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M NI MM BEARI NG LOAD, HI GH BANDW DTH, MOVI NG MAGNET (o1t
ACTUATOR 5 Field of the Invention This i nvention
relates to data storage systens enpl oying HDDs (hard di sk drives) for
use in data processi ng systens. Motet specifically, the invention 10
pertains to a single stage disk drive actuator design havi ng hi gh | oop

gai n ( servoMiNEMUMIBERARING MLOAD,dHICH BANDWINDEH; MOVING MAGNET

Background of the Invention 15 ACTUATORA HDD typically includes an
actuat or mechani sm carrying one ot—fore—+ead/wite heads for recording
I nformation. Information is recorded on one or nore rotating magnetic
di sks, having recording surfaces on 20 opposite sides of the disk as a
plur?!it oL_concentEgF trqcks.tAn actu?Lor neg?anifn1ﬁr geaq _

posi ti orit ngEd@ddeRf the Inventiony to npve the read/wite heads in unison
to position them at selected radial track |ocations on the di sk
surfaces. 25 . . Advances in.the area_of magnetic recordi ng heads
and medi a over the | a8Pi8edBYERACR 5&§ﬁgﬁsr%8opa%ﬁgsg°raggn§VF B to a
poi nt wher eefuplbiydng WPDsY dhaxd idsk diyes) flor nse dpfda&aby mechani ca
constraints Quld ac n s £ g rfs s

i ncreasi ngl 91“?%%%%,9'1&&8@?%% pérf%%nx%nc?é%%ifﬁ%%lg' U %r "%S’%{%g ead

posi ti drfl ngpertadpst &9 Besdmstle mhages idigky dniviel @gituatior fesdsor has to

mai ntai n trﬁs%haghgqag[) %&pev_ﬁm fkstéi%omﬁat@fg for BGMRity

di sturbances in ) e way to I nprove the 35 performance of the head
posi ti oni ng33%3t ERCEFHRBIH e hi gh track density recording in the
presence of nechani cal di sturbances is to inprove the servo bandw dth.

Background of the Invention

15
A HDD typically includes an actuator mechanism

carrying one or more read/write heads for recording
information. Information is recorded on one or more
rotating magnetic digks, having recording surfaces on

20 opposite gsides of the disk as a plurality of concentric
tracks. An actuator mechanism or head positioning system
is employed to move the read/write heads in unison to
position them at selected radial track locations on the
disk surfaces.

25

Advances in the area of magnetic recording heads

and media over the last decade have pushed recording-
density up to a point where further improvement is likely
to be impeded by mechanical constraints. As the data

30 tracks on the recording surface becomes increasingly demnse,
the performance of the actuator or the head positioning
system becomes increasingly critical. The actuator has to
maintain tracking accuracy even in the presence of
mechanical disturbances in the HDD. One way to improve the

35 pefformance of the head positioning system to handle high
track density recording in the presence of mechanical
disturbances is to improve the servo bandwidth.



to-2- Presently, the servo bandw dth of nost conventi onal

head positioning systens is limted by the in- pl ane resonance nodes of
t he actuator nechanism For a typical 3.5-inch drive actuator, the

| owest in-plane 5 resonance occurs bet#een 3 to 4 kHz. This is due to the
el asticity of the pivot bearing and the mass of the noving parts of the
actuator. From here @reddutily n-fHeaervo bamiwidtle ofbawatd || be referred
to as the I 4 Lol d body no fa t,Qr . s{.. HDDs
today use SORCHRATHER Aisad pdpftioR B EPine 1 FUBRlAT N iRl
t he read/ wrllanehearonapoe ardes hef drhe i actdatere mechamigin. Fdy a he

conventi on N yg)j, -190& 1yt 1@@ ’I el' = : conponent in
the data t?!a}cIE see%’ ng %?‘Fect#]()n. %‘l:s oF. c‘?%%t e‘gvpes% Slt%.-%l al reaction

force aP tIReSANANCHRIFHRS rtweer 3 ckd botimi | This daidue 1R e node of
the actuat rasticithie @f@deﬁﬁét psat By 84 SE%e UNKISS| s8I \hd¥ Bkd ON Of

the armin the data track seeking direction. This causes difficulty in
head posit RARGR) YurHy 2CERAEPHL | AFY Bere ons | thif AR TRIIBRGwi dt h of the
Servo syst afgscifance modenyilDibé htefewosd € as the QR mode (duesp+ esent

