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

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



magneti c data storage disk may be snmaller and nore densely positioned,
permtting vast increases in the storage capacity of such disk drives or,
alternatively, permtting a very significant reduction in size oi thlff ZﬂdSSk
pack or disk stack and the disk drive. Wth the inproved storage
capability now avail abl e, significant performance inprovenent of the disk
drives and storage capacity has evolved. One of the benefits of the

i nproved storage capacity is the reduction in size of the disk drives.

Smal | er di skimipiovedtoethe point thet, én ondorsaf magnipide; Hataglomiains oniag ﬁf‘?%ﬁftaéﬂ"%&er .

Faster rotation permts qui,cker "seeky tipges | :

sel ect ed. dat #agBelis torage dis Wé’ﬁé?‘f‘ﬂ(!er g%or? ﬂe@%@}??‘#@%ﬁ@l&@%ﬂ% t he
storage capabi |ty af &a?@ iFoftiusk disk HiPesr RARIVelPS par@ttingBeagt |
read/wite hg@&é"%ss tlf)éeg}'re ] ﬁﬂ%&{tﬁoﬁ‘ygrthgr recsord dat a ag read %Irgtggitn
still densekjgafidantreductiondn sizebf thendisk pack ertdisk stickland the diskydrive. With theensi ty
on the magnetic data storage, di sks is lth(—:: r her

¢ IS ,ﬁquire nt for hig
resol ution | imptexedstersge eapability pewy axailable, dgnifigant performunes yuprovement pf thee
data track of,. the disk.  Placenen f gnetic read/wite head typically
s’ acconpl i,éﬁéﬁ‘ﬂ?%%ﬁ%&b&%ﬁeﬁ@?ﬁor arm A typical actuator is a

voi ce coil notor having the capability of noving one conponent of the

voice coil notor relative to another fixed nmenber in a precjse gﬁg{)ﬁ{ The
act uat or idi s Dreaf thet beaefits ofithedmproved sterage capacitpisithereduetiondn sizeof heedisk ound

a pivot axis. An actyatqr.is typjcally for. g : AN: Ak epgl: in
proximty tod&%%ﬂgbaﬁkéﬁ?’%ﬁkwwm&“ﬁ ﬁg*%id?&é ?"6@2‘5‘3‘% ISE. égrt%}g bot h
surfaces ;of  SUGHLPHAINHK qRifcRer @64 dks tn adcBRITR A partivulGéleatbd data ladafion orach
side of the magnetic storage data disk. The actuator arm supports a
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serves as a suspension or suspension armfor a 2 12 JUL 2005

In order to fully utilize the 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



magnetic read/wite head and provides stable support for the magnetic

read/ wite head. In recording disk drives due to the limted resolution of
the actuator drive, the actuator is capable of only limted positb&g}dﬁg of
- the suspension and the read/wite head. To significantly increase L"2005
resolution of the actuator and the nunber of recording tracks on a data
storage disk and therefore increase the data capacity of the disk, the
suspensi ons have been provided with el ectronically actuated

m cro-actuators. ,M cro-aciuators at desi gned. L n.,a nunber of,, di.ff{erent
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one di nmension of the elenment in response to connecting therewith or
i mpressi ng I kbRl disk dtiesstdue to the dingted resolutian o€ Heccrrtop drise,ithy actidter is
m cro-actuator wll respond in ,an opposite panner to an el ectronic signal
of an opposcapablsnfanly ljmited pesitigningpfdhe gispepsiongand the eadiwritehead, yction are
known and any of themnay be inserted into one | eg of a suspension arm or
i npl emented into the suspension such that its dinmensional change effects a
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curvature to . .
opposite manner to an electronic 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



opposite direction. Simlarly, whenever a magneto-strictive device is

enpl oyed, the Ilength of the device changes in proportion to the voltage
applied thereto. Reversal of the polarity of the electrical signal2vyl g
cause the device to change dinension in the opposite direction, either
contracting or extendi ng dependi ng upon the polarity of the nagneto-
strictive device. By placing such an el enent of selected size in one of two
| egs of an actuator suspension and sending either positive or negative '

electronic gignals to the .. [ ' i hi s
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I's reduced or “‘conprom se cross-sections are reduced. Wth reduced
or conprom sgbtive défieess, the inertia of the conponents of the actuator

assenbly becones a nore critical factor and degrades the seek tine of the
di sk drive, thereby adversely affecting the efficiency of the disk drive
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One by-product of the size reduction afforded by the higher 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 aétuator 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




out,"” and the delay in being able to electronically access the magnetic
read/ wite head caused by the settle out tinme degrades the seek tinme of
the disk drive. "Seek" time is the sumof the periods of tine frqm Wlezuus
recei pt of the commands to reposition the nagnetic read/wite head over a
selected track until the actuator has attained the new position, plus the
time (if a serial function).to displace the nagnetic read/ wite head

relative to the actuator armand settle out tige and, .la tlx, the tjme
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acting on theé actuator arns causing a nonentary deviation fromthe null
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‘data under the nmagnetic read/wite head ma e witten tqQ the disk surface
or the data PREARIGNS BHithinseyiiae Peé‘ﬂﬁ?ﬁ%fgépns\?\ﬁ quitly gnpradesdhs &ﬁo‘i‘ '%‘sztll?f t he

di sk drives, diglpagi%efn%ﬁhérqgritﬁgdorq&%ﬂ e Qfskdn cro-actuators on the actuator
arns suspension to select t trac equi res an extensive wiring harness or
a great nunber of conductors in a flexible cable. This additional nass

extending to the 5 » ) . .
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

| ‘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



12 JUL 2005 distal end of each suspension also increases the inertia of the
suspensi on supporting each nagnetic read/ wite head as the conductor nust
extend past the end of the actuator armto the suspension. If the pgtﬁ é@
witten to the disk during the period that the head is inertially di H !a )
| 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
positioned r r s W s has ' ESh ht O
the inerti al(ﬁ%%veﬁgg’lf gﬁcth%pszﬁeﬁéﬂgfgﬁ%éﬂgﬁ wrﬂilat %ﬁir]\ée%%b?nrs (i:)m tgg&ﬁld]ggi&gn
recor di ng t rasdnefo fdatiiviite Hewd ds the donductesmadt ektead padtahe endyfdiesictuntorsinite i ng
the actuator arms. Accordingly, the settle tinme nmust be allowed to permt
t he suspensitbeisuspensiat op oscill ating and stabilize their positions as well
as permtting additional settle tine for the actuator. Wth 50,000 data
tracks per inch (tpi) or 1970 tracks per millinmeter (tpm) the distance
fromthe cenpgfeldaifis WritRAihe disklmariae Beqitivl that Bfediedd Bnértialtkdisplacddne
centerline of an adjacent recording track is about 0.00002 inches (0.50
microns). A IsterajlySromt thealesipmtecordingpath, itheererded data wilh gotche readabled¥@ i t e head
supported on the end _of . the suspensjon apd th ct uat Qr ar.m asily,

al bei t mneﬁ?%’ﬂ%eaéfé‘f"ﬁ% ¢adinosition QTPB?{PYOQVC{&E ‘%ﬁ‘gﬂgf‘ rpogntnﬁpgfgr%g and
require a lq I i O1.L10S ] He ditd Willveht Bk
data to the pg#gcgu}\%t%lg %%gﬁsm}@g’e@? g%%ggy@éﬁ&??%&%ed}&é period of tine
€dud toehainaemial devintiphpdtheahagrietic radiveite beadsfemnhe t e
head and thus.reduce_the efficjiency of the sk drive. If the. affects of

