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= (57) Abstract: Piezoelectric elements or similar microactuators perform fine positioning in a system including at Jeast two masses
bendably coupled to a larger body. A servo controller receives a position signal from a sensor on the first mass, from which it
generates a signal 10 control microactuators coupling other masses to the body. The movement of the other masses thereby exerts a

3 controlled reactive force upon the body and upon the first mass. Examples include disc drive systems in which the reactive forces
are used to counteract one of more unwanted excitations in an actwator body or actuator arm.



[err] Tinme (in mlliseconds) Abstract: Piezoelectric elenenfs or simlar
m croactuators performfine positioning in a systemincl udi 5%6@@ t wo
masses bendably coupled to a | arger body. A servo controller recei“ves a
position signal froma sensor on the first mass, fromwhich it generates
a signal to control mcroactuators coupling other masses to the body. The
novenent ofyollSiset her nmasses thereby exerts a control Ilgz(gm;s%af%gﬁve force
upon the body and upon the first mass. Exanpl es include disc dfive syst ens
in which the reactive forces are used to counteract one or nore unwanted
excitations in an actuator body or actuator arm WD 01/31643

PCT/ USOCQO' 11686 M JTOR- N?UCED REACTI VE FORCES FOR FI NE PCSI TI ONI NG
A SENSOR 10 Fi el dwgﬁ%ﬁ GR-IRUGERLREACTEVE FORSES el at es to servo
control systens incorpor aFORFINKPOSITIONING UHESORND posi tion sensors,
and nore particularly to controlling the novenent of position sensors
accurately enough for use in 15 an el ectronechani cal information handling
system Background of the Invention Precise control of a transducer or
simlar sensor is becomng nore 20 inportant, particularly in-the field
of mass storage. Optical and magnetic discs often contain tens of

t housands of tracks per radial inch. This density continues to increase
rapidly, requiring greater precision in head positioning. In the past,
head positioning was typically acconplished by operating an actuator arm
with a | arge-scale notor, such as a voice coil 25 notor, to position a
“head on a ginbal at the end of an actuator arm Unfortunately, such

| arge-scal e notors often lack sufficient resolution to effectively
acconmodatg hi gh track-density gise .thJ s, ..a hi gh-resol uti on head

posi ti oni ng mechani smis necessary to acconiddate the nore densely spaced
tracks. 2 5 MAN 2004 WD 01/ 31643 PCT/ US00/ 11686

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, particglarly 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.



-2 One promsing class of head positioning systeminvolves using a high
resolution mcroactuator in addition to the conventional |ow resolution
actuator, thereby effecting head positioning through dugl:stage
actuation. Various mcroactuator designs have been cons?d@d@ﬁ(ﬂﬁﬂS
acconplish high-resolution head positioning, including piezoelectric,

el ectromgghptdigss €l €ctrostatic, capacitive, fluidic, ggﬂt]ﬁ@m%‘gl
actuators. An exanple of such structures is provided I n'U S "Pat ent
4,431,934 ("Electrically Actuated Pihezoel ectric Control El enent") issued
to Peter Kleinschmdt et al. on Feb. 14,1984. 10 Various |ocations for

such m croactuators al ong each actuator arm have been suggested,
i ncl udi ng at t he GStPEPTISENE qhass pllead pheitigning systeam ihviohees ubiegd.  Such syst ens

are exenpl i f;gH rdsBloSmiBdh&RloPnbaRiRE ﬂé%ﬁ)zeﬂ RIS W th Sub-Actuators

9
for Fine Head D spl acenent”) |ssue§ %o %’a%jl e al . on Feb. 23,1993;

and in U S. perlelien &heaar, theseby eHecing Beadpositiomngiihirbughtddbl-agigk ng
-M croact uat Qi atibs SHEHL . A Jurgenson et al,. on Aug. 12, 1997. More
perti nent f%{cu%rh keng'ent Sggﬁgéggu?tgr ‘?ﬁ%’@%éﬁ?‘{f&eﬁ? N9 in U S. Patent
6, 002, 549 ( "dorqrhplishMigh-tmolutian besi fosftioRingtintiaingglieasReire, Magnetic Disc’
Drives") isse'l‘e%gr 19 A‘Ietlz%nel vid -Berman, et _al. on Decenber 20 14, 1999.
There, a piezoel eceri e EreskicsaPasityspiitificand tbeamal peipgtoreaint o t he
rotational axampledfeic stncastdiabrivididh 165, PARA: DiRzee! ectric el enent 26 is
ol a slider 24 relative to tracks 34 on disc

enpl oyed for '(}'Iéi ne posi tionjn ) K

30. A voltd e%iﬁ“?étf“{%edpl’lg%&%@qné%ﬂemm% ipgred 4@ Beter sel ecti ve
expansi on orKleiaSdbmiacdtlaPBndeb 1ie10pk €20€l ectric el ement, thereby causing
di stortion of 25 actuator arm 16 to effect fine positioning of slider 24

over a sl ected VrEieys leqatioppionsudhl micthiastuatdes alatag eash actoetohara of
contructing L j3n 1 eroact uat ors . have been kno for sone tine,
FAOEEAL AU DS  E BEETR0R T,

and they continue to vance. s have
nevert hel esdiehd.nFuchdystbms aretesemplifiediin B PareapEI8B5781(" RIS Eské@h control .

