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gui ded |inear notor The invention relates to a scanning device for’ scanni ng
a disc-s ppformation carrier, which scanning devj vi ded mnth
a table aﬁlcﬂ can be rotated about an axis of rotatlohsgﬁhﬁgﬁhah an
information carrier can be placed, andlwth a scanning unit, and a Ilnear
not or nmeans ,of, whi ch, t he scanni.pg u can be di spl aced mnth 5 respect
to the tﬁwgﬁsﬂeﬁﬁwwamwﬁfﬁﬁ" ‘{;QLP ¥R, which linear notor is
provided with a first and a second part which are displaceably guided with
respect to each other by neans of a straight guide, the first part being
provided with pairs of magnets having opposite directions of nmagnetization
directed substantially perpendicularly to the guide, and the second part
being provided with an electric coil system conprising w nding portions
extending 10 substantially perpendicularly to the directions of
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provided with a control unit for controlling an ectric urrent in the
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|nformat1 e I|n notor LS ree hasec nut ated | i near
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second panient)ihthmmsyﬂaﬁ.r motor is secured to a slide on which also the

scanning unit is secured and conprises three electric. coils. The straight
gui de, by neans of which the slide with the second part of the I'inear notor

i's gui ded In the maamim@emebfta@ty\pehﬁnﬁ@s@mae m&%@ﬁﬂﬁs&%&oﬁéﬂe first
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objective lens and an optlcal detector. In operation, rotation of the table supporting the
information cartier to be scanned about the axis of rotation and, simultaneously, displacement

20  of the scanning unit by means of the linear motor in the radial direction take place such that
the scanning unit follows a splral-shaped information track present on the information camer
The linear motor is a three-phase oommutated linear motor, The. first part of the linear motor - .

~ issecuredtoa frame of the scanning device and compnses atow of permanent magnets o

extending parallel to the radial direction and having successively opposite directions of

25  magnetization at right angles to the radial direction. The second part of the linear motor is
secured to a slide on which also the scanning unit is secured and comprises three electric
coils. The siraight guide, by means of which the slide with the second part of the linear motor
is guided in the radial direction with respect to the frame and the first part of the linear motor,
comprises two round shafts which are secured to the frame and extend in a direction parallel



any nonent in time, the wnding portions of said coils extending
substantially perpendicularly to the directions of magnetization and

~ per pendi cykghiNessd the guide being 5 situated right oppggrieiiagof the
magnets. At that nmonment in tine, said winding portions are situated in a
part of the magnetic field of the relev@nt magnet where the magnetic field
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It is an object of the invention to provide a scanning device of the type
mentioned in the opening paragraph, by means of which said drawback of the known
scanning device can be precluded as much as possible.
To achieve this object, a scanning device in accordance with the invention is
30 characterized in that, in operation, the control unit admits an electric current to at least one of
said winding portions and controls said electric current, if said winding portion is situated in
a magnetic transition field between two adjacent magnets having opposite directions of
magnetization. In said magnetic transition field, the magnetic field lines are arc-shaped and
extend, right opposite the boundary between the two adjacent magnets, substantially



control unit allows an electric current to enter at |east one of the
w ndi ng portions of the coil system which extend substantially g
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25  bushing provided around said shaft. In this particular embodiment, the straight guide causes
two mutually perpendicular linear degrees of freedom of the second part extending
perpendicularly to the shaft to be fixed with respect to the first part, and two degrees of
freedom of rotation of the second part to be fixed with respect to the first part about two
mutually perpendicular axes of rotation extending perpendicularly to the shaft. The linear

30  motor causes a linear degree of freedom of the second part with respect to the first part to be
fixed, which linear degree of freedom extends parallel to the shaft, and the linear motor
causes a degree of freedom of rotation of the second part with respect to the first part about
an axis of rotation coinciding with the shaft to be fixed.
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characterized in that the |linear notor conprises a sensor for neasuring a
mit ual position of the two parts of the linear notor in a direction
_parallel tQy &(;wgg“rect ions of magnetization, and in thapctReofoRskrol unit
conprises a control |oop fori:adjusting.a desired nutual position of the 5
two parts by neans of a signal supplied #y the sensor, which signal
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25  directions of magnetization and perpendicularly to the guide, a pitch which substantially '
corresponds to a pitch between two adjacent magnets having opposite directions of
magnetization being present between the two parts of each coil, and a pitch which is
substantially equal to 2/3 or 4/3 times the pitch between said two magnets being present
between each. pair of coils of the three coils. In each position of the second part with respect

