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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 re?ective lay 
ers. The substrate can have a substantially homogenous, 
tapered, concave, or convex geometry, With various types 
and geometries of reinforcement employed to increase stiff 
ness Without adversely effecting surface integrity and 
smoothness. 
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DATA STORAGE MEDIA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. patent application Ser. No. 09/502,968 ?led Feb. 11, 
2000, and also claims the bene?t of the ?ling date of US. 
Provisional Application Ser. Nos. 60/120,101 ?led Feb. 12, 
1999, Attorney Docket Nos. GP2-0001 and 8CN-8803PA; 
60/134,585 ?led May 17, 1999, Attorney Docket No. 8CN 
8807PA; 60/137,883 ?led Jun. 7, 1999, Attorney Docket No. 
8CU-5845PA; 60/137,884 ?led Jun. 7, 1999, Attorney 
Docket Nos. 8CU-5846PA; and 60/146,248 ?led Jul. 29, 
1999, Attorney Docket No. 8CN-8826PA and GP2-0018; the 
entire contents of each application are hereby incorporated 
by reference. 

BACKGROUND OF INVENTION 

[0002] Optical, magnetic and magneto-optic media are 
primary sources of high performance storage technology 
that enables 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 (Gbits per square inch (Gbits/in 2)), is equivalent to the 
linear density (bits of information per inch of track) multi 
plied 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. 

[0003] 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-?eld optics), 
investigating three dimensional storage, investigating poten 
tial holographic recording methods and other techniques. 

[0004] Conventional polymeric data storage media has 
been employed in areas such as compact disks (CD-ROM) 
and recordable or re-Writable compact disks (e.g., CD-RW), 
and similar relatively loW areal density devices, eg less 
than about 1 Gbits/in2, Which are typically read-through 
devices requiring the employment of a good optical quality 
substrate having loW birefringence. 

[0005] Referring to FIG. 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‘, re?ective 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 
the dielectric layer 9, the data layer 7 and a second dielectric 
layer 9‘. The laser 15 then re?ects off the re?ective layer 11, 
back through the dielectric layer 9‘, the data layer 7, the 
dielectric layer 9, and the substrate 17 and is read by the read 
device 3. 

[0006] Unlike the CD and beyond that of the DVD, 
storage media having high areal density capabilities, typi 
cally greater than 5 Gbits/in2, employ ?rst surface or near 
?eld 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 
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properties of the substrate become increasingly important. 
For high areal density applications, including ?rst 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; ie the 
aXial displacement of the media, if too great, can inhibit 
accurate retrieval of data and/or damage the read/Write 
device. 

[0007] Conventionally, the above issues associated With 
employing ?rst surface, including near ?eld, techniques 
have been addressed by utiliZing metal, e.g., aluminum, and 
glass substrates. These substrates are formed into a disk and 
the desired layers are disposed upon the substrate using 
various techniques, such as sputtering. Possible layers 
include re?ective layers, dielectric layers, data storage layers 
and protective layers. Once the desired magnetic layers have 
been added, the disk may be partitioned into radial and 
tangential sectors through magnetic read/Write techniques. 
Sector structure may also be added through physical or 
chemical techniques, eg etching, hoWever this must occur 
prior to the deposition of the magnetic layers. 

[0008] 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 disks, and the numerous tech 
niques being investigated, further advances in the technol 
ogy are constantly desired and sought. What is needed in the 
art is advances in storage media substrate materials enabling 
storage media to be utiliZed in ?rst surface, including near 
?eld, applications. 

TECHNICAL FIELD 

[0009] The present invention relates to data storage media, 
and especially relates to methods of making data storage 
media and to partially and Wholly polymeric data storage 
media. 

SUMMARY OF INVENTION 

[0010] The present invention relates to data storage media 
as Well as methods for making and processes for using the 
same. In some preferred embodiments, the storage media 
comprises: a substrate comprised of at least one plastic resin 
portion, and at least one data layer on the substrate Wherein 
the data layer can be at least partly read from, Written to, or 
a combination thereof by at least one energy ?eld, and 
Wherein When the energy ?eld contacts the storage media 
said energy ?eld is incident upon the data layer before it 
could be incident upon the substrate. 

