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Specification
1. Title of the Invention:
Head assembly, disk drive apparatus, hard disk drive, and

method for manufacturing disk drive apparatus

2. Detailed Description of the Invention:

" [Field of the invention]

The present invention relates to .a disk drive apparatus
suitable for +the hard disk drive (hereinafter, HDD) -dsed as
data storage .means. _for computers, and particularly ‘to a head:

‘assembly for readlng/writlng data from/to magnetic dlSkS.

[ﬁackground art].

‘The HDD, which is the most conventional data storage means for

computers, has a structure in which a- single or a- plurallty of

- magnetic. disks are coaxlally arranged and driven by a spindle

motor.. . Data recordlng and writing -are- carried. out by a
magnetlc head provided oppos1te to said magnetic disk,. whlch is
swung by an actuator, usually a voice coil motor (herelnafter,

.VCM). .. The abpve magnetic disks, magnetic head, and actuator

are accommodated in a .housing called a disk enclosure.: The

- disk enclosure is formed of'a base made of an aluminum alloy

shaped in a thin case, and a top cover for seallng the openlng
of the base. '

The storage capacity of a HDD depends on the spec1f1cat10n of

_the computer on which 1t is mounted, and usually it has a

s1ngle or plurallty of magnetic disks to satlsfy the storage
capac;tyf. For 1nstance, if the storage capacity demanded of
the HDD is 30 GB (gigabytes), three magnetic disks each having
a storage capacity of 10 GB are prepared. However, there are
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various  computer specifications, and a product having a HDD of

10 GB also exists. In this case, the disk enclosure and other

parts are unlfled to support a plurality of storage capacities.
For 1nstance, the disk enclosure and other parts are previously
designed so that a maximum of three magnetlc disks each of 10

GB are‘mounted, namely, an HDD of 30 GB is formed, and three

magnetic disks are mounted if the required storage capacity is
30 GB, two disks are mounted for 20 GB, and one disk is mounted
for 10 GB. Three maénetic*disks can be mounted on this HDD,.
and the HDD that actually has three magnetic disks mounted
thereon. is called the full population version, while the EDD
that actually has two or one disk mounted thereon is called the
depopulation version. ' '

In-the depopulatioh version, the number of ‘magnetic disks to be
mounted on the HDD is increased oxr ‘decreased . according -to the

irequlred storage capac1ty. ‘Then, the. number of - magnetic ‘heads

for readlng/wrltlng data from/to magnetic disks is increased or .
decreased accordlng to "the number of magnetlc disks. For
instance, four magnetlc heads are prov1ded-1f ‘the number bf-
magnetic .disks is two, and two magnetic heads aie'providEd if
the number of magnetie disks is one. If the number of magnetic .
heads 'is decreased, the weight decreases accordingly, which

."results in deviation of the center of gravity of the actuators

to which the magnetic heads are attached. Thus, usually dummy
heads are’ attached to the actuators to maintain their center of

‘'gravity.

[Problema'to be solved by the in#ention]

By attaching dummy heads, the center of gravity of the
actuators including magnetic heads, or of the head assembly can
also be made to match the swing shaft in the depopulation
version. It is 1mportant to cause the center. of gravity of the
head assembly to match its swing shaft for increasing the
accuracy of the magneth head positioning. Figure 5 is a
perspective view showing the conventional head assembly using

‘dummy heads. In Figure 5, ‘a head assembly 200 has, as the main
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structural elements of it, a pivot shaft holder 210, a coil 220
for VCM (voice coil motor) which is attached to the pivot shaft
holder 210, arms 231-233 whlch are attached at positions
symmetrical to the coil 220 for VCM with respect to the pivot
shaft, suspension arms 241-244 which are attached to the end
portions of the arms 231-233, and magnetic heads 251-254 which
are attached to the end .portions of the suspension arms
241-244.

