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-1- ‘ | MPROVED ROTARY DI SC DRI VE ACTUATOR

FI ELD O~ Tﬁé’ﬁ’ﬁ%ﬁ% ON The present inventi orF GTHPSHEET], 5
rotary-type- actuated disc drive. In particular, the present 5
invention relates to an inproved rotary actuator assenbly for a
di sc drive. BACKGROJND OF THE | NVENTI ON

Rotary-type disc drives are well-known which i ncl ude an actuator bl ock
rotationally coupled to aIlMPROVERISROBARY DISE DRIVE AGTUATORupporting a
plurality of heads rel ativeEensSgkerhifds t&gcks of the disc
surface. The rotary actuator is coi | notor

operably coupl ed to the adhgapsesenbdmventionTyplatas o & FOWSITCEYRS |
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magnet - and- backiron . . structure, coupled,fo the,chassis o e disc
drive for 3 PR d:ed@?‘ﬁéneﬁf’ GnelFRTPYRR d FBra%he 2R WA IH

the voice coil nassembluricenta iddssupdplived to t he coil of the voice
coil to nove the voice coil npiekeNbingh or 4hE ! ic field formed by
t he magnet - and- backi ron structure. ) The actuator bl ock
is rotationally coupl ed tRotary-type gigssAxiyes arecigtigmomt Mgt in a
known manner . incléPer ahi @rtulatolic PlVdle cotdtiodally Scomgpled! ked asia 25

control cirgpitr e gdisc Lve, . e ' . ' o. 4 he
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egradi ng head placenent during seek se e and trac
structure coupled to the chassis of the disc drive for
providing a permanent magnetic field for operation of
the voice coil motor. Current is supplied to the coil
of the voice coil to move the voice coil motor within
20 the magnetic field formed by the magnet—and-backiron
structure.

The actuator block is rotationally coupled to
the chassis via a bearing cartridge in a known manner.
Operation of the voice coil motor is controlled via

25 control circuitry of the disc drive, Current is
supplied to the voice coil motor to rotate the actuator
block for placement of the heads relative to selected
data tracks. Disc drive areal density is increasing
such that precision head placement is required via

30 operation of the voice coil motor. Additionally, there
is an effort to provide faster seek +times for
positioning the heads to retrieve data. Structural
dynamics of an actuator 1limit servo-bandwidth, thus
limiting rejection of external disturbances, as well as

35 degrading head placement during seek settle and track



foll owi ng nodes. Thus, it is desirable to provide an actuat or assenbly

capabl e of supporting high servo bandwi dth for inproved seek tinmes and
track fol | wgiggeoss capability. The present invention addpesasdsiigse and
5 other problens, and offers other advantages over the prior art.
SUVMARY OF THE | NVENTI ON The present invention relates to an
| mpr oved rotary actuator supporting heads relative to a disc 10
surface for operation. The rotary actuator includes an actuat or bl ock
pivotally connected to a base of a disc_ drive. The actuator bl ock

i ncl udes an actuator armfor supporting heads and supports a coil assenbl y“

nted LSl O£/ 16| RG0S 6000 b

motor. The coll asse i ncl.udes a’ pl'ura ] ]
supported by tRELHEEQRt ASATTBAY afaRPERdOL SupRKENDBNBighd $ELYRg a

portion of thebapaefdtBOELS improvy@rsePpetines rasticerdde @@El@&%x?.ar ea
for the voice a bgﬂL rmép&. 205 £ i £ 1I;RI EF_DESCRI PTI OF THE
DRAW NGS capabllityp Thq present iaventign §fdnrPEfes wredsdfide

il lustrati By aotbesr prablenser and offers other Rdgantagesa peespblei ve view
of a rotary 25priget wgtor of the prior art. FIG 3 is an

illustrative view of a nmagnet - nd- backiron assenbly of a voice coi
not or . FI G 4Wa rotary actuator
of the prior art. 30 The presénfs irfvdntimnpeeipeeti te anewmptownad
embodi ment rotla ré’ét‘ﬂéﬁfo@(:t%?ﬁsﬁ:(rﬁn\# r}?eﬂ§sfgia£ﬁy§mt50rh disc
FIG 6 is a top plan view of "a di'sc drive
10 surface for operation. The rotary actuator includes an
actuator block pivotally connected to a base of a disc
drive. The actuator block includes an actuator arm for
supporting heads and supports a coil assembly adapted
for operation in a magnetic field to form a voice coil
15 motor. The coil assembly includes a plurality of wound
coils supported by the actuator block at spaced
elevations and having a portion of the spaced coils
overlapped to reduce the operating area for the voice
coil motor. |
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a disc drive
illustrating a rotary actuator.
FIG. 2 is a perspective view of a rotary
25 actuator of the prior art.
FIG. 3 is an illustrative view of a magnet-
and-backiron assembly of a voice coil motor.
FIG. 4 is a top plan view of a rotary actuator
of the prior art.
30 FIG. 5 is a perspective view of an embodiment
of a rotary actuator of the present invention.
FIG. 6 is a top plan view of a disc drive
incorporating the rotary actuator of FIG. 5.



I ncorporating the rotary actuator of FIG 5. WO 99/ 16058
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FIG 5 illustrating force conmponents generated by 5 current flow ng
t hrough the coils for operation of a voi ce coil notor

FIG 9is aillustration of an L-R circuit.
illustration of the
circuit of 10 FIG 9.
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DETAI LED DESCRI PTI ON OF THE PREFERRED

The present invention relates to an inproved
actuator assenbly for heallI@l ateiend .crosirseutdonal view BeRBhi @lohgs

FIG 10 is a
current as a function of time for the L-R

FIG 7 is a cross-sectional view taken al ong l i nes
FIG 8 is a top plan view of PREUSSYIEIBLr of,

application for13negt gLyt ypepp@gngtic 15 disc drive, as illustrated in

FIG 1.
act uat or

As il lustrated,

via a spindl e npgen (S0tiENwAMYatidlg I €b2teONcomonentd | Idétleraled By

disc drive 50 includes deck 52, discs 54, and
assenbly 56. FEFsc® L8 arkop @lan gdew pictbel egtuatdecks .