Moreover, praul QH)S-A{:nt-ugtro?sat%tr 1%te YUead 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



2 5 MAR 2004 WD 01/ 31643 PCT/ US00/ 11686 -3 control systens have not
addressed reactive forces that Applicant has found to frustrate fast,
dynam c position control. Consequently, existing servo pozig ml ?@5
systens will not permt continued increases in perfornmance, h wil |
be required for further increasing the density of 5 recorded data. There
is a thergi®smigyzaneed in the art for efficient servo I tioning systens
that are effectli \3e for preventing or reducing nechani (ng/bgdgggéﬁ%nces

sel ectively. Summary of the Invention_40 The present invention provides a
novel way to control a servo systemof two or nore nmasses bendably
coupled to a gr I qﬁ% body by m croactuators. The controller receives a
position si gnat™f temg Ravediot addressed reqctive fonges that Applicanhhash it gener at es
a signal to ceiindab fful@atdFashi oppling the second mass to

t he body. The novenent of -t @%g?cﬁl%%(gg tre§l) %Eﬂseeﬂg%rif{}e%?hf‘ﬁ a controlled
reactive for c&TUPBAEHPRENG HistRmsawdl nay parniiheorftinued ineaasestihat i s useful for
s educi ng unwapifsm : ' tion. .As. used herein, "primry"

m croact uat orgéref e@gggg?ﬁg;‘%ng%ﬁ%‘*lg%% f%&f)tgff/\}é’g‘?asénﬁ densiyof and a

(1 arger) bddyrecarsgd datac dhereriy 4 thrreforactided i0th art' f6f &Ficibe sbhese coupl ed

bet ween a sec . t.he body. Deyices of the present invention

i ncl ude at | eg%?mg?ﬁeé ?)?%?%’Ertgatﬁ’%?%%‘f&‘i’ ’ﬁgﬁ' Srevanngpgredadvdndar y

m cr oact uat or meébep@pl reasnancdsadiectartyy.r ef erence to "noving" a nass wil |
refer to controlling the nmass with respect to the body. 25 In a first
enbodi nent, each nmass is coupled to two piezoelectric elenents and one
flexible pivot, which are al squmgiapy 86khkInddigioR0dy. The piezoelectric

el enent s fq]e bi ased i n conpressi on on each si 3e of the flexible pivot,
which is tension. The first and second nmass each include a distal end

having a positi on Thepsaknt iﬂ_‘};lﬁxtigh\f)%\ﬁdéra%o%'éf@ng%dco];xg{)l asslélszx;sot antially

system of two or more masses bendably coupled to a primary body by

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



30 paralled operation, allow ng each position sensor to nove along a 2 5
MAR 2004 WO 01/ 31643 PCT/ US0O0/ 11686 -4 curvilinear path defining a
respective surface, the surfaces being substantially pa@a,flm‘ we
controll er oppositely actuates each pair of mcroactuators &M 4aneous|y
so that each nmass accel erates to induce an equal -magnitude reacti've force
upon the a,%t(,lllﬁkg:f body. Preferably, the 5 nmasses are selected so that they -
have substantially equal rotational inertia and can tReVEf®AE8pe driven

by a conmmon control signal. Alternatiyely, at |east one of 'the signals
Is derived with a predeterm ned rrulti%lier related to the inertia ratios
bet ween the respective masses. In a second enbodi nent, data storage discs
are interl eaﬁ‘éﬁ’“H&ﬁa\‘/\E@hdeﬁlﬁngheewema{xrfademe%rfa&s%ﬁ%ator body. Each of
the arns bet wgBy.dHa ' | coupl ed to g pair of head-carrying | oad
beams havi ng t_ransvg¥ggl%ﬁrr§t Fﬁ%cor&dﬁf‘??ﬁpoﬁtayéc‘?“é?ﬁé@ﬁE"érﬁ?ﬁ croactuator. A
sel ected hea#higropttustorssinuleaieonsly s tht @k fasthdcaefdioGRMLe,l i N a voi cé
-coi | notor ag&tﬁl_@)@a thggreé .m'fcroact uator. At |east one secondary

mi croact uat or -on arot her ArKeiieres spop thejagiugtos dodp pBrsferably, the as t o

count erach t hasgs armselecteil 66 AR HHeAHAVe b, t%ﬁﬁ&igi!&%ﬁ al gLihe actuator
body parall elanég ' urfgiég. I n as"pre er g%ﬁé{/’%%“@%%nemﬁ) such

the dis
secondary m croaa&tg‘ért&ﬁrgg%ﬁré"mcﬁ cogpgon ¢pmtrol signali avtetnatvelypaet uat or (on

the sanme ar nieast dnbef fheisipRhl Is JBRNBS wi with the primary
m croactuator..In this %é t he tert"'?‘ar gén 8%38?%‘58?‘9826535Gmera0t5 t he

primry m cr 94Be ipertin rafiog eeTcihe respeative masés. shared arm (about an axi's
parallel to the gh§Gdeond dar L Croactuators _ _counteract the
o 0 OB Bl

shared arm s tendency to rotate gigveegpindle. In a
third enbddiheseveraiazms of antactister totipr Byt ol tsCamisHeBlbGaedisc2R bet ween t he
several ar me.Rbin r body, two sel ected heads transduce signals
si mul t aneousl yfpon .1(:) \%3’5 gg’% geascﬁ?af’é OagpbeamprRaving transverse motion

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



m croactuators simnultaneously provide control signals so that each
selected head follows its respective track. At least one unwanted

oscillation is systematically reduced by applying a fix gal,n anplified
version of an 30 existing control signal to at |east one%c&égdﬂr&gt or not
being used for track 2 5 MAR 2004 WD 01/ 31643 PCT/ US00/ 11686 -5 fol | ow ng.

Thi s i npr owesipmif or rance on both sel ected heads wi t hoyj. iring an
addi ti onal servo channel. Further features and benefits 3?js§(ﬂlgkséresent

invention will become apparent to ong.of ordinary skill upon a careful
review of the followwng 5 drawi ngs and acconpanyi ng detailed description.
Brief Descri ptdiuio Tthrgse Dr aw ngrz Fig. 1 1s a top view of an information
handl i ng system wi th an 0" At PHAEANse e hethyelegied headsoisiowtal  f eat ur es

subst anti al | yrequirgganedditiogal sérvioshanmel. de vi ew of the systemof Fig. 1.
Fig. 3 shows how tPhe sxyf?tem of Fig. 1 can be used to cause a body of an
e

actuat or assenbl y O EEERERS apd penefighof thewpresam inyention will baoemequi ckl y. Fi g.

