H GH FIELD VO CE CO L MOTOR CLAIM OF PRIORITY [0001]

This application is related to, and hereby cl ains the
wheonsfii4s2nf , provi si onal application nunber 60PETOSHED016755
filed May 12, 2004. FIELD [0002] Enbodi nents of the
invention relate to a voice coil notor and nore
specifically to HiGH R VOICKE COMMOEOR, (rive the
voi ce coil notor. BACKGROUND [0003] Speed, efficiency,
and accuracy, anong other criteria, are manufacturing
CIoaMIGH PRIORITY | n an ever increasingly conpetitive
manuf acturing market, the firmthat can fabricate

hi gher quality parts in less tine with a nore

srﬁdmg TR apPlichiigiAld ated 6. SRHEEREy Widits IHE HRALKVEL PiSvisional
its [ess capable counterparts. One such industry is
Bpelication oemberct0sr70, 379Uuded MayHRgR0Mers in the

sem conductor industry, particularly those involved

with wafer and di e processing and control equi pnent,

FaEe DNy devi ces fromwhich to choose for notion

control apparatuses. One such device is a voice coil
notor, also called a voice coil actuator. [0004]
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X iaid el

not 1 on Ices that utilize a coi
pe anvamaemengefehagnefsite dedve theprodbtwod motoechani cal force
.proportional to the current applied to the coil. The

notors are either linear or rotary notion, the latter

HACRGROONGer al | y has perfornmance nmeasured in torque

versus torce. Characteristic of either orientation is
hi gh acceleration (e.g., 50 gravities or nore) and

E'(ﬂﬁ%f re eftc actuation, &OOOSII]‘ Tpe voti ce coil mgt grs a

00031 Speheftinlotss B ardinsy. amgne, elber FRSHE AT SN e e foor

GeRdhntirkss Y ta@rvet mcaeagihgge@bdlpwiﬂvéyxsdnafact@ing%hﬂ(hg fhe firm that

sensor  can_provi de feedback to the notor drive o

&pedabrisatec Bigher @udlity drarshia lges time withot mate afficiert wlization of
t t LO f .

T 8tces sl 'sEccBR Wro SRS BRSIG LoRtHBIS Bplsultl Fidustry s the

cemicenducagrpindedryt Ergiveersoin thevdeatieornductos ighReyapaicularly those

known that, for e | e, a, partjcular current )
involved w1tI1 wafer angi( %{gpprocessm% an(f control equlrpment, have many devices

from which to choose for motion control apparatuses. One such device is a voice coil

motor, also called a voice coil actuator.

[0004] Originally used in loudspeakers, voice coil motors are limited motion devices
that utilize a coil within a permanent magnetic field to produce a mechanical force
proportional to the current applied to the coil. The motors are either linear or rotary
motion, the latter of which generally has performance measured in torque versus force.
Characteristic of either orientation is high acceleration (e.g., SO gravities or more) and

high frequency actuation.

[0005] The voice coil motors can be controlled by either a closed loop or open loop
control system. In a closed loop system, a position sensor can provide feedback to the
motor drive electronics to control the actuation of the voice coil motor. In the open loop
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results in a particular actuation, force, or torque.

For either arrangenent, uniformty and controllability
waemsiimsor t ant. [ 0006] Voice coil notors in theCT/US2005/016755

sem conductor industry frequently appear to control

zaxis (i.e., normal to the plane contajning the

%F%g(@ agfuatinp of H¢i V@&“i’cﬁ?@t%‘i’toﬁ\&f@mroﬂ?ﬁ nglah%itef ing the current
. CaLi $ s o

g e ke S acTer ey R L O oknfle 2P AGular current

wisulgainta phrecubatanpehiom fdrcanmrigrqoe. Héor eith¢regraagedent, uniformity and

Ci rcyi é@t circuit ?I enents, and circuit substrate

FRLEO PRI FE PRIt i he conducting wires (e.g.,

generally 0.001 inch diameter or less). [0007] As

sem conduct or devi ce sizes decrease and device density

[0096 Y etce cojltmotgrshiadmseangjconstuetor istystraiitequansly aphear to control z-
j - n ' .l t apeo Lahl 0si tion .
I SPOTHATE 162 pR68 ShIUALTRCY B DL BN BSIGERR varen in
tireborid' mibcltidesr@ipetdvidg dd hemasneMsirgilarnioes SawiAg Ghiahliee @ Mrebond

thinner and often npre fragile, the z-axis control is

Brerling spnnestsaigtegratest pisRH1 Gichehusen, andhampermothst indsarntsd eircuits,
| . C o . I Q) .

PRl B B Rl SO0 I xSRI ires s

gencfalyd).0d1 inbledueetarer Ikk)e control l ability, speed, and

ef ficiency, anong other features, (i.e. "perfornmance")

of the voice coil notor depends in part on the _

v0f7] A4 Rhdi€hdaétor HRYRETHIRE ClrABIRARY UeBRd ASSHY tihd¥bases, it is

ermanent magnetic field in which the coil operates. ~

OFMDESBR| Paontthar Hibe DRAVYNAS[aging] aTtheimultasaousty highly
licati fil opt ai ns | ea one dr.aw.ng . .

BT BbpopRe b 3pt°BhhdS afing ROEH G8 B BSpirspond machine

adlirkdsoird Diterpoilets Het@ihie Wituker @0 oftedl hivat RGGSY, thd r-hxid&ontrol is

provi ded by the O fice upon request and paynent of the )

ek 9r ps ftaeproperdy gydhene thrpugh'| oy, sexampico @pplieds fefep s ylirasonic

Con or ¢ . . r _

PRk R ol TnE ST Mesoh Rt by TR Pftp A HRARRE thg surface

af tdreodeyice diheosonabllabibtyhapecds iand effidciervy] amoagidtherofeatures, (i.e.

per panent , magnet configuration.[Q011] FIG _3: )

iR DR Qe 4SRRIcBlanor ARpERR 2 oo i gandigeration of the

paanabf nidetsRiad PRI GREL ARt Ao RERETA B Whikh tHE coil operates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be

provided by the Office upon request and payment of the necessary fee.

[0009] FIG. 1: illustration of a cross section of two prior art voice coil motor

permanent magnet configurations.

[0010] FIG. 2: illustration of a cross section of another prior art voice coil motor

permanent magnet configuration.



[0012] FIG 4 : illustration of a cross section of an

enbodi nent nodi fying the Hal bach permanent nagnet
waeqangseent for a voice coil notor. [0013] FIE&T/6S$2005/016755

illustration of a cross section of an alternative

enbodi nent nodi fyi ng the Hal bach permanent magnet

arrangenent for a voice coil notor. [0014] FIG 6:

[ t4.0 t ' f i f

JOOLEHICR S RuRyr) O LeRYeR el PR fREber® mdghlEs and the

pedgppetonste genaaediGt he per manent nmagnet arrangenent

of Figure 4 as applied to a rotary notion voice coil

notor. [0016] FIG 8: illustration of a perspective

W0 BiGihel@eatiBnenh criigB&itioalofaN@&HRAim&: nfddityli} the Halbach

as applied to a rotary notion voice coil notor. [.0017]

peropanont magngkarrangemantdor a veiepcail BWtaf the rotary

notion voice coil notor of Figure 4 showi ng the voice

coil centered in the permanent magnet arrangenent.

