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[Claims]

[Claim 1] Upon a magnetic recording medium comprised of a non-magnetic substrate
where upon a non-magnetic layer consisting of non-magnetic powder and binder is
formed on one surface, and upon this non-magnetic layer, a magnetic layer consisting of
magnetic powder and binder is applied, and a back coat is applied to the opposite surface,
upon the above mentioned back coat, the surface has the following protrusion height and
distribution specifications:

Protrusions of 20nm to 40nm: 1.2/pm?
Protrusions of 40nm to 80nm: 0.4/pm?
Protrusions of 80nm to 100nm: 0.02/um?
Protrusions over 100nm: None.

[Claim 2] The magnetic recording medium described in Claim 1 wherein the above
mentioned back coat is comprised of non-magnetic powder and a binder. Said non-
magnetic powder consists of carbon black with a mean particle diameter of 10-50nm and
carbon black with a mean diameter of 60-100nm.

[Detailed Description of Invention]

[0001][Field of Invention] The present invention relates to magnetic recording mediums
such as magnetic tape.
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[0002][Prior Art] The widely used method for creating magnetic recording mediums such
as magnetic tape and magnetic disks, consists of applying magnetic paint made by
combining magnetic powder combined with a binder to a non-magnetic substrate.

[0003] In fields where digital data is extensively handled such as computers, advances in
processing technology have led to an increase in the amount of data handled, along with
an increase in the importance of the data being handled. In fields such as computers, new
read and write systems and associated recording mediums that can store large amounts of
data and rapidly transfer data such data are being developed to match the increased data
volume being handled.

[0004] For storing data in data processing fields, measurement data for fields of
measurement, and image data for imaging a read and write system called helical scan
format is used. In helical scanning, a rotating magnetic head is attached to a rotating
drum, which then is wrapped in magnetic tape at an angle. The data is stored diagonally
across the width of the tape, and is written/read by sliding contact against the head.

[0005] In addition to the system described above, there have been proposals to adopt the
“linear format” where a tape is attached in one direction and feeds into a tape feed. Data
is recorded or read from a tape by passing it against a fixed magnetic head without
wrapping the tape around the head like in helical scanning.

[0006] Because helical scan based read and write systems write and retrieve data through
the sliding contact of the entire tape width against the head, these systems can record data
onto a magnetic tape from start to finish with a single tape pass. Further, because the
speed at which the magnetic tape travels over the magnetic head is slower than linear
format systems, the magnetic tape feed is easier to stabilize, leading to more stable data
read and write.

[0007] Linear format read and write systems run magnetic tape against the fixed
magnetic head multiple times forward and backward at a relative rapid speed. As only the
areas of the magnetic tape used to record or retrieve the data makes contact with the
magnetic head, the wear and tear placed upon the magnetic head and tape are reduced
compared to helical scan format systems.

[0008] Reducing the thickness of the magnetic layers is among the methods proposed to
substantially increase the storage capacity of recording mediums used in the read and
write systems described above. Achieving thinner magnetic layers upon the non-magnetic
substrates that comprise recording mediums reduces self-magnetization data loss during
writing and thickness loss in reading effectively improving the electromagnetic
conversion properties in high density recording. A major issue involving thinner
magnetic layers stems from surface irregularities on the magnetic layer, which causes
variation in the distance between the recording medium and the magnetic head, resulting
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in spacing loss. The surface of a thin magnetic layer is dependent upon the properties of
the non-magnetic layer below - a rough non-magnetic substrate surface means a rough
magnetic layer surface which causes spacing loss that degrades electromagnetic
conversion properties and causing drop outs on the data being recorded or retrieved.
Reduction in durability is also an unavoidable issue when reducing the thinness of
magnetic layers formed over non-magnetic substrates.

[0009] For coating type magnetic recording mediums that are comprised of a magnetic
layer coating over one non-magnetic substrate surface, a multi-layer coating type of
magnetic storage medium which introduces a relatively thick non-magnetic underlayer
between the magnetic layer and the substrate. Introduction of the underlayer would
eliminate the magnetic layer’s dependence on the substrate’s surface form and allow
flexibility in designing the magnetic layer’s surface. Additional functionality added to the
non-magnetic underlayer would allow improvements to the durability of magnetic tapes
when used in high speed, durability taxing uses such as the high speed sliding contact
between a magnetic tape and a fixed magnetic head in a linear format read and write
system.

[0010] Further, magnetic recording mediums such as magnetic tapes apply a back coat to
the substrate surface opposite to the surface with the magnetic layer in an effort to
achieve high reliability. The application of a back coat to the opposite side of the non-
magnetic substrate is intended to allow the magnetic tape to run smoothly within the read
and write system’s tape running system.

[0011] The surface of magnetic recording mediums, particularly the surfaces of back
coats on magnetic tapes have minute surface irregularities. The surface irregularities of
back coats serve to control the friction between the running magnetic tape and the guide
pin with which it comes in sliding contact. The back coat’s surface irregularities also
serve to reduce electrical resistance and prevent charge build-up, improve the winding
characteristics of the tape and prevent disorderly winding while running the tape, support
the overall improvement of durability of the magnetic tape, and make improvements to
the magnetic tape’s shape possible.

[0012] The addition of the back coat to magnetic recording mediums, including magnetic
tape, is a technique also considered necessary for magnetic tapes for linear format
recording/retrieval systems.

[0013][Problem to be Solved by Invention] When utilizing a multi-layer coating type
magnetic tapes such as those described above in read and write systems that utilize a
linear format, repeated long-term operational testing resulted in cases of scratch shaped
damage to the magnetic layer’s surface. Investigation into the causes of this damage
revealed that excessively large protrusions on the surface of the back coat applied to the
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non-magnetic substrate were responsible. This phenomenon was much more likely to
occur with a linear format system than a helical scan format based system. This is
believed to be due to differences in the two formats. Increasing the transfer rate of
recorded and retrieved data requires increasing the speed of the magnetic tape’s running
speed. However, in a helical scan format system, the magnetic head rotates against the
tape at a high speed, allowing for higher relative velocities and increasing the magnetic
tape’s effective speed without requiring the actual tape speed to be excessively raised.