I nvention has_b v, dwth a view t u Nt ving the
above descﬁa%%lcf? %Oéi‘gi‘g%%ggn?‘xamg%%ea t‘h%%°§s il?%s%g‘j?%%? ?%Aeé%r%é%séllon of an
i nproved astawing vasidemeeid frotér gho dintve ythe cactuatey rarn carryilng sk
drives.  the read/writé RAdLC’ ROLEEL:Ofhd aPivHER!eoPUEBE8Butaalo 30
| nprove the performance of the actuator J.E)y enpl oying a predom nantly
torque dri vy dde menYeRtignadJeoving Hroice-geilaokror shapta clargedimuring
hi gh frequeixand 'dstponent f Dh | €Mb NFaOPE PhéER NSeeki® direction. YBhignot her
obj ect of the present |nvent%fn is tp grow de a rog ar‘)'/ act uat or havi ng
uni f orm tor‘tﬁﬁ;’ sibgtantial ;reaction £OFR 2% HERGHRTECT HRYRTHRI novenent .

Most 15 which can potentially excite the QR mode of the actuator.

The QR mode, if excited, causes undesirable vibration of
the arm in the data track seeking direction. This causes
difficulty in head positioning during track following and
limits the bandwidth of the sexrvo system.

20
Summary of the Invention

The present invention has been developed with a
view to substantially solving the abofe described
25 disadvantages and has as its object the provision of an
improved actuator mechanism for high density recording in
hard disk drives.

A further object of the present invention is to
30 improve the performance of the actuator by employing a
predominantly torque drive so that the QR mode of the
actuator ig not excited during high frequency track-
following operations.

35 Yet another object of the present invention is to
provide a rotary actuator having uniform torgque and zero
biasing force over the whole range of movement. Most



- - 3- novi ng magnet actuator design faces the problem of non-

uni form torque constant and the presence of biasing forces due to
unbal anced nmagnetic flux distribution. 5 Accordi ngly, the
present invention provides an actuat@r -for a hard di sk drive which
I ncl udes: (a) an arm adapted to carry one or nore

read/ wite hanetngtii€gnem hetﬁﬂta'ﬁuaéﬁﬂgﬁt fﬂé&seﬁﬂﬁfﬁfoblemﬁbfohbﬂg
movenent ; 10 or for.,moving the a . I oL or
gy - wniform torqué bondpiRt %G lag brfehds BEThit il ESrces
connect ed t cluéctarupbatanhcedi magnetichflurgddssrbbutyon. spaced apart by

an angle a, and wherein 100[err] [err] 180[err]; 15 (i)
a support nenber of magnetic material which is stationary relative to
the arm 5 Accordiggly) thegppesenbfinventiomuprovnbdes

portions of lheastpRest FBEVE' hatlCagRkl arlsbiEnpon! thevhles: on the

support nmenber so that they have portions o w ndi ngs i mrer sed
in, and substantially 6?2hoganarmtedaated tﬁagﬂ€F¥c°PPePH Bekerated by the

per manent miﬁ@@dﬁwr:.te heads, the afhebBifigeRbuhB¥@nhtoBnal eadpE6Yi des a
hard di sk whi ch |ngludes a housing; one or nore magnetic disks

e it od PETOELER RovPred

ati on, the nagnetic di sks bei ng nount ed

wi thin tee housing; andbhn acmpabnrforhmoaihgathe arm, i bbheudohgr

(a) an arn1cgééyﬁagn§ne or nore read/ wite heads for reading, or
witing to, € magnéfic disks, the arm 30 being nounted to the housing at
one end for pivoting mo¥ddent ; a pair of pegppanenhpmaenebs noving the
arm the nbt@énnectb8CtBULBE arm, centrelines of tﬁé)magnetﬁ BaihgOf

per manent magnets_35 conriected to the arm _centrelines nets bei ng
spaced apar tSP§cefl aRBFE P¥r AR, a&ﬁaemﬁerépﬁ YBGFEFP]lpgrr§ l%o%g

(i) 15a support nenber of(igggneti Ca support member of magnetic
material which is gtationary relative to the arm;

{iii) a pair of coils wound about
portions of the support member, the coils being positioned
on the support member so that they have portions of their

20 windings immersed in, and substantially orthogonal to, a
nagnetic field generated by the permanent magnets.

