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(57) ABSTRACT 
A magnetic tape comprises a Substrate having on one side 
thereof a magnetic layer Serving as a recording Surface, and 
on the other Side thereof at least two layers containing 
inorganic particles which Serve as a non-recording Surface, 
wherein Said magnetic tape has a region on the Side of the 
non-recording Surface along the longitudinal direction of the 
tape in which a regular pattern for Servo tracking having 
different optical properties from the other major region of 
the Side of the non-recording Surface is or can be formed. 
The layerS on the non-recording Surface are characterized in 
that the inorganic particles in the outermost layer are larger 
than the inorganic particles in the underlying layer(s). 
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MULTIPLE-LAYER BACKCOATING FOR 
MAGNETIC TAPE 

BACKGROUND OF THE INVENTION 

0001. The invention relates to magnetic tape capable of 
optically recording Servo Signals for tracking. More particu 
larly, it relates to magnetic tape capable of optically record 
ing Servo Signals for tracking while exhibiting excellent tape 
runnability and other mechanical properties. 
0002 Generally, magnetic tape has a low recording den 
sity due to its low track density. Serpentine type magnetic 
tape in particular typically has a low recording density. On 
the other hand, helical Scan type magnetic tape, which uses 
a Servo tracking System called automatic track finding 
(ATF), possesses a higher track density than Serpentine type 
magnetic tape. 
0.003 Servo tracking systems proposed for serpentine 
type magnetic tape include an embedded Servo System, in 
which Servo Signals are written on the same track as the data 
track on the magnetic recording Surface, and a System in 
which a track exclusively for Servo Signals is provided on the 
magnetic recording Surface. For example, Japanese Patent 
Publication No. 82626/95 discloses a servo control system 
where the pitch of the data tracks is as Small as Several tens 
of microns. In this System, a dedicated track for Servo 
information is provided on the magnetic recording Surface 
and a plurality of Servo reproduction heads are used for 
reading the Servo Signals. According to this technique, 
however, the number of servo reproduction heads must be 
increased as the number of tracks increases. This System and 
other conventional Servo tracking Systems use the same side 
of the magnetic tape for Servo tracking as is used for data 
recording, which means that the data recording area is 
reduced accordingly. This disadvantage is conspicuous in 
the servo tracking system of Japanese Patent Publin. No. 
82626/95 when the track density is about 30 tracks per mm 
O OC. 

0004. This disadvantage can be overcome by locating the 
Servo tracking System on the Side of the tape opposite the 
recording (magnetic) side. Such a system is described in 
co-owned co-pending application U.S. Ser. No. 09/191,321, 
which is hereby incorporated herein by reference. The 
system described in U.S. Ser. No. 09/191,321 utilizes a 
pattern containing a dye or other material which changes 
color upon being contacted with a light Source, thereby 
permitting Servo tracking of the tape. 
0005 Magnetic tapes often have a coating or layer dis 
posed on the Side of the tape opposite the recording Side. 
Such coatings are called “backcoating layers. Backcoating 
layers are designed to improve certain mechanical properties 
of the tape. For example, the presence of an appropriate 
backcoating can improve the tape runnability (e.g., the 
Stability of the tape as it "runs' past reading or recording 
heads) or its durability. Backcoating layers often contain a 
binder resin and an inorganic pigment, Such as carbon black. 
See, for example, JP9297914; JP6139549; KR9406847 and 
U.S. Pat. No. 4,578,311. U.S. Ser. No. 09/191,321, incor 
porated by reference above, describes adding a backcoating 
to the tape in addition to the Servo tracking color changing 
coating. 

SUMMARY OF THE INVENTION 

0006. It is an object of the present invention to provide a 
magnetic tape having a multilayer backcoating System 
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which has excellent mechanical properties and which per 
mits a Servo tracking pattern to be etched directly into the 
backcoating. 
0007. The present invention is a magnetic tape compris 
ing a recording Surface on one Side and a non-recording 
Surface on the Side opposite the recording Surface. The 
recording Surface has a magnetic layer disposed thereon. 
The non-recording Surface has disposed thereon a novel, 
multilayer backcoating System comprising at least two dis 
crete layerS containing inorganic particles in which the 
particles in the outermost layer are larger than the particles 
in the inner layer(s). The larger particles in the outer layer 
are of a size Sufficient to provide improved tape runnability 
and conductivity, and reduced reflectance. The Smaller par 
ticles in the inner layer or layers are of a size Sufficient to 
provide improved Servo cutting quality to the tape. 
0008. The backcoating system on the tape of the present 
invention has a regular pattern for Servo tracking disposed 
along the longitudinal direction of the tape. The Servo 
tracking pattern may comprise, for example, a Series of 
discrete marks, Such as pits or depressions, in the backcoat 
ing. The pattern also may comprise continuous depressed 
lines or grooves. The pattern can be formed, for example, by 
etching, cutting, engraving or burning the backcoating, e.g., 
mechanically or using a laser. The process of forming the 
Servo tracking pattern is referred to herein as "servo cut 
ting.” The marks thus formed have optical properties which 
are different from the non-patterned region of the backcoat 
ing, and can be distinguished by an optical tracking device. 
For example, a pattern formed by laser etching may com 
prise a Series of pits or depressions in the backcoating. When 
a light Source is directed onto the backcoating, the pattern of 
depressions will absorb or reflect light differently than the 
Surrounding non-patterned region of the backcoating. These 
differences can be detected by an optical detector, and 
processed by a signal processor to operate the Servo System 
which keeps the tape property aligned. The pattern permits 
Servo tracking of the tape as it runs thereby improving the 
track density of the tape. 
0009. The present invention provides a multilayer back 
coat System which has excellent mechanical properties and 
also permits high quality Servo cutting. The present inven 
tion accomplishes both purposes by utilizing a multilayer 
backcoating System in which the outer layer, which in 
operation is in contact with the tape rollers, has a Surface 
roughness Sufficient to provide good mechanical properties, 
and an underlying or inner layer or layerS having leSS Surface 
roughness, that is, having a Smoother Surface, thereby pro 
Viding better Servo pattern cutting. 
0010. In order to provide high quality servo cutting and 
tape runnability, the backcoating preferably has a uniform 
Smooth Surface. However, Smooth coatings can result in 
deterioration of certain mechanical performance of the tape. 
For example, tapes having a very Smooth backcoating may 
exhibit poor literal tape motion, high friction between the 
tape and the tape rollers, and poor tape modulation and 
Stacking. Rougher backcoating Surfaces provide better elec 
trical conductability, better heat conductability and 
improved mechanical properties, but the quality of the Servo 
cutting is reduced. 
0011. The roughness or smoothness of the surface is a 
function of the Size of the inorganic particles used in the 
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backcoating. Larger particles provide a rougher Surface, 
whereas Smaller particles provide a Smoother Surface. Thus, 
in the present invention, the Outermost backcoating layer 
comprises a coating or film having larger inorganic particles 
(e.g., having an average size greater than about 50 nm) and 
the inner layer comprises a coating or film having Smaller 
inorganic particles (e.g., having an average size less than 
about 40 nm). There may be more than one inner layer, if 
desired. 

