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The present application clainms benefit of the United States 10 provils

patent application nunber 60/235,612, filed Septenber 27, 2000. Field of
the Invention 15 The present invention r-&t ates to data storage devi ces.

More particularly, it relates to novenent ofI Irotarydact ugt_ors forI d:jsc
drives. Background of Lon 20 Typi ca ,_a disc drive includes an
act uat or §r mgvvith a mbﬁgdﬁ%ﬂggﬁlAWH‘%P@BaﬁpﬁdeiQRh‘@)Eand r eadi ng
data with respect to a track of a rotating disc. The actuator armis
arranged to turn on a pivot. The read/wite head is |ocated at one end
portion of the actuator arm The RalaRASApplietsory the actuator arm .
generally acts as the rotor of an electric 25 notor such as a voice coil
notor. Upon current being driven through the voice coil, the actuator arm

' ) | N he n tic head t € across
he surface of t neli RiestAkAHPICAEPS Cuer heBRBHoMpeVnidediaitved tr ack | n
order o 118! {RbAistEal R bl RRalioh Rl RE/ 51081 Rifed SaGKolGyest | on. 30

: tia
A voice coil 'is generally c

I'sed or nune her _ uding a
per mmnent ma@i60., coil, top pole, bottom pole, netal injection nolding
| atch and | atch bunper. The voice coil is typically assenbled by neans of

~adhesi ve and screws used to couple the conponents together. The nunber of

conponents and the high degree o{:ie?g%ijiﬁeci/m\’/gl{h%nv\hi ch - 7 MAR 2005 -2

15 The present invention relates to data storage devices. More

particularly, it relates to movement of rotary actuators for disc drives.
Background of the Invention

20 Typically, a disc drive includes an actuator arm with a magnetic
read/write head for writing and reading data with respect to a track of a
rotatihg disc. The actuator arm is arranged to turn on a pivot. The
read/write head is located at one end portion of the actuator arm. The
opposite end of the actuator arm generally acts as the rotor of an electric

25  motor such as a voice coil motor.

Upon current being driven through the voice coil, the actuator arm
rotates about the pivot thereby causing the magnetic head to move across
the surface of the disc until it is positioned above a desired track in order
that data may be written to or read from the track in question.

30 A voice coil is generally comprised of numerous cdmponents
including a permanent magnet, coil, top pole, bottom pole, metal injection
molding latch and latch bumper. The voice coil is typically assembled by
means of adhesive and screwé used to couple the components together.

The number of components and the high degree of accuracy with which



5 they nust be positioned in order to properly assenble them together adds
considerably to the overall expense of the finished product. FurtkeyngkR 2005
a lengthy baking step is included in the production process to cure
various epoxies or other adhesives used2to assemble the prior art voice
coil actuators. The baking step is: undesirable as it is tinme-consum ng,

Is a hlgh 10 onsuner of energy and generates pollutant gases. Attenpts

have been®mad8€Y snasteqositiq lerorﬁlﬁx/tqmmper}yramqnbhmﬂﬁm chertlaﬂrwidst nt sI SO
as to elimn f e dis dvantag ed . with conventiona
voi ce coi l rr%%’g‘rsgﬁg%:}? t%iﬂ?rﬁ?’%r ??a‘\)/éthﬁz %sl?ré’ldblrc tﬁ‘éﬁﬁ?@nﬁrﬁ/a

er manent nma i i C coils on
!tohe act uatorg' act V\?gﬁ%pq]%lg{%"?a %@@g@édyé@%ﬁé&% QHFABIOUS x her s
have nount ed emgrastc& atherfadifdsbres iBed$o hsebisle BhidbRoVhith dlce &1 | Wound on
an arcuate stator care at the actuator pivot. These actuators have

probl ens of tRtiatorswlheperlding stepris andesjeable as itrie tinme-ecshdurhinge s 4 high ot or

and st at and becau e the stator serve as a 20 pivot point for the
act uat or%t h&YBYNFEES ?’}ergﬁﬁé\dtag‘iﬂ?%?Pﬁ HE@nsgages- and rol | tor ques to the