‘t fie i nerti a designaecording atkarasiiondut tuthg mass piibe Jptalsugpensigas %ﬁ'{‘%‘?ﬁ ed or
counteracted, , t u . | %gmg gt of
t he suspensalbg‘ﬁgo‘%gﬁﬁé'n%%%é‘%‘?%lg’ﬁgé\%désdl%ﬁ@wﬁ? ?i%lﬁv%ﬁ%ﬁg i ne?ﬂeg.ﬁsﬂgﬁgéﬁn@ netic
read/ write heffisscillating and stabilize their positions as well as permitting additional settle time for

can -cumul at irglgdbly feada

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



6 12 JUL 2005 7 will seek and settle in their design positions rruclin nor e
rapidly, therefore permtting shortened access tinmes for positioni ggllﬂ.h@ﬂ!i
magnetic read/ wite head over the desired data track for either reading
data fromor witing data to the selected data track of the nagnetic
storage disk. A need exists to counteract the detrinmental effects of
inertia caused by the displacenent of 2he magnetic read/wite heads and
suspensi on arnms of the nmagnetic disk drive. Another need exists to cancel
t he i nengillas®k and iké i t Hési i a i a0 in a
first direction wt htﬁ% hlgaigir%gr ?fs&éxﬁ?@?‘t’i’gféﬁ%ﬂ(}ﬁ@gﬁ%?ﬁp@&ﬁrgg@%ﬁ@ﬁ ggﬁ%lg%ggand
suspensisbertensdiaggess ringessfor qroditivhingcthe omagnétic aekdiwiitenisdad e tlex dastisd tdata

si mul t ane |y .di spl ace fi.rst portion of the magnetic read/wite heads
and theqﬁgggogﬂgﬁéﬁiq%%&é‘l‘ frgnUP’[s)W g \faty iq eﬁFngthdﬁaé&C#&f the\énagneficcond
portion s@fradelfisk. Magnetic read/ wite heads and the head suspensions in a
second opposite direction. Still another need exists to physically select a

first group of magnetic read/wite heads and physically select a second
group of magnetic . read/wite heads and to contr | at er.al ., di spl acenent of
said first a %eggo?fﬂgﬁj\r,\%uﬁgurgf’réﬁtt rﬂb%id@éﬂql‘ip?at RHECHoU AFribecapsed §yothss of
magnet i dispRReBentNofOMBORA RS ERTWHANBedde BASHerkRAl ik & e Gherefic &
actuat or, assenbly. Stil Iélgn addi ti onal need e>§<1|?qts torlaﬁysi caﬁf‘%dgg g%tk a
first gldBM?) of magnetic 12 JUL 2005 8 read/wite heads and physically

sel ect a second group of nmagnetic read/wite heads and to control |ateral
di spl acenent of said first and second groups electronically wwth a single

el ect r ominother need exists to cancel the inertia of a first magnetic read/write head and suspension
moving in a first direction with the inertia of a second magnetic read/write head and

suspension 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



signal provided to each mcro-actuator positioning each magnetic read/wite
head of both groups. A still further need exists to fabricate a fllgupggﬁﬁp
and a second group of micro-actuators with an electronically cont

el enent connected in opposite polarity so as to respectively expand or
contract in response to a first polarity signal and contract or expand in
response to a second polarity signal. Enbodi nents of the present invention
overcone or at |east aneliorate deficiengies in known arrangenents.
SUMVARY  An aspect of the present invention provides an actuator arm
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of rotation; at least a pair of actuator arms, each supporting a magnetic
read/wite transducer on a distal portion thereof di sposed one on each
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nul | position of saird nagnet wite trans an” ac _
connect awlarigy sighalof sai d actuator arns for displacing said arns and said
transducers relative to said disks for establishing a null position of each
of said transducers relative to said actuator arns; substantially equal

nunber s Eifibstentsiog tRe @Féséiﬁtlﬁ(rélti%h%ﬁzfefdoﬁfé' by aCRAGEH & i dehitiSfdies FOUG

in opposite directions relative to said data storage S I'n response to a
si ngl e 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



12 JUL 2005 8a electronic control signal conveyed to all mcro- aoltzjgpf)z@?
effecting novenent of said magnetic read/wite transducers to one" ol d
plurality of |locations, and whereby, said novenent of one-half of said
magnetic read/wite transducer in a first direction cancels and
neutralizes inertia effects of said other substantially equal number of
said magnetic read/wite transducer in an opposite, second direction in
response to said single electronic siggal. Another aspect of the present
invention provides an inertia control for a disk drive mcrg- actuatoi Cor
controll ' ' ) W nin zed me.cr.g-actuato
cont 1 ol eusERotol FERA oo 38 3 5k 0t irt e Pl i B it
r ot at ablryadiwsiposadduderstopnack sAd plupalitgonpcatiordxard of rotation, each said
data storage disk axis of rotation colncident with all other st or age di sk
axes of rot aYREehy. spid) mavement ofinedralizef spid snagaetie ,readémtefstmwéuqer iy Celiaﬁrst
magnet i Gy; ' - 0n. ' . t1.0 her o | sposed. on
on- ach LieGRSH plich shi FRREHERS i Lo Eb ARl BbsltiGR AL sovs sBRRES o7
further magmptic seatjweite trewsluicearni anipposiiepBend gideaiohSinNEbspatsd toMREN Qlrigle
read/wite transducer, and a mcro-actuator controllable to dispose said
magnet i &GS Rt e transducer in one of a pl u/r ality of locations on both
sides of an kbl WelE of s I
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posi tion_of eac of said transducers relative to said actuator arns;
substantl?%’dt/loypélgﬁﬁppl?‘ﬁ??ﬁiers of said micro-actuators disposed in reversed
orientation ar@haflity8f UataShidgs URREI50BLAUEHAR if! £ Skabk GREbYnELN 18 Gkiof ©
ef fect novenent in opposite

rotation, each said data storage disk axis of rotation coincident with all other storage disk axes of

ns

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.



