- 7 MAR 2005 -1 5 MAGNETLESS ACTUATOR FOR DI SC DRI VE Rel ated Appli c$t M@RZ“‘E
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}mv\hi ch

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



- 7 MAR 2005 -2 5 they nust be positioned in order to properly assenble
them together adds considerably to the overall expense of the fyp|$ﬂmﬂ§2mm
product. Furthernore, a Iengthy baking step is included in the production
process to cure various epoxies or othe2-adhesives used to assenble the
prior art voice coil actuators. The baking step is: undesirable as it is
time-consumng, is a_high 10 consunmer of energy and generates poll utant

gases. At Penphiey mast bsqsitinnesl inprder &Prmlyaasgemblﬂ/@nmtogehhwsdm h_e[ h
arrangenent s |i.g nat e..sone of e di,sadvant ages_associ ated wi
conve%t i onal c@%g?léér%@yﬁoﬁﬂ% greralleypensey ,flrgé}?g Cﬁsﬁwtgelg{\g{e@a

havi ng a per t: ‘ r.ni L ' ile magnetic 15
coi l sgon 'Ito he ac$u tor i%%tg e{?:ti:m \}M@?%d‘ﬁ@eﬁ giﬂg%u@gb géceg%\’p%vé ‘{eﬁéo"]e?ct uat or.
Q hers have repoxiesbriabercidhesives used @ assendsle tie pABPSFAIASN @ Coi
wound on an arcuate stator care at the actuator pivot. These actuators
have probl em@cbiatersei Thedvakin@etepiis endasizable gaijt is time-eopsumsithgh it avkigh t he

r ot or angpstator and, because the stator serves as a 20 pivot point for

the act udor COPREET ObPRErEy Andgenieratgs pelntant Bases: t ch ﬁnd roll to(rqu_es to
th t uat | ' ‘ rmance of the | ni she I sc
e, actuat or o ARGRIR MRS BE DEHGLIRIRE ALLhen [ ughed oo
prior art hastheerhggdmesiss adfo aiuaite kot dfﬁp%is%ﬁvﬁhfa%gaﬁﬁ%iétgﬁ
probl ens associ ated wth conventional voice coil notors I'1e

mai nt ai ni ng ™Migh comvertiomal vetcaluoilimgtond. Férasangslesoprehate us&lavtyr of the

I nvention A preferred embodi nent of the present invention is directed to a
30 magnet | esS'aVHIg&? PeHBARERtdRagRet & apagtuajobpivyob pointr whileadagnetict e heads

15 coils on the actuator interact with the stator so as to move the actuator.
Others have mounted magnets on a rotor so as to cooperate with a coil
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 con\}entional 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



across a data bearing nmedium The rotary actuator includes a Stat%jwmﬂﬁ
rotor. The stator includes a plurality of independently controlla

generating elenents for directing flux towards the rotor, and the rotor
~includes discrete regions of |ow nagneti-8- reluctance to interact with the

-7 MAR 2005 -3 5 flux generating el enents. The actuator supports one or

nore read/wijte heads over the surface of a disc, and is pivotally

mount ed, S0 % SENGrRiNg elemgndsy The é#uéﬁorcﬁp'@rpé?rﬁs\ﬁﬁletﬂlqgee faadyfwtite Ir ?)t or
h d/ ' head T _and ,var i ous,, ot her atures we as
ggv;nte aggg v\lnh\lg(r%llﬁlg ?ﬁ%‘f?ﬁ%’?’@f& O?eﬁ?lb‘r a8d is prygially maunte 1SORS tQ nt upon
di f al | 1 tal. L i e
oot ot ou rianshilodih of WpRIAHR (Bl REL B PHel BB (RO NN Rlad

sinplified and sorhsbetnd vaeiwasiothdrdpattiredadivel a8 a8 antagds wifich

i ncorporating an actuator according to an enbodi ment of “the present

i nventi on. Ficharagtgrizestheqypsang dmeentiost will beapp@nenbhpﬁh@eadmgﬁdf(ﬁhleﬁ |k s a
view sim,lar .to that  of . Fl ‘2 wherein the rotor has i voted cl ockw se.
20 Det ain}léd [fﬁ@%‘?’fr}ﬁ fefailed gescfll?téo%a%‘a AT %dee éﬁ@cﬁﬁam&‘{mﬁ?ﬂemt ic,
top view of a disc drive incorporating an actuator according to a
preferred enbodi nent of the 25 present invention. The disc drive 1

