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STRUCTURE AND ENCLOSURE ASSEMELY FOR A DISK DRIVE

Baskground of the Invention
1. Fleld of the Invention

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

12 Description of the Prior Ai't
Computers often include auxiliary memory storage units havin§ media

on which data can be written and from which data can be resd for later
use. Disk drives incorporating stacked, commonly rotatsd rigid magmetic

~ 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 sur!a:lges of the disks. Transducer heada driven in a path toward and

avay from the drive axig write data to the disks and read 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 becons increasingly smaller, electrical connections
to the using system cen utilize an increasingly greater portion of the
~ davice form facter. In addition, the deviece interface and power -
connectors used, and the placeinent of these connectors within the devics
form factor results in industry standard elements. The resulting rigid
industry standards pravide significant geometric constraints on future

- models of a given product family or set.

H:I.storiully in mull_ DASD!s, 5 1/4" and smaller, a disk drive
enclosurs for a head/disk assembly (HDA) is fitted into a metal frame
commonly called a user frame. This user frame is typically an aluminum

_ die casting or formed from a shéet metal stamping. Generally, an HDA is

sttached to the user frame via thres or fiour resilient vibration
isolators or shock mounts. For these isolators to be effective, space is

- required between the HDA and the user frame to allow the HDA to move -

freely in reupunse to extemnl vibration or shocks. Threaded holes are
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provided at standard locations in the right and left sides and the bottom
of the user frame for attaching the disk drive assembly to the using sys-
tem box. Therefore, the user frame becomes firmly mounted to the using
system box, but the HDA is both electrically and mechanically isolated
vis the vibration/shock isolators. Wwhen magnsto-resistive (MR) heads are
used within a €£ile, electrical isolation ig required between the HDA and
the user frame. %Nith smaller form factor disk drives, .space constraints
alse restrict the nse of resilient vibration isolators or shock mounts.

Other basic problems in a small form factor disk drive include

. space for electrenics and the cost. When magneto-resistive (MR) heads
are used within a £ils, a very lov amplitude signal is providad 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 channsl, implemented by an
integrated circuit, require external capaciters for tuning and noise
£{1tering. With a small form factor, the surface ares on the actuator
available for supperting required arm slectronics is limited. In known
arrangements, conpo:’)ents are mounted on s flex cable father away from the
actuator. This conventional arrangement would adversely impact
performance with the MR hesds. Other known arrangements use expensive
multi~layer ceramic or flex packaging to sllow buried lines and vias. A

need exists for a cost-effective, effieient and reliable packaging
arranqement for arm electronics.

' m:en magneta-resistive (MR) heads are used within a £ile,
transducers and disks must be held at the same electricel potential.
Xnown small form factor disk drives have provided.s conductive path £rom
the f£lex circuit to an actuator comb through a mounting screw. A need

exists to provide a low cost manufecturable electrical path from the flex
eircui.t to the comb.

Typ:l.cally. electrical connectors huve been registered in plece by

potting or gluing them into holes of the bage casting plates. These

approaches require a slow labor-intensive process in a clean rocm

assembly to secure and seal the opening arocund the connactor or regquire
an additional connector on the inside of the disk enclosure. Often 2
data cable exits the disk enclosure to transmit read/write head signals
to a card assembly on the outside of the disk enclosure. Typically the
‘data gahla extends along a smooth surface of the base and is squeezed
batween the surface and a rubber gasket. Extending from the device
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enclosure is & dungling data cable that ia a source of damage during
assembly and that does not lend itself well to automated assembly.

The spindle motor assembly is driven by signals from a card
agsembly on the cutside of the disk enclosure. Typically a flex cable is
used to carry signals to the spindle motor. This ussembly process also
is difficult to automate and susceptible to damage during assembly.

A mechanically stable enclesure structure is required for the disk
drive, Mounting surfaces for spindle shafts, actustor shafts and
actuator pole-pieces have ncrlﬁnlly been generated by & machining process
€or 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 to environmental
temperature and pressure changes. The ecﬁyonentp inside the drive are
very gensitive to contaminants that can ba easily introduced by an
incoming air stream. These contamimants include small particles, organic
vapors and inorganic gases containing ionic acids. All of these
components may be present in the surroinding azbient air from which ‘the
make-up air is drawm. |

Traditional filters have concentrated primarily on capturing
particulatas. from the incoming make-up alr. However, more recent designs
have incorporated elements to remove the other components. The additien
of filter alemehts for organics and inorgunics requires additional space
vhich becomes increasingly difficult to find as disk drive enclosures
become smaller. The f£ilter functions become separated into several
stages, which are combined together either on top of, or alongside, one
another, '

