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AND THI N PLATE MEMBER | NCORPORATED THEREIN 5 Technical Field of the

| nvent i onwoOls/oprsesent i nvention relates to a disk drive f®cnwsor/2zrigs and
reading data to and froma storage disk, and particularly to a disk drive
havi ng an airflow adjusting 10 nmechanismfor adjusting the airfl ow
generated around the storage di sk when rotating at high speed. The present

i 1 ow adj ustis HEBAL ARG A AR by oREHRS peb CEANSIEARD Bty ne
Invention 15 In a di sk prAYE MEMBER IROCORPORAEED THIOREBNE unit of an
i nformati on processing system any one of various disk-shaped storage

nmedia (referred to as the storage disk in this specification) such as a
magnet izt di sk, an optical disk and a nmagneto-optic disk is rotated at high
speed, while a head section is caused to performthe tracking operation 20
following a nmultiplicity of r&edmigahBieldefthesInventitnd concentrically on the
recording surface of the recording disk thereby to read and wite data.
The tracking performance of the head section depends on the positioning
accuracy in the Teanreseridntention whasesde b disk dfivedfar wetingandreadingohtsrto pidy t he head
section. Es i ¥e SRR ] : { kabl g4l ease in the
recordi ng d@ﬁig{laﬁi&% e({ll%kré sto%nacégaﬁgi%si%%gnn%e%wﬁggﬁ%econngPﬂ% easi ngly high
for a1X6 posicchasmir alctngty agflowlgencaaied rmownd thertoragcdiskawhanavtingad per f or m

the highly accurat.e-iracki oper at l.on he external i.sturbhances

f fect g ¢ RESSRaRaThoReSh A aRB RibBlr it B FRl PP R r D PR ey whi e
at the sanentirfiev eljusihgatchagisto) i suclbs disk driveof t he storage disk as far as
possi ble during rotation. For exanple, the airfl ow generated around the
storage disk in high-speed 30 rotation becones turbul ent by bonbarding the
inner wall surface of the casi Bgckiroidibofdhslavestionve and may cause the

vi bration of the actuator and the storage disk. The vibration of the
actuat'or and the stor age disk is a factor adversely affecting the head

posi tioning WO Of/AdkbRive Réel/ 2650 didliAP SoREe thiBsan aifdmidtion giozessmponal
accuracy of s;[lstc]e?n, %E}P on%%tf \(I\gr?oqls Eipsﬁ—sﬂe?}oaeg st%gge Enggia I’(1% e?rrec(iI itonegs the storage disk in
this specification) such as a magnetic disk, an optical disk and a magneto-optic disk is
rotated at high speed, while a head section is caused to perform the tracking operation
20 following a multiplicity of recording tracks formed concentrically on the recording surface
of the recording disk thereby to read and write data. The tracking performance of the head
section depends on the positioning accuracy in the servo control operation of an actuator
supporting the head section. Especially in recent years, with the remarkable increase in
the recording density of the storage disk, demand has become increasingly high for a
25 positioning accuracy of the actuator.

For the actuator to perform the highly accurate tracking operation, the external
disturbances affecting the operation of the actuator are required to be minimized while at
the same time eliminating the vibration of the storage disk as far as possible during
rotation. For example, the airflow generated around the storage disk in high-speed

30 rotation becomes turbulent by bombarding the inner wall surface of the casing of the disk
drive and may cause the vibration of the actuator and the storage disk. The vibration of

the actuator and the storage disk is a factor adversely affecting the head positioning



surface of the disk. To cope with the vibration due to the airflow, various
di sk drives have been proposed which include an airflow adjusting

mechani snwbas/oadpasti ng the airflow 5 generated around t hecTtusozagassli sk
rotating at high speed. Japanese Unexam ned Patent Publication (Kokai) No.
2000- 348465, for exanple, discloses a hard disk drive having a
rectification plate unt.ed .on t he inper Ll surface of, .1he casing. The
oot 1 oAt oAl e SRS 3ot b ferionyeiae BRE sk b it ar o

cyl i nder ggackiotieydisiur roundi ng the outer peripheral surface of the storage

di sk, and fixedly fitted in the cylindrical inner wall 10 surface of the
casing. The rdetpps withithsviptatipe dpe tonihe eirBewavarigbs gk disesshavedeet i al , and
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of the disk at locatiqns in opposed.relation to.the.recording syrface of
the st oPSiIetAl skIaceil die SigTags Srigrddiedlydiicgan ey ingical dingt “allut o, ¢ he
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the effect that the vrbration or like caused by the airflow has on the
st orage @i fner Perfrhaeed surface xaapnosed] Riationtto Mhetitirege disls niachivgid o fom 4.1- 297037

di scl oses hard disk drive co L SLR uid roove.for forcibly noving
Lhe ai rf FSBACACOR e iy b barPhefiear e Sritoiaglic oid,

di anmet ri gabbihlyosttiderLorfthé Retifiedtih @Poweahé sikflow gblteatdaonag ehedtdagen t he
storage disks. This forcible novenment of the airflow contributes to the

suppr essiisk reftingat highhvnged theraby te kesduse Besdiecidhaiibe vibstivnedle. BHESERH ned
Pa&gnt PH%%&&ﬁﬁJﬁH@d&%ﬂgﬁkﬁggﬁgk;l'73756 di scl oses a hard disk drive
y O

conmprising a pluralit ectification walls for rectifying the airflow
caused by thalsigiahese hfextmmed PateagPuldicakion (Muket) Ne @000-36%385atisoledeb s ar e

formed at the gorners insi.de 30 the casing. The rectification I forma
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storage disk. These annular grooves guide, in a circular route, the airflow caused by the
20 rotation of the storage disk thereby to alleviate the effect that the vibration or the like
caused by the airflow has on the storage disk.

Japanese Unexamined Patent Publication (Kokai) No. 11-297037 discloses a hard
disk drive comprising a guide groove for forcibly moving the airflow caused by the
rotation of a plurality of storage disks, diametrically outward of the rotation center in the

25 space between the storage disks. This forcible movement of the airflow contributes to the
suppression of the vibration of the storage disks.

