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of the Invention 5 Th'”ml
nor e partlcularlytoa I'S
Background of the | nventi OF'®* typi cal disc drive includes a base to which
vari ous conponents of sc drive are mounted. A top cover cooperates
with the base to for ng H‘ﬁ “M that defii nes an internal, sealed to

envi ronnent for the The conponents include a spindle notor,

whi ch rotates one or norwodizscs at a hi gh speed. Information is witten to
and read fromtracks_o o (i an_actuator assenbly,
whi ch rotates duri ngD S-S =Toes ; PA¥L assenbly
positioned adjacent the discs. The act uat or assenbl y |ncI udes at |east one
actuator arm which extends towards the discs, wth one or nore flexures
extending fromeach of the actuator 15 arns. Muwunted at the distal end of
each of the flexures is a head, which includes an air bearing slider
enabling the head to fly in cl ommwﬂve t he correspondi ng surface
of (tihe asso%kﬁ%ﬁ&l@hﬁ&ae?ﬁést eﬁgﬁﬁgt@dttspﬁngéssaﬁd%drg ﬁ@ﬂﬁrlg ﬂl\é Eiﬁ@? ef fect
n drive reltabitity. particu COnCern are arrporne hat

ent er thvasingdor dinspirigtuthulent lowlhese particl es can scratch the 20 disc
surface or becone enbedded in_the disc, |eading to catastrophic failures
and/ or irrecoverabl e data | osBackgrennd ofthe Invention c| es under the sli der
can damage t | ' t her
read/ wite O%Zﬁ@gkstg d}é? e?ﬁ‘ﬁﬂig& ade &53@{ 1 0%9?)%]3 +I¥?nps{/(?f\é§§{iﬁsgﬁév% %Iet he

di sc driwentédnAhey owen c@disemt@sewﬂt e Mascid foith Wdonshg eat défines by irter@al, kédded
unpr edi cted novenent between the head and the disc. Such unpredicted
novénerenvisanmes ferthe discalaivewlhe eompensnts ingludnha mv@mtora mfvpm@mng or

t ks, f d d LS 1
capabt 1ot e hiEeBsed Mol PRarisatrhino e Feed ¥ b onvf s Ml T 2
that redbassof dheachidbdR@Escaiblp avtititobfeLirRigia@ek operation about a bearing shaft

assembly positioned adjacent the discs. The actuator assembly includes at least one actuator arm,

n relates generally to disc drive nd
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which extends towards the discs, with one or more flexures extending from each of the actuator
15 arms. Mounted at the distal end of each of the flexures is a head, which includes an air bearing
slider enabling the head to fly in close proximity above the corresponding surface of the
associated disc.
Particles in the disc drive have an adverse effect on drive reliability. Of particular
concern are airborne particles that enter the head-disc interface. These particles can scratch the
20  disc surface or become embedded in the disc, leading to catastrophic failures and/or irrecoverable
data loss. Additionally, particles under the slider can damage the sensitive head transducer and
possibly prevent any further read/write operations of the disc drive.
Additionally, vibrations in the disc drive can have an adverse effect on drive reliability by
creating unpredicted movement between the head and the disc. Such unpredicted movement can
25  cause read/write errors. Such movement also prevents narrower tracks from being used in disc
drives, and thus limits the memory capability of the disc drive.
Accordingly there is a need for a disc drive that reduces the number of particles entering
the head/disc interface and that decreases the vibrations in the disc drive. The present invention
provides a solution to this and other problems, and offers other advantages over the prior art.
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t he head/disc interface and that decreases the vibrations in the disc
drive. The present invention provides a solution to this and ot her

probl ens, and offers other advantages over the prior art. 30 -2 Sunmmary
of the Invention Against this backdrop the present invention has been

devel oped. One enbodi ment of the invention utilizes sloped surfaces to
reduce turbulent flow wthin the disc d2ive. Another enbodinment limts
novenent of an actuator armof the disc drive to prevent it fromentering a
recirculation or turbul ent fl Sumenaryof thedneestiongl y, one enbodi nent of the

invention is a.disc drive that includes a hqusing. The housing encl oses a
spi ndl e not dArgaﬁFal‘/?l??éi( 1o R PISSRAL Hy catiQmas begn figyedoredn Onsembogdimens ebths| y

| e} UdGayeRloR GitiAHk Qlop@ll ShifAlet W Adud 1Ryt BUGyiftin i BRudR! AfAthno Lo and
witing fromthe disc. The housing includes a first surface portion

adj acermbodimdne lidatsancuenfeatef af actiatordinacf thkhdiscldriveco prrevgneidt Soni entérirges a

