WO 02/ 49012 PCT/ EP01/13814 1 Device for scanning an el ectromagnetically
suspended information carrier The invention relates to a device for

scanni ng o d/smishaped i nformation carrier which is provededpomesrs a
circunference, with a support element mgnufactured froma nmagnetizable
material, which device is provided with an el ectromagnetic system for

CO- oper Peivieg foy dchnitihge as viepedrhagketealyt suspedud infortnaioarairieg unit for scanni ng
information 5 present on the information carrier, said information carrier,
by co-operation between the electromgnetic system and the support

el ement, being positionable with respect to the scanning unit, rotatable
about an axis of rotation directed perpendicularly to the information
carrier and displaceabl e along an X-axis directed perpendicularly to the
axis of rotation. The invention also relates to a disc-shaped information
carrier which is 10 provided, near a circunference, with a support el enent
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el ectronp@ngés of eight pairs of electromagnets which are arranged between
the two pairs of rows of electronmagnets so as to be distributed along the
circunference of the information carrier. The el ectromagnets of said WO
02/ 49012 PCT/ EPO01/ 13814 2 rows and pairs exert, in operation,

el ectromagnetic forces on the ring of the information carrier. The known
devilse further compdévieesand aslistshapaf infenmtos clayienetthe tygfes wientibned in the

opening paragraphs are disclosed in EP-A-0 300 336. The known information carrier is
provided, along its circumference, with a ring of a ferromagnetic material for co-operating
with the electromagnetic system of the known device. The scanning unit of the known device
is secured, in a fixed position, to a frame of the device The scanning unit includes a read and

20  write head by means of which information present on the information carrier can be read or
information can be written on the information carrier. The electromagnetic system of the
known device comprises two pairs of rows of electromagnets. Viewed in a middle position of
the information carrier along the X-axis and viewed in a direction parallel to a Y-axis
extending perpendicularly to the axis of rotation and the X-axis, both pairs are arranged

25  diametrically opposite each other, the ferromagnetic ring of the information carrier being
situated, in operation, approximately between the two rows of electromagnets of each pair.
Furthermore, said ring is situated, in operation, between the electromagnets of eight pairs of
electromagnets which are arranged between the two pairs of rows of electromagnets so as to

be distributed along the circumference of the information carrier. The electromagnets of said



position of the information carrier with respect to the franme and the
scanning unit can be neasured, and the known device further conprises a
control wmwdv2wpizreans of which the 5 el ectromagneti c for CRET/ER01/13814
controlled such that the neasured posithon of the information carrier with
respect to the scanning unit substantially corresponds to a desired
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pair, viewed in a

It is an object of the invention to provide a device of the type mentioned in the
opening paragraphs, which is provided with an electromagnetic system enabling an
information carrier of the type mentioned in the opening paragraphs to be positioned also in

25  five degrees of freedom with respect to the scanning unit, i.e. all degrees of freedom except
the degree of freedom about the axis of rotation, but the construction of said electromagnetic
system being simplified.

To achieve this object, a device in accordance with the invention is
characterized in that the electromagnetic system is provided with a single pair of rows of

30 electromagnets arranged along the X-axis, said rows of electromagnets, viewed in a direction
parallel to the axis of rotation, being arranged on either side of the information carrier, and
with a first pair of electromagnets and a second pair of electromagnets which, viewed in a
middle position of the information carrier along the X-axis and viewed in a direction parallel

to a Y-axis extending perpendicularly to the axis of rotation and the X-axis, are arranged



direction parallel to the X-axis, (Marc, tekst claim1l wijkt hier af) being
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by controlling said oppositely directed components along the Y-axis of the forces of the first
and the second pair by means of a control unit and a sy;tem of position sensors. The position
25  of the information carrier along the X-axis can be controlled by controlling said oppositely
directed components along the X-axis of the forces of the pair of rows. By controlling said
components, directed parallel to the axis of rotation, of the forces of the two pairs and of the
pair of rows, both the position of the information carrier parallel to the axis of rotation and
the angles of the information carrier about the X-axis and Y-axis can be controlled. As the
30 electromagnetic system comprises only a single pair of rows of electromagnets and two pairs
of diametrically arranged electromagnets, the construction of the electromagnetic system is

comparatively simple, and the number of electromagnets to be controlled is limited, so that

also the necessary control unit is comparatively simple.



