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Specification

1. Title of the Invention:

Disk drive system and hard disk drive

2. Detailed Description of the Invention:

[Field of the invention]

The present invention relates to a disk drive system used as
data memory of a computer, particularly to a hard disk drive.

[Background art]

A hard disk drive (hereafter referred to as HDD) which is the

most general as data memory of a computer has a structure in
which one maghetic disk or more is or 'are arranged .on the same
axis  so as to be driven by a spindle motor. Data is read or

:written by .a magnetic head prov1ded so as to face the magnetlc

disk and the magnetic head is.driven by an actuator, generally
driven by a voice coil motor (hereafter referred to as VCM).
The magnetic disk,'magnetic head, and actuator are housed in a
housing referred to. as enclosure case.

Main technical. problems of 'an-HDD are improvement of a storage
capacity per magnetic dlSk and lmprovement of read speed of

‘data from a magnetic d.‘LSk and write speed of .data. in the

magnetlc dlsk.

In the case of the latter, it is possible to .improve data
_read/erte speed by shortening the seek time for" a magnetic

head to move to a necessary track on a magnetlc dlsk. Because

La magnetlc head is driven by a VCM as described above, it is
_p0351b1e to increase a seek speed by 1mprov1ng the . performance
of the VCM.® To 1mprove the performance of a. VCM, it 1s.only
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necessary to change a permanent magnet constituting the VCM to
one having a stronger magnetic characteristic or increase the
thickness of the magnet to increase a magnetic field to be
applied to a voice coil. However, improvement of the magnetic
characteristic of  a permanent magnet approaches a limit.
Moreover, in the case of an HDD whose space must be decreased,
there is a 1limit in further increasing the thickness of a

. permanent magnet from the current thickness.

Moreover, it is possible to improve the data read/write speed

by increasing the rotational speed of a magnetic disk.

However, when increasing the rotational speed of a magnetic
disk, the flutter of a magnetic head is increased. The flutter
is a phenomenon in which a magnetic head is deflected in the
radius direction of a ﬁmgnetic disk due to the flow of air
caused by rotation of the magnetic disk. - When the flutter
occurs, the relative positional -relation between -a magnetic
disk and a magnetic head unnecessarily fluctuates and
therefore, increase of ‘the flutter value affects the data
read/write accuracy.. That is, data may be written in a track

.different from a track in which the data should be originally

written or read from a track different from a track from which
the data should be originally read. Particularly, by improving
the storage density of a magnetic disk in order to increase the
capacity of the disk,  -the above trend becomes more remarkable.
For this problem, an art . for attaching a damper to a
magnetic-head slider is effective.

Moreover, increase of the rotational speed of a magnetic disk
causes a problem that power consumption increases. That is,
when the rotatlonal speed of a -magnetic disk is increased, the
w1ndage loss to the rotation of the magnetic 'disk increases and
thereby, the power consumed by a spindle motor for rotating the
magnetic disk increases. For increase of power consumptlon due
to increase of the rotatlon of a magnetlc disk, it is effective
to decrease the nwgnetlc disk in diameter. By decreasing a
magnetic disk- in diameter, the - storage ' capacity 'may be
decreased. However, decrease of the storage capacity is almost
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prevented by the recent density-increase art.
[Problems to be solved by the invention]

As described above, it is possifole to improve the data
read/write speed by increasing the rotation of a magnetic disk.
However, there are causes for interrupting the increase of the
speed. A thermal tilt is one of the causes. Most current HDDs
respectively have a structure in which a plurality of magnetic
disks (e.g. four to 6 disks) are arranged on the same axis.
Because déta is read or write from or in the magnetic disks, an
HDD has magnetic heads corresponding to the number of magnetic
disks. Because a magnetic disk has a storage area on its
surface and back, the number of magnetic heads two times larger
than the number of magnetic disks is prepared. These magnetic
heads are designed so as to be arranged on a straight 1line
vertical to a magnetic disk in order to write or read
continuous data groups in or from the same cylinder. Figure 6A
schematically shows "a state in which magnetic heads H are
arranged on a straight 1line vertical. to magnetic disks 'D.
However, a pluraiity of magnetic heads H that must be present
on a vertical straight line may cause a positional shift due to
an external cause. Figure 6B shows the above state. Then, the
positional shift of the magnetic heads H is referred to- as
tilt. Though there are some causes in which a tilt occurs, a
thermal tilt is a tilt caused by the difference between
1inear—expansioh coefficients of materials constituting an HDD.
When an excessive number of tilts occurs, data read or write
speed is lowered because it is necessary to seek the magnetic
head H on .a track from or in which data should be originally
read or. written.. Therefore, to sufficiently obtain the
édvantages by increase of the rotation of a Ihagnetic disk, it
is necessary to suppress the thermal tilt. '