pl urali t(}[ oiﬂ.surface portions.that define a recess, which allows the

act dat 6FCIEPIAER OFHFRUIERISIOW 1igitat & surface of the disc. The plurality of
surface porty 1 RG| r; b | op| t he
data surf acédL %ﬁ@l@g’v@g? Pﬁ’é’ﬁi\,’m’?ﬁ@gﬂ@ﬁé‘?‘%ﬁ g%’?gs;/é (?lg(gd@‘(eg@hﬁgflg [ nagﬁ(g%ic? an
axi s f ihheegiag atidlows bspitidichotet appingadisatsving s da@surfhde. an adtlifsmat i ve
enbodi ment of the invention, a disc drive includes a housing that defines
15 a r @swably meBidgs e aqtvpterarmyepssying afresd, swshas @ heashion repdingdp endiprising fiom
LOt at egyd gc.dfﬁcfhcﬂlg.%%tinapd&)g ﬁrstas?]?fa Qg&ﬁgx agﬁge%%ﬁl% d\Q{a@qﬁ\%et&J e %hjgg Thy
ousi ng. An ‘upStream-surface portion and a downstream surface portion o

t haohoususigg Bigb indhaiee atpbwality o seidice pditidna dieat dbfilideredesscwhidhAlIs®O el NUi ty,
such as a step, between the upstream surface portion and the downstream
sur f ac@ciygtor pbh temeye vy the data puréace ofitherdissn Theqilwality afisprfacenortiensdaddudeme

disc drive.al so includes.an 20 actuator armthat carries a.head i t he
Fecess P utts A AL ey ARG B R ARh pERGRUE R R Frauc By e
Lim ti iigscaBMatiae abaiR WR AR fdhe septaiak Fontthdsldpeds@fc@poftibn he wi nd
recirculation region. These and various other features as well as

advant ages Vhias hlternatieecenebddimentiod thyr ipveniton, a disc drive includes a housing that defines

15 arecess. The housing encloses a disc mounted on a spindle motor that rotates the disc about an

axis and thereby generates wind within the housing. An upstream surface portion and a
downstream surface portion of the housing both face toward a data surface of the disc. A
discontinuity, such as a step, between the upstream surface portion and the downstream surface
portion causes a wind recirculation region within the recess. The disc drive also includes an

20  actuator arm that carries a head, which the recess allows to move over the data surface of the disc.
An actuator limiting device prevents the actuator arm from entering the wind recirculation region.

These and various other features as well as advantages which characterize the present

invention will be apparent from a reading of the following detailed description and a review of
the associated drawings.

25 Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive showing the primary internal components.
FIG. 2 is a perspective view of a base plate of a disc drive according to an embodiment of
the present invention.
FIG. 3 is a sectional view taken along line 3-3 of FIG. 2, additionally illustrating actuator
30 arms as would be used with the base plate and the direction of wind along the base plate.
FIG. 4 is a sectional view taken along line 4-4 of FIG. 2, additionally illustrating actuator

arms as would be used with the base plate and the direction of wind along the base plate.



invention wll be apparent froma reading of the follow ng detailed
description and a review of the associated draw ngs. 25 Brief Description
of the Drawings FIG 1 is a plan view of a disc drive showing the primary
internal conponents. FIG 2 is a perspective view of a base plate of a disc
drive according to an enbodi nrent of the present invention. FIG 3 is a
sectional view taken along line 3-3 of -¥1G 2, additionally illustrating
actuator 30 arns as would be used with the base plate and the direction of
wi nd al ong tHi6. Basepgkpctive FeG of4 hase platounfta distadrivel aevortdalgeo aalabiemativene 4- 4
of FIG addit)’h nally illustrating actuator arns as would be used with

t he ba§§1%,8fhé‘feé‘t8 CPHSCR IPYYIP8Bn of wi nd al ong the base pl ate. -3 FIG 5
IS a perspegipVe Vi 8% ishadi of <5 o & LYEs L4l : n
alternative enboé%/rregér/lgtne%? %ﬁﬁg&(gsgé@;r}gll%\égnﬁ%ﬁ %F%l tl%&;ﬁg 11‘31!1521%8 g%h%al Vi ew
t aken directipnl ofiveind ab®ngfthdba8e phte.addi tionally illustrating the direction of

wi nd al ong :E}‘Qgi base pl at el FIG, 7 is g sectignal view.,taken along line 7-7
of FIG 5, - ilphagerignalivigrs faksn ploge fiRe 7o ofdtl Snadsitionably ilusiang e base
pl ate. ghebdl &dvi 5%%3%%‘93[%@1&%“ drive 100 constructed in accordance with

a preferred enbodl nmen present invention is showmn in FIG 1. The
disc drive 100 includes a base 1Detailed Diesariptioyy i ous | 0 conponents of the

disc drive 100 are nmounted. A top cover 104, shown partially cut away,
cooper at es i fisc dree Hseonstypctedinfaseprdandeovish a grefasdianzhodiraent of thegyesent

