; 1"e3e$<445478 ; 6; T$<y 13 MA R 2003 DUAL CO L ROTARY ACTUATOR BACKGROUND
O THE INVENTION 1. Field of the Invention. This invention relates
generally to conputer hard disk | drives and, nore paeé ﬁﬁa ﬁﬁf

i mprovements to the rotary actuator of hard dISk dri ﬁ ﬂ.}r dynami c
performance. 2. Description of Related Art Movi ng magneti c storage devices,
especi al |y magnetic disk dr P¥@d C& Aﬁ@h@ﬁ?“ﬁ%ﬁ? Res of choice. This is
due to their expanded non-vol atile nenDry storage capability conbined with
a relatively |low cost. Magnetic disk drives are information storage devices
which utilize at | east one rotatable magnetic nedia di sk having concentric
data tracks defined for st@uoxgrédaihe ox magnhaiNyeENEeew di ng head or
transducer for reading data fromand/or witing data to the various data
tracks, a slider for supporting the transducer in proximty to the data
tracks typically in a fIying node above the storage nedia, a suspension
assenbly for.re |I| y . the slider and the transducer over the
f 13 MAR ZOOé f tHe Jéd¥1 i oning actuator coupled to the
transducer/sl der/suspen5|on onbi nati on f novi ng the transducer across
the media tolfHE desiEméd ‘Hbﬁ§5@ﬁ£ﬂ<Q%ﬂTﬁﬁ£iﬁeﬁQﬂ PHEeSE rAAsduderkover the
data track center line during a read or a wite operation. The transducer

i s atta@héyefoad i SO MEd Hiftdgraiy y bh tiFRtRveerfe? Whi ERestppetts t he

t ransducer
actuator of hard disk drives for better dynamic performance.

/ 2. Description of Related Art

Moving magnetic storage devices, especially magnetic disk
drives, are the memory devices of choice. This is due to their
expanded non-volatile memory storage capability combined with a
relatively low cost.

Magnetic disk drives are information storage devices which
utilize at least one rotatable magnetic media disk having
concentric data tracks defined for storing data, a magnetic
recording head or transducer for reading data from and/or writing
data to the various data tracks, a slider for supporting the
transducer in proximity to the data tracks typically in a flying
mode above the storage media, a suspension assembly for

resiliently supporting the slider and the transducer over the
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above the data surface of the storage disk by a cushion of air, referred to
ds an'air-bearing, generated by the rotating disk. Aternatively, the

transducer may operate in contact with the surface f Thus the
suspensi on provides desired slider |oadipng and di rre‘ﬂa M§|Rjggggl lity

bet ween .t he slider and an actuat.or positioner armwh ch couples the

t ransduggi;ﬁsi%iragr%ﬁéuéﬁlgﬁsai c?nosa% éjr%llri/g 3§ T Oarct%oalf%er.’d Thd gée?uat or
positions the transducer over the correct track according to the data

desi r ed CERNEWEST / SPeIath /i T ATh & T ettt 4 dlck 1BV P ackhEnt of the
data during a wite operation. The actuator is controlled to position the

t r ansdut@Bneg@iceth@ sy ddldted ta dek e siigiied) daka condihathdn assenbly
across the surface of the disk in a direction generally transverse to the
dat a tr acks.taling ngc ttiest drraresdugext utkeea tSinglat posrdcbneentem eéxnendiunag ng
froma pivot point, or alternatively, a plurality of positioner arns

arranged irea@d @ hikkie & ashd e ext endimng draBdude 431 YAR-298h3qatpi Wat is
point. Arotary voice coil notor (VCM is attached to the rear portion of

the act alar ASHAIRY G RO (HRY QPIe Ofii 1S AGIYA0PF s OVEE LREndLRlE, The

VCM | ocated at the rear "portion of the actuator assenbly 1s conprised of a

top pl ate spa ve a tto late Wt t,.or_pai.r, of magnet.s
there bé v(\)/eeen%%%hgp%a\/ls’ruur% C";eer rgﬁﬁcﬁ%e%%oa%% ectri c%?l‘—il/ %%ﬁ ucli V& &difi

di sposed wthin the rearward extensi on of the actuator assenbly and between
the t op TEAFHSRY I Gt 2 Wi PP Vs ﬁ%{beweeme*fh?nrat%}?aﬁa FarcH- el
to the magnet. I n operation, current dpasses t hrough the coil and interacts
with the nagr%‘éttiec’fr\‘aitéi"ff]&f' tHe feAietde adiay FREER ket BB aeRtacsr wasdenbl y
around its pivot and thus positioning the transducer as desired. The
neEgnet | ¢heedivr dicsk of Wiskdish. t Hehes sihelrsyspepdion provides desired

slider loading and dimensional stability between the slider and
an actuator positioner arm which couples the
transducer/slider/suspension assembly to the actuator. The
actuator positions the transducer over the correct track
according to the data desired on a read operation or to the
correct track for placement of the data during a write operation.
The actuator is controlled to position the transducer over the
desired data track by shifting the combination assembly across
the surface of the disk in a direction generally transverse to
the data tracks. The actuator may include a single positioner
arm extending from a pivot point, or alternatively, a plurality

of positioner arms arranged in a comb-like fashion extending from



nounted to a spindle. The spindle is attached to a spindle notor which
ot at &s the spindle and the disks to provide read/wite access to the
various portions on the concentric tracks on the di s1<3 MR @gggperati on of
the disk drive, the actuator, driven by _the VCM is positioned radially
over the disk surface under the control “"of a positioning servo system The
servo sysPeHPlsP@esitgned 1@ taCYurRI&Sy G9ddi MRk hbv@éh&%vr‘??*éat:gaﬁsﬁecer
over a r 13 MAR 2~0~ 4 selected data track on the disk in as short a tinme
as posstheergssekosparat iodn)t hend atelatmimegisentiey rieadfowe r enovansdacert
position over the data track as accurately as possible (track operation).
As dat acstonageadensioterofthd sk sks.ves is increased, the radial density of
data tracks on the disk is increased. The ability of the servo systemto
accurately traekvem e atesuldd nhdaid0WloMalch tdackse beepnBsoa hsBbh@hion
on the disk drive performance. Actuator assenblies have resonant

f req“e”%eéoh?%ti sed o%d\éerq%?v\é)laaftfeecbl(fuaé%a 20‘?@2%2?2‘?%?{)“&: ;E'??Egr i ystem

The resonances having the st fre andw dt h
of the servo,system.resulting in or high frequency response. and.degraded
i sk arToahESs Por mrce ot mahs kI e e e Y O P R R Rk BRLF RS
an object of the present invention to aneliorate one or nore di sadvant ages
of the BPi 6LeSE 1R HHG U Woife Heipe G BHOT9E ‘Pt BNt ERRVEREFYAEhere i s
provided a magnetic storage system conprising: a disk wwth a concentric
dat a supkieasgindaifa theadatuat shiariahiafana ipporeengtBai §ori ard Haitdom
spindl e shaft far rotating said di sk about an axis generally perpendicul ar
to the gilskesa sihider avamitdimedhen roperedt ive a gpaneonshrplieflhtbhéhaat a
surface when the disk is rotating; a transducer attached to the slider for
r eadi ngm@@hatf.r omrangheration, current passes through the coil and
interacts with the magnetic field of the magnet so as to rotate
the actuator assembly around its pivot and thus positioning the
transducer as desired.

The magnetic media disk or disks in the disk drive are
mounted to a spindle. The spindle is attached to a spindle motor
which rotates the spindle and the disks to provide read/write
access to the various portions on the concentric tracks on the

L disks.

During operation of the disk drive, the actuator, driven by

the VCM, is positioned radially over the disk surface under the

control of a positioning servo system. The servo system is

designed to accurately position the read/write transducer over a



witing data to the data surface; an electronic nodule for processing data
read ffrom and witten to the data surface; a first and second current
supply for providing electrical power; and an actuatqr for i t he
slider generally radially relative to the disk to alﬁpalhhkﬁﬁﬁﬂﬁgducer to
access the data tracks, the actuator further conprising a body defining the
actuator pivot point; a first coil suppﬁrt arm extending fromthe body; a
second coil support armextending fromthe body, said first and second coi
support aelesteflodatd mgclaronathgudisle is@stsbortthéine bepossiie (sack oepteeation tandittor

coil connected to the first current supply and affixed to the first and

second CGhiinBUPHR feadiviBe itAnédiRerdpEHiticl ov GhOdafackavRen salifhtdly fas tposdisle
second coil support arms; and an I nner actuator coil connected to the

second CuihANGuRRhY AN ALGL AR e SIS QAR es3E ALOLA, O facick bsbidy e

actuator co yi ng I nsi sane plane as Ssal d ‘out er actuator

coil. Accprding to . anqgther. aspec f the present invention there.is

b ovi ded Ssgtecn RE Ry RERETh ofhe B RETRG e BER I Barontog veliep o
data surface of data tracks; a spindle shaft supporting said disk, said
spi ndl e dhafesukiag nagower daja Yacks bgremessblimitatien eikihe digkrivgiperfoppansendi cul ar
to the disk; a slider maintained in operative relationship with the data
surface when t h&ctdatek assembldieathiang; resortantfeduaeicsatibache dadverstlye affbdatdiae f or
readi ng data from and J 13 MMR?""~ Sa witing data to the data

