MAGNEZaglliP! SK APPARATUS BACKGROUND OF THE | NVENTI ON

The present invention relates to an infornma- tion recordi ng magnetic

di sk apparatus, and nore particu- larly to a nmagnetic di sk apparat us
whi‘ch has a high 5 reliability and an excellent recording characteristic
at a high recording density. -1 - In recent years, the
floating height of a - magnetic head in a magnetic di sk apparatus shows a
yearly decrease with an increase in re ' ity. Also, a 10
slider form ng the magnetic head |§4ﬁ¥%ﬁéhﬁﬁ$€éﬁg%@€$§ year. For
exanpl e, the slider of the magnetic head has a change in size fromthe
conventional type of slider to a 70 % slider (or a slider having a size
reduced to 70 % of the size of the conventional type of slider), a 50 %
15 slider and a slider smaller than that. In such a nmagnetic

di sk appar at us ip¢ofead has an increased possibility
t hat when the BAERﬁgﬁﬁgPléthg Swgfloatﬁng It contacts a magnetic disk

nedi um which rotates at apl e%@%&dml%&a%%al k¥1akber @o 38 infarmaar that
the oscillation of the magnetic head at the tine of floatation causes

the damage of thenneeaeirtitng magfleskcnadskmapp&ritisHS5en8 Mesedpaetosaad
that the charac- teristic frequency of a magnetic head inclusive of a
sup- port ilaglyetben magnetitcoddisknepperatuh whicbhhaacaéehighic 25
frequency of a magnetic di sk medi um when the nediumis
5 reliability and an excellent recording characteristic at
a high recording density.

In receht years, the floating height of a
magnetic head in a magnetic disk apparatus shows a yearly
decrease with an increase in recording density. Also, a

10 slider forming the magnetic head is miniaturized every
year. For example, the slider of the magnetic head has a
change in size from the conventional type of slider to a
70 % slider (or a slider having a size reduced to 70 % of
the size of the conventional type of slider), a 50 %

15 slider and a slider smaller than that. .

In such a magnetic disk apparatus, however, a
magnetic head has aﬁ increased possibility that when the
magnetic head is floating, it contacts a magnetic disk
medium which rotates at a high speed. Especially, there

20 is a fear that the oscillation of the magnetic head at

the time of floatation causes the damage of the magné%EQ;

disk medium. JP-A-7-65566 has disclosed that the ch&rac—

\\ =

terlstlc frequency. of a magnetic head inclusive of a sup—

oo

porting member is not to coincide with the characteristic

25




-2- mafounted to a magnetic di sk apparatus. Mre particularly, It
has been di sclosed that the optim zation of the nass -of a core, the
material of a suspension or the like in regard of the magnetic head and
the optim zation of the 5 material of a substrate or the like in regard of
t he magneti c di sk nmedium are preferablz.- On the ot her
hand, it is conventionally known that a magnetic di sk nmedi um i ncl udi ng
an Al (al um num substrate subjected to texture treatnent is used as a
10 nagnetic dinsuntredi ton appageetic disagRRPREatNSK JfREe RISticulahl¥n
requires a high recording density and a high reli- Al so, there

) cabilpty.
i s known a naghtt hesdbesnadpaciesed thaFntVﬁi%PF%Wtﬁ%&%ggh%€t¥%?em?§sused,

especially fromthe aspect of |ow f tati d i | St ,
order 15 to c8BedwFPRea Fﬁ?tﬂ%?efhﬁrgﬁég% g%%ﬁ$ﬁ$ﬂ%nh%n§. ?r§£$$efgce -

obtaining a higggéﬁéiﬁ g%b%yﬁﬁggﬁtic hea andl?9&2??t9$i£9€i@ﬁ0¥f'ﬂﬁétiOnEd

conventi onal concentri cal cul ar or crossed

grooves cal hednLgxline BECal 8LBEErARe! B2 $HBS1IALCIAN ragald GBJBREI C di sk
medium there are a nethod in which projec- tions are forned on a

substrate by epahhB@it)BiAkOmedium dd2P3pfapdbaet echnique in which a
projection-1like pat- tern is defined on a substrate by a

phot ol i t hogr aphi c pioec & toxherphawnd,t He diss copventipnad 1y Fagwat i c
head 25 and the durability against sliding; even when the magneti c
head floats onthh¢ smgagnetidi diskedediumt inclyding an Al (aluminum)
substfate subjected to texture treatment is used as a
10 magnetic disk medium applied to a magnetic disk apparatus
which requires a high recording density and a high reli-
ability. Also, there is known a magnetic disk apparatus
in which a glass substrate is used, especially from the
aspect of low floatation and impact resistance, in order
15 to cope with a further increased recording density while
obtaining a high reliability.
In lieu of the above-mentioned conventional
method in which concentrically circular or crossed
grooves called texture are formed on the substrate of a
20 magnetic disk medium, there are a method in which projec-
tions are formed on a substrate by etching (JP-A-6-
111293) and a technique in which a projection-like pat-
tefn is defined on a substrate by a photolithographic
process to'improve the absorptivity to a magnetic head
25 and the durability against sliding, even when the
magnetic head floats on the magnetic disk medium at a low

floating height (JP-A-6-111294).

The JP-A-6-111293 and the JP-A-6-111294 have



fl oating.chei ght (JP-A-6-111294). The JP-A-6-111293 and the

JP-A-6-111294 have ~ - 3- no

consi deration for problems caused when a magnetic disk medi um provi ded
Wi th projections having a regularity is applied to a magnetic disk
apparatus. Though the JP- A- 7- 65566 hasg pointed out the characteristic
frequency 5 of a magnetic disk nedium it has only the disclosure t hat
the optimzation of the material of the substrate of t he magnetic disk
medi um or t he ho keonsigerdbicm| £or Pieblems reauset dthems® MPIMREE | Y5FH on
about a resonance;phenone< non of a magnetic head caused by. projections
provi ded 10 whediuwmspeevided wibh R¥eischHirs IR 5?9‘?}1%%@@%?-

i c di sk nedium and has not even a,su

for sol ving t hRBPHH@P| & @ magnetig)np St%ﬁ£§€i¥$§k€ﬁﬁﬁ%ﬁgh 5L fic means
The present |n¥§nég2§5§§§ghﬁ§9 B@Qﬂg%%f%gtZgh?é§%$§ﬁé£é£y§€§cU§}Q@uégg§e

ones of nagnet I ng or

phot ol i t hoogaPRkCaPROGASE1LNaLsk miullLGH, PLEI REL| GRBy | hamdi ot dberaedi um
surface have a regularity. As the result of exam nation, it was re-

veal ed that wheRag thxedptehdkhenshi fi heengteredlbef tRE subebrate of
characteristic frequency of a magnetic head, the rotation speed of the

di sk and the fipatinBgneestt 895k mediah bhetheghtkecisepdefehabhegneThishead
begins to reso- nate so that the head cannot nake stable floatation.
reference has no investigation about a resonance phenome-
non of a magnetic head caused by projections provided
10 with a specified regularity on the surface of the magnet-

ic disk medium and has not even a suggestion as to spe-

cific means for solving this problem.

SUMMARY OF THE INVENTION
The present inventors examined magnetic disk
15 apparatuses using those ones of magnetic disk mediums
subjected to etching or photolithographic process in
which projections formed on the medium surface have a
.regularity. As the result of examination, it was re-
vealed that when a fixed relationship is generated be-
20 tween the characteristic frequency of a magnetic head,
the rotation speed of the disk and the floating position
of the magnetic head, the magnetic head begins to resb-
nate so that the head cannot make stable floatation.
An oscillation sensed by the magnetic head was
25 measured with an AE sensor or piezoelectric element étuck
to the magnetic head. When the measurement was made for

a medium having projections formed at equal intervals,



An oscillation sensed by the nmagnetic head was 25 neasured with an AE
sensor or piezoelectric elenment stuck to the magneti c head. Wen the
measur enent was made for a medi um havi ng projections formed at equal

i nterval s, -4- t he beat of the
magneti c head was observed at four | oca-_ 4 -tions on one circunference of
the medium Al so, when a rel ati ve speed between the nagnetic disk
medi um and t he . magnetic head was increased, a beat was generated at an
5 increased relthei beatpoédthki nhghetint bgad waseebservieghat four iqea-
relative speed at which the beat generated first. It was
found out that ttlﬁésam}v@nsh@F}é‘ﬁtéﬁgﬁréaﬁe of pherppfiuBnt eB18G.t RN a

rel ati-onal expression of x f = vl[err] , .

—-- (1) 10 wﬁsiétﬁgprfpﬁgdtH@tWﬁ?er$BPsmﬁsPﬁEéﬁ é+8¥eﬁ??bﬁg BPravEh&d
with a regul ari

di sk
resonance freq@gﬁ %6F Eegﬁggg% gg?ﬁ%ﬁfggd By é wss Eensratﬁa gktéerlal
thereof, v s kﬁgrégggh'¥§1§Qﬁgg’sﬁgg rhlcﬂ aEP%E Sgeilﬁésléé'ﬁEQger)-

15 s at a
floating hei ghsORKa FRIARLLE QE&Ed”ﬁ@'HﬁhEﬁ0¥thQeat eHbtBtBaOEEEELONS
having a regularity, there may possibility t%at an unstabl e

oscillation is generatedItwas fouid R &hat Rerd abdvieh phendmenagn efant
head contacts the 20 nmagnetic disk nmediumwi th a relative speed kept

t her ebe- beceeprelsented dgnithengedapionedt esprésbioandfa nagnetic
filmof the medium Also, if at |east a portion on the na%netic di sk
medi um sati sfies the rel & i%rf rept/dsent ed --- (1)

10 where 2 is the intervals between projections provided
with a regularity on the magnetic disk medium surface, £
is the resonance frequency of a slider determined by the
size and material thereof, v is the relative speed, and n
is an integer or 1/(integer).

15 Accordingly, when a magnetic head floats at a
low floating height on a magnetic disk medium provided
with projections having a regularity, there may be a
possibility that an unstable oscillation is generated in
the magnetic head so that the magnetic head contacts the

20 magnetic.disk medium with a relative speed kept therebe-
tween, thereby damaging a protection film and a magnetic
film of the medium. Also, if at least a portion on the
magnetic disk medium satisfies the relation represented
by the relational expression (1), there is a fear that

25 the magnetic head oscillates at that position so that the
head damages the protection film and the magnetic f£ilm.