[0011] In another embodiment, the data storage media 
comprises: a rigid substrate, a plastic layer comprising 
surface features, and at least one additional layer on the 
plastic layer. The plastic layer preferably is made from a 
resin capable of Withstanding various techniques, such as 
sputtering, for additional desired layers including, e.g., 
re?ective layers, dielectric layers, data storage layers, and 
protective layers. The surface features present in the plastic 
layer are preferably embossed surface features and the 
plastic layer has preferably been applied to the substrate 
using spin coating, and/or spray coating techniques. In 
another embodiment, the method comprises: forming a 
plastic substrate folloWed by forming a data storage layer 
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onto the substrate. The method can comprise introducing a 
molten polymer to a mold to make a plastic substrate; 
cooling said plastic substrate; and forming a data storage 
layer onto said plastic substrate. The method can optionally 
comprise forming geographic locators on at least one side of 
said plastic substrate in situ. The method may also optionally 
comprise forming the data storage layer over the geographic 
locators. 

[0012] In yet another embodiment, the method of storing 
data comprises: rotating a storage media comprising a 
substrate having at least a plastic portion and at least one 
data layer disposed on at least one surface of said substrate; 
directing an energy ?eld at said storage media such that said 
energy ?eld is incident upon the datalayer before it can be 
incident upon the substrate; and retrieving information from 
the data storage layer. A variety of energy ?elds could be 
employed, e.g., magneto-optic storage Wherein a magnetic 
?eld and/or optical laser are used to Write but an optical 
beam utiliZing re?ecting optics is used to read. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a cross-sectional illustration of a prior art 
loW areal density system employing an optically clear sub 
strate. 

[0014] FIG. 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. 

[0015] FIG. 3 is a cross-sectional illustration of one 
embodiment of a magnetic data storage substrate of the 
present invention. 

[0016] FIG. 4 is a graph of ?exural modulus versus 
speci?c gravity for various fundamental axial modal fre 
quencies of a monolithic disk having a 95 mm outer diam 
eter by 0.8 mm thickness. 

[0017] FIG. 5 is a graph of speci?c stiffness (?exural 
modulus divided by speci?c gravity) versus damping coef 
?cient for various peak-to-peak axial displacements When 
excited by a 1 G sinusoidal load. 

[0018] FIG. 6 is a graph representing the fundamental 
axial modal frequency for a multi layered composite 130 
mm outer diameter by 1.2 mm thickness disk With homo 
geneous layers of neat and reinforced polymer. 

[0019] FIG. 7 is graph representing axial displacement 
peak to peak from vibration at the ?rst fundamental fre 
quency for a multi-layered composite (ABA co-injected 
disk) 130 mm outer diameter by 1.2 mm thickness disk 
having homogeneous layers of neat and reinforced polymer. 

[0020] FIGS. 8 to 21 illustrate various cross-sectional and 
top vieWs of embodiments of the present invention having a 
core/insert of material, or holloW or ?lled cavities, With the 
core/insert disposed at various locations, With various geom 
etries. 

[0021] FIG. 22 is an embodiment similar to FIG. 19 
illustrating a non-homogenous (ABA) substrate With pits or 
grooves. 

[0022] FIGS. 23 and 24 are cross-sectional vieWs of 
additional embodiments of the present invention illustrating 
a substrate having thin plastic ?lm. 
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[0023] FIG. 25 is a cross-sectional vieW of one embodi 
ment of a tri-component disk of the present invention. 

[0024] FIG. 26 is a cross-sectional vieW of another 
embodiment of a disk of the present invention secured With 
a clamp. 

[0025] FIG. 27 is a cross-sectional vieW of yet another 
embodiment of the present invention having a thin plastic 
?lm disposed on a portion of a core. 

