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relates to a systemfor read/wite head servo control in data storage
devices, and nore particularly to a secondary actuator system Description
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el enent (PZT) for fine-tuning and tracking is well-known in the art. Snall
PZT mlliactuators have higher vibrational nodes than the VCM due to
scal i ng. Descri pt PepariptionoiRelatedAdbs are found in scientific and patent

literature. f
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Secondary actuator systens that use the sane el ement as both gn.actyator
“‘and a sensor generally require conplicated el ectronics to nul th 6%@%@04
actuation and sensor -2 ~~NO V 200g 3 signals, Self sensing
mlliactuator systens are described in co-pending U S. Patent Application
Ser, No. 09/139, S41 "Pi ezoel ectric Actuator for Control and D spl acenent
Sensing", Fu-Ying Huang et al., as well U S. Patent Application Ser. No.
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~ 0 N OV 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS Addi ti onal obj ects and
features of the invention will be nore readily apparent fromt fN I\p\@[)ﬁ%
detail ed description and appended cl ai ns when taken in conj unctl on Wth
drawings, in which: FIG 1 illustrates a disk drive armsuspension with a
m | liactuator according to an enbodi nent of the present invention; FIG 2
illustrates an arm assenbly that uses two PZT el enents per | oad beam on
each of the arns; FIG 3 illustrates a Bl ock diagramof a controller for a
m | liactuator system according to one enbodi nent of the present invention;
FIG 4 il at n t ' a n t
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DETAI LED DESCRI PTION' OF THE PREFERRED EMBODI MENTS FI G. N gt rates a

di agr am odssigned kthd mpsignearaftisappesms inventi®, aud eredienchyt inc@mpomtddosli referencef t he
present ipnvention. The suspension conprises: nmount plate 12, | oad beam 16,

secondaryhea{glf]uator (transducer) elenents 14 and 15, flexure 18, slider 19

and readlwite Readogfhry P@umorpéy%m 12 afsBNdRerisAU A P PaiRE ING95489 38 3nd
includes a hole and a spud (not "shown) which is used to swage t he nount

pl ate of tmugufgéwsulaamamm ContICHeSEﬂf‘ml {Sldnumadt lbanThis pzttmjr d@@nb% laong
thin piece ofdste tandk V\ﬁ zﬁitothem)nt 5? Load bea i rovi des
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forces. Secondary actuator (mlliactuator) elenents 14 and 15 are nounted

at the baide sgpsor gall dsteghand thespiprectbntvikratioromedespthat eam be campgnsated tioihat ed
with an as%@@x?da\‘factﬁ‘it&ﬁ%&ﬁq ot her techniques of incorporating the

mlliactuator e nts-can be used, including using -5
In view of the foregoing, it is apparent that there is a need for an improved

secondary actuator system to overcome the above and other problems and limitations of
conventional systems.

A need thus exists to provide a highly accurate vibrational mode canceling
secondary actuator system that compensates for in-plane vibration modes of rotary actuator

arms, and substantially overcomes or at least ameliorates the problems of the prior art.

SUMMARY

In summary, embodiments of the present invention relate to a secondary servo
actuator system for use in storage devices, such as disk drives. In one embodiment, two
PZT transducers are mounted on each suspension load beam in an arm assembly. When a
seek operation is initiated the acceleration of the arms generates vibration modes. The
PZT transducers on an arm adjacent to the target arm sense the vibration motion and
provide output signals to a controller. The controller filters the signal and generates a
control signal for the PZTs mounted on the target arm. The deformation of the PZTs in
turn blends the arm load beam and thereby adjusts the position of the target head to
compensate for arm motion caused by vibration modes. Mounting the PZT transducers on
the load beam provides enhanced sensing capabilities compared to sensors mounted farther
away from the read/write head. Using one milliactuator to sense motion and a second

milliactuator to compensate for the motion avoids the limitations and complicated
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1 s Nov 20~~ In systens, such as arm assenbly 30, where a single actuator
drives multiple arns, a seek operation may excite vi brations‘]i@ NI@A/?@@#
31-36 that formone of several patterns. For exanple, a vibration node
where the top end arm 31 and bottomend arm 36 of the stack vibrate in
phase and the arns there between vibrate out of phase can be referred to as
a "C' node based on the pattern forned by the relative position of the ends
of the arms. Simlarly, in a vibration gode where adjacent arnms vibrate out
of phase can be referred to as an "M node. Each of these nbdes nove wthin

