4 MAR 2005 5 PURE TORQUE VO CE CO L MOTOR Rel ated Applicati ons Th|§ MAR 2005
application clains the benefit of United States Provisional

Application Nunmber 60/235,607, filed Septenber 27, 2000. Fiel d of t he

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

I nvention520 A typical di PURETGRQUEVOICEHCHIEMOFORN 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 ' e caused to rotate about a pivot
by a voice coil notor are often%gaggﬁ%{]@q“@g’é’q Sn 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, Thmappludatlomltcéalmme\hehhfmafgﬂﬂite@ Stdted Fraqsianal 0 ef f ect

noti on o|I | ati ve to the magnet. Various voice coil notor

desi gns ﬁéve 8 urtpep 0l 235407y filedSeptapben?7, 8080l e, some have
produced voi ce COI| 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 . .
The present invention 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



-2 5the coil that are parallel to the plane of rotation, resultinggmmﬂqgg{,
rotation of the actuator. Others have used a bipolar nagnet, in whi ch t he
magnet has a direction of magnetization that is substantially
perpendicular to its major surfaces. Im.these arrangenents, half of the
magnet has a front-to-back 10 north-south nmagnetization and the other half

has a back-to-front north- south nmagnetization. The coil is arranged so as
to be perpendheadikthatare perallel smtheoplane bitdtafion rebilieingGh Rt btatibg grar al | el
to the pl aneéﬁf the major surfaces of the magnets. Still others have
arranged bi pdN@actHatifets with their major surfaces 15 parallel to the

I f tati pth coi | ich is also paralle|l to the_ plane of
Po? 21? i gn. r'(I)'hg :512'? i%efjsol??‘feolfﬁsed\cl\ﬁpb’?ﬂ@réﬁ%méﬂé‘ %S’&k‘ﬁl‘@ appenat hﬁﬁa magnet i ¢
field f It j ' . y in.the .sanme
direction by borhoack FEgsRation tietis bR, ARERAIcaty QullReir

Di fferent prsbtfecss. datheiecdreshgurhénts Healpef the mi@gee hab attAshtvelisekcoi | 20
not or haig_been experienced in the prior art, including issues such as the
i

linearizalio Rogth-sqihipagnetizaion aad) the otherhadihassnbadutosfrontindrthhe
| mor oveent ety REEREEAR e ol R GEranedd sors e pkrerndisuivate e such
amins vant P & toRRRH GO EraBra! PRIAEL PRl Bty 0"
vi bration obutfheesasfithantaenetd)i ch in turn has a significant inpact on the
performance of the disc drive. What the prior art has been lacking is a
voi ce coil notor Whllgthersduvesgewngetdspolpr oiigrets with|theirmajorsumifages! ow
cost andl as Ieaage{cllel 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.



30 manufacture. - 4 MAR 2005 -3 5 Summary of the Invention The pr-e§eMAR 2005
I nvention relates to an inproved voice coil notor that provides nmainly
torque on an associ ated actuator intended for use in a disc drive. 10 In
accordance with one enbodi nent of the ingention, two lengths of a wre
coupled to the actuator and configured to carry current in opposite
directions are in perpendicular arrangenent in magnetic field of the sane

di recti on® The nagnetic fi el ds Ssmemarpef the Irsdenyionhe sane. Both | engt hs of
the wire are situated in magnetic fields having the sane direction. The 15

| engths of wire are of different radial distance fromthe pivot about

which th t uat ' P . e and .various ot her
fe:a'f ures :s a\(/:veiji?l Zﬂ;hé \?g%tﬁlalgggﬁ\}%l?fﬂ%g%i?%gl{aﬁ?‘ﬁeép Y(ng 5‘?@%‘#@ B?ﬂ_;ent i on
will be apparovidesanaingpeirgge oh msoéisdeb%ﬁb&oﬂﬁ{téha@cﬂf&ﬁ%@ih%diQé‘_ and

revi ew of the associated drawi ngs. 20 Brief Description of the Draw ngs
FIG1 is a pé’er‘tﬁ-:‘ctive view of a disc drive in which the present

i nventiong,can be inplenented. .25 FIG 2 js a perspective view of a
convent i 3Ral voi cénéﬁf‘%%%wla‘b%‘ﬂfp?@@@@% of the irvsintiony tyo dengths of

porSPectve ) B ShuBIA RGCPHly L SRUBLE R B st 9
directions are in perpendicular arrangement in magnetic field of the same
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.



