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BACKGROUND OF THE | NVENTI ON This invention relates to
magnetic dis assenblies of the 5 class enploying a stack of rigid
discs in a sﬁggéfgg%ohousi ng profile. PCHEHEITC di sc
drive assenblies enploying rigid, or hard, discs are comonly used in
desktop and ot her computer nminfranes as a principal nmenory for the

conputer. Currently, rigid disc magneti d disc drive assenblies are

available in three different standard footprints, conmonl ﬁ? known as 2 inch,
3[err] 10 inch andIGHEPERFORMANG $§'§éNDAﬂ%3§@N§¥(&HBéHPH 15€s are

avail abl e in several G%i&imﬁslﬁﬂ \STARDA TS bei ng known as
| ow-profile and hal f ?n gh gﬁms pr;rnmg erence between a

| ow-profile drive and a hal BAGKGRQIIND 6F TEE INVENTION a Iow—profl le drive
typically has half the nu g | ﬁﬁ t‘ @% and

hence half the data stor a?g cavg"]fitg{ntrgﬁ“g'sgxﬁ ac@%!ﬁgﬁﬁgﬁi&\ﬁg he

manuf act urer s 1&lassdmﬂomdmkbfmgxﬁrqhaweramdaﬂhousingamﬁbmmdate one of t hese
t hree standard f oot pg.i nt.s one n

Consequently, disc drive ¥ e&w%{cdd Y ergmﬁ?yotﬁun(,ggé) 1|flg‘gdj((lirglasvags havi ng a
formand fit nmeebinignlytised kitdaskebpraal other computer mamframes as a principal memory

for the computer. Currently, rigid disc magnetic disc drive assemblies are

available in three different standard footprints, commonly known as 24 inch, 3%

10  inch and 5% inch drives. These standard drives are available in several

configurations, the most common being known as Iow-profile and half-high drives.

The principal difference between a low-profile drive and a half-high drive is that

a low-profile drive typically has half the number of rigid discs in the disc stack, and

hence half the data storage capacity, as a half-high drive. Computer manufacturers

1S design their computer models to accommodate one of these three standard

footprints and one of the two configurations. Consequently, disc drive

manufacturers produce disc drives having a form and fit meeting the standard
configuration of one of the three footprints and one of the two heights.

As used herein, the term “footprint” refers to the two-dimensional

20  plan or layout of an element at a given plane, such as the mounting layout of the

element. The “footprint” of a disc drive is, therefore, the two-dimensional plan of

the disc drive housing at a given plane, such as its mounting layout within the

computer. The term “real estate” as used herein, refers to the three-dimensional

space or volume required by an element in its operational mode. "Reat estate” also

25  refers to the space or volume required to perform an operation. Therefore, the

“real estate” required for an E-block assembly is the volume required for the E-

block in its full rotational pattern, as well as any space required for its installation

and routine repair. The term “configuration” as used herein, refers to the three-

dimensional layout or plan of an element; the “configuration” of a disc drive being

30  the three-dimensionat layout or plan of the space taken by the disc drive housing.
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PCT/ US98/ 13187 ofa transducing head to a desired track on a disc, and reducing the ]atency to2

There is a cont I At ung e&jlocagcrm Jnaﬁracek, ax%gng% ersr %MW mcrezgmglg rmproved
dises, it is possib}e to pack more data into a given area of a disc. With increasingly
more precise transducing heads, it is possible to transduce data to and from high
density discs. With increasingly improved circuits, it is possible to respond to data

10 at higher data rates. With lighter and shorter actuator arms it is possible to reduce
seek times for the transducing heads. With increasingly improved spindle motors,
it is possible to spin the discs faster to thereby improve data rates and reduce
latency. It will be appreciated, however, that certain trade-offs are required for
a given configuration of disc drives. More particularly, shorter actuator arms

15 require smaller discs, meaning there is less disc surface on which to record data.
Increased disc speed requires more power, generating more heat which requires
dissipation, Given the constraint that the overall profile of the disc drive housing
must conform to one of the standards, as may be required by the computer
manufacturer into which the drive is to be assembled, additional trade-offs may be

20  required to accommodate the specifications for the computer manufacturer.

The present invention is directed to a disc drive having a standard
housing configuration containing a stack of rigid recording discs that are rotated
at increased speed without increasing the power consumption of the drive. The
present invention is also directed to a disc drive having a standard housing

25  configuration containing a stack of rigid recording discé having smaller than
standard diameters without reducing the data capacity of the drive. The present
invention is also directed to a disc drive having a standard housing configuration
containing a stack of rigid recording discs having smaller than standard diameters
and a shorter actuator arm for reduced seek times.

30 In a typical disc drive, the transducing heads are electrically

connected to other portions of the disc drive through circuit connections. A flex



capacity. This need is net in the disc drive industry by a conbi.nati on of
factors, I ncl udi ng increasing density of data recorded.on discs,
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shortening the seek tinme of movenent 5 of a transducing head to a
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reduci ng the datt® é&f?a@ﬁ‘ W%ﬂ@?%mﬂrﬁ%ﬂwﬂﬁm tnE Bk CHSYht i on i s

al so directed tOthadﬂwe%udﬁgeﬁﬁ:daaﬂdeﬁ@oatre‘gts&ﬂmrodelmmagﬁﬁppﬁwguratIon
containing a stack of rigid recording discs having smal]er than standard

diameters 15  and a shorigs !saéﬂwaetwoymweeban%ﬁ@efédfa@@é@et
of rotation of the head/actuator assembly, thereby defining stop positions of an E-

block of the head/actuator assembly, thereby defining the inner and outer track
positions on the disc(s). Typically, the stop mechanism employs one or more stop
arms on the E-block arranged to engage one or more pins fixed to the disc drive
20  housing. The position of the stop arm(s) to the stop pin(s) is established during
manufacture of the disc drive housing, based on calculations dictated by the
geometry of the actuator assembly. Typically, the stop arms were mounted close
to the spindle axis. Any error in the positioning of the stop surfaces (e.g., the pins
and/or the engaging surfaces on the stop arm) was magnified over the longer
25  distance between the spindle axis and the transducing heads. As a result,
positioning of the inner and outer tracks was not altogether accurate.

Most disc drives employ desiccants and desiccant housings to
maintain the environment within the drive at a suitably low humidity. Since
most disc drives are sealed from external environmental conditions, the

30 desiccant serves to maintain the low humidity, regardless of the environmental
conditions outside the drive. However, the desiccant packages have a life,
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circuit extengpoafifgss the space adjacent to the E-block to a bul khead
connect or mounted on a wall of the disc drive housi J/USHBIY ex
circuit being flexible and occupyi ng the space necessary to bend or
"fold* within the disc drive housing. The bul khead connector is

connected to other electronics within add outside the 5 di sc drive
housing. On the E-block, the flex circuit is connected to a conductor
assenbly that i sdependantcon the ampunt pf mpistke 2bserbedk t Onpgshertlesiey maximenet uat or ar ns
and SUS PENgh ARSof ibiskiirE i Ltfsbr%@({, e &%:%@%d&ggisfx{o%g& fsahf Lan O the
transducers. In sone applTcations, the coRductor "assenl'y conpri ses
printed wiring stheglictdeste sy int tisk of being sabjecicto doo moch bumidigy wihighsiann, and in

ot her applicatio he_..copduct.or ass ly. 10 may itself be a flex
circuit that is ﬁﬂﬁ%@ﬁffﬁcgg’?ﬁgﬁﬁ%?%egﬂgldﬁv%i ther case, the conduct or
assenbly and $he flex cir Qfietpritlent BEthd plideRives 18 @ip aRtdesicantpatiigot ed to

had to be inserted into the drive before writing servo tracks to the servo surface

and before final testing of the drive. Only after completion of these operations
could the drive be closed and sealed. During the servo writing and testing
operations, the desiccant package was exposed to the high humidity of the
10 surrounding environment, thereby adversely affecting the life of the desiccant
package. There is a need, therefore for a desiccant housing within a disc drive
that permits insertion of the desiccant package immediately before sealing the
drive, thereby prolonging the life of the desiccant package to a maximum
extent.

15 BRIEF SUMMARY OF THE INVENTION
In one aspect of the invention, a magnetic disc drive assembly
includes a disc drive housing having an external three-dimensional configuration
matching a standard configuration. A disc drive is supported in the housing. The
disc drive assembly includes a stack of rotatable rigid magnetic recording discs
20  each having a diameter smaller than the diameter of rigid discs ordinarily contained
in a disc drive housing having the standard configuration. The disc drive assembly
also includes a head/actuator assembly for reading data to and writing data from
selected ones of the discs. In one embodiment of this aspect of the invention, the
disc drive housing has a standard 3% inch external three-dimensional
25  configuration. The stack of rotatable rigid magnetic recording discs comprises
discs having a diameter of 84 mm each. In another embodiment of this aspect of
the present invention, the number discs within the housing is greater than the
number of discs ordinarily contained in the disc drive housing bavixig the standard

configuration.



the E-bl ock prior to-assenbly--of—the- E-bl ock 4 nte-the—dise-drive, There— s-
a need, therefore, for a conductor assenbly t-hat nay be assenbled to
t he E-bl ock outside the drive housing with confidence of registration
of elenments to other parts. 15 Prior disc drives enpl oy
stop nechani spgs that establish the limts of rotation ofthe

head/ act uat or Y2¥B#9 v, thereby defining stop positions ofCHSPA3I37

bl ock of the head/actuator assenbly, thereby defining the inner and outer
track positions on the disc(s). Typically, the stop mechani sm enpl oys
one or nore stop arnms on the E-blogk arranged to engage one or nore
pins fixed to the disc drive 20 housi ng. The position of the stop arni(s)
to the stop pin(s) is estal, | : f.a6l Utk di sc
drive housing, based on .ca?lcdﬁll%?%%{%ictpé?seené“gjg/ﬁitaﬁ’eaa&&l&me%%o try of the
act uat or assenbl ynclhntess dise driye hquaing defioing a dive drive chambetgontaiting|astack of to the
spindl e axis. An iid Tedobfin | tahORd . e.g., the
pi ns and/ O%Ottg{ﬁselggﬁfggal ng g@%?#’a%hedggcg%vﬁog&g%aggg%r%%&m%gﬁ%i fied over
the |onger 25  dicutvedwrsige banfoxming ta the duivsichabhber. ada sctuatrd agskrebly suppertiuci ng
heads. As a resul | td . oni f. knner, d;. Qut cks was not
al t oget her ac?ura e'ucersfor:@a%{gdat%%%v?nnnéH%ﬁg?ﬂg?l%c?e%diﬁggeg%é oy

desi ccants and desitarcinbperutively eoupledoto the actusted Bésembly fdrepmitishingmieent wi t hi n
the drive at a suyitagbly low huymdity. Since . nmost, disc drives are

seal ed fromexte “cé%\y‘?%‘gﬁfﬁe?ﬁsﬂ?“séﬂme‘Vgﬁg‘,s“t Aeirgnt boardismaupteds o yes to
mai ntai n the | owtd b Shdtict vf the digadilleddtsingfand bRvideyvdidcaitaidhiktion to the condi ti ons

outside the drive, However, _the dgsicc nt, . packages have a life,
electric motors and the transducers. A cable connector is mounted to an edge of

10 the circuit board electrically connected to circuits on the circuit board. The cable
connector includes a connector housing mounted to the circuit board, the
connector housing having an external configuration conforming to and receiving
the curved edge of the disc drive housing. A plurality of contacts are supported
by the connector housing for receiving a connector electrically connected to

15 external circuits.

In accordance with another aspect of the present invention, a
conductor assembly electrically connects a transducer supported by an actuator
arm of an E-block to a flex circuit. The flex circuit is rigidly mounted to the E-
block. The E-block includes a slot in the actuator arm. The conductor assembly

20  includes an elongated flexible conductor strip having a plurality of electrical
conductors each having a first end connected to the transducer. A plurality of
conductive tabs are electrically connected to respective second ends of respective
ones of the plurality of electrical conductors. The tabs are rigidly connected to the
flex circuit. A fin extends from the conductor strip opposite the tabs to engage the

25  slot, the fin being restrained from disengaging the slot by the rigid connection of
the tabs to the flex circuit. Ina preferred form of this aspect of the invention, the
slot in the actuator arm extends along a side portion, and the conductor strip
includes a ribbon supported in the slots in the E-block. A termination portion of
the ribbon is mounted to a respective load beam to hold the ribbon in the slots

30 under tension.
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dependant on the anmount of npisture absorbed. Once the desi gn maxi mum
anount of noisture is absorbed, the desiccant package is no | onger useful,

and t hay@bsi3a r|ve|5|nr|sk of being subject to tg mdity
whi ch can advﬁgrsely af fect the performance of the drlef/e gmj
One problemof the prior drives is that the desiccant package had to

be inserted into the drive before witing servo tracks to the servo surface
and before final testing of the drive. QGaly after conpletion of these

oper ati ons could the drive be cl.-osed and sealed. During the servo
writing and testing Apeshertasprat of thi present inverdian iq)didcwgeompexposed to

affect ing the |1 Phplseioe Bl REARRAI PR &l Etn pbARERDHARCTS" °¢' Y
therefore for a deamiemaudncuﬂﬂwn@edemtBraradqs&Cﬂﬂrdmdnve Anad‘.ttmbr permts

i nsertion of the de cka I, a ore s i ng_the

drive, thereby prﬂ%;‘F‘?J*Hlj °ﬁ§%’(s‘|2 “’Fl“g d%‘f% %é@%(?‘g%fiﬁyapsﬂwglg &8“‘5‘ maxi num
?xt ent. 15 5 f abo#tanannsandhawnﬁﬂi ﬁﬁaﬁ%ﬁﬂ“ﬁb’%ﬁﬁgﬁiﬁnﬁﬁb@ﬂh%ngmd

n one aspect of the invention netic disc drive e

i ncl udes a disc gPkepEn ﬂgFﬁ@nﬂé?\ﬁ‘ﬁg“q‘arﬁ“@%‘P’éW%s ﬂb‘}l’ﬁ\é‘ﬁé FHal
configuration  to positish@hd thsdicst ladjastal £sefe0ied bridk ithdRcordingldise: THel Ve i S
supported in the hou5|n The di sc drive assenbly includes a stack of

rotatabl e rigid W&F@%é@ﬁ%l%wg@ bycthe Y@‘&cﬂﬁmha‘\'ﬁ% mechanismet er

smal | er than thedehnﬁgaﬂ%tdaﬁomamrqu%ﬁén%ﬂlo@asmwmﬁ%ﬁﬁﬁs@@&1east ~ina
disc drive housing having the standard configuration. The disc drive

assenbly 10 gjongstaprpin menated to thedisy dive beusiog andasstaptsbtface op adistabiendg data to
and writing datagf th&¥Bke arm for engaging the stop pin, the stop surface being in a plane normal

to an arc of trave] of the yoke arm as the E-block rotates about the axis.
Another aspect of the present invention is directed to a desiccant
housing for a disc drive having a disc drive housing which has side walls and a
15  bottom wall forming a drive chamber. The disc drive housing further has a top
opening into the drive chamber to access the stack of recording discs and actuator
assembly. A top cover closes the top opening of the drive chamber. The
desiccant housing is in the drive chamber and is integral to the bottom wall of the
disc drive housing. The desiccant housing has side walls forming a desiccant
20  chamber for receiving a desiccant and a top opening between the desiccant
chamber and the drive chamber when the top cover closes the top opening of the
drive chamber. The length of the desiccant housing is oriented substantially
parallel to the length of the drive chamber to provide a structural support or beam
for the drive housing. Preferably, the desiccant housing has a bottom opening
25  through the bottom wall of the drive housing which provides access for placing
desiccant in the desiccant chamber. A bottom cover closes the bottom opening
of the desiccant chamber. Also preferably, the side walls of the desiccant housing
form the top opening to the desiccant chamber on & plane that is sloped in relation
to the bottom wall of the disc drive housing.
30
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I n anot her aspect of the ' v,‘ti .S lve assenbly

i ncludes a disc drive hous 1%4 ih Q’Oﬁﬁmmer contai ning a
stack of r ot at abl e FIGgl13a&@pmagoﬂils&ﬁ&rdaihgrﬂu@&iswrﬂw@wmou& ng has

an end surface h% a curved edgg conformng to the drive chanber.
An actuator asse It?%QYB'ﬂS‘P?‘?d 335‘m°9f|'°<£ﬂ ucers for reading data to and

witing data from sel ect edgrdl QQ§arpMaleJe@t%Wx&v of the disERfaB adSspAR at i vely
coupled to the actuator_ assenbl or positioning the
assembly of the disc dnve 1llustrated in FIG. 1, taken at line 2-2 in FIG. 1,
FIG. 3 is a top plan view of a magnetic disc drive, with the top
cover removed, in accordance with the present invention.
FIG. 4 is a partial section view of the disc stack and spindle
assembly of the disc drive illustrated in FIG. 3, taken at line 4-4 in FIG. 3.

