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BACKGROUND OF THE eld of the Invention 2 5 APR 2002 A present
invention relates to a*w@thetic disk drive, particularly, rotating a
magnetic di sk mediumin 5 a hirgh speed and a magnetic disk drive system

using this techni m LIOH of the Related Art In a magnetic disk
drive systemt hatmmmmmﬂmm m hi gh preci,sion external storage, for
exanpl e, a 10 conput efguoe+fil e server or 1adi sk array, it is well known
that by a nagnetic head that flies with a given distance over a recording

surface of a magnetic disk nediumin the magnetic disk drive system a
dedi cat ed i nf or MXGNIETIG DISK HRIVE AND MAG, JISK PREVE BKSTEM npgnet i c
di sk mediumvia a magnetic flux. A performance of magnetic disk drives

greatly cones to decide a throughput of the magnetic disk drive systemin
the recent years. For better performance, there are next universal ains in

t he i nprovengy tch (?tdﬂ‘b %)% s RVENTIONTEMDIY capacity inprovement within a
limted system hardware (I ncrease of an information storage capacity per
uni t vol une) %14 JrethRNcaN®HEidn time for noving a nagnetic

A present invention relates to a magnetic disk
drive, particularly, rotating a magnetic disk medium in

5 a high speed and a magnetic disk drive system using this
technique.
Description of the Related Art
In a magnetic disk drive system that is used
as a high precision external storage, for example, a
10 computer, a file server or a disk array, it is well
known that by a magnetic head that flies with a given
distance over a recording surface of a magnetic disk
medium in the magnetic disk drive system, a dedicated
information is recorded on or reproduced from the
15 magnetic disk medium via a magnetic flux.

A performance of magnetic disk drives greatly
comes to decide a throughput of the magnetic disk drive
system in the recent years. For better performance,
there are next universal aims in the improvement of the

20 system.
1) a memory capacity improvement within a limited
system hardware

(Increase of an information storage capacity

per unit volume)

25  2) retrenchment of time for moving a magnetic



2 5 APR 2002 _ 2 _ head to a dedicated truck on the magnetic disk 8§ ARR 2002
(Shortening of seek tine) 3) retrenchnent of waiting tine in rotation for
waiting a magnetic head to a dedicated |ocation at the 5 specified position
on a truck of the magnetic disk nedium-TRese itens were resolved in the
present invention by an increase of rotational speed of the magnetic disk

medi a, whi chhahgotbngr gagesadedi BRUEk18nOthRUMahafstedilkkt tedfiumnf or mat i on
bet ween magnetic di sk drive and upper system and between magnetic disk
drive systemgRdrtppehgsyst eeekTheéme)is a "3.5 inches" drive in short from
the past. Here, "3.5 inches" is called shape coeffi 15 cient. "3.5 inches"
si ze nmeans a3magnetic deskedchmenthiofhwhdsiag abhoet i4 inodla¢donlE@DI6 nmm) in
wi dth, an about 5.75 inches (146.1 nm) in length. It usually has an about 1
i nch hei ght waliessgoehmeanssispbeitl &¢. al dedisated docarggnaat the
paral | el epi ped circum 20 scribes a magnetic di sk drive, let's inmagine the

| argest fcesPratfiedpRPaEtdPnt 8Nt Re thdGKe Ofc thes Ragd@itds dAsk nis tine,
the largest face of the "3.5 inches" drive can include two | argest faces of
a "2.5 inche®®94Mve. Sinilarly, a largest face of the "5 inches" drive can

'n the above rel at PonsAMBoCgsrant 8858 GASSLYedhrrbdns PErR Rt or siz6,
invention by an increase of rotational speed of the
magnetic disk media, which also increases an input-

10 output transfer rate of information between magnetic
disk drive and upper system, and between magnetic disk
drive system and upper system.

There is a "3.5 inches" drive in short from
the past. Here, "3.5 inches" is called shape coeffi-

15 cient. "3.5 inches" size means a magnetic disk drive
which has an about 4 inches (101.6 mm) in width, an
about 5.75 inches (146.1 mm) in length. It usually has
an about 1 inch height unless otherwise specified.

In case a rectangular parallelepiped circum-

20 scribes a magnetic disk drive, let’s imagine the largest
face that is parallel to the magnetic disk medium. At
this time, the largest face of the "3.5 inches" drive
can include two largest faces of a "2.5 inches"™ drive.
Similarly, a largest face of the "5 inches" drive can

25 1include two largest faces of a "3.5 inches" drive. The
shape that falls in the above relationship, golden

section, is called a form factor size.

The conventional "3.5 inches" magnetic disk



The conventional "3.5 inches" magnetic disk 2 5 APR 2002 - 3 dr2 \be ARRs 2602
structure, in a housing with 3.5 inches shape coefficient, which conprises:
an armthat supports magnetic head parts, a carriage with the arm which
positions the nmagnetic head to the speeiBied |ocation on 5 the magnetic

di sk nmedi a, an in-hub-type spindle notor that has rotational nmechani sm

within a hubgthgt Hgkds LheupRapeli ¢ndaSkotieding @itht 8.6utieichew face, and
magneti c di sk nmedia of which nost outside dianeter is 95 nm stacked on the

hub (herei nakhgpeCabkgdic3ehti, nGheech tomgirilseler apharrin thider suppoarts are
"3.5 inches" magnetic disk drives which have mainly about 1 inch (25.4 nm
hei ght or abmugnéttd8 heabepafds,4ammpriréaget wikhgth2 siroys widichnner
structure (plan view) of 15 prior "3.5 inches" nagnetic disk drive.

Ext ernal sizpoefitibhashthei mgghtic headdstionthes spechifigst dioositieon £M. 6 mMm
X 146 mm). Magnetic disk nedia 23 are secured by a disk clanp 33 to a

spi ndl e ribt okhg3magheEhcadéskomgdia afNpiBdELEHYREd SPFEEd & Mati9irs housi ng.
20 Magnetic heads 53 are secured to_an edge ,of ,an agtuator (&Qﬁicarriage
and a coil) &32tTR&sa&Ptatdrred mecherdseq Wil B %’“E’y tglaﬁl dSearing 73

to the housing. The housing 13 ' il mtor 83 fhat I st
of a magneti £V PEARELLRALo% PRGN RD 35 Sactistor BB b by

el ectricity, mégggtthrc disk’ ?\tg‘raigaorf%%tiic%”ﬁl'ostt%%t‘t%ei‘ﬂet Iai%[lrr%ci:t%]e} %‘3“ ¢

force and dri e actua 3. "Consequently magneti c

supported at pihhe+8e@eqObnt REcARLYAL (Bl rRIBEHRT 223900 "32 5 iNHRAH02 - 4
operation in which the head are |located at an arbitrary |ocation on the

di sk medi@ 23igkowgrastaasi-.radial direction. In the 1.6 inches height
magnetic disk drive 5 with an about 41 mm official height, the spindle
nmotor 43 i s nounted st Heltienglthewet Are i3t 5" inTthexhemgnditslc Edika (0.8 mMm
thickness). In 1 inch height nagnetic disk drive with an about 25.4 mm

of ficial heightiveist whs cimw inatved matiadlyi @dpoptnilt Hnfodur(253.45 nimc heesighdi sk
media. 10 Other prior arts about faster rotating technique of spindle
nmotors are dieck®oad, 163 dxghgise,(4dt- 4 APEAnESd Fdt-ent Lai d- open Publ i cation
No. 63-104282 (corresponding to United States Patent 5,243,479) and at
Japanese Patent Laid- oped -PobISTCHS G RENEF4-SIFRFEA TP 1B SHAW Qfacki ng

structur w th "3,5 icnches" disk nedi.a or, "2.5..nches' .disk.nmedia in a
housi ng §$ SPf%Oirncﬁég &Pczjﬁgpem(’?@@fef%ilcﬁ éi;hs.k I é’rﬁ'orii’gfertnrﬁls 45 i cati on
tried to rot g i i di.a 0ofc 1 (Mple j.ght tic disk 20
drive shown ?hfeli—.'?% I?‘?hfsg'ggefﬂgt %nal r?oﬁc)r ijl'gg:hf%t ts}.e\osrfﬂgyﬂc}gn i r%d t hat when a

rotational spaed .ef maPikndlsg HREOr RAAE % MO JiRM AT YRe/ AULyug (prior

rotational speed), electric energy consunption increases wth about 60
percent and B&C@MRS KD a3 2@ el tsHiGREBR mdtdr2% 3, GIHiwa] Gie design

review that decreases the disk nmedia 23 from 10 disks to 8 disks in the
st ack. rotated at predetermined speed in this housing.
20 Magnetic heads 53 are secured to an edge of an
actuator (the carriage and a coil) 63. The actuator 63
is secured rotatably by a pivot bearing 73 to the
housing. The housing 13 secures a voice coil motor 83
that consists of a magnetic circuit. The coil of the
25 actuator 63 is flowed by electricity, then it generates
a rotational torque with electro-magnetic force and

drives the actuator 63. Consequently, the magnetic head

53 supported at the edge of the actuator executes a seek



They al so confirmed that an inner tenperature of the housing 13 beZMR 2002
nore than 80 degree centi grade 2 5 APR 2002 - 5 wthout cooling neans
surrounding the 1.6 inches height nagnetic disk drive showmn in Fig. 3. The
cooling neans are, for exanple, a fan that -makes air flow for cooling.

I nventors of this application tried to rotate 5 magnetic disk nedia of 1.6
i nches hei ght, JHBGRELIC 1¢i S/ idh ReSHaYY idtedFilbeaked ast @in WML idhy i OF
arts. \Wen a Fbtatlonal speed of spindle nmotor 43 beconmes 12000 rpm from
6300 rpm (prij@cat@ibat iodnNahes pESK meRiiRCIXI G X @Y ARSI | ncreases
wi th about 460 percent. 10 Japanese Patent Lai d-open Publication No. 4
205776 shows dd rieegrien.c di sk drive that nounts a stack of magnetic disk
media smaller in outer size than that of "5.25 inches" nagnetic disk nedia
within a housing that iIn dési dnéd ifnmhes heZghthetagnedtorandisait clristeze 15
magnetic disk drive. But it does not consider an increase of heat

gener ati ob caidddd ary @pods tddr Motofifiisi adndeiditer Weh SRANGRIMIGRE
Japanese Patent Lai d-open Publication No. 631 42§§%(CQ2&§§$qu¥n to USP
5,243, 479) ddes iFofMOMR tEGh STRGKINANK, Wi e £1FHdi "at it % 918 scl oses

an increase of r.otati qnal eed of gnetic nedia. l.nventors aof, this
application sa(rgagné[ﬂ }Q’tﬁc Stedica %} 1 2”?1'? rﬂﬁfé’\s"'et RIS or
magneti c di sk,.dn) a0, :the _housi f 0 i es: height 3.5 .25 1 nches”
magneti c di ski&_l%yl @V,&néuﬁ‘ u_rtar?'e;ésdtcﬂ\gcy_érgdt%_tngns e_ecfrle% a a gl‘i%’oobgrlpgm in
order to fabrigafief saaHO Wil Hirdde: Wi a st ransf efedal € of
information (Fig. 13, Fig. I4). Inventors of this application found 25

APR 200219 6 that it ickEHeacessdy dids kashithgddieer edat ggper at ure equal
to or lower than 60 degrees centigrade to nount eight disk nedia or |ess

when 0.8 mm tdeiatitriesse roefdispiardd endepicark ark tdi sglloded) efen ektakpleedi a or

| ess when 5 0.635 nmthickness nedia are adopted. That is, they found that
it is possibleg td@pegtestee Ritsn med iad fopsrerPul tdcatiioin Mad ngd+H@&4282 or nat i on
storage capacity in sone extent, and that the storage capacity and the
faster rotatiGWiesnendivg £ainited ftaterLargnti B rdd atd thshpd aere,
disk nedia for the 2.5 inches formfactor magnetic disk drive have a 65 3
mm di anet er (RAREERSS Pafishifetid)d0Re BB ifar Lo q hi Mards7 th &hat 4

mD. 2 hi ckness. Nornal thicknesses of .th media are 0.8 0. 635 mMm
or 0. 38m17£%m ¥ SofS YRR S et%é“itr{hefa ‘tlérf‘ﬁé‘?dréef%r e‘%o?ktri‘ﬁregqrﬁ)usi ng
(during a se qperat. s K I Nyt he predet er.m ned:t r e or |ess,
for exanpl e, %éo e'gsfelen%g?een i gr :sﬁée nﬁ)érhll%glsr? g gch‘gglgple#] cgf I%’%Iﬁ%ﬁ?ﬁ t he 20

di sk drive by, seifddg b enquahdmargin in tenperature for long lives of a
| ubricant on the di'sk media surface and a grease in bearings of the spindle

notor. Another is not tIhwHi@s ke dHid URHEE dr Forstidt sd bed wesra tdie
magneti ¢ head and the nagnetic disk nmedia, and to a
magnetic disk media of 1.6 inches height magnetic disk
20 drive shown in Fig. 3 faster than in prior arts. They
confirmed that when a rotational speed of spindle motor
43 becomes 10000 rpm from 7200 rpm (prior rotational
speed), electric energy consumption increases with about
60 percent and becomes more than 20 watts despite a
25 lightweight design review that decreases the disk media
23 from 10 disks to 8 disks in the stack.

They also confirmed that an inner temperature

of the housing 13 becomes more than 80 degree centigrade



25 posture of a slider. Consequently, recording or reproducing wit@ % APR 2002
i nformation to or fromthe disk nmedia are not influenced badly. Thus,
tenperature specifications of the nagnetic disk drive can be guarant eed.