The present invention also providés a hard disk
drive which includes: a housing; one or more magnetic disks
25 adapted for storing information, the magnetic disks being
mounted within the housing; and an actuator, the actuatox
including:
(a) an arm carrying one or more read/write heads
for reading, or writing to, the magnetic disks, the arm
30 being mounted to the housing at one end for pivoting
movement ;
(b) a motor for moving the arm, the motor
including:
(1) a pair of permanent magnets
35 connected to the arm, centrelines of tﬁe magnets being
spaced apart by an angle o, and wherein 100° < o < 180°;
(ii) a support member of magnetic



v -4 material connected to the housing and stationary relative to

the arm (i) a pair of coils wound about

portions of the support menber, the coils being positioned 5 on the
support nenber so that they have portieng of their wi ndi ngs i mer sed

I n, and substantially orthogonal to, a magnetic field generated by the
per manent ngageekial conneduedf HoEIHd MouMiny ke sltatiiordsyl Felatitee
present invention is described further with reference to the
acconpanyi ngPdFaf A% of which: Fig. 1 illustrates a prior art

novi ng voi ce-coil actuator (83igr head pedid icPiced 1y sioamd abowtig. 2 is a
pl an vi ew of L om)l i fd I 1] ustrative. di sk dr.,ve.accor di ts I rst
enbodi nment BP%%gq%n\?efn%ﬂloen.guppo (fen?elrg é"hﬁarctollés aeé‘r?q/ipgv%q&fl%%g
actuati dn eptt Ghet isepportameniear @0 ddwdmthey havengoattiions ofuithedoror di ng
to the 20 fbﬁi%liﬂ?&o‘i' sed in, idhd ‘Edﬂééﬁ%ﬂﬁtﬂ%%} L ipe gpt or
configuration for the actuator according to a second enbodi nent of the
present i nvEagRetliovfdedd ganaratas by £hea ingxmanent magnetss j | | ustrates
an alternative notor configuration 25 according to a third enbodi nent of
the present _invention, . ., where the inner yoke is integrated with the arm
of the Fat-c R RSO foaaiS & BI85 for the arm

Descri ptg on of the Preferred Enbodi nent 30 The princi pal

operation o venti anal d . 0Si tiJd.ond st.em.,f.or | sk
drives, as \tF\KB% %%s o rilst 1n%e%%ﬁ%&§pé#éﬁrs’:bﬁri rﬁﬁ%e[rr gfié:gl irnréa{_e?rge%e A
convent i onako thenacmompaniiic etraysingsml of Iwhitdhe nunber 1, applies a pair
35 of magnetic force FAto the end of arm 2. Unl ess ot herw se st at ed,

the term"arnt is used herein to refer not only to , the armitself but
al so to theFdghed dldnahrates ch ppiqhart moving voice-coil actuator

15 or head posgitioning system.
Fig. 2 is a plan view of a simplified illustrative disk

e B au Wl LA44d A4y i AV L6

drive according to a first embodiment of the invention.
Fig. 3 is a partial plan view of the actuation end of the
arm and an accompanying magnetic circuit according to the
20 first embodiment.
Fig. 4 illustrates an alternative motor configuration for
the actuator according to a second embodiment of the
present invention, where a short coil is utilised.
Fig. 5 illustrates an alternative motor configuration
25 according to a third embodiment of the present invention,
where the inner yoke is integrated with the arm of the
actuator by using magnetic material for the arm.

Description of the Preferred Embodiment

30
The principal operation of a conventiocnal head
- positioning system for hard disk drives, as well as its
main components, is illustrated in Fig.l. A conventional
motor, indicated generally by the number 1, applies a pair
35 of magnetic force F, to the end of arm é. Unless otherwise
stated, the term “arm” is used herein to refer not only to
the arm itself but also to the other elements, such as the



- 5- head assenblies that are attached to and nove with the arm
contributing to the nonent of inertia of the body that the not or
drives. 5 The arm of the conventional head positioning
systemis nounted on a pivot bearing 4.- Bhe force Flerr] acts at a

di stance fromthe pivot axis to create a torque to nove the arm Since

the arm doeshdu 4488ab218sPHhatOh#bCattach@d@Ob AHE Bb¥E!wiBh' €BEL4LH,
force F[err] arises, wich acts 10 ggalnst t he bearin

