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optical systemfor formng a radiation spot on an infornmation plane to be
read, a seconduidplane tfomyiatichntonge BPsteh Ed rachratcafrierffopitd Esuchansydteqnr ri er
to a radiration-sensitive detection system which converts the radiation into
an electric detection signal, and a detection circuit electrically
connected to the detection systemfor converting the detection signal into
an information signal. The invention also relates to an optical record
carrier for use in such a multiplane information storage system In the aim
for increasing the information density in record carriers having

The invention relates to an information storage system comprising an
optical record carrier having at least two information planes, and a reading device for
scanning the information planes from one side of the record carrier, said device
comprising a first optical system for forming a radiation spot on an information plane to

5 be read, a second optical system for passing radiation from the record carrier to a
radiation-sensitive detection system which converts the radiation into an electric
detection signal, and a detection circuit electrically connected to the detection system for
converting the detection signal into an information signal. The invention also relates to
an optical record carrier for use in such a multiplane information storage system.

10 In the aim for increasing the information density in record carriers having
a plurality of information planes, the distance between the information planes is to be
minimized, while separate reading of the information stored in each information plane
should remain possible. A first step of storing more information on a record carrier is
the double-sided record carrier, i.e. a record carrier in which an information plane is

15 present at each side. The two planes are read from different sides of the record carrier.
A subsequent step is to provide two or more information planes on a record carrier,
which planes can be read from one side. By securing two of these multiplane record
carriers vig one side, the information contents can be further increased by a factor of
two.

20

An information storage system of the type described in the opening
paragraph is known from United States Patent no. 3,855,426. The reading device of the
storage system focuses a radiation beam on one of the information planes of the record

25 carrier. The information is stored in information areas, or marks in the information
planes. The radiation passed by the record carrier is modulated by the marks and is
received by a lens which forms an image of the area of the information plane to be
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a plurality of information planes, the distance bet
planes is to be mininized, while separate reading 01*“t hid ”rl t’é?r‘?ﬁt fon stored
in each information plane should renain possible. A £l oring
nore informatigagqa irecord carrier is the gloubl e-sided record car rlgelrz, 1993
i.e. arecord carrier in which an information plane is present at each
side. The two planes are read fromdifferent sides of the record carrier. A
subsequent st eprrestly seadrasva dadiation dateation systemo Titatdeteatipn system eanvertsaber d
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type described in the opening paragraph is known from United States Patent
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on the desired reading signal is averaged. The average influence of the marks in the

parasitic area on the information signal will then be no more than a reduction of the
modulation depth of the information signal generated by the interaction of the radiation
beam with the marks in the plane to be read. To achieve this effect, the distance

10 between the information planes in the known record carrier is taken to be larger than 10
um, dependent on the numerical aperture of the objective system.

Said United States Patent No. 3,855,426 does not state the requirements
to be satisfied by the reading device and the record carrier in order that the reading
‘device can derive the information stored in an information plane to be read with

15 sufficient reliability from the radiation originating from the record carrier. Knowledge
of these requirements is of great importance due to the trend of increasing the
information density in record carriers and the related wish of positioning the
information planes closer together so that there is a greater risk of crosstalk between the

information planes while the reading device becomes more critical.
20

It is an object of the present invention to provide an information storage
system in which a maximum information density is achieved by mutual adaptation of the
requirements imposed on the reading device and the record carrier, which storage

25 system is based on newly gained insights into the importance and influence of given
system parameters on the information signal which is ultimately obtained.

The information storage system according to the invention is characterized
in that the distances between the information planes and the optical properties of the
information planes are such that the information storage system complies with the

30 interference requirement, i.e. the ratio between the sum of interference signals in the
detection signal generated by the information planes not to be read and a read signal in
the detection signal generated by the information plane to be read is smaller than an
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pl anes. The radi ati on passed by the record carrier is nodul ated by the
mar ks and is received by a lens which forns an i he area of the
i nformati on plane to be 2 currently read on a ddiiatnon

. s
system The det ectl:%a system converts the dul at oﬁﬂt’m‘aur[pm'dé é
radi ation i ntRHY ormation signal. If t radi ati on bea dd- 1393
an information plane, it will also illumnate an area on a different,

hi gher-or | oVRfarfefthed Fﬂn%tQ%tW byl the HefcBn efrci@r asitic area whose
illumnation I's unwanted should be so |large and contain so many marks that

the influence of the sBgwsdeen fmlﬂldsfh%irthﬁ eatier] qlarareetercofdihe Jeading devicss is the
e T AR . e B Y e S BREA F fiRR e
signals and the desired read sxgnal in the detection signal, at which ratio the detection
5 circuit is still just capable of deriving the information from the detection signal with a
reliability which is sufficient for a particular read action of the system. At a given
strength of the desired read signal the maximum interference ratio imposes an upper
limit on the allowed strength of the interference signals. If the interference signals
exceed the upper limit, the generation of the information signal from the detection
10 signal will be influenced by the interference signals and the detection circuit will no
longer supply reliable information. The interference signals may be caused, inter alia,
by fluctuations in the power of the radiation beam supplied by the radiation source,
scattered light in the optical system of the reading device, roughness of the information
plane to be read. The information planes not to be read also produce interference
15 signals because they also send radiation from the read beam to the detection system.
When the reading device is designed. the total budget for the interference signals is
distributed over the various sources of interference. A part of the budget should
therefore be allocated to the interference signals originating from the information planes
which are not to be read. This part of the budget corresponds to the interference ratio
20 Q. If the information storage system complies with the interference requirement, i.e. if
the interference ratio being the quotient of the interference signals caused by the
information planes not to be read and the read signal is smaller than Q, the information
will be read in a reliable manner, assuming that the strength of interference signals from
other sources remains within the part of the budget allocated to these signals. By
25 making use of the novel notion of interference requirement, it will be possible to attune
the reading device and the record carrier to each other in an optimum way. When the
record carrier is designed, the parameters such as the distance between the information
planes, the reflection and transmission of the information planes and the extent to which
the marks of the separate information planes modulate the incident radiation should be
30 chosen in such a way that the interference requirement is satisfied. The maximum
information density in the record carrier in the direction perpendicular to this carrier
and in the plane of the information plane is achieved if the interference ratio is equal to
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nodul ati on depth of the information signal gene{r‘a,c e _interaction of
the radiation beamwith the marks in the plane jto be f¢ddiasTezachi eve this
effect, the distance between the information pILa-nes-i""tf\Iﬁ.é:!)knoV\m record
carrier ist 4tf@be larger than 10 [er r%m dependent on r c?
aperture of objective system Said United States Patent No. 3, 'Slg,' %
does not stare the requirenents to be satisfied by the readi ng device and
the record cgrrier in order that the readi ng device can derive the

information stored in,an i.n orgr%hi on %&Ee 0 be read with sufficjent

reliability fromthe f BROAHMNHR Mf R IOr DALY HORAgE SY e ACFPRding to the
Knowl edge of;{dnf&iy eHardctéiFRa s that 1 irléréédbndeREhiraN&R i8detiida syre trend of
increasing the information density in record carriers and the r'elated w sh
of positioning theyi ngo i( Mﬁpﬁg,/q,boser together so that there is a
greater risk of cr@ssthlfk between the i nforaation pl anes whil e the reading
devi ce becdomes nore CET ;%Téggmf;f@n obj<e ' of the present invention to

provi de an informati o tor

in which the summation over j is over all information planes not being the information
plane i to be read, and the summation over f is over the frequencies present in the
signal received from an information plane, while E; is the optical power of the radiation
10 from information plane j, m,(f) is the modulation factor at frequency f of the information
plane j, in which m(f) for an information plane not to be read is determined with the
radiation beam focused on plane j, and in which further MTFO',d/n) is the modulation
transfer function at the frequency f of the radiation originating from the information
plane j to the detection signal, d; is the distance between the information plane j and the
15 information plane i to be read, and n is the refractive index of the medium between the
information planes i and j.

A special embodiment of the information storage system according to the
invention, in which the correct functionin g of the detection circuit is not dependent on
the sum of the amplitudes of the electncal interferences signals but on the sum of the

20 powers of the interference signals, is characterized in that the interference requirement
is defined by '

[ L (5 5™ MTF(f,dj/m)Z]

J#i

W~

< Q.
j; E; mi(f) MTF(£,0)

23 For detection circuits which are sensitive to the DC component of the

detection signal, the interference signals of zero frequency should be taken into account.
In such detection circuits the sensitivity to DC interference signals may be different than
for AC interference signals so that there is both an AC value and a DC value for Q. In
the design of the record carrier two interference requirements should therefore be taken
30 it account, i.e. the interference requirement for the AC interference signals with the
AC value for Q and the interference requirement for the DC interference signals with

f=0,ml.=mj-. 1 and the DC value for Q.
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systemin which a maxi numinformation density is achieved by nutual
adaptation of the requirenents inposed on the fr'gadiﬁgq-; evice- the record
carrier, which storage systemis based on newy gali ned \|L1n‘st| I{Jrﬁ't‘"'s into the

i npor tance and_jnf l,ugnce of given system par@net er s on-+he-i mat ij9n2.1993
si gnal which iS"lITimEt el y obtained. The information storage system
according to the invention is characterized in that the di stances between

;hg i nf(ﬁr{rﬁtio?hpl anfes Hitte iseanop heteden pho pdotmasionplanelids smalb asraempereg ¥iHes
re suc a | # | pn storage system conpl i L.t h '
requirenent, iwe g?%@°?£%°ﬁ@?\ﬁ%ﬁg?ﬁéy%ﬂ%@eﬁnﬁ%¢ Z%dglﬁboé’ éﬂq‘%ﬂ%ﬂéﬁ{oﬁe{ ﬁgce
detection si gnalenBeiagintstntitioh aried SREUTRbE tikefl iaPecbalt WiktnDhe NVl ofTE] is

read signal in the detection signal generated by the information plane'to
be read i s smedetezminetadtaarger distances the radiation of neighbouring information planes should

5 be added in power.

If a record carrier has three information planes 1, 2 and 3, in which plane
I is closest to the objective system and plane 3 is read in reflection, a part of the
radiation focused on plane 3 will be reflected from plane 2. At equal distances between
the three planes, this reflected radiation will focus on plane 1 and after reflection from
10 plane 1 and reflection again from plane 2, it will be passed towards the detection
system. Due to these reflections from plane 2 an unexpectedly large interference signal
is generated by plane 1. An information storage system according to the invention,
which can be optimized for such a large interference signal, is characterized in that the
record carrier has at least three information planes and in that the sum in said
15 interference requirement includes imaginary information planes each constituted by
mirroring an information plane with respect to another information plane. The
interference requirement can be satisfied by a correct choice of distances between the
planes and/or reflection coefficients of the planes.
A special embodiment of the information storage system according to the
20 invention is characterized in that a first information plane has an information structure
which is optimally read in a first read mode, and at least a second information plane has
an information structure which is optimally read in a second read mode, in that the
reading device has the disposal of both read modi and in that the parameters £;, m; and
MTF(f.d/u) in the interference requirement for an information plane which is not to be
read have those values which are associated with the read mode in which the

information plane i to be read is read.

25

Let it be assumed that the record carrier has two information planes in
which the information in the first information plane is stored in a first information
structure, for example in magnetic domains, which structure must be read in a so-called

30 differential mode, and in which the information in the second information plane is
stored in a second information structure, for example in pits, which structure must be

'ead in a so-called central aperture mode. When the first information plane is being
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3 interference ratio Q determ ned by the detectian- cuit.
found that the critical parameter of the reading |[d&visce: 5 (T mm
interference ratio, i.e. the ratio between the sﬂ%}ﬁ;\g\n rference
si gnal s and ttﬁ_nqlqu;;se;d read signal in the getection Si —at_wh] ¢h 124999
the detection circuit is still just capable of deriving the information
fromthe detection signal with a reliability which is sufficient for a
particul ar reaerdadh€ pn sigaak i3 geapraten; bysthg; deteclon syyem aperating i dks r ed
read signal t ' ' (11 b @ad lrahd BohaiO
al | oned st ren(kjafefﬁé oi tﬁe %ﬁgrd ’%?@ﬁ%gmé ?rg%g?ﬂg@?e?ﬁ??érﬁ%raf%de%gﬂé :&béng?ge
exceed the uppgthel interferencé signalsenfahé sevond infoematidroplane must alsg)beldefermined Hoy
det ection signal wi be influenced he interference signal s and,the
ot ecti on of & Gimas 9 e SetscRom SEITS dp e, it Erandil Toflh Fbfesd r R D apermure
interferencge Sigpal s may be caused, inter alia, by fluctuations in the
power of the radiation beam supplied by the radiati on source,

The different read modi can be realised in several manners. A first

|t has_been

embodiment of the reading device of the information storage system using two read
modi is characterized in that the radiation source is adapted to supply a radiation beam
having a first wavelength in the first read mode and a radiation beam having a second
10 wavelength in the second read mode. By giving the information planes different
properties for the two wavelengths, it is possible to further reduce the interference
signals.
A second embodiment of the reading device of the information storage
system using two read modi is characterized in that the detection system has the
15 disposal of two detection modi for detecting, in the first and the second read mode, the
radiation from the record carrier in the first and the second detection mode,
respectively. Detection in several modi provides the possibility of efficiently converting
the radiation from an information plane to be read into a read signal, and of suppressing
the interference signals which are generated by the radiation from other information
20 planes in which the information is stored in a different manner.
A special embodiment of the information storage system according to the
invention, in which the information planes are read in reflection, is characterized in that

the radiation intensity reflection coefficients of the successive information planes are
defined by
25

R;,

SRR

with an increasing distance of the objective system.
Each information plane to be read then supplies an equal amount of
30 radiation to the detection system so that the detection circuit of each information plane
receives an equally large detection signal. Consequently, varying values of the detection

S1gnal need not be taken into account in the detection circuit, which simplifies the
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scattered light in the optical system of the reading device, roughness of
the information plane to be read. The |nfornatlon{prane§7ﬁ9L~La~bg_read
al so produce |nterference si gnal s because they al o“§én§{rédﬂévﬂon—iron1the
read beamto k%ﬁ ejsgction system Wien theyreadi ceEDdesi ghew. 1ddae
total budget r the interference signals is distributed over the various
sources of interference. A part of the budget should therefore be allocated
to the interfgnsrcion pfjthis sirawit.gi nating from the information planes which
are not to be read. This part of the budget corresponds to the interference
ratio Q If the information storage systemconplies with the interference
requirenment, i.e. if the interference ratio being the quotient of the

i nterference signals caused by the information planes not to be read and
the read signal is smaller than Q the information will be read in a

bher Sourdbe 1 emai e S hetaepedeE PPS RledBhae iRl HI% Rad O™
signal s. By rlcidageduwizh @éfetdnge YR emisddiBnteidesorbed heremudter equi renent, it

will be possible to attune
In the drawings

Fig. 1 shows an information storage system,
Fig. 2 shows the variation of a detection signal as a function of time,
10 Fig. 3A shows an information storage system operating at two
wavelengths,
Fig. 3B shows an associated record carrier having two information planes
in one layer,
Fig. 3C shows an associated record carrier having two separate
15 information planes,
Fig. 3D is a magnification of the two information planes of Fig. 3C,
Fig. 4A shows an information storage system in which marks in the form
of pits and domains are used,
Fig. 4B is a cross-section of a record carrier having two information
20 planes used in this system,
Fig. SA shows a record carrier having three information planes,
Fig. 5B shows a record carrier having intermediate layers with different
thicknesses,
Fig. 6 shows the variation of the modulation transfer function as a
function of the normalized distance between the focal plane and the information plane
upon reading in reflection,

25

Fig. 7A shows an information storage system in which the signals are
read in transmission, and
Fig. 7B is a cross-section of the record carrier of Fig. 7A.

Tables 1A, B, C contain a copy of numbered mathematical formulae of
the Figure description.

30
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t he readi ng device and the record carrier to each_other in an opti num way.
When the record carrier is designed, the paranetersisuah:asiakhg:; €l st ance
bet ween the informati on planes, the reflection and traksmagssiron of |t he

i nformation pFﬁNqa.%md the extent to which 8 he narks of the Separat?.12.1993
i nformati on planes nodul ate the i nci dent radiation shoul d be chosen in such
a way that the interference re .rement satJ fied. The maxi mum -

i nformation density in ’tghg &E’%"PFIPB? OTHANOR SIOERE Y SIFTh SPBRTSRE t o
this carrier g Rord eabriee ?hx?d‘@r&fmﬁé‘@e\hég@r‘ﬁﬁéfééBrdol:a’:%ﬁEr, sRrieéhivRéRds khowd &
interference Tatio is equal 4 A special enbodi nent” of the information
storage syst epcrasseseetitimig Fig. tlheompmmta wansparephsubstrater] whichiis provided with

interference re lfr'x offiAtbn falgne%elf,'fand ?%eparated by intermediate layers 8 and 9. An

5 information plane may comprise a single interface between two media with different
optical properties, or one or more layers between two media. The information is
recorded in the information planes in marks which are not shown in the Figure. The
marks may be arranged in parallel tracks. The marks may be, for example pits or
domains magnetized in a given direction, or areas having a reflection coefficient which

10 deviates from their surroundings. The information stored in the information planes is
read by means of the reading device 6 in which a radiation beam 10 is generated by a
radiation source 11, for example a semiconductor laser. The radiation beam travels
from the source to the information plane vig a first optical system. The optical system
comprises a beam splitter 12, for example a partially reflecting mirror, a collimator lens

13 13 and an objective system 14 shown in the Figure as a single lens which focuses the

beam to a spot 18 on the information plane 1, 2 or 3 to be read. The spot 18 of the
reading device may be located on any desired information plane, for example, by
moving the objective system 14 along the optical axis, as is denoted by means of the
arrow 19 in Fig. 1. By moving the spot 18 and the record carrier with respect to each
other in a plane parallel to the record carrier, any information plane can be scanned.

The radiation reflected by the relevant information plane is then modulated by the marks

in this information plane. This radiation is guided to a detection system 15 vig a second
optical system, comprising the objective lens 14, the collimator lens 13 and the beam
splitter 12. The detection system converts the incident radiation into an electric

detection signal §; whose modulation is related to the modulation of the radiation beam.

A detection circuit 17 derives an information signal §; from the detection signal, which

information signal represents the information read.
In many cases the incoming detection signal is compared with a given

3 :etfc.ﬁon level in the detection circuit in order to convert the analog detection si.gnal to

digital information signal. Fig. 2 shows by way of example a particular detection

Sgnal S4 as a function of time 7. The detection level D is indicated by means of a

: Proken line, The detection circuit 17 reconstructs the information signal , by using the
;
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[err] in which the summation over j is over all jiinformation—pl-anes not

being the information plane i to be read, and t\Te”"s‘l] \1 [i'rll onSdierf [is over

the frequencies present in the signal received frema rataPmt | Qh pl ane,

while E is th keal power of the radiatipon frominformation plapg4,
m(f) is the Mpg?lfgn factor at frequencybf of the information plgﬁéi’jl,g%
in which nj(f) for an information plane not to be read is determned with
the radi ati on ;paasf,dsusgedrconatpyiiiok the, valadof thevdeitechion signhleis dqial{y ladgen)s thmt

t he nodul ati on tradﬁ ferl %u ction at the frequency f of the radiation

ori ginating f roHet %‘ﬁ‘?ﬁ P’Elation plane j to the detection signal, d, is the
di stance between the i nh@adwibhes tid A48 si nﬁﬂéﬁgihstmg;frehmélcq&eﬁdlﬁ&‘&dl to be
read, and n is the refractive index of the medi umDbetween the information
pl anes i and jinformagpeplage, dnisistactensiganl albe composaydnietierence signalss yhichnmay

di to t ' j i.0.wWhi ch f tioni f th .
ggtc g(r:t : gg ci05r (gﬂ’gtr{S? gc? %h?ggaéﬁ d\é\%ﬁnmﬁe G ot Gh intertérence 's{]g%aﬁ exceed a given

strength or power, the shifts will lead to a decrease of the quality of the information

signal §;. If the stored information is a video program, said shifts will lead to a
noticeable deterioration of the quality of the picture; in the case of information in the
form of digital data the shifts lead to errors in the information signal whose allowed
10 number is dependent on the use of the information storage system. Consequently, for
each reading device an upper limit is to be imposed on the interference signals. If the
sum of the interference signals in the detection signal §,; remains below the limit value,
the detection circuit can supply a reliable information signal S;. The interference signals
in the reading device are produced, inter alia, by fluctuations in the power of the
15 radiation beam 10 supplied by the radiation source 11, scattered light produced in the
optical system of the reading device, and roughness of the information plane to be read.
The designer of the information storage system will allocate a part of the maximum
allowed interference signal budget to each possible interference signal source. A part of
the budget should be allocated to the interference signals which are produced because
the information planes located proximate to the information plane to be read also direct
radiation towards the detection system 15. The maximum value of these interference
signals is represented for each multiplane information storage system by a new
Parameter for the record carrier, the value of which parameter is determined by the
detection circuit 17. This parameter is the interference ratio Q, i.e. the ratio of the
Maximum interference signal from all information planes not to be read currently and
Teferred to as interference planes, and the read signal of the information plane to be
read Currently. The ratio of the maximum electric power in the interference signals and
the electric power in the read signal is equal to Q2.
3 - For a correct operation of the detection circuit it is necessary that the
. ™d carrier satisfies the following interference requirement: the ratio between the
Nterference signal generated by the interference planes and the read signal should be

g
i Maller than Q. The value of Q is determined, iner alia, by the way of generating the
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the sum of the anplitudes of the electrical interferences signals but on
the sum of the powers of the interference signals, is characterized in that
t he interference requirenent is defined by [E (|EhEJ IR MR nj! <
Q E E1 m(f) For detection circuits whijch arg.sensitive I
conponent of t AN %?'gl)ctlon signal, the int et% ererlee—s—v—&a—l—e—ef—z—e—r—cﬁﬁ'w?gdac
frequency should be taken into account. In such detection circuits the

sensitivity toq.EXiohnignal mmecaeteeuaﬂayssem% bR shstibrRy sresentdan ch@ectid filters for
i nterference S|gnals so that there is both an AC value and a DC val ue for

Q-h I nf the geS|1g£r°wg theedgtection Fignat.r the ayie wmstemeem&m@ﬂ%amnﬂemw%eﬁmn d
t t t
AC T nt o fer oo 7 3 Rri96E RP e qefeonbl Siandl, 4 THERKGire Rt \HTEH hre fifpokllf

and I nterrerence
requi rement fgp tﬁehﬁfdﬁﬁaudsﬂ sighalr The Ga&t)gﬂﬁi'glnsl\/wuhm an allocated part of the maximum

s allowed interference signal budget should also be taken into account. Some systems may
have several values for Q, one value for each type of information. One type of
information is user data with essentially a random character. Another type is address
information used for labelling region on an information plane; such information has
comparable contents in neighbouring tracks and in neighbouring information planes. A

10 third type of information is tracking information used for guiding the spot 18 along the
tracks. The type of information giving the strictest interference requirement determines
the design parameters of the record carrier. Although examples below deal with random
information, the interference requirements for other types of information can be derived
in an analogous way.

