;e3éfcD. 6@VvTHO3 TI TLE OF THE | NVENTI ON DI SK APPARATUS AND ACTUATOR
HOLDI NG METHOD BACKGROUND OF THE | NVENTI ON The present invention relates to
a di sk apparatus 5 for recording in and/or reproducing information fro

m a
rotating di sk-shaped medium and an actuator hol di ng net hod fommmﬂmﬂmmmmmm
actuator, which has a recording and/ or reproduci ng head nount

distal end, in a parking position. 10 Gonuentdi onally known is a negoetic
di sk apparatus that conprises a spindle notor for rotating a magnetic disk

and a voice coil notor (see Jpn. Pat. Appln. KOKAI Publicatio MMWM |m mL
7-176152, for exanple). The voigerepi brMmpipr IRMERISORN actuatmm| ‘mww m
a 15 magnetic head nounted on its distal end, thereby noving the jgaggetic

head substanti ablyx i AptArATES AD dAceoATOR ROLDIRG duEkHODN operating the
magneti c di sk apparatus, the magnetic disk is rotated by neans of the

spindle 20 notor, and the acBMIKGROWNISWMIJIHY INEENIICEN t he voi ce coil

not or. Thereupon, the magnetic head on the distal end of the actuator is
noved substantially Thetheesadtaindenetohonedhtehetdi skdiakdapberhéad is
opposed to a desired track of the disk. In this 25 state, information is
recorded on andfor receidied iromndhertrepkodTpengngnéorvaticor fpparatus is
provided with a - 2 retracting and | ocking nmechanismthat retracts and

| ocks the actuafotatbnghdlipknehrapedi padiynopnfhandpskuakes ReLding
operation. By |ocking the actuator to the |nner Reriphery of the di sk by
means of the retPERPENECE BAHCHBEKRRGEFEEARAF snRL AR R&§ndt FECRESEREan be

prevented from un ectedl y,noving, to an effecgtive,regi,on_of the magnetic
G Sk and from tUEAP Rt CRESARGRR AraRednBoSRERE: BF 58 TBTbRb: P g fThe
retracting and ] ockj ' i ncludes a 10 novabl e per manent nagnet
fixed integrallé §%£?%%g$é§$9%§§hbortion of the actuator and | ower and

upper fixgd yokes théEnV@ﬁE&S?%&g hghgwkhgspgrﬁ%@ﬁaki@aaﬂ%k hgbaeaR ushem

The permanent magnet and the upper yokés constitute a magnetic

circuit for urgtngtlsokpeigetuat spihauarfotBe EpReropgEipierymankhecdi sk.
As the actuator rotates, the novabl e permanent magnet noves al ong a gap

bet ween the | owgiskRndnappetolt¥edoykRstotfhesgappat wean .t Agpliavwer and
upper fixed yokes
KOKAI Publication No. 7-176152, for example). The
voice coil motor swings an actuator, which has a
15 magnetic head mounted on its distal end, thereby
moving the magnetic head substantially in the radial
direction of the disk.
In operating the magnetic disk apparatus, the
magnetic disk is rotated by means of the spindle
20 motor, and the actuator is swung by means of the voice
coil motor. Thereupon, the magnetic head on the
distal end of the actuator is moved substantially in
the radial direction of the disk, and the head is
opposed to a desired track of the disk. 1In this
25 state, information is recorded on and/or retrieved

from the track.

The magnetic disk apparatus is provided with a



20 i's gradually narrowed toward a | ock position for the actuator so that a
maxi mum magneti c force acts on the novabl e permanent magnet in the |ock
position. Thus, the actuator can be securely |locked in the | ock position.
25 In operating the actuator, however, it nust be unl ocked. Therefore, the
magnetic retention of the actuator in the |ock position nust be set to a
val ue - 3 lower than a specific magnetix f-orce such that the actuator
can be unlocked. If the retention exceeds this specific force, the actuator
cannot nove fromthe |ock position. 5 Thus, if an undesired vibration is

applied to the AstHatOIngNafdNOHEREAGI hOShshaLR FROM Putshdest Bgqmagnetic
di sk apparatus, the aforesaid retracting and | ocking nechani sminevitably

al l ows the actupb@ksten8Dyeteasbtyrbr Rt henbpCkePOShELPNor 1BREUAL BRI, the
retracting and | ocking mechanismof this type includes the | ower and upper
fi xed yokes thathenendbongnespaghtioncovey lbekvhel ehavyereatoregbonhef the
novabl e permanent nagnet (i.e., whole sw nging range of the actuator). Wen
information i s 1Bneecpededheryrefrbdeacéisbybpeaasnsf of hehangaetraethagd on
the distal end of the actuator, therefore, a retractive force that is
directed 20 theahd@nkpchinypherhantsmhetheskagoatinubehg asnsben the
actuator. Accordingly, this conventional mnmechanism 20 has a probl emthat
the continual | yPEEYeREed eEF @Rt RyeXPorEedeycPrPEindhhd ARfehEREEIVRON t he
seeking operation of the pagnetic head, apd therefore, upon information
recor di ng and/o?egé%?oﬂchﬂg %ﬁ%?%??%n@l%ﬁjEFdSERW%RPOEFE#?E FReEFREN 25

An enbodi nent of, t he resega?%nvention has begn contrived in consideration

of these circunbr8hcEds an QL obF eBPti SPEHAPHBYr de a di sk apparatus and

- 4 t uat h i | f hol dj . ti
ggtuator sggugg!Srangh§;gga??%Q?ﬁ?agggfgP%égﬁgsﬁFFé%gﬁgpﬂgﬁg8§§gﬁlggg a bad
| nf | uenceg UpOn 454 06 18! hOPmLAEAE thAgnBACE Pk fCPLLOUEL 1Oy OPET BHEO a2 | 1