0012. The present invention provides a magnetic tape 
which furnishes Servo information without reducing the data 
area, a magnetic tape which furnishes information for Servo 
tracking while maintaining a high S/N ratio and excellent 
tape runnability, a magnetic tape which furnishes Servo 
information without impairing the mechanical properties of 
the tape provided by the backcoating layer, a magnetic tape 
having an increased track density, and a magnetic tape 
having a high recording capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Various other objects, features and attendant 
advantages of the present invention will be more fully 
appreciated as the same becomes better understood from the 
following detailed description when considered in connec 
tion with the accompanying drawings in which like refer 
ence characters designate like or corresponding parts 
throughout the Several ViewS and wherein: 

0.014 FIG. 1 is a schematic view showing the structure 
of a first embodiment of the magnetic tape according to the 
present invention; 

0.015 FIG.2 schematically illustrates a method for form 
ing a Servo tracking pattern by irradiating a backcoating 
layer with a laser beam; 

0016 FIG. 3 is an enlarged partial view of the backcoat 
ing layer having an engraved servo tracking pattern; 

0017 FIG. 4(a), FIG. 4(b), FIG. 4(c) and FIG. 4(d) 
Schematically illustrate a method for achieving Servo control 
by push-pull method; 

0.018 
marks, 

0019 FIG. 6(a) is a schematic plane view showing a 
detectable Servo track in the form of a Series of depressions 
or pits, 

0020 FIG. 6(b) is a schematic cross-sectional view 
through section a-a showing the structure of the magnetic 
tape of FIG. 6(a) having a servo track formed of laser 
engraved marks, 

0021 FIG. 6(c) depicts a process for laser engraving an 
optically detectable Servo track onto the non-recording Sur 
face of a tape formed as described herein; 

FIG. 5 shows a discontinuous pattern of servo 

0022 FIG. 7 is an enlarged plane view of a single line 
Servo tracking pattern; 

0023 FIG. 8 is a schematic illustration of light reflected 
from a rough backcoating Surface; 

0024 FIG. 9 is a schematic illustration of light reflected 
from a Smooth Surface; 
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0.025 FIG. 10(a) is a schematic view of a dual layer 
backcoating System of the present invention; and 

0026 FIG. 10(b) is a schematic illustration of light 
reflected from the backcoating Surface and the Servo track 
ing pattern. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0027. The magnetic tape of the present invention will be 
further described with reference to the preferred embodi 
ments thereof depicted in the accompanying drawings. 
0028. A magnetic tape 1 shown in FIG. 1 comprises a 
Substrate 2 having provided thereon a magnetic layer 4 as a 
top layer adjoining an optional intermediate layer 3. The 
magnetic layer 4 Serves as a recording Surface. The Substrate 
2 has on its other Side a multilayer backcoating System 
comprising inner layer 5 containing inorganic particles, and 
outer layer 6 containing inorganic particles which are larger 
than the particles in layer 5. 
0029. The term “recording surface” as used herein means 
a Surface used for magnetic recording, and the term “non 
recording Surface' as used herein means a Surface which 
does not participate in magnetic recording. 
0030 The magnetic tape 1 can be for a linear or serpen 
tine recording System, in which the magnetic layer 4 con 
tains a plurality of data tracks in parallel with the tape 
running direction. In operation, a head unit having a pre 
Scribed number of magnetic heads is moved across the 
magnetic tape 1, Switching among data tracks, to record or 
reproduce data on the prescribed data tracks. In order to 
position each magnetic head on a proper data track by track 
Switching for recording or reproduction, Servo tracking is 
carried out. 

0031 Layer 6 is the outermost layer on the non-recording 
side of the magnetic tape 1. The term “outermost” refers to 
the layer furthest removed from the substrate 2. Layer 6 
contains inorganic particles of a size Sufficient to provide 
good mechanical properties, conductivity and heat dissipa 
tion to the tape. Mechanical properties include, for example, 
literal tape motion, friction (e.g., between the tape and the 
tape transport rollers), tape modulation and tape Stacking. 
Inorganic particles of from about 30 nm to about 100 nm in 
diameter are useful for this purpose. In a currently preferred 
embodiment, inorganic particles in the size range of from 
about 50 nm to about 80 nm are used in layer 6. 
0032 Layer 5 is an inner layer on the non-recording 
Surface of magnetic tape 1. Layer 5 contains inorganic 
particles which are Smaller than the particles in layer 6. The 
Smaller particles form a Smoother coating (compared to 
layer 6) which allows good servo pattern cutting quality. 
Inorganic particles of from about 10 nm to about 80 nm in 
diameter are useful for this purpose. In a currently preferred 
embodiment, inorganic particles in the range of from about 
20 nm to about 35 nm are used in layer 5. The magnetic tape 
1 may contain additional inner layers, if desired. 
0033 Layers 5 and 6 together form what is termed herein 
the “backcoating system” (7 in FIG. 1). The backcoating 
System 7 may contain additional layers, which may be either 
clear or pigmented. A Servo tracking pattern having optical 
properties which differ from the non-patterned portion of the 
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region can be formed on the backcoating System 7. The 
Servo tracking pattern preferably is etched into at least a 
portion of each of the layers in the backcoating System 7. 
While not limiting, the optical properties as referred to 
herein include properties expressed in terms of the absor 
bance or reflectance of light. 

0034 FIG. 2 illustrates one method by which a servo 
tracking pattern can be cut, etched or engraved into the 
backcoating. AS shown in FIG. 2, a plurality of laser beams 
41, emitted in parallel from the respective laser light Sources 
40 aligned at prescribed intervals across the width direction 
of the magnetic tape 1, etch backcoating System 7 running 
in direction A at a predetermined speed. The pattern 10 is 
formed by laser beams 41. The irradiation conditions of the 
laser beams 41 should be controlled so as to produce 
engraved marks, burn marks or depressions in backcoating 
System 7 without damaging Substrate 2 or layerS 3 and 4 on 
the recording side of the tape. The pattern 10 formed in 
backcoating system 7 shown in FIG. 2 is not to scale, and 
the number of lines (shown as 4 in FIG. 2) may vary. The 
size and depth of the marks in pattern 10 are such that when 
a light or laser beam is shone on the patterned backcoating, 
the marks can be recognized by measuring the intensity of 
the light reflected or absorbed by the pattern. The pattern 10 
shown in the embodiment illustrated in FIG. 3 comprises a 
plurality of continuous lines of prescribed width in parallel 
to the longitudinal direction of the magnetic tape 1. The 
width w of each line and variation of the thickness of the 
pattern 10 can be adjusted by controlling the beam diameter 
and output power of the laser beams 41. In this embodiment, 
the beam diameter preferably is between about 0.25 to 30 
tim, particularly between about 1 to 25 um, and the output 
power is preferably from about 1 to about 1000 mW, 
particularly from about 10 to about 100 mW. The pattern 10 
can be formed before use of the magnetic tape 1 or by use 
of a recording and reproducing drive equipped with an 
irradiating means. 

