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VO CE-CO L MOTOR AND POsI TI ONI

SERVO- TRACK WRI TER | NCLUDI NG A VO G360 L MOTOR

CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
appl i cati oVAGH-$OIpr MBEPRyAND PPHPTIQMENG PENICELOR
2004 030SEBVOSTRAGK ARITER HANF&HENG A Ropabl COIDBfMOTOR
Germany on June 24, 2004, which is expressly 5

| RO REFERENGE! € REMATES b1 @lprdry ref erence
thereto. FIELD OF THE TNVENTTON The present invention
rel ates t oTRevBreeskbiIPRhieRtign cladmg podpribyi by
PG lchah WBY D6 P@dd | ¢34 3‘_’566’ SUidigd of 9 tI]IQ (Federal

precisely noving a swivel armfor a servo-tra

ViFInueYL 1 cBREKCROWALY | SI- RN | TN @omanwmnedlabexpressly
PORiddp R 40 RYEE BT %( fvg‘.i, eR.Usgd, i

Servo track writers vﬁ%ere trgtgﬁre?%? thgreto.
magnet i zabl e hard di sks are set up or witten. In this

CF%L@(?F Q-thﬁﬁr{,%g%btﬂml ch a swivel armis nounted, is

a voice-coil notor or pivot
dri veThe plesepbsinventiivwp deiams Ab ikt sotad; c@:L]Nrnhth)r and .

7S PoENIRY QOB L AT RO U on

agdipefyenpséngaansrivesld drmatfcas ateryvot tASHKS WSiter.
possi bl e per unit surface area of the hard disk can
be configured. The nunber of tracks set up per unit
BNTKSROUNAr EHFORMAMIAN di anet er (tracks per inch) is a

measur,e of he rage capaci.t ard di sk For
this rea§‘8n i r?(}%‘ger pfggllﬁfdyéﬁngk FVLGea T cets; type are
fofaeh alsedcahi sertdatradck axr e (BIW) PORREPS Echd Mrarks for
har d |sk Tang (gtéjrq%tto be able to configure hard
bR T 15901 1SatPoRTi Hr ARt eRc ondhitddis
mme?c,t ,i & mhaft peompodsidi & tsvipegi hlrfgnlh h@ox&ﬂéﬂélh is pivoted
arm TWin an exact nner within Very. s rt
AR 5 Bl el MG ok popeb. Seve
whede ishdhgr desicesi gned tas ealcnr lantwvedlte Ché&dli is kiﬁﬁ:l’vd.ded
dilc%SEE'Bﬁgl t§¥rnan %PQ> ed Pat ept

Yy move y the sw1ve1 motion of the shaft

and is positioned in a highly precise manner, so that as many

‘tracks as 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 to 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 STW in an exact manner within a very short tlme

" (seek and settle time).

A voice-coil 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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Application No. 196 37 953. This printed circuit board

has a 1 1 - *coo002* circuit-board conductor, which is
“designed to forma winding or coil unit. This coi

unit is made up of a circuit-board conductor having
several circuit traces, which are side-by- side and |
cixeeh- hepyshrogndsictos . cyhbeht £ nde s 1R -iforfoordnding
ofNGoiheu G r espandicBgl BASEt i Nhide Ay ISES MY HNAEboard
the disadvantage that their accuracy and their
cor@hkcten-rastine severadochbeusht F 53923 hevhifghypast side-by-
s$5aNgaN A, Ly SUMARY, Exanpl e enbodi ments of the

present 1nvention may provide a voice-coil notor,

whi chomegntiiaralevodiceeppidpupbpifgand the corresponding
characteristics, and.a I L{9nj ' i_Gh
eEP i B iy aiayf rBSE; EheneTded Al Ghe AT HRL
ageekaandarsbttiled rl sekkraad-vhtt be naimg alginy satisfy the
ns9 arativg%¥ciom1nanufacturing expendi ture and

SPAPPe BRI GH. The alignnment of circuit traces in
particul ar sections on a printed circuit board nmay be

inmportant for effective functioning, e.g., for
§H§Eﬁ%¥ng the seek-and-settle time of 20 the

poSi k&Y eidoditentBeoposhti paéagnteiMivenmtaceD mdiyngrovide
to an exanpl e enbodinegt of the gresent I nventiqQn may
2alPHiF T o7t SRHMTcalPy C8i IpY ePaRE SXOSILIEH T SRSTRE N9
chapstfdsidOnAnthrXr pBRhY i Bhesh S@evik f apiith may allow
positioning. In additign, an _exanple enbodi nent of the
eZ5rareke X3ty SRS I6n ORePIpPBT YeF 4 SHETel I5Rf ABC-sRttLS
eYREED 5114l itGUing hed cB¥par oL Fo1 Bl meaistadturing
angul ar velocity. This nag_constltute an advant ageous
: _ €raté®y:, in STWs. _

| nacelf agi Eddht RE RISELEENEPGcOE £n LA QN1 a8Wsk8t ions on
arm 30 on a swiveling shaft nmay be caused, to a,
aspginted apir Bxditteo2rdppayi Beal meASt 1 Matt A € GiRtddtced
fpxclabsnﬁﬁ%,ceérgq',' £ Qeaublingt Phe SOt &la- MUk time, of

orces having a directional Conponent that
the positioning device.

The positioning device according to an example embodiment
of the present invention may allow for technically simple and
cost-effective construction and extremely precise and rapid

positioning. In 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 vibrations that are introduced by the voice-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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is radial inrelation to the swivel axis.my be
particularly disruptive. 2 The vibration response nay
be changed in an unexpectedly positive nanner by
i mproving the alignnent of the sections of circuit
traces, which act to introduce the forges necess

e D o e g o S eSS e creaty

p5§¥%ﬁv5 Eﬁﬁnékrﬁyliméfdﬁiﬁy'&Q@Dbﬂh@@hﬁnhabc ahel e@stions of
one section, in which the specific circuit trace is

cigiqudt 6F2FRST HENHFR G5 GiP g TORkcs\EPS| ToxFes necessary

s herebehfg ERe CORIvASakd CHIRAL ANabilCLhgH| tmbFf&0than

gui deways~on printed circuit boards, circuit traces
ty Gifeuakt EVaceecRe Rl g nbthaey @ta 16a54I PBE paehion, in
wifllly $9caLBe0Ekea! et bl NG Mld 68l i Bk iNenSPh¥ hirect ion
connection, the alignnent or the path
oibftlteh@wolvﬁd;uatclﬂ acBeeTefonehe idc(dons reast tonsongentional
Alrang di
IR Er=PS, bheusl S Bmt MRl RY pBArRET P e
tfnnay'1n15hhnathevéo$¢¢wqup dduaquuhﬂW©0ﬁlpamaﬁlﬁé path, but

be understood on o Kl g 4D

AT RFUETSES Hhi Eﬁgcons%g% %é e Z%accorgglvtﬁag tg%&gunc%nothls
cdﬁnaﬁuabmronhgnelngnmemt oﬂrthdupathumﬁt&hk ctieuibi traces in

cl ude sever al cire uit .traces. O [ Ui

t??zﬂﬁiﬁvérgegFFCU|tl%o%fEF%ﬁ)(ﬂﬂﬁ ot Fegidns st ua%E%FE&fally
nSifletiky1yi derattbinfarcss Imaynide ganenat&mpby thecobice-coil

unit may include a circuit-board conductor, which is,
m??PEﬂthlple spi ral -shaped. The circuit- board

conductiie ifplabwangedthelcterd hadils aitdtali scitoc biet understood

traces are arra ed slﬂg %¥ si de, - The voi ce-coil ppt

apfa HeBORHLe 2e RREERRbT 4 {GRAAUTE QR0 SBHED soBREToRres

 afBYrdePrRVirdadt Wohh an eppdOfinaiitic adiangedn this

printed circuit board, eithe Lﬁﬁ% t he statar or, og t he
CHBRRC . oo FoB0t HOLhEMRY ai B LR SHETRY: Grrcuit traces.