4. In a
convent i onal CPEFERPtLRPsto themopant, ef-ipsrtiar eE, thr PrdK; thatghe
bandwi dt h. ThdsotrSdriveBecause the notor 1, when driven by an alternating
current during track-following, will generate an alternating
bearing reaction force which excites the pivot bearing to 15 resonate
about it$& resonance frEheecacrm. of Thher esovéntijonal headgpositieningt he data

seeking dirqgié€émaﬂg hBGLEE] B a pELLECLQ %Qﬁ a29ur%§§ ebrberleat o
posi ti oni ng SYystem g 2t Tuserates the marn cdnponents
of a hard 20atdasfiigtaneeafizton hbedrpyokt psAnfosgreakeadctrying to a

first embodifigps Che! 88mPr €88Rke! BHENRIANA0EECNBR! Hrdhslate bHE! ¥BthREs2
housing 5, which prote and forns ,a base for,ségg ot her coggonents.

cts,
A spindl e motBPUEn Pesﬂgﬂﬂf' a reprkion SPEegl Fria%tsefg drich y di sks
6. Accongi nga%@iﬁEthahéi bahfr&ﬁbodi.neuh af cbh\%ﬁﬁtﬁaﬁaﬂ. Birdeain, OBhis headd7
S nount e e _end.o suspeqsi 8. whi I,S_1 r.n unt ed on
Lhe end of JFearng ToRgcat RotiRh Fou Diised ool Saadyldin, | mulBife;
al | ows the dbecavseothecemotorsibhswhen drliyeabbyt aphalpernatings curmreatpl ane

parallel to e e i s e.th i nertia of
the arm it ?@r%%éfg?gggefgaékagﬁg'cgﬁg}eggPE%ggg 8? gﬁggggggég passes
t hr ough t he Peavingxreaction force whichpepgdtesi shecniwetgbgaringytey t he

nunber 3% 35:e4bRhtdCabBuRALESOeRBNARBENErERHBREY . 128naNgesdlting dl Y
nount ed on qglﬁrst arcyat e support nenber, hereinafter referred to as

p
i nner yoke I9PFaELoBr igndRetpe Hater pepking direction and therefore

affects the accuracy of the head positioning system.

Fig.2 illustrates the main components of a hard

20 disk drive and a head positioning system according to a
first embodiment of the present invention. The hard disk
drive has a houging 5, which protects, and forms a base
for, the other components. A spindle motor (not shown)
spins a plurality of magnetic memory disks 6. According to

25 a first embodiment of the present invention, a head 7 is
mounted on the end of a suspension 8 which is in turn
mounted on the end of an arm 9. The arm is mounted on a
pivot bearing 10 which allows the arm to rotate
substantially about the pivot axis, in a plane parallel to

30 the plane of the disks. To reduce the moment of inertia of
the arm, it is preferable that the centre of mass of the
arm passes through the pivot axis.

A motor indicated generally by the number 11
35 includes a pair of permanent magnets 12a and 12b rigidly
mounted on a first arcuate support member, hereinafter
referred to as inner yoke 13, made of magnetic material The



- 6- I nner yoke 13 is connected to the end of the arm9. As shown
in Fig.3, the magnets 12a and 12b are spaced apart by an angle [err]
(measured fromthe centrelines of the two magnets), where a can range
from 100[err] to 180[err]. The stator - g af the notor consists of a second
ar c- shaped support menber, hereinafter referred to as outer yoke 14,

nount ed . se. 5 aLr_of _coils.15 und_on
portions<ﬁlég%§£§%£@'f%kgsﬁgan?%cge ﬁéve d%r??oﬁggo%ég &Pthg?r
wi ndi ngs inﬂuws@dlmnFaﬂd3altgﬁeuaonehggbaalané 12b ave spyrediapare| by

created by JGARI0cS (melbaRelNEXo" Ehe cefikbYifidsCUE ERL thijese portions
of the coils wl eact h

he magneti c |eId generate force.
Ther ef or e, B#ERLLS) s (WREES Y GRRCFRBRAP: EYORUAPPT e%oejr%Q:t i ThuBtaCR o t he

stator ®i NbHgshd SdotO dbhsidtbObECapPdbéohlcatd:- _ﬂh&bebesﬂﬁpoﬂener ated. In

the case illustrated in rrent n 15a n 15b is
e LR at s Raresnaledy, FRECERE (8" ba rurrh vake oltr AoRERdcr ) !
m@ll act i romhehe baser Betwhbhaa phhnmofThoSlsrmaaeana 15bqweunaoun t he
P vt on 1 Blfetdllcher ohgl SRcbECyERD 180 mme, coils hayeBSrbERRLIdE

