| o o PouLb
TI TLE OF THE | NVENTI ON Magnetic Disc and Magnetic Disc Drive:
+BACKGROUND OF THE I NVENTION  Field of the Invention: The pr &SRBt COpy
i nvention relates to a magnetic disc into and/or fromwhich an :
information is witten and/or read by a magnetic head installed on a head
slider, and a magnetic disc drive in whiich the magnetic disc is usable.
Description of Related Art: Conventionally, the conventi onal

magnet i ¢ di scTUEdd OMTHEINMENGION di sc-drive has a magnetic film forned

on either side of the magnetic disc to cover the entire disc surface. To
suppress across t MhgidatmDiseiagd MagnegctDiscBsivet he guard band between the
recording tracks has to be wider. Thus in the conventional magnetic disc

it is diffi cUBACKGRDUNMDIDE THRINVENTION educed pitch, Therefore, the
conventional magnetic disc
Field of the Invention:
The present invention relates to a magnetic disc into and/or from which an
mformation is written and/or read by a magnetic head installed on a head slider, and
a magnetic disc drive in which the magnetic disc is usable.
Description of Related Art:
Conventionally, the conventional magnetic disc used in the magnetic-disc-drive
has a magnetic film formed on either side ofthe magnetic disc to-coverthe-entire-disc
..surface. Tosuppress a-cross-talk from neighboring tracks, the guard-band betweenthe
recording tracks has to be wider. Thus;in the conventional magnetic dist, .itis difficnit
to form the tracks at a reduced pitch, Therefore, the conventional magnetic disc
cannot be designed more compact and to have a larger storage capacity. ,:_
To overcome the above drawbacks of the conventional magnetic disc, the
Applicant of the present invention proposed an improved magnetic disc.and a magnetic
disc drive in which the magnetic disc is usable (in the Japanese patent application laid
open as a Provisional Publication No. 259709/°94).
The magnetic disc disclosed in this Japanese patent application laid open as a

Provisional Publication No. 259709/°94 has a zone in which information 1s recorded

(will be referred to as “data zone” hereinunder) and a zone in which control signals



cannot be designed nore conpact and to have a | arger storage capacity.

.To overcone the above drawbacks of the conventional magnetic disc, the
Applicant ofthe present invention proposed an inproved magnetic discand a
magneti c disc drive in which the magnetic disc is usable (in the Japanese
patent application laid open as a Provigional Publication No.

259709/' 94). The magnetic disc disclosed in this Japanese patent
appl i cati on liaclddmgeserassignal dfe cadosdan@dillPeheferrmditons Neerva &Qﬁe’gie‘r@}ﬁuhM).a
zone in which information is recorded (will be referred to as "data zone"

herei nunder) and Ref@m@gindwidiRIG. ¢aheredk schieptically illustrated the above-mentioned
2 including servo signal are recor ded (wll be referred to as "servo

zone” her ei nungggetic disc, ena%ﬂgrmur&teaowuhod feférende 200 Shfvin %$d§t(‘ah£iﬁi%§'30@| iny

il lustrated the above- t|o d “magnetic disc, generally Indicated with a

i SR T e S
two nei ghbori a ghard ba &I bieeh % o nelghbonng recording tracks.

_As shown in FIG. 1, the magnetic disc has also a servo zone 400 formed from
lands 400a (will be referred to as “servo pits” hereinunder) corresponding to a control
signal such as servo signal, etc. In the servo zone 400, the lands 400a are rhagnetized
to have one polarity and the grooves 400b are magnetized to have an opposite potarity,
for writing a servo signal before the magnetic disc is used for"'data"re'cording' and
reproduction. The grooves 400b provide a reference plane.

The above magnetic disc 200 has guard bands physically formed.as.grooves in
relation to the recording tracks, so cross talk will not easily occur.. Therefore, since.the
guard bands have not to be wider to suppress cross talk, the track pitch may be smaller
to have a larger recording capacity of the magnetic disc 200. As the track pitch can
be smaller, a more higher density of recording can be attained.

The servo pits 400a, lands, can easily be formed extremely fine.and highly
accurately in the magnetic disc 200. By pre-forming servo pits correspondingly to a
control signal, the control signal can be written into the magnetic disc 400 very

accurately.

Namely, since a control signal can be written in a very precise position relative



As shown in FIG 1, the nagnetic disc has also a servo zone 400 formed frem
Jands 400a- (will be referred to as "servo pits" hereinunder) correspondi ng
to a control signal such as servo signal, etc. In the servo zone 400, the

| ands 400a are nmagnetized to have one polarity and the grooves 400b are
magnetized to have an opposite polrity, 4or witing a servo signal before
the magnetic disc is used for data recording and reproduction. The grooves
400b provi de & tef scondingptatkedata can easily? be 3bcvrtedda kd nfaghet€ d2R020Mfore
guard bands physically formed as grooves in relation to the recording

tracks, so cr desselythanthlalconQéntesal InbgREEd disc Eh%fbhcﬁoeseﬂd‘gﬁi B fogtead

bands have not to be wider to suppress cross talk, the track pitch nay be

sl or | to have. aHbAees vt AR RATARE Mard RROTRSITfishotfio Plneds

the track pitch can be éma , a nore gher density of T
attai ned. . qﬁ%ﬁv 1ts. 400a. .lands. .c asi ly. be for .extrenely
fine and hi ghfiilsc zygcura%%&%ﬁgﬁég?g&%%@m&*s e%a%é S%{ngﬁf‘é?%g%%ﬁ&g%&%
pits correspondi gl a control si |, the control sjgnal .can be
witten into ﬁﬁ@{]%ﬁé‘ﬁéﬁlnén ar g"és’jgbe%'a&%’ %@HP%I‘PE‘P’}‘.‘““ZC the SPAGREISSS. since a
control signal can_bpe w,if{ten jin a very precise _position relative

¢ variation of floating height must also be smaller because the spacing loss

is caused not-only by the floatation but also by its-variation.

As shown in FIG. 1, however, the servo and data zones 400 and 300 in the
magnetic disc 200 in which the above-mentioned servo pits 400a are pre-formed are
different in pattern form from each other. Therefore, the head slider floatsto a
different height in the servo zone 400 from it does in the data zone 300.. The
difference in floating height from one zone to another causes the head.slider to float
at various heights, so the magnetic head installed on the head slider cannot.stably
record and repro&uce information signal.

For the magnetic disc 200, a following method has been studied for minimizing.
the variation of floating height of the head slider in passing over the servo zone.to
assure a stable information recording and reproduction.

Namely, the pattern in the servo zone is designed, by making the
track-directional -length of the servo zone smaller than a predetermined value, for
example, to minimize the variation of floating height of the head slider passing over

the servo zone.



3 to the recording track, data can easily be recorded on the magnetic disc .
+200 nore densely than in a conventional nmagnetic disc in which no servo
pits are forned. However, when a head slider is used for data
read/wite frominto the magnetic disc 200 having such a high recording
density, the head slider has to be designgd to float about 50 nmor |ess,

for exanple, in order to mnimze the spacing |oss. The vari ation
of floating hei ghtNousallylthe patemnial mersehﬁtcmsfdéﬁgﬁa&%ﬁﬂnﬂ)M§mdn§ ofaHsed
not only by the floatation but also by its.variation. shown in

FIG 1, howevetcuridjcofifinghetididad pbsitioaigs TR, Ae$asoR lhrfh% E&vog,%ﬂe% tfhitlt SC

200 in which the above-nentioned servo pits 4b0a are pre-torne
floats to a oy oadon ffibed e A6 A8 be dARERU3HE o bl edt. {Eluiume
causes the helurorclet & B deedlagy GRmithetR i ér SRR Rt 1 oAt
install ed on t he rpe%d slider cannot stably

SUMMARY OF THE INVENTION

Accordingly, the present invention has an object to overcome the
above-mentioned.drawbacks of the. pﬁor-art by providiné-a magnetic disc adapted to
more effectively. minimize the-variation of floating height of the head slider passing
over a servo zone thereof, permit a more stable recording and/or reproductior-and
more suitable to mass produce, and a magnetic disc drive in which the magnetic-disc
is usable.

The above object can be achieved by providing a magneti"c disc recordable
and/or reproducible by a magnetic head installed on a head slider designed tofloat at
at least a part thereof owing to a floatation developed by an air flow between ihe head
slider and the surface of the magnetic disc during recording and/or reproduction.

The magnetic disc has on a surface thereof an information recording zone in
which - groove-like grooves are formed along a recording track and arbitrary
information signal is recorded at.a land between the lands, and a control signal

- recording zone in which grooves and lands corresponding to control signals including

at least a servo signal are formed and magnetized to have opposite polarities to record



record and reproduce information signal. For the magnetic disc 200,
.a followi ng nmethod has been studied for minimzing. the variation of
floating height of the head slider in passing over the servo zone to
assure a stable information recordi ng and reproducti on. Nanely, the
pattern in the servo zone is designed, bygraking the track-directional

| ength of the servo zone smaller than a predeterm ned val ue, for exanple,
to mninze t e qanticdisigmalsof f1 oating height of the head slider passing
over the servo zone. 4
Normal 'y, the pattboreipartididad@) inothe @datrok sigasl igoedidpzond i ehecrmphett dishe
accuracy of magnetic head positioning. Thus, the pattern in the servo zone

to inhibit  bbeorditg tdithe prédbniiagehtidd, 88¢h fand3s iangerGARrLAhIR ShENEHNEL N @

limted freedom resulting in a sacrifice of the accuracy of ghetic

head positioning WA fhe! MEHBR! disc of the present invention, a difference between a
quotient resulted from division of a floatation applied to the head slider in the
information recording zone by a head slider weight and a quotient resulted from
division of a floatation applied to the head slider in the control signal recording zone
by the head slider weight should preferably be within a range of -0.05 to +0.05.

Further in the magnetic disc according to the present invention, the control
signal recording zone should preferably be formed at a predetermined interval along
the recording track and the recording track-directional length of the head slider:be
larger than the predetermined interval.

In the magnetic disc of the present invention having been describéd in the
foregoing, since the land in the control signal regording zone is larger in area thanthe
groove in the zone, the reduction by the groove of the floatation of the head slider in.
the control signal recording zone is less so that the variation of head slider. floating can
be inhibited when the head slider passes over the control signal recording zone.

Also in the magnetic disc of the present invention, since a difference between
a quotient resulted from division of a floatation applied to the head slider in the

information recording zone by a head slider weight and a quotient resulted from

division of a floatation applied to the head slider in the control signal recording zone



| mportant. SUWRRY OF THE | NVENTI ON Accordi ngly, “the-present

. I'nvention -has an object to overcone the above-nentioned drawbacks of the
prior art by providing a nagnetic disc adapted to nore effectively
mnimze the variation of floating height of the head slider passing over
a servo zone thereof, permt a nore stablg recordi ng and/ or reproduction
and nore suitable to nass produce, and a”magnetic disc drive in which the
magnet i ¢ di scby tie hesdbllder weight is Withia b @uggeod €15 ©ah0.08, thehvarvatibndyf head
provi ding a magnetic disc recordable and/or reproducible by a magnetic

head i nst al | eglidep fleatig@darsbé Aehintieéd.gned to float at at l|east a part
thereof owing to a floatation devel oped by an air flow between the head

her eof _owi ng ped by an a .
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signal are formed and neti.zed to have .o site larjties to record
9 prgﬁetermmega xgterval, an waveform mt%{')fgrence tglczes piace in the vanation of

floating height of the head slider passing over the control signal recording zone.