[@A3BFIG 55 illddratioh lof st ¢rags @otiod of be aRernativeyér@Bodineht@odifying

rot}?r%/%goti on voice coil notor of Figure 4 show ng the

esiHalbash peapanenhaaenal Mrangsaiant fof apiqicesoplmsieht magnet

arrangement. [0019] FIG 11: illustration of a top

view of the rotary notion voice coil notor of Figure 4

§0dd] RIG tthellustrghiant ofta fopuiewd efithie teynbiodinGmtssef KiGedtaad K. 5

t he permanent magnet arrangenent. [0020] FIG 12:

illustration of a perspective view of the prior art

[OU1SPRERL7: MReA@E oR bf 3 PeBpBitive Ulew bﬂﬂk?e%nﬁﬁen@ﬁﬁ%h&%ﬁgement

a rotary notion voice col| notor. [0021] FIG 13:

PfFltggter%%ﬁ applied tog togasy Wmasignooiceiseilmaater y noti on voi ce

coil motor of Figure 2 showi ng the magnetic flux

density in Gauss created by the permanent nagnet

fo018n gEGER tillusgt@BaR bf klperspdetive ividw 81 thatpgearht ffagnet arrangement

i ncreased torque and uniformty of the rotary notion

bl igarecuns aprbiebio Hiotary giptionyoiggcellanateie rot ary noti on

voi ce coil notor of Figure 2. DETAI LED DESCRI PTI ON

[ 0022] Enbodi nents of a pernmanent nmagnet arrangenent

{004 7R F1G.¢h illusahtow of & ®podew ofititeaptarnmiotidn mgict keil motor of Figure

net. arrang; n il ri )
&36%22@6 %E?EI CeOtll Cael‘ltez.lj’lﬁ(f3 1%r{ﬁe %)ervnvllanentbn?ag%gtsa{:rralnggrglent.

[0018] FIG. 10: illustration of the a top view of the rotary motion voice coil motor of
Figure 4 showing the coil rotated a maximum amount in the permanent magnet

arrangement.

[0019] FIG. 11: illustration of a top view of the rotary motion voice coil motor of
Figure 4 showing the magnetic flux density in Gauss created by the permanent magnet

arrangement.

[0020] FIG. 12: illustration of a perspective view of the prior art permanent magnet

arrangement of Figure 2 as applied to a rotary motion voice coil motor.

[0021] FIG. 13: illustration of a top view of the rotary motion voice coil motor of
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now be made in detail to a description of these
enbodi nents as illustrated in the drawings. Wile the
wendedigsent s wi Il be described in connection wehusivesel67ss
drawi ngs, there is no intent to limt themto draw ngs
|sclgsed her ei n. e contrar the intent is to
showigg the lﬁlaglie&l@ lux deasity naBress steatedbyelbieiPganagpsmagnet
&h&@ hehfne spirit and scope of the follow ng
dlSCUSSIOﬂ [0023] Briefly, an enbodi nent of the
i nvention |s a particular arrangenent of pernanent

IR0 PR g BRI R Frebt e eadie AHiiniion T iegriaey motion

%&élﬂ&ﬁﬂﬁfﬂr%f FQluré4 VeisGethe Pbtary Mb@on voiEcREMBRE %PFlgure 2.
magnet arrangenent of an enbodi ment is based on th

Hal bach arrangenent of pernanent magnets. The

| eld strength and uniformty
QﬁﬁgggiﬁgyﬁgﬁﬁngQSEg,| notor that is both capable of
hi gher frequency actuations as well as nore uniform

force over the full stroke of the actuation. L0024l As )
HP2ELEmpodimeniiort: #pemanent mpghet @rgppement epd ¢, high field voice coil
Rikdr! 1ﬁHl1@1§1 ttH(,D @mWnEIS} rﬁ%%r@[ ¥Yrr eh{%ﬂt VJI11§ bk QieQJr b\é& }t{g@rence will
z-axi's nott n awre I ne

pew dreeteds 11f1 aieta[ilotorra r@salmmpmfr thesa embndimentsl alsddlustrated in the

ressur by the capil heat of .the
BisaRen FutR e b o menfit ks doifisd i Bbpgsidpih hesp ravwings,
ﬂféﬁé R aRdnRACoqmid R & @BdireS dieloRd ﬁ@elﬂebﬂlthé‘&ﬁitﬁ?}l' the intent
bond (i.e., eutectic bond) between the wire and
songopadll altematixess mapdlifications, efd equivalenss mithinatbh |sn1elt mznd;scope of
recisely apply the required pressure
&% t?%‘% g?‘hsg Se%odlgt e bond without, for exanple,
cratering the substrate having applled t oo nuch

ﬁgnssure as is well known in the art.[0025] A further
3] Berly: 8n srbadimentpodthe; iyeRanC s tsh@atkiculap osrgangement of

?ﬁ‘ﬁﬁ'ﬂ@tﬁ Iﬁ%e{s%gﬂ Fa@%gfgﬁhal &%{gtlﬁ@gﬂ&%g %élé%?ﬁlaé&tlc field

Z-axl s voice
thao elxestiag ipormafent hmgnétcurraﬁganmite forcapoicé oy motot. e permanent

that that the w rebond chi ne s capabl e of higher
PRt A EPeRR Rl o0, SBOOT AR S bBtrdnBh ey dUbe Aringement of

FayRYedt, méé’ﬁ@tsz QK i’hc?é‘atsé@ﬁﬁg ét§ R4 SRdrgal b BRYRF a?l%ws for a
In an X- nd y-axXl S Accor |ng Yy, an I ncrease in

woice kel ZnQi&n thatiist beth sapabje Of brghelx fraplency iaplontiersi asgwelh @s more
AiE uClord el B T S0 B fui@r®accel er at one. and

resul ting

[0024] As noted, a noteworthy use of voice coil motors, in particular those with rotary
motion, is to drive the z-axis motion on a wirebond machine. Important parameters for
forming a proper wirebond include pressure applied by the capillary, heat of the
substrate, and ultrasonic force applied to both scrub the bond pad of debris and to form
the metallurgical bond (i.e., eutectic bond) between the wire and the bond pad. A z-axis
actuator of a wirebond machine must be able to very precisely apply the required
pressure to form an adequate bond without, for example, cratering the substrate having

applied too much pressure as is well known in the art.