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

el ectronic control signal conveyed to all mcro-actuators, to effect
noverment of said magnetic read/wite transducers to one of said pl2ugil 2065
of locations, and whereby, said novenent of one-half of said nmagnetic
read/ wite transducer in a first direction cancels and neutralizes inertia
effects of said other substantially equal nunber of said nagnetic

read/ wite transducer in an opposite, sggond direction in response to said
single electronic signal. 12 JUL 2005 8b OVERVIEW 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 conventi onal
actuator assenbly may be nodified t cOVBRVIER enbodi ment of the invention
The nndificat%on is acconplished in the wiring of the m cro-actuator on

each act uat or 1S ONFTViEN ISqintended, &q pravisde a Rriehwaderstenstingl of ¢her wventjqneantk is not
| t : i k ith it hysi cal f tion. A
i or o ach kil O 1inBil O liin AT M igatlel ) cco Prom whi ch . movens

m cro-actuat or may vices fromwhich novenent or

di spl acenent Afcoavenivheld acteatbe assembyy beaydbe inedifivh eneman A1 rBbdRtngrNhan
el ectri caler?z.i anq. . _For. exanpl e, magneto-strictive, piezeo-electric,
bi mor phi'BYHEPE; it hp Mogificafign isqepmpplished infhe Maeing pf thgmeictoatctudior orcérsh getsator

di Mensi G, OTheSHRRS-abMlatot SRIGHE rdyd j rigal vol.tage across
the el ectro-active el emsnt 12 Jﬁ{ggﬁdogfhgﬁﬁfﬂ%f %%F@%%@Uf& Sot p?’}ﬁg}%’b Soriat o
f or m t hevifh ¥s physical fommatioheA microeachictarahay de ahe ofliawdiReby bNHEviEOrEth GHRsh
For easqn&fe d% L Pst on aqd i S%J Si onb t he groups may be designated as an
"A" group an r.g pB’F%ﬁ’ éta ezir‘BEt‘B S ae dedyslipherrysr eneseizadadthugn of
equal  orelestthal sighaidl Fyr eetdile, MABREGstrictive, piezeo-electric, bimorphic materials or any
other type device or material that changes dimensions or shape in response to impressing an

electrical voltage across the electro-active element



of mcro-actuators. As an exanple, the A group mcro-actuators will be
attached to the mcro-actuator nountings on a read/ wite head suspensi on
to flex, extend or contract to displace the nagnetic head away frorvpza rlgkphs
position responsive to an electronic signal of a first polarity. The (W

B mcro-actuators will be identical in physical type and structure to the

A Jroup i cr o AFfH BliGloSucn i LIS e Wb R0 URPRIHENSludNe B Of oub ar €

installed in a ntica srcal "orrentatronr

recording surface, (i.e., as viewed froma position where the suspension
and mcro-actuator are viewed with the magnetic_disk suyface, behing the
suspensi on, an®he mdcroiactuaters axeadivided into BraguoYPs nFQFease Aglesgiptigna PBn

Che”di sk 1 ecor MeBoRATE ARigRlARRRE ARy AT TR, = O 15Ty Trom

the A group mcro-actuators). Thus, the m cro-actuators of the B group
w Il cause the novenent of the magnetic read/wite heads in the opposite

direction to tfiBe Apreupeaid thé Btgasiprshould-be avideap of squdl ot hubstantiallysualalumitiere
to the axis of rotation of the disk.. Wenever the mcro-actuators of the B
group are i nst ef misgo-petuatorse visras c¥amplpsthe 4 erown misse-aetpaprsil be aeched to the

roup isgo-pefuet i P
aceonpl sh t neougpaeirier wopRiis of s rbBRrARREF b RAS TS he b RS BB,

heads of one gfrs?lu& the nfghatR Hefld Ay @éiamulpositon EEordiRs it@ndélearondd sifi@ of
group A micro-actuators and the group B m cro-actuators may be nade in a
number of waysa fiTsgolasipi e grapth micsowrtyptotswillberdentigal dn playsicst type 88 and an
9 12 JUL 2005 agctuator., er i riFﬁﬁﬁ i . i i vot
axis and a pl ugyl ?/900?16 5P g%t“%ﬁ%flﬁgnﬂgg from rfa%l: agdc'%:uélgstm&lg %%Eh{r%bﬁegrﬁhggxregal.

Each arm ext engstahel iwasdéntioalgiyses otientticikslative Rraviediok rdealdow duffacd, Gie.Or
bottom di sk respectively. Each actuator arminserted between the adjacent

di sks suppor t sas viewed Epmagiositien wheterbe suspengion rad BueraRelyater asiqweg 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



magnetic read/ wite heads, one on each suspension. The head positioning
assenbly, including voice coil notor armature, journal and actuator is
cormonly referred to as an actuator. Thus, if all the suspensi on!sZa_.Myng
"mcro-actuators are identically manufactur ed and assenbled and are only
reversed whenever the suspensions are attached to the actuator arm so that
the magnetic read/ wite head faces an associ ated magneti c di sk recording
surface and if the sane signal is applied to all of the m cro-actuators,

the Goup A fHeE@méier @hho ms&eajohﬂ:wacﬁninmihepﬁd)tmuemdaphmaitpbﬁm

the group B mcro-actuators may be the even nunbered m cro-actuators where
the micro- aoemmtdmgamndxermtdamrmmlsemah Encharpy extensls belyean byo adjacestt uat or

arm and suspensi on st ac he ot t her eof

i medi at teI yt mab@wﬁs@w 'i‘FF%Pn‘é’ WS@QEWHW mﬁﬂ%gt&;gpgsewd
m cr o- act uator, g&@ﬁt 10hs W FsQitd aW
away fromthléet‘% tbés ac&t otatronal axis anld t he group m cro-actuators

will nove t f‘ﬁagﬁﬁ@ﬂadﬁwnté Béadlisyericton daelasispensiord 'ﬁwdlead)mhbmmg:a:idcmhIYSt ack
rotational axiS in response to each of the mcro-actuators {.ec ILvin

i dentical comoindingypisaspil groter armpte, jRred a{l@“@?‘%ﬁé@ﬁ&ﬁ'@ﬂ 6&95 %’
reversed, the mcro-actuators of the A and B groups will nove in dlrectlons
opposite to ALY descri bed above. \Wienever the term "recor di ng position”
is used, the termis intended to include the position occupied by the

magnetic read/wite head during either a read %cle or operatlon 10 12 JUL
2005 or a wThus, rfyﬂh@susp&np@n&@ﬂdimﬂ%w?m@re plically mapyfastuged and { he upper

directon ( esgEmblrd gt g SR A Al ignh hedfindER é@?m%%gﬁﬁ‘%ff
arm so that the magnetic read/write head faces an associated magnetic disk recording
surface and if the same signal is applied to all of the micro-actuators, the Group A micro-
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



of the mcro-actuators are desired to be noved in the opposite direction
(e.g. outwardly fromthe disk axis) in response to a single signal of
predeterm ned polarity, some of the mcro-actuators of the systen‘?@i}(jﬂem%
woul d have to have the polarity of the mcro-actuator reversed or the