4 shows anot happaerfos aRicroRIABI IS YSLERY IRELRREAL RS, 8, 16 servo
I'g. S

posi tioning system of the present invention. %8 | owchart of a
met hod of Y he®Me¥&Rnd prrpatpanping detailed d@criptien. schemat i ¢ depi ction of the
third enbodi ment of the present invention, using nore than one servo
channel for inproved mcroactuator control. 20 Detail ed Description

Nuner ous aspects of servo PdsfPeésoription vfubie Drawimgst a part of the present
invention (or are well known in the art) are omtted for brevity, 25

avoi di ng needl ess distractions fromthe essence of the present invention.

These incl ude (1) Figoisiaftop viewr efuh tiufgrrhation ReinARARSy s&ah kferGHTDI Ni N T ecei ved

10 actuator assembly, with mechanical features substantially to scale.
Fig. 2 is a side view of the system of Fig. 1.
Fig. 3 shows how the system of Fig.1 can be used to cause a body of

an actuator assembly to settle at its destination position more quickly.

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



sensor signals to derive servo control signals; (2) techniques for
constructing mcroactuators, including parallel or serial arrangenents of
pi ezoel ectric elenments; and (3) biasing and sensor/channzl el ection 30
mechani snms. Al t hough t he exanpl es bel ow show nore than e &L Rdemﬁil 25
MAR 2004 WD 01/31643 PCT/USOCO 11686 to allow those skilled in the'art to
practice wbeuvpe@sent invention, subject matter regardge@selds | nvention
i s broader than any single exanple below. The scope of the present
invention is distinctly defined, howeger, in the clains at the end of
this docunent. 5 Fig. 1 is a top view of a disc drive 10 with an actuator
assenbl y 110t ﬁyingblekh%a_use with the present invention. A stack of one
or nore. di s¢s o107’ R &P arbto prasticr thepresapbinventiorp qubitsbut axi s 214.
To read dat ambfterfegirdas ks BbGnvdnfiSn§ Sbie 171 nust be
posi tioned near thg center 218 of qsteérﬁlrg&%errglf‘:aﬁég%r cog{agg&eg%]l%‘g't ment, the
body 114 of SR&%59PP! the Presertiinysntipnds distinctly slefinedaboweverxinghd 17 so t hat

‘t ransducer hgggmLzamngmqgﬂﬁggﬁﬁﬁgﬁ&arget track 216. Transducer head 171 is
supported by | oad beam 118, Ichis supported by actuator arm 116 by
convent i ohal neakds 1iina top yiewof edisoidrivh @0 withuataotuatrasskidbiyt @t i s near er
to the axis . A71... a hani.sm for. fipe adj ust nent

i ncl udes a p%%%g%P§€$%??hQ§mﬁ?%%g%EYﬂgFSrg%%ﬁiéﬁPBePb“WH%gﬁé the head 171
in a horizondglis mloantedab thadt it chh bk rdthiedpbyvettaxk284. T sdUataiort0 al so

i ncl udes dis roller 220. en active, transducer head 171 provides
signals to t %&%gé{cf %ﬂeéﬁ?‘feol% lucgyheaf 171 st RrRositionpd Agar they ser vo
control | er 2@terath efahé Bgck. IFor R6A6E SijRASkbhl H-bod) 1586MRuBARL F Ol  er then
causes driver/ r ggiver 226 to activate one or nbre mcroactuators 160.

Wth healf 1755ERPEA L rotatckabaut s B sedhatitonsdnegr head|1q1 iroaes 171
stationary oowaRYerii®adcdZ . "I'?ax%dfuké’r%tea&jf(lfﬁgE%@bgéﬁ]ibﬁg&?{\d' g to

art-known net hods. Sinultaneously, according di ment of the
present i nvelBi Bhich igroppertedby pitoatod drin %6 lyhenaettivabkbneassanbl y 110 25 may

be moved N ARGRBAR: bk Gh 1 ADERi Wk RS D AR LALET Al T eact i on

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.



of actuator assenbly body 114. Body 114 is a rigid structure having a

| arger angul ar inertia about axis 117 than the counterwei ght/zggrti on 111.
Portion 111 has an angular inertia that is at |east as |arge MAR&?%@f
actuator arm 116 and | oad beam 118 conbined. |12 5 MAR 2004 WO 01/3 3
PCT/ US00/ 11686 -7 M croactuator "novenents" are desceribed herein with
respect towgezbgdy"” that is nmuch nore massive than the "nmass" that is
noved. The rrch?%act uator is said to nove with respect %}Caﬂigﬁﬂé“ﬁf)dy, al so,
despite the fact that a portion of ityremains stationary. As described
herein, this 5 novenent is neasured by the portion of the m croactuator
that noves the greatest distance relative to the body. Fig. 2 is a side
view of the disc dPiRcHOtf moygments" agh dedicribedrberein veittptespdct toya a

conventional SHodaNGRANEMuBimére QL |sing, @ voice cojl 192 and a
pair of magnets 194. Wen sel ect e%,e%%ﬁééﬁ??l%fliﬁvi§4h§re 10 each
confi gured t o"YERFIGHOVIF Faid te mowe withaerect tb viee Isudyf slee dedpim thd ack of data

storage di scSfaddiat £Hé:sib A s selected. .Sighals travel to and from
sel ect ed head 17lavig rerégh%g%ﬂ%%#tﬁ%a%&ﬁesﬂ Yithies servo
i nformati oh tBOYERe isweasuntd By the pértidMenhdeadoskhibtdiaratanioaghed a

-predet erm ne Abgetisihs s trac enter 218) to within the range that
15 head 171 2%11% be n%ve(g(}%?/ ‘r’ﬁ”c?rtg%é? ator control, servo controller 224

responds by provi figg iva sidavieel ofshgaisd dive10fiFyER Jh%@ﬁiixg’ bre?26 SO as to
nove sel ect ed'%gﬂyé?cl toward the target (i.e., clockw s'gl). One. i nherent
nmott on

t
effect of this OBYenyang ayrppgerentiofa moserroEIpEisinglewioie chidr i zont al

react i ve tor 92 amdaiaich gRei 19, DA Jldbed! Rk 4rRIAGYS gk 3KI NG LN S
[ I o% t he voi ¢e “coi”

torque i R account . for precise contro e Col fotor can be
cunber sont® FAFREMIigHEsS toaras er veritefram p eespedtive staapuod a sraducRIAtLT T OF ,

according to sidiagd His&d216MPRdi ﬁ%@tlﬂ REENAe§ OSEL 9L Erewge ﬁ024 geguces this
error by causing a counterwel ght to nove in dire BYBR ¥4 e way to
acconpl i sh t I#ekcted heed 18eriy tead shanrel 229 whRh also peovifésendy | Ve
information to servo controller 224. When head 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 microactuatof 160 moves mass 161

clockwise.