8%
order to achieve tﬁ% above %eature, apparatds ac ing to an aspect

of the inventiogngopprts6s: o8 SRENEALELARLLM aMBi €6 Pt 8L 8SuBpELSKixaA.
actuator nmounted, on the swinging distal end thereof, wth a head which

records in and/ gpokeéepthducesriOcaDi 9r FBLEO0BhET pBYHABeAE SilagAe¥0i Ce COi

not or whi ch swings the actuator to nove the head substantially in the
radi al directidpebfethetdesk; Ahbopdrmgnerthaagsetwhhdhthel Uswebheaadt uat or
in a parking position in which the head is off an effective region of the
di sk; 15 a firstppagngckesceosatituwhech gegeebiescartiuist fomgneyingf orce
which acts so as to return the actuator to the parking position when the
actuat orl?s deviheedictrabPrhboparki hhepbsneroperanbdeayseéohdendgastic
circuit which generates a second nmagnetic force which 20 acts so as to
return the actu%?thﬁtaFEE@FOFoerﬁg§FtiBHeiﬁOEaPéﬁgEeEHEHePHaFaﬂﬁét

actuat or can bemrgturngd to_the pﬁrging pﬁ itgon by ngans of the first
magnetic force WAen-t Ae° Rt BaPdP PBAUVES™t he®paP¥Phg®POsiPPER S¥&FPassi ng
the range for t?ﬁk gturn. 25 According to an enbodi nent of the present
i nvention described above, the actuator having the head thereon can be

returned to the parkirfg Bapi bk@Reen the lower and upper fixed yokes

20 is gradually narrowed toward a lock position for the
actuator so that a maximum magnetic force acts on the
movable permanent magnet in the lock position. Thus,
the actuator can be securely locked in the lock
position.

25 In operating the actuator, however, it must be
unlocked. Therefore, the magnetic retention of the

actuator in the lock position must be set to a value



- 5 by neans of the first magnetic force if the actuator held in the
parking position is unexpectedly deviated fromthe parking position by
external force, for exanple. If the actuator is noved overpassing a range 5
such that it can be returned to the parking position by neans of the first
magnetic force, it can be returned at least to a position in that range by
nmeans of the second magnetic force. If theSactuator is noved to a position
in a range such that it cannot be 10 returned to the parking position by
means of the first magnetic force, therefore, it can be returned by neans

of the second npgreti €nfRrseshbOc@rPesShhyfBtih theckangenotnhact kas of the
first magnetic force. Thus, the range in which the magnetic force for

returning 15 theceadtetocahobthenpackeay posi thenraekatesn beckeagt hened.
By suitably setting the range of action of the second magnetic force,

nmor eover, an apphbprspeeifibgnébircef othe aatubeoapphhrdtt motrbefacfugher
before the head reaches the effective region of the disk, and 20 the

i nformation recbedkngoantion.reproduci ng operation can be prevented from
bei ng adversely affected. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpan§hng:didwengyndesickdavébiratérporst eppilnedndocthstitute
a part of the specification, 25 illustrate enbodi ments of the invention,
and toget her wi tRtEREOFehBr &l NEBSERTPpELBE §E0EA AbOTecHR81iHRetHEt ai | ed
description of the epbodinents given bel erve to explain the

. b , - 6 .
principles of tHRIPAGLHL ALRK &P ritP§'agg%h@ﬁﬁfﬁéagpeﬁﬁ§ﬁéﬁfﬁ da2hflgneti c
di sk t di t n_enbodi ¢ f [ tion; Fl 2
Schemat | o vi ow SOAITY ARCaBrOSRor PHCBApoYaPtdol FHE AGGHBEPE GPsk
apparatus of FlI vé;eg%g§y BA50+RE ?BSFVF8§§tEE£UStrat'ng t he operation of

first and second magnefic circuits for returning the actuator of FIG 2 to

OB 1o 10 o5 P ECr k8, B8 RRLRROMED L EAALLONB LS oo e
of movenent of tRes type includes the lower and upper fixed yokes
that are long enough to cover the whole movement
region of the movable permanent magnet (i.e., whole
swinging range of the actuator). When information is
15 recorded or reproduced by means of the magnetic head
on the distal end of the actuator, therefore, a
retractive force that is directed to the inner
periphery of the disk continually acts on the
actuator. Accordingly, this conventional mechanism
20 has a problem that the continually acting retractive
force exerts a bad influence upon the seeking
operation of the magnetic head, and therefore, upon
information recording and/or reproducing operation.
BRIEF SUMMARY OF THE INVENTION
25 An embodiment of the present invention has been

contrived in consideration of these circumstances, and

its object is to provide a disk apparatus and an



act uat or;

material of the actuator is used also as a second magnetic body that

constitutes the second nagnetic circuit;

15 FIG 5 is aviewillustrating an exanple in which the nmagnetic

FIGS. 6A and 6B are views show ng

nmodi fications 20 in which the second magnetic body is |ocated in different

posi tions;

per manent magnet to which a first magneti cd body i s opposed is shaped;
25 FIG 8 is a schematic view showing the elevation of a VCM i ncor porat ed

in the magnetic di sk apparatus of FIG 1. 7 DETAI LED DESCRI PTI ON OF

FIG 7 is a view showi ng an exanple in which the boundary of a

and

THE | NVENTI ON Afcendest nestd ofg t iet R6& S eBhphBYENb EORo Wik hgngw be descri bed
with reference to the acconpanying drawings. 5 FIG 1 is a schematic view
of a magnetic diskopgpat thysatiskoappacatesy andcsoeddinyyt ont he enbodi ment

of the invention.