0035) While, in general, the pattern 10 is formed over the 
whole length of backcoating System 7 which corresponds to 
the length of magnetic layer 4, the area in which a pattern is 
to be formed is not limited thereto. The pattern 10 makes an 
optical contrast with the non-patterned areas 10' of the 
backcoating System 7. AS Stated previously, data tracks of 
magnetic layer 4 can be formed in parallel in the longitudinal 
direction on the recording Side of magnetic tape 1 similarly 
to pattern 10, but the relative positional relationship between 
the data tracks (not shown) and pattern 10 is not limited. 
0.036 The optical contrast between pattern 10 and the 
Surrounding non-patterned background can be made by 
irradiating pattern 10 with light of a prescribed wavelength 
to produce a difference in the intensity of absorbed or 
reflected light. The intensity of the absorbed or reflected 
light is detected and processed by an optical Servo mecha 
nism, using, for example, a push-pull method or three-beam 
method, to carry out Servo tracking. Optical Servo mecha 
nisms are commonly employed for achieving optical Servo 
control in various optical disks. 

0037) Servo control based on the contact of reflected light 
intensity using the push-pull method can be carried out as 
follows. In FIG. 4(a), magnetic tape runs in the direction 
perpendicular to the surface of the paper on which FIG. 4(a) 
is drawn. Light is emitted from a light Source 30, Such as a 
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Semiconductor laser, which is placed to face the multilayer 
backcoating System 7. The light beam then is condensed 
through a lens 31 to a prescribed beam diameter, is passed 
through a half mirror 37, and impacts on backcoating System 
7 and pattern 10 formed in the backcoating system 7 where 
it is Scattered by the rough Surface of layer 6 or by depres 
sions 7". The beam diameter preferably should be somewhat 
smaller than the line width of pattern 10. Some of the light 
is reflected by outermost layer 6 and pattern 10 and advances 
in the direction opposite to the incidence direction. The 
reflected light is reflected on the half mirror 37, turning its 
direction, and enters the light detector 33, where the inten 
sity of the reflected light is detected. The detected reflected 
light is converted to electrical signals in the detector 33 and 
then Sent to the Servo tracking processor 34, where the 
Signals are processed by the Servo control System. The 
amount and intensity of the light reflected from pattern 10 
can be distinguished by the detector and/or Signal processor 
from the light reflected from layer 6. The servo tracking 
processor 34 analyzes the intensity of the reflected light. If 
the beam intensity displayS bilateral Symmetry, it means that 
the center of the beam 35 is on the center line of the line 
width of the pattern 10 as shown in FIG. 4(b). This state is 
an “on-track’ State, that is, the magnetic head is properly 
positioned on an aimed data track of the magnetic layer 4. 
If the beam intensity lackS bilateral Symmetry, it indicates 
that the beam 35 is deviating from the center line to either 
left or right as shown in FIG. 4(c) or (d). This state is an 
“off-track’ State, that is, the magnetic head is not properly 
positioned on the aimed data track of the magnetic layer. 
Then the servo tracking processor 34 gives a drive 35 of the 
magnetic head 34 instructions to move the magnetic head 36 
to a proper position as shown in FIG. 4(a). As a result, the 
magnetic head 36 is properly positioned by the drive 35 to 
achieve an “on-track’ State. 

0.038. The width w (see FIG. 3) of pattern 10 preferably 
is from about 0.25 to about 50 um while somewhat varying 
with the width of the magnetic tape 1. If the width w is 
Smaller than about 0.25 tim, optical detection of the pattern 
10 may be disturbed because it is difficult to condense the 
beam to Such a Small diameter with State-of-the-art tech 
niques. If the width w exceeds about 50 lum, the density of 
pattern 10 decreases where the pattern is comprised of a 
large number of lines as illustrated in FIG. 3. A preferred 
width w of pattern 10 is from about 0.25 to about 30 tim, 
particularly from about 0.8 to about 25 lum. 
0039. It is preferred that the pitch p of pattern 10, i.e., the 
pitch of the lines or marks (see FIG. 3), be not less than the 
width of the data track formed on the magnetic layer 4 and 
be an integral multiple of the width of the data track. 
0040. The marks or lines composing pattern 10 may be 
arranged over the whole width of the magnetic tape 1 at 
prescribed intervals, or a group of marks or lines Spaced at 
prescribed intervals may be localized in, for example, the 
central portion or either one of Side portions of the tape in 
the width direction. There may be two or more groups of 
marks or lines localized in two or more positions of the tape 
in the width direction. For example, one or more groups of 
marks, which may consist of the same or different number 
of marks, can be arranged on each Side portion of the tape; 
one or more groups of marks, which may consist of the same 
or different number of marks, can be arranged on the central 
portion and one of the Side portions of the tape, or one or 
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more groups of marks, which may consist of the Same or 
different number of marks, can be arranged on the central 
portion and each Side portion of the tape. In any case, the 
total number of the marks (or lines) making up pattern 10 
preferably is a measure of the number of the data tracks of 
the magnetic layer. 

0041 AS stated above, the backcoating layer typically 
Serves Several essential functions, including: (1) providing 
Satisfactory tape running properties, (2) providing antistatic 
properties, and (3) detecting the beginning of the tape (BOT) 
or the end of the tape (EOT). In addition, the backcoating of 
the present invention provides a medium for carrying Servo 
tracking markS. Backcoatings typically comprise a Substan 
tially homogeneous mixture of inorganic particles dispersed 
in a binder resin. 

0042. The backcoating layers 5 and 6 may be formed 
Solely of the inorganic particles but preferably contain a 
binder in order to improve the running properties and/or 
durability of magnetic tape 1. The weight percentage of the 
inorganic particles to the binder, which is Subject to variation 
according to the size and kind of the particles, is preferably 
from about 1% to about 90%, still more preferably from 
about 20% to about 80%. 