i nterna l e nvi for the di.sc.drive in onv.enti onal manner .
The corlrllbvgrﬁlgﬁrglss S?lﬁglpﬁ%ﬁgnggf%oqq%c ci%\z[eoqu). i’&céuémeb e?’@ tg?t‘glyc NG nore discs
10§oat camponsiaet thb U d6PE 200 are QMG | Qfop oveF 104, ShowPpafbily aadwhyom
tracks on the discs 108 through the use of an actuator assenbly 110, which

r ot at esooparatagywith shedtkasg 102 poefoamiadrousing 103 thab definasgn sifarnial, seaethtriwronment
iti dj t the di 108. T t uat nbly, 110 i .
e 85 AR ARGl SRS Foen 5 2Bl PO R e us SR S one
e xt1aRai eV t ed
Oor DT @5{E}e%HE Sﬁmlaﬂe]?dlﬁ‘eé 1%@011'{ Q%ﬁs"t%@ft}%@e&i Ihﬂfmaﬁ&ﬁﬁ v@ﬁtt&rtﬁ\?ﬁi&gﬁadiflr‘]&gﬁ&m e

at the distal end of each of the s 116 is a head 118 udes
an air theks omthesliscsl@08 tmaulgh the usehef dnasathatot @ssembly 110, whidchaseatgsrduxingiatsgelabove

t he correspondjn urf ac f the associated disc 108. 20 During a seek
opédf at ioBRalipHabe aiaemy&ﬁxaﬁ@ﬁsemblr hE2 pesiépned pdiapent dhadises 1089 ThRPEUET t he

use of a@seYrﬁJlf fl(ﬂ?l'ciud%% gfuia}éf} of Mﬁsﬁ{;} AR 198 W cH Q&LAHAE W afls G (hisészl%S?'MtﬁC hed

to the actuator asse , as well as one or nore pernmanent nagnhets 128

whi ch et ablosdflexuresliest éxterkdirg fiorh Rackhd fahe hdi@at60drins 144, Mouhtedar the distallead

controll ed application of current to the coil 126 causes magnetic

i nt er acfieesh ehelBexirentl 6ois edgad hi8 yhighdrdudes gn gidearieg gisier enapbing thethead t he
L

coll | LA0gTPHG 3 RefRoRRERLINE D b BIT SO BRGS0 o
shapt assenipitinkledsec Bgerhth’&l, eadick bbSitioh Of ARUREE 118 iFRyRrdlkd IEBubiithe use
surfaces of the discs 108.
of a voice coil motor 124, which typically includes a coil 126 attached to the actuator assembly
110, as well as one or more permanent magnets 128 which establish a magnetic field in which the
coil 126 is immersed. The controlled application of current to the coil 126 causes magnetic
interaction between the permanent magnets 128 and the coil 126 so that the coil 126 moves in
25  accordance with the well-known Lorentz relationship. As the coil 126 moves, the actuator
assembly 110 pivots about the bearing shaft assembly 112, and the heads 118 are caused to move
across the surfaces of the discs 108.
The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for
extended periods of time. The heads 118 are moved over park zones 120 near the inner diameter
30  of the discs 108 when the drive motor is de-energized. The heads 118 are secured over the park

zones 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation

of the actuator assembly 110 when the heads are parked.



The spindle notor 106 is typically de-energized when the disc drive 100 is
not in use for extended periods of time. The heads 118 are noved over park
Zones 120 near the inner dianmeter 30 of the discs 108 when the drive notor
i s de-energized. The heads 118 are secured over the park zones 120 through
t he use of an actuator |atch arrangenent, which prevents inadvertent
rotation of the actuator assenbly 110 when the heads are parked. -4 A

fl ex assenbly 130 provides the requisite electrical connection paths for

t he act uat oA flexsassdmhbly 130 prdvides thd tequisitgelpitviodlaonnervienpaths &dr thractaatbriat or
assenbly 110 durin? operation. The flex assenbly includes a printed circuit
board &%semply Il Wity pixatal mevermen\wh yheackuiaids aseeabidy 119 deingensrationes

bei ng . C ark o.the 5
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operation and a preaxé_l fier for anplifying read signals generated by the

healls haads di8.i Thy piinteskeircopdoard 133, typipalyf ineladessaiesiiityyfor epmitolingthe arite” f | ex
bracket 134 for. ni cati.qn, t.hrou t he base deck 102.to.a di .driv

or 1 nt ot anblied B R Byl S vRCBtRE" 1A HeROBAY HEaBPbE B
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used hereinto describe the relative orientation of structural elenents of
t he di backitil3¢4 faGO®mmmdcation thoughtwritase deckilftto t désc @ries printed cirewt boardt o any

particul ar, orientatipon of the disc _dqrive jtself. Referring nowto FIG 2, a
gener a I}"\}Sh‘é@i)éﬁﬁlﬂt%ftoﬁg%@tﬁﬂ‘%ﬁ‘éePf)g‘e i€ W0general Iy rectangul ar

acyplat or  asggixhlaVionf Wi sﬁ&?—a%xgﬁ oRREBWet, And h -af"ér@luké'd Kdrbin Y Ak cﬁb? Fher egi on
204. An 15 actuator nounting ds 210 is centrally Iocated in t%e oor of
t he actalativeroreatmaob by sthegiralnel@éhts dhhe discdaiven 00,smdrbd yot Tddinstodunitithe FI G 1

is mounted to the actuator boss, 210. The actuator assenbly 110 is then able
to pi vBICSEIRdRKentAn f-anyagicularogicntation af the dissdrivadtselbek operations as
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The spindle notor 106 rotates the discs Z08 in a counterclockw se direction
abdtit Retuatpt moatingdoss 216 ispentraldilegateditrthegoon ofhe actuatphessprably rpgian 02.02

