WD 2005/ 114821 PCT/ US2005/ 016755 H GH FIELD VO CE CO L MOTOR CLAI M OF

PRI ORI TY [0001] This application is related to, and hereby clains the
benefit of, provisional application nunber 60/570,579 filed May 12, 2004.
FIELD [00Qdd , giyments of the invention relate to a i‘@’i‘/ﬁgzoﬁé?&lk'fsgm or and
nore specifically 1o an arrangenent of nagnets to drive e vol ce coil

not or. BACKGROUND [0003] Speed, efficiency, and accuracy, anong ot her
criteria, are manufacturi ng HIGEDFIEILR VOIGE €OIL MOTORvVer increasingly
conpetitive manufacturing market, the firmthat can fabricate higher
quality parts in less tinme with a nore efficient utilization of resources

W | | succeed IATMIOF PRIOREEY capabl e counterparts. One such industry is the
sem conductor industry. Engineers in the sem conductor industry,

particularly those involved with wafer and di e processing and control

equi pnent,  hjold1] Ry aqlgnéaﬁeﬁ is frE1XEY WO &2 ﬁa?@ham Ihgrtreﬂeﬁé N rVRGGRA

appar atuses. One such device is a voice coi notor, also call'ed a voice
coi | act uat oppplicagaviumter 60/42),579 filedMayd2) Wldspeakers, voice coil notors are
limted notion devices that utilize a coil within a permanent magnetic
field to produce a nechanical force proportional to the current applied to
the coil. Th&IBhDors are either linear or rotary notion, the latter of

whi ch generally has perfornmance nmeasured in torque versus force.
Characteristic of either orientation is high acceleration (e.g., 50

gravities or [0UB2EEmdbaimehis @i tHe iReHARBE bl A€ toliidic¥ boil [10Bdnd théte ¥RiciRalpi |
notors can be controlled by either a closed | oop or open | oop control

system |In ateanEngsnay okinagnsty todrive tievoise caibMelX. can provi de feedback to
the notor drive electronics to control the actuation of the voice coil
notor. In the open loop | WD 2005/114821 PCT/ US2005/ 016755 systemthe
actuati on of BAGKGROINDoi | notor is controlled sinply by altering the
current :
[0003] Speed, efficiency, and accuracy, among other criteria, are manufacturing floor
benchmarks. In an ever increasingly competitive manufacturing market, the firm that
can fabricate higher quality parts in less time with a more efficient utilization of
resources will succeed versus its less capable counterparts, One such industry is the
semiconductor industry. Engineers in the semiconductor industry, particularly those
involved with wafer and die processing and control equipment, 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., 50 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 veice coil motor. In the open loop
1



applied to the coil, where it is generally known'that, for exanple, a
particular current results in a particular actuation, force, or torque. For
ei ther arrangenent, uniformty and controllability are inportant. [0006]

Voi ce coi | wipldSad) the sem conductor industry frequenﬁéymﬁgwgﬁgo control
t- axis (i.e., normal to the plane containing the surface o e

sem conductor wafer) in wrebond nmachines. Operating in a manner simlar to
a sewi ng nacdystem, thaaciatshef the voikehvioll encaris eattmlled siaplabeal tering the durrdite

bet ween and anpng. other..integrated circuits, circuit el enment and circuit
substrate feﬂ{gﬁ?cgtso t\t}/l\nctcﬁﬂ’v"éﬁ? 4 lﬁéexbef)ﬂ@ﬁ%“ﬂ"ﬁdh% toéfxwlﬁ’.?pmﬁ‘é"ﬁ%rrcé‘frle? 0. 001
i nch di anet efesults ih & particulplO4dQublion\Toree, b Csrqetl Bbditheearangeribit Amifdagiteasie and
device density ingreases, it is becomng nore inportant that the w rebond
nmachi nes ar e°°§‘F’HJ|Iﬁ(t’El§ﬁé’fﬁ}§1p9ﬂﬂ}tghly position accurate and fast. Further, as
the | ayers onto which the wi rebond machi ne adheres wire interconnects
becone thinner and often nore fragile, the z-axis control is critical so as
to properl|y B8Mr\¥oice embmgiers inrthesemiginductiprpindustry fitaquently dppean soedntrol z-

vi brati on, at J ' ' t Qr A .t h magi ng
t he surfacea&g n’% Heﬂogg'gietg\é&lé $hasé‘9§éir;1& T gﬂ%ﬁg%?ﬁ?#g,&s%%gwggrhd\#agf g‘l}d ?:e'lr)gﬁ‘cy,
anong ot her wiretiond esgchinies. Operdtingrih armamee Similaf td Asewing arachine) a midebsnddepends
in part on the configuration of the .permanent nmagnets and resultin

per manent na'@‘ﬂ‘g’t“?eccq“ﬁgqtﬁ ‘qt?gr%‘; SﬁC‘i‘%@Qi’S‘i“fee‘b.ﬁBq &F‘ggg_ o Rf‘ﬁ?ﬂ’ﬁﬁ‘g@ﬁf”\ﬂ 1 ON OF
THE DRAW NGZ:ifcddfd Gfdmehie aR@icROit QUibs@ap Ifétabd HithVehefif® Bbtiubngdivirk LS., one
drawi ng executed in color. Copies of this patent or patent application
publ i cati on gneRlly 8108} inshigmeirorlegi) | be provided by the Office upon
request and paynent of the necessary fee. [0009] FIG 1: illustration of a
cross section of two prior art voice coil nmotor permanent magnet

confi gur at i of¢§07)[ 8D s&hickndBetop : deivick unizes aecrenseodndadevices dersity tinasenses, itiirot her

| 9907] 80 567ick i dersiy int
P/ Useoos/ oteyBEY ot itberd R R RRAT iR A e delonaE o

per manent nagsetioh ®Ockaiehgnd fast. Further, as the lavers onto which the wirebond machine

adheres wire interconnects become thinner and often more fragile, the z-axis control is
critical so as to properly adhere, through for example applied force, ultrasonic
vibration, and heat, the wire to the semiconductor device without damaging the surface
of the device. The controllability, speed, and efficiency, among other features, (i.e.
“performance™) of the voice coil motor depends in part on the configuration of the

permanent magnets and resulting permanent magnetic field in which 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.