cHaguetidates arky ctbeu st BEdrdrcdrittrdt@ir0 rrelg!ioﬁgulspﬁ)@ﬂted
with the printed circuit board, which neans that

si@aputts! @BGﬁﬁérﬁaF?l}su%&Ffltﬁ%ﬁiﬁMQN?ﬁﬁerEHHSh} dfie may
i HRORE Sy égy%uQQrb%%?@ngbﬂguciﬁfrnﬁﬁhdﬁ.ﬁ%ﬂ'hnb@@&ﬁcﬂ?ye,

be arranged
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 the
present invention may be provided with an appropriately
arranged, printed circuit board, either on the stator or on
the rotor, or on both the stator and the rotor. Frequently,
only the stator or the rotor is equipped 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 torque, 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
torgue the printed 35 circuit board may al so be
roduced as a, nmultjlayer printed .3 _cirguit board
CJ\M‘F“&E Paaeda i diAGhH Fase ?uBé*PﬁS%éayc??cﬁWergcf c% dircuit
e PERY% sDRa P bangeeh g ddivi thia &hbtmhayenaﬁsﬁemtéambﬂylthe
voi ce-coil motor, nore than 25% e. pore than O@b
and Inethe, Vabee- ¢Pidh MR RTef TRFE EPF%U?? Stracey, Wkh than
Sd.‘*o‘a,yané h@VS atmcj)ﬁ.asl{haq{‘elssee@feﬁtll cArWhi eht t€e £ It may
ce in question is aligned in the direction of the
haMﬂ w8l larEs. ongheePuxiti o G igdyvithe ﬁﬁycbétc%ﬁﬂﬁquﬁf
q'Lygstttloﬁ ggggllgﬂ&i‘rﬁ?ytr@%ltr'e%'tll%aé'ﬂr the gﬁi’\'fé?ﬁ,am ch.
operates usin phot oel ectri c scanni ng, e.
aﬁcdmdlpgsuo1inmmt@#Wkﬂﬁﬂmﬁyabel@oﬁéa§eﬁlﬁgt%rqrhﬂqﬂea
T8 60 P esmner gialith
Ao HBE TR R IR A MR PR BBLESELS IR
pmmnﬁﬂeetamcestammsmg,a&&unaw@C@ﬁleSpFQ aposm¢¢¥ﬁﬁ#&?tlal
evi ce. Accordi t I 0
niieane TEIRRURR: onni e GARRErBsTER RegPAl LSy Bifergistic
eBﬁeB:tthr tandeaachtevedplwndﬂabﬂe azbdutofawsmpheit aray be

ative to the sta At Ieast one o
p%ﬁ &ﬁdp(.”s u?ﬁeali] o?xtremnec U ccura%er %H?Z%Iaé?$0lﬂ t

es a

p&é&ﬁﬂ&dﬁ§gla§vateleast one circuit- board conductor
arranged to format |ea t one cail 20
and AJROTEL PP 58t 2B T TR 1© quﬁ % %H e%/ of

igbdritiidn, br ¥6€8e- H%ihlmbﬁﬂﬁiiﬁmﬂudﬂﬁlh suatert&mm 4 uptor
circuit traces in¢clude a section orien

SAARATIIS AR o0 k. P ZulINS R T S O

- 100ar gy b agt tREhegh o thies r((H)Ofthe 2btbbr en&hmeéi()e%

of all of the circuit traces ude.a |on
PHIRET &dncnis BPRELt PO IDVET ga%% S\Rﬁev&lrs&’r% %IF%
cbh@ %@t adbbdot ot Ferk i dtC Uidady ates cid} untt utke @ plane,
section orlented in adrection_toward t

apgjthe af degst PPQC%%1¥M%4ﬁ91%PQ%ﬁqesuﬁng ¥$ﬁ%l?&iC¥fCUlt

t§§@ééﬁ”]W1th1n 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 may include a
section oriented in a direction toward the swivel axis.

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

Circuit traces within a coil unit may include 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.
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30 extending along a partially circular Iine having a
center |located on the swvel axis. .At |east one
circuit-board conductor may be arranged to forma
pIuraIity of coil uniits in one plane. 4 The coil wunits

arr, ed subst a tlaII tr|c mnth
resp ? Ctool q‘ﬁ‘d]tl’?t 2y ﬁggar ﬂg?ﬁm‘% ]The coi |
syfhd tSr h 1Ie wiwhy elespxks. tdha poeiht wmntasng"my imhehédglane of

i raJ -shaped pat artial nunber of the coi
€ %i?%? 6§1§5Feﬁwﬁﬁe 2% 8ckwi se direction, and a

partT’t@é cEBJJHfOanles a9 eatluddi &SspiEyl hthapdepagtd .i naa
countercl ockwi se direction. , The printed circuit board
PHEYIFhdMRRE T i el FPfrloPanﬁy‘@% bey R et Ve may

cldStwies ailxl&aeatononanaoal HRtlal AQusectdonheoldifeunits
circuit traces of the COIF units may be arranged on

maly fheremtetBibria ¢ CPHBLBFFAPERVWESE hXedd@™d in a

SupefpoSes RN &firclhe B8aLHORSY Oind hRILid ‘iﬂ'utratlrn.@%eéf
oriented toward the swvel axis may be arranged

laivérer aand |ea@y dagkrt paypinalede 35 ksatuioneheadd bpih.
SUPG% LASESL RN é&%ﬁ‘i‘t”grseeé Pxé{@'cg:e%”’%%ql:@e%y be

e present 1 nvention, a positioning
arnzhgrid on ains‘i/ﬁe\r@lntshaﬁftersoné thadpointde cwicwdic bhatd in a

ﬁ%@gﬁﬁg&kqﬁgqlan el ement to be positioned; a position

ring device including two parts 20 novabl e
r eI arlnevesdo:tmcm odt be; canduatvbr@eeazoixtiaxme@r toward the

ding a stator _an r I h rotar, pivatable .
Blick PR LB BUaRa Bhobu o Rl vsRs R P princea
cbﬂ@ub& mdardiMh awﬂupErpnde@bmanherstator |ncludes a

printed circuit board V|n
P T o Rherarelr, SBBa e nm e arersnt:
1ﬂﬁ@nt€:ﬂbﬂx lH1|;tosut1a>nphgnaevand lﬁel@cied-eastsvﬁﬂelcehlaft, one

RS o i) REAEC: RARACABELT r 01 T (LARBES KEI Bl o

pégmidmecw|£r1ic@it1bamaédshbengvmaeic@mrs:1uﬁhag two parts
m 8§I|>{é oxnelelna J.dvee\”tcoe eg% othgrrt- aggg da avsoiaceS ecro\_{L(_)L_ tmro%gll(“
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 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
toward the swivel axis.

