12 JUL 2005 *166166* M CRO ACTUATOR TRANSDUCER STACK | NERTI A
CANCELLATI ON CONTROL FI ELD OF THE I NVENTION This invention relates to the
control of the actuator arm and suspension armof a magnetic dath?sijorlblje
di sk drive and, nore specifically, to the control of the actuator
suspension arns in a manner to cancel or elimnate inertia effects of the
magnetic read/ wite transducer and actuator assenbly on the actuator arm
and actuat or nmechani sm BACKGROUND OF THE | NVENTI ON Mag ' or age
di sk drives typically have nultiple nagnetic recording ammmﬁ mﬂmm"mm are
non- magneti ¢ di sk-shaped substrates with a stable nmagnetical coerC|ve y-
alterable coating |ayered on the surface of the substrate. A p urallty of
such magnetic recording disks are assenbled in stacks. The dISk surface

coating receives and records individual data bits in a rral n for
each bit signal sent to the magnetic read/wite head f
revol ving di sk. Over the past several years with the ma used the

techni ques for coating the surfaces of the disks and contro‘fm"gf t he
magneti zati on of the surface domains have 1 12 JUL 2005 inproved to the
point that, in orders of magnitude, data donmains on an area of a nodem
magneti c data storage disk nay be snmaller and nore densely positioned,

permtting vast MICRO-ACTUATOR TRANSDUCER STACK
INERTIA CANCELLATION CONTROL

FIELD OF THE INVENTION

This invention relates to the control of the actuator arm and suspension arm of a magnetic
" data storage disk drive and, more specifically, to the control of the actuator suspension
arms in a manner to cancel or eliminate inertia effects of the magnetic read/write

transducer and actuator assembly on the actuator arm and actuator mechanism.
BACKGROUND OF THE INVENTION

Magnetic data storage disk drives typically have multiple magnetic recording disks,
- ‘which are non-magnetic disk-shaped substrates with a stable magnetically coercively-
a]teiable coafing laycred on the suiface of the substrate. A plurality of such magnetic

individual data bits in a magnetie domain for each bit signal sent to the magnetic
read/write head flying above the revolving disk.

Over the past several years with the materials used, the techniques for coating the
surfaces of the disks and control of the magnetization of the surface domains have



I ncreases in the storage capacity of such disk drives or, alternatively,
permtting a very significant reduction in size of the disk pack or disk
stack and the disk drive. Wth the inproved storage capability ngw 2005
avai | abl e, significant performance inprovenent of the disk drive a“%
storage capacity has evolved. One of the benefits of the inproved storage
capacity is the reduction in size of the disk drives. Smaller disk drives

allow-faster rotation of the disks with Iimted power, Faster rotatjon
pernits qui ckaprovedtidhe pointthat,in ordersof magnitudsa datadomains 9p) B AreA T dpedern

| ocation on the mgnetic di,sk. In ordgr tg full il i St. -
capabi l ity ofnagpel prage éﬁSE I??,y%Fﬁ'é‘ ‘f%&gﬁh"ﬁ‘f dwwg‘ﬁﬁﬁ%&‘?@@%‘m te
head nust be.ref] oy 4 BrivaGr BRehatiodly, permitting h nser
patterns, mé&%%%%%@%é%%%%ﬁ’%ﬁa%ﬁ?hi gherr datz:la degsﬂi’dtﬁ;/1 ongﬂ‘;gge
magnet i ¢ dat gipnifivamaedubtiohisn size of the disk padk aresktstaokrand therdisk deveso| With#he i n

pl acenment of the magnetic read/wite ggﬁd .over | ected data tr

. ac ) a_ se ta&:h]eof
the disk. Pl impreved storage pepabilify now availahle; fam MS&%OWBF%E’PWQV?‘E“ 0

acconpl i shed ,b . ac{ uyat or an% arm A typical actuator is a
voi'ce coil MWWR TPECee Qﬁfa%lﬂ?é/]g%df novi ng one conponent of the

voi ce coil notor relative to another fixed nenber in a precise manner. The

actuator displaces the actuator armrelative to the actuator frage_ round
a pivot axi s Onérofdtheacfits of thetimpravad Stprage eanagity is thereductiondn size of thetiikng i n

roximty to a recordabl.e surfa of the,. . | . b 306 i £ both
g urf ac es*of drves. épfﬁqq@kdﬁkziﬂﬁ’a%"gﬁa"a%f%f ro{aﬁlgg gﬁﬁ&s:‘ dgsr]1C§ gg uat lcl)éra @&n‘;\r'}/\g?gtée‘rach
side of the rS'QH&?%érﬁ)' ti%telﬁfcﬁﬂe‘séas”ainiﬂs $Kaccdd3hgaGiadidulr seledted ditp dodatioon

n on

further extensio distal end of the actuator arm The extension
serves as a sthsmegigtiodiskr suspension armfor a 2 12 JUL 2005 magnetic
read/ wite head and provi des stable support for the magnetic read/wite
head. In‘recording disk drives due to the limted resolution of the

actuator driye, &he fAAY YAy tht Storage capability of the magnetic disks, the placement of the
magnetic read/write head must be refined to further record data and read data in still

denser patterns,

One problem associated with the higher data density on the magnetic data storage disks is
the requirement for higher resolution in placement of the magnetic read/write head over a
selected data track of the disk. Placement of the magnetic read/write head typically is
accomplished by an actuator and actuator arm. A typical actuator is a voice coil motor
having the capability of moving one component of the voice coil motor relative to another
fixed member in a precise manner. The actuator displaces the actuator arm relative to the
actuator frame around a pivot axis. An actuator is typically formed to have an arm
extending in proximity to a recordable surface of the magnetic ..storage disk. Where both
surfaces of such a disk are recordable, there is an actuator arm for each side of the
magnetic storage data disk. The actuator arm supports a further extension on the distal

end of the actuator arm. The extension serves as a suspension or suspension arm for a



capable of only Iimted positioning of the suspension and the read/wite
head. To significantly increase the resolution of the actuator and the
nunber of recording tracks on a data storage disk and therefore iﬁggﬁﬁs%
~the data capacity of the disk, the suspensions have been provided'w 2005
el ectronically actuated m cro-actuators. Mcro-actuators are designed in a
nunber of different ways, such as by using magneto-strictive devices,

pi ezo-el ectric nmenbers, binorphic materials or other naterials or
structures that change . |.east ong dj pensi on, of .t he el enent, i esponse
Lo connect | MpERAGEMAtoRea 361 axSideg Stableapeiit B tis el e AFREY
sel ected polarity. The mcro-actuator will respond in an opposite manner
to an electronic signal of an opposite polarity. Many exanpl es of

ni cr 0- act uafPrecerdinsg disictitives due ¢o the dimited mesohnipn of theraetmatomylrive, the axtwatord i nt o
one leg of a suspension armor inplenented ipto the suspensj on such that
its di mensiepable ofipabnimied positioning f penstonand the g*mcfw@ad/vwi te head
to one side or the other of the "null" or no el ectronic signal position.
Typically, the read/wite head may be displaced to positions on either
side of theTauidnifiGntly iftfeasé e Flohgionlof tHetcmmtvs andithemumbecof evrdingdracky 0 an
actuator arm assenbly are U.S. Patent 4,858,040 as issued to Henry .

Hazebr ouck, onjidata sterege diskrandithereforeinsrdasd the datagapacity of thedisk: the spspEnsigns g

I ssued to Khogrow Mbohage i i ch.uses a.,pi.ezo el ement,, Th irection of
novenent of EB\%’( W%W@%&Eﬁ‘gﬁ&l& %‘W‘&ﬁﬁfu?tﬁ%g’rﬂa‘ﬁﬁﬁ?@r% MWW&P&OW@% i s
control | ed_ By Qb ofifttiast WhRACER Y by SligiAhgldaseiivd @side, t he

m cro-actuator? For exanple, a pieZo-electric elenment will bend whenever

‘ah el ectri cplezualdctiipemembapHimerphiy matedals opatber materials or struetires thahobangs  of
the polarity of the voltage w !l cause the curvature to bein th posite
direction. & Wé’f’? 9"“%%@3&?\234!‘7 cle MR LE RN cé%wﬁﬂgore'ﬂﬁ%sﬁe ., the
| ength of t e deMintiedtidnitfinal SF ANeRRRApoRAL. OTHBickRhdtader wilicbpoRdihes et o.
Reversal of the polarity of the electrical” signal will cause the device to
change di mepppasite nmnhércto@pelestromic signal of an opposite polarity.

Many examples of micro-actuator construction are known and any of them may be
inserted into one leg of a suspension arm or implemented into the suspension such that its
dimensional éhange effects a movement of the magnetic read/write head to one side or
the other of the “null” or no electronic signal position. Typically, the read/write head may
be displéced to positions on either side of the null position.

Examples of micro-actuators incorporated into an actuator arm assembly are U.S. Patent
4,858,040 as issued to Henry Hazebrouck, which uses bimorphic materials, and U.S.

Patent 6,052,251 as issued to Khogrow Mohagerani, which uses a piezo element.