Moreover, 'exces_sively high or low rigidity of an actuator,
particularly'a portion referred to as arm is other cause for
preventing improvement of data read/write speed. A magnetic
head is set to the front end of an arm. When the arm has ‘an




excessively low rigidity, vibration easily occurs in the arm
and resultantly, the vibration influences the magnetic head.
The vibration of the magnetic head lowers the speed for the
magnetic head to seek a predetermined track. Therefore, by
increasing the rigidity of the arm, it is possible to prevent
the seek speed from lowering. To increase the rigidity of the
arm, it 1is preferable to increase the arm in thickness or
width. However, because parts constituting an HDD are set in
an enclosure case at a high density or from the viewpoint of an

" assembling preocess, it 1is not easy to increase an arm in

thickness or width. Even if it is possible to increase an arm
in thickness or width, other performances may be sacrificed.

The'preseht invention is achieved to solve the abové problems
and its object is to provide a disk drive system capable of
sufficiently. obtaining the advantage. of improving .. the
read/write speéd-when accelerating the rotation of a discoid
medium represented by a magnetic disk. More specifically, it
is an object of the present invention to provide a disk drive
system capable of sufficiently obtaining fhe-advantage that the
read/write. speed is improved by suppressing the occurrence of a
thermal tilt. . Moreover, it is an object of 'the present
invention to provide a disk drive system capable of
sufficiently obtaining the advantage that the read/write speed
is improved by using the structure of a disk drive system
capable of increasing the rigidity of an arm.

{Summary of the'invention]
The present inventor studied a structure of an HDD from the

viewpoint of suppressing a thermal tilt. A thermal tilt is
caused by the difference between linear-expansion coefficients

of parts constituting an HDD. An- enclosure case of an HDD is

constituted of a shallow-bottom boxy member referred to as base
and a flat member referred to as top cover. The enclosure case

is generally made of aluminum-alloy casting and the top cover
'is generally -made of damping steel sheet or stainless steel.
'An actuator to which a magnetic head is set uses a pivot as a
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- bidirectional-rotation axis and the pivot is fixed to the base

and top cover. The pivot is designed so as to be set
vertically to the base or top cover. However, a base and a top
cover made of materials different from each other are different

"from each other in linéar—expansion coefficient. Therefore, a

pivot whose both ends are supported by a base and a top cover
may be tilted due to the fact that the linear expansion
produced in the base is different from that produced in the top
cover when the temperature of the environment in which an HDD
operates  rises. A tilt of a pivot is one of causes of a
thermal tilt.

A tilt of a pivot is described by referring to Figure 4.
Figure 4 is a schematic illustration showing a support
structure of a pivot P by an enclosure case E of ‘an HDD. The"
enclosure case E is constituted of a top cover C and a base B.
In the case of thiS'example, it is assumed that the base B has
a linear-expansion coefficient larger than that of the top
cover C and the enclosure case E has a width W. The upper end
and lower end of the pivot P are fixed to and supported by the
top cover C and the base B. - Figure 4A shows a state in a
temperature area T1 in which the HDD is assembled and Figure 4B
shows a state in which temperature becomes higher than Tl. ' In
the temperature area T1 in which the HDD is'-éssembled, the
pivot P is set verﬁically to the top cover C (or base B). When
temperature rises from the temperature area T1, the width of
the top cover C becomes W+Al; and the width of the base B
becomes W+Al,, due to_Iinear expansion. In this case, because
the base B has a linear-expansion coefficient larger than that
of the top cover.C, W+Al, becomes smaller than W+Al, as shown in
Figure 4B. - Moreover, the pivot P is tilted due to the
difference between linear expansion values of the top cover C
and base B as shownh in Figure 4B and a thermal tilt occurs.

The thermal +tilt is caused by the difference between
linear-expansion coefficients of the top cover C and the base
B. However, the present inventor found that there was other

‘cause. In the case of the example shown in Figure 4, the pivot
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P is set to a position decentered from the width-W-directional
céntef of the enclosure case E and thereby, a tilt occurs.
That is, it is'possible to prevent the pivot P from tilting
depending on the position of the pivot P even if the top cover
C and the base B are different from each other in
linear-expansion coefficient. This is explained below by

referring to Figure 3.