[0014] However, since the data transfer speeds of linear format based read and write
systems rely solely upon the magnetic tape’s speed, compared to helical scan systems
described above, such systems require substantially faster running speed from the
magnetic tape itself. Further, to secure stable tape running and winding in a linear system
employing high magnetic tape speed, it becomes necessary to increase the reel tension of
the tape reel against the magnetic tape. As a consequence, any protrusions on the back
coat’s surface make contact with the magnetic layer when the tape is reeled and wrapped
in layers around the tape reel. Due to the more tightly wound tape reel, a particularly
large protrusion focuses the tape reel’s tension as pressure against the magnetic layer, and
as a result damages the magnetic layer. Further, while protrusions on the back coat reduce
the friction between the back coat and guide pin that come in contact, the friction
between the magnetic layer surface is also reduced. If the friction on the magnetic layer
surface is excessively low, the magnetic tape may not wind properly onto the tape reel.
This can cause the excessively large protrusions on the back coat surface to rub against
the magnetic layer surfaces and cause damage to the magnetic layer.

[0015] Further if there are excessively large protrusions on the back coat surface, the
protrusion shape can imprint itself on the magnetic layer during the heat treatment phase
of magnetic tape production or during long-term storage wound up around a tape reel,
causing electromagnetic transfer properties to fall. In addition, the impressions formed by
the protrusion and the surrounding areas on the magnetic layer surface can result in a
substantial reduction of the magnetic layer’s coating film strength. In fixed head high
speed tape systems like linear format systems, areas with weakened coating film strength
become more vulnerable to coating film tears in the magnetic layer.

[0016] For these reasons, to improve the quality of magnetic tape used in linear format
read and write systems as those described above, it is necessary to create a back coat that
reduces protrusion imprinting upon the magnetic layer during long-term storage while
preventing damage to the magnetic layer during repeated operations.

[0017] This invention was created to address the needs articulated above, and seeks to
provide a magnetic recording mediums such as magnetic tape that are capable of high-
speed operations and as a result, provide high speed data transfer.
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[0018] Further, this invention seeks to provide highly reliable magnetic recording
mediums by increasing the medium’s durability through preventing damage to the
magnetic layers caused by the non-magnetic back coat on the opposite surface of the non-
magnetic substrate.

[0019][Method to Address the Problems] Created to achieve the objectives articulated
above, this invention is a magnetic recording medium consisting of a non-magnetic
substrate with a magnetic layer of magnetic powder and binder applied over a non-
magnetic layer of non-magnetic powder and binder on one surface, with a non-magnetic
back coat applied to the opposite side, and said back coat surface has protrusion sizes and
distribution matching the following specifications:

[0020]Protrusions of 20nm to 40nm: 1.2 protrusions per pm?.
Protrusions of 40nm to 80nm: 0.4 protrusions per pm?.
Protrusions of 80nm to 100nm: 0.02 protrusions per pm?.
Protrusions over 100nm: None

[0021] The back coat that forms part of the magnetic recording medium related to this
invention is comprised of a binder and non-magnetic powder. The non-magnetic powder
consists of carbon black with a mean particle diameter of 10-50nm, and carbon black
with a mean particle diameter of 60-100nm.

[0022] By having the back coat meet the specifications listed above, the magnetic
recording medium related to this invention reduces the damage that occurs to the
magnetic layer surface during repeated operations, and minimizes the amount of
structural imprints of the protrusions from the back coat imprinted onto the magnetic
layer when wound by methods such as tape reels for long-term storage.

[0023][Description of Embodiments] Embodiments of the invention are explained below.

[0024] The magnetic recording medium 100 shown in figure 1, contains the non-
magnetic substrate 101. Substrate 101 is coated on one surface with an underlayer non-
magnetic coating created by combining the non-magnetic powder, binder, and a solvent,
forming the non-magnetic layer 102 coating film, upon which upper magnetic layer 103
is applied using the upper layer coating created by combining magnetic powder, binder,
and a solvent. The surface with upper magnetic layer 103, the recording layer is a multi-
layer coating film layer.
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[0025] Invention related magnetic recording medium 100 and its non-magnetic substrate
101 is coated on the opposite surface of the surface described above with a back coat
coating mixture of carbon black, binder, and solvent to form back coat 104.

[0026] Specific materials used to create upper magnetic layer 103, which forms the
recording layer of the magnetic recording medium related to this invention are as follows:

[0027] First, ferromagnetic powder, bonding agents, etc. form the materials for upper
magnetic layer 103. The ferromagnetic powder may be any generally used metallic
magnetic powders.

[0028] Examples of metallic magnetic powders that can be used to create upper magnetic
coating 103 include: Fe, Co, Ni, Fe-Co, Fe-Ni, Fe-Co-Ni, Co-Ni, Fe-Co-B, Fe-Co-Cr-B,
Mn-Bi, Mn-Al, Fe-Co-V. Further, the above powders may include components such as
Al, Si, Ti, Cr, Mn, Cu, Zn in order to improve the various properties of the powders. Of
those listed above, Fe type magnetic powders display excellent electrical properties. In
terms of corrosion resistance and despersibility, Fe-Al type alloyed metal powders such
as Fe-Al type, Fe-Al-Ca type, Fe-Al-Zn type, Fe-Al-Co type, Fe-Ni-Si-Al-Zn type, Fe-
Ni-Si-Al-Zn-Mn types are preferred. The form these ferromagnetic powders should take
are a mean longitudinal length of 0.5um or below, with the preferred range being
between 0.01 to 0.04pum and an ideal range of 0.01 to 0.25 pm with an axial ratio (mean
longitudinal length/mean latitudinal length) of 12 um or below, with those below 10um
being preferred.

[0029] Regardless of the magnetic metal powder selected, a saturation magnetization
(os)of 70emu/g or above is preferred. When the os is below 70emu/g, there is the
possibility of failing to achieve sufficient electromagnetic conversion properties. In order
to enable read and write from high density recording areas, a BET-method specific
surface area of 20-90m?/g is preferred, with 20-m?/g being ideal. A specific surface area
within the above listed range causes the ferromagnetic powder’s form to become
particles, allowing high density recording and making it possible to create magnetic
recording mediums with excellent noise characteristics. In addition, while the
ferromagnetic powder may be of one particular type, there is no issue with using with
using two or more types together.

[0030] It is also possible to use hexagonal ferrites such as barium ferrite or iron nitrides
as metallic metal powders. The preferred form of barium ferrite should have part of the
Fe substituted with, at a minimum, Co and Zn, have a mean particle diameter (the
diagonal line length of the hexagonal ferrite plate surface) of 300 to 900 A, and a
diameter to thickness (the diagonal line length of the hexagonal ferrite plate surface
divided by its thickness) of 2.0 to 10.0, and a magnetic coercivity of 35 to 120kA/m.
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[0031] Materials that make up the magnetic layer in addition to the ferromagnetic powder
include additives like: binders, non-magnetic reinforcement agents, lubricating agents,
dispersing agents, antistatic agents, hardening agents.

