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The invention relates to an information storage system conprising an
optical record carrier having a stack of information |ayers alternating

wi th spacer |ayers, and a device for scanning the information |ayers,
whi ch .demmepmhmnvjtdiagasy%at i on source and focusing nmeans
for selectively focusing a radiation beamfromthe radiation 5 source on
the separate information l.ayers and a focus servosystem The invention also

rel ates to a device for scanning information |ayers of an optical
record carrier, and to an opti cal ~record carrier having a plurality of
i nformation | ayers. _ A multi-layer record carrier
conprises a stack of information |ayers separated from one anot her by

spacer |layers, in which each-information |ayer may conprise 10 information.

- The large information ARG ' : r [rier | eases
its ~conveni ence o?hgse cganﬁgég%g&%i%ﬁg@%%%&ggég%ﬁc%mq@? d
_re]guces _tbpﬁqlal i'werd)éamle'behaving arwkd __Loﬁ.ipbmlad ﬁbllh layers ﬂfmmf %i\oiﬂhﬁpa&ﬂhyeﬁa@hd
information l.ayer can .be scanned .independent]ly. , . of the other |
0t or mat | SREYIEY Bir SRR SHC MATTTRPR (R, JHPIER dRviceissBrmuided Yh § redietore of
record Caggyr@ and ﬂicﬁﬁﬂ?tnié&ﬂs fot SeRRtiVEl %&mﬂgﬁ &d?dﬁdnrﬁaﬁﬁ%@%e'&aiﬁﬁmﬂur' ng
scanni ng and/or 15 1nTormation already witten can be read or erased. The
i nf or nfit i sour¢eagm the separatesinforimation layers and a focusrservosystemaThe iriveatiomdisatrelates

beam whi ch i g_i.nci.dent f.romone side on the recqQrd carrier. For .
scanni ng &r@%‘@ﬁ%b&t%ﬂ?&?r}%@ﬁmﬂ&%? g?amqgtx iT§PRTd capriery and to,aaioptical  of
the scanhieberd carrief Riing 8TRIiEYof fiforiiasibAtiiyafs, beam | s var ed. - The

I nformati on contents of the record carrier . may be further increased by

i mpl ementing the record owiti-layer tecord cannies icdmprisescastdcic of infermatidh lagéren a
stack of | ion |avers i.s present at. boi.h sides .of the record carri.er, -
and each %@@% %&n%ﬁ%&gmﬁ?m’amdw ﬁ‘f’gr@@‘ﬁl 1@9@8‘@ 1ayRr pay. gomprise
carri q0. ihfrnfutionOThé Mirpé iifbintition storaf@ XaPaRity Y slich Rre00rdlRErrRP iAcraadas liksat €
whi ch shoul d be transparent if the stack 1s Scanned
convenience of use compared to single-layer record carriers and reduces the price of the
medium per unit of information stored. Each information layer can be scanned independently

of the other information layers by means of a radiation beam. Dependent on the type of

r_ecord carrier, information can be written into an information layer during scanning and/or
15 information aiready written can be read or.erased. The information layers in a stack can be
scanned by means of a radiation bum which is incident from one side on the record carrier.
For ;canning the separate information layers, the height, or axial position, of the scanning
spot formed by the radiation beam is varied. The information contents of the record carrier
may be further increased by implementing the recofd carrier as a two-sided record carrier.
20 Then a stack of information layers is pfesent_ at both sides of the record carrier, and each
stack can be scanned from a diﬂ’e:gnt side of the record carrier. A stack of information
“layers may be prdVided ona substrafe_ which should be transparent if the s;aék is scanned
through the substrate. : o | o |
| _ o It is recommendable to maximize the number of information layers in
25 order to render the ihfo_rmaﬁon contents of a record carrier as large as possible, .thereby.
i'educing'the cost per unit of information. However, the number of information layers fitting
in a stack is limited by the maximum thickness of the stack on the one hand and by the
required minimal mutual distance of the information layers on the other hand. The minimum
mutual distance’ is dctermiﬁed by crosstalk of the information layers, i.e. the quality of



t hrough the substrate. .t is recommendable to
maxi mze‘ﬁgga@&?yer of information layers in 25 order to reeqaRethRss
information contents of a record carrier as |arge as possible, thereby
reduci ng the cost per unit of :information. However, :the nunber of
information layers fitting inastag is limted by the maxi num
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i nf or matHowevery some isystems of this typethaveras a drawbackthat thé tracking of ghe information
crosstalk 5 _between informtion signals r@gégagnti ng the information
stored ilaYersdY;the $FanRing,spat hag turned out to,he difficull; e Systens of this type

have as a drawback t N3 igl et b5 lh WBiES of e INVEMRGIPID Provide ar MfSiRatidh  he

scanni ng spot has turned out to

i s, i nt estorage systemokhich tcanfscarhthei information layery propedy and atithe sameitime has a
stor?gengsi ei’n i'\'hi ch can scan the information |ayers properly and at the
sane Vi nElYELI0P0PIER at i vel y | ow pri ce. According to a first aspect
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information layer. Notably, crosstalk between servo errorsignals may give rise to stringept

requirements for the minimum distance. In a focus servosystem, with which the device keeps
the scanning spot on the information layer to be scanned, the shape of the S-curve, i.e. the
20 response curve of the focus servosystem as a functioﬁ of the distance between the scanning
spot and the information layer, is influenced by a neighbouring information layer. This curve
- generally has a positive and a negative extreme, while the zero crossing in between is the
point towards which the servosystem controls the position. In accordance with the invention,
the thickness of each spacer layer in the stack must be at least 1.5 times the refractive index
25 n of the spacer layer multiplied by the peak-to-peak distance of the S-curve of the focus
servosystem. A thickness below said minimum value gives rise to a large crosstalk. The
minimism thickness of a spacer layer is approximately 18 n um for a focus servosystem with
a peak-to-peak distance of 12 um. A special focus servosystem designed for scanning multi-
layer record carriers has a peak-to-peak distance of 8 um, so that the minimum thickness of
30 the spacer layer is 12 n gm. The minimum thickness of the spacer layer provides a record
carrier with a high information density, or a low cost per unit of information, and
information layers that can properly be scanned.
In a preferred embodiment of the system, the thickness of the spacer layer
is smaller than 4 times the refractive index of the spacer layer multiplied by the peak-to-peak -




t'he scanni ng spot on the information | ayer to be scanned, the shape of the
S-curve, |iwdogigggr720 response curve of the focus servosyst epgpigeginggdfct i on
of the distance between the scanning spot and the information |ayer,
i's influenced by a neighbouring information layer. This curve