An object of the present invention made for

solving the above-mentioned problem and directed to a



by the relational expression (1), there is a fear that 25 the magnetic

head oscillates at that position so that the head damages the :
protection filmand the nmagnetic film An obj ect of the
present invention nade for - sol ving the above-nenti oned probl em and
directed to a 5 - - 5- magneti c di sk
apparatus using a magnetic disk nedlunlln whi ch -proj ections forned on a
substrate or medi um surface in-an intermediate | ayer of the nmediumare

arranged at magunebici@iskvabeavatusgusirg 2 m%9%%¢¥ﬁcﬂ4%%a@%E%P%.H%g- 5
netic disk apparatus which has a hlgh reliabil gﬁand IS le to

thh density r@bbﬁhlﬁﬁoJGCtlons for PR %rﬂ%?s 5%H?5v%9?+%@a§%5 ace
0 t - etic di t di f th '
bresent | nvent BroRalnEREREO FERI BYEE et fot | Bra o Bre “SRESAGER 50 11D
magneti c di sk apparatu I

used for nagne?&ﬁ 8?8 vabs! grnge%u%aﬁf%fnggzﬁ%J %??g§%|%$%§?§eﬁ§gtun1

regular intgrvabg; dJ.sQn abBEratibashitnchae’a RigRORELISDIEEEy anaolisting
portion for genera at1ve speed betmeen t 15 magneti c di sk

nedi um and theaﬁﬁﬁ@ﬁblé @SaﬂlgﬁﬂdéﬁéﬂﬁyOfecordlﬁgf noving the position of
t he magneti c head, controller for controlling the actuator and

the rotating portloun Diderottet achispecdhef abospi pbiject,he meg-ti on of
the actuator or both thereof is controlled by the con- 20 troller so as to
cause the depanttie fiisk apparendst aogerding tegant emhodbmentieofethei onal
expression (1)) for genera-

present invention has the following constructions.

10 (1) In a magnetic disk apparatus comprising
at least a magnetic disk medium used for magnetic record-
ing and having projections provided at regular intervals
on the surface thereof, a magnetic head, a rotating

~ portion for generating a relative speed between the

15 magnetic disk medium and the magnetic head, an actuator
for moving the position of the magnetic head, and a
controller for controlling the actuator and the rotating
portion, the rotation speed of a spindle, the position of
the actuator or both thereof is controlled by the con-

20 troller so as to cause the departure from the conditional
equation (or the relational expression (1)) for genera-
tion of a resonance caused by the projections of the
magnetic disk medium and the magnetic head, thereby
making it possible to realize the stable floatation of

25 the magnetic head. At this time, the relative speed
between the head and the.medium generated by the rotating

portion may be not only fixed but also variable so long

as it is out of the condition of resonance generation.



tion of a resonance caused by the projections of the magneti c di sk
nmedi um and the nagneti c head, thereby making it possible to realize
the stable floatation of 25 the magnetic head. At this time, the relative
speed bet ween the head and the:.nedi um generated by the rotating
portion may be not only fixed but also varigghl e so | ong as it is out
of the condition of resonance generation.

- 6- (2) A resonance frequency is established by t he use
of a high resonance frequedty Autesondnce frequency i Rstalkishedjincy
material as the material of a slider of the magnetic head or by the
conbi nati on of thfe ugenaf a digh regenange firgausmahadadigdal &F tanai'to“t he
rel ati onal expression (1) is not satjsfied. Therqcé/flétlh% tabl |.i

tion of floatatySiPHINGHet QY% MREsFia A% fede sli ) A
I ¢ disk h t.h
magnetic di sk e Liumel‘é‘ﬂai%}?twg drl_{e uADar Ot'ThrcLTt ord %abceito‘%e%rk R GflNs on

the medi um surf he're i"onal "expression (1)

i s used 4 Oﬁ%ﬁtéﬁtm&éﬁ%letdﬁ fkslqmr@&s%qaﬂéﬁe&@b&elmr@mng t he

stabl e fl oatation of e magnetic possI _ _
According to thegmaieide O phiARRNE aé,atsléﬁledlS e fERS e thd MRIB1 1Aka-

conprising at |east the magnetic di sk nedi um used for magnetic .
recordi ng and heMmpPretocatatidref Ofite Maytiaiait dlead®did arttaiirmdial s on
t he surface t hereof, the magnetic head, the rotating portion for

generating a relative spe¢d)bedwagnetic ndgsietmedtius kwid) tiseli tegwbalr t he
magneti ¢ head, the actuator for noving the
intervals between projections on the medium surface
10 defined to be out of the relational expression (1) is
used to construct a magnetic disk apparatus, thereby
making the stable floatation of the magnetic head possi-
ble.
According to the magnetic disk apparatus of
15 the present invention comprising at least the magnetic
disk mediﬁm used for magnetic recording and having pro-
jections provided at regular intervals on the surface
thereof, the magnetic head, the rotating portion for
generating a relative speed between the magnetic disk
20 medium and the magnetic head, the actuator for moving the
position of the magnetic head, and the controller for
controlling the actuator and the rotating portion, the
actuator and the rotating portion are controlled for the
prevention of generation of the beat of the magnetic head
25 so that a relationship between the intervals £ between
the projections of the magnetic disk medium, the reso-
nance frequency £ of the magnetic head and the relative

speed v is represented by the relational expression of



position of the magnetic head, and the controller for controlling the
actuator and the rotating portion, the actuator and the rotating
portion are controlled for the prevention of generation of the beat of
the magnetic head 25 so that a relationship between the intervals [err]

bet ween t he projections of the magnetyc.di sk nmedium the reso-

nance frequency f of the magnetic head and the relative speed v is
represented by the relational expression of

-7- n x fn<@vE[ervieoprnmxxff>>vyferr] (2y- (2Where n is
an integer or 1/(integer). ' I'n this case, the resonance of
the magnetic Whergdadis samotntRIRY AR dl Atintegs®l rel ati ve speed and even
5 at a variably changed rel ative speed, thereby making it ossible to
realize the stable floatiPi BR18f CRRE, nbjRefPeonance af jthe magnetic The
suppressi on of, the resonance of th - u netd ¢ _head _or the stable
floatation of MRS ekt oandietdf B St dHaiT R enird drd frehe
rotation spee fat ; [ £q di ﬁﬁ;@r t ti.gn at
whi ch t he pg d?gs%n‘gﬁﬁlea%]f t he rr%&gdnglﬁjga ead %‘%&nb&eﬁ%%%fc%%ﬁeﬁg

slider having gos@FEs i €o heash BienEnd SRBEE 1SN ISE the Mgnetic

generated, that is, by selecting the rotation speed 15 to a value which is

not integer timesdas |arge as or 1/ (i nteger) of the resonance
frequency of the slider. Wth such a construction, there is provided a
magneti c di sk appar @hessuppréshisnaofii gher résabahce yofinthée smagapt -

ed to high-density recording. In this case, there is no
. netic head or the stable floatation of the magnetic head

10 can also be realized by setting the rotation speed of the
magnetic disk apparatus to a rotation speed at which the
resonance of the magnetic head (or more particularly a
slider having a magnetic head element mounted thereon) is
not generated, that is, by éelecting the rotation speed

15 to a value which is not integer times as large as'o;
1l/(integer) of the resonance frequency of the slider.
With such a construction, there is provided a magnetic
disk apparatus which has a high reliability and is adapt-
ed to high-densify recording. In this case, there is no

20 need to positively sét each of the resonance frequency of
the slider of the magnetic head and the projections of
the magnetic disk medium so that no resonance is generat-
ed. It is only required that at least the rotation speed
of the magnéfic disk medium be controlled to satisfy the

25 relational expression (2).

According to the present invention, the opti-
mum resonance frequency can be established by the use pf

a high resonance frequency material or a low resonance



20 need to positively set each of the resonance frequency of t he

slider of the magnetic head and the projections of the magnetic di sk
medi um so that no resonance i s generat- ed. It is only required that
at least the rotation speed of the magnetic di sk nedium be controlled
to satisfy the 25 relational expression (8)- According to
the present invention, the opti- mum r esonance frequency can be
establ i shed by the use of a high resonance frequency naterial or a | ow
r esonance frequency material as the material gf a s jfc}%lqlg[hcgh%t eri al
as the material of a slider of the magneti ¢ head or by the conbination

of the di mensi®agR@Eic headi@Fiky e (FRNIReloR P Hefte (HSRT R A
516 1o Suppr et FHELTLSThake OF LM 3T, Tr TR RS Pt erTeE R
ther eb lizjpg th bLe £! j i c; . hi
e, 3 noe tnbepebBranteoried: A bt ¢ ot Gl i ipfte T ¢
resonance fﬁgqififém%oaé&p%]l:??w the NrdadhShcd SELtH@! $1sadNCoBOthd NEad O 2

resonance requency erent by at |east 15%is preferable. Al so,

it is preferabhetibahedd! ceREPESE FEEULLIEY BINS-stabls eSESdtdyion nagnetic
head supporting nechani smfor sup- porting the magnetic head by the
actuator (or nohe pagnetic héadl arAy, thigi time, feinde xting tdsosdncerisvi th a
certain 15 degree of freedom a load armfor supporting the magnetic

head and the gcabsedtbfcthaeflucheations hef athearesonamee frequertcynare

transmtting portion for electrically connect.ing .
within *15% of a set value, the setting to a resonance

10 frequency different by at least *15% is preferable.
Also, it is preferable that a resonance frequency pos-
sessed by a magnetic head supporting mechanism for sup-
porting the magnetic head by the actuator (or more par-
ticularly, a gimbal for fixing the slider with a certain

15 degree of freedom, a load arm for supporting the magnetic
head and the gimbal to connect them to the actuator, and
a signal transmitting portion for electrically connecting
the magnetic head and a signal processing portion) and a
resonance frequency possessed by the magnetic head and

20 the slider are introduced into the relational expression
(2) to control the rotation of the magnetic disk medium.