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

The printed circuit 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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to the rotor. The position nmeasuring device may be

configured to perform photoelectric scanning, e.g..
_ac?ording to an interferential measuring principle. 5

Afirst_part_of t osi ti.on e rin t-\Y

inchugé g%.??ﬂhs % tpﬁﬁéséoargggsurggﬁd%%ggécona include
a Raahsphréhe ﬁH&ﬁdlgﬂatlﬁgaSthng deamm&ap&mmlqﬁﬂuh@epas1tlon

reflectign hase ratin . AT §t art t he |t|on
AT PN Bh dEhrpaLideude e ELae PR o9t SRIOET

gr ahl Bﬁlrs@nﬁaﬂ: ScﬁECQ:fHé Pkt tabnt héa@@ﬁirﬁg cmev:rmsmlyl Iigclude

devi ce may 1 nclude a transparent rati
2 KEFOFAEAGH BPARF GRATING o ADOAEREOR RTE. 1Foddi Posieion
méa%\ﬁ%@hboaevﬁcéqﬁa@ AR VaI Eeanbﬁgfék@@sphﬁsé\@r\a&h@gl e
one end of the shaft attachable to an el enent

t o B@C@@dp@@ £ e EXarPd6s efPeA i ReRs P f ngPRAssent
niv% leyding,t &@r@@réﬁcwﬂ%@ rgh2hiye: 19 SAGRINQ shaft,

a voice-coll notor including a stator and a
ormte@d Olfhéh¢o¥1®¢ftp|aﬁdta@c§lla@1&b69t ap ekopeRt ke

pc!s%éﬂ%:g)\é leéfcﬁ{% aggle 1|n%a§EVQQ§ Phe{@diddawd taQ[:s :

tator I nc s a printed-circuit boar
rmhaﬂﬂngraﬂateasttQWﬁthIQQMarvbéaﬁdacwﬁa®%t%ﬁlhﬁvﬁﬁﬁbd

coJ.uf rng]neagtgfglsumc? : to ,mthe P@otﬂg}ﬂa ta-li)%uﬂt

1%as ¢oi ncludés a p ura y of circuit
swinedesxiW rhlatbne woithe @m'aitornnrétthaﬁSt weneigicuia) the

raite 2050 TPhaC BT | W e S Bod B HAyE Bec ol TAeha g

hd+hieg @fton east heng ositdwdirt easdr lcngddet/o::earaaaynqﬂi to form
caonfiqured.to,. perform pho oelectrlc cappi .
atagﬁs%l Rget 5°4h u’?’nti er't @ré’ﬁt k- ﬁeasﬁlrél ngppfr]?anctlep €. cgil

' ur{itrlitndlaxﬁtesofa pher oyt ic dteestei hgadesi cevitgyin one coil
i ncl ude a transparent phase rati Rg, _a . e '
.urb]a it TGFE ﬁg‘aﬁog‘i’?i% rl_- ngﬁugg a Q?%%o}dgﬁggnted

asurFﬁg evi ce nay
dwﬁﬂdﬂﬁheoawmbasea@iﬁtlng A first part of the position

TS 19 95 o6, T, | el Al 5, Ll LPELLBRPISYhe sotor.

The position measuring device may be conflgured_to
perform photoelectfic scanning, e.g., 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
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.

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

referen_cé to the appended Figures.
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measuri ng device may include a transparent phase

grating. 30 Further features and aspects hereof are
descri bed below in the follow ng description of an
exenpl ary enbodi nent with reference to the appended

Fi_gures, B F I P THE DRAWNGS Fig. 1 is
§5§§2L85§9§£%¥£§ﬁ;3£§ﬁ%gzggéhgggggositioning devi ce

acceiging i9® ancrxaspertdobadi reatw of the pseiseinining

invention. 5 Fig. 2 is a plan viewof a pultilayer
aeiFRL BACEFALRF (70 HTRAIATRL S FUPETABERT A8E U TR
inR@htigA.the rotor of the voice-coil notor. Fig. 3ais

a plan view of the first separated_ | ayer_ of t{e , ,

mul FiBay2riprd kP ielial Boddt118YRF gPTER-§S HX5iah
podaW 9 iPe; second separmtiedayartobn the ratdd lozyene

printed circuit board. Fig. 3c 1s a plan view of the -
vailgergosépmp®ed | ayer of the nultilayer printed

cireyit board. o Fifan 38 dd o Rh@N 48w 8bphhgedpurd £

sepgggfegglgge? %ﬁbn15 the nultilayer pr?nted cirgﬁﬂ:o
tHeoad t i DEF&T LEDL DESTRHRTUAY Pogadde 1 illustrates a

posit.ioning. deyi dd, (o [P a WY cTo afaT=Yol S ReT o ERVY £

ST 'é?'Aégo%%i% ’t?%ééflg%wré’%lt&g Seoppa eRERTy ablaté%troo.
tiewimvdl idbpat prémied|cipdusitAbeaddhas a shaft end 1.1,

to which. a sw yel f ibingwtega Lok RY of

be \g{tgfgacﬁ%d.ls ﬁ'h%léqw%le?% r?\g r%tei %R,tlgtd héggigﬁgﬁﬁy °
tierhadicigayeri bkistedtedraliltowoagdf.or a sw vel range of

t 9 Ls 25 1nitiated - I | ces GQj
lrJnF))t S‘S.g\./’ anllgl %CPiFQIII L 8w otbxch% %%u%@h %gp%%\%%% )C/l%{ aerrt of

rica ditect driv T
1 meQitdeager| ppbhoed \Eiscuiar keageld as a nul til ayer
printed circuit board 2, which functions, in the
exanple illustrated, as a rotor Rwithin the sw ve

' pEegilem. pkBcaddirtoon to nultilayer printed circuit 30

ggﬁ%g Lgf.zlé', ar gt gElgs‘Lpgtl.éjsdeas p%sfilt)g.lorlllq.nrgl Hgv§CeV@é CIt 4% used

in connection with STW's. According to Figure 1, a shaft 1 i§

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

'attachedf

The swiveling motion, the exemplary embodiment
illustrated allowing for a swivel range of up to & 90°, is
initiated by a so-called voice-doil 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 illustrated, as a rotor R within the
swivel region. In 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
torque.

Thé secondary part includes permanent magnets 4, 5, 6, 7,
which are attached, along a circle, to magnet supports 8, 9

made of ferromagnetic material. In the operation of the
7
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to shaft 1 in a rotatably fixed manner for

transmtting a torque. The secondary part includes

per manent magnets 4, 5, 6, 7, which are attached,

along a circle, to nagnet supports 8, 9 35 nade of
ferroqgﬁ?et'c,nater'al. In the operation of th% 7
PRSLF IPLHI e ce EIEnESSeRBAEr PR PardC T 5 4s ERTaue
shPpEHE arsdpyd ndtd tdRespast iaken@agwivdl vk i BEl shaft

notion of shaft 1, and therefore constitutes a stator
ls pRdtHeeESEIRA SOPStehBbEPnBNELRTPTIST rift ddie FREMOLEFY,
e¥BbEEnER! | i IMIHra¥ed . OPEhaLBEoRAE COVEH AW di 1t iRtor v

princi ple of a synchronous direct drive. The _
opesRte P MIRPIIinse tiPnhBAt PRARAEPLEE 40f 3 HMCchrgRousodprect
asiges ablovs, & NONYENEeUSe PREAEHE Cnddifdik 140 BE 6, 7 on
gener ated, which nay be of particul ar” i.nportance f or
bgbhdsideeraltians ehacacgeneeniscsaghelit celeldd Iltondeor V.