surface; Rifofth@ederIthe€ Ser®dydtem! Aheemansds MavidgttRe [vadt freQieneid s¥erdlyen to
the data surface; a first and second current supply for providing

el ect 1 calm PAUE banRduP: AR U PLydOh BRI BSorchibfiFheqdns Aldhstaglhal | ¥

relative tot to allow the’ transduc t0 accéss t atra , the
actuator further. prisi a body defining the actuator pivot point; a
first coieggﬁﬁﬁgpg%grﬁpﬁggﬁﬁﬂwﬁ p?oxinal egd ext endi ng frgn1thepbody to a
di stal end; a second coil support arm having a proximl end extending from
the body to a distal end, said first and second coil support arns form ng
an angul ar sector therebetween; a front actuator coil connected to the
first current supply and affixed to the first and second coil support arns
in the angul ar sector between the proximal ends of said first and second
coil support arms; and, a back actuator coil connected to the second
current supply and affixed to the first and second coil support arnms in the
angul ar sector between the distal ends of said first and second coi

support arns, said back actuator coil lying in the same plane as said front
actuator coil. According to still another aspect of the present invention
there is provided a



met hod of operating an actuator having concentric dual coils to nove a
ttansducer to a data track on a disk surface, which conprises the steps of:
a) supplying an outer current and inner current havin étﬁ | ockwi se
or counterclockw se sense to the outer coil and to thg @(Sﬁ@& of the
actuator respectively, to rapidly nove the transducer to the proximty of
the data track; and b) supplying the inmher current having one sense to the
i nner coil and supplying the outer current haviqg t he opposite sense to the
outer coil to accurately pSHMMARYRQF{TRBRINYINTHINr the data track and to
mai ntain the position of the transducer over the data track. According to
still another dspemtobjdct bhthepressaninvedtivdnbiaameliviies end o morwiskedastagsstofod of
operating an actuator having front-and-rear dual coils to nove a transducer
to a JipepriciaroP data track on a di sk surface, which conprises the steps
of : supplyihg a front current and rear current having the sane cl ockw se or
count er cl 0ckwi Sg.SERSE 1§ Bnt Mol QP Bleko@NudRichNReRAE Kufifluba 4 mb e
actuat or respective ygto rapl%ﬁy move the transducer to 1 he pr OXi y - of
the data track; and supplying the front current having one sense tq the
front coi%tora%f’dswamWF\%&S%&%&W%W@%@%@%Slerﬁaée&é&aa TS gands t he
rear coil to accurately position the transducer over the data track and to
mai nt ai n shAl speprrtingsriddiskheaid spindlgubelt fovistatmgesadadisk abautlen axis gevemwtdance
with the principles of the present invention, there is disclosed an

act uat or pgseadizular tothetixgnakliider stantamed th sperstiviewermtionsiy withnige dis@burfet uat or
coils disposed within the rearward extensions of the actuator assenbly. In

one enbodji@nheQfisit Eero@a[tﬁ%?ﬁttreingéﬁﬁﬁf la@Rbhe@No QHE 8fid&Ofok r@d@lﬂlé‘d@t@@tﬁﬁ'tahh? _
inner coil fixed to the rearward extensions of the actuator assenbly lie in

h | . . ) . . sk
ar ve. - BoriTish QG e W ABE SHAG! ah BicchERc Aahlt REpORH TN Rld Boft ol
magneti c
The outer

\Br(a){g?qstogiﬁgqtﬁ gtilri(fq?ﬁqgg Iﬁl&% Iggé ge:cgng F\rétg%ql i’s&%l%ﬁ pzrg\(l)iaineg e(lé{:%@al g%‘\%?re; t
and an actuator for moving the slider generally radially relative to the disk to allow the
transducer to access the data tracks, the actuator further comprising a body defining the
actuator pivot point; a first coil support arm extending from the body; a second coil support
arm extending from the body, said first and second coil support arms forming an angular
sector therebetween; an outer actuator coil connected to the first current supply and affixed
to the first and second coil support arms in the angular sector between said first and second
coil support arms; and an inner actuator coil connected to the second current supply and
affixed to the outer actuator coil, said inner actuator coil lying inside and in the same plane
as said outer actuator coil.

According to another aspect of the present invention there is provided a magnetic
storage system, comprising: a disk with a concentric data surface of data tracks; a spindle
shaft supporting said disk, said spindle shaft for rotating said disk about an axis generally

perpendicular to the disk; a slider maintained in operative relationship with the data surface

when the disk is rotating; a transducer attached to the slider for reading data from and



connected to a first current supply and a second current supply,
respectively, where the current magni tude and sense of current flow of each
current supply is individually controlled by the di sk(fs o.gyt,,( | er

el ectronics. During settling and tracking operations t ‘sk ive, the
current flowin the inner coil has the opp05|te sense (cl ockw se or
counterclockwi se) to the current flow i 5% the outer coil, resulti ng in a net
force on the actuator to position the slider/transducer on the desired data
track wi tvritingoday éulthecdata siofaceThre eientporesenhodele fonpsocesingbdaa nead floom and
adjusting the relative current flowin each coil so as to suppress

exci t at | Ggritedn tofiRe @dth BEHRR! a fifst Bh@BRoRE BEtr &t shSRYdr pTOMIngf clédtgcal pbwar; O
al  owi ng the use of an i ncreased servo bandwi dth for settli ng and t r acki ng

operatio o rque
on the ac &Jc'nlﬂx% 5| rabﬁ%a{ oﬁfra%f)gé?érmﬁ’oc df;h lyd{?ia\(ﬁ deré} ?lrsgﬁé tﬁ}gg‘rﬁlgver a
new trac curren t he ou Il and the inner, c
chosen tﬁ%% L et s i s Schppton Brbed CmPREE AARUX BT nEde t he
two coils are additive. One advantage of the present invention is that it
provi des aghiatRstRisAtaIoiRis §<fifsl Gothauppegt arRphaxiegl apprprisiakeend extanding: Gom| they . An
addi ti onal advantage of the present invention is that the ff ef 13 MA R
~~' f ~~ exiodyiteng MAEN emdgaetcoaddoid lsapEst aanhdeng s edoxitmiabeebyxtending omgtha
sinpl e and cost effective solution. The above, as well as additional
obj ect's, doatibrL8istafBad AR AAIRE s‘éf:oﬁdh@mpé\gﬁféﬂt arhRVRRhingNaVah gul eGo R

es

appar ent mthefollovmng detailed witten cription. y p 13 MAR 2003 8
therebetween; a front actuator coil connected to the first current supply and affixed to the
first and second coil support arms in the angular sector between the proximal ends of said
first and second coil support arms; and, a back actuator coil connected to the second
current supply and affixed to the first and second coil support arms in the angular sector
between the distal ends of said first and second coil support arms, said back actuator coil
lying in the same plane as said front actuator coil.

According to still another aspect of the present invention there is provided a
method of operating an actuator having concentric dual coils to move a transducer to a data
track on a disk surface, which comprises the steps of: a) supplying an outer current and
inner current having the same clockwise or counterclockwise sense to the outer coil and to
the inner coil of the actuator respectively, to rapidly move the transducer to the proximity
of the data track; and b) supplying the inner current having one sense to the inner coil and
supplying the outer current having the opposite sense to the outer coil to accurately
position the transducer over the data track and to maintain the position of the transducer
over the data track.

According to still another aspect of the present invention there is provided a

method of operating an actuator having front-and-rear dual coils to move a transducer to a



BRI EF DESCRI PTI ON OF THE DRAW NGS For a fuller understanding of she nature
and advant ages of the present invention, as well as the preferred node of
use, reference should be nade to the follow ng detail ed description read in
conjunction with the acconpanying drawi ngs. In the fo’rao p g, er@wi ngs, |ike
reference nuneral s designate |ike or si E? | ar parts th uyh'out"t he draw ngs.
Fig. 1is asinplified drawi ng of a maé etic recording disk drive system
Fig. 2 is a perspective view of a disk drive; Fig. 3 is a perspective view
of a rot alaja tatkuen erdiskcawfade,nghich compripesethe steps mbiesupplymng Fiftpat cumerdradd 4b
are plan views of an actuator including concentric dual coils of a first

enmbodi mentarddurteAEhHHES et sahfeveodkiviss ofFtdinted€lotiovide 6638 So HRClrb@tovi i tof t he
VCM magnet showi ng the concentric dual coils in the VCM nagnet gap: Figs.

