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MICROACTUATOR-INDUCED REACTIVE FORCES
FOR FINE POSITIONING A SENSOR

10 Field of the Invention

The present invention relates to servo control systems incorporating
both microactuators and position sensors, and more particularly to
controlling the movement of position sensors accurately enough for use in

15 an electromechanical information handling system.
Background of the Invention

Precise control of a transducer or similar sensor is becoming more

20  important, particularly in the field of mass storage. Optical and magnetic
discs often contain tens of thousands of tracks per radial inch. This density
continues to increase rapidly, requiring greater precision in head
positioning. In the past, head positioning was typiéally accomplished by
operating an actuator arm with a large-scale motor, such as a voice coil

25  motor, to position a head on a gimbal at the end of an actuator arm.
Unfortunately, such large-scale motors often lack sufficient resolution to
effectively accommodate high track-density discs. 'I]ius, a high-resolution
head positioning mechanism is necessary to accommodate the more

densely spaced tracks.
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head. Such systems are exemplified in U.S. Patent 5,189,578 ("Disk System
with Sub-Actuators for Fine Head Displacement") issued to Kenji Mori et
al. on Feb. 23, 1993; and in U.S. Patent 5,657,188 ("Head Suspension with
15 Tracking Microactuator") issued to Ryan A. Jurgenson et al. on Aug. 12,
1997.
More pertinent for present purposes is the structure provided in
U.S. Patent 6,002,549 ("Dither Microactuators for Stiction Release in
Magnetic Disc Drives") issued to Alan David Berman et al. on December
20 14,1999, There, a piezoelectric element 26 exemplified relatively near to
the rotational axis 14 of the actuator arm 16. The piezoelectric element 26 is
employed for fine positioning of a slider 24 relative to tracks 34 on disc 30.
A voltage applied to piezoelectric element 26 causes selective expansion or
contraction of the piezoelectric element, thereby causing distortion of
25  actuator arm 16 to effect fine positioning of slider 24 over a selected track of
rotatable disc 30.
Various methods of contructing and configuring microactuators
have been known for some time, and they continue to advance.
Computational and cost constraints have nevertheless limited their use in

30  many aspects of position control. Moreover, previous microactuator
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microactuators. The controller receives a position signal from a sensor on
the first mass, from which it generates a signal to control the

15 microactuator(s) coupling the second mass to the body. The movement of
the second mass(es) thereby exerts a controlled reactive force upon the
body and upon the first mass that is useful for reducing unwanted
components of vibration.

As used herein, "primary" microactuators refer to those coupled

20 between a first mass and a (larger) body, and "secondary" microactuators
refer to those coupled between a second mass and the body. Devices of the
present invention include at least one primary microactuator and one
secondary microactuator. Except as noted, any reference to "moving" a
mass will refer to controlling fhe mass with respect to the body.

25 In a first embodiment, each mass is coupled to two piezoelectric
elements and one flexible pivot, which are also coupled to the body. The
piezoelectric elements are biased in compression on each side of the flexible
pivot, which is in tension. The first and second mass each include a distal
end having a position sensor. The pivots are arranged for substantially

30  paralled operation, allowing each position sensor to move along a



control systens have not addressed reactive forces that Applicant has
found to frustrate fast, dynam c position control. Conseguently, exi sting

servo positioning systens will not permt continued incr asqq m@
performance, such as will be required for further increasi ng4 Uﬂensity
of 5 recorded data. There is a therefore a need in the art for efficient
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control via a respective microactuator. A selected head follows a track on

its disc surface by controlling a voice coil motor and the primary

microactuator. At least one secondary microactuator on another arm is

15 accelerated oppositely so as to counteract the primary microactuator's
tendency to rotate the actuator body parallel to the disc surface. Ina
preferred system, two such secondary microactuators are used, and the
"tertiary" microactuator (on the same arm as the primary) moves in phase
with the primary microactuator. In this way, the tertiary microactuator

20 counteracts the primary microactuator's tendency to twist the shared arm
(about an axis parallel to the disc), and the secondary microactuators
counteract the shared arm's tendency to rotate the actuator body about its
spindle. ,

In a third embodiment, also with data storage discs interleaved

25  between the several arms of an actuator body, two selected heads
transduce signals simultaneously on two data surfaces. Primary
microactuators simultaneously provide control signals so that each.selected
head follows its respective track. At least one unwanted oscillation is
systematically reduced by applying a fixed gain amplified version of an

30  existing control signal to at least one microactuator not being used for track



-4 curvilinear path defining a respective surface, the surfaces being
substantially parallel. The controller oppositely actuates each pair of
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Alternatively, at |east one of 'the signals is derived wth a
predetermned nultiplier related to ishe inertia ratios between the
respective nmasses. In a second enbodi nent, data storage discs are

i nterl eaved bﬁﬂmﬁ&s Twsi;nhe several arns of an actuator body. Each of the
arms between the digcs | oP ¥ BrErMagcaonbeth spiectad headsarithoutg | oad beans
havi ng tr ansvesgeeingoniadditionaliservelchihl a respective mcroactuator. A

sel ected head fol Ipo %ﬁtrack gn its disc surface by controlling a voice
coil notor and thé PrIHETyres AR Pensbits pftls pregant investionmill berooredar y

‘mi croact uat or apparan & SRS of dfdthirs siihl | ORNeS g SO0 as to

count er act thg rimary mcr oac’?uat ﬁgggc%g&dgg‘gg&tog%}eofg %/‘@mﬂhe act uat or
body par alTel ‘Eag"‘?gfénﬂia%%ﬂﬂagé?taﬂ?déescpptﬁrerred system two such
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reduced by apmlaiagrasskintgdodahilABUELAINSLIAMOF A0, 30 exi sting
control signal to_at |east one m croactuator not Dbei n& 1§¢d for track 2 5
MAR 2004 Fig. 4 shows another information handling system incorporating a

15  servo positioning system of the present invention.
Fig. 5 shows a flowchart of a method of the present invention.
Fig. 6 is a schematic depiction of the third embodiment of the

present invention, using more than one servo channel for improved
microactuator control.
20

Detailed Description

Numerous aspects of servo positioning that are not a part of the
present invention (or are well khown in the art) are omitted for brevity,
25  avoiding needless distractions from the essence of the present invention.
These include (1) specific circuitry for mathematically combining received
sensor signals to derive servo control signals; (2) techniques for
constructing microactuators, including parallel or éerial arrangements of
piezoelectric elements; and (3) biasing and sensor/channel selection

30  mechanisms. Although the examples below show more than enough detail



WO 01/ 31643 PCT/ US00/ 11686 -5 following. This inproves performance on both
sel ected heads without requiring an additional servo ‘channel. Further
features and benefits of the present invention wll becom e}fparent ‘to
one of ordinary skill upon a careful review of the follo d’f RSZ%I,&IW! ngs
and acconpanyi ng detail ed description. Brief Description of the awi ngs