Further, by constructing a magnetic disk

abpnratus by setting the intervals ¢ between projections
on the magnetic disk medium to satisfy the relational

25 expression (2), that is, by making the intervals £ be-
tween projections sufficiently large or sufficiently
small or by continuously changing the intervals between

projections under a constant condition to provide inter-



the magnetic head and a signal processing portion) and a resonance
frequency possessed by the magnetic head and 20 the slider are introduced

into the rel ational expression (2) to control the rotation of the
magneti c di sk nmedi um Further, by constructing a magnetic
di sk apparatus by setting the interwvalgs-[err] between projections

on the magnetic disk nediumto satisfy the relational 25 expression (2),
that is, by making the intervals [err] Dbe- tween projections
sufficiently | &eds shishf Gocnerk meet withdhe gesppagss: fRGEYERFYehatgi ng
the interval s hetween .proj ections_under a caonstant .condition to

provi de inter- is possible to realize the stable floatagion of the. \nich do
not neet with the resonance, frequeng it .S _possibl e reall t he
stabl e fl oat at "G95t ﬁ%%‘ea%' ngg‘ng:ﬂl? FE58: F &1 grgggé:fibﬁ'% itg%otre St abl e
t hat the [ fueen proj ' re.an l,§t 0 5 pm
(nore preferabﬁ%ﬁkﬁﬁkﬁgﬁaﬁey fﬁéﬁkgg%k%%?s:ﬁ%et%%tsgmﬁazﬁﬁiﬁ¥¥h{ﬁg?5%t S

not snaller 4 hap aind:22Pre¥dt@b1, not 'dhlad 1lerM®nan®.di $i)l Rid aheof
proj ection hei ghts may be arbitrary so long as it isin a range in

whi ch the reli projectiidd theightsligling ishaanei ehanNarelpasthe em.s nx 10
special restriction to the height. In the case where projections are
arranged at equalis rtiewealthe tdisstrdibut-ion oft ipag egftiome hiedighrbsaimaybdteneen
projections up to 15% of a set value in the circunferential direction
or the t r avedbidinegt issn lenga 18 idgriat iln @ Jengedilpmwhdicl ithe @lits t he
magneti c head are in a perm ssible range. Further, in the case of a
medi um i n whi cRRHe ek Bhiding iee pnsured. Namely, there is no

10 special restriction to the height. In the case where
projections are arranged at equal intervals, the varia-
tions of the intervals between projections up to *15% of
a set value in the circumferential direction or the
travel direction of the magnetic disk mediuﬁ relative to

15 the magnetic head are in a permissible range. Furthef,
in the case of a medium in which the intervals between
projections change, the resonance of the magnetic head is
not generated unless a part of the intervals meets with
.the resonance condition. In this case, therefore,_the'

20 intervals between projections may be arbitrary so long as
'the intervals satisfy the relational expression (2).
However, it is necessary that the intervals between
projections are set to values different by at least *15%
of the head resonance frequency set by the relational

25 expression (2). Further, it is preferable that the rela-
tional expression (2) is satisfied even when the magnetic

head moves at the time of seek.



proj ections change, the resonance of the magnetic head is not
generated unless a part of the intervals neets with t he resonance
condition.- In this case, therefore, the 20 intervals between projections
may be arbitrary so |long as the intervals satisfy the rel ational
expression (2). However, it is necesspyy-that the intervals between
projections are set to values different by at |east 15% of the head
resonance frequency set by -the relational 25 expression (2). Further, it
i s preferabl e BRIER PESCRIPTION OF THFaPRAWINESsi on (2) is satisfied even

when the magnetic head noves at the tinme of seek.

- 10 - BRI EF DESCRI FFAIGN Jansrm%mmmg a main part Iﬁtfg 81 is a
view showing a nmain part_of a netic di.sk appara ccordin an
enbodi ment of {RgnRe 1°ptdé§é‘ntaﬂpﬁ\¥'€ﬁf’1 ﬁ°°°§(‘jilng to an eﬁ‘?’&. 1§|ep R

show ng prOJectlons rra on the surface of a magnetic recording
medlumaccordlr’ﬁ"d~ qg%é%ﬁ&&dlnent of the present invention;

Fig. 3 is agdiagram show syl
_pi ezoel ect ri5g vol t age by ‘arr scilr§osc‘{)lpé§; e Qﬁ‘i{ﬁé@ r ot adt?{so?larv\%aenr?eéi
magneti c recorQsm&HE@di@a@é of a ‘r’r%rgqliéﬂct e e MOt bin AbcoRaipigesent

I nvention is used Fig. 4 is a view show ng projections
arranged Ored i EdcIment DFTRfRE Pre deddoitivegtieai;um according 15 to

anot her enbodi nent of the present invention; and
Fig. 3 is a diagram showing the result of
observation of a piezoelectric voltage by an oscilloscope
10 over one rotation when a magnetic recording medium ac-
cording to the embodiment of the present invention is
used;
Fig. 4 is a viéw showing projections arranged
on the surface of a magnetic recording medium according
15 to another embodiment of the present invention; and
Fig. 5 is a view showing projections arranged

on the surface of a magnetic recording medium according

to a further embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Embodiments of the present invention will now
be explained in detéil by use of the accompanying draw-
ings.
Fig. 1 is a view showing a main part of a
magnetic disk apparatus according to an embodiment of the
25 present invention. In Fig. 1, reference numeral 3 de-
notes a magnetic disk medium, numeral 1 a spindle for

rotating the magnetic disk medium 1, numeral 2 a magnetic



Fig. 5is a view show ng projections arranged on the surface of a

magneti ¢ recordi ng nmedi um accordi ng to a further enbodi nent of the

present i-nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20

Enbodi nents of the present invention will now be expl ained in detai

by use of the acconpanying draw I nggq - Fig. 1is a view

showing a main part of a magneti ¢ di sk apparatus according to an

enbodi ment of the 25 present invention. In Fig. 1, reference nuneral 3 de-

not es a magnetheadi trchedingn a nshider whichpisdiade @wf a ceranieimatehe

magnetic disk medium 1, nuneral 2 a magnetic . .. head_including a

slider which i¥il#dhdeueh ascat@hirangiten carbidg agckheslifeimrd @Rt an

carbide or the |lk€ and on i c head el enent for Bgrforning '
[

. which
magnetic . rERLCR; Agragetis, BeRd s LemeRt A RRE RN magnrtic s
 rERHTR R (PHFPS . !
T et | HFELAEAIRE AR IRARRILE: IE A MmdinfedCdiilian 4 PRRIL 0D O

6 i nol uding5a gépRator arbPPos: i BAMANEhS Id@id{hc ML HIRLS o Sads L84 0!

section for  controlling the actuator 4 an e spindle 1. The mag- 10
netic head 2 igo8e6i&NeEn SHRE .ﬁ$@ﬁet1cf¢ﬂsw£&néai@npse@ler01ﬂh alfdghdetc
hei ght on the magnetic di sk nedi um 3 which. r ot at es. e magnetic disk
medi um 3 may i Readdeuppoetihg mechahismfé | Mivclwdingi & egiribal regnedad fil m
formed on a non- magneti ¢ substrate nmade of al um num alloy of alum -

arm and so forth, and numeral 5 a control section for

controlling the actuator 4 and the spindle 1. The mag-
10 netic head 2 iS.designed such that it floats at a prede-

termined height on the magnetic disk medium 3 which

rétates. The magnetic disk medium 3 may include several

thin films inclusive of a magnetic film formed on a

non-magnetic substrate made of aluminum, alloy of alumi-
15 num, glass or the like.

The magnetic disk medium 3 used in the present
embodiment includes a substrate of alloy of aluminum the
smooth surface of which is Ni-P plated, and a
non-magnetic underlaying film of Cr or the like, a mag-

20 netic film of Co-containing alloy and a non-magnetic
coating or protection film of carbon or the like Which
are successively formed on the substrate. A projection
pattern is formed on the non-magnetic protection film by
a photolithographic process using a mask so that prede-

25 termined dot forms are arranged at equal intervals. A
lubricating film made of perfluoroalkylpolyether is
formed on the non-magnetic protection film having the

projection pattern. It is needless to say that the fol-



15 num glass or the |ike. The magnetic di sk nmedi um 3 used

I n the present enbodi nent includes a substrate of alloy of alum numthe
snooth surface of which is N -P plated, and a non- magneti ¢ underl ayi ng
filmof O or the like, a mag- 20 netic filmof Co-containing alloy and a
non- magneti c coating or protection Lihp of carbon or the |ike which

are successively forned on the substrate. A projection pattern is
formed on the non-magnetic protection film by a photolithographic
process usi ng rowdrsk ebaditentedire TRE 1 TR Totthe MagngtEi S difed at
equal intervals. A | ubricating filmmade of perfluoroal kyl pol yether is
formed on the mediumdrying Fhr ARErIeNtHIRgd risﬁreruc'tlorbr%}cgccf%bn
pattern. It is needless to say that the fo

fol -, . .

