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(57) Abstract

against the external environment.

A disk drive including voice coil magnet plates formed integrally with the base and/or cover of the disk drive. During the fabrication
process, the stcel magnet plates are placed in proper position in the base and cover die casting, and then the molten aluminum is injected
to form the base and cover. As result, the magnet plates are integral with the base and cover and no fluid leakage can occur around the
bounduybenwwnmempmgnﬂmdwver,wmummebomdmbemmebonommagnmmdm Thus.thedxskdnvexssealed




Description of the Related Art I n general, Wnchester- type disk drives
oper ate by nsferring data between readIMW|te t ransdu 9 15
and respectlve %%%g tracks on magnetic storage disks. % trans uci ng
heads are supported by an actuator assenbly, which is provided to

pi vot the heads across the surfaces of the disks. Pivoting of the
act uat or assenbly and transduci ng 1 heads IS general ly 20
acconpl i shed by a voice coil notor ("\TIA) prOV|ded as part of the
actuator assenbly at an endcgﬁskh~ : axa opposite the
transduci ng heads. OTOR! " SEaAmPE a per manent magnet
stationarily nounted within thé ar —and el rcal’ 25 wndings fixedly
nmounted to the actuator assenbly, adjacent to the magnet; so as to
pivot with the actuator assenbly. The windings are located within a
magnetic field set up by the nagnet, and, upon I ntroduction of an
electric current through the 30 w ndings, the magnetic field will exert a
force on the wi ndi ngs causi ng the actuator assenbly and transduci ng
WD 96/ 04656 g PCT/ US95/ 09479
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Field of the Invention :

The present invention relates to -a data storage
device, and more particularly, to a disk drive
including voice coil motor magnet plates formed

10 integrally with the base and/or cover of the disk drive
during the drive fabrication process.

Degcription of the Related Art

In general, Winchester-type disk drives operate by
transferring data between read/write transducing heads
15 and respective data tracks on magnetic storage disks.
The transducing heads are supported by an actuator
assembly, which is provided to pivot the heads across
the surfaces of the disks. Pivoting of the actuator
assembly and transducing heads is . generally
20 accomplished by a voice coil motor ("VCM") provided as
part of the actuator assembly at an end of the actuator

assembly opposite the transducing heads.
A VCM is typically comprised of a permanent magnet
- stationarily mounted within the drive, and electrical
25 windings fixedly mounted to the actuator assembly,
adjacent. . to the magnet, so as to pivot with the
actuator assembly. ‘The windings are located within a
magnetic field set up by the magnet, and, wupon
introduction of an electric current throuéh"the
30 windings, the magnetic field will exert a force on the
windings causing the actuator assembly and transducing



- 2- heads to pivot. The VCM is coupled to control

el ectroni cs

cont rol “fql%"%ﬁgq tioning of the actuat or assenbly and PEINS

~which control the current through the w_ndi ngs and t hus

il "ﬁ’b heads

with respect to 5 the storage di sk. The tine it takes to piv

actuator as
dat a tr

senbly so as to nmove the transduci ng heads between different

acks on the storage disk in response to control sign

referred to as the drive seek tine. Wt# 10 past inprovenents to d
drive m cropyocessors, t.ge seﬁ; ti of, a disk drive has beco&
RyVehe ratthRg

maj or fact or B€aA8 | kPy |

the heads andldcsksnics/s whidh ddmrrohathecenurtrent thevaghy thée effort
t or que -

t chrRlat COVRLE ank?P er FRREH

uni o can b BsthaRE, 5 i bongatgl eB ' pReiRBRIEY 42Ok

bet ween dat aattuskeorcassémbliysand tSansdutihgcheads withffespectictonxi num

Lpgl 4d) hgsstr engt h of the magnetic field, the nonent of
ttﬁgngebgg?%ata%rgkéssenbl Yy, and the inductance of the electrical .

VCM tor que,
inertia of

ot the
als is
i sk
t he
ween

y

wi ndi ngs. I n tThe &dme 4t takest kRcRIVaththe 3ctNREaRCRssembiyt HP A% he

wi ndi ngs of tBemdod Wid ESaHbEuEEng MelBs betwsbA! @lTErert H@Rge i n the
hi n ndi ngs. As a gw&k chain e ilncurrent is neceSfary f or
the storage disk

current wit
fast seek
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tracks o response to contro
signals is referred to as the drive seek time. With
past improvements to disk drive microprocessors, the
seek time of a disk drive has become the major factor
limiting the rate at which data is transferred between
the heads and disks. As such, there has been an
industry wide effort to minimize seek time. Seek time
is primarily dependent on the torque which can be
generated in the VCM to pivot the .'actua-;'or assembly
between data tracks on the disk. Several factors
effect the maximum VCM torque, -inc’lud_ing- the strength
of the magnetic field, ‘the moment of inertia of the
actuator assembly, and the inductance of the electrical
windings. In the case of inductance, a high inductance

within the windings of the VCM will result in a high

resistance to a change in the current within windings.
As a quick change in current is necessary for fast seek
times, a high inductance within the windings will
result in slower seek times. e ‘
Conventionally, the voice coil magnet assembly also
include magnetically permeable plates adjacent to the
‘magnet, which plates are fixedly mounted within the
drive housing. Conventional magnet assemblies have
further included magnetically permeable return posts
extending between the top and bottom magret plates.
The magnet plates and the return posts together provide
a closed magnetic field loop for the magnetic flux
lines emanating from the permanent magnet. This

Y



25 times, a high inductance within the windings wll result in slower

seek tines nventional ly, the ‘mghe
‘i,ncl ude na&ﬁ%ﬁm‘gﬁco per meabl e pl ates .idj AeEERTgAhiex \—q magnezi' v@ﬁﬁg
pI ates are fixedly mounted wthin the §0 drm@ilﬁau3| ng. Convent i onal

magnet assenblies have further included nmagnetically perneable return
posts ext endi ng between the top and bottom magnet plates. The
magnet plates and the return posts togethef provide a cl osed magnetic

field loop for g maneli o | Wi Prdlia U8 thdRiing 16 OPHd nRGHEREEN

magnet . Thi s
configuration wfieddinishe vicdnivy, oft kbenaghuakoxs asl windings.vi Theity

of the actuator magnud3d rfg.%lﬁTﬂg E%@.Qegggﬂ:hehﬂnthbﬁtésrﬁBhEndEEQEEWUt es

- nost directly to e strengt ue generated
provi si on of rett@r Fhso Strengsh (P§ @W&W%t@%ﬁ?ﬁﬁinbY the VCM.

5 The provision of return posts within the VCM creates
certain disadvantages, but the posts have heretofore
been necessary in order to provide the requisite
magnetic field intensity. One such disadvantage is
that the presence of the return posts within the VCM

10 increases the inductance within the windings. As
. previously stated, increased inductance results in
slower seek times. Another disadvantage presented by
the return posts is that the posts are manufactured
with engineering tolerances and no two posts are of

15 exactly the same construction. Posts of ‘even slightly
different sizes and/or constructions will vary the
magnetic field travelling through the closed 1loop.
Thus, the magnetic field between the magnets, and
consequently the torque created by the VCM, will vary

20 in different disk drives. Further still, providing
side posts adds - to the complexity and cost of
manufacturing the disk drive. '

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
25 provide a VCM magnet assembly for use in a disk drive,
wherein the top and bottom magnet plates are formed
integrally as part of the cover and base, respectively,
" of the disk drive.

It is a further object of the present invention to
30 provide the top and bottom magnet plates within the
cover and base, respectively, without having any fluid
leakage around the boundary between the magnets and the
cover and base, thereby ensuring a sealed environment

for the head and disk assembly. '
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di sadvant ages, but the posts have her et of ore been necessary in order to

provi de“;&% ursrte magne—- 0 freld I ntensity. One such eis

that the pr’eoégér%ce of tl \ posts within the VCM i ncrgg’g@gbl%‘%g .
I nduct ance vvr thin ' i ngs As previously stated, increased inductance

T o Anot her di sadvant age presented by the return

results in sl owe CHles
posts is tha £HE - re rranuf actured with engineering tol erances and no

two posts are ,,/- tly the sanme conStTuction. Posts of even slightly

di f ferent siz" ' I : ic fi ravel i ng
t hrough the cl ose I Og&&ﬁhﬁuﬁﬁe@%&éq coaé %% The ‘ﬁ%’tﬁé and
consequent | yteh@navigie %r&ﬂ%meheamm&y | £our yasien i f faeré:mkdr sk
drives. Furt&fivétgi-bv auayl 4 19rgelfaBitiel A ddeld WthSRMIR e and cost

of manuf acturr ng t OF
| NVENTI ON mAGRe: dP’-'r%}“tré‘ tHBSEFesléﬁ?W?ﬁBerﬁh%n tomeprd) PERMded a
di sk drise, ﬁﬂgﬁéts mﬂtes. a base having a first surface and a second

surface OPbcoie el it St BiSpcre, ek, RAShalTiaBlel L gl >0
t oget her forprege_ntseihvéne:lmnrowhénh wielllates d o r alrtsi]acetrhiesard
D0epacnd orehebastiy' VY Bsabd BIELEQ S0 Tlleniltl P b R0
storage nedikbaset ardAser d mledoénvthenmﬂkfdrism}rr ngDurmg the
10 fabrication process, the steel magnet plates are placed
in proper position in: the base and cover die ca'sting, '
and then the molten aluminum is injected to form the
base and cover. As result, the. magnet'- .plates are
integral with the base and cover and no fluid leakage
‘15 can occur around the boundary between the top magnet
and cover, or around the boundary between the bottom
magnet and base. - Thus, the disk drive is sealed
against the external environment.: The plates may be
formed with a plurality of groves, into which the
20 molten aluminum flows during the fabrication process,
to thereby ensure that the plates will remain fixedly
secure to the base and cover, respectively.
Forming the magnet plates integrally with the base
and/or cover allows omission the magnet side posts,
25 normally required to provide a closed magnetic field
loop. Providing a VCM magnet assembly without. return
posts offers several advantages, including faster seek
times, a more simple and less expensive VCM design, and
' greater control over the magnetic field intensity. The
decrease in the magnetic field due to the absence of |
the side post return paths is compensated for by having
thicker magnet plates and magnets. . The increased
thickness of the plates and magnets is allowed by
' fornu.ng the plates in the base and cover, as opposed to
35 adjacent to the base and cover. .