25 m croactuator 140, which is coupled to a mass of about the sane
rotational inertia as that coupled to m croactuator 160. This reduces the
reactive- torque-induced error as |long as m croactuat or 1§q%@P¥m¥_nass 141
|l ess than twice as far counterclockwi se as m croactuator®?l es nmass
161 clockwi se. 2 5 MAR 2004 WD 01/31643 PCT/US0O0/ 11686 Optionally, at -

| east one wbotde43m croactuators 140 i s unavail able for chlﬁg (;t/ﬁfscont rol the
novenent of its respective mass 141. This nay be desire Xi ®r oact uat or
140 is being used for sensing shocks, .gor exanple, or to conserve
current. Because no mass of about the sane rotational 5 inertia as that

i ncluding the sel .thead is available for use in mcroactuator
count er - bal ancing ¢ n?roP”,atéﬁ?Btt%‘ér"f%ﬁqoéﬂué’fecb146isrvmhyaﬁabléft&

react i ve- t or ques iordniceldthe friodEmentidf b ot atjonal Jnertia (J) of
mass 151 abouy axi.s, 117 is nore than SBéggéggﬁggﬁtﬁgﬁl?ﬂ@h?otationa
inertia (j) or radcifgopctuaterdiQjisiging used foomnsivig shbdaafor esarfigis] I abl y

provi ded to 16r wiconeeed HAEDE Heo ve,mass 151 about j/J times
the distange fhat ghass, 161 is Sr)ruos\?gg%gaigﬁ%acrggggté‘teﬁ%.’f“éfo"i%@?"?% | ong as mass
151 i s novead At i3t 0sleding Hieselegted hexctis svnilableribahsanse” di st ance, the
appr oxi mat e efi@6dctua®r oihSy- . signal will be to halve the error that
m ght ot herwi se result &Pb%ﬁ?ia e(ru(rP ?@hggén?tgl?rdﬂ%ssé&%ﬁe@éﬁr%ﬁ body 114. 15
I n anot her enb8arasErR-torq@didotedtdrmrniTFige), ertetHBhaiAa6k ??Bpr s 140, 150
are driven sona§ 59,0088, 891Pct ed ggag J71 toward the destination track
center 218. The additional 1neftatEreledaestethamthesormtional inotiement  of
these m cr oaddwhress1614A\cta@ingh) alcBRE S 3 Rallib Gediiabl ﬂﬁg{,gﬁ?&% bandwi dth by
at | east ﬁ)fqﬂ%ge%gﬁg},sgs conpared with the respg se of the selected 20
m croact uat or SPERASY 58 35dp mave masy 151 shewtd/ | roecibe désganding masses

5 15 oy memasamt ettt 11 220

114, in a suffici fgﬁg I g stabl e track
can be used THUPPRE o this Herfest squntednbact’ distanice, ¥8@apprbkinaab bews t he
sel ected of 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 assembl'y 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



m croactuator 160 to performother functions, such as controlling the 25
hori zontal skew angle during a servo track witing operation or a read

retry operation. Fig. 3 shows how the second enbodi nent of trZeSpMRRe@P?
i nvention can be used to cause a body of an actuator assenbly to se e
at its destination position nore quickly. Curve 310 shows an actuator

body' s 30 woveseqst fromstart position 301 to target pg,%ir 'Smlgkgz, at
| east partially 2 5 MAR 2004 WO 01/ 31643 PCT/ US00/ 11686 . 9 conpensat ed

according to the present invention. Cuw.ve 310 thus resenbles the novenent
of an actuator body that is not affected by reactive forces arising from
m cr oact uat or novene cording to conventional servo control methods,

ts. A
a m croact uat SPTREFAISIARI RIS the Presert invention7 Curve 310¢hes tesriybldl4 | s

rapi dly def or medmbvaned: ongesdufe ol 9t 35k, pogition 352 This
pl aces head 171, ,ne?&ro its target pos?t "on 21 a%?dg%ge%%h%n‘?}ffrefunat ely, the
i nertial forc85588 MOREMEEasRIaty maysments.] Acerdimgdn comehtional sévot he

-unconpensat ed cafttdl #@hods IS miPMak . 330.  Accpr di tQ the first
enbodi nent _of the r.esoegt i nvent |aoJr%,1§?l{1esIég§1rer35§‘s’eg?ag‘]:%?t‘?gﬁst partially
10 conpensat e&?d)Bb&aﬂé@“ﬂhéemw fFomiengpetpdsition!d51 tastgetesitsitfonon 302 nore
precisely, .t_hg;zgrmseﬂg Rpj"zqent .allo t he sor.to settle nore quickly
to its target positl onceggg. ensor Sst?ré\#s osf??’@sﬁﬁﬂfll? Yes a sensor's

| ocation witWnfaspetdy, the inesial farcgedf thesdlécte madno SRS xSQREA

m cr oact uatorf'@gggceorln offsets that are reduced by the conpensation schene
of the presen SR BRATRURT actpaipr g3 dowdripserre33ft Areesiganthet he present

i nvention, nifirspanbodit@hsof thopiekdht b@eﬁf@é@me@@leﬁbgtarg@%grs@gp%ﬁx sever al

~times fashgr t han t he ﬁeorresRondi ng actuator notor. capabl e of
movi ng a head YBSiPdcRearnthebadysimeersesdpitbntarset position 802 morea mi ni num
time T, for epaepdlp, thdPrebkift cfibblmant MR e SANBI £Leld LG RRIY tO the

rigid mass conprising
to 1ts target position 302. Sensor signal 370 indicates a sensor's location

with respect to its target position, and shows some microactuator-induced
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



that head should be able to nove the head 0.5 track widths in | ess than
T/ 3. Fig. 4 shows another information handling system 400 incorporating a

servo positioning systemof the present invention. Control Ig ?@%c
configured to receive signal 418 from sensor 471 and to gen rsa mrol

signals 419 that expand and contract mcroactuators 431, 432, 441, 442.