10 FIG. 5 is a frontal and top perspective view of the disc drive
illustrated in FIGS. 3 and 4, with the top cover removed.

FIG. 6 is an exploded perspective view, as in FIG. 5, of the disc
drive illustrated in FIGS. 3 and 4 and its top cover.
FIG. 7 is a perspective bottom view of the disc drive housing

15  illustrated in FIGS. 3 and 4 illustrating the assembly of the bottom seal to the
housing.

FIG. 8 is a section view of the disc drive housing taken at line 8-8
in FIG, 3.
FIGS. 9 and 10 are perspective views of opposite sides of a

20  connector employed in the disc drive illustrated in FIGS. 3 and 4.

FIG. 11 is a plan view of a latch mechanism employed in the disc
drive illustrated in FIGS. 3 and 4.

FIG. 12 is a perspective view of a portion of an actuator assembly
of the disc drive illustrated in FIGS. 3 and 4.

25 FIG. 13 is an exploded perspective view illustrating connection of
conductors between a flex circuit and transducing heads supported on load
arm/gimbal assemblies of the actuator assembly illustrated in FIG. 12.

FIG. 14 is a top view of the actuator assembly illustrated in FIG.
12 with the conductors in place.
30 FIG. 15 is a perspective view of the complete actuator assembly

of the disc drive illustrated in FIGS, 3 and 4.
\



transducers to selected positions relative to the discs. Acircuit board is
nount ed to a surface of the disc drive housing and provides

el ectrical connection to the electric notors and the transducers. A
cabl e connector is nounted to an edge of 10 the circuit board electrically
connect ed toyal s on the circuit board. The cable tor

I ncl udes a conne@?‘B housi ng nounted to the circuit boardpc'f/ﬁ%glﬂﬁ§7
connect or housi ng having an external configuration conformng to and

recei ving the curved edge of the disc drive housing. A plurality of
contacts are supported by the connmgctor housing for receiving a
connector electrically connected to 15 external circuits.

I n accordance wi t hDETAILED DESORIPTION OF FHHPREFENRED EMBODIMENTS

conductor assenbly electrigal]y connect tansducer s orted by an

act uat or arm of an I':ISi it‘gﬁ OP&C‘HAﬂﬁE&éESPéEWPnWW ‘gi‘“%‘?‘?cuit is
rigidly nounted ianin'leoEastandard3th¢h&hlfhx§ﬁ61sfdrﬂk@§ﬂﬁthd’ﬁioﬂﬁk€ﬂl&cﬁcht in the
actuator arm Thﬁ%co?%%g;to a.ss Mg nctlpudes an_el ogg ed flexible
conductor strip A3 dr gepyint that is 10£. #6¥s each
having a firss epgdo ﬁ@w%wladdmm@ntwma&e@)% . AADdtddk f idists ©f are
conductive tabs are electrically connected to respectlve second ends of

respective mgitad ton mmﬂlpdﬁaww opfan axig i thatdplocated i om®(20 The t abs
are rigidly conng aie@%ohﬂm&ﬂfansxde 18 m&t&ﬁ(loﬁééi&yidandﬁzgﬂfbuﬁﬁé fNdsisdsr om t he

conductor strip opposite t tabs to enga l ot the fin being

restrained from ¥ eradignety Ofﬂ%méllﬂ@ﬁbfb@ Mmhers) giddrtmﬂi&:ftﬂ spindlgfl4 t he
tabs to the flexygjp Q‘é}'ﬁndnédi' re%ﬁ%rg: ftioh %f'hcfu? %ﬁ‘l@ﬁeﬂn@& ﬁy &eugﬁndﬂtzalt he
ot Int ct on

i nvention, the uat or ar a side portion,
and the condi@t osur@ceﬂ‘p Surface 24 hesl aihdins afmpbhmtdw@%bmﬂedl-? mchegk slots in

'; ggpgéﬂ \?gki o:':\dt ‘geream to %@ﬁ gaot#gﬂgtl’%%p lr'lmlatr?d “‘29‘&‘0?‘9’%% un {éa;; ?'?ef’]gl gn
housing 10 at the points where surface 24 is closest to the external sides 18, 20
and 22, is about 2.5 mm (0.1 inches),

As shown particularly in FIG. 2, the stack of discs comprises ten
15 concentric discs 12 mounted to an aluminum hub 26 by clamp ring 28. Balance
shims 30 positioned on the clamp ring and the lower portion of hub 26 provide
balance to the stack of discs to prevent wobble as the discs spin. Each disc has a
thickness of appr-oximately 0.8 mm (0.0315 inch) and spacers 33 space the discs
from each other by approximately 1.84 mm (0.0725 inch). As shown, spacers 33
20  extend radially from spindle axis 16 by a design width greater than the radial width
of clamp ring 28. The radial extent of spacers 33 define the position of the
innermost track on discs 12. The radius of the clamp ring is smaller than the
radius of the spacers. The stack height of a full stack of ten discs (between the top
surface of the top disc and the bottom surface of the bottom disc) is approximately
25  24.6 mm (0.9675 inch). Motor 32 is mounted to spindle 14 to rotate discs 12 at
a design speed of 7200 revolutions per minutes (rpm). The disc drive illustrated
inFIGS. I and 2 has a track density of 8250 tracks per radial inch (325 tracks per
radial millimeter) of each disc. With ten discs as described, the disc drive of the

prior art has a data capacity of about 18 gigabytes.
30 Input/output cable connector 34 is a female connector that mates
with a corresponding standard male connector (not shown) connected to external

SUBSTITUTE SHEET (RULE 26)
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Anot her aspect of the present invention is directed to a stop’
mechani smthat mnimzes magnification of any error, thereby permtting
nor e ago i@ | ocation of the inner and outer trac di sc
drive. An actuator assenbly for a disc drive inclugggggﬁhﬁgkrock
supported by a spindle for rotation 5 about an axis and havi ng an
actuator arm supporting a transducer. An,el ongated yoke arm extends
fromthe E-block. A notor .rotates the E—%Iock about the axis to
posi tion the (rangiieein Pl Ane UonfbofSEf BhekE ARl B U 153fhaY Ui SC.
i nclud supported by e yo

The not or S a vaice col e arm A stop

6"

nmechani sm dbedeath ithreglisadrivie etcan inderpertiof of Hoesingie Dua nalitoeohfgurdtioacks of t he
di sc and conprises_at |geast.10 one siop.pin ted.to,the disc drive
housi ng and a st8f)m§ﬁ?rf3:4a qugﬁsrgorafgafﬁfaﬁagﬁﬁ&deI%Qerhqxﬂréggl)&h%o f or

engagi ng the st opequirts mbrd@erfifaltp) Conhdeftd 84 B diguit boadd 38 Fowde wWERAnd to an

arc of travel _of the yoke arm as_the eE—bl_oc r,ot at es abogt t he axis.

Anot her aspect of°HFRlipppisdenpotor2a3Mel as fignalpnd pewerdnruts apd Suippts o

housing for a di Sthefoktibhs SFaheldivg ditved eWesdibed ©CRAd Dbit 39hiag Asdiasiudd de wal | s
and a 15 botto? wal | formng a,drive chanher., The disc drive, housing

further has a t odataprocessingsireyits used inrepding and yyrifingdata fromend to the scoBlng t he st ack
of recording di sGaaadn Al Ypicaly, audicBRP ATk irufhs GORLEAY e BhARES the top
openi ng of the drive chanber. The
in housing 10 on a bottom surface for distribution of signals to voice coil motor
10 36 (FIG. 1) for B-block 38, as well as to bulkhead connector 40. Bulkhead
connector 40 is connected to flex circuit 42, which in turn spans the space and is
connected to conductors on E-block 38. The conductors on the E-block extend
to magnetic transducing heads on sliders 44, one slider being mounted to each
load arm 46 at the end of the actuator arms of E-block 38. Load arms 46 support
15 gimbal suspensions that support head/slider devices. Slider 44 “flies* over the
respective disc surface on an air bearing created by rotation of the disc.

As is well known in the art, there is a separate load arm 46 and
gimbal/slider/head 44 for each of the twenty disc surfaces of the ten discs 12. The
twenty load arms 46 are mounted to eleven actuator arms of the E-block for

20 rotation about axis 48 under the influence of voice coil motor 36. A latch pin 50
is mounted to arm 52 of E-block 38 to react against stop surfaces (not shown)
rigidly mounted to the lower wall or deck of housing 10 to limit the rotational
travel of the E-block to thereby define the inner and outer tracks on discs 12. The
engagement of latch pin 50 to a stop surface limits the rotational travel of E-block

25 38 about the axis 48 of the actuator arm, thereby defining stop positions for the
stop arm that in tum define the inner and outer tracks of the discs. In the prior art
3% inch disc drive, the inner data track radius is 20.4 mm (0.804 inches) and the
outer data track radius is 45.7 mm (1.8 inches) from spindle axis 16 of discs 12.

Conveniently, a latch mechanism 56 is mounted to housing 10 to

30  engage E-block 38 when the actuator assembly is in a rest or shipping position at

an inner track of discs 12. Latch mechanism 56 is mounted to the bottom wall of



desi ccant housing i §Th the drive chamber and—is—integrat—to—the—bott-om
wal | of the di sc drive housing. The desiccant housing has side walls
form ng a desiccant 20 chanber -for receiving a desiccant and a top

openi ng between the desi ccant chanber and the drive chanber when the
top cover cl og®%ehidlgy tOP opening of the drive chanber.. The | ength of
the desiccant housing is oriented substantially par AITEPY I he

| ength of the drive chanber to provide a structural support or beam

for the drive housing. Preferably, the desiccant housing has a bottom
opening 25 through the bottom wall of t¥e drive housi ng whi ch provides
access for placi . , desiccant in_the desig¢cc chanper,.. A _bottom cover
closes the botto%%ﬂﬁ%mb‘_tge Space C‘T“_ﬁge"(fégl?g@aﬁtwﬁh%?ﬂ?éﬁ”‘.a&gl%ﬂfﬁ ef erabl y,
the side walls ofcailéu2 rdrbsaGaine BEupade (Sal estate) to foldlofbdnl ithiafheHoasmgg to the

desi ccant chanber gn a plane that,is _sloped in relation, .to the bottom
wal | of the disc %Et kﬁ%‘e@ﬁ%& position the heads at sgipstesiyadial pggtions relative to

PCT/ US98/ 13137 the discs. Desiccant package 68 is positioned between bulkhead connector 40 nd
BRI EF DESCRI PTI ON OF THE DRA\RV N(% P
side wall 22 of housing 10.

A stainless steel cover 70 (FIG. 2) is fastened to the top surface
of housing 10 with a gasket 72 to thereby seal the contents of the housing and
protect the disc drive from contaminants that might otherwise enter the drive.
Conveniently, a desiccant.;')acket 68 is inserted into the disc drive prior to final

10 assembly of flex cable 42 and cover 70 to housing 10 to maintain the humidity
within the disc drive to a design level, With the cover in place, the overall height
of the disc drive is 41.15 mm (1.62 inches).

It will be appreciated that the space within housing 10 of the disc
drive iltustrated in FIGS. 1 and 2 is occupied with the various parts of the disc

15  drive. Real estate is at a premium, restricting optimal layout of additionat
electronics or mechanical features to improve the disc drive performance.

It will also be appreciated that the outer edges of the discs are
moving at a linear rate of approximately 1,615 inches per second (ips) (63.58
mny's). The relative movement of the disc to the transducer slider creates an air

20  bearing on which the slider flies, However, the rotating disc also pumps air into
and out of the space between the discs, creating a turbulent air flow pattern in that
space. This turbulence creates varying air velocities and pressures within the disc
drive which excite the disc assembly into resonance. Resonance within the disc
assembly creates mechanical movements, resulting in transducer or head

25  positioning errors which can adversely affect the performance of the disc drive or
adversely limit track density. Baffles 60, 62, and 64 are often employed about the
outer periphery of the discs to channel air movement and reduce air turbulence
within the disc drive, thereby reducing drag on the discs and the power required
to rotate the discs. Conveniently, filter 66 may be employed to filter contaminants

30 from the air.



FIG 1is a top plan view of a standard nagnetic disc drive, with

the top cover renoved, as in the prior art FIG 2 1is
a partial section view of the disc stack and spindle 5 assenbly of the
disc drive illustrated in FIG 1, taken at line 2-2 in FIG 1.

FIG 3 is a wavisen View of a magnetlc disc drive, with ;%5588137

cover renoved, in accordance with the present invention.

FIG 4is a partlal section view of the disc stack and spindle

assenbly of the disc drive illustrated jn FIG 3, taken at line 4-4 in FIG
3. 10 FI G 5isafro al and top perspective viewof t he
disc drive Il lustrat renoved.

d.4, W
FIG 6 is an expl oded per#p ‘f \YFréW° ?‘Wqﬂvﬁ&m?m nfl%e
drive illustrat extomprides 43fsc ddveith fie disd 1h§té?adbﬂﬁnﬁﬁ\4ﬁtﬂ-h1ghdnve) 50 that

FI G 7|saper ective paottom vi e.disc_drive hqus

illustrated in T%“k?“&ﬁds W33 ‘P'Bg? f‘%élﬂrfgt"s} stead @ ?“‘d’f‘a{"ﬁgh'ébt t om seal
to the hoUS#v8 Gind the overall or proﬁle hexghtwnhtheEMém%wcsls@saQﬁﬁ(pﬁo view of the
di sc drive housin ‘taken at |ine 8-8 FI G

FIGS. 9 and 0 drdeshdnstqsdef 41/ WW@“@S{!‘&@@» @rn@éberweanlzéve connect or
enpl oyed in the m%n%ddva?mé lﬂﬁédrtakﬁ%thaﬁof alttﬁsof the @Bﬂclflate empl dll( d,

FI G 11|saplanV|ewo 1mecan|smerrPEﬁ/
drive illustrat destdad Oﬂ\@tyiad&hdﬂwnthecase of the half-hi dxwelzomgwﬁeﬁbfrspect ive

Y: F\lljvs?]; a?egoiral I%PE%I“ @Jh:@g\%}%g ﬂ%&&%ﬂemhwmgﬁ dﬁ%?&‘jbflgwl S an expl oded

perspective vi evibdtpriny atdthé samg sxzmadetyteloﬁrecmﬂmg discs, and@sadntmﬂy)m sdmt ween a fl ex
circuit and tyransducin head rted assenbl i-es
of the act ua’{0 ?g‘g P‘?Wf‘fef ‘fanq%ﬂe i hﬂgﬁnaémaﬁd‘scs ina lo g 8RR FIG
14 is a top Vi euhexbtalidam ciatitydd o halfhia bhd halfi hightdsive, SHede, ithe 1bw-profile 12 with
the conductors Idrrllve? Jla% %echpacity of about 9 gigabytes, compared to 18 gigabytes of the half-

high drive.

