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1. Title of the Invention: 
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1 2 NOV 2001 

Head assembly, disk d'.rive apparatus, hard disk drive, and 
~ethod 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) ·used as 
data storage . means .. for.· computers, and particularly ·to a head 
assemb~y for reading/writing data from/to magnetic disks. 

[Background art]·. 

The HDD, which is the most. conventional data. storage'· means for 
computers, has a structure in which a·. single or a· plurality· of 
magnetic. disks are -coaxially arranged and driven by· -~·- .. spindle 
motor •. · Data recording · a~d writing are . carri"ed. out by a 
magnetic head proy-ided_ opposite to said ·magnetic disk.,. which is 
s~ng .by an actuator, usually a voice coil motor (hereinafter, 

-VCM) •.. The ab_ove 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 alu.Ininum alloy 
shaped in a thin case, and a top cover for sealing the·open~ng 
ot' the base. 

The storage ·capacity of a HDD depend~ on the specificatio;n of 

the . comput~r on which it is moun~ed, and u·sually it has a 
single- or plurality ~f magne~ic disks to s~tisfy the storage 
capacity~. For· instance, if the storage capacity demanded of 

the HDD is 30 GB (gigabytes), three magnetic disks each ~aving 
a st~rage capaci~y of 10 GB are prepared. Howe~er, 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 unifi~d. to support a plurality of storage capacities. 
For instance, the disk enclosure and other parts are previously 
designed so that a maximum of three magnetic disks each of 10 

GB are mounted, namely, an HDD of 3 0 GB is formed, and thr_ee 
magnet~c 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 magnetic· disks can be mounted on this HDD,. 
and the HDD that actually has three magnetic disks mount:ed 
thereon . is called the full population version, while the HDD . . 

that actually has· two or one· dis~· mounted thereon is called the 
depopulation version. 

In t;he depopulation vers·ion, the number of_· magnetic disks to be 
mounted on the HDD is increased or decreased . acc~rding ·.to the 
requi~ed·stor?ge ·capacity. Then, the.number of ·magnetic heads 
for reading/writing· data.from/to magnetic disks is increased or 
decreased according to · the number of · magnetic ,. disks. For 
instance, four magne~ic · heads are ~rovided · if· ·the number ·of 
magn:etic .disks is. -,two, and· ·t:wo magnetic ll,eaQs are provided if 
the number of magnetf~ disks is one. If the number .of magnetic 
he~ds is decr~ased, the weight dec,reases . accordingly~ which 
results in deviation o~· the .center of. gravity of· the actuators 
t9 which. the magnetic heads are attached. Thus, usually dununy 
heads are· attached to the actuators to maintain their center o·t 
·gravity. 

[Problems to b~ solved by ·the invention] 

By attaching dummy heads, the center .of gravity ~f the 
actuators including magnetic heads, or of the h.ead assembly can 
also be made to match the· swing shaft l.n th~ dt;!population 
version. It is impor~ant to cau~e the center. of gravity of the 
head assembly · to match its swing shaft for · increa~ing the 

.accuracy of the magn~tic head _positioning. Figure 5 ~s· a 
perspective view showing the conventional head assemb·ly m~ing 

dummy heads. ~n Figure ~' ·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 ~ttached to the pivot shaft 
h9lder 210, arms 231-233 which are attached at positions 
symmetrical to the coil 220· for VCM with respect to the pivot 
shaft, suspension arms 241-2~4 which are attached to the end 
portions of the arms 231-2~3_, and magnetic heads 251-254 which 
are attached to the end . portions of the suspension arms 
241-244. 

