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VOICE-COIL MOTOR AND POSITIONING DEVICE OR SERVO-TRACK

- WRITER INCLUDING A VOICE-COIL MOTOR CROSS-REFERENCE TO

RELATED APPLICATIONS The present application claims priority to
Application No. 10 2004 030 500.5, filed in the Federal Republic of
Germany on June.2423004which IS eXIes @gﬁr@p @J geggin in its
entirety bygele/@NER- BT O TEIE Ly UEHEB(& ) 5 fm RGN
invention relates to a voice-coil motor and to a positioning device that
mayae ppticulary syled ot A0 pissiselvmaypg a swivel am for a
- : . ‘ N As mentioned above,

positioning déiEe&TF TRRtyPERIé “fté? isEdahered drckoriters
b0 anliere the tracks fars 163nagnetizable fesd disks aee setupOr

1] this cantext, a shaf which jvel arm js mounted, is
g@%@& k'|rrcLi t%heQf S%%ﬁ%? % éé?cg}%g?l rgé:t'ora2 oﬁr\é}r%\?otw rjl‘\(/:(i:} in eex;}’o%?t?os%i\ﬁg
deiesPAr s ehd kit Headis providea twhich redinfaery Movestoy
the swivel motion of the shaft 20 and is positioned in a highly precise
m re30 I&gcks as possible per unit surface area of the

' . The number of tracks set up per unit surface

area of bfit BiafReRT HAGKRIEINsRa wmdm e of the - spiagrotor and
eapacipeefiharshdisks 4ot dais yaasomAffats are-2dundenakentdeq ror
ag%igvg altrack gggcation ‘Ehi%te i as tAghII as ossible.ﬁ !C:or aH(hard;disk

anutacturer 1o be abie f0 configure hafd diskEwith a dense fack™ -
allocation in an economical manner, it must be possible to position the

uivelatnef He-SEMtR@nN exact manner within a very short time 30
(seekand settle fime). A voice-coil motor, whose stator is designed as a

printed™RirB{ft bbaPF is eSS bt R CRRARP MGt Ptert> 1S type are
AppkcaticrelN 0l 19637 953 Adiis prnteshraircidloardvhasa@ the tracks for

magnetizable hard disks are set up or written. In this

context, a shaft, on which a swivel arm is mounted, is pivoted
in the 8TW by a voice-coil motor or pivot drive in the
positioning device. At its end, a write head is provided
which is uwltimately moved by the swivel motion of the shaft
and is peositioned in a highly precise manner, so that as many
tracks aé possible per unit surface area of the hard disk can
be configured. The number of tracks set up per unit surface
area or unit diameter (tracks per inch) is a measure of the
storage capacity of hard disks. For this reason, efforts are
undertaken o achievé & track allocation that is as tight as
possible. For a hard disk manufacturer to be able to
configure hard disks with a dense track allocation in an
economical manner, it must be possible to position the swivel
arm of the S$TW in an exact manner within a very short time
{seek and settle time). '

A voice-coll motor, whose stator is designed as a printed
circuit board, is described in German Published Patent

Application No. 196 37 953. This printed circuit board has-a
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1 circuit-board conductor, which is designed to form a winding or coil unit.
This colil unit is made up of a circuit-board conductor having several
circuit traces, which are side-by- side and extend in parallel. 5
Conventional voice-coil motors and the corresponding positioning devices

cheyiavethe-disagvantagsdhalhein aceurasy aftktheiseRicand-seft@ing
time dq not satisfy the highest stapdards. 10 UMMA?Y Example
CEMBYHIMBRE of th%h[‘}r%sgﬁf’ VERISn Fiay Brovidd £voide Coiltbtor°3F 4
cwhibhomay Hearel excellent operating-ehardcterdsiics, wandla positienide-by -

Sq%\gcgn\ghgg&m glp%aqggriqggly exact positioning and very short

seek-and-settle 15 times, while maintaining comparatively low
manufREHARE L eRFendiRire LI RPil e bpEratRd THeSalRAH eIt
p6AGRS PhRakiCakarisectionsom apintad caedi foand sry be dmpeorant
for effective functioning, e.g{.lford_edu%injg th% seekaand-s%ttle thefof 2&
atﬁ(éuﬁ(?s‘?%rﬁ’ﬁgl JRAeE. TS poRidning device aBSording B af exanigiet e
héhedimentoidird present invention may allow for technically simple and
cost-effective construction and extremely precise and rapid positioning. In
addition, an example embodiment of the 25 present invention may provide
SPY¥Eling motion, which is distinguished by a uniform and constant

angulaxyelociy erltis M eensituteran pavariagesHsaperatingay provide
characteristic e.g in STVrY"S' Inaccuracies in theg sitignin of%rotor or
mobor,. whic arn

astﬁ/:éFSFrﬁoéb on a swiveling ghgﬁ ?ﬁayaﬁréa catse ,t0a sig ﬁﬁ%n%%%tent,
dhavibrators thatsredntiodused by Hivevoedsvilimatorvini thisteontekd ow
RPN {04 %_an-i@g%aQ'Ee%@mlgogmpn%%h@h&@d@éﬁfsi?éiogeteue
the swivel axis may be particularly

times, while maintaining comparatively low manufacturing
expenditure and simple operation.

The alignment of circuit traces in particular sections on
a printed circuit bdard may be important for effective
functioning, e.g., for reducing the seek-and-settle time of
the positioning device.

The positioning device according to an example embodiment
of the present invention may allow for technically simple and
cogt-effective construction and extremely precise and rapid
positioning. 1In addition, an example embodiment of the
present invention may provide a swiveling motion, which is
distinguished by a uniform and constant angular velocity.

This may constitute an advantageous operating characteristic,
e.g., in STW's,

Inaccuracies in the positioning of a rotor or swivel arm
on a swiveling shaft may be caused, to a significant extent,
by &ibrations that are introduced by the wvoice-coil motor. In
this context, motor forces having a directional component that

is radial in relation to the swivel axis may be particularly

disruptive.
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disruptive. 2 The vibration response may be changed in an unexpectedly

positive manner by improving the alignment of the sections of circuit

traces, which act to introduce the forces necessary for rotating the swivel

arm. Within a coil unit, more than 5 two circuit traces accordingly have at

leastgne seelian innwhichdbespagific siscuitisacais aieniadindhgectediy

direction of the swjvel axis. Thereforg_bin %Emtrast to conflet tional
Trac

PRAL bR GTREWE s S Bt ciretitt Boarde artuil tratls if ths ~oe ©f
cBttivetsectians slp mbtihdvesa parallel pativchutd e driented indhessary
erecionof fhe sulvel s ndbis, copaeglion. dneaignment or fe bathax
of the circuitTraces in the active sections is arranged so that, in total, '
tpracciyl RotrBaRgly dheetedidiety Ay Be Yenetiel IRFhe F5iEeTbil in
wiQQr £ 12 15 the-following e termeoildunitisde henwrdersioathasiarect ion
reggn of a circuit-bpard co%duct r, which constittutes,taccording,to Cional
ofuritor? i Stecirdriagnetic cor: 7 this *Context T Coit Bnft Mhay nclade
c seveld circaitdrapesis@iagt races ané eifcyit-boalid: corducier regioagit
eSituated: 20 side-Russide wilbin aell Wt £9 Sxawpie, 2LOLUNMAYen, puc
include a circuit-board conductor, which is, in principle, spiral-shaped.
ATheEiEIEBEafcohfuddrRAFaRg & stdlF tRut¥&lerakdfcuit ﬂpr%\cégls
care aeranged side-byrsidamihe wica-keil pagiar efarexaapleuit traces in
embodiment of trée 25 present invergi nsrga&?e proyli,gego\é/it an . oiicall
BB pRSHALEly BrTanged, prinfed circuit board. eithér oh the Stator OF on Y
nthe-potdr 1drvor bottthedsttoreasd tryrdter. Fraguenttyd bulytthe staforsorcoil

nhe totor is equipped with the printed circuit board, which means that the
respective counterpart is 30 fitted with permanent magnets. The
corre3poRtimigt pinfstEEifeuiF BSaldiTay e drrifgéd 18 o be understood

as a region of a circuilt-board conductor, which censtitutes,

" according to function, an electromagnetic coill. 1In this

context, the coil unit may include several circuit traces.
Circuit traces are circuit-board conductor regions situated
side-by-side within a coil unit. For example, a coil unit may
include a circuit-board conductor, which is, in principle,
spiral-shaped. The circuit-board conductor is arranged such
that sevéral circuit traces are arranged side-by-side.