Japanese Unexamined Patent Publication (Kokai) No. 11-73756 discloses a hard
disk drive comprising a plurality of rectification walls for rectifying the airflow caused by
the rotation of the storage disk, which rectification walls are formed at the corners inside

30 the casing. The rectification walls form a cylindrical enclosure wall in collaboration with
each surface opposed to the storage disk and guide the airflow smoothly.

The specification of United States Patent No. 4,885,652 and Japanese Unexamined



- 2 WD 03/021596 PCT/US02/21488 Utility Mdel Publication (Kokai) No.
2-16474 corresponding thereto as well as the specification of United
St at es Pawers/oNs96 4, 339, 777 di scl ose a di sk drive conpri sipag/tsn2/2@88 f | ow
gui de structure for forcibly noving the airflow caused by the rotation of
the storage disk, toward an air filter arranged in the casing. 5 In the

prior ar... in f t ai I includes a.rigid structure made of
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drive. The_conventional various airflow adjusting mechani snms_ descri bed

above, t#eiey gpide sirugurefer Suetblyraeving theqidiospe ynibe retetien efiihe ndependent
nb : i £ caki . ectificati [ the 10
"nor vortp g8 SR RGH b SR BBl Finthe BadiBEL 10RO o i

prosess nay hoiplprionie, théeaspipardiled diskhdpvoreRseos rigidciraant: hbd ¢raduct i on
cost of the disk %(i/;Tilve' The object of the present invention is_to provide
a di sk deidinery sretahmateria thipreh atagiingPrasess apg hes abeftomediFreess {8 sREY di sk,
conpri si ' Sh - Yk Q1 t T - 2 [ dg mechani sm
for adj ua'{sl?ioﬁl%ldtdﬁgﬁgﬁ{réf I écégveg%ﬁ%a? taggéar gghsgrateﬁ’g g? %Féﬂg‘}g%@ gié&sidgr otating at
hi gh spesgdlanediebyng medfahisotsidesiriped appretsrditre, efffiectontchabctimieg gicprfat i on or
the |li ke caused by .the.airflqw has on t st.or di sk. . Anat her object of
he | nvoROREE 1 POeREON R A BB s PR aite ey o e

| NEQT POI @hBwaldSurfdte Wefihing heAdidis bf 8 cABERATHS Machihirfy Hbsdss dlalyve. 20 Brief
Description of the Drawings Fig. 1 is a perspective view show ng a disk
drive aceuwnplicaty the peadueidoptioeass or mﬁreasmféeipmﬁglnmmWSV\bﬁthe tifsk deisei ng cover

renoved. i FiLg. .S sectional view schenatical how. a plurality of
storage di skerg%aszSCt Of%etmfﬁ?p%lné{?lgm 1%0§r03g%taﬁﬁﬁ(a4:§’ﬁ$f%w{gg%?n£—i g. 1. Fig.
3 is a prhsipgdhiaatovndVidnh e eofgetdivk, tdthprifh@deineRreasive ahd b gasydod N an

enlarged form 30 Fig. 4 (a) to (e) are enlarged sectional views of the
t hi n- pl abeuREblorsadiptBe dnasgaism oradystipg theppglow generated around the storage

15 disk rotating at high speed thereby to effectively suppress the effect that the vibration or
the like caused by the airflow has on the storage disk.
Another object of the invention is to provide a thin-plate member capable of being

incorporated, as an airflow adjusting mechanism, in a disk drive.
20 Brief Description of the Drawings

Fig. 1 is a perspective view showing a disk drive according to an embodiment of
the invention with the casing cover removed.
Fig.2isa sectionai view schematically showing a plurality of storage disks and a
25 thin-plate member of the disk drive of Fig. 1.
Fig. 3 is a perspective view showing the thin-plate member of Fig. 2 in an enlarged
form.
Fig. 4 (a) to (e) are enlarged sectional views of the thin-plate members according to
modifications.
30 Fig. 5 is an enlarged perspective view of the thin-plate member according to a
modification.

Fig. 6 is an enlarged front view of the thin-plate member according to another



Fig. 5 is an enlarged perspective view of the thin-plate nenber according
toa nodification. Fig. 6 is an enlarged front view of the thin-plate
menber acworodioayo¢ o another - 3 WD 03/021596 PCT/ US02/ 21#83/usozipf4Bgat i on.
Fig. 7 is a partly enlarged sectional view showi ng a preferred shape of a
headed elenent of the thin-plate nmenber of Fig. 6. Fig. 8 is a sectional

Vi ew schﬁ{{mﬁ %?I}ly showi ng a disk drive having the thin-plate 5 nenbers
arrangedat di'rPerent | ocations. Summary of the Invention In order to

achi eve the oPbjgdtis d@aclyidabagaiueyttonal Viewi shy@itgl Dprefesred Shage@f bhehdedc! ai m 1
10 provides a disk drive conprising a casing having an inner wall surface
def i ni ngeﬁmék@%@?tf&n?&t%lmﬁmbér%ﬁ%g-aﬁge di sk arranged in the recess of the
casi ng and hayiNg i face: : : : N, recess
of the casi ng i 8457 SEABRA ROy SRRl BEu A A SRR iR ARG Mo Ve 1 TE",
head® sechienrbetsartzagepatotifferetitlotdimns.ecor di ng surface of the storage disk

and causing the head section to performa tracking operation relative to
the recording 15 surface; and an airfl ow adjusting mechani smfor adjusting
an airflow generated around tbﬁmn%xgro@%’efﬂv%htibﬂ the recess of the casing
due to a rotation of the storage di §k; wherein the airflow adjusting
mechani smincludes a thin-plate nenber having a flexibility permtting the

thin-plate nmegber, to follow a,shape of e _inper L1 surface.of, th

casing, the tH REdehiOAC leﬁﬁ%e(}bjeicﬂg?sﬁﬁ?‘?‘i%a é’vg’&g% fr}v\gﬁtéoq W&Trf%ﬁg\}l? H]Gmée[\ maj or

si de on phivedesa dikiralel dop@ikingQ caking hevikg ol fkeh A8 siviRefderinme a386tsan
adhesive | ayer attached to a_back side of the substrate |ayer opposite to
t he maj ofotafplle storags divk airanged & the isess Aénepsinigead ihpviag paedeeding surfacke i nner
val | Surtagéufbe moLas 8 (LALOHAR. LA NTRINEN Witk Ghe WD, e Lurality of
m nute protrusions-being exposed t0O tire recess of the caSing. e

i nvent i oactodtoctaiyinga headwecish @ bdioposdd ity theascosding bofade of thecdtérhge disk wher ei n

the 25 pluraljty of mnute protrusions of the thin-plate nmenber conprise a
pl ur al i t fadbsausingdshead seting th gedees Hreking apgsation tekative & Bassortingr . The

i nyentio cl.a PV ' L Ve ' ' wher ei n
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pl ur al i t ytomifge deskde the recess of the casing due to a rotation of the storage disk; wherein the