The above object can be achieved by providing a magnetic disc drive
comprising a magnetic disc, a head slider designed to float at at least a part thereof
owing to a floatation developed by an air flow between the head stider and the surface
of the magnetic disc during recording andfor reproduction,.and.a:magnetic head
installed on the head slider to make recording and/or reproduction into/from-the
magnetic disc.

In the magne_tic disc drive of the present invention, the magnetic disc has on a
surface thereof an information recording zone in which groove-like grooves-areformed
along a recording track and arbitrary information signal is recorded at a land between
the lands, and a control signal recording zone in which grooves .and lands
corresponding to control signals including at least a servo signal are formed and
magnetized to have opposite polarities to record the control signals.

More particularly, in the magnetic disc used in the magﬁetic disc drive of the

present invention, the control signal recording zone on the magnetic disc, each land is



5 _the control signals. More particularly, in the control signal -
_.recording zone on the magnetic disc according to the present invention,
each land is larger in area than each groove. Also in the nmagnetic
disc of the present invention, a difference between a quotient resulted
fromdivision of a floatation applied to the head slider in the

I nformati on recordi ng zone by a head sl ider wei ght and a quotient resulted

from divisi om&r@&g@%ﬁtdagﬂﬁﬁgwel ed to the head slider in the control
signal recording zone by the head slider weight should preferably be

within a range of AQOp &R %&itc dxsc used i thd RRbnbdc HRe dRIEICLEdiAES6 the

according to the present 1nve he control S|gna recordi ng zone

shoul d prefer d,a d .
recording tr a?EéSéﬁgﬁ%‘{?glhrggtor %‘fﬁeé%cgagéﬁcf% ﬁug ﬁg %mgt% qft](?mt {%ﬁ’? 2P fa
slider large rﬂoagl 1ontaP)8hg<i toqgt ﬁeg& qecfér tthe ru-lf;il':rmatlon recording zone by a head slider

weight and a quotient resulted from division of a floatation applied to the head slider
in the control signal recording zone by the head slider weight should preferably be
within a range of -0.05 to +0.05.

Further in the magnetic disc used in the magnetic disc drive according to the
present invention, the control signal recording zone should preferably be formed at a
predetermined interval along the recording track and the recording track-directional
length of the head slider be larger than the predetermined iaterval.

In the magnetic disc used in the magnetic disc drive-according-te-the-present
invention, since the land in the control signal recording zone.is larger.in.area-than the
groove in the zone, t_he reduction by the groove of the ﬂoatatior;. ofihe..h¢ad.sﬁder in
the control signal recording zone is less. Therefore, the van'atign of head slider
floating can be inhibited when the head slider passes over the control signal recording
zone.

Also in‘the magnetic disc used in the magnetic disc drive according to the
present invention, since a difference between a quotient resulted from division of a
floatation applied to the head slider in the information recording zone by a head slider

weight and a quotient resulted from division of a floatation applied to the head slider



In the magnetic drsc of the present invention having been described in the
.foregoing, 'since the land in the control signal recording zone is largerin
area than the groove in the zone, the reduction by the groove of the
floatation of the head slider in the control signal recording zone is |ess
so that the variation of head slider.flogting can be inhibited when the
head slider passes over the control signal recording.zone. Al'so in
the magnetic dite ahtiohsignalasesrdinguons bi i head BHideravelplitiiewathita BRlgeREN) 08
gquotient resulted fromdivision of a floatation applied to the head slider

in the informatids, decedrtition oftirad Blidér fiithgTah BemiNgh Rl and a quoti ent
resulted from division of a floatation applied to the head slider in the

control signal recpi#h&%inZ88%n: ‘o di . Sy . _ .
6 by the head slider weight  ragache disc used in the magneti. dise driye gecording to the

vari ation of | ' be mnimzed. . Further i.n the
magnetic disc Iﬁg%ggtr %:"%‘g?‘{“og{“ﬁg%%éﬁ? s‘ﬁ%‘éﬁ?‘f’ G 20e/is formed at 3 pr ?fgq?emeé
interval along the recording track and the recording track-directional length of the head

slider be larger than the predetermined interval, an waveform interference takes place
in the variation of floating height of the head slider passing over the control signal
recording zone.
BRIEF DESCRIPTION OF THE DRAWINGS

These objects and other objects, features and advantages of the present
intention will become more apparent from the following detailed.description. of the
present invention when tal;en in conjunction with the accompanying drawings, of
which:

FIG. 1 is a perspective view of an conventional magnetic disc in w_hich Servo
pits are formed in the servo zone;

FIG. 2 is a perspective view of an example of the magnetic disc drive according
to the present invention;

FIG. 3 is a perspective view of an example of the head slider adopted in the
magnetic disc drive of the present invention;

FKL4ha*ﬂ&oﬁkhmdi&dmh&dmmemmanmwmmmdmwmg

the motions thereof:



signal recording zone is formed at a predeterm ned interval along the
.recording track and the recording track-directional |ength of the head
slider be larger than the predetermned interval, an waveforminterference
takes place in the variation of floating height of the head slider passing
over the control signal recording zone. The above object can be

achi eved by providing a magnetic disc drPve conprising a magnetic disc, a

head slider designgiGtg if |a%tc§{[?iaén hﬁ?ﬁéti@dﬁé‘rorf tﬁé‘gfésiﬁflt din%\"l ,Esﬁo@virtﬁ the

fl oatati on devel oped by an air flow between the hea er an e's

of the magnetig ﬁ'&g&h | ' o

repr oducti on, . . 9an .. ggg#ﬁgﬁgﬁﬂ@%g%%gmt?’ed on the head slider to
make recordi ng and/ roducti.on into/fromt magneti c,.di sc. .. In
the magnetic disc g(rilé\'/éefgfa P%g B‘F‘éfs‘éﬂ?ﬂ HYBR ei"gﬁt,hettﬂ fliss aceqrding tasthen
a surface thereof?n i nf.ormati on recording zone in which groove-Iike

gr ooves ar e- f JPHEER" 1LfeE f%a recording track and arbitrary information
signal is recorded\ﬁﬁé a.land between _the lands, and a control signal
€

recordi ng zone in hiy? plapedew shawingmeange domy HEH 6ras endarged twseale|
signals including at |east a servo signal are formed and mmgnetized to
have opposite pol aFl@i 8dstaoperspentivet viewafithe ahagietjoalise. of the presdiitr fvention,
particularly, in the magnetic disc used in the magnetic disc drive of the
showing the data and servo zones as enlarged in scale;
FIG. 9 is a sectional view of the magnetic disc taken along the line B1-B2 in
FIG. 8;
FIG. 10 is a graph showing the relation between LGR (land-groove ratic) and
a floatation applied to the head slider in the magnetic disc in which lands and grooves
are formed in parallel to the track direction;
F IQ. 11 is a graph showing the relation between LGR (land-groove ratio).and
a floatation applied to the head slider in the magnetic disc in which lands and grooves
are formed perpendicularly to the track direction;
FIG. 12 is a fragmentary sectional view if the magnetic disc of the present
invention, showing how the head slider floats over the magnetic disc;
FIG. 13 is a sketch of the laser exposure process in manufacture of the magnetic
disc of the present invention;

FIG. 14 is a sketch of the development process in manufacture of the magnetic

disc of the present invention;



present invention, the control signal recording zone on the nmagnetic disc,. .....
.each land is - ) 7 larger in area

t han each groove. Also in the magnetic disc used in the magnetic

di sc drive according to the present invention, a difference between a

gquotient resulted fromdivision of a floatation applied to the head slider

in the information recording zone by a hé&d slider weight and a quotient

resul ted from di vi HI60161s asketchaifahé ﬂ'@k;ﬁgﬂiﬁhﬁgﬁb&@esﬁ RemAgafhchlrt 8€the thioddie

control signal recording zone by the he i der wei ght should preferably
be wthin a rdigoef @k présedPidventiOn:05- Further in the nagnetic disc
used in the nmagnetic é)irsc drive according to the present invention, the

| si I | Y ; f d.
or odeter m nea it oradl TaoaqrrRa Ut e e BPbdcein sHO0ES sElmaPutygure of the

track-directi | th-of the head slider be larger than the
predet er mi nedq‘ﬁ%né3 &Y g‘?& 8 e presenpmvenuon,

FIG. 17 is a sketch of the substrate molding process in manufacture of the
magnetic disc of the-present invention.;

FIG. 18 is a sketch of the film forming process inmanufacture of the magnetic
disc of the present invention;

FIG. 19 is a sketch of the magnetic disc produced through the processes shown
in FIGS. 13 to 18;

FIG. 20 is a sketch of an example of the polarizer or.magnetizer used for
magnetization of the magnetic disc shown in FIG. 19;

FIG. 21 1s a sketch of the first mégnetizing process conducted by the magnetizer
shown in FIG. 20; -:-

FIG. 22 is a:sketch of the second magnetizing process conducted by the
magnetizer shown in FIG. 20;

FIG. 23 is a plan view of a glass disc used in an example 1;

FIG. 24 is a graph'showing the relation between LGRand variation of floatation
in the data zone of the glass disc in the example 1;

FIG. 25 is a graph showing the relation between LGR and variation of floatation

in the data zone of the glass disc in a comparative example;



In the magnetic disc used in the magnetic disc drive-according to the
-present invention, since the land in the control signal recording zone is
[arger in area than the groove in the zone, the reduction by the groove of
the floatation of the head slider in the control signal recording zone is
| ess. Therefore, the variation of head si'der floating can be inhibited
when the head slider passes over the conttol signal_ recording  zone.

Al so in the nmagnet FEGA&is agsanh showingtharejatéan beteen LGR and vacietiodiofi floatatiohe
present invention, since a difference between a quotient resulted from

di vi si on of amthmmzamc applied to the head slider in the information
recordi ng zone by a head slider weight and a quotient resulted from

di vision of a floaFHRi 2% igppht shiowihg theaelatibh dRtween the floatation difference

8 in the control signal recording zone by the head slider weight is within

a range of -0n@Bmalided WAt 3ne WsighRLFahE M8l siRRAGR] u@pﬁﬁsﬁéﬁ'mﬂ%ﬂwﬁ

mnimzed. Further in the rragnetlc disc used in magneti c di sc
drive accordi RgehitddGyith the:floatation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 2 is a perspective view of the magnetic disc drive according to the present
invention.

The magnetic disc drive is generally indicated with a reference.1. As-shown in
FIG. 2, the magnetic disc drive 1 comprises a chassis 2 formed from-an aluminum
alloy-or-the like, a spindle motor 9 provided behind-the flat side of the chassis 2, and
a magnetic disc 3 which is to be driven by the spindle motor 9 to spin 4t.a constant
angular velocity. Further, the chassis 2 has provided thereon an arm 4.os¢illatably
about a vertical shaft 4a. The arm 4 has a voice coil motor 7 installed at-one end
thereof and a head slider 6 installed at the other end.

The voice coil motor 7 consists of a cover yoke 7a, a bottom.yoke 7b,-a voice
coil 5 and a magnet 7c. The voice coil 5 and magnet 7c are disposed between the
cover yoke 7a and bottom yoke 7b. The magnet 7c is installed on the bottom yoke 7b.

