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Backaround of the Invention

Baseplates or bases for data recording disk drives, such as rigid magnetic

recording disk drives, are complex three-dimensional structures that provide a rigid

and precise platform upon which multiple mechanical and electronic components

are mounted. Prior art disk drives typically use a machined die-cast aluminum

baseplate since it has the following properties: 1) a die-cast structure allows a

variety of three-dimensional geometries; 2) metal material has high strength and

dimensional stability; 3) a die-cast structure can be easily machined to provide

tight-tolerance datums and features to accept fasteners; 4) the material is

electrically conductive for electrical shielding; and 5) the material is low cost.

Die-cast aluminum baseplates have the following limitations: 1) it is difficult

to achieve tolerances tighter than about 0.15 mm without post-machining; 2) wall

thicknesses less than 0.5 mm are difficult to achieve; 3) tight-tolerance features are

limited to shapes which can be made by casting and post-machining with an

end-mill; and 4) they typically require a polymer cozting to guarantee an air-tight

seal for contamination contro! and to prevent surface corrosion. While these
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limted to shapes which can be made by casting and post-nachining with an

end-mll; and 4) they typically require a polynmer coating to guarantee an
air- tlght seal for contami nation control and to prevent surface corrosion.
Wi | e these limtati ons have not posed problens for large, e.g., 2.5"

'3.5" formfactor disk drives, they place significant constraints on
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compared to the machining and coating costs, which do not scale down lineary with
baseplate size.

Plastic has been considered previously as a baseplate material for large disk
drives. US Patent 5,025,335 describes a 3.5" disk drive with a base and cover of
molded plastic. However, the use of plastic alone for a baseplate has several

disadvantages: 1) plastic requires a conductive coating or filler in order to be

" electrically conducting, and even with such measures, its conductivity is inferior to

aluminum; 2) low-cost plastics are less rigid than aluminum; 3) dimensiqnal stability
is inferior to aluminum due to creep and lower phase transition temperature; and

4) some plastic materials can outgas hammful vapors into the intetior of the disk
drive.

A composite sheet metal and plastic base for a 2.5" removable disk drive
that uses a plastic skeleton-like sheet with a sheet metal insert in an inner portion of
the plastic sheet is described in US Patent 5,243,495. The metal insert, which
supports the disk drive actuator and spindle motor, is glued or heat staked to the
plastic sheet at various locations around its periphery. This semi-flexible bonding of
the metal insert to the plastic sheet is designed to provide shock damping for the

components mounted on the metal insert. Because the metal insert covers only an

e
i ces.
mal |

di sk

a
and

ity

or



Is inferior to alumnumdue to creep and | ower phase transition
tenperature; and 4) sone plastic materials can outgas harnful vapors into
the interior of the disk drive. A conposite sheet netal and pl astic base
for a 2.5" renovable disk drive that uses a plastic gkeleton~-ike-shesgt
With a sheet nmetal insert in an inner gortion of the PHI&sSHEETSHERBEEN
described in US Patent 5,243,495. The netal insert, whi chRERpACEDt s the di sk
“drive actuator and spindle notor, is glued or heat staked To The ptastic
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i nsert covers on I nn sti ¢ € conposite

base does W{Dgfﬁ%ﬁf‘@%ﬁ?ﬁt@itﬂ{agig%g to the base and does not electrically shield

t he conponen ro f'oni cs card nounted beneath the base. Wat is
needed is a dis ri.ve base. that i.s sufficiently rigid.and provides
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superior to
a

dequate electrical shielding, but is also low cost and allows tolerances superior to

die casting, such that post-machining of datums is not necessary.

Summary of the Invention

The invention is a miniature removable disk drive that meets the
CompactFlash type Il form factor and interface specifications. The disk drive uses
a composite sheet metal/plastic tub-shaped base for supporting the disk drive

