1 OCT 2004 1 MAGNETI C DI SK DRI VE AND MAGNETI C DI SK DRI VE SYSTEM BACKGROUND
OF THE INVENTION Field of the Invention A present invention relates to a
magnetic disk drive, particularly, rotating a magnetic disk nediq vCT'ﬂﬁfi
hi gh speed and a magnetic disk drive systemusing this technique.
Description of the Related Art In a::magnetic :disk drive :system.that is
used as a high precision external storage, for exanple, a 10 conputer, a
file server or a disk array, it is mell_kgpmm that by a nagnetic head that

flies with a given distance over a recording surface of a magnetic disk
medi umin the nagnetic di sk drive system a dedicated information is

recorded on or etic disk nediumvia a magnetic
flux. A perforna WH&%@%‘M&?@ EPISK DREVE SYSTEMECi de a
t hroughput of the magnetic disk drive systemin the recent years. For

better performance, there are next universal ains in the inprovenent of
the 20 system 1) a nenory capacity inprovenent-within alimted system

har dwar e (| ncBagkegRrROUN®N O IWEBNVEINTEIGY age capacity per unit volume) 25
2) retrenchment of tinmelfor noving a nagnetic 01 O CT 2004

Field of the Invention
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 exampie, 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 maghetic flux.

A performance of magnetlc disk drives greatly
comes to dec1de a throughput oE the magnetic disk drive
system in the recent years. Fbr better performance,
there are next universal aims ﬁn the improvement of the
20 system.

1) a memory capacity im#rovementﬂwithin a limited
system hardware

{Increase of an information storage capacity
per unit volume)

25 2) retrenchment of time: for moving a magnetic



- 2 head to a dedicated truck on the magnetic di sk nedium (Shortening of
seek tinme) 3) retrenchnent of waiting tinme in rotation for waiting a
magneti c head to a dedicated location at the 5 specified posiﬁi']o@m’nzgm
truck of the magnetic di sk nedium These itens were resolved in the préesent
I nvention by an increase of rotational §p§ed of the magnetic disk nedia,
whi ch al so increases an input 10 output .transfer rate of information

bet ween magnelfad EPsk dedycahpd tppek opstbm magdefdtweds kragnbhine di sk
drive systen1zgd ugper system There is a "3.5 inches" drive in short from
the past. Here&Shontenipghefseekchimed shape coeffi- 15 cient. "3.5 inches"
Size neans a gnetic disk drive which has an about 4 inches (101.6 mm in
width, an abdut 5.75 i FehEGNEhment af) wahtiaggthme| dnugwilatiomgoran about
1 inch height _un] ess otherw se specified. In case a rectangul ar

paral | el epi pefPtr1Ren? BIREFIBeieadnhgnet feddraked: ipsation ati wgi ne t he
| ar gest %acqa%ggt is parallel _to the nag etic disk medium At this tine,
the | argest f HHTALOSLEIPN PRsA BFRGK ofahhenmR@Retifo diskgest faces
of a"2.5 ingmﬁiﬁugrive. Simlarly, a largest face of the "5 inches" drive
can 25 include two | argest faces of a "3.5 inches" drive. The shape that

Size. The conventi onal ToEE; HEsmEEED EEFEl updian the pRestne” M A"
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 “on

can include two largest faces of a "2.5 inches"” drive.
Similarly, a largest face of the "5 inches" drive can

25 include 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



I OCT 2001 -- 3 drive has a 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 nagnetic he?diﬁﬁltqﬁﬂi
specified location on 5 the nagnetic disk nedia, an in-hub-type Sptrx

notor that has rotational mechanismwthma hub that holds the magnetic
disk nedia on its outer surface, and magnetic disk nedia of which nost
out si de di anslréwe 1285 a mhmtcioier, aim téhehdushifdewtmaldt ©rigehked "3.5

i nches” 10 disk for short). Here, there are "3.5 inches" magnetic disk
drives whi chshape weiefifjicientt, Whinh ¢Sfprisey: hen gitm thatbsuppdros
inches (41.4 mm height. Fig. 3 shows an inner structure (plan view) of 15
prior "3.5 | A@Estigafiedd Paditsk o icarriBgervitth silze amh, téeibtbusing 13 is
a 3.5 inches formfactor size (101.6 nmx 146 nm). Magnetic di sk nedia 23
are secured PRYiZignsk theafpr@etis dheasd ndt ehmtspeaiei tocat tonrotat ed
at predet rni%ed speed ,in this housing. 20 Magnetic heads 53 are secured to
an edge afhe

aBRgRESLq His ke Hadidge amd r v tYy®s. smindbetnator 63 s
secur ed rota& bly. by a pivaqt bearing 73 to the housing. The housing 13
secures a voi g@%&# ﬁﬁgértlé@a ac m wsl tdyin ggyetthatihelds. The

Fotati onal  t SPEUESHPER 6] B4 MARIRE R 4ich Gt SHFIARA (4RTact uat or 65
Consequent |y LRE+JRIRGEKC %Y of which most outside diameter is 95
mm stacked on the hub (hereinafter called "3.5 inches"

10 disk for short).

Here, there are "3.5 inches" magnetic disk
drives which have mainly about 1 inch (25.4 mm) height
or about 1.63 inches (41.4 mm) height.

Fig. 3 shows an inner structure {(plan view) of

15  prior "3.5 inches" magnetic disk drive. External size
of the housing 13 is a 3.5 inches form factor size
(101.6 mm x 146 mm). Magnetic disk media 23 are secured
by a disk clamp 33 to a spindle motor 43, which are
rotated at predetermined speed in this housing.

20 Magnetic heads 53 are secured to an ;dge 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




53 supported at the edge of the actuator executes a seek C1 CCT 2004 - 4
operation in which the head are |located at an arbitrary |ocation on the

di sk nedia 23 along a quasi-radial direction. In the 1.6 inci{ed DEToPIN4
magnetic disk drive 5 with an about 41 mmofficial height, the spindle
motor 43 is nmounted stackingly with eight4"8.5 inches" disk nmedia (0.8 nm
thickness). In 1 inch height nagnetic disk drive with an about 25.4 nmm

of ficial heigitgrations imowiniehn shackeadl grai thchoed a38. ani achatradiysk
media. 10 O her prior arts about faster rotating technique of spindle
nmotors are diketakieen dwrthxadpsle medialapanderngPat gnisiairdddpdn
Publication No. 63-104282 (corresponding to United States Patent

5,243, 479) arfiizgctiripanese Patent Lai d-open Publication No. 04-205776 that
15 shows stacking structures with "3.5 inches"” disk media or "2.5 inches”
di sk nedia in a housi ngt®fthe 2k. § nthekesohespghpemagnetici dask Hmiset ors of
this application tried to rotate magnetic disk-nmedia of 1.6 inches height
magneti ¢ di sK1Y & idRPWhoth Tk ¢fficBal aBeéghthahhenspihdleampsorThey
confirnmed thg} when a rohftion |, speed of spindle motor 43 becones 10000
rpm from 72083 prii @RYGre] GitAE 1y spikly) eighect' 8 & énehgy"ceasknpti on

I ncreases with abou Q percent and becones pore than 20 watts despite a
25 |i ght wei gkﬁedaeasi é)on' 86&;\?&/93[#}3{6%& eayésfth’écﬁi BRigREi Bagnsticom 10

disks to 8 digks Idk{I° M AKan about 25.4 mm official height, it is

mounted stackingly with four "3.5 inches" disk media.
10 Other prior arts about faster rotating
technique of spindle motors are disclosed, for example,
at Japanese Patent Laid-open Publication No. 63-104282
(corresponding to United States Patent 5,243,479) and at
Japanese Patent Laid-open Publication No. 04-205776 that
15 shows stacking structures with "3.5 inches™ disk media
or "2.5 inches" disk media in a housing of 5.25 inches
of shape coefficient.
Inventors of this application tried to rotate
magnetic disk media of 1.6 inches height magnetic disk
20 drive shown in Fig. 3 faster than in prior arts. They
confirmed éhat when a rotational speed of spindle motor
‘43 becomes 10000 rpm from 7200 rpm (prior rotational
speed), electric energy consumption increases with about
€0 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



They al so confirmed that an inner tenperature of the housing 13 becones

nore than 80 degree centigrade - 5 01 OCT2004 w t hout cooling neans

surrounding the 1.6 inches height rmagnetic disk drive shown indgig 3. Eﬂe

cooling neans are, for exanple, a fan_;@gg makes air flow for di 0R4. 20

I nventors of this application tried to rétate 5 magnetic disk nedia of 1.6

I nches hei ght magnetic disk drive shown ip Fig.. 12 faster than in prior
S0 e hob 0B

arts. \Wen ¥ M SR DG JPE SHEFAW ohene%0081 8B from
6300 rpm (prior rotatiaqnal eed), electric ene consunpti on i ncreases
oreh about Paasanetie, b SIS Ahewst A i & o TP S LR CRERRE 4.

205776 sh tic disk drj t hat t t Lc_disk
rodi & smal | SRS GEeiE D St TR P MRS FHE R nEBRCEPOLIYaK medi a

within a housing that ches form,f or,.sjpze 15

' fQr. a 5. 25 | t '
magnetic disk drive. Bt}tn%etqﬁzol eg%%ott I:losﬁsa}pébe l%?qtl?rﬁc‘;]éﬁig g‘% ﬁ%ﬁ#e
ti £ f ool ) : . g
Japancse Pat AT GAok BUSEaR ot fo et RELasERabHeETETLeE | s
5,243, 479) deed JOLRAQrCABSIEAY. N 1o A deAnd@dAlbloshlies |t ghegl Oses
an increase of rotational speed of nagnetic ned a. nventors of this
appl i cation EDWRStARGRAA! ispedict o MY ihdI¥ mdkr | TNESCohOE M £666 Okpm

magnetic disk drives, in the housing for 1.6 inches height "3.5 25 I nches"
magneti c di siréi \6300AD UHAir titatidrdleSspeed), electric energy
consumption increases with about 460 percent.
10 Japanese Patent Laid-open Publication No. 4-
205776 shows a magnetic Qisk 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 grder to fabricate a magnetic

disk drive with a high transfer rate of information

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



the media at 12000 rpmin Wder to fabricate a magnetic disk drive with a
high transfer rate of information (Fig. 13, Fig. 14). Inventors of this
application found - 6 0" 1 D CT 2004 that it is necessary fcr keeping the
i nner tenperature equal to or |ower than 60 degrees centigradeﬂtk)ﬁﬁﬁuaﬂ
ei ght disk media or |ess when 0.8 mmthi &mess nedia are adopted and to
nmount el even di sk nedia or |less when 5 ~0.635 mmthickness nedia are
adopt ed. Thathis, ithéy necesdariyatfdrt keemiogsithe irmnenttamrperakunedi a
faster wth victimzing the informati on storage capacity in sonme extent,
and that theegualage ocapdower aman ) degetems ragrdtigradd tdemoenta are in
the trade-off 10 relationship. Here, disk nedia for the 2.5 inches form
fact or magneeightli dii sidr medidave 465 Wheaud @ ametidricknrsermedia débeet er)
and a 0.8 mD.2 rmm thickness or a 0.4 nmLO 2 nmthickness. Nornal
t hi cknesses @fopked]gngedica MUt &g evinn Glisds nadis ax 3Bassmvh@me of the
reasons why the_inner tenperature of the housing (during a seek operation)
is kept it tReé35r BHetEAFKAES St ERFEEatlS a&ogt@g, fRratexkimpl €180 degree
centigrade or less, is to get a laong life of the 20 disk drive by setting
an enough maf@bRd; ﬁhtaénﬁérgtsurpé’sfsétb%ieoﬁg’ IGQfAL HALSH Jﬁﬁ%%mﬁa%ﬁe%/ he di sk
medi a surface 6gnd. rease in bearg? s of, the spindle notor. Another 5
d

not to give 4ibBdVARELHALES: G1F o TS IHABC GARATIEY Bd and the
magnetic dlsgoggdéﬁte%@q %%dathat the storage capacity and the

faster rotation of the media are in the trade-off
10 relationship.