52
arrow

58. Act uat.or I 56 _20,.rotatiqnally . .supports hHeads, 60 for~reading
and writingtEP c%%?§H?0%3881P96§W5F§@§ %%? é@ﬁi; LRRFTALQNPY a

i ncl udes act uat ¥elgeocRidomanodrvoi ce coil notor (VCM 64. As shown,
actuator block 62 is rotagignagl ygc : 52. » LB uat or

bl ock 62 includes a plurality 25 so#ngiéﬁﬁﬁﬁﬁﬁﬁa%agﬁg%86i(gnﬁgggﬁggéhomm in

FIG 1) to

actuator block roraeas as id |fintotdicsd o HimMeOVERS tie 1-R "BYLcheadss 60
along an. arfuaggpagh for placenment
54. Movenent of thé 30 actuator block 62 is controlled by voice coi
which is ] ‘ AR LB FERRED]| | EMBOR

64,
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support heBd€: 680 disatd v@rarhigad diLkustrstkan offhthe

actuator assembly for head placement. The present
invention has application for a rotary-type magnetic
disc drive, as illustrated in FIG. 1. As illustrated,
disc drive 50 includes deck 52, discs 54, and actuator
assembly 56. Discs 54 are rotationally coupled to deck
52 via a spindle motor (not shown) for rotation, as
illustrated by arrow 58, Actuator asseﬁbly 56
rotationally supports heads 60 for reading and writing
data to and from discs 54. The actuator assembly
includes actuator block 62 and voice coil motor (VCM)
64. As shown, actuator block 62 is rotationally coupled
to deck 52. The actuator block 62 includes a plurality
of actuator arms 66 (only one shown in FIG. 1) to
support heads 60 relative to the disc surface. The
actuator block rotates as illustrated by arrow 68 to
move heads 60 along an. arcuate path for placement
relative to data tracks of a disc 54. Movement of-the
actuator block 62 is controlled by voice coil motor 64,
which is coupled to control circuitry of the disc drive.

FIGS. 2 and 3 illustrate an embodiment of a
traditional actuator block 62-1 of the prior art. As
shown, actuator block 62-1 includes main body portion

relative to data tracks of a disc

not or



FIGS. 2 and 3 illustrate an enbodi nent of a traditional actuator bl ock
62-1 of the prior art. As shown, actuator block 62-1 includes main body

portion WO 99/16058 - 4- PCT/UIBA T4
i ncludes a bearing bore 72. Bearing cartridge 73 extends through

bearing bore 72 to rotationally coupl e actuator block 62-1 relative to
deck 52 of the. disc drive. Thus, the bearing cartridge 73 defines a 5
rotation or pivot axis 74 of the actuator block. The mai n body portion
70 includes rigid yokes 76, 78, which _, are forned to and radially extend.
fromthe main body portion 70. A wound coil 80 is coupled to yokes 76,

78-I _ goi ! Hg%pg(r)fa&l aaaélhaasoé b\é%ir(ijﬁg%ﬂi{e ﬁ?t.ogaé&kir@s ﬁw'r&iéeg be
expl ai ned. a carry transdqucer e|énmepts shown are
coupl ed to flexgjii SR Ty 'Bearing boge Jg %9 GPthé°%}F‘iEYdri ve
for read and wcoeple aciop=tar imlock 62—-1 relative tédsdebkwh? odfiethe .
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| ongi t udi nal ax§§E§6§£é?§gnggﬂﬁs' t?ﬁiﬁé%%ﬁ%%ié?ﬁ@§§§§87ls aﬁg%ﬁgﬁseerse
axi s 88 ext Endsrotatiger@enplivel aaxis o74 tafe thepmgituaprablogks s The. For

sinplicity, |onghiidbédy poLtS o 70 LheDeadLh@piadyéRess76, 78, BBichX-"
axl s, and transver S?PaXIé 8 w
0

The height or ePEFafPofit® B S raaiafly p¥fesdyeroR e 14in; Kerdos wi th
t@e Z-axi s Asportioac’lm._at ar woling kedd2- B_Orias adcapladoto yokes 74, fM8ads 60
OV et o) 0L SO BAUE d RebSpho0g Il ebi s 4 g iy o e
bet ween radPal PskE¥P¥gined. Hendm PG FagEHcERANSANRRM Plapeats Jpot
pi e- shaped sheangzahdadre Eodliegindt ifQBx circuit B to doaipaeoitdal
configuration iagiudes 3! 0ppd o' VR L0 lari68s 289 A% and write
operations.
As shown, the longitudinal extent of actuator
15 arms 66 is aligned along a longitudinal axis 86, aligned
with rotation axis 74. A transverse axis 88 extends
perpendicular to the longitudinal axis 86. For
simplicity, longitudinal axis 86 will be referred to as
the "-x-* axis, and transverse axis 88 will be referred
20 to as the "-y-" axis. The height or elevation 90 of the
actuator block 62-1 coincides with the z-axis As
actuator block 62-1 rotates about axis 74, heads 60 move
laterally relative to the longitudinal axis along an
arcuate path relative to selected data tracks.

25 Coil 80 is supported between radial yokes 76,
78 and is generally wound in a flat pie—shaped
trapezoidal configuration. The trapezoidal

configuration includes sloped active coil legs 100, 102
extending radially outwardly at a sloped angle relative
30 to the —x- and ~y—- axis to connect between opposed ends
of transverse legs 104, 106. Coil 80 is coupled to a
magnet-and-backiron assembly 110 illustrated in FIG. 1
to form a rotor of the VCM 64 as will be explained to
rotate actuator block 62~1 about the pivet point.



extending radially outwardly at a sloped angle relative 30 to the -x- and

-y- axis to connect between opposed ends of transverse |egs 104, 106.
Coil 80 jsWoayle@Bto a magnet - and- backi ron assenbly 1ROTiUSPR{t784t ed
in FIG 1 .  toformarotor of the VC(M 64 as will be explained to
rotate actuator block 62-1 about the pivot point.

