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·specification 

1. Title of .the Invention: 

Disk drive system and hard disk drive 

2 5 SEP 2001 
·200105828-8 

2. Detailed Descr"iption of the Invention: 

[Field of the invention] 

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

[-BackgrO\;md art] 

A hard disk drive (h.ereafter i;eferred to as HDD) which is the 
most general as data memory of· a computer_ has a structure in 
which one magnetic_ disk or more ~s or ·are arr~nged .on the same 
axis · so as ·to be driven by a spindle motor. Data is read or 

: wri~ten by .a magnetic head provided so a"s to . face. the magnetic 
. . 
disk and th~ magnetic ~ead is. driv.en by an _actuator, generaily 
dri~en by a v~ice ~o;i} motor (hereafter referred .to as _vcM). 
The magnetic disk, ·magnetic head, and actuator are housed in a 
housing referr.ed to .. as enclosure case. 

. . 
Main technical.pr~blems of ·an·HDD are improvement of a storag~ 

c_apacity ~e~ magnetic· disk and improv~ment of read speed of 
·data .from ~ ~agnetic disk a_nd write speed of . data. :in the 
magnetic· disk. . . 
·In tlie case of the . latter~- it is possibie to . improve data 

.. read/liirite speed by ·shortenlrig the seek time for · a. magnetic 
head to. µiove _to. a. necessary track .on a magnetic disk. Because 

.. a: magnetic head is driven by a- VCM ·as described. above,. it is 
possible to increase a seek speed by ·improving the. perfo.rmance 

. . . . . . 
of the .. VCM.·· 'ro -improve the· performance· of a. VCM·, it is. o.nll'° 
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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 limit 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 magnetic disk due to the flow of air 

caused by rota:tion of the magnetic disk·. · When the flutter 

occu~s, 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 wh.ich 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 rotational speed of a·magnetic disk is increased, the 

wi.ndage loss"to the rotation of the magnetic.disk increases and 

thereby, the power consumed by a spindle motor fo~ rotating the 

magnetic disk increases. For .increase of powe:i;- consumption due 

to increase of the rotation of a magnetic disk, it is effective 

to decrease the magnetic ·disk in diameter. By decreasing a 

magnetic disk· in diameter, the storage · capacity may be 

decreased. · H9wever, decr·ease of the ·storage capaci.ty 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 possible 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. 9. four to 6 disks) are arranged on the same axis. 
Because data 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 storag.e area on its 
surface and back, the number of magnetic heads two tiines larger 
than the number of magnetic disks is prepared. These magnetic 
heads are designed so as to be arranged on a straight line 
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 line vertical. to magnetic disks · D. 
However, a plurality 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 show~ 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 
linear-expansion coefficients of materials constituting an HDD. 
W.hen an excessive number of tilts occurs, data read or write 
speed .is lowered because it is necessary to seek the magnetic 
head ii on .a track fro~ or in . which data should be originally 
read or. writt.en. Therefore, to sufficiently obtain the 
. . 

advantages by increase of the rotation of a magnetic disk, it 
is necessary to suppress the thermal tilt. 

Moreover, excessively high or low rigidity of an actuator, 

particularly a portion ref erred 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 
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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 is preferable to increase the arm in thickness or 
width. However, because parts constituting an HDD are ·set in 
an enclosure case at a ~igh density or.from the viewpoint of an 
assembling process, it is not easy to increase an arm in 
thickness or· width. Even if it is possible to increase an arm 
in thickness or width, other· performa~ces may be sacrificed. 

The present invention is achieved to solve the above problems 
and its object is to provide a disk drive system capable of 
sufficiently. obtaining_ the advantage of improvi!lg . the 
r.ead/write speed when accelerating the rotation of a discoid 
medium repr_esented by a m~gnetic disk. More specifically I it 
is an object of the present invention to provide a disk drive 
system capab_le of sufficiently obtaining the advantage that the· 
r_ead/write. speed is improved by suppressing th.e occurrence .of a 
thermal tilt.. Moreover, it is an object 0£ ·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 suppr~ssing 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 dam.ping 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 to.p cover. However, a base and a top 

cover made of materials different from each other are different 

·from each other in linear-expansion coefficient. Therefore, a 

pivot whose both ends are supported by ~ base and a top cover 
may be tilted due to the fact t~at the linear expansion 
produced in the base is dif·fere!lt from that produced in th~ 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 p~vot is described by referring to Figure 4. 
Figure 4 is a. schematic illustration showing a su~port 

