., e3elLHH K: VKt L6LTLI u/ M CRO- ACTUATOR TRANSDUCER STACK | NSERTI A
CANCELLATICN CONTROL FI ELD OF THE I NVENTION This invention relates to the
control of the actuator arm and suspension arm of a magnetic data storage
di sk drive and, nore specifically, to the control of the actuator
suspension arnms 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 mechani sm BACKGROUND OF THE | NVENTI ON Magnetic data storage
di sk drives typically have nultiple magnetic recordi ng disks, which are
non- magneti ¢ di sk-shaped substrates with a stable magnetical ly
coercivelyalterable coating | ayered on the s ace of the substra A
plurality of such magnetic recording disks are asﬂﬁMWWﬂ“MWﬂWﬂ acks "The
di sk surface coating receives and records individ in a
magneti c domain for each bit signal sent to the nagnetwnwread/mrite head
flying above the revolving disk. Over the past sever ears with
materials used, the techniques for coating the Sl’" mwwmwmhe di sks and
control of the magnetization of the surface do A inproved to
the point that, in orders of magnitude, data domai nsc@w2ran area of a nodern
magneti c data storage disk nay be snmaller and nore densely positioned,
permtting vast increases in the storage capacity of such disk drives err,
alternatively, permtting MIGROMGTUATORERANSBIICER STACK si ze of the di sk
pack or disk stack and the dj riy d storage capability:
now avail abl e, significant dé&5Qﬁhd%ngﬁﬁé#&ﬁKﬁiﬁﬁﬁkﬁhq e disk drives and
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 di SNELHORTHBINVENDIONr. Faster rotation
permts quicker "seek"™ tines in accessing a particular selected data
| ocation on the magnetic disk. In order to fully utilize the storage

capabi | ity ofy L., g.rfeﬁat tsl éantr&,h@f MW{}%%@@% Mo te

head. nust bé réefine er recor ata and rea ata in s enser

‘patterns, OngatpsteRige diskUsive aﬁd ,efbrespetificalty,ib divasontial of tHe Actudtyr swspdnsion
magneti c data storage disks is the requirement for higher resolution in

‘pl acenent of arnmsdn guppnees to %P\'f\ﬁlmmé@ﬁﬂ"'@ ty0ldhe pageaticaeadiwiiteack of t he
di sk. Pl acengif 0 grmcfacr &%&&nﬁlgﬁﬂ B.ﬁ %ﬁﬂa{ﬂ%tﬁ&uéﬁe&&nﬂﬁfonpl I shed
an ypi ca ua

by an act uator arm I'S a vol ce coil notor
having the capability of nmoving one conponent of the voice coil notor

rel ative to another fixed mepber in reci se manner. The actuator

di spl aces the actuator arm r BASIKGRO pﬁ?ﬂ@%%ﬁ@h’m around a pivot
axis. An actuator is typically formed to have an armextending in proximty
to a recordable surface of the magnetic storage disk. Were both surfaces

of such a diMagsetie datacstordgddisk diivestypically haveanultilomagneticrevording Hisks,de of

the magnetic storage data dj sk ct uat or ports.a further

ext ensi on onWwhigh ag §?‘HPW°6*SL?#@P§€§“&?%? ‘&\%M‘ stpﬁ’g magnetically coeretvelis as a

suspensi on OfysHeP&RThE Thyefel'oh Mhe firface of the substrate. A plurality of such magnetic
recordiig disks are assenibled in stacks. The disk surface coating receives ahd récoids

individual data bits in a mpgnetic 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
sutfaces of the disks and control of the magnetization of the surface domains have



2 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 positioning of
t he suspension and the read/wite head. To significantly increase the
resolution of the actuator and the nunmber 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. Mcro-actuators are designed in a nunber of different
ways, such asmpiovediottie fo@n a1 bidesliof ieaglitides @fata Junids 2l £C4réd 6f 1MGBEHS,

bi norphic materials or other materials _or structures that change at | east
one di nensi omagneticdatastensge disk maydesmatler and nease deselyngsitioned pemitting vast

i npressing thereon .an el ectronic. signal ,of .a selected polarity.. The

61 o act vat G i GRS PG e Ak afier Slegrattely Esrtnlting € 9emgna
of an opposi LgnFRhaArkdittion IVBRY oftha IRk PaciObr dIICHAKIMH YR MEk GRS TWHBRON are
known and any of themnay be inserted into one leg of a suspension arm or

i npl enent ed improvédstomge papabilisy new akailablef sigtificatit perfeinmnad inpramgpendiof thet s a
novenent of thﬁ nagnetic read/ write head o one side or the other of the
"nul 1" or nodiskdavessmdstarpgs capacityhas £¥eivedry i cal Iy, the read/write head may
be displaced to positions on either side of the null position. Exanples of
m cro-actuators incorporated into an actuator arm assenbly are U. S. Patent
4, 858, 044 as(One ofithd bienefite of the liimprived stotage viipacity isthé réductivndhisize vfitherdisd s,

and U S. Patent 6,452 251 as issued to Khogrow_ Mdhagerani, which uses a
pi ezo el enendrivesy Smullerdisk drivesrallow fastern rotatipn ghthe disks wathdisaited pawesr Faslérd t he

magnetic rea |t LS. GQNL 5 | iC
signal tr ansgﬁ{ oéld%f[ gﬁ?&%‘b - cg%?agyﬁgﬂ] o@éesl%g% a@%‘%’?@%"‘%ﬁ‘? g?ﬁ?(}g‘:]?’g{’;‘i ?fpc
el ement wi | | theewepneficedigker an el ectrical voltage is applied 3 t her et o,

and a reversal of the polarity of the voltage will cause the curvature to
be in the opposite direction. Simlarly, whenever a magneto-strictive

device is e i A L t he
vol t age applnﬂe %ﬁ% @Bﬁqm%g\?féér]%gqag%%ﬁ@wp%ﬁggwgé dt‘%é’%?@%f ér'#é:}{zgl&g}egnal
wi |l cause thagityirém/ atetad gfascberefinddad firther h oftPMsidEredd dats in &till ei t her
contracting or extendi ng dependi ng upon the polarity of the

magnet ost ri cdenyer RAEGIMBe. By pl aci ng such an el enent of sel ected size in one
of two | egs of an actuator suspension and sending either positive or
negative electronic signals to the elenent, the expansion or contraction of
thi s el ement Odé¢ pioblehbadsbeiates mith thichighsralata densipesisihe magheticdtpitangs diskeis

magnetic read/wite head |aterally with respect to the actuator_arm as
descri bed abe&equirement 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



