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STRUCTURE AND ENCLOSURE ASSEMELY FOR A DISK DRIVE

Basckground of the Invention

1. Field of the Invention

The present invention relates to a direct access storage device
(DASD) end, more particularly, to improved electrical and mechanical
structures and arrangements and enclosure assembly for a high performance
small form-factor disk drive.

2. Pescription of the Prior Art

Computers often include auxiliary memory storage units having media .
on which data casn be written and from which date can be read for later
use. Disk drives incorporating stacked, commonly rotated rigid magmetic
disks sre used for storage of data in magmetic form on the disk surfaces.
Data is recorded in radially spaced data information tracks arrayed on
the surfaces of the disks. Transducer heads driven in s path toward and
avay from the drive axis write data to the disks and resd data from the
disks.

Disk drive dimensions are normally limited by a form factor, an
industry standard of length, width and height dimensions. As disk drive
device form factors beccme increasingly smaller, electrical connections
to the using system can utilize an increasingly greater portion of the
davice form factor. In addition, the device interfasce and power
connectors used, and the placement of these connsctors within the devics
form factor results in industry standard elements, The resulting rigid
industry standards provide significant geometric constraints on future
models of a given product family or set,

Historically in small DASD!s, 5 1/4" and smuller, a disk drive
enclosurs for a head/disk mssembly (HDR) is fitted into & metal frame
commonly called a user freme. This user frame is typically an aluminum
die casting or formed from a sheéet metal stamping. Generally, an HDA is
wttached to the user frame via three or four resilient vibration
isolators or shock mounts. For these isolators to be effective, space is
reguired betveen the HDA and the user frame to allow the HPA to move
freely in response to exiemal vibration or shocks. Threaded holes ere
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The present invention relates to a direct access storageltjeSfessa lagedld,
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formfactor disk drive. 2. Description of the Prior Art
Conmput ers ofterl I pcl ude auxil i ar¥ menory storage units having nedia on
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Di sk dri vesef rthergasrafisng oo aittdchingnemdysk drize dssendilg tmg:]petﬁanqi _
fecorded 1 nEaL BRSO InBkefARE? tod UBAN ks bOCIRERTclrEy Honedd! oS uathl 0 °
of the di skeystemzbogiubut HheoMDA deibeth elechirinelly tsodomerhanicallyyisoletedhe
drive axgs wid ‘tfa GifbRat{on/BRocH 181a0aFs | ChkerRhghdtooradiBeive (MR) heads are
used within a fils, electrical isolation is required betwesn the HDA and
the user frams. With smaller form factor disk drives, .space constraints

also restrict the use of resilient vibration isolators or shock mounts.

Other basic problems in a small form factor disk drive include
10 space for electrenics and the cost. When maghsto-resistive (MR) heads
are used within a £ile, a very low amplitude signal is provided so that
amplification is required as early as possible in the electrical path to
prevent picking up unwanted noise or causing signal degradation. The
required amplifier circuits in the data channel, implemented by an
15 integrated circuit, require external capacitors for tuning and noise
£iltering. With a small form factor, the murface ares on the actuator
available for gupperting required arm slectronics is limited. In known
,_ arrangements, components are mounted on 8 flex cable father away from the
actustor. This conventional arrangement would adversely impact
20 performance with the MR heads. Other known arrangsments use expensive
multi~layer ceramic or flex packaging to allow buried lines and vias. 2
need exists for a cost-effactive, efficient &nd reliable packaging
arrangement for arm electronics. '

When magneto-resistive (MR) heads are used within a £ile,
25 transducers and disks must be held at the same elsctrical potential.
Known small form factor disk drives have provided .z conductive path from
the flex circuit to an mctuator comb through a mounting screw. A need

exists to provide s low cost manufacturable electrical path from the flex
circuit to the comb.

3o Typically, electrical connectors have been registered in place by
potting or gluing them into holes of the bass casting plates. These
approaches require a slovw labor-intensive process in a clean reem
assembly to secure and seal the ocpening around the connector or require
an additional connector on ths inside of the disk enclosure. Often &

35 data cable exits the disk enclosure to transmit read/write head sigmals
to a card assembly on the outside of the disk enclosure. Typically the
data cable extends along a smooth surface of the base and is squeezed
batween the surface and s rubber gasket. Extending from the device
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product famly or set. - Historically in small DASD s, 5 1/4" and

smal | er, a di sk el ¥@irflle! Mitekcadsably 10 adrides byasidhalb VErchD\)card fitted
'nto a nEtEﬂn|L§§i¥3nn the outside of the disk enclosure. Typically a flex cable is
5 used to carry signals to the spindle motor. This assembly process also

is diffiecult to automate and susceptible to damage during assembly.

A mechanically stable enclosure structure is required for the disk
drive. Mounting surfaces for spindle shefts, actuator shafts and
actuator pole-pieces have normally been generated by & machining process

10 - for the disk enclosure (DE). The machining process is time consuming and

{ expensive.

Hagnetic disk drive assemblies require make-up air to compensate
for small, slow leaks in the enclosure, and to adjust tc environmental
temperature and pressure changeg. The components inside the drive are

15  very sensitive to contaminants that can be easily introduced by an
incoming air stream. These contaminants include small particlez, organic
vapors and inorganic gases containing fonic acids, All of these
components may be present in the surreunding ambient air from vhich ‘the
make-up air is drawn.

a0 Traditional filters have concentrated primarily on capturing
particulates from the incoming make-up air. However, more recent designs
have incorporated elsments to remove the other components. The addition
of filter elements for organics and inorganics requires additional space
which becomas increasingly difficult to find as disk drive enclosures

25 beccme smaller. The filter functions become separated into several
stages, which ares combined together either on top of, or alongside, one
another.

Disk drive dewigns often incorporats s breasther port to relieve
pressure diffsrentials and provide a controlled source of make-up air in
30 the event of leakage. Breather filters provide filtration for par-
ticulatss and, increasingly, for environmental chemicals such as
plasticigers and corrodents. These filters commonly contain a high
efficiency particulate air (EEPA) filtsr medium to remove particles from
the air passing into the drive through the breather. A typical target
35 efficiency for this media is 39.97% of particle 20.3 micron. A breather
£41tariil designed to be the prefarred point of entry of air into the



conm)nly called a user franme. This user frane is typic arh gplaced
casting or forned froma sheet netal stanping. Ceneral I y an
attached to ghg.gasgsr frame via three or foy resilient vi bratl
or shock mounts. For these isolators to be effective, space is reqw re
bet ween the HDA and the user frame to allow the HDA to nove freely in
response to drive and thusrmuatohave ashew ipresspme drepe & dyaicad gpuc.tfication is

0.1 in. of vater at 30 cc/min. The relatively high pressure drop of HEPA

media requires that a relatively large area ba employed. The dismster

for the medis disk for small drive breather #1ters is commonly 18-28 mm.

5 HEPA media used in such £ilters are either micro-£fibar glass or expanded

PIFE. Typical thickness of these is €0.5 mn. For chemical cleansing of

the air entering the file, a layer of permesble chemically active media

is placed in the breather directly upstream of the HEPA medium.

One known bresther filter design disclosed in U.5. Patent No.

10 5,030,260 has shown that the airflov path through the filter has a vary
significant impact on the performance and capacity of the elements which
remove organics and acids. In that design, the geometry required to
impart the proper airflow through the filter positioned the upstream and
downstraam diffusion paths alcngside the filter chamber. This added

15 greatly to the overall size of the filter. It also reguired a relatively
large flat area for mounting.

SUMMARY OF THE INVENTION

It is a principal cbject of the present inventien to provide a high

performance disk drive that overcomes many of the disadvantages of prior

20 art arrangsments. Other important objects of the invention are to
provide a disk drive enclosure incorporating special geometries generated
as psro-draft surfaces in the die-casting process that eliminate the need
for machined surfaces; to provide a disk drive enclosurs incorporating
structurs for locating and retaining electrical connectors used for

25 _connscting te a plsnar eslectronics card located ocutsids the drive
enclosure; to provids an integral housing for a breather filter and
airflov channels for regulating airflow throughout the breather filter;
to provide a disk drive including a lov cost, sasily manufactursble
electrical path from a flex cirecuit te an actuator comb; to provide a

30 disk drive including e unitary member for containing and pesitioning &
data cable relative to a base enclosure and for sealing an interface
betwesn a duta cable connector and a cover snclosure; to provide a disk
drive including & connector retainer for rataining and securing a power
connhector to a base enclosure; to provide a digk drive including a low-

35 cost, efficient and effective support arrangement for positioning arm
llecr'onics, and to provide a disk drive including a breather filter for
efficient removal of contaminants in the make-up alr stream having a



provi ded at standard locations in the right and left sides and the bottom
of the user franme for attaching the disk drive assenbly to the using sys-
tam box. Thggefgaegpzthe user franme becomeg firmy nounted to the using
syst em box, but the HDA is both electrically and nechanically isolated via
the vibration/shock isolators. When nmagneto-resistive (MR) heads are used
within a ficonpasitethapecand bsbhgitcasily autamgted;cdnddionprovidecsudbAaadibk he

user frane. dﬂ@,gﬂﬂdﬂﬂTﬁgﬁlmﬁEq{“ﬂtﬁ}g gffe\éﬁﬁs space constraints also

restrict the use of resi t vibratiron isolators:or shock nounts.
O her basic problens’in a small formfactor disk drive include space for
el ectronics and thebrdas! . théheb) dtre N@idoadvantide'sVef (th) praaefle HiventiEddaybthin

o Poqras LR R USSR s P A b B R4
unwant edSnopiurad ttai) Aigksshaving abJeastaone magneticr digh Fﬁdfmph fﬁoem a
circuits i ngdfiayeoddbemby 8k rdtaRiG B8R 13 BkkOBurfaces about a conmon axis
and a rotary actuator which supports magnetic transducers for movement in
unison about respective disk surfaces. The disk drive includes s dfe-
cast disk drive enclosure including die-cast generated predetermined zero
10 draft geometries for mounting the spindle motor shaft and the actuator
bearing shaft. The enclosure includes & base casting and a cover
i casting, each casting including structure for locating and retaining
elactrical connectors used for comnnecting to a planar electronics card
located outside the drive enclosure. The disk drive includes an
15 effective and easily manufacturable electricsl path from a flex circuit
to an actuator comb. The disk drive includes a tubular chemical breather
filter arranged with integral diffusion channels formed in the cover
casting.

BRIEF DESCRIFTION OF THE DRAWING

20 The present invention, together with the above and other objects
and advantages, can best be understood from the following detailed
description of the embodiment of the invention illustrated in the
drawing, whersin:

: FIG, 1 is an exploded perspective view of m high performance disk

25 drive of the invention:

FIG. 2 is an exploded perspsctive view of a base casting and a
pole~piece magnet assembly of the disk drive of FIG. 1:

FIG. 3 iz an exploded perspective view of a cover subassembly and
filter srrangement of the dizk drive of FIG. 1,

30 FIG. ¢ is & side view of the cover subassembly of the disk drive of
?I10. 1;

FIG. 5 is a fragmentary lectioml view taken along the line 5-5 of
FIG. & .
. FIG, & is a bottom pnrnpective view of the disk drive of FIG. 1,

35 FIG. 7 is an enlarged exploded perspective view of a spindle motor

connector retalner assembly of the high performance disk drive of FIG. 1,
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integrated circuit, require external capacitors for tuning and noise
filtering. Wth a small formfactor, the surface area on the actuator
avail abl e f 809RB7PO7ting required armeleddronics is limted. In known
arrangenents, conponents are nmounted on a flex cable father away fromthe

actuator. This c eryg i,on ment | ve Ly i ct_performance
wi'th the MR head?&zéb'%éﬁra %ﬁigér."r%:ﬁge'ﬁé%?%‘%qeggzﬁgi ft'?&"ﬁ er
ceram c or FCPENRSYRELERTEADCE ASAFRRAY Begether Witk sard msaembly efthechiah s for
a cost - ef f eplak Fermafibé idlisRNdrivadof ezbahl,e packagi ng arrangement for arm

el ectronics. n net o-resistiye h s.are used wthin a
file, t ransducer'g":gn\cix‘]g'i’sggq nWhEC&X%ﬂ'QT%"sm‘EF% i taﬂP\Tﬁgf%mtar.
Known smél | connentorcrabaiders lasdambiys mounted pinowipbelet cashdintdi o coasat 6f fthem
the flex ci rhg.gi,t etrﬁo?nﬂm%ﬁt BrGR™B tﬁboqlg,h a nounting screw. A need

|(fe a low cos f

exists to pro manuf act urabl’e el ectrical path fromthe flex
FIG. 10 is a perspective view of a preferred data cable guide and

ssal assembly of the high pesrformance disk drive of FIG, 1;

FIG. 11 is an exploded perspective view of & triple fold dynamic

10 £lex cable for mounting arm electronics ¢f the high performance disk
drive of FIG. 1; .

FIG. 12 is & fragmentary side view illustrating the triple fold
dynemic flex cable with an actustor assembly of the high performance disk
drive of FIG. 1; .

15 FIG. 13 is a fragmentary sxploded perspective view illustrating a
voltage reference tab removed from and assembled with the actuator
aysenbly of the high performances disk drive of FIG6. 1,

FIG. 1¢ iz a secticnal view illustrating an alternative tube
breather £ilter;

20 " FIGS. 15 and 16 are top and bottom plan viewa, respectively,
fllustrating diffusion paths of the breather filter of FIG. 14;

FIG. 17 is an enlarged fragmentary top view of a cover illustrating
a tubular breather filter in dotted line and cast diffusion c¢hannels with
arrows indicating airflow path of the high performance disk drive of FIG.

25 1y

FIG. 18 is a top plan view of & twirler tosl,

FIG. 19 is & side view of the twirler toel ef PIG. 18;

FIG. 20 is a top view of twirler template used with the twirler
tool of FIGS. 18 and 19 for preparing a twirlpak gatter for a breather

30 -filter;

FIG. 21 is a side view of the twirler template of FIG. 20 with
internal details shown in dotted line;

PIG. 22 is an end viev of the twirler template of FIG. 20 with
internal details shown in dotted line;

35 - FI1G. 23 is a sacticnal viev of an alternative tube breather filter
arranged in accoerdance with the invention; and o

FIG. 24 is a sectional viaw taken along the line 24-24 of the
alternative tube breather filter of FIG. 23.
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circuit to the comb. Typically, electricgl GOMSEH. l&ﬂ aye been

regi stered in place by potting or gluing themin e base
casting plat _ghl approaches require a_sl ow HH ﬂ HHH e process in
a cl ean roon?é%ééhgﬁi to secure and seal tHe ope e connect or

or require an additional connector on the inside of the disk enclosure.

O'ten a data cabl e exi DETAIIEDIDESCRIFTIONSOY THE OPREFENFED fMBoDIMENYS t € head
signals to a card assenbly on the outside of the disk enclosure. Typically
the data cabl e extends along a snooth surface of the base and is squeezed
bet ween t he surf aBeferrdng nowbbe FI§ask of. the deawingg thevenishshakny pu caxploded

perspective view of a high performance disk drive unit designated as a
whole by the reference character 10 and constructed in accordance with

5 principles of the present invention. Disk drive 10 includes an enclosure
gtructure 12 produced by twe mating aluminum die castings 14 and 16 which
meet along the length of the device form factor. These are referred to
as a base casting 14 and a cover casting 16, respectively.

Buse casting 14 houses all functional elements of the device

10 enclosure 12, including a spindle/motor a#senbly 18 and the &ctuator
assembly 20. In addition, an outer diameter (OD) crash-stop 22, an inner
dimmeter (ID) crash-step/homelatch 24, and & recirculation filter 28
reside within the base casting 14. Recirculation filter 28 received
within base casting opening 29 for filtering the enclosed air volume with

15 the disk drive 10. The physical design iz such that the actuator as-
sembly 20 or spindle/motor assembly 18 may be ingtalled or removed from
the enclosure independently of one another and in any preferred sequence
for assembly or rework purposes,

It should be noted that disk drive 10 is arranged so that the need
20 for utilizing the entire form-factor length for the structural enclosure
12 for the product is eliminated. Disk drive 10 involves reducing the
centerline distance between the digk spindle and the rotational axis of
the actuator system, reducing the diimeter of the bearing system employed

for the actuator, and changing the skew-angle/gap radius of the actuator
25 system to allow full utilization of the disk surfaces.