It is assumed that the head assembly 200 performs data
read/wrlte for the HDD having two magnetic disks mounted or the
HDD having one magnetic disk mounted as the depopulation
version. For the HDD of the full population version. on which

.- two magnetic  disks are mounted, as shown in the upper portion

of Figure 5, the  four suspension arms :241-244 respectlvely

having the magnetic heads 251-254 attached thereto.are attached

to the arms 231-233. On the other -hand, for the HDD of the’
depopulatloh version .on which only . one magnetic disk is

_mounted, as shown in the lower portion -of Figure 5, - dummy heads
- 261-and ‘262 are attached where the suspension arms 241 and 242

are to be . attached.

The head assembly 200, in which the four suspension arms
241-244 are attached to the arms 231- -233, and the head assembly
200, in whlch the two dummy heads 261.and 262 are attached,. are
both de51gned so that the center of grav1ty matches the swing
shaft. However, by attachlng the dummy heads 261 and 262, a

- further resonance frequency affecting the performance of the
_,HDD‘may'occur in the head'assembly 200." Accordingly, it is

required to adjust the center of gravity of the head: assembly
200 without attaching the dummy heads 261 and 262. -

In Published Unekamiﬁed Utility Model Application No. 5-36655
'Spec1f1cat10n, ‘there is disclosed a technlque for adjusting the

centér of gravity of a head assembly. In the. head assembly

.disclosed in Published Unexamined Utility Model Application No.

5-36655, a counter weight is fixed by a screw between the pivot
shaft and the. coil for VCM.



_However, the technique disclosed in Published Unexamined
Utility Model Application No. 5-36655 is primarily intended to,
adjust the position of the center of gravity if the center of
gravity deviates from the swing center of the head assembly.
That is, it is not intended to adjust the center of gravity of
the depopulation version. head assembly. '

Accordingly, it is an object of the present invention to
provide a head. assembly which enables the adjustment ‘of its
center of gravity for the depopulatlon version, while
suppressing the occurrence of a resonance frequency affecting
the performance of the disk drive apparatus.

[Summary of the-invention]

The - present. .inventor has found out that the above problem is’
solved by.attaching a counter weightmforiadjusting'the center
of gravity .of the head assembly of the depopulation version at
atspecific'position'on the head_assembly. Accordingly, -the
present invention is-a head. assembly sWinging'oter data storage
media,;. the head assembly comprising a head for. readlng/wrltlng
 data from/to the data storage media, an arm to which the head
is attached, a sw1ng shaft for supportlng the arm, a coil for
voice coil motor extended from the swing shaft, .and a. counter'
weight set at a predetermined position on the swing shaft which
is on the side opposite to the coil for voice coil motor w1th
respect to the swing shaft.

-Since the counter weight'is provided'on the swing shaft, the
head assembly ' of the present invention can -reduce  the
' occurrence of the vibration due to swing motion as compared
with the dummy head attached to the arm, thereby to suppress
the occurrence of a resonance frequency affecting  the
performanCe of the disk drive apparatus. Further, in.the head
assembly of the present -invention, the counter weight is
provided on the side opposite to the coil for the voice coil
‘motor with respect.to the swing shaft. This suggests that the
.counter weight is attached for the depopulation version, but it
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is not attached for the full population version, as detailed in
the section of embodiments.

In the depopulation version, the number of data storage media
is reduced from the full population version, and the number of
heads is reduced accordingly. Thus, if the head assembly of
the present invention is applied to the depopulation version, a
iolurality of the arms is provided, and there are existing arms

to which the head is éttaiche_d, and arms to which the arm is. not

attached.

Further, in the head assembly of the present invention, the
counter we:fght ‘can be detachably provided in the swing shaft.
Gener&ally, the full population version and the depopulation

‘version share components with one another. This is -also the

case ' for the- head .assembly. = Accordingly, if the full..
populat:.on version and- the depopulation version- ‘share the head
assembly, and the .counter weight is detachable, then it is only
needed- to attach the counter welght only for. the depopulatlon
vers:.on. '

Further, in -accordance with the present - invention, there is

o provided a head assembly swinging over data storage med'ia,

‘including: a swing shaft as the center of the swing motion; a

' coil for voice coil motor extended from the swing shaff; an arm

extended from the swing shaft in the direction opposite tc the

_coil for voice coil motor; a head attached to the arm for

reading/writing data from/to the data storage media; and a
counter weight set at a px_'edetermined position on the swing
shaft where it gives a moment to the swing shaft in the
direction opposite to the direction of the moment effected by

'the c011 for voice c011 motor.