Here, disk media for the 2.5 inches form
factor magnetic disk drive have a 653 mm diameter
(outermost diameter) and a 0.8 mm=*0.2 mm thickness or a
0.4 mmX*0.2 mm thickness. Normal thicknesses of the

15 media are 0.8 mm, 0.635 mm or 0.381 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 getME long life of the

20 disk drive by setting an enough margin in temperature
for long lives of a lukricant 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.



25 posture of a slider. Consequently, recording or reproducing with a
i nformation to or fromthe disk nedia are not influenced badly. IhusﬂgT 2MV '
edLv

tenperature specifica- tions of the magnetic disk drive can be gué%dnt
- 7 Thus, inventors of this application_found that it is necessary for

maki ng the stack of nmedia |ightweight,~ flor achieving the faster rotational
speed of the nedia, and for keeping or increasing the storage 5 capacity,
to attach a special cofhusg meventicns (f tHels ¢at prkiepndetbah t he

magnetic disk drive system for exanple, the file server or the disk
array, it isitdési ngsesseay foramakgnhdhmgifate dedrediaster and for 10
keepi ng the systemhighly reliable that cooling means should be provided
to the magneflighdwed aliti,vEorsommiry iog Thlee | Taaten aetatienah 3pfedt of the
present invention to provide magnetic disk drives with a big storage
capacity 15°%ndhe meghare@nghilan Kesing otinerediighht i ttara%enedi a
at a high_speed and which restrain heat, generatjon roown, out. of _the high
speed rotati GRPEWs IR0t Lhje AP 1 eF?ﬁi%ﬁﬁnmé%R@R&?%ntotBhﬁrovide
magneti c di sk drives d netic disk drive 20 systens with a big storage
capacity andnﬁgﬁﬁﬁﬁcégﬁéﬂp%ﬂgég%sing ability. It is another object of the

present invention to- &rno@h%e marg;%q:eit%c ﬂ%l-?kdzd{xjré’e g.pdé{,n megpet ic disk drive
systens with a high spéed accéssi ng a f?l y and a %%o '
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 QOF THE INVENTION

It is an object of tﬁe 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

ZO 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.
Cther objects of the present invention may be

clear from the statement of this specification and

——



25 cost performance. Ot her objects of the present invention nmay be clear

fromthe statenent of this specification and L. I OC 2DtL 8 draw ngs. For
achi eving the above objects, the magnetic disk drive of the pregfgtipﬁ 9
i nvention nmounts magnetic disk nedia smajler in diameter than "% Ehéhgg“

magnetic 5 disk nedia within a nmagnetic di sk drive in a shape coefficient
3.5 inches. For nore cost performance, (in other words, using

gener al - pur pe@widrass. t hat do not come expensive in stead of custom order
parts), the magnetic disk drive of the present invention may nount 10
magneti ¢ di sk nedia forFQr ia@dsieving sthpeakowefpejents, 2thei megpeties mm
media in outer dianeter, within the nmagnetic disk drive in the shape

coef ficient 3k fbHcxe of tHhe Rrewive Shvertiee mpuntAemAgnsthg RSk is
seal ed including the actuator, the spindle nptor, 15 etc., around the
magnetic di si® SRFLIEF nih iH BRERT Hrapetdr> Spahesofmagnaiic 65 nm= —
30 mMm ari [ says, i.n. the distance fromthe center axis of the

es. If it G
spi ndl e t SHEhAeHA H L ¥he RAFAGTEC FLRE 8L % ANcReBPARBe of 15 nm
arises. 20 Fromthe trade-aoff, rel ati onshi p between a rformance and a
price of the crﬁ?qq“#étcijcera:i §<'O‘Jﬂr3ﬂf§?es°rre JFPHT FR3t P%ggaﬁnﬁﬂcﬁay(ﬁ@
arranged in thi.s _nardgin area.

arranged, resolrﬁhtelrné“f n %’halfs%%%%b%g%f—cé%’?é‘%%%%ngﬁngggagagonggtbe

come expensive in stead of custom-order parts), the
magnetic disk drive of the present invention may mount

10 magnetic disk media for drives in a shape coefficient
2.5 inches, 65 mm media %n 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,

15 etc., around the magnetic disk media of 65 mm in outer
diameter, space of 85 mm — 65 mm = 30 mm arises. 1If 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.

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

25 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.



25 have a margin for parts' arrangenent in the above space. Wen the

radi ati on nmenbers are arranged, they are conposed to arrange fins (uneven
parts) in surround- ing periphery of the magnetic disk nmedium 9 0 1 OCT
20Bt The spindle notor that rotates magnetic disk nedia of 65 nﬁjﬁnﬂg@tﬂm*
di aneter and the actuator may be arraﬁgéﬁ'@o that a di stance between the
centers of the spindle notor and the actuator beconmes 401 mm or-less. 5
Further, if cost perforffencpirdlrimoker thHahorotdteschagnetipadiskare
used, and if a torque of the voice <coil notor is increased, the above

di st ance canNgsiiaexferffedm oo R e diReeth stand ctheyadtvetarnpay beargi n
considering to a windage |oss, etc.. 10 Further, in stead of magnetic disk
medi a of a GEFEARded AA &hafi aedistancerdiptereen dikk eentensovf4Bhem in
outer dianeter for a magnetic disk drive in a shape coefficient 1.8

i nches, may B@PlisEe mptde and the metuatamhdeeonr sk @ vam e Irsmet i c

di sk nedia of 48 mm 15 in outer dianeter are nornmal nedia for magnetic disk
drives in2shdpd6atfild aast reriRImance i iRurswedk-1fesarmnalo. 381 mm

BRI EF DESCRI PTION OF THE DRAWNGS Fjg. 1 is_a cross-sectional side view of
a 20 nagneti59$QﬁFQ£ﬂRﬁ£tﬁMﬁ§ﬂ1%ﬁﬁéﬁ ang j¥kta i eePt Bhet HelpResent

i i . i q.. ) i of .Fig. 1. Fig. 3 shows | an vi ew of
:Om/gpt Irrggne'lt:: 112 mso %V\r/s 1as I[}Lln"%:nz:eva{seta\V\c/i, the gabove c!lzgstance can Q

extended to 47.5 mm. The distance may have a more
margin considering to a windage loss, etc..

10 Further, in stead of magnetic disk media of a
65 mm in outer diameter,_a magnetic disk medium of 48 mm
in outer diameter for a magnetic disk drive in a shape
coefficient 1.8 inches, may be used in the 3.5 inches
magnetic disk drive. The magnetic disk media of 48 mm

15 in 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 TEE DRAWINGS
Fig. 1 is a cross-sectional side view of a
20 magnetic disk drive, which sho;s a first embodiment of
the present invention.
Fig. 2 shows a plan view of Fig. 1.
it 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.



25 disk drive. Fig. 4 shows a perspective view of a magnetic disk nedium
whi ch has 2.5 inches formfactor size in 0.381 mnmthickness. I1 OCT 2 -
10 Fig. 5 shows a perspective view of a magnetic di sk medi um which gﬁs ﬂﬂ‘
1.8 inches formfactor size in 0.381 mmthickness. Fig. 6 shows ipﬂ 2.'
view of a magnetic disk 5 drive that rslPhe second enbodi ment of present

I nvention. Fig. 7 is a cross sectional view show ng one exanple of a fin
shape on an A-A sectiorFigy B gshdws R gpeBspachive osseweofi amnbgueticshow ng
a 10 second exanple of a fin shape on an A-A section in Fig. 6. 15 Fig. 9
is a cross selitdkomaddivirewlsiwivihes al . &8 hinchesafipte Héctofi aighape on an A-A
section in Fig. 6. Fig. 10 shows a plan view of a third enbodi - nent of
present invert.ii#l mwhitdiidknessmgnetic disk drive higher than a normal
height. Fig. 11 shows a cross-sectional side view of .I 20 25

Fig. 6 shows a plan view of a magnetic disk
5 drive that is the second embodiment of present
invention.
Fig. 7 is a cross sectional view showing one
example of a fin shape on an A-A section in Fig. 6.
Fig. B8 is a cross sectional view showing a
10 second example of a fin shape on an A-A section in Fig.
6.
Fig. 9 is a cross secticnal view showing a
third example of a fin shape on an A-A section in Fig.
6.
15 Fig. 10 shows a plan view of a third embodi-
ment of present invention, which is a magnetic disk
drive higher than a normal height.

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, whig& shows an air flow.

-y

Fig. 15 is a side view in width direction of

the magnetic disk drive in Fig. 12.



the magnetic disk drive in Fig. 10. Fig. 12 is a cross-sectional side view
of a magnetic disk drive, which shows a fourth enbodi nent of the present
invention. Fig. 13 is a side viewin depth direction of the nmagn tjﬁgﬁ %ﬁﬁ*
drive in Fig. 12. Fig. 14 is a side viewin depth direction of tke!f

embodi ment, which shows an air flow Frglll5 is a side viewin width
direction of the magnetic disk drive in Fig. 12. 01 oct 2004 - 11 Fig. 16
is a side viewin w dtFidj.r elg iien a sdriode ngi ew nidli 1 deh edprpteion t he
magnetic disk drive in Fig. 12. -. Fig. 17 is a side view in depth
direction of showinggnaddifdiesk akample haf Showsagnéti¢ hdisbodi ireat inf
present invention. Fig. 18 is a perspective view of a magnetic disk drive
whi ch shows tFH&f d#-th enbodi ment of present invention. 10 Fig. 19 is a
cross sectional side view of a sixth enbodi mrent of present invention,

whi ch shows a magneti &idi-sddrisve Hiflervismnimoierth ¢lyecbionsod aide

Vi ew in dgpth direction of a. m netlc di sk drive that shows a seventh

enbodi men? off@IE e SRk iGRASHR | Fhpv @ Gl fthjebednent eEpth

direction of a gl etlc %FSK drive that shows a ei ghth enbodi nent of
re sen inven on.

Fig. 18 is a perspective view of a magnetic
disk drive which shows the fourth embodiment of present
invention.

10 Fig. 19 is a cross sectional side view of a
sixth embodiment of present invention, which shows a
magnetic disk drive hicher than normal.

Fig. 20 is a side view in depth direction of a
magnetic disk drive that shows a seventh embodiment of

15 present invention.