The direction of movement of both the suspension arm and the magnetic read/write head
is controlled by the polarity of the electronic signal transmitted to the micro-actuator. For

example, a piezo-electric element will bend whenever an electrical voltage is applied



direction, either contracting or extending dependi ng upon the polarity of
the magneto- strictive device. By placing such an el enent of selected size
in one of two legs of an actuator suspension and sending either plo3ijyj Y5
or negative electronic signals to the el enent, the expansion or
contraction of this element distorts the relatively weak suspensi on and

di spl aces the magnetic read/wite head laterally with respect to the
actuator arm as descri bed above. One by-product of the size reduction

fforded by the high d ' 1o ' : e ' i th
i ok ari ve terppictoutrF BF e sl BPEE vael il Musethe e PluS 318 1the 12
Cross-secti %Pgé%érdﬁ@ctﬁfn' i 12U wiRhéVep @ naghetoamivtive dévwice Beatplaed;the

actuator ar suspensi on, ‘are reduced exponentially. Accordin Ié’ t he
i nherent st ilédgiestthe tevitechanggsam propoitionrte thecvoltags anpbnéﬁwmtg-eﬁewsaﬁ pEthe

- ti duced. Wt d . | sed St
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af oot g 1 RECEq Btk BaRBBling b B Gidudg Moy b e BB B o

retrieving qfrictivededéda. Inertia within the actuator assenbly will cause
undesired di splacenent of the actuator arns about the actuator pivot axis,
further conprom sing the accuracy of the placenent of the magnetic
read/wite hegad untjl .t ' b ok : Hao 1A’ T An aRdatoP SusB&isios Or
arm retur nIsbeytlga‘f%sus?léI%?Icg%g%%fssl%Iﬁc%E%gg “?I&’E“E% I e%by t he vol ceﬁggi I

mot or . Thi s 4elij S&idRi dider fdsitive b2 ndgdtiva @Rbtrbmic sigaalatuckhe blemest, terexpinsidueor
actuator armto its selected position is referred to.as "settle out," and
't he del ay i eohteactign abthis element dlistortsihe sﬁlwehfc‘ﬁ%aécsw%méﬂﬁﬁ@wi isplages R \wr i t e
head caused by the sett | {106 _ i iHel @bdies K
drive. "See fHGre @eﬁ%ﬁwggé%&gp t @%@?&ggg 0 utﬁlﬁj’%rnel“mj ’r%%cﬁ]ne recei pt of
t he conmmands to reposition the magnetic read/wite head over a selected

track until the actuator has attained_ the new %g) i tion, p}us .
One by-product of the size reduction afforded by the r density of recording on the

disk or disks of the disk drive is that as actuator assembly members are reduced in size

the cross-sectional area of various portions of components, such as the actuator arm and
suspension, are reduced exponentially. Accordingly, the inherent stiffness of the

component is reduced or compromised as the cross-sections are reduced.

With reduced or compromised stiffness, the inertia of the components of the actuator
assembly becomes a more critical factor and degrades the seek time of the disk drive,.
thereby adversely affecting the efficiency of the disk drive in both recording and
retrieving of the data.

Inertia within the actuator assembly will cause undesired displacement of the actuator
arms about the acItuator pivot axis, further compromising the accuracy of the placement of
the magnetic read/write head until the inertia forces are dissipated and the actuator arm
returns to the selected position as controlled by the voice coil motor. This dissipation of




the tinme (if a serial function) to displace the magnetic read/ wite head

relative to the actuator armand settle out tinme and, lastly, the tine

until the designated |ocation on the recording track passes under] % 005
magnetic read/ wite head. The conmponent of seek tinme that nay be af ec%gd
nost efficiently is the settle out tine of the actuator arm If settle out
time of the actuator armmay be influenced or significantly reduced, this
permts nore seek operations within a set t peri,od.antcfl:,rrﬁéonse ueﬁtly,

i nproves t heforeps@ng theggturp of thy @ctuatos RImg q weﬁmnFCQiHOﬁiéaneW Q7S 1SeUi ng
the disks. W . |1 ROSiLi , ] d,
the vor oo ottt nitdpe afiffin g apip e ASHtAR Aotk [ ARENARY wifs ffa°C! ©

actuat or ar nguk&d by @kl ed: (A6 Hedrads thoteek sppiditvglisk driveh ¢Sedki’ Itingois ithid on
for the group of tracks within which the desired data or recording

| ocation is fumnfithe Pheodsaif¢imecfodrh theoeeriptad the ¢aanmangs ¢ reppeitipthhetmagnetic ¢ he
actuator arns. ., However, the.inertia of.. 1he further re I t1oni . Qf e
magnet i c rea’ifﬁqmritgﬁ?f’@ﬁ%ﬁ Se_t“?‘?éed’ E&?@&%‘ﬂ @xﬁ&gtug{or ﬁ}ﬁseatgﬂgegiﬁesl?egﬂpgsﬁ’%@ ' lpirll}g
sel ecting thﬁlereﬁjg‘ecciéaesehsﬁrﬁﬁaioﬂgt& &@&&H@ﬁﬁg&ﬁc SEHdARite hasH KRERStd @6 force
acting on the actuator arns causing a nonentary deviation fromthe null
posi tion sel gghad; ahindhsettlswudtime qod,rlastlyd thet timaatil slagt dds'gnatbdrbcbtéqw@mtlbhe

data under the nmgnetic read/w.ite head be witten to the disk surface
or the data feeaxding iaekinaeseypader the pagieuc r%‘t? head, é'hﬁ&?%ﬂnqnﬁogfef HHe t he

di sk dri ves, thtapl%ﬁzgés Z %E:{ﬁ'{lﬁsg Qfﬂ%ﬁc’n}g RGO fetil U QACSUBL AltRatoLfint. N s@fk Bat or

ar ms - suspensi on track’requires an extensive W ring harness or
a great numbgime of thecitiatir afrs may be iffluendddl oz sipalficentlyThdiced,dtistpeomit momseeck

‘extending to the 5 12 JUL 2005 di,sé’al end of elach sus‘?egsi on Hﬂrs? i.ncreases
the inertia eeratinns yidwehset GMePgHpSARd, GnSeARlY nifRraYySIne HEHERF RN 81 ff¥ad as

suspens on. pEYitte FENERRRE or LRNEIR RIS, 0.1 hg the peri od that the
head is inertially displaced _ |
Whenever a coarse or null position of the actuator is selected, the voice coil motor of the
actuator drive quickly rcpositions the actuator arms to predefined positions corresponding
to the null position for the group of tracks within which the desired data or recording
location is found. The voice coil motor acts to resist the inertia of the actuator arms.
However, the inertia of the further repositioning of the magnetic read/write head on the
distal ends of the suspension arms in selecting the precise recording track position causes
an undesired force acting on the actuator arms causing a momentary deviation from the

N | ‘null position selected, which could require additional settle time before the data under the

magnetic read/write head may be written to the disk surface or the data read from the disk

surface.

With the reduction in size of the disk drives, the selecting and driving of micro-actuators
on the actuator arms suspension to select the track requires an extensive wiring harness or

a great number of conductors in a flexible cable. This additional mass cxtcndihg to the



| aterally fromthe design recording path, the recorded data will not be
readable by a nagnetic read/wite head positioned properly over the design
path position for the particular data track. Simlarly, for properly ]

posi tioned recorded data, the data will not be reliably readable du% UBZME
the inertial deviation of the nmagnetic read/wite head fromthe design
recording track position due to the nass of the total suspensions shifting
the actuator arms. Accordingly, the settle tinme nmust be allowed to permt

t he suspensi t Cle ' Lk d hénsRiSdyl B’@mg el |
as permtti r@@f&?tﬁ%ﬁ%&%ﬁl%%? %r%g%ﬁ% E%hgdc(t;fﬁg% bc}r%bé n\;s\i't h E ,Ooﬁe%ata
tracks per ingdhefit Riall/viite A€adGs thieedndugter mustiekicnd past te quim)f thdwetwiteriaamde
fromthe centerline of each of the concentric recording tracks to the
centerline dhesuspensitipacent recording track is about 0.00002 inches (0.50
mcrons). A very small amount of oscillation of a magnetic read/wite head
supported on the end of the suspension and the actuator armcan easily,

al bei t NONMENF Al dar is $8fleR & the BRKRRShE R pesibd tHe tiRtead ixinertinlly dispicedand

require a longer seek tine to insure the reliable reading or witing of
data to the latemliydtonctheidsiign Feording pathidle rseended datp wilbpetbegepdabledy of tine
can cunul atively ,redyce, the dat.a throu ut qf §he magneti.c r.e wite
head and thu%aga’éﬁﬁuffé‘% eb?"%iﬁ??’é‘ﬂﬁ HPP&BQ"WH °8‘gf‘\%‘.% qo]smpﬂé’orgﬂé ects of
the inertiaf t e ed aby. i@bned TG rdcdiable theQiatd Will il ber
count er act e&a%%gﬁggﬁ(&%?gr§%l?%rslgﬁo?PFoﬁg§§ggﬁasn affe(r:t ed % t he novenent of
the. suspenskiably fadabi@dietoitie inextidbdeviationfof theamagrietio ceailfvarte head from theagnet i ¢
read/ wite heads 6 12 JUL 2005 7 will seek aﬁg settle in thﬁniiéiedilii gn
‘pési ti ons meepighaecording trarkposition due it the ot the fojal sUppenpigny. 8&% ti nes
for positionj t \s L L t iRQusrhdond tback
for either ragﬁ%pﬁgﬁgg?zg&ﬁ%ﬁglg&ﬁ%%% {r%lg‘ig‘“3 at ab%’%lﬁ{vnégﬁg | ected gfaitﬁa ?? ack of
t he magnet i Gtop oscillating and stabilize their positions as well as permitting additional settle time for

the actuator.

With 50,000 data tracks per inch (tpi) or 1970 tracks per millimeter (tpmm) the distance
from the centerline of each of the concentric recording tracks to the centerline of an
adjacent recording track is about 0.00002 inches (0.50 microns). A very small amount of
oscillation of a magnetic read/write head supported on the end of the suspension and the
actuator arm can easily, albeit momentarily, deflect the position of the actuator arm comb
and require a longer seek time to insure the reliable reading or writing of data to the
— magnetic disk. The extended seek times over a period of time can cumulatively reduce

the data throughput of the magnetic read/write head and thus reduce the efficiency of the

disk drive.