30
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i"'nf or mati on: a transducer within said seal ed environment for

transferring infornmation; . said storage nedia; n at or
assenbly WRRMESS; § se L ﬁMEEDHy{grg P | positi-oni ng-sai c?‘ﬁ’ﬁ??é@é@ r
age M@LACFBHCF

w-th respect to said st

-4 - a notor for pi ator assenbly, "sai d notor
I ncl udi ng: w ndi hgs nount ed on said actuator assenbly for conducting
an el ectri cal current and a mgnet SBssenbl y for producing a magnetic

(reld L0 the arequof, ehSielt MbITnest A B eas il U IR UG "
field, and toptahd@fst bottomgmapneitalpd gt impesiosl extendddato adrd one
area surrounding the spindle motor such that the
actuator and spindle motor are both mounted to the top
5 and/or bottom magnet plates. Such a design reduces the
relative movement that may otherwise occur as result of
uneven thermal expansion between the read/write heads
mounted on the actuator and the disks supported on the
sp1ndle motor.

10 BR: D N_OF DRA
The invention will now be explained with reference to
the Figures in which:
FIGURE 1 is an exploded perspective view a disk drive
according to the present invention;

15 FIGURE 2 is an exploded perspective view of the
embedded voice coil magnet assembly according to the
present invention;

FIGURE 3 is a cross sectional view of the voice coil
magnet assembly according to the present invention;

20 FIGURE 4A is a top view of a magnet plat according to
the present invention including notches;

FIGURE 4B is a side view of the embodiment shown in
Fig. 4A; and .
FIGURE 5 is an alternative embodiment of a disk drive

25 according to the present invention.

DESCRIPTION OF BEST MODE

The invention will now be described with reference to

Figs. 1 - 5, which relate in general to a disk drive

including wvoice coil magnet plates formed integrally

30 with the base and/or cover of the disk drive during the

drive fabrication process. It is understood that the

present invention may operate with disk drives of
various designs and sizes.

———e

i
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magnet on a side of said at | east one magnet opposite to said w ndings for

t ransf | gnetic flux of said magnetic field betwee f_said at

| east o Wt said at | east one magnet plate being fgﬁ‘}&h‘g’fgﬁ@g&ally as «
part of said base, and having a surface lying in the sane plane as said
second surface of said base, said at |east one magnet plate including at

| east one notch for interlocking vmth 56a| d base when said base is cast.
The disk drive may further conpri se: a second magnet juxtaposed to

sai d w ndi ngs i d ai in p from | east one
magnet, for '&rﬁ.‘d.%g %}ag’ne q cipl:'r%‘r gg gg&dgan %gp?'f&s; a‘u%‘ﬁqﬁ ﬁ?’b"cﬁjct I on of
an electric Z:QII’ u.anﬂ.udb.ngug] phu:dalu.hm mgﬁs stoxhge diskssa@pdamdgreet plate
j uxt aposed said (o] gpet posite
to said win ngs ? trans I ng sa| g%r?a%;ﬁng%‘;@ f uéﬁée{}%eaear? g% e?of sai d
second nagn@ro’émﬂdsﬁennaanhgn@t thieated ghti rﬁ}lriﬁm ofit d§skBl 2225 part of -

said cover. 1c is unBUrgdEANe!RhR! EHEVALENCaRWY HORsyOTLARRIANI Tt el y

0. 1925 i nches. east one maghet nay have a th| ness of
appr oxi rmteﬂs}o:(;gcgr,msthan the above-disclosed numbers of disks

‘and heads. Each read/write head 24 is comprised of a
transducer mounted to a slider. The slider of each
head 24,, is in turn supported on actuator arms 28,,.

10 The transducer may be a conventional inductive
transducing element, or in an alternative embodiment, '
may be a magneto-resistive (MR) transducing element.

The drive 20 further includes an actuator ‘assembly 27
having actuator arms 28,,. Actuator assembly 27 is

15 provided to pivot around pin 30 by a voice coil motor

(*vCM") described hereinafter. As is known in the art i
during operation of the drive 20, disks 22,; are rotated
by' a spindle motor 29 and actuator arms 28,, pivot
read/write head 24,, across the surface of the disks so

20 that data is transferred between the read/write heads _
24,, and the disks 22,4 in a plurality of concentric data
tracks. The drive 20 further includes a printed
circuit board (PCB) 34 having the data transfer and
control electronics for the drive. -

25 The head and. disk assembly ("HDA") is preferably

enclosed within-a base 36 and a cover 38, which fit _
together to form a sealed environment for the HDA. The

PCB is preferably located on an underside of the base

'36. In a'preferred embodiment, the base and cover are

30 formed from aluminum. - '

As shown in Figs. 1-4B, the VCM includes magnet
assembly 40 and conductive windings 42. Windings 42
are fixedly msunted between actuator assembly sub-arms
27a and 27b, and are provided to receive an electric

35 current from PCB 34. Magnet assembly 40 includes top



The magnetic field may have an intensity of not |ess than approxi mately

7976 Gauss According to anot her aspect of Fﬁ.ﬁ{ } I on,
there is p%‘\’/?%‘ggssa magnet assenbly for exerting a force on g ec g?%%ﬁy

conductive wi ndings of an actuator assenbly in a disk drive, the disk drive
i ncluding a base and cover, the nagnet assenbly conpri sing: atop
magnet | uxtaposed to and above the mﬁndigg;;_ a bottom magnet

j uxt aposed to and bel ow t he w ndings, said top and bottom nmagnets creating

a mgnetic fiel doh bOECUnCidldlelh 4P WMl 065 SPedfebPifkEyl AdhBERC ON
e windings in the presence of an electric_cur(fent rough thé w ndings;
an upper magnet MBOREESaRER cFPACCGnAPABEY LXQN deash ey much that
transferring mghabliagsl Ud2bemagen gl aodited@i trarehaeRedén . Sai dTHpPPEr
magnet plate foried MLl " ALt 2 ' adiits ' ahM® 283 % i Moy  be
5 comprised of a conventional permanent magnetic
material, such as a neodymium-iron-boron alloy or
comparable material. - Both magnets include top and
bottom surfaces substantially parallel to a plane in
which the actuator assembly pivots. Magnet 44 may have
10 a direction = of magnetization = substantially
perpendicular to the top and bottom surfaces, and may
be magnetized such that one-half of the magnet has a
top-to-bottom north-south magnetization, and the other
- half has a top-to-bottom south-north magnetization.
15 Magnet 46 is preferably provided with the'same'magnetic
orientation. Thus, when provided as shown in Fig. 3,
a magnetic field "B" is set up with flux lines flowing
from a north pole of bottom magnet 46 to a south pole
of top magnet 44, and from a north pole of top magnet
20 44 to a south pole of bottom magnet 46.

As is well known in the art, in the presence of a
current through windings 42 located within the magnetic
field B, the magnetic field B will exert a force on the
wihdings perpendicular to the direction of the flux

25 1lines. As previously described, the windings 42 are
fixedly mounted. to the actuator assembly 27, and the
force exerted by the field B causes actuator aééembly
27, as well as heads 24,, attached thereto, to pivot

"across the surface of the disks 22,,. The duration and

- 30 direction of the current through windings 42 is
controlled by PCB 34, so as to accurately position the
heads 24,, over the desired data track on the respective
storage disks 22,,.

As further shown in Figs. 1-4B, the present invention

35 further includes an upper magnet plate 48 to which top:



a |l ower magnet plate adjacent to and bel ow sai d bottom magnet for

transf exyo sgosgBoneti ¢ fl ux between poles of said bottom W’%s’ﬁﬁl"ﬂ | ower
magnet plate formed within and integrally part of .the basé;

magnet assenbly having no nmagnetical ly perneable return posts.

According to a further aspect of the invention, there is provided a nmethod
of fabricating a magnet assembly for vogce coil motor of a disk drive,
conprising the steps of: | ocating a first magnet plate mnthln a die

casting nol dmhghet GmleisOfsédiﬁ:éH Skafdl iwer - mag Re V'%i ,materi al
fromwhich s dﬁO\B i s made into said die" castl aroun saldflrst
magnet pl at ¥R2CR DQtLan mRgnet o 46, L $u8REVTBRat ¢ YPPEF naRA]i kowert i ng

mold for a bmagnet pﬂatélsslqairau%: 50 are mmﬁrgfﬁr&l)un Sal%éééﬂ ol;nélom
o oh 52 3 BembaniBSn ki1, O ShEnCoRh ! MLl AN oaL]
second n8gne®xamples; amdfunctiomcnmmgmmﬁtbase fluk kines (mMﬂ[iriO
~provide a segbefl RRYhERE HYon %nd PRafE SEed'dath magnet (i.e., the
north side) to the other half of each magnet (i.e,, the
south side), and through the air gap between the upper
and lower magnets. : '

10 As described in the Background of the Inventzon
sectxo_n, conventional magnet plates are affixed ‘
adjacent to the surfaces of the cover and base. '
However, according to the present invention, the magnet
plates 48 and 50 are formed within .and as part of the

15 cover and base, respectively. During the fabrication
process, the preformed magnet plates are positioned
within the die castings used to form the base and
cover. Once the magnet plates are properly positioned,
the molten aluminum is injected into the die castings,

20 and forms around the magnet plates. . As result, the
upper and lower magnet plates are formed as part of and
integrally with tlie cover and base, - respectively, and
there are no gaps at the boundary between the magnet
plates and the cover and base for fluid to escape..