G 11 or ont Seatatrs B FHET Rl PR BRERNREd nRRER AR B FRAE TRl T,

i nventi ont@RAT.actuator can be used during the servo control on a desired

decel eration tr%%ector of a target head to suppress | ower order arm sway
frequenci es. | nThepecoapaliachIRIcs SyStBarfan Mg used daring serva cantigly shont ¢ dgsirsd very
lightly c o) | r SEN ed
out. The SR QRSO TRt i ePLGUES sIHAS IGPH B SOQHdBics IR
phase andnalatiubteeef afe tapet Head candlsaberusatiety sensteths phudtaind irepitude bf dfe t he

decel eration control signal is appljed with a phase relation that, .
suppressegomﬁ@nhﬁﬁﬂ§W@¥“ﬁﬁ@é°ﬁﬁélewgggé%%??%ﬁ’ﬁﬁﬁﬁﬁéﬁﬁ?FEhg?GH&B¥lwuha
accel erat| a] RigWY : [ '

i 1 st Ul O et e S B e o Ko e
used to dedekrseiveeadthatodiegtret Birtltermoreguillinguatosemkthe pensaatitbetopTnd boégmee of
tilt can be used as ass{fail criterja to.,control the radigl stjffness

axi al asyﬁﬁg‘ﬁaFnc?FSqnﬂ%?él%{"’eH?WP drtepninehe g%%cg@aor&a%er@ y;ﬁ‘? T8&ari ng
assenbly yaii GefionSI THR! dde¥de S (1P BarP6¢ USHACAs HpAFhV CAtebM tb RAHEOINMe rhfal
nunber of ar to two or I'ess elimnates the "M and "C' fam |y of nbdes
because t hgffieesamgiahatynenetughbf thel dysteinewhish canrbs dompromsied due to pivotnbdasringnd
for the case I two arns the end armin-plane in phase "C' node converges
with a BU?F8W$39WFPR%1nDde. Such sinplified actuator coil/conb geonetry is
wel | suited forid hesir @aHOBHInhdRY 8N tHePesB Y Vit RANEA fillia &0 atd¥Sire Moukted on3
illustrates a block diagramof a controller 100 for a m||iactuator system
accor di ngaflex giteviepbadinierrtedlicad psppisianeditalierptvely o theslgler-vi ng st age” 50
conprising a -7 16 NO V 2004 summ ng stage 52 and a vol tage driver 54
is connected to PZTs 14, 15 on load beam 16 (FIG 1 ). The input of driving
stage 50 or sunm ng stage 52 is connected to a high-frequency source 60, a
PZT controller 56 and a conpensation circuit 70. The out put of summ ng
stage 52 is connected to the input of driver 54. In one enbodi nent outputs
of PZTs 14, 15 are coupled to a filter 66. Filter 66 is an optional

elenment. Filter 66 can be used to determ ne what node is conpensated for.
The frequency ranges of the different armvibrati on nodes can be determ ned
enpirically or by nodeling the armassenbly. Filter 66 can then provide a
bandpass filter function so that the signals generated by the sel ected node
w Il be coupled to i npedance matching circuit 68, and the signals fromthe
ot her nmodes will be filtered out. The output of inpedance matching circuit
68 i s coupled to conpensation circuit 70. The output of conpensation
circuit 70 is coupled to sunmm ng stage 52. In operation, the rapid
acceleration of armassenbly 30 (FIG 2) in a seek operation typically
generates several vibration nodes, including the Butterfly node and arm
sway nodes as described above. Filter 66 filters out the vibration nodes
outside of the frequency range of a predeterm ned arm sway node. |In one
enbodi nent, filter 66 is a notch filter. For exanple, for rotary actuator
disk drives with at | east for 84 mmdianmeter disks) a typical "Butterfly"
node frequency range is 3 kHz to 4 kHz. For rotary actuators of HDDs of
smal l er dianmeter and fewer disks the Butterfly node frequency can be

hi gher. The output of filter 66 is coupled to i npedance matching circuit
68. | npedance matching circuit 68 is a transformer which steps down the