épendi ng on

reaction f err ) Lnventi on W |
the angl e [Qh@#r wﬁmﬂl?@sr;mmsrsed 480§adr?119hedfgrtboganﬂlmmbltgenerate

pure tepqu e t | a X tely zero
Don o402 PRI cloyRc ppeecay: el hayggel, wbbaento ass

(a<180[ er r |9ar¥YLRg| cYFFenFncrhage PATHAGARt OfctPRasCPihg Wilk| ERAPEi s

srrrlallh agd Wlbetﬂénﬁsdneﬁicb!iélaotgbgaﬁéﬂﬂtdaﬂatﬁﬁ.. t #Rerefor8pniiedt h of
t he ea 0] 0] tioni ysteml accor nce t . the resent ventil on
Wil be higife gentzol’ircuibsy, fupolies alentsir SRFESRE A FP8sent

i nventi on, statahewtndbngsamsaaaadalshoraeforoélpairiFiusilxuhnlin Fig. 4.

Thi f _
IS 1 910 S 06at 8AUCT BCEE chE F4QbrBhebACHE LRSS, Clmoze BubfdHE] O
t he i nner y@kethg"GQél 15a|ﬁ@églébeusmpghthgecgunpgr- Jookwhgea magneti c

material fiirectif8, 38 seen from direction A, F, will act in the

direction as shown. This creates a torque about the pivot
axis, which rotates the arm.

20

The bearing reaction force (Fz) the present

invention will vary depending on the angle 0. When ¢ is
180°, the force pair will generate pure torgue and the
bearing reaction force will be approximately zexro and hence

25 the QR mode will not be excited. When o decreases
(0<180°), Fp will increase in magnitude. As long as Fip is
small and can be damped out by pivot bearing damping, the
bandwidth of the head positioning system in accordance to
the present invention will be high.

30

In a second embodiment of the present invention,

the motor ¢an have a shorter coil as illustrated in Fig.4.
This reduces the inductance of the motor at the expense of
a reduction in the motor torque. A third embodiment is

35 4illustrated in Fig.5. Here, the inner yoke 137 is
integrated with the arm 9” by using a magnetic material for
the arm.



-7- In other respects, the actuators of the second
and third enbodi nents work in the sane way as the actuator of the
first enmbodinment. 5 In nost cases, it is not practical to
make t he angle a equal to 180[err] due to space constraints in the disk
drive. Wien the angle [err] is less than 180[err], a small reaction
force will be generated at the bearing. The 10 nearer a is to 180[err],
the smaller the reaction force. By careful tailoring of the nagnitude
of bearing reaction force to the pivot bearing damping, vibration can
be critically danped out to effectirvél y suppress the QR node. 15
The present invention also allows a reduction of the influence on the
actuat or dynam cs of the flex cable which carries information fronto

the read wite _head. lfh o héperé%ﬁ%&&f vent t%a%rht he n":ot r queil i vvound

on the statlonar&/ outer yoke eads 11 not
routed t hro@pa thkdy e&mlé%ireemsslwrhemotimmmahay asmr@cmmcml

design. Thi of adwcopi tde ehBSadhedte flex cable and m nimses the
i nfluence of the flex-cable spring rate on the actuator. 25

In the present invention, the inner yoke and the magnets replaces the

coil in the conventionm mr&y&peﬂ is f&Y IpAfduRdN -to ake/ Qe and
nmagnet structhf% i nor e %ég than the coil structure., This |nproves
S a

the in-pl ané®9 i $ERRL e R0 SRAGS SaRRtH2 ints, doh Sheo i
first 30 i rimpivene oikenithdcmigbg molie Déss hehantlBdyr .a small

- 8- THEdddt 16n 5208 NA 115 d NYENTE AL £t hd &M, he
10 nearer o is to 180°, the smaller the reaction force. By
careful tailoring of the magnitude of bearing reaction
force to the pivot bearing damping, vibration can be
critically damped out to effectively suppress the QR mode.

}5 The present invention also allows a reduction of

' the influence on the actuator dynamics of the flex cable
which carries information from/to the read write head. In
the present invention, the motor coil is wound on the
stationary outer yoke. The leads from the motor coil are

20 not routed through the flex cable as in the conventional
moving voice-coil design. This reduces the size of the
flex cable and minimises the influence of the flex-cable
spring rate on the actuator.

