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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 11 ow adj ustis HEBAL ARG A HEHEAR. 2hT TR peb CEANSHEARD Bty ne
Invention 15 In a di sSkpdATEMEMBERINCORPORATEDIIBLRERYE 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 Teanreserignranton wsipdesde i disk gfivedfar wetingandrreadingobtrtoardy t he head
section. Es i ¥e SRR ] : { kabl g4l ease in the

recordi ng d@%@l afé;&% e({ll%kré st o%uacégﬂgﬁ%iws%gnn‘%%vﬁggﬁgleconngP%% 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

positioning - 1 ImAQid3rde 1bRA6s BEANiSRY §tdtkdSthit of an information processing

system, any one of various disk-shaped storage media (referred to as 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



accuracy and the dinensional accuracy of the gap between the head and the
recording surface of the disk. To cope with the vibration due to the

ai rflow, wermsoussei sk dri ves have been proposed which i nelcadsozam4as rfl ow
adj usting nechanismfor adjusting the airflow 5 generated around the
storage disk rotating at high speed. Japanese Unexani ned Patent

Publ i cation (Ko 2000- 348465 or_ex I i scl S.a rd disk
i e hadTIEY Rds PReRdPT A A P R PR O e e e Folfid ace:of
t he casi ggfactheieatidd.fi cation plate is a rigid nenber having the shape of
a truncated c Iinder.ﬁartl ally surrounding the outer peripheral surface of
the storage dil8kopawiihihecdbragion due txthp airflaw, Wloilﬁdkskéléweﬁi havelbeqml | 10
surface ] ul ar met al
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devi ce co r|S|n a pluralit f an I 0 ve fo. d concentrically of
the rot BELRIK OéfiLﬂlet sﬁ%raéc?g Q]tyg‘r Eiggré‘éf& e W.ﬁlﬁn to the
reggr di nm&@f&% daémgh?he ?écﬁﬁé‘eﬁﬁ)ndﬂlétlé is ThA@SET aaeaanhl%ear RAMSR], GHi Hg 1N a
circular route, the arrflow caused by the 20 rotation of the storage disk

t her eby tmimaket paripherl suréace i emoscchmlattonéo themtarageotislormachimeditk rmeaused by

h fl h d bl
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groove f ghob@lycdiRies armgltﬂglécﬂﬁcaaidhfgr@wmuaeﬂbxbgeﬁdﬂaed ERLAl Hektethgd
plurality of storag h| sks, dianetrically outward of the rotation center in

the 25 spiskaotpin #pecd therabydo mdé,wgtheﬁﬁfegt theirthe pibeatiopyeaeiarsegbit he
EEI ow ﬁl%”aturﬂo%ﬁ%nttﬂe §t91§g a#[gpr ession of the vibration of the storage
di 8 € f’a

Japarnése Unexam n ent Publication (Kokai) No. 11-73756
di scl oses a haig, J@aﬁksedfﬂe&(@mﬁﬁd}?ﬁteﬁt Puopleapdrifiadkiat) W R00@6 677850k sdlanes wal | s

for rectifying.the airflow,caus by .the rotatiop of .the stor

whi ch 1 o8 ClROABHOR RS POFH O RHS ST RRRYTER P TSBeR Gt el ng.
The rectj ta&aia; 205 BAfnb alsk% [Hcaléaé'lh Bﬁﬁéseakelaﬂﬁﬂ t@%&céf@lﬂg §u§‘fa@é3$ﬂtﬁ90r ation
with each surface opposed to the storage disk and guide the airflow

snoot hl ystorage disk. These annular grooves guide, in a 01rcular 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