i npedance magni tude of the transducer to nore closely match i npedance

| evel s of conpensation circuit 70. The piezoelectric material produces a
charge proportional to its applied stress. The charge is sensed as a

vol tage but at very high resistance, thereby generating very |ow current
and rel atively high voltage. |Inpedance matching circuit 68 transforns that
signal to a range simlar to the range of conpensation circuit 70 so as to
nore efficiently transmt the signal. g _ ~ 6 N ov zoos Conpensati on
circuit 70 uses the filtered notion sensor signal to generate a
conpensation signal which is coupled to sunmer 52. The summer QRdeRbldRME 1S
coupled to driver 54, so as to generate a control signal for the PZT
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To-drive the PZTs, high frequency source 60 delivers a high frﬂq@mm 2004
"excitation 78 to driving stage 50. The frequency of the excitat'i
sufficiently high above the resonant nodes of arm assenbly 30 to avoid
affecting the arm assenbly. PZT control 56 provides a control signal 80 for
actuating PZT transducers 14, 15. Excitation 78 and control signal 80 are
conbi ned by sunm ng stage 52 and q_ 'ﬁd ﬂ} ducers 14, 15 by

BRIGF DESGRIPTHANAAr AIP2h that the sum of
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driver 54. The anplitud2 212> 81es ) wll) T
control signal . -e@f{ | &XforGAMN DR hdicFeidilp Bpparenefibimear
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par t i cuharfolldwing detaiiet eidscniptionandt dpmended efaimis wiem taken in genjundionpyifsthgr e
used to detect the Butterfly node vibration, and provide an output signal

to secod@wingsaint WhicBr controller 100 shown in FIG 3. PZTs on an adj acent

arm or - anot Nejg GOfihd AL ¥ BrE S paRsisR M Priilfaclea(or abostdingcora | on
of the active @arm 1o accurately determ ne the position of the active arm
based osmbbdinmentf the preseetipventioon an adj acent arm this enbodi ment

based oambbimentiot ; an ad di e
ource, For Bitupstaes BRRTBparareoTg s WA sleififs fribpdbkaR on

vi brati le, referring to FIG 2 for a seek operation with arm
{Egzh Pﬂheedfgi@, ’ 9 p
31, the8 gtrans ucers on opposite arm 36 sense the notion of the arm and

provi de cor r Ehdhilustratesiamlocksdiggrams ot @ ceutellen son2 milliactuator ¥$EMbl | er 100

(FIG 3). ntroller 100.gener ignal 80 which deforns PZTs 14,
15. The%%(%amﬁéf’i%‘ﬁ w%qﬂ%epﬁq@h?%r%&e&%fnS)g{lgérgs | oad beam 16 and t her eby
adj usts the pmsi{ ilgstratbs AftAidnNet 8 storage nsedie of arsuspension with armillBttusdos ed

by vibration nodes. FIG 4 illustrates th? resultiﬁ di.spl acenent of head
20 over inaplemeniationacsordingto oneembpdimed of the presen gv%f?t » PZT transducers
14, 15 there iDLl A i Einduied 8 9RS AiéY @iFdtsO_as
to i nprove sErcf'1n€l"p{st?n%(ggtr?%%tspgﬁ&{_g@umngr%ﬁﬂh%gvu@gogn m sregi stration (TWVR).
Usi ng aapedrdingftoRAbther@nisadiindat sfthe pdesent mveotien;@nd and a node sensing
pair of PZTs |ocated in the sa rmassenbl y as, the. act [ T i ds
the conpl ex EIGC H@ﬁ’i’%@sﬁﬁcﬂﬁm&@" R}So §‘éﬁ?§(‘§&°8¥§ﬁ§“h&‘r"{‘§pﬁ Q@fa[c et(g%ancz)gFCﬂHS

si gnal s t i thebréyait Mientiiat si mul taneously use a single
pair of t(gggig&l?égrérﬁ%?ﬁh%gﬁéfngrb;nd actuation. FIG 5 illustrates a disk
drive arm suspension 110 including a PZT 114 |ocated at the end of the arm
according to a fu i t j i e