P
iv

airflow adjusting mechanism includes a thin-plate member having a flexibility permitting
the thin-plate member to follow a shape of the inner wall surface of the casing, the thin-
plate member including a substrate layer having a major side on which a plurality of

20 minute protrusions are formed and an adhesive layer attached to a back side of the
substrate layer opposite to the major side, the thin-plate member being fixedly attached to
the inner wall surface of the casing through the adhesive layer with the plurality of minute
protrusions being exposed to the recess of the casing.

The invention of claim 2 provides a disk drive as set forth in claim 1, wherein the

25 plurality of minute protrusions of the thin-plate member comprise a plurality of ridges
extending generally in parallel to each other.

The invention of claim 3 provides a disk drive as set forth in claim 1, wherein the
plurality of minute protrusions of the thin-plate member comprise a plurality of headed
elements respectively having bulging heads at distal ends thereof.

30 The invention of claim 4 provides a disk drive as set forth in claim 1 wherein the
thin-plate member is arranged at a location opposed to an outer peripheral edge of the

storage disk.



el ements respectively having bul ging heads at distal ends thereof. 30 The
invention of claim4 provides a disk drive as set forth in claim1 wherein
t he thi nwploawelseenber is arranged at a | ocati on opposed PCTArSOZRL48%

peri pheral edge of the storage disk. - 4 WD 03/021596 PCT/ US02/ 21488 The
invention of claimb5 provides a disk drive as set forth in claim1l wherein

the thin-pla i r I i sed t he. r.ecordi ng
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disk drive as set forth in claim1. The invention of claim?7 provides a
thin-pla@@kﬂenber as set forth in claim6, wherein the mnute protrusions
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adj acent or alternating wt r mnute protrusions-or intrusions formed
on 5t he adipsgimgsuedhagiem, e dikle diive arset fonthof clairmilm 8 provi des a thin-plate
menber as set further Provi d%d wWth_ a sur{ace havi ng an
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acoustic emssions fromthe disk drive. The invention of claim10 provides
a t hi n- pbeanaareasadimcenior ghernpidng With nthet mimateprotrugonsion ingnsivesforngedan | east
one func]éi on .sel efct ed froman anti-static function, a charge-surface
function hre(g?aj%rﬁugétg?.i ng particul ates and an absorb-noi sture function. The

i ngention of ThajnvedtlonfalditeSpravides A tHh-plage MEABES asast ®eth ihekid el n ¢l ai m 6,
further having at | east one function selected from an

el ect r oniiiher provided svither Brtaee hadug mnyr filtighen tenstignd a

radi o-frequengy: i e i unet i [ ription of
the Preferr ed?ﬁeﬂ%&%ﬁ%&ﬁ%ﬁgﬂ@gg@ﬁggﬁ%g Pﬂ{tﬂg@%}g égaes’%% fl%#\l}gﬂf ﬂl-a)gl?\%w Il be
expl ai neduriher etad 4 funetiomforiréducingefcenstio emidsions fonateakgkadritieng dr awi ngs. 1I.n
t he draw ngs, 25 conponent el enents are desi gnated by

he same aor  anal ogous [
the sane ref eﬁéén%eﬁtﬂ?eqfrﬂ%{n_aﬁfoe@a@éﬁ %@vryl_gﬁt%@@wﬁ%@e&feﬂb FecleiE6d ngs, Fi g
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function for attracting particulates and an absorb-moisture function.

The invention of claim 11 provides a thin-plate member as set forth in claim 6,
further having at least one function selected from an electromagnetic-interference reducing
function and a radio-frequency-interference reducing function.

20
Detailed Description of the Preferred Embodiment

An embodiment of the present invention will be explained in detail below with
reference to the accompanying drawings. In the drawings, the same or analogous
25 component elements are designated by the same reference numerals, respectively.
| Referring to the drawings, Fig. 1 is a perspective view showing a disk drive 10
according to an embodiment of the invention with the casing cover thereof removed, and
Fig. 2 is a sectional view schematically showing an airflow adjusting mechanism of the
disk drive 10. The disk drive 10 has a configuration of a hard disk drive used as an
30 auxiliary storage unit of an information processing system such as a personal computer.
The disk drive 10 comprises a casing 12, a plurality of (three in the drawing)

storage disks 16 arranged rotatably about a common drive shaft 14 in the casing 12 and



according to an enbodi nent of the invention with the casing cover thereof
renoved, and Fig. 2 is a sectional view schematically showing an airfl ow
adj ust i ngwowsharshem of the disk drive 10. The di sk drivePCO/Usay21488
configuration of a hard disk drive used as an 30 auxiliary storage unit of
an information processing systemsuch as a personal conputer. The disk
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casi ng l1gomgd diskd 16,40 20802 haPabRGHEaPh ZHA88ingaCHin Higy/vioiita of geor di ng
surface 16a, a. drive source (not shown?1 for rotationally drive the storage
di sks 16Storge disks ¢ &1 spRAIENG 2 RRyaliy efhsad seefions 48iimgrnosed relating t0iths nity of
the sto ol i i f . jons 18 in
opposed T aihsTHcd o 2 WBRAL T 18 01 W Rlthe R ncRPRABREH B2, ° 16 and
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follow ng (trackj the recordin urface 16a, and a servo nechanism 22
for drivi§ aﬂ%@%ﬁ?‘{&é{%ﬂgig? ath@otg%@i ng 12 has a rigid structure fabricated
of a metal MafRL Eflng 0as DLAIPSBucturk PAIRLERA LRE nfRA A BEBRInARd has a
bottoned recess 24 tor stably accommodating the above-nentioned main

essent i athreighrtbcastiog prdeessdindihasi g botomal repess @¢ dor bly aecostmedating thel0 t he

recess 24 is mounted on the. casing . 12.w th.the in essenti.al ,elenents
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haybng atheeeRksn NG Bolink@rCeh theaghe | Nith\ e metdlsamE8] 1018609 hecodiisbdaadh
recording surface 16a is formed wwth a nultiplicity of recording tracks

