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application clains the benefit of United States Provisional 10 -
Application Nunmber 60/235,607, filed Septenber 27, 2000. Field of the

I nvention The present invention relates flenerally to data storage devices.
15 More particularly, the present invention relates to voice coil notors
for effecting novenent of disc drive actuators. Background of the

Invention520 A typical di PURETORQUEVOICEHCOIEMCOYORN ch data can be
recorded. Read/ wite devices for recording data and for readi ng back

stored data are supported by an actuator for novenment across the surfaces

of the discs. Rotary actuators %g%gﬁ@{l@%ﬁgaused to rotate about a pivot

by a voice coil notor are often ¥NSh today' s disc drives. 25
Basically, the voice coil notor is nmade up of a coil of wire |ocated near
a nmagnet which generates a magnetic field. Wien a current is passed
t hrough the coil, Thieapplidationt daiacs thewienbfinafgiiaited Stdted Braasiagal 0 ef f ect
noti on é the coil. relative to the magnet. Various voice coil notor
desi gns ﬁ ve irabiondduren 0@f 235,07y filpdsSeptanben27, 080pl e, sone have
produced voice coil notors of a type where the coil is coupled to the
actuator such that the coil is perpendicular to a plane of rotation of
the actuator. The coil is situatE@ldef RIhve®iomonet s which have |ike
pol es facing each other. Wen the coil is activated by a passing current,
torque is generated in the sane direction by the two portions of 4 MAR
2005 -2 5 the coifTJhthat r.e arall?l to the pl age of rotation, resulting
in the rotation of l€presentinvention relates generally to data storage devices.

15 More particularly, the present invention relates to voice coil motors for

effecting movement of disc drive actuators.
Background of the Invention

20 A typical disc drive comes with discs on which data can be
recorded. Read/write devices for recording data and for reading back
stored data are supported by an actuator for movement across the surfaces
of the discs. Rotary actuators which can be caused to rotate about a pivot
by a voice coil motor are often chosen for use in today’s disc drives.

25  Basically, the voice coil motor is made up of a coil of wire located near a
magnet which generates a magnetic field. When a current is passed
through the coil, the coil interacts with magnetic field so as to effect motion
of the coil relative to the magnet. ‘

Various voice coil motor designs have been proposed over the years.

30  For example, some have produced voice coil motors of a type where the
coil is coupled to the actuator such that the coil is perpendicular to a plane
of rotation of the actuator. The coil is situated between two magnets which
have like poles facing each other. When the coil is activated by a passing

current, torque is generated in the same direction by the two portions of



the actuator. O hers have used a bipolar nagnet, in which the magngt“wmggg{,
direction of magnetization that is substantially perpendicular to Nts

maj or surfaces. In these arrangenents, half of the magnet has a
front-to-back 10 north-south nmagnetizatimnn and the other half has a
back-to-front north- south nagnetization. The coil is arranged so as to be
perpendi cular to the plane of rotation of the actuator and parallel to

the pl aneSof théeoilthairare pardliet &sthaf plhhe of B@aEOS, reSiiltink iAttHE FStalidRaDf
arranged bi pgilar magnets with their major surfaces 15 parallel to the

pl ane of rotat¢8 @ a coil which is also parallel to the plane of

rotation. The acti rtions .of. the coil are again subject to nmagnetic
fields of opposi teCy tglFfsce)la vesred A lflﬂ?gfartrﬁ?%ﬂ?é' %nghéhsﬂ%gr}% hapa  sane

di tion b | ey f; ' . 1 he .actuator.
3 frerent o oy ShoRdk rtferefizatiof indlis Sl SRSl QIURRES | 20

not or have beerfacespdnitheseeatrangednientpriadf oftthe magitdt bk Adromstessackuch as the
| ineariz qt%i on of the_ torque-to-angul ar displacenent curve, and the
i mpr oveni t Sorihoseth magratization@nddhe ethesthalifeasta badkato-fronRoorthi or

e cost and ES0E BpenRindet o il Yrabediors taie diraendicuies @ har | on 25
i bration of e ACT oot Heaeat fid pARIERLS Belbhe BEUR mARCct on the
performance suoffatdscofdhsendbrievss. What the prior art has been lacking is a
voi ce coil notor which addresses these problens while maintaining | ow
cost and ease of Stillethersdwweraeranged hipolap 0egnetsswith $heiranajon sutfhees
| nvent| of5 parallel to the plane of rotation with a coil which is also parallel to the
plane of rotation. The active portions of the coil are again subject to
magnetic fields of opposite direction so that torque is generated in the
same direction by both active portions of the coil to move the actuator.
Different problems associated with the performance of the voice coil
20  motor have been experienced in the prior art, including issues such as the
linearization of the torque-to-angular displacement curve, and the
improvement of torque constant to moment of inertia ratio. Room for
improvement remains, and consideration needs to be given to factors such
as cost and ease of manufacture. One problem to which a viable solution
25 remains wanting is the contribution of the voice coil motor to the vibration
of the actuator, which in turn has a significant impact on the performance
of the disc drive.
What the prior art has been lacking is a voice coil motor which

addresses these problems while maintaining low cost and ease of

30 manufacture.