Referring also to FIG. 2, unique features asseclated with the base
casting 14 include zero-draft regions providing very precise registration
surfaces, generally designated as 30, 32, 34, 36, 38 and 40, generated in
the die-casting process. Each end of a spindle motor shaft, genarally

30 dessignated as 42, is received by the registration surfaces 30, 32 and
secured to the base 14. Registration surfaces 34 and 36 mount an
actuator bearing cartridge shaft 44, Registration surfaces 38 and 40
provide mounting pads for an upper VCK pole-piece magnet assambly 46 and
& lowar VCM pole-piece magnet agzsembly 48, respactively. The upper VeM

35 pole-plece magnet assenbly 46 is secured to the base casting 14 by an

adhesive, The lower VCM pole-plece magnet assembly 48 is attached to the
bage by a series of bolts 30. '



3 enclosure is a dangling data cable that is a source of daé tldhatBleqm eplaced
assenbly and that does not |lend itself well to autonated assg

The spindl g ﬂ;@ta -Essenbl y is driven by g gnals froma card
out si de of,? di sk enclosure. Typically a flex cable is used to carry

signals to the spindle notor. This assenbly process also in difficult to
aut omat e and sufhietinigue tfeaturengf ther impntboncebininates the neadetod priodutd v

stabl e enchs Yagatsdtibl firkdeds Wit £’ pidiaski < machining and subsequent
deburring activities, as has been the practice on all known prior disk
drive products of this type., Use of the die~casting process to generate
5 the registration surfaces 30, 32, 3¢, 36, 38 and 40 reduces the cost of

machining.

Base casting 14 is configured as one half of thes enclosurs
structure 12 for housing all functional elements of the device 10 to
provide the greaatest possible dimensionsl stability for the critical

10 operational parameters, since the number of jeints subject to dis-
placement and distortion are minimised. This also ensures the best

Vo possible performance under chaug:l.ng thermal end vibrational cenditions of
the device 10.

Referring also to FIGS. 3-5 and 17, unique features of the cover
15 casting 16 include a perforated rib structure gensrally designated 52
formed above high-pover electrical modulse to facilitate sir-flow end
convective heat transfer to the airstream. A cast or machined cavity 54
ssrvas as an integral housing for a breather filter 56 illustrated and
described with respect to FIGS. 14-17 and an alternative arrangsment with
20 respect to PIGS, 18-24. The cast or machined cavity 5¢ eliminates the
need for a separate conventional breather filter housing, such as some
form of plastic casing, thereby eliminating unnecessary product expense.
Breather f£ilter media 56 can be stuffed ints cavity 54 in the cover
casting 16 without need to fasten or bond any additional housed altmnts
25 into placs.

An integral diffusion path 58 is cagt in the cover casting 16 for
controlling the flew of air, indicxted by arrows 52A, intc the breather-
Zilter 56. an integral channel 60 of controlled croge-sectional area is
also incorporated inte the die-casting of the cover casting 1§ to

30 requlats and direct the airstrear, indicated by arrows 5§28, from the
breather-filter 56 to & low-pressure region indicated generally by 62
(¥IG. 3) near the center of the rotating spindle system 18. A £ilm 54
covering channels 58 and 60 includes an air inlet-hole &6 aligned with an
inlet to chennel 58. By incorporating the integral diffusion path 58 in

35 the cast gecmetry, ths need to produce those features in a separate
component secured to the device is eliminated. The configuration of
channel €0 ensures that the point of lowsst pressurs of the file 10 i»
employed to drav air through the breather filter S& which providss the



drive. Mounting surfaces for spindle shafts, pgidiakQis sbaddBceand act uat or

pol e- pi eces have nornally been generated by a ess for the

di sk encl osu&gg 9 The machi ni ng process g S mwmmgﬂm and expensi ve.
Magnetic dis drlve assenblles require nake up nsate for small
slow | eaks in the enclosure, and to adjust to environnmental tenperature and

pressure chaneeiad im:lcumumend shanicale trdutment o€ thecalentyesm fort alk aie
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surroundi ng ambi ent air fromwhich the make- up air is drawn.
Traditional fil teﬁtifehrar\iggcn%rcccgg tFrI%:tsed ,p“ é %aae casgzkn 14gprovidel a

§ locational and retention structure generally designated 72 for an .
electrical connector 74 connected to a spindle motor 76 via a flex cable
78. Cover casting 16 provides a locational and retention structure
generally designated by 82 for an electrical data or sctuator flez cable
connector 84 for multiple read/write transducers or heads 86 via a flex
10 cabl..BB. These functions greatly simplify the manufacturing process of
installing or removing from the device 10 a set of electrenics carried by
. & planar card 90 (FIG. 1), since it is not necessary for the aszsmbler to
grasp or otherwise handle electrical connectors during the process.
Having reference to FIG. 8, a portion of the electronics card 90 ig shown
15 with the base casting 14. To install the electronics card 90, the card
S0 is aligned with the agsistance of guide features 52 incorporated in
the card 90 and then the card 90 iz pushed down into position, with
necessary electrical connections made to the motor connector 74 housed in
the base casting 14 via terminal pins 94. Necessary electrical
20 connections similarly are made to the actuator flex cable connector 84
houssd in the covar casting 16. The electronic card is secured in place
to tha base 14 with a2 set of screvs (not shown) received through aligned
apertures 96 and 98 in the card 50 and base 14,

The base casting 14 and the cover casting 16 are contoured to
25 provide a localized well generally designated 100 by corresponding
regions 102 end 104, Localized well 100 accommodates additicnal height
requirements associated with the spindle motor assembly 18. As best seen
- in PIGS. 1 and 6-8, the spindle motor 76 includes & flange 106 for
supporting a stack 108 of disks 110 and a ;oﬁnr portion 112 below the
30 flange 106 extending within the localized well 100. The localized well
100, defined by regions 102 and 104, ie located and minimized in gize to
minimize the areal reduction available te the planar electronics card 90,
snd also provides a ribbed stif!ening effect in the region of the spindle
system 18, vhich further enhances the dimensional stability of this
35 critical region. An aperture 114 is provided in the card SO
corresponding to the localized wsll 100.

Localized well 100 has a bell geometry to facilitate sealing of the
disk snclosure 12 which is further provided by & copper=-£ilm tepe 116



particul ates fromthe incom ng nake-up air. However, nore rec@r’h n Replaced
have incorporated el enents to renove the ot her conmponent s. '

filter el enBPRB3FBR? or gani cs and i norgani 88 requires additional

becones increasingly dlffICU|t to find as disk drive encl osures becone

smal | er. f c e e i ch
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Di sk drive Bhsmjﬁi“%flliéﬂ hetwsem dhat E""a‘b?"é&?ﬁéﬁ st 6 a5 shoyn in H%s%re

di fferenti alrhe awd metdnigdeastingntigoand dssaxer eagistermikandipecured togdthezvient

"hor east ngi 9 (P EEtar, (G BBt xFedvap B cotosBBidinh flurRufd 326
corrodenBs. af@ci20 in |tther baeosmd toyer castingsaléiand 1641 | Thec festepert reneivimg
ar (FEPA) Egéxtzﬁx&.geﬁlau 4 Q20 Sobich! &l Rcil WA df" Bntienc BT SarigthOts e
drive t rou%r“ the lgfl%tu togaéxuy I%qufmtt 9 rﬂ%t of three matching pads gensrally
designated 122. The thres-point system 122 minimizes distortion effects
imposed on the mating halves 1¢ and 16 vhen the fasteners are tightened,
10 vhich could create assembly stressas in the assembly. Assembly stresses
can contribute to performance degradation during £ile cperations and
often lead to preduction yield problems and customer quality problems.

Both castings 14 and 16 incorporate localized contouring to
sccommodate geometric spacing requirsments for the mating eleckrenics
15 board 90 te provide cptimal use of the device apatial envelope for
functional cemponents of the disk drive 10 both internally and extcrnnlly
to the disk enclosure 12.

" Both caatings 14 and 16 are eontig;urad as five-sided elements, with
the open face representing the mating surface between the two hulves.

20 This configuration results in a grester structural stability and in-
tegrity than is associated with place, tube or box designs due to the
reinforcing nature of the five-sided box design and the lack of joints
between the mounting/registration surfaces to which critical functional
assemblies 18 and 20 of the device ars gecured.

2% Referring to FIGS. 1, 3, 6 and 8, & unique alectrical igolation
system is achieved for the two castings 14 and 16 using a seriss of ten
identical inserts 124 and a pair of insulating members or insulators 126.
Inserts 124 are simply pressed into a series of corresponding cavities
128 formed of the castings 14 and 16. Inserts 124 are formed of an

30 engineering plastic material, such as Ultem. Disk dri'vc 10 is not shock-
mounted vhich is achievable by thes rotery actuator system 20 nominally
produced with a static balance about the axis of rotation. Disk drive 10
is desensitized to externally appiiud inputs —wh_ic_h would otherwise result
in relative motion between the read/write gsp of the magnetic recording

35 heads B6 and data tracks vhich are created on the disk surfaces 130.

Referring to FIG5, 7-9, a connector retainer generally designated
as 132, formed of electrically insulative material such as nylon, holds



efficiency for this nedia is 99.97% of particle [err]0.3 mcron. A breather
filter+«is designed to be the preferred point of entry of air into the

4 drive and
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casting 14 and locates the motor connector 74 to the card assembly 90.
Connector retainer 132 is a cne-piece box including a hinged lid peortion
designated 134 initially located as shown in FIG. 7. After the motor
connactor 74 and flex cabls 78 are inserted inte the retainer 132, the
hinged 1id 134 is swung over the connector 74 vhere a snap 136 on the lid
fits into a slet 138 to retain the connector, When the spindle motor as-
sembly 18 is attached to the base casting 14, the retainer 132 holding
the commector 74 and flex cable 78 is slidingly inserted inte the pocket
72 cast into the base 14. Retaining features or snaps 140 on both enda
of the retainer 132 fit into recesses 142 in the pocket walls, securing
the retainer. The card assembly 90 can be attached by slidingly engaging
a locating post 144 of the retainer 132 into an aperture 146 the card 90,
aligning the card pins 94 to the motor connector 74 and creating a
positive connection. With this process manual plugging and unplugging of
the motor connector 74 to the card assembly 90 is eliminated.

Referring to FIGS. 1, 3, 6 and 10, there 1s shown a dats cable
guide anéd geal bracket generally dssignated 150 arranged in accordance
with the invention. Data cable guide and seal bracket 150 is a formed
nylon block that contains and positions the flex csble 88 and data
connector 84 onto the base casting. Bracket 150 is & one-piece folding
part that locates the data cable 88 in relationship to the card connector
84. Bracket 150 includes a pozitioning rail 152 received within a pair
of slots 154 formed in the base casting 14, as shown in F1G. 2. Bracket
150 includes a forwardly extending portion 156 that sxtends through an
aperture 158 within a seal 160 and corresponding aligned hole 161 in the
cover casting 16, shown in dotted line in F1G. 3, and provides a sealing
surface with the cover casting 16. Bracket portion 136 defines a pair of
positioning rails 162 received within a pair of guide slots 164 (one
shown) formed in the cast cover 16. When the actuater assembly 18 is
assembled inte the base casting 14, the bracket 150 iz aecured to the
base casting 14 via the cast slot 154 ao that the cover casting 16 can ba
aggsembled directly te ths base with the bracket 150 positioning itself
into the cover casting 16. When the cover casting 16 is assembled with
the base casting 14 as shown in FIG. 6, the flex cable 88 and connector
84 are held in a position with the conmnectoer 84 preuéntad to the card 90.
The seal sdge, feedthrough hole 161 and guide slots 164 are die-cast
features of the cover casting 16 provided by the die-casting process
wvithout adding any additional cperations or coat. It should be noted

his Sheet Has Been Replaced

TGN




HEPA rredi a used in such filters are either mcro-fiber glass or expanded
PTFE. = Typi cal thlckness of these is [err]0.5 mMmm For chem cal cleansing of
the air ent EP?TR?‘ file, a layer of perA®able chemically active medl a S
pl aced in the breather directly upstream of the HEPA nedi um

k b f t
<hown ther Lhat ;*.'?%'F%WQSSL%%%#oughfﬁghﬁ#?érfﬁ?gﬁ;%é? ‘f?fﬁ%%?%%ﬁﬁm

i mpact on tHE’ﬂH‘F‘BP nce and capacity of the el ements which renove
organics and acids. In that design, the geonetry required to inpart the

G fFusi on patho ReERESRECEs Fa0h  11ICHR anBeré 3, i E FUpPatk nE¥iTiemaat
overal | sizgenérally dedigmated 17Qifov suppoftiag &n aeh a&lnvbtgnichaﬂgé édmaialpa
for mounty NGegignated 171. Additional surface ares for mounting compenents of the
AR 171 is provided on the actuator azsembly 20 by folding the flex cable
88 to form sn S-shaps generally dssignated 172 as shown in FIG. 12 and
using & melded wafer 174 to provide a series of cavities 176 for re-
ceiving a plurality of capacitors 180 an? providing a flat surface 182 of
10 the flex S-shaped support 170 to mount to the actuator 20.

A top surfaces 184 of the flex S-shaped 'suppart 170 is used to mount
the most critical components including two integrated circuit devices 186
using direct chip attach (DCA) wirebonding and encapsulation techniques,
along with the three most criticsl noise filter capacitors 188. The
15 4inner layer is used to mount the remaining five capacitors 180. Wafer
174, formed of an engineering plastic material such as Ultem, includes a
pair of upper locating pins 190 and a lover locating pin 192 for
" positioning the flex S-shaped support 170 with an mctuator comb 194, to
small tolsrances, such as, for example, to +/-0.02 mm. The bottom layer
20 of flex S-shaped support 170 includes a VCH tail 196 that allovs
attachment of the VCH coil and the voltage blas reference potentisl of
1.9 volts,

Actuator 'nunuhcturing is simplifisd gince no screws are required
to hold the flex. 7The locating pins 190 and 192 allow the use of a
25 pressure~gensitive adhesive (PSA) to attach the flex S-shaped support 170
to-the comb 194. The locating pins 130 and 192 provide the locating
control and prevent the typical PSA craep that can occur under conditions
of elevated temperature and continued biasing forces.

The flex 8-shaped support 170 provides flex to comb thermal
3¢ isolation. As the track demsity increases, track misregistration (TMR)
becomes incressingly critical. The folded packags isolates heat frem the
data arm electronics (aE) 180,-186 and 188 Zer_tbe actuator comb 194 and
prevants thermal changes from causing actustor arm mevement and heat from
affecting the comb. Power dissipated by the AE module during the writs
33 mode would cause repsated thermal swings if a direct thermal path from
the AE to the comb exieted. The flax S-shaped support 170 avoids this

significant problem.
This Sheet Has Been Replaced
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SUMVARY OF THE | NVENTI ON It is a principalsh@PiikBtenMepthdd® present
I nvention to provide a high performance di sk drj ones many of

t he. di sadva%gggaﬁagf_ prior art arrangemen?§. o Hmwﬂm&ﬂ!gﬁmobj ects of the
i nvention are to provide a disk drive enclOsure speci a
geotries generated as sore-draft surfaces in the die-casting process that

el i m nate t he ne®eférringattiFied 1Sur theresis shoymr evvaldage dieSkrendey bakencl osure
i ncor por at i pnedd ' eFek Gnll WaseMETHA Vo1 RHY ra%&ﬁ’alt'&'rnfu%ﬁfi 20C8¢ the ors

used for connecting to,.a plﬁnar el ectronics card oca;ed outside the drive
encl osure; PSTERTOARER digk draNg iR hTRPOPARFEFE OF, TRIUNTLES herdl 86 ATRY airflow
channel s f omagmouo-pésingioe, rhquirihgothgbotlie héud b6 axmidhtise idisk alp bo hpddvate
a di sk drgi Vsl dj W, asj C I ' at h
rom a f o b RN et pBERsaE0" phe' oSBULSPTaMETE 18 A ETRaP T

0 toqfrovi
a unitary mysBenencervaldageithreughathe faex thBorineyit 171,

Reference tab 200 ls a small copper tab plated with a tin-lsad
alley and placed under a bearing attach screw 202. 1In the actuator
agsembly process a portion of the flex circuit 171 with an exposed solder

10 pad 204 1s placed under the tab 200. The tab 200 is bent down cnto the
solder pad 204 and solder is added to complete the circuit when coil
leads 206 are soldered.