FIG 2 is a schematic view of an actuator 5 incorporated

in the nmagneti cparskngppasatisn lwitBods skewhing &l Badlinfheemagnepban di sk

apparatus 1 has a case 2 in the formof a substantially rectangul ar

box.

order to exposelrbernateemarecerdindrandforheepagdecingdppkrappanat us 1,
its top cover (not shown) is renoved. 15 A spindle notor 4 that supports

and rotat®s a magnet f& @rdrr3tpsarbéavedtbebsbane dEpfurs t Redéeht er of a

case 2. A voice coil notor 6 (hereinafter referred to as VCM 6) for
sW ngi ng the actRREHRLES|3CEPEPHREITBuURRi BEPERE fAghBEi éNURBEIZNI n the case
2. 20 The VCM 6_has_a nol ded coil . 6a ggee FLG. 2% en .

c or which rotates a disk; an

10

15

20

25

omprises: a spilndle m
actuator mounted, on the swinging distal end thereof,
with a head which records in and/or reproduces
information from the disk; a voice coil motor which
swings the actuator to move the head substantially in
the radial direction of the disk; a holding mechanism
which holds the actuator in a parking position in
which the head is off an effective region of the disk;
a first magnetic circuit which generates a first
magnetic force which acts so as to return the actuator
to the parking position when the actuator is deviated
from the parking position; and a second magnetic
circuit which generates a second magnetic force which
acts so as to return the actuator at least to a
position in a range such that the actuator can be
returned to the parking position by means of the first
magnetic force when the actuator leaves the parking
position overpassing the range for the return.
According to an embodiment of the present
invention described above, the actuator having the

head thereon can be returned to the parking position

In



the rear end of the actuator 5, a substantially fanshaped per manent magnet
6b for applying nmagnetic flux to the coil 6a, a first yoke 6¢c fitted with

t he permanent magnet 6b, and a second yoke 6d (see 25 FIG 8). The

per mmnent magnet 6b and the second yoke 6d are opposed to each other with
the coil 6a between them When the coil 6a that crosses the magnetic fl ux
8 _ of the permanent nmagnet 6b is energiZzed; the actuator 5 can be swung
around a rotating shaft 5a. First and second stoppers 6e and 6f are
attached individually to holes in the first yoke 6¢c, and serve to limt the
5 novabl e rangep9fméhfscetl tha. rArBBIREGhetNeadoFckSiFOUREEd-B0athe

swi ngi ng distal end of the actuator 5. [t is used to record in and/or
reproduce inforrmatdonnfthe phekimgnpbkitdbakis. uMBrpetbedagt Hatr@etddi s not
operating, its distal end 10 is held and bound outside the magnetic disk 3
by frictional fboroe beewpenkihg potiidfion byasdtarnabpf8rtbat fog situated
off the disk 3 and supports a tip of the actuator 5. Wen the actuator 5 is
nonoper ati ng, iexanhée.widsthehechugheti ¢shmaded byerpassahgdaf renmga5 an
effective region for disk recording and reproduction, and the actuator 5 is
hel d i n adparki Agcposhetohl Fhe bar kkhgrpedi tPokhpsparkdsot Poaikkene a
menber for nolding the coil 6a is in contact with the first stopper 6e. 20
Thus, the ranp BYhBPaRStRE LBeudisptsmpAneRécpiPkFRy pbsFEPoReby means of
the frictional fo%ce bgtm§eE itself and thﬁ.actuatgg g. | f external force
that is great ehgugh"™tg # s'??sfh Of Pi BPPOLAPR dFce™PS ApPPPetYt BSBRE case
2, for exanple, th f h u r..5 i i.sengaged,. fromthe ranp 8
and noves unexp%%tgg§y8%§8%$tﬁ%égg?§%nggg Eftigﬁ.%ﬁﬁ ?ﬁ?3a58§e}5the
magnetic di sk 3] ot ratarihg.: Lf:th ti _:he aces the
effective regioﬁbgfat%8 %ag%§??é° iéb %,g?ﬁgge%gsg,%P%gyl?oggﬁﬁggcﬁgother

so that beth or,-gegratqt BeM-ARYpHEKE R i Spyl S '
undesi rably vibfateg to 5 ggve Fhe no%ggggéFggg ggtﬁg%gs %éaagé F?gﬁFthe

parking positioRagief®eh@Bire®), i shaeedsdel 0itetHANbENRcRGEHAHObY S means
automatically to the parking position. In the present enbodi ment, as shown

in FIG 2, the oétuhs secbadi saghetithéocactuaborn bokheludesnfichst 10 and
second magnetic bodies 11 and 12. The nmgnetic bodies 11 and 12 are fixed
to the rear endrehgehefasttavor o5 bhenflidshgmagdespacédrr.t h€hdispecti on of
the radius of swing of the actuator 5.
the range in which the magnetic force for returning
15 the actuator to the parking position acts can be
lengthened. By suitably setting the range of action
of the second magnetic force, moreover, an appropriate
magnetic force can be applied to the actuator before
the head reaches the effective region of the disk,'and
20 the information recording and/or reproducing operation
can be prevented from being adversely affected.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
25 illustrate embodiments of the invention, and together

with the general description given above and the

detailed description of the embodiments given below,



More specifically, the first magnetic body 11 is 15 situated opposite the
rear end of the substantially fan-shaped permanent magnet 6b of the VCM 6
inits radial direction (width direction). The second magnetic body 12 is
situated opposite the width direction front end of the permanent nmagnet 6b.
In 20 other words, the pernmanent magnet 6b is | ocated between the first and
second magnetic bodies 11 and 12. Further,6the radially opposite end
portions of the permanent magnet 6b are shaped individually 25
corresponding to the first and second magnetic bodies 11 and 12 and form
two protuberancesr#8 8pdeddialindiMbdyalh¥ipTBe bier shemagpehi¢ohody 11 and