12 Low éﬁas%ri)%o?m'%da'?% h IR AR RS ARG e ther .

medi um havi ng t he above: ti d i . '

to a nmagnet i g ﬂ?%%tﬂ‘é%ﬁ?h?ﬁﬁ?ﬂalfro‘}@%’ﬁoﬁ%r 6t Ié)(r:]%ﬁl‘gerﬁg?i%lns.k Eér%%teﬁg l‘ :)1? da

magnetic di gk ﬁﬁ’fré%‘télé Sa LV %ﬁo&éﬁﬁénéf&h@@%&:émdé}ﬂ@%mw uent
W exp+ e | (

el enments arned in detal Enbodi nent 1)

The magnetic hgath 2ndisgdpi Dihd® PhesephiEM bodi ment includes a slider
of alumna titan carbide 10 having the length of 2.0 nm the width of 1.6
mmand the  thickness of 0.4 mMm Two rails of 250 [err]mw dth for

(Embodiment 1)
The magnetic head 2 used in the present em-
bodiment includes a slider of alumina titan carbide
10 having the length of 2.0 mm, the width of 1.6 mm and the
thickness of 0.4 mm. Two rails of 250 pm width for
receiving a positive floating air pressure are provided
on a surface of the slider opposite to the magnetic disk
medium 3. The magnetic head is provided with a magnetic
15 head element for performing magnetic recording and repro-
duction. Hereinafter, this magnetic head will be re-
ferred to as magnetic head I.
A magnetic head used for comparison (hereinaf-
ter referred to as magnetic head II) includes a slider of
20 alumina titan carbide having the length of 4.0 mm, the
width of 3.2 mm and the thickness of 0.8 mm. Two rails
of 200 pm width are provided for the slider in order to
provide the same floating height as that of the magnetic
head I.
25 The magnetic disklmedium 3 used in the present
embodiment is provided in such a manner that films re-

quired as a magnetic recording medium, that is, an under-



receiving a positive floating air pressure are provided on a surface of

the slider opposite to the magnetic disk medi um 3. The magnetic head is
provided with a nagnetic 15 head elenent for perfornm ng magnetic
recordi ng and repro- duction. Hereinafter, this nmagnetic head will be
re- ferred to as magnetic head |. - 13 - A magnetic head used
for conparison (hereinaf- ter referred to as magnetic head I1)
includes a slider of 20 alumna titan carbide having the length of 4.0
nm t he viytirg ofiBn2 armagnetie regending GFlm. @ mROtREFYRD 1LIm of

200 [err]lmwidth are provided for the slider in order to
sane floating dmd ghtlebricrting film rﬁ"@?\e‘?t‘f%ceSSqu'ﬂééoé‘?’?medZE?
The magnetic disk medium 3 used in the present embodi | royi ded
in such a manndbshzate | phgalwninum a0y NAANG %egncg?fecll L%lf:%“}éd?enlg (%di um
that is, an under- . . = - | yg N
;!:nl a nagnet?%lT@for??%gl???¥hd%FTﬁEﬁ%d??6%Pf$w?nand E&ﬁfé%ﬁ%ﬁ#?%%l?%gg

Il mare sugcesgsiNe P00 P gﬂ@é{{@ﬁ@ Pf b 1id Newe ahd DyhHayE ng
the outer d%an@t%§ o%' Qﬁgggonn%er?]?rt_e I nner djanégﬂ% of 25-ﬁ%?err] and
the thickness 9f nR aRa80 8HhaP@lcols! s&EtP6R] wLth 08scH &bde ngE t hk. Hiei ght
of 20 nm and a square cfoss section with each side of 11.5 m ar e
thereafter forgedrattheteayoes edHrédpatointéevals o ps0 Nt o uthace
portion, as shown in Fig. 2. Exam nati on was made of the
fl oating st at eupperhbstt serfiagacporthend &s(shgwetire Fbad 2- and magnetic

head 1) when a relative speed of the magnetic di sk nedium 3
. Examination was made of the floating state of

IPraovi de the

10 the magnetic head 2 (magnetic head I and magnetic head
II) when a relative speed of the magnetic disk medium 3
to the floating magnetic head 2 is changed between 8 m/s
and 35 m/s. A resonance frequency of the magnetic head 2
is 720 kHz in the case of the magnetic head I and 440 kHz
15 in the case of the magnetic head II. The radial position
of the magnetic head fioating on the magnetic disk medium
is 40 nm.
The result of observation of the floating
state of the magnetic head 2 (magnetic head I and magnet-
20 ic head II) under tﬁe above condition will now be ex-
plained. 1In order to examine the stability of floatation
of the magnetic head, a piezoelectric element is stuck
just over the magnetic heaq. Fig. 3 is a diagram showing
the result_éf observation of a voltage signal obtained by
25 displaying an output from the piezoelectric eiement by
use of an oscilloscope with the amplifier gain of 60 dB.
As the result of observation for the magnetic head I

having the resonance frequency of 720 kHz, a beat signal



to the floating magnetic head 2 is changed between 8 m's and 35 m's. A
resonance frequency of the nagnetic head 2 is 720 kHz in the case of
the magnetic head | and 440 kHz 15 in the case of the magnetic head II.
The radial position of the magnetic head floating on the magnetic disk
medi um iIs 40 nm The nqsult of observation of the
floating state of the magnetic head 2 (magnetic head | and magnet- 20
ic head 11) under the above condition will now be ex- _plained. In
order to exan eRu$seR £xeomiailayrge digtuzhange of the flﬁaﬁnﬁmezﬂvﬁhsaﬂé a

i ezoel ectric el ement is stuck just over the magnetic head. Fig. S
g di agr am showFig magnetie head | wexg dpkacied @S thawn gin &g sinain

[ di spl ayi f th ' [ I t
ise of an ysci FOSEBPes WiTers HPaTITTEre et ifRe s, 16 B (7Y esul
81]: 3286[(\@? ! g%’igﬁ/%?gnﬁg@ééf P&?fj éuch be%]@véfg%atfse gsessq{]oavpr??ir]izfelfg{en?y
caused fronga 3 afdife dbisder-Radcet Bqide {AQatddis ?%]L?Ltﬁmd)fone roéél'.%'hée}?%@t Ic

head were detected, as shown in Fig. 3, In e cases where t
. relative speedthe Madghéstidd&iidls mdWlium. 27 mM's. At |east four such beat

signals as shown in Fig. 5 3 were observed at equal intervals during one
rotation of the maghstto thekmagnéetic head II as the dompardbeve
magnetic head Il as the conparative exanpl e, a |l arge disturbance of

the floating s3AmPle, thelarge Gigpunbande af vishe obismtiad istdte cfistse

where the rela- 10 tive speed of the magnetic disk nediumto the magnetic
magnetic head was observed in the cases where the rela-

10 tive speed of the magnetic disk medium to the magnetic
head is 11 m/s, 22 m/s and 33 m/s. At least four such
large disturbances were observed at equal intervals
during one rotation of the magnetic disk medium, as shown
in Fig. 3.

15 In the above experiments, both the magnetic
head I and the magnetic head II took the floating state
of 50 nm at the relative speed of 8 m/s. From the result
of experiments, it was revealed that no sharply rising
signél is observed as a projection contact signal indi-

20 cating the contact with the projections provided on the..
magnetic disk medium. Therefore, it is apparent that the
beat signal shown in Fig. 3 is not a signal caused by the
coﬁtact with the projections of the magnetic disk medium.
More particularly, the signal caused by the contadt with

25 projections is a signal generated by an oscillation
caused when the magnetic disk medium and the magnetic
head contact each other. The rising of this signal is

sharp and the signal strength thereof is large. 1In



head is 11 mls, 22 mis and 33 m's. At |east four such | ar ge _
di sturbances were observed at equal intervals during one rotation of

t he magnetic di sk nmedium as shown in Fig. 3. 15 ~In the
above experinents, both the magnetic head | and the magnetic head I
took the floating state of 50 nmat yle-relative speed of 8 m's. From
the result of experiments, it was revealed that no sharply rising
signal is observed as a projection contact signal indi- 20_cat|pg_the
contact with tPRUPRBIeeR | WwHEh pkhwisanah caused byrdgretdantisk wisth um
Therefore, it is apparent.that the  beat signal shown in Fig. 3 is not a
si gnal caused BEPIfEtions ¢ othe Reqf t$ignrl pﬂllﬁ%d‘fqb%rﬂs";]dth W?\%ﬁjﬁé% |hc gISSk
medi um Moy rticularly, th i gnal cause the contact w |

proj ecti ons ise@b%?’dh%rl’tgléﬁr t P %ﬂ@ﬁliﬁzﬁﬁq%t .t T R G?/\1he‘n'f|_thhe
magneti c di sk [ e | C ead cont ac ach ot her.. e
riging of thiégggJﬁg]f%é?é$&zéﬁiﬁﬁﬁéﬂﬁp%fﬁ?%ﬁ%ﬂ%i %ﬁqﬁﬁﬂyﬁPq edie i s

large. In 5 beat signal is different from that of the ro'e&ﬁ.’g}ﬁri Son
wi th the signal cause%l by the contact w t% proj ect |ponsJ, t he beat

si gnal obser veasbntaddesimesent enbodi nent has a small signal strength.
Therefore, it can be recogni zed that the cause of generation of the

5 beat signal is differens hentiohed @bovde e BEs¥d@beat sf@MAct signal .
As mentioned above, the |arge beat signal (hereinafter referred to as
head unst abl e-fthereinafter referred to as head unstable-floatation
signal) was generated or confirmed under the relative
10 speed'cénditions of 9, 18 and 27 m/s in the case of the
magnetic head I having the resonance frequency of 720 kHz
and under the relative speed conditions of 11, 22 and 33
m/s in the case of the magnetic head II having the reso-
nance frequency of 440 kHz. The signal observation was
15 also made at other relative speeds. However, no head
unstable-floatation signal resulting from beat was gener-
ated at the other relative speeds. Considering the fact
that the distance from the projection 7 to the projection
.7 was 50 pm, it was found from the_above that a head
20 unstable-floatation signal resulting from the beat of the
magnetic head is generated when the relational expression
(1) is satisfied. Accordingly, when the relational
expression (2) is satisfied, no large head unstable-
floatation éignal is generated and the magnetic head can
25 make stable floatafion.
The intervals between projections on the
magnetic disk medium were measured by a contact type form

measuring instrument and the distribution of intervals



signal) was generated or confirmed under the relative 10 speed conditions

of 9, 18 and 27 nis in the case of the magneti c head |. having the
resonance frequency of 720 kHz and under the relative speed conditions
of 11, 22 and 33 ms in the case of the magnetic head Il having the

r eso- - nance frequency of 440 kHz. Theesignal observation was 15 al so
made at other relative speeds. However, no head unst abl e-fl oatati on
signal resulting frombeat was gener- ated at the other relative

speeds. Consi REFWRER HRXqiRGtions wamtanalyzhd thihddhe Fauniar @agaction 7
to the projection It was found from the above that a head

7. was 50 pm | ; ] )
20 unst abl e- f 155t i JiF s‘?rb?‘ua‘feﬁlérg‘hl‘ﬁ RPFGH hEMre Aighription ofygnetic
head i i t ti ' 1) i isfied.
hocor dingly. | HEETHETS HERIERE ARSI Maiba she SHEAA Y 15 ar ge
head t abl e- ] t, ' |+ I : ' ead
Can’ 95 rmke. IO RERC AN AR ol s SRR LA FPUR fale
proj ecti onss ontidie with NErgEQdd £ 1o tSor RS Wf@ﬂdﬁéhﬁ}lr%tbk& O AGd- type

form measuring instrunent and the distribution of intervals

- 16 - bed tiemis D) et el 9\vdse tidny 2860 Jactithd Aot )fre4@N-than

sion. As the result of analysis, the distribution of I nterval s between
proj ecti ons shiohied afhethprastrd]l dblue resuhtariourtthe egnaradtiom tdf sthd t
was confirmed in conjunc- 5tion with the definition of a regularity that
the fluctu- Peakiehrithemagnetichedsht wden 4o jasth ichheotregragsitvr t han

15% of the central_value result in the generation of the
- speed v and the resonance frequency f of the slider of

10 +the magnetic head in the relational expression (2), it
was Similarly confirmed that the beat is generated for
the distribution of fluctuations in speed or frequency
not greater than +15%. fhe herein used term "fluctua-
tions" mainly includes "variations". 1In the present

15. embodiment, however, the term "fluctuations" is used in a
concept including the case where there is "varied" by
intention.