25 Consequently, a sealed environment for the HDA may be
maintained.

As shown on Figs. 4a and 4b, in a preferred embodiment
of the present invention, upper and lower magnet plates
‘'may be formed with notches 52a, 52b and 52c. When the
- 30 " molten aluminum is injected into the die during the
base and cover fabrication, the aluminum flows into the
notches 52. As result, after the aluminum hardens, the
notches firmly secure the upper and 1ower-magnet plates
to the coire_r and base, reepectivel_y_. It is understood
35 that the upper and lower magnet plates may be formed



“5A- According to yet a further "‘aspect of the invention,

gseOf providing a magnef blate for a disk driyenmgﬁﬁgﬁ#§
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| east a portion of a housing of the d
material fromwhich said at least a p
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advantage that both the magnet plates 48 and 50 and
magnets 44 and 46 may be of a greater thickness as
compared to maghet plates and- magnets within
conventional disk drives of the same size. 1In, for
example, a 3% inch form factor disk drive having a
total height (not including the PCB 34) of
approximately 0.665 inches, the thicknesses of the
upper and lower magnet plates and top and bottom
magnets in a preferred embodiment are as follows:

upper magnet plate: 0.1925 inches '

lower magnet plate: 0.1925 inches

top magnet: - 0.090 inches

bottom magnet: 0.090 inches.
These dimensions allow an air gap between the top and
bottom magnets of preferably 0.10 inches. It is
understood that the magnet plates and magnets may have
different thicknesses in alternative embodiments, and
may have different thicknesses for drives having form

factors larger or smaller than 3% inches. The magnet -

plates are of a sufficient thickness to prevent the
magnetic field from the magnets from passing completely
through the plates and creating noise which may
otherwise interfere with the PCB 34 or other

' surrounding electrical components. Thus, for example,

when a powerful magnetic material is used for top and
bottom magnets, thicker magnet plates are required to
prevent the magnetic flux lines from passing through
the base and/or cover. ' -

The increased thicknesses of the magnets and magnet
plates in the VCM allow for an increased magnetic field

This Sheet Has Been Reilaced
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a portion of a housing of the disk drive; providing nolten materi al

_fromvx/mvga Jﬁ‘*‘g at least a portion of the housing is madel; rt"g%?@b die

casting nol round said nagnet plate; and i nterl ocki ghet
plate with said at |east a portion of the housing during sai d step of

provi di ng nolten:patee --———---‘l aid die casting nold around sai d nmagnet

pl at e. THIS SHEET HAS BEEN BRI EF DESCRI PTI ON .OF THE DRAW NGS I'n
order that t em@.lml?n ght_lpbe nore ITy understood, enbodi ments of the

i nvention w < v Y, ference to the
acconpanyi ng draW| ngs g@ tl?é @éﬁ%&eﬂif{%gm%g? 8aé Bélrdspect I ve
view a di sk #6ve acker dﬁngPF@ftemt‘e@' esmhodimantt i oof the present

invention, without return posts and with an air gap
~ between the top and bottom magnets of approximately

5 0.10 inches, the magnetic field within the gap has been
experimentally determined to be 7976 Gauss. By
comparison, in a conventional VCM hav:i_.ng return posts
and a similar air gap, ‘and having magnet and plate
thicknesses of 0.78 inches and 0.118 inches,

10 respectively, the magnetic field within the gap has
been experimentally determined to be approximately 7565 ‘
Gauss. Therefore, even without return posts, the
present invention offers an increase in the magnetic
field across the gap of approximately 411 Gauss.

15  Omitting the return posts utilized in conventional VCM
magnet assemblies offers several advantages. First,
the absence of return posts lowers the inductance
within windings 42, thereby increasing the rate ‘at
which the current may change through windings 42. a

20 quicker rate of current change provides quicker seek
times. Moreover, -the absence of return posts allows
better control and greater uniformity of the magnetic
field properties. One reason is that the intensity of
a nlagnetic field in conventional voice coil motors is

25 highly dependent on the height of the return posts.
However, due to -manufacturing tolerances, the height of
the return posts vary from one voice coil to the next,
and therefore, the intensity of the magnetic field

 varies from one drive to the next. By omitting the

30" return posts, the intensity of the magnetic field from
one voice coil to the next remains relatively uniform.

Moreover, within a particular - voice coil of
conventional design, the presence of return posts cause
a variation, or a non-linear profile of the magnetic

This Sheet Has Been Reﬂlaced
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from the perspective shown in Fig. 3, a cross- sectlon
of the windings at two different positions of the
actuator are shown. Points 54a and 54b represent a
first position of the windings where they are at the
horizontal center of the magnet assembly 40. Points
56a and 56b represent a second position of the windings
where they are at a side of magnet assembly 40. The
second case corresponds to the situation where the
heads 24,, are positioned at the inner or outer diameter
of the disks 22,.4. '

In a conventional magnet assembly, the torque
generated by the windings at the first position shown
by points 54a and 54b will be higher than the torque
generated by the windings at the secondzﬁosition shown
by points 56a and 56b. On the other hand, in a magnet
assembly according to the present invention, without
return posts, the difference in the torque generated by
the windings from the first position to the second
position is greatly reduced. Thus, as a direct result
of omitting the return posts, the intensity of the
magnetic field across the length of the gap is more
uniform and linear. This provides a relatively uniform
movement of the windings through the gap, and in turn,
greater uniformity of and control over the movement of
the heads 24,, over the surface of the storage disks
22, 4.

The present invention provides a further advantage in

' that the omission of return posts allows for a simpler

design with less parts and which is less expensive to
manufacture.

In an alternative embodiment of the present invention
shown in Fig. 5, the lower magnet plate 50 may be
enlarged so that both actuator assembly 27 and the
spindle motor 29 are mounted to the base through a pair

ELgur e
perpsoyenard ! C

S a

i on.
to 5
or ned



with the base and/or cover of the disk drive during the drive fabrication
processwod dedges¢inder stood that the present invention may pRgyeseddrdh di sk

drives of various designs and si zes. : WO 96/ 04656

PCT/ US95/ 09479 In a-further enbodi nent of the present invention,
t he top and/ or bottom nmagnet” pl ate may be extended to the area
surroundi ng the spindle notor such thatq4 he actuator and spindl e notor

are both nounted to the top 5 and/or bot t om magnet plates. Such a design
reduces the of mduting esBPEREE Fi tied ﬁﬁo@?ﬂehwéﬁ Q4F Wnasgkaay!l t of
|

e T N ARG 11 S
BRI EF DESCRI REmpér@tulidc WRAW Mt resulbheihnwentiedatvdiid mowelenexpl ai ned
wth referengarllen eittdl fhdUhESnlf 4Rsehibly 40 and windings 42
5 or the actuator assembly 27 and disks 22, due to
thermal expansion. In a further embodiment, to
similarly avoid uneven thermal expansion and relative
movement between the drive components, the cover may
also contain an enlarged magnet plate 48 so that both
10 the actuator aséembly 27 and the spindle motor 29 are
mounted to the cover through a pair of mounting screws ‘
fitted through holes in the steel magnet plate 48.
Although the invention has been described in detail
herein, it should be understood that the. invention is
15 not 1limited to the embodiments ' ‘herein disclosed.
Various changes, substitutions and mbdifications may be
made thereto by those skilled in the art without
departing from the spirit or scope of the invention as
described and defined by the appended claims.



FIGURE 1 is an expl oded perspect ive view a disk drive according to
the presen |on FIGURE 2 is an expl oded perspec f

t he %d%ﬁgé voi ce COI| magnet assenbly according to thi,aﬁlsyél@ra?s)ent
i nventi on; FIGURE 3 is a cross [:------_... of —the vojce coil

magnet assenmbly accerding to the present i nVietis SHIEET 20\s Bed| GURE 4A is a
top view of a magnet plat according to

t he &irmmnb | nventTmShben aced
not ches; FI GURE 4B is a side view of “Pheem e
4A; and S;Jggﬁ i,s an alternative enbodi nent of a d| sk dr|

according to th I nventi on. ) , DESCRI
BEST MODE 1The i rﬂéﬁiﬁbrﬂﬂdﬂm, neompeiadsgri bed with reference to

Figs. 1 - 5, whi | .~ including voice
@ r§ome | ntgg&g#% d@afed! éﬁ\trgi-bﬁﬁent

coil magnet plates 30 w,th base and/or cover of the
di sk drive durinfPhwage megdia owik afRiR pPeRied  ¢RVIiXODMEBESt§BA t hat

t he pr @enbtb@-‘g_ggt HaFormataes;ate with disk drives of vari ous
desi gns and si zes.
a transducer within said sealed environment for
transferring information to and from said storage
media; _ '
an actuator assembly within said sealed environment
10 for positioning said transducer with respect to said
storage media; and
a motor for pivoting said actuator assembly, said
motor including: ' : '
windings mounted on said actuator assembly for
15 conducting an electrical current, and '

a magnet assembly for producing a magnetic field
in the area of said windings, said magnet assembly
including:

at least one magnet juxtaposed to said
20 windings for creating said magnetic field, and
at least one magnet plate juxtaposed to said

. magnet on a side of said magnet opposite to said

windings for transferring magnetic flux of said

magnetic field between poles of said at least one

25 magnet, said at least one magnet plate being
formed integrally as part of said housing such
that no fluid may escape to or from said sealed
environment along a boundary between said at
least one magnet plate and said housing.

30 2. A disk drive as recited in claim 1, further
comprising:

a second magnet juxtaposed to said windings, on

a side of said windings opposite from said at least

one magnet, for exerting a magnetic force on said

I
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- 6- ferring now to Fig. Tlllssimeﬂﬁlﬁem losed a di sk i
i ncl udi ng %ﬁgr ality of storage d nd a 5?:3‘(6’5‘35/?%,47&
read/vvrlte heads 24| err] One he rovi ded for each of the
'S [err] 5 It |s understood that the disk drive 20
ITHE SIdeET HAS fRiEe! gr Iess than t he gg ve-di s¢l,osed nunmbers of disks
head §FPEAEEDr ead/ Yrite head 24 is ‘ﬁpm sed; of a transducer mounted
to a srider. 3

d
actuator arns Pﬁ#ge (gnl'ﬁgﬁgf Pgﬁg&g'%gl 24%2% b&iegtrt&%\r)‘éﬁ?%ﬁg = on
i nductive thmm&mewgndmngsorand an al tefnative embodi nent, may
be a magnet o- 1 esi Sta Vge( MY hhgHaE!p1ARec! R posed !5l Vﬁeg?n&””her

i ncl udes an actuator asse avi ctuator arns err
Actuator assef9neY P8 £5 Sﬁ%vpﬁedﬁt’@ ﬁ%%?n%rﬂéﬁﬂeﬁl r?ERPW% $8i ce coil

not or 5 ("\édMdd fvmﬁiﬂg@ hakelﬁlﬁé.ﬁgferfﬁn séamnmagn@tqcarﬂux
during operati of the drive 20, ks 22‘; %Pare rota %M é
spi ndl e not or ‘ﬁ?“é?ﬁna& r ar nﬂaﬁé[ f5F Ibé 53‘& PEECRBad