t he - 10 protuberance 13 constitute a first magnetic circuit of the
invention, while thergecondigngnethembody ¥2eandhbh@ngr ot nhghamde 14
constitute a second magnetic circuit of the invention. In other words, the
first 5 and secdndknmagpetatubodtesrdingntdolanasndbbbiémewn pfothber ances 13
and 14 are positioned so that the first and second magnetic circuits behave
in the fol | owi ngnenhéen; The functions of the first and second magnetic 10
circuits will now be described with reference to FIGS. 3Ato 3C and FIG 4.
FIGS. 3A %0 3C show FR&-rél &5i Respbshaiténs vérwt kbowilngt aandcsseded magnetic
bodi es 11 and 12 and the two protuberances 13 and 14 of the pernmanent

magnet 6b, whi chheepeRBabacdt ke thepBaphpbhcofliski agreratHe aét 83for 15. FI G

4 is a graph show n he change qf torque that the first and second
nagnetig c?rcuits a%ﬁ&?gtogghgoagpuﬁfsgV%?“&e&éh&ﬁﬁ§a$ﬁn9h$hﬁosition of
swi ng of the ac . 5. The_.actuator, 5 is _continual.ly urged, toward the
par ki ng 20 posi%#%%gE§o§h8?fF%§ %aﬁads888888WESHQF?&CCFﬁE§P%§§ %ﬁ&n t he

t uat 5 is h . . > h - ; |
of the actuator B PEtoRIo LA aeRE, b RIky brEof ATBatkihd®, S eher ated

by the f{igst magpgitgopircuit acts on the 25 actuator 5. FIG 3A shows the
rel ative positions of the first and second magneti c bodies 11 and 12 and

the two protuberancesi&3d andsl4g ?Eabhesﬂ%MEﬁ RMelatiohl DERYRRL 6b. In this
state, the first magnetic body 11 is situated near the boundary of the

protuberance 13tandues 8herdtked bydl eakaga hmbyxetiemcikeuptet upgngnce 13,
5 whereby the actuator 5 is bound and held in the parking position. On the
ot her hand, theteetbadanhgatbircahddyh&2anglei bfiamedenentnedr thke boundary

of its correspondi ng protuberance 14 but substantially right under the

pr ot uber ance 14acthasorihere is

15 FIG. 5 is a view illustrating an example in which
the magnetic material of the actuator is used also as
a second magnetic body that constitutes the second
magnetic circuit;

FIGS. 6A and 6B are views showing modifications

20 in which the second magnetic body is located in
different positions;

FIG. 7 is a view showing an example in which the
boundary of a permanent magnet to which a first
magnetic body is opposed is shaped; and

25 FIG. 8 is a schematic view showing the elevation
of a VCM incorporated in the magnetic disk apparatus

of FIG. 1.



10 hardly any vector conponent of a second magnetic force that affects the
second magnetic body 12 in the swinging direction of the actuator 5. If
external force is applied to the case 2 in this state, for exanple, the
actuator 5 is slightly 15 rocked away fromthe parking position, as shown
in FIG 3B. Thereupon, the actuator 5 is returned to the parking position
by the first magnetic force of the first iagnretic circuit. Mre
specifically, if the actuator 5 swings fromthe parking position, the first
20 magnetic body 11 that is situated on the boundary of the protuberance 13

moves away from the protyiarmanee ckddrapriron i GauNtRREhAGKH se direction
of FIG 3B). However, the first magnetic body 11 is pulled in the direction

(cl ockwi se directionuhnefibéaid@htr €7EtEE pPednthensuhAgbATwdl I eghison by

t he | eakage flux fromthe protuberance 13, so that the actuator 5 is
returned to the@aididgipesiwith. referdcel fot tige agtc@hPanpihgaves

over passing a range such that the parking position by neans force, as shown
in FIG 3C, o Xdsaeciomgls magnetic force that is magnetic circuit then acts on
t he parking position it can be returned to of the first magnetic z the

ot her hand, the geneF&Eedlbysthesshenatdicheiaet aft armggnghis, diskt he state
shown in FIG 3C, the second magnetic body 12, having noved

count er cl ockwi sEPR#EMtUHdedisk sakRrFeEPpdhdl ngcprbiimer bpcthesd, is situated
10 near the boundary, of the protuberance 14. I1f the actuator 5 is swng to
the state showfTRPEEENBEL {Hag ctBYROLiMR: ack TGt of 55i3 &Fe@atdGard the
par ki ng position, b ans of the second ngﬁnet%c force. I n consequence, the

actuator 5 is r&tei nel B AntEALRF ar 1BCYEHRYEAFEatR bReFPRIR8RICsuch t hat
it can be retur t ki ng position by means of the first magnetic
force at the |é%§€3 %%é%?%?%% %b the present enbodi nent, as descri bed

above, t first andA§e%H§9n npELC §OregRs ﬁﬁ&négiépahgﬁdaggﬁkgﬁggcguatOr

5 at different points o I me dependi ng on the”position of

swing angl e) ofnidesaghsdt orinaghsheypni 8t Fh GuhstdREsa1ipe actuator 5 can
be returned to the parking position by means of a magnetiT force having a

torque curve thaéc@ingeldi nesxt hethi §8eanto Séﬁgﬁé‘»’e nmegaetheekRACES.
According to the torque curve of the present enbodi nent shown in FIG 4,