(not showrhe taspsseldtri cal |y about the rotation axis. The plurality of the

torage 15 di I [ . ' t t
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direction indicated by arrgqw c) in synchronismwth each of her by the
driving BeakséRpthovhkealeeacally Abert thy FRlatign axy ﬂ%@mﬁm Qfdé%staralsf: urality of
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The actuator 20 includes a plurality of (four in the drawing) suspension arms 28
20 each extending along the recording surface 16a of the storage disk 16 and rotatable about a
supporting shaft. The suspension arms 28 are coupled integrally to each other at the base
ends thereof and the integrally coupled portions 28a are mounted on a common shaft 30.
The end of each suspension arm 28 is coupled with a head supporting plate 32, like a
spring plate, and a slider (not shown) making up the head section 18 carried at an end of
25 each head supporting plate 32. The plurality of the suspension arms 28 are rotated about
the shaft 30 (in the direction indicated by arrow f) in synchronism with each other over a
predetermined angular range by the driving action of a servo mechanism 22 in the recess
24 of the casing 12. As a result, the head section 18 at the forward end of the head
supporting plate 32 coupled to each suspension arm 28 performs the tracking operation on
30 the recording tracks formed on the recording surface 16a of the corresponding storage disk
16 thereby to write or read the data into or from the recording surface 16a. The actuator

20 is formed with a through hole 34 at about the central portion of each suspension arm 28



spring plate, and a slider (not shown) making up the head section 18
carried at an end of 25 each head supporting plate 32. The plurality of the
suspensi owOass1528 are rotated about the shaft 30 (in thecdiuserideh

i ndi cated by arrow (3) in synchronismw th each other over a predeterm ned
angul ar range by the driving action of a servo nmechanism 22 in the recess

24 of th i . the,.-he sect i 8 at..t.he forward end of
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t racki ngther®dy & tedicothe Wit BetHeeg@E dg8Ng tracks formed on the recording

surface 16a of the caorresponding storage disk 16 thereby to wite or read
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ef fecti vglo¥q SHPRLESSI Moiihe fideet that the airflow 5 and the resulting
vi brati oﬁJewoul d ot herw se mcghtgehave on the storage disks 16, by adjusting

the airfl ow caébsadlar adjnstingheeqhiavisml daftthe ditk diree 50 mchiges dilskplatiémembert i ng at
high sp in the.recess 24 of .t he casi.n 2. . Fhe ajrfl ow adjusting
rechan; o5 Bred HePGISREaRo BN & Mrotira s A e A Pnebf aseber 2 OBt og a

t hep desi gRfhg! 12 AtHeQRinGNatt RRnBRASSE, Wahbws W FiaCe iHabidi Ngbige [agsle@zs 24 of
the 10 casing 12. The thin-plate nenber 38, as shown i , i ncludes a

n Fig.
subst r at kaving/emaipp sida4¢iforned widh aplusalip ofiminude podrugionh4e, q@a@naﬂhqs'yfeof
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thi n- pl arke MvpREe Bémbe 38 ix Eled bn tHednharveil sobthbe 360161 the @asdfy Of thhighcasi ng 12
t hrough the adhesive | a%/er 44 with the plurality of the m nute protrusions
40 exposthg adlesivedayes ddygth the phualgy of Hie miggtepgotysions il axppsed P theaespsiber 3 8

is,so flexi be capable of follow ng the shape of the inner wall
su% ace %%bigtlthgtc%zn%gzs'i ng 12. This flexibility is given by selecting the

material and Thetimplatermembeér38ak as Bexiblezsito BScapablbed ¢olldveidg it shape of
Eopec] ol L8 SIS SRELL Y, he Ll ste, Tenber 28,15 o anged
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embodiment, the thin-plate member 38 is arranged at a predetermined location on the side
20 surface area 36a of the inner wall surface of the casing 12 in opposed relation to the outer
peripheral edges 16b of the plurality of the storage disks 16. Generally, the side surface
area 36a of the casing 12 is formed in the shape of a cylinder having a radius of curvature
corresponding to the radius of curvature of the outer peripheral edges 16b of the storage
disks 16 in order to assure the smoothness of the airflow caused by the storage disks 16 in
25 rotation. The thin-plate member 38 is fixed in this manner in a curved state smoothly
following the shape of the inner wall surface 36 having a predetermined radius of
curvature.
Also, in the shown embodiment, the plurality of the minute protrusions 40 of the
thin-plate member 38 are formed as a plurality of ridges 46 (Fig. 3) extending substantially
30 parallel to each other. The thin-plate member 38 is thus set in position on the inner wall
surface 36 in such a manner that the ridges 46 making up the plurality of the minute

protrusions 40 extend in the direction substantially parallel to the recording surface 16a of



peri pheral edges 16b of the plurality of the storage disks 16. Cenerally,
the side surface area 36a of the casing 12 is forned in the shape of a

cyl i nder wenoBfogisa6 r adi us of curvature correspondi ng to tReTRSd2/a8Of
curvature of the outer peripheral edges |6b of the storage disks 16 in
order to assure the snmoothness of the airfl ow caused by the storage disks
16 in 25 roL}oatio(ﬁ.l The thin-plate nmenber 3 8 is fixed in this manner in a
curved nggfs TEFOGTHRI Y ol | owi ng the shape of the inner wall surface 36
havi ng a predghethi-pre: thatbets3 0k notkimitad totBe cds&Actidnshble 18 s, sirbodi nent ,
the plurality of the mnute protrusions 40 of the thin-plate nenber 38 are

formed aBaybpstinetiiedyn grchg mymst det thejmginut\pretresiigiaprprsangsd e spacifie 30
oLl . > Sy " .
Phe i nnereiufie BuftiShicn Fifor dlcR aRb8 LBl BE M willhanShudl PO° €, 01 DO

pl usal i t yroofusiocheomintiudions forratd ous tirnsajdlsvetate Mhat ts, tHeethih-pleetr@nber 38

substantially parallel to the recording surface 16a_of WD 03/021596
PCT/ US02/M2Y #8801aky %P@P%@guﬂ%%{@r 4EVET RECRAYR PE e fesese on thegmpier not

limted gl?ﬁatg?%{ Eﬁ%ﬁf)srtfét?et 1298, S difedthyoa %}Qfamm"s%uaﬁ@%a& i UoLHE &He! N such

a manner e mnute protrusions are arrandged into specific 'geonmetric
pat t er nsquirteh cirtlatind combiaatiasdhasealj acent or alternating with other mnute