FIG 3 is a cross-sectional view of an enbodi nent of

magnet - and- backi ron assenbly 110 whi ch provi des a pernmanent magnetic
flux field for operation, of the VCM-64. As shown, assenbly 110

I ncl udes spaced 5 backirons 112, 114, which are supported in spaced
relation via spacers 116. FB&Ki Bonks . Rl2¢crédd-sectimtml viper nafiendn magnet s

coupl ed thereto. SHRWL cki - é,’]az_. or t =4 118-2
and backiron 1148“%0‘ suppor‘?‘g1 Jfﬁrg néel% saridl 1ﬁ§§ Zgé%leggngfsﬁﬁgfll%c'}il& 2
and 10 magnet s BRVYdes By PEIFARRNEOBRGReEIS % Fiplei ferapPeratiemar ged
magnet aﬁgnbl i eﬁf{gsuwwcwdmi aAbaekmeSaééé?mbl 1115 110114c148e80 ealtiple
magnet s -1, - 2. et -1, -2 are shown, alterpative
magnet assen%l i e acgu.a&g%g?gg’ler%d ‘giilghsia}?gﬁ e® %%’F%? chr gBR%F8Jnet . A
15 spaced rel at i paldeiqrenia Rpagapsetld 6218 Backirgns 343, 114 inolugde119-2

defines air gap defmafént x%détsecoagiéaetheret&.oi las! 88dwhQOpadlProgXt €nds
into and operates_in air 120.

field i s producetitby st“ﬁ’é’°gggnd‘bar%‘te§sv\/rﬂ%']i's ¢187¢ e&“fiﬁr T rmqra%gt Bg}g%nre'z)lng

112, 114 ansugpores snaghétaniiid-ercudiod2t hiMagpetai 118+6p, 128-2 and Arrows
122, 123, 1 S f _pat ft ' : I ECUEL T s nt is
suppl i ed togéoi Pﬁg‘éﬁ%ﬁ? (&)ggrgf i 2%9 2 ?gggagﬁgbég?téaév%l I’E'é\r]grtlop.l %gg 100
and 102 are al i gabargsd magnethassemelpeshsepreieird atle backdrpas| é§4/ 100,
102 based upe®, Although multiple magnets 118-1, 118-2 and magnets

119-1, 119-2 are shown, alternative magnet assemblies
may be formed of a single bipolar charged magnet. A
15 spaced relation between the magnets 118-1, 118-2 and
119-1, 119-2 defines air gap 120. Coil 80 (i.e. active
coil legs 100, 102) extends into and operates in air gap
120. '
A permanent magnetic field is produced by the
20 magnets which is carried through the backirons 112, 114
and spacers 116 and focussed through air gap 120.
Arrows 122, 123, 124 show the f£lux path of the magnetic
circuit. Current is supplied to coil 80 for operation
of the voice coil motor. Legs 100 and 102 are aligned
25 in the flux path to generate force in legs 100, 102
based upon:
F=1iln X B Eq. 1
where:
F- is the force generated;

30 i- is the current through the coil;
1- is the active length of legs 100, 102 of
the coil;

B- is the magnetic field; and
n— is the number of turns in the coil.



F=1iln XB Egq. 1 wher e: F- is

the force generated; 30 - Is the current through the coil;

1- is the 80 9wvwossength of | egs 100, 102 of PCT/USRNS !

B- is. the magnetic field; and n- is the nunber of turns in
the coil. - 6- The operation
force rotates actuator block 62-1 about rotation axis 74 or pivot

poi nt . The direction of rotation depends upon the direction of the
current and. the direction of the masg_netlc flux field. 5

As illustrated in FIG 4, the generated force F is generally

per pendi cul ar t@heasﬁefatioﬁeﬁof& otatesd'e{&%sak%% %%%gf%'}t VR tthe

direction of the qu e force

on leg 100. F2 I° at?‘%‘?t ﬁ§lfor7c,4e ‘Uﬁ PE¥PR 0Poins - shatie Ii[LEPF—']:landOIf[err]
generated 10  rotaedsn ldéhenk®? upane tas Eﬁ.ﬁééﬂ:l&x?r@ﬁ)riﬁ{& HrdedftCmnd an

Flerr e t.o nmove h al n arcuate path

a[s il } ustrat edngféga&r'%%fffg{f% a\agf‘ﬁ Efu eflaﬁglf‘g to gel ect ed

data tracks® The F[err]Azdddwssratefl inREE. 4, thengemgmated floage 100,

102 provides ang” dlk {gadsariey Cﬁef‘;%ndltd?llﬁg s éQ&aa% 3 e DK 02 1.
0 u

"On-track" refers to rce It |na axl generally

per pendi cul ar t &% Fﬁﬁtm&?@ﬂnd&m H8°ﬁe%¥tﬁ 6’9-1';%—‘ ion of | thetfluseda®p arr ow
126. The "on-tandkéufoemnte. i rAd efown, F,J;(bo,thbozoaee bal asgedool dfJected

%Srﬁﬁpﬁihéﬁnghig?éfggsﬁ@%e 98 0d 102° YR BABSE, v, png 7, gomer i o e |
along the &fis &R legs #ﬁﬂ/reﬁr@ﬂt havet ae Feqompomen thefifiogce ando&nar; ow 126.

The "of f-track” cofpéfent de¢oréBOro Hitd fieddUd 1248035 an arcuate path

as illustrated by arrow 126 for head placement relative

to selected data tracks, The F, component of force

generated in legs 100, 102 provides an "on-track" force

is to rotate the actuator block 62-1, "On-track" refers to

a force along the longitudinal axis 86 generally

perpendicular to the movement of the head 60 as

illustrated by arrow 126. The “"on-track" force in legs

100, 102 are balanced or directed in opposite directions

20 as will be explained.

The F, force component is an "off-track"

force. Off-track refers to force along the axis of

movement of the heads in the direction of arrow 126.