24[ err] acrosadadmetsuplarte béihge £ormed imtﬁgraﬂiqﬁ antparts of asaidrred

- between the T QMIAL iR Wnar nEF1d ALY LDEaPLoES G2 FELh L4184

plurality of conce
Sealed environment along a boundary between said

10 second magnet plate and said hous:.ng

Ll_

3. A disk drive as recited in cla_.im 1, wherein said
magnet plate has a thickness of approximately 0.1925
inches. "

4. A disk drive as recited in claim 1, wherein said
15 magnet has a thickness of approximately 0.09 inches.

5. A disk drive as recited in claim 1, wherein said
magnetic field has ‘an intensity of not less than
approx:.mately 79‘76 Gauss

6. A magnet assembly for exerting a force on
20 electrically conductive windings of an actuator
assembly in a disk drive, the disk drive including a
base and cover, . the magnet assembly éoutpriSing:
an upper magnet plate juxtaposed to and above the
windings; | .
25 a lower magnet plate juxtaposed to and below the
windings, said upper and lower magnets creating a
magnetic field in the vicinity of the windings so as to
exert a force on the windings in the .presence of an
electric current through the windingé; :
30 a top magnet plate adjacent to and above the upper
magnet for transferring magnetic f£lux between poles of

* 4 L M H *
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tracks. The drive 2 t her i ncl udes a printed circuit board (PCB)
34 havi ng een Replacsg i - | el ectronl cs for i’E‘? 5

:The head and di sk assenﬁfﬁ ﬁim S ey — o e |05€({U§ ‘ﬂ?ﬁ

‘babe 36 and a cover tquh\ﬁh SHEEDLESMhA geal ed envi ronrrent
for the HDA. The - PCBis preferably | ocalfFaPLav-ah @r si de of the base

36. In a preferred enbodiment, the basdtEan are 30 formed from

al um num As shown in F| gs. 1-4B, the VCI\/I i ncl udes maiaeteg |

assenbly 40 andgga@d e‘ieniél ﬁ?gssﬂ% %Ac@-ge‘ late % &rimbd LY unte
~ bet ween act uat or i %&iigﬁ%rm an %QP and are row% lair?

receive an el ec?‘F'a: Bkeg éfnPaFFoﬁ’lfPEBe3§°VeP9a§H§¥1 ’éb@énﬁpyflmlﬂn@andes

t op WO 96pasESbetween a boundary between the cover aR@TthEoRpPa479

-7- and bog%%gf ga%%s 44 d 46, respectively, which ~maghets are

spaced apart fr T & t hat

a bottom magnet plate adjacent to and below the lower
magnet for transferring magnetic flux between poles of
said lower magnet, said bottom magnet plate formed
within and integrally part of the base such that no

. fluid may pass between a boundary between the base and
10 the lower magnet plate.

7. - A magnet assembly as recited in claim 6, wherein
said wupper magnet plate has a - thickness of
approximately 0.1925 inches.

8. A magnet assembly as recited in claim 6, wherein
15 said top magnet has a thickness of approximately 0.09
inches.

9. A magnet assembly as recited in claim 6, wherein
said lower magnet plate has a thickness of
approximately 0.1925 inches.

20 10. A magnet assembly as recited in claim 6, wherein
said bottom magnet has a thickness of approximately
0.09 inches.

11. A magnet assembly as recited in claim &, wherein
" said magnetic field has an intensity of not less than
25" approximately 7976 Gauss.

12. A method of fabricating a magnet assembly for
voice coil motor of a disk drive, comprising the steps
of:

[
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windings 42 may be located thefehetween. In a preferred

enbodi N"EQg odlfugEEL S 44 and 46 may 335 <t edof g P@g’mﬁ%é al
per manent nagnetic - mat eri al , m " m umiron-boron alToy or
conparable material. - Both magnets i _ gnd bottom surfaces
subst anti al ar el Lo pllane in which the actuator assenbly

pi vots. MaghetiiaaH _,{/ %&% | a direction of magneti zation
substantial iy RES, di to the top and bottom surfaces, and may

be magnetized sygBathal Qneshal meind DDIRONSH1 10 2 die LARTIHPEHEOM

nort h-south magneti zatTon, and t i as a top-to-bottom
- sout h-nort h mégifevMemiQforthe Rage A¥ive: i s preferably provided with the

same nmagnetic pro¢idgAgamiclten usteD Frowi dgieh BAAW édvét Jisd

a magnetic field "B LS set, up,wth flux lines flow froma north
pol e of botto ntRtA6 834, Akt FAFSARY argyn oﬁ#&gr&rﬁﬁ; M388e5 om a
north pol €5 of plaxkeyagnet 20 44 to a south pole of bottom nagnet 46.

As | Il Kk j i ] f .
5 el KO\l o ngdchd e BTECH Micnsn TAEH! LU |
will exert a fforr® dasehof thedidkgdrijeependi cul ar to the direction of

the flux 25 lings ; } ymgl@éﬂ' i : LT, e & fixedly

mounted to the_ngc%'gta_%iraégfggie)ﬁ%#y 27, a%%%%ﬁ%ﬂ%%$ce e%é_g&%b?agﬁe field
B causes actudf$o £addngdie casting arqund saidecsecond|Bagnek: pieked _

thereto, i@ pi VREfixingCadsS1éa8t S WrleaChaghethadli 858d2H ¢t - ahBFodtur ati on
and 30 direction of. the currelnt thI’Or‘liIgh w ndings 42 is _ :

second magnet plates;a ‘

joining said base with said cover to provide a sealed

environment for the disk drive.
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control | ed by PCB 34, so as to'accurately position the

heads 24[err]

over the deg,i ta track on the respective storage disks 22[err
As furtherQ@%gaﬁwgﬁ Figs. 1-4B, the preskht invention 35 fuﬂﬂﬁyu$%m*ﬂées
an upper nmagnet plate 48 to which to

-0-
which will
base.

50 within cover

h oth
Sehr9e1 5d. mgfﬂeo&fp{c e iAeY,

not ch_confi gur q’gﬁ%&%ﬂ"%tg ot her
SR EIais Joce X
38 and gc§£ ’36,’9§0‘§‘§B§giqi

e

e advant age

tries
r and

that both the agned @giskedrdgeandolPrising:and magnets 44 and 46 nay be of
a greater thickness

d gt |
conveﬁ??gﬁ%?edﬁgﬁgggfggé g?gfﬁgaggﬁgaggzgéﬁélﬁ?n%§¥£ﬁﬂpets

W t hin

exanpl e, an 8.5erfaae|appesite[ saip fAEHr syEfacsst or disk 10

drive

having a total height ddifdy | BghtiigN0at B 4B Fhrface anfl APRROnIElY

1.6625 centineter§§é0.665 i nches

| oner nmegynet pPAF
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e opposite géid firséhguﬁ?ace, salid base
cover together forming a sealed environment, with said
first surfaces of said base and cover being within
said sealed environment, and said second surfaces of
said base and cover being outside said sealed
environment; _

storage media within said sealed environment for
storing information;

a transducer within said sealed environment for
transferring information to and from said storage
media; _

an actuator assembly within said sealed
-environment for positioning said transducer with
respect to said storage media; and

a motor for pivoting said actuator assembly, said
motor including: :

windings.ﬁounted on said actuator assembly
for conducting an electrical current, and

a magnet assembly for producing a magnetic
field in the area of said windings, said magnet
assembly including: '

at least ornie magnet juxtaposed to said
windings for creating said magnetic field,
and

. : at least one magnet plate juxtaposed to -

said at least one magnet on a side of said
at least one magnet opposite to said
windings for tzanSfezring magnetic flux of
said magnetic field between poles of said at
least one magnet, said at least one magnet
plate being formed integrally as part of
said base, and having a surface lying in the

i cknesses. of theaggper and

A 0
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and top and bottom nmagnets in a preferred enbodi nent are as foll ows:
15 wWo 9¢RR magnet plate: 0.48125 centineters (0.1925 I nches)

| ower magnet plate: 0.48125 centineters (0.1925 i nc €§’}1595/09479

top magnet : 0. 225 centineters (0.090 inches) 20 bot t om nagnet :

0. 225 centinmeters (0.090 inches). 1 These di nensions allow an air gap
between the top and " bottom magne?s of preferably 0.25 centineters

0. 10 inches). Ij_is understood that et- pl ates and

Enagnets may have di)ffe%%rﬂé Pﬂggﬁn@%se%a%%ﬁfg'?élﬁgg#g% OEeﬁﬁé$'mnts,

and may have differentbaseckneasds atr least dronees magney f platkactors

| arger or smaller thar&rﬁ? Ain %Enti FeLeks (:grfe(r] gg#gﬁs) : fgpe magnet
su% t ot e magne

pl ates are of a I CI € Ickness to prevent I'c field

from the magnets fromigteekirckag| €ithy spadoRpse wheip saig| hase and
creating noise whichg gt Otherw se interfere with the PCB 34 or
ot her _surrounding el ectrical conponents. ‘Thus, for exanple, when
a power ful nagnetic-material is used for top and bottom
nmagnets, thicker aAradisk pdriee @ regitteed in prlaimt 135 furthée magnetic
flux lines from %ao%i)'ﬂ%itrlbrzough t he bas_e and/ or cover.
~ a second magnet juxtaposed to said windings,
on a side of said windings opposite from said at
10 least one magnet, for exerting a magnetic force
on said windings upon introduction of an electric .
current through said windings, and ,
a second magnet plate juxtaposed to said
second magnet on-a side of said second magnet
15 opposite to said windings for transferring said
magnetic flux between poles of said second
magnet, said second magnet plate being formed

integrally as part of said cover.

20 3. A disk drive as recited in claim 1, whezein said
magnet plate has a thickness of approximately
0.1925 -inches.

4. A disk drive as recited in claim 1, wherein said
25 at least one magnet has a thickness of
approximately 0.09 inches.

5. A disk drive as recited in claim 1, wherein said
magnetic field has an intensity of not less than
30 approximately 7976 Gauss.