[0032] Examples of binders include: polyvinyl chloride, PVC copolymers, vinyl acetate,
vinyl chloride-vinyl acetate copolymers, vinylidene chloride-vinyl chloride copolymers,
vinylidene chloride-acrylonitrile copolymers, acrylic acid ester-acrylonitrile copolymers,
acrylic acid ester-vinyl chloride-vinyl acetate copolymers, methyl methacrylate-vinyl
acetate copolymers, polyvinyl fluoride, vinyl acetate-acrylonitrile copolymers,
acrylonitrile butadiene copolymers, polyamide resin, polyvinyl butyral, cellulose
derivatives (e.g. cellulose acetate butyrate, cellulose diacetate, cellulose triacetate,
cellulose propionate, nitrocellulose), styrene-butadiene copolymers, polyurethane resin,
polyester resin, amino resins, and synthetic rubbers. Examples of thermosetting resins or
reactive resins include: phenol resin, epoxy resin, polyurathene curing resin, urea
formaldehyde resin, melamine resin, alkyd resin, silicone resin, and polyamine resin.

[0033] In order to improve the dispersiveness of the ferromagnetic powders, the above
bonding agents may be combined with polar functional groups such as —SO 3M, —
OSO3M, —-COOM, P=(OM)2, here, the M in the formula represents a hydrogen atom or
an alkaline metal such as lithium, potassium, or sodium. Further, for the polar functional
groups above there are side chain types that possess -NR;R,, -NR;R;R3 +X —as a
terminal group, and main chain types with NR;R,+X—. Here, R;R;R; in the formulas
represents hydrogen atoms or hydrocarbon groups, while +X— represents halogen element
ions or inorganic/organic ions such as fluorine, chlorine, bromine, or iodine. Additionally
there are other polar functional groups such as -OH, —SH, —CN, epoxide, etc. The
preferred amount of these polar functional groups is 10" to 10™® mol/g, while ideal
amounts fall into the range of 107 to 10°°.

[0034] These binders may be used alone or combined together. For example, when
combining polyurethane and/or polyester with polyvinyl-type resins, a weight ratio of
90:10 to 10:90 is preferred, with 70:30 to 30:70 considered ideal. Further, it is acceptable
to use the following resins in the binder together, with each making up less than 50% of
the total weight.

[0035] The preferred glass transition temperature for the binder is between 50 to 70°C.
When the glass transition temperature is in this range, the binder is able to fill the fine
spaces between ferromagnetic powder with good fluidity. By combining a ferromagnetic
powder with a pH value of 7 or higher and a binder with a glass transition temperature
range of 50 to 70°C, the ferromagnetic powder is well dispersed within the binder. The
preferred number average molecular weight of the binder is between 5,000 to 200,000,
while the ideal range is between 10,000 to 100,000. Degree of polymerization should be
around 50 to 1000.
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[0036] The above mentioned resins are used for the binder, and within upper magnetic
layer 103, the quantity of binder should be 8 to 50 part by weight per every 100 part by
weight of ferromagnetic powder, with the preferred range being between 10 to 25 part by
weight.

[0037] For non-magnetic reinforcing agents, aluminum oxide (a, 3, y), chromium oxide,
silicon carbide, diamond, garnet, emery, boron nitride, titanium carbide, titanium oxide
(rutile, anatase) are examples of materials used to reinforce the durability of the coating
film and improve running durability. For static prevention, friction coefficient reduction,
and coating film reinforcement of the magnetic layer, materials such as carbon black may
be used. The additive amount of non-magnetic reinforcing agents should be between 3 to
20 part by weight for every 100 part by weight of ferromagnetic powder, with the
preferred range between 5 to 10 parts by weight.

[0038] Non-magnetic reinforcing particles should have a Mors hardness of 4 or above,
with 5 or more preferred, and an ideal hardness of 6 or more. The specific weight for the
non-magnetic reinforcing particles should be in the range of 2 to 6, with a preferred range
between 3 to 5. The mean primary particle size should be between 0.05 to 0.6 um with a
preferred range of 0.05 to 0.3pum.

[0039] For the lubricating agent, publicly known materials such as silicone oil, aliphatic
modified silicone, fluorinated silicone oil, fluorinated ester, polyolefin, polyglycolic,
monoglyceride acid ester or diglyceride acid ester or triglyceride acid ester, aliphatic
amide, fatty amine groups, olefin oxide may all be used either alone or in combination.

[0040] The lubricating agent may be added to the coating or added to the magnetic layer
surface with a later process. When adding aliphatic s or aliphatic acid esters into the
coating, the amount of aliphatic added should be between 0.2 to 10% part weight in
proportion to the magnetic powder weight, with an ideal range of 0.5 to 5%.

[0041] When aliphatic acids make up less than 0.2% part weight the running properties of
the magnetic tape will not be sufficiently improved, while more than 10% may result in
excess amounts of aliphatic acid oozing onto the surface of the magnetic layer, resulting
in output reductions or even the plasticization of the coating film itself. For aliphatic acid
esters, if the additive makes up less than 0.2% part weight, the still durability suffers in
particular, while a part weight of over 10% may result in excess amounts of aliphatic acid
ester oozing onto the surface of the magnetic layer, resulting in output reductions or even
the plasticization of the coating film itself. Combining the use aliphatic s and aliphatic
acid esters is preferred, and in those cases a weight ratio of 10:90 to 90:10 is preferred.

[0042] The multi-layer coating type magnetic recording medium 100 that is part of this
invention, may also have running durability improving lubricating agents provided to the
magnetic surface layer by the non-magnetic underlayer 102, as described below.
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Therefore the amount of lubricating agent and the methods of combining them are not
restricted to the methods described above.

[0043] Dispersion agent examples include chemical compounds such as the one
described in JP OPI Publication 4-214218/1992. These dispersion agents should be used
in 0.5 to 5% weight proportion of the ferromagnetic powder.

[0044] Antistatic agents examples include the surfactant detailed in JP OPI publication 4-
214218/1992. The amount of antistatic agent added should be in the range of 0.01 to 40%
weight proportion of the binder. For this additive any generally known material may be
used without restriction.