Fig. 1 isweoeimpsview of an information handling systemidddefess 10 .
actuator assenbly, with nmechanical features substantially to scale. Fig. 2

is a side view of the systemof Fig. .4. Fig. 3 shows how t he system of
Fig. 1 can be used to cause a body of an actuator assenbly to settle at

Its destinatjo oSiti re quickly. Fig. 4 shows another information
handl i ng sys{o O%nt§8?eﬁg‘ﬂ§g?‘ﬂ8‘%aﬁ popragico dhegresant Bveniders yehjentn of t he
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I nvention. ig. 6 is a schematic depiction of enbodi ment  of tr)e
present i nveh®q $APe efths gresentanyention dgdistinetly dlefiedh hewever initheor oved

"m croact uat oflaia@H B end2f? uRehiaddfdyDescri pti on Nunerous aspects of servo
positioning that are not a part of the present invention (or are well ,

known in ¥he art )Figadds ptaptied of edisodeive 1§ withanaveiathiragsenbBoi 10S S

' ' . f _Ihe present inyention. JThese include (1)
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pi ezoel ectri %gc?a( I%?fgdﬁ%génrg%r?g %%A%IF%@ rﬁﬂéﬂﬁﬂ%‘&%ﬂ%\ﬁéﬁm th&el ection 30
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MAR 200416/\0 a%%érgglg %%0 g%rt/age%%otlx% a6x8i56117 so that transducer head 171 moves

toward target track 216. Transducer head 171 is supported by load beam

118, which is supported by actuator arm 116 by conventional means. In a

portion of the actuator arm 116 that is nearer to the axis 117 than to the

head 171, a mechanism for fine adjustment includes a piezoelectric

15 microactuator 160 able to rotate the head 171 in a horizontal plahe about

flexible pivot 128.

Disc drive 10 also includes disc controller 220. When active,
transducer head 171 provides signals to the read channel 222, which
provides a signal to servo controller 224 indicating the head's position.

20  Servo controller then causes driver/receiver 226 to activate one or more
microactuators 160. With head 171 selected, microactuator control may
hold head 171 stationary or move head 171 in a first direction 81 according |
to art-known methods. Simultaneously, according to a first embodiment of
the present invention, another portion 111 of the actuator assembly 110

25 may be moved in an opposite direction 82 to reduce the net lateral reaction
of actuator assembly body 114. Body 114 is a rigid structure having a
larger angular inertia about axis 117 than the counterweight portion 111.
Portion 111 has an angular inertia that is at least as large as that of actuator

arm 116 and load beam 118 combined.



to allow those skilled in the art to practice the present invention,
subject matter regarded as the invention is broader than a% fi ngl e
exanpl e below. The scope of the present invention is distin€t )MAP?U ed,
however, in the <clains at the end of this docunent. 5 Fig. 1 is a o@
view of a disc drive 10 with an actuator assenbly 110 suitable for use
wth the py i nvention. A stack of one or nore. di 210 i s nounted
so that it ggﬁﬂg4e3 rotated about axis 214. To read dat a%%ﬁ'ﬁuﬁ?“/??xﬁck 216,
the center of transducer head 171 nust;be positioned near the center 218
of the track. For coarse adjustnment, the body 114 of actuator 10 assenbly
110 is rotated abqyt axis 117 so that transducer head 171 noves toward
target track 216. RS BREE  meEementy lare desstibprbhereith voigh tespett fheam 118,

whi ch i s supptokigetHayisdsttahOe ndsEy & nvent j onal ns. In a
portion of the.actuator arm 116 tRhat %}?gqﬁeear‘g’fs hghfﬁ?vﬁg‘ie ®17 than to the

head 171, a nEYAATEHPT S tomonel pithtrrepett tbtied biiysaleo, degpieehect ri c 15

m croact uat or fa6Paedbé&rtibR .head 171 in a horizontal plane about
f1exibl e pivot 128. %sc SW%%{‘%B;%?%%“%C ﬁ‘é?ﬁ"'a‘i TeiBrihisol | er 220. When

active, t?an@gveieentticmdasured py treipdetorsof ghadnserbRtdadhd thaasowehapnel 222,

-which provi Bs1id .ser optroller 224 indicating the head's
position. 20 ervo éo%t%lr%%l are O\ég‘ﬁg% uses driver/ receiver 226 to activate

one or nore nicr &igRisd side vik6Oof tN¥ &bc B8At0IEFiSal 86 mBjeCr oact uat or
control may ﬁpcgh‘g;;ﬂhead 171 stationary or nove head 171 1n a first

direction 81 Aecordirtg vegonplarigngsinenhof pmpior comprisingrewicelcyil accordi ng to

a first embodiogand agiir o ReeRES I8N WhEH RO ne ARG jon 111 of the
actuator assenhl é{ﬂ]ﬁflo 25 m':lgf/l be noved in an'g%agggl ’ezél%)’é% 4on 82 to

reduce the neP<h santieyred tadead epvritsifrom r uespestivaseeindelof a bladyofideds  Body 114
is a rigid ststetedald { r lar _i,nertia about axis 117 than
g a8 MY pﬂst%eah%wg.sel%agé‘}lglﬁ%asls §ﬁveég%ﬂﬂ

t he count er wei ght ggrti on 111. ortion “Mpnertia that is
at |east as |§leged hsad Fiivioteadcharated?22, whivhhish pabddesag,beam 118 conbi ned.

12 5 MAR 200%9&6&90@%%0%%&%&%&%@n _hZad 171 has approached a
predetermined target (such as track center 218) to within the range that
15 head 171 can be moved by microactuator control, servo controller 224
responds by providing a control signal via driver receiver 226 so as to
move selected head 171 toward the target (i.e., clockwise).
One inherent effect of this motion of head 171 is the
counterclockwise horizontal reactive torque exerted upon the body 114. In
20 practice, taking this torque into account for precise control of the voice coil
motor can be cumbersome. Rather than tolerate this reactive-torque-
induced error, according to the first embodiment, servo controller 224
reduces this error by causing a counterweight to move in direction 82. One
way to accomplish this is for servo controller 224 to counter-drive
25 microactuator 140, which is coupled to a mass of about the same rotational
inertia as that coupled to microactuator 160. This reduces the reactive-
torque-induced error as long as microactuator 140 moves mass 141 less

than twice as far counterclockwise as microactuator 160 moves mass 161

clockwise.