30 to the first part, said winding portions of two of the three coils of said coil system are situated
in a part of the magnetic field where the magnetic field lines are directed substantially
parallel to the directions of magnetization, and said winding portions of one of the three coils
are situated in said magnetic transition region having magnetic field lines which are directed
substantially perpendicularly to the directions of magnetization. Thus, in each position of the



second part with respect to the first part, two of the three coils are
avail able for generating a driving force directed parallel to the straight
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o ol
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the magnetization direction, being situated between the two rows so as to be closer to one
row than to the other row. By using said two rows of permanent magnets, a very strong
25 magnetic field is provided between the two rows, so that very large Lorentz forces can be
exerted on the coil system. As said winding portions of the coil system are situated closer to
one row than to the other row, the coil system is situated partly in the magnetic transition
fields having arc-shaped field lines, which transition fields are present between adjoining
magnets of the nearest row, in which tramsition fields the necessary Lorentz forces extending
30 parallel to the directions of maguetization can be generated.

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter.




In the drawings: Fig. 1 diagrammatically shows a scanning device in
accordance with the invention, 5 Fig. 2 is a diagranmatic, cross-sectional

. view of thgowsaddd Ng device taken on the line 11-11 in forGepodmgedd 9- 3 1S a
di agrammatic, cross-sectional view of a |linear noptor of the scanning
device taken on the line Il11-111 in Fig6 2, and Fig. 4 diagrammatically

shows an electric coil systemand a control unit of the 10 |linear notor
shown in fig. 3. Fig. 1 diagrammatically shows a scanning device 1 in
accordance w th thdn therdvesingson, whi ch is provided with a turntable 3 which
can be rotated, by_J of an.electric notor, 5 .about, an of rotation
7 ext endi ng substaﬁgjﬁﬁw&% WﬁPFmgflﬁvééetlﬂlaﬁc‘)f% e%%ﬁ’ﬁ The not or
5 i s secumention, a frame 9 of the scanning deV| ce 1. A disc-shaped
inforngtion carrief n be pl,aced onth table3 ich information
carriel is an opti?éﬁ&ﬂ %@ﬂﬁﬂﬁgp‘é"?%?'é @?‘“n‘”ﬁfigﬁlcﬁ?kﬁl% or
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i nf or mat i @eviGhkdnh tHellineMALIItiR Py, UAOSE, the scanning unlt 13 conprises a
| aser source 15, an_ optical det ector 17 and a | aser beam splitter 19,

which are al so secdiigd diagranpmaticallyshoys arplgctrie eoilvysten and acontrpl it ofibe

incl udgs &inddr Mofdr skowrPdigd®. Obj ective lens 23, which are secured to a
slide 25. The slide 25 is displaceably guided by neans of a straight guide

27 in an X- direction which is radially directed with respect to the axis
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of the tur e on carrier
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| nformat | g&nmng unit 13 further includes a mirror 21 and an objective lens 23, which are secured to a
slide 25. The slide 25 is displaceably guided by means of a straight guide 27 in an X-
direction which is radially directed with respect to the axis of rotation 7, and said slide can be
25  displaced in the X-direction, and in an opposite X'-direction, by means of a linear motor 29.