The voice-coil motor of an example embodiment of th@‘
present invention may be provided with an appropriately
arranged, printed circuit board, either on the stater or on
+he rotor, or on both the stator and the rotor. Fregquently,
only the stator or the rotor is eguipped with the printed
circuit board, which means that the respective counterpart is
fitted with permanent magnets.

The corresponding, printed circuit board may be arranged
as a one-layer, printed circuit board, where corresponding
circuit traces are deposited on one or on both sides.
However, to increase the attainable torgue, the printed

circuit board may also be produced as a multilayer printed
3
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as a one-layer, printed circuit board, where corresponding circuit traces
are deposited on one or on both sides. However, to increase the
attainable torque, the printed 35 circuit board may also be produced as a
multilayer printed 3 circuit board, in which case a plurality of superposed
c GGt tiasesdnay hearTanged ydthin femaltiayercssemblypbsthe circuit
voice-coil motor, more thgn 25(’/1%,.%.gﬁhr20re @Qn 501 agds’s%r%ﬂ more

LRGSR SRR AR RSCes "dath may 5 Pav6 it Téast one segn% nt, in
whichrtheleircuititraceimiduestioris alepedtihane diréctien 9f thasKivdihan

5 @is. The posjtioning, deviee mays he gembined: witha high A66HIaQYach may
position measuring device, which operates using photoelectric scanning,

hasg. afechrding B FREAERtiat 10 ReSLuriiP G Thigace 1in

q&%@a%mtiga raay gilew synergistici eflectsde befacttieved; with thecail. of -
which it may he possible fo produce an extremely accurate and rapi
pos_it?&ﬁna%sevféec?%él réﬁg’t%eaﬁﬂ %%&ﬁ%lecgr%%%%ﬁﬁe‘rﬁ% §P the ;%lrle%eﬁt

adduirwventipns a tvbice-vei snetbrdhcledds & statbi 6hd @RS FiveEBRS

pabout Aswivel axis telative tathe stator-At-deagt ane af(ad.tbe staleeandal

(b) the rotor includes a printed circuit board having at least one

. ] ]

A EUTH IR EF EBRAGAGT arrdhgeFRITSM 103t Edit GHit T RFIgHE e
20206 the atieastioneveai| unit tnclutes a pluralitywoficikcuit: tragesbe

Within.one coil un%, more than,two ci&cuit tracg i C"A@x%ax% ign
p%?i%h%& T2 dFettion toward the swivel axis. 'Igﬁg%forinted cir%géit board

pmypemm@me rotor. 25 More than 50% of all of the circuit traces
may ineluda a, section Qrignied inadirsston owargktherswivebaxisc More

than 75% of all’of the circuit traces may include a_section orieng?d ina
r and a rotor

LgHeREdARowArY THE &R fe ot sheludes a stato
pivotable about a swivel axis relative to the stator. At
least one of (a) the stator and (b) the rotor includes a
printed circuit board having at least one circuit-board
conductor arranged to form at least one coil unit in a plane,
and the at least one coil unit includes a plurality of circuit
traces. Within one coil unit, more than two circuit traces
include a section oriented in a direction toward the swivel
axis. '

The printed éircuit board may be attached to the rotor.

More than 50% of all of the circuit traces méy include a
section oriented in a direction toward the swivel axis.

More than 75% of all of the circuit traces may incliude a
section oriented in a direction toward the swivel axis.

Circuit traces within a coil unit may inciude a section
extending along a partially circular line having a center
located on the swivel axis.

At least one circuit-board conductor may be arranged to

form a plurality of coil units in one plane.



Circuit traces within a coil unit may include a section 30 extending along a
partially circular line having a center located on the swivel axis. At least
one circuit-board conductor may be arranged to form a plurality of coil
units in one plane. 4 The coil units may be arranged substantially
symm@:teica@i\‘a/iﬁmrré‘spemabo @pohﬁ:amgédénbh@@ﬁrﬁa@ﬁ.yhe coil

5 ”r&%t?:'é‘[ltngugm%gr Oflthe s Lhe £oil upits may include 3 5p @*\Iisg?lp%ﬁii@agia@}e of

partia coil tnits may be oriented ina € ockW|se direction
thAdPpartianhtimber ofiie TEH Uikts 3hA§ be oriented in a

countgrelogkwise gitedionsF herRrinied cicdib b@axd papRelydea. »
plurah%/of layers, and gachl ayer may mclude eastonec il unit. 10

PREL{iBhs BFIREEir&it frAGeS BF th 90|Funzf§a%ay b& afranged on'ditferent
clayekrs bé thelpratedicircuitibgard iparsupérposecemanietliEha:sédtionsits

mgﬁﬁme . cigguittraces oriegted faward the, swivelads may bgarranged on

erent layers of the printed 15 circuit board in a superposed manner.

Accofdifig B bR eS@nipecerhbodifferi dfife pReericirbeptivnagity of

1 Rosiigningdevigrinauges: aswivehshatieone aendetthenswivel shakit .
attachable to an el m%nt to be gosmoned ap ?Itl&{'\ measkjrlng deV|

mclu&ﬁﬁ’f\%rb‘%rf’s 26 mova{‘bﬁe reIative f0 eacﬁ other; < and'a voice cmfnay be
amotopeaclodingid Statenand ayeter, the tdter pivbtdisié abortai swivelrd in a

SQ§I§ éggégg tg 1he stator. At least one of (a) the rotor and (b) the stator

includes a printed circuit board having at least one circuit-board
condJ&i8r 8AaR§EaTo MRS SHESN IndEGIFERItIT S5RERE, SRYHTE athe
sleast ong:60d waiy indudes arguenliprokirtitisaces AWVibin @fe €88 printed

unléur:{lgr%gga}:ndtwo CII‘CUIt traceg S|ré ngea a nseerc:[ion oriented

According to an example embodiment of the present
invention, a positioning device includes: a swivel shaft, cne
end of the swivel shaft attachable to an element to be
positioned; a position measuring device including two parts
movable relative to each other; and a voice coil motor
including a stator and a rotor, the rotor pivotable about a
swivel axis relative to the statdr. At least one of {(a} the
rotor and (b) the stator includes a printed circuit board
having at least one circuilt-board conductor arranged to form
at least one coil unit in a plane, and the at least one coil
unit includes a plurality of circuit traces. Within one coil
unit, more than two cilrcuit traces include a section oriented
toward the swivel axis.

The positioning device may be arranged as a servo-track
writer.

The printed circuilt board may be attached to the rotor.