2 5 APR 2002 Thus, inventors of this applt+cation found that it is

necessary for nmaking the stack of nedia |ightweight, for achieving the

faster rotat{,opabuspesdlohgt ReafBdsarranddiay keeping ahdhes eadighy t he
storage 5 capacity, to attach a special cooling nmechanismto the magnetic

di sk drive. haghbeigagneki drdivek stoiwve iny Figm 3f.or Téeamplod inghaefanse server
or the disk array, it is desirable for rotating the magnetic nmedia faster
and for 10 keepi nforhexampiiem hi gahy thelti mbkest adr ddomw fememed isigoul d be
provided to the magnetic disk drive. SUMMARY OF THE INVENTION It is an
obj ect of the present InRVERtpPss o Bhdvi appligadiion girdeddtiovaetmteh a big
storage capacity 15 and a high reliability, which rotate the magnetic di sk
nedi a at & h"gAN&HeEddamH Wﬁ%&ﬁ Péstr &i ANRbES @@ﬁépétmﬁﬁq&piﬁ1éiﬁi of the
hi gh speed rgtation It is gnothﬁr bj%ct %% t he present ig*ﬁnti nto
rovi de nagn8fi¥SdPERYEr thed 1nd IRudAEEE &PER dF PE56 &F&tSens WA a big
P gnet ! . a1 . ;
storage capagi {394 3.h! ggeaae%g %%ﬁ%%ﬁ'e”%o%%!xj 13 peldonled Q'Wberrtpﬂpl ect
of the present ‘Invention provide magneti c di sk drives and nmagnetic di sk
drive from 6300 rpm (prior rotational speed), electric energy
consumption increases with about 460 percent.
10 Japanese Patent Laid-open Publication No. 4-
205776 shows a magnetic disk drive that mounts a stack
of magnetic disk media smaller in outer size than that
of "5.25 inches" magnetic disk media within a housing
that is designed for a 5.25 inches form factor size
15 magnetic disk drive. But it does not consider an
increase of heat generation caused from faster rotation
and higher density mounting.
Japanese Patent Laid-open Publication No. 63-
104282 (corresponding to USP 5,243,479) does not
20 consider fully a heat radiation while it discloses an
increase of rotational speed of magnetic media.
Inventors of this application mounts magnetic
disk media for "2.5 inches" form factor magnetic disk
drives, in the housing for 1.6 inches height "3.5
25 inches" magnetic disk drive. And further they rotates
the media at 12000 rpm in order to fabricate a magnetic

disk drive with a high transfer rate of information

(Fig. 13, Fig. 14). Inventors of this application found



systens with a high speed accessing ability and a good 25 cost perfzoﬁnAR%eZUUZ
O her objects of the present invention may be clear fromthe statenent of
this specification and 2 5 APR 2002 8 drawi ngs. For achieving the above
objects, the magnetic disk drive of the gresent invention nounts magnetic

di sk media smaller in dianeter than "3.5 inches" magnetic 5 disk nedia

within a magrekiCifi 3k delvdsihkya rorake epalyl ithieeinndib teipast hey nore

cost performance, (in other words, using general -purpose parts that do not
come expensi ¥gubl %$bead Qbwels teEmosdedepalees) centd gragieetticc netiwgkk dri ve of
the present invention may nount 10 magnetic disk nmedia for drives in a
shape coeffi eiight Aiski mekds, o5 lessmadien iOn Sommerthdickretss medizhiare he
magnetic disk drive in the shape coefficient 3.5 inches. Wth the above
structure, iadopsedoasdngot meunts edeyesd disd mEHG e IREUANEN the
spindle notor, 15 etc., around the magnetic, disk media of, 65 mmin outer

di anet er , 5 sp&Ae&35f M5 thikcknes snmedizy aRra adapted. t Thatsdsy ithehe di st ance

fromthe center i f .the spindl.e notor that rot.ates the etic disk
nedia, a cl egroé(‘r‘?% t%’la%létmhsar%osse?.%lfo 44 &R t‘#aﬂ‘e-“lﬁcﬁar gqﬁ% inshi p
bet f, : . i .Qf j j i Vi : f
heat v ad: att 8 ey e iR ALE el R Aoy ballddtey TR O

menber may nqfyRe BhaRgednd eHlld ivie ist ddidfe (M dBANPM didk drive may

25 have a margin for parts’ arrangenment In the above space. en the

radi ation nefRereran@tAIIVYE tHEMH @ GHPATEGHO ddnassf i ns (uneven
parts) in surroundi ng periphery of the magnetic di sk nmedi um 2 5 APR 2002

_ 0 _ Theospiredlat imnistvipg.hat rotates magnetic disk media of 65 mmin outer
di aneter and the actuator may be arranged so that a distance between the
centers of the spindl e Hextegr chrek tneslizctiicat drhebek.dneisnctEs nivom | ess. 5
Further, if cost performance is pursued, if nornmal actuator parts are used,
and if a tor f@cter magnediice Ak diitver Haye rcrefebdmm Hdamedes di st ance
can be extended to 47.5 nm The di stance may have _a nore margi n considering

to a windage (08&rMast diFpetanhénd ih Gt oL -Auffetd CHP&ESTEdi & of a
0O, M1 Ut & SLTEHCD, o8, TRINELEC Ol SKoTRdh UG SR B oer dhareter
the 3.5 i pched JTBONGH G @ $in, 470 Vs THE JPY 44 € i Sk media of 48 mm
One of the reasons why the inner temperature
of the housing (during a seek operation) is kept in the
predetermined temperature or less, for example, 60
degree centigrade or less, is to get a long life of the
20 disk drive by setting an enough margin in temperature
for long lives of a lubricant on the disk media surface
and a grease in bearings of the spindle motor. Another
is not to give a bad influence to a status between the
magnetic head and the magnetic disk media, and to a
25 posture of a slider. Consequently, recording or
reproducing with a information to or from the disk media
are not influenced badly. Thus, temperature specifica-

tions of the magnetic disk drive can be guaranteed.



15 in outer dianeter are normal nedia for magnetic disk drives i B &hﬂ%@zmﬂ
coefficient 1.8 inches, and its thickness is 0.381 mm BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a cross-sectional side view of a 20 magnetic di sk
drive, which shows a first enbodi nent ef 7t ke present invention. Fig. 2
shows a plan view of Fig. 1. Fig. 3 shows a plan view of prior magnetic

di sk drive. 25 Fig. 4 $Rg4s 3nR@NTRLE! lofe tHiWa@p1a dEdRA! ifoud kgdi um
whi ch has 2.5 inches formfactor size in 0.381 mm t hi ckness. 2 5 APR 2002

-10 Fig. 5 shewssaneeesRaslyi YorvimaWidlg aheagteidkc off sdedirdi um which has 1.8
i nches formfactor size in 0.381 nmthickness. Fig. 6 shows a plan view of
a magneti c dilslghtwdighe,t fatr aghiilee inecahd sttt aofi qrads esgeadhvent i on.
Fig. 7 is a cross sectional view showi ng one exanple of a fin shape on an
A- A section iof Ehg mediRi,gang ifora keepdngs ot ilowaleasiang sthenistpraged second
exanple of a fin shape on an A-A section_in Fig. 6. Fig. 9 is a cross

sect i onal ® vi GAPSIFRYngte Efitaghegafpesicgl £odlinshIRCIHANIEN A tdheetion in
Fig. 6. 15 Fig. 10 shows a pl.an view of a third enbodi nent of present

i nvention, POR €It S e &5V edi sk drive hi gher than a normal height. Fig.

11 shows a CrOSS_SECtI%%a%h%l%%dﬂé%Qéﬂaisk drive system, for

example, the file server or the disk array, it is
desirable for rotating the magnetic media faster and for
10 keeping the system highly reliable that cooling means

should be provided to the magnetic disk drive.

SUMMARY OF THE INVENTION

It is an object of the present invention to

provide magnetic disk drives with a big storage capacity

15 and a high reliability, which rotate the magnetic disk
media at a high speed and which restrain heat generation
grown out of the high speed rotation.

It is another object of the present invention
to provide magnetic disk drives and magnetic disk drive

20 systems with a big storage capacity and a high speed
accessing ability.

It is another object of the present invention
to provide magnetic disk drives and magnetic disk drive
systems with a high speed accessing ability and a good

25 cost performance.
Other objects of the present invention may be

clear from the statement of this specification and



the magnetic disk drive in Fig. 10. 20 Fig. 12 is a cross-secti odd ARRi2002

view of a magnetic disk drive,

present invention. Fig. 13 is a side view in depth direction of the
magnetic disk drive in Fig. 12. 25 Fig- 84-is a side view in depth

direction of the fourth enbodi nent, which shows an air flow Fig. 15 is a
side view i ndpa@ihgdirection of the magnetic disk drive in Fig. 12.

APR 2002 -

10

15

20

25

whi ch shows a fourth enbodi nent of the

2 5

11 Fig. 16 is a side viewin width direction showing a nodified
exanpl e of the nagneti Eodi akhdewvingi hhEi gbot2. oBijgcts7? itheamaigtetiicew i n
depth direction of a 5 magnetic disk drive that shows a fifth enbodi nent of
present invedisbndrfig. ofsthe nrpeespednventipawmetingsniggaeitd cdiddiskdri ve
whi ch shows the fourth enbodinent of present invention. 10 Fig. 19 is a
cross sectiomgfiaj gmadiew &p 9i3MRERreb8R menP dRCHLESeARIRFEft i on,

shows a nmagnetic disk drive.higher than narmal ., Fig. .20 is.a side view in
dept h diﬁbgtgbﬁkopealﬁaﬂhEPFe gi@EgBFF%E gﬁg? gﬁéﬂg 4Ns8vERAR ermodi nent of

coefficient 3.5 inches. For more cost performance, (in
other words, using general-purpose parts that do not
come expensive in stead of custom-order parts), the
magnetic disk drive of the present invention may mount
magnetic disk media for drives in a shape coefficient
2.5 inches, 65 mm media in outer diameter, within the
magnetic disk drive in the shape coefficient 3.5 inches.

With the above structure, in the housing that
is sealed including the actuator, the spindle motor,
etc., around the magnetic disk media of 65 mm in outer
diameter, space of 95 mm — 65 mm = 30 mm arises. If it
says in the distance from the center axis of the spindle
motor that rotates the magnetic disk media, a clearance
of 15 mm arises.

From the trade-off relationship between a
performance and a price of the magnetic disk drive,
members for heat radiation may be arranged in this
margin area. Or, this radiation member may not be
arranged, resulting in that the magnetic disk drive may
have a margin for parts’ arrangement in the above space.

When the radiation members are arranged, they
are composed to arrange fins (uneven parts) in surround-

ing periphery of the magnetic disk medium.

whi ch



15 present invention. Fig. 21 is a side viewin depth direction o § APR 2002
magnetic disk drive that shows a eighth enbodi nent of present invention.
Fig. 22 is a side viewin width direction of a 20 nmagnetic disk drive that
shows a ninth enbodi nent of present inwvefStion. Fig. 23 is a side viewin
depth direction of a magnetic disk drive shown in Fig. 22. Fig. 24 is a
side view in depth diregl epioldla Rourmrgdate rditdcad imeyradmn dislFi g. 22,
Fig. 25 is an architecture of a magnetic disk drive systemthat nounts the
magneti c di skediiavefof6Sprasdmt duteantdiameter-Arid AR Zi3hiatch? mady doe 26 i s
a perspective view of a magnetic disk drive of the fourth enbodi nent of
present i nveatriramgedhisoh thladwa aiditanereeitetwtessi Mdd rcqnresarefantgdwent from
that of a normal nagnetic disk drive. 5 Fig. 27 shows a plan view of the
magnet i ¢ di siepdindle metpirg.angs theEpAYuEs PESCRImE O OF 1THER PRERERRED

EMBODI MENTS Fig. .1 is .,a cross-sectional view that shows_an out]ine of the

i nternal 3tr§&EHE ef HhETlyREGiorance ¢ RWSued i A MUMRNi ment of t he
present invention. Housi 11 has _a, 3.5 jnches faormfactqr, size with

of ficial hei j‘tﬁt“&t?zfl%‘r%% 2z élsier%jdhea_é‘d ﬁ%ﬁ"‘eﬁ%r & Phas S5 min
diameter, 0. Q33 1MRd el NCkEs s SRHUI B U Staddidicd Pl e hese
nmedia 21 in a predetermned rotational speed, a rotary type actuator 61

that |ocates A RGN&d @ NEAGAr OWHE i dHcDGRY Havel a diKk& Voi ce coil

notor 81 that drives the rotary type actuator 61 are secured in this

housi ng 11. Aa3RGW idthIiRIdIahPitd ke wiRidile 188 dcis 20 with a screw or
by a press fit to support the spindle notor 41 at one edge thereof to the

housi ng 14 that incl udeudtherspiindlsread af 4dagrtiad dicdibh nestifiess off 4 he
spindle notor 41 to the housing 11 and a cover 101 that hernetically closes
the inner spd&femsf irheweusidigneters avipmte ol aidis kraugdanme lo st md
(alum num or glass for its substrate materjial. For nore economc
fabrication M e eraghiamaten diond magnet in s bfdBidtewn ahdShErss

coefficient 1.8 inches, may be used in the 3.5 inches

magnetic disk drive. The magnetic disk media of 48 mm
15 1in outer diameter are normal media for magnetic disk

drives in shape coefficient 1.8 inches, and its thick-

ness is 0.381 mm.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional side view of a
20 magnetic disk drive, which shows a first embodiment of
the present invention.
Fig. 2 shows a plan view of Fig. 1.
Fig. 3 shows a plan view of prior magnetic
disk drive.
25 Fig. 4 shows a perspective view of a magnetic
disk medium which has 2.5 inches form factor size in

0.381 mm thickness.



2 5 APR 2002 - 13 fits, an adhesive may be used for securing. I\/BgZ‘né iAPR 2002
di sk nedia 21 are stacked via spacers 141, thickness of which is 1.7 mm
The space between the nedia is 1.7 nm 12 nagnetic di sk nedia are stacked 5
in an axial direction. Magnetic disk nedi@ 21 are fixed by a disk clanp 31
to the spindle notor 41 that can rotate to 15000 rpm The axis of the
rotary center 111 of tftqgrfagn%tﬂd;qéjiasli)é’gﬁét@i]vé Svidw el rddrostiat a
central 10 portion of the housing 11. The housing 11 that is en bloc casted
iri alum numaldyediam hinied Hassl BlarmiHengskmtfdeusr poide aivs out si de

t he housing, each of which fins is defined with a thickness at a | eaf edge
t - 2 mMm a ledsl emgtthilckneds.mm a di stance H between 15 | eaf edges is 5
nm and each of which fins is stood perpendicularly to the axis of the
rotary center 111 of tiRigmdnethawsliaskolasdivien ofisa magretic dbkk nedi a 21
beconmes snaller in dianeter, for exanple, as changing "3.5 inches" disk 20
nmedi a to 52. Biniehddratdiigk thadiseqand sabqdinsieset Fresetm a wei ght per
one di sk medi um reduces by about 54 ~. As changing "3.5 inches" disk nedia
to "2.5 i nchédWVe&dits¥eredi a i n thickness of 0.635 nm a weight per one disk

medi um r educes by aboutF.64 ~ Therefore, a 2‘%%#5 wei ght ofnthe éot at ed
body the spindl e notor Ftatest Tah TR BT T TR % G

h teristi . . . ¢ duct |
of el cotric GBS (8 dernt By FPAFRES 8 ERSmion)
during an idle rotatiorgidf d hes nRonedds S skidmd ayfdw sh@ppeg 4rom "3.5

inches" to "2.5 inches", Tor exanple, a nmaxi mum margi nal velocity when the
"3.5 inches" disdndmdizingld BatL fin IEHUKEL rop. dh BladSct Do IRXFIGM

mar gi nal velocity when the "2.5 inches" disk nedia rotate at 14600 r.p. m
Therefore, when recording or reproducing an dedicated information to or
fromthe magnetic disk nedia 21 by a magnetic head 51 (Fig. 2) via a
magnetic 10 flux, if a Bignad s ccesxsisy sditiconal svieweshowimgtde past or
nore, faster rotation of the media can be executed wi thout a reduction of
recordi ng derfgind jerammg tafli nafinli share oon A2 seckkonhbr Fi94 ocat ed
concentrically on the magnetic disk nedia 21. 15 Wen the magnetic di sk
media 21 rotate, they receive a frictional resistance by a viscosity of air

%:“?t (1 ow-al ong a surTace bt 1he Haghet 1K 4R e e t%é@aﬁ%@”%?%w?%?ﬁ nar
20 [ 5000, [ [
modia 21 are 1405 4 ot PRt oy v b2 e o REe BRI LG o are

"2.5 inches" g sks. n e thes fregned k. digki fgdi a 21 are changed from"3.5
inches" to "2.5 inches", the transition

Fig. 11 shows a cross-sectional side view of
the magnetic disk drive in Fig. 10.