The present invention relates to an inproved voice coil notor that- § MAR 2005
provides mainly torque on an associ ated actuator intended for use in a

disc drive. 10 In accordance with one enbodi nent of the invention, two

|l engths of a wire coupled to the actuat®mr and configured to carry current

I n opposite directions are in perpendicular arrangenment in magnetic field
of the sane direction. The nmagnetic fields are substantially the sane.

Both | engPhs of the wire are Summaeyof thedhyeation fi el ds having the same
direction. The 15 lengths of wire are of different radial distance from

t he pivot about which the actuator is designed to rotate. These and

vari ous ot her feat Lch c;har ter| ze t

present invention Tv%n{ﬁe@‘egélt\émbg?@%} ?egé;()%ﬁrk?glg? % ‘(’)efd Y(ﬁlge ﬁbatdet ailed
description gdvidegirmaindf tdrk‘:]ﬁe @&Sdi’@ds@éﬁﬂteﬂr&‘l“ddwﬁmte@@ec?fdx‘f‘lfse%%n&lbﬁt l-on
of the Dravmé%s FIG1 is a perspective view of a disc drive in I ch the

present invédti%n can be inplenented. 25 FI G 2 is a perspective view of
a conventlgonal voi.ce coil notqQr, coup L& ég actuator. FIG 3 is a

per spect iVe vi ew dP 35CUsREe with ongergpo the ingrentioe, M@é?ngtb&@f)r di ng

t t f & nvention s a
sghgmar?is c 8 |r %g‘?g%q%gﬁgmepg t?{ﬁ'}tcgﬁr ec%}%})%;@?gq{rﬁg t:%F%/fJX 6 :ugréentlue) PR 88515? t he

t of the digdctioh9are in SERRIR
g: ;/gr ngt [ veeenbodlarreﬁie O;]Ser hgdgygagent [ nvmeeqnltthy(l)n - 1§|Hém gﬂg%nsan}fe

direction. The magnetic fields are substantially the same. Both lengths of
the wire are situated in magnetic fields having the same direction. The
15  lengths of wire are of different radial distance from the pivot about which
the actuator is designed to rotate.
These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the
following detailed description and review of the associated drawings.

20

Brief Description of the Drawings

FIG. 1 is a perspective view of a disc drive in which the present
invention can be implemented.

25 FIG. 2 is a perspective view of a conventional voice coil motor
coupled to an actuator.

FIG. 3 is a perspective view of a voice coil motor coupled to an
actuator, according to a most preferred embodiment of the present
invention.

30 FIG. 4 is-a schematic diagram showing the direction of the efféctive
torque at the pivot of the actuator.

FIG. 5 is a schematic diagram showing an alternative embodiment

of the present invention.



5 FIG 6 is a partial view of the yoke of FIG 3 show ng an exenpl ary 05
nmounti ng arrangenent for the magnet. FIG 7 is a schematic diagram éhWn@
anot her enbodi nent using nore than one magnet. 10 Detail ed Description

11, FIG1 is a perspective view of an exenplary disc drive 10 in which

the present invention can be inplemented. Wthin the housing 12 which is

15 shown here in parts, one or nore discs 14 are rotated by a spindle

mot or 16. 9Each di JIGLS i5 8 pastialatiewdfithe poke pf BIG! 3 $howingCaneamplagy t r acks

in which data can be recorded, An actuator 18 conprises an actuator body
20 and a || "BPuRENG pirapgementiiardhe magnep2 ext ending from the act uat or

body 20. A notor , S .yagice coi,l notor, .is operated to rotate
theyact uator 18 éat)?(s}gt% @éﬁé’é‘%léa?&”‘@fé‘r?“él&%&&?ﬂ?‘*f&ﬂﬁ?%ﬁ%yémgs at

| east one reaﬂéwthbﬁda@qﬂag&tadj acent a selected track. The read/wite
head 28 reads and/or wites data to the track on the disc surface
opposite the read/wite head 28. Rotation of the actuator 18 about the
axis 26 i&\uses the read/ wite head 28 to nove along an arcuate path on
the disc:*¥The voice coil nmotor 24 is 25 electrically connected, usually by

means of a flexible printed circwf . 30. to disc drive circuitry 32
controlling the positioning of t?gtt?lg%gbeﬁwgﬁoﬂead 28. A conventi onal

