
I 1 DEC 2006  POLY(ARYLENE ETHER) DATA STORAGE MEDIA BACKGROUND OF THE
INVENTION Optical, magnetic and magneto-optic media are primary sources of
high  performance storage technology that enable high storage capacity
coupled with a  reasonable price per megabyte of storage. Areal density,
typically expressed as  billions of bits! per square inch of disk surface
area (gigabits per square inch  (Gbits/in2), is equivalent to the linear
density (bits of information per inch of track)  multiplied by the track
density in tracks per inch. Improved areal density has been one  of the key
factors in the price reduction per megabyte, and further increases in areal
density continue to be demanded by the industry. In the area of optical
storage, advances focus on access time, system volume,  and competitive
costing. Increasing areal density is being addressed by focusing on  the
diffraction limits of optics (using near-field optics), investigating three
dimensional storage, investigating potential holographic recording methods
and other  techniques. Polymeric data storage media has been employed in
areas such as compact  disks (CD) and recordable or re-writable compact
discs (e.g., CD-RW), and similar  relatively low areal density devices,
e.g. less than about 1 Gbits/in2, which are  typically read-through devices
requiring the employment of a good optical quality  substrate having low
birefringence. Referring to Figure 1, a low areal density system 1 is
illustrated having a read  device 3 and a recordable or re-writable storage
media 5. The storage media 5  comprises conventional layers, including a
data layer 7, dielectric layers 9 and 9',  reflective layer 11, and
protective layer 13. During operation of the system 1, a laser  15 produced
by the read device 3 is incident upon the optically clear substrate 17. The
laser passes through the substrate 17, and through dielectric layer 9, the
data layer 7  and a second dielectric layer 9'. The laser 15 then reflects
off reflective layer 11, back  1 11 DEC M  



WO 03/079344 PCT/US03/06775 through the dielectric layer 9', data layer 7,
dielectric layer 9, and substrate 17 and then  it is read by the read
device 3. Unlike the CD, storage media having high areal density
capabilities, typically  up to or greater than about 5 Gbits/in2, employ
first surface or near field read/write  techniques in order to increase the
areal density. For such storage media, although the  optical quality of the
substrate is not relevant, the physical and mechanical properties  of the
substrate become increasingly important. For high areal density
applications,  including first surface applications, the surface quality of
the storage media can affect  the accuracy of the reading device, the
ability to store data, and replication qualities of  the substrate.
Furthermore, the physical characteristics of the storage media when in  use
can also affect the ability to store and retrieve data; i.e. the axial
displacement of  the media, if too great, can inhibit accurate retrieval of
data and/or damage the  read/write device. The above issues associated with
employing first surface, including near field,  techniques have been
addressed by utilizing metal, e.g., aluminum, and glass  substrates. A
disadvantage of using such substrates is the difficulty of creating a
pattern, e.g., pit or groove structure, on the surface to facilitate
tracking of the  read/write device or definition of a sector structure.
Once a pattern has been created  on the surface, the desired layers are
disposed upon the substrate using various  techniques, such as, e.g.,
sputtering. Possible layers include reflective layers,  dielectric layers,
data storage layers and protective layers. In the case of magnetic or
magneto-optic data storage devices, a patterned structure may also be added
in the  data layer through magnetic read/write techniques, resulting in
decreased area  available for data storage. As is evident from the fast
pace of the industry, the demand for greater storage  capacities at lower
prices, the desire to have re-writable discs, and the numerous  techniques
being investigated, further advances in the technology are constantly
desired and sought. What is needed in the art are advances in storage media
that  enable storage media to be utilized in first surface, including near
field, applications. 



2 1 1 DEC 2006 WO 03/079344 PCT/US03/06775  TECHNICAL FIELD The present
invention relates to data storage media, and especially relates to
poly(arylene ether) data storage media. BRIEF SUMMARY OF THE INVENTION
Disclosed herein are data storage media as well as methods for making and
processes for using the same. In one embodiment, the storage media
comprises: a  substrate comprising a plastic resin portion, wherein the
plastic resin portion  comprises poly(arylene ether) and a styrene
material, wherein the styrene material is  selected from the group
consisting of polystyrene, styrenic copolymer(s), and reaction  products
and combinations comprising at least one of the foregoing styrene
material(s), and a data layer on the substrate. The poly(arylene ether) has
a weight  average molecular weight of about 5,000 to about 50,000 AMU, and
the polystyrene  has a weight average molecular weight of about 10,000 to
about 300,000 AMU. The  data layer can be at least partly read from,
written to, or a combination thereof by an  energy field. Additionally,
when the energy field contacts the storage media, the  energy field is
incident upon the data layer before it could be incident upon the
substrate. In one embodiment, the method for retrieving data comprises:
rotating the  storage media, directing an energy field at the storage media
such that the energy field  is incident upon the data layer before it can
be incident upon the substrate, and  retrieving information from the data
layer via the energy field. DESCRIPTION OF THE DRAWINGS Figure 1 is a
cross-sectional illustration of a prior art low areal density system
employing an optically clear substrate. Figure 2 is a cross-sectional
illustration of a read/write system using one  possible embodiment of a
storage media of the present invention with a light incident  on the data
storage layer without passing through the substrate. 