It is assumed that the b,ead asseml::>ly 200 performs data 
read/write for the HDD having two ·magnetic disks mounted or the 
HDD having one ma~netic di~k mounted a·s the depopulation 
version.· For· the HDD of the full popula~ion version . on which 

.. two magnetic disks are mou~·ted, as sh<;>wn i_n :th·e upper portion 
of Figure 5, the · four suspension arms · 241-244 respectively 
having the magneti~ heads.251-254 attached thereto.are.attached 
to the· ·arms 231..-233. · on th~ .othe·r ·.hand,·. t"or- the. HDD ·of. the 
depopulation_ version . on which only . one magnetic . dis·k is 
mounted, as· shown in the lower portion ·of Figure. 5 ,. · dummy heads 
261··--and ·262 are attached where the suspension arms· ·2.41. and 242· 
are.to be.attached. 

The he~d assembly 200, i~ which the four suspension arms 
241-244 ·are :8.ttached to the arms 231-233 ,. and th.e head ass~ly 
2"00, in which- the two dummy· heads 261. and 262 are attached,. ·are . . . 
both des~gned so that the· center of gravity matches the swing 
shaft. However, by a~taching the dummy heads 2 61 . and 2 62 ·, a 

. further_ reson_ance frequency affecting the performance of the 
. HD:P ·may · occur in the head· asseinbly 2 00. · Accordin<)lY, it is 
required to . a,djust · . .the center of . gravity of the hea_d; assembly 
200 w_ithout attaching the dummy heads 261. and 262. · 

In Published unexamined utility Model Application No. 5-36655 
· specificati~n, ·the~e is disclosed a technique for adjusting ·the 
center of gravity of a head assembly. In the. head assembly 

. disclos·ed in Published 1:Jnexamined Utility Model Application No. 
5-:36655, a counter weight is fix~d by ~ screw between the pivot 
shaft and the.coil for VCM. 
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. However, the technique dis.closed in Published Unexamined 
Utility Model Application No. 5-36655 is priniarily intended to 
adjust the position of the center of gravity if t~e center of 
gravity devia_tes 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 
provide a head. assembly . which 
center of gravity for the 

of the present invention to 
enables the adjustment ·of lts 

dep9pulation version, while 
resonance frequency affecting 
apparatus. 

suppressing the occurrence of· a 
the p~rformance of the disk drive 

[Summary of the invention] 

The. pr~sent. -inventor has found out that the above ·problem is 
so~ved by. attaching a counter weight.:.for· adjusting ·:the· center 
_of_ gravity .o~ th~ head assemb~y of the d~population .version at 
a· .. specific· position· on the head. assembly. A.ccordingly 1 -the 
present invention is .··a head. assembly swinging· over data storage 
media;._ the head as~emJ:?ly_ comprising _a h_ead for. r·eading/writing 
data from/to the data stora9e media, an arm to which the head 
is attached, a swing shaft for supporting the arm, a coil for 

. . 

voice coil mo'j:or· extended from the swing shaft, . and a . counter 
weight ~et at a predetermined position on the swing shaft which 
is on the si~e opposite to the coil for voice coil motor with 
re~pect to the swing shaft. 

·Since the counter weight is provided on the swing shaft; the 
head assembly· of the present invention can reduce·· the 
qccurrence of . the vibration due· _to swing motion as compared 
with the dummy · head attached -i::o. the arm, thereby to s_uppress 
the occurre)'lce of a resonan~e fr~quehcy affecting. . the 

. . 
performance of the disk drive apparatus. Further, in.the head 
assembly. ·of the· ·presel_it ·invention, the counter weight is 

provided on the side opposite to the coil for the voice coil 

· · mo~or with respect: to th_e swing s.haft. This sugges_ts that the 
. ,counter ~eight 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 as~embly of 
the present invention is applied to the depopulation version, a 
plurality of the arms ~s provided, and there are existing arms 
to which the head is attached, and arms to ·Which the a.rm is. not 

attached. 

Further, in the head · ·assembly of the present invention, the 
counter weight ·can be detachably provided in· the swing shatt. 
Generally, 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 fu·11 .. 
pop·ulation version and-· the· depopulation version·· sha·re the head­
assembly, _and the _:counter weight is detachable, tP,en it is only·· 
needed· to. attach the· counter weight ·· onl-y. for. the depopulation 
version. 