' components, e.g., the spindle motor with attached disk, the voice coil motor
actuator with attached read/write head, and the preamplifierfwrite driver electronics
module. The composite base is a metal plate with a flange extending around its
petimeter and a plastic frame that encapsulates the flange and surrounds the
perimeter of the metal plate. The metal plate supports the disk drive spindie motor
and voice coil motor actuator and is made of high magnetic permeability, low
coercivity material so that it can form part of the magnetic circuit of the spindle
motor and/or actuator. The flanges on the metal plate provide rigidity and allow the
base to be fabricated by injection molding the plastic frame onto the metal base so
that the plastic encapsulates the metal flanges to form the walls of the tub-shaped
base. An electronics card is located beneath the metal plate and is electrically

shielded from the read/write heads and electronics module by the metal plate. Top
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.di e casting, such that post-nmachining of datums is not necessary. Summary
of the Invention Preferably, the present invention is a mniature renovabl e
di sk drive, as described below, that neets the ConpactFlash type Il form
factor and interface specifications. The disk drive uses a conposite sheet
met al / pl astic tub-shaped base for supgorting the disk drive conponents e.g.
the spindle notor with attached di sk, the voice coil notor actuator with
attached read/ wite head, and the preanplifier/wite driver electronics
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For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the folloWing detailed description taken

together with the accompanying figures.
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Brief Description of the Drawing T o

Fig. 1 is a perspective view of the composite disk drive base of the present
invention.

Fig. 2 is a perspective view of the sheet metal plate used in the composite
disk drive base of the present invention.

Fig. 3A is a sectional view of a wall of the base showing the injection molded
attachment of the plastic frame to a perpendicular flange of the metal plate.

Fig. 3B is a sectional view of a wall of the base showing the injection molded
attachment of the plastic frame to a sloped flange of the metal plate.

Fig. 4 is a sectional view of a portion of the base showing the metal plate as
part of the magnetic circuit of the magnet assembly of the voice coil motor actuator.

Fig. & is a perspective view of the composite base showing the mounting of

a self-contained spindle motor assembly to the metal plate of the base.
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-4 and bottom covers are attached to the frame to enclose the disk drive
conponents and the el ectronics card. Because the franme is nade of plastic
the corners may be nade with intricately shaped cutouts that allow

el astonmeric corner bunpers to be interlocked into the frame at the corners.
‘The corner bunpers extend beyond the faame and the covers so as to provide
shock protection if the mnature renovable disk is dropped. According to an
"aspect of the present invention there is provided a magnetic recordi ng disk
drive conprising: a base conprising a generally planar metal plate having
an outer peri net®P BAFeLtPNa ViR eke eadicA! He @ﬁiaEWQ}eéWW&ﬂ%ﬁg”tﬁ'ane of the
pl at e around ?t | east a portion of the plate perineter, and a plastic frane
encapsul atf95h'a" e ait ¥ SRRAICoNALAT RE2 TS peri neter of the netal plate,
the plastic fr%‘r_re havi ng perinmeter walls oriented %e_ner al IH%/ erpendi cul arly
to the plate with %i8& §5cHeRg!viey ot poftionmb thechasg ShRWKG BR Ateld Rlafe@st he

hol es of the flange to provide nechanical interlocking of the plastic frane
to the metRam ofthe &agnep cifenicofitbe spingtamewed to a first side of the netal
plate; a magnetic recording disk attached to and rotatable by the spindle
not or; a voi ce Fi%if is ResspeRtive yiayr oflthedoie® of thasearepasite siskgirye bgseohe net al

pl ate; a head attached to and novabl e by the actuator for reading or
writing ddhe pessenhinvention shoing cavities in the body portion of the plastic frame.

Fig. 9 is a perspective view of an elastomeric bumper for attachment to the

corners of the plastic frame.

Description of the Preferred Embodiments

A composite sheet metal/plastic base 10 for a miniature magnetic recording
disk drive is shown in Fig. 1. The base 10 has a tub shape with the floor of the tub
being a sheet metal plate 12. A plastic frame 14 surrounds the perimeter of the
plate 12 and is integrally formed with the plate 12 by means of injection molding to
the plate 12. The plastic frame 14 has a generally rectangular perimeter defined by
walls 16,17,18,19, and an interior body 20. At least one magnetic recording disk,
the spindle motor for rotating the disk, the read/write heads, the voice coil motor
actuator that supports and moves the heads across the surfaces of the disk, and
other components are mounted inside the tub, while the disk drive’s electronics
board or card attaches to the bottom of base 10. Top and bottom covers (not
shown) are atftached to the base 10 at the threaded comer bores, such as bore 15.
Top and bottom gaskets (not shown) are located between the frame 14 and the

covers to form a sealed enclosure. The base 10 includes a mounting interface for



‘disk; an electronics card attached to the other side of the netal plate; a
top cover attached to the plastic frame for covering the spindle notor and
actuator: and a bottom cover attached to the plastic frane for covering the
el ectronics card. For a fuller understanding of the nature and advant ages
‘of the present invention, reference stould be nmade to the foll ow ng