15 If the information is stored in the carrier in a digital form, it is possible to

store error-correction information with it. The error-correction information can be used
in the detection circuit to correct errors in the information signal. A larger amount of
error-correction information allows correction of larger errors, lowering the quality
requirements of the detection signal. Hence, a detection circuit with a great error-
correction capability will have a relatively large value of Q, as it can cope with large
interference signals. The value of Q will hereinafter be considered as a factor fixed by
the reading device. The interference signals referred to hereinafter are interference
signals generated by interference planes, unless otherwise stated.

The value of Q should be taken from the design of the information storage

System. In case this value is not known for a system, an approximate value can be

Obuained in the following way. The modulation of the detection signal S; must be

Measured when the reading device reads an optical record carrier with only one

information plane. The quality of the record carrier should be the minimum quality

\ :':0‘."“1 by the specification of the system, such that the part of the budget allocated to

® Interference signals not related to interference planes is fully used. The remaining

Pact of the budget is then for the interference signals generated by the interference

Planes of multiplane record carriers. The magnitude of this part can be determined by

i

This Sheet Has Been Replac

T




f =0, m=m =1 and the DC value for Q 5 If the distance between the
information planes is small as conpared with the-depth—eftfield of the
obj ective system the anplitude addition of r adi &t GHEBE HiAsi golir i ng
i nformal tion nessshoul d be taken into agpouht—whet'{-HETal ue‘Ef 1XEj12i1993
det er m ned. arger distances the radiation of neighbouring information
pl anes shoul d be added in power. If a record carrier has three_information
p: ane531_, 2 amgngs; sighalwith a gsinireled mogulatign ée the; ¢eteqtion Signak fz- Bis UoRd
pl ane IS rea : cti . =1 k0
Wi Ll be ref| dustly inbtea: 5 %'{r@l ‘T'?yﬁtp%zﬁagf‘e%?g%‘éﬁ@e@%@?ﬁé@%ﬁ%l‘%p ®
the controlled modulation and the modulation due to the single-plane record carrier is

now an approximate value for the parameter Q.

When the radiation beam is focused on an information plane, it
illuminates an area on this plane, which area is referred to as the spot 18. The sizes of
the marks and the spot are generally, but not necessarily of the same order of
magnitude. The presence of the marks influences the beams transmitted and reflected by

10 the information plane. If the radiation beam and the record carrier move with respect to
each other, so that the spot scans the information plane, said beams will be modulated
by the marks. In the system shown in Fig. 1 the reflected beam is passed towards the
detection system of the reading device. In a comparable manner, the transmitted beam
can be detected by means of a detection system arranged above the record carrier. It

15 will hereinafter be assumed by way of example that the information is stored in the
form of marks and intermediate lands, arranged in tracks scanned by the spot. The
direction parallel to the tracks is referred to as the tangential direction and the direction
perpendicular to the tracks and in the information plane is referred to as the radial
direction. Although this nomenclature refers to a disc-shaped record carrier, the

20 invention is not limited to this, but includes record carriers of all shapes, such as optical
cards, Upon reflection of the radiation beam on the information plane, a part of the
incident radiation will be diffracted by the marks. Diffraction beams of the first and
higher orders are produced, which beams leave the information plane in other directions
than the non-diffracted zero-order beam. The angle between the higher-order diffraction

25 beams in the tangential direction and the zero-order beam is a measure of the local

period in this direction of the structure of successive marks and lands. The power of a

higher-order diffraction beam in a given direction is determined by the number of marks

Present in the read track with a period between them associated with the deflection

angle of the beam, and by the size of these marks and the contrast between the marks
and their surroundings. In other words, the diffraction beams in the tangential direction

Constitute a one-dimensional Fourier transform of the marks in the track and represent

E the contents of the stored information in terms of spatial frequencies. The higher-order

30

This Sheet Has Been Replaced

AU




the three planes, this reflected radiation will focus on plane 1 and after
reflection fromplane 1 and reflection again from.plane 2, it wll be

passed towards the detection system Due to thes;‘e‘:‘;rie"f‘slzm\smi[,_ pl ane 2

an unexpect edl pyN 84.381 i nterference signal iR gener at edehy piane’ 1) 1012.1993
informati on storage system according to the invention, Wwhtch e

optinized for such a,arge interference signal, is_ characterized ip that
the record cardifffé‘imﬂﬁarﬁg c?‘?é‘é’épn{th’ee‘élsﬁu?ﬁ%&‘ﬁ&tff% 15 250:0rdgt peam inrheirt e

sumin said inagrgJﬁB%epf@agm AR BdVer BE! A4S IHEROHPHASE Yr sfe0bMB1APAEBhANES

each constitut'ed by mrroring an information plane with respect to anot her
i nf or mati on plgdapeedentp® thenproperies of ahe markisr enent can be satisfied by a

Coef i ci ents of the pl ANEEE RO &4 PibuRibriPRERSH niefrs 5 mralbe Jhroveh agge
system accorf,diog@caf §ysteRf coiipBsing e tEje@RRIFHERN 14, e khllintaedr 18nd 13 Shd the beam
i nformati on plane hHas an information struCture which is optimally read in a
first read nodplittenh? taathel desgstion sygemnkd. iInfas rinformation staurtungcomprising marks
having a reflection coefficient different from their surroundings, the radiation portions
of the zero-order and higher-order beams incident on the detection system will interfere
with each other. The DC value of the amplitude of the generated electric detection
10 signal is proportional to the power in the zero-order beam, while generally its AC value
is proportional in a good approximation to the product of the amplitude of the zero-
order beam and the amplitude of the higher-order diffraction beams, as is known, inter
alia from the book "Principles of Optical Disc Systems" by G. Bouwhuis et al (Hilger,
1985), chapter 2. This chapter describes how the detection signal can be calculated from
15 the power in the diffraction beams. If the optical power, i.e. the square value of the
amplitude, of the zero-order beam originating from information plane i is represented
by E;, the DC value of the amplitude of the associated detection signal is proportional to
E;. The AC value of the amplitude is proportional to Egn,(f) in which the modulation
factor m; is proportional to the ratio of the amplitude of the higher-order diffraction
beams and the amplitude of the zero-order beam. The parameter fis the frequency of
the detection signal. It indicates the frequency dependence of the modulation factor, i.e.
the dependence on the information contents of the track which has been read. A part of
the radiation in the higher-order beams will not be received by the detection system,
because the large deflection angle of these beams will cause a part of them to fall
Outside the objective system and to get lost. The larger the angle between the first-order
diffraction beam and the zero-order beam, the larger the part falling outside the
Objective system. The resultant loss of power of the detection signal is expressed in the
Modulation transfer function MTF(f). Due to the movement of the marks in the track
With Tespect to the spot, the spatial frequency of the tracks is converted into a temporal

frequency of the detection signal. The read signal S, i.e. the part of the detection signal
)

30
¢ Produced when the marks in the track to be read are scanned can now be written as:
;
i
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an information structure which is optimally read in a second read node, in
that the reading device has the disposal of both read nodi and in that the
parameters E . nj and MIF(f,d/n) in the interference requirenment for an

i nformation pl arl, imsh is not to be read hayg those val ues which are3,12.1993
associated with read node in which the infofmatian; mr{?ﬂ\i— be read

is read. Let it be assuned that the record carrjer ha,\s, 0.0 BEGN
pl anes in whi ch hhe inf ofreat Cody i M:kE) MTFSL) i nforma : is| stored in
a first information structure, “for exanple in magnetic domai ns, which
structure nust be read in a so-called differential node, and in which the
information in t,,h@mstea)isdl detéationeconstantpfion e d:(mvsts'mneﬂoinmmicalemdizdon to electric

i nfornation structure, exanple in pits, structure .nust be read i.n
oo tall o0 conseta et e ot Suedticnis oFpr &1 FRAPRI TR Brctn e rack

bei ng 5 1o be read. If the frequencies have no discrete but a continuous distribution, the

summation in equation (1) should be replaced by an integration. Although the reasoning
leading to equation (1) is based on an information structure having marks of different
reflection coefficients, the read signal of each information structure can be written in
the form of equation (1). The modulation factor m; is dependent on the properties of the
10 information structure, hence on the properties of the diffraction beams such as the
relative power of the beams, mutual phase relation and state of polarization, and on the
way in which the radiation in the detection system 15 is converted into an electric
detection signal. The modulation transfer function MTF is dependent on the properties
of the optical system with which the radiation is focused on the information plane, and
IS on the optical system with which the radiation from the information plane is passed
towards the detection system, i.e. of the collimator lens 13 and the objective system 14
In the reading device shown in Fig. 1.

Information planes wh:ch are not to be read currently and which are
located in the radiation path of the scanning beam also direct radiation towards the
detection system and will thus each provide a contribution in the form of an interference
signal to the detection signal S,. Each of these interference signals can be expressed in
an analogous manner as has been done in equation (1) for the read signal S.. The sum
of these interference signals from the information planes which are not to be read gives
the total interference signal. The interference requirement for reading information plane
L can now be written as:

E; m(f) MTF(f,d;!
o jEi }" 5 mi(f) (fid;/n)

Z E; mi(f) MTF(£,0)

<

fn this formula m, (f) is the modulation factor of an information plane j if the radiation
beam is focused on plane j, while E; is the power of the radiation from the information
Plane j if the radiation beam is focused on the information plane i to be read. The

i Modulation transfer function MTF for an information plane not to be read, which is also
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6 read, the detection signal is generated by the detection system operating
in the diffterential nobde. To determne the interference in the generated
read signal, the value of the interference S|gna[s o) nd

i nformation p@ﬂ@ €4.3315t al so be determined fy neans of fhe ‘et ecty a3, 52,4939
in the differ i al node instead of in the centrahﬁﬁ%ﬁi“F%thde The
different read nodi, can be realised in several manne odi nent

of the readi ngladapiiierierenesplangi Wihafteobe §’cffF|’%f§efr%‘§/§rﬂeem°G§1FHB‘?f’\%s fead nodi
i's characterize dS'ftthQ"i‘ﬁ ol rstén\?\gl'aﬁ‘% ECPQ &H“T‘ﬁ s i3 p%ﬁ?d%iﬁg the casPitithe ?pot is

radi ati on beaii% ving a Int eflrst d node and

radi ati on beagy jaeatédon meaateoﬁecbma\pﬁneng‘{xkh ammoh@smgcdnﬁobusmacbfrtbdmteﬁyfence
giving the information pl

di.f f er ent ties for th i b
7t 1S 0ssi bl pane ot RBABE s e B P BpheCdecrSised Rpidy TR RRIShE

5 dependence is indicated by means of the parameter d/n in equation (1), in which dj is

the distance between an interference plane j and the information plane i to be read on

which the radiation beam is focused, and n is the refractive index of the intermediate

layer between the planes i and j. If there are layers of different refractive indices

between the information planes, the value of di/n should be determined for these layers
10 together.

In the enumerator of the interference requirement (2a) the optical powers
of the radiation of the different interference planes are added together. Since an optical
power is converted into an electric amplitude in the detection system 15, the addition of
the optical powers in equation (2a) will mean that the electric amplitudes of the

IS interference signals are added together. The interference requirement (2a) therefore
applies to those detection circuits 17 whose correct operation depends on the
instantaneous amplitude of the interference signal. However, if the correct operation of
a detection circuit depends on the average power in the interference signal, the electric
powers instead of the amplitudes of the interference signals must be added together in
the enumerator of the interference requirement. For such a detection circuit the

interference requirement then is: :

{ L (3 EmY MTF(f,d,-/n))z]f
<o

j#i \f
J; E; m(f) MTF(£,0)

(2b)

In equations (2a) and (2b) the magnitude of the MTF should be used, as the MTF can
become negative or complex when there is defocusing or aberrations.
The read and interference signals generally comprise an AC component
and a DC component. Both components are incorporated in the interference requirement
. t:: 'aking the summations over f in equation (2a) or (2b) from zero. The DC component
3 tesult in a shift of the level of the detection signal S, in Fig. 2 with respect to the
_ .°‘°°ti0n level D, which gives rise to a shift of the detected instants where the detection
t ignal hag the value of the detection level. The result is a decrease in reliability of the
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signals. A second enmbodi ment of the reading deviGg;
storage systemusing two read nodi is character} zed' "
system has the di sposal of two detection nodi f "SR

and the second de, the radiation frqmthe record carr| Fn15he 1993
first and the § con detection node, respectively. Detection in sever al
nodi provides the possibility of efficiently converting the radiation from
an informati orhm-hlam;l :xgnabehnmb deteasion qiesails diegweasitiviindo dre @Gm&mentg t he

i nterference SI e i at

I nformation pl 5 oﬁ?l%n ﬁa{”h%gﬂ’eg% ér:racgm@%né’g g{%geg d|.’ér)19a ti fergﬁfeme
manner. A spegl airenifibsitbulibé spliit dpiatd Bioraminemenst ThageC dntetfergnee fquitementt 0
the invention, in which the information planes are read |26refl ection, is

char act er i zed is thent gi¥an Rhequation 42305 (2hy wﬁ@.ﬂwswremﬁmsl QeT £ SBInE: Al {Tequsney
the successi i 51 3h4IPH SR8 WRthH SRiry RpfELd BED 2Y The DC interference requirement is

then given by:

formation

3) jEi % MTF0.d;/n) < Qpc,
10 in which @y, is the DC interference ratio of the detection circuit. The modulation
factors m; and m; for the zero frequency are equal to 1, as is the modulation transfer
function MTF(0,0).
To comply with the interference requirement, it will be attempted to
maximally reduce the interference signals generated by information planes which are not
I5 to be read. On the other hand a maximum possible read signal is wanted during reading
of an information plane to ensure satisfactory operation of the detection circuit. A larger
read signal has the advantage that there will be relatively less noise in the read signal so
that the information signal can more easily be derived from the detection signal. This
provides the possibility of increasing the quantity of information read per unit of time or
<0 increasing the information density of the information plane. However, a decrease of the
interference signal generated by an information plane often also leads to a decrease of
the read signal when this information plane is being read. If the interference signal of
an information plane is, for example decreased by a reduction of the modutation factor
of the information plane, this will also lead to a smaller modulation of the read signal of
the information plane when said information plane is being read. The parameters of the
_r°°°fd Carrier should therefore be chosen to be such that the interference requirement is
JUst complied with. This means that each information plane to be read furnishes a
Maxima] read signal, while the interference signals of the information planes not to be
l % fead have the maximally allowed value.
In principle, the reduction of the interference signals so as to comply with
® Interference requirement can be achieved by adapting each parameter in equation
d %) or (2b). For example, it is possible to suppress the quantity of detected radiation £
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[err] with an increasing distance of the objective system Each information
pl ane to be read then supplies an equal anount of™ radr—al_l@ to the

detection systemso that the detection circuit of ‘Gach hﬁf@ﬁﬁﬁt pl ane
recei ves an equal | rge detection signal. ns By V,

t he detection $H§ gpgﬁeed not be taken into account J?'H£§9§H
circuit, which sinplifies the 7 construction of this circuit. These and

OLNCT aSBeCtS, lmlptismce et abithinty hpascuhtaon v g ofaniatstreice
plane can be ege ced; moreover, the modu?anon transfer function MTF(f, di/n) of an
interference plane can be reduced. The interference requirement must be determined for
reading each information plane in the record carrier. The parameter values for which

5 each of these interference requirements is satisfied determine the structure of the record
carrier. Examples of the ways in which said possibilities can be implemented in an
information storage system will be given hereinafter. In most examples the influence of
one interference plane on reading an information plane will be dealt with. The
interference signals of possible other interference planes can be determined in an

10 analogous manner and incorporated in the interference requirements in accordance with

equation (2a) or (2b).

A first possibility of reducing the interference signals is to make use of

different read modi for the information planes. To this end the information planes may
IS have different wavelength sensitivities. A reading device based on this principle is
known, inter alia from German Patent Application no. 37 41 910. Fig. 3A shows
diagrammatically such a device which operates at two wavelengths. Two radiation
sources 20 and 21, for example semiconductor lasers, generate radiation at wavelengths
A and A, respectively. The radiation beams of the two lasers are combined by means
of a neutral mirror 22 and a dichroic mirror 23. The radiation beams are reflected by a
mirror 31 to the objective system 14 which focuses the beams on an information plane
within the record carrier 5. By rotating the record carrier by means of a motor 24, the
radiation beams can scan a track of the record carrier. The radiation reflected by the
fecord carrier is reflected by a beam splitter 25 from the on-going beam to a second
* dichroic mirror 26 which passes radiation having wavelength A; to a detection system
T and radiation having wavelength A, to a detection system 28. The detection signal of
?ach detection system is passed to a detection circuit 29, 30 which generates an
formation signal from the detection signal. The reading device of Fig. 3A provides the

Possibility of reading different information planes simultaneously. If simultaneous

’ ::dmg Is not required, only one detection arm will be needed and the dichroic mirror
l the detection system 28 and the detection circuit 30 can be dispensed with.

An embodiment of a record carrier 5 having two non-spatially separated
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In the drawings Fig. 1 shows an information storage system Fig. 2 shows
the variation of a detection signal as a function-of._tinme, Fig. 3A shows an

S —— e,

i nformati on storage system operating at two wavel e’hg?ths,;;Tﬁ'@"Q;";;:S_B* hows an

~

associ at ed recoggh eadsi er having two informet7 on_pl anespi.ayoné ' ayerl3. /2.4993
3C shows an associ ated record carrier having two separate—+Hf-o I'on

DS P oo nabor BBk e e B BE B0 AR o8
of pits and dong%eia pladeSeonstitute a 4fgleSthin Gy $-oneL buldtrael7.aA meRMdving a
carrier having Two I nformation .
reflection coefficient different from its surroundings, mainly for the wavelength A, can
be written in the layer by means of a high-energetic radiation beam 32 having
s wavelength A;. This writing operation can be performed by means of a method known
as the "spectral-hole burning" method. If the marks thus written are read with a
radiation of wavelength A, a good read signal is also obtained, while a weak read
signal is obtained when these marks are read with radiation of wavelength A,.
Conversely, a weak read signal is obtained when marks written with radiation of
10 wavelength A, are read with radiation of wavelength A;, whereas a good read signal is
obtained when these marks are read with radiation of wavelength Ay. The requirements
with which the marks should comply follow from the interference requirement, i.e.
equation (2a). On reading at a single wavelength, for example A, the information plane
to be read coincides with the information plane not to be read, hence E;, = E,, and
15 d, = 0. The modulation transfer function for radiation of wavelength A, coming from
the two information planes is equal for the same reason. Finally, if the two information
planes comprise information of approximately the same frequency spectrum, the
interference requirement for reading at wavelength A, is reduced to:

0 @ ™ <.

my

The value of the modulation factor m; is dependent on the dimensions of the marks and
on the difference in amplitude reflection of the mark and its surroundings, the amplitude
reflection being equal to the square root of the intensity reflection. If the marks written

at each of the two wavelengths have the same dimensions, the interference requirement
%) can be written as

i - F
R iF

the intensity reflection coefficient of the information plane outside the

®) < Q.

N which R i
; ma'rks 1 . . : e
l + Ry is the intensity reflection coefficient of a mark written with radiation of

Wave] . .
*8th A, and R, is the intensity reflection coefficient of a mark wrtten with
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planes usedjin this system Fig. 5A shows a record carrier having three

I nformation lpl anes, Fig. 5B shows a record carrier_having internediate

| ayers with (i fferent thi cknesses, Fig. 6 shows the Mar]; éIl onoof—the

nmodul ati on t;ran 14.35unction as a function 08§ the.Lnor ek € gi, ﬁl“st énlw 12.1993
bet ween t he :foc pI ane and the information plane upom

refl ection, ,Flg 7A s OWs . an i tion storage system. n which the
signals are: rea;ﬁhxaiﬂ?ﬂ ? wWanelgngth g:n I"gﬁ’é Rl h?B%fq'g" semsd Joxs thesaks, ob simplligity

record carri-er %\ 5&n51?f\reﬂ1aab@%oéfﬂcxeﬁu RGs e@m FhMhR teBPVawienBHiTO 8 R

mat hemat i cal’ f df ae of” the Figure descriptrion.
interference ratio @ for interference signals coming from information planes not to be

, read is taken to be 0.03, R is equal to 0.30 and R, measured at wavelength A is 0.05,

" 5 then the reflection coefficient R, also measured at wavelength A, should deviate by less
than 0.01 from 0.30, i.e. the value of R. The same consideration applies to reading with
radiation of wavelength A,. The marks not to be read should thus have almost the same
reflection coefficient as their surroundings. The layer 1 should have such a chemical
composition that the spectral sensitivity of the reflection coefficient satisfies these

10 requirements. If the reading device simultaneously reads the two information planes by
focusing radiation of the two wavelengths on the information plane, the radiation of the
unwanted wavelength which, via the non-ideal dichroic mirror 26, still reaches a
detection system not intended for this purpose should be incorporated as an extra
interference signal in the interference requirement. The quality of the dichroic mirror is

15 thus also decisive for the quality of the information signals generated during

simultaneous reading.