Further, in -accordance with the present · invention, there is 
·provided a head assembly· swinging over data storage media, 
·including: a swing· shaft as the center _?f the swing mot-ion·; a 
c~il for voice coil motor extended from the.swing· shaft; an arm 
extended from the swing sh~ft in the direction opposite to the 
coil for voice coil motor; a head attached to the arm for 
reading/writing data from/to the _data· storage media; and ~ 

?ounter weight set at a pz;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 coil for voice coil motor. 

In .accordance with the· ,head assembly of the present invent.i,.on, 
. . . . 

since the counter :weight is _also provided on· the swing_ shaft, 

th~ occurrence of vibration due to the swing motion. can be 
reduced, as compared with the dummy head attached t.o the arm, 

and the occurrence of a resonance frequency af fectirig ~he 
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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 opp~site to the di~ection of _the moment effected 
by the coil for voice coil motor. Accordingly, if the · head 
assembly is of the depopulation version, the positional 
qeviation of the center o·f gravity caused by the reduction of 
the.magnetic heads can be suppressed. 

The·· present invention provides a disk drive 'apparatus. to which 
the head assenibly of. the present inv~ntion is applied. That 
is, . the disk drive apparatus. ~f the· _present invention is a disk 
drive apparatus in which an ·N (a positive integer) n\l1llber. o·f 
disk..:like -data-storage :media can be attached, compr;Lsing, an n 
(a positive integer smaller tha~ N) number of ·the ·data· storage 

-.inedia~ and a swing-type head assembly for. reading/writing data 
from/to .. _the ·data ·storage media~ .~he head assembly. including,· a 
head for reading/writi~g data from/ta· the da,ta ·storage media, 
an arni to. · which the head is attached, a swing- · s·haft for 
suppODting. the. arm, a coll for voice "coil· motor extended. from 
the.: swing shaft, and a . counter weight provided on the swing 
shaft.· 

The disk drive apparatus of the ·present invention enables an N 
(a _positive i~teger.) .number of da:ta storage media to··be 
attac~ed, but the number of data. storage media to be actually 
attached is n that is smaller than N. . Accordingly I the disk 
dr~ve apparatus inc~udes the . depopulation version. Thus, in 
:this case, the heads. are "attached in a number of 2n. And, 
~ince the disk drive apparatus of the present invention allows 

. a· counter · ·weight to be provided in the. swing· . shaft in the 
.. depopulation _·version, the occurrence of ".vibration due to the 

swing motion . can· be reduced . as · ~mmpared with the dummy head 
attached to ·the arm, and the generation· of a resonance. 

frequency affecting the performanc~ of· the di~k drive.apparatus 
can be suppressed. In addition, t~e counter weight_ ·need p.ot be 
attached for the full popul~tion version. 
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In the disk drive apparatus of~ the present 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 voice 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 m;imber correspondi_ng 

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 du~y head. 

· Furth.er,· the present invention provides a hard· disk ·drive in 

·which an -~··.(a p~sitive integer) number of magnetic disks. can be 

·attached,. including, an· n fa positive integer ·smal·ler. than N) 

~wnl:>er o~- the magneti~ disks, and a ·swing-type· head .. assembly 

for reading/writin~ data·· from/to the rna9netic: ·d;sks, th.e head 

assembly · including., · a ·2n number · of · magnetic heads for 

reading/writing data·. from/to· the magnetic" disks, an arm to 

w~ich the 2N number of magnetic heads ·can be attached, a swing 

· shaft for supporting the arm, . a coil for · voice .coil motor 

extenc::Ied. from t-he swing· shaft, arid. a_ counter weight _set .on. the 

swing shaft for giving 'the same moment of inertia .. as given when 

the 2N number of magnetic heads ·ar~ attached. 

A~so. in the. hard· disk drive, a co'!lnter weight is provided in· 
. . 

