
MAGNETIC DISK APPARATUS         BACKGROUND OF THE INVENTION
The present invention relates to an informa-     tion recording magnetic
disk apparatus, and more particu-     larly to a magnetic disk apparatus
which has a high  5 reliability and an excellent recording characteristic
at     a high recording density.                In recent 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 an 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 magnetic      disk medium. JP-A-7-65566 has disclosed
that the charac-      teristic frequency of a magnetic head inclusive of a
sup-      porting member is not to coincide with the characteristic  25
frequency of a magnetic disk medium when the medium is 



-2-      mounted to a magnetic disk apparatus. More particularly,     it
has been disclosed that the optimization of the mass     of a core, the
material of a suspension or the like in     regard of the magnetic head and
the optimization of the  5 material of a substrate or the like in regard of
the     magnetic disk medium are preferable.                On the other
hand, it is conventionally known     that a magnetic disk medium including
an Al (aluminum)     substrate 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-      tern 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                                      -3-      no
consideration for problems caused when a magnetic disk     medium provided
with projections having a regularity is     applied to a magnetic disk
apparatus. Though the     JP-A-7-65566 has pointed out the characteristic
frequency  5 of a magnetic disk medium, it has only the disclosure     that
the optimization of the material of the substrate of     the magnetic disk
medium or the like is preferable. This     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 reso-      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 stuck      to the magnetic head. When the
measurement was made for      a medium having projections formed at equal
intervals,                                      -4-      the beat of the
magnetic head was observed at four loca-     tions on one circumference of
the medium. Also, when a     relative speed between the magnetic disk
medium and the     magnetic head was increased, a beat was generated at an
5 increased relative speed which is integer times as high     as the
relative speed at which the beat generated first.                It was
found out that the above phenomenon can     be represented by the
relational expression of                n x f = v/[err]
---  (1)  10 where [err] is-the intervals between projections provided
with a regularity on the magnetic disk medium surface, f     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 film.                An object of the
present invention made for      solving the above-mentioned problem and
directed to a                                       -5-      magnetic disk
apparatus using a magnetic disk medium in     which projections formed on a
substrate or medium surface     in an intermediate layer of the medium are
arranged at     equal intervals or regularly, is to provide such a mag-  5
netic disk apparatus which has a high reliability and is     adaptable to
high-density recording.                In order to achieve the above
object, a mag-     netic disk apparatus according to an embodiment of the
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.
-6-                 (2) A resonance frequency is established by     the use
of a high resonance frequency material or a low     resonance frequency
material as the material of a slider     of the magnetic head or by the
combination of the dimen-  5 sion and material of the slider so that the
relational     expression (1) is not satisfied. Thereby, the stabiliza-
tion of floatation of the magnetic head is attained.                (3) A
magnetic disk medium with the regular     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 medium 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 [err]
between      the projections of the magnetic disk medium, the reso-
nance frequency f of the magnetic head and the relative      speed v is
represented by the relational expression of
-7-                n x f < v/[err] or n x f > v/[err]    (2)     where n is
an integer or 1/(integer).                In this case, the resonance of
the magnetic      head is not generated at a fixed relative speed and even
5 at a variably changed relative speed, thereby making it      possible to
realize the stable floatation of the magnetic      head.                The
suppression of the resonance of the mag-      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 selecting the rotation speed  15 to a value which is
not integer times as large as or      1/(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-density recording. In this case, there is no 