In accordance with the head assembly of the present in(rention,
since the counter"'weight_is also providéd on "the swing_ shaft,
the occurrence of vibration due to the swing motion can be
reduced, as compared with the dummy head attached to the arm,
and the occurrence of a resonance frequency affecting the
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performance of the disk drive apparatus can be reduced.

The counter weight of the present invention gives a moment in
the ‘direction opposite to the direction of the moment effected

. by the coil for voice coil motor. Accordingly, if the head

assembly is of the depopulation version, the positional
deviation of the center of gravity caused by the reduction of
the . -magnetic heads can be suppressed.

The present invention provides a disk drive apparatus.to which .
the head assembly of the present invention is applied. That
is, the disk drive apparatus of the present invention is a disk

‘drive apparatus in which an N (a positive integer) number of

disk-like data  storage ‘media can be attached, ccmprising, an n
(a positive integer smaller than N) number of the ‘data  storage

-media, and a swiﬂg—type head assembly for. reading/writing data
. from/to .the ‘data 'storage media, .the head assembly. including, a

head for- readlng/wrltlng data from/to -the data ‘storage medla,

" an arm to. which the head is attached, a swing -shaft for

suppontlng the arm, a coil for voice coil- motor extended. from
the: swing sheft,'and a .counter welght prov1ded on the swing

. shaft.’

dThe disk drive apparatus of the'present invenfion.enables an N.
(a positive 1nteger) number of data storage media to be

attached, but the number of data storage media to be actually

'attached is n that is smaller than N. Accordingly, the disk
drive apparatus includes the depopulation version. '~ Thus, in
‘this case, the heads are “attached in a number of 2n. And,

siﬁce the disk drive apparatus of the present invention allows

. a counter- welght to be prov1ded in the swing .shaft in the
__depopulatlcn_ver51on, the occurrence of vibration due to the

swing motion . can be reduced . as - -compared with the dummy head
attached to -the arm, and the generation of a resonance .
frequency affectlng the performance of the disk drive apparatus
can be suppressed. In addition, the counter welght need not be

' attached for the full populat:l.on version.



In the disk drive apparatus of. the pres.ent invention, the
counter weight can be set at a position where it gives a moment
to the swing shaft in the direction opposite to the direction
of the moment effected by the coil for veice coil motor.

Further, in the disk drive apparatus of the present invention,
. the counter weight can be formed -of a single member. The
conventional dummy heads are attached in a number corresponding
to the heads reduced in the depopulation version as compared
- with the full population version. On the other hand, in the
‘present invention, the counter weight can be formed of a single
member, and thus it is more easily attached as compared with
the dummy head. ' ' ' ' -

. Further, - the present invention provides a hard- disk drive in '
‘which an N-(a pqsitivé integer) number of magnetic disks. can be -.
"attached,. including, an-n (a positivé integer ‘smaller .than N) -
number of the magnetic disks, and a 'swing-type head . assembly
for reading/writing' data. from/to the magnetic: disks, the head
assemb.ly :including,: & 2n number - of - magnetic ' heads for
reading/writing data - from/to  the magnetic disks, an arm to
which the 2N number of magnetic heads -can be attached, a swing
"shaft for supporting the arm, a coil for voice coil motor
extended. from the swing shaft, and a counter weight set .on the
swing shaft for giving ‘the same moment of inertia as given when
the 2N number of magnetic heads are attached.

A:'Lso'_ in the.hard  disk drive, a counter weight is provided in -
‘the swing shaft,  so the generation of vibration due . to the
' swimj ‘motion can be reduced as compared .with the dummy head
attached to the arm. And, 'since: the counter weight gives a
‘moment of inertia similar to the full population version in
which the 2N number of magnetic disks are attached, it can
correct - the deviation of the center of gravity in the
"depopulation version. o ‘

- Further, the ‘present’ invention provides a hard disk drive for
which the number of magnetic heads for reading/writing data is
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reduced from that for the hard disk drive as standard,
including a magnetic disk for storing data, a head assembly
having the magnetic disk and moving above the magnetic disk by
swinging around the swing shaft, “and a counter weight set in
the vicinity of the swing shaft for adjusting the center of
gravity of the head assembly. '

In the hard disk drive of the present invention,  since the
counter weight is provided in the vicinity of the swing shaft,
the occurrence of vibration due to the -swing -motion can be
reduced as compared with the dummy head attached to the arm.