"the _swing shaft,: so the generation of vibration due. to the 

· swing ·motion can b.e reduced as compared .with the dummy head 

attached to the arm. And, ·since· the counter weight gives a 

·.~oment of inertia similar to the full population version in 

which the 2N number of magnetic disks are attached, it can 

?orre_ct the deviation of the center of gravity in the 

· depoprilat,ton· version. 

Fur'.t,he:r:, the pr~sent · 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 .. abo~e tJ:ie 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:=r~ase the ·inertia of the head 
assembly·attached to the hard di~k drive as standard ... 

The. present ·invention .provides a method for manufacturing the 
disk drive apparatus described above. That is, . the method for 
manufacturing a dis~ drive apparatus of the present invention· 
i.s a~ method for .manufacturing a disk drive· apparatus. comprising· 
disk-like 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 
~nteger). number of· said disk-like media ·stacked t.herein, the 
metho~ including the steps o_f attaching in ·the vicinity of the· 
swing ·shaft a· counter weight for causing the swing shaft. to 
matC!h the center· of gravity in the head. assembly if · an n (a 
positive integer· smaller than N) number of the disk-like media 
~re stacked, and .oniittiiig ·~he attaching, of the counter weight; 
if the N number of disk-like media are stacked. 

In the method for manufacturing a disk drive apparatus of the 
.pres~nt invention, the head assembly ~as 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 supporting 
the arm, and if the n (_a positlve integer smaller .than N) 
number of disk-like media are stacked, the counter weight is 
attached· at a predetermined position on the swing sha.ft. 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 pres~nt 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 embodiment, 
and Figure 2 is a perspective view sho~ing a he~d . assembly 6 
according to.this embodiment. 

Figure 1 is a plan vi~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 .1., · in .. the HDD 1,- a disk .e_nclostire · is formed 
by sealing the opened top portion of a shallow case-.type base 2 
made of an aluminum alloy with· a top·cover, not·shown. ~ 

In the center of .. the base 2, a s~indle motor. (not ·shown) of a 
hub-in structur~ is provided. . On . the upper surface of t_he 
spindle motor~ a magnetic disk 4 . made of a _gl:ass substrate or 
·an aluminu~ substrate is . fixed by a . top clamp. 5, and it is 
rotatably d~iyen counterclockwise by the spindie 3 of the 
spindle motor. 

The.magnetic disk 4 is a disk-like storage medium fo~ storing 
data. Data is stored on a. magnetic thin film (not shown) 
formed on the glass or aluminum substrate. The HDD 1 may have 

·-two magnetic .disks 4 or one magne:t.ic di~k 4. mounted t~~reon. 
The case ~n which two magn~tic disks 4 are mounted is the full 
population version.,· and tlie case· in which one magnetic disk 4 

. . 

is mounted is the depopulation version.: 

Further,· in the base 2, a head assembly 6 is provided. As 
shown in Figure· 1_ and Figure 2, the head ass~ly 6 comprises a 
pivot shaft .holde.r 7 as a swing shaft; a co.il 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 
lOa-lOd attached ·to. the end portions of the arms 9a..:.9c, and 
magnetic heads lla-lld attached to the end portions of the 
suspension arms lOa-lOd. In the pivot shaft holder 7, a screw 
hole 7a is formed for attaching a counter weight l~ to be 
described later. 

The pivot shaft holder 7 is rotatably ·fitted over a· pivot.shaft 
12 verti~ally provided ·on the base 2. Accordingly, . the· 

. energizatio_n of. the c~_il 8 for VCM causes ·the he~d assembly 6 
to be swung arou~d the pivot shaft 12 by the coil 8 for VCM and 
a. VCM -(voice coil motor) stator 13 .. The VCM is. formed of the 
coil 8 for VCM and the VCM stator 13-

To the. outer surface ·(bottom surfac.ef of0 the base 2, a ca.rd·, 
·~ot shown, as a circuit board _is attached, and ·between the· card . . . 
and the · spindl·e · motor, the . inputting · and outputting· of the 
power, signals and the like for _dr:j..ving .~he motor_ are.· carried 
out.~ ·. and . b~tween the card and · th~· head assembly 6, the 
inputting and outputting of the ·power to. ·the coil 8 for vc~ and. 
the power .and signals . for ·read/write o·f the ·magnetic h.eads 
lla-lld ar.e carried out. ' . 