5 protrusions_pr intrusions formed on.the.major surface. That is,.the
Chinopl at e mobBeglat e f A RGP oR R hericioh ek o
congave gufdasecdal Witthe RN SenBied by séthasen of theRtrssthsbisalson yer, as
determ ned by a pyram d, square, rectangul ar, round, one quarter circle

and conbsidesuifacs atdacdde of theTheer talisupfaee &6 athb easitgz B dpavsadgelaips to the

11 ow QuRaraRBlgAER 160 Bt b RheB) oFin' Warcsttle AR AT RRERE b

surface girfavahagdhe didesirfioe breadbh issmidofilg c3Re@bnd Bigbiiasd fbshhtiAREased
relation to the “outer peripheral edges 16b of the plurality of the storage

di sks 162 lamingr flave Teauthe offest thetibe virstionawthn ieransrd byi e aisllowderomr ea 36a
i slgrmot Q]I[e)é%cﬁgéedcﬁﬂgal@q%Eﬁﬁésgédzgg%,Eggﬁf\%g;_| ally into a lamnar flow Thus,

the“effe i on or caused by the airflow has on 15
t he storage dThkthid-platesmsmpgaridsimeylalwepyovedetiontthembjor siitfacetddnnf fHeat e menber

38 may al so provided on the major surface 423 of, the substrate |ayer 42
with a sﬂ}bﬁ%@?@@é&w@hww %ﬁ“’é‘? aving 41 3t PERUPR S, S8t Ber i n

conj unct { afuthioh vith oiR85HraHe frob M ABvAdISANARIrS PrifuliGRl MaRs
intrusions, similar to the above-described surface features, are capable of capturing or
20 collecting particulates on the major surface of the thin-plate member 38 and the interior of
a disk drive casing. From this viewpoint, chemical filtration could also be incorporated by
the selection of polymers or the addition of additives such as carbon or other absorbent
materials.
Also, the configuration in which the thin-plate member 38 having a sufficient
25 flexibility is fixed at the desired location on the inner wall surface 36 of the casing through
the adhesive layer 44 totally eliminates the need of machining process for mounting the
thin-plate member 38 on the inner wall surface 36 of the casing 12 even in the case where
the casing 12 has a rigid structure fabricated through a casting process or the like. Thus,
the thin-plate member 38 simplifies the manufacturing process and reduces the
30 manufacturing cost of the disk drive 10.

The material of substrate layer 42 of the thin-plate member 38 is not limited, but a

resinous substrate made of, e.g., polypropylene, polyethylene, acrylic resin, polyimide,



intrusions, simlar to the above-described surface features, are capable of
capturing or 20 collecting particulates on the major surface of the

t hi n- pl atwormobisee 38 and the interior of a disk drive ca®CmgiSoressthis

vi ewpoi nt, chemcal filtration could also be incorporated by the selection
of polymers or the addition of additives such as carbon or other absorbent

a1 opfnBEmial SofBRbb G 8t pAYekMAl|RniAG S P pE e BbRy TR AT B, nner
wal | sur §gstel @dyabr hbeale@ bt ngdiRisighteriblne thciidsirae ldyay eTheddidudd al | y

elimnates the need of machining process for nounting the thin-plate
menber 3BrofHsiPRAR4) mak pe fimeddyy ¢-§c an SBbpIsIngEoess ARG RSIAY BIPCES: t he case

where t :A5i.06: i gl ri sting
process. SRS irrorlif eRni by R ORI 18,cr 23, Y32, 68 AREQLPRYE: £RC

mansf act may bg npdo of s genal tygoefcesretsaee sehsittanadhasivelrand gprefomblyodf anhe di sk
drive 10. The t,eriﬁilthof substrate | ayer 42 of %lhe églien-pl ate nenber 3 8

is not |#GiGathegiye I thiseasq g pgfé%%dra%f inppxiing 3 desirgd dlexibigy (o usRatne

pol yet hyli@ngnsi@ed My dr2B$ing a Bl Hitlnd& of 0. SmilkReR3 (041 298 07kl 1901488

pol yet her imde, polycarbonate or pol yethyl ene terephthal ate y be

enpl oyedthe Aelghtjof e nunyts padtrysising #EY ¢ adlesivb daygs édhadng hehidetess 930 of t he
substrate. layer. The minute, protrusions 40 nay be fornmed by, e.g., an
embossi nF1PP @ég,lm)a‘i‘?r?@@t%é‘} ap@,rgg@g C,OmAt!’SPf'g‘r‘P%cal etching or ion etching,
on; phe substr éf‘df‘er L RYBSledsF thélidQos Walﬂﬁ;é:ﬁﬁth‘é:plﬁéﬂﬁroﬁl% i ReEueAe of a
general type of a pressure sensitive adhesive, and prefera 8 of an
acrylic 4@heshven ii thetshitoneldews pf Figs. 46a)eb €e)r wilichare disgasadiindnitedesi r ed

flexibiljt 0 u bot e te.layer Khg a total .thickness of
0. 5tm' i #Wééggepﬁﬁ?%i?@&g@?ﬁgEﬁiﬁg@?gﬁi&u C:g;f ’ﬁ?q{m?gg
protrusi WM €n g , t&f badh! %

m cronetfeigée(srr) Otfo 1((50S mal?% an appr%gri ate conbe?%ati on. 10 th(ere exanpl es of
t he ri dgdistané framithgbasp enthén the torlis 2§ Lmfto A um, thet angpr ofithe ¥r-shaped WGe ar e

h int ti. | wvi .. Fi.gs, 4 .t whi ch di,scl di
cnpu MBS AL S, B TR o Bk hen AR S
Desi r abl Wy P i j } | 4, th
et 201 Hagdibo b laep 8 ol HaLUHSARARDoF DRV S oo 4,

m t o 400ameffedhioe dngtien of rechfying hapfdwihysecurbigehelcarass diredivity ofthet he

valley) tlh?n-%gte} r%ei%ﬁgr’%aor}ldth% ri]rganelr \r;]s}a rsgr%ce%%to%}?encats{fl% 1t29ps of adj acent