nodi fications to generate FIG 4. [0012] FIG 4: illustration of a cross
section of an enbodi nent nodifying the Hal bach permanent nagnet arrangenent
for a voice coil notor. [0013] FIG b5: illustration of a cross section of an

al ternati veysilaoeisggnt nodi fying the Hal bach permanent ngenment
for a voice coil notor. [0014] FIG 6: illustration of geflg%%é?@\%gf t he

enbodi nents of FIG 4 and FIG 5 [0015] FIG 7: illustration of a
perspective view of the pernmanent magnet arrangenment of Figure 4 as applied

i i jo 16] FlI il i f
:)gr Sp;gt ?\r/)é [lﬂla EW@P Y? %gﬁﬁggﬂﬁ%}ng}gé %r%bﬁklgg" ggegﬁgeﬂéﬂ?&naﬂ%ﬁ%%h%%r‘l“ggégeaappl i ed

to a rotary motifiostionotcgenenatd FiGodor. [0017] FIG 9: illustration of a top
view of the rotary notion voice coil notor of Figure 4 showi ng the voice
coil centered in the permanent magnet arrangenent. [0018] FIG 10:

i |l ustrati onjooil2]t FIG. 3: fiRtedtioR Wf @fcrdsh SeckiBf 81 dh EMRbINRMSRAYHY the MRibAEH OF
Figure 4 showng the coil rotated a naxi mum anount in the permnent magnet

ar r angenent . P§TogaeHf maggst arangement foF 3 ¥eipeepilgnotar.t op vi ew of the rotary notion
voice coil motor of Figure 4 showing the magnetic flux density in Gauss
created by the permanent magnet arrangenment. [0020] FIG 12: illustration
of a perspecll®id KiGek: dhustritenpri ao¢rossr sectpmy efeancalternatiye embodimentngedifiirig of

Figure 2 as hwed to a rotary notion voice coil .ootor. [0021] FIG 13:
illustrati on&gﬁ_{%ba?% en\ﬂarel%gg}ag%{?%g“megﬁ}t%? Ve %{T‘ggtoﬁ'oi | motor of 3 WD
2005/ 114821 PCT/ US2005/ 016755 Figure 2 show ng the magnetic flux density in
Gauss create t he permanent nmagnet rangenpent. [0022] FI G 14:
illustrati onﬂngltﬂg;'ﬁr@}‘ﬁ%@@ﬂl of%ml}’éﬂ%ﬁﬁi‘wmg‘?ﬁgﬁﬂwo IG- Aeand dilGr§ noti on

voi ce coil notor of Figure 4 versus the rotary notion voice coil notor of

Figure 2. DETAI LED DESCRI PTI ON (0022] Enbodi ments of a permanent magnet
arrangenent H9&SEFIG. dhillupteatign\od ja perspesttive view of the permanent magnet arrangement

of Figure 4 as applied to a rotary motion voice coil motor.

[0016] FIG. 8: illustration of a perspective view of the permanent magnet arrangement

of Figure 5 as applied to a rotary motion voice coil motor.

[0017] FIG. 9: illustration of a top view of the rotary motion voice coil motor of Figure

4 showing the voice coil centered in the permanent magnet arrangement.

[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
3



not or including the permanent nmagnet arrangenent will be descri bed.
Reference will now be nmade in detail to a description of these enbodi nents
as illustrated in the drawi ngs. Wile the enbodinents will be described in

connect i OnwWizFJ&/M(;ﬁﬁe drawings, there is no intent to Jdmidisheikd 0

drawi ngs di scl ose erein. On the contrary, the intent " is to cover all
alternatives, nodifications, and equivalents within the spirit and scope of

t he foll ow rfggut 8shewingthe MoPREE f1Bx dersity in Gauss wheattdrbyribe pérmiahent immgaeit i on i s
a particular rangenent of permanent nagnets that generates a higher
strength an fTore uhi f or m magnetic field than existing pernmanent nagnet
arrangenents for a voice coil notor. The pernmanent magnet arrangenent of an

enbodi ment i n.t he Hal bach, arrangenent of . pernmanent magnets. The
i ncreased ne@?ﬁtﬁ:igf &él‘%‘%’t‘?‘%‘rﬁ_ﬁ @ﬁwaﬁag?fsv%ﬁwnafpmofrtbﬁ refary yeatioa coi |
not or t hat '@i&é@bﬂnﬁ&ﬂ%’f?%uﬁg4 RréllR&he %Eﬁﬂﬁ%ﬂﬂv&%é@tr?%ggoﬁﬁg@b! as nore

uni form force over the fu stroke of the actuation. 4 noted, a
noteworthy use of voice coil notors, in particular those with rotary

nmotion, 1S t]?Ef' i t,jﬁénﬁ,\ii@woti on on a w rebond machi ne. | nportant

par anet ers f'O'r—AF%‘T@ri'n'g—a—p'rvp?r wi rebond include pressure applied by the
capillary, heat of the substrate, and ultrasonic force applied to both
scrub the b of. debris and to form. the netallurgical hond (i,e.,
eutectic boﬂ@&ﬁ%&’ﬁniﬂ?fé)iﬁ P"erm&HﬁnP‘FP@“?}&W“%‘%".“?A“@?g&&bh"lgd’t"ﬁﬁt"@}l of a

Wi rebond maahétBeintldingiRe péthanér® nvi@hdt AfaBEdnteRt Wil BP ld¥schiB&y. 'regttrc8 vl Pr essur e
to forman adequate baond w thout, for exanple, cratering the substrate

havi ng appl1o8dbs Fedeie Heplelosy descrption; ofyljese RABFDYCRLS 49l lstrated inyihe
2005/ 114821 {rhlihbiSIARR/ R 8hho imE:QQ%ﬁ]l bebdésbiriﬁeﬁ‘?% 8%812&5 et meg dr§witnps§ speed

wi th which the wrebond nmachine can-form wre I gher magnet fields
in the z-axithergdd noeintent fo lait thamae drawingsalistldsed hérgine®n tiwcstranyathie antersf  t he,

i gher 11 caibig B akiest ooty ilehERRB Sy eforie -

axi s act uat ahe fodlophigeldcussidny noved al so in an x- and y-axis. Accordingly, an
increase in nmass of the z-axis actuator by, for exanple, increasing the
si ze of the permanent

[0023] Briefly, an embodiment of the invention is a particular arrangement of
permanent magnets that generates a higher strength and more uniform magnetic field
than existing permanent magnet arrangements for a voice coil motor. The permanent
magnet arrangement of an embodiment is based on the Halbach arrangement of
permanent magnets. The increased magnetic field strength and uniformity aillows for a
voice coil motor that is both capable of higher frequency actuations as well as more

uniform force over the full stroke of the actuation.