wh t he I sc drive
g(r:t lrjgfqlcj)lr r Zr ;npem 1a|9£{1t l[Bf e:getuegggﬁ’ o Coﬁ%%téggéoqmgxem Of'lﬁ prior art
has been | aclother arsaﬁg”em@ﬁtb 8b @5 tSlElEn B sEthetfitHd H?staﬁ%flﬁt&%gg ra? alc?a{@d

associ ated with conventional voice coil notors 25 whi ning the

rotational stvbhronyersforhesireanilanotons: nFor. exautpie) somé haveubd g8tdton A
preferred errg}adl nent of the present invention is directed to a 30
r

nmagnet | ess ¥ms %PFUQFB‘?nthB?g’é%trﬁt fhegtusier pivotpointy tléfém]/e magm?‘l?eads ;
across aqgat | actuator, includes a stator and a
rotor. T sej s? g %rgﬁltﬁ(gf"&glggorghb rﬁ‘f’ ar ’?@‘%ﬁa HFLFeaneYst Yerabl e fl ux
gener ating e@mmﬁaJ&hOth&PxHa Hetslowa (RYPESSs tdq&oré)%%;&re withd d coj e rotor
i ncl udes discrete regions of | oW nagnetic rel uctanc Tt era®t with the
wound on an arcuate stator core at the actuator pivot.
These actuators have problems of their own. Because an air gap is
required between the rotor and stator, and because the stator serves as a
20  pivot point for the actuator, they typically impart undesirable pitch and
roll torques to the actuator arm, which undermine the performance of the
finished disc drive or require special design features to counteract them.
What the prior art has been lacking is an actuator drive which

eliminates the problems associated with conventional voice coil motors

25  while maintaining the rotational stability of these arrangements.
Summary of the Invention

A preferred embodiment of the present invention is directed to a
30  magnetless rotary actuator for carrying one or more read/ write heads
across a data bearing medium. The rotary actuator includes a stator and a
rotor. The stator includes a plurality of independently controllable flux
generating elements for directing flux towards the rotor, and the rotor

includes discrete regions of low magnetic reluctance to interact with the



-7 MAR 2005 -3 5 flux generating elenents. The actuator supports qn
nore read/ wite heads over the surface of a disc, and is pivotal ICLyeI (MAR 2005
nounted, so as to allow transm ssion of operative torque fromthe rotor

-to the read/ wite head(s). These and v&rious other features as well as
advant ages whi ch characterize the present invention will be ap]E)arﬁnt upon
reading of t 10 fol.l ow ng detail ed description and review of the

associ at eé d &E’W gRjeraigng é&e%&r The petratar suppoDisamiergysmprexead/verite

implified t | C,.t i,ew, of disc 15 drive
noor por at | ngAC BEPUGieoHAEROY 81 dhy ot inPuiauely Ranted, S fgedloant
. . . ‘ . IS a
i ewr i ar TRl 8PS BRI o BB bR o the 1 WA Bt S

20 Detail ed Descr iTheseandvariotisiosher feattipes 44 well aaRdvappRebAhiskhemat i c,
top view of a disc drive incorporating an actuator acc_ordj ng to a
preferred entsbarastsrizegherpeserd iprestiom wilhbe apparent ipendiesdingyofithe 1

[ an t uat or, 3..a a rotatable .disc 4, both unted on a base 5.
%ﬁrem ;l:ts EiPorf ?Wm%ﬁ%@llsa%éﬁﬁﬁa@“? EUBMOlhg ﬁ?%lﬁtggtdﬁéwﬂ% 5 by

means of pivot assenmbly 14. At one end of actuator arm 12 there is a
suspensi on assenbly 8 which supports a read/ wite head 6 for reading data

encoded in circular tracks BriefiDéscfiptith i heDEPREsON assenbly 8 is made
of stainless steel or sone other material that does not affect the

read/ wite head 6. The act uator arm 12 is continuous with, or coupled to,
S e; ﬁég[ﬂ ésbut The F& isla8 silrr?plgf?er af?d ggmgwr}rg% Scrl'{e?rl\atgcht%&) \Ifizwrgitg anc(iaitslc cally
15 drive incorporating an actuator according to an embodiment of the present
invention. ‘
FIG. 2 is an enlargement of a portion of FIG. 1.
FIG. 3 is a view similar to that of FIG. 2 wherein the rotor has
pivoted clockwise.
20