0.043 Any binder customarily employed in coatings for 
magnetic tape can be used. For example, thermoplastic 
resins, thermosetting resins, reactive resins, and mixtures 
thereof can be used. Specific examples include Vinyl chlo 
ride copolymers or modified vinyl chloride copolymers, 
copolymers comprising acrylic acid, methacrylic acid or 
esters thereof, polyvinyl alcohol copolymers, acrylonitrile 
copolymers (rubbery resins), polyester resins, polyurethane 
resins, epoxy resins, cellulosic resins (e.g. nitrocellulose, 
cellulose acetate, cellulose acetate butyrate, cellulose acetate 
propionate, etc.), polyvinyl butyral resins, and polyamide 
resins. These binders preferably have a number average 
molecular weight of from about 2,000 to about 200,000. The 
binder resin can have a polarizing functional group (SO 
called polar group), Such as a hydroxyl group, a carboxyl 
group or a Salt thereof, a Sulfoxyl group or a Salt thereof, a 
phospho group or a Salt thereof, a nitro group, a nitric ester 
group, an acetyl group, a Sulfuric ester group or a Salt 
thereof, an epoxy group, a nitrite group, a carbonyl group, an 
amino group, an alkylamino group, an alkylammonium Salt 
group, a Sulfobetaine Structure, a carbobetaine Structure, and 
the like, to have improved dispersing properties for particu 
late additives which could be incorporated into the back 
coating (hereinafter described). 
0044) To provide satisfactory running properties, it is 
preferred that the Outermost layer 6 has a moderate-to-high 
Surface roughness. The outermost backcoating layer 6 pref 
erably has an arithmetic mean roughneSS Ra of from about 
7 to about 50 nm, more preferably from about 5 to about 30 
nm, and most preferably from about 9.0 to about 12.0 nm. 
The outer coating 6 also preferably has about a 10 point 
height parameter RZ of from about 40 to about 250 nm, more 
preferably from about 50 to about 200 nm, and most 
preferably from about 80 nm to about 120 nm. The inner 
backcoating layer 5 preferably has an arithmetic mean 
roughness Ra of from about 6 to about 40 nm, more 
preferably from about 4 to about 20 nm, and most preferably 
from about 6.0 to about 9.0 nm. The inner coating preferably 
has a 10 point RZ of from about 30 to about 200 nm, more 
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preferably from about 40 to about 150 nm, and most 
preferably from about 50 to about 80 nm. 
004.5 The arithmetic mean roughness Ra, defined by the 
following equation (1), is measured with a stylus-type 
profilometer under the following conditions in accordance 
with JIS-BO601-1994. 

Stylus: diameter: 1.5 to 2.5gm; curvature: 600 
Contact pressure: 50 to 300 uN 
Cut-off length: 80 um 
Sampling length: 80 um 
Assessment length: 400 um 

0046) 

0047 wherein Y represents profile data; and 1 represents 
an assessment length. 
0048. In measuring the surface roughness Ra, a sample is 
Stuck to a slide glass for microScopes which Satisfies the 
requirements specified in JIS-R-3502 (e.g. a slide glass 
produced by MATSUNAMI GLASS K.K. as used in the 
present invention) with water or ethanol to prepare a speci 
men. Existence of excessive water or ethanol will ruin the 
reproducibility of measurements. Therefore measurement is 
made after the water or ethanol is evaporated to Some extent 
and while an interference fringe can be seen from the back 
Side of the Slide glass. 
0049 Measurement of the 10 point height parameter RZ, 
defined by the following equation (ii), can be made using the 
Same Specimen under the same conditions as for the mea 
Surement of Ra in accordance with JIS-BO601-1994. The 
Sampling length 1 is 80 tim, and the assessment length lo is 
400 um. 

0050 wherein Y1, Y2, Ys, Y, and Ys are heights of 
the five highest peaks within the assessment length l; and 
Y1, Y, Y, Y, and Ys are height of the five lowest 
Valleys within the assessment length 1. 
0051. The arithmetic mean roughness Ra and the height 
parameter RZ are functions of the particle size of the 
inorganic particles used in the coatings. Inorganic powders 
having an average particle size of from about 1 to about 700 
nm can be used to obtain the desired characteristics. 

0052 The outermost layer 6 preferably comprises inor 
ganic particles having a particle size in the range of from 
about 10 to about 200 nm, more preferably from about 50 
nm to about 80 nm. The thickness of the outer layer as 
applied to the magnetic tape preferably is in the range of 
from about 0.1 to about 0.5um, more preferably from about 
0.1 to about 0.15 tum. The amount of the inorganic particles 
in the coating preferably is from about 5 to about 90% by 
weight, more preferably from about 42 to about 50% by 
weight. The currently preferred coating as applied prefer 
ably has the following characteristics: 
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Ra: 9.0 to 12.0 nm. 
Rq: 11.0 to 14.0 nm. 
RZ 80.0 to 120.0 nm. 
8.4 x 10' to 4 x 10 2/square 
6-10% 

Surface roughness: 

Resistance: 
Reflectance at 550-800 nm: 

0053. The inner layer 5 preferably comprises inorganic 
particles having a particle size in the range of from about 5 
to about 100 nm, more preferably from about 20 nm to about 
35 nm. The thickness of the inner layer preferably is from 
about 0.1 to about 0.5 tim, more preferably from about 0.35 
to about 0.40 lim. The amount of inorganic particles in the 
coating preferably is from about 5 to about 80% by weight, 
more preferably from about 30 to about 40% by weight. The 
resulting coating preferably has the following characteris 
tics: 

Ra: 6.0 to 9.0 mm 
Rq: 8.0 to 10.0 nm. 
RZ: 50.0 to 80.0 mm 

Resistance: 5.0 x 10 to 2 x 10° S.2/square 
Reflectance at 550 to 800 mm: <10% 

Surface roughness: 

0.054 Inorganic powders which are useful in the present 
backcoating layers include carbon black, metallic powders, 
metallic oxides, metallic Sulfides and mixtures of the afore 
mentioned. The powders are not particularly limited in kind 
as long as their average particle sizes Satisfy the above 
respective ranges. Powders useful in the present invention 
include, for example, Substantially Spherical particles of 
TiO, TiO, C-Fe2O, BaCO, BaSO, FeO, C.-Al-Oy 
Al-O, CaCO, CrO, ZnO, ZnSO, C-Fe0OH, Mn-Zn 
ferrite, Ni-Zn ferrite, ZnS, tin oxide, antimony-doped tin 
oxide (ATO), indium-doped tin oxide (ITO), indium oxide, 
carbon black, graphite carbon, SiO, and Silicone resins 
having a three-dimensional network Structure made up of 
Siloxane bonds with a methyl group bonded to the Silicon 
atom. Of the above-enumerated inorganic powders, black 
powder, Such as carbon black, is particularly preferred. 
Carbon black particles provide the additional advantage of 
being electrically conductive, and thus impart antistatic 
properties to the tape. 

0.055 The carbon black contained in the backcoating may 
be any commercially available carbon black having the 
necessary Size and uniformity. For example, channel black, 
furnace black, acetylene black, thermal black, or graphited 
carbon black may be used. Carbon black particles in the size 
ranges required for use in the present invention can be 
obtained from Cabot Corporation (Billerica, Mass.); Asahi 
Carbon K.K. (Japan); Mitsubishi Kasei Corp. (Japan); Tokai 
Carbon (Japan): and Akzo N.V. (the Netherlands). 
0056. Non-black inorganic conductive particles may be 
useful in Some embodiments of the invention. For example, 
particles of conductive tin oxide, ATO, ITO, and indium 
oxide may be advantageous because of their high light 
transmitting properties in the case where transmitted rather 
than reflected or absorbed light is utilized for servo signal 
reading. In this connection, preferred inorganic conductive 
particles include tin oxide, ATO, ITO, and indium oxide. The 
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inorganic conductive particles preferably are present in an 
amount of from about 10 to about 800 parts, particularly 
from about 30 to about 700 parts, especially from about 50 
to about 700 parts, by weight per 100 parts by weight of the 
binder. 