[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.



magnets to generate higher magnetic fields, results in | ower accel erations
and resulting speeds for the x- and y-axis notion. A high performnce
z-axis actuator, therefore, should further offer high magnetic fields

wi t hout a DébssHEber sone mass. [0026] The force produggqlmlgyoogm\éﬁsce coi |
nmotor is a function of the Iength of conductor in the magnetic el d, the
strength of the nmagnetic field, and the current <carried in the conductor as
descri bed bW&ZﬁhAffunh@an@deeq'LMtiiidmSpéedrwitmi\rhihh thei vairebhed mechinesn fotm ough a
strai ght w cfredBtha er.pendi.cyl ar to
the wire: (" x%?ds %&'%rarg?%" et'?ﬁ' orc S 23 ace ol SR °§ﬁ‘ga8( lg*’y tior%é%ési ng the
curr ﬁnt , eagrchmifontdfahw fOTBexanqﬂe tdafprllaigrgmt n%d:t}fat madﬂ&twealgmﬂ umhmendi f”: i’ir
to the wire. ce coi|l motor .of an ., enbodinent, as re fully
i scussed bEMBRe S hiBtes dieguenty bRpiDe (Foor infGRaorisecari Harer B i oduce. a
rotary noti Qﬂs@@r@bﬁ)rﬁﬂétéﬁﬂﬁll}pﬂde)aI%ym'aﬂ@(E ﬁﬁ’cﬁyﬁﬂlsBAbdbrdlﬂgyadnrmctgﬁsE i®f the
per manent mnagnet arrangenent. The increased B | eads to |rrgr oved voice coil

not or perfomrﬁsweéthq mm]acmawrly for pxample, doergasingothsr sizy oafhe pmWARFLr at i ons
f
SenErt o PATE P R kIR, bl TR SecDRBUE SR L

density in ar range
and nmagnet apeedn@Hnlbﬁtx- bOd y-dxgs hmtrwran‘tl hlrgirpﬁfdnylalhoasaaxmactuatmﬂommm,rss when

utilizing 48 ersteds umrron boron (NdFeB)
magnet s. éhog‘ﬁ‘?ﬁ’fgﬁrr? bgrl?é?agg?’trc(%%%ﬁé%wg GREF ¥ angenent 101
are further typr cally not efficient in terns of force (or torque) to weight

ratio. [0028 %ure 2 illustrates another prior art permnent nagnet
configuratid 2@1 he Aarge produged hiyce VoisE| cotpingfor iase fujstier e g lmg&u,og 2, the

magneti po'cSncRx"cio?riﬁ dhd %gné?ifc fidl& th@@ﬂé&g‘tﬁ YE e Hiﬁ@rﬂ:‘ﬁ& Sickd) lind QR earerk®

described with reference Cart esi an axes WO 2005/ 114821
PCT/ US2005/ @mmesn tbaj p@m!@prpr 2t} dpsmbwhgnélae aﬂhommnmarfdr ohich ¥ isrthe

Lot SRS Q3 S R LR B AP TR 0Lk
the voice cahd wing:| | travel. The first section includes a base plate
F=iLxB
Increasing the force can be accomplished by increasing the current, length of the wire,
or the magnetic field strength pérpendicular tc the wire. The voice coil motor of an
embodiment, as will be more fully discussed below, increases the force (or torque if
configured to produce a rotary motion about a pivot point) by increasing B in the air
gap of the permanent magnet arrangement. The increased B leads to improved voice

coil motor performance.

[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
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200 and magnets 201-203, the magnets 201-203 havi ng nmagnetic pole
orientations in the -y, -x, and +y directions respectively. The second
section includes a base plate 207 and magnets 204- 206, the nagnets 204-206

havi ng magﬁ%ti'o orientations in the +y, +x, and - | '
respectively. fsélgg%f This prior art arrangenent iIIustraT@ézE(%}Oli@g%re 2 has
good efficiency, but it suffers sone drawbacks. 'For exanple, the notor

assenbl y reqadjacest ta thomdgmet asangeoentrand wsal foiilhisaativet fuepases ordap Thepigen t he
two di stinct_secti

ns., Further.. the. etic flux densjity decreases at the
edges of the™yape |?I§?'fgef"8{7\§aq?f ‘%Wégd'?r@g@? E‘%‘Hﬁ'@%”%ﬁ“ﬁ‘&%@? Sepparateslpy 204,
and 206). The gamraighoviithithed®dite dojl wiBQrRalS The &t R8ctiol Andlided Wba9€ PRIt ed by
t he magnet aépr angemant ag\rbd voice coil (not illustrated) to decrease,

signi'ficantl rmagngls 2Pdr20e theimaspess 20203 bavipg magpstic polecoricafatioasriss wi t hi n
t he per manenge 0ROREin ; ?,qu Mo 1]g | . gnet
ar r angenent fgg?’a i—laldg?éﬂregi} indgé)re &E‘Q%Zhiﬁcgg‘g f:‘@'f ﬁ%wg?%)gﬁdégnggﬁ%dﬁam aus
Hal bach of LanfrmagnstsEidKAIGe the Naagnets 2104-206 hoviag anagpeticspaie osientativge e thie of

magnet s t hat generates..a uniformifield in the bore of a hollowcylinder. In
particul ar, tﬂeqkﬁbic%%gtmsﬁcfg&“ﬁ{ erates a uniformnmagnetic field at a

right angle to the axis of the bore. The conbi nation of the nagnets, due in

part becaus mrare-earth and ferrite ghets are essentially |
t ranspar ent @8%&@“’? PUY arf afapesment ﬁlys%?daéggfg“ﬁea g §P°‘béﬁ£f’°&ﬂésb“é ffuni f orm