voi ce coil motor. is described at this juncture to better illustrate the
advant ages of the present invention. FIG 2 shows a 30 conventional voice
coil motor 34 thatFlGs1dvapempertvaniencoiat exemplatpdisesirivem0 i which dri ve
10. For conv eiz Specsght fn@%n 'lo% ‘tan L i&%ﬁ?&éﬁt@d%ﬁtﬂ% t%%thuozﬁs?r{g 1128 which is
15 shown here in parts, one or more discs 14 are rotated by a spindle motor
16. Each disc 14 is formatted into a plurality of concentric tracks in which
data can be recorded. An actuator 18 comprises an actuator body 20 and a
plurality of actuator arms 22 extending from the actuator body 20. A
motor 24, such as a voice coil motor, is operated to rotate the actuator 18
20  about an axis 26. Each actuator arm 22 supports at least one read/ write
head 28 adjacent a selected track. The read/write head 28 reads and/or
writes data to the track on the disc surface opposite the read/write head 28.
Rotation of the actuator 18 about the axis 26 causes the read/write head 28
to move along an arcuate path on the disc. The voice coil motor 24 is
25  electrically connected, usually by means of a flexible printed circuit cable
30, to disc drive circuitry 32 controlling the positioning of the read/write
head 28.
A conventional voice coil motor is described at this juncture to better
illustrate the advantages of the present invention. FIG. 2 shows a
30 conventional voice coil motor 34 that is coupled to an actuator 18 for use in
a disc drive 10. For convenience, the plane of rotation of the actuator 18
will be referred to as a horizontal plane. The coil 35 is supported by the

actuator 18 in a horizontal orientation. A bipolar magnet 36, adhered to a

lower baseplate 38, is arranged under the coil 35. A corresponding bipolar



will be referred to as a horizontal plane. The coil 35 is supported 'ib*lAtRh?U%
actuator 18 in a horizontal orientation. A bipolar magnet 36, adhered a

| ower baseplate 38, is arranged under the coil 35. A correspondi ng bi pol ar

# MAR 2005 -5 5 nagnet not shown is arrgnged above the coil ~ ) such that
unli ke poles face each other. The magnetic field is therefore

characterized by magnetic flux paths 42 that are directed vertically up

on one si e ahaghet (oot shawnd) Byrramedebode thaioiPaldisthdfuhiRé pale faid ect ed
vertically down on the other side of the coil, as shown by arrows 42, 44.

The coil can 836h@tkery Thedmpagnetis fieldds theyefoechariadiesize8 by4nagrhétic i@x The

active portiqnsg,.o he coi,l, in thi.s_ arrangenent re the radially :
ext endi ng por q%]%éZ a%taﬁ%d&fSFﬁegi"@F“ﬁ%.ng oé‘eé&ier%fﬁtthei%’ﬂ%@éd t hr ough

the coil 35, YR I qt . ' rro 0. 52, the

el ectronoti veﬁ'l fQ%rru%es geﬁgtrﬂgtqgcfﬂ\%} %Ie (ﬁgetclkér%{]}’%%% g%@o%%\fgesotgﬁg € by
arrows 54, S@f tHéIEOiih,catsis\lhemﬁo?‘z hfdsvs42, 448Thetoil B BOdes@BRRT A @ridglp & 15
torque 58 and a resultant side-pull force 60 on the actuator 18. FIG 3 is
a per spedPi vdour giges 6,47 48,49. ddid active porensetihediilgirt thisarrpngémentgd
enbodi ment of the invention, further show ng the voice coil notor 62 in
associ ati on 't %Wdé%?hﬁ’ftﬁ‘d% I?‘PF:S’["“P@?mq %ltrfl%§8t Wéhema curiest is  not or

g)r or\l/i')ded by 20 a

62. The voi cegaid %—{}??8& éﬁ%c&?gi? rfb?@)?igﬁ}()feggﬁfﬁ{[egﬁr%c'ﬁg)p?sg W bY AFYWR g sc

per manent magnet 6 mourt ed,

drive housi n$0152, théelectiondifse foficslpeabmted HillbeRRkke Qfrettichs /R FowrP! |
nmotor 62, is fixed to the actuator 64. The actuator 64 itself 1Is