[0045] Hardening agents include the use of polyisocyanate. Valid polyisocyanates
include an aromatic polyisocyanate such as an adduct of tolylene diisocyanate (TDI) with
an active hydrogen compound, or an aliphatic polyisocyanate such as an adduct of
hexamethylene diisocyanate (HDMI) with an active hydrogen compound. Preferred
weight average molecular weight of between to 100 to 3,000 is preferred.

[0046] The following section describes the non-magnetic underlayer 102.

[0047] Non-magnetic underlayer 102 is created by applying a coating of non-magnetic
coating made primarily out of binder and non-magnetic powder.

[0048] Non-magnetic powders that may be used include: a-phase ferric oxide, structured
carbon black, monodispersion carbon black, goethite-rutile titanium dioxide, anatase
form titanium dioxide, tin (II) oxide, tungsten oxide, silicon dioxide, zinc oxide,
chromium oxide, cerium oxide, titanium carbide, BN, a-alumina, $-alumina, y-alumina,
calcium sulfate, barium sulfate, molybdenum sulfide, magnesium carbonate, calcium
carbonate, barium carbonate, strontium carbonate, barium titanium oxide. These non-
magnetic powders may be surface processed with Si compounds or Al compounds. The
Si or Al compounds used for surface processing should be between 0.1 to 10% part
weight in proportion to the non-magnetic powder.

[0049] The non-magnetic powders described above may be in needle or sphere form,
with a preference for needle form. Using needle form non-magnetic powders improves
the surface properties of non-magnetic underlayer 102, and as a result also improves the
smoothness of the surface of magnetic upper layer 103. However, the preferred mean
longitudinal length, mean latitudinal length, and axis ratio (mean longitudinal
length/mean latitudinal length) of the non-magnetic powder should fit the range below:
mean longitudinal length of 0.5um or less with a preference for 0.3um or less, and an
ideal of 0.2um or less. Mean latitudinal length of 0.1um or less with a preference for
0.1um or less. Axial ratio of 2 to 20 with a preference for 5 to 10. The specific surface
area should be 10 to 250m? /g, with a preferred range of 30 to 100m?/g. Using a non-
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magnetic powder meeting the above specifications for mean longitudinal length, mean
latitudinal length, axial ratio, and specific surface area results in a smooth magnetic upper
layer as well.

[0050] These non-magnetic powders may be used alone or in combinations. When
combining multiple powders, particular notice must be paid to the particle sizes being
combined. To obtain the necessary surface smoothness mean particle size (mean
longitudinal length if needle form particles) should be 0.3um or below, with a preferred
length of 0.2pum and below. Specific surface area should be between 10 and 250m?/g,
with a preferred range of 30 to 100m?/g.

[0051] The non-magnetic powder in non-magnetic underlayer 102 should total between
50 to 99% of the proportional weight of the entire layer, with a preferred range of 70 to
95% proportional weight. Maintaining non-magnetic particle proportions to this range
provides good surface properties for both the non-magnetic underlayer and the magnetic
upper layer.

[0052] Any binder specified for use for magnetic upper layer 103 may also be used for
the underlayer. The proportion of binder should be between 5 to 150 proportional weight
per 100 non-magnetic powder weight, with a preferred range of 10 to 120 proportional
weight.

[0053] Additionally, similarly to magnetic upper layer 103, additives such as non-
magnetic reinforcing agents, lubricating agents, dispersion agents, anti-static agents and
hardening agents may be added to non-magnetic underlayer 102. As noted earlier,
lubricating agents may be applied to the magnetic layer surface as a post-production
process.

[0054] The next section describes backing layer 104.

[0055] Backing layer 104 is created by applying a coating of non-magnetic coating
primarily made out of binder and non-magnetic powder. Carbon black and graphite are
examples of non-magnetic powders making up the backing layer 104 with the aim of
preventing static electricity. To obtain the necessary hardness, non-magnetic reinforcing
agents may be added to the coating.

[0056] Specific examples of non-magnetic reinforcing agents include: TiO,, TiO, ZnO,
CaC03, CaO, SHOz, SiOz, (X-F6203, CI‘203, (X-A1203, ZHS, MOSz, BaSO4, CaSO4, MgCO3,
BN and SiC. Among these materials the preferred materials are carbon black, graphite,
Zn0O, Ti0,, BaSO,4, CaSO4, which may be used alone or in combination. There are no
restrictions on the particle forms of the non-magnetic powder, and all standard use forms
such as spheres, needles, planks, and cubes may be used.
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[0057] For this invention the surface protrusions on backing layer 104’s surface have the
following size and distribution specifications: 20nm to 40nm — 1.2/um?, 40nm to 80nm —
0.4/pm?, 80nm to 100nm — 0.02/um?, and no protrusions over 100nm. The carbon black
and non-magnetic reinforcing materials sizes have been defined to match these
specifications.

[0058] Carbon black may be a combination of fine particle carbon black with a mean
particle size of 10 to 50nm, and medium particle carbon black with a mean particle size
of 60 to 100nm, or, preferably made up entirely of the fine particle carbon black. Non-
magnetic reinforcing materials should have a Mors hardness between 5 and 9 with a
mean powder particulate size between 10 to 300nm. If the mean powder particulate size
is below 10nm, it becomes difficult to use the powder as a reinforcing material, while at
over 300nm it begins to compromise the surface properties.

[0059] Binders and dispersing agents may be any of the resins described for the magnetic
upper layer above so long as when used for the backing layer, the surface protrusion
distribution satisfies the specifications described in the claim. Combining the use of
polyester or polyurethane resin improves durability and running properties, improving
the performance as a magnetic recording medium. When considering properties such as
thermal and hydrolytic stability, polyester/polyurethane type resins or
polycarbonate/polyurethane type resins are preferred.

Combining the use of crosslinking agents like trifunctional isocyanate compounds
(specific examples are: the reaction product between 1 mole of trimethylolpropane and 3
moles of tolylene diisocyanate, or isocyanurate produced by the cycloaddition of 3 moles
of diisocyanate) can further improve durability.

[0060] Like with the magnetic upper layer, additives such as lubricating agents may be
added to the backing layer. Lubricating agents may be applied to the backing layer
surface in a post-production treatment process as previously described.

[0061] To use the materials detailed above to form the magnetic upper layer 103, non-
magnetic underlayer 102, and the backing layer 104, a magnetic upper layer coating for
magnetic upper layer 103, a non-magnetic underlayer coating for non-magnetic
underlayer 102, and a back layer coating for backing layer 104 must each be prepared.