The position measuring device may be configured to
perform photoelectric scanning, e.g., according to an

interferential measuring principle.
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toward the swivel axis. The positioning device may be arranged as a
servo-track 30 writer. The printed circuit board may be attached to the
rotor. The position measuring device may be configured to perform
phot(_)ele_ctric scanning, e.g., according to an interferential measuring
principle : & & figsiparbof Hie=pesitdn measuskeuoevige deaylmelutey ainclude
transparent phase grating, and a seco art of the positio urng. s «
@ erv?é% aarye%t(—‘:l}? eggc?eigf?ajéataltolﬁ1 ghagen%?a% n%?%AO |r&st art o:‘b'thfne%p?tl)%sitﬂlg}%ltlon
meneasury devicesmagyindudeusa refleefids phike grafsg &idad8tond
part gf the positign. measuHpgovicei Mayrpalude a anspareat phasenclude
grating. According to an example embodiment of the present invention, a,
a Jefd Bk WMiER FFGUEEE E BRivetiite BHERE Bite A of e Cignporition
nédiachahle We-analement inbeudepesitioned: pesitiopirmeasging: tleyice
incluging we parts movable felgive (g, eaaholhers and auvisesgollmotor
includinga stator and a rotor, the Totor pivotable about a swivel axis
i metativé @0 the statoY AtReaskone Bf ¢4) thee HoRAndY(bf tHe 8tbr e shaft,
odficludes arintedaciiouit heard taRawngatdeasheneaicuibbpard
conductor arranged to form at least one coil ynit in a% e, and the at
|

PRSIt RECil BRCRTRRES IPRILRYT TR TracdsS WikiRDne coit - =

ne coi
motEbmoredhan twe circuitsitacesinetdesadeetion Driented. towardthe

s Sjvel auls- 20.Thernted clrepitboard py be aliacheddedhe Lolao ghe,
position measuring device may be configured to perform photoelectric
setamAINgx by ratedAling te aRbmisterertial nidastPingpritifolefa st the

~par,ofthe pasitien Measiring deigemay mchide 255 Fanspatenighase

rating, and a second part of the positio
hgviné’at least oné)circuitg%oafé conductor arranged to form

at least one coil unit in a plane, and the at least one coil

" unit includes a plurality of circuit traces. Within one coil

unit, more than two circuit traces include a section oriented
toward the swivel axis.

The printed circuit board may be attached to the rotor.

The position measuring device may be configured to
perform photoelectric scanning, e.dg., according to an
interferential measuring principle.

A first part of the position measuring device may include
a transparent phase grating, and a second part of the position
meésuring device may include a reflection phase grating.

A first part of the position measuring device may include
a reflection phase grating, and a second part of the position
measuring device may include a transparent phase grating.

Further features and aspects hereof are described below
in the following description of an exemplary embodiment with

reference to the appended Figures.
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measuring device may include a reflection phase grating. A first part of the
position measuring device may include a reflection phase grating, and a
second part of the position measuring device may include a transparent
phase grating. 30 Further features and aspects hereof are described
sRIspWITE tre folipening Heserptisnwi XaExemplary embodiment with
reference to the appended Figures. E T QF
DRANINGS B, T S 32 e na ol . pacoans, B
deaticts d iecorai e%aivplEenfcuiment BRRRCIRRBAt MAVERPOPBERRR is
1 i8-Rlan; yiew of a multilayer printed circuit board, as it is used as a primary
part on the rotor of the voice-coil motor. Fig. 3a is a plan view of the first
Sepdiatid BysF of ROTUNIAEHrirted il Baar, B0 G 3098 Biah
pa4ew ,ofdbeisecoadeepdrate dilayel ok tiye prultilayer phrtedoticcuibboaid:
W_leiig.e\:’-,cci)s:L a plaré C\Dq?ew of the third separated layer of the multilayer printed
C|rcuitcboardr.nﬁlg. 3d is a plan view of the fourth separated layer of 15 the
multfdyer Frintéd circhit Poard SBETAILED BESERIPIIORFERUréayer of
tﬂ@xﬁﬁy§§fhgggﬁggpggyaﬂgg§§dg§ngg&glconnecﬂonVWH1STVVS.
According to Figure 1, a shaft 1 is 20 able to swive] about a swi eé axis A £
and 9 a Sft8nd 13T WHth Q5swive difT i Wit o a hard disk <
t aaynberdttaghed. pThe swdveling-mictionptweiexemplary embodiment '
llustrated ajlowing for 3 swivelzgnge of up 10,900, isZpipliatgdbya, of
so-called voice-coil motor V, an electrical direct drive. The primary part of
thoicaltbil aoter \pginted circuit board.

Fig. 34 is a plan view of the fourth separated layer of

the multilayer printed circuit board.

. DETAILED DESCRIPTION

Figure 1 illustrates a positioning device as it is used
in connection with STW's. According to Figure 1, a shaft 1 is
able to swivel about a swivel axis A and has a shaft end 1.1,
to which a swivel arm for writing to a hard disk may be
attached. |

The swiveling motiocn, the exemplary embodiment
iliustrated allowing for a swivel range of up to x 90°, is
initiated by a so-called voice-coil motor V, an electrical
direct drive. The primary part of voice-coil motor V is
arranged as a multilayer printed circuit board 2, which
functions, in the example iliustrated, as a rotor R within the
swivel region. 1In addition to multilayer printed circuit
board 2, rotor R includes a fixing ring 3, which is connected
to shaft 1 in a rotatably fixed manner for transmitting a
torgue.

The secondary part includes permanent magnets 4, 5, 6, 7,
which are attached, along a circle, to magnet supports 8, S

made of ferromagnetic material. In the operation of the
7
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arranged as a multilayer printed circuit board 2, which functions, in the
example illustrated, as a rotor R within the swivel region. In addition to
multilayer printed circuit 30 board 2, rotor R includes a fixing ring 3, which
is connected to shaft 1 in a rotatably fixed manner for transmitting a

p@é‘iﬁ%ﬁﬁ%ﬁeﬁ%‘i@éﬁ_p%ﬁ@gH@%&Bﬁ&‘i}a@ﬁﬂtﬂnﬁgE%tsaé, 2 @chqwhich
are attached, along a circle, to magnet supports 8, 9 35 made of

S@Rﬁﬁ&gﬁé’ﬁjc ARESHACH H&BpBATbN Tt they FosiiElingte\fde, heShatE
1secontarpasttacts asom saie: SHpPROoE Batdoes nat take patkiplhery
swivel mation.af.shaft 1. and therefore constitutes a stator S in.the
e At Thesiire e S L HOGPE v
CPFARIES agcoriith nutHeopiReiphe éine pAchrofods Siifech rgivai T i rect
aRasitioning.of Resmanait Mageetsh Andnd 00 hothsidesallaws g, 7 on
homogeneous magnetic field to be generated, which may be of particular
BiidortamteSidt Gbot® opehaiRg BRErRIE RABE Of Voide &t nfdtoP Y. 10
gthesatwel angld ohshaft bis measuredilaya positiorp measu iy deviced
10, which wo C ing,to a similar_operating-principle, gs is described
ﬂﬁ%&%ﬁ%%n%%b%ﬁg%%%%gﬁ%Agr%Iiéé%lé%%N&Og 7%})(;%% ) fc'cording to
this, posRidi Hyeds syt devitest felubebsa FaASpaRhtPhasengratifgon
miQdu 1 niyhigh-hasdheshaps ehawsgment ok ainG.disksathatdhe ar

entire swivel rapnge may be scanned. In this context, transparent phase
WRARG T 15 thiieded sttt TTTS" FStabiy igsd RRaTer Whidt et
haeans thapil fakesipartiivthe swivelrmsvementofishagfttio 26his, position
Neu:Teilinassepnning deyice 10.2.0f pasitign measyring,, dewicg 10 ifag 10.1,
arranged opposite to the phase grating. Scanning device 10.2 includes a
Wigktisoutce DD ISHARS, 961 ExaRBREakes the ¥omH of SFEDCathat the

eandenseplens 1022.@n¢haS¢descanned. In this context,

. transparent phase grating 10.1 is connected to shaft 1 in a

rotatably fixed manner, which means that it takes part in the
swivel movements of shaft 1.