6. A magnet assembly for exerting a force on
electrically conductive windings of an actuator
assembly in ‘a disk drive, the disk drive

35 including a base and cover, the magnet assembly

comprising: .
! Cc L M s *
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4
-10- The increased thicknesses of the magnets and magnet
plates in t |l ow for an increased magnetic field E%in the!pap
bet ween the top and bottom magnets 44 and 46. In a prefg IU§95/0947
enbodi ment of the present invention,qgM thout return posts and with an
5 air gap between the top and bottom magnets of
approximately 0.25 centineters (0.10 inches), the magnetic field

wi thin the gap has been_experinental l. termned, t e 7976
Mx/cnferr] (7976 C%us%?.p Fnag?ert J (?Iﬁ?asrel oﬁrjoi ha%dcogeg?{ﬁ o%&e VCM
having return pondings; and a sinilar air gap, and having nagnet and

pl ate thi'ckn.eé%%@o&-%é B | ELEEBOLRA Ceo "t by che 0. 295
centimeters (0.118 inches), respéctively, the magneti1c flel'd within
the gap has bechinrddRgs nerdaid ytop anddchetrpRediadnet® SFeabdngtal y

7565 M/ cnfer imaghdeb® £Peld LRAUERE vichENS W, tify eRiMBi gt sbehgr n
posts, the : present invention offers an increase in the nag%gtlc
Fiold actoss t o BXSTH aafoRes Rk she Windipes i, Phe RIgsence Of,aLs)

Onitting the eledttic cwosént thiocughedhe windfngs; conventional VCM
ragnet assenbl i es C)afr]; e11rr§pe1:s'i}ﬁ/aegrnaelt: plate adjacent to and above said
top magnet for transferring magnetic flux between
poles of said top magnet, said upper magnet plate
10 formed within and integrally part of the cover; and
a lower magnet plate adjacent to and below said
bottom magnet for transferring magnetic flux between
poles of said bottom magnet, said lower magnet plate
formed within and integrally part of the base;
15 the magnet assembly’ having no magnetically

permeable return posts.

7. A magnet assembly as recited in claim 6, wherein
said upper magnet plate has a thickness of

20 approximately 0.1925 inches.
8. A magnet assembly as recited in claim 6, wherein

said top magnet has a thickness of approximately
0.09 inches. B

25
9. A magnet assembly as recited in claim 6, wherein
said lower magnet plate has a thickness__of
approximately 0.1925 inches.
30 10. A magnet assembly as recited in claim 6, wherein

said bottom magnet has a thickness of
approximately 0.09 inches.

11. A magnet assembly as recited in claim 6, wherein
35 said magnetic field has an intensity of not less
than approximately 7976 Gauss.

* € L M S *
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advant ages.

First, Qeﬁgg§gpﬁ§nggkk§;urn posts | owers “the inductance
W thin Wb&@bﬁﬂés42 I ng the rate at which the current
may change through J ﬁH“EEE 42. A quicker rate UG e
change 25 provi de times. Moreover, the .absence of
return posts allows better c ryhpreater uniformty of the
magnetic field pra éFﬂ$6§EETPﬁmEBEEN reason is that the intensity of a
magnetic field in Rﬁmwﬁnﬁlonal voi ce coil notors is hi ghly dependent
on 30 t he hei ghtTof the retur—post sS. However, due to

manuf act uri #g -t oRermeiched e fmbzgmabingh@ [TOgMet assembdst sfomry from
one voice coil tgoiba BEXY m?%BQ of a dil¥¥ ARk, téﬁhﬁf%w o%$ gf the

magnetic field varies

return 35
Vvoi ce coi

- 10a§
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romone drive to the next tting the
posE&ePeh@fiintensity of the magnetic field from one
to theoeatingema ngirelat mdghgtunplat® within a . die

cHBESRYEor ™! Molbed B Wi s AR gP! | of

providing molten material from which said cover
is made into said die casting around said first magnet
plate; .
locating a second magnet plate within a die
casting for a base of the disk drive;

providing molten material from which said base is '

made into said die casting around said second magnet
plate;

affixing at least one magnet to said first and/or
second magnet plates;and _

joining said base with said cover to provide a
sealed environment for the disk drive.

13. A disk drive, comprising:

a housing forming a sealed environment;

stbrage media within said sealed environment for
storing information;

a transducer within said sealed environment for
transferring 1nformat10n to and from said storage

media;
an actuator - assembly within . said sealed

environment for positioning said transducer with

respect to said storage media; and
a motor for pivoting said actuator assembly, said
motor including: .
windings mounted on said actuator assembly

for conducting an electrical current, and
. a magnet assembly for producing a magnetic
field in the area of said windings, said magnet
assembly including:

| ) AR

AMENDED SHEET (ARTICLE 19)

~
<




conventional design, the presence of return posts cause a variation, or a

non- | i near ! of; WD 96/ 04656

PCT/ US95/ 03%8%4'6& / ¥ J]n the gap between the’cﬂ}{‘?’%{mf”
bott om nagnets 44 an : referred enbodinent of the
present - invention, w thou 5is and withan air gap bet ween

the top and bottom nmagnets of apprOX| mately 5 0.10 inches; the nmagnetic

field within the gap has been, erlrre to he, 7976

Gauss. By conpari son, ﬁt lESﬁ eﬂpﬁoﬁéghﬁé\/ljgl%%@sr%gj&% sp%'s(%s

and a simlar air gap, awdnldamglsg cmaaﬁleingand plegnetic fhel#ndssashe of

0.78 inches and O0.118,, s{ pﬁ%ﬁdi’ﬁ ¥ g éhﬁsmignperﬁéitf'fl d
rinmen

wi thin the gap has been ex eter to be apprOX| mat el y
7565  Gauss.  Theref §pECe @Deﬁa%\ﬁlt ings ym %wesw £ afesent
invention offers an increaasetirict bar¥eateithzough said windings:

5 at least one plate adjacent to said at

least one magnet for transferring magnetic
flux between poles of said at least one
magnet, said at least one magnet plate
formed within and integrally part of the

10 cover, said at least one magnet plate
including at least one notch for
interlocking with said cover when said cover
is cast.

15 14. A disk drive as recited in claim 13, wherein said
magnet assembly does not include a magnetically
permeable return post.

is Sheet Has Been Refilaced

T
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field across the gap of approxi mately 411 Gauss. 15 Omntting the return
posts “tW%ﬂ%S g¢N conventional gnet assenblies o {'ﬁ@ ra _
advant ages I rst, t he absence of 2#mturn posts Iowers; g?i@ﬂ& ance .
within wi ndings 42, thereby increasing the rate at - which the current

may change through w ndi 7--7;.7%@““&“_&;; i;{l current change

provi des qui cker seek e ice of return posts
~all ows . better contr ol great er uni f o n1t¥mof the magnetic , field

properties. MM@M ¢laims i3 Wayt lieved tgqygtoome theited;

conventional voice coil notors is 25 highly dependent on the hei ght of t he

r et ur nreferenges. In paiculae with wespect teeindepandent Glaimdl, eapplicant has hddedethght  of

the return posts vary fromone voice coil to the next, and t herefore,

t he i niigdication thdt dtleastrone fiaphiet plffednclude V4t Teast ohemrmrdﬂﬂerl ifig with next .
By omtting the 30 return posts, the intensity of the magnetic fTield from .

one vo haké [1:1 %% er,

- Wi t hi nkﬁg %hhlkgu id vg‘f%“é’? clglgl ﬁ,tﬂ%eigénvent %Pgd%?aﬁ%s%egv

{o[lgsrerggﬁeﬂcret urn &osts c ugsse4Aan<f’14ﬁa“ atre(}n! 9 on | i rgear profile of
the present invention, upper and lower magnet plates. may be
formed with notches 52a, 52b, and 52c. When the molten
aluminum is injected into the dye during the base and cover
fabrication, the aluminum flows into the notches 52[a-c]. As
a result, after the aluminum hardens, the notches firmly -
sewrethenpperandlowermagnetplatestothecoverand ‘
base, respectively. _ )

Such notches are nowhere disclosed in cited references.

With respect to independent Claim 6, that claim hasbeen-ani_endedtorecitea_
magnet assembly "having no magnetically permeable return posts". As described in the
application, starting at page 10, line 15, omitting the return posts utilized in conventional
voice coil motor magnet assemblies offers several advantages. First, the absence of
return posts lowers the inductance. within the electrical windings, thereby increasing the
rate at which the current may change through the windings. A quicker rate of current
change provides quicker seek times for the disk drive. Moreover, the absence of return
posts allows better control of the magnetic field properties, due in part to the fact that the
intensity of a magnetic field in conventional voice coil motors is highly dependent on the
height‘ef the return posts which may vary due to manufacturing tolerances. Further still,
the omission of return posts improves the uniformity and linearity of the magnetic field
intensity across the length of the gap-in which the electrical windings are located.

Finally, omission of the return posts allows for a simpler design with less parts and which

is less expensive to manufacture.

T« L M S %



+ 13 - | Cdam 1. A magnet assenbly (40) for exerting a

force on electrically conductive wndings (4

act uat or é@@éﬂﬁ“§6(27) in a disk drive (20), the %kgrgéyg??%e
‘(20) including a base (36) and cover 5 ' (38), the magnet assenbly
(40) including at l.east ong gragnet (44) juxtaposed to the

w ndi ngs (42) for creating the nagnetic field, and at | east one
-magnet plate (48) juxtaposed to the at |east one magnet (44) on

a side of the at |east onepﬁagne
w ndi ngs (42) for
field

48 44) opposite to the
g.magnetic flux of the nagnetic

(48) being 15
and/ or cover (38)‘
at | east one ngiC)
and/ or cover ‘:
cast .

(36)

%g I ncl udi ng
( se (36)
(38) is 20
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2. Adisk drive (20) as recited in claim1, further

conpri si ng, a second magnet (46) juxtaposed 1

wi ndi ngs (M?G’%s% side of said w ndings (42) 05%39 el&r"?;om
said at | east one nagnet (46), for exerting a magnetic force on
said windings (42) - upon i ntyaduction of an electric current

t hr ough : said wi ndings (42), and 30 ' a second
magnet plate (50) juxtaposed to said second nagnet (46) on a
side of said second magnet (46) opposite to said w ndings (42)
for transferring said magnetic flux between pol es of

sai d second magnet (46), said second nagnet plate 35 (50) being
formed integrally as part of the of said base (36) or
cover (38) than in whic - 14 -
said at | east one et plate is forned.