Wi el I f _sh '
aptef et M M o T cBn i el AL For, good
operat sngi ¢aradyparistiing pfi Meipeecobk mataedori bed in
Eur o n.P i S Pat | i ' 7 :
Accof%?n%w%§§%t%¥§1ep8§i?ﬁ%ﬁépgeggS&%%%}%E?Hbgé%1§°Egglon
menshuiles detiandgar entichhasekgraccogdiy o 5 simidhr
ogg?agQrel%\?é]r\a/grfeci?p{alﬁge%esgggngeggrgbgI ng? géL%S%kapze%nt I%’%El%l,gged

Ire may be~scanned. contex

. paeanspapehi cygphiage Ngr.abi 8g81004. | sacomdixicedtd eahdlbaf pogition

in a ,rotataply fixed nner, Wwhich neans .that it .
TEARKELPAr STHET O VAR oDy ERBAE TSI STaging 10-1,
whigBnr Rhat tig SeaEicfgadevghentOo? af rpogidisk so that the

measuri ng device 10 i arranggg opposite to the phase

ePFAFE NV LIRS "GV PEeS BB ncl tRIET T 199" Sour ce

tlcanggammfphafﬁ eriphe1o . takeScbhgedtddned shalfkeDy an a
conade

nser | ens 10.22 and.,a, scale segment 10.23, as .
e RFSBLY A SEBs o PPorhs Bansi Dt Y SENEoqBraEedn the
skigbl Bed&RentE Mre sheghent 10.23 takes the formof a
reflection phase grating or a ste rating., That is to,
say NPRaforRting IR REKESVRAfch hgv%szQﬁﬁﬁﬁﬂP gfagusing
deiBet g i&xaPRlRydd loppbEatedtocatBe 34 LG Ha® idg. Scanning

reflecting surface. ) . , _
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 feflecting surface.
Since scale segment 10.23 ddes 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 subsequently through
8



10

15

20

25

30

35

Si'nce scal e segnent 10.23 does not take part in the

swi vel 30 novenent and is therefore always opposite to
light source 10.21, it may be arranged to be small in
conparison with sw veling phase grating 10.1. In the
operation of the positioning device, the light_
tyensparent m/hasegmraée@scéolg.l 2YhAFh @RRRr 3l diffracted
firs g n ;
e Ra R SRS AT SOl 1 Btoa o I hats G gayes.
Thiei ¢hgheneeanestidis moddifdgd Bhgm pereh ovea hdacmesds 18 .23
.phase change. of, t he Ji : I ght

I%Dgﬁ igar?h%% ?Qﬁi%? éca é°§2§§%ﬁ? %gsa%ﬁ&in t he Fo%%%§ axe
aghihhdiféfhectd ormmphas dugthieimpha¥hecbangdhegf ditee 3ight

agai n diffracted furth _

BB oChuvae ol s < S AEEEARGEQT PR, e chen

pdsghthbeags themspyass tphaseghratangpad ehtagivasend are
are _a

rati 0.1 again, an ain diffracted a
3 QragférﬁfFﬁ i 6t éF?r?hgngyeaB%ngf%%th utatéd
Hu&duFESmHagn&tedeﬂ tHird Imnpimtf | atlehestoilse dfibtddettectors,
are_located in the region q i ght ,spurce 10. d
GHiEn AGe TPeRbTe ith Uik FESOOTORS LiPBM STUR A AL and are
n-E{te viaheu?d@heﬁﬁ@{@&%hmnht ilesr E'Eghigﬁi:@g:fﬂ S Thd 0
el ectrical - signals, ich are then suitably processed
BRI S5Ot SPAYSth oo i STAPSY et h O, © T RIG@ L

QOfgrearpagat bMehye stmdd sk tsgahe pseegsEBEd 1Hu2Shés t obtain
non-rotating part may provide that the tol erances

tkiet Bocaspent iREOFTAE \RTbbl D6 USCaPE SAPRRTRTIVRLY $Mfd !
0l NavegmbAr beo ChPsen 4 dhe @t aliiaht past Weay ol itdee that
case if scale segnment 10.23 would rotate in operation.

the solexanpee ehbbdisrfcloft podiet WehPheashiritRl sRImEnt

- dPos AQ ?&‘c\)enﬂ!ﬁl@g e ]&'Lc%ejrpci:louggsag §9§1Qt.a|é£dﬂomlbe the

(Vertical Cavity Surface Emtting Laser) as a |ight
g dé $0ale. spgmeRt MR ¢ouAi ERTEHPeddsORE2 ' Vhg

the qiyegqt Eggmg{e At AXiposit$oRMhidiad: tddvBce 10,
I'i ght source 10.21. The emtted ray bundle may be a = |
sTcEtmmgnmgtoﬂO a2 Gnebidas Fean-coailed VSSEL é‘fﬁ’fqlé%ﬁlb)?aw-ti’
1 U AR5 ME s o HPGANSE lorNMESEL: 6 a6l Al 100y
characteristic; e emtted r§§ bundl e has a certain
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 collimated 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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di vergence and is transfornmed by condenser |ens 10.22.
The beamtransformation of the emtted, divergent ray
bundl e may take place such that, after condenser |ens
10. 22, an 30 approxinately collimated ray bundle is
%ornega has .a eamthroat at a certain dlﬁ$ance
Yed$ PO255. ITRRIRRI 10 cont' BT
t+ 8 9pd rihed t&}b%tﬂ{aj.%r skpadgas. t ehe |;Q§éiidﬁh1lrf§; Jtephase
beam cross-section al ong . the direction of beam

gﬁ?Bb%%aW% atythits dRePSEaRi B ﬁytﬂﬁ’éo‘f%@ﬁ Jihfh &hsaduiid-on
t 81 8RR 3 LRSS, ahedeabebal BIBbt XS al or
Positioned in the region 9 of the beamthroat is _
tﬁﬁ%%%tﬁﬁ%HQ%ﬁfQH}QP a@ﬂoﬁnmﬁhéhd%Fﬁﬁt%QQuﬁﬁ(QQﬂédPFﬁyagatlon,
i byndl g, iy ngES1 HeeReIbhi ONFHE 9fh Su11H- @n‘ R8lerance
10.1 at this location may provide that the build-on
inotkiarndiordat idier ¢ Mayr ehsdve | Fopothl umiatddigabphsees
tyal ct.han d.in_t t fo

oA OE g g S AR 's Py RS R, Joph Pl eppepiee
ab@ladsmnﬂl(haama@a@ﬂemﬁrth|sldceetm¢$ﬂ1qunn;unmpssmayveot be

&8&%&%&‘%%& 22X g,% rgLatLng 319 d'} epé’éée{]ﬁ L:%% AadePingtn,

I'vergence

adcamptcsmséslnra;e Hehdoenduénti thesomta:;mumotpctsatmnlng of phase

gra .{t ra{ ly mé’l].lclﬂ Ze%olmnrtorrtlgsgase &)t fl rC])Sl 10ning
mave?% a conprom Se nay be® found- h&°5 Flnum

ppasetngang(mb:ﬂhamethgraéamgtﬂfbét dﬁuﬂheaamﬂqme&nbse

iS O b 0Sj.t i onj nc ase atin 1
CERUTRIL T HRE e Fheae o T arbity iy Biey il Ence
ambieb€arh hii gaebic o foft heheEdi ver:g@dwebflEa Fhiddam beam is at -

di anpeter of_the TEM Q0 npde_o Fﬁ %}lan heam i s at
S

& Qi T HEm Eii}‘?asseeggra&tlnnﬁglﬁolls% %éq%&e&énfa}’alﬁundle

- ihUBdf Erst e fsiercsinda@elraeamnﬁlapa:mmmeg awrﬁldihdlsgsead out

whi ¢ ad out fron1the 0 ax
e g AP PR SR i S
c8hh&sadn et tPRSiftikeR HEBsHhATLbHPHGe 118, mbhSuring
ray bundl es changed in this manner also strike the

KD AEY ettt FAKWRNER 5P ARRARY L i it EGFoALEP Strike

thé OPhot SH LR ok, 2 1ih 1 TRE 2 PEOL PESIRLS OIS taRNYRGE ohNer light
I'ight signals into position-dependent, electrica

SQPERRI L0 - Bur | (e MEOESESSECERER P GH- ridsolignsnsignals
1haée§$§iéﬁgdiﬁependent, electrical signals.