The specification of United States Patent No. 4,885,652 and Japanese
Unexam ned - 2 WD 03/021596 PCT/ US02/21488 Utility Mdel Publication
(Kokai ) NyO 03016944 corresponding thereto as well as the peparsoi/2wsg i on of
United States Patent No. 4,339,777 disclose a disk drive conprising an
airflow guide structure for forcibly noving the airflow caused by the

rotatio t age di . r air fi arrang t he casi ng.
5 1n the I IOI% g?lts1$ it 1ﬁ9clogj§$§%1) 58‘?)“?14%424]%‘?37???% ]femj%ss gﬁj?sl tng structure
made of §p%c1ﬂ@ﬁ@d>rﬂ@ﬂ’wmm SthtefRAtEHH N6, 4IBOOUTistl 68 SldidkArReQePsisidBGnhas a
bottoned recess for stably accomopdating the nmain essential parts of the

di sk dr i sigflowgaidg sHpents f@hﬁxrmblarm@mgg thei anfﬂoawa@éﬁdlm thagot rihe s
descri be ining step for nounting an
[ ndependéej“r)l B%ﬁs&éo@@%{%?é@ﬁ%&f%%ﬁ% %gglgo{h%g‘at e or arectification wall on

t hes10 i nner Idhe psiot fxaake ciafngrofige dilledriecRshded a tifid saastufgmadddffanmachi ni ng
process | icate the production process or increase thega%i oducti on

cost of ¢ a&f EH%? majraial thrpughAgasing Brcess eng hasebrttompedapeass Friseblo provi de
2 i sk dokEunl Rt I Blln B0 3 0GF BRI LR, IR Lt Age di ok

conprising an 1 nexpensive and easy-to- nount alrflow adjusting mechani sm
for adj u&rﬁlmgadﬁuan@ me¢lavisge descaibed aboveutidrdfive, stjaragpme 11150himmg steptfat i ng at
hi gh speed there ffectlvel uppr es, fect that .the vibration or
the'| ke Ao Sea FEerRET R AT etios il Grevrtoiiagph gallan; Bt o
theoi nvephboRall SurfReeNing hetrebdds B RleRhGnFETHR AR S0&dss BRYNY

i ncorporated, as an airflow adjusting nechanism in a disk drive. 20 Brief

Descri pt¢cmaplt§>atetthep&dammg1§oﬁsgor mcreaseathpepr@plemn sast of thovdiskaliveg a di sk

drive accordi n rrbodl i nventj.on. W th the casjng cover
renmoved. i %eo@e?atof Spergst FI% neli%vps}%mg‘rgg dés e SROWITHBE @D ural ity of
storage féua&lhag dandn® andFrdoih Btoﬂigétdﬁskﬂwm@ﬁsm)é arl hexsbinSike gid ¥eedh-t64 9. 1. Fi g.
3is a perspectlve vi ew showi ng the thin-plate nenber of Fig. 2 in an

enl ar gedmopRaitloy @bu&tmgal}eotl@nfr@)for sting dhepidloveganprsing aromwe goragse
thi g-pl agige f@m at h?é:}{:ﬁ)regd ﬁ‘l%&)? to QHthlfvbﬁlastub&%% 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



30 Fig. 5 is an enlarged perspective view of the thin-plate nmenber
according to a nodification. Fig. 6 is an enlarged front view of the

t hi n- pl atwormbspe accordi ng to another - 3 WD 03/ 021596 PPTUSUSORRL 1488
nodification. Fig. 7 is a partly enlarged sectional view showi ng a
preferred shape of a headed elenent of the thin-plate nenber of Fig. 6.
Fig. 81 ﬁno%ific%%f-qonal view schematically show ng a disk drive having the

t hi n-pl at'e nenbers arranged at different |ocations. Summary of the

I nvention I n ®igldrs & padiyhenkirged Reticil] et sHewiig HRefcala ¥kapetdia heik@nt i on as
set forth in claim1 10 provides a disk drive conprising a casing having
an innerekﬁﬁlept%ﬁWg&’é‘P&é‘fWm‘i’@r%fﬂlécﬁess; a rotatable storage disk arranged