Reference tab 200 is thin, for example, 0.3 mm and includes a slot
208 swtamped at the bend location to facilitate the bending operation and
15 to.reduce the rate at which heat is conducted from the tip during the
soldering process. Reference tab 200 is symmetric about a mounting hole’
210 to facilitate the process of placing it undsr the i:earing attach
screw 202,

Referring to FIGB. 14-17, the i1llustrated f£ilter 56 incorperates
20 features required for efficient removal of all contaminants in the make
up airstream in a compact ghape which can easily be implemented on disk
Grives with small form factors below 5.25". The production of the filter
38 can be easily automatad, leading to lower costs. AaAn electrostatic

filter media which is commercially availsble from a number of different
25 sources iz used.

In FIG. 14 a cross-section of a possible implementation of the body
of the filter 56 is shown with a simple tube structure 220 and various
layers of media stuffed in the tube. Filter housing 54 advantagecusly is
formed within the cover casting 16 as shown in P16. 17. Howsever, tube

30 structure 220 also could be a simple molded polycarbonate part, with a
partially closed end 222 to support tha filter-media. In this case, the
bottom of the tube contains thr;_e gmall holes 224 that interconnect at
the bottom end of the tube 220 providing the outlet of the filter, for
example as shown in PIG. 16.

33 The filter is assembled by first placing a scrim 226 at the bottom
of the tube. Scrim 226 is followed by a plece of electrostatic filter



data cable relative to a base enclosure and for sealing an i mhieBheaids Been Replaced

between a date cabl e connector and a cover enclosure, to provi

drive incl urbssgssogponnect or retainer for ggetaining and securin
connector to a base enclosure, to provide a disk drive includin W
cost, efficiengt and ef&;ctive suport arrangenment for positioning arm

el ect r oni cSHOUMTERPTMILY qesignated 228, \The; phackupsiqtic fidsen medin 228 1sor
efficient resmeptiollyCaviilibleé Erom multiideRigpllornli I DediraBIR havi ng a
charactsristics of ths electrostatic filter media 228 include & pressure
drop at least ocne order of magnitude lover than for the high efficiency
5 membrane medias, that media 228 self-seals inside the tube from packing,
end its £iltration efficiency is on the same order as the high efficiency
membrane mediag when used in this application. Next a treated carboen
element 230 is inserted to satisfy organic snd inorganic filtration re-
quirements. Treated carbon element 230 could be a Kynol fabric treated
10 with sodium carbonats, a treatsd Xynol felt or yarn, or a treated carbon-
loaded polyurethane fasm, such as a foam media currently produced by
Lewcott Corp. Potassium carbonats treatment could be used instead of
sodium carbonate to achieve a eimilar result for the treated carbon
element 230. An optional pisce of elsctrostatic media 232 could be
15 pleced at the top of the tube to act as a prefilter.

The tube concept of filter 56 sllows for the use of thicker medias
in a breather filter assembly. Because of the low pressure drop across
this media, small diameter filter sssemblies are possible., For example,
the filter illustrated in FIG. 1¢ has a tube OD of 8 mm, a footprint of

20 0.5 square cm and fits in o 15 mm tall disk enclosure. Testing on
prototype filters has confirmed that high efficiency particulate filtra~
tion ie possible of greater than 99.995% efficient at over 100 times the
design flow rate. Effective organic and inorganic filtration efficiency
and capacity can bs achieved in this small package and at low cost with

25 the proper szelection of treated carben media.

neferriné to FIGS. 14-16, the unique flow path for this tube filter

56 is depictsd. The cutlet from the tube is sealed to one wall of the DR
12 vith a foam seal or foam tape 234. At the cutlet of filter 56, the
downstream diffusion path into the file includes a channel 236 formed in

30 the DE casting 12 and sealed with a mylar"or copper tape 238. The
channel 235 can be portsd to an appropriats low yresiure region in the
disk drive 10. For exampls, in the disk drive 10 the breather filter 56
is ported closs to the canter of the spindle assembly 20 as shown in FIG.
1. At the inlet.to the filter 56, the inlet diffusion path is Formed

35 similarly with a channel 240, sealed with a mylar or coppsr taps 238.
Channel 240 is then ported to the outside of the f£ile 10.

The tube breather filter 56 could be used more conventionally by
attaching tha inlet end to the DE casting. 7o insure the effectivensss



conpact shape and being easily automated; and tTais ﬁlhaamﬂaslée@t?@riacad di sk driv

subst.antial ly w thout negative effects.. SUNNARY
OF THE | NVENgh$Y3-007 It is an object the tion to
art According to

anel iorate one or nore di sadvant ages of
one aspect of the present invention there |s prOV|ded an actuator for use
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means {or (Pr Q) Gl ek SRS Sl 3l A St SASBing of the medta ix not
required.

Referring to FIGS. 2Z and 23, & twirlpak generally designated 250
is shown as getter packing for an alternative long narrow breather filter
256. Long narvow filter 256 ig one having a ratic of the dimenslon on
10 the main axis of flow >2.0 times the smalliest dimension perpendicular to
the main axis of flow. Tube filter 56 is an example of a long narrew
) filter in which ths media is contained in a cylinder which constitutes a
gas flow channel.

Adjustment of the length and tightness of the twirled media 250 is
15 wused to meet desired filter specifications. Pressure drop of the filter
256 is determined by the length of and tightness of the twirlpak 250.
Capacity iz determined by the quantity of gatter in the twirlpak 250.
Getter is a medium capable of removing one or more contaminating
substances from an airstream, Breskthrough performance is determined by
20 both the length and tightness of the twirlpak 250.

The twirlpak 250 ie prepared by roiling & strip of media around an
axis which will become the axis of flow in the getter. Unlike
conventional getter packings such as granular carbon, the amount of madia
in a twirlpak 250 can be varied by altering the compression achieved in

25 the twirling operation. An exemple of the procedure for preparing a long
narrow tube filter 256 using a twirlpak follows.

A device comprised of a twirler 238 jllustrated in FIGS. 18 and 19
and a twirling template 260 illustrated in FIGS. 20, 21 .and 22 is
utilized, which allows the getter media to be twirled end then inserted

30 4inte the long narrow tube filter 256 without handling of the twirlpak
250. First a strip of getter media, e.g., carbon fabric, is cut so that
the width is equal to the desired depth of getter in the tube filter 255.
Next the length of the strip of getter media iz selected to provide the
desired degree of compaction of the medis in the tube filter. The length -
35 is chosen to give about 75% volume filling of tube cavity. The twirling
template 260 consists of a slot 262 and a ¢ylindrical cavity 264 which
has a diameter slightly smaller than that of the tube filter 256 shown in



potential and including a solder pad for connection to said predeterm ned
vol tage refgre ﬁggﬁ)tential; and i/}ol tage reference path neans for
appl yi ng sa 'g erm ned vol tage refer fice potential fromsaid flex
cable circuit neans to the actuator armassenbly including an electricall y

o Shary JRACES 00 RO, et il r oot SECHL 1Y,
Lo the sol cERe BYATme FUReER A0, ok ﬁ@ﬁ%@mmﬁt’@po . gbe ik op sBe
Accordi ng t cylindriexl ssyiiyt defermine pifetimnmedin datteobe t twitled inpacwui&d o
g%lgggt :Z)‘ISESSC;?I m@%ﬂglmméw%“ e%@lmlkﬁ\r/em | ’h-ﬁ 265 " g? with the
above and @E@F tap; Bdghtin amaddex, thiye she (ﬂﬁ%é?"oé"ﬂg%ﬁﬂ d’tfdt\‘? dirbing
foll owi ng deempllsee 26BsCrirpithim shaft resseaRosountad Opalbh@f Aaivli ping 268
T ustrat edyj {bdyRCpdlad {h] Yith ¥HeChilis of the ahaft 266. The spacing of the pins
268 allows them to just slide over the thickness of the getter medium as
seen in PIG. 24. The axis of the twirler 258 and that of the cylindrical
10 cavity 264 in the twirling template 260 ars aligned, and the twirler 258
is inserted far enough into the twirling cavity 264 to allow ths pins 268
to pass along the full width of the getter media strip. The twirler 238
is rotated on its axis to twirl the media strip inte the twirlpak 250.
The cylindrical cavity 264 of the twirling template 260 iz then aligned
15 wvith the tube £ilter 256, so that the axis of both are common., The
tvirlpak 250 is moved from the cylindrical cavity 264 of the twirling
template 260 to the desired position in the tube f£ilter 256. The ram
used to move the twirlpak may bs the shaft 266 of the twirler 258, or
another properly-sixed cylindrical shaft, If desired, the twivlpak 250
20 may be loaded into & cylindrical teol for subsequent transfer to the tube
filter 256 in a separate cperation. This may be of particular advantage
if the twirlpak is to be loaded into a tube filter which is integral to a
cemplex device. This might be degired in order to separate the

operations of handling the carben gettez: media frem the final produce
45 which will contain the tube filter.

—w——

Filters using the twirlpak, which is prepared and loaded in this
manner met both breakthrough and pressure drop performanca criteria.
Breakthrough is the ratio of the contaminant concentration exiting a
getter or chemical breather filter (CBP) to the contaminant concentration

30 antering a getter or CBF.

A series of tests vere carried out to directly compare the
performance of tube breather filters. The pressure drop of sach filter
vas measured using a flow of 30 cc/min of clnn dry nitrogen. The

. pressure drop of the tube itself and gas lines were constant and were
35 subtracted. These results are surmarigzed in Tabla 1.
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FIG 1 is an exploded perspective view of a high performance di sk drive of

the i nvention; FIG 2 is an expl oded perspective view of a base

casting and | gapi ece magnet assenbly the disk drive of FIG 1;
ROLHrBaL i}

FIG 3 is a ed perspective view of cover subassenbly and filter
arrangenent of the disk drive of FIG 1; FIG 4 is a side view of
the cover subassenbly of the disk drive G 1; FIG 5is a
fragmentary sectional view taken along the Iine 5-5 of FIG 4; FI G
6 is a bottom perspective view of the disk drive of FIG 1; FIG 7

is an enl arged expl oded per spectubecBrea¢herflest Rpsukise not or connect or

retainer assenbly of (Tube Rrgathan fettainbeioht Sk 6o imeNemimilc 1;

5 , Delta P [ Heets Meets
Adsorbant | Tg.001/ at 30 cc/min projected pressure
Material To,20 (in H20) . {lifetime criteria
Act. cardbon

10 coated form 0.78 0.055 No . Yes

Act. carbon ' '

granules 0,59 0.055 No Yes

Act.Carbon

felt 0.82 0.13 Yes Ne
15 Aet. Carbon

fabrie 20.82% 0.21 Yeg* Ne

Act. carbon .

twirlpak 0.80 0.08 Yes Yes

As used in Table 1, Tppp1/To.s0 is a messure of the sffectiveness of

20 contact of the airstream with the media. In the cass of the foam, the
contact was excallent, resulting in an excellent sharpness or large
ratio, but the total capacity and lifetime wers very low although ths
loading of carbon on the foam vas reported by the manufacturer to ke the
maximun achievable. Delta P is the pressure drop across the two

‘25 electrostatic particulate filters plus the adsorbant media. Delta P does
not include the pressure drop across the diffusion channels. Projected
lifetime is based on both the time to reach the clip level and criteria
which are f£ile specific. Clip level is the maximum level of breakthrough
which will give the getter or CBF & desired performance level,

30 Breakthrough was not tested for activated carbon fabric but would be
expected to perform as well or better than activated carbon felt.
*Projected data based on other results.

While the invention has been desér:l.bed with reference to details of
the illustrated embodiments, these details are not intended to limit the
35 sacope of the invention as defined in the appended claims.
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6 FIG 8 is an expl oded perspective view of the spindle notor
connect or. gégg}eé ?ssenbl y together with_a card assenﬁhgssm‘et}ﬂda&dm aced
performance Mve of FIG 1; Flé.a9|safrag

view illustrating a spindle notor connector retainer ass | n a
pocket cast into a base of the high pgghpygrance di sk dr|ve of

FIG 10 is a perspective view of a preferred data cabl e guide and seal

assenbly of the high perfornmance disk drive of FIG 1, FIG 11 is an
expl oded pedspecth datesissorage disk idples kcotpridimmni c flex cable for nmount i ng

arm el ectronics Qb ilatbRd di6k fAUrPREF Rotht3 for rotation sbout a spindle
motor shaft;
5 at least one data transducer hesad for reading and/or writing data
to regpective disk surfaces;
- gn actuator for moving said at lsast ohe data trangducer head
across respective disk surfaces; said actuator including an actuator
bearing shaft; and .
10 a device enclosure for enclosing said at least one disk surfaces,
sald at least one dats transducsr head and sald actuator, said device
enclosure including dis~cast generated predstermined zere draft
i geomstries for mounting said spindle motor shaft and seaid actuator
bearing shaft. '

15 2. A dats storage disk drive as recited in claim 1 wherein sald
actuator further includes a first pole-piace magnet assembly and a second
pole=plece magnet assembly mounted by said die-cast generated
predetermined zero draft geometries. '

3. A data storage disk drive as recited in ¢laim 1 vherein said device
20 enclosure romprises a base casting and a cover casting, each having a
mating surface along the length of the device form factor.

4. A data storage Aisk drive as recited in claim 3 wherein maid base

casting inc;udes sach of sald dis-cast generated predetermined zero draft
geomatries.

2% 5. A data storage disk drive as recited in claim 3 wherain said
plurality of disk surfaces and spindle motor shaft are mounted en said
base casting at spaced apart locationsg and are removably positioned for

independent assembly and removal with said base casting of ths disk
drive.

30 s. A data storage disk drive as racited in dia_i:q 1 vherein said device
snclosure includes structure for locating and retaining electrical
connectors for connscticn with electrical components mounted exterior of
said enclosure.

) O O



drive of FIG 1; FIG 12 is a fragmentary si dgi\sh&Widsekddsepiaded N9 t he

triple fold dynamc flex cable wth an actuator asse gh
H &m m/ axpl oded
and

per f or mance &'}%’ﬁé ve of FIG 1, FIG 13 is a

perspectiven ustrating a voltage r ?e_rence ta

assenbled with the actuator assenbly of the high performance disk drive of

EI G ﬁ f.'r. B @ltll‘itbﬁalqt disk idpivd aWiyited dhtdlaimny fantipdrt dnoRidegeat ube
reat her fi f . r of.t
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8. A data storage disk drive as recited in claim 1 vherein said
actuator includes a flex cable formed in an S-shape for supporting arm

slectronics.

9. A data storage disk drive as recited in claim 8 further includes a
10 cavity-defining member positioned within said S-shape for receiving
components of said arm electronics.

10. A data storage disk drive as recited in claim 1 vherein said device
enclosurs is formed of an aluminum material.

11. An arm electronics support for uge with an actuator in = data
18 recording disk file of the type having at least one magnetic disk
providing at least one data disk surface mounted for rotation shout an
axis and said actuator supporting at least one magnetic transducer for
movement about respective dats disk surfaces comprising:
& molded member defining cavities for receiving a plurality of
20 electrical components;
a flex cable 'including an S-shaped folded portion for containing
said molded member and for mounting electrical compenents; and
said molded member including at least one locating pin cooperating
vith said flex csble and the actuator for locating said cavities with
25 sald electrical components and for locating and mounting the arm
slectronics support with the actuator. |

12. An arm electronics support as recited in claim 11 wherein said €lex
cable further includee a portion for attachment to a voltage reference
potential. ‘

30 13. hn arm electronics support-as recited in ¢laim 11 vherein said
electrical componants are spaced apart from the actuator by said
cooperating molded member and flex cable folded portion, whereby thermal
isolation of the actustor from said electrical components is provided.