conprises an actuator 3 andBiefDécaiptidon éf the Bra mount ed on a base 5.
The actuator 3 includes an arm 12 rotatably nounted to the base 5 by

means of pivot assenbly 14. At one end
FIG. 1 is a simplified and somewhat schematic top view of a disc
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 similaf 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



of actuator arm 12 there is a suspension assenbly 8 which supports a read/
wite head 6 for reading data encoded in circular tracks on disc {; 30 &W&Uﬁ
suspensi on assenbly 8 is nade of stainless steel or sone other nateﬁlwﬁ

that does not affect the read/wite head46. The actuator armi12 is
continuous with, or coupled to, a rotor 18. The rotor 18 is fornmed of a

material that,.is netically perneable but preferably not readily
magnet i zed. I%%hgegr?ﬁ?}&? ¥tof apmsle tpracegssing aquralivRf owssurtaces,3

! . . RRPeeS
surf aces, | RAEFOlE et pRURENY foRiadSrEPRERS RermiEherdieSt: B nar
jron. 1n thi emiStaitbe achionsiiéd PhreibiTherdBlyHoPmRES Hillewei gheed Of 2

| i ghtweight nmaterial such as al um num anot her e ere the

actuator 3 imafevidbsudrasalansinngl. namothé dmbodiesatsivheratie fdhstodBsc 4,
the rotor 18 and 10 actuator arm 12 may be forned from a single piece of
hard iron. THBClHdes anbyra singlelarna d2 foraccassing aainglediscds theorotor Iandt t i ng

[ 18 th [ assenbly 8 and read/
o te nead o et b indheformied fal ¥ a6 WEcs OF st vaRy convent | onal
pi vot such as a begfd REuABF hirhd2%c BOoUBlef o Ralibirid@ Known for

{
use in disc drives. The pivot assenb yat}ﬁal S a‘\é\@ange pi voti ng

of the act uatoperdiabiouiuefiony the 100b11L8 thithelRabpdisihiehsiRinblf @idied des with
the center of gravity of the actuator 3. Projecting along the outer

periphery of read/ woitdhead6alkhy pivasrass¢nablysldmiay akethelforar of amt or t eet h
20A, .., 20F best seen i.n.FI G Six teeth 20 are 20 shown in the

i Ilustrated SABSERtAAL ,plY‘il*fcﬁEﬁﬁ'aﬁa hepping sapEidgedBpt shemin} which isaveling
numbers @5 t gl rtfbrTRY iR QiR BHAETnY 15108{“] éssg%%; b4 ?sgar];gr?grg& RPattow
| pivoting of the actuator 3 about a pivot point 17 that 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.



spirit of the invention. As will be explained below, in operation the

rotor teeth 20 present discrete regions of | ow nagnetic reluctance it MAR 2005
stator 22 relative to air gap portions which separate the rotor teeth 20
and have 25 nuch higher reluctance than-8he rotor teeth 20. Stator 22 is
formed of a material that is easily magnetisable, such as soft iron.

Stator core 22 is of eneral | y arcuate shape having an inner periphery
with teeth 2 P}md,ezﬁﬁogﬂaﬂ statarieeth2dds acounshaeei 26 A .. R6Fbt Fopedsetof 14 as

h . Ei ght 2 in the jllustrated 30 enbqdi ment, . though
?tomoul hgbea%%g‘i@é’t é‘c?gcroﬂe'ﬁzg%m% ?Wg"%lﬂﬂépias Ftbogég‘tshnéhs nfb‘@h’ﬁﬁ“ovi ded
W t hout depakitbRgr fl{é%lﬁtroﬁeéﬁghi t of the invention. Both the inner

peri phery of the stator 22 and the outer periphery of rotor 18 are

general |y ar cuat e With refeténceaoiRIG. tesichic thé cfilZ8 ma§iblenkfgized BYAR 2005