The HDD 1 of this embodiment is a HDD called the head . . . 

load/unload-type. In th~ head .load/unload-type HDD, ;by holding 
the head assembly 6 on a ramp:· ·block ~4. when it is inoperative, 

··the magn·etic heads lla-1-ld a+e unloaded . to their retraction . . 
_position~ without putting th~ in contact with the _surfaces of 
the magnetic· disks 4. In operation, the head assembly 6 is 
dr,t.ve~ to cause the magnetic heads lla-lld to seek on the 
magnetic disks 4·. · 

Figure 2 .j..s a perspective view showing_ the head assembly 6, and 
the uppe·r portion shows the full population version, while the 

I 

lower portion·s~ows the depopulation version. 
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As shown in Figure 2, in the full population version, the 
suspensit?n arms lOa-lOd 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 .four 
magnetic. heads lla-lld are provided. In the full population 
version, it is designed so that the center of gravity of. the 
head. assemb°ly 6 mate.hes its center of ;rotation, with all the 
suspension ·arms lOa-lOd and all. the magnetic heads lla-lld 
being attached. 

In the depopulation vers:ton ~ccordin<J' to this embodiment,. the 
. magneti.c heads 1.lc and lld of the magnetic heads lla-lld are 

attached. By the magnetic heads llc and lld,. data re~d/write 
. . . 

is carried out with respect ~o the surface and rear of only ~ne 
magnetic disk 4 mounte~. The suspens·ion arms' lOa ·and lOb and 
the magnetic heads lla and llb, which are atta~hed in the full 
popul~tion :.version, . a·r~ .. not attached . in ·the 0depopulation 
version as show in · Figure 2 .. · Accordi.ngly ,, the .. center ·of 
gra-y-ity- of the head as·s~ly . 6. would ·deviate fxom· the center of 
rotation if· they· are.:. left as they- are. Thus·, · in· this 
embodiment, a .c01int~r weigh~ 15 is attached to the piv~t. ~haf.t 
.holcler 7. The ~eight -and ·installation position of the cou~ter 
weight 1.~ are set so that the center of g.ravity of the· head 
assembly 6 matches its swin9 center when. att~ched. 

In the fu1·1 population version·, generally, i~ the nu~er. of ·1;:he 
magnetic . disks 4· to be mounted is N, the number of magnetic 
heaqs to ·be attached is 2N.. ·This is because ·the. magnetic di~k · 
has .data storag~ ~ayers provided on the .surface and rear 
thereof. Further, in the d~population version, if the nuinber 
."of the magnetic dis~s 4 to be mounted is n, the number of. 
magnetic heads to be attached is also 2n, where n<N. 

This emb~.diment is characterized· by attaching . the counter 
weight 15 to the head. ·assembly. 6 Of· °l::he depopulation version, 

attaching the counter weight 15 to· t}?-e pivot shaft 'h~lder 7, 
arid at~aching· the counter weight 15 to tbe side ~f t~e. 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 t9 this embodiment, and (a) shows the 
full population version, while (b) shows the depopulation 
version. on the other hand, F.i,gure 4 is a figu're showing a 
comparison example for this embodiment, and also, (a) shows the 
full·, population version, whil·e (b) i:;;hows the depopulation 
version. In Figure ~, the. same structural· ~lements as this 
-embodiment are assigned the same symbols as tJ;lis embodiment. 
Further, in figures 3 and 4 , the depiction of the magnetic 
heads lla-lld is omitted. 