A particul ar enbodi nent of a device in accordance with the invention is
characterized in that the magnetic poles of the el ectronagnets of the two
rows, vi awaedxigia plane wherein the axis of rotation ande¢cheri/Bgiss are
situated, are arranged in a zigzag patyern. By virtue thereof, it is
achieved that, in each position of the information carrier along 5 the
X-axis, at |east anartdildr eafbodiidngpOs devied Reict@dmgiealish ik iatentionst one of
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in a direction parallel to the axis of rotation is as |arge as possible.
Yet another embodiment of a device in accordance with the invention is

characterized in that the electromagnets of the first and {ile second pair are each provided

25  with a U-shaped core and an electric coil wound about a core base extending substantially
parallel to the X-axis, the magnetic poles being formed by end portions of two legs of the
core, which legs extend substantially parallel to the axis of rotation and are directed towards
the other electromagnet of the relevant pair. As said base of the core extends parallel to the
X-axis, the two magnetic poles of the electromagnets of each pair are situated at substantially

30  equal distances from the X-axis. As a result, it is achieved that, in each position of the
information carrier along the X-axis, the two magnetic poles are situated at the smallest
possible distance from the magnetic point of application of the support element, so that the
supporting force exerted by the electromagnets of the two pairs on the information carrier in

a direction parallel to the axis of rotation is as large as possible.



WO 02/ 49012 PCT/ EPO1/ 13814 5 A particular enbodi nent of a device in
accordance with the invention is characterized in that the el ectronagnets
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which is large n approximately 4 mmand snaller than approximately 40
mm 20 Agatidn iSastarghas mssihlei ng unit, the device in accordance with the
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result of which the device can very suitably be miniaturized. In said further embodiment, the
necessary dimensions of the device are limited such that the device can suitably be provided
in very small spaces, such as comparatively small pockéts in articles of clothing or bags. It
25  has been found that, at a diameter of the information carrier above approximately 4 mm and
below approximately 40 mm, a particularly stable support of the information carrier by
means of the electromagnetic system of the device in accordance with the invention is
achieved.
A still further embodiment of a device in accordance with the invention is
30 characterized in that the device can suitably be used for scanning a disc-shaped information
carrier whose support element, viewed in a radial direction with respect to the axis of
rotation, has a width which varies in the circumferential direction between a minimum value

and a maximum value, a substantially constant pitch being present between successive

positions where the width has said maximum value, in which device the magnetic poles of at



and a maxi num val ue, a substantially constant pitch being present between
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of 't he- BRUPBATe SlsTEnt 580 AT A< SO TharerDe 3 o GomeRioree on
i nf or Mat{ARLEEH EleRlent, Th 2GGRIABACGRAI d&ianfbo%&isleiaﬂgﬁaf pARtidnS of BRfiAfrMAiiged i n

that the support elenent has at |east one undulated edge. As the siLflf)port
el etent cérsier ahoutitheaxis efdotatige, whieh electzndgngtiel forpgingludese eorapenentiirield  t hat

of ot abghn ) SFEeon, Uy, |y Bydet il iR P ObudoRRRAR e @ T ©

bet ween jrifofhdtioflatrielis R tacdiatbue the s ofudiatied. e contineses madioatofitie aspect s of
the invention will be apparent fromand elucidated ~wth reference to the
enbodi miHerRationeariar ghept tag aiinak roationapa desiked sperdpfirpigon psiaghieyed by 5

di 20" AMERldfitind 40 itk E3BIneR i B YLASIE el By IRORE ofitllbohliE yrivention -
wherei n a di scZshaped 1 nformation carrier in accordance wth the invention
is 20 A particular embodiment of a disc-shaped information carrier in accordance

with the invention is characterized in that the support element has at least one undulated

edge. As the support element has an undulated edge, it is achieved, in a practical manner, that

the support element, viewed in a radial direction with respect to the axis of rotation, has a

width which varies in the circumferential direction between a minimum value and a

25  maximum value.

These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiment(s) described hereinafter.

30 In the drawings:
Fig. 1 is a diagrammatic, plan view of a device in accordance with the
invention wherein a disc-shaped information carrier in accordance with the invention is
provided,

Fig. 2 is a diagrammatic, cross-sectional view taken on the line II-II in fig. 1,



provided, Fig. 2 is a diagrammatic, cross-sectional view taken on the line
[1-11 in fig. 1, WD 02/49012 PCT/EPO1/13814 7 Fig. 3 diagrammtically
shows t havaoz2/eper ati on between two pairs of el ectromagnepsT/@Pot/isgiddevi ce
shown in Fig. 1 and a support elenment of, the information carrier shown in
Fig. 1, Fig. 4 diagrammatically shows the co-operation between two rows of
5 el ectromagnets Pig. 8 dagetenhaticalih oews tlneEbglpefatlaﬂ(}ietaveeuW@palrsed)ferrent of the
infornation carrier. shown in Fig. 1, and Fig. 5 di agra ically shows a
part of € C%leﬂﬂefs ofthsrdsyicehopRdn Figs & and pisBpportelpmepiofd rmatlfr%/ garmer 19
The devijf gclor dance with the invention, as diagrammtically shown in
Fig. 1 an . =2, conprises a housing 1 which is predom nantly provided
with tvvo par aI | el Figmiidiagnahhsaticllzshioss thegosipdeatina bevegn t8p raws eihd 13