Physi cal lwooetfesspaths for signals 418,419 are housed wWdhidg ,ﬁg&dw ts 468
af fi xed to positionable body 414. M croactuators 431,441 are coupl ed

bet ween mass 421 and body 414. M craoggiuators 432,442 are coupled 30

bet ween mass 422 and body 414. Parallel tracks 415,416 on a nmedium 410 2 5
MAR 2004 WO ( {131653 P USO?/ 11686 -10 such as a tape or disc surface
move | ongi t uai nar T §P% P ARF %@tloﬁﬁhidﬁ@w%hwhrmctﬂonm esponse to a

sensor si gnadengb}&n ﬂdlr@@iohggo%d&ﬁﬁﬂsi af@‘é‘?ndx%tﬂ@a%el% %nt position (e.g.

track 415) to another ‘go sition (e.g. track con Si gnal S are
sel ecti vel y ‘PPBHPIEE t RASEIOpARE- Hackrdd Bctowaoter p&hqn’(dg; tragk mnt ract ‘

mi Cr 0act uat QonééPsigrdlird Sell@¥1yAk 4y i
respective signal sgdrdrﬂa be provi frdwt gdgé(éxi am crr°6cac 85? ﬁ.j?f‘i and to

contract cPPBHE‘Ett’J‘EFré’P“H@me grglﬁgbm\suanﬂiremmamsl Thesa sagt hod of the

present i nvaRideBHl sf1 Mhk 10 throu h 570, uator body is
noved to vmthl}in a T gew)?geél{(%%fﬁ?ﬁepﬁngrrﬁ foag%torﬁg} ﬁ’b‘%g’ for which are
known in thé?oatr@dmﬁgoamust‘tﬁt ed in Figs. 3&4, these can include steps of

obtaining a diffgre e signal, between the sensed | ocation and the target
| ocation. This d|F f“g(rsz%nce &W%Wf@éﬂeq‘ﬂ‘éﬂf%épﬁ%sé’éflﬁbeﬁlé\ﬂerate (e.qg.

t hrough a drfeatemigaem Slert}u@ﬁﬁh 57071 AREctGAtoF Boly x@%lvb&'t@%)i nor €
15 controls a rmt or. At esli red di st ance

control g one of whic
fromt heﬁide ?wrs‘?‘ﬁflfscfﬁ the farge 320, methads forr whick aretknomingd thenaq@r Aparation for

entry into hlﬂlﬁsﬂd&eﬁtxhﬂi’?%slm Kﬁé@@a@%@lu te ﬁBPMaMgEa @frerch& 4 this can
i ncl ude S|tuat|aﬂ§; a sel ected head tovva F e

tween the sensed location and the target location. This difference
signal can then be used to generate (eg- through a driver/receiver or
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.



destination and/ or noving non-sel ected heads away fromthe destination. 20
A short seek is performed 540 to enter the destination track, after which
a position error signal (PES) is available. First and SoHd cont rol
signals based on the PES are then cal cul ated 550 and use Ma}ggyate
secondary and primary m croactuators 560, respectively. Fig. 6 I1s a

schemat i cwiphisedss On of an enbodi nent of the present 251,@)63&;1' §€ using two
servo channels to all ow sinultaneous track following on two &t a surfaces

of a disc stack. The actuator assenbljy.includes a block 680 coupled to
four arnms 610, 620, 630, 640. Optionally, the two end arns 610,640 have
about 50 to 70%2‘% the rotational inertia of the mddle arnms 620, 630,
each pair being abStHCsoREpler §0&ingludgsqlcizenit 69§ boraderiving @réd MAR 2004 WO

01/ 31643 PCTkbiit3DsibheR Gor cbirs® NP I 00 i.ncludes a circuit 697
for deriving servoﬂgiqcontrol- si gnal sy?jgé%{:?agf%gdé’g)%fe?‘é 88V not or 699, and

for derivi ng°PHt sisgalsepswosddiionsl adrannels spaeths fopmelictcdra kneds in SYSt ens f or
whi ch are kn i . i. o _the present .jnvention, the servo
S hrt. nAécBﬁ:ané fo th@‘%?@%&y Ve thophr?% G%HO goxb%%}g

control l er passes 5 these signals eac FPE&RF i fier. The
anpl i fi edSsi geas ggnadodachtlroagh atpoemer amphiisre Chbymiplisiel eghabl e channel

Gaptctod  ScRORERERED reefhvel b ea oFel pbag cbariom 60, owi £ ch 661,
two inverting arfiokiclrigr sndsplibitess, ahdiethandai 6b00shEKE$78 and anot her
el aced by SMRERRA G AREoIo oS tNar SrikAML o0 by Sof Lar e
Tl ot oy e M S SRR )
posi ti on'&nd°%F 1B REAtice, HYs Fieghanispm 660 is easiyend peefefablyheplasityion of swi tch
o Thdhe S g SO LA R 72
vul ner abl e t ®f Riesent terdhings, thiesubatitudion is an ordinary matter of design
choice. As shown, each switch 661,662 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, however, they are not