2
12)

48

wn

44

}/-75. 2
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3. A disk drive (20) as recited in claim1l1, wherein sai d at

| east one magnet | ate (48) has a b5 t hi ckness of approxi mat el .
Q. 48125 cenV M@ﬁgé (0. 1925 inches). 4. PCIE ive
(20) as recited in claim1l1, wherein ' said at | east one nagnet
(44) has a thickness of 10 approgigrately 0.225 centineters (0.09
I nches). 5. A disk drive (20) as recited in claim1, wherein
said magnetic field has an intensity of not |ess t han
approximately 7976 Mk/cn2 (7976 Gauss). 15 6. A magngp assenbly
(40) for exertin 3 force on el ectr iggl | y conductTve w ndi ngs
(42) of an actuator assenbly (27) in | sk drive (20), the
di sk drive ( N\LET ;
magnet asse | j
j uxt aposed to v f r |
field, and at 'easfyone nagnerprate (4ago0) | Uxt posed to the
at | east one nmagnet (44/46) on ] side of the at 25 N I E\isg one
magnet (44/46) opposit E—to—tre-jrmprTys— AX—for—t ransferring
magnetic flux of the

545 565> 540 { 5507

T e

AT

\ s

v

FI6. 3

FIG. 44

FI1G6. 46
M
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ﬁagnetic field between poles of the at |east one magnet
| east one

(44/ 46), t ' enent conpri si ng: t he at
%%ﬁ%) bei ng 30 formed integrally as pERFTUSPS47YH

ragnet pl ate

base (36) and/ or cover (38); and the magnet
assenbly (40) having no gyagnetical ly perneable return
posts. 35 7. A magnet assenbly (40) as recited in claim®,

wherein said at | east one nagnet plate (48/50)

- 15- _ has a thickness of approximately 0.48125

centinmeters (0.1925 inches). - 8. A magnet assenbly (40) as recited
in claimbé, wherein said at | east one magnet (44/46) has a 5

thickness of approximately 0.225 centineters

FI6. 5
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\
(0.09 inches). 9. A magnet assenbly (40) as recited in claim®6,
wherein said magnetic field has an intensit, | ess t han
approximately 7976 Mk/cnR (7976 10. A nethod
of fabricating a magnet assembly (40) cdi|l notor of a

di sk drive (20), 15 - conprising the ¥ | ocating a
first magnet plate (48) within a die -3 castlng for a cover (38) of the
di sk drive (20); providing nolten material from which said
cover (3BdnEsgumdeiont owadi provddedst tog maximmiczes atHef imagnetpic

| -
mgnet plate (1o Lo fug YLGERILPSCE SE5g RIS ket Scihod 111 o

castTng for a base
provi di ng nDItehlhatéﬁFaNEﬂVOmAMnkﬁ1Eﬁﬂ%ﬁb@%eprOVlde G@@ st iRRIPIFR 0

sai d die castingsarQunpagié gae&%\eabl@gﬂﬁtteohﬁ PrSPde a return
affixing at | east one nma et 44/46) to sa rst and/ or seg%E
d

magnet pl at 8s (BBEBOFOTa gnetic %ﬁe§aP8tU§§€
ggver (38) to the pemmanéhﬁamagﬂ@w enseegmnﬁm éﬁ&mpme,dE§04k40KA1?0)

490. The magnetic field in this region contributes most
directly to the strength of the torque generated by the
vCM. '

10 The provision of return posts within the VCM creates
certain disadvantages, but the posts have heretofore
been necessary in order to provide the requisite
magnetic field intensity. One such disadvantage is that
the presence of the return posts within the VCM

15 increases the inductance within the windings. As
previously stated, increased inductance results in
slower seek times. Another disadvantage presented by
the return posts is that the posts are manufactured with
engineering tolerances and no two posts are of exactly

20 the same construction. Posts of even slightly different .
sizes and/or constructions will vary the magnetic field
travelling through the closed loop. Thus, the magnetic
field between the magnets, and consequently the torque
created by the VCM, will vary in different disk drives.

25 Further still, providing side posts adds to the

| complexity and cost of manufacturing the disk drive.

| s Y OF THE INVENTION
It is therefore an object of the present invention to
provide a VCM magnet assembly for use in a disk drive,
30 wherein the top and bottom magnet plates are formed
integrally as part of the cover and base, respectively,
of the disk drive. _ '
It is a further object of the present invention to
provide the top and bottom mégnet plates within the

Sheet Has Been Reﬁaced
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1. A disk drive (20) as recited in claim1, wherein said nmagnet

assenbly (40) does not include a magnetical ly permneable return
popst. 35 ' - 16 - 12 A housi ng
for a disk drlve (20), the housing haV| LIL eltand -a
second surface, the- housi ng deflnlng a Egﬁﬁ% %Q*w for the

*di sk drive (20), with said first s lctggr_‘ bei ng

wi thin, and the second surface of the hou5|ng_5 belng outside of the

e e BRHE, ) Sy sOfBUSEYE), UG iz ay phsia

housi ng, said &agkegepagpun@4ghsopoundary betweepdphe magneansaadrthg

i i o Ty &’E@;ﬁit% S tpegpmenee

for the head and disk assemb

]

This Sheet Has Been Reli
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N _ I :
including at |east one notch (52) for interlocking with
t he housi ng when the housing is cast . WO 96/ 04656

PCT/ US95/ 09479 . sai d upper magnet, said top magnet plate fornmed
wi thin and integrally part of the cover such that no fluid may

pass between a boundary between the coye% and t he upper magnet pl ate;
and 5 a bottom magnet pl ate adjacent to and bel ow t he | ower magnet

for transferrh&gﬂgag§@ﬁéf thEghetwfﬁﬁﬁﬂﬁﬁfgffgnSr ofajﬁiﬁﬂmebt ghet,

sai d bottom nmagnet ate forned | tthin and integrally part of the base
such that no geomeixies nPifhs ¥iddt vBRAVA BOuRRhRSFIRG t HeCH&Se and 10

t he Iomer_rﬁnngﬂegggaggs to the 'coverPAafBgpakeassenbly as recited in claim

6, wherei sald upper-. nagnet | at '
o _Q-_ Formi&% the ékper ghg'fbwggsmagneghbiggggs4802nd
50 within cover 38 and base 36, respectively, offers
5 the advantage that both the magnet plates 48 and 50

and magnets 44 and 46 may be of a greater thickness as
‘compared to magnet plates and magnets within
conventional disk drives of the same size. In, for
example, an 8.75 centimeter (3% inch) form factor disk
10 drive having a total height (not including the PCB 34)
of approximately 1.6625 centimeters (0.665 inches),
the thicknesses of the upper and lower magnet plates
and top and bottom magnets in a preferred embodiment’
are as follows: l
15 | upper magnet plate: 0.48125 centimeters (0.1925
inches)
lower magnet plate: 0.48125 centimeters (0.1925

inches)
top magnet: 0.225 centimeters (0.090 inches)
20 bottom magnet: 0.225 centimeters (0.090 inches).

These dimensions allow an air gap between the top and

bottom magnets of preferably 0.25 centimeters (0.10

inches). It is understood that the magnet plates and

. magnets may have different thicknesses in alternative

25 embodiments, and may have -different thicknesses for

drives having form factors larger or smaller than'8.75

centimeters (3% inches). The magnet plates are of a

sufficient thickness to prevent the magnetic field

-from the magnets from paésing completely through the

30 plates and creating noise which may otherwise

interfere with the: PCB 34 or other surrounding

electrical components. Thus, for example, when a

powerful magnetic material is used for top and bottom

magnets, thicker magnet plates are required to prevent

35 the magnetic flux lines from passing through the base
and/or cover.
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N
approxi mately 0.1925 inches. - 8. A magnet assenbly as recited in
claim6, wherein 15 said top nmagnet has a thickness of approximately 0.09

iznches. 9.. A nmagnet assenbly as recited'in claim6, wherein

said lower nmagnet plate has a thickness of - - approximtely.0.1925
I nches. 20 10. A magnet assenbly aggrecited in claim®6, wherein

sai d bottom magnet has a thickness of approxi mately 0. 09 i nches.

11.. A magnet assegply é&géaectmru&i@éé@@ SEheEgkn sesd drpgnetic
field has an |ntensf|1tg ll?ér mag% géGauss

[ess hgprom mat el
12. A net hdﬂaﬁne’r:abpl%’éﬁngnh rﬁi’@neﬁ’%s@ Py BPT anvdlrt%??cﬁqd not or of

a di sk drive, mson®¢isi fileldes sirefthe gapPbetween the top and bottom
magnets 44 and 46. In a preferred embodiment of the
present invention, without return posts and with an

5 air gap ‘between the top and bottom magnets of
approximately 0.25 centimeters (0.10 inches), the
magnetic fieid within the gap has been experimentally
determined to be 7976 Mx/cm® (7976 Gauss). By
comparison, in a conventional VCM having return posts

10 and a similar air gap, and having magnet and  plate

| thicknesses of 1.95 centimeters (0.78 inches) and
'0.295 centimeters (0.118 inches), respectively, the
magnetic field w:.thln the gap has been experimentally
determined to .be approximately 7565 Mx/cm® (7565

15 Gauss) . Therefore, even without return posts, the
present invention offers an incréase in the magnetic
field across the gap of approx:.mately 411 Mx/cm?® (411
Gauss) .

