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MAGNETIC DISK APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a magnetic
disk apparatus, and more particulariy to a magnetic disk
apparatus equipped with an improved dual head, a track.
pitch and ID information and using a rotary actuator.

The term."dual head" herein used means a
magnetic head provided with a slider which includes at-
least two magnetic elements for readihg or writing

electromagnetic signals (data).

DESCRIPTION OF THE RELATED ART

C&ncentrical magnetic recording regions formed
electfomagnetically by a magnetic head on a magnetic disk
medium is referred to as "magnetic tracks" or merely as
“tracks”. A plurality of units of recording regions |
referred to as "sectors" are arranged in a circum-
ferential direction and constitute such tracks.

On the other hand, a plurality of tracks are
concentrically disposed in a radial direction of the disk
medium and form one or a plurality of data zones as
information storage regions. The distance between the
adjacent track centers in the radial direction is
referred to as a "track pitch”. A magnetic head is
mounted to a slider, and the.slider is moved by an

actuator from a certain track to another on the disk
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medium. This operation is referred.to as a "seek"
operation.

As the slider having the magnetic head mounted

thereto relatively floéts on the disk while keeping a

"small gap, the magnetic head electromagnetically reads or

writes signal from or to a magnetic film on the disk
medium.

Generally, one ID portion is disposed in one

.sector so as to make it easy to position the magnetic

head during the seek operation, and information of the
sector to which'the ID portion belongs and other
information are stored in this ID po:tion. One or a
plurality of ID information may be provided to one
sector. It is realistic to dispose at least one ID
information, inclusive of information at which position
on the sector the ID portion of each sector is
positioned, in one track. However, when an information
changed to the ID_informétion from other information can
be extracted, the ID information is not necessary.

A system which positions the magnetic head to
the surface of the medium but does not particularly move
it from the medium surface'to a standby position at the
start or stop of the rotation of the disk medium is
referred to as a "contact-start-stop (CSS)".

Mention can be made of JP-A-4-137278, JP-A-6-
28775 and JP-A-6-60573 as the prior art. |

'The'tgchnologies disclosed in these prior art

referénces are directed to stably read out signals from
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the disk medium, to stably secure.servo signals and to
effectively uﬁiiize the disk medium by setting the track
pitch to a large value on the inner circumferential side
of the disk medium and to a small value on the outer
circumferential side.

JP-B-3-160675 contemplates to improve a data
read system and a servo system by disposing two kinds of
servo information in one sector.

However, these prior art technologies do not
take the ID.infOrmation, the ID portion or an error rate
into consideration. Here, the term "error rate" means a
rate of data erroneously read out when written data are
read out. The present invention is realized for taking
the ID information, the ID portion or the error rate into
consideration.

Whereas the information storage capacity
required for magnetic disk apparatus has been increasing,
the reduction of the size of the apparatus themselves has
been required. _When the apparatus becomes compact, the
diameter of the disk medium used for such an apparatus
must be unavoidably smaller, so that high density record-
ing is necessary for magnetic recording technigue. To
store greater quantities of information in a small disk
medium, a magnetic reversion region (magnetization
region) per unit area becomes smaller and due to electro-
magnetic inductioh, a signal reading technology based on
a relative speed between the magnetization region énd the

gap of the magnetic head has substantially reached the
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To solve this problem, magnetic reproduction
technique using a magneto-resistivity effect has been
examined. Because this technique uses an MR device for
the magnetic head (hereinafter referred to as a "magnetic
resistive head" or an "MR head"), it can secure a signal
outpﬁt which does not depend on the relative speed |
between the magnetic medium and the magnetic head.
However, because.the MR head is a read-only'magnetic
head, a conventional inductive head must be used in
combination as a read head in'practical magnetic disk
apparatuses. The present invention is effective for
dealing with a problem generated by utilization of the MR
head. |

The present invention relates also to a
magnetic disk apparatus as one of memory apparatuses of
computers. In the present invention, a head standby
region for allowing the head to keep a standby position
on the disk surface is disposed at the innermost circum-
ferential position of the disk within a moving range of
the head on the disk surface, and a head yaw angle is set
in such a manner that when the head and the disk come
into mutual contact at a position in the arbitrary radial
position on the disk surface, a carriage always rotates
towards the inner circumferential side by the direction
of their frictional force. Alternatively, the head is
disposed in such a manner that the head yaw angle always

exists at an arbitrary head position in the radial
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direction on the disk surface, so that the carriage
rotates towards the inner circumferential side. The disk
apparatus of the inventibn includes a carriage fixing
mechanism for temporarily fixing the head to a specific
position on the disk surface. The fixing force of this
carriage fixing mechanism is set to a greater value than
the moving force-of the carriage due to external impact
or vibration. A magnetic member is disposed at a portion
rotating with the carriage, and a magnet retract
mechanism is provided so as to attract the magnetic
member by utilizing a leaking magnetic flux of a magnet
constituting a voice coil motor that swings the carriage.
The head is disposed in such a manner that the head yaw
angle attains a minimum angle at the innermost circum-
ferential position within the moving range of the head on
the disk surface. |

Means for moving and fixing the head to the
head standby region on the disk surface has been
disclosed in JP-A-6-243605 (hereinafter called the "prior
art reference A") and JP-A-6-251517 (hereinafter called

the "prior art reference B").

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a magnetic disk apparatus which uses a dual head
capable of preventing the drop of an information récord-
ing density and improving an error rate at the time of

reading the information.
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It is another object of the present invention
to provide a magnetic disk apparatus which can move and
fix a head to a head standby regioﬁ during shipment or
stop of the opération of the apparatus, and can
accomplish :eduction of the size and the thickness of the
apparatus, higher reliability, lower power consumption,
lower cost and higher information processing speed.

When high density magnetic recording is carried
out by using the subject dual head, a write héad and a
read head mounted to the subject dual head and deviation
of geometrical arrangement of their gaps (hereinafter
called the "6ffset") are of importance.

In other words, in a magnetic disk apparatus
using the dual head which is mounted to a rdtary
actuator, dete;ioration of the error raté of the ID
portion resultihg from this offset is unavoidable at the
time of readout of the ID information when the ID portion
is not written successively in the track direction, for
the following reasons.

1) yaw angle of thé magnetic head (to be later
described) resulting from the rétation of the
rotary actuator;

2) the difference of radii of the magneto-
resistive head and the inductive head with
reséect'to the center of rotation of a spindle
that results from their geometrical distance.
Due to these factors, the head positioning

radius position at the time of data readout is different
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from that at the time of data write, and a steady offset
occurs always when the ID portion is read or written.

Because this offset exists, the magnetic disk

apparatus might erroneously read the ID information

during the seek operation so that the error rate of the
ID might deteriorate. Because this offset exists, the
magnetic disk apparatus might erroneously read the
information of the most important ID portion among the
information stored in the sector.

Once the ID information can be read, the exact

"information regarding the position of the magnetic head

- can be confirmed correctly to the subsequent data

portion, so that the error rate is improved much more at
the data portion.than at the ID portion.

It is therefore important to read the ID
information without the error, and to accomplish this
object, the error rate of the region storing the ID
information must be limited to below a predetermined
value.

Particularly in the case of a magnetic disk
apparatus employing a so-called "1 sector/l ID format®
having one kind of ID information in one sector, the .
problem of the offset is remarkable.

Thérefore, the present invention employs the
following means.

(1) The track pitch is an inequal pitch such that
the track pitch becomes coarse at the inner and outer

circumferences of the disk medium and becomes dense at
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(2) The write radius position of the ID portion is
written to an intermediate point between the positioning
radius position of the MR head when the MR head reads out
the data and the positioning radius position of the MR
head when the inductive head writes the data.

(3) After the periphery of the write portion of the
ID portion is’erased in advance, the ID information is
written.

(4) The track pitch is defined as an inequal track
pitch. A fluctuation component in an actuator rotating
angle corresponding to the track pitch is limited to not
greater than 7%.

(5) A dual head having a core width satisfying
better values than the error rate of the ID portion of
1 x 10 and the error rate of the data portion of 1 x
10%. In other words, a head assembly has a nominal shift
quantity for the MR head and the inductive head so that
the difference between the positions of the MR head and
the inductive head in the radial direction becomes zero
(0) at the center of the disk medium (disc), and has a
yaw angle such that the actuator always receives the
rotating force in the inner circumferential direction at
the time of CSS.

(6) The disk medium is divided into n (n: natural
number) data zones, an equal pitch is used within the
same zone and an inequal pitch is used between the zones.

The advantageous effects corresponding to the
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arrangements described above will be described in such a
manner as to correspond to each of the arrangements.

(1) The deterioration of the error rates at the ID
portion and thé data portion can be limited to the low
rates against the influences from the adjacent tracks and
the influences of the noise of own tracks in such a
mannef as to correspond to the data recording density at
each track position.

(2) Deterioration of the error rate at the time of
read-out of-the ID portion can be restricted.

(3) Since the periphery of the ID portion is erased
prior to the write operation, the influences of the
residual noise can be eliminated and the error rate of
the ID portion can be improved.