detail ed description taken together with the acconpanying figures. 4a
"Brief Description of the Drawing Fig. 1 is a perspective view of the
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per pendl cul aFnafryll gp&lca ions gfethe mlmatLPre %IS?( drive is for digital cameras and hand-held
or palm-size computing devices.
The sheet metal plate 12 is shown in Fig. 2. The plate provides features for
mounting the disk drive components, such as the depression or recess 22 with a
hole for the actuator pivot bearing, and an opening 24 for mounting of a self-
contained spindle motor assembly. Since ihe relative positioning of these
components is critical, all of these features are referenced to the sheet metal alone.
The sheet metal can also be formed to provide mounting surfaces at different
heights, and to accommodate components of various heights both above and below
" the floor. Flanges, such as side wall flanges 26, 28 with holes and lip-type flanges
like flange 29, are provided around the perimeter of the plate 12. T_he flanges
stiffen the sheet metal plate 12 and the completed base 10. They also provide
features, such as holes, for mechanically interlocking the metal plate 12 to the walls
of the plastic frame 14. This provides for an air-tight seal and positive attachment
of the metal to the plastic. In addition, because the flanges become encapsulated
by the walls of the plastic frame, they provide electrical shielding in the walls of the
completed base 10. Also, because the metal plate 12 covers substantially the
entire surface area of the floor of the base 10, it shields the preamplifier/write driver
electronics module (located on the actuator arm or flex cables attached to the arm),
and the read/write heads and their wire connections from the electronics card that

is mounted to the plastic frame 14 beneath plate 12.



Fig. 3Bis a sectional view of a wall of the base showing the injection

nol ded attachnment of the plastic frane to a sloped flange of the netal
plate. Fig. 4 is a sectional view of a portion of the base show ng the
netal plate as part of the magnetic circuit of the magnet assenbly of the
'voice coil nmotor actuator. Fig. 5 is aZ7perspective view of the conposite
base showi ng the nounting of a self-contained spindle notor assenbly to the
netal plate of the base. Fig. 6 is a sectional view of a portion of the
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which extends generally perpendiculary from the floor of plate 12. Fig. 3B is a
sectional view of wall 17 showing the manner in which the plastic is incoporated in
the holes of a sloped flange 26. The sloped flange 26 is one which extends at a
nonperpendiculér angle, e.g., an acute angle in Fig. 2 and 3B, from the floor of
plate 12 to allow the wall 17 to be made thinner than wall 16, if desired. This is
accomplished because the plastic flows on one side of the flange 26 near the
bottom of the flange and on the opposite side of the flange 26 near the top of the

 wall 17. The sloped flange may also extend at an obtuse angle from the fioor of
plate 12 so that it slopes outwardly, instead of inwardly like flange 2_6.

To prevent deformation of the composite base 10 due to differential thermal
expansion, it is advantageous to match the thermal expansion coefficients of the
plastic and metal used in the structure. Since most plastics have thermal
expansion rates greater than those of metals, nonplastic fillers can be used in the
plastic to lower its coefficient of thermal expansion. For example, fillers such as
glass beads, fiberglass, carbon fiber, graphite, or metal particles can _be used in
correct proportions with the plastic to more closely match the thermal expansion
rate of the plastic frame 14 to the metal plate 12. Fillers can also be used to
provide electrical conductivity in the plastic frame 14 for control of static charges, or

to provide electrical shielding in regions of the base where there is no metal.



disk drive is shown in Fig. 1. The base 10 has a tub shape with the fl oor
of the tub being a sheet netal plate 12. A plastic frame 14 surrounds the
perimeter of the plate 12 and is integrally forned with the plate 12 by
means of injection nolding to the plate 12. The plastic franme 14 has a
gener-al ly rectangul ar perineter definedaby wal I's 16,17,18, 19, and an

i nterior body 20. At |east one magnetic recording disk, the spindle notor
for rotating the disk, the read/ wite heads, the voice coiI nDtor act uat or
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i d polyetherimide.

The sheet metal insert may be made of soft magnetic material, i.e., high
permeability, low coercivity material, such as permalloy, permendur, 1010 steel, or
iron. The sheet metal is preferably either plated with a material like nickel, or
coated with a polymer coating, to prevent surface corrosion. The use of soft
magnetic material allows the sheet metal plate 12 in the base 10 to serve as part of

“the magnetic structure of the voice coil motor actuator and/or spindle motor. Fig. 4
is a sectional view showing a voice coil motor magnet assembly wh.ereir_\ the floor of
plate 12 serves as a portion of the bottom yoke of a magnetic circuit that includes
magnet 30, top yoke 32 and partial bottom yoke 34. [f the plate 12 was not made
of soft magnetic material, then the thickness of the lower yoke would have to be
increased to carry the magnetic flux of the magnet, thereby increasing the overall
height of the disk drive.