[0062] The magnetic upper layer coating is prepared by first creating a high density
magnetic coating by kneading or mixing together the previously described ferromagnetic
powder, bonding agent with various additives such as non-magnetic reinforcing agent,
lubricating agent, dispersion agent, anti-static agent, and hardening agent in a solvent.
The high density magnetic coating is then diluted or dispersed to prepare the final
coating.
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[0063] The non-magnetic underlayer coating is prepared in a similar manner as the
magnetic upper layer coating described above by mixing or kneading together the
previously described non-magnetic powder, binder, and various additives together with a
solvent, creating a high density non-magnetic coating which is then prepared through
dilution or dispersion.

[0064] Backing layer coating coating is prepared in a similar manner as the magnetic
upper layer coating described above by mixing or kneading together the previously
described carbon black powder, non-magnetic reinforcing agent, binder, and various
additives together with a solvent, creating a high density backing coating prepared
through dilution or dispersion.

[0065] Organic solvents that are in standard use for this type of magnetic recording
medium such as ketone type solvents like acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexanone, alcohol solvents such as methanol, ethanol, propanol, ester type
solvents such as methyl acetate, ethyl acetate, butyl acetate, propyl acetate, ethyl lactate,
ethylene glycol, ether type solvents such as diethylene glycol diethyl ether, 2-
ethoxyethanol, tetrahydrofuran, dioxane, aromatic hydrocarbon type solvents such as
benzene, toluene, xylene, halohydrocarbons such as dichloromethane, ethylene chloride,
carbon tetrachloride, chloroform, chlorobenzene may be used in appropriate mixtures.

[0066] For non-magnetic substrate 101, polyesters such as polyethylene terephthalate,
polyolefins such as polypropylene, cellulose derivatives such as cellulose 12 triacetate,
and plastics such as polyamide and polycarbonate. The substrate may have either a single
or multilayered structure. In addition it may also have surface treatments such as
coronoa-discharge treatments applied. The non-magnetic substrate’s thickness should be
around 30um and 10mm.

[0067] The next section describes the manufacturing process of the magnetic tape.

[0068] First prepare the magnetic upper layer coating, non-magnetic underlayer coating
and backing layer coating as described above. For this process, twin shaft continuous
kneaders, multi-stage dilution capable twin shaft continuous kneaders, kneaders, press
kneaders, rolling kneaders such as those described in JP OPI Publication 4-214218/1992
may all be used. After, the dispersion is conducted with a device such as a roll mill, bore
mill, sand mill (vertical and horizontal), spike mill, pin mill, tower mill, agitor,
homogenizer, or ultrasound homogenizer.

[0069] When manufacturing this magnetic tape, the above prepared magnetic and non-
magnetic coatings are applied to the non-magnetic substrate at the same time to form the
non-magnetic underlayer and magnetic upper layer. When applying the layered magnetic
and non-magnetic coatings at once, a die coater will be used. Die coaters with 2 lip
format, 3 lip format, and 4 lip formats may be used.
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[0070] Generally when forming the non-magnetic underlayer 102 and magnetic upper
layer 103 upon non-magnetic substrate 101, one of two methods is used. Wet on dry
methods which apply each layer after drying, and the so-called wet-on-wet method which
applies magnetic upper layer 103 on top of non-magnetic underlayer 102 is still in a wet
state. In manufacturing the magnetic recording medium described above, wet-on-wet
multi-layer coating is preferred for reasons involving coating film consistency, adhesion
between upper and lower surface, and productivity.

[0071] When forming the backing layer 104 on the opposite surface of non-magnetic
substrate 101, the backing coating that forms backing layer 104 is applied to non-
magnetic substrate 101. This coating may be applied using known traditional coating
methods such as include the use of 1-lip die coaters, gravure coating, blade coating,
extrusion coating.

[0072] The order in which the top surface formed of the non-magnetic underlayer 102
and magnetic upper layer 103, and the backing layer 104 on the opposite surface of the
non-magnetic substrate 101 is applied is not relevant. Either surface may have their layers
applied first, or, if desired, coating devices may be set up on both surfaces of non-
magnetic substrate 101 and coated simultaneously.

[0073] As shown in figure 2, this coating film application system consists of the supply
roll 1 and the winding roll 2. The fabric material 3 consisting of non-magnetic substrate
101 wound around the supply roll 1 is fed to winding roll 2. Upon the feed path that
fabric material 3 runs between supply roll 1 and winding roll 2 are placed the coating
device 4, orientation magnet 5, drying device 6, and a calendering device 7 made up of
multiple rollers in this order to apply the film coating to the rfabric material 3.

[0074] The coating film formation system shown in figure 2 first uses the coating device
4 to apply the multilayer coating composed of magnetic upper layer and non-magnetic
underlayer on one surface of fabric material 3. The coating device 4 used here consists of
the underlayer extrusion coater 8 and upper coating extrusion coater 9. These extrusion
coaters 8 and 9 are set up as shown in figure 2, with the extrusion slits 8a and 9b on the
tips facing the non-magnetic substrate 101, and internal coating pool 8b and 9b. The
coating supplied to the coating pools 8b and 9b are then extruded from the coater tip from
slits 8a and 9a.

[0075] The fabric material 3 which consists of the non-magnetic substrate 101 which has
the coating applied is fed out from supply roll 1. Winding roll 2 winds the material along
the tips of coater 8 and 9, where it runs in the direction of arrow A in figure 2 in the order
of underlayer extrusion coater 8 to upper layer extrusion coater 9.

[0076] As the fabric material 3 is run along the coaters like in figure 3, the lower layer
extrusion coater 8’s slit 8a applies the lower coating film layer 10 which will become
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non-magnetic underlayer 102, while the upper layer extrusion coater 9’s slit 9a applies
the upper layer coating over wet lower coating film layer 10 to form the upper coating
film layer 11 which will become magnetic upper layer 103. The two coating films are

applied in order.

[0077] With the upper coating film layer 11 and lower coating film layer 10 formed on
fabric material 3, the material is then run from orientation magnet 5 to dryer 6, then has
calendering applied to it by calendering device 7 before being rolled up against winding
roll 2.

[0078] Winding roll 2 rolls up fabric material 3 which has had the upper coating film
layer 11 and lower coating film layer 10 formed upon its surface, and is then used as a
supply roll to apply the backing layer 104 to the opposite surface of non-magnetic
substrate 101 by placing it in the supply side of a coating film application system. The
coating film application used to apply backing layer 104 replaces the upper layer
extrusion coater 8 and lower layer extrusion coater 9 with a backing layer extrusion
coater. Using this coating film application system, backing layer 104 is formed in a
similar process as the one used to form the upper coating film layer 11 and lower coating
film layer 10. Fabric material 3 is fed from supply roll 1 to winding roll 2. The backing
layer extrusion coater is placed along the path of the fabric as it runs between roll 1 and
roll 2.