As shown in Figure 3 (a) and ( b) , ·the -- count_er weight 15 is 
~ttached for the depopulation version in this embod~ent. More 
specifically., in · the depopulati9n version, . to . compensate the · 
de~iation of th~ center of gravity due to the absence of· the 
s·uspension a:rms ·lOa- and lOb and the magiletio .. heads ll.a and· llb, 

. · .. the counter we~ght 15 i_s atta~hed to -the side on wlt.ich t.he arms. 
9a-9c ·are existing. That is, the coil 8 for VGM and · the 
counter weight 1!5 are disposed on. the· opposite po·sitions 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 '.'Teight .115. is attached for the full 
population version. ·Th~t is, the comparison example is 
designed so that the cente~ of gravity of the head assembly 106 
matches the swing center .of ~t when· the weight llS is attached. 
And, in the. depopulation version, to· compensate the deviation 

. .· 

.of the center of gravity due t~ the abs~nce of the suspens~on 

.arms ·1oa and lOb and the magnetic heads lla and llb, the weight 
· 115 is removed. Fqrther, in the comparison example, the weight 
··11~ is attached ·to the side on which the ·coil 8 for VCM is 
existing. 

To. compare ·this embodiment with the compari'Son example·, they 

are different in the point that the. counter· weight 15 is 
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atta.ched for the depopul.ation version in the former, while. the 
. weight 115 is· attached for the full population version in the 
latter. Now, it is assumed t~at the specifications of the .head 
assembly .6 according to this embodiin~nt havi~g the counter 
weight 15 removed and the head assembly· 106 according to the 
comparis.on example haying the weight 115 removed are matching 

·with each other. Then, the moment of inertia of the head 
assembly 106 of the full population version .. becomes larger than 
the head assembly 6 .of the full population version for the 
existence of the weight 115. Accordingly I i:f VCMs· ·having the 
same performance are used, the head .assembly 6 has_ a rotating 

.ppeed faster .than the head ass~ly 1~6. In other words, the 
he~d assembly 6 has· a faster spe~d in seeking the magnetic 
heads lla-lld. This means that, for the head assembly io6·to 
obtain ·a ~eek speed· equivalent to the head assembly 6,· it is 
r~quired ~o use a VCM having performance higher than. the head 
.asseiiihly 6, 'hence having a ·larger size. In the· HDD. i., 
compactness and high performance are also strongly ·required, 
and from·. this.; point of· .. -view1 this . embodiment is .. preferred in 
which the moment of inertia for. the full populaticm version is· 
small. 

In · .. this . embodiment, the counter weight 15 need ·not be attached 
in ·the full population version·, _because the: counter weight 15 
is attached in the depopulation version to the· side on which 
the arms 9a-9c 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 om,ission of the. 
·suspension arms lOa and .1ob and the.magnetic heads lla and· llb, 
the position· of the center of gravity .is adjusted.· However, if 
the weight ·is reduced by omitting the suspension· arms -lOa and 

. . . 
lOb. and the magnetic heads lla and llb, 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 
whi~h the ~eight reduction has occurred~ In this technique for 

.adjusting the po~ition 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 
position at which the counter weight 15 is attached, the 
c·ounter 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 a~cording _to this embodiment, the 
countel;- weight 15 is . attached to· the pivot shaft hol_der 7 in 
the depopuiation version. That is, the counter weight 15 is 
disposed in the. vic:;in.ity_ . of. the swing center of the head 
assembly 6 ·as compared with the dummy··heads· 261 .and ··262 shown 
in Figure 5 ~ : By._ . disposing the counter· weight 15 . iri the· 

·vicinity of· uhe swLng. ce~ter of· the . hea_d asseimbly 6. in· this .. 
way, the· o~currence of a·new ~esonance frequency degrading the 

. . . . : 

performance of the HDD ·l · 1is suppressed. Figur_es · 6. to 8 are . 
. . . . 

showing-data tha~·verifies this. Figures 6 to:S are graphs all 
. ·showing the vibration · chang~ vs. :the input freqli"ency of the 

head' assembly ~; Figure 6 ·shows the. ·characteristic of tJ:le full 
population vers·ipn (four · magnetic heads) , · Figure 7 spows · the 
~h_aracterist_ic 9f the ... depopu1ation versic;>n using the dumrily 
heads 261 and· 262, and Figure 8 .shows the characteristic -of the 
depopulation· version accor~i1_1g to ttils ·embodiment. · 