The “"off-track" force in legs 100, 102 is additive as

25 will be explained. As shown, F,, F, and F,, and F,

provide torque for operation of the VCM 64 to rotate the

actuator block 62-1. Torque produced is provided as

follows -
= Fyt(dx)'l-Fﬂ(dX)+Fxl(dy)+Fx2(dy) Egq. 2
30 where:
Furs Fuosr Fy, Fy, — are the force components

generated in coil legs 100, 102;



25 wi |l be explained. As shown, F[lerr], Flerr] and F[err] and F[err]

provi de tor%ue for operation of the VCM 64 to rotate the act uat or

bl ock 62- 1WO%8F%8e produced i s provided as follows PCT/USI8/3T84  T=
F[err](dx)+F[err](dx)+F[err](dy)+F[err](dy) Eq. 2 30

wher e: Flerr], Flerr], Flerr], Flerr] - are the force
conponent s generated in coil legs 100, 102;

-7- dx- is the on-track axis distance from pivot

point to coil legs 100, 102 defining the7& err] nonent arm
and dy - is the off-track axis distance fromthe 5

pi vot point to coil |egs dbﬁo,lslmzhedehr-hragk axis distance firom Eisot] nonent
arm 2 r] tqf ck force)
excite the actuator bl oc(li:;cré%l r‘%ﬂ 1exlc44§e?dtbﬂe lraﬁcﬁﬁgi%déﬂé?eébnance
of the actuator bl ock 6ZJIPmenh1érF{‘eﬁF1}1 and Flerr] excitation imnparted

to the actuator bl ock 62-@ i-S J.s thePbe¥lgedcrsastnl 'd?LVéﬁ:ance from
Flerr] corrpgnent of force e !+F! err]

Fq. 3 15 S nREE Bint, Forept) dews tFBel 207 ¢
directions: F[err]= F[ errghe (F;Fpemenld axm.F[err] =0 Eq. 3
F[err] conponent of force equals: Flerr]=F[err] +F[err]

Egq. 4 20 Sl nce Flerr] and F[err] are directed in the sane
F, and F, (i.e on-track and off-track force)

excite the actuator block 62-1 which excites the rigid
10 body resonance of the actuator block 62-1, The F, and
F, excitation imparted to the actuator block 62-1 is
prov:.ded as follows:
F, component of force equals:
F,= F,+F, Eq. 3
15 Since F,, and F,, are directed in opposite
directions: F,= F,+ (-F,) or F,=0 Eg. 3

F, component of force equals:
F,=F,*+Fy, " Eq. 4
20
Since F,, and F,, are directed in the same
direction, the F, force components are additive. The
additive F, force components introduce a relatively
large off-track force. The large "off-track" £force
25 excites the rigid body resonance or ‘“off-track"
resonance increasing seek settle times for the actuator
block 62-1 and heads 60. In particular, the actuator
assembly (actuator block 62-1, bearing cartridge 73) is
a rigid body which resonates or vibrates when excited by
30 external forces because of the mass of the actuator and
spring constant of the supporting bearings. The large
excitation or resonance in the off-track direction (i.e.



direction, the F[err] force conponents are additive. The addi tive
F[err] force conponents introduce a relatively | arge of f-track force.

The | arge wefdonkésack” force 25 excites the rigid body pcrps38A8ME OF
"of f-track” resonance increasing seek settle tinmes for the actuator
bl ock 62-1 and heads 60. In particular, the actuator assenbl y
(actuator block 62-1, bearing cartri dge 73) is a rigid body which
resonat es or.vi brates when excited by 30 external forces because of the
mass of the actuator and spring constant of the supporting bearings.
The | arge excitation or resonance iTBThe off-track direction (i.e

el t t t bandwi dt h.
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i ncreased; howeservo+andsaisikich beari ng 5 stiffness results in increased
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possible to S|gn| y I NCrease Stiffness ,
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resonance, [ n orq t or :Qpg{ra n of the
actuat or bl ock. S?Hrag ua%é#ﬂgsgengﬁ %g 5‘ g %H&:rfe if ‘1[ tno%

resen i Aventi o8 T educes
of f-track excitRoEskbie |t|¢prws@e:antly sbueteass netififress t uei ttiei n t he
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stroke, and SW nggar ml en th a e ex
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FIG. 5 illustraPEEUaROBNARASRNY o¥hi red ug@ﬁuacegﬁ %Tsas"é‘an?rS‘F iR
present inuenti eedunel ekicigation a€t udeorriyiar kdir 2resdratrecd,i kéhiderber s

are used to 20 maﬁﬁ‘:ginkﬁgl&égii)@& téoﬂ{uet '&%t%%"kBBSoﬁé{%iioésoéW’
actuator block. The actuator assembly of the present
invention reduces off-track excitation to improve seek
settle times and fits within the defined form factors
15 for a disc drive and provides a desired head stroke, and
swing arm length, as will be explained.

FIG. 5 illustrates an embodiment of an
actuator assembly of the present invention including
actuator block 62-2, where like numbers are used to

20 refer to like parts of the previous FIGS. RAs shown,
actuator block 62-2 includes multiple coils 130, 132
which form the rotor of VCM 64. The coils 130, 132 are
designed to limit off-track F, force without sacrificing
applied torgue to reduce actuation of the actuator rigid

25 body resonance for increased bandwidth. As shown, coil
130 includes spaced active coil legs 134, 136 arranged
in a relatively flat wound coil loop; and coil 132
includes active spaced coil legs 138, 140 arranged in a
flat wound coil loop. The coils are wired for uni-

30 directional current flow as illustrated by arrows 142,
144.

The multiple coils 130, 132 are supported
relative to main body portion 70 in spaced stacked
relation at spaced z-axis elevations. In particular,



actuator block 62-2 includes multiple coils 130, 132 whi ch formthe
rotor of VCM-'64. The coils 130, 132 are designed to limt_off-track
Flerr] f,_orgé),W’tsﬂ"ﬁ’ut sacrificing applied torque to r edUcHYSBEAR4 on of

the actuator rigid 25 body resonance for increased bandw dth. As shown,

coi | 130 includes spaced active coil legs 134, 136 arranged in a
relatively flat wound coil |oop; and coil 132 I ncl udes active spaced
coil legs 138, 140 arranged in a flat wound coil | oop. The coils are
wired for uni- 30 directional current flgw as illustrated by arrows 142,
144. The multiple coils 130, 132 are supported relative

to main body pothieomulliplespridd sSIHCKeN32 arer eupbovtedt vipaspdcedaxi s

f"lgf"vat ions. | nrru“& A %ﬂlclélfvasveEBS?X%éaglf‘?@ 859 and are sfaggered and .