Figure 3 is also 'an illustration schematically showing a
support structure of the pivot P by the enclosure case E of an
HDD similarly to the case of Figure 4. Figure 3 is different

 from Figure 4 in that distances from the pivot P up to the both

ends of the enclosure case E are equalized in w/2. That is,
the pivot P is set to the width-W-directional center of the
enclosure case E. When temperature rises from the temperature
area Tl {Figure 3A}, the width of the top cover C becomes W+Al,
and that of the base B becomes W+Al,. - However, because the
pivot P is sSet to the width-W-directional center of the
enclosure case E, positions of the upper and lower ends of the
pivot P ‘are not relatively changed. Therefore, the pivot P
does not tilt. ' '

A. disk drive system of the present invention is based on the
above knowledge and includes: a discoid medium which rotates
about the center of its rotation axis and stores - data; an
actuator which. has a head for reading or writing data from or
in the discoid medium and bidirectionally xrotates about its
bidirectional-rotation axis; and a housing which has a

'predetermined width and houses the discoid medium and the
actuator, characterized in -that the ~rotation axis ~of the
- discoid medium and the bidirectional-rotation axis of the

actuator are set to the width-directional center of the housing
and the size of the discoid medium. is smaller than that of a
discoid medium corresponding to the form factor of the housing.

In the case of a disk drive system of the present invention,
the rotation axis. of the discoid medium and the

_bidifectionalirotation axis of the actuator are set to the

~ -
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width-directional center of the -housing. Therefore, even if a

"housing is made of materials different from each other in

linear-expansion coefficient, tilts of ‘the rotation axis of the
discoid medium and the bidirectional-rotation of the actuator
in the width direction are suppressed. Therefore, occurrence
of a thermal tilt -is suppressed. In the case of an
conventional disk drive system, particularly an HDD, the
rotation axis of a magnetic disk has been frequently located at
the width-directional center of an enclosure case. However, a
pivot serving as the bidirectional-rotation axis of an actuator
has not. been located at the width-directional center of the
enclosure case but it has been set to a position eccentric in
the direction opposite to  the rotational direction of the
magnetic disk. i}

Moreover, in the case of a disk drive system of the present
invention, the size of the discoid medium is smaller than that
of a discoid medium cbrrespbnding to the form factor of the
housing. Therefore, even when rotating the discoid medium at a
high speed, it is possible to suppress the inqreaée of the
power consumption. Moreover, because the size of the discoid

medium is small, it is possible to form a new space on the
housing. It is also possible to increase the capacity of an

actuator'by using the space and improve the seek speed of a

head.

When a disk drive system. of the present invention has a form

factor of 3.5", it is preéferable to set the outside diameter of
a discoid medium to 75 mm or less. The form factor represents
a factor about a form such as a shape or size. 1In the case of
an HDD, for example, three form factors of 5.25", 3.5%, and
2.5" are used at preseht. .Standard widths except a tolerance
are 5.75" (146.05 mm) for the form factor of 5.257, 4.0” (101.6
mn) for the form factor of 3.57, and 2.75" (68.95 mm) for the
form factor of 2.5”. Even if a form factor is 3.5", a magnetic
disk to be mounted on an HDD does not have a diameter of 3.5".
In general, a magnetic disk of 95 mm (3.74”). is mounted on -an
HDD having a 3.5” form factor.  That is, a magnetic disk
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~corresponding- to a 3.5" HDD has an outside diameter of 95 mm.

The 3.5 HDD has a rotational speed of 7,200 rpm. However, the
presént invention proposes to set the outside diameter of a
discoid medium to 75 mm or less when a form factor is 3.5”.
Thereby, even if a high rotational speed whose rated rotational
speed exceeds 12,000 rpm is used, it is possible to suppress
the power consumption. However, when the diameter of a discoid
medium decreases, the data storage capacity also decreases by a
value equivalent to the decrease of the diameter of the discoid
medium. Therefore, when considering the above described, it is
preferable to set the outside diameter of a discoid medium to
65 mm or more. However, when the storage density of a discoid
medium is remarkably improved, it is needles§ to say that a
diameter smaller than 65 mm can be used. i

In the case of a disk drive system of the present invention, it
is preferable that an actuator has a line-symmetric shape in
its .planar direction. This is because a head is not easily
shifted in the diameter direction (off-track direction) of a
discoid medium when the actuator has a line-symmetric shape’
even if the actuator wvibrates. Particularly,  -in the case of a:
high-speed disk drive system intended by the present invention,

-a shift of a head in the off-track direction affects

acceleration of data write or .read. in or from a desired track.

Moreover, the present invention provides a disk drive system
including: a discoid medium which rotates about its rotation
axis and stores data; an actuator which has a head for reading

-or writing data from or in the discoid medium and

bidirectionally rotates about its bidiréctional—rotation_ axis;
and a housing which is constituted of a boxy base and a flat

cover made of materials different from each other in

linear-expansion coefficient and houses the discoid medium and’
the actuator, characterized in that a structure in which tilts
of the rotation axis and bidirectional-rotation axis in the

‘housing-width = direction based on the difference between
- linear-expansion coefficients are suppressed is used and the

size of the discoid medium is smaller than that of a discoid
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‘medium corresponding to the form factor of the housing.