speeds for the x- and y-axis notion. A high
performance z-axis actuator, therefore, should further

wobdoeni4segh magnetic fiel ds w thout addi ng cunmber/ss1ms/016755

mass. [0026] The force produced by a voice coil notor

u ion of the [ength of con in the
@&313 ’@"il?reqoamd?%ogtsrté am d yyith wgwﬁé%wﬂamﬂ rapchine can form
@/'ﬁ‘éb(‘irnﬁ, Pﬁg ef Magh@l fi@s inth ?or MU@E&[ a@cﬁehtgnel%%f/ Il&%QO higher

by t ow ng equati on, I Is the curre
ambm@i@naofsthﬁ,afog hetxamipteg caypillaryngtih sd>_ tlnan thatrthg rvétebond machme is

fi I to th

AR gt e BRLE RN U, rrpos RetdShgronl Hishegig the =
htie a@tUﬁﬂbEﬂst potérftialy tdved ali8 iMiah &- af ytdxes. MRESRtghy, fahGhétease in
st renigt h perpendicular to the wire. The voice coil

mgﬁsz)p e Araxenpeidatae BY, [asexample, bactepsieg ftg size of the permanent
?éfsc‘ gedl%fdte? K\{Iggéﬂﬁé&gﬁg%e (ﬂerefsﬁ)lgs i lgor etl Ak Paglons §nd resulting

rotary mnotion a6
Sm:ledi forb&ielmwrﬂays-aﬂg otion. tA dighi pexm‘ﬂmﬁée Tzhtﬁlspe&jtm iierefore,

gn rrapngene The jncreased B leads to inproved
5?9%&%@?{ Shighogh @églf%lﬂ%}f’ééwf[%mmww begsome mass.
illustrates two prior art configurations of pernmnent

magnets utilized in voice coil nmotors. The magnetic
{0024] dbedpteg produded by iaowoiaetcodieaiogmsis asfundtions bf ateedength of

PR S B BRRAFYS T 8% ARGrel DG e AR, and e curen

bdrtikd Zh MEe é&lcmagﬁ a@ade%&l&arts} q@f&m@ ea@gmﬂnwmvh{cﬁn is the
boron (NdFeB) magnets. The prior art

magn
eitrren gumwgh 2 stoughimdraeigaesth dr inargegnstic ﬁEbilB &has if parpenslicular to
{%R,l,&eally not efficient in terns of force (or torque)
O weight ratio. [0028] Figure 2 illustrates another
prior art pernmanent nmagnet zcojffjguration utilized in a
voi ce coil notor. As depicted by Figure 2, the
hmgaaemgahqaﬁiree omi endcadbmphishedfbytinereesing thetauereht, agtiedSthe wire,

- 206 ca descri bed reference to the |

LPEl? laib&i%a repeth perpgn IH‘B Wig. L e eoidgeptor of an
%Bgdlfﬂéht 'als'vﬂﬁtlfeaﬁlbi‘éefdﬂyr&%%dquld/w ihBRaREItRE &ML (or torque if
magnet arrangenent of Figure 2 includes two distinct

sedigumestot fraducsraeratayanetiandationt a piveqs poknth by incxtdsilg B hie the air

I ] Th
%e? | 6F tq%géerm\é\%%lt ta&%\ﬁltg%rﬁaentgg%ﬁla Sérslcr%?gg :%&ﬁng go 1mproved voice
Q&Enﬁﬂﬁpbﬁwmcaagnetl c pole orientations in

[0027] Figure 1 illustrates two prior art configurations of permanent magnets utilized in
voice coil motors. The magnetic flux density in the prior art designs, as illustrated by
magnet arrangement 100 and magnet arrangement 101, is low and normally less than
10000 Gauss when utilizing 48 mega gauss oersteds (MGOe) neodymium iron boron
(NdFeB) magnets. The prior art magnet arrangement 100 and magnet arrangement 101

are further typically not efficient in terms of force (or torque) to weight ratio.

[0028] Figure 2 illustrates another prior art permanent magnet configuration utilized in
a voice coil motor. As depicted by Figure 2, the magnetic pole orientations of the

constituent magnets 201-206 can be described with reference to the Cartesian axes
5



the -y, -x, and +y directions respectively. The second
section includes a base plate 207 and nagnets 204- 206,

wo besmagoet s 204- 206 havi ng nmagneti ¢ pol e ori ePtBUSONS016755

in the +y, +x, and - y directions respectively. [0029]
Thi s prlor art arrangement jllustrated by Figure 2 has
@61666 9 the magnet apprgements g ued fop HisHptiNgoRIERases paly. The prior

€t arkdHgeMRLOSF F}%‘lﬁ@ Ah &I (@g‘tlrﬁ:t Q@Jtlghyg}as\%re separated by

struc ure t mal nt ai he air gap et ween
digpithough edticloths. voiaer ¢dilewill triveel iy Atsit (Secftiolm(mdadsi | base plate

033700 APk oD s il g o

RRIAELL, Canf1|+ljlxchﬁ';%ﬂ§ﬂ1§ ﬁés&%ﬁ{}&?sﬁlecﬁkﬂ&?@s&:ﬁ@n RIS base plate 207
gener at ed t he magnet arrangenent and voice coll

erbmagnety &Oﬁa&()édyhet wagiwty 2s206 hgving insanetioypelhemientations in the
£e aﬁgl &okates. & gct} he two travel extremes within
ﬁb per ma enF ﬁﬁ ne 6 "[0030] Figure 3 illustrates
a permanent nagnet arrangenent for a Hal bach cyli nder.
The Hal bach cylinder, nanmed for Kl aus Hal bach of
100%9¢ 1 ks Eé?rk%T ayrangemesh Alustratsd oy Bieyre 2§1aargood efficiency, but it

%ﬁ&ﬁ g@rgg Qfavil] cﬂ?%‘BF f:)?antq;c;l 7 tlh% g{b%razfsgeﬁnlﬁ 5 rzPho (ﬁllég structure

In t re of
Hahtmémhindyé lairdenp lgpgwesmatheswa distidod sactivhg, nlatrtlrerfuhelrﬂbgatetlc flux

I to th f the b The conbin t|on
Bt e RO % DS P (DR R ERR! Dbt 201
QUS’ Joar sid ﬁ)d)'a'gﬁheﬁﬁgx{ﬁl% RxSRAbinAld YedsE @Qﬁ@?fh%%rqhg ghflated by

| Ux generatéd by adj acent nagrets, generates a
ﬂm magnet mergmme@t fupdevelce poil I(n@tbbuaﬁratrfd) td éecn'ydsc mmrﬁczandy when

#er.o ts de the c
G RAERNTblfes & Frednghlied et Senkgn Y G merdnep Foppet eap.
t hat rrakes t he Hal bach cylinder a desirable basis for
the er manent magnet arrangenent of an enbodi nent.
fflgnr@érléluw ales| Y perpanest magndsuragemeynionh Halbach cylinder.