Next, the investigation was made of the float-
ing characteristic of the magnetic head when the magnetic

20 disk medium is normally rotated. There was fabricated a
magnetic disk apparatus in which the magnetic head I
having the size of 2.0 mm length, 1.6 mm width and 0.4 mm
thickness and the resonance frequency of 720 kHz is used
in conjunction with a magnetic disk medium in which the

25 intervals between projections on the circumference of the
medium are 50 pym. The rotation speed of the magnetic
disk medium is 3600 rpm at the innermost circumference

position. In this magnetic disk apparatus, the spindle



beat of the magnetic head. As to each of the relative speed v and the
resonance frequency f of the slider of 10 the magnetic head in the

rel ati onal expression (2), it was simlarly confirmed that the beat is
generated for the distribution of fluctuations in speed or frequency
not greater than 15% The herein used term7 fl uctua- tions" mainly

I ncl udes "variations". In the present 15 enbodi nent, however, the term
"fluctuations" is used in a concept including the case where there is
"vari ed" by rotahient$peed is variably comexelledddy @ cSeREaettPr was nade
of the float- ing characteristic of the _nagnetic head mheg %Be
magnetic 20 di sk medi unthe ABPREMPSL: GLECEALeTRBAE RASLTABRi B4t &8%a
magneti ¢ di sk apparatus_in which the etic, head | . havin si ze
of 2.0 nn1Ieng?ggnﬁtﬁcnﬂfﬁfd?ﬁgéﬂﬂ'0? ﬁﬁ+c£ th?kW%?ﬂ%géca%%aéh%aﬁgg%nance
frequency of 720_k | S-US [ Opy UNEGL{ ON: Wi t L€ d

medi um in mhicﬁgf gzoﬂédrn?gr%glgmbg?éeg%gpf%}gg%y%ngp%% t ee%#fﬁuﬁ$§?ence
of the diymyabenp. PTA1SBE EREIbUEErADEEUcLEcliifefBEBE! pési tiofll Sk
mediumis 3600 rpmat the innernost circunference position. In this .
magneti c di sk gppanat magnbBecsgisRl fedium, at which the magnetic head -
17 - rotation speeg Is variably controlled by a controller.

The i nnernost ebahcbef posiittonedit isndbfmhhe At thaghrbermdstkcihedunfierat

whi ch the magnetic head can be positioned, is 20 mmand the relative
speed at this enge of the IoBestsspegflsothehmagnetiaobeadi pEutihésence
position of the magnetic di sk nedium at which the magneti ¢ head

apparatus makes the floatation of 60 nm and no signal
10 indicating the contact with the magnetic disk medium is
generated from the magnetic head. The floatation of 60
nm is ensured over the entire surface of the magnetic
disk medium.
When the magnetic disk medium is normally
15 rotated under the above condition so that the position of
the magnetic head is changed up to the outermost circum-
ference, the relative speed at the outermost_circumfer—
ence comes to 17.0 m/s. At an intermediate circumference
area where the the position of the magnetic head changes,
20 the change of the relative speed from 9.4 m/s to 12.7 m/s
is expected. When considering the relational expression
(1) in this area, it is expected that a beat signal of
the magnetic head is observed. In the magnetic disk
" apparatus under investigation, therefore, in an area
25 having a radius not smaller than 24.9 mm where the rela-
tive speed comes to 9.4 m/s or higher than that, the
rotation speed of the magnetic disk medium was controlled

by the controller at the pitch of 1 mm in respect to the



can be positioned, is 45 nm At the innernost circunfer- ence of the

| owest speed, the nmagnetic head of this appar atus naekes the floatation
of 60 nmand no signal 10 indicating the contact with the magnetic di sk
mediumi s generated fromthe magnetic head. The floatation of 60 nm
I's ensured over the entire surface of the r@agnetic di sk nmedi um

When the magnetic disk nediumis normally 15 rotated under the above
condition so that the position of the magnetic head i s changed up to
the outernost Epddahk positipar efc&het pagpetasi headpsedvariphéyodPerpase
circunfer- ence conmes to 17.0 m At _an |3%erned|ate circunference

area wher e t he e TO&&tH oo speedhonk ﬁ@tFEehES 5H¥ﬁg§EeGdZBSSPW§Scﬁange

of the reIatlvg .speed .-from

considering th VRS © 2 érgli/%g “ené EfftFHIEﬁFsagggéreS 1n¥% &Xpect ed
that a beat signal, %&ogbthe %%t@%%%?l'%n%%%ﬂlhgogﬂéepEEQtlbﬂ BQef gneti c

di sk apparatus un nvestigation n-an area havi ng a

radi us not $meldagelth@n nehdd t@fbm%&%lt heel bfation shekd SRERHeCapRH-L O

9.4 ms or higher than that, the rotati on speed of the nmagnetic disk

medi um was conigie logd the balsyist be ebiel Beluiiedl pbe thiohC Angbrhaftionn

respect to t he - 18- radi al

position of the nagneti c Foacdmpamisall ychiawr esse fabridededtaatmagnespeed
~so that the relative speed assunes a fixed value of 9.0 nis. The

control | er acqdio ¢dsknfeppeeratus in ghichophehsedtingt forcdheemaong tilge

position of the
disk medium and the magnetic head is similar to that in

10 the above-mentioned magnetic disk apparatus but the
rotation speed of the magnetic disk medium is fixed at
3600 rpm irrespective of the position of the magnetic
head. These two kinds of magnetic disk apparatuses were
subjected to the examination of a beat signal of the

15 magnetic head at various positions of the magnetic head.
In the magnetic disk apparatus with the rotation speed of
the magnetic disk medium being controlled by the control-
ler,. no beat signal was observed. On the other hand, in
the magnetic disk apparatus with the rotation speed of

20 the magnetic disk medium being fixed, the generation of a
beat signal begun at the 25.0 mm radius position of the
magnetic head. The maximum voltage amplitude of the beat
signal was generated at the 29.2 mm radius position, that
is, under the condition that the relative speed is 11.0

25 m/s. Accordingly, the above investigation shows that the
floatation of the magnetic head could be stabilized by
controllihg'the position of the magﬁetic head and the

rotation speed of the magnetic disk medium by the con-



5 magnetic head to control the rotation speed of the spin- dl e on the
basis of the acquired position information. For conpari son,
there was fabricated a nmagnet - i c disk apparatus in which the setting
for the magnetic di sk medi um and the magnetic head is simlar to that
in 10 the above-nenti oned magnetic di sk Bgparatus but the rotation
speed of the magnetic disk nediumis fixed at 3600 rpmirrespective of
the position of the magnetic head. These two ki nds of magnetic disk
appar at uses wdr@ller.sypjected to the exam nation of a beat signal of the
15 magneti c head at variou%ﬁpqsijions of the magnetic head. ln the -
magneti ¢ di sk appar at us M B9 bt ithe §-gentioned,@agaetdG ¢ di sk
medi um bei ng ¢cqQntral | ed th ntrol - . ler,. no at _signal. was
Observed. On AHEYPRERTRENS OF, P8 bPpgent. spuEhrighs, BREEST AR WA, (he
.rotation spee . gnetl ' LU ' I xed 1t neration
of a " Doat HrenripdsasaRar byl Witk QpBEratuy 1ATupt R 4R

magneti ¢ head arHae JFEnE Maidlelaee AR mbddemOinbN8alRa! the neh@nal was .
generated at the 29.2 mmradius position, that I's, ‘under the condition

that the rel aposd tipeed firoml 200 mm2To4s. mAcaer diRvglhaed tihtocaltave re-

I nvestigation shows that the floatation of the magnetic head coul d be
stabilized bygions amdt rohlel medattheepspeedod sotontteoidgdetfor kaath and t he
rotation speed of the magnetic di sk nedium by the con-

- 19 - t T§igien so that it becomes agdi hiigherothhn Ghéve/senbironed

magneti c di sk apparatus of the present invention, there was fur-
. more particularly, the rotation speed is made variable

10 such that it takes 3500 rpm in the region from 20 nm to
25 nm, 2900 rpm in the region from 25 nm to 30 nm, 2500
rpm in the region from 30 nm to 35 nm, 2200 rpm in the
region from 35 nm to 40 nm, and 1900 rpm in the region
-from 40 nm to 45 nm. In this case too, the beat of the

15 magnetic head was not observed.