[0026] FIGS. 28 to 32 illustrate various embodiments of 
possible substrate geometries for the substrate of the present 
invention. 

[0027] FIGS. 33 to 35 illustrate various embodiments of 
possible core geometries for the storage media of the present 
invention. 

[0028] FIG. 36 illustrates modal shapes obtained from 
With a 130 mm disk via chirp excitation. 

[0029] The above described Figures are meant to be 
exemplary, not limiting, merely illustrating some of the 
potential embodiments of the present invention. 

DETAILED DESCRIPTION 

[0030] The data storage media is partially or Wholly 
comprised of a plastic material. This storage media is useful 
in high areal density applications, ?rst surface and similar 
applications, Wherein an energy ?eld incident on the data 
storage layer(s) contacts the data storage layer(s) Without or 
at least prior to contacting the substrate. In other Words, in 
contrast to conventional compact disks (CDs) and similar 
applications, the energy ?eld does not pass through the 
substrate to contact the data storage layer or re?ect back 
through the substrate to the reading device. In order to 
function in such high areal density applications the storage 
media quality must exceed that of conventional CDs and 
related media. The storage media, compared to conventional 
CDs and similar media, should have a reduced axial dis 
placement When excited by environmental and/or rotational 
vibrations, greater surface quality denoted by feWer irregu 
larities or imperfections, and loWer rotating moment of 
inertia (preferably about 55x10“3 slug-in2 or less, With 
about 4.5><10_3 slug-in2 or less more preferred, and about 4.0 
slug-in2 or less especially preferred), among other qualities. 
Furthermore, the storage media preferably comprises areal 
densities exceeding about 5 Gbits/in2, With greater than 
about 20 Gbits/in2 more preferred, greater than about 50 
Gbits/in especially preferred, and up to or exceeding about 
100 Gbits/in2 anticipated. 

[0031] Generally, in high areal density applications, i.e. 
about 5 Gbits/in2 or greater, the read/Write device is located 
relatively close to the surface of the storage media (stand-off 
distance). In general, the higher the density sought, the 
closer the read/Write device should be to the surface of the 
storage media. Typically in these instances, the stand-off 
distance is generally less than about 0.3 millimeters (mm), 
and often less than about 760 nanometers For 
extremely high density, the read/Write device is preferably 
extremely close, e.g., less than about 0.064 microns (,u), 
often less than about 0.013 p from the surface. Conse 
quently, the axial displacement of the substrate should be 
suf?ciently less than a tolerable system de?ection distance in 
order to prevent damage to the read/Write device and/or 
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storage media surface during vibration and/or shock condi 
tions. For example, for a disk (130 mm in outer diameter, 40 
mm in inner diameter, and 1.2 mm in thickness) experienc 
ing a sinusoidal gravitational loading of about 1 G, a 
resonant frequency of about 170 HZ, and a stand-off distance 
of about 0.051 u, an aXial displacement in peak to peak 
measurement of less than about 250 p is preferred, With less 
than about 150 p more preferred, and less than about 125 p 
especially preferred for instances When damage to the sub 
strate and/or the read/Write device is a primary concern. 
Preferably, an aXial displacement in peak to peak measure 
ment of about 500 p or less, With about 250 p or less 
preferred, is maintained to a shock maXimum of about 25 
G’s, With an about 2 to about 10 milliseconds (msec) 
application time and maintaining such a displacement to 
about 35 G’s preferred. HoWever, in other instances, e.g., 
those With a larger standoff distance (e.g., the about 0.30 p 
or more stand-off) damage to the head is not a dominating 
issue but rather, a very loW aXial displacement and/or disk 
tilt is preferred to alloW for the optics to remain in focus 
since they may be incapable of responding to rapid changes 
in focal length. The maXimum radial tilt and tangential tilt 
are independently about 1° or less, preferably, no more than 
about 1° each, and more preferably less than about 03° each, 
measured in a resting state (i.e., not spinning). 