If the affects of the inertia forces encountered by the actuator arms can be controlled or
counteracted, the actuator arms will not be as affected by the movement of the

suspensions and magnetic heads and the resulting inertia. The magnetic read/write heads



storage disk. A need exists to counteract the detrinmental effects 3f
inertia caused by the displacenent of the nagnetic read/ wite hea g AR d2005
suspensi on arnms of the nmagnetic disk drive. Another need exists to cancel
the inertia of a first magnetic read/wite head and suspension noving in a
first direction with the inertia of a second magnetic read/wite head and
suspension noving in a second directior¥. An additional need exists to

si mul t aneously displace a first portion of the nagnetic read/wite heads
and t he WigasbeRUSRE RSO iradé [ j ik ' : ond
portion of the magneti? ?%gd?ﬁﬁggﬂgggss nghncg {dﬁgétﬁaégglyggg%gﬁﬁ@%gﬁ?n
second chebsied scaéss dimésofor Bsitiohingrthe eagnetie deaeboisteshdad qvey shec dédirgd Shatect a
first gro of . net,ic ad/wite heads and, physically select a second
group of! aﬁgé‘?fe?lﬂk%g f eé’:gH’/gvéalef\? g""ﬁ’e%%’“&‘ﬁ& %g@ todhe ,sglpctpci?ié@érackcgfgm HOgRt  of
said firspragfsisecond groups el ectronically, thus noving the two groups of
magneti ¢ heads in opposite directions to reduce inertia effects in an
actuator assenbly. Still an additional need exits to physically select a
first group of magnet.ic 12 JUL 2005 8 read/ write heads and physicall

sel ect a sec cfleﬁgo%s%ftonﬁﬁ'r‘fhf’riaﬁt ?lé%di/;m?rﬁalhg S aMd 186512 c3HEGdobY| Hhcer al
di spl acdisphiceabntsél thefhigietid 18aFRERNHeaAE UMBSsuSHESoh Otz &l %evi‘h&%eﬁ ol e
el ectronic signal provided to each m cro-actuator positioning ach.

magnet i drivead/ wite head of both groups. A still further need exists to
fabricate a first group and a second group of mcro-actuators wth an

el ectronically controlled el enent connected in opposite polarity so as to
respect iAnether exghadsioto cafRl fiRGhertia JfeSHRNERAghQicArehd/Mtite ROJPHIA Yissingal and
contract or expand in response to a second polarity signal. Enbodi nents of
the pre&ONing iy d@nfirshflitpglenr onith dhe amertiz afta spendomagestidefaadvaiteitead i andk nown

ar r angeggtision moving in a second direction.

An additional need exists to simultaneously displace a first portion of the magnetic read/write
heads and the head suspensions of a disk drive in a first direction and a second portion of the

magnetic read/write heads and the head suspensions in a second opposite direction.

Still another need exists to physically select a first group of magnetic read/write heads and
physically select a second group of magnetic read/write heads and to control lateral
displacement of said first and second groups electronically, thus moving the two groups of

magnetic heads in opposite directions to reduce inertia effects in an actuator assembly.

Still an additional need exits to physically select a first group of magnetic



SUMMARY An aspect of the present invention provides an actuator arm
inertia control for a disk drive mcro-actuator controlled 1% rz
readi ng/recording transceiver stack with mnimzed mcro- actuator oJrLH- MS
i nput/output, conprising: a plurality of data storage disks rotatably
di sposed in a stack surrounding an axis of rotation, each said data
storage disk axis of rotation coincident with. all other storage disk axes
of rotation; at least a pair of actuatog arnms, each supporting a magnetic
read/ wite transducer on a distal portion thereof, disposed one on feac?h
si de of : j I,SKS. 0 [ ctug}or r u er
conpr i silﬁg&g{l ?% ggﬁsd%rﬂgﬁ@gg%gggs?geﬁpgr%E%%cﬁgﬂhg i {)}%ﬁgagﬁ%}?c e !%rﬂtle eggsd&?‘é\nl?te
t r ansducmniroblatéra disptacementt dfatidrfirsoanidrsetdralireupselebudpizaRy $aihth HREE efebGonic
read/wite transdycer in one of a plurality of |locations on both sides of a
nul | posﬁlﬁf}aiyﬂméﬁ egé‘i’ gachjpigrrsasteaterpastigningcach megaeticaiead/sinitabeadaf both groups.
connected to all of said actuator arnms for displacing said arns and said
transducers relative to said disks for establishing a null position of each
of sai d A stilh§idttieensed exddtato fubridate *T?ﬁ'rsd gﬁmﬁ):aiﬁﬂ(arseﬁfﬂ@%m Ebﬁﬁl?c{cﬂc?Ja@t{uhﬁérsQﬂiﬂl@hx}] t
nunbers of sajd, mcro-actuators electrically connecte o effec novene
in opposq?ffcémﬂic?]&f’?lgﬁ’égg eqpeny gopnseted; lal%a?%tesn%#r&@émisémeqpnctw@b'p@med b a
single ; LcQhatr [ .
i Cro- actuaeds 8 1eihofids §) £ TR P and cBlfect SRTRPHAL i e to @ second
transdugelasity sigosle of said plurality of locations, and whereby, said
novenment of one-half of said magnetic read/wite transducer in a first
direction cancels and neutralizes inertia effects of said other _
subst antEngbddymesty df tW?j@éthEvéﬂoﬁ oVEROARL biCat’ REH/ élfo?at% 'RASHHGE i Enoq’fh
opposi te, secom%l direction in response to said single electronic signal.
arrangements.

SUMMARY

An aspect of the present invention provides an actuator arm inertia control for a disk
drive micro-actuator controlled réading/recording transceiver stack with minimized micro-
actuator control input/output, comprising:

a plurality of data storage disks rotatably disposed in a stack surrounding an axis of
rotation, each said data storage disk axis of rotation coincident with all other storage disk axes of
rotation;

at least a pair of actuator arms, each supporting a magnetic read/write transducer on a
distal portion thereof, disposed one on each side of each of said data storage disks;

each of said actuator arms further comprising at least one suspension arm comprising said
magnetic read/write transducer, and a micro-actuator controllable to dispose said magnetic
read/write transducer in one of a plurality of locations on both sides of a null position of said
magnetic read/write transducer;

an actuator connected to all of said actuator arms for displacing said arms and said
transducers relative to said disks for establishing a null position of each of said transducers
relative to said actuator arms;

substantially equal numbers of said micro-actuators electrically connected to effect

movement in opposite directions relative to said data storage disks in response to a single



Anot her aspect of the present invention provides an inertia contr
di sk dri vepm' cro- act ugt or controlled reading/recording transducefr)2 J{ngqg?
with mnimzed mcro-actuator control input/output conprising: a plurality
of data storage disks rotatably disposed in a stack surrounding an axis of
rotation, each said data storage disk axis of rotation coincident with all
other storage disk axes of rotation; at least a pair of actuator arns,
each supporting a magnetic read/wite tgansducer on a distal portion
thereof, disposed one on each side of each of said data storage disks; each
of said 0, r 1.8 a suspensi @n .arm .
corpri si g veateqfonfolRghdl oGty e R AloPLadhorb 87 Shreti PREEY of Sl Bpenctc
cont r ol |redd/@ritectratisdesstiovak df sad prirality of RRefoMs| 4Rl transducer in one of a
plurality of |ocations on both sides of a null position of said nagnetic
read/ write trisehie spid maveaRens Hf anedeHnel said magnstic rQﬂd/\Elaﬁedtrmgu?roT( aaifilrs‘s
for dispfae ' | .0 relativ 0 _sail sks.fo
cot abl ; Sy paoBeRpf o BeuileS flolio HAGRSGLGRY Byieh s labfiahy i P 3 e o
act uat ormagnetic readsstitentramsduyereiguah oppoRR] Se@inds direbtidhCiorapénsat @F saidlis ed
in reversed orientation relative to said suspension armand electrically
connect & c?eré;fo@@. novenent in opposite directions relative ][O sai d da'éa
storage di sksad Is - We ' ! onveye
o Bl 1 m o o e ARG R o PRI S In R L bt T By AP EpeS

t r ansdudetugtor contokedofeadimigliequirding | tranyduebr stacktwidn sinamidedviisrotituatini @ntrol
novenent, of ope-half.of said magnetic read/wite transducer in a first
directi d?P‘E/QHg’é‘F O Meutral i zes inertia effects of said other

substanti al | y giargly BPARG! stOfags Ails 1HBEB HE;FS a.di/n\'\% istaic ts[lﬁ{ﬁr%'ﬁ%e: n !agiﬁc,a(lg]f
opposite, second dirtection in response to sald single “electronitc signal.
12 JUL 2ofatiorgisach said data storage disk axis of rotation coincident with all other storage disk axes of

rotation;

at least a pair of actuator arms, each supporting a magnetic read/write transducer on a
distal portion thereof, disposed one on each side of each of said data storage disks;

each of said actuator arms further comprising at least one suspension arm comprising said
magnetic read/write transducer, and a micro-actuator controllable to dispose said magnetic
read/write transducer in one of a plurality of locations on both sides of a null position of said
magnetic read/write transducer;

an actuator connected to all of said actuator arms for displacing said arms and said
transducers relative to said disks for establishing a null position of each of said transducers
relative to said actuator arms;

substantially equal numbers of said micro-actuators disposed in reversed orientation
relative to said suspension arm and electrically connected to effect movement in opposite
directions relative to said data storage disks in response to a single electronic control signal
conveyed to all micro-actuators, to effect movement of said magnetic read/write transducers to
one of said plurality of locations, and

whereby, said movement of one-half of said magnetic read/write transducer in a first
direction cancels and neutralizes inertia effects of said other substantially equal number of said
magnetic read/write transducer in an opposite, second direction in response to said single

electronic signal.



OVERVI EW This overview is intended to provide a brief understanding of the
invention and is not intended to be limting of the invention in any
manner. A conventional actuator assenbly may be nodified to form dd JUL 2005
enbodi nent of the invention. The nodification is acconplished in the
wiring of the mcro-actuator on each actuator arm The m cro-actuator,

W thout regard to the type of elenent used, has a polarity associated wth
its physical formation. A mcro-actuatorgymay be one of a variety of devices
fromwhich novenment or displacenent of attached nmenbers may be derived
whenever energized with an electrical signal. For exanple,

magnet o-strictive, piezeo-electric, binorphic materials or any other type
device or material that changes di neOVERNVIE® shape in response to

i mpr essi ng am_ .el ectrical, volt gg across the el ectro-active elenment 12 JUL
2005 of the nidf SY%i%tsoﬁmwﬁda preyide 2 briebprdersiending o6 thecinventéon. athis not