* There are several problems with the disc drive illustrated in FIGS.
15 1and 2. Due to the volume requirements of the various components of the drive,
there is no real estate available for future electronic or mechanical features to
improve the disc drive. Moreover, the drive is limited in access time and speed of
recovery. More particularly, the actnator assembly illustrated in FIG. 1 has a
length of 52 mm (2.05 inches) from axis of 48 to the transducing gap of head 44.
20  The actuator arm illustrated in FIG. 1 typically requires an inertia of 116 gram-cm®
(18 gram-inch?). Track seeks, which is the movement of the head from a current
track to a desired destination track, requires an average of 7.7 milliseconds
(msec). Moreover, once reaching the destination track, there is a latency
associated with the disc drive because the disc must rotate to a position where the
25  head may read a header or other informational portion of the track before the head
is readied for transducing with the track. During the seek movement and latency,

it is not possible to read data from, or write data to, the disc tracks.
The present invention is directed to an improved disc drive
requiring less inertia for the actuator arm and a shorter average seck time without
30  sacrificing drive capacity or the form factor of the disc housing, or significantly

increasing power requirements of the spindle motor. The disc drive of the present



30 FIG 15 is a perspective view of the conpl ete actuator
assenbl y of the disc drive illustrated in FIGS. 3 and 4. WO
99/ 13460 .
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FIG 1is atop view, and FIG 2 is a section view taken at |ne12

in FIG 1, of a standard 3[err] inch half-high disc drive a5|nthe prior
art. The disc drive includes a housing 10 having a standard
footprint that is 101.6 mllineters l:"(4Oinches) wi de and 146 mm
(5.75 inches) lon A stack of di sc spindle
14 centered on ah‘g’ﬁ&tfg TYQUrps pﬂergﬁéﬂt%ﬁ%tggwwe‘g Gl tor ﬁ‘lf’nes) from

one short side 1&isankiveer thd gra@ntSinctation’&hizved mep&s&mm vilcitiéd SCS

12 have a dianeter, of 95 m]linmeters (3.74 inches 8%"1‘ are 0{_}acked on
spindl e 14 Wikheut s efeasne P TFE‘E’EFWS"S PIgte BetoRotieichg 10
defined by inner twéﬂefmg&ai eéﬁmofw&@eﬁnaﬁw&éaf Me%hé}%?erﬁtufgad' us of
approxi mately 48.3 mm (179 fnches), centered on axis 't will be

appr eci at ed t Bat tempsraiurescaf 4 diss deve aceelerajgy) diss dgive failure, the present invention
achieves improved performance without increasing failure due to temperature.

FIGS. 3 and 4 illustrate a top view and section view of a disc drive

100 in accordance with one embodiment of the present invention. FIG. 5isa

perspective view of disc drive 100, FIG. 6 is an exploded top perspective view of

10 disc drive 100, FIG. 7 is an exploded bottom perspective view of the disc drive

housing for disc drive 100, and FIG. 8 is a section view of the disc drive housing

taken at line 8-8 in FIG. 3. For sake of comparison, the disc drive illustrated in

FIGS. 3, 4 and 5-8 will be described in comparison to the 3% inch half-high

standard disc drive illustrated in FIGS. 1 and 2, but it is understood that the

15  principles of the present invention are applicable to other standard disc drive

forms, including 2% inch and 5% inch drive forms and other heights, including
low-profile.

'Disc drive 100 includes a housing 102 having a standard footprint

that is 101.6 mm (4.0 inches wide) and 146 mm (5.75 inches) long and identical

20 to the footprint of the disc drive iflustrated in FIGS. 1 and 2. A stack of twelve

discs 104 are mounted to a disc spindle 106 centered on an axis 108 that is located

50.8 mm (2.0 inches) from one short side 110 and both long sides 112 and 114 of

housing 102. Discs 104 have a diameter of 84 millimeters (about 3.3 inches) and

are stacked on spindle 106 within a cylindrical receiver portion of housing 102

25  defined by inmer cylindrical surface 116. Surface 116 has a radius of

approximately 43.2 mm (1.7 inches), centered on axis 108. It will be appreciated

that walls 110, 112 and 114 form a lip 115 at the top of housing 102, and that the

thinnest portion of lip 115 (where surface 116 is closest to the external sides 110,

112 and 114), is about 7.6 mm (0.3 inches), as comparad to 2.5 mm in the drive

30 illustrated in FIGS. 1 and 2. Moreover, wall 110 includes heat fins 190 (FIG. 5),



housing 10 at the points where surface 24 is closest to the external sides
18, 20 and 22, is about 2.5 mm (0.1 inches). As
shown particularly in FIG 2, the stack of discs conprises ten 15
concentric discs 12 nounted to an al um num hub 26 by clanmp ring 28 Balance

shins 30 posigdgesuge ON the clanp ring and the | ower portlﬂg‘(‘g
provi de bal ance to the stack of discs to prevent e as the dISCS

spin. Each disc has a t hi ckness of approximately 0.8 mm (0. 0315 inch)
and spacers 33 space the discs from each other by approximtely 1.84
mm (0. 0725 inch). As shown, spacers 33 B0 extend radialy from spindle
axis 16 by a design width greater than the radial wdth of clanp ring
28. The radial endtebottin sigacforad 18Bincledes a euriétdouging fullowing die cufve of

i nnernmost track R0 ‘gllsscs 12. The radius of the clanp ring is smaller than

t he radi us %‘F The spacers. The stack height of a full stack of ten

di scs (between the top As showir pamioblaly i FIS. Upthe diasic ofudiststchmpiiset t om sur f ace

of the bottom disc oxi ppt el 24. 6 75 |nc . Mdtor 32
i's mounted to sPPR ‘é’ gs?é%%méfig%ﬁnaﬂmwmp&&% fh “<peed of 7200
revol utions er mmm(ummonw@mmngmmdtueumpmmofhub 120in FIGS. 1
and 2 has a track density of 8250 acks per I nch (325 tracks per
radial millinet Hyvidh balsata o dhetack K ob s oambamsebbleas o dfy it Bsthe ai ot
drive of the dxscIMﬁaeamaesh&&pﬁoﬂah@lymmmleﬁmﬁmdtspat&smabyt es. 30
| nput / out put cabl e connector 34 1s a femal e connector, that tes wth

a correspondi ng betwasa shelisen Frace tha dises Erm each otheh b apPraimtdE i ™M™ ext er nal
(0.069 inch). Consequently, the stack height of a full stack of twelve discs is

10  approximately 28.88 mm (1.137 inch). Motor 126 is mounted to spindle 106 to
rotate discs 104 at a design speed of 10,000 rpm.

~ Input/output connector 130 connects external circuitry (not

shown) to circuit board 131 mounted under the underportion of housing 102.

Connector 130 is illustrated in greater detail in FIGS. 5, 9 and 10. Like connector

15 34 shown in FIG. 2, connector 130 requires more space at the edges of the

- housing than board 131 requires centrally. Connector 130 includes a housing 300

having an opening 302 for receiving an industry standard male plug connector (not

shown) from a cable {not shown) connected to circuitry (not shown) external to

the disc drive. Contacts 304 within opening 302 are arranged to mate with

20  contacts (not shown) on the plug connector. Opening 306 receives an edge of

circuit board 131 (FIG. 4) and includes contacts 308 arranged to engage

corresponding contacts on board 131. The upper surface 310 of housing 300

includes an arcuate recess 312 having the same configuration as the curved bottom

edge 111 (FIG. 7) of wall 110 of housing 102. Connector 130 does not interfere

25  with the space required for discs 104 due to the smaller radius of discs 104 as

compared to that of discs 12 of the prior art and recess 312 receiving the bottom

edge of wall 110 of housing 102, Consequently, the lowermost disc 104 closest

to the lower wall of housing 102 is closer to the lower wall of the housing than is

the lowermost disc of the stack of discs 12 shown in FIG. 2. As in the prior art,

30  connector 130 provides power and control inputs for motor 126 as well as signal

and power inputs and outputs for other portions of the disc drive to be described.
\
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circuitry (not shown). Connector 34 is connected to circuit board 35 that
nests beneath the disc drive at an underportion of housing 10. Due

toits conflqﬂgﬁh‘&ﬁ connector 34 requires nore sgace adj acent side
18 of the housing an board requires nore cent nnect or
34 and circuit board 35 prOV|de power and 5 cont rol inputs for motor 32
as well as signal and power inputs and outputs for ot her portions
ofthe disc drive to be described. Crcul4 board 35 may al so incl ude

data processing circuits used in readlr%gand witing data fromand to the

recor di ng surfaces dysshowa patiguasly imKIG; 4 sheithicknassof the batiom pell nt ed
t t sh f f
IR T - e R

38, as well as tthe Mmmmebmwﬂblﬁdﬂabom.%hma(ﬂ 124 inches)oomparedr 40 i s

connected to flex | ns the space a

connected to condd ? ?l{“ @g}’i@m °s§§%°&%w€@2gﬂi‘9‘6sﬁt§ % 3 ﬁ%“g?%l ock extend
to magnetic t¥ aribnhnalreﬂycddeadser@nnmhmmnamﬁmg Immdelvddresbmﬂaagxscmunt ed to
each | oad LM t the e agt uat or - bl.ock 38. Load
arnms 46 support °ﬂ'¢ﬁeﬁﬁeﬁf’”§@§‘8‘@ &%ﬁf ““% 5*“'{%%5%?8)0 PHBE devi ces.
Slider 44 "fli esito2dwets theheiuced thlckndfse&‘mnusve&ddiuﬁﬁhﬂﬁlﬂieft&i&l&er@ﬂllﬁmoal r bearing
created by rotatlon of th | s, well known in

d .
the art, there jd2gddpAay L?Mmmﬂpmpm%@?yéqsw&/head 44

for each of the HoVehy Vséiie&ﬁb&wefoﬁﬁﬁx%vi@@ a&dﬂﬁnil@t!?u&lirﬁ §%p1a% f‘orﬂb%smg twenty
| oad arns 46 are nounted to el even actuator arns of e E-block for 20
rotati on abolh a¥s 48 under the influence of voice coil not or 36. A latch
pin 50 I S nount ed tglsgr }g,%mquﬁ QI g% i 'L st op
surfaces (not shown) ek mount %ﬁllég\’e@&vt\g ﬁt deck of
housi ng 10 to | isedially wisder, than glgmp)mg 28 shown in FIG. 4. More particularly, the radxal

width of clamp ring 122 is approximately equal to the radial width of spacers 123

to compensate for the smaller axial thickness of the clamp ring to thereby control

15 hoop stress in the clamp ring. The radial extent of spacers 123 define the position

of the innermost track on discs 104. The reduced thickness of wall 125

(compared to wall 31), thinner clamp ring 122 (compared to clamp ring 28),

thinner spacers 123 (compared to spacers 33) and closer positioning of the disc

stack to the Iower wall of the housing permit the twelve discs of disc drive 100 to

20  fitinto the same vertical dimension as the ten discs of the disc drive according to

the prior art, Hence, the disc drive shown in FIG. 4 has a height of 41.15 mm

(1.62 inches), the same as the disc drive shown in FIG. 2. The structural integrity

of clamp ring 122 is not affected because its extended radial width offsets its

thinner axial thickness. Moreover, the position of the innermost radial track on

25  therecording disc is not affected by the wider clamp ring because the clamp ring
extends no further from spindle axis 108 than do spacer rings 123.

Printed circuits (not shown) are formed in housing 102 on a

bottom surface to provide connection to voice coil motor 140 (FIG. 3} for E-

block 142, as well as data paths to bulkhead connector 170 mounted to the

30  bottom wall of housing 102. Flex circuit 172 is connected to connector 170 and

to conductors 214 (FIG. 13) on E-block 142 to provide signals to heads 144



t ravet—of~the E: btock—to-thereby—def+ne—t-he- i-Arer—and—ouvter—tracks—oen—e-ses——

12. The engagenent of latch pin 50 to a stop surface limts the

rotational travel of E-block 25 38 about the axis 48 of the actuator arm
t hereby defining stop positions for the stop armthat in turn define
the inner and outer tracks of the discs. In the prior art 3[err] inch

di sc drive, MPPIMFer data track radius is 20.4 nm (0. 80PGTHSHSI? and t he
outer data track radius is 45.7 nm (1.8 inches) fromspindle axis 16 of

di scs 12. Conveniently, a latch nmechanismb56 is
nmounted to housing 10 to 30 engage E—fg ock 38 when the actuator assenbly
Is in arest or shipping position at . an inner track of discs 12.

Lat ch nechani sm | 59/ 13460
PCT/ US98/ 13137 m&unted 18REH 1654 4 1468 thOdnk QMSBethat & arms of E-block M?O

housi ng 10 in t HBexgirgeiel Rasg carries voice goibsigyple for motar 14§ | | be appreci ated t hat
flex cabl e 42 requir, f ( fold or
AS% v?elé ‘Sﬁﬂw tHd artgst@&‘é % a s%%gdt% fo5d Hnas b

bend within the housing ock rota 0 positron the heads
at sel ect ed r adigithbalfdlisiet/ieadh 444 for ach v the swenty-four dikcesufaess of thodwelvec ant package

68 i s posi ti Qe RINCR Ml RRAH.FBARPA! & miRedf thifeen oSl R | 22 OF

housi ng 10.
of the E-block for rotation about axis 148 under the influence of voice coil motor

140. A pair of stop arms 150 and 152 are formed from the yoke of motor 140 to
react against stop pins 154 and 156 mounted to housing 102 to define the limit of
rotational travel of E-block 142, thereby defining the inner and outer tracks on
10  discs 104. The engagement of stop arm 150 to stop pin 154 defines an inner stop
position that limits the inner rotational travel of E-block 142 about the axis 148,
thereby defining the inner track of the discs. The engagement of stop arm 152 to
stop pin 156 defines an outer stop position that limits the outer rotational travel
of E-block 142 about the axis 148, thereby defining the outer track of the discs.
15 As in the prior art 3% inch disc drive, the inner track radius of the
disc drive shown in FIGS. 3 and 4 is 20.4 mm, but the outer track radius is
40.2 mm (1.583 inches) from spindle axis 108 of discs 104, rather than 45.7 mm
as in the prior art. Conveniently, a latch mechanism 160 is mounted to housing
102 to engage stop pin 362 on arm 152 when the actuator assembly is in a rest or
20  shipping position at an inner track of discs 104. Latch mechanism 160 is
illustrated particularly in FIG. 3 and in detail in FIG, 11, and includes 2 housing
350 formed of rigid plastic mounted to a pin or bearing 352 mounted to the disc
drive housing and arranged to pivot about the axis of pin 352 in the direction of
arrows 354. Housing 350 includes a first arm 356 having a detent 358 and lip 360
25  arranged to engage pin 362 on stop arm 152, Housing also includes a second arm
364 having a small permanent magnet 366 having north and south poles 367" and
367". Pins 368 and 370 are constructed of magnetic metal, such as magnetic
stainless stéel, and are rigidly mounted to the disc drive housing to define a limit
to the rotation of housing 350 about the axis of pin 352 and to hold housing 350
30 at one of its limit positions by magnetic force of magnet 366. When voice coil 140
operates to move E-block 142 to an innermost track position, pin 362 engages lip