Figure 3C shows another embodiment of a record carrier 5 for use with
the reading device of Fig. 3A. This embodiment has two separate information planes,
¢ach of which to be read by radiation of a different wavelength. It has the advantage
that the materials constituting the two information planes can be optimized
j"dependently of each other and thus provide a greater freedom of design. The
information planes 1 and 2 are separated by an intermediate layer 8 which may have a
thickness of zero so that the two information planes are situated directly on each other.
Such 3 record carrier with an intermediate layer thickness of 2 um is known in principle
from Fig. | of said German Patent Application no. 37 41 910. However, this Patent
Application does not state the value of the wavelength sensitivity of the reflections in
mléd"“ ' the properties of the detection circuit in the reading device so as to

ushcmrﬂy read the information in this record carrier. The interference requirement in
F X ac:::ance with the present invention, given in equation (2a), furnishes the required
* NS between the parameters which are necessary for the design of the information
Norage System. To obtain a maximum possible information density, the distance

**1 the information planes should be chosen to be as small as possible, preferably
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Fig. 1 showsi diagrammatically an information storage system conprising a
record carriier 5 and a reading device 6. The record carrier, part of which
is shown ina cross-section in Fig. 1, conprises a transparent :substrate 7
whi ch is provi dg#NW#tRlt hree information plad®s 1 2 awd’3\@epar at d18y12.1993
internedi ate layers 8 and 9. An information plane may conprisé a single

I nterface betwee ' ] | rent i ties r_one_.or
nore |ayers bet %%wtaagsﬂ ngﬁlsﬂgﬁﬁ#ﬁg&”] o“r/%ﬁ%el%g%l fg@hrepe}%%?&endbﬁ?“tﬁesmw of such a
information pl aggst intermadiits distdnce, thedneefereabe vequiremehecdn g sisfidd) By ABddffect

may be arranged in parallel tracks. The marks nmay be, for exanple pits or
domai ns nagnet i ghoiFe Pﬁ“ﬁ ‘ﬁ?‘(?éq‘?gaﬁ fdepepsience of thesreklettionsyi ng a refl ection
coefficient which devi atpg édnREddelSds ofSHE & ' bitf | :

in the information planes is.drg?ad bys orreanérggl?glieﬂéebsf gﬁ?ﬁgﬂdfea\{;%l'%&ﬁ%?gh
a radi ati on beashowdin Eiggdfewil nowbg explained with reference to Fig. 3D in which the

reflection of a ray 33 of the read beam on the information planes 1 and 2 is shown. In

the case to be considered information plane 2 is read with radiation of wavelength A,

and the permissible interference caused by information plane 1 should be determined.

The electric field of the incoming ray 33 in Fig. 3D has an amplitude @. The amplitudes
10 of the rays reflected by the information planes 1 and 2, represented by rays 34 and 35,

are aﬁ and aT, Jl?— , respectively, in which R, and T are the intensity reflection

and transmission coefficients of information plane 1 and R, is the intensity reflection

coefficient of information plane 2, while all coefficients apply to wavelength A,.

The power of the read signal generated by the information plane 2 is

15 determined, incer alia, by the power of the zero-order and higher-order diffraction
beams reflected by the information plane. Since the amplitude of the beam incident on
the information plane 2 is equal to u \/Fl— the amplitude of the zero-order diffraction
beam formed by information plane 2 1s equal to a \/?1—R; and the amplitude of the
higher-order diffraction beams 15 equal to @ \/ﬁ; m,. In this case it has been assumed
that the power in the higher-order beams is small as compared with the power in the
reflected and transmitted beams. If the information plane 1 were only to transmit and
not reflect radiation, the zero-order and higher-order beams would interfere on the
detector after transmission by the information plane 1 and would yield a read signal
Proportional to a%m,T,2R,. However, the beam 34 reflected by the information plane 1
St_m“ld be added to the zero-order beam coming from the information plane 2. If the
distance between the information planes is much smaller than \,, the amplitudes of the
_Zer°'°"der beam 34 and the beam 35 may be added together to give constructive
;‘e::e.nce. The sum of the zero-order beam of the information plane 2 and the beam
3 Interferes on the detector with the higher-order diffraction beams formed by the

| Infg .
! q "Mation plane 2. This yields the following read signal S, at the output of the
et&tor:
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radi ati on gource 11, for exanple a‘sem conductor |aser. The radi ati on beam

travels framthe source to the information plane via a first optical

system The optical systemconprises a beamsplitter 12, for exanple a

partially r:;efl {gmsimrror, a collimtor Rens 13 and an obj ectivel3)2t1588
th

14 shown in | gure _as a.,si e(le S ich(kf?_ﬁuses the beamto a spot 18
on the infdrmation pla eﬁf‘é‘/ggr'@ ?qb/gyr\éé’ lThe spot—i8—of-_the reading
devi ce may ibe fpcated on any desired information pl aie\f’i’iﬁ’r”‘ff_’é’iﬁ'am [SHE

novi ng the :obj ective syst;gﬂ,}ﬂ@eﬂl@ngﬁw pgt i cal axi 9 i

means of the arrow 19 in Flg.2 L B7y mbvi hg t'he spot 18 and the rec
carrier with rggpesresson ieaow aakto Efm, avip are? pathe demominatehef thednterference
carrier, any information plane can( e scanned. The radiation reflected by
the rel evant imduisement BT pP AR08 @Ren nodul ated by the marks in this

i nformation plane. Thi WHeﬂ%é‘iﬂfQﬁnétﬁm%lMist@eiﬁ% delde etd Pformatioepldhe visaana
second optical systens conprising the objective lens 14, the collimator .

l ens 13 and t hgeffeece plane giving a intauferenes: signaloln thepmbadimentofithe fecard carrier

' nei dent rad asthclnynninlﬂé.oiﬂinthgIir?f%trr%tfon plane | is a phase structure comprising a partially

reflecting layer provided with a relief between two transparent layers of equal refractive
indices. Such an information plane generates diffraction beams in reflection only. An
10 incident radiation beam 33 with an amplitude a reflected from the information plane 1
not only yields a zero-order diffraction beam 34 with an amplitude a ‘/;\’1_ in reflection,
but also higher-order diffraction beams with an amplitude a JE m, . If the information
plane 2 were not present, these zero-order and higher-order beams would interfere on
the detector and yield an interference signal in the detector signal which is proportional
15 o azmlRl. The factor m, is thus the modulation factor of the detection signal generated
by the information plane 1 in the absence of other information planes. Due to the
presence of the information plane 2, the zero-order beam 34 of the information plane 1
1§ intensified with the beam 35. The sum of the beams 34 and 35 now interferes on the
detector with the higher-order diffraction beams formed by the information plane 1.
This yields the following interference signal at the output of the detector:

With 3 Comparable frequency content of the two information planes and the same
Modulation transfer function, the interference requirement (2a) will be:

(8) m (Rx*Tthle ) < Q.
m, (TfR2+T1VR1 R, )

At i
% “Ustomary values of Ry, T, and R, of 0.1, 0.8 and 0.4, respectively, the modulation
ac
10t should now comply with

o)) m,
= < 1,60 Q.
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?yss;e%?"?‘tHowever, the phase depth should be such that there is a large modulation

§ factor on reading the information plane | with radiation of the wavelength A, requiring
the phase depth to be different from 2x. The ratio between the modulation factors in

l

equation (9) can be rendered more favourable by increasing the reflection R,. To be
able to read the information plane 1 also satisfactorily, R, and R, are preferably
wavelength-dependent due to the choice of the material of the information planes. At the
10 wavelength A;, R, should then be large and R, should be small, and vice versa at A,. If
the interference requirement is difficult to meet with the available materials for the
information planes, the interference signal of the information plane 1 may be further
reduced by increasing, for example the distance between the two information planes so
that the modulation transfer function of the interference planes will be smaller.
13 A reasoning analogous to the foregoing may be given for reading the
information plane 1 with radiation of the wavelength \,. In the embodiment of the
record carrier shown in Fig. 3D, the information plane 1 does not form any higher-
order diffraction beams in transmission. In record carriers which do form such beams,
the expressions (6) to (9) should be adapted.

The examples mentioned hereinbefore indicate how the parameters of the
fecord carrier must be determined in simple cases so as to comply with the interference
Tquirement. In more complicated cases, particularly those in which the intermediate
layer 8 has a thickness of the order of the wavelength, the computation may be
. Performed in an analogous manner, in which phase jumps at optical transitions, phase
. '0tions in the layers and multiple reflections between the transitions must be taken into
4ccount in known manner. However, this computation will then be largely numerical
d will not have the formulary simplicity shown hereinbefore. The above arguments
QW also be applied to record carriers in which marks generate higher harmonics of the
% “iation used for reading the marks.

A second possibility of reducing the interference signals is to make use of

fndmg device with different detection modi for the different information planes
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of the dete¢tion level. In addition to the read—si; gnar..arl\gnnal\l g fromthe
currently r¢ad information plane, the detection &ignalpalso corrpxl ses

i nterferenc signals, whi ch may give rise to shidts—ef—sard Instants. If

t he sum of gﬂﬁrg‘ﬂrence signal s exceed azgiven strength or powenz.Rh®93
shifts wll Ieaf to a decrease of the quality of the information signal Si.
If the stored information is a video program said shifts will lead to a
noti ceabl e get mmd%?’lﬁblﬁllf&fe@"riéfqm’épp@ 9‘%@“&3%'\&?@‘?’@9? 1sjan ipfasmatier seFage
informationfin th J\ %Hﬂlﬁﬁeqhﬂitﬁﬁhm@ el f3€ord Makrict isSftfled &eﬁ{ert‘a{:rﬁfdfﬁ];éngnetic

I nf or mati on; si @ﬁEE whose er i s dependent on t use o

i nf or mat i onj st gpmeirestaicaire s “@dijmeaqpﬁrstrhwra‘, aacle being readlimg speeific detectionppede
limt is tolbe |rrpose(i11ﬁon t he | rference signals. |If the sumof the

i nterference siaasd &4 SErH%‘“EFet AP NErEREPn gﬁ?%nﬂ?‘ﬁg‘ HRPRRFIRE2 fP‘%%‘tcamef

val ue, the def S g},@pr&a{ngtqemceae%sssuewhxneyé%eu.ah' fdianbR 3aeﬁceqr1 i g8

The i nterferén S gna n the reading vice are produced, inter
fluctuations i gevidasuppliesn radiatitve beam which is passed via a, for example partially polanzmg,

beam splitter 25 to an objective system 14 and focused by this system on an information
plane of the record carrier 5. The beam reflected by the record carrier is incident via
the beam splitter 25 on a beam splitter 36 which splits the beam into two sub-beams
10 having mutually perpendicular directions of polarization. The two sub-beams are
incident on separate detectors 37 and 38 whose outputs are connected to a circuit
comprising a differential amplifier 39 and a summing amplifier 43. The two detectors
each convert the radiation of the incident sub-beam into an electric signal. The
differential amplifier 39 forms a detection signal 40 which is the difference of the two
IS electric signals. The summing amplifier 43 forms a detection signal 44 which is the sum
of the two electric signals. Each of the detection signals 40 and 44 is converted by
detection circuits 41 and 45 into information signals 42 and 46, respectively. The
components 37, 38, 39 and 43 jointly constitute a detection system.
Fig. 4B shows a part of the record carrier 5 in a cross-section. The record
0 carrier has two information planes, an information plane 1 in which the information is
Stored in pits formed in the subjacent substrate 7 and an information plane 2 in which
the information is stored in magnetic domains formed in a magnetizable layer. The
information planes may be separated from each other by an intermediate layer 8, as is
shown in the Figure, but they may also coincide. If the scanning beam 32 is focused on
5 the information plane 1, as is shown in the Figure, the beam will be modulated by the
Pits. The resultant power modulation of the reflected beam is detected in accordance
With a first detection mode, i.e. electric signals supplied by the detectors 37 and 38 are
deq by the summing amplifier 43, at which a pit detection signal 44 is obtained. If the
*anning beam 32 is focused on the information plane 2, the beam will be modulated

Que to the changing states of magnetization. The resultant polarization modulation of the

lected beam is detected in accordance with a second detection mode, i.e. the electric
i “gnals supplied by the detectors 37 and 38 are subtracted from each other by the
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information plane is in this case equal to the product of an attenuation factor Z and the

transfer function for the modulation generated by the pit structure. The factor Z is the
ratio of the modulation in the domain detection signal 40 due to pits which have
unwantedly been read and the modulation in the pit detection signal 44 due to the same
pits. The pits generate electric signals in the detectors 37 and 38 with principally have
the same shape, and the domain detection signal 40 supplied by the differential amplifier
39 should be zero. The fact that the domain detection signal 40 is not equal to zero is
caused by small deviations in the record carrier 5, in the optical path from the record
carrier to the detectors 37 and 38 and in the electronic circuit in the detection system. A
domain detection signal 40 generated by the pits will, however, be considerably weaker
than the pit detection signal 44 generated by the pits at the output of the summing
amplifier 43. If the information contents of the pits and the domains are comparable and
both types of marks, if read in their own detection mode, generate an equally strong
read signal in their own detection mode, the interference requirement can be written as

(10 Z < Q.

Qis the interference ratio for the detection circuit 41. Equation (10) supplies the
*®Quirement for the record carrier and the optical system of the reading device in order
'0 suppress the pit information in the second detection mode for the domains. If this
Tquirement is satisfied, the influence of the pits will be sufficiently small when reading
the domains in the second detection mode.

. The interference requirement (2a) for reading the information plane 2in
Fig. 43 in an information storage system in which the information planes in the record

Rutier do not coincide is
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reflection and transmission coefficients of the two planes. If the thickness d of the
intermediate layer 8 between the two information planes is larger than the depth of field
of the objective system 14, the radiation reflected by the information plane 2 will not
have a large influence on the interference signal generated by the information plane 1
when this information plane 1 is being read, which is in contrast to the record carrier
shown in Fig. 3C in which this influence makes itself felt due to the small distance
between the information planes. The power in the radiation reflected by the record
carrier and received by the detection system is then equal to the sum of the powers of
the radiations reflected by the separate information planes. The ratio of the power in the
radiation reflected by the two information planes is thus given by

E

E,

Rl
.
T/ R,

(12)

The transfer function MTF(f,0) of the modulation generated by the information plane 2
1s equal to the known modulation transfer function for an incoherently illuminated
System. The transfer function for the modulation generated by the interference plane 1
ls a defocused transfer function of the modulation generated by the information plane 1
located outside the focus and multiplied by the above-mentioned attenuation factor Z.

The interference requirement (11) can now be written as

R, z m,(f) Z MTF,(f.d/n)

(13) <0

T} R, 5 m(f) MTF(£O)

' Which the index 1 of MTF, indicates that the modulation transfer function must be
determined In the first detection mode, whlle the use of the second detection mode for
*ading the information plane 2 is taken into account with the factor Z. At a given
,conﬁg“mﬁon and parameters of the record carrier, the requirements can now be
Posed on the reading device as regards the interference ratio Q and the separation
Petween the detection signals 40 and 44, expressed as 2 requirement for Z. On the other

d, at given values of QO and Z, the parameters of the record carrier can be
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correct erjorsg jddr td6onmply WitfRiheQRtesfefinge -reqﬁlﬂeafegenﬁnmmngofmm given values of
0, Z, Ry, Ry, my and m,, the maximum ratio for the transfer functions M7F, and MTF
can also be determined by means of equation (13). The minimum distance between the
information planes at which the information can still be read satisfactorily follows

0 therefrom. When the minimum distance is used, the record carrier 5 has the largest
| information density.

In a comparable manner the interference requirement can be given for
reading the information plane 1 with the pit structure in the first detection mode. The
pit detection signal 44 generated by the information plane 1 has a DC value and an AC
value, It is therefore generally detected in the detection circuit 45 in the way as
described with reference to Fig. 2. The detection level D is then at the DC value of the
detection signal. The presence of radiation coming from the information plane 2 in the

record carrier not only leads to an unwanted modulation of the pit detection signal 44,

but also to an offset of the DC value. This offset may in tumn lead to an unreliable
~: detection of the modulation generated by the information plane to be read. The allowed
Offset, at which detection can still be performed reliably, can be expressed in a DC
nterference requirement. The AC interference requirement then provides the allowed
AC interference signal of the information plane 2. The offset may be expressed as a
raction of the amplitude of the modulation of the pit detection signal 44 or as a fraction

I 9

o the DC value. In the latter case the DC interference requirement is given by equation

B). 1f the powers of the beams satisfy the equation (12), the DC interference

re‘l‘ureuuem can be written as
2
(14)

R,

¢ : e .. . \
Modulation transfer function indicates how much radiation of the information plane

Which : . .
hich i out of focus, is received by the detection system. This quantity can be
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Fig. 5A shows a record carrier 5 for reading the information in reflection,
0 in which the interference requirement leads to special requirements to be imposed on the
parameters of the record carrier. The record carrier has three information planes,
numbered 1, 2, 3 from the side where the radiation beam 32 from the objective system
(not shown) enters the record carrier. Two intermediate layers having thicknesses d;
and d, are provided between the information planes 1 and 2, and 2 and 3, respectively.
The Figure shows the situation where the information plane 3 is read by means of the
rdiation beam 32. The radiation reflected by the information plane 2 forms a
converging beam 50, denoted by broken lines, in the direction of the information plane
L If the intermediate layers have the same thickness, this converging beam will focus
on the information plane 1. A part of the radiation in the converging beam will be
= mnsmitted by the information plane | and form a diverging beam 51 which is received
by the objective system. Another part will also return to the objective system after
further reflections from the information planes 1 and 2. Consequently, a part of the
"adiation beam returning in the objective system is focused on the information plane 3
0 be read and simultaneously another part is focused on the interference plane 1. The

s

fiation of beam 50 reflected from the information planes 1 and 2 will thus generate a
lrge interference signal. The beam 51, transmitted by the information plane 1, is far
?“‘ of focus for the objective system and will generally give a much smaller
fmeff?-rence signal than the beam reflected from the information plane 1. The
Merference requirement (2a) for reading information plane 3 is then:

TZ R, § my(f) MTF(f dy/ny + TERZR, T m,(f) MTF(f (d,-d,)/n)
0y =~ “F f < 0

T2 T} R, ,; my(f) MTF(f ,0)
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generated Dy an imaginary information plane formed by mirroring of the information

¢ plane 1 with respect to the information plane 2. The imaginary information plane has
the distance (d, - d,) to the information plane 3 to be read and an effective reflection
coefficient R, (TyR,)%.

If d; = d,, as shown in Figure 5A, the imaginary information plane

coincides with the information plane 3. The modulation transfer function in the second

{0 term of equation (15) then has the focused value and is thus relatively large. In such a
case the first term in equation (15) can generally be ignored. If the information or
frequency contents and the modulation factors of the information planes 1 and 3 are
comparable, the interference requirement (15) can be written as

Ry Ry

5 (l6) < Q.

Tz2 R,

At equal values of the reflection coefficients and a negligible absorption in the
information planes, the reflection coefficient should be smaller than 0.15 so as to satisfy
an interference requirement with Q = 0.03. In a record carrier having equal distances
between the information planes, the information planes should thus not have too high a
reflection coefficient. However, the information plane which is furthest remote from the
Objective system, i.e. the information plane 3 in Fig. 5A, may have a high reflection
Coefficient.

A record carrier with three information planes must comply with three
Wierference requirements, one for reading each of the planes, thereby reducing the
design ranges for the parameters of the record carrier. The designer of the record
Q@rier shown in Fig. SA has more freedom if he gives the intermediate layers gand 9
Uifferent instead of equal thicknesses. This results in a decrease of the value of the
Modulation transfer function in the second term of equation (15) so that the strength of
B interference signal generated by the information plane 1 is reduced. A large degree
o freedom in the choice of the values of the parameters of the record carrier is

hineq when the ratio of the optical thicknesses i.e. d/n of the intermediate layers 1s

)
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resulting from reflections. If an imaginary information plane coincides, after two or
more specular reflections on other information planes, with an existing information
plane, this will generally not lead to inadmissibly large interference signals because the
strength of the interference signals rapidly decreases at an increasing number of
reflections of the radiation on information planes. A multiplane record carrier can
therefore often be realised satisfactorily by alternately placing a thicker and a thinner
intermediate layer between the information planes, as shown in Fig. 5B. The thickness
of a single intermediate layer is then determined by the interference requirement for the
two information planes at both sides of the intermediate layer. The difference in
thickness between two consecutive intermediate layers follows from the interference
requirement (15). The record carmer shown in Fig. 5B can easily be made by stacking
thin transparent sheets of equal thickness, with an information plane on each side of a
<0 sheet, and with a spacer of air or a transparent material in between the sheets.

The quantity of radiation detected from an information plane read in
reflection is dependent, inter alia on the transmission of the information planes lying
between the information plane to be read and the objective system. Generally, the
Power of the read signal generated by the information plane to be read will therefore
decrease with an increasing distance of this information plane to the objective system.
H°“"‘-Ver, for a multiplane record carrier the power of the read signal of the different
Planes j, in which the value of j increases with an increasing distance to the objective

§ .. . ..
ystem, can be maintained at a constant value if the condition

1 R;

2
7}.

R;

.l =

IS gay;
Wisfied. For a four-plane record carrier with an ideal reflector for the fourth
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requirement is dependent on the optical parameters of the reading device. Before giving

an expression for the MTF, the parameters occurring therein will be dealt with first.