The base 10 may be designed to accept a separate spindle motor assembly,
or it may be designed with features that allow the spindle motor to be built into and
retained by the plate 12, in which case the plate 12 also serves as the spindle
motor base. The design of base 10 shown in Fig. 1 has a large opening 24 that

accepts a separate self-contained spindle motor assembly 40, as shown in Fig. 5.



‘The sheet netal plate 12 is shown in Fig. 2. The plate provides features
for mounting the disk drive conponents, such as the depression or recess 22
with a hole for the actuator pivot bearing, and an opening 24 for nounting
of a self- contained spindle notor assenbly. Since the relative positioning
“of these conponents is critical, all ofythese features are referenced to
the sheet netal al one. The sheet netal can al so be fornmed to provide
“mounting surfaces at different hei ghts, and to acconmodate conponents of
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adhesive bonding. In the embodiment of Fig. 6, the post 52 is formed by extruding

the metal of plate 12. However, the post for the spindle motor bearings may be a

machined metal column which is attached to a hole in the plate by swaging, or a

molded plastic column may be used.

The composite base 10 allows conventional radial-gap and axial-gap spindie
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as part of the magnetic circuit of the spindle motor. Fig. 7 is a sectional view

showing a conventional axial-gap spindle motor in which the soft magnetic sheet

metal plate 12 of base 10 serves as part of the magnetic circuit of the axial gap

spindle motor. A ring magnet 60 mounted on a rotatable hub 62 forms part of the

spindle motor's magnetic circuit. Stator coils, such as coil 64, are wound around

vertically oriented cores, such as core 66, which physically contact the soft

magnetic sheet metal plate 12. Magnetic flux between adjacent stator coils is

carried by the sheet metal plate 12. The design of Fig. 7 has the advantage of not

requiring space for separate magnetic and physical support structures. Such

sharing of functionality by the sheet metal plate fress up space for increasing the



7 The holes in the flanges provide nechanical interlock between netal and
pl astic, as shown in Figs. 3A and 3B, when the plastic flows during the

i njection nolding process. Fig. 3Ais a sectional view of wall 16 show ng
the manner in which the plastic is incoporated in the holes of flange 28.
The flange 28 is one which extends genegial |y perpendicularly fromthe fl oor
of plate 12. Fig. 3B is a sectional view of wall 17 show ng the manner in
‘which the plastic is incoporated in the holes of a sloped flange 26. The

sl oped flangﬁze%@méstgf?ﬁcwﬁﬁ &J}ofarﬂcgﬁn éoﬁ,hr%n&p&@%fo@s&qis%'o@&h@éwme e.g., an

acute angle in Fig. and 3B, oor of plate 12 to allow the wall

17 to be maggth Qap wall 16, if desired. This is acconplished
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because the plastic P%Ws on one side of the flange 26 near the bottom of
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expansi on co
manufactured cylindrical component by swaging or other means, or by molding a

cylinder out of plastic simultaneously with the molding of the plastic frame 14.

The base 10 is designed to accommodate an electronics board or card onits
"bottom side. Fig. 8 shows the bottom of base 10. Since disk drive electronics
cards include a variety of components of varying heights, it is advantageous to
provide cavities in the bottom of the body portion 20 of frame 14 to accommodate

" tall components. Such a cavity 70 is snown in Fig. 8.

To protect the miniature disk drive from high levels of -acceleratio_n during
impact, which may occur if the drive is dropped, resilient bumpers made of
elastomeric material may be placed at the comers of the plastic frame. The comer
bumpers may be attached to the frame as separate units, or may be molded onto
the base. If they are attached as separate units, they may be attached by insetting
into slots, snapping into holes, or held in place by adhesive. If the bumpers are
molded in place on the frame, they can be molded in the same cavity used for the
frame, with a movable structure blocking off the region of the bumpefs during
injection molding of the plastic for the frame, followed by a repositioning of the
movable structure and molding of the elastomeric material in the corners to from