(4) Since the change of the inequal track pitch is
reduced to less than 7%, such the change does not exert
adversé influences on the seek moving distance change
that occurs at the time of the seek operation of the head
actuator, the fluctuation of the position detection gain,
or the change of position detection linearity.

(5) The error rate of the ID portion can be set
under the condition of the offset severest for the ID
portion, and expansion of the detailed specification
after reading of the ID portion becomes possible. By
securing the inner circumferential CSS zone to the inner
circumference, the torque for activating the motor
against the.frictional force between the slider of the-

magnetic head and the medium disk at the time of the
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start of the motor can be limited to a low torque.

In combination with the effect of the item (2),
the offset quantity at the time of read of the ID portion
can be limited to 1/2 x 1/2 = 1/4 of the maximum value
(P - P value) of the offset quantity in the radial
direction.

(6) Processing loads such as the servo track

- processing time, the seek system track processing time

and the data system track processing fime can be reduced.

When the present invention is applied, it
becomes possible to restrict the drop of format
efficiency of the ID portion caused by the dual head and
to improve the error rate of the ID portion by the
inequai pitch.

The offset quantity at the time of read of the
Ib portion by the MR head can be reduced to the half by
setting the write radius position of the ID portion to
the. center between the positioning radius position of the
MR head when the MR head reads the data and the position-
ing radiué position of the MR head when the inductive
head writes the data. Accordingly, the error rate of the
ID portion can be improved.

-The error rate of the ID portion can be
improved by erasing the ID portion before data write.

If the error rate of the ID portion is limited
to less than 1 x 10% the error rate of the data portion
becomes less than 1 x 10%. In consequence, fundamental

conditions for accomplishing various functions of the
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magnetic disk apparatus can be satisfied.

Because the fluctuation of the actuator rotat-
ing angle corresponding to the track pitch is limited to
not greater than 7%, adverse influences of the signal
output on the servo circuit can be eliminated.

The error rates of the ID portion and the data
portion can be limited to below predetermined values by
increasing the core width of the inductiye head to a
greater value than the core width of the MR head and by
employing the inequal pitch. |

The nominal shift quantity of the R/W gap is
set so that the offset quantity of the R/W gap in the
radial direction becomes zero (0) at the.center of the
data region. 1In this way, the offset quantity of the R/W
gap in the radial direction can be reduced to the half,
so that the offset quantity of the ID portion can be
further reduced to the half.

Because the data storage region of the disk
medium is divided into the zones, burden to processing of
the data system or seek system electronic circuit can be
reduced.

Further, the present invention solves the
foll&wing problems.

Because the magnetic disk apparatus has been
packaged into a notebook type personal computer 119
(Fig. 17), etc., the reduction of the size and thickness
has been required to this date. Because the notebook

type personal computer 119 is mainly of the type which
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includes é built-in battery and can be operated by the
battery in the absence of service of electricity, in
addition to service electricity, lower power consumption
has Been also required. Needless to say, higher relia-
bility of the apparatus, lower cost and higher informa-
tion processing speed have been required, as well.

To satisfy the requirement for the reduction of
the size and thickness, the lamination gap of the disk
105 is reduced to reduce the height by thin film
technology of the head 101, and the floating height of
the head 101 on the disk surface 105 is reduced to reduce
the pitch recorded on the disk surface 105, in the radial
direction. Further, the diameter of the disk 105 is
reduced so és to reduce the size in the transverse direc-
tion. These measures altogether satisfy the requirements
described above. To accomplish such a high recording
density, the disk 105 must have high quality and must
keep this high quality even after it is mounted to the
apparatus. Therefore, a head standby region 121
(Fig. 11) is secured on the disk surface 105 lest the
head 10i damages the data recorded on the disk surface
105 due to external impact or vibration during shipment
or the apparatus or at the stop of its operation, by
temporarily fixing the head inside this head standby
region during shipment or stop of the apparatus. This
head standby region 121 is the region to which the head
101 does not record the data. During the stop of the

operation of the apparatus, the surface of the head 101
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is likely to adsorb the surface of the disk 105 having
high surface accuracy and consequently, a spindle motor
106 cannot rotate from time to time at the start of the
operation of the apparatus. To prevent this problem, the
head standby region 121 is generélly disposed at the
position on the surface of the disk 105, at which the
starting torque of the spindle motor 106 acts most
greatly on the adsorbed head 101, that is, at the inner-
most circumferential position of the disk 105 within the
moving range of the head 101 on the surface of the disk
105. The means described in the prior art references A

and B described already has been examined as a method of

" temporarily fixing the head 101 inside this head standby

region‘121, but they are not yet free from the following
problems.

According to the prior art reference A, an arm
and a magnet are disposed for fixing the head 101, as .the
method of temporarily mbving and fixiné the head 101 to
the head standby region 121. Sinée a space must be
secured for these members, there remains the problem for
the reduction of the size, thickness and cost of the
apparatus.

The prior art reference B describes a magnet
for exclusively attracting a magnetic member, as the
method of temporarily moving and fixing the head 101 to
the head standby region 121.

Besides the prior art referencés described

above, a magnet retract mechanism for attracting the
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magnetic member described in the prior art reference B by
utilizing a leaking magnetic flux of a magnet 102a that
constitutes a voice coil motor 102, is known. Since this
magnet retract mechanism does not require the dispositien
of the expensive and exclusive magnet used in the prior
art references A and B, it can temporarily move and fix
the head 101 to the head standby region 121 by a
relatively economical construction. Nenetheless, the
magnet retract mechanism still involves the following
problems.

The voice coil motor 102 moves the carriage 103
in order to accurately position the head 101 to a desired
position on the surface of the disk 105. To improve the
information processing speed, the carriage 103 must be
moved quickly. However, a sufficient packaging space
cannot be secured for the voice coil motor 102 due to the
requirement for the small size and thickness, and a large
current cannot be caused to flow through the coil 109
fixed to the'carriage 103 due to the requirement for
lower power consumption. For these reaeons, a magnet
having a high flux density has been used in the past for
the magnet 102a. The position of the magnet 102a provid-
ing the greatest attraction force to the magnetic member
is near the central portion of the magnet 102a on which
the leaking flux concentrates most greatly. The magnet
102a is disposed in such a manner that when the head 101
exists in the head standby region 102, the position of

the magnetic member exists near the position on which the
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leaking magnetic flux concentrates. Further, the

magnetic member must be attracted by the leaking magnetic
flux even when the head 101 exists at the outermost
circumferential position on the disk surface 105.
Hoﬁever, the attracting force to the magnetic member
originally iﬁpedes the moving force of the carriage 103
which is the role of the voice coil motor 102, and
becomes a load to the movement of the carriage 103 in the
operation of the apparatus. This is called the "load of
the magnetic member". Since a large current must be
supplied to the coil 109 to such an extent that this load
of the magnetic member can be neglected, problems occur
in the aspects of lower power consumption and higher
information procéssing speed. The quantity of the
leaking magnetic flux is preférably great so as to
efficiently combine the flux of the magnet 102a with the
moving force of the carriage'103. The carriage 103 is
equipped with the head 103 on one of the sides of an
arbitrary axis of rotation and with the coil 109 at the
position opposing the axis of rotation. The carriage 103
is supported by the rotary shaft through bearings (not
shown) and is allowed to swing. Therefore, the vaiue
obtained by converting the mass of the portion rotating
with the carriage 103 to the position of the head 101
must be reduced. In other words, besides the reduction
of the mass of the carriage 103 itself, the moment of
inertia of the carriage must be reduced in accordance

with the distance. When the mass of the carriage 103
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itself is great, or when the moment of inertia of the
carriage is not reduced, the load is caused by the
movement of the carriage 103. The greater the distance
from the center of rotation 103a of the carriage to the
position at which the force of the coil 109 is generated,
the smaller becémes the force required for the coil 109.
Because the space is limited, however, there is an
inevitable limit to this distance.

An FPC (CARRIAGE) (flexible printed board) 1l14a
(Fig. 11) is fixed to the side surface of the carriage
103 so as to transmit the signals of ;he head 101 to a
read/write confrol substrate 112 and to supply power for
driving the coil 104. The higher the rigidity of this
FPC movable member routing (CARRIAGE) (flexible printed
board) 114a, the smaller becomes its curvature and the
greater becomes its repulsive force (hereinafter referred
to as the "reaction of the FPC"). When an FPC (CARRIAGE)
(flexible printed board) 1l4a having a high rigidity is
used under the package state shown in Fig. 11, the
repulsive force becomes maximal when the head 101 exists
at the outermost circumferential position on the surface
of the disk 105. The prior art apparatuses move the head
101 to the head standby region 121 disposed at the inner-
most circumferéntial position on the disk surface 105 by
utilizing the reaction of the FPC, but this reaction of
the FPC becomes the load when the carriage 103 is moved
in the same ﬁay as the load to the magnetic member

described above. Accordingly, a large current must be
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supplied at the time of the operation of the apparatus to

such an extent that the reaction of the FPC can be

neglected, and the problems in lower power consumption

and higher information processing speed'take place.