magnetic fi ehfifetssohRUrdRkS Fof BRmpl theNHSbr AREMBIG TEquIRE R Bbldfngf sribilreOut Si de
the cylinder. It is the uniformty and strength of the bore magnetic field
that makes tempiatabntig aisygapnkpiveen the dwve distinctisgetionss Burthehdhe pagmdicdhx magnet

ar r angenent : W L=ToNi | gur | ction of
an enbodi m&*n‘?énrsrlglgfl ?/%&g% t he ﬂ&%%g%ﬁl g@e@#ﬁﬁén a%&ﬁéet@aégg‘?saﬁgrg{@%@ ztﬁg’ form

t he per manen03y@d¢heand 2b06)alibemegretiafidx demsityldecraase causeethe sdrquerpdneratedfbyan

enbodi nent. Jhe constituent magnets 401-4 can, be . describ 1 th reference
to the Carte Fé‘?‘?‘ggé}eaéra%ﬁ'%e&éﬁ?cpf’%cet %Pﬁﬁbﬁéfuﬁwgﬁ&%%? SR ‘ca‘mi’e‘ﬁh%r

i |1 ustrati vethpwbiees6ibrotitésito tHeQivo@sdlRk@emesRGiRteh thefoimaHoR Miapne: gapgnet i ¢ pol e

orientations in the -x, +y, +x, -y, and -x directions respectively. Mgnets

407-411 have 6 WD 2005/114821 PCTI US2005/ 016755
[0030] Figure 3 illustrates a permanent magnet arrangement for a Halbach cylinder.

The Halbach cylinder, named for Klaus Haibach of Lawrence Berkeley National
Laboratory, is an arrangement of magnets that generates a uniform field in the bore of
a hollow cylinder. In particular, the Halbach cylinder generates a uniform magnetic
field at a right angle to the axis of the bore. The combination of the magnets, due in part
because modern rare-earth and ferrite magnets are essentially transparent to the flux
generated by adjacent magnets, generates a uniform magnetic field in the bore of the
cylinder and zero magnetic field outside the cylinder. 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
6



magnetic pole orientations in the +x, -y, -x, +y, +x directions
respectively. Magnets 406 and 412 determ ne the thickness of the gap

bet ween magnets 401-405 and 407-411 in which the voice coil wll operate.
Fur t her nor the prior art magnet arrangenent i y Figure
2, the gap%{%%rrglhﬁgzél ned by magnets (i.e., nmagnets 406 géﬁﬁéif%ﬁ%vsgrsus

non- magneti c spacers, allow ng nore of the overall nmgnet arrangenent to
contribute tmegtic pale@ntntatigsdn the +xi ol e, ggn’efchteeﬂoﬂsnestplaanggpMdgﬁgmNG 405 has

Tagnett . pol B4 SRR e Mhitkbe i pon. bV piBe s AT DS saf AEATT i
al ternativel whxcﬁtﬂret\aﬁd% doflGiillioperale. FRtheEhore] Unlike tHeddrRd atkt Mdghé ablahdeateht

cyl i nder of ]Iépgtlr” as identified in th re|n are conbi ned an thers (in
particul ar th YrhtgHE & 1Be etmhis raeineis &ﬁ@ga%tﬁé&eedntﬂ@e%ﬂﬁ.@aﬁéa he

per manent magaals mmagﬁﬂ@@bacefsl |aH§Mn§tr‘36’re'6f fhe e fl*m %&taﬂ% he
overal | cross sectional shape of the magnet arrangenen an enbo I ment is
rectangul ar tuntrituge ithe permanent noegristie digldc generatedhirelthd gap.t Magnet 408 hﬁ@ld gap
formed therej 0 o CpRSi Sts of car bon
st eel back p new}(?’)e Bm: " .OIQ. BTtﬁén“Lgtleﬁgﬁ%rﬁgﬁae%ﬁ tfats‘pl;l!ef?a\%/’e g\%g%étﬁ‘géro Gon of
the return paﬁxitnti)nnnﬂmgrjidiremdnl ux generated by t he magnets 401- 412 of the
arrangenment of an enbodi nent. [0033] Furthernore, the magnetic pole
orientations of the magnets conprising a magnet assenbly of an enbodi nent
can be descr [daag] %lﬁn&ﬁa{w@ﬁmm fcemﬁidswamtma hé&ts MestaR-in e Malh@ived from
an end exp05| ng thePg éas I n ure 4) the individual nmagnets each have a
magneti c pol eYigderafiFigyre ?So‘iiﬁtti@ an thereyy, precqombinedand othgrs (o paticlgsdheces from
adj acent mag o ot OGRS nd QBRI MbelliE b N R inalfRE W ement
progressing cloc se aroun roug e sequence-o g%ets each
magnet has #lustegerbin Eigood 4. h'rﬂd;Mtat, itlovepdlhteds s¢otiohali shepe eDthedmagnees) from

mgnot ar ranBRRBREC ot GTIROR s B L R By (GRhENG W ho

gap versus t ke volide@bil gap foragd emeraﬁ rmgemm Botiohl oifSthe atsemhblyycobicts lbﬁlolv and
Figure 2. The increased na density in turn inproves, the

perf or mance E&Y! steel bati P'S?"'F 5’89 IaP‘i! §13 shiediesl baek plefes spvp @y p roFtiont i ce
coi | notor i peghRehabl Reglde RY3RIrated by the magnets 401-412 of the arrangement of

an embodiment.

N

[0033] Furthermore, the magnetic pole orientations of the magnets comprising a
magnet assembly of an embodiment can be described as a sequence of magnets that
form a gap. When viewed from an end exposing 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