(?‘Hp Clqélmt I F, o zrﬂnxgic#] IP& k'?zhﬁ aﬁgltbg i gl?a{]wreg&g %%rkelely National

arrangenent e permanen arrangeirren

aabbratesyjl tsiangmangﬁﬂem(mf Imagntte Ithamfgeﬁ&”tatem@difmmﬁeldﬁh&he bore of
titu n%%net s 401-412 ;an be. described with
mfl‘ar 3l

P¥NG Pagiguiass thenHalPach qyjinder genarges Remviggnepagnetic
ﬁEfdad? g?@ﬁf‘ﬁngﬁ‘@% S 8ks BPfhe'HokéJ §he %Bfn‘ﬁﬁlaHUﬁ BPRE ?na%met).f due in part

For exanpl e,” magnets 401- have magnetic pole
bedausa modgtmsrarqaeatrﬁeand(ferm; magqets yre e@pahtiallx tr}hnsmlmnt amshe flux

res net 407-41 1 vena netj.c

BFTEREL O iticr] THRR ey EStepates § untyrn RERFy 6P ghahe bore of the
EASTRE hhd 2dr¥ mABASHE FisldAfifiside the cylmder. It is the uniformity and strength
of the bore magnetic field that makes the Halbach cylinder a desirable basis for the

permanent magnet arrangement of an embodiment.

[0031] Figure 4 illustrates a cross section of an embodiment modifying the Halbach
permanent magnet arrangement to form the permanent magnet arrangement and
resulting voice coil motor of an embodiment. The constituent magnets 401-412 can be
described with reference to the Cartesian axes adjacent to the magnet arrangement and
used for illustrative purposes only. For example, magnets 401-405 have magnetic pole
orientations in the —x, +y, +x, -y, and —x directions respectively. Magnets 407-411 have
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and 412 determ ne the thickness of the gap between
magnets 401-405 and 407-41 1 in which the voice coi
wowdos/1ogser at e. Furthernore, unlike the prior ap¢T/US®NE016755

arrangenent illustrated by Figure 2, the gap is
mai nt ai n d by rragnet .e., mg nets 406 and 412
nagage é‘ﬁé’é‘erys X éma ShidHgCtirms éeS@PCtt‘ﬁzy Magnets 406

QNEn P heteegggtgwa{hmge 9%9&%% %g%tg [A@ 5118@5 @g @;2%-411 in

magnet i c gener at e e gap.
mhignhethe goipokail will epdratei Bmhetrlrnbtee urlykecthe @cibr am magoet arrangement

TR B Tipa8 I i e SRR 0--CBpangio 06 and 412)
Ve héiﬂlﬂ{agﬂagﬁ @ﬁa%el‘sl |aH§\‘ivfn%t ﬁx@ré Bf the obalaﬂ%sg&ylamggémem to

of Figure 3, as identifi in therein, are conbined
aeriribetacthe permanemt tmagnem fteﬂsé gemawagmetle gap. tMegnet 405 has a

T N L R TN T

oMeitaidn iankssy dieedtioanal shape of t he magnet
arrangenent of an enbodinent is rectangular to
facilitate unencunbered coil travel in the voice coil

] R AGALT e 0 0 BRI YRS SETRL Y

tylendst efFighmck aplidintified @r thercits ase pmnbmeah and othbss (ireparticular the

ath for netic flu ed by the magnets
i Mgt it T eniep)ate drBiRd (Briaieala 56 AEFRAICH! (rpgngijarrangement
Hlfstrived TRIBgurkhe IBGRIRIdC tﬁ@b@exﬁﬁ'&éﬁs%b@&?al %ﬁaﬁehgf the magnet
magnet s conpr|3|n a magnet assenbly of an enbodi ment
emmngdsmedesican pmbociment seouenmdardd facilitatst enenprambdrod neiktravel in

R B o DRI RO SR BB ot A3 b e of o

ba&ben @nreelelmcatplaes 100 and 903l e @feElSEdckSleiitéé adtlé at h)pofibn of the
degrees from adj acent magnets. For ex descri bi ng
fehen; nagh rdwneéﬁegﬁéeéneﬁats@ by kg ﬁ@gmteg&ﬂ% op g asengement of
hltggmggtﬂmteg{ough the sequence of magnets, each nagnet

as a magnetic pole orientation rotated cl ockwi se (-90
degrees) fromthe nagnetic pole of the immediately

HloBSF ELmBhot e ekt Ak Bl PRE Sfagcrigngt semprising o

HRapadttsdnibly RE SaimbEIB LR Jaﬂeoepﬂésgﬁbéﬂr s HBE4Rhce of magnets that
arrangenents illustrated dy Figure and
exp

form a gap. When viewed from an en osing the gap (as in Figure 4) the individual

magnets each have a magnetic pole orientation rotationally offset substantially 90
degrees from adjacent magnets. For example, describing the individual magnets
progressing clockwise around the gap through the sequence of magnets, each magnet
has a magnetic pole orientation rotated clockwise (-90 degrees) from the magnetic pole

of the immediately preceding magnet.

[0034] The permanent magnet arrangement of Figure 4 increases the magnetic flux
density in the gap versus the prior art magnet arrangements illustrated by Figure 1 and
Figure 2. The increased magnetic flux density in turn improves the performance (e.g.,
controllability, speed, and efficiency) of the voice coil motor incorporating the magnet
arrangement of an embodiment. Said differently, as the increased magnetic flux density
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Figure 2. The increased magnetic flux density in turn
i nproves the performance (e.g., controllability,
wepwedi4sand ef fici ency) of the voice coil not oPCT/US2005/016755

incorporating t he magnet arrangenment of an enbodi nment.
d(glfferently as .the increased magnetic flux

&3%? 0% magnetegn ﬁlrﬁ%@héqm@dﬁ?r@wﬁmgaﬁt &8> dhagsvoice coil motor of

AR RS Sl Tprct 18 KRGS Ve sTBRHR ralt whth compared to

thei rivir aramagnmsemldwpaAedthteoberkw‘lt of it embbdmm:gnei the magnetic

enmbl.i e Anot her benefit of I ment
RR BT o PYFT e SEIPL Y dRigiest RENFL oAb  H dpaetic fiel
whifdthiity! SicElAdy Adrd hﬁlf&%g ke Gof toRlsk) Wik @METERLY voice coil motor
generates nore uniformforce (or torque) over the ful

storkee Adorthembsmefit istthasiche pqxnfanmth‘eﬁgn@émﬁmblw i§ selfrqupponieng as it
supporting as it

ol Ao A R RC B i e n ¢ e gap.