When the apparatus stops operating, the number
of revolution of the spindle motor 106 decreases and the
floating height of the head 101 lowers, so that the head
101 comes into contact with the disk surface 105. 1In the
case of the conventional means for moving the head 101 to
the head standby region 121, therefore, the traction
force of the magnet 102a to the magnetic member must be
set by taking the frictional force between the head 101
and the disk 105 at this time into consideration.

Generally, the head yaw angle 10l1b has been set

in the prior art by disposing the position, at which the

head yaw angle 101b does not exist, near an intermediate

point of the moving range of the head 101 in the radial
direction on the disk surface 105 so that the absolute
valués of the yaw angles 101b become progressively
greater in respective directions according to the move-
ments from that position towards the outer or inner
circumference on the disk surface 105.

As described above, the prior art technologies
do not sufficiently consider the requirements for the
reduction of the size and thickness of the apparatus,
higher recording density, higher reliability, lower cost
and higher information processing speed.

To solve the problems described above, the
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present invention employs the following construction.

The head standby region 121 on the disk surface
105 is disposed ét the innermost circumferential position
of ﬁhe disk 105 within the moving range of the head 101
on the disk surface 105 and the head yaw angle 101b is
set so that when the head 101 and the disk 105 come into
mutual contact at an arbitrary head position in the
radial direction on the disk surfaée, the carriage 103
always rotates to the inner circumferential side by the
direction in which the frictional force acts.
Alternatively, the head 101 is disposed in such a manner
that the head yaw angle 101b do not change between the
opposite signs across zero at an arbitrary position of
the head 101b in the radial direction on the surface of
the disk 105. Further, a carriage fixing mechanism is
disposed so as to temporarily fix the head 105 to a
specific position on the surface of the disk 105. The
fixing force of this carriage fixing mechanism is set to
be greater than the moving force of the carriage 103 due
to external impact or vibration. A magnetic member 120
is disposed at a portion rotating with the carriage 103,
and there is further provided a magnet retract mechanism
for attracting the magnetic member 120 by utilizing a
leaking magnetic flux of a magnet 102a that constitutes a
voice coil motor 102 for swinging the carriage 103. The
head yaw angle 101b-is disposed within the range of the
head position on the surface of the disk 105 within which

the magnetic member 120 can be attracted to the magnet
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102a of the magnet retract mechanism. Further, the head
101 is disposed at the innermost circumferential position
of the disk 105 within the moving range of the head 101
on the surface of the disk 105 so that the head yaw angle
101b attains a minimum angle.

The construction described above can solve the
problems.

The disk standby region 121 on the surface of
the disk 105 is disposed at the innermosﬁ circumferential
position of the disk 105 within the moving range of the
head 101 on the surface of the disk 105, and the head yaw
angle is set so that wheﬁ the head 101 and the disk 105
come into mutual contact at an arbitrary position of the
head 101 in the radial direction on the surface of the
disk 105, the carriage 103 always rotates to the inner
circumferential side in the direction in which their
frictional force acts. Alternatively, the head 101 is
disposed in such a manner that the head yaw angle 101b
always exists at an arbitrary head position in the radial
direction on the surface of the disk 105. When the
apparatus stops operation, the number of revolution of
the spindle motor 106 decreases and the floating height
of the head 101 lowers, so that the head 101 and the
surface of the disk 105 come into mutual contact. The
head yaw angle 101b is set at the position at which the
frictional resistance with the 101d of a rail 10la, which
is disposed so as to float the head 101 in the rotating

direction of the disk 105, becomes minimal, or in other
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words, the position at which the head yaw angle 101b is
reduced is set at the innermost circumferential position
of the disk 105 within the moving range of the head 101
on the surféce of the disk 105, or at a position which is
further on the inner circumferential side. The head 101
is moved to the head standby region 121 as the carriage
103 always rotates towards the inner circumferential side
by the frictional resistance to the 101d of the rail 10la
at an arbitrary position in the radial direction on the
surface of the disk 105. Accordingly, the head 101 can
be moved to the head standby position 121 at the stop of
the operation of the apparatus and during the inertial
rotation of the spindle motor 106 without adding a new
component or components.

Because the apparatus is equipped with the
carriage fixing mechanism for temporarily fixing the head
101 at a specific position, the head 101 is fixed to the
head Standby region 121 during Shipment of the apparatus
or at the stop of its operation. Therefore, it becomes
possible to prevent the head from damaging the informa-
tion recorded on the surface of the disk 105 by external
impact or vibration and to prevent unability of the
rotation of the spindle motor 106 at the start of the
operation of the apparatus due to adsorption of the
surface of the head 101 to the surface of the head 105
having high surface accuracy which occurs at the stop of
the operation of the apparatus.

Because the fixing force of the carriage fixing
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mechanism is greater than the moving force of the
carriage 103 due_to external impact or vibration,_the
head 101 does not fall off from the head standby region
121 during shipment of the apparatus or at the stop of
its operation.

The apparatus includes the magnet retract
mechanism for attracting the magnetic member 120 disposed
at fhe portion rotating with the carriage 10 by utilizing
the leaking magnetic-flux of the magnet 102a constituting
the voice cbil motor 102 for sﬁinging the carriage 103,
aﬁd the head yaw angle is disposed so as to be the same
sign within the moving range of the head 101 on the
surface of the disk 105 within which the magnetic member
120 can be attracted by the magnet 102a of the magnet
retract mechanism. When the apparatus stops its opera-
tion, the number of revolution of the spindle motor 106
decreases and the floating height of the head 101 lowers,
so that the head 101 comes into contact with the surface
of the disk 105. The head yaw angle 10l1b is set to the
position at which the frictional resistance with the 101d
of the rail 10la disposed for floating the head 101 in
the rotating direction of the disk 105 becomes minimal,
or in other words, the position at which the.heéd yaw
angle 101b is reduced is set within the range on the
surface of the disk 105 in which the magnetic member 120
disposed at the portion rotating with the carriage 103
can be attracted by the leaking magnetic flux of the

magnet 102a constituting the voice coil motor 102 for
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swinging the carriage 103. Therefore, the head 101 moves
to the head standby region 121 within the range on the
surface of the disk 105 in which the magnetic member 120
can be attracted by the leaking magnetic flux of the
magnet 102a, by the frictional resistance with the side
surface 101d of the rail 10la on the disk surface. Next,
when the magnetic member 120 of the carriage 103 is
attracted by the leaking magnetic flux of the magnet
102a, the head 101 is fixed to thé head standby region
121. Accordingly, the head 101 can be moved to the head
standby region 121 at the stop of the operation of the
apparatus without adding a new component or components.
At the time of shipment of the apparatus, on'the other
hand, the head 101 can be fixed to the head standby
region 121 while the load of the magnetic member during
the operation of the carriage 103 and the reaction of the
FPC are kept minimum.

Beéause the head 101 is disposed at the inner-~
most circumferential position of the disk 105 within the
moving range of the head 101 on the disk surface so that
the head yaw angle becomes minimal, the head can obtain a
floating height, which is as uniform as possible, at all'
the position on the disk surface. |

As described above, the present invention can
provide a method, and an apparatus therefor, which can
accomplish the reduction of sizé and thickness of the
apparétus, higher recording density, higher reliability,

lower power consumption, lower cost and higher-
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information processing speed, and can move and fix the
head 101 to the head standby region 121 during shipment

of the apparatus and at the stop of its operation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a track density at
positions on a disk medium in a radial direction of a
disk;

Fig. 2 is an explanatory view showing a
positional relationship of each magnetic gap of a dual
head;

Fig. 3 is a perspective view showing a format
of tracks on a medium disk according to one embodiment of
the present invention;

Fig. 4 is an explanatory view useful for
explaining the influences of a residual noise at an ID
portion; |

Fig. 5 is a diagram showing the track density
at positions on the disk medium in the radial direction
of the disk when a track pitch is set so that the change

component of a carriage rotational angle is not greater

.than 7%;

Fig. 6 is an explanatory view useful for
explaining a yaw angle of a magnetic head;

Fig. 7 is an explanatory view showing the
positional relationship of each gap when a nominal
quantity a is set to an inductive head 2 and an MR head 1

in the dual head;
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Fig. 8 is a diagram uséful for explaining an
R/W offset quantity as an apparatus as a whole when the
dual head ié used;

Fig. 9 is a plan view showing a magnetic disk
apparatus according to one embodiment of the present
invention;

Fig. 10 is a side view of the magnetic disk
apparatus;

Fig. 11 is a top view when a cover is open in
one embodiment of the present invention;

Fig. 12 is a side view of another embodiment of
the present invention;

Figs. 13A and 13B are explanatory views useful

for explaining the yaw angle in another embodiment of the

present inventibn;

Fig. 14 is a top view when the cover is open in
another embodiment of the present invention;

Fig. 15 is a graph showing the relationship
between the distance of a magnetic member and a force
that attracts the magnetic member;

Fig. 16 is a graph showing the relationship
between a floating height of a head and a head position
radius; and

Fig. 17 is a schematic view showing appearance

of a notebook type personal computer.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
[ Embodiments]

Hereinafter, preferred embodiments of the
present.invention will be explained with reference to the
accompanying drawings. |

Referring initially to Figs. 9 and 10, a
magnetic disk apparatus will be explained.