During the use of such a high—fesolution, interferential
position measuring device 10, an optimization of the
operational perfdrmance 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 voice-coil 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
is deposited on the upper surface of each layer. In the

exemplary embodiment illustrated, circuit trace 2.1 has a
10
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25 position neasuring device 10, an optim zation of
the operational performance of voice-coil notor V may
be provided for achieving a greatest possible
increase in precision and speed of the positioning

.device as_a whol e this reaso the e nt
WlQFhVBEC% %%NW“HHF%F‘%%P§Q§FFECPE gPI ayer
prh?héétdl‘.f\fclﬁ.dlti rbo%irgiirzeda h\Snamningﬁlyt&m::e rm)étvt@rscr:aiee

0 multilayer printed circuit board 2, whjc
ingiviial vl e Biteuerboesd Padnaton il i ran
pehBdr dsgoneuct P Figuredepasi heglan vhew uppeiuidinkyes

of each layer. In the 35_exenpl ary enbodi nent
priintadt ¢iredt dqand 2.t o8d¥ BhE HRBSEMCSD OF diir Tt lpves of
mquhﬁgge?-ﬁ*&&&&f%ﬁngﬁnlobghr@n2”HE§'béYEéenprlnted

circuit board 2, a m ninmumdi stance between the

i ndThedpath t ofhceisr @i toibogaidt copdratesndutt@f the t@pedaver

'ofnﬁhlﬁﬁ 9%5%&&3&3éﬁﬁfﬁlQC%oﬁkaubelg LSrén é”kd”ﬂﬂﬂt two
Taye

printed circuit board 2, on
couppenm;st2ollf i 2 st2 |ameerfogfednul Fhi?a?ei’-wprq:%ﬂedmlts 2.11,
T y..he h pa t L
2380 dte: 3 15hged o gRSRR, NG P, Phe BLEM e res
upgieranst bawed dfimukﬂnhﬂngsdpsunthétCnm9u1t0b¢anﬁu%dsand
cq?s%étggg,a?géﬁae nqbggp%%gokmotgglElgg££§hééﬁgklc %%115
t he Fipper aosl mmyerzzﬁlihdgmdsayerapsphﬁededitixmnnal pad

2 R8P B AGREPE CoiTS. T OE GBPRonGT Salt Bepnerat

2 als0bde&&dttBbﬂt@aéoﬂﬁutﬁbrlkl1fhasaasappfglilxkﬁ dath,
the region_of first cail ircuit

ciamatopanre sordaStet A M ihesEasEa in Fi&He 4 2850

| oriepdual el odkwisé | Ustd atiefhrien oFi gutet2cbel ngnivori ant ed

clockwise. In Figure 2, first _coil _unit_2.11
CHAEEERS: 451 S RPN TS HE B P LEaPE bhetfRpermost laver

ofURRALADS el ayeint & didddiltayRiardr 2nt edhei f@smt hefartthe
2. The result of the 20 spiral-lik ttern

SRﬂﬁ%@uﬁﬂkBoEPHtﬁﬁﬁd%%t%ﬂr9?¥F|§?aFﬁaF°E HﬁEﬂrc%r}eﬁﬁ that,
wﬁérp%x&@hgughoﬁé r el dudrpa 1@:&&&‘1%%96 QoddudtoEynet iaC

is formed in the region of first coil unit

magnetlc field is formed in the region of first coil unit
2.11, the magnetic field correspondlng 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. Consequently, 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, several
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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2.11, the magnetic field corresponding to that of a
wre coil wound in the clockw se direction. In the
case of conventional 25 wire coils, often only one
wire is used, which, after the w nding, is t hen
present in the form of several .adjacent . ers

T RRED CBRG ot DAoL SO0 RO BReCEbPI 2381,
felllewst theapat s onfl utitresu i2 - boaZansegaaest by, 2 ane dl'ﬁayﬁf after
qQf the,ﬁnre i n_convent,ional coils %8 one tu 44?
fd8PFeSRONAYRhEr2 Bb 5Highe 16 PEirPtefatR 7 Figfkvise
daxeaphiahy €ABOSIBAs alth aalpfdﬁlihlﬂebf anel @goitn Lo Wnlse of
| ayers in conventional coils, several CIrCUIt traces

PORNE] PEULRE HOST P oA EeGH 18- POATE SPRAFGRF 2.1 then enters

thledezBYoRi 98 &b dN1a hinfist ol.ager of Fddd 3y elsecond coil
printed circuit board 2. 11 Wen one, starting from

ugdltder dd LernPnArinnres ina crontevsledeving Klisection,

- aaarcuht tHQa{“ggP@rp%ts%rco%dl’cotltieﬂm.@f5eiz fd % 16Qbard

uni t 11, which is oriented in a clockw se
cs|>|npiest:p§n2 bnks arfansedatoa fpsineeveriahfddimdant Xirsgit

t%%féspo'ﬂe Qﬁe'égdfﬁg'éy}cﬁltc nghtcd%%%grﬁpgpqptgrglated-

hen enfers the region o secon unit "2.1
thproagguhele p@emorﬂi Joithroyght wRith am evbsvtoricadt edncact to

t%ecgg ei& 8 %gﬂ%%ﬁ%%%% T1n§gg al£h51§aﬂéﬁydpg gf

secon col -boar conducto
estrbhgetedp i@rawnangadabnaQPacénrsc|l@yet dm)mumm:éayer

h nd board conductor 2.1, a plated-
pfﬁ?%ughg %1%gm3 (35 , through which an electrical

contantsbecallmdrpadanbgﬂesegheﬁubtElnyer xuﬂﬂdeui l2c, 2.124
§ F boaéd 2 | Egbllsag § arrange
49 erObt %ﬁj S I“ayer nt 8% TGt 5§F352 15
chmcamtenbhf@ Paidldelr Segﬁ&mbSaErhhgethﬂ|phra21£200n
2. 11

CEFRRAET oPeSRERLIr (TRl AACEmBAEEof B U SR dngl P
cp&mahleéne@r 1¢) redtltair SepRRALS arvlhgdd enciswWiaed axis A in
LSRR ok A 2 SO EEDL ST M coley MbelpG, ..
2I ayeh QBrﬂUiél'@é’cﬁ:fldﬂsl nt.edcGi bouhd, bpargk, 2.1kA of coil
N T P A P ol ST ISR aéjalgént 2. d2d of coll =
circuit-board conductor 2.1 is equal to the permissible
minimum spacing. In this manner, it may be ensured that
sections 2.11a, 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 board 2 have, within each coil unit 2.11, 2.12,
segments 2.1la, 2.11b, 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
12 '



units 2.11, 2.12, the spacing of adjacent circuit
traces of «circuit-board conductor 2.1 is equal to the
perm ssi ble mnimum spacing. In this manner, it nmay be
ensured that 25 sections 2.1la, 2.11b, 2.12a, 2.12b, '
within which the circuit_ traces are radiall