The extrusion coater’s tip applies the non-magnetic coating made up primarily of binder
and non-magnetic powder onto the back surface of fabric material 3, forming the coating
film which becomes backing layer 104. Once the coating film that becomes backing layer
104 is applied to the non-magnetic substrate 101, it is then processed by dryer 6,
calendering device 7, and is rolled up by winding roll 2.

[0079] While in the description above, the fabric material 3 had lower coating film layer
10 and upper coating film layer 11 applied before having the coating film layer that forms
backing layer 104 applied to the opposite surface, the order in which these surfaces are
processed does not need to follow the same order, and either surface may have its layers
applied first. Further, it’s possible to setup the upper coating film layer, lower coating
film layer, and backing layer coating film extrusion coaters on the same coating film
application system and apply all the coatings simultaneously.

[0080] The coating film application described above and shown in figure 3 has separate
extrusion coaters in the form of lower coating extrusion coater 8 and upper coating
extrusion coater 9, but as shown in figure 4 it is also permissible to use a single extrusion
coater 19. In addition, application of the upper coating film layer, lower coating film
layer, and backing layer coating film on fabric material 3 can be conducted using an
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extrusion coater as in the example above, or alternately, a gravure roll, blade coater, air
duct coater, or impregnation coater.

[0081] The coating application system described above and shown in figure 2 is
configured with the lower coating layer extrusion coater 8 and upper coating layer
extrusion coater 9 placed at some distance apart on the running path of non-magnetic
substrate 101. This results in the non-magnetic underlayer coating and the magnetic
upper layer coating being applied sequentially. However, it is also possible to configure a
coating application system like the example shown in figure 4 so that on a single
extrusion coater 19, the extrusion slits 8a and 9a are located next to one another, and
applies the lower coating and upper coating simultaneously.

[0082] The single extrusion coater shown in figure 4 is configured as follows. The head
consists of the lower layer slit 8a and upper layer slit 9a placed next to one another, and
these two slits 8a and 9a are supplied by lower coating reservoir 8b and upper coating
reservoir 9b that are placed on the back side of coater 19.

[0083] In the single extrusion coater 19 shown in figure 4, the coating reservoirs 8b and
9b placed inside coater 19, each are supplied with lower layer coating and upper layer
coating which are then fed to slit 8a and 9a where they are extruded out the tip of coater
19. Fabric material 3 which has the coating applied to it runs along the tip of coater 19 so
that slit 8a then slit 9a apply the coatings by running along the direction of arrow A in
figure 4.

[0084] The non-magnetic substrate 101 which is run along the tip of the single extrusion
coater 19, when passing the lower layer slit 8a and upper layer slit 9a has the lower layer
coating extruded by lower layer slit 8a applied, then on top of this coating, the upper
layer coating extruded from upper layer slit 9a is applied, simultaneously forming a 2
layer coating film.

[0085] Note that the single extrusion coater 19 illustrated in figure 4 is meant to replace

the lower level coating extrusion coater 8 and upper level coating extrusion coater 9 that
forms the coating application system in figure 2. The remaining components of figure 2

may be used as is.

[0086] The calendering device used in the coating application system uses heat resistant
rollers made of polyamide or epoxy, and steel rollers alternately, sandwiching the coating
roll between them, applying heat and pressure to calender process fabric material 3 which
makes up non-magnetic substrate 101. These calendering rollers do not need to be resin
and may be replaced with steel calendering rollers.

[0087] Once the fabric material 3 has the non-magnetic underlayer coating and magnetic
upper layer coating applied to one surface, and the backing layer coating to the opposite
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surface, the fabric roll is placed in an oven to harden process the various coating film
layers, then cut into the specific widths to form magnetic tape that serves as a magnetic
recording medium.

[0088][Examples] Examples of the invention are described below.

[0089] First, the upper layer coating, that forms magnetic upper layer 103 and the lower
layer coating that forms non-magnetic underlayer 102 on one surface of non-magnetic
substrate 101 of magnetic recording medium 100 are prepared by having their ingredients
measured out according to the composition formulas below, then processed in a kneader
and sand mill to knead and disperse.

[0090]<Example 1>
Composition of Magnetic Coating for Upper Layer

P/B Ratio = 6
Ferromagnetic Powder

(BET Method Specific Surface Area: 60m?/g, Coercivity: 18200¢)

Polyurethane Resin Containing Sodium Sulphonate
Vinyl Chloride Containing Potassium Sulphonate
Myristic Acid

Carbon Black (Asashi 50)

a-Alumina (mean particle size 0.20pum)

Butyl Stearate

Heptyl Stearate

Methyl Ethyl Ketone

Toluene

Cyclohexanone

Composition of Non-Magnetic Coating for Lower Layer

P/B Ratio =6

a-Fe203

(BET Method Specific Surface Area: 52m?/g)
Polyurethane Resin Containing Sodium Sulphonate
Vinyl Chloride Containing Potassium Sulphonate
Carbon Black (Ketjenblack EC)

a-Alumina (mean particle size 0.20pum)

Butyl Stearate

Heptyl Stearate

Methyl Ethyl Ketone

Toluene

Cyclohexanone

100 Parts by Weight
4 Parts by Weight
16 Parts by Weight
3 Parts by Weight

4 Parts by Weight

5 Parts by Weight

3 Parts by Weight

3 Parts by Weight
200 Parts by Weight
150 Parts by Weight
200 Parts by Weight

100 Parts by Weight
4 Parts by Weight
16 Parts by Weight
8 Parts by Weight

3 Parts by Weight

3 Parts by Weight

3 Parts by Weight
100 Parts by Weight
50 Parts by Weight
100 Parts by Weight
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Further, for the dispersion fluids of both the magnetic and non-magnetic coating, 10 parts
by weight of polyisocyanate compound (Nippon Polyurethane Industries product name
Coronate L) were added.

[0091] In addition, the backing layer coating was prepared according to the composition
described below by measuring out each ingredient, then processed in a kneader and sand
mill to knead and disperse.