Detailed Description

FIG. 1 is a simplified, and somewhat schematic, top view of a disc
drive incorporating an actuator according to a preferred embodiment of the
25  present invention. The disc drive 1 comprises an actuator 3 and a rotatable
disc 4, both mounted on a base 5. The actuator 3 includes an arm 12
rotatably mounted to the base 5 by means of pivot assembly 14. At one end
of actuator arm 12 there is a suspension assembly 8 which supports a
read/write head 6 for reading data encoded in circular tracks on disc 4.
30  The suspension assembly 8 is'made of stainless steel or some other material
that does not affect the read/ write head 6.
The actuator arm 12 is continuous with, or coupled to, a rotor 18.
The rotor 18 is formed of a material that is magnetically permeable but

preferably not readily magneﬁzed. In one embodiment, where the actuator



preferably not readily magnetized. In one embodi ment, where the actuator 7
MAR 2005 -4 5 3 includes a plurality of arns 12 for accessing a pl u&al_lty, 05
of disc surfaces, the rotor 18 is preferably formed of a piece ok tﬂ‘ﬁ'ﬁeﬁl
hard iron. In this enbodinment, the actuktor arns 12 are preferably formed
of a lightweight material such as al um num I][\ anot her enbodi rrentl, V\Gere

t he actuator 3. jngludes anly a single arm 12 for, accessing a single disc

4, the ro%’or ﬁ%‘ch’r#S aRyuE; ftﬁéféfmérl%f@aﬁwlﬁﬁafRiPmalH}’fOffélhﬁCeﬁlgfﬂfig%e pi ece

Cranam tti ng NSpoRasiEbe B fouid 5t Pists pPadtR b Chon el s
assenbly 8 angnbédiatiint\hieta@t}Rerlafins ﬁ‘ﬁre;tbt\é?éraﬁlﬁ/%m&ﬂ &égl@i’t#o A the

formof any conventional pivot such as earing cartri own)

whi ch is wel Imariahsweh dsoalunsinuim I fwther etAbodiffientpivhete BRSRRANT 34 i S
arranged to allo pi voting of the actuator 3 about a pivot point 17 that
preferably cdneledgeenlyg singlerrne dAferacsessingasinglefiscde thectatar 19 asd

Projecti al he outer ri.phery.of the rotor 18 away fromthe pivot
poi Jnt 14qgrear%o 5%’%%’8%%@&??&%‘@88&%@@ Pl_ﬁcitp& aé.‘;gpx tget ht 20dare
20 shown in the iltHéSc ﬂﬁ‘q ' { . er st oo

that wvarying num;ﬂers g'f?éttgfeigt gégc%{/bab%&g{r}%\g/%%r\?m ﬂ%orgst ﬁ%{g rting from

the spirit abetdtive torgué from thsrond 18 Qﬂh@éﬁb?éﬂ%@@e%lwsrhrﬂperaﬂ0“ the
rotor teeth 20 present discrete regions of |'ow magnetic feluctance to

stator 22 ré&ead/weite bead 6. Fhe phootraseersblytldomay dplee tiecforimeofraatyor teeth 20

and have 25 nuch higher .reluciance than the rotor teeth 20. Stator 22 is
forned of a r‘fﬂf“é‘f‘ri“é‘?“aﬁ PRy ot suc ééia&i?aﬁ%rféf‘ir 1 (Bot shewnhwhidvistwell-on.

o 0 288, B BRI e Ao DB R AR g 5711
shown. Ei ght piestifg sfth R t$dt6¥8 abBut &Pivdtipsht B @@t preferably coincides
| with the center of gravity of the actuator 3.
Projecting along the outer periphery of the rotor 18 away from the
pivot point 14 are rotor teeth 20A,..,20F best seen in FIG. 2. Six teeth 20 are
20  shown in the illustrated embodiment, though it should be understood that
varying numbers of teeth 20 may be provided without departing from the
spirit of the invention. As will be explained below, in operation the rotor
teeth 20 present discrete regions of low magnetic reluctance to stator 22
relative to air gap portions which separate the rotor teeth 20 and have
25  much higher reluctance than the rotor teeth 20.