generally has a positive and a negative eXtrene, while the zero crossing in
between is the poi nt towards which the servosystemcontrols the
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In a preferred enbodi nent of the system the thickness of the spacer |ayer

i s snal | ¢ompeasator for eempensating theasphericaliabemation inchered hyctbe radigtion beant bpthieed
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The t hi cKivsempensatos for eashinfogmation layer. A dspwhaskiofithis| knowni information storage
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syst el cdfrost ofthe recard carries per aniti of jnformatiomis s coynteracted by arelatively

| ayer rece%&sﬁfé@ckﬁfin -ngicge\’i ce is provided with an adjustabl e spherical
aberration conpensator for conpensating the spherical aberration

incurred by the radi-at Accoringrroahie sévond aspect of the invention, the information storage
system is characterized in that the focusing means introduce such a fixed, stack-associated
spherical aberration in the radiation beam that this aberration compensates the sphérical
20 aberration incurred by the radiation beam when it is focused at approximately half the height
of the stack of information layers. o

| The second aspect is based on the recognition that a stack of information

layers can be scanned by a satisfactorily corrected scanning spot, while using a single,
constant and suitably chosen spherical aberration compensation. Since the spherical

25 aberration is not compensated anymore for each information layer individually as in the
known system, the focusing means can be made simpler, reducing the cost of the scanning
device."The spherical aberration incurred by a focused radiation beam as a function of the
thickness of the material through which the beam passes appears to be sufficiently small for a
reasonably large range of thicknesses, which range is located symmetrically around the

30 thickness for which the radiation beam is well compensated. By compensating the radiation
beam in such a way that the scanning spot is substantially free from spherical aberration at
approximately half the height of the stack, it is possible to scan information layers located
within said range at both sides of this half height with a sufficiently low spherical aberration.
This provides the possibility of scanning a stack of information layers by means of a
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B The size of the range of sufficiently small spherical aberration within
which information layers can still be scanned with a sufficient quality is determined by the
admissible deterioration of the quality of the scanning spot, as-determined by the scanning
20  device. The deterioration leads to a less satisfactory detection of electric signals derived from
the radiation coming from the record carrier. The deterioration which is maximally
admissible for a specific information storage system may be expressed in terms of the Strehl
intensity of the scanning spot. The Strehl intensity is the normalized maximum intensity of
the radiation distribution of the scanning spot. If there are no aberrations, the Strehl intensity
- 25 is 1, and for large aberrations the Strehl intensity goes towards 0. If the maximally -
' admissible decrease of the Strehl intensity due to spherical aberration is given by r, the size
of the range depends on r and the maximum thickness of the stack preferably depends also
onr. | o | | |
| The thickness of the stack is preferably smaller than the value 2d defined
30 by the equation

o = 34 nINr
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scanni ng beam whi ch i s conpensated once for spherical aberration. A device
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- The invention also relates to a device for scanning information layers of
an optical record carrier, which device is provided with a radiation source; focusing means
for selectively focusing a radiation beam from the radiation source to a scanning spot on
separate information layers, and a servosystem for controlling the position of the scanning
spot, comprising a detection systém having a radiation-sensitive surface. Currently unscanned

25 information layers yield a relatively large defocused, parasitic radiation spot on the radiation-
sensitive surface, causing crosstalk. The servosystem for controlling the axial position of the
scanning spot, i.e. the focus servosystem, will be affected by the crosstalk. To minimize the
crosstalk on the focus erroi'signal, the radiation-sensitive surface of the focus detection
system should be small. According to the invention, the device is therefore characterized in

30" that the radiation-sensitive surface has a largest dimension smaller than 3 times the diameter
of the radiation spot formed on the radiation-sensitive surface by radiation from the record
carrier when the radiation beam is optimally focused on the information layer to be scanned.
However, the radiation-sensitive surface should have a certain minimum dimension to enable
it to generate a satisfactory focus errorsignal. Therefore, the minimum dimension is
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t120 need only operate when the scanning spot is focused on the information layer, thereby

producing a relatively small spot on the detection system, whereas the focus servosystem
must operate also when the scanning spot is not properly focused on the information layer,
thereby producing a spot larger than the in-focus spot. Such a device is particularly suitable
for integration in a storage system according to the first and second aspect of the invention.

25 Some types of the scanning device are provided with dividing means
located in the optical path between the radiation source and the focusing means for
generafing two servobeams and one main beam from the radiation beam, the two servobeams
being used for generéting a tracking errorslgna.l According to the invention, crosstalk of -
tracking errorsignals can be reduced in such a device by choosing the power in the main

30 beam to be smaller than six times, and preferably four times, the power in each of the
servobeams. The crosstalk appears to be caused by parasitic radiation of the main beam
reflected by an information layer which is not to be scanned currently and is incident on the
servodetection system. In the device according to the invention the amount of radiation in the
servobeams is larger than the amount of parasitic radiation of the main beam at the location
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realised wt h such a focus detecti on system maxIi mum di mensi on of
t he radi #EPBA Mméam,fwb@hummqusyuw toxbereead| by means oft @ focused

twce th 4 ossible . .to use a

det ect i o%a% em w ?h!p?% Eﬁgﬂpg%bﬁg}c?fmop #io EER’SF‘?’HU@ ©UPe ace
whi | e ﬁedhvehﬂohh&eahcmﬂ cirriernisichmracterieed irf At the distance?2d Bétivasy 'tHEthghest and
di aphragm in the radiation beam restricting the extent of the radration

i-nci dent lowest information Jayer iscssmaller $hansur f ace- The resul ting reduction of the

crossi@l k bet ween the focus errorsignals nmakes it possible to reduce
the m ni mum di st ance between the - information |ayers. 10

General ly, a device for 153nnmng record carriers is provided with a
tracki ng servosyst géh+# | t he scanning spot of the radiation beam t o
scan information Nﬁ?elXNhggks in which the stored information is
arranged. Such a servosystemw || alsa be:i . . influenced by crosstal k due
to currently unscanned information layers" Si tuat ed proximate to  the

scanni ng spot: To minimze this influence, the radiation-sensitive surface

of the trmmannwu@fembnwmbm@m&rn%ﬂ nezsufemwmswa ﬂﬁthhe

smal ler than 3 tines the dianeter of - radi ation spot on

t r acki ng faeused rradiation, beams NAcis thhaumgncdtapenumrﬂae foansed radiationf hﬂamsmﬂ ris
o0, o0Fs 010,08 Th¢ AL e oo WD S B8 b AR LR e
M ni mum \beaneini vachoMSucht ) fseoid 1 Cartiep ¢n be scanned by a relatively cheap scanning device,
thereby reducmg the cost of the information storage system. .
A system in which stnngent requlrements are unposed on the quality of
the scanning spot requires a record carrier in whxch the height of the stack is smaller than
20  has been indicated in the previous paragraph. According to the invention, such a record
carrier is characterized in that the value of r is 0.01.