SUBSTITUTE SHEET (RULE 26)



A stainless steel cover 70 (FIG 2) is fastened to the top surface of
housing 10 with a gasket 72 to thereby seal the contents of the housing and
protect the disc drive fromcontam nants that m ght otherw se enter the

drive. Conveniently, a desiccant packet 68 is inserted into the disc
drive prior ' 10 assenbly of flex cable 42 and o housi ng
10 to naint a%’%)ﬁ% umdity within the disc drive f"?@%‘é‘gf%’n. | evel .
Wth the cover in place, the overall height of the disc drive is
41.15 mm (1. 62 inches). It will be appreciated that
the space within housing 10 of the discig drive illustrated in FIGS. 1

and 2 is occupied with the various parts of the disc 15 drive. Real
estate is at a p3éand totate laeh housig toxfe poaltion tikusttabedGRIFIGS 3 asitli Itto @etath

el ectroni cs or nechani cal ,features_t.o.improve the disc driye perfornance.
"towi ] al o be Bbpiarquaiedtp sionAm 1370 doiemt S dasmeitos ehasseh R 1681p
nmoving at a |inegevenfir6tafin P RbwingNIs0ehk fo ?H;éicilnﬁxbaé M¥ncé el (1 ps)

(63.58 mmis). The rel ative novenent of the disc,to the transducer
slider creates affnghartaben of the.dis driye, Jpagniti366 andpin 3¢9 wtain e pesdionighyever | the

rotating di scs al gRsiR! 83 0irbveht Yotion of E-bRBH 142Ut TP HisdnBRre TRAASE2 f8RH Ween the
discs, creating a turbulent air flow pattern in that . space. This
t ur bul ence cr eatdetent 338, cyreentianplieddp geire ¢odl snaterd 4p provigles wlficignt farcase he di sc

ari ve which excidg o8 dhacagiis SRE ¥sa! il tdlarh RAIAZISFaboblARARRNG Bald 1 1 D
di sc asse ycreat es nmechani cal novenments, resulting in transducer
or head 25  poshignetr#6A ds attracteddo pih BEhtoasave holsing 360 1o itsfunlatoh ppsikonper f or mance
of the disc driv, . V; lLbmt track density. Baffles 60, 62,
and 64 are ofteno%gsr?r&pﬁe(t)}%ﬁmggg’u@b?ﬁ}e%d”' outer periphery of the discs to
channel air Hbvenent and Teelatciemedhanismfotdkhepder 3% inch disd drive shopdnda di sc dri ve,

the. di scs.  onvalehTiephofd bl BERn R sl ek B hach SRUbRF By e cthe 211 Dot <
30 fromthe ai42forbending as the actuator arm rotated between its limit positions. The smaller
disc diameter of the present invention, coupled with the shorter length of the
actuator arm, permits the axis 148 of E-block 142 to be placed closer to axis 108
15  of'the disc spindle than in prior disc drives. As a result, latch mechanism 160 may
be placed behind voice coil 140 from E-block 142 (FIG. 4) without sacrificing the
active length of the voice coil, thereby gaining improved access to the actuator
assembly for connection of flex cable 172 to the actuator. Moreover, space within
the drive is available to add future improvements in the actuator assembly thereby

20  improving the disc drive.

The disc drive illustrated in FIGS. 3 and 4 has a track density of
9000 tracks per radial inch (354.3 tracks per radial mm) of each disc. With twelve
discs as described, the disc drive illustrated in FIGS. 3 and 4 has a data capacity
of about 18 gigabytes.

25 Baffles 174, 176 and 178 are employed about the outer periphery
of the discs to channel air movement and reduce drag on the discs. Fiiter 180 may
be employed to filter contaminants from the air. An aperture 380 (FIGS. 7 and
8) is provided in a wall of housing 102 to permit the clock write head to access the
servo track of the disc drive, and bottom aperture 382 (FIGS. 7 and 8) provides

30  aseat for disc spindle 106 and its associated bearings; aperture 382 being sealed
by a gasket and insertion of the disc spindle to the housing.
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so t hat
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ile"

wolobyPsagt ack hei ght is 11.37 mm (0. 4475 i nchegkpns

11

version of the disc drive illustrated in FIG 1 and 2
conprises a disc drive with five discs (instead often in a half-high drive)

haad of 24.6

mmin a half-high drive, and the overall or profile helgt with the
cover in place is 25.4 nm(1.00 5 inches), instead of 41.15 nmin a

hal f-hi gh drive.

Al so, since there are ly five di scs, ten

| oad arns

nmounted to six actuator arns of the E-bldck are enployed, I nstead of
twenty and eleven in the c

' e, A t he
construction is the sane. %gmfe%v\i pr°8 erll£2 @%]ﬁ #g)nl faﬁqe%gl %we%% nj oy the
f oot prsifice ofidsinig €2 Hithe ngkétﬂS&mkeﬂttbd dharfifer bﬂh@h(d!silngaﬁﬂ scs, and
essentially the s cause t hal f as
many discs in a I¥ BQKF%&’BF"F‘*‘E’VﬂE‘?‘W@mmeA& rbéea ?fe is al so
hal f that of a h%ﬁcobérﬁﬂfasﬁ@héd&@hodﬁiﬁglmbyﬂh&déd%eﬁér@ nbmown) Abdfowe has a

sane

capacity of about 9 qgg%? tes, corrpa&)reg to 18 ytes f the hal f -

hi gh drive.

cover

- 7) is fastengd, o the hottom w P%‘P"“ﬁ‘i‘%ti 2 HsCioie

the disc

drive illustrat e%edxdaaxfbrﬁ%berlﬁouonﬂcowdgﬁcon@ﬁ@smeiamatysasmdmw ements of
the various conmponents of the driv i's . no real esta

avail abl e for fuPﬂWgéP’é@ﬁMﬁﬁt@nwaﬁéMhP’é%aw geg{egpjégdhp%ve tape 193| rrpr ove the
MOT e QYR the! ddFersld Yiice Thel dvilall Gight ofBHRE QRS dhibdR ANG mpeed of

di sc drive.
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15
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25
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(1.62 inches).

In the prior art, the desiccant member 68 (FIG. 1) was positioned
in housing 10 between bulkhead connector 40 and the inside surface of side wall
22. Tt was necessary to insert the desiccant package 68 prior to sealing the drive.
The desiccant package was then exposed to the relatively humid ambient
conditions for a considerable amount of time during servo track writing and other
testing before sealing the drive. The present invention employs a desiccant
housing 186 that permits placement of desiccant 188 into the housing immediately
before closing and sealing the disc drive, so the desiccant is exposed to humid air
outside the drive for a minimal period of time.

FIG. 7 is an exploded bottom view of the disc drive housing 102
and bottom cover 192, and FIG. 8 is a section view of the housing 102 (without
covers) taken at fine 8-8 in FIG. 3. As shown in FIG. 7, a desiccant housing 186
is integral with the bottom wall of housing 102. Desiccant housing 186 has side
walls that define a length and width to a desiccant chamber containing desiccant
pack 188. One of the width side walls of desiccant housing 186 is common to one
of the width side walls of disc drive housing 102 so that the desiccant housing is
oniented lengthwise within the disc drive housing with the walls defining the length
of the desiccant housing being substantially parallel to the walls defining the length
of housing 102. Desiccant housing 186, being integral with the bottom wall of
housing 102, forms a structural beam for the bottom wall of housing 102 to
provide additional structural strength for the housing. Desiccant housing 186
forms an opening 194 in the bottom wall of housing 102 and is closed and sealed



recovery. More particularly, the actuator assenbly illustrated in FIG 1
has a | ength of 52 mm (2.05 inches) fromaxis of 48 to the

transduci ng gap of head 44. 20 The actuator armillustrated in FIG 1
typically requires an inertia of 116 gramcnferr] (18

gram i nch[err“}d”ng'ﬁ@ck seeks, which is the noverment of thghead fif,om a
current track to a deS| red destination track, requires an average of
7.7 mlliseconds (msec). Mboreover, once r eachi ng the destination
track, there is a |l atency associ at ed with the disc drive because the
disc nmust rotate to a position where thei®5 head may read a header or
other informational portion of the track before the head I s readi ed
for transduci ng Viyttettomeoyerdak,. asdanblbdli}}tctﬁpenisgek% antd beldrimylace putl sealedency,

L is not possi bl Gl 3ol dod 0besllpalk 1dsSs SR iy ant Bl 16 17 ACKS.

The present invention I's di rec o an rove% requiring
| ess inertia for mmmymwﬁm&aﬂmnﬁdowﬂmmuaommmhmmm wi t hout

igni cantly - Bl wERRRE OuRR o i A et FICL B et ot or - The
disc drive of & haogp roE&@i%bant housing 186 iYVR &3fin¢ 461 sloped from the common wall
PCT/ US98/ 13137 with housing 102 and downwardly toward the bottom wall or deck of housing }82
to form a sloped opening between the desiccant chamber within housing 186 and
the disc drive components in the chamber enclosed within housing 102 and the top
and bottom covers. The sloped opening permits good air circulation between the
10 disc drive chamber and the desiccant in housing 186 to maintain the humidity
within the disc drive chamber at a &esign level. Conveniently, the angle of the
plane of sloped opening 196 is between about 20° and 25° from the plane of the
bottom surface.
During assembly, the components of the disc drive are assembled
15 by access into the disc drive chamber through the top opening of housing 102.
Upon completion of the assembly, the top cover is attached and sealed to disc
drive housing 102. Desiccant pack 188 is then placed within housing 186 which
is then closed and sealed with bottom cover 192 and ﬂexibfe tape, as described
above. Since the desiccant is exposed to the atmosphere for a minimal period of
20  time during final assembly, damage to the desiccant due to atmospheric conditions
- is minimized. As a result, the desiccant is able to immediately adjust the enclosed
atmosphere of the disc drive chamber to the design humidity.
As described above, the bottom wall of housing is thinner than in
the prior art drive. The thinner housing walls are adequate because of the smaller
25  opening required for the discs. Moreover, the orientation of desiccant housing
186 along the long dimension of housing 102 more centrally from the side walls
permits the desiccant housing to form a strengthening member for the housing.
The orientation of desiccant housing 186 longitudinally within the disc drive
housing provides structural support for the disc drive housing and overcomes any
30  structural loss due to the thinner housing walls. The 20° and 25° angle to the slope
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invention requires | ess power to rotate a disc at~a given speed. One form

of the disc drive of the present invention achieves higher disc
rotational velocities wi t hout significantly increasing power
requi renents of the spindle notor. Hence, the operating tenperature

of the drive W§gdpllisel NCreased. Since higher operating 5 ures of
a disc drive accelerates disc drive failure, the present Fﬁ@’@%%%; :

achi eves i nproved performance wi thout increasing failure due to

t emper at ur e. - FIGS. 3 and 4 illustrate a top view and
section view of a disc drive 100 i ¥ accordance with one enbodi nent of
the present invent Fl G, perspective view of disc drive

100, FIG 6 is an°fjé‘3&$%%féa“%’bh%‘é%‘&éé?‘?s\9%t dpfrashirgm theptrengthesmg gifect o 100,

FIG 7 is an expl @dgekifpOlob e m‘mg%mggésmnym% pf the disc drive

housi ng for disc drlve 100, and IS a section view of the disc drive
housi ng taken at |ind&imll§ provides gningnunyefy7. éyam@n@«rhwbmtgagm the disc
drive illustrated 5 n
conparison to thew:g[tgrs? l}en{%gﬁv??“}hébvﬁpﬁz THe ﬁ%%naggr &g@b&é??‘%
illustrated ird FI@&nsmndﬁcﬁ@pahh&manmnslouﬁdew&tcboﬁenmamed inghelgasket pri nci pl es

of the present an cahl e rd disc Ive
forms, includi ngq?'? aﬁ%nsgthg%) a%rgr WIS%%E@??Q/V& o?& " %’l(ljy%?l% r hei ghts,

i ncl udi ng Ianﬂfcmnnﬁmdxﬁcould enterthednve Di sc drive 100 incl udes
a housing 102 having a stapdard foo s 101.6 nm (4.0
i nches wi de) and 146 mm (SE}g% PR é‘? ‘#"Bﬁ{j lglhqjmfnc}’é'ﬂftﬁt?‘&? as)if the prigr ¢ o

footprint of the aii. SHow@evey,conlyl dbustt 9108 ek (M:Edh@afiheaadm?oft& &taak of twelve
di scs 104 are mounted to a, disc spindle 106 centered on an _axis 108 that is

| ocat ed 105 requiped fpothediiv coraonents, Asshama iG55 adfethe 16 28M80sbt h | ong
sides 112 and 114ndhks) saving speﬁﬂﬁﬁe%xﬁb@%fhe@ﬁ%ﬁ%%nﬁl?&xﬁ’ucﬂ'aéiﬁhﬂf of 84
mllimeters (about 3.3 inches) are stacked on spindle 106 within
a cylindrical red8Riehes)inpthespreonumpdiog th disp cavitpto inofenss the gurfage dremer

cylindrical surfagg s of appr oxi nmat el
yli ' u 9Jsﬁxgloz§s% gﬁiss(%% ?gré)ﬂx S8Hvd ppr oxi y

43.2 mm (1.7 inches entere t Wwll be appreciated
that walls 110, 112 and 114 fom‘mﬁi&”mrgormﬁihadlsctmeﬂlmmﬂmﬂ@Bn@ 102, and

that the th c%%?g;es RAst 52 with si:c'dgcs]détegm&'gvesig fhg!?-ﬁ"lgl}&gves § Closest to

t he external 5| de
that the stack height is 13.56 mm (0.534 inches), instead of 11.37 mm stack height

of low-profile drives of the prior art and 28.88 mm stack height of half-high drives
according to the present invention. The overall or profile height of the low-profile
disc drive of the present invention, with the cover in place, is 25.4 mm (1.00
20  inches), instead of 41.15 mm in a half-high drive, and is the same as in the prior
art low-profile drive of FIGS. 1 and 2. As in the prior art, the low-profile and
half-high versions of the drives according to the present invention enjoy the same
foot print, size and style of recording discs and essentially the same actuator arm
seek times. However, because there are half as many discs in a low-profile drive,
25  the total data capacity is also half that of a half-high drive. Hence, the low-profile
drive has a capacity of about 9 gigabytes, compared to 18 gigabytes of the half-

high drive.
The actuator assembly comprising E-block 142, load arm 146,
head/slider 144, voice coil 140 and stop arms 150 and 152 are smaller than the
30  corresponding actuator assembly of the prior art. More particularly, the actuator

assembly shown in FIG. 3 has a length of 45.7 mm (1.8 inches) from axis of 148
\



112 and 114), is about™ 776 mm (03 TTiches); as conpared to 275 mmrimthe

drive 30 illustrated in FIGS. 1 and. 2. Mdreover, wall 110 incl udes heat
fins 190 (FIG 5), WD 99/ 13460 i
PCT/ US98/ 13137 and

t he bottom eqge ofwall 110 includes a curved outline follown the curve of
t he di scs. 99713460 As shown particularly i nF ﬁ/@%&g 3 he stack
of discs conprises twel ve concentric discs 104 nounted to an al um num
hub 120 by clanp ring 122. 5 Bal ance shins 124 positioned on clanp ring
122 and the lower portion of hub 120 20 Pprovide balance to the stack of
discs to prevent wobble as the discs spin. Each di sc 104 has a

thi ckness of appedike tFasehdingQsaP of fitad Q44Qaaﬁasla&mierafwh1ﬁ&aﬁaew&2&e
bet ween the di scs space the d| cs fr meach ot her %‘F r oxi ma er 1.75 mm

(0.069 inch). CofeE3ubemterfracks eonsaqusatly, theiaypege gifoks o f RSBt wel ve
discs is 10 apQ&ﬂiﬂleF@hﬁh!heﬁﬁoﬁ&v@“Mite&ﬁgtHe'ﬁ%&torMtr&iinrés?a@niaﬁerm)unt ed to
|

spindle 106 to rotate scs 104 at a design speed of 10,000 rpm
inertia of 67.7 gram-cm? (10.5 gram-inch®), and track seeks of the drive iltustrated
5 inFIGS. 3 and 4 require an average of 5.7 msec, 2 msec faster than the prior art
drive illustrated in FIGS 1 and 2.