Stator 22 is formed of a material that 1s easily magnetisable, such as
soft iron. Stator core 22 is of a generally arcuate shape having an inner
periphery with teeth 24A,...,24H protruding inwards towards the pivot
point 14 as shown. Eight teeth 24 are shown in the illustrated

30  embodiment, though it should be understood that varying numbers of
teeth 24 may be provided without departing from the spirit of the
invention. '

Both the inner periphety of the stator 22 and the outer periphery of

rotor 18 are generally arcuate and with common centers at pivot point 17.



30 enbodi nent, though it should be understood that varying nunbers of

teeth 24 may be provided w thout departing fromthe spirit of the - 7 MAR 2005
i nvention. Both the inner periphery of the stator 22 and the outer

periphery of rotor 18 are generally aremate and with common centers at

pi vot point 17. -7 MAR 2005 -5 5 Around each of the stator teeth 24 is

wound a coil 26A, ..., 6H. For ease of assenbly, the coils 26 nay be wound

on plastie bé¥BURE eaghof thastatoripeth24 is moumgba coih@641. atzﬁHtE@td!HSE@f Wth
reference to eac the coils gerglzh%1 0sing a
cor r espondi nSSSp%blyb Elﬁ 6\ 1B9Y bR @“%‘%@FZ’H\;}QB}SSEP %’(‘énfl‘g ; ﬁcggd
coil 26 betwggpva t ed vol tage source V and groun Wi t C

is controlled t?;/, Eg{rﬂigﬂl&tézééﬁ]% 34. Switch 30 and control nodule 34 are

typically inpl enedith réfereraens RIG. iréaebrofithe cails 28y b%ﬂéﬁe‘fgﬂ@& r device
logic. As WI|| be explained, the stator teeth 24 and coils 26 act as 15

i ndependent | glostg 2 wnre@qndlng@elfewfa%lghtjwayesmgtu}?oﬂ :inerldby@? lmggf4l ux

t 22 to ntrol nodul e S
e ancedile BRePHicoH R Rk Ystn a sirmelimisd gﬁSPélr%X%gr@um a manner
that causes Saﬁtcﬁ%géwﬁtrgﬂ?a %g cbReBl Ml%tdu?é’ f\? dd elhead 6 may

be mai ntai ned on a desire or caused particul ar

track of di senctuldBe aepey ;ﬂ&dl%n‘g?@leﬁ%t&?b %ﬂéarns%f%ﬂegra&@&’cﬁ‘é‘uﬁxm ai ned

with reference to FIGs.” 2 and In ord to make r 18 nove in the
direction i n&mmedubgoraievmlogﬁ Ccoi I 26C | s energi zed by closing a
correspondi ng pol be noted in FIG 2, rotor

vm Le
tooth 20B is initt IWSL q%’(%?dt ?h@rﬁt%ﬁ@éﬁeébaﬂﬁgd coils 26 act as

15  independently controlled flux generating elements for directing flux across
the gap between stator 22 and rotor 18.

Control module 34 is afranged to control switch 30 in order to
energize the coils in a manner that causes the actuator arm 12 to pivot so
that read/write head 6 may be maintained on a desired track, or caused to

20  seek out a particular track of disc 4.

The operation of the actuator 3 will now be explained with reference
to FIGs. 2 and 3.

In order to make rotor 18 move in the direction indicated by arrow
28, coil 26C is energized by closing a corresponding pole of switch 30. As

25  will be noted in FIG. 2, rotor tooth 20B is initially at a position overlapping
stator tooth 24C by about 30 % of its width as indicated by arrows 25. Upon
energizing coil 26C a current flows through coil 24C which induces
magnetic flux to flow across the air gap between stator tooth 24C and rotor
tooth 20B forming a magnetic flux circuit, the return path being back across

30  the air gap through neighboring rotor and stator teeth. In response to
initiation of the magnetic flux, a directed force is generated that tends to
move the rotor 18 to a position that minimizes the variable part of the flux
path, in the presently described case, the air gap, thus causing a rotational

torque that pivots the rotor 18 to the position shown in FIG. 3.