The magnetic disk apparatus includes, for
example, a sealed container 40 (Fig. 9), a disk 41 as a
magnetic medium, a spindle motor 42 for supporting and
rotating the disk 41, a head assembly 43 having a
magnetic head for reading out information from the disk
41 and a suspension arm, a swing arm inclusive of a
bobbin shaft 44 for supporting_the head assembly and
swinging it on the disk, a voice coil motor 45 for
driving the.swing arm, a ciréuit for causing the magnetic
head to write and read information to and from the disk
41 and a printed wiring board 46 electrically connected
to a controller for controlling the operations of the
spindle motor 42 and the voice coil motor 45..

The disk 41, the spindle motor 42, the head
assembly 43, a part of the printed wiring board 46 and
the voice cbil motor 45 are accommodated in the container
40 and are sealed by the container 40.

The spindle motor 42 is a so-called "in-hub
type" motor which includes a hub for fixing the disk,
disposed round the outer periphery thereof, and wherein a

rotor and a stator are disposed inside the hub. The
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spindle motor 42 is disposed on a base member that
constitutes the container 40.

The disk 41 is an important component which
determines a data storage capacity of the magnetic disk
apparatus. Generally, one or a plurality of disks are
employed in accordance with a required storage capacity..
In this embodiment, the disks 41 and disk spacers 48a
(Fig. 10) are alternately loaded into the hub of the
spindle motor 42. A disk clamp 48b pushes the laminate.
of the disks in the axial direction of the spindle motor
42 and so fixes the disks 41 to the spindle motor 42.

A plurality of swing arms are employed in
accordance with the number of disks 42, and each
comprises a slider 40 for supporting thereon the magnetic
head and a suspension arm 50. Each swing arm is
rotatably fixed by a pivot shaft 44 to the base member.

The magnetic head is a dual head formed by
integrating a thin film head for writing data and a
magneto-resistive head for reading the data, and is
mounted to each slider 49.

The magnetic disk apparatus according to this
embodiment employs a‘rotary actuator and data surface
servo, and has one ID information (iD portion) and one
servo information (a signal comprising at least one burst
signal and used for determining the position) in one
sector (hereinafter referred to as the "1 ID/1 servo
system").

In this embodiment, a servo pattern 7 is
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written to a position at which the MR head 1 is
positioned at the time of write of the inductive head 2,
as the servo information (Fig. 3).

Fig. 1 shows a set example of inequal track
pitches in the present invention.

The track pitch is set to a large pitch at the
inner and outer peripheral portions of the disk medium as
the information storage region and to a small pitch at

the center of the information storage region of the disk

‘medium so as to linearly change the pitch.

As a result, the error rate of the ID portion
of the sector in each track and the error rate of the
data portion can be set to better numerical values (lower
numerical values) than 1 x 105 and 1 x 108, respectively,
with respect to the positions in the radial direction of
the disk on the disk medium (hereinafter referred to as
the "radius positidns").

In this embodiment, the distance from the gap
center of each of the MR head 1 using the magneto-
resistive effect and the inductive head 2 to the rotary
shaft of the spindle (the difference of the radii on the
disk medium;.hereinafter referred to as the "radius
difference") is so set in the dual head as to satisfy the
condition represented by the line 30 in Fig. 8. 1In other
words, the radius difference of the MR head 1 and the
inductive head 2 of the dual head ié 0 at the center-of
the information storage region of the disk medium. The

track pitch is set to a narrow pitch at this position and
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to a large pitch in the data region in which the radius
difference becomes great (the inner periphery or the
outer periphery). In this way, the track pitch is
enlarged ih the region where the radius difference
becomes great, that is, where the error rate of the ID
portion gets deteriorated, and is reduced in the region
where the radius difference becomes small, so as to
improve the error rate of the ID portion.

Fig. 2 shows a structural example of the dual
head.

The dual head of this embodiment has the
structure whefein a magneto-resistive head 1 (MR head 1)
for exclusively reading out the data is fitted to the
distal end of one head core (not shown) and the inductive
head 2 is disposed at a position spaced apart by a
predetermined gap distance b from the MR head 1.

A head yaw angle 6 = 6(r) exists as one of the
functions of the radiﬁs (r) on the disk in the rotary
actuator. In the rotary actuator, the radius position at
the time of write of information deviates from the radius
‘position of the head at the time of read of the informa-
tion with respect to the disk medium or to the spindle
shaft other than when the gap distance b is 0, or when
e = 0.

Fig. 3 shows the radius position of the dual
head at the time of data write or data read, the servo
pattern and the radius positions of the ID portion and

the data portion in this embodiment. In the drawing, the
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term "Write Time On-Track" represents the center line of
the servo pattern, the term "ID Portion On-Track"
represents the center line of the ID portion, and the
term "Read Time On-frack” represents the center line of
the data portion. |

In the dual head (Fig. 2), a radius difference
§ = besin® occurs on an arbitrary track between the
radius position to which the MR head 1 is positioned at
the time of read of the MR head 1 and the radius position
to which the MR headll is positioned at the time_of write

of the inductive head due to the gap distance b (the

- distance between the gaps of the MR head and the induc-

tive head) (3) and the head yaw angle 0 (4) (&: the
radius difference due to 6 and the gap distance b,
measured at the gap center of each of the MR head and the
inductive head).

As the servo information, this embodiment
employs a 1 servo system which writes the servo pattern 7
to the position to which the MR head 1 is positioned at
the time of write by the inductive head.

To obtain performance of the magnetid disk
apparatus and to particularly accomplish high density
decording with higﬁ reliability, it is necessary to
dispose the ID portion in each sector, to acquire the
information of each sector by reading the ID portion, or
to write the information to each sector. in other woxds,
it is necessary to read the ID portion by the MR head 1

both when the data is read out and when the data is
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written.

In this embodiment, the write radius position
of the ID portion is set to an intermediate point between
the positioning radius position of the MR héad when the
MR head reads the data and the positioning radius
position when the inductive head writes the data. As a
result, write is made to the position 6f 1/2 of § so that
the offset distance from the positioning radius position
of the MR head becomes minimal,.and the offset distance
can be therefore reduced from § to §/2. Here, symbol §
represents the radius difference measured at the gap
center of each of theIMR head and the inductive head by 6
at an arbitrary track position and the gap difference b.

In comparison with the dual head according to
the prior art having the ID portion and the servo
information,'the reduction of the offset distance
described above in the present invention provides a
remarkable effect from the aspect of the information
storage capacity.

As described above, the data portion 9 is
written to the positioning position of the MR head 1 at
the time of data read, and the ID portion 8 is written to
the position spaced épart by the distance &§/2 from the
data portion 9 (Fig. 3).

Fig. 4 is an explanatory view when any residual
noise exists at the ID portion. When the residual noise
11 exists, the MR head 1 in this embodiment reads the

residual noise 11 of the ID portion at the position where
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it reads the data portion 9 when the MR head ‘1 reads the
ID portion 8, and the error rate of the ID portion thus
drops. Therefore,'the influences of the residual noise
11 at the ID portion can be eliminated by erasing the ID
portion and then writing the ID portion 8. Erasure is
effected by the inductive head 2 having a greater core
width than the MR head 1. In Fig. 4, reference numeral

10 denotes a track pitch Tp.

Table 1

Inequal track pitch error rate (Table 1)

inner periphery outer periphery

ID data ID data

portion

portion

portion

portion

egual track pitch

2x10-6

4x10710

2x10-6

8x10-1°

inequal track pitch

9x10-7

3x10°19

1x10-6

3x10-10

10

15

Table 1 represents the typical values of the

error rates of the data portion and the ID portion when

 the data is written in the inequal pitch shown in Fig. 1

and when it is written in the equal pitch.

In the case of the equal track pitch, the error
rate of 1 x 10 can be secured for the data portion, but
the error rate of the inner periphery of the ID portion
is 2.3 x 107® and fails to satisfy the specification 1 x
10%. 1In contrast, when the inegual track pitch is

employed, the error rates of 1 x 10 and 1 x 10~° can be

secured for the ID portion and the data portion, respec-

20 tively.
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Fig. 5 shows a set example where the inequal
pitch is set so that the change rate of the rotational
angle of the carriage corresponding to the change of the
track pitch becomes not greater than 7%. In comparison
with Fig. 1, the curve comprises the combination of three
straight lines to suppreés the change of the track pitch.
Originally, the change of the track pitch need not be a
straight line but may be an arbitrary curve. 1In this
embodiment, the change comprises the combination of the
straight lines for easiness of data processing. When the
change rate is not greater than 7%, signal processing
from the servo track, signal processing from the tracks
at the time of seek, and signal processing from the
tracks when the data acquired can be accomplished by a
simple circuit in an electronic circuit of the magnetic
disk apparatus.