5a and 5tlh@5§‘ck@o?rbf‘{' EXGuAtbr & &EW?K&%&(Q?M%&&HQ&& @ﬂ%}#@ﬁﬁmi@%'

. T
coils of a second enpodi nent of the’pre I nvention; Fig. s a’plan

vi ew of uat or includjn he.concentri.c outer and inner .dual coil.s of
e pr esat et ey oird SuBhi IneiaBA Gt g5 i, S Of foHBsa Bhgy o
scale) of a principal in-plane bending (sway) npde resgnance; Fig. 6b is a
pl an vi eV§UBPLYHIS the reaiCHFrentRaving the oppesifersshte- tathe HRE koY (R rcBtely T9sitioRe
present invention show ng the node shape (not to scale) of a principal

i n- pl ane thetdhstyceraler tlandsty traokiend és ominteia; thipgsitign of thyr tapisduder wyer titi ng a
transfer function obtained froma finite element sinulation of the response
of a conced frack. dual coil actuator to current in the outer coil only; Fig.
8 is agraph illustrating a transfer function obtained

In accordance with the principles of the present invention, there is disclosed an
actuator assembly for magnetic storage disk drives comprising dual actuator coils disposed
within the rearward extensions of the actuator assembly. In one embodiment of the present
invention, an outer coil and a concentric inner coil fixed to the rearward extensions of the
actuator assembly lie in the plane in which the actuator is free to rotate when mounted in a

disk drive. Both the outer coil and the inner coil are disposed between the magnetic poles

of a voice coil motor



froma finite elenent sinulation of the response of a concentric dual coi
dctuattor to current in the inner and outer coils; Fig. 9 |s a

illustrating a transfer function obtained froma flnl Q%O%Fnulatlon
of the response of a front-and back dual; coil actuator to current in the
front coil onIy, Fig. 10 is a graph illustrating transfer function obtai ned
from a f(VeM) e MaIS&ENt §hﬁﬂQHﬁQﬁ1QWﬁhﬁ@dré§§bﬁ§@ﬁﬁ e ¥¥ onte andephckcdddly
coil actuator to current in the front and back coils: Fig. 11 is a

schemat iconbleagle dditagraarhiofs tarcuexyeerti reerptp 1tyo arehsurseddred t canséet fupetliyon
for a dual coil actuator of the present invention; "1 11 13 MA R 2(~~. ~

10 Fig. ri3gexttife 1vgasieat transharrdnitetigen thete tded reswo8serotudrent
front-and-back dual coil actuator to current in the back coil only; Fig. 13

is the measurad ddaNd & rJNGdN f a's ﬁ%lrvel%ﬂmsley Oéo@t}_é?ﬂédaﬂg bagk dual

coil actuator to current in the front coil only; &and

measuregi rkarbslflq;e fclg]ﬁ:trh?ﬂ ron ehcet en[sjggsknsgoﬁqueh f ro%f finrquac ?ual g%%'fl

actuat or 0 current

DETAI LED _DESCRI PTI T R FERRED VBCDI MVENT s invention is

descri b&PSH r‘?tam&sege}r%be éﬁtﬁﬁj e i thé FoiS bwi J%’g‘”&le%‘?:rF}Bf’l ORNGFt FO11
reference to the Figures. Wiile this invention is described in terns of the
best mdes FhaHRIFHE tIRSS nVeGIoH Se o8] UVeREClechvifebetappieci at ed

by those
current flow in the outer coil, resulting in a net force on the

actuator to position the s;ider/transducer on the desired data
track with improved accuracy. The improved accuracy is obtained
by adjusting the relative current flow in each coil so as to
suppress excitation of the principal in-plane bending (sway) mode
of the actuator allowing the use of an increased servo bandwidth
for settling and'tracking operations. During seek operations of
the disk drive, where maximum torque on the actuator is desirable
to rapidly locate the slider/transducer over a new track, the
coil currents in the outer coil and the inner coil are chosen to
have the same sense so that the forces on the actuator from the
two coils are additive.

One advantage of the present invention is that it provides
an actuator assembly having improved performance and stability.

An additional advantage of the present invention is that the



skilled in the art that variations may be acconplished in view of these
teachihrngs w thout deviating fromthe spirit or scope of the invention.
Referring nowto Fig. 1, there is shown a disk drive } t he
present invention. As shown in Fig. 1, at |east one rgféfgzﬂgyzegaetic di sk
22 is supported on a spindle 26 and rotated by a disk drive motor 30. The
magnet i €XASEdnd Mt I oh kP kR RS | @2 nP¢ hasedr nfBEraRYaRAgvad ipat téer n
of concentric data tracks (not shown) on the disk 22. At |east one slider
24 i s pesitpblenemdrcadie ofi Skc2ide esghutsidomler 24 supporting one or nore
magnetic read/ wite heads 34. As the disks rotate, the slider 24 is noved
radially in amd cdowwverad hee i sks sadd ficoB3H] Sobt bat st hecheads s34 amy
access different portions of the disk where desired data is recorded. Each
slider 2dshaldashed die & ROsiAd ONgFe R 1032y DY1 NBARSMET a@p%‘i%l?ﬁnsi'no_rfé@'
The suspension 28 provides a slight spring force which biases the slider 24
agai nst js S C ‘L. 13. MAR 2003 12 positioner arm 32
is attag%ggiggﬁghcgéE%%ﬁ%fqﬁgﬁ%%%%sée%%%lég%%ﬁfor means as shown in Fig. 1
may be a voice coil notor (VCM. The VCM conprises a coil novable within a
fixed magnetic field, the direction and speed of the coil novenents being
controlled by the notor current signals supplied by the control unit 46.
During operation of the disk storage system the rotation of the disk 22
generates an air bearing between the slider 24 and the disk surface 36

whi ch exerts an upward force or lift on the slider. The air bearing thus
count er-bal ances the slight spring force of the suspension 28 and supports
the slider 24 off and slightly above the disk surface by a small,
substantially constant spacing during normal operation. The various
‘conponents of the disk storage systemare



controlled in operation by control signals generated by a control unit 46,
g$uch as access control signals and internal clock signals. Typically t he
control unit 46 conprises logic control circuits, stort. h&ﬁg@?g

m croprocessor. The control unit 46 generates control S3i control
vari ous system operations such as drlve ﬁDtor control signals on line 38
and head position and s&&k 108 H_JeRAWINGHe control signals
on line 44 provide the desired current proflles to optimally nove and b
il 13 MA R 266@ %3 fpodick amddisstsindierg 24 tahd heatdesd reed dadaahtagksontt he
disk 22. Read and wite signals are conmmunicated to and fromthe read/wite

heads 3f/nRYpRaRS% t0fi R @Gl NG GhaNNels 4G The AbOVEI dRSEET BEI QRO a
typi cal nagnetlc di sk storage system and the acconpanylng il lustration of

Fig 1 LeRk t ur.po Vi h arent t. hat
di sk stgr 38%85@ %h%%ei%t %é q@ﬁ%n pic St%se %l %fé%&ési fs)g%im Qacfugfcélp? and
each actuator may supp an of sllders hows a_hard di sk
drive 56°68i g Fﬁéljahéi%l@d} LR (o SOt i e Sy SOGhe | oA FHE |1 54
of the disk drive is shown exploded. In operation, the |id would be

di sposedOhOFdHIof nerE Nsusi I S X e TaRe s K Wi Kl S0 dhpRates Lake 6F nore
magneti c di sks 56. The di sks may be conventional particulate or thin film
recor di sgmdileks pawttisc v herardapb| theofdstvairig®y. digital data in concentric
tracks. In a preferred enbodi nent, both sides of the disks 56 are avail able
for storage, Fdigd i1t iwi |d diengleicfhigyd zachvwiynonef o rsghetiy s&cbicdingt g st
that the disk drive 50 may include any nunber of such disk, 56. The disks
56 are pRYREed k@ th;Spindle 58. The spindle 58 is attached to a spindle
notor (not shown) which rotates the spindle 58 and the disks 56 to provide

';eaglmmlte a%q@§sgx1§rgaﬁgyéﬁggifygt¢fgw;6% grgaggngfggéLc tracks on the
I sks 56

Fig. 3 is a perspective view of a rotary actuator according
to the present invention;

Figs. 4a and 4b are plan views of an actuator including
concentric dual coils of a first embodiment of the present
invention; Fig. 4¢ is a cross-section view of the VCM magnet
showing the concentric dual coils in the VCM magnet gap:;

Figs. 5a and 5b are plan views of an actuator including
front-and-back dual coils of a second embodiment of the present
invention;

Fig. 6a is a plan view of an actuator including the

concentric outer and inner dual coils of the present invention



I 13 MA R ~~fl~ 14 An actuator assenbly 76 includes a positioner arm 60,
dnd a‘'suspension assenbly 62. The suspension assenbly 62 incl ﬂ S a
slider/transducer assenbly 64 at its distal end. AJt{QpQﬁAEhZﬁ ne
slider/transducer assenbly 64 of the sugpension assenbly 62 is shown, it
wi || be recognized that the disc d=ive 50 has one slider/transducer
assenbl 3P FPr LRACROLR dBNBPC e ARAT cFSKSE8LPACPhd8d PFA Y HE i sid dr 3R 50.
The positioner arm 60 further conprises a pivot 72 around which the
posi t i creRdER@n 68WaY Vonede ThesdngRclri ve 50 further includes a read/wite
chip 80. As is well known in the art, the read/wite chip 80 cooperates
with the sliHeg.t6ansduseplassembivyob4ahoaceadtdat arfalamiorg whd e data to
the disks 56. A flexible printed circuit nenber or actuator flex cable 78
carri esfsbgpahgdabshnrenuhnechead/ Wil t8eCPires8@ tanchva riamiecdidw Phd agsenbly
(not shown) which interfaces wth the external signal processing
el ectrapi Gs. in-funpct f .th ‘uator jassenbly 76 4.S:1 t he
posi 11 aner e eBe P Btni0: Rehedor 7. Bhar T Br T Re derhst o kR Seg s
t he voice coSI %%%fr %V assenbly 74 which conprises a VCM bottom pl at e,
a magnet S4Ad’ a t6p°prRFE‘i n conbination with a dual actuator coil.
Current passing through the actuator coil interacts with the nagnetic field
or the magnefifo rotdt 8TERE PoSPELEREANEr M &6 285 U SPEHS e a¥ekabr§d62
around 11115 .13 MAR 200 the pivot 72, thus positioning the
sl i der/ framsdufénibesenbingngs samudesiivadotMidte dissioalrdavexst 50 ¢aveeat nuaber
of disks 56 nounted on the spindle 58 to forma disk stack 70. The actuator
assenbl guZb codrr asesaaopl uvakuryeaft pasithieonartear r B0 driked in a
conb-like arrangenment such that the inner arns 65 fit between the disks 56
Fig. 8 is a graph illustrating a transfer function obtained

from a finite element simulation of the response of a concentric
dual coil actuator to current in the inner and outer coils;