stator tooth 24C by about 30%6of its width as indicated by arrows 29 MAK 2005
Upon energizing coil 26C a current flows through coil 24C which induces
magnetic flux to flow across the air gap between stator tooth 24C and

rotor tooth 20B formng a magnetic fluxé-circuit, the return path being

back across 30 the air gap through nei ghboring rotor and stator teeth. In
response to initiation of the magnetic flux, a di recfte-d. force is

gener at edt hat t ed¥isshawn imbiG 13 éhe mtor caiBes to respaksa positionhehersi rotod zes

L e OB o e TR
h iti J - - Q. shown .in . Fl.G 3, the
';01? ofocszl)ﬁriegntngﬁ%lh ttﬁé%‘ééﬁaf‘ F%R%eﬁrggg%ﬁ glra?e@f)%? ﬁn%%zc]ec%c. xi mal |'y

aligned with the énehgevat thafit ¥ ndwelelestdly tRERNe @l'aiﬂér)]f%cﬁ.{rﬂgr-t he

rel uctance of the air gap adjacent the energized coil. e event that
it is now neeclskarise inctheatizictionishostrelbyarroouds ten wil2B@ssde-ererigheed .
di rection,sho by ar, 33 then coil 26C is de-energized 10 whereas coil
26F is eﬂ%r gi € %L% ﬁ@nﬁ%ﬁ@ggen%aw@gimag%mfh@em@smnsmtq he rotor

pi vots tooth ' | alig nt with stator tooth 20F. For

opti mal oper z‘f'z}g gl'ﬁh?‘%]g‘)tg?gh%?%}googbgpggﬂtoﬁaélr? ta&g"f%tﬁv O Stater o9t osi ng
stator tooth2gg should be in the range of 25-33%of the width of 15 the
teeth. It will be realized that the angul ar separation of the rotor teeth

20 nust be diff eFenbptimdl bperatior the ssarﬁh?rovteﬂapfbf%dﬁ&ﬁobﬂﬁzo BAdsi t uation
where all the stator teeth 24 are maximally ali gned Wi th correspondi ng
rotor teeth 20Pa%ES sker teathi24 shauldhbe it dteglange o 2b33Pmefthe width afigul ar
separat i and 2&; spacing of the rotor teeth 20 is about 36 degrees and

t hat of e gi?ea'ies ‘teeth 24 is about 24 degrees.

It will be realized that the angular separation of the rotor teeth 20
must be different to that of the stator teeth 24 so that the situation where all
the stator teeth 24 are maximally aligned with corresponding rotor teeth 20
does not occur. In the preferred embodiment, the angular separation and

20 spacing of the rotor teeth 20 is about 36 degrees and that of the stator teeth
24 is about 24 degrees.

Alternatively, preferred embodiments of the present invention may
be described in terms of a magnetless rotary actuator 3 that is configured
for carrying one or more read/ write heads 6 across a data bearing medium

25 4. The magnetless rotary actuator 3 includes a stator 22 having a number of
stator teeth 24 projecting toward a pivot point 17, with each of the stator
teeth 20 having wound thereon an independently energizable coil 26. The
magnetless rotary actuator 3 further includes a rotor 18 having a number of
rotor teeth 20 projecting away from the pivot point 17 towards the stator

30  teeth 24 thereby defining a gap therebetween. Forming part of the
magnetless rotary actuator 3 is an actuator arm 12 that is pivotable about
the pivot point 17. The actuator arm 12 is coupled to the rotor 18 at a first

end and to the read/write head 6 at a second opposite end.



Alternatively, preferred enbodi nents of the present invention may b_eé MAR 2005
described in terns of a magnetless rotary actuator 3 that is configured

for carrying one or nore read/ wite heads 6 across a data bearing nmedi um

25 4. The magnetl ess rotary actuator 3 i-Acludes a stator 22 having a

nunber of stator teeth 24 projecting toward a pivot point 17, with each

of the stator teeth 20 having wound thereon an i.ndepender)tlé ener gi zabl e
coil 26. The magleptieraly, sheastuator aamol2 is formed émtegrallyuwith therotasr 18