enbodi nment , susé?i&%Pﬁ%&B@br\féf cﬂh?%[ﬂﬁ '?&:55 %E&%QPMENHS) and

conprises: mpat 1 fludtrated Bldiag@nt obg aliskidive aanf suspension didtack@pdingBian 14,
flexure 118, slider 119 and read/wite head 120. Fl ex ci rcuLt| gzgzagz%yi des
the el eemhedimenbeifbemresantdygntien {he YRPeNSOB GOMRMTESsOFERRAE ' < 114
i's nmoun t | int$ Wit tand A3, Adkerel 182 %liger @uand
adhesi vteb‘algg??o(e)h e(?hthg t céﬁzgrSr sdgbteﬁbaé;d tspﬁg%PZT cagl1 sense the flexible

vi br at i geadvedits head 20e Mount plate 4 Bican detssiane at recangidais and inglydssa kelever y

| to the prij trol i.e . .th
has: goodgi STt FHGAMADISH IS Red Bviterge St e R BTe ARBehs PRSI, 1
suspensigg anﬁ;{@:}y&%ﬂﬁehénl?QG%ﬁ&fseg goRd i pRlceds stelkl Andl 6 welddidstls tk i ve

head/ ar m asse may al ready be using such PZT's nounted between the
ar m and roentiplate. deaddresing 6 revidesssomplianggiin thenvartieatplase aithe fipwheyethe

‘needed; 2) it allows od, ops il of . l.an r des
whi ch ar'@)aﬁgif'é‘é'mt ﬁa{'f'olgfgﬁgggg'nggl(fﬁfélﬁéc’%)n{es%? M Pﬁg@ﬂé‘eﬁﬁéﬁ%ﬂﬁggﬁg a
PZT el engsloridaFy a6aa®s (Rilllaeasied klaeeaton 4aindothare inouateidatdhe bese ekimagl e on
the VCM coil support arm has the_drawback th%%%it.hs Ii&ﬁ? ﬁ,to sense ot her
st r uct urkganp d6i adiaceoifofpeny plgie di3- rﬁ&‘?yr%? mknted with anAdnesfys. aliolgN ¢
track er FQL: r | k| u y
sense ¢ ey tepiinse BpEoRErRaioine niRERuAt: o> caR BRARCL, TRy yme
nodes. . Using a PZT sensor provides several advantages over using an

accel eroneter as a sensor. PZTs are gengrally |less expensive and |ighter

wei ght than accel eroneters. PZTs al so geénerally produce a cleaner (less

noi sy) output signal) and sense and create -10 16 N OV 200g out put only
for flexible structural vibration, whereas accel eroneters al so sense rigid
body notion. FIG 6 illustrates an armw th two suspensions each having a

m |l actuator according to a further enbodi nent of the present invention.
Suspensi ons 210 and 260 are both coupled to arm 231. Suspensions 210, 260
each conprise: a nount plate 212, 272; a | oad beam 216, 276; secondary
actuator (transducer) elenents 214, 274 and 215, 275; a flexure 218, 278; a
slider 219, 279; and a readlwite head 220, 280. In this enbodi ment, the

vi bration sensing transducer pair and the actuation transducer pair can be
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. Storage’ devi ces such as optical drives, renovabl e nedia storage devices,
etc. -11 1 ~NOvV 2flfl~r 12 CLAIMS What is clained is: 1. An ar
assenbly for a storage device conprising, at |east one arm conpringnrN;OVazoﬂlf
suspensi on conprising a |l oad beamto support a transducer head adjacent to
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second arm based on t sensor signal. 6. The arm assenbly of claim1
wher ei n phiofolithodraphit ppeeesar m conpri ses at nost two arns so as to elinminate

certain osci IIilgt. iZCfI'ijusrtrr[a)gleesstin gr'?ﬁ %‘sée‘%%l?%%slﬁap t?scés'mo milliactuators 14, 15 per load
beam 16 on each of the arms 31-36. A Voice Coil Motor (VCM) coil 42 mounted in a
cradle 44 is provided for rotating arms 31-36 about a central axis 46 on bearing 48. This
type of primary actuation system is well known by those of ordinary skill in the art.
Appropriate electrical connections (not shown) are made to each of the milliactuators 14,
15.