t he angul ar rangeruotwhe chf the hidaghéeiacdiuakosppacabubelyeivsnedpto the
par ki ng position can be made wi der than in the conventional case w thout
failing to restecavert heopesikowt) t s quemovadFl G 4, a prior art exanple is
represented by a torque 5 curve for the case where only the first magnetic
body is Bttached to Bheriedicendtor thehatt auppprs phdt hetpéak ef torque
is restrained, the actuator 5_in operation can be noved fromthe parking
position with D#REhbm Abiksdaty toFeeed| subpkanhyaldy FRngBe16enEeRhi ch
the torque acts is wdened, noreover, .t actuator 5 can

n_the actuator_ 5, th
be returned sec%fe?ycﬁﬁﬁ éteagiY9lF8 tR&L pBPkPRGCp E?FF&HaEEEH though it is
e wtn whlchOfRRBLE B9 BOSULUCR) EB-' DG:REERE"EnEMRAELIRRL: 5! BE W N
disposed outside the magnetic disk 3 in the case 2.
20 The VCM 6 has a molded coil 6a (see FIG. 2) on
the rear end of the actuator 5, a substantially fan-
shaped permanent magnet 6b for applying magnetic flux
to the coil 6a, a first yoke 6c fitted with the
permanent magnet 6b, and a second yoke 6d (see
25 FIG. 8). The permanent magnet 6b and the second yoke

6d are opposed to each other with the coil 6a between

them. When the coil 6a that crosses the magnetic flux



15 can be returned to the parking position can be wi dened to about 12 to
13. The range of this swng angle is an angul ar range covered just before
the magnetic head 7 nmounted on the distal end of the actuator 5 reaches the
effective region of the magnetic disk 3. 20 Therefore, the first and second
magnetic forces that are generated by the first and second nagnetic
circuits never act on the actuator 5 when & he magnetic head 7 faces the
effective region. Thus, torque that is used to return the actuator 5 to the
par ki ng 25 position never exerts a bad influence upon the information
recordi ng and/ assreps ogeiehagefpenabhen by Deasscphikbg, megaekkeulead 7. -
14 The present invention is not limted to the enbodi nent descri bed above,
and various chahgesnapd swdnfi spdindsanpytbeirff enbed bher eFnrutt hpat
departing fromthe scope or spirit of the invention. 5 Additional
advant ages and sedohdcatoppsrsi 6¢ apddbfyanecattbohtosrdskithetlliyntdhe
art. Therefore, the invention in its broader aspects is not limted to the
speci fic detai |kohed ieptheehinstveokabodi nendssshventandidéscthbed herein.
Accordingly, various_ 10 nodifications may be made wi thout departing from
the spirit or seepePbe ¥hedgenbrhhei @odht P¥e concept as defined by the
appended clains and their equivalents. In the foregoing enbodinent, for
exanpl e, the two naghePPERBbdFeledd Ands1BoHpEeRpPRe8RENSYABILBEr end 15 of
t he actuator 5. Al%e{native however east one nm nﬁtic bod isecond
LFhe f 48

_ I8 ty n at _|
nagnetlf bﬁdy 19 h$29c35efPfmg bR FOF nBd bh shiplAg§“t k8 hEGRE A
teri t hat I i FIG .5, Izt i
giaﬁéLgb a iugC§%3%%%?E?ﬁﬁ%??%§§5§§55%3§%8§§E%C@SgﬂégﬂagPstbSdQQEE e h
i i t ik t I t
enbod ment descr B aborsriaseEovets Ths Preiftiadfetre Boal et tpdar |

constitui@s thei§i neldNMBAACLLEnE! 6GHELdENLRANLHERELPR WhkR Bhgyper manent 25
magnet 6b is |ocated near the rear end of the aCtuator 5, whilé the second

magneti c body 12riBeiosenstbiubebetReeficcnBdanBEACbC5ChhAUAT rhfipl 9Cat ed
near the - 15 rotating shaft 5a with the permanent nagnet 6b between

them However, thatsisestssatydooty thatdibe Bi aatl sagperte hotép generated
by the first magnetic circuit and the second magnetic force generated by
the second 5 naghetacteateuni b.beWhepl thd attubeoaf 6r ésandndpéfetént, poi nts
of time depending on the swing angle of the actuator 5. For exanple, the
first and secont?nafherivopddr esheimagget2cnbhgage’l dsacwdchatedefpomi ti ons
shown in FIGS. 6A and 6B, 10 In the position shown in FIG 6A, the second
15 an effective region for disk recording and
reproduction, and the actuator 5 is held in a parking
position. The parking position is a position where a
member for molding the coil 6a is in contact with the
first stopper 6e.
20 Thus, the ramp 8 holds the actuator 5 in the
parking position by means of the frictional force
between itself and the actuator 5. 1If external force
that is great enough to resist the frictional force is
applied to the case 2, for example, therefore, the
25 actuator 5 is disengaged from the ramp 8 and moves

unexpectedly from the parking position. In this case,

the magnetic disk 3 is not rotating. If the magnetic



magneti c body 12 faces the radially inside end portion of the pernmanent
magnet 6b and is shifted in the swnging direction of the actuator 5. If

t he second magnetic body 12 is located in the position shown in 15 FIG 6A,
for exanple, the corresponding inside end portion of the permanent magnet
6b is shaped to forma protuberance 14': In this case, the distances of
novenment covered by the first and second ragneti c bodies 11 and 12 can be
differentiated with respect to 20 the swing angle of the actuator 5. Thus,
the degree of freedom of the design of the two magnetic circuits can be
enhanced. |n theedareopiags cahodi oLy i fUrEBGLOR! 5¢ the hhbAbciBOAELLC body