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 mégnetic 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.



present invention. Fig. 22 is a side viewin width direction of a 20
magnetic disk drive that shows a ninth enbodi nent of present invention.
Fig. 23 is a side viewin depth direction of a mnagnetic disk drive shown

in Fig. 22. Fig. 24 is a side viewin degth direction of a 25 wgtnmﬁgzg%
il Y

di sk drive shown in Fig. 22. Fig. 25 i35 &4 architecture of a ma

drive systemthat nounts the magnetic disk drive of present invention. -
12 5 01 OCT 20 Fig. Fd.s 26 ey spqueispestove ofiew npfna@tmagnetik drive of
the fourth enbodi nent of present invention, which shows a different

spaci ng i n paritsk dadvengeherite fiamthamkddinent nof PegPeBtc di sk drive.
Fig. 27 shows a plan view of the magnetic disk drive in Fig. 26. DETAILED
DESCRI PTI ON QR VEHE irREFFRRED ENBOD MENISE f2¥ent $R2@lRE 03B-BeEEFonal vi ew
that shows an outline of the internal structure of the magnetic disk 10
drive, a firQrmargsnenhtiom HEprekentneFRhimFetHbasthgk19rp¥e a 3.5

i nches formfactor size with _official height,of 41.4 mm "2.5.inghes"
magnetic 8isk nmedia 2F¥%5 93PS ARRT PLessCinthf ‘Pﬂ?ﬁﬁﬁégs??‘sg
spindle notor 41 that rotates these nedia 21 in a 15 predeterm ned
rotational sEede a iy %i’pe act uat or

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a cross-sectional view that shows an
outline of the internal structure of the magnetic disk
10 drive, a first embodiment of the present invention.
Housing 11 has a 3.5 inches form factor size with
official height 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 Bl that drives the rotary
type actuator 61 are secured in this housing 11. e
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



61 that |ocates the nmagnetic head around a pivot bearing 71, and a voice

coil notor 81 that drives the rotary type actuator 61 are securﬁf ig Thwm*
housi ng 11. A securing nethod of the spindle notor 41 is 20 w't J 'g e

or by a press fit to support the spindle notor 41 at one edge thereof to
the housing 11 that includes the spimil® mbtor 41, or at both edges of the
spindle notor 41 to the housing 11 and a cover 101 that hernetically

cl oses the ifhes,spacaedhestite maysibegused feorvegmtiingdi sk nmedi um 21 uses

Al (alumnum or glass for its substrate material. For nore economc
fabrication of the naMagnetidi slisdk mesiia 2lplarse stfackad il arfPFFI®RES 01
OCT 200% - 13 fits, an adhesive may be used for securing. Mgnetic disk
nedi a 21 ar eldfackbdcknesspafembiciiis thhilckmess Tote \iRage iREUWEE M The
space between the nedia is 1.7 nm_ 12 magnetic di sk nedia are stacked 5 in-
an axial dir&bei pediphgsetli.d amsk AFdimearEtEe diskediedip A1 s%t%‘f‘a‘?r% 31 to
the spindle motor 41 that can rotate to 15000 rpm The | s of %fe rotary
center 113 ofint A8 awdgRediiEeqtdlorred MR PLELC é#lr%{hd‘iﬁf;l’aﬂ mta%ﬁ Xt ral

10 portion of the housing 11.  The housing 11 that is f{l%ﬁoc casted in

al uni num al | by, ah8dski gampr i3ds tq the SRR PRI J13E ot out si de t he
housi ng, each of which fins is defined with a thickness at a |leaf edge t 2
nm a |eaf |&R§EARELLL ééoﬁﬁ i st ance H between 15 |eaf edges is 5 nm

and each of which flnsfﬁ% %&%%gof the rotary center 111 of the

magnetic disk media 21 is arranged almost at a central
10 portion of the housing 1l1. The housing 11 that is en
bloc casted in aluminum @lloy, has linear fins 1lla
arranged at four portions outside the housing, each of
which fins is defined with a thickness at a leaf edge t
= 2 mm, a leaf length L = 32 mm, a distance H between
15 leaf edges is 5 mm, and each of which fins is stood
perpendicularly to the axis of the rotary center 111 of
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, a2 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 & high character-
istic at a spin-up operation, and which also effects a

reduction of electric current (electric energy



perpendicularly to the axis of the rotary center Ill of the magnetic disk

nmedia 21. As magnetic di sk nedia 21 becones snaller in dianmeter, for

exanpl e, as changing "3.5 inches" disk 20 nedia to "2.5 inches" %Ib mm,.a
in same thickness of 0.8 mm a weight per one disk nediun1reducéu @ b

54 % As changing "3.5 inches" disk nedibdte "2.5 inches" disk nedia in

t hi ckness of 0.635 mm a weight per one disk nmediumreduces by about 64 %

Therefore, ac2psampessoWsi Alkigk bhe iAkatRd A0 the spindle notor rotates
; fAg. an

can be reduced, which brings i gh character istic at a spin-up operation,

and which al so effectsz radushigaetal @ieu &dé‘di@?&fﬁ‘tcﬁﬁiéa r{fegnergy 0 1
OCT 2004 - 14 - consunption) during an idle rotation. If the nmagnetic disk

nedia are changediheaes"" 305 "2NGhehicHed ™, 2. for NG le f ¥ wxmhe, a
maxi mum margi nal velocity when the "3.5 incheSn di'-sk nedia 5 rotate at

10000 r. p. m magyahalt @edolBxyMiflenBiGienal3, 5velrtidy Whiksk tledi2. 5 i nches”
disk nedia rotate at 14600 r.p.m Therefore, when recording or reproducing

an dedi ca edrbBheenati Q00D0 @f. pf. KoMelgva IEAgRetd Quattishum MRt R4l by a
magnetic head 51 (Fig. 2) via a magnetic 10 flux, if a signal processing
ability is sapkoastiynwhea thast'205 rnmohesfasiierk motchitd arotdtd heet nedi a can
be executed without a reduction of recording density in |ongitudinal
direction al 6Ag08 rrpek.t h&herreflbogeat sdernc orememdingldy reprdduaigmet i
di sk media Z;h dedicated information to or from the magnetic disk
media 21 by a magnetic head 51 (Fig. 2) via a magnetic
10 flux, if a signal processing ability is same as in the
past or more, faster rotation of the media can be
executed without a reduction of recording density in
longitudinal direction along & 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 torgque loss

during on-load rotation, which is caused from the

frictional resistance, becomes bigger biquadrately



15 When the magnetic disk nedia 21 rotate, they receive a frictional

resi stance by a viscosity of air that surrounds the magnetic di sk nedia
21. Atransition boundary where an air flow along a surface of tqe “#
magneti c di sk nmedi a becones froma | amn flowto a 20 turbul er§ fﬂ(m/ 2&
about 15000 r.p.m when the magnetic i Tredia 21 are "3.5 inches" disks
and about 30000 r.p.m when the nedia are "2.5 inches" disks. Wen the
magneti ¢ di skrapdr&ignadr ockhaddemetezrodt’ 316 magnetiaq oliok Snedibhes”, the
transition 25 boundary is big enough against the nunber of rotation limts
of the spindi& KbeoFpPindlBesaisé&esn ther qedlaosr aFaNR) speedadthet ati on,
which is caused fromthe frictional resistance, becones bigger

bi quadr at el ytorgge ppsgopfi ORalP tHchedi adisdy merdigh CHFRIRAY 8K medi a,

if the spindle rotates the nedia_in_a_sanme speed, the torque loss of "2.5
i nches” di skaReltacdoftr 8$pshas of "dhdudnsherodisamediag 5  nches” di sk
media. 5 Therefore, when the spindle notor 41 rqtates in a predeterm ned
i dl e speet, tREBTEEPFEMt "PEBN&GRpSPIRIISoMSPhddomtaiRE 18} ,2 and a heat
generation caused, by wi ndage.can be restrained. Fins Ila are nade at

D ural porti BRECGEEmEneto IAIERREes: i GV AESRE AP RITHEL SRt | ner eases
a surface ar ea 05 Pheogpusing él and_t hat .nmakes a heq%*ﬁﬁenetra .on flow
good. The tiBg 6f ¢ PRS°™FPa® & - 5?%%@rqﬁ? Iﬁ?q%ﬁﬁ) WA (R

ext er nal airw?ﬁdQSESEQﬂ b%lreEanﬁgﬁﬁgion of spindle nmotor 41 and the
flutter of )

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 1la reduce this temperature increase.
As for the fins, if the thickness t is 0.5 mm
or more, a radiation coefficient as#most 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



15 actuator 61 driven by the system generate heat, which rises an interna
tenperature of the magnetic disk drive. The fins Ila reduce this
tenperature increase. As for the fins, if the thickness t is 0.5 02004
nore, a radiation coefficient nost never_changes. 20 If the Ienérﬁ]g éf
the fins at four portions is nade to b& 36 im or nore, the radiation
becones effective. Consequently, the fins can restrain tenperature risings
at | east wit pestsiuatiatedilons anod, dgrecruse tleosurfacen areat afi she about 8
degrees centigrade at 12000 r.p.m 25 rotation, and about 10 degrees

centi grade atfirgodecome hifoadaiti odnd |if|thediins agbdudreo2FaRBILAe | ength
L of the fins long as much as_possible. And the nunber _of the fins is

i ncreased so ids & @i TP MR8 Ry 18 efan -thapois ingballbedeiPadi 6ASEI ow
good, because the surface area of the fins becone, broader. And if the fins
1la are arraffed MAFNEHEG F1%My Hathe pSYStemOR iR TRetBRPBELR a case
of a magnetic, di. sk drive system on which the magnetic 5 di%k dri.ve is
mounted, a cEHITHFDVE HeS TRHRES Y of SROOH T e betBReMABRE T AF Q&P?‘ve a)

Power consunp Lqp gggrilg t he ié&f& {otation) can be restrained as 6:3 wat t
or |ess when e € HiFHT TUtar T & 10000 r.p.m, 8.3 watt or |ess when 10

It rotates at 12000 r.ggqﬁyﬁgyiéqﬂé%%ﬁﬁé?ﬁg(%ﬁg§% é&héSQQQ?{'p'”‘ b) The

inner tenperature of th using operafion) can be
restrained at, 4L+ion) can be restrained as 6.3 watt or less when the

spindle rotates at 10000 r.p.m., 8.3 watt or less when
10 it rotates at 12000 r.p.m., and 11.8 watt or less at
15000 r.p.m.
b) The inner temperature of the housing 11
(during the seek operation) can be restrained at 47
degrees centigrade or less when the spindle rotates at
15 10000 r.p.m., at 52 degrees centigrade or less when it
rotates at 12000 r.p.m., and at 58 degrees centigrade or
less at 15000 r.p.m.
Finally, the inner temperature of the housing
11 during the seek operation can be at 60 degrees
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. h
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 =

i



degrees centigrade or |ess when the spindle rotates at 15 10000 r.p.m, at
52 degrees centigrade or less when it rotates at 12000 r.p.m, and at 58
degrees centigrade or |ess at 15000 r.p.m Finally, the inner {?mp@.ﬁiﬂmg
of the housing 11 -during the seek operation can be at 60 degrees 2
centigrade or |ess under the condition that~the magnetic disk nedia are
twel ve, and the magnetic _disk drive is installed in the magnetic disk
drive system2wimithoat cd rchanfermd iadndiempmrsa tuntero ik nagnebbyedhsker al s
25 are obtained are as follows: the nediumis a "2.5 inches" (dianeter: 65
mm t hi cknessirige63s 2% degheesstceek igradase| e magretiheddsktdntee bet ween
mediais 1.7 mm L of fins = 32 nm the thickness t of the fins 1 OCT
2004 - 17 2system diascmef d@ential tenperature of the magnetic disk drive
is 25 degrees centigrade, the magnetic disk drive system has no fan. The
magneti c head 51 and afh& MEENetRE erd vak ndEn e vef atherce froma
honogeneity air flow that is generated by rotation of the magnetic di sk
medi a. |3t h@ctoede bl Fece ivee & VF Iy IR & thrmegengity nrifdf#8¥t he
magneti c head 51, fromthe air flow can be decreased, the torque |oss

during on- 1 o&d3totiSt SGREFRLEF e LG f KIS IRRINDUIF H4P.r can be

decreased, i gh reqy L5 TURPLSIRNY S N DAL Y AL 0L EQueSd Y

61 including the magnetic head 51, from the air flow can
be decreased, the torque loss during on-load rotation of

10 the magnetic disk media 21 further can be decreased,
which results in suppressing the heat generation caused
by windage.