[0032] The substrate aXial displacement is a function of 
several characteristics, including, but not limited to, the disk 
siZe requirements (inner and outer radii, and thickness), its 
stiffness (?eXural modulus) and density, Poisson’s ratio, loss 
modulus and storage modulus, and combinations thereof and 
others. As the disk’s outer radius increases, the aXial dis 
placement of the disk under shock and vibration conditions 
also increases, and as the disk thickness decreases, its 
sectional stiffness decreases While its aXial displacement 
increases. Currently, the dimensions of the storage media are 
speci?ed by the industry to enable their use in presently 
available storage media reading/Writing devices. Conse 
quently, the storage media typically has an inner diameter of 
up to about 40 millimeters and an outer diameter of up 
to about 130 mm or greater, With an inner diameter of about 
15 mm to about 40 mm and an outer diameter of about 65 
mm to about 130 mm generally employed. The overall 
thickness typically employed is about 0.8 mm to about 2.5 
mm, With a thickness up to about 1.2 mm typically preferred. 
Other diameters and thicknesses could be employed to 
obtain the desired architecture. 

[0033] In addition to aXial displacement, stiffness affects 
the fundamental frequencies for vibration of the substrate. It 
has been determined that the occurrence of the fundamental 
modal frequency can be adjusted based upon several factors, 
including material properties, e.g., the ?eXural modulus, 
thickness, and/or the speci?c gravity (S.G.)/density of the 
substrate or design architecture, e.g. internal/external stiff 
eners. (See FIG. 4) Since the modal frequencies de?ne the 
frequency at Which the substrate naturally resonates, dis 
placing the disk out of plane, it is preferred to have the 
substrate’s ?rst modal frequency outside of the storage 
media’s normal operating frequency. Normal operating fre 
quencies are typically about 20 HZ to about 500 HZ, With 
greater than 500 HZ anticipated for future applications. 
Consequently, the substrate preferably possesses a ?eXural 
modulus/density Which places the ?rst modal frequency 
outside of the storage media’s operating frequency. As is 
evident from FIG. 4 (Whose properties are set forth in the 
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Table beloW) the interrelationship of ?eXural modulus and 
speci?c gravity/density greatly effects the desired substrate 
?eXural modulus and density. Preferably, the stiffness should 
be high and the density should be loW. Typically, the ?eXural 
modulus should be about 250 thousand pounds per square 
inch (kpsi) or greater, With a ?eXural modulus of about 350 
kpsi or greater preferred, about 500 kpsi or greater more 
preferred, and a ?eXural modulus of about 1000 kpsi or 
greater especially preferred, While the speci?c gravity is 
preferably about 1.5 or less, With a speci?c gravity of about 
1.3 or less more preferred, and a speci?c gravity of about 1.0 
or less especially preferred. 

[0034] As With the aXial displacement, due to the small 
stand-off distances employed and the deleterious effect of 
surface roughness on carrier-to-noise ratio, the substrate 
should have a high surface quality, particularly in the area of 
the storage media Where the data is stored, and should be 
substantially ?at to inhibit damage to the read/Write device 
or surface of the storage media, and to enable accurate data 
deposit and retrieval. Preferably, the substrate has at least a 
portion of its surface With an average surface roughness 
((Ra) as measured by atomic force microscopy) of less than 
about 100 Angstroms preferably With a roughness of 
less than about 10 A, and more preferably With a roughness 
of less than about 5 (Roughness is typically an average 
of a 10 p by 10 p area of the substrate.) The microWaviness 
of the surface, Which is typically an average of a 1 mm by 
1 mm area, can be up to about 100 A, With up to about 10 
A preferred, and up to about 5 A especially preferred. With 
respect to the ?atness (also knoWn as “run-out”), a substan 
tially ?at substrate essentially free of ridges or valleys is 
especially preferred. A run-out of up to about 100 p can be 
employed, With a run-out of up to about 10 p preferred, and 
a run-out up to about 5 p especially preferred. (Flatness is 
typically an average of the area of the entire disk.) 