W ring connections reversed in polarity. As in this exanple, the odd
nunbered m cro-actuators in the upper half of the m cro-actuators woul d
require a reveF3WAERIEROr PR ng or the micro-actuator installed in a
reversed position relative to the suspension and the even nunbered

m cro-actuators in the lower half treated in the sanme manner. On the other
hand, the pol agytwayQf filrther wianphe ittenger nossorfeeal fxfithe micro-actaatom atedesired
supported on thé acCtuator arns disposed between adjacent di (gs and th

t opnost and bmbmmrdtmnﬂ@d@ﬁcé!@n(ﬁag-dﬂy%@“@@@ﬁﬂééqaﬁ‘é‘)ﬁ‘ﬁ 519W669H%'ﬁalifn

order to get the heads i sposed on in . [ ak.m 1. I e
same directi on.OFﬂ‘ﬁ ni‘fff”sacg’@ ?‘fegﬁsérl‘?g?q%‘fmg{’%de]ﬁg%%@%‘%%fﬂ)g@%@cbﬁ%&%ﬁ%ec% !lgns
on a select ed goqal ik i) MUk hai@lesfthal 6f tderdiniifed pohiity, esmeot the e
connections of the next ad]acent arm Various other arrangenents nay be

brought to mi nehigb-atfastopeofahesysferoeithcmaoyld kvd to hiave thegolazifyt ofghe micro-actuator

understanding this invention. Half or substfantially,half.of the
nm cro- act uatorﬁevaﬁédﬂi@ﬁquﬁe‘%ﬁmﬂ?’fe@%‘?‘{)’ﬂw ! Sef‘ﬁBHS’tth%Pd%alf to

cause inertia - G RFAR 6 auakBhafuldleg@iddigel  the
inertia from tﬁémg{} %Jr?]?‘lﬁétl ?%?&%ghe e rmverrenef S. 11 12 JUL prg | n_order
to reduce the yéveissdpolasisiedringostht edtrotanmatmp mstabled it ereveraedkposition relative to

m cro-actuators control wiring is sinplified by conpectin || .
mi cr o- act uat or therHFRsBEAT andsihe gy ‘t‘\"‘%{?& TRIGHERFEHRS Thide ovmrg‘F@FF?tﬁd B8 anch

conductors to &Iﬁ%&%ﬂ%si gnal causing all mcro- actuators to be energized
by the sane signal. ’

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



By using a single signal to command the m cro-actuators novenent, the
wiring of the mcro-actuators is greatly dinminished and sinplifiefi? JUL 2005
resulting in other benefits. This overview is intended as a brief sunmmary
description of sonme of the various. enbodinents including the preferred
enbodi nent of the invention and is not intended to limt the invention in
any manner. A AlRdin 1 i thEmi cryL l may
be had fromt hgﬂ)&gteftggﬁdeuggglreaw nggegﬁgﬂfﬁ‘e&%{%ﬁ@ggﬁ%ggg%’pti oincgd(; tdﬁse)Ilg

| nventi on whi cporte] ity is B cDbSCRluldEistg I DhicidbctiROMIthKeHg b gingleiimink
partial side view of a nmulti-disk drive with a portion of the djsk stack

and a porti oncafduciesande plraity efbranchsendiclors toja singlesigaal cpysing all micrey ¢ op
view of a portign of .an actuator arman ghetic read/wite head

suspensi on tog@&“@?rs\kﬁ’Eﬁe?%%m?qongﬁﬁﬁaén%g%%ﬁ‘it associated with the

m cro-actuator and the read/wite head. Fig. 3 is an enlarged top view of

the mcro-actuator and read/wite head suspension arm together With a nore
det ai | ed preseByasingm sifgld dignal tossoniyhanddhe wicre-actuators anevdntent, theewimng obthe

actuator and read/wite head. ,12. 12, 005 Fiqg. 4..s an j!llLustration of a
portion of themigresaclptores gratly 3%%&%”@%&3@?@%@?%& %qur(hene ntrol Iing

the m cro-actuator and nagnetic read/ wite head to and fromthe actuator

armr electronics and connects with the flexible circuit illustrated in
Figs. 2 and 3.7l v ' ! b&me oPfiedMfiatid on of
t he connecti onT}tﬁ%EVse’gﬁ?@%ﬁ@%‘?ﬁg?E Qﬁﬂgféfu?rgh;%rgﬁigbégﬁt@&oif iI'l]ust reat ed.. in

Figs. 2 and 3 embadimepisdndudingiheryefored smbedimgn ofithedaysngionandds nptintended gs
on a single a%‘fﬁﬂi@fheﬁﬁ@n‘i‘%ﬁ@xﬁ%@ﬁﬁéﬁﬂeen two adj acent magnetic '

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.
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recording disks. Fig. 6 is a circuit diagramof the connections of the
flexible circuit shown in Fig. 4 to the actuator armelectronics. DETAILED
DESCRI PTI ON OF THE BEST MODE OF THE PREFERRED EMBCODI MENT OF THE! 2 NVENIISON
AS CONTEMPLATED BY THE | NVENTORS Refer initially to Fig. 1. Fig. | is a
side view of a portion of an interior structure 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, sone reference to

prior art ngghans anHhansticieof aretiosof thefledblercircuis whivhsonductyihe signals farn
i nprovenent to a prior art type magnetic storage disk drive Fig |
i | | ust r at es cantrallingitheanicro-antuatercand imagneticpeady] hegd ¢ Q}Ptb‘hﬁﬁ!ﬁat%fr% 14,

a journal 16 and a urality.of tuator ar.ns 18 DOr @) echi fromthe
journal 16. clrSBPHNSE %@“%M&%E”ﬁ? ?'5%@@81326#&5 gﬂll b%e 3h a shaft 20
and retained by a retainer 22 engaged 13 12 JUL 2005 with shaft 20 and

preventing the axial novenment of actuator armassenbly 12 relative to
shaft 20. AFiy.i5ueamenlarged #lwtratimmofadhe canfiguration of the conneatiomiabspihichecgnaset o

b late 24 of the djsk driye 10 j led to a.rotor 26 ing th
magnet | ¢ dateSnblesgeiHisessisd s Fgg 2 bbbt shefineS pie R BRHEY |

forma disk_ st i ﬁh{aé IsBd bW thenReE uat or
arns 18 arerﬁdgﬁgegaﬁde%%éggﬁo{ lgpdr%agnetlc di sks 2?3 o;&ngi sk stack
30. On the décobdihg @3ks.0f each actuator arm 18 is nounted a magnetic

read/ wite head

Fig. 6 is a circuit diagram of the connections of the flexible circuit shown in Fig. 4 to the

actuator arm electronics.