Non-repeatable runout is the condition of unpredictable movement
between the head and the disc causing tracking errors. The movement may be
caused by a variety of factors, including bearing vibration, actuator vibration and

10 wind turbulence. It is known, for example, that windage between the discs causes
turbulence and air pressure variations from the inner radius to the outer radius.
Pressure variations between the discs causes the discs to “flutter”, adversely
affecting track positioning and adversely affecting non-repeatable runout. By
reducing the diameter of the discs over the standard discs previously employed,

15 and by reducing the spacing between the discs over the disc spacing previously
employed, windage and pressure variations are reduced, resulting in thereby
improving the non-repeatable runout characteristics of the disc drive of the present
invention over ﬁose of the prior art. Table I illustrates the improved non-
repeatable runout achieved by a 3% inch disc drive (84mm disc) of the present

20  invention over 3% inch disc drives (95mm disc) of the prior art, both operating at

the same rotational velocity.

TABLE 1
Disc (dia) Runout at Runout at Runout at
' 20.4 mm 40.2 mm 45.7 mm

95mm (3-X) | 0.245 microns | 0.309 microns | 0.335 microns

25 84mm (3-Z) | 0.193 microns | 0.206 microns

95mm (w/c) | 0.361 microns | 0.502 microns | 0.554 microns

84mm (w/c) | 0.283 microns | 0.335 microns

Table 1 compares the runout of 3% inch disc drives having

30  standard 95 mm discs to 3% inch disc drives according to the preseat invention
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| nput / out put connector 130 connects external circuitry (not shown) to
circuit board 131 nounted under the underportion of housing 102.

Connector 130 is illustrated in greater detail in FIGS. 5, 9 and 10. Like
connector 15 34 shown in FIG 2, connector 130 requires nore space at the
edges of the woggn3adgousi Ng than board 131 requires centra%g¥@§Cbnnector 130

i ncl udes a housi ng 300 havi ng an opening 302 for re #4931
i ndustry standard mal e plug connector (not shown) from a cable (not
shown) connected to circuitry (not shown) external to the disc drive.

Contacts 304 within opening 302 are arratiged to mate with 20 contacts
(not shown) on the plug connector. Opening 306 receives, an edge of
circuit board 13Pa{ingan34mm disqyllinsicated aredhenessused rynov et the inass dala engage

correspondi Ng CONYAS tndn)OdR 482 Mnflindrdrhdins'(Mick BREE ondesd ahid ¢ac3bPme k4 hiisi ng 300
i ncludes an arcuate recess 312 having the sane configuration as _the curved

bott om edgelises) and a4 mmyradiys (which is theputsr dasptiack for the2s mumsisedct or 130
does not interfer | 858 & ' b SE 4 to the
smal | er radius ofﬁn&%@ggd%%n‘é’ém%aﬁ c%‘#%g#f‘e’%fq’?%&%gghg%ﬁg?e g’gsslﬂlhg of the
prior art andSred<s staudard deviafian, argl thtashdssettafdata reflects thd grorsdtase@/t) 110 of
housi ng 102.- Con . . C t . .10 the

| ower wal | of houﬁgﬁ%{)@'{fi‘g %}3845' Ceg‘@{u?@ ? #erg%'%e&eﬂghqé}gl#sggg‘%tﬁgmﬁg tSOI ng than is
t he | ower nost di sie presentieventiacdzhibits whngepeatible sinoutrthat is Hetvigen 2.05Z\snd n t he

prior art, 30 ector .130 provi des power .and ntrol, inputs for notor
126 as wel | as si%g’?{gl‘“m“s preyrPe to%rrti? ﬁ‘b‘ﬁtag dg}‘ﬁf ag Mfrsd#agfa‘:%ﬁﬁier portions
of the disc drivéetweed@.102a0d 06T microns improvement at the 40.2 mm inch radial

10 position (which is the outer data track of the 84 mm discs, but somewhat inboard

of the outer data track on the 95 mm discs). This represents non-repeatable
runout performance improvements of between 21% and 33%.

As shown in FIG. 3, stop arms 150 and 152 engage a stop pin 154

or 156 to define the stop positions that limit of rotational travel of E-block 142.

15 As shown particularly in FIGS. 12 and 14, stop arms 150 and 152 have flat

surfaces 151 and 153, respectively to engage stop pins 154 or 156. One feature

of the invention resides in the ability to accurately locate and position the inner and

outer tracks of discs 104. More particularly, E-block 142 is placed in a shuttle

(not shown). The gimbal/slider head assembly 146, 144 is swagged to the E-block

20  and the position of the transducing gap or element of head 144 is located with

respect to the shuttle and to axis 148 of the actuator assembly. The distance

between axis 148 and transducer is represented by distance 250. The distance

between the innermost and outermost data tracks being known (e.g., 19.8 mm in

the present invention), the total angular displacement of the E-block can be

25  geometrically identified. Likewise, the distance 252 between axis 148 and the arc

254 of movement of stop surfaces 151 and 153 is also known from the geometry

of the E-block. Consequently, the positions of surfaces 151 and 153 may be

milled or otherwise adjusted to accurately position the angular travel of head 144

in the full extent of movement of the E-block. The milling of surfaces 151 and

30 153 is performed in planes that project through axis 148 so that surfaces 151 and

153 are normal to the arc of travel of the yoke arm as the E-block rotates about



WD 99/ 13460
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As shown particularly in FIG 4, the thickness of the bottom wall
125 of housing 102 is inner than that of prior art housing 10. Mre
particul arlyweooegnseee the thickness ofthe bottomwall 125 is about 3.25 mm

(0.124 inches), compared to about 3.81 nm (0.150 | RCHER$IHPT pot t om
wall 31 in housing 10. Surface 116 5 fornms a reduced receiver portion
wi t hin housing 102 to receive the smaller discs. Thi s reduced

recei ver portion offsets any reduction 2 axial stiffness of housing

102 due to the reduced thickness of wall 125. Additiopally he thi cker
wal I's 110, tws-éﬁﬁ'&e@!ﬁl“l’&%c%{@?ﬂq‘ﬂ%eW"%‘?ﬁﬁ'&ﬁ%“%‘h’b&iﬁ al support

provi ded by desi gagdtne position T4 ant Sftefstks is R&HraBA Rfbrmipe®Vi de addi tional
structural support for "housing 10 102. o Al so as
shown in FIG 4, clanp ri n@netegure of the stap ssyemblyt rasides in the fact that the stapdi al | y

wi der, than cla ' g?cﬁ ' ' rd: e radial

wi dth of clanp ?P%lg&% |§§e p%érjaodflg?r};t%e géggt%bﬁﬁmé%%g’%?ugg’l a%‘al\f\ngo th of
spacers 123 S5 thetspindle mpemdatrengtdto anpage 8 st@p pinrl 54 3iSa moudted torthsdiscof t he
clanp ring to theL n 5 0 tr i I ILhg. The

radi al extent of %é‘%'g%%% ‘ E@LB%?iaﬁedH? gtogglg%??‘gr#}m&g‘ewa%g?ogpﬁﬁetﬁnerm)st
track on di scs 1@#tensidnearmendiacend theHles lcivasitsand fneavcthd sphigfte axis to enfaperspared to

wall 31), thinner ¢la ring 1 [of0) red.t ring 28 t hi nner

spacers) 123 (conﬁ'ﬁﬁ@%"t @Bg%ﬁéc&j(’ e(f’%’fuf}igye&t%g‘fpﬁ“%eﬂﬁ)‘fot?tqehe di sc

stack to the | owgrbiosR!ahy @for infpositivalag the stop stirfades wishiaghified Mengthegsataf di sc

drive_ 100 to 20 _fit_into t he s?rTF vertical dimension as the, ten di scs of

the disc driJ8 adistapesi(Fyexagple, 250) of e aciyatosarm fo the head,c Morg pastiqyladyy, gr j ve

shown in FIG 4 bRdis@nd®eidedn thfspitdle s i transducer Wds tﬁﬁcd:ﬂ?ﬁi?&sﬂmesme sane as
y

the disc drive shown in FIG 2. The structural integrity, L
distance between the spindle axis and the stop surface, so any error in positioning

the stop surface was magnified up to three times to the head. By positioning the
stop surface at the distal end of the yoke as in the preseat invention, coupled with

15  the shorter actuator arm of the E-block due to the smaller recording discs, the
distance between the head 144 and the spindle axis 148 is nearly the same as the
distance between axis 148 and stop surfaces 151 and 153. As a result, any error
in the positioning of stop surfaces 151 and 153 is not magnified to the head as in
the prior art,

20 One feature of the disc drive of the present invention resides in the
access to flex circuit 172 and E-block 142 to permit connection of the flex circuit
to conductors supported by the E-block for the heads. This feature is particularly
illustrated in FIGS. 12-15.

FIG. 12 illustrates a portion of the actuator assembly of the

25  present invention. The actuator assembly includes B-block 142 having a plurality
of actuator arms 204" ... 204™. For the twelve discs of the disc drive iflustrated
in FIGS. 3 and 4, there are thirteen actuator arms 204 of E-block 142. Actuator
arms 204’ and 204™ carry a single load arm 146 and head 144 (FIG. 3), whereas
actuator arms 204" .., 204" each carry two load arms 146 and heads 144. Each

30 disc spins between two actuator arms, load arms and gimbal/slider/head
arrangements so that a single head confronts each disc surface. As shown in FIG.



of clanp ring 122 is not affected because its extended radial wdth offsets
its t hi nner axial thickness. Moreover, the position of the innernost
radi al track on 25 the recording disc is not affected by the w der clanp
ring because the clanp ring extends no further fromspindle axis 108
t han do spacer rings 123. Printed circuits énot
shown) are f¥PH¥H4On housing 102 on a bot t om sur f a@ETLEAIFY i de
connection to voice coil notor 140 (FIG 3) for E- bl ock 142, as well
as data paths to bul khead connector 170 nmounted to the 30 bottom wal | of
housi ng 102. Flex circuit 172 is connec®d to connector 170 and to
conductors 214 (FIG 13) on E-block 142 to provide signals to heads 144

WO 99/ 13460 12, actuator E-block 142 includes a plurality of thirteen slots 210 extending

PCT/ US98/ 13137 15

nounted to each ?%W&Pﬁ%uili]@t%“tnﬁgct%aﬁc’ ag?s%oﬁ‘e actuator arns of E-bl ock
142. Flex circuit IFIG. # glostrates niphsalitppoflead amls 146 dermingtitigoat not or  140.

Gi mhal ) 51 i dor / hottos Il e o Aok SRERE o4 Sumaluf ot FRAE° o 11

twel ve 5  terminates at tabs 216. The ribbon 214 comprises a svitable insulator material,

such as Kapton encapsulating printed copper traces that provide electrical
connection between tabs 216 and heads 144. For flexibility, ribbon 214 is
preferably about 2 to 3 mils thick. Tabs 216 on each ribbon form conductive
terminations for the copper traces on the ribbon. Tabs 216 project outwardly
10 from ribbon 214 opposite a fin 218, Each fin 218 is constructed of Kapton and
copper traces, and has a thickness that may be equal to the thickness of ribbon
214. Ribbons 214 further include terminations 228 that distribute electrical
connections from the ribbon portion to heads 144. Bach termination 228 is
adhesively attached to one side of a respective load arm 146 on a side of the foad
15 arm opposite head/slider 144. With load arms 146 mounted to actuator arms 204
and terminations 228 attached to the load arms, ribbons 214 extend along the
length of the actuator arms along one side thereof, Ribbons 214 and fins 218 are
located in slots 210 in E-block 142 (FIG. 12). In the case of actuator arms 204'
and 204", slot 210 is wide enough fo accommodate a single ribbon and fin
20  assembly, whereas the slots for actuator arms 204" - 204" are wide enough to
accommodate two ribbon and fin assemblies for the two head supported by the

arm,
Substrate 220 (FIG. 13) is mounted to E-block 142 and includes
a plurality of extensions 222 forming slots 224 therebetween, matching slots 210
25 on E-block 142 at the position of tabs 216, except there is no slot 224
corresponding to a the uppermost and lowermost slots 210 on the E-block. Each
extension 222 includes a plurality of conductive pads 226 extending to and facing
an individual slot 224, Each pad 226 corresponds to an individual one of tabs 216
of ribbons 214, With the ribbons 214 in place and fins 218 assembled into slots
30 210, the individual tabs 216 protrude through slots 224 in substrate 220 adjacent



5 di scs 104. The twenty=four toad arns 146 -arenounted to thirteen

actuator arns ofthe E-block for rotation about axis 148 under the
i nfl uence of voice coil notor 140. Apairofstop arnms 150 and 152 are
formed fromthe yoke of notor 140 to react against stop pins 154 and

156 nount ed 9@8#@* ng 102 to define the limt of f;{%@%@?ﬁ travel
t

of E-block 1427, eby defining the inner and outer tra .di scs
104. The engagenent of stop arm 150 to stop pin 154 defines an inner stop
position that limts the inner rotational travel of E-block 142 about the
axi s 148, t hereby defining the i n#8r track of the discs. The

engagenent of stop, ar 0, st.o I n 156, defines an,outer stop
position that i ﬁ&hgawg{#ﬁlﬁra{ﬁtggmgpgng Lo, gqntact with "BP‘?‘E@‘HPB@ 142 about
the axis 148, thepeid soidéiedinMhcd, BchQbbeieidw sulderifg. t he di scs. 15

As in the prior art 3[err] ., inch disc driyv he 1 nner_  track radjus of the
disc drive shown in FIGS. As shewnpasticulss %%Fh"é 183pd ¢ eﬂeﬁibééfml‘ﬁ'&'gk radius is

40.2 mm (1. 583 i BeRefRy aftleRible SBhddbticR 18°sUSstrdd D20 andliisS mountditthedetdt &1 than 45.7
nm as in the prior art. Conveniently, a latch nechanism 160 is

mounted to holisi pgdwiched againstE-blackaldd iy fastanesy23gi As Sewngnrtiselasnis FiGhen t he
actuator assenbl ys| sggg%ﬁ gla{e%ﬁ ?L%gw‘?%s the%EEeBPIP l@%eﬂgrst'otdgﬂﬂr Qhndhdenner track

of discs 104. Latch nism strated particularly in FIG
3 and in detail Firculfll@2 tolsubsteate220aod todhesE-hlocb uSiiffeger plate 2343Bovidasaned of

rigid plastic noynted t ' L | Al SC
drive housi ng anélglgrlgoélﬁg%%u%g&&a\&/%{%qg{)%E@cfﬁé sg@slﬂs 2? 0 %?er(]ﬁ@??qll’% t he
direction of ribbams 20 d&and Biekir rekpective dinSmOthe mespecties slatfiin stie BiblocB56 havi ng a

detent 358 and | p._36 ar.l.ange engaqe .pi p .362 on s rm 152.
Housi ng al soq?ncbg‘a}é?%ﬁs%é?gﬂg “g? ﬂﬁegbkgk mgg?q’ﬁlg\}‘f &f&“ ﬁes%eﬁﬁ‘felé"g;el"rlganent

magnet 366 havi ny thetigid fasraling ofifabs 216 tesubiifare 220 mdhich is rigidlBpoéftienadlby Pi ns 368
and 370 are constyct ed of etjc nmetal, such as nagneti st ai nl ess
steel, and are rFtéf'eﬂ?’yplﬁﬁu?'f{I‘gg{‘]‘f &lgh@"‘éﬁts"&“ﬂ?‘#’?&eﬁemgi ko tsg’“d@?‘ne alinit
to the rotation Chnsbqieatlyfins3I0 mapedlbosely@eceivédin EHe sts)anihéldampladedbyhol d

housi ng 350 30 at one of its limt positions by magnetic force of magnet

366. \Wen voice ét_iffeperflﬁ@p234. operates to nove E-block 142 to an innernost
track positiqg, pin 362 enpaggsmettbPassembly of the present invention may be largely

assembled outside the disc drive. More particularly, heads and suspensions are

assembled to load arms 146 which are swagged to the actuator arms of the E-

block. Ribbons 214 are connected to the heads and assembled into the slots 210

in load arms 146 and the E-block. Substrate 220 is assembled to the E-block.