In operation, when the disk drive servo controller receives a request to access a
track on the disk, a large current, approximating a step function, is provided to VCM coll
42 to move the head to the target track. The resulting rapid acceleration of the arm
assembly generates vibration modes in the actuator and arm assembly, including a
fundamental mode referred to as the Butterfly mode. The Butterfly mode is the primary
mode of a rotary actuator in which bending is about the pivot location and in-plane with
respect to the rotary actuator rotation angle. From the top view of the coil/arm assembly,
the coil and arms are oscillating together, in-phase, thus moving somewhat like the wings
of a Butterfly moving up and down together. The Butterfly mode causes additional phase
loss in the servo controller and thus further compromises servo stability especially if arm
sway mode frequencies are not sufficiently higher than the Butterfly mode frequency.
Army sway mode oscillations generally continue after the head reaches the target track
and therefore adversely impact settle time and track misregistration (“TMR?").
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m | | i acfrequencysiapge avthirsthabgeneral range.

The present invention milliactuator can be used during the servo control on a
desired deceleration trajectory of a target head to suppress lower order arm sway
frequencies. In this application, bending modes that are normally only very lightly coupled
to TMR may be a large noise source and should be filtered out. The milliactuator of the
target head can also be used to sense the phase and amplitude of the dominant arm
sway mode so that the start of the deceleration control signal is applied with a phase
relation that suppresses the arm sway mode that was excited upon application of
acceleration control.

in yet another feature of the present invention, milliactuators on the arms at the top
and bottom of the arm assembly can be used to determine the degree of tilt during a seek
operation. The degree of tilt can be used as a pass/fail criteria to control the radial
stiffness axial asymmetry of the system which can be compromised due to pivot bearing
assembly variance.

Simplifying the actuator structure by reducing the number of arms to two or less
eliminates the “M” and “C” family of modes because there are not enough multiples of
arms to create an “M” mode and for the case of two arms the end arm in-plane in phase
“C” mode converges with a Butterfly like mode. Such simplified actuator coil/comb
geometry is well suited for the present invention servo compensation system.

FIG. 3 illustrates a block diagram of a controller 100 for a milliactuator system

according to one embodiment of the present invention. A driving stage 50 comprising a
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In operation, the rapid acceleration of arm assembly 30 (FIG. 2) in a seek
operation typically generates several vibration modes, including the Butterfly mode and
arm sway modes as described above. Filter 66 filters out the vibration modes outside of
the frequency range of a predetermined arm sway mode. In one embodiment, filter 66 is
a notch filter. For example, for rotary actuator disk drives with at least for 84 mm
diameter disks, a typical “Butterfly” mode frequency range is 3 kHz to 4 kHz. For rotary
actuators of HDDs of smaller diameter and fewer disks the Butterfly mode frequency can
be higher.

The output of filter 66 is coupled to impedance matching circuit 68. Impedance
matching circuit 68 is a transformer which steps down the impedance magnitude of the
transducer to more closely match impedance levels of compensation circuit 70. The
piezoelectric material produces a charge proportional to its applied stress. The charge is
sensed as a voltage but at very high resistance, thereby generating very low current and
relatively high voltage. Impedance matching circuit 68 transforms that signal to a range
similar to the range of compensation circuit 70 so as to more efficiently transmit the

signal.
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signal 80 and excitation 78 does not cause saturation or nonlinear behavior of the stages

e sum of control

of arm assembly 30, including suspension 10 in particular.

In one embodiment of the present invention a pair of PZTs are used to detect the
Butterfly mode vibration, and provide an output signal to secondary actuator controller 100
shown in FIG. 3. PZTs on an adjacent arm or another correlated arm are used as
sensors to determine the motion of the active arm. To accurately determine the position
of the active arm, based on the input from sensors on an adjacent arm, this embodiment
determines the dominant mode associated with each type of excitation source. For
example, a seek operation by an end arm may generate a C mode vibration. For
example, referring to FIG. 2 for a seek operation with arm 31, the PZT transducers on
opposite arm 36 sense the motion of the arm and provide corresponding output signals to
secondary actuator controller 100 (FIG. 3). Controller 100 generates control signal 80
which deforms PZTs 14, 15. The deformation of the PZTs in turn rotates load beam 16
and thereby adjusts the position of head 20 to compensate for motion of arm 31 caused
by vibration modes. FIG. 4 illustrates the resulting displacement of head 20 over a
storage medium 82; in this case a rotating disk. PZT transducers 14, 15 thereby maintain

the position of head 20 over the target track so as to improve settle time and track
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misregistration (TMR). Using a pair of PZTs to provide secondary actuation, and a mode
sensing pair of PZTs located in the same arm assembly as the actuation PZTs, avoids the
complex electronics required to separate and multiplex the sensor signals and control
sighals in systems that simultaneously use a single pair of PZTs for both sensing and
actuation.