I'so defi 8, t hat 114 f d
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the base plate 102 is below and 25 preferably substantially parallel to the
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portion is preferably parallel "to, but axially offset downwardly from

t he upsourencioskiwisadéregoom dbont R3épindidexik Rb&®es siewbdoeFHES.11 @l 234 extends to

a 30 step up_or discontinuity 236, which extends axially to second
downst r eam dUePagelps 02 glso sisfinesppgcass 248 thaiallgrst ‘i‘b%aé‘%/fral"'é‘c@“ﬁﬂlr?tfnﬁn 238
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coplanar with the upstream surface portion 230. The second downstream
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extendi ng wal | s beneath the | ower data surface 302 of the |owest disc 108.
The di dloonef thairedesss2 183 Therftbor 8@ fase pottidne 34| is prederahlyphratlel thabutwaially o&fset so

| ong as, t he reate . reciycul ati.on reqi ,thin the recess 8..A.djsc 108
ot at oo B0l s litn Jb%3pnBn D dine foBe ifet PEAER A Buhaflos,
236 aRgy %?%r diRBn Rl P36 IwHich exitASs SRR 8% R ddbviligbarh s@Wcelpdrtfon 238.
substantially circunférential 1 o countérclockw se direction relative to

t he spilindisecomdidewdstBeanasurfeoe ghrtione3Riisprefdardidy paralleldo hasupstream iswifacepopooment .
The wi th flows al ong the upstream suyface portion 230, er t. step
Gown 2330 ah Bie R SutSGTan 1o T Hs reand oy ety S EAch g0t I35 348 ang

al ong the second downstream surface portion 238. The wind then flows in a
substantially circunferential path back to the upstream surface portion
230. 15 Referring nowto FIG 3, as the wind flows circunferentially bel ow
the | ower data surface 302 of the |lowest disc 108 along the w nd direction
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20 312. The flow of the wwnd in the step down recirculation region 312 is
turbulent. It is believed that this turbulent wind flow tends to distribute
particles within the recirculation region 312 and to cause increased

vi brations of menbers within the recircul ation region 312. However, it is
al so believed that downstream fromthe recirculation region 312, the w nd
flow attaches to the floor surface port$on 234 and agai n becones | am nar.
The actuator arns 114 and the heads 118 25 nounted on the actuator arns 114
ar e | ocdisetupiandly tfromatheffloonsurfiee pertion3dabutanbstagiatiy c3flanaravich the @pstreanent ed
fron1piv§1ing Lntg thﬁlrecirc | ation region 31Z by a |limting device, which
may be, SUBags porden 23 r Bhegteconddoyustrsar surdensinosiions3 A8 mpiceably. exdeMiss t ops.
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Additionally, the 30 particle deposition effects of the recirculation
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arms 114 i s Adiscd@8 rotates ovérmbebash elatx10 aboive thet sudiase portiendi230)332, 234236,
upstream face portiaqn and the fl oor surfac ortion 234, or in
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FIG 4, as the wind flows circunterentially allong the wn Ir'ection 410
bel ow trhdial comgponsotr flbheevidd thusfflomsaldnptbs tipstream sbf@cd partion B30, foventhe stepf ace
portion 234$?KH the step 236, the wi nd again separates fromthe surface
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over the step up y Creating a step up recirculation region or
separ atyaok td the upstrehir?surfse poition286. st ep down recircul ation region 312, the
step up recirculation region 412 is turbulent, and is believed to cause the
san$ probl eri?sefa@mgﬁ@wStpéngém the siindflows risrumistgntpllzhelow thslewst datpt i s
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the floor surface portion 234, or in other words the step height 420. In a
mord priepwiteden thermstiatassrms { Heargilegataddownstzean from the segircglagion rogian 31 and ep
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determ nations can be verified by perform ng standard conputations for flow

over a ipexsrRyedrvibratensgusaddyy theecirrdalionegion X13aygmenimizadfor theapns 114 and