Next, the head slider 6 adopted in the magnetic disc drive according to the
present invention will be described herebelow concerning its configuration. FIG. 3 is

a perspective view showing a magnetic head 8 installed on the head slider 6.



present invention,- since the contr-ol signal recording zone is forned at a
.predeterm ned interval along the recording track and the recording
track-directional length of the head slider be |larger than the
predeterm ned interval, an waveforminterference takes place in the
variation of floating height of the head slider passing over the control
signal recording zone. BRI EF DESCRI PTI OF THE DRAW NGS These
obj ects and ot her @ijshetva,infRIGt 81 @ vad sHid¥od hagfsimRl dtltR18s&ides thereof
intention will becone nore apparent fromthe follow ng detail ed description
of the presemild BH%Hl&ﬂséWﬁ% 42KR beafing QRIABET ITHR MAlS hsatikgi 86 4R AL LY
G 1 of an

drawi ngs, of which: IS a perspective view
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per spective v%ggv%lgf q%lﬁgse%( I agﬁu:[tﬁge éé’& ?Ifso%fa'r%gu@pt ed in the magnetic

disc drive of the RIS e head! S\il%glt’b has provided at one end 6e opposite to the tapered portion

-

6¢ of the rail 6a the magnetic head 8 which records/reproduce information signal.

The magnetic disc drive 1.having. the above-mentioned configuration
records/reproduces information signal as will be described below with reference to
FIG. 4. FIG. 4 is a sketch showing the motion of the head slider 6 of the present
invention when recording/reproducing information signal into/from the magnetic-disc
3.

In the magnetic disc drive 1 having the above configuration, when'the spindle
motor 9 is driven, the magnetic disc 3 spins at a constant angular velocity. "When the
voice coil 5 is supplied with an external current, the arm 4 pivots-aboutthe vertical
shaft 4a under the effect of a force developed due to a magnetic field-of the-magnet 7c.
and the current flowing through the voice coil 5.

Thus, as the magnetic disc 3 spins in the direction of an arrow M in FIG. 4, the
head slider 6 installed at the other end of the arm 4 moves substantially radially of the
magnetic disc 3 in the direction of an arrow X in FIG. 4 while floating and running
over the magnetic disc 3. Therefore, the magnetic head 8 installed on the head slider

6 makes a seek with respect to the magnetic disc 3 for recording/reproduction of



FIG 4 is a sketch of the head skider included in the present i nvention,

.showi ng the notions thereof, . .
9 FIG 5 is a sketch of an magnetic disc of the present invention,

showi ng the nmotions thereof for infornmation read and wite; FIG 6
is a plan view of an exanple of the magnetic disc according to the present
I nventi on; FIG 7 is a plan, viewdshowing a range Ain FIG 6 as

enl arged i n scaf@mation signal Ht6frodn apredepanipediccunlivg euclobn thranamwtRtdis 3.
di sc of the present invention, show ng the data and servo zones as

enlarged in scal e; At this time,Fthehefd kEdeér GAKS ivaHIR flodtRY Rfwillee J8LEBEH beflw C
taken along the line B 1-B2 in FIG 8; FIG "10 is a graph show ng

the rel ation IFIGNSGSa bidich SRSV hehhd Aldc Blloal Ve Bidinh OlbeRPALS § %R

the head slider in the nagnetic I C ands and groo
the magnetic head 8 records/reproduces information into/from the magnetic disc 3.

As shown in:FIG. 5, when the head slider 6 comes near the surface of the
spinning magnetic disc 3, it will be given a floatation N, by an air flowing into between
the rails 6a and 6b and the surface of the magnetic disc 3 as the magnetic disc 3 spins.
The floatation N, is a load carrying capacity the air flow gives-to the head slider 6.

When the head slider 6 floats to a height d over the surface of the magaetic disc
3 for recording/reproduction of information into/from the magnetic-disc-3,the
floatation N, is balanced with a weight N, of the head slider 6.

Note that when the floatation N, is balanced with the weight N, of the head
slider 6, for example, during information reading/reproduction, the magnetic head 8
may be in contact with the mégnetic disc 3. At this time, sin;:e: the balanqe, 1s-attained
between the floatation N, and the weight N, of the head slider 6, no vertical drag is
applied from the magnetic disc 3 to the magnetic head 8 and thus the friction between
the magnetic head 8 and the surface of the magnetic disc 3 can be made zero.
Therefore; the friction between'the magnetic head 8 and magnetic disc' 3 can be
eliminated while the magnetic head 8 is in contact with the surface of the magnetic
disc 3.

Next, the magnetic disc according to the present invention, usable in the



~are fornmed in parallel to the track direction; - - FIG 11 is a graph -~
.showing the relation between L& (|l and-groove ratio)and a floatation

applied to the head slider in the nagnetic disc in which |ands and grooves

are formed perpendicularly to the track direction; ' FIG 12 is a
fragnentary sectional view if the magnetic disc of the present invention,
showi ng how the head slider floats over l#e magnetic disc; FIG 13

i s a sketch ofaférethentionsd erspasiv disPdaee s swillbaduaofibed ¢oreeiing Hecopfmnshtion.
di sc of the present invention; FIG 14 is a sketch of the

devel opnment prEIGE%Ss| il & & Afbhetic diss @ P
nventi on: sia/pIER U OF 4h exainplé of WORAEhétic diss GotbrdiiPP IR Aent

s a sketch g:né«géggitoﬂg R Plstl b EQ SEORing il B ATaHES A° Lot SmIBHERE lifsc
showninFIG. 6. FIG. 8 is a perspective view showing the boundary between the servo
and data zones. FIG. 9 is a sectional view taken along the line B,-B, in FIG. 8.

The magnetic disc 3 comprises substrate 13 made of a §ynthetic resin, glass or
aluminum, for example. The substrate.13 has formed lands and grooves corresponc_ling
to data zones 3a and servo zones-3b, respectively. A magnetic film 14 is formed on
the lands and grooves. The servo zones 3b are formed substantially radially of the
center of the magnetic disc 3 as shown in FIG. 6, for example, to appear at every
predetermined interval during information recording/reproduction.

The area ratio between the land and groove in the data.and serve zounes:3a-and
3b will be referred to as “LGR (= Land-Groove Ratio)” hereinbelow.

As shown in FIGS. 7, 8 and 9, the data zone 3a consists of a land 33, for.a
recording track on which an arbit_rary information signal is recorded and a groove 3a,
for a guard band which distinguishes the neighboring recording tracks. Note that the
lands 3a, and grooves 3a, may be formed in parallel to the running direction of the
head slider 6, namely, to the track direction. For formation of a spiral recording track,
for example, the lands 3al and grooves 3a, are formed spirally along the recording

track. It should also be noted that the lands 3a, may be formed continuous

circumferentially or segmented to such an extent that the running of the head slider 6



FIG 16 is a sketch of the stanper production process in manufacture of the -
.magnetic disc of the present invention; FIG 17 is a sketch of the
substrate nol ding process in manufacture of the nagnetic disc of the
present invention; FIG 18 is a sketch of the filmform ng process
I n manufacture of the magnetic disc of the present invention; FI G
19 is a sketch of the magnetic disc prodlzed through the processes shown

in FIGS. 13 twill8otbe adverselyhffectél. is a sketch of an exanple of the
pol ari zer or magnetizer used for rmagnetization of the magnetic disc shown

in FIG 19; Moké fartiédlatly &eikmﬁg?g&%&bsabfﬂﬁgg?ggeﬁg B¢ B'ARESRtng

conducted by the nagnetizer Sshown in 2 is a sketch

f th d iz b ' '
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FIG 20; pl an vPew a gl ass i'n an exanp
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that the data zone 3a on the magnetic disc 3 according to the present invention has a
rather large LGR.

On the other hand, lands 3b; and grooves 3b, are also formed on the surface of
the servo zone 3b as shown in FIGS. 7 and 8.

More particularly, in the servo zone 3b on the magnetic disc 3 accordingto'the
present invention, the lands 3b, form a reference plane and the grooves 3b, correspond
to control signals including servo signal as shown in FIGS. 7, 8 and™9. In the-servo
zone 3b, the lands 3b, and grooves 3b, are magnetized to have opposite polarities-for
recording control signals.

In the servo zone 400 with the servo pits of the conventional magnetic.dis¢.200,
however, the lands 400a are formed for control signals and grooves 400b-are formed- -
to provide a reference plane. The servo zone has an LGR of 1 or less.

On the other hand, the grooves 3b, are formed for control signals-in-the servo
zone 3b of the magnetic disc 3 according to the present invention. Thus, the LGR of
the servo zone 3b is a reciprocal of the LGR in the servo zone 400 on the conventional
magnetic disc 200 in which the lands 400a are formed for control signals. The LGR

in the servo zone 3b is considerably larger than that in the servo zone 400. Namely,



FI G 25.is a graph showing the relation betweeén LGR and varlatlon
.offloatation in the data zone of the glass disc in a conparative exarrple
11 FIG 26 is a graph showing the relation between LGR and vari ation
of floatation in the servo zone; and FIG 27 is a graph show ng the
rel ati on between the floatation differengg normal i zed with the wei ght of
the head slider and the variation of floatation normalized with the

floatation. DT kndEb, RESTRMAIIgENH kred it RE pritREB tE MBER 0 Zone 3b.  FI G
2 is a perspective view of- the magnetic disc drive according to the present

VST, opolaCTMESIAR S SUS s o b gt

chassis 2 for igslgidoes 38, ae4BHAd For control signals and the land 3b, is larger in area than
the groove 3b,. Thus, the area of the groove which would cause the floating height of
the head slider to decrease is made so small that the variation of floating height of the
head slider passing over the zone, more particularly, reduction of the floating height,
can be minimized. Thus,.a more stable recording/reproduction can be realized.

To limit the variation of floating height of the head slider 6, the head stider 6
should preferably be applied with a substantially same floatation i the data zone 3a
and servo zone 3b.

FIG. 10 graphically shows the relation between a floatation.applied.to.the head
slider.and.an LGR at the lands and grooves parallel to the track direction. Thelands
and grooves parallel to the track direction are equivafent to those formed in the data
zone. InFIG. 10,.a solid line Al indicates a relation between the floatation.and LGR
when the groove is 200 nm deep, a chain line A2 indicates a relation when the ‘groove
is 150 nm deep, and a dashed line A3 indicates a relation when the groove-is-100 nm
deep.

FIG. 11 graphically shows the relation between a floatation applied to the head
slider and an LGR at the lands and grooves substantially perpendicular to the track
direction. The lands and grooves perpendicular to the track direction are equivalent

to those formed in the data zone. In FIG. 11, a solid line A4 indicates a relation



alloy or the like, a spindle notor 9 provided behind the flat side of the -
chassis 2, and a magnetic disc 3 which is to be driven by the spindle
notor 9 to spin at a constant angular velocity. Further, the chassis 2 has
provi ded thereon an arm 4 oscillatably about a vertical shaft 4a. The arm
4 has a voice coil nmotor 7 installed at ppe end thereof and a head slider
6 installed at the other end. . The voice coil notor 7 consists of a

cover yoke 7a, béweeh tRe¥QtaSion and D!GRC\?vher?ﬁt] grocdv8ds 80 g%ep;%dch});g&‘g gi}égriﬁse

coil 5 and magnet 7c are disposed between the~ cover yoke

yoke 7b. The npgn@kes’fralstid @q“ okey 7 A1 x{.. .the
head slider 6 adopteesd&rlér%a%%dhe Iﬁ%ﬁ%ﬁ?gg‘é’% {s)sgl ri vgﬁg%’c%r% | n%fhfg blnﬁéqé\lﬁ}&é%aé?ﬁ

i nvention wl | ' er ebel concerning its configuration. FIG 3
is a per spect?gega@ﬁg&vhéﬁ%%g?ogehsag%beﬁnc %®Bad 8 installed on the head
slider 6 ’ . As shown

in FIG 3, the head Qi thatths variatiogafflpatipg hisight of e héadééédermﬁ%ag ovemthes