11 that constitutes the first 25 nagnetic circuit 1s locatéd on the outside
in the radial dijeehéparord] | entPerseenndabnonehie Bedyni2 tHhah eenstitutes
t he second magnetic circuit is - 16 |located on the inside. By doing
this, the torqueneusfetivémtheysieeonamaggaetic circuit is made gentler than
that of the first magnetic circuit, as shown in FIG 4. Thus, the extent of
the torque curve canThesb ¥éirtkd bgsehangsngntkeirabtilgl vibsiatiednsof or the
magneti c bodies. Further, the nunmber of magnetic bodies for returning the
actuator % to theveabkeéngoposerabhnandcthetorr Bspeayi feomi tbs, pshépesy,
positions, etc. and 10 the nunber of protuberances fornmed on the pernanent
magnet 6b, corre’pbhiPhg & onepbanhghel fcnpodpdstoandtiuhgi Eheespsupies

si zes, shapes, positions, etc. may be changed as required. In short, it is
necessary only h%Pt?%%tb%%left?hEh?oPaHElPSrPP@%EFﬁPng the actuator 15 5

to the parking posit e restricted tq.a fixed leyel and that the angul ar
range for the torque&Bet dBhEGED o?m89§ﬁ398t'aa6r5¥85 r afc& 13 2

correshond 19 LenLne,{LES! L RAELLS, BOBYCEL IRk DELS"SPRLH 1 e aer 20

shown in FIG 7 'S case, € boundary prota

faces thfoflrstaﬂagggébﬁdbﬁggnéélbsbbashgn§9 aada@zangkﬁatﬂagﬂstHEV'ng

direction of the magnetic so that the torque ts on the

magneti ¢ body 1go&ﬁ@sb@1|aﬁae@§egr35f&9@dpe5ktﬂe 28aPOghhl 8% kheapproached.
Thus, the shape of the torque curve of the magnetic circuit can be nodified

by changi ng t heaghapeoof 5t Rheuadagyanll tpecEBINGt thBalHirectidn a@plies
the magnetic flux to the magnetic body. In the enbodi ment described above,

nmor eover, the nelgaetadiasrefi swiageofothedabyudtoli zi.ng the | eakage fl ux
fromthe permanent nmagnet 6b of the VCM 6. 5 Alternatively, however, a
magnet that forns a Mageestpeciificaililybetheedirssemboardia bagiyetlilc ilzody nmay
be provi ded independently of the pernmanent magnet 6b of the VCM 6. In place
of the fl1Pst an8lbeebnd eRpAsite Ebﬁlégalleadd0£2thﬁuﬁuhétﬁntealéYpernanent

magnet may 10 b§ flxed to the actuator 5. In this case, the case 2
an-shaped permanent magnet 6b of the VCM 6 in its

radial direction (width direction). The second
magnetic body 12 is situated opposite the width-
direction front end of the permanent magnet 6b. In
20 other words, the permanent magnet 6b is located
between the first and second magnetic bodies 11
and 12.
Further, the radially opposite end portions of
the permanent magnet 6b are.shaped individually
25 corresponding to the first and second magnetic bodies
11 and 12 and form two protuberances 13 and 14,

individually. The first magnetic body 11 and the



of the magnetic disk apparatus 1 or the like is provided with a nmagnetic
body that acts on the pernmanent magnet. - 18 WHAT IS CLAIMED IS 1. A
di sk apparatus conprising: a spindle notor which rotates a disk; an
actuator mounted, on the swinging distal end 5 thereof, with a head which
records in and/or reproduces information fromthe disk; a voice coil notor
whi ch swings the actuator to nove the headiOsubstantially in the radial
direction of the disk; 10 a first nagnetic circuit which generates a first
magnetic force which acts so as to return the actuator to a parking

position in whighotlieehgrdei 53 0Ebnapiehfechi f@ré@%@?n@fi&h@igt§ftV\8§n_ t he
actuator is deviated fromthe parking position; and 15 a second nagnetic
circuit which geherahesnaisecondi bagbesi setondemaphebiacboayor2t gna
position in a actuator can be returned to neans of the first magnetic 20

| eaves the parkilng posttbenahbe Iétoonstattsesa ascdndrebgnatibe range such
that the the parking position by force when the actuator overpassing the
range for 2. A eisRuippafatiue bevertien.tolel athen, wohdsei hheh€ifstst and
second nmagnetic circuits include a magnet of the voice coil nmotor and first
and second 25 n¥ghetfeonddregnetiedredienelt eardehd andt ReeatVaator in a
spaced manner, respectively. 3. A disk apparatus according to claim 2, -
19 wherein t heP¥? %?eﬁﬂﬂc%%c6ﬁdaﬂﬂghét?EebBﬂ?éEl%P%dsﬁachaFntPﬁe
direction of thg.ra iusdof smﬁng¥of t he actuatot. 4. A disk gggaratus
according to cl &HF®3, 2BAWRSFLRA TAIPEF St CLhEUSER oRBRARGNLEI EPBodi es are

following manner.
The functions of the first and second magnetic
10 circuits will now be described with reference to
FIGS. 3A to 3C and FIG. 4. FIGS. 3A to 3C show the
relative positions of the first and second magnetic
bodies 11 and 12 and the two protuberances 13 and 14
of the permanent magnet 6b, which depend on the
15 position of swing of the actuator 5. FIG. 4 is a
graph showing the change of torque that the first and
second magnetic circuits apply to the actuator 5,
depending on the position of swing of the actuator 5.
The actuator 5 is continually urged toward the parking
20 position by the first and second magnetic circuits.
When the actuator 5 is held in the parking
position by the ramp 8, the swing angle of the
actuator 5 is 0°, and only a first magnetic force that
is generated by the first magnetic circuit acts on the
25 actuator 5. FIG. 3A shows the relative positions of
the first and second magnetic bodies 11 and 12 and