In the case of the present invention, there are at least two
structures for respectively suppressing tilts of a rotation
axis and a bidirectional-rotation axis in a housing-width
direction due to the difference between linear-expansion
coefficients. One of the structures is a structure in which
distances from a rotation axis up to width-directional both
margins of a 'housing are equalized and distances from a
bidirectional-rotation axis up to width-directional both
margins of the housing are equalized. According ‘to this
structure, housing-width-directional tilts of a rotation axis
and a bidirectional-rotation axis are suppressed because a
structure is used which is the same as the above-described
structure in which the rotation axis of the discoid medium and
the bidirectional-rotation: axis of the actuator are set to the .
width-directional - center of the housing. . The other structure
of them is a structure in which linéar—expansidn coefficients

. from a rotation axis up to width-directional both margins of a

housing are equalized and linear-expansion coefficients from a
bidirectional-rotation axis up to width-directional both .
margins _of the housing are egualized. “This structure -also.
makes it possible to Suppress.housing-width—directional tilts
of a rotation axis and a bidirectional-rotation axis. As shown
in Figures 5A and 5B, this. structure can be used even if the
rotation axis of a discoid medium and the
bidirectional-rotation axis of an actuator are decentered from
the width-directional center of a housing. In the case of the
ekample'in Figure 5, the rotation axis of the discoid medium
and the bidirectional-rotation axis of the actuator are set to
a position Wl_from-the left side face of the housing and a
position W2 from the right side face of the housing. Examples
shown in Figures 3 and 4 assume that_the top cover C and the
base B are fespeétively constituted of a single material.
However, in the case of the example in Figure 5, it  is possible
to equalize linear expansions of Cl1 portion of the top cover C
and Bl .portionh of the base B at Al, and egualize ' linear
expansions of C2 portion of the top cover C and B2 portion of

-9 -




the base B at Al, by constituting C1 and C2 portions of the top
cover C of materials different from each other and Bl and B2

portions of the base B of materials different from each other.

Then, the present inventor studied the structure of an HDD
capable of improving the rigidity of an arm. As previously
described, it is preferable to increase the thickness or width
of an arm in order to improve the rigidity of the arm.
. However, to increase the thickness of the arm,. it is necessary
to increase the interval bétween magnetic disks. Therefore, it
is difficult to use the above structure for an HDD mounting

many magnetic disks. Therefore, the present inventor studied
increase of the width of the arm so as not to be influenced by
the mounted number of magnetic disks. As a result, the

inventor obtained a conclusion that the width of the arm could
be increased by setting the bidirectional-rotation  axis of an
actuator- eccentrically in the rotational direction. of a discoid
medium from the width-directional center of a housing.

The reason that the width of the arm can be increased by
. setting- the .bidirectional-rotation ' axis of the actuator
eccentrically in the rotational direction of the discoid medium
is described by referring to Figures 8 to 10. '

Figures 8 to_lO'aré top views schematically showing a- discoid
medium D and an actuator A. Then, Figure 8 shows an example in
which a pivot (Bidirectional-rotation_aiis) P of the actuator A
is set to the width-directional center of a housing shown by an
alternate long and short dash line. Figure 9 shows an -example
in which the pivot P of the actuator A is:set eccentrically in
the direction opposite to the rotational direction (shown-by an
arrow in Figure 9) of a discoid medium D from .the
width-directional center of the housing. Figure 10 shows an
example in which the pivot P of the actuator A is set
eccentrically in the rotational direction of the discoid medium
D from the width-directional center of the housing. 1In Figures
8 to 10, it is assumed that the distance r from the rotational
center of the discoid medium D up to the pivot P of the
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actuator A and the length L of the actuator are constant.
Moreover, in general, a portio'n of the actuator A at the
magnetic head side of the pivot P is referred to as arm. The
present invention also follows  the above mentioned and assumes
the width of theé arm as Wx which is constant. '

By assuming .the above mentioned, it is described below whether
the width of the arm of the actuator A can be increased when
positions of the pivot P of the actuator A are changed while
referring to Figs 8 to 10.