inthe r ecessgg. glifg s&&ﬁb&%é’@%ﬂ%ﬁ%ﬁh@ﬂ@h&ﬁ@% f!ﬁ@ﬁl e ﬂa’%&}ﬁgghg P! ghyator

arranged int recess of the casing at a I'on near t orage di sk,
t he 5 act ushderscaranged gt diffeieadliosgons.on to be opposed to the recording
surface of the storage disk and causing the head section to performa
tracking operation relative to the recording 15 surface; and an airfl ow
adj usting nechani sm for adj uskpEnAY o?ithd LiRneERer ated around the storage
disk in the recess of the casing dué to a rotation of the storage disk;
wherein the airflow adjusting nmechanismincludes a thin-plate nenber

havi flexibilit it.ti he .1 hi n- pl . menber t X h f
e e v PP RSP P PRt AR e IR i Ll b e ©
subst r at grovalesh dikvdrig RniPRisRE a8 BAviD bE thndr Whll kdifideeRhingQ r88a4tae
protrusions are forned and an adhesive | ayer attached to a back si de of the
subst r at eotatable staspgsshisk @ranged Hethprgoess ofitlrecasinigengd hiaving lpaecordipgbafacsei ng
fixedl e, f . ' th
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t he recessusbr tdheinnshewgl sedien forbeopposet totheGbeirding spfaréiof@ise Bordgsdisidri ve as
set forth jn claiml1l, wherein the 25 plurality of_ minute protrusions of
the t hi n2js Gaugl dsgehnm; te @etfonm ¢ fracking opsratiqryghadive dhe KPHingener al | y

B L N T
t he t hi nstptaae diskeniterrecoapf theeasngllur tala moyatioh ofidmdeatage disk; wherein the
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 WO 03/021596 PCT/US02/21488 The
invention of claimb5 provides a disk drive as set forth in claim1l wherein

the thin-plat P . . : At i ed.to the r rdi ng
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t hi n- pl athén-plndbeembeacis arangided a laatiemogioséd whe fecatdiinséurfige FRGBIMIFEH i N a
disk drive as set forth in claim1. The invention of claim?7 provides a

t hi n-pl af€nenber as set forth in claim 6, Wwherein 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
1 k8§ a PREBRLRIVINLaMERVO AWM Rledied roRt by EnthQatic function, a charge-surface

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 1gomgd diskd 16,40 2082 hiPabRGHWEaPh ALE8ingeladh tievicingty af fiecor 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
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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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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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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
m nut e ot rusi.on ,.an dhesi.Vv r. 4 ch n. t he her
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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
vel | surfaegatindtde A Meh-Piatd MelPROIEH defliBbd Qfer! ®shet8alBLih@he shown
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

having a predghemim-PRe: mharbeis: 0k notlimhitad t the codsEctidnshbla 18 Fasw, Bigbodi ment
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-ple@tr@nber 38

substantially parallel to the recording surface 16a_of 7 WD 03/021596
PCT/ US02/M2Y aBonally contapy inffasians RE CanyeX Pheoncaysusiase Eatiipmn ep e 18ajos 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

conjunction with or separate from the airflow adjusting features. Protrusions and/or
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,



conjunction wth or separate fromthe airflow adjusting features.
Protrusions and/or intrusions, simlar to the above-described surface

f eat ur es,wearog/ozEp@abl e of capturing or 20 collecting parti egratsez2ass t he

maj or surface of the thin-plate nenber 38 and the interior of a disk drive
casing. Fromthis viewpoint, chemcal filtration could also be incorporated