20 need to positively set 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 magnetic 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 of     a high resonance frequency material or a low
resonance                                      -8-      frequency material
as the material of a slider of the     magnetic head or by the combination
of the dimension and     material of the slider so that the relational
expression     (2) is satisfied. With such a construction, it is possi-  5
ble to suppress the resonance of the slider of the mag-     netic head,
thereby realizing the stable floatation of     the magnetic head. At this
time, since the resonance is     caused if the fluctuations of the
resonance frequency are     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      apparatus by setting the intervals [err] between projections
on the magnetic disk medium to satisfy the relational  25 expression (2),
that is, by making the intervals [err] be-      tween projections
sufficiently large or sufficiently      small or by continuously changing
the intervals between      projections under a constant condition to
provide inter-                                       -9-      vals which do
not meet with the resonance frequency, it     is possible to realize the
stable floatation of the     magnetic head. In this case, it is preferable
that the     intervals between projections are not smaller than 0.005  5 pm
(more preferably, not smaller than 0.1 pm) and the     projection height is
not smaller than at least 3 nm. At     this time, the distribution of
projection heights may be     arbitrary so long as it is in a range in
which the reli-     ability of sliding is ensured. 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 medium relative to  15 the
magnetic head are in a permissible range. Further,      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.
- 10 -      BRIEF DESCRIPTION OF THE DRAWINGS                Fig. 1 is a
view showing a main part of a     magnetic disk apparatus according to an
embodiment of the     present invention;  5            Fig. 2 is a view
showing projections arranged     on the surface of a magnetic recording
medium according     to an embodiment of the present invention;
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 view 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 detail
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               head including a
slider which is made of a ceramic mate-     rial such as alumina titan
carbide or the like and on     which a magnetic head element for performing
magnetic     recording and reproduction is mounted, numeral 4 an   5
actuator for positioning the magnetic head 2 to a desired     position on
the magnetic disk medium 3 through a magnetic     head supporting mechanism
6 including a gimbal, a load     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      rotates. 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-
-12-      lowing embodiments are not limited to the magnetic disk
medium having the above-mentioned construction and can     also be applied
to a magnetic disk medium having another     construction. Embodiments of a
magnetic disk apparatus  5 having at least the above-mentioned constituent
elements     will be explained in detail.       (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 [err]m 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 [err]m width are provided for the slider in order to      provide the
same floating height as that of the magnetic      head I.  25
The magnetic disk medium 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-                                      - 13 -      lying
film, a magnetic recording film, a protection film     and a lubricating
film are successively formed on a     substrate of aluminum alloy having
the outer diameter of     95 mm[err], the inner diameter of 25 mm[err] and
the thickness of  5  0.80 mm, and dot-like projections 7 having the height
of     20 nm and a square cross section with each side of 11.5     m are
thereafter formed at intervals of 50 pm on the     uppermost surface
portion, as shown in Fig. 2.                Examination was made of the
floating state of  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 floating 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 the above condition will now be ex-      plained. In
order to examine the stability of floatation      of the magnetic head, a
piezoelectric element is stuck      just over the magnetic head. Fig. 3 is
a diagram showing      the result of observation of a voltage signal
obtained by  25 displaying an output from the piezoelectric element 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                                      - 14 -
caused from a large disturbance of the floating state of      the magnetic
head were detected, as shown in Fig. 3, in      the cases where the
relative speed is 9 m/s, 18 m/s and      27 m/s. At least four such beat
signals as shown in Fig.   5 3 were observed at equal intervals during one
rotation of      the magnetic disk medium.                As to the
magnetic head II as the comparative      example, a large disturbance of
the floating state of the      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
signal 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     contact with the projections of the magnetic disk
medium.     More particularly, the signal caused by the contact 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. In                                       - 15 -       comparison
with the signal caused by the contact with      projections, the beat
signal observed in the present      embodiment has a small signal strength.
Therefore, it      can be recognized that the cause of generation of the
5 beat signal is different from that of the projection      contact signal.
As mentioned above, the large beat signal      (hereinafter referred to as
head unstable-floatation  



signal) was generated or confirmed under the relative  10 speed conditions
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 signal is generated and the magnetic head
can  25 make stable floatation.                The intervals between
projections on the     magnetic disk medium were measured by a contact type
form     measuring instrument and the distribution of intervals
- 16 -      between projections was analyzed by the Fourier expan-
sion. As the result of analysis, the distribution of      intervals between
projections showed the spread of 7.5      pm around 50 pm. From this, it
was confirmed in conjunc-   5 tion with the definition of a regularity that
the fluctu-      ations of intervals between projections not greater than
15% of the central value result in the generation of the  



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
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%. The herein used term "fluctua-      tions" mainly
includes "variations". In 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 pm. The rotation speed of the magnetic     disk
medium is 3600 rpm at the innermost circumference     position. In this
magnetic disk apparatus, the spindle                                      -
17 -      rotation speed is variably controlled by a controller.
The innermost circumference position of the     magnetic disk medium, at
which the magnetic head can be     positioned, is 20 mm and the relative
speed at this time  5  is 7.5 m/s.  Also, the outermost circumference
position     of the magnetic disk medium, at which the magnetic head 



can be positioned, is 45 mm. At the innermost circumfer-     ence of the
lowest speed, the magnetic head of this     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                                      -18-      radial
position of the magnetic head to variably decrease     the rotation speed
so that the relative speed assumes a     fixed value of 9.0 m/s. The
controller acquires informa-     tion from the actuator concerning the
position of the  



5 magnetic head to control the rotation speed of the spin-     dle on the
basis of the acquired position information.                For comparison,
there was fabricated a magnet-     ic disk apparatus in which the setting
for the magnetic     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      controlling the position of the magnetic head and the
rotation speed of the magnetic disk medium by the con-
- 19 -      troller.                In addition to the above-mentioned
magnetic     disk apparatus of the present invention, there was fur- 



ther fabricated a magnetic disk apparatus in which an   5  area of the
magnetic disk medium including the head     positions from 20 mm to 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     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 of 5.7 [err]m and the height of 25 nm
are  20  arranged at intervals of 25.5 [err]m on a glass substrate
having the outer diameter of 65 mm[err], the inner diameter      of 20
mm[err] and the thickness of 0.889 mm. As the magnetic      head 2 was used
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-
- 20 -      ed opposite to the magnetic disk medium 3 so that the  