Referri no I a general.ly rectan r l,a 102 ..def jnes a
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centrally located in the floor of the actuator assenbly region 502. The
act uat oprobatsbityisifpartictesshteving ithe Ipwest head-dispintenfang. t o t he actuat or nounting
boss 510. The 5 actuator assenbly 110 is then able to pivot about an
actuator axis 512 in perform ng seek operations as di scussed above. The
base plate 102 al so includes a spindle notor nounting boss 514 that is
centrally located in the disc region 504. The spindle notor 106 shown in
FIG 1 is nmounted to the nounting boss 514. The spindle notor 106 rotates
the discs 108 in a countercl ockw se direction about a spindle axis 516 as
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1 S Afirst downstream surface portion or floor surface portion 534 then
continues fromthe slope down surface portion 532 to define a floor of the
recess 518. The floor surface portion 534 is preferably parallel to, but
axially offset downwardly from the upstream surface portion 530. The fl oor
surface portion 534 extends to a slope up surface portion or ranp 536. The
sl ope up surface portion 536 slopes to-@ second downstream surface portion
538. 20 The second downstream surface portion 538 is preferably parallel to
t he upst r eaMaraphdicelapyy the erm$BIG eachl indhedefanapstrean side edgead14i facing Bk stdphe

second ,do ream surface, portion 538 is ef erab xially offset upwardly
fromt ﬂgwpmﬁgg Fm‘ilﬁli‘ Pﬁwlnﬁcﬂo{%ﬂ’@ﬁe%@ﬁ{de Kege %&)slflé‘rﬁr?flﬁ%ﬁie@gﬂlﬁﬁ% afSHCE he
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t hat t lienes etosoaxial ddfseisdistaso® b2by cenrthaasstieantsutficeadBtian2B ¢ 411 tHe Sboesuifaselr f ace
portion 530 form.a continuous arcuate surface portion. As a disc 108
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subst a y circunteren ounter cl ockwi se direction, although the w nd
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Accordingly, the effects of the increased vibrations that would be caused

by a r edhragersan tterarmedildand the headds hi8z ediddivenalllictha pasicleldepasition pledtsefttbe 118
within the recess 518 _thereby decreasi vibratio i.n the ar 114 and
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I eci r cy, o HBGIdaNR idlefadyoi ded by preventing the formation of a
recirculation region. Accordingly, the slope down surface portion 532
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porti ofhe®dt426.n a sl ope up wind direction 716 al ong the slope up surface

portion 536,~and...n.a: ¢] i nd.direect] : HQQF second
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portion 536 relative to the second downstream surface portion 538 in a
circunferential direction about the spindle axis 516 is small enough to
prevent the wind fromseparating fromthe slope up surface portion 536.
Thus, the slope up surface portion 536, having 5 a sufficiently small sl ope
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| 0 the heads 118. Additionally, the particle deposition effects of the
recirculation region are avoi ded by preventing the formation of a

recircul ation region. Accordingly, the slope up surface portion 536
decreases the probability of particles entering the | owest head-di sc
interface. More particularly, in a preferred enbodi nent, the slope angle
720 is |l ess than about thirty degrees. -More preferably, the slope angle 720
is fromabout ten degrees to about thirty degrees, 15 and nost preferably
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532 and the slope up surface portiqn 536 may be curved, rather, than pl anar,
surfac ée%‘rgflraf)ﬁ PatPEaﬁsﬁ‘F‘Eﬁ’(fﬁ%‘Qr} SM.' glaf‘ BRI 49 g\ggnegqll reylag diss regign 5&@OR% e
maxi mu : ; F i : : L&t ol nt
sur  ac e aady Foufind 16s S0 1AGRARRY Ko ioe o B HE st odeinb e B6h 362

i ncl udiThg attnetos hsspmbiioli® showhae FIGT is mourdiePtoane adthgiosmopstingbossi 51 CEhe
portion 536, the_ position error s‘iﬂ%nal , including both non-repeatable

rundut 2aHatoF agsembabl 19 is thea.ebledo pivsh abaus an gelvpionatis S iroper forméngsephich
. L L e L G R

separ at scussed above,” i'eve :
t he abseadeit &f cehiraNy Beped ai he discRedibe 564, €Phelhifid] e ifbtsit1On sHowh ROFRRS] &t t he
25 borders of the recess 518. An enbodi ment of the invention may be
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carrying a head (such as 118). The housing includes 30 a first surface

por t i onndeubélcxer 3@ sorfa&3H)thabijtane disc 168 dh éhedpimilsmotard 86 o thelléscdirive. The
housi n | so includes _a pluraljty of surface portions (suc 532, 534,
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rotating about the axis from separating fromthe Sloped surface portion.
The pl yoation 530cdndghe flaarsupfacd patisn fidd: Thesecomtdewiestzamspufacedioptiom8Itig f | oor
surface rtjon,.(such as 53 etween the first.slgped surface portjon and
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parallel to the data surface of the disc. A_slope an(%_l e (such as 616 or
720 ofsutfaee RATHAR B3& ad the SPHERaM WKfare PPy 839 PrimcantindpussHFYACBIFER ti on i n
a ci rcW&nenti al direction about the axis is preferably from about ten
degree 0 about thirty degrees, and nore preferably about twelve degrees.
20 The pl ur aAd 4 {ise 108 tititas evep dtid base plarel02) ebperthé arfacoponions S3@SE320834a base