The MTF is dependent, inter alia on the wavelength X of the radiation with which the
record carrier is read and on the numerical aperture (NA) of the objective system 14 at

10 the side of the record carrier. These parameters determine the highest frequency which
is still transmitted by the objective system, i.e. the highest spatial frequency of the
marks which can still be read separately. The highest transmitted frequency for a
normal coherently illuminated optical system, referred to as the cut-off frequency, is
given in terms of spatial frequencies by

1S

(18 fo= 52,

or, in terms of temporal frequencies. by

0 (9 £l = NA

e ==V

In which v is the velocity at which the spot scans the information plane. The highest
ansmitted frequency for the reading device is equal to 2f,. The frequencies present in

be information stored in the information planes and in the detection signals can be
!

% :
"SPresented by the dimensionless parameter w, with

20) o=

- £

Like“’ise, the distance 4 between the information planes can be given in terms of the

Y g
R of field of the object system
Q) £ - 2dNA*
—
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anpl i tude ?fm&iﬂ&oﬁ%sfer function on the size of the detection system 15 can be described by
means of the parameter », given by

rq
2M NAd '

(22) n =

110 Here, r, is the effective radius of the detection system. If no diaphragms are arranged
in the radiation beam in front of the detection system, the effective radius is equal to the
radius of the radiation-sensitive surface of the detection system. If a diaphragm has been
arranged, for example at a point of convergence of the radiation beam just in front of
;  the detection system, as is common practice for confocal detection, the effective radius
\3 15 equal to the radius of the diaphragm. The parameter M in equation (22) is the
: magnification of the optical system from the record carrier 5 to the detection system 15.
The optical system in the device shown in Fig. 1 comprises the objective system 14 and
the collimator lens 13.
The information in the information planes will often be ordered in tracks.
The dependence of the modulation transfer function on the period g of the tracks is

txpressed in the dimensionless parameter « as follows
(23)
3 . : .
The direction parallel to the tracks and in the information plane is denoted by the
subscfipt t of tangential in the following equations. The direction perpendicular to the
"Rcks and in the information plane is denoted by the subscript r of radial.
The modulation transfer function for a record carrier read in reflection

“an be Wwritten in the following way as the product of a tangential modulation transfer
fu .
"Cion MTF, and a radial functionF,

% MIF(f.d) = MTF,(f.d) F,(q.d).
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order beamjand the anplitude of the higher-order diffraction beans, as is
known, intqr alia fromthe book "Principles of Opti ' Systens" by G

Bouwhuis ety al (Hilger, 1985), chapter 2. This chap'e"r““éiésmzi‘h%m:_,, he
detection {i grlﬂ) £33 be calculated fromt power i e RAPLACAGET 'ﬁ'l 54 -
|f the optijcal b'r I .e. the square val ue of the anplitude; )
zero-order Jbeamoriginating frominformation plane i is represented by Ei,

t he DC val e @E tahpentiahmodtilaten ahniftrefimsgocisagiech thediemnsionless paranetess by
proportiongl to Ei. The AC value of the anplitude is proportional to En(f)
in which tH§e nodul ati on factor m'2 I's proportional to the ratio of the
anplitude q¢f the hi gheyrprdes di £f foctigon. b d the anplitude of the
zer o- order be(a% The par a'rr(g’t’ge)r f i laj’ttﬁlg ?Er egﬁggg?ﬂof t he detection signal.
It indicatgs the frequency dependerfce of the nodul ation factor, i.e. the

d d the inf ti t t k. which h b d A
bart of ¢ hd ir BAPRERET AP N GRIZES, DU/ Hehe ot ABeR PEBRUREES ¢ he
detecti on § YSilof RRCAKS {dhfted A1t 81! '196heAdh Bnhe $1260F REASECHtn'

cause a paff emto fa .
system, the integration area § is equal to

(26) 0<|B|<1-§, 0<e<

@ 0< |8l <1,  0<e<p-g? if < 1-3 and
(28)  the area of overlap of )
said two areas if 1—% S 9 < 1-[%]

In the case of a large radiation-sensitive surface of the detection system the integration
is over the area of overlap of the zero-order and higher-order diffraction beams incident
on the detection system (integration area given by equation (26)); in the case of a small
radiation-sensitive surface the integration within the area of overlap is only over the
surface of the detection system (integration area given by equation (27)). It is apparent
from equations (26), (27) and (28) that the parameter w, i.e. the frequency contents of
the information plane, also determines whether the radiation-sensitive surface is

'tgarded as large or small. If the sensitive surface is smaller than the image of the spot
on the detection system, there is confocal detection. In dimensionless parameters this
“rresponds to n < 1/(2¢). In the case of confocal detection the value of the modulation
Tansfer function very rapidly decreases with an increasing defocusing £. Information
Planes not to be read then produce only small interference signals. Consequently, the
listance between the information planes can be further reduced than is possible without

“nfocal detection, which enhances the information density of the record carrier. The

L

“0gential modulation transfer function for a large detection system is equal to the
Modulation transfer function of an incoherently illuminated imaging system as is known,
"er alig from the article "The defocused image of sinusoidal gratings" by W.H. Steel
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out si de theg3objective systemand to get |l ost. The larger the angl e between
the first-ofder diffraction beamand the zero-orderbeam_the larger the
part fallindg outside the objective system The r esuf fahtr Ho88s § o
t he detectidn gaagsu s expressed in the ngdul ati HHBH arE unc i18n2.1993
MIF(f). Due tc? the novenent of the marks in the track wt
spot, the sratlal fre uency of th tra IS converted into a tenporal
frquency of shdial2 , §%écPPS| Og4 St, i.e. the part of the
detection si gna' S4 pr@ﬁy%vmﬁadnhﬁ (e isﬁeqdaubﬁ%24)r1§cghwehqnbﬂmwﬁ&ue§se
scanned can fnow be witten as: [( I's a detection

const ant f oy tphﬁnmmberm on from opt [ cal radl at [ on to electric

2
¢ (29) F,(x,8) = sinc( 28 if¢§ <21 and
I
YT’
2k ]
(30) T if £ 22,1

 The function sinc(x) is defined as sin(x)/x. The radial factor F, is based on the fact that
the information in the track to be read and the information in adjacent tracks are not
correlated in phase. The modulation transfer function is normalized at zero frequency
and zero defocusing for an infinitely large detector. Theoretically, the modulation
mansfer function locally has deep and sharp minimum values as a function of the

- defocusing £. However, these minimum values only occur with information planes in
which only a single pure frequency occurs. In most cases the information will have a
spectrum of frequencies so that the minimum values will not occur in the modulation
transfer function. For determining the modulation transfer function the envelope of the
function defined in equation (24) will then preferably be taken.

- The envelope of the above-mentioned equation (24) for the modulation

transfer function is in good conformity with the measured transfer function of an

information storage system. Fig. 6 shows by way of example the modulation transfer

function as a function of the dimensionless defocusing ¢ for the parameter values

“=0., x = | and n large. The curve is normalized at zero defocusing, i.e.

0 Plogl | MTF(0.6,£)| / MTF(0,£)] is plotted along the vertical axis. The solid line

ndicates the value of equation (24), the broken line indicates the envelope. The value U

o the envelope for £ > 2.5, again normalized at zero defocusing, is given in a good

Pproximation by

‘A

&) Uw,f) = 0,072 2

. ° 3 s
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signal. and
the track t
dl stlbut!on

m(O = L. The summation is over all frequencies which occur in
be read. If the frequencies have no discrete but a continuous
the sunmation in equation (L) shou g, p\e\,gqgl ﬁ’seH an
APHNJYg¥S It he reasoni ng | eadi ng 330 | qua LOB ch)n l5' gsed301L. 8993

structure havi ng marks of differ ent refectioh-coett dlci ent s,

nal of eachln rycture can be written jn th formof
. The nodul At”v Ebf'dﬁs beH yd%ﬁ%ﬂggﬁmﬁ}ﬁ I"P?‘Yet?1 &W“t
st jnfeeinatien piaﬁébcféqﬁﬂed Ihst DERBES Edrfier Récotdifg W tHe fr\%ﬂtﬂiﬁ &ﬁadzs

rel ative power of beans, nutual phase relation and state of

. deAyed Wl@ﬁée \Au:yOﬁ ﬁxg\m’n which iresultadrom ithminventivedder ard: frloanth;yasxglm
15 is conv

Functi on i 120 SS9 (V00 REokBl R RExRaROf horabl 3y R el ettt

whi ch the rfagli @ith @rlﬂmtSrféI@ﬁwﬁfﬂionﬁr ierférehey ﬂ‘gtrﬁalpgerwrae@ byanforRatiél plafey whrth
systemw th which the radiation fromthe information plane is passed

towar ds the detredpt Brbesiead snrrently of & = Ad1cT| 140 @: drhe| reprrd cartigrchastwo
obj ective st gfhddrion planes with information coded in marks in the same way, with comparable

the read si
equation (1
i nformatio
such as th
pol ari zat i

frequency spectra and complying with equation (17). The lowest frequency in the

spectrum of the information plane which is currently not read produces the largest
i0 crosstalk, because generally the value of the modulation transfer function decreases with

increasing frequency. To attain a reasonable approximation of the interference signal, it

is assumed that only the lowest frequency occurs in the spectrum. If this is a frequency

with w = 0.6, Fig. 6 will give the associated modulation transfer function. The

interference requirement amounts to finding the smallest value of ¢ for which
IS MTF(0.6,£)/MTF(0.6,0) < Q. The broken line in Fig. 6 of the envelope gives £ = 5.2
for -40 dB. It follows from equation (21), at a wavelength A\ = 0.8 um and a numerical
aperture NA = 0.5 that 4 = 8.4 um. If various frequencies occur in a band of the
spectrum, a weighted average of the MTF of this band should be determined. The
minimum thickness of the intermediate layer between the two information planes applies
10 the case where the intermediate layer is air. If the intermediate layer has a refractive
index of more than 1, for example n = 1.5, d/n must be 8.4 um, hence d must be 12.6
#m. Said thicknesses are the minimum thickness of the intermediate layer in which the
information in the information planes can still be read satisfactorily, or in other words,
the detection circuit 17 in the reading device can derive a reliable information signal §;
from the detection signal §,. At the minimum thickness the information density in the
direction perpendicular to the information planes in the record carrier of the information
Storage system is maximal. If the thickness of the intermediate layer is larger than this
value and one of the information planes is being read, the other information plane will
Quse an interference signal in the detection signal S, which interference signal is more
than 40 dB below the level of the read signal.

The modulation transfer function for the zero frequency as used, for

®xample for the DC interference requirement in equation (14) is given by
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in the reédi ng device shown in Fig. 1. |Informti-on_pl anes which are not to
be read currently and which are | ocated in the ra .a-t;_i‘;@'-rT'?_fpa,t-h‘.-D_f‘ t he

scanni ng beam al so direct radiation towards t det egp[_iAQh:‘[';syfs't.‘-em and will

t hus each: prepdNdet.35kontri bution in the foddn of an 1 crence/si 2. 1998
t he detection signal Sd. Each of these interference signals can be
expressed in anal og ner as has been done in equation.(1) for the
read signal @251 The sm{&?ﬂé"si i nterference signals from t HE™ %&r’rﬁ&fji on
pl anes which are not to be read gives the total interferenca signal. The

i nterference requirenment for rea#ii ng information plane i can now be witten
as: (2a) @ (3E E Ef "MTFO.ME ¢F,di/n) E E ni(f) MIF(f,0) | ohKslfornul a
n (f) is the nodulation factor of an information plane j if the radiation
is focused on plane j, while E, is the power of the radiation fromthe

i nformati om A value MTF = 0.15 as used in the consideration following equation (14) can be

realised with n = 0.387. It follows from equation (22) that at a radius r; = 20 um, a
magnification M = 10 and a numerical aperture N4 = 0.5 the defocusing or the
thickness of the intermediate layer 8 should be 5.2 um or more in this case.
The modulation transfer function for reading devices with a non-uniform
0 intensity distribution over the radiation beam proximate to the objective system 14 and
with optical aberrations can be determined by means of numerical methods as described,
for example in said book "Principles of Optical Disc Systems” and in the book
"Scanning Optical Microscopy" by T. Wilson and C. Sheppard (Academic Press, 1984)
chapters 2, 3 and 4, and can subsequently be further used in conformity with equation
3 (24) in the interference requirement (2a) or (2b).

The embodiments. hitherto described, of the information storage system
according to the invention are adapted to detect radiation reflected by the record carrier.
However, in principle, all above-descnbed methods of satisfying the interference

* requirement are also applicable to information storage systems in which the radiation is
detected which is transmitted by the record carrier. The consequences of the
interference requirement for an information storage system operating in transmission are
largely equal to those for an information storage system operating in reflection. Fig. 7A
shows diagrammatically an information storage system operating in transmission. In the
teading device 6’ a radiation source 11 generates a radiation beam which is focused on
a information plane of the record carrier 5° by a collimator lens 53 and an objective

© System 14. The radiation transmitted by the record carrier is collimated, for example by
- collector lens 54 and focused on a detection system 15 by a further collimator lens 55.

The detection system supplies a detection signal S which is converted intc an

o otan o

information signal S; by a detection circuit 17. For a correct operation of the reading
Gevice, the objective system 14 and the collector lens 54 should be centred on one and

be same optical axis during reading, so that the components 11, 53, 14 on the one hand
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plane j if the radiation beamis focused on the information plane i to be
read. Thet nodul ati con transfer function MIF for an i nformation plane not to
be read, which is al so 14 called an interfer n.ce_pl-a e—wti—often be
di fferent | fr opHN84.860uUl ation transfer funcs$on|of:is hé"ihf‘(‘}Fr{%fl oh .20499
be read. This is particularly the case if the spot i sREHHC on the

i nterferehce plane. Wth an_in g defocusing, of t I nterference
plane. the vafifehi§components 341 g %ﬁgt"i“dhe&‘ e{ﬁp.gd g’ed'é‘EY BX) PRGN y.

Thi s def ocusi aﬁwqgm@mg rfsxeaﬂsﬁlaaﬂgltﬁ@%a%@mw HEEANS tﬁé rédi'ﬁ ARLAGELR Bupd 1 N
equation (1), in which i s the distance between an interference plane j
and t he |hformord)¢arpblaﬁe I to be read on which the radiation beamis

focused, ?nd nis the rﬁ]:gr %tshg\%s 'anc(xj'gsé s%gnc}nhof pa.rE of H% recor% carrier and the

5 radiation beam 32 focused on the information plane 1 of the record carrier. The power
of the transmitted beam 56 is independent of the information plane on which the beam
is focused. Hence, the power E of the radiation beam coming from an information plane

is equal in the interference requirement (2a) or (2b) for all information planes, or

10 (34) E;, = E;

; ; for all j and 1.

The read signal or the interference signal in the detection signal S, generated by an
information plane, is thus only dependent on the modulation generated by the relevant
| information plane in the transmitted radiation and is not dependent on the possibly
i 15 different transmissions of the information planes or of the ordinal number of these

planes. The interference requirement (2a) for reading the information plane i can be

written as
T T m(f) MTF'(fd;/n)
(35) jzi f < Q.
) }: m;(f) MTF'(£,0)

The interference requirement (2b) can be rewritten in the same way.

Likewise as the modulation transfer function of an information plane read
in reflection, the modulation transfer function MTF’ for an information plane read in
transmission can be written as a product of a tangential modulation transfer function

5 MTF! and a radial function F.:

(36) MTF'(f,d) = MTF,(f.d) F(q.d).

The radial function is given in equations (29) and (30). In principle, the tangential

5‘

modulation transfer function is known from said book "Scanning Optical Microscopy".
If the numerical apertures of the objective system 14 and the collector lens 54 are equal,

and if the optical aberrations are small, the tangential modulation transfer function can

4
i
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| ayer between the planes i and j. If there are layers of different
refractive indices between the information planes, the value of dj/n should
be determ ned for these | ayers together. In the enunerator of the

i nterference prEquUi4c38tent (2a) the optical pewers of the radi-ation qf, 1216993
different interference planes are added toget he; +Si Ao laH\mB‘EIE:a power is
converted into an el ecérl c a litude in the det¢ CtlorNWéFb‘r;n 15t he
addi tion of tH§evBREN Y ’{Ha"é’éfﬁﬁﬂﬁésn (2a) W mean that the electic
anpl i tudes of the i nt erfer ence signal s are added toget her. The interference
requi renment (2a) therefore applies to those detection circuitg 17 whose
correct operation depends on the instantaneous anpli e
interference signal. Howevgp., /|f he Zo %—‘ﬁé‘; [ %r_au ﬂ_o[ujzd tection
circuit depends on the avera e r %N g erfarencel Jijgndl, the
electric pawgsy) i nstead of the anplitudes of the interfefre ce si gnal s nust

be added together in the enunerator of the |nterfer )
such a detection circuit the 1 ré J (B+1r$w)2+e
] L2

dB de cos(Bw + ¢ 2)
B2e (B ertw) +ed

with J, the first-order Bessel function and § being the area defined by

10
(38) -\/5’2—52<B<V§’2-62 and -{<e<y¢.
The parameters w and £ are defined in equations (20) and (21), respectively. The
parameter { is given by:
15
2eNAr
(39) ¢ = 2

MAX

and is the dimensionless radius of the image which is formed of the radiation-sensitive

surface of the detection system 15 by means of the optical system with the components
0 55 and 54. The parameter M is the magnification of the optical system from the record
carrier 5’ to the detection system 15. The modulation transfer function is normalized at
zero frequency and zero defocusing for an infinitely large detector.

The same methods as described for the record carrier read in reflection
can be used to satisfy the interference requirement (35). An advantage of the record
carrier suitable for reading in transmission is that the modulation transfer function as a
function of the defocusing ¢ decreases more rapidly in value than the modulation
transfer function for record carriers suitable for reading in reflection. Consequently, the
information plane_s in the last-mentioned record carrier may be situated closer together
than in the record carrier suitable for reading in reflection. A further advantage of
Ttading in transmission is that imaginary information planes caused by mirroring on
Other information planes do not have much effect on the strength of the interference
Signals,
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interference requirenent then is: (2b) | E (ZgH m(f)
MIF(f,dj/n))2 ' EE, m (f) MIF(f,0) In equations (2a) and (2b) the
magni t ude of _t he %/l;g shoul d be used, as the MIF can become negative or
conpl ex whenPENet®3?5 def ocusing or aberradTons. The read and int et3.424A8%
signal s generally conprise an AC conponent and a DC conponent. Both
conponent s a&mrporat ed in the interference requirenent by taking the
sumat i ons overt 1 n equation (2a) or (2b) from ZeL.O.--the~D€-€eﬁpGﬁGnt may
result in a shift of the |eve n sj grial SI8dTiIVFPEN 2 wi th
respect to the detection Ieve“lmllmmamﬁﬂlm% ﬁl’l se_to &UEMFHD of 1He
detected instants where the detection 91 gnal «has the val ue of the detection
| evel. The result is a decrease in reliability of the

1. An information storage system comprising an optical record carrier having
at least two information planes, and a reading device for scanning the information
planes from one side of the record carrier, said device comprising a first optical system
for forming a radiation spot on an information plane to be read, a second optical system

5 for passing radiation from the record carrier to a radiation-sensitive detection system
which converts the radiation into an electric detection signal, and a detection circuit
electrically connected to the detection system for converting the detection signal into an
information signal, characterized in that the distances between the information planes
-and the optical properties of the information planes comply with the interference

10 requirement of the information storage system, i.e. the ratio between the sum of
interference signals in the detection signal generated by the information planes not to be
read and a read signal in the detection signal generated by the information plane to be
read is smaller than an interference ratio Q determined by the detection circuit.
2. An information storage system as claimed in Claim 1, characterized in

i3 that the interference requirement is defined by

L E ); m;(f) MTF(fd;/n)

j#i
E; }E m;(f) MTF(£,0)

<

in which the summation over j is over all information planes not being the information
0 plane i to be read, and the summation over fis over the frequencies present in the
signal received from an information plane, while E.} is the power of the radiation in the
zeroth diffraction order from information plane j, m;(f) is the modulation factor at
frequency f of the information plane j, in which m(f) for an information plane not to be
read is determined with the radiation beam focused on plane j, and in which further
MTF(f,d/n) is the modulation transfer function at the frequency f of the radiation from
the information plane j to the detection signal, d is the distance between the information

plane j and the information plane i to be read, and » is the refractive index of the
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15 information signal. I(Ill!lwmumjlﬁﬂjuml circuits the sensitivity to the DC
conponent differs from L0 the AC conponent. If this is the
case, the interference requirenent should be sptit |

requi r ement sSPHINhE4.A81 i nt erf erence requir endt iTg“ét ﬁ%ﬁ ﬂ§§r‘?%E§ equid.i21993
(2a) or (2b) with the summations over f starti —a—hF of nore
than O and with I N epl aced..b c The DC interference requirenment is
then given b?‘ed‘Pgr%%wF%' &ﬁi%ﬁ”@@@/g ﬁ%lwi'nterf_erence ratio of the
detection cigcuit. TheanffoimidtioAnstdragd 9ystenivias 3R6med if ClailhE chafaeterized iency
are equal to |, as is the nodulation transfer function MIF(0,0). To conply
with the int@pftednesfereage requitement istdefiined be attenpted to

T (fz E; mi(f) MTF(f,dj/n))z E

J#i

<@,

;: E; mi(f) MTF(£,0)

in which the parameters have the meaning as defined in Claim 2.
4. An information storage system as claimed in Claim 1, characterized in
that the record carrier has at least three information planes and in that the sum in said
10 interference requirement includes imaginary information planes each constituted by
mirroring an information plane with respect to another information plane.
5. An information storage system as claimed in Claim 2 or 3, characterized
in that a first information plane has an information structure which is optimally read in
a first read mode, and at least a second information plane has an information structure
I5 which is optimally read in a second read mode, in that the reading device has the
disposal of both read modi and in that in the interference requirement the parameters E,,
m; and MTF(f.d_,-/n) for an information plane which is not to be read have those values
which are associated with the read mode in which the information plane i to be read is
read.
1 6. An information storage system as claimed in Claim 5, characterized in
that the radiation source is adapted to supply a radiation beam having a first wavelength
in the first read mode and a radiation beam having a second wavelength in the second
read mode. :
7. A reading device as claimed in Claim 5 or 6, characterized in that the
detection system has the disposal of two detection modi for detecting, in the first and
the second read mode, the radiation from the record carrier in the first and the second
detection mode, respectively. | .
8, An information storage system as claimed in Claim 2 or 3, characterized
in that the record carrier has at least three information planes, in that the detection

" System is arranged in the path of radiation reflected by the record carrier, and in that

E, &

2
e By T R;

i
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maxi mal | y reduce the i nj“@ﬂﬂﬂ!ﬂﬂﬂﬂ!”#ﬂt generated by information planes
whi ch are not to be read.s Jland a maxi num possi bl e read si gnal

is wanted during reading of an information plang }9senEEf e &afi&T actory
operation of pHnq lde3gction circuit. A largey redd sigredAep the qu?‘ﬂt.?%
that there will be relatively |l ess noise in the’ ' t the

i nformation signal can nore easily be derived fromthe detection signal.