3 I 1 DEC 2006 WO 03/079344 PCT/US03/06775  Figure 3 is a cross-sectional
illustration of one embodiment of a magnetic  data storage substrate of the
present invention. The above-described Figures are meant to be exemplary,
not limiting, merely  illustrating some of the potential embodiments of the
present invention. DETAILED DESCRIPTION OF THE INVENTION A storage media
can comprise a homogenous or non-homogenous poly(arylene  ether)/styrenic
material substrate that can be formed in situ with the desired surface
features disposed thereon on one or both sides, a data storage layer such
as a magneto- optic material also on one or both sides, and an optional
protective, dielectric, and/or  reflective layers. The substrate can have a
substantially homogenous, tapered,  concave, or convex geometry, with
various types and geometries of reinforcement  employed to increase
stiffness without adversely effecting surface integrity and  smoothness.
The substrate can comprise a single phase blend of poly(arylene ether)
(PAE)  and a styrenic material or the reaction product thereof. The
substrate can comprise  polystyrene (PS) and/or a styrenic copolymer(s)
(e.g., styrene-co-acrylonitrile (SAN)  and/or styrene-co-maleic anhydride
(SMA)). In one embodiment, the storage media  comprises PAE with a weight
average molecular weight of about 5,000 to about  50,000 and polystyrene
with a weight average molecular weight of about 10,000 to  about 300,000,
wherein all molecular weight herein is given in atomic mass units  (AMU)
unless otherwise specified. Preferably, less than or equal to about 20 wt%
of  the PAE has a weight average molecular weight (MW) of less than or
equal to about  15,000, with less than or equal to about 10 wt% preferred,
and less than or equal to  about 5 wt% especially preferred to obtain
improvements in processibility and to tailor  mechanical properties. The
composition can comprise less than or equal to about 90 wt% PAE and  less
than or equal to about 90 wt% styrenic material based on the total weight
of the  



composition; with about 25 wt% to about 75 wt% PAE and about 25 wt% to
about 75  4 11 DEC 2006 WO 03/079344 PCT/US03/06775  wt% styrenic material
preferred; and about 40 wt% to about 60 wt% PAE and about  40 wt% to about
60 wt% styrenic material especially preferred. Note also that the  total
content of the low molecular weight PAE (e.g., a weight average molecular
weight of less than or equal to about 15,000, or an intrinsic viscosity
(IV) of below  about 0.25 deciliters per gram (dl/g) (as measured in
chloroform at 25C)) is  preferably less than or equal to about 20 wt%, with
less than or equal to about 10 wt%  especially preferred to prevent severe
embrittlement of the material. In a ternary  blend, the styrenic material
can comprise about I wt% to about 99 wt% polystyrene  and about I wt% to
about 99 wt% styrenic copolymers, with about 25 wt% to about  90 wt%
polystyrene and about 10 wt% to about 75 wt% styrenic copolymers
preferred, and about 50 wt% to about 90wt% polystyrene and about 10 wt% to
about  50 wt% styrenic copolymers especially preferred, based upon the
total weight of the  styrenic material. In embodiments where a styrenic
copolymer is employed, the co-monomer  content in the styrenic copolymer
should be less than about 25 mole percent (mole%),  in order to maintain a
single-phase blend. Even at low co-monomer content, single  phase blends
are dependent upon the molecular weight of the PAE component and the
co-monomer content. For example, for a PAE/SAN blend containing SAN with
about  6 mole% acrylonitrile content, full miscibility is observed across
all compositional  ranges for PAE with an intrinsic viscosity IV of less
than or equal to about 0.33 dl/g.  If the acrylonitrile content is
increased to about S mole%, then full miscibility is  observed across all
composition ranges only for low IV (e.g., 0.12 dl/g) PAE blends,  whereas a
higher IV material (e.g., greater than or equal to about 0.33 dl/g)
exhibits  immiscibility in the about 40 mole% to about 60 mole% PAE range.
Similarly, a ternary blend can be employed utilizing PPE, polystyrene and a
styrenic copolymer. As above, full miscibility is observed in the case of 6
mole%  



acrylonitrile styrenic copolymers. For 8 mole% acrylonitrile, miscibility
is observed  when the SAN content is less than or equal to about 30 wt% or
greater than or equal to  about 70 wt%. The case of greater than or equal
to 70 wt% SAN, however, results  5 I 1 DEC 2006 WO 03/079344 PCT/US03/06775
produces a blend possessing a low glass transition temperature (e.g., below
about  130C.). The term poly(arylene ether) (PAE) includes polyphenylene
ether (PPE) and  poly(arylene ether) copolymers; graft copolymers;
poly(arylene ether) ionomers; and  block copolymers of alkenyl aromatic
compounds, vinyl aromatic compounds,  poly(arylene ether), and poly(arylene
ether), and the like; and reaction products and  combinations comprising at
least one of the foregoing; and the like. Poly(arylene  ether)s per se, are
known polymers comprising a plurality of structural units of the  formula
(I): wherein for each structural unit, each Q' is independently halogen,
primary or secondary lower alkyl (e.g., alkyl containing up to 7 carbon
atoms), phenyl,  haloalkyl, aminoalkyl, hydrocarbonoxy, or
halohydrocarbonoxy wherein at least two  carbon atoms separate the halogen
and oxygen atoms; and each Q2 is independently  hydrogen, halogen, primary
or secondary lower alkyl, phenyl, haloalkyl,  hydrocarbonoxy or
halohydrocarbonoxy as defined for Q. Preferably, each Q' is  alkyl or
phenyl, especially C1 alkyl, and each Q2 is hydrogen. Both homopolymer and
copolymer poly(arylene ether) are included. The  preferred homopolymers are
those containing 2,6-dimethylphenylene ether units.  Suitable copolymers
include random copolymers containing, for example, such units  in
combination with 2,3,6-trimethyl-1,4-phenylene ether units or copolymers
derived  from copolymerization of 2,6-dimethylphenol with
2,3,6-trimethylphenol. Also  included are poly(arylene ether) containing
moieties prepared by grafting vinyl  monomers or polymers such as
polystyrenes, as well as coupled poly(arylene ether) in  which coupling
agents such as low molecular weight polycarbonates, quinones,  heterocycles
and formals undergo reaction in known manner with the hydroxy groups  



