group andwherein a is
more than 1, typically about 10 to about 1000 or more,
or, more specifically, about 10 to about 500; and V is
a tetravalent linker without limitation, as long as
the linker does not impede synthesis or use of the
polysulfone etherimide. Suitable linkers include but
are not limited to: (a) substituted or unsubstituted,
saturated, unsaturated or aromatic monocyclic or
polycyclic groups having about 5 to about 50 carbon
atoms; (b) substituted or unsubstituted, linear or
branched, saturated or unsaturated alkyl groups having
1 to about 30 carbon atoms; or (c) combinations
thereof. Preferred linkers include but are not limited
to tetravalent aromatic radicals of formula (VIII),
such as, wherein W is in some embodiments a divalent
group selected from the group consisting Of-SO -, -O-,
-S-, -C(O)-, CyH2y- (y being an integer having a value
of 1 to 5), and halogenated derivatives thereof,
including perfluoroalkylene groups, or a group of the
formula -O-D-O-. The group D may comprise the residue
of bisphenol compounds. For e?:ample, D may be any of
the molecules shown in formula IX.METAL LAYER OVER A
PATTERNEDDIELECTRIC BY WET CHEMICAL DEPOSITION
INCLUDING AN ELECTROLESS AND A POWERED PHASE
BACKGROUNDOF THE INVENTION 1. TECHNICAL FIELD The
present invention generally relates to the field of
fabrication of integrated circuits, and, more
particularly, to the formation of metal layers over a
patterned dielectric material comprising trenches and
vias by a wet chemical deposition process. 2.
BACKGROUND ART In an integrated circuit, a huge number
of circuit elements, such as transistors, capacitors,
resistors and the like, are formed in or on an
appropriate substrate, usually in a substantially
planar configuration. Due to the large number of
circuit elements and the required complex layout of
the integrated circuits for advanced applications,
generally the electrical connection of the individual
circuit elements may not be established within the
same level on which the circuit elements are
manufactured, but requires one or more additional
"wiring" layers, also referred to as metallization
layers. These metallization layers generally include
metal lines, providing the inner-level electrical
connection, and also include a plurality of
inter-level connections, also referred to as vias,
wherein the metal lines and vias may also be commonly
referred to as interconnects. Due to the continuous
shrinkage of the feature sizes of circuit elements in
modern integrated circuits, the number of circuit
elements for a given chip area, .that is the packing
density, also increases, thereby requiring an even
larger increase in the number of electrical
interconnections to provide the desired circuit
functionality. Therefore, the number of stacked
metallization layers may increase as the number of
circuit elements per chip area becomes larger. Since
the fabrication of a plurality of metallization layers
entails extremely challenging issues to be solved,
such as the mechanical, thermal and electrical
reliability of the plurality of stacked metallization
-layers that are required, for example; for
sophisticated based microprocessors, semiconductor
manufacturers are increasingly replacing the
well-known metallization metal aluminum by a metal
that allows higher- current densities and hence allows
a reduction in the dimensions of the interconnections.
For example, copper is a metal generally considered to
be a viable candidate for replacing aluminum, due to
its superior characteristics in view of higher
resistance against electromigration and significantly
lower electrical resistivity when compared with
aluminum. In spite of these advantages, copper also
exhibits a number of disadvantages regarding the
processing and handling of copper in a semiconductor
facility. For instance, copper may not be efficiently
applied onto a substrate in larger amounts by
well-established deposition methods, such as chemical
vapor deposition- (CVD) and physical vapor deposition
(PVD), and also may not be effectively patterned by
the usually employed anisotropic etch procedures, due
to copper's characteristic to form non-volatile
reaction products. In manufacturing metallization
layers including copper, the so-called damascene
inlaid technique is therefore preferably used, wherein
a dielectric layer is first applied and then patterned
to define trenches and vias therein, which are
subsequently filled with the metal, such as copper. A
further major drawback of copper is its propensity to
readily diffuse in silicon dioxide and other
dielectric materials. It is therefore usually
necessary to employ a so-called barrier material in
combination with acopper-based metallization to
substantially avoid any out-diffusion of copper into
the surrounding dielectric material, as copper may
then readily migrate to sensitive semiconductor areas,
thereby significantly changing the characteristics
thereof. Moreover, in view of copper integrity, the
barrier material may be selected to suppress diffusion
of unwanted materials, such as oxygen, fluorine and
the like, towards the copper, thereby reducing the
risk for corrosion and oxidation. Since the dimensions
of the trenches and vias have currently reached a
width or a diameter of approximately 0.1 mm and even
less, with an aspect ratio of the vias of about 5 or
more, the reliable deposition of a barrier layer on
all surfaces of the vias and trenches and the
subsequent filling thereof with copper substantially
without voids is a most challenging issue in the
fabrication of modern integrated circuits. Currently,
the formation of a copper-based metallization layer is
accomplished by patterning an appropriate dielectric
layer and depositing the barrier layer, for example
comprised of tantalum (Ta) and/or tantalum nitride
(TaN), by advanced physical vapor deposition (PVD)
techniques, such as sputter deposition. For the
deposition of a barrier layer of approximately 10 to
50 nm in vias having an aspect ratio of 5 or even
more, enhanced sputter tools are usually employed.