-5 5 Around each of the stator teeth 24 is wound a coil 26A’..., 26H For
ease of assél?ﬁl%gaﬁmemmkngpow mghtﬁmydmtcrll\rﬂ(hfherebjapﬂﬁmm% iaGnot1 ]
shown, ich fit ,over,.the stator teeth 24, Wth reference to , eac
of the cbi I sSIEEHy© 62699?2\”6?’2 agupent @PH@%@OI?W@%XWWW of

el ght - vy Swhlaln 3 is LBREERN B 6hAM fhodtfe 381 BCHEH 3paily 26.bgt veen a

current limt vol tage source ground rol |l ed by

control noduhtodife 3Baké 6fpidhlyaispleatnted by R &f Mot el %g’gﬁﬁ' ly

i npl ement ed by neans of ‘i ntegrated circui sem condtct or vice logic. As
Wil be expl s¢mégndutorsieyicerlogiget h 24 and coils 26 act as 15
| ndependentl y controled ] yx gansrating ol egents far direoting f1ux
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.



the gap between stator 22 and rotor 18. Control nodule 34 is arrang:eq MRK 05
control switch 30 in order to energize the coils in a manner that causes
the actuator arm 12 to pivot so that read/ wite 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 nake rotor 18 nove in the direction .

i ndi cat ed®by ar r oits g®wr in FIGeC theranecginesth test st apositioa whereaspandi ng

ole of switch 25 wi]l .be noted jn FIG 2, rotor tooth 20B is

!oni tially at ?ao%%&ﬁanaﬂmiyga}aw@ ‘gitgtdﬁ% e{l%r&ifﬁdzﬁtatoléi%wc Herebof f : ts
wi dt h as i ndigated,: . r.Qi.Zl coil 26C a current ows
t hrough coil @%ﬁ%ﬁ%ﬁﬂ% %ﬁﬁ@géée (r)rgg{r%re%ul géfpgig%%rglqpfgﬁe%?%%go ‘he air gap
between stator to®hh@éferinHaf ®iPhowrRebdsaRPR RARItRE stut ef Tlux
circuit, the return path being back across "30 the air gap through

nei ghbori ng clockwisaih theatitectivaeshbwn by arepo3d thenacoil 26 isadé-erergizedhe

magnetic flux,, a dire .force is generated that tends to nove the rotor
18 to a (B)Si W}&Fﬁe%%ﬂlf ﬁisrﬁn%&ﬂ?‘ise%mtlaslr@agch fhix intresponse topat h, in

t he presentl ' t Ak _gap, thus.causing a rotational
torque that or & RS0 BRATs ol 2BE R pskril R e b h S o9 7 war
2005 -6 5 Aszgpown in FIG 3, the rotor cones to rest at a position where
rotor tooth 20B is maximally aligned with the energized stator tooth 24C
thereby nini m zi Fgr bptimatopetativrethefstdrtingaivieriaprof adiocdsewvoth k@ agder gi zed
coil. In the event that it is now necessary to rotate the stator counter -
cl ockwi se i nOPResiags&ator rpthR4whonpld be inotheaangeoh 25330 aibeivsidik-oéner gi zed

15  the teeth.

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.



10 whereas coil 26F is energized generating magnetic flux in respons.egtMAR 2005.
which the rotor pivots tooth 70E into maxi mal alignnment with stator tooth
20F. For optimal operation the starting overlap of a rotor tooth 20 and
opposi ng stator tooth 24 should be in thR& range of 25-33% of the wi dth of
15 the teeth. It will be realized that the angul ar separation of the rotor
teeth 20 _nust be different to that of the stator teeth 24 so that the

si tuati on®where alPptionallys the astuatasammol? isdfermedt integrallyawithribe ratarh
correspondi nggorofor teeth 20.4doe ot .occyur. In the ferred enbodi nent,
t he angul ar ggpﬁ‘%f‘f:télﬁ?%f m a@%éﬁ? F@oﬁibjf’w ]?%{CHF“ P HNBE RISt 36
degr ees and tdiMar@fror Thetetnay HeSthi | 2