Disk drive demigns often incorporate a breather port to relieve
pressure diffsrentials and provide a controlled source of meke-up air in
the event of lsakage. Breather fllters provide filtration for par-
ticulates and, increszsingly, for: environmental chemicals such as
plasticizers 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 $9.97% of particle 20.3 micron. A breather
filter is designed to be the preferred point of entry of air into the
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drive and thus must have a low presgure drop; & typical specification is
0.1 in. of water at 30 cc/min. The relatively high pressure drop of HEPA
media requires that a relatively large area bes employed. The diameter

for the media disk for small drive breather #Hlters s commonly 18-28 mm.
HEPA medis used in such £41ters are either micro-fiber gless or expanded
PTFE. Typical thickness of these is €0.5 mm. For chemical cleansing of
the air entering the f£ile, a layer of permesble chemically active media
is placed in the breather directly upstream of the HEPA medium,

One known breather filter design disclosed in.U.5. Patent No,
5,030,260 has shown that the airflow path through the filter has a vary
significant impect on the performancs and capacity of the slements which
" remove organics and acids. In that design, the geometry required to
- dmpart the proper airflow through the filter positioned the upstream and
downstremm diffusion paths alongaidé the filter chamber. This added
" greatly to the overall size of the filter. It also required a relatively.
large £flat urea for mounting.

SUMMARY OF THE INVENTION

1t is a principal cbject of the present invention to provide a high
perfornance disk drive that overcomss many of the digadvantages of prior
art arrangsments. Other important objects of the invention.ere to
provide a disk drive enclosure incorporating special gecmstries generated
as zsro-draft surfaces in the die-casting process that eliminate the need
for machined surfaces; to provide a disk drive enclosure incorporating
structure for locating and retii.n:lnq electrical connectors used for
. connecting to a planar slectronics card located ocutside the drive
entlosure; to provide an intsgral housing for a breather f£ilter and
airflov channels for regulating airflow throughout the breather filter;
to provide a disk drive including a low cost, eusily menufacturable
electrical path from a flex circuit to an actuator comb; to provids a
digk drive including e unitary menmber for containing and positioning a
data cable relative to z base enclosure and for sealing an interface
betwsen a data cable connector and a cover enclosure; to provide a disk
drive including a connector rai_;:aiher for rataining and securing a powar
connector to a bage enclosure; to provide & disk drive including a low-
cost, efficient and effective support arrangement for positioning arm
elect~-onics; and to provide a disk drive including a bresther filter for
efficient removal of contaminants in the make-up ailr stream having a .
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compact shepe and besing easily automated; and to provide such a digk
drive substantially without negative effécts.

In brief, the cbjects and advantages of the prasent invention are
achieved by a data storage disk drive having a spindle vwhich supports s
plurality of digks having at least one magnatic disk surface to form a
spindle assembly for rotation of the disk surfaces about a common axis
and & rotary actuator which supports magnetic traneducers for movement in
unison about respective disk surfaces. The disk drive includes a dfe-
cagt disk drive enclosure including die-cast generated predetermined zero
draft geometries fer mounting the spindle moter shaft and the actuator
- bearing shaft. The enclosure includes a base casting and a cover
. casting, each casting including structure for locating and retaining
elactrical connectors used for commecting te a planar electronics card

located cutside the drive emclosure. The disk drive includes an
' effective and easily manufacturable elsctrical path from & flex circuit
to an’ actuator comb. The disk drive includes a tubular chemical breather
f£ilter arranged with integral diffusion channels formed in the cover
casting. i

BRIEF DESCRIPTION OF THE DRAWING

The present invention, together with the above and other cbjects
and advantages, can best be understeod from the following detailed
description of the embodiment of the invention illustrated in the
draving, ‘vhersin:

FI1G. 1 is an exploded perspective view of a high performance disk
drive of the invention;

FIG. 2 is an exploded perspsctive view of a bage casting and a
pole-piece magnet assenmbly of the disk drive of FIG. i;

FIG. 3 iz an exploded perspective view of a cover subassenbly and
!:I.lter arrangemsnt of the disk drive of FIG. 1,

FIG. 4 1s a side view of the cover subassembly of the disk drive of
¥Ice. 1;

FIG. 5 is a fragmentary lect:.oml view taken along the line 5-5 of
PIG. 4, .

FIG, 6 is a bottom perapeetive 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,



FIG. 8 is an exploded perspactive view of the spindle motor
connector retainer agsembly together with a card assembly of the high
performance digk drive of FIG. 1;

-FIG. 9 is a fragmentary sectional view illustrating a epindle motor
connector ratainer assenbly mounted in & pocket cast into a base of the
high performance disk drive of FIG. 1;

FIG. 10 is a perspective view of & preferred data ceble gulds and
sexl assenbly of the high performance disk drive of FIG. 1;

FIO. 11 is an exploded perspective view of & triple fold dynamic
£lex cable for mounting arm electronics of the high performance disk
drive of F16. 1; )

FIG. 12 is a fragmentary side view illustrating the triple fold
dynamic flex cable with an actuator assembly of the high performance disk
drive of FI6. 1, . |

FIG. 13 is a fragmentary exploded perspective viaw illustrating a
voltage refersnce tsb removed from and assembled with the actuator
avgenbly of the high performance disk drive of ¥IG. 1,