M Cr 0- aGhief Nenithyi g For ease of description and
di scussi on,H&{%e&gl?%lﬁggbﬁg%1%@@8%%%%@%&:% an "A" group and a "B" group.
The A group ahconkentidnglr actpatshasdehbie nidBe URodifie® Ad AorR' ans ¥RSb&tdntlolf Yihe

equal nunbers m cro-actyuators. As an exanple, the A group

mi cr o- adPUAYRs %W F}Odﬁg’aﬁ?‘i Saceemplishedin thgiwiring afthe anisro-aatuaten etgeachactaator
read/ W igg. hERomsy 1 g t di spl.ace the
ragnet | o pean oo ol ittt 1d REIRE hEhr AR, fay CoPRER Bodi G
of a fiwi itpohusical fornTitiongrA upicd-athctar- ey batone of Wi Vdriebeof deAtdsCRbm ivhich
physi calm(g%%ee glnd .sfruct rog. to the A group mcro-actuators. Further, the
suspensi ons OF PhdisR aﬁ?’ﬂﬁﬁ raltacheq memberg may b, deriesd mhanevishgaereiged with an
or i ent ateleeidabkizhhly EFbOeRifile, i 1 GhiSAb S ic. (i : vi ewed from
a position wher %ht_he suspe_ns?’?r?%‘r?gl&%?%?%? é?z&gtege?ﬁécf eﬂl@?g&%%%xﬁ%ﬁt feany
magnet i Other J¥pesdevieger hakrriall that ehangep elirabusionsastdshiape itmirespongClolidtiREssirg an

| ocat ed eié@ r&gﬁvélﬁ% orf ttEe %u§$ensi 093 or alternatively installed in an
opposi t & BAVET LUPES ATRSY BF FISRIO-APtNe Jlemen  { he di sk recording surface and
wired in a reversed manner or polarity fromthe A group



m cro-actuators). Thus, the mcro-actuators of the B group will cause the
novenment of the magnetic read/wite heads in the opposite direction to the
novenent of the mcro- actuators of the A group relative to the axiqzof,UL 2008
rotation of the disk.. Wenever the mcro-actuators of the B group are
installed in a reversed physical orientation fromthe mcro-actuators of

the A group, vhp g GRNNREINS HIYSK BToAPHERSER. chiocomP! [ sh the

opposite di rec? the"suspénsi ons and magneti c heads of one
group relative to the other group. The designation of the group A

m cro-actuators and the group B mcro-actuators nmay be de | n a nynber, of
ways. The typi The mierbtacpiatorsarsidivided mnte o groyps cRorgesepidescriptipnan SioR:

2005 actuat or nhe| i I «h© I fufai | t he pivot axis and
a plurality of ngrgrrgﬁps\ég%)gﬂedﬁ?eﬁgaﬂegaﬁp ﬁehag{oggtagggngn%@pj ournal. Each arm
extends between two adj acent disks or above or below the top or bottom

di sk respectively. Each actuator arminserted between the adjacent disks
supports two sThpAngowandthy Brpgoupwhould be arade bp af eqwal anshbistantiallyegoelt iumbers
read/wite heads, one on each suspension. The head positiqning assenbly,

i ncl udi ng voi cef wisro-agtiaters. dvsiaeyiraple; the Arsoupmisrera¢tuaters will e aashed tg the

referred to as_an ctuator. .Thus, 1f,.al.l ' _
i cr o act uat or Bratp aC R pRatines OhantronRics HeP BRI ABE R or sonurestip,
reversed wheneyigplatdi@e Sie@d S ford atnall pesltib®rebimsive tdat elbctronidRigaul ifat
the magnetic read/wite head faces an associ at ed ma?neti c di sk recording

1

surface and i fafirsspelarity. sihgeupiBsmigspiartagiorsgvill|be identicaldn physicsl trpe aed or s,
the G oup A mcro; actuators O%ﬂlﬁl r L Cro-act s..and
t he group B m gq“&%%foutg'fiéréoupgéycrggc grs'eyen ér%ﬁr]%ger gﬁ'gr'ﬁ%g%(g-ﬁ’aecl%%}é)@ér%%c wher e
t he m cro- act upk@Ied @ incHRABesic:s SftAddnaklalivd foratipdisk flerdidy dubca ¢idlat or
arm and suspension stack to the other end thereof. .
as viewed from a position where the suspension and micro-actuator are viewed with the
magnetic disk surface behind the suspension, and the micro-actuator is located in one leg
of the suspension or alternatively installed in an opposite physical orientation relative to
the disk recording surface and wired in a reversed manner or polarity from the A group
micro-actuators). Thus, the micro-actuators of the B group will cause the movement of

the magnetic read/write heads in the opposite direction to the movement of the micro-

actuators of the A group relative to the axis of rotation of the disk.

Whenever the micro-actuators of the B group are installed in a reversed physical
orientation from the micro-actuators of the A group, wiring connections must be reversed
to accomplish the opposite direction movement of the suspensions and magnetic heads of

one group relative to the other group.

The designation of the group A micro-actuators and the group B micro-actuators may be
made in a number of ways. The typical multiple disk drive has a stack of disks and an



Wth regard to the i medi ately above descri bed arrangenent, for exanple,
the A group mcro-actuators will nove the magnetic read/ wite head outward
fromand away fromthe disk stack rotational axis and the B group? JUL 200
"mcro-actuators will nove the nmagnetic read/wite head i nward and towaréi
the disk stack rotational axis in response to each of the mcro-actuators
receiving an identical command signal of a first polarity. If the signal
polarity is reversed, the mcro-actuators of the A and B groups will nove

in directi ongy aRRRshie? whichi dRfpRissiesouidabdefitinythe pWor agiv and a phirdlity of arms

"recording position” 1s used, the termis intended to include the position
occupi ed by dxtendirpdfio ihe acomthrwadmber josunnl dBachaymesstends betwegn bve gdipeen
operation 10 12 JUL 2005 or Wit cle.or operatien., B f. her
cxanl o, i1 i ghere arpetovehe Nngrrbaiibn ek rpR BV, Bontlelfbnf lused " ! o
be noved in Qn i ‘] EkFuppoity RV petngwgg | 1§ itadtoRAdERE

| ower one- halﬁt‘gc%fd‘?%%a%ﬂ%élo- acPBéz’itorsodéz‘ilrye desigitlad o] blghrrr%é%d in the
opposi t e di r@ggief rdadiverite beddsport on eath suspersiondi Bie head p)sitioningassembly, t 0 a
single signal of predeterm ned polarity, sone of the mcro-actyators of
the system ecintlodingweise goih mptoramp@e: jqusnal gad actpstor igcommo ’E?eﬁregg? Bhthr
reversed or the wiring connections reversed in polarity. As in this

exanpl e, the? I numbered micro-actuators in the upper half of the

m cro-actuators would require a reversed polarity wiring or the

m cro-actuator installed in a reversed position relative to the suspension

and the everThuspifeH ¢t suspansions andminre-acthatorsare ilgaticallymanufaspredand, ¢ he

. On th i h hand, t.h | ar, t f & i Ll ) ' f
et ot o casebIe and g oty apsset R eV e dhpinsiohE sl RSO MBTERLRRS T o1
adj acent di sks %’lﬂatttﬁhemﬁlﬁié%%ad%@m head faedySdssatitédmagietia dizk sesmudihg be

opposite to each other in order to get the heads disposed on a single
act uat or ar nsutfacenmddf the saine sigaalds dpplisdito ath of the miptosacinaiors,the Geqipr4 giicro-

actuators may be the odd numbered micro-actuators and the group B micro-actuators
may be the even numbered micro-actuators where the micro-actuators are numbered

sequentially from one end of the actuator arm and suspension stack to the other end

. thereof.

With regard to the immediately above deseribed arrangement, for example, the A group
micro-actuators will move the magnetic read/write head outward from and away from the
disk stack rotational axis and the B group micro-actuators will move the magnetic

— read/write,head inward and toward the disk stack rotational axis in response to each of the
micro-actuators receiving an identical command signal of a first polarity. If the signal
polarity is reversed, the micro-actuators of the A and B groups will move in directidns

opposite to those described above.

Whenever the term “recording position” is used, the term is intended to include the

position occupied by the magnetic read/write head during either a read cycle or operation

10



the polarity of the connections on a selected actuator arm woul d be
reversed relative to the respective connections of the next adjacent arm
Vari ous other arrangenents may be brought to mind of the person ofTBrm’L y
skill in the art after understanding this invention. Half or substantially
hal f of the m cro-actuators are displaced in a direction opposite to the
other half to cause inertia of ,one half of the head novenent to counteract
or cancel theOf HBFHGYClO5RPEREOt her hal fof the head novements. 11 12 JUL
2005 In order to reduce the wiring needed to select the appropriate track,
the mcro-actuators control wiring is sinplified by connecting all

M cr o- act uat or Bytyy e AlHiRr Stangle if thelnpper amstioretioif b migpd-actadtorsyreodesisedhinc h

byt he. Same. <1 i moy inshngireson (R SnspEBIoeE o k) Rl B Kpvst 26¢ o s
t, the wiri f the micro-act d ,

Simpl 111 ed, T etiterngorshare et BBk ThEGRY sfteh AL e ARy

brief summary gl%nglgtgé Bisk s Pl BseQb a sihBle\sigiaPpredcéFRsbd PoRLISy, shrat bfitheg

the preferred rment of t invention and is not intended to limt the
i nvention in apicroapnetors of theosysteaoesitheeweuld havedethai¢ thd poldtr ofitbmaionragipatene

invention may be had fromthe attached draw ngs. and the. Detai,le

Descri ption of raveeed pRABAMIGRE CRPENOPDICVERES, ?@@'%&Eﬁiﬁ'ﬁﬁ‘wl@'—ﬁﬂz@ _
DRAW NGS Fi g. 1nh§b&e&’ﬁﬁ&b-%m§do&% e‘%%ﬁﬁeﬁ hat SThd dniclb-akustbis\ourd fefuite HOT ti On
of the disk stack and e

a portion o actuator arm assenbly illustrated.
Fig. 2 is a topwisedpslhrity witing bothe aficramactmaton atstilledima weversedeppsidion gelative to

read/ wite head suspension together wiith the flexible,circui ssocl at ed
Wi th the mi crofheRsRengen aRtihe Fen W@&ﬁiﬁ%‘&‘?@'%‘%‘?““‘{he tower Filbre 8T Ath

same manncr.

On the other hand, the polarity of the wiring connections for both micro-actuators
supported on the actuator arms disposed between adjacent disks and the topmost and
bottommost micro-actuators must be opposite to each other in order to get the heads
disposed on a single actuator arm to move in the same direction. In this design scenario,
the polarity of the connections on a selected actuator arm would be reversed relative to

the respective connections of the next adjacent arm.

Various other arrangements may be brought to mind of the person of ordinary skill in the

art after understanding this invention.

Half or substantially half of the micro-actuators are displaced in a direction opposite to
the other half to cause inertia of one half of the head movement to counteract or cancel
the inertia from the other half'of the head movements.