M croactuat or "novenents" are described herein with respect to a "body"

that is nuch nore nmassive than the "mass" that is noved. The

m croactuator is said to nove with respect to the body, ag 2 ite the

fact that a portion of it remains stationary. As descrige Sﬂéﬁ p , this 5

novenent is neasured by the portion of the mcroactuator that noves the

greatest owebmnes relative to the body. Fig. 2 is a Si%%TX%&%‘?f the disc
onar 4r

drive 10 of Fig. 1, showing nore explicitly a conventi 83ngemant of

a nmotor conprising a voice coil 192 agd a pair of nagnets 194. Wen
sel ected, heads 171,172,173,174 are 10 each configured to read or wite

froma respective é@é&%ﬁe agﬁ a stack of data storage discs 210. First,
head 171 is sel ected. & §rial€shgphihempicieaetustornid0 seeoiablosad 171 vi a

read channel 282to cohirclthah®PeRbR\E H8fesp&LYOmabd 3" FRLI QN LO servo
ead 171 has apprs%achelé\agﬂllg're S8 ¥%ed target (such

controller 22éés.wi‘!e h S

as track center 2 E’iéjmfcf)oa\ﬁ‘iafﬂrﬂ‘“?ﬁ@e}f‘snlg@ifphsstnsmshedd, fbf xaaplepe noved by
1Tl cr oact uat or ocrbhrve GFRO BelRMide Al sRonds by providing a
control signal via driver receiver 2?%%%‘2%811{%88?{89@0@6‘? ted head 171

toward t he”t al'GEH?2 3ithat includipg i seleyted Berel is avdlabhatfocideast of t.his notion of

head 171 is th@roftid:&oGhREkN ri zont reactive torque exerted upon
the body 114. In 20 prgct?ce%mlﬁcgﬁé]ﬁoaﬁoﬁﬂg{k‘ﬁrr’&%‘?‘t’r‘teétaé%{‘fﬁt for precise

control ~of th&eyeAcHEe-tagine-indotedrersanirhkig Q) G HEBORAL iﬁéh??? ofe han tol erate

this reactivegnhQr ' error.. according to the fir mbodi ment
servo controll er& lgggbddrlgglﬁgie’%mmrg H@P&’@r" ghspterdhan the ratatiovaltieerviei ght t o

move in dirediicdmago1610xe 1, @ cORER 3Tkl TS r.,servo controller
cordiiglyt, @ c %{uﬁ%&(yﬁm‘y‘ Sp%omeg 3§

224 to coynter-drive, 2 1 croact uat or coupled to a nmass of
about t hew; aqrrém?%atc%’tafo(f ﬁa{pso s mqvs mess 1 aboetdlbtimes the distatcealedtuat or  160.

Thi s reduces s I6EBGhéwed byl AHEuARH Of. 28 as 1 croact uat or
140 noves nass. 14%9%\?’23 tk}lran tw ce ag&fg’??%{&gﬁtnéarsé}l%igg\ﬂ“%@gas

i or oact Lat orViEE thifpesfectgountetbolalvd’ sistar@e ThdMFpraQrat¥\ @1/ 31643
PCT/ US00/ 116 this control signal will be to halve the error that might otherwise result
from the reactive torque exerted upon body 114.
15 In another embodiment, 100% of the non-selected microactuators
140,150 are driven so as to urge selected head 171 toward the destination
track center 218. The additional inertia provided by the counter-movement
of these microactuatqrs 140,150 can increase the microactuator bandwidth

by at least a few percent, as compared with the response of the selected

20  microactuator 160 alone. Alternatively, where the corresponding masses

141,151 have a combined angular inertia on the order of that of the body
114, in a sufficiently stable track follow mode, microactuators 140,150 can
be used in lieu of selected microactuator 160, This allows the selected

microactuator 160 to perform other functions, such as controlling the

25  horizontal skew angle during a servo track writing operation or a read
retry operation.

Fig. 3 shows how the second embodiment of the present invention
can be used to cause a body of an actuator assembly to settle at its
destination position more quickly. Curve 310 shows an actuator body's

30

movement from start position 301 to target position 302, at least partially



Optionally, at |east one of the mcroactuators 140 is unavail able for use
to control the novenent of its respective mass 141. This may be desired
if mcroactuator 140 is being used for sensing shocks, for e>‘2a6ngR ZUpf to
conserve current. Because no mass of about the same rotational 5 1nertia
as that including the selected head is available for use in mcroactuator
count er - baweiigg control, another nmass is used to red %‘?msﬁobﬁass
reactive-torque-induced error. In Fig. 2, the rotational inertira (J) of
mass 151 about axis 117 is nore than 54% greater than the rotational
inertia (j) of mass 161. Accordingly, a control signal is desirably
provided to 10 m croactuatqr 150 so as to nove mass 151 about j/J tines
the di stance {RAPS gisa‘:% ing £o {hs\PEgFemyinyentiona Eumes B0 thereséiableong as Mass

151 is noved thé mbiem&AU & adhtits: boRS MR i G rodllest ance, the
approximate effect . of this control ?si gnarl1 \?\nﬁgﬁq&ggﬂ%c ‘éelf\c/’écef he error that

m ght ot her wi SESIPE&GM Miqeastnatarangvementsy Actardipgao eamarengdnalpafobody 114. 15

‘L n anot her enbeghdremihodsOPYQE .selegted.mcr uators 140, 150
are driven_so as to .urc(izj‘e sel ecatcgﬁ%gg@r@%gg’()e\/?é%eﬁ??g’a]%ié‘fpﬁati on track
center 2182 TRednulidiis rapidly defeemed fopriongesigebsitiontise teshotest pddmeanent  of
Chese m 'Cr0&9@5@'£1%§p1§c%9h&a§917‘i%@arii{(}(iéﬁeggSeqs'}[{g)%ﬂgbcr'O ctuat or bandwi dth by

at |east a few percent, as conpare ABKEY- of the selected 20
ni cr oact uat or Uné@tumlatehe theAhertinhfatdey 6 the seMt@dEmMhRA7¢ S5 SRARELNY NBSses
141, 151 have &tggr&p‘i r}gd a%g‘lgfl ar_inertia on the order of that of the body
114, in a sufflcrentTyPErHbt a°tPatar rS ShOMINGR HBES30nesosdisgiather s 140, 150
can be used firstbmbodiafenSeH tRE pREENTIrFERAGH, U@s@%ﬂ&l@%e b Elnlﬁgﬁ‘i the

stch a

. sel ected 1 cr oact uatgr 160 to perform ot her functions,
control | i %g t FENEERSHET Besarse thekedy convgreestathegrget pesition 802rmkrenr i t i ng

operation or pretie@ly, the BresintQRBHAreAR alldw w Lhe seegond
enbodi ment of the gresgnt i nvention cansgc %%’%glgwfsgm(%ﬂ%rgqg’%@dy of an

act uat or asselfBfy21s" B¥itonS08 Sanses sigheb¥70rindicates pesistiisdocamne qui ckly.
o A A B S IR AT B Bl
offsets that are reduced by the compensation scheme of the present
15 embodiment.
For disc drives that implement the present invention, microactuators
should be selected that can respond several times faster than the
corresponding actuator motor. For a VCM capable of moving a head 0.5
track widths from a stationary position in a minimum time T, for example,
20  the microactuators coupled from the body to the rigid mass comprising
that head should be able to move the head 0.5 track widths in less than
T/3.
Fig. 4 shows another information handling system 400 incorporating
a servo positioning system of the present invention. Controller 420 is
25  configured to receive signal 418 from sensor 471 and to generate control
signals 419 that expand and contract microactuators 431,432,441,442.
Physically, the paths for signals 418,419 are housed within conduits 468
affixed to positionable body 414. Microactuators 431,441 are coupled
between mass 421 and body 414. Microactuators 432,442 are coupled