[0035] At such small stand-off distances, a ridge at or near 
the edge of the substrate, commonly knoWn as edge-lift or 
ski-jump, can cause damage to the read/Write device. The 
substrate should have a edge-lift height of less than about 8 
p, With less than about 5 p preferred, and less than about 3 
p especially preferred, With a edge-lift length of less than 
about 800 p preferred, and less than about 500 p especially 
preferred. 

[0036] The storage media can be used in a variety of 
systems, some of Which Will employ a restraining device 
necessitating consideration of stiffness decay of the sub 
strate. For a read/Write system that employs a clamp, hub, or 
other restraining device to secure the storage media, the 
substrate should have a suf?cient yield stress (at least in the 
contact area of the restraining device) to avoid mechanical 
decay (both based upon time and/or temperature). For a 
storage media having an outer diameter of about 65 mm to 
about 130 mm, Which Will be secured Within a restraining 
device of a read/Write system, the plastic resins to be used 
have a preferred yield stress of about 7,000 psi or greater, 
With a yield stress exceeding about 9,000 psi especially 
preferred. In the case of ?lled engineering plastic resins, 
higher yield stresses are obtainable, and yield stress exceed 
ing about 10,000 pounds per square inch (psi) are preferred, 
With greater than about 15,000 psi especially preferred. 
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[0037] Some such disks are illustrated in FIGS. 25 to 27. 
FIG. 25 illustrates a disk 200 having a polymer surface 202, 
a ?lled or hollow core 204, With a central portion 206 of a 
material comprising a higher yield stress than the plastic 
202, such as a metal (e.g., aluminum), glass, ceramic, 
metal-matrix composite, and alloys and combinations com 
prising at least one of the foregoing, and the like. FIG. 26 
illustrates a disk having a high yield stress central portion 
206 attached to a clamp 208. MeanWhile, FIG. 27 illustrates 
yet another embodiment Wherein the polymer is a thin ?lm 
over a core 204‘ composed of the same material as the 

central portion 206. For example, the core can be metal With 
a plastic ?lm 202 disposed over a portion or all of the core. 

[0038] Conventional substrates, e.g., aluminum and 
ceramic substrates Without a plastic overlay, have a very 
high stiffness (e.g., aluminum With a Young’s modulus of 
about 70 gigapascals (GPa), and ceramic With a Young’s 
modulus of about 200 GPa), a level above that Which has 
been achieved With plastic substrates. It Was unexpectedly 
found that the damping coef?cient of a material is important 
to offset the decreased stiffness of plastic substrates as 
compared to aluminum. Consequently, in order to minimiZe 
effects of vibration of the disk, the visco-elastic material 
properties of the substrate can be adjusted to enable damping 
capabilities. Vibration damping is achieved in a general 
sense, for example, by inserting an appropriate spring/ 
dashpot assembly betWeen a vibration source and an object 
to be vibrated. For effective damping, the material should 
absorb and/or dissipate the energy of vibration transmitted 
through the material as energy (e.g., heat energy) converted 
as a result of planar shearing or bulk compression and 
expansion of the material. 

[0039] For visco-elastic materials, such as plastic resins, 
there exists both a storage modulus and a loss modulus. 
Storage modulus represents elastic stiffness and loss modu 
lus represents viscous stiffness. For a storage media having 
a stiffness less than aluminum, it is preferred that the 
substrate have a mechanical damping coef?cient (de?ned as 
the ratio of the loss modulus over the storage modulus) of 
greater than about 0.04 at a temperature of 75° F. (about 24° 
C.), With greater than about 0.05 preferred, and greater than 
about 0.06 more preferred. A mechanical damping coef? 
cient of greater than about 0.10 at a temperature of 75° F. is 
even more preferred, and a mechanical damping coef?cient 
of greater than about 0.15 at a temperature of 75° F. is 
especially preferred. 