The plurality of the minute protrusions 40 formed on the substrate layer 42 of the
20 thin-plate member 38 are not limited to the above-mentioned ridges 46 but may be
configured of, for example, pyramidal protrusions 48 shown in Fig. 5 or mushroom-
shaped headed elements 50. In any case, the plurality of the minute protrusions 40 exhibit
the above-mentioned function of rectifying the airflow generated around the storage disks
16 rotating at high speed, by fixing the thin-plate member 38 in an appropriate direction
25 on the desired portion of the inner wall surface 36 of the casing 12. As a result, the
stabilization of the airflow is promoted and the effect that the vibration or the like caused
by the airflow has on the storage disks 16 is effectively suppressed.
Especially, the headed elements 50 each having a bulging head 52 at the end are
known to exhibit a superior effect of rectifying the airflow. In this case, the headed
30 elements 50 advantageously have a section in the shape shown in Fig. 7. As an example
of the sizes of the various parts of the substrate layer 42 having the headed elements 50 of
this shape described above, the diameter D of the head 52 is 0.300 mm, the height H of the
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ridges 46 is 20 mto 400 m The ridges 46 having any of the shown shapes
can exhibit an effective function of rectifying the airflow by securing
the correwODodiozseéi vity of the thin-plate nenber 38 on tIR€TiUSNBE21488] |

surface 36 of the casing 12. The plurality of the m nute protrusions 40
formed on the substrate |layer 42 of the 20 thin-plate nenber 38 are not

limted ab 10 [ 6 hut onf4 f,,a for
oo, BOgbBAAY S BRPsoRRf SRR Ao, T aRSyfRR bOM A Rl |
headed epgirents 50. In any case, the plurality of the m nute protrusions 40
exhi bit the above-nentioned function of rectifying the airflow generated

around the st Bythgeawiveese theplyralityiaf fp minuks Rirapsdt0 asg fermed o ridges

t hi n-pl a : ' ' i ' t '

por 17 on- 4 (B P o, R APAL AR AL ool BN Ay A2 SR RS, |

st abi | i zakembar 83 ircheles iforf dxampies a papenmittepkotrmndonsh@iefel Bet0O) ket carhiee vi br ati on

or the like,caused ..by the ajrf has on t st or isks 16 is
effecti v%qq}/u@@kéﬁffg%‘@é?(’tﬁ E‘igésjf %@%@H@é&g@%?@ﬂﬂgﬁg gfbﬁ’@z%gﬁ WifiF ng a
bul gi ng ﬁl%%%éﬁtg‘i'ﬁf iR BirEsiof Ve (R XN mEntS 99 RE oalfe% Ré&dd, of

rectifying'the rflow. In this case, the headed 30 el'enents 5 '
advant agepesiith Hradesl deseds (Moddl ©S-P@0) shedpen bhanguirgdh fibingMihesgts Miningx anpl e

of the si t he riou ts of the.,suhstrate |layer 42 having the
headed e#‘é@éﬂ&é"%ﬂ% ‘Wﬁfoia@ﬂg ecaﬁé’§c¢mp$‘@’c?8above, the diameter D of the
head 52 is 0. 3ﬁ@tﬁmplatdlﬁe1hﬁé@8thddiﬁthé Bforeméhtiod€d EsHFdRRida cRCT/ US02/ 21488

headed el enent 50 i s 0.325 nm and e total thickness T of the substrate

| ayer 42alfesnaively bagrrapged, ige shaygeindtier& at qpregetermaingd lpcation erethgibation

protrusigns 40 are,f £ ki he.. i al n.b
prefer ab%?aé:?r%e fgg O? éﬂg‘%ﬂ%eg ‘%aalﬁs rg 3eé1 %t;}}érc ES}I‘? %f{ntﬁgo%e@%%[a%&éfoeﬁg menber
38 i ncl uieser rdcorkdifX aurftice 1 6aof dp storddelligkr 18 lotedaighd Mydeendor 4Q0) that can

be acquired from M nnesota M ni fq & Manufacturing (M nnesota, USA). In the
case whep@deterpingd [pcaiqn §f the topsuriacsarex(ths wyeise pigh of the cave Im e headed

e S el SR NG 38 RS 3Gt R B el € 200)
USA) canreberdargpiuntpeel 1 6a16Y thstotage dishl 1ot ecatehds e PpBr tradsi Algo tthis _
of orement | oned cent A aLLOn San s LLSTR Luely Re artange os show 10
i nner vapdnddkfifGee 3BAL pbhBate@B B rbidtibh oPHREREL BLALIGUH the bbtiein
surface 36b or the top surface area 36c¢, as the case may be, of the inner wall surface 36 of
20 the casing in 6pposed relation to the recording surface 16a of the plurality of the storage
disks 16 and thereby stabilizes the airflow substantially into a laminar flow, whereby the
effect that the vibration or the like caused by the airflow has on the storage disks 16 can be
very effectively suppressed.
Further, the thin-plate member 38, due to its own flexibility, can be fixedly
25 attached in a curved state to smoothly fit a deformed inner wall surface 36 (such as the
portion designated by reference numeral 54 in Fig. 1, for example) not conforming with
the radius of curvature of the outer peripheral edges 16b of the storage disks 16 or the
surface of each component part arranged in the recess 24 of the casing 12. Also, evenin a
disk drive of a different type having built therein storage disks of different radii of
30 curvature (hence, different diameters), the thin-plate member 38 of the same configuration
can be widely used and arranged at the desired location in the casing.

