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This invention relates to a nagnetic recording nmediumforned wth a groove

asa tracking controlling guide groove, and to a nagnetic :

recor di ng/ reproduci ng apparatus for recprding/reproducing the nagnetic

recordi ng medium The present invention also relates to a nethod for

manuf act ur ihigr BEmeXRalTHE MSMERJIOMI ding a disc as a master for a

substrate of a magnetic recording nmedium_ Description of REI ated Art
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Field of the invention

This invention relates to a magnetic recording medium formed
with a groove asa tracking controlling guide groove, and to a
magnetic recording/reproducing apparatus fér recording/reproducing
the magnetic recording medium. The present invention also relates
to a method for manufacturing a metallic mold for m‘olding a disc
as a master for a substrate of a magnetic recording medium.
Description of Related Art

In the field of a magnetic recording medium, development of
such magnetic recording medium having pits corresponding to servo
signals is proceeding for realization of a higher recording density.
The pits corresponding to servo signals means crests and recesses
pre-formed on the substrate of the magnetic recording medium
during molding thereof in association with the servo signals.

In the magnetic recording medium having these pits formed
therein, the crests and recesses are magnetized to opposite
polarities before using the recording medium for
recording/reproductioﬁ for writing the servo signals. Since these
pits can be formed to extremely high accuracy, it becomes possible

to write the servo signals highly accurately by ';Sre-forming pits
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therein, the crests and recesses are magnetized to opposite polarities
“before usi ng t he recordi ng medi um for recordi ng/ reproduction
for witing the servo signals. Since these pits can be fornmed to
extrenely high accuracy, it becones possible to wite the servo signals
hi ghly accurately by pre-formng pits

2 corresponding to the servo signals ok the substrate. That is, servo
signals can be witten at extrenely correct positions on the recording
tracks thuscemnabpbngig gh- deasidryor ecgralisngnniire sadsittate. thhmt g shrve
conventional magnetic recording nedium In the follown descrlptkon a
zone in whi &g nads weiafe Qﬁeé‘@‘&‘éﬁ\/oa‘siaﬁw%“e'iys £ eF ifed aP%sé?\Pd‘szo‘?l%
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tracks. Thengmomtneram @oﬂ?@ﬂﬁloehalgrrﬁ)ﬁ)gﬂeﬁQapﬁéi:erﬁﬁgsade@m:ﬁ| onnf qhred
along the recording track and is forned in a zone other than the servo

zone. That tsllotieg geoaiption,f araxede iin ahiahew ofrithethreseosaiveg sigazls i n

which data' is recorded or reproduced by the user. The projecting portion
defi ned is termed a servo zone.

In the magnetic recording medium having these pits formed
therein, there are usu::xlly formed a plurality of grooves for
extending along recording tracks. The groove herein means a
groove-shaped recessed portion formed along the recording track
and is formed in a zone other than the servo zone. That is, the
groove is formed in an area of the recording track in which data’is
recorded or reproduced by the user. The projecting portion defined
between the grooves is termed a land on which the major portion of
data recorded or reproduced by the user is recorded. In the
following description, an area in which the above groove is formed
and which is used for data recording/reproduction by the user is
termed a data zone.

For data recording/reproduction on or from a magnetic
recording medium using a magnetic head, a magnetic head is
arranged on a magnetic recording medium which is rotated at a high
velocity. The magnetic head at this time is floated under the effect
of an airstream generated by such rotation. For stabilized
recording/reproduction on or from the magnetic recording medium,

the amount of this float is preferably kept constant.
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bet ween the grooves is ternmed a | and on which the major portion of data
‘recorded or reproduced by the user is recorded. In the follow ng
description, an area in which the above groove is formed and which is used
for data recording/reproduction by the user is ternmed a data zone.

For data recording/reproduction on or froma magnetic recordi ng nmedi um
using a magnetic head, a magnetic head gs arranged on a nagnetic
recordi ng medium which is rotated at a high vel ocity. The magnetic head
at this tinme is Hooatwd, untddr thhenaffetet recofrdang aieldéumeamirgenbpapied by
such rotation., For stabilize recording/re ro?u ion on. or t he
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magneti ¢ head constant because of irregular formations on the nedi um
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recessed formed with the pits differs from that of the lands and the recessed
portions in the data zone formed with the grooves, the amount of
float of the magnetic head over the servo zone differs from that
over the data zone.

It is noted that the height of a pit is equal to or higher than
the height of the texture formed on a recording medium in’ a
conventional hard _disc device. Also, the length of the pit is of the
order of several micrometers which is equivalent to that of the
texture. Thus, the magnetic recording medium in which the
proportion of the crests and recesses in the servo zone formed with
the pits differs from that of the lands and the recessed portions in
the data zone formed with the groove has a non-uniform texture
state.

The result is that the amount of float of the magnetic head
over the servo zone differs from that over the data zone, thus
producing variations in the amount of float of the magnetic head
during recording/reproduction to render it difficult to perform
stabilized recording/reproduction. This problem is inherent in a

magnetic recording medium having pre-formed pits, while it cannot



portions in the data zone forned with the grooves, the anount of float of
“the magnetic head over the servo zone differs fromthat over the data
zone. It is noted that the height of a pit is equal to or higher than
t he height of the texture forned on a recording mediumin' a conventi onal
hard di sc device. Also, the length of the pit is of the order of severa

m crometers which is equivalent to that4of the texture. Thus, the
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of the magnetic head is varied under the effect of the crests and
recesses, thus considerably varying off-track characteristics. From
this it may be easily surmised that, in the grooved portion
representing recessed portions, the separation from the magnetic
head is increased to lower the output. Therefore, in a magnetic
head in which the data zone presents an irregular surface due to the

grooves, it is necessary to prevent the off-track margin from being

lowered under the effect of the groove.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a
magnetic recording medium having pits corresponding to servo
signals and a groove along a recording frack, in which variations in
the amount of float of the magnetic head during
recording/reproduction may be suppressed and which has superior
off-track characteristics.

It is another object of the present invention to provide a
magnetic recording/reproducing apparatus suitable for
recording/reproducing on or from the magnetic recording medium.

It is yet another object of the present invention to provide a



surface. Specifically, with a magnetic recordi ng nedi um having pre- forned
"pits or grooves, it is inperative to suppress fluctuations in the anoun

of float of

t he magneti c head. In a magnetic head in which the dat

zone is formed with the groove and thus presents an irregular surface,
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Proc. Part 1, 738-742, 1990, the width of transition of

magnetization of a magnetic recording medium can be calculated
based on the spacing during recording data on a magnetic recording
medium by a floating magnetic head, that is the separation between
the magnetic head and the magnetic recording medium, for
estimating an output obtained on reproduction of the recorded
signal.

That is, by these calculations, the magnitude of the output of
the playback signals obtained from an optional portion of the
magnetic recording medium can be known, and hence the ratio to
the noise signal of the playback signals from a track on which data
has been newly recorded can be found. The noise signal herein
means signals from a track neighboring to the track on which data
has been newly recorded or signals derived from old data remaining
on the latter track. By these calculations, the present inventors
conducted researches into the relation between the ratio of the

playback signals to the nosie and the shape of the-pits and grooves



5 method for manufacturing a nmetallic nold for nolding a disc suitable
“for manufacturing the magnetic recordi ng nedi um I n .
recording/reproduci ng data on or froma magnetic recording nedium by a
floating magnetic head, the relation between the recording/reproducing
characteristics and the anount of float of the magnetic head can be found
by calcul ations. As described for exanple in WIIiam Comstock et al., "An
Anal ytical Mdel of the Wite Process I'n Digital Magnetic Recoding” 17th
Ann. Al p Coht.thepppgnetpgriecordizggnydpum heymne thigse B\)i‘éltTPdlcﬁfOtOrV&ﬁEltlgn
of magnetization of a n recordi ng nedi an be cal.cul ate ase
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recording/reproducing characteristics, it is necessary to check not
only into the relative fnagnitudes of these outputs but also to
scrutinize whether or not the playback output is a reproducible
optimum signal. Thus, the present inventors manufactured plural
magnetic recording mediums with different pit or groove shape and
measured the bit error rates thereof for checking into the conditidns
under which the bit error rate becomes sufficiently small.

As a result of these researches, the present inventors have
found that, in a magnetic recording medium having the pits and the
grooves, the off-track characteristics depend appreciably on the
ratio of the width Lw of the land between neighboring grooves to
the width Gw of the groove, such that the off-track characteristics
can be improved by optimizing this ratio Lw/Gw.

The present invention, completed on the basis of this finding,
resides in a magnetic recording medium having irregular formations
corresponding to servo signals and grooves extending along
recording tracks, wherein the ratio Lw/Gw, where Lw and Gw
denote the width of a land as a protuberant portion between

neighboring grooves and the width of the groove, respectively, is



has been newy recorded can be found. The noi se signal herein neans
*signals froma track neighboring to the track on which data has been newy
recorded or signals derived fromold data renmaining on the latter track

By these cal cul ations, the present inventors conducted researches into the
rel ati on between the ratio of the playback signals to the nosie and the
shape of the pits and grooves 7 6 in
t he magnetic recordi ng nmedi um having these pits and grooves. As a
matter of cowsdesanhaumt guP. ofVVithe thpt aybakk psticgnadlp fangmthe he'igrtotrubérant

portions of . a magneti g recordi medium_ is maxinu ith an output from
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checking into the recording/rep ucl ng characteristics, it is necessary

to check not onllywiGtko 4 R@/5elrgt kve)/qrpnk Tydesyof these outputs but al so
to scrutinize whether or not the playback output is a reproducible
opti mum signal. Thus, the present inventors manufactured plural ..agngtic
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error rate begeIes S¢ifiLG eH l[é{esmlule' of the ratio Lw/Gw is particularly
preferred for a magnetic recording medium having the step
difference between the groove and the land of not less than 100 nm.

The present invention also provides a magnetic
recording/reproducing apparatus having a recording magnetic head
for magnetic recording on a magnetic recording medium having
grooves formed along recording tracks, wherein the track width T
of the recording magnetic head is not less than the width Lw of the
land representing a protuberant portion between neighboring grooves
and not more than the sum of the track pitch Tp and the groove
width Gw.