pi votal |y nodytargows 54t ¥ Theactivieipartibnsidé g, oPthewnil genetatewotinat he coi |
T L0 RS tas ey o PSR sffe- o K B o e adtugior 13| V& forces 69
FIG. 3 is a perspective view of a voice coil motor 62 according to a
preferred embodiment of the invention, further showing the voice coil
motor 62 in association with an actuator 64 that is driven by the voice coil
motor 62. The voice coil motor 62 comprises a magnetic field provided by
20  a permanent magnet 66 fixedly mounted, directly or indirectly, to the disc
drive housing 12. The coil 68, which also forms part of the voice coil motor
62, is fixed to the actuator 64. The actuator 64 itself is pivotally mounted to
the disc drive housing 12 such that, when the coil 68 is energized by the
passing of a current, the electromotive forces 69, 70, generated causes the
25  actuator to rotate about its pivot 71.
The present invention allows for the use of a unipolar magnet 66,
which is cheaper than a bipolar magnet required by some conventional
voice coil motors. The magnet 66 is oriented with the magnetic flux paths
72,74, directed radially away from the actuator pivot 71. In this
30  embodiment, the magnet 66 is surrounded by the coil 68. The magnet 66 is
shaped with opposing arcuate surfaces 76, 78. Under the magnet 66 is a
yoke 80 in the shape of an arcuate trough 81 having a vertical first arm 82

and a vertical second arm 84 which define an inner air gap 86 and an outer



25 actuator to rotate about its pivot 71. The present invention aLHQEﬁgg?mm
the use of a unipolar magnet 66, which is cheaper than a bi pol ar

requi red by some conventional voice coil notors. The magnet 66 is

oriented with the magnetic flux paths 7, 74, directed radially away from
the actuator pivot 71. In this 30 enbodi nent, the nagnet 66 is surrounded
by the coil 68. The magnet 66 is shaped wi th opposing arcuate surfaces

76, 78. Udderait gap BRhyrith theBnagnet 66y dihe yRikei80 sehveestbafiedhe aihghictidat e

trough 81 havyjng a,vertical first arm82 and a vertical second arm 84

whi ch define Iﬁﬁhéﬁzéﬁk gap 86 and an outer - 4 MAR 2005 -6 5 air gap

88 with the nagneﬁTgp

T K | h ic fl
paths 72, 74 The We T SRR BT ER bud werdSal podarsid Spobet s 02,

93, that aregspaRargshraRa diffedht dAdi ' i .
actuat or pi ng 71.@%% otlh%r tm&%gg@%%@%gﬁlg@&%@gﬁ@%ﬂ g)?lt%end I n
essenti al | y odhiérating portiomst9de9s,f ahe ceit extend inksséhtialljeadiaN9fromdhal

portion i4 is secured to a_support 116 that is fixed to the actuator 64.
Maki ng r &9 er @ptuterPIvOE71.4 The Hppenendial portion Hds seawed ¢0a sopporiiléh  serve

as the activ or t f the coil are in magnetic fields that are
characterizeg}‘%vsglﬁgazg c R i6é"fl ux density, with the magnetic flux 15

paths 72, 74, In WISGHSFRIAESROLIC, 4 theltlovéni@Midiniohb 62 REY Wifih 92 Of

the coil further away fromthe pivot s the current’in a

direction % eetve asfthe hetipapertiorsrud théeoipard inafafletitefiélds thdtarei Vot carries
the sanme current in a direction into the paper. The el ectronmotive forces
69, 70, genefhargtesizedyy thegempomagnetic Bux deasityaveith Her magnetieflual but

oPPost 14" ShBRCH 98 e AR W Bl S ers e e b
torque 98, uBbilErtheNREY HRAAthe pivot 71 carries the current in a direction 96 out

of the paper, and the portion 93 nearer the pivot carries the same current in

a direction into the paper. The electromotive forces 69, 70, generated at the

two portions 92, 93, are therefore equal but opposite in direction.

20 Translating the forces 69, 70, to the pivot 71, it will be understood that
actuator 64 essentially experiences only torque 98, unlike conventional
systems where there is a resultant side-pull force acting on the actuator. To
rotate the actuator 64 in the opposite direction, the direction of the current
is reversed.

25 In this example, the magnet 66 is configured such that its proximal
circumferential surface 78 and its distal circumferential surface 76 have
essentially the same surface area and similar degree of curvature. In an
alternative embodiment, as shown schematically in FIG. 5, the magnet 66
can be made from at least two different materials 100, 102 of different

30 magnetic properties such that a different shape of the magnet 66 can still
provide essentially the same magnetic field to both active portions 92, 93,
of the coil 68. For the purpose of illustration, the coil 68 is shown carrying
a current opposite in direction from that shown in FIG. 4. The resultant

torque 98 on the actuator 64 is therefore in the opposite direction.