Non-rotating scanning device 10.2 of position measuring
device 10 is arranged oppesite to the phase grating. Scanning
device 10.2 includes a light source 10.21 which, for example,
takes the form of a LED, a condenser lens 10.22 and a scale
segment 10.23, as well as photodetectors for receiving the
modulated light beams. Scale segment 10.23 takes the form of
a reflection phase grating or a step grating. That is to say
that reflecting marks, which have a height of 0.2 em in the
example illustrated, are applied to a reflecting surface.
Since scale segment 10.23 does not take part in the swivel
movement and is therefore always opposite to light source
10.21, it may be arranged to be small in comparison with
swiveling phase grating 10.1.

In the operation of the positioning device, the light
generated by light source 10.21 arranged as a LED first passes

through condenser lens 10.22 and subseguently through
8
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segment 10.23, as well as photodetectors for receiving the 25 modulated
light beams. Scale segment 10.23 takes the form of a reflection phase
grating or a step grating. That is to say that reflecting marks, which have

a height of_0.2 m in the example illustrated, are applied to a reflecting
<Sface;. Siee scale seonant g3 doesnolinke.natde e syl cq
movement and'is therefore always opposite to light source 10.21, it may
Hsearepyedtohersmhatidn TofnsaoRaAits swveling phBSe b&titg 18VES -
+0dhe Qperation of the, pesitioning devies.dheHahé roeneratedbydight 10.23
source 10.21 arranged as a LED first passes 35 through condenser lens
70, S arch Sl e ey IS B RpARn S Srating T0 R 27
fenelaesrdiffsacied, beam potionsiand cduses apange ohingbeaofihght

light waves. The light beams t fie sgal
w%rﬁ& 9ct%%rf%fm gaﬁe%%lﬁfegggy%q{g. %E‘}%}g%% Q.Q.Séf_eggé%%s then

In ection phase grating. There, they are 5 again

| whffmctbd carsth aTURNBPPREBE caRge GFIRS ight Wb Gt Rs 2 He 278

J&Q%ﬁte%%%rﬁgﬁﬁéat?@m&@m (?#@m%taﬁsga@ugﬁt&ﬁamsparmé phage
grating 10.1 again and are again diffracted and interfere with each other.

5P RS it utBeinthR E e theh Sthké p%o?(%l(?ett%%o?gf: (o
whiiich &geéoca;edﬁadh.émegm ofdightsootelli@2d armhare ol visibkenid are
A0¢ spelionalview RfRI0LE 14 Ihe, Phalagelpetasconvart thergt

signals into electrical signals, which are then suitably processed further to
DhEPO e Rerid NIRRT o T he it ofdempafativelP smaf A5 <6

§f%€&qr§,l%@§%§ aﬁ%g?&;&ati@zlpaam@y provde daat thetoleancescbtain
with respect to the wobble of scale segment 1Q.23 do not have .to be
HoSBAIE b s (BFCRERIATN be ABCHEE iFoeete CBgHent 1095 W

sotsle isepetation. Inzh exampleembotnénobpedition massurige that
&%'fgé;oi%réi?c%@w@% upifHQ.2 includes, a spspatied YESEL (Wedicahent

Cavi

' 10.23 do not have to be chosen to be as tight as would be the

case if scale segment 10.23 would rotate in operation.

In an example embodiment of position measuring device 10,
scanning unit 10.2 includes a so-called VCSEL (Vertical Cavity
Ssurface Emitting Laser) as a light source 10.21. A ray
bundle, which spreads out along the direction of an optical
axis, is emitted by this light source 10.21. The emitted ray
bundle may be a TEM 00 mode of a Gaussian beam, which is
emitted by the utilized VCSEL. Because of the VCSEL radiation
characteristic, the emitted ray bundle has a certain
divergence and is transformed by condenser lens 10.22. The
beam transformation of the emitted, divergent ray bundle may
take place such that, after condenser lens 10.22, an
approximately ccllimated ray bundle is formed, which has a
beam throat at a certain distance from condenser lens 10.22.
In this context, beam throat is to be understood as the
location in the beam cross-section along the direction of beam
propagation, at which location the ray bundle has its minimum

surface area or lateral expansion. Positioned in the region
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Surface Emitting Laser) as a light source 10.21. A ray bundle, which

spreads out along the direction of an optical axis, is emitted by this light
source 10.21. The emitted ray bundle may be a TEM 00 mode of a

Gaussian beam, which is 25 emitted by the utilized VCSEL. Because of
dhecwe SEdaradiatien «chagagigrstic dhe erified gay buagishas aceertain
divergence and is transformed by condenser lens 10.22, The beam
S ARSTORARAGN THhE SRtitEd *AIVSRSERT ray bURIROMAY - Hike Hiatt Kh#se
gthat, iaftericondenset lens 1022+ anr3Crapproxowatidy chliimated rayild-on
ideds rwed whicghas.a heamdhaat gl acartaln disigge fom
condenser lens 10.22. [n this context, beam throat Is to be understood as
ShRIftativh ifiHe PebPi cress-dettiohcaldny 256 Hechdn B peapyopagation,
iprepagationnat whicinlogatien thefay buaglehas: s mnimum 3o suifacance
,areiglr lateral expansion. Positioned in the region _9 of the beam throat is
PhddE §ratiig t6 10 poRWhilRthE transtoried Ty BUnBR niSingea e
gkla¢ posgitiohing ef phasersgratidg 4. kat tys location may previdievbagthee

Dyld;on, tolergnee is shereby docreaged in bojf the @%%'t%%@?%%@'%t be
direction and in the direction of beam propagation, i.e., in the axia -
SHPECHTGHE Fof ShigHBUARIoR TolERthcR2 AT RS diteBiGH Sorid Aty siifbepath,
dlluarinating phaseonating d@-k Withrtheraid of @iray-bunoie ©f 0Wng of phase
div rgence, and a mallll beam diameter. Since @ese %Jgrgities ma\t/ not ,
P& 10 S bitrariy mirimized if THE £3%8 oF a*predRtiRed WavdleMgth: T 02419
omprarpiseimay He. foud fohthéceptimunrpesitioninghef Eivase: egtating
£1Q:ts BUERR COmpramise is ohjained y,ogitigaing. PhaseAraliag J0.Lin..
the beam throat of the emitted or transformed ray bundle, where the

FHOIRREDf theBRvefderte I andBedti diametét ofthETEN TonRsfiioty at

sCaussiaabeamis at aymunipigmiPhasegrating 4104 spltsdbeincidonbundle

a oblﬂdle into grst and saecond par{ial raﬁy B%%‘%f?s Whicl_rl],s read out

rst and second partial ra es, wii spread out
away from the optical'axisw 2s already described in
connection with the first alternative of position measuriné
device 10, the ray bundles changed in this manner also strike
the photodetectors, which are arranged in the region of light
source 10.21. The photodetectors convert the light signals
into position-dependent, electrical signals.

During the use of such a high-resolution, interferential
position measuring device 10, an optimization of the
operational performance of voice-coil motor V may be provided
for achieving a greatest possible increase in precision and
speed of the positioning device as a whole. For this reason,
the arrangement of wvoice-cocil motor V is structurally
modified.