[ 0035] The permanent magnet arrangenent of Flgure 4 IS

fabricated by bondi ng% the magnets, for exanmp
I035L £ s RermanBSMpEnct agrap sana e Figure B &loegatecl by Yonding the

afdhdi oy eﬁgﬂh gh @H’g&ﬁf AR &R0 rtlg(?ﬁe bRelCRER He?rlnl addition,

u3|ng simi| ar I ng te ni ques. The nmagnet
adjacdne naagyleumgn dtqndedrm eaclalothenatsing sxdukaeéohd@g techniques. The

| nbodi t |
RRERT shitetal i pe had BARRERR TABAab e bArCR R dS T gosse) fux. In an
EBodifent, ke sdrefin@teriahB higlogimlisesdodOmieh iRABLRRI (NdFeB).

embodi nent wherein t he permanent’ maghet arrangenent

i ncorporates, as does the enbodiment illustrated in
EGD%IBI; Figg;rea§gﬁh%ﬁ te? 3%% c“?g'ss\?%ecglgg C?a n@ OC%L%%%E'[ Yherein the
pmhéﬁtumlgndmgmganélﬁhné&go@aﬁ he ddes thel gbodintht 1llustrated in
reference , to the Cartesian axes adjacent. to the nmag

Eieutihotmeien BAGTaSTdns dfalbach sytindi empdifipdsed aopid fo a voice
E&l mg’coﬁ?{ﬁﬂ %:%Ql%fs‘m}'sl Abl@vgam Hgs[chf)ecpghﬁl reference to the

orlentatlons In I'rect
Cextgrat axeela;djacémgnehs nﬁgﬁeﬂdrrahgbmvm arglguetl i for [lhjs&atlve purposes
orieptation directions

Pl pERODPY: mhsbels AP 403 Hars Mpgnclic oS Shpex. +v. +x
andndak %1@6&&1@ tr@stpb&mel)ofMéé?l@ts' 4091 l-4"1'1 sl Inﬁ?ﬁ&ﬁ.t folé §r1entat10ns in

essentlal yt e Sane as th nbodi nent ustrated I n
thegis &, 4%, mmmcthméemqmy dbs erbhgenient ik, le@ltn’on shape, and

?ﬁle%? iﬁ tlht ugdcﬁgxsd%lgl xgﬁé{g sI %gel,%s{ﬁﬁgp eg% 400 ant ec %odlment
{iidtrated it Elgtuﬁe 4 hlﬁbW@@ﬂ&he fhagh@| FscpeI g iah@Gel suppértig@Rs it does
r-[gtelne:lel{dgatglggnrgets 4%6 and 412 that both define the thickness of the gap and
contribute to the magnetic field generated \in the gap. The permanent magnet
arrangement of Figure 5 would require spacers to maintain the gap in which the voice

coil would operate. Magnet arrangement 500 is a perspective view of the same magnet

arrangement.

[0037] Figure 6 illustrates the top view of the embodiments of Figure 4 and Figure 5,

including the magnetic pole orientations that stem from the orientations listed by each

Figure for magnets 401-405. The shape of the gap is defined by magnets 406 and 412
8



arrangement of Figure 5 would require spacers to
mai ntain the gap in which the voice coil would

wop@esai#s21 Magnet arrangenent 500 is a perspect POEUS1085016755
of the same magnet arrangenent. [0037] Figure 6

AR L e TR s LA o
ang Tt the.ori e .

SRR 5l ST S GUAERIRUL 008 Al

the wreforméy db yhertogmest greatod bane tbndtarrangarertt lod agambodiment as

shape.as t verlyin net.s 401 and 405
P@?%&@Fﬁ?&ﬂ@?g?ﬁéhiEB%?%E?P@FE%“%f%pezoida| shape of
the gap as viewed fromthe top further contributes to
the uniformty of the torque created by the nmagnet )
HO38h e e tvoise eqil artiordidasan ofsamientbogiandnyr(bpeif the embodiment
' Fi_ gt ' . ] . .
LSRR Al 4548 . AL SORREL g B v
drebgal wembinid | wishin ahe hebylarkeng uiagnét assembiurEgh, 7 tdad Figure 8

voi ce coil rotates around.a pi.votal point Qutside the .
aﬁﬁtrefsm%ﬁrﬁp@aﬂw Yigw of thievies srihwatornalrrabodimerisngprporating the
D A e L B T SR TRy S pEe
per manent nmagnet arrangenents illustrated by Figure 4

ROET AR o o PRBH 0, e 008 B0 B0 A e
afaeRERAB Nfusirhttd BY A58 @ﬁpgéiﬂémlﬁy, g-(i%z%@gqhﬁ&tﬁa%s! & voice coil 900

Figure 9 illustrates a voice coi centered in the
gy

erghdn thecap apd wgdertiipemeganp40b404.for simplsityconly the top layer
L e 598 54T RAHR M. s Bl e ot o0

fitas stsoudbvat 9P dnaksfdBde foranr pHENSETEND adihtrdAMdedetove. Figure 10

current as intraoduced above. Figure 10 illustrates the
{gistrates i vadepcait 909G at itwrmiiHIY displagemprinit is 1te be gindeystood that

B Hagdeih rlﬁc?ﬁigntg Elﬁl?’ gg?ﬁﬂopypﬁgbts PR EMHE LentBRYof ath? %ap in the

be offset fr e gap in the opposi

dbpasdt doectionahanvvbat is Blustrated tAssingdducdd aboxte; andimestder to increase

bove,. and . in order to increase the efficiengcy, ) .
3B e Rergial naghes GEL SR i (HeSGHSraIE st BA e i coil 900
bR, UPERInfRh HisPalerRdiSis Fbﬁll@l&é'tﬁ@@ﬁg@ TRhEREPRMY defirdng the gap
parallel to the edge of the nmagnets defining the gap
i Whihcthe tveécevenilc @00 operatgg Figprer bt dbistritegy theesante top view of the

' h ' f .
A T b P i
dagitgtin Galidsreated thereby in the gap.

[0040] Figure 12 illustrates a perspective view of a voice coil motors incorporating the
permanent magnet arrangements illustrated by Figure 2. Figure 13 illustrates the top
view of the permanent magnet arrangement of the embodiment of Figure 2 and the

magnetic flux density in Gauss created thereby in the gap.

[0041] As noted, Figure 11 and Figure 13 illustrate the magnetic flux density in Gauss
created in the voice coil gap by the Figure 4 permanent magnet arrangement of an
embodiment and the Figure 2 prior art permanent magnet arrangement respectively.

9



density in Gauss created thereby in the gap. [0040]

Figure 12 illustrates a perspective view of a voice
W@oi05/1mseDr s i ncorporating the permanent nmagnepCT/US2005/016755
arrangenents illustrated by Figure 2. Figure 13

g_#ll ustr at[ﬁs ‘iﬂﬂs I[t:;:]g Mé\{frgg nl%elg%f‘ q%rt g‘iﬂ%ggt;ar%% erpﬂg is higher than

fROMgh: t '
Eﬁ eC2 hHrXSaﬁl E)gtﬁié%dén{': Pmaglsgsa?rfﬁgﬁrg&gfjaé l}f?@ﬁﬁ@iﬂe gt BE the gap.