Dy e SaLSRbL B0 e RELURSoPioh BRI Ry ARTAL RRGALTE BpuP "

t hi n- pl ag@stappdlgneBBanad by usedsidithd @brrib]l AShd dubsirkie ldyey, The hintesd at the
desired |l ocation on the inner wall surface 36 of the casing through the
adhesi vePlogyapnu40 mey ¢ fgrmediby e 88 CRRRSSHIEEIOES: FREKITHTLARY PICeBess f or

nount i ng thin- e i r t he
T oS AL SRR B8 pRkABeine, Al neylaceid0 of (1
fabsi cat ady banmdglof a gemesalitige @ ogresstireventitiee ddbegive, Bnd prefetably dfhinn- pl at e

menber 38 s, ifies_the manufactuyring. process and.reduces.the 30

manuf act %ﬁrv%ng%gwe-&n oo 4145 BFalvEedp! InpiaiiRg Srsitas LGHONiHLR Pae both ayer 42
of the tHin; : b Lidetoetmil g%mz(td @t e made
of, e.g. meg‘% yt%?flég?g%g{a"%g% yteiﬁ%\;ﬂlﬁéekrﬁle,sr@afzﬁﬁl gﬁ%teegi(%l@g%l yim e@&% WO
:)3/ 02 ﬁ tSﬁﬁllC ﬂatetghUSOtZﬁ 20188 lprqtmgmi Hlé} and_rﬂ(;d edhepwf %}yar b?)hatmg ) rthlgloileymﬂt;aﬂ e ned
erephthal ate may be oyed. i qui rrystal polynmer may al so be use

as the nBYEpmgter ml‘i‘?i@&ﬁ%m%‘{@ﬂr He Coﬁﬁéxarﬂoﬁute protrusions 40 nmay be
fo d by, e. i OGES ki t i; p cal

et %ﬁ?ng or io%t}gfg I ng, ?)iﬁdl? ggisubstég?gﬁ?%eﬁgﬁﬁge%&%égﬁt %prgﬁﬁggﬁe | ayer
44 5 neyj0 he shode intheacgmmel dews 9HEigef4(a) tp(@swhich asedis¢lbsoddn dbiitedi ve, and

Ppar t | ngtesfaliny 85 s B FbY fep oo B it S s Tms DB A) ¢ 42 havi ng
a total pLbbGkimestSabusthapd® shbivireh Bfgs.(m%d 4,@he3he@%ﬁmﬂfé&dh%dgéi%€{thet he hei ght

of the mnute protrusions 40) and the adhesive Tayer 44 having a thickness
of 30 nilistaneetrem therpase end G0thentom is20 pme 40P vax, éhecamglsi ofdhé Yrshapeal lasher

I th i d Kj h I | ft 1 Nyt e, t i
R R X T
i ocl 0sofaid 4l b SLAA0S PohALeNAB natinAfy §PBe o0 MR cariodiy 516 and

5,848,769. Desirably, in the ridges 46 of "various shapes shown in Figs. 3
and 4, t heeffistighfuetior attectifyiigethd irflowey sdiwingribecdrrashitrémiviasétlend t o t he

top) is t%gn-rpﬂatceomé%gerr% otnht?le?n lrgvaﬁfsu}farl]c% 3\6-0‘?%60 %gintg)aﬁ?
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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15 end crossing (i.e. the valley) is 15 to 140, and the interval between
the tops of adjacent ridges 46 is 20 mto 400 m The ridges 46 having any
of the shwan3sh#pes can exhibit an effective function of Pceaisnt/yi4gy) t he
airflow by securing the correct directivity of the thin-plate nmenber 38 on
the inner wall surface 36 of the casing 12. The plurality of the mnute

pr ot rusi far . S -aver f i~n-plate
rember - abaaed bl s s b B e L el e
configurggh.of, for exanple, pyram dal protrusions 48 shown in Fig. 5 or
mushroom shaped headed el enents 50. In_any case, the plurality of the

ni nute pr ot r ulll BAsaseovhexmthsiplurgliy ofphpminisppBudens 4t femedrlridess f yi ng
the airf e i t4 all eed,
by 11 x1 nithEEpREal B SRt SInn £ BkSubad Bia o Rl e GRS neP,
desbred mentbend8 nfcludbe fommxamplea b tapeuriflagretr86ond (Mddel BadiOnghat2an W& a resul t,