systens where there is a resultant side-pull force acting on the ac uahgr

To rotate the actuator 64 in the opposite direction, the directionto H@ﬂ5
current is reversed. 25 In this exanple, the magnet 66 is configured such
that its proximal circunferential surfage 78 and its distal
circunferential surface 76 have essentially the sanme surface area and
simlar degree of curvature. In an alternative enbodi nent, as shown

schematically in F\@okeB0tpreferabiyefabfibated @b allg-shaple pfecefrcth staakbs t Wo
different materials 100, 102 of different 30 magnetic properties such that
a different §FP£ﬁéS@PSFW@eW thsmagnet 6, with phexdibiéd sisetroughi8l. t he sane
magnetic fiel hot i ortions 92, 93 of the coi| 68 Faor the
pur pose of i Iq}ulté%rlg iagrﬁl,%%?h%‘f’éﬁ?ﬁ e%glcfgergﬁeli}zl teyn P?Sﬂée the gt t}@pp(ﬁsi te
i n direction gbfifepbhdd 0\, d Lar n the
actuator 64 ias 1t ﬁgr ef o?s?zi)ggt?\ﬂ;hggg%stﬁ? é;gglsrs 2?%"%?%3 %E%K%Ig@%’ %}7 A
yoke 80, prefvehiablthe taib68 cadved and providusantorpai ¢hediteTcidbdihgthe Steel,

is positigned under the nagnet 66, with the coil 68 in its trough 81. By
havi ng a|18ns goagnptic flunapaths 72,k vEhe magnet 66 may e suppiodiedtatdotieofits of t he

' ' ' ke def i h ' 86,
85, i n i chIERAORBYIV etk siBROHh 406,45 ohiiBa i HGh ba TherpaBuet 66 ol osi ng
the 10 mgne%&&r@%“f&s%%ﬁ%n ace7t§r fagﬁﬁf%%ﬁ%%cﬁ%s @@%w%etgﬁé\%%&é%q at both

of its ends 104 By vertical supports , as shown 1 The

magnet 66 i ssapporsd06 Yhe asttivabsuppored BGcabd RASteaRA S tHOPoREIBH aS SCIews
to the vertical _ supports 106. The vertical supports 106 can be fastened

to the yoke 8chichjg irturs meuntad fo thehoesing 32 ohthediss idniye. of t he di sc
drive 104515 In apg Eapue) et %&%AJ{&%& o th:[ehpere gnetslg\%ntiionnvvev%ticihoirs] s\ﬁ@ivv%h s shoun
schematically in FIG. 7, the magnetic field is provided by two unipolar
magnets 112, 114, arranged with unlike poles facing each other. The active
portions 92, 93, of the coil are disposed perpendicularly to the magnetic
flux paths 72, 74, with the portions 92, 93, being at different radial
20  separation from the pivot 71. A current flowing through the coil 68 thereby
generates equal and opposite forces 69, 70, on the two active portions 92,
93, of the coil which is equivalent to the actuator 64 experiencing
essentially only torque 98.
There may be physical imperfections in the voice coil motor which
25  giverise to an unbalanced side-pull force on the actuator, but any such
unbalanced forces will be less than what is produced by conventional voice
coil motors. In this sense, the present invention provides for a “pure
torque” voice coil motor that will contribute less to the vibration of the
actuator.
30 The present invention provides an improved voice coil motor which
reduces or eliminates the contribution of the voice coil motor to the
vibration of the actuator. This means that it will be easier for the servo

system to control the actuator, thus facilitating improved performance of

the disc drive.



schematically in FIG 7, the magnetic field is provided by two unipoliaMAR 2005
magnets 112, 114, arranged with unli ke poles facing each other. The active
portions 92, 93, of the coil are disposed perpendicularly to the magnetic
flux paths 72, 74, with the portions 92,93, being at different radial 20
separation fromthe pivot 71. A current ?Iowi ng through the coil 68

thereby generates equal and opposite forces 69, 70, on the two active

portions 82, 93, Alternativelyi bmboidihehs &%@%ﬁ?és@ﬁf in%nfiaﬁhﬁz? pator 64
experiencing  essentially only torque 98. ere may be physi cal

i nper f ect i onslesgribetbas/fsillgavesoi | notor which 25 give rise to an unbal anced

side-pull force on, the actugtor . byt any such unbal anced forces will be
| ess than what is ‘}J?Bfﬁa‘égal@;ﬁ%ebmmﬁa!imanow@eééo the hpusingdRof al dis¢ hi s