str~cture 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 t.his 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 Pare fixed to and supported by the 
top cover C and the base B. - Figure 4A shows a state in a 
temperature area Tl in whi~h the HDD is as·sembled and Figure 4B 
shows a state in which temperature becomes higher than Tl • In 
the temperature a~ea Tl in which the HDD is· ·assembled, the 
pivot P is set vertically to the top cover c (or base B). When 
temperature rises from the temperature area Tl, · the width of 

the top cover C becomes W+.61 1 and the width of the base B 
becomes W+.6.1 21 due to linear expansion. In this case, because 
the base B has a. linear-expansion coefficient larger than. that 

of the top -cover. c, W+.6.1 1 becomes smaller than W+.6.1 2 as shown in 
Figure 4B. · ·Moreover, the pivot P is tilted due to the 
differe:r:ice between linear expansion values of the top cover c 
and base Bas shown 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 wa.s other 

cause. In the case of the example shown in .Figure 4, the pivot 
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p is set to a position decent~red from the width-W-directional . . 

center 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. T·hat is, 
the pivot P is set to the width-W-directional cent.er of the 
enclosure case E. When t~mperature rises from the temperature 

area Tl {Figure 3A}, the width of the top cover C becomes W+.61 1 

and that of the base B becomes W+.612 • · However,· because the 
pivot P is set to the width-W-directional center of the 
enclosure case E, positions 9f the upper and lower ends of the 
pivot P ·are not .relatively changed. Therefore, the pivot P 
does not tilt. 

A. di.sk d:i::ive 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 bidirectiona_lly 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 set to the width-directional center of the housing 
and the size of the discoid · medium. is smaller than that of a 

disco~d 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 d.fscoid medium and the 

bidirectional..:.rotation .axis of the actuator are set to the 
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width-directional center of the ·housing~ 
housing is made of materials different 
linear-expansion coefficient, tilts of ·the 

Therefore, even if a 
from each other in 
rotation ax~s of the 

discoid medium and the bidirectional-rotati9n of the actuator 
in the width direction ~re 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 a.s the bidirectional-rotation axis of an actuator 
has not. been located at the width-directional center of the· 
enclosure case 
the direction 
magnetic disk. 

but it has been set to a position eccentric in 
oppo~ite to the rotational direction of the 

Moreover, in the c.ase of a disk drive system of the present 
invention,· the size of. the discoid medium is smaller than that 

• i 

of a discoid medi~m corresponding to the form factor of the 
housing~ Therefore, even when rotating the discoid medium at a 
h:igh speed, it is possible to suppress the inc_rease of the 
power consumption. Moreover, because the size of the discoid 
medium is small, it is possible to forrit. 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 pre"ferable 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 ~hape or size. In t~e case of 
an HDD, · for · · example, three form factors . of 5 • 2 5" , 3 • 5" , and 
2 • 5" are used at present. . Standard . widths except a tolerance 
are 5.-75". {146.05 mm) for the form factor of 5.25", 4.0" (101.6 
mm) for the fornr factor of 3.~", 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 d~es 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 9 5 mm. 
The 3.5" HDD has a rotat,ional speed of 7,200 rpm~ However, the 
present inve.ntion 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 needless to say that a 
diameter smaller than 65 mm can be used. 

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 direc·tion. 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 vibrates. 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. 

More~ver, the present invention provides a disk drive system 
including: · a disco id medium which rotates about its rota~ion 

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 
coyer 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 housi'ng are equalized. According ·to this 
structure, ho.using:-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-dir·ectional · center of the housing. . The other structure 
of -them is a structure in which linear-expansion coefficients 

. from a rotation axj.s up to width-directional both margins of a . 
housing are equalized _and linear-expansion coefficients from a 
bidirec.tional-rotation axis up to width-dire.ctional both 
margins ·of the housing are equalized. · This structure also 
makes it possible to suppress .housing-width-directional tilts 
of a r_otation axis and a bidirectional-rotation axis. As shown 
in Figures SA and SB, 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 
example· in F:i-gu~e 5, th_e rotation axis of the discoid medium 
an~ tbe bidirectional-rotation axis of the actuator are set to 
a position Wl . from· the left. side face of the housing and a 
position wi from the right side face of the housing. Examples 

shown in Figures 3. and. 4 · a_ssume that. the top c~ver c and the 
base ~ are respectively constituted of a single material. 