With the width Lw of the land, width Gw of the groove, tréck
pitch Tp and the servo error margin Em during magnetic recording,
the track width T of the recording magnetic head is preferably given
by the following relation:

Lm + Emx2 < T < Tp + Gw - Emx2

. (1-2)

The present invention also provides a method for

manufacturing a disc-molding metallic mold formed by a substrate



As a result of these researches, the present inventors have found that, in
‘a magnetic recording medium having the pits and the grooves, the off-track
characteristics depend appreciably on the ratio of the width Lw of the

| and between nei ghboring grooves to the width Gv of the groove, such that
the off-track characteristics can be inproved by optimzing this ratio

Lw/ Gw. The present invention, cogmpleted on the basis of this
finding, resides in a nmagnetic recordi ng medi um having irregular
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along recording tracks, wherein the ratio Lw G, ere’ Lw an
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a pre-set pattern for forming a resist pattern leaving only a bit-
forming portion and/or a groove-forming portion and etching
the metallic film by reactive ion etching, using the photoresist left
by the cutting step, for forming portions of the metallic film in
register with the bit-forming portion and/or the groove-forming
portion as protuberant portions to form the disc-forming metal
mold. _ !

The present invention thus provides a magnetic recording

médium having grooves formed along recording track, in which the
magnetic head undergoes only little.variation in its floating amount
during recording/reproduction and which is superior in off-track
characteristics. The present invention also provides a magnetic
recording/reproducing apparatus capable of recording/reproducing
data on or from such magnetic recording mediums. Since the off-
track charac.teristics are improved, track density can be improved
significantly. Moreover, off-track characteristics superior to those
obtained with a flat disc surface can be realized with a magnetic
disc having pits and grooved previously formed thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a schematic plan view showing irregular formations in



preferred for a magnetic recording nedium having the step difference
‘bet ween the groove and the | and of not |ess than 100 nm The

present invention al so provi des a magneti c recordi ng/reproducing
apparatus having a recording magnetic head for magnetic recording on a
magneti c recordi ng nmedi um having grooves fornmed al ong recording tracks,
wherein the track wwdth T of the recorgling magnetic head is not |ess than
the width Lw of the Iand representing a protuberant portion between

nei ghbor i ngthy daveszonmd ndotherseeve eang Ivd aumrenetite disacinped ximgTphand

t he groove .w dth Gw Wth the wwdth Lw of the land, width Gwv of the
groove, trabk'eHilPBh Tp and the servo error margin Em during magnetic

recording, the ﬂga_czk A gtg mutch%rssw c.htmunagﬂ@w Ql&'_lﬁ‘dhﬁ Rr&f gpably

given by the followmng re atlon m + [err err] Tp + Gw -

Enx2 Fig.l showing the irregular formatlons in the data zone and-2)1e
The present invention al so provides a nethod for manuf acturing a
di sc-nol di ngemeeaténe. nold forned by a substrate

8 and a metalli %1“' 1s ;Osrcr{eecrin;[tbgrvegr&r shlorl\(/:llnugdlangegomaltnagl Ipla(t:tefrlnI at the
time of measuring the bit error rate.

Fig.4 is a graph showing the results of measurement of the off-
track amount of the playback magnetic head and the bit error rate.

Fig.5 is a graph showing the relation between the width t, of
the upper land surface and the maximum off-track amount.

Fig.6 shows the relation between a recording magnetic head
having an excessive track width T and the land/groove.

Fig.7 shows the relation between the recording magnetic head
having a track width T equal to (t,+Tp/5) and the track/land.

Fig.8 is a schematic cross-sectional view showing the state of
irregular formations of a data zone and a servo zone of an
illustrative magnetic disc of the present invention.

Fig.9 is a schematic view showing a recording pattern at the
time of measurement of the bit error rate.

Fig.10 is a graph showing the results of measurement of the
off-track amount of the playback magnetic head and the bit error
rate.

Fig.11 is a graph showing the results of measurement of the

amount of off-track of the playback magnetic head and the bit error



formng step of depositing a netallic material on the substrate for
‘formng the metallic film a cutting step of applying a photoresist on the
metallic filmformed by the metallic filmformng step for exposing to

| i ght and devel opi ng the photoresist in accordance with a pre-set pattern
for formng a resist pattern leaving only a bit- formng portion and/or a
groove-form ng portion and etchin the netallic filmby reactive ion
etching, using the photoresist left by the cutting step, for form ng
portions of réetee netallic filmin register with the bit-form ng portion
and/or the groove-form ng portion as protuberant portions to formthe

di sc-f ormi ng nEtEJg‘ﬁbPHa.graPh $h%wpﬁéséﬁtfFHVéﬂﬂlBﬁ“¥hﬁ%tﬁﬁoVH e ta,
magneti c recqr q%hav

gropves formed al ong rec track, in
Which the - Boret o Tialr Thadreoes S YRR pERIROar s Peht i PIS%AL: i ng
amount  dur iggs ceCiar e G rcﬁﬂﬂfxﬂ@ﬂﬁfglx@x@ew%wy@bm@gﬁwrlor in off-track
characteristics. The present invention also provides a nagnetic
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previously fstrmadjlyt he4eaRd a@RbE&eDﬁgQBl'PTI e%r-l}ﬂggwwm departlnFI 9. 1

is a schematic plan view showi ng 1 rregul ar f rmation
from the scope of the invention.

A magnetic recording medium of the present .invention is a
magnetic disc comprised of a disc substrate of plastics 2.5 inches
in diameter and a magnetic recording layer formed thereon. The
magnetic recording medium has a servo zone 2, having pits 1 formed
therein in association with the servo signals and a data zone 4
having a groove 3 formed along a recording track. In Fig.1, black
portions indicate crests or lands and other portions indicate recesses
or recessed portions.

Prior to recording/reproduction, the magnetic disc is
magnetized so that the recesses and crests will be magnetized to
opposite polarities. This writes servo signals in the pits 1 formed
in the servo zone 2.

Referring to Fig.2, showing the cross-section taken along line
A-A in Dig.1, there are formed grooves 3 in the data zone 4 of the
magnetic disc at a pre-set track pitch Tp. The hill-shaped area

between neighboring grooves 3 represents a land 4. The grooves 3



9 the data zone and the servo zone of a mmgnetic di sc enbodying the

‘i nvention. Fig.2 is a schematic cross-sectional view along line A-A
in Fig. 1 showing the irregular formations in the data zone and the servo
zone. Fig.3 is a schematic view showing a recording pattern at the
time of neasuring the bit error rate. Fig.4 is a graph show ng the
results of nmeasurenent of the off- tragk anount of the playback nmagnetic
head and the bit error rate. Fig.5 is a graph showing the rel ation

bet ween t he aif dicimqdersp] thyft thehstepgerddande sumfcagecard ¥ tren drake namd 4
of f-track ano.

th | ati on between a recardin
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track width T equal err]+Tp/5 *he track/ | |s a
schematic Crs®§ﬁaESE(iﬁ'tOera.:|or\dleGWrrﬁihﬁ)W ng iHe 1ehat eq of irregul ar for mat i ons
of a data zone and a servo zone of an illustrative magnetic disc of the

present inventionWith the mggnetdc iddsa ascloedats dovileavpshoan ngnaengoar diteg
pattern at trqtlo of the width Lw of the land 4 to the width Gw of the groove
(Lw/Gw) is set to 2.0 or higher. It is difficult to form the land 4
and the groove 3 to a true rectangular shape such that the boundary
between the land 4 and the groove 3 usually presents an inclined
surface as shown in Fig.2. In the following description, the width
of the upper surface of the land 4 is denoted as t,, the width of the
bottom surface of the groove 3 is denoted as t, and the width of the
inclined surface on the boundary between the land 4 and the groove
3 is denoted as t;. The center of the inclined surface on the
boundary between the land 4 and the groove 3 is the boundary
between the and 4 and the groove 3. That is, in the present
specification, t,+t; is termed the width of the land 4 and the width
of the land 4 is Lw, while t,+t; is termed the width of the groove
3 and the width of the groove 3 is Gw.
For checking into the relation between the ratio of the width
Lw of the land 4 to the width Gw of the groove (Lw/Gw) and the
off-track characteristics, plural magnetic discs with variable widths
Lw of the lands 4 or variable widths Gw of the grooves 4 were

produced.

The patterns of the irregular formations (lands or crests and



time of neasurenent of the bit error rate. Fig. 10 is a graph
‘showi ng the results of neasurenent of the off-track anount of the

pl ayback nmagnetic head and the bit error rate. Fig. 11 is a graph
showi ng the results of measurenent of the anmount of off-track of the
pl ayback magnetic head and the bit error rate. Fig. 12 is

a graph showing the relation between th(izvm' dth t[err] of the upper |and
surface and the maxi num anount of off-track. DESCRI PTI ON OF PREFERRED
EMBODI MENTSrecessesReF @lekeBged tp@ rtifddsgroitRdSdisRl i pidrade wEROdLRRRUSHY! the
present invention will be explained in detail. The present invention “is
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2.5 inches

refer
diranet er naghetic r ecor di ng layer Torned %
pattern is exposed to light on the photoresist based on cutting data.

After exposing the groove pattern to light, the photoresist was
developed and a resist pattern corresponding to the grooved pattern
was formed. The resist pattern was then plated with Ni and
subsequently this Ni plating was peeled off from the resist pattern.
The back surface was then ground for trimming to a desired
thickness. This éomplete_s a metallic mold for disc molding which
can be used asa master for the disc substrate. The above-described
disc substrate was fabricated by injection molding using this
metallic mold for disc molding.

In fabricating this disc substrate, the groove 3 was not formed
to the entire surface of the disc substrate but was formed only in
an annular portion of the disc substrate between a circle with a
radius of 20.0 mm and a circle with a radius of 25.0 mm, with other
portions being left flat.

In evaluation of the off-track characteristics, as later
explained, the off-track characteristics of the magnetic disc formed
with the groove 3 were measured at a point of the radius of 24.0
mm. In the evaluation of the off-track characteristics, as later
explained, the off-track characteristics are compared to those of a

flat magnetic disc. In this evaluation, the off-track characteristics

fromthe scope
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magneti c recordi ng nedium has a servo zone 2, having pits 1 forned therein
‘in association with the servo signals and a data zone 4 having a groove 3
formed along a recording track. In Fig.1l, black portions indicate crests
or lands and other portions indicate recesses or recessed portions.

Prior to recording/reproduction, the magnetic disc is mnmagnetized so
that the recesses and crests will be magnetized to opposite polarities.
This wites servo signals in the pits 113orned in the servo zone 2.