.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
assenbly menbers are reduced in size the cross-sectional area of various
portions of conponents, such as the actuator arm and suspension, are
reduced exponentially. Accordingly, the inherent stiffness of the conponent
is reduced or conprom sed as the cross-sections are reduced. Wth reduced
or conprom sed stiffness, the inertia of the conponents of the actuator
assenbly becones a nore critical factor and degrades the seek tinme of the
di sk drive, ARV AL i 6 : Ls ive in
both recordi %gﬁgeﬁg)‘? etri gﬁ%@ﬁ@ﬁ?b%ﬁé&@ﬁ@g%@aﬁ% t ﬁi %lcixﬁgdlg’?ﬁ%%g'r
assenbly will cause undesired displacenent of the actuator arnms about the
actuator pivot axis, furiher conmprom sipg the accuracy of the placenent of
the magnet i cinTecoiding disk duvsicufothe kmided feselption otthe actiatprdiayes thepetugtprihd

t he actuator . o] Yol by the

voi ce coil ﬁ@'&Q?BﬁﬁwgquggmégﬁPﬁﬁbgfﬁﬁ 6§%g§igﬁé e'%ékﬁgn of the
actuator armto its selected position is referred to as "settle out,” and
the delay in beg;% able to electronical |y access the magnetic read/wite

head caused Tysigrificantlyinereangithe reselutienyeliBe actuater anddhe ppmberoif receeding tracks
drive. "Seek" tine.is t f th i ads, of tine f t i pt_of
he conmmnan K saliek i S Rrstbyd dpdtedp e sobathbf BTNk né SEPLRiort
track until HaRe e provided Wik efickaniBAl dchftedaicRPadhAteR; MikiSadiliforsare (1 f a

serial function) to displace the magnetic read/wite head relative to the
act uat or ar rdesigdedsint & fuunben of diffeecntways, isucht ds\by using noagmetoestiti¢tivetdevicesssi gnat ed

| ocation on the regqording track passes .upder .t he etic read/lwi}e head.
The cgnponedfmﬁngéﬂﬁ I “ﬁﬁ@?mﬁﬂégﬁ ; <E8ﬂ€aﬂwg§§EBFFFE?Bﬁ?ﬂV“? fie
settle out tiBstQUneldhBemFdGRE elemBht'ih r&ﬁgﬁ&% %ﬂm&ﬁ:’i@m&fwﬁﬂ%r %bl‘f@éiﬂé arm

may be influenced or significantly reduced, this permts nore see

oper at i ons wherhomarnelsettoni¢ signab of a saleciedtipolaritys #¥he vricrbyactuatep voll esspoidbin an

t hrough-put of the disk drive in either. witing ot reading the disks.
Wienever a ©OPRPULE 1BRANLT 9 a“p%"scit‘f’f“(?r?‘%‘fﬂe?fﬁ@ 05’8?%}%&9&3% sel ected, 'the voice
coil notor of the actuator drive quickly repositions the actuator arnms to
predefined positions corresponding to the null position for the group of
tracks w t hiManyhixaimpldsef dderorasthaths canstuctiacare khown hod anyi ofithéms nfaylbed, The

voi ce coil notor.,acts to resist the inert.a,of e actuat or arns. wever,
Uhe Tnert i a Teried o gn¢ ot spvensionprity ipletmratediafobs Sispendpnich ABAG o0
the distal emdensidnal Eﬁnﬁé‘ effECEPA Mdvéthém of fheﬁﬁé@@ﬁé REdARe RERGD D8e a6 8F di Ng
track position causes an undesired force acting on the actuator arns

causi ng a niheetherof the Undl’ioo no tleomoni¢signaliposipion. Tipicallyethsoeatiwriteicad mayul d
requi re additional ttle. tinme for e data under the magnetic
read/wite ﬁgggspfpgﬁégoep%ﬁ}wgﬂe erts’rﬁ%oh @Wfﬁfg’g' or the data read from
the disk surface. Wth the reduction in size of the disk drives, the

sel ecting and driving of mcro-actuators on the actuator arnms suspension to
sel ect the Hxamplesof nicresichatossineerppratediniojangictvaton sus assemblyare &1L.S.Ratdngr  of

duct i . bl | e. .. Thi di t.i I t endi he 5
Gotal ond AR oS isuEO L RER Rk i Bt oS BB SRR Bt 8§ e on
suppor ting Paght§pSN2s] &s EkRREALORhb@oWMEhBErah!) WA e BlezfERinetit end past

the end of the actuator armto the suspension. If the data is witten to
the disk during the period that the head is inertially displaced laterally
fromthe design.recordin at the.recorded data will not. be readabl e by a
mmanet o redP PR IR vsBert it SierTon Shkd e megSsts el bRRIIeR, Y,
for the par id sdhtrdlledBy thelpoisiky ofFhébledtdnic sifxRil tBAMMALY Yo 1R BhitloORAfhtdre FoF ded
data, the data will not be reliably readable due to the inertial deviation
of the magnexamplesupicro-tleetrih elethent will band wheneven an electrigalnltagaislapplied t i on
due to the mass of the total suspensions shifting the actuator arns.
Accordingly, the settle tinme nmust be allowed to permt the suspensions to
stop oscillating and stabilize their posi,tions as well as permtting
additional settle tine for the actuator.%Nth 50, 000 data tracks per inch
(tpi) or 1970 tracks per millinmeter (tpm) the distance fromthe 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 anount
of oscillation of a magnetic read/wite head supported on the end of the
suspension and the actuator armcan easily, albeit nonentarily, deflect the
position of the actuator armconb and require a |longer seek tine to insure
the reliable reading or witing of data to the magnetic disk. The extended
seek times over a period of tinme can cunmul atively reduce the data

Y e - -, o Y Y L



Lf the affects of the inertia forces encountered by the actuator arns can

be controlled or counteracted, the actuator arns will not be as affected by
t he novenent of the suspensions and magnetic heads and the resulting
inertia. The nmagnetic read/wite heads 6 will seek and settle in their

design positions much nore rapidly, therefore permtting shortened access
times for positioning the nagnetic read/ wite head over the desired data
track for either reading data fromor witing data to the sel ected data
track of the magnetic storage disk. OBJECTS OF THE INVENTION It is an

obj ect of t hihekdity, Rl hQEversal sp&e?sraﬁaﬁ oftthe véleige WR Bhwe tIRf R edtere®b bé A1 a
e

caused by the displacenment of t magnetic read/wite heads and suspension
arnms of the opppsite direddionk Similarly, whenevena magnesoististive fleviersisiemplayed,dhe t o

cancel the ipertig of a.first magnetic, read/wite head,and. s ensi o
roving i na Rl d dice hinger i pRBOigR s e Voltege ABBGH Bereec BRyeesal Of the
read/wite h . P&Hﬂ ' RYIINSuidth ' ' t 'églﬂ:@'t

addi ti onal og‘?glgt?mg t g&?ﬁi\x/e tlonlu':t% Si nﬁfl?‘gﬁée)tg&g%&fcﬁp acneﬁle;(hél st“3
portion of t 8digecting)eitheccontracting drtextendimgsiepadinghgpohaheipalarity of theanagnefo-a di sk
drive in a first direction and a second portion of the nagnetic read/wite
heads and th@l‘lh%‘éﬁcﬁ%pensi ons in a second opposite direction. It is still
anot her object of the invention to physically select a first group of
magnetic read/wite heads and physically select a second group of nagnetic

read/ write hpf@hciigduélPatéametloflselected kizélinsgenfewe tégs of as adtdatbr suspensiod
second groups el ectronically, thus noving the two groups of nmagnetic heads

i n opposit e #ndsendinggitherpositive ernegatve electemicesignals ta thgelemenfathe expansiomary

]Ic It ] !sts ; Ioljlp %%tnﬁgtgqi{& i asL;lc%PeinF Ei%to%]; tlgehr%lawgﬁ Wenkl Qustpg 1(?1}/ ésﬂdc cﬁépllgceg ﬁlleeCt a

magnetic read/write head laterally with respect to the actuator arm, as described above.