Fig. 9 is a graph illustrating a transfer function obtained
from a finite element simulation of the response of a front-and-
back dual coil actuator to current in the front coil only;

Fig. 10 is a graph illustrating transfer function obtained
from a finite element simulation of the response of a
front-and-back dual coil actuator to current in the front and
back coils;

Fig. 11 is a schematic block diagram of an experiment to
measure the transfer function for a dual coil actuator of the

present invention;



form ng disk stack 70 and the outer arns 66, 68 extend over the top surface
of thé top disk and the bottom surface of the bottom di sk, respectively.
The inner arns 65 each support two suspension assenblie 36MARp@[&ﬂQand

| ower suspension assenblies) with attached slider/transducer assenblies 64.
The upper outer arm 66 supports one suspension_assenbly 62 with its
slider/transdider Hssehiilf aued Pt ese? Hat &L ohUPREIPBpLSEr £ A8e T6FPORES op
di sk of disk stack 70. The | ower outer arm 68 supports one suspension
assenbl w62 viitdntitandthaelr /duahsduckraassendl yt 64ctoraotess daeaberck he
bottom surface of the bottomdisk of disk stack 70. Fig. 3 is a perspective
vi ew of cwilaciruat,or assenbly 90 according to an enbodi nent of the present

i nvention. The actuator assenbly 90 conprises a body 92, a | ower outer arm
68, an upper pU er1Ar 6bhie AN NirdBM €rdNELEr AETRCcERona¢b¥ALBE GRIdponse
supporting arns 94, 96 and concentric dual actuator coils 98 a 15) MAR

2003 16 fixed-to thF C 0 i p I a . . The, body 92 is
supporteo bay fb}eoar}% %%3%%(% s(ﬁl%%))é%i?c%g%ﬁg%ggvrt E?%géﬁgg gr lgsggﬁsb%f to
rotate about a vertical axis when the actuator assenbly 90 is nounted in a
di sk DriSRtt TR Yo 92 supports positioner arms 65, 66, 68 which in turn
support the suspension assenblies (not shown) on which slider/transducer
assenbl i es (nBtd shbhnis atke fRgaeurgfet R 8he6r FEBFL 180pSert taeng sFporgs
support the actuator coils 98 which are part of the VCM assenbly which

wor ks t mposi framt +ded-acdchat dua hssenbl gcradtakl yowculrreegpeat the thmwordt sk
surfaces. Wien installed in a disk drive, the actuator assenbly 90 with
suspensifiy asserbtdessfi xed on the positioner arnms 65, 66, 68 is rotated by
the VCM notor to position the slider/transducer assenblies at the desired
‘di'sk radius to read or wite data on a data track on the recording nedia
coating the disk surface. The



forces applied to the actuator assenbly 90 by the VCM notor can excite
recharti cal resonances of the actuator assenbly. -- Resonances of the
actuator assenbly 90 in the plane of the radial noti on1 af MAR A at or
assenbly 90 are of particular concern since they directly affect the
dynami ¢ performance of the actuator in pbsitioning the slider/transducer
assenbl i es over DETEA I ol 2T I O HE vVPRETBRRER PHB FNTys. 4a and
4b show plan views of a dual coil actuator assenbly 100 according to a
first enbodi mens oOhveheipheseneisttamicddonn Eheacidiatead @asisedbhyntOdn the
conprises a body 92, actuator coil support arns 94 and 96 fixed to the body

and ext eodi Bg;i h§aRWAEES i bEQBL G tROd 3.0 R WY &M ACHUALAEs COlh 1 102 f9gat ed
bet ween and fixéd to the actuator support arnms 94 and 96, and an I nner

actuato il.104.Lo NS ut t ' ' neral ly
concent%?ggg#%éﬁgé%e%ggg$ﬁggﬁng§r%%%F% f)4%%%;ﬁgégi#é?%h%ggu%g?%%g?PSIOZ
with both,coils lying,in the plane defined.by the actuator support arns 94
And 96 hS ourerLBi ST eb e i R Tt V5 Mo fer BF e HEC R W BPRRRCH o
around the sides of the generally trapezoidal plan of the coil and have
starti ngxahdeendnn§hPodati Shs t( Votr IsHovaD)® Mear 1% TreCBnbt Beed TReViAWepL
coil 104 is fornmed of a nunber mturns of wire which go around the sides of
t he genthabkbyterapéngisdal tploart cfevtied iow £ Hevessiniti oy andpendifnghe

| ocations (not shown) near to one another. In the preferred enbodi nent of

t he presenenthwventi on the nunber n of turns of the outer coil 102 are equal
to the nunber mof turns of the inner coil 104. Alternatively, the nunber
of turns n ardrerFangbacwhaserilo he diHder e .sHdwctsi gabkcannest pons (not
shown) to the ends of the outer coil 102 and to the ends of the inner coi

104 e“thBoBQEnﬁokh% b%esent invention. As shown in Fig. 1, at least

one rotatable magnetic disk 22 is supported on a spindle 26 and
rotated by a disk drive motor 30. The magnetic recording media
on each disk is in the form of an annular pattern of concentric
data tracks (not shown) on the disk 22.

At least one slider 24 is positioned on the disk 22, each
slider 24 supporting one or more magnetic read/write heads 34.
As the disks rotate, the slider 24 is moved radially in and out
over the disk surface 36 so that the heads 34 may access
different portions of the disk where desired data is recorded.
Each slider 24 is attached to a positioner arm 32 by means of a
suspension 28. The suspension 28 provides a slight spring force

which biases the slider 24 against the disk surface 36. Each



13 MAR 2003 18 carry currents thereby generating magnetic fields which
"nterdct :rith the nagnetic field of the VCM nmagnet 106 zfmn in bB
cross-sectional view of Fig. 4c. Fig. 4c shows a cross-si IMAQZ gw of

t he VCM nagnet 106. the VCM nagnet 106 ig fornmed to have a first zone 107
and a second,zone 108, wherein the direé?ion of the magnetic field in the
first zZBARLEO9NPE BpPosdFt éSi ALEPFBEF 5 88 ARe URdGTetic WSSt i nfR%e second
zone 108. Referring again to Fig. 4a, the directions of current flowin the
out er aadtuaher veikhs kRO2sapdnlid &rng.showavf be & sedlkceopariat irrtof t he

di sk drive where maxi numtorque on the actuator 100 is desired in order to
posi ti onvthe.sl rHer tMansayeekeadsserbiy fdvemla REWHIMAGK fBiskd A&l YeBSc
possi bl e. For the seek operation, the current flowis in the sane

di recti @ho1n ehbnay r8celi8rkwhe s FOURCIEACk AiSANS i dy both the

outer coil 102 and the inner coil 104. The nagnetic fields generated by the

currents i coil .inter i e t j.el. f V net
106 1o prBaEe rer Bds HRafTEH Phterne: o ot ihf ool Bt tehE RS que
on the actuatar. In the seeking operational node, the dynam c response of
the duaP"&bi R®actuator is simlar to the response of a prior art single
coi |l actuator. .13 MAR 2003 19 Fig. 4b shows the directions o- current
flow in the Buréndapperpidonceoifl $he02ligkd st dasy @Etdindghadretackdngot
operations of the disk drive where |arge torques are not needed but

i npr ovedhdydawikc 2Regporsatefls tine adat bataorings hedadamn ttthrovidier p2 £case
tracki ng performance. For the settling and tracking operations, the current

flow i nthheqedkekue@ialcel@d MRS chhe xeRRESIde (FRRSET thddie strTent §howhkn
the inner coil 104. '.he excitation of the sway node by forces generated

f cail  dge ;i [ it t :
Howover - e Tt Mot Qe By reCaChist 60 & Hon Sor i O di | EeTt RE £

actuato%oE%% %Qethe suspension 28 and supports the slider 24 off and

slightly above the disk surface by a small, substantially
constant spacing during normal operation.