[0092]Composition of the Backing

Layer Coating
Carbon Black Powder (Mean Particle Size: 20nm) 100 Parts by Weight
Polycarbonate Polyurethane (Glass Transition 70 Parts by Weight
Temperature: 55°C) 30 Parts by Weight
Nitrocellulose Resin 5 Parts by Weight
Titanium Oxide (Mean Particle Size: 200nm) 600 Parts by Weight
Methyl Ethyl Ketone 400 Parts by Weight

Toluene

Further, for the dispersion fluid of the backing layer coating, 10 parts by weight of
polyisocyanate compound (Nippon Polyurethane Industries product name Coronate L)
were added.

[0093] Using the magnetic coating for the upper layer and non-magnetic coating for the
lower layer prepared above, a multilayer surface treatment consisting of a magnetic upper
layer with a dried film thickness of 0.2pum and a non-magnetic underlayer with a dried
film thickness of 10.5um was applied simultaneously to a polyethylene terephthalate
substrate with a thickness of 6.2um using the coating application device shown in figure
2. During this process, a random magnetic orientation treatment was applied to the
magnetic upper layer before the coat dried. After, the layers were dried to form a multi-
layer coating. On the surface opposite of this coating, a backing layer with a dried film
thickness of 0.5um was applied using the backing layer coating. A wide width material
roll was obtained by applying a surface smoothing process using a calendering device
with alternating heat resistant resin rollers and steel rollers using the following
conditions:

[0094]
Processing Temperature: 65°C
Processing Pressure (Linear Pressure): 40kg/cm

Processing Speed: 150m/minute

FUJIFILM, Exh. 1005, p.18



19 JPA2003-317228

The raw material sheet was then baked in an oven set to 60°C for 20 hours to harden,
then sliced into /2 inch wide slits to create magnetic tape roll pancakes. The magnetic
tape obtained from the pancakes were then installed in a fixed cartridge to create a tape
cartridge sample.

[0095] This sample was then evaluated on the distribution of protrusions on the backing
layer, the surface roughness of the backing layer, dynamic friction of the backing layer,
dynamic friction between the backing layer and magnetic layer (interlayer friction), the
amount of backing layer protrusion imprinting on the magnetic layer and changes to
electromagnetic conversion properties after storage, and running durability testing.

[0096] <Testing Methods> The methodology for the tests described above is detailed
below:

[0097] Backing Layer Protrusion Distribution, using an Atomic-force Microscope (AFM;
Digital Instruments Nanoscope III), measured a 50 um x 50 um patch on the backing
surface in tapping mode, then conducted image analysis to determine the distribution of
protrusion height and calculate the number of protrusions per unit area.

[0098] Backing Layer Protrusion Imprinting on the Magnetic Layer and Changes to
Electromagnetic Conversion Properties After Storage Stored the tape cartridge in an
environment with a temperature of 60°C, and 55% relative humidity for 4 weeks, then
unwound the magnetic tape from the cartridge, examining a 100m length of tape’s
magnetic layer measured from the outer circumference to check for shape imprints of
backing layer protrusions. To test the changes to electromagnetic conversion properties,
the attenuation in playback output was measured. Playback output was measured using a
fixed head tester equipped with an MR head, and the magnetic tape’s output was
measured with a tape speed of 4m/sec, a recorded wave length of 0.55um, recorded
frequency of 7.3MHz. The comparison measurement was made using the Example 1
results as 0dB.

[0099] Running Durability Test The running durability test was conducted by attaching
the magnetic tape that relates to this invention to an LTO Ultrium1 tape drive (Seagate),
and conducting a 48 hour testing of retrieving 100GB of recorded data stored on the
magnetic tape in environmental conditions of a temperature of 25°C and 60% relative
humidity. After the testing period, the damage state of the magnetic layer surface was
observed.

[0100] The Seagate LTO Ultrium1 drive used for this test is shown in figure 5. As shown
in figure 5, the drive device 21 consists of two parallel reels (supply reel 22 and winding
reel 23), and the magnetic 20 is wrapped between the two reels. The magnetic tape 22
wrapped around supply reel 22 is run toward winding reel 23. On the path magnetic tape
20 travels between the supply reel 22 to winding reel 23, the first guide roller 24,
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magnetic head 25, and second guide roller 26 are positioned. On either side of magnetic
head 25, the first and second fixed guides 27 and 28 are positioned, and the two guides
serve to control the contact pressure and contact status between magnetic tape 20 and
magnetic head 25.

[0101] As magnetic tape 20 is installed on the device and run from reel 22 to reel 23, the
first and second guide rollers 24, 26, and first and second fixed guides 27 and 28 are used
to guide the tape against magnetic head 25. The resultant sliding contact retrieves the data
stored on magnetic tape 20.

[0102] Magnetic tape 20 is run against magnetic head 25 so that the surface containing
the magnetic layer makes contact with magnetic head 25.

[0103] <Example 2> Next, example 2 for this invention is described. The magnetic
recording medium for example 2 is identical to the magnetic recording medium from
example 1 except for the addition of 100 parts per weight of carbon black powder with a
mean particle size of 35nm in the backing coating. The other coatings preparations
remain unchanged from example 1.

[0104] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample for example 2.

[0105] The sample produced with this process was then tested using the same methods
used for Example 1.

[0106] <Example 3> This example adds 100 parts per weight of carbon black powder
with a mean particle size of 70nm to the backing coating. The other coatings preparations
remain unchanged from example 1.

[0107] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0108] The sample produced with this process was then tested using the same methods
used for Example 1.

[0109] <Example 4> This example adds 50 parts per weight each of carbon black
powders with a mean particle size of 20nm and of 60nm to the backing coating. The other
coatings preparations remain unchanged from example 1.
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[0110] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0111] The sample produced with this process was then tested using the same methods
used for Example 1.

[0112] [Comparative Examples] Several comparative examples are described below.

[0113] <Comparative Example 1> This example adds 85 parts per weight of carbon black
powder with a mean particle size of 20nm and 15 parts per weight of carbon black
powder with a mean particle size of 60nm to the backing coating. The other coatings
preparations remain unchanged from example 1.

[0114] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0115] The sample produced with this process was then tested using the same methods
used for Example 1.

20

[0116] <Comparative Example 2> This example adds 100 parts per weight of carbon
black powder with a mean particle size of 80nm to the backing coating. The other
coatings preparations remain unchanged from example 1.

[0117] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0118] The sample produced with this process was then tested using the same methods
used for Example 1.

[0119] <Comparative Example 3> This example adds 95 parts per weight of carbon black
powder with a mean particle size of 35nm and 5 parts per weight of carbon black powder
with a mean particle size of 270nm to the backing coating. The other coatings
preparations remain unchanged from example 1.