the two protuberances 13 and 14 of the permanent



spaced slightly overreaching the width of the magnet in the radial
direction and are located in positions opposite the width-direction end
portions of the nmagnet. 10 5. A disk apparatus according to claim4,
wherein the width-direction end portions of the nagnet are shaped so that
gi ven magnetic forces act on the first and second magnetic bodi es,

i ndi vidually, depending on the position ofilswng of the actuator. 15 6. A
di sk apparatus according to claim2, wherein at |east one of the first and
second magnetic bodies is formed by shaping a magnetic menber which
constitutes theyaghsater. 7. A disk apparatus according to claim1, 20
wherein the second magnetic circuit is designed | est the second magnetic

force act on the actuateniwhenatBe headrfiagesnbiacefitesbidye 1negison. 8. An
actuat or hol ding nmethod, conprising: a holding step of holding an actuator,

which is 25 nougiedated hberswhegbogndhsi;abrentet pebeaberwhtl azhgad which
records in and/or reproduces information froma rotating disk, in a parking
position in whith attr20tetihbyhkadkbgeofiuanfebhethevproegbemnaatet b8, di sk
when the actuator is not operating; a first returning process of working a
first maghetic Woeteb¥othes aotuatarnSt he heotundt sndt belHeis pheki ng position
when the actuator held in the parking position is deviated fromthe parking
position; and aPa&kénd P@ﬁHFhPﬁg ppécégg othasr kng. atbecergondgnetic force
so as to return the actuatqor to a position in a range such that the
actuator can be™38 £t GrRedYt 2t k8 EéFH?ﬁﬁdpﬁgFtPSﬁrbﬁhﬁe§ﬁ§n§ﬁrﬂh@ff|rst

t f the_act uat th Lt
the range for thbSr EPRFReDEIaAREaBEQLRDR ROFRI AY REEhSdLALa0EaPGY o cf ai m
8, wh th d . | ud |
s, anerSin The [hcek andspesaDdCeLucl g5, ocgases pclude aol i

sctialorol 1| SBLSEICLEFE00d, EOnakycen B bl Bebbusdc et oo
depending on thenpesh¥k8Rt8f the second magnetic body 12 in the
swinging direction of the actuator 5.
If external force is applied to the case 2 in
this state, for example, the actuator 5 is slightly
15 rocked away from the parking position, as shown in
FIG. 3B. Thereupon, the actuator 5 is returned to the
parking position by the first magnetic force of the
first magnetic circuit. More specifically, if the
actuator 5 swings from the parking position, the first
20 magnetic body 11 that is situated on the boundary of
the protuberance 13 moves away from the protuberance
13 (or in the counterclockwise direction of FIG. 3B).
However, the first magnetic body 11 is pulled in the
direction (clockwise direction in FIG. 3B) reverse to
25 the swinging direction by the leakage flux from the
protuberance 13, so that the actuator 5 is returned to

the parking position.



20 swing of the actuator, thereby returning the actuator to the parking
osition.
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actuator 5 is swung to the state shown in FIG. 3C,
therefore, the actuator 5 is urged toward the parking
position by means of the second magnetic force. 1In
consequence, the actuator 5 is returned to an angular
15 range (state of FIG. 3B} such that it can be returned
to the parking position by means of the first magnetic
force at the least.
According to the present embodiment, as described
above, the first and second magnetic forces are
20 applied to the actuator 5 at different points of time
depending on the position of swing (i.e., swing angle)
of the actuator, as shown in FIG. 4. Thus, the
actuator 5 can be returned to the parking position by
means of a magnetic force having a torque curve that
25 combines the first and second magnetic forces.
According to the torque curve of the present

embodiment shown in FIG. 4, the angular range in which
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1f10 19%40% & (wiOHSUOU&i(Ing to restrain the peak of torque. In
FIG. 4, a prior art example is represented by a torque
5 curve for the case where only the first magnetic body
is attached to the rear end of the actuator 5.
If the peak of torque is restrained, the actuator
5 in operation can be moved from the parking position
with a minimum necessary force. If the angular range

10 in which the torque acts on the actuator 5 is widened,
moreover, the actuator 5 can be returned securely and
steadily to the parking position even though it is
moved far from the parking position. In the present
embodiment, the swing angle with which the actuator 5

15 can be returned to the parking position can be widened
to about 12° to 13°. The range of this swing angle is
an angular range covered just before the magnetic head
7 mounted on the distal end of the actuator 5 reaches
the effective region of the magnetic disk 3.

20 Therefore, the first and second magnetic forces that
are generated by the first and second magnetic
circuits never act on the actuator 5 when the magnetic
head 7 faces the effective region. Thus, torque that
is used to return the actuator 5 to the parking

25 position never exerts a bad influence upon the
information recording and/or reproducing operation by

means of the magnetic head 7.
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embodiment described above, and various changes and
modifications may be effected therein without
departing from the scope or spirit of the invention.

5 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific detalls and representative embodiments
shown and described herein. Accordingly, various

10 modifications may be made without departing from the
spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.

In the foregoing embodiment, for example, the two
magnetic bodies 11 and 12 are molded on the rear end

15 of the actuator 5. Alternatively, however, at least
one magnetic body (second magnetic body 12 in this
case) may be formed by shaping the magnetic material
that constitutes the actuator 5, as shown in FIG. 5.
In this example, a lug 20 that functions as the second

20 magnetic body 12 is formed by shaping a pedestal for
molding the coil 6a of the VCM 6.