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



this in-phase nmotion may be preferable to the armlevel scissors-like

noti on described conjunction with Fig. 4. 20 Wth switch 661l.in its upper
position, control signal 601 al so passes through inverti rtg -ﬁld\m;\i f‘{,@r 676,
so that an inverted signal is received by the mcroactuators coupled to

arm 630. If the delay induced by inverting buffer 676 is suitably-short,

t he massewo@23e8333 of arm 630 nove substantially out ith the
masses 617,623 of arm 620. Their net 25 torque on bl %&R%@%ﬁgx\gout its
axis is therefore canceled (i.e. oppgsed so as to reduce its net

magni tude). Note that many actuator assenblies (including that of Fig. 1)

are vul nerabl e tqtk%%sqﬁ%dt%‘o{éti c?al_ vibrations. Because of their nmass
and bearing construction, Noweget ePigeRmifreachiator configuration ikeyul nerabl e to

rol | excit at Hewsf Bigi figvhereths Biféciod phat ¥Q8M i 20,.,2° MAR 2004
VIO 01/31643 PCT/ US00/ 11686 - 12 | t Ps assumbd 1 %’téﬁi‘sg‘.%%éga%bﬁncts a
mi cr oact uat or TconPTg Y B FBTESPending sensar 636 thango the axishé retatibieofef f ect i ve '

pi vot of eactheactudfr assefdly. i16islafoSisd b [IBg L choser. fo its
correspongdi ng segsor 616 ,thanlstaq tﬁeﬂgel%itéﬁg‘{“%igf%%ﬁg‘?ﬂts ‘he act uat or
assenbl y.> | t "hgre isthe sambired rotatienal inertiasof IHessisl620)6 2083064500, 5 where | i's
the conbi nediozethat with @he B1HE! dst f..the arnms 610, 620, 630,640 together with
t he bl ock 68(3),g and j i's the érsg%é\t(ailésntg?m?ﬁtéoﬂafﬁewogﬁi‘ﬁ”ﬁﬁ9§§2%23, about
the act uat or2Bouttheacumtarsmuis obrotatidnr dqre pfesirablyy)y;j i Adss tinl196S t han 100.

Wth these agS#TRisL net torque cancellation described in the
f or egoi ng par agraﬁhg%zlnmr%%g?’nt%%’ﬁtg?f ‘.’e‘iaé‘c‘a{ah%éﬂﬁcﬁb%m%?ed that with

switch 661 iferagoingupapegrapfosintbeqimpoitht®. second mi croactuator control signal
602 passgp thr ougt@hgqidtq\é %ai n buffer 678 to microactuator 641, provided
that switch 662 I s TR TIOMGBR BikswitdyP6l imitg wpper positiondhar y conpensat i on

bet ween mas sse6dhsl mkRftbadRSfor 6&7&01@%%91. do8 pagsgseﬂ'&(?tféh l}n?t?‘rtgagxp Suffey ™ aSS oci at ed

wi th each 6]59 ?40. has only one
8 to microactuator 641, provided that switch 662 is in its lower position.

This allows rotary compensation between mass 613 and 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



15 mcroactuator. Wth suitable DEMJUX circuitry between(g%g signal s
received fromthe heads, any one of the four m ddle hea MR6M4626, 634
can track follow sinultaneously with either the top or the bottom heads
614,636. Wth switch 661 in its upper position, control signal 601 can be
20 derived fromthe position signal 696 received from head 634.

Confi guri Rgo ofH1k8UI try 697 to provide a suitable contrpé /ﬁéog}?&k 601 for
this purpose is optionally conventional and in any event 1S het a

critical part of this invention. Notg.that G can be -1 if the circuitry
697 is conventional. Wat is extraordinary about this configuration is
its specific use. f. . the gositi on 25 indicative signal 696 received froma
sensor 634 orP'R 1R &Y THRactyster 641, Netg that shis wilbordimesihe raquire aat | east one
ot her mass 62&cdireadivimihalgeously. Wth suitable read channel circuitry,
head 636 can trach.foI | ow sinmultaneously with head 634. Signal 602 is
derived from a podVith Brtchi66diniss Ipwer rasifionl he@ds61662dimmet fr om head 634 by

ordi nary net hadspeashtiySofdraadddze 90 643, PCL/ US00/ 11686 -13
provi ded to mi gfpoact ugts%r 641, 'Not'[einty%)g?ﬂ%%%’gt%i W%S}”cﬁ M3 1y require a

second reat cidishalle saphphanyintogtonG6dcessive Headd @naracRdslicw on, heads 616, 624
move i ndepengdaiiidntod: Iy_heads 626, 634. I n fact, the depicted configuration
is 5 switchable so that any two non-successive heads can track foll ow

si mul t aneously. FFig: 6 Birfher irfthrdes mdéastl@s raicrdacrastor e ca¥ B& Qagtyat or t hat
can be used ccel erat i sensar.. Wth switch 662 in its upper

posi tion, m%zlraggege[rgtg%osfm%%l%g‘s@BﬁF‘iﬁﬁﬁV‘éH“tpﬁe’pPW% an output signal 665
i ndi cat i ve 1GniofoactugiorpatnieBonipiured Bpavi @ arbbdtpRese i bds ihhR.Rlane of the

di scs 6151.0 A gr ef erred {:nfgod,i ment of the present invention provides
swi t chi ngt® cif 8 GPPPYrenhgt viBratignaligned withsthe plage af thegtisss 638 ok 641 on an arm
g

640 to be ugpededsd enbilimedt StACKLGt FIBLER prliddss tch%?gcel eration sensor.

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



The depicted configuration can alternatively be used so that both 15
servo channel control signals 601,602 are used to enhance the track

foll owi ng performance of head 616 with the aid of unco&vg:}%ﬂ@bl‘
information sources. Wth switch 661 in its | ower posi'& or, exanpl e,
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from accewgRy@iign sense signal 665. It should therefore be understood that
20 the broad general meani ng enconpassed in signals "deFVU¥Y 8 ot her
signals is not confined to conventiongl analog nmethods. By way of review
in conjunction with Fig. 6, certain aspects of the present invention
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coupled to two

that the | ar gempogitetbodly @GR Be Qffedtdeh .are cou d toget her by
joints having an. eff%(’:’%’i Ve Spring c}g%g%{cgﬁtggun%f’gcqlﬁtggkﬁdﬂm g8hat of joints