Such tools offer the possibility of ionizing a desired
fraction of the target atoms after sputtering them off
the target, thereby enabling, to a certain degree, the
control of the bottom coverage and the sidewall
coverage in the vias. Thereafter, the copper is filled
in the vias and trenches, wherein electroplating has
proven to be a viable process technique, since it is
capable of filling the vias and trenches with a high
deposition rate, compared to CVD and PVD rates, in a
so-called bottom-up regime, in which the openings are
filled starting at the bottom in a substantially
void-free manner. Generally, in electroplating a
metal, an external electric field is applied between
the surface to be plated and the plating solution.
Since substrates for semiconductor production may be
contacted at restricted areas, usually at the
perimeter of the substrate, a conductive layer
covering the substrate and the surfaces that are to
receive a metal has to be provided. Although the
barrier layer previously deposited over the patterned
dielectric may act as a current distribution layer, it
turns out, however, that, in view of crystall nity,
uniformity and adhesion characteristics; a so-called
seed layer, is usually required in the subsequent
electroplating process to obtain copper trenches and
vias having the required electrical and mechanical
properties. The seed layer, usually comprised of
copper, is typically applied by sputter deposition
using substantially the same process tools as are
employed for the deposition of the barrier layer. For
dimensions -of 0.1 mm and less of vias in future
device generations, the sputter deposition of
extremely thin metal layers having a high degree of
conformity as required for the barrier layer and the
seed layer may become a limiting factor, since the
step coverage characteristics of the above-described
advanced sputter tools may not be further enhanced
without significant modifications of these tools,
which seems to not be a straightforward development.
Especially, the deposition of the seed layer may not
be performed in a straight forward manner by PVD, as
here the uniformity of the seed layer determines, to a
certain degree, the uniformity of the following
electroplating process, contrary to the barrier layer
"only" requiring a sufficient and complete coverage of
the inner surfaces of the openings. Moreover, PVD
techniques producing extremely thin layers appropriate
for barrier layers may result in an increased electric
resistance when applied to the formation of seed
layers, thereby reducing an initial deposition rate of
the subsequent electroplating process.As a
consequence, alternative deposition techniques for
highly sophisticated applications have been proposed
for barrier deposition and seed deposition for
copper-based lines. For example, CVD techniques have
been developed for forming highly conformal barrier
and seed layers, thereby taking advantage of CVD's
inherent superior behavior with respect to step
coverage compared to sputter deposition. Similarly,
self-limiting CVD-based deposition techniques known as
atomic layer deposition (ALD) have been developed for
several materials in order to provide extremely thin
yet reliable barrier or seed layers within high aspect
ratio openings. However, it seems that these
techniques, although per se offering advantages in
terms of layer consistency and coverage, result in
less desirable properties of the copper metal after
the subsequent electroplating process. In particular,
seed layers may be inferior to commonly used PVD seed
layers due to a significant incorporation of
contaminants, thereby resulting in higher electric
resistance and weak texture that may, in turn, entail
nearly randomly textured metal films. In view of the
above-explained situation, a need exists for an
enhanced technique enabling the efficient deposition
of metal within high aspect ratio openings by a wet
chemical deposition process, thereby avoiding or at
least reducing one or more of the above-identified
problems. DISCLOSURE OF INVENTION The following
presents a simplified summary of the invention in
order to provide a basic understanding of some aspects
of the invention. This summary is not an exhaustive
overview of the invention. It is not 



intended to identify key or critical elements of the
invention or to delineate the scope of the invention.
Its sole purpose is to present some concepts in a
simplified form as a prelude to the more detailed
description that is discussed later. Generally, the
present invention is directed to a technique that
enables the formation of metal-filled openings that
are formed in a patterned dielectric layer, wherein
wet chemical deposition processes are used at least
for filling in the bulk metal, wherein, in some
illustrative embodiments, the barrier layer that may
be required in some applications may also be formed by
a wet chemical deposition process. Consequently, the
limitations of physical vapor deposition techniques,
such as sputter deposition, for the formation of
barrier and/or seed layers may be overcome, thereby
providing the potential for further device scaling
substantially without undue performance loss. In some
embodiments of the present invention, an appropriate
metal such as copper, silver and the like may be
deposited into respective openings by forming a
moderately thin conformal layer, which may act as a
seed layer, and then the respective deposition
parameters may be changed in situ to achieve the
desired bottom-to-top fill behavior of the remaining
deposition process. Consequently, in such a regime, an
enhanced performance may be achieved, since a desired
crystallinity of the finally deposited metal may be
obtained, while on the other hand any deleterious
effects of metal erosion or oxidation, which may
otherwise be encountered in conventional techniques
after the formation of a seed layer, may be
substantially avoided or at least be significantly
reduced. According to one illustrative embodiment of
the present invention, a method comprises depositing a
metal over a patterned layer of a semiconductor device
by applying an electrolyte solution and performing
anelectroless wet chemical deposition process.
Moreover, the method comprises establishing an
externally generated electric field in the electrolyte
solution while applying the electrolyte solution so as
to further deposit the metal. According to another
illustrative embodiment of the present invention, a
method comprises forming a barrier layer over a
surface portion of an opening formed in a dielectric
layer of a semiconductor device by a wet chemical
deposition process. Moreover, a seed layer is formed
over the barrier layer by a wet chemical deposition
process and finally the opening is filled with a metal
by an electroplating process using the seed layer.