CERFERIBKES Ve SSPRRBESeR  bhR 1 vo 1 Bl 129 212D, which do

nEONYLAERONG pArkaANgeTENkEen ONEnd@Ya @ (@HIn throlgAnthe
- the circuit traces as parallely as possible on _the
CERERie LTRIIR d@ SPFEAPRShoaltPsut frcd iTn Igder gP. these

1PhOYT dor & JBt B¥My 30iABIRESA Csdiwid. axtianayan the phene of
exenpl ary enbodi ment illustrated, all of the circuit .
the aepevteShullEyiezy of PrlhibayesipeintebhsdrFthpard 2 (in

tgﬁltF%&gﬁ{%a%@of%g\'ehtzlii—usgr&@ed, %ﬁﬂ!{ﬁ;ntPs_c%ilnlc@Ldes with

within which the circuit traces
aboee on¢mpiteed agngleryM) i . eIn ophenevatidsscttihen cdfrcuit traces

.SW_ve] . s A t,,a y at her f1.0
B aﬁgél%?s ta%'gle%’r ?L]il?B’ 15'?%%253%%’0 avcg{j?ggt]:rrg]r?t generate
tBel tarqRe ] ldxe 2xizated. t8Bardbi shidol auis éxtcedndhenswivel
arallel. Wien lin t . the circuit
d??5$ESli%'Sé%%fbﬁ§ 3???2,958¥§1b$I§¥%2%%n2.12b, t hese
| i nepué nte@ertgectragiiad peinht&t donsweaiicnd 2 .Alian Rhelb,
pl ane of t he upper.nost | ayer of multil ayer printed.
200 B0 £ TR ST 1P EE SEBTArDF erbbd g he mEfimun
diktHBEE abEtlvediDithlo Bddaicaat desramith tadhmae-ine rixicerddd .
center ..In other words, . the circujt traces Jjn
Y8Eet FBﬁg/‘);‘%l.‘Tef'ac,O . MPEOT2 Y¥BACH NS Cingiihy &?trd{ gonductor
20enemnay eprdhrid Pt andhiAgobpens etnd Qe i tamivseli caXi Sor
A of .the swivel 10 drive, i.e.,.in a strictly radia
ther satidh. 2SN E CAGi GFTOY BntERTTh, L RGNS 2112,
" 223hba, 22134 b2 . 120128102 13baBeERSS af e NAE DL PeBBEated,
in which the m.ni mum distance between two adj acent

WBLFRUPEDEFARES Y BievgedRdradval, ARSI EFHopent -

NDt Oy, Mk Chdi@s) oGiy" GHbbabRand congucttledl a1l ofMeyie
provi de outstandi ng qperatlng characteristics, for _
cimEui adFBRCRF | GhiRERtioPst Relepr ctit 11 r doe?d m el ofBich
azel bBerefold bhctdvi2aitd FéBpaklovs r%ér?é:&a{?ﬁ"ﬁ{g frileC @S rife,
be generated, which substantially have no radia

agier ezt pBRed oot iqtd vt HedéRenPRars” erbodiqféioned above.
Ih'%BﬁEEgggdto éﬂﬂs,okhkh%aths of the remaining circuit traces -
of circuit-board 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, 2.11d4, 2.12c, 2.12d.
Therefore, coil units 2.11, 2.12 include adjacent circuit
traces, which are arranged in parallel sections 2.11c, 2.11d,
2.12c, 2.12d such that their path there has no radial
direction component, and that, on the other hand, in sections
2.11la, 2.11b, 2.12a, 2.12b, which may also be referred to as
active sections 2.1la, 2.11b, 2.12a, 2.12b, the circuit traces

are oriented radially in the direction of swivel axis A.
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20 circuit traces in sections 2.1la, 2.11b, 2.12a,

2.12b, which are therefore active with respect to

generating the torque, are oriented in a strictly

rﬁdial Eanner as mentioned above. In contrast to

t hi t he h | L

ci'r AR50 SoMRAt e S Ll Barfipt LEPFESes Oin cne
ré@ﬂdﬁ:onEoZdétdd Qeﬂﬂﬁnaprﬁathaae aodr adi the dresicin of

' t he di t h
T e
syRfddrars wadthl eesgett dbo Dodlider, P203:2c<iw1v$hea1ei@rze tded Ipoint

units 2.11, 2.12 jnclude adj ace C|rcu C
b RTERBIEFA éﬁgEﬁ Eﬁf &4 &°% e&Pr‘&ﬁs 2 Hcf 12231 I d,

Tﬁg%ékdk%q,cgllzdn§ﬂ§h21ﬁﬁl 3 he %r@abbsﬁhE6ﬁe@a§uwﬁtant1ally
radi al, direction conponent, agnd .that, on the oth

SYRRET ioa 1d¥c i BRsTe9PEFla, tD RAURE F.15%CeBt 13 th jove-
dé@&rﬁleﬁp beiref 661 @dshl BS pAdiiave sseehte8S 214 ltthe
[l b, 2. 12a, 2.12 t he CIrCUIt traces are oriented
der%ewléaqdy eMRTPRBT Y PERPF HIETHT, LSV ELTEREE Araqes pgyraections
2f10m conpar abi yehy s P tdAirsvhbacesntfod frecrically
reglon of soidered termnal pad 2.111 and int
W¥@@|¥ﬁ$RﬂCt BPaPednth¥ ough hol e point 2.3, coil unlts
| r th e P
o V5,508 pRHITEE (¢l dBRRCElbntRobot M e
abIovcmutam:rndsnlelstoqlz rurmthigefodr oiger Fobhi retax 4, and
It S t I \/
el SRR RN Efle SHIN AN ey BLTREELLABLA Ve did reat
exeéran vdhe mhll}: parthss surthedeshel perfiermaeserébhad STW

T

' c@ﬁﬂmﬂdngannwhmhcabhye wpih maspedst, maypelhowPthdhseek and

L¥PEs Yagfth 8 shiguiichnardl sondugtor 2.1 may allow

ngI SnDOo runnin vol ce-coil notor V,
and TdtmncreaheathenSODQuethswunqﬂ carifh mayobeV, multllayer

revented tq a.qgre t extent. .-The res ' '
p?h’é‘fecphcel é‘rlftoPﬁﬁﬁg -Tin erm)e; %2‘ su% ?é %ﬁl%}ﬁers'
ThéCt@@SﬁmhrIuayﬂ&ethealalluéuréﬂaw iith FigompanB4i nravghh 34.
voi ce-coi | ow t.he seﬁk and

ti mePt ot §ﬁFF|8éEFI§h?e{ﬁﬂﬁﬁ? i 15228 of il irayer

printed circuit board 2, the four top layers illustrated in
Figures 3a through 34 each have two coil units 2.11 through
2.18, as weli, whereby within one layer, the Spiral-like paths
bf 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 émbodiment 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 laYers 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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To increase the torque of voice-coil notor V,
multilayer 20 printed circuit board 2 has a total of
14 superposed |layers. The top four. layers are
illustrated in Figures 3athrough 3d. As isthe case

ST odara 3 10he FobieL b TAybre 119 udl Pated? A%

2 Agur es 13a,t br.aggh 3d1eaph2 hmne tavo o 12 .Wsid, s 22148%, 2.164d;
through 25 2.18, as wher eby. wi t hi n-one | ayer