Fig. 2 shows a plan view of an arrangement
with basic elementary parts in the magnetic disk drive

15 shown in Fig. 1.

A distance B between a rotation center 111 of
the magnetic disk media 21 and a rotation center 121 of
the magnetic head 51 can be reduced comparing with the ”
prior magnetic disk drive shown in Fig. 3 because the

20 magnetic disk medig 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. Incidentally, 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



Fig. 2 shows a plan view of an arrangenent wth basic elenentary parts in
the magnetic disk drive 15 shown in Fig. 1. A distance B between a
rotation center 111 of the magnetic disk nedia 21 and a rotatifn ¢erft @G0)
121 of the magnetic head 51 can be reduced conparing with the “prior
magneti c disk drive shown in Fig. 3 beeall8e-the 20 magnetic disk nedia 21
becone smaller in dianmeter. Nanely, if the distance B therebetween is set

with 40 mm (3 @nd)a mowgandBlcantdhe IRoNLta omdGaeh b3, hakiichs, regords or
reproduces an information on or fromthe magnetic disk nedia 21, can be

arranged at R4 n8¥. 5 Bevaifsd aiad imEyriatoie tdiesk ahedi N2 Tapéesmd 21.
Incidentally, a corresponding distance B in the prior magnetic disk drive
shown in Fig.smallen cdn idiaefiereden priict anedia 23 pegnserrotrdiing center
113 of a magnetic disk nedia OCT204 - 18 23 and a rotation center 123 of a
magneti ¢ headrs&e iof B madiBedmse tdleamamet iwith sk5medi a 21 becone
smaller in dianeter than prior nedia 23, a surrounding space of the nedia
has a cl ear aféenfifiarers SAmmes -THer aiore, 3S4mmmay e nadep3ed nas melye be
adopted as the distance B of Fig. 2. The distance B. seens to be about 40
mm 1 mm as &iStaRGecd afalfid cohsi dde i stancs & aIrems oto fherakent on.
Further, consjideri glto use existing standard 10 parts of the actuator for

fabricating € nighéSi @ PR3l d@lugeonsidsidaB.aof Fig. 2 may

be 47.5 rrm(=1:olerance for fabrication.
Further, considering to use existing standard

10 parts of the actuator for fabricating economic magnetic
disk drives, the distance B of Fig. 2 may be 47.5 mm (=
the above R + 10 mm). A deterioration in access speed
should be compensated by increasing the torque of the
voice coil motor in this case.

15 The present invention described above can make
an actuator portion smaller and lighter than the prior
actuator 63 including the magnetic head 53. More
specifically, a weight of the rotational portion at the
actuator 61 inclu@ipg 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 porticn at the prior actuator

- 63 are 45 gf or 14400 gf - ;quare mm, respectively.
Applying the present invention, that is, in

case the voice coil motor that gives an output power of



the above R + 10 mm). A deterioration in access speed should be
conpensated by increasing the torque of the voice coil notor in this case.
15 The present invention described above can make an actuator p rthgn‘ .
smaller and |ighter than the prior actuator 63 including the na ngtiiic] nalad
53. More specifically, a weight of the Aétational portion at the actuator
61 including the magnetic head 51 (Fig. 2) is 20 about 32 gf (gram- force)
to 36 gf, andde2 MbidhtPest onegamperefcitrennti i thal ppbst i magRétibe
actuator 61 including the magnetic head 51 is about 5200 gfsquare mmto
5800 gf 'squateSkrRrivet®E Bidor3muypevseddisk advbieecapidsmondirnglto Fig.
2, a weight or, a npnent of 25 inertia of the rotational portion at the
prior actuatorP®B dFEVes 30 »Ftuaop 6lsqanaravenageespeetsvelipe cAnpl yi ng
the present invention, that is, in case the voice coil notor that gives an
out put power W deqxeaged stq be nabent ofcmikbirseeondenini bhehmagnetdc
magneti c 5di§§§%éhye.of th. 3, is used for a voice coil notor 81 that
drives an’act OB E an IRET agel e cR¥RE29¢ neCeans bémgcdrsaned 88 be about
6 mlli-seco | e. magnetic 5 disk drive. Here, the average access tine
defines an Q%Eﬁéékétl%ﬁff ?rtﬁhﬁr@ﬁﬁ%ﬁ?%ch%%ﬂd5§1t50béelé@ﬁ?gédfféﬁm a
start track t td ' track which, are_arranged . concentrically on
t he magnetic aglsgckﬂﬁéedil%%? n%:i‘%ee Elrf%ﬁjr?/{’ ?ﬁﬁ?ge RighepFe arsrRngedi a 21
‘are used in tdy , r t] speed of the spindle is 10000
éBﬁ%éH%f#Fﬁil}fEh HALL 0N ¢ 5P ﬁ*??ﬁﬁﬁd}? LY ntiden-

r.p.m Inventors of the,present inveniion Co

tally, twelve magnetic disk media 21 are used in this

10 case, the rotational speed of the spindle is 10000
r.p.m. Inventors of the present invention confirmed if
the weight of rotational portion at the actuator 61 is
smaller than 36 gf, or if a torque of the voice coil
motor is larger than 0.12 N-m per one ampere current,

15 the average access time can be reduced more smaller.
When the weight of the rotational portion at the
actuator 61 is smaller than 36 gf, and when the torque
of the voice coil motor is 0.12 N+m per one ampere
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



the weight of rotational portion at the actuator 61 is smaller than 36 gf,
or if atorque of the voice coil notor is larger than 0. 12 N - m per one
anpere current, 15 the average access tinme can be reduced nore smaller.
Wien the weight of the rotational portion at the actuator 61 i<} §nBCNe20D4
than 36 gf, and when the torque of thé v® ¢e coil motor is 0. 12 N - m per
one anpere current, the average access tinme can be reduced by about 20 7
m | |i-secondswhigh shas udi dringheg dhemebdecreandi D.38Lommt bt ckinessa t or que
of 0. 12 N - mper_one anpere current, gave 6.5 mlli-seconds during a
read operati oidand Fhowsi&| sizecofds meghagie diskemepduat Wi chn haser age
access 25 tines, respectively (in the third enbodi nent of the present

i nvention: a e gHRCRES thbametari andl 0pdBii Bm shicknesast udtogivess3. 0
gf.). Fig. 4 shows a size of a magnetic di sk nedium- 20 01 oct 2004 which
has 2.5 i nchekfhyeiRevandescobhednsanecrRAESSts EPgexshanggs theseze of a

magneti c di sk, edi um whi h 1.8 inches diameter and 0.381 nm t hi ckness.
It gives gsuﬁﬁ*ikdﬂgé%adggcrfgeﬁlggﬁﬁe%FféEt§1F8'eiéﬁaﬁ§9nﬁﬁé§ed83$isk
medi a 24, 25 dh;fer t.in size _for gagnetic di sk negia 21 shown in Fig.

[ ’ :

1, and to modWi%thent i3 1hafheti L df8R BPj PeUnEi §heB dRokdea plan view

of a second | t of .the present invention, a magnetic disk drive
10 which has%ﬂ%gﬁgtl c§&ﬁk6d¥ﬁ%%ES nom nal height and 3.5

Fig. 6 shows a plan view of a second embodi~
ment of the present invention, a magnetic disk drive
10 which has 41.4 mm or 1.6 inches nominal height and 3.5
inches form factor size., Fig. 7 shows a cross section
of an A-A portion in Fig. 6.
The feature of this embodiment is that the
magnetic disk drive arranges fins on all sides of
15 housing 16 as same as shown in Fig. 1, and that the fins
on one side consist of 4 linear fins 16a arranged at 4
mm interval, each fin has 3 mm thickness at the edge and
12 mm length, as shown in Fig. 7. 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 rotatioh'in the above
case. Incidentally, an environmental temperature of the

magnetic disk drive is 25 degrees centigrade and there



i nches formfactor size., Fig. 7 shows a cross section of an A-A portion
in Fig. 6. The feature of this enbodinment is that the magnetic disk drive
arranges fins on all sides of 15 housing 16 as sane as shown i nUF gﬁ{,ﬁ,zwhd
that the fins on one side consist of 4 linear fins 16a arranged at 4 mm
interval, each fin has 3 nmthickness at 2flhe edge and 12 mmlength, as
shown in Fig. 7. Ten magnetic disk nedium?26 (Fig. 6), each of which has
65 mmin di aneg gro Raranch s &ase | frame ckfieslse magnetiendngnt agiae t he
housing at 1.84 mminterval (Fig. 7). They are secured to a spindle notor
36 (Fig. 6) tdwstammn drive themat 12000 r.p.m rotational speed. A

maxi mum tenperature (during a seek operation) in the housing 16 is held at
55 25 degrees centigraddiar § ewsd antlg an9 ebkowr otheowshapeasuofit fihson is 8.7
watts during-an idle rotation in the above case. Incidentally, an

envi ronnent alF¥@&npfhershane ofcners ngefleion of skherhvk perfodegnefsg.
centigrade and there 01 oct 2004 - 21 is no fan on a case frane of the
magneti c @i s dhsre finastlbh 59 asrangedi gnsbdehbheohpesinbapés of fins.
Fig. 8 shows a cross section of the A-A portion in Fig. 5 6 when fins 16b
are arranged Hufi db SR hASIRF LSS PD oEhEhe A-RrBestient isnFég-the A-A

PO on 11 Piunghy St [ e 200 160 are, aupanged,Laside and gutside
the housing 16.
Fig. 10 and Fig. 11 show the third embodiment
10 of the present invention, a “3.5 inches” magnetic disk
drive which has 68 mm height. This is higher than a
normal height of ™3.5 inches” standard.
Fifteen magnetic disk media 22, each of which
is 65 mm in diameter and 0.8 mm in thickness, are
15 stacked to a hub 162 at 2 mm interval with interjacent
disk spacers 142 that is 2 mm in thickness (Fig. 11).
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
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
12a 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



10 of the present invention, a "3.5 inches" magnetic disk drive which has
68 mm height. This is higher than a normal height of "3.5 inches"
standard. Fifteen magnetic di sk nedia 22, each of which is 65 i
diameter and 0.8 mmin thickness, are 15 stacked to a hub 162 gning‘mnznm
interval with interjacent disk spacers P2 -hat is 2 nmin thickness (Fig.
11). Here, for exanple, neans (a spindle notor) capable for rotating the

nmagnetic di skhoesligg 222 at H@POP thesé volPhgbkOB2k éﬂ%ﬁlﬁll%q'é'aEl'oh% coi |
202, stator core 192 20 and magnet 212 outside the housing in the

rotational axt sa cHesitalshe of obab; 3621 dpeee aseobk¥enklnsotBarat 5 mMm
i nterval on one side of the housing 12. An edge portion of the fin 1l2a is

2 mmin thickneksages |enggpt ol2thelti ori 343200 ard5akeB1apNient edomier CUi t
board) 152 adopts SCSI-2 interface(s) and it has termnals for supplying
electric poverlugtinvodbltaegs, mdp bel ddaptie@s4 whith Ibedeetidedaby are
arranged with a clearance, about 7 nmtoward the 01 oct 2004 - 22 housing
12. Here, 5t hedl@nagtensst b¢ cofxanppihdtatmoner. If a desirable rotationa
speed is obtained, other voltages except 12 volt or 24 volt are avail able.
Some value in voltage Feat beesdebt el s webbdimedtcadedaby £51dbasact eri sti ¢
of a spindle notor. Features of this enbodinent are as follows: 1) This
magnet i c di skl)dri ve adoph ks dnagneldie dimkodriveaaddpuer ai spiingilender the

housing 12 in Fig.
motor located vertically under the housing 12 in Figq.