O



FIG 18 is a top plan view of a twirler tool, FI G 19Tﬁ“S ot tasgeen,
of the twirler tool of FIG 16; FIG 20 is a top V|ev u”
tenpl at e uspes-93+00T he twirler tool of FIgs 18 and 19 for

twirlpak getter for a breather filter, FIG 21 is a S|de vi ew of the

twirler tenplate of FIG 20 wth nternal det in dotted |ine,

FIG 22 is & anBnAHHaEer o8 uen I"Peﬂ' ety Pﬁ?éiﬂs é‘l‘g Wg 'h" i WYRE nal

dlet ai | s shopsving dotIndtlammagnetic ﬂ-ﬁprzaidagawamwm datavddik an

al ternative r | C t|on
,gﬁgg HGBERE e EbEIe18h BRHE bel RefiGRE 4206 actlbllod el

and |on VI ew aken al ong
alternative tubemrmmr farnt aAseybly foy mportins st lesst one magnetic

5 transducer for movement across respective data disk surfaces comprising:
flex cable circuit means for providing a predetermined voltage
reference potential and including z sclder pad connectad to said
predstermined voltage refersnce potential; and
voltage reference path means from applying said predetermined
10 voltage reference potential from said flex cable ¢ircuit means to the
actuator arm assembly including an electrically conductive member having
a portion enguging said solder pad and an opening for receiving s besring
attach fastensr, whereby suid member portion is soldered during assembly
of the data rscording disk file.

15 15. An actuator as recited in claim 14 vherein said electrically
conductive member is 2 copper tab having a pair of symmetric slots

symmstrically provided around said bearing attach fastener receiving
opening. o ' :

16. A mugnetic storage disk drive having a spindle which aupports at
20 least one disk having at least one magnetic disk surface to form &
spindle assembly for rotation of said at least one disk surfacs sbout an
axiez and a rotary actustor which supports at least one magnetic
transducer for movement about respective disk surfaces comprising.
" a base casting including predetermined ragistration surfaces for
25 mounting said spindle and sald rotary actuator and having a mating face;
. a cover casting having a mating face for sngaging said base mating
face to define a drive enclosure for enclosing said spindle, said at '
least one disk surface, saild at least one data transducer head and said
actuator; and
30 said base casting and waid cover casting including structure for
locating and retaining electrical connectors used for connecting to a
planar electronics card located outside the drive snclosure.

17. R magnetic storage disk drive as recited in claim 16 further
includes connector retainer mesnm cooperating with said base casting
. 3% structure for securing a spindle motor connector to said base casting,

18. A magnetic storage disk drive as recited in claim 17 vherein said
connector retainer means further includes registration means cooperating

R OO



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENIS. (155 Been Repl3&dd€r I'i Ng now t o

FIG 1 of the drawing, there is shown on exp e view of a

hi gh perforrrance g sk drive unit desi gna m H\/ﬂmﬂuﬁ lnEe ref erence
character R9%aMy0 znstructed in accordan mnt f the present

i nvention. Disk drive 10 includes an enclosure structure 12 produced by two

mating al uRjieyngdlidepraaki elbet#dnivadedid ror pbsitioning said lpindle motor
connector with said planar electronics card. :

19. A magnetic sterage disk drive as recited in claim 18 vherein sald
registration means includes an outvardly extending locating post.

5 20. A magnetic storage disk drive ms recited in claim 16 further
includes unitary bracket means for conteining snd positioning a data
cable and a data connector.

21. A magnetic gtorage dilk,drive as recited in claim 20 wherein gaid
unitary brackst means includes a unitsry member having a forvardly

! 10 portion extending through a feedthrough opaning in said cover casting for
positioning said data connector in cperative relation to said planar
electronics card.

22. A magnetic storage disk drive as recited in claim 21 vherein said
forwvardly extending portion defines positioning rails received within a
13 pair of guids slots formed in the casgt cover.

23. A magnetic storage disk drive as recited in claim 21 further
includes & seal received within said feedthrough cpening.

24. A magnetic storage digk drive as recited in claim 20 wherein said
unitary brackst means is a one piece folding part,

20 25. A magnetic storage disk drive as recited in claim 20 wherein said
unitary bracket means is formed of nylon material,

26. A magnetic storage disk drive having a spindle which supports at
least one disk having at least one magnetic disk surface to form &
spindle assembly for rotation of said at least one disk surface about an
285 axis and a rotary actuator which supports at least ocne magnetic
transducer for movement about respective disk surfaces, comprising:

a housing assembly for mounting said spindle and said rotary
actuator and having s mating face; said housing agsembly defining an
enclosure for enclosing said apindle, said at least one digk surface,

30 said at lsaet one data transducer hesd and said actuator; and

a breather f£ilter having an inlet for receiving air Ffrom outside
said enclosure and an outlet for providing filtersd air inside said
enclogure; said breather filter having an elongated shape for containing

A



neet along the length of the device formfactor. These are e splaed
base,casting 14 and a cover casting 16, respectively.
14 houses ghé.d3dpgyi onal el ements of thepdevice englosure 12,

spi ndl e/ not or asserrbly 18 and the actuator assenbly 20. In addltlon

outer diameter (OD) crash-stop 22, an inner dianeter (ID)

cr ash-'st opekolssiskt oxe Ziltem alectrostatic medignelement angoat demat RS hin t he

base casti gegtivateRosirboti! £1ten dlembgt. 28 recei ved within base casting
opening 29 for filtering the enclosed air volunme with the disk drive 10.
The physical design i's such that the actuator as- senbly 20 or

spi ndl e/ no@B: 2 megticistorays diskndrixe| vdreﬂih‘dn#v@(hh@ﬁ vharedncasisr e

i ndependenhw‘mﬂogﬁﬁgo*pqgﬁggfhdH_Eeﬁpnme t&d rﬁdiﬁe%ﬂﬂaﬂﬁohﬂsﬁm y or

rewor K pur poses that disk drive 10 is arranged
so that 5t h&sgting-

28. A magnetic storage disk drive as recited in claim 26 wherein said
cover casting includes an integral diffusion path cast in the cover
casting for controlling the flow of air into tha breather-filter.

29. A magnstic storage disk drive &s recited in claim 26 wherein said

10 cover casting includes an integral diffusion path cast in the cover
casting for controlling the flow of air from the breather-filter into a
low-pressure rasgion within said enclosure.

30. A magnetic storage digk drive ‘as recited in claim 26 wherein said at
least one activated carbon filter element is coiled in a spiral defining
i5 a twirlpak. -

31. - A magnetic storage disk drive as racited in claim 30 vhersin said
tvirlpak has a selected léngth and tightness for a predeterminad
breakthrough performance and a pradstermined pressure drop of said
breather filter.

20 32. A magnetic storage disk drive as recited in claim 26 vherein paid at

least one activated carbon filter element is a Kynel fabric, felt or yarn
treated with sodiun carbonate.

33. A magmetic etorage disk drive as recited in claim 26 wherein said at
least one activated carbon filter element is a treated carbon-loaded
25 polyuresthane foam.

34. A magnetic storage disk drive as recited in claim 26 wherein said at
least ons activated carbon filter elsment is a Kynol fabric, felt or yarn
treated with potassium carbonate. '

35. A magnetic storage disk drive substantially as hereinbefore
30 described with ;efnnn« te the dravings.
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for utilizing the entire formfactor length for the structural enclosure 12
for -t he product i's elimnated. Disk drive 10 involves reducing the
centerline distance between the disk spindle and the rotational axis of the
actuator system reducing the dianmeter of the bearing system enpl oyed for

t he actuator, and changi ng the skew angl e/ gap radi us of the actuator system
to allow full utilisation of the disk sldffaces. Referring also to
FIG 2, unique features associated with the base casting 14 include
zero-draft regions proyld#TAg very precise registration surfaces, generally
desi gnated as 30, 32, §4./36, 38 and 40, generated in the die-casting
process. Each and of s#®%pi ndl e notor shaft, generally designated as 42, is
received by the reg ,ti$¢y¢wfa0es 30, 32 and secured to the base 14.
Regi stration surfafq} 73 unt an actuator bearing cartridge shaft

44.  Registration S\an§¥ 40 provi de nounting pads for an upper VCM
pol e- pi ece ggRINEJ gNd a :

This Sheet.HassB_eeﬂ‘::Rgﬁird_ -
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a fower VCM pdl e-pi ece magnet assenbly 48, respectively. The upper VCM
pol e- pi ece nagnet assenbly 46 is secured to the base casting 14 by anm——-=—

adhesi ve. The | ower VCM pol e-pi.ece magnet assenbly 48 is atThixshes!
base by a series of bolts 50. . Thi s uni que feam,mH

H&S%e laced
invention elim-nates the nee_tj{"t o produce thbe registration’su mym mjliﬂ e

t he process of machi nj

g subsequent




deburring activities, as has been the practice on all known prior disk
drive products of this type. Use of the die-casting process to generate the
regi stration surfaces 30, 32, 34, 36, 38 and 40 reduces the cost of

machi ning. Base casting 14 is configured as one half of the
encl osure structure 12 for housing all f tional elenents of the device 10
to provide the greatest possible dinensi I stabilih¥ for the critical

operati onal g meterA since:the nunber of jointsAWbject to dis-+

pl acement aFgaEZE;or en are.mni msed 8Thi s al so fensures theghgst possible
per f or mance® unde™ thangi ng ther mal d§Vi brationgl conditions §r the.device
10. Referring glSQelQuELCS =8 FoVaV. W 2 - “WR NCET NI O efddaae. COV ET
casting 16 include a pqriigtdte€d ri b sprRs I\

y &

erally
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f ormed above,hi gh-power electrical nodules to facilitate air-flow and
cdonvective heat transfer to the airstream A cast or nmachined cavity 54
serves as an integral housing for a breather filter 56 illustrated and
described with respect to FI'GS. 14-17 and an alternative arrangenment with
respect to FIGS, 18-24. The cast or machined cavity 54 elimnates the need
for .a separate conventional . breather fi /8 housi ng, such as sone form of
pl astic casing, thereby elimi'nati ng unnecessary product expense. Breat her
filter nedia an stuffed into cavity 54 in the cover casting 16

wi t hout neeﬁ?&st? or bond any additional housed elenments into place.
An integral §di i o path 58 is cast in the cover casting 16 for
controlling the flow g#2air,-indicated by arr 52A, into the t)geat her -
filter 56. An integraljchannel 60 of- controll N\ 0SS-sectionaf '&rea is
al so incorpo@Ued i ngd the die-casting of the covir casting 1§ to

.- This Sheet Has Been Reﬂlaced
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regul ate .and direct the airstream indicated by arrows 52s, fromthe
breather-filter 56 to a | owpressure region indicated generally by 62 (FIG
3) near the center of the rotating spindle system18. A film 64 covering
channel s 58 and 60 includes*an air inlet-hole 66 aligned with an inlet to
channel 58. By incorporating:the integral diffusion path 58 in the cast
geonetry, the need to produce:those feablBes in a separ at e conponent

secur-ed to tdgadevice is glimnated. The igmyr g#yon of channel 60
ensures that e point of? gst pressur&E;? ' W) 10 is enployed to
draw air thrigfdh tie f ey 138 Lpge 56 Whi C bvies the .

2 o
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ru r

neéded particul ate and chenical treatnent of the alrstreanrfer-alk air
drawn into the device, and greatly reduces the potential f '\

drawn ‘into the disk drive 10 through any alternate path of’ i
Referring now to FIGS. 1, 6 and 8, base casting 14 prov l
and retention structure generally désigggi d 72 for an : :

74 connected to a spindle-notor 76 via ea20l e 78. Ver castlng 16
provides a | ocatjonal and retention cheral |y de5|gnated by 82
for an electrical data or actuator nneciie bfor multiple
read/wite transducers or heads 86 pi =%e functions
greatly sinpl F; tG ml ct ' {
1G.
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installing or renoving fromthe device 10 a set of electronics carried by a
pl anar card 90 (FIG 1), since it is not necessary for the assenbler to
grasp or otherw.se handl e electrical connectors during the process. Having
reference to FIG 8, a portion of the electronics card 90 is shown with the
base casting 14. To install-the electronics card 90, the card 90 is aligned
with the assistance of guide features ?Zlq'ncorporat ed in the card 90 and
thenthe card 90 is pushed down into position, with necessary electrical
connections nmade to the notor connector 74 housed in the base casting 14
via termnal pins 94. Necessary electrical connections simlarly are nade
to the actuator flex cable connector 84 housed in the cover casting 16. The
el ectroni c car gemes \Curp®-n place to the base 14 with a set of screws
(not shown) reFi.Gl hrF h -al i gned apertures 96 and 98 in gghe card 90 and
base . 14. THe™08se® casting 14 and the cover casting 16jare contoured
to v . .
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psoOvide a localized well generally designated 100 by correspondi ng regions
102 and 104. Localized well 100 acconmpdates additi onal hei ght requirenents
associated with the spindle nmotor assenbly |18. As best seen in FIGS. 1 and
6-8, the spindle notor 76 includes a flange 106 for® supporting a stack 108
of disks 110 and a lower portion 112 bel ow the flange 106 extending within
the | ocalised well 100. The localized mg} 100, defined by regions 102 and
104, is located and mininmzed in size t ni‘m se the areal reduction

avail abl e-to the planar el-gctronics card 90, and al so prOV|des a ribbed

stiffening effe wn of the spindl e systef™t§ Furt her
enhances the di F -. erture 114
is provided in t

is_ilty of this critical Feg§
_ 't responding to the |ocal'ized

Local i zed wel |” 100 has a ‘bel

encl osure 12 which is further

“geonetry to facilitate sealing 25°d|sk
provi ded by a copper film tape d'tllﬁnt

\( e ;.1!._1“_"' --2e4
" 1B
FIG. 22 o
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10 ncn/cl Ing: the d| sk’encl osure~12. around the I ength of the encl ot e at
t he nmetiwig l'ine bet ween ¥ he. two. castings 14 and 16 as shown in FIG 6. The
two mating castings: 14 and: 16 .are.r. regi stered and secured together by two

in the base and cover castl ngs 14 and 16. The fastener receivi ng apertures

118 and 120 are | GTBVEERE: %ﬁ%ﬂﬂ@@nﬂ%&urg%m to

v S R T AT
Backoround of the Invention”, e om
- Y T Iy . e
/ B . -
1. Fileld of the Invention
Bl

The present invention relates to a direct access storage device
(DASD) and, more particularly, to improved electrical and mechanical
structures and srrangements end enclosure assembly for a high psrformance
small form-factor disk drive.

2. Description of the Prior Art

Computers often include auxiliary memory storage units having media
on which data can be written and from which data can be read for later
use. Disk drives incorporating stacked, commonly rotatsd rigid magnetic
disks are used for storage of data in magnetic form on the disk surfaces.
Data is recorded in radially spaced data information tracks arrayed on
the surfaces of the disks, Transducer heads driven in a path toward and
avay from ‘the drive axis write dats to the disks and read data from the
disks,

Disk drive dimensions are normally limited by a form factoer, an
industry standard of length, width and height dimensions. As disk drive
device form factors become increasingly smaller, electrical conmnections
to the using system can utilize an increasingly greater portion of the
davice form facter. In addition, the device interfsce and power
connectors used, and the placement of these connectors within the devicas
form factor results in industry standard elements, The resulting rigid
industry standards provide significant geometric constraints on future
models of a given product family or set,

Historically in small DASD's, 5 1/4" and smuller, a disk drive
enclosurs for a head/disk assembly (HDA) is fitted into a metal frame
commonly called & user frame. This user frame is typically an aluminum
die casting or formed from a sheéet metal stamping. Generally, an HDA is
attached to the user frame via three or four resilient vibration
isolators or shock mounts. For thase isolators to be effective, space is
regquired between the HDA and the user frame to allow the HDA to move
freely in response to externsl vibration or shocks. Threaded holes are

This is the replacement sheet
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draw't he hal ves together against a set of three matching pads generally

desi gnated 122. The three-point system 122 mnim zes distortion effects

i'mposed on the mating halves 14 and 16awhen the fasteners are tightened,

whi ch could create assenbly stresses in the assenbly. Assenbly stresses can

contribute tO£erfornance degradati on duri ng file operations and often | ead
a I

to produsevidsd at standard decatienguin She right and lefitogidan; and the botyom |y
cast i NgSofl 4h@RiseiOfiiR@OZHO aktecting attiez alhxC ARivaUASs bl BC eheTaNiAyCays~

orovt de AT BREy "Satrie TR Gl FedldThined P ofited cB0BHS upind ©
conponeraysteh koxe kit theriDAcig (botht ¢lechrisally (and mechanicalliy| isplagedhe di sk
encl osurgalgne vibration/shock icolators. When magneto-resistive (MR) heads are

used within a file, elactrical isolation is required between the HDA and

the user frame. With smaller form factor disk drives, .space constraints

also raestrict the use of resilient vibration isolators or shock mounts.