of two poly(arylene ether) chains to produce a higher molecular weight
polymer.  Poly(arylene ether)s further include reaction products and
combinations comprising at  least one of the above. 6 1 1 DEC 2006 WO
031079341 PCT/US03/06775  It will be apparent to those skilled in the art
from the foregoing that the  poly(arylene ether) contemplated include all
those presently known, irrespective of  variations in structural units or
ancillary chemical features. The poly(arylene ether) generally has an
intrinsic viscosity (IV) of about 0.10  to about 0.60 deciliters per gram
(d1/g) as measured in chloroform at 25C. It is also  possible to utilize a
high intrinsic viscosity poly(arylene ether) (preferably greater than  or
equal to about 0.25 dl/g) and a low intrinsic viscosity poly(arylene ether)
(preferably less than or equal to 0.25 dl/g) in combination. Determining an
exact  ratio, when two intrinsic viscosities are used, will depend somewhat
on the exact  intrinsic viscosities of the poly(arylene ether) used and the
ultimate physical properties  that are desired. Suitable base titratable
functionalized poly(arylene ether) resins include, but  are not limited to,
those prepared via reaction with an appropriate acid or anhydride
functionalization agent. For example those prepared by melt reaction of
poly(arylene  ether) with alpha, beta unsaturated carbonyl compounds,
including maleic anhydride,  maleic acid, fumaric acid, citraconic
anhydride, citraconic acid, itaconic anhydride,  itaconic acid, aconitic
anhydride, aconitic acid, and their esters and amines; alpha- hydroxy
carbonyl compounds including carboxylic acids such as citric acid and
maleic  acid; derivatives of 5-hydroxybenzene-1,2,4-tricarboxylic
anhydride, such as the 5- acetyl-derivative or a 4-ester-derivative such as
the phenyl ester; trimellitic anhydride  aryl esters, including trimellitic
anhydride phenyl salicylate; and reaction products and  combinations
comprising at least one of the foregoing, among others, can be  employed.
Alternatively, poly(arylene ether) may be functionalized with acidic or
latent acidic groups in a suitable solvent. Examples of such processes
include  



metallation of poly(arylene ether) in tetrahydrofuran (THF) followed by
quenching  with carbon dioxide or capping of poly(arylene ether) in toluene
solution with  trimellitic anhydride acid chloride. Typically, less than or
equal to about 10 wt%  functionalization agent can be used (based on the
weight of the poly phenylene ether  7 1 1 DEC 2006 WO 03/079344
PCT/US03106775  and the agent), with less than or equal to about 6 wt%
preferred, and about 1.5 wt% to  about 4 wt% especially preferred. In
addition .to the poly(arylene ether), one or more polystyrenes (PS) may be
included in the composition. The term "polystyrene" as used herein includes
polymers  prepared by methods known in the art including bulk, suspension
and emulsion  polymerization, which contain at least 25 wt% of structural
units derived from a  monomer of the formula wherein R5 is hydrogen, lower
alkyl or halogen; Z' is vinyl,  halogen or lower alkyl; and p is from 0 to
about 5. Similarly in addition to the poly(arylene ether), one or more
styrenic  copolymers may be included in the composition in the described
composition. The  terms "polystyrene copolymer" and "styrenic copolymer" as
used herein includes  polymers prepared by methods known in the art
including bulk, suspension and  emulsion polymerization employing at least
one monovinyl aromatic hydrocarbon.  Examples of monovinyl aromatic
hydrocarbons include alkyl-, cycloalkyl-, aryl-,  alkylaryl-, aralkyl-,
alkoxy-, aryloxy-, and other substituted vinylaromatic compounds,  as well
as reaction products and combinations comprising at least one of the
foregoing. Specific examples include: styrene, 4-methylstyrene,
3,5-diethylstyrene,  4-n-propylstyrene, a-methylstyrene,
a-inethylvinyltoluene, a-chlorostyrene, a- bromostyrene, dichlorostyrene,
dibromostyrene, tetrachlorostyrene, as well as reaction  products and
combinations comprising at least one of the- foregoing styrenic
copolymers. The preferred monovinyl aromatic hydrocarbons used are styrene
and a- methylstyrene. These polymers contain a co-monomer, such as acrylic
monomers including  



acrylonitrile and substituted acrylonitrile, and acrylic acid esters,
and/or maleic  anhydride and derivatives thereof, e.g., maleimides,
N-substituted maleimides, and the  like. Specific examples of co-monomers
include: acrylonitrile, ethacrylonitrile,  methacrylonitrile,
a-chloroarylonitrile, b-chloro-acrylonitrile, a-bromoacrylonitrile, b-
bromoacrylonitrile, methyl acrylate, methyl methacrylate, ethyl acrylate,
butyl  acrylate, propylacrylate, isopropyl acrylate, maleic anhydride,
methacrylonitrile,  8 1 1 DEC 2006  WO 03/079344 PCT/US03/06775 maleimide,
N-alkyl maleimide, N-aryl maleimide or the alkyl or halo substituted N-
arylmaleimides, as well as reaction products and combinations comprising at
least one  of the foregoing acrylic monomers. The preferred monomers are
acrylonitrile, maleic  anhydride, ethyl acrylate, and methyl metbacrylate,
with acrylonitrile and maleic  anhydride especially preferred. The amount
of co-monomer(s) present in the polystyrene copolymer can vary.  However,
the level is generally present at a mole percentage of greater than or
equal to  about 2 mole%, and less than or equal to about 25 mole%, with
about 4 mole% to  about 15 mole% preferred, and about 6 mole% to about 10
mole% especially  preferred. Especially preferred polystyrene copolymer
resins include poly(styrene  maleic anhydride), commonly referred to as
"SMA" and poly(styrene acrylonitrile),  commonly referred to as "SAN". For
the purposes of the present application, it is desirable that the styrenic
copolymer remain in a single phase blend with the PAE component. As such,
it is  desirable that the copolymer be a random copolymer, versus a block
type copolymer  that would lead to phase separation. Additionally, the
blend may optionally also contain various additives, such as  antioxidants,
such as, for example, organophosphites, for example, tris(nonyl-
phenyl)phosphite, tris(2,4-di-t-butylphenyl)phosphite, bis(2,4-di-t-
butylphenyl)pentaerythritol diphosphite or distearyl pentaerythritol
diphosphite;  alkylated monophenols; polyphenols; alkylated reaction
products of polyphenols with  