FIG. 5 illustrates a disk drive arm suspension 110 including a PZT 114 located at
the end of the arm according to a further embodiment of the present invention. In one
embodiment, suspension 100 is an “integrated lead suspension” (ILS) and comprises:
mount plate 112, load beam 116, a flex circuit 122, PZT 114, flexure 118, slider 119 and
read/write head 120. Flex circuit 122 provides the electrical leads from head 120 to the
base of the suspension. PZT 114 is mounted at the tip of the arm on flex circuit 122. The
flex circuit adhesive is bonded to the arm so that the PZT can sense the flexible vibration
modes of the arm. In this embodiment the sensor is located very close to the primary

control servo sensor (i.e., the read head) and thus has good observability.

'Advantages of using PZTs mounted on or close to the suspension, such as at the
end of the arm include: 1) for a disk drive head/arm assembly which may already be using
such PZT’s mounted between the arm and the head suspension flexure, no additional
PZT or PZT wiring is needed; 2) it allows good observability of in-plane arm structural
modes which are modes that can cause significant off track error; 3) placing a PZT
element for use as a feedback sensor at other locations, for example on the VCM coil
support arm, has the drawback that it is likely to sense other structural oscillation modes
which may not be modes that cause head off track error. For example sensors placed on
the coll support arm not only sense the Butterfly mode but also sense coil torsion and coll
breathing modes.

Using a PZT sensor provides several advantages over using an accelerometer as
a sensor. PZTs are generally less expensive and lighter weight than accelerometers.

PZTs also generally produce a cleaner (less noisy) output signal, and sense and create

-10 -



. s$109%6& ()- s$109%& ()-G 109%& ()- " $10%& () - nPai dESH= -
'1084nt 1096&' ()-f2' 1 109%b&' () - ##109%6& ()- Y' 1109B& () -

1096& () - #109& ()-9% 1b@ 1! [ L' 109& ()- L 109%@& ()- S10%@& (i-&N@@JZB)mb
105 105 105y37109%& ()-1 ~fd{|}[<l@

10@ $?10%& ()-s!i)| " 10%@@ ()- (10%@ ()-! Q' 10%@@ ()-!["10%ag () -" 10%a (
)-1}~ 11j H@ 10@$! SL" 10%b& ()- I nl" 10%b& () - & () -
310908 pvtpﬁﬂigw&m(ﬂewlgﬁ@lm@hwbrﬁt‘m ‘whereagg }Bfmé‘;@fs so sense rigid body

|L$10(V<ozf% ()-!L$10%Id& ()-$Y10% & ()-Z 10b 10b
10b$?109 "I HF###H+SAE-\ = 10@10% & ()- T10% & ()- L

10% & () -1 19?/@.86 (istrRLA drii witfw Gupdnstons TRRHN A Infllactuator according

to a further embodiment of the present invention. Suspensions 210 and 260 are both
coupled to arm 231. Suspensions 210, 260 each comprise: a mount plate 212, 272; a
load beam 216, 276; secondary actuator (transducer) elements 214, 274 and 215, 275, a
flexure 218, 278; a slider 219, 279; and a read/write head 220, 280. In this embodiment,
the vibration sensing transducer pair and the actuation transducer pair can be on the
same arm. Having the vibration sensor located on the same arm as the milliactuator that
is being used to compensate for the arm vibration avoids the problem of having to
determine the relative positions of the arms.

While the present invention has been described with reference to a few specific
embodiments, the description is illustrative of the invention and is not to be construed as
limiting the invention. Various modifications may occur to those skilled in the art without
departing from the true spirit and scope of the invention as defined by the appended
claims, including for example implementation of the present invention in different types of

storage devices such as optical drives, removable media storage devices, etc.
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1. An arm assembly for a storage device comprising:

at least one arm comprising;

a suspension comprising a load beam to support a transducer head adjacent to a
storage medium; and

a milliactuator coupled to the load beam;

wherein a first milliactuator senses in-plane arm oscillation motion and outputs a
sensor signal, and wherein a second milliactuator compensates for the motion based on the

sensor signal.