11, which is called a bottom type spindle motor and
10 which rotates inner wheels of bearings 182a and 182b in
order to avoid a leakage of magnetic fluid sealants and
an abrasion of bearings which are caused from a high
speed rotation of the spindle motor and the magnetic
disk media. Consequently, the bottom type spindle 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. Conseguently, the magnetic disk
drive of this embodiment gives 1) 6 giga-bytes in

formatted storage capacity, 2) 10 watts electric power



11, which is called a bottomtype spindle notor and 10 which rotates inner
wheel s of bearings 182a and 182b in order to avoid a | eakage. of magnetic
fluid sealants and an abrasion of bearings which are caused frothf 0UTor2004
speed rotation of the spindle notor and the magnetic disk nedia.
Consequent |y, the bottomtype spindl e m#dr -15 does not affect badly to a
grease in the bearings and the magnetic fluid sealants 222a, 222b. 2) This

magneti c di sicafrsunptidupter alésgh Yol $hgeegpéesheentegiraie pavwennswppl y
whi ch gives an enough rush current to spin up the spindle notor and which
conpen 20 sattehmpensiurzgyectrope imowsingvidg(durtngt sedReoppiradien)not or can
rotate stably in-high speed owing to an enough torque for rotating the
magneti c di sWhestia vCH o@ment ak riemeeraithe aof| theamagneaheutiigk nm
toward the housing 12 to restrain tenperature rising 25 of the magnetic
di sk drive, WM ilS cudRpISeheanegeade i andothehe PEB2 Genseguesetl y,

t he nagnegic disk drive of this enbodinment gives 1) 6 giga-bytes in
for mat t ed” st FREFRTHad 15eohng rimt fhowl caused bpwbany enOsTcases - 23
consunpti on %&A ess, 3&155 degrees centigrade in inner _tenperature of the
housi ng 12 (dFE MRy Fedd oAl dimerdBivensysbefent incidaptrilyse of

t he magneti c _di sk ive 1S deqr.ees centigrade and there is 2 neters per
5 second of & ¢EGNSHTRIT2YS %%%‘éﬁj PRAREEC ol 8k cdsEVe f EanBNoBPPRE

e S o Sl vldE 1 P Red AL B s Bohd BRREL 2 OplE ™ 1
transfer rate is expected to be increased more by an
10 optimization of electric circuits.

Regardless of this embodiment, if coil 202 and
stator core 192 of the spindle motor and all the like
driving means there, are arranged far encugh from the
exterior of the housing 12, and if the clearance between

15 PCB 152 and the housing 12 is set in 10 mm or more, the
temperature rising of the magnetic disk drive can be
further restrained.

Fig. 12 is a cross-sectional view that shows
an outline of the internal structure of the magnetic

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

coll motor B1 that drive the actuator, are secured in



systemis 10 nega-bytes per second or nore. Data transfer rate is expected
to be increased nore by an 10 optim zation of electric circuits. Regardl ess
of this enbodiment, if coil 202 and stator core 192 of the Spigdtﬁ?nﬁéﬁﬁ
and all the like driving means there, are arranged far enough ¥rbmi ¢
exterior of the housing 12, and if the cPdaFance between 15 PCE 152 and the
housing 12 is set in 10 nmor nore, the tenperature rising of the magnetic
di sk drive cdhedovsimitherl restrained. Fig. 12 is a cross-sectional view
that shows an outline of the internal structure of the magnetic 20 disk
drive, fourth enbodi medt SSECUminPprestdirdi ol cthe ospindheusphgridland, a cover
101 are sized ,n a 3.5 inches formfactor which has a nom nal height of
41. 4 nm " 2. ¥FithehESrarhgietit alitesRdt it 219 65eawrentieaspiadland 0. 8
mm i n thicknes%%F_%ispindle notor 41 that rotates 25 these nedia in a

atélo

pr edet er m ned< fH fe&Ade thererl tgpehacheastngsilt Bhetswi ngs
around a pivat- b%ﬁri 71 f.or.  positioni magneti ¢ heads, and a voi ce
coi |l noto 8 L YHAY : tﬁﬂ%QﬂﬁﬁuﬁQﬁ?ray "s eRther edgecyionbe - 24
(e, 100S1 19, LR S0 AP0 S, 08 SPLICLS,IEURE, i VLD 2 SO
the housing hbseah A1 4 SRS JPIOL 82 D Shlghgedge of the
Magnetic disk medium 21 is made of Al {aluminum) or
glass for its substrate material.

10 Ten magnetic disk media 21 are stacked in a
rotational axis direction at 1.84 mm interval with
interjacent disk spacers 141 that are 1.84 mm in
thickness. The magnetic disk media 21 are secured by a
disk cramp 31 to the spindle motor 41 that can rotates

15 in a rotational speed of 12000 r.p.m. The housing 11
casted with an aluminum alloy has en bloc linear fins
lla stood perpendicularly to the axis of the rotary
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

.



spindle notor 41 is secured at a cover 101 that hernetically closes the

I nner space of the housing 11. Magnetic disk medium 21 is nmade of Al

(alum num or glass for its substrate material. Ten nagnetic disk nmedia 21
are stacked in a rotational axis direction at 1.84 mminterval %t Q%T hﬁm
interjacent disk spacers 141 that are + b mmin thickness. The hdg tié l

di sk nedia 21 are secured by a disk cranp 31 to the spindle notor 41 that

can rotates I1follows rotabobiwg Spetheobrsd(e® whenmthéhprBeusitngsll casted
with an alum num alloy has en bloc linear fins 1la stood perpendicularly

to the axi s ofepdmeated af yom celé ecaddingf fiagret | Thei aleotedi @f2thelhe
thickness t of the finis 2.5 mnmat the |eaf edge, the leaf length L 20 is
12 nm and a dirsftance abbet veedegraé ergengdé.thgf &hnedge 3f5tHa flilh t he
housing is casted en bloc, a wall thickness of the housing prefers to be
kept 1.5 mm othathohas i b2 onmleint bemggvle asshobt hmr tinnic hg cknels spelat ibagads
materials during the casting and to uniform nmechanical or physical

char act er Pst i sl eknes ¢ aef ethe pfluts . 1 Themmpr odficannedds haperl Spaomt iions, or
drafts in case it is locked inside a casting flask by a shrinkage that - 25
01 OCT 2 O folenaha &dotsay Whitkeeps odficthahéhnt he pbodtic m&. separ at ed
fromthe casting flask. The amount of the draft is about 1 degree in
angle. If an edge of tH&S f13PR$E}C hssKomedianlilchgermes smeldpr 4n

t hi ckness, a(PasaI .
lameter, for example, as changing "3.5 inches" disk

media to "2.5 inches" disk media in same thickness of

10 0.8 mm, a weight per one disk medium reduces by about
54 %. If the thickness is 0.635 mm, as changing to "2.5
inches" disk media, the weight per one disk medium
reduces by about 64 %. Therefore, a gross weight of the
rotated body that the spindle motor rotates 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

et

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



5 thickness of the finis 1.9 mm If an edge has 15 mmin |ength, a basal
t hi ckness of the fin is about 2 nm As magnetic di sk nedia 21 becones
smaller in dianmeter, for exanple, as changing "3.5 inches" disk nedia to
"2.5 inches" disk nmedia in same thicknesg of 10 0.8 nm a meightegp@rqﬂ?mu
di sk nmedi um reduces by about 54 % If Th 6t i ckness is 0.635 mm

changing to "2. 5 i nches" disk nmedia, the weight per one disk nmedium
reduces by aBbdth®d @ rRAETHE of Treerding glensityhen Longieddboay t hat
the spindle nptor rotates can be 15 reduced, which brings a high

char act eri st B FACtH Apidkang Ddperagh drhatanks wheeated sooreentricaliyduct i on
of electric current (electric energy consunption) during an idle
rotation. If QHnﬁﬂﬁ|W§QB§ﬂéQNQﬂ§¥eﬂ ¥hahged from"3.5 20 inches" to "2.5
i nches”, for exanple, X|nun1nar i nal vel ocity when the "3.5 inches"

di sk media rotate at ?BE%D %;W%ﬂhﬁn%klﬁ%%@ﬁﬁrgthﬁy vel ocity

when the "2.5 inches" Jmedi.a ate at 4600 r.p.m, Therefore, when
recordlng or réﬁ?&ﬁhalﬁ}%ﬁiﬁﬁﬁﬂ%xﬁ %ﬁ? $OSHEYf PEnfiRe

gﬁgzgf ! Cpgloiesm ng a{%ﬁu%ysaltsﬂgta%% arrehas ot ¢ VI%? hgﬁgnﬁétg*‘%}]g%(hélc’%agt
faster rotatiyyy anaJl)h acan pergxpcit zngrPa% %04 Wt hout a
reduction of recordi'ng density 1'n Iongltu I'T'ec |on %g a track
that is | ocahREredceHildiCHdd a WeddMedBaNGR, | I;.P Pé.n?fnﬁdffoglto a
turbulent flow is about 15000 r.p.m. when the magnetic
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 lla 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-