30 FIG 4 is a schematic diagram show ng the direction of the effecgim 05
torque at the pivot of the actuator. FIG 5 is a schematic diagrani sh n@
an alternative enbodi nent of the present invention. - 4 MAR 2005 -4 5

FIG 6 is a partial view of the yoke of _£1 G 3 show ng an exenpl ary

nounting arrangenent for the magnet. FIG 7 is a schematic di agram show ng
anot her enbodi nent using nore than one nmagnet. 10 Detail ed Descri ption

111, FIG® is a pdilépéds apartialeviewfofahe gukerpf BIGQ. Jstasvidig areexenplaryrhi ch

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

15 shown her PR pEranggmept fqrdhe magnes 14 are rotated by a spindle

notor 16. Each di 14, .3 f ted into.,a plural .ty of cancentrjc tracks
in which data Ca?ﬁgé%%%&cgé&g%é lagramshowing agg iegéléo‘ﬁﬁ‘eé’étué%ﬁ%r body
20 and a 11 rﬁd)wmbhtdleqﬁag,qétpat or arnms 22 extending fromthe actuator
body 20. A notor 24, such as a voice coil notor, is operated to rotate
the actuator 18 20 about an axis 26. Each actuator arm 22 supports at

| east on& read/ wite head 28 adjacent a selected track. The read/wite
head 28 f8ads and/or wites data to the track on the disc surface

opposite the read/ wite head 28. on of .t he actuator 18 about the
axis 26 causes the read/ wite hgfggli%ib%scnptwn

FIG. 1 is a perspective view of an exemplary disc drive 10 in which

the present invention can be implemented. Within the housing 12 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



to nove along an arcuate path on the disc. The voice coil notor 24‘_i1tsm 2005
electrically connected, usually by neans of a flexible printed circui

cable 30, to disc drive circuitry 32 controlling the positioning of the
read/ wite head 28. A conventional voicg coil notor is described at this
juncture to better illustrate the advantages of the present invention.

FIG 2 shows a 30 conventional voice coil notor 34 that is coupled to an

actuator 58 fragnetgnbhshawn) sarehnged abdve Hg cEPAUIHADGRIIKE g@ld@lfﬁé@ of
rotation of the actuatgor 18 wll| be referred to as a horizontal plane.

The coil 35 ieachoshesr tlhe mpgnetic tieltiatharefoge thamchmizieddxytmbgneﬁicgﬂtﬁg i on. hA
bi pol ar magnet_,36 dhered.to | @ basepl ate 38, is arranged under the
co!ol 35. Agcé)rﬁ@%ﬁ%ﬂm SN gfrﬁfﬁearv%ﬁ“‘\fl\ﬁ{i 98 onesside ofihgcoiland E)hown is )
arranged abo : Ok 5 . i / face .,each other. The
matgnetg ic fie?igaélg@c%cﬁ%?%%trﬂes 4%#&?%%{%2%1{#3%1 %&;/m?rghgﬁgf) ?\%‘ o0 i oRer Ridess ¢ hat

are direct ed ofehé coiyldshapvroby antews 40 40f Thé€oit Bah bd AdsdibedRAREHE f f | UX
paths 44 that are directed vertically down on the other side of the coil,

as shown1By dpwubsices6, 47448 19 Twi dctivapobtonestthelveil, imthisamangémaAt,f our
sides 46, 47, 4 49,. The active portions of the coil, in this
arrangenent , 2§ e racia %ﬁtﬁpfiy‘&ewgré’ﬁ&? r‘?g t}ﬁﬁ)ﬁ"qlf 4m48oVhepacurients 48, When

a current is aﬂw%oﬁgﬁwﬁgoﬂelgﬁ 6Pk4a Iveéirf&eedﬁ%g@iloﬁ’eslhig?vgijgﬁnagxgo&gsgt : (r)Int he

shown by arrc?ws 50, 5 ectrono orces gener
di rections a$0s52)whe elytrabiivg fofces generblfed 4l b¥ en PR 8ir8dtfortttas #dwRf the

coil generate both a
‘ by arrows 54, 56. The active portions 46, 48, of the coil generate both a
15  torque 58 and a resultant side-pull force 60 on the actuator 18.