Fig. 6 shows various quantities such as the yaw
angles 61, 62 of the magnetic heads and the geometrical
disposition at which the actuator receives a force in the
inner circumferential direction of the disk at the time
of Css.

The actuator (not shown) is supported by a
carriage bearing 21 and swings with the center 13 of the
rotation of the carriagé as the center thereof. The dual
head (not shown) is fitted to the actuator at the
position of a distance 18. The actuator rocks on the
disk 19 between the zone innermost circumferential radius

position 16 and the zone outermost circumferential radial
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positién 17, and the yaw angle changes between the head
yaw angles 61 (24) and 62 (25). In Fig. 6, reference
numeral 22 denotes the force in a tangential direction
that acts on the slider at 14 at the time of CSS,
reference numeral 23 denotes the force in the tangential
difection that acts on the slider at 15 at the time of
CSS, reference numeral 26 denotes the force in the
carriage rotating direction that acts on the slider at 14
at the time of €SS, and referénce numeral 27 denotes the
force in the carriage rotating direction that acts on the
slider at 15 at the time of CSS.

In this embodiment, the center 12 of the
rotation of the spindle, the center 13 of the rotation of
the carriage and the center of the rotation and distance
18 of the magnetic head and the carriage are adjusted and
the yaw angle is set so that the carriage at the time of
CSS always faces the inner circumferential direction by
the force of friction between the head and the disk.
Since the yaw angle is set in this way, it becomes
possible to insure that the head always effect CSS round
the inner circumference.

Figs. 7 and 8 show an example of the dual head
wherein a nominal shift quantity a is set between the MR
head 1 ahd the inductive head 2.

When the nominal shift quantity a is set to 0
(Fig. 2), dotted line 29 in Fig. 8 represents the radius
difference § generated by the gap distance b between the

MR head 1 and the inductive head 2 and by the yaw angle 6
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of the head in the radial direction of the disk medium.

Here, the difference of the R/W gap radiuses is set so

" that it becomes substantially zero (0) on the inner

circumference of the disk.

The offset distance of the ID portion in, in
the disk medium format of this embodiment, becomes &§/2
(Fig. 3) when the nominal shift guantity a is 0 (Fig. 2).
Therefore, 6§/2.. is about 1 uym (29 in Fig. 8).

wWhen the nominal shift quantity a is further

adjusted so that the difference of the R/W gap radiuses

‘becomes zero at the center of the data region, the offset

distance §/2 of the ID portion can be reduced to about
0.5 um. For this.feason; deterioration of the error rate
of the ID portion can be further improved. Reference
numeral 31 in Fig. 8 denotes a radial position at which
the yaw angle becomes zero (0). |

Next, another embodiment of the present
invention will be explained.

The basic construction of the magnetic disk
apparatus according to another embodiment’will be
explained.

A disk 105 (Fig. 11) for magnetically
preserving information, made of aluminum or glass as a
substrate material and having a magnetic film formed on
the surface thereof, is driven for rotation by a spindle
motor 106. The spindle motor 106 iﬁcludes a motor shaft
106f made of a stainless steel, and a hub 106a precisely

rotating through bearings 106b pushed into upper and
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lower portions of the motor shaft 106f and made of an
aluminum. The bearings are biased in advance in an axial
direction by a spring (not shown). A.motor magnet 106c~—
of a permanent magnet is fixed on the inner surface of a
hub 106a opposing a motor coil 106d fixed between the
motor bearings 106b of the motor shaft 106f, and the hub
106a is rotated when a current is applied to the motor
coil 106d. The disk 105 is inserted into the hub 106d
and is fastened to the hub 106a by using a clamp ring 104
made of aluminum, stainless steel or iron and having a
ring-like shape. The clamp ring 104 can be fastened to
the hub 106a by shrinkage fit, or to the upper surface of
the hub 106 by a screw. A head 101 is equipped with an
electromagnetic conversion unit for converting and
obtaining an eléctric signal for magnetically writing or
reading information with a magnetic field, by floating
above the surface of the disk 105 which is driven for
rotation, with a prédetermined gap of about 0.1 pym. A
carriage 103 is made of alumiﬁum or magnesium and is used
for accurately positioning the head 101 to the surface of
the disk 105. The head 101 and the carriage 103 are
driven and positioned by a voice coil motor 102 compris-
ing a coil 109 produced by ceoiling an aluminum or copper
wire equipped with an insulating film, a magnet 102a of a
permanent magnet and a yoke 102b for supporting the.
magnet 102a and forming a magnetic circuit. One of the
yokes 102b, which are disposed on and below the coil 109,

is equipped with two kinds of magnets, that is, a magnet
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102a having an S polarity with respect to the coil 109
and a magnet 102a having an N polarity to the coil 109.
These magnets are disposed along an arc along which the -~ -
coil 109 rotates to the right and left from the center of
the moving angle of the coil 109 when the head 101 moves
s0 as to write or read the information to or from the
disk surface 105. The magnet 102a is fixed at a
symmetric position of the other yoke 102b with respect to
the position of the magnet 102 while interposin§ the coil
109 between them, and the polarity of this magnet 102a is
opposite to that of the opposed magnet 102a. The
carriage 103 can be driven and positioned by power and
the current while regulating their direction to the coil
109 wound in the same direction between the magnets 102a.

The read/write signal of the head 101 is trans-
mitted by the thin wire of the solenoid coil disposed on
the head 101 to the carriage 103 (not shown), then to a
read/write control substrate 112 for controlling the
read/write signal of the head 101 by FPC (CARRIAGE)
flexible printed board) 1l1l4a (Fig. 11), aﬁd to the

outside of the HDA by a sealed connector 110 (Fig. 12)

‘bonded to a base 7 made of aluminum, stainless steel or

iron and positioned on the lower surface of the read/
write control substrate 112. The sealed connector 11Q
relays the electric signals inside and outside the HDA,
and a plurality of pins for transmitting the signals and
a mold portion for hoiding the pins are sealed

completely. The current of the coil 109, too, is
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transmitted to the sealed connectér'llo (Fig. 12) through
The driving current of the spindle motor 106 is
transmitted by the FPC (MOTOR) 114b (Fig. 11) to the
sealed connector 110 (Fig. 12). When the noise due to
the noise ¢urrent of the séindle motor 106 impedes the
read/write signal of the head 101, only the driving
current of the spindle motor 106 is connected to another
sealed connector in some cases. The sealed connector 110
(Fig. 2) is connected to a circuit board 111 for control-
ling the devices disposed outside the head disk assembly
(HDA). A stopper 116 (Fig. 11) is disposed so as to
prevent the carriage 103 from uncontrollably moving at
the time of abnormality when an excessive current flows
through the coil 109 and to prevent the head 101 from
damaging the disk 105 or from falling off from the disk
surface 105. The rotary center shafts of the motor shaft
106f and the carriage 103 and the voice coil motor 102
are fixed to the base 107, and a cover 108 made of
aluminum, stainless steel or iron is fixed by. screws to
the base 107. The portion near the screw hole disposed
in the cover 108 is recessed lest the screw head
protrudes from the upper surface of the cover 108. To
seal the inside of the HDA from outside, a seal 117
formed by applying an adhesive to one of the surfaces of
an metal foil having a thickness so as not to permeate
moistufe is bonded to the joint surface between the base

107 and the cover 108.
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In the HDA having the construction described
above (Fig. 12), inclusions must not enter the internal
space and must not either hinder the magnetic field

during the write or read operation of the information

‘between the head 101 and the disk 105, in order to

correctly process the signals. To always keep cleanness,
therefore, an internal filter 113 (Fig. 11) is disposed
so as to collect internal dust by the circulation of air
inside the HDA genérated by the rotation of the disk 105.
An air conditioning agent 115 is mounted so as to make
humidity control inside the HDA and to adsorb the gas so
as to always keep the humidity inside the HDA within a
p;edetermined range and to improve reliability of the
apparatus by adsorbing the gas which might exert adverse
influences on the contact withstand strength between the
head 101 and the disk 105. A magnetic disk apparatus
having a lérge capacity has a plurality of disks 105
mounted thereto so as to obtain a memory capacity, and
the head 101 exists on the surface of each disk 105.
Therefore, disk spacers 118 are disposed between the
disks 105 and 105, and the gaps between the heads 101 and
101 are kept constant by precisely finishing the fitting
surface of the carriage 103 for fitting the head 101.

Structures for moving and fixing the head 101

in a head standby region 121 at the time of shipment or

the stop of the operation of the apparatus, which can
accomplish the reduction of the size and thickness of the

apparatus, a higher recording density, higher relia-
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bility, lower power'cénsumption, a lower cost aajf"
higher information processing speed, will be explained
with reference to Figs. 11 to 16.