FIG. 14 is & ssctional view illustrating sn alternative tube
~ breather £ilter, i
' " FIGS. 15 and 16 are top and bottom plan views, respectively,
illustrating diffusion paths of the breather filter of FIG. 14;

FIG. 17 is mn enlargsd fragmentary top viev of a cover illustrating
a tubular breathsr filter in dotted line and cast diffusion channels with
arrows indicating sirflow path of the high performance disk drive of FIg.
1ir b

FIG. 18 is a top plan view of a twirler tool;

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

FIG. 20 ig a top .view of tw:l.riar terplate ugsed with the twirler
tool of FIGS. 18 and 19 for preparing a twirlpak gatter for a breather
-£11ter; |

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

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

~ FIG. 23 is a sacticnal visv of an alternative tube breather filter
arranged in accordance with the invention; and o

- FIG. 24 is a sectional view taken along the Iine 24-24 of the
alternative tube breather filter of FIG. 23.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

‘Referring now to FIG. 1 of the draving, there is shown an exploded
Perspective vievw of a high performence disk drive unit designated as a
whole by ‘the reference charscter 10 and constructed in accordance with
Principles of the present invention. Disk drive 10 includes an enclosure
structure 12 produced by two mating aluminum die castings 14 end 16 which
meet along the length of the device form factor. These are referred to
4s a bage casting 14 and a cover casting 16, respectively. :

Base casting 14 housss all functicnal elements of the device
enclosure 12, including & spindle/motor aésembly 18 and the actuator
assenbly 20. In addition, an ocuter diameter (0D) crash-stop 22, an inner
diameter (ID) crash~stop/honelatch 24, and & recireculation filter 28
vesida within the base casting 14. Recirculation filter 28 received
- “ithin base casting cpening 23 for filtering the enclosed air velums vi
the disk drive 10. The physical desion iz such that the actuator as-
sexbly 20 or gpindle/motor a-um!ily 18 may be ingtalled or removad from
the eficlosure mdepandently of cne another and in any prefarred 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 langth for the structural enclosure
12 for the produet is eliminated. Disk drive 10 involves reducing the
centerline distance batween the disk spindle and the rotational axig of
the actuator system, reducing the diipncter of the bearing system employed

for the actuator, and changing the skev-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 reglons providing very precise. registration
surfaces, generally designated as 30, 32, 34, 36, 38 and 40, generated in

the dia-cnting process. Bach end of e spindle motor shaft, generally
~ designated as 42, is received by the registration surfaces 30, 32 and
#acured to the base 14. Registration surfaces 34 and 36 mount an
actuator bearing cartridge sha’ft 44. Registration surfaces 38 and 40
Provide mounting pads for an upper VCH pole-piece magnet agsembly -46 and
& lower VO pole-piece magnet assembly 48, respactively. The upper Ve
Pole-piece magnet assembly 46 is secured to the bage casting 14 by an

adhesive, The lowar VCM pole-plece magnet assembly 48 is attached to the
base by a series of bolts 50. ’



This unique feature of the invention eliminates the need to producs
the registration surfaces through the process of machining and subsequent
ng activitiez, as has bsen the practice on all known prior disk
drive products of this type. Uae of the dis~casting process to gensrate
the registration surfaces 30, 32, 34, 36, 38 and 40 reduces the cost of

machining.

Base casting 14 is configured as one half of the enclosurs
structurs 12 for housing all functional elements of the device 10 to
provids the ﬁnutett possible dinmensional stability for the critical
: opcrat:l.qhu parameters, since the number of joints subject to dis-
placement and distortion ars minimised. This also ensures the best

i poseible performance under chang:l.nq thermal and vibrationzl conditions of
© the device 10.

Referring also to FIGS. 3-5 and 17, unique features of ths cover
casting 16 include a perforated rib structure ganerally designated 52
. formed above high-power electrical medules to facilitate sir-flow and
convectiva heat transfer to the airstream. A cast or machined cavity 54
servas as an integral housing for a breather filter 56 illustrated and
described with reapsct to FICS. 14-17 and an altsrnative arrangsment with
respact to FIGS. 18-24. The cast or machined cavity 5S¢ eliminates the
need for a separate ‘convantional breather filter housing, such as zome
form of p].ut:l.e casing, thereby eliminating unnecessary product expense.
Breather .£ilter media 56 can be stuffed into cavity 54 in the cover

casting 16 without need to fasten or bond any additional housed almnts
into phc..

An integral diffusion path 58 is cagt in the cover casting 16 for
controlling the flew of air, indicated by arrows 52A, into the breather-
filter 56. An integral channel 60 of controlled crogs~sectional arsa is
also - incorporated into the die-casting of the cover casting 16 to
regulate and direct the airstream, indicated by arrows 52B, from the
breather-f£ilter 56 to a low-pressure region indicated generally by 62
(¥1G. 3) near the center of the rotating spindle system 18. 2 £ilm 64
eovering channels 58 and 60 includes an eir inlet-hole &6 aligned with an
inlet to channel 58. By incorporating the integral diffusion path 38 in
the cast geometry, the need to produce thoss fsatures in a separate
component secured to the device is eliminated. The gonfiguratien of
channel 60 ensures that the point of lowest pressurs of the file 10 is
stployed to drav air through the breatﬁcr filter 56 vhich provides ths
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needad particulate and chemical treatment of the airstream for all air
drawn into the device, and greatly reduces the potential for air to be
drawn into the disk drive 10 through any alternate path of fenestration.