Referring tQmRing gorSRAV et hﬁarpnﬂésabs@&é InPhn i gkea ﬁJnQﬂgr Iaone.on %T'Ath' n

Dig. 1, there are fornmed grooves 3 in the data zone 4 of magneti c
disc at a pmageeutcradkscpl twérelp.usedheimi | dutshapadoar etor loaewaem track

nei ghbori ng ooves 3 represents a |land 4. The grooves 3 are
formed so tIf rﬁﬁée@ﬁél;wt pérthe Flat\masg nenic glr*%ve 3 and the land 4 will be
not |ess than 10 h the pE Zent ngﬁ etic é egter of the
land 5 corresponds té fh dise o SROEERSy T4 S salsgn ?%cré &4 @08V fed 2
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present invention, the ratio of the wd Lw of the *4to the Wwdh Qv
of the groov&r as a sputtering gas. The magnetic recording layer was formed

by layering an underlying layer for the magnetic layer, the magnetic
layer having an intermediate layer of Cr with a film thickness of 0.5
mm, and a protective layer for the magnetic layer, in this order. A
lubricating layer was further formed on the magnetic layer to
complete the magnetic disc.

Specifically, the underlying layer of Cr was formed to' a
thickness of 10 nm with a film-forming rate of 20 nm/sec under a
sputtering pressure of 0.1 Pa. The magnetic layer of Co¢Pt,,Cr,,
was then formed to a thickness of 24 nm with a film-forming rate
of 2 nm/sec under a sputtering pressure of 0.1 Pa. The protective
layer of C was then formed to a thickness of 13 nm with a film-
forming rate of 0.5 nm/sec under a sputtering pressure of 0.5 Pa.
The lubricating layer of FomblinZ-Dol was then formed to a
thickness of approximately 2 nm by the dipping method.

The magnetic properties of the magnetic reéording layer of the
magnetic disc, manufactured as described above, were measured
using a vibration sample type magnetometer (VSM) . It was found
that the residual magneﬁzation thickness Mr-t = 9 mA, coercivity

Hc = 167 kA/m and the coercivity rectangular ratio S* = 0.8.



(LwGwn) is set to 2.0 or higher. It is difficult to formthe land 4 and
‘the groove 3 to a true rectangul ar shape such that the boundary between
the land 4 and the groove 3 usually presents an inclined surface as shown
in Fig.2. In the follow ng description, the width of the upper surface of
the land 4 is denoted as t[err], the width of the bottom surface of the
groove 3 is denoted as t[err] and the wi.dth of the inclined surface on the
boundary between the land 4 and the groove 3 is denoted as t[err]. The
center of the i ndienetheskifigcenton chheactrgustdas yo batweehotvhemlagmdtk anedct he
roove 3 is the boundary between-the and 4 and the groove 3. That is, in
'?he present Wa58cth§ d‘é.‘lditbnl;‘”t\é\gr‘lh]%'ta["é’r Al of stheerridd bt He R ot he & ove Pand 4
and the w dt d 4 ile tlerr]+t rle i S, tier t he, wi dth
of the gr oovg mggé’l%p%t {%%QV\AW ﬂﬁgkvﬁaﬁ}ggorfgg{/ée%@@ E?/J dr e lgﬁg‘ragctﬁegkleng

into the rel atideR bBal weenneNgrbathie030fL 6 WY dlehh 1o L Ofiethanaand ¢ &Qst he
width Gv of the groove (Lw Gnv) and the off-track characteristics, plural

magneti ¢ di spsowiitéd vanilsdl eswi dbhsparakiveobxting@le ardsmagneticvdiscablieh whet hs
Gwv of the grooves 4 were_  produced. The patterns_of the irregul ar
f or mati ons (I"é.HGSOBrthGrE%‘EEh vy of the land 4 to the width Gw of the groove

3 (Lw/Gw) set to less than 2.0 was produced. In the following
Examples and Comparative Examples, the numerical values specifying
the shape of the groove 4 or the land 3 represent those obtained on
actually measuring the shape of the grooves 4 or lands 3 of the
completed magnetic discs using an atomic force microscope (AFC).
Example 1 2

In a magnetic disc of the present Example 1, a step difference
t, between the groove 3 and the land 4 was 100 nm, the width t, of
the upper surface of the land 4 was 2.3 um, the width t; of the
inclined surface on the boundary between the land 4 and the groove
3 was 0.3 um and the width t; of the bottom surface of the groove
3 was 0.9 gm. At this time, the width Lw of the land 4 was Lw =
ty + ty= 2.6 pm, while the width Gw of the groove 3 was Gw = t,
+ ty = 1.2 um, with the ratio therebetween Lw/Gw being 2.17.
Example 2

In a magnetic disc of the present Example 1, a step difference
to between the groove 3 and the land 4 was 100 nm, the width t, of
the upper surface of the land 4 was 2.5 um, the width t; of the

inclined surface on the boundary between the land 4 and the groove



12 recesses or recessed portions) on the disc substrate were formed by a
-method simlar to the nethods usually enployed in manufacturing an optical
disc. That is, a photoresist is first applied to the surface of a glass
substrate used as a reference surface, and a grooved pattern is exposed to
light on the photoresist based on cutting data. After exposing the groove
pattern to light, the photoresist was devel oped and a resist pattern
corresponding to the grooved pattern wd® formed. The resist pattern was

t hen pl at ed 3wiwtalR 03 anfl asdihsequeditt v, tdfi shdib gltaini ng riwse pdetted gobfo vier om
the resist pattern. The back surface was then ground for trimmng to a
desired thidchrsd. 7 Fhi.sAdoHplsetiose.athetwidtinc Liplof tbe l@indc4nirai Yy whi ch

can be used asa master for the, disc substr e above-descri bed _disc
substrate wds ¥ apri <,2atgef‘j“by | ]eeéf‘FoW &r@hﬁ? °l§s‘iq’rf‘ SIRPL® fret &f b‘?%’ mold for
disc molding. , - ;o Lhfahthcatd mg}ltoh':ﬁeﬂé@&@é@fﬁtmﬁ@w vo@engrmvse 3 was

not formed to’the entire surface of the disc substrate but was fornmed only
in an annulpxag@eiéipn of the disc substrate between a circle with a
radius of 20.0 mmand a circle with a radius of 25.0 mm w th ot her
portions being | dhtafhagnetic disc ¢fithevprasant daxawple He acftept dfdkrence
characteristics, as ater expl al the off trrlrggk characterl tics_of

the magnet i ctod® SV ¢t (HBE T3R5t Ad g‘?‘&o{/aé‘ds"mé’raé shiPed it Y4 9hBi e © b
the radius O czéhlpper gﬁéﬁéget@ﬁthgvamtd O\Dag)fz.téﬂ'q.uqtftﬁer%@llﬁth t; of the

characteristi cs
inclined surface on the boundary between the land 4 and the groove

3 was 0.3 um and the width t; of the bottom surface of the groove
3 was 0.4 pum. At this time, the width Lw of the land 4 was Lw =
t, + t; = 3.1 um, while the width Gw of the groove 3 was Gw ='t,
+ ty = 0.7 um, with the ratio therebetween Lw/Gw being 4.43.

Comparative Example 1

In a magnetic disc of the present Example 1, a step difference
t, between the groove 3 and the land 4 was 100 nm, the width t, of
the upper surface of the land 4 was 2.0 um, the width t; of the
inclined surface on the boundary between the land 4 and the groove
3 was 0.3 um and the width t; of the bottom surface of the groove
3 is 1.2 gm. At this time, the width Lw of the land 4 was Lw = t,
+ t; = 2.3 um, while the width Gw of the groove 3 was Gw = t, +
t; = 1.5 um, with the ratio therebetween Lw/Gw being 1.53.
Evaluation of Off-Track Characteristics

For the magnetic discs, manufactured as described above,

recording/reproduction was actually carried out for measuring the



expl ained, the off-track characteristics are conpared to those of a flat
"magnetic disc. In this evaluation, the off-track characteristics

13 in the portion other than the above-nenti oned annul ar portion of the
magnetic disc were used in substitution for the off-trac k
characteristics of the flat magnetic disc. On the disc substrate,
fabricated as described above, a magnetic recording |ayer was forned by
a sputtering method using Ar as a sputi®fring gas. The magnetic recording

| ayer was fermadacRychayadtientstads wheesd i ng | ayer for the magnetic |ayer,
the magnetic layer having an internmediate layer of Cr with a film
t hi ckness of 0.5Fopm regerdng/tepr@ducdi¢omyen f 6 MaRL Hhgrietgeetiaydread.n

this order. A éubr'c ting |la er  as further formed on ahe magnetic | ayer
to compl et & YRRMAly BT aPslnductive &pe magniye FRad,AAE FYPRg Hafer of
Cr was for o Lhi W | r,x.ng e .
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filmformng rate of 2 nnisec under a sputtering pressure of 0.1 Pa. The
protective idezxpeding Eadswitterr toasledvidtha ofhdckness agfd 23magniticth gapfi |l m

separation of 0.5 um was used as the inductive type magnetic head,
whilst a playback magnetic head with a track width of 3.0 um and
the separation of the magnetic shield holding a magneto-resistance
device of 0.36 um was used as magneto-resistance.type magnetic
head.

For assuring abutment of the compound magnetic head relative
to the magnetic disc, a so-called 50% nano-slider was assembled
into the magnetic head. The length and the width of the slider were
2.0 mm and 1.6 mm, respectively. Recording/reproduction was
carried out by rotating the magnetic disc at a linear velocity of 7.36
m/sec. The amount of float of the compound magnetic head at this
time was approximately 60 nm.

The off-track characteristics were measured by writing data D1
to D5 n the magnetic disc using a recording magnetic head and
reproducing the data D3 using the playback magnetic head 10.