Fig. 11 is a top view under the state where the
cover 108 is open in the embodiment of the present
invention. 1In the drawing, the positions of the head
101, the carriage 103 and the coil 109 are represented'by
dotted lines when the head 101 exists at the innermost
circumferential position and the outermost circumferen-
tial positibn on the disk surface 105. Fig. 12 is a
sectional view of Fig. 11. The head standby position 121
(Fig. 11) on the disk surface 105 is disposed at the
innermost circumferential position within the range in
which the head 101 moves on the disk surface 105.

Figs. 13A and 13B are schematic views showing setting of
the yaw angie 101b. The head lOl.represented by solid
line shows the state where the yaw angle 10l1b of the head
101 does not exist. A side surface 101d of a rail 101a
is positioned at right angles to a line connecting a
recording/reproduction portion 10lc of the head 101 for
writing/reading the information to and from the disk 105
to the center of the rotation 122 of the disk. When the
apparatus stops, the number of revolution of the spindle
motor 106 drops and the floating height of the head 101
lowers, so that the head 101 comes into contact with the
disk surface 105. When the rotation of the spindle motor
106 completely stops, the head 101 on the disk surface

105 stops at a position in the vicinity of the position
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;t which the frictional resistance of a lubricating agent
for the side surface 101d of the rail 10la in the
rotating direction of the disk 5 is the smallest by the
lubricating agent on the disk surface 105 and the rail
10la (Figs. 13A and 13B) disposed on the side of the disk
surface 105 of the head 101 for floating the head 101 is
the smallest, that is, at the position at which the head
yaw angle 101b does not exist, provided that the load
does not exist when the carriage 103 is moved. This
phenomenon can be reproduced even when the size of the
head 101 is further reduced in future because the
friction develops between the side surface 101d of the
rail 10la and the lubricating agent so long as the
apparatus employs the construction wherein the number of
revolution of the-spindle motor 106 lowers at the time of
the stop of the apparatus, the floating height of the
head 101 decreases and then the head 101 comes into

contact with the disk surface 105, provided that the

_shape of the head 101 is not spherical, for example, and

that the side surface 101d of the rail exists. Accord-
ingly, the head yaw angle 101b in this embodiment is set
to the innermost inner circumferential position bf the
disk 105 within the moving range of the head 101 on the
disk surface 105, or to an inner circumferential position
further inside the former, so that the head yaw angle 105
disappears. In consequence, when the position at which |
the head yaw angle 101b disappears is set to.the inner

circumferential position of the disk 105 within the
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moving range of the head 101 on the disk surface 105, the

. head yaw angle 101b on the disk surface 105 lies in the

direction represented by the dash line in Fig. 13A with
the exception that the head 101 exists in the head
standby region 121. When the position at which the head
yaw angle 101b disappears is set to the position further
inside the innermost circumferential position of the disk
105 within the moving range 6f the head 101 on the disk
surface 105, the head yaw angle always lies in the
direction represented by the dash line in Fig. 13A.
Accordingiy, when the head 101 and the disk 105 come into
mutual contact at an arbitrary head position 101 in the
radial direction on the disk surface 105, the carriage
103 is allowed to rotate on the inner circumferential
side in accordance with the direction in which the
frictional force between them'acts.

Even when the ordinary rotational load of the
carriage 3 and the reaction of the FPC exist, the
frictional force with the disk surface 105, which is
required for moving the head 101 from the outermost
circumferential position to the innermost circumferential
position on theldisk surface 105 can be sufficiently
satisfied within the inertial rotation of the spindle
motor 106 when the apparatus stops. The rotational load
of the carriage 3 is reduced by reducing as much as
possible the conversion value of ﬁhe moment of inertia of
the carriage 103, as the load when the carriage 103 is

moved, to the head position 101. The movement of the
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carriage 103 for moving the head 101 to the h::gfétandby
position 121 when the apparatus stops does not depend on
the reaction of the FPC. Therefore, the reaction of the
FPC is reduced by employing a thin FPC (CARRIAGE) |
(flexible printed board) 1l4a (Fig. 11) and disposing and
fixing it to the side surfa@e of the carriage in such a
manner as to obtain a maximum curvature so as to minimize
rigidity. As described above, when the apparatus stops,
the head 101 cén be moved to the head standby region 121
on the disk 105 during the inertial rotation of the
spindle motor 106 under the state where the rotational
load of the carriage 103 in its operation and the
reaction.of the FPC are reduced to minimum, without
adding a new component or components. At the start of
the operation of the apparatus, on the other hand, the
head 101 floats and hence, friction with the disk surface
105 does not occur, and no influences at all exist on the
ordinary operation of the apparatus during the rotation
of the operation 103. (Floating fluctuation of the head
101 will be explained elsewhere.)

A fixing mechanism for the carriage 103 is
provided so as to temporarily fix the head 101 to a
specific position on the disk surface. Therefore, the
head 101 is fixed to the head standby region 121 during
shipment or stop of the apparatus, and it becomes
possible to prevent troubles such as the damage of the
information recorded on the disk surface 105 by the head

101 due to external impact or vibration, failure of the
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rotation of the spindle motor 196 at the start of the
operation of the apparatus due to absorption of the disk
surface 105 having high surface accuracy to the surface
of the head 101, and so forth.

Fall-off of the head 101 from the head standby
region 121 during shipment or stop of the apparatus can
be prevented by setting the fixing.force of the carriage
fixing mechanism to a greater force than the force which
moves the carriage due to external impact or vibration.

The carriage fixing mechanism includes a
magnetic member 120 disposed at a portion rotating with
the carriage 103 as shown in Fig. 14. The position of
disposition of the magnetic member 120 is a part of the
carriage 103 near.the central portion of the magnet 102a
on which a leaking magnetic flux of the magnet 102a
concentrates when the head 101 exists in the head standby
region 121. Fig. 15 is a graph shoﬁing the relationship
between the distance of the magnetic member 120 from the
central portion of the magnet 102a on which the leaking
magnetic flux of the magnet 102a most greatly concen-
trates and the force which attracts the maénetic member
120. In Fig. 14, on the other hand, the magnetic member
120 is shown bonded to the side surface of the hollow
portion of the coil 109. The magnetic member 120 is
interposed and bonded between a coil holding portion 103b
of the carriage 103 and the coil 109. Alternatively, it
may be buried, or bonded, into the coil holding portion

103b of the carriage 103. The magnet 102a need not have
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such a large 1eaking magnetic flux as to attract the
magnetic member 120 even when the head 101 exists at the

outermost circumferential position on the disk surface

- 105. The head yaw angle 101b is set to the position at

which it disappears within the range of the positions of
the head.lol on the disk surface 105 where the magnetic
member 120 can be attracted by the magnet 102a. When the
number of revolution of the spindle motor 106 decreases
and the floating height of the head 101 lowers at the
stop of the apparatus, the head 101 comes into contact
with the disk surface 105. At this time, the head 101
moves to a Qosition near the head standby region 121 on
the disk surface 105 within such a range where the
magnetic member 120 can be attracted by the leaking
magnetic flux of the magnet 102a, due to the frictional
resistance with the side surface 101d of the rail 10la on
the disk surface, that is, to the position at which the
head yaw angle 101b disappears. Next, as the magnetic
member 120 of the carriage 103 is attracted by the
leaking magnetic flux of the magnet 102a, the head 101
existing near.the head standby region 121 is fixed to the
head standby position 121. To insure fixing of the head

101 to the head standby region 121, the operation till

.fixing of the head 101 to the head standby position 121

must be carried out during the inertial rotation of the
spindle motor 106 in which the force for moving the head
101 may be small. The conversion value of the moment of

inertia of the carriage 103, which is the load for moving
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the carriage 103, to the position of the head 101 must be
reduced as much as possible so.as to reduce the
rotational load of the carriage 103. The movement of the
carriage 103 for moving the head 101 to the head standby
region 121 at the stop of the apparatus does not depend
on the reaction of the FPC. Therefore, the FPC
(CARRIAGE) (flexible printed board) l1ll4a (Fig. 11) fixed
to the side surface of the carriage 103 employs a thin
type, and fixation to the side surface of the carriage
103 is madé in such a manner as to acquire a greater
curvature as much as possible. In this way, rigidity is
reduced as much as possible and the reaction of the FPC
is reduced.