5
t he Ipl € Co 1 are supported Via spac
and | ower cradl SYMBEricserandraeredt aglhrtive dinl @ centgyrmaxisi ofothei rrored

rel aL { ve totﬁ ce:giiqr &%éé{xﬁy L llas kprovi‘ci:%! :aa%@%h&dt Veigh d%@ Eﬁtbﬁnced
v ght 10T e aenstE A Ro oKeony Sl RIS Lyegtlodt fromthe |
circuitry 82. Adcsigivmdimall £&i6 8éatbuatmpensate birobkléRe@ titee wepphtted for
CPELSLLer.! 1,0 e Goukactif oprounehiP A JIREGS B16. edcktl 1
magnet - and- backiti@fk £252nbt iPPorted foxspperaigmdn disc srivwenmdRd,
magnetic fiel ds vhedeonmidhaubdrsFate dséd8 Bo identifys Likecipagnal. view of
FlG 6. As Rhown, 15 mag@iiinatBlei T4 ARecoRbEghodoatt the sidekeal paced
backirons 160, Ieanaprnd-dackizoppacassemdlieBackBbons 158 formingp
support magnets gifrshentbGadnatdclbields 1& -Form the VCM, FIG. 7 is a
cross—-sectional view of magnet—and-backiron assemblies
156, 158 as taken along line 7--7 of FIG. 6. As shown,
15 magnet—and-backiron assembly 156 includes spaced
backirons 160, 162 supported via spacers 164. Backirons
160, 162 support magnets 166-1, 166-2 and 167-1, 167-2,
respectively to form air gap 168 having opposed magnetic
fields 170, 172. Magnet—-and-backiron assembly 158
20 includes spaced backirons 174, 176 supported via spacers
178. Backirons 174, 176 support magnets 180-1, 180-2
and 181-1, 181-2, respectively to form air gap 182
having opposed magnetic fields 184, 186.
Magnet—and -backiron assemblies 156, 158 are
25 coupled to deck 52 of the disc drive 154 and are
supported in stacked relation at different z-axis
elevations and are staggered relative to the
longitudinal axis to align air gaps 168, 182 with coils
130, 132, respectively. As shown in FIG. 8, coil legs
30 134 and 138 of coils 130, 132 are staggered relative to
the longitudinal axis (i.e. mirrored about a center axis
of the coil assembly) and extend generally transverse to
the longitudinal axis. The magnet—and-backiron
assemblies are arranged so that transverse legs 134, 138



respectively to formair gap 168 havi ng opposed magnetic fields 170,
172. Magnet - and- backi ron assenbly 158 20 i ncl udes spaced backirons 174,

176 suppor t @ g¢higosgpacer s 178. Backirons 174, 176 supp
180-1, 180-2 and 181-1, 181-2, respectively to fornlaigkgggﬁ%§§&§
havi ng opposed magnetic fields 184, 186. Magnet - and

- backi ron assenblies 156, 15B are 25 coupled to deck 52 of the disc drive
154 and are supported in stacked relation at different z-axis

el evations and are staggered relative to the  ongi t udi nal axis
to align air gaps 168, 182 with coils =10430, 132, respectively. As shown~
in FIG 8, coil Iegs 30 134 and 138 of coils 130, 132 are staggered
relative to hawing oAgisimdilean evrreny . Slowi disectiiabowpexratentim axis

of the coil assesfpysiteldy eaiL8eteeNfa leiléral’l%‘ﬁerffei@s to fH€ate
| ongi t udi nal axi

gnef,- and- backi yon assenblies are
arranged so that $$%$%%rggof:ggs 1é9flf 1895 136, 34p 1P Staggered
-10- havi ngrelatine ato cthe ehbngitmlxharle&txm aperbddgs i 136, 140,

oppositely direc gnet t acluator b) ock.
Coil |egs 13% lE‘Lﬁ‘gmggeQstsl)al(im'elr&(;,?( éﬁﬂ-é{-& ?l{’ ? cf:ﬁe | O S:tauﬁ mt axis

and | egs 136, 14®PP°%1te%\9]i1ﬁ§C§e§| ngbﬁt-"éuﬁrl@m fTiebds dia eé:‘Ptéheopm ate in
opposi tely direcaetunapgnailicryl lagx iilabesaten it @tx@.tfseas fol®6kyat or bl ock

as illustrated in FIG 8 ](d[err]) +
Flerr](d[err]) + F[ err]((ajlfer?}’)(%FreF#Hﬂ1 e"i'r]F)G(dﬁ) + FMES,‘S
Flerr](dlerr]) + Flerr] (d[*ef(d«) F‘[E;zl(ii:(z)i[efr]%(ﬁxﬁ[el‘*r]Fyikém]) 10

Egq. 5 10 As shown, active coil legs 134 and 138 g neraIIy
extend transverse to the x-axis and coil | egs 136, 140 are

relative to the x-y axis. B8 TF8OWR, {¢Lhes ecodlcoleys eds34134“d1383gr ovi de

a significantly génerglbptextenidetrhnoverse a6 $héoxcex TH M@ eBL1aNEga
relatively . 136, 140 are sloped relative to the x-y axis. The
transverse coil legs 134, 138 provide a significantly
15 greater F, or on-axis force component and a relatively
small F, or off-axis force component which is imparted
to the actuator block as a result of operation of the
VCM. Active coil legs 136, 140 provide both an’F, or
on-axis force component and an F, or off-axis force
20 component which is imparted to the actuator block.
Thus as shown,
F, component of force equals:

Fy= Fy+F o +F +F,, Eq. 6
Since F, and F,; and F,; and F,, are directed
25 in opposite directions:
F,=0 Eq. 7
The F, component of force equals:
Fy=F,;+Fyy+Fy3+F,, Eq. 8
30 Since F, and F, are almost eliminated, when

compared to the legs of the prior art shown in FIG. 2
and Fy, and F,, are substantially reduced compared to the
legs of the coil of the prior art shown in FIG. 2. 1In



smal |l F[err] or off-axis force conmponent which is irrparted to the

act uat or a result of operation of the | egs
136, 140 %o%ée Both an F[err] or on-axis force conpms\égﬁ%g
Flerr] or off-axis force 20 conponent which is inparted to the actuator

bl ock. Thus as shown, F[err] conponent of force
equal s: Flerr]= Flerr]+F[err]+F[err] +F[err]