In operation, the laser source 15 generates a laser beam 31 which extends, via the laser beam
splitter 19, along a laser beam path 33 extending parallel to the X-direction and radially with
respect to the axis of rotation 7. The laser beam 31 is deflected by the mirror 21 and focused
to a scanning spot 35 on an information layer 37 present on the information carrier 11 by the
30 objective lens 23. The laser beam 31 is reflected by the information layer 37 and guided to

the detector 17 via the objective lens 23, the mirror 21, the radial laser beam path 33 and the
laser beam splitter 19. The rotation of the turntable 3 supporting the information carrier 11 by
the motor 5 about the axis of rotation 7 and, simultaneously, the displacement of the slide 25
with the objective lens 23 by the linear motor 29 in the X-direction are carried out such that
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wi ndi ng po d g@“ IEE%E%S“B&E &fstu'aiﬁﬁlc ext end
subst anti alliéﬁaq’ﬂ%r I%fl&]ﬂrj BH ectafhgfr%p/gl Fect e per endl%puwmto t he
X- di rect i oothamﬁewedqn@nhheamnaﬂtailelttothelfedwm Asshoymn in 3faF1¢§t8 61 and

t he se mlﬁlgg her by
means m%"%%f%ﬁé%é@?@%%@fﬁ?@ﬁ?%ﬁ%‘fuﬁ% poﬁt | oNns extend| ng
subst ant i aélbgmqs)w:hﬁl,ekecbnﬂelbmocmﬂﬁwdamdeldcmctchéSEMLGewm the pitch

D tch po. | Srin Bptlel BrEeobeoler bdnde B MR3oncles 4180 pamdept. ©°. 1
bet ween t hmagfetwﬂdﬂ: @he thiée cailsl53, 158, $7vre etrangdd in Beoil hbiq_iertﬁrwln@hs gqgured to
betneon t hiPeRUGHIET a8 o8 Fig B0 BRE GHEH 53, 57 sfrhnlf Bmlph: St
PCT/ EPG¥ / O@fidngs, and each one of the coils includes a first part 61 and, viewed in the X-direction, a
second part 63 arranged at a pitch pCP, said parts having winding portions 65 and winding
portions 67, respectively, which extend substantially parallel to a Y-direction directed
perpendicularly to the X-direction and perpendicularly to the Z-direction. The first part 61
and the second part 63 .of each coil 53, 55, 57 are connected to each other by means of two
30 side parts 69, 71 having winding portions extending substantially paralle] to the X-direction.
In the example shown, the pitch pCP is substantially equal to the pitch py between the
magnets 47, 49. A pitch pc is present between the first coil 53 and the second coil 55, and
between the second coil 55 and the third coil 57, which pitch is substantially equal, in the
example shown, to 2/3 times the pitch pm between the magnets 47, 49. Thus, between the




8 first coil 53 and the third coil 57 there is a pitch p'c which is
substantially equal to 4/3 tines the pitch pm between the magnets 47, 49.
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which will, | not or
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consequent¢spect tolthe st partFH argﬁxdbaﬂﬂeaodfkgyedﬁﬁeedm directelqparallelfto tHeé(-s i X
degre of;. f u of ,whi c he strai ght
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t he secon Oy be no.l d t hat
i nst ead og' ?‘ﬂ%{ single gt‘ﬂ‘ld %gqnfﬁ%ﬁ%%g i éaml(ifhetﬁﬁg Ssi bl e,
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conpar2ébl ¢re¢dont dfaotaticar abioht the rouhd shafif78) @€ fixed by the linear motor 29 in a manner
which will be described in greater detail hereinbelow. As the linear motor 29 fixes two of the
six degrees of freedom of the second part 41 and, consequently, the straight guide 27 only has
to fix four of the six degrees of freedom of the second part 41, as a result of which the
straight guide 27 of the example shown has to comprise only one shaft 73 and one guide
30  bushing 75, the friction forces between the straight guide 27 and the second part 41 are
limited substantially. It is to be noted that instead of the single guide bushing 75, it is
alternatively possible, viewed in a direction parallel to the X-direction, to employ two spaced
apart comparatively short guide bushings. The overall friction force between these two guide
bushings and the shaft 73, however, would be comparable to the overall friction force




WO 02/ 19324 PCT/ EPOL/ 08926 9 between said single guide bushing 75 and the
shaft 73. As the friction forces between the straight guide 27 and the
second par ty 6},21%5% conparatively small, and since there pgrepomasghani cal
contact between the first part 39 and the second part 41 of the linear
motor 29, the acceleration forces of th® |inear notor 29 are counteracted
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25 tabular relatlon, between the field sirength of the magnetic field present between the rows 43
and 45 and the X-position and the Z-position is stored. By means of said relation and also by
means of data on the geometry of the coil system 51 stored in the first processor 85, the first
processor 85 determines the X-position and the Z-position of the three coils 53, 55, 57 from
the output signals Usy, Uz, Uns in 8 manner which is known per se and commonly used. The