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 actuator 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



.Lead/wite heads and physically select a second group of magnetic

read/ wite heads and to control |ateral displacenent of said first and
second groups electronically with a single electronic si.gnal provided to
each m cro-actuator positioning each magnetic read/ wite head of both
groups. It is a still further object of the invention to fabricate a first
group and a second group of mcro-actuators with an electronically
controll ed el enent connected in opposite ,polarity so as to respectively

expand or confract jn respo t first .palari sj.gnal_and. contract or
expand i r eapsasind Be KERRLTAe ddndor 4o BB haSIONR o BRRL B h 8l o
the inventi oRudr andeERlyis bés 16 td BBctetsfidally 8tesete alaghdiR Ad/RFiteXehgar e
overconme by the invention sumrari zed below in the Summary of the Invention.

SUMMARY OF TidEudenNsgItiTd eitletdnit sinsudegeadgs tie se¢hetime obtheidisk drive.pi'Beckd titheds the

bri ef understanding of, the.invention and i? not intgnded to.be limtinpg of
Che. i nvent i ofUTYPLARRPSHAHAGF HmF FFOm ARearcy Pt oT (5 AORIFANER (0 reRQSRR (b6 MASREIRD | |
may be nodifi f ' j 1 gatl j i~sh in
tho wiring of reicREgLica LRYEEE B RAGKE! R dfic) BedebiRilcR NS,
W t hout reganke time (ifie séryqd éunofiors) to displace rednagheatic ag/olriae héay ralatiwcioahed w t h
its physical formation. A mcro-actuator nmay be one of a varjety, of devices

from whi ch me¢ WAL RAIE and seitle awidamandyfastly.t the kise untihihe dsigrajedslecition; apdhe

whenever en e 0‘7‘?1Hg Wa&@gfs?esﬂnﬁ&t the g&lﬁ%&icqgfd/wri Head X FHE Lgmlr)]onent[ %f seelf time
magnet o-stri Ct1 Ve, - piezoelectric, Difforphic material $ or any other type
devi ce or natkdtingly Helaffected aogeetficienthns tiensttlerous linpefithe dcappane. Idsettle out
i mpressing an electrical voltage across the electro-active element 8  of
t he ni cro- actimgtfithagpuaser arumay be infuencedhar sigrificanty redieert, this perts gnore seek
i nvention, t I; = a0 Wi | t. F f
deseri pti on SRetAHPACyRh U3k Astocint Eedyahih, MBSl oL,
and a "B" gr@ggﬂ.drﬁbmék}gfwﬂn?aﬂraahﬁagaqegjig@p shoul d be nmade up of equal or
substantially equal nunmbers of mcro-actuators. As an exanple, the A group
m cro-actuators will be attached to the m cro-actuator nountings on a

magnet | ¢ headt BT MR on it poslm SEEhE Rl SRORSRE v Surd AR e bE g

of a first pattahiok Wrive fiicldy pdsiBoid BE actasiod aindy td phdelindBpdsitmk c6éspoiding
physi cal type and structure to the A group mcro-actuators. Further, the
suspensi ons & thenwllogition forahegronp of irpeks withimwhich éhe desiaed gaty of regprding

or oLt on by H5obh TR p TR AU U op s PR O

magneti ¢ di sHowsvER R iRetih Blthe Fert Bt sORRRioRNg oRME hilefit fa0/wafte Hedddn the
| ocated in one | eg of the suspension or alternatively installed in an

opposi t e phy gistad endsraf she sspansiop aras inselecting the PeICR recoedingliragk Basitioncausesd

wired in a reyersed nner...or | ari from [ m £l Q- tors).
Thus, the i & SrdSpedRARCHcsRE o Bedicbiator iy bt A BO BRIk G RUAT IR B2
magnet i ¢ r eagaNvpbditor@Rded] Which Coslppefuiledditival setfld tin® Heftee tRRVREAdePthet he
m croactuators of the A group relative to the axis of rotation of the disk.

Whenever t hemageetis-raad/weitediead ray tbaavrittegrio the diskesuriase of the dajaread fremdshesdigk
physi cal ori %Er?%tei on fromthe mcro-actuators of the A group, wring
connecti ons pe reversed to acconplish the opposite direction novenent
of the suspensions and nagnetic heads of one group relative to the other
group. The designation of the group A mcro-actuators and the group B

m cr o- act uat 8¥ith thayedvetipmineizedt stherdiskhdnivessthosglectingland diiying af mierotacHlasorgi sk

drive has a st?ﬁ:k f disks and an . . -
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 extending to the



.9 actuator nmenber which conprises a journal defining the pivot axis and a
plurality of arnms extending fromthe actuator nenber journal. Each arm

ext ends between two adj acent di sks or above or below the top or bottom di sk
respectively. Each actuator arminserted between the adjacent disks
supports two suspensions having two micro-actuators and two nagnetic

read/ wite heads, one an each suspension. The head positioning assenbly,

i ncluding voice coil nmotor armature, journal and actuator is comonly
referred to as an actuator. Thus, if all the suspensions and

m cr o- act uat @istalang of ehisusphdiyn alke irfcecukes thelinerth aftbesdzpaticusippsorting 8hch
reversed whenever _the suspensions are attached to the actuator arm so that
t he nmagnet i c magagticyepd/write hendras theconduciarynust skiend pag the end ofithaactyateraamiig
surface and if_ the sanme signal is applied to all of the mcro-actuators,
the G oup A rtfl?ccsr"m’t?gt ors may be the odd nunbered m cro-actuators and the
group B micro-actuators may be the even nunbered m cro-actuators where the

mcro-actuators are nunbered sequentially fromone end of the actuator arm
and suspensi dfiths datalis writtemto the Hisk during thegedod thavtheheadigdnertially displaced

i mredi ately oV escri Qed arrangenent. for ex l e, A

m cro- act uat gaggraﬁy %Pmr?he ge?waﬁ@tﬂag" P@Jﬂ?ﬁ?‘f@%wbn‘g&e\ﬁ%ggﬂ&ﬁ and
away fromth i : i i . i ators
W11 move t ne Raak EhdRELS BallpolStedbpict B Brgh Bl PSR S 101
rotational apasicular das pracks eSitndladp,dor prioperyepositioned secbrdet dat, thealatanwvitinoh be
identical co si gnal . of first polarity. If the signa olarity is
rever sed, thggﬁgg'rr&@‘gbgﬁled? gled?crpﬂégxlagﬁraoéthgwgu%ep “ﬁé@/geqd%%?ﬁh‘cti ons
opposite to &bl . gﬁscghggg jtion"

i s used, thehfgsg mrelgs |r%‘£a%ggggtagﬁl‘1%%3§§%t se(;fgg%foﬁlg{rl\wgg%upl e ga%%lhe
magneti c r eadétutot Andse acbcordinghy ties deltiertirae masitheaitiowed o6 pearpet the saspeddflons tor a
wite cycle or operati on.@%&_ way of further exanple, if the upper. nost
one-hal f of #RB ofillstneand siabllize theirpasitions aywelb appermittiog additional seftle digge fon
(e.g., inwargdly..hangrd the disk axis) and the |lower one-half of the

m cro-actuators are desired to be noved in the opposite direction (e.g.
outwardly fromthe disk axis) in response to a single signal of