plate (such as 102) of the housing or they may be portions of a surface of
a coverS36sand538s thegpinnisig dipecragiess? wind that iasehstagiallyciccpmicsentiabn may be

al ternati.vel escri.bed as IS .l VE inc
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rotates the disc about 25 an axis (such as 216§3 and t hereby generates w nd

wi t hi n the8oerssiapgporfian §34.alensrthe slopaul syéiceiporionddhangsalompthg secpsd) and a
downstream surface portion (such as 234 or 238) of the housing both face
toward a data surface (such as 302) of the disc (such as 108). A

di scontinuity (such as 232 or 236) between the upstream surface portion and
t he downstream surface portion causes a wind recirculation region (such as
312 or 412) within the recess. The disc drive also 30 includes an actuator
arm (such as 114) that carries a head (such as 118), which the recess
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-11 Preferably, the actuator limting device maintains a distance (such as
318 or 418) between the actuator armand the discontinuity that is at |east
six times an axial displacenent distance (such as 320 or 420) between the
upstream surface portion and the downstream surface portion. The

di scontinuity may be a step between the upstream surface portion and the
downstream 5 surface portion. The housi-#i)g may i nclude a cover (such as 104)
and a base plate (such as 102), and the upstream surface portion, the
downst dewmstseant surfice pottionr538afite tined thies clows iim & stiystameiy] [ ditcuneferentiflameh
portions of the base plate. |I.n gne enbodi nent, the downstream surface
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114) sypwerting a head (such as 118). The spindle notor rotates a disc

(such as 108) about an axis (such as 516) and thereby produces a w nd that
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could be formed in the cover of the disc drive rather than, or in addition
to, theetimsiationaegion.Addeariioghi the slapelslovm spriacepastion B3R deceensesdthe prababiditia

conbi natd on. of steps . as, disclosed i.n FIGS. 2-4 and sl oped surface portions
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thensel ves to those ski'lled in the art and which are enconpassed in the
scope afegtdee Muoveptefarablyli the blopeasngledl @is foherf hlwead témdeghees &pgwmd durty Hegreas,
-13 Clains Wiat is clained is; 1. A disc drive conprising a housing

enc45osi‘1’i‘3%O%qugﬁﬁgyﬁkﬁggp%giﬁl‘%]rfg‘s&gﬂ}t%elﬁﬁ\‘#ﬁﬁesa data surface, and an
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actuator armcarrying a head, the housing conprisi st surface
port i orFKg. Xinehdfirss dovgnsidhmonrint directionst Idadlengstiie fiest dowhstidaen slirface pautidn

534, in a slope up wind direction 716 along the slope up surface portion 536, and in a second

downstream wind direction 718 along the second downstream surface portion 538. Prior disc
30  drives included slope up surfaces that were either substantially normal to the floor surface
portion, as shown in FIG. 4, or that had slope angles relative to the upstream surface portion

which were large enough to cause flow separation and attendant turbulent flow.



a plurality of surface portions of the housing defining a recess, the
recess allowing the actuator armto nove over the data surface of the disc,
the plurality of surface portions 10 conprising a sloped surface portion

sl oping away fromthe data surface and preventing wi nd generated by the
disc rotating about an axis from separating fromthe sloped surface
portion. 2. The disc drive of claiml1, #%herein the first surface portion
faces upwardly and is upstream of the actuator arm and wherein the sl oped
surface por tlhdhe ghbgpbmeniofrib@prbont inventiorhidlugBatéd insFIG 7, h alope pogle 720 0f Bie The

di sc drive of ' in: t h ' furth l, d
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sl oped surface portion downstreamfromthe first afore oped ‘surface
por t i orseparbtingfromrtie sloppeapl surfict pogiond36i Thus lthgpsloge wyauface potiohS36iaving
surface and preventing w nd generated by the disc rotating about the axis
from sepuibeipnly spalhsleprangc Pl spans thecdisqoptinyippbetyeervthe figer shirface peitipn S34
claim3 ' | | f.. e riions further ¢ ris an
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sl oped surface portion relative to the

by preventing the formation of a recirculation region. Accordingly, the slope up surface portion

536 decreases the probability of particles entering the lowest head-disc interface.

More particularly, in a preferred embodiment, the slope angle 720 is less than about thirty
degrees. More preferably, the slope angle 720 is from about ten degrees to about thirty degrees,

15  and most preferably the slope angle 720 is about twelve degrees.

The slope down surface portion 532 and the slope up surface portion 536 may be curved,
rather than planar, surface portions. In this case, the respective slope angles 616, 720 are
maximum angles of the surface portions 532, 536 relative to the adjacent surface portions 530,
538.