7



arrangenment of an enbodinent. Said differently, as the increased magnetic
flux density 7 WO 2005/114821 PCT/ US2005/016755 i s based on nmagnet
configuration versus increased magnet size, the voice coil nmotor of an
enbodi ment woBRssA HS1 t he force (or torque) versus wei ghtPCr szﬁhs)mﬁgk conpar ed
to the prior art magnet assenblies. Another benefit of enbodi nment is
the magnetic field uniformty over the region of |nterest within the gap as
t he magnet i ds basel gn magheteenfigupatipariersys mrmdenmptfmmﬁeom@ cptdmatarafue) over

the full Lﬁ%een%ﬂlm $ rovés tﬁ? Iﬁ?rce Qbr tb'xrqhge\[er&gr\]a? ratﬁOTv ! otngqean%er manent

magnet assenbly 1's se r equi re Pure to
mai nt ai n t hehgapor immmetTdsmnﬂﬁmmmer rm;yefetofahe ambedimeit ﬁftheFrrggﬂemc4 is

fabricated t he exanple with structural si ve,
the steel b G&CP g ty PYer tgﬂq??‘% of' {?f n&“hé'}j"ng"l'% as, the maspetis fi Pgﬁeach
ot her using @im;@r gbRRks G0k GHIRIrAUBEoe (-Eh@orqﬁ?gﬂﬂi tHRAM Véike 68N mRforany
magneti c materj al“’s%'-l‘iﬁ E,Ihproduces hi gh magnetic flux. In an_enbodi nent, the

magnet mat erSgke:j benghy i tﬁeedwnmm magnet psembly(insrEmpportingess] Fi gure

5 illustrat g5qfiREnS hO3H §ﬁ.g&hlgq09{auﬁzgmﬂg% enbodi nent wherein the pernmanent
magnet arrangenent |n00|gporat es oes t%e enbodi ment illustrated in

Figure 4, design features of the Hal bach cylinder as nodified and applied to
a voice coi r. ons uent nmagne 401 412, can esgriped with
ref erence to[h?#itﬁ' r%%%llean glei aEesrs é%’gi‘rﬁe éhréfat%ijg%ﬁ&'&ﬁ%ﬁ’ “and used
for illust rahagnetspfmmmaple with ytrudterai aiha.ﬁpd: Eto maguaelt sacnq)latémn hadeoagnet i c
pole orientations in >11 %tﬁ ﬂ}rec ons respect i vel y.
Magnet s 407-3 erﬁﬁig“ﬁﬁgﬂﬁ oc?d%{ﬂ‘be?ﬁhl & ’t‘ﬁ"&ﬁﬁ?r’f‘ g technigues. yThe = 4y

directions rrﬁ@@f:ﬁmh&ﬁhy@m“ﬁe% h{agﬁvaiermdi&naﬁ khaepmdh&%aﬁgrpﬂa e Px. Iﬁr&ﬂ pol e
orientation) the individ gnets is essentially the sane as the

enbodi nent thoelsmqnéttwnmwl:mg@ﬂ@l 13 high audlife neodymeumrirgn beroa NéligR)y i s not
sel f supporting as it does not include magnets 406 and 412 that both define
the thickness of the gap and contribute to the nmagnetic field generated in
the gap. Thel0p36] FagentS ithgtretes the censgesaetivn of afotherr anBod&maxhtdwhaqimi the spacers
to maintain the

. h |,d
ar rangenent nf&ﬂﬂrﬁgpﬁ’aﬁﬁ?fk%egé%%t é'i'c’)clé’g?%('ﬁtgsﬂﬁ‘é d\ﬁgﬁﬁﬁ‘wﬁﬁ%ﬁ &t ilatake in

Figure 4, design features of the Halbach cylinder as modified and applied to a voice
coil motor, 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 magnetic pole orientations in
the +x, -y, -X, +y, +x directions respectively. The arrangement (i.e., location, shape, and
pole orientation) of the individual magnets is essentially the same as the embodiment
illustrated in Figure 4; however, the magnet assembly is not self supporting as it does
not include magnets 406 and 412 that both define the thickness of the gap and
contribute to the magnetic field generated }n 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



arrangenment. [0037] Figure 6 illustrates the top view of the enbodi nents of
Figure 4 and Figure 5, including the magnetic pole orientations that stem
fromthe orientations listed by each Figure for magnets 401-405. The shape

of the gapweelispad by nagnets 406 and 412 8 WO 20054414
PCTI U82005/0167§5 t hat have the sanme shape as the overflyl ng%arrséoglﬁ"estss 401 and

405 respectively. The substantially trapezoidal shape of the gap as viewed
from t he topthatihaveethe somershipet ass thecovetlping unagnets il yargf 4Q5heespestivelp. Theat ed by

t he magnet a ' . an lbrent .as.. W, .l be fur r ilJustrated by
i gur 65 and RS TeeOloiE SRR SF IHEERb of it Frpm B¢ 19P BB doniibileh
enbodi ment ( the unifotnney efithe derqentéreated byl slierraigat Aryanlgemenitcof dnGembiodigene ad) , t he
voice coil rotate rayn i votal .pojat outside the gap contained within
the per mnenwllﬁgegﬁ'gﬁerdﬁgs%&y%“éﬁ?g“dﬂﬁﬁﬁraqbi gure 8 illustrate a
perspective view of the voice coil notors of enbodi nents incorporating the
per manent rraa)r&g% arrangenents illustrated by Figure 4 and Figure 5

respectively blnsthe ¥oigr, cail gneter design,of appembqdimentatbe i the gmpodimest t he
per manent nmagRetatefby BRGEENFiMlL Y ' i b Figure
9 illustrates a veoi c)fa_?gll%l %}Odé ce%?i% icﬁﬂtr eggggug%aﬁﬁﬁﬁgwgﬁdg#agnets
402- 404. For thei gapl cantaiged withip thh eperromentiyegnet cissamtdneFigufer  rand Hiigure i few
(i.e., magnet;s. _4Q1- 405) .are. il l.ustrated., Vaice.coil ,900 .rotates q%gut

b vot 901 ni et oepas S, sk itar R RS S bosiment SEHRETR R, o 10
il lustrates pérauéit @Righaiatraiichents illusTatdd sy Figireh & Fg@8BNEspedtivelys t 0 be
understood that the maxi num di spl acenent may al so be offset fromthe center
of the gap in the opposite direction than what is illustrated. As

i ntroduced appa6} FigRd bNardd m{uré Q0! NeEEASS Qi) [dfCiHeNEtmahdri® RRZRIH !
magnets are used in the structure so that the voice coil 900 edge, In
maxi mum di spradneament illpsiratedrby Figuretdo SpenificatlyeFigarethilusteaiesea soideteithP¥Yy t he