dienes, such as, for example, tetrakis[methylene(3,5-di-tert-butyl-4-
hydroxyhydrocinnamate)] methane, 3,5-di-tert-butyl-4-hydroxyhydrocinnamate
octadecyl, 2,4-di-tert-butylphenyl phosphite; butylated reaction products
of para-cresol  and dicyclopentadiene; alkylated hydroquinones;
hydroxylated thiodiphenyl ethers;  alkylidene-bisphenols; benzyl compounds;
esters of beta-(3,5-di-tert-butyl-4- hydroxyphenyl)-propionic acid with
monohydric or polyhydric alcohols; esters of
beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic acid with monohydric
or  polyhydric alcohols; esters of thioalkyl or thioaryl compounds, such
as, for example,  9 1 1 DEC 2006  WO 03/079344 PCT/US03/06775
distearylthiopropionate, dilaurylthiopropionate, and/or
ditridecylthiodipropionate;  amides of
beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid, and the like, as
well as reaction products and combinations comprising at least one of the
foregoing  antioxidants. Reinforcing agents, fillers, and other additives
and the like, as well as reaction  products and combinations comprising at
least one of the foregoing may further be  used to increase the modulus of
the substrate. It is important, however, that the  presence of a filler
phase not adversely affect the surface quality of the molded part.  As
such, special processing conditions during injection molding may be
required to  ensure an adequately smooth surface when molding filled parts.
Fillers and  reinforcing agents, such as, for example, silicates, titanium
dioxide (Ti02), glass, zinc  oxide (ZnO), zinc sulfide (ZnS), carbon black,
graphite, calcium carbonate, talc, mica,  and the like, as well as reaction
products and combinations comprising at least one of  the foregoing
additives in the form of fibers (including continuous and chopped  fibers),
flakes, nanotubes, spheres, particles, and the like as well as combinations
comprising at least one of the foregoing forms, may optionally be employed.
Furthermore, other additives can also optionally be employed, such as, for
example,  mold release agents (pentaerythritol tetrastearate, glycerol
monstearate, and the like);  UV absorbers; stabilizers such as light and
thermal stabilizers (acidic phosphorous- 



based compounds, hindered phenols, and the like; lubricants (mineral oil,
and the  like); plasticizers; dyes (quinines, azobenzenes, and the like);
colorants, anti-static  agents (tetra alkylammonium benzene sulfonate
salts, tetra alkylphosphonium benzene  sulfonate salts, and the like);
anti-drip agents; among others, as well as reaction  products and
combinations comprising at least one of the foregoing additives. The data
storage media using this blend can be produced by first forming the
thermoplastic composition using a conventional reaction vessel capable of
adequately  mixing the various components, such as a single or twin screw
extruder, kneader, or  the like. The components can either be
simultaneously fed through a hopper into the  extruder, or the styrenic
material(s) can be introduced to the extruder and melted prior  10 1 1 DEC
2006 WO 03/079344 PCT/US03/06775  to the addition of the PAE to prevent
sticking of the PAE. The extruder should be  maintained at a sufficiently
high temperature to melt the components without causing  decomposition
thereof. Temperatures of about 270C to about 340C can be used,  with about
280C to about 320C preferred, and about 290C to about 305C  especially
preferred. Similarly, the residence time in the extruder should be
controlled  to minimize decomposition. Residence, times of less than or
equal to about 5 minutes  (min) or more are typically employed, with less
than or equal to about 2 min preferred,  and less than or equal to about 1
min especially preferred. Prior to extrusion into the desired form
(typically pellets, sheet, web, or the  like) the mixture can be filtered,
such as by melt filtering and/or the use of a screen  pack, or the like, to
remove undesirable contaminants or decomposition products. Once the
composition has been produced, it can be formed into the data  storage
media, or any other desired article (films, lenses, sheets, etc.) using
various  molding and processing techniques. Possible molding techniques
include injection  molding, foaming processes, injection-compression,
rotary molding, two shot  molding, microcellular molding, film casting,
extrusion, press molding, blow  molding, and the like. If the composition
is employed as a data storage media, for  



example, additional processing such as electroplating, coating techniques
(spin  coating, spray coating, vapor deposition, screen printing, painting,
dipping, sputtering,  vacuum deposition, electrodeposition, meniscus
coating, and the like), lamination,  data stamping, embossing, surface
polishing, fixturing, and combinations comprising  at least one of the
foregoing processes, among others conventionally known in the art,  may be
employed to dispose desired layers on the PAE/styrenic material substrate.
Essentially, the substrate may optionally be formed, in situ, with the
desired surface  features disposed thereon on one or both sides, a data
storage layer such as a magneto- optic material also on one or both sides,
and an optional protective, dielectric, and/or  reflective layers. The
substrate can have a substantially homogenous, tapered,  concave, or convex
geometry, with various types and geometries of reinforcement  11 1 1 DEC
2006 WO 03/079344 PCT/US03/06775  optionally employed to increase stiffness
without adversely effecting surface integrity  and smoothness. An example
of a PAE/styrenic material storage media comprises an injection  molded
PAE/styrenic material substrate that may optionally comprise a hollow
(bubbles, cavity, and the like) or filler (metal, plastics, glass, ceramic,
etc., in various  forms such as fibers, spheres, etc.) core. Disposed on
the substrate are various layers  including: a data layer, dielectric
layer(s), a reflective layer, and/or a protective layer.  These layers are
disposed in accordance with the type of media produced. For  example, for a
first surface media, the layers may be protective layer, dielectric layer,
data storage layer, dielectric layer, and then the reflective layer
disposed in contact  with the substrate. The data storage layer(s) may
comprise any material capable of storing  retrievable data, such as an
optical layer, magnetic layer, or a magneto-optic layer,  having a
thickness of less than or equal to about 600A, with a thickness less than
or  equal to about 300A preferred. Possible data storage layers include,
but are not  limited to, oxides (such as silicone oxide), rare earth
element - transition metal alloy,  