Referring now to PIGS. 1, 6 and 8, base casting 14 provides a
locational and retention structure generally designated 72 for an _
electrical connsctor 74 connected te 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 actuator flez cable
connector 84 for multiple read/write transducérs or heads 86 via a flex
cable BS. These functions greatly simplify the manufacturing process of
- dnstalling or remeving from the device 10 a set of electrenics carried by
a planar card 90 (FIG. 1), since it is not necegsary for the asssmbler to
| grasp or otheruvise handle electrical connectors during the process.

i Having reference to FIG. 8, a.portion of the electronics card S0 is shown

* with the basa casting 14. To install the electronics card 90, the card
S0 is aligned with the agsistance of guide features 52 incotporated in
the card 90 snd then the card 90 is pushed down into position, with
necessary electrical connections made to the motor conmegtor 74 housed in
the base casting 14 via terminal pins 5¢. Necessary electricsl
connections similarly are made to the actuator flex cable conmector 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 90 and base 14, '

- The basa casting 14 and the cover casting 16 are contoured to
provide a localized well generslly designated 100 by corresponding
regions 102 and 104, Localized well 100 accommodates additional height
reguirements associated with the gpindle motor ausembly 18. 2as best seen
" dn PIGS. 1 and 6-8, the spindle motor 76 includes u flange 106 for
supporting a stack 108 of disks 110 and a ;.a{vtr portion 112 below the
flange 106 extending within the localized well 100. The localized well
100, defined by regions 102 and 104, ie located and minimized in ¢ize to
minimize the arezl reduction available to the planar electronics card 90,
and also provides a ribbed stiffening sffect ‘in the region of the spindle
system 18, which further enhances the dimensioml-'sta-bility of this
critical region. An aperture 114 ig provided in the card 90
corrasponding to the localized wall 100,

| Locelized well 100 has a bell gecmetry to facilitate ssaling of the
disk enclosure 12 which is further provided by & copper-film tape 116
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encircling the disk enclosurs 12 iround the length of the enclosure at
the mating line between the two castinga 14 and 16 as shown in FIG. 6.
The two mating castings 1¢ and 16 are registered and secured togather by
two fasteners (not shown) received through corresponding apertures 118
and 120 in the base and cover castings 14 and 16. The fastener receiving
aperturss 118 and 120 are located at each end of the enclosure length to
drav the halves togsther against a sat of three matching pads generally
designated 122, The three-point system 122 minimizes distortion effacts
imposed on the mating halves 14 and 16 when the fasteners are tightened,
vhich could create assembly stresses in the assembly. Assembly stresses
can contribute to performance degradation during £ile operations and
often lead to production yield preblems and customer quality problems.

Both castings 14 and 16 incorporate localized contouring to .
acconmodate geomatric spacing requirements for the mating elsctronics
board 90 to provide optimal use of the device spatial envelope for

functional components of ths disk drive 10 both internally and axurna.lly
to the disk enclosure 12.

" Both castings 1¢ and 16 are ccnzig'urad ags five-sided elements, with
the cpen £ace representing the mating surface between the two halves.
This configuration results in a greater structural stability and in-
tegrity than is associated with placa, ‘tube or box designs due to the
reinforcing nature of tha five-gided box design and the lack of joints

between the. mountinqlreqlltrat.ton Burfaces to which critical functional
assemblies 18 and 20 of the device ars secured.

Refarring to FIGS. 1, 3, 6 and 8, a uniqus slectrical igoletion
system is achisved for the two caatings 34 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
enginesring plastic material, guch as Ultem. Disk dr:l.vc 10 is not shock-
mounted vhich is achisvable by the rotary actuator system 20 nominally
praoduced with a static balance lbout the axi.s of rotation. Diak drive 10
is desensitized to externally appl:lua inputs which would otherwige result

in . relative motion between the read/urite gep of the magnetic recording
heads 86 snd data tracks wh.'l.ch are created on the diask surfaces 130.

Referring to ?135- 79, @& connéctor retainer generally dssignated
as 132, formed of electrically insulative materisl such as nylon, holds
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and secures the spindle motor conhector 74 end flax cable 78 to ths baze
casting 14 and locates the motor connsctor 74 to the card azsembly $0.
Connector retainer 132 is a one-piece box including a hinged lid portion
designated 134 initislly located as shown in FIG. 7. After the motor
connector 74 and flex cable 78 are inserted inte 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 connsctor, When the spindle motor as-
sembly 18 is attached to ths base casting 14, the retainer 132 holding
the connector 74 and flex cable 78 is slidingly inserted into the pocket
72 cast into the base 14. Retaining features or snaps 140 on bogh 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
& locating post 144 of the retainer 132 intc an aperture 146 the card 0,
~ aligning the card pins 94 to the motor connector 74 and cresting a

positive connection. WWith this process manusl plugging and unplugging of
the motor connector 74 to the card assembly .90 is eliminated.