' Omitting the return posts utilized in

20 conventional VCM magnet assemblies offers several -

advantages. First, .the absence of return posts lowers

the inductance within iwindings 42, thereby increasing

the rate at which the current may change through

windings 42. A quicker rate of current change

25 provides quicker seek times. Moreover, the absence of

return posts allows better control and greater

uniformity of the magnetic field properties. One

reason is that the intensity of a magnetic field in

-conventional voice coil motors is highly dependent on

30 the height of the return posts. However, due to

manufacturing tolerances, the height of the return

posts vary from one voice coil to the next, and

therefore, the intensity of the magnetic field varies

from one drive to the next. By omitting the return

35 ‘posts, the intensity of the magnetic field from one
voice coil to the next remains relatively uniform.
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REPLACEMENT SHEET L 20 12.
A nmethod of fabricating a nagnet assenbly for voice coil notor of "a disk
drive, ' conprising the steps of: ’ | ocating a first magnet
plate within a die casting nold for a cover of the disk drive; _
providing nolten material from which _sai'(?Japover is made into said die
casting nold around said first nmagnet plate; | ocati ng a second

magnet plate wt hiﬁ@f_@egiv%rqasark&ﬂiﬁol d f%é%@iééiéro‘cvéféediédﬁﬂr Iye;

provi ding nolten erra romwhi ch sai ase 1s made into said die
casting nol d econvedtioged sdeshanmagite prasence of rgEurn; RPS| east

one magnet to,sald firgh 30¢4Qn Se6eNd NBgRet ipkareprafiiie of the Oining
sai d base witf sal d Cover to provide a sealed environmet for the disk
drive. magnetic - _ ,
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ié. A net hod of providing a magnet plate for a disk drive, conprising the

steps of: : | ocating a magnet plate within a die casting nold for at
leeast a portion af a housing of the disk drive; dnd provi di ng
nolten material fromwhich said at | east a portion-of the housing irs nmade
into said die casting nold around saLdlgagnet pl at e. 14. A et hod of

providing a magnet plate for a disk drive as recited in claim 13, further
conpri si ng thf éiggmpf i nterlocking said magnet plate with said at |east a
portion of thg—=" housi ng during said step of providing nolten

mat eri al int olsai dAdimagnes i agsaBPly (40) for exerting a force on

electrically conductive windings (42) of an
actuator assembly (27) in a disk drive (20), the
disk drive (20) including a base (36) and cover
s (38), the magnet assembly (40) including at least
one magnet (44) juxtaposed to the windings (42)
for creating the magnetic field, and at least one
magnet plate (48) juxtaposed to the at least one
magnet (44) on a side of the at least one magnet
10 - (44) opposite to the windings (42) - for
| transferring magnetic flux of the magnetic field
between poles of the at least one magnet (44),

the improvement comprising:
the at least one'magnet plate (48) being
15 formed integrally as part' of ‘said base (36)
and/or cover (38), the at least one magnet plate
(48) including at 1least one notch (52) for
interlocking with said base (36) and/or cover
(38) when said base (36) and/or cover (38) is

20 cast.

2. A disk drive (20) as recited in claim 1, further

comprising: _
a second magnet (46) Jjuxtaposed to said
25 windings (42), on a side of said windings (42)

opposite from said at least one magnet (46), for
exerting a magnetic force on said windings (42)
upon introduction of an electric current through
. said windings (42), and
30 a second magnet plate (50) juxtaposed to
said second magnet (46) on a side of said second
magnet (46) opposite to said windings (42) for
transferring said magnetic flux between poles of
said second magnet (46), sald second magnet plate
35 (50) being formed integrally as part of the other
of said base (36) or cover (38) than in which

* c L M S *
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conprising the steps of:

15.

A method of providing a magnet plate for a disk drive,

| ocating a nmagriet plate within a di

e

easting nold for .at | east a portion of a housing -of the disk drive;
providing nolten material fromwhich said at |east a portion of the housing

is made into

PCT/ US95/ 09479 -
pl ane as sai d second surface of said base, said

mganet , akgﬁedrive (20) as recited in claim 1, wherein

| east

one

10

15

20

25

30

35

said die casting nold aro%@d_said magnet pl ate; and
I nterl ocking said nagnet plate with sai

during said step gglargfdu@gsmphggp
around sai d nagnet

pl at e. /0 6
- 18

said at least one magnet plate (48) has a
thickness of approximately 0.48125 centimeters
(0.1925 inches).

A disk drive (20) as recited in claim 1, wherein
said at least one magnet (44) has a thickness of
approximately 0.225 centimeters (0.09 inches).

A disk drive (20) as recited in claim 1, wherein
said magnetic field has an intensity of not less

than approximately 7976 Mx/cm? (7976 Gauss).

A magnet assembly (40) for exerting a force on

at

electrically conductive windings (42) of an

actuator assembly (27) in a disk drive (20), the
disk drive (20) including a base (36) and cover
(38), the magnet assembly (40) including at least
one magnet (44/46) juxtaposed to the windings
(42) for creating the magnetic field, and at
least one magnet plate (48/50) juxtaposed to the
at least one magnet (44/46) on a side of the at
least one magnet (44/46) opposite to the windings
(42) for transferring magnetic £flux of the
magnetic field between poles of the at least one
magnet (44/46), the improvement comprising:

the at least one magnet plate (48/50) being
formed integrally as part. of said base (36)
and/or cover (38); and

‘the magnet assembly (40) having no
magnetically permeable return posts.

A magﬁet assembly (40) as recited in claim 6,

- wherein said at least one magnet plate (48/50)

at least a portion of the housing
168 o §apsrhiée. casting nold
6

sane
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I ncl udi ng at | east one not ch for I nterl ocking
wth said base when sai d base |s .cast. 5 2. A
glisk drive as recited in claim1, further conpri si ng:

a second magnet juxtaposed to said w ndings, o on a side of said
wi ndi ngs opposite fromsaid at 1Q - 15 -|east one magnet, for exerting a
magnetic force on said wi ndings upon introduction of an

el ectric hascura enthilicksegs sadf wiapprgcimapely 0.48125 a

second nmagnet p'atSehﬁiﬁéEQ§§d(b01§§5d1nches) second magnet on a side
of said second magnet . opposite to said windings for

transferring said magnetic flux between poles of said

second 8. A”?fﬁ@@ie S@sse:mssynct4rmgrwé @lea&eeaelm toesRd 6,
integrally as part of said reC|ted in

v
claim 1 whorein sufgrein’ sal€dt 1&3ar pnd: sadnet, (adlabls as
appromsratel y thicknes8. 1825 appheximately 0.225 Acdirskinitess as
recited in cIa|n11 r d 25 at least one nmmagnet has a
t hi ckness (o“@? §h§h%§gX|ﬁately 0. 09 inches.

9. A magnet assembly (40) as recited in claim 6,

wherein said magnetic field has an intensity of

10 not less than approximately 7976 Mx/cm® (7976
Gauss) .

10. A method of fabricating a magnet assembly (40)
for voice coil motor of a dlsk drive (20),
15 comprising the steps of:
locating a first magnet plate (48) within a die
casting for a cover (38) of the disk drive (20); '
providing molten material from which said cover
(38) is made into said die casting around said first
20 magnet plate (48);
locating a second magnet plate (50) within a die
casting for a base (36) of the disk drive (20);
providing molten matepial from which said base
(36) is made into said die casting around said second
25 magnet plate (50); '
affixing at least one magnet (44/46) to said
first and/or second magnet plates (48/50); and
joining said base (36) with said cover (38) to
_ ﬁroVide a sealed environment for the disk drive (20).

30
11. A disk drive (20) as recited in claim 1, wherein
said magnet assembly (40) does not include a
magnetically permeable return post.

35

msngeen | |11 1111



‘5. Adisk drive as recited in claim1l, wherein said magnetic

field has an intensity of not |ess than 30 approxi mately 7976
yGauss. 6. A mgnet assenmbly for exerting a force on
electrically conductive w ndi ngs of an actuator assenbly in a
disk drive, the disk drive 35 . ,. _ including a base and cover, the"
magnet assenbly conpri si ng: WO 96/ 04656

PCT/ US95/ 094 atop
magnet j uxt a%%Sed toh%%%l%%ofgﬁ ha disk dnv%l (2303 the hous:.ng bottom

magnet | uxt abavédat oagrfizall ogurface and § n§$ﬁ9§d ssnEfaep. achhEbot t om

magnets creajhigidg c?,ef:.nﬂ?@nﬁt'é‘eiléﬂ deh{}lEBﬁmléh‘E' ntdy ehet Rt ndings so
as 5 to exert orce on the wndings in_the presence of

an
el ectric curéshvet h(r2dl)grh vhehyisddidgsirst surface of the housing
being within, and the second surface of the housing

5 being outside of the sealed environment, the
improvement comprising:
forming a magnet plate (48/50) 1ntegrally as
part of the housing, said magnet plate (48/50)
capable of transferring magnetic flux between
10 poles of a magnet of an actuator assembly (27) of
the disk drive (20), said magnet plate (48/50)
including at 1least. one notch (52) for .
interlocking with the housing when the housing is
cast.

.ox c L M s *
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an upper magnet plate adjacent to and a'bove; sai d

transferring magnetic flux between ~ poles of s' L ap- ﬁe:[_f‘“"%ii d
upper magnet plate 10 formed within and integra cacdﬁaéfﬁé*cb ?
and a |l ower magnet plate adjacent to a d eI o

bottom magnet for transferring magneti€ ¥ lux betwedhqie:. < _.said

bott om nagnet, said | ower magnet plate for A
part of the base; 15 the nmagnet assenbly haV| Qf
nagnet i cal | anlwratlpErWP@aBF@’lﬁe@ thonmpseigrige the magnetic fi n@!e assenbl y

as recited {{uiqhig} r&%n%%&@éﬂh as windings, S aprd Hag%elér&gem iRl a&fe has a
t hi ckness of 20 pr oxi mat el 1925 i nche A magnet

assenbl y asTPHORt ‘é?i’tirhb’ttleél il dWF‘é’FiY (fo the Btrengths%# &hFo'i?rﬁﬁﬁnet has a
t hi ckness ogezﬁa&atéuubgratm ycm. 0.09 inches. 25 9. A magnet

assenbly as reci in cl.ai aqnet pl ate

wer
has a thi ckness &'1? provision ofﬁ’z'ett%rélx orl:t rutl'ﬁ.n %vé Cchrea es cgﬁt A

magnet assedidadvastagesi thag the (pbatsmhsve \kheﬂnfnre been necessaxyi dn d@'-@erom
magnet  hasg, q:ro(rmep lﬁﬂgsx%qugélte magnetic £i@PP’ Qi‘.éﬁ@&?l Y ddeOfhdnnches.

disadvantage is that the presence of the return posts within the VCM
increases the inductance within the windings. BAs previously stated,
increased inductance results in slower seek times. Another
disadvantage presented by the return posts is that the posts are
manufactured with engineering tolerances and no two posts are of
exactly the same construction. Posts of even slightly different
gizes and/or constructions will vary the magnetic field traveling
through the closed loop. Thus, the magnetic field between the
magnets, and consequently the torque created by the VCM, will vary in
different disk drives. Further still, providing side posts adds to

the complexity and cost of manufacturing the disk drive.