20 Fig. 12 is a cross-sectional side view of a
magnetic disk drive, which shows a fourth embodiment of
the present invention.

Fig. 13 is a side view in depth direction of
the magnetic disk drive in Fig. 12.

25 Fig. 14 is a side view in depth direction of
the fourth embodiment, which shows an air flow.

Fig. 15 is a side view in width direction of

the magnetic disk drive in Fig. 12.



25 boundary is big enough against the nunber of rotation limts o5 (AR 2002
spindl e notor 41. Because an torque |l oss during on-load rotation, which is
caused fromthe frictional resistance, becones bigger biquadrately 25
APR 2002 - 15 proportional to a dianetgn of the magnetic disk nedia, if

t he spindle rotates the nedia in a sane speed, the torque loss of "2.5

i nches” di sk media cor pegpongs:Lojaliout g2ey 9h LBALKOLi rdc3sifches’ di sk

media. 5 Therefore, f he splnale ot OF 41 Fotates if-a predet er m ned
idle speed, Lﬂswgﬂgfs%ogﬁeméa”ek AB180V8" 1nRCRARRRLIERHLSY: dRifea feat
generation cause y W ndage can e restrained ns 1la are nade at plural
portions of FB? 192housing 11, which have an effect that increases a
surface area of the housing 11 and that nmakes a heat penetration fl ow good.
The tips of fins 1la begguelc! asea shdeheieenpear deptd direleiext efnal air
of housing 11. The rotation of spindle notor 41 and the flutter of 15
actuat or 1 uegnehibydihé dyswventheneshvwsheatfifihi emboiddmensnoifnt er nal
tenperature of the magnetic disk drive. The fins 1la reduce this

t enperat ure PHEFEASeingentdpPnthe fins, if the thickness t is 0.5 nmor
nore, a radiation coeff|0|en% al nost never change % I f the Iength L of
the fins at four porti6mng-id n&ﬁeatBeﬁépfﬁtﬁNFo igYr 8 ehBaBRGTAG on
beconmes effeqgti Conse tl train te rature r|S|ngs
ot | east it A RhoHF BSqaehs “BRNEI SPsas R R0 BOR R oy RECS R tabout 3
degr ees centhg%ggg gk 12000 r.p.m 25 rotation, and about 10 degrees
centigrade af 6 rotation. It is advantageous to make the length
L of the,dins long as wgh ag aesal lalr%ssA@,@cttfi%naqn%%eofvﬂebﬁofﬂ RS is

i ncreased so as to bring a heat APR 2002 - 16 penetration flow good,
because the guktacemdb@amehtt BE blr@selmcqmi&elwtqad;er whARt ishowize &f i ns 1la
are arranged in a air flow made by a fan that is installed in a case of a
magnet i ¢ di skadnieté csyds&mded vehihdlyhielre thegneioirmal .di sk drive is nounted, a
cooling of the magnetic disk drive becone nore effective. a) Power
consunption (during th&iigdl @0r disaki edrecanewe inedeprdingd restd.on wdt @ or

| ess when the spindle rotates at 10000 r.p.m, 8.3 watt or |ess when 10 it
rotates at 1P@g0etig. iskad@ire ghadt Shows @ssexentioembodinanthPiThe i nner
tenperature of the hqusing 11 (during the seek operation) can be restrained
at 47 deﬁ#ee?rééﬁplgﬁgag A9ess when the spindle rotates at

Fig. 21 is a side view in depth direction of a
magnetic disk drive that shows a eighth embodiment of
present invention.

Fig. 22 is a side view in width direction of a

20 magnetic disk drive that shows a ninth embodiment of
present invention.

Fig. 23 is a side view in depth direction of a
magnetic disk drive shown in Fig. 22.

Fig. 24 is a side view in depth direction of a

25 magnetic disk drive shown in Fig. 22.

Fig. 25 is an architecture of a magnetic disk

drive system that mounts the magnetic disk drive of

present invention.



15 10000 r.p.m, at 52 degrees centigrade or less when it rotates @ §1090002
r.p.m, and at 58 degrees centigrade or less at 15000 r.p.m Finally, the

i nner tenperature of the housing 11 during the seek operation can be at 60
degrees 20 centigrade or |ess under the T»ndition that the magnetic di sk
media are twelve, and the magnetic disk drive is installed in the magnetic
di sk drive system w thayly.af@an.s Bnger@pdiions wiielo W Gadie: above
nunmerals 25 are obtained are as follows: the mediumis a "2.5 inches”
(dianeter: 6%iFR driivekREs Thel. fo¥r tAiNembddtindmac o thgrdswitve nedia, the

di stance between nedia is 1.7 mm L of fins = 32 mm the thickness t of the
fins = 2 5iARRN2AGA,- which? showsa xididifidmerentspd citregrpier gtartes-of t he
magnetic disk drive is 25 degrees centigrade, the magnetic disk drive

syst em has n@rramgehean trsipoet ithateaf 5 nowmnaln regnetfic bl sk adrivg or 61
receive a_force froma honogeneity air flow that is generated by rotation
of the mafnetic di sk neEdi%. %7f SRS & L athierey soﬂefg'éﬁ\f&g‘lﬁ/“t%éila%]f uat or

61 including the nﬁgﬂ%pic q§gs 51, fromthe air flow can be decreased, the
torque | oss AFY%Fy Bh-fi¢ad ation of 10 the magnetic di sk media 21
further can be decreased, which results in suppressing the heat generation
caused by wi ndage. Fig. 2 shows a plan view of an arrangenent with basic

elementary pafgmiiis MedBatich B it | prdrile Whidhimenrd. A distance

B between a rotation center 111 of the magnetic a 21 and a

rotation center 121 of gihe magnetd ARl dcCadhde sl ek € 0Shewd 'h W t h
the prior magnetic disk drive shown in Fig. 3 because the 20 magnetic di sk

nmedi a 21 becyr 19T |&f dHe diryetredl MNar®iture fot hehedlimdpneei 8 dihsk ebet ween
is set with 40 mm (Fig. 2), a gap 131 on the magnetic head 51, which
records 00 repriotces fairsmfembudinmntorodriie gredentrapmeenttiah sk nmedi a 21,
can be arranged at R = 37.5 mm 25 location fromthe rotation center 121.

| nci dent al | y, Halssgva elslpdrall ry 3 stignaee B forn nkagionrshggrieitle di sk drive
shown in Fig. 3, which is defined as a di stance between a rotation center
113 of a rmgrfg;{ﬁz@lcﬁ]smqmta of 41.4 mm. "2.5 inches" magnetic disk

media 21 (65 mm in diameter, 0.635 mm in thickness), a
spindle motor 41 that rotates these media 21 in a
15 predetermined rotational speed, a rotary type actuator
61 that locates the magnetic head around a pivot bearing
71, and a voice coil motor 81 that drives the rotary
type actuator 61 are secured in this housing 11.
A securing method of the spindle motor 41 is
20 with a screw or by a press fit to support the spindle
motor 41 at one edge thereof to the housing 11 that
includes the spindle motor 41, or at both edges of the
spindle motor 41 to the housing 11 and a cover 101 that
hermetically closes the inner space of the housing 11.
25 Magnetic disk medium 21 uses Al (aluminum) or glass for
its substrate material. For more economic fabrication

of the magnetic disk drive, in place of screws and press



2 5 APR 2002 - is 23 and a rotation center 123 of a magnetic hea@ %3APR 2002
54 mm Because the magnetic di sk nedia 21 becone snmaller in dianeter than
prior media 23, a surroundi ng space of the nmedia has a clearance with 15
mm 5 Therefore, 54 nm- 15 mm = 39 mm ney bHe adopted as the di stance B of
Fig. 2. The distance B seens to be about 40 mmt 1 nmmas a practical value
considering g;tgl eaana@nkah veaRahColl Aed ol @ecuzay.dering to use

exi sting stanéard 10 parts of thée actuator for fabricating econonic
magnetic disk drives, MagnditstadsexBmedill @1 Ar@stheked Yianspaddis above
R+ 10 mm. A deterioration in access speed should be conpensated by

i ncreasi ng thaitothdekokesishe fvahdehcdisl 1ndt em.i n Thel Spease belweBre present

i nvention descri bed above can nmake an actuator portion smaller and lighter
than the pri adheaoeddeoris6d .i/nomudi 1§ magneddeetdis hawdlizs.angragacked
specifically, a weight of the rotational portion at the actuator_ 61

i ncl udi ng® t hénmagné&iielhdigestiom.q. Magned iz dilsdumei g2y fremtidest ce) to
36 gf, and a nonent of inertia of the rotatjonal portion at the actuator 61
i ncl udi ng t h@Yn@gRétikc HEF® 51 te HGuSPIFGY SFGRF & Imhhar S gf square
mm In the pri%r nagneh%% i sk drive corresponding to Fig. 2, a weight or a
moment of 25%°réM &% tﬁ &%t i onal portion at the prior actuator 63 are

45 gf or 14400 gf squar GHIM; J s%efcttih\ée![r})é;ctﬁgflcygﬁgﬂt rlqtlglrﬁ%sqme i nvention,

that is, in case the voice C6il notor ves an ou power of 25

APR 2002 - 1%a§9e_%i'ﬁmdﬁ e QRRATRAN & L WeHadd) i I TRl H di sk

drive of Fig. is used for a voice coll notor 81 that drives an actuator
61, an ayer ageraaeessfl it tndingdaareases ol mpaut thae lid -&econds in
the magnetic 5 disk drive. Here, the average access tine defines an average
time for thebiagnetasteaeda 20 und nen lgddatyed Hasomimestmrfidg dcla t o a
destination track which are arranged concentrically on the nmagnetic disk
medi a 21. | neimt@emgsd yt theeln @onigets owissiderddien i sHmey usssEh roft his 10
case, the rotational speed of the spindle is 10000 r.p.m_Inventors of the
present inventiich dams dredafinegk widigln Wrigkneas @tala peaf @dag & he
actuator 61 is smaller than 36 gf, or if a torque of the voice coil notor
is larger than20M Rmif& FfRdHEtbdr & AF Mht 2 B URNCR dF RREWRSTess time

b d l.l er.. \\h i f. the., i | i
[he act ubtor TGEE SOSRR e % M S eaha il The 157 e Deade voi ce
coi | motor i 30,02 NDAEY, 198 SRR B4 'S end N AU WARSSSEL A can

be reduced b
the magnetic disk media 21.

As magnetic disk media 21 becomes smaller in
diameter, for example, as changing "3.5 inches" disk
20 media to "2.5 inches" disk media in same thickness of
0.8 mm, a weight per one disk medium reduces by about
54 %. As changing "3.5 inches" disk media to "2.5
inches" disk media in thickness of 0.635 mm, a weight
per one disk medium reduces by about 64 %. Therefore, a
25 gross weight of the rotated body the spindle motor
rotates can be reduced, which brings a high character-
istic at a spin-up operation, and which also effects a

reduction of electric current (electric energy



20 7 milli-seconds. An actuator using the voice coil notor that h@shgAPR 2002
torque of 0.12 Nm per one anpere current, gave 6.5 mlli-seconds during a
read operation, and 7.5 mlli-seconds during a wite operation in average
access 25 tines, respectively (in the-thi4rd enbodi nrent of the present
invention; a weight of the rotational portion at the actuator is 53.0 gf.).

Fig. 4 shows §ﬁﬁ§%£g SBegti ndi gke Bt HBon2 5 APR 2002 - 20 which
has 2.5 incﬁggndlaneté?ﬁand 0.381 mmthickness. Fig. 5 shows a size of a

magneti ¢ di sk medi um whf chhdagadntiocheskdnagehearandh@ng@d fwbmhi ckness.
It gives surely above described same effects to exchange these 5 disk nedia

24, 25 differgns imckhéze, tbor2nhgbrthestj skoredkampleshawmakimiing. 1, and
to mount themin the nagnetic disk drive. Fig. 6 shows a plan view of a
second enbodnarngithabfvébecpteseneni hhent'8oh, inchaghetliskdmelidri ve 10 which
has 41.4 mmor 1.6 inches nom nal height and 3.5 inches formfactor size.
Fig. 7 slfowsratztesatsbedPonrop.mn AJRap8rtPoA MaAXEmym Barghbafeat ure of

this enbodinent is that the nmagneti¢ disk drive arranges fins _on all sides
of 15 housi nEeiBChEY sHReN akhehoan i ARERES" 191igkdmeAae £RE2EPN&Ton one side

consi st of 4 %' 8ar fins 1? arranged gt 4 mminterval, each.,fin _has 3 mMm
Chi ckness at 14 A0 chieR Bnd 18 AR PaRgt NORSTENBRALTE PForSPEoMRIRg net i ¢
di sk di i i h i i d 0.8
=K e um B8 SEueafla SRE0-RLIBLCDATAs B3R, SLOHBLSL A0agnd 0.0

They are Secﬁ-!é&ﬁatQlab?pénﬂégnggierhéﬁd( Ehg.pfy,tBat v?ﬁ”adh'b\éﬁett%[(n at

12000 r.p.m rotational spee maxi mum t enperature (during a see

operatiam) ip1hRe heusi BYgARLI §rb@é§s§hg55b2§ié9gE._Qe§aﬁhén_bisgfiﬁdeh@r_ | ess
and an electric power conSunption is 8.7 watts during an idle rotation in

t he above capest!|aeifenéal Exsteap eovhtadnebfakhtefipdiat ga@ be t he nmagnetic
disk drive is 25 degrees centigrade and there 2 5 APR 2002 - 21 is no
fan on a casexécuhedovitheubhmgneeductisk dfi vecording density in
longitudinal direction along a track that is located
concentrically on the magnetic disk media 21.
15 When the magnetic disk media 21 rotate, they
receive a frictional resistance by a viscosity of air
that surrounds the magnetic disk media 21. A transition
boundary where an air flow along a surface of the
magnetic disk media becomes from a laminar flow to a
20 turbulent flow is about 15000 r.p.m. when the magnetic
disk media 21 are "3.5 inches" disks and about 30000
r.p.m. when the media are "2.5 inches" disks.
When the magnetic disk media 21 are changed
from "3.5 inches" to "2.5 inches", the transition
25 Dboundary is big enough against the number of rotation
limits of the spindle motor 41. Because an torque loss

during on-load rotation, which is caused from the

frictional resistance, becomes bigger biquadrately



system Fig. 8 and Fig. 9 show other shapes of fins. Fig. 8 show?eﬁ Pgsg[mz
section of the A-A portion in Fig. 5 6 when fins 16b are arranged i'nsi de
the housing 16. Fig. 9 shows a cross section of the A-A portion in Fig. 6
when fins 16c and 16d are arranged ins+de5 and outside the housing 16. Fig.
10 and Fig. 11 show the third enbodi nrent 10 of the present invention, a

