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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 can 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

This Sheet Has Been Replaced

AR




10

15

20

25

30

35

This Sheet Has Been RTlac

S 2 AR S

provided at standard locations in the right and left sides and tha 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 ig both electrically and mechanically isolated
via the vibration/shock isolators. When magneto~resistive (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
algo restrict the use 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 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
integrated circuit, require external capacitors for tuning a&nd 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
performance with the MR heads. Other known arrangsments use expensive
nulti~layer ceramic or flex packaging to allov buried lines and vias. 2

need exists for a costveffective, effieient and relisble packaging
arrangement for arm electronics.

When magneto-resistive (MR) heads are used within a £ile,
transducers and disks must be held at the same elsctriceal 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.

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 &

Gats cable exits the digk 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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enclosure is a dangling data cable that is & source of damage during
assembly and that does not land itself well to automated assembly.

The spindle motor assembly is driven by signals from a card
assenbly on the outside of the disk enclosure. Typically a flex cable is
used to carry signals to the spindle motor. This assembly process also
is difficult 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
for the disk enclosure (DE). The machining process is time consuming and

expensivs.

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
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.

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
become 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
the event of leakage. Breather filters provide filtratioen 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
efficiency for this media is $9.97% of particle 20.3 micron. A breather
£41tariil designed to be the prefarred point of entry of air into the
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drive and thus must have a low pressure drop; a typlcal specification is
0.1 in. of water at 30 cc/min. The relatively high preasure drop of HEPA
media rsﬁuins that a relatively large area ba employed. The dismeter
for the medis disk for small drive breather #1ters is commonly 18-28 mm.
HEPA medias used in such filters sre 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.

R09~-93-007 : 4 | |||

One known bresther filter design disclosed in U.5. Patent No.
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
dmpart the proper airflow through the filter positioned the upstream and
downstream diffusion paths alcngsiﬂé the filter chamber. This added
greatly to the overall sisze of the filter. It slso required 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
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

.connecting to a planar slectronics card located cutside 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
disk drive including e unitary member for containing and pesitioening &
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-
cost, efficient and effective support srrangsment 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
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compact shape and being easily automated; and to provide such a disk
drive substantially without negative effécts.

In brief, the cbjects and advantages of the present invention are

. achieved by a data storage disk drive having & spindle which supperts a

plurality of digks having at least one magnetic disk surface to form a
spindle assembly for rotation of the disk surfaces about a common 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
draft geometries fer mounting the spindle motor shaft and the actuator
bearing shaft. The enclosure includes & base casting and a cover
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
¢ffective and easily manufacturable electrical path from & 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

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
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,

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

FIG. 5 is a fragmentary sectional view taken along the line 5-5 of
FIG. 4 f -

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 retalner assembly of the high performance disk drive of FIG. 1,
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FIG. 8 is an exploded perspective view of the spindle motor
connector retainer assembly 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 retainer assembly mounted in a pocket cast into a base of the
high performance disk drive of FIG. 1,

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
flex 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: .

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;

" 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 &iffusion channels with
arrows indicating airflow path of the high performance disk drive of FIG.
iy

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

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

PIC. 20 is a top viaw of twiriar termplate used with the twirler
tool of FIGS. 18 and 19 for preparing a twirlpak gatter for a breather

-#ilter;

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 view of the twirler tamplate of FIG. 20 with
internal details shown in dotted line;

FI1G. 23 iz a ssctional viev of an alternative tube breather filter
lrrangad in accordance with the invention; and

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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DETAILED DEECRIPTION OF THE PREFERRED EMBODIMENTS
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Referring now to FIG. 1 of the drawing, there is shown an exploded
perspective view of a high performance disk drive unit designated as a
whole by the reference character 10 and constructed in accordance with
ptrinciples of the present invention. Disk drive 10 includes an snclosure
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
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
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
for utilizing the entire form-factor length for the structural snclosure .
12 for the product is eliminated. Digk drive 10 involves reducing the
centerline distance between the digk spindle and the rotational axis of
the actuator system, reducing the dinmeter of the bearing system employed

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

Referring also to FIG. 2, unique features assoclated 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, genearally
designated 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
pole-plece magnet assembly 46 is secured to the bage casting 14 by an
adhesive, The lower VCM pole-piece mnqnet asgembly 48 is attached to the
bage by a series of bolts 30.
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This unique feature of the invention eliminates the need to produce
the registration surfaces through the process of 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
the registration surfaces 30, 32, 34, 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
operational parameters, since the number of jeints subject to dis-
placement and distortion are minimised. This also ensures the best

possible performance under chaug:l.ng thermal and vibrationzl cenditions of
the devics 10.