The thin-plate member according to the present invention may also have a function

- 10 -



| ower recording surface 16a of the storage disk 16 |ocated at the | ower end
or at a predetermned |location of the top surface area (the reverse side
of the cowero3@s1596 or 15 exanple) of the inner wall surfac@C3aset2t4Be casi ng
12 in opposed relation to the upper recording surface 16a of the storage
disk 16 |l ocated at the upper end. Also in this configuration, the

cont act i (AP RE 65 PP SishS AL B i, ol hURbsRind 3F aBIBE% Sus 16

on the beiddes inghe figk drivg Air@lowtotsetioPecdutih@s omiraat B feamird. M@ thigse may be,
of the inner wall surface 36 of 20 the casing in opposed relation to the

r ecor di ni§SSGhthedinplategpempers ganfedpes oivs gonpatedibyrchgegingpsllew16 and t her eby
stabiliz . Rl t i i ] her e
ctrect {papipishLt b @ asng Adld:Sbiitoing oafe L AR deb At JARRIERNAIEE

st os age withkdisk@drican be very effectively suppressed. Further, the

thin-plate ne r 38, due to its own flexibi]Jity, can be fixedly 25
attached in a%?ﬁr@éﬂe@g%‘ﬁgmfl@ of thsoiawenfion; V%L?f@fct???’f@&diah?ﬁ_éﬁ‘r '&&Hre%ei}?face 36
(such aSinbaﬁionpﬁyvmp, g5 1@2@&3& tpac%rﬁzfgﬁfa%ﬁ%ﬂﬁmﬁm %fkbet)cﬂm%h@- bk, for

exanpl e) not conformng w e radius of curvature e outer
per i pherein bedgeisudpmodifiadhe chenged yatlwubdepatiBigdrom He scepy ¢be clafme alodr

t t . din.th 24.0f th i.ng 12. Al i
G ok a1 e R AR A D B SR  BlrRhrn SRR TPk o
di { § er enfavéRHni ar®hppiealilt iy K UBvESIRNGR, stéthdd @ElaNucilhPERIAT &ikks érhe

thin-plate nmenber 38 of the same configuration can be widely used and
ar r angedmagnetdrepidedisksedh¢rdban inagnetia diske casi ng. The thin-pl ate menber

according to th resept .4i.nv ion .y also ve faunction.-. 10. WO

031 021508 per) GBS ans ik HR D hal itk M Bt Risrieion ok
drive. Vi dnti-stbifi dfvbeddr, B@hage dinShcedihotiondor SRhdggarticulddrandiaskodfury e,
airflow noise is becom ng a dom nant noise feature. In this respect, the
t hi n- pl adbsoipigp dymetiean Alsd thedhingilate nygaher Brax draysyatdeash ongyngiion sedggted
char act eg ] Sti 4 L | SSli: j
achtati o SesorhiffhishRng SRy by RARALRRAR, ARG Bepilob Pl
t he i nvertucng iiamedomeen descri bed above. The present invention, however,
is not limted to the configurations of the shown enbodi nents, but can be
variously nodi fied or changed wi thout departing fromthe scope of the

cl ai ns. ﬁ%mpl%xarrpl e, the disk drive and the nethod of manufacturing it

according to the present :
In a 8.89 ¢m (3.5-inch) hard disk drive having the basic configuration shown in

20 Fig. 1, the storage disks 16 are rotated at 10000 rpm, and the vibration in a vertical
direction (along the axis of the drive shaft 14) of the storage disk 16 located at the upper
end was measured with a laser displacement gauge for both the structure according to this
invention (Fig. 2) having the thin-plate member 38 mounted on the side surface area 36a
of the inner wall surface 36 of the casing and the conventional structure lacking the thin-

25 plate member 38. The point of measurement was set at the diametrical center of the
recording surface 16a of the storage disk 16. The two types of thin-plate members 38
were used, one including the substrate layer 42 formed with the minute protrusions 40
configured of a plurality of ridges 46 (sample 1) and the other including the thin-plate
member 38 having the substrate layer 42 formed with the minute protrusions 40 made up

30 of a plurality of headed elements 50 (sample 2). As aresult, the vibration of 1.71 pm in
terms of amplitude occurred in the vertical direction in the storage disk 16 at the upper end

of the conventional structure, whereas the vibration amplitude for the structure according
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10 invention are applicable to disk drives having storage disks such as
optical disks or magneto-optic disks other than magnetic di sks.

Fur t her nowe,03bi59¢ hi n- pl ate nmenber nay have at | east one fPamaiSowm4sel ect ed
from an anti-static function, a charge-surface function for attracting
particul ates and a noisture absorption function. Al so, the thin-plate

menber have at | east one fu ion selected 1 om an

el ot r onkaELT e BFT SRRt Bdoe MY FCrBEIGh iy SL AR B sample 2,

radi o- f r equengy el iieft k@h ERCR rego BB AEhtTodNEdch Ry RERARNtibM tRer8iS89 CM
(3.5-inch) hard disk drive having the basic configuration shown in 20 Fig.
1, the spiovilgd aglidkdrivedonweiting eed redding da@00® angdionnsidragh disks.brlzaréion in a

vertical,. directi,on. fal g .he axis.of the drive,shaft .1 of, the storage
ai sk 16 bl SRR HRE  Sheb  uRiiaficd! il PairtEy B8 AYebacenen
gauge f owhlvhtif cigaslessiicteotiiedy aGRAIsEinp byt £ljliding thel amfRM tRBed drognd &k havi ng
the thin-plate nmenber 38 mounted on the side surface area 36a _of the inner

wal | sur staeage disks otating &t highpoedh dhe effect dat bevilsafion arthe Hkgeasedbkihsg t he
thin 25 poi nt of neasurenent was set at the
dianetri%gﬁkggﬁfg?ﬁ%fﬁ¥%§(ﬁ$§éording surface 16a of the storage disk 16.
The two types of thin-plate nenbers 38 were used, one including the
substrate |l ayer 42 formed with the mnute protrusions 40 configured of a
plurality of ridges 46 (sanple 1) and the other including the thin-plate
megrger 38 having the substrate |ayer 42 formed with the mnute protrusions
40 made up 30 of a plurality of headed el enents 50 (sanple 2). As a result,
the vibration of 1.71 min terns of anplitude occurred in the vertical
direction in the storage disk 16 at the upper end of the conventi onal
structure, whereas the vibration anplitude for the structure according - 11
WO 03/ 021596 PCT/ US02/ 21488 to the invention was suppressed to 1.33 mfor
sanple | and 0.87 mfor sanple 2. As evident fromthe foregoing
description, according to this invention, there is provided a disk drive
for witing and reading data into and from storage di sks, wherein a highly
reliable airflow adjusting nmechani smcan be nounted i nexpensively and
easily, 5 which is capable of effectively suppressing, by adjusting the