30  between mass 422 and body 414. Parallel tracks 415,416 on a medium 410



PCT/ USO0/ 11686 .9 conpensated according to the present invention. Curve
310 thus resenbles the novenent of an actuator body that is not affected
by reactive forces arising fromm croactuator novenents. ﬁz&ow ngmt],o
conventional servo control methods, a mcroactuator 160 |i Re 2!
active head 171 to the 5 body 114 is rapidly deforned from | ongest"’
posi ti on Wodhiessshortest position 352. This places hegd dspdrfegar its
target position 218 quickly. Unfortunately, the inertial forces of the
sel ected mass 171 cause excitation kg the unconpensated actuator, as
shown in curve 330. According to the first enbodi nent of the present

rors .are at |least partially 10 conpensated. Because the

i nvention, t&gﬁesaeg arti )

body convergas fo° [Re Of gEgairtassanqelengiysinglly 411 pithgespsctto thtve pr esent
enbodi ment adehawd?1. Mg re RS tolalefifrlslBial BB EnHiL Q. iLts target
position 30 Sensor signal 370ei ndi cggltaes a sgéns rayl}see%lg%aolvgn W th

respect to iTEEIFGEN B5Hioni(es, ragkdt18Howsothenpositiwr (eac track 416),i nduced ‘
of f set's t hatcoatr6l i@BUCRE sty : ' chene of the present 15
enbodi rretr}_tja. For dils_c drives th tﬁ?%ﬁgﬁéﬁpg{}%%“&me@éﬁt r%%ﬁéﬁt"f’on,

ni cr oact uht GPETAE FYEAoactBator #42e urging bordst 41dan directjporid1 STh@eshme | Mes faster

than the cqgs I8k A .not.or. _Far_a VCM capabl e_ of noving a head .
0.5 track w dths f.rgom a ?’Eat %r%édr%tﬁg’s(m‘\%dﬁmf%cﬁlafﬂr frﬁﬂﬁ‘fq me T, for

exanpl e, 20 cPhisagtimieroacttiatat 481s coupl ed fromthe body to the rigid nass
conprising thatghe hould he ahle to nove the head 0.5 track widths in
less than T/3. Fi gf%%%ﬁ%@ﬁ&‘ﬁéﬁ“?‘ﬁ?%?@? IPEFFERARRTING syst em 400

i ncor por at i Heptudingsepab10GlolzRBY0) 0A S ¥&hat} Bhdy 8 8ndveq 38 Rhthiyent i on.

Cont r ol Iﬁ)r 20 conf i (Fgured to receive signal 418 from sensor 471 and

20 i
to generat eé}%‘%ﬁ’taf ths tareer 3204 mgthads forawhish aredemowrdnttheat. A% cr oact uat or s

431, 432, 441 ildsPratedRAYEEsCoA, Yhesh 08n RRISS of ' A3 AL, are housed
Wi thin condujts, 468 g%‘fi xed gtso positi orﬁae FSF%‘%%?)‘J“?ﬁ& Crbact uator s

431, 441 ar e SiE8abiebveendbe frnsed Insationia tha tarperdycatitd. Thiscliffresdgat or s 432, 442

are_coupl ed sigRaRahWRaIbITRES 1o génetld (R Broddfla dRRLFLIEl L HACKS 415,416 on a
similar current amplifier) one or more control signals, one of which

15  controls a motor.

At a desired distance from the destination, microactuators are
controlled in preparation for entry into the destination track 530. As
shown in Figs. 1& 4, this can include situating a selected head toward the
destination and/ or moving non-selected heads away from the destination.

20 A short seek is performed 540 to enter the destination track, after which a
position error signal (PES) is available. First and second control signals
based on the PES are then calculated 550 and used to actuate secondary
and primary microactuators 560, respecﬁvel};.

Fig. 6 is a schematic depiéﬁon of an embodiment of the present

25  invention using two servo channels to allow simultaneous track following
on two data surfaces of a disc stack. The actuator assembly includes a
block 680 coupled to four arms 610,620,630,640. Optionally, the two end
arms 610,640 have about 50 to 70% of the rotationai inertia of the middle

arms 620,630, each pair being about equal in size and configuration.



2 5 MAR 2004 WD 01/ 31643 PCT/ US00/ 11686 -10 .such as a tape or disc surface
nove longitudinally 411 with respect to the sensor 471. In response to a
sensor signal 418 indicating a need to nove froma pre?egt position (e.g.
track 415) to another position (e.g. track 416), contrdl SMé&eﬂgm are
selectively provided to expand m croactuator 432 and to 5 contract

m croact Ugfgyisfd®, urging body 414 in direction 481. T
respective signals may be provided to expand m croact ugﬁg/r%s‘jﬁg?a%nd to

contract mcroactuator 431. Fig. 5 shpws a flowhart of a nethod of the
present invention featuring steps 510 through 570. An actuator body is
noved to within a, 10 few tracks of the target 520, nethods for which are
known in the art.®ASVPICPYZeles60Qincludps yeiraudi®d? fordsiyingserioncl ude st eps of

obt ai ni ng a dohtsRMER fordodialofed] d Jocation and the target
| ocation. This differ ence S| g?lal ﬁﬁﬂ?thgﬁggzgﬁg’ége{“émégﬁgr ate (e.g.

t hrough a dr FRRIFI! pigaals v twerdditionnl chenuels, spatémafopwHittesry kag®@n @ nor e
ccontrol si gngleSart. O of; ' 0 ls notor. At a desired distance
fromthe destinati on, #%Ho%gtpﬁgfrgtrlg‘g%’?’gm %SH?TP’BF?%%"I{QHPW%M ation for
entry inté tHeseiggralneachdhroughelpob@0ampkifiers MhwamiplifiEd Gignald& 4, this can

i ncl ude situggq .selected head toward the destinatjon and/ or noving
non- sel ect edgwé%sa?eaé\xgé??c%gﬁ]dt%ﬁgSﬁltggt\?{\glﬁé}??’ﬁﬁl. c%?‘ﬁg%’f‘%m%é@-i s perforned
540 to enter the Rbeshrinedridaxpliciatdss, thd ineehat3htéb0ds agskg4i on error signal

(PES) is available. First apd second control signals based on the PES are
t hen cal cul af%‘ﬁmggffmgﬁﬁl "‘c%"%’g’(ﬂ%{? goullethraur spvitchfdl gwomar y

Mi or 0act uat Offveft aniRERA76YS % urliyGairPorlifer 878 SREMRAG (8B Ction of an

enbodi rregé of the present 25 invention using two Sservo &hanhel s to al | ow
si mul t anéBus®% é’(}?r"FBFq'E?WH\&Ch@#ﬁmﬁﬁpléa%@y%dfpa@fe@btyfreplacﬁm£tack. The

act uat or assSpIIXADENOXULES, . d fouy,.arns .
- 610, 620, 630, 640.”@% onal | §,§mfﬂje&§5m%§%%g8%g&n% sb@okgfaéﬁgwﬁ%\;ggﬂgout 50 to
70% of the r@fRiesedhteRchings; thissubbtititionns atdbrelinagy mate26r &dgn each pair being

about equal iy;Q! 28 sABIN R0 isvgl%haéél%z has an upper position and a lower
position.