The invention will now be descnbed in greater detall by way of example
25 with reference to the accompanying drawings in whlch |
Flgure 1 shows an optical mformauon storage system accordmg to the
mvenuon, compnsmg a record carrier and a scannmg device;
Figure 2 shows the three detectlon systems of the dev1ce,
| Figure 3 shows the position of three spots on an information layer;
30 | Figure 4 shows the focus errorsxgnal as a function of the axial
displacement of the scanning spot and '

. Figure 5 shows a record carrier scanned through a substrate.



nmentioned m ni mum val ue for the focus detection system because the

t racki na,(ﬁ%{o ystem 20 need only operate when the scan 8‘91]?)9}366455

f ocused on € information | ayer, thereby produci ng a relatively small
spot on the detection system whereas the focus servosystem nmust
operate al so when the scanni ng spot i s8not properly focused on the

i nformation | ayer, t hereby producing a spot larger than the in-focus

spot . Identicabreferenescnymengls:ini the ivarioys Eiguresirefer to the same compopeats.on in a
storage system according to the first and second aspect of the invention.

25 : Some types of the scanning device are provided with
di vi di ng neans | ocated in the optical path between the radiation
source and the focugjng neans for generating two servobeans and one
mai n beam fromthe E‘&&?‘a! i’gﬂwﬁéﬁﬁl’n@ﬂéﬂg’mﬂ@? §tomggrhystem accerdingytauthed f or
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tines, fhe power in.eac t he ..servobeans. The crosstal k_appears to
be ca&%‘fgﬁnﬁg‘”}) Fefiects at least pat, of radiation incident-opyit, whereas dayess é@ggyi an
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t he artracks 8ofhichdreapérpendiculahto the planecofithe drawing sandairgivatédhenly fove anount  of

It | at i f. the, mai he | ' : 427
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the T Fpdte) BEWReR of i W BEAA. OFtie RAdAbIEC afel fidy MbriHHsE Difs & RS G enel 1 S
reduces the I nfluence of the parasitic radration a t hus e

cr osstirformationclayes/and areas withaa seflectivity epadinection of miagastizason different from

The invention furth rel at 0 an optical rec carri.er having a

ol ur o e sustnciigey The sisfi e Simbiites aceatee i fosieeiiag ponfaitben
carri edyersMTHe dévideOcommprises al radiation Séutce 11, W&P&Q o RREY, geAdatigg aWhi ch
record carrier is suitable to be read by nmeans of a focused radiation

bekdn sadiatign heam 12; Acbeaspsplitter 3, forcexamplea patiabyrtsansparant mirror, dends the t he
i nvention, r 1 I | S. racterized in that the distance 2d
bet v DR igvts BERNGE il B, fof bl 3h sbidBie bipe Plct Bfusts BEPRI B
scanning spot 15 on one of the information layers 3, 4 or 5. Part of the radiation reflected by
the information layer is 'transr'nitted toa d’eteétion_ system 16 via objective lens 14 and beam

splitter 13. When record carrier 1 is moved with respect to scanning spot 15, in the plane of

20  the information layers, the scanning spot will scan a track on one of the information layers.
The radiation beam reflected By the i‘nforma_tiori layér will be modulated by information
stored in the information layei', ‘which m'odulaﬁdh can be detected by detection system 16.
The detection system and an electronic processing circuit 17 convert the modulation in an
electric information signal S;, representing the information read from the record carrier.

25 Scanning spot 15 may be positioned on a different information layer by changing the position
of the spot élon'g.the optical axis of objeétiw)e lens 14; for instance bj changing the axial |
position of the objective lens or by changiri'g the position of all the optical components of the
device, i.e the radiation source, beam splittér, bbjective lehs and detection system.

_ Device 10 is provided with a 'focus.servosyst'em in order to keep scanning

30 spot 15 properly focused on an information layer duriné mOVeni'ent of the layer with respect
to the spot. A focus errorsignal S, i.e. a signal representing the axial distance between the
scanning spot and an information layer, may be obtained by the so-called astigmatic method,
known from United States Patent no. 4,023,033. To this etid 'alradiétibn-sensitivé surface of
detection system 16 is divided into four quadrants 16a, 16b, 16¢ and 16d, as shown in Figure

2



10 [err] in which nis the refractive index of the spacer |ayers,
err] is m wavel engt h of the focused radi ation d}i@,ﬁ' s the
Elumeri cal t‘gggi{’ urgg of the focused radiation beamand r is 1@@%’% e
numerical aperture of a beamis equal to the sine of the half apex angle of
t he beam in vacuo. Such a record carr@er can be scanned by a relatively
cheap scanning device, ~~  thereby reducing the cost of the information
storage Sy Sachnquadrant being connected to processingssieauitni 7. rinfoinatiors sighaig®: ray be

require sed¥rm' 10 i fo. .1 scanni n ot requires a
record gg?{“?er irrliniii\ig?cﬁ %Re i&l&kﬁ%ﬂ#ﬂgpﬁ{*@eﬁw 5’5"‘&&&??‘3?'8( %ﬁﬁaéﬁo as
been i ndidetettich ofrtherfecys exvoro devipe 10 dh@gduces astiphhitisth inthé Fediatoieincideht osuch
a record .carri characterized in that the value of r is 0.01.

The i nveiiFieeilpwxs'-ie%iiéﬁisf?é 1pglance; by-means of heamesplifter 431 Apyp aragequencs, Ahg shapes

wi th ref gf aech i Y ' ' , - '

Fi gure5 16fs.howsd;aa(r§°g3§|°§§fai n% or ngt [ g{]fﬁé"f{cor S*ég%\ﬁés}icg%“é’é&er t(;ochaefrgrtbﬁtéveen

i nvent i oshapesdBy 12iand 20 asdndicated an Figure 2nfibr a ngd spotcheiove ehe information
Figure 2.shows the three detection syste of t eyi ce; .

i ur 6 3 1RoviD RS G erintringion fabes 450, 3hvecHhe SRFormmatin. avero fespagtively.dEpcus
Figure 4 £signal AYBES i Bﬂhjg sng' T sondi | -

di gpl acer?‘gﬁt of t éﬁscan%ﬁ‘gas oi:‘ih an Bihe gwo%&aeqlﬁa@sgﬁrtg%su%om

a recor dsigaalsiand formingeaddifference sigaalsofithe two sum signals. Focus erOrsigiial 84 &7used
PCT/ '1%95/39 91%{1? for a focus servo circuit 21 which comprising servo electronics. The output of
circuit 21 is used to control a linear motor 22 which can change the axial position of

~objective lens 14, thereby influencing the focus error.