BRIEF DESCRIPTION OF DRAWINGS The invention may be
understood by reference to the following description
taken in conjunction with the accompanying drawings,
in which like reference numerals identify like
elements, and in which: Figures Ia- Id schematically
show cross-sectional views of a semiconductor device
during various manufacturing stages in filling an
opening formed in a patterned dielectric layer in
accordance with illustrative embodiments of the
present invention. While the invention is susceptible
to various modifications and alternative forms,
specific embodiments thereof have been shown by way of
example in the drawings and are herein described in
detail. It should be understood, however, that the
description herein of specific embodiments is not
intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is
to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of
the invention as defined by the appended claims.
MODEfS) FOR CARRYING OUT THE INVENTION Illustrative
embodiments of the invention are described below. In
the interest of clarity, not all features of an actual
implementation are described in this specification. It
will of course be appreciated that in the development
of any such actual embodiment, numerous
implementation-specific decisions must be made to
achieve the developers' specific goals, such as
compliance with system-related and business-related
constraints, which will vary from one implementation
to another. Moreover, it will be appreciated that such
a development effort might be complex and
time-consuming, but would nevertheless be a routine
undertaking for those of ordinary skill in the art
having the benefit of this disclosure. The present
invention will now be described with reference to the
attached figures. Various structures, systems and
devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure
the present- invention with details that are well
known to those skilled in the art. Nevertheless, the
attached drawings are included to describe and explain
illustrative examples of the present invention. The
words and phrases used herein should be understood and
interpreted to have a meaning consistent with the
under standing of those words and phrases by those
skilled in the relevant art. No special definition of
a term or phrase, i.e., a definition that is different
from the ordinary and customary meaning as understood
by those skilled in the art, is intended to be implied
by consistent usage of the term or phrase herein. To
the extent that a term orphrase is intended to have a
special meaning, i.e., a meaning other than that
understood by skilled artisans, such a special
definition will be expressly set forth in the
specification in a definitional manner that directly
and unequivocally provides the special definition for
the term or phrase. The present invention provides an
improved technique for forming metal-filled openings
on the basis of an inlaid or damascene technique,
wherein a layer is first patterned to receive any
openings, such as trenches, vias, gate openings and
the like, which are to be subsequently filled with a
highly conductive metal, such as copper, silver,
alloys thereof and the like. As previously explained,
a significant disadvantage of conventional techniques
resides in the fact that physical vapor deposition
techniques, although having advantages with respect to
material contamination and cost efficiency, may
encounter severe difficulties for device generations
including feature sizes of significantly less than 0.1
mm. Consequently, a reliable and highly uniform
deposition of a seed layer, such as a copper seed
layer, which is the basis for an efficient fill-in
process, may not be readily accomplished by present
day sputter deposition techniques. Similarly, highly
advanced deposition techniques, such as CVD, ALD and
the like, may result in a reduced crystallinity and
increased contamination levels, thereby increasing the
overall resistance of the resulting metal region,
which directly translates into a reduced performance
of the entire semiconductor device. The present
invention circumvents or at least reduces some of the
problems discussed above by providing a technique in
which the seed layer may be formed by a wet chemical
deposition process, wherein, in some illustrative
embodiments, additionally, an appropriate barrier
layer may also be formed on the basis of a wet
chemical deposition process. Consequently, a high
degree of conformity and reliability in forming the
barrier layer and the seed layer may be accomplished,
even for highly scaled semiconductor devices, while on
the other hand a desired surface texture of the seed
layer may be obtained on the basis of the wet chemical
deposition process, thereby providing an efficient
base layer for the subsequent filling in of the bulk
metal. In still other embodiments of the present
invention, the filling in of the metal, such as
copper, silver and the like, may be accomplished in a
wet chemical deposition process, in which the metal
deposition may be initiated or at least significantly
assisted by a catalytic reaction, which is then in a
later stage of the deposition process "overruled" by
an electroplating deposition regime, in which the
process parameters are appropriately selected to
obtain the desired bottom-to-top fill behavior in
order to provide substantially voidless highly
conductive metal regions, wherein any deleterious
effects, such as oxidation, corrosion and the like,
may be significantly reduced, since an initially-
deposited material layer of the metal may act as a
seed layer for the electroplating-dominated phase of
the deposition process. In some illustrative
embodiments, the filling in of the metal may be
performed in an in situ process, wherein a first phase
is an electroless deposition process, wherein the
metal deposition is driven by a catalytic material
provided on exposed surface portions of the opening to
be filled. Thereafter, an externally generated
electric field may be established within the wet
chemical deposition ambient to substantially control
the deposition kinetics on the basis of the electric
field, i.e., on the basis of current driven through
the deposition ambient, and on the basis of any