nickel, cobalt, chromium, tantalum, platinum, terbium, gadolinium, iron,
boron,  others, and alloys and combinations comprising at least one of the
foregoing, organic  dye (e.g., cyanine or phthalocyanine type dyes), and
inorganic phase change  compounds (e.g., TeSeSn or InAgSb). The protective
layer(s), which protect against dust, oils, and other  contaminants, can
have a thickness of greater than or equal to about I00 to less than  or
equal to about 10A, with a thickness of less than or equal to about 300A
preferred  in some embodiments, and a thickness of less than or equal to
about 100 A especially  preferred. The thickness of the protective layer(s)
is usually determined, at least in  part, by the type of read/write
mechanism employed, e.g., magnetic, optic, or  magneto-optic. Possible
protective layers include anti-corrosive materials such as  nitrides (e.g.,
silicon nitrides and aluminum nitrides, among others), carbides (e.g.,
silicon carbide and others), oxides (e.g., silicon dioxide and others),
polymeric  12 1 1 DEC 2006 WO 03/079344 PCT/US03/06775  materials (e.g.,
polyacrylates or polycarbonates), carbon film (diamond, diamond-like
carbon, etc.), among others, and reaction products and combinations
comprising at  least one of the foregoing. The dielectric layer(s), which
are disposed on one or both sides of the data  storage layer and are often
employed as heat controllers, can typically have a thickness  of up to or
exceeding about 1,000A and as low as about 200A. Possible dielectric
layers include nitrides (e.g., silicon nitride, aluminum nitride, and
others); oxides (e.g.,  aluminum oxide); carbides (e.g., silicon carbide);
and alloys and combinations  comprising at least one of the foregoing,
among other materials compatible within the  environment and preferably,
not reactive with the surrounding layers. The reflective layer(s) should
have a sufficient thickness to reflect a sufficient  amount of energy to
enable data retrieval. Typically the reflective layer(s) can have a
thickness of less than or equal to about 700A, with a thickness of about
300A to about  600A generally preferred. Possible reflective layers include
any material capable of  



reflecting the particular energy field, including metals (e.g., aluminum,
silver, gold,  titanium, and alloys and combinations comprising at least
one of the foregoing, and  others). In addition to the data storage
layer(s), dielectric layer(s), protective layer(s)  and reflective
layer(s), other layers can be employed such as lubrication layer and
others. Useful lubricants include fluoro compounds, especially fluoro oils
and  greases, and the like. The storage media described herein can be
employed in conventional optic,  magneto-optic, and magnetic systems, as
well as in advanced systems requiring higher  quality storage media and/or
areal density. During use, the storage media is disposed  in relation to a
read/write device such that energy (magnetic, light, a combination  thereof
or another) contacts the data storage layer, in the form of an energy field
incident on the storage media. The energy field contacts the layer(s)
disposed on the  storage media prior to (if ever) contacting the substrate.
The energy field causes some  physical or chemical change in the storage
media so as to record the incidence of the  energy at that point on the
layer. For example, an incident magnetic field might  13 1 1 DEC 2006  WO
03/079344 PCT/US03/06775 change the orientation of magnetic domains within
the layer, or an incident light beam  could cause a phase transformation
where the light heats the material. For example, referring to Figure 2, in
a magneto-optic system 100, data  retrieval comprises contacting the data
storage layer(s) 102 with a polarized light 110  (white light, laser light,
or other) incident on such layer(s). A reflective layer 106,  disposed
between the data storage layer 102 and substrate 108, reflects the light
back  through the data storage layer 102, the protective layer 104, and to
the read/write  device 112 where the data is retrieved. In another
embodiment, referring to Figure 3, the read/write device 112 detects  the
polarity of magnetic domains in the disk storage layer 102' (i.e. data is
read). To  write data onto the storage media, a magnetic field is imposed
onto the data storage  layer 102' by the read/write device 112. The
magnetic field passes from the read/write  



device 112', through the lubrication layer 105, and the protective layer
104 to the  magnetic layer 102', forming magnetic domains aligned in either
of two directions and  thereby defining digital data bits. In use, for
example, data could be retrieved from the storage media by rotating  the
storage media (e.g., at speeds up to and exceeding about 10,000 revolutions
per  minute (rpm), with about 3,000 to about 10,000 rpm more typical, and
about 5,000 to  about 8,000 rpm most typical), directing an energy field at
the storage media such that  the energy field is incident upon the data
layer before it can be incident upon the  substrate, and retrieving
information from the data layer via the energy field. This  retrieval can
comprise passing a portion or all of the energy field to the data layer,
and  passing at least a part or all of the portion of the energy field back
from the data layer.  Preferably, at least for near field applications, the
energy field is incident upon the  data storage layer without being
incident upon the substrate. The following examples are provided to further
illustrate the present invention  and not to limit the scope hereof.
Example 1. Poly(phenylene ether)/polystyrene  14 I 1 DEC 2006  WO 03/079344
PCT/US03/06775 A blend of 80 wt% 0.33 IV poly(phenylene ether) powder
(Noryl(r)  poly(phenylene ether) resin commercially available from GE
Plastics) and 20 wt%  polystyrene pellets (Nova PS172 commercially
available from Nova Chemical) was  extruded in a 40 mm twin screw extruder
to make homogeneous, single phase pellets.  The resulting pellets were then
injection molded to form an optical disk with a  grooved surface, with the
groove depth of the mold insert ("stamper") being  approximately 50 nm
(nanometers) deep and a track pitch of approximately 0.8  microns (). The
glass transition temperature (Tg) of the material was about 182C.  The disk
exhibits improved flatness, lower density, and lower moisture absorption
than a typical optical quality polycarbonate disk as in Comparative Example
#1. Example 2. Poly(phenylene ether)/polystyrene 