Device 10 is also provided with a radial servosystem in order to keep
scanning spot 15 on a track of an information layer. A radial errorsignal S, i.e. a signal
15 representing the distance between the centre of scanning spot 15 and the centre line of a
track 8 to be scanned, may be obtained by the so-called two-beam method, known from, for
example, United States Patent no. 3,876,842, To this end device 10 is provided with dividing
means, for instance a grating 23, positioned in radiation beam 12. The grating splits beam 12
- into a +1%, -1 and O™-order beam, i.e. a first tracking beam 24, a second tracking beam 25
20 and a main beam 26. For the sake of clarity only the full paths of the first tracking beam and
of the main beam are shown. The two tracking beams and the main beam are focused into
three spots on the information layer to be scanned by the objective system 14, i.e.
information layer 3 for the situation given in Figure 1. The shift in Figure 1 between the
position of first tracking beam 24 and main beam 26 at the location of objective lens 14 has
25 been exaggerated for the sake of clarity. Figure 3 shows the positions of the three spots
formed on information layer 3 for the case where there are no radial tracking errors. The
track pitch or track period is equal to g. Track 27 is the track which the scanning spot must
follow at the moment. The first and second tracking beams form tracking spot 28 and
tracking spot 29, respectively. Scanning spot 15 formed by the main beam 26 is located on
30 track 27. If there is no tracking error, as in Figure 2, the distance between a tracking spot
and.the centre line of the track 27 is equal to xy. The value of xy depends on the way in
which a radial tracking errorsignal is derived from the radiation in the 't'racking‘beams.
Common values are q/4, /2 and 3q/4. As is shown in Figure 1, the radiation of the two
tracking beams 24 and 25 reflected by the information layer is transmitted to detection
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20  z-position different from.the position of zero-crossing 38. Scanning spot 15 will then not be
located at information layer 3, but at a position intermediate between information layers 3

and 4. The offset can be avoided by increasing the spacing between information layers 3 and
4, i.e. by increasing the distance between S-curves 35 and 39. The proximity of the S-curves
also causes asymmetry in the shape of the curves, which might result in capturing problems

25 of the focus servosystem. The spacing between the S-curves must preferably be taken as at
least 4 times the peak-to-peak -distance'sp of an S-curve to avoid said offset and asymmetry.
The related minimum distance between the information layers is 4 n Sps with n the refractive
index of spacer layer 6 between the two information layers. The maximum distance is
preferably 8 n S, in order to a high information density of the record carrier.

30 In an embodiment of the device according to the invention thé minimum
distance between the information layers may be reduced by reducing the crosstalk of the
focus errorsignals. The crosstalk is due to radiation from currently unscanned information
planes and incident on detection system 16, as has been explained in the previous paragraph. |

~ Since the currently unscanned information planes do not lie in the plane of the scanning spot




to the spot. A focus errorsignal 'S[err]', i.e. a signal representing the
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States Patent no. 4,023,033. To this end a radi ati on-sensitive surface of
detection system 16 is divided into four lqhadrants 16a, 16b, 16c¢ and 16d,

as shown in Figure WD 96/ 06427
pCT/ | B95/ Hdhe radnatxon from these planes will not be in focus on detection system 16, and therefore
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diameter of the circle enclosing 90% of the energy of the spot.

20 , The effect of the small detection system 16 on the S-curves is indicated by
the broken lines in Figure 4. The total width of each S-curve is reduced to less than twice
the length of S, and thereby aiso the crosstalk of S-curve 39 on S-curve 35. The minimum
distance of information layers can now be reduced to 1.5 n S,. The maximum distance is -

| preferably 3 n Sp. A preferred distance within the range is 2 n S,. When the peak-to-peak

25 distance is equal to 12 um and the refractive index of the spacer layers is 1.56, the thickness
of the spacer layer is preferably between 28 um and 56 um, with a preferred value of 37
pm. A focus servosystem specially designed for scanning multi-layer record carriers has a
peak-to-peak distance of 8 um. This is achieved by increasing the numerical aperture of the
radiation beam incident on detection system 16 and introducing an appropriate mount of

30 astigmatism in this beam. Said 8 xm peak-to-peak distance and a refractive index of 1.56
give a preferred thickness range from 19 gm to 37 um. A small focus offset due to crosstalk

D

at the lower end of the ranges may be compensated by an electronic offset. The value of the
electronic offset preferably depends on the thickness of the spacer layers and the reflectivity
of the information layers.



three spots on the information |layer to be scanned by the objective system
14, i Ll nformation |ayer 3 for the situation given. in Fi@ure 1. The
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shift S\(}Oﬁ/&ﬁdﬁe 1 between the position of first tramﬂag% 88 24 and

mai n beam 26 at the | ocation of objective |lens 14 has 25 been exaggerat ed
for the sake of clarity. Figure 3 shol@ the positions of the three spots
formed on information |ayer 3 for the case where there are no radi al
tracking errors. TiAdthough the abave discussion is based opar foods servesystein dceoedind ™ ack
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syst ens and 31, respectively, via objective lens 14 and beam splitter
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optimally focused on an information layer. A radiation-sensitive surfaces split by a dividing
~ line is regarded as a single surface for determining its length. |
20 , - Radiation of the main beam 26 reflected off currently unscanned
information layers forms a radiation spot centred on detection system 16. Depending on the
thickness of the spacer layers which determines the size of the spot, radiation of the spot
might fall on detection systems 30 and 31. Since the intensity of the main beam is generally
substantially greater than the intensity of the tracking beams, the crosstalk of radiation from
25 the main beam on the radial errorsignal may be considerable. The crosstalk is reduced
according to the invention by choosing the power in the main beam to be smaller than six
times tlie power in each of the tracking beams. The reduced power in the main beam is

sufficient to write and erase information in most types of information layers.