6a and 6b serving as air bearing surface. The rails 6a and 6b have tapered
servo zone 1s analyzed by the static analysis and the floatation applied to the head

shider is calculated by the average void theory disclosed-in the paper “Averaged
Reynolde Equation Extended to Gas Lubrication Possessing Surface Roughness in the
Slip Flow Regime: Approximate Method and Confirmation Experiments”(ASME
Journal of Tribology, Vol. 111, 1989, pp. 495-503, Mitsuya). Briefly, the average void
theory is such that the floatation applied to the head slider varies depending upon the
direction and depth of the surface roughness even when the ratie inarea-between the
land and groove is same.
In the conventional magnetic disc 200 with the servo-pitsshown in-FIG: 4, the
lands 400a are formed in the servo zone correspondingly to. coatrol signals; the- .GR
in the servo zone is 1 or less and LGR in the data zone is on the order of 1.to 2.
Therefore, to limit the variation of floating height, the conventional-magnetic
disc 200 is designed to have a substantially same floatation applied to-the head slider
in the data and servo zones both having a small LGR.
However, the floatation applied to the head slider varies more in a zone with a
small LGR than in a zone with a large LGR as seen from FIGS. 10 and 11. Thus, a

small difference in LGR between the servo and data zones cause a large difference in



: poftions 6¢c and 6d, fespectively, formed by cutting the ends of the
_respective rail's 6a and 6b. Air is admtted at the tapered portions 6¢c and

~ 6b. - Also the head slider 6 has provided at one end 6e opposite to
the tapered portion 6c of the rail 6a the nagnetic head 8 which
records/ reproduce information signal. 8 The magnetic disc drive 1.

having the above-nmentioned configuration” records/reproduces information
signal as wi | |fidaeatitnsils Aone Wit #9mill UGR,eéil @R o 1orgeFMafatién oF flGatidg héight.
sketch showing the notion of the head slider 6 of the present invention
when recor di NaRel ot Ghagid B OIS @R Ab&RARLN is¥nRlif inGAR LESe BREASH TGRI SC
3. In the fmagneti ¢ disc drive 1 having the above configuration, :
when the spindle | ' | 4 ' . .
const ant angul ar vg?ltggelrf?l%.’ %%%wgﬁbn%gﬁ e col %égoqjléa%&g%%%%e%vl\‘nébﬂ%ﬁsmce
external currept e ar.m 4 pivots aboutt vertical, shaf.t 4a under the
offoct of o f dheLOR PR samitnbicred Mtk dpathtionat Bieh protiuion ot S auhuify
the current fl,owi ng through the vojce coil 5. . hus, as _.the magnetic
disc 3 spins iR Profdicing amegpeticdisg a\&ngemrwfqtﬁmé L@:’[t tisp theconvendon
installed at the other end of the arm4 noves substantially radially of the
magnetic disc cannot be mass produced.

Normally, the molding stamper-for the magnetic disc 200 is prepared using a
cutting machine. Therefore, an LGR for a data zone can only be set discretely
according to a setting of the cutting machine. For the conventional magnetic disc200,
it is almost impossible to attain a completely same floatation
in both the servo and data zones and also it is practically difficult to.completely-ishibit
the variation of floating height.

On the contrary, since the magnetic disc 3 according to the present invention
has formed in the servo zone 3b grooves for control signals, the LGR in the. servozoﬁe

" 3bis large. In the magnetic.disc 3 of the present invention, the floatation-applied to
the had slider 6 in the servo zone 3b is substantially same as that to the head slider 6
in the data zone 3a in order to limit the variation of floating height of the.head slider
6.

When the servo zone 3b of the magnetic disc 3 according to the present
invention has a large LGR, the floatation applied to the head slider 6 in the servo zone

3b is substantially same as that to the head slider 6 in the data zone 3a, resulting ina



magnetic disc-3_in the direction of an arrow X in FIG 4 while fl'oating and
running over the magnetic disc 3. Therefore, the nmagnetic head 8 installed
on the head slider 6 makes a seek with respect to the magnetic disc 3 for

recordi ng/ reproduction of 13
i nformation signal into/froma predeternhged recording track on the
magneti c disc 3. At this tinme, t head slider 6 runs while

floating as wilhigeldeGRlds did dutd zbgd Bavas wellG. 5 .is a sketch showi ng how the
head slider 6 floats over the magnetic disc 3 when the nmagnetic head 8

recor ds/ r epr oduces Astshewatdh FRGS 10 24d { Dthé bﬁiifﬁﬂf?ﬁtﬂd&ﬁﬁggﬁgﬁt ofth]c_; hfﬁ% siifer

shown in FIG 5, when the head slider 6 conmes near the rface o

o ng i o, Rk At g sore vifh o afdE (KR 1dtel LR Bkl chh B el ol he
carryi ng capadiieRe THPre (REHGRmarstf e REE roftha dhfigohe 53 ifthe Hgemetin
L) T RS, M S B St v

t he

magnetic disc 3 is 5.5 or more.

That is, the LGR:in the data-zone.3a of the magnetic disc 3 according to the
present invention may be 5.5 or more, so that a wire large-can be set. Therefore, the
magﬁetic disc 3 of the present invention can be produced with a high productivity and
reduced costs.

The magnetic disc 3 of the present invention is designed so that a difference
between a quotient resulted from division of a floatation appliedto the-head slider-6 .
in the data zone 3a by a weight of the head slider 6 and a quotient resulted from
division of a floatation applied to the head slider 6 inlthe servo zone 3b by .the head
slider weight, is within a range of -0.05 to +0.05. Therefore, it is possible to limit the
variation of floating height of the head slider 6 to less than +10% as will be described
later. Thus, a stable recording/reproduction can be attained with the magnetic disc 3
of the present invention.

Further, in the magnetic disc 3 of the present invention, the head slider 6 has a
length L, in the recording track direction, which is larger than an interval L, between

the servo zones 3b, as shown in FIG. 12. That is, at least two or more servo zones 3b



floatation N err] -is balanced with a weight N2 of- the head slider 6.

-Note that when the floatation N err] is balanced with the weight Nerr] of
the head slider 6, for exanple, during information reading/reproduction,
the magnetic head 8 nmy be in contact with the magnetic disc 3. At this
time, since the balance is atta| ned between the floatation Nlerr] and the
wei ght N2 of the head slider 6, no verticdl drag is applied fromthe

rRgnel] & 156 ot KSR D220t B3N 6 Abully GO0, RSLASR gL 5
B a0 L THREANRS “aﬁﬁ”ettb%sﬁ%ﬁpssc?gw”&%”ﬁ@%%%ﬁ%ioﬁ?”

be ellmnated Wmle
the magnetic t he. ma c disc accordln o the
9 g}n erence 1n the variation ¢ t{oatmg height

present inve mﬂ?%wes% Inyeatipn, cz[uhegs awaveform

14 aforerrentlo?«taﬁi Irl’r'.al netic disc drive 1, will be described concerning its
configuration® ead slider 6 passing over the servo zone 3b, thereby pemuttmg to reduce the

“a

apparent variation of floating height.

Namely, according to the present invention, the variation of floating height of
the head slider 6 is reduced with the reduced interval between the servo zones 3b-and
the waveform interference, not through improvement of the pattern in the servo zone
as in the conventional magnetic disc. Therefore, the magnetic disc 3 according to the
present invention can be designed with a higher degree of freedom.

Next, the process of manufacturing the magnetic-disc 3--having -the
above-mentioned configuration using the optical technology will-be-described-indetail
herebelow. FIGS. 13 to 20 are sketches for explanation .of .the processes of
manufacturing the magﬁetic disc 3 of the present invention.

First,a photoresist 42 is applied to the surface of a glass substrate 41 as shown
in FIG. 13. The glass substrate 41 coated with the photoresist 42-is placed on a
turntable 43. The turntable 43 is rotated in the direction of arrow R-in FIG. 13-and a
laser light 44 is irradiated onto only a portion of the photoresist 42 where.grooves.are
to be formed to cut a pattern.

After the glass substrate 41 is exposed to the laser light 44, the photoresist 42

is developed to remove the exposed portion thereof as shown in FIG. 14.



FIG 6 is a plan view of an exanple of the magnetic disc according to the
-present invention. FIG 7 is a plan view showi'ng in detail a range Ain
the magnetic disc shown in FIG 6. FIG 8 is a perspective view show ng

t he boundary between the servo and data zones. FIG 9 is a sectional view
taken along the line B[err]-Blerr] in FIG_S8. The magnetic disc 3
conpri ses substrate 13 nmade of a synt heti€lresin, glass or al um num

forexanpl e. The sullhenaheshidiesof e ptals3nBKRE A1 GO WHECH HRRPOSE D Bortiod of
data zones 3a and servo zones 3b, -respectively. A magnetic film14 is

formed on thehe HloreSSU DRADBERE rethOFe SR plAted AT 85 &5 érﬂfg»&’m FIG. 15. The

substantially radially of the center of "the magnetic disc as shown ' in
FIG 6, for exadriesi v, Ledeyer | val rin

i nformati on recor d?ﬁé%%@%%gﬁuc?ﬁ%ﬁg st subs ehgraggr&(r;%%%égépﬁkeéggtaﬁéﬂ?gﬂd
and groove iniﬁ dat a and servo zones 3a-and 3b will be referred to as
"LGR ( Land-Goove Rdtio)" herei nbel ow. As shown in FIGS. 7, 8 and
9, the data zone 3g,congists of | and 3aferr] for a,  recording track on
whi ch an ar bi t r ar y ‘Pf-dPAataRRer desqaﬁeﬁ[léﬁ&?@éﬂfﬁwédsa4@@%égk@2 shewn in
guard band whi zh diistingui shes the nei %Bbori ng recordi ng tracks. Note that
the |ands 3a[fd®r174adm gebstrate disgyl e As shawn inFlgals) rahagretichlm ddnisng

direction of the )
formed on the surface of the substrate disc 13 by sputtering or the like method, to

produce the magnetic disc 3 in FIG. 19.

The magnetic disc 3 is poiarized as will be described below. FIG. 20isasketch
of a polarizer 47, and FIGS. 21 and 22 are also sketches-showing-the processes-of
polarizing the magnetic disc 3. |

First, the magnetic disc.3 is set on the polarizer 47.as showa.in FIG. 20.and
rotated in the direction of arrow a as shown in FIG. 21.

Then, while a polarizing magnetic head 48 is being supplied with.a first DC _
current, it is moved radially of the magnetic disc 3 at a predetermined- track pitéh to
magnetize all the lands and grooves on the magnetic film 14 in a same direction, as
will be seen from FIG. 21.

After that, while the polarizing magnetic head 48 is being supplied with a
second DC current having an opposite polarity to that of the first DC current and
smaller than the first DC current, it is moved radially of the magnetic disc 3 at the

predetermined track pitch to magnetize only the lands of the magnetic film 14 in an



head sl i der -6, nanely, to the track direction- For formati.on of a spiral - ...

.recording track, for exanple, the | ands 3al and grooves 3a2 are forned
spirally along the recording track. It should also be noted that the |ands
3aferr] may be formed continuous circunferentially or segnented to such an
extent that the running of the head slidep 6

15 wll not be adversely affected. More particularly, the LGRin
the data zone oggogite d&&tﬂ%ﬁ%ﬂt‘inq)h?&éil eqaHddiand grd el BEvPb&IERAA
is |arger thar?§305 On the ot her hand, e conven onaeF nignetl &S&%

has an LGR i ”u&ﬁﬁa@%ﬁ m%g{lc @LﬁxelgéoA%ﬂum' dphc&&{" qg}hl?ﬁhg%%tﬁ?)x?%n

the data zone 3a on the magn accordi ng e pres

h th t h hand 3b.e

O coves. abo- ar2s LS rtssmonding oA ebptfoldisti i Spgsi PR Brietish thelabd b
in FIGS 7_ an(il . art | uI arlly,, aH he servo, zone 3b on the
magnetic disc %qﬁcﬁ%smp(go&gm control signals from each other.