Referring also to FIGS. 3-5 and 17, unique features of the cover
casting 16 includs & perforated rib structure generally 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
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
inte place.

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
regulate and direct the airstream, indicated by arrows $2B, 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
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




10

15

20

25

30

35

T

needed particulate and chamical treatment of the airstream for all air
drawn into the device, and greatly reduces the potentisl for air to be
drawn into the disk drive 10 through any alternate path of fenestration.

Referring now to FIGS. 1, 6 and 8, base casting 14 provides 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
cablc.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
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
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

provide a localired 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
flange 106 extending within the localiszed 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!eninqlnffect'in the region of the spindle
system 18, vhich further enhances the dimensicntl—stibility of this
critical region. An sperture 114 is provided in the card s0
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
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encircling the disk enclosurs 12 around the length of the enclosure at
the mating line Betwesn the two castings 14 and 16 as shown in FIG. 6,
The tvo mating castings 1¢ and 16 are registered and secured together 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 sach end of the enclosure length to
drav the hulves together against a seat of thres 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,
vhich could create assembly stressss in the assembly. Assembly stresses
can contribute to performance degradation during £ile cperations and
often lead to preduction yield problems and customer quality problems.

RO9-93-007 .10 l

Both castings 14 and 16 incorporate localized contouring to
sccommodate geometric spacing requirsments for the mating eleckrenics
board 90 to provide optimal 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 reprasenting the mating surface betwveen the two halves.
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.

Referring to FIGS. 1, 3, 6 and 8, a unique electrical isclation
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
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
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
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and secures the spindle motor connector 74 and flex cable 78 to the base
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
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that bracket 150 eliminates the dangling flex of disk drive conventional
arrangements.

‘Referring to PIGS. 11 and 12, there iz shown a support arrangement
gensrally designated 170 for supporting an arm electronics (AE) generally
designated 171. Additional surface ares for mounting compoenents 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
the flex S-shapsd 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
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 mctuator comb 194, to

small tolsrances, such as, for example, to +/-0.02 mm. The bottom layer
of flex S-shaped support 170 includes a VCH tail 196 that allows

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
pressure~gensitive adhesive (PGA) 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
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
modes would cause repsatsd thermal swings if a direct thermal path from

the AE to the comb exieted. The flax S-shaped support 170 avoids this

significant problem.
his Sheet Has Been Replaced
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Referring to FIG. 13, there is shown a voltags reference tab
removed from and assembled with the actuator assembly 20 of the high
performance disk drive 10. Transducers or resd/write heads 86 are
magneto-resistive, requiring that the head 86 and the disk 110 be held at
the same electrical potential. The actuator comb 184 is held to the
reference voltage through the flex AE circuit 171,

RO9-93-007. 13 ’

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
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 mm and includes a slot
208 swtamped at the bend location to facilitate the bending operation and
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 Bearing attach
screw 202,