25 In the present invention, the inner yoke and the
magnets replaces the coil in the conventional moving voice-
coil actuator. This yoke and magnet structure is more
rigid than the coil structure. This improves the in-plane
stiffness; and therefore the natural frequency of the first

30 in-plane elastic bending mode of the actuator.

-



1. An actuator for a hard disk drive which |ncludes
el ng mount ed at one end Tor - pivoti ng mvéxﬁ{lmlﬂﬁlllﬂilﬂﬁllllmllf (b)

notor for moving said arm said motor sljmludlng

(1) a pair of permanent magnets connect ed to sald arm
centrelines S g n a t. Ry le a, and
wherein 100] "Gue nVRRPEENCREE! AR 71._8{39 a support
menber of magnetic material which is stationary relative to said arm
15 (i) a pair of coils wound about portions of
sai d support nenber, said coils being positioned on said support nenber

so that theylhave boractnater fasi 2 hiprdi Aiski dnivecwhigh ingludes:

substantisal | y OrthPﬁP“aanarmaaHBBE@h'EofbﬁkﬂyQSBérakeﬁobﬁ sai d
per mnent 20 actuator as clained in Caiml

n
whi ch furthe?eag/w?ﬁE?uaﬁ§d§'cSﬂﬁpoPrﬁegﬁénﬁbP°BBﬁFFoPFlﬁ&esﬁﬁﬂl§°6f
current pivesifdgcmbkemeati;otate said arm 25 3 An act uat or

laimed in Caim1l d
ﬁ;gﬁe?:genalgriaﬁlg%d g%? aln]ﬁ?ﬁlﬁgrf8§%§89|%?é§ BFFy ﬁﬁgﬁ gggarpernanent

magnet s 30indluding: An actuator as clained in any one of Claims 1 to

3, wherﬁbn t he centre of ”aﬁigOf sai d a&g&gag§e e&ﬂ%ﬂgﬂe a8 etsaxis ar ound

whi ch said arm pivots. actuator as clal I'n any one of
Clainms 1 to eenmechads EPnsadrdagm: nasokrekigast Qfaﬁéiér pagngsedbeing - ¢

An actuator gsagbdl Hﬁﬂrtnbﬁvn&noﬁﬁg@E &, 2atR WhePein 100° < o < Dgowherein

sai d support nenber iIs arc- shage a support member of magnetic
material which is stationary relative to.said arm;

15 (iii) a pair of coils wound about
portions of said support member, said coils being
positioned on said support member so that they have
portions of their-windings immersed in, and substantially
orthogonal to, a magnetic field generated by said permanent

20 mnagnets.

2. An actuator as claimed in Claim 1 which further
includes a control means for controlling supply of current
to said coils to rotate said arm.

25
3. An actuator as claimed in Claim 1 or Claim 2,
wherein said arm is made of a magnetic material and said
arm is formed integrally with said permanent magnets

30 4. An actuator as claimed in any one of Claims 1 to

3, wherein the centre of mass of said arm passes through an
axis around which said arm pivots.

5. An actuator as claimed in any one of Claims 1 to
35 4, wherein said permanent magnets are arc-shaped.

6. An agtuator as claimed in any one of Claims 1 to



7. An actuator as clainmed in any one of aims 1 to 6, whérein a

I s approximtely 180[err]. 5 8. An actuato ' ' ' ny
one of Clains 1 to 6, wherein a is chosen such thgmﬂm ’m Q"T
resonance mode, or quasi-rigid body mpde, of said actUattor *w kI not

be excited. 10 9. An actuator as clainmed in any one of Cains 1
to 6, rej | eq..l nj Lom Wt h_ LRg of said pi vot
beari ng su2ﬂ§iﬁg§e?ﬁ%ﬁi%$g a%gbggggng%@%ggoggrﬁ%g gﬂgBégési-rigid body
node, of said actuator will not be 15 excited. 10. A hard di sk

drive which §nCludes: fnN@UghRBorO8E claifibd"BACalPUBRL! 6t lbskimadaPLed for
storing information, , sai d magnetic di sks being nounted within said

housi ng; and®20Wharedn: Gaiddr 20RzPFiMeted¥or80nel udi ng: (a)
an armca& rying one or nore read/ wite heads for reading, or witing
to, the magngtic disks,_said arm bei n unted to the_hqQusin t._one
end for pivotlng eﬁﬁﬁF?E3§ as cgalgegbfﬁ)anﬁ ﬂﬁ?o?ffgiaﬁﬂgiﬂgtgaid
arm sai d noéprwhereinctiudsnghosen such that the intpjlane resopanceof

per manent MagagLs o ggggg_e_gt@gglt B89 foBbM o%gP%ﬁ?g%?@ﬁa?gir:%?lggg?et s

bei ng space par y an € a, and wher err err];
30 be excitefl.) a support nenber of nmagnetic mat eri al
connectg@ to said housing and stationary relative to said arm