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



suspensi on 32 for each nmagnetic data recording surface 34 of disk 28served
and accessed by the actuator arm 18. On the two npbst outboard ac ar s
18 are nounted nagnetic read/wite head suspensions 32 and the reﬁ;?j@bﬁmﬁf
the actuator arns 18, each supporting two suspensions 32. The nagnetic
read/ wite head suspensions 32 are oriented to face the recording and
readi ng surface 36 of the magnetic read/wite head 50 toward and position
the magnetic read/ wite head 50 juxtaposed to the recaording surface 36 of
the magnet i szﬁh $¥afPH) an meCaxm ashvemietiofhcmatobin sssamblyridtrekitive tom t he
magnetic dis surface 3 by a h|n filmof air, thereby causing the :
magneti c reashaf20t e head 50 to fly above the disk surface 34. Controlled
by a voice coil notor (not shown), the actuator arm assenblyl2 pivots about
shaft 20 in a conventional and wel | -known manner. As the actuator arm
assenmbly 12 j Ay E &H@é{ﬁmﬁ&l%ﬁs&ﬁnoﬁ ARl A6kMed 6 a BisBplite SNBLMR diskr 0SS
the magnetic drs recor Ing surtface 34 to access the recording tracks on

t he rot ati ngdivesio ivegusiéd © akiosde 2B8upMittitg ﬂlhmagaw@taﬁyordgmélskw&af Theout

50, 000 tracks per inch pi.). or197Q tracgk spaci ng between
track centermotpsg3 Mwﬁbg\ﬁdlﬂs@@(ﬁbﬁé f?"#bﬁé@liéﬁg 3%9&%8 ‘3@"515'? ts. 14 1 2
JUL 2005 Refer now'to Figs 2 and 3. By inclusion of a mcro-actuator 40 in
t he structur@mgwnPﬁgL magneti c read/ wite head suspension 32, the nagnetic
data read/wite head 50 may be laterally displaced for fine posi tioning on

either side of the nomnal or null posjtion of the npgpetic read/ wite
head 50 wi t hTheantenter amsrl&ererdJmsedqr@mhmsqddwﬂb@e wewftdj ﬁ‘é?{s")fé stackn

t he suspensi 2 ve cr 40 !

*el’ectronic s?(g é?thclcﬁq‘glr F%ChcﬁCSp Qerlgfe;r}';i Hé)lrnogne ?\g\ﬁ/ﬁ&ﬁ’ga 50
left or ri ghéusﬁénstohes,zrfdi J:acn@ﬁdghuwuawrecmdﬁrgcsuﬁmmardlstcnssauemamsaccessed
illustrated in Figs. and 3, can be fabricated.into one |eg

suspensi on 3By thaabtyafonelm t8 On thestwormaogh opibpard;agenss ams,i8 %%@W‘eg HBW“Be
under stood t r@%/wnte' head suspensions 32 and the remainder of the actuator arms 18, each

:ﬂ

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 su_rface
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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ot her configurations are al so possible. The m cro-actuator 40 may be any
material which changes shape or dinensions under the influence of an

el ectrical current [potential] applied across the device. The ver1y2 Ste 005
novenent of the suspension 32 noves the distal end thereof either left or
right of the null or no signal (no deformation) position and permts

pl aci ng the magnetic read/wite head 50 with better resolution. The
actuator arm 18 supports the suspension 32 by being rigidly attached by

convent i onalRefsBdRstoTUSY asd VBY indtusiin cftatmickradtiateroidcindke stfdoaurerafphet i
read/ wite head 50, supported on the distal end of suspension 32, requires

four electr (magnem readiverite bead suenensian 32.cthe magnert@ai@tarea%vmeeheadéﬂdnwbet

as do the ntLo al netic,.read/ wit |or a ne

i sk dri ves Jalg o4 % B0 positicrie geiehe 118 3F e honft) O il peff g,
the draw ng e h *505\%1}% cttdmeﬁﬂﬂi'ﬁérpaistohb@ bf“‘h@?ésl’?ébsfﬂ%ﬁu' res
two additional®si gna ul'ly cont the mcro- actuator 40 he signals
are desi gnawmd%pmmnmmmumhmaMoMMma@wmg anslectrenipsigeave t o
the MA+ and MA- signals in proportion to the signal strength, each polarity
signal may cause the attainnment of a plurality of displaced positions of

" the nmagnetic 15 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
pl ace the hﬁ’@fhe@%sﬁlh@ thehghcid reaibwrit legd 50 Rfikor righv of the axll positiorg awi ri ng

network with a much nore conplex control is required. To sinplify the
Wiring of t meicrd-astuater40esuch agildnstrated ireFigs ande, pﬁebmbgcmdwmwlas Heht is

SePLaes SRRAhiSR A e e HOR BHSREIS IO bR bRt e
el ectroni C ARk cohfigursions BRMISo pYssible. THYmizfo- mﬁuiwoaﬁa)t be @achatefialtwidch

m cro-actuators 40 1n the actuator assenbly 12 to cause .
changes shape or dimensions under the influence of an electrical current [potential]

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

15



di spl acenent of the suspensions 32 and magnetic read/ wite heads 50 in
accord therewith. The orientation of the mcro-actuators 40 relative to
each other may determne the direction of novenent of the suspensﬁqngﬁrm
32 in response to the single control signal, MA+ or MA-, assumng th e
m cro-actuator 40 is installed identically within all suspensions 32. Wth
a single mcro-actuator signal applied to identical polarity

m cro-actuators 40 on suspension arnms 32 and with identical polarity

connections on,the m -actuators.40,, the mcro-actuator 40 on the top of
a sel ected éi‘\%ﬁ‘ﬁ?@rheﬁ‘f%(h%{:@bﬁ?wﬁ%%n?% afirst direction and the
m cro-actuator 40 on the bottom of a selected actuator arm 18 will nobve in

- a second and opposite direction. This novenent by each of the suspension
arms 32  andf, epiieésently kaanyonlydhhsdettedstion-atuator 4l isiaoivajedtarmlace theer ti a

created by novenent of  the other syspension arns.32 and heads 5 r tive
to the sel e(hﬁﬁhomﬂlﬁa‘lelﬁmgrf?ﬁol .8“@%7F¥°€MW°WQB%W8&W§§8 Anr’?mst
actuator arns_32 ar ' o the inertia of the single suspension 32
attached t h&PEP ,xcloﬁ%‘?lﬁ?ge%oﬁh%ach of the topnost and bottommpst suspension

arnms 32 is canceled by the conmbined inertia of the novenent of the topnost

16 12 JUL 2005 E and bottonmmost suspension arms 32 and magnetic r ﬁjd/write
heads 34 coietsimplifythersining oftihesdisiadides 1 Gandduriber rednse themes 8 t he

Do On. Renbad R Goocehienl ot WspeiiC Y RLE &) 8 altulBF don? 1 4l shngle

act uat or uspensi on arns are suspended.