%hﬁ b ﬁlamegltelfie ﬂrmghefutyccreat@d(bﬁ dwsmagnet arrmamsntmf@atead)odlment

t e co V..t he Fl er rrane

(% GBI i8R A A AR of HRCH PSSR0 Shercased
&itte [PEItORINE rktf thReovsite @bil adtg@mmtlohe&paﬁ&ﬁdtﬁl YirdiD8vithin the gap
magnet fl ux density of the Figure 4 pernmanent magnet
SPTBHE Fthe prigr ¥t glaenetpfrapgemt pf Bigeee 2 prior art
per manent magnet arrangement at the outside edge of
the gap. The higher magnetic flux density created by
[OMZ]TEgplatnedrahamgemky‘;tFlgire dn itohedtisrtRitorue ®ersusaSmeasure of the

i1l ustrated ure 4) at the outside edge of the .
yase GB%FFPEH?@ g‘ i With EesBed t9 bring %Ptefeérlaﬂhe 8#p ffethe prior art

HRbe&® £R8LhbBt of tﬁ%u'f@tﬂ QBrsQf thOtldnen %Lsel’dbg? fof Wt gl'n'aodlment as
the gap conpared to the prior art” magnet drrangenent
dfust?atgdube' Eigue 0D 4% mE)qatedl tedpeatntrem anagnel yrrarfgegunieof Bigure 4

é ustratetstheto%u fFP a neas g t he Zﬂ%@ i
25 fieteageg (Brqug A UargrutyeT ok YR ing Bofiep kepiedt iy wgice coi
- st theggiior! &t nidpBetPidsOhbBr bf FRGRED. FEARSDINe Plgufd gUeBmanent
2 versus the nmagnet assenbly of an enbodi nment as
MagpRit AEAngement o gule@badlms@t iih aneratedlacienthia tg@nmﬁémque versus
e 1,01 I

WRARE L BLRATBE Rt o pelhsh EtelB SRR GE R ugther s
thm toequeait| thy emauma‘ﬂ Renigy b theavdiceragin Qie ask ea@:rbes foftation and +4
ure 2. Furf&lha the Figure 4 permanent nag

s%gre%ﬂ@ it ESFpeghiScly HEEr 9fdherBIR) Torazhes B ai the center of the
g@ﬂ MBhi®TcobPAsBUR) URY SHiPe WEI tﬂ@tan]ﬁl%t {/é?sdsh@)?qtfeh&rpi'fw ' brior art

per manent magnet arrangement Figure 2
sltrangemenhef Figurpu2 that axheits ateateasdatorduierdtttbe oftatidral limits of the

vai ce e r ot at | nd +4 de rees
ES Ep Bl i bipernupitod AR ShPige Sy gy T Velues, the
for@ievalddd ditl@dedtih eheCBRBILH T MbuleNe BeRot ni&ind tCihARES

to the shape of the angle versus torque curve for he

prior art arrangement of Figure 2 that exhibits

ARS8 Bl 0 oS85k oL OB e Eiimen

pethat ic irh@ovésahe paforalatesef 4 Wdce coil motor.
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torque values included in the graph of Figure 14 are
not neant to be limting. [0043] One skilled in the

w@eaosmi4sk1 r ecogni ze the el egance of the di scl oBedUS2005/016755

enbodi nment in that it inproves the performance of a
voice coil notor.Wat is clainmed is: 1. A magnet
é’g]éaéh%ﬁl?mteédﬁri sing: a first section including a first
base plate and a first plurality of magnets coupled to
the first base plate; a second section including a

d eAonagnebassepblatcompniding: second plurality of nagnets;
and hird plurality of nmagnets coupled to both the
fi r%ﬁrsgﬁec‘,’fl%ﬁ’cg & he second sections to define a gap
bet weamirkthasd plagtangection and the second section, the
gap having a substantially rectangul ar cross section;
wher eidirgadralirgi enaghets caupled o the fiestbasd Watej n t he same

pl a rein.the.nmagnetic pole orientations of
adj gla%é%%{w%gﬂ%fngmg%g rotationally offset, and wherein

t he ahsedontidaveaplue aafi the rotational offset between
adj acent magnets i s approximately 90 degrees. 2. The
nmagnef Sgedd phrplityrof magnets;jandt he first section further

COMDf i ek lit:)‘f Jﬁr{]aﬁne&%ﬂhﬁ@d [@Q&Htthecﬂﬁp Le%qmtl Ond E‘l% sfeéorn%tsections
base plate, the fitst center magnet having a nmagnetic
pol e ¢ defintectt gapnbewbest thn thirst| seotiqueanal the kedoad tséxiohi thetgap having

base plate an orientled in a first direction; a first
tléy

magnet S& festangalar pross seﬁH%‘é plate adjacent to the
fi rwher6i8th8 mABRH Bhs & PolkRBichtalish irfhE §5hé Eﬁhe,t\pﬁeréih ti%d magnetic

magnet having a rragne. ic pole orientatio '
subst anlei eridniations l0b gdiaednt tmagnkts dre retatibeally ffwt,eandneherein the

oriented,away. from.the first has | ate; a segcond .
rragne%gsé)cl)lﬁfnl éﬁlwf o%}th i irPiﬂflo‘Bagsé’%%Ftat e%gﬁffnac jeehly Maghets 1
first appmorigiatdli 90 ldegrees.

2. The magnet assembly of claim 1, the first section further comprising:

a first center magnet coupled to the first base plate, the first center magnet having a
magnetic pole orientation substantially parallel to the first base plate and
oriented in a first direction;

a first magnet coupled to the first base plate adjacent to the first center magnet in
the first direction, the first magnet having a magnetic pole orientation
substantially orthogonal to the first base plate and oriented away from the first
base plate;

a second magnet coupled to the first base plate adjacent to the first magnet in the
first direction, the second magnet having a magnetic pole orientation
substantially antiparallel to the magnetic pole orientation of the first center
magnet;

a third magnet coupled to the first base plate adjacent to the first center magnet in a
second direction, the second direction antiparallel to the first direction, the third
magnet having a magnetic pole orientation substantially orthogonal to the first
base plate and oriented toward the first base plate; and

11



first direction, the second nagnet having a magnetic
pol e orientation substantially antiparallel to the

worasei4sel pol e orientation of the first centerpdEUSE®NS/016755

a third magnet coupled to the first base pl ate

éu g to the first center magnet in a seco
d| rae ftgmagngbcamishe e fexthass p!@m Adjaceat F%Fhett ird pagnet in the

first s@oh®Clitfon! M b rg?%{e B ol

pol e gl‘l ent alteigognsu sttgnlﬁl a ort Vﬁ.}égonaln?atg 31’0 ¢ Onematlon
base plbataptialhdpayalle e te ﬂrsivlms@plateaxﬁlomntebaxsélepbanﬂ,dxrectlon.
anda fourth magnet coupled to the first base plate

adjacent to the third nmagnet in the second direction,

8 NEhef Bk e ad¥BRBRL of b8 ti g&e&fmgebﬁorpﬁirﬁep&dxﬁmsﬁ{g on
substantially parallel to the first base plate and

or ideygeeni Wmetrma@ébwlqm tp dlag $esand BaseThate,the mesond center magnet
asse econ ion fu