(i) a pair of coils wound about portions of said_support nenber,
said coils b3ng 35 pbRi 2rbRBRCENa3ardainedoln ﬁ%ﬂb@?esﬁftﬁiﬁl?ﬁe} kave

portions of ghewherelfd byis FRdsead inconfdnetidshanivizhl Mamping’ bEogadd to
a magneti ¢ fﬁgbgtggggggggdsg h?%hgtp%hgaqggglane resonance mode, or
quasi-rigid body mode, of said actuator will not be

i5 excited.

10. A hard disk drive which includes: a housing; one
or more magnetic disks adapted for storing information,
said magnetic disks being mounted within said housing; and

20 an actuator, said actuator including:

(a) an arm carrying one or more read/write heads
for reading, or writing to, the magnetic disks, said arm
being mounted to the housing at one end for pivoting
movement ;

25 (b) a motor for moving said arm, said motor
including: _

(1) a pair of permanent magnets
connected to said arm, centrelines of said magnets being
spaced apart by an angle o, and wherein 100° < o < 180°;

30 {ii) a support membexr of magnetic
material connected to said housing and stationary relative
to said arm; _

(iii) a pair of coils wound about
portions of said support member, said coils being

35 positioned on said support member so that they have
portions of their windings immersed in, and substantially
orthogonal to,;-a magnetic field generated by said permanent



- 10 - magnet s. 11. A hard di sk dFTV€”§§“C#a%ﬁed—4n d aim

10 which further includes a control neans for Iy of 5
current to said coils to rotate said arm ,Ml@,

claimed in daim110 or Caiml1l, wherein sald*armlls nagnetlc
material and said armis forned integrally with said pernanent magnet s
10 13. An actuator as clainmed in any one of Clains 10 to 12,
wherein the centre of nass of said arm passes through an axi s around
whi ch said arm pivots. 15 14. An actuator as clained in any one of
Clainms 10 to 13, wherein said pernﬁn&ﬂt'nagnets are arc-shaped.

15. An actuator as clainmed in any one of Clains 10 to 14, wherein
sai d support magmedrs.i s arc- shaped. 20 16. A nmovi ng magnet act uat or
as claimed in any one of Clains 10 to 15, wherein a is approxi mately
180. 17. A novi ng nagnet actuator as clalned I n any one of 25

Claims 10 to 5 wher eifn barnds ddigds riyiec ias: igdaimed iin Glada 10 whdebnance
nmode, or quaghurtid fudE G ntsBH REAAISr cont¥dl1iHY SMppREided.
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beari ng such that the in-plane resonance node, or quasi-rigid body
mode, of sai q.Za.Ct uat or An ac\%datormasb%laé(fhie%eqn Claim 10 or Claim 11,

wherein said arm is made of a magnetic material and said

arm is formed integrally with said permanent magnets

10

13. An actuator as claimed in any one of Claims 10 to

12, wherein the centre of mass of said arm passes through

an axis around which said arm pivots.

15 14. An actuator as claimed in any one of Claims 10 to
' 13, wherein said permanent magnets are arc-shaped.

15. An actuator as claimed in any one of Claims 10 to
14, wherein said support member is arc-shaped.

20
16. A moving magnet actuator as claimed in any one of
Claims 10 to 15, wherein o is approximately 180°.

17. A moving magnet actuator as claimed in any one of

25 Claims 10 to 15, wherein 0 is chosen such that the in-plane
resgsonance mode, or quasi-rigid body mode, of said actuator
will not be excited.

18. " A moving magnet actuator ag claimed in any one of

30 Claims 10 to 15, wherein o is chosen in conjunction with
damping of said pivot bearing such that the in-plane
resonance mode, or quasi-rigid body mode, of said actuator
will not be excited.

bw