Illustrated in Figure 2 is a plan view, not to scale, of
multilayer printed circuit board 2, which is made up of a
total of 14 superposed layers. A circuit board conductor 2.1
ig deposited on the upper surface of each layer. 1In the

exemplary embodiment illustrated, circuit trace 2.1 has a
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away from the optical axis.. As already described in connection with the
first alternative of position measuring 20 device 10, the ray bundles
changed in this manner also strike the photodetectors, which are
arranged in the region of light source 10.21. The photodetectors convert
withedioht signads rintepesitionrdepandest stecticaksignals. Raringthpedse
of such a high-resqlution, interferential 25 p§sition me ugn% devijce 10,

PLIPSBtiZAtOH bf %aﬁgeﬁatio%arfb%ﬁ%?%a ¢& B Voice-coil motorV may

- ik piciudéd tforaehieving: a:greatest passibleomdredserinZprecisiers andt: £all

»SPsedefthg positiqning device as # whole. Ferthis reasary the vi1ayer

arrangement of voice-coil motor V is structurally 30 modified. |llustrated in
PRigaasi2 94 BOyah VSR rRofto SSBY, SR URRBFET R teBTifctittboargver of
mVthehdsarade-upfa databof L4sspernesashiaypes. feeiicuit board

conductor 2.1 is depagsited,on the upper Slérface of ga(ih I?/er In Ehe 3

exenBary BitbSiment st asd Circir race 21 Has a °fo TRt 6F 1.%%}’er
ofnmuand bethicknessof @ mi Oruirultilayerd pinted eire@inbedrd2, ahat two
<danimym distance between the dpdividyal trages of clpeuithoardnies 2,11,
conductor 2.1 does not fall below 250 m. Since Figure 2 is a plan view of
2 It fer I BARGRICIFCUIB SR 2y T uppéfn SStomiabmyRf of e
uptdtitayes prinfed ceuihvboard 2ymay peiseend Therpathofeiectit-hoarshd

conductor 2.1 of the top layer af multilayer printed circuit board 2 is .
GHAott S0 (AT LO7 U2 1 2 T arb o aed TRLs e e G

arevfgrme . ese two coll units
2.11 Fi@2tl Zard anahged i briesglane, eg. anshe praseloftianinal pad

» Uppermgst layer af muliilayer pripted giccuitbagrd 2,/and ,CoNSUYIe, uni ¢

according to function, two electromagnetic coils. First coil unit 2.11 begins
2 gt brsSlerett-terRfRAh P LEE IS & stipPfdire. 77 té rediok i STeoil

cAffuit -board conductor 2.1 illustrated in Figure 2 being
oriented clockwise. In Figure 2, first coil unit 2.11
therefore is arranged on the left half of the uppermost layer
of multilayer printed circuit board 2. The result of the
spiral-like péttern of circﬁit-board conductor 2.1 is that,
when current flows through circuit-board conductor 2.1, a
magnetic field is formed in the region of first coil unit
2.11, the magnetic field corresponding to that of a wire coil
wound in the clockwise direction. In the case of conventional
wire coils, often only one wire is used, which, after the
winding, is then present in the form of several adjacent
layers. The wire in conventional coils therefore corresponds
to circuit-board conductor 2.1. Conseguently, one layer of
the wire in conventional coils (or one turn) corresponds here
to one circuit trace in the exemplary embodiment. In a manner
analogous to wire layers in conventional coils, gseveral
circuit traces of circuit-board conductor 2.1 are arranged
side-by-side and on the first layer of multilayer printed

circuit board 2.
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15 2.11, circuit-board conductor 2.1 has a spiral-like path, circuit-board
conductor 2.1 illustrated in Figure 2 being oriented clockwise. In Figure 2,
first coil unit 2.11 therefore is arranged on the left half of the uppermost
layer of multilayer printed circuit board 2. The result of the 20 spiral-like
patterwioécirouit-posird cohslycirainl isothds rwdhenseuienifiews through,
ircuit-board conductor.2.1, a _magnetic field is formed_in the region of fir
C%ﬁ%%v}:so% flf tﬁggrﬁagrflitclé Tielc qc%r}rje%ap%%dfnogn%u%%?%f %’\?vi’re%c%l T a%er
Touitd rrthk cleékwiseldirestiticin it cadeotednventiorel 28wite oils,

ofteneniyonewireds useds which, afist the y¥inding, ds.then, preseryin -
the form of several adjacent layers. The wire in conventional coils

RR&fEFore carmedstitds to tirchitiitktd cBnauctor 2E9EERSe quentl hesnters
tayenefgthenwiré inscomvéntional esilsyop one furmrcariesponds, herecdhio coil

Qneccircutirace inthe exemplary.emodiment. In g manner_analogous to
wire Iayers in conve_ntlonﬁ COﬁS, several cwcuff races ofr Clrcuit-poar !
Hfhduttorine aresrangfd ssigemy-sigd Andwoitthe. firdt laybrofit-board

saulilayespriptad ciraithoarl? L1 \When Que.-staitingsfameseldesgd.y i
terminal pad 2.111, follows the path, of circuit-board conductor 2.1, then,

SERTfst B Uhit2. FEAWRTCIS ESiente At atIGARMRE Caire dtidh, ghéated-
tdrrives at agcintafinflection )é:likga@f@p@hni@ﬁirﬁi_m@@@ﬁxdiﬂﬁﬂt_—h@amhct to
genductar 2.1.hen enters é@%£%9n§£§sggw gelynit.2.12, In;Figure 2,
second coil unit 2.12 is now oriénted In a counterc]foc wise d?rectlon,

HeR i i Rehyion f SeEBRASEHIUMIER2 21 éirctit-bodft cohdueldrilavsr

Prranged te:fermisevarak-adiacent circuit 10 traces. At the end of
circuit-board co %éor 2.1 glplated- through hole point 2.3, throug

, h
which Hh ERchitat EBnBRIS e REQTRTr D matifaye? phitted tredf 2-124

dfoartd® iswo coil units 2.11, 2.12, the circuit traces of
circuit-board conductor 2.1 are arranged in parallel bn
circular segments, which each have different radii but a
common center M, center M being arrangsd on swivel axis 2 in
the plane of the top layer of wmultilayer printed circuit board
2. In parallel sectiong 2.1l1lc, 2.11d, 2.12¢, 2.124 of coil
units 2.11, 2.12, the spacing of adjacent circuit traces of
circuit-board conductor 2.1 isg egual to the permissible
minimum spacing. In this manner, it may be ensured that
gectionsg 2.11la, 2.11b, 2.12a, 2.12b, within which the circuit
traces are radially oriented, have a large effective length.
In conventional arrangements, one may attempt to orient
the circuit traces as parallely as possible on the entire
printed circuit board surface, in order to provide a maximum
magnetic field. However, in the exemplary embodiment
illustrated, all of the circuit traces on multilayer printed
circuit beocard 2 have, within each coil unit 2.11, 2.12,
segments 2.1la, 2.1lb, 2.12a, 2.12b, within which the circuit
traces are oriented radially, i.e., in the direction of swivel

access A. But, as may be gathered from Figure 2, the circuit
i2
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established, is arranged on the first layer of multilayer printed circuit

board 2. 15 In so-called parallel segments 2.lIc, 2.1ld, 2.12c, 2.12d of the
two coil units 2.11, 2.12, the circuit traces of circuit-board conductor 2.1
are arranged in parallel on circular segments, which each have different

¢ tadidta comman ceniee My £entariM being apanged:en swivebaxisAden do
20 the plane of the toap Ia%er of multilayer printed circuit board 2. In b
e 8o PIES 230 2.1 U 2 BPEoif AMitSE R, 2AXYeE the

c$pating of ediecentreircsititiaces of. citeuit-Poand bonducter?2. 12islequaltbese
the permissible minimu ingy, In_thig, anner it may, be ensyred that, -
légessécﬁgr% Eﬁ%cirh? Zg]lgg,?gl.glz?b,rvbvithing\}vh[ch téhe circuit @race§ %‘e © D
thsliaiiperaeet, haven RigeekbédryRagar it ednfdmmpngs board 2 (in