When magnetic disk nedia 21 rotate, they 5 receive a frictional resistance
by a viscosity of air that surrounds the magnetic disk nedia 21. A
transition boundary where an air flow along a surface of the qﬁgnihﬁc,

di sk nmedi a becones froma lamnar flowto a turbulent flowis abdu 5&&“
r.p.m when the nmagnetic 10 di sk nedia227are "3.5 inches" disks, and about
30000 r.p.m when the nedia are "2.5 inches" disks. Wen magnetic di sk
nedi a 21 ar e pemeigad ifarorfilcv8. goadicheRile tenige fat wedest , théetipanset i on
boundary is |arge enough agai nst the nunber of rotation Iimts of 15 the
spi ndl e not oifims. 1Becheswnorainsdngs ditre Ngemperaoare rof athen, which is
caused fromthe frictional resistance, becones bigger squarely or cubicly
in proporti @tegnaldisdnetad hefusimg rdgnetThe dictkatboh aof | §pihelepi ndl e
rotates the nedia in the same speed, the 20 torque loss of "2.5 inches"

di sk nedi a c&oteIpdidancd thedlutBRLsSY astifatdmt6bfdtBvénibgheke di sk
medi a. Therefore, when the spindle notor 41 rotates in a predetern ned

i dl e speedl, SHELETy Geme At uMRTon WHsike rmairse e stemperatane af heat
generation caused by 25 wi ndage can be restrained. Fins lla are nade at

pl ural portiGE"S dnstinle FhoddinFagnetis i savdrie of fthe fiws 1hareases a
surface area of, the hqusing 11 and that nmakes a heat 01 oct 2004 - 2 7 -
penetrati on FPSWC§O5@FsTﬁé%ﬁﬁﬁiﬁ%ﬁQMQPQﬁe%%ﬁ?tips of fins 1la become

closer to the tenperat%%% %%fg%%ess of the fin at the edge or tip
may be 1.5 mm or more, considering its easier fabrica-
10 tion. 1If a length 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 11b, 1lc, 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 a2 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

llg which mounts a cover 101 and a mounting portion 11h



external air of housing 11. The rotation of spindle notor 41 and the
flutter of actuator 61 driven by the 5 system generate a heat, which raises
the tenperature of the inside of the magnetic disk drive. The fi@q B%ar 2004
reduce this tenperature increase. The thickness of the fin at the edge of™:
tip may be 1.5 nmmor nore, considering i8s-easier fabrica- 10 tion. If a
length of the fin is elongated, a surface area of the fin beconmes larger. A
t enper at ure ofhigh siquntthat ¢ioowialbogrdhe Thisi spaeasglbecayspsagheat
from the fin and a heat by a viscosity resistance are conducted to the
air. Theref oR235%99 ifP 1 yulaihef U d300 dellownt bnpFigal 1portions. Fig. 13
shows shapes of fins divided into three portions [|1b, 1Il1c, Ildin a
depth direction of the fdfhetliar diBk dilweandieid Bathei ghfudctéehi on is
defined to be_ called a thickness direction if the magnetic disk drive 20
stands as a 3t iIGHaenbancefa iqeehing ieffiriénay . oA thagragaeteci s

defi ned tg be .called a depth direction and a shorter side is a width
direction’if & i} AL E RS thesecare fshown by rarsoeymavkew. These

di vided fins . are r.ange | ke steps of stairs, which 25 change in position
in the thi ckr?? 3{0 e@%dgr#.dz ik Fiths k4 andchied 1% a Epaceorhionss

Cover 101 anda TRutcrg FERLPST KO RO Bbor ov AeLowhi WRUnt S & |
circuit boardqohiss riR3ce 2SR LA Ay The cooling efficiency
decreases for the air’s going downstream from the
10 enéounter portion owing to a development of a boundary
layer. Therefore the best efficiency in the air flow is
given by a bossy fin.

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 1la 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 shapg fins, which are
arranged surrounding the magnetic disk drive.

It is desirable for air flow to blow or to
collide aga;pst 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 eollide the air flow in



passage for an air flow 300 shown in Fig. 14. Fins |Ila, Ilb, Ilc and IId
have a function that can enhance a cooling efficiency of the magnetic
disk drive in air flows those are shown by arrow nmarks 300, 301%2.@ %ﬁ
Fig. 14 and Fig. 18. The portions of the fins, against which vt ﬂ
bl ows, are cooled best in the air flow 28he cooling efficiency decreases
for the air's going dowmnstream fromthe 10 encounter portion owing to a

o oo Sy vl r e BB SRS 3

flowis given by a bossy fin 44Bci des

2. cooling elfieiuniid dfereidiepnain Jha cBCLPLORFoy 1313 800aD Shape

finis effective in this case. Fur 'S CONSi ered §8nmbl e or

to cast en blwicchMtde ddwendwesisi ng 11 and fln Ila etc. of the magnetic disk
drive, practical shapes of the fins those have good cooling efficiency

are, as shown in preserthedrRstd B Sordet Wi eseisn Eh%@oﬁgké%[eﬂeShape

fins, which are arranged surrounding the magnetic dis rive

de5|rabIe5fomhmme1ﬁhBMded&ﬂWiﬁﬂotdbnéi&été%ﬁ@ﬂa'§§ﬁr£fes§£5§ §ﬁa gssible
as they can. And it is necessary to keep an energy |loss o e flom125

smal |, to naifitres @ieha miangad rentcisians @ﬁghtihrféghgh@n pgsgﬁge open. It
S also a desirable configuration of the fin to have snooth roundness at

the corners (tiicknesld idirecthanrt. odhathals,diregs | 4 cohbigdethbeaair flow in
016C 1' 2001- 29
flow 300 comes from the left hand. Some air flow shown
by short arrow 300a collides with a round portion 11b’
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
11lb, 11c and 11d (Fig. 13), neighbor sets of the fins
differ in helght (location in the thickness direction}
and are arranged changing in their heiéhts one after
20 another.

Fig. 15 shows that a row of fin 1la 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 lla in the

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



order to keep the loss of air flow small and to maintain the cooling
efficiency high when the air flow collides wth the corners. Therefore in
present invention that takes the 5 above phenonenon into considqrthﬁE,zu
plural strap-shape fins are arranged togger;ange themin position-i 04

t hi ckness direction. That is, Fig. 14 shows the air flow 300 comes from
the | eft hand. %gn%f I.r flow shown by short arrow 300a collides with a
round portiofa%h °f P& EAtha £ oeee ePethelona bhe arrew 406, hde]l

cooling the J.eadin e preferentially and going through to the right
hand in Fig. Sﬂf’.“’ba?g};g&‘ %W?%%V%Homn@ogbeapéo Hftadged for sone
ot her air fl(yg bes'q§s the collision 15 air in order to keep the air-flow
speed. Consequ rlq%ﬁ among width-direction fins Ila and depth-direction
fins Ilb, Ilc and Il d.(F g-.13 ei ghbor. sets of ,the fins differ in
he- 10" 5ht (Iocationin#ﬁﬁéggiﬁ% égh%i %ék?o yreghyedr ReSPMEnged changi ng
in their gei ghtg e Af t&yr Edyot o sh that a row of fin lla
inthe wdth éll%r ecfxl on J‘%'sn%ﬂ"e colél}?n% és:%'??n%éé%aﬂg\g@&effagﬁrpgrsugéﬂ to

formthe fingd¥mean Qe 3§id 9.+ R L@l | i i S se separate
I n bidirectionally}£%ight 25 and Ieft§€é%§gcﬁéwe iagfg€%§fi%§?in t he depth

direction awthargide M diesh 1R01giNs Hdibe Aflbl piAcal! OhOH chareS Mmee!
portion (11f) of fins 1la in the wdth direction and formthe

fins Ila. |nreoepainassomf tH¥ir corners are worked afterwards without
casting. A parting face (separation face) of the

10 sliding cores defines a boundary between the two row
fins. The fins in present invention can reserve about
70,000 square milli-meter or more as the surface area of
the magnetic disk drive.

Further explanation about the flask is com-

15 plemented using Fig. 15. A flask for casting the base
11l consists of a normal main flasks those separate up-
and-down directions of Fig. 15 and sliding cores those

™ form fins 1la, 11b. The sliding cores slide in
predetermined directions accompanying with a separating

20 operation of the normal main flasks. The sliding cores
may consist of three‘ﬁembers or more in order to form
fins in a predetermined shape. O©n the other hand, the
sliding cores may be two members according to a heat
generation of the magnétic disk drive or to keep a

25 freedom in fabrication of the mounting portion that
mountswa circuit board.

Fig. 18 shows a varied embodiment which is

increased in height of mounting portion llg that mounts



0 1 OCT 2004 each of the sliding cores goes along the arrow 400, 401 shown
in Fig. 15, respectively, and the product is released. Fins Ila in the

wi dth direction becone a 5 single row fins when the roundness(g!qf gt[j‘rei pw
corners are formed by casting. At nost two row fins (Fig. 16 chang in
their heights can be fabricated when tHe 3}oundness of their corners are
wor ked afterwards without casting. A parting face (separation face) of the
10 sliding cofe¥edellhesoatbsubasey (botsdag t1fd ,t watimfyifins3.SThe fins in
present invention can reserve about 70,000 square mlli-nmeter or nore as
the surface atB@h8f ferm fagheti Sidiesk dmni vaisFembostimentizanati on about the
flask is com 15 plenmented using Fig. 155. A flask for casting the base 11
consists of a?hornmal nmafR FRESKEifhEowese gansuaprionarduddmyg dir datlions of
Fig. 15 and slidi cores those -SAWformfins Ila, Ilb. The sliding cores
slide in preﬁ%‘f%pg?ﬂgdw PRecPPEARIad Qofialy Meg i ©fma beepasttiaiged0

morber s o mFS £ NS GPBEFST BE bPnPOP] s P fi-a {oEdéeBAn RBFshasaid (h B he |
gener at  on’ of "eHES rhhnber §08T ExBatr v EObR G R PR SRS 1 reodom in
hoea st ary ) L orork, E4npgraLgee! ML B A" KL Fo- 28
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



increased in height of mounting portion I'1g that mounts 01 OCT 2004 - 31
cover 101 to the base (housing 11), satisfying 3.5 1inches formfactor

size. In this enbodinent: a) an electric power consunption (duBi fm;[ﬂke
rotation) when | oading 10 disk nedia can be restrained 5 as 5%5 _
10,000 r.p.m rotational speed, and 7.6 3#tts at 12,000 r.p.m rotationa
speed; b) a tenperature rising (during follow ng operation, when an

envi ronment alb¢ edpered sed, i sh82torgge ebsseethirghgdeh-aaadbe ctastioa Red at
40 degrees 10 centigrade or less at 12,000 r.p.m rotational speed.
Wthout a codihegnagnetiewlisk medibe2leStrahsedcah $6 ddegeaesdsentigrade
or less at 10,000 r.p.m rotational speed, at 52 degrees centigrade or

| ess at 12,(KxhichxrﬁSUItﬁaimomwpps@eeﬂng15h§hheaungeab$a&b©wecd@%@ﬁlbed
are obtained under the condition that ten "2.5 inches" nmedia (65 nm in

di aneter, 0.635 windagehickness) are installed at 1.84 nminterval in-a
magnetic disk drive with fins those are 12 mmin length and 2 nmin .

t hi ckness® And, 20 the Biwi rbhnehews 2efipbtht embodimehe wdgnkei ¢ di sk drive
is 32 degrees centigrade and there is no cooling air flow caused by fans
on a case fr RN O HRAD ¢ Hamelr i #eceysrempunhéngapaetionhdad 51
and an arm of, the 25 actuator 61 receive a force froma honogeneity air
flow --that 3% YPHRIGREIBHRERE S ofe of Lt heMMagadti Pagrages are

enlarged and numbers of fins are increased.
Fig. 19 shows a sixth embodiment of the

10 present invention, 68 rm 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 ocutside 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.