20  Due to the nesting of fins 218 to respective slots 210, ribbons 214 are properly

aligned so that the protruding tabs 216 are in alignment with pads 226 on substrate

220. With the alignment completed, tabs 216 are soldered to pads 226 to

complete the assembly of the ribbons to the E-block. Flex circuit 172 is then

connected to substrate 220 and stiffener plate 234 is mounted to the E-block.

25  Final assembly is accomplished by assembling actuator assembly into the drive
housing and connecting flex circuit 172 to bulkhead connector 170 (FIG. 1).

During assembly, ribbons 214 are held in place in slots 210 in the

E-block by virtue of fins 218 extending more deeply into the slots 210 in the E-

block directly opposite the connection of tabs 216 to the substrate. With the

30  opposite ends of ribbons 214 being connected to the load arms by the adhesive

attachment of terminations 228, a small tension is imposed on ribbons 214 to hold
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360 to rotate latch housing to the position illustrated in FIGS. 3 and 11
to retain pin 358 nounted to stop arm 152 in detent 358. Magnet 366
engages pin %@8 to prevent rotation of housing 350 due to physical
shock. Hence YHHPP45Y transportation of the disc drivgvmﬁﬂﬁﬁ .366 and
pin 368 retain the position of 5 housi ng 350 to prevent rotation of

E- bl ock 142. To di sengage pin 362 form detent 358, current applied to
voi ce coil motor 140 provides sufficiengeforce so that pin 362 reacts
agai nst detent 358 to rotate housing 350 about its axis, so that

magnet 366 is at ﬁﬁaﬁﬁ&eh@h@gx&sémxgmeﬁw&bMH%dms%mgh&x&enugl atch

posi tion, opposite that shown in
The | atch nmechani mraegementtenqusﬂhabﬁns@[l&mqmmmdﬁsalosmembymsnm in

E;Sﬁel e pagc$gmg nglng asﬂ?%ua%@tuat ﬁ%ﬁ%&?@¥ﬁfﬁ§ﬂ@§ wggﬁaafg FYHILeX
posi tions. The sleadelyspupled to thedios216i 'Ehﬂolder whnection qf tabs 311 toipadss?26i on,
CouPL 91§15 s o A TP A B = (1
mounted to the E«block) Moreover, although slots 224 in substrate 220 provide
convenient access of the tabs to the exposed surface of the substrate, slots 224 are
not necessary for the placement of fins 218 in slots 210, and the fins remain in
their respective slots 210 even if slot 224 is not present. Most particularly, as
10 shown in FIG. 3, the tabs 216 of the uppermost and lowermost ribbons do not
extend through slots 224 in substrate 220. Instead, these ribbons, like the other
ribbons of the assembly, are held in place by fins 218 in slots respective 210.
The present invention thus provides an improved disc drive
utilizing a smaller-than-standard disc diameter in a standard disc drive housing
15  configuration without sacrificing overall data capacity. The smaller discs require
less power for a given rotational velocity, resulting in the ability to achieve higher
spindle speeds and reduced latency without increasing spindle power consumption
over that of prior larger, slower drives. Additionally the disc drive exhibits a
significant reduction in seek time without increasing data densities.
20 Although the present invention has been described with reference
to preferred embodiments, workers skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope of the

invention.

i
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15 ofthe disc spindle than in prior disc drives. As a result, latch

mechani sm 160 may be pl aced behi nd voice coil 140 from E-bl ock 142
(FIG 4) without sacrificing the active length of, the voice coil,
t her eby gai ni ng | nproved access to the actuator assenbly for

connection of able 172 to the actuator. Mreover, space within
the drive is SV& 9?’?? le to add future inprovenents in the g@i’?ﬁéf’!i’rmassenbly

thereby 20 inproving the disc drive. \\\\\\\\\\\QOEQELEASC drive
illustrated in FIGS. 3 and 4 has a track density % cks per

radial inch (354.3 tracks per radial n2§ of each

el ve
di scs as described, the disc drive iIIustrated I n ' ﬂwm/ﬁgs a data
capacity CEAM(SNt 18 gi gabytes. " Mes 174,
176 and 178 ar ey enpl oyed ,ahouitytE g%tagg r’%fm ofthe discs to
channel air rmverrent and re%rl & on emﬁg I SC Filter 180 may be

enpl oyed to filter contam namd;scfdn psing haying anmxternobthregrdimepsional FI GS. 7 and

8) is provided in a wall of housi 31 D& Q%g Lte head to
access the servo track of tﬁgnﬁ%&%n&n ri vﬁﬂae?ha%}&g Jf aper‘ture 382
(FIGS. 7 and 8) provides 30 a semt for disc spindle 106 and its

associ at ed beari ngs; aperture 82, bei n aled, . by a gasket and
i nsertion of the disc spindl é %?df’ﬁ%s"ﬁg‘ﬁg’?ﬁ’gt.gehousmghm 99/ 13460

PCT/ US98/ 13137 a stack of axiaily arranged rotatable rigid

magnetic recording discs each having a

diameter smaller than the diameter of rigid
10 discs ordinarily contained in a disc drive
housing having the standard configuration,
and
a head/actuator assembly for reading data to and
writing data from selected ones of the
15 discs.
2. The magnetic disc drive assembly of claim 1, wherein the disc
drive housing has a standard 3% inch external three-dimensional configuration and
the magnetic recofding discs each have a diameter of 84 mm.
3. The magnetic disc drive assembly of claim 1, wherein the number
20 discs within the housing is greater than the number of discs ordinarily contained
in the disc drive housing having the standard configuration.
4, A conductor assembly for electrically connecting a transducer
supported by an actuator arm of an E-block to a flex circuit having an end rigidly
mounted to the E-block, the conductor assembly comprising:
25 a slot in the actuator arm of the E-block; and
an elongated flexible conductor strip having
a plurality of electrical conductors each having a first end
connected to the transducer,
a plurality of conductive tabs electrically connected to

30 respective second ends of respective ones of the
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17 A stainless steel cover 182 (FIGS. 4 and 6) is

fastened to the top surface of housing 102 with a gasket 184 to seal
t he chanmber of the housing and protect the disc drive from
contam nants that mght otherwi se enter the drive. The top cover IS

fastened to h¥EAA6A02 by t hreaded fasteners (not shown) .p, "%8&2 ?%1
cover 192 (FIG 7) is fastened to the bottomwall of housi ng cl ose a
desi ccant chanber. Bottom cover 192 corrprl ses a netal plate assenbled into

t he Ope;]sl“ﬂlﬂﬁ‘““ﬂ‘ ﬁ“t)ttom and held in place and seal ed by
adhesi ve tape y: he covers in place, the overall height of
the disc drive i% £1.15 fim 311@3 &ﬁc}% dudfor: bs bei In
the prior art, the desiccant manbeé ()EP% covl\l/as pf)st?ﬂaosne in
housi ng 10 bet ween bul khead connectigidly aamestad to the flensifadis, asdr f ace of si de
wal | 22. It was necessagf e 68 prior
to sealing the drive. %{%@gem canP‘epacﬁg&%ﬁgﬁsﬁgﬁﬁg@gosed to the
relatively hum d anbi ent c othel i fini mgaguig)theaslutcméuwambd fromnount of
time during gervo track witing and o taher Y testing before sealing the
drive. The present invention enpl oy% gg\gghcs hint housi ng 186 t hat
permts placenesit of desiTigattundicfdd dsseinblyt dfeclaind A4S whereinniire dliesa cipduyt

o ai T B8 R R O LSRR A £ O B R
FIG 7 is an exgid@ ﬁmdtu@wonaﬁctarlaﬁpddmﬂ@rtmardmm &findefd 20 and
bott om cover and Is a section view of the housing 102 (w thout

covers) taken af"‘lefﬂ‘?@“’&-"ﬁesl"ﬁﬂ’FP@s 3. As shown in FIG 7, a desiccant

housing 186190 ¢ IS i ”t'ﬂﬁréﬁndﬂﬂt&khsieﬂﬁl b&{&é?rﬂ‘i"@mereﬁxf thQle?'xd‘EhelO2
Desi ccant housing 186 has sid vvg hat define a length and width

to a desiccant M@MM|WE@Cdmth&f&hﬂacmat0fm Mnm”@e of the
wi dth side wall g %&g&l&g nﬂ&&ﬁl ¢ of the
wi dth side wall chém I SC vp %%kaﬂﬁ élsgcb?' at t%{%bgﬁl& ccant housing is

in the actuator arm contammg the plurality of conductors extending between the

<+

tabs and the termination portion, the ribbon being in tension in the slot.

15 7 An actuator assembly for a disc drive, the disc drive having a
housing and supporting at least one rotatable recording disc, the actuator assembly
comprising:

a spindle supported in the disc drive housing;
an E-block supported by the spindle for rotation about an axis,
20 the E-block having an actuator arm supporting a
transducer;
an elongated yoke arm extending from the E-block;
a motor for rotating the E-block about the axis so that the E-
block positions the transducer adjacent a seiected track on
25 the recording disc, the motor including a voice coil
" supported by the yoke arm; and
a stop mechanism defining at least one of the inner and outer
tracks of the disc, the stop mechanism comprising
at least one stop pin mounted to the disc drive housing,
30 and
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oriented | engthwi se wrthin the disc drive housing with the walls defining

the I ength of the desiccant housing being substantially parallel to
the walls defining the | ength of housing 102. Desiccant housing 186,

being integral with the bott B al | housi ng 102, fornms a
structural bewhsge t he bottq' IJ' lu t&ll 102 to 30 perRisel

addi tional structural strengt I l UsHMg. Desi ccantP hoﬁyfﬁgﬂsa
forms an opening 194 in the bottomwall of housing 102 and is cl osed and
seal ed WD 99/ 13460 28

PCT/ US98/ 13137 18

by bottom cover 192, assenbl gdj PSR aNstdi O%hd 2thnb §bkk bt Bdrace and

seal ed with flexible a é’rs]%‘@fé tapg. sDes? ccant ggck 188 is inserted
into the housing 186 i e cingaginigphestapain, the sfopsurfase hejng i@ bot t om cover
192 to the housing to maintain th un L4 N e disc drive to
a design level. As shown in FIG I&m?%’lé‘ﬂtt%%mg&d‘ggwdgtﬁgyfgg%asdesi ccant
housing 186 is in a plane that i shsEbpekirdiatesrubthehecarisnon wal | with
housi ng 102_ang downwar ﬁﬁt wahd.the bottom wal |l or deck of housing 102
to forma sPopéd openin ’é“t‘&ﬂg M desi ccant chamber within housing 186
and a disc drive housing having side walls, end walls and a bottom

wall forming a drive chamber, the side walls of the disc
drive housing extending along a length of the drive
chamber and the end walls of the disc drive housing
10 extending along a width of the drive chamber, the end
walls and side walls being joined to the bottom wall and
the length of the drive chamber being longer than the
width of the drive chamber, the drive chamber containing
at least one recording disc having a recording surface and
15 an actuator assembly supporting a transducer adjacent the
recording surface, the disc drive housing further having a
top opening into the drive chamber to access the
recording disc and actuator assembly;
a top cover closing the top opening of the drive chamber; and
20 a desiccant housing in the drive chamber, the desiccant housing
having side walls and end walls joined to the bottom wall
of the disc drive housing to form a desiccant chamber in
the drive chamber for receiving a desiccant, the side walls
of the desiccant chamber extending along a length of the
25 desiccant housing paratlel to the léngth of the drive
chamber and the end walls of the desiccant chamber
extending along a width of the desiccant housing, the
length of the desiccant housing being longer than the
width of the desiccant housing, the desiccant housing
30 having a top opening between the desiccant chamber and

_
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t he disc drive conponents in the thanber—enctosed w thi nhousi ng 102 and
the top " and bottom covers. The sl oped opening permts good air
circul ati on between the 10 dirscdrive chanber and the desiccant in

housing 186 to maintain the I ! llHlI!lfHI!l“\thl n the Ioll sc dri vle chanber at
" naabamogy
e

a design lev veni ently it
openi ng 196 ﬁ?%@é‘&een about 20[®rr] ands2Z5terr] fromth the

bottom surface. During assenbly, the conponents of
the disc drive are assenbl ed 15 by access into the disc drive chanber

t hrough the top opening of housing 102.99 Upon conpl etion of the
assenbly, the top cover is attached and sealed to disc drive housing
102. Desiccant pack 188 is thahe phiaC&@mbértvtieR Mglce@rbﬁﬁesv\dﬂe@d], S
then cl osed and sealed with bottom covey, 3?@ | exi bl e tape, as

descri bed above. Since tOREPMERthe ¥xposed to the atnosphere for

a mninal period. of 20 tmlsduﬁwwa&wknhasmmwmmammm&@amhe desi ccant
due to atnospheric. co ndi tions is mininzed. As a result, the

desi ccant is abhgusingfo ?i?°ﬁt°ﬂ?”§“gé€l}h§§f~s“i°ﬁ§Wméoplmethmsabﬁiﬁsphere of
the disc drige @mﬁb&{tott&ﬂohsm%ﬂbﬂmemaﬂewum AS

descri bed above, the bottomwall of housing is thinner than in t he

prior art drivelOThe thi n'ﬁ'!?rdlﬁbéfswer@fqmws whexsingihe flesiecantphousings é of t he
smal | er B g«;ﬂﬁ : dagnt ation of
desi ccant hou5|§ e é&dqgcg%wéﬁ%sﬁ%w&ﬁ%%\xgﬂgﬁkotﬁlﬁ?ﬁ%% 102 nore
centrally from ﬂlﬂl;msmbeﬁpmﬂfrgmtheside“p&emﬁtheshacrdévmmg:ant housing to forma
st rengt heni ng er for ] L: ' desi ccant
housi ng 186 | ogg??udl nal I?Q%{Q%Hﬁé%mm 1 ghar}_@\?/}goiew&&q‘rt?{é%fﬁ%nspr ovi des
structural d@ppestructusal bednefod the botten well dfgbesdisegirizsbusingr comes any 30
structural |oss,gue to t ner . housi wa Q] errl ;and 25[err]
angle to the sl O%e hﬁedﬂc eofclaxm% witkrell eﬁesxclan?ho s{ngmcﬂld

a bottom opening through the bottom wall of the disc drive housing, the bottom

opening providing access for placing desiccant in the desiccant chamber, and a
bottom cover closing the bottom opening of the desiccant chamber.
15 13, A disc drive assembly including:

a disc drive housing defining a disc drive chamber containing a
stack of rotatable rigid recording discs, the disc drive
housing having an end surface having a curved edge, an
electric motor operatively coupled to the stack of discs for

20 rotating the discs, an actuator assembly supporting
transducers for reading data to and writing data from
selected discs, and an electric motor operatively coupled
to the actuator assembly for positioning the transducers to
selected positions relative to the discs;

25 a circuit board mounted to a surface of the disc drive housing and
providing electrical connection to the electric motors and
the transducers; and

a cable connector mounted to an edge of the circuit board
electrically connected to circuits on the circuit board, the

30 cable connector including
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of the top of desiccant housing 186 does not detract fromthe strengthening

ef f ect to housing 102 provideé desi ccant housi ng.