2 {1 s B Pk & Bat Hslséf°5d’f%%e ITSHG TFRES BFe cbil units

2 011 &/HRAigH 20pROSIrket Het8EbFONSos { OIthd S ¥ idEEedehd layers
the cl ockwi se direction and one is oriented in the

of JiHtErlAYSIK WrdBtEFr EEFFRAY . PPRTE he Exémukeyposed manner.
embagdi nmhgtlxlalﬂ%br ahedightat 84; t o ugh s34 hakeopoi nt's

2.3 through 2.6 are staggered al ong a partial circle.
muhy il e wirdaited SRTERAE eloakd otighS hﬁﬂréﬂ%ﬁmce phgt inside
eAE ORI A16 8l £k el Y1 el o] @Yool THllAK8ER have

printe circuit board 2 may provide that, In each
tvastenicenst i2o 1ttep 21 éybr aywhechriow dmediifile gircuit

0 i t [ i Q40 |
ch M ARy 28, FRE BPpStelof P AtIg &

SectHawesre.,| la®, i21bukbraged2an Pidwtes BH lad 24| | dhe second

2.12¢ 2..12d; 2.
3 ey gestey” phdfuiBeiager oibfred qituif fafrg 2 are
attenagdd cuidh ttrha&teend:if tosidencosl @hiltlds thrcGugk .27180 six
are therefore 03|t|o on_d rent..l ayer.s 5 qof
CHUFHG &FA°SS |hﬁ‘tvgd SeF E&?ﬁl? %b%\% o Zfinln3ba( ?upéﬁpogeé7b’
wﬂumerwhlc@cs tilel wdtreat edtracEs gure &aiertterl finr shel dyeection

yul tilayer printed circujit_board 2.is formed such
of vttt et S Pho ERLCBREanFtidn A e e Sggh SXEfute

' tﬁééé?s!«ll tiddiaangeachthane 21 Waseztiqss 2.18a3, 2218bD, in

n which the specific circuit, 10t a,ces ar allgned [

W‘H{%h d%l}ee&%r&ﬁ“&f ELREGE| 25%| Qrhent rection o
swivarstaated in Figures 3b and 3d, the second and

fourth | ayers of rrultllai r|nted circuit board

ar e T rEHged 18yex PhafY Y%El%%”trtﬁdr Cd'r’ﬂcf‘létzb?%rd 2 is

1?211.ils7t1€3:te$i Xn Higewkt 3&I aceﬁrmgedsmtléms c2>113@n1t 2.15 of
13b, 2.17a, 2.17b, 15 within which the circuit .

tlt‘%%créslraﬂf & aiEte AEEd SENCRhBSaF +@RF i Drio%f ZiitbePlakie
cfraa e i S 12 IAhicB. @ﬁehéY§q§§Ne@réHééﬂéﬂé 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 unequal 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
unit 2.13 in sections 2.13a, 2.13b. Since multilayer printed

circuit board 2 has twelve inner layers, the above-described,
15
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traces, including sections 2.14a, 2.14b, 2.18a, 2.18b,
in which the circuit traces are oriented in the
direction of swivel. axis A 20 The third | ayer of
nultilayer printed circuit board 2 is iIIustrated in
ure,.3¢c. Arranged in left, coil, unit .2.15 this
ugeifiy iR B SO0eVERE skt | E R 13npd, gyetp Ss
chhgdribdtdd ¥eR, iR YWhaEhnibhei Tayenligrintagegsiatait board 2
oriented in the direction of swivel axis A, whi

in
akloitit & ointionTt M2gaetic bl e bYW ds Srierated, Prhgpiter

1 &rd | U rated Wi EBt Nadili £Bust eer®il QUiylerst I a€8Sarranged to
ext end radlally In order that this unequa

bejjwt i ¢ vays| ByEingibx ¢HFOtgh YR teeA) #BT

oPPé’é@ecf‘% WRRVeRRessibA bheswPher aliienal perfornance
voi ce-coil notor V, the second and 30 third (as
vvel |A ke nned iveflylh Bhe 5P%eh, may digve Hper §Tamere permanent
ﬂ@{?ed 130 &35 atr:gahﬁetqéﬁ{ ofl]’{é'% Ofth%a‘élaagkbe{vould
Ich means that the seven circulit traces of coi
inpiude o® ipriggetdi ohscut IBbaards 1 3retreenawhafsethabove

oA Sl 3650k pLlond | 5 e BB oo

t‘bpar@lf Zdrest riueelive, i nherCiJay'exts tramesalooy dhdesorigeponding

ntec?vcelnrcqh%:t li:'ogll’.lt I oglggeha\trger{u%]ndl qmt‘l%lwol gggElons,
ayers 9% “conpensa iTayer
wpthrmemhlahltha feilboadd Eraaébomseeonmddhmdﬂunaghetdcrection
%leld to be generated. The outer |ayers, i.e., the
|?¥ﬁv%ﬂufﬁﬁﬁi ‘eenth layers, are arranged to 5 be
uni form always having six circuit traces, which are
oriented in the direction of swivel axis A
Alternatively, the rotor may have one or nore
per manent rmagnets. I n an arrangenent like this, the
stator would include two printed circuit boards,
bet ween whi ch the 10 permanent magnet(s) is (are)
pivoted. In the case of this type of construction,
the circuit traces on the corresponding printed
circuit boards al so have nore than two sections,
within which the circuit traces are oriented in the
direction of swvel axis A
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16 WHAT IS CLAIMED IS: 1. A .voice-coil notor
conprising: a stator; and a rotor pivotable about a
swivel axis relative to the stator; wherein at |east
one of (a) the stator and (b) the rotor includes a

Erinted circuit_board having at |east one circuit-
W S rranged to format | east one coi
uni ty i nadvoRtangeit heotdr | easiprama@ngei | unit including

a plurality of _circuit traces; and wherein wthin one
coi 12 @hatorppABdt han two circuit traces include a

sect] Qi +Qki AL 8Hable Aakbiuted | AN VeAWakd st RE1asM¥eto the
axis. 2. The voice-coil motor according to claiml1,

stif@sin  the printed circuit board is attached to the

r ot Qlyerdin OE YOLSE- &gélofmf&r L dicBe bAACk) MHe rotor
wherein nore than 50% of a of the circuit traces

im¢kndﬁkaaapseutedn019¢mt#nhﬁﬁﬁd1h@%ﬁngeéﬁléﬁaﬁémﬁﬁ@ ¢ipcuitc-
bé%ré“%gf c%br arggﬁ%gg'ﬁf 55¥A éH%ﬂ@és%CBBEdbaglt&hlt in a
re than 75%o

wher er n of the circult
plareceshenatudeaat sene| omil omigntiegludingder pterahity of

f owar.d the SMA Sh axis. 5. The voice-coil notor
circuit

ccordi ng airm1, wherein circuit traces within a
coi |whénietini w¢thda ansecmlkwunmaﬁammrngthahongoacircuit

artial |rcular | ine_havin a cent e
é%ﬁ?ﬁﬂ 3%% S 8. STRE VB Vet TY ridt Sr aggggggg 9?&ggafgae
sﬁdiﬂ]naklgwhereln at |east one circuit-board conductor
Is arranged to forma plurality of coil units in one
pl ane. 17 7. The voice-coil notor according to claim
6, whereaihe vbheeceobil uibtsr aecardiarnged subshanf iwhdsein
symretrically with eépect t o. 0i nt ranged in the

- Cht Bried FATEBiF BAF 2L HREGH & ¢

3. The voice-coil motor according to claim 1, wherein
more than 50% of all of the circuit traces include a section

oriented in a direction toward the swivel axis.