appropriately selected additives contained in the wet
chemical deposition ambient.It should be appreciated
that the present invention is highly advantageous in
combination with highly scaled semiconductor devices
or any other microstructures having critical
dimensions of 0.1 mm and significantly less, as may be
encountered, for instance, in complex integrated
circuits having field effect transistors with a gate
length of 50 nm and even less. However, the present
invention may also be applied to less critical
applications, wherein the superior quality of any
metallization layers may significantly contribute to
an enhanced reliability and performance of these less
critical semiconductor devices. Consequently, unless
otherwise specified in the further detailed
description and in the appended claims, the present
invention should not be construed to be restricted to
specific device dimensions. In Figure Ia, a
semiconductor device 100 is illustrated and is to
represent any appropriate device that receives
metal-filled features having dimensions as are typical
for microstructures. In the present embodiment, the
semiconductor device 100 may represent an integrated
circuit including a plurality of circuit elements,
such as transistors, capacitors, resistors and the
like, wherein at least some of these circuit elements
have critical dimensions of approximately SO nm and
even less. For convenience, any such circuit elements
are not shown in Figure Ia. Moreover, the
semiconductor device 100 comprises a substrate 101
having formed diereon a first layer, such as a
dielectric layer indicated as 102, which may contain a
conductive line or region 104 comprised of a metal
region 103. For example, in sophisticated
applications, the metal region 103 may comprise
copper, a copper alloy, silver, tungsten, or any other
appropriate conductive material as is typically used
in semiconductor 



devices. -In one illustrative embodiment, the metal
region 103 may be comprised of copper, silver and the
like, wherein the metal region 103 may be separated
from the surrounding dielectric material of the layer
102 by a barrier layer 105. The barrier layer 105 may
be comprised of any appropriate material, such as
tantalum, tantalum nitride, titanium, titanium
nitride, tungsten, tungsten nitride, or any other
appropriate compound having the desired
characteristics with respect to endowing the metal
region 103 with the required mechanical and chemical
integrity. In some illustrative embodiments, the
barrier layer 105 may be formed of one or more of the
following compounds: cobalt, tungsten, phosphorous
(CoWP); and/or cobalt, tungsten, boron (CoWB) and/or
cobalt, boron (CoB) and/or molybdenum, nickel, boron
(MoNiB), and the like. It should be appreciated that
the conductive line 104 is of illustrative nature only
and it may represent a typical structure formed in
accordance with a damascene technique as is used in
the formation of metallization layers of advanced
semiconductor devices. In other embodiments, the
conductive line 104 may represent any circuit element
that requires the formation of a via or trench
connecting thereto. For example, the conductive line
104 may represent a contact plug directly connecting
to the contact region of a circuit element, or the
conductive line may represent a contact region of a
circuit element, such as a drain or source region, a
gate electrode and the like. A second dielectric layer
107, which may be comprised of any appropriate
material, such as silicon dioxide, silicon nitride, or
any low-k material, such as SiCOH, or any other
material, such as appropriate polymers, may be formed
above the first dielectric layer 102, wherein an
opening 108, such as a trench or via, connecting to
the metal region 103 is formed in the second
dielectric layer 107. As previously explained, in some
illustrative embodiments, the opening 108 may
represent a high aspect ratio opening that is, in at
least one lateral dimension, such as a width or a
diameter, significantly less than a depth of the
opening 108. Consequently, a lateral dimension, i.e.,
in Figure Ia the horizontal extension of the opening
108, may beapproximately 100 nm and significantly
less, while a depth of the opening 108 may be several
hundred run. It should be appreciated, however, that,
in other illustrative embodiments, the opening 108 may
have other dimensions and the corresponding aspect
ratio may be less than approximately 5. Moreover, on
exposed surface portions 107A of the dielectric layer
107 and within the opening 108, an area 112 of
catalytically activated material is provided. The area
112, which may represent an area of the exposed
surface portions 107A, may have contained therein, in
one embodiment, any catalyst material that is suitable
for the initiation of a subsequent wet chemical
deposition of a barrier material. In still other
illustrative embodiments, the area 112 may represent a
substantially continuous material layer, which may be
comprised of a suitable conductive material having
characteristics appropriate for acting as a barrier
material for a metal, such as copper, silver and the
like, to be filled in the opening 108. In such a
regime, the layer 112 may also comprise a certain
amount of a catalytic material, such as cobalt,
silver, palladium, platinum, copper and the like,
which may be used in a subsequent wet chemical
deposition of copper, silver and the like. It should
be appreciated that, in this case, the catalytic
material may not necessarily cover all of the exposed
surface portions 107A in a substantially continuous
manner, but may be incorporated with a sufficient
density for initiating a subsequent wet chemical
deposition. In still other illustrative embodiments,
the area 112 may represent a barrier layer having
formed thereon a layer of catalytic material,
including at least one of the above-specified species
to act as a catalyst material for the subsequent
deposition of copper, silver and the like filling the
opening 108. In still other illustrative embodiments,
the catalytically activated area 112 may represent a
continuous layer, or at least a surface portion having
incorporated therein palladium, in one embodiment, or