-

.



nmedia. If the force which is received by the actuator 61 including the
magnetic head 51, fromthe air flow can 01 O CT 2004 5 - 32 be decreased,

the torque loss during on-load rotation of the magnetic disk medi$ @t zﬂga
further can be decreased, which results_in suppressing the heat generat
caused by windage. Fig. 17 shows a fiftB3embodi ment of the present

I nvention. Nanely, a cover nounting portion 11g is extended upwards to be
41.4 nm air Yhssdgath dre cahled gedatitomuniee sspinfilasmateri aadeased. Fi g.
19 shows a sixth enbodi ment of the 10 present invention, 68 run height "3.5
i nches" magnéthich dicflethrs vimnahivtesbs of |begeingei yBRat had a6Bbatin"3.5

I nches" standard. Fifteen magnetic disk nedia 22 are stacked on a hub 162
at 2 mm i nt eREHeLith 3R jackerkagr sk spreretia4lukdgseadpnthaands 2 nm
in thickness. 15 Here, for_exanple, neans (a spindle notor) capable for
rotating the AGRFESE R € ReAEIS Hhicipoare . prwsedr srami anhigbpeed,
equip itsccoil %%ﬁ, stator core 192 and nmagnet 212 outside the housing in
the rot atPondlP® i%??ﬂq%ﬂﬁiQ#lﬁﬁefﬁHFQ§%ﬁ Npe?e 2pd Fheemppnstiga at 6 20

'S 2 mm i RABSE TERTRIRREE e oS PhenspprfhecuotpFCui {
boar d) 152 Nae3Hor? ad AU TARAGP e 8 {88 L0282, L0n 3 1RRLY I N9

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



25 power with voltages, 12 volt and 5 volt. Features of this enbodi nent are
as follows. 1) This magnetic disk drive has a spindle notor which is

| ocated vertically under the housing 12 in Fig. T 2004 - 33 19, which is
called a bottomtype spindle notor and which rotates inner wheQI]s g7 2004

¥

bearings 182a and 182b in order to avoi d4a-l eakage of nmagnetic fluid
seal ants and an abrasion of bearings which are caused froma high 5 speed
rotation of tife tdys eglisndis arotaomd arie avblrighte cliki sdrieithg. m€anseguent |y,
the bottomtype spindle notor does not affect badly to a grease in the
beari ngs and anmaageshrfan erqughl e e @Verioe2ef helhouhisgnddpetic
di sk drive, the voltage of 10 the electric power supply is set high, which
gives an endfigh ifudhe wleanrance fntvasn tBeB shihdird nbherhanginghiléh
conpensates g voltage drop in a driving circuit. The spindle notor can
rotate stabl ¢S #ati g difed &% MPrao cFRIIREr AtIXRIer19Eng 00ht the t he
magnetic di sk 15 nedia,, PCB 152 is arranged with a clearance, about 7 mm
toward the hJEIRFSI Aigk SBivg ran t%p%-}%ftl’tﬁ% resyayned- t he magnetic

Consequently. the magndide ALIENRTLE FETTI TRRUTER BfvEsel) 15
0oes b LR M AR e R Pty " o e
mounted directly with & 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
1lh. 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 positicned 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, disghﬁedia 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 1lle
through which the reference signal is provided. The

hole lle needs to be arranged on a side of the base



drive to an upper systemis 10 nmega-bytes per second or 25 nore. Data
transfer rate is expected to be increased nore by an optim zation of
electric circuits. Regard- less of this enbodinent, if coil 202 and stator
core 192 - 34 01 oCt 2004 of the spi ndl:&rmt or and all the like gqi ﬂiC'TQZUQ"
12, "and’i

means are arranged far enough fromthe terior of the housing

the cl earance between PCB 152 and the housing 12 is set in 10 nmor nore,
t he tenperat UheUsispndlor t B€.5 itadremacafisiitiriare farming fihe Heele
restrained. Fig. 20 shows a seventh enbodi ment of the present_invention,
that is, a magRefPcudrsRldfing coges dd Gassdng fhaska e i Hiddrg 400.
The cooling fan 400 is driven by a circuit board (PCB, printed 10 circuit
board). As sREWRES FaPi §ake, thee Iddd ild@ rd 4d halerkmguy the ofare to
make an air flow th du%h above _described air passages, which are
surrounded by?2§eoV8i ChnBgkesn§hsotorgirtiqy Qﬁiﬁhﬁr $ibakd mounting
portion I h., _The directi of the air flow by the cooling fan 15 400 may
be vari ab%’ e. (ER§EiDg §ﬁ8\ﬁ593ﬁeeéicghﬁ? SPsdi MEH® f2%%re  present i nventi on.

In this magnetic disk drive,,a netic .disk head 56 is so.correctly
positi oned that positi ﬁPnQQZOSEE%?oasﬂiﬂﬂ enRe ?QQHPgﬁﬂH%gnetic di sk

medi a 21 beégggehgeigggg%ghﬁ_disk drive is shipped. The witing of the
servo signal ST are pertorirve

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 1la.
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.
l, 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 refrige;;
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



after a base (housing 11), a cover 101, disk nedia 21, spindle notor 41 or
the like of structural parts are 25 assenbled. It needs a reference signal
to wite the servo signals. The magnetic disk drive needs a holaL Ig

t hrough which the reference signal is provided. The hole Ile needs 1t 80Fe2004
arranged on a side of the base - 35 0% @& 2004 (housing 11). So, it is
necessary for formng the hole Ile to use sliding cores in casting fl ask.

The sliding enceghcanThekeahberbbnfal! BeandrbhgeRoks ic?:_o‘iq.rﬁtghq:h%ane face,

whi ch nmakes the formation of the housing 11 5 (casting fins Ila etc. en

bl oc) nore egsyur#l gnaglethovaiaknini besnhadhioNt 8hekhal BLESERl0 .
I nvention. Fins 1la in the width direction are extended further. A portion

of themrreachesy sheleafrergednféhethd Oc88pb1di:neet pgp shown in Fig. 23 and
Fig. 24. In this enbodinent that increase -a surface area, the casting
flasks (sliding cores) Contdel anibp 25Q@hkasnlyl ebteideseahit@nErean oor m
fins Ila. Fig. 25 shows a schematic view of a magnetic 15 disk drive
system or Sa diEKNSMity dataecne thewhlehah mpgoeslict yisk degrelsic tdiesk
drives 230 explained in Fig. 1, Fig. 6, Fig. 10 and Fig. 11 are connected.
The magneti c RAGREEHG disksipivecsysternase BHO uppatr spsnem Qhateasess the
plural magnetic disk drives 20 230, and a control unit 250 within the
case. The cont®IMagnet peodivupintves eer rilal hggnatipl diak 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



magnetic disk drives 230 and controls them Further the magnetic disk
drive systemsets fans 260 that refriger- ate the control unit 250 and the
plural nmagnetic disk 25 drives 230. The fan 260 can be omtted if 3h8 ggu
tenperature circunstances surroundi ng thg systemat an install at g a

are favorable or if a nunber of magnefi Tdisk drives rmounted on the system
iIs small U OCT 2004 - 36 enough. The fans 260 nay be arranged for cooling .
the plural nHYER iReSizOR i oty oBpeei 4l mnansTheOhowsinge arranged
for the control unit 250. Control unit 250 mainly receives data fromor 5
transmts dat®P4H3 MaFIshis gie@iali $k @rswipdlenmotangispte di sk drive
systemor the_.u r systemthat use the magnetic disk drives or the
magnet i ¢ disﬁﬂﬁggs %ﬂﬁ%ﬂﬁ %%.%ﬁyl%d%1m¥%@%Fe€BhBﬁ@ISpﬁﬁérnatlon

fan, 10 260 is 2 neters

Wh h | h fl
seggnél eaVrGragslq'}r%Lr}/ QI ) reaa? r%to‘%\g‘['u?l?\%S%E%an‘b%r%tm%ﬂ?ef:ﬁct headod |ng of
ot il o e St con st 2

Her e, paranet ers arou IS magn

magnetic di s&grgjl@rlhplqu G 'fbxddﬁ?tﬂtx}as I[Qhenz- 5 inches" size and 0.8

mmin thickness; an interval or anceo nedia is 2.0 mm a

l ength of fins arranged, oWk the, ngéjé,grl erg &Hkl_q%ral sgrig tghgkngss of the

fins is 2 nm a nunber of the nagnetic reaves

;lo';gtlrlo(r:lal sprefirding rtiHil @ 20 Hdadp I B 6ot b PB4, 8chSa 13899w of- M, an

by a press fit to secure the spindle motor at one edge

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
?he spindle motor and the actuator may be secured by
glues or adhesives to the housing;h 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, eaéﬁhof 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



power consunption 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. 25_ and Fig. 27 show_the tenth enbodi nent of ﬂhQCT 2004
present invention, 1.6 inches height " 3. 58 rmches” magnetic disk drive. A
housing 2 is 3.5 inches formfactor size 01 OCT 20,44 - 37 which has a

nomi nal hei ghth®fspacel grveghéreedennfornsehestingnpertsduskednadi ahé, a
spindle notor. (not shown) rotating the nedia in a predeterm ned speed, a
swing type adiQ#E*9413 positioning a magnetic head 11 5 around a pi vot
bearing 15, and a voice coil notor that 1is a driving nmeans for the
actuator. There are twoPs@ESERrRgechbbUFRBnesrobabion genseculilhigofet hod of
the spindle nmotor is with a, screw or by a press fit to secure the spindle
motor at one WRFyIAIRPEHerebtktd 2Rd AokerAgY2cen&eri RAl Jde€ the spindl e

not or ; ths ot her of., a sec rifg,nethod of the spindle_ notor is with a screw
or by a pPesdP3INCHIF fedfelit18:5¢bnePelgE 8P Mhe sPhRJREtRBLSE 48 the

housing 2 that_ includes the_spindle notor,and_fhe other edge of the 15
spi ndl e nDtorl§s§%ﬁR£ﬁ§dV%? BhgogéYtha?aﬁ%?ﬂe%gcﬁPl§hecP8§g§th3-inner

space of the Jousing 2. The shafts of _the spindle notor_apd.the actuator
may be secureﬂ]ebyélg UEF o727 %s?%ésa?om?ﬁg ﬂglﬂélm (ThﬁsggéE’Hri ng met hod
20 described + 10 mm) for more economical structures of the

magnetic disk drives, if existing actuator parts are
10 used and if the torque 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 by 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 alsoc 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



can bring nore econom cal nagnetic disk drives. Features in this enbodi nent
are: magnetic disk nedia 4 are nade of Al (alum num) or glass and they are
"2.5 inches" in dianeter. The six nmagnetic disk nmedia 4, each of g;'!cgnzamm
0.635 mmin thickness, are nounted axially with interjacent disk cBf
those are each 1.7 25 mmin thickness™~ N#gmetic disk media 4 are secured
stably by a disk cranp 8 and a screw 19. There is a space around the
magnet i ¢ di sKN3ERtRElQ. heath Khacan riakeset behoeten thdhathes eiapagberistic
in the housing 2, and - 38 01 O CT 2004 the space gives freedom for

sel ecti ng partagngtef it shddrivesibecavsei shansmabkeneragaetdtatigh center
21' of the magnetic disk 4 and a rotary center 23 ' of the 5 magnetic head
11 is set up U AR tHeddhan orsusl. i sSAsegaprab’ voa the maynethearing
15 to the hoysin %+ The di stance can be se at nost 47.5 nm (= R bel ow
descri bed + %Ueanc%l dhaforee R R E T eRY pdeTes cknbbrmationayaedic di sk

drives, if existi actuator, parts are 10 used and if the torque of the
voi ce coi% ré%%ﬁmggieiWﬂﬁQ§£&§;d4%k'@?@Faiﬁchb@cﬂﬁgﬁeBVe5dMEk(ﬁﬂﬁia of 0.8
mnm in thicknes re used in stead of.' 3.5 inches' nmagnetic disk nmedia of
the sane thic ﬁ%%%ﬁqﬂﬁg YgIfieHes ead'es 15 by about 54 % per one medi um