2, The arm assembly of claim 1 wherein the milliactuator is comprised of a first

transducer and a second transducer.

3. The arm assembly of claim 2 wherein the first and second transducers each

comprise a piezoelectric (PZT) element.

4. The arm assembly of claim 1 wherein the suspension is comprised of a load beam
and a flex circuit coupled to the load beam, wherein the milliactuator is coupled to the flex

circuit.

5. The arm assembly of claim 1 wherein the first milliactuator is coupled to a first
arm and the second milliactuator is coupled to a second arm, the first arm milliactuator
senses motion correlated to motion of the second arm and outputs a sensor signal, and
wherein the second arm milliactuator compensates for the motion of the second arm based

on the sensor signal.

6. The arm assembly of claim 1 wherein the at least one arm comprises at most two

arms so as to eliminate certain oscillation modes.
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7. The arm assembly of claim 1 wherein the arm assembly comprises a disk drive
arm assembly.
8. The arm assembly of claim 1 wherein the second milliactuator compensates for

Butterfly mode motion.

9. A storage device comprising:

a storage medium,;

an arm assembly having at least one arm, the at least one arm comprising:

a suspension comprising a load beam to support a transducer head adjacent to the
storage medium;

a milliactuator coupled to the load beam;

a primary actuator coupled to the arm assembly, to move the arm assembly
relative to the storage medium,;

a controller coupled to the primary actuator to control at least one of the
milliactuators;

wherein a first milliactuator senses in-plane arm oscillation motion and outputs a
sensor signal, and wherein a second milliactuator compensates for the motion based on the

sensor signal.

10. The storage device of claim 9 wherein the first milliactuator senses the phase and
amplitude of a dominant arm sway mode and wherein the controller generates a

deceleration control signal with a phase relation so as to suppress an arm sway mode.
11. The storage device of claim 9 wherein a milliactuator on a first end arm and a
milliactuator on a second end arm of the arm assembly determine a degree of actuator

assembly tilt during a seek operation.

12. The storage device of claim 9 wherein the second milliactuator suppresses lower

order arm sway frequencies during a deceleration trajectory of a target head.
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13. The storage device of claim 9 wherein the controller filters out bending modes

that are lightly coupled to track misregistration.

14. The storage device of claim 9 wherein the milliactuator is comprised of a first

PZT transducer and a second PZT transducer.

15. The storage device of claim 9 wherein the second milliactuator compensates for

Butterfly mode motion.

16. A method of controlling a milliactuator, said method comprising the steps of:
sensing in-plane arm oscillation motion of an arm with a first milliactuator
coupled to a load beam coupled to a suspension;
outputting a sensor signal from a first milliactuator;
processing the sensor signal to generate a control signal; and
compensating for the second motion with a second milliactuator based on the

control signal.

17. The method of claim 16 wherein the sensing step comprises sensing the phase and
amplitude of a dominant arm sway mode and wherein the processing step comprises
generating a deceleration control signal with a phase relation so as to suppress an arm sway

mode.

18. The method of claim 16 wherein the sensing step comprises determining a degree
of actuator assembly tilt during a seek operation based on output from the first
milliactuator and a second milliactuator, and wherein the first milliactuator is coupled to a
first end arm and the second milliactuator is coupled to a second end arm of an arm

assembly.
19. The method of claim 16 wherein the processing step comprises using

predetermined frequency ranges of different arm oscillation modes so as to identify

oscillation modes from motion sensor output signals.
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as to eliminate certain oscﬂlatlon modes

22. The storage device of claim 9 wherein frequency ranges of different arm
oscillation modes are predetermined so as to identify oscillation modes from motion sensor

output signals.

23. The storage device of claim 9 wherein the first milliactuator is coupled to a first
suspension and the second milliactuator is coupled to a second suspension, and wherein

said first and second suspensions are coupled to a single arm.
24. The arm assembly of claim 2 wherein the first milliactuator is coupled to a first

suspension and the second milliactuator is coupled to a second suspension and, wherein

said first and second suspensions are coupled to a single arm.
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