Examples:

Examples of the present invention to which however the present invention is not
limited will be described in detail hereinbelow with reference to the accompanying
drawings.

Example |

To know whether it is possible to have a large LGR margin in the data zone, a
following glass disc was prepared of which a portion of the servo zone corresponding
to a control signal was formed as a groove to provide a large I.GR-and-which-was
designed for a substantially same floatation to be applied to the head shiderin-boththe
servo and data zones.

The glass disc had data zones formed substaﬁtially éoncentlicaliyznd.224_servo
zones formed radially thereof along the seek orbit of the head slider. A-smoeth surface
area located at a radius of 30.2 mm and having a predetermined.radial width. was
formed on the glass disc.

The servo zone on the glass disc used in this example had formed thereon
grooves corresponding to control signals. Thus, the servo zone on the glass disc had

alarger LGR than the servo zone on the conventional magnetic disc in which lands are



present invention, -the lands 3b[err] forma reference plane and the grooves . -
.3b[err] correspond to control signals including servo signal as shown in
FIGS. 7, 8 and 9. In the servo zone 3b, the lands 3b[err] and grooves 3b2
are magneti zed to have opposite polarities for recording control signals.
In the servo zone 400 with the servo pit§ of the conventional magnetic..di sc
200, however, the | ands 400a are forned Por control signals and grooves

400b are for ne. The servo zone has an LGR of
%eﬁ%o%ﬂ%% rt(ﬁt:@ﬁdt‘?&(%? &

1 or |ess. grooves 3b2 are fornmed for control

| th
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have passed all the areas in the data zone.

Each of the areas in the data zone had an LGR as follows. The first area 51 had
an LGR of 1.7, the second area 52 had an LGR of 2.2, the third area 53 had an LGR
of 3.0, the fourth area 54 had an LGR of 4.5, the fifth area 55 had an LGR of 7.0, and
the LGR of the sixth area 56 was infinite, namely, it had a flat and smooth surface.

Note that all the grooves-in the servo and data zones weré about 200 nm deep
and track pitch in the data zone is 3.2 um in each area.

Therefore, when the head slider passes over the glass-disc; the- variation-of
floating height of the head slider can be measured in each of the.areas-since the LGR
in the servo zone is.fixed and the LGR in the data zone varies from one area to
another. i

For preparation of this glass disc, a photoresist was first applied to the-surface
of the glass disc, and exposed to a laser light defining a pattern of each.of the sérvo
and data zones based on a cutting data. |

Next, the photoresist was developed to produce a mask pattern. Then, the glass
disc was subjected to a reactive ion etching (RIE) to form the above-mentioned servo

and data zones of 15.5 to 35.0 mm in radius. No magnetic film was formed on the



.the land 3b[err] is rather larger in area than the groove 3b2 in the servo
-zone 3b. In the servo zone 3b of the magnetic disc 3 according to
the present invention, the grooves 3b2 are fornmed for control signals and
the land 3b[err] is larger in area than the groove 3b2. Thus, the area of
the groove which would cause the floatingsheight of the head slider to
decrease is made so snmall that the variation of floating height of the
head slider pagaisdjsover the zone, nore particularly, reduction of the
floating height, can be mnimzed. Thus, .a nore stable

recordi ng/ repr oductTlmrglsssrdib@wh@akéctﬁﬁevaluate the rela@iohibetwed@ie [aGRAA it dsh
floating height of the head slider 6, the head slider 6 should preferably

be applied wi tda,naaau%haﬁsﬁarhsawﬁelghp@mameﬁwm&he data zone 3a and
servo zone 3b 10 graphi l'y shows the relation between a
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t he groove-is -100_nm deep
g Fn irst, the glass disc was spun at a speed of 4,000 rpm. A laser vibrometer was

._(

used to measure the floating height of the head slider in the smooth surface area
located at a radius of 30.2 mm on the glass disc. The vibrometer measures-a floating
height of the head slider by differentiating a reference light irradiated-onto-the glass
disc and a measuring light irradiated to the rear end of the head slider. The head slider
floats about 50 nm when the head slider moves at a rate of 7 m/s.in relation to-a
magnetic disc.

The results of the measurement are shown in FIG. 24 in which the hoﬁzental
axis indicates LGR in the data zone while the vertical axis indicates variation of
floating height of the head slider.

Normally, a variation of floating height of the head slider passing over.the servo
zone, which is within +10% of the floating height, is within an allowable range in
which the magnetic disc drive can normally operate in practice. Thus, the allowable
variation of floating height may be said to be less than 10% of the floating height and

less than 5 nm.



FIG 11 graphically shows the relation between a floatation applied to the

. head slider and an LGR at the | ands and grooves substantially

perpendi cular to the track direction. The | ands and grooves perpendi cul ar

to thetrack direction are equivalent to those fornmed in the data zone. In
FIG 11, a solid line A4 indicates a relahion _
17 between the floatation and LGR when e groove is 200 nm deep, a chain

jpne /o Lnd! cal a3 dvdah bANMIRRIL BE nith 8B FehPshbafh lﬂrplgegaz whdf8 1R e d

| ine A6 indicates are I on the groove 1Is
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o P e o ey S ey e LR i th %Véa?a?zénréels in pé"él'at”ﬁt Whets the data pone s flat
and smooth. Therefore, it was proved that the glass disc used in this experiment was
.allowed a very large:margin for the LGR in the data zone when the LGR in the data
zone in which the variation of floating height is within the allowable range is within
a range of 5.5 to infinity.

As seen from the above description, the variation of floating height of the head
slider can be limited when the floatation applied to the head slider in the data zone is
substantially same as that applied to the head slider in the servo zone. The LGR inthe
servo zone of the glass disc used in this experiment is rather larger-than-that inthe
servo zone of the conventional magnetic disc. Thus, in the magnetic disc in this
experiment the variation of floating height of tHe head slider is minimum-when.the
LGR in the data zone is about 7 to 10.

As revealed from the foregoing, it can be attained by forming a groove-land
pattern so that a portion corresponding to a control signal is concave-while-a-reference
plane lies. in the top of a land that the land in the servo zone can be.larger.in area that
the groove, namely, the LGR in the servo zone can be larger, and that the LGR margin

of the data zone can be large for limiting to less than S nm the variation of floating

height of the head slider passing over the servo zone.



Journal of Trirbol ogy, Vol. 111, 1989, pp. 495-503, Mtsuya)" Briefly, the
.average voird theory is such that the floatation applied to the head slider
vari es depending upon the direction and depth of the surface roughness
even when the ratio in area between-the |and and groove is sane.

In the conventional magnetic disc 200 wi tdg the servo pits shown in FIG 1,
the lands 400a are fornmed in the servo zone correspondingly to control

signals, the LR igidelifie AfdpHetd BRE LA th BE alcfdiicrtithel SRodriint iiasidled 118138
Here t var

is on the order of 1 to adlonﬁ
fl oati ng hei ght g.ﬁ.p{g ned Lo .have
subst an'? I all 3%%%9&@ oa 'ﬁ%@ggb?%f&kﬁ% u?‘ﬁe%ggﬁg%, Bgc’rvgfl agae t(!l%fha? g'lﬁé 4
servo zones b However, the oatation applie
to the head s?"}’%‘?‘ﬁééﬁge@" r?o%"étaPt?cgrE@ﬁéPWdPﬁﬁan small LGR than in a zone
with a large LGR at seen from FI % 10 and 11. Thus, a small difference in
LGR between the se 1 S cause a large difference in

For evaluation of the relation between the data zone LGR and variation of

floating height of the head slider in the conventional magnetic disc with the servo pits
formed therein, a glass disc was prepared as will be described below.

The glass disc had data zones formed substantially concentrically and 224 servo
zones formed radially thereof along the seek orbit of the head slider. A smooth surface
area located at a radius of 30.2 mm and having a predetermined radial width was
formed on the glass disc.

The servo zone on the glass disc used in this comparative-exampte -had formed
thereon a groove-land pattern in which grooves correspond to control signals-and-the
lands provide a reference plane. Also the glass disc had formed pits whose shape and
height are similar to those in the servo pits pre-formed on the conventional magnetic
disc 200. Thus, the servo zone on the glass disc had an LGR as small as-about 1. The
glass disc used in .this comparative example 1 has no magnetic film-formed-thereon.

Similar to the glass disc shown in FIG. 23, the data zone of the glass disc was
divided radially into six areas whose are different in LGR from each other. The glass
disc was disposed so that when the head slider turned around the glass disc, it would

have passed all the areas in the data zone.



18 floatation in a zone with a smal |l LGR; resulting in allarge vari ation of
.floating height. Nanely, the margin of LGR for the floatation is small in

the zone of small LGR Therefore, the conventional nagnetic disc
200 i s di sadvantageous in that since the LGR margin cannot be |large for
the floatation, a high precision cannot attained in producing a
magnetic di sc having a predetermned L hat is, the conventional

megneti ¢ di SC.canmmichhsF (AR faB iR EiecEsa zone had an NORTB FollowsheTRORE: ragea had
stanper-for the nmagnetic disc 200 is prepared using a cutting machine.

Therefore, ang-COR 60.2 WRBcqRNE£ AR BRLGIOBEOS! ilBHSkEl Had APLORIEHO! ©

a setting of the cutting m : e conventional magnetic

Servo and datSeagth gk i %&i@? PEL TR Attt ’fl%ﬁ‘?#@?f’? S e PORlot "°
the magnet i o WESUs SR Sruiiie R ey o B8 Ia ADd TR0 SHESH or o .S'n”f he
servo zone 3b gro ves for control signals, the LGRin the servo_zone 3b is
large. In the magridetedhet;alkthg gspovesdn gxwm @ﬁtzpw wengcabou 09 pmpfeep
?Eglt [ ;ag E ﬁe nghgggk sllt;clphdgthSd;trz]i ztorrlxg v?aesr3v5) pfr?&eea%g alresa substantially same as

Therefore, when the head slider passes over the glass disc, the variation of
floating height of the head slider can be measured in each of the areas since the LGR
in the servo zone is fixed and the LGR in the data zone varies from one area to
another. Note that the glass disc used in this comparative example 1 was prepared
similarly to the example 1 having been described in the foregoing.

The glass disc was used to evaluate the relation between-the-{:GR-inthe data
zone and variation of floating height of the head slider. The headsﬁder used in-this
experiment was similar to that used in the example 1.

First, the glass disc waslspun at a speed 0f 4,000 rpm. Asinthe eﬁcperimént.of
the example 1, a laser vibrometer was used to measure the floating height of'the head
slider in the smooth surface area located at a radius of 30.2-mm-on the glass disc.

The results of the measurement are shown in FIG. 25.in which the horizontal
axis indicates LGR in the data zone whilé the vertical axis indicates variation of
floating height of the head slider.