Other basic problems in a small form factor disk drive include
space for electronics and the cost. When magneto-resistive (MR) heads
are used within a £ile, a very low amplitude signal is provided so that
amplification is required as early as possible in the slesctrical path to
prevent picking up unwanted noise or causing signal degradation. The
required amplifier circuits in the data channel, implemented by an
integrated circuit, requirs external capacitors for tuning &nd ncise
£iltering. With a small form factor, the murface area on the actuator
available for supperting required arm electronics is limited. In known
arrangements, components are mounted on & flex cable father away from the
actuator. This conventional arrangement would adversely impact
performance with the MR hesds. Other known arrangsments use expensive
nulti~layer ceramic or flex packaging to allow buried lines and vias. 2
need exists for a cost-effactive, efficient and reliable packaging
arrangement for arm slectronics. '

When magneto-resistive (MR) heads ars used within a file,
transducers and disks must be held at the same elsctrical potential.
Known small form factor disk drives have providad.s conductive path from
the flex circuit to an actuator comb through a mounting screw. A need

exists to provide a low cost manufacturable electrical path from the flex
eircuit to ths comb.

Typically, electrical connectors have been registered in plece by
potting or gluing them into holes of the base casting plates. These
spprosches require a slov labor-intensive process in a clean roem
sssembly to secure and seal the opening around the connactor or require
an additional connector on the inside of the disgk enclosurs. Often &
Gata cable exits the disk enclosure to transmit read/write head signals
to a card assembly on the outaide of the disk enclosure. Typically the
data cable extends slong a smooth surface of the base and is squeszed

batween the surface and a rubber gasket. Extanding from the device
This is the repigoamant sheet
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Bot h castings 14 and 16 are configured as five-sided elenents, with the
open face representing the mating surface between the two halves. This
configuration results in a greater strugtural stability and in- tegrity
than is associated with place, tube or box designs due to the reinforcing
nature of the five-sided box design and the |ack of joints between the
nmount i ng/emedesureais on dsng¥imgedateo calbliec bhass Le jac gpurfaenef idamage Bxdndl i es 18

and 20 ofpglaBfbYiF khE that CdWACHEE and dtaelf vBES Qo dutdmbtedaeSembly. 3, 6 and 8,
a unique electrical isolation systemis achieved for the two castings 14

and 16 using a series of ten identical inserts 124 and a pair of insulating
menbers or i nXheaspiraila Mgtornasaenblyl 14 diivenibypsignalesfron amarda series of
correspongd bt d1fes adid O‘Fnig laNQ 46g1elgn i424
are forme '%%ﬂ%n%‘?‘néeu r?%fo ast‘?éci‘ir‘rah%gfil atl,e sﬁ?# gs 9UI tgfm‘k[)ég(h;rllve 10
i s not shised-te carry signals to the spindle motor. Thiz assembly process also

is diffiecult to automate and susceptible to damage during assembly.

A mechanically stable enclosure structures is required for the disk
drive. Mounting surfaces for spindle shefts, actuator shafts and
actuator pole-pieces have nonﬁally been generated by a machining process

. for the disk enclosure (DE). The machining procass ig time consuming and

expensive.

Magnstic disk drive assemblies require make-up air to compensate
for small, slow leaks in the enclosure, and to adjust to environmental
temperature and pressure changes. The components inside the drive are
very sensitive to contaminants that can be easily introduced by an
incoming air stream. These contaminants include small particles, organic
vapors and inorganic gases containing fenic acids. All of these
components may be present in the surrounding ambient air from which the
make~-up air i= drawn.

Traditional filters have concentrated primarily on capturing
particulates from the incoming meke-up air. However, more recent designa
have incorporated elements to remove the other components. The addition
of filter elements for organics and inorganics requires additional gpace
vhich becomes increasingly difficult to find as disk drive enclosures
become smaller. The filter functions become separated into several
stages, which are combined together either on top of, or alongside, one
another.

Disk drive designs often incorperate a breather port to relieve
pressure differentials and provide a controlled source of make-up air in
the event of leakage. Breather filters provide filtration for par-
ticulates and, increasingly, for. environmental chemicals such as
plasticigers and corrodents, These filters commonly centain a high
efficiency particulate air (HEPA) filter medium to remove particles from
the air passing into the drive through the breather. A typical target
efficiency for this media is 99.97% of particle 20.3 micron. A breather
£ilter is designed to be the preferred point of entry of air into the

Fais 1§ TN Camrs, AR Rt
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mount ed which is achievable by the rotary actuator system 20 nomninally
produced with a static bal ance about the axis of rotation. Disk drive 10 is
desensitised to externally applied i npgts which woul d otherwi se result in
relative notion between the read/wite gap of the magnetic recordi ng heads
86 and data tracks which are created on the disk surfaces 130.

Ref er ri dgive spachus7myst have rmdov direpeurs drap;sge rkypirel, specifjication ias 132,

formed @f.1edmCoEivatiekyat 3OULS/NING "RborFelitivels hith prédetre ilofSor HEPA
media requires that a relatively large area ba employed. The diameter

for the media disk for small drive breather #iters is commonly 18-28 am.
HEPA medis used in such filters are either micro=fiber glass or expanded
PITE. Typical thickness of these is 0.5 mm. For chemical cleansing of
the air entering the file, a layer of permeables chemically active media
is placed in the breathsr directly upstream of the HBPA medium,

One known breathar filter design disclosed in . U.5. Patent No,
5,030,260 has shown that the airflov path through the filter has a very
significant impact on the performance and capacity of the eslements which
remove organics and acids. 1In that design, the geowetry required to
impart the proper airflow through the filter positioned the upstream and
downstream diffusien paths llongsidé the filter chamber. This added
greatly to the overall sise of the filter. It also reguired a relatively.
large flat area for mounting.

SUMMARY OF THE INVENTION

It is a principal cbject of the present invention to provide s high
performance disk drive that overcomes many of the disadvantages of prior
art arrangements. Other important cbjects of the invention are to
provide a disk drive enclosure incorporating special geometriss generated
as zero~draft surfaces in the die-casting process that sliminate the need
for machined surfaces; to provide a disk drive enclosurs incorporating
structurs for locating and retaining electrical connectors used for
. connecting to a planar slectronics card located ocutside the drive
enclosure; to provids an intsgral housing for a breather filter and
airflow channsls for regulsting airflew throughout the breather filtsr)
to provide a disk drive including a low cost, easily manufacturable
electrical path from a flex cireuit to an actuator comb; to provide a
digk drive including & unitary member for containing and pesitioning a
data cable relative to a bass enclosure and for sealing an interface
betveen a duta cable connector and a cover snclosure; to provide a disk
drive including a connector retainer for retaining and securing a power
conhector to a base enclogure; to previde a disk drive including a low-
cost, afficient and effactive support errangement for poeitioning arm
slect-onics; and to provide a disk drive including a breather filter for
efficient removal of contaminants in the make-up air stream having a -
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and secures the spi ndl e notor connector 74 and flex caﬁligs},ngraboBem@iﬁ@e%e
:I on

casting 14 and |l ocates the notor connector 74 to the ca
Connector retainer 132 is a one-piece bg)x i ncluding a hqﬂmEuWH
designated 134 initially |ocated as shown in FIG 7. Aft

connector 74 and flex cable 78 are inserted into the retainer 132, the

hi nged | icompact shapevand heing ¢dsdly autonsted; ahdnte providenapcH 6doekt he |id

fits int @ravédibgtatitih h&ael DEas Wen the spindle notor as-
senbly 18 is attache& ?%iyﬁghﬂlasge%.gg?‘iﬁgg%i' tthe retainer 132 hol ding the

connector 74 and flex cable 78 is slidingly inserted into the pocket 72
cast into the Inabridf}. tiReiob)Eitagan® ABVIRIgEN oFNEHSpRARne i RANRI &N GTe0f the

ot ai nor “eisyved by ¥ QabéuipReH, didk eptye Frsda §'apbinls wniel et A a
| ocat i ng PhuEslity o disks hlei/lw atrleagd anetmagnatimdiskisyrfac thefarm d 90,
spindle agsembly for rotation of the disk surfeces about a common axis
and a rotary actuator which supports magnetic transducers for movement in
unison about respective disk surfaces. The disk drive includes a die-
cagt disk drive enclosure including die-cast generated predetermined zero
draft geometries for mounting the spindle moter shaft and the actuator
bearing shaft. fThe enclosure includes a base casting and a cover
casting, each casting including structure for locating and retaining
slectrical connectors used for comnecting te a planar electrenica card
located outside the drive enclosure. The disk drive includes an
effective and easily manufacturable elsctrical path from & flex circuit
to an actuator comb. The dimk drive includes a tubular chemical breather
filter arranged with integral diffusion channels formed in the cover
casting.

BRIBF DESCRIPTION OF THE DRAWING

The present invention, togather with the sbove and other objects
and advantagss, can best be understeod from the follovwing detailed
Gescription of the embodiment of the invantion illustrated in the
draving, wherein:

FIG. 1 is an expleded perspective view of a high performance disk
drive of the invention;

FIG. 2 is an exploded perspsctive view of a bage casting and a
pola-piece magnet assembly of the disk drive of FIG, 1;

FIG. 3 is an exploded perspective view of a cover subassembly and
filter arrangemsnt of the disk drive of FIG. 1,

FIG. & 1s a side view of the cover subassembly of the disk drive of
FI1o. 1,

FIG. 5 is a fragmentary qectieml view taken along the line 5-5 of
PIG. 4 . .

FIG, & is a bottom perapective view of the disk drive of FIG. 1,

FIG. 7 is an enlarged exploded perspective view of a spindle motor
connector retainer assembly of the high performance disk drive of FIG. 1,

This is the raplacemant sheet
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aligning the card pins 94 to the notor connector 74 and creating a positive
connection. Wth this process nmanual pluggi ng and unpl uggi ng of the notor
connector 74 to the card assenbly 90 is_ elim nated. Referring to
FIGS, 1, 3, 6 and 10, there is shown a %ata cable gui de and seal bracket
generally designated 150 arranged in accordance wth the invention. Data

cablf gui d?ha'i;ilcs@liigfﬁ‘ﬂ%hé@phﬁpﬂcéﬁ'&mfkm)%?ﬁc thafmueont ait ns and
posi tions the flex e or an e e, £asting.

B acker ESUPRRLOR Ffainet aveedrty: SBoehurt IR o eard mpueebil e BRCHER 55
rel ati onshr#mnequr&bennédtlér 134. Bracket 150 incl udes a positioning

rail 152 receigsmd g 14,
as shown in Flt(t;\S wgr ac ﬁt%ﬁl%ﬁ%ﬁrh xtenql nﬁﬂl&?ﬁtgﬁ 156

that ext &QB3eqEIY Tetainar eﬂfémyemi‘ﬂﬁ’an%ﬁ?‘!fkﬁ%aﬁ“ tont p&®di ng
aligned ndgh performuricecdinky drivaasfiflg. 1y, shown in dotted line in FIG 3,

and provi des %ﬁ?aﬁ 13 » perspective view of a preferred data cable guide and
seal assenbly of the high performance disk drive of FIG. 1,

FIG. 11 is an exploded perspective view of s triple fold dynsmic
flex cable for mounting arm electronics of the high parformance disk
drive of PFX6. 1; .

FIG. 12 is a fragmentary side viev illustrating the triple fold
dynamic flex cable with an actuator assembly of the high performance disk
drive of FIG. 1; .

FIG. 13 is a fragmentary exploded perspective viev illustrating a
voltage reference tsb removed from and assembled with the actuator
asgenbly of the high psrformance disk drive of ¥16. 1,

FIG. 14 is a sactional view illustrating an slternstive tube
breather filter;

" FIGS. 15 and 16 ars top and bottom plan views, respectively,
1llustrating diffusion paths of the breather filter of FIG. 14,

FI1G. 17 is an enlarged fragmentary top view of a cover illustrating
s tubular breather filter in dotted line and cast diffusion channels with
arrows indicating airflow path of the high performance disk drive of FIG.
1

FIG. 18 is a top plan viev of a twirler tosl;

FIG. 19 is a side view of the twirler tool of FIG. 18;

BIG. 20 ig a top viaw of twiriar template usad with the twirler
tool of FIGS. 18 and 19 for preparing a twirlpak getter for a breather
-Eilter;

FIG. 21 is a side view of the twirler template of FIG. 20 with
internal details shown in dotted line;

PIG. 22 is an end viev of the twirler template of FIG. 20 with
internal details shown in dotted line;

- FIG. 23 is a sacticnal view of an alternative tube breather filter
arranged in accordance with the inventicn; and __

FIG. 264 is a sactional view taken along the line 24-24 of the
alternstive tube breather filter of FIG. 23.
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surface with the cover casting 16. Bracket portion 156 defines a pair of
positioning rails 162 received within a pair of guide slots 164 (one shown)
formed in the cast cover 16. Wen thesactuator assenbly 16 is assenbl ed
into the base casting 14, the bracket 150 is secured to the base casting 14
via the cast slot 154 so that the cover casting 16 can be assenbl ed

directly to the ba®BTMLER PERCREFEIONCOF THE RREE nEYRODIEENTS; | nto the cover

casting 16. Wen the cover casting 16 is assenbled with the base casting 14
as shown in F 6. the fle ab) e .88 a anneet or re held i,n,a
posi 11 on wi t nREFervdnR Hew, b TI5" ) BecHheHFRgn SRS feaRh, 88 mtdafe..

f eedt hr opegspectivel Biewnnd glhigh pirformanss dsk drivecunit destgnated @8 ehe cover
casting iﬁow By | GerLberehie %ﬁ:@&%&lm.aa %ﬁsmw%t a G a2 WY th

addi ti ona at1qns or cost. Pi Qr

princ ple: of the present invent on. Dis ive 10 includes an enclosure
gtructure 12 produced by two mating aluminum die castings 14 end 16 which

mest along the length of the device form factor. These are referred to

as a base casting 14 and a cover casting 16, respectively.

Bage casting 14 houses all functional elements of the device
enclosurs 12, including & spindle/motor aiaenbly 18 and the &ctuator
assenbly 20. In additien, an outer diameter (OD) crash-stop 22, an inner
diameter (ID) crash-step/homelatch 24, and a recirculation filter 28
reside within the base casting 14. Recirculation filter 28 received
within base casting opening 29 for filtering the snclosed air velume with
the disk drive 10. The physical design is such that the actuator as-
sembly 20 or spindle/motor assembly 18 may be ingtalled or remaved from
the enclosure independently of one another and in any preferred sequence
for assembly or rework purpeses,

It should be noted that disk drive 10 is arranged sc that the need
for utilizing the entire form-factor length for the structural enclosure .
12 for the product is eliminated. Disk drive 10 involves reducing the
ceanterline distance between the disk spindle and the rotational axis of
the actuator system, reducing the diimnter of the bearing system employed
for the actuator, and changing the skew-angle/gap radius of the actuater
system to allow full utilization of the disk surfaces.

Referring also to FIG. 2, unique features associated with the base
casting 14 include zero-draft regions providing very precise registration
surfaces, generally designated as 30, 32, 34, 36, 38 and 40, generated in
the die-casting process. Each end of a spindle motor sheft, generally

 depignated as 42, is received by the registration surfaces 30, 32 and
sacured to the base 14. Reqisgrutien surfaces 34 and 36 mount an
actuator bearing cartridge shaft 44, Registration surfaces 38 and 40
provide mounting pads for an upper VCH pole-pieca magnet assambly 46 and
a lower VCM pole-piecs magnet assembly 48, respectively. The upper VCH
pole-piece magnet assembly 46 is secured to the base casting 14 by an
adhesive. The lower VCM pole-piece mlqnet assembly 48 is attached to the
bage by a series of bolts 50.
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12 that bracket 150 elim nates the dangling flex of disk drive
conventional arrangenents. Referring to FIGS. 11 and 12, there is
shown a support arrangenent generally designated 170 for supporting an arm
el ectronics (AE) generally designated 171. Additional surface area for
nmount i ng conponents_ of the AX 171 is provjded on the actuator assenbly 20

by fol di ng t h&h4s ynigus, faatyre of the, ipvantionsaliminates the need-to produes 172
as shownthe regfatration urficks chigughcthe'piocssd &f hachihdivg Gadasulveigiientof
cavit] eSaddfirlRl defiviilek, Wb ab'bief iepflce O 3! dEY TndVi pBEGE REQK' 91 N0 2
drive products of this type. Use of the die-casting process to generate
the registration surfaces 30, 32, 34, 36, 38 and 40 reduces the cost of

machining.