"3.5 inches" oragRetiiendiskodhl Wa aweitelr Fs the Madwitl dibN mddid)i gher
than a nornaF hei ght of "3.5 inches" standard. Fifteen magnetic di sk nedia
22, each of wii ¢hel SpEndIe irdtditaisetttie aiedii® 8nma isarehispewss tia e 15
stacked to a hub 162 at 2 mminterval with interjacent disk spacers 142
that is 2 mmtiorqule dosasef( Fi2g.5 ihcheddt @i shomesidanmdor resporsdy aspi ndl e
notor) capable for rotating the nagnetic disk nmedia 22 at 12000 r.p. m
rotational spbettt @4uidp cft $hadi l0020'3. Sstimahestordd skomertiaand magnet 212
outside the housing in the rotational axis direction of hub 162. There are
five finsd128hgrefome,i wheny diheoFrdmdls aoter t4He nR¥Asiafy ip.a An edge
portion of the fin 12a is, 2 in thickness. A length of the finis 32 nm
25 PCB (pri nPé&dGitFGmlPeﬁo&rdgr)g f??eéjldo&tbse SEHTNY hATHEY1%hd it has
termnals for_suppl ving el ectri ower 'tglv | t ages, .12 volt and.24 volt.
The tor mi nal €48 af FARBES rEH L65¢l Earhte do SR F FTbRAFTheY 2 5
APR 2002 windage can be restrained.
Fins lla are made at plural portions of the
10 housing 11, which have an effect that increases a
surface area of the housing 11 and that makes a heat-
penetration flow good. The tips of fins lla become
closer to the temperature of the external air of housing
11. The rotation of spindle motor 41 and the flutter of
15 actuator 61 driven by the system generate heat, which
rises an internal temperature of the magnetic disk
drive. The fins 1lla reduce this temperature increase.
As for the fins, if the thickness t is 0.5 mm
or more, a radiation coefficient almost never changes.
20 If the length L of the fins at four portions is made to
be 10 mm or more, the radiation becomes effective.
Consequently, the fins can restrain temperature risings
at least with about 5 degrees centigrade at 10000 r.p.m.
rotation, about 8 degrees centigrade at 12000 r.p.m.
25 rotation, and about 10 degrees centigrade at 15000
r.p.m. rotation. It is advantageous to make the length

L of the fins long as much as possible. And the number

of the fins is increased so as to bring a heat



- 22 housing 12. Here, these voltages are exenplifications. |f & XdPR 0%
rotational speed is obtained, other voltages except 12 volt or 24 volt are
avai l abl e. Sonme value in voltage may be adopted, which is decided by 5
characteristic of a spindle notor. Featur@&s-of this enbodi nent are as
follows: 1) This magnetic disk drive adopts a spindle notor |ocated
vertically u QU AN Eeg- J i I mtype
spi ndl e not o?qgl%gk?gl\%ﬁi ?%%?Joggétdgs' ?n%gﬁ%v%hggysg&f%éﬁiéﬁ% %ggmﬁd 182b
in order to #yaisdpacharkageaelerTagneld G ff ltWed fSeR) antas i afralyeasi on of
beari ngs which are caused froma high speed rotation of the spindl e notor
and the magnéeni a diizk fitesi madeobse quean ythathd shdirisyalilyee igpiandasemot or 15
does not affect badly to a grease in the bearings and the nagnetic fluid
seal ants 222af 22flgn2)f ithidd skaghrdiviec sgisglendorny evheiddptthen dgytetdat t age of
the electric power supply which gives an _enough rush current to spin up the
spi ndl e nbt odisgkd dxiiveh isomeamted,s @& @9od ing fgdher epanetd drdidkng
circuit. The spi nd&)e notor can rotate stably in high speed owing to an

enough tor quetiFe PECLMENJOoTfe SHEGTELVE di sk media. PCB 152 is arranged

wi th a cl earance, abouta)7Pm3}tow%rd th .Q)ous(: 12 tt3, res reai n tenperature
rising 25 of the magneti'c TS FOVPE R %h eoy1 at generation of

6o bo byt oo TERATIORY, cel® IAIAE AN ol ey Yane i YU glares 1

6 gigs-bytes in fornmatted Storage capacity, 2 watts ‘electric power Z

~ APR 2002 - 523 nQ@nsiyiRitiedn 27 110080 Bp.20 ,dedr£8m ey Jrade ke nner
tenperature of the housing 12 (during seek operation) when an environnent al
tenmperatupe aft et atrgnelt q2adiosk iy v ,i andd 1ded ses e ilEsleytand there
is 2 neters per 5 second of a cooling air flow caused by fans on a case
frame of thelt@@detr.p.di.sk drive system Incidentally, a transfer rate from
the magnetic disk drive to an upper systemis 10 nega-bytes per second or
more. Data transfer ratd iTheexpesred aempera iune exdfs dtherdradinanil 110
optim zation of electric circuits. Regardless of this enbodinent, if coil
202 and st at dAUEEE &2 Seekhoraiatdiad ) nstasy kendrestrained iake 4k i vi ng neans
there, are aryanged far enou fromthe exterior of the housing 12, and if
the clear ancéjeﬁé%\ﬁéeﬁe{%llgé@ PLn¢Shersudhey sPAndl & diotat e aim or
nore, the.te rature risin f, the magneti ¢ .di sk, drive can he further
restrai nga g?bg)p%lf'ips'mai’cfa sgz_Zs(gte[g‘r At 44Rde GowkesSh iR ide of the
internal str re Oof_ .t I ¢ 20 _di drdgv our odj nent_of the
present i nve#&%ﬁ%sAa#oggdr%gﬁtdd&d ‘a ag{(?\s/iegrt P&l%fri:reé%%f%%a?% Shches
formfactor waisgh shas spotom Ralm hei ght of 41.9 nm "2.5 inches” magnetic
disk media 21 (65 mmin dianmeter and 0.6 mmin thickness), a spindle notor
41 that rotates 25 thesdnmdiyg ivhed ifmRdetinpdret Urd A A Kdfsitg a
rotary type actuator 61 that sw ngs around a pivotbearing 71 for
posi ti oni ng rEgekiriigchedds ,segrkd oper@tderc adn e art 80 tdwfrels ve t he
actuator, are secured in 2 5 APR 2002

20 centigrade or less under the condition that the magnetic

disk media are twelve, and the magnetic disk drive is
installed in the magnetic disk drive system without a
fan.
The conditions under which the above numerals
25 are obtained are as follows: the medium is a "2.5
inches™ (diameter: 65 mm, thickness: 0.635 mm), the
stack has twelve media, the distance between media is

1.7 mm, L of fins = 32 mm, the thickness t of the fins =



- 24 the housing 11. A securing method of the spindle notor 41 Ps§ ARR 12082
screw or by a press fit, to secure the spindle notor 41 at one edge thereof
to the housing 11 that 5 includes the spindle notor 41. The ot her edge of
the spindle notor 41 is secured at a covwer -101 that hernetically closes the
i nner space of the housing 11. Magnetic di sk nmedium 21 is nade of Al

(alum num o as j : L@t i I3 i4 medi a
21 are stackeditn 4 ForSPREeSPREIRT SelBLERtare O O R
interjacent gdiskespacgssqddtetbatenteqgtadé, Mhienmhheknessiskharinegnetic

di sk nmedia 21 are secured by a disk cranp 31 to the spindle notor 41 that
can rotates g§s£amahagtabigaaL speed of 12000 r.p.m The housing 11 casted
with an alum numall oy has en bloc linear fins 1la stood perpendicularly to
the axis of the rotaryThenmegnéticohemdghét raddask amediod 2be The t hi ckness
t of the finis 2.5 nmat the |eaf edge, the leaf length L 20 is 12 nm and
a di stance Habtuaken Fdatescddwe of frmeef fmom ¢ BoBogeneityt Bdrhddowng i s
casted en bloc, a wall thickness of the housing prefers nore in order to

gi ve a snoot RRAL 25 gaperpirs BYr FR§atAEnc Lt F%g BRgnetigh@diskal
characteristics.of a_product needs. taper, portiqgns,, or |ocked inside a

ot ing {1 asReBiSro BE BBt TOTESHRPOER: Al RGCRACRUEY: (FHE AGEUALES: m
mechani cal cast t h .S, a i te hr_i, 25
AR 200z - 281 FArPaEng sl FRgh i besRoala Sakln thic Siodcoy an
separated frgm HQ@rQQ%%B?%gB%a%'érqyée 1988uRL gt Re-9ald Aot AR of degree

in angle. If an edge o inthat has 12 mmi'n Iength is 1.5 mmin

thicknesgsy athasahghethicCckRexsmaliibhef ifirthek Lalimbel dedteld@ri, has 15 nm
in length, a basal "thickness of the fin is about 2 nm As nmagnetic disk

medi a 21 becqheghstekhetsi Andisappiressing’ theamplat, gahetRAA@PmMGauded i nches”
disk nmedia to "2.5 inches" disk nedia in sane thickness of 10 0.8 mm a

wei ght per obg diskagedi um reduces by about 54 ~. If the thickness is 0.635
mm as changing to "2.5 inches" disk nedia, the weight per one disk nedium
reduces by about 64 $. Fiher @ shewsaagpden wdieghtofofant &g naggsementbody t hat
the spindle mptor rotates can be 15 reduced, which brings a high

charact eri st P& tht PS4Fi RLEPCHESEAt PGFLSadd WhiSc Magned 16t [Pddtks G iv&duct i on
of elect{'c cgrrent (iLeCtﬁiC energy consunption) during an idle rotation.

| f magnet?c GPS¥nmédi 418re‘changed from"3.5 20 inches" to "2.5 inches",

for exanple, a maxi rmn’nArr%ri%itg%lc v%l ?ﬁ%i?%\rﬁh%grréq%gi%ngIci?n%peffs;a%ce{in%t medi a

rotate at 10000 r.p. m equal's'to a V ! e "2.5
i nches” di Skt%dgg_gﬁa%tt% e éi?siklfh@QiQ.ar 2R @ndﬂé\e&%ft%rt%io}?""%%tre%cﬁrﬂ or

reproducing an dedi"cate S information to or fromthe nmagnetic disk nmedia
21 by a magneheCmgnadtit Weddd STR@AR iWe fldducdd dmPadnalg RFAIEIHT

ability is the same as or nore than that in the past, faster rotation of
the nmedi a caprierexaguie®dc disk drive shown in Fig. 3 because the
20 magnetic disk media 21 become smaller in diameter.
Namely, if the distance B therebetween is set with 40 mm
(Fig. 2), a gap 131 on the magnetic head 51, which
records or reproduces an information on or from the
magnetic disk media 21, can be arranged at R = 37.5 mm
25 location from the rotation center 121. 1Incidentally, a
corresponding distance B in the prior magnetic disk

drive shown in Fig. 3, which is defined as a distance

between a rotation center 113 of a magnetic disk media



2 5 APR 2002 - 26 wthout a reduction of recording density in Ion%iq uAHﬁRngpoz
direction along a track that is |ocated concentrically on the nmagnetic disk
media 21. When nagnetic disk nedia 21 rotate, they 5 receive a frictiona
resistance by a viscosity of air that surgaunds the nmagnetic di sk nedia 21.
A transition boundary where an air flow along a surface of the nagnetic

di sk nmedi a bggo r l.am |,.OW a0 u : 1 b 15000
r.p. m when ?Ee%ngg%e??ggfégg: E:%hr?fgél ‘3’231 c’grtea h%gg%?t&&g%}gdd?gﬁsggand about
30000 r.p. m syhgh thaepRdisd 2he mighetiches sdmdta YhendiraRet i ¢ disk
media 21 are changed from"3.5 inches" to "2.5 inches", the transition
boundary is lsaageeenongdiageitest thiae muHilker mefdimod®,i @n irfidundiingl5 the
spindl e notor 41. Because torque |loss during on load rotation, which is
caused from spackr ot theamedds Hiaanae clleacanese biighel Ssquarely or cubicly
in proportion to a dianeter of the magnetic disk nmedia, if the spindle
rotates the Abdirgfiorerhd4same ~spdethm £heé N om mayude @siopifed A5 theches”

di sk nmedi a corresponds to about 50 $7-34 $ of that of "3.5 inches" disk
nedi a. Ther efds&angge® Ofe Figi-ndl-e MhcodistanseaBeSaamsy tor &fetadathed idl e
speed, the current (cionsurrpti on power&) becqnmes snal ler, and a heat
generation cA0s88 By l2BM\asddgeresh 158 dalrs FORsidetd i are made at

pl ural porti nﬁ of _the Shou é%%.ll,.mhich have an effect that increases a
surface area o etrﬁé’cﬁoéﬁrngl 1G8F K4t makes a heat 2 5 APR 2002 - 27

penetration flow good. rhe LGP g 1S oS &l diiy Wiabecame

closer to the tenperaturé of t'he external ~air ousi ng

of spindie MM@rAbrarde e thlatdret REMAAIR] Hdndi Pnddiretasystem

generate a heat, which raises the tenperature of the inside of” the nagnetic
di sk drive. Higk ididvkky ne@ueH sithintd @ dtiy.e 7 nedyease.4 7L ninhi @kness of
the fin at the edge or tip may be 1.5 nmor nore, considering its easier
fabricalO ti ahe laboxvel &gt L0ont)he A Mete rdloragdiord,im sigdsacesper of t he
fin becones larger. A tenperature of an air that flows along the fin

i ncrease becabomld freatcompemsated by dmtredssiatg hhea bampssialy thesi st ance
are conducted to the air. Therefore the fin should be 15 divided into

pl ural porti OECERGPLLll Mofiegng s FdYiess <SS+ ns divided into three portions
11b, 11c, _11d in a depth directiagn ,of the magpetic disk drive. Here, a

hei ght diPection is defifediSee vsRFien Heaarinediignets gan ma

magneti c di sk dri Q. .stan as a ratatiqnal,.axi.s of .its hub is, vertical.
A | onger si diegnl sac?eaﬁ%r?érdta%g%%@nca "}aelge(f d-%‘p hl%)%rteecrt iSRS S er si de

i w These GOIRT i are Brhdes MR d e ey 385 o) = ®°
. ge I Ke steps of stairs, ich
specifically, a weight of the rotational portion at the
actuator 61 including the magnetic head 51 (Fig. 2) is
20 about 32 gf (gram - force) to 36 gf, and a moment of
inertia of the rotational portion at the actuator 61
including the magnetic head 51 is about 5200 gf * square
mm to 5800 gf * square mm. In the prior magnetic disk
drive corresponding to Fig. 2, a weight or a moment of
25 inertia of the rotational portion at the prior actuator
63 are 45 gf or 14400 gf * square mm, respectively.
BApplying the present invention, that is, in

case the voice coil motor that gives an output power of



25 change in position in the thickness direction. The fins are Ioc;tsedAﬁRn 2302
space that is surrounded by a base (housing) 11, a nounting portion 1l1g