the bumpers. A mechanical interlocking structure may be provided on the plastic



‘plastic and netal used in the structure. Since nost plastics have thernal
expansi on rates greater than those of netals, nonplastic fillers can be
used in the plastic to lower its coefficient of thermal expansion. For
exanple, fillers such as glass beads, fiberglass, carbon fiber, graphite,
‘or metal particles can be used in correct proportions with the plastic to
nore closely match the thermal expansi'dn rate of the plastic frame 14 to
"the netal plate 12. Fillers can also be used to provide electrica
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bumpers is shown in Fig. 9. The bumper 80 has “puzzie piece” shaped

extensions 82, 84 that are shaped to be inserted into cutouts 86, 88 (Fig. 1) of the

plastic frame 14. The resulting mechanical interlocking of the bumpers is not

possible with conventional die-cast aluminum disk drive bases because it is

impossible to make the intricate small cutouts. The shape of the cutouts

constraining the bumpers from movement in a plane paralle! to the plate 12. The

| ‘bumpers are constrained from movement perpendicular to the plate 12 when the

top and bottom covers are attached to the drive because the covers overlap the

extensions 82, 84. As shown in Fig. 9, the rounded comer of the top cover resides

in the semicircular recess 89 of the bumper 80, thus pemitting each bumper to

extend beyond the outer periphery of the covers and to have a height exceeding

the height of the disk drive when the covers are in place so as to providé the

required impact protection.

While the present invention has been particularly shown and described with
i reference to the preferred embodiments, it will be understood by those skilled in the

art that various changes in form and detail may be made without departing from the

spirit and scope of the invention. Accordingly, the disclosed invention is to be



~permeability, low coercivity material, such as pernualloy, pernmendur, 1010
steel, or iron. The sheet netal is preferably either plated wwth a nateri al
i ke nickel, or coated with a polynmer coating, to prevent surface
corrosion. The use of soft magnetic nmaterial allows the sheet netal plate
12 in the base 10 to serve as part of the magnetic structure of the voice
coil motor actuator and/or spindle motb. Fig. 4 is a sectional view
~showi ng a voice coil notor nagnet assenbly wherein the floor of plate 12

serves as a portion of the bottom e.of a magnetic cirecuit that includes
magnet 30,“?%5k§§g@q§§y§ﬁ&“ﬁ§"Y%ngﬁ?W8ﬁVV%f8g§Tyaﬁﬁpfﬁﬁe%rh%s 12 was not
made of soft ek%% material, then the thickness of the | ower yoke would
have to beaWﬁ%$§§§ to carry the magnetic flux of the magnet, thereby

i ncreasing the overall height of the disk drive. The base 10 may be
designed to accept a separate spindle notor assenbly, or it nmay be designed
with features that allow the spindle notor to be built into and retained by
the plate 12, in which case the plate 12 al so serves as the spindle notor
base. The design of base 10 shown in Fig. 1 has a |arge opening 24 that
accepts a separate self-contained spindle notor assenbly 40, as shown in
Fig. 5.



9 Fig. 6 shows a cross section of the plate 12 where the base is designed
to retain the spindle notor by having the spindle notor built inside it.
The depr essi orhis3BeeaHaiBeeh Renlacedent ral cyl i ndrical hol | ow post 52 provi des
roomfor the s ator windings, while the post 52 defines a
central bore t S the spiadl e notor bearings. The spindle
not or bearings are attached to the inner wall of the post 52 with adhesive
- or other neans, such as press fitting. Gooves may be maehined.or_otherw se
fabricated on the inner wall of the post 52 to assist w tﬁil&ol:hﬁ@lrv;gm BL["\)
bondi ng. IWhahie WateRr ient of Fig. 6, the post 52 is forgrred by et Bdl ng |
the nmetal of plate 12. However, the post for the spindl e"rm%e-r——bea@ngs_rcliy
be a machined netal colum which is attached to a hole in the pl ate by
swagi ng, or a nolded plastic colum nmay be used. The conposite base 10
al | ows convent itenal Arkegiedpr ydpteagomincdisydiyeemdisi@giot ors to be built
into the base in a manner such that the netal plate 12 functions as part of
the magnetic ciameial plete hawing piflange entending fiomythe plate appundattlemshh vi ew
showi ng a conventional axial-gap spindle notor in which the soft magnetic
sheet net atorivraeighe plaié pedretadrD serves as part of the magnetic circuit of
the axial gap spindle notor. A ring magnet 60 nounted on a rotatable hub 62
fornms part of tlEadsifrathe encapsulatingdiymiangs aid stwiouindisy sheopergoetesof such as
coil 64, are wound around

the metal plate.