20 In an embodiment of a disc drive 100 including the slope down surface portion 532 and
the slope up surface portion 536, the position error signal, including both non-repeatable runout
and repeatable runout components, decreased by 0.1 micro-inch compared to disc drives with
slope angles large enough to cause flow separation. As discussed above, it is believed that this
decrease is due to the absence of flow separation in the step down and step up regions at the

25  borders of the recess 518.

An embodiment of the invention may be alternatively described as a disc drive (such as
100) that includes a housing (such as 103). The housing encloses a spindle motor (such as 106)
carrying a disc (such as 108) having a data surface (such as 302). An actuator assembly (such as
110) includes an actuator arm (such as 114) carrying a head (such as 118). The housing includes

30  a first surface portion (such as 530 or 538) adjacent to the data surface of the disc. The housing
also includes a plurality of surface portions (such as 532, 534, and 536) that define a recess (such

as 518), which allows the actuator arm to move over the data surface of the disc. The plurality of



first surface portion in a circunferential direction about the axis is from
about ten degrees to about thirty degrees. 7. The disc drive of claimb®,
wherein the slope angle is about twelve degrees. 8. The disc drive of claim
1, wherein the first surface portion and the plurality of surface portions
are portions of a surface of a base plate of the housing. 10 9. The disc
drive of claim1, wherein the first surfoace portion and the plurality of
surface portions are portions of a surface of a cover of the housing. -15
10. A dudacegortioms dmriydd ssloped sarfaceysirtion éGach as$3Mored3d) slopimgumtagdrobnthe data

spi ndl e g}tor, t he housjng defini ng% a_ recess and the spindl e notaor being

ef f ect FYALEN preyFRiRGWING gsperaisd by thndigs rafatiIgAbONHERYS GuHEAERIO) BioRY wi t hi n

t he th&ia?ﬂfnng?bn?ﬁ?%cﬁ%@sﬁﬁﬁ%?b%&?”iOn of the housing facing toward a

data surtace wnst ream surface portion of the housing

faci ng t owailmofidhembladimenty teaftrst suffaédortion Guch Be530) etk Lp@ardSyAridae @psfvatd on
bei ng downstream fromthe upstream surface portion; and a discontinuity

bet fweeR! thsactugtor asaminthet erakodiwent, the stapgd swdacg prtiany (sugh asi3Rislepgsor t i on,
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connected to the actuator arm the actuator limting device preventing the
act uat phuralitshof punface prgiang gdditienallyriaclndesi a seadrut slepedrsvrfrenportion (suich FHEIGi sc
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10  slopes away from the data surface and prevents wind generated by the disc rotating about the axis
from separating from the sloped surface portion. The plurality of surface portions may also
include an upwardly facing floor surface portion (such as 534) between the first sloped surface
portion and the second sloped surface portion. Preferably, the first upwardly facing surface
portion, the second upwardly facing surface portion, and the plurality of surface portions together
15 form an annular surface portion beneath the disc.
The first surface portion is preferably substantially parallel to the data surface of the disc.
A slope angle (such as 616 or 720) of the sloped surface portion relative to the first surface
portion in a circumferential direction about the axis is preferably from about ten degrees to about
thirty degrees, and more preferably about twelve degrees.
20 The plurality of surface portions may be portions of a surface of a base plate (such as 102)
of the housing or they may be portions of a surface of a cover (such as 104) of the housing.
An embodiment of the invention may be alternatively described as a disc drive (such as
100) that includes a housing (such as 103) that defines a recess (such as 218). The housing
encloses a disc (such as 108) mounted on a spindle motor (such as 106) that rotates the disc about
25  an axis (such as 216) and thereby generates wind within the housing. An upstream surface
portion (such as 230 or 234) and a downstream surface portion (such as 234 or 238) of the
housing both face toward a data surface (such as 302) of the disc (such as 108). A discontinuity
(such as 232 or 236) between the upstream surface portion and the downstream surface portion
causes a wind recirculation region (such as 312 or 412) within the recess. The disc drive also
30  includes an actuator arm (such as 114) that carries a head (such as 118), which the recess allows
to move over the data surface of the disc. An actuator limiting device prevents the actuator arm

from entering the wind recirculation region.