11



Fig. 3 is an enlarged top view of the mcro-actuator and read/wite head
suspension arm together with a nore detailed presentation of the 1Qepy %03
circuit connected to the mcro- actuator and read/wite head. 12 12 JUIE
2005 Fig. 4 is anillustration of a portion of the flexible circuit which
conducts the signals for controlli ng the m cro-actuator and nagnetic

read/write hea%&fae%%&{cgi&qlustg B8 mhe agxhx%ﬁ,gétewa% RO FRAREASS

with the flexible circul 3. F’'g. 51s an

enlarged il USEéﬁdl@ﬂnﬁg1stshﬂplﬁiwfby@um&blmgﬂalbxfmdrdnacmaomethtdughnaismgb tmink c h
connect to flexible circuit illustrated. in Figs. 2 and 3 that serve the

m cr o- act uat or sonsgdtorarrhepiugality eduanshicoadustostito aingle signa)icausing albmiro-ar m

di sposed between two .a etic necording disks. Fig. 6 is a circuit
di agr am of thea%Wﬂgé?%ﬁ%erWCW&?P@?%%?0| rcuit shown in Fig. 4 to the
actuator arm el ectroni cs. DETAILED DESCRI PTION OF THE BEST MODE OF THE
PREFERRED EMBODI MENT OF THE | NVENTI ON AS CONTEMPLATED BY THE | NVENTORS
Refer initial | Byusingiagingle siiabto doningand thé nisre-actvatorfs moveorent, dhe wiring of the
interior structure of a k.drive

magneti ¢ di sk W?Q‘é‘cmﬂwrstqﬁﬁeaglt‘ Iég?‘gljlsg‘?ﬂaﬁ’i‘fl spgplif eﬂe”?‘?‘lé@g ‘E}herg%"égfjtst ne

illustrated. For purposes of description, sone reference to prior art
mechani snms and devices is necessary as this invention is an inprovenent to

a prior art typge gﬁeﬁ(ﬁi@% é§1\%§érﬂﬁagﬁ’aﬁhglksunﬂﬁéryﬂes&idﬁloh of stl‘ﬂ%bf fHeSaridls

actuator arm asse ar s , ajournal 1
EHhal

and a plurali tq;nlaﬁdlm@nﬁaamwdlagﬂ@prsfemedjembpmﬂgem Pf)thetlméel]t’é’ﬂraﬁélls ng. m%d

16 is to limit the invention in any manner.

A more complete and detailed understanding of the invention may be had from the
attached drawings and the Detailed Description of the Invention which follows.

BRIFF DESCRIPTION OF THE DRAWINGS

Fig.1 is a partial side view of a multi-disk drive with a portion of the disk stack and a

portion of the actuator arm assembly illustrated.

Fig. 2 is a top view of a portion of an actuator arm and magnetic read/write head
suspension together with the flexible circuit associated with the micro-actuator and the

read/write head.

Fig. 3 is an enlarged top view of the micro-actuator and read/write head suspension arm
together with a more detailed presentation of the flexible circuit connected to the micro-

actuator and read/write head.

12




di sposed surrounding and pivoted on a shaft 20 and retained by a retainer
22 engaged 13 12 JUL 2005 with shaft 20 and preventing the axial novenent
of actuator arm assenmbly 12 relative to shaft 20. A drive notor123/Uaf2005
conventional construction and nounted on a base plate 24 of the disk drive
10 is coupled to a rotor 26 supporting the nmagnetic data storage disks 28.
The notor 23 rotates the disks 28 that forma disk stack 30. Al disks 28
“rotate in synchronism The actuator arns 18 are disposed interleaved with
the magneti gigliskan ARishtich fa poirdierkof tB@ﬂeJﬁhletcheuldWhichlcondlwtxjhe sigodls fart uat or
arm 18 is nounted a nmagnetic read/wite head Susp ns or each
magneti c datcentrcdhng mer@csuama@dwenmadjmhe@ t%l duatonarmy,

magnet | ¢+ oAlsPRpRETsHsangds FER i3S Chn AR N %82% The act uat or

arns 18, each supporting two suspensions 32. The magnetic read/wite head
suspensions 32 are oriented to face the recording and readi ng surface 36
of the magneig.s is amenlarged dlustratioef the configdration ofiths iconneatiomtabaradickicopnect

read/ wite head 50 j uxt sed to the r di n rface 36 of the petic
di sk 28. Théo hletqﬂ@u&tg frafed inFigs, ‘5@‘%@6 SO PR Fyapd magnele |

?Ezg/ﬁfzgce%yﬁ%&%?m%% 1%%@;{:3} asiE&gur ace 34. dr%t?lrnroilﬁl edﬁfjg a voice

coi | notor (&qebdisgaisky., the actuator arm assenblyl2 pivots about shaft 20
in a conventional and well-known manner. As the actuator arm assenbly 12 is
di spl aced about shaft 20, the actuator arm 18 svveeps across the magnetic

di sk record:l:uégq(§I igr{jgc B3 S ﬁﬁ&@&&%{bﬁs oFﬁBrﬂgki'%ﬂa Igﬁo‘gﬁlbl;ﬁg A@ti ng

‘di'sk magnet Ne'Fecor I'ng densit out 5 0 tracks

per inch (tgbﬁla@f&%?&e&ﬁ-@ﬁi@ per mm (tpm), a spaC| ng between track
centerlines of about 0.00002 inches or 0.50 mcron. results.

DETAILED DESCRIPTION OF THE BEST MODE OF
THE PREFERRED EMBODIMENT OF THE INVENTION
AS CONTEMPLATED BY THE INVENTORS

Refer initially to Fig. 1. Fig. 1 isa side view of a portion of an interior strueture of a
magnetic disk drive 10. Only portions of the magnetic disk drive 10 that are relevant to

the invention are illustrated.

- For purposes of description, some reference to prior art mechanisms and devices is
necessary as this invention is an improvement to a prior art type magnetic storage disk

drive,
Fig 1 illustrates an actuator arm assembly 12 which is made up of input arms 14, a journal

16 and a plurality of actuator arms 18 projecting from the journal 16. Journal 16 is
disposed surrounding and pivoted on a shaft 20 and retained by a retainer 22 engaged

13



14 1 2 JUL 2005 Refer nowto Figs 2 and 3. By inclusion of a m cro-actuator
40 in the structure of the magnetic read/ wite head suspension 3%, tUe
magnetic data read/ wite head 50 nay be laterally displaced for fi%é L 2005
positioning on either side of the nomnal or null position of the nagnetic
read/ wite head 50 with respect to the null, non-distorted, or "at rest”
position of the suspension 32 whenever the mcro-actuator 40 is not
receiving an electronic signal. In order to displace the nagnetic
read/wite hggd sk Iidd greventiap theQixidl htoventeht dfasiubtoparm assemblyrlQ-relativetoor

40, such as i1llustratedin Figs. 2 and 3, can be fabricated into one leg 42
of suspensismaft2d. Only one leg 42 is shown for sinplicity, but it should
be understood that other configurations are al so possible. The

m cro-actuator 40 may be any material which changes shape or dinmensions
under the i nildiCaGenS 2T BhedlibhAdondHicfiGind MOUART 6rPd basohit DI ieidisks
the device. The very small novenent of the suspension 32 noves the dista
end thereof givdHriskeipledio a jogir26aippdrtingihe magneticadatd gorage disks 2hef Therat i on)
position and pernmits placjing the ghetjc read/wite. head 50.with better
resol ution. Mater33relaiesthelivks 28 %gm gdiskg clégé*péhgf%ﬁﬁg?‘ﬁtﬁ Meing rigidy

attached by conventional neans such as swaging at attachnment zone 46. The

magnetic rea PP Mead 50, supported on the distal end of suspension 32,
requires four electronic signals to function, read +, read -, wite + and
wite -, as do the conventional nmagnetic read/wite he or art

: s of prio
magneti ¢ di sEheladtuater.arms d8 ateolisposedhntasicay tha magn 13@:28@@@! Stag

indicated in,th r-ami_ngs ,as R, + -, . ?4\%1. EANCIN e

‘i iventi on re&i%%ﬁ(ﬁ%&%&giﬁ%%a#ms@foéna slgtlsgll;ﬁlli3 u yaglglﬁﬁt%ﬁ %‘é’ﬁ{réﬁhc?%?)-

act uat or 40. gy LhesRin®@IHbbeth ndpactichad Rdotify sarficd\Pof disk2Buaed tal accessed

m cro-actuator 40 is responsive to the MA+ and. MA- signals in proport,on

to the si gnaby themematonarme b8 hOp thestmorpost epihaand agesps amnssls are moypied ABKTCof o
plurality of re%/sv%tgﬁgag ngpseingiior?snssz a?r{d tﬁg ?en{%%%ﬂ)f the %auator arms 18, each

supporting two suspensions 32. The magnetic read/write head suspensions 32 are _

oriented to face the recording and reading surface 36 of the magnetic read/write head 50

toward and position the magnetic read/write head 50 juxtaposed to the recording surface

36 of the magnetic disk 28. The magnetic read/write head 50 is separated from the

magnetic disk surface 34 by a thin film of air, thereby causing the magnetic read/write

head 50 to fly above the disk surface 34.

— Controlled by a voice coil motor (not shown), the actuator arm assembly12 pivots about
shaft 20 in a conventional and well-known manner. As the actuator arm assembly 12 is
displaced about shaft 20, the actuator arm 18 sweeps across the magnetic disk recording
surface 34 to access the recording tracks on the rotating disk magnetic disk 28.