[0040] In addition, the damping properties of the material 
may be optimiZed such that, for a frequency and temperature 
range of interest, the damping coef?cient value does not 
drop beloW the desired value. In some embodiments, the 
temperature range of interest and frequency range for appli 
cability of the dampening is about 75° F. (24° C.) and about 
2 HZ to about 150° F. (65 .5° C.) and about 400 HZ preferred, 
With about 32° F. (0° C.) and about 2 HZ to about 200° F. 
(933° C.) and about 500 HZ more preferred. 

[0041] FIGS. 5 and 7 represent the relationship betWeen 
axial displacement for a 1 G sinusoidal vibration load for 
various material properties and ?xed geometries. FIG. 6 
shoWs that the damping coef?cient does not effect the ?rst 
modal frequency While FIG. 7 shoWs the effects of axial 
displacement on the ?rst modal frequency. 
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Mechanical Input Properties for 130 mm ABA Co-Iniected Disk 

Storage 
Modulus Damping Poisson’s 

Structure Material (psi) Coe?icient Ratio S.G. 

Skin Neat Resin 3.15E + 05 0.033 0.385 1.200 
Core Filled 1.25E + 06 0.040 0.375 1.315 

System 1.25E + 06 0.060 0.375 1.320 
1.25E + 06 0.080 0.375 1.325 
1.25E + 06 0.100 0.375 1.330 

[0042] Damping, also referred to as dampening, can be 
achieved through a variety of approaches such as by addition 
of an energy absorbing component or through slip mecha 
nisms involving various ?llers and reinforcing agents. Use 
ful materials that may improve the damping characteristics 
include elastic materials With high damping capabilities 
(e.g., a damping coefficient of greater than about 0.05), such 
as vulcaniZed rubbers, acrylic rubbers, silicone rubbers, 
butadiene rubbers, isobutylene rubbers, polyether rubbers, 
isobutylene-isoprene copolymers and isocyanate rubber, 
nitrile rubbers, chloroprene rubbers, chlorosulfonated poly 
ethylene, polysul?de rubbers and ?uorine rubber, block 
copolymers including polystyrene-polyisoprene copolymers 
such as described in US. Pat. No. 4,987,194 (Which is 
incorporated herein by reference), thermoplastic elastomeric 
materials, including polyurethanes, and combinations com 
prising at least one of the foregoing, among others. Vibra 
tion-damping materials also include resins in Which large 
amounts of particles (such as ferrites, metals, ceramics and 
the like), ?akes (such as of talc, mica and the like), and 
various ?bers (such as Zinc oxide, Wollastonite, carbon 
?bers, glass ?bers, and the like), and mixtures comprising at 
least one of the foregoing, can be employed. Micro?bers, 
?brils, nanotubes, and Whiskers, foamed and honeycombed 
structures may also be useful as are various combinations of 
the foregoing. 
[0043] In addition to, or in place of, reducing axial dis 
placement through the use of damping materials in the 
substrate, axial displacement can be reduced by utiliZing a 
vibration damping material in the restraining device, or 
clamping structure, that holds the substrate. The addition of 
visco-elastic materials to the clamp or betWeen the clamp 
and substrate effectively reduces axial displacement of the 
disk compared to the same structure Without the additive. In 
one embodiment, the vibration-damping material should 
preferably have a damping coef?cient higher than the damp 
ing coef?cient of the disk substrate, and a modulus of 
elasticity high enough to reduce creep properties, e.g., a 
modulus of elasticity greater than about 20 kpsi. Useful 
materials that may improve the damping characteristics of 
the clamp include elastic materials With high damping 
capabilities, such as vulcaniZed rubbers, acrylic rubbers, 
silicone rubbers, butadiene rubbers, isobutylene rubbers, 
polyether rubbers, isobutylene-isoprene copolymers and iso 
cyanate rubber, nitrile rubbers, chloroprene rubbers, chlo 
rosulfonated polyethylene, polysul?de rubbers and ?uorine 
rubber, block copolymers including polystyrene-polyiso 
prene copolymers such as described in US. Pat. No. 4,987,1 
94, thermoplastic elastomeric materials, including polyure 
thanes, and combinations thereof, among others. Foamed or 
honeycomb structures can also be useful. 




