pr edet er mi negd..po ity, so of, the mcro-actuators,_of the system either
woul d have tgll_ﬂh%/ﬁédq{{a%w&g pes/ingl ﬁ?ﬂer h&&t@cgépﬁw%hmﬁfsvé? thy distauce
Wi ring_ConNefbiARe odtifihe BeacR oP HetbhdohricARodrting oSk £ Hibbéaterliho il
nunbered m cro-actuators 1 n the upper half of tRe mcro-actuators would
require a readjaceatirepaiding trackis ationg0.00002haches (0.60 aritrons)orA verg ismiall @thount of
reversed positLPn, rel.ative to the suspension émd t he even nunbered

mi cr o- act uat Bicdlatqn of, 8 Maghehc rrag/ wrifs head sgpnorred AR thegnd obfieuspensioniand the her
hand, the poj Sﬁ’an?ﬂ‘camﬁsi?', ﬁb&gnﬁﬂ{éﬂ{%ﬁiﬂ, QBffeck fHe Jgﬁftﬂ&n%'f"ﬂ{_ ‘cEﬁEdf 'comb
supported on the actuator arnms di sposed ‘between adj acent di sks and the

t opnost and st requinos longercseek time tminsurs thmreliatile readingar vaiting of data totheer i n
order to get the heads, di spos on, a single actyator armto ,ove in the
o i + et | BABEH gk, Jgexe ﬁ?F%sség'ﬁH’i"F%? ?ﬁ@eﬁeﬁaﬁmcwwn@aeﬁm@%ns on
a sel ected fbualaQhroBERPulIILE menb @ RAERAid Radlohd T SodudE tHATREEALYGF
connections of Htg%e r?e%muadj acent” arm Vari ous otier a?ranggrrent sﬁr¥ayt%ee
brought to ndiskldive.t he person of ordinary skill in the art after '
understanding this invention. Half or substantially half of the

m cro-actuators nmust be displaced in a direction opposite to the other

hal f. The esga difdetsBT G ' ' [ 'mg' hal f
of the head rmverren%sq?o coﬁlﬁ%géljggstéﬂgzr‘ﬂg%rﬁggy't}t&hég&laﬁglréﬁﬁsab ronéd?lﬁgﬁ%(?ﬂgr
hal f of the domattraviedethemtiator arms will not be as affected by the movement of the

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




Il :ln order to reduce the wiring needed tv select the appropriate track,
the mcro-actuators control wiring is sinplified by connecting all

m cro-actuators through a single trunk conductor and a plurality of branch
conductors to a single signal causing all mcroactuators to be energi zed by
t he sanme signal. By using a single signal to command the m cro-actuators
novenment, the wiring of the mcro-actuators is greatly dimnished and
sinplified, resulting in other benefits. This Summary of the Invention is

i ntended as a brief sunmary description of sonme of the various enbodi nents
i ncl udi ng t hwilpseek and seltleirbibelir design pdsitidne much emdre capidiptherefore permittiagded t o

| ncluding ekane B | e amopetmt
UnGer st Andi nHOBEIEIASCRss HBRRS ToR PAFIKPTING theoSh TEHEWEIR e DR e gsitad dafh
the Detail Lot | i ich f ON
OF THE DRAW | %1_9*& ?%dg‘fg%%eﬁ“gﬁ\ég%gﬂg fiéw\%vlt‘g °asgir‘r’h@p®?t3?§llﬁﬁ Et; ﬁ}ggﬁ%’&? a

portion of theragediskstack and a portion of the actuator arm assenbly
illustrated. Fig. 2 is a top view of a portion of an actuator arm and
magnetic read/wite head suspension together with the flexible circuit

associated with the mcro-actu | head. Fig. 3 is an
enl arged top view of the m croﬁmﬁmméﬁe head suspension arm
together with a nore detailed presentation of the flexible circuit

connected to the mcro actuator and read/wite head.
It is an object of the invention to counteract the detrimental effects of inertia caused by

the displacement of the magnetic read/write heads and suspension arms of the magnetic
disk drive.

It another object of the invention 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.

It is an additional object of the invention 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.

It is still another object of the invention 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.

It is still an additional object of the invention to physically select a first group of magnetic



32 Fig. 4is anillustration of a portion of the flexible circuit which
conducts the signals for controhing the mcro-actuator and nagnetic
read/ wite head to and fromthe actuator arm el ectronics and connects with

the flexible circuit illustrated in Figs. 2 and 3. Fig. 5 is an enlarged
illustration of the configuration of the connection tabs which connect to
flexible circuit illustrated in Figs. 2 and 3 that serve the

m cro-actuators and nagnetic read/ wite heads on a single actuator arm
di sposed between two adj acent magnetic recording disks. Fig. 6 is a circuit

di agram of t hadtaitebeddsand phfsidalie séleeva sotandairowpiof magnetio rdad/writg heallstand tde
actuator armel ectronics. DETAILED DESCRI PTI ON OF THE BEST MODE OF THE |
PREFERRED Evemtyol {ateraldisidacepgent ofsaidrirshandsecandmoams slectsopivatwith goingieors

mtori o st  tePRe S vty eho BisToliion bt ing bl e Ricpadt
magneti c di skefdrdfbethlfobpat are relevant to the invention are illustrated.

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

type magneti g .staorage.di sk dri.ye.. Fig 1 illustrates an actuator .arm

assenbly 12 %FP‘F@“‘F?&@JWS oﬁileilﬂ OQF(?T@’T%}” atﬁjr%mlan & ssoppd gram ety ¢y

of actuator -adtBateFCnehish e chb heHé L& conRdbiddBih dite vl sed

surroundi ng Q’Eﬁspﬁ%t iésgbﬂ;%ag sﬁgfﬁi@%ly?rﬂeye({lgkxge@cgy a ret g?’ﬁ%rl ggagﬁ’gaged
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.

These and other objects of the invention are accomplished and the deficiencies of the
prior art are overcome by the invention summarized below in the Summary of the

Invention.
SUMMARY OF THE INVENTION

This Summary of the Invention is provided as a brief understanding of the invention and

is not intended to be limiting of the invention in any manner.

In summary, a conventional actuator assembly may be modified to form the invention.
The modification is accomplished in the wiring of the micro-actuator on each actuator
arm. The micro-actuator, without regard to the type of element used, has a polarity
associated with its physical formation. A micro-actuator may be one of a variety of
devices from which movement or displacement of attached members may be derived
whenever energized with an electrical signal. For example, magneto-strictive, piezo-
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



13 . wth shaft 20 and preventing the axial novenent of actuator arm
assenbly 12 relative to shaft 20. A drive notor 23 of conventiona
construction and nmounted on a base plate 24 of the disk drive 10 is coupled
to a rotor 26 supporting the magnetic data storage di sks 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 c di sks 28 of disk stack 30. On the distal end of each actuator arm
18 is nmounted a magnetic read/wite head suspension 32 for each nagnetic
dat a recor di rf theumiceeactgatopmayi be isedde formcthie aricrosastabnsed by the actuator arm
18. On the two npbst outboard access arns 18 are nounted magnetic read/wite
head suspensions 32 and the remai nder of the actuator arnms 18, each.