2. The base according to-claim 1 wherein the flange extends generally
perpendicularly from the plate and has a plurality of holes, and wherein the plastic

frame is incorporated into the holes of the flange.

3. The base according to claim 1 wherein the flange is a sloped flange
that extends from the plate at a nonperpendicular angle and has a plurality of holes,

and wherein the plastic frame is incorporated into the holes of the sloped flange.

4, The base according to claim 1 wherein the plastic frame is attached to

the flange of the plate by injection molding.
5. The base according to claim 1 wherein the plastic frame includes

perimeter walls oriented generally perpendicularly to the plate and a body portion

located between the walls.
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vertically oriented cores, such as core 66, which physically contact the
soft magnetic sheet netal plate 12. Magnetic flux hetween adjacent stator

coils is carried by the sheet netal plate 12. The d 88 Phgst Hee BesnReplaredhas t he
advant age of not requiring space for separate magnet Hﬂ/} u | support
"structures. Such sharing of functionalid4y by the she l frees up
space for increasing the size of the stator coils or rotor magnets, or

al lL.ows the overall size of the spindle notor to be reduced. For | owest
cost, the sheet, net lLlate is made by stanpping, and. faornmng. sui t abl e
post for the st&' ndl ikﬁ%ta(?? 3B SCE%W %gﬁ%}rgl’ﬁgﬁ\ ”S(S?threﬁ%? ﬁfg:oa{”%%l | ow

cylindrica fromthe sheet netal of the plate, by attaching a

cupar at el s iBe et SV haT e P SEe Restphine To6 S gt GO Heans, or
by nol di ng %g%' irnder out of plastic sinmultaneously with the nolding of the
pl astic frg ¥ The base 10 is desi gned to accommpdate an el ectronics

board or card on its bottomside. Fig. 8 shows the bottom of base 10. Since
di sk drive electronics cards include a variety of conponents of varying

hei ghts, it is_advagtageous to provi cavjties. in the bottom of the bod
portgi on 20 of ffarre%ﬁ%laéeé‘gﬁ%r 8t°g'§m 6a where% the comers ofothe?rame have y

cutouts, and wherein the bumpers have projections inserted into the comer cutouts.

8. The base according to claim 5§ wherein the body portion of the plastic

frame includes a cavity.

g. The base according to claim 1 wherein the metal plate is formed of

soft magnetic metal.

10.  The base according to claim 1 wherein the metal plate is made of
material selected from the group consisting of permalloy, permendur, 1010 steel,

and iron.

11.  The base according to claim 1 wherein the plastic frame is made of
material selected from the group consisting of liquid crystal polymers,
polycarbonate, polyimide, polyphenylene sulfide, polysulfone, nylon, and

polyetherimide.
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tall conponents. Such a cavity 70 is snown in Fig. 8. To protect the
mniature disk drive fromhigh levels of accel eratrh®Bhddiifas B, RERAC . Whi ch
may occur if the drive is dropped, resilient bunper onerlc
material may be placed at the comers of the plasti Hmm,ﬂ

bunpers may be attached to the frane ak’ separate uni nDIded
onto the base. If they are attached as separate units, they may be attached
"by inserting into slots, snapping into holes, or held in place by adhesive.
If the bunpers @r.e mma%iaeierbceloa:«?@tooaauhhevhé@'fﬁthet;}r@ﬁcmméa\acmwed in the
sanme cavity used for the frame, wth a novable structure bl ocking off the
regi on of hbeplastIRiesmAtedang i nj ection nolding of the plastic for the
frame, followed by a repositioning of the novable structure and nol di ng of
the elastoneric material in the corners to fromthe bunpers. A nmechani cal

I nterlocking structure may be provided on the plastic frame at the

corners so that{3he TAsdRBRICHEIMHIPGRIMTRWREIH thel INEdeNaRG é}fndl@rough the
structure to anchor the bunpers in place. The bunpers nay be formed of any

convent i onglot&l 18 idRaRIg £ didR Rk s oicesSétsilmatsr BaLiOF Bl AtdVhg o eadiotkgl T €d
conmer bunper and neans of attachnent is nade possible in

or write data on the disk, and wherein the metal plate is formed of soft magnetic

material and forms part of the magnetic circuit of the voice coil motor actuator.

14.  The base according to claim 1 wherein the disk drive has a spindle
motor for rotating a disk and a voice coil motor actuator for moving a head to read
or write data on the disk, and wherein the metal plate is formed of soft magnetic

" material and forms part of the magnetic circuit of the spindie motor.