whi ch nounts a cover 101 and a nmounting portion 11h 2 5 APR 2002 - 28

whi ch nounts a circuit board. This spacejglso forns a passage for an air
flow 300 shown in Fig. 14. Fins 1la, 11b, 11c and 11d have a function that
can enhance ing fiLcre net.i i dei i.nair flows

t hose are sh(;%vim(\zogy grPg\%v %%%kgﬁésgfe %g%ragﬁ %‘2%‘% gira'érlﬁla§%§t21cg. 18. The

pOr T NS of 113 i G g WY O 4 Nl redd O . oL P il e pest T

the air flow. The cooling efflciency alr’s gol ng
downstream f rgrad ke 1% LRGP HHRTa Y t619n_é}Wé\£é£éq@ e Sramd ©dna
boundary | ayer. Therefore the best efficiency in1he air flowis given by a
bossy fin. Obd heaidiyedaisd bea drulitatd il Kl Basdstesndiesinm €oolnagnefid ci ency
if there is no air flow Therefore, 15 a strap shape fin is effective in
this case5 Furitslerdriive.i t Heregondiederneakdgre assmadd e ime tadefiasds eam bl oc with
the housing 11 and fin 1la etc. of the nagnetic disk drive, practical
shapes of thevEnage Hdge ok tdwodagnst i hddd Gy be eloaatedhofwomn n
present enbodi nents, 20 plural sets of short strap shape fins, which are
arranged sur fofitdstg tRChdghet ideshinathon e rack iwhigdsigem| arrangedr f1 ow

to bl t Ilide i t t fi . si bl st . ANd it
hocosamr st o AeE R F R e mAnets € B medCand Ty LBGHITRAl 1 { he
ir- t t.Q. h t he ad b | desi bl
Sont Four ot oY A ] Rt A LA MDD 21 't SR fh pid 20! ©

i Il isi ti i t | 14 i | j 2 5 APR 2002
<a'2gco hgi orea%fg(, 19 Mf]asudar{ach éﬁ’e{tf) df %% {%ﬁkdaaté 23 16b00

order t eep the loss of air ow sna 0o maintaln the cooling

efficiency high when trhferdidrd |0 Qo 1hAeserd tinhdiee £ Nes o Asg efore in

present invention that takes the 5 above phenonenon into consideration,
plural strap-tHepefghts of erctdingedl tpoehiosgeat hewe | Acpestdr ofn i Nist he

t hi ckness direction. That is, Fig. 14 shows the air flow 300 cones fromthe
| eft hand. Scemaldier filem shoOvgt byorshiof ta arooyusE0df o | velese wéhl a round
portion 11b' 10 of |eading edge of the fin one after another, cooling the

| eadi ng edge MMtefrerightliatder dithrydl MR thhr ouglet enehampieget dvamenitn Fig. 14.
Passages_shown by long arrows 300b are arranged for sonme other air flow
besi des tRe G198 iANRIS 3652 bHRICID RR PRI PR oW pERF:

Consequent | y,._ano wi dth-directioon fins 1la and depth-direction fins 11b,
11c aﬁd 11dy(vll—kied? % w%feq}gthb%f he sr‘?ffafth%né?fr%ma? $Rra8% ntBRi ght (1 ocati on
in the thickne i rectd on n re arra d_ghanging in their heights one
Iafter 20 ;noP%er.adt;éIg.é]H?%h%nvélﬁ%%t an ggﬁoqf‘fi 1‘%“%% Y}FH%IW]EI?‘;;]& >
direction is | L ; ; I L f.ar e fins b

en bl oc cast icﬁg%%-cai Iée(i&gs%ll I ng cglrisé'tﬁ%?qe ?‘eg)}%gtotg% r?%ﬁgtffé:ecti onal ?/y,

ri ght current, the average access time can be reduced by about

20 7 milli-seconds.
An actuator using the voice coil motor that
has a torque of 0.12 N°m per one ampere current, gave
6.5 milli-seconds during a read operation, and 7.5
milli-seconds during a write operation in average access
25 times, respectively {(in the third embodiment of the
present invention; a weight of the rotational portion at
the actuator is 53.0 gf.).

Fig. 4 shows a size of a magnetic disk medium



25 and left respectively, formfins in the depth direction and i n ShaPRi 2802
direction. Right and left sliding cores neet at a center portion (11f) of
fins 11la in the width direction and formthe fins 1la. |In separation, 25
APR 2002 - 30 each of the sliding corespgaes al ong the arrow 400, 401
shown in Fig. 15, respectively, and the product is released. Fins 1lla in
e i dth O BEhORaB°008 A ches MaRdBY TitP 0N hite diyidiiass, of Lhel
corners are tforned by casting. At nbst two row fins I . changing in
their height Figan sbenbalr iacatied wWien WMyraunrdnask Hedihi WHIUH G are

wor ked afterwards wi thout casting. A parting face (separation face) of the
10 sliding caresideheresiameeerdand pet3ggernt ke itdMhdsdy fims.gis fins in
present invention can reserve about 70,000 square mlli-neter or nore as

t he surface sugelel abbeenagreiribed Samd iefifedty tHelrextdrymtimseabout t he
flask is com 15 plenented using Fig. 15. A flask for casting the base 11
consi sts »f disdr meldiemicd ,f 128s ks fifleaen ts dpparsdtze ,ufard mare tdia etitslons  of
Fig. 15 and sliding cores those formfins 1lla, 11b. The sliding cores slide
i n predet er ninedd adikle Shiowns idc Edgpardyi @@daitich meuddp &hen gy heoper ati on of
the normal main flasks. The sliding cores may consi st of three nenbers or
nore in ordefagdefrdCmiiiSks Grd V& .pr edet er ni ned shape. On the other hand, the

sliding cores nay be t menbers according to a heat generatiqn of the
Tnet Lo di Sk A ve or B kEep RS & Fhalumiey b SRAI GFHIE Trount i ng
portion that n [ it hoar Fi.g 1 vay.l hodi ment
which is i ncﬁngglls&eé%i %h}%e%ghétseol% rqﬁ?S’n nleri"gmﬁor ?@%“Sﬂi %%Jts‘%grmun S "2 5 APR

2002 - 3y couelhl@hst 91theRAes (s ekl nontiald 1S fd ilhe3-ahd nEhes form

factor size. In this enbodinent: a) an electric power consunption (during

an idle rotatindhesVienn 3t .5k MRl & GHoWe d eid EDias 5.5
watts at 10,000 r.p.m rotational speed, and 7.0 watts at 12,000 r.p. m

rotati onal sp&edn B)-2adorfiemtiv Firg.sierg (during foll ow ng operation, when
an environnental tenperature is 32 degrees centigrade) can be restrai ned at
40 degrees 10 centi gr adheorf dagsxreatofl ZHIG0 embpduimerdt aits crtedt speed. Wt hout
a cooling air flow, it can be restrained at 46 degrees centigrade or |ess
at 10, 000 r. pagnetdcadigkaldrdpee@rands ddgrean et igrdske of | ess at
12,000 r.p.m rotatiqgnal speed. 15 The nuneral s above described are

obt ai nedlgndé’loutsﬁé’gc&rﬁdiaﬁ GeMenAs tSHPwp I jBichest N £hes the ifhins

dianeter, 0.635 nmin hicknesg% e i.nstalled at 84 mminterval, in a
mgnet ¢ di sPPaARRe T FITRS Shoe e RTINS I RIS A i
thickness. Apg, iﬁ(&e%%dle”‘é'a[f?{"ﬁ'}} Had MG i‘rﬁr&n"ésé ha}ec '?}%'eéde%e dalxﬁf drive
is 32 degrees céntigradée an here 1's no cool'i'ng air f1ow caus by Tans on
a case franme10f gD JRAME! s Urterf i &Y S1PM Ten magnetic disk
medium 26 (Fig. 6), each of which has 65 mm in diameter
20 and 0.8 mm in thickness, are accommodated at the housing
at 1.84 mm interval (Fig. 7). They are secured to a
spindle motor 36 (Fig. 6) that can drive them at 12000
r.p.m. rotational speed. A maximum temperature (during
a seek operation) in the housing 16 is held at 55
25 degrees centigrade or less and an electric power consum-
ption is 8.7 watts during an idle rotation in the above

case. Incidentally, an environmental temperature of the

magnetic disk drive is 25 degrees centigrade and there



The magnetic head 51 and an arm of the 25 actuator 61 receive a Hr @‘ng m%
a honogeneity air flowthat is generated by rotation of the magnetic disk
nmedia. If the force which is received by the actuator 61 including the
magnetic head 51, fromthe air flow can 212-5 APR 2002 - 32 be decreased,
the torque | oss during on-load rotation of the magnetic disk nedia 21
further can C S # u eneration
caused by mnﬁgagg %Eﬁ %ﬂ Mg%%%oﬁggm t%h%hﬁgﬁfﬁﬁﬁggc%qﬁ%gﬁgbggent
invention. Namelyn, a cover nount i ng portl on 11g is extended upwards to be
41.4 mm air g%ssages are enlarged and nunbers of fins are increased. Fig.
19 shows a sixth enbodiFggnt gofanidheril) B @3RN JthedNidriipe DM ght "3.5
i nches" magnetic disk dri've, which has a | arger height than normal "3.5
inches" standaid. sFishiogen amegRels sedtilonmed ahd? mire gomaikar ian mqub 162
at 2 mminterval with interjacent disk spacers 142 (Fig. 19) that is 2 nm
in thickngss.6 ¥Whelderfansf drobereaneplagramegets iesisje rHee hmtstimg cepabl e f or
rotating the magnetic disk nedia 22 at 12000 r.p. m rotational speed, equip
its coil 202Figt-atdoshesise alFXossd sesfian 2R the fAde RQféZJkWUsllfhgf’llm t he
rotational axis direction of hub 162. There are five fins 12a at 20 mm
interval on &n¥hengdizs dife ReGkilfd Bre Arradgedhdmsise and rfé‘qﬁlﬁjeLZa is 2
nmin thickne s | ength of the finis 32 nm PCB (printed circuit board)
152 has SCSI - é‘rsflé‘%e ) ‘and it has termnals for supplying electric 25

th It It d | t f th t
Fgr?gmgn 1)V$hlggﬁ;gnetlépdls %HFFJéghall éh) gﬁgg & ﬁﬂﬂy @Fﬁ%m::gdas
vertical i%OU%%erthteh ng_njv%dﬂcﬁi 9-a "2 2 %Pd%%o%ar?erfe?t %uﬂ“ chis

called a bottomtyp spln e notor and which rotates in s of

bearings 1823aR¢ 18ARH hay &Y mnd rfé%nrpt 2 leakades qhw%naﬁl f4 ui d

seal ants and an abrasi on of bearings ich are caused m a high 5 speed
rotation of el MdigH®tah “8d titeHegnetandisk nedi a. Consequently,
the bottomtype spindle notor does not affect badly to a grease in the
bearings and the nmagnetHicftfdan chaspadtaind sii2 aneRi2PP2,) darh o wiaigntet i c

di sk drive, the voltage of 10 the electric power supply is set high, which
gi ves an enough &ugim cuy rremetesEnd (b & e sigh ridbleckns sy, sk whi ch
conpensates a volﬁﬁeacge drop in a driving circuit. The spindle notor can

rotate stabl FhackachhasFediovifry ato 2 ridi g tak qﬁetff o#an%ﬂaﬂq?fgt t he
magneti c di sk 15 nedia. PCB. 152 is arranged w th clear out 7 nmm
toward the h6U§ah§Pﬁqu?rkﬁé-é%%Fz%§ AP ITKRSRS o %%e ﬁﬁgﬂetlc di sk

drive, which heat ener tion of, th 152, .2
Consequently,det% rraogrnee[t;yam&s'km Fie S;)R]lnél Mot (%85 azpabloe for

rotating the magnetic disk media 22 at 12000 r.p.m.
rotational speed, equip its coil 202, stator core 192
20 and magnet 212 outside the housing in the rotational
axis direction of hub 162.
There are five fins 12a at 5 mm interval on
one side of the housing 12. An edge portion of the fin
l2a is 2 mm in thickness. A length of the fin is 32 mm.
25 PCB (printed circuit board) 152 adopts SCSI-2
interface(s) and it has terminals for supplying electric
power with voltages, 12 volt and 24 volt. The terminals

are arranged with a clearance, about 7 mm toward the



enbodi ment gives 1) 15 giga-bytes in formatted storage capacity, 2)5 PR 2002
watts or less in electric power consunption, 3) a transfer rate fromthe
magneti c disk drive to an upper systemis 10 nega- bytes per second or 25
nmore. Data transfer rate is expected to ¢ increased nore by an

optim zation of electric circuits. Regardless of this enbodinent, if coil
202 and stat 2 AR 0 nd all
the like dri ?/)LI ngq'ngarjll? are alr%r ar?g%&%%‘ %olt%éjgf %é%%%ﬁ%(ﬁeﬁfg t he

housing 12, gid Be%ﬁeta@l%af:@%%%l%ﬂa\&e%epe@ﬂé%ﬁﬁﬁ&f sd g 12 is set

in 10 mmor nore, the tenperature rising of the 5 magnetic disk drive can
be further regitaigeedexdept A2 SAWS oxr Fav et RO EVEITawTe ! hesamesent
invention, that is, a nmagnetic disk drive nounted directly with a cooling
fan 400. The vadale rig fvaltéde imaydibes ayddptend ,Ciwhtiigd dwadet{d¥dB,bypri nted 10
circuit board). As shown in Figure, the cooling fan 400 is arranged in
order to bakeharagiterfisdic lofowgsrhiglde dedoyrbed air passages, which are
surrounded by a cover nounting portion 11g and circuit board nounting
portion 11h The directhiemtuies IE &his |eampasinent &R i3y FRNLAS 400 nay be

vari abl e. 21 shows_the eighth enbodi mnent of the present |nvent| on. In
thi s magneti g )di sk drivéisy 1% do‘lsé‘k ‘:H'ééff 5?619%t£c? Hindh

positioned that iti 2 servo mmltte n, netlc di sk
medi a 21 bef 819 QF‘th @3&@?%% ‘Sw Ht‘? Dt the

| f ft 01, disk
e o 21 apridl SRR TR S0 | .4}"’9 % I uc%ﬂfé?lf SAREL R 0
assenbl edy | tNREAS Ft LTt Sl tF \%é%,ﬁﬁc#ti@é/ i S - i he

magnetic di sk drive needs a hole 1le throug erence signal is

provided. Therplre thlawgels tikdaq renaRhrdt & St e Pfsddaddseand 2 5 APR
2002 - 35 (housing 11). So, it is necessary for formng the hole 1le to

use sliding corediasicastdhdpddnrizigs WeicH izbaGages Hdm rakeigihe fins 1la
and the hole 1le on the sane face, which nakes the formati on of the housing
11 5 (castingHdets rhtatetan «h tleocpimutle easyor Fngd @i shyweiai nt h
enbodi nent of the present invention. Fins 1lla in the width direction are
ext ended furtdek MRGIGrt | GPnFequrih kwadies katton devre i§pindle motor