Again refer rs{ﬁﬁgl MA-FMA- & Z(ﬁamé’d byPthe dR&ideive @R clrditic eouteh) Giatishdamdvitieb t er ns
of the flexible circuit 52 to neet the connection needs, the pol aritg/ of
‘t he connect inmysbetcnduatédto@ach of the micro-actuators 40 in the actuator assembly 12 to caus

displacement of the suspensions 32 and magnetic 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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actuator 40 may be reversed, thus reversing its response to the signal.
This may permt both suspension arns 32 on a single actuator arm 18 to
nove in the same direction with one-half of suspension arms 32 to bg Jgp 2005
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 direction and,

si mul taneously, the second half of the suspension arns- 32 and nagnetic
read/ wite heads 50 nove in the opposite direction. As can be appreciated

by one of skil|,in the art and with.the benefit of the f Wyl
expl anat i on, @WW%??@F%O%W{}%?@%Pfthcgreﬁ’ﬁl\%#%ﬁ?agggg&g{g&ef fected by
a single co orvginmﬁi gnal dependi ng upon the physical orientation or

polarity of e mcro-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 fromthe disk drive electrqnic,card (not shgﬂtwn)

whi ch i nt er pibissaneellation of ineryp gfmoyementof thespspensigha #ad MagasHo M/ H
t . : | : . !
ot ot o anpt PERERY Sbatds s Berf QB ILCAAE ol RABRY 120 oS dfNekipdilich a1

58 and sel echs st \speaéd.50 to be addressed, provides either a read data
signal R or R+ or wite data signal W or Wk to only the selected
magnetic read/wite 17 12 JUL 2005 read/wite head 50 and a m cro-actuator

| si I - VAL, i lied by. di dri | i
Shown) to. ol eaH TefEing o ko2 il BonClestpting s ngbde ik FafiEr S RENETPITY
signal s are cands) @dn fe GAAINGA YIS pEA CFhOERMBRIORE (Sh G- | | Nes

,64. Each of ‘the conductive patterns 64 termnates each of its conductors
‘at a cont act asohtde40 mppie Gesed, tthes eversingiterespdrise te thersignab rThismagpernpt g, 5

is an enlargenent of the flexible cable connecsor tab, shown in Fi 4

wi th signal pP@é‘HﬁW‘% Ry psinglg actuaionarm fé/g’ QBY%@%%W%@WE}W ngtgs 68.

The center | bﬂ@-th@oPgusté?ﬁion arms 32 to be so selected for wiring so that a first one-half of the
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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tab 66 is indicated and the tab 66 may be folded along its centerline 70
and thereby present sol der connection pads 68 to the 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 upmarﬁQXWL2m5
facing tab 72 as well as a mrror inmge, dowwardly facing tab 72

vi si bl e) supported on actuator arm 18, thereby serving both erX|bIe
circuit cables 52 on a single actuator arm 18. The tabs 66 then are

solderedtoth b on.the flexi AN 9{??"13

connecti on. évlr&? ﬁegadg?g\ﬁnflg nlgcrg aéﬁagér?f)?tgﬁli s?ébgfl lggér-g%mgt ? flgdxwt:iﬁg
circuit 60 Ql; {zé'ﬁéétﬂinﬁ@ (hét sBovi)Ro allioF khe thivi-actupie A8iim theatisk driverlOhead
configuration tor sinplicity. Grcuit 60 has the electronic

mul ti pl exor/ pre- anplifier chip 62 interconnecting the input pins of

connector 80 to and,with the sigpal |ines .64 grouped to s Lve
respective mhagheutpt sigoals/ang sanductgdayer Sﬁn‘ﬁ‘\‘fﬂv‘?ﬂ’%{eﬂmﬁ AP P ?‘r@? Shown

in Fig 60D u@zééhl 4f"h§et Jq%hﬁ&}\)ep)aﬁ:érgss % il te3 each'§iSts coRMRAGRS af £EIrRELAEer82 ar e

representati ura connection pads 68 on the tabs 66

as seen in Fpiﬂi6840ntﬁe\ﬂemlecabfeoanﬁd¢fd‘rltah&mtIy smal | connector is used,
rectangle 82 may represent pins nateable with a conpl enentary connector.
Referring to the cont acts MA- and MA+ of the connector 80, conductors 84

are routed dir Q the ngd- MAt, 5.0l Not e
that the- w18 e eniebrait PEe SRR ahREoHEG G0 Gonkin o o BRI
the MA+ si giaehnﬁés%:ﬁéd énsms ke¥héctivt Yola@TuoaRéctidn padss. trhetchmemem ofthd and
M\-4 sol der pads 82. Anal ogously, the MA- signal line 84 is connected at

fconnecti on ptabr66 19mdioatedhad thQabLGG tvay be fm@mm\mwrw @eﬂﬂddbﬁﬁ@b_t i on

pad, B2 20 Ll e RALSd o8 e bl 20 M 02 >

all of ident Ascgah &fqre&imya}duﬁrszl MGk WShdRGti6H iaB b akuh Behtadl Gomebadr padsTH 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 cables52ona
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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the mcro-actuator 40 therein, the suspension arns 32 and the magnetic
read/ wite heads 50 will react to a MA+ control signal as follows:
suspension arnms 32-1 and 32-4 will nove in a first (arbltrarlly1I2e1jl1]|_)m5
direction and suspension arns 32-2 and 32-3 will nove in a first
(arbitrarily right) direction. Wienever a reference nuneral is followed by
-X and where X is a single digit nunber, X indicates the suspension arm 32
sequence nunber, nunbered from one end of the disk stack 30 (Fig. 1). By a

fLEdVCSLnLE&q‘ié&S? s MR Siebfn Py cimieeisd b By I B polder pRLsZRRGCRR 121
rade 10 a Vah®iimdl R3S SilaAD domtétled ap90RALE m@tmgrmammnsnﬂsr the

di rection o spension arm 32 and magnetic read/wjte
head 50 in rpaéms&nﬂ@g@sggnhemlmm 84 istoonbentedsit gomnectignpeint Yo thesy

designating a pattern of connections, the e sus ar s
32 may be dlMAdt,MA-r 2 M) addviad4 éPﬂdé%QqnﬁFﬁloérPgE%lg%gPdd‘hﬁé ger Raﬁ%%f)ﬁ(ﬁakf: tia
forces creat t hghed by the
inertia r@&b?%/? é%bajé%/ &ﬁg %elﬁ }J@he sagé%iecﬁgiﬁgﬁﬁggrﬂﬁs 32 in
response tO rﬁe bn &S RE all NPmeﬁﬁcﬂn@dnsmroasﬁaddmg ofibritatin arﬁepolanty of