Egq. 6 Since Flerr] and F[err] and F[err] and F[err] are
directed 25 i n opposite di+grtions: Flerr]=0
Eq. 7 The F[err] conponent of force equals:

F[ er r] =F[ er r] +Fpor epbpiament Fsbowh, the overall off-tracuﬂﬁofbe 88

Since Flerr] anQeEﬁéédi]bﬁré%%aEBﬂF?Eréé'ﬁB Weetoi M6 1qn of fngffgrto the
| egs of the prior ari. shown in ?nand are
substantially r@H'ﬁc’eJdl‘thrﬁ%retgleon‘he Thu?ed’é"eof’ ffnsrask £oFce Ao pri or

arltl shown in Fl &6f &he ldbil vo.xw&ﬁlllﬁGESrﬁf tfh%e presela(nt];. invention is 4 4
- - n e.overa 0 ac orc reauce
by 50% compar eq TPAUPRS i f8 BeihRELPYEG S fidd | £85dud bRERUE  hwey T
FIG 2. Thus, tHheduting rdktireckce®¢ ratiion of tife anbuabpt assiemblyoi | ot or
of the present invention is exd1aihgdycath vbidl s %Bbf\% Pé U0 1408hESGnt OF que

out put thus ci ng off-track_excitation of uat or assenbly.
As expl ai ned, tHBCM F’g{lﬁ’e‘ £eSRHtS | n§éﬂ??dwlt1 & ﬁE%%%I@srerrHFFQpl e

coi ls. Since nuktichl eotds| $36y elweﬂs smallezaGndc bialss fe%exr tdZnsstemal | er

o, s, LY YERRED O ANCRABRESl U UGS ot il 0

cOol I'Red Th seri es have
a l ower over al | smnél&erambtm cpidenybe, Ibﬁﬂg@ombimeésln series have

a lower overall inductance than a single large coil as

illustrated in FIG 2, since inductance is proportional
to:

15 L =n?a ~ Eq. 9
' where: '
L - is the inductance;
n — is the number of coil turns; and
a— is the area enclosed by the coil.
20 _
Theoretically, for a multiple coil VCM, as
described, having approximately half (1/2) the turns of
a conventional single coil VCM and an enclosed area of
approximately half (1/2) the area of a conventional
25 single coil VCM, the inductance can be described as:
= (n/2)? (af2) + (n/2)? a/2 = n* a/4 Egq. 10
Thus the inductance of multiple coils having
1/2 the turns and 1/2 the enclosed area of a
conventional single coil design is smaller since L = n?
30 a/4 for a multiple coil design where L = n’a for a
conventional single coil design. The resistance of the
multiple coils is approximately the same as a single
coil VCM. For example, in an embodiment of a prior art
coil as illustrated in FIG. 2 having 178 turns, the



illustrated in FIG 2, since inductance is proportional to: 15

L = nf[err] a Eq. 9 wher e:

L - is thewowuebssnce; n - is the nunber of roxinUssBus7ag; and
a- is the area enclosed by the coil. 20 Theoretically, for a
multiple coil VCM as descri bed, having approximately half (1/2) the
turns of a conventional single coil VCM and an encl osed area of
approximately half (1/2) the area of a conventional 25  single coil VCM

t he i nductance can be described as: L=(n/2)[err] (a/l2) +
(n/2)[err] al2 = n[err] al4 Eq. 10 -12- Thus the inductance of

multiple coils
convent i onal SI

sane as a single
art coi l

of a

h t 1/2 th I d

st de<uh oPBSHEF etaRee {2 ARARITEY 35 P804 for a
mul tiple coil dﬁiang:ty Whelm &n emh@dimfent aof a duednweifli 6fc¥ of nghe coi |
design. The resg&fésaé?ﬁ:eﬁfveh%on as 1f1\£§&n‘#€ec§%' FI6s ngp%ﬁékgﬁéghﬂ

exa In an €

cail Ihal?stlﬂé?t EBrPﬁ f-‘PGazt%RA ﬁgmdm pdr fyrnghef 240,

-12- resi stied aonbin=d’ ialnetande | Ofl utHea @ lcmtxeaiur edoainn&ﬁey

f f
SRR U Bead, 1B1HEEREE 1o M Plorkld? ) TnyB) SRR TEOTL | O
nunber of turnsaRﬁrczﬂl@lat@lYt pe3zbrtsduationd dnt tnductsnqehdettwgenothe i s 550

mHenry and gyt G ®da3hdAECahd €hd Cerf¥EimetitUS s ther redent
approxi mately a, 35%,r.eduction in inductance between the prior art

mHenry. In an
as illustrated

enbodi nent and
10

15

20

25

30

PR ment of t he present i nventi on.

If we model the voice coil circuit as an L
(inductance) — R (resistance) circuit as illustrated in
FIG. 9, the current profile as illustrated in FIG. 10
for a voltage applied across the coil can be described
as:

i(t) = V/R [1 - e ®WY Eq. 11

the
prior

where L/R is defined as the time constant of

the L-R circuit. Lower time constants allow the current
to rise faster. Ultimately seek times are improved
since torgque T is proportional to current i. Thus the
time constant of the multi-coil VCM is smaller than that
of a single conventional coil since R is the same and L
is smaller for the multi-coil than the single coil.
Thus the smaller time constant for the multi-coil design
relative to the single coil design provides faster seek
times.