other suitable catalysts, which may act as a catalyst
material for the subsequent wet chemical deposition of
a barrier material. A typical process flow for forming
the semiconductor device 100 as shown in Figure Ia may
comprise the following processes. After manufacturing
any circuit elements or other microstructural features
in and on the substrate 101, the conductive line 104
may be formed in the first dielectric layer 102,
wherein, in some illustrative embodiments, the
conductive line 104 may be formed in accordance with
the same process techniques as- will also be described
later on when referring to a deposition process for
filling the opening 108. Hence, with respect to the
formation of the barrier layer 105 and the metal
region 103, the same criteria may apply as will be
discussed later on. It should be appreciated, however,
that, in other illustrative embodiments, the
conductive line 104 may be formed in accordance with
conventional process techniques, as are well
established for the formation of circuit elements,
contact regions and the like. Thereafter, the second
dielectric layer 107 may be deposited by, for
instance, CVD, spin-on techniques and the like,
depending on the type of material or materials used
for the layer 107. It should be appreciated that the
dielectric layer 107 may be comprised of two or more
different materials in accordance with device
requirements, wherein an additional etch stop layer
(not shown) may be deposited prior to the formation of
the dielectric layer 107. Subsequently, the opening
108 may be formed by appropriate photolithography and
anisotropic etch techniques on the basis of
well-established process recipes. Thereafter, in one
illustrative embodiment, the semiconductor device 100
may be subjected to a catalytic activation process 116
in order to form the area 112. For this purpose, the
activation process 116 may comprise an immersion or
spray process for applying an appropriate catalytic
material on theexposed surface portions 107A on the
basis of established techniques. In one illustrative
embodiment, a palladium-containing solution may be
used to form the catalytically activated area 112. In
other illustrative embodiments, the activation process
116 may be performed as a deposition process, for
instance on the basis of CVD, ALD, PVD, in order to
form a thin material layer including an appropriate
catalyst material, such as palladium, wherein the step
coverage of the process is less critical as long as a
sufficient amount of catalyst material is provided on
the exposed surface portions 107A. For example, a
highly uniform and thin layer may be formed on the
basis of a CVD technique, wherein, in some
embodiments, prior to the process 116, a corresponding
cleaning process, for instance for removing any
contaminations and oxidized portions from the exposed
surface of the metal region 103, may be performed,
thereby reducing the risk of incorporating
contaminants during the subsequent processing. In
still other illustrative embodiments, the area 112 may
be formed as a barrier layer, for instance on the
basis of tantalum, tantalum nitride, titanium,
titanium nitride, tungsten, and may be formed by
well-established sputter deposition techniques,
wherein an appropriate catalytic material may be
incorporated into the layer 112 to enable a subsequent
wet chemical deposition process for a highly
conductive metal, such as copper, silver and the like,
which may then be deposited in a single fill process,
as will be described later on. Figure Ib schematically
shows the semiconductor device 100 in a further
advanced manufacturing stage.- In this illustrative
embodiment, a barrier layer 110 is formed on the
exposed surface portions 107A of the dielectric layer
107 and within the opening 108. In one illustrative
embodiment, the barrier layer 110 maybe comprised of a
material that may be deposited on the basis of a wet
chemical deposition process 117. In one illustrative
embodiment, the barrier layer 110 may be comprised of
one or more compounds comprising cobalt, tungsten
phosphorous (CoWP) and/or cobalt tungsten boron
(CoWB); cobalt boron (CoB), molybdenum, nickel, boron
(MoNiB). The barrier layer 110 may be provided with an
appropriate thickness in accordance with process and
device requirements. For example, in sophisticated
applications, a thickness in the range of
approximately 5-50 nm may be appropriate. As
previously discussed with reference to the area 112,
the catalytically activated surface portions therein
initiate, upon contact with the wet chemical
deposition ambient 117, the reduction of the
corresponding metal ions contained in the ambient 117,
which may be provided in the form of an appropriate
electrolyte solution, thereby forming the barrier
layer 110. The electrolyte solution 117 may be
provided by means of an immersion or spray process on
the basis of available process tools, such as plating
reactors, spray tools and the like. The deposition of
the material of the layer 110 may, for example, be
controlled on the basis of a deposition rate, which
may be established in advance on the basis of test
runs. Moreover, in other illustrative embodiments, the
process may be controlled on the basis of the
temperature of the environment 117 and/or of the
substrate 101 in that the temperature of the
electrolyte solution that is in immediate contact with
the areas 112 may be efficiently controlled. For this
purpose, when the ambient 117 is established in the
form of an electrolyte bath, the bath temperature may
be maintained at a specified temperature that is
somewhat below a critical temperature for a
self-catalyzing reaction, thereby avoiding any undue
spontaneous creation of metal in the corresponding
reaction chamber. For initiating the reaction, the
substrate 101 may be heated in order to provide a
desiredsurface temperature, thereby also raising the
temperature of the electrolyte that is in immediate
contact with the area 112 to a required activation
temperature for initiating the electrochemical
deposition. After a desired thickness of the layer H
Ois deposited, the substrate temperature 101 may be
reduced, thereby significantly slowing down or even