Howeve~, in ~he case of the example in Figure 5, it· is possible 
to equalize linear expansions of Cl portion of the top cover c 
a.nd Bi -portion ·of the base B. at· b.11 and equalize · linear 
expansions of C2 portion of the top cover c ·and. B2 portion of 
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the base B at Al2 by constituting Cl 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 ~ach othe~. 

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 bet~een 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 re13ul t, 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 housi~g. 

The reason that the width of the arm can be increased by 
setting· the .bidirectional-rotation a:x:is of the actuator 
ecc·entrically in the rotational direction of the discoid medium 
is described by referring to Figures a· to 10. 

Figures 8 to 10· are top views schematically showing a. discoid 
medium D and an actuator A. Then, Figure 8 shows an example in 
which a pivot (bidirectional-rotation _axis) 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 . . 

iD; 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 · ·o from . the 

width-directional center ·of the housing. Figure 10 shows. an 
e:x:ample in which··the pivot P of the actuator A is set 
eccentrically in· the rotational direction of the discoid medium 

D from -~he width-directional center of the housing. In Figures 

8 to 10, it is assumed that the distanc¢ r from ~he 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 portion 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 the.arm as Wx which is constant. 

By assuming .the above mentioned, it is described below wheth~r 
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. In 
Figure 8, ·the actuator A ·contacts with the discoid medium D. 
F~gure 9 shows the state in which the pivot P of the actuator A 
is decentered in the d.irection 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 overlapp~d portion is blackened •. Figure .10. 
shows the state in which the pivot P · of the actuator A is 
decentered in th~ rotational direction· of the discoid medium D 
from the ·Width-directional center of the. housing while keeping 
the angle of :the actuato:r; 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 
di~coid 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 inedium D, .:j.t 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 

possible 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 
c"onsider 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 keeping the 
angle of the actuator A. 

. .· 

Therefore, the· present invention provides a disk· drive system 
c.?mprising ·a discoid medium which rotates about its rotation 
axis and stores data, an actuator which has a head for read·ing 

'or writing data from·or in the discoid medium and rotates about 
its bidirectional-rotation axis, and a housing .. which .has 
precletermined width and depth an~ houses the di.scoid medium and 
the actuator, chara_cterized in that the bidirectional-rotation 
axis of the actuator is s·et . 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 corresponding to the form 
factor of the housing. 

According to this disk drive system, it is possible to increase 
the width of the actuator because the bidirectional-rotation 
axis of the actuator is set E?Ccentrically in the rotationai 
direction of the disco id. medium from the width-dire~tional 

center of the hous·ing. Therefore, · it is possible to improve 
the- rigidity _of the actuator and res.ultantly contribute 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 o~ the discoid medium is smaller than that 
of a discoid medium corresponding to the form factor of the 
housing. Therefore, even when the rotational speed of the 
discoid medium is increased, it is possible 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 ~lso possible to i~crease 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 wbich has a 
magnetic h~ad for storing or reproducing data in or from the 
magnetic disk; seeks the magnetic head on ·the· magnetic disk, 
and · bidirec:tionally rotates about its pivot, and a 
3 .S"~form-facto.r 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 ceriter of the enclosure case or eccentrically 
in the rotational directio'n. ·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 eccentricall~ 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 i~ the balance petween ·power consumption 
and storage c~pacity is obtained by selecting the diameter of a 
magnetic disk.in a ·range of 68 to .72 mm. 

By· using the above present invention, it is possible to provide 
a hard disk · drj..ve comprising · a disk assembly in which a 
magnetic disk having a diameter o.f 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 magnetic 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. 

· [Pref erred embodiment] 

EmbodimE;!nts 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 (HOD)· 10 of 
this embodiment and Figure 2 is a side sectional vi~w of the 
ha;rd disk drive in Figure 1. The HDD 10 is a head-load/unload 

· type · HDD. The HOD 1 O has a form factor of 3 • 5" and a rated 
rotational ·speed. of 1s·, 000. rpm·. 

As shown in Figures 1 and ~, 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 typically horizontally set in a computer or 
keyboard. . The width of the enclosure case 16 is shown by w in 
F_igure 1 and .the arrow provided with W .in Figure 1 shows the 
width direction of the enclosure case 16. 

14 is set to the base 12 by machine screws 
rectangular-frame-like sealing member (not· 

The top cover 

th~ougn a 
illustrated) and thereby, the inside of the enclosure case 16 
is made ai!tight. 