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



15 torque 58 and a resultant side-pull force 60 on the actuator 1§.4 W Z[ﬁlﬁ
Is a perspective view of a voice coil notor 62 according to a prefe d
enbodi ment of the invention, further showing the voice coil notor 62 in
association with an actuator 64 that is.glriven by the voice coil notor

62. The voice coil notor 62 conprises a magnetic field provided by 20 a

per manent nmagnet 66 fixedly nounted, directly or indirectly, to the disc
drive houBi ngirigap §hevittothe r88gnetttibe el yikef80rservesaniclozk thé enapdietie Coi |

notor 62, i fixegll 178 t he actuator 64. The actuator 64 itself is

pi votal |y modlPeRrth® 724+ disc drive housing 12 such that, when the coil

68 is energi zed bynthe. SSin a current, the electrao Lve forces 69,
70, | Se ner a? ed _cau?eh $ Ct%ﬁle&;lg Sh@? ?ngOOP rqvide %t’%tv grtigglppriiqns %Fy)ggtt?‘?ﬁ:arqh_e
present inverph& ApdreVut différenlp ?ad&_ﬁﬁdi@f%r@eé’f}bﬁpﬁérac Pghg{%@ﬂ YipleCh 1S

cheaper than a bipolar nmagnet required by sonme conven voi ce coil

notors. The mwélgerdtwd@poitiorsrddes,ed the tdil extendayesdentially vxdiafyfeomtRe 74,
directed_radiall ¥ away fromthe actuator pivot 71. In this 30 enbodi nent,
the magnd? 6@CtUAtePIVEt Alic dheyippREradial pationBdds seayed t@a supportiblbed wit h

opposi ng arc e surfac 7 /8. Under the nmagnet 66 is a yoke 80 in the
SF3Ga BXe 6 B et

shape of an ng a vertical first arm82 and a

vertical second a ' i N, ks 8¢ er - 4
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t he magneti c sefvewss thatabtivd portichs ofitke e6il hreéfid magadtanields ehatreei de two
vertical portions 92, 93, that are spaced apart, at different radial
di stances fr hatasterizedat te sameomagneticriiex density, witlo theomagoetic flax 95, of

the coil gxt %91 sI 72,7 ,Si%nchie %Ll e c{ixaedcitigln! n tdrxi(s) renxgr?l%le, the portion 92 of the
coil further away from the 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.



10 actuator pivot 71. The upper radial portion 94 is secured to a s#p@%t
116 that is fixed to the actuator 64. Making reference to FIG 4, tth V@%
vertical portions 92, 93, which serve as the active portions of the coil
are in magnetic fields that are charactgrized by the sane magnetic fl ux
density, with the magnetic flux 15 paths 72, 74, in the sane direction. In
this exarrEI e, the portion 92 of the <coil further away fromthe pivot 71

t

carries tRe currem yoke80dpreéartblyrfabricated ash WRhapeprice frvi stdifleBor tion 93
nearer the pivot carrjes the same current in a direction into the paper.

The el ect r onSt§8ds P@?iéi@é‘eégl,nqm ,th‘g@wg_nat @4 veith theecoit 6dbirpits triough 832, 93,

5. 70, to by e WheBPORihS: qerd veiHcalE o fimbetds thrlepBener e °°°

essentially eXAoepBAHS o108 JrahEBilHhe JURE BIGCHARY B 419 B8bs 8 Y6H. f° wher e
I | e actuatof. "To

there is a resultant side-pull force acting on t bt at e

the actuat or v@ichithe beil 69 posiesandi preeidesia ndhigirGhéditin 5t Dbsihfeh&ur rent
i's reveriSd. 25 In this exa[ﬂl e, the magnet 66 is configured Such that its
proxi mal 10¢i magmesicdlips paths 1R 2 eThesmagniet 66smdy desuppioredretdothbf its

curvature. | 15 168BF ekl bupefud P anchoRd lonabh oo dereeshonis n i o
5, the ”Hgnefse&ﬁ'e%ﬁﬁ@teli’t%d% aJertngﬁagfenleﬁaﬁfB stu%ﬂ gg 'sgxfeg\:;sfetgtetp te§tr1¢] I's 100,

102 of different 30 magnetic properties sucht nt shape of the

magnet 66 casuppotts 106r Ohé dertiad suppartd 106 b safaBtered 8 the ybkeg to both
active portions 92, 93, of the coil 68. For the purpose o?’ il lustration,

the coi | 68 Mhishimin eanmyewrted4o the hewsing 33 of thedisa ddived®t i on from t hat
isEO\t/\ﬂ ei 2 glog t g' di HQEB{J&?‘# l_e%n %t&liﬁg% gg gﬁeger}lttig\?erﬁfotnuv%th(i)crh iEssihloarnt herefore
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.