Referring to FIGB. 14-17, the i1llustrated f£ilter 56 incorperates
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
sources 1is 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
structure 220 elso 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 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 is assembled by first placing a scrim 226 at the bottom
of the tube. Scrim 226 is followed by a plece of electrostatic filter
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media generally designated 228. The electrostatic filter media 228 is
commercially availeble from multiple suppliers. Desirable
charactsristics of ths electrostatic filter media 228 include & pressure
drop at least ocne order of magnitude lover than for the high efficiency
membrane medias, that media 228 gelf-sesls 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
with sodium carbonate, a treated Xynol felt or yarn, or a treated carbon-
loaded polyurethane fasm, such as a foam media currently produced by
Lewcott Corp. Potassium carbonate 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
pleced at the top of the tube to act as a prefilter.
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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
0.5 square cm and fits in a 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
the proper selection of treated carbon 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
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
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
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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 ls simple to manufacture. The
pieces of media can be punched and stuffed in the tube 54 or 220 using
automated processes, and adhesive/ultrasonic welding of the media iz 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
the main axls of flow >2.0 times the smaliest dimension perpsndicular te
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
used to meet desired f£ilter specifications. Presgure 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
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
the twirling operation. An exeample 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
inteo 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 -
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
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FIGHE. 23 and 24. The strip of gettar media is placed in the slot 262 of
the twirling template 260. The relative position of the slot and the
eylindrical cavity determine if the media is te be twirled in a single or
double sj:iral. The tuirler 258 is comprised of & shaft 266 with a
diemeter 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 eof the shaft 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
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
vith the tube filter 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 filter 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
may be loaded into & cylindrical tool 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
which will contain the tube filter.

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
entering 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 end were
subtracted, These reaults are summarized in Tabla 1.
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Tube Breather Test Results
Tubs Breather Getter Height = 6.5 mn Nominal

norh ; g:eslota P, o ] Heejﬁ tod Heets
Adsorbant To, a cc/m projecte pressure
Material | Tog (in H20) . [lifetime criteria
Act. cardbon
coated form 0.78 0.055 No . Yes
Act. carbon ' '
granules 0.59 0.0%5 Ne Yes
Act.Carbon
felt 0.82 0.13 Yes Ne
Act. 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
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
elactrostatic particulate £ilters plus the adsorbunt 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 f£ile specific. Clip level is the maximum level of breakthrough
which will give the getter or CBF & desired performance level,
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 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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SLAINS

1. A data storags disk drive comprising:

at least one disk surface mounted for rotation sbout a apindle
motor shaft;

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 .

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
geomstries for mounting said spindle motor shaft and seaid actuator
bearing shaft. '

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
enclosure comprises 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.

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.

5. 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



10

18

20

25

30

This Sheet Has Been Replaced

NI

7. A dala storege disk drive as recited in claim 1 further includes 2
breather filter and vherein said device enclosure includes an integral
diffusion path for controlling airflow to said breather filter and an
integral channel for controlling airflow from said breather filter to a
predetermined region within said enclesure,

209~53-007 19 I

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
cavity~defining membar 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
recording disk file of the type having at least ope 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
electrical components;

a flex cable 1nc1uding 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
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. ‘

13. An arm electronics support:as recited in ¢laim 11 wherein 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
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14. An actuator for use in a data recording disk file of the type
having at least one magnetic disk providing at least one data disk
snrface mounted for rotation about an axis and said actuator including

an actuator arm assambly for supporting at lesst cne magnetic
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
voltage reference potential from said flex cable eircuit 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 fastener, whereby suid member portion is soldered during assembly
of the data rscording disk file.

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
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

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

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
structure for securing a spindle motor comnnector 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
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with sald planar electronics card for pesiticning 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.

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
portion sxtending through a feedthrough opsning 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
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 feedthrough cpening.

24. A magnetic storage digk drive as recited in claim 20 wherein said

unitary brackst means is a one piece folding part,

25. A magnetic storage disk drive as recited in claim 20 wharein 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
axis and a rotary actuator which supports at least one magnetic
transducer for movement about respective disk surfaces, comprising:

a housing assembly for mounting said spindle and said rotary
actuator and having a mating face; said housing agsembly defining an
enclosure for enclesing said spindle, said at least one digk uurt&ce,
said at lsast 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
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st leawt one f£ilter slectrostatic media elsment and at least one
activated carbon filter elament.

i‘?. A magnetic storage disk drive as recited in claim 26 wherein said
breather filter iz lecated in an elongated cavity formed in said cover
casting.

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
cover casting includes an integral diffusion path cast in the cever
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
i‘ tvir lp‘k- ‘

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. :

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
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 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
described with ;efnnn« te the dravings.
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