15 does not affect badly to a grease in the bearings and
the magnetic fluid sealants 222a, 222b.
2) This magnetic disk drive adopts a high voltage
of the electric power supply which gives an enough rush
current to spin up the spindle motor and which compen-
20 sates a voltage drop in a driving circuit. The spindle
motor can rotate stably in high speed owing to an enough
torque for rotating the magnetic disk media.
PCB 152 is arranged with a clearance, about 7
mm toward the housing 12 to restrain temperature rising
25 of the magnetic disk drive, which is caused by heat
generation of the PCB. Consequently, the magnetic disk
drive of this embodiment gives 1) 6 giga-bytes in

formatted storage capacity, 2) 10 watts electric power



10 depth direction shown in Fig. 23 and Fig. 24. In this enbodi neh® ARRt 2002
increase a surface area, the casting flasks (sliding cores) divided into
right and left directions can formfins 1la. Fig. 25 shows a schematic view
of a magnetic 15 disk drive systemor .agfsk array system in which a
plurality of magnetic disk drives 230 explained in Fig. 1, Fig. 6, Fig. 10
and Fig. 11 J e magRekicC 4di ri t se 240
That mouni s GoReBiRPEEhTRr 188 ] bes ottt ERT0F 3% 1rdel s

control unitZnBephtlir8 bRELAASRoutRRgCAR! (Bluribigt seak Pl dplyectrically

the plural magnetic disk drives 230 and controlsthem Further the magnetic
di sk drive sygsbanafekbaviabaméalathdbmbelrbitaeeals the wRYnedi U™ilsk250 and
the plural magnetic disk 25 drives 230. The fan 260 can be omtted if the

t enper at ure drioenisantedegnersurdnitd giriees yhidethalreais 2stmiteats @erpl ace
are favorable or if a nunber of magnetic disk drives nounted on the system
is small 5 2sBcARR 2602 co86ingnadgh flDwe caased®y fansbena@ aaged f or
cooling the plural magnetic disk drives mainly. Special fans 260 may be
arranged for frpeecoht the Bagne2sg. diskt GFIH venisy SEBH .nailfoidead@iMes dat a
fromor 5 transmts data to the plural nagnetic disk drives, the nmagnetic
di sk drive s$stEAPSESTn&atSpérory ShenfRIRCtiSe diske FrdyRettioc 8 IPRET ves or
t he magnetic di sk drive _syste and mainly adnini ster control information.
When the velﬁgﬁiﬁmoﬂstﬁg é@ﬁagkgﬁeﬁprﬁesﬁéﬁ OF6Hre -2 HAY& s per second,
a maximumte e ri.ng erathian), int i.ng of_ the

magneti c disgggbggggz§éqgsl%efggggt &gb?%%§“§gﬁ?%§PQ§§§6%qﬁ%é%? Her e,

paranetgg§ aggg@ggggkgpgagge%hgC@&g% Q&&¥$%§%§ as follows: the magnetic

di sk nedi a have mnmin dianeter 15 for i

i nches" size and 0.8 mmin

t hi ckness; an interval rRegazddiesisange tofi st RawRAmdnts 2.0 J8U1 202enGid of
fins arranged around the nedia is 32 mmand a thickness of the fins is 2

mm a nunber sehtblre corgnaioc odi themediiadle hotorawesi aAl aflaf ildnal speed of
a spindle 20 that rotates the nedia is 12000 r.p.m; an electric power
consunpti on dsiv0ngatesndurtihegean aird @ nrenateidorfam entoargib drmmredreet | ¢ di sk
drive; a distance between a hub center and an actuator center is 43.2 mm
and a wei ght esterierr efathendlouséng 32 ,atandchd fadihgat@dreararg® dafweers Fig.
26 and Fig. 27 show the tenth enbodi nent of the present invention, 1.6

i nches h%gghtPc'BB.lézi AeRedhendeieing dis Kk sdrseke 1na Hodsh ¥ Mqze,3.529 nches
formfactor size ~2 5 APR.200Z - 37 whic%khas.a nopi,nal hei ght of 25.4
mn The housi*AGPRSGET Snidridti% oFi SRS BRIREF IS Hikh ditd Vot %f?ot shown)

rotating the ha .l term ned speed, a swing type actuator 13
posi tioni ng ggﬁggﬁgiﬁggﬁgggggfﬁ5 around a pivot bearing 15, and a voice

coi | notor '_that i's a di;y§ ngnmeang fcg*’ostél%e%?éil&ﬁ viiee A &H securing
enbodi ments: one of a securing nmethod of the spindle notor 1s wth a screw
or by a presanf idutlldnee@4 & He nirid e st e V¥ t8908nagnetic
20 disk drive, fourth embodiment of the present invention.
A housing 11 and a cover 101 are sized in a 3.5 inches
form factor which has a nominal height of 41.4 mm. “2.5
inches” magnetic disk media 21 (65 mm in diameter and
0.8 mm in thickness), a spindle motor 41 that rotates
25 these media in a predetermined rotational speed, a
rotary type actuator 61 that swings around a pivot-

bearing 71 for positioning magnetic heads, and a voice

coil motor 81 that drive the actuator, are secured in



10 thereof to the housing 2 that includes the spindle notors the2d§ kPR Q002
securing nethod of the spindle notor is with a screw or by a press fit to
secure it at one edge of the spindle notor to the housing 2 that includes
the spindle notor and the other edge of s2fe-15 spindle notor is secured at
a cover that hernetically closes the inner space of the housing 2. The
shafts of th pi.ndl ttqr and the actuator may be secured by gl ues or
adhesi ves to%P%e %%ﬁgf'g;gThis securing nmethod can bring nore economn cal
magnetic di sk drives. 20 Jfe3t MRS nldtHJY S ferHRdidPitd 1 SrotBrINet i s di sk
media 4 are nmade of Al (alum mﬁ or glass and they are "2.5 inches" in

di ameter. Thei%hX amagiel GrdisK agties A.fidfcirOfseindh dHos shablemin

t hi ckness, are nounted axially with interjacent disk spacers those are each
1.7 25 mm i nnidticdkddsat Magheldge didretfito A ls chaexined Stetdty by a di sk
cranp 8 and a screw 19. There is a space around the magnetic di sk nedia 4.
The space5 nakies lveleserthe spdirgtlicomaticar dclter iWtg eotihen reddwusf the, and 2
5 APR 2002 - 38 the space gives freedomfor selecting parts used in the
housi ng. A disfiade patatert la iotsaqwietatt & gvenflGhehtgnetic disk 4

and a rotary center, 23 ° of the 5 nagnetic head 11 is set up, for, 40 mMm The

actuator 13 iR€% W §]t°r?§spit\;’(ﬁ%ﬁ%"? mPaes (f ttﬁ'ée ﬁ?ﬂ]’g’rfbg 21 The

di stance can pe set. at,.npst_ 47.5 (= Rbelo criped + 10 nm for nore

econoni cal stb%?& Ss Bre ﬁbeq‘?é’d‘hga: clsdinéalf’eedrc\flflggl,s {ﬁ‘lb%ré‘w])ngo%ct uat or

parts are 10 i.f ice coil notor is increased.
oAl sed ang i d %&%ﬁ%&l L géa%é‘@é’lo

If “2.5 inches magnetic d mmin thickness are used in

stead of 193.5 inches’ mEgNGlddnatisk SR ddfid el s ddiokagss 4 he wei ght
f 2.5 |

decreases 15 by about 54 ~ per one nmedium | . i nches magnetic di sk
medi a of 0. 63ptEBidhdlNikNEsE M UFeht N SSLath ofntekval Nedwgs magnetic
disk nedia of 0.8 mmin thickness, the weight decreases by about 64 $ per
one nedi um Qutey jlarentdetirdaspdderhe sbittiatvaightl F4 tine 1vedi a 20 t hose
are rotated by the spindle, there are effects on a high characteristic of a
spi n-up oper dthigkrpss.he B mignetviordisndnediso 2h are eskeuieh by &l ectric
current (electric energy consunption) during an idle rotation. 25 Fig. 27
shows a basi @isth&rrasmy uth e 9ie tsripta arteonvehttRat (¢30 prarate®w) . The
di st ance lﬁ bet ween the rotation center_ 21' of the magnetic djsk 4 and the
rotary centert®® ITPratipnal speecbrd 000 %'p%gneﬁ?% BRuSANd thn be set

maanet | ¢ d SO H it AR CHITHUT (LY o S5O0 LR RagH T | ¢ head
LR oot eGP sgR ALOLT 0 40 Sy SRS gmaRg e sk
center 111 of magnetic disk media 21. The thickness t
of the fin is 2.5 mm at the leaf edge, the leaf length L
20 is 12 mm, and a distance H between leaf edges of the
fins is 3.5 mm.
If the housing is casted en bloc, a wall
thickness of the housing prefers to be kept 1.5 mm or
more in order to give a smooth-running with melting
25 materials during the casting and to uniform mechanical
or physical characteristics of a casted product. The
product needs taper portions, or drafts in case it is

locked inside a casting flask by a shrinkage that



Thus in this enbodi nent, the parts can be freely arranged in the IZOESNI?I%.ZUUZ
If a performance (mainly storage capacity) be sacrificed, inexpensive 10
parts can be adopted. So, there is an effect on fabrication of magnetic

di sk drives or magnetic disk drive systeps,-which put a high speed
accessing function and an i nexpensive device price into practice. Because

the present igaaRjon Aol 'S kb JRANRL Guflre ke di Aodud oran fact or

size small er 'than usual 1namnorm rmtactor size ghetic sk drive

housing, or aJangivag firdm (Y Qi mashnar d ofnd agPOrdt ffle around the
housi ng, the prior problens those are generated in a high speed rotational

techni que caRir¥the s egduted. diyrddenagigld C di Skarlrddige 6 f Sitsd efbn USi Ng
the sane can be realized, which spends |ess electric power and gives | ess
heat gener at ithratt haas tI8e mpa idor Jnsrgytdt idcs di SK nhi i e, tlaicknds sh £avasalli cat e
a high access performance with a high storage capacity. 25 Wen the
magnet i ¢ 8i skhdrdkresst athahs dsigntig nvéhtnimon i Bf larededgr kasli 5k mmray
system or other magnetic disk drive systenms, it can be replaced with the
prior magnetilengtdle & iBASad tHolrkneRR Mf Lhedeimlis gbamit4pRpO02 - 40
cool ing nechanismto the prior systens. The,ren%ls an effect on easjly

realizing to perform affi JREWIESF shetamet e PEFYHET (FRITHRE Hhd to

i ncrease a stgrage capacity. 5 vi ng described , ef erred, embodi ment of
Lhe nvent | ot VATTF St v 48 Lae S O hg 1 At RS (OTER { o' be
under st ood t Ry | n [ [ Scnods il tqo.t ' d that
vari ous chang@&dlag]ngdm?'ﬁ %4%%50%10%% g%l%e ef ec%%ﬁgt e;?%ﬁé‘%% ﬁe skilled

in the 1Qparty Vg trgout qm?- dngefr t hdd lr SEOPES t pfvent i on
as defi ngg [ n0 Whgb!glppaende 1{cl ar}?ems.&m 2@%5}?6\2%%%%@ 1541 CLA?sl\}é %#@A

magneti c di sksqry ve mOMHd SIHitknd@BgNed i €. B S kPR S Eleeog Thdotd N gat i on;
a hub hol ding said magnetic disk nedia rotatably; a spindle notor rotating
sai d hub; a nagriedd't dieskd nieetios dittge ove apt qekci cge | df ok Na¢ddiomt o or from
sai d nmagnetic di sk nedia; an actuator holding and | ocating said nagnetic
head at a pretstwres e glosit i ©h on SHheredfore! iz greks meelight amfl Bhéousi ng
in a shape of 3.5 inches formfactor size, nmounting said magnetic disk
medi a, sai d HAFaEd brdhdihat Hwel smindie dnQleeXiafefates can be

15 reduced, which brings a high characteristic at a spin-up
operation, and which also effects a reduction of
electric current (electric energy consumption) during an
idle rotation.

If magnetic disk media are changed from "3.5

20 inches" to "2.5 inches", for example, a maximum marginal
velocity when the "3.5 inches" disk media rotate at
10000 r.p.m. equals to a maximum marginal velocity when
the "2.5 inches" disk media rotate at 14600 r.p.m.
Therefore, when recording or reproducing an dedicated

25 information to or from the magnetic disk media 21 by a
magnetic head 51 via a magnetic flux, if a signal
processing ability is the same as or more than that in

the past, faster rotation of the media can be executed



wherein said magnetic disk nmedia held on said hub, are smaller in ZjiSaMReZUUZ
than magnetic disk nedia those are used for 3.5 inches formfactor magnetic
di sk drive, and said spindle notor rotates 10000 rpmor nore. 2. A nagnetic
di sk drive conprising . magnetic di sk 4reg4 & recording i nformation; fins
arranged around said magnetic di sk nmedia; a hub hol ding said magnetic di sk

medi a rotatabhyhogtSRl PekGckd JFOokRiddId ity Qie}ixléki?taﬁ IFRARRI 1% a1

recording or reproducing information to or from sai d nagnetic di sk nedi a;

an actuat or hekdiRdoand1lbagakl REatk dhErgAe lodaad dontdHtadeiarny ned
position on said magnetic di sk nedia; and 2 5 APR 2002 -42 a housing in a

shape of 3. 5onnthesmbghetiacddsksmeelian@dnti ng sai d magnetic di sk nedi a,
said hub, said magnetic head and said actuator; wherein said magnetic disk
medi a hel d on sai d hubWhene magrlettdrc idisk aestier 2thawtagnettilewi sk nedi a
those are used for 3.5 inches formfactor magnetic disk drive, and said

spi ndl e nbt orecsidees fOOTTiopmloresdsdanse Ryrmgvdisaoditek aff iads
conprising . netic di sk dia recording informtigon; a hub holding said
magnetic di s%gaﬁgdisélrmﬂ%&déblr{g&e pegnetdice q%&"of“ t4lrg ShitFafptipn
magneti c heag recordigﬁ Qr reprodugin% i_nf ormation o<M'gr m sai d magnetic
di sk nedi a; ﬁ’uggtaﬂt 410 d’innﬁlgn lIo C 'or?g? ?aisdmr#ffé:ﬁeﬁ c Nitad at a

predet ermi nedRasli0n;aR. §ald MRANeHS il TP AN Adpusing in a
shape of 3.5 1 rnches formfactor Size, nountlng sard magneti c di sk, nedia,

sai d hub, saig BRgReki ¢108Ad ARGRA 4 RYMH.Y.m MRS ridithdlaned i ¢ di sk
medi a held on said hub, are

10 disk media 21 are "3.5 inches"™ disks, and about 30000

r.p.m. when the media are "2.5 inches" disks.
When magnetic disk media 21 are changed from

"3.5 inches" to "2.5 inches", the transition boundary is
large enough against the number of rotation limits of

15 the spindle motor 41. Because torque loss during on-
load rotation, which is caused from the frictional
resistance, becomes bigger squarely or cubicly in
proportion to a diameter of the magnetic disk media, if
the spindle rotates the media in the same speed, the

20 torque loss of "2.5 inches" disk media corresponds to
about 50 %~34 % of that of "3.5 inches" disk media.
Therefore, when the spindle motor 41 rotates in a
predetermined idle speed, the current (consumption
power) becomes smaller, and a heat generation caused by

25 windage can be restrained.