-7 A yoke 80, preferably fabricated as a U shape piece fronlstainlesa,wﬁRzmm
steel, is positioned under the magnet 66, with the coil 68 in its troug

81. By having arns 82, 84, that extend vertically to run beside the

length of the active portions 92, 93, of the coil, the yoke 80 defines

the air gaps 86, 88, in which the coil 68 noves and provides a non-air
medi um for closing the 10 nmagnetic flux paths 72, 74. The magnet 66 nay be

suppor t edSat bot h Alternativelsndmbbafimbivts\o2 itheé ??éseﬁ%%ﬁfiénm%b S shown in
FIG G 6. The magnet 66 is s securely fastened in place by fasteners 108

such as screwses¢rbedhas fadlops: al supports 106. The vertical supports 106
which is in turn nmounted to the housing 12

can be fastened to, the ke 8
of the disc drive %?‘CTé&FrP"atglat Karivetey dneaptedde theyboysiagd@iofiandisat i on

whi ch i howy; | ' Z,. the.magneticfield is, provided by

twi)Cun: ;ofarmﬁ,aeairy;lt@s% %Egﬂ éﬁa4%&%ér:dr ét%nag‘églcsmc?“ ”ﬁ(%f)f E% EBF ¥QIe£oilng each
ther. Th ohotoe 62 hepiikl ' i o i

ot her e achod parthepiitl@des a9 JeasPbné H%Sg?l% 1,56 ?zﬁlg\}rﬁé’tﬁﬁgnetm ield

perpendicularly to the magnetic flux path portions 92,
93, bei ndVat substantially perpfindicidar tetheraxis Thaboutrwhich thé wctuaidr. 644scur r ent

o0 L S P O ST o gy
Ther o mmy. be ta aspnnahently BAFIE: RQfldic 77 SRG b phufioh Yamreitieos give
mbal anced 1 or cbe w11 bo | ook T in e e R R Rrps oA S voi ce
coi | notors. 7EnThaifisstsporsion Rrenchitessecdnd pustidri 98)areriathe @eededite af thar e
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



torque" voice coil notor that will contribute | ess to the vibration. df MAReZ2005

actuator. 30 The present invention provides an inproved voice coil notor
which reduces or elimnates the contribution of the voice coil notor to
the vibration of the actuator. This neags that it will be easier for the
servo systemto control the actuator, thus facilitating inproved
performance of the disc drive. - 4 MAR 2005 -8 5 Alternatively,

enbodi menbs  aind the secarsd portion 831tlisposethbetdreendhe erdgiees PR, 104, speh: AN
actuator 64 that is pivotally nounted to the housing 12 of a disc drive

10 i s coupl edhabthe fisst POGB)H:#Z and thecsecond [pontiernd3 66 cultity radiiale coi |  not or
62 furth i t | t 6 i di tic field 10
substant | al | R fbe pRER 7207 AR prele B promied aOmbe AOERS 264 | <
desi dt W oXall : | {45t i 9 . d
bortLon. 93 (s aiin SEANERt e hEmalntl 112l bocBRd P8l aBRERARE

portion 92 amsdcéribmapeeddly, sackh tieit tAS yskes@is dndiodrad telélbiefgnt radi al
di stances fromthe axis 71. The firs 1porti on 92 and the second portion

93 are i A0t hanpgreticibex pathsi74, 16 Fuefereblyc the miagneticflux ppathsifecutting coi | 68
carries a curgfent. substanti equal and o ite.electronotive forces
69, 70 are géh%?iéﬁté)oor n’?ﬁ@“ﬁl t:l'étma ¥i @%Rg% PG go™drti on 93.

umi pol ar  magiar gk Pare PEANR Syl PRt WF Rl .0 The Lecond 20
portion 93. The migieabibe driddrstobdshatelieal thoagh aunterblisdhfdkhsistids ardd-
advantages of various embodiments of the present invention have been set
15  forth in the foregoing description, together with details of the structure and
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



cutting the first portion 92 and the second portion 93. Preferably, thm
is provided a yoke 80 configured to close the magnetic flux paths ‘Zi', 2005
The yoke 80 can be fornmed with a first_ arm 82 adjacent the first portion