'In the hard diSk drive of the present invention, the counter
. weight can be specified not to inc_:reaée the inertia of the head

assembly attached to the hard disk drive as standard. -

The . present invention provides a method for manufacturing the

. disk drive apparatus described above. That is,.the method for

manufacturing a disk drive apparatus of the present invention
is a' méthod for .manufacturing a disk drive- apparatus comprising-
disk-1like media for storing data and a.swing-type head :assembly
for reading/writing data from/to the disk-like media, the disk
drive apparatus.- being capable of having an N (a  positive
integer) . number of -said disk—like media 'stacked therein, the
method 1nc1ud1ng the steps of attaching in the vicinity of the
sw1ng ‘'shaft a' counter weight for causing the sw:Lng shaft. to-
match the center of gravity in the head. assembly if-an n (a'
positive integer smaller than N) number of the disk-like media
are stacked, and omitting the attaching of the counter weJ.ght
if the N number of disk-like med:l.a are stacked.

\

In the method for manufacturing a disk drive apparatus of the

.- .prese_nt invention, the head assembly has a head for
- reading/writing data. from/to .the disk-like media, an arm to
which the head is attached, and a swing shaft for support'in_g

the arm, and if the n (a positive integer smaller -than N)
number of disk-like media are stacked, the counter weight is
attached at a predetermined position on the swing shaft where a
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moment is given in the same direction as the moment caused to
act on the swing shaft by the arm.

[Preferred embodiment]

Now, the embodiment in which- the present invention is applied
to the HDD will be described in detail with respect to the
accompanying drawings. Figure 1 is a- plan view showing a
schematic construction of the HDD according to this emhodiment,
and Figure 2 is a perspective view showing a head .assembly 6
according to.this embodiment.

Figure 1 is a plan vie.w' showing a hard disk drive (HDD) 1
according to this embodiment. The HDD 1 is a head load/unload
type HDD: : : '

As shown in. Figure .l, in .the HDD 1, a disk enclosure is formed -
by sealing the opened top portion of a shallow case-type b'as_e 2
made of an aluminum alloy with a top- cover, not -shown. -

In the center of the base 2, a spindle motor. (not -shown) of a
hub-in structure is provided. On '-the upper surface of the
splndle motor, a magnetic disk 4 made of a glass substrate or
-an aluminum substrate is fixed by a .top clamp 5, and it is
~ rotatably driven counterclockw:.se by the spindle 3 of the
sp:Lndle motor.

The" -magnetie disk 4 is a disk-like storage medium fO'].:‘. storing
data. Data is stored on a- magnetic thin f£ilm (not shown)
formed on the glass or aiuminum substrate. The HDD 1 may have
two magnetic disks 4 or one magnetlc disk 4 mounted thereon.
The case J.n which two magnetic disks 4 are mounted is the full
- population version,  and the case: 1n which one magnetlc disk 4
is mounted 1s the depopulation vers:Lon.-

Further, in the base 2, a head assembly 6 is provided. As
shown in Figure 1 and Figure 2, the head assembly 6 comprises a
pivot shaft holder 7 as a swing shaft; a coil 8 for VCM (voice
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coil motor) attached to the pivot shaft holder 7, arms 9a-9c
attached at predetermined positions opposite to the coil 8 for
VCM with respect to the pivot shaft holder 7, suspension arms

'10a-10d attached to the end portions of the arms 9a-9c, and

magnetic heads 1la-11d attached to the end portions of the
shspension arms 10a-10d. In the pivot shaft holder 7, a screw
hole 7a is formed for attachlng a counter weight 15 to be
described later.