Fins 1la are made at plural portions of the

housing 11, which have an effect that increases a

surface area of the housing 11 and that makes a heat-



not greater in dianeter than shape-coefficient 2.5 inches’ magnetz5 APB 2002
nmedi a, and said spindle notor rotates 10000 rpmor nore. 4. A magnetic disk
drive conprising . a magnetic disk nmedia recording information; a hub
hol di ng said magnetic disk nmedia rotatabyy;_. 2 5 APR 2002 -43 a spindle
notor rotating said hub; a nmagnetic head recording or reproducing

i nformation f Sal i Cnilj S 1.8, t or_.hol ding and

| ocati ng sai hgr?%%ﬁea:t?'%?al%‘gg%g%%r eg&eeiﬁ#%?&%&ggﬁ ?ooghl%ne stalirbd4 ?Pa{]gneti c

di sk nedi a; a usy, jan f j r size,

nount i ng sai gaqr#gg%ggi ?e I gike rrcg'&%ra&pgg?a:%ugté al rgalégr\gﬁ (a:ﬁhééad and said
actuator; whexeleFnsdl @iFa@FeHousdingk 1MEdi el bt i b Wpirde smal ler in
di anet er than nmagnetic di sk nmedia tthose are used for 3.5 inches formfactor
magneti ¢ di skhotoirvdl s@idd theb fAndttea dfacidtiationrel ariargedyaidat a

di stance between rotation center of said hub and a swing center of said
actuator %s astystest géhemaltlel amktearts whinh |naimstsrthe drenperatwereagef access
time in locating said magnetic head to said predeterm ned position on said
magnet i ¢ di sikheedingides afotthgr aeametilfadizks duive. sddendsinghdila t or que of
said actuator is at |east 0.12 Newton neter per one anpere current. 5. A
magneti ¢ di sKegducfe thddmpempeigtuntaditiedssi-sk nedi a recordi ng

i nformation; a hub hol ding said magnetjc di sk nedia rotatably; a spindle
nmotor rotating said hu ;t‘eatiPd'gfﬂ‘é'tq Rfadi% idty Wte reé’{ﬂeo i P
i nf ornati on or_fro i etic di I a;..an actuat of_.hol di ng and
| ocating sai hi%%é)r?etll'c@ %@ag)rg?ﬂ%eﬁr gc?g}szilranel@ﬁiglfplom te?aosnlueo% f;aak?“"d]‘cfﬁagneti C
disk medig; andn, 21F APRAYH of the fin is elongated, a surface

area of the fin becomes larger. A temperature of an air

that flows along the fin increase because a heat from
the fin and a heat by a viscosity resistance are
conducted to the air. Therefore the fin should be
15 divided into plural portions. Fig. 13 shows shapes of
fins divided into three portions 11lb, 1ll¢, 11d in a
depth direction of the magnetic disk drive.
Here, a height direction is defined to be
called a thickness direction if the magnetic disk drive
20 stands as a rotational axis of its hub is vertical. A
longer side is defined to be called a depth direction
and a shorter side is a width direction if the magnetic
disk drive is seen from a bird’s-eye view. These
divided fins are arranged like steps of stairs, which
25 change in position in the thickness direction.
The fins are located in a space that is
surrounded by a base (housing) 11, a mounting portion

11g which mounts a cover 101 and a mounting portion 1llh



-44 a housing in a shape of 3.5 inches formfactor size, nounti ngzs%iAPR 2002
magneti ¢ di sk nmedia, said hub, said nagnetic head and said actuator;

wherein said nagnetic disk nmedia held on said hub, are smaller in dianmeter

t han magnetic disk nmedia those are used §pr_3.5 inches formfactor magnetic
di sk drive, said hub and sai d actuator are arranged so that a distance

between 2 T OLRANMERALE! oL 3Ad il A i el o of el ot uator

i s between 4U met ers an meters an avera access

time in | ocapbagsgal dofmdnchie disk i 2 Snohhy 19 gdieabey than 7.5 il

seconds when“a torque of sal actuator is east wton neter per

one anpere current. 6. pAngRgnAQLi q1¢), S‘il@"é'n%i qqr&-’”ﬂa‘i}@% FURANRI ¢ di sk
medi a recording information; a "hab hol di ng said magnetic disk nedia

rotatably; atspitndae ePhehceOhaldodd ivd @ fATulkiehd@eithe heafhgtacor di ng or
reproducing information to or fromsaid nmagnetic di sk nedia; an actuator

hol di ng ahd Kdskt drgveaiith mEgndtliowsheddsat axreprstoboireby reedkposndnken on sai d
magneti c di sk media; and a housing in a shape of 3.5 inches formfactor

si ze nount i n§09ai @O0Fngmet 30 2diisk Fihadi 4,4 s@idd Figb, 1fai d Thegpsidtdidrend and
sai d actuator; mhereln sai d nagnetlc di sk medi a held on said hub, are

smal ler in de&néter fiREn ﬁﬁg’lﬁé‘tsltcw@i G e?ltm(fsl@warbé-%d FH 3.5 inches

form factor etic disk drive, i hub and sai q . PR 2002 -45
act uat or are"é’%’:1 §&5§01Ph§-€1 tfg-r?é"’e b &9 'W?ca?t 1&Mt¥er of said

hub and a sw n nt er fo i d act uat or. i s
ReLs

t 1 |
neters, and gﬁ rs‘gﬁe tailt’Fe |rS?C]l(5l q%ﬁ"d’ ec?"hafr&o |tg‘r%e:(r:lsto S::inl d !
det di th 7.5
MLIT ermne%n%%httl vvgl%gr}ﬁ:sl tEQC I e{)i'r?o(tﬁlon at sal c}g{act ator s

mlli seconds when a atl ona i S not

greater than l%@reg:_r.aml‘_fh‘érr‘éaforé t’?aemiﬂa'l‘i‘:t 'é%ﬂq’i'%r{ify Vi TS| fbyreIet i ¢
di sk nedi a recording information; a hub hol ding said nmagnetic di sk nedia

rotatably; agpendby mObYssyotfda.ng sai d hub; a magnetic head recording or
reproduci ng i nformation

On the other hand, a radiation area decides a
cooling efficiency if there is no air flow. Therefore,

15 a strap shape fin is effective in this case. Further,
if it is considered to assemble or to cast en bloc with
the housing 11 and fin lla etc. of the magnetic disk
drive, practical shapes of the fins those have good
cooling efficiency are, as shown in present embodiments,

20 plural sets of short strap shape fins, which are
arranged surrounding the magnetic disk drive.

It is desirable for air flow to blow or to
collide against the fins as possible as they can. And
it is necessary to keep an energy loss of the air flow

25 small, to maintain the air-current speed and to hold the
passage open. It is also a desirable configuration of

the fin to have smooth roundness at the corners {air-

collision portion) that directly collide the air flow in



to or fromsaid magnetic di sk nedia; an actuator hol ding and IocatZr%Af& 8002
magneti c head at a predeterm ned position on said magnetic di sk nedia; and
a housing in a shape of 3.5 inches formfactor size, nounting said nagnetic
di sk nedi a, said hub, said nagnetic heac%$nd said actuator; wherein said
magnetic di sk nedia on said hub, are smaller in dianeter t han magnetic di sk
medi a t hose ar ches f r.m_f tor tlc &E’k drive, said

e

hub and said?ﬁ us g g%@ 53Fa§858 ? &t 9& PaFEAER i on
center of sa;ﬂghuBPgaqﬁetegwlaqeg g i vl %q&orflo% helaged0 m I i

meters and 4 Verage accesstime i locating said
magneti c heagitq gﬁbdcg&ggggernlned position on said magnetic disk nedia,
is not greater than 7. seconds 2 5 APR 2002 -46 when a weight of a

rotational portion at mbtie%@tr@atlw preskelt Anf@in®lidrhahald n@s ffee. 8. A
magnetic disk drive system conprising . a case nounting and securing a

pl uralitys of abeageephendmekotr iine caconsdidey attd osl, aiphukalant raps@tapd  unit
coupling and controlling said magnetic disk drives electrically. 9. A
magnet i ¢ di skidsi egespsreamgedotpr ichiangea th@ge imppasiitg candrseder i ng a
plurality of magnetic disk drive according to claim2; and a control unit
coupl i ng  andtB4RKREEEI Adreatdomagndhiat dissk Fadi-vdd ahems ithe 1air 10. A
magneti c dIS drlﬁggsysten1 ccordlng to claim8 qr claim9, further

conprising a | FRYSSaitd P P&l |lleyft01har‘r"§gnets‘i°8‘edlasll€ Frliare showy g
COmt oL U oA RERE S KR SR S T
10 of leading edge of the fin one after another, cooling
the leading edge preferentially and going through to the
right hand in Fig. 14.
Passages shown by long arrows 300b are
arranged for some other air flow besides the collision
15 air in order to keep the air-flow speed. Consegquently,
among width-direction fins lla and depth-direction fins
1lb, 1lc and 11d (Fig. 13), neighbor sets of the fins
differ in height (location in the thickness direction)
and are arranged changing in their heights one after
20 another.

Fig. 15 shows that a row of fin 1lla in the
width direction is one column (set) because a flask is
used to form the fins by en bloc casting. So=-called
sliding cores those separate in bidirectionally, right

25 and left respectively, form fins in the depth direction
and in the width direction. Right and left sliding
cores meet at a center portion (11f) of fins 1la in the

width direction and form the fins 1lla. 1In separation,



width direction of the magnetic disk drive. 2 5 APR 2002
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"1096& ()- |uSl/ !t109%B5& ()-!y M?15 ABR 2002
"109658& ()- @! 10%&' ()-g! L! 109558& ()-g310%6& ()-&10%& ()- 1051 }[MI1° 10~5-5
10~5~5 10~5~5! x& + "10%5-5& ()- !& + "10%u& ()- S "109%& ()-3 !S
"10905u5& () -3 @O09%%& ()-BS}aBM?1 10~5~% 19 s! 109& ()- !9 s!10%-& ()-
S109& ()-L 109& ()-, 3100& ()- 0&L0%& ()-1}~]zX6MP1 10! x9' "10%]& ()- !9’

"10%]& () - EX%E:"%%%“&%TQ%é base (housing 11), satisfying 3.5

inches form factor size. In this embodiment:
a) an electric power consumption (during an idle
rotation) when loading 10 disk media can be restrained

5 as 5.5 watts at 10,000 r.p.m. rotational speed, and 7.0
watts at 12,000 r.p.m. rotational speed;
b) a temperature rising (during following
operation, when an environmental temperature is 32
degrees centigrade) can be restrained at 40 degrees

10 centigrade or less at 12,000 r.p.m. rotational speed.
Without a cooling air flow, it can be restrained at 46
degrees centigrade or less at 10,000 r.p.m. rotational
speed, at 52 degrees centigrade or less at 12,000 r.p.m.
rotational speed.

15 The numerals above described are obtained
under the condition that ten “2.5 inches” media (65 mm
in diameter, 0.635 mm in thickness) are installed at
1.84 mm interval in a magnetic disk drive with fins
those are 12 mm in length and 2 mm in thickness. And,

20 the environmental temperature of the magnetic disk drive
is 32 degrees centigrade and there is no cooling air
flow caused by fans on a case frame of the magnetic disk
drive system.

The magnetic head 51 and an arm of the

25 actuator 61 receive a force from a homogeneity air flow
that is generated by rotation of the magnetic disk
media. If the force which is received by the actuator

61 including the magnetic head 51, from the air flow can
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which results in suppressing the heat generation caused

by windage.

5 Fig. 17 shows a fifth embodiment of the
present invention. Namely, a cover mounting portion llg
is extended upwards to be 41.4 mm, air passages are
enlarged and numbers of fins are increased.

Fig. 19 shows a sixth embodiment of the

10 present invention, 68 mm height “3.5 inches” magnetic
disk drive, which has a larger height than normal “3.5
inches” standard. Fifteen magnetic disk media 22 are
stacked on a hub 162 at 2 mm interval with interjacent
disk spacers 142 (Fig. 19) that is 2 mm in thickness.

15 Here, for example, means (a spindle motor) capable for
rotating the magnetic disk media 22 at 12000 r.p.m.
rotational speed, equip its coil 202, stator core 192
and magnet 212 outside the housing in the rotational
axis direction of hub 162. There are five fins 12a at 6

20 mm interval on one side of the housing 12. An edge
portion of the fin 12a is 2 mm in thickness. A length
of the fin is 32 mm.

PCB (printed circuit board) 152 has SCSI-2
interface(s) and it has terminals for supplying electric

25 power with voltages, 12 volt and 5 volt. Features of
this embodiment are as follows.

1) This magnetic disk drive has a spindle motor

which is located vertically under the housing 12 in Fig.
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disk media. Consequently, the bottom type spindle motor
does not affect badly to a grease in the bearings and
the magnetic fluid sealants 222a, 222b;

2) In this magnetic disk drive, the voltage of

10 the electric power supply is set high, which gives an
enough rush current to spin up the spindle motor and
which compensates a voltage drop in a driving circuit.
The spindle motor can rotate stably in high speed owing
to an enough torque for rotating the magnetic disk

15 media.

PCB 152 is arranged with a clearance, about 7
mm toward the housing 12 to restrain a temperature
rising of the magnetic disk drive, which is caused by a
heat generation of the PCB 152.

20 Consequently, the magnetic disk drive of this
embodiment gives 1) 15 giga-bytes in formatted storage
capacity, 2) 14 watts or less in electric power con-
sumption, 3) a transfer rate from the magnetic disk
drive to an upper system is 10 mega-bytes per second or

25 more.

Data transfer rate is expected to be increased
more by an optimization of electric circuits. Regard-

less of this embodiment, if coil 202 and stator core 192
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is set in 10 mm or more, the temperature rising of the
5 magnetic disk drive can be further restrained.

Fig. 20 shows a seventh embodiment of the
present invention, that is, a magnetic disk drive
mounted directly with a cooling fan 400. The cooling
fan 400 is driven by a circuit board (PCB, printed

10 circuit board). As shown in Figure, the cooling fan 400
is arranged in order to make an air flow through above
described air passages, which are surrounded by a cover
mounting portion 1lg and circuit board mounting portion
11lh. The direction of the air flow by the cooling fan

15 400 may be variable.

Fig. 21 shows the eighth embodiment of the
present invention.

In this magnetic disk drive, a magnetic disk
head 56 is so correctly positioned that positioning

20 servo signals are written on magnetic disk media 21
before the magnetic disk drive is shipped.