exte [ er arly thereto,. The side ro |de with a

o1 8 onaReBoTHEE SibhieviecBSyRit Rie dand s grRCrismen T FOAIUTRIRY SR, ¢ o,
17 in agRifRNGE Wahé the invention can be introduced into an input space
19 of the deV|ce In the exanpl e shown, the information carrier 17 is an
optical ly scannabFig. Sudmgoarnmtmﬂy@hws@parppf)wwrt\mlqmeréﬁf thefiBrosmatiadh | ayer
21 on which haped information track is present. In this exanple,
t he deV|%Eef%IB&OV|§%§ with an optical scanning unit 23 of a type which is
known per se and commonly used, which scanning unit is only 20
dia?rannatically shown in the drawi ngs, for the sake of sinplicity, and can
sui f@bly be used for reading and/or witing the information carrier 17 in

a manner known frep fié\%e %R Ence éﬁgﬁ ©linveXtSn, a V\A:Is]tdldg%.rﬁlﬁat%ll YQh&Wn ihovVeVer,

that the invention also conprises |rrents erein the information
carrier F@rh and Fig ancmdpxiisesa hdusingit &dnchmmmomlnmlye)ravméwnhﬂgmeanaﬁdl ly or

t t t id i t it
75w ¢ aBeRDy S it S e Sl 1l L B 3 e Porpendiolfand GedST AR Yoo
posi ti O‘Wallr? is B?ovr@dswﬂﬂga sht-shAfed Biphtpehil 1SR@MYhidh aFdis-shhpeédihférntition, the

information carrier 17 is provided, near a circunference, with a support
el etent casient’ amgnd@mez\aﬁh therrayestipacan biingleduendaioran inpwtisesne [90fdhhodi ed,

e SO F MRS, S PR 9% T P oL ded
25. The infeieftioh@aB i ptdvidalwitiean Aforaoiiphilses2t v whisisa firal-Shaped
el ectr Oma rr;r?gtl%n?ir%ck :1)’55 pre?en]; IIL %ﬁls Q)?alniplg fthe device is provided with an optical scanning
unit 23 of a type which is known per se and commonly used, which scanning unit is only
20  diagrammatically shown in the drawings, for the sake of simplicity, and can suitably be used
for reading and/or writing the information carrier 17 in a manner known from, for example,
CDs or DVDs. It is to be noted, however, that the invention also comprises embodiments
wherein the information carrier can be scanned in a different manner, for example
magnetically or magneto-optically, and wherein the dev"i’ce is provided with a scanning unit
25  suitable for this purpose. The scanning unit 23 is arranged in a fixed position in the housing
1.

As is further shown in Fig. 1 and Fig. 2, the information carrier 17 is provided,
near a circumference, with a support element 25 of a magnetizable material, which support
element is embodied, in the example shown, so as to be an iron ring. The device is provided

30  with an electromagnet system 27 for co-operating with the support element 25. The
electromagnetic system 27 comprises two rows 29, 31 of electromagnets 33, 35, a first pair of
electromagnets 37, 39 and a second pair of the electromagnets 41, 43. As shown in Fig. 2, the

rows 29, 31 are arranged in a fixed position on either side of the input space 19 and the

information carrier 17 in the housing 1, the two rows 29, 31, as shown in Fig. 1, extending



el ectromagnets 37, 39 and a second pair of the electromagnets 41, 43. As
showmn in Fig. 2, the rows 29, 31 are arranged in a fixed position on
ei t her siwieopisothe i nput space 19 and the information carpPCEEPA7I3BT t he
housing 1, the two rows 29, 31, as showg in Fig. 1, extending WO 02/49012
PCT/ EPO1/ 13814 8 directly along an X-axis which extends substantially

al ong aditedilyedlbngien Kfaxiswhich boends substanttadlyral@rg doenteiinessofohe nifmmthi@n 1, the
first pair of_electromagnets 37, 39 d t he sec i r of trronagnet s
41, 43 §HBeR}T-Ahghewaundis s thef r§;p&}r leﬁrelgﬁwwfl r%% IBiC ﬁﬁ ot her,

vi eved Eféc@orﬂﬁ%ﬂ%se 41998 lafd HParBtd &{b@u}lﬁé@rmw;&aﬁf%ﬂh% éﬂ:&t@le%lgoth&e X- axis

and viewed I n |rect|on ara Y-axi s~ extendi ng perpendicul arly
to the Xesweddn amdde\.lxmesnﬁongf thenn&»anatlonmaduﬁrdmd)mgthoh{ -axib sid wigwed ema i al | y
helnforrratlo t he

along a centerli n ,
o) ectr oG Pas e i Yo ST nedPerisol Sce B Rt kenifhenis i
arr angeqnddle pdsitiba, %o%sgthmpdmylalbdgmeceh@uﬁim the Piffor 08 Caied €7 s $Hoani nput
space 19 and the information "carrier 17. As Fig. 1 and F|£4%2 j oi ntl

show, t ineFigl 2dbe eleeigermagness’7 @9 3<9t a& yell ashe @lﬂﬁa@omgnerm Ban %W%P%w ded
wth 8 i3 BanPoe nm‘%ﬁ R0 sﬂgoﬁeﬁe%@gl %ﬁ%& HidohatBr al 1 el