15 Irrespective of the position of switch 661, signal 601 passes directly
to control microactuators 621,622, so that these two always operate in
phase with one another. In systems vulnerable to arm torsion excitation,
this in-phase motion may be preferable to the arm-level scissors-like
motion described conjunction with Fig. 4.

20 With switch 661 in its u?per position, control signal 601 also passes
through inverting amplifier 676, so that an inverted signal is received by
the microactuators coupled to arm 630. If the delay induced by inverting
buffer 676 is suitably short, the masses 627,633 of arm 630 move
substantially out of phase with the masses 617,623 of arm 620. Their net

25  torque on block 680 about its axis is therefore canceled (i.e. opposed so as
to reduce its net magnitude). Note that many actuator assemblies
(including that of Fig. 1) are vulnerable to lateral rotational vibrations.
Because of their mass and bearing construction, ho@ever, they are not

ordinarily vulnerable to roll excitations being transmitted between arms
30  620,630.



2 5 MAR 2004 WO 01/31643 PCT/USOQO 11686 -11 A servo controller 600
includes a circuit 697 for deriving servo control signals,fpr coarse
control by nmotor 699, and for deriving fine control signdzsgdmwiwgﬁ
addi ti onal channels, systens for which are known in the art. Accordi'’ng to
the present invention, the servo controller passes 5 these signals each

t hrough awpewessszanplifier. The anplified signals 601, t hen
recei ved by a sel ectabl e channel coupling nechani sm GgggﬁEgd;/ﬁgﬁ‘sari ty and

explicitness, the mechanism 660 is dgpicted schematically to include a
doubl e- pol e doubl e-throw switch 661, two inverting anplifiers 676,677, a
unity gain buffer,§78 and anat.her switch 10 662. In practice, this

8 agiumed %aﬁﬁ)éféqu RisEPagtuagoTispniguriting MEMUX

mechani sm 660 is easlly an

arrangement tat of Figl whete the bffective B oSO dal¥el fuatlV &4 1 id of present
teachi ngs, this @ubs%(iit ution is anpor di nary rraatt%ﬁraérﬂééﬂgetglaﬁﬁn choi ce. As

shown, each SWkt cR 68 HEIrRBAARS sepprr 61 thanttd tre axischf aothtivesf poSi tion. 15

1rrespecti vethefactuatr peeinblyd Mt Rf1ss Wy 178k gnal 60 es directly to
control nicroactyators 62,ff)622,a.so t&{abtdq%{%éleé&ﬁso ﬂﬂé?)g%ééer ate in phase
wi th one Anot'REFE] 1§ tRe sombinad retationat it df thesarmsts00,62006308%@i t ation, this
i n-phase not icRBthBPYith ShdB161E; Lo, the armlevel scissors-like notion
descri bed cor?jguncti on W th Fisg'.bi“?’s%e ﬁ?thong(/\ﬁ“fﬂétﬁ 9§ 631 ass 633, upper

posi tion, cototbihesiyntor's 8is obtasationadsms prefdtalbIygh; is 1046 Hlanigo 2Pl i fi er 676,

so that an W&k glgﬁgil LS. received by —the mcroactuators coupled to
arm 630. If the d%lggy | Scégh%9§?Wﬂg?‘Eﬁnﬁﬂlahﬁﬁfif*’iﬁlbﬂﬁ‘ﬁhs suitably short,

the masses 62%goBE mtagraph Gabendipertsntbst antially out of phase with the
masses 61'1(171, 623 of, arm 21%0. Their net 25 torque on block 680 about its
axis is therefor & SCINERELGted that with sywischif63 in idsuppes positian.ghe t s net

magni t ude) . Mﬁ%ﬁacﬁﬁf&c&%&éi@&lﬁ?ﬁ&@é h@&sg(,‘l [;c!I udi n@lfghat of Fig. 1)

are vul ner abégg to.l atcer a(l)r rotational vibrations’ _(,%'U%_ ff their nass
and bear i ng €BASTYGRTERCT Hbvsowided thabywisrhes6@atin i lalvergpdsitiony ul ner abl e t o
roll excitatmadlodsirBery ERsiRsiti tbeBFINGENs BB d mass 637, despite
the fact that the arm associated with each 610,640 has only one
15 microactuator. With suitable DEMUX circuitry between the signals
received from the heads, any one of the four middle heads 616,624,626,634
can track follow simultaneously with either the top or the bottom heads
614,636.
With switch 661 in its upper position, control signal 601 can be
20 derived from the position signal 696 received from head 634. Configuring
circuitry 697 to provide a suitable control signal 601 for this purpose is
optionally conventional and in any event is not a critical part of this
invention. Note that G; can be -1 if the circuitry 697 is conventional. What
is extraordinary about this conﬁguration is its specific use of the position-
25 indicative signal 696 received from a sensor 634 on a first mass 633 to
control the movement of at least one other mass 623,627 advantageously.
With suitable read channel circuitry, head 636 can track follow
simultaneously with head 634. Signal 602 is derivéd from a position-
indicative signal 696 received from head 634 by ordinary methods and is



30 620,630. 25 MAR 2004 WD 01/31643 PCT/ US00/ 11686 -12 |2)15I s assuned t hat
Fig. 6 depicts a microactuator configuration |ike that' MA@Z@Q wher e
the effective pivot of each actuator 621 is less than ten tines Closer to
its corresponding sensor 616 than to the axis of rotation of the actuator
assenbly. It is also assuned that J/j is |less than about 500, 5 where j is
t he conbi Regderfikati onal inertia of the arns 610, 620, 6305800, %g(get her with
the bl ock 680, and j is the rotational inertia of each nass B , about
the actuator's axis of rotation. Mreqreferably, J/j is less than 100.
Wth these assunptions, the net torque cancellation described in the

f or egoi ng par agr a, g can be irr‘?ortant. 10 It should be noted that with
switch 661 i nPt S appBYCTRRsEyatorddl- Nate that shiswill pidinastly requizera control si gnal
602 passes t hieosrghrebdithanngiai N buffer 678 to microactuator 641, provided
that switch 662 ig in its |l.ower position. This allows rotary conpensation
bet ween mass 613 8‘%?%‘6@?‘,“%1@‘3’91 pasitionhleeafis 616,624 atoviehe ar m associ at ed

with each 61Qn nhasivast! i tuator, W.th suitable DEMJX
circuitry betv\gif;rll3 t he y?éﬁgﬁ@ﬁ%%;ég%\%{ég%ﬁ% m?%decqr‘u‘ggﬂ??’oﬁl’ﬁ/ one of the
four midd%® Hedighalge & bakaereRe-sucassiteteads faltteWidiow! t aneously with
ei ther the tQpnQliadeBgsPOtt om heads 614,636. Wth switch 661 in its upper
position, control signal 601 can be 20 derived fromthe position signal