In the embodiment described above, moreover, the
first magnetic body 11 that constitutes the first
magnetic circuit in conjunction with the permanent

25 magnet 6b is located near the rear end of the actuator
5, while the second magnetic body 12 that constitutes

the second magnetic circuit is located near the
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magnetic force generated by the first magnetic circuit
and the second magnetic force generated by the second
5 magnetic circuit be applied at the aforesaid different
points of time depending on the swing angle of the
actuator 5. For example, the first and second
magnetic bodies 11 and 12 may be located in the
positions shown in FIGS. 6A and 6B.

10 In the position shown in FIG. 6A, the second
magnetic body 12 faces the radially inside end portion
of the permanent magnet 6b and is shifted in the
swinging direction of the actuator 5. If the second
magnetic body 12 is located in the position showﬁ in

15 FIG. 6A, for example, the corresponding inside end
portion of the permanent magnet 6b is shaped to form a
protuberance 14'. 1In this case, the distances of
movement covered by the first and second magnetic
bodies 11 and 12 can be differentiated with respect to

20 the swing angle of the actuator 5. Thus, the degree
of freedom of the design of the two magnetic circuits
can be enhanced.

In the foregoing embodiment, furthermore, the
first magnetic body 11 that constitutes the first

25 magnetic circuit is located on the outside in the
radial direction, while the second magnetic body 12

that constitutes the second magnetic circuit is
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curve of the second magnetic circuit is made gentler
than that of the first magnetic circuit, as sﬁéwn in
FIG. 4. Thus, the extent of the torque curve can be

5 varied by changing the radial positions for the
magnetic bodies.

Further, the number of magnetic bodies for
returning the actuator 5 to the parking position and
their reépective sizes, shapes, positions, etc. and

10 the number of protuberances formed on the permanent
magnet 6b, corresponding to the magnetic bodies, and
their respective sizes, shapes, positions, etc. may be
changed as required. In short, it is necessary only
that the peak of the torque for returning the actuator

15 5 to the parking position be restricted to a fixed
level and that the angular range for the torque be
widened.

For example, a protuberance 13' corresponding to
the first magnetic body 11l may be shaped in the manner

20 shown in FIG. 7. 1In this case, the boundary of the
protuberance 13' that faces the first magnetic body 11
is inclined at an angle to the moving direction of the
magnetic body 11, so that the torque that acts on the
magnetic body 11 can be increased as the parking

25 position is approached. Thus, the shape of the torque
curve of the magnetic circuit can be modified by

changing the shape of the boundary of the magnet that
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magnetic circuits are formed by utilizing the leakage
flux from the permanent magnet 6b of the VCM 6.

5 Alternatively, however, a magnet that forms a magnetic
circuit between itself and a magnetic body may be
provided independently of the permanent magnet 6b of
the VCM 6. 1In place of the first and second magnetic
bodies 11 and 12, furthermore, a permanent magnet may

10 be fixed to the actuator 5. 1In this case, the case 2
of the magnetic disk apparatus 1 or the like is
provided with a magnetic body that acts on the

permanent magnet.
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WHAT IS CLAIMED IS:

1. A disk apparatus comprising:

a spindle motor which rotates a disk;

an actuator mountéd, on the swinging distal end

5 thereof, with a head which records in and/or
reproduces information from the disk;

a volce coil motor which swings the actuator to
move the head substantially in the radial direction of
the disk;

10 a first magnetic circuit which generates a first
magnetic force which acts so as to return the actuator
to a parking position in which the head is off an
effective region of the disk when the actuator is
deviated from the parking position; and

15 a second magnetic circuit which generates a
second magnetic force which acts so as to return the
actuator to a position in a range such that the
actuator can be returned to the parking position by
means of the first magnetic force when the actuator

20 leaves the parking position overpassing the range for
the return.

2. A disk apparatus according to claim 1,
wherein the first and second magnetic circuits include
a magnet of the voice coil motor and first and second

25 magnetic bodies fixed to the rear end of the actuator
in a spaced manner, respectively.

3. A disk apparatus according to claim 2,
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wherein the first and second magnetic bodies are

spaced in the direction of the radius of swing of the

actuator.

4. A disk apparatus according to claim 3,
5 wherein the first and second magnetic bodies are

spaced slightly overreaching the width of the magnet

in the radial direction and are located in positions

opposite the width-direction end portions of the

magnet.

10 5. A disk apparatus according to claim 4,
wherein the width-direction end portions of the magnet
are shaped so that givén magnetic forces act on the
first and second magnetic bodies, individually,
depending on the position of swing of the actuator.

15 6. A disk apparatus according to claim 2,
wherein at least one of the first and second magnetic
bodies is formed by shaping a magnetic member which
constitutes the actuator.

7. A disk apparatus according to claim 1,

20 wherein the second magnetic circuit is designed lest
the second magnetic force act on the actuator when the
head faces the effective region.

8. An actuator holding method, comprising:
a holding step of holding an actuator, which is

25 mounted, on the swinging distal end thereof, with a

head which records in and/or reproduces information

from a rotating disk, in a parking position in which
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the actuator is not operating;
a first returning process of working a first
magnetic force so as to return the actuator to the
5 parking position when the actuator held in the parking
position is deviated from the parking position; and
a second returning process of working a second
maghetic force so as to return the actuator to a
position in a range such that the actuator can be
10 returned to the parking position by means of the first
magnetic force when the actuator leaves the parking
position overpassing the range for the return.
9. An actuator holding method according to
claim 8, wherein the first and second returning
15 .processes include applying leakage flux from a magnet
of a voice coil motor, which swings the actuator, to
first and second magnetic bodies, which are fixed to
the rear end of the actuator in a spaced manner, at
different points of time depending on the position of
20 swing of the actuator, thereby returning the actuator

to the parking position.