to the axi s er enlcularl

to the ¥arrigxld. @EﬁngﬁmﬁE@L Q@}ldlﬁtfl}b s’noth thMechom@g&etalﬁd 35&61? tlhgt\t/dﬂeowsﬁfﬂ.)t space
19 and the inf or mation carrier 17. An. electric Zf?gxte S vvoun% around the
n

bas&0 4731 @rsi qash preyidsddviga a U-thepedisore e havige ajbags ng ibsieRiyRet i ¢ pol es
55, 57 aIlQQO rt%?vag(gs[ r@l t%tléé%r@g g‘ﬁ[‘:xtgﬁ)ﬂm% Subs@infhl{ ér¥encﬁ&ﬁarij5to the X-

electro ghet's e two palrs are ach provided wth a
U- shapeadxis ané p&pendiemliariy taathb ¥saxis Andfacmgdherigppotdpaca h? aed 1hy npfanaati(ml to the

X-axis and t extendj n bst an 'aI I. cuI to t he
X axi o aniep LT AT arear sply ey o Houmd BE R 1 Sk BHERTRAIGE Sndlols’ ana
the inf prgayi Wf&ﬁrrﬁa@ etid 501&55 &3 7eTithd felévant el&zr gﬁemd 3arsmﬁ1dr19 hae base
61, while the end i ons of thetwole363 65 form ma etlc pol es 69,

71 &f t hisciremagnets 73(39e41eét3ro(5ﬂwgwetpagsarmch provided witlya b p@r%&rﬁ 8 between

t he el ect r.omagn

informa?l'fldﬂ Sg’la |ée1re)§¥nélrllﬁ au%rzrtaaﬁ%glr”\t/%g Ifli/b[)t'rﬁf??é %ﬁggﬁﬁs}g&? %gs 8? n6t5%1(§‘rt'eendl et ai |
her ei nbeh¥tntialig perpbadio®bily fo a8 bd-wes ardd/pdrpendidubdrBoto the1Yepey aid facing et h
respect to the scanning unit 23 about an axis of rotation 73 extending

subst aninpat pRacpd P gad &heclufoampgm earefel /- Anglectriaeryl §(issyamdiagpyng the base
per pendigg %ﬂlﬁé éﬁh% ?BRIOXS Brine ’twa sB1 &k fdﬁ%%&%feh@ Poféé‘ 69, Al ofithe fePevant

posi tioned, wt pect to the scanning unit five degrees of
f r e@flomelectremagnet 47) 39 ég,r@eBy cofoperatiod brivesen it eltﬁmru@yc‘eesystenf 2eemtbiireabout

(0, SRl o3 e L SRS R Bk Sud Gl it
ext r ene 4p@ ihkieibelofv, (RO thfGnSAGA BakrRX 1 7 R'P8taRQS ird dpfatioh, withdespaétad tttey neans
of dashed Ilines in Fig. | and Fig.
scanning unit 23 about an axis of rotation 73 extendmg substantlally perpendicularly to the
X-axis and substantially perpendicularly to the Y-axis, and said information carrier is
25  positioned, with respect to the scanning unit 23, in five degrees of freedom, i.e. in all degrees
of freedom except the degree of freedom about the axis of rotation 73, said information
carrier 17 being displaceable over comparatively large distances along the X-axis between a
first extreme position 17' and a second extreme position 17" indicated by means of dashed
lines in Fig. 1 and Fig. 2.
30 The co-operation between the electromagnetic system 27 and the support
element 25 will be explained hereinbelow with reference to Fig. 3 and Fig. 4. If an
electromagnet 33, 35, 37, 39, 41, 43 of the electromagnetic system 27 is energized, in

operation, by means of an electric current through the coil 53, 67, then the relevant

electromagnet 33, 35, 37, 39, 41, 43 exerts an attractive electromagnetic force on the support



30 The co-operation between the el ectromagnetic system 27 and the support
el ement 25 will be explained hereinbelowwth reference to Fig. 3 and Fig.
4. 1f anwebsetonbnmagnet 33, 35, 37, 39, 41, 43 of the el erCT/BREGIIEL4 C
system 27 is energized, in operation, hy nmeans of an electric current

t hrough the coil 53, 67, then the relevant electromagnet 33, 35, 37, 39,
41, 43 eemehts2s5apepdifibedow, the egpressiondmmegnetid poifitarfapplhicatioh®isso bp takien WO

02/ 49012 PCT/ EPO1/ 13814 9 el enent 25.%83?{ i nbel ow, the eﬁ ression

" magnet Mgahg paint }y]hergﬁéq plectrqrpzgnetic fares ei?é’é‘r‘?niatgnetr?ég’r?naf gé‘?ﬂ?ﬁ’rt\/\her e the
el ectr OBRARAI )5 Ing PiglS a?{i] FRY) 4S1hRGhASHERE P6int agsp%nea_img abW3R Phdicated Byrent 25.