, th i | ' apure _forgue".voice coil
motor that Wl nerr AR L8 B b Bies Foll PoiBe 621 FH¥ Vo gior - 50 The
present i nvemhoton 6RfatheLhcRidds AR 1eNsEEnY BlapReE 66 ré@&ﬁ{%%’feﬂa%&eg[:? fges or

elimnates the contribution of the voice cdil notor to ration of
t he act ud? or sulpstastinkdy perpensticular ta the axés Zasbert vhichtthe asats 64sigst em t o

e, - 4 vRRass o rgRE el bar § fremsmtpnoends sandaationt
vent | on TRgaRft AESSEARLGRS ohEIVEnRaH HOEREARES ohSBlESl Y
one. magnet 88 provk ding 5 mecuer T or enpradidistheofoHORR Bhey ol o
to the axis 71 dbedirstportionReratthesecondpoition 93 are in the presence of the
15 magnetic field such that when the coil 68 carries a cutrent, substantially
equal and opposite electromotive forces 69, 70 are generated at the first
portion 92 and the second portion 93.
In one embodiment, the magnetic field is provided by a stationary
unipolar magnet 66 located between the first portion 92 and the second
20 portion 93. The magnetic field has radial magnetic flux paths 72,74,
cutting the first portion 92 and the second portion 93. Preferably, there is \
provided a yoke 80 configured to close the magnetic flux paths 72, 74. The |
yoke 80 can be formed with a first arm 82 adjacent the first portion 92 and a
second arm 84 adjacent the second portion 93. Preferably, the magnetic
25  flux paths 72, cutting the first portion 92 and the magnetic flux paths 74
cutting the second portion 94 are of substantially equal density and
direction.
In a preferred embodiment, the magnet 66 is shaped with two
opposing arcuate surfaces 76, 78, of substantially the same area and
30 curvature. In an alternative embodiment, the magnet 66 is formed from at
least two materials 100,102, of different magnetic properties.
In yet another embodiment, the magnetic field is provided by a first
stationary unipolar magnet 112 and a second stationary unipolar magnet

114 arranged with unlike poles facing each other, with the first portion 92



designed to rotate. The coil 68 has a first portion 92 and a second. § MAR 2005
portion 93 that are substantially parallel to the axis 71. The first

portion 92 and the second portion 93 are arranged at different radial

di stances fromthe axis 71. The first pgrtion 92 and the second portion

93 are in the presence of the 15 magnetic field such that when the coil 68
carries a current, substantially equal and opposite el ectronotive forces

69, 70 ar& gemetthesecand pbetidn 93tisppsed betveda the thddiRtSEID N84, Rechi on 93.
I n one enbodi pent, the magnetic field is provided Dy a stationary
uni pol ar magriBat B first ReRIPHER sred the segond portipmd3 araxci@byaradialne second 20

portron 95 TeelRLL SrbbT Pyl A mael S L PRI T
5 Provi ded drob iR s34a5R8A4 1R bpLORR JlEa DRUNAUfn b4 HARALR T2, 74

The yoke 80 can be forfred wth a arm adj acen ortion

92 and a sececohdinmghét 214, anehthdthiRe 6kO80istonfigateddo cIBsefiRy abl y, the
magnetic 25 flux paths 72, cutting the first portion 92 and the magnetic

flux patR8 74magngtiqiigx padisJacHhdCieterablyn tiermagnetid flux ipathaid aittingequal
density and irection. ln a eferred. odi , the net 66 i s shaped
with t\>//vo' opﬁ%‘é?‘ﬁ paorrgiﬁgt% %@%&%’%{C%Pﬁ%ﬁgftg}&{@?ﬁ%oﬁge sane alroea
and 30 curvalyrfion 9 228 oL ESAMAINEC A AURLIRNAng LilRcfiBgNCt 66 1 Tormed .

fromat |least two materia erent nagnetic properties. In

yet anot her enbodiltiito betuirldra@odithat dvealtholigh Pugverdas ch¥radteristied and
stationary unipolar magnet 112 and a second Stationary uni pol ar nagnet

114 ar r anged agivantages ok ¥ariousembadiments a¢ thoptesent invehtiohbakbe been petr t i on
rgni gl_,] et4$ Migzz%%ih ié 31&% féarnego}n%edessgﬁgtqgn,ptgéétlh%? w91t?h gelstgl g o ghebset}'&Ac{.etlelpe :;[u?c?
function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in matters
of structure and arrangement of parts without departing from the scope

and spirit of the present invention.

20



that the first portion 92 and the second portion 93 are cut by radi al
magnetic flux paths 72, 74. There is preferably provided a yoke 80 'hévMAB 2005
a first arm 82 adjacent the first magnet 112 and a second arm 84 adj acent
the second magnet 114, such that thé Y0Ke 80 is configured to close the
10 magnetic flux paths 74, 76. Preferably, the magnetic flux paths 74
cutting the first portion 92 and tHelatmmetic flux paths 76 cutting the
second portion 93 are of substantially equal density and direction. It is
to be understood that even though numerous characteristics and VIII
advant ages of various enbodi ments of the present invention have been set
15 forth What keclhimmed)gs:ng description, together with details of the
structure and function of various enbodi nents of the invention, this

di scl osure ils Alvbitstcodtrhyter Gt dta@ig afRRBGAST ABYUDSn TREE thd vERE bl
especially in matters of structure and arrangenent of parts w thout
departs ng fronmbte cedesingnd spirit of the present invention. 20 - 4 MAR
2005 -10 Clainms What is clained is: 1. A voice coil nmotor for rotating
an actuator about a4t 18xd mn i h ; i Si g .. | east
one magnet for providi ng%gémgﬁiéﬁiggpfée{{lgm u g%%ﬂ%?é??gé%%%%%@%ul ar to

the axis; and ﬁerﬁ@hbicﬁ&&ftb&ﬂé%ﬁiégnge coupled to the actuator, the coil
having a first portion and a second portion that are configured to be

i, 1l el SN oS

di stances fromthe axis whenh couple 8rtion
and the secondyrgt portion and a second portion that are configured to be substantially