Referring to FI6S, 1, 3, 6 and 10, thers is shown a data cable
guide and zeal bracket genesrally dssignated 150 arranged in sccordance
with the invention. Data cable guide and seal bracket 150 is a formed
nylon block that conteins and positions the flex cesble 88 and data
connector 84 onte the base casting, Bracket 150 is a one-piece folding
part that locates the data cable 88 in relationship to the card connector
84. Bracket 150 includes a pogitioning rail 152 received within a pair
of slots 154 formed in the base casting 14, as shown in FIG. 2. Bracket
150 includes a forwardly extending portion 156 that extends through an
aperture 158 within a seal 160 and corresponding aligned hole 161 in the
cover cagting 16, shown in dotted line in FIG. 3, and provides s 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 actuator asssmbly 18 is
assembled 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
asgerbled directly to the base with the bracket 150 positioning itself
into the cover casting 16. When the cover custing 16 is assembled with
the base casting 14 as shown if; FIG. 6, the flex cable B8 and connhector
84 are held in a position with the connector 84 pressnted 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
vithout adding any additionsl cperations or cozt. It should be noted
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thut brackst 150 sliminatea the dangnng £lex of disk drive conventional
arrangements.,

‘Referring to F1GS. 11 and 12, there is shown & support arrangsment
generally designated 170 for _tupper_ting an arm electronics (AB) generally
designated 171. Additional surface area for mounting components of the
-~ AR 171 is provided on the actuator assembly 20 by folding the flex cable
88 to form an S-shaps generally designated 172 as shown in FIG. 12 and
using & molded wafer 174 to provide a geries of cavities 176 for re-
ceiving a plurality of capacitors 180 and providing a flat surface 182 of
the flex S-shapad suppert 170 to mount to the actuator 20.

A top surfacs 184 of the flsx S-shaped support 170 iz 'used to mount
t.he most critical components including two integrated circuit devices 186
using direct chip attach (DCA) wirabonding and encapsulation techniques,
along with the threea most critical neise 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 locatinq pins 190 and a lower locating pin 192 for
pui.tiuning the flex S-ahaped support 170 with an actuator comb 134, to
small tolerances, such as, for exampls, to +/-0.02 mm. The bottom layer
of flex S-ghaped support 170 includes a VCX tail 196 that allows

attachment of the VCH coll and the voltage bias reference potentisl of
1.9 volts,

Actuator .mnuhcturinq is simplified since no screws are required
to hold the flex. The locating pins 190 snd 192 sllow the use of a
Pressurs-sensitive 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 creep that can occur undey conditiom
of elevated temperature and continued biasing forcesn.

The flex S-shaped support 170 provides flex to comb thermal
isolation. Aas the track demsity increases, track misregistration (TMR)
becomes increasingly critical. The folded package isolates heat from the
_ data arm electronics (2E) 180, :186 and 188 from the actuator comb 194 and
prevents thermal changes from causing actuator arm mevement snd heat from
affecting the comb. Power dissipated by the AE module during the writs
mode would cause repeatad tharmal swings if a direct thermal path from

the AE to the comb existed. The flex S-shaped support 170 aveids this
significant problem.
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Referring to FIG. 13, there iz shown a voltags reference tab
removed from and aszsembled with the actuator assembly 20 of the high
performance digk drive 10. Transducers or read/write heads 86 are
magneto-resistive, requiring that-the head 86 and the disk 110 be helgd at
the same electrical potential. The actuator comb 194 is held to the
reference voltage through the flex AE circuit 171,

Reference tab 200 is a small copper tab plated with a tin-lead
alloy and placsd under a bearing attach screw 202. In the actuator .
assexbly process a portion of the flex circuit 171 with an exposed solder
pad 204 is placed under the tab 200. The tab 200 is bent down onto the
solder pad 204 and solder is added to complete the cirecuit when coil
leads 206 are soldered.

Reference tab 200 is thin, for ezample, 0.3 mm 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
screw 202. '

Referring to FIGS. 14~17, the illustrated filter 56 incorporates
features required for efficient removal of all contaminants in the make
up airstream in a compact ghape which can easily bs implemented on disk
Grives with sme)) form factors below 5.25". The production of the filter
58 can bs easily autcmated, leading to lower costs. an electrostatic