The various components of the disk storage system are
controlled in operation by control signals generated by a control
unit 46, such as access control signals and internal clock
signals. Typically, the control unit 46 comprises logic control
circuits, storage chips and a microprocessor. The control unit
46 generates control signals to control various system operations
such as drive motor control signals on line 38 and head position
and seek control signals on line 44. The control signals on line

44 provide the desired current profiles to optimally move and



settling and tracking node of operation. In the settling and tracking node
of operation, the dynam c response of the actuator is |nproved over the
single coil actuator response due to reduced excitati on A&%@ﬂce of

t he principal in-plane bending node (sma¥ nDde) of the actua

sui tabl e choice of the rati Lo/l |tude of the current lo
flomﬁngp?ﬁthgnoﬂpérséépPrlgé 8 {he ﬁﬁ&ﬁF@ﬁH A tHP et ¢ 193 FbwAg i n
the inner coil 104, the sway node resonance may be conpletely suppressed
for theRﬁéstad9nHWﬁceréép@ﬁ§§ afret lsomaciniadrecadeoraiigigt t@nt hize pr esent
invention. Figs. 5a and 5b show plan views of a dual coil actuator assenbly
110 acceeddigriaeahsadenddebybadiansentf of rdvwmriasenthantel 48. MAR 2~f' ' ~

i nvention. The actuator assenbly 110 conprises a body 92, actuator coi

support armspf4 a%v%fidfe'sé%qpttqohh%fb%dxy%qd;aqxtr@alﬂs@xglé e@{éﬂ@rgtéfggaat he

body 92~ a back coil 112 | ocated betmeen and fixed to the actuator pport

arms 94 6 t d| f nd a_fropt coil 114
| ocat ed® gggﬁééng nggtSatorp%%ggo §§%H: d]q%ggndgdlsposed?Betmeen
the back coil 112 and the actuator body 92. The front coil 114 is fixed to
act uat oF BGEEEPL 2ArPE B4 IRAFES6 ORAY -t 0 Hh&hBMT R IRPRIEFRAL thett AéSkack
coil 112. Both coils lie in the plane defined by the actuator support arns
94 and 96°rIWe backessi Maylzong afigr Ped agfgca MUHRYF f tdipss ofndi re which go
around the sides of the generally trapezoidal plan of the coil and have

st ar t i ngcand temdi, n@nldo eataho B tiradio xS mayn )surgarr tt ca omana@ot ber slTderskr ont
coil 114 is fornmed of a nunber mturns of wire which go around the sides of

t he general | yifgr.apezdicia =plhairdolditsie dxdive BT hweg Stias t daglasdiendi ng
| ocations (not shown) near to one another. In this enbodi nent of the

present bevl%%'r%ft he Wit qfnvteLHﬂ%nof thee bpek 681 bs léﬁeaamqeﬂvbo

the nu mof turns of the front coil 114. Alternatively, the

turns is shown exploded. 1In operation, the 1id would be disposed on

top of the housing 52. The disk drive 50 comprises one or more
magnetic disks 56. The disks may be conventional particulate or
thin film recording disks, which are capable of storing digital
data in concentric tracks. In a preferred embodiment, both sides
of the disks 56 are available for storage, and it will be
recognized by one of ordinary skill in the art that the disk
drive 50 may include any number of such disks 56.

The disks 56 are mounted to a spindle 58. The spindle 58 is
attached to a spindle motor (not shown) which rotates the spindle
58 and the disks 56 to provide read/write access to the various

portions of the concentric tracks on the disks 56.



n and mmay be chosen to be different. Electrical connections (not shown)
to the ends of the back coil 112 and to the ends of the front coil 114

enable the coils to carry currents thereby r , 13 MAR9QO mqumgrating
magnetic fields which interact with the gnetic field ;EStﬁkgv “fagnet

106. Figs. and 5b show th ir tion% of current flow in the coils, for
seeki ng and SbATTIRITE AARPHED bhel & 1 BPCuSrecheberyH g Iern S b Saeid iy o
operation shown in Fig. 5a, the directions of current flow in the back coi
112 ancPuIReHT o 295¢Miv hdve The Supresehse, 2ER&FPLS &4r Feritlaidas ot h
coils are either clockw se or countercl ockw se depending on the direction

of actusiider Ot pdnoducesi aedenhe 64r guest actingadnehte aeflttaicarghdusn iy t he
currents flowing in the coil segnents parallel to the actuator support arns

are addifd ve) {&sH) t FAEsdict hea FBYPU Bt o EOrAHEshaokARIGhY aRAsIMY 190 dde
slider/transducer on a new track. In the settling/tracking node of

[ h in_Fi 5 ' [ f . £ [ back il
175 hast T abostt o Ekhoe: bOEREhAERRERAR HRLCHTPnr A swath e FHbnt.

coil 114, The excitation of the sway node of the actuator by forces

gener at 28I ¢2bAT BARRIEERF aﬁéewganﬁérQEFi%ﬁcﬁﬁFhaﬁhéfn§§ﬁ§HQ§3ﬁe§% from
the VCM nagnet 106 tend to cancel. However, the net torque on the actuator
i s non-mcbuskdichndtheediskedatvaabbr i Bhehposétibineg amt tti0ackimdgiemde of
operation. In the settling and tracki ng node of operation, the dynam c

responsgombpribesagt paret 72 hEpLAMERhO¥RI thBepskAgliened laractamtivdEesponse
due to reduced ~1 f 13 MA R 2003 22 excitation of a resonance of the

gg;ggigg'_ =: g%mégagﬁgeg%ga gdeycenRY TRAENARE Lhecaglvatitle GAPIESE as
is well known in the art, the read/write chio 80 cooperates with
the slider transducer assembly 64 to read data from or write data
to the disks 56. A flexible printed circuit member or actuator
flex cable 78 carries signals between the read/write chip 80 and
a connector pin assembiy (not shown) which interfaces with the
external signal processing electronics.

The main function of the actuator assembly 76 is to move the
positioner arm 60 around the pivot 72. Part of the actuator
assembly 76 is the voice coil motor (VCM) assembly 74 which
comprises a VCM bottom plate, a magnet and a VCM top plate in
combination with a dual actuator coil. Current passing through

the actuator coil interacts with the magnetic field of the magnet

to rotate the positioner arm 60 and suspension assembly 62 around



node resonance is achieved by suitable adjustrr ent of :.he ratio, IB/le,
of the magnitude of the current 1E flowi::g in she back coil 112 to the

magni tude of the current I|F B owing in the front coil a and 6b
show t he node shape (not ~o scale) due {g excitation éf%fﬁéﬁigzgo

obt ai nedy£op 1R goncamMyd ¢sllali faidg aq;maglofdelppt@msé@@eirQggeaﬂggb%qk

dual coil actuator 110, respectively,” by finite elenent sinulation

known to tB art I'n both Figs. 6a and 6b, the undistorted actua~or 120 is
shown wWthothe &lstorted actuator 122 for the sinmulation of the excited
sway node su&erlnposed For the finite elenent sinmulations of'both

act uat ors 108°8hd 4 dHeahplht Fotce JHaRr 4ot At oFs Wasmedntafared thex
current flowin only one of the dual coils in each actuator in order to

si mul at epthdlee$Bornise fofrma ssidiglle stadk d .uatOre ascusadoir nashempiliyof76art .
The sway node resonance excited in this way degrades the dynam c

per f or mepgprafselshe gilskdrime anbshiaul shdre Stppressedxéq iAPaO¥embhe i ke
settling and tracklng operations of the disk drive. Figs. 7 and 8 show t he

mechani Gal %?ﬂ%trﬁr Jutietdions ot ai ned- 11,0 féai fe eﬂa&?@?&nskﬂg' alils %%0 e

t he response o 13 MAR ~00~ 23 concentric dual col actuator

Chow ng “PRBPh L o T Ul S athen vyt e ARG phasBlr SEbBaoLEet RES

slider/transducer as a function of frequency to VCMinput forces applied to
t he act EQPoﬁua?sf@@r?ol%f itThe Heopl dirfek gindhcthmtpttomasushace gf theh toire
transfe- func=ion obtained for coil current flowng only in the outer coi
102 to dipll,atresgpianflicralnid dttaiatore acig | @mseadheshippgetabpbi t ude peak
126 at approximately 3000 Hz corresponds to the sway node resonance of the
act uat ogushews iich Rgsen@sl idd 062 8\ dhe 1swasl enspunstioanaskkabnad dor

current flowin both the outer coil 102 and the inner coil 104 with the

directign@f QWL fdOMd /& ehsducer assemblies 64. The upper outer
arm 66 supports one suspension assembly 62 with its
slider/transducer assembly 64 to access data on the top surface
of the top disk of disk stack 70. The lower outer arm 68
supports one suspension assembly 62 with its slider/transducer
assembly 64 to access data on the bottom surface of the bottom
disk of disk stack 70.