*

&

- The above two: measures for reducing crosstalk between radial errorsignals
30 " are independent of the method used to generate the radial errorsignal. Exémples of methods
-in which one or two of the above measures can be applied are the one-beam push-pull '
method as disclosed in United States Patent no. 4,057,833, the two-beam push-pull method
as disclosed in European Patent Application no. 0 201 603 and the three-beam method as
disclosed in United States Patent no. 3,376,842. : |




Zero-crossing 38, the scanning spot is in the plane of information |ayer 3.
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syst em 16An &qualamsi:syerandmgm‘mdm;ht dewiation ehuscgme pbmnghasﬂme reductxéil ircqudling

currengl .1.nf.0 on anes o not li.e t he ane, of th

S cann?% ygf;tg ion s1gna§3-f§87q,8h a range of thi'c esses Jth only a small
PCT/ | B95/ x@ﬂﬁ&ﬁm of the q uaht%y of the mformauon which ran ge is located éymmetncaﬁ}
15, the radiation fromthese pl anes WI| not e |n ocus on detection

syst em 1@Garoumd therﬂmk!leﬂs(ior whxchf the rradianm beany i3 gompengaed.a'ﬁhaement ofithe ranpetise

radi ation e surface i on

 adi at i ordSERER %‘1 ¥, the jnigasin, ag'&' Qg W@%ﬂg@aﬁl Sy {S’SHH&‘EEYW systemy Ths
extent can also be expressed in terms of the maximally permissible decrease r of the Strehl

20 intensity due to spherical aberration. In general the designer of a scanning device will have a

tolerance budget for the decrease of the Strehl intensity due to all optical aberrations. Part of
the budget will be allocated to a decrease caused by sphencal aberration. This part
determines the extent of said range.

According to the invention stack 2 of information layers is located within
25 the range of thicknesses with a permissible reduction of the quality of the information signal.
When the height of the outermost information layers of the stack is within the range of
thicknesses, all i_nfortnation layers can be scanned with a well corrected scanning spot. In
order to make optimum use of the range, such an amount of spherical aberration is
introduced in the main beam that the Scanning spot is substantially free from spherical
30 aberration at approxlmately half the height of the stack. If the extent of the range, i.e. the
maximum thickness of stack 2, is represented by 2d, then

ad = 340N
(n%-1)(N4)*



rectangle of elenment 16 in Figure 2. In an enbodi nent of the device

accor diypg ofPesane S invention the size of the radiation- Ry urface

i s made sma &IPT er than in conventional devi ces. The | %é’(:{ﬁ nsi on of

the radiation-sensitive surface is preferably smaller than 3 tinmes the

di ameter of the radiation spot formed ¥n the surface when the radiation

beamis - ;)tl mal | y. focused on the information |ayer. Then the influence
n

of radf Mhichn a3 the refractive iadex of thej spaesriayersinh Ilsasf&r‘éacuunrwﬂ\aiengﬂi of taenl |
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part

r adi ) and 20 in Figure 2 to fall outside
]Ehe rgﬂrat n“@eI ?Wé §eﬁsﬁge€thetmke¢kfynm'aeméaypﬁeof the systemrdan h¢cupf E he
1
p 1S 15219 1. A infEfmifon lars if e R o wen U scamiel o BlSEMAMINE' o7 e

r adl asuﬁmenﬂyisbrrmed scmﬁmgeslm Ifithe devite ha@hpeahtd—bakrdmﬂﬁcém theScudrv® and

3 tine he d| mater af ae19 . A spo ter [err]mresults.
h o G A5 spiiafes giseneh P the Pbramasion layers of 32 e Wen b
[ err] gtacil legn mmndﬁ%maggn#%}&dadl ation-spot is.the dianmeter of the
so-called circle of least confuUslion when using the astigmatic focusing

(rjret hod. For other rEllﬂumtS drmr&ormw?letaﬁﬁtmprkmgq?m‘taﬂsmdu?ubsmte 41,

[ [ encl osin 0 e rgy. Q e spo
THY e SBOBHaN & i SHE B LARARCS Rep 4 R Bk Tinpeati 6. Feidemcandcansd by
t he beiekethier 86 Statk 2Fdowrﬁsu€g nfdtendtiohdhyesé 91 4 c@?@gﬂﬁ: lﬁa.ﬁ\;%éémisscoﬂ'&gfé ed

| ess than tw ce the |en th of S[err], e crosstal
of S- &arrthe spherical abermtios iptroduded by . suhstrate havmg amamml chickmeisp amhby dalf

e B R B oy T el BBy ARG e, .
When t&bsuaaaiedhmmhnaiﬁnuﬂltﬁickﬂsﬁ ofthe aidst. Fer thé abeve lemrﬁrénhaerr@im ctive
|n(§ex of the spacer Iayers S t he thickness of the spacer |ayer
ddprd mmeaﬁe ﬁsszfsemcﬁ]qﬁmd‘m@f[t&sqhsmmd:arqunmmxm:mﬁ of 37
Fecor o U6 REHE GEEabatGE, (R Hileliioh WRkERTH b suBE A BpRl o g T2

achi evidd sy115ame Thisgadlh camcotitain thteednstedd 6w infbienation layersli AhdtRér beam
I nci dent @Fno?et ection system 16 and jntroduci ng an appropriate nount of 30

ast i gFEam A System accardingsto ﬁ‘eaﬂfmrﬂ"}ﬂb alregasd sarriercAssshawodn figurg 5,

f e om 19
[or ] eickeaysfBbls 18 sbicth for spiliitR) Speplabf ¥ pdyalofR Sk N L 63530,
| @fer nendl .56, NAe=r QJSQQS )8 jom, ¢ CR1020E ahdd thickness @blefinte of Qhe0§ufb§@ite ofhe
Poni ¢ of f set prefer ends aon the thickness of

val ue bly de
t he sﬁ§ qli'é raRgs cthey equal % m@thermwmm B’ACK"SM sthe
stack of the record carrier is 78 - 40 = 38 um. The optimum spacing 2 n S, of the

information layers in the stack is equal to 25 um. Therefore, the stack can contain two
mformanon layers. To further reduce the crosstalk due to the proximity of the layers, the

25 spacmg may be increased to 38 um without affecting the maximum amount of information to
be stored in the record carrier. The information layers of such a record carrier may be

scanned by a device with a single, fixed compensation of the spherical aberration.
The refractive index of one or more spacer layers may be equal to one,

i.e. the spacer is an air layer. As an example, spacer layer 6 in Figure 5 may havea ~

30 refractive index of one. The record carrier 40 then comprises substrate 42 with information
layer 3 being a, for instance, embossed surface of the substrate, and information layers 4 and
5 being two surfaces of a plate forming spacer layer 7. The plate and the substrate are kept
at the required distance by means of spacer rings, which are not shown in the Figure. From
the above formula it is clear that the air spacer does not contribute to the spherical