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

In FIG. 14 a cross-section of 2 possible implementation of the body
of the filter 56 is shown with a simple tube structure 220 and various
layers of msdia stuffed in the tube. Filter housing 54 advantageously ‘is
- formed within the cover casting 16 as shown in PIG, 17. However, tube
structure 220 also could be a simple molded polycarbonats part, with a
partially closed end 222 to support the filter-media. In this case, the
bottom of the tube contains three small 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 is assembled by first placing a scrim 226 at the bottom
of the tubs. Scrim 226 is followed by a piece of electrostatic filter
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media generally desigmated 228. The electrostatic f£filter media 228 is
commercially available from multiple suppliers. Desirable
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 inside the tube from packing,
and its filtration efficiency is on the same order as the high efficiency
membrane medias when used in this spplication. Next a treated carbon
element 230 is inserted to satisfy organic and inorganic f£iltration re-
quirenents. -Treated carbon element 230 could be a Kynol fsbric treated
with sodium carbeonate, a treated Xynol felt or yarh, or a treated carbon-
losded polyurethane foem, such as & foam media currently produced by
Lewcott Corp. Potassium carbonate treatment could be used instead of
- sodivm carbonats to achieve a similar result for the treated carbon
element 230. An optional plece of electrostatic media 232 could be
placed at the top of the tube to act as & prefilter. '

The tube concept of filter 56 allovs for the use of thicker medias
in a breather filter assembly. Becsuse of the low pressure drop across
this media, small diameter filter assemblies are possible. For exusple,
the £ilter illustrated in FIG. 14 has a tube OD of 8 wn, a footprint of
0.5 square cm snd fits in a 15 om tall disk enclosure. Testing on
prototype f£ilters has confirmed that high efficiency particulate filtra~
tion is possible of greater than 99.995% afficient at cver 100 times the
design flov rate, BEffective organic and inorganic filtration efficiency
and capaeity can be achieved in this small package and at low cost with
the propsr salection of treated carbon media.

Referring to FIGS. 14-16, the unique flow path for this tube filter
56 is dspicted. The cutlet from the tube is sealed to one vall of the DE
12 vith a foam seal or foam tape 234. At the cutlet of £ilter 56, the
downgtream diffusion path into the file includes & channel 236 formed in
the DE casting 12 and szealed with a mylar.'or copper tape 238. The
channel 236 can be ported to an appropriate low presiun region in the
digk drive 10. For exampls, in the disk drive 10 the breather filter 56
is ported close to the centsr of the spindle agsenbly 20 as shown in FIG.
1. At the inlet to the filter 56, the inlet Aiffusion path is formed
similarly vith a channel 240, ssaled with a mylar or copper taps 238.
Channel 240 is then ported to the outside of the file 10.

The tube breather filter 56 could ba used more conventionally by
attaching the inlet end to the DE casting. 7To insure the effectiveness
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of the chemical media 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 simple to manufacture. The
pleces of media can be punched and stuffed-in the tube 54 or 220 using
autocmated processes, and adhesive/ultrasonic welding of the media iz not
required. :

Referring to FIGS. 22 and 23, a twirlpak generally designated 250
is shown as getter packing for an alternative long narrow breather filter
256. Long narrev filter 256 is one having a ratio of the dimeénsion on
the main axis of flow >2.0 times the smallest dimension perpsndicular teo
the main axis of flow. Tube filter 56 is an example of a leng narrew
filter in vhich the media is contained in a cylinder which constitutes a
gas flow channel. :

Adjustment of the length and tightness of the twirled media 250 is
used to meet desired filter specifications. Pressure drop of the filter
256 is deternined by the length of and tightness of the twirlpak 250.

- Capacity is determined by the quantity of gatter in the twirlpak 2%0.
Getter is & medium cepable of removing one or more contaminating
substances from an airstresm. Breskthrough performance is determined by
both the length and tightness of the twirlpak 250.

The twirlpak 250 is prepared by rouing & strip of media around an
axis which will become the axis of flow in the getter. Uniike
conventicnal getter packings such es granular carbon, the amount of media
in a twirlpak 250 can be varied by altering the compression achieved in
ths twirling opsration. 2An example of the procedure for Preparing a lcng
narrow tube filter 256 using a twirlpsk follows.

R device comprised of a twirler 258 illustrated 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 and then nserted
inte the long narrow tube filter 256 without handling of the twirlpak
250. First a strip of getter medis, s.g., carbon fabric, is cut so that
the width is equal to the desirsd depth of getter in the tube filter 25s.
Next thes length of the strip of getter media iz szelected to provide the
desired 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 cylindr:l.ca]. cavity 264 which
has a diameter slightly smaller than that of the tube filter 256 ghown in



i6

FIGB. 23 and 24. The strip of gstter media is placed in the slot 262 of
the twirling template 260. Thé relative position of the slot and the
cylindrical cavity determine if the media is to be tviz:lgd in a single or
doubls l'pirll. The tuirler 258 is comprised of a shaft 266 with a
dienmeter slightly smaller than the cylindrical cavity 264 of the twirling
template 260. ‘In this shaft 266 are mounted a pair of narrow pins 268
aligned parallel with the axis of the shaft 266. The spacing of the pins
268 allows them to just slide cver the thickness of the getter medium as
sesn in FIG. 24. The axis of the twirler 258 and that of ths cylindrical
cavity 264 in the twirling template 260 ars aligned, and the twirler 258
'8 inserted far encugh into the twirling cavity 264 to allow the pins 268
to pase along the full width of the getter media strip. The twirler 238
is. rotutad on its axis to tvirl the media gtrip into the twirlpak 250.
m cy:l.:l.mlrical cavity 264 of -the tvirling template 260 is then aligned
‘with the tube filter 256, so that the axis of both are common. The

- twirlpak 250 is moved from the cylindrical cavity 264 of the tvirling
‘template 260 to the desired position in the tubs filter 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 twivlpak 250
miy be loaded inte a cylindrical tool for subsequent transfer to the tube
filter 256 in a separate opsration. This may be of particular advantags

~ 4f the ‘twirlpak is to be loaded into a tube filter which is integral to a
callplcx device. This might be desired in order to separate the

operations of handling the carben getter media frem the final produce
which will eontain the tube Eiltlr. .