696 received fronFigeafirg®dinchicies itdetst i@ micidattuhior Yha 99n bOudioNi de a
i optionally conventi onal

sui tabl e contraql _signal 601 t hi urpose is C

and in any e\?é%fce?ésrg%ogr}segsoérw séff‘tcgég%mdF“tPﬁF"spoﬁ"‘i‘%nti on. Note that G
can be -1 if mibeactunionbslr iy cEidigukdl 16 PRAGHE drPdiAbut § 665 fdf¥higaor di nary
about thi cor&lfi%rati on i,g its specific use of the position 25 indicative
signal 696 r &E&FURRCTNER] Wbwabing alignsd avitythe plape of thewlisss 688 Ao control the

movenent of gefb@asimpain@hia BT RrP i Aich ANYRNL A0RAYSL Y. Wih suitable
C ol | oW

read channel circuitry, head 636 can tra
circuitry that allows at least one microactuator 641 on an arm 640 to be

used as either a tracking control or as an acceleration sensor.
The depicted configuration can alternatively be used so that both
15 servo channel control signals 601,602 are used to enhance the track
following performance of head 616 with the aid of unconventional
information sources. With switch 661 in its lower position, for example,
gains G2 and Gs could each be computed as a sum with one term derived
from acceleration sense signal 665. It should therefore be understood that
20  the broad general meaning encompassed in signals "derived from" other
signals is not confined to conventional analog methods.
By way of review in conjunction with Fig. 6, certain aspects of the
present invention relate to an apparatus including a large, fairly rigid body
620 flexibly coupled to two or more masses 617,623. By "fairly rigid," it is
25  meant that the large rigid pieces of the body 620 are coupled together by
joints having an effective spring constant more than double that of joints
619 joining a mass 617 to the body 620. As shown in Fig. 6, each flexible
joint is shown as a (negligible) damper 638 in parallel with a spring 639. In
typical disc drive actuator aésemblies, each arm 630 is affixed to its block

30 680 by a joint properly represented as a stiff spring 683. In effect, the arms



simul taneously with head 634. Signal 602 is derived froma position-
i ndi cative signal 696 received fromhead 634 by ordinary nethods and is 25

MAR 2004 WO 01/ 31643 PCT/ US00/ 11686 -13 provided to m&rgM%% 641.
Note that this will ordinarily require a second read 'h . th switch
661 in its | ower position, heads 616,624 nove independently of heads

626, 634. Wb fidedus the depicted configurationis 5 swichable so that any
two non-successi ve heads can track foll ow simnul taneouEW‘.JS“ﬁ’i”d‘?‘SG further
includes at |east one microactuator tfat can be used as an acceleration
sensor. Wth switch 662 in its upper position, mcroactuator 641 is

configured to_provi an out put signal 665 indicative 10 of a conponent of
vi bration ali é’ﬁebgméﬁnqﬁlﬁ cf’ﬁ‘g’“tﬂtaﬁ%mb‘? faifp rigidwosnBtle bokly. prigéer r ed embodi nent
of the preserbmpdo&IBdd9 Wil bewHESST SYhd SR iaSLLGU LEY that allows at

| east one micrgactya o? 641 on an lr'%l))r,\éim %%Q?Igaﬁgcm%% d8°¥M8Rer a tracking
control or asUHITRER &gt distabmassiE iy a cifhanfdmpiial dicbegomf | gur ati on can
alternatively be 4586 ¢30iddy .15 .servg. chapnel control signals

601, 602 are used to enha#ce?%ﬁ?teggés?étglfad’fﬂgﬁ’qsgﬁnﬁﬁaB?é"rPd’rﬁ‘fﬁm@é of head 616
with the & dapf tugrrsralempositier-indicafios sighdl 696, SWIES EhsoMitlshs SWi t ch 661 in

its lower pogitdi@s anpl e, gains G and G3 could each be conputed as
a sumwith one term g%@eiaw %&?@F@Fﬁ?@b@%ﬁ%@"@QWOﬁGS. It shoul d

therefore be6ifteltbe body 620680 aRQickified &S RAPrigRRSF AoniBpdtAG-gNCOMPassed in

si gnal s "der E}%ﬁ‘%é’f‘r&m' gth@ . cZ}iﬁ’gnal s is not confined to conhventional

anal og met hods. By vvanbo F* TRV Rfgured 3o demiva 4 enntxgl signalibgsedin cert ai n

aspects of t He signab98Hon theaBleb0d sér2bak atus including a
BR8N

| ar ge, fq‘grl Yeﬁr iO?‘i d body 620 flexibly co ¥ masses
617, 623. By “PEiTFFEPRETY micopctuatop31H63dnThe brartrd hiecdiy gienilaryi d pi eces of

constant mor e man dont o E gt aroptts seBhl by SRl Blasactiors 17 1o 1 ne
body 620. As%@ndhf selertiohgf a partignlehcitdustsifdd centroller 600, amplifiers
601,602, and selectable channel coupling mechanisms 661 within the
scheme of the present invention are matters of design choice, and can
15 optionally use art-known circuits and / or software.

For example, the sensor 616 of Fig. 6 optionally provides a sensor
signal 696 indicative of an offset from a target position (such as a track
center 218 of Fig. 1). In this case, secondary microactuators 631,632 are
preferably configured to receive inverted signals from inve;'ting buffers

20 674,675 so that they are actuated in a direction that tends to reduce the
offset. In another aspect, one of ordinary skill can alter the selectable
channel coupling mechanism 661 of Fig. 6 so that one or two of the masses
617,623 are moved in phase, but that substantially all of the others
613,627,633,637 urge their respective masses in a direction that tends to

25 reduce the offset.