the stabilizati.on of the airflow.is pronpted and t fect that the
Vi br at | oeadiieR fiom hiwieadte Sbiegy ManuReRr RGNl REfsoan O Bt B S8 WEks 16 i s
ef fecti vﬁgébmw&mim%;@%ﬁuﬁ&wm 4B e YRAGECE16h&1T8 5 Sorofe %gg?hﬁﬁyang a

bul gi ng d 527at the end are known to exhibit a superior ect " of
rectifyi tage thith lwpddd demeritn(Mhdal (Fa2®) that sah baatedired freineMimtesots Olining

advant ag | y. have section.dn the shape shown in Fig. 7. As an exanple
of the S&%@nﬁgc@ﬁggﬂgmgﬁga,g%c %eteﬁ_li’?‘?’lﬁ’astrate | ayer 42 having the
headed el ementhe ffin-pfate hbinberSIsARLinkasE€ hfda@fentibaYEeo doargher D of the
head 52 is 0.300 mm the height Hof the - 9 WD 03/021596 PCT/ US02/21488
headed edlisreaiivebobd arapeahss AkAvania ine, @bt Aredetringikpd satiorpen thedogoBst r at e

| ayer 42 _j .44 I [ f I hute

pr ot 1 us | SER 54 S8 Ph et gl SE B P e (P dpbo i I e

pr ef er abloyves Fgoeigg sirfice 1 b ofihb storaiealidkadclocAed sifthd foever Bhdophtat € 5 nenber

38 includes, for exanple, a tape with protrusions (Mdel B-_ 100) that can
be acqui PedeterpinediaspeansidhatonisHefage aenthatorerse pige OMOSFe¥St %0, TaUSA) . In the
case whe i PRt e ' ; ded

ol Shent s ool el fs B it o8l 2y i GRS AR Te LRABSE“Cs. 200)
t hat canreoerdammarirfaee 1 6a afithd/btorags disk 16llodateyl at ghelipef act. ukisogn (hid nnesot a,

USA) can b .10. The t inggl ate nenher. 3

J d. 8 .havi h .
af or ement9 i U@ﬁ%‘ﬁ? liv-Rlatomephar SSVPES i fyEsr Be f%‘%‘\rlolélrr%é%e Se“éi@"% fown in
Fig. 8, &ntétWNi@dst 8w gendrAc@by it Bfitibhef BRistd4Be disks 16 on the bottom

surface 36b or the top surface area 36c¢, as the case may be, of the inner wall surface 36 of

20 the casing in opposed 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
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surface area 36b of the inner wall surface 36 of the casing 12 in opposed
relation to the |ower recording surface 16a of the storage disk 16 | ocated
at the | owero3endoor at a predeterm ned |ocation of the t®@poTdlsnt/z388 ar ea
(the reverse side of the cover 26, for 15 exanple) of the inner wall
surface 36 of the casing 12 in opposed relation to the upper recording

surface f.t St.or . di | pga .t he. er end, so in this
confi guré? ?%d%,c mtg%go?%t# ﬁﬁ%?%é%ngikﬁe&n@g rd%i%ér\;\ﬁ% r S’glﬂf ﬂ“lr%%%?’fﬁ’%n ﬁ ﬁlét%lrvlmcgt i on of
t he surfgigdlésin thodisadiivelairflovii@isziis btcowmigesn dsmimad: Myisd Rewrotlatthwn of the

storage disks 16 on the bottom surface 36b or the top surface area 36c¢c, as
the casecremRegtple thirplaleanembe comredues paiscgengpicdbyshangiag esPWg i n opposed
rel ation : ' f . of . i : e
i sics e st ARuEERAne e AR BpsiBind b 0P RN HIBle blple R FRAREES,
fl osy, whartebgiskldeve.ef fect that the vibration or the |ike caused by the
e very effectjively suppressed.