619 | oi ni ng tently loyeq distehmagsddy il62 Oircubsfeshanhditeatibg. 6, each flexibl e
joint is shown assgsé ¥ighd 9 er. 638.in rallel with a spring 639.
In typical disc drive actag’ytatlé’r%ésggtgpr’r%‘?’ﬁe%‘),smé’é‘c‘ﬁﬁa}’?ﬁ%@sq@Saffi xed to its

bl ock” 30 680 2B§ tagsnsrate a pesitier-indicntpes sigrn6es] WheRs@kbf §16507 i Ng 683. In
effect, the aLbBedso? 4004 01/ 31643 PCT/ US00/ 11686 -14 and bl ock

thus combine to forma Farrlee i IBhysereLiHdqeveentthe seneamosi t e body
will be aff eéleahdipe bodyp60i68e ard definad td B Prinf2}." I ui%yffi ciently
ens

large distal ;mpss 617 1 i.rcunferential direction. 616 is able
to sense itslracﬂ'§n Coﬁggp‘fr?egﬁlsrmg?’i?ét?ée%"ftﬂ@@h@l@gnabamm generate a

posi ti on-i ndileasignabe%itgnatheGSRete Y OGRS EIS ' sel.ected for track
foll ow ngp the m croactuator(s) 621 Bet vv'e%{ndt?)#go{éféﬁgbers’ i%’%fnd t he body
e

620, 680 BftiRe serBiE migicnfurtpr 6310At Tbé cavitrat dirduityy sinilklydi Ng

control | er 6@&ives aGaidhill IbH i.ve a. contraol signal based on the
si gnal 696 fromthe sel ecttgﬂsxsgglﬁgtgée%i R gytage'ﬁf’ﬁ'\ﬁ‘lféoﬁcﬁ’ét%ﬁ gnal to at

10 | east one®%e dba srlegfioniot » paticulat circ68 Tora3Atrollte00,ApIBlerLi recui try
simlarly 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



derives a second control signal that is received by a tertiary
m croactuator 622. The selection of a particular circuits for controller

600, anplifiers 601,602, and sel ectabl e channel coupl‘ian ME,@%M sns 661
within the schenme of the present invention are nmatters of ‘desigh choice,
and can 15 optionally use art-known circuits and/ or software. For exanple,

the sensor w@b9sfhs Fig. 6 optionally provides a sensor siﬁ{J]aI 696
i ndi cative of an offset froma target position (such asTa/P$*Yt®s6 center

218 of Fig. 1). In this case, secondapy mcroactuators 631,632 are
preferably configured to receive inverted signals frominverting buffers
20 674,675 so that, they are actuated in a direction that tends to reduce
the offset. ?W%ﬁ%?ﬁ@%eﬁgﬁééﬁ,ar@rféﬂw radlrislreulaced. Skotelthataroldkdfa@s t he

sel ectabl e cloansakios 8EPb b6 Fig. 6.so that one or two of
oft OEPp oS TESHR BAFI A ;gé%eq;ﬁta,f 9%@

the masses 617,623 are noved in phase, antially all of the
others 613, E7PEstculaT o theglisas t5.r respective nasses in a direction that

tends to 25 reduceyihis £l Vth or, wthout secondary m croactuators
631, 632 the apparatus of |gg°g’th%g}eg}§\g:%f & 1’3‘8851”5’?‘?8?%559@& oact uat or
622 in com acteriingrontyel sigrmiss0a/602 frafh the ditheerRk bigR&Ikafbe! Oact uat or 621.

M cr oact uat or. re hoth jn contact: with and able to nove arm 620.
By operating %ﬁ@@egg&ﬁﬁ%’?&%ﬁ%‘? Qregay @974n ponteqliss 68 tAcbidingpar al | el

di rections, Sobstpmichtinvyntion, RroxMApR, 12&%18\959114:@&%& gEégtggtg?%g{ 1}68|6| -15
. e ro

phase, the t%%gp{g\é.oé. thhe rm 620 to roll is reduce

refers to a at I On 6 1VE OpBPHighsush aap farepcrdersignaplaatigitaliyat i s roughl y
per pendi cul arentdletheack hGebebilibntiddd’ ThEL t| 0 Lhe pethod of Fig.
5, the delg)i ct egléste 550 of 5 derivi ngarg%?i!?raé s%?‘g%“g‘?ds}‘%ﬁ‘fg%oz fromthe
di fference si uRger tg&alcplateragraffset. JWil ewttitostdlih yts kppéthmsitiongdli try 697 in

control |l er 6Qf; j : . ent. i.nvention,, for exanpl e, head 616
< sel ect ed g‘r;té\d %lg{gggl 15 Her\;&iefr&';\%ﬁxs oEfset ang 1s provided to motorrggg

to seek to the desired track. When the offset is sufficiently small, signal 601
is derived so that microactuator 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



signal 696 indicative of position such as a Gay code signal, a digitally
encoded track nunber identifier. The target track is subtracted fromthe
10 track nunber to calculate an offset. Wth switch 661 §r§ iMAR Qflter
position, a VCMcontrol signal is derived fromthis offset and is
provided to notor 699 to seek to the desired track. Wien the offset is
sufficiemdy/qeml |, signal 601 is derived so that m gipasodaker 621
performs a short seek to nove head 616 over the target track. 15 As a
result of the depicted circuitry, anm.her control signal 603 is derived
to control secondary mcroactuators 631,632 so as to cancel the torque
exerted by njcroactuator 621 upon body (i.e., the actuator assenbly

i ncl udi ng tkr?‘ée aagpﬁgd%‘if}?%f%?ﬁgﬁsﬁ@?aﬁﬂi XHBPIBI heRe dbd)aboreer tj ary

m croact uat anetbad cah o récRaered ile nHiktARind ALGENERlY Rl ant ed excitation,
20 the roll _tory ugl. exerted upon arm 620 by m croactuator 621. Al of the
structures Wt‘g@ HEdetht deparsag fiomvy e wrdpe apd spigih dithe posentt o one of '
‘ordi nary skiitventibnt Raddition, . practice of the present
invention without undue expglieliqJo n%??%%k?"fb@%&tﬁ%sﬁﬁbcfgr stood that even
t hough ndnen8isdn Rusdargely slitested ¢amaning aensert dores: edefirnikindaous embodi nent s
of the pres i L ; forth in, the foregoing