F
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- Al'though the above discussion is based on a focus servosystem accortaj%ﬁg

to the astigmatic nethod, the invention is_not limted to this nethod. It
can be used in each system corrpri Si ngsa focus servosystem having an

S-curve. §C§fa ) ﬁh selr vosyst are disclosed in United States
Pat ent no® ey'%g 6 fhaxieum m%ﬁmﬁhﬁﬂél@@gﬂ%tmﬂv sug afithej value of

Japanese Pae Silcdiakl 6! e 6P idd Tre absidfhakk S Beagt M 7 IR o

el ongate Foucault detector I VI de sur
d| mensi onﬂmlmmeofrtamsmqemhyer 6, m@a&bylthetdemﬁwm e tiknesscofakie siisstrate if

over al | rreas endicular to jts di vi di ng
M per | "hébelka). Repideidd s SBS R BVES b b i laver-ineieata bt RessiblamRBIer 8o s
cl ose 50 infernmation layegs &the s&kaﬁysend:auses crosstalk in the radial
errorsignal Sr, which arises _in about the sane way as the crosstalk in

the focus errorsignal & therrpfracting indexoof the substrateuts notaaqluahty tbeaoﬁ;thﬁzspaﬁ

reflected nfor n.| ive.a

r easonabl y ﬁéﬁ?&%%ﬁéﬁ‘ sﬁlﬁ&@.ﬂﬁ@&dﬂ ﬁéﬁé‘?‘lf&a@/ %%?‘@?Fﬁd st
and 31. Ramtl tileiresulting reduttioh of e Steehi SMbhsityUna4 B2 DBrbetb® M HR'maximum

I ayers gives a relatively large radiation Spot on the detection systens.

The si ze Glmm reductinn dug tosspherieal aberration. :alnesnmaining resiuction carbthen deursed tais

far a po t of the radiation-sensitive
surfage o] eac th%hféﬁ 'ﬁ@gttg‘c??ﬁes% tlg% preferably ranges between 1
and 3 tines-the di anet a?hecrécdrae:ameilrﬂiy B8O pidvidedOowith Reveralr A4S d‘f%t@iﬁﬂat‘?&h a
tracking Peam mal |y focused on an information |ayer.

radi at i on@¥essfy ﬁ"?)’é"‘sﬁt.‘x’ﬂsﬁ%w&#ﬁ layers shawidibei prgvided with ﬁeaﬂjssm@gapllmbahs a

259, 2SR SR, 04 et s o .o gomosnsion o

i nf or mat i eachlstackrof layerss a radi ati on spot centred on detection system 16.
Dependicng on the i ckness of the spacer layers which determ nes the
si ze % the spot, radi Lﬁl‘e(gjéa fo a stac ny'WHW layarsqwith @tsingle

t 3
1 iy St S AL o

cr osst al kmisfimuaudistanoe of theninfirmatios layers) A decrease dffthe hiiflinfim Qistice iifctadsesay
be consi dgrabl e. Tpg,g? rosst k i S rﬁuce according to the i nvention
by choosi g 1"35 N @stark o4 certain thigkness. Hence, suchygs

t he POVer décPedl Ghcredsed 'ﬂﬂ-. M&ﬁiﬁhas deRétiPof iﬁ@%&%&ﬁ&kr%mﬁ 'nﬂmeP frai n beam
sufficient to wite and erase”information I n ? of
| nf or At | informagion Jayers that can be scanned with a single compensanbn It thereby provides a
high-density record carrier and a relatively low cost scanning device. However, the
application is not limited to the combination of the two features. As an example a system
using said first feature and not said second feature scans the record carrier with two radiation
beams. The scanning spot of a first beam is guided by an information layer, whereas the
25 position of the scanhing spot of a second beam is coupled to the first scanning spot and scans
one or more other information layers. Hence, there is no crosstalk between servo
* errorsignals, and the distance of the information layers can be reduced accordingly. The
height of the stack is limited by the spherical aberration incurred by the second beam
according to said first feature. An example of a system using said second feature and not said
30 first feature comprises a spherical aberration compensator providing a- separate compensation

for each information layer. The minimum distance between the information layers is

determined by the crosstalk on errorsignals for focus and/or tracking servo systéms, whereas

there is no requirement on the maximum height of the stack of information layers.



The above two neasu crosstal k- between radial errorsignals
30 ar ewuydmdentmm m"m mnmed to generate the rasfifipoSbseas Si gnal .

Exanpl es of nethods * whi ¢h ene or two of the above neasures can be
applied are the one- beam push pul | met hod as disclosed in United
States Patent no. 4,057,833, the two- b1e6am push-pul | et hod as

di scl ﬁ‘gmg Eur opean Patent Application no. 0 201 603 and the three-beam
met ho di sclosed in United States Patent no. 3,376,842.
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Spherical aberration incurred by main beam 26 in traverS|ng mat eri al of
record carrier 1 may be conpensated by introducing spherical aberration of
a different sign in the beam bjective lens 14 may function as
conpensat or by designing the | ens such that -1t introduces the anount

of spflerl cal aberratiqgn in the beamrequired for a certain height of 5
scannitng ‘spot 15 |nAFHEf°F@€Qﬁ'USt9%F systemomprisingods) optidal eedoed sairier having

from e EUSESR }ggg S 4 668 056). Wen the height
of thé scanni ng spot (!law #ﬁ'&m&t&wgﬁ *ght for which the spherical
aberration is cadnededéefor saihiuiig m%aﬁlforﬂﬁﬁeﬁmt\ﬂﬂch dev1c§&ﬁ§tb\rﬁé& with

aberratiQn.is introduced jn the main beam gives rise to reduced

qual i tion sourge and fogysing means far selectively musngnmwomMJWMe r of

Ao r cidiation S020E bh ¥nePSerlbifie MtornSfitA allta, i 2 LS SHI, | 0o g T
scanni ng spot s dharactevized iiv ¢hat e thicjatess/of mhgs?aceﬁeayeaﬁs anReasti It § times the ‘

di fferent .intensi dlstrl ution [n spite o hese different intensity
i st £ FeIERGR iidek, or' acey laver TRHpliedeby Hechenkto-pralcdiginare of therS-cuaeof but
t o depRnfbeld sdrlbsysiyfr se square val ue of the abberation. An equal
positive and negdtive height devi ation ‘thus give about the sane reduction
inquality 15 of mmmibfmanmtstongelsgm asHMtned it IGlaitm ¢ X chdracterizednige of

2 i b0 e SpRORF e iy smpllcr (Pam ALten e Teithotiye Hdcx of (e saaserc
thickwﬁmﬁpmwtﬁewwpakmcaﬂsaaruﬁszem%mm@gm % ﬁé@i@) nof the

range is detérm ned by the mninmumaquality of t si gnal
as reduired by the Aqsnfemamnestorage sgstemras claimed i Claim &>qrr2; charictenizedr ns

of t h?n HHat ltﬁm}'ochlRE rn;nws‘ ugé?% xtr'.d Osftacachaessosctiateél spherical aberration in the
radiation beam . that this aberration compensates the spherical aberration incurred by the
15 radiation beam when it is focused at approximately half the height of the stack of information
layers.