In Fig. 3 and ) I S magnetic point of "application’is always

i ndi cat edansyof theelztier Mf Asishoweint Eig. Mand\Bg.sh thvrmagnedicgoles 6Andl ¢fithe 3, t he
magnetic pol es 69,,.,71,0 e 5.el ectromagnets 37 9, 41, 43 ake_situated
ot subs AaHraRg gt s 41 BB ol PRena fatbel et ot S ep8hes oo,
71 are shé papedicioldd 69| 70hie sttubtad g€ siibhEY a6& distanbet fhsin MedX agisttha@ntht he
magneti c poi nts of appf_l cation M so that there is a conparatively small

di st ancmagndsistpairgmof anpdicatiomis sathabthers g compargtively smalldiptance d bgbyasns of
appl i cafd V] [ | ' : e, Yo ax! As. it he

I nfor mathleﬁagc atrl ¢ b @%‘E 7:k‘rﬂlg gll(’)é\’mlﬁg dr?%tg ﬁgﬂl%r@cﬂp Eh%%{s?)lntl\:a’o‘r/]lxwg& Hszbqf?é%u% and

Fi g. 3, paailel tdltlrt'Biagis. As thesinfematidracarder 17 iaslovwort hethe paddleipositiof irt Fig. 1
information carrjer. 17 along the X-axis between e.t extrene sitions
17 I%ndafldﬁ‘.g' ’Wﬁ@,‘{lﬁtﬁn“éd#%%iﬂ?%mﬁ‘y%r PPsifign &Fdﬂf\gg‘a?tﬂqne“ra“iefq | ong the
X-axi's, al%ﬁgtmﬁﬁfs!b%tvp&h%e &% ele%lm%r;ﬁ)sﬁi'ohy@‘?'%ﬂd9'7".01"}@13,?hgﬁ;/(96sit_i&’06f tkBgnetic

points o pplication Mand at a larger distance fromt axi s than the
magnet i infprmatips carrieapp hlongttheX-avis, the nsagnetiapoles 6hd leire situataderasteisidefdr ces
of the 15 electromagnets 37.. 3 4 3, referenced F1,. F2, .F3.,and F4 in
Fig. 3, &W%ne'il%p%m 83?'1“?36‘8’131 am{lﬂéﬁW’b&ﬁrﬁ{l‘f% org&.ﬁ? ?(éq'xlﬁt}la%flgng t he
X-axi s, phphdlichosREBPIPNcatioh PaAskirédult delehetraxagndic fofcet afthen 73 and a
conEonent Fy al ong3 the Y-axis, the direction_of the conponents Fy of the
ele

3 r opleeframagngts 37389.5Hi A3, referansed ki Fo.dy and Fu e Figi  have ol a9¥ ppsition of
conponept L the. el el i y extend
in oppo{slllet% e Oé‘lngtfé% (%Lgrrll%r?l 7teafﬁlzé£%0 ﬁ?gdrq%% ’i]:f)&ri!%1 3%%%@%?2% qa}%@%ﬁggg%%oﬁsﬁt ioned in
two oppegiticn T dndcd dodipsonahtangalbrpethy Yaxxis, the directionpé tie domponents ¢ afithieng uni t

23 by controlling th | ectromaghetic forces F1, F2, F3 and. F4.in a manner
descri begCtrInzgns (317(9&? %wgtl%epmﬁﬁg@néqﬂt?fJnteﬁ‘émbB%es@mB?nﬁnﬁng@ fetb? ronagnet s

37, 39, el%é‘troré ne%&fl?la .SAQS”‘ari@{;érﬁﬂ)dcintthstF'}eex%ha)fﬁ 5?%(365h>€(d§rWid?@QH@§df8nMﬂoﬁs 69,

71 are at su antially equa stances from -axis. By virtue
t heR@of cartier 1 Bcandiei posiudned at tvarpppositeadjrectionst alorgethp of-axie ithespeet tadlmet i ¢

ose bl sennpgpia aoaap e isnlt or? Suske | o B! BrinaBnSF or mat i on
carri er gdsériBbPRéeinBelow: AXiifo bads 61 of theTulel S0If thbtlebirdiggRtseIT, BOMHYARL i C
forces F1, F2, F3 and Fé} are as |large as POSS' ble. It bl '?an%igll cqual
extends parallel to the X-axis, the two magnetic poles 69, 71 are at subs y eq
distances from the X-axis. By virtue thereof, it is achie\;éd that an average distance between
25  the magnetic poles 69, 71 and the magnetic point of application M is as small as possible,
taking the average of all possible positions of the information carrier 17 along the X-axis, as
a result of which the electromagnetic forces Fy, F», F3 and F4 are as large as possible. It is to
be noted that the invention also includes embodiments wherein the magnetic poles 69, 71 of
the electromagnets 37, 39, 41, 43 of the two pairs are situated, in each position of the
30 information carrier 17 along the X-axis, at a smaller distance from the X-axis than the
magnetic point of application M of the support element 25. In such embodiments, the
direction of the components of the electromagnetic forces Fy, F», which components are