First, using a recording magnetic head, virtual data D1, D2
were written on two (left and right) tracks, as indicated by t,,, t,,
in Fig.3, deviated 1.5 um each from a track under consideration in

measuring the off-track characteristics, termed herein as a recording



formng rate of 0.5 nnisec under a sputtering pressure of 0.5 Pa. The
‘lubricating | ayer of FonblinZ-Dol was then formed to a thickness of
approximately 2 nm by the dipping nethod. The magnetic properties of
t he magnetic recording |layer of the magnetic di sc, manufactured as

descri bed above, were neasured using a vibration sanple type magnet onet er

(VSM . It was found that the residuaj; magneti zation thickness M-t =9
mA, coercivity Hc = 167 KAAmand the coercivity rectangular ratio S* =
0. 8. track. 14 For checking into

characteristics 84 t he bovg magnetic disc, when the width Lw of the land 4
or the width Gv df'§'he %r‘ao grafetef RN O cWaF Y TNIER e T4t iT6CBFdinge

wi dth Lw of ttdla&/lafléa‘pgpédgor dgbq'&lé\%fjﬂlg§9§ltpcf h%'&@ ngQV\Qi(?‘t_h( L/ g-){v)amsggt 1o, not

| ess than 2. uced. conpar at1 ve exaipl é’_, a netdt
disc with thef thatiekorbiidderaéidl Bnlwigtnt i ldang @atowtheewi dioh &y ofdd he
groove 3 (Lw OGN set to less than 2.0 was produced. In the follow ng

Exanpl es andtdCoimeat eedkyeviianidl e§, thiehee pandimigc ala gredtueshegubchrhyi isgequihk
shape of the grogve 4 aqr, the | nggit%hr(g‘pr esent those obtained on actually
r

measuring t ht® ShipéTof ke 4ta theyfigdasLar wrHden cignpl et'éd Ofdhet i ¢
- discs using mcz}twraiscgf&rgcgygl&r oscope (AFQ).

The recording magnetic head was then deviated from the center
of the recording track a distance equal to 95% of the width of the
track pitch Tp and data D4, D5 were overwritten on the neighboring
two tracks (left and right tracks). That is, the data D4 and DS were
overwritten on the two left and right tracks, separated 3.8um from
the center of the recording track, as indicated at t,, and t,s in
Fig.3, using the recording magnetic head.

The data written as described above were repeatedly read out
by the playback recording head with a track width t,; of 3.0 um, as
the head was deviated little by little from the center of the
recording track. The reproduced track and the original recording
data were compared to each other for measuring the bit error rate,
the reference of which was set to 10°7. That is, the maximum off-
track amount satisfying the bit error rate of 1077 was used as the
reference for evaluation. In the following description, the maximum
off-track amount satisfying the bit error rate of 107 is termed
simply as the maximum off-track amount. The maximum off-track

amount for the flat disc surface free of the groove 3 was



Exanpl e | In a magnetic disc of the present Exanple 1, a step
‘difference to between the groove 3 and the land 4 was 100 nm the width
t[err] of the upper surface of the land 4 was 2.3 [err]m the width t3 of
the inclined surface on the boundary between the |and 4 and the groove 3
was 0.3 [err]mand the wwdth t[err] of the bottom surface of the groove 3
was 0.9 [err]m At this time, the wwidth Lw of the land 4 was Lw = t[err] +
t[err] = 2.6 [err]m while the width ondf the groove 3 was Gv =tf[err] +
t[err] = 1. 2ppeprjmateliyt h .3 henrati o t herebetween Lw Gv being 2.17. Exanple
2 In a magnetic disc of the present Exanple 1, a step difference
t[err] between t éf=dréBQé’53”é?ld“Fﬁ%“'leé‘nde&ub\‘;és o®i nerd “t}h?é‘ \N?‘Gt'h”tféfrqu of

th t
e sl he 3 O dlck Bt Ve EaRetif B {Y eyt 4y, & o pipdative

15 3 was 0. 2a@igikmiandid e whdt 1884 1d e S
groove 3 was aOﬂ7l [eIrr]n% At thlib%cl[ ﬁ%{ dteggt\%mbed %%Eflvtqg:g %ﬁ%@gﬁghj eto =

tlerr] + t[ehe] maznﬁuﬁ'rerlo]fﬁqtru\hkl endenwi dnh @Gewftidhe o odiee ﬁlalsaﬁac@N =

t[err] + t[err] = 1.0 [err]m with the ratio therebetween Lw Gwv bei ng
2. 80. magnetic head 10 towards left relative to the recording track as

being 0.

As may be seen from Fig.4, the maximum off-track amount of
the magnetic disc of the comparative example was approximately
1.28 pm. Thus, with the magnetic disc of the comparative
example, there is formed no groove 3 such that the amount of off-
track is smaller than that when the disc surface is flat, thus
worsening the off-track characteristics.

The amount of off-track was similarly measured with each of
the magnetic discs manufactured as Examples 1 to 3. The measured
results of these Examples and the comparative example are shown
collectively in a graph of Fig.5.

In Fig.5, the abscissa denotes the width t, of the upper
surface of the land 4, while the ordinate denotes the amount of
maximum off-track. In Fig.5, HI, J1, J2 and J3 denote values of the
magnetic discs of the Comparative Examples and the Examples 1 to
3, respectively.

Since the amount of the maximum off-track for the flat disc
surface was approximately 1.3 um, it may be seen from Fig.5 that

the off-track characteristics are improved over those of the flat disc



Exanpl e 3 In a magnetic disc of the present Exanple 1, a step
‘difference to between the groove 3 and the land 4 was 100 nm the w dth
t[err] of the upper surface of the land 4 was 2.8 [err]m the width t3 of
the inclined surface on the boundary between the |and 4 and the groove 3
was 0.3 [err]mand the wwdth t3 of the bottom surface of the groove 3 was
0.4 [errlm At this time, the width Lw @b the land 4 was Lw = t[err] +
tferr] = 3.1 [err]m while the width Gv of the groove 3 was Gwv = t[e_rr]_ +
t3 = 0.7 [ese]imconivthe n hdha atiidoht hep Ebdtene@p elrvd Bifaisei n§ thedBand Gnpasati ve

Exanmple 1 In a magnetic disc of the present Exanple 1, a step
di f;rgrence 3PP Lo KHP AEEH gﬂé ‘6?60’\)‘@“3861?18 EFe |and 4 was 100 nm the width

tferr] of  the @ppey;§u facse %etlgg?lz?"l%r‘ﬁaé{‘@sc{ﬁéf??g%@%] H‘og@ﬁﬁg’iﬂdth t3 of

the " inclined surface on the boundafy betweén 4" an d? ddve

3 was 0.3 [egujvaiand tohehdiwlidint St @hetinadbat Lam=syr haceeqlial R 9roove, 3
is 1.2 [errm At this tine, the wwdth Lw of the land 4 was Lw = t[err] +
t{err] = 2. 3nflerlrq nyidwhi ¢ & thhesniodteh 3GH vof = tthet+ groegeal tvas. 8w am] Avith
t[err] = 1.5 Lerr .m wth the ratio therebetween Lw Qv being 1.53.

Eval uati on SReF3U9r SRR edrecteri ¥{ e being 1.9 Tht fagriét ihdsdrads,

manuf act ur eq,v@f%\qeﬁc'hiopeﬂsgbﬂlvaqf apprrg%)&qitgl%r/ riZeBr qq\lécgin%rllx neot afx?%:?i%lulx
carried out for neasuring the .
off-track becomes larger than if the disc surface is flat, thus
improving the off-track characteristics.

It is seen from above that the off-track characteristics are
improved when the ratio Lw/Gw, with Gw being the width of the
groove 3 and with Lw being the width of the land 4, is not léss
than approximately 2.0. These characteristics are realized only
when at least the entire land 4 is covered by the recording magnetic
head. In order for the recording magnetic head to necessarily cover
the land 4, the track width T of the recording magnetic head needs
to be larger than the width Lw of the land 4. Therefore, with the
magnetic recording/reproducing apparatus adapted for
recording/reproducing a magnetic head having the groove 3, the
track width T of the recording magnetic head .needs to be larger
than the width Lw of the land 4.

On the other hand, if the track width T of the recording
magnetic head 11 is larger than the sum of the width Lw of the land

4, the width Gw of the groove 3 formed on the right side of the

land 4 and the width Gw of the groove 3 formed on the left side of



16 off-track characteristics thereof. For recording/reproduction, a
“conpound magnetic head, conbined froman inductive type nagnetic head
operating as a recording magnetic head and a magnet o-resi stance type
magneti c head, operating as a playback magneti c head, was used. The
recording head with a track width of 3.8 [err]mand a magnetic gap
separation of 0.5 [err]mwas used as the4 nductive type nagnetic head,
whi | st a playback magnetic head with a track width of 3.0 [err]mand the
separ ati on dfe féed Magdeta ¢s steceksatity dvrigten annagnettoen esi sharieed dewi ce of

0.36 [err]mwas used as magneto-resistance type magnetic head. For
assuring abth@sishboting b‘éﬁﬂ?odﬁdshﬁidﬂe?Fc“%‘éajd‘Péf dfie' yam ph theewidhihet i ¢
di sc, a so-c¢all d50°on sil ha8S d into the naagneti head
Thelengthg’nd '?hevm ‘? Tathe s|“|’ @é”rmjg" m° and 176 " nds

respectivel yhe RegOK inoh repr qAuGt | '19rls"\@1§o qaEbtefyoubr Ry er 0@k R94tiher
magnetic disc at a l'inear velocity of 7.36 nfsec. The ampbunt of float of

t he conpoundfnehgnetdardiegdmagntticshedd ntel wasnappaoxedmaliad yh&6Gummof the
The off-track characteristics were neasured by witing data D1 to D5 n
t he nmagnet i ¢ratlsPibgh npp aafr‘isdbledthéthné‘H B9t @and  reproducing the
data D3 using the.play ack magneti ¢ head

recordi ng nagnet F% hga e 53 &%I a8t écb,ial ISéagnetlc recordtnhgyrepr%ducmg,

apparatus, the track width T of the recording magnetic head is equal
to the width ¢ of the upper surface of the land 4, the land 4 cannot
be covered immediately on occurrence of a servo error in the
recording magnetic head during writing. Thus, for sufficiently
covering the land 4, the track width of the recording magnetic head
is preferably slightly larger than the width t, of the upper surface
of the land 4 for taking into account the servo error produced
during recording. Specifically, an allowance approximately twice the
servo error margin for recording is preferably added to the track
width T of the recording magnetic head.

Thus, with the servo error margin Em for recording, the track
width T of the recording magnetic head desirably satisfies the
following equation (2-1):

ty + Em x 2 < T

..(2-1)

On the other hand, if the track width T of the recording

magnetic head is too broad, it invades into a portion of the land 4.