c onpfﬁlglxn magﬁétm O;%ée élgﬁ gst%n?tla lg d)sfaélg{ {ogﬁ? ﬁeecond base plate

secondnd:)@s@twmtﬂee sdchﬁl&@aﬁ@d center magnet having a

tic pole orientation substantlally parallel to ’
thé‘ Hhonagnshceupiedite thadeenmdehrsedplpte adigceab s iep second center
direc
ol at ehia gﬁi‘eg égﬁ{e érgmlﬁ,gﬂgxgg%éé Cen%nétchau}l asrﬁgﬁ{mﬁggf%%nematlon
fi r st sulistaatisliyoorthdgogalfto thehsenmrghletse phavd argl @iemeegrtetvar the second
pol e grl eit ation substantially orthogonal to the
secon e 'plate and oriented toward the second base
Pl af @xthamsnet Ebmegmtth@ 98tRhe Cﬂ;agé);glmaeadfa%eme tR@Bifth Rha¥ngt in the
adj acent to the fifth nagnet first direction,
t he sfixt ﬁlrnqgmethe tsith nglgaetrmgmw wagrstie pole @ientation substantially

Subst A B bR DB AR B B

coupidnthomidivt seged tdaresepbit Basedlae @idjack® tbhlle second center
second center nmagnet in the second direction, the

sevenfRghg dRche wacandgdiseciapnthe seversh anegnee hewing gnmagnetic pole
bst

S0t SRl BLAHOAR Bk o1 REGAOHY BASTRL IE B avay

ei ght fronﬂ@as&condbmﬂeqﬂatémnﬁhe second base pl ate

adj ace to the s th magn n the second
i 1R mahd CaRgRS b e GHOCioats P AIARGN AR e Sgugngh magnet in

ori enfiat ¢e@Bnd direction, the elghth magnet having a magnetic pole orientation

substantially parallel to the surface of the second base plate and oriented in the

first direction.

4. The magnet assembly of claim 3, the third plurality of magnets further comprising:

a ninth magnet coupled to the second magnet and the sixth magnet, the ninth
magnet having a magnetic pole orientation substantially orthogonal to the first
base plate and the second base plate and oriented toward the first base plate; and

a tenth magnet coupled to the eighth magnet and the fourth magnet, the tenth
magnet having a magnetic pole orientation substantially orthogonal to the first

base plate and the second base plate and oriented toward the second base plate.

5. The magnet assembly of claim 4, the magnets further comprising neodymium iron
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substantially parallel to the surface of the second

base plate and oriented in the first direction. 4. The
woregseissassenbl y' of claim 3, the third pl ural P¢yUsf005/016755

magnets further conprising: a ninth magnet coupled to

he second magnet and the sixth magnet, the ninth

h@@ﬁet havi ng a nagnetic pole orientation

substantially orthogonal to the first base plate and

the second base plate and oriented toward the first

baklee phgitee assambilysoficdmmid, thegimst base phiteahd the s¢vend beget fate further

m%gqgt apﬁkthg f@uqth magnet, the tenth nmagnet having

_3 nﬁéﬁ%& o %g W JFTentati on substantially orthogona

to the first base plate and the second base plate and

oriented toward the second base plate. 5. The magnet

AsA dpagngt asserablyicpmprisinge nagnets further conprising

ne ] .ronboron. 6. The magnet assenbly of claim

5’qﬁ%§%PF%%t base plate and the second base plate

f urd deater aoigpet duplgd ko hedasdplatesthe @knter’ magnehgvif a magnetic pole

assenbl.y conprising: a b Fe plate; a center magnet i

coupl SUCRIGMbpaRtally) pralel tha Sudigedt the §asetplpadns grignted in a

magnegid dRelienor i entation substantially parallel to a

surface of the base plate and oriented in a first

di raefitst orgnet doupktl toebe baseclatel adhcent tohthe lvaster plaghes in the first

adjacgnttlo he qﬁnter net in the.first directionb .

the 1 APSSEoRa e TSt 0RHs! AN PEEstr ol oBRRiEHion, Substantially

subst gahdgdnhtodhd bae %l’h@é arldoridnfdRAns RIALHR BREplate;

oriented away fromthe base plate;, a second magnet :

coupsesend maghet donpled §¢ sheebasd phte adjacent i gher firss magnegfriatthe first

in thg first. dir jon. the second net. havi a .
mgnon e 5B Pk Bk Yo B SRR s PGP spbstantaly
t o t hentipagailet tocthp alagnéild wilé aitiératiodfof tthecembdrin®ignegnet ;
a third magnet coupled to the base plate adjacent to
t het bermaaengheptpied 19 the Sasedate ariagentitathe eefidersarggtin a second
di r ec i Qftiof Ntk Rtk dfectidh &n@i?axfalléllstt) thl FiRE 1 Ofion! A€ third magnet
third magnet having a nagnetirc pole orientation
subst baingih magoetidymdo oaéntatont substha sl ypirtibgoraah ¢b the base plate and
oriented toward the base plate; and
a fourth magnet coupled to the base plate adjacent to the third maghet in the second
_direction, the fourth magnet having a magnetic pole orientation substantially

parallel to the surface of the base plate and oriented in the second direction.

8.. A magnet assembly comprising;:

a plurality of magnets that define a gap, the gap having a rectangular cross section,
each of the magnets having a magnetic pole substantially in the same plane as
the rectangular cross section, and each of the magnets having a magnetic pole
orientation rotationally offset within the plane from each adjacent magnet
wherein the absolute value of the magnetic pole orientation offset between each

adjacent magnet is substantially 90 degrees.

9. A voice coil motor comprising:
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oriented toward the base plate; and a fourth magnet
coupled to the base plate adjacent to the third magnet

w0 mooshesssecond direction, the fourth nmagnet hardmnygsSm05/016755
magnetic pole orientation substantially parallel to
the surface of the base plate and oriented in the
sedoifFedioflettd on. 8.. A magnet assenbly conprising: a

pl Lérlﬁéénfeyasggmm??ﬂahan hat define a gap, the gap having

a rectangul ar 0SS séction, each of the magnets

havi ngfisst sengiotindugog e substantially in the sanme pl ane
as the rectanqul ar cross section, and each of the
magnet s aﬁﬁ&‘iﬂ??ge B%Ff’a"d‘ﬁleti c pole orientation

rot at i onafrspl@falieds madisitotipied R R FirktiA%R Fakh
adj acent magnet wherein the absol ute val ue of "the
magnet pecopdpectioniinateding on of f set bet ween each adj acent

magnet i_s HEﬁt ially, 90 degrees. 9. A voice coil
not or COanS'S‘I‘?I Si r%?éﬂagem e coil; and a magnet assenbly

i ncl udi ngeeord plstalisesftdgneisnaddidi ng a first base plate
and a first plurality of magnets coupled to the first

base pithif¢ plusaliy frmagnsts sORlsdnt beihrihe dirstetcstien pad the second
| at j . ' .
pate .a@gctﬁ)]g@ ?r(ggér%egc{ %Jga\gét\tvé(enotile Eig?%@%tﬁ)g E@IHQh@sJCBhJ gectlon, the

plurality o pled to rst section

and t he gspbevidg ssubstanially ceottefgulae casgsgtibet ween t he

first section,and the second section,. the gap having a.
Subst ARG FOFh Begdgias d SOl GUENALEE iy he\HBP oA ddircin the
magnet hamndti®pbR @ienfifibad b Adjalent Rt ghdT B P t@Monally offset, and
wherein the nagnetic pole orientations of adjacent

magnet s veeeein theaabiselite vajuegdfftherotationd] offfsst betweeiadjacent magnets

absol ut rotational offset between
adj acentqsg éﬁ’g‘f“geﬂis@‘&e r%%‘ mately 90 degr ees.