When thé head 101 comes into contact with the
disk surface 105 moves to a position near the head
standby region 121 on the disk surface 105 within éuch a
range where the magnetic member 120 can be attracted by
the leaking magnetic flux of the magnet 102a,~due to the
frictional resistance with the side surface 101d of the
rail 10la on the disk surface 105. The moving distance
of the carriage 103 due to the force of the leaking
magnetic flux when the head 101 moves to the head standby
region 121 is shown in Fig. 15, where B is the distance
when magnetic member 120 is disposed most closely to the
1eakiﬁg magnetic flux concentration portion of the magnet
102a, C is the range of the distance employed in this
embodiment, D is the range of the distance employed in

the prior art example, and E is the minimum necessary
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force for fixing the carriage 103. Since the moving
force does not so much depend on the force of the leaking
magnetic flux as in the prior art, the force for moving
the carriage 103 is increased by reducing the leaking
magnetic flux of the magnet 102a and the load of the
magnetic member 120 is reduced as represented by the
curve (solid line) of the example in Fig. 15. As
described above, the head 101 can be moved and fixed to
the head standby region 121 on the disk surface during
the inertial rotation of the spindle motor 106 at the
time of the stop of the apparatus while the rotational
load of the carriage 103 during its operation, the
reaction of the FPC and the load of the magnetié member
120 are reduced to minimum, without adding a new
component or components. The head 101 is fixed to the
head standby region 121 during the shipment or stop of
the apparatus. Therefore, it becomes possible to prevent
the troubles such as the damage of the information
recorded on the disk surface by the head 101 due to the
external impact or vibration, unability of the rotation
of the spindle motor 106 due to adsorption of the disk
surface having high surface accuracy to the surface of
the head 101 at the start of the apparatus, and so forth.
When the force of attraction of the leaking magnetic flux
to the magnet 102a is set to a force greater than the
force that moves the'carriage by the external impact or
vibration, it becomes possible to prevent the head 101

from falling off from the head standby region 121 during
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shipment of stop of the apparatus. If the rotating
porfion of the carriage 103, inclusive of the head 101,
the coil 109 and the FPC (CARRIAGE) (flexible printed
board) 11l4a, is set as closely as possible to the center

of rotation 103a of the carriage (Fig. 11) (for

. balancing), it becomes difficult for the carriage 103 to

move even when it receives the éxternal impact or
vibration. Accordingly, even when the attraction force
to the magnetic member 120 is reduced by further reducing
the leaking magnetic flux of the magnet 102a, fall-off of
the head 101 from the head standby rggion 121 can be
prevented.

-‘Also, the head yaw angle 101b must be set so
that a uniform floating height can be obtained throughout
all the positions on the disk surface 105. According to
the prior art apparatuses, the relationship between the
floating height of the head 101 and the distance from the
center of rotation 122 of the disk (the head radius
position) is such that a floating fluctuation width from
the highest position to the lowest position has been from
about 30 to about 35% with the highest floating position
being 100%, as shown in Fig. 16. 1In contrast, this
embodiment employs the negative pressure type head 101
which utilizes the negative pressure so as to improve
floating stability and which is equipped with the three
rails 10la as shown in Fig. 13. When the head yaw angle
101b is set in such a fashion that the head 101 attains

the smallest angle at the innermost circumferential
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position of the disk 105 within the moving range of the
head 101 on the_disk surface 105, the floating fluctua-
tion width can be lowered to about 25% as shown in
Fig. 16. In consequence, a floating height which is as
uniform as possible can be obtained at all the positions
on the disk surface 105.

As described above, it has been necessary in
the past to quickly move the carriage 103 so as to
improve the information processing speed. However, due
to the requirement for the smaller size and the smaller
thickness for the voice coil 102, a sufficient packaging
space of the voice coil 102 cannot be secured. - From the
aspect of lower power consumption, too, a large current
cannot be caused to flow through the coil 109 fixed to
the carriage 103. Magnets having a high flux density
have been already used for the magnet 102a. The magnetic
member must be attracted to the léaking magnetic flux
even when the head 101 exists at the outermost circum-
ferential position on the disk surface 105. Therefore,.a
large current is necessary for the coil 109 to such an
extent that the load of the magnetic member can be
neglected. However, a greater magnetic flux is not much
preferabie so as to efficiently combine the magnetic flux
of the magnet 102a with the force for moving the carriage
103. The greater the distance from the center of
rotation 103a of the carriage 103a to the generation
point of the force of the coil 109, the smaller becomes

the force of the coil 109, but there is a limit to this
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distance due to the limited space. Further, a great
current is necessary for the coil 109 so that the
reaction of the FPC cannot be neglected. For these
reasons, the reduction of the size and thickness, lower
power consumption and the improvement in the information
processing speed have been limited in the conventional
apparatuses. In contrast, since the movement of the
carriage 103 for moving the head 101 to the head standby
region 121 does not depend on the reaction of the FPC in
this embodiment, this embodiment uses a thin type for the
FPC (CARRIAGE) (flexible printed board) 114a fixed to the
side surface of the carriage 103 (Fig. 11), and fixation
to the side surface of the carriage 103 is effected in
such a manner that curvature becomes as great as possible
and rigidity becomes as low as possible to reduce the
reaction of the FPC. Accordingly, power consumption can
be achieved by reducing power to the coil 109. Another
advantage is that when power is supplied to the coil 109
in the same quantity as in the prior art apparatus, on
the contrary, the information processing speed of the
apparatus can be improved. Further, the head 101 can be
moved and fixed to the head standby region 121 on the
disk surface during the inertial rotation of the spindle
106 at the time of the stop of the apparatus withﬁut
adding a new component or components. Accordingly, the
reduction of the size and thickness of the apparatus and
its cost of production can be accomplished.

When the apparatus stops, the number of
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revolution of the spindle motor 106.decreases and the
floating height of the head 101 lowers, so that the head
101 comes into contact with the disk surface 105. Means
for moving the head 101 to the head standby region 121
according to the prior ait takes the frictional force
between the head 101 and the disk 105 at this.time into
consideration, and the attraction force of the magnetic
member by the magnet 102a must be set while taking this
frictional force into consideration. When the head 101
comes into contact with the disk surface 105, it is moved
by the frictional resistance with the side surface 101d
of the rail 10la on the disk surface 105 to a position

near the head standby region 121 on the disk surface 105

"within the range in which the magnetic member 120 can be

attracted by the leaking magnetic flux of the magnet
102a. Therefore, since the moving distance for moving
the head 101 to the head standby region 121 does not
depend so much on the force of the leaking magnetic flux
as in the prior art apparatuses, the force for moving the
carriage 103 can be increased by reducing the leaking
magnetic flux of the magnet 120a and the load of the
magnetic member 120 can be reduced. Therefore, it is
possible to obtain the advantage that lower power
consumption of the apparatus can be accoﬁblished by
reducing the load of the magnetic member 120 to minimum
and by reducing the power qﬁantity to the coil 109.
Another advantage is that the information processing

speed of the apparatus can be improved by supplying power
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in the'same quantity as in the prior art to the coil 109,
on the contraty. When the apparatus stoés, the head 101
can be moved and fixed to the head standby reéion 121 on
the disk surface 105 during the inertial rotation of the
spindle motor 106. Therefore, still another advantage is
that the size, the thickness and the cost of the
apparatus can be reduced.
| The head 101 is fixed to the head standby
region 121 during shipment or stop of the apparatus.
Therefore,-it is possible to prevent the damage of the
information recorded on the disk surface 105 by the head
101 due to the external impact or vibration and unability
of rotation of the spindle motor 106 at the start of the
apparatus due to adsorption of the surface of the head
101 to the disk surface 105 having high surface accuracy
which occurs at the stop of the apparatus. Therefore,
reliability of the apparatus can be improved.
The gravitational center of the rotating
portion of the carriage 103, inclusive of the head 101,
the coil 109 and the FPC (CARRIAGE) (flexible printed
board) 1l4a, is set as close as possible to the center of
rotation 103a of the carriage (Fig. 11) (for balancing).
In consequence, even when the carriage 103 receives any
external impact or vibration, the carriage 103 does not
move so easily. Even when the leaking magnetic flux of
the magnet 102a is further reduced and the attraétion
force of the magnetic member 120 is reduced, fall-off of

the head 101 from the head standby region 121 can be
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prevented. Therefore, reliability of the apparatus can

be improved. Another advantage is that lower power

‘consumption of the apparatus can be accomplished by

reducing power to the coil 109. On the contrary, when

- power is supplied to the coil 109 in the same quantity as

in the prior art apparatuses, the information processing
speed of the apparatus can be improved.

The floating fluctuation with the conventional
head 101 has been from about 30 to about 35%. 1In
contrast, when the negative pressure type head 101
equipped with the three rails 10la is used as shown in
Fig. 13 and when the héad yaw angle 101b is set in such a
manner as to attain the minimum angle at the innermost
circumferential position of the disk within the moving
range of the head 101 on the disk surface 105, the
floating fluctuation width can be reduced to about 25% as
shown in Fig. 16. Since the floating height which is as
uniform as possible can be obtained at all the positions
on the disk surféce 105, a higher recording density can
be accomplished for the apparatus.

As described above, this embodiment provides an
apparatus which can accomplish the reduction of the size
and thickness of the apparatﬁs, higher recording density,
higher reliability, lower power consumption and higher
information processing speed, énd can move and fix the
head 101 to the head standby region 121 at the time of

shipment or at the stop of operation of the apparatus.
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CLAIMS:
1._ A magnetic disk apparatus comprising:

a magnetic disk medium;

a dual head for reading or writing information
from or to said magnetic disk medium, having at least one
gap for effecting magnetic recording and at least one gap
for effecting magnetic reproduction for one slider;

a spindle motor for supporting said magnetic
disk medium and for rotating the same;

é head assembly including said magnetié head,
said slider and a support member for supporting said
slider;

a swing arm including pivot shaft for
supporting said head assembly and swinging it on said
magnetic disk medium;

a voice coil motor for driving said swing arm;

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and .