4. - An information storage system as claimed in Claim 1, 2 or 3,
characterized in that the thickness of the stack is smaller than a value 24 which is a function
of the refractive index of the material of the stack and of the numerical aperture of the

20 focusing means. _ .
S. . - An information storage system as claimed in Claim 4 characterized in that
the value 24 is also a function of the maximally admissible decrease of the Strehl intensity of
the scanning spot due to spherical aberration.

6. An information storage system as claimed in Claim 5, characterized in -
25 that the value 2d is defined by the equation '
ad = AW\
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Strehl intensity due to &ll°optical *ab&rrations. Part of t he budget
will be allocated to a decrease caused bylg.pheri cal aberration. This part
determ nes the extent of said range. According to

the i nti om: st | ti I lnSe | d_wi t hi St

of i cknit BB g sBpieJpdRR o6 B sBHceF oo, 5 S ovelgue o 09
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| ayers of the stack is within the range of thicknesses, all

i nf or mat i admissiple deczease |of the-Stweld dntensity duews sphedeal abematiersanni ng spot. In

order to ke optinmum : ; r J any. _ . spherica

aberrati oz?i S i nt %h@ﬁ%ﬂ%fﬁ%ﬁ%ﬁ%&]%gé@a n'innﬁfi@b(ﬁ'e fe§°rd
subst aist i sarrier icomprifescartrapsparenc albsiite Rdvixig ai entfarte fadePfor the bddidtionidan athe
hei ght of the, sta he extent of the range,. i m%m nmum

K., [If ( .i.e. the )
t hi ckness9B® s@in’c?a said stack 3t she other sidep gharacterized,iny that the thickness of the siagk is

96/ 06427 . . , _
PCT/ | B95/ Blalg%r than 24 minus the thickness tolerance of the substrate. 14

in which 8. : S thﬁ r}af rﬁtrdbviee famb:;nﬁhgﬁﬁfgmlgymwraa,o#&wﬂecbm &dliﬂer,
vacuum wavel ength of the .. radl atj on beam_and, Is the nunerjcal |
aper tur o NI B PrPvided with 3 Fadlaion SpurcE, faeasing fpeans for seleqtiyelyfgousing a

ara r ' frohithe 4 s&“.Fe— s‘gﬁf?— =.0 t hen
IC2)d :f’ﬂ;l%jg |errt}tﬁ1ﬁbﬁbﬁce, %hﬁeé%gﬁg%t 0 Saﬁgﬁest C T%?nlféﬁ?%%{a. %rﬁ’_ ay%rs of

t he syst eservesystemn cpmpfising a defestipe isystem havingi anfadiation+sensities surface nchidractafizedk
can then be _scanned. by the.device wth .sufficiently correcte

scanni ng é’bgla? %ﬁ ngwg%ﬂ'éw%@’% E—q?@gﬁéiéwemlg? éﬁﬂ'@e%'f‘a? Reires ey e

of 12 [er gldmetbr 6F thE radiaton oot Fortitd o' eadiafibnRemitive \Qirfabl By ﬁim&\ FRYE

of 37 [err]m then the stack can contain five I nformt ayers.
Figure 5 gtoord carriesowhen theradiationdBeann ispoptimally focusedromthednforsatien tayeetoibe
10 Thg substrate has on one side an entrance face 42 on which main beam 26
I S I ncide on the other side stack 2 conprising information

layers 3, g4 and 5. The AujelickQsEldimed ¥ CYhFS, providel Vit BRidiRE Mdaf@located in

aberration introduced by a substrate having a nom nal thickneSs and by half
the optical path between the radiation source and the focusing means for generating two
servobeams and one main beam from the radiation beam, characterized in that the power in
the main beam is smaller than six times the power in each of the servobeams.

20 10. An optical record carrier having a plurality of information layers at
different heights in the record ﬁrrier, which information layers are separated by spacer
layers, said record carrier being suitable to be read by means of a focused radiation beam
having a fixed spherical aberration compensation, characterized in that the distance between

the highest and lowest information layer is smaller than a value 24 defined by

25
ag = 34MN
(n2-1)(NA)*
in which n is the refractive index of the spacer layers, \ is the vacuum wavelength of the
focused radiation beam, NA is the numerical aperture of the focused radiation beam and r is
30 0.05.

11. An optical record carrier as claimed in Claim 10, characterized in that r is
0.01. '



- the thickness of ' wi | Onal spherical aberration due to
t hi cknewos/sarat i ammlf"mllﬂnlﬂwm;lbstrate reduces the npgiriBsEoobdsckness of
the stack. For the sabaverses 0f parameter values, 15 a peak-to-peak

t hi ckness tol erance of 100 [err] m of Ege substrate and a refractive index

of 1.56 . of the material of the suUbstrate, the maxi mumthickness of the
stacks4 s given hy 5 -. 100 = 115 Jerr]lm Jhis stack can:contajn three
i nst e%ii_d of five i p%‘é‘r?&&%ﬁwf’ggmﬂﬂﬁﬁ{a% n Ca‘@x'&ftﬂi’ ilfo'_f"ﬁ§h_s%¢§!¥’r#5
accorgltragspafent Sebstrauehiving aiiehtiarte’ A6 fd? thé ridiftiortBeatt) ﬁtﬂ.ﬁné §d€ aH¥ s5id°

whi ch s%ften1is | ess tolerant for spherical aberration, has paraneter

val ues$ack aithe otheg sidle, gharacterized-in) thatthedistance. tepwees| the HiighesBarjcclowest r =

0.01 ; AL of 40 [err]m The

exct ritRATASDA14YEP 55 Smafe R 20 Bl B B33 Tpleratoe af e AbSIFEe: rum

t hi ckness of the 'stack of the record carrier is 78 - 40 = 38 [err]m
The optimum spacing 2 n S[err] of the information |layers in the stack
is equal to 25 [err]m Therefore, the stack can contain two

information |layers. To further reduce the crosstalk due to the proximty of
the layers, the 25 spacing may be increased to 38 [err]mw thout affecting
the maxi mum anount of information to . be stored in the record carrier.
The information | ayers of such a record carrier may be scanned by a
device with a single, fixed conpensation of the spherical aberration.