Fig. 3 is a perspective view of an actuator assembly 90

according to an embodiment of the present invention. The
actuator assembly 90 comprises a body 92, a lower outer arm 68,

an upper outer arm 66, one or more inner arms 65, actuator coil

supporting arms 94, 96 and concentric dual actuator coils 98



inner coil 104 having the opposite sense (clockw se or counterclockw se) to
the current flowin the outer coil 102. '"The ratio lo/ll of the magnitudes

of the currents in the two coils has been adjusted to gmyni itation
of the sway node resonance. Absence of the peak at 30663F&M§R§a353hat t he
sway node resonance is not excited in th® dual coil actuator as used in
settlinfgiR@d £9 aelk® ngCopREari 6A3! aBEBPEFrh§ Eo2tRe Ples&ft- | VNI hoice
of the optimumcurrent ratio lo/ll may be nmade by experinentation to obtain
t he bests tsapsdéeredupgt bearwngh doak shdwh3 NARcCh~'ad 124 ¢did aoperatéon or
by the follow ng process. A current having an anplitude I1 is applied to
the outess€mblytoomeasubeatBeabbanskekekunetiionxfier whikey aHeragidr @i vi ng
the actuator notion. The anplitude of the sway node resonance peak, Qo, is

measureéisér‘éﬁm%hgooyg%oﬁﬂ&edt Fﬁ”ﬁf gt skupotian. The B, wrsﬁ%ﬁﬁ%@éi tude

|1 is applired to the inner coil to neasure the transfer funct I the
litude of the swa

inner coil driving the t uat.or tion, The a node

r esonanke® peaRNeE 2I1E ﬁgasg%edSEFHhﬁFhelpnﬁBg%c§PP9ﬂr s FURRRTDHO" The
optinmum current anplitude ratio lo/ll to use for dual coil operation in
order tasetiilhate (Rht shaynioee rbdchafée dpddik ENGANGRE FEiRteli¢sintaeon
for the dual coils driving the actuator notion is given by lo/lIl = Q/Qo
Fi gs. 9slodnliOashofikbe.nefhanacabatoansbel Bupgimns i H4ed 6 romppontt e
el enent sinul ations of the response of the front-and-back dual coi

act uat ofnd 19ctQagetkuabel scoBl waichelireggpetabed ther cey dd Gmdh phemscik he
transfer function obtained for coil current flowng only in the front coi

112 to gipyLatg ,;'gEgkgggoithea%leag%rcg.@giemqu-ram%ﬂ#%%méw@@t pegk

/128 at approxi na 0 Hz corresponds to t sway e resonance of the
actuator, shogwn,in Fi.g. 6b. The resonance has a hi gher frequency than was
obtaineéh?oatheSBSS%Sﬁgric dual coil actuator

When installed in a disk drive, the actuator assembly 90
with suspension assemblies fixed on the positioner arms 65, 66,
68 is rotated by the VCM motor to position the slider/transducer
assemblies at the desired disk radius to read or write data on a
data track on the recording media coating the disk surface. The
forces applied to the actuator assembly 90 by the VCM motor can
excite mechanical resonances of the actuator assembly.

-— Resonances of the actuator assembly 90 in the plane of the radial
motion of the actuator assembly 90 are of particular concern
since they directly affect the dynamic performance of the
actuator in positioning the slider/transducer assemblies over the

desired data track.



100 because of the different coil structure, coil mass and mass .13 MAR
2003 25 distribution. Fig. 10 shows the transfer function obtained for
cLrrent flow in both the back coil 112 and t::e front IMA.Rlzmeh t he
di rection of current flowin the front ggil 114 having the opposite sense

(cl ockw se OF; § %§r3b804b gm%ae% %R Lh weurrent fIqud1 %ﬁg%b§0|l

112. The ratlo t hé nagni es O the curre [ |n WO~ Ccoi |l s has
nimze excitatiaon of th node. r sonance. Absence

beer. us~e

of the % %ﬁmagy3§8g]ﬁﬁcgﬁgﬁggtEStat & LShaf™ Eﬁ ”é@§oﬁ§h § Prvietkcited in
t he front-and-back dual coil actuator as used in.settling/tracking

oper at i bm¥entéondi nfheoacheappesantsemnnvgnfiOfn corpy.ises shdwdhed2,
experinmental setup 130 used to nmeasure the transfer function for a

front-angrbaekrdual1ceubpagtuatas 40 aaecoBdimeed ey esrny ddyention
mounted in a magnetic disk drive 132. A laser light' beamfroma | aser

doppl ereéliiggélﬁrﬁ eEeéEQX):dl%Qoﬁte%%%%@P/f Gom a,Sld Gerr 13 % 9%%? 168

act uat or supported over the surfacé o a rotatin by an

air bearin d to neas t.h hani transfer functlon

posi 11 onaPIFEIHEERoE] BRuAiortear! CEa PERD g Sor R o s R et OPe.
provided to the back coil 112 and the front coil 114 from separate channel s
of a cuRR@nBnsdOpes 246UALPFerody 304i decrhrs Va1l Momu-oF ghafuator
anal yzer 142. The LDV |40 ,1 1 .13 MAR 2003 26 output signal is recorded
and anatgiédiog ﬁheasggnakaaﬂalpbameh¢2itoaahmmgemdni.nedhanirmnerreoster
functions. Figs. 12, 13 and 14 show the transfer functions obtained for

current 184ppki edxba thetbackugeid cbid, 102 theH HIHh el sl 11 @gdih ocRet h
/back coil 112 and front c0|I 114, respectively. The transfer function shown

. oo PR RERRT, BY RS T BBl i Yd g clr gLl

drivingcgge 102 is formed of a number n turns of wire which go around
the sides of the generally trapezoidal plan of the coil and have
starting and ending locations (not shown) near to one another.
The inner coil 104 is formed of a number m turns of wire which go
around the sides of the generally trapezoidal plan of the coil
and have starting and ending locations (not shown) near to one
another. In the preferred embodiment of the present invention
the number n of turns of the outer coil 102 are equal to the
number m of turns of the inner coil 104. Alternatively, the
number of turns n and m may be chosen to be different.

Electrical connections (not shown) to the ends of the outer coil

102 and to the ends of the inner coil 104 enable the coils to



front coil 114 with a current having the sanme anplitude 11. The peaks 150,
52 at* a frequency of approxi mtely 2300 Hz observed in both transfer
functions are due to excitation of the fundanmental bendi /g y
node) of the experinental actuator. The transfer functignasmequ{ﬁig.
was obtained by driving,the back coil .112"w th a current hayving anplitude
T and ChETr oiE ot P heh S B A Tt € e Tkt Ol SMBerhe®
current flows in the opposite sense (clockw se or cognterclockmﬁse) t hr ough
the froittdofPe1T2IPEFAE Ve oE e Pie W Ehitadnot Fhe $RPYRi VB LAl it udes
of the currents in the two coils were adjusted to satisfy the condition

| H | F =cgpseeseahdraadHviiew Ied dmdl i td®le of resonance peak 150 due to
driving the back coil 112, and QF is the anplitude of resonance peak 152
due to drivi Rggth@cf sorivsca lcrbbbwWddt idmal dendw cal euereal aEphetudes.
.13 MAR 2003 27 The transfer function shown in Fig. 14 has no resonance
peak at72300ck nexpehl MR ald yrdianid rE g Jde, T esubi S, oot Bgaf Lt & el ement
sinulatfons SFEgh?se§‘a ove. ¥he ower resonance %reqaen%y gbségee in the
experinmental .y measyred transf.er .functions was duye to a difkere t struycture
and nas§e8?n9h§o§@t3§®drW&ﬁqgiqx&ﬁfi%%ﬁﬁﬁ;%&%e?f BEsTaghp 385298§doﬁnthe
sway nmode resonance during the settling and tracking operations of the disk
drive arPewsigssi geore t 13 HIRARETL Iservib BafRivk #0h £9 beeuBegnpiich&igilsk
drive since this resonance is the fundanental limtation to servo stability
in the s$nnghe seiclonactagateorlD&f the prior art. The finite el ement
sinmul ati ons shown in Figs. 8 and 10 for the actuator of the present

i nvention i ndieGatre itiptaddie, sey wo Sl adi ) idhe Wil tebO¥ORE biEnthesdehy Righer

. frequency nodes 127, and 129 respectively, having resonant frequencies in
the ran 5 <80 . I s dinct epse dfutga! LpLti r enc
1500- 25 g %&ewg%%ereggf{%fﬁlg%§¥%g%%ase iﬁﬂgl#oma%F% Eggvg gg%d%iéFﬁxhhich

inturn allo ac rabl.e .increase .in track, densjty.
opera%%on o) %e Alsk é%lve where maximum Lo%que on the actuator

14

100 is desired in order to position the slider/transducer
assembly 64 on a new track as rapidly as possible. For the seek
operation, the current flow is in the same direction, in either a
clockwise or an counterclockwise sense, in both the outer coil
102 and the inner coil 104. The magnetic fields generated by the
currents in each coil interact with the magnetic field of the VCM
- magnet 106 to produce forces that add together to produce a large
resultant torque on the actuator. 1In the seeking operational
mode, the dynamic response of the dual coil actuator is similar

to the response of a prior art single coil actuator.