completely stopping any further deposition. Since a
temperature change of the substrate 101 may be
established within moderately short time intervals,
the deposition process 117 based on the substrate
temperature may be effectively controlled. Moreover,
when the deposition ambient 117 is provided in the
form of an electrolyte bath, the bath temperature may
be continuously maintained below a critical
temperature, while nevertheless allowing a highly
efficient material deposition as long as the substrate
temperature is maintained at the desired process
temperature. For example, typically a process
temperature of approximately 50-900C may be used in
electrochemically depositing the layer 110, wherein
the bath temperature may be maintained at
approximately 40-500C, while the substrate temperature
101 is increased to, for instance, 



50-900C. When the deposition ambient 117 is
established on the basis of a spray process tool, the
corresponding electrolyte solution may be applied with
a temperature at or above a specified process
temperature so as to initiate material deposition upon
contacting the catalytically activated area 112. In
other embodiments, the electrolyte solution may be
supplied by the spray process tool with a temperature
below a critical temperature, whereas the substrate
temperature 101 may be controlled in order to "switch
on or switch off' the deposition process. For example,
an electrolyte volume may be appropriately selected in
such a way that the volume may be cooled and heated
substantially "instantaneously." For instance, a
volume of approximately up to 200 ml electrolyte per
substrate may be used. In some illustrative
embodiments, the wet chemical deposition process 117
may be configured such that a desired catalytic
material is incorporated into the layer 110, at least
in surface portions thereof, so as to prepare the
barrier layer 110 for a subsequent wet chemical
deposition process for filling the opening 108 with a
highly conductive metal. For example, the electrolyte
solution of the ambient 117 may comprise one or more
of cobalt, silver, palladium, platinum, copper, which
may act in a subsequent metal deposition as catalytic
material. In still other embodiments, after the
deposition of the layer 110 and after any cleaning and
drying processes, a further catalytic activation
process may be performed on the barrier layer 110 to
provide appropriately activated surface portions for
the subsequent filling in of the conductive metal. As
previously explained with reference to Figure Ia, when
the area 112 has been described to also act as a
barrier layer, corresponding processes may also be
performed to provide the barrier layer 110 with the
desired catalytic characteristics. For example, in one
illustrative embodiment, an additional layer may b e
deposited by CVD, ALD or PVD, wherein, as previously
discussed, the step coverage is less critical since
the correspondingly formed catalytic material may not
need to continuously cover the barrier layer 110. In
other illustrative embodiments, the barrier layer 110
may be exposed to a plasma ambient containing at least
one catalyst species, which may be incorporated into
surface portions of the barrier layer 110. Figure Ic
schematically shows the semiconductor device 100 in a
further advanced manufacturing stage. In one
illustrative embodiment, the semiconductor device 100
is subjected to a wet chemical deposition ambient 118,
which is configured to enable the deposition of a
highly conductive metal, such as copper, while,
instill other illustrative embodiments, other metals
such as silver and the like may be contained in the
ambient 118. The wet chemical deposition ambient 118
may be provided in the form of an electrolyte solution
applied to the exposed surface of the device 100 by
any appropriate process tool, such as a bath reactor,
a spray tool and the like. Thereby, the electrolyte
solution of the ambient 118 may comprise a salt of the
metal to be deposited and an appropriate reducing
agent. For example, when copper is to be deposited, an
appropriate electrolyte solution composition may be
used in the form of copper, EDTA, NaOH and HCHO;
copper, KNa tartrate, NaOH, HCHO, and the like.
Moreover, the electrolyte solution of the ambient 118
may contain appropriate additives, which may allow
significantly changing the deposition kinetics in the
presence of an externally generated electric field, as
will be described later on in more detail. As is well
known, for the reliable filling of high aspect ratio
openings in a dielectric material, for instance with
copper or copper alloys, so-called bottom-to-top fill
behavior is typically required, which may be achieved
on the basis of appropriate pulse current regimes and
respective additives. It has been recognized that the
required fill-in behavior may be obtained by
controlling the deposition kinetics within a via, such
as the opening 108, by introducing additives into the
electrolyte solution to influence the rate of copper
ions that deposit on the respective locations. For
example, an organic agent comprising relatively large,
slow diffusing molecules, such as polyethylene glycol,
may be added to the electrolyte solution so that the
corresponding molecule preferentially absorbs on flat
surface and corner portions, thereby reducing the
contact of copper ions at these regions and hence also
reducing the deposition rate. Correspondingly acting
agents are often referred to as "suppressors." On the
other hand, a further additive, including smaller and
faster-diffusing molecules may be used that
preferentially absorb within high aspect ratio
openings, such as the opening 108, and thus enhance
the deposition rate by offsetting the effects of the
suppressor additive. A corresponding additive is
frequently referred to as an "accelerator." Moreover,
other additives may be incorporated into the
electrolyte solution of the ambient 118 in accordance
with process and device requirements. The additives,
which may significantly alter the deposition kinetics
in the above-described manner, are selected such that
the desired accelerating and suppressing
characteristics are also obtained in a typically