ai rflow caused around the storage disks rotating at high speed, the effect
that the vibration or the |ike caused by the airflow has on the storage

di sks.
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10 WO 03/ 021596 PCT/ US02/ 21488 What is Clainmed: 1 A disk drive conprising:
a casing having an inner wall surface defining a recess; 5 a rotatable
storage dwelosmersamged in said recess of said casing and raTiusg2/ai4secor di ng
surface; an actuator arranged in said recess of said casing at a |ocation
near said storage disk, said actuator carrying a head section to be
opposed to Svhadis€Ranei:ng surface of said storage disk and causing said
head section to performa tracking operation 10 relative to said recording
surface; and an airflow adjusting nechanismfor adjusting an airflow
generated aroung dskiddvetdipa@mgdi sk in said recess of said casing due to a
rotation of said storage disk, said airflaow afdj uffet,ﬁipng mechani sm conpri si ng
a thin-plate nenber havi nd &8 Byingiap ingt YHhiuriatfteiining adgiesf:« hi n- pl at e
menber sto fol l ow a shape @totsaniélstoRBe tishahdngsdinfsaid @ec@bs Tahid chsnfpiang, 1S said
thin-pl ate nmenber conprising a substrate |ayer having a mgjor side and a
back side bpiess reeordye §afadSmaj or side, a plurality of ninute protrusions
formed on said major side,, aRchi@and %ﬁya@d}eaéé%f@{&@@ihggtélgca%hqee@ack si de
of said substrate layer, said thin-plate nenber being Tixedly attached to
sai d i nner oad plotge fisle said potsaiprraEHing A deadeetingtio Baprposeidn sxifl vesordifiger wi t h

said pluralj .ﬁtﬁr : ot [Nalo} $&6ek Ldineeessioaf 20
sai d casi ng.k&rga.cg%gea I s%egfrisﬁ%\?qel&g?@@%g?ﬂll, S\?\ﬁe%ge(? rs°§?’§q%‘| ulrgl ﬁ?y 0of m nut e
pr;)t rg@i onsredﬁtivslafr @ié_tmmrdinpblffaee;medrber corrgri selzg&pgl ur al i;ﬁ%ﬁf qri dgesf
extendi ng generally in paral. ) . .3 . 0
claim1, wherein said pl u?lglf"lt?fv %(ﬁusﬁﬂg&eg&apggﬂff)usﬂoﬁgg%falsfl Rl F]]:a%réﬁ pl at e
menber conpeaiosad seiditoragd ditkyin ofid eaded sad eavmgidss tosaohtine atfedl stiregeaisk,
respectively . hayi ng..bul gi ng heads at. .di stal ends thereof e i sk
i ve of ol SRR R nehet P PnBlintk SRR b g St oS, o
30 opposed pandn saidtiti-phemdiier al foldge sinfpe stdatl istamaeudicslof said A4S0

03/ 021596 PCT/ 802{ 2148% 5. The. di sk%%r{e\fe 01[l claim.l \A@ergl n.Sald

t hi n- pitat e FENHERPRE TOShepEPratre 4 SPEUAE Bt naving & major side and a bac

opposite to said major side, a plurality of minute protrusions formed on said major side
and an adhesive layer attached to said back side of said substrate layer, said thin-plate
member being fixedly attached to said inner wall surface of said casing through said
adhesive layer with said plurality of minute protrusions being exposed to said recess of

20 said casing.

2. The disk drive of claim 1, wherein said plurality of minute protrusions of said thin-

plate member comprise a plurality of ridges extending generally in parallel to each other.
25 3. The disk drive of claim 1, wherein said plurality of minute protrusions of said thin-
plate member comprise a plurality of headed elements, each headed element respectively

having bulging heads at distal ends thereof.

4. The disk drive of claim 1, wherein said thin-plate member is arranged at a location

30 opposed to an outer peripheral edge of said storage disk.-
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opposed to said recording surface of said storage disk. 6. The thin-plate
menber incorporated, as an airflow adjusting nechanism in a disk 5 drive
of cl ai mwo 03/02iFb& t hi n-pl ate nenber of claim6, wherein PardSo/misse
protrusions are arranged into specific geonetric patterns with flat or
open areas adjacent or alternating wwth other mnute protrusions or

i ntrusions §or megheQiskAdk&lofiRr whtdiaead thlillpiBte mdidef Riafaileatea BesHdAr Of
claim®6, further provided with a surface having an air filtration
function. 9oPPPRral tp Kidhresprding syitaes Of said sterags 516, further having a function
for reducing acoustic 15 em ssions fromsaid disk drive. 10. The
thin-plate menber of claim®6, further having at | east one function sel ected
from an ant f- st aktiedhippifes hember incetparaips, s anfagElew fadinetingapechlsmytip p 48k ng
particyl at e?ri\%'lﬂ‘ Aim f0i sture absorption function. 20 11. The thin-plate
menber of claim 8 r{‘lurther having at | east one function selected from an
el ectromagnetic-interference reducing function and a

radi o-frequency- fﬂ%ttﬁiglfpﬁteeﬁgﬁber PO @,%ﬂe&’é?ﬁ gaiid)fﬁinut%ﬁargtpusiolmé are arranged

into specific geometric patterns with flat or open areas adjacent or alternating with other

minute protrusions or intrusions formed on said major surface.

10
8. The thin-plate member of claim 6, further provided with a surface having an air
filtration function.
9. The thin-plate member of claim 6, further having a function for reducing acoustic

15 emissions from said disk drive.
10.  The thin-plate member of claim 6, further having at least one function selected
from an anti-static function, a charge-surface function for attracting particulates and a
moisture absorption function.

20
11.  The thin-plate member of claim 6, further having at least one function selected
from an electromagnetic-interference reducing function and a radio-frequency-interference
reducing function.

25

30
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