With the recording density of about 50,000 tracks per inch (tpi) or1970 tracks per mm .
(tpm), a spacing between track centerlines of about 0.00002 inches or 0.50 micron results.
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12 JUL 2005 read/wite head 50 and the suspension 32. If, as is presently
known, only the selected mcro-actuator 40 is activated to place the head
over the selected recording track, a very extensive wring net wor K &nitih 2085
much nore conplex control is required. To sinplify the wiring of the disk
drive 10 and further reduce the mass of material that is displaced upon
di spl acenent of the suspension 32 relative to the actuator arm 18, a single
signal MA+ or MA- is provided by the disk drive electronic control (not
shown) whi ClRefsfaiwR Kigsusd 30BY inchith offa rhiefo-soteater-400hukd sirt@of thet he
actuator assenbly 12 to cause displacenment of the suspensions 32 and
magnet i ¢ r eandgnefi¢ reativarite hesd suspeasion 32, the sagngticrdatameed/writechead S0amaydie t he

m cro-actuators 40, rel atjve to each ot her, may, det.erm ne.the . directi of
movenrent of Tl displaed b e pesiBoning op S i O Bpniinlof Pl paifih pfthe
signal, MNAt = ] ) afkC ) b“dt Rt eddsRidn

i dentically r?/\ﬁlﬁ%eg I gg&ggg&%a gé;ctmvt\?‘téﬁulg’ é?*ﬁgl?lgﬁ@’c&r}%-%gﬁjgdo? si gnal
appl i ed to iofenrtsuspinsionl3avitienever theomizos-actuatost 06 notrecaiving@ansiestronic signgdl2 and
with identical polarity connections on the mcro-actuators 40, the

m cro-actuator 40 on the top of a selected actuator arm18 will nove in a
~first direction and the mcro-actuator 40 on the bottom of a sel ected
actuator arm18 will nove in a second and opposite direction. This
novenent by [gafder &f dikplaceths prRprdtR Tl WHtehitad S tbfinmagipht ofthe aall pasitiorg aheads
50 wi Il effectively cancel inertia created by novenent of the other

suspensi on amigEo-@aterctOs suchas Binstrated in Figs: 2 aidi 3 eansks fabrieatediintq enedeg 42 /f 18.

i | h of the t bps ¢ agt Wak : ' t
‘Uhe. { nort i a SBwengan 38 Dave e es s b AibbiRI pRiEhotld R uBHRLa B 2
of the topnyaier anmkigiRiticasaR o podsiBRNSTIY Initfd¥actdelor 40 Maybehgdmingrisliehich

conbi ned inertia of the novenent of the topnost 16 12 JUL 2005
changes shape or dimensions under the influence of an electrical current [potential]

g

applied across the device. The very small movement of the suspension 32 moves the
distal end thereof either left or right of the null or no signal (no deformation) position and
permits placing the magnetic read/write head 50 with better resolution.

The actuator arm 18 supports the suspension 32 by being rigidly attached by conventional

means such as swaging at attachment zone 46.

The magnetic read/write head 50, supported on the distal end of suspension 32, requires

<d.

four electronic signals to function, read +, read -, write + and write -, as do the
conventional magnetic read/write heads of prior art magnetic disk drives. The above
enumerated signals are respectively indicated in the drawingsasR +, R -, W +and W -,
In additibn, the invention requires two additional signals to fully control the micro-
actuator 40. The signals are designated MA- and MA+. Because the micro-actuator 40 is
responsive to the MA+ and MA- signals in proportion to the signal strength, each polarity
signal may cause the attainment of a plurality of displaced positions of the magnetic
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E and bottonmmost suspension arns 32 and nmagnetic read/wite heads 34
counter novenent. This cancellation of inertia of novenent of the
suspensi on 32 and nmagnetic read/wite head 50 creates a very stabhq 0
actuator arm assenbly 12 fromwhich all suspension arns 32 are suspe“&e@.
Again referring to Figs. 2 and 3, by designing the conductor |and patterns
of the flexible <circuit 52 to neet the connection needs, the polarity of
the connections to a mcro- actuator 40 may be reversed, thus reversing its
response to t S] n%g This ma rm bot h suspension arns 32 on a

singl e act udf W%ﬁeﬁﬂei 59 @%éu%ﬁ&??{gﬁsane direction with one-half of
suspension arns 32 to be so selected for wiring so that a first one-half of

~ the suspension arnms 32 and magnetic read/wite heads 50 will nove in a
first directf,agisypresentlykmnovi, ankydbesefoctedmaicseadwtorn ] is aptivatesttoplacsdhesi on

arms 32 and magnetic read/wite heads 50 npve in.the site dir ion.
As can be appadevesthesclgtedsecopding frag aWﬁWt%nWFWW%ﬁ%W&EB%ﬁﬁdrgf

t he foregoin xpl t.i . yarious patterns of counteracting novenments nay
be effect edcg?pgexsﬁoﬁg elg?ég'omnrgdgol si gnal dependi ng upon the physical

orientation or polarity of the mcro-actuators 40 and/or the polarity of

the connections thereto. Fig. 4 illustrates electronic circuit 60 %Ch i's
connect ed t dotsiseplifyrthe wiring of itk disk dve Hiandrfaghsrireducy theamapgsiof aterial fabls o

card (not shp ich.interprets,the j ds
fromthe hogfs%%ﬁ%ﬁ?@rdlfﬂ%‘im%ﬂgﬁ?e PP %%%) n%r%{aﬁgﬁa%ﬁaaﬁﬁ%tﬁ %i 8’(§I ectronic .
mul ti pl exor <y BIAY- G 1d bviak by B3 diskeivé eRcearioBatm] gt showa)ahiph of
si.gnal lines 58 and selects the head 50 to be addressed, provides either a
‘réad data singyaie coRduated t-eadr ofithe micrdacmatorgyHbin thy actpategasseanbly 1y tq pruse

sel e:Ct ed na%?s%ﬁz{cgmgﬁ% thvg s!utsgen:sLiZ)néL gn%mggn%éc read/write heads 50 in accord therewith.

The orientation of the micro-actuators 40 relative to each other may determine the
direction of movement of the suspension arms 32 in response to the single control signal,
MA+ or MA-, assuming that the micro-actuator 40 is installed identically within all

suspensions 32.

With a single micro-actuator signal applied to identical polarity micro-actuators 40 on
suspension arms 32 and with identical polarity connections on the micro-actuators 40,

the micro-actuator 40 on the top of a selected actuator arm 18 will move in a first
direction and the micro-actuator 40 on the bottom of a selected actuator arm 18 will move
in a second and opposite direction. This movement by each of the suspension arms 32
and magnetic read/write heads 50 will effectively cancel inertia created by movement of
the other suspension arms 32 and heads 50, relative to the selected actuator arm 18.
While each of the topmost and bottommost actuator arms 32 are subject to the inertia of
the single suspension 32 attached thereto, inertia of each of the topmost and bottommost

suspension arms 32 is canceled by the combined inertia of the movement of the topmost
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read/ wite head 50 and a m cro-actuator control signal MA- or MA+ is
supplied by the disk drive electronics (not shown) to all of the

m cro-actuators 40 in the disk drive 10. The output signals are conBiicpqqs
over conductive patterns or groups of signal lines 64. Each of the
conductive patterns 64 term nates each of its conductors at a contact
solder pad 68 on the flexible cable connector tab 66. Fig. 5 is an

enl argenent of the flexible cable connector tab 66 shown in Fig. 4 with

signal identitjes marked on.the respegtive sol der co j ds 68. The

center |ine g\@(ibqttom@osttstéqge%oq %‘n?sﬁéiae Wﬁ\tﬁ"a’eﬁﬁ%ﬁ&gggﬁy égt f ol ded

along its ce L.ne 70 and thereby present sol der connection pads 68 to
Hoemb

t he sol der connection pads 74 as illustrated in Fig. 2 as part of flexible
circuit 52. The connection tab 66 can contact connection pads 74 on both

an upwardly facing tab 72 as well as a m_rror inmage, downwardly fgci.ng tab
72 (not vi silhbiscanesliptien efinertia ohmoyement °§F}}ﬁsl‘§,’°“§'%§r3@5‘§}3n§@g¥}?t ﬂg‘f"ﬁp@g

ar & sol der eattt TEECHEA G A3 o afy BpbiBh 2 Ml bl ol Rebtpaing 17

connection. Beharquimadépw to Fig.6, a circuit diagramof the flexible
circuit 60 and illustrated in a two disk, four suspension and four head
configuration for sinplicity. Grcuit 60 has the electronic

mul tipl exor/pre-anpl ifier.chip i nf erconnect i t he i,nput pi .
connector 8O8AH Y H’%'Pﬁ‘ﬁshz agﬁ?é’nl%ﬂ qs1gH@§Q§%conﬁg85§ng ggtg??g%@%ggmble
respective il i ; &l hWCIFRh@EdrndddtRins t@dndictel shown
in Fig. 6 bg?ggﬁfﬁﬁortgﬁgﬁqdﬁh%cggﬁﬂge%%g g€l ihe | abel ed rectangles 82 are
‘répresent at i ueuatbr 40 phy bardversedyfthwsoevasing inresperseto fredigng This mag pemibs 66

as seen in Fig. 4. However,_if a sufficiently. || conpector,.is,use _
rectangl e 82'bg‘il?a‘}‘5938%}9_’é§€9ﬁ32p‘?‘h%51 é&‘ﬂf‘tereﬁn%/ hé g’aIBBYFp' S direchpR S,

Referring 0 ohdfalPORhAEd:Siolfina 8! dBiisoakictiad 1ONRRE!SB AN 6 GRUNGIFOF theb 4

are routed 8%’?@%1? y tot ﬁe MA- and I\7A9+ sol der padg 82. 18 12 JUL 2005
suspension arms 32 and mqgnetic read/write heads 50 will move in a first direction and,
simultaneously, the second half of the suspension arms 32 and magnetic read/write heads.

50 move in the opposite direction.

As can be appreciated by one of skill in the art and with the benefit of the foregoing
explanation, various patterns of counteracting movements may be effected by a single
control signal depending upon the physical orientation or polarity of the micro-actuators
40 and/or the polarity of the connections thereto.