+ QHangements, oNe By altempt to aHentdhecircuditraces aspallebsagich
ossible on the entire Ié)rinted circuit board surface, jin order to provide a

2 RAGTIAT SPREGrRtE fiefd Howevst, f i eXETpRary EifoSdinfahtt traces
itlustsatethad of theircRit nsresori daltilayarzprintedi ciscuitboard @enerate

efave.uithin each.call yalh 2.kl 2,02, SEIMPINS 2-12, 2ellth 212812 18Di ver
within W_IC% the circuit traces are oriented radially, i.e., in the direction of
dawiel 35 dtcesdA BHTASFhay befatRerct-fFEMRiglre 2, the circuit 12

tracepalsothpvemsegrends 2diai 2dba2ik28, Z32b:iwhicheda not extend,
in_parallel. When lines are awn through the circyit traﬁes in sgctions
% n_w the

22 11422, 11-6,22. 125° 37150, T

sEAiNesTRterSES atd pSint Por SRiTETES
dA i ghe plarne: ekB:thé wppednastlayecotrmudtilayer pastedcircuitaroherd . 2

Yg:% ,thg hee@(eﬂ%ﬂlé‘@{ gmbodiment i"%i‘[ﬁg'l@é‘ngﬁf&ﬁqd%wgg conductor

above-mentioned center M). In other words, the circuit traces in sections
22 Ha, 2B, DT 321 98 ERhRFFAdtdo SRAERMENth S TotaE FaretGitéfted ToT
ctowards swivehadsheaktheswinel circuit traces in sections 2.1la,

2.11b, 2.12a, 2.12b allow rotational forces to be generated,
which substantially have no radial direction component.

In the exemplary embodiment illustrated, all of the
circuit traces in sections 2.11la, 2.11b, 2.1i2a, 2.12b, which
are therefore active with respect to generating the torgue,
are oriented in a strictly radial manner, as mentioned above.
In contrast to this, the paths of the remaining circuit traces
of circuitnboaid conductor 2.1 in parallel sections 2.1lc,
2.11d, 2.12c, 2.12d have no radial direction component, since
the distance of each circuit trace to swivel axis A is always
constant in parallel sections 2.11c, 2.11d, 2.12c¢, 2.l12d.
Therefore, coil units 2.11, 2.12 include adjacent circuit
traces, which are arranged in parallel sections 2.1lc, 2.114,
2.12c, 2.124 such that their path there has no radial
direction component, and that, on the other hand, in sections
2.1ila, 2.1ib, 2.12a, 2.12b, which may also be referred to as
active sections 2.1ila, 2.11b, 2.12a, 2.12b, the circuilt traces

are oriented radially in the direction of swivel axis A.
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10 drive, i.e., in a strictly radial direction. Due to the radial orientation,
sections 2.1la, 2.1lb, 2.12a, 2.12b necessarily have regions, in which the
minimum distance between_two adjacent circuit traces is exceeded. Yet,
the voice-coil motor, which has circuit-board conductor 15 2.1, may

provige outstapding-epgatingicharactesistics Jettharadiat aligament ofne
the, circuit traces in sections 2.lla, 2.11b, 2.12a, 2.12b aII%\ﬁ/ rotational

TRSILEE 16 heGetatat, “ AT 8dbBARtAIN RAvERS rildial tirettigho” ©F
pa:ammf\émr.omghermdeam plaiy:entbadiment il ugtriateﬁ ,2allldf.the .2 crewit
s{fages in seglap £dla, 2 b, 2,123,:2,12B, which, age fhetefareactivye with;
espect to generating the torque, are oriented in a strictly radial manner,
baérrerfdme@afold. HeoRtrasetethiSIve patisd 8f thel femainirg circuit

rTHaees HRCircuit:hoargdieenductar, 2:1, inzparalelsectionsndlic s2h2dkht ially
2.12c, 2,12d have nq radial direction component, since the distance of
SR S G et v B BRI A T el er consEant 7F bardfiel S8cAoye"

d@_éplc;r_maildi, %éz@ﬂﬂéay Ererélarepeait baits 20K z2:¢8 inclidetdadiacent
d%'é%%ﬁ@?eéxg\étk}}&'aa&e arangadan.parallel secfions 2.6, 2. Ud, 30,2126, 5 ong

2.12d such that their path there has no radial direction component, and
2thet2on hé Biherharid: in 5ettiBn8 2188 b onesh, SeT5E SRHTERS Ay 2L 1Y
walsp he referedds asiadtive sections 2.lla, 2.1lb, 2.12a, 2.12b, the circuit

traces, are oriented adiatl%\{ in the direction,of swivel axé%AElB Apart from
a 0 T

comp%?&t?véi%?néi pgﬁi sUrfacés i the reglonoosn (e:re%rtermlnglaﬁ/ad

221144 and it drelfegidw cﬁmplcatéd-mmggnmobé poite3cedilupips Qr1l,, and
22 %@Dﬁa{mﬁwCow'ttaﬂsse%t@lpoa%ﬂﬁgﬁg aXisALbE RAINLSyreat

being arranged in the plane of coil units 2.11, 2.12. Therefore, coil units
exf9nD.12 BRE pbeRivhedudtamtially SHatmétially Wit redpett & pBft STV

mByexecpiipdherahiovelty increased. In particular, an STW, in
conjunction with voice-coll motor V, may allow the seek and
settle time to be significantly reduced.

To increase the torque of voice-coil motor V, multilayer
printed circuit board 2 has a total of 14 superposed layers.
The top four layers are illustrated in Figures 3a through 34,

As is the case with the remaining layers of multilayer
printed circuit board 2, the four top layers illustrated in
Figures 3a through 3d each have two coil units 2.11 through
2.18, as well, whereby within one layer, the spiral-like paths
of adjacent coil units are oriented in opposite directions
(one is oriented in the clockwise direction and one is
oriented in the counterclockwise direction).

In the exemplary embodiment illustrated, plated-through
hole points 2.3 through 2.6 are staggered along a partial
circle. This positioning of plated-through hole points 2.3
through 2.6 of the individual 1ayers of multilayer printed
circuit board 2 may provide that, in each instance, the top
layer may be provided with a through-hole in the region of the

through-hole plating, without cutting through circuit traces.
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described, relatively small, partial surfaces. In the described exemplary
embodiment, the circuit traces in sections 10 2.1la, 2.1lb, 2.12a, 2.12b are
positioned centrosymmetrically with respect to point P. This type of path
of circuit-board conductor 2.1 may allow outstandingly smooth running of
s¥eiceseqil motarV, and 1that yibrations ot the swiveharmmay ke 2.12c,
prevented to a great 15 extent, The result of this is that the performance_of

2 ahSTW maf besubitantaitifereastd®ih garticiar 2arn 2i6c, 2.164;

2 cmmmncielom'mth voiteecoiembeat b fmayallowrthe iseekrand ssettfe timid toinits

S'%'f'c Za(gyp redyced, To increase the tarque. of voice:cO BRI N e 14 ers

t| ayer rinted circuit board 2 has‘a total of 14 superposed layers.
Oﬁ'h@qb]elfeavmeﬁs? are M sthredii-FigarfesB throughBR AP RERR Sasaer.