92 and a second arm 84 adj acent t he “sond portion 93. Preferably, the
magnetic 25 flux paths 72, cutting the first portion 92 and the nagnetic
flux paths 74 cutting the second pdClaimms 94 are of substantially equal
density and direction. In a preferred enbodi nent, the magnet 66 is shaped
with two opposing arcuate surfaces 76, 78, of substantially the sane area
and 30 curvature. In an alternative enbodi nent, the nmagnet 66 is forned
fromat Whasts tlamedis2ri als 100, 102, of different nmagnetic properties. In
yet anot her enbodi ment, the nmagnetic field is provided by a first

stationary anifpobire colghetor HrPraiang afi @edistos bBbhPAA ki MhP9bRE BRINet

114 arranged wth unlike poles facing each other, wth the first portion

92 - 4 MAR 20Ghotorompmisinghe second portion 93 di sposed between the

magnets 112, 114, such that the first portion 92 and the second portion 93

are cut by radial Jgmeastde fbhbetBF BSoviding E il
provi ded a yoke 80 having a flgfriest a rﬁB%mgdfgggﬁ?ﬁ?ﬁgﬁf%stgﬁnggﬁet 112

and a second FidrpeddRdliAa8Mhe bRfs; apgcond magnet 114, such that the yoke 80
is configured to close the 10 magnetic flux paths 74, 76. Preferably, the

rgnet e Tl pathe i cunned s Be e @O PRS0, A1 e gRe (1
222 r glc'[ :(r:} 'S?inéfgjsgﬁglstiérpaﬁﬁ aUR6H pPG0 Bt £¥ ec'anhgﬂwonﬁjeng&l%{gnﬁally
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 electromotive

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.



VII1 advantages of various enbodi nents of the present invention hav_el’bﬁgﬁ 2005
set 15 forth in the foregoing description, together with details of 't
structure and function of various enbodi nents of the invention, this
disclosure is illustrative only, and ‘c]fﬂaﬁges may be nmade in detail,
especially in matters of structure and arrangenent of parts w thout
departing fAonThEcise gpid matarokelain 2 igf which thegnagnetionfhenpaths citing 4 VAR
2005 -10 Clains What is clained is: 1. A voice coil notor for rotating
an actuator ab®gtfirghpestion and éhe miagaetioiflux mthe cutting Hpr setond: patioheast
one magnet for providing a magnetic field substantially perpendicular to
the axis; and arecdisubstartiadiyregual densitycanghdirdctiont he actuator, the coil
having a first portion and a second portion that are configured to be
substantially 10 parallel to the axis and arranged at different radial

di stances fromthe axis when coupled to the actuator, the first portion
and t e sec&ndrheweite ovit nimgdngf ¢clainh einpwhichnthe mégridias BB Wwethf twe d such
that when the <coil carries a current, substantially equal and opposite
el ectronot i ve opfpmsimgsaruatgsundacdsas! suibstdigidllyrthe sagid 4108 afitfcihansecond

portion. 15 2. The voice coil notor of claim1 in which the at |east one
magnet conprises a stationary unipolar magnet |ocated between the first
portion 6. The voice coil motor of claim 4 in which the magnet is formed from at
least two materials of different magnetic properties.
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.



and the second portion, the magnet providing the magnetic field with MAR 2005
radi al magnetic flux paths cutting the first portion and the second Zlb
portion. 3. The voice coil notor of clgim2 further conprising a yoke
having a first armand a second arm™ t$€ first arm bei ng adj acent the
first portign and the second arm being adjacent the second portion, the
yoke bei ng 25 Temvoigecal n’tiQiOEPf)%léjmﬁewgami@tth‘tmag@mﬁp@w@aths¢umﬁg 2005
-11 4. The voice coil notor of claim2 in which the nagnetic flux paths
cutting the fihedirshpprtioshanddhe magngtinduixpaths cupting the sedondgpdrhiens econd
portion are of substantially equal density and direction. 5 5. The voice
coi |l notor of ¥Wenfmubstantigllycdquahdensignand idérestiamed with two opposi ng
arcuat e surfaces of substantially the same area and curvature. 6. The
voice coil nmotor of claim4 in which the nagnet is forned fromat | east
two materials of different magnetic properties. 10 7. The voice coil

mot or Sof cl d0pA disodmivd cdmptisingt | east one magnet includes: a first
stationary uni polar magnet; and a second stationary uni polar magnet, the
first magnet and thehowsingnd magnets havi ng unlike pol es facing each

ot her, wherein the first 15 portion and the second portion are di sposed
bet ween the magnet san acihatdwepieotallyhaonngdeioshptovsts foreotmmaal i ¢ fiel d
with radial magnetic flux paths cutting the first portion and the second
portion. 8. Thmovanert alodut aragis; ahdcl ai m 7 further conprising a yoke
having a first 20 armand a second arm the first arm being adjacent the
first magnet and  avoice 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.