As shown in FIGS. 6 and 7, the multiple coils
130, 132 rotate in air gaps 168, 182 to position head 60
supported by actuator block 62-2 generally between an
inner diameter ID 190 and an outer diameter OD 192.
Coils 130, 132 rotate a sufficient head stroke distance
for placement of heads between ID 190 and OD 192. The
x-y planar dimension of the multiple coils and xX-y
stroke area for placement of the heads between ID 190
and OD 192 defines the operating area or zone of the



10 If we nodel the voice coil circuit as an L (1 nduct ance)

- R (resi ircuit as illustrated in FIG 9, th rofile
as illust ?gter}gﬁ%onsﬁﬂ G 10 for a voI tage applied across thlﬁéggg)gﬁspcan be
descri bed - as: 15 i(t) = VIR[1 - e Eq.
11 where L/Ris defined as the time constant of the L-R
circuit. Lower tinme constants allow the current to rise faster.
Utimately seek tines are inproved since torque T is proportional to
current i. Thus the 20 tinme constant ofi3he nulti-coil VCMis smaller than
t hat of a single conventional coil since Ris the sane and L IS

smal l er for th&GM t iIx@darticadarheasi Adlustvated in FIGus8{ hassihel er tinme
constant for thewidddr Ble:kd@@-ﬂris positEbAbiVEot %%]J?f 60 %@.é‘ég@h% deS| gn

provi des faster seek

k 25
the multiple cHgkative t935he 115& ¥R -at 8si ﬁcﬁ?ﬁtﬁ’é&lﬁ‘é@ 62I§2 ro§akesi ti on
head 60 sufmorhesad bgo aplaaenent| eekat2ve ghecrod | yobet vREN call

i nner dia n ter ter 192. 30 30, 132
rotate a su flcallsgsn‘%&aég go %l % g{éﬁé%e AisTaRCE,) IR R 1518‘:%@‘8 s
bet ween 1D 190 mmam@ bm@hantor»( -boyridary Minentd ®n oﬁ‘huhe rehlet i pl e

coils and X-y area Si&qkfréd eﬁoi'o'bp@ré‘f:ﬁﬂﬁntlr@lu@é% hadsxbgt yaemalD 190
and OD 192 defl es the oper I?:Exe go}iea or zone of

-13- I Qfa Bub?? atkip |?‘P¢Isc§r‘§‘e gistpnce toyct yag or
bl ock 62-2 |s [oisat taom debundiarige Adn&01 96 acenent relative to the I D 190.

ﬁngﬂct uat of 4 bl gck 62-2 1 ;4L Hrive f&rzt%]rgg ggg ?g%érgntfpge@, I &ede OD

t he corl assenbly rot at'es I'rection
i | lustrated by PREFRRM b@RdasParenelingtatipns ‘@hﬂaﬁ reducing the

available operating zone or area of the VCM. Longer
actuator arms may be used to decrease stroke distance of
coils to reduce the operating area of the VCM, however
15 longer actuator arms degrade the resonance
characteristics and increase inertia of the actuator
block 62-2. In the VCM of the present invention,
multiple coils are stacked at spaced z-axis elevations.
A portion of the multiple coils 130, 132 overlap in the
20 x~-y plane to reduce the x-y plane operating area
dimension of the VCM. The overlapping relation reduces
the operating area or 2zone of the VCM to reduce the
effective area required to operate heads between ID 190
and OD 192 of discs without increasing swing arm length

25 (i.e. the length of actuator arm 66).
The coils operate in multiple stacked magnet
and backiron assemblies 156, 158. As shown in FIG. 7,
the magnet and backiron assemblies 156, 158 are
supported at different - 2z—- axis elevations and a
30 portion 198 of assemblies 156, 158 overlap such that
backiron 162 lays onto backiron 174 so that air gaps
168, 182 align with overlapping coils 130, 132. The
upper and lower cradles 150, 152 are arranged to support
coils 130, 132 so that a portion of the coils 130, 132




area required for operation includes the x-y planar di nensi on of the
coils 130 ,132 and stroke distance to phant om boundary |ine-196. 10

Di sc drive W9 23%¥16088 decr easi ng for enhanced portabl e andPCDuS#s/13784
limtations_thus reducing the avai |l abl e operating zone or area of the
VCM  Longer actuator arnms may be used to decrease stroke distance of
coils to reduce the operating area of the VCM however 15 | onger

act uat or ar s degr ade t he resonance characteristics and

i ncrease inertia of the actuator bhligck 62-2. In the VCM of the
present invention, multiple coils are stacked at spaced z-axis

el evati ons. hava par tdverlappting portiohetsorédudsGthe 3drereanl ap-yi N the 20
X-Yy planetor%&g- P I o] atq agea di Lo f the
VCM The overl ap in(::;cra'EJt I)a%toi\hgﬁ re u'ceggjé Lh%eigpgggfi r?g Al g?"o%m%one of
the VCM to reddO¥efh&radleseipet 152 Anehudegorse Rl apbramms 92ds bet ween

|( D 190 o an@O@Df 1%¥2sefs B0HCare %&p&e&nﬁbe&&@ﬂtéﬂ\ﬁ%‘&c@{ mld-@ncatth 25

i.e. the lengt actuat or _arm 66) .. T oils operate in
mul tiple sacks a(r%&é‘n%:le"a 1ouRg %’é%lﬁ‘??)sn 20240 A0A; E§ti§‘g,éi%f§fr *shown i n
FIG 7, t Armep@idt extenbatkansversss ablthes 1bh§itidinal eaxis tosupport ed

at different - kS SF VAl AeS géqs a ot | f senbl, es 156,
158 overl ap sucsﬁipgh backi ron 621?gysagr?to aéalﬂr'%nl?% rs%lzt hat air

t
gaps 168, aﬁz‘cg‘lefigﬁhﬁf?wOV@FF“épb‘?ﬁg'i%FPEPlB@,t°l:§>2.sesT'+‘1Qe° and ypper-
and | ower cradleetehtioutblraty sar aasiyssed @anglppdm the 16@gitudidal 132 so
that a porqtd on _Qf;: & i , .
-14- hladve gﬁglosvgtgl ggﬁ“??&’]" g%'r g ?zg%"?oc?]éldd'ggst ﬁ%sb\/le‘{roa'l IL§9§/ 134,
operating zone 1388t caslsHath 132FRa® ®uplederoaanins 202| ofieeragtlad es 150,

152 i:lcl USF b?&%@gﬁsﬁndnarl’.@gg% coils2946, BASE el @odpEed 0P| £ O
actuator block Bo-2 8t . adies 150, 152 via gluing and other known

conventional methods.