supporting t gﬂfq 2 g&e&] i SeESIFRIRsd 32
are orient ed\ﬂt?gﬁ#lgige t @@e@%?odgégga@% regigf(?\gﬁ‘g%g}ggpggagfc t he rrgdé-%gt&llc
read/ wite haaddisOussivnathe gamips meayitieidesighdied ascen 4™ groupadl afB’t grobpad 50

j uxt aposed to the recording surface 36 of the nmagnetic disk 28. The
magnetic read/wite head 50 is separated fromthe magnetic di sk surface 34

by a:thin fil f_ai r ' ' g ) 0
fly above thg@a?‘s%%lslé?‘?%g%@%u&%@}g%@gg%ﬁgp%ﬁg;g%?{a%%b&q no rd
shown), the EhiGbACtURAIONR. IAS NBLariple,the/Algforpafi¢to-adtadtbrs A11ibe afached (@ tHei Onal
and wel | -known manner. As the actuator_ arm assenbly 12 is displaced about
shaft 20, thaietoragtuatnr mguntings ememad/wiite beasd suppensiag teflex ediend or eenivagt tag
surface 34 tq.agcess the recordin rackspon.the rotating di magnet i,c

i sk 25, i AEPHGS P cpkelie Benautey o & B RSt rsmpris e HEseqiRE R B
or 1970 tracksg fR&polarity.t PR grofip BRAktIEctRR6ISSN bk idehlicl SpRysid fhd about

0. 00002 inches or 0.50 micron results. 14 Refer now to Figs and 3. By
i ncl usi on of stuotiretethech geupmidm-actuatdrs. Eunthersthe suspénsidns ofithgR grosip are

read/ wite hea spensjon 32 the magnetic data read/wite.head.50 may be
| acerally di SBPUEH R b et Plastenl oign ol fanaL b RBRT (A or
nul | posi ti ogs glewed BrofPOPGHifich WERRE H subRnéIBA dndfhidkblabtua s RRGHewdd Wit teu! | |
non-di storted, ar "at rest" position of the suspension 32 whenever the

m cr o- act uat oragndic diskwirface beliind thg suspendien; tand theonicrayacihator is lavatédiin poe leg

di spl ace the netic.read/wite hea Jeft or.right of .the. nul] ..

poar L1 on, & R BEqupepriog B sl Riaied ip 2 bpseih pFoaf bcntSich glagve o, pe
fabricated i fHeQiskYecor@ifh ¢ dd VARIISH @Revddsed Binhefiol L8y frém the Ahgp f or
sinplicity, but it shoul'd be understood that other configurations are also

possi bl e. Thai¢roacwatoss)u dihos, thomirag-atfuatarsyof the 18 graup willicaisedheimguementafe or

di mensi ons upder_the inf)uence of an ect r.i urg ent 0 ial.) applied
across the dg{ﬂ% .e%lée%fygpﬁe g?f‘él?fn& \?@h‘@?\tf dlorfgé ‘ai%éogfs%%%%ﬁ?eg&gg@er‘%‘égé t he
di stal end tbﬁﬁﬁ@fs_(ﬁtﬁmgﬁl@frﬂaﬁ%fo'tﬂ&éxi@&f:bﬁﬁioﬂ@fﬁxc%skﬂo signal (no

def ormati on) position and permts placing the magnetic read/ wite head 50
Wi th better resolution. The actuator arm 18 supports the suspension 32 by
being rigidl ys,attached by cgnvent i.qn neans. .suc swaqi at. gttachnent
zone 46. The%&ﬁveef !ﬂte 'ng(ﬁ?‘gﬂ"?t?@ oﬁg%ﬂ# g@up ?ﬁp‘&%ﬁﬁ%ﬁ%&{e\"‘%‘é&%@flﬁa end of
suspensi on 3gsierfiAtivni fiih tHedHicrEh@aAto18F theA WP,SwirﬁngddﬂﬁéctiGﬁb m(fae réversedad

-, wite + and wite -, as do the conventional nagnetic readlwite heads of

prior art naigrascemplishdhe apposite dirquiion mayemeniafithe suspensiong aud magneasic heads of

respectively_indicated.i herﬂgra ings as R+, R-, W+ and W-. In

addi ti on, th%“‘?%\?%{eﬁ%‘ﬁ’eg%&‘?ﬁ" SRR addi ti onal s gnals to fully control
the m croactuator 40. The signals are designated MA. - and MA+. Because the
m cro-actuator 40 is responsive to the MA+ and MA- si%na_ls in proportion to

the signal sThedesignatiemetthpgraapiA migpgeantorsanddbeigroup -a¢tnaterstmayf bea
plurality of mgclics rnnl ahunaber Of 'w%;'rs(.) nﬁne%pi;[:ﬁ ?mﬂ@ﬁg %}sic%nlvg has a stack of disks and an




read/write 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

sel ected recording track, a very extensive wiring network with a nmuch nore
conplex control is required. To sinplify the wiring of the disk drive 10
and further reduce the nmass of material that is displaced upon displacenent
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) which
may be conducted to each of the micro-actuators 40 in the actuator assenbly
12" to cause dicaplonmember whichichmpsisesaaumahdefmingthe pivetaxis and 2 plurplify of asms

eTative to ExEline o e attant Hret PRl Piktrm et fomeat it
suspensi on arggks 3Labdve R BAIBWIRe {op dr'b;étt&:h%lﬁlelﬁ%ﬁfég}. Ewm{e?m&% ﬁfseﬁ/_&ll :

assum ng that the nvcro-actuator 40 is installed identically wthin ali

suspensi ons detwedh the adljacemtglisks supportsdwo suspensiensghrvingtpplnierh-actuatate and two
polarity mcro-actuators, 40 Qn suspensi on ar s nd, wi fh [dentical

ol ar i 15 ConMAERRI RADHTiReals. ons OB ERSPSI9D, THA B} BISIORBAR TR0 o
the top of a;sql O JrtSioltdal 0. i i } nd
the m cro-act uat(gﬁéf‘l(g on ﬁéﬁggﬁlom blfo a selecte &égg‘?}g@g@yggﬁqﬁg%{d\?\n&l@ nove
in a second a@gatopposite direction. This novenent by each of the suspension

arms 32 and nmagnetic read/wite heads SOw |l effectively cancel inertia
created by novenent of the other suspension arns 32 and heads SO, relative

to the sel ec . i]e . . t ommost
actuator ar mLsﬁ] %%@é%ﬁ%@%&g x@c%%%?@?%%l?%glcé@%ﬁé&gﬁg%g%@on 32
attached t hegpgimblednaad hieconly revasbd Wherdver the Bﬁs?aﬁsi&&cbr@mdcﬁme 80t6RGNS] ON
arms 32 is canceled by the conmbined inertia of the novenment of the topnost