Filters using the twirlpak. vhich is prepared and lcaded in this
manner met both breakthrough and pressure drop performanca criteria.
Breakthrough is the ratio of the contaminant concentration exiting &
getter or chemical breather filter (CBP) to the contaminant cancnntrat!.on
entering a getter or CBP.

A series of teste were carried out to directly compare the
performance of tube breather filters. The pressure drop of esach filter
vas msasured using a flow of 30 ce/min of clnn dry nitrogen. The
Pressure drop of ths tube itself and gas lines were constant and were
subtracted. These results are surmariged in Table 1.
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Isble 1

Tube Brelther Test Results
Tube Breather Getter Height = §.5 wen Nominal

Adsorbant | Tg.001/ ail:’ esjﬁnc‘;m m";]“ ted Eanat
or; . rojacte ressure
Material 1-3 23’ (in H20) lifetine driteria
Act. carbon

coated form 0.78 0.058 No ) Yes
Act. carbon ' '

granules 0,59 0.055 No Yes
hct-Clrbcn )

felt 0.82 0.13 YeB No

Act. Carbon '

’ !ab'ie 20.82% 0.21 !‘s* . No

Act. carboen ) '

twirlipak 0.80 0.08& Yes Yes

As used in Table 1, Tg001/To.0 is a measure of the effectiveness of
centact of the airstream with the media. In the cass of the foam, the
contact was excellent, resulting in an excellent sharpness or large
ratio, but the total capacity and lifetime were very low although the
losding of carbon on the.foam was reported by the manufacturer to be the
maximun achievable. Delta P is the pressure drop across the two
elactrostatic particulate filters plus the adsorbant media. Delta P doas
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 ig the maximum level of breakthrough
wl;ieh will give the getter or CBF a desired performance level,
Breakthrough was not tested for activated carboen febric but would be

expected to perform as well or better than activated carbon £e].t.
*pProjascted data based on other results,

While the invention has been deaéribed with reference to details of
the illustrated ambodiments, thsse details are not intended to limit the
scope of the invention as definad in the appended claims.
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CLAINS

1. A data storags disk drive comprising:

at least ene digk surface mounted for rotatien about a apindle
motor shaft;

at least one data transducer head for reading and/or writing data
to respsctive disk surfaces;

- gn actuator for moving said at lsast one data transducer head
across respective disk surfsces; said actuator including an actuator
bearing shaft) and : )

a device enclosure for enclosing seid at least one disk surfaces,
said at least one dats transducer head and suid actuater, said device
enclosurs including die~cast genarated predstermined zero draft
geonstriss for mountihg said spiridle motor shaft and said actuater
bearing shaft. '

2. - A data gtorage disk drive as recited in claim 1 vherein sald
actuator further includes a first pole-pisce magnet assembly and a mecond
pole~plece magnet assembly mounted by said die-cast gengrated
predetermined zerc draft geonmstries.

3. R data storage disk drive as racited in claim 1 wvherein said device
enclosure conprises a base casting and a cover casting, each having a
mating surface along the length of the device form fector.

4. A data storage éi.nk drive as racited in claim 3 wherein said base

casting inc_ludes each of said die-cast generated predetermined zero dragt
gecometries.

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

independent aszembly and removal with sald base casting of ths disk
drive. '

6. A data storage disk drive ap recited in él_a__in_n 1 wherein gaid device
snclosure includes structure for®locating and retaining electrical
connectors for connection with slectrical componants mounted exterior of

said enclosure.
R AR
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7. A dala storage disk drive as recited in claim 1 further includes a
breather filter and wherein said device enclosure includes an integral
diffusion path for controlling airflow to said breather filter and an
integral channel for controlling airflow from ssid breather filter to a
predstermined reglon within said enclosure,

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
electronics. -

9. A data storage disk drive as recited in claim & further includes a
cavity-dafining mexber positioned vithin said S-shape for receiving
components of suid arm electronics, ‘

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

1. An arm electronics support for uge with an actuator in a data
recording disk file of the type having at lenst ope magnetic disk
providing at least one data disk surfasze mounted for rotation shout an
axis and said actuator supporting at least one magnetic transducer for
movement about respective data disk surfaces comprising:

& molded member defining cavities for receiving a plurality of
electrical components;

a flex cable 1ne1ud!.ng an S-shaped folded portion for ccntdni.ng
said molded member and for meunting electrical components; and

said molded member including at least one lecating pin cooperating
with said flex ceble and the actuator for locating said cavities with
ssid electrical components and for lovcating and mounting the arm
electronics support with tha actuator.