The refractive index of one or nore spacer |ayers may be equal to one, .
i.e. the spacer is an air layer. As an exanple, spacer layer 6 in Figure 5
may- have a 30 refractive index of one. The record carrier 40 then . . -
conprises substrate 42 with information | ayer 3 being a, for instanc‘
enbossed surface of - the substrate, and information | ayers 4 and 5
being two surfaces of a plate form ng spacer layer 7. The plate and the

substrate are kept at the required di stance by neans of spacer rings,
whi ch are not -shown-in the Figure. From the above formula it is clear
that the air spacer does not contribute to the spherical WO
96/ 06427 _

PCT/ | B95/ 00648 o - _ . . 15
aberration. Hence, the naximumthickness of stack 2 is then equal ‘to the
sum of the val ue of 2d as calculated fromthe fornula using the
refractive index of spacer |ayer 7 and the t hi ckness of the spacer

| ayer 6, reduced by the tolerance on the thickness of the substrate if




nbcessary Repl acing a solid spacer layer by an air |ayer increases the
possi bl e nwibegnet7 S information layers in the stack by onepcrapesioosds

I.f the refractive index of the substrate is not equal to that of the spacer
Iayers t he maxi num addi ti onal spherical aberration of the substrate nust
be cal cul ated first and the resulting reduction of the Streh

intensity nmust be subtracted fromthe mﬁzzru al | oned reduction due to
spherical aberration. The remaining red on can then be used to 10

cal cul ate the maxi num t hi ckness of the stack. The
record carrier may be provided with several stacks of |nfor tion

| ayers. A device for scanning these |ayers s?puld be prowv ﬂ'mnth an

adj ust abl e spheri cal aberration conpensator mhlch nsat or .
requires only one setting of _the conpensation for ack of

| ayers. 15 - The featyre gf: ;pannln

information layers wwth a single sppe rl\ I npensatlon may
be advant ageously conbined with t F% /urg of\the i mum di st ance of

the information |ayers. A decrease of fhe nlnunldlstance i ncreases

the nunber of information |ayers that/fit/sin\a stack of a certain

t hi ckness. Hence, such a decreage iNcreages \he i nformation density of
the record carrier and the nugper of 2Q infor\a tlan | ayers that can be

scanned with a singl gaQnmpensati on/ e Rr ovindes a hi gh-density
record carrier an@2sa}rellti velayptodw ¢Ost scannina ey ce. However, the
application is not || mtjed {0 co%blnatlon of wo features. As an
exanpl e a system 051 ng sald T3 e and ndt sai d second feature
scans the record carrlidr with two radlatlon beafrs. The scanni ng spot
of a first beam ig—gdi dee~Ry anll , Whereas the 25 position
of the scanning gpot of a dgecond his coupled to, the firsﬂﬂscanning spot
and scans one or nor e {ot her formati on | ayerd. Hence, there is no
crosstal k between| servo errorgigpals, and rmydistance of the

information layeris can be feduced agcprdingly.
is limted by thg spherical aberﬁ

according to said first fegture.¥WAn
feature and not slaid 30 fiJrst feat
conpensator provilding a sgparate co 3
| ayer. The m ni mym di stancq¢ between t\he i :
determ ned by theg crosstallf on errorsj == d/ or tracking servo
systens, whereag ' th{j'sazno reqt n’t’he maxXi num hei ght of the

S.
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16 Gy 9ha6427 1. An i nformati on sdRfEeGecag st em
conprising an optical record carrier having " a stack of information

| ayers alternating with spacer |ayers, and a device for
scanning the information |ayers, which device is provided with a

radi ati on source and focusi ng neans foazfzgectively focusing a radiation
beamfromthe 5 radiation source on t ﬁﬁate information |ayers, and a

focus servosystem charact erifzed in that the thickness of
each spacer | af 30t 1. 5lbay - ef ractd t he
spacer | ayer ltipliedJy the peak- qmance of tHe S-curve jof

t he focus servpsystem - 2. gi nformatign storage fsystem

the thiclness of the
clive indexjof the spdcer

I
spacer layer ip smaller fthan 4 tipeq t

| ayer multipli t he Jpeak-t o- ~di stlanceoldtt he S-cudve of the ffocus
servosystem : nintormation storage systemas clainmed
in Cdaiml or 2, characterized in that the focusing nt r oduce
such a fixed, stack-associated spherical aberration in F:E iz radi ati on

beam that this aberration conpensates the spherical aberration incurred by

the 15 radiation beamwhen it is focused at approximately half the height

of the stack of information | ayers. 4. An

i nformati on stordge system3fs aimed in daim1l, 2 or 3, characterized
%S shaller than a value 2d which is a

function 03

ex\of the material of the stack and of
t he- nunerical 4pgrtur ocuti ng neans. 5. An
information storage sys '
the value 2d i §f iAn pf the\maxi mally adm ssible decrease of the
Strehl intensityu
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(54) Title: MULTI-LAYER INFORMATION STORAGE SYSTEM
(57) Abstract

An information storage system is described comprising an optical
multi-layer record carrier (1) and a device (10) for scanning the layers (3,
4, 5) with a scanning spot (15) formed by a radiation beam (12), The
radiation beam is compensated for spherical aberration for a single height
of the scanning spot within the stack (2) of layers. The height of the stack is
determined by the maximum spherical aberration admissible for the system.
The number of layers in the stack is determined by the minimum distance
between layers, which depends on the crosstalk on servo errorsignals due
to currently unscanned layers.
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| ayers, said record carrier being suitable to be read by neans of a focused ¢ -
radi ati on beam having a fixed spherical aberration conpensation,
characterized-in that the distance between t he hi ghest and | owest
information layer is smaller than a value 2d defined by 25 [err]

in which [err] is the refractive index of the spacer |ayers, [err] is the
vacuum wavel ength of the focused radi ati on beam NA is the nunerical
aperture of the focused radi ation beamand r is 30 0.05. 11. '

An optical record carrier as clained in C aim 10, characterized in that r
is 0.01. - - WD 96/ 06427
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An optical record carrier as claimed in Caim210 or 11, which conprises a-
transparent substrate having an entrance face for the radiati on beamat one
side and said stack at the other side, characterized in that the distance
bet ween the hi ghest and | owest information layer is smaller than 2d m nus’
t he thickness tol erance of the substrate.
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