156.  The base according to claim 1 wherein the disk drive has a spindle
motor for rotating a disk and a voice coil motor actuator for moving a head to read
or write data on the disk, and wherein the metal plate has an opening for mounting

of the spindle motor.

16.  The base according to claim 1 wherein the disk drive has a spindle
motor for rotating a disk and a voice coil motor actuator for moving a head to read
or write data on the disk, and wherein the metal plate has a recessed region for

retaining the spindle motor.

THIS SKEET MAS REEN
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t he present invention because the frame is nade of plastic. One of the
corner bunpers is shown in Fig. 9. The bunper 80 has "puzzle piece" shaped
extensions 82, 84 that are shaped to be inserted into cutouts 86, 88 (Fig.
1) of the plastic frane 14. The resulting nechanical interlocking of the
bunpers is not possible with conventional6 di e-cast al um num di sk drive
bases because it is inpossible to nake the intricate small cutouts. The
shape of the cutouts constraining the bunpers from novenent in a plane
paral el to the Pl at &htbhastlecbuimeiosclame CORGtihahd edtebsamagdnaneindes
perpendicular to the plate 12 when the top and bottom covers are attached
to the drivahbtoapss folreed ay enexausioh aptichretaksigesbonpp8Ringdde béérirgfaown i n
Fig. 9, the rounded corner of the top cover resides in the semcircular
recess 89 oéfthbepindgrantd0, thus permitting each bunper to extend beyond
t he outer periphery of the covers and to have a hei ght exceeding the height
of the disk drive when the covers are in place so as to provide the
required inmpact protection. Wiile the present invention has been
particularly shog amihedeserdcberting foltidiel & f@RRE dotpriBRgRl Bh&lc ed
enbodi nents, it will be understood by those skilled in the art that various
changes in dylindnicaiyg sHepéd holfGay pog im@reﬁééé&@#ﬁgi&?ﬂﬁ%hﬂgf&iﬁd@@Bé&‘ﬁné&' rit

I scl osed inventi

and scope of the invention. Accordingly, the on 15 to be
of the spindle motor.
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-12 considered nerely as illustrative and limted in scope only as specified
I n the appended cl ai ns. What is clainmed is: 1. A magnetic recording
di sk drive conprising: a base conprising a generally planar nmetal plate
having an outer perinmeter and a flange extendi ng at an aftyk 8hettrHapBeeh 8enpidcane
“of the plate around at least a portionldf the plate peri

pl astic frame encapsul ating the flange and surroundlng th
“metal plate, the plastic frame having perinmeter walls oriented general

per pendi cul arl yygt 0 tAw,e,a LatEreW ;Qﬂ.lgt‘?% RhigsddpRiagt he frame being
an

i ncorporated into the h les o ge to prow de nechani cal

interlocking ofy f4& éﬁrﬂﬁ&él § ndtE ﬁl&etﬂglglngpa_t@nc@e%ﬁdmﬁfr%m fh@éﬂ’atam or

attached to a first si the net al a magneti1 € recordi ng disk

ttached t act uat or
attached tg.andaf %%@f@ghﬁlgmbf rli’tfﬂ%@ ng%léfetglﬁrggg ;ap@asYQ'frﬁﬁ\eCéHcL\pw&tﬂ{g u

attached to said first si
the flange and surrounding the perimeter of the metal plate;

the

a spindle motor attached to a first side of the metal plate;

a magnetic recording disk attached to and rotatable by the spindle motor;

a voice coil motor acutator attached to said first side of the metal plate;

a head attached to and movable by the actuator for reading or writing data
on the disk;

an electronics card attached to the other side of the metal plate;

a top cover attached to the plastic frame for covering the spindle motor and
-actuator; and

a bottom cover attached to the frame for covering the.electronics card.

20.  The disk drive according to claim 19 wherein the flange of the metal
plate extends generally perpendicularly from the plate and has a plurality of holes,

and wherein the plastic frame is incorporated into the holes of the flangs.