irfl h h t di 16
AR SR TSR S AR A R ARV A e
fixedly i%@e?f&?ﬁ&@gvehﬁs RotQHh ¥ &R0 ThAL & ra%igpﬁmhy ?ﬁd&n EmB&diRleBdpdinner wal |

surface 36 (such as the portion designate y reference nuneral 54 in Fig.
1, for ecearhplv@yiondy neodiffedrarichenged twithouhdepagthigufsono thecsaopadithe clafmg. hgorout er

peri pheral e b.of the. storage .di sk 6. or, the ..surface of each
CorponentXe B O F3hgate 1 hh e REe PSP Ppgd oG A RSt “aven i n a
di sk drieefondrébffiREEBt0 H¥RErivMiNheldrhie difEr@tNaSsRIADGsEN ks of
different radii of 30 curvature (hence, different dianeters), the

t hi n- pl amegnesorpptic dgksoftheribarsmagnegiodiskgur ati on can be wi dely used and

arranged at the desired locati.on in the sing. The thin-plat nber
according to lﬁ‘gleﬁlinglseeﬁlf ﬂi(lllﬂipéar??fnc? %r%ilnagl%g ° %g%agt 5 %H%??‘gﬁ?ec?edlr%omm
03/ 02159% RETéthRORMAAB8 chir@e-singsiedun@ioadBtigtrh@ing Past i dndembiirrdli sk
drive. Wth fluid bearing on disk-driving spindles in the disk drive,

ai r f | ow Fhspepsion dunsiienniMg, thedbinmats memict may dayqtdeast png imstion sedgstsdt | t he
thj a- pl : . ' i i

chiss aot PR apees P RRkdoSHCR0: A, BERTAKEE A o FaDE RSl i Mience
acoust i credndisgfigetienated 5 in the disk drive. Preferable enbodi nents of
the invention have been descri bed above. The present invention, however,
is not limted to the configurations of the shown enbodi nents, but can be
vari ousl 2gmﬂjefi ed or changed wi thout departing fromthe scope of the
clainms. For ‘
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

- 11 -



exanpl e, the disk drive and the nethod of manufacturing it according to the
present 10 invention are applicable to disk drives having storage disks
such as opDisak1sdé sks or rmagnet o-optic di sks ot her than megnsnz/e146$ sks.
Furthernore, the thin-plate nmenber nay have at | east one function sel ected
from an anti-static function, a charge surface function for attracting

particul agtes.and..a noisture b pt i u the thin-plate
renber - nQy R ARE Mgs e o n TRttt b 0 87 B s Mmb2 L

el ectr orragnet MG ekl h&h %ﬁrég%ﬁ%@@&lﬁt%ﬂcédc@ﬂ1@1@ tRis invention, there is

radi o-frequency-interference cing function Example In a 8.89 cm

(3. 5-i nchipvitg @ dsksdeivgrioyeritiag ambrqaﬁ@gtdam mtomdffiogustatago diskhowikeréina 20 Fi g.
1, the sto i;sks re rota ed at 1 rat.jon in a
verti cal b L 1igboln g% gfufﬂlég g’x hgnjsn gan ! ed??‘@ﬂg ncLlﬁgﬁenilX%y in eﬁﬁiyst or age

di sk 16 {Vﬁibhtlg da@bletdfefﬂdawy SUPPELsYAS, Hpeaaﬁwhﬁgl thed dilflody ¢Rs&l ardinsPihacenent
gauge for both the structure according t invention (Fig. 22 havi ng

t he t hi nstprage disks psating high speedy ﬂéﬂﬁff%‘éﬂ@t '@é V&I?ﬂ‘&’c‘é‘ the Bke gpied bY thehe i nner
wal | sur Si: and the conventional structure |acking the
thin 25 % ﬁgsﬁ%ﬂﬁQ§)§% e point of measurenent was set at the
dlanetrlcal center of the recording surface 16a of the storage di sk 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
plypality of ridges 46 (sanple 1) and the other including the thin-plate
menber 38 having the substrate |layer 42 formed with the m nute 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 disks, wherein a highly
reliable airflow adjusting mechani 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
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airflow has on the storage disks. 10 - 12 WD 03/021596 PCT/ US02/ 21488
What is Clainmed: 1. A disk drive conprising: a casing having an i nner wall
surface dwbDinmionyo@ recess; 5 a rotatable storage di sk arr aegdsoz/m4sai d
recess of said casing and having a recording surface; an actuator arranged
in said recess of said casing at a |l ocation near said storage disk, said
act uat or cawhatigChitheRd section to be opposed to said recording surface
of said storage disk and causing said head section to performa tracking
operation 10 relative to said recording surface; and an airflow adjusting
mechani sm f or adjWsdkiddge épisink] ow generated around said storage disk in
said recess of said casing dye to a rotatiaqn o% sai d, storage di sk, said