0057) If desired, the backcoating layers 5 and 6 can 
contain other additives, Such as a lubricant and a hardener. 
Generally useful lubricants for Such coatings include fatty 
acids and fatty acid esters. Examples of fatty acid lubricants 
include, for example, caproic acid, caprylic acid, capric acid, 
lauric acid, myristic acid, palmitic acid, Stearic acid, isoS 
tearic acid, linolenic acid, oleic acid, elaidic acid, behenic 
acid, malonic acid, Succinic acid, maleic acid, glutaric acid, 
adipic acid, pimelic acid, azelaic acid, Sebacic acid, 1,12 
dodecanedicarboxylic acid, and octanedicarboxylic acid. 
Examples of fatty acid ester lubricants include alkyl esters of 
the above-enumerated fatty acids having 16 to 46 carbon 
atoms in total. Inorganic acid esters, Such as phosphoric 
esters, fluorine-containing compounds, Silicone compounds, 
and the like also are useful as lubricants. The lubricants 
typically are added in an amount of from about 0.05 to about 
15 parts by weight, preferably from about 0.2 to about 10 
parts by weight, per about 100 parts by weight of the binder. 
0058. The backcoating layers also may contain an anti 
oxidant to improve the Stability of the coatings. The anti 
oxidant preferably is added in an amount of from about 0.5 
to about 20 parts by weight, particularly from about 3 to 
about 10 parts by weight, per 100 parts by weight of the 
coloring matter. Any antioxidant compatible with backcoat 
ing compositions can be used. Specific examples of Suitable 
antioxidants include bis(4-t-butyl-1,2-dithiophenolate) cop 
per-tetra-n-butylammonium and bis(4-t-butyl-1,2- 
dithiophenolate) nickel-tetra-n-butylammonium. 
0059. The hardeners include isocyanate hardeners, exem 
plified by “CORONATE L' (a trade name, produced by 
NIPPON POLYURETHANE INDUSTRY Co., Ltd.) and 
amine hardeners. The hardeners can be added in an amount 
of from about 5 to about 40 parts by weight, preferably from 
about 5 to about 30 parts by weight, per 100 parts by weight 
of the binder. 

0060) If desired, the backcoating compositions further 
may contain Stabilizers. 
0061 Backcoating compositions useful for forming the 
backcoating layers can be formulated according to art rec 
ognized techniques for making these types of coatings. In 
one embodiment, the backcoating layers are formed on the 
tape by coating the Substrate 2 with a coating composition 
having the above-mentioned components dispersed in a 
Solvent. Examples of Suitable Solvents include ketones, 
esters, ethers, aromatic hydrocarbons, chlorinated hydrocar 
bons, and cellosolve solvents. The solvent preferably is used 
in Such an amount that the coating composition has a Solids 
content of from about 10 to about 50% by weight, particu 
larly from about 20 to about 40% by weight. 
0062) The present backcoating compositions may be 
formed by any technique appropriate for forming pigmented 
coatings. Methods of formulating backcoating compositions 
are well-known, and are described, for example, in co 
pending application U.S. Ser. No. 09/191,321, and in U.S. 
Pat. Nos. 5,532,042 and 4,868,046. 
0063) The thickness of the outer layer 6 formed by 
applying the coating composition is preferably in the range 
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of from about 0.05 to about 2.082 m, more preferably from 
about 0.1 to about 0.15 um. The thickness of inner layer 5, 
also formed by applying the coating composition, is pref 
erably in the range of from about 0.05 um to about 2.0 um, 
more preferably from about 0.35 um to about 0.4 um. 
0064. In another embodiment, the backcoating layers 
may consist Solely of the inorganic particles. Such coatings 
can be formed by, for example, one of the following methods 
(1) to (3): 

0065 (1) thin film formation processing, such as 
chemical vapor deposition (CVD) or physical vapor 
deposition (PVD); 

0066 (2) coating the substrate 2 with a solution or 
dispersion of the inorganic particles in a Solvent 
which can, if desired, contain a Surface active agent; 
O 

0067 (3) co-extruding the substrate 2 with a solu 
tion or dispersion of the inorganic particles in a 
polymer or a polymer emulsion. 

0068. Where the backcoating layer comprises the inor 
ganic particles and other components, the other components 
may include a binder, a lubricant, and the like that could be 
incorporated into the layers as described above. Inorganic 
powders in addition to the preferred carbon black particles 
can be included, for example, to prevent disturbances of the 
interface between the backcoating layer 5 and the backcoat 
ing layer 6 when these two layers are formed by Simulta 
neous coating in a wet-on-Wet System, which will be 
described later in detail. 

0069. In a currently preferred embodiment, the inner 
backcoating layer 5 is formed by coating the Substrate with 
a composition comprising the inorganic particles, a binder 
and, optionally, one or more of the above-described addi 
tional components dispersed in a Solvent. Outer backcoating 
layer 6 then is formed by applying a coating composition 
containing inorganic particles and a binder dispersed in a 
solvent to the substrate coated with inner layers. The back 
coating compositions can be applied either by Successive 
coating or simultaneous coating. Noting that the Successive 
coating method may have lower productivity, the preferred 
coating method is to Simultaneously apply both coatings 
according to a wet-on-Wet System, which achieves higher 
productivity. 
0070 The outer backcoating layer 6 of the magnetic tape 
1 preferably has a reflectance at 550 to 800 nm of at least 
about 5%, and preferably in the range of from about 6% to 
about 10%, before the servo marks are imposed. 
0071 For achieving precise servo control, it is preferred 
that the change in reflectance at the wavelength of incident 
light used for Servo Signal reading between the pattern 10 
and the non-patterned area of the backcoating Surface, i.e. 
the value represented by equation (2) shown below, be 10% 
or more, particularly 40% or more. 

Rin - Ro x 100 (2) Change in reflection (%) = 

0072 wherein Ro represents a reflectance (%) of a servo 
tracking pattern at the wavelength of incident light; and Rim 
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represents a reflectance (%) of the area other than the servo 
tracking pattern at the wavelength of incident light. 