magnetic head floats on the magnetic disk medium. The     magnetic head
used in the present embodiment also has a     resonance frequency of 720
kHz.  5            In the present embodiment too, a head
unstable-floatation signal was observed when the relative     speed of the
magnetic disk medium is 9 m/s, 18 m/s and 27     m/s. Though the intervals
between projections in the     case of 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 magnetic 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 [err]m 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 pm on the other
- 21 -  



portions, as shown in Fig. 4. At the relative speed of 9     m/s, a head
unstable-floatation signal was observed over     a time length of about 1.5
ms at only one location in the     range of measurement corresponding to
one circumference.  5 From this, it was confirmed that a head
unstable-floa-     tation signal is generated only at a position where the
relational expression (1) is satisfied.                Namely, it was
revealed that a group of pro-     jections passing under the rail width
give an influence  10 on the generation 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 [err]m on
the same        



- 22 -      circumference of a glass substrate having the outer
diameter of 65 mm[err], the inner diameter of 20 mm[err] and the
thickness of 0.889 mm was used to float thereon a magnet-     ic head
slider in which rails of 250 pm width are worked  5 on a slider of alumina
titan carbide having the length of     2.0 mm, the width of 1.6 mm and the
thickness of 0.4 mm.     In this magnetic head too, the resonance frequency
is 720     kHz.                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
between 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 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 disk medium having
projections     



- 23 -      which are provided on the medium and a part or the whole     of
which are arranged at regular intervals, the material     and size of the
head slider, the rotation speed of the     medium and the head floatation
radius (or the relative   5 speed between magnetic head and the magnetic
disk medium)      are properly selected so that the relational expression
(2) is satisfied.        (Embodiment 3)                Next, a magnetic
disk medium including a glass  10 substrate of 65 mm[err] outer diameter,
20 mm[err] inner diameter      and 0.889 mm thickness having cylindrical
projections of      5.7 [err]m 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 float a magnetic head  15  slider in
which two worked rails of 200 pm 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-floatation
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 magnetic 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  



-24-      m/s and 10.5 m/s.  For comparison, a 720 kHz magnetic     head
slider of alumina titan carbide having the length 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
same operating range.  5 At this time, the magnetic head slider having the
reso-     nance frequency of 1000 kHz generated no beat signal but     the
magnetic head slider having the resonance frequency     of 720 kHz
generated a beat signal in a range of relative     speeds between 8.0 m/s
and 10.0 m/s.  Accordingly, 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
-25-      deviation or variance is taken into consideration, the
intervals between projections include the changes of 15%      around a
central interval value. Therefore, it is not      necessary that the
surface form of the projection is   5 uniform. If the intervals between
projections statisti-      cally determined have a certain degree of
regularity, the      projections fall within the scope of application of
the      present invention.                Though the foregoing 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 expression (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.                Further, 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-     rial and the
relative speed between the magnetic head and
- 26 -      the magnetic disk medium. Therefore, in the case where     the
intervals between projections on a magnetic disk     medium are different
between at least two regions, it is     possible to make the stable
floatation of a magnetic head   5 by changing the relative speed by a
controller so that     the relational expression (2) is satisfied for a
magnetic     head having the only resonance frequency. Thereby, it is
possible to make the stable floatation of the magnetic     head.  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 regular 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.                                 - 27
Substitute sheet - 29 April 1999  



1.        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 [err] between said projections
provided on said magnetic disk medium, a resonance fre-  quency f of said
magnetic head and a relative speed v of  said magnetic disk medium to said
magnetic head satify  a predetermined relation represented by
- 28 Substitute sheet - 29 April 1999  



n x f < v/[err] or n x f > v/[err]  where n is an integer or 1/integer.  2.
A magnetic disk apparatus according to Claim  6, wherein said magnetic head
is held by said actuator  through a magnetic head supporting mechanism, and
said  resonance frequency f is a resonance frequency of said  magnetic head
and said magnetic head supporting mecha-  nism.  3.      A magnetic disk
apparatus according to Claim  6, 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 resonance frequency f is  a resonance frequency based on the material
of said  slider and the size of said slider.  4.        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 [err].  5.       A magnetic
disk apparatus according to Claim  7, 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-        



- 29 _ Substitute sheet - 29 April 1999   termined intervals in the
circumferential direction are  said intervals [err].  6.        A magnetic
disk apparatus according to Claim  8, 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 [err].  7.        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.  8.        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.  9.       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.  10.      A magnetic disk apparatus according to Claim
8, wherein said controller controls said actuator to      



30  Substitute sheet - 29 April 1999   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.  11.      A magnetic
disk apparatus according to Claim  6, wherein said controller controls said
rotating portion  so that said predetermined relation is satisfied with the
intervals [err] between said projections on said magnetic  disk medium
being permitted to have variations within  +15%.  12.       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%.  13.      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%.  14.       A magnetic disk
apparatus according to Claim  6, wherein said 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  [err]15%.    