The pivot shaft holder 7 is rotatably fitted over a pivot shaft
12 vertically provided -on the base 2. Accordingly, - the

.energlzatlon of the coil 8 for VCM causes the head assembly 6

to be swung around the pivot shaft 12 by the coil 8 for VCM and
a VCM (voice coil motor) stator 13. . The vCM ls,formed of the
coil 8 for VCM and the VCM stator 13. '

‘To the.outer surface (bottom surface) of the base 2, a card, .
‘not shown, as a circuit board is attached, and between the’ card

and the -spindle - motor, the 1nputt1ng and outputtlng of the
power, signals and the like for dr1v1ng .the motoxr are carrled

" .. out, -and. between the card and the head assembly 6, the

1nputt1ng and outputtlng of the power to.the coil 8 for VCM and
the power .and signals . for read/write of the magnetlc heads
11a-11d are carrled out.

The HDD 1 of this :embodiment is a HDD called the head
load/unload-type. In the head load/unload-type HDD, by holding
the head assembly 6 on a ramp. block' 14 when it is inoperative, -

" the magnetic heads 1la-11d are unloaded to their retraction
, pos1t10ns without putting them in contact with the surfaces of

the magnetic disks 4. In operation, the head assembly 6 is
driven to cause the magnetic heads 1la-11d to seek on the
magnetic disks 4.

Figure 2 is a perspective view showing the head assembly 6, and

the upper portion shows the full population vers:.on, whlle the
lower portion- shows the depopulatlon ver51on.
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As shown in Figure 2, in the full population version, the
suspension arms 10a-10d -are respectively attached to all the
arms 9a-9c. . That is, in the full population version,
corresponding to the. two magnetic disks 4 mounted, the _foilr
magnetic heads 1lla-11d are provided. In the full population
" version, it is designed so that the center of .gravity of the
head assembly 6 matches its center of rotation, with all the
suspension - arms 10a-10d and all the magnetic heads 1lla-11d
being attached. :

In the depopulation version a_b_cording to this embodiment, the
“magnetic heads 1lc and 11d of the magnetic heads 1la-11d are
attached. By the magnetic heads 1llc and 11d,. data read/write
is carried out with respect to the surface and rear of only c_ine '
‘magnetic disk 4 mounted. The suspension arms‘ 10a ‘and 10b and
the magnetic heads 1la and 11b, which are attached in the full
: popula_tib'n -version, are not attached. in - the -depopulation
_version as shown in Figure 2. Accordlngly, the center of -
- gravity of the head assembly 6 would deviate from the center of
rotation if they' arxe.” left as they are. Thus,  in- this
embodiment, a counter weight 15 is attached to the piwvot ,éhaf._t
holder 7. The weight and -installation po’sitioh of the counter
weight 15 are set so- that the center of gravity of the- head
assembly 6 matches its sw:.ng center when attached.

In the full jpopulation vefsion-, generally, if 'the nunil_ae‘r of the

‘magnetic disks 4 to be mounted is N, the number of magnetic
heads to be attached is 2N.. This is because the magnetic disk
has data storage layers provided on the .surface and rear:
thereof. Furthér, in the depopulation version, if the number
of the magnetic disks 4 to be mounted is n, the number of.
magnetlc ‘heads to be attached is also 2n, where n<N.

This embp.diment is éha'racterized by attaching the ‘counter
weight 15 to the head: éésembly ‘6 of the depopulation version,
attaching the counter welght 15 to the pivot shaft holder 7,.
~and attaching the counter weight 15 to the side of the -pivot
shaft holder 7 on which the arms 9a-9c are existing. - This
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characteristic is detailed below with respect to Figures 3 and
4.

Figure 3 is a figure diagrammatically showing the side of the
head assembly 6 according to this embodiment, and (a) shows the
full population version, while (b) shows the depopulation
version. On the other hand, Figure 4 is a figure showing a
comparison example for this embodiment, and also, (a) shows the
full - population version, while (b) shows the depopulation
version. In Figure 4, the ‘same structural elements as this
.embodiment are assigned the same symbols as this embodiment.
Further, in Figures 3 and 4, the depiction of the magnetic
heads 1la-11d is omitted. ' '