between the actuator armand the discontinuity that is at |east six tines
an axi al displacenent distance between the upstream surface portion and the
‘downstream surface portion. 12. The disc drive of claim 10, wherein the
discontinuity is a step between the upstream 20 surface portion and the
downstream surface portion. 13. The disc drive of claim 10, wherein the
housi ng conpri ses a cover and a basepl atle, and wherein the upstream surface
portion, the downstream surface portion, and the discontinuity are all
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wherein: the disc is _abgve the upstream surface portion and the downstream
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fromthe first, aforesaid downstream surface portion, the second downstream
sur ¥ ac8URSEPPENbei ng hi gher than the first downstream surface portion; and
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In one embodiment, the downstream surface portion (such as 234) is axially lower than
10  the upstream surface portion (such as 230) and the actuator arm is downstream from the wind
recirculation region (such as 312). In that case, the housing may further include a second
downstream surface portion (such as 238) downstream from the first aforesaid downstream
surface portion, the second downstream surface portion being higher than the first downstream
surface portion. A second discontinuity (such as 236) between the first downstream surface
15  portion and the second downstream surface portion causes a second wind recirculation region
(such as 412) within the recess. In that case, the actuator arm is upstream from the second wind
recirculation region.
Additionally, an embodiment of the invention may be alternatively described as a disc
drive (such as 100) that includes a housing (such as 103) enclosing a spindle motor (such as 106)
20  and an actuator arm (such as 114) supporting a head (such as 118). The spindle motor rotates a
disc (such as 108) about an axis (such as 516) and thereby produces a wind that flows over a first
surface portion (such as 530 or 538) of the housing. The housing includes a recess (such as 518)
adjacent the first surface portion, the recess allowing the actuator arm to access the disc, and the
recess being defined by a plurality of surface portions (such as 532, 534, and 536). The housing
25  also includes means for providing a smooth transition between the first surface portion and the
plurality of surface portions and for preventing the wind from separating from the plurality of
surface portions.
The means for providing a smooth transition may include a sloped surface portion (such
as 532 or 536) of the plurality of surface portions, such that the sloped surface portion prevents
30 the wind from separating from the sloped surface portion.
It will be clear that the present invention is well adapted to attain the ends and advantages

mentioned as well as those inherent therein,. While embodiments have been described for
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generated by the disc rotating about an axis from separating from the sloped surface portion.

")

2. The disc drive of claim 1, wherein the first surface portion faces upwardly and is
upstream of the actuator arm and wherein the sloped surface portion slopes downwardly from the

15  first surface portion.

3. The disc drive of claim 2, wherein:
the housing further comprises a second upwardly facing surface portion downstream from
and adjacent to the recess; and
20 the plurality of surface portions further comprises a second sloped surface portion
downstream from the first aforesaid sloped surface portion, the second sloped surface portion
sloping away from the data surface and preventing wind generated by the disc rotating about the

axis from separating from the sloped surface portion.

25 4. The disc drive of claim 3, wherein the plurality of surface portions further comprises
an upwardly facing floor surface portion between the first sloped surface portion and the second

sloped surface portion.

5. The disc drive of claim 3, wherein the first upwardly facing surface portion, the second
30  upwardly facing surface portion, and the plurality of surface portions together form an annular

surface portion beneath the disc.
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the downstream surface portion being downstream from the upstream surface portion; and
a discontinuity between the upstream surface portion and the downstream surface portion,
the discontinuity causing a wind recirculation region within the recess;
10 an actuator arm carrying a head, the recess allowing the head to move over the data
surface of the disc; and
an actuator limiting device operably connected to the actuator arm, the actuator limiting

device preventing the actuator arm from entering the wind recirculation region.

15 11. The disc drive of claim 10, wherein the actuator limiting device maintains a distance
between the actuator arm and the discontinuity that is at least six times an axial displacement

distance between the upstream surface portion and the downstream surface portion.

12. The disc drive of claim 10, wherein the discontinuity is a step between the upstream

20  surface portion and the downstream surface portion.

13. The disc drive of claim 10, wherein the housing comprises a cover and a baseplate,
and wherein the upstream surface portion, the downstream surface portion, and the discontinuity
are all surface portions of the base plate.

25

14. The disc drive of claim 10, wherein:

the disc is above the upstream surface portion and the downstream surface portion;

the downstream surface portion is axially lower than the upstream surface portion; and

the actuator arm is downstream from the wind recirculation region.

30
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surface portion, the second downstream surface portion being higher than the first downstream

surface portion; and
5 a second discontinuity between the first downstream surface portion and the second

downstream surface portion, the second discontinuity causing a second wind recirculation region

within the recess;
wherein the actuator arm is upstream from the second wind recirculation region.

10
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5  the disc, and the recess being defined by a plurality of surface portions; and
means for providing a smooth transition between the first surface portion and the plurality
of surface portions and for preventing the wind from separating from the plurality of surface

portions.

10 17. The disc drive of claim 16, wherein the means for providing a smooth transition
comprises a sloped surface portion of the plurality of surface portions and wherein the sloped

surface portion prevents the wind from separating from the sloped surface portion.

18. The disc drive of claim 17, wherein:
15 the housing further comprises a second upwardly facing surface portion downstream from
and adjacent to the plurality of surface portions; and
the plurality of surface portions further comprises a second sloped surface portion
downstream from the first aforesaid sloped surface portion, the second sloped surface portion
preventing the wind from separating from the second sloped surface portion.
20
19. The disc drive of claim 17, wherein the first surface portion is substantially parallel to
a data surface of the disc, and wherein a slope angle of the sloped surface portion relative to the
first surface portion in a circumferential direction about the axis is from about ten degrees to
about thirty degrees.
25