Thi s provi dedor AR IfeEBatian plage hwvhichds siiuatedclopes tquhe Pbiegtivs system thantthen
read per uni t B"mﬁﬁc?_% ﬁﬁeiinﬁ{deaSi ng the information density of the

I nformation p?ane. ver’,a decrease of the interference signal generated
by an information plane goften also |eads to a decrease of the read signal
when this informatiﬁ,n pIT;;?nRj is being read. If the interference signal of an
i nformati on plane iF, ~forgexanpl e decreased by a reduction of the

nodul ati ongfactor off the iinformation plane, this will also lead to a

smal | er nodul ation of the read signal of the information plane when said

i nformati on pfbrnae informhationgplamenjiwhithes pavated figther sémotecfromche dbjective system

should therefore b hosen to b uch. t t i nterference requir nt is
than theeinformagon plane ?, 1%1 WRICL rki and 7, are the radganoneintengty re?f;ceuon

and the radiation intensity transmission, respectively, of information plane k.
9. An information storage system as claimed in Claim 4, characterized in
10 that the optical properties of the information planes comply with

By § my(f) MTF( Fidyin) + RER, £ m) MTF (£ (dy~dy)In)
<@

TS Ry I m(f) MTF(£,0)

in which d, and d, are the distances between the information planes 1 and 2, and 2 and
15 3, respectively, and n is the refractive index of the media between the information

planes.

10. An information storage system as claimed in Claim 9, characterized in

that the information planes compnise¢ information having a substantially equal freqixency

spectrum, in that m;, m, and m; are equal to each other, d, is equal to d,, and in that

0 5
R R,
— < 0
TR
holds for the radiation intensity reflections and radiation intensity transmissions of the
information planes.

511 An information storage system as claimed in Claim 8, characterized in
that the radiation intensity reflection coefficients of the successive information pianes
with an increasing distance of the objective system comply with

R;
Ry = =

0 T;

12, An information storage system as claimed in any one of Claims 2 to 11,

characterized in that the information in the information planes is ordered in tracks
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j ust CC"E' ied with. Thi i‘lj‘”“““l“ﬂ““}““l‘ i nformation plane to be read
«S1gnar, wmhi

furni shes a maxi mal rea et he interference_signalsqof the
i nformati on planes not to be read have the maxiwetty o [oveBE®Rhl\ue. I n

principle, thayngdsqtion of the interferenge sjg§ AGED t 0_canpBy2vdi9oh
g-each paraneter in

the interferénce requirenent can be achieved b 2
equation (2a) or (2b). For exanple, it is possible to suppress the quantity
of det ect ed extendiagiin s @pgential direstionndénetes: by theruibsqsips teandain BatWei vel y, the

nodul ati on fac . [ f er ane can be reduced; noreover,
t he nodul ati® gugﬁlsﬁggefﬁ%‘ﬁagrﬁmaﬂ;gﬁ%Bgf an interference plane can

be reduced. The interference requirenent nust be determ ned for

MTF(f,d) = MTF,(f,d) F,(q,d)

in which, expressed in the dimensionless parameters

_ 2dNA*
fe A

_ Td g NA
2M NAd A

10 7

the tangential modulation transfer function is given by

MTF,(w,8) = 2 [ [ d8 de cos(etBe
15 T
with § being the area defined by

2 2
0< I8l <1-%, o<e<l1-[|3|+_;’.]' if g > 1-[2} ,

* 0< |8l <m, 0<e< -8 if § < 1-%’. and
the area of overlap ;
of said two areas ifl—%’.sns l-[ ] :
2 »
; if # < 2,1 and

(STR

and in which the radial function is given by

3 F,(x,8) =

é.
|

if ¢ =21,

% i which f. = NA/\ is the cut-off frequency of the objective system, A is the
wavelength of the radiation beam, NA is the numerical aperture of the objective system
at the side of the record carrier, ¢ is the track period, 7, is the effective radius of the
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reacting each information ' ord carrier. The paraneter val ues
f.or which eact of these iHMm"mHM@eremn s.is.satisfied determ ne
the structure of the recore carru em. | es of THi%® SHBEEHKAR BBANCh sai d

possi bi | iti espENN141851 npl enmented in an i nfogpation stiiPdgEEBYst em wW3.1211693
given hereinafter. In nost exanples the influence of one Interference plane

on reading an_information plane will be_dealt wth. ,‘I;Ee I nterference

signal s of podeseqion systamy and M i thednagnificasior of thg, OpfiFal dysiemiframy the,regprd

anal ogous MaNgehePRFthls He g.?.i n the interference requirenents in
accordance w Jt;hﬁ’cmequat i onwfggs §%s‘r? 2b). A first possibility of reducing the
i nterference B.gnal s i sAn infomhationsstorage dystéme rae ciaimediin Qiadim 2 or 3{ kharacterized
information p)anes, To,.this end the nformtion planes ma ve different
wnvel engt h s S e FRdiatinreEaiet 85 he gReERon SRR i Eansied BY s tepd!
known, inte§ aiier, fan@th @4tnen Patent Application no. 37 41 910. Fig. 3A
shows di agrammatically such a device which operates at two wavel engths. Two
radi ation

E- = Ei'

14, An information storage system as claimed in Claim 2, 3 or 13,

10 characterized in that the optical system comprises a collector lens for passing radiation
transmitted by the record carrier to the detection system, in which the numerical
aperture of the collector lens is equal to the numerical aperture of the objective system,
and in that the information in the information planes is ordered in tracks extending in a
tangential direction, denoted by the subscript t, and in that the modulation transfer

15 function MTF(f,d) is given by

MTF'(f,d) = MTF,(f,d) F(q,d)

in which, expressed in the dimensionless parameters, the tangential modulation transfer

2, 2\ '+ 2, ‘
5 '11.-'[ Idﬂdﬁ cos(Bw + TEw?) \/'3 ¢ )Jl(\/(ﬁ Téw) ez)

- s V82 +& V(B + i+ e
with § being the area defined by :

Vi2-@ <B<yti-¢ and -r<e<t,

30 - ZTNArd
M\

{0 function is given by

MTF,’ (w,) = 2 arccos[iz".]

2|

Jy
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sources 20 and 21, for exanple sem conductor |asers, generate radiation at
wavel engths [err] and [err], respectively. The radiati on beans of the two
| asers are conbined by neans of a neutral mrror 22 and a dichroic mrror
23. The radi #HNN4BHns are reflected by ad2irror 31 to the objectilgel2.1993
system 14 whi ch focuses the beans on an information plane within the record

ier 5. By rotating.,th d ier. b f tar.24,. th

adi at i on bo A 1 NHGEe hersaameErs 1AYE e BeRIER A8 ePiedBCI 2 | on

reflected by jshe recor AnCaptichEtartisr hVihe &t &dstthﬁﬂhﬁﬁEﬁé@bi&éﬁﬁn@émﬁ%ﬁiﬁé he
I C

on-going beamto a second ‘dichroic mrror 26 which passes radiation having
wavel engt h [ ailrthe teshaicabresord carries faatureo s defineddniaayiose of £laims oy ddengt h

[err] to a detection system 28. The detectj on~si I t 4q.on
systemis pa§_§ed to a @é‘tgﬁcﬁ'ﬁ?ﬁﬂ %?‘P%‘ ‘%Sﬁéx'ﬁﬁgh cg%ﬁgt?é%bggﬁ’atﬁ% it _
i nformation Shfipmised theed infErmikiioR Plires ahd GWalinteredidte dayeng separitiag thé Fi 9. 3A
provides the possibility of reading different informatjon planes
si mul t aneous ligformatien planesfromuene ywihiengthesratio of the;epticalithigkmesses Q€ et ect i on
armwi [ be needeefidaidié clghlY Slrvel 1/%kng 3.

17. An optical record carrier as claimed in Claim 15, characterized in that it

comprises information planes with interposed intermediate layers, the successive

10 intermediate layers having thicknesses alternating with each other in two different

values.

—
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26, the detection system 28 and the detection circuit 30 can be di spensed
with. An enbodinent of a record carrier 5 having two non-spatially

separ at ed fo tion planes for use with the reading device of Fig.
3A is shown |2}Jlﬂ&’*&4éﬁﬂ The information plafds constitute a single tlBi12.1993
| ayer | on a substrate 7. A mark having a reflection coefficient different

fromits surrm mai nly for the wavelength [err], can be witten in
the |l ayer by neans o hi gh-energetic radi ati on beam 32 havi ng wavel engt h
[err]. This whuitiplangiafosmaton staraghecygem andmecordycamemfor afe th §Ethhosysternwn
as the "specual -hol e burning” nethod. If the marks thus witten are read

with a radiation of wavel ength [err], a good read signal is also obtained,
while a weak read

An information storage system is described which comprises a reading

device (6) and an optical record carrier (5) having at least two information planes (1, 2,
3). The radiation from the record carrier is converted in a detection system (15) into a
detection signal (16) which is applied to a detection circuit (17). In order that this

5 circuit can derive thé read information from the detection signal in a reliable manner,
the interference signals generated by the infoi-mation planes which are not to be read
should comply with a requirement, referred to as the interference requirement, which is
characteristic of the detection circuit. Values for the parameters of the record carrier,
such as the thickness of the layers between the information planes and the reflection and

10 transmission coefficients of the information planes then follow from this interference

requirement.
Fig. 1.
THIS SHEET HAS BEEN
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e 1

signal is obtained when these marks-are read with radiation of wavel ength é
[err]. Conversely, a weak read signal is obtained when marks witten with

radi ati on of wavelength [err], are read with radiation of wavelength [err],
whereas a good read signal is obtained when_ these nmarks are read with

radi ation of(lhavel ength [err].S,TheC rBoli MeBMEF U h RTGR SireTEKseshoul d

conply follow fromthe interfergnce -Fequi re ) -6 lequat ReFLAG) . On
readi ng at a single wavel engt h,Efo x&]f;f)e%(ﬁdj/’?)ne—r‘mmﬁ to

be read coi nayi€aimi2 h the inf ' pe—not—to-be<r@ad, hence El = E2,

and d2 = 0. The nodul ation transfel Eum¢foMTF{f,Madi ation of wavel ength
[err] coming fromthe two informatf on pl anes is equal for {he same reason.

Finally, if the two informatio a s ' ripRijan of
approximately the same frequenZ{y. p émmlttjplmc}é‘%fﬁeme ce requirenent for
reading at wRbpClaimid [err] is — of Qhe

nodul ation factor nj is dependent onjE ey mi (D A0bf the marks and

3 5 3 MTF(0,d;/n) < Qpc,
jnet 5
@ ' % < Q.
() M < Q.
R V&
© S,=aT”[I-i;-m2(aTl‘/RT+a./R_,-)

= az'"%(TfRz +TiyR Ry )

o mbeniE .,
m, (ﬁkz’TNkaz )

©) | ™ < 1,600
|
(10) : Z< Q.
o E, T m(f) MIF(fd/n)
(1) f < Q.
E, T my(f) MIF(f,0)
f
E, R,
(12) - =
E,E TR
‘Rl z ml(‘f) YA Mﬂl(f,d/n)
(13) f <Q

TR, ;; m, (f) MTF(£,0)

I TABLE 1A
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on the difference in anplitude reflection of the mark and its surroundi ngs,
the anplitude reflection being equal to the square root of the intensity
reflection. If the marks witten at each of the two wavel engths have the

sanme di mensi on the interferench Raqujre t, (4 an be witten as [err]
in which R is(f‘ﬂe intensity ref I'Eﬁ't'i‘#@ﬁp}@se%t ot-the information plane
outside the marks Rerr] is the in’tensity reflection coefficient of a mark
witten with radiation of wavelength [err] and Rlerr] is the intensity

reflection codifiClam®d of a nark witten with 18 radi ati on of wavel ength
[err]. In this case i4 has been assumed for fhe sake of sinplicity

T R, }: my(f) MTF(f ,dy/n) + T Ry R, }: m(f) MTF(f ,(d,-d)in)

< g
TXTER, ,; my(f) MTF(f ,0)
Ry Ry
(16) Claim 10 L <o
T, Ry
R THIS SHEET HAS BEEN
(17) Claim 11 R, = _fz REPLACED
T
(19) f,= M
(19) 5l Ay,
Y
(20) Claim 12 w=2>L
Je
2
1) Claim 12 £ = 2‘”;"‘
. Td
(22) Claim 12 R
(23) Claim 12 x = .‘Li‘.’é.
(24) Claim 12 MTF(f,d) = MTF,(f,d) F,(g.d).
(25) Claim 12 MTF, (,£) = % [ [ d8 de coscrzBo.
S
(26) Claim 12 - - -
) W : -le
0< 8] < 1—7, 0<e< ]1 [|B|+-2-] ifg > |1 [2] ’
@7) Claim 12
0< |8 <, 0 <e<yp-p? if'q<l--;-’
This Sheet Has Been R,
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that the intensity reflection coefficient Ris equal for the two
wavel engths. |If the interference ratio Q for interference signals com ng

frominformation planes not to be read is '~ bel ufdSsurT SACHBER L O
0.30 and R, Z?’ d wavel ength.,[%r] i$. 0 2t hen theRgpM@;fl on

coefficient E'[i ?{:ﬁfﬂ' nmeasured & YePe bt‘ F prr] shoutd-devate—byll ess
than 0.01 fromO0.30, i.e. the value of R TYhe's consi deration applies to.

reading with radi ati on of wavelength [err]. The nmarks not to be read should
t hus have al nost the same reflection coefficient as their surroundings. The

| ayer 1 shoul . h a chemigcal ,conpgsj §?on that the spectral
sensitivity ogzét}ﬁdéﬁ}lg;i?ect I on c&gi‘f’ﬁgi'e °§'§§$sf I es these requi“?grrén?sl. | f
the readi ng device sinultaneously reads the 'twq information planes by
focusing radiation of the two wavel engtjhs ‘F‘,n lge i nformation plane, the
radi ati on of the unwanted wavel ength ibh??éi a the non-ideal dichroic
mrror 26, sti S a detection_system*ngt intended for this, purpose
shoul d be inctg#dao@g'ﬁ’ggaas an extra in'tﬁ_em signal in the ilétseﬁef’ nce
requi renent. The quality of the dichroic mrror is

_ 1+.’/_;£ %
31) Ulw,t) = 0,072 2« -
{w(l -§>} £
32) MTF(0,d) = 1 ifg 21,
(33) MTF(0,d) = n* if g < 1.

(34) Claim 13 E = E,

T }:, m;(f) MTF'(fd;/n)

(35) Al < Q.

L m MTF'(£,0)
(36) Claim 14  MIF'(f,d) = MTF|(f,d) F{q,d).

(37) Claim 14 ;
_ 2 w| e .
l‘ﬂf}l(w,f) == arccos[i] 3 ll [5]

1 Wi ) 1 Wt |
V62 +& {(B+tar? +é?

(38) Claim 14 r2-e <ﬁ<¢;2-3 and -f<e<yt.

«% J I dB de cos(ﬁu.+ xtw?)

&n'

. : _ 2xNAT d
(39) Claim 14 §= M
-~ _ . TABLE 1C
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thus al so decisive for the quality of the information signals generated
during sinultaneous readi ng. Figure 3C shows another enbodi nent of a record
carrier 5 for use with the readi ng device of Fig. 3A. This enbodi nent has
two separate information planes, each of which to be read by radiation of a
different wavelength. It has the advanta that the materials constituting
the two i nformati on planes can be opt| d i ndependently of each other and
thus provide a greater freedom of design. The information planes 1 and 2
are separated by an internediate Iayer 8 whi nay have a thickness of zero
so that the two information plg n each ot her.
fof 2 [err]mis

Such a record carrier with an

known in principle fromFig. ; cation no. 37 41
910. However, this Patent Appllication dbds not state al ue of the
wavel engt h sen5|t5\u ty of the\reflectig@gns\in relation a:he properties of
the detection circuit in the rfeadi ng i '

10
% I-n
13
6 12 10
1
15 17

fr—~

FIG.1
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I

I
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satisfactorily read the information in this record carrier. The

I nterference requirenent in accordance with the present invention, given in
equation (2a), furnishes the required relations between the paraneters

whi ch. are necessary for the design of the information storage system To
obtain a maxi num possi ble information_density, the distance between the

I nformati on pl anes shoul d be chosen taﬁg;ew smal | as possible, preferably
| 9 of the order of or smaller than the wavel ength of the radiation beam In

spite of such a small internedi ate distance the interference reguirenent
can be satisfied by a correct choice of the wavel ength depende of the
refl ections. The consequences oA TSI oI oo TEOULTSHERT_Bor the
record carrier 14
2 B 5 4 I
/ - 3
11
% - 5
‘ 2 3 B
v I T
7 20 FIG.3A
_5_ { ) 1
VAN
2\ 1638
2 2
( \__$
\ A7 FlGBC
{
|
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shown in Fig. 3Cwill now be explained with reference to Fig. 3D in which
the reflection of a ray 33 of the read beamon the information planes 1 and
2 is shown. In the case to be considered infornmation plane 2 is read with
radi ati on of wavelength [err] and the perm ssibl-e interference caused by

i nformati on plane | should be determ ned. _The electric field of the
incomng ray 33 in Fig. 3D has an.anplltu3¢5a. The anplitudes of thegrays

reflected by the information planes | and 2, represented by rays. 34=and
35. are a [err] and a Yer+x espestvelr-A—wWhi-ch—t—anRe—+L—=he the

v

intensity reflection anQéﬁhan m ssi on cofflcients of information plane 1
and R err] is ghe intens§ty=f kflection [COeTTTCrEnt of information plane 2,
while all coeffii cieprs appt wavel erjgth [err] ., The power of the read

si gnal gener at by |t he (Nréilon pl ié%Ern1ned inser alia, by
the power of the 2%e er pnd hi gher - ' fracti on beans refl ected by
the information pl ane. the anplitude of the beamincident on the
information plane 2 is e to [err] , the anplitude of the zero-order

diffraction 3B 3 [

: AL

4§

=

32
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beam fornmed by information plane is equal to [err] and the anplitude of
the higher-order diffraction beans is equal to [err]. In this case it has
been assuned that the power in the higher-order beans is small as conpared
with the power in the reflected and transmtted beans. |If the information
plane 1 were only to transmt and not glect radi ation, the zero-order and -
hi gher - order beans would interfere on Lﬁ detector after transm ssion by
‘the information plane 1 and would yield a read signal proportional to
[err]. However, the beam 34 reflected by the information plane 1 should be
added to the zero-order beamcomng fromthe information plane 2. If the
di stance between the information planes is nuch snmaller than [err], the

anplitudes of thgq zero-order beam 34 and the beam 35 may be added toget her
to give corgtpuctjive interference. The sumof the zero-order beam of the
infornationg’ane 2 and the beam 34 now interferes on the detector with the
hi gher - or der dibfraction beans fornmed by the information plane 2. This
yi el ds the fFII read signal Sr at the output of the

-10-
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detector. 10 [err] This expression is nom1equa| to Em withi =2in

the denom nator of the interference equirenent given in equation (2a). Wen
the information plane 2 is being read, the information plane 1 is an '
interference plane giving an interference signal. In the enbodi nent of the
record carrier shown in Fig. 3D, the ggfganation plane 1 is a phase
structure conprising a partially refl { g layer provided with a relief
between two transparent |ayers of equal refractive indices. Such an

i nformati on plane generates diffraction beans in reflection only. An

Sq Si
” \
15 7
55
g% 3 5
% 3 L
53

) ! FIG.7A
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I ncident radiation beam 33 with an anplitude a refl g e—+orthe
i nf ormation pl ane 1 not only yields a zero-order diff rFEE@LAﬁEi‘é‘EM'&rSI*E&TW th

an anplitude a'[err] in refiection, but also higher-prj beans

with an anplitude a [err] . If the information plane| 2 V\grr'ﬁeﬁ!:fg1 esienf ,
~these zero-order and hi gher-order beans would interfere t etecftof and
i yvield an interference signal in the detector signal Wwhich—s—proporti ohal

to [err]. The factor m is thus the nodul ation factof of the detection
¢ signal generated by the information plane 1 in the absenceoforher
information pI anes. Due to the presence of the infornation plane 2, the
zer o- or der, 34.0f the informatio lane 1. is intensified vmththe beam
55 The. S MBS B maten soen HeE oW SFOHGRA der B CHACEBY i th the
hi gher-order diffraction beans fornmed by the information plane 1. This

yields the followng interference signal at the output of the detector:

[err] Wth a conparabl e frequency content of the two information planes and
t he sane

The invention relates to an information storage system comprising an
opucal record carrier having at least two information planes, and a reading device for
scanning the information planes from one side of the record carrier, said devics
comprising a ﬁr_s: optical system for forming a radiation spot on an information plane to
be read, a second opdcal system for passing radiation from the record carrier to a
ra.diation-sensiﬁve detection system which converts the radiaton into an electric
detecton signal, and a detectdon circuit electrically connected to the detecdon system for
convertng the detection signal into an information signal. The invention also relates to
an opdcal record carrier for use in such a multiplane information storage system. )

In the aim for increasing the informatdon density in record carriers having
a pluraliry of informadon planes, the distance between thé information planes is to be
minimized, while separate reading of the information stored-in each information plane
should remain possible. A first step of storing more information on a record carrier is
the double-sided record carrier, i.e. a record carrier in which an information plane 'is
present at each side. The two planes are read from different sides of the record carrier.
| A subsequent step is to provide two or more mformanon planes on a record carrier,

_ _.whxch planes can be read from one side. By securing two of these multiplane record

- ‘carriers vig one side, the information contents can be 'ﬁinher increased by a factor of
two. ' '

An information storage system of the type described in the apening
paragraph is known from United States Patent no. 3,855,426. The reading device of the
~ storage system focuses a radiation beam on one of the information planes of the record
carrier. The information is stored in informaﬁon areas, or marks in the information
planes. The radiation passed by the record carrier is modulated by the marks and is
received by a lens which forms an image of the area of the information plane to be



nmodul ation transfer function, the interference requi r

[err] At custonery values of R err], T[err] and R[err*]ﬁg}ﬁ zﬁ‘@m sﬁami

respectively, the nodul ation factors shoul d now conpljy \M t-h

nrr

phase depth of the phase structure in the informatior
wavel ength [err] to be approximately equal to 2r, ag

nodul ation factor m can be rendered small by choosirg t d
|§§ E‘EE %g
i

book "Principles of Optical Disc Systeng". However, tlhe phase depth shg

be such that there is a | arge nodul ation

2]
g4s

m

currendy read on a madiaton detection system. The detection system converts the
modulation of the incident radiation into an information signal. If the radiation beam is
focused on an information plane, it will also illuminate an area on a different, higher-or
lower informtanon piane. This area or parasitic area whose illumination is unwanted
should be so large and conwin so many marks that the influence of the separate marks
on the desired reading signal is averaged. The average influencs of the marks in the
parasitic area on the informadon signal will then be no more than a reduction of the
modulation depth of the information signal generated by the interaction of the radiation
beam with the marks in the plane to be read. To achieve this effect, the distance
betwesn the informarion planes in the known record carrier is taken to be larger than 10
pm, dependent on the numerical aperture of the objective system.