. As shown in Figure 3 (a) and (b), the-counter weight 15 is
attached for the depopulation version in this embodiment. More
specifically, in-the'depqpulatipn version, . to .compensate the -
deviation of the center of gravity due to the absence of the
suspension arms -10a- and 1db-and'the magnetic_heads 1la and- 11b,
..the counter weight 15 is attached to the side on which the arms
9a-9c -are existing. That is, the coil 8 for VCM and the
counter weight 15 are disposed on. the  opposite positions with
respect to the pivot shaft holder 7.

on- the other hand, as shown in Figure 4 (a) and (b), in the
comparison example, a weight .115 is attached for the full
populatioh version. - -That is, the 'comparison example is
designed so that the center of gravity of the head assembly 106
matches the swing center of it when the weight 115 is attached.
" And, in theidepdpulation version, to compensate the deviation
.0f the center of gravity due-tp the absence of the suspenéion
‘arms ‘10a and 10b and the magnetic heads l1lla and 11b, the weight
- 115 is removed. Further, in the comparison example, the weight
“115 is attached to the side on which the coil 8 for VCM is
existing. ' '

Tofcompére'this embodiment with the comparison example, they
are different in the point that the counter weight 15 is
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attached for the depopulation version in the former, while the

~weight 115 is -attached for the full population version in the

latter. Now, it is assumed that the specifications of the ‘head
assembly 6 according to this embodiment having the counter
weight 15 removed and the head assembly 106 according to the

_comparison example having the weight 115 removed are matching
‘'with each other. Then, the moment of inertia of the head

assembly 106 of the full populatidn version__becomes larger than
the head assembly 6 of the full population version for the
existence of the weight 115. Accordihgly, if VCMs: 'having the
same performance are used, the head assembly 6 has a rotating
Speed faster than the head assembly 106. In other words, the
head assembly 6 has a faster _épeed ‘in seeking the magnetic
heads 1la-11d. This means that, for the head assembly 106 to
obtain ‘a seek speed' equivalent to the head assembly 6, it is .
required to use a VCM having performance higher than. the head
.assembly 6, -hence having a -larger size. In the HDD. 1,
compectness_ and high performance are a;sb strongly required,

" and from . .this: point of wview, this ‘embodiment is ‘preferred in

which the moment of _inertia_for_ the full population version is

. small.

In.this _embodim_ent, the counter weight 15 need not be attached
in the full pdpulation version, because the counter weight 15
is attached in the depopulation version to the side on which
the arms 9a-9¢ are existing. That is, in the depopulation
version, by attaching the counter weight 15 to the side on

+ which a weight decrease occurs due to the omission of the

'suspensio_n arms 10a and 10b and the magnetic heads 1la and 11b,
the position- of the center of gravity is adjusted. - However, if
the weight is reduced by omitting the suspension arms -10a and
10b and 'the'maghe'tic heads 1la and 11b, as in the comparison . -
example, the position of the center of gravity is adjusted by

: reducing ‘the weight on ‘the side symmetrical to the side on

which the ﬁ_reight reducti‘_dn has occurred. 1In this technique for
.adjusting “the position of ' the center of gravity, it is
inevitable to attach the counter . weight 115 in the full
population version.
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At the time of grasping from the viewpoint of moment the
pesition .ait which the counter weight 15 is attached, the
counter weight 15 is provided, in .this embodiment, so that it
gives a moment to the pivot ‘shaft holder 7 in the direction

opposite to the direction of the moment effected by the coil 8

for VCM. Further, the moment caused by the counter weight 15
to act on the pivot shaft holder 7 and the moment caused by the |

arms 9a-9c to act on the pivot shaft holder 7 are coincident in

direction.

In the head assembly 6 according to this embodiment, the
counter weight 15 is attached to the pivot shaft holder 7 in

_the depopulation version. That is, the counter weight 15 is
" disposed in the vicinity of the swing center of the head

assembly 6 as compared with the dmnnly'~heads- 261 -and 262 shown
in Figure 5. :By. -disposing the counter: welght 15 in the’

‘viecinity of - the sw:.ng center of the .head assembly 6 in' this .

way, the. occurrence of a ‘'new resonance frequency degradlng the

. performance of the HDD -1-'is suppressed. Figures 6 to 8 are.