A



.a head attached to and novable by the actuator for reading or witing data
on the disk; an electronics card attached to the other side of the rretal

plate; a top cover attached to the plastic frame forTmsdaheenH eterhlee& indl e
notor and actuator; and a bottom cover attached to th for
covering the el ect roni cs card. 2. Th&8 di sk drive aim1l
wherein the flange of the netal plate extends generally per en |cu arly

fromthe plate. 3. The disk drive according to claim1l wherein the

flange of the metal hakhd divd AgRat [ A80e1d ML RIhERAGL bR IAGLP! ate at

a nonper pendi cul ar angl e. rive according™to claim1l
' ect .”otnhﬁo'%e?ﬁ’a'%ﬁéﬁ%gﬁﬁtﬁ*5*3“%%‘?@&%@@&%%’?’%"?; PRBPERIREN 1 ¢ he
plastic fraggsj R:'rélﬁkﬁéf %Igg%d%é lgf?x\'}ﬂle?z?&ttﬁﬂaﬁ@ &ﬁ%@rﬂo‘?ﬁe&"ﬁw‘t& the holes 4 ©-

The di sk drive gccordlng to S ‘converge at corners
of the of the sloped flange.

22.  The disk drive according to claim 19 wherein the plastic frame is

attached to the flange of the plate by injection molding.

23. The disk drive according to claim 19 wherein the plastic frame
includes perimeter walls oriented generally perpendicularly to the plate and a body

portion located between the walls.

ANt e e Kt e,
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24. The disk drive according to claim 23 wherein the walls converge ar

comers of the frame, and further comprising elastomeric bumpers attached to the

frame at the comers.

25. The disk drive according to claim 24 wherein the comers of the frame
have cutouts, and wherein the bumpers have projections inserted into the comer

cutouts.

26. The disk drive according to claim 23 wherein the body portion of the

plastic frame includes a cavity.
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frame and further conprising elastoneric bunpers attached to the frane at
the corners. The disk drive according to claim6 wherein the corners of the
frame have cutouts, and wherein the bunpers have pro} o #8d into
the corner cutouts. 8. . The disk drive according t i ﬂ ein the
‘body portion of the plastic frame incluies a cavity. k drive
according to claiml wherein the netal plate is forned of soft magnetic

“metal . 10. The disk drive according to claim1 wherein the metal plate is
made of materiab7sel gt @ok HRQMERRUIBE W BaRO NS Whbidhgtreimear palel i9Yormed
per mendur, 1010 steel, and iron. 11. The di sk drive according to claiml

wher ei n t het pbfeftaghiefid @emli s made of material selected fromthe group
consisting of liquid crystal polyners, polycarbonate, polyimde,

pol yphenyl ene sul fide, polysul fone, nylon, and polyetherimde. 12. The
di sk drive according to claim1l wherein the plastic frane includes

nonpl astic fillgg mefy digk drivdaccording télbiln 46 Wherehe GRMHbEOPIR i§ htd® 1
wherein the nmetal plate is fornmed of "soft magnetic material and forns part

of the maggefiaterfdl 561BETd¥ont THe §BlS BofSikting pRIMmARY Usdrilenddd 1010 stbBE di sk
drive according to claim1l wherein the netfal plate’is fornmed of soft

magnetic mghgkbal and forms part of the magnetic circuit of the spindle
notor. 15. The disk drive according to claiml wherein the netal plate has
an opening for

29. The disk drive according to claim 19 wherein the plastic frame is
made of material selected from the group consisting of liquid crystal polymers,
polycarbonate, polyimide, polyphenylene sulfide, polysulfone, nylon, and

polyetherimide.

30. The disk drive according to claim 19 wherein the plastic frame

includes nonplastic filler material.

31.  The disk drive according to claim 19 wherein the metal plate is formed
of soft magnetic material and forms part of the magnetic circuit of the voice coil

motor actuator.

32. The disk drive according to claim 19 wherein the metal plate is formed

of soft magnetic material and forms part of the magnetic circuit of the spindle motor.
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“‘mounti ng of the spindle notor. 15 16. The di sk drive according to
claim1l wherein the netal plate has a recessed region retalnlng the
spindle notor. 17. The disk drive according to clalﬁ¥ nRepl
recessed region includes a hollow post fornmed as an exty ’ ” neta
pl ate for supporting the bearings of tie spindle notor.

drive according to claim 16 further conprising a plastic cyllndrlcally

shaped hol | ow post in the recessed region for supporting the bearings of
the spindl e nDt33r. The disk drive according to claim 19 wherein the metal plate has an

opening for mounting of the spindle motor.

34. The disk drive according to claim 19 wherein the metal plate has a

recessed region for retaining the spindle motor.

35. The disk drive according to claim 34 wherein the recessed region
includes a holiow post foﬁned as an extrusion of the metal plate for supporting the

bearings of the spindle motor.

36.  The disk drive according to claim 34 further comprising a plastic
“cylindrically shaped hollow post in the recessed region for supporting the bearings

of the spindle motor.
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