Al ternatively, prefrerre(l} ee‘,rart%logi ngdﬁ‘tglgof)%éhtehgblg?gggﬁﬁéftn\gﬂﬁ %crt]uanté){, be

descri bed i n arar IBatotheaeiRgf gr@58y 6OiRAMUAS WhPissemib@thdtSneladks gur ed
for carrying one or nore read/wite heads 6 across a ddta bearing nmedi um

25 4. The madheattwatoranaly and therator 38. Tiw reddg waitethead6 2y bevi ng a
nunber o stato eeth 24 project] toward a pivot, point 17, with each
of the sﬁgt oFOup tt‘?%aﬁgiﬁeﬂb&%ahg’?’trﬁéﬁwaawspﬁﬂgﬁéﬁéﬁmbb’ &A@y zabl e
coil 26. The Hﬁ%&?f r further. includes a rotor 18
havi ng a nunt?ér 0 %@P(a)?ﬁ{?%@t ﬁ.le%égﬁ %tj?eres(s:? ?ﬁgy %ﬁyat?r:%ﬁlpﬁ%rpﬁetgg point 17
towards the sm@t@h&%@&%dk@%r%&&i@&aﬂ%&h&éﬁlebg & %bé’a&ﬁ?ﬁl YEFike.

Form ng part of the magnetless rotary actuator Is ah actuator arm 12
that is pivotldieldatabeating nielipin/4 mayded niagnefib enatitinreivberathio rhamidy

coupled to the rotor 18 at a first end and to the read/ wite head 6 at a
second oppos idexiceipclugdespdisqpdrive. The disc drive 1 may further include controller

15 means 34 operative to separately energize the coils 26.
As will be realized by those skilled in the art, embodiments of the
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 |



5 Optionally, the actuator arm12 is fornmed integrally with the rotor 18.
The actuator arm 12 and the rotor 18 may be forned froma single piece 'ﬁ%
hard iron. There nmay be a pivot assenbly, 14 supporting the actuatof 1<’M 2005
12 at the center of gravity of an actuagtor arm assenbly that includes the
actuator arm 12 and the rotor 18. The read/ wite head 6 may be 10 coupl ed
to the actuator arm 12 by nmeans of a suspension assenbly 8. In a
preferred enbodi nent, the magnetl ess ql@'c“@ﬁy actuator 3 is incorporated
into a nenory device for storing data readable by a conputational device.
The data bearing nedium4 may be a magnetic nmedi um where the nenory

devi ce i ncl uded magtietlessaotianeactiliter for carryiiig otee dr niay réadyvwiie hehddClcrtsis a
controller 15 g%ggs 34 ogcﬁrati ve to selﬁaratel %/1 energize the coils 26. As

will be real i z8%2 By MEJReIWR; the Lefary ACOr SPMPTiISiRg L i ment s of t he
i nventg on ot her thagsfahe i&ﬂtﬂfi@% i Pﬂrﬁﬂ?@fﬂina@p&dslﬁ &n%ﬁaﬂl@ggfggﬁé atlfe’ ein

are possible. Accordingly the | owmng clains are not to
linmited by thelepeatSerred enbodi ment. 20 -7 MAR 2005 -8 Clainms 1. A

magnetl ess rotary actyat.or. for carrying one or nore read/wite heads
across a data bearlg%fgowgﬁ]iuﬂ%g cﬁﬁ‘féet‘)rlfﬁg%’? ogamgl@gqetlggﬁlﬁ?@gqe,%_r 5 a stator
including a plintehdting with the dRRQeAGHAINYI6ARIE;0l | abl e flux generating

el enents; a rotor including discrete regions of |ow magnetic rel uctance

for interacting w ¥haqtwaorarpfoyuprsmittingppetatinetorgue faom st notardo ther m f or
transyg tting openAhiy fedPtgte fromthe rotor to the

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.