With or without secondary microactuators 631,632 the apparatus of
Fig. 6 desirably includes another microactuator 622 in contact with the
same arm 620 as the primary microactuator 621. Microactuators 621,622

are both in contact with and able to move arm 620. By operating these

30  microactuators 621,622 in substantially parallel directions, substantially in



joint is shown as a (negligible) danper 638 in parallel with a spring 639.
In typical disc drive actuator assenblies, each arm630 is affixed to its

bl ock 30 680 by a joint properly represented as a stif| 59?}2,@%@@3 In
effect, the arms 2 5 MAR 2004 WO 01/ 31643 PCT/ US0O0/ 11686 and bl ock

thus conbine to forma fairly rigid conposite body. This conposite body
w1 be af{aissPy an active mcroactuator 621 noving a_ sufficiently

| arge distal nass 617 in a circunferential direction. SE B4% i s able
to sense its radial position relativejto a disc 615 5 and to generate a
posi tion- |nd| cative signal 696. Wen sensor 616 is selected for track
fol | ow ng, oac uator(s) 621 between the sensor 616 and the body
620, 680 are d%etﬁ‘sﬁg ‘BEY'O b Hherpmm 620 trmilis pdduced. dﬂoﬁerﬂyat "+l kefets Ng

control | er 6016alr&ta@x@ﬂ%fQﬁéﬁi@n%?agﬁ?bd”ixgapﬁr?g&w al f)?SI based on the

signal 696 fromthe sel ected senso de t he signal to at
10 | east one RERYWHRMIAF thihadiscs 6@t or 631, 632 The control circuitry

simlarly derivesyahSQEMH r received by a tertiary
m croactuator 622. The seﬂm%%lq%‘ntg?ﬁn Q%g‘ ?5:81 tQF dEP’F@Glsfeé? $Bef control | er
600, anpli¥i ec}eglvumnaonsxgmmomombmhed&mfaebxgﬁgu:ah'ng nmechani sns 661

within the he nvention are rmatters of design choice,
and can 15 03;‘3 ona zOn‘llygrelmp %X(S%“’Eﬁ“f'%ﬁ@n SPRirdler 60 tmp@1n§or exanpl e,

the sensor 616 tfwarFsegt uﬁemﬁm RRkhMpR] RM4UGEE isRBARS Ghd §xke§§&% 696
i ndi cative of an a target position (such a ack center

218 of Fig. T 1% t“PﬁF %a*E’§§ PO%%%maraya(ﬁréy @misztagnabasi:@&nyasz are

preferably cmnéo@drtﬁdkhﬁmlb@&@bx’{tﬁé NYRE LS8kt ! nve ting buffers
20 674,675 so that they are act uatre in ?}élarglg%tslﬁ%ﬁngc?‘%? df%is to reduce

the offset. ﬁkﬁ etPCal%‘ét?tan offset. Witbtitctabol lﬁkﬂshbp@:ﬁ;fbsﬂioh&d' t he
sel ect abl e olanesh o that one or two of
S i dered B @ a{‘%éﬁpqgw%a INFOHIEY al | of the

the masses 617,623 are€ nove | ase
others 613, @*ebﬁthsmsmﬁdjea*hMemhspﬁﬁdt i\sQffIRmEIPSmiall, Agth] 6ACt | on t hat

tends to 25 E&fNGEY E@ﬂ\a?ﬁu&gzgcmator 621 performs a short seek to move head
616 over the target track.

15 As a result of the depicted circuitry, another control signal 603 is
derived to control secondary microactuators 631,632 so as to cancel the
torque exerted by microactuator 621 upon body (i.e., the actuator assembly
including the arms 610,620,630,640 and the block 680). Tertiary
microactuator 622 also receives a signal to cancel an unwanted excitation,

20 theroll torque exerted upon arm 620 by microactuator 621.

All of the structures and methods described above will be
understood to one of ordinary skill in the art, and would enable the
practice of the present invention without undue experimentation. It is to
be understood that even though numerous characteristics and advantages

25 of various embodiments of the present invention have been set forth in the
foregoing description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative only.
Changes may be made in the details, especially in matters of structure and
arrangement of parts within the principles of the present invention to the

30  full extent indicated by the broad general meaning of the terms in which



Wth or without secondary m croactuators 631,632 the apparatus of - Fig. 6
desirably includes another mcroactuator 622 in contact with the sane arm
620 as the primary microactuator 621. M croactuators 6212 6224ARa@&0kbot h in
contact with and able to nove arm 620. By operating these 30

m croactuators 621,622 in substantially parallel directions, substantially
in 25 Mweoied WO 01/ 31643 PCT/ US00/ 11686 -15 phasepctigohiggency of the
arm 620 to roll is reduced. Note that "roll" refers to a rotation of a
portion of arm 620 in a plane that ig-roughly perpendicular to the discs
615. Further el aborating on the nethod of Fig. 5, the depicted step 550 of
5 deriving gﬁggr%lndgégnal s 601,602 fromthe difference signal can be
performed convam ronaf PYRTe BXesedRrexymplestens of Sieabeve er 600. Accor di ng
to the pr esemmbcis\mnbéwurdér@awemamui&aink}%%%%x@dziuztﬁeeé ed and generates
a signal 696 indicative of position such as a G-ay code signal, a
digitally A&YREGRYIYrsiRoy departing from thescape a epirispifbe presemtk i s subt ract éd
fromthe 10 idvenekn NIHRIELID I f y switch 661 inits
upper position, a VCM cont ?logl?€1 |éﬁéa e?és?re g%g?%%%sf#eg offset and is
provi ded?t o hRisinRredargely dirested ko movingsemboss alat 4 fbadicuriimart he of fset i s
sufficientl s ' . i ived.sq that m croactuator 621
performs a ?ﬁ(ﬂ;{r'? Vtﬂe]glébggélﬁ%%g]bﬁetg%e%g%gbnvtgﬁ aftﬁgaatt%?fnééfa k. 15 As a
result of t Rétheapesentigventionucan by applivdtth ethee Sistantd sush giwlo-603 is  deri ved
to control I . croactuators 631,632 so as to cancel the torque
exerted by %ﬁgé}%%taga 5rp%ngJWSt58’5)}”’tf\°%‘.i?p% AP e SPPaissenbl y

i ncl udi ng t hed apints of6h6 pFeibntGlter®df. and t he bl ock 680). Tertiary

m croactuator 622 al so receives a signal to cancel an unwanted excitation,
20 the roll torque exerted upon arm 620 by m croactuator 621. Al of the
structures and net hods descri bed above will be understood to one of
ordinary skill in the art, and would enable the practice of the present

i nvention without undue experinentation. It is to



be understood that even though numerous characteristics and advant ages 25

of various enbodi nents of the present invention have been set forth in the
foregoi ng description, together with details of the structure and function
of - various enbodi ments of the invention, this disclosure ps gbbfstrative
.only. Changes may be nade in the details, especially in naiq BMM
~Structure and arrangenent of parts within the principles of the present
invention to the 30 full extent indicayed by the broad general neaning of
the terns in which 2 5 MAR 2004 WO 01/ 31643 PCT/ US00111686 -16 the
appended cl ai ns are expressed. For exanple, steps of the above nethods
can be reordered whil e naintaining lbshantially the same functionality,
wi t hout departing fromthe scope and spirit of the present invention. In
addition, although the preferred enbodi nents described herein are largely
directed to noving sensors along a fixed curvilinear path, it will be
appr eci at edVit is gmediis| led in the art that many teachings of the
present inventiaon can be _applied to other systens such as two- dinmensional
mi croposi t foni nd* WFEP AEIHHTHIAG APPALISUT f‘?’ﬁ‘gn}émh the scope and spirit of
the present invention. 2 5 MAR 2004 -17 Clains Wiat is clained is: 1. A
~servo pgsitioni apRppsHabl¢eBodppri sing: 5 a positionable body; a first
mass and a second nmass, the first mass including a first sensor

fi dt t i | indj ye. ) i '
o ton. one. o THSF A PR PRy AeeulErFEr o R BT &

gg oon ?Rg the BRA¥rQNR YindRich SBEONSBRMI iNdicaRcidfahe ifst)sensos ed

position;
one or more primary microactuator(s) coupled between the first

10 mass and the body;

one or more secondary microactuator(s) coupled between the
second mass and the body, the secondary microactuator(s) being

configured to move the second mass relative to the first mass; and

a controller configured to derive a first control signal from the
15 sensor signal and to provide the first control signal to at least one of

the secondary microactuator(s).