(Embodiment 2)
As the magnetic disk medium 3 was used a
magnetic disk medium in which cylindrical projections 7
having the diameter 6f 5.7 pm and the height of 25 nm are
20 arranged at intervals of 25.5 ym on a glass substrate
having the outer diameter of 65 mm¢$, the inner diameter
of 20 mm$ and the thickness of 0.889 mm. As the magnetic
head 2 was ﬁsed a magnetic head in which two worked rails
of 250 pm width for receiving a positive floating air
25 pressure are provided on a slider of alumina titan car-
bide having the length of 2.0 mm, the width of 1.6 mm and

the thickness of 0.4 mm. The magnetic head 2 was provid-



ther fabricated a magnetic di sk apparatus in which an 5 area of the
magnetic di sk medi umincluding the head positions from20 nmto 45 mm
is divided into five re- gions and the relative speed is controlled for
each - region so that it becomes not higher than 9.4 m's, or nor e
parti-cularly, the rotation speed is nmade gariable 10 such that it takes
3500 rpmin the region from20 nmto 25 nm 2900 rpmin the region
from25 nmto 30 nm 2500 rpmin the region from30 nmto 35 nm 2200
rpmin the ed repposi te ote 3Ehamagneoi e ighdnedibgn rHreQ rithale ¥R on

from40 nmto 45 nm In this case too, the beat of the magnet j.c head
was not observeagnetic headnfbephen@n Jfhe magnetic disk ﬁ@e'ﬂﬁg *Qﬁlc di sk

nmedi um 3 was used a netic dIS nmedi um i
prOJegglons 7 ma%nﬂﬁﬁ?nbe?&e“ﬁ?%n%? %fp€9§3T€r¥wbﬁéhmg#% q%elgﬁ?so? 25 nm
are arranged at intervals of 2 m on a gl ass substrate
Eﬁring]thedout ?sa?ﬂﬂ%?e?r%gu%%c%n?g ?Téek%e i nner glaneter of 20

err] and.the thickness_o n c ead 2 was d
a magnetic Read in Mhlch§ nd ﬁggg raléﬁbbﬁ@m&%@ 3%8 pﬁ]&?géh for e
receiving a poﬁhé’tXﬁléL@i‘BéEQti‘bﬁ s25nR1 O584T 6p3ELvEA ONhERIthe Bebhties of

‘alumna titan car- having the length of 220 mm the width of 1.6
nm and thg éBaCBBe%‘ﬁeOifnaQnétﬂm dikr megbeni £shead/2, Wa8 pysvand 27
- 20 - ed opp03|te to the magnetic disk nmedium 3 so that the

m/s. Though the intervals between projections in the
case 5f the present embodiment are one half of that in

10 Embodiment 1 and the size and form of the projection are
different from those in Embodiment 1, it was found out
that when the relational expression (1) is satisfied, the
unstable-floatation signal is generated. The projection
form of the medium is not limited to the case where

15 projections are uniform. Namely, it was revealed that
even in the case where small projections gather to form
one aggregate, a beat signal is generated if such aggre-
gates are arranged'at equal intervals or with a certain
regularity. In the present embodiment, a beat signal of

20 the head slider could be sensed if the projection height
is equal to or greater than at least 3 nm.

Next, a similar measurement was made preparing

a mégnetic disk medium in which cylindrical projections 7
having the diameter of 5.7 pm and the height of 15-nm are

25 arranged at intervals of 25.5 um on a portion of the
circumference (over the length of 10 mm in the
circumferential direction) and the cylindrical projec-

tions 7 are arranged at intervals of 40 ym on the other



magneti c head floats on the magnetic di sk nedium The magneti ¢ head
used in the present enbodi nent also has a resonance frequency of 720
kHz. 5 In the present enbodi nent too, a head

unst abl e-fl oatati on signal was observed when the relative speed of the
magnetic disk nediumis 9 nmls, 18 m's and 21 - m's. Though the intervals
between projections in the case of the present enbodi nent are one half
of that in 10 Enbodinment 1 and the size and formof the projection are
di fferent frompemeions, Epohomntin Fig. vhs Aurtheuelativengregtrf He

rel ati onal expression (1) is satisfied, the unst abl e-fl oat ati on si gnal
i s generated. ‘Fh@:pr%J heaq dFPStabJF%TfrﬂQﬁtQ"Wé"?re?:ﬁgﬂﬁ]r FARHORFERYRY TPY he

wh f al ed t hat
cven i the cast WHES cLERERs B BT ohed g rF aels o TSSSEE bt e
a beat signal fﬁ@e&@trﬁ&é&rm [asponqudf 65 BHe ARt dlogaual

intervals or w certarn regu he present enpbodi ment

beat signal &f pzln £HfsNepd $ad dSon LML b&é@@%&& drPray 0l eetdan

hei ght s equal to or greater than at |east nm Next ,

~a simlar neasut@EEsh YPGnaRdEs NGERSFafsl onl aafmegrp&sz:ti:bxsmﬂaeb Uthe N
whi ch cylindrical projections 7 havi ng f%e di aneter of 5.7 pmand the

hei ght of 15 nmrérstidhanretpoessbdni (i pridl satisPbed. [err] mon a portion
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- 21 - jections passing under the rail width give an influence
. 10 on the-géneration of a beat signal. More particularly,
it was revealed in the present investigation that when a
row of projections pass at least one of the two rails, a
beat signal is generated in the case where the intervals
between projections and the resonance frequency of the
15 magnetic head coincide with each other. At this time,
the passage of a row or group of projections is not
limited to the case where the passage is continuative.
The beat signal was generated if the passage time is
-equal to or shorter than at least 10 ps. Further, it was
20 found out that the generation of a beat signal begins at
the size of the projection 7 relative to the rail which
is about 1/500 in terms of the ratio to the rail width.
Therefore, it is necessary to set the size of the projec-
tion so that it is not greater than 1/500 of the rail
25 width.
Next, a magnetic disk medium as shown in Fig.

5 having cylindrical projections of 5.7 pm diameter and

15 nm height arranged at intervals of 25.5 um on the same



portions, as shown in Fig. 4. At the relative speed of 9 ms, a head

unst abl e-fl oatati on signal was observed over atinme length of about 1.5
ns at only one location in the range of neasurenent corresponding to
one circunference. 5 Fromthis, it was confirned that a head

unst abl e-f | oa- tation signal is generaggedonly at a position where the
rel ati onal expression (1) is satisfied. Nanely, it was
reveal ed that a group of pro- j ections passing under the rail wdth
gi ve an i nfl uendeculiFemendee ofe ge gdicisen subsirisdgt hevidngl thepputer
particularly, . it was revealed in the present investi%aotion t hat when a

row of proj ect iddane¥@ys oft 65 8P, ofbeoinneE Gigmeders0fy20 mmPe andsithes) | s
generated in the case where the intervals oj ections and . the
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limted to the continuat ve. pbeat signa
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.10 ps. Further, It was out that the generation of a beat signa
begi ns at ZA.1te o, Z&Hd Wil HI0Y ACle @i anceltie WRilcknelie oF 0.\ inl

is about 1/500 in terns of the ratio to the rail w dth. Therefore, it
i s necessary tarsathildnaijrescitf Hdad Hor),ethe resdnafites Eridh@lendy iis TG0
greater than 1/500 of the rail 25 w dth. Next, a mmgnetic
di sk nmedi um as kHmown in. Fig. 5 having cylindrical projections of 5.7
pm di anet er and 15 nm hei ght arranged at intervals of 25.5 [err]mon
t he sane Under the above condition, the rotation speed
10 of the magnetic disk medium was fixed at 4500 rpm. At
this time, a head unstable-floatation signal was observed
over the entire circumference of the magnetic disk medium
when the relative speed Setween the magnetic head and the
magnetic disk medium is 9 m/s, that is, at the measure-
15 ment radius of 19.1 mm. In this investigation too, it
was confirmed that a head unstable-floatation signal is
generated in the case where the relational expression (1)
is satisfied. From this, there was used a magnetic disk
medium which has projections with the intervals therebe-
20 tween changed from 22.5 pm to 45 pm. In this case, no
head unstable-floatation signal was generated when the
relative speed between the head and the medium is 9 m/s.
Accordingly, if a medium having projections which fall
within a range satisfying the relational expression (2)
25 1is used, the head floats stably.
In either case, the stabilization of the

floatation of a magnetic head can be attained if in

connection with a magnetic disk medium having projections



- 22 - circunference of a glass substrate having the outer

dianeter of 65 mjerr], the inner dianeter of 20 nmmjerr] and the

t hi ckness of 0.889 nmwas used to float thereon a nagnet- i ¢ head
slider in which rails of 250 pmw dth are worked 5 on a slider of alumna
titan carbide having the | ength of 2.93mm the width of 1.6 nmand the
t hi ckness of 0.4 mm In this magnetic head too, the resonance frequency
is 720 kHz. Under the above condition, the rotation
speed 10 of tweichgaeeiprovidededn ubthewsediwedind a500ct powr ¥he wholehis
tinme, a head unstabl e-floatation signal was observed over the entire
C|rcunference of Vhbchngﬁ%t¢€r@m%%dﬁ%ﬁlIEHU1ar ipeerYdks r cthe inatepital

bet ween t he neti ¢ head and t gnetic disk nediumis 9 ms, that
is, at the rrea ’Eﬁies’-z%5°1fremer%%?%ss%¥dﬁ’§' 1then Totatipn sfmt?ﬁa*fli‘%n t 00,

f dth d | e f 1
lgfaner at \évgsl ﬁo?'ﬂl%é%g'geé Ea?lget ega? u€§t 3 %‘g’r%f:’g%%’ts‘gg%g? gé}'e re]r%tls‘é?i sfied.

Fromthis, sheigeuaspusiden 16 ok ana ORUIMBAOELY 8BS BOARGH) ONS

with the |nterva t ween anged pmto 45 pm 1Ih
this case, no are pf*@@érl'f‘séépé@tééoé’éa&h&ﬂ Shanad1yefoRenesab sk yhen the |
rel ati ve speed between the head and the nediumis 9 nis. . Accordingly,
if a medi um hay2hgipreatLsfossd. which fall within a range satisfying
the rel ational expression (2) 25 is used, the head floats stably.