The writing of the servo signals are performed
after a base (housing 11), a cover 101, disk media 21,
spindle motor 41 or the like of structural parts are

25 assembled. It needs a reference signal to write the
servo signals. The magnetic disk drive needs a hole lle

through which the reference signal is provided. The

hole lle needs to be arranged on a side of the base
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Fins 1la in the width direction are extended
further. A portion of them reaches side faces in the
10 depth direction shown in Fig. 23 and Fig. 24. 1In this
embodiment that increase a surface area, the casting
flasks (sliding cores) divided into right and left
directions can form fins 1lla.
Fig. 25 shows a schematic view of a magnetic
15 disk drive system or a disk array system, in which a
plurality of magnetic disk drives 230 explained in Fig.
1, Fig. 6, Fig. 10 and Fig. 11 are connected.
The magnetic disk drive system sets a case 240
that mounts or secures the plural magnetic disk drives
20 230, and a control unit 250 within the case. The
control unit 250 couples electrically the plural
magnetic disk drives 230 and controls them. Further the
magnetic disk drive system sets fans 260 that refriger-
ate the control unit 250 and the plural magnetic disk
25 drives 230. The fan 260 can be omitted if the
temperature circumstances surrounding the system at an

installation place are favorable or if a number of

magnetic disk drives mounted on the system is small
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magnetic disk drive system or the upper system that uses
the magnetic disk drives or the magnetic disk drive
system, and mainly administer control information.

When the velocity of the air flow by the fan
10 260 is 2 meters per second, a maximum temperature
(during seek operation) in the housing of the magnetic
disk drive 230 is held at 55 degrees centigrade or less.
Here, parameters around this magnetic disk drive are as
follows: the magnetic disk media have 65 mm in diameter
15 for “2.5 inches” size and 0.8 mm in thickness; an
interval or a distance of the media is 2.0 mm; a length
of fins arranged around the media is 32 mm and a
thickness of the fins is 2 mm, a number of the magnetic
disk media is 15 leaves; a rotational speed of a spindle
20 that rotates the media is 12000 r.p.m.; an electric
power consumption is 10 watts during an idle rotation in
the above magnetic disk drive; a distance between a hub
center and an actuator center is 43.2 mm; and a weight
of the rotational portion at the actuator is 53.0 gf.
25 Fig. 26 and Fig. 27 show the tenth embodiment
of the present invention, 1.6 inches height “3.5 inches”

magnetic disk drive.

A housing 2 is 3.5 inches form factor size
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10 thereof to the housing 2 that includes the spindle
motor; the other of a securing method of the spindle
motor is with a screw or by a press fit to secure it at
one edge of the spindle motor to the housing 2 that
includes the spindle motor and the other edge of the

15 spindle motor is secured at a cover that hermetically
closes the inner space of the housing 2. The shafts of
the spindle motor and the actuator may be secured by
glues or adhesives to the housing. This securing method
can bring more economical magnetic disk drives.

20 Features in this embodiment are: magnetic disk
media 4 are made of Al (aluminum) or glass and they are
“2.5 inches” in diameter. The six magnetic disk media
4, each of which has 0.635 mm in thickness, are mounted
axially with interjacent disk spacers those are each 1.7

25 mm in thickness. Magnetic disk media 4 are secured
stably by a disk cramp 8 and a screw 19. There is a
space around the magnetic disk media 4. The space makes

better a radiation characteristic in the housing 2, and



"10%EE& ()-!'k9 "109%R22& ()-s 10%&' ()-S's 25 APR 2002
10%&' () -SY 10%& () -] w&xxxcyzzX6mbCl ! L 1! 109%XX&' () - @yL

11 10%&' () - @@ GLO%&' ()-!9Y" "10%008 ()-!9Y" "10%8S& ()-!9Y"

"1098S&' () -zzzzzzz/ {|uV4lly 38

"10% 5f5& ()-Ss! 10%& ()-f!s! 10%/Y& () - Y 10968 ()-"&109%& ()- 10XX 10XX

"0y {)-1 HORETER Iy TS TSPl e SO0l P 1O (3 e
109%&" () - f YMLQYUR s ho¥d 0%&' () - 10KK 10KK 10KK}~<yT5! 'l 9F"
"10% B] B&' ()-9!10%B& ()-t!9! 10%00& ()-t*10%& ()-9 10%& ()-SI't9 10%
;& () - SIJKLM[ PE: 1! 10 Al @ikt anc) Y tiweeh !d QdtAbht donted tQ Y 1600 ; & () - 4
y -109%&' ()-!'n9F" "10%] 9] & ()-Mza; Az} [<PE:!! L 10%&' ()-s!'fL 10%& ()-s!
F10%&' () - ! thed@agnetilc Hi%¥ (4 am¥l G& damPeemter 123 108E thOEE! L)
"10%EE& ()-!}L) "109%EE& ()-'10%& ()-'}L "10%@a0& ()- 'L "10%7& ()-
-4auSl: ! 1 $& mapegEt)i® Meadckd@l is set up for 40 mm. The actuator 13

is secured via the pivot bearing 15 to the housing 2.

The distance can be set at most 47.5 mm (= R below

described + 10 mm) for more economical structures of the

magnetic disk drives, if existing actuator parts are

10 used and if the torgque of the voice coil motor is

increased.

If '2.5" inches magnetic disk media of 0.8 mm
in thickness are used in stead of ‘3.5 inches® magnetic
disk media of the same thickness, the weight decreases

15 Dby about 54 % per one medium. If ‘2.5' inches magnetic
disk media of 0.635 mm in thickness are used in stead of
'3.5 inches' magnetic disk media of 0.8 mm in thickness,
the weight decreases by about 64 % per one medium.
Owing to a decrease in the total weight of the media

20 those are rotated by the spindle, there are effects on a
high characteristic of a spin-up operation by the
spindle motor, and also on a reduction of electric
current (electric energy consumption) during an idle
rotation.

25 Fig. 27 shows a basic inner structure of the
present invention (in plan view).

The distance L between the rotation center 21’

of the magnetic disk 4 and the rotary center 23 ' of the
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from the rotary center 237.
Thus in this embodiment, the parts can be
freely arranged in the housing. If a performance
(mainly storage capacity) be sacrificed, inexpensive
10 parts can be adopted. So, there is an effect on
fabrication of magnetic disk drives or magnetic disk
drive systems, which put a high speed accessing function
and an inexpensive device price into practice.
Because the present invention adopts using
15 magnetic disk media in form factor size smaller than
usual in a normal form factor size magnetic disk drive
housing, or arranging fins (unlevel, washboard or jaggy
portion) around the housing, the prior problems those
are generated in a high speed rotational technique can
20 be resolved. And the magnetic disk drive or systems
using the same can be realized, which spends less
electric power and gives less heat generation than the
prior magnetic disk drive, and which can indicate a high
access performance with a high storage capacity.
25 When the magnetic disk drive of the present
invention is used for a disk array system or other
magnetic disk drive systems, it can be replaced with the

prior magnetic disk drive without adding a special
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capacity.

5 Having described a preferred embodiment of the
invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited
to the embodiments and that various changes and modifi-
cations could be effected therein by one skilled in the

10 art without departing from the spirit or scope of the

invention as defined in the appended claims.



] Z1;
i z[ QuS4y! 1 993! 109600 ()-‘fY"FlO%&f()-9!10%&f()--!y9!10@@iﬁf()--!yg!§0655(
flp9l10%7& ()-f%luj _@!! &10%& ()- 10= 10=
10=610%¢& ()-y4109%& ()-!~L+!'10%& ()-99%! 109 ()- "?j _@!'!f "109%B& ()-! pf
"10% ] & ()-,109%& ()-9M 10%&' ()-z! 9M 10965& () -z3MLO%B&' ()-)ZzX6] _@!! &9-
"10%u5u5& ()-!'y& 31098 yfy& ()-!~& 3109%%5& () - SUd0%& ()-!
"S109%65& ()-!y&s!10965& () - @Z1234AH NuS4y! "L!110% & ()-z! L!10%0& ()-z3MLO%
‘o0& ()-0& &*()- 1055 1055 1055!s&9- "10%5& ()- Nvu}”<uS4y!! pf
M 10%00& ()-10% o& ()-!Y!'10%0& ()- !'Y'10%0& ()- @10% o0& ()-
10% o0& ()-u}oPlyL10% & ()-0S&10% & ()- 10 10 10!'% "10%& ()-mt %
"10%00& ()-m ~% "10%0& ()-m fA?0P1lyL&f! 10%& ()- !'y&f!10%8"S"& () -
,S10%6 & () -! !10% A&hbapner9nla¥E:R (riy20%0&bt)skKuexyz[ PE:y 10" 10"
10"S810% & ()-!19+ "1099"]"& ()-!'9+ "1099"]"& ()-&"

magnetic disk media recording information;

2002

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head
at a predetermined position on said magnetic disk media; and

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk media, said hub said magnetic head
and said actuator;

wherein said magnetic disk media held on said hub,
are smaller in diameter than magnetic disk media those are
used for 3.5 inches form factor magnetic disk drive, and said

spindle motor rotates 10000 rpm or more.

2. A magnetic disk drive comprising :

magnetic disk media recording information;

fins arranged around said magnetic disk media;

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head at

a predetermined position on said magnetic disk media; and



"109%&' ()- @& "10%b& ()-@ Zf}[9PE: y! p! 1094 5] 5& ()-!t!10%5a5& ()-2 § APR 2002
109658& ()-3 'S 109%& ()-3 YMLO%S& ()- FU&1096& ()- fs™ ~a}[MPly 10y5y5 10y5y5
10y5y5! } &+ "10%5y5& ()- ! &+ "10%y& ()- &Y' "10%& ()-S!y&Y"

"109% 5f 5& ()-S! 109%J& ()-anuNeg ~<M?1ly 10y5y5! p& "10%"J"& ()- s 10%& ()-f!s
109FF& ()-f!s 1098 "& ()-f1 10 & ()-19%09% & ()- %eRwX6MP1ly 10! L+

104U U& ()- 9 "10% & ()-!9 "10%4 k] k& {9-119 "1094"]1"& ()-!y9

"10%8S& ()-1}& "10%f& ()- HrSly!s 10%\& ()-3 1 10% & ()- &10% & ()- 10""
10"" 10""1610% " & ()-!~L+ 109" X" & ()- TzX9rSly! !109%& ()-4

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk media, said hub, said magnetic head
and said actuator;

wherein said magnetic disk media held on said hub, are
smaller in diameter than magnetic disk media those are used for
3.5 inches form factor magnetic disk drive, and said spindle

motor rotates 10000 rpm or more.

3. A magnetic disk drive comprising

magnetic disk media recording information;

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head at
a predetermined position on said magnetic disk media; and

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk, media, said hub, said magnetic head
and said actuator;

wherein said magnetic disk media held on said hub, are
not greater in diameter than shape-coefficient 2.5 inches'
magnetic disk media, and said spindle motor rotates 10000 rpm or

more.

4. A magnetic disk drive comprising
a magnetic disk media recording information;

a hub holding said magnetic disk media rotatably;
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an actuator holding and locating said magnetic head at
a predetermined position on said magnetic disk media; and

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk media, said hub, said magnetic head
and said actuator;
wherein said magnetic disk media held on said hub, are smaller
in diameter than magnetic disk media those are used for 3.5
inches form factor magnetic disk drive, said hub and said
actuator are arranged so that a distance between rotation center
of said hub and a swing center of said actuator is at most 40
milli meters + 1 milli meters, and an average access time in
locating said magnetic head to said predetermined position on
said magnetic disk media, is not greater than 7.5 milli seconds

when a torque of said actuator is at least 0.12 Newton meter per

one ampere current.

5. A magnetic disk drive, comprising :

magnetic disk media recording information;

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head at

a predetermined position on said magnetic disk media; and



10" 9MLO% & () -810% & () - &&610% & () - &210% & () - &Of #10% & () - & - #10Y5: APR- BB0?
xY:/ 10" &10%&' ()- F 10%&' ()-f10%&' ()-10%& ()-S10%&' ()-'310%&' ()- 10" ddE: /
10". 109R& ()-tL, 109& ()-Lz#109& ()- Lz#109%& ()- 109 ()-  109% ()- QdYNC

10" 10 10 10L9 109& ()- 8109%& ()-L96109%& ()-.10%& ()-t.10% & ()-t*/ ddEYNC

10" &109%H& () - & 109%H& () - fy#10%4& () - 109%H& () - 10%4& () - & 10%4& () - SAEYNC
10" +10944& () - #10944& () - #109& () - #109& TV - & s109%4& () -f #10%4& ()- >r dEYNC
10" 96109%44& () - YAL1094H& () - y2f #109%4& () - 010%4& () - .

10944& () -- 10944& ()-<z{|}%C 10"Lg#10%& ()- @O% ()- &L0% ()- 10H

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk media, said hub, said magnetic head
and said actuator;

wherein said magnetic disk media held on said hub, are
smaller in diameter than magnetic disk media those are used for
3.5 inches form factor magnetic disk drive, said hub and said
actuator are arranged so that a distance between a rotation
center of said hub and a swing center of said actuator is between
40 milli meters and 47.5 milli meters, and an average access time
in locating said magnetic disk media, is not greater than 7.5
milli seconds when a torque of said actuator is at least 0.12

Newton meter per one ampere current.

6. A magnetic disk drvie comprising

magnetic disk media recording information;

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head at
a predetermined position on said magnetic disk media; and

a housing in a shape of 3.5 inches form factor size
mounting said magnetic disk media, said hub, said magnetic head
and said actuator;

wherein said magnetic disk media held on said hub, are
smaller in diameter than magnetic disk media those are used for

3.5 inches form factor magnetic disk drive, said hub and said
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said magnetic disk media, is not greater than 7.5 milli seconds
when a weight of a rotational portion at said actuator is not

greater than 36 gram force.

7. A magnetic disk drive, comprising :

magnetic disk media recording information;

a hub holding said magnetic disk media rotatably;

a spindle motor rotating said hub;

a magnetic head recording or reproducing information
to or from said magnetic disk media;

an actuator holding and locating said magnetic head at
a predetermined position on said magnetic disk media; and

a housing in a shape of 3.5 inches form factor size,
mounting said magnetic disk media, said hub, said magnetic head
and said actuator;

wherein said magnetic disk media on said hub, are
smaller in diameter than magnetic disk media those are used for
3.5 inches form factor magnetic disk drive, said hub and said
actuator are arranged so that a distance between a rotation
center of said hub and a swing center of said actuator is between
40 milli meters and 47.5 milli meters, and an average access time
in locating said magnetic head to said predetermined position on

said magnetic disk media, is not greater than 7.5 milli seconds
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when a weight of a rotational portion at said actuator is not

greater than 36 gram force.

8. A magnetic disk drive system, comprising

a case mounting and securing a plurality of magnetic
disk drive according to claim 1; and

a control unit coupling and controlling said magnetic

disk drives electrically.

9. A magnetic disk drive system, comprising

a case mounting and securing a plurality of magnetic
disk drive according to claim 2; and

a control unit coupling and controlling said magnetic

disk drives electrically.

10. A magnetic disk drive system according to claim 8 or
claim 9, further comprising a fan cooling said plurality of

magnetic disk drive or said control unit.

11. A magnetic disk drive according to claim 2 further
comprising a fan making an air flow in a depth direction or a

width direction of the magnetic disk drive.