Lip 115 provides_a mini mumo g ' to seat gaskGisesnasy 184 to
H' I m’mg’, M ‘ art drive provsl ded a-seat 5

seal the di HOBVEM® with cov |
di mension of 2.5 mmat the mihirfumtl ogatsons which often resulted in the
gasket m s-seati ng agai nst the _housing and cover so that the drive
was not properly seal ed and codPani nants could enter the drive.
The footprint ofthe drive is 101.6 nm by 146 S in. j40T
art. However, only about 91.4%36'@?82’95 RouRt O&ﬁeéré&l%%cg the drive is
10 required for the drive conpogQiagSan ARteMmblowifacé Habieh. 2 Gecassd 6, the 10.2
mm (0. 4 i nches) savings permts the additjon of he@t fi ns 190,
extending as nmuch as 5.1 nm cqufpriping te. pdLEoevingShe AV SAB%O% |1 r oundi ng
the disc cavity to increase the sy fechi@h6Ring and Of housing 102 to
further dissipate heat fromthe drive. A
"l owprofil &' version of the adplorlitr of eontactsysppertedgby theppegnedionyng 15 4
conprises a disc drive with six dim%%?g (f&n&%g@% Qf conttor etdcticatiyhal f - hi gh

is 13. [

drive) so that the stack helg nm (0. 534 inches), instead

of 11.37 nm stack hei ght of cdnuested toésitéreal dirquiteés of t he prior art and
28.88 mm stack hei ght of half-high drives according to the present
i nvention. The overall or profile height of the lowprofile di sc

drive of the present invention, with the cover in place, is 25.4 nm (1.00

o

taced

g
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20 inches), instead of 41.15 mmin a half-high drive, and is the sanme as

in the prior art lowprofile drive of FIGS. 1 and 2. As in the prior
art, the lowprofile and hal f - hi gh versions of the drives according
to the present invention enjoy the sane foot print, size and style of

recordi ng dé‘ﬁ({cﬁz g{aﬁ essentially the sane actuator arm perugeesiti nmes.
However, beca d ere are half as many discs in a lowprofile drive, 25

the total data capacity is also ha]f that of a half-high drive. Hence, the

| owprofile drive has a capa i'fy of about 9 gi gabytes, conpared to 18
gi gabytes of the half- hi gh drive. The act uat or
assenbly conprising E-block 142, |oad arm 146, head/ sl i der 144, voice

coil 140 and stop arnms 150 and 152 are snaller than the 30 correspondi ng

actuator assenbly of the prior art. Mre particularly, the actuator

assenbly shown in FIG 3 has a length of 45.7 nm (1.8 in&hesy fromaxis of

148 WD 99/ 13460 05:::
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I nner and outer tracks. Consequently, the average stroke of the actuator
assenbl y is smaller than in the prior drive. As a result, the
actuator armrequires a snaller inertia of 67.7 gramcnierr] (10.5
graminch[err]), and track seeks of the drive illustrated 5 in FIGS. 3
and 4 requitﬁ ?Q %%erage of 5.7 nsec, 2 nmsec, faster thapcihgesAsiz®r art
drive illustY20ed¥®n FIGs 1 and 2. Non- r epeat abl e
runout is the condition of unpredictable novenent bet ween the head
and the disc causing tracking erropsi The novenent nay be caused by a
variety of factors, including bearing vibration actuator vibration and 10
wi nd turbulence. It is known, for exanple, that w ndage between the discs
causes turbul ence and air pressure variations fromthe inner radius
to the outer radius. Pressure vag& ati ons between the discs causes the
discs to "flutter”, a@@s ¥ S Nafecting track positioning and
adversely affecting non- ebp aﬁ1p yundyt. By reduci ng the di aneter
of the discs over E?e f yarg arscs prgw y enployed, 15 - and by
reduci ng the spaci hg bg n tihel di scs € e di sc spacing previously

i

enpl oyed, w ndage aNn reduced, resulting in thereby

| nprovi ng the non-rd aph& u 13j64 stics of the disc drive of

t he present i fveniiifon b 5 rior art. Table
illustrates the inp ed (hpnt gl ¥ unout achi eved by a 3[err]
i nch disc drive ( dil 4c )i {pt &:E ggﬁ/invention over 3[err] inch
di sc drives (95mm™di f ; o} operating at t he sane
rotational w TABLE |

Di sc (dia) inoutNat 3

20.4 mm . // 95mm (3-[err]) 0.245
mcrons 0.309 nigrans /// 84 -[err]) 0.193
m crons 0.206 m N giis ! 'm/:)§}0.361 ~crons 0.502

m ¢rons 0.554 ni crqf 0. 283 Wcions 0. 335

m Crons

')
T < 5
' ) X
Y
D

N34




Tabl e I conpares the runout of 3[err] inch disc drives having 30 standard

95 mmdiscs to 3[err] inch disc drives according to the present invention
WD 99/ 13460

PCT/ US98/ 13137

21
having an 84 mmdisc, Illustrated are the neasured runo g{ﬁbinner dat a
track WOW1M60m) . at 40.2 nminch radius (which i sué‘ﬁlzﬁsgu & dat a

track for the 84 nm discs) and at 45.7 mmradius (which is the outer
data track for the 95 mmdiscs). 3744 One set of data is runout data for
the disc drives in accordance with the 3-sigma 5 (3 -[err]) standard
devi ation, and the other set of data reflects the worst case (w c)

runout for the disc drives. It will be appreciated that the disc drive
according to the present invention exhibits nogﬁiepeatable runout
that is between 0.052 and 0.078 mcrons inproven@gnt over the prior

m crons i nprovenent t heN40. 2 nm i nch rad@él 10 ition (which is the
outer data track of the 84fmm di scs, but songwhat in d of the

art drives at the innpgr dagg track and betmeen§§§ﬂ03 and 0. 167
r
outer data track on the 95 mm discs). This rigpresents non-repeatable
 —
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runout performance inprovenents of between 21%-and-33%

As shown in FIG 3, stop arns 150 and 152 engage a stop pin 154 or
156 to define the stop positions that limt of rotational travel of E-block
142. 15 As shown particularly in FIGS. 12 and 14, stop arnms 150 and 152

have fl at surfaces 151 and 153, respectively to enggaﬁ stop. pins 154
or 156. One W@siMa of the invention resides in th $PAY 1o
accurately |l ocate and position the inner and outer tracks of discs
104. More particularly, E-block 148/1ts placed in a shuttle (not

shown). The ginbal/slider head assenbly 146, 144 is swagged to the E-bl ock
20 and the position of the transducing gap or elenent of head 144 is

| ocated with respect to the shuttle and to axis 148 of the actuator
assenbly. The di stance bet ween axis 148 and transducer is represented
by di stance 250. The-di stance bet ween t he innernd®y and out er nost
data tracks being known (e.g., 19.8 mmin t he pregent invention), the
total angul ar di spl acenment of the E-block can be 25 trically
identified. Likew se, the distance 252 between axis 1 nd the arc

254 of novenment of stop surfaces 151 and 153 is al so own fromthe
geonetry of the E-block. Consequeng osi tions of surfaces 151

and 153 may be mlled or otherw
the angul ar travel of head 144 }
E- bl ock. The mlIling of surfaces 1
that project through axis 148 so t
to the arc of travel of the y

0 accurately position
¥tant of novenent of the

3t es about
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axis. Therefore, upon conpletion of the assenbly of the E-block into the

di sc drive, the position of the inner and outer tracks is accurately
det er m ned. - One feature of the stog assenbly resides
in the fact wdss/lsdie st op surfaces are on the yoke m%sslé?lsl‘%/he not or
assenbly for the E-block, distal from 5 the spindle axis and arranged to
engage a stop pin 154, 156 nnunteéjtf the disc drive housing. In the
prior art drive, stop pin on the E-block was nounted to an ext ensi on

arm adj acent the flex circuit and near the spindle axis to engage a

surface of the housing. Because of the proximty of the stop arrangenent to
t he E- bl ock any error in positioning the stop surfaces was nagnified
along the greater 10 distancg{®ior exanple, 250) of the actuator armto
the head. More particul arly Z7 ’“sgs di stance between the spindle axis

and transducer was typica t hree ti~a\~the di stance between the
spindle axis and the st ce, amerror in positioning t he
stop surface was nmagp oth timdp\to the head. By positioning

t he stop sur#z al end of\tl@s. yoke as in the present

i nvention, couplgd$ t he %é%rter ",\:rn1of t he E-bl ock due to
the snaller re ' t he " n the head 144 and

the spindle axis
148 and stop surfa -
positioning of dto W fages 151 and"li"
the prior art. 240 \

present inventiadn resides ‘ 72 and
E-block 142 to permt conne ' tconduct or s
supported by thg E-block for the i i xartigularly

st ance between axi s
N in the

the head as in

ive of the

51 and 153. As a J




illustrated in FIGS. 12-15. FIG 12 illustrates a
portion of the actuator assenbly of the 25 present invention. The
actuat or assenbly includes E-block 142 having a plurality of actuator
arnms 204" ... 204"". For the twelve discs of the disc drive illustrated

in FIGS. 3 and 4, there are thirteen actuator arns 204 of E-bl ock 142.

Act uat or wo 9948 204' and 204"" carry a single | oad aP¢WUMIANI head 144

(FIG 3), whereas actuator arms 204" ... 204" each carry two | oad
arnms 146 and heads 144. Each 30 g@ligsc spins between two actuator arnms,

| oad arns and gi nbal /sl ider/head arrangenents so that a single head
confronts each disc surface. As shown in FIG WO 99/ 13460

PCT/ US98/ 13137 , ' 23 12,
actuator E-block 142 i ncl d3& | R of thirteen slots 210 extendi ng

FI G

bet ween an axial slot 2
[ heads 144

13 illustrates a plurg
on sliders. A ribbo
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5 term nates at tabs 216. The ri bbon 214 conprises a suitable insulator
mat eri al , such as Kapton encapsul ating printed copper traces that
provi de el ectri cal connection between tabs 216 and heads 144. For
flexibility, ribbon 214 is preferably about 2 to 3 mls thick. Tabs
216 on each ribbon form conductive term nations for the copper traces
on the ribbwosisse 216 project outwardly 10 from ri bborP BB Esite a fin
218. Each fin 218 is constructed of Kapton and copper traces, and has
a thickness that may be equal to gzgithickness of ribbon 214. Ri bbons
214 further include term nations that distribute electrical

connections fromthe ribbon portion to heads 144. ch termnation 228 is
adhesively attached to one side of a respect s arm 146 on a side of
the | oad 15 arm opposi te head/ slider 144. AW 2d Zxns 146 nounted to
actuator arns 204 and term nations_ Teel”t @ the | oad arns,

ri bbons 214 extend al ong the ?1% P ¥

side thereof. Ribbons 214 and Ykl ots 210 in
E-block 142 (FIG 12). g ; and 204"",
slot 210 is w de enough to agcgbmmvdate K w and fin 20
assenbly, whereas the slo L1t P ' are w de enough
to ac i j > ¥ f he two head
supported by %:e ~ > Substrate 220 (FIG 13) is
mounted to E- Dhof¥ TAZ—are=1 R > ‘Elurality of extensions 222
formng slots 22§ TK vl or v 210 25 on E-bl ock 142 at
t he position of 4 € is no slot 224 correspondi ng
to a the uppennofj st'ots 210 on t bl og< Each )
extension 222 in fty of conductive 226 extending to and

facing an i x’ot 224. Each pad 226 corresponds to an
i ndi vi dual one of 6 of ribbons 214. Wth the ribbons 214 in
pl ace and fins 218%ggse€nbled into slots 30 210, the individual tabs 216

protrude -t hrough slots 224 in substrate 220 adj acent




WD 99/ 13460 -

PCT/ US98/ 13137 24 each
pad 226. Tabs 216 are thereupon bent into contact with an individual pad
226 and sol dered in place, such as by reflow sol dering.

As shown particularly in FIGS. 14 and 15, flexible circuit 172

provi des a fwassibdée connection to substrate 220 and is k¥ 1¥¥ereto and
5 sandwi ched agai nst E- bl ock 148/ M/ fasteners 232. As shown particularly
in FIG 15, stiffener pl ate 234 sandw ches theasserrbly together to

rigidly connect flex / VAV/A 4/’, NN \and to the, E-bl ock.
Stiffener plate 234 R OVId % ’ ) 0/‘@ AR N A rate 220 to the

yesh 3/ woy 1oy Y POAL 214 and their
respective fingin thg e T4 E . »ﬁ;ca-“/‘,v‘ Because fins
218 extend i nt oy he E— n":' e slots 210

/ f ” i

separate from g ot ~,f-'7",-‘-/’;7‘$-‘7,? ‘ ?/7 & be | oosely
pe

E- bl ock and substrat§ 220
by the rigid f r
Jfog accidently
received in th&gslf t 4 ‘. \8 (( ( "(: e 4 \\ &\er plate 234. 15
L AN

The connector ass o) y of% t¥ \'“ n | ar gel y
assenbl ecl\puts @ the disc _dave. DA ~R s and suspensi ons
are X == — Z\\,

i
£—




assenbl.ed to | oad arns_146_which are swagged to-the-actuat-or—aris—of—the—fE—-
bl ock. Ri bbons 214 are connected to the heads and assenbled into the slots
210 in load arnms 146 and the E-block. Substrate 220 is assenbled to

t he E-bl ock. 20 Due to the nesting of fins 218 to respective slots 210,

ri bbons 214 are properly aligned so that the protruding tabs 216 are
I n ali gnmentwop¥i3d@ads 226 on substrate 220. Wth ?ﬁg"%“’llﬂﬁ"rrent

conpl eted, tabs 216 are soldered to pads 226 to conpl ete the assenbly
of the ribbons to the E-block. Flex circuit 172 is then connected to
substrate 220 and stiffener plate %84 is nounted to the E-block. 25 Fi nal
assenbly is acconplished by assenbling actuator assenbly into the drive
housi ng and connecting flex circuit 172 to bul khead connector 170 (FIG 1).
During assenbly, ribbons 214 are held in place in slots 210 in the

E-bl ock by virtue of fins 218 extending nore deeply into the slots 210 in

the E- bl ock directly opposite the connection of tabs 216 to the
substrate. Wth the 30 opposite ends of ribbons 214 being connected to
the |l oad arnms by the adhesive attachnment of term nations 228, a smal

tension is inposed on ribbons Zfﬁﬁto hol d WO 99/ 13460
PCT/ US98/ 13137 . '