Fig. 4 illustrates electronic circuit 60 which is connected to the control signal lines 58
from the disk drive electronic card (not shown) which intefprets the data storage or
retrieval commands from the host computer (not shown) in a conventional manner. An
electronic multiplexor and pre-amplifier chip 62 receives commands over a group of
signal lines 58 and selects the head 50 to be addressed, provides either a read data signal
R- or R+ or write data signal W- or W+ to only the selected magnetic read/write
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Note that the MA+ signal line 84 is connected at 88 to MA+1 sol der pad 82
while the MA+ signal line 84 is simlarly connected at 90 to the MA+2,
MA-3 and MA-4 sol der pads 82. Anal ogously, the MA- signal line 84 is
connected at connection point 92 to the MA-1, MA-2, MA+3 and MA+4139 %ﬂg@m
connection pads 82 and the solder pads 74 of the flexible circuit ta

of Fig. 2. In Fig. 2, assumng the magnetic read/ wite head suspension
arms 32 are all of identical construction including orientation and

P01 O sl A3 R S S SHEREIATR, B0 (e

fol l ows: susgenglifiel@dthicd{nck sBeWn)38 afl ofttel micFadudtors#0fin thetdigkadrbietiOar i | y
| eft) direction and suspension arns 32-2 and 32-3 will nove in a first

(arbitrarily right) direction. Wenever a reference nuneral is followed by

-X and where X is a single di unber cates the us | arm 32
sequence nunﬁhﬁ?“tﬁ‘ﬂrﬂﬁ\ag mﬁp@ﬁﬂowa%quctlﬁgp E&é%tga‘&wsﬁ #ﬁgﬁl g& By a

study of theF%cglrgg?ﬁ:eta éo%ﬁu&ﬁﬁeigpgﬁa“ te%gma%g ehdh &' -coflductdrs S \cdiftack S61dert hat

the connect I'rs m cro-actuator control signal may be

made in a Vaﬁdd%&’orﬁﬂ:eﬂ&kﬂaﬁ&d%le&ﬁdn&mlmb:@&nection pattern determnes the
direction of novenent of the suspension arm 32 and nagnetic read/wite
head 50 in response to a selected mcro- actuator signal MA+ or MA-. By

desi gnati ng ttern,of conngeti ggm Al ms
32 may be dl)?'g ?5&%%@%&?’?%8@3’8‘@ ‘%!aec‘%ap%ncgﬁény%tb&ﬁ %hr?é@eig |H rtia
forces creat ﬁgntlﬂl/es%k@ﬁélf the fespétfive selB& vohadtidh PaRASE3. Iﬂne&emm:ihe ﬂheﬂhby t he
Jnertia forces created by the other half of the sus?ensmn arm; 32 in

‘response to @bibhds indichted avd theNih 6Gingnbe fqldqskai@@e@ esntesline 7y and

m cro-actuators 40 VWi | e I hventi.on e to
a m cro- act uBe¥at 3JdN DRSS P‘é?%‘ﬁ &qﬂlﬁﬁ X ‘%5??‘1"%?2“ P at%ﬂzksg%lsisfg#s}?%ﬁﬁg?% 32,
the inventiog Mﬁle&ﬁaléhmuh&yﬁl Yhe RBirieBil @b 166 can déhtddk cidec@ODpads 74 on

both an upwardly facing tab 72 as well as a mirror image, downwardly facing tab 72 (not

visible) supported on actuator arm 18, thereby serving both flexible circuit cables 52 ona
single actuator arm 18. The tabs 66 then are soldered to the tabs 72 on the flexible

circuits 52 to complete the connection.

Referring now to Fig.6, a circuit diagram of the flexible circuit 60 and illustrated in a two
disk, four suspension and four head configuration for simplicity. Circuit 60 has the
electronic multiplexor/pre-amplifier chip 62 interconnecting the input pins of connector
80 to and with the signal lines 64 grouped to serve the respective magnetic read/write
head 50 and micro—acfuatom 40 (not shown in Fig. 6 but illustrated in Figs. 2 and 3). The

'
e

labeled rectangles 82 are representative of a plurality of solder connection pads 68 on the
" tabs 66 as seen in Fig. 4. However, if a sufficiently small connector is used, rectangle 82

may represent pins mateable with a complementary connector.
Referring to the contacts MA- and MA+ of the connector 80, conductors 84 are routed

directly to the MA- and MA-+ solder pads 82.
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mlli-actuator which typically would be |ocated at, on or near the distal
end of the suspension arm 32 and utilize the sanme general type of
electrically deformable materials to shift the magnetic readIV\/ri1t2eJ®§mF50
|aterally relative to the longitudinal axis of the suspension arns . For
exanple, the mlli-actuator would shift the magnetic head 50 by very snall
I ncrements wi thout the benefit of a nechani cal advantage applied to the

di spl acenent of the magnetic head 50, suspending the magnhetic read/wite

head 50 f deyi whi.ch, ¢h h i f
e oot oMotewat e Rat (e finelP Rodufed 0 RO, L {ARRE pdd 62 hiifé tETCe ©
m cr o- act Ua%+§%gﬂgfhe%qh SRl Boikicera fa} d®td (he MALEMAITAId Midghablder

connecti ons ectronic y controlled positioning elenment can be
used to creghgs 8§ Avdogouslysthe Mis-esigret linel8 i donbexitedoat iconeatiorspeint 42 totke need

At m 52 havi ndAd, MAvobkA PLEMALS solde rpatcionguads bbou o sdhirdg’ HERE™ "
havi g HtdandAzd solde erase HFiPe
ool uti on draemu iy LS e b ¥ib & SRS LS edRAR PRPHEIAT, o

armor the Léﬁ?pgﬂéioﬁ&n?sc?m& M ofidentialédiBtractibndhcludiag otiaitation andpofaitpold
therein. This description of the invention is intended to, proyide .one of

skill in thahamicro-hetuatonéiihertiys tesmepension arras 32 and the anagpetic WRleRAghg | s
not intended to limt the scope, of the,. . nvention.i 0¥, t4 it

cont enpl at edOwllreachind J“r"é’é‘gfgl %@aiﬁsffqllol‘vﬁ‘ RERIe Q’vrxlnﬁ’?z\r@éga?\'i“z‘gﬁt hat

ot her m nor h b BitS rifpé Gird iR hRPERDERidnNtrMs BR adr3Rs Dwilbundve in
Structure ofnlévr%ghéifgﬁk%‘?l ve F?e at  the sgma time not to renove the
‘résul ting stafisst(atbitrailg rightytiredtiohr om t he scope of the attached cl ai ns.
Only the attached clains are intended to define the scope of the
invention. 20 12 JUL 2005 21

Whenever a reference numeral is followed by -X and where X is a single digit number, X

indicates the suspension arm 32 sequence number, numbered from one end of the disk

stack 30 (Fig. 1).

By a study of the connection pattern 88, 90, 92 in Fig. 6, it can be seen that the
connection of a first polarity micro-actuator control signal may be made in a variety of
patterns and such connection pattern determines the direction of movement ofthe =
suspension arm 32 and magnetic read/write head 50 in response to a selected micro-

- actuator signal MA+ or MA-. By designating a pattern of connections, the movement of
the suspension arms 32 may be directed in designated directions and a balance of the
inertia forces created by one-half of the suspension arms 32 is accomplished by the inertia
forees created by the other half of the suspension arms 32 in response to either a MA+or
MA- signal impressed on all of the micro-actuators 40.

While the invention has been described with respect to a micto-actuator 40 incorporated
into a portion of the suspension arm 32, the invention would be similarly applicable to a
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CLAIMS: 1. An actuator arminertia control for a disk drive mcro-actuator
controlled reading/recording transceiver stack with mnimzed 12 JUL 2005
m cro-actuator control input/output, conprising: a plurality of data
storage disks rotatably disposed in a stack surrounding an axis of
rotation, each said data storage disk axis of rotation coincident with all
ot her storage disk axes of rotation; at |least a pair of actuator arns,
each supporting a magnetic read/wite transducer on a distal portion

t hereof , di sposed. n each sid h.of said data. i sks; h
of Csard’ act uailimckpio whishirapaloRpae by fogeid 5 0B car neRerbe Bl kaP S dkD 1 o2

conprising said ' | I 1 eThinabtd Matedils

control | abl es%%e%@%@tébggﬁgﬂ%\éﬁﬁée%ﬁéé@g‘?gw iotf gﬁ?@gﬂé&éggr in one of a
plurality oflspiFeiht agna leal/Wrikilded 50lataalipidativeso thedongifudinal akis ofthoet i c
read/ write transducer; an actuator connected to all Mai d act Lha?%&r L ms
for displ aci sugpensiod asms32.aFer example, the sllactester weuylds ¢ Bragagis REBY or

establishing a null.positionof each aid C | to said
act uat or ar n¥ery §‘B?}L l“egFﬁ“?eé‘Fsl V@d‘hgﬁe%ﬁﬁéﬁf@?g "befc}’é[g{;%q%&égl%fa g@%ﬁ%;ﬁ@e

el ectricallyg S@Q&%ﬁ? t}lﬁm%%ﬁ&ﬁthead@)(%ﬁ@éhdihg {RIAASIeti 6 rédtl/varitt heads50 fémt | ve
to said data orage disks I'n response to a single electronic control

si gnal conveyésii¢eowlith clringesshapd erdtendssyndef the dufluegcerofanmadentricsl contral sighghnet i ¢
read/ wite transducers to one of said pluralit ‘&f’fnleoc tions, a eby,

n [
sai d movenends discussedd above with respect toythg ierosaghuatey ?%’Héatm?&‘ntﬂ' ¥ first
direction ca i ) ' ' ' Gittolle@hosidbsin@blRAtent can be
[s.ubst_ant i al lé}&?aéaé?&ﬁ%l%gé&gbﬁsgtgﬁhf agn%h%?ﬁ%t:rea(gllem})?t e tr%nsducer in an
‘opposi te, segRdto cesteah ievsh moreldesseaaseding track patermgl e el ect roni ¢ si gnal .
12 JUL 2005 2. The inertia control for a disk drive m cro-actuator
controll ed transducer stack -

Should the need arise for such density, a milli-actuator could be installed on a suspension

arm 32 having a micro-actuator 40, as described above, resulting in an exponential
increase in read/write transducer or head positioning resolution and recording capacity

over the use of only a fixed actuator arm or the use of an actuator arm having a micro-

actuator incorporated therein.

This description of the invention is intended to provide one of skill in the art the
knowledge necessary to practice the invention and is not intended to limit the scope of the

invention in any way.