A spindle motor 18 having a hub-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 po:r-tJon of the actuator 3 0 is supported onto the 

·base 12 through a pivot 34. Therefore, ·the actuator 30 can· 
rotate about the .pivot 34. A V.CM (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 serv:ing as a qircuit board is set to the 
outer face (lower face) of the base 12 and is a rectangle 
having a siz.e for covering the outer face of the base 12. 
Power and signals for driving. the spindle motor 18 are 
input/output between the ca;r~ and the mo,tor 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 be~ween the card.and the actuator 30 
is performed through ·a not-illustrated flexible cable. 

The HDD 10. of this embodiment ~s an HDD ref~rred to as the head 

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

magnetic head 32 to an evacuation position without bringing the 



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 th.ereby, the magnetic head 32 is 

located on the magnetic disk 22. 

The HDD 1 O of this embodiment 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 is 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 f-rom the width-directional center of the 
enclosure case 16. Thermal -tilts·measured by setting the brass 
top cover 14 to the ·conventional: HDD 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 BDD (Brass top cover 14) • . • 2 5. 6 nml°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-shee.t 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"."'s.heet top cover 14 was 
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not adopted because it was exces.sively different from an 

.aluminum alloy consti.tuting 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. HDD 10 also has an advantage 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 ·1ocated at 
the width-directional center of the top cover 14. Moreover, 
the base 12 is manufactured by obtaining an element assembly 
and thereafte.r machining it. In this case., it. is advantageous 
for the machining . 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 magnetic head 32 is not easily 
shifted in the off-track direction though it is shifted in the 
·circumferential .direction of the magnetic disk 22. 

(Second embodiment) 

Then, an HDD 100 of a second embodiment of the present 
invention wil;I. be described below by ref erring to Figure 7. 
Because the HDD 100 of the second embodiment has a basic· 
configuratiqn 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 proviqed·with the 
same symbol ·and its descriptiqn 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 Hno· 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 act.uator 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 aisk 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 is possible to provide a "disk drive 
system capable of sufficiently obtaining 'the advantage that the 
read/write speed is improved l;>y suppressing occurrence of a 
.ther~al ti~t .. Moreover, by using the structure of a disk drive 
system capable of improving the rigidity of an a::pn, 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 Drawings: 

Figure 1 is· a top view ..s.howing an HDD of a first embodiment of 
the present inventioni 

Figure 2 is a side sectional view shbwing 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; 
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Figures 4A and 4B are illustrations for explaining a reason why 
a therma-1 tilt occurs in a conventional HDD; 

Figures SA and SB 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 is 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] 

1.0 ; 10 0 • • • 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 
3 O_, 13 0 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-rotat~on axis; and 

a housing which has a predetermined width and houses the 
ciis.coid medium and the actuator, 

characterized in that 

the rotation axis of the discoid medium and the. 
bidirectional-rotatio·n 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 
disco id medium corresponding to a form factor of the 
housing.· 

( 2) The disk dr:i,.ve ·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 d-isk drive system acqording to Claim 1,. characterized 
in that the ··actuator has a line-symmetric shape in its 
.plane direction. 

( 5) A disk drive system, compris_ing: 
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a dis·coid 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 tii t of the 
rotation axis and the bidirectional:..rotation axis in the 
hou~ing. 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-dir.ectional 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 linear-expa~sion coefficients from the rotation 
axis up to the both width-directional margins of the 
housing are equalized and linear-expansion coefficients 
from the bidirectional-rotation axis up -to the both· 

width-directional margins of the housing are equalized. 

(8) A disk drive system comprising: 
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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 rot~tes 
about its bidi~ectional-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 

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

(9) 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. 

{ 10 ). A hard disk drive, comprising: 

a disk assembly i~ which a magnetic disk having a diameter 
of 7 5 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 
r.eprodm;:irig data in or from the magnetic di.sk, seeks the 

".magnetic head· on the ma_gnetic disk, and bidirectionally 
rotates about a pivot; and 

an -~nclosure case of a 3 .• 5" form factor having a 

predetermined width to house the disk assembly and the 
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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-. 

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

(12) 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 rouary actuator which has a magnetic head.for storing or 
reproducing data in or· fro~ the magnetic head, seeks the 
magnetic head on the magnetic disk, and bidir~ctionally 

rotates about a· pivot; _and 

an enclosure case of a 3. 5" form factor for housing the 
disk assembly and the rotary actuator. 

- 24 