In Figures 6 to a, the frequency band affecting. ·the 
characteristic of the HDD · 1 is 10 to 15 ··:taz. As·· shown in 
figure 7, in the·depopulation version using the dununy heads i61 
and 2.62 ~ . a resonance frequency of 1~. 6 kHz appears, which ·is 
not seen . in the . full population version shown in Figure 6. 
This is ·a new _reso~anc.e freq:uency that· is ·not desirabl~ for ·the· 
·characteristic of· the HDD 1. ·On the ·other . hand, _the g~aphlc 
chart according to this emb<;>diment showri ·in Figure. 8 · shows· a 

. . 

ten~ency closely analogous· to the . gr.aph~c chart· of Figure 6. 
showing the .full pop~lation version·, and no n.ew resonance 
frequency cannot be· observed in the band of 10 to 15. kHz". 

- 14 



·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 ~odiment, 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 th~ inc.rease ·in 
the seek speed of th~ magnetic heads lla-llQ.. In addition, by 
attaching the cou.n.ter weight 15. to the side of the pivot shaft · 
holder 7 on which the arms 9a-9c are existing, the occurr~nce 
of a new resonance frequency can be suppressed. 

[Advantages of the.invention] 

As d~scr-ibed .. above, . in accordance with the.: present invention,. 
the .. center .o·f° ·gravity· of· the head assembly .. of·. the depopulatio.n 
·version· can J::>e adjusted, while suppres~ing the occurrence of a 

·resonance .. frequency ·affecting the performance of the disk drive 
apparatus. ., 

3 • · · Brief Description of the Drawings : 

Figure 1 is a plan view showing an HDD according to the 
embodiment; 

Figure 2 is a per~p~ct.ive view sh<;>wing a head · ass-embly 
according to the embodiment; 

Figure 3 is. a figure di~grammatically showing a side of the· 
he~d assembly according to the embodiment, and (a) shows a full 

·.population versio:i:i, while (b) ~ho:ws a depopu.lation: ver~ion·; 

. Fi<Jure 4 is a figure · diagranunatically showing a side of the 
head· .assc:µnbly. ·according ~o a comparison example, and (a) shows 

the. full popula'l'.-~on version, while (b) shows the depopulation 
version; .. 
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Figure 5 is- a perspective view showing ·the head assembly using 
a conventional dummy head; 

Figure 6 is a graph showing a frequency characteristic of 
vibration ·of the conventional head assembly; 

Figure 7 is a ·g:raph showing the frequency characteristic of 
vibration of the conventional head assembly; 

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

rnescription of symbols] . . 

1 
2·. 

3 .... 
4 

·5 

HDD (hard disk d~ive) 
Base .. 
Spindl.e·. 
Magnetic. disk 
-~op clamp· 

6, 106 ·• •• Head. assembly · 
·7 ••• Pivot shaft holder 
8 · •.••. Coil for VCM (voice· coil ·motor) 
9a-9c .••• A~E! 
lOa~lOd ••• Suspension arms 
11.a-lld ••• Magnetic head . 
12 Pivot shaft· . 
13 VCM (voice coil motor) stator· . 
14 Ramp block·. 
15 Counter.weight 
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4. Claims: 

( 1) A head assembly 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 c.oil for. voice coil mqtor extended from said swing. 

shaft; .and 

a counter weight set at a predetermined . position on said 
swing· ehaft which is on the side· opposite to .s.aid coil for 
voice coil motor with re.spect ·to s~id swirig shaft •. 