16 and bot eoRathat the speneticosadvmie isad{anes pa gysociated meagaetin disleregersing 34

counter novenpent. i ncel. i 0 j i f ement .,of~ 1 .
cuspensi on. a5udics abifnd AR} lribelba 815 dryPe RioPRISHRR, 15 blg pamicro-
actuator at maeagfeRithay be?theloddmumibereddhikroSattuddts afdthe ighdupIs nidre-astreaded.
Again referring to Figs. 2 and 3, by designing the conductor |and patterns

of the fl exi biag bgithecayer ngmbergd mieno-achiators wherettheomicenaetyatorsase pumbgred y  of

oeponse Lo RCAR A0F RGP Rd STBBAGH wndcki e VBRI 16 o

actuat or ar nthkfeofO0 nove in the sane direction with one-half of suspension
arnms 32 to be so selected for wiring so that a first one-half of the
suspension arns 32 and nagnetic read/wite heads 50 will nove in a first

di rection ang;usSi q?ﬂ 9Hﬁ| . Y . t i ﬂgé% 32
and nagneti c%‘%hzﬂggaviwhi e%hea smg%yrmvqu% ‘2 op egllepgf%:é%g%??b%g Can be
appreci at ed hycro-actuatorssiill thovethe htagaétic readiwritd leall batvized Goir andfawialpdrom the

f oregoi ng expl anation, various patterns of counteracting novenents nay be

ef fected by @iskptach wtationakaxis anddhe,B sauypamisroractuaiers wilanoye\the magnedici ent at i on

or polarity .Gl Q= 95? | af.l:

connecti ons ere %ﬂaﬁl“g“’&gtaﬁﬁ us ggl%e@%%{hé%ﬁ?gag?frsc%ﬁ%%%% qfsth ©
connect ed t omiidi6¢-actaimbrsQccivify an identie: coimland Bighhlerfdiflrkt pdldric Hilecdigmudi c
card (not shown) which interprets the data storage or retrieval comands

from t he hospolai@yitsexersedsdhe migenagtuatarsof thevy and BaveypsviH meove indireetions oni c
mul ti pl exor 4 -ﬂ’i\;@li i ip 62 receives comands over a group of
si gnal Iines&g)gs‘antg se edg s%ﬁgﬁhgad 50 to be addressed, provides either a
read data signal R~ or R+ or wite data signal W or W to only the
sel ected magnetic read/wite |7 L

enever 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



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 conducted
over conductive patterns or groups of signal |ines 64. Each of the
conductive patterns 64 term nates each of its conductors at a contact

sol der 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 identities marked on the respective sol der connection pads 68. The
center |ine 7 aofrite byclé abopefation, i ndi cated and the tab 66 may be fol ded
along its centerline 70 and t hereby present sol der connection pads 68 to
t he sol der connection pads 74 as illustrated in Fig. 2 as part of flexible

circuit 52. e co(gﬁgéﬁi on taf) ﬁghcan con%act C tion dst 74 on both an
upwar dl y 1 aciiGRe e example, i the dhhef il Gnc:hal ST mitlo-Hetbatoss arc Hespred /5
(not vi si bl e}, pLiRRVEd ﬁpo&mi&eﬁ%&ﬁesgt, iﬁﬁﬁﬁdﬂ;&owrafmelaiskmfsyhﬂmﬁ%werfdn%hm e

circuit cables 52 on a single uator arm 18. The tabs 66 then are

sol dered t o tofithetmisw-F@uasorstaheddsiredtodicenevaddn ithesopdsiteodieotipn @ ontveardly
connection. Referring now.to Fig.6, a circuit diagramof, the flexib
circuit 60 arftom fhedik Xl fion Sindlk laat ot ReS S ned poliiy FoRle O theq
configuration,s i hEd i i j s

ot o exor ; Eicfblachiaflis bfinciystCh kithriwdild BAR b BvehE PR dF the micropctuator
connect or 80 réversed dr thietvirinp eomiegtians révereed if polyritu plelintthis eramplef the odd

respective magneti ¢ read/ wite head 50 and .m cro-actuators 40 (not shown in
Fig. 6 but iInPH@F‘Faf’EEFOi'*W“PF‘Q'%!n eélHEFfél)‘{.} of the migpspeipators oy cguIgd are
representati . Y F'I?Etﬁf. %ﬁ . . 66
as seen in F?@’.s dﬁﬂ@h\/\g{/‘giﬂntglof&% @%‘?:&%}l@g y Slé%ﬁﬁ?g%%e gir?mys}aﬁég%@
rectangl e 82 thesnspeapion 26d theves nimberad hficrotdeiuatoreithe RivRp half yregtedirethe or .
Referring to the contacts MA- and MA+ of the connector 80, conductors 84
are nuted di FEBEINRGE t he MA- and MA+ sol der pads 82. 18 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 & thé\shboigmdsihg polakiey dfihe ®irfizedonhedtiond foribsthoaitie adtestont
connection point 92 tqo the MA-1, MA-2, MA+3 and MA+4, sol der connection pads
82 and the s&Rperie,ap theagtugtor arms disposedbetween adiagent disksand the fopgrostand)  Fij g
2, assum ng 4.C | Fb’hﬁﬁ»q j r I 4 Of

i denti cal coh@ﬁ%?él}%hfon% u élﬁ%ﬂ‘%rl e a?l?%%%g%%b%gﬁ %I’I c§%%$&ttﬁee&lads

m Ccr 0- act uat dispeded oh arsiighe adhiatorantpe ARive in thesBm8 diractibnt e thiwdesiin scenario,

read/ wite heads 50 will react to a MA+ control signal, as follows:,
suspensi on aﬁ‘rﬁ"é’o@?—tﬂo § canegtiQhs|on a5 teﬁﬁ“%‘“t"??%’t’“@%“t‘ﬁ’%‘veﬁa@f’? to
direction an [ : s pts nove in a first
(arbitraril yqlrei gﬁt% Sic?’g%%?lgﬁs. gﬁ&%ﬂ%gﬁﬁg‘:@e erence nuneral is followed by
-X and where X is a single digit nunber, X indicates the suspension arm 32

sequence nunper.,, nunbered from one end qof the disk stack 30 (Fig..1}. $y a
study of the YaOPHsether drrapganestsmaysbe bygughy so min éthe BerspR ok ordingly Sé%‘iﬁ“f‘ﬁat

t he connecti &@aﬂéruﬁ?@ﬂsﬁﬁ&h?%?ﬂvﬁﬁtidﬂ cro-actuator control signal my be

made in a variety of pattefns and such connection pattern determnines the
direction of novenent of the suspension arm 32 and magnetic read/wite head

50 in responge to a selecte i croactuat or signal MA+ or. MA-.. By .

desi gnat i ng éalgaf ft&sﬁnﬁ?lfmiﬂ&&? BiO-apHRtoRIRHDR displacedip aQEqsHAR PBRPSHE s
32 may be di ' eggg?et" gg (&6 : ' '
forces creat@gﬁbgﬂgﬂn@ﬁgﬁ 0 tﬁ E‘e usggﬂlg?{?)vr@ ggnngs tg%hl?gsaqge(g@%ror{)%sme ftt%l/@t he
i nertia forchadnicvainedt t\cotuiteract dreandehite indrtih fronsths pdies halfiofthebedl i n
response to either a MA+ or MA- signal inpressed on all of the

m cr o- act uat BPYEIEMIS. \Whi | e the invention has been described with respect to

a mcro-actuator 40 incorporated into a portion of the suspension arm 32,
the invention would be simlarly applicable to a

11



19 '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 defornmable materials to shift the nagnetic readlwite head 50
|laterally relative to the longitudinal axis of the suspension arns 32. For
exanple, the mlli-actuator would shift the magnetic head. 50 by very snal
increments without the benefit of a mechanical advantage applied to the

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

head 50 from a devi ce_whi ch changes shape or bends, under the influence of
an el ectri caln erdertogeduse gheawiringaeeded do selecd thenppeopriateriracksthie aricrocctugtors