A blend of 60 wt% 0.33 IV poly(phenylene ether) powder (commercially
available from GE Plastics) and 40 wt% polystyrene pellets (Nova PS 172)
was  extruded in a 40 mm twin screw extruder to make homogeneous, single
phase pellets.  The resulting pellets were then injection molded to form an
optical disk with a  grooved surface, with the groove depth of the mold
insert ("stamper") being  approximately 50 nm deep and a track pitch of
approximately 0.8 g. Tg of the  material was about 158C. This material
showed superior replication of the grooved  structure compared to the
blends containing higher poly(phenylene ether) content.  The ductility of
the material (as measured by Notched Izod, Dynatup, or other impact- type
methods) was superior to that of blends containing higher polystyrene
content.  The disk exhibits improved flatness, lower density, and lower
moisture absorption  than a typical optical quality polycarbonate disk as
in Comparative Example 1. Example 3. Poly(phenylene ether)/polystyrene A
blend of 25 wt% 0.33 IV poly(phenylene ether) powder (commercially
available from GE Plastics) and 75 wt% polystyrene pellets (Nova PS172) was
extruded in a 40 mm twin screw extruder to make homogeneous, single phase
pellets.  The resulting pellets were then injection molded to form an
optical disk. Tg of the  15 1 1 DEC 2006 WO 03/079344 PCT/US03/06775
material was about 124C. While the flow and replication of this material
were  superior to that of the higher poly(phenylene ether) content blends,
the ductility and  Tg are significantly lower. The disk exhibits improved
flatness, lower density, and  lower moisture absorption than a typical
optical quality polycarbonate disk as in  Comparative Example 1. Example 4.
poly(phenylene ether)/poly(phenylene ether)/polystyrene A blend of 50
wt"/,D 0.33 IV poly(phenylene ether) powder (commercially  available from
GE Plastics), 5 wt% 0.12 IV poly(phenylene ether) powder, and 45  wt%
polystyrene pellets (Nova PSI 72) was extruded in a 40 mm twin screw
extruder  to make homogeneous, single phase pellets. The resulting pellets
were then injection  



molded to form an optical disk with a grooved surface, with the groove
depth of the  mold insert ("stamper") being approximately 50 mn deep and a
track pitch of  approximately 0.8 . Tg of the material was about 155C. The
material showed  superior flow compared to a blend that contains 55 wt%
0.33 IV poly(phenylene  ether) without any significant sacrifice in
ductility. The disk exhibited improved  flatness, lower density, and lower
moisture absorption than a typical optical quality  polycarbonate disk as
in Comparative Example 1. Example 5. poly(phenylene ether)/SAN blend A
blend of 75 wt% 0.33 IV poly(phenylene ether) powder (commercially
available from GE Plastics) and 25 wt% SAN powder (7.6 mole% AN content; GE
Plastics) was extruded in a 16 mm twin screw extruder to make homogeneous,
single  phase pellets. Tg of the material was about 166C. The material
exhibited improved  modulus, lower density, and lower moisture absorption
than a typical optical quality  polycarbonate material as in Comparative
Example 1. Example 6. poly(phenylene ether)/SAN blend A blend of 75 wt%
0.33 IV poly(phenylene ether) powder (GE Plastics) and 25  wt% SAN powder
(6.3 mole% AN content; GE Plastics) was extruded in a 16 mm  16 I 1 DEC
2006 WO 03/079344 PCT/US03/06775  twin screw extruder to make homogeneous,
single phase pellets. Tg of the material  was about 166C. The material
exhibited improved modulus, lower density, and  lower moisture absorption
than a typical optical quality polycarbonate material as in  Comparative
Example 1. Example 7. poly(phenylene ether)/SAN blend A blend of 50 wt%
0.33 IV poly(phenylene ether) powder (commercially  available from GE
Plastics) and 50 wt% SAN powder (6.3 mole% AN content;  commercially
available from GE Plastics) was extruded in a 16 mm twin screw  extruder.
In contrast to Comparative Example 2, this composition forms a single
phase blend. Tg of the material was about 141 C. The material exhibited
improved  



modulus, lower density, and lower moisture absorption than a typical
optical quality  polycarbonate material as in Comparative Example 1.
Example 8. poly(phenylene ether)/polystyrene/SAN blend A blend of 56 wt%
0.33 IV poly(phenylene ether) powder (commercially  available from GE
Plastics), 19 wt% polystyrene powder (Nova PSI 72), and 25 wt/o  SAN powder
(6.3 mole% AN content; commercially available from GE Plastics) was
extruded in a 16 mm twin screw extruder to make homogeneous, single phase
pellets.  Tg of the material was about 153C. The material exhibited
improved modulus, lower  density, and lower moisture absorption than a
typical optical quality polycarbonate  material as in Comparative Example
1. Comparative Example 1: Polycarbonate (PC) The properties of the above
materials and molded articles can be compared to  those of a typical
optical quality polycarbonate (e.g., OQ1020C, commercially  available from
GE Plastics). Pellets were made by extrusion of PC powder under,  standard
conditions, and disks were made by injection molding under conventional
injection molding conditions for data storage disks. Tg of the PC was about
140- 145C, with a heat distribution temperature (HDT) of about 127C. 17 1 1
DEC 2006  WO 03/079344 PCT/US03/06775  Comparative Example 2:
Poly(phenylene ether)/SAN blend A blend of 50 wt% 0.33 IV poly(phenylene
ether) powder (commercially  available from GE Plastics) and 50 wt% SAN
powder (7.6 mole% AN content;  commercially available from GE Plastics) was
extruded in a 16 mm twin screw  extruder. The resulting product was not
single phase, demonstrating two glass  transition temperatures of about 106
and about 198C. The material was not deemed  useful for the application, as
parts molded from this blend do not show adequate  surface quality
(smoothness). The PAE thermoplastic compositions possess improved
properties compared  to polycarbonate, and to pure polystyrene or styrenic
copolymers. For example the  