S

m cr o- act uato 40. While the invention has been described w sp ct to
a i cro- act ubd micréactuatondptherire the suspensian pons 32)?!“!)&%“??@"%‘1&*" eg $n 32,
the invention uId be simlarl ble to a 1l
mlli-act uat5<9r F@ﬁt"t%/%i‘%a?qnyo\g\ﬂ@% %@%Pgéaﬁugﬂengfo%aﬁs%?ﬁrégr%ﬁh‘g di st al
end of the u%gz Giréttibh b susPénsin BRmE 8D Ald mypmlbtﬂlovem
lectrlcally for errat s to shift the magnetic read/wite head 50

laterally reﬂi&tﬂ(‘dﬁnﬁﬁlyhghﬂ)dngutmudl nal axis of the suspension arms 32. For
exanple, the mlli-actuator would shift the magnetic head 50 by very small
increments without the benefit of a nechanical advantage applied to the

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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di spl acenent of the magnetic head 50, suspending the magnetic read/wite
head 50 from a device which changes shape or bends under the ianUﬁpquqm5
an electrical control signal. As discussed above with respect to the

m cro-actuator 40, an anal ogous approach to the electrical signal
connections to the electronically controlled positioning el enent can be
used to create an even nore dense recording track pattern. Should the need
arise for such density, a mlli-actuator could be installed on a suspension

32 havi ] - act uat 40, i bed ab ' | 1 '
exponent 1 al Tiliareaeg waish gaiepllyovandd B lealh a6 PO ot Heucihe BT ehd s "
| uti d ' 2t \ i
rmor the (uspdfiofith 33 R BARIC e sMEkerllf o O Blecituly defotkide ARteHEE

therein. Thig sHEBHhE nRighet redd/WHE liead §014terally relativeeothedongitudinalaxeobthe of

skill in the art the 'knowl edge necessary to practice the inventio dis
not i nt endedsuspensioniarms B2 Eergsample, the anilli-pepaater weuld ﬁh@n‘ge Weqcthep@S(?By

contenpl ated that those rsans. of .skidl «in the. | r | t hat .
ot her ni nor V"I%ﬁ‘i“?li ets ?@Vub@eibﬁgﬁtﬁ&ﬂe@ggyﬁf{lédﬁg gggﬁ?l?«gﬁbgﬁed
structure of g ' b #fa Fﬂﬁqc"' 50 SiaFthd thihetl@ reatlwrite ioade5Q fiem
resul ting st?’%@fﬁclfgdgﬁg% %:on ro hfgérl(gm’ts%é(yélslco%gl of r?e attached cl aj ns.
Only the attgaddviet whieh olangesshapit @rbands vraerithk iimfuenbeofagectngal coptrol signal.

i nvention. 20 12 JUL 2005 21 CLAIMS, 1., An actuajor arminertia caontrol for
a disk dri veAﬁﬂ@?‘&S%Qh?X?Mthé@ﬁF?éq’ﬂ’édmc%aﬁ‘?aﬁ%’/ Yo 9&?“??33{8%‘%({\9 I° st ack

with ninim zgd 0.6 CQnAGkHAlRbn B thd QbotloRRil1f BatitRitfed poSiRBHA} Slefi@nt can be
-’ ? | used to create an even more dense recording track pattern.

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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a plurality of data storage disks rotatably disposed in a stack surroundi ng
an axis of rotation, each said data storage disk axis of rotation
coincident with all other storage disk axes of rotation: at |east Ta g4l 2005
of actuator arns, each supporting a nagnetic read/wite transducer on a

di stal portion thereof, disposed one on each side of each of said data
storage di sks; each of said actuator arns further conprising at |east one
suspensi on arm conprising said nagnetigiread/ wite transducer, and a

m cro-actuator controllable to dispose said nagnetic read/ wite transducer
in one oéLgllg/gprality of locations on both sides of a null 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
sai d disks fo[r establishing,a null position of each of said transducers
relativeto Sé’l’d acluplght 8P ainstia s GeIHIoANnderal 3 y disljudiriveumisresagateni controlled

m cro-a ect ; onpect.ed t.0. ct.. yenent i pposite

i rect | asarhgrGoRhaE, EhEai K | SRR AR shRishE hior B RE covilr” Bfhp oo,

el ect r orompeisingr ol si gnal conveyed to all nicro-actuators, effecting
novenent of sai netjc read/wite transducers, to one of said plurality
of |ocations,? Bﬂ‘ﬂ"q&gé’ﬁ edﬁff‘ storae dREAbLY, dispatednia ¢ stack sairr@unding eni axis of
read/ wri ' ' I d; -dj ' . euytraliz inertia
G fect s o URh AR UAE Bats Hoade R pyiS bEARROR Lo BIUGHL P13l PRl b
read/ wr irp@tipmansducer in an opposite, second direction in response to said

single el ectr?nif sign(ﬁ.l. 1? JUL 2005 2. The inertig control for a disk
drive nicro- 25t TF8t 3PE SHACBIAO8 Frs.oFRCh SERROTURS, @ nagstetic readdwiite fiansduger on a

sel ect edlinalgforiin Baiesf, msgsm%wateaaﬁsi@é@f&hﬁsfgjai&aétwo?%ma&ed In
Inp

paral l el and remai ning mcro-actuators connecte araliel "ahd in an
opposi te pol &e¢h 9f saidsacsunter asws dothed conprising atdeastioné suspemtdnL@hDEEIprising 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.



3. The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim2 wherein said selected ones alternate with said
remai ning mcro-actuators. 4. The inertia control for a disk drivel2 JUL 2005
m cro-actuator controlled transducer stack of claim 1l wherein said selected
ones of said magnetic (read/wite heads) are disposed in at |east one
group and said remaining mcro-actuators are disposed in at |east one group
5. The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim2 wherein said selected ones are di sposed on
alternating actuator arns di sposed between adjacent recording disk

surfaces of 5ad a‘ifl@ inehfé:&hﬂbmr g dik Arive midBGctidfiricoatralattfanbdicer stackdi sk
ato e Kk I

drive mcro-actu controlled transducer stack of claim5 wherein said
sel ect ed one$clafn $ ait@rein soletaldnesvhHsaid miczo-dttwplosaate sleagicglloepnngdediit or ar s
at the extrenes of said head, stack and connected t.0 ve in_an.identical
direction rgrallehandgemaining micsgactugtorserangelrd ipparallgland Jp ap gppOSUGPARNE | o

m cro-actuator .controfl ck of claimb wherein said
sel ect ed oné%sa(‘)‘fs %{'it%fi?ﬂ%g?%gag(g@gcg&gé@g?sé di sposed singly on actuator arms

at the extrenes of said head stack and connected to nove in opposite
directions relative to said disks." 22 12 JUL 2005 23 8. An inertia control
for a disk 6rive The tnedimantrel for a diskidrint mierorastuatas goniaellod drangduce cer

stack with m_ni m zed m.crq;act or _contr.ol .input/out _ I.slng: a
plurality ong]él"é ﬁ%F%W@Fé@%W&?@W‘i}CW erﬁgﬁmﬁ]%gé '3 Cg‘(;:gé&{sl%tbgbundi ng
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 act uat or 4ar s The aextizeopprol for adisk dnisg microachuatat contrelleditraasdigecdiackon a

of claim 1 wherein said selected ones of said magnetic (read/write heads) are disposed in