0073. The backcoating system 7 of the magnetic tape 1 
according to this embodiment has a pattern 10 of lines along 
or marks the longitudinal direction of the magnetic tape 1 as 
shown in FIGS. 3 and 6 (a). FIG. 3 shows four lines, 
however, a Single Straight line or a different number of lines 
along the longitudinal direction of the tape 1 can be used. 
The pattern also may be a single or a plurality of Sine curves 
along the longitudinal direction of the tape 1. Further, 
pattern 10 may comprise discontinuous Segments of lines 
(e.g., discrete marks) along the longitudinal direction of the 
tape 1 as shown in FIG. 5, or a series of pits or depressions 
as shown in FIGS. 6(a)-(c). 
0074 The pattern 10 shown in FIG. 5 is made up of 
repeating pairs of pieces 10a angled at 0, with the longi 
tudinal direction of magnetic tape 1 and a piece 10b angled 
at -0, the pieces 10a and 10b alternating with each other 
in the longitudinal direction of the tape 1. The angle 0 has 
an influence on the precision of positioning by Servo track 
ing. A preferred angle 0 for Securing Sufficient precision of 
positioning is about 5 to about 85, particularly about 10 to 
about 30. The lengths of the pieces 10a and the pieces 10b 
may the same or different, but preferably are the Same. A 
preferred length of the pieces 10a and 10b is about 5 to 140 
mm, particularly about 5 to about 80 mm. The Spacing g 
between the piece 10a and the piece 10b making each pair 
is preferably as narrow as possible. The Servo Signals of 
pattern 10 shown in FIG. 5 can be read in the same manner 
as for the pattern 10 shown in FIG. 3. 
0075. The pattern 10 representing servo information pref 
erably is imposed on the magnetic tape before use. When the 
magnetic tape 1 is used, the pattern is irradiated from the 
non-recording Side of the tape 1 with light having a pre 
scribed wavelength, and the reflected or absorbed light is 
detected. Thus, the Servo Signals are read as the contrast of 
reflected light intensity or absorption between the pattern 10 
and the non-patterned regions of the backcoating. 

0076. The servo tracking pattern formed in the backcoat 
ing System 7 can be formed by an engraving process that 
irradiates the backcoating layers with an energy beam, Such 
as an electron beam, a particle beam, or any laser beam of 
Suitable wavelength, Such as for example an ultraViolet laser 
light beam in the range of about 260-300 nm. The depres 
Sions So formed extend through the outer layer 6 into 
backcoating layer 5, thereby forming optically detectable 
marks that can be organized into patterns, Such as a pattern 
of dots spaced transversely across the tape. The laser engrav 
ing proceSS allows formation of marks in the range of from 
about 1 to about 10 microns. Accordingly, a backcoating 
layer of a one half inch wide tape can carry many Servo 
tracks. For example, laser light can be employed for forming 
a plurality of Servo tracks on backcoating layerS 6 and 5, 
wherein each of the Servo tracks comprises a Series of 
linearly Spaced Sets of dots, each Set of dots being arranged 
transversely acroSS a portion of the backcoating Surface. The 
irradiated Surface burned or etched by the laser engraving 
process forms depressions 7 (see FIGS. 6(a) and 6 (b)) of 
prescribed depth at regular intervals along the longitudinal 
direction of the tape. The regularly Spaced depressions form 
the pattern. FIG. 6(b) shows a cross-sectional view of the 
depressions 7" in backcoating System 7. 
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0077. In order to form a servo tracking pattern with 
which precise Servo control can be carried out, the laser 
beam for pattern formation preferably has a diameter of 
from about 0.1 to about 30 um, particularly from about 1 to 
about 10 um. The output power of the laser beam is selected 
So as to etch or burn the backcoating layers to form the 
depressions without damaging the other layerS constituting 
the magnetic tape I and the Substrate 2. Such an output 
power preferably ranges from about 1 to about 50 mW, 
particularly about 3 to about 25 mW, per incident beam. 
Short pulses of a high output laser beam of from about 1 to 
about 100 W can also be used. The wavelength of the laser 
beam is preferably about 0.5 to about 1.3 um, particularly 
from about 0.5 to about 0.8 um, from the standpoint of the 
light absorption of the coating. The wavelength of the laser 
beam is preferably from about 0.2 to about 1.3 um, particu 
larly from about 0.25 to about 0.8 um, from the standpoint 
of the light absorption of the carbon black. 
0078 FIG. 7 depicts an enlarged plane view of a servo 
tracking pattern. In this embodiment, the pattern is a linear 
Series of depressions or pits located approximately on the 
centerline of the width direction of the tape 1. Such a pattern 
provides improved Sensitivity in Servo Signal reading. The 
depression 7" preferably has a width W of from about 0.1 to 
about 30 um, particularly from about 1 to about 20 um for 
obtaining precise Servo control and minimizing the thermal 
influence on the Substrate 2 in pattern formation. The length 
L of each depression 7" is preferably from about 1 to about 
100 um, particularly about 2 to about 20 um, to assure Servo 
Signal detection. The distance P between adjacent depres 
sions 7 is preferably from about 2 to about 100 um, 
particularly from about 50 to about 90 lum, for reading the 
individual depressions 7" with high sensitivity. The distance 
P can be chosen so that the velocity of the tape divided by 
P is much larger than the bandwidth, or expected bandwidth, 
of the lateral motion of the tape. This is understood to 
achieve improved Sampling data. The depth of each depres 
sion 7" is preferably at least from about /3, more preferably 
at least 73, of the thickness of the inner backcoating layer 5 
up to the whole thickness of the inner backcoating layer 5. 
0079. Optionally, the tape depicted in FIGS. 6(a) and 6(b) 
may include a reflective layer of a material, Such as alumi 
num, disposed between backcoating layer 5 and Substrate 2 
that provides a reflective layer for increasing the reflective 
characteristic of the Servo tracking layer carried on the 
backcoating. 

0080 FIG. 2 depicts one process for forming a servo 
layer on the tape. AS depicted, a laser engraving process can 
be employed that directs a laser beam 41 of selected wave 
length toward the Surface to be marked, thereby forming a 
line or a Series of pits on the Surface that can be detected by 
an optical servo head, such as described above. FIG. 6(c) 
shows an embodiment in which a tape having a plurality of 
marks 46 formed thereon provide a pattern 45 of three marks 
that are aligned on an axis that is transverse to an axis 
perpendicular to the edge of the tape. For example, the three 
mark pattern can be tilted about 7 degrees off axis. AS also 
shown in FIG. 6(c), the laser beam 47, (which can be, for 
example, a UV laser beam in the range of approximately 260 
to 330 nm) irradiates the tape to form repeating Series of the 
three dot pattern 45 that can extend along a partial or the full 
length of the tape. In a preferred embodiment, the laser beam 
47 forms pits in the carbon black-containing backcoating 
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layer on the order of about 2 to about 10 microns, with a 
pitch between marks 46 of about 1 to about 6 microns and 
a pitch between patterns 45 of about 1 to about 100 microns. 
However, it will be apparent to one of ordinary skill in the 
art that the mark Size and pitch can be altered according to 
the Specific application. 
0081. The servo track is “read” by directing a light 
Source, Such as a laser beam, onto the backcoating layer 6. 
The depressions 7" reflect light differently than the non 
patterned portion of backcoating layer 6. FIG. 8 is a 
schematic illustration showing incident light beams 50 being 
directed at the rough Surface of backcoating 6. AS shown in 
FIG. 8, reflected light 50' is scattered in several directions by 
the rough surface of layer 6. In comparison, FIG. 9 shows 
that light 50" reflected from smooth layer 5 has less scatter. 
FIG. 10(a) is a schematic representation of a backcoating 
system of the present invention in which pits 7" form part of 
an optical servo track pattern. In FIG. 10, the outer back 
coating layer 6 contains large carbon particles 6', whereas 
inner backcoating layer 5 contains Smaller carbon particles 
5". Depressions 7" forming part of an optical Servo track are 
made through all of layer 6 and at least a portion of layer 5. 
As shown in FIG. 10(b), light hitting the depressions is 
reflected differently than light hitting backcoating 6. This 
difference can be detected by an optical detection System 
such as that depicted in FIG. 4(a). 
0082 For servo signal reading, light having a wavelength 
of from about 300 to about 1300 nm, more particularly from 
about 500 to about 800 nm is preferably used. 
0.083 General items concerning the magnetic tape 
according to the present invention are now described. Unless 
particularly noted, the following description is common to 
all the aforesaid embodiments. 