density and flexural modulus of a 50/50 PAE/styrenic material single phase
blend is  1.07 grams per cubic centimeter (g/cc) and 440 kilo pounds per
square inch (Kpsi),  respectively, while for PC they are 1.23 g/cc and 330
Kpsi, respectively.  Consequently, these compositions are useful in
numerous applications, particularly,  data storage media (optical,
magnetic, magneto-optic, and the like). Additionally, the PAE compositions
exhibited reduced moisture absorption  compared to conventional materials,
e.g., a moisture absorption of less than or equal  to about 0.20 wt%, with
less than or equal to about 0.15 wt% typical, and less than or  equal to
about 0.10 wt% preferred, wherein moisture absorption is equilibrium water
uptake when the sample is held at 85C and 85 wt% relative humidity. For
example,  the polycarbonate equilibrium moisture uptake was about 0.25 to
about 0.35 wt%,  while that of PAE/styrenic material is about 0.06 wt% This
is desirable because  moisture absorption can cause dimensional stability
problems when the disk is moved  from wet to dry (or vice versa)
environments. Unlike other storage media, the PAE storage media disclosed
herein employs a  substrate having at least a portion thereof plastic
(e.g., at least a thin plastic film) to  attain the desired mechanical
properties and surface features. Due to the use of the  plastic, in situ
formation of the substrate with the desired surface features is possible.
18 1 1 DEC 2006  WO 03/079344 PCT/US03/06775  Furthermore, surface
features, including servo-patterning (e.g., pits, grooves, and the  like),
asperities (e.g., laser bumps, and the like), protrusions, edge features,
roughness,  smoothness, microwaviness, and flatness etc., can be embossed
directly into the  substrate surface, rendering production of this storage
media cost effective. The  substrate can have a substantially homogenous,
tapered, concave, or convex geometry,  with various types and geometries of
reinforcement employed to increase stiffness  without adversely effecting
surface integrity and smoothness. While the invention has been. described
with reference to an exemplary  embodiment, it will be understood by those
skilled in the art that various changes may  



be made and equivalents may be substituted for elements thereof without
departing  from the scope of the invention. In addition, many modifications
may be made to  adapt a particular situation or material to the teachings
of the invention without  departing from the essential scope thereof.
Therefore, it is intended that the invention  not be limited to the
particular embodiment disclosed as the best mode contemplated  for carrying
out this invention, but that the invention will include all embodiments
falling within the scope of the appended claims. 19 11 DEC 2006 WO
03/079344 PCT/US03/06775  What is claimed is: 1. A storage media for data,
comprising: a substrate comprising a single phase plastic resin portion,
wherein the  plastic resin portion comprises a poly(arylene ether) and a
styrene material, wherein  the styrene material is selected from the group
consisting of polystyrene, styrenic  copolymer(s), and reaction products
and combinations comprising at least one of the  foregoing styrene
material(s), wherein the poly(arylene ether) has a weight average
molecular weight of about 5,000 to about 50,000 AMU, and the polystyrene
has a  weight average molecular weight of about 10,000 to about 300,000
AMU, and  wherein less than or equal to about 20 wt% of the poly(arylene
ether) has a weight  average molecular weight of less than or equal to
about 15,000 AMU. a data layer on the substrate; wherein the data layer can
be at least partly read from, written to, or a  combination thereof by an
energy field; and wherein, when the energy field contacts the storage
media, the energy  field is incident upon the data layer before it could be
incident upon the substrate. 2. A storage media for data, comprising: a
substrate comprising a single phase plastic resin portion, wherein the
plastic resin portion comprises a poly(arylene ether) and a styrene
material, wherein  the styrene material is selected from the group
consisting of polystyrene, styrenic  



copolymer(s), and reaction products and combinations comprising at least
one of the  foregoing styrene material(s); a first data layer on the
substrate; and a first protective layer disposed on a side of the first
data layer opposite  the substrate, wherein the first protective layer
comprises polycarbonate; wherein the first data layer can be at least
partly read from, written to,  or a combination thereof by a energy field;
and wherein, when the energy field contacts the storage media, the energy
field is incident upon the first data layer before it could be incident
upon the substrate.  20 1 1 DEC 2006 WO 03/079344 PCT/US03/06775  3. The
storage media of Claims l or 2, wherein less than or equal  to about 10 wt%
of the poly(arylene ether) has a weight average molecular weight of  less
than or equal to about 15,000 AMU. 4. The storage media of Claim 3, wherein
less than or equal to  about 5 wt% of the poly(arylene ether) has a weight
average molecular weight of less  than or equal to about 15,000 AMU. 5. The
storage media of any of Claims I - 4, wherein the plastic  resin portion
further comprises less than or equal to about 90 wt% poly(arylene ether)
and less than or equal to about 90 wt% styrene material, based on the total
weight of  the plastic resin portion. 6. The storage media of Claim 5,
wherein the plastic resin portion  further comprises about 25 wt% to about
75 wt% poly(arylene ether) and about 25  wt% to about 75 wt% styrene
material, based on the total weight of the plastic resin  portion. 7. The
storage media of Claim 6, wherein the plastic resin portion  further
comprises about 40 wt% to about 60 wt% poly(arylene ether) and about 40
wt% to about 60 wt% styrene material, based on the total weight of the
plastic resin  portion. 