Connect i one. (il BRARRA FRRAARRL pl BubdefieRih bR LI sk, e
used to creaghdabioffa PRk Gf'&ﬁndlﬂ%ﬁﬂﬁﬂt&g td 4 SialfleRfinaPédusingAldhidro-he need
arise for such density, a mlli-actuator could be installed on a suspension

arm 32 havi nasteatorisdo be emargizedby the same signalcr i bed above, resulting in an
exponential increase in read/wite transducer or head positioning
resol ution and recording capacity over the use of only a fixed actuator arm

or the use ; Qavh r rein.
Thi s descri pt?'%ng? e@%l%'%gﬁ!u on @g%@&g&gﬁ%@%@gﬁr@gﬁo@g%ﬁhﬁ
the art the hmivsovactigersis geatipdiminished acksimplifidie résnltimgtin othepbehetits. not

intended to limt the scope of the invention in any way. It is contenplated
that those persons of skill in the art will recognize that other m'nor

nodi fi cati ongy,: i iRk

di sk drive m‘@ﬁw%@gw@ﬁ%wnot ég%rgeacrl;)oﬁégg‘%mﬁ&%su |<r21)él6§ T t‘!rﬂg and
control fronvdrioas embpdinehistifcludihg delipefesédembodimBhtoftheinéitivahed ichai ns are
intended to define the scope of the invention. 20 CLAIMS 1. An actuator
arminertia isigpdedio W%@Y@I@%MWW& actuator controlled

readi ng/ recordi ng transceiver stack with mnimzed m cro-actuator control

i nput/output, conprising: a plurality of data storage disks rotatably

di sposed i n A ngdréeémplete adridiailgd anderstarilingf offthé Aivemiion Marbe hal flodalied st or age
di sk axis of rotation coincident with all_ other storage disk axes of

rotation; atatteehedidrawings andthe Retailed Hleserintion of thernvention mhichyfollowsgnet i ¢

read/ wite transducer

BRIEF 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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on a ‘distal 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 afro conprising said nagnetic read/ wite transducer, and a

m cro-actuator controllable to dispose said nagnetic read/wite transducer
in one of a plurality of |ocations on both sides of a null position of said
transducer; an actuator connected to all of said actuator arns for

di splacing said arns and said transducers relative to said disks for
establishing a null position of each of said transducers relative to sai d
act uat or ar nbig. 4isan lglnstmnonwf agartionrof) rﬁhﬁaﬂ@ublﬁ cirenitiwhich ﬁoncéw;mhc signals for

o sai d_ dat R URagaRG pufte aehafos aRE Hondls i P end fotnd i Ao ©
si gnal CO”VG%&rJéﬁ’csadnthhﬁ&%@fﬂiﬂﬁtﬂ& cf&féuﬂqlﬁs@ﬁéﬂ%?@”iaﬁ’hsa'd magnetlc

read/ wite transducers to one of sal urality o | ocat1 ons, and whereby,
sai d noverent of one-half of said magnetic read/wite heads in a first

B
opposi te, ﬁ)%%lﬁ% Eﬁﬁﬁ ﬂ’lﬁls%d?ﬁ @E@g@ 5%nl 3 1idt sty ﬁr&b&ﬁ%%l’%;nﬁ gﬂgﬂ@ﬁ’é

2. The inertia con Five m cCro-actua contr

transducer sfead/Mrité heddsomakingliecdctiators@nalispesediRtweenftwd Aldfhceiitaidgnatid uat or s
are electrically, connected in parallel and renaining m cro-actuators

connect ed |nrep%rdmg|<h$ and in an opposite polarity to said sel ected ones of
said m cro-actuators.

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 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, 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



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 drive

m cro-actuator controlled transducer stack of claim1l 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 claim 2 wherein said selected ones are di sposed on alternatlng

act uat or ar meVigh @a@%@nsmeﬁnaa@fz axiehmovepentf aguatpeNmsasseablyd 2 selatg @cent
recordi ng d|s§%@ The inertia control for a disk drive mcro-actuator
control led tr 8 icer stack of claim5 wherein said selected ones of said
m cro-actuators are disposed singly on actuator arns at the extremes of
sai d head stack and connected to nove in an identical direction relative to
sai d di sks. 7 diiyempies? ofcoventianal censtructinnstnddnounted o base platedbef the disk
controlled transducer claimb mhe ein sai el ecte f sald
o o act uat G 4 & caublsdisa Fuobef yhaRrdeh et e et e

sald head St agorfFrofRAVIRE Lils SOMAPREIJUIGPRAY 3 A RS 2PRRmER a1 ve "to
sai d di sks. . An inertia control for a disk drive mcm actuator
control | ed r eagsbhaglisnecor di ng transducer stack with mnimzed mcro actuator
control input/output conprising: a plurality of data storage disks
rotatably disposed in a stack surrounding an axis

The actuator arms 18 are disposed interleaved with the magnetic disks 28 of disk stack
30. On the distal end of each actuator arm 18 is mounted a magnetic read/write head

suspension 32 for each magnetic data recording surface 34 of disk 28served and accessed

by the actuator arm 18. On the two most outboard access arms 18 are mounted magnetic
read/write head suspensions 32 and the remainder of the actuator 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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.of rotation, each said data storage disk axis of rotation coincident with
all other storage disk axes of rotation; at |east a pair of actuator arns,
each supporting a magnetic read/wite transducer on a distal portion

t hereof, di sposed one on each side of each of said data storage disks; each
of said actuator arns further conprising at |east one suspension arm
conprising said magnetic readhvrite transducer and a m cro-actuator
controllable to dispose said magnetic read/wite transducer in one of a
plurality of |locations on both sides of a null position of said transducer;
an act uat or Refensaw ¢alFigs 2aind 30Bydacldsien bfiaticroactustor 40 in thiesprivetorerad thai d

arnms and said transduger,s relative.to _said disks for t abl.i shi a, nul |
position of WASFLEH wetethe%g‘&mr@% m%s’éle%d%tamﬁéwteémrgfg be
substanti al | . 'S‘Erﬂf i (- i cr . ' '

orientation %ﬁﬁgﬁ@%i ?@%’é’ﬂ‘ﬁo@ @%ﬁ%@ﬁ@%@ﬁﬁﬂc@ﬁ@éﬁgwo
ef fect novenmBgnetio reddporictheadi50 adthirespsctite liatriulle noa-didortedd air Xatsest? pasitioh sks
in response to a single electronic signal conveyed to all mcro-actuators,
to ef fect noofdhesuspensioriZiwhengventhe micrawctiator 4015 nat sepgbingan Jegroricotignadi d
plurality of |ocations, and whereby, said novenent of one-half of said
magnetic read/wite heads in a first direction cancels and neutrali zes
inertia effects of said other substantially equal nunmber of said magnetic

read/wite heads in an opposite, second direction in response to said
si ngl e el ectinemder te digplace the mapnetid read/kirite beadiS0deft boright of theknudl position, a

o At o SOl e STNER Shaek 2 6 2 R B CESL Bhd
suspension 32. Only one leg 42 is shown for simplicity, but it should be understood that
other configurations are also possible. The micro-actuator 40 may be any material which
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
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 addition, 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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10. The inertia control for a disk drive mcro-actuator controlled
transducer stack of claim9 wherein said reversed orientation

m cro-actuators alternate with said remaining mcro-actuator. 11. The
inertia control for a disk drive mcro-actuator controlled transducer stack
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 a disk
drive mcro-actuator controlled transducer stack of claim 10 wherein said
M cro- act uat Rad/waite Bedb0 MIehSadpétisionrdzat i on are di sposed on alten~ating
actuator arns di sposed between adjacent recordi ng di sk surfaces of adjacent
recording disks. 13. The inertia control for a disk drive mcro-actuator
control |l ed tyansducer st.ack of .cl.ai wher ei n rever o ie tation
m cro- act uat @‘ﬁ?@sﬂ]@d@gw anly; dreyse ﬁgegl?%‘ﬁré’n ‘Q’ a‘&]‘?ﬁ% 88 Xt r emes
of said hea %gglq“@h. %ﬁ% i ok al
di rection rcejl]]%%i?’\?gﬂfﬁggeslg?tg(p i sk 1%ﬁ’élj' %?ﬁ%ﬁﬁ,a co ﬂ@?&@?{ﬁt}?@gilugf drive
m cr o- act uat enmplextontiol éskequirsdsducer stack of claim 12 wherein said
reversed orientation mcro-actuators are disposed singly on actuator arns
at the extrenes of said head stack and connected to nobve in opposite
directions rgl ati i j HE A