As revealed from the results of measurement shown in FIG. 25, when the LGR



in the data.zone 3a in order to limt the variation of floating height of:
~the head slidér 6. - When the servo zone 3b of the magnetic disc 3
according to the present invention has a large LGR, the floatation applied
to the head slider 6 in the servo zone 3b is substantially sanme as that to
the head slider 6 in the data zone 3a, regulting in a

19 large LGR in the data zone 3a as well. As shown in FIGS. 10 and

11, the vari atih@he @4ta EJ)% hﬁﬁteﬂ% g E‘éngéfoffaBSuthﬁ@g) 30l t‘ﬁ@ Wm@txdr?ofsﬂ@éting' Height

zone with a large LGR a large-LGR nargin can ken ‘agai nst the

floatation. Thefeho é?c,s t_h sLER »VH&: 1§‘vﬁ Bfte %ﬁk}gfﬂ%%ﬁ%bﬁ ar%@%ﬂﬁgtat‘%ﬂ

the magnetic dISC the presen |nv i on )
he d . That.
2 he e "R «zgtfe PB4 el e E g

?—Lgf SP E) r ; ’nv © ”ffl?ié %%mgel 15th5e rgxrlge ofr cﬁta zsoonr:at i](?r{{ in w\glcrhethle %r aetlc?nagf gaushegthelght

of the head slider passing over the servo zone is limited to less than 5 nm included in
the allowable range, is very limited.

As seen from a comparison between the example 1 and comparative example
1 having been descﬁb'ed in the foregoing, the data zone LGR range in which the
allowable range of the variation of floating height of the head slider is included can be
wide, namely, the margin for the data zone LGR can be large, by forming, ‘of the
grooves and lands in the servo zone, a portion corresponding to a control signalasa
groove and a reference plane as a land. Thus, the variation of fleating héight.of.the
head slider can be limited more easily and effectively, thereby assuring a more stable
recording and reproduction. Therefore, the present invention can provided a magnetic
disc and magnetic disc drive suitablé for mass prociuction.

Next, the allowable range of the variation of floating height-of the head slider
and a corresponding floatation applied to the head slider was evaluated.

Example 2

For evaluation of a practical range of the variation of head slider floating height
and a corresponding range of floatation applied to the head slider in view of the

recordability and reproducibility of the magnetic disc, a glass disc was prepared as will



magnetic disc 3 of the present invention can be produced with a high
.productivity and reduced costs. The magnetic disc 3 of the present
invention is designed so that a difference between a quotient resulted
fromdivision of a floatation applied to the head slider 6 in the data
zone 3a by a weight of the head slider 6 gnd a quotient resulted from
division of a floatation applied to the ﬁ ad slider 6 in the servo zone 3b

by the head [ ey | M thin a range of -0.05 to +0.05. Therefore,
it is possibl ?et%gﬁmn?dt&t %fél\f;ogyﬂln tion of floating height of the head

slider 6 to less t 9 144 ied . later. Thus. .a.stable
recordi ng/repr pduc?‘lﬁgﬁﬂagégri]ﬁ%gg\éa({Pﬁpggﬁéﬁ{eﬁ%ed%ﬁwf|°8n%1"§13°§® @fmpﬂgnd
Prvent i on ¢ h&4R8kr 2qmes forogedradially ftuigfn Sehebit of e head sider T W epediec
i nventi on, .

direction, whi.ch, is larger than an interval L2 between the servo zones 3b,
as shown in Flgtugex 2ihad ne maggstic film formed therson. o Az gmesethasurface area

located at a radius 0f29.3 mm and having a predetermined radial width was formed
on the glass disc.

The data zones were formed at a track pitch of 4.8 ym. The data zones had a

fixed LGR of 2.0.

Each of the 64 servo zones had grooves perpendicular to the radius of the glass
disc, not the servo pits as in the conventional magnetic disc. The data zone was
divided into six areas different in LGR from each other as in the glass disc shown in
FIG. 23. The glass disc was disposed so that when the head slider turned around-the
glass disc, it évould have passed all the areas of the servo zone.

Each of the areas in the data zone had an LGR as follows. The first area-had
an LGR of 1.0, the secénd area had an LGR of 1.5, the third area had an LGR of 2.0,
the fourth area had an LGR of 2.3, the fifth area had an LGR of 3.2, and the sixth area
had an LGR of 3.8. All the grooves in both the servo and data zones were about 200
nm deep.

Therefore, when the head slider passes over the glass disc, the variation of
floating height of the head slider can be measured in each of the areas since the LGR

in the servo zone is fixed and the LGR in the data zone varies from one area to



20 are covered by the length L[err] of the head slider 6 floating over the - ...
.magnetic di-sc 3. Thus, the small interval between the servo zones

3b in the magnetic disc 3 of the present invention causes a waveform
interference in the variation of floating height of the head slider 6

passi ng over the servo zone 3b, thereby permtting to reduce the apparent
variation of - fl oating height. Narel y, according to the present

i nvention, thenygetati on of floating height of the head slider 6 is

reduced with the reduced interval betmeen the servo zones 3b and the

wavef or m i nterf er egg, 14}9%%&1&9&%& rQIfa BH%ei%ﬁ?h%é‘ L'G‘RH‘&&S@&X 0

zone as in the conveftion magnetl ere ore magnetic disc 3

froedom - - 20 gl FaRod %fr‘ AR %ﬁg&?ﬁw%@%a? fier “#}‘s‘aﬂal?&%ﬂﬁ? s
havi ng t he a%gl\)/%e};étggﬁrl\qt | gghn %onfl urat nthg? ?xﬁpl[fgle optical technol ogy wll
be described i are sketches for

expl anati on of thnggocesses of rranuf acturin the magneti ¢ disc 3 of the

present invention. the glassidisgiwasspyR@t 8 spegdsaf 490Q epmapAs i thetexpeniment of

surface of a glass substrate 41 as shown ) )
e example 1, a laser vibrometer was used to measure the floating height of the head

slider in the smooth surface area located at a radius 0£29.3 mm on the glass disc. The
results of the measurement are shown in FIG. 26 in which the horizontal axis indicates _
LGR in the data zone while the vertical axis indicates variation of floating height of
the head slider.

As revealed from the results of measurement shown in EIG. 26, when the LGR
in the servo zone is 3.2.while that of the data zone is 2.0, the variation-of Hoating
height of the head slider passing over the servo zone may be said-to-be nearly zero.

| Also, as shown in FIGS. 10 and 1 1, the floatation applied to the head slider when the
data zone LGR is 2.0 can besaid to be substantially same as that-applied tothe head
slider when the servo zone LGR is 3.2.

The above shows that.the nearly same floatation to the head-slider.in both the
servo and data zones is effective for limitation of the variation of floating height. Also;
it is also shown tﬁat a static analysis using the floatation to the head slider as a

parameter can suitably be used for analysis of the variation of head slider floating

height.



-in FIG 13.. The gl ass substrate 41 coated with the photoresist 42 is placed..__.
on a turntable 43. The turntable 43 is rotated in the direction of arrow R

in FIG 13 and a laser light 44 is irradiated-onto only a portion of the

phot oresi st 42 where grooves are to be fornmed to cut a pattern.

After the glass substrate 41 is exposed 12 the laser light 44, the

phot oresist 42 is developed to renove thée exposed portion thereof as shown
Then,

in FIG 14. . . . . 2 .

Itﬂe surface of the Ngﬁxgts@s relaficnt petween the foatatienand Haé“aé%o%felﬁeaplﬁ‘o?l’cqeéﬁl‘@ﬁmg
t he photoresist. has, been.renpved | s pl ated_w,t |.ckel .45 as shown in
FIG IO15. The ﬁﬁféﬂ%&“i%“ﬁ’%dn @%‘ng%\f“é&itﬁ Fﬁ?ﬁ‘"ﬂ Hngira’gs rivgdaespit ishowadn
as a stanper as_sho in FIG, 16. Then, the stanper 46 is

i nstal | egp on ﬁ%igfmd%eb aggrmptiged yalugsofsh guptions resulted fromt @ disosidnof the

substrate disc 13... As shown in FIG 18, a magnetic film14 is
variation of floating height of the head slider passing over the servo zone by the
floating height is indicated along the vertical axis and a normalized value of a quotient
resulted from a division of the difference between the floatation applied to the head
slider in the data zone and that in the servo zone by the weight of the head slider is
indicated along the horizontal axis.

As apparent from FIG. 27, the normalized variation of head slider floating
height is generally proportional to the normalized floatation applied to the head slider.
The straight line showing the relation passes by the origin dfthe graphin F1G. 27. A
range of normalized floatation to the head slider which will implement a-variation of
head slider floating height with no practical problem can be determined from the-graph
shown in FIG. 27. |

That is to say, since the practical range of variation of floafihg height is +10%
of the floating height, FIG. 27-will show an allowable range of a floatation normalized
with a head slider weight is~0.05 to +0.05.

Therefore, the above results show that the floatation applied to the head slider
in the servo and data zones, respectively, should be identical to each other in order to

zero the variation of floating height of the head slider passing over the servo zone.

Also, it is shown that to limit the variation of floating height of the head slider



formed on the surface of the substrate disc 13 by- sputtering or the like.

.method, to . produce the magnetic disc 3 in FIG 19. The magnetic
disc 3 is polarized as will be described below FIG 20 is a sketch of a
pol ari zer 47, and FIGS. 21 and 22 are al so sketches showi ng the processes
of polarizing the magnetic disc 3. First, the magnetic disc 3 is

set on the polarizer 47as shown in FIG.2% and rotated in the direction of

arrow a as shoyfsing dvefthe’sbrvo zone to a pratical Witeng, the %r%rdf | fSh etic head
f DC t I's rmoved ra

48 is being supplied with a first current, | ralTy of the

regnetc 9 50 Pt LAY At HABE ALl dugdFRIR LTS Gllqble Lands

and grooves on the nmagnetic sane dir e seen
fromFI G 21. f{ar hat i l,e the polarjzin neti c head 48 ]
bei ng suppl i ed W-tﬁhg%é@e%%m%@-2?&?%@3@??588353%@%, ‘P‘W“tgié-.
that of the figfst current and mal Ler than the first, DC current, it is
noved radi al | fscsa@f]t?ﬁ% %ﬁ@?@t&f@ gmb&ﬂomﬂﬁeadé derdfloatingcheightdn agnagnetico
magneti ze only_the | ands of the magnetic film14 in an ' _
disc in which the data and servo zones has a small LGR. The magnetic disc showing

the results of experiment in FIG. 26 had in the servo zone a pit pattern formed from
simple grooves and lands, namely, it is an ordinary magnetic disc with pits formed in
the servo zone thereof. The results shown in FIG. 27 are common to various types of
magnetic disc, and so are applicable to the magnetic disc according to the present
invention in which a portion corresponding to a control signal is formed as a groove.
As having been described in the foregoing, the lands formed in the control
signal recording zone on the magnetic disc according to the present invention-are
smaller in area than grooves also formed therein, so that the grooves will less-reduce
the floating of the head slider in the control signal recording zone.- Therefore, the
variation of ﬂoating height of the head slider passing over the control signal recording
zone can be minimized. The magnetic disc according to the present invention can thus
have a stable recordability and/or reproducibility, and also.assure-a high reliability.
Also in the magnetic disc according to the present invention, a difference
between a quotient resulted from division of a floatation appiied to the head slider in
the information recording zone by a head slider weight and a quotient resulted from

division of a floatation applied to the head slider in the control signal recording zone



22 opposite direction of that in which all the | ands and grooves have been-
.magnetized.as in the above. This is showmn in FIG 22. At this tine, the
direction in which the groove 3b2 forned corresponding to a control signal
is opposite to that in which the |and 3b[err] formed as a space to

di stinguish control signals fromeach other. Exanpl es:

Exanpl es of the present invention to whi éR however the present invention is

t limted wl i bed in.detal ' | f . 1.0 t
nccorpanyi ng Byt RadREr e isnfdto o MREELFRVSY A 8F, FRLEHENaRAlBR P
I ble to have,a,.l,arge L mafgin in the data e, a_foll.omn | a
8?:? vvag prepi’%@q} shide P@H‘%ﬁ‘ﬁﬁ?k%lbﬁfm{m@l@gr@@o &’Sn’é‘a%‘?t’rceg’ﬁ\gn@qsng Stq0%¢ a
control signal was fqormed as a grogve to provide a |large LGR and whi ch was

desi gned for A&y 1115&4&9&'%[0?%9@0?11%%& ation to be applied to the head

'slider in both the_servo and data zones. . . .
urther in the magnetic disc according to the present invention, a control signal

recording zone is formed at every predetermined interval ﬂong the recording track and
the length of the head slider in the recording track direction is longer than the
predetermined interval. . So, the variation of floating height of the head slider passing
over the control signal recording zone can be subjected to a waveform interference to
effectively minimize the apparent variation of head slider ﬂoaﬁng height. Thus, the
present invention can provide a stably recordable and/or reproducible, and highly
reliable magnetic disc. |

The minimization of the apparent variation of floating height by the waveform
interference permits to more freely design a magnetic disc-," different -from the
conventional method of designing a servo zone pattern, more easily. manufacturethe

magnetic disc and realize a highly efficient mass production with reduced costs.