directed along the Y-axis, is also in opposition to the direction of the components of the

electromagnetic forces F3, F4, which components are directed along the Y-axis. In such



be noted that the invention also includes enbodi nents wherein the magnetic
poles 69, 71 of the electromagnets 37, 39, 41, 43 of the two pairs are

si tuat ed,won2/emeh position of the 30 information carrier RZT/AP@NGsStdhe
X-axis, at a smaller distance fromthe pgaxis than the magnetic point of
application Mof the support elenent 25. In such enbodi nents, the

di rect i enbefimehs, lkonpernehd magieticipelesloO,TIr areaiymaed, caking thesaverhge BPall whi ch

conmponents_are drrected | ong t he Y— | SO in opposition. to the

di r ect i BRFStble PaIoNS b SieRtsmation gasrierdy e@d?&gothﬁaﬁé%lﬁnatﬁdrf@ 5?—*9“06 M {5 ch

Conponeﬂ#g cf‘{) q’r&to?%%@ﬂ:aﬁbﬁ’ﬂ@tﬂaﬂ% e @¥bddinidht Shtswh W21 ARPRiZ.

PCT/ EPO1 r:1'381 odi nents, however, the magnetic poles 9 71 are

si t uat edfherbﬁm ngthermnlmdanergeshownai Fig. b@sd;Fllgl 2, onvierdgonkargst elehteicifprces mat i on

carr § - axi s Cgt a larger distance fromthe magnetic point
%pl Fedeils t“ﬁgﬁ'\ f B8 bodi ment shown in Fig. 1 and Fig. 2.

Theref ore, in theA@ﬁBﬂ@&h@ﬁhbw@h@wng RNthEinthgndticpsled™ J-57DF tielést@nagaets | ar ger
electric forces 5 F1, F2, F3 and F4 can be generated. As is further shown

in Fig. 3%0f tiegowagnend the peigaetiamlessi, 87 of the elsciomagnetyAsrtthesawadd afthe row
29, ag??@%gggga@“%ga gale%% tgresizct% %&eotﬁéresrer@myg{qaﬁe Ideftin tHBS- by 3 31

are ect to ea ot her, viewe
pl ane Whet the Axishof rotafion 33 anituitbd: Ba)sttuofheramtfatls achid&daha, sudadapmhorBy

virtue thereof it is achieved, that, |n each osr jon 10 f t he mfoggatron

car 19 er ohithe apformation camier alopg the Xa3xis, Akl eﬁﬁiPPe #1r PEIRKIAPO S F eqtomaga Ty
35 39hf A1edsE85d oHE 19b ré\pse%i WP af&%ogl%ong’&n éi'i}?er sTeRP el hARRiOPoidt t her

srde of e magnetic point of application Mof the support elenment 25. In
t he si t oBappbinatsinoMrofithe sigipaitlelanenF2. Indhe mﬂua@onﬁmrlm etad infrég. j4ushisaposed

el ectromagnets . 33" .and 33" of the raw t he sed el ectromagnet s

35'  and2BfBies it theguxtapgte Tlecma%’l Egcs(tg ?ﬂ‘fgg’aé’?ﬂé ° 0 r eﬂlﬁ‘éapé)ls%d:ct ronagnet s

15 33" gRérshRagnefsefLaRNTEbffte A3 F 2 he rereEtrgmaglnet@qmes s&ha eleotfpRngitts Fz

parallel to the axis of rotation 73 as well as a conponent Fx al ong t he
b

X- ak§ s, 33'laed 3B .aeferamgedF Mﬁe&p@ﬁemmwﬁe@fcomm@e@%cnar@%m@@ agigof pej ng
in oppp%t%[lﬂoonnt 2 \&Qﬁa di C(ﬁﬁ%dn%ﬂt alBPq?th%@frBﬁQetﬂ% fr éctfbe dke rfo%ﬁt?é‘?&g o

33" e éele orces’ of ctronagne

35", r &fe@l@l&@ﬁﬁgﬁ& 33nikifg in dsppEsrgon & the dirpetiomeofahe compporent FyFaf thar allel to
the axis of rotation 73 a

20 | | t th
di r ect i glgcteemagnst éghﬁﬁﬂéﬁfy’lﬂﬁ %?ctpﬁga%n%}cgtg% ngﬁgé(@gm%gg‘?tﬁg ggposr ti gn
to the ﬁjéf&% ¢ddaf) 00 Rk REF FOUPAAEHHse BXof b} F, §£ﬁﬁ&1rte@1@gm§ oﬁ%tatloﬁs,%al d

conponent s x exten posr te directions, the information carrier 17
can2be eicpbk accenhpoment\l\h ahmgcthe Keaxi, theodifeotien of Tbngomheneni £xr0§ﬂmnd posi ti oned