Base casting 14 is configured as one half of ths enclogure
structure 12 for housing all functional elements of the device 10 to
provide the greatest possible dimensionsl stability for ths critical
operationsl parameters, since the number of joints subject to dis-
placement and distortion are minimised. 7This also ensures the best

possible performance under changing thermsl and vibrational conditions of
the device 190. :

Referring aleo to FIGE. 3~5 and 17, unique features of ths cover
casting 16 include 2 parforated rib structure generally desigmated 52
formed above high-power electrical modiles to facilitate sir-flow and
convective heat tramsfer to the airstream. A cast or machined cavity 54
serves as an integral housing for a breather filter 56 illustrated and
described wif.h raspsct to FIGS. 14-17 and an alternative arrangsment with
respact to FIGS, 18-24. The cast or machined cavity 54 eliminates the
need for a separats conventional breather filter housing, such s some
form of plastic casing, thereby eliminating unnecessary product expenss.
Breather filter media 56 can be stuffed into cavity 54 in the cover

casting 16 without need to fasten or bend any additienal housed slements
into placs. '

An integral diffusion path 58 is cast in the cover casting 16 for
contrelling the flov of air, indicated by arrows 522, into the breather-
Zilter 56. An integral channel 60 of controlled cross-sectional area is
also incorporated into the die-casting of the cover casting 16 to
requlate and direct the airstream, indicated by arrows 528, from the
breather-filter 56 to & low-prassure region indicated generally by 62
(¥IG. 3) near the center of the rotating spindle system 18. A £ilm 64
covering channels 58 and 60 includes an air inlet hole &6 aligned with an
inlet to channel 8. By incorporating the integral diffusion path 58 in
the cast gecmetry, the need te produce those features in a separate
component secured to the device is eliminated. The configuration of
channel 60 ensures that the point of lowest pressurs of the file 10 is
employad to drav air through the breather filter 56 which providas the
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the flex S-shaped support 170 to nount to the actuator 20. A top
surface 184 of the flex S-shaped support 170 is used to nount the nost
critical conponents including two integrated circuit devices 186 using
direct chip attach (DCA) w rebondi ng and encapsul ati on techni ques, al ong

with the three npst criticgal noise . filter, capacitoers,188..The, jnner |ayer

i s used nfﬁg?iaﬁftf%#% nf‘??@gf?ﬁér tatyaRt t‘%r gh'lgg."v&%@rt-f?&,ﬂf nmed of an
engi needragn dintot the davizei, adnd gréntdy rdduces the@okdntial far raizf teiheer

| ocatin ' Ogsan I i o) ' | r P I=TeN flex

S-s hapegrgt'gggﬂ:? #Oqiii\nﬁf r‘\@gﬁé &ét g}grttbg?*gcl gkﬁljfgéjt?opgﬁgl# to egrgginéclgg , such
as, for exanple, to +/-0.02 mm The bottom|ayer of flex S-shaped support

170 i ncl udes paeNEMrgrhdw a6pidsat 1 Algl amb satvadedEutingf14 Brovd@Whcoi | and the

vol tage lglcegiorn%&earnecp %Stfn%gg ts't%'.lchfre 1q'e%e¥aollltysdesignated 72 for an

electrical connector 74 connected to a spindle motor 76 via a flex cable
78. Covar casting 16 provides a locational and retention structure
generally designated by 82 for an electrical data or actuator flex cable
connector 84 for multiple read/write transducers or heads 86 via a flex
cable B8, These functions greatly simplify the manufacturing process of
installing or removing from the device 10 a set of electronicy carried by
a planar card 90 (FIG. 1), since it is not necessary for the assembler to
grasp or otherwise handle electrical connectors during the process.
Having reference to FIG. 8, a.portion of the electronics card 90 is shown
with the basa casting 14. To install the electronics card 90, the card
S0 is aligned with the assistance of guide features 952 incorporated in
the card 90 and then the card 90 is pushed down into pesition, with
necessary electrical connections made to the motor connector 74 hpuled in
the base casting 14 via terminal pins 5¢. Necessary electrical
connections similarly are made to the actuator flex cable connector 84
housed in the cover casting 16. The electronic card is secured in place
to the base 14 with a set of screvs (not shown) received through aligned
apertures 96 and 98 in the card 280 and hase 14.

. The base casting 14 and the cover casting 16 are contoured to
provide a locmlized well generally designated 100 by corresponding
regions 102 and 104, Localized well 100 accommodates additional height
reguirements associated with the spindle motor assembly 18. as best seen

* in PIGS. 1 and 6-8, the spindle motor 76 includes = flange 106 for
supporting a stack 108 of disks 110 and a _lahr portion 112 below the
flange 106 extending within the localized well 100. The localized well
100, defined by regions 102 and 104, is located and minimized in gize to
minimire the areal reduction availeble to the planar electronics card %0,
and also provides a ribbed stiﬁfeninql sffect ‘in the region of the spindle
system 18, which furthsr enhances the dimensional sthility cf this
ceritical region. An amperture 114 is provided in the card S0
corresponding to the localized well 100,

Localized well 100 has & bell geometry to facilitate sealing of the
disk enclosure 12 wvhich is further provided by a copper-£film tape 116
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Actuator manufacturing is sinplified since no screws are required to hold
the flex. The locating pins 190 end 192 allow the use of a
pressure-sensitive adhesive (PSA) to atjpach the flex S-shaped support 170
to the conb 194. The locating pins 190 and 192 provide the | ocating

control and prevent the typical PSA creep that can occur under conditions
of el evaﬁé&if@r*ﬂﬂrglﬁjﬂ"&ﬁéclmn%ﬁw&s%&Fﬂﬁ'@bgg the enc HE® 3% x

s- shaped the ting 1 Xihepbatsisdnstlid ¢wo tcastings 1hendulé msothownoin FEG. téwe track
density igggr 2k ﬁigi r fQiaRl" B WY redidtert® GRAEFeduied Civgetlity b
critical .%hﬁg'ﬁﬁieﬁcﬁ paﬁa e ?‘s;ol at es heata-f romthe ta armel ec or?i cs

(AE) 180 twestasteneumdnot shownd reseivad, throygh cpyyesponding ppprtures |
changes fan@mftRsi €1 Bakeé Andl caied EaNLEHF14 W Dot The Qestbhex receiving

Fepeat ed PREFRS 08 9d"130 Mg YockPéd € ik dh heunl bhloRER AR 67D
exi st ed. drew thechalvesipgethenagsinst posef, of fEhrepjmatching pads generally
designated 122, The threes-peint system 122 minimizes distortion effects
imposed on the mating halves 14 and 16 vhen the fasteners are tightened,
vhich could create asserbly stressss in the assembly. Assembly stresses
can contribute to performance degradation during £ile operations and

often lsad to production yield problens and customer quality problems.

Both castings 14 and 16 incorporate localized contouring to
accemmodate geomstric spacing requirements for the mating electrenics
board 90 to provide optimal use of the device spatial envelope for
functional components of ths disk drive 10 both internally and externslly
to the disk enclosure 12. o '

" Both castings 14 and 16 are con!igilrad ag five-sided elements, with
the open face representing tha mating surface betwaen the two hulves.
This configuration results in a grester structural stability and in-
tegrity than is associuted with place, tube or box designs due to the
reinforcing nature of the five~sided box design and the lack of joints
between the mounting/registration surfaces to which critical functional
assemblies 18 and 20 of the device ars secured.

Referring to FIGS. 1, 3, 6 and B, a unique slectrical isolation
system is achisved for the two castings 14 and 16 using a series of ten
identical inserts 124 and a pair of insulating members or insulators 126,
Inserts 124 are simply pressed into & series of corresponding cavities
128 formed of the castings 14 and 16. Inserts 124 are formed of an
engineering plastic material, guch as Ultem. Disk drive 10 is not shock-
nounted which is achievable by the rotary actuator system 20 nominally
produced with a static balance about the axzis of rotation. Diask drive 10
is desensitised to externally spplied inmputs '_wh_:l.e_h vould otherwise result
in relative motion between the read/write gap of the magnetic recording
heads B& and data tracks which are created on the disk surfaces 130,

Referring to FIGS. 7-9, & connector retainer generally designated
as 132, formed of electrically insulative material such as nylon, holds
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significant problem 13
Referring to FIG 13, there in shown a voltage reference tab renoved from
and assenbled with the actuator assenbhy 20 of the high performance disk
drive 10.. Transducers or read/wite heads 86 are nagneto-resistive,
requiring that the head 86 end the disk 110 be held at the sane el ectri cal
pot ent i aknd Mecuran the cipisdhs mpyar jconprytar s apd flak fabhe 78 $pt Bhfe PARR ough

the flexeddrinly’ f4'idhdl¥cbates the motor connector 74 to the card assembly 90.
Connector retainer 132 is a one-piece box including a hinged lid portion
designated 134 initially located as shown in FiG. 7. After the motor
connector 74 and flex cables 7B are inserted into the retainer 132, the
hinged 1id 134 is swung over the connector 74 vhere a snap 136 on the lid
£its into a slot 138 to retain the connector, When the spindle motor as-
sembly 18 is attached to the base casting 14, the retainer 132 holding
the connector 74 and flex cable 78 is slidingly inserted intec the pocket
72 cust into the base 14. Retaining features or snsps 140 on both ends
of the retainer 132 fit into recesses 142 in the pocket walls, securing
the retainer. The card assembly 90 can be attached by slidingly engaging
a locating post 144 of the retainer 132 into an aperture 146 the card 90,
aligning the card pins 94 to the motor connector 74 and creating &
positive connection. With this process manual plugging and unplugging of
the motor connector 74 to the card assembly 90 is eliminated.

Referring to FIGS, 1, 3, 6 and 10, there is shown a dats cable
guide and zmeal bracket gsnerally designated 150 arranged in accordance
with the invention. Data cable guide and seal bracket 150 is a formed
nylon block that contains and pesitions the flex csble 88 and data
cvonnector 84 onto the base casting, Bracket 150 is & one-piece folding
part that locates the data cable 88 in relationship to the card connector
84. Bracket 150 includes a positioning rail 152 received within & pair
of slots 154 formed in the base casting 14, as shown in FI1G. 2. Bracket
150 includes a forwardly extending portion 156 that extends through an
apertura 158 within a seal 160 and corresponding aligned hole 161 in the
cover casting 16, shown in dotted line in FIG. 3, and provides a sealing
surface with the cover casting 16. Bracket portion 156 defines a pair of
positioning rails 162 received within a pair of guide slots 164 {one
shown) formed in the cast cover 16. When the actuator assembly 18 is
assembled into the base casting 14, the bracket 150 iz secured to the
base cssting 14 via the cast slot 154 so that the cover casting 16 can be
tssembled directly to ths base with the bracket 150 pesitioning itself
into the cover casting 16. When the cover casting 16 is assembled with
the bass casting 14 as shown in FIG. §, the flex cable 82 and connector
84 are held in a position with the connector 84 preléntcd to the card 90.
The seal edge, feedthrough hole 161 and guide slots 164 are die-cast
features of the cover casting 16 provided by the die-casting process
wvithout adding any additionsl operations or coat. It should be noted

This & e reslace mam shew!
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Ref erence tab 200 is a snmall copper tab plated with a tin-lead alloy and
pl aced under a bearing attach screw 202. In the actuator assenbly process a
portion of the flex circuit 171 with amzexposed sol der pad 204 is pl aced
under the tab 200. The tab 200 is bent down onto the sol der pad 204 and

sol der is_.added to, conpl ete the circuit 1en. coi | d 06 are | dey ed.
Ref er ence%&%&f‘F&ﬁF%F‘%ﬂﬁp&é‘?@% Qi‘ﬁ‘ﬁ gﬁdéf’%c? cﬁ‘“@ﬁ'@?"

st anped adrrshgenmmtd, | ocation to facilitate the bending operation and to
reduce the rate at which heat is conducted fromthe tip during the

sol dering process.. Reference tab 200 is symmetric about a nounting hole 210

to facilitate Referping &osPIaS.plh@ndgls . tharscls ahevh &, SPPRPTL: BEXANGERIRY, 202
generally designated 170 for supporting an arm electronics (AB) generally
designated 171. Additional surface area for mounting cemponents of the
AR 171 is previded on the actuator zssembly 20 by felding the flex cable
88 to form an S-shaps generally dssignated 172 as shown in FIG. 12 and
using a melded wvafer 174 to provids a series of cavities 176 for re-
caiving a plurality of capacitors 180 and providing a flat surface 182 of
the flex B-shapsd support 170 to mount te the actuator 20.

A top surfacs 184 of the flex S-shaped 'support 170 i» used to mount
the most critical components including two integrated circuit devices 186
using direct chip attach (DCA) virebonding and sncapsulation techniques,
along with the three most critical noise filter capacitors 188. The
inner layer is used to mount the remaining five capacitors 180. Wafer
174, formed of an engineering plastic material such as Ultem, includes a
pair of upper locating pins 190 and a lover locating pin 192 for
positioning the flex S-shaped support 170 with an actuator comb 194, to
small tolerances, such as, for exampls, to +/-0.02 mm. The bottom layer
of flex S-ghaped support 170 includes s VCM tail 196 that allovs
attachment of the VCi coil and the voltage bias reference potential of
1.9 volts.

Actuator manufacturing is simplified gince no screws are raquired
to hold the flex. The locating pins 190 and 192 allew the use of a
pressure~gensitive adhesive (PSA) to attach the flex S-shaped support 170
to'the comb 194. The locating pins 190 and 192 provide the leocating
control and prevent the typical PSA creep that can occur under conditions
of elevated temperature and continued biasing forces.

The flex S-shaped support 170 provides flex to comb thermal
isolation. As the track density increases, track misregistration (TMR)
becomes increasingly critical. The folded package isolatses heat from the
data arm electronics (aR) 180,186 and 188 frém_tbe actuator comb 194 and
prevents thermel changes from causing actustor arm movement and heat from
affecting the comb. Power dissipated by the AE module during the write
modes would cause repsated tharmal swings if a direct thermal path from
the AE to the comb existed. The £lex S-shaped support 170 avoids this
significant problem.
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Referring to FIGS. 14-17, the illustrated filter 56 incorporates features

required

for efficient renoval of all contamnants in the nmake up airstrem

in a conpact shape which can easily beignpl enented on disk drives with
small formfactors bel ow 5.25". The production of the filter 56 can be

easi |y automate Ieadln%tolowe co An electrostatlcfllter medi a
Tari% b 18 ol

which is conmeEPETing Lo

pEb@ peltage kaferencg SfRes i s used.
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Reference tab 200 is a small copper tab plated with a tin-lead
alloy and placed under a bearing attach screw 202. In the actuater
sgsenbly process a portion of the flex cirecuit 171 with an exposed solder
pad 204 is placed under the tab 200. The tab 200 is bent down cnto the
solder pad 204 and solder is added to complete the circuit when coil
leads 206 are soldered.

Reference tab 200 is thin, for example, 0.3 mmn and includes a slot
208 stamped at the bend location to facilitate the bending operation and
to reduce the rate at vhich heat is conducted from the tip during the

' soldering process. Reference tab 200 is symmetric about a mounting hole
. 210 to facilitate the process of placing it under the bearing attach

screv 202.

Referring to FIGE. 14-17, the illustrated filter 56 incorporates
features raquired for efficient removal of all contaminants in the make
up airstream in a compact shape which can easily bs implemented on disk
Grives with small form factors below 5.25". The production of the filter
55 can be easily automated, leading to lower costs. an electrostatic

£ilter media which is commerclally availsble from a number of different
sources is used.