Therefore, the track width T needs to be smaller ‘than the sum of



were witten on two (left and right) tracks, as indicated by t[err], t[err]
‘in Fig.3, deviated 1.5 [err]meach froma track under consideration in
measuring the off-track characteristics, terned herein as a recording

17 track. Then, data for detection D3 was witten on the recording
track, using a recording magnetic head. The width t[err] of a portion of

t he recordl ng track, on which the data was witten, corresponds to the
track width T of the recor di ng magnetic $kead, and is equal to 3.8 [err]m
The dat a | endgtehtmfckt petchatla BB vwhiet tvedthi 1G W het nbeogdiange 3t r alok thves <8628

byt es. The recordi ng magneti c head was then devi ated fromthe center
of the recordi by XirHtkrly ArSESRY éE]u‘aﬂl“’c éh§55/8b‘f°t?fé'°\h gURIE reRarditsick
pitch Tp an t e oyve t h t cks
(left and r|CIig:?;11t€E‘j t%rcac PS Eﬁﬁ{‘fs th\tly[ﬁe %'dlh &g PQ{M}HH r%ﬁ egngo

the two | eftheqnd stghibltyraﬁkﬁ;,fne':‘seﬂ%%@ﬂ)@n% Qarqrdarnéﬂom 2t he center of the
recording track, as indicated at t[err] and t[err] in Flg 3, using the

recordi ng magnet it hebp. + Gw - Ehx@ data witten as descri bed above were

repeatedly read out by the playback recording head with a track wi dt h
t[err] of 3.0 [err]m as - (2-2)

Thus, form the above equations (2-1) and (2-2), the track
width T of the recording magnetic head is desirably set to satisfy
the following equation (2-3):

Lw + Emx2 < Tp + Gw - Emx2

| (2-3)

Meanwhile, in order for the recording magnetic head to be able
to cover the land 4 without regard to the servo error, the track
width of the recording magnetic head needs to be not less than (t,
+ Emx2). In a common magnetic recording/reproducing apparatus,
the servo error margin is of the order of 1/10 of the track pitch Tp
or less. Therefore, the track width T of the recording magnetic
head needs to be not less than (t1 + Tp/5).

i Since the recording magnetic head is not allowed to invade
into the land 4 of the neighboring track, the following equation (2-
4):

t; + t,+ ty; 2 Tp/s

. (2-4)
needs to be met with the use of the recording magnetic head with

the track width T equal to (t1 + Tp/5), as may be seen Fig.7.



the head was deviated little by little fromthe center of the recording
“track. The reproduced track and the original recording data were conpared
to each other for nmeasuring the bit error rate, the reference of which was
set to 10[err]. That is, the maxinmumoff- track anount satisfying the bit
error rate of 10[err] was used as the reference for evaluation. In the

follow ng description, the maxi num off-zt rack anount satisfying the bit

error rate of 10[err] is ter Si S e.maxi num of f-track _a nt.
The traxi mum of { - £7AER M 3nBTAI oy 3 hané fhe L BERTALt v 30 B tHR
groove 3 Wagidth Gw of the groove 3 is given as (t, + t,), it3s3IO¥I SRl ehy 1.3
[err]m Fig.4 shows the neasured Tesults obtained when the bit error
rate was neasised eqortidre (Regnehac tie satps dpar @, awich Conpagiapi the wadampl e.
In Fig.4, the abscissa denotes a position corresponding'to the maxinmm
off-track afbuhe BROOHeVE aamcbnvngf Lvhdeipeayibackidtifaghethicc Iamddt.10eebhar ds

B R e N L L
conparative exanpl g/ ¥as ARRYIXTRLELY)/(1/5xTp - t,)
...(2-5)
In the above example, since the track pitch Tp = 3.8 um and
the width t; of the inclined surface on the boundary between the
land 4 and the groove 3 is such that t; = 0.3um, it is seen from the
above equation (2-5) that the ratio Lw/Gw, with Gw being the width

~

of the groove 3 and with Lw being the width of the land 4,ris
preferably not more than 7.26.

However, the above -equation (2-5) generally holds
irrespective of the value of the track pitch Tp. Thus, the present
invention is not limited to the above embodiments in which the
track pitch Tp is 3.8 um.

The above limitation f the ratio Lw/Gw is particularly suited
for a magnetic disc in which the angle O between the inclined
surface 103 on the boundary of the land 101 and the groove 102 and
the land 103 is not less than 90° and not more than 105°. If O is
not less than 90° and not more than 105°, there is obtained a
magnetic disc having superior off-track characteristics.

Since the substrate of the above magnetic disc is fabricated by

an injection molding, 6 s not lower than 90°. If O is not less than



1.28 [err]m Thus, wth the magnetic disc of the conparative exanple,
‘there is formed no groove 3 such that the anount of off- track is smaller
than that when the disc surface is flat, thus worsening the off-track
characteristics. The amount of off-track was simlarly neasured with
each of the magnetic discs manufactured as Exanples | to 3. The neasured
results of these Exanpl es and the corrpar%astive exanpl e are shown

col l ecti vel raph of Fig n Fi 5d t he absci ssa denotes the
wi dt h t[errgl 0,{‘2 UﬁﬁerChémcftééb“b‘Ts 218 \°a‘?’18“21 while the ordinate

denotes the amupt%lggstrwélé’@lm netngckd;skn Flg- é’nﬂl’leg’th‘lﬁes and;)t he

denot e val ues of t magneti c rrpar ative

Exanmpl es | #6t doreespestiveryis manufaCSuns@ ﬁhegamomtamfmbm@ feRXidTen
off-track for the flat disc surface was approximately-1.3 [err]m it may
be seen fromoftdgn® ndvat explmanefif -track characteristics are irrproved over
t hose of the flat di sc

surface when the U\}Fcﬂ‘ﬁtil[lbcr Molgk fopdigspmelding deemader na P%ﬁdsﬂbﬁ“["éﬂ] is
appr oxi mat eLanOtr?%]teﬁ Q‘?‘% g?lzrg é t[hre]rq] .. The hgthocgtfjgrt earnlix]facturtlpg
upper surface 0 J23[errmis

the metal mold for disc molding includes a2 metal film forming step,

a cutting step and an etching step.

In the metal film forming step, a metallic material is deposited
on a substrate for forming a metallic film which is ground to a
mirror surface.

The metallic material is desirably reactive to ion plasma amd
specifically includes Ti.

In the cutting step, a photoresist is coated on the metal film
formed by the above metal film forming step and the photoresist is
exposed to light and developed in accordance with a pre-set pattern.
There is formed a resist pattern leaving a pit forming portion and
a groove forming portion in meeting with the pre-set pattern.

In the etching step, the metallic film is etched by reactive ion
etching (RIE) using the photoresist left in the cutting step as a
mask. Only the pit forming portion and the groove forming portion
of the photoresist of the metal film is formed as convex portions for
forming a metallic mold for disc molding.

The RIE is chemical etching which performs etching by a

chemical reaction with the metal of the metallic film by exploiting



equivalent to the width of the land 4 Lw = t[err] + t[err] equal to 2.26
‘[err]m and the width of the groove 3 Gv = t[err] + t[err] equal to 1.27
[errIm with the ratio therebetween Lw Gv being 1.99. That is, if this
ratio Lw Gwvis not |ess than approximately 2.0, the anmount of maxi num
off-track becones larger than if the disc surface is flat, thus inproving
the off-track characteristics. | t24 s seen from above that the
off-track charenitevé ddCplasma swgn asegdomen the ratio Lw Gy, with Gw being
the width of the groove 3 and with Lw being the wdth of the land 4, is
not | ess than appreési hatelcped By chEmeisael ghartenemish ixcgaarwcheabiB€;.only
when at Ieaﬁ a1&?he entire I.agg 4 s Cﬁlemd by the recorgi ng magnetic head.
In order for® 2RI Lol URhdniagnRatics HéRqis 60 HBRESRArA SYPSHAE: aShEn ItARd 4,
the track w of .rec Log tic.h e arger .t han
the w dih LR SFThe 1sag 6 TadaraF atiEeshs (REF BECRmE® ROLURENY
recordi ng/ r efit RARITE Nhan wapipahat vénvenadart hysichOretches®ridi @/ gaLeduci ng
a magnetic head having the groove 3, the track width T of the recording
magneti ¢ headenkendardedeohathpemetahin fihm @ dtdroowveofecutthimgl and 4.

On the ot her han&, i f thq,track width T of the recording nmagnetic head 11
is larger than tHAdestmtatic mold feh dise grotdias) wag pPrepinsd Wydthe @kogte t he

groove 3 for ! t §i re?{;'fss;ﬁ{c?gggfg n]ig'l% fJ)er;l‘sé %Qijditn@? éMdCll:[sp scu-l‘t\)ls?;attehe

groove 3 forned on the
was prepared by injection molding and a magnetic recording film

was formed on the disc substrate for producing a magnetic disc.
Example 4
A ti film was first formed on a substrate by a sputtering
method employing Ar as a .sputtering gas.
Specifically, the vacuum, sputtering pressure, power and the
| film forming speed were set to 5 x 10® Pa, 0.2 Pa, 800W and 10
um/3000s, respectively.

A photoresist was then coated on the Ti film ground to a
mirror surface.

The photoresist was exposed to light and developed for
forming a resist pattern leaving only the pit forming portion and the
groove forming portion n accordance with a pre-set pattern.

The Ti film was etched using the left portion of the
photoresist asa rﬁask. The portion of the Ti film in register with
the pit forming portion and the groove forming portion was formed

to a convex shape to a disc molding metallic mold.