In order to obtain the benefits of inproved dynam c response during
Settli'ng and tracking operations by.using the dual coil actuator of the
present invention without sacrificing the high perfor man‘l:@ AR 2PRBati ons
of the single coil actuator of the 28 13 MAR 2003 prior art, the

follow ng nethod of diisk drive q eration195-conte | af ed. When a new data
track isgto B JacbBsSEPV St L. QJ%ﬁQHHQﬂSsﬂ%uﬁP%F%%En%% "t SN sEPBI 9 hEEK

curren~s to both coils of the dual coil actuator with current flow in each
coi | haehdg inhersged lsedde amd dPdutf halfetmmyind ahe tergbinposperadmoofs
the new data track, the peak currents are switched to the opposi ~.e sense
i n bot hogoithe da stkeecrliekata de Jagigattyr Aceorddtaignco tdedopt baal igphbreld
al gorithm of the seeking node. Wien the transducer is about 1 to 5 tracks

away fromnbhe & aagordal & raek ddepansd ng dedisk €51 ¥eoopaEabi-ap;and

control algorithm the controller is switched to the settling and tracking

node. | - | acki . cur te] ne o ils is
sw t che r%g%ﬁEGQEFﬁggﬁﬁggﬁ%{b Egﬂge o%?ﬁghgﬂﬁ$é%f8i%£?%ggg hé?gggfﬁshfhe
coi |l bei swi tched dependi on the desir irectjon of motion of th
Cransducer. SN Kt rehis P (0 b 0% haset ReSupRast Bosbase tend
are in the appropriate ratio, the actuator sway node is suppressed while

t here i §hst jqurrenietf kst due the diminar t¢el lack Uht or- dar #RgiEraéRNf 6] SWieng.
In the track follow ng node the servo bandwi dth is inproved because of
suppr esswary afodehéyswayr aexleyanestd ttachgf ram | emcleaseill t daektbolihberagtion
accuracy. In this node of operation, tw coil current 13 MAR 2003 29

power suyfpH esheaneMerdativiod el sw tedade 2. byHewsvends theoretheorque
controller. Wiile the present invention has been particularly s~no4;:~ and

descri beg witdh Jeference 4 qdde drefaiiad erbodi meRbSactbadbl! (88 the

settling and tracking mode of operation. In the settling and
tracking mode of operation, the dynamic response of the actuator
is improved over the single coil actuator response due to reduced
excitation of a resonance of the principal in-plane bending mode
(sway mode) of the actuator. By a suitable choice of the ratio,
I,/1;, of the magnitude of the current I, flowing in the outer
coil 102 to the magnitude of the current I; flowing in the inner
coil 104, the sway mode resonance may be completely suppressed
for the best dynamic response of the actuator according to the
present invention.

Figs. 5a and 5b show plan views of a dual coil actuator

assembly 110 according to a second embodirent of the present



understood by those skilled in the art that various changes in formand
detail' may be made without departing fromthe scirit, scope and teaching of
the invention. Accordingly, the disclosed invention is '23) ﬁz‘ﬁ?ﬂﬁwered
nerely as illustrative and limted in scope only as sp1 f £n' t-he
appende I8, ~jJ0 I M, 1. A nagneti torage system
conprisgﬁgk%gqugk &P§h¥§§35%%€%f%%%§ﬁ%Tgﬁéhéf%%%pggsgété §P§3k%%’a spi ndl e

shaft supporting said disk, said spindle shaft for rotating sai d di sk about
an axi s QGENeaY v Pelr pRR AU ATD Theatil s%X6 51%f{dEP RBPNPECAYed it

operative relationship with the data surface when the disk is rotating; a
t ransdueert eatiachetayahe Stérderhd ovodea®® nga dasakf comladd 2wlictdatgddat a t o
the data surface; an electronic nodule for processing data read from and

Wi ttenpled vl daid SiHdace ©nd i dstuaslr SeeepereuaERBt 93UBRLY Ie0Mat the
providing electrical power; and an actuator for noving the slider generally

radial |y ielAt led o 4 ey disipdorall et Nepdransdyer che,aqqgss Jhg data

tracks, the actuator onprising a body I'ni ng thée actua “or pi vot

oi nt ; first cqQil support arm extendin rom the body; a second coil
D oppor t DA i i T heayt g 94 ahanEE  S8tnAd SBEe hperqen

arns form ng an angul ar sector therebetween; an outer actuator coil
connect édva @adie FailstlldiranattRepptiuakmer dpoidxed2t o The ffinostt ared Isddohd
coil support arms in the angul ar sector between said first and second coil
support ia Mixeahdt@mndneeroacsi waport caths coanentiedét antihe cset@Nt ot i@bus
supply and affixed to the outer actuator coil, said inner actuator coil

lying i nedfendd iidosakeco] ane18s sBbehodbel sagtwatar t¢@ lpland3 MAR
2003 31 2.” The magnetic storage systemas recited in claim1, 'wherein a

number oo AP 8] U S AT 00 LI60HE SRS VR Bha°dd. | SrRiHlod QAP
112 is formed of a number n turns of wire which go around the
sides of the generally trapezoidal plan of the coil and have
starting and ending locations (not shown) near to one another.
The front coil 114 is formed of a number m turns of wire which go
around the sides of the generally trapezoidal plan of the coil
and have starting and ending locations (not shown) near to one
another. In this embodiment of the present invention the number
n of turns of the back coil 112 are equal to the number m of
turns of the front coil 114. Alternatively, the number of turns
n and m may be chosen to be different. Electrical connections

(not shown) to the ends of the back coil 112 and to the ends of

the front coil 114 enable the coils to carry currents thereby



i nner actuator coil. 3. A magnetic storage system conprising: a disk with
a concentric data surface of data tracks; a spindle shaft supporting said
di sk, said spindle shaft for rotating said di sk about i rally
per pendicul ar to the disk; a slider nmaintained in operi{h \aﬁ/ﬁ%%b%mshi p
wth the data surface when the_disk Ls??otatin ;a transducer attached to
the sli@ePeratiPeatifAfCHACaltPARSaNB IGPI ERhG data Hid 1t He B8k ackt e bd)
el ectroni cs nodule for processing data read fromand witten to the data
surface®fatppr¥tMandgseEohlbeurrent supply for providing el ectrical power;
and an actuator for nmoving the slider generally radially relative to the
disk to all owiyhe baansduékr showattessitrbetdans tomeks;rdrite ficdwai®rthe
further conprising a body defining the actuator pivot point; a first coi
Suppor t cgf Mshayir-ngeaxphexhiBl serd 18XLoRIRG 10 Id1e DQdYs I o-&s 5h st %lle £pd;
a second coil support arm having a proxi mal end extending fromthe body to
a distal_e Lo fr .Sec (o] pord_ ar f orm ng angul ar
ect o thoriBer aetir TaopeSar 8 BaPR s F 8t at o rne 71 o5 "o ent
supply and affixed to the first and _second coil support arns in the angul ar
sector BBERESH Fﬁ@prBXFHﬁIbéﬁ&sCBPls&Pa s tt N P coi}1 & uppoe t the
arns; and, a back actuator coil connected to the second current supply and
af f i xedsaoet kenpiy sthand isecomdensdisl isupedht carinss iarg el dmgul aroslect oe

13 MAR 2003 32 between the distal ends of said first and second coi

support oar ppunsairdlbakkiaet dapenddoigl onyithg ididdwe: isame Hlameuassosai d front
actuator coil. 4. The nagnetic storage systemas recited in claim3

wher ei nratagibear dekiketins ohewtbegh@smarg ithe di ae atdtaitdr cOLd t5 equal
to the nunber of turns of wire formng the back actuator coil. 5. A nethod

of operghirR@n?B 24bWahe 1ha¥hag eQnCeRighcn tdudaoils) e noye éb%ﬁ?@éﬁ“cer
to a data track on a di'sk surface, which conprises the steps of: a

h
Vi ; . ' ) . I .
connt or SEEBR Rt HElns drkAbatld IR I L P R DR e £ Q048 5 8"
act uat or resgective ve the transducer to t of

he.dat S°PRAGN. PRAG CHPTs TR TAAg NG PRREL e rahic RISV rig O sonbot b8 (e
' nner ngkt%Q%g/tracking mode of operation shown in Fig. 5Bb, the
direction of current flow in the back coil 112 has the opposite
sense to the direction of current flow in the front coil 114.

The excitation of the sway mode of the actuator by forces
generated from each coil due to interaction with the magnetic
field from the VCM magnet 106 tend to cancel. However, the net
torque on the actuator is non-zero which drives the actuator in
the settling and tracking mode of operation. In the settling and

tracking mode of operation, the dynamic response of the actuator

is improved over the single coil actuator response due to reduced



supplying the outer current having the opposite sense to the outer coil to
accurately position the transducer over the data track and to maintain the
position of the transducer over the data track. 6. A ne!qpqw¢WQ?ggGatrng an
actuat or having front-and- rear dual cohys to nove a transducer dat a

track on.a, ‘1'a5ck1 sHirdace el tsneg é{‘ %ﬁgi ohio3unp! ving;,3 ”m%r%}e

current and tear current avrng he sane Se or counterclock

sense to the front co and to the back co of the actuyator ectrvely
o api AoV tHe © dHEH ORI ET ho PRI T yS OPEERE SdRfacer S08 SHRY 13
MAR 2003 33 supplying the front current having one sense to the front coi
and supplofengadianes kurd@nie el iy kWit dpbosrdausensatt 6Lt fder eat icoi |
to accurately position the transducer over the data track and to nmaintain

t he posH@V@B,cﬁfthketma@sﬂUGee ofetheheudatatt Lacklowing in zhe back coil
A Au. Aa. Ah, ' . Ah A.AU . AA2AT@AHR A(.A .A .A@QA .A.A@

A AE. Aul2ha o khéhlﬁadk@trﬁdé%f%he%@r%t AL, ﬁ{ow1ng in the front coil

. Ash9. Ashse. Ahl 4) EHYZ z{ 1k: TUt/p|wwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]cahgﬁjcAa]ca]ca]ca]ca]ca]ca]ca]c“a]cAa]c“a]ca]caLﬂca]c(a]caLﬂca
056h%Hl e

Sxlve e copogt o paosl o el ool el sl et ol eml ool oA Gl A oo
excitation of the sway mode obtained for the concentric dual coil
actuator 100 and the front-and-back dual coil actuator 110,
respectively, by finite element simulation methods known to the
art. In both Figs. 6a and 6b, the undistorted actuator 120 is
shown with the distorted actuator 122 for the simulation of the
excited sway mode superimposed. For the finite element
simulations of both actuators 100 and 110, the input force on the
actuators was calculated for current flow in only one of the dual
coils in each actuator in order to simulate the response of a
single coil actuator as used in the prior art. The sway mode
resonance excited in this way degrades the dynamic performance of
the disk drive and should be suppressed to improve the settling
and tracking operations of the disk drive.