10 parallel to the axis and arranged at different radial distances from the
axis when coupled to the actuator, the first portion and the second
portions being in the presence of the magnetic field such that when the
coil carries a current, substantially equal and opposite elecf.romotive

forces are generated at the first portion and the second portion.

15
2. The voice coil motor of claim 1 in which the at least one magnet
comprises a stationary unipolar magnet located between the first portion
and the second portion, the magnet providing the magnetic field with
radial magnetic flux paths cutting the first portion and the second
20 portion.

3. The voice coil motor of claim 2 further comprising a yoke having a first
arm and a second arm, the first arm being adjacent the first portion and
the second arm being adjacent the second portion, the yoke being

25 configured to close the magnetic flux paths.



portions being in the presence of the magnetic field such that when f‘}hﬂAR 2005
coil carries a current, substantially equal and opposite el ectronotiVve
forces are generated at the first portjon and the second portion. 15 2.
The voice coil notor of claiml in whith™the at | east one magnet
conprises a stationary unipolar nmagnet |ocated between the first portion
and the sec&ndioreiregoil mptonafelaim 2 imwhichghemagnajtoofli paths clithingh
radi al magnetic flux paths cutting the first portion and the second 20
portion. 3. Thée/yistportian andthe megnetiaifimxpaths chéting thpsécondgpartipnk e
having a first armand a second arm the first arm being adj acent the
first portion amdf substadiadiyeguahdersifyand direetiont he second portion, the
yoke being 25 configured to close the magnetic flux paths. - 4 MAR 2005
-11 4. The voice coil notor of claim2 in which the nmagnetic flux paths
cutting the first portion and the magnetic flux paths cutting the second
porti én ar 8. dFhesvdist eoil nwitby ofcjamh 4denshich thednagriet s shapedwhth the Voi ce
coil notor of claim4 in which the magnet is shaped with two opposing
arcuat e surf acepposingsavstatmsudhtes dffstibsentizllyeihe 3aeheafendnd urvabure] Ne
voice coil nmotor of claim4 in which the nmagnet is forned from at | east
two materials of different magnetic properties. 10 7. The voice coil
notor of claiml1l in which the at | east one magnet includes: a first
stationary 6niTim esiceragib iotonoficlain acanthiehahe ARAgnet Y8 fRMNT froRoet , the
first magnet and the second magnets having unli ke poles facing each
ot her, wher ei neasterwlo material® opaiffer&it MBgnéthepfopeptics. portion are di sposed
bet ween the magnets, and

10

7. 'The voice coil motor of claim 1 in which the at least one magnet includes:
a first stationary unipolar magnet; and
a second stationary unipolar magnet, the first magnet and the
second magnets having unlike poles facing each other, wherein the first
16 portion and the second portion are disposed between the magnets, and
wherein the magnets provide the magnetic field with radial magnetic flux

paths cutting the first portion and the second portion.

8. The voice coil motor of claim 7 further comprising a yoke having a first
20 arm and a second arm, the first arm being adjacent the first magnet and
the second arm being adjacent the second magnet, the yoke being

configured to close the magnetic flux paths.



wherein the magnets provide the magnetic field with radial nagneti C'fiﬁ R 2005
paths cutting the first portion and the second portion. 8. The voice |A
notor of claim7 further conprising a ke having a first 20 armand a
second arm the first arm being adjacent “the first nmagnet and the second
arm bei ng adj acent the second nmagnet, the yoke being configured to close
t he magnet i gl f Tl voise geil motgr pirlagpFswheremn ¢he magnetic flexquiths rotting of
claim7 wherein the magnetic flux paths cutting the first portion and the
magnetic flux etfirst partiamand ke seagpetic flowxt paghs catting the sérondrpdrtibhy equal
density and direction. 5 10. A disc drive conprising: a housing; an