Examples in Figures 9 and 10 are compared on the basis of the
example shown in Figure 8 in which the pivot P of the actuator
A is set to the width-directional center of the housing. 1In
Figure 8,  the actuator A contacts with the discoid medium D.
Figure 9 shows the state in which the pivot P of the actuator A
is decentered in the direction opposite to: the rotational
direction of the discoid medium D from the width-directional
center of the housing while keeping the angle of the actuator

-A. It is found that the actuator A overlaps with the discoid

medium D. The overlapped portion is blackened. . Figure 10
shows the state in which the pivot P- of the actuator A is
decentered in i:h_e rotational direction of the discoid medium D
from the -width-directional center of the housing while keeping
the angle of the actuatorxr A. It is found that a gap is formed
between the actuator A and the discoid medium D.

In this case, when setting the actuator A to the HDD, the
discoid medium D is already set. The actuator A is set from -
the upper side of the HDD. Therefore, if the actuator A
overlaps with the discoid medium D, it is impossible or not.
easy to set the actuator A to the HDD. In the case of Figure
9, unless the width Wx of the arm is decreased so that the
actuator A overlaps with the discoid medium D, it is difficult
to set the actuator A to the HDD. This represents that it is
'possibie to more easily increase the width Wx. of -the arm by
setting the pivot P of the actuator A to the above
width-directional center compared to the case of setting the
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pivot P to the position .eccentric in the direction opposite to
the rotational direction of the discoid medium D from the
width-directional center of the housing. Then, Figure‘ 10
suggests that it is possible to increase the width Wx of the
arm by setting the pivot P of the actuator A to a position
eccentric in the rotational direction of the discoid medium D
from the above width-directional center.

Because not only the discoid medium D and actuator A but also
many other parts -are set to the HDD, it is necessary to
cons:.der the overlap with these parts when setting the actuator
A. Therefore, ‘it is difficult to set the actuator A at an
optional angle. Therefore, as described above, positions of
the pivot P of the actuator A are changed while kéeping the
angle of the actuator A.

Therefore, the present invention provides a disk' drive system
comprising 'a discoid medium which rotates about its rotation
axis and stores data, an actuator which has a head for reading

‘or writing data from or in the discoid medium and rotates about

its bidirectional-rotation axis, and a housing..which .has
predetermined width and depth and houses the discoid medium and
the actuator, characterized in that the bidirectional-rotation

axis of the actuator is set ‘eccentrically in the rotational. -

direction of the discoid medium - from the width-directional
center of the housing and the size of the discoid medium is
smaller than that of a discoid medium cofrequnding to the form
factor of the housing. |

Eccording to this disk drive system, it is possible to increase
the width'. of the actuator because the bidirectional-rotation
axis of the actuator is sét eccentrically in the rotational
direction of the discoid medium from the width-directional
center of the housing. Therefore, - it is possible to improve
the rigidity of the actuator and resultantly contrlbute to
improvement of the data read/write speed.

Moreover, in the case of a disk drive system of the present
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invention, the size of the discoid medium is smaller than that

of a dlSCOld medium correspondlng to the form factor of the
housing. Therefore, even when the rotational speed of the
discoid medium is increased, it is poesible to suppress
increase of the power consumption. Because the size of the
discoid medium is small, it is possible to form a new space in
the housing. It is also possible to increase the capacity of
the actuator and improve the seek speed of a head by using the

. space.

Furthermore, the present invention provides a hard disk drive
comprising a disk assembly in which a magnetic disk having a
diameter of 75 mm or less to magnetically store data is set to
a spindle so as to be rotatable, a rotary actuator which has a
magnetic head for storing or reproducing data in or from the
magnetic disk, seeks the magnetic head on the -magnetic disk,
and - bidirectionally rotates about its pivot, and a
3.5"-form-factor enclosure case which has a predetermined width
and houses the disk assembly and the rotary actuator,

‘characterized in ‘that the spindle and the pivot are set to the

width-directional center of the enclosure case or eccentrically
in the rotational direction. of the magnetic disk from . the
width~directional center.

According to the hard disk drive; because the spindle and pivot
are set to the width-directional center of the enclosure case
or eccentrically in the rotational direction of the magnetic
disk from the center, it is possible to suppress a thermal tilt

and increase the width of the arm of the actuator.

In the case of a hard disk drive of the present invention, a
magnetic disk ‘superior in the balance between power consumption -
and storage capacity is obtained by selecting the diameter of a
magnetlc dlsk in a range of 68 to .72 mm.

By using the above §xesent invention, it is possible to nrovide
a hard disk drive comprising  a disk assembly in which a
magnetic disk having a diameter of 60 to 75 mm to magnetically
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store data is set to a spindle so as to be rotatable, a spindle
motor for rotating the disk assembly and having a rated
rotational speed of 12,000 rpm or more, a rotary actuator which
has a magnetic head for storing or reproducing data in or from
the magnetic disk, seeks the magnétic_ head on the magnetic
disk, and bidirectionally rotates about its pivot, and a
3.5"-form~factor enclosure case which houses the disk assembly
and the rotary actuator.