Said United States Patent No. 3,853,426 does not state the requirements
to be satisfied by the reading device and the record carrier in order that the reading
‘device can derive the information stored in an information plane to be read with
sufficient reliability from the radiation originating from the record carrier. Knowledge
of these requirements is of great importance due to the trend of increasing the
information density in record carriers and the related wish of positoning the
information planes closer together so that there is a greater risk of crosstalk between the
information pianes while the reading device becomes more critical.

It is an object of the present invention to provide an informaton storage
system in which a maximum information density is achieved by mutual adaptation of the
requirements imposed on the reading device and the record carrier, which storage
system is based on newly gained insights into the importance and influence of given
system parameters on the information signal which is ultimately obtained.'

The information storage system according to the invention is characterized
in that the distances between the information planes and the optical properties of the
information planes are such that the information storage system complies with the
interference requirement, i.e. the ratio between the sum of interference signals in the
detection signal generated by the information planes not to be read and a read signal in
the detection signal generated by the information plane to be read is smaller than an

0. 4,
The

sai d
ul d



factor on reading the information plane | wth radi
[err] requiring the phase depth to be different fro
bet ween the nodul ation factors in equation (9) can b
favourabl e by increasing the relection R err]. To bejak
I nformation plane | also satisfactorily, R err] and
wavel engt h- dependent due to the choice of the materi
pl anes. At the wavelength [err], R shodil d then be |dr - _
small, and vice versa at [err]. If the interference requirenent is
difficult tgefeeice wdohQtdermini lbahhedd®kion icabgefor the information pl anes,
the interference signal of %he information plane 1 nay_%e ngrther reduced
by increasing, for ee fHad A T HeRARsten el WSS 457 IR Bf pl anes
so that thenRRelis aldrfiRedct 3ed, Qle. teNGEb GBraREn IHAGweREROf RicREeieinanies Wi || be
smal l er. A reasoning anal ogous to the foregoing nmay be given for reading

t he i nf or mainyh s Badesrad; cepd pigoaldn itherdesrciomaizogy a BRiGR MRgoethe detegdont he

nmbodi . R i . .- i- . LI ., i | |
enbodi ment 8?‘{:}1111% i%?ugﬁgsgg%asm# REVERMD ididkriakin 3k thle ek AP G R WA P! ane

celiability which is sufficient for a partcular read action of the systam. At a givea

strength of the desired read signal the maximum interference ratio imposes an upper
limit on the allowed strength of the interferencs signals. If the interferencs signals
exceed the upper limit, the generation of the information signal from the detection
signal will be influenced by the interference signals and the detecdon circuit will no
longer supply reliable information. The interferencs signals may be caused, inrer alia,
by ﬂuctuadoﬁs in the power of the radiation beam supplied by the radiation source,
scartered light in the optical system of the reading device, roughness of the information
plane to be read. The information planes not to be read also produce interference
signals because they also send radiation from the read beam to the detection system.
When the reading device is designed. the total budge: for the interferencs signals is
distributed over the various sources of interference. A part of the budget should
therefore be allocated to the interference signals originating from the information planes
which are not to be read. This part of the budget corresponds to the interference ratio
Q. If the information s'tomge system complies with the interference requirefncnt, i.e if
the interference ratio being the quotient of the interference signals caused by the
information planes not to be read and the read signal is smaller than Q, the information
will be read in a reliable manner, assuming that the strength of interference signals from
other sources remains within the part of the budget allocated to these signals. By
making use of the novel noton of interference requirement, it will be possible to attune -
the reading device and the record carrier to each other in an opdmum way. When the
record carrier is designed, the parameters such as the distance between the information
planes, the reflection and transmission of the information planes and the extent to which
the marks of the separate information planes modulate the incident radiation should be
chosen in such a way that the interference requirement is satisfied. The maximum
information density in the record carrier in the direction perpendicular to this carrier
and in the plane of the information plane is achieved if the interference ratio is equal to



order diffraction beanms in transm ssion. In record aﬁ%?kﬁﬁ&khﬁviﬁﬁr
such beans, the expressions (6) to (9) should be ad
menti oned herei nbefore indicate how the paraneters r §&8r W¢aririler
must be determined in sinple cases so as to conply W &Uéﬂg_LﬂLQLLEden.e
requirenent. In nore conplicated cases, particularlyjt € 1n which th

I nternmedi ate | ayer 8 has a thickness of the order of{the wavel .
conputation may be perforned in an angl ogous manner, I ch phase j unps
at optical transitions, phase rotations in the Iayers and nultiple
reflections between the transitions nust be taken into account in known
manner. Ho@ever, this conputation will then be largely nunerical and will
not have the forwlﬁrsm@mbg&mt S A RHoR NIl Loy sibucaaieg anguent s

can al so be applied to record carriers in which marks genéerate higher
har noni cs iofentigfeisrchatagerised mstau the ngréegetica gequisment iestelipedse

ond possibility
of reducing the |nterference nals is to make use of
_ J T m(f) M fd/n)
J i f

E;‘ ) mi(f) MTF(f,0)
f

in which the summation over j is over all informaton planes not being the information
plane i to be read, and the summadon over fis over the frequencies present in the
signal received from an information plane, while E; is the optcal power of the radiation
from information plane j, m;(f) is the moduladon factor at frequency [ of the information
plane j, in which ij‘) for an information plane not to be read is determined with the
radiation beam focused on plane j, and in which further MTF(f,d/n) is the modulation
transfer function at the frequency f of the radiation originating from the information
plane j to the detection signal, d is the distance between the informaton plane j and the
information plane i to be read, and n is the refractive index of the medium berween the
informadon planes i and j.

A special embodiment of the information storage system according to the
invention, in which the correct functioning of the detection circuit is not dependent on
the sum of the amplitudes of the electncal interferences signals but on the sum of the

powers of the interference slgnals. s characterized in that the interference requirement
is defined by

[_z (£ &m0 MTF(f,dj/n))z]

jwmi

) -

< Q.
J; E; mi{(f) lMTF(f-O)

For detection circuits which are sensitive to the DC component of the
detection signal, the interference signals of zero frequency should be taken into account.
In such detection circuits the sensitivity to DC interference signals may be different than
for AC interference signals so that there is both an AC value and 2 DC value for Q. In
the design of the record carrier two interference requirements should therefore be taken
into account, i.e. the interference requirement for the AC interference signals with the
AC valye for Q and the interference requirement for the DC interference signals with
f=0,m = m; = | and the DC value for Q.



a reading device with different detection nodi for
I nformati on pl anes 22 provided with different i
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record carrier is stored in the formof a nagnetic doma? ﬁﬂﬁ? wel |
as a pit structure, each being read in a specific tecti dapgted to
the structure. Such an information storage system clonpttstrg—a teco!
carrier 5 and a reading device 6 is shown in Fig. 4A. A radiation soufce 11
in the reading device supplies a radiats on beam whi ‘et for

exanple partially polarizing, beamsplitter 25 to an objective system 14

and focused by thi st.em o an I nformation pl ane o he record carrier 5.
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the depth of field of the objective system, the amplitude addition of radiadon of
neighbouring informarion planes should be taken into account when the value of E; is
determined. At larger distances the radiation of neighbouring information planes should
be added in power.

[f a record carrier has thres information planes !, 2 and 3, in which plane
| is closest to the objective system and plane 3 is read in reflecton, a part of the
radiaton focused on plane 3 will be reflected from plane 2. At equal distancss betweea
the three planes, this reflected radiation will focus on plane | and after reflecdon from
plane | and reflection again from plane 2, it will be passed towards the detection
system. Due to these reflections from plane 2 an unexpectedly la.fgc interfersncs signal
is generated by plane 1. An information storage system according to the invendon,
which can be cpumized for such a large interference signal, is characterized in that the
record carrier has at least three information planes and in that the sum in said
interference requirement includes imaginary information planes each consdruted by
mirroring an information plane with respect to another information plane. The
interference requirement can be satisfied by a correct choice of distances between the
planes and/or reflection coefficients of the planes.

A special embodiment of the information storage system according to the
invention is characterized in that a first information plane has an information structure
which is optimally read in a first read mode, and at least a second information plane has
an information structure which is optimally read in a second read mode, in that the
reading device has the disposal of both read modi and in that the parameters £;, m; and
MTF(f,d/n) in the interference requirement for an information plane which is not to be
read have those values which are associated with the read mode in which the
information plane i to be read is read.

Let it be assumed that the record carrier has two information planes in
Which the information in the first information plane is stored in a first information
Stucture, for example in magnetic domains, which structure must be read in a so-called
differential mode, and in which the information in the second information plane is
stored in 2 second information structure, for example in pits, which structure must be
T%d in 3 so-called central aperture mode. When the first information plane is being



the beamsplitter 25 on a beamsplitter 36 which spkits.the heaminto two
sub- beanms having mutual | y- perpendi cul ar directions qﬁgm_gggams_ @tgg@;T he two
sub-beans are incident on separate detectors 37 an¢l 38-whose_aufpl are
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The different read modi can be realised in several manners. A first
embediment of the reading devics of the informaron storage system using two read
modi is characterized in that the radiation source is adapted to supply a radiation beam
having a first wavelength in the first read mode and a radiation beam having a second
wavelength in the second read mode. By giving the information planes different
properties for the two wavelengths, it is possible to further reduce the interference
signals.

A second embodiment of the reading device of the information storage
system using two read modi is characterized in that the detection system has the
disposal of two detection modi for detecting, in the first and the secomjl read mode, the
radiadon from the record carrier in the first and the second detection mode,
respectively. Detection in several modi provides the possibility of efficiently converting
the radiation from an information plane to be read into a read signal, and of suppressing
the interference signals which are generated by the radiation from other information
planes in which the information is stored in 2 different manner.

A special embodiment of the information storage system according to the
invention, in which the information planes are read in reflection, is characterized in that

the radiation intensity reflection coefficients of the successive information planes are
defined by

Rj‘l =

\mlu..m

with an increasing distance of the objective system.

Each information plane to be read then supplies an equal amount of
Rdiation to the detection system so that the detection circuit of each information plane
Feceives an equally large detection signal. Consequently, varying values of the detecdon
Signal need no be taken into account in the detection circuit, which simplifies the



the information is stored in magnetic dormains fornmed in a magneti zabl e
| ayer. The information planes nay be separated from each other by an

intermediate |layer 8, as is shown in the Figure, butqth

ter: . i ey ey

coincide. |If the scanning beam 32 is focused on the |i REBrAGitiion piiane |1, as
I's shown in the Figure, the beamw || be nodul ated ty ~pttsT-TheT

resul tant power nodul ation of the reflected beamis~ ez:geg‘ggng%pccr ance
with a first detection node, i.e. electric signals sup |Ted by the
detectors 37 and 38 are added by the summi ng anpl i filer~3,—at wnich a fpit
detection signal 44 is obtained. If the scanning begam 32 is focused t he
i nformatiop, ﬂum&mis'}%&ﬁ%&mw |1 be modul ated due tO THE TRANgi NG St at es
of nagnetlzatlon The resultant pol arization nodul ati on of the reflected
beamis detected in accordance with a second detection node, i.e. the

el ectric signals supplied by the detectors 37 and 38 are subtracted from

each ot her

by the

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. | shows an information storage system,

Fig. 2 shows the variation of a detection signal as a function of time,

Fig. 3A shows an information storage system operating at two

wavelengths,

Fig. 3B shows an associated record carrier having two information planes
in one layer,

Fig. 3C shows an associated record carrier having two separate

information planes,

Fig. 3D is a magnification of the two information planes of Fig. 3C,

'Fig. 4A shows an information storage system in which marks in the form
of pits and domains are used,

Fig. 4B is a cross-section of a record carrier having two information
planes used in this system, '

Fxg SA shows a record carrier havmg three information planes,

Fig. SB shows a record carrier having intermediate layers with different
thicknesses,

Fig. 6 shows the variation of the modulation transfer functon as a
function of the normalized distance between the focal plane and the information plane
upon reading in reflection,

Fig. 7A shows an information storage system in which the signals are
®2d in ransmission, and

Fig. 7B is a cross-section of the record carrier of Fig. 7A.

Tables 1A, B, C contain a copy of numbered mathematical formulae of
the Figure description.
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obt ai ned. For an information storage systemin which tihe tAf-er-frat-hon
pl anes coincide, the interference requirement for readin %gemg?s
follows fromequation (2a) with E1l = E2 The nodul ati onj ty anhsf unctijons
MIF in the interference requirenent nust be determ ned i

detection node, i.e. for the transm ssion of the noduljations in the
radiation fromthe record carrier to the detection sigmar—a0—ThetTamnsfter
function for the nodul ation generated by the pit structure in the
information plane is in this case equal to the product of an attenuation
factor Z and the tF@ndfseews dingrimumtitsly trhioiarmdidrastdmas gysinat SRBRMSNg t he pit
structure. &a6d. Z fL A.ati08r Wik h }ﬁ, LN

det ection Jsr;!'géﬁdal .40.0{1351 %gu%{& sc\?\'}%T gh%%%/%gﬁ%‘é&‘yebggﬁgrgé and the
modul at i o dg3s-seaB0Int Figetl ecamprites i gmadpartdt direrto 7Ttwhacs wrpgovided with

. 5. . .
threz information planes I, 2 and 3 separated by intermediate layers 8 and 9. An

information plane may comprise a single interface berwesn two media with different
opdcal properties, or one or mare layers between two media. The informadon is
recorded in the information planes in marks which are not shown in the Figure. The
marks may be arranged in parallel tracks. The marks may be, for example pits ot
domains magnetized in a given direction, or areas having a reflecdon coefficient which
deviates from their surroundings. The information stored in the information planes is
read by means of the reading device 6 in which a radiadon beam 10 is generated by a
radiaton sourcs 11, for example a semiconductor laser. The radiadon beam travels
from the source to the information plane via a first optical system. The opdcal system
comprises a beam splitter 12, for example a partially reflecting mirrar, a collimator lens
13 and an objective system 14 shown in the Figure as a single lens which focuses the
beam to a spot 18 on the information plane 1, 2 or 3 to be rsad. The spot 18 of the
teading device may be located on any desired information plane, for example, by
moving the objective system 14 along the optical axis, as is denoted by means of the
amow 19 in Fig. 1. By moving the spot 18 and the record carrier with respect to each
other in a plane parallel to the record carrier, any information plane can be scanned.
The radiation reflected by the relevant information plane is then modulated by the marks
in this information plane. This radiation is guided to a detection system 15 vig a second
Optical system, comprising the objective lens 14, the collimator lens 13 and the beam
_Splittzt 12. The detection system converts the incident radiation into an electric
detection signal 5, whose modulation is related to the modulation of the radiation beam.
A detection circuit 17 derives an information signal S; from the detection signal, which
information signal represents the information read.

In many cases the incoming detection signal is compared with a given
detection level in the detection circuit in order to convert the analog detection signal 0
ildigim information signal. Fig. 2 shows by way of example a particular detection
812l 5, as a function of time ¢, The detection level D is indicated by means of a
Oroken line. The detection circuit 17 reconstructs the information signal S; by using the



pits.

~The pits generate electric signals in the detectors 37 and 38-wth

principally have the same shape, and the domain detec '@EPE%LGQWNT%EEF

supplied by the differential anplifier 39 should be zérq factt
dormai n detection signal 40 is not equal to zero is caysqd 22% ?EE‘b
deviations in the record carrier 5, in the optical pathlifr %cord
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give rise to shifts of said instants. If the sum of all interference signals exceed a given
strength or power, the shifts will lead to a decraase of the quality of the information
signal S;. If the stored information is a video program, said shifts will lead to a
noticeable deterioration of the quality of the picture; in the case of information in the
form of digital data the shifts lead to errors in the information signal whose allowed
aumber is dcpchdem on the use of the information storage system. Consequently, for
each reading device an upper limit is to be imposed on the interfersnce signals. If the
sum of the interference signals in the detection signal S, remains below the limit value,
the detection circuit can supply a reliable information signal ;. The interference signals
n the reading device are produced, inzer alia, by fluctuations in the power of the
radiation beam 10 supplied by the radiation source 11, scattered light pfoduced in the
opdcal system of the reading device, and roughness of the information plane to be read.
The designer of the information storage system will allocate a part of the maximum
allowed interference signal budget to ¢ach possible interference signal source. A part of
the budget should be allocated to the interference signals which are pfoduced because
the information planes located proximate to the information plane to be read also direct
fadiation towards the detection system 15. The maximum value of these interference

signals is represented for each multiplane information storage system by a new

Parameter for the record carrier, the value of which parameter is determined by the
detection circuit 17. This parameter is the interference ratio Q, i.e. the ratio of the’
Maximum interference signal from all information planes not to be read currendy and
refecred to as interference planes, and the read signal of the information plane to be
read Curreatly. The ratio of the maximum electric power in the interference sxgnals and
Be electric power in the read signal is equal to Q.

For a correct operation of the detection circuit it is necessary that the
f0rd carrier satisfies the following interference requirement: the ratio between the
mte'fmnce signal generated by the interference planes and the read signal should be

Smaller than Q. The value of Q is determined, inter alia, by the way of generating the



to suppress the pit
domai ns.

information in the second detection npode for the
If this requirenent is satisfied, the influg

hi ckness d of the

detecdon signal in the detection system (S, the possible presencs of corrscdon fiitess for
improving the detection signal, the way in which the information signal in the detection
circuit 17 is derived from the detection signal, and the requirements which are imposed
on the information signal. The safety marzins within an allocated part of the maximum
allowed interference signal budget should also be taken into account. Some systems may
have several values for Q, one value for each type of information. One type of
information is user data with essentially a random character. Another type is address
informadon used for labelling region on an information plane; such information has
comparable contents in neighbouring tracks and in neighbouring informaton planes. A
third type of information is tracking information used for guiding the spot 18 along the
tracks. The type of information giving the strictest interference requirement determines
the design parameters of the record carrier. Although examples below deal with random
information, the interference requirements for other types of information can be derived
in an analogous way. |
If the information is stored in the carrier in a digital form, it is possible to
store error-correction information with it. The error-correction information can be used
in the detaction circuit to correct errors in the information signal. A larger amount of
error-correction information allows correcton of larger errors, lowering the quality
requirements of the detection signal. Hence, a detection circuit with a great error-
correction capability will have a relatively large value of Q, as it can cope with large
interference signals. The value of Q will hereinafter be considered as a factor fixed by
the reading device. The interference signals referred to hereinafter are interference
signals generated by interference planes, unless otherwise stated.
The value of Q should be taken from the design of the information storage

System. In case this value is not known for a system, an approximate value can be
Obuined in the following way. The modulation of the detection signal §; must be
Measured when the reading device reads an optical record carrier with only one
information plane. The quality of the record carrier should be the minimum quality
Woweq Dy the specification of the system, such that the part of the budget allocated to
the interference signals not related to interference planes is fully used. The remaining
PR of the budget is then for the interference signals generated by the interference
Planes of multiplane record carriers. The magnitude of this part can be determined by

NCe0f—t-hepht-s—l |
be sufficiently small when reading te donains in the sggp[@;g}gﬁ*ﬁt@ﬂ@ﬁ'{
The interference requirement (2a) for reading the infor

Fig. 4B in an informati on storage systemin which the

the record carrier do not coincide is 24 [err] The p V\gﬁmﬁfg)@g?

coming fromthe two information planes is determ ned jy
transm ssion coefficients of the two plignes. If the t

de.
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I's being read, which is in contrast to the record car ierzmgqﬁ qu. 3C
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the information planes. The power in the radiation refflected by the recgrd
carrier and received by the detection systemis then
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transfer ouragt cg‘%,{ ‘ngggﬁcrg&djﬂj:%&%,eg@erat ed by the interference plane 1

When the radiation beam is focused on an information plane, it
illuminates an area on this plane, which area is referred to as the spot 18. The sizes of
the marks and the spat are generally, but not necessarily of the same order of
magnitude. The presence of the marks influences the beams transmitted and reflected by
the informadon plane. If the radiation beam and the record carrier move with respect to
each other, so that the spot scans the information plane, said beams will be modulated
by the marks. In the system shown in Fig. | the reflected beam is passed towards the
detection system of the reading device. In a comparable manner, the transmitted beam
can be datected by means of a detecton system arranged above the record carrier. It
will hereinafter be assumed by way of example that the information is stored in the
form of marks and intermediate lands, arranged in tracks scanned by the spot. The
direction parallel to the tracks is referred to as the tangendal direction and the direction
perpendicular to the tracks and in the information plane is referred to as the radial
direction. Although this nomenclature refers to a disc-shaped record carrier, the
invention is not limited to this, but includes record carriers of all shapes, such as optical
cards. Upon reflection of the radiation beam on the information plane, a part of the
incident radiation will be diffracted by the marks. Diffraction beams of the first and
higher orders are produced, which beams leave the information plane in other directons
than the non-diffracted zero-order beam. The angle between the higher-order diffraction
beams in the tangential direction and the zero-order beam is a measure of the local
Period in this direction of the structure of successive marks and lands. The power of 2
higher-order diffraction beam in a given direction is determined by the number of marks
Present in the read track with a period between them associated with the deflection
angle of the beam, and by the size of these marks and the contrast between the marks
and their surroundings. In other words, the diffraction beams in the tangental direction
“onstitute a one-dimensional Fourier transform of the marks in the track and cepresent

"he contents of the stored information in terms of spatial frequencies. The higher-order



I's a defocused transfer function of the nodul ation generat ed by t he
I nformation plane 1 | ocated outside the focus and {],Iﬁ :‘?0 by Ti1e
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MIF(fO in which the index 1 of MIF indicates that jt He 27RdBpEBtHOM trémsfer
function nust be determined in the first detectionjngde, while thelude of
t he second detection node for reading tshe informatijon plane 271S takgn into
account with the factor Z. At a given configuration and paraneters off the
record carrier, the requirenents can now be i nposed on the readi ng device
as regards dx‘fﬂn@lﬂh PERMS enantenly &t idistidgasigd thiem deparaidehbiset Wwetbeir t he
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e paraneters o cdrrier can
be dependent on the propertes of the marks.