gap in whic ' | { . r Fiau . r;hu e same
520 11, Dkl SOME o R ARSI OLES, oL Rl o
and t he magnef nmghdts/ frondeiisiviey {ir., Gaagstsc4(Ratdos) tuleeillafiyatédn Mdiee ¢dp 900100401
Figure 12 illustrates .a RS ective vi eWIOfd a vai ce c%i I dm%tor%.
i ncor por at i nb(’t?tﬁsea out pivot 901 in response to an applied current as introduced above. Figure 10
illustrates the voice coil 900 at its maximum displacement. It is to be understood that
the maximum displacement may also be offset from the center of the gap in the
opposite direction than what is illustrated. As introduced above, and in order to increase
the efficiency, trapezoidal magnets are used in the structure so that the voice coil 900
edge, in maximum displacement, is parallel to the edge of the magnets defining the gap
in which the voice coil 900 operates. Figure 11 illustrates the same top view of the

permanent magnet arrangement of the embodiment of Figure 4 and the magnetic flux

density in Gauss created 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



per manent magnet arrangenments illustrated by Figure 2. Figure 13 illustrates
the top view of the permanent magnet arrangenent of the enbodi nent of
Figure 2 and the magnetic flux density in Gauss created thereby in the gap.
[ 00411 As noted, Figure 11 and Figure 13 illustrate the magnetic fl ux
density i nyeubesagnicated in the voice coil gap by the Ft-fuéRoHnipsE maNent
magnet arrangenent of an enbodinment and the Figure 2 prior art permnent
magnet arrangenment respectively. 9 WO 2005/114821 PCT/ US20Q5/ 016755 The
magnet flux gBHEREREt Gpx ﬁﬁz@lmiogﬁw@@uﬁérm@wt HagheberraeemeRidtBigher thami gher
than the Figyr rd r si de
edge of the %ﬁpﬁg&%geﬁrﬁ?ﬁeéenﬂn%ﬁ???? Eﬁ%@ﬁg{ %@ﬁgr@’gg{ygd&%;;)?ﬁjg gnet
arrangenent dhe highesmegoétreefix depsityecreatedshyi the megned aangemer efanembpdiatent he
out si de edge,qf _tFk rib L.Acreas force. . agr tqrque of, the

voi ce coill a{l'%i’taé mﬁnﬁglg[g%sgrﬁ 70 ﬁﬁ%%ﬁut%lpgne‘?g%vﬁ%ﬁh? B*R ?loémabé‘ﬁesqg g&lrrcﬁ%?g%dd to the
prior art mafine oAtdrqgefreld veite cbiyLat eits?mofifiD 42 [rotatieriadilingiel vathie theagapel v,
Figure 14 illustrates the torque versus a sure of the voice coll's
rotational afjrRd ?W?@?ﬁéﬁ@%@ﬁetﬁé"%“@%‘ﬁ&g@ﬂe'ﬂ the gap for the prior art
magnet assenbly of Figure 2 versus the magnet assenbly of an enbodi nent as
illustrated t[B/ Figure 4. As indicated, the permanent nmagnet arrangenent of
Figure 4 half0d2lckxdaesd alemativelnddgurnilf dllusiratps B terque;uersupemeashee grdke on
range of theyoi sCOl L Ve, S i Ry \V Flgure 2.
Furt her, thevix—?%gcﬁleggd t%)ué)rn }rirlaz{nngk\étwmprgegsﬁéec;t ?%P%%gerreﬁﬁno@ }ﬁgg%%gpl@n IS nore
ef fici ent i nmaggetmssintly rofjuitiguwre r wsrsuswviheg htagneat dssembiaroft dve embodimentr ts

per manent magpet .arrangenent ,of Figure 2. Further still t he rque, at the
ot onal |1 ARFTeh by FGRB; AR s, fr Termaicll okt atmiesriep o g % a

degr ees r ot ahiificréhdetd t6r§SPARY urdiformite of RRGRN ovef thehiBotathndeSoftth@site tdipn at
the center of the gap. This contrasts to the shape of the angle versus

torque curveVEidHs WREIOF 2 magnet agembhig@nEigtreo?- Irrean dhe Figs 4enermnens
decreased t Oh{algl?et afrahfienenP b lah YdodinkéMt §S nfdfe Efftieny }i &8ms Vrltorght veRud O be

under st ood that while provided wth particular torque values, the torque
val ues i ncl uskeight ratio tlenghepriiorait fermanest magnst arrangemens i Figuse bd urther stillng.

[e(r)rggg? n‘eChn'? Slt(liel Joxeqqzeia? tﬁehl%t&{oglalwirlrl{ts of ﬁl%g\poiicze:ecéilhﬁ.e.e;\l-2%@1%@8 Q(Itaﬁol;llean i-§¢F | osed
degrees rotation with respect to the center of the gap) is higher than at the center of the
gap. This contrasts to the shape of the angle versus torque curve for the prior art
arrangement of Figure 2 that exhibits decreased torque at the rotational limits of the
voice coil. It is to be understood that while provided with particular torque values, the

torque values included in the graph of Figure 14 are not meant to be limiting.

[0043] One skilled in the art will recognize the elegance of the disclosed embodiment

in that it improves the performance of a voice coil motor.
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in that it inproves the performance of a voice coil nmotor. 10 WO 20051114821
PCTI US2005/ 016755 What is clainmed is: 1. A nmagnet assenbly conprising: a
first section including a first base plate and a first plurality of nmagnets

coupl ed t aypheysiidssi base plate; a second section inclpggidigedofgsond base
pl ate and a second plurality of magnets; and a third plurality of nmagnets

coupled to both the first section and the second sections to define a gap
bet ween t he Whatds claimediisn and the second section, the gap having a
substantially rectangul ar cross section; wherein each magnet has a pole
orientation in the same plane, wherein the magnetic pole orientations of
adj acent nadndtmagnetassanldy canpliding: of f set, and wherein the absolute val ue of
t he rotati onal gf Lse?. bety\@en adj acent magnets is approximately 90 degrees.
2. The nmagnet AYEerSHOPBF™“1"&im 1, the first section further conprising: a
first center magndirsttasppigdabd the first base plate, the first center magnet
having a magnetic, pole orientation substantially parallel to the first base
plate and ori endustipiurality of spgegats eupled tp the first base piafginet coupl ed to the

first base plaf gc8pll #GHH inkRainge first center magnet in the first
direction, the first nmagnet having a magnetic pole orientation

substanti al |y or @iseeppddhsetplate hed f i r st base plate and oriented away fromthe

first base plate; _a seco net coupled to the first base pl ate adjacent
to the first rrag%esfcolnapf%élﬂygf g%"eﬁsfg%dgtion, t he second magnet having a

magneti c pol e athicjlatligof ntighas edvpled|td Yothnlid Rt sbkli®] addahé KRondb@eRdrisCc pol e
orientation of the ftirst cent er . ) )
to define a gap between the first section and the second section, the gap having
a substantially rectangular cross section;
wherein each magnet has a pole orientation in the same plane, wherein the magnetic
pole orientations of adjacent magnets are rotationally offset, and wherein the
absolute value of the rotational offset between adjacent magnets is

approximately 90 degrees.