8. The storage media of any of Claims I - 7, wherein the styrenic
copolymer is prepared by bulk, suspension or emulsion polymerization using
a  monovinyl aromatic hydrocarbon selected from the group consisting of
alkyl-,  cycloalkyl-, aryl-, alkylaryl-, aralkyl-, alkoxy-, aryloxy-, and
reaction products and  combinations comprising at least one of the
foregoing monovinyl aromatic  hydrocarbon. 21 1 1 DEC 2006 WO 03/07934=!
PCT/US03/06775  9. The storage media as in Claim 8, wherein the hydrocarbon
is  selected from the group consisting of styrene, 4-methylstyrene,
3,5-diethylstyrene, 4- n-propylstyrene, a-methylstyrene,
a-methylvinyltoluene, a-chlorostyrene, a- bromostyrene, dichlorostyrene,
dibromostyrene, tetrachlorostyrene, and combinations  comprising at least
one of the foregoing hydrocarbons. 10. The storage media of any of Claims I
- 9, wherein the styrenic  material comprises the styrenic copolymer, and
wherein the styrenic copolymer has  less than or equal to about 25 mole%
co-monomer. 11. The storage media of Claim 10, wherein the styrenic
copolymer  has about 4 mole% to about 15 mole% co-monomer. 12. The storage
media of Claim 11, wherein the styrenic copolymer  has about 6 mole% to
about 10 mole% co-monomer. 13. The storage media of any of Claims 10 - 12,
wherein the co- monomer is selected from the group consisting of
acrylonitrile, maleic anhydride, and  reaction products and combinations
comprising at least one of the foregoing co- monomers. 14. The storage
media of any of Claims I - 13, further comprising  an additive selected
from the group consisting of silicates, titanium dioxide, glass,  zinc
sulfide, carbon black, graphite, calcium carbonate, and reaction products
and  combinations comprising at least one of the foregoing additives. 15.
The storage media of Claim 14, wherein the additives are in a  



form selected from the group consisting of continuous fibers, chopped
fibers, flakes,  nanotubes, spheres, particles, and combinations comprising
at least one of the  foregoing forms. 22 1 1 DEC 2006 WO 03/079344
PCT/US03/06775  16. The storage media of any of Claims 1 - 15, further
comprising  an additive selected from the group consisting of mold release
agent(s), UV  absorber(s), light stabilizer(s), thermal stabilizer(s),
lubricant(s), plasticizer(s), dye(s),  colorant(s), anti-static agent(s),
anti-drip agent(s), and reaction products and  combinations comprising at
least one of the foregoing additives. 17. The storage media of any of
Claims I - 16, wherein the styrenic  material further comprises about 25
wt% to about 90 wt% polystyrene and about 10  wt% to about 75 wt% styrenic
copolymers, based upon the total weight of the styrenic  material. 18. The
storage media of Claim 17, wherein the styrenic material  further comprises
and about 50 wt% to about 90wt% polystyrene and about 10 wt% to  about 50
wt% styrenic copolymers, based upon the total weight of the styrenic
material. 19. The storage media of any of Claims I - 18, wherein the
poly(arylene ether) has an intrinsic viscosity of about 0.10 to about 0.60
dl/g measured  in chloroform at 25C. 20. The storage media of any of Claims
2 - 19, further comprising a  first reflective layer disposed between the
substrate and the data layer. 21. The storage media of Claim 20, further
comprising an other  reflective layer disposed on a second side of the
substrate opposite the first reflective  layer, and an other data layer
disposed between the other reflective/e layer and an  other protective
layer. 23 DEC 2006 



WO 03/079344 PCT/1JS03/0677-5  22. The storage media of any of Claims 2 -
21, wherein the  protective layer further comprises a nitride, a carbide,
oxides, a polyacrylate, and  reaction products and combinations comprising
at least one of the foregoing. 23. A method for retrieving data,
comprising: rotating a storage media having a substrate comprising a single
phase  plastic resin portion and a data layer disposed on a surface of the
substrate, wherein  the plastic resin portion comprises the reaction
product of poly(arylene ether) and a  styrene material selected from the
group consisting of polystyrene, styrenic  copolymer(s), and reaction
products and combinations comprising at least one of the  foregoing styrene
material(s), and wherein the poly(arylene ether) has a weight  average
molecular weight of about 5,000 to about 50,000 AMU, and the polystyrene
has a weight average molecular weight of about 10,000 to about 300,000 AMU,
and  wherein less than or equal to about 20 wt% of the poly(arylene ether)
has a weight  average molecular weight of less than or equal to about
15,000 AMU; directing an energy field at the storage media such that the
energy field  is incident upon the data layer before it can be incident
upon the substrate; and  retrieving information from the data layer via the
energy field. 24. The method for retrieving data as in Claim 23, further
comprising passing at least a portion of the energy field to the data
layer, and passing  at least a part of the portion of the energy field back
from the data layer. 25. The method for retrieving data as in Claims 23 or
24, wherein  less than or equal to about 10 wt% of the poly(arylene ether)
has a weight average  molecular weight of less than or equal to about
15,000 AMU. 26. The method for retrieving data as in any of Claims 23 - 25,
wherein less than or equal to about 5 wt% of the poly(arylene ether) has a
weight  average molecular weight of less than or equal to about 15,000 AMU.
24 1 1 DEC 2006  WO 03/079344 PCT/US03/06775 



27. The method for retrieving data as in any of Claims 23 - 26,  wherein
the styrenic copolymer has about 4 mole% to about 15 mole% co-monomer.  28.
The method for retrieving data as in Claim 27, wherein the styrenic
copolymer has about 6 mole% to about 10 mole% co-monomer. 29. The method
for retrieving data as in any of Claims 23 - 28,  wherein the poly(arylene
ether) has an intrinsic viscosity of about 0.10 to about 0.60  dl/g
measured in chloroform at 25C. 25 