In FIG. 14 a cross-section of a possible implementation of the body
of the filter 56 is shown with a simple tube structure 220 and various
layers of medis stuffed in the tube. Filter housing 54 advantageously ‘is
formed within the cover casting 16 as shown in P1G. 17. However, tube
structure 220 also could be a simple molded polycarbonate part, with a
partially closed end 222 to support the filter media. In this case, the
bottom of the tube contains three smell holes 224 that interconnect at
the bottom end of the tube 220 providing the outlet of the filter, for
example as shown in PIG. 16.

The filter iz assembled by first placing a serim 226 at the bottom
of the tube. Scrim 226 is followed by a plece of electrostatic filter
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t he bottom and of the tube 220 providing the outlet of the filter, for

exanpl e as shown in FIG 16. The filter in assenbled by first
placing a scrim 226 at the bottomof thg tube. Scrim 226 is followed by a
pi ece of electrostatic filter medi a general |y designated 228. The

electrostatic filter nedia 228 is
media generslly designated 228. The electrostatic filter medis 228 is

commercially available from multiple suppliers. Dessirable
characteristics of ths electrostatic filter media 228 include & pressure
drop at least one order of magnitude lovwer than for the high efficiency
membrane medias, that media 228 self-seals incide the tube from packing,
and its filtration efficiency is on the same order as the high efficiency
mexbrane mudias when used in this epplication. Next a treated carbon
element 230 is inserted to satisfy organic and inorganic filtration re-
quirenents. Trested carbon slement 230 could be & Kynol fabric treated
with sodium carbonate, a treated Kynol felt or yarn, or a treated earbon-
loaded polyurethane fosm, such as a foam media currently produced by
Lewecott Corp. Potassium carbonate tresatment could be used instead of
sodium carbonate to achieve a similar result for the treated carbon
elemant 230. An optional pilece of elsctrostatic medis 232 could be
placed at the top of the tube to act as a prefilter.

The tube concept of filter 56 sllovs for the use of thicker medias
in & breather filter assembly. Because of the low pressure drop scross
this media, small diamester filter assemblies are possible, For example,
the filter illustrated in FIG. 1¢ has a tube OD of 8 xm, u footprint of
0.5 square cm end £its in s 15 mm tall digk enclosure. Testing on
prototype filters has confirmed that high efficiency particulate filtra-~
tion is possible of greater than 99.595% efficient at over 100 times the
design flow rvate. Effective organic and inorganic filtration sfficiency
and capacity can be achieved in this small package and at low cost with
the proper selection of trsated carbon media.

Beferring to FIGS. 1¢-16, the unique floy path for this tube filter
56 is depicted. The outlet from the tube iz sealed to one vall of the DE
12 with a fosm seal or foam tape 234. At the outlet of filtar 56, the
downstream diffusion path into the file includes a channel 238 formed in
the DE casting 12 and sealed with a nylar"or copper tape 238. The
channel 236 can be ported tc an appropriste lew preaéure region in the
disk drive 10. For exampls, in the disk drive 10 the breather filter 56
is ported closs to the center of the spindle asserbly 20 as shown in FIG.
1, At the inlet to the filter 56, the inlet diffusioen path is formed
similarly with a channel 240, sealed with & mylar or copper tape 238.
Channel 240 is then ported to the outside of the file 10.

The tube breather filter 56 could be used more conventionally by
attaching the inlet end to the DE casting. To ingure the effectivenees
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commercially available fromnmultiple suppliers. Desirable characteristics
of. the electrostatic filter nedia 228 include a pressure drop at |east one
order of magnitude | ower than for the hisgh efficiency nmenbrane nedias, that
medi a 228 self-seals inside the tube frompacking, and its filtration

ffici ' t d t he hi ffjcCj nb di wh
sed | n oFi the,Shenisal nelaass, 258, 20 eelbigont d1anath THOE sHevphSBAted o
siat i sfy aagadng liﬁmd d iaﬂdrm&'tﬁféiifﬂ_lﬂ&hi pths ccouddibec mddéds to Ttimattepl arat bon
el enent CO e n | e | at a
treated @38?" %gl fh’orx%g')r/n,gl’%'r&g;tgiééggg%cg'r \l%&rglﬂsggcfgéhgg‘f%raét ﬂra{‘r?e f oam
such as piscesrofcnidiaccen batpynched andestuffed docthe tiubs 54 a%i220sy8ing

car bonat qubéfate@Bptocesits] BRd bandsivagiRadasicsneliding orf RROaiedia dlagbteve a
simlar rESLi; for the treated carbon el enent 230. An optional piece of

el ect r os®&AYEeFedi a 232 coul d be pl aced at the top of the tube to act as a
prefilter.

Referring to FIGS. 2Z and 23, & twirlpak genesrally designated 250
is shown as getter packihg for an alternative long narrow breather filter
256. Long narrov filter 256 is one having a ratic of the dimension on
the main axis of flow >2.0 times the smallest dimension perpendicular to
the main axis of flow. Tube filter 56 is an example of a long narrew
£ilter in which the media is contained in & cylinder which coenstitutes a
gas flov channel.

Adjustment of the length and tightness of the twirled media 250 is
used to meet desired filter specifications. Pressurs drop of the fillter
256 is determined by the length of and tightness of the twirlpak 250.
Capacity is determined by the gquantity of getter in the twirlpak 2%0.
Getter is a medium capable of removing one or more contaminating
substances from an airstream, Breskthrough performance is determined by
both the length and tightness of the twirlpak 250.

The twirlpak 250 is prepared by roiling a strip of media around an
axis which will become the axis of flow in the getter. Unlike
conventional getter packings such as granular carbon, the amount of media
in a twirlpak 250 can be varied by altering the compression achieved in
the twirling operation. &an example of the procedure for preparing a long
narrow tube filter 256 using a twirlpak follows.

A device comprised of a twirler 238 {llustrated in FIGS. 18 and 19
and a twirling template 260 illustrated in FIGS. 20, 21 and 22 is
utilized, which allows the getter medis to be twirled and then inserted
inte the long narrow tube filter 256 without handling of the twirlpak
250. First a strip of getter media, e.g., carbon fabric, is cut se that
the width is equal to the dosir@d depth of getter in the tube filter 256.
Next ths lsngth of the strip of'gettar media is selected to provide the
degired degree of compaction of the medis in the tube filter. The length
is chosen to give about 75% volume filling of tube cavity. The twirling
template 260 consists of a slot 262 and a cylindrical cavity 264 vhich
has & diameter slightly smaller than that of the tube filter 256 shown in
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The t'ube concept of filter 56 allows for the use of thicker nmedias in a
breather filter assenbly. Because of the |ow pressure drop across this
media, mall dianeter filter assenblies are possible. For exanple, the
filter illustrated in FIG 14 has a tullg OD of 8 mm a footprint of 0.5
square cmand fits in a 15 nmtall disk enclosure. Testing on prototype
filters has confirnmed that high efficiency particulate filtra- tionis

possi bl e F3gB gédaand ﬁ*harﬂ'@'ggﬁ%’ﬁfﬂtﬂ'éﬁ ig\placedin ithe slote26R Sifgn
flow rat Q:heEi\fmih Gefipletd 260)10 The Felative ﬁdditl.ﬁ b!ﬂtlﬁf b6t emytmnd

S?E?S?tﬁa‘iﬁi’f&ﬁa&';vﬁﬁgt% ke, 1F hem s 6" e'he, Bue Rl F25 mlbadh v2° ¢
t he uni qubul:h)\lppmh f Ghe (twteleruss fis| carprémed of depheft-@66 Withoat | et from

the tube 4 aglgnﬂnw&u t@.f.ntéiﬁ Eﬁih&w.mmftpazwealuﬂr i 0A" ape
ilter 56

file {*chtaﬁei-‘“ i Eﬁ%nnéf‘ i3 pipircdes Are Rounted & pair of narréy plns 263 '
aligned parallel with the axis of the shaft 2656. The spacing of the pins
268 allows them to just slide over the thickness of the getter medium as
sesn in PIG, 24. The axis of the twirler 258 and that of ths cylindrical
cavity 264 in the twirling template 260 are aligned, snd the twirler 258
is inserted far encugh intc the twirling cavity 264 to allow the pins 268
to pass along the full width of the getter media strip. The twirler 238
is rotated on its axis to twirl the media strip into the twirlpsk 250.
The cylindrical cavity 264 of .the twirling template 260 is then aligned
wvith the tube £ilter 256, so that the axis of both are common. The
twirlpak 250 is moved from the cylindrical cavity 264 of the twirling
template 260 to the desired position in the tube f£ilter 256. The ram
used to move the twirlpak may be the shaft 266 of the twirler 258, or
another properly~sized cylindrical shaft, If desired, the twirlpak 250
miy be losded into & cylindrical tool for subseguent transfer to the tube
filter 256 in a separate cperation. This may be of particular advantage
if the twirlpsk is to be loaded into a tube filter which is integral to a
complex device. This might be degired in order to separate the
operations of handling the carben gette:: media frem the final produce
which will contsin the tube f£ilter. :

Filters using ths twirlpak, vhich is prepared and loaded in this
manner met both breakthrough and pressure drop performanca criteria.
Breskthrough is the ratio of the contaminant concentration axiting a
getter or chemical breather filter (CBF) to the contaminant concentration
entering a getter or CBF.

A series of tests were carried out to directly compare the
performance of tube breather filters. The pressure drop of ench f£ilter
was measured using a flow of 30 cc/min of clean dry nitrogen. The
pressure drop of the tube itself and gas lines ;we.re_ constant and werse
subtracted. Thase results are summarized in fl‘ahli 1.
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the DE casting 12 and sealed with a nylar or copper tape 238. The channel
236 can be parted to an appropriate |ow pressure region in the disk drive
10. For exanple, in the disk drive 10 the breather filter 56 is ported
close to the center of the spindle assdifbly 20 as shown in FIG 1. At the
inlet to the filter 56, the inlet diffusion path is forned simlarly with a
channel 240, sealed with a nylar or &a&&_i tape 238. Channel 240 is then
ported to the outside of the file 10: The tube breather filter 56
coul d be used nore conventionally by attaching the inlet end to the DE

casting. To insure the effechipschesather Test Results
Tube Breather Getter Height = 6.5 mm Nominal

dsorbant T / 1?2310“ r/ in Heejtt ted Meets
Adsorban a cc/m projscte pressure
Material | Tom (in K20) Tifetine critersa
Aot. carbon

coated form 0.78 0.055 Ne . Yes
Act. carbon ' '

granules 0.59 0.055 Ne Yes
falt 0.82 0.13 Yes No
Ac¢t. Carbon

£abric 20.82% g.21 Yes* Ne
Act. carbon )

twirlpak 0.80 0.08 Yes Yes

As umed in Table 1, Tp 001/To.0 is a measure of the affectiveness of
contact of the airstream with the media. In the cass of the foam, the
contact was excallent, rasulting in an excellent sharpness or large
ratio, but the total capacity and lifetime were very low although the
loading of carbon on the foam vas reported by the manufacturer to he the
maximum achievable. Delta P is the pressure drop across the two
electrostatic particulate £ilters plus the adsorbant media. Delta P does
not include the pressure drop across the diffusion channels. Projected
lifetime is based on both the time to reach the clip level and criteria
which are file specific. Clip level is the maximum level of breakthrough
which will give the getter or CBF a desired performance level,
Breakthrough was not tested for activated carbon fabriec but would be
expected to perform as well or better than activated carbon felt.
*Projected datea based on other results,

While the invention has been deséribed with reference to details of

the illustrated embodiments, these details are not intended to limit the
scope of the invention as defined in the appended claims.
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of the chem cal nedia 226, 228, 230, additional flanges (not shown) con-

taining inlet and outlet diffusion paths could be added to the top and

bottom of the tube. Breather filter 56 is sinple to nanmfsaﬁéeunaeBee’me;ilﬁSeeces
d

of media can be punched and stuffed i #the tube 54 or 22 i ted
processes, and adhesive/ultrasonic welding of the nedia :
Referring to FIGS. 22 and 23, a t\w k generally designate I'S shown

as getter packing for an alternative long narrow breather filter 256. Long
narrow filter 256 is one having a ratio of the di nension on '
1. A dates storage disk drive comprising: -

at least one disk surface mountsd for rotation about a apindle
motor shaft;

at least one data transducer hsad for reading and/or writing data
to raspective disk surfaces;

- gn actuator for moving said at lsast one data transducer head
across raspsctive disk surfaces; ssid actustor including an actuater
bearing shaft; and )

a device snclosure for enclosing said at least one disk surfaces,
said at least one dats transducer head and sald actuator, said device
enclosure including die~cast generated predstermined zero draft
geometries for mounting said spindle motor shaft and said actuator
bearing shaft, '

2. A data storage digk drive as recited in claim 1 wherein said
actuater further includes a first pole-piece magnet assembly and a mecond
pole~piece magnst asgenbly mounted by said die-cast generated
predetermined zerc draft gecmetries. '

3. A deta storage disk drive as recited in c¢laim 1 vherein said device
enclosure comprises a base casting and a cover casting, each having a
mating surface aleng the length of the device form facter.

4. A data storage d:l.lk drive as vecitsd in claim 3 wherein said base

casting includes each of said die-cast generated predetermined gero draft
geomatries.

5. A data storage disk drive as recited in claim 3 wherein said
plurality of disk surfaces and spindls motor shaft are mounted on said
base casting at spaced apart locationg and are removably positioned for

independent assembly and removal with said base casting of the disk
drive.,

6. A dats storege disk drive as recited in élain; 1 wherein said device
enclosure includes structure for locating and retaining alectrical
connectors for connection with slectrical componants mounted exterior of
said enclosure.

T e ke Tt
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the main axis of flow >2.0 tines the smallest dirgefalon, BSLRGMLLUl ar to

the main axis of flow Tube filter 56 is an exa arrow filter
in which the nedia is contained in a cylinder whi MUHHIBHIE]HM a gas flow
channel . Adj ustment of the lengd® and tig wirled nedia
250 is used to neet desired filter specifications. Pressure drop of the

fil 256 i i ned | h ,of . and_§i.gh f the twrlpak
250 Capdci i NEN JPERRH Aok A Tyn dBCtataers JRoria | cBRinet (oCfudell .k 250
Getter | breathsti fiitenpans whexfeincsaldi deyioe englosurecinsivudesiamadntegredbst ences
froman aipfidies Path’ 6K ebh A MNIME WL PITRNGS shfd SR AEHUrN ety &4 fant he

or opar caiBbeqTal sipmal o porsFokiAiaLetriiom fram antfimiber Bfrerdocke (e

axi s of predeterminud geglonr withini sedd enclosure,

8. A data storage disk drive as recited in claim 1 wherein said
actuator includes a flex cable formed in an S-shape for supporting arm

slectronics.

9. A data storage disk drive as recited in c¢claim 8 further includes x
cavity-defining member positioned vithin said S-shape for receiving
components of said arm electronics., :

10. A data storage disk drive as recited in claim 1 whersin said device
enclosure is formed of an aluminum material.

11. An arm electronics support for uge with an actuator in a dats
recording disk file of the type having at lemst one magnetic disk
providing at lesast one data disk surface mounted for rotatien about an
axis and said actuator supporting at least one magnetic transducer for
movement about respective data disk surfaces comprising:

& molded membar defining cavities for receiving & plurality of
electrical components;

a flex cable 1nc1uding an S-shaped folded portion for containing
said molded member and for meunting electrical components; and

said molded member including at least one locating pin cooperating
vith said flex cable and the actuator for locating said cavities with

said electrical components and for locating and mounting the srm
electronics support with the actuator.

12. An arm electronics support as recited in claim 11 wherein said flex
cable further includes « portion for attachment to a voltage reference
potential. ‘

13. An arm electronics luppcrt;. as recited in cluim 11 wherein said
elactrical components ars spaced spart from the actuator by said
cooperating molded member and flex cable folded portion, whereby thermal
isolation of the actuator from said electrical compenents is provided.