In either case, the stabilization of the floatation of a magnetic head
can be attained if in connection with a magnetic di sk nmedi um havi ng

proj ections (Embodiment 3)
Next, a magnetic disk medium including a glass
10 substrate of 65 mm¢ outer diameter, 20 mm¢ inner diameter
and 0.889 mm thickness having cylindrical projections of
5.7 pm diameter and 25 nm height arranged at intervals of
- 25.5 pm thereon and including predetermined thin films
formed on the substrate was used to floaf a magnetic head
15 slider in which two worked rails of 200 um width for
receiving a positive floating air pressure are provided
on a slider of alumina titan carbide having the length of
1.0 mm, the width of 0.8 mm and the thickness of 0.2 mm.
The resonance frequency of this magnetic head slider is
20 1000 kHz. At this time, a head unstable—floatatipn
| signal could be observed at 6.3 m/s, 12.5 m/s, 25.0 m/s
and so forth. Then, there was fabricated a maghetic disk
apparatus in which the operating range of the magnetic
head (or the radial positions of the magnetic head on the
25 magnetic disk medium) is set between 16.0 mm and 22.3 mm
with the rotation speed being fixed at 4500 rpm. In this

operating range, the relative speed changes between 7.5



- 23 - whi ch are provided on the nediumand a part or the whole of
which are arranged at regular intervals, the naterial and size of the
head slider, the rotation speed of the medi um and the head floatation
radius (or the relative 5 speed between nagneti c head and the nagnetic
di sk nmedi um are properly selected-spathat the rel ati onal expression
(2) is satisfied. (Enmbodi nent 3) . Next, a magnetic

di sk nediumincluding a glass 10 substrate of 65 er&% outer di aneter,
20 mierr] inmes @nghdCes m/s. a¥@T0 COPPAFHSOR cRNd2d KHF AGIBPtifdri cal
proj ections of 5.7 [err]mdianmeter and 25 nm hei ght arranged at

i nterval s of head E@F@eﬁhﬁﬁhéﬂgﬁﬁnénﬁlﬁﬁEIGﬁFH&dﬁr@G@ggﬂthgdqgﬁﬂﬁ%fﬂfhs
fornmed on the _suypstrate was ed float a netic head 1 slider in
whi ch two wor Igeg) | ﬁ"(ﬁ “?@%i‘pr‘ﬁéqut%mf“orandn% S %t’é‘f:vinﬁﬁsaopos?i'td’l e
floating air e [3rQui | i gq% i

car bi de havi ng"r ﬁ?%re?ng{% ngO%Ve q:%(él.h(?ar%n%% %é‘%wsgﬁ‘[? %})eg'l.a m%]a élnaé‘ e
thickness ¢f Q2 ¢His time,THhd GRS HRAUEITYe HaWipgTrgRe esdlead
slider is 20 1000 kiz. ‘At this time. a head Unst abl e-f oat at i on

signal coul d Bgres erRfheticyd.oF MODO kA gdnerated) nd beat sigmhlsutOrth.

Then, there was fabricated a nagnetic disk apparatus in which the
oper at i ng r angeofmagnethirg hetade sliderhdadifg thiee resdnanceo fireiquenayf t he
magneti c head on the 25 magnetic disk mediun) is set between 16.0 nmm and
22.3 mm wicth A2k kitn mm@& heiatg sfiigned dm 46@@NgemeT| r-’r‘etllﬁ'ts"'-vé
operating rangs%eé[dhse breef!waetelnv%.s ?ne/ds %f;%n %S.Ob%[/vﬁenAZ:'c%rdingly, it is
10 possible to suppress the beat of the magnetic head when
the magnetic head slider is set to a proper operating
range.
Though the substrates having the diameters of
95 mm and 65 mm are shown in the foregoing embodiments,
15 the present invention does not depend on the diameter and
thickness of a substrate. Namely, the present invention
is applicable to substrates having a variety of diameters
and thicknesses. Also, the projections provided on the
medium includes not only projections formed on the sur-
20 face of a medium but also projections formed on the
surface of a substrate, a projection layer formed in an
intermediate layer between a substrate and the uppermost
layer of a medium, and projections formed in a substrate.
Further, the regularity of intervals between projections
25 may be defined in such a manner that if each projection
has a circular form, a distance between the centers of

circles of the uppermost portions of projections is

measured. In the case where a statistical standard



- 24- ms and 10.5 nms. For conparison, a 720 kHz magneti c head

slider of alumna titan carbide having the | ength of 2.0 mm the width
of 1.6 mm and the thickness of 0.4 mm was used to float the head in the
sanme operating range. 5 At this time, the magnetic head slider having the
r eso- nance frequency of 1000 kHz genesated no beat signal but t he
magnetic head slider having the resonance frequency of 720 kHz
generated a beat signal in a range of relative speeds between 8.0 n's
and 10.0 m's. %megw vaxignce 138 p"Eﬁ%ﬁrbIJé"‘fQ) coprderatinn bedhe of the

magneti ¢ head when

netic, head sllder tQ a roper
oper ating inrgevals Bk pProjeg, éhﬁ Hi Pk 5%

di aneters of [m moare s |nt fore mn eMmdmes
15 the present® |ﬂ¢§§t|oﬁe ges bt “Heh qu%£¥%he %ﬁﬁi N9t ckness
of a substrat e,eNod®l ¥ p‘;ﬁéegurfgwee%m of théhi){cﬁ.% 21[

0 €SSes. S0,

substrates having a va |ety di aneters

proj ecti onss prgyi €8 ON fHethe intE@Eiala Iw@&w&@& BYY N Dortd Qast NS

formed on the sur- 20 face of a nmedium but al so prOJectlons formed on the

surface of a sedibly adetermivied etdvedn | eetaiwd@frdd) o reguldriit€yf Meghat e
| ayer between a substrate and the uppernost | ayer of a nmedium and

proj ections fm@nejec¢tiensubsll atkthin thd-usddiss ,of heppleigtd taior YoOfthe
i nterval s between projections 25 may be defined in such a manner that if
each proj ecti opresent hipvengioryl ar form a distance between the centers of

i the uppernost_portjons of projections is
circles Of- PP Tﬁough the fogeg ing embodiments are mentioned

10 in conjunction with the case where alumina titan carbide
is used as a head slider material, the present invention
is limited to only such a specified slider material. The
present invention is also applicable to all other materi-
als which are suitable as the material of a slider. As

15 described in conjunction with the foregoing embodiments,
the present invention does not depend on the form of a
slider or is applicable to any case if a resonance fre-
quency as a slider or a magnetic head including a gimbal
for supporting the slider and so forth satisfies the

20 relational expressioh (2).

Also, the head resonance frequency is a char-
acteristic value but is permitted to have the changes of
*15% when variations are taken into consideration.

Fﬁrther, the present invention is defined by

25 the intervals between projections in a circumferential
direction at a specified position on a magnetic disk
medium, the resonance frequency of a magnetic head mate-

rialland the relative speed between the magnetic head and



measured. In the case where a statistical standard

- 25- devi ation or variance is taken into consideration, the

i nterval s between projections include the changes of 15% around a
central interval value. Therefore, it is not necessary that the
surface formof the projection is 5 uwni2erym If the intervals between
projections statisti- cally determ ned have a certain degree of
regularity, the projections fall mnthln t he scope of application of

t he pr es&he M\%’ﬂﬁl@n disk medium. TheyRSQFR -t AR HFe§ESRyWEREEdi neNt S
are nentioned in rg i)tlon w th the case where alumnatltin car bi de

10
is used as a ﬁ@ﬁd%ﬂq twegen PﬁEJ§F§§8ﬁF Pﬁvgnppgﬁe i¢ disKinited to
only such a SQn f' e 2 'qu He TS 'b%ltWeL@xaﬁt %ea%[te%%gt g‘i%ﬁts' o g.also

appllcabletoéal her materi - 8re surt ab ‘t e fateri al

of a slider. '%%ss'ﬁl‘ée%“or R ithe® YUaBAE! 1F9R M hNB £ A §3QNB%ic head

enbodi nent s, e present invention does not depend on the formof a

slider or iss aﬁpldm@lelgt el viel speleds BFRRACeohitevller s@GUGRGE as a
slider or a magnetic head including a ginbal for supporting the slider

and so forth ae delatiicohml 2kprelsatiionndl2 )exipr eatiiefied) for a magnetic

Al so, the head resonance frequency is a char- acteristic value but is
permtted to Heead theyicigarides cpfly resobitosh fregaenalyi.onThaereblyakdrt iist o
consi der ati on. Further, the present invention is defined by
25 t he inter v@cssidlgede medﬁeedlheoﬁéiahl%fé-loﬁ@@@éme@f &he maggietdetion at

a specified pOS|E£on on a magnetic disk

10 According to the present invention as ex-
plained in the above in detail, in the case where in
connection with a medium having projections which are
provided thereon and a part or the whole of which are
arranged at fegular intervals, a relative speed between a

15 head and the medium is properly selected to satisfy the
relational expression (2); there can be provided a
high-reliability magnetic disk apparatus in which the
stabilization of floatation of the head is attained so
that a low floating height of the head.corresponding to

20 high-density recording is ensured.



medi um the resonance frequency of a magnetic head mate- rial and the
rel ati ve speed between the nagnetic head and

- 26 - t he magnetic di sk medium Therefore, in the case where t he
i nterval s between projections on a magnetic disk medium are different
between at least two regions, it is ) ible to make t

fl oatati on of a magnetic head 5 by changls??]g the relati VGTEWIIWIH‘HIM"III I“III
controller so that the rel ational expression (2) is sati*sfed:f ot
magneti c hebAIKavi ng the only resonance frequency. Thereby, it is

possi ble to make -the stable floatation of.the nagnetic head. 10
According to the present A RAGRETLHR dd skxapparagugi REBPrASLRg:above in
detail, in the case where in connection w th a, nedi um havin

proj ections which are @ BPSFPG&G ghgkeBRAIHE Bapiprg BFoﬂﬁEt&ﬁgFe of whi ch
are arranged at gu ative speed b n, head
and t he nedlunPngb?ﬁ Vf§£33I88?§ga?B 53??%?§1F%e R ?uf m?ona exé

expression (2), there cag bR+kahIR82ion tBrIBiSlNALRE! ¥oRRYIE! Bedl SK

apparatus in which the st abi I on of oatatio
attai ned so sagga&aanggﬁbfhggklﬂgdgghght of the head corresponding to 20

hi gh-density recording Is ensured - 27
Substitute sheet - 29 Aphlhabﬁanc head for performing the magnetic
recording and reproduction for said magnetic disk medium;
an actuator for moving said magnetic head to a
desirea'position on said magnetic disk medium; and
a controller for controlling said rotating
portion in accordance with the regularity of said projec-
tions provided on said magnetic disk medium, a resonance
frequency.of said magnetic head and a relative speed of
said magnetic disk medium to said magnetic head.
2. A magnetic disk apparatus according to Claim
1, wherein said magnetic head is held by said actuator
through a magnetic head supporting mechanism, and said
.controller controls said rotating portion in accordance
with a resonance frequency of said magnetic head and said
magnetic head supporting mechanism.
3. - A magnetic disk apparatus according to Claim
1, wherein said magnetic head includes a slider which
floats by the rotation of said magnetic disk medium and a
magnetic head element provided on said slider for per-
forming the magnetic recording and reproduction for said
magnetic disk medium, and said controller controls said