30 first processor 85 supplies an output signal uy, which corresponds to the X~position of the
three coils 53, 55, 57 determined as described above, and an output signal uz, which
corresponds to the Z-position of the three coils 53, 55, 57 determined as described above. The
control unit 77 further comprises a first comparator 87 and a second comparator 89 which
compare the output signals ux and uz with, respectively, a signal uxy and a signal uzo, which



conpare the output signals ux and uZ with, respectively, a signal uxXO and a
stgnal uzZO, which IIf WD 02/ 19324 PCT/ EP01/ 08926 10 correspond to,

. respecti velypozosgesi red X -position and a desired Z-posigd e three
coils 53, 55, 57. The signal un is supplied directly byﬂdﬁg’Sﬁ{’“P%{ member

of the scanning device 1, which controld nenber is not shown in Fig. 1 for

the sake of sinplicity,. i ch control, nmenmher, controls, apart fromthe
| i near mYO&cstg‘B t%lr%sag‘ﬂ’fggr&)#ﬁ’tm Fpsitiopand g desizgd) Zepogitioyof ths tareeeplls yzo i s

suppl i ed $8;58, S7eTHO gl ﬁﬁ%&%bli&ﬂdiﬁ&ﬂ)lm&ﬁ&bﬁﬁémbﬁi‘bfth@?canﬂﬁ'gﬁ&iéﬁ,er m nes
the desirged Z-position of the three coils 53, 55, 57 between the rows 43
and 45 fr?fﬁ‘f’]é@“@iﬁﬁe“\g%sn%ﬁfbww%ﬂ fg@ﬁﬁ%ﬁfﬁmhw@wé@cmoéh si gnal

COr I €SPONEgmba cantéflS apBEHGR MeBirdarGhotb! 1D, ASSBEh t&%rdfﬂfytgx‘ff _§fipect to the
first part 39 ablcl)ut ta e shaft 73. T%e conpar at (?rs 87 an %ﬂs%gg Y,

respect i vigaal uzeds pplied bys sgemd prressse? of theogeniyeltuniti 7d ehiclydetermies the

correspo i i f Si .ed, X-position
ond . s ZRBRRGEL et lff 3, 5, 57 BEAREFBEVE RS O 6 0P

Z- posi t i oswpplisd Hyseidooatsel memntidr, winhtsignal coftspondst tp didesited angls oo thedednad dZ

formthe | t.Signal thir, rocesso of the control unit 77. The
third pr &%@@owﬁb%@eﬁéwg{‘%%é@mﬁg@&"g@{eﬁ&ﬁ Ziglﬁﬁf"%m?ﬂr?t?fsg%ﬂ 81 Pl ch
cor r es ponespectively; ap eatpitatingl ugR actbl dulisht Sipiidl @B} which céridspotdho, rbPedtive§t CoOi |
53, a fe?"&iﬁd cur.rent |t€ éep%e(yégh the second coil 55 and a desired 15 N
curref! i% WBEFQIP‘F%F?F& H jippsition ang the aeasured, X-pogitiop and g differenees| s uj | |
ui 2, uj 3, berheenahsdesived ?-!j)béiﬁon%lld@]%éa@hr&d 7 HoSifiond MRk biitpY siendR upckhd i 99,

|

&f

whi ch gengra e,. respe ely, the desired currents 1ii, 12 and 13. The
third pro®S8disys progessen3 oL the sopige! uait dfraihe third progesser 93 3 i n
such a ngenaetes thres owdut SighASt, fupy Ofi;, Which baedsheHd th,baeaVely £ d&sibd Gitfent | |+ 12
and i3 in, %br}g‘élr{gee%cm,lé 58‘?553? 20, 57 apd the magnetic fiel d of the
magnet s 4% TN t iS5, ¢ qurent e thsough theseeond goit 65 pnd adesirgfener at ed
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becone eq{fafonirgls geitee P57 gd s whish gengrate, FsRectivelp, thadesiredqumets second
-part 41 of, 3 &RAik.i near notor 29 occupies, with respect to the first part
39, a desired X-position and arrr;‘gle a. To generate the force Fx, the 25