showing- data that'-verif.ies this. Figures 6 to:8 are graphs all -

.-showing the vibration é:hange vs. the input freguency of the

head’ assembly 6; Figure 6 ‘shows the characteristic of the full

~ population version (four magnetic heads), Figure 7 shows the

character.lstlc of the 'depopulation version using the -dummy
heads 261 and’ 262, and Figure 8 shows the characterlstlc of the '
depopulatlon vers:l.on according to this embod:.ment. '

In. Figures 6 to 8, the frequency band affecting. the
characteristic of the HDD 1 is 10 to 15 "k.Hz. As - shown in
Figure 7, in the- depopulatlon version us1ng the dummy heads 261
and 262, .a resonance frequency of 11.6 kHz appears, which is

" not seen in the full population version shown in Figure 6.

This is a new resonance frequency that is not des1rable for -the

. ‘characteristic of the HDD 1. On the other _hand, the graphlc
- chart according to this embodiment shown in Figure. 8- shows - a

tendency closely analogous to the. graph:.c chart of Flgure 6

'.show:l.ng the full population version, and no new resonance
frequency cannot be’ observed in the band of 10 to 15 kHz.
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- Accordingly, in accordance with this embodiment, the head

assembly 6 that is also desirable in the viewpoint of acoustics
is provided. '

As described above, in this embodiment, the counter weight 15
is not attached for the full population - version, and the

. counter weight 15 is attached to the head assembly 6 of the .

depopulation version, thereby contributing to the increase -in
the seek speed of the magnetic heads l1lla-11ld. 1In addition, by
attaching the counter weight 15 to the side of the pivot shaft -
holder 7 on which the arms 9a-9c are existing, the occurrence

of a new resonance frequency can be suppreésed.

[Advantages of the invention]

As described .above, -in accordance with thé;preseht invention,.
the center of gravity of the head assembly.of the depopulation :

‘version can be adjusted, while suppréssing the occurrence of a
- resonance frequency affecting the performance of the disk drive

apparatus. -

‘3. ‘Brief Description of the Drawings:

Fiéure' 1 is a plén- view showing an HDD according to the
embodiment ;

Figure 2 is a perspective view showing a head assembly
according to the embodiment; ' -

Eigufe 3 is a figure diagrammatiicallly showing a side ,o:'E the
head assembly according to the embodiment, and (a) shows a full

zpopulation version, while (b) shows a depopulation version;

.Figure 4 is a figure .'.diagrammatically showing a $ide of the
head .assembly. according to a comparison example, and (a) shows
. the full population version, while (b) shows the depopulation

version;



Figure 5 is & perspective view showing -the head assembly using

a conventional dummy head;

Figure 6 is a graph showing a frequency characterlstlc'

v1bratlon of the conventlonal head assembly;

Figure 7 is a -graph showing the frequency characteristic
vibration of the conventional head assembly;

Figure 8 is a graph- showing the freéuency characteristic
vibration of the head assembly according to the embodiment.

[Description of symbois]
-.. HDD (hard disk drive)
g LI Base

.+ Spindle-.

5 «.. Top clamp .
106 -... Head assembly

1

2

3

4 ... Magnetic disk
- .

6

‘7 ... Pivot shaft holder

8 ... .Coil for VCM (voice coil motor)

10a+~10d ... Suspension arms
lia-11d ... Magnetic head

12 ... Pivot shaft’

13 ... VCM (voice coil motor) stator -
14 ... Ramp block.

" 15 ... Counter weight
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4. Claims:

(1)

(2)

(3)

(4)

A head aésembly swinging over data storage media,
comprising:

a head for reading/writing data from/to said data storage
media;

an arm to which said head  is attached;
a swing shaft for supporting said arm;

a coil for - voice coil motor extended from said ‘swing.
shaft; and

a counter weight set at a predetermined.position on said
swing shaft which is on the side opposite to said coil for
voice coil motor with respect to said swing shaft.

The ) head assembly ;acéoraing .-to- Claim - 1, further

comprising:

a plurality of said arms, in which there are existing arms
to which.said head is attachéd; and

"other arms to which said head is not attached.

 The head assembly according to Claim 1, wherein said

counter weight is detachably provided on said swing shaft.