Al A% A9. A gé’ “"g' Aﬁ% "i@fg Rgﬁg %@"i\flf’@“ﬁ“’ﬂ‘ 1 redpce thy mags of material thatds, ne,
AS A5. A . AHhs @Bon displacement of the suspension 32 relative to the actuator arm 18, a single
'<=BCwW wr ngb], ca ca] call ca] ca ca ca ca] cgl]lca] ca] ca] ca] chz cal ca] ca] caj ca] ca

] ca] ca] ca] cajignd] ¥t ar MA-daproxide not shoyay) whighy; o/ / 0

b s MR e 2

HHHHKIMNNNL O/ iileisfefit 6 the hespesidris 3R eall alcCrhdMitaheads 58 icakorl thakaithe a] C
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca! PP6QROR RRR+S] SSTTqQTTTTNU
UM VWANAK] XXX ( YYY7Z}xsn| d Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calc

a calcalca C | 72727 aayb| bGceX

] i ]@] } i ]9] %b ];S‘Ea]%‘k ]ég]“lé 1?3‘3’] %@?JQW%%%‘{’HT &g‘fca] l:a] cal
ca] ca] ca] ca]dirbaad sﬁhsaéﬂ.&ﬂlbfsale%aa aals@mamhe aAeqa]tE@a yA
xxx{72b) EQ} xsni d Z] c] ca] ca] ca] ca] ca] ca] ca]qcrg] Calnma]l cal csfca] ca] ca ca] cal
ca] ca] ca] c a]MAuMA} @sjueing tat the il roagateslt ntically within al

“f& xsnid_Z] ¢ g4 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ca] ng'}%%%éﬁ% %] cal ca]ca]ca] ca! & DI@V- Y8 p{}xsnid_Z]c]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]'calca]ca]c
aJ ca] ca] cal J@V- Y8 }xsni d_Z] c] ca] ca] cal ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] @ tba]sm])q:ra}ceer]ae@fteaqleaq]l eppl aﬁ]tex]e@a 4l Pplasity: sucapdaptuptors Hborg:' () - f 1

0%k S109

Soog 1) o1 a1 cyspension Al 12 aloffh tdbiienl potarity,conpcctions on S THEHAFYAOS M0 1 g0 (
)-S @10%& (the mschdhOMREor %0 Ba the top bba Klatddlatiatd@irthOBBvil)m@veyin a first

109 () -yGLOY& () -y, 10%& ()-y 10%& ()1 109& ()-sbC 3s! 10% '

110% & () - an&m@) wigrogagiuptor 40 en theskottom ofp selpeted 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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movement.

This cancellation of inertia of movement of the suspension 32 and magnetic read/write
head 50 creates a very stable actuator arm assembly 12 from which all suspension arms

32 are suspended.

Again referring to Figs. 2 and 3, by designing the conductor land patterns of the flexible
circuit 52 to meet the connection needs, the polarity of the connections to a micro-
actuator 40 may be reversed, thus reversing its response to the signal. This may permit
both suspension arms 32 on a single actuator arm 18 to move in the same direction with
one-half of suspension arms 32 to be so selected for wiring so that a first one-half of the
suspension arms 32 and magnetic 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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disk drive electronics (not shown) to all of the micro-actuators 40 in the disk drive 10.

The output signals are conducted over conductive patterns or groups of signal lines 64.
Each of the conductive patterns 64 terminates each of its conductors at a contact solder

pad 68 on the flexible cable connector tab 66.

Fig. 5 is an enlargement of the flexible cable connector tab 66 shown in Fig. 4 with signal
identities marked on the respective solder connection pads 68. The center line 70 of the
tab 66 is indicated and the tab 66 may be folded along its centerline 70 and thereby
present solder connection pads 68 to the solder 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 mirror image, downwardly facing tab 72 (not
visible) supported on actuator arm 18, thereby serving both flexible circuit cables 52 on a
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-actuators 40 (not shown in Fig. 6 but illustrated in Figs. 2 and 3). The
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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10% ()- 10RoldiBatlHBMAD Weishal line384 is connected at 88 to MA+1 solder pad 82 while the
MA+ signal line 84 is similarly connected at 90 to the MA+2, MA-3 and MA-4 solder
pads 82. Analogously, the MA- signal line 84 is connected at connection point 92 to the
MA-1, MA-2, MA+3 and MA+4 solder connection pads 82 and the solder pads 74 of the
flexible circuit tab 72 of Fig. 2. In Fig. 2, assuming the magnetic read/write head
suspension arms 32 are all of identical construction including orientation and polarity of
the micro-actuator 40 therein, the suspension arms 32 and the magnetic read/write heads
50 will react to a MA+ control signal as follows: suspension arms 32-1 and 32-4 will
move in a first (arbitrarily left) direction and suspension arms 32-2 and 32-3 will move in

a first (arbitrarily right) direction.

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 commection pattern 88, 90, 92 in Fig. 6, it can be secen 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 of the
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
forces 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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f,110% & () - tPabfacse v'vhfccﬁ‘m%‘aﬁy Wold be located at, on or near the distal end of the
suspension arm 32 and utilize the same general type of electrically deformable materials
to shift the magnetic read/write head 50 laterally relative to the longitudinal axis of the
suspension arms 32. For example, the milli-actuator would shift the magnetic head 50 by
very small increments without the benefit of a mechanical advantage applied to the
displacement of the magnetic head 50, suspending the magnetic read/write head 50 from
a device which changes shape or bends under the influence of an electrical control signal.
As discussed above with respect to the micro-actuator 40, an analogous approach to the
electrical signal connections to the electronically controlled positioning element 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.

It is contemplated that those 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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CLAIMS

1. An actuator arm inertia control for a disk drive micro-actuator controlled
reading/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 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 heads in a first
direction cancels and neutralizes inertia effects of said other substantially equal number
of said magnetic read/write heads in an opposite, second direction in response to said

single electronic signal.
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2. The inertia control for a disk drive micro-actuator controlled transducer stack
of claim 1 wherein selected ones of said micro-actuators are electrically connected in
parallel and remaining micro-actuators connected in parallel and in an opposite polarity

to said selected ones of said micro-actuators.

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

of claim 2 wherein said selected ones alternate with said remaining micro-actuators.

4, The inertia control for a disk drive micro-actuator controlled transducer stack
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
actnator 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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8. An inertia control for a disk drive micro-actuator controlled reading/recording
transducer 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 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
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 heads in a first
direction cancels and neutralizes inertia effects of said other substantially equal number
of said magnetic read/write heads 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.
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of claim 9 wherein said 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 leasta

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
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 said disks.
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