20 the land 4, data is necessarily witten in a portion of the |land 4 of

‘t he nei ghboring track. It should be noted that the sumof the width Lw of
the land 4 and the width Gv of the groove 3 corresponds to the track pitch
Tp. Thus, it is also necessary for the track wwdth T of the recording
magnetic head 11 be not larger than the sumof the track pitch Tp and the
wi dth of the groove 3. If, in the2®ase of an actual nagnetic

recordi ng/ r epr odyci ng- ar ot K T pof r r di
magneti c head i sggﬁﬁal'CﬁltP)g’ teﬂéehq\?\l/i!‘df{:e‘l[ %5?? 8¥\f gﬁghuppebr)I Eﬁﬁflge%gtgwt i€ 1 and

4, the | andpfa&aRnNQhs be BOVEr athel BUERInA & 45 @A rPIGAULLENECERd Of c@ nUeENsEr I OF
in the recording magnetic head during witing. Thus, for sufficiently

covering thefldred A4, t¢ i2Cly acksswirdttatod dafhé:¥.egesdpregsoagredt 2elfdadori.s
preferably slightly larger than the width t[{err] of the upper surface of
the |and 43oioRakeag Mg eaeciidlt Phe’ Ser ?d EFFBIEFELIUCEY t1288irding 0O

recor di ng. rS‘_‘ggzlr;éb@alaln D n%gg%rl%grg‘pprogx?g‘ztel y twice the servo error

margin for drng is prefer added t track width T of the
recordi ng magnet i, hgad.disc substFaYs, tWukhptB8uSeHYOa ehh@he PRI GieBo Bl d OF

recording, the track width T of the recording magnetic head desirably
satisfies tHayerf @lalsofib ngedqbiptd cputleipg method uperg JAs BmaxsPufteriqg T
gas. The magnetic recording layer was formed by layering an
underlying layer for the magnetic layer The magnetic recording layer
was formed by layering an underlying layer for the magnetic layer,
an intermediate layer of Cr with a film thicknesslof 0.5 mm, a
magnetic layer and a protective layer for the magnetic layer in this
order. A lubricating layer was further formed on the magnetic
recording layer to complete the magnetic disc.
Specifically, the underlying layer of Cr was formed to a
thickness of 10 nm with a film-forming rate of 2 nm/sec under a
sputtering pressure of 0.1 Pa. The magnetic layer of CogPt,,Cr
was then formed to a thickness of 24 nm with a film-forming rate
of 2 nm/sec under a sputtering pressure of 0.1 Pa. The protective
layer of C was then formed to a thickness of 13 nm with a film-
forming rate of 0.5 nm/sec under a sputtering pressure of 0.5 Pa.
The lubricating layer of FomblinZ-Dol was then formed to a
thickness of approximately 2 nm by the dipping method.
The magnetic properties of the magnetic recording layer of the

magnetic disc, manufactured as described above, were measured



.(2-1) On the other hand, if the track width T of the recording
‘magnetic head is too broad, it invades into a portion of the |and 4.
Therefore, the track width T needs to be smaller than the sum of
21 the track pitch Tp and the width Gwv of the groove 3. In this case, it
Is simlarly necessary to take the servo error during recording into
account. Thus, the track width T of thggrecording magnetic head desirably
satisfies the foll ow ng equation (2-2): T [err] Tp + Gv - Enx2

(2 - 2) vusingThysibragian tSH@sdlsovnep@quasneh%mGQCrl)(VaSM)(2 [2) was hi@ unrdack

W|dth T of the recordin netic.head is,desirably set fo satlsf t he
fol | owi ng eddidti bR Tfséguqu"agne'L\ﬁ/a&mE‘mib Ty % §°e¥°lvlty

(2-3)  Hec Me?@m fm LR4Or 4Rk wér%bfgrt%emﬂg@sarmgmal§*hea<? g 0 be

able to cover the land 4 wthout regar he sefvo error, the track
wi dth of the recandingagagtiet izchepdhoepttsend® Branole | BSa thand(tfeetnde +

Enx2). In a common magnetic recording/ reproduci ng appar at us,
t, between a groove 102 and a land 101 was 200 nm, the width t
of the upper surface of the land 101 was 3.77 um, the width t,y; of
an inclined surface 103 on the boundary between the land 101 and
the groove 102 was 0.3 um and the width t,,, of the bottom surface
of the groove 102 was 0.9 um. At this time, the width Lw of the
land 101 was Lw = t,,, + t,;; = 3.80 um, while the width Gw of the

groove 102 was Gw +

tioz tio3 = 1.00 um, with the ratio

therebetween Lw/Gw being 3.80. N

The numerical values specifying the shape of the groove 102
or the land 101 are obtained by measuring the shape of the groove
102 or the land 103 using an atomic force microscope (AFM).
Comparative Example 2

A Ir film was first formed on a substrate by a sputtering
method employing Ar as a sputtering gas.

Specifically, the vacuum, sputtering pressure, power and the
film forming speed were set to S x 10°° Pa, 0.2 Pa, 800W and 10

1.m/3000s, respectively.

A photoresist was then coated on the Ir film ground to a

mirror surface.

The photoresist was exposed to light and developed for

forming a resist pattern leaving only the pit forming portion and the



the servo error margin is of the order of 1/10 of the track pitch Tp or
‘l ess. Therefore, the track wdth T of the recording magnetic head needs

to be not less than (t1 + Tp/5). Since the recordi ng nagneti c head
is not allowed to invade into the land 4 of the neighboring track, the
foll ow ng equation (2- 4): t[err] + t[err] + t[err] > Tp/5

... (2-4) needs to be net vm'th t he usef the recordi ng magnetic head with
the track V\ndthTe%uaI to ([err + Tp/5) rrﬂ_}/be seen Fi[g.7.

22 Si nc?e"’[%‘éevﬁldf‘H“E\/\PBf 'f’ﬁe‘le?ﬁ&°4d|a§°§| Veh' s P(E[ ' rP2¥ % Perr]) and

t he i dth Gw of - r t r It
from ¥Mhe above equat ?ot‘r?]m{ewi eﬁﬁg%a/t eﬁg {he[ ?{{t rﬁl)ﬁ (ﬁ] g}\/ hmgr?shl
width of thes gf ogkek3 amdeWpbRrilo ke NEet he il gt hnoi‘e%h‘i’el'aﬂdtlﬂ th@e%dﬁ to

satisfy the follow ng equation (2-5): Lw Gv [err] (4/5xTp +
t[err])/(1/55cTpning [eorfipn and the groove forming portion was formed to a

.. (2-5) In the above exarrple since the track pitch Tp = 3.8 [err]m
and the wi dERnYSXothanfe tPn8lYhaddsis meklisg mféabldﬁn'aaw bet ween the | and

4 and the groove Sq’pclacslflc%ihy,tpt%thlﬁéelrsr;hym%'a?[eQCHan b boﬁlbsa &l from tfg?

ing ions

cutting a groove. It was carried out under conditions of an Ar
pressure of 2x10"* Torr, aﬁ ion beam incident angle of 75°, an
acceleration voltage of 100 mA/300V and a magnet current of 2A.

Using the disc molding metallic mold, plastics were injection
molded to from a disc substrate.

On the disc substrate, thus produced, a magnetic recording
layer was formed in the same way as in the above Example. On the
magnetic recording layer was further formed a lubricating layer to
complete a magnetic disc.

In a magnetic disc of the present Example 1, a step difference -
t,o between the groove 102 and the land 101 was 200 nm, the width
tio1 of the upper surface of the land 101 was 3.38 um, the width t,q,
of the inclined surface on the boundary between the land 101 and
the groove 102 was 0.56 um and the width t,,, of the bottom
surface of the groove 102 was 0.30 uzm. At this time, the width Lw
of the land 101 was Lw = t,5; + t o3 = 3.94 um, while the width Gw
of the groove 102 was Gw = t,o, + t o = 0.86 um, with the ratio
therebetween Lw/Gw being 4.58.

Evaluation of Off-Track Characteristics



above equation (2-5) that the ratio Lw Gy, with Gv being the width of the
‘groove 3 and with Lw being the width of the land 4, is preferably not
nore than 7. 26. However, the above equation (2-5) generally
hol ds irrespective of the value of the track pitch Tp. Thus, the present
invention is not limted to the above enbodi nents in which the track pitch
Tp is 3.8 [err]m The above limygation f the ratio LwGwvis
particularly suited for a magnetic disc in which the angle [err] between
the inclined diRf aewse 1@35@ﬁttched‘béémd‘alayuéi‘c'c%é’dl and dOC rathes ¢ A ogﬁoove

102 and t he | S nat l ess th 0 and .nqt re than 105. err|
is not |es% Yt hdgﬁg be% T I taﬁgﬁa@éS“f he(raeom? F%t al ad Tane L%lgnet iC
di sc havi ngo 8tIREL 107 Hafr facu‘qgk,cghg{@}goqu stics. Si nce the substrate

of the above magnetic disc is fabricated by an injection nolding, [err] s

not | ower than 9or | frefcerdingSepobdbesiwn,han compound magnetic head,

23 105[err], off-track characteristics are | owered. A substrate of a

magneti c di semAiingd[ &Fen gt Indsistivrmnt YOG GRESNABIC frad thReratoR ss a

manufactured ust i 2 MBLaL P20 §C md B lo10e A% S0 3ol a g netic
head, operating as a playback magnetic head, was used. The
recording head with a track width of 4.4 yum and a magnetic gap
separation of 0.5 um was used as the inductive type magnetic head,
whilst a playback magnetic head with a track width of 3.6 um and
the separation of the magnetic shield holding a magneto-resistance
device of 0.36 um was used as magneto-resistance type magnetic
head.

For assuring abutment of the compound magnetic head relative
to the magnetic disc, a so-called 50% nano-slider was assembled
into the magnetic head. The length and the width of the slider were
2.0 mm and 1.6 mm, respectively. Recording/reproduction was
carried out by rotating the magnetic disc at a linear velocity of 7.36
m/sec. The amount of float of the compound magnetic head at this
time was approximately 60 nm.

The off-track characteristics were measured by writing data
D101 to D105 on the magnetic disc using a recording magnetic head
and reproducing the data D103 using the playback magnetic head
104.

First, using a recording magnetic head, virtual data D101,



The netallic nmold for disc nolding is nmade up of a substrate and a
'metallic filmforned thereon. The nmethod for manufacturing the netal nold
for disc nolding includes a netal filmformng step, a cutting step and an

et chi ng step. In the netal filmformng step, a netallic material is
deposited on a substrate for formng a nmetallic filmwhich is ground to a
mrror surface. The netallic mateggal is desirably reactive to ion

pl asma and _specifically includes Ti ILn.the cutting step, a

phot or esi st D'’ To4E & Bft 't He et H° H‘ifma‘r%rfﬁéatgy‘?ﬁ Sabg%e‘“ﬁéf%‘ledrgblym
formng step and,the;phqigresi glyiagedeXP3SELmt CeddNtr AR denglRP&h d &t
accordance wW'th a'lpre-set pattern. There is fornmed a resist pattern

| eavi ng a piclo nfs@d 8t xgoROr ih Omeandring QheOWEffaakknNghposticaistios Metmred W t h
t he pre-set pattern. In the etching step, the netallic filmis

etched by régceive ireporéirghitngac{ RI E) using the photoresist left in the
cutting step as

forning portion %‘_fen‘?ﬁééb‘h %régﬁ’s tliéf‘fﬁhg3;3¥§?0r‘$’i'iﬁnﬁ?$gg? E)tre g£§§¥ i(5‘14‘4’>\/_ex
ok oo Loyadg! T, PR ok, RS, e TRChAB o SR |2
metal of themefeldecerdidgMbyciexphoiwthi®g the data was written, corresponds
to the track width T of the recording magnetic head, and is equal
to 4.4 pum. The data length of the data D103 written in the
recording tfack was 8528 bytes.