with e remajging-laxers:of mudiilayers Qrintegé:iﬁ@yﬂ&oqrg}%ﬂheﬁour top
layers illustrated in Figures 3a through 3d each have two coil uni
i S 2y BRI VIO Eby ST Py G T S A B o

thdjacent coil Units &re aziehted In dPpositedirectionst (tneserienteld inave
i siockyda dyectian agd e is; grigptedin fhe CaUAteOCkWISG,y i1

|rect|on) In the exemplary embodiment illustrated, plated-through 30
t heRepomEs 25 4Bagh 206 Bhe stiigueréd ahrifa f)‘aﬁvéalcﬁaésrﬁrs

posﬂ@@ﬂ&rekpla@ through:hale points RiZntheatgin? fnef the individualcong
layers of multilayer printed cjrcuit board 2 may provide tha |n eac
a %tgﬁé’é",ttﬁe]tgg B e?r% eC p#oé’ déd %\ntﬁn)égwdroﬁéﬁ%oﬁ% iR !r%egloare

aokthes88 throtighthale pi»atlryg iwkholg cutting trotgh 2irkait thaces. dig six

é@&ﬂ%&?ﬁ&&”%&@@&é@&@ lig, 24dId, 2,120,,2.12d; 2,138, 2,38b,
4a, 2.14b; 2.15c, 2..15d, 2.16c, 2.16d; 217C 217d 218C 2.18d of
weréleﬁcmhﬁeee%f—‘ cHit Eiftt C2 BRARFSUGH S 18 @ thefefble Haeutféh%%lctwn

cendgifferentdayessa. coil units 2.14, 2.18 have seven circuit
traces, including sections 2.14a, 2.14b, 2.18Ba, 2.18b, in
which the circuit traces are oriented in the direction of
swivel axis A.

The third layer of multilayer printed circuit board 2 is
illustrated in Figure 3¢. Arranged in left coll unit 2.15 of
this third layer are seven sections 2.15a, 2.15b of the
circuit trace, in which the circuit traces are oriented in the
direction of swivel axis A, while in right coil unit 2.16, two
sections 2.16a, 2.16b are illustrated within which six circuit
traces extend radially.

In order that this unegual distribution in layers two
through thirteen may not cause any unevenness in the
operational performance of voice-coil motor V, the second and
third (as well as the fifth and sixth, etc.} layers are
arranged so as to be mirror images of each other, which means
that the seven circuit traces of coil unit 2.15 in sections
2.15a, 2.15b are arranged above the six circuit traces of coil
unitc 2.13 in sections 2.13a, 2.13b. Since multilayer printed

circuit board 2 has twelve innexr layers, the above-described,
15
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5 of multilayer printed circuit board 2 in a superposed manner. As
illustrated in Figure 3a, the first layer of multilayer printed circuit board 2
is formed such that inside the two coil units 2.11, 2.12, six circuit traces
each have two sections 2.lla, 2.lIb,-in which the specific circuit 10 traces
wdealigacd i i diveation of sulivel axisiAi dlovievemas ilusteatedin
Figures 3b and 3d, the second_and fourth layers, of multilayer printed
B PR 2 i s AL B e C e B 2175 2
akbowircaitwratbshaveasoetions 218342 uSbbe. Brnearsdls Witkin outer
144Uch the circuit fraces are orignied i thediraction, of swivel Axis ArLQlled to
units 2.14, 2.18 have seven circuit traces, including sections 2.14a,
bo 19, 70¥8a, 2481 T REHItAThE Chrebit TAdas aréHihted it fife 37e
oflirestied of rswinel axisaA:2@M hefthise iayer ofmultitayer printed circuit
boar%gggryggtlr%@ in Figgre gg érrange%in !eefgg%il unithC.)%.E:)e of t@isa ent
third layér are seven s’ec%onslé. a, 218 of the cwcui?’frace, ih Which the
magnait raceSraramricrred detise tireelon B swivdlsis Ae whilewdpuright

100 W 208, NG 23 §ections; 24163,2,48b ae.iliysicategdhwithinowhich six

circuit traces extend radially. In order that this unequal distribution in |
PEBIETR0 BREHGH thittebh MayTotRAUSE Sy urdleiRsSdithet this
tgperatiorab petipomance ofutaice-toit mator Ya thesseecondand«3fy- thigsb{asing
piellas,the ifth and;sixth, etc,) layers gre granged. so s o be murgr,

Images of each other, which means that {he'seven circuit traces o (;0|'I _
Wil 9 sBetidies. A 1581 2. IGhRare rpaiRy ek aBote the Bixteifcle rect ion
olaggs-pf coil,ynit .13 in sections 2.13a, 2.13b. Since multilayer printed

35 circuit board 2 has twelve inner layers, the above-described, 15

uneven distribution over the individual inner layers is

15



10

15

20

25

30

compensated for, in that multilayer printed circuit board 2 allows a
uniform magnetic field to be generated. The outer layers, i.e., the first and
fourteenth layers, are arranged to 5 be uniform, always having six circuit
traces, which are oriented in the direction of swivel axis A. Alternatively,

the rotor may have one or more permanent magnets. In an arrangement MCSLLP

like this, the stator would include two printed circuit boards, between

"ihiththe 40ddtankri magnet(s) is (are) pivoted. In the case of this

type of construction, the circuit traces on the corresponding printed circuit
boards also have more than two sections, within which the circuit traces

Lare orient&d it he diredioh °oF sWivEPaxis 2296 MCSLLP WHAT IS

CLAIMEPS: dr A vaiee-coil motor, comprising: a stator; and 5 a rotor
pivotable about a swivel )ﬂ's relative to the statoi; wherein a&legst onecof

. th
(@) thé stator and (]by%ﬁ'ea%?ot%r ?r%c?t‘]%esaa SWﬁt\éﬁ circuit boare ﬁa\}ir‘{gﬁf at” ©
least ene: wirckit-board conductor arranged to form at least one coil 10

unitin a plane, the at least.one Goll upit including,a plurality of gireuiit ) 4y
traces; and wherein within one coll unit, more than two circuit traces
rintlide iaadial sectiorrarierited ira radial direatich Birettiytowardhest one

Swivgl axds,an-extension of dp eachJsadial section pigrsacting the swivel .1
axis wherein each radial section is nonparallel to each adjacent radial

USelction. 2. Fh@vaRe-coif Rfotct acédrdlifly 16 efint 2 whereitthengguding a
cRrinted cirguit board s, attached e the kofar.

wherein within one coil unit, more than two circuit
traces 1include a radial section oriented in a radial
direction directly toward the swivel axis, an extension of
each radial section intersecting the swivel axis wherein
each radial section 1s nonparallel to each adjacent radial

section.

2. The volice-coil motor according to claim 1, wherein the

printed circuit beoard is attached te the rotor.

3. The voice-coll motor according to c¢laim 1, wherein
more than 50% of all of the circuit traces include a radial

section.
4. The voice-coll motor according to claim 1, wherein
more than 75% of all of the circuit traces include a radial

section.