W th re ect to scanni ng .uni 3 .by contr.ollin trolmagnetic
forces ﬁ trorpagnel g I, qppgmggn {?atﬁﬁgrrgc(ﬁlggc?&ﬂbeeﬁ? rngﬁ’ fel&? I n ag
situati QEcMﬁééhei B IRGARL dotnpeak@s F extehd inrddppokige ditectibfs, the information

carrier 17 can be displaced in two opposite directions along the X-axis and positioned with

respect to the scanning unit 23 by controlling the electrcfmagnetic forces Fi,F2, F3and Fsina

25  manner described hereinbelow. In a situation where the magnetic poles 55, 57 of one of the
electromagnets 33 of the row 29 or of one of the electromagnets 35 of the row 31 are situated
straight opposite the magnetic point of application M, only two juxtaposed electromagnets 35
of the row 31, or two juxtaposed electromagnets 33 of the row 29, are situated in positions on
either side of the magnetic point of application M. In this situation, only the oppositely

30 directed components Fx of said two electromagnets, which are situated on either side of the
magnetic point of application M, are available for displacing and positioning the information
carrier 17 in two opposite directions along the X-axis. As, in each position of the information
carrier 17 along the X-axis, at least one pair of juxtaposed electromagnets 33, 35 of at least

one of the two rows 29, 31 are situated in positions on either side of the magnetic point of



el ectromagnets 33 of the row 29 or of one of the electromagnets 35 of the

row 31 are situated straight opposite the magnetic point of application M
only two woxrt/aposed el ectronmagnets 35 of the row 31, or P@DEPuxi3gposed

el ectromagnets 33 of the row 29, are si{q.:ated in positions on either side
of the magnetic point of application M 1n this situation, only the

opposi t @pMicafiod M Cthe dugspridaaeait 25 Fndaks thaiveb fows 28| BT bf eleaeiieigaets\Bj ch are
situated on either side of the magnetic 84? nt of application M are
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t he conpodeahtrewR9, 3 hdulsdctbe pssiti, itleeccomypontgs Fwshould be supplied by the two
adjoining electromagnets 33 and the two adjoining electiomagnets 35 which in this position
25  are situated, however, at a comparatively large distance from the point of application M. In
the example shown in Fig. 1 and Fig. 2, in each position of the information carrier 17 along
the X-axis, at least one pair of juxtaposed electromagnets 33, 35 of at least one of the rows
29, 31 is at a comparatively small distance from the magnetic point of application M, so that,
in this example, better use is made of the electromagnets 33, 35 of the two rows 29, 31.
30 The device in accordance with the invention further comprises a system of
sensors by means of which a position of the information carrier 17, in operation, with respect
to the scanning unit 23 can be measured. Said position is determined by linear positions of

the information carrier 17 in directions parallel to the X-axis, parallel to the Y-axis and

parallel to the axis of rotation 73, and by angular positions of the information carrier 17 about
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73, a deasirieedi7 abmu itk Y posssi aré achieved tbiyeontrolling the electromagnetic forces, in

particular the components Fy, directed paralle] to the ax;s of rotation 73, of both the
25  electromagnets 33, 35 of the two rows 29, 31 and the electromagnets 37, 39, 41, 43 of the
two pairs.

A rotation of the information carrier 17 about the axis of rotation 73, in
operation, is achieved in the following manner. As is diagrammatically shown in Fig. 5, the
support element 25 of the information carrier 17, viewed in a radial direction R with respect

30 to the axis of rotation 73, has a width W which, viewed in a circumferential direction of the
information carrier 17, ranges between a minimum value W and a maximum value Wyax,
a substantially constant pitch p being present between successive locations on the support
element 25, where the width W has the maximum value Wpax. In the example shown in Fig.

5, such a varying width W of the support element 25 is achieved in a practical manner in that
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the axi gipfs iRlaideARalcdmponents Fr, with respect to the axis of rotation 73, of said

electromagnetic forces are shown. The above-mentioned control unit of the device controls

said electromagnetic forces, in particular the tangential éomponents Fr, of the electromagnets
25 33,35 of the two rows 29, 31 in such a manner that an angular velocity of the information
carrier 17 about the axis of rotation 73, which is measured by means of said system of
sensors, is substantially equal to a desired angular velocity derived by the control unit from
said control program. In accordance with the control program, the angular velocity with
which the information carrier 17 is rotated about the axis of rotation 73 and, simultaneously,
30 the way in which said information carrier is displaced along the X-axis, are such that the
scanning unit 23 follows a spiral-shaped information track present on the information layer
21. It is to be noted that the invention also comprises embodiments wherein only the
electromagnets 33, 35 of one of the two rows 29, 31 have a pitch p' between the magnetic

poles 55, 57 which corresponds to the pitch p of the support element 25. In such an