12. An arm electronics iupport as recited in claim 11 wherein gaid flex
cable further includes « portion for attachment to a voltage reference
potentisl.,

13. An arm electronics lupport; as recited in e¢ladm 11 vherein said
electrical components are spaced apart from the actuster by said
cooperating molded member and flex cable folded portion, whereby thermal
izolation of the actustor from said elsctrical components is provided.

* c L n s *
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14. An actuator for uge in a data recording disk file 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 including
_ an actuator ann assembly for supporting at least cne magnetic
trangducer for movement across respective data disk surfaces eqmprising-
flex cable circuit means for providing a predetermined voltage
reference potential and including x solder pad connectsd to said
predstermined voltage refersnce potential; and
voltage reference path means from applying seid predetermined -
voltage reference potential from said flex cable circuit means to the
actuater arm assembly including an electrically conductive member having
- & portion enguging said sclder pad and sn opening for receiving a bearing
. attach fastener, whereby suid member portion is moldsred during assewbly
- of the dsta rscording disk f£ile.

- 15%. An actuator as recited in claim 14 vherein said electricully
conductive menber is & copper tab having a pair of symmetric slots
symmstrically provided around said bearing attach fastener recelving

16, A magnetic storage disk drive having a spindle which aupports at
least one disk having at least one magnetic disk surface to form a
spindle assenbly for rotation of said at least one dick gurface sbout an
exis and a rotary actuator which supports at least one magnetic
transducer for movement about respective disk surfaces comprising:
" a base casting including predetermined registration surfaces for

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

- & cover easting having a mating face for sngaging said base mating
face to define a drive enclosure for enclosing said spindle, said at
least cne disk surface, said at lesast one data transducer head and said
actuator; and )

said bage casting and waid cover casting ineluding structure for
locating and retaining electrical connectors used for connecting to a
planar electronics card located outside the drive enclosure.

17. A magnetic storage disk drive ag recited in claim 16 further
includes connector retainer msans cooperating with said base casting
structure for securing a spindle motor connector to said basge casting.

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

* c L L S *
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with said planar eleetraniea card for pesitiocning said :pindle motor
connector with said planar electronics card.

19. 3 magnetic storage dick drive as recited in claim 18 wherein said
registration means includes an outwardly extending locating pest.

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

21. A magnetic storage disk drive as recited in claim 20 vherein said
- unitary bracket means includes a unitsry member having a forvardly
portion sxtending through a fesdthrough cpsning in said cover casting fer

positicning said data connector in cperative relaticn to said planar
electronics card.

22. 3 magnetic storage disk drive as recited in claim 21 vherein sald

forwardly extending portion defines positioning rails received within &
pair of _gu:l.da slots formed in the cagt cover.

23. A nn_gnetie storage disk drive as recited in claim 21 further
includes a seal received within said fesdthrough opening.

24, A magnetic storage digk drive as recited in eclaim 20 wherein saild
. unitary brackst means is a cne piece folding part.

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

26. -A magnetic storage disk drive having a spindls vhich supports at
lsast one disk having at least one magnetic disk surface to form a
apindle assembly for rotation of said at least one disk surface sbout an
axis and & rotary sctuator vhich supports at least one magnstic
transducer for movement about respective disk surfaces, comprisings

a housing assembly for mounting said spindle and said rotary
actuator and having a mating face; said housing assembly defining an
enclosure for enclosing said spindle, said at lsast one digk surface,
sald at lssst one date transducer hesd and said actuator; and

a breather filter having an inlet for receiving air from outside
said enclosure and an outlet for providing filtersd air inside said
snclogure; saild breather filter having an slongated shape for containing

AR W
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et leawt one filter slectrostatic medis element and at least one
activated carbon f£ilter elament.

27. A magnetic storage disk drive as recited in claim 26 vherein said

breather £ilter iz located in an elongated cavity formed in said cover
casting.

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

2%. A magnetic storage disgk drive &s 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-pressure region within said enclesure.

30. A magnetic storage digk drive as recited in claim 26 vherein said at
least ons activated carbon Filter element is coiled in a spiral defining
A twirlpak. :

31. - & magnetic storage disk drive as recited in claim 30 vhersin said
twirlpak has a sslacted lingth end tightness for a predetermined

breakthrough performance and a predetermined pressurs drop of said
breather filter.

32. A magnetic storage disk drive as recited in claim 26 vhersin said at

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

33. 2 magnetic storage digk drive as recited in clainm 26 vherein said at

least one activated carbon filter element is a treated carbon-loaded
peolyurethane foam.

34. A magnetic storage disk drive as recited in claim 26 wherein said at
least one activated carbon f£ilter elsment is & Kynol fabric, felt or yarn
treated with potassium carbonaté.

35. A magnetic storage digk drive substantlally as hereinbefore
described with reference to the drawings. -
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