act uat or pi vota¥elof swbstardipllycequad dosity agd divectionat i onal novenent about
an axis; and a voice coil notor conprising: 10 at |east one nagnet
providing a magnetic field substantially perpendicular to the axis; and a
coil coupled to the actuator, the coil having a first portion and a
second pot i dR-Aldigc diriee earbprisimg; al |y parallel to the axis and arranged at
different radial distances fromthe axis, wherein the 15 first portion and
t he second porti onsa hpasing; t he presence of the magnetic field such that
when the coil carries a current, substantially equal and opposite

el ectronotive for cem acmatgepieotillydnatintedetofthe Hougaid fop Rotitidbnahe second

portion. 20 11. The disc drive of claim 10 in which the at |east one
magnet i ncl udanoeemenibibantedry axisj pd ar magnet | ocat ed between the first
portion and the
a voice coil motor comprising:
10 at least one magnet providing a magnetic field substantially
perpendicular to the axis; and
a coil coupled to the actuator, the coil having a first portion
and a second potion that are substantially parallel to the axis and
arranged at different radial distances from the axis, wherein the
15 first portion and the second portions are in the presence of the
magnetic field such that when the coil carries a current,

substantially equal and opposite electromotive forces are

generated at the first portion and the second portion.

20 11.The disc drive of claim 10 in which the at least one magnet includes a
stationary unipolar magnet located between the first portion and the
second portion, the magnet providing the magnetic field with radial

magnetic flux paths cutting the first portion and the second portion.



second portion, the magnet providing the magnetic field with radial- 4§ MAR 2005
magnetic flux paths cutting the first portion and the second portion. |Ii
- 4 MAR 2005 -13 12. The disc drive of_ claim 1l further conprising a yoke
having a first arm and a second arm” 3% first arm bei ng adj acent the
first portion and the second arm being adjacent the second portion, the
yoke being dénfligdissdirivepfclaigel i flarthepeemprising ayeke having a first arifhe di sc
drive of claim1l in which the magnetic flux paths cutting the first
portion and t RGageeend armyherst armubeing gdideent tuoficstportion andrthe of
substantially equal density and direction. 10 14. The disc drive of claim
13 i n whi ch t Recandmem being ladjrngnbthdis¢oond mptioni tie yokelbding sunfigmed of
substantially the same area and curvature. 15. The disc drive of claim13
i n which the rtegiese the magnefitc flmopatits.| east two materials of different
magnetic properties. 15 16. The disc drive of claim10 in which the at

| east Sone magnet includes: a first stationary unipolar nagnet; and a
second stationary unipolar nagnet, the first nagnet and the second

magnet s havilBgThmdiskeirpel fcldiacl hin edtth tidriagnetie Aekmaithe chiitirgd the20
portion and the second portion are di sposed between the magnets, and
wher ei n t he neiysepsriporoandehé heagmegodhuxcpdthe lctitithg the setionld gpmaﬁtaire f1ux
paths cutting the first portion and the second portion. 17.The disc drive
of claim 16 f wftsnbstacyly &juad denyiokendaltedfion. first arm 25 and a second
arm the first armbeing adjacent the first nmagnet and the 4 MAR 2005

10 14.The disc drive of claim 13 in which the magnet is shaped with two

opposing arcuate surfaces of substantially the same area and curvature.

15.The disc drive of claim 13 in which the magnet is formed from at least

two materials of different magnetic properties.

15
16.The disc drive of claim 10 in which the at least one magnet includes:
a first stationary unipolar magnet; and
a second stationary unipolar magnet, the first magnet and the
second magnets having unlike poles facing each other, wherein the first
20 portion and the second portion are disposed between the magnets, and

wherein the magnets provide the magnetic field with radial magnetic flux

paths cutting the first portion and the second portion.

17.The disc drive of claim 16 further comprising a yoke having a first arm

25 and a second arm, the first arm being adjacent the first magnet and the



-14 second arm bei ng adj acent the second nmagnet, the yoke being confi,gmd ,
to close the magnetic flux paths. 18. The disc drive of claim16 in"vfhi 2005
the magnetic flux paths cutting the 54irst portion and the nagnetic fl ux
paths cutting the second portion are” ¥ ~subst ant i ally equal density and
direction. PURE TORQUE VO CE COL MOTOR Abstract of the Disclosure In a
di sc drive, a %R5PBE 4B} beipgadijagent tas secpmdamagnetd the pokambeingcanfigured t h
mai nly torque, thereby reduci ng unwanted vi bration of the actuator. The
voi ce coi l mtf@rclpmﬂmgaeﬁmﬁuﬁ@aww vertically disposed with respect
to a horizontal radial magnetic field provided by a stationary unipolar
magnet such that the active portions of the coil are of different radial
separation fromthe actuator pivot. A yoke facilitates closure of the
magneti c f | dR.Tag disc drive@f ckaim 16 in which the magnetic flux paths cutting the

5 first portion and the magnetic flux paths cutting the second portion are

of substantially equal density and direction.