25 themin place in the slots for alignment of .t

during sol dering " This arrangenent ensures that fins 218 remain in
slots 210, thereby ensuring that ri bbons 214 remain in place during
assenbly, even though the ribbons and fins are | oosely coupled to the

slots 210. The sol der connection of tabs 216 to pads 226 5 assures rigid
mounti ng of WOEHEd 214 to substrate 220 (which in turn iP?W&”aP;? .
nounted to the E-block). Mreover, glithough slots 224 in substrate 220
provi de conveni ent access of"ﬂﬁ% tabs to the exposed surface of the
substrate, slots 224 are not necessary for the placenent of fins 218
in slots 210, and the fins remain in their respective slots 210 even
if slot 224 is not present. Mst particularly, as 10 shown in FIG 3, the
tabs 216 of the uppernost and | owernost ribbons do not extend through
slots 224 in substrate 220. Instead, these ribbons, |ike the other

ri bbons of the assenbly, are held in place by fins 218 in slots respective
210. The present invention thus provides an inproved
di sc drive utilizing a_smaller-than-standard gjsc dianeter in a
standard di sc drive housingﬁ%%7 configuyation wt 2sacrificing pverall
data capacity. Thd™§marTer discs requil el T'ess power for a given
rotational velocitly, resulting in the abjlity to achi eve higher

spi ndl e speeds and reduced | atency w thopt increasing spindle power
consunpti on oyg2 that of prior larpger, slower drives. Additiopally
the disc drive exhib /53 significpnt reduction in seek tine Wthout
i ncreasi ng data dgnsi 5. 20 Al t hough the presept
i nvention has been dg ped_wi th referehce to preferred enbodi nents,
wor kers skilled in theartw recogni zp that changes may belmade in
formand detail withqut epa\\ o the spirit and scope of the

i nvention.
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26 CLAIM S): 1. A disc drive assenbly including: " a
di sc drive housing having an external three-dinensional configuration
mat chi ng a standard configuration; and 5 a disc drive supported in
t he housi ng havi ng a stack of rotatable rigid recording
di scs each having a di aneter smal | er thagrivessndisanet er of
rigid di scsWBPUI iy contained in a disc drive housing
havi ng the standard configuration, and a head/ act uat or
assenbly for reading data to and Witing data from 10 sel ected
ones of the discs. 2. The disc drive assenbly of claim1l, wherein
the disc drive housing has a standard 3[err] inch external
t hr ee- di nensi onal configuration and each of the recording discs is a
magneti c recording disc that has a dianmeter that is smaller than the
standard configuration of 95 mm 15 3. The disc drive assenbly of claim
1, wherein the nunber of discs within the housing is greater than the
nunber of discs ordinarily contained in the disc drive housi ng havi ng
t he standard configurati on. 4. A conductor assenbly for electrically
connecting a transducer supported by an actuator armof an E-block to a
flex circuit having an end rigidly nnunugd )\t he 20 E-bl ock, the
conduct or assenbly conprising: ® Ra/sl o\ in the actuator armof the
E- bl ock; and an el onfat ed fl exi bfNgNconductor strip having
a plurality ’wWi“@ﬁ?&ﬁ““V\\ﬁA%ggtOrs rigig QUNN\ed to the actuator arm

At A

adj acent th-@vw\ f ectrical ¢0 r \gaving a first end
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25 B connected to the transducer, s eyl
c(_)nduct ive tabs electrically connected t2respective i t‘;ﬁ% g GU ét}%
ends of respective ones of the 27 plurality of

el ectrical conductors, the tabs rigidly nounting the
ends of thELAIM(BYi cal conductors to the fle ilﬁuu’ilijﬁlj 1!IEI d mount of
the ends o e,e r.i cal duct,ors |np05| e

el ectri cal condﬁcc{ éIB% gﬂ’qi’ﬁétl and second ends, and 5

a fin extendi nd, yQuiVihcishle s O dShEhdoRARBAkERrdth t abs,
the fin engaging t | ot an rest a| ne rom d| sengagl ng t he sl ot
by the rigid nomatchih, h@&rﬁﬁ@@@dnﬁgtﬁ%n@h im@® el ectrical conduct ors to
the flex circuit and the tension on the electrical conductors. 5.

The con@luct or aa disetirivesfupploztied in theshensing having | ex circuit includes a 10

substrate having a plur y of conductive pads and sI .ot agdj acent the
pads recei vi ng %ﬁ@allfagﬁ"té?abf%g@oﬁ?ﬁm %é‘t‘PFﬁC}S Ving@ GAmetelhs are

rigidly connected to T
conductor assenbly o‘cfmaﬁlearl t?ngigﬁ%%etgpﬁ%&td %E&dﬁ' ﬁgrfanlg C%Bag ed Qalsc

| oad beam whi ch i s ngHpé BBusiRetHA & d24 %o Rioh, hAE conduct or strip
15 includes a term nation pogtl astened to the | oad beam 7. An
actuator assenbly foaheadﬂattua:toragemdhpfmhmaddtgdmaMMdgvmj@data@OWd
supporting at |east one rotatabl e recording disc, the actuator assenbly
conpri &% ng: selected gnesiofethe disesr t ed in the disc drive housing:

2. The disc drive assembly of claim 1, wherein the disc drive housing has a
standard 3% inch external three-dimensional configuration and each of the recording
discs is a magnetic recording disc that has a diameter that is smaller than the
standard configuration of 95 mm.

15 3 The disc drive assembly of claim 1, wherein the number of discs within the
housing is greater than the number of discs ordinarily contained in the disc drive
housing having the standard configuration.

4. A conductor assembly for electrically connecting a transducer supported by
an actuator arm of an E-block to a flex circuit having an end rigidly mounted to the

20  E-block, the conductor assembly comprising:

a slot in the actuator arm of the E-block; and

an elongated flexible conductor strip having
a plurality of electrical conductors rigidly mounted to the actuator arm
adjacent the transducer, each electrical conductor having a first end

25 connected to the transducer,

a. plurality of conductive tabs electrically connected to respective

second ends of respective ones of the

R S
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s warwew /U ¢

Aty | HIEULBL&%’E? on, about SEARYS A6 1605

pr edet er m ned di stahce ¢t fromthe axis; an el ongat ed
yoke armextendlngfromthe E—block a notor for rotating the
E-bl ock about the axplyralisyof glectnical Eomilé@?rﬁaéhﬂ tﬁbéri‘égldly mounting thgsecond

el udi ng aaS{)?ﬁgmco%%\ds 15 ey CoRfubrf KR fef frduif he nifla o 6F
rechani sm def I i NG Ghel 638 N H&H?caﬂ%d&%soﬂﬁﬁﬁﬁlﬁgeagﬁﬁnﬁkntﬁ

the .
di sc, the stop mechan; sm conprisin one stop pin

mounted to the disc é!édtﬁ@al*&@ﬁdh&@rs?éﬁlreentheﬁﬁstandsecond ends,and @ planar
stop surface on a distal end of the yoke arm for engaging t he

stop pisn, the stop sfifiestendingints dhaslat xni thenedridictxi siripyopposite the tabs,
approximately the sa d| stance as the transducer parated from

the axis, a projecti Wer}gﬁgu}g &w&aﬁfm@%esgﬁwdsfmmﬁéenmwﬁﬁgl thesla s.
5 8. A di sc dr|v Vi

side walls, end vall e Ffiq. mquitt of e second Endd BF 4 Fﬁéﬁ'&&%@bﬁ‘g‘é&?}!

the side walls of t Qﬁe@leﬁ‘éu@ﬁiﬂéﬁdhﬁé‘?éﬁ%ﬂn@éﬁ 188 rical conductorsal ong a
| ength of the drive chanber and the end walls of the disc drive

housi ng exd.endiTig @bndycter vasdeblyf of helaiti i 4 ewheseihethe fleg endiitvdhéladesc
er ,d\e,ell?ph arp@@ﬁtra\t,\ela Ihlafrnrmbge Iangltjlr(;LPyG ofté)or;[dr:x?:hggt;ggs] \g?lldl aaglgt tarzi?acleg? gtthg ngSt he
receiving the tabs of the conductor strip so that the tabs are rigidly connected to
respective ones of the pads.
6. The conductor assembly of claim 4, wherein the transducer is mounted to a
load beam which is mounted to the actuator arm, wherein the conductor strip
15 includes a termination portion fastened to the load beam.
7. An actuator assembly for a disc drive, the disc drive having a housing and
supporting at least one rotatable recording disc, the actuator assembly comprising;
a spindle supported in the disc drive housing;
an E-block supported by the spindle for rotation about an axis, the E-block
20 having an actuator arm supporting a transducer at a predetermined distance
, from the axis;
an elongated yoke arm extending from the E-block;
a motor for rotating the E-block about the axis so that the E-block positions
the transducer adjacent a selected track on the recording disc, the motor
25 including a voice coil supported by the yoke arm; and
a stop mechanism defining at least one of the inner and outer tracks of the

disc, the stop mechanism comprising

at least one stop pin mounted to the disc drive housing; and
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act uat or assenbly supportl nd a’triansducer adj acent the recordl ng surface,

t he di sc dr ve hou3| furthe opening intqQ the
drive chamber to 15 apanars agen ?éﬁﬁ?ﬁ??fggﬁa&)’&?fd tfggﬁlagagjgg

2 doi comnt housi ng TPt LY e oR Micc®, HEEC SFHRRE! | 6BAF ngleha%gby
side walls and end V@ééﬁxirﬁadggtﬁ&séxﬂ@maﬁm& trahsduter & §%%‘até83from

housing to fform a I ccant chanber in the drive ch

receiving a desi ccanthe axisea?@ojection of theddaneof theatop hefatedncluding tHecadsr
extendi ng along a length of the desiccant housi ng parallel to the
| engt h Bf &he afidigc drivebayingo form a structural beam for the

b Il of the di d h d.ih f th

dgtSitg(r:na\r/]\? hoﬁsi ngeeﬁlgff'& %V‘gPSﬁg‘?‘I& Vdrﬁm s“ift%lag%set O c\t,\,aeqotmmtv}z@l
desi t h [ ng,
o5 COANt Tbe®| ey AP Eini B SRcAOA B theddist ?ﬁ‘a@rﬁ%ﬁﬁrﬁ ERichQzy 1O

of the alofigsd targith dfotlRl deive tdhanttrgi Arbhithe leadswalls ksfviiegdisct diive
openi ng bet ween the desi ccant chanber and
29 heusingiextendingalong awidth ofithe dxpved\amben, theeend halls apdcspdmu ng

of the drive cdrlve of _cl ai

wherei H t he si d\?au%tlbfeg‘&)]o“ﬁfg?‘blég‘? betipm W@Hsﬁfg 8th of Q‘ﬁediﬁ'fﬁ) Cg]%‘@h%g
to the desi Ccarﬁelﬁgalmgér Wah Al Y b %r%eghélﬂbefl fie | ARive? eber

containing at least one recording disc having a recording surface and an
actuator assembly supporting a transducer adjacent the recording surface, the
disc drive housing further having a top opening into the drive chamber to
15 access the recording disc and actuator assembly;
a top cover closing the top opening of the drive chamber; and
a desiccant housing in the drive chamber, the desiccant housing having
side walls and end walls joined to the bottom wall of the disc drive housing to
form a desiccant chamber in the drive chamber for receiving a desiccant, the
20 side walls of the desiccant chamber extending along a length of the desiccant
~. housing parallel to the length of the drive chamber to form a structural beam
for the bottom wall of the disc drive housing, and the end walls of the
desiccant housing extending along a width, at least one end wall of the
desiccant housing being common with one end wall of the disc drive housing,
25 the length of the desiccant housing being longer than the width of the
desiccant housing, the desiccant housing having a top opening between the

desiccant chamber and

o ——— g L e e
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5 bottomwal | of {EBENII®EINN] usi ng. ~ 10.  Theydi‘Aqbey ¢ c

8, wherein the deinﬂmmn:mnnwﬁmns posizﬂ oned within B eFUs > 2?9(@ng%29
housing so that theé sfFde-wdl| $ of the desiccant housing are spaced from
the side walls of the di sc.driye housing. 11.. The dis¢ drive of .claim
8, wherein the tgg &‘&%%‘*’HB%%.‘%&Wﬁl@H?&e%OVértfé?ﬁeaﬁh&Gopcﬁf@m%otﬁﬁ%éth he
bottom wal | of &gﬁﬂ%}sc drive housing, the bottom opening provi di ng
access for placing esi ccant in the desiccant chamber, and a bottom cover
closing the botTHydiepdfive of ehirh/Bs wiRséif ¥RO5ideRAIRESE. the desicdaht houSing form
conmbi nation: a cable connector nounted to an edge of a circuit board and

el ect ri calthg tep openingto theclesicuantsrhambenenci plametthabiarsiopddhin rebdtion to the

connector .and 15 .circuit board being nmountable to a disc drive
housi ng t Pt vl &f thediscdnive housing, signals to and froma disc drive

within th S rhyve housing.. the disc driye. . .housin avi a
first ext glrogal Grs]%r‘#%ggng'ﬁd)fm @ewﬁﬂgﬁréﬂ}ga%{e%%ng hpysipg is positio W’jtﬂii‘cll‘ned
to the firgb dddiChoing 59 tat tHe ¥igd ' E&Eﬁt binSt
surface and the end surflg%e,ﬂﬁ]e calgl ﬁ%ﬁtﬁgg%gjreéil nc Sigpﬁﬁg\%ﬁgpé&ﬁéb&

a connect dhe bisiesialls dfthenliscedrieehsssinghe recess having a first surface
and a curved second surface joined to the first surface in a curved

junction ddnf orfhiendise erive ofeelaim §, yharpinthef desierant housinguimcluides aobottom

first and end.surf f di sc..dri ing, .the first f f th

 ecossangaTing Huten B bitfemianaltrd the, ARE G hotiSng: 5e koMot RpeSingy o5
dth ; i g '

curface of TORAIEBCARE (6 plabifig REREANCAIRE didicEalXiabfibr ind Aol cover

junction bisigethe Bittdrh lopeniiplofahe desicéaf @hambet.he di sc drive housing is
recei'ved in the recess and the portion of the curved junction of the first

and end sd2f acds combihatiati: sccabte ewnrteotori mgurtegatgeart bdge of @ €trcjtitrigiardand0

of the first and second surfaces of the recess, and at?\l urality of contacts
electrically connected to circuits on the circuit board, the cable connector and

15 circuit board being mountable to a disc drive housing to provide electrical
signals to and from a disc drive within the disc drive housing, the disc drive
housing having a first external surface and a curved external end surface
joined to the first surface forming a curved external junction between the first
surface and the end surface, the cable connector including

20 a connector housing having a recess, the recess having a first surface

* and a curved second surface joined to the first surface in a curved
junction conforming to at least a portion of the curved junction of the
first and end surfaces of the disc drive housing, the first surface of the
recess engaging a portion of the first surface of the disc drive housing

25 and the second surface of the recess engaging a portion of the end

surface of the disc drive housing so that at least a portion of the curved

junction between the first and end surfaces of the disc drive housing is
received in the recess and the portion of the curved junction of the first
"and end surfaces of the disc drive housing engage the curved junction

30 of the first and second surfaces of the recess, and a plurality of contacts

AMENDED SHEET
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supported by the connector housing for. receiving a connector

electrically connected to external circuits.
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A magnetic disc drive assembly comprises a disc drive housing having an extemal three—dimensional configuration matching a
standard configuration. A disc drive (100) is supported in the housing (102) and includes a stack of rotatable rigid magnetic recording
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