caustic environment, as may be required for an initial
deposition phase in the ambient 118. As previously
explained, the barrier layer 110 may contain, at least
in surface portions thereof, a material acting as a
catalyst for metal deposition when exposed to the wet
chemical ambient 118. Consequently, upon contact of
the electrolyte solution of the ambient 118 with the
catalytically activated barrier layer 110, a layer 113
may form, wherein, Sue to the deposition behavior, the
layer 113 may be formed in a highly conformal fashion,
since, at this phase of the deposition process, the
ambient 118 may be considered as a wet chemical
deposition ambient for an electroless deposition
process. Thus, the metal layer 113 forming during this
initial deposition phase may be considered as a seed
layer for the subsequent deposition phase, which may
be performed in the presence of appropriately
externally generated electric fields to establish a
current flow in accordance with a desired
electroplating regime. In one illustrative embodiment,
the electroless phase of the wet chemical deposition
process 118 may be maintained to form the layer 113
with a thickness of approximately 1-50 nm. A
corresponding thickness control may be accomplished on
the basis of process time control, which may be
achieved by generating a specific current flow, after
a specific deposition time without an
externallygenerated electric field in the ambient 118
has elapsed. During the initial phase of the metal
deposition for forming the seed layer 113, a process
temperature for the ambient 118 may be controlled to
enable an efficient material deposition. With respect
to temperature control, the same criteria apply as
previously explained with reference to the deposition
ambient 117. That is, in some illustrative
embodiments, the temperature of the electrolyte
solution of the ambient 118 and/or the substrate
temperature 101 may be controlled to achieve a
specified process temperature, which may, for
instance, range from approximately 60-100 0C. In one
illustrative embodiment, the temperature of the
electrolyte solution, which may be provided in the
form of an electrolyte bath and the like, may be
maintained below a specified critical process
temperature, such as approximately 600C, while the
substrate temperature 101 may be maintained at or
above the specified process temperature. Consequently,
as long as the temperature of the electrolyte solution
in the immediate vicinity of the exposed surface
portions of the device 100 is at or above the
specified process temperature, an efficient metal
deposition is obtained, wherein the substantially
conformal deposition during this phase may be
efficiently controlled on the basis of the process
temperature such that, after a phase of desired
conformal deposition for forming the seed layer 113,
the process temperature may be significantly reduced
in order to effectively reduce or avoid further
conformal deposition. It should be appreciated that
the additives contained in the electrolyte solution of
the ambient 118 may substantially represent dipole
molecules, reacting to externally generated electric
fields, while substantially not affecting the
deposition behavior during the initial deposition
phase for forming the seed layer 113, except for
establishing absorption/desorption equilibriums with
other ingredients and the exposed surface portions,
i.e., the layer 110, exposed to the ambient 118.
Thereafter, an appropriate current flow may be
established to continue the further deposition of
metal similarly as is known in well-established
electroplating processes having the bottom-to-top fill
behavior. In some illustrative embodiments, the wet
chemical deposition ambient 118 may be established on
the basis of an externally generated electric field,
wherein a corresponding current flow, which may be
obtained via the conductive barrier layer 110, may be
appropriately controlled to slightly modify the
deposition behavior during the formation of the seed
layer 113 by adjusting the fraction of influence of
the electroless deposition regime and the
electroplating deposition regime. That is, by
correspondingly adjusting the process temperature and
establishing an appropriate current flow, which may be
selected so as to still maintain a deposition behavior
dominated by the electroless regime, a more
anisotropic deposition behavior may be accomplished.
For instance, due to the externally generated electric
field, the properties of the additives may be
"activated" to a certain degree, thereby, for
instance, promoting an increased deposition at a
bottom 111 of the opening 108 while nevertheless
providing for a moderately conformal deposition on
other surface portions of the device 100. A
corresponding coexistence of the electroless and the
electroplating regimes may be established at any point
in time of the deposition process as is considered
appropriate. For example, a highly conformal initial
deposition phase may be established as is discussed
above, and thereafter a certain transition phase may
be established in order to further increase a
thickness of the seed layer 113 while nevertheless
relaxing the constraints for the subsequent
bottom-to-top fill process by enhancing the deposition
rate at the bottom. Ill of the opening 108. Finally,
when a desired thickness of the seed -layer 113 is
obtained, process control may be "switched" to the
pure electroplating regime.Figure Id schematically
shows the semiconductor device 100, wherein the wet
chemical deposition ambient 118 is in the
electroplating regime. Thus, an externally generated
electric field 119 is established in the ambient 118,
thereby inducing a current 120 flowing through the
electrolyte solution of the ambient 118. Moreover,
based on the electroplating regime, a metal layer 114
is formed to substantially completely fill the 



opening 108, wherein excess material may also be
deposited on horizontal surface portions of the device
100. During the electroplating regime shown in Figure
Id, the electric field 119 and thus the induced
current 120 may be established on the basis of any
appropriate strategy, such as potentio-static/dynamic
or galvanostatic/ dynamic deposition techniques.