SUMMARY OF INVENTION

According to the present invention, there is provided a disk
drive, comprising:

a base having a first surface and a second surface opposite
said first surface:;

a cover having a first surface and a second surface opposite
said first surface, said base and cover together forming a sealed
environment, with said first surfaces of said base and cover being
within said sealed environment, and said second surfaces of said base
and cover being outside said sealed environment;

storage media within said sealed environment for storing
information;

a transducer within said sealed environment for transferring
information to and from said storage media;

an actuator assembly within said sealed environment for

positioning said transducer with respect to said storage media; and



§§c1

11. A.magnet assenbly as recited in claim®, mherel P -
pm,n‘apprquﬂately

magnetic field has an intensity of not |ess

7976 Gauss. WO 96/ 04656 12. fabgbrlcaglng a
magnet assenbly for voi ce coil motor of ||angdi sAl! 4 ______________ ot i sing
t he st eps of: | oeat i-ng a firBi—rmen phate-wi-thin a
die 5 casting for a cover of the disk drive; prOV|d|ng
nolten material fromwhich said cover is made into said die casting

around said firse Peffefor pivoting| ggid: actuator assemhlye gaidgmeta¥econd magnet
plate withi Bngiudiifg:10 casting for a base of the di sk drive;

prOV|d|ng nolten material fromwhich sai d base
windings mounted on said actuator assembly for conducting an

electrical current, and

a magnet assembly for producing a magnetic field in the area of
said windings, said magnet assembly including:

at least one magnet juxtaposed to said windings for creating
said magnetic field, and _

at least one magnet plate juxtaposed to said at least one
magnet on a side of said at least one magnet oppecsite to said
windings for transferring magnetic flux of said magnetic £ield
between poles of said at least one magnet, said at least one magnet
plate being formed integrally as part of said base, and having a
surface lying in the same plane as said second surface of said base,
said at least one magnet plate including at least one notch for

interlocking with said base when said base is cast.

The disk drive may further comprise:

a second magnet juxtaposed to said windings, on a side of maid
windings opposite from said at least one magnet, for exerting a
magnetic force on said windings upon introduction of an electric
current through said windings, and

a second magnet plate juxtaposed to said second magnet on a
side of said second magnet opposite to said windings for transferring
said magnetic flux between poles of said second magnet, said second

magnet plate being formed integrally as part of said cover.

The magnet plate may have a thickness of approximately 0.1925

inches.

The at least one magnet may have a thickness of approximately

0.09 inches.

The magnetic field may have an intensity of not less than

approximately 7976 Gauss.



made into said die casting around said second nmag
affixing at |east one nmagnet to said first and/or

pl at es; and joining said base with said

seal ed environment for the disk drive. 20  18.

conpri si ng: a housing form+yg a seal ed

storage nedia within said seal ed environnent for storlng THTOF mat i on
a transducer within said seal ed environnment for 25 transferring

i.nf ormati on to akwfoirding &aiahoshey agpect of thepdnvention, there isgprovidediat or

assenbly vw.fﬂlagﬂet 28b&nb19ePdredxerting @%ké@%ﬁeﬁect{'%an?%nhhgﬂv@g sai d
t ransducer respect to said storage ned

not or for p‘?"\PGt‘PﬁFFg of 2% a&El“ﬂ%&’Fo‘?‘“%‘EEﬁﬂF‘y dgﬁf‘odr”e' thﬁo?’cﬂk ARkeudi ng

W ndi ngs WDLh’Hl&dufy’laSBasi and Wwaver, &R6albhyt assembly compriginmganducti ng an
el ectrical current [

magnetic 35 t°Pf‘f'%qn8t| FERROSE A B c?flgs ﬁgﬁhﬁg?’fb@?‘gghrgrﬁégg? cine e
assenbl y i ncl udi mgrottom magnet juxtaposed to and below the windings, said top
| and bottom magnets creating a magnetic field in the vicinity of the
windings so as to exert a force on the windings in the presence of an
electric current through the windings;
an upper magnet plate adjacent to and above said top magnet for
transferring magnetic flux between poles of said top magnet, said
upper magnet plate formed within and integrally part of the cover;
and
a lower magnet plate adjacent to and below said bottom magnet
for transferring magnetic flux between poles of said bottom magnet,
said lower magnet plate formed within and integrally part of the
base;
the magnet assembly having no magnetically permeable return

posts.

According to a further aspect of the invention, there is
provided a method of fabricating a magnet assembly for voice coil
motor of a disk drive, comprising the steps of:

locating a first magnet plate within a die casting mold for a
cover of the disk drive;

providing molten material from which said cover is made into
said die casting mold around said first magnet plate;

locating a second magnet plate within a die casting mold for a
base of the disk drive; '

providing molten material from which said base is made into
said die casting mold around said second magnet plate;

affixing at least one magnet to said first and/or second magnet
plates; and

joining said base with said cover to provide a sealed

environment for the digk drive.
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at | east one magnet juxtaposed to said REPLASHMAENDSHE I ng a
magnetic field in the vicinity of {lsaid w4 pgs,.s0 to
exert a force on said windings in tﬂ?ﬁep%ﬂ',@%&sa

el ectric current through said w ndi ngs; sab- one
pl ate adjacent to said at | east one magnet for transferring

magneti c flux between poles of said at | east one
nmagnet, said atAteadingne pegrefurthet easpect of the inventibos mberevitshi n and

integrally Bf'c;vtldgé J R@It%% S‘c‘.jipnrgvi%‘:iing alnga%étgf ’pla§§if@ra$ dihﬁ 've,one nmagnet

plate . one  notc or
I nt er | ocki ng°mrﬂﬁlf§aitéeﬁ¥\¢5?_%en said cover _ is cast. 15
14. A disk driveisstifgid @ghdt phaddwichinhedi@i Basdtdhg mold forTBENRIagdSSEMDIY
does not include ,a magnetically ,ger neabl e return post.

a portion of a housing of the disk drive; and

providing molten material from which said at least a portion of
the housing is made into said die casting mold around said magnet

plate.

The method of providing a magnet plate for a disk drive may
further comprise the step of interlocking said magnet plate with said
at least a portion of the housing during said step of providing

molten material into said die casting mold.

According to yet another aspect of the invention, there is
provided a method of providing a magnet plate for a disk drive,
comprising the steps of:

locating a magnet plate within a die casting mold for at least
a portion of a housing of the disk drive;

providing molten material from which said at least a portion of
the housing is made into said die casting mold around said magnet
plate; and

interlocking said magnet plate with said at least a portion of
the housing during said step of providing molten material into said

die casting mold around said magnet plate.

BRIEF DESCRIPTION OF THE DRAWINGS

In oxder that the invention might be more fully understood,
embodiments of the invention will be described by way of example

only, with reference to the accompanying drawings, in which:

Figure 1 is an exploded perspective view a disk drive according

to the present invention;
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Applicant has anended the clains in a way that is b
cited references. In particular, with resect to in
applicant has added the |imtation thaseat |east ofie qggﬁé%_
"at | east one notch for interlocking wwth said bas 1
cast." As stated in the application starting in page 8, |line 27:

As shown on Fi gsFigukeahds48 expnlededr péxspeetivenpinti A rithepémbedded voice t he
present 1 nvehy! R&ne%p%emﬁﬂgg Jc%‘f‘dingaﬂé‘%ke Rir3k&st ThvYert@on;

formed with notches 52a, 52b, and 52c. Wien the nolten )
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f abri c?ti on?sdehsllﬁlaua?fuiﬁigf t]:d)\r?ﬁe ijﬁl@@eﬁ&1ﬁni?éﬁtﬁbﬂﬁ 5f2[ a;ﬂ cl. As

aresult, after e_al ym.num har dens, .t he netc ir

secure the upperﬁﬁéel%hvxéf haghetr sy 3t easm?%nettthgf%oe ?°r3%69 to the

base, respeptesent \invention inQudimgiabtétes;are nowhere disclosed in cited

ref erences. rigurdV I8 1665 Gke 1A b S RED Waibbafdedt lm! Rk1G! A0 has been

anended to recite a
and :

Figure 5 is an alternative embodiment of a disk drive according

to the present invention.

DESCRIPTION OF EMBODIMENTS

Referring to the drawings, Figures 1 to 5 relate in general to
a disk drive including voice coil magnet plates formed integrally
with the base and/or cover of the disk drive during the drive
fabrication process. It is understood that the present invention may

operate with disk drives of various designs and sizes.



nagnet assenbly "having no magnetically perneable ret TPOsSts ;
described in the application, starti'ig-at page 10, | rﬁ‘ePLSbEMﬁNtTtS"fFQ:Tt je
return posts utilized in conventional voice coil notlpr ga{e%m

of fers several advantages. First, the absence of ret|uP8tepges

I nductance within the electrical w ndi g, thereby intct the—Tat
whi ch the current may change through the w ndings. A quicker rate of
current change provi des qui cker seek tines for the disk drive. Moreover,

I Sper A" G ML or Rl i by i bl eSpOBE T o 8,

I n conventional voice coil nDtors I's highly dependent on the height of the
return posts whinptising ghe/steps aftie t o nanufacturing tol erances. Further still
the om ssion of return posts inproves the uniformty and linearity of the
magnetic fi el gocatifis @ Firktistagiet Phate withinl 2digicasting mold fopp coverofitehdisk drive;
electrical windings are located. Finally, om ssion of the return posts

allows for a i&ﬁé&mm&hwmmm&w&wwo

manuf act ur e.

said first magnet plate; |
loeaﬁngasecondmagnetplatevv‘itﬁinadiecasﬁngmoldforabaseofthediskdrivc;
providing molten material from which said base is made into said die casting mold around

said second magnet plate; |
affixing at least one magnet to said first and/or second magnet plates; and

joining said'basewithsaidcovertopmvideasealedenvimnmentforthediskdrive.

13. A method of providing a magnet plate for a'disk drive, comprising the steps of:
Iocqﬁngamagnetplatewithinadie castihgmoldforatleast a portion of a housing of the
disk drive; and |
pmviding molten material from which said at least a portion of the housing is made into

said die casting mold around said magnet plate.

14. A method of providing a magnet plate for a disk drive as recited in claim 13, ﬁn'the_r
comprising the step of interlocking said magnet plate with said at Jeast a portion of the

housing during said step of providing molten material into said die casting mold.

* [ L M s *
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15. A method of providing a magnet plate for a disk drive, comprising the steps of:
locatingamagnetpintewithinadiecastingmoldforatleastaporﬁonofahousingofthe.
disk drive;
providing molten material from which said at least a portion of the housing is made into
said die casting mold around said magnet plate; and |
,inteﬂocidngsaidmagnet_platcwithsaidatleastaporﬁon of the housing during said step
of providing molten material into said die casting mold around said magnet plate.
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