The zero-order and higher-order ditfraction beams are passed through an
opdcal system comprising the objective system 14, the collimator lens 13 and the beam
splitter 12 to the detection system 5. In an information structure comprising marks
having a reflection coefficient different from their surroundings, the radiation pordons
of the zero-order and higher-order beams incident on the detection system will interfere
with each other. The DC value of the amplitude of the generated electric detection
signal is proportional to the power in the zero-order beam, while generally its AC value
is proportional in a good approximation to the product of the amplitude of the zero-
order beam and the amplitude of the higher-order diffraction beams, as is known, inrer
alia from the book "Principles of Optical Disc Systems" by G. Bouwhuis et al (Hilger,
1983), chapter 2. This chapter describes how the detection signal can be calculated from
the power in the diffraction beams. If the optical power, i.e. the square value of the
amplirude, of the zero-order beam originating from informadon plane i is represented
by &, the DC value of the amplitude of the associated detection signal is proportional to
E;- The AC value of the amplitude is proportional to E/m,(f) in which the modulation
factor m, is proportional to the ratio of the amplitude of the higher-order diffraction
beams and the amplitude of the zero-order beam. The parameter f is the frequency of
the detection signal. It indicates the frequency dependence of the modulation factor, i.e.
the dependence on the information contents of the track which has been read. A part of
the radiation in the higher-order beams will not be received by the detection system,
because the large deflection angle of these beams will cause a part of them to fall
Outside the objective system and to get lost. The larger the angle between the first-order
diffraction beam and the zerc-order beam, the larger the part falling outside the
Objective system. The resultant loss of power of the detection signal is expressed in the
Modulation transfer functioﬁ MTF(f). Due to the movement of the marks in the track
_wm‘ Tespect to the spot, the spatial frequency of the tracks is converted into a temporal
f"equency of the detection signal. The read signal S,, i.e. the part of the detection signal
% Produced when the marks in the track to be read are scanned can now be written as:



25 determned. In an information storage system having such a thickness of
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in which C is 2 detection constant for the conversion from optical mdiaton to slectric
signal, and m(0) = L. The summation is over all frequencies which occur in the wack
to be read. [f the frequencies have no discrate but a contnuous distributicn, the
summadon in equation (1) should be replaced by an integraton. Although the reasoning
leading to equatdon (1) is based on an information stucture having marks of different
reflection coefficients, the read signal of each information structure can be written in
the form of equarion (1). The modulation factor m; is dependent on the propertes of the
information structure, hencs on the properties of the diffraction beams such as the
relative power of the beams, mutual phase relation and state of polarization, and on the
way in which the radiation in the detection system 15 is converted into an electzic
detecdon signal. The modulation transfer function M7F is dependent on the propertes
of the optical system with which the radiation is focused on the information plane, and
on the opdcal system with which the radiation from the information plane is passed
towards the detection system, i.e. of the collimator lens 13 and the objective system 14
in the reading device shown in _ éig. L. |

Information planes which are not to be read currently and which are
located in the radiation path of the scanning beam also direct radiation towards the
detection system and will thus each provide a contribution in the form of an interference
signal to the detection signal S4- Each of these interference signals can be expressed in
4 analogous manner as has been done in equadon (1) for the read signal S,. The sum
of these intarfersnce signals from the information planes which are not to be read gives
| the 0wl interference signal. The interference requirement for reading information plane
¥@A now be written as: |
PP jg:‘_ JZ‘: E; m;i(f) MTF(fd;/n)

,; E; m(f) MTF(£0)

< Q.

" s formula m(f) is the modulation factor of an information plane j if the radiation
beam s focused on plane j, while E; is the power of the radiation from the information
Plane j if the radiation beam is focused on the information plane i to be read. The

Modulation transfer function MTF for an information plane not to be read, which is also



therefrom Wen the m ninumdistance is used, the record carrier 5 has the
| argest information density. In a conparable manner the interference
requi renent can be given for reading the information |

structure in the first detection node. The pit detect
generated by the information plane | has a DC val ue a
therefore generally detected in the detection circuit {4
described with reference to Fig. 2. Theg detection |evgl h¢ DC
val ue of the detection signal. The presence of radiatio ' t he
information plane 2 in the record carrier not only | eads to an unwanted
modul at i onciid 3 HECTERrENCERiangt With oB¢gpraditigzent Fom & sedy

val ue. This aff&eh ' s | r s WpEhEalk h@%&c‘?id@‘sue igt he
modul at i on‘“&cé‘sner atcegﬁ%?ﬁatﬁﬁ{églh?ﬁ (()oreiri‘rgf%ng'n?%ls ggr}éﬁit‘%ﬁ%leﬂ ead. l'I'he al {gwed
of fset, at aonoratdd dethecttederea@plati Withe mexcﬁsjmgrécfocg;idganfltyq ngeIrerdIge
?)Yig[]ef)fg\c/li 'ejg‘g-a‘{‘ﬁécﬂgﬁnjgg %grrmelsr}g:e funESbn orretggnptline-léhegreésccs 'rynrlﬁ(/f BhiSUERIFRY ement

dependence is indicated by means of the parameter d/n in equation (1), in which 4; is

R
b -
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P
. Q

the distance between an interference plane | and the information plane i to be read on
which the radiation beam is focused, and n is the refractive index of the intermediate
layer between the planes i and j. [f there are layers of different refractive indices
berween the information planes, the value of d;/n should be determined for these layers
together.

In the enumerator of the interference requirement (2a) the optical powers
of the radiation of the different intarference planes are added together. Since an optcal |
power is converted into an electric amplitude in the detection system 15, the additon of
the optical powers in equation (22) will mean that the electric amplitudes of the
interference signals are added together. The interference requirément (2a) therefore -
applies to those detection circuits 17 whose correct operation depends on the
instantaneous amplitude of the interference signal. However, if the correct operation of
3 detection circuit depends on the Jverage power in the interference signal, the electric
Powers instead of the amplitudes of the interference signals must be added together in
the enumerator of the interference requirement. For such a detection circuit the
interference requirement then is:

[ L (£ &m ‘MTF(ﬁdj/n))Z]

9] ==

(Zb) Jjé

< Q.

}; E; mi(f) MTF(£,0) .
n equations (2a) and (2b) the magnimdé of the MTF should be used, as the MTF can
become Regative or complex when there is defocusing or aberrations.

_ The read and interference signals generally comprise an AC component
‘*dapc component. Both components are incorpora;ted in the interference requirement
b kdng the summations aver f in equation (2a) or (2b) from zero. The DC component

M3y result in a shift of the level of the detection signal S in Fig. 2 with respect to the
si:j:“ level D, which gives rise to a shift of the detected instants where the detection
43 the value of the detection level. The result is a decrease in reliability of the



AC interference signal of the information plane 2. The @l SEt Tuy e
expressed as a fraction of the anplitude of the nodul gi_tEﬂ’rIr}‘F-'E&%ifi—‘h@‘ i8]
detection signal 44 or as a fraction of the DC valug. in the Tatter
the DC interference requirenment is given by equation (8)2 8 FEEhgpov
t he beans satisfy the equation (12), the DC interfer

witten as [err] The nodul ation transfer function in
radi ati on of the information plane 2 ich is out oft.focus, is receivdd by

the detection system This quantity can be 26 reduced consi derabl'y by
perform ng a detection known as confocal detection. For an
informaton signal. In some detecuon circuits the sensitivity o the DC compaonent

case
lerls of
ence requirenent] dan be
di cat es how nuc

differs trom the sensidvity to the AC componenc. If this is the case, the interference
requirement should be split up into two requirements. The AC inter’zrence requirement
is then given by equation (2a) or (Zb) with the summations over f starting at a frequency

of more than O and with Q being replaced by Q. The DC interference requirement is
then given by:

3 T _i_.’. MTFQ.d;/n) < Qpc,

] = i
in which Qpe is the DC interference ratio of the detection circuit. The moduladon
factars m; and m; for the zero frequency are equal to |, as is the modulation transfer
funcdon M7F(0,0).

To comply with the interference requirement, it will be atempted to
maximally reduce the interference signals generated by information planes which are nat
t0 be read. On the other hand a maximum possible read signal is wanted during reading
of an information plane to ensure satisfactory operation of the detection circuit. A larger
e=2d signal has the advantage that there will be relatively less noise in the read signal so
that the information signal can more easily be derived from the detection signal. This
provides the possibility of increasing the quantity of information read per unit of time or
increasing the information density of the information plane. However, a decrease of the
interference signal generated by an information plane often also leads to a decrease of
the read signal when this information plane is being read. If the interference signal of
A information plane is, for example decreased by a reduction of the modulation factor
of the informarion plane, this will also lead to a smaller modﬁla:ibn of the read signal of
'he information plane when said information plane is being read. The parameters of the
T°°°"d cartier should therefore be chosen to be such that the interference requirement is
18t complied with. This means that each information plane to be read furnishes 2
Taximal tead signal, while the interference signals of the information planes not to be
d have the maximally allowed value.

_ In principle, the reduction of the interference signals so as (0 comply Wlth
¢ Nterference requirement can be achieved by adapting each parameter in equation

Q ) - '
) or (2b). For example, it is possible to suppress the quanaty of detected radiation EJ



i nformati on storage system having such a thickness d @EZE;-‘E_H@j-'?ifEﬁgt‘;e[ el e
| ayer 8 and such a configuration of the detection s st@m.nr.;h_at::‘ﬁ/ﬁ'F fP2Ei0] 15

and the DC interference ratio Q0.05. Rl nust be | arfge an O'T"?Té“"l""f"j =
0.3. In conbination with the interference requirenerjt oé‘rgut"‘ééi} k87 eijnblef or e
for reading the information plane 2, it follows thatf t ' It
reflection coefficient of the information plane | should have a val ue jof
bet ween 0.36 and 0.48. Fig. SA shows a record carri er—~5for—readjing tHe
information in reflection, in which thedinterference requirement |eads to
special requirenments to be inposed on the paraneters of the record carrier.
The record car [ l.Berahds . Qftedn@h Ui JTBE d es...oumgered .1, 2 3 fromthe
si de where ?‘%rnkggicgﬁ%ﬁggf#g QHYSH% ?ﬁ%&g‘gﬂe% 120 &G LB EHEE " Shown)
enters the jacendeceducedsrmoreoisri s enavatiiat ehsiyreiusciavi(@(/t iglofesses d1

and d2 are provj g 210 he ipformation planes 1 and 2, "and 2 and 3,
respecti vel 9‘.‘“‘1‘15:1%? | guére sﬂrgg\/\%c"?hggesinttel]a“tﬁ(?h‘vﬂérrée?‘h@uﬁtr}fféifﬁﬁ?‘i”%%l ane 3

i's read by gpaagsachfinfolreation plane in the record carrier. The parameter values for which

each of these interference requirements is satisiied determine the structurs of the record
carrier. Examples of the ways in which said possibilities can be implemented in an
informadon storage system will be given hersinafter. In most examples the influencs of
one interference plane on reading an information plane will be deait with. The
interterence signals of possible other interferance planes can be determined in an

analogous manner and incorporated in the interference requirements in accordance with
equation (2a) or (2b).

A first possibility of reducing the interference signals is to make use of
different read modi for the information planes. To this end the information planes may
have different wavelength sensitivides. A reading device based on this principle is
known, inter alia from German Patent Application no. 37 41 910. Fig. 3A shows
diamm‘icany such a device which operates at two wavelengths. Two radiation
sources 20 and 21, for example semiconductor lasers, generate radiaton at wavelengths
Mand )\, respectively. The radiation beams of the two lasers are combined by means
%2 neutral mirror 22 and a dichroic mirror 23. The radiation beams are reflected bya
m.i""f 31 to the objective system 14 which focuses the beams on an information plane
#ithin the record carrier §. By rotating the record carrier by means of a motor 24, the
Fadiation beams can scan a track of the record carrier. The radiation reflected by the .
r?com carrier is reflected by a beam splitter 25 from the on-going beam to a second
j:::;umf 26 Whi?h passes radiation having wavelength X, to a detection system

1ation having wavelength A, to a detection system 28. The detection signal of
:::n:::cﬁ‘”.‘ system is passed to a detection circuit 29, 30 which generates an
(950N signal from the detection signal. The reading device of Fig. 3A provides the
possfbmfy of reading different information planes simultaneously. If simultaneous
:?-‘::g oo required, only one detection arm will be needed and the dichroic mirror
¢ detection system 28 and the detection circuit 30 can be dispensed with.

&

An embodiment of a record carrier 5 having two non-spatially separated



radi ati on beam 32. The radiation reflected by the i f%ﬁ‘ﬁ??*@sniﬁl%ﬁﬁ forns
a convergi ng beam 50, denoted by broken lines, in thejfdirectionof1h

information plane 1. If the internediate |ayers have thg S&R t%%ﬁ?cknegs,
this converging beamw |l focus on the information plane 1. A part jof}the

radiation in the converging beamw || be transmtted by the 1nformatipn
plane 1 and forma diverging beam 51 which is receiyed by the objectiye
system Another part will also return té7the objective systemafter rturther

reflections fromthe information planes 1 and 2. Consequently, a part of
the radi ati Q. Rgdm gllesfod 8 vith HhBSeRRigMlicY 8¢ FY8 1M ok tieed 38N Thbe
I nformati on p? ane 3 .to be read and similtaneously another part is focused
on the int erirife‘F‘é‘FRE‘é"ﬂeaﬁE"SPFlf‘q' Reingleahiat Iy lofn HERHTTE 7 ¥ Mart Bayitgrom t he
The. beam 51, Tran e Tro By The AT S AEIRAIE, Bald) 4 dOMIAGRENES HOTT
for the obj eewrusn igyke Wyenpy merds ofgemen-ahdrgetigi mdiagompaim Shhdviag
I nt er fer ence, 51 aBA'\ ¢ HRIL WA SRTAATLE B ST LR o NS LR L REA QN RIRe 1

as the “specmral-hole burning” method. If the marks thus written are read with a

radiation of wavelength \,, a good read signal is also obwined, while a weak read

signal is obtained when these marks are read with rﬁ&iar.ion of wavelength M.

Conversely, a weak read signal is obtined when marks written with radiation of

wavelength \,. are read with radiation of wavelength A, whereas a good read signal is

obuined when these marks are read with radiation of wavelength M. The requirements

with which the marks should comply follow from the interference requirement, i.e.

equaton (23). On reading at a single wavelength, for example A, the informaton plane

to be read coincides with the information plane not to be read, hence E, = E,, and

dy = 0. The modulation transfer function for radiation of wavelength A\, coming frc;m

the two information planes is equal for the same reason. Finally, if the two information

planes comprise information of approximately the same frequency spectrum, the

interference requirement for reading at wavelength A, is reducsd to: o

@) = <o

m,

The value of the modulation factor m; is dependent on the dimensions of the marks and

on the difference in amplitude reflection of the mark and its surroundings, the amplitude

reflection being equal to the square root of the intensity reflecdon. If the marks written

a . . . .
&ch of the two wavelengths have the same dimensions, the interference requirement
4) cn be wrigten as

(5) VR, - R <0

0 wh; . . .
ma:hmh Ris the intensity reflection coefficient of the information plane outside the
. Ry is the intensity reflection coefficient of a mark written with radiation of

‘Velen . :
A ang R, is the intensity reflection coefficient of a mark wnitten with



interference requirement (2a) for reading informafiREPL éﬁ%ﬁé\*B SFEEﬂ'han: '
[err] 27 in which the first term above the bar o‘ ch-vrsTomis~t hg

i nterference signal generated by the information %nga’z iarpl 4¢dre kefond
termis the interferance signal generated by the f Ormdti on pl apel1l. The
second term can be considered as the interference|sigmatr—generated by an

I maginary information plane formed by mrroring of the infornmation plane 1
with respect to the information plane 2. The i magimary 1 niormnmation plane

has the distance (dl- d2) to the infori#ation plane 3 to be read and an

effective reflection coefficient RL(T1IR2)

dianon Of wavelength A,. In this case it has been assumed for the sake of simplicity
at e intensity reflection coetficiaat R is equal for the two wavelengths. [f the
interference rato Q for interference signals coming (rom information planes not to be
read :s aken to be 0.03, R is equal w0 0.30 and R measured at wavelength A, is 0.05,
then the retlection coefficient R, also measured at wavelength A should deviate by less
than 0.01 from 0.30Q, i.e. the value of R. The same consideradon agpglies to reading with
radiation of wavelength A,. The marks not to be read shouid thus have almos: the same
retlection coefficient as their surroundings. The layer 1 should have such a chemical
composition that the specral sensitivity of the reflection coerficient sadsfies these
requirements. If the reading device simultaneously reads the two information planes by
focusing radiation of the two wavelengths on the informadon plane, Ehc radiation of the
unwanted wavelength which, vig the non-ideal dichroic mirror 26, stll reaches a
detecion system not intended for this purpose should be incorporated as an exma
inteference signal in the interference requirement. The quality of the dichroic mirrar is
thus also decisive for the quality of the information signals generated during
simultaneous reading.

Figure 3C shows another embodiment of a record carrier 5 for use with
the reading device of Fig. 3A. This ¢embodiment has two separate information planes,
&ach of which 10 be read by radianion of a different wavelength. It has the advantage
that the materials constituting the two information planes can be optmized
Wﬂdﬁnﬂy of each other and thus provide a greater freedom of design. The
nformatign planes | and 2 are separated by an intermediate layer 8 which may have a
biciness of Zero so that the two information planes are situated directly on each other.
Such 3 fecord carrier with an intermediate layer thxckness of 2 um is known in principle
From Fig. | of said German Patent Application no. 37 41 910. However, this Pateat
Application does not state the value of the wavelength sensitivity of the reflecdons in

“on 1o the properties of the detection circuit in the reading device so as to
%facw“l.‘l read the information in this record carrier. The interference requirement in
“otdance with the present invention, given in equation (2a), furnishes the required

003 between the parameters which are necessary for the design of the information
e ¥stem. To obtain a maximum possible information density, the distance

% the information planes should be chosen to be as small as possible, prefecably



If d1 = d2, as shown in Figure 5A the inaginary infol MERLAREMENRSHEET
coincides with the information plane 3. The nodul ati oh tramsfTer~Tunctiom in
the second term of equation (15) then has the focused|val geg a3 1§97 his
relatively large. In such a case the first termin eqggatiion (15) can
generally be ignored. If the information or frequencyjcontents and the
nodul ation factors of the information planes 1 and 3 @are conparabl e, thg
interference requirenent (15) can be wWditten as [err] At equal val ues of
the reflection coefficients and a negligi ble absorption in the information
planes, t he. . hdeP 6F bP BnfRETkd-Che Uy, SDNA d e SR HcalNaD sflie FBusa as to
satisfy an“interference requirement with Q= 0.03. In a record carrier

havi ng~ equgdal diesmediate disrcaedn inthrederdeorquitIment plrairesisiielY hEBTRat i on

pl anes shoul d, tJ Jalo) ve 100 high.a refl.ection coefficient. However, the
i nf or mat i oH°'pi %nmggﬁcéﬁg?nsgﬁpﬁt‘ eggf g?é‘?rﬁf'g:%r&g}m the objective system i,e.
the information pl ZhecdnsequeRi . oiTke im@Eyerdray esquidsmgin foethegetdrdgarrier

shown in Fig. 3C will now be explained with raference to Fig. 3D in which the

—

L4

ceflecdion of a ray 33 of the read beam on the information planes 1 and 2 is showa. [n
the case [0 be considersd information plane 2 is read with radiation of waveleagth A,
and the pecmissible interference caused by information plane 1 should be determined.
The electic field of the incoming ray 33 in Fig. 3D has an amplitude a. The amplitudes
of the rays reflected by the information planes | and 2, represented by rays 34 and 33,
s aﬁr and aT| R, , respeciively, in which R and T are the inteasiry reflecdon
and transmission coefficients of information plane | and R, is the intensity reflecdon
coefficient of informadon plane 2, while all coefficients apply to wavelength M.