The recording magnetic head was then deviated from the center
of the recording track a distance equal to 95% of the width of the
track pitch Tp and data D104, D105 were overwritten on the
neighboring two tracks (left and right tracks). That is, the data
D104 and D105 were overwritten on the two left and right tracks,
separated 4.56 um from the center of the recording track, as
indicated at t,,, and t,,; in Fig.9, using the recording magnetic head.

The data written as described above were repeatedly read out
by the playback recording head with a track width t;;4 of 3.6 um,
as the head was deviated little by little from the center of the
recording track. The reproduced track and the original recording
data were compared to each other for measuring the bit error rate,

the reference of which was set to 10°7. That is, the maximum off-

track amount satisfying the bit error rate of 1077 was used as the

reference for evaluation.



24 a reactive gas plasma such as BO[err]. Ti can be etched by

‘chem cal reaction with a gas such as BC[err]. |If absolute tine
information filmis formed on a substrate, as in the present invention,

| ands or recesses can be formed nore sharply with RIE than with the
conventional physical etching in which'ions are bonbarded on the netallic

filmfor groove cutting. The nmetaB0ic nold for disc nolding was
prepared by the above met ar or s¢_nol ing, a
di sc substrate bpéﬁﬁigd 5§°qug%ffﬂﬂtﬁn FFH&S&ﬁ&“&“Eé“he‘18"¥38§rd.ng

film vas f QB ‘E’Fhél{‘%tdh%& n???ﬁéﬁ@t@1scOprtrl'&dU@'orhgg@rarW@@ﬂik&mwécz.

Exanpl e | m was rst formed on a substrate by a sputtering
met hod errpl oyi NgFAg. BB shePHi4 ahiengegidal curve ofSpieei 4moaht yof tiexiwacmum
sputtering pressure, power and the filmform ng speed 'were set to 5 x
10[ err] Pa, offarpek \BOTOW&nBICQDtO[@T@rWSbOOS; eE*p?ac{HRFe’l gurface of tAe

hot t th d.on th il
e photor edfed mﬁ”&%ﬁ%@afﬁ&qeve i odeidel PP RS AL IR o Y vt

pattern 1 eavig, A0l halghe.Pd LaisQE T PO ROEA | 08 AN N5 07 ABYEI LI HL M i c
portion n acSdr dance a pre-set pattern. the Ti I"m was et ched
using the |Qﬁbl@9rbf08x9fn;ilbe4 and Comparative Example 2, respectwely,
while a solid line C s a theoretical curve for a magnetic disc having
a flat surface.

With the magnetic disc of Comparative Example 2, the width
t,0, of the upper surface of the land was 3.38 um, with the maximum
amount of off-track being 1.34 um. This result substantially
coincides with the theoretical curve of Fig.12. It is seen from
Fig.12 that the magnetic disc of the Comparative Example 2 is
significantly smaller in the amount of maximum off-track than the
magnetic disc with a flat surface and worsened in off-track
characteristics.

On the other hand, with the magnetic disc of Example 4, the
width t,,, of the upper surface of the land was 3.77 um, with the
maximum amount of off-track being 1.59 pgm. This result
substantially coincides with the theoretical curve of Fig.12. It is
seen from Fig.12 that the magnetic disc of the Example 4 is
significantly larger in the amount of maximum off-track than the

magnetic disc with a flat surface and superior in off-track

characteristics.



phot oresi st asa mask. The portion of the Ti filmin register with the pit
‘form ng portion and the groove form ng portion was forned to a convex
shape to a disc nolding netallic nold.

25 Specifically, etching is a chem cal etching by the reactive gas

pl asma ions of BC[err]. The etching was carried out under conditions of
the Ar to BC[err] pressure ratio of 1:3 gas pressure of 2x 10[err] Torr,
an ion beamincident angle of 75[err], lll accel eration v Ihqgg_of ]IOO4

mA 300V and the MBEnERSUCLY PdnthofComparative af‘ngd'rs%“‘gd Straf&P fhus
produced, a,7R906bL6 A 0ERY Y Minci BYRT WAR. [RLTRERUR 3PU R bR TR hod
using Ar as a sputiering °gas. “Fhe magneti c recording |ayer was forned by

| ayering ansudRdgfdtyitngayayersurafistdahmanatiiar kayerimaetsmgnetdi¢ferenor di ng
| ayer was formed by |ayering an underlying |ayer for t'he magnetic |ayer,
an intermedivatieeb ayerthef withnitiyy af fthenupheckredssoffageswith stve magwlsi c

| ayer and a protective |layer for the magnetic layer in this order. A

| ubri cati ng APRfEXiged ef 17 tth&r LR R FREFUnCY RES magnetic recording |ayer to

conpl ete the magneti c. disc, i fhcally. e gyodaet byidng. b aygr, ,of O
was fornmed to a shi"%ﬁ?’nggss% fi?)mnlr:n ﬁt%h tattl%f haryanfeorm ng rgteco?eé nﬁf‘gec
under a the disc-molding metal mold prepared by RIE to have a Ti film has

off-track characteristics superior to those of the magnetic disc

having a flat surface.



sputtering pressure of 0.1 Pa. The magnetic |ayer of Co[err]Pt[err]Cr[err]
‘'was then fornmed to a thickness of 24 nmwith a filmformng rate of 2

nm sec under a sputtering pressure of 0.1 Pa. The protective |ayer of C
was then forned to a thickness of 13 nmwith a film formng rate of 0.5
nm sec under a sputtering pressure of 0.5 Pa. The lubricating |ayer of
Fonmbl i nZ-Dol was then formed to a thizgkness of approxinmately 2 nm by the

di pping metRed-a 1 1s CLxgg,{nglpgti c properties of the nmagnetic recording
| ayer of the magnetic di sC, manufactured as descri bed above, were

measur ed 1. A magnetic recording medium havidd Ul&ielggl@rvf@frﬂﬁii@ﬁ\s
sanpl e type magnetoneter (VSM. It was found that the residual

magnet i zati oo rrhipandssg Mtot seromAsigradsciand y grelo ves 165k tlkeAldmmandcalonige
coercivity rectangular ratio S* = 0,8. . In a magnetic disc of the
present Exarf§c8rding t&eehs dichret eifcé?ed [i8rt2thet ween a groove 102 and a

| and 101 was 200 L h t i f . and
101 was 3. 77 [or 2t e AR (YRR Loy Yo B PRRL S HF RER P o 0N

boundary betjegn tdi@vleassh pOktidndbel e QY RL P N@S0 v s [81d ke anth duhe
width t[err] of the bottomsurface of the groove 102 was 0.9 [err]m At

this tinme, tdfethwe ddiodwe.ofesphectivaly] isOhonaleskwhart [220r] + t[err] = 3.80
Lerrlm whi l?? th’le ergggnglvco:ectorr]gi'ng medium as claimed in claim | wherein,

with the track pitch Tp and the width ¢ of an inclined surface on a

boundary between said land and the groove,

Lw/Gw < (4/5xTp + t)/(1/5xTp - t).

3. The magnetic recording medium as claimed in claim 1 where¢in
Lw/Gw is not more than 7.26.
4. The magnetic recording medium as claimed in claim 1 wherein
the step difference between said groove and the land is not less
than 100 nm.
5. The magnetic recording medium as claimed in claim 1 wherein
an angle which the inclined surface on the boundary between said
land and the groove makes with said land is not less than 90° and
not more than 105°,
6. A magnetic recording/reproducing apparatus having a recording
magnetic head for magnetic recording on a magnetic recording
medium having grooves formed along recording tracks, characterized

in that

the track width T of the recording magnetic- head is not less

_—

L



groove 102 was Gv = t[err] +t [err] = 1.00 [err]m with the ratio

't her ebet ween Lw Gw bei ng 3. 80. The nunerical val ues specifying the
shape of the groove 102 or the |and 101 are obtai ned by nmeasuring the
shape of the groove 102 or the land 103 using an atomi c force mcroscope
(AFM . Conparative Exanple 2 Alr filmwas first formed on a
substrate by a sputtering nmet hod enpl 3ying Ar as a sputtering gas.

cpecd were UstA (SR L3P LIk RALIIBEREen ARA®H FPS LN any iR O

respectivel Yetween neibhBBPInY 88b6le¥ahdt RED wOAL @HaRNtHenGu of ither ghexnd to

a mrror surface. l-Q‘I'{Je phot oresi st was exposed to |ight and

devel oped foitch flgr rinilg the r gsi ste patdtdr Gw.eaving only the pit fornmng
portion and_t he , _ . ' 27 groove formng
portion in dccor §&kcErHIa Hrearddpspmnrodycing appFratus 3| claliesd dfiched

using the | efl; POEti, g of, the, PhALOLAZIRTT WAD ARy g THEAOTAL,0e Gh ot N
Ir film in“register Wi th et he pltt f'orm ng "portion ang’tﬁe_groove or m ng
portion was ofr@oVRd t@adk pitch Tp and the servo error margin Em during

magnetic recording, the track width T of the recording magnetic
head is given by:

Lm + Emx2 < T < Tp + Gw - Emx2.

8. A method for manufacturing a disc-molding metallic mold formed
by a substrate and a metallic film formed thereon, comprising:

a metallic film forming step of depositing a metallic material
on said substrate for forming the metallic film;

a cutting step of applying a photoresist on said metallic film
formed by said metallic film forming step for exposing to light and
developing said photoresist in accordance with a pre-set pattern for
forming a resist pattern leaving only a bit-forming portion and/or
a groove-forming portion; and

etching said metallic film by reactive ion etching, using the
photoresist left by said cutting step, for forming portions of séid
metallic film in register with said bit-forming portion and/or the

groove-forming portion as protuberant portions to form the disc-

forming metal mold.