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

oriented in a direction toward the swivel axis.

5. The voice-coil motor according to claim 1, wherein
circuit traces within a coil unit include a section extending
along a partially circular line having a center located on the

swivel axis.

6. The voice-coil motor according to claim 1, wherein at
least one circuit-board conductor is arranged to form a

plurality of coil units in one plane.
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8. The voice-coil notor according to claim®6, wherein
the coil units include a spiral-shaped path, a partia
nunber of the coil units oriented in a clockw se
direction, and a partial nunber of the coiI units
oriented in countgrclockmnse di_rection.

a
voi cé: cof e MR -&0ddr BPRGTt BEEPEFHIY t?w&%%ﬁqwsltw erein

tRei Bbe whiedlidrdhaidnyaal 5d3§t§n@iéiﬁ*|§%nn§gtrll%ﬁqllﬁ with
each layer including at |east one_coil unit e

rggPeet cbP 12 RRIGIE #ccargrAgitotReaPh?oe Qhedrhg Foil units on
cBeCEL,PRs1 ofxide circuit traces of the coil units are
arranged on different |ayers of the printed circuit

board in a superposed manner. 11. The voi ce-coi

not of  aceRL didigd &thakprde, awsmm wec_l\slag]% '60n§1h8§:'e1n

the circuit traces oriented toward e SW aXI
theecat I awrels olﬁl@t#dfeelaeﬁplra;«eﬁbapedtmtlpr intredtial number

o%'Eﬁg|501fxﬁﬂct§'%fie%%earERSSdCQEQQ$ISe]&& J%ﬁlon and a

posi tioning device, conprising: a sw vel
pendlal m&mbswwm@ﬁﬂshabﬁlaunachabréenoedan1eienent to

o ungg % laned: & 1QOSEE'8n measuring device including
W0 3“hbvabl SFerative to each other; and a voice

coi l nDtor including a stator and a rotor, the r ot or

pi votabl e about a sw.,vel axis relative to tator; .
ther & n Do e s Ror g BRESFEHEY (T thvo vhekein
thkapointad| eikesiia poartedneludast abprith ooyt g abyers, each
| east ong %erUIt- board condu?tor arranged to form at
1p¥5E: IBREART anile3sh §7€18°pLalBitthe at | east one

coil wunit including a plurality of «circuit traces;

and wherein within one coil unit, npre than two

ci rctft T}P%\c"éélqemﬂod eMItQECRFEATDFRR MR P4 aSd vherein

ss_wcyshs aXf Sthe irclii® ReSEEEO0BENghEeYs LR 8GGY GirBJat-Oanged
erein &$9F505|t|onln device i s arranged

ogsgé%%;%t ayars = printed~circuit boar

superposed manner.

11. The voice-coil motor according to claim 10, wherein
the sections of the circuit traces oriented toward the swivel
axis are arranged on different layers of the printed circuit

board in a superposed manner.

12. A positioning device, comprising:

a swivel shaft, one 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 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
18



14. The positioning device according to claim12,
wherein the printed circuit board is attached to the
rotor. 15. The positioning device according to claim
12, wherein the position neasuring device is

configured to perform photoelectric scanning. 16. The
PRBEPt i BRF N3t deRATe SRECEPAL YLD ERGIYAEE 2 éﬂﬁtyhef
cBoshiitopr-gEasuUriy device. is configured to perform
phot oel ectric scanning according to an interferentia
measWRERGLPryHet gt @nelroithunpbsi TPohi Hiptdicgircuit
266050 Ag1 44 ¢ &dBci®n oVHBRELA Solidfsitarldwifle1! B s,

position neasuring device includes a transparent

phase grating, and a second part of the position
measugin vi ce d.ncl.ude Lef ' r.at hng.
1o The ooy hoh tHORHAY BeR1EE pEEMLAE (Rl 130
whieeeénnthe f posit jzaringofievheepdsi arvangmdh Ax iangedewvi-teack
w&gglgdes a reflection phase grating, and a second

parF of the position neasuring device includes a
transparent phase grating. 19. A servo track witer,
conpti sing: a swvel able.shaft, one end qf the.shatt
et bl RS s e e R SR AR R
whesketihothaepsintiay) cdeviuie boarddisngattveochpad to mheabbeor.
relative to each other; and a voice-coil notor

including a stator and a rotor, the rotor pivotable
aboutsa sYhyepositiivrigbatibveckoatberdimd alg clahiar ebn

at |l east _one of (a) the rotor and (b) the stator
whegpdReEhS B??Jrﬁ’éa'z &ePéHF%nﬁoﬁ?‘dlﬂé\vg%gc%fsﬂgé‘&% EReperform

p@btgghgctpg@r§béﬁﬂy$@qtor arranged to format | east one
coil unit in a plane, the at |least one coil unit

including a plurality of «circuit traces; and wherein

W t hi B, ONeh & Ghd s UNidni nBPAEVE BAN L MO Sidf Wd c1bHACES,
incluyde a sectjon oriented toward the sw vel axis.
whgreFRet BB thiftk "RestEingcleY tFfigl § S TdINT 89, o perform

p\ﬂet%ehecwfc eddBhCheedbbihgard is Bidaghedntathe
rotor. )
measuring principle. '

17. The positioning device according to claim 186,
wherein a first part of the position measuring device includes
a transparent phase grating, and a second part of the position

measuring device includes a reflection phase grating.

18. The positioning device according to claim 16,
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.

19. A servo track writer, comprising:
a swivelable shaft, one end of the shaft attachable to an

element to be positioned;
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21. The servo track witer according to claim 19,
wherein the position neasuring device is configured to
perform photoel ectric scanning. 22. The servo track
witer according to claim19, wherein the position

neasuring device is configured to Eerform
phot BeP@Et F 120 et hCRY Fend NESUGHNY Nt €P fRAENR irgvable

rBRas N E NG PEARE 1Ry ;23ndThe servo track witer
according to claim?22, wherein a first part of the

posi i BALAR 2GRN} PRI iie Luddngdas Stat ¥ amepar arator, the

rBRasep Pratifte AN @ as%gﬂ%lpégc&sogeiggl OSLJ, | ;stator;
nmeasuri ng device includes a reflection phase gr ng.

24. whersirvat tyerst wna of dedotlengotor chmd m12)2 the stator
1%@&8&@ 2 IBHéE?cPaJlchf 1o BRRAShLL Ay "ggs Lo odneev &S cuit-

i ncludes -a reflection phase grating; a sec
bpard 9®nd¢m¢quannangedn$@sﬁpmmgadeWeast|mmﬁLﬂhﬁﬂznnlt in a

pEEEQSp@ﬂgnét p]heaass% o %t Ic%g.l u%:.t including a plurality of
circuit traces; and
wherein within one coil unit, more than two circuit

traces include a section oriented toward the swivel axis.

20. The servo track writer according to claim 19,

wherein the printed circuit board is attached to the rotor.

21. The servo track writer according to claim 19,
wherein the position measuring device is configured to perform

photoelectric scanning.

22. The servo track writer according to claim 19,
wherein 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,
wherein a first part of the position measuring device includes
a transparent phase grating, and a second part of the position

measuring device includes a reflection phase gratihg.

24. 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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