'[Preferred embodiment]

Embodiments of the present invention will be described below
while referring to the accompanying drawings.

(First embodiment)

Figure 1 is a- top view showing a hard disk drive (HDD)- 10 of
this embodiment and Figure 2 is a side sectional view of the
hard disk drive in Figure 1. The HDD 10 is & head-load/unload
* type HDD. The HDD 10 has a form factor of 3.5” and a rated
rotational speed. of 15,000. rpm.

As shown in Figures 1 and 2, the HDD 10 forms a housing, that
is, an enclosure case 16 by'sealing the open upper portion of a
shallow-bottom aluminum-alloy base 12 with a not-illustrated
top cover 14. The enclosure case 16 is a rectangular thin box
which can be typlcally horizontally set in a computer or
| keyboard. - The width of the enclosure case 16 is shown by W in
Figure 1 and -the arrow provided with W .in Figure 1 shows the
width' dlrectlon of the enclosure case 16.
The top cover 14 is set to the base 12 by machine screws
through a  rectangular-frame-like sealing member (not
-~ illustrated) and thereby, the inside of the enclosure case 16
is made airtight.

A spindle motor 18 having a l_nib—in structure is set in .the‘
enclosure case 16 at a position slightly close to an end of the
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base 12 from its center. A magnetic disk 22 constituted of a
glass substrate or aluminum substrate is fixed to the upper
face of-a hub 20 of the spindle motor 18 by a top clamp 28 and
rotated by the spindle motor 18. The magnetic disk 22 has an
outside diameter of 70 mm. The upper end of a spindle 19 of
the spindle motor 18 is fixed to the top cover 14 by a
not-illustrated bolt. Therefore, the spindle 19 has a
both-end-supported structure.

The magnetic disk 22 is a discoid storage medium for storing
data. Data is stored in a magnetic thin film (not illustrated)
formed on a glass substrate. As shown in Figure 2, a spacer 24

"is set between adjacent magnetic disks 22. The spacer 24 is a

member for controlling the interval between the magnetic disks
22.

" Moreover, an- actuator 30 is set in the enclosure case 16. A

magnetic head 32 is set to one end of the actuator 30 and the
intermediate portion of the actuator 30 is supported onto the

"base 12 through a pivot 34. Therefore, 'the actuator 30 can-

rotate about the pivot 34. A VCM (voice coil motor) coil 36 is
set to the other end of the actuator 30 and the actuator 30 is
bidirectionally rotated by a VCM 44 set in the .enclosure case
16 so as to interlock with-the VCM coil 36.

A not-illustrated card serving as a circuit board is set to the

:outer face (lower face) of the base 12 and is a rectangle

having a size for covering the outer face of the base 12.
Power and signals for driving the spindle motor 18 are
input/output between the card and the motor 18 and power and
signals for driving .the VCM coil 36 and reading data from the
magnetic head 32 are input/output between the card and the
actuator 30. Input/output between the card.and the actuator 30
is performed through a not-illustrated flexible cable.

The HDD 10. of this embodiment is an HDD referred to as the head

load/unload type. The head-lbad/unloadftype HDD 10 unloads the

magneﬁic head 32 to an evacuation position without bringing the
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magnetic head 32 into contact with the surface of the magnetic
disk 22 by making a ramp block 40 hold . the actuator 30 while
the HDD 10. does not operate. While the HDD 10 operates, the

“actuator 30 is driven and thereby, the magnetic head 32 is

located on the magnetic disk 22.

The HDD 10 of this eﬁbodiment is located on the rotation axis

of the magnetic disk 22, that is, the spindle 19 of the spindle
motor 18 is located at the width-directional center of the
enclosure case 16. Moreover, the pivot 34 serving as the
bidirectional-rotation center of the actuator 30 1is also
located at the width-directional center of the enclosure case
16. Therefore; even if the operating-environment temperature
of the HDD 10 rises, tilts of the spindle 19 and pivot 34 in
the width direction are suppressed.