The gl ass disc had data zones forned substantially concentrically and 224
.servo zones formed radially thereofal ong the seek orbit of the head
slider. A snooth surface area |located at a radius of 30.2 mm and having a
predeterm ned radial width was formed on the glass disc. The servo
zone on the glass disc used in this exany%e had forned thereon grooves
corresponding to control signals. Thus, e servo zone on the glass disc

had a | arger t Yo zone on the conventional rragnet'i c disc in
whi ch | ands a ﬁﬁmﬁﬁé’ for rred

correspondi ngly to,contral signa ta zone ofih glas
was di vi ded rhdi alfynagnesc disg r%ﬁogigblggnd/ggrep;gc?uogﬂ %Y @gn%t@(;f 13{sTeSh
FIG 23, whose are different in LGR from each other. The glass disc vvas

di sposed so t #R/orseprodusiblp bya magnese head mstalled onraheadsligerdssigrieddo float at

woul d have passed all the areas in the data zone.
at least a part thereof owing to a floatation developed by an air flow between the head

slider-and the surface of the magnetic disc during recording and/or reproduction,
having on a surface thereof:

an information recording zone in which groove-like grooves are formed along
a recording track and arbitrary information signal is recorded at a land between the
lands; and

a control signal recording zone in which grooves and lands corresponding to
control signals including at least a servo signal are formed and magnetized to have
opposite polarities to record the control signals;

each land in the control sién‘al recording zone being farger in area than each
groove in the zone.
2. The magnetic disc as set forth .in Clafm 1, wherein the land in.the information
recording zone is 5.5 times or more larger in area than the groove in the zone.
3. -Themagnetic disc as set fortlrin Claim 1, wherein in the informationTecording
zone,a difference between a quotient resuited from division of a floatation-applied to
the head slider in the information recording zone by a head slider weight and a
quotient resulted from division of a floatation applied to the head slider in the control

signal recording zone by the head slider weight is within a range of -0.05 to +0.05.

_—
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Each of the areas in the data zone had an LGR as follows. -The first area 51 .
-had an LGR of 1.7, the second area 52 had an LGR of 2.2, the third area 53
had an LGR of 3.0, the fourth area 54 had an LGR of4.5, the fifth area 55
had an LGR of 7.0, and the LGR of the sixth area 56 was infinite, nanely,
It had a flat and snooth surface. te that all the grooves in the
servo and data zones were about 200 nmde€ep and track pitch in the data

zone is 3.2 [grr] mn.. .area. . -ef or. - s] i dey:
passes over t e gl A28 nRGEGCHRR a5 setfor s CHAR! Chberdlit {Qi1SRtaf o Rlng
slider can be _neasured i,n each, ofthe areas since, the LCGR in the servo
Jone 1 5. 11 xedOUREF oREe &b PreicaTiard el YaRS e FrasfiaEadk &t o

anot her. For, prepar.ation of. this g]ass disc,, a photoresj st s fjrst
applied to the-sur %@CO@%H@C&@@*@P&!CH&&H@&%@% 55}65 iis lagger | tham the
defining a pattern of each of the servo and data zones based on a cutting
dat a. mésde,temecbnﬁmabsi st was devel oped to produce a mask pattern.
Then, the glass disc was subjected to a reactive ion etching (RIE) to form
t he above- nentd oned megnatic disciddest, comprstngdf 15.5 to 35.0 mmin radius. No

magnetic filmwas fornmed on the
a magnetic disc;

a head slider designed to float at at least a part thereof owing to a floatation
developed by an air flow between the head slider and the surface of the magnetic disc
during recording arid/or reproduction; and

a magnetic head installed on the head slider to make recording and/or
reproduction into/from the magnetic disc;

the magnetic disc having on a surface thereof:

" an information recording zone in which groove-like grooves are formed along
a recording track and arbitrary information signal is recorded at a land between the
lands; and

| a control signal recording zone in which grooves and-1ands corresponding to
control signals including at least a servo signal are formed and -magnetized to have
opposite polarities to record the control signals;

each land in the control signal recording zone being larger in area than each

groove in the zone.

6. The magnetic disc drive as set forth in Claim 5, wherein the land in the

R
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24 gl ass disc. - The gl ass disc-was used to evaluate the relation
between the LGR in the data zone and variation of floating height of the
head sl i der. The head slider used in this experinent was an
ordinary 50% nano slider 2.0 mmlong and 1.6 nm wi de. The head slider was
a flat type conprising two 200 [err]n}mﬁgg rails tapered by cutting. The
head slider weighed 3.5 ¢gf. Firsty the glass disc was spun at a
speed of 4, 00Gnhfopfiutidh teRdediny £EHOI¥ES. 8 kimRor iGiRdariger 84 titan!the grdb®at inltHe
hei ght of the head slider in the snooth surface area |ocated at a radius
of 30.2 mmonzhhe gl ass disc. The vibroneter nmeasures a floating height of
the head slider by differentiating a reference light irradiated onto the
glass disc a a i | 4t - i . r el

dl [der, "The ndadel TRERHenfls i Uritd SER IR HCRAE 5t SRl e LliEpREgtn

rate of 7 nis r&':c%rcrh%lgaztohg,na difrefencTBeRTS c(ljtll Stient resulted from division of a floatation

applied to the head slider in the information recording zone by a head slider weight and
a quotient resulted from division of a floatation applied to the head slider in the control
signal recording zone by the head slider weight is within a range of -0.05 to +0.05.
8. The magnetic disc as set forth in Claim 1, wherein the control signal recording
zone is formed at a predetermined interval along the recording track; and

the recording track-directional length of the head -slider is Jarger than the

predetermined interval.

_
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. The results of the neasurenent are shown in FIG 24 in which the horizontal
,axis indicates LGR in‘the data zone while the vertical axis indicates
variation of floating height of the head slider. Normal ly, a
variation of floating height of the head. slider passing over the servo
zone, which is within [err]10% of the floating height, is within an

all owabl e range in which the magnetic disc drive can nornmally operate in
practice. Thus, the allowable variation of floating height nay be said to
be less than 10% of the floating height ahll |ess than 5 nm

25 ~As revealed fromthe results of nmeasurenment shown in FIG 24,
when the LGR in the data zone is 5.5 or nore, the variation of floating
hei ght will be less than 5 nm which is within the all owabl e range. Al so,

the variation of floati MPONEIHG DASQ A0 MAGNETIL, PISCPRIVEY the LGR in

the data zone is infinite, that is, when the data zone is flat and snooth.

Therefore, | pARARRCIVEEH TR DIKEE. 3RGRE di sc used in this experinment was

Recording into and reproduction from the magnetic disc 3 is done a magnetic
head installed on a head slider of which at least a portion is floated during the
recording/reproduction. On the magnétic disc 3, there are formed a data zone 3a
consisting of groove-like grooves 3a, are formed along the recording track and lands
3a, formed between the grooves 3a, and on which an information signal is recorded,
and a servo zone 3b to record control signals and consisting of grooves 3b, and lands
3b, corresponding to control signals including a servo signal and magnetized to have
opposite polarities. In the servo zone 3b, the lands 3b, are larger in area than the

grooves 3b,.

Figure 7



allowed a very large: margin for the LGRin the data zone when the LGR in
the data zone in which the variation of floating height is within the

al lowabl e range is within a range of 5.5 to infinity. As seen from
t he above description, the variation of floating height of the head slider
can be limted when the floatation applied to the head slider in the data
zone is substantially sane as that applied to the head slider in the servo
zone. The LGR in the servo zone of the glass disc used in this experinent
is rather larger than that in the servQsagne of the conventional magnetic
disc. Thus, in the magnetic disc in this experinent the variation of
floating height of the head slider is mninmmwhen the LGR in the data
zone is about 7 to 10. As revealed fromthe foregoing, it can be _
attained by formng a groove-land pattern so that a portion correspondi ng
to a control signal is concave while a reference plane lies in the top of
a land that the land in the servo zone can be larger in area that the
groove, nanely, the LgR in the servo zone can be larger, and that the LGR
margin of the data ﬂQne can be large for limting to less than 5 nmthe
vari ation of floatinqggbeight of the head slider passing over the servo

zone. SN
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26 Since the magnetic disc used in the aforementioned experinment
.assures a large LGR margin for the data zone, the present invention can

provi de a magnetic disc and nagnetic disc drive suitable for nass
For eval uation of the

producti on. Conparative exanple 1

rel ati on between the data zone LGR and variation of floating height of the
head slider in the conventional magnetic disc with the servo pits forned
therein, a glass disc was prepared as will be described bel ow. The

gl ass disc had data zones forned substagtizlly concentrically and 224 servo
zones formed radially thereof along the €&k orbit of the head slider. A
snooth surface area located at a radius of 30.2 mm and having a
predeterm ned radi al wgdth was fornmed on the glass disc.

zone on the gl ass discgpsed in this conparative exanple had forned

The servo
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t hereon a groove-land pattern in which grooves correspond to control
signals and the |ands provide a reference plane. Also the glass disc had
formed pits whose shape and height are simlar to those in the servo pits
pre-formed on the conventional nmagnetic disc 200. Thus, the servo zone on
the glass disc had an LGR as smal| as-about 1. The glass disc used in this

conparative exanple 1 has no magnetic filmformed thereon. Simlar
to the glass disc shown in FIG 23, the data zone of the glass disc was
divided radially into six areas whose ar. ifferent in LGR fromeach other.

The gl ass disc was di sposed so that wh@%lthe head slider turned around the
glass disc, it would have passed all the areas in the data zone.