!
o
i d

It is contemplated that thbse persons of skill in the art will recognize that other minor
modifications may be incorporated into the control and structure of the disk drive while at
the same time not to remove the resulting structure and control from the scope of the
attached claims. Only the attached claims are intended to define the scope of the

invention.
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of claim1l wherein selected ones of said mcro-actuators are electrically
connected in parallel and remaining mcro-actuators connected in parall el
and in an opposite polarity to said selected ones of said mcro- ach 1dblo 1085
3. The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim2 wherein said selected ones alternate with said
remai ni ng mcro-actuators. 4. The inertia control for a disk drive
m cro-actuator controlled transducer stagk of claim 1l wherein said selected
ones of said magnetic (read/wite heads) are disposed in at |east one
group angp gfid. remai ning micro-actuators are disposed in at |east one group
The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim2 wherein said selected ones are di sposed on
alter natf' ng actuator arns disposed between adjacent recording disk
sur f aces' of a%fa@‘étH?tOF e8BR diffgtiali sprol 6 forrne  diskr tdriyec anicroactaater acatitrokled
drive m A : ol | r gasd . ck. of claim5 wherein said
sel ect edl“;%drilrelgi;etoc:cd %slgg d&%ﬁ%érlg%ragﬁﬁ%t g'?ﬂsi g@ g{“&?é‘lgo‘lé‘e°é°'§f’%‘aﬁ%§ 8??“%0%@3[}8‘?@&% ns
at the evompeisig: of said head stack and connected to nove in an identical
inertia control for a disk drive

direction relatjve. to said disks, 7. Th [ _

m cr o- act uat ot Pl}‘(‘}ﬁ{t)’ of 1datp strage dlisks rotat disppsed) i asGclrraropndingiag axis of
sel ecte } i s : i i ngl n, _actyuator _arns
o0 the: donhios, Gth sal das o AARIUBLIObroRBn SORRARAC WAL A ot Uop ik les 8

di rect i gattioml ative to said disks." 22 12 JUL 2005 23 8. An inertia control
control |l ed readi ng/ recordj ng transducer

for a disk dri\{egn'cro- ct%Ja or ]

stack with ni%hi TR B &3 U ASUGIAT Sy 4CR SHPRATLING B RAFNGHP deadk WSt iransducer on a

pl ur al i tdystalfpogtadratheledf, ABBosHITRS oh b @ ¥f QLR BP@f&idﬁtﬂ sﬁ)réféead:i gSurrounding
S

an axis of rotation each said data storage di axis of-rotation
coi nci dent wiceeh af saidiaonetorsrms figthed cerkprisings atdeast one suspension arm comprising said

magnetic read/write transducer, and a micro-actuator controllable to dispose said magnetic
read/write transducer in one of a plurality of locations on both sides of a null position of said
magnetic read/write transducer;

an actuator connected to all of said actuator arms for displacing said arms and said
transducers relative to said disks for establishing a null position of each of said transducers
relative to said actuator arms; |

substantially equal numbers of said micro-actuators electrically connected to effect
movement in opposite directions relative to said data storage disks in response to a single
electronic control signal conveyed to all micro-actuators, effecting movement of said magnetic
read/write transducers to one of said plurality of locations, and

whereby, said movement of one-half of said magnetic read/write transducer in a first
direction cancels and neutralizes inertia effects of said other substantially equal number of said

magnetic read/write transducer in an opposite, second direction in response to said single

electronic signal.



rotation; at least a pair of actuator arns, each supporting a nagnetic
read/ wite transducer on a distal portion thereof, disposed one on each

si de of each of said data storage disks; each of said actuator arnd Zf jjit 2865
conprising at | east one suspension armconprising said nagnetic read/wite
transducer, and a mcro-actuator controllable to di spose said nmagnetic
read/ wite transducer in one of a plurality of |ocations on both sides of a
nul |l position of said magnetic read/wite transducer; an actuator
connected to all of said actuator arns for displacing said arns and said
transducers relative to said disks for establishing a null position of each
of sai d 1 ransduCqs inefl HhiriFrok R dfRIdeva fiidtaldefuallr EbntslloAaAbdcat dtackequal
nunbers of Said mcro-actuators. disposed in reversed orientation_  relative
to said suspeglaingh whersimsdectddanics bfsid micoaceatostare clectrically cannoeiediix i n

opposite directions relative to said data st.ora isks in response,fo a
singl e el ecPM@M&W?WEMPCW@BWWBWtWﬂ%ﬁﬁf@dDQEPBBRSHF??I%{]Q;

ef fect novenent,of sajd i ite transducers to one of said
plurality of® T’a(‘)%5@?%#5?“%?%%&1@%@%%@?%% novenent of one-half of said

magnetic read/wite transducer in a first direction cancels and
neutralizes inertia effects of said other substantiall nunber of

equal
said magneBic raadm:mnnnhfwsadiskrdﬁwméwowp@mrtcept@l{eéM%&%q nin
response to idsingle electronic signal. .9. The inerti QL) for a
di sk drive g]FBI-’2&@%&%’%?“‘%6%@%?“@84&3%5%@’@“@?5’3 P%E#ﬁ%f‘g?%@tgk\hher ein
all said mcro-actuators are electrically connected in parallel. 12 JUL

2005 10. The inertia control for a disk drive mcro-actuator controlled
‘transducer st ack Thé inktid con@olfoe n disk dsiat thierevastuatas contrlleddtangucer stack

ner 01 conof ook dpviseah s vyl ones PR Ptk UanPrES s dbose R, oc

at least one group and said remaining micro-actuators are disposed in at least one group

5. The inertia control for a disk drive micro-actuator controlled transducer stack
of claim 2 wherein said selected ones are disposed on alternating actuator arms disposed
between adjacent recording disk surfaces of adjacent recording disks.

6. The inertia control for a disk drive micro-actuator controlled transducer stack
of claim 5 wherein said selected ones of said micro-actuators are disposed singly on
actuator arms at the extremes of said head stack and connected to move in an identical

direction relative to said disks.

7. The inertia control for a disk drive micro-actuator controlled transducer stack
of claim 5 wherein said selected ones of said micro-actuators are disposed singly on
actuator arms at the extremes of said head stack and connected to move in opposite

directions relative to said disks.’
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of claim 10 wherein said reversed orientation mcro-actuators are di sposed
in at least a first grouping and said remaining, mcro-actuators are .

di sposed in at least a second grouping. 12. The inertia control for 19 gqlléyﬁﬂli
drive mcro-actuator controlled transducer stack of claim10 wherein's

m cro-actuators of said reversed orientation are disposed on alternating
actuator arms di sposed between adj acent recording disk surfaces of adjacent
recording disks. 13. The inertia controlpsfor a disk drive mcro-actuator
controll ed transducer stack of claim12. wherein said reversed orientation

M Cr o- acg uat oRs: ' ' .V 0ORn nsiqQn.arns_ di sposed at

extr emesé'of sélﬁ ﬁ@%gélg{bgz(ﬁdaaﬁgp gllllés/eplglécé%'%éﬁgtggF%‘ﬁgq}@séﬁ%qq%%c?@?%@@lsfiﬁceén
i dent i cadtacﬂtiWielctriim'mizﬁlrﬁib'rdl@ctﬁatoﬁ@indoﬂihﬁiﬁ%utﬂ{ﬁcoﬂi?ﬁsih@.ert ia control for a
di sk drive mcro-actuator controll ed transducer stack of claim 12 wherein

sai d rever sed® BMTEHY £li dtn fioraes-didsumtasably ahiswosrds s stacki sugoynding amcaxia:ocﬁr
| . n { 0. JTove in 0Si
i rect | ooliofydd IE dila Hétafe AORES b AAFRIRRY AR olufiRiShortdt GRERs oF

| NERTI A o8GRl LATI ON CONTROL ABSTRACT OF THE DI SCLOSURE A mi cro-act uat or

of a head suspension is either (i) wired in reverse polarity to effect
movenent of t21%26655{,gﬂ@ﬁsqf&pt%tqfsalpg,zyachrﬁugwggg dgmagnelie treghwrite fransduesrtan 2 he

magnet | st Riftod #¥toPldidpbbdd G AGHsilEOPOXR of Bhiq AllaSPLAL g and Wi red
identically. This permts a single mcro-actuator ¢ hal to
control all mdach of said actbaiosarandudtiee comyprisiag atleast one suspension arm comprising said
magnetic read/write transducer, and a micro-actuator controllable to dispose said magnetic
read/write transducer in one of a plurality of locations on both sides of a null position of said
magnetic read/write transducer;
an actuator connected to all of said actuator arms for displacing said arms and said
transducers relative to said disks for establishing a null position of each of said transducers
relative to said actuator arms;
substantially equal numbers of said micro-actuators disposed in reversed orientation
relative to said suspension arm and electrically connected to effect movement in opposite
directions relative to said data storage disks in response to a single electronic control signal
conveyed to all micro-actuators, to effect movement of said magnetic read/write transducers to
one of said plurality of locations, and
whereby, said movement of one-half of said magnetic read/write transducer in a first
direction cancels and neutralizes inertia effects of said other substantially equal number of said
magnetic read/write transducer in an opposite, second direction in response to said single

electronic signal.

9, The inertia control for a disk drive micro-actuator controlled transducer stack of claim 8

wherein all said micro-actuators are electrically connected in parallel.



the effects of

inertia of the suspension arns (32) and the read/wite heads

(50) on the actuator arms (18). This benefit can be achi eved as hal f of
the suspension arns (32) and nagnetic heads (50) nove in one direction
while, sinultaneously, the other half of the suspension arns (32)1 2091 2005
magnetic heads (50) nove in a second, opposite direction in response to a

single control

signal, sinplifying wiring and control electronics. The

counter-novenent of the suspension arms (32) and negnetic heads (50)
counter inerghal TRE FRRIaTOHXEMBES ik drive nfig@blactvatr cortollel elansdutertstaek
repordlng/readlng positions, thereby reducing seek tines and inproving disk
drive perf or ofelaien 9 RhéreiBsaid reversed orientation micro-actuators alternate with said remaining

micro-actuator.

11.

The inertia control for a disk drive micro-actuator controlled transducer stack

of claim 10 wherein said reversed orientation micro-actuators are disposed in at least a

first grouping and said remaining micro-actuators are disposed in at least a second

~ grouping.

12.

‘The inertia control for a disk drive micro-actuator controlled transducer stack

of claim 10 wherein said micro-actuators of said reversed orientation are disposed on

alternating actuator arms disposed between adjacent recording disk surfaces of adjacent

recording disks.

13.

The inertia control for a disk drive micro-actuator controlled transducer stack

of claim 12 wherein said reversed orientation micro-actuators are disposed singly on

suspension arms disposed at extremes of said head stack and disposed on said suspension

to move in an identical direction relative to said disks.

14.

The inertia control for a disk drive micro-actuator controlled transducer stack

T ' of claim 12 wherein said reversed orientation micro-actuators are disposed singly on

actuator arms at the extremes of said head stack and connected to move in opposite

directions relative to‘s_aid disks.

** kF ¥k
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