FUJIFILM, Exh. 1005, p.21



22 JPA2003-317228

[0120] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0121] The sample produced with this process was then tested using the same methods
used for Example 1.

[0122] <Comparative Example 4> This example adds 85 parts per weight of carbon black
powder with a mean particle size of 20nm and 15 parts per weight of carbon black
powder with a mean particle size of 150nm to the backing coating. The other coatings
preparations remain unchanged from example 1.

[0123] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0124] The sample produced with this process was then tested using the same methods
used for Example 1.

[0125] <Comparative Example 5> This example adds 70 parts per weight of carbon black
powder with a mean particle size of 35nm and 30 parts per weight of carbon black
powder with a mean particle size of 90nm to the backing coating. The other coatings
preparations remain unchanged from example 1.

[0126] These coating materials are then used to produce a magnetic recording medium
with the same process as described in example 1, using the same coating application
system, calendering process, and hardening process. This produces a wide fabric material
roll, which is then sliced into strips for use as magnetic tape and installed into a fixed size
cartridge to produce a tape cartridge sample.

[0124] The sample produced with this process was then tested using the same methods
used for Example 1.

<Results and Observations> Table 1 illustrates the evaluation results, while figure 6
charts the backing surface protrusion distribution.

[128] In figure 6, S; represents example 1, S, example 2, S; represents example 3, and Sy
represents example 4, while T, is comparative example 1, T, is comparative example 2,
T; is comparative example 3, T4 is comparative example 4 and Ts is comparative
example 5.
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[0129]
[Table 1]
Carbon Black BacklngOLa.yer Protruswn Changes to Magnet
Distributions . | Electromagn ic
Protrusi .
Conte etic Surface
Mean on .
. nt 20n | 40n | 80n . Conversion Post
Partic Over | Imprint :
le (Parts | mto | mto | mto 100n | s After Properties Run
. Per | 40n | 80n | 100n After Durabil
Size . m Storage .
(nm) Weig m m m Storage 1ty
ht) [dB] Testing
Examp No
le 1 20 100 | 1.13]0.19 0 0 None 0 Damag
e
Examp No
le 2 35 100 1.12/10.22 1.0.00 0 None 0 Damag
4 9 6 .
Examp No
le 3 70 100 | 1.18 0.50 0'7? ! 0 Slightly 0 Damag
e
XA 20 |50 109|026 | 001 | | . oo
© 60 | 50 | 7| 2| 7 one s
Comp. 20 85 0.60 0.09 | 0.00 Damag
Ex 1 90 | 15 | 8 |%72] 3 7 Yes 06 ed
Comp. 1.03 | 0.44 | 0.03 Damag
Ex 2 80 100 - 3 4 0 Yes -1.4 ed
Comp. 35 95 1.26 | 0.30 | 0.01 | 0.01 Yes 11 Damag
Ex 3 270 5 8 8 8 2 ) ed
Comp. 20 85 0.02 | 0.00 Damag
Ex 4 150 15 1.1510.92 ) 9 Yes -1.2 od
Comp. 35 70 0.02 | 0.00 Damag
Ex 5 90 30 1.08 | 0.39 P 3 Yes -0.8 od

[0130] For examples 1, 2, 3, and 4 where the backing layer used a fine carbon black with
a mean particle size of 20 to 70nm, the backing layer’s protrusion distribution was:
20 to 40nm — 1.2/pum?

40 to 80nm — 0.4/pm?
80 to 100nm — 0.02/um?

Over 100nm — None.
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In these samples there was almost no sign of backing layer protrusions imprinting on to
the magnetic layer after storage, and there was no observable damage after the run
durability stress testing.

[0131] By contrast, compared to the examples for this invention described above, the
comparison examples 1, 2, 3, 4, and 5 had relatively more protrusions on the backing
layer, protrusion imprinting occurred on the magnetic layer after storage, and attenuation
of playback output was also confirmed. Further, there was more damage observed to the
magnetic surface as a whole after conducting run durability stress testing. These can be
attributed to the coarse protrusions on the backing layer surface. As table 1 demonstrates,
the comparative examples have a much greater distribution of protrusions of over 40nm
on a per unit area basis. This lends support to the idea that an excess number of
protrusions over 40nm in height can lead to substantial impacts on the quality of the
magnetic tape.

[0132] Based upon the evidence demonstrated above, it was discovered that when the
backing layer surface protrusion distribution meets the specifications of:

20 to 40nm — 1.2/um?
40 to 80nm — 0.4/pum?
80 to 100nm — 0.02/pum?
Over 100nm — None.

there is no observable attenuation to playback output due to protrusions on the backing
layer surface, and at the same time, the damage to the magnetic surface can be reduced.

[0133][Effects of the Invention] As noted above, this invention allows the production of
magnetic recording mediums such as magnetic tape that can withstand high speed
operation, and thus higher data transfer speeds. Further, it prevents the damage to the
magnetic layer surface that arises from applying a backing layer to the opposite surface of
the non-magnetic substrate, and improves durability, resulting in a high reliability
magnetic recording medium.

[Simple Description of Figures]

[Figure 1] A cross-section of the magnetic tape which is the magnetic recording medium
related to this invention.

[Figure 2] Illustrates a configuration for a coating application system that employs a wet-
on-wet method to form the non-magnetic underlayer and magnetic upper layer.
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[Figure 3] A cross-section of the extrusion coater that is used in the coating application
system shown in Figure 2.

[Figure 4] A cross-section that shows alternative configurations of the extrusion coater
that is used in the coating application system shown in Figure 2.

[Figure 5] A plan of the drive device’s tape running configuration used to conduct run
durability stress tests the magnetic tape which is the magnetic recording medium related
to this invention.

[Figure 6] A graph charting the distribution of backing layer protrusions on the magnetic
recording medium.

[Legend]

100 Magnetic Recording Medium, 101 Non-Magnetic Substrate, 102 Non-Magnetic
Underlayer, 103 Magnetic Upper Layer, 104 Backing Layer.

[Figure 1] [Figure 2]
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University
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5- Diploma in teaching English as a foreign language, English Language Centre, London.
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2. | hereby certify that | prepared the translation appearing as JP2003317228 and that it is, to
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3. All statements made herein of my own knowledge are true and all statements made on
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statements and the like are punishable by fine or imprisonment, or both under Section 1001
of Title 18 of the United States Code. I declare under penalty of perjury that the foregoing is
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