descri pti on?g%hégg%ﬁgﬁhaﬁeﬁé gt‘&ﬁﬁgsgeégﬁlte éntté‘ ARy e tion of

vari ous enbefithegneseniihvertonicanbatpplied tb biter shissdhsamitl & two-i | | ustrati ve

only. Chan B . e.in.the details, especially in matters of
structure aggﬁearrggrg‘g% Sm(??"ﬁaﬁyft§“§7ﬁ“f’m°ﬂt$??g“ﬂ?ﬁ AN HeSOBE t he present
i nventi on t end keiriB6f the bresexttifvidntiondi cat ed by the broad general neani ng of
the terms in which 2 5 MAR 2004 WD 01/ 31643 PCT/ US00111686 -16 the
appended cl ai ns are expressed. For exanple, steps of the above nethods
can be reordered while maintaining substantially the same functionality,
wi t hout departing fromthe scope and spirit of the present invention. In
addi tion, although the preferred enbodi nents descri bed



herein are largely directed to noving sensors along a fixed curvilinear
path, it will be appreciated by those skilled in the art that many
teachings of the present invention can be applied to other systens such
as-two-di-mensional m cropositioning systens w thout deparg;p%mééon1the
.scope and spirit of the present invention. 2 5 MAR 2004 - ﬂMﬂqu
1s clainmed is: 1. A servo positioning apparatus conprising: 5 a
posi ti onabl e body; a first mass and ajgecond mass, the first mass
including a first sensor configured to generate a sensor signal
indicative of the first sensor's position; one or nore primary

m croactuat or(s) coupl ed between t h&€lhimst 10 mass and the body; one or
nore secondary m croactuator(s) coupled between the second mass and the
body, the secondary m croactuator(s) being configured to nove the second
mass relative to the first mass; and a controller configured to derive a
first contﬂﬁhﬂéﬁghameﬂﬂ%nlthe 15 sensor signal and to provide the first
control signal to at |east qne t he secondary mcroactuator(s). 2. The

of
servo posi ti oni AYSARPRCSHAIIBE 2APPATHIL CPRPITEY the first mass and the

second mass are about equal in size. 3. The servo positioning apparatus of
~claimlsin which gigiGeitdebodP, signal is indicative of an offset froma
target position and in which the first control signal is configured to
urge the seconda

! st control )
theof faet . THUsLBRoapoe or o Rpshf e 90 ARpRe A ARischr <2

unwant ed  vi brat| hfed %W e dh8oPagnabindidgivierafrehe Yirst sensor's
m cr oact uator(s%?ﬁﬁgg an n m?liech t he u%vvant ed vibration is reduced by
actuati on of th?;osition;

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).



secondary m croactuator(s). . 5 Mt 2004 WO 01131643 PCT/ US00/ 11686 -18 5.
The servo positioning apparatus of claiml1l in which the body has an axis
of rotation and a rotational inertia J about the axis, aBd iMAREIYh the
second nmass has a rotational inertia j about the axis, J/j being Iess
than 100. 5 6. The servo positioning systemof claim1 in which the
primary and secondary m croactuators conprise piezoelectric transducers.
7. An i nfwowmdisan handling systemincluding: a voice g .hmaﬁﬂﬂﬁt
generating a magnetic field; at |east one rotatable data storage disc;
and 10 the servo positioning apparatigs of claim1, in which the

posi tionable body includes a voice coil positioned across a part of the

magnetic fisld, i ich.the contraoller i.s configured to provide a coarse
control signal ab gse')tég& é%{%oggneg 13?8"887 %{élﬂmlll,’“élf‘}ﬁhfh?wyéﬁs ge first
sensor is a transssobmtatiendnadhbetationdl aaghslpitdut BRMANSFAlGHST, OF age 15

disc. 8. A nethogﬁ%&m gl@g Fhe servo ﬁgsiyyonlng systemof claim1
A RANAA Bitegakinghtiag eabeirtdbe pds W&dwinghe sensor '

conpri sing steps of:
*signal and a tartstthawadoue to derive a difference signal; 20 (b) deriving
a first control signal fromthe difference signal; and (c) actuating at

| east oné of6. t he Thesovtdasitionrp 9aein b cRis ¥ Which 8 Jd ntrol signal.
25 -19- 25 MAR 1004 [ n argg;sztem i ncludin a'C pogi‘{‘%‘%ﬁgéﬁ‘g body, -a

9.
first mass and a SSEBRYTIERACtHRIR cemppbepicreplichictransducers.he body, t he
first mass i7ncl uginn a first sensor configured to generate a sensor
signal indi ative ggo?xixﬁéaon handling system including; ,

a voice coil magnet generating a magnetic field;
at least one rotatable data storage disc; and

10 the servo positioning apparatus of claim 1, m 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



irst sensor's positioh, a met hod for_2_§itiohingvbonprisin steps of: (a)
calculating a difference between the sensor signal and a ta éépmpv eto
derive a difference signal; (b) deriving a first control signa r t he

di fference gignajy, Qfs)teﬁﬁhk'ﬁfdiﬁg aﬁ%ogkt?&%tb]é’BSd s '&fi%%ﬁ%‘#{d £ uRled

between the second mass and t y I'n response to t rst control
signal to 10 novmasheadecandedisdirécdlyadd the Hody! tiee fisdynardnélnding ASt nmass,
so that a reactive force is exerted upon the body. 10. An actuator ‘
assenbl y conpri stiFsersoriconfighed tagenerateer sangonaignabinslicativeoeftbley coupl ed
to a third masse the first HBSS incbjud' a sensor able.to generate a
signal 15 indi LSt GENSSF SRRy Sgne Oﬁiog’?tﬂoé IOTUNG CHEYH LSRG FLeP8Odct i vel v
pivoting the second nass relative to the third mass and the first nass
based ugon the p@E3iticrleulatingatdifferaicgigitwedd the sensor signal and a target

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

(c)  actuating at least one microactuator coupled between the
second mass and the body in response to the first control signal to
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