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor;

wherein a track pitch of said magnetic disk
medium is an inequal pitch.

2. A magnetic disk apparatus comprising:
a magnetic disk medium;
a dual head for reading or writing information

from or to said magnetic disk medium, having at least one
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gap for effecting magnetic recording and at least one gap
for effecting magnetic_reproductibn for one slider;

a spindle motor for supporting said magnetic
disk medium and for rotating the same;

a head assembly including said magnetic head,
said slider and a support member for supporting said
slider;

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium;

a voice coil motor for driving said swing arm;

an electronic circuit for causing said magnetic
head to read and write information from and fo said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor;

wherein a track pitch of said magnetic disk
mediuﬁ is an inequal pitch and a changed value of said
track pitch is set to not greater than 7% within a data
area.

3. | A magnetic disk apparatus comprising:

a magnetic disk medium;

a dual head for reading or writing information
from or to said magnetic disk medium, having at least one
gap for effecting magnetic recording and at least one gap
for effecting magnetic reproduction for one slider;

a spindle motor for supporting said magnetic
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disk medium and for rotating the same;
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a head assembly including said magnetic head,
said slider and a support member for supporting said
slider;

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium;

a voice coil motor for driving said swing arm;

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor;

wherein MR head and Inductive head has a
geometrical nominal shift distance of said MR head and
said inductive head at a middle point of a data zone of
said magnetic disk medium at which a positional
difference in a radial direction becomes zero (0) at a
middle point of a data zone, and a head yaw angle (a) of
said head assembly is set to an angle such that an head
actuator always receives a rotating force and a
frictional force generated by a contact between a disc
and the head at a time of a rotation vibration or a stop
of said disc, in an inner circumferential direction.

4. A magnetic disk apparatus comprising:

a magnetic disk medium;

a dual head for reading or writing information
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from or to said magnetic disk medium, having at least one

gap for effecting magnetic recording and at least one gap
for effecting magnetic reproduction for one slider;

a spindle motor for supporting said magnetic
disk medium and for rotating the same;

a head assembly including said magnetic head,
said slider and a support member for supporting said
slider;

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium;

a voice coil motor for driving said carriage
arm;

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, s;id spindle motor and said
voice coil motor;

wherein said magnetic disk medium is divided
into n (n: natural number) data zones, and a track pitch
is an equal track pitch inside the same zone and is an
inequal pitch between said zones.

5. A magnetic disk apparatus comprising:

a magnetic disk medium having at least one ID
information in one unit of information storage in addi-
tion to servo information for controlling the rotation of

said magnetic disk medium;
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a dual head for reading or writing information
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from of to said magnetic disk medium, having at least one
gap for effecting magnetic recording and at least one gap
for effecting magﬁetic reproduction for one slider;

a spindle motor for supporting said magnetic
disk medium and for rotating the same;

a head assembly including said magnetic head,
said slider and a support member for supporting said
slider; |

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium;

a voice coil motor for driving said swing arm;

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor.

6. A magnetic disk apparatus acco:ding to claim 1,
wherein said dual head includes a read-only MR head and a
write-only inductive head, and wherein a core width of
said MR head is smaller than that of said inductive head.
7. A magnetic disk apparatus according to claim 2,
wherein a gap center of said MR head and a gap center of
said inductive head in said dual head are deviated from
each other in the direction of their gaps.

8. A magnetic disk apparatus. comprising:
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a magnetic disk apparatus having sectors
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thereon, and having one ID portion and one kind of a
servo pattern in one sectqr;

a dual head for reading or writing information
from or to said magnetic disk medium, having a head for
reading information and a head for writing the informa-
tion on one slider;

a spindle motor for supporting said magnetic
disk medium and rotating the same;

a head assembly including said magnetic heads,
said slider and a support member for supporting said
slider;

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium;

a voice coil motor for driving said carriage

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor.
9. A magnetic disk apparatus comprising:

a magnetic disk medium;

a dual head for reading or writing information
from or to said magnétic disk medium, having at least one

gap for effecting magnetic recording and at least one gap
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for effecting magnetic reproduction for one slider;
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a spindle motor for supporting said magnetic
disk medium and for rotating the same;

a head assembly including.said magnetic head,
said slider and a support member for supporting said
slider;

a carriage arm including a pivot shaft for
suppofting said head assembly and moving it on said
magnetic disk medium;

| é voice coil motor for driving said swing érm;
an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
said electronic circuit, said spindle motor and said
voice coil motor;

wherein a write radius position of an ID
portion is set to an intermediate point between a
positioning radius position of said MR head when said MR
head reads out data and a positioning radius position of
said MR head when said inductive head writes data.

10. A magnetic disk apparatus comprising:

a magnetic disk medium;

a dual head for reading or writing information
from or to said magnetic disk medium, having at least one
gap for effecting magnetic recording and at least one gap
for effecting magnetic reproduction for one slider;

a spindle motor for supporting said magnetic
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- disk medium and for rotating the same;

a head assembly including said magnetic head,
said slider and a support member for supporting said
slider; |

a carriage arm including a pivot shaft for
supporting said head assembly and moving it on said
magnetic disk medium; |

a voice coil motor for driving said swing arm;

an electronic circuit for causing said magnetic
head to read and write information from and to said
magnetic disk medium; and

a controller for controlling the operations of
- said electronic circuit, said spindle motor_and said
voice coil motor;

wheréin the periphery of a write portion of an
ID portion on said magnetic disk medium is erased in
advance, and then ID information is written into said
magnetic disk medium.

11. A magnetic disk apparatus comprising:

a disc-like disk recording medium for recording
information;

a spindle motor for supporting and rotating
said disk recording medium;

heads for recording and reproducing the
information to and from said disk recording medium,
having a transformer; |

a carriage for fixing said heads, rocking said

heads with an arbitrary axis of rotation as the center
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and moving and positioning said heads in a radial
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direction on a disk surface; and

a head disk assembly (HDA) having a base and a
cover for holding said constituent members and cutting
them from external air;

wherein a head standby region for causing said
heads on said disk surface to keep a standby position is
disposed at the innermost circumferential position of
said disk recording medium within a moﬁing range of said
heads on the surface of said disk recording medium, and a
head yaw angle as a tilt angle of said heads with respect
to an imaginary line contacting the position-of an
information recording track having the center thereof at
the center of rotation of said disk for allowing said
heads to record or reproduce the information to and from
the disk surface is set so that when said heads and said
disk recording medium come into mutual contact at an
arbitrary head position in the radial direction on the
surface of said disk recording medium, said carriage
always rotates towards the inner circumferential side by
the direction of the frictional force between said heads
and said disk recording medium.
12. A magnetic disk apparatus comprising:

a disc-like disk recording medium for recording
information;

a spindle motor for supporting and rotating
said disk recording medium;

heads for recording and reproducing the
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information to and from said disk recording medium,
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having a transformer;

a carriage for fixing said heads, rocking said
heads with an arbitrary axis of rotation as the center
and moving and positioning said heads in a radial
direction on a disk surface; and

a head disk assembly (HDA) having a base and a
cover for holding said constituent members and cutting
them from external air;

wherein a head standby region for causing said

heads on said disk surface to keep a standby position is
disposed at the innermost circumferential position of
said disk recording medium within a moving range of said
heads on the surface of said disk recording medium, and a
head yaw angle as a tilt angle of said heads with respect
to an imaginary line contacting the position of an
information recording track having the center thereof at
the center of rotation of said disk for allowing said
heads to record or reproducé the information to and from
the disk surface is set so that when said heads and said
disk recording medium come into mutual contact at an
érbitrary head position in the radial direction on the
surface of said disk recording medium, said carriage
always rotates towards the inner circumferential side by
the direction of the frictional force between said heads
and said disk recording medium; and

wherein said heads are disposed in such a

manner that said head yaw angle always exists at an
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arbitrary head position in the radial direction on the
disk surface.
13. | A magnetic disk apparatus according to claim
11, which further comprises a carriage fixing mechanism
for temporarily fixing said heads at a specific position
on the disk surface. -
14. A magnetic disk apparatus according to claim
11, wherein the fixing force of said carriage fixing
mechanism is set to be greater than the moving force of
said carriage by external impact or wvibration.
15. A magnetic disk apparatus according to claim
11, which further comprises a magnetic member disposed at
a portion rotating with said carriage so as to constitute
a voice coil motor for swinging said carriage, and a
carriage fixing mechanism for attracting said magnetic
member by utilizing a leaking magnetic flux of a magnet
made of a permanent magnet, and wherein a position at
which said yaw angle disappears is disposed within the
range of the head position on the disk surface in which
said magnetic member is attracted by said magnet, by said
carriage fixing mechanism.
16. A magnetic disk apparatus according to claim
11, wherein said head is disposed in such a manner that
said head yaw angle attains a minimum angle at the inner-
most circumferential position of said disk recording
medium within the moving range of said head on the

surface of said disk recording medium.