A thermal -tilt was evaluated by preparing a top cover 14 made -

of brass and a top cover 14 made of a damping steel sheet. For
evaluation of the thermal tilt, an HDD (conventional HDD) was
also prepared in which- the pivot 34 serving as the

+bidirectional-rotation center of the actuator 30. is set

eccentrically in the reverse-rotational direction of the
magnetic disk 22 from the width-directional center of the
enclosure case 16. Thermal tilts measured by setting the brass
top cover 14 to the'comventionaleDD and the HDD 10 of this
embodiment are shown below and it is confirmed that the HDD 10
of this embodiment has a thermal tilt smaller than that of the
conventional HDD. '

Conventional HDD (Brass top cover 14) ... 25.6 nm/°C
HDD 10 (Brass top cover 14)... 18.7 nm/°C

Then, the thermal tilt of the HDD 10 of this embodiment to

which the damping—steel-shéet top cover 14 was set was

measured. The result is shown below. The damping-steel-sheet

top cover -14 has a characteristic superior to the brass top

cover 14 from the viewpoint of acoustic characteristic  and

rigidity. However, the damping-steel-sheet top cover 14 was

-
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not adopted because it was excessively different from an
aluminum alloy constituting the base 12 in linear-expansion
coefficient. However, it was possible to suppress the thermal
tilt similarly to the case of the convention HDD to which the
brass top cover 14 was set.

HDD 10 (Damping-steel-sheet top cover 14) ... 28.4 nm/°C

The. BDD 10 also has an advantagé that it is superior in
- fabrication property and workability because the spindle 19 and
pivot 34 are located at the width-directional center of the
enclosure case 16. For example, it is possible to bore a hole
for supporting the spindle 19 through the top cover 14 at a
high machining accuracy when the boring position is “located at
the width-directional center of the top cover 14. Moreover,
the base 12 is manufactured by obtaining an element assembly
and thereafter machining it.  In this case, it is advantageous
for the machihing.aCCuracy that the spindle 19 of the spindle
motor 18 is located at the width-directional center of the base
12. '

Moreover, the actuator 30 of the HDD 10 has a straight- shape
symmetric in the planar .direction. Therefore, even if the
actuator 30 vibrates, the maghetic head 32 1is not easily
shifted in the off-track direction though it is shifted in the
circumferential-directioh of the magnetic disk 22.

(Second embodiment)

Then, an HDD 100 of a second embodiment .6f the present
invention will be described below by referring to Figure 7.

Because the HDD 100 of the second embodiment has a basic

configuration same as that of the HDD 10 of the first
embodiment, different points are mainly described. A portion
of the HDD 100 same as that of the HDD 10 is provided -with the
same symbol and its description is omitted. -

In the case of the HDD 100,  the position of an actuator 130 is
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different from that of the HDD 10 of the first embodiment.
Specifically, the HDD 100 is different from the HDD 10 in that
a pivot 134 serving as the bidirectional-rotation axis of the
actuator 130 is set eccentrically in the rotational direction
of a magnetic disk 22 shown by an arrow in Figure 7 from the
width-directional center of a base 12. Therefore, it is
possible to increase the arm width of the actuator 130 compared
to the case of the HDD 10. An actuator having a large arm
width has a high.rigidity and makes it possible to suppress the
vibration of a magnetic head 132.

[Advantages - of the invention]

As described above, the present invention provides a disk drive
system capable of sufficiently obtaining the advantage that the

read/write speed is improved when the rotational speed of a.

discoid medium represented by a magnetic disk - is increased.
More specifically, it 1is possible to provide a 'disk drive
system capable of sufficiently obtaining the advantage that the
read/write speed 1is improved by suppressing occurrence of a
.thermal tilt. Moreover, by using the structure of a disk drive
system capable of ‘improving the rigidity of an arm, it is

possible to provide a disk drive system capable of sufficiently.

obtaining the advantage that the read/write speed is increased.

3. Brief Description of the Drawinés:

Figure 1 is a top view showing an HDD of a first embodiment of
the present invention; ' '

Figure 2 is a side sectional view showing the HDD of the first
embodiment of the present invention;

Figures 3A and 3B are illustrations for explaining a reason why

a thermal tilt does not easily occur in the HDD of the present
. invention; S
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Figures 4A and 4B are illustrations for explaining a reason why
a thermal tilt occurs in a conventional HDD;

Figures 5A and 5B are illustrations for explaining a reason why
a thermal tilt does not easily occur in the HDD of the present
invention;

Figures 6A and 6B are illustrations for explaining a thermal
tilt;

‘Figure 7 is a top view showing the HDD of a second embodiment

of the present invention;

Figure 8 is an illustration showing a case in which a pivot of
an actuator is set to a width-directional center of a housing
of an HDD;

Figure 9 is an illustration showing a case in which the pivot
of the actuator is set to a position eccentric in a direction
opposite to a rotational direction of a magnetic disk from the

~width-directional center of the housing of the HDD; and

Figure 10 is an illustration showing a case in which the pivot
of the actuator 1is set to a position eccentric in the
rotational direction of a magnetic disk from the

width-directional center of the housing of the HDD.