A head assembly swinging over data storage media,
comprising: '

a swing shaft as a center of a swing motion;

a coil for a voice coil motor extended from said swing

shaft;

- 17 - -



(5)

(6)

I

an arm extended from said swing shaft. in a direction

opposite to said coil for voice coil motor;

a head attached to said arm for reading/writing data

from/to said data storage media; and

a counter weight set at a predetermined position on said
swing shaft, for giving a moment to said swing shaft in’
the direction opposite to .the direction .of the moment

effected by said coil for voice coil motor.

A disk drive apparatus in which an' N (a2 positive integer)
number of disk-like data storage .media can be attached,
comprising:

an n. (a positive 1nteger smaller than N)  number of said
data storage medla- and

a swing-type head:'aasembly for . reading/writing data

- from/to -said data storage media,

wherein said head assembly includes:

a head. for reading/writing data from/to said data storage
‘media; :

,

an.arm to which said head is attached;
a swing shaft for supporting said arm;

a coil for voice coil motor - extended from said swing

-shaft; and

a counter weight provided.on said swing:shaft.'

The disk drive apparatus accordlng to Claun 5, wherein.
said counter welght is set at a p051t10n so as to give a
moment to said swing shaft in the direction opposite to

- 18 -
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A7)

(8)

(9)

QLTI

the direction of the moment effected b.y said coil for
voice coil motor. '

The disk.drive apparatus according to Claim 5, wherein a
2n numbei‘ of said heads are attached.

The disk drive apparatus according to Claim 5, wherein
said counter weight is formed of a single member.

A hard - disk drivé in which an .N° (a -positive integer)

number of magnetic disks can be attached, comprising:

an n (a positive integer smaller than N) number of said
magnetic disks;’ and :

a swing-type head assembly for reading/writing data
from/to.-said magnetic disks, R '

wherein said head.'assemblyf includes:

a 2n number of magnetlc heads for readlng/wrlt:l.ng data
from/to said magnetic disks;

an arm to. th.ch saJ.d 2N number of magnetlc heads can ‘be

. attached- -

a swing shaft for .supporting said arm;

©(10)

"a coil for vo:.ce co:.l motor extended from saJ.d swing

shaft- and

.a_ counter weight set on said swing shaft for giving- the

same moment of inertia as given 'wher said -2N number of
magnetic heads are attached.

A hard disk drive for which the number of magnetic heads

for reading/writing data is reduced from that for the hard
disk dr:n_ve as standard, comprising:

- 19 -
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.(11)

(12)

(13)

P

a magnetic disk for storing data;

a head assembly having said magnetic disk, and moving
above said magnetlc disk by sw1nglng around said sw1ng

.shaft; and

a counter weight set in the vicinity of said swing shaft
for adjusting the center of gravity of said head assembly.

.The hard disk drive according to Claim 10, wherein said

counter weight does not increase the ‘inertia of the head
assembly attached to said hard disk drive as standard. '

A method for manufacturing a disk  drive apparatus
comprising disk-like media for storing data, and a
swing-type .head assembly for readlng/wrltlng data from/to
said disk-like media, s

:whereln sald disk drive apparatus is capable of hav1ng an
N (a pos1t1ve 1nteger) number of said disk- llke media

stacked therein, compr1s1ng ‘the steps of-

attaching in the v1c1n1ty of - the sw1ng shaft a counter
weight for cau51ng said sw1ng shaft to match the center of
gravity in said- head assembly if an n (a positive integer
smaller than N) number of said disk-like media are
stacked; and ' '

omitting the attaching of sald counter weight 1f said N

'number of dlSk—llke media are stacked.

The method for manufacturing a dlSk drive apparatus ..
according to Claim 12, wherein said head .assembly has a
head for reading/writing data from/to said disk~like
media, an arm to which said head is attached, and a swing
shaft for supporting sald,a:m, and

if said'n (a positive integer smaller than ﬁ) number of

- 20 -.
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disk-like media are stacked, '_s'aid counter weight is
attached at a predetermined position on said swing shaft
where a moment is 'éiven in the same direction as the
moment caused to act on said swing shaft by said arm.

- 21 -