{2) The head 
comprising:. 

assembly ·_according . · to·· Claim 1, further 

a plurality of said arms, ~ri w~ich ·there are existing arms 
to which.said head is attached; and 

other arms to which said head is not attached • 

. ( 3) The head assembly according to Claim 1, wherein said 
counter weight is detachably provided o~ said swing shaft.· 

( 4) A head assembly swinging over data storage media, 
cqmprising: 

. . 
a swing shaft as a center of a swing mo.tion; 

a -coil for a voi~e coil motor extended from said swing 

shaft; 

17 
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an arm extended from said swing shaft. in a direction 
opposite to said coil for voice coil motor; 

a head attached to s-aid · .. 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. 

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

an n. (a positive integer smaller than N) . null)ber of· said 
data ·sto-ra9e me.dia; and 

a swing-type head. ·assembly for. reading/writing data 
· from/to·said data storage·media1 

wherein said head assembly includes: 

a head. for readin.g/writing data . from/to said data storage 
· ~edia; 

an.arm to which said head· is attached; 

a ~wing shaft for suppo~ting said arm~ 

a coil for· voice coil· motor · extended from said swing 
·shaft; and 

a counter weight provi~ed. on said swing: shaft. 

( 6) The disk drive apparatus according to Claim 5, wherein. . . . . 
said counter weight ·is set at .a position so ci"s to give a 
moment to said sw.i,ng sh.aft in the direction 6pp6site to 
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the direction of the moment effected by said coil for 
voice coil motor • 

. ( 7} The disk. drive apt>ara~us accordi.ng to Claim. 5, wherein a 
2n number of said heads are attached. 

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

(9) A hard . disk drive in which an .N· (a ·positive· integer} 
number of magnetic disks can be att~ched, comprising: 

an n. (a positive integer smaller "t;han N) number of said 
magnetic disks; ·and 

.a swing-type head assembly for reading/writing data 
from/to.· said magnetic dis.ks~· 

wherein, said head· assembly includes: 

a 2n number of magnetic heads : for reading/writing data 
fromito said magnetic disks; 

an arm. to.which· said 2N number of magnetic heads can ·be 
. . attach~d; · · 

a swing shaft for suppor~ing s~id arm; 

a coil for voice coil motor extended from said s~ing 

shaft; and 

a counter weight set on said swing shaft for giving the 
same moment of inertia as . ~iven · wheri said . 2N number of 
magnetic heads are attached. 

( 10) A hard disk ·drive· for which the· number of magnetic heads 
for reading/writing data is reduced· from that for the hard 
disk ~rive as standard, comprising: 
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a magnetic disk for storing data; 

a head assembly having said magnetic disk, and moving 
above said magnetic disk by swinging a:r::ound said swing 
_shaft; and 

a counter weight set in the vicinity of said swing shaft 
for adjusting t~e c7nter of gravity of said hea~ assembly. 

( 11 ) The hard disk drive accord.ing to ·Claim 1 O, wherein s a:Ld 
counter weight does not . increase the ·inertia of the head 
assembly attached to said hard disk drive as standard. 

( 12) A method for manufacturing a disk drive apparatus 
comprising disk-like media for storing data, and a 
swing~type .head af?~embly for reading/writing·. data .from/to 
said disk-like media, 

·wherein said.disk drive apparatus is capable of having an 
N (a ~ositive integer) number of said disk-like media 
stac;:ked therein, comprising .. the steps of:·- .. ·. 

attaching in the vicinity of . the swing shat:t a counter 
weight. for causing said swing shaft to: match the center of 
gravity in said· head assembl:y if an· -n (a positive integer 
smaller than N) number of said dis·k-like media are 
stacked; and 

omitt~ng the attaching of said ·counter weight if said· N 
·number of disk-like media are ~tacked. 

(13) The method for manufacturing a disk dr~ve· ·apparatus ... 
according to Claim i2, 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 said.a~, and 

if said ·. n· (a ·positive integer smaller. than N) number of 
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disk-like media are stacked, said counter weight ie 

attached ~t a pred~termined position on said swing shaft 

where a moment is · given in the same direction as ·the 

moment caused to act on said swing shaft by said arm. 
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