During the corresponding current pulse regime, the
additives contained in the deposition ambient 118 now
provide the required bottom-to-top fill behavior, as
is also known from conventional and well-established
electroplating processes. In one illustrative
embodiment, the temperature of the electrolyte
solution of the ambient 118 and the substrate
temperature 101 are reduced when transiting from the
electroless controlled regime to the electroplating
regime of Figure Id, thereby effectively reducing or
eliminating any conformal deposition behavior so that
the deposition kinetics is substantially controlled by
the electroplating regime. For example, the
temperature of the electrolyte solution and the
substrate 101 may be reduced to approximately 400C or
less to substantially terminate the electroless
deposition process. Consequently, the metal layer 114
may be formed on the basis of the seed layer 113
having a desired surface texture, wherein
contamination of the seed layer, as is frequently
encountered in advanced CVD or ALD techniques, may be
significantly reduced, due to the in situ nature of
the processes for forming the seed layer 113 and the
final metal layer 114. In still other embodiments, the
seed layer 113 may be formed in a separate deposition
process on the basis of the barrier layer 110, which
may also be formed on the basis of a wet chemical
deposition process, when, for instance, the seed layer
113 may be formed of a different material composition
compared to the metal layer 114. In such a process
strategy, significant advantages are nevertheless
obtained due to the electrochemical deposition of the
barrier layer 110 and the seed layer 113, thereby
providing the potential for further device scaling,
while nevertheless high process flexibility is
accomplished with respect to the formation of the
metal layer 114, since here a separate deposition
process may be performed on the highly conformal and
reliable seed layer 113. In still other illustrative
embodiments, the deposition of the seed layer 113 and
the metal layer 114 on the basis of the wet chemical
deposition ambient 118, as described above with
reference to Figures Ic and Id, may also be used in
combination with a barrier layer formed on the basis
of other deposition techniques, such as CVD, ALD or
PVD, as is previously explained with reference to
Figure Ia when referring to the catalytically
activated area 112 as a barrier layer. As discussed
above, in these cases, the barrier layer 112 may then
comprise a respective catalytic material or a
corresponding catalytic material may be formed on the
layer 112. As a result, the present invention provides
an enhanced technique for the formation of highly
conductive metal regions on the basis of an inlaid
technique, where a seed layer is formed on the basis
of a wet chemical deposition process, which in one
illustrative embodiment is combined with a subsequent
electroplatingprocess while continuously exposing the
device to an appropriately designed electrolyte
solution. In this case, an in situ process is
provided, in which appropriately selected additives
provide the desired bottom-to-top fill behavior during
the electroplating regime, while these additives are
substantially "inactive" during the formation of a
seed layer. Moreover, a barrier layer may be formed on
the basis of a wet chemical deposition process, which
may then act as a seed layer or catalytic layer for
initiating the wet chemical deposition of the highly
conductive metal to be filled into respective openings
of even highly scaled semiconductor devices.
Consequently, the present invention enables the
formation of metallizations for interconnect
structures of the 45 tun technology mode and even
beyond substantially without compromising device
performance while using well-established integration
concepts. Moreover, this invention may be used in
combination with a plurality of metals, such as
copper, silver and the like. The particular
embodiments disclosed above are illustrative only, as
the invention may be modified and practiced in
different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings
herein. For example, the process steps set forth above
may be performed in a different order. Furthermore, no
limitations are intended to the details of
construction or design herein shown, other than as
described in the claims below. It is therefore evident
that the particular embodiments disclosed above may be
altered or modified and all such variations are
considered within the scope and spirit of the
invention. Accordingly, the protection sought herein
is as set forth in the claims below.CLAIMS WHAT IS
CLAIMED: 1. A method, comprising: depositing a metal
(114) over a patterned layer of a semiconductor device
(100) by applying an electrolyte solution (118) and
performing an electroless wet chemical deposition
process; and establishing an externally generated
electric field ( 119) in said electrolyte solution
(118) while applying said electrolyte solution ( 118)
to further deposit said metal ( 114). 2. The method of
claim 1, further comprising performing a catalytic
activation process ( 116) on exposed surface areas
(107A) of said patterned layer (107) prior to
performing said electroless wet chemical deposition
process. 3. The method of claim 1, further comprising
forming a barrier layer (110) on a patterned
dielectric material (107) prior to depositing said
metal ( 114), said patterned dielectric material (107)
and said barrier layer (110) forming said patterned
layer. 4. The method of claim 3, further comprising
incorporating at least one of platinum, palladium,
silver, copper and cobalt into said barrier layer (
110). 5. The method of claim 3, further comprising
forming a catalytic layer (112) over said barrier
layer (110) prior to depositing said metal ( 114). 6.
The method of claim 3, wherein said barrier layer (
110) is formed by an electroless deposition process. .
7. The method of claim 6, further comprising
performing an initial catalytic activation process
(116) on exposed surface areas (107A) of said
patterned dielectric material (107) prior to forming
said barrier layer (110) to incorporate into said
exposed surface (107A) portions a catalyst material
(112) for initiating deposition of material of said
barrier layer ( 110). 8. The method of claim 1,
wherein said electrolyte solution (118) comprises one
or more additives for controlling a deposition
behavior during the further deposition based on said
electric field (119). 9. The method of claim 1,
further comprising reducing a temperature of said
electrolyte solution (118) below a specified process
temperature of said electroless deposition process
while further depositing said metal ( 114) on the
basis of said electric field (119). 10. The method of
claim 9, wherein said temperature is reduced prior to
establishing said externally generated electric field
(119).11. The method of claim 1, wherein the patterned
layer comprises a dielectric layer (107), and the
method further comprises: forming a barrier layer
(110) over a surface portion (107A) of an opening
(108) formed in the dielectric layer (107) by a wet
chemical deposition process; forming a seed layer
(113) over said barrier layer ( 110) by a wet chemical
deposition process; and filling said opening (108)
with said metal (114) using said seed layer (113). 12.
The method of claim 11, further comprising performing
a catalytic activation process ( 116) on said barrier
layer (HO) for initiating metal deposition during said
wet chemical deposition process for forming said seed
layer ( 113). 13. The method of claim 12, wherein a
process temperature of an electrolyte solution (118)
used for forming said seed layer ( 113) and for
filling said opening (108) is reduced during filling
said opening (108). 14. . The method of claim 13,
wherein an externally generated electric field (119)
is established at least temporarily during forming
said seed layer ( 113). 