2. The servo positioning apparatus of claim 1 in which the first mass

and the second mass are about equal in size.

3. The servo positioning apparatus of claim 1 in which the sensor
20 signal is indicative of an offset from a target position and in which
the first control signal is configured to urge the secondary

microactuator(s) in a direction that tends to reduce the offset.

4. The servo positioning apparatus of claim 1, in which an unwanted
vibration is induced in the body by the primary microactuator(s),
25 and in which the unwanted vibration is reduced by actuation of the

secondary microactuator(s).



*

second mass and the body, the secondary m croactuator(s) being configured
to nove the second nmass relative to the first mass; and _a controller
configured to derive a first control signal from the 15.3 M?;W?nal and
to provide the first control signal to at |east one of "the secondary

m croactuator(s). 2. The servo positioning apparatus of claim1 in which
the first mass and the second nmass are about equal in size. 3. The servo
posi ti onimgoespapar atus of claim11 in which the sensor ﬂ‘pﬂ{”ﬁ

indicative of an offset froma target position and in WhIC e first
control signal is configured to urgel8-he secondary mcroactuator(s) in a
direction that tends to reduce t he offset 4. The servo positioning
appar at us ofs cl aipp ch an _unwan vi bration is induced in the
body by the 5pr| nmary m CQ mre’ﬁ?r"@?) S o %“’l‘ﬁh‘\‘i\h therbody dagiamant ed
vibration is redamedfxbsahanhnahlrﬁtan@ialh’@néﬁ%%@ﬁ{é’ax@ ShPRekghor (s) . . S
Mt 2004 WO 0113;1]643 PgT/ USPO/ 11686 -18 5. The servo positioni ng apparatus
of claim1l1 in whic %ﬁgaﬁf‘a’?mﬁ?“a@%@%‘%ﬁb?‘ﬁﬂh@ pon J4iging r ot ati onal  °
inertia J about telaetha»(m{) and in which the second mass has a rotational
inertia j about the axis, J/j being less than 100. 5 6. The servo

posi ti onidng %yst@h&aﬁmﬁmiﬂmﬁmglsysﬁém&'éla&hq iRWHIEH the QIA §§g ndary

m croactuat ors co rc{?@re i ezoel ectric transducers n |n ormation

handl i ng system ﬂ‘gcmaé“%?fééo@ﬁrlﬁemwﬁgtetmwdeng a magnetic
field;, at -east ,one r ot at data storage disc; and 10 the servo

posi tioning appaﬁﬁf’ﬁgmﬂﬁhoﬁ‘%ﬁ‘%‘%sﬁﬁw@ﬁmgﬁe positionable body includes
a voice coil p05|t|oneg across a part of the magnetic field, in which the
controller is cohff d“ﬁgﬂebﬁeﬁﬁﬁa&égaw%ﬁe@ontrol signal able to
actuate the voic in which the first sensor is a transducer

head able to red l?fé{?{‘efr?térﬁberf?tﬂ%ﬁ“ffggﬂéfﬁaﬁ@

10 the servo positioning apparatus of claim 1, in which the positionable

body includes a voice coil positioned across a part of the magnetic
field, in which the controller is configured to provide a coarse
control signal able to actuate the voice coil, and in which the first

sensor is a transducer head able to read data from the data storage
15 disc.

8. A method of using the servo positioning system of claim 1

comprising steps of:

(@)  calculating a difference between the sensor signal and a target

value to derive a difference signal;
20 (b)  deriving a first control signal from the difference signal; and

(¢)  actuating at least one of the secondary microactuators with

the first control signal.

25



" sensor's positio

5 disc. 8. A method of usi ng the serv_ci)gposi tioni ng systemof claiml
conprising steps of: (a) calculating a difference between t?]é @RZ@
signal and a target value to derive a difference signal; 20 ( ivi ng

a first congrol g I i Sififfe Bl i i ng at
| east one 2?‘ theﬁ{s%ggérﬁglg\rlgmrﬁdgﬁ%gé{(%gé ors e\zfvlﬁlt)ﬁﬁaét ﬂresq?l? ?Sggawgo%tgérég)?ﬂsi gnal .
25 -19- 25 MAR 100ds efch doupded ysdieeotlynl thdiboglya thofitst ntassthdudagya - a
first mass and a second mass each coupled indirectly to the body, the
first mass i ncl udrsigersorfcopfigusechtmgenrayate ysansar sigrgbinshicatévesofsibwes or
signal indicativg of the, first sensgr' osition, a nethod for

posi ti oni ng corrpg Sgrgﬁlas%tséi?sgltb‘?l?’ a(@fﬁwﬁ@glpé{s}qfﬁ“ﬂgSP’F‘Tpé?Sé%ételﬁ’é%en t he
sensor signal and a target value to derive a difference signal; (b)
deriving a first(ajont catulatiggal diffeeendetteteieér ehesasos signal ancﬂa)taﬁ%étuati ng
at | east one m croactuator coupled between the second nmass and the body

in response to tYaugitp serivemdisferencgisignalo 10 nove the second mass
relative to the body and the first nass, so that a reactive force is

exerted upon t hewyodyderdPing Ak cHALBI sigParFBhytHe et SHBSigidhlf | r'st mass
and a second nmass each pivotably coupled to a third nmass, The first nmass

-, I ncluding a sens able to genfﬁraate a signal 15 ir}ﬁi tive of the
5 antCtHBHRS at Inaskenepifrparipatereay @3 REVERIEBIRd nmss

rel ative to the §&bh€i.m5‘%5a%cg@% By fl Fe3pofiBSS thBTRG MMl 'hal to

posi tion-indicative signal.
10 move the second mass relative to the body and the first mass, so that

a reactive force is exerted upon the body.
10.  An actuator assembly comprising:

a first mass and a second mass each pivotably coupled to a third
mass, the first mass including a sensor able to generate a signal

15 indicative of the sensor's position; and

means for selectively pivoting the second mass relative to the third

mass and the first mass based upon the position-indicative signal.

20