0084. The magnetic layer 4 is formed by applying a 
magnetic coating composition comprising ferromagnetic 
powder and a binder to a tape Substrate. The magnetic tape 
1 is a magnetic tape of coated type. For example, magnetic 
recording coatings are described in U.S. Pat. No. 4,746,542; 
U.S. Pat. No. 5,718,964 and U.S. Pat. No. 5,532,042. 
0085 Ferromagnetic powders which can be used include 
acicular, Spindle-shaped or tabular particles. Acicular or 
Spindle-shaped ferromagnetic powders include ferromag 
netic metal powder consisting mainly of iron and ferromag 
netic iron oxide powder, and tabular ferromagnetic powder 
includes ferromagnetic hexagonal ferrite powder. Magnetic 
recording coatings are well known and described in the art. 
Preferred magnetic coatings are described in co-pending 
co-owned application U.S. Ser. No. 09/191,321. 
0086 The tape also may include an intermediate layer 
(shown as layer 3 in the Figs.) The intermediate layer 3 may 
be either magnetic or nonmagnetic. The magnetic interme 
diate layer 3 is a layer containing magnetic powder, formed 
by using a magnetic coating composition mainly comprising 
magnetic powder, nonmagnetic powder, a binder, and a 
Solvent. The nonmagnetic intermediate layer 3 is a layer 
formed by using a nonmagnetic coating composition mainly 
comprising nonmagnetic powder, a binder, and a Solvent. 
The coating composition for the intermediate layer 3, either 
magnetic or nonmagnetic, will be inclusively referred to as 
an intermediate layer coating composition. Intermediate 
layer compositions which can be used in the present inven 
tion are described, for example, on copending application 
09/191,321. 
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0087. The substrate 2 can be made of any conventional 
materials known for magnetic tape, Such as those described 
in Japanese Patent Laid-Open No. 35246/97, column 2, lines 
30-42. Of the materials described, nonmagnetic materials 
such as polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), and polyamide are suited. The substrate 
2 preferably has a thickness of about 6 um or Smaller, 
particularly about 5 um or Smaller, for achieving a high 
recording capacity. A layer for easy adhesion can be pro 
vided on the surface of the Substrate 2 for improving 
adhesion to other layer. 
0088. The total thickness of the magnetic tape 1 prefer 
ably is not greater than about 7 tim, more preferably from 
about 4.5 to about 6.8 um. That is, the magnetic tape of the 
aforesaid embodiments is of extremely thin type. In general, 
Stiffness of a magnetic tape decreases with reduction in 
thickness. It tends to follow that the contact of the magnetic 
tape with a magnetic head is reduced, which can result in a 
reduction of output. Where the magnetic tape 1 has a 
metallic thin layer which has high Stiffness, the magnetic 
tape has high Stiffness despite its Small thickness. Therefore, 
the embodiments in which a metallic thin layer is provided 
are advantageous in that increase in recording capacity by 
reduction in total thickneSS can be accomplished without 
involving the problem of stiffness reduction. 
0089. A preferred method for producing the magnetic 
tape according to the present invention is described below. 
A magnetic coating composition for forming the magnetic 
layer 4 and an intermediate layer coating composition for 
forming the intermediate layer 3 are applied simultaneously 
to the Substrate 2 in a wet-on-wet coating System to form 
coating layers corresponding to the magnetic layer 4 and the 
intermediate layer 3. That is, the magnetic layer 4 is pref 
erably provided while the intermediate layer 3 is wet. 
0090 The coating layers are subjected to magnetic field 
orientation and dried, and the coated material is wound up. 
Thereafter, the coated material is calendered, and backcoat 
ing compositions are applied onto the back Side of the 
substrate 2 to form the inner backcoating layers 5 and 6. 
Alternatively, formation of the intermediate layer 3 and the 
magnetic layer 4 may be preceded by formation of the 
backcoating layerS 5 and 6. The coated material is aged at 
about 40 to about 80° C. for about 6 to about 100 hours and 
then Slit to a prescribed width to obtain the magnetic tape 1. 
Before use of the magnetic tape 1, a prescribed pattern 10 
providing Servo Signals is formed on the backcoating layers 
5 and 6. 

0.091 The above-mentioned simultaneous coating tech 
nique in a wet-on-wet coating System is described, e.g. in 
Japanese Patent Laid-Open No. 73883/93, column 42, line 
31 to column 43, line 31. This is a technique in which the 
magnetic coating composition is applied before the inter 
mediate layer coating composition dries. Where this tech 
nique is followed, there is obtained magnetic tape which 
causes few dropouts and can cope with high-density record 
ing, the coating layers of which have excellent durability. 
0092. The magnetic field orientation treatment is carried 
out before each coating composition dries. The treatment 
can be performed by applying a magnetic field of about 40 
kA/m or higher, preferably about 80 to 800 kA/m, in parallel 
with the Side coated with the magnetic coating composition 
or passing the coated material through a Solenoid type 
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magnet of about 80 to 800 kA/m while the magnetic coating 
composition is wet. By this treatment under Such conditions, 
the ferromagnetic powder in the magnetic layer 4 are ori 
ented in the longitudinal direction of the tape 1. For the 
purpose of inhibiting the thus-oriented ferromagnetic pow 
der from changing its orientation during the Subsequent 
drying Step, it is a preferred manipulation to apply warm air 
at from about 30 to about 50° C. from above the magnetic 
layer 4 immediately before the magnetic field orientation 
treatment, whereby the coated material is dried preliminarily 
to have a controlled residual Solvent content in each layer. 

0093. The drying of the coating layers is carried out by, 
for example, Supplying gas heated to about 30 to about 120 
C. The degree of drying can be controlled by adjusting the 
temperature and the feed rate of the gas. 