rotating portion in accordance with a resonance frequency
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1. A magnetic di sk apparatus conpri sing: a magnetic disk
medi um having projections arranged with a constant regulzuiigLiyljiigﬂg;ﬁfi~
t hereof ; - a rotating portion for driving the rotation of sa
magneti c di sk nmedi um a magnetic head for perforhmnuﬁ"’“m””m
Said *

magnetic recording and reproduction for ggi d magnetic di sk’ IN f
an actuator for noving said magnetic head to a desired position on ¢
magneti ¢ di sk nmedium and a controller for controlling said
rotating portbapedonhbhe imatenial and $ize Jobesadkdrsbidelr proj ections
provided on said magnetic disk nedium a resonance fre- quency f of said
magnetic head 4nd a rel afi 989eptig digk apmaBakugneererding kedridimo said

i [ termned relation represented b
?aggegLESP??St ?;%% efhg%§£§r9¢£%ggkﬁons provided on said mgénetic

disk medium have the regularity of arrangement thereof at
predetermined intervals held in the circumferential
direction of said magnetic disk medium.
5. . A magnetic disk apparatus according to Claim
1, wherein said controller controls said actuator to
recognize the position of said magnetic head on said
magnetic disk medium, thereby obtaining the relative
speed of said magnetic disk medium fo said magnetic head
in accordance with the recognized position of said mag-
netic head. |
6. A magnetic disk apparatus comprising:

a magnetic disk medium having projections
arranged with a constant regularity on a surface thereof;

' a rotating portion for driving the rotation of

said magnetic disk medium;

a magnetic head for performing the magnetic
recording and reproduction for said magnetic disk medium;

an actuator for moving said magnetic head to a
desired position on said magnetic disk medium; and

a controller for controlling said rotating
portion so that the intervals ¢ between said projections
provided on said magnetic disk medium, a resonance fre-
quency £ of said magnetic head and a relative speed v of
said magnetic disk medium to said magnetic head satisfies

a predetermined relation represented by —_—

eet Has Been Replaced
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nxf <v/[err] or nx f >v/[err] where nis an integer or 1l/integer. 2.
A magneti c di sk apparatus according to Caim 6, wherein said nagnetic head
is held by said actuator through a magnetic head supporting nechani sm and
said resonance frequency f is a resonance frequency of said nmagnetic head
and sai d magnetic head supporting necha-- ggsm 3. A magnetic di sk
apparatus according to Claim 6, wherein said magnetic h
slider which floats by the rotation of said nagnetic dISk
nmagnetic head el ement provixed o /Maiar g1 ixdr >f or/ Ler - ‘!ﬁiﬂ \‘m |\ “\“\
magnetic recording and reproduction for said magnetic d

sai d resonance WhezguEndy BN §ntﬁgﬁés@ﬁaﬂdénFP§&Eency based on the naterlal

of said slider, and the sjze of sal i der ﬂ? nag§$&! di sk
appar at us accordi ng to ChiTRIREtIH %%a&'%”(ﬂ EG99F S F d#%h said
magnetic disk ned un1have t.he requlari f.ar enen er

pr edet er m ned |nt¥} elnh?ﬁ&& nagﬁ téFr%% e%gnbe ﬁ g%l%géplgﬁ%% %égld

nmagnetic di sk gir ANtha é%ﬂ@' %%d sh?@GFQgﬁgr@%Ehgﬁk§m'nahhesald

circunferential ction said inte A magnetic
di sk appar at us raeRiadided ftr@quaab@ £/ i VR rRisbnaakd BregeehcgnsspPeavigded on
said magnetic disk nedium have the regularity of arrangenent thereof at
predet erm ned imzigeietdlcs Healdd and slad aC magneftace hbbdl suppbettingnmethaai d
magneti c di sk nedium and said prede-

nism.

8. A magnetic disk apparatus according to Claim

6, wherein saiq magnetic head includes a slider which
floats by the rotation of said magnetic disk medium and a
magnetic head element provided on said slider for per-
forming the magnetic recording and reproduction for said
~magnetic disk medium, and said resonance frequency £ is
a resonance frequency based on the material of said
slider and the size of said slider.

9. A magnetic disk apparatus according to Claim

6, wherein said projections provided on said magnetic
disk medium have the regularity of arrangement thereof at
predetermined intervals held in the circumferential
direction of said magnetic disk medium, and said prede-
termined intervals in the.circumferential direction are
said intervals &.

10. A magnetic disk apparatus according to Claim

7, wherein said piojections provided on said magnetic
disk medium have the regularity of arrangement thereof at
predetermined intervals held in the circumferential

direction of said magnetic disk medium, and said prede-
=
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- 29 _ Substitute sheet - 29 April 1999 termned intervals in the

circunferential direction are said intervals [err]. 6. nmagneti c

di sk apparatus according to Claim 8, wherein said projectiﬂmi" rovi ded on
rrf* c

said magnetic disk nedium have the regularity of arrange ”ﬂﬂ"“ﬁ'""ﬂ'
predetermi ned intervals held in the cireugberential direc s !
magnetic di sk medium and said prede- termned intervals in the s+
circunferential direction are said intervals [err]. 7. . . A magnetic
di sk appar at ustexebred ninterdbs nin sthereieeumierentpial «direptiPR\@eRd on
said magnetic di sk  nmedium has a height of at least 3 nm 8. A
magnetic di sk 8pbAriRtRer¥etsréing to Aaim 6, wherein said controller

controls said tuator t reco nizg,tpe osition of sai,d ma neé'c.head on

said magneti cLht sk nedi anPROREFeEy BEAPRPRESENE REFATAYRY ERcSHStMof said
tic disk : . o c .

T eni vod nosTt| WHELL P Safa TBEIORLCE: olEA6ro 0 BEE 6 Ukfa hadhotle |

appar at us accoaﬂéﬁgmé@iﬂ\aﬁa%e_7th&hf»‘é§wa_§§£9 SPNAFPAAGENERD £1d Se SR St
actuator to recognize the position of.said nmagnetic head on said nagnetic

di sk medi um tpeegbYephiAtdl NEtéPeal €l Héld ein SBRE dcir@hmsaishtdgnet i ¢ di sk
medi umto said nagnetic head in accordance with the recognized position of
said nmagneticdberadtiodOof saidmagueeid cdilsls kmedpan Atarsd asabd dprgdee C aim
8, wherein said controller controls said actuator to

termined intervals in the circumferential direction are

said intervals ¢.

12, A magnetic disk apparatus according to Claim

6, wherein said projection provided on said magnetic disk

medium has a height of at least 3 nm.

13. A magnetic disk apparatus according to Claim

6, wherein said controller controls said actuator to

recognize the position of said magnetic head on said

magnetic disk medium, thereby obtaining the relative

speed v of said magnetic disk medium to said magnetic

head. in accordance with the recognized position of said

magnetic head.

14. " A magnetic disk apparatus according to Claim

7, wherein said controller controls said actuator to

recognize the position of said magnetic head on said

magnetic disk medium, thereby obtaining the relative

speed v of said magnetic disk medium to said magnetic

head in accordance with the recognized position of said

magnetic head.

15. A magnetic disk apparatus according to Claim

8, wherein said controller controls said actuator to

This Sheet Has Been Replaced
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30 Substitute sheet - 29 April 1999 recogni ze the position of said
magneti c head on said magnetic di sk nmedium thereby he rel ati
speed v of said magnetic disk nediumto said nagnetic 3@ iﬂﬂ" accordance

wi th the recogni zed position of said nmagnetic head. H'ﬂﬂuﬁ
di sk apparatus according to Claim 6, whefein said cont d
|ed Wi tH the

rotating portion so that said predetermned relation is satis.
intervals [err] between said projections on said magnetic di sk nedi um
bei ng per nitt zécpgniizee ther pasitasonwpothspid+megnetie. head onAsaudgnetic di sk
appar at us according to Claim 6, wherein said controller controls said -
rotating portmggne éctﬁaﬁks&Pélﬁmed§P§Fﬁpﬂe§bF§F&%P6ntP§ §8iP§FV§d with the
resonance frequen sai_d nagnetlc he gern1 ted to have

f sa
variations wi HFﬁ81§M?% $3id mag ﬁtﬁﬁgﬂéﬁ mﬁ %H Ba?ﬁ?ﬂstQBSFaan to
Caim 7, wherein said controll n ol s _said.rotatin t hat
sai d pr edet or ReRBdLPePaEREHaREe ki EB7kbE FeERoRiEsarbeRRsReh pPogaifcy 1 of
sai d nagnetic d d nagnetic ‘head supporting nmechani sm bei ng .
-permtted to mﬁgﬁgtggrpggpons within 15% 14. A magnetic di sk

apparatus accaedi ng t0 @ Hd¥ndbidMiBIsk RpTRird tud acidr@ingO Ry P1aiwai d
rotating portion so that said predetermned relation is satisfied with the

rel ative speed,vwhbbredndsaadnebntroiliksrmedntiole said roegethicpbegadohei ng
permtted to have variations within [err]15%
so that said predetermined relation is satisfied with the
intervals £ between éaid projections on said magnetic
disk medium being permitted to have variations within
+15%.
17. A magnetic disk apparatus according to Claim
6, wherein said controller controls said rotating portion
so that said predetermined relation is satisfied with the
resonance frequency f of said magnetic head being permit-
ted to have variations within *15%.
18. A magnetic disk apparatus according to Claim
7, wherein said controller controls said rotating portion
so that said-predetermined relation is satisfied with the
resonance frequency f of said magnetic head and said
magnetic head supporting mechanism being permitted to
have variations within +15%.
19. | A magnetic disk apparétus according to Claim
6, wherein séid controller controls said rotating portion
so that said predetermined relation is-satisfied with the
relative speed v of said magnetic disk medium to said

magnetic head being permitted to'have variations within
+15%. e
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