10. The voice coil motor of claim 9, the first section further comprising:

a first center magnet coupled to the first base plate, the first center magnet having a
magnetic pole orientation substantially parallel to the first base plate and
oriented in a first direction;

a first magnet coupled to the first base plate adjacent to the first center magnet in
the first directioh, the first magnet having a magnetic pole orientation
substantially orthogonal to the first base plate and oriented away from the first
base plate;

a second magnet coupled to the first base plate adjacent to the first magnet in the
first direction, the second magnet having a magnetic pole orientation
substantially antiparallel to the magnetic pole orientation of the first center
magnet;

a third magnet coupled to the first base plate adjacent to the first center magnet in a
second direction, the second direction antiparallel to the first direction, the third
magnet having a magnetic pole orientation substantially orthogonal to the first
base plate and oriented toward the first base plate; and

a fourth magnet coupled to the first base plate adjacent to the third magnet in the

14



10. The voice coil notor of claim9, the first section
further conprising: a first center nmagnet coupled to

wo bsfiiasst base plate, the first center magnetPdEUSIVQS/@6755
magnetic pole orientation substantially parallel to
the first base .plate and orienteglinafirst ) i .
di rect§°8Rd dractipry theadawth JBagicb havag Re Magngtic Pole orientation

pl at egafdiAG8I0 pdrRlld] l?@t}feiﬂr&tbag@ﬁ‘l_taf%ranﬁ%gi@ﬁfediiﬁ‘th‘e'@@cf nd’dfection.
direction, the first magnet having a nmagnetic pole
orientation substantially orthogonal to the first base

e and orient ed. anwa romthe, first.base plate: a
RLAIR 2R Rl AR 10 iRSeb et R Eedmiaie: o
t 0 d fe€orld seiter TRQAEE cduplddn® thd SeebndlbiseGildteNthe t&NE REMBLAmagnet
magnet having a magnetic pole orientation

subst B#ting? Mpgeetic Rede aniendptionsubstantipblymerallel jeohesecond base plate
or i engrg& J{rﬁ’&ttuﬁ]fin#ﬂeesefcbxgcfair&%{ﬂﬁer magnet; a third magnet
o) e

coupl e ITst base plate adjacent to the first
cert &fthnmggret conplad Yecthadechridebise oplatet &facearc andhe second center

direction antiparallel to t first direction, the . .
t hi r MR &R thedirs reat%@heegtetb nsgnet heyving magnstic pole orientation

subst aisiadlihly StldieaaNa hd é&c&ﬁlﬁb&lcs.é chl&e Qﬂscﬁ'ieﬂ#éatﬁwﬁ{aqhe second

oriented towdard the first base pla and a tourt
magnebaseplgit;ed to the first base plate adjacent to the

third t, ] ond di,recti,on, the foust net . .
o TS RUPIEATRE oo B bR R esisurioiths PR SRikRet in the
par al figk directionethkisixdh nfags& Havige Ia_@%heqe itpsrét&fén'tdﬁoh REbstantially
second direction. 11. The voi ce coi mot or of claim

10, t h&aldddo iy sseqnd hase platerdndroricnied in ierfyst diresdersnd
cent tQ t d s&. plate, .1he
o0 R B L A5 RN AISG A6 o e cn
or i enmagné@rinsthbseanidi dirdcyiopathal Jeeénth anidnet heviapd hagsetic pole

plate and oriented. in the second direction; a fifth
nagne?rl%ﬂbanewbﬁ%n%@ gthosner! sadhe fseandbapgjpiate and pgented away

the SgeANfe SRBhEbadtIMtELangn the first direction, the

fifth magnet having a magnetic pole orientation

sulnwstedgith adagyet@puplod) tmthk stantl hesesplateradjabag do Heateerdlnchagnet in

or em("h%dsetcgr\lly’fa rdgrect:tpo%,st e %Pg%thb%saegngtl ﬁatw?r’lg a magnetic pole orientation
substantially parallel to the surface of the second base plate and oriented in the

first direction.

12. The voice coil motor of claim 11, the third plurality of magnets further comprising:
a ninth magnet coupled to the second magnet and the sixth magnet, the ninth
magnet having a magnetic pole orientation substantially orthogonal to the first
base plate and the second base plate and oriented toward the first base plate; and
a tenth magnet coupled to the eighth magnet and the fourth magnet, the tenth
magnet having a magnetic pole orientation substantially orthogonal to the first

base plate and the second base plate and oriented toward the second base plate.

13. The voice coil motor of claim 12, the magnets further comprising neodymium iron

boron.
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a sixth magnet coupled to the second base pl ate
adj acent to the fifth nagnet in the first direction,
wo bwssiseh nagnet having a magnetic pol e ori ene@t/Usm05/016755
substantially parallel to the second base plate and
oriented in the first direction; a seventh magnet
coupled to the second base plate adjacent to the
$6CPRd VGﬁ%@tcﬁfl rﬂ'ﬁtgp%f claimt 3¢ tﬁeeﬁ%q)a?é PR b het Q@ond base plate
sevent h magnet having a magnetic pole orientatio
furhet eomprdihy logy cdrbgosiedl. t o t he second base pl ate and
oriented away fromthe second base plate; and an
ei ght h nmagnet coupled to the second base plate
adj acent to the seventh magnet in the second
direction, the eighth nmagnet having a nagnetic pole
orientation substantially parallel to the surface of
the second base plate and oriented in the first
direction. 12. The voice coil nmotor of claim1ll, the
third plurality of magnets further conprising: a ninth
magnet coupled to the second magnet and the sixth
magnet, the ninth nmagnet having a magnetic pole
orientation substantially orthogonal to the first base
pl ate and the second base plate and oriented toward
the first base plate; and a tenth magnet coupled to
the eighth magnet and the fourth magnet, the tenth
magnet having a magnetic pole orientation
substantially orthogonal to the first base plate and
the second base plate and oriented toward the second
base plate. 13. The voice coil notor of claim 12, the
magnets further conprising neodym umiron boron. 14.
The voice coil notor of claim13, the first base plate
and the second base plate further conprising | ow
carbon steel.
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