Lover gs-the. SPaTBY 5ot Sl T SpASpERgion 1b e Brepal Fher sobelopite
F ' ; ' 12
That 19 pivorabre HosirReR Ky besbReY afehitt) i sipkbrfl Al dfhglor P

coupl ed to thenr1R artht@enteraf 'mg/y ofdiflacidtdrari@sseRdlly thdtiih€ubgad 6 at a
second opposite end. 7 MAR 2005 -7- 5 Optionally, the dactuator arm12 is

formed i nt egrthe Agtuatarrarnnt2 and ghe rater 18 HEhearad A vaite dread B2mapdet he rotor 18
may be fopnmed fr a single, piece f hard iron. There nay be a pivot
assenbl yfib 14 CQHBE‘{&R fi}s a?ﬁ@'f@f&%i%gy aeaRs1of agusprEsioBAsesmBly §dagi ty of

an actuat or NG tuator arm 12 and the rotor
18. The read/a*; ﬁ@%ﬁ%a@%&%&%ﬁ %t%eljs% Pgt(?%? Sg’ﬁuﬁ ora%{sdgfcgrpoy d12 by
means of a SUARANEEAoFERAR! for Storiny aatal%saé’élié ??anéaﬂiﬁnghf&%f&hgl HBice.

magnetl ess rotary actuator 3 is incorporated nory device for

storing dat a Theathd beating mediomM atdydmed ndgnietie mediim diege Heame@riedi um

4 may be a %neti,c medi um where the nenmory device includes a disc drive.
[

The disc dri Weviceifgludgs aplisc drive.dde disndriye lanay surthemincBrdagontrallere t o

t j i 26. ill.b alized by th kKilled i
f ﬁga;?t ,eh%ngglgﬂg aqrrjgi@ségc%?aﬁﬁéeLg?er?@éﬂt?fyo?%e&gﬁgﬁh% 23# ?ﬁe p)r/ef e??gdselnbogi rrlegt
described in det alds Bal Bé Fealed bYARDELLIIAE: HEhAUMbbEMEAL P Y Cf i S

are not to be read as Iimte
invention other than the preferred embodiment described in detail herein

are possible. Accordingly the following claims are not to be read as limited

by the preferred embodiment.
20 |



by the preferred enbodinent. 20 -7 MAR 2005 -8 Clains 1. A nagnetl ess
rotary actuator for carrying one or nore read/ wite heads across a d,at_v%\
bearing nmedium the rotary actuator conprising: 5 a stator including é;' R 2005
plurality of independently controllable flux generating elenents; a rotor
i ncludi ng discrete regions of |ow magnétic reluctance for interacting
with the flux generating el enents; an_actuator armfor transmtting
operative torque fromthe rotor to t §daimy read/wite head; and a pi vot
assenbly for rotatably supporting the actuator. 2. The actuator of claim
1, in which each flux generating elenment conprises a separately

ener gi zabl e lcoAl magngtiess rdtasy atuatiatfor cavfying arieroranore feadhitte headshuctdss ¥
generating ele rises a stator tooth extending toward the

HEtnE? further. co ‘

rotor, each coff? 8%‘11’&16\?‘5 e@_ A BURIROr CBRPEEBENdi ng stator tooth. 20 4.

The acg uator of cl ajBator includihd QPlu?ﬁﬁ?pfﬂina_eﬁe%&tm&Bu le hﬁwgéﬁ&é}@tg’ ¢
ras t or. 5.° The

rel uctance conprises a rotor tooth projecting to e sta
actuator of clelements; in which the actuator armis formed integrally with

the rotor. 25 6. The_ actuator of claim1, .in which the rotor and:

actuator armare fof ﬁ%ar 8¢ ugmgéﬁsr‘fﬁq%%reﬁfoéléé’f B’fw H’leﬁFt’icrrg]H‘?ta‘?‘?e f%’Fle rotary

actuat or of cl itefackingi with\h lix ig8RerRtingddle@ei®Td! Y supports the actuator
an actuator arm for transmitting operative torque from the rotor to the

10 read/write head; and

a pivot assembly for rotatably supporting the actuator.

2. The actuator of claim 1, in which each flux generating element comprises a
separately energizable coil.
15
3. The actuator of claim 2, in which each flux generating element further comprises
a stator tooth extending toward the rotor, each coil being wrapped around a

corresponding stator tooth.