[Description of symbols]

10, 100 ... HDD

12 ... Base

14 ... Top cover

16 ... Enclosure case
18 ... Spindle motor
19 ... Spindle

20 ... Hub :

22 ... Magnetic disk
24 ... Spacer
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28 ... Top clamp

30, 130 ... Actuator

32, 132 ... Magnetic head
34, 134 ... Pivot

36 ... VCM (Voice Coil Motor) coil

40 ... Ramp block
44 ... VCM
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4., Claims:
(1) A disk drive system, comprising:

a discoid medium which rotates about its rotation axis and
stores data;

an actuator which has a head for reading or writing data
from or in the discoid medium and bidirectionally rotates
about its bidirectional~rotation axis; and

a housing which has a'predetermined width and houses the
discoid medium and the actuator,

characterized in that

the rotation axis of the discoid medium and the
bidirectional-rotation axis of the actuator ‘are arranged
at the center in the width direction of the housing, and

the size of the discoid medium is smaller than that of a
discoid medium corresponding to a form factor of the
housing.

(2) The disk drive'system according to Claim 1, characterized
' in that the form factor is 3.5” and the outside diameter
of the discoid medium is 75 mm or less.

(3) The disk drive system according to Claim 1, characterized
in that the rated rotational speed of the discoid medium
is 12,000 rpm or more. :

~ (4). The disk drive system according to Claim 1, characterized

in that the actuator has a line-symmetric shape in its

plane direction.

(5) A disk drive systenm, compfising:
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a discoid medium which rotates about its rotation axis and
stores data; ' ' ' '

an actuator which has a head for reading or .writing data
from or in the discoid medium and bidirectionally rotates
about its bidirectional-rotation axis; and

a housing which is constituted of a boxy base and a flat
cover made of a material different from the base in linear
expansion coefficient,

characterized in that

the housing has a structure in which the tilt of the
rotation axis and the bidirectional-rotation axis in the
housing width direction due to the difference in linear
expansion coefficient are suppressed, and

the size of the discoid medium is smaller than that of a
discoid medium corresponding to the form factor of the
housing.

(6)' The disk drive system according to Claim 5, characterized
in that distances from the . rotation axis up to both
width~directional margins of the housing are equalized and
distances from the bidirectional-rotation axis up to the
both width-directional margins. of the housing are
equalized. -

(7) The disk drive system according to Claim 5, characterized
in that 1inear-expansibn coefficients from the rotation
axis up to the both width-directional margins of the
housing are equalized and ‘linear-expansion coefficients
from the .bidirectionai-rotation axis up -to the both
width-directional margins of the housing are egualized.

(8) A disk drive system comprising:
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(9)

(10)

I L]

a discoid medium which rotates about its rotation axis and
stores data;

an actuator which has a head for reading or writing data
from or in the discoid medium and bidirectionally rotates
about its bidirectional-rotation axis; and

a housing which has a predetermined width and houses the
discoid medium and the actuator,

characterized in that

the bidirectional-rotation axis of the actuator is set
eccentrically in the rotational direction of the discoid
medium from the width-directional center of the housing,
and C

the size of the discoid medium is smaller than that of a
discoid medium corresponding to the form factor of the
housing.

The disk drive system according to Claim 8, characterized
in that the rotation axis of the discoid medium is set to
the width~directional center of the housing.

A hard disk drive, comprising:
a disk assembly in which a magnetic disk having a diameter
of 75 mm or less to magnetically store data is set to a

spindle so as to .be rotatable;

a rotary actuator which has a magnetic head for storing or
reproducing data in or from the magnetic disk, seeks the

-magnetic head on the magnetic disk, and bidirectionally

rotates about a pivot; and

an. ‘enclosure case of a 3.5 form factor having a
predetermined width to house the disk assembly and the

~ -
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(11)

(12)

S BT

rotary actuator,

characterized in that the spindle and the pivot are set to
the width-directional center of an enclosure case or
eccentrically set in the rotational direction of the
magnetic disk from the width-directional center of the
enclosure:

The hard disk drive according to Claim 10, characterized
in that the diameter of the magnetic disk ranges between
68 and 72 mm.

A hard disk drive, characterized by comprising:

a disk assembly in which a magnetic disk having a diameter
of 60 to 75 mm to magnetically store data.is set to a
spindle so as to be rotatable;

a spindle motor which rotates the disk assembly and has a
rated rotational speed of 12,000 rpm or more;

a rotary actuator which has a magnetic head. for storing or
reproducing data in or from the magnetic head, seeks the
magnetic head on the magnetic ‘disk, and bidirectionally
rotates about a:pivot; and '

an enclosure case of a 3.5" form factor for housing the
disk assembly and the rotary actuator.
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