A



convex shape to give a disc nolding netallic nold. Speci fically,
‘etching is physical etching by bonbarding ions for cutting a groove. It
was carried out under conditions of an Ar pressure of 2x 10[err] Torr; an
ion beam incident angle of 75[err], an acceleration voltage of 100

md 300V and a magnet current of 2A Using the disc nolding netallic
nmol d, plastics were injection nolded tg,froma disc substrate. On
the disc substrate, thus produced, a magnetic recording |ayer was forned
in the same Waya@emtic! BRASRNE; MAGNEEIC NRECCRDENG ARRpRDBUC NG er
was further for ”%%:Pﬁ PP5 ARD METHAYE FOROMANGFACTUR INGTRETALILICIMOLD

In a magnetic disc of the present difference tferr]
bet ween the groove 102 and the Iangb%ggb%ab?qugiﬁ%p the width t[err] of

t he upper surface of the land 101 was 3.38 [err]m the width t[err] of the
i nclined surfAB8T&®AECHe boundary between the | and 101 and the groove 102
was 0.56 [err]mand the width t%g(rilrl{gnof the bottom surface of the groove

102 was 0.30 [errm™AB EhiS S em\ﬁndd‘_f?? LRV'B8 PHE 1S213° 101" WS LW =

R T B R R N G4 A i

4.58. Evaluathiwh of &fafgnbiackhéh@r ach@leir§bie€S only little variations in its
floating amount during recording/reproduction. The ratio Lw/Gw,
where Lw is the width of a land 4 as a protuberant portion between

neighboring grooves 3 and Gw is the width of the groove 3, is set

so as to be not less than 2.0.

Figure 2



28 For the magnetic discs, manufactured as descri bed above,
‘recordi ng/ reproduci ng was actually carried out for nmeasuring the off-track
characteristics thereof. For recording/reproduction, a conpound
magneti ¢ head, conbined froman inductive type magnetic head operating as
a recording nmagnetic head and a nmagnet o-resi stance type magnetic head,
operating as a playback magneti c head, was used. The recording head with a
track width of 4.4 [err] mand a magnetit/gap separation of 0.5 [err] mwas
used as the inductive type nagnetic head, whilst a playback magnetic head
with a track wwdth of 3.6 [err] mand the separation of the magnetic shield
hol di ng a magnet o-resi stance device of 0.36 [err]mwas used as

magnet o-r esi stance type nagnetic head. For assuring abutnment of the
conpound magnetic head rgqljative to the magnetic disc, a so-called 50%
nano-sli der was assenbl e into the magnetic head. The length and the w dth
of the slider were 2.0 and 1.6 nm pespectively.

Recor di ng/ reproducti on was  car ri ed out b% rotating the nagnetic disc at a

| i near velocity of 7.36 &l gec. ngéof float of the conpound
magnetic head at this ti%e|was ly 60 nm The off-track
characteristics were neastred b i K _dnt a D101 to D105 on the
magneti c di sc using a recording ead
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and reproduci ng the data D103 using the playback magnetic head 104.
"First, using a recording nmagnetic head, virtual data D 101,
29 D 102 were witten on two (left and right) tracks, as indicated by

tferr], tlerr], in Fig.9, deviated 1.5 [err]m each from a track
under consideration in neasuring the off-track characteristics, terned
herein a recordi ng track. Then, data for detection D 103 was witten

on the recording track, using a recording nagnetic head. The width t[err]
of a portion of the recording track, or< whi ch the data was witten,
corresponds to the track width T of the recording magnetic head, and is
equal to 4.4 [err]m The data length of the data D103 witten in the
recording track was 8528 bhytes. The recordi ng magneti ¢ head was then
deviated fromthe center of the recording track a distance equal to 95% of
the width of the track pjtch T@pand data D104, D105 were overwitten on
the neighboring two tréc (Teft and rrghg tracks). Thgat is, the data

D104 and D105 were over tten omthe t | ef t d right tracks, separated
4.56 [err]mfromthe cehtbr of t%e ¢ i r gck
0
t
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- ~g
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4 : LAND

FIG.2

CENTER OF RECORDING
TRACK

t1 3=l.8p.m

t11=1.52um} t12=1.52um
r<—-——><———>l
I

I ——

D1

N RN
\\\ MAGNETIC _E_A12_ X&\

N\\

t16=3.0um l
g T

t14=3.6um i t15=3.6um

A
Q
N

7

g

7

\

FIG.3



indicated at t[err] and t[err] in Fig:9, using the recordi ng nmagneti c head.
‘The data witten as descri bed above were repeatedly read out by the

pl ayback recording head with a track width t[err] of 3.6 [err]m as the
head was deviated little by little fromthe center of the recordi ng
track. The reproduced track and the original recording data were

conpared to each other for neasuring the bit error rate, the reference of
whi ch was set to 10[err]. That is, the nmaxi mum of f- track anount
satisfying the bit error rate of 10[er5b¢mas used as the reference for
eval uati on. 30 Figs. 10 and
11 show the results of neasurenent of the anmounts of off-track of the
magneti c disc of the Conparative Exanple 2. Fig. 12 shows a

t heoretical curve of the ampbunt of maxi num off-track with respect to the
width t[err] of the upper surface of the land 101. In this figure, solid
lines A and B are theoretical curves for the magnetic discs produced using
the disc nolding netallic nolds of Exanple 4 and Conparative Exanple 2,
respectively, while a solid |line Cs a theoretical curve for a nagnetic
disc having a flat surfgga Wih the magnetic disc of Conparative

Exanple 2, the w dth,
2 104
o
& 105
C
w 10
=
o
107

2 1 0 1 2 3 4 5
OFF-TRACK AMOUNT (um)

FIG.4

2 2.23u
- . m
S 15 L
(

S 1.4 ' J2

- = t
: H1 :J1 D
g 137 . J3
£ :
l.ll. 1.2 B ;
L ] 1
O 11} ;
E {
2 1.0 —— _
5 14 16 1.8 20 22 24 26 28
=

WIDTH t1 ON UPPER LAND SURFACE (um)

FIG.5



t[err] of the upper surface of the land was 3.38 [err]m w th the maxi num
-anmpbunt of off-track being 1.34 [err]m This result substantially
coincides with the theoretical curve of Fig. 12. It is seen from Fig.12
that the magnetic disc of the Conparative Exanple 2 is significantly
smaller in the anobunt of maxi mumoff-track than the magnetic disc with a
flat surface and worsened in off-track characteristics. On the

ot her hand, with the nmagnetic disc of le 4, the width t[err] of the
upper surface of the land was 3.77 [er5§ﬁ$pmjth t he maxi num  anount of
off-track being 1.59 J[err]m This result substantially coincides with
the theoretical curve of Fig.12. It is seen fromFig. 12 that the
magneti c disc of the Exanple 4 is significantly larger in the anmount of
maxi mum of f-track than the magnetic disc wth a flat surface and
superior in off-track characteristics.

31 The results of the Conparative Exanple 2 and the Exanple 4 are
substantially coincident with the theoretical curve of Fig. 12, such that
it may be surmsed that simlar experinents with different values of the
width t[err] of the upper |and surface_w || give results
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approximate to the theoretical curve. As may be sen fromFig. 12, the
‘magnetic disc fabricated using the disc-nolding netal nold prepared by R E
to have a Ti filmhas off-track characteristics superior to those of the
magnetic disc having a flat surface.

32 WHAT IS CLAIMED IS: 1. A magnetic recording nedium having irregular
formations corresponding to servo signhals and grooves extending

al ong recording tracks, characterized gsﬁthat the ratio Lw Gn, where
Lw and G~ denote the width of a land &s a protuberant portion between

nei ghbori ng grooves and the width of the groove, respectively, is not |ess
than 2.0. 2. The magnetic recording nediumas clained in claim |

wherein, wth the track pitch Tp and the width [err] of an inclined
surface on a boundary between said | and and the groove, Lw Gw [err]
(4/5xTp + t)/(1/5xTp - t%. 3.1 je magnetic r?e&grdi ng nmediumas clainmed in
claim1 wherein Lw G¥3% not e than 10?6. . The m@gnetic recording
medi um as clained in clgai m | efEP N S
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the step difference between said groove and the land is not less than 100
‘nm 5. The nmagnetic recording nediumas clained in claim1 wherein an
angl e which the inclined surface on the boundary between said |and and the
groove nmakes with said land is not less than 90 and not nore than 105. 6.
A magnetic recordi ng/ reproduci ng apparatus having a recording nagnetic
head for nagnetic recording on a nagnetic recording nedium having grooves
formed al ong recordi ng tracks, characterized in that the track
width T of the recording magnetic head 47 not |ess

33 than the width Lw of the [and representing a protuberant portion

bet ween nei ghbori ng grooves and not nore than the sumof the track pitch
Tp and the groove width Gv 7. The magnetic recording/reproduci ng
apparatus as claimed in claim6 wherein, with the width Lw of the |and,

wi dth Gv of the grooyeg3 j margi n Em

during magnetic recordiryg, the'track Wﬁdth T pf the recordi hg nagnetic
head is given by: ' ; ' :
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Lm + Emx2 [err] T [err] Tp + Gv - Emx 2. 8. A nmethod for manufacturing a
-di'sc-nolding netallic nold formed by a substrate and a netallic film

formed thereon, conprising: a netallic filmformng step of
depositing a netallic material on said substrate for formng the netallic
film a cutting step of applying a photoresist on said netallic film

formed by said netallic filmformng step for exposing to |Iight and

devel opi ng said photoresist in accordance with a pre-set pattern for
formng a resist pattern leaving only a&Mit-formng portion and/or a
groove-form ng portion; and etching said netallic filmby reactive
ion etching, using the photoresist left by said cutting step, for formng
portions of said metallic filmin register with said bit-formng portion

and/ or the groove-form ng portion as protuberant portions to formthe
di sc- form ng netal nold.

1.8 T T — T
- i 1 1 I |
£ 17]----- A b . EXAMPLE 4]
E i : : : :
R T
= ' ! |
T
< U I S S o ]
< . 1 V 1 |
[+ - 1 t PN 1 B
E 1.3?__..—1‘-—:75_'-;-(.\“_":5 _____ - m o =
w ' OMPARATIVE |
(@] 1.2 1 AEXAMP 1 1

2.8 3.0 3.2 3.4 3.6 3.8
WIDTH t101 ON UPPER LAND SURFACE (1m)

FIG.12