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 magnetina
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
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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 nagnet having a nagnetic pole orientation
subst ant i algg/208ia@gonal to the first base plate and %ﬁﬂézﬁ%/&l%rd t he
first base plate; and 11 WO 2005/114821 PCT/ US2005/ 016 a tourth magnet
coupled to the first base plate adjacent to the third magnet in the second
di rection, t heaffouth magneyceupléthipi the fisst baspridate adjaodn to thedhirditragnet in the
substantial ly par I e fir |l ate _and oriented, in .the.second
direction. 3. Thsgédrrrlgggrer?(:tggg’séﬁrﬁolt?/&%l{)@%%g&mﬂﬁ,m% He TAERETY pggctof%ﬂatﬁi‘rt her
conprising: a secwhsiartisiy paratie gothie firsi bpdeqdaté and driznkddntid sbaad dikaioa, t he
second center nagnet having a magnhetic pole orientation substantially
parallel to the second base plate and oriented in the second direction; a
fifth magnet3.cioemagfetiabsciibty SRIAAD, HR%6coRH 8 RioA ArAREXmiRidghe second center
magnet in the first direction, the fifth magnet having a ndgnetic pole
orientation s8iseoRACenie] agsnet enuglod de theseeand basscpinte, the secopd aenderanagnerr i ent ed
toward the secon e [ X1 . t h ngd, base

pl at e adj acent tgmy ﬁg%ﬁl %nﬁﬁcﬁ%%%%ténﬁ\l% %%ﬁ?@&%@gatﬁ%%ﬁcg?cﬁga%gP%feh magnet
havi ng a nmagnet i candofiented ingh¢ secomhdiseba;antial |y parallel to the second
base plate and pented in t first directiop, a,seventh magnet coupled to
t he second basgo% R %?88&? p ot[“f ﬁ%mggi’é‘ﬁ%p@%%f‘@?cmhé‘bﬁ& S‘i%ﬂ“ f&%econd
direction, the seugithinnikgfiet difavion)thefifffR@agict Bavidd £ma@ieti€ pbid biiéiiation
substantially orth %ona to the second base plate and oriented away @from
the second base prafantialygrihogonsldnthe speasd bescqlaip preboricptadieward shasgctndse pl at e
adj acent to the qﬂg@fﬁl}g; magnet in the second direction, the eighth nagnet
having a magnetic pole orientation substantially parallel to the surface of
t he second baseé spithmagagh gouni¢doietthelsdcand base olate adjacght toghé Gfth magnet in the

first direction, the sixth magnet having & magnetic pole orientation 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 second center
magnet in the second direction, the seventh magnet having a magnetic pole
orientation substantially orthogonal to fhe second base plate and oriented away
from the second base plate; and

an eighth magnet coupled to the second base plate adjacent to the seventh magnet in
the second direction, the eighth 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
12



4. The magnet assenbly' of claim3, the third plurality of nmagnets further
conprising: a ninth magnet coupled to the second magnet and the sixth
magnet, the ninth magnet having a nagnetic pole orientation substantially
orthogopal to the first base plate and the second base plate and oriented
toward PHEfirst base plate; and a tenth magnet coupled to the eighth magnet
and the fourth magnet, the tenth mnmagnet having a nmagnetic pole orientation

subst anki . i cond base plate
and ori Ié’n?jleelcf}{ ?%{\E/g%gglﬁﬁg osftecgaéltr‘ll ’ltoaes%é{olfaasl?gl.s‘l?%gﬁhgs%g’g%ﬁ&g@%%ﬂ%f of claim
4, the canpridisg fow ¢aileon gestpri si ng neodymumiron 12 boron. 6. The magnet
assenbly of claimb5, the first base plate and the second base plate further
conprising | ow carbon steel. 7. A magnet assenbly conprising: a base plate;
a center. et szl gomprising: base plate, the center magnet having a
magnetig E’s%l %tg.ri entation substantially parallel to a surface of the base
pl at e ang S Efted in a first direction; a first nagnet coupled to the base

pl at e adiatanhadgmet tdiplelentiee baye phwed, thecehhte nfaghethatingechagietic bR driehtion
magnet havi ng a magnetic pole orientatjon substantially orthogonal to the
base pl stbstagHaloparalinl deja surfeg of therhaseplateaand osiented in a fisg diveetiapagnet coupl ed
to the i t fir I he .f s i ect| t he
second Aant o oRfed sl thds I gobdedh RNk i et P O e

to the magnethhcinpalnagnetic polt aticaatiof subs@ntARt @thoFBad]@s thecbabdplatt aid @richted
coupled to the base plate adjacent to the center nagnet in a second
di rect | 8Way {ra@ the bess At r ecti on ant i parallel to the first direction, the

the bast et SEnARpBERs Rk Bl adBELE o AR MIRL AT B Bidoprie™™ 1

coupl edsdcond hegha $aving atreagheéiia pels oriepatiGresubisiandalpgitiphraliel tohke magid pole
direction, the fourth nmagnet having a magnetic pole orientation
subst anPrigntatenpfths setertpAsngb surface of the base plate and oriented in the

second QkﬁiFuCﬁlL@{ét c ?J(FI{OQh% E‘{‘se ?)E:ﬁé Ecy 565t toWMBLertd ARGl in¥ secSitPAir?Rn Hhe t e
magnets I'n a prane para I'e (0] € pase
second direction antiparallel to the first direction, the third magnet having a magnetic pole
orientation substantially orthogonal to the base plate and oriented toward the base plate; and
a fourth magnet coupled to the base plate adjacent to the third magnet in the second direction, the
fourth magnet having a magnetic pole orientation substantially paraliel to the surface of the base
plate and oriented in the second direction,

wherein the cross-sectional shape of at least one of the magnets in a plane parallel to the base

plate is trapezoidal.