10 read/wite head; and a pivot assenbly for rotatably supporting -”'?eMAR 2005
actuator. 2. The actuator of claim1l, in which each flux generating

el enent conprises a separately energizable coil. 15 3. The actuator of
claim2, in which each flux generating element further conprises a stator
tooth extending toward the rotor, each%oi | bei ng w apped around a

correspondi ng stator tooth. 20 4. The actuator of claiml,

in which each

di screte region of |ow nagnetic reluctance conprises a rotor tooth

proj ecting tg}m@r(g%cr&nﬁé% lﬁ]éﬁ)srl%ﬁ 5. The actuator of claiml1,

actuator armis

in which the

ly with the rotor. 25 6. The actuator of

claim1, in which theasepaml and: actuator armare formed of a single
pi ece of hard iron. 7. The rotary actuator of claim1, in which the pivot
assenbl y supports tw@ra@fwworowlaam 1am@‘@ﬁ?<b§0tb¢b@9ﬁaw ty of an actuator.
- 7 VAR 2005 -9 5 8 A disc drive, conprising: a base; and the rotary
actuator of claim1l nmounted to the base. 9. The disc drive of claimS8,
further cor‘r19riThmgi;scdriwmﬁalaikﬂ&rfuﬂlpmrcanipmango separately energi ze each of

the flux generating

elements.

10 10. A disc drive, comprising:
a base;

a disc rotatably mounted to the base;

a controrﬁ%r operative to separately energize each of the flux generating

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.



10 10. A disc drive, conprising: a base; a disc rotatably nmounted £q MAR 2005
base; a magnetless rotary actuator for carrying a read/wite head over a
surface of the disc, 15 the actuator being nounted to the base for
rotation about a pivot point, the actuator conprising: a stator having a
nunber of stator teeth projecting t onat®-t he pi vot point, each of the
teeth having wound thereon an independently energizable coil; 20 a rotor

i ncl udi ng a lRukbedisefriveelotlaine t, fin phishdhe acteptenwimn dnddhe tdter arpformed poi nt
towards the st r. i h. th by.defining a gap therebetween; and 25 an

el ongate act uaﬁéﬁl%grlgq%ip%?iﬁagxér%ut the pivot point, the arm being
coupled to the rotor at a first end and configured to be coupled to the
read/ wite head at a second opposite end. 11. The disc drive of claim 10,
in which the13a@h‘i1§1ts6ﬂ“&f??ﬁql§n'f&?,rﬁ%heifﬁt)@gﬁ%lngiy with the rotor. -10 12. The
di sc ive of clai L. whi t or, armand the rotor are forned
from gési ngl e pi ecgbo 0 1%%1‘%‘&?@@%&%%&&0& drive of claim10, further
conprising: controller circuitry coupled to each coil. 14. The disc drive

of claim10,, . i ch .the_ pivo oint is located at a center of ravit
of the act ua]t40ﬁlhc\:,\g1sc ve of cHalm {O,E)n which the pivot point is located at a center of J y

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.



10 15. The disc drive of claim 10, further conprising: a suspension

assenbly coupled to the actuator; and a read/wite head coupled to the
suspensi on assenbly.  MAGNETLESS ACTUATOR FOR DI SC DRI VE Abstract of MAR 2005
Di scl osure A nagnetl ess rotary actuator-1f.or carrying one or nore

read/ wite heads across a data bearing nedium the rotary actuator

conprising: a stator including a plurality of independently controll able
flux genetating manWWﬁ&ﬁ&pA@FUATQIkFﬁHbDISﬁH)MME)r and a rotor;
the rotor including neans for presenting discrete regions of |ow magnetic
reluctance to the controllable flux generating neans; torque coupling
means for transmtting operati WegshQk He'9{Bcidiqrg Ot Or to the read/ wite
head; and pivot nmeans for supporting the torque coupling neans. Figure 1

A magnetless rotary actuator for carrying one or more read/write
10 heads across a data bearing medium, the rotary actuator comprising: a
stator including a plurality of independently controllable flux generating
means for directing flux between the stator and a rotor; the rotor including
means for presenting discrete ;regions of low magnetic reluctance to the
controllable flux generating means; torque coupling means for transmitting
15  operative torque from the rotor to the read/ write head; and pivot means

for supporting the torque coupling means.

Figure 1