20 4. The actuator of claim 1, in which each discrete region of low magnetic reluctance

comprises a rotor tooth projecting towards the stator.

5. The actuator of claim 1, in which the actuator arm is formed integrally with the
rotor.
25
6. The actuator of claim 1, in which the rotor and actuator arm are formed of a

single piece of hard iron.

7. The rotary actuator of claim 1, in which the pivot assembly supports the actuator

30 at a center of gravity of an actuator.



30 at a center of gravity of an actuator. - 7 MAR 2005 -9 5 8. A disc 2005
drive, conprising: a base; and the rotary actuator of claim1 nount eMAB
the base. 9. The disc drive of claim8, further conprising: a controller
operative to separately energi ze each % the flux generating elenents. 10
10. A disc drive, conprising: a base;”a disc rotatably nmounted to the

base; a magnetless rotary actuator for carrying a read/wite head over a
surface of the disc, 15 the act uator bei ng nounted to the base for

rotation abqut actuator conprising: a stator having a
nunber of s?g;t orad%yedrwh 9(% ecl% ng toward the pivot point, each of the
teeth havi ng wound hbweemd an independently energizable coil; 20 a rotor

i ncluding a nunber qQf rotor teeth oj ecting away fromthe pivot point
towards the stator g’éé?%rﬁ??é?aé‘kfwf&&ﬂmrhfﬁ@mﬁe(b%h‘?h@;ﬂeebet ween; and 25 an
el ongag e actuator arm pi votabl e about the pivot point, the arm being
coupled to the rotor at a first end and configured to be coupled to the
read/ wite Healhadisadsecoidaiopfdaither comprisihd. The disc drive of claim 10,
in which the actuator armis forned mteglrall y.wth the

a controller operatlve to separat€ly energize each of the flux generating

elements.

10 10. A disc drive, comprising:
a base;
a disc rotatably mounted to the base;
a magnetless rotary actuator for carrying a read/write head over a surface
of the disc,

15 the actuator being mounted to the base for rotation about a pivot point, the

actuator comprising:

a stator having a number of stator teeth projecting toward the pivot
point, each of the teeth having wound thereon an independently
energizable coil;

20 a rotor including a number of rotor teeth projecting away from the
pivot point towards the stator teeth thereby defining a gap therebetween;
and

an elongate actuator arm pivotable about the pivot point, the arm
being coupled to the rotor at a first end and configured to be coupled to

25 the read/write head at a second opposite end.

11. The disc drive of claim 10, in which the actuator arm is formed integrally with the

rotor.



rotor. -10 12. The disc drive of claim10, in which the actuator arimjapdR 2005
the rotor are forned froma single piece of hard iron. 13. The disc drive

of claim 10, further conprising: <controller circuitry coupled to each

coil. 14. The disc drive of claim1l0, in which the pivot point is |ocated

at a center of gravity of the act uatot0-10 15. The disc drive of claim

10, further corrgri sing: a suspension assenbly coupled to the actuator; and

a read/ wit dZnEbeidiso dpreef claim Hy inwhishrike antuatersaming the roWk@NETIrEES
ACTUATOR FOR D%T§Sa%géfgﬁﬁe%§tpfﬁ%&0f the Di sclosure A nagnetless rotary

actuator for carryin Pead/wite heads across a data beari ng
medium the rotary actuator conprising: a stator including a plurality of
i ndependently controllable flux generating means for directing flux

bet ween t he ]étgh‘“oiils‘éﬁ'avea‘)fr@%lmlo, Wher gewprising| udi ng nmeans for presenting

di screje regions of cc&rﬁfﬁll%&%ﬁt%ﬁcd’uﬂeﬁ%%Fc%ecoﬁlo the controllable flux
generati ng neans; torque couplinhg means Tor transmtting operative torque
fromthe rotor to the read/ wite head; and pivot neans for supporting
t he torque coup] i n ans, Figure 1 .

9 14. JHle QI%C H.Eve of clalmgiJO,?n which the pivot point is located at a center of

gravity of the actuator.

10 15. The disc drive of claim 10, further comprising:
a suspension assembly coupled to the actuator; and

a read/write head coupled to the suspension assembly.