control unit 77 al FBoeugpemesses i detepmings the Suea quiput sienalsini, up, warin suchishe coi | s
of the ComhnnsySERila re‘s%u%&‘inﬁéia&ihnbaﬁﬁéﬂthé&%ﬁrﬁ{esgg iz%d%'lﬂtﬂe*iﬁreié‘&ﬁgg,ﬂa”s 63,

viewed in_a direction Baralel to the Z- di Ion, are each siIfuatéd

appr o mat’eing) the pagnetic field gbthe magnsticd 7o 19, el erentrforce Fxand a Lorentzierce Fhi r d

Pr 0CEeSSOr ard Ferfdfilic viki sp;e' Qivel gg\@_ (nec] | J | .are from
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o o ekt o g8 Aol AR SERAP B 1,55
si t uat ed respect to the first part 39, a desired X-position and angle . To generate the force Fy, the
25  control unit 77 allows predominantly an electric current to enter the coils of the coil system
51 of which the first parts 61 and the second parts 63, viewed in a direction parallel to the Z-
direction, are each situated approximately straight opposite one of the magnets 47, 49. The
third processor 93 determines, at any moment in time, which coils these are from the signal
ux. In the situation shown in Fig, 3, it is determined that these coils are the second coil 55 and
30  the third coil 57. As, in the situation shown, the first parts 61 and the second parts 63 of the
coils 55 and 57, viewed in a direction parallel to the Z-direction, are each situated
approximately straight opposite one of the magnets 47, 49, said parts 61 and 63 are situated
in a part of the magnetic field of the magnets 47, 49 where the magnetic field lines, as
diagrammatically shown in Fig. 3, are directed substantially approximately parallel to the Z-




approxi mately straight opposite one of the magnets 47, 49, said parts 61
and 63 are situated in a part of the magnetic field of the magnets 47, 49:

where the nyg@ibsafield lines, as diagranmatically showgmi b 30 are
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In the above-described example of the scanning device 1, a constant value of

the angle o, i.e. the inclination of the first part 39 and the second part 41 of the linear motor
29 with respect to each other about the shaft 73, is maintained by the linear motor 29. The
linear motor 29 can also be used, however, to actively control said angle o and hence

30 preclude an undesirable local inclination of the information carrier 11 with respect to the
objective lens 23 of the scanning unit 13. In such an alternative embodiment of a scanning
device in accordance with the invention, the scanning unit 13 comprises, for example, an
optical sensor, which is known per se and commonly used, for measuring a local inclination
of the information carrier 11 with respect to the objective lens 23. Such a local inclination
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objective lens 23 of the scanning unit 13. In such an alternative
enbodi ment of a scanning device in accordance with the invention, the
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enabl es a uni for conti'nuous drive of the secon In a ction
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25  that the linear motor 29 enables a uniform, continuous drive of the second part 41 ina

direction parallel to the X-direction, and guidance of the second part 41 in a direction parallel
to the Z-direction. It is noted however, that the invention also includes embodiments of a
scanning device, wherein the coil system of the linear motor is differently constructed. In
each embodiment, however, the coil system must comprise winding portions which are

30  directed substantially perpendicularly to the directions of magnetization of the magnets and
perpendicularly to the straight guide, the control unit admitting an electric current to said
winding portions and controlling said current if said winding portions are situated in said
magnetic transition field between two magnets having opposite directions of magnetization.
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unit 13. |s not e h I nvention al so conpri ses scannrng devi ces
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carriers, far ch&ﬁ:ljg Sfnled 30 LC
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41 of the ljiReadh AR BlpAsts SCink 3RS wikh S Sftakly be used to scan another type of

25  information carriers, for example magneto-optical information carriers or magnetic
information carriers.
Finally, it is noted that, in a scanning device in accordance with the invention,
the mutual positions of the two parts 39, 41 of the linear motor 29 can also be measured by
means of a different type of sensors. Said different type of sensors may be, for example,