Figs. 7 and 8 show the mechanical transfer functions

obtained from finite element simulations of the response of the
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the inner coil driving the actuator motion. The amplitude of the
sway mode resonance peak, Q;, 1s measured from the inner coil
transfer function. The optimum current amplitude ratio I,/I; to
use for dual coil operation in order to eliminate the sway mode
resonance peak from the transfer function for the dual coils
driving the actuator motion is given by I,/I; = Q;:/Q,.

Figs. 9 and 10 show the mechanical transfer functions
obtained from finite element simulations of the response of the
front-and-back dual coil actuator 110 to actuator coil current
generated forces. Fig. 9 shows the transfer function obtained
for coil current flowing only in the front coil 112 to simulate
single coil actuator conditions. The large amplitude peak 128 at
approximately 3600 Hz corresponds to the sway mode resonance of
the actuator shown in Fig. 6b. The resonance has a higher

frequency than was obtained for the concentric dual coil actuator

100 because of the different coil structure, coil mass and mass
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front-and-back dual coil actuator as used in. settling/tracking
operations according to the present invention.

Fig. 11 show the experimental setup 130 used to measure the
transfer function for a front-and-back dual coil actuator 110
according to the present invention mounted in a magnetic disk
drive 132. A laser light beam from a laser doppler vibrometer
(LDV) 140 reflected from a slider 134 mounted on the actuator 100
and supported over the surface of a rotating disk 136 by an air
bearing is used to measure the mechanical transfer function for
slider positional response to actuator coil current generated
forces. Current is provided to the back coil 112 and the front
coil 114 from separate channels of a current source 146 driven by

a sine wave voltage from a signal analyzer 142. The LDV 140
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U& () -; ctiasesrt] =BG ed to the back coil 112, to the front coil 114,
and to both back coil 112 and front coil 114, respectively. The
transfer function shown in Fig. 12 was obtained by driving the
back coil 112 with a current having an amplitude I,. The
transfer function shown in Fig. 13 was obtained by driving the
front coil 114 with a current having the same amplitude I,. The
peaks 150, 152 at a frequency of approximately 2300 Hz observed
in both transfer functions are due to excitation of the
fundamental bending mode (sway mode)of the experimental actuator.
The transfer function shown in Fig. 14 was obtained by driving
the back coil 112 with a current having amplitude I and the
front coil 114 with a current having amplitude I;, where the
current flows in the opposite sense (clockwise or
counterclockwise) through the front coil 114 relative to the back
coil 112. The relative amplitudes of the currents in the two
coils were adjusfed to satisfy the condition Ig/I; = Q/Qy, where
Qs is the amplitude of resonance peak 150 due to driving the back

coil 112, and Qy is the amplitude of resonance peak 152 due to

driving the front coil 114 with the identical current amplitude.
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Suppression of the sway mode resonance during the settling
and tracking operations of the disk drive allows a significantly
higher servo bandwidth to be used in the disk drive since this
resonance is the fundamental limitation to servo stability in the
single coil actuators of the prior art. The finite element
simulations shown in Figs. 8 and 10 for the actuator of the
present invention indicate that the servo stability will now be
limited by higher frequency modes 127, and 129 respectively,
having resonant frequencies in the range of 5000-6000 Hz. This
increase in the limiting frequency by 1500-2500 Hz will result in
an increase in allowable servo bandwidth which in turn allows a
comparable increase in track density.

In order to obtain the benefits of improved dynamic response
during settling and tracking operations by using the dual coil
actuator of the present invention without sacrificing the high

performance seek operations of the single coil actuator of the
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coil, the coil being switched depending on the desired direction
of motion of the transducer. When the currents in the two coils
have the opposite sense and are in the appropriate ratio, the
actuator sway mode is suppressed while there is still a net
torque to drive the actuator during track following. 1In the
track following mode the servo bandwidth is improved because of
suppression of the sway mode resulting in increased track

following accuracy. In this mode of operation, two coil current
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While the present invention has been particularly shown and
described with reference to the preferred embodiments, it will be
understood by those skilled in the art that various changes in
form and detail may be made without departing from the scirit,
scope and teaching of the invention. Accordingly, the disclosed
invention is to be considered merely as illustrative and limited

in scope only as specified in the appended claims.
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a transducer attached to the slider for reading data from and writing data to the
data surface;

an electronic module for processing data read from and written to the data surface;

a first and second current supply for providing electrical power; and

an actuator for moving the slider generally radially relative to the disk to allow the
transducer to access the data tracks, the actuator further comprising a body defining the
actuator pivot point; a first coil support arm extending from the body; a second coil support
arm extending from the body, said first and second coil support arms forming an angular
sector therebetween; an outer actuator coil connected to the first current supply and affixed
to the first and second coil support arms in the angular sector between said first and second
coil support arms; and an inner actuator coil connected to the second current supply and
affixed to the outer actuator coil, said inner actuator coil lying inside and in the same plane

as said outer actuator coil.
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an axis generally perpendicular to the disk;

a slider maintained in operative relationship with the data surface when the disk is
rotating;

a transducer attached to the slider for reading data from and writing data to the
data surface;

an electronics module for processing data read from and written to the data
surface;

a first and second current supply for providing electrical power; and

an actuator for moving the slider generally radially relative to the disk to allow the
transducer to access the data tracks, the actuator further comprising a body defining the
actuator pivot point; a first coil support arm having a proximal end extending from the
body to a distal end; a second coil support arm having a proximal end extending from the
body to a distal end, said first and second coil support arms forming an angular sector
therebetween; a front actuator coil connected to the first current supply and affixed to the
first and second coil support arms in the angular sector between the proximal ends of said
first and second coil support arms; and, a back actuator coil connected to the second

current supply and affixed to the first and second coil support arms in the angular sector



10
$$10% 0& () - Ff #10% 0& () -, $10% o0& ()-$10% o0& ()-$10% o0& ()-!10% 0& ()-f_dE_
@10 $10% 0& () - S#10% o0& ()- %40% 0& ()-9"10% o0& () 003
94.0% 0& ()-10% 0& ()- UJE @ 10 13 MAR 2
+$10% 0& ()-y)3"10% 0& ()- '!10% o0& ()- g% 10% 0& () -, #$10% 0& ()-! $10% o0& (
)-U1 @10 S10% & ()-!1$10% : & ()- 109%%& ()-Y 10'0 10' 0 10' 0& s$10% 0& () - -
10% o0& () - 1pOpdE_@ 10 f $10% & t()) 9$10% & ()- -#10% & () - g#10% & () -
9%.0% & ( petweonsis @1)sta% piEls10f soivdl st 8nd yecond veid'suppodl 8MisLs¢iYl bagloeBatd) catl 10:
10: 10: F10% & ()-* 8BdEbC 10 10%& ()-f&10%& ()-& 10%& ()-310%& ()-
10%2 & () 1A urihe Game Kb @s 341d Fi®hf Atdwaton Qoil9$" 10%2 &' () - "
10%& ()-10%& ()-10%& ()-10%& ()-K 567dE:/ 10z
102" 310% & ()-31m' 10%& ()-/"10%& ()-,"10%& ()-*m 10%& ()- (" 10%& ()- 78D
@2xY:/ 10zs10%& ()- 10%& ()-Y m 109%&' ()-" 10%&' ()-S109%& ()-910%& () -
10z2h@d 2, 100& 3910%&' 1098 109
Tone () Fr00@ SPE BEniG 13k i o HE R ey R RO AR s of
109& ()- 10%& () r\%@/
10z 7n 109 ormg) qgirtmt -actigfor sog is eayal te dbgopmbenef e ¢f) wirgiformipe the
hi j kwzA"bC 10z s"10%&' ()-s" 109%& () - S109%&' ()-9s10%&' ()-Y
back actuator coil.

5. A method of operating an actuator having concentric dual coils to move a

transducer to a data track on a disk surface, which comprises the steps of:
a) supplying an outer current and inner current having the same clockwise
or counterclockwise sense to the outer coil and to the inner coil of the actuator
respectively, to rapidly move the transducer to the proximity of the data track; and
b) supplying the inner current having one sense to the inner coil and
supplying the outer current having the opposite sense to the outer coil to
accurately position the transducer over the data track and to maintain the position

of the transducer over the data track.

6. A method of operating an actuator having front-and-rear dual coils to move a
transducer to a data track on a disk surface, which comprises the steps of:

supplying a front current and rear current having the same clockwise or
counterclockwise sense to the front coil and to the back coil of the actuator respectively to

rapidly move the transducer to the proximity of the data track; and
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