0094. The calendering of the-coated material is carried 
out by, for example, Supercalendering, comprising passing 
the coated film between two rolls, Such as a combination of 
a metal roll and a cotton roll or a Synthetic resin roll, or a pair 
of metal rolls. The calendering is preferably carried out, for 
example, at a temperature of from about 60 to about 140 C. 
under a linear pressure of from about 1 to about 5 kN/cm. 

0095. If desired, the surface of the magnetic layer 4 can 
be Subjected to a finishing Step, Such as burnishing or 
cleaning. It is possible to apply the magnetic coating com 
position and the intermediate layer coating composition by 
a general Successive coating technique. 

0096] While the magnetic tape of the present invention 
has been described by referring to its preferred embodi 
ments, it should be understood that the present invention is 
not limited thereto, and various changes and modifications 
can be made therein without departing from the Spirit and 
Scope of the present invention. 

0097. For example, the magnetic tape 1 according to any 
of the embodiments described herein has a multilayer struc 
ture having a magnetic layer 4 and an optional intermediate 
layer 3 on a Substrate 2, the present invention is also 
applicable to magnetic tape having no intermediate layer. 

0098. The magnetic tape 1 according to the present 
invention achieves Servo control by making use of reflected 
or absorbed light by Selecting the materials constituting the 
backcoating layerS 5 and 6 So as to have a proper reflectance 
or refractive index, etc. 

0099] The depressions 7 (servo tracking pattern) made in 
the backcoating layerS can be replaced with a pattern printed 
on the outer backcoating layer 6 by various printing or 
coating methods Such as gravure coating or inkjet printing. 
In this modification Servo tracking control is carried out by 
utilizing the difference in optical properties between the 
printed pattern and the other region of the Side of the 
non-recording Surface. 

0100 Further, the servo tracking pattern in the foregoing 
embodiments can be a combination of (a) one or more than 
one lines having a prescribed width continuously extending 
in the longitudinal direction of the magnetic tape I and (b) 
discontinuous lines having a prescribed width arranged 
along the longitudinal direction of the tape 1. The Servo 
tracking pattern may be composed of dots arranged in a line 
or a curve or a combination thereof. 



US 2003/0059649 A1 

0101 The servo tracking pattern can also be composed of 
dots (circles, rectangles, triangles, crosses, etc.) or combi 
nations thereof. 

0102) The present magnetic tape can have a primer layer 
between the substrate 2 and the intermediate layer 3 or the 
color-containing layer 5. 
0103) While the magnetic tape according to the above 
described embodiments is of coated type, the effects of the 
present invention can be produced equally when the present 
invention is applied to magnetic tape of metal-deposited 
type. 

0104. The magnetic tape according to the present inven 
tion is Suitable as audio Visual recording tapes Such as a 
DVC tape, an 8-mm Video tape, and a DAT tape, and data 
Storage tapes Such as a DLT tape, a DDS tape, a /4 in. data 
cartridge tape, and a data 8-mm tape. 
0105 Equivalents 
0106 Those skilled in the art will be able to ascertain 
many equivalents to the Specific embodiments described 
herein. Such equivalents are intended to be encompassed by 
the Scope of the following claims. 
What is claimed is: 

1. A magnetic tape comprising a Substrate having dis 
posed on opposite sides thereof a recording Surface and a 
non-recording Surface, wherein the recording Surface com 
prises a magnetic layer, and the non-recording Surface 
comprises at least two layers containing inorganic particles, 
said two layers comprising a first outer layer and a second 
inner layer, wherein the first layer comprises inorganic 
particles of a size Sufficient to provide improved tape run 
nability and conductivity and to reduce reflectance, and the 
inner layer comprises inorganic particles of a size different 
from the inorganic particles in the first layer, wherein the 
Size of the inorganic particles in the Second layer provide 
improved Servo cutting quality to the tape. 

2. The magnetic tape of claim 1 wherein the inorganic 
particles in the first layer are larger than the inorganic 
particles in the Second layer. 

3. The magnetic tape of claim 1 wherein the non-record 
ing Surface has disposed along a longitudinal direction of the 
tape a regular pattern for Servo tracking, Said pattern having 
optical properties different from the non-patterned region of 
the non-recording Surface. 

4. The magnetic tape of claim 1 wherein Said optical 
properties comprises an absorbance, reflectance or transmis 
Sion of light, and the difference between Said pattern and the 
non-patterned region of the non-recording Surface in absor 
bance, reflectance or transmission of light having a pre 
scribed wavelength used for servo tracking is about 10% or 
OC. 

5. The magnetic tape of claim 1, wherein the inorganic 
particles are carbon black particles. 

6. The magnetic tape of claim 1 wherein the size of the 
particles in the first outer layer is in the range of from about 
0.05 um to about 0.08 um. 
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7. The magnetic tape of claim 1 wherein the size of the 
particles in the Second inner layer is in the range of from 
about 0.02 um to about 0.035 um. 

8. The magnetic tape of claim 1 wherein Said magnetic 
tape further comprises a layer of a metal or a metal alloy 
having a low melting point disposed between Said Substrate 
and Said Second layer, and a Servo tracking pattern compris 
ing depressions is formed in Said metal or alloy layer. 

9. The magnetic tape of claim 8 wherein said servo 
tracking pattern has a width of from about 0.1 to about 30 
lum and a depth of from about /3 of the thickness of said 
metal or alloy layer up to the entire thickness of Said thin 
layer. 

10. A magnetic tape comprising a Substrate having dis 
posed on opposite Sides thereof a recording Surface, and a 
non-recording Surface, wherein the recording Surface com 
prises a magnetic layer, and the non-recording Surface 
comprises at least two layers containing inorganic particles, 
wherein Said magnetic tape has a regular pattern for Servo 
tracking on the non-recording Surface along the longitudinal 
direction of the tape which pattern has optical properties 
which differ from the non-patterned region of the non 
recording Surface. 

11. A magnetic tape comprising a Substrate having on one 
Side thereof a recording Surface comprising a magnetic 
layer, and on the other Side thereof a backcoat System of at 
least two layerS comprising a first outer layer and a Second 
inner layer containing carbon black particles, wherein Said 
backcoat System has disposed along the longitudinal direc 
tion of the tape a regular pattern for Servo tracking having 
optical properties different from the non-patterned region. 

12. A magnetic tape according to claim 11, wherein 

the regular pattern comprises a repeating pattern of marks 
extending along Substantially the length of the tape. 

13. The magnetic tape according to claim 11, wherein 

the regular pattern comprises a repeating pattern of marks 
extending transversely to an axis Substantially perpen 
dicular to the longitudinal edge of the tape. 

14. A method of making a recording tape, comprising the 
Steps of 

providing a Substrate having disposed on one side thereof 
a magnetic layer Serving as a recording Surface and on 
the other Side thereof a backcoating System comprising 
a first Outer layer and a Second inner layer containing 
inorganic particles, and 

directing a beam of light at Said backcoat layer thereby to 
form an optically detectable depression in Said back 
coat layer. 

15. A method according to claim 14, further comprising 
the Step of forming a plurality of depressions in the layer. 