27 Each of the areas in the data zone had an LCGR as foll ows. The
first area had an LGR of 0.2, the second area had an LGR of 0.5, the third
area had an LGR of 1.0, the fourth area had an LGR of 1.7, the fifth area
had an LGR of 7:0, and theghR {i W was 1 nfi , hanely, it

had a flat and snpoth surface.
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Note that all the grooves in the servo and data zones were about 200 nm
deep and track pitch in the data zone was 3.2 [err]min each area.
Therefore, when the head slider passes over the glass disc, the variation
of floating height of the head slider can be neasured in each of the areas
since the LGR in the servo zone is fixed and the LGR in the data zone
varies fromone area to another. Note that the glass disc used in this
conparative exanple 1 was prepared simlarly to the exanple 1 having been

described in the foregoing. The gl ass disc was used to eval uate the

rel ati on between the LGR in the data zq nd variation of floating height
of the head slider. The head slider used‘i'n this experinment was simlar to
that used in the exanple 1. First, the glass disc was spun at a

speed of 4,000 rpm As in the experinent-of the exanple 1, a |aser

vi brometer was used to neasure the floating height of the head slider in
the snooth surface area |located at a radius of 30.2 mmon the glass disc.
The results of the neasurenent are shown in j n which the horizont al
axis indicates LGR in the data zone while tHh al axi s indicates
variation of floating height of the head sl

™
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As revealed fromthe results of measurement shown in FIG 25, when the LGR
.28 inthe data zone is limted to a range of about 0.6 to 2.0, the
variation of floating height wll be less than 5 nmwhich is within the

al l owabl e range. Since the floatation applied to the head slider varies

| argely in an area whose LGRis small as shown in FIGS. 10 and 11, the
range of data zone LGR in which the variation of floating height of the
head slider passing over the servo zonegg7inmted to less than 5 nm
included in the allowable range, is very limted.3 As seen from a
conpari son between the exanple 1 and conparatiig/ekanple 1 havi ng been
described in the foregoing, the data zope nge in which the allowable
range of the variation of floating#A head slider is included
can be wde, nanely, the margi 5EF | ar ge, by
form ng, of the grooves and |3 on
corresponding to a control siAjRNAS\&\\\YLIOO &/ 20 N\Rf erente plane as a
| and. Thus, the variation of ' &
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head slider can be linmited nore easily and effectively, thereby assuring a
nmore stable recording and reproduction. Therefore, the present invention
can provided a magnetic disc and nagnetic disc drive suitable for nass

producti on. Next, the allowable range of the variation of floating
hei ght of the head slider and a corresponding floatation applied to the
head slider was eval uat ed. Exanple 2 For eval uation of a

practical range of the variation of head slider floating height and a
correspondi ng range of floatation applieg,/{p the head slider in view of the
recordability and reproducibility of the magnetic disc, a glass disc was
prepared as w | : 29 be
described in the foll ow ng. The gl ass disc used in the exanple 2
had data zones concentrically fornmed and ~ 64 servo zones fornmed radially
along the seek orbit of the head slider. The gl ass disc

3b SERVO

HEAD MOVING
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in this exanple 2 had no magnetic filmformed thereon. A snooth surface
area |located at a radius of 29.3 mm and having a predeternined radial

wi dth was forned on the glass disc. The data zones were fornmed at
a track pitch of 4.8 [err]m The data zones had a fixed LGR of 2.0.

Each of the 64 servo zones had grooves perpendicular to the radius of the
glass disc, not the servo pits as in the conventional nagnetic disc. The
data zone was divided into six areas different in LGR fromeach other as
in the glass disc shown in FIG 23. Thé/&FVass disc was di sposed so that
when the head slider turned around the glass disc, it wuld have passed
all the areas of the servo zone. Each of the areas in the data zone
had an LGR as follows. The first ar8bp1hadh Le of 13®&1 the second area
had an LGR of 1.5, the third area ha 2 B2 t(he fourth area had
an LR of 2.3, the fifth area hag\QQA\QB\hf ; ixth area had an
LGR of 3.8. Al the grooves in \dr e about 200
nm deep. Ther ef ore, when it ad Sl jAder, r the glass disc,
the variation of floating heig of t ag/ sl e n;gsured in
each of the areas since the LCGR
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in the servo zone is.fixed and the LGR in the data zone varies fromone
area to 30 anot her.

The gl ass disc was used to evaluate the relation between the LGR in the
data zone and variation of floating height of the head slider. The head
slider used in this experinent was simlar to that used in the exanple 1.
First, the glass disc was spun at a speed of 4,000 rpm As in the
experinment of the exanple 1, a |aser vibroneter was used to neasure the
floating height of the head slider in 8heé7snooth surface area |located at a
radius of 29.3 mmon the glass disc. The results ofthe neasurenent are
shown in FIG 26 in which the horizontal axis indicates LGR in the data
zone while the vertical axis indicates variation of floating height of the
head slider. - As revealed fromthe results of nmeasurenment shown in
FI G 26, when the LGR

[af]
3.5

o

FLOATATION
N
NS

A4--;200nn1v.
N A5 —-—-150nm -
1.5 A6 ===~ 100nm
1 [ L 1 L l L L 1 l 4 i L l L ] L l L i} L
0 2 4 6 8 10

RATIO IN AREA BETWEEN LAND AND GROOVE
PERPENDICULAR TO TRACK DIRECTION (LGR)

FIG.11



in the servo zone is 3.2white that of the data zone is 2.0, the variation
of floating height of the head slider passing over the servo zone may be
said to be nearly zero. Also, as shown in FIGS. 10 and 11, the floatation
applied to the head slider when the data zone LGRis 2.0 can be said to be
substantially sane as that applied to the head slider when the servo zone
LR is 3.2 The above shows that the nearly sane floatation to the
head-slider in both the servo and data zones is effective for limtation
of the variation of floating height. A'spi7it is also shown that a static
anal ysis using the floatation to the head slider as a paraneter can
suitably be used for analysis of the variation of head slider floating

hei ght . 31 Next, a
rel ation between the floatation and variati Qg of head slider floating

hei ght was derived fromthe results shown iZ2OFI G 26. The derived result is
shown in T
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FIG 27 in which a normalized value of a quotient resulted froma division
of the variation of floating height of the head slider passing over the
servo zone by the floating height is indicated along the vertical axis and
a normalized value of a quotient resulted froma division of the

di fference between the floatation applied to the head slider in the data
zone and that in the servo zone by the weight of the head slider is

i ndi cated al ong the horizontal axis. As apparent fromFIG 27, the
normal i zed variation of head slider flagyyfig height is generally
proportional to the normalized floatation applied to the head slider. The
straight line showng the relation passes by the origin of the graph in
FIG 27. A range of nornalized floatation to the head slider which wll

i npl enent a variation of head slider floating height with no practical
probl em can be detemined fromthe graph shown in FIG 27. That is

to say, since the practiciﬁog e gWariation of floating height is
[err]10% of the floatingy Ec@{gq 27 will show an al | owabl e range of a
floatation normalized wehahead 4 der weight is -0.05 to +0.05.
Therefore, the above results show tlfat gﬁg floatation applied to the head
slider in the servo and data zones gspectively, should identical to

each other in order to
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zero the variation of floating height of the head slider passing over the
Servo zone. Also, it is shown that to limt the variation of
floati ng height of the head slider

32 passing over the servo zone to a practical extent, the range of a
floatation normal i zed by the head slider weight should be ranged from
-0.05 to +0.05. The graph shown in FIG 27 was generated based on
the results, showmn in FIG 26, of the measurement of the variation of head
slider floating height in a magnetic dlktldn which the data and servo
zones has a small LGR The magnetic disc showng the results of experinent
in FIG 26 had in the servo zone _a pit pattern formed from sinple grooves
and |l ands, nanely, it is an ord45ary magnetic disc with pits formed in the
servo zone thereof. The results{shown in FIG 27 are conmon to various

types of magnetic digsc, and sojare applicable to the nagnetic disc
according to the pre } i A responding to a
control signal is for L
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As havi ng been described in the- foregoing, the lands forned in the control
signal recording zone on the magnetic disc according to the present
invention are snaller in area than grooves also formed therein, so that
the grooves will |less reduce the floating of the head slider in the
control signal recording zone. Therefore, the variation of floating height
of the head slider passing over the control_signal recording zone can be
m nim zed. The magnetic di sc according té/the present invention can thus
have a stable recordability and/or ihility, and al so assure a high
reliability. Also in theI Cr di ng to the present
invention, a difference betmee“ ed fromdivision of a
floatation applied to the head I rmati on recordi ng zone by
a head slider weight and a quot]e digegi on of a floatation
applied to the head slider in tfe.o€ ecordi ng zone

33 by the head slider weight is g of -0.05 to +0.05. Thus
the variation of head slider f be m nimzed and the
nmagnetic disc has a stable 4~g
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recordability and/or reproducibility. Further in the magnetic disc
according to the present invention, a control signal recording zone is
formed at every predeterm ned interval along the recording track and the
|l ength of the head slider in the recording track direction is |onger than
the predetermned interval. So, the variation of floating height of the
head slider passing over the control signal recording zone can be

subj ected to a maveforn1interference1ﬁi3fffectively mnimze the apparent
variation of head slider floating height”/ “Thus, the present invention can
provide a stably recordabl e and/ or reproduci ble, and highly reliable
magneti c di sc. The m nim zation of the apparent variation of
floating height by the waveform interference permts to nore freely design
a magnetic disc different fromthe conventignal nethod of designing a
servo zone pattern, nore easily manufacture (the nagnetic disc and realize
a highly efficient mass production with reduced costs.
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34 WHAT IS CLAIMED IS: 1. A magnetic disc recordabl e and/ or
feproduci bl e by a magnetic disc recordable and/or reproducible by a
magneti c head installed on a head slider designed to float at at |east a
part thereof owing to a floatation devel oped by an air flow between the
head slider and the surface of the magnetic disc during recording and/ or
reproduction, having on a surface theraaff17 an information recording
zone in which groove-like grooves are forned along a recording track and
arbitrary information signal is recorded at a |and between the |ands; and
a control signal recording zone i ich oves % | ands corresponding to
control signals including at | ngnaf e fornmed and nmagneti zed
to have opposite polarities t trol signals; each

| and in the control signal re | ar in area than each
groove in the zone. 2.
wherein the land in the informati

FIG.21
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recording zone is 5.5 tinmes or nore larger in area than the groove in the
zone. 3. The magnetic disc as set forth in daim1l, wherein in the
information recording zone,-a difference between a quotient resulted from
division of a floatation applied to the head slider in the information
recordi ng zone by a head slider weight and a quotient resulted from
division of a floatation applied to thels¢ad slider in the control signal
recordi ng zone by the head slider weight is within a range of -0.05 to

+0. 05. 53 4, The magnetic
disc as set forth in Caim1l, whereinz ' ' recording zone is
formed at a predetermned interval g2 /. "q\track; and

the recording track-directional N giipgad slivgr is larger than

the predetermned interval. 5.
a magnetic disc;

[nm]
25
[ L
T B
c .
i 20

T
o i
E 15[
k -
3 i
J -
u -
w 10+
o A
= L
o 5[
< f

%
> 0
0

DATA ZONE LGR

FIG.24



a head slider designed to float at at least a part thereof owing to a
floatation developed by an air flow between the head slider and the
surface of the magnetic disc during recording and/ or reproduction; and
a magnetic head installed on the head slider to make recordi ng and/ or

reproduction into/fromthe magnetic disc; t he magnetic di sc having
on a surface thereof: an information recording zone in which
groove-li ke grooves are forned along alegddrding track and arbitrary
information signal is recorded at a | and between the |ands; and - a
control signal recordin Mbne in which grooves and | ands corfesponding to
control signals inclu 'n@5ﬂ—TE5§T_5_§§TVU‘§Tgﬁar7ﬂ7?11ﬂ7nﬂ4 magneti zed
to have opposite pol@itigs to record the control signals; each

|l and in the control s
groove in the zone.
wherein the land int

nq recordi ng zone being larger in area tfhan each
OTTle magnetic disc drive as set forth ijn daimb5,
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36 infornmdation recording zone is 5.5 tines or nore larger in area than the
groove in the zone. 7. The magnetic disc drive as set forth in Caim
5, wherein in the information recording zone, a difference between a
gquotient resulted fromdivision of a floatation applied to the head slider
in the information recording zone by a head slider weight and a quotient
resulted fromdivision of a floatation applied to the head slider in the
control signal recording zone by the head slider weight is within a range
of -0.05 to +0.05. 8. The magnetic disc as set forth in Claim1, wherein
the control signal recording zone is fbtAel at a predet erm ned interval

al ong the recording track; and the recording track-directional

|l ength of the head slider is larger than the predeterm ned interval.
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