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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di stal portion thereof, disposed one on each side of each of said data
storage disks; each of said actuator arns further conprising at |east one
suspensi on arm conprising said nmagnetic read/wite transducer, and 379 08
m cro-actuator controllable to dispose said nagnetic read/wite transdd%%z
in one of a plurality of |ocations on both sides of a null position of said
magnetic read/ wite transducer; an actuator connected to all of said
actuator arms for displacing said arnms 3and said transducers relative to
said disks for establishing a null position of each of said transducers

relativegto Sﬁh‘i’n 4 U £ d Bisk EHPeS lé%gé:agtl}{%tﬁf ?%ﬁ%llreg Eg}f 1@re§f8rd§r§gi @ansducer

m cro-actuators. di sposed in reverse

suspensi siackawith mielnzelahictoeadthatoc@RELIpE/dudp i bRptisiiy ement in opposite
directions rel aiive to said data stora%e di sks in response to a single

el ectroni ¢ cohPREMItY e stormegcdids totatzhly dispesasl tice wackr srroundisgfaacexis of
novenment . gal i LM s I s o..one of said plurality
0F T oont kiR ¥tk SRANGl Sorb GAGUE B b BRI Fent Wi 31 e sfad, By ot of

r ead/ w imatibonansducer in a first direction cancels and neutralizes inertia

effects of said other substantially equal nunber of said nagnetic
read/ wite tr¥nethade of aghiaigsaais: eachsupperting jarmagnetin resd/weitp trarsduces anai d

single i J ' j eyl o f i sk drive
m cro- ac(ﬁttglf%{ﬁ%%ﬁlf lrsel(())?’lrazg 0% er(%laor?;:g Slcelg{rsﬁsl %c &gﬁtog ?Aa{fi %18% S%er‘ﬁflﬁg’ all said
ni cr o- act uat ceash af sidhatudtor aalsifyrticovomptisidg anlepaoat bedpensién Mc&g&&iﬁ@saﬂ' he

inertia contr.ol f(ﬁr gq di sl%wdri ve mcr.o-actuator controlled transducer stack
of clai M Iﬁﬁ BIETNVELR HapkivesTs @ad ot MurfozACHBPT neanrgLlalle ot diseossl said meagmetis t h
sai d rernBadiwhee trifisaleeraf oHa P pldrhlity [E¥Elob Rk ot lfo‘?l%ﬂ%% of Akt ]gldsﬁkond&{ safd
m cro-actuator controlled transducer stack of claim wherein said
r ever sednagiicigread vaite thiapsducerct uat ors are di sposed in at |least a
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.



first grouping and said remaining, mcro-actuators are disposed in at |east
a second grouping. 12. The inertia control for a disk drive mcro-actuator
controlled transducer stack of claim 10 wherein said m cro-actuators of
said reversed orientation are disposed on alternating actuator alRsjy 2005
di sposed between adjacent recording disk surfaces of adjacent recording

di sks. 13. The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim 12. wherein said reversed orientation

m cro-actuat ¢S afge HleRAQDARFSONS Uik Wive HIGTHABRIRR cortroileditanaiucet stick
extrenmes of said head stack and di sposed on said suspension to nove in an

i dentical di oPdaino whetedt saicbreversechoriendatiomgnicrpdactupitars pliernate avithoaidrgmaining o
di sk drive mcro-actuator controlled transducer stack of claim 12 wherein
sai d rever seBUGPTAERAN] on ni cro-actuators are di sposed singly on actuator
arnms at the extrenes of said head stack and connected to nove in opposite
directions relative to said disks. 24 M CRO ACTUATOR TRANSDUCER STACK

| NERTI A CANCHL. L ATirRNiertii Ids6iro] f8B58ISRAfivomidbiachGCraitdied tnsducerstaskt uat or

of a head susg‘gnsmn is either (i) wred in _reverse pol afi quéo e‘ffect
novenent of aigutQwh wma&rﬁﬁemnqnﬁtﬁsaamw%@ie%wg PatEdai o the

ngﬂﬂicgl ly. ﬁ‘isigé’z %‘lg flgmg)' r‘%‘@Ige il cro %%@)@%&(ﬁﬂaﬁ{eﬁﬁl gha \M red

control all g}ogf,ﬂgact uators and thereby cancel

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.
k¥ kP ok ok
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the effects of inertia of the suspension arns (32) and the read/wite heads
(50) on the actuator arns (18). This benefit can be achieved as {ifalf] mis

t he suspension arns (32) and nagnetic heads (50) nove in one direction
whil e, sinmultaneously, the other half of the suspension arns (32) and
magneti c heads (50) nove in a second, opposite direction in response to a
single control signal, sinplifying wiring and control electronics. The
count er-novenent of the suspension arnms (32) and nagnetic heads (50)
counter inertial forcepar®d)-aTeATERITRANSOUIOEROSTALY their stable
recordi ng/ readi ng positions, thereby reducing seek tines and inproving disk

-drive performance. FIG  $\ERTIA CANCELLATION CONTROL

ABSTRACT OF THE DISCLOSURE

A micro-actuator of a head suspension is either (i) wired in reverse polarity to effect
movement of the suspension arms (32) in opposing directions relative to the magnetic
disks (28) or (ii) reversed in physical orientation and wired identically. This permits a

single micro-actuator control signal to control all micro-actuators and thereby cancel

the effects of inertia of the suspension arms (32) and the read/write heads (50) on the

actuator arms (18). This benefit can be achieved as half of the suspension arms (32)

and magnetic heads (50) move in one direction while, simultaneously, the other half

of the suspension arms (32) and magnetic heads (50) move in a second, opposite
direction in response to a single control signal, simplifying wiring and control
electronics. The counter-movement of the suspension arms (32) and magnetic heads
(50) counter inertial forces and expedite the settling into their stable recording/reading
positions, thereby reducing seek times and improving disk drive performance.

FIG. 3

25