ai rflow adj usting mechani &GAE¥BYINEIAGIET VT T Featﬁagnwgﬁggcre fhavi ng a
flexibiglity that pernts,sahtablt RbRpplBt SraBebRsaili Qede drexid dasidpame of said
inner wall surface of said casing, %5 said thin-plate nmenber conprising a
substrat e | Bdne heeordige sfisfior si de and a back side opposite to said major
side, a plurality of m nubg, Rl uehRA%n b4 158&s BfsafPdabin B Dlocatiod @earand an
adhesi ve | ayer attached to said back side of said substrate |ayer, said

t hin-pl ate sai®pibeee Bick nejd petraten oprrging adpatsestipnda bejopneprskto g receiditBace of

sai d casing r . Sal LME: . I L Ssal radalds jqaut e

pr ot r usi ons® gﬁcggggel%%gdsrge% d?%aggf%&rnggaeﬁggeég‘sg&fgq%gﬁrwgﬁa%ﬁg gf.)eri'lﬂﬁg di sk
drive 16f cl ailative to seivbreedrding sirthcgslapd al ity of minute protrusions of said

thin- plate nenber conpri ool ﬁ{- | ' . ex I: ly in
parallel to each other. gﬁa@ é@(ﬁﬂ&l éﬁieg‘?af{/s{éﬁgf;%ﬁg%‘%&%ﬁ%n“g%%%gai d
plurality ofromdssidsipngtdisksiherid raséssodibadd tdsing dpé mtagrotmtinip of salosqpagesiska
plurality of .headed el enent each headed.el enent r ectiv --having
bul'gi ng. headd e aBuFE s p R Dpp AR S s AR HorlffF Bl fotb i B (R o
sai d t hi n- pbatréts sEifiien-plat demniten gedllay a ahdpe ofdasidinner 3 llepiased stidcaimgput er

pertp Q%r al S'\agg ﬁlirgfpla‘%%lle%b%; c(:)orrﬁa %ing Iasshbstrét]é:?ayer having a major side and a back side

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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WO 03/021596 PCT/ US02/21488 5. The disk drive of claim1l wherein said
thin-plate nenber is arranged at a | ocation opposed to said recording
surface oWogaiogssé or age di sk. 6. The thin-plate nmenber i necmrpmozatEds as an
ai rflow adjusting mechanism in a disk 5 drive of claim1. 7. The
thin-plate nmenber of claim®6, wherein said mnute protrusions are arranged
into specific geapRikidevOStdBmNSyMdiR sdid Hin-Plhte AR @REnRE RECRBAtAr
alternating with other mnute protrusions_or intrusions forned on said
maj or sur f aerposego said rrerdingispfase of @idENpEeT dige clai m 6, further provi ded
with a surface having an air filtration function. 9. The thin-plate nenber
of claim®6, further having a function for reducing acoustic 15 em ssions
from said dfsk drtievkin-plate mathker ingpipopstess e apeiefley adivstinggnephmusmipa sk havi ng
at | east on&ﬁkq?ghhgq_selected froman anti-static function, a
charge-surface function for attracting particulates and a noisture
absorption function. 20 11. The thin-plate nmenber of claim®6, further

ot LFart ARG heu ek B vl MANhRIGAIRANELBablh o | o enoe

reduci ng functi on an requency-1 nter uci ng nction. 25
30 -14 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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