) O
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inatwrlpak 250 can be varied by altering the conpr din the
twirling operation. An exanple of the zorocedure for |lg narr ow
tube filter 256 using a twrl pak foll ows. A devi ce conprised of a

twirler 258 illustrated_ in FIGS. 18 and 19_and twi i enpl ate 260

i || ust r Med AR FF%%%%O?”ZT‘& 22&‘@ {Wrﬁf%,‘.‘f%}?éﬁﬁ aﬁrhgﬁfk&?m@ getter
m_ediha t Gralbdng witr Leghtaone mqmtfaf(ﬂcleﬁrwmam lexng one rdatatdimk filter 256
wi t hout ad] | TN - Sked tgggﬁ',e..,
car bon fé}g??écd ﬂ?ﬁ‘tﬁ 'h;glé thﬁé{:ﬁ?!ngg é\;—l\nﬂdfﬁ 'l&g& e‘?]‘t?afﬂtdg‘tg%ﬁgsﬁ% e%t h 019
getter in thdn agtustortamn ggeanbigyfor: mppeshinthsbrleast ane pagnstigetter nedi a
i's sel eqirgfipditel’ S0 SBvirntigsricas Oreipeetive (dataOaNIC buiaceh édri®iigh i n the

. \ ; . PT
cavi ty, The (SHSR PRI, Etesaf FR3ER 43, Bresaliy LRk bhanalP 0 | 0
cavity 2@feréncehpotential and including a solder pad connected to said

predetermined voltage refersnce potential; and

voltage reference path means from applying said predetermined

voltage reference potential from sald flex cable circuit means to the

actuator arm assembly including an electrically conductive member having

a portion enguging said solder pad and an opening for receiving s besring

attsch fastener, whereby said member portion is soldered during assembly

of the data recording disk file.

] ] This Sheet Has Been R .
conventional getter packings such as granul ar car bonJ i emfe‘?“redl a

15. An actuator as recited in claim 14 vherein said electrically
conductive member is a copper tab having & pair of symnetric slots
symmetrically provided arcund said bearing attach fastener raceiving
opening. - ' S

16. A magnetic storage disk drive having a spindle which aupports at
laast one disk having at least cne magnetic disk surface to form a
spindle assenbly for rotation of maid at least one disk surface sbout an
axies and a rotary actuater which supports at lesast one magnetic
transducer for movement about respective disk surfaces comprising:
" a base casting including prsdetermined registration surfaces for

mounting said spindle snd said rotary actuator and having a mating face;

. & cover casting having a mating face for snguging said base mating
face to define a drive enclosure for enclosing said spindle, said at
least one disk surface, said at least one data transducer head and said
actuator; and

said bage casting and maid cover casting including structure for
locating and retaining electrical connectors used for connecting to a
planar electronics card located outside the drive snclosure.

17. R magnetic storage disk drive as recited in claim 16 further
includes connector retainer msanm cooperating with said base casting
structure for securing a spindle motor comnector to said base casting.

18. A magnetic storage disk drive 8s recited in claim 17 vharein said
connsctor retainer means further includes registration means cooperating

e reniacemsnt sheet
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has a 'diameter slightly smaller than that of themimﬁefﬁs$ e
16, FIGS. 23 and 24. The strip of getter nedia | slot 262 of
the twirling tenplate 260. The relat|VQ1p05|t|on d the

vm r

cylindrical cavity determine if the nedia in to be in a single or

doubl e spiral. The twirler 258 is conprised of a shaft 266 W th a diameter

sl'i ght | y ¥4& sedf planar electrenics, card f%ram!,kizemaﬁa%éwh mater

connector with said planar electronics card.

19. A magnetic storage disk drive as recited in claim 18 wherein said
registration means includes an outwardly extending locating post.

20. A magnetic storage disk drive as recited in claim 16 further
includes unitary bracket means for containing and positioning a data
cable and a deta connector.

2l. A magnetic gtorage dllk,drive as recited in claim 20 vherein gaid
unitary bracket means includes a unitary member having a forvardly
portion extending through a feedthrough opening in said cover casting for
positioning said data connector in cperative relation to said planar
electronics card.

22. A magnetic storage disk drive ag recited in claim 21 wherein said
forwardly extending portion defines positioning rails received within a
pair of guids slots formed in the cast cover.

23. A magnetic storage disk drive as recited in claim 21 further
includes & seal received within said fesdthrough cpening.

24. A magnetic storage disk drive as reeited in elaim 20 wherein said
unitary brackst means is a ene piece folding part.

25. A magnetic storage disk drive as recited in claim 20 wherein said
unitary bracket means is formed of nylon materieal,

26. -A magnetic storage disk drive having a spindle which supports at
least one disk having at lsast one magnetic disk surface to form a
spindle assembly for rotation of said at least one disk surface about an
axis and a rotary sctustor which supports at least one magnetic
transducer for movement about respective disk surfaces, comprisings

a housing assembly for mounting ssid spindle and said rotary
actuator and having a mating face; said housing assembly defining an
enclosure for enclosing said spindle, said at least cne digk uur:ice,
said at least one date transducer hesd and said actuator; and

& breather filter having an inlet for receiving air from outside
said enclosure and an outlet for providing filtared air inside said
enclosure; said breather filter having an slongated shape for containing

R TR Mg .‘-__-.-*-"‘_‘,1‘% :#..,
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268 allows themto just slide over the Hu ckness of the

seen in FIG 24. The axis of the twirlef 258 and that o

cavity 264 in the twirling tenplate 260 are aligned, and the twirler 258 is
i nsert ed sdesvowpes filtertslectvprtiatic medid elefot and ait| bensthenpi ns 266 to
pass al ongetivatdd! lchriélERL Oy bj@mamelter nedia strip. The twirler 258 is
rotated on its axis to twirl the nedia strip into the twrlpak 250. The
cylindrical cavity 264 of the twirling tenplate 260 is then aligned with
the tube 7. t Armegnétic atoiage dbsk drive ai reoitedide clwinnZé vhisreeinvsai@ak 250

the desi reAERl TKL A AGa M b ABdogted’ Qibsty forhld STIRTLRVEE. ' °

tw rl pak Mibﬁ the shaft 266 of the twirler 258, or another properly-sised
cylindrical shaft. If desired, the twirlpak 250 may be | oaded into a

cylindricgy t2qhachQbid WearaiiCRiek BRIV Gk reBitdf th'Pain 26 wheretn satd
cover casting includes an integral diffusion path cast in the cover
casting for controlling the £flow of air intg the breather-£filter.

tenplate 260. In this shaft 266 are nounted a pair of ﬁ@sr&hcm\ﬂ |Baen
aligned parallel with the axis of the shaft 266. The sp W' “
e cylin cal

29. A magnetic storage disk drive as recited in claim 26 wherein said
cover casting includes an integral diffusion path cast in ths cover
casting for controlling the flow of air from the breather-filter into a
low-pressurs region within said enclesure.

30. A magnetic storage disgk drive as recited in claim 26 wherein said at
least cne activated carbon filter element is coiled in a spiral defining
a twirlpak.

31. - A magnetic storage disk drive as recited in claim 30 vhersin gaid
twvirlpak has a selected length and tightness for a predeterminad
breakthrough performance and a predstermined pressure drop of said
breather filter. :

32. A magnetic storzge disk drive as recited in claim 26 vherein said at

least one activated carbon filter element is a Xynol fabric, felt or yarn
treated with sodium carbonate.

33. 2 magnetic etorage disk drive as recited in claim 26 wherein said at
lsast one activated carbon filter element is a treated carbon-loaded
polyursthane foam.

34. A magnetic storage disk drive as recited in claim 26 wherein said at
least one activated carbon filter element is & Xynol fabric, felt or yern
treated with potassium curbanate.

35. A magnetic storages disk drive substantially as hereinbefore
described with refarence to the drawings.
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filter 256 in a separate operation. This nmay be of particular advantage if
the twirlpak is to be loaded into a tube filter which is integral to a
conpl ex device. This m ght be desired in order to separate the operations
of handling the carbon getter nmedia fromthe final produce which wll
contain the tube filter. Filters using the tw rlpak, which is
prepared and | oaded in this manner net both breakthrough and pressure drop
performance criteria. Breakthrough is the ratio of the contam nant
concentration exiting a getter or cherfi€al breather filter (CBF) to the
contam nant concentration entering a getter or CBF. A series of

tests were carried out to directly performance of tube breather
filters. The pressure drop of eachﬁcﬁﬁéﬁﬁgg measured using a flow of 30

cc/mn of clean dry nitrogen. The
ABSTRACT

A data storage disk drive is provided with a spindle 42 which supports a
plurality of disks 110 for rotation about a common axis, and a rotary actuator 20 which
supports magnetic transducers for movement in unison across respective disk surfaces.
The disk drive includes a disk drive enclosure having die-cast generated predetermined
zero draft registration surfaces 30-40 for mounting the spindle motor shaft 42 and the
actuator bearing shaft 44 and possibly magnet assemblies 46, 48. The enclosure includes
a base casting 14 and a cover casting 16, each casting including structure (figs. 7-9) for
locating and retaining electrical connectors used for connecting to a planar electronics
card (90) located outside the drive enclosure. The disk drive includes an effective and
easily manufacturable electrical path from a flax circuit to an actuator comb (figs. 11-
13). The disk drive also includes a tubular, at least partly electrostatic, chemical
breather filter (56) arranged with integral housing and diffusion channels (58) formed in

the cover casting (figs. 14-24).

Fig. 1
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presstre drop of the tube itself and gas |ines were constant and were
subfracted. These results are summarised in Table 1.
17 Tube Breather Test Results

118
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Tube Breather Getter Hei ght = 6.5 nm Nomi nal

Delta P Meet s Meet s Adsor bant T[err]/ at 30 cc/mn
proj ect ed pressure Materi al Tlerr] (in H20) lifetime
criteria Act. carbon coated form 0.78 0. 055 No
Yes Act. carbon granul es 0. 59 2/(?0. 055 No
Yes Act. Carbon felt _ 29. 82 .13 Yes No
Act. Carbon fabric [err] 46 Yes* No
Act. carbon_tw rl pak 0. 80 Jd. 06 Yes Yes

W T~
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As used in Table 1, T[err]/T[err] is a neasure of the effectiveness of
contact of the airstreamwith the nedia. In the case of the foam the
contact was excellent, resulting in an excel-lent sharpness or large ratio,
but the total capacity and lifetime were very |ow although the | oading of
carbon on the foamwas reported by the ufacturer to be the maxi num

achi evabl e. I P is the pressure drog?gcross the two electrostatic

parti cul at j:ﬂi'l@rsﬁus the adsorbant nedia. Del ya'® does not include the
pressure didoplas¥ess the diffusion Ahaténels. Projfected lifetii®® is based on
both the time to reach the clip level land criterga which arejile speci-fic.

Cip level is the maxiFaRtFE 5 gagthrough wWhni Ch=wi+ FVe—He getter
or CBF a desired per O el . Bielkt hrough was not tested @
activated carbon fabfijc Bef d be expected to pel¥orm as wel |l ¥ belter
than activated carbo @/ @/24
i
| Semasew 4 Jj Y=}
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*Proj ected data based on other results. Wil e the invention has
been described with reference to details of the illustrated ennbodients,
these details are not intended to limt the scope of the invention as
defined in the appended cl ai ns.

FIG. 7
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18 ) CLAI M5 1. An actuator for
use in a magnetic storage disk drive of the type havi ng at | east one
magneti c di sk providing at | east one data disk surface nounted for
rotati on about an axis and said actuator conprising an actuator arm

assenbly for supporting at |east one rragg)e/? c transducer for novenent
across respective data di sk surfaces, ctuator arm assenbl y

conpri si ng: flex cajge circuit maarFroGprg di ng a predeterm ned
vol t age : 72
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ref erence potential and including a solder pad for connection to said
predet erm ned vol tage reference potential; and vol tage reference
pat h neans for applying said predeterm ned voltage reference potenti al
fromsaid flex cable circuit neans to the actuator arm assenbly including
an electrically conductive nmenber having §/8 portion engagi ng sai d sol der
pad and an opening for receiving a bearingg atx&h fastener, said nmenber
portion being soldered to the sol der fad /durijyg assenbly~gf the nagnetic
storage disk drive. 2. An act S -Ared i"—n 1 wherein said
electrically ¢ RY nber is a copper {ab hs ‘,—’-‘" of symetric
slots symretr|{ af;@pr?vﬁed ar oung saiéjogearl ng aty 1&‘3"‘? recei vi ng
openi ng. . ‘,

194
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3. " An actuator as clainmed in claim1 or claim2 wherein said flex cable
circuit neans includes an S-shaped folded portion including a first [ayer
havi ng an i nner surface nounted to said actuator and a second | ayer having
an outer surface; a noul ded nmenber defining cavities receiving a plurality
of electrical conmponents and said S-shapeg/fol ded portion containing said
noul ded nmenber and nounting at |east one of said plurality of electrical
conmponent s. 4, An actuator as clained in claim3 wherein said
plurality of electrical conponents includes at |east one integrated
circuit device nounted to said outer surface.

FIG. 17 o
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5. "An actuator as claimed in claim4 whrerein said plurality of
el-ectrical conponents includes at | east one capacitor nounted to said outer

surf ace.

FIG. 20
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6. An actuator as clained in claim5 wherein said at | east one capacitor
I's nmounted in said noul ded nenber cavity and di sposed between said inner
surface and said outer surface. 7. A magnetic storage disk drive

i ncluding an actuator as clainmed in anyl8receding claim 8. A
magneti c storage di sk drive substantially as hereinbefore described with

reference to the draw ngs. CLAIMS

) _ 1. An actuator for use in a magnetic storage disk drive of the type

having at least one magnetic disk providing at least one data disk

surface mounted for rotation about an axis and said actuator comprising

an actuator arm assembly for supporting at least one magnetic transducer

for movement across respective data disk sﬁrfaces, the actuator arm
assembly comprising:

flex cable circuit means for providing a predetermined voltage
reference potential and including a solder pad for connection to said
predeﬁermingd voltage reference potential; and

voltage reference path means for applying said predetermined
voltage reference potential from said flex cable circuit means to the
actuator arm assembly inclﬁding an electrically conductive member having
a portion engaging said solder pad and an opening for receiving a bearing
‘attach fastener, said member portion being soldered to the solder pad

during assembly of the magnetic storage disk drive.

2. An actuator as claimed in claim 1 wherein said electrically

conductive member is a copper tab having a pair of symmetric slots

symmetrically provided around said bearing attach fastener receiving

opening.

3. An actuator as claimed in claim 1 or claim 2 wherein szid flex
cable circuit means includes én S-shaped folded portion including & first
layer having an inner surface mounted to said actuator and a second layer
having an outér surface; a moulded member defininé cavities receiving a
plurality of electrical components and said S-shaped folded portion
containing said moulded member and mounting at least one of said

plurality of electrical compohents.

4. An actuator as claimed in claim 3 wherein said plurality of

electrical components inclucdes at least one integrated circuit device

mounted to said outer surface. y

5. An actuator as claimed in claim ¢ wherein sazid pluralitcy of

electrical components includes at least cre capacitor mounted to said

outer surface.

LTI



6. An actuator as claimed in claliz 5 wherein said at least one
n

capacitor is mounted in szid moulded member cavity and disposed betwzen

said inner surface and said outer surface.

7. A magnetic storage disk drive including an actuator as claimed in

any preceding claim.

8. A magnetic storage disk drive substantially as hereinbefore

described with reference to the drawings.
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A DISK DRIVE

ABSTRACT

A data storage disk drive is provided with a spindle 42 which supports a
plurality of disks 110 for rotation about a common axis, and a rotary actuator 20 which
supports magnetic transducers for movement in unison across respective disk surfaces.
The disk drive includes a disk drive enclosure having die-cast generated predetermined
zero draft r_egistration surfaces 30-40 for mounting the spindle motor shaft 42 and the
actuator bearing shaft 44 and possibly magnet assemblies 46, 48. The enclosure includes
a base casting 14 and a cover césting 16, each casting including structure (figs. 7-9) for
locating and retaining electrical connectors used for connecting to a planar electronics
card (90) located outside the drive enclosure. The disk drive includes an effective and
easily manufacturable electrical path from a flax circuit to an actuator comb (figs. 11-
13). The disk drive also includes a tubular, at least partly electrostatic, chemical
breather filter (56) arranged with integral housing and diffusion channels (58) formed in

the cover casting (figs. 14-24).

Fig. 1
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{fge. 11 - 13). The disk drive also includes a tubular, et lesst partly elsctrostatic, chemical bresther filter (88)
arranged with integral housing snd diffusion ohannels (B8} formed In the cover casting (figs. 14 - 24).
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