5. The voilce-coil motor according to c¢laim 1, wherein

circulit traces within a <coil unit include a section
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3. The voice-coil motor according to claim 1, wherein more than 50% of

all of the circuit traces include a radial section. 25 4. The voice-coil motor
according to claim 1, wherein more than 75% of all of the circuit traces

include a radial section. 30 5. The voice-coil motor according to claim ;gL p
wherein circuit traces within a coil unit include a section 17 MCSLLP
extending along a partially circular line having a center located on the
SHigslcEdis] 62 ThE Yoike o Fictor dccotdifi 16 Elaim e wheteiR @t & center

1east:qne GircuitrRoard copdugtor is arranged to form a plurality of coil
units in one plane. 7. The voice-coil motor according to claim 6, wherein

the coil units are arranged substantially symmetrically with 10 respect to

@ point aranged in-the plang.etthe Lodwunitsnen the swivehaxis. 8«ldeein at
voice-coil motor.according to claim 6, wherein the coil units include a
pivakshaped path™ & partiaiHu b‘é?%%’ﬁ% cif uritts'cehted iva o @
elackwise directian, ahduanparial number of. the=coil units oriented in a
counterclockwise direction. 9. The voice-coil motor according to claim 1,
wherein the 20 printed circuit board includes a plurality of layers, each

‘layer ifitladingiatdeast ohewilcunit 400 THé voicescaillmotor @ccording tor the

Saim 9, whegein, P&Cté?z'?'"?a%@%Ci%é&%ﬁ??ﬁ%ﬁ% COLLINS: A€ 231 with
arranged on different layers of the printed circuit board in a superposed
TR&msart 11 0The yoiéa-con MGIBE&ECOrHing 6 clalmrtd, whekdin coil units

on the swivel axis.

8. The voice-coll motor according to claim 6, wherein the
coll units include a spiral-shaped path, a partial number
of the coll units oriented in a clockwise direction, and a
partial number of the coil units oriented in  a

counterclockwlise direction.

9. The voice-coil motor according to c¢laim 1, wherein the
printed circuit board includes a plurality of lavers, each

layer including at least one coil unit.

10. The voice-coil motor accerding to claim 9, wherein
sections of the circuit traces of the coll units are
arranged on different layers of the printed circuit board

in a superposed manner.

11. The voice-coil motor according to claim 1€, wherein
the radial sections of the c¢ircuilt traces are arranged on
different layers of the printed circuit board in a

superposed manner.
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the radial sections of the circuit traces are arranged on 30 different layers

of the printed circuit board in a superposed manner. 18 MCSLLP 12. A
positioning device, comprising: a swivel shaft, one end of the swivel shaft
attachable to an element to be positioned; 5 a position measuring devige g | p
including two parts movable relative to each other; and a voice coil motor
including a stator and a rotor, the rotor pivotable about a swivel axis

relative to the stator; wherein at least one of (a) the rotor and (b) the 10

stator jncludes.a printed circyit board having atleast one circuit-board

conductor arranged to form at least one coil unitin a plane, the at least
one cdil Grit-ineldii & “plufdlity 6N¢irctit thdcess dad SvherBiniitiih ohenable

Goil.unit, mare than e, girgWt {15:traces;include a radial section oriented
in a radial direction directly toward the swivel axis, an extension of each

radial 8ectionShetSEcting TR Shivet axidsiiéigin eaeH rabdidtsectiyi is Parts
ropparallel ta each adjasentradial t3eatipna 28 13. The positioning device
according to claim 12, wherein the positjoning device is arranged as a

servo-frall wWriter" 14 THe FdsitidHing Gelide hctortding et 12°t07, the
whereino 25dheprintedbeitauitbeard ve attashed ﬁOath@ﬁ’Dt@[. 1. the stator;

Lo ece i o S 1, WIS e POSIEN TESEUY e
fositioningdévice aceonding:toeclaim. t2pwhekeia rd having at least one
circuit-board ccnductor arranged to form at least one coil
unit in a plane, the at least one ccil unit including a
plurality of circuit traces; and

wherein within one coil unit, more than two circuilt
traces include a radial section oriented in a radial
direction directly toward the swivel axis, an extension of
each radial section intersecting the swivel axis wherein

each radial section is nonparallel to esach adiacent radial

section.

13. The positicning device according to claim 12, wherein

the positioning device i1s arranged as a servo-track writer.

14. The positioning device according to claim 12, wherein

the printed circult board is attached to the rotor.

15. The positioning device according to claim 12, wherein
the position measuring device 1s configured to perform

photoelectric scanning.

16. The positioning device according to claim 12, wherein

the positicon measuring device 1s configured to perform
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the position measuring device is configured to perform 19 MCSLLP
photoelectric scanning according to an interferential measuring principle.
17. The positioning device according to claim 16, wherein 5 a first part.of

the position measuring device includes a transparent phase grating, g-L?

a second part of the position measuring device includes a reflection

phase grating. 10 18. The positioning device according to claim 16,
PRRErRTH SCfirst part BEtHE pasTtionMeasGring devide ingluded At feffeetisRtial

-Rhase.arating,.and-a segond part of the position measuring device
includes a transparent phase grating. 15 19. A servo track writer,

comprising: a swivelable shaft, one end of the shaft attachable to an
1element.to be pesitioned;p pesitior: measykag deviee including W patisrein
movable relative to each other; and 20 a voice-coil motoy in¢luding a
“taoF id & 0tbr, e Foor BROMbIE Bbdlt e bk 15 frdes 2
tstatosp avhenein gilleast ongreft(@nthe rotorcandi(b) dke stafor ineludesa@rf  the

pprint%g-glilrcuit board having gt least onentgjiﬁtcgcif-board co]r;gu.ruitocr: arrange

0 ghase

10 Torm At leaSt one coil °25 TRit i & plé‘ne fé af least one coif anit

dgneluding.a plurality of circuit traces; and wherein within one coil unit,
more than two circuit traces include a radial section oriented in a radial
direction directly toward the swivel axis, an extension of 30 each radial
Idectioflintesettifig e BWivePax%is whetsinréactradial séétion i56, wherein

J“@E?E@eggfﬁc%§W@Q®“§@@§k§88m%h§9uxing device includes a

reflection phase grating, and a seccnd part of the position

measuring device includes a transparent phase grating.

13. A servo track writer, comprising:

a swivelable shaft, one end of the shaft attachable to
an element to be positioned;

a positicn measuring device including twc parts
movable relative to each other; and

a voice-coll motor including a stator and a rotor, the
rotor pivetable about a swivel axis relative to the stator;

wherein at least one of (a) the rotor and (b) the
stator includes a printed~circuit board having at least one
circuit-board conductor arranged to form at least one coil
unit in a plane, the at least one coil unit including a
plurality of circuit traces; and

wherein within one coil unit, more than two circult
traces include a radial section oriented 1in a radial
direction directly toward the swivel axis, an extension of
each radial section intersecting the swivel axis wherein
gach radial section is nonparallel to sach adjacent radial

section.
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MCSLLP 20. The servo track writer according to claim 19, wherein the
printed circuit board is attached to the rotor. 5 21. The servo track writer
according to claim 19, wherein the position measuring device is

configured to perform photoelectric scanning. 22. The servo track writdp SLLP
according to claim 19, wherein 10 the position measuring device is
configured to perform photoelectric scanning according to an interferential
measuring principle. 23. The servo track writer according to claim 22,

2whereim <1 5sa fikss part 0f thes;pesitien measuHng devise includesid, wherein
anséparent phase grating, and a second gart of the position measuring

k r(5\/i & rbhitfes A fefiettion phase “grafing 250 54. e SBRo A writer

according to claim 22, wherein a first part of the position measuring

Jqevicgincludes 8, r%flfeé:gﬁr‘.v???g%g@{!:”@o?89%5 CS”%P&;EHOW ° whersin
position ‘measuring device includes a transparent phase grating. 271
the position measuring device 1is configured to perform

photoelectric scanning.

22. The servo track writer according to claim 19, wherein
the position measuring device 1is configured to perform
photoelectric scanning according to an interferential

measuring principle.

23. The servo track writer according to c¢laim 22, wherein
a first part of the position measuring device includes a
transparent phase grating, and a second part of the
pesition measuring device includes a reflection phase

grating.

Z24. The servo track writer according to claim 22, wherein
a first part of the position measuring device includes a
reflection phase grating, and a second part of the position

measuring device includes a transparent phase grating.
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