If '2.5 inches nagnethﬁanLskt dia qf 0,635 mm.in thickness are used in
stead of '3.5 inches' ‘magneti FH%BIE Rt 0. BRI At $ heaRnkss,

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 Dbe 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 désk drive of the present
invention is used for a disk array-éystem or other -
magnetic disk drive systems, it can be replaced with the

prior magnetic disk drive without adding a special



t he wei ght decreases by about 64 % per one nedium OmMng to a decrease in
the total weight of the nedia 20 those are rotated by the spindle, there
are effects on a high characteristic of a spin-up operation by the
spindle notor, and also on a reduction of electric current (elec ﬁ(ﬂCT 2004
energy consunption) during an idle rotad®on. 25 Fig. 27 shows a basic
inner structure of the present invention (in plan view). The distance L
bet ween the rebatingnmeeheyisl'to dhd e iAINAidtent Sk Thapd fdeapotary
center 23 ' of the 01 O CT 2004 - 39 nmgnetic head 11 can be set shorter
than that of efifect omagaetily diesk idringex deaiern he 1siah | $peamgnetic di sk
nmedia 4 are used than usual. A gap 25 of the magnetic head 11 that
records or repegdtides anomnmatighn flumcwidn,f 0 the ingreise di storegéa 4,
| ocates 37.5 mm (=R) fromthe rotary center 23'. Thus in this enbodinent,
the parts camapacityeely arranged in the housing. If a performance (mainly
storage capacity) be sacrificed, inexpensive 10 parts can be adopted. So,
there is fan effect on Hexbmigc deisor idedregpate e rhexk ahih adiamerit nef)netié ¢ di sk
drive systens, which put a high speed accessing function and an
i nexpensi ve daveagipni wéthneisrasicecdo Béreausrdnipanyioserawimeyd, on
adopts using, 15 magnetic disk nmedia in formfactor size smaller than

it 1s 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.

A ali



usual in a normal formfactor size magnetic disk drive housing, or
arranging fins (unlevel, washboard or jaggy portion) around the housing,
the prior problens those are generated in a high speed rotational

techni que can 20 be resol ved. And the magnetic disk drive or s%sltgw zgﬂ ng

t he sane can be realized, which spends less electric power an I'ves | ess
heat generation than the prior magnetic disk drive, and which can indicate
a high access perfornmance with a high storage capacity. 25 Wen the
magnetic disk drive of the present invegfion is used for a disk array
system or other magnetic disk drive systens, it can be replaced with the

prior magngi'gﬁ;]gi drive without adding a special 0 1 OCT 2004 - 40
cooling ne ' the prior systens. There is an effect on easily
realizingyto perfor ' .0 Lj.0n. and a high function, and to

I ncrease }31' st orage mc%%@&%@y%&%&i%@@&@% bed a preferred enbodi nent of
the invention wthp{8hetieatk hedizhec ﬁ%@g@&h Ahdrawi ngs, it is to be
under stood that the i%vention S lnot (?[‘iam e to tHRe enbodi nents and t hat
vari ous changes andfinpdithhgedatduadsaibulagnéec éiskenédig; t herei n by one

skilled in the 10 art wi thout departing fromthe spirit or scope of the
i nvention as defi nedhuh holdingsp gnetiadisk malia guatabdpa - 41 WE CLAIM :

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.

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

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;



1. A magnetic disk drive conprising: magnetic disk nmedia recording

i nformation; fins arranged around said magnetic disk nedia; a h%®1hﬁgﬁigﬂ
said magnetic disk nedia rotatably; a spindle notor rotating sait‘h 04
magneti ¢ head recording or reproducing information to or from said
magneti c di sk nmedia; an actuator holding and |ocating said nmagneti c head at
a predeterm ned position on said magnetic disk nedia; and a housing in a
shape of 3.5 inches formfactor size, nounting said magnetic disk nedia,
sai d hub, said magnetic head and sald éatuator wherein said magnetic disk

medi a held on said b are no nmet er an sha coeff|C|ent
2.5 inches' magnet |‘E erewnsaid ﬁh@ﬁa{% P§I§a51$€lé ﬁﬁgﬁ?@

magneti c gi | X r. sal d
nmagnet i cdj Eteﬁ@ﬁi agﬁgﬁgd&%%l@%fé sai nﬁlgsﬁ% &53 ,ﬁ@%ﬁ% @g{bgt ably; a
spi ndl e TRigHeticdisk dfive Sdid spidile ﬁlom%%té:@l@@{ﬁﬂrﬂxﬁ‘b? fbredamd saiddiPAuci ng
information"to or from said magnetic di sk nedia; an actuator hol di ng and

| ocat i ng asmiechbeabaeingouriewd, saskboapd ed g1ggyportidn o stdsssectional aiieiwmagnet i ¢

di sk nmedi a;. and a housing_in a shape of 3.5 inches formfactor size,

mount i ng Véhich 1s giugRaf saiddin ks %dma plaag @longn rofationalwyifcef saiddab. and sai d

actuator; U1 OCT 2004 - 42 wherein said magnetic disk nedia held on said
hub, are smaller in dianeter than nagnetic di sk nedia those are used for

3.5 1 nch%s form facAﬁéﬁ%{aE?%'lﬁ%%ﬁfigé§5m$9fS*Fg: said spindle notor rotates

10000 rpmor nore
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

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 fin is a
member having unlevel, washboard or jaggy portion in cross sectional view which

is given if said fin is cut by a plane along a rotational axis of said hub.

4. 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 nmenber having unl evel, washboard or jaggy portion in cross sectional view
which is given if said finis cut by a plane along a rotational axis of
said huh. 3. A magnetic disk drive conprising: magnetic disk magrgaﬂgfr ;004
recording information; fins arranged around said magnetic di sk dira;

hub hol di ng said magnetic disk nedia rotatably; a spindle notor rotating
said hub; a magnetic head recording or reproducing information to or from
said magnetic di sk nedia; an actuator ggl ding and | ocating said nagnetic

head at a predeterm ned position on sard nagnetic disk nedia; and a
housing in a shape of 3.5 inches formfactor size, nounting said magnetic
di sk nedi a, said hub, said magnetic head and said actuator; wherein said

magnetic di sk nedi a MagstiRihémi @chidimg of Fepro8udhf#Pimialiondb ¥TEdH than
shape-coefficient 2.5 Inches' magnetic disk nedia, and said finis a

menber hazidwagnétayvdisk medihpoard or jaggy portion in cross sectional view
which is givenif said finis cut by a plane along a rotational axis of
said hub. 4. A magdatactuatpsholdingandloegting isaigt magrejitchead atiask medi a

recording_information;..fins arrange .qund sai d ,magnetic disk nedia; a
b hol 4 PRAELGTRAgRiitias o sl SERgheOe sk M3 g Tapi ndl 6 motor ot ati ng
said hub; 01 OCr 2 A3 iCck I red '
information to or g%br%smgllnga mgn:(%f:}éS E?@%snfggﬁﬁétg_ﬁsgét@g’pé{r}gg%@?ng and
| ocat i ng nsadrféticRAsICHiedidar Rib, 3aidPhagRétes RediPshdQl ab@Ata) sai d nmagnetic
di sk nedi a;” and a housing in a shape of 3.5 inches formfactor size,
mounting said 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 spindle motor rotates 10000 rpm or more, and said fin is

casted en bloc with said housing.

5. 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 ata
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, satd 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 fin is

casted en bloc with said housing.

W,



magneti c di sk nedia, said hub, said magnetic head and sai d actuator;

wherein said magnetic disk nedia held on said hub, are smaller in dianeter

t han magnetic di sk nedia those are used for 3.5 inches formfact g gq 004
g

magnetic disk drive, said spindle notor rotates 10000 rpm or nor salrd

finis casted en bloc with said housing. 5. A magnetic disk drive
conprising: magnetic disk nedia recording information; fins arranged
around said nagnetic disk nmedia; a hub hol ding said magnetic disk nedia
rotatably; a spindle notor rotating sai d-hddb- a nagnetic head recordi ng or
reproducing information to or from said magnetic di sk nedia; an actuator
hol ding and | ocating said magnetic head at a predeterm ned position on

sai d mag%etic di sk di a; .aragﬂ(g housi ng in a shape of 3.5 inches form
factor size, nount i‘h§PagRietic diskdrdys fory ERM%edi a, said hub, said magnetic

head and sai d act ugh 9 'eti‘mﬁgl? d§aa1'L oFRABSE mq{iﬁﬁ' medi a held on said hub,

. ! § . !
are not greater in anet er H%an S ape-goeff\0 icient 2.5 inches' magnetic

di sk nedia, and Saifﬁlsfdﬁhngéd aﬁ@ﬁideﬁi@mégneﬁcwﬁg&meaia%lbﬂgﬁidegm 01 OCT 2004
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- 44 6. A magnetic disk drive conprising: magnetic dis la recording

i nf or nat idirectibn s aawidtin dadcaomofithesaagnetaodiek ideivéi sk medi a al ong a depth
direction or a width direction _of the magnetic disk drive; a hub hol ding
sai d magnetic di sk atuth holdingiaad magnetic siskharediamotatablyot at i ng sai d hub; a
magneti ¢ head recordi 0o Sepr oduci ng,dihnqur mation to or from said
magnet i c di sk nmedi éi;Spl € moto I'Otatlngs 1 up;

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.

7. A magnetic disk drive according to claim 6, wherein some fins
arranged along said depth direction exclusively or along said width direction, have
plural rows arranged one another at different positions in the thickness direction of

the magnetic disk drive.

8. A magnetic disk drive according to claim 6, wherein other fins
arranged along said width direction exclusively or along said depth direction, have

one row or two rows.

9. A magnetic disk drive according to claim 1, wherein said housing

has a hole to record a servo signal to said magnetic disk media.



an actuator holding and |l ocating said nmagnetic head at a predeterm ned
position on said magnetic disk nedia;, and a housing in a shape of 3.5
inches formfactor size, nounting said magnetic di sk media, saigﬂm me
magneti c head and said actuator; wherein said magnetic di sk nedi

said hub, are not greater in dianeter than shape-coefficient 2.5 inches'
magnetic disk nmedia. 7. A magnetic disk drive according to claim®6, wherein
sonme fins arranged along said depth direction exclusively or along said

wi dth direction, have plural rows arranged one another at different
positions in the thickness direction of the _magnetic disk drive. 8. A
magnetic disk drive according to claim6, wHérein other fins arranged
along said width direction exclusively or along said depth direction, have
one row or two rows. 9. A nmagnetic disk drive according to claim1, wherein
sai d housiyzng has aashgl.g ignal to said magnetic disk
medi a. Oii 2004 - éSﬁfﬁpéﬁc E&&gﬁ%ﬂf%@ﬁrﬁgaﬁﬁgl%stem conprising: a case
nmounting and securi A@ag Aonhdhbt: :Tela[ 1o ' [ ..according to
claim1; and a control unit hggggl)iicl%c%nd’ g?rlllt%ragb%%g{agé?tdcﬁés ‘irt'Y% di sk
drives el aetarilma toyclaim 1; and

a control unit coupling and controlling said magnetic disk drives

electrically.