8.. A magnet assembly comprising:

a plurality of magnets that define a gap, the gap having a rectangular cross section enclosed by the
plurality of magnets, 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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plate is trapezoidal. 8.. A magnet assenbly conprising: a plurality of
magnets that define a gap, the gap having a rectangul ar cross section
encl osed by the plurality of magnets, each of the nagnets having a magnetic

pol e subst@@ihfdiszin the same plane as the rectangul ageGER8d 08 #ion, and
each of the magnets having a magnetic pole orientation rotationally offset

within the plane fromeach adjacent magnet wherein the absolute val ue of the
magneti c pol e dreiesgadl pash of f set between each adj acent magnet is

substantially .yoi ce coil notor conprising: 13 WD
2005/ 114821 Pé&f&%%ﬁ?‘gggggg&ﬁgvm ce coil; and a magnet assenbly including

a first section iaficitueitiog induding st base plate and a first plurality of
magnets coupled to the gi rst base plate; a second section including a
second base pl ate ghdRO%eRBFASI urality of magnets; and a third plurality

of magnets coupl ed 4 frsbslhialitytF nidghéth caPddite healtét taliSpigecond sections to
define a gap between the first section and the second section, the gap

havi ng a subst an®is&iony s¢ctienpiciiding cross section; wherein each magnet has a

pol e orientation infhe sa0e 19&:%9?1 wherein the magnetic pole orientations
of adjacent nmagnets are rot aP| onally offset, and wherein the absolute val ue

of the rotational ofdfesetd Heulivef egpasand magnets is approximately 90

degrees. 10. The_vqi | tor of cl.aim ttge first.section further
conprising: a fif stgf“g?}l"f@pyr?aqg%aegtnetéé’ﬁﬁﬁ’lg% q gbqlh °ﬁr?tsste°tﬁ’é’s@dp‘?‘§t58‘fon he first
center magnet havi ngctions t@defiiciagzap bewveen thrMiratse@ibnnb Heosatdrdl septionathel 1 el to
the first base plate %nd, ori enteg] in a first direction;

gap having a substantially rectangular cross section;

wherein each magnet has a pole orientation in the same plane, wherein the
magnetic pole orientations of adjacent magnets are rotationally offset, and
wherein the absolute value of the rotational offset between adjacent magnets

is approximately 90 degrees.

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

away fromyBeedsiiah; base plate; a second magnet coupl gfhvdabRB1dkd st base
pl ate adj acent to the first magnet in the first direction, the second

magnet having a magnetic pole orientation substantially antiparallel to the
magneti c pol e or isenendtditegtiorf, thiaefdurths magnent avingmagnegets polier drientagioat

coupled to the fi ' the .first nter.pagnet in a
second directi on,s &%Lagagl@g%ag ﬁ%ﬁ’r@%ﬁ%ﬁﬁﬂg {a%paélpé’flf%*éfnotﬁ?ﬁeézgw ‘?rlg‘t%ﬂﬂ'i]‘r ection,
the third nagnet having a magnetic pole orientation substantially

ort hogonal t he first as . a nd orjented.toward the first base
pl ate; and ;ﬁfl&‘aﬁ‘f%°erfe?8r¥é%q°fc°§&gﬁ"838t‘§ef"ﬁ8“ jePuen WHOE OMINEN8Y; acent to the
third magnet ifsdcbid cehfer Wagr@Qohgldd Bthe RécOAIBRR Phité) 1o SRondaniten chaghdtect i on,

the fourth nagnet having a magpetic POl e orientation substantially parallel
to the first bas®3ynae@gRicpleieattionsubpiantially pacaligh tp dae seppnd baseiplatyhe voi ce

coil notor of cl %hﬁ%&{tedtiﬂ%éﬁeﬁachéé@f&nm” further conprising: a second

center magnet coup o the secon asé plate, the second center nagnet
havi ng a magnet ifdthpmagned rcoapleditio dire sacbsd hasei plateyadiarent] toethet mcordecantsrond base

plate and oriented. in th egand dj.r i.on: fifth magnet coupled to the
second base pl at @agﬂ'fté%gjﬁ?“fstéﬁrteﬁémsglg g"rﬁ]‘ TRAgREtdAVIng 2 pen "%potlﬁgn%taﬁlé’f‘
direction, the fisabstntBgnethogail fotha sevaadBisk Slapoird @ieh@t@vdrdthe second

substantially orﬁ)ho nal to the second base plate and oriented toward the
second base pl at@s® A% xt h magnet coupled to the second base pl ate adj acent

to the fifth nRGRE{ mhghet Edupledith Hhe LbsiiChasO Platel Afaceirth MBI Rlaghta Yl 8 2
magnetic pole orientation substantially parallel to the second base plate
and oriented in dind direetion, thie sixih nagnet having emegnetia galstoricnaivresibstantialy second

base plate adjac %Qltallél% E}l}eseéo%ﬁ%g& pciﬁgtar?d oriented in the first direction;

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

an eighth magnet coupled to the second base plate adjacent to the seventh magnet in
the second direction, the eighth magnet having 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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magnet in the second direction, the seventh nagnet having a magnetic pole
orientation substantially orthogonal to the second base plate and oriented
away fromthe second base plate; and an ei ghth magnet coupled to the second
base plate adjacent to the seventh magnet in the second direction, the

ei ght h magpghedaydssyd @ magnetic pole orientation subs@@@hgghbywﬁgrallel to
the surface of the second base plate and oriented in the first direction.
12. The voice coil nmotor of claim1l, the third plurality of magnets further
conprising: a ninth nmagnet coupled to the second nagnet and the sixth
magnet, the ni vin pntially
or t hogonal 92 ?ﬁgv?ﬂrsg?hbggégp %??hgb%% gg%?%(ﬁ e an&h%rlented
toward t he fﬂmlmrcdnamlr[glamlmndteal tenth magnet coupl ed to the eighth magnet
and the fourth magnet, the tenth nagnet 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 neodymumiron boron. 15 WD 2005/114821
PCT/ US2005/ 016755 14. The voice coil nmotor of claim13, the first base

pl ate and the second base plate further conprising | ow carbon steel. 16
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