15 It is to be understood that even though
numerous characteristics and advantages of various
embodiments of the present invention have been set forth
in the foregoing description, together with details of
the structure and function of various embodiments of the

20 invention, this disclosure is illustrative only; and
changes may be made in detail, especially in matters of
structure and arrangement of parts, within the
principles of the present invention to the full extent
indicated by the broad general meaning of the terms in

25 which the appended claims are expressed. For example,
the particular design of the dual-coils may vary,
depending upon the particular application, while
maintaining substantially the same functionality and
without departing from the scope and spirit of the

30 present invention. In addition, although the preferred
embodiment shown herein is directed to a magnetic—type
data storage system, it will be appreciated by those
skilled in the art that the teachings of the present
invention can be applied to other systems, such as an



5 spaced el evations; and arns 202, 204 extend therefrom Arms 202

extend trangask o the longitudinal axis to support transverse | egs
134, 138" of co?ﬁgw§30, 132 attached thereto. Arms 204 af&TERIBI¥FE4t o
bases 200 and extend outwardly at a sloped angle fromthe | ongitudinal
10 axis 86 to support active coil |legs 136, 140. Legs 134, 138 of
coils 130, 132 are coupled to arns 202 of cradles 150, 152 and | egs of
coils 136, 140 are coupled to arns 204 of cradles 150, 152 via gl uing
and ot her known conventional net hodst515 It is to be

under st ood t hat ho Lunerous characjeristics_and advant ages of
vari ous enbo(&y*"rerie:bn%}s (lt)ig IEP hesﬁér;g%%%t Eiyﬁ&(?ﬁ‘{i hafEFaPeds /s eVithout in
the foregoing deifRaghingh, fxemether sdape cadi spivit of tHhe Sprewénk e and
function of variiusergiendi nents of the 20 invention, this drsclosure is

illustrative only; and changes may be made in detail, especially in
matters of structure and arrangenent of parts, wthin the

principles of the present invention to the full extent i ndi cated by

t he broad general nmeaning of the terns in 25 which the appended clains are
expressed. For exanple, the particular design of the dual-coils may
vary, dependi ng upon the particular application, while

mai nt ai ni ng substantially the same functionality and wi t hout departing
fromthe scope and spirit of the 30 present invention. In addition,

al t hough the preferred enbodi nent shown herein is directed to a
magneti c-type data storage system it wll be appreciated by those
skilled in the art that the teachings of the present i nvention can be
applied to other systens, such as an - 15-

optical data storage system for éxanple, w thout departing fromthe scope
and spirit of the present invention.



-16- WHAT IS CLAIMED IS 1. An actuator for a disc drive conprising:

an actuator block fornmed of a TT@Td‘ﬂEﬁ%€L-~_~__ havi ng -an el evat ed
ext ent and W@8¥16@5hg "I’ rm ext endi NGCRAUSHH 3954

| ongi tudi nal, axis transverse to mﬂmym {m el evat ed extent, the
actuat or arm bei ng *ad&pt e ort a head, the eI evat ed
extent being aligned parallel to a rotation axis of the
actuat or bl ock; and a coil assenbly coupled to the actuator bl ock
and adapt ed for operation in a magnetic field to forma voi ce
coil notor, said coi | assehbty including a plurality of

wound coils supﬁgﬁ‘% Mﬁ& pAggyator bl ock at spaced

el evati ons and portion of the spaced coils

over | apped 1. Ao acthaisxt hfowper diisey drriage fﬁbmﬁi‘lﬁsln :

voi ce coil notor. 2. tar actuator is
sized for. assenbly in a J\tg:rl\C;c'ttad.}'f‘nc uc(c?i‘lfng I%niaegrgm]ﬂ %s ﬁgf‘ e ¥tng air
gaps therebetween, said nagneﬂ‘aéf§§§n§n|%§em¢@ exnemtedndo iacdhddngs of the

di sc drive at spaced el evati oaa alalcgigdow tgrhheeggéhalﬁgr gpgﬁgtl n of the
voi ce coil notor. 3. actga% f claiml wherein coil t he
Baihal

coil assenbly include at Ieastemgﬁéf or¥fh HHERTYEFGS nte dFRecti on
general ly transverse to the | edgveteddnektent s.the actuatotharacbeahgr of

claim1 wherein the coil assegphptbACtyISSHHRACTs HYhd, OW8 c9klargyPPorted
by extent being aligned parallel to a
rotation axis of the actuator block; and
a coil assembly coupled to the actuator block
and adapted for operation in a magnetic
field to form a voice coil motor, said
coil assembly including a plurality of
wound coils supported by the actuator
block at spaced elevations and having a
portion of the spaced coils overlapped
to reduce the operating area for the
voice coil motor.
2. The actuator of claim 1 wherein the actuator
is sized for assembly in a disc drive including magnet
assemblies having air gaps therebetween, said magnet
assemblies being coupled to a chassis of the disc drive
at spaced elevations aligned with the coils for
operation of the voice coil motor.
3. The actuator of claim 1 wherein coils of the
coil assembly include at 1least one coil portion
extending in a direction generally transverse to the
longitudinal axis.
4. The actuator of claim 1 wherein the coil
assembly includes upper and lower coils supported by
upper and lower cradles coupled to the actuator block at
spaced elevations.



upper and |l ower cradles coupled to the actuator block at spaced el evati ons.

-17- 5. actuat or of—eclai-mt—wheretnthe coils ar er ed
relative-to t%eEP%%gltudlnal e actuator ﬁcﬁﬁ 3?“
wherein the coils are mrror edrmmmal“"awu lmm s. 7. The actuator
of claim1l wherein the pIuraI| y of woumd eoits are forned of a conti nuous
coil wired in series. 8. The actuator of claim7 wherein the coils
are wired so that current flows in a uniformdirection. 9. The

actuator of claim1l wherein the coils asg7generally trapezoidal shaped. 10.
The actuator of claim2 wherein a portion of the nmagnet assenblies overl ap.

5. The actuator of claim 1 wherein the coils are

staggered relative to the longitudinal axis.

6. The actuator of claim 1 wherein the coils are -
mirrored about a center axis.

7. The actuator of claim 1 whereln the plurality
of wound coils are formed of a continuous coil wired in

series.

8. The actuator of claim 7 wherein the coils are

wired so that current flows in a uniform direction,

9. The actuator of claim 1 wherein the coils are

generally trapezoidal shaped.

10. The actuator of claim 2 wherein a portion of
the magnet assemblies overlap.