30 optical sensors or inductive sensors.



means of a different type of sensors. Said different type of sensors may
be, for exanple, 30 optical sensors or inductive sensors. WO 02/19324
. PCT/ EPOL/ O%'9d0/19334+ CLAIMS: 1. A scanning device for sca';mi,w”asgg(i sc- shaped
i nformation carrier, which scanning device is provided wth a tabl e which
can be rotated about an axis of rotati ot and on which an information
carrier CV\EABﬁSpl aced, and with a scanning unit, and a |inear notor by
nmeans of I'Ch the scanning unit can be displaced with respect to the table
predom nantly in 5 a radial direction, which linear notor is provided with
a first and a second part which are displaceably guided wth respect to
each other by neans of a straight guide, the first part being provided
with pairs of magnets havi ng opposite directions of magnetization directed
substantially perpendicularly to the guide, and the second part being

provided with an elaeghilifs o r%)ﬁ?fn& M?F@d Neloll : § ANS
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2. A scanning device as claimed in claim 1, characterized in that the guide
comprises 2 single round shaft and at least one bushing provided around said shaft.

20 3. A scanning device as claimed in claim 1, characterized in that the linear motor
comprises a sensor for measuring a mutual position of the two parts of the linear motor in a
direction parallel to the directions of magnetization, and in that the control unit comprises a
control loop for adjusting a desired mutual position of the two parts by means of a signal

supplied by the sensor, which signal corresponds to a measured mutual position of the two
25 parts.

4, A scanning device as claimed in claim 2 and 3, characterized in that the

control unit uses the measured mutual position of the two parts of the linear motor to
determine a mutual inclination of the two patts about said shaft, while the control loop uses
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the neasured inclination to adjust a desired nmutual inclination of the two
parts about said shaft. 5. A scanning device as clainmed in claiml, ° ;
characterizgd doRodrfpat the coil system 5 conprises at le / gz(el ectric
coils, which eac% i nclude two parts having wi nding portions  extending

substant lally perpend| cularly to the dirkEctions of magnetization and

perpendlcularl e qui tch ubstantially correspgnds to a
pi tch bet wi¥ QF&@@%E *gﬁhg m@ﬁé“ﬁ%ﬂﬂgptgﬂﬁl 8é qut § d
nagnetizatmﬁn,belng present between the two parts of each coil, and a
pitch which is substantially equal to 2/3 or 4/3 tines the pitch 10 between
said two magnets being present between each pair of coils of said three

coils. 6.5A scanni Osddfihe Gevike as blaini¥a Gn ¢1Mint], dha¥Botetizad th that thLRNIAGd&A | z€d in

that the sensor conprises three Hall. sensors, which _each maasure t he
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magnet s bei n subst ant 1 al y const ant air of adjolning magnets of

each row hB r?é %ﬁ@&l@é@%@bﬁb%ﬂw&wﬂia%(ﬂﬁ 4/3ttﬁ7e352‘® Rl"ﬁb rows being
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magneti zation, at sone d| stance from each other eac alr “of
oppositely arranged magnets of the two rows having equal d| rections of

i rocti on Saral el foscpmbhd e opQiklodRFeyling's dfia 3 Unraliklelf eadth 00, |0 0
the two rmrsgmassesﬂarwidlw which wechmusasurtithe strengtthef agndgsetiofield 1| 11|
Liirkl lnlxglﬁeltﬁk ltroln! thé Ha&nets and present near, respectively, one of the three coils.
15 :
7. A scanning device as claimed in claim 1, characterized in that the first part of

the linear motor is provided with two rows of permanent magnets extending substantially
parallel to the guide, the pitch between said permanent magnets being substantially constant,
each pair of adjoining magnets of each row having opposite directions of magnetization, the

20  two rows being arranged, viewed in a direction parallel to the directions of magnetization, at
some distance from each other, and each pair of oppositely arranged magnets of the two rows
having equal directions of magnetization, and said winding portions of the coil system,
viewed in a direction parallel to the magnetization direction, being situated between the two
rows so as to be closer to one row than to the other row.

Iy