20 substantially equally large attractive el ectronmagnetic forces on the
parts of the support elenent 25 near the poles 55 and 57, where the width
W has t havoaxigeum value W In Fig. 5 the tangential conponeptisi3sii, wth
respect to the axis of rotation 73, of gpid electromagnetic forces are
shown. The above-nentioned control unit of the device controls said
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in the ghit CrHE @nAdL i als$lES RN A electromagnetic forces of the electromagnets 33, 35,
37, 39, 41, 43 in such a manner that said focusing error signal and said tracking error signal
remain within predetermined limiting values. As a resuﬁ, the device in accordance with the
25  invention does not have to comprise a separate actuator for correcting said errors by means of
comparatively small displacements of the scanning unit 23. By virtue thereof, the
construction of the device in accordance with the invention is very simple and does not
comprise movable parts. As the electromagnetic system 27 of the device in accordance with
the invention comprises only a single pair of rows 29, 31 of electromagnets 33, 35 and only
30  two pairs of diametrically arranged electromagnets 37, 39, 41, 43, the construction of the
electromagnetic system 37 is comparatively simple. In addition, the number of
electromagnets to be controlled by the control unit is limited, so that also the control unit is
comparatively simple. By virtue of the comparatively simple construction of the device, said

device is particularly suitable for miniaturization. It has been found that a very stable support



In the exanpl e shown of the device in accordance with the invention, the
control unit also receives a focusing-error signal and a tracking-error
signal fmwoont/@ipptical 20 scanning unit 23, which signaPeT/ape/gener at ed
by the optical scanning unit 23 in a mgner which is known per se and
customary, by neans of an optical detector present in the scanning unit.
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Finally, it is to be noted that instead of the above-mentioned electromagnetic
system 27, a device in accordance with the invention mgy alternatively be provided with a
25  different electromagnetic system which, apart from the single pair of rows 29, 31 of
electromagnets 33, 35 arranged along the X-axis, is also provided with more than two pairs
of diametrically arranged electromagnets. An example of such a different electromagnet
system is an electromagnetic system which, in addition to the single pair of rows 29, 31 of
electromagnets 33, 35 arranged along the X-axis, is provided with a first and a second pair of
30 eiectromagnets and with a third and a fourth pair of electromagnets which, viewed along the
Y-axis, are diametrically arranged with respect to the first and the second pair, said first and
second pair, like the third and fourth pair, viewed along the Y-axis, being arranged next to
each other, or the first and the second pair, like the third and the fourth pair, viewed parallel

to the X-axis, being arranged one behind the other.



el ement 25, a disc-shaped information carrier in accordance with the
invention can alternatively be provided with a different support el enent
near itswoOozesierence. An exanple of such a different sepparti/BBaent is
a support el enment conprising a conpar atwely smal | nunber of ring segnents
manuf actured from a nagneti zable material, or a support 20 el enent

conpri sigipnIMSonpar ati vely | arge nunber of separate el enments manufactured
froma nagnetizable naterial which are regularly spaced al ong the
circunference of the information <carrier. Finally, it is to be noted that
i nstead of the above-nentioned el ectromagnetic system 27, a device in
accordance with the invention may alternatively be provided wth a 25
different el ectromagnetic system which, apart fromthe single pair of rows
29, 31 of electromagnets 33, 35 arranged along the X-axis, is also provided
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electromagnets being at substantially the same distance from the X-axis and, in each position

of the information carrier along the X-axis, on one side of a magnetic point of application of

the support element. P
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2. A device as claimed in claim 1, characterized in that the magnetic poles of the
electromagnets of the two rows, viewed in a plane wherein the axis of rotation and the X-axis
are situated, are arranged in a zigzag pattern.

25 3. A device as claimed in claim 1, characterized in that the magnetic poles of the

electromagnets of the first and the second pair are situated, in each position of the
information carrier along the X-axis, at a larger distance from the X-axis than the magnetic

point of application of the support element.



along the X-axis and viewed in a direction parallel to a Y-axis extending
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20 circumferential direction between a minimum value and a maximum value, a substantially

constant pitch being present between successive positions where the width has said maximum
value, in which device the magnetic poles of at least one electromagnet of at least one of the
two pairs or the magnetic poles of each electromagnet of at least one of the two rows are
mutually arranged in a substantially tangential directiorf with respect to the axis of rotation, a
25  pitch which is substantially equal to said pitch of the support element being present between

said magnetic poles.

8. A disc-shaped information carrier provided, near a circumference, with a
support element manufactured from a magnetizable material for co-operating with a device as
30 claimed in claim 6, characterized in that the information carrier has a diameter above

approximately 4 mm and below approximately 40 mm.

9, A disc-shaped information carrier provided, near a circumference, with a

support element manufactured from a magnetizable material for co-operating with a device as



constant pitch being present between successive positions where the wdth
has said nmaxi mum value, in which device the nagnetic poles of at |east one
el ect romapmer/4wiz2 at | east one of the two pairs or the napoepEPel/Psides of
each el ectromagnet of at |east one of t{ig two rows are nutually arranged
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varies in the circunferential direction between a m ninmmvalue and a
maxi mum val ue, the pitch being substantially constant between successive
positions where the width has said maxi nrumvalue. 5 10. A di sc-shaped
information carrier as clained in claim9, characterized in that the
support el enment has at | east one undul ated edge.