t he second arm bei ng adj acent the second nagnet, the yoke being - 4 MAR 2005
configured to close the magnetic flux paths. - 4 MAR 2005 -12 9. Th
voice coil nmotor of claim7 wherein tglte magnetic flux paths cutting the
first portion and the magnetic flux p %3 cutting the second portion are
of substantially equal density and direction. 5 10. A disc drive
conpri si ng: 12altodiseslivenf claim bl darthey eemprigingruyekehavng lefitsbasinng f or
rotational novenent about an axis; and a voice coil notor conprising: 10
at | east one miyhatsepenrs) pannthefivas gmex being jadjatentibee firstipuirtipn and the
perpendicular to the axis; and a coil coupled to the actuator, the coil
havi ng a firstsesendiagm being adjanevbbise pexondrpdrhiah, trecyckedsding confifyred
parallel to the axis and arranged at different radial distances fromthe
axi s, wher ei n toradosesthfei mggnetin fliopathed t he second portions are in the
presence of the magnetic field such that when the coil carries a current,
subst&ntially equal and opposite el ectronotive forces are generated at
the first portion and the second portion. 20 11. The disc drive of claim
10 in whi ch18tBhedisteise afictainayhéh which tittemagnetit AukQaahy cUftimotly  magnet
| ocated between the first portion and the second portion, the nagnet
provi di ng the firsgpettion &nélthe magnetio divad pathiB @eling thd sSecopdl purtieHtdrkNg t he
first portion and the second portion.

of substantially equal density and direction.

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



I'1i - 4 MAR 2005 -13 12. The disc drive of claim11 further conprisi,n % /
yoke having a first arm and a second arm the first arm bei ng ad] até'n&A 2005
the first portion and the second ar mhﬁ"fi ng adj acent the second portion,

t he yoke being configured to close the*fmagnetic flux paths. 5 13. The
disc drive of claim1l in which the magnetic flux paths cutting the first
portion and t h¥€cRBERem being adianent she seqandgmagaets thoyokepbeingmonfigaredof
substantially equal density and direction. 10 14. The disc drive of claim
13 in which t h® fegmihe magaetipBux paths.t wo  opposi ng arcuate surfaces of
substantially the same area and curvature. 15. The disc drive of claim13
in which the nmagnet is fornmed fromat |east two materials of different
magnetic properties. 15 16. The disc drive of claim 10 in which the at

| east one ndgnbhe discldrivef clainf 16 s which tlvnaragnetic flokgrathegneting g a
second stationary unipolar nmagnet, the first nagnet and the second
nmagnetds havi ndfinghpoktiorpehd shé arigngtiedhix pdthercutthg tied Sedone portivh are0
portion and the second portion are di sposed between the magnets, and

wher ei n t he neafreetostaortiallycetab densigyn and clifaceibd. Wi t h radi al magnetic fl ux
paths cutting the first portion and the second portion. 17.The disc drive
of claim16 further conprising a yoke having a first arm 25 and a second
arm the first arm being adjacent the first magnet and the 4 MAR 2005



-14 second arm bei ng adj acent the second nmagnet, the yoke being conf4 Miﬁ%ﬂﬁ
to close the magnetic flux paths. 18. The disc drive of claim16 in which™"
the magnetic flux paths cutting the 5 first portion and the nmagnetic fl ux
paths cutting the second portion are o_f15§ubstanti ally equal density and
direction. PURE TORQUE VO CE COL MOTOR™ ™ Abstract of the Disclosure 1In a
disc drive, a voice coil notor is configured to drive an actuator wth

mai nl'y tobque, thereby remmwomwvd)mwgl}% oRhe actuator. The
voi ce coil motor includes a noving coil vertically disposed with respect

to a horizontal radial magnetic field provided by a stationary unipolar
magnet such that the active portjons. o tgs,c il are of different radial
separation fromthe actuator pi achoé 18¢¢99ure at es cl osure of the
magnetic flux paths. FIG 3

Ina disc drive, a voice coil motor is configured to drive an actuator
10 with mainly torque, thereby reducing unwanted vibration of the actuator.
The voice coil motor includes a moving coil 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 from the actuator pivot. A yoke facilitates closure of the

15 magnetic flux paths.

FIG. 3