The power of the read signal generated by the informaton plane 2 is
determined, inrer alia, by the power of the zero-arder and higher-order diffracdon
beams redlectad by the information plane. Since the amplicude of the beam incideat on
the informarion plane 2 is equal to u T, . the amplituds of the zero-arder diffraction
beam formed by information plane 2 1s equal to @ ﬁ‘TR; and the amplitude of the
higher-order diffraction beams 15 equal to @ \ﬁ':;?; my. In this case it has besn assumed
hat the power in the higher-order beams is small as compared with the pawer in the
reflected and transmitted beams. If the information plane 1 were only to transmit and
0t reflect radiation, the zero-order and higher-order beams would interfere on the
detactoe after transmission by the information plane 1 and would yield a read signal
Propartional to g?m,T,2R,. However, the beam 34 reflected by the information plane |
$auld be added to the zero-order beam coming from the information plane 2. [f the
distance between the information planes is much smaller than Aq, the amplitudes of the
“w-order beam 34 and the beam 35 may be added together to give construcdve
;&ﬂm‘m- The sum of the zero-order beam of the iqformation plane 2 and the beam

9% interferes on the detector with the higher-order diffraction beams formed by the

Worman:
de:mu““ Plane 2. This yields the following read signal S at the output of the
WQe: -



coefficient. Arecord carrier with three information planes nust conply

with three interference requirenents, one for readihg each of the planes,
t her eby reducing the design ranges for the paranetery The Tecort—
carrier. The designer of the record carrier shown in F%p LAAMRE BHEg
freedomif he gives the internediate |layers 8 and 9 (i flferentimnsteag qf
equal thicknesses. This results in a decrease of thejval yegofriheg7
nodul ati on transfer function int e SeCOHQj term of equdtion (15) so fhat
the strength of the |,m‘_tera‘nr CA gael, ger QI‘ ted by [t he I nformatT on pliane
1 is reduced. | ar ge degree oOf free omin thé choicd of the val ues of fthe

paraneters of he record car r(| er ed when the ratio of the optical
t hi cknesses i.e. d/n of *thé\At 8t m?'d Bt &, Iayers is

This expression is now equal 0 £/m, with { = 2 in the dencminator of the interference

requirement given in equation (2a).

. When the information plane 2 is being read, the information plane 1 is an
interference plane giving an interference signal. In the embodiment of the record carrier
shown in Fig. 3D, the information plane 1 is a phase structure comprising a pardally
reflecting layer provided with a relief between two transparent layers of equal refractive
indices. Such an information plane generates diffraction beams in reflecton only. An
incident radiation beam 33 with an amplitude g reflected from the information plane |
not only yields a zero-order diffraction beam 34 with an amplirude a [E; in reflection,
but also higher-order diffraction beams with an amplitude a \[E m, . If the information
plane 2 were not present, these zero-order and higher-order beams would interfere on
the detector and yield an interference signal in the detector signal which is proportionat
() a"m‘Rl. The factor m, is thus the modulation factor of the detection signal generated
by the informadion plane | in the absence of other information planes. Due to the
presence of the information plane 2, the zero-order beam 34 of ihe infonnation-plane 1
's intensified with the beam 35. The sum of the beams 34 and 35 now interferes on the
detector with the higher-order diffraction beams formed by the information plane 1.

This yields the following interference signal at the output of the detector:

W - '

th 3 comparable frequency content of the two information planes and the same
Modutar _

ulation transfer function, the interference requirement (2a) will be:

® m (R, 7R )
my (Tz Ry+TyR R, )
At Custom

. ary values of R,, T, and R, of 0.1, 0.8 and 0.4, respectively, the modulation
s should now comply with

< Q.

) m,
— < 1,60
) Q.



28 larger than 1.5. In order to maintain a high informfion ggﬂf .
rati o should be smaller than 3, and preferably, smaller Hécf

i nterference signals are cotuned when the thinner inter Wecdl ate | ayer

closer to the entrance face of the record corner through Wh2dh Eﬁﬂaigii?
radi ati on beam 32 enters the record carrier than the thjcker internedi ate
layer. In a record carrier having nore than three inforhation planes,
attention shoul d be paid during design-to the positionsiof_all jmaginary
informati on planes resulting fromreflections. If an inmaginary information

pl ane coi ncghg,ﬁ&:umaaﬁ @{ctarw &in YRt REGHLIAEy ERIdsRE thOdubRApaas Hidke
I nformati on pl anes, an exi st i ng I nfornatiagn Rl ane, this w I | generally

not |ead t qexhddif @@ﬁmstwqugwenﬂ@rwmn@eresl Geahs wgerlangdb M Wesst engt h of
the interfere kapjdl %?cﬁ’? t, e
reflecti on§°6‘}r}ﬁﬁ1 ?ﬁ%‘% I gnﬁoﬁy‘ron rma Jud chﬂeg p{&@é?[ﬂ@%ﬁ, ane record

carrier cargysems". However, the phase depth should be such \h:u thers is a larze modulaton

S1

factor on reading the information plane | with radiaticn of the wavelength X\ reguiring
the phase depth to be different from 2=. The ratio between the modulation factors in
equaton (9) can be rendersd more favourable by increasing the reflection R,. To be
able to read the information plane | also satsfactorily, R, and R, are preferably
wavelength-dependent due to the choics of the material of the information planes. At the
wavelength A\, R, should then be large and R, should be small, and vice versa at A,. If
" the interference requirement is difficult to meat with the available materials for the
information pianes, the interference signal of the information plane 1 may be further
reduced by increasing, for example the distance between the two information planes so
that the moduladon transfer function of the interference planes will be smaller.

A reasoning analogous to the foregoing may be given for reading the
information plane | with radiation of the wavelength A,. In the embodiment of the
record cartier shown in Fig. 3D, the information plane 1 does not form any higher-
order diffraction beams in transmission. In record cartiers which do form such beams,
the expressions (6) to (9) should be adapted. |

The examples mentioned hersinbefore indicate how the parameters of the
fecord carrier must be determined in simple cases so as to comply with the interference
fquirement. In more complicated cases, particularly those in which the intermediate
'2yer 8 has 3 thickness of the order of the wavelength, the .omputauon may be
Performed in an analogous manner, in-which phase jumps at opdcal transitions, phase -
tatons in the layers and multiple reflections between the transitions must be taken mto
count in known manner. However, this computation will then be largely numerical
d wiy not have the formulary simplicity shown hereinbefore. The above arguments
A dso be applied 1o record carriers in which marks generate higher harmonics of the
“iation useq for reading the marks.

A second possibility of reducmg the interference signals is to make use of

rt"‘“‘E device with different detection modi for the different information planes



REPLACEMENT SHEET
therefore often be realised satisfactorily by alternatgql y—plactng~a—thicker
and a thinner internediate | ayer between the informatidgn pl geggfﬁa@ Zh W
in Fig. 5B. The thickness of a single internediate |aydr |i ‘heh™d S r i rjed
by the interference requirenent for the two infomation |planes—at+-beth—si des
- of the internediate |layer. The difference in thickness|between two
consecutive intermediate |ayers follows fromthe interference—regrerentd
(15). The record carrier shown in Fig.<5B can easily be made by stacking
thin transparent sheets of equal thickness. with an information plane on
each side of, idedSHAEEHisfarAd ifbdmthe A&ks. Ol AdmAk il e terial in
bet ween th(gkgheets, The, qudgér)]ﬁ%usn Et][?‘aftgrésl.aﬁ g#m ef (lasg%nel @?gﬁéﬂa%&? formation
pl ane read sy MREahe i lpEnagep eh dermesord qumier & $tarednn tegotm af s magsétzn of
the infor ' i i et 1 he..Jnf. .on plane,to . ad and
t he obj ecﬁé@ﬁgﬂkgﬁﬁéﬂr&gfpﬁsw%ﬁ:gr“pggv\%r@%‘g tr%&e ”?éa? éfcg%eg‘?cug'gr‘?(eorgﬁt ed by
t he i nf or mataptehiopheseuarab dugheadinfartrhtidthgoat o s estate compsEng\a tdtofcarrier easi ng
di stance of5 ;;[up i rS&clhgé %vqgé g?snsrftjslw%nlg Ftig. }({].e.-\or:tij igz%tnl s\{a?.'rcseylslt igr&e reading

device supplies a radiation beam which is passed via a, for example partially polarizing,

beam splitter 25 to an objectdve system L4 and focused by this system on an information
plane of the record carrier 5. The beam reflected by the record carrier is incident via
the beam splitter 25 on a beam splitter 36 which splits the beam into two sub-beams
having mutually-perpendicular directions of polarizadon. The two sub-beams are

incident on separate detectors 37 and 38 whose outputs are connected to a circuit
comprising a differental amplifier 39 and a summing amplifier 43. The two detectors
each convert the radiation of the incident sub-beam into an electric signal. The
differendal amplifier 39 forms a detection signal 40 which is the difference of the two
electric signals. The summing amplifier 43 forms a detection signal 44 which is the sum
of the two electric signals. Each of the detection signals 40 and 44 is converted by
detection circuits 41 and 45 into information signals 42 and 46, respectively. The
components 37, 38, 39 and 43 jointly constitute a detection system.

Fig. 4B shows a part of the record carrier § ix{'a cross-section. The record
carrier has two information planes, an information plane 1 in which the information is
Stored in pits formed in the subjacent substrate 7 and an information plane 2 in which
the in_fﬁrmation is stored in magnetic domains formed in a magnetizable layer. The
information planes may be separated from each other by an intermediate layer 8, as is
shown in the Figure, but they may also coincide. If the scanning beam 32 is focused on
“Te information plane 1, as is shown in the Figure, the beam will be modulated by the
plf" The resultant power modulation of the reflected beam is detected in accordance
¥1th 3 first detection mode, i.e. electric signals supplied by the detectors 37 and 38 are
*ded by the summing amplifier 43, at which a pit detection signal 44 is obuained. If the
*Anning beam 32 is focused on the information plane 2, the beam will be modulated

1810 the changing states of magnetization. The résultant polarization modulation of the
:::‘:d bafn is detected in accordance with a second detection mode, i.e. the electric
Supplied by the detectors 37 and 38 are subtracted from each other by the



However, for a nultiplane record carrier the power of theRiBAGEREGFaEERT
the different planes j, in which the value of | increasg¢s ywth—an
increasing distance to the objective system can be mai njailne ER 169NS arbt
value if the condition [err] is satisfied. For a four-plange record Carrje

with an ideal reflector for the fourth 29 informatio rane —and-wttouf
absorption in the information planes. this leads to Rl 0.16, RL = 0.23,

Rl1= 0.38 and Rt = 1.00. The nodul ationifransfer function MIF occurring T
the interference .requirenment is dependent on the optical paraneters of the

readi ng devhiﬁ&nmﬁ%‘ﬁﬁcﬂijwar:‘%ich a domain detection signal 40 is obtained.

For an informarion storage system in which the two informaton planes

coincide, the interterence requirement for reading the domains follows frum equation
(22) with E| = E,. The modulation transfer functions M7F in the interference
requirement must be determined in the second detection mede, i.2. for the transmission
of the modulations in the radiation from the record cartier to the detection signal 40.
The Tansfer function for the modulation generated by the pit stucture in the

information plane is in this case equal to the preduct of an attenuation facter Z and the
ransfer function for the medulation generated by the pit structure. The factor Z is the
ado of the modulation in the domain detection signal 40 due to pits which have
unwantedly been read and the modulation in the pit detection signal 44 due to the same
pits. The pir.ﬁ generate electric signals in the detectors 37 and 38 with principally have
the same shape, and the domain detection signal 40 supplied by the differental amplifier
39 should be zero. The fact that the domain detection signal 40 is not equal to zero is
Qused by small deviadons in the record carrier S, in the optical panﬁ from the record
crrier to the detectors 37 and 38 and in the electronic circuit in the detection system. A
domain detection signal 40 generated by the pits will, however, be considemblfweakcr
han the pit detection signal 44 generated by the pits at the output of the summing
amplifier 43. If the information contents of the pits and the domains are comparable and
bath types of marks, if read in their own detection mode, generate an equally stong

®ad signal in their own detection mode, the interference requirement can be wrinten as

Qis the interference ratio for the detection circuit 41. Equation (10) supplies the
*Quirement for the record carrier and the optical system of the reading device in order
0 suppress the pit information in the second detsction mode for the domains. If this
*quiremen; is satisfied, the influence of the pits will be sufficiendy small when reading
e domajng in the second detection mode.

The interference requirement (2a) for reading the information plane 2 in

8- 48 in an information storage system in which the information planes in the record
Retier o not coincide is



an expression for the MIF, the paraneters occurring therein will be dealt

with first.

radi ation with which the record carrier is read and on

i C AHEE
aperture (NA) of the objective system 14 at the side df fhe réecord Lm»:]er
These paraneters determ ne the highest frequency which

by the objective system i.e. the highest spatial freduency of the magk

The MIF is dependent, inter alia onthevvag.{ﬁp);n Koof—-th
e

ifs 8 FEBt 138Ps

I t

t ed

whi ch can still be read separately. The .Qi ghest transfitted frequency fg¢
nor mal coherent|y- |II ?’sz (BHQ_J %I system referred_to as the cut-off
frequency, is given | bf 615 frequencies by [err] or, TR Terms
of tenporal fit)lequenci i€h@v is the velocity at which the

spot scans the infor

readi ng device is equal fto 2fc. The frequencies present in

The powe-' in the beams coming from the two informaton planes is determined by the
;efiecaon and transmission ccefficients of the mwe planes. [f the thickness d of the
mermediate layer 8 between the two information pianes is larger than the depth of field
of the objective system 14, the radiation reflected by the information plane 2 will not
have a large influence on the interferencs signal generated by the informadon plane 1
when this information plane 1 is being read, which is in contrast to the record carrier
shown in Fig. 3C in which this influence makes itseif felt due to the small distance
berween the information planes. The power in the radiadon reflected by the record
carrier and- recsived by the detection system is then equal to the sum of the powers of
the adiadons ceflected by the separate information planes. The rado of the power in the
radiation reflected by the two information planes is thus given by

E Ry

E, TR,

(12)

The zansfer function MTF(£,Q; of the modulation generated by the informaton plane 2
s equal to the known modulation transfer function for an incoherenty illuminated
S¥stem. The transfer function for the modulation generated by the interference plane 1
is 2 defocused transfer function of the modulation generated by the information plane 1
located outside the focus and multiplied by the above-mentioned attenuation factor Z.

The interference requirement (11) can now be written as

" R, Z m(f) Z MTF (fd/n)
)

<Q
TR, }: my (f) MTF(£,0)

" whic the index 1 of MTF, indicates that the modulation transfer function must be
deemineg i in the first detection mode, whllc the use of the second detection mode for
*ading the information plane 2 is taken into account with the factor Z. At a given

“ﬁgumnon and parameters of the record carrier, the requirements can now be

osed on the reading device as regards the interference ratio @ and the separaton
e the detection signals 40 and 44, expressed as 2 requirement for Z. On the other
., A given values of Q and Z, the parameters of the record carrier can be

F(#RL highest transmitted frequency for the



the information stored in the information planes and in the detection
signal s can be represented by the dinensionl ess paranete
Li kewi se, the distance d between the information planes
terns of the depth of field of the object system[err]
- determning the interference requirenment, the distance

def ocusi ng. Hence, the paraneter [err]

is a nmeasure of
informati on plane-with respect to thels

jeterminied. [n an information storage system having such a thickness of the
.ntermediate layer 8 that the ratio of the modulation transfer funcdon MTE| and M77F is
equal to 0.15, agd for which it further holds that: Q = 0.03, Z = 0.033, m{ = ma,

g, =0Jand T = [-R (i.e. 2 negligible radiation absorption in the informacon piane
1), the reflection coefficient R, of the information piane | should be smaller than Q.43
in order to comply with the interference raquirement (13). Starting from given vaiues of
0, Z, R, R,, m, and m,, the maximum ratio for the transfer functions MTF; and MTF
can also be determined by means of equarion (13). The minimum distance betwesn the
informarion planes at which the information can still be read satisfactorily follows
therefrom. When the minimum distance is used, the record carrier 5 has the largest
informadon dexisity.

In a comparable manner the interference requirement can be given for
reading the information plane | with the pit structure in the first detection mode. The
pit detection signal 44 generated by the information plane 1 has a DC value and an AC
value. [t is therefore generally detected in the detection circuit 45 in the way as
described with reference to Fig. 2. The detection level D is then at the DC value of the
dewection signal. The presence of radiation coming from the information plane 2 in the
recard carrier not only leads to an unwanted modulation of the pit detection signal 44,
bt lso 1o an offset of the DC value. This offset may in turn lead to an unreliable
detection of the modulation generated by the information plane to be read. The allowed
otfset, at which detection can still be performed reliably,'can be expressed in a DC
tecference requirement. The AC interference requirement then provides the allowed
AC interference signal of the information plane 2. The offset may be expressed as a
Fction of the amplitude of the modulation of the pit detection signal 44 or as a fraction
®fthe DC value. In the latter case the DC interference requirement is given by equaton

.1t the powers of the beams satisfy the equation (12), the DC interference
"Wirement can be written as

2
{la T R
) L2 MTF,0.4,/m) < Qpe.
1
?emwuhtion transfer function indicates ho'w much radiation of the information plane

hich i out of focus, is received by the detection system. This quantity can be



spot with which the information in the record carrier is read. The .
dependence of the nodul ation transfer function on the si he detection
system 15 can be descri bed by nmeans of the paraneter [ ﬂ&]’u‘hﬁ;gﬁ\,@g@?
Here,rd is the effective radius of the detection system ~no..di_a
are arranged in the radiation beamin front of the detec@g }'s:g%te
~effective radius is equal to the radius of the radi atijon- srEBvi892uif dce

of the detection system If a diaphragm has been arrang
poi nt of convergence of the radiation b®amjust in fr

system as is comon practice for confocal detection, Tte—etHective radfus
s equal to Ljes it gfhy!dastorhARhr QMo b ARLARYSL MEtoRIHA! o (22)
is the nagnl‘fdf"cajuon of “the optical systemfromthe record carrier 5 to the
detection symtre#Aol SOIERSY BT ing\ng SY&St emdiness heold@eiinsersdiannlayer Fagl |

compri ses the, QblRghhysn 5¥Hk 3ReddorPdehNBaCAF THY5 §MRe B interierence

quo @ = 0.05. R; must be larger than 0.36 if R, = 0.3. In combination with the

jterference requirement computed hersinbefore for reading the information plane 2, it
follows that the intensity reflection coefficient of the information plane 1 shouid have a

value of between .36 and 0.48.

Fig. 5A shows a record carrier 5 for reading the information in reflection,
in which the interference requirement leads to special requirements to be imposed on the
parameters of the record carrier. The record cartier has three information planes,
numbered 1, 2, 3 from the side where the radiation beam 32 from the objective system
(not shown) enters the record carrier. Two intermediate layers having thicknesses d,
and d, are provided between the information planes 1 and 2, and 2 and 3, respectively.
The Figure shows the situation where the information plane 3 is read by means of the
Rdiation beam 32. The radiation reflected by the information plane 2 forms a
tonverging beam 50, denoted by broken lines, in the direction of the information plane
L If the intermediate layers have the same thickness, this converging beam will focus
% the information plane 1. A part of the radiation in the converging beam will be
Tasmitted by the information plane 1 and form a diverging beam 51 which is received
% the objective system. Another part will also return to the objective system after
further reflections from the information planes 1 and 2. Consequently, a part of the
“diztion beam returning in the objective system is focused on the information plane 3
00 read and simultaneousiy another part is focused on the interference plane 1. The
"iation of beam SO reflected from the information planes 1 and 2 will thus generate a
ege interference signal. The beam 51, transmitted by the information plane 1, is far
?“‘ of focus for the objective system and will generally give a much smaller
Werference signal than the beam reflected from the information plane 1. The

in .
terference requirement (2a) for reading information plane 3 is then:

z 9
1y Ry T my() MTF(f dy1m) - TER3R, L m () MTF( (dy-d)m)

< Q

T TR, fz my(f) MTF (£ ,0)



The information in the information planes wll oftep ql%? %,:@d rig%;:frr hCcks.
The dependence of the nodul ation transfer function pn he ’DéFl bd\)‘h fithe
tracks is expressed in the dinmensionless paraneter [ % foléslé [Brr]

~The direction parallel to the tracks and in the infp S

! denoted by the subscipt t of tangential in the foll )WI L The

" direction perpendicular to the tracks and in the intfornmation plane isg
denoted by the subscript r of radial. sfhe nodul atiob transfer funciieh for

a record carrier read in reflection con be witten in the follow ng vvay as

the product of a tangential npdulation transfer function MIF, and a radial
function Fp w['ué Id]e tirst tarm above the bar of division is the intarfersncs signal generated by

the informaticn plane 2 and the second term 1s the intarTerencs signal generated by the
informaton plane |. The second term can be considerad is the interferencs signal
genenated by an imaginary information plane formed by mirroring of the informaion
piane | with respect to the information plane 2. The imaginary informadon plane has
the distance (d; - d.) to the information plane 3 to be read and an effective reflecton
coetficient R\ (T\Ry)%.

[fd, = d,, as shown in Figure 5A, the imaginary information plane
coincides with the information plane 3. The modulaton transfer funcdon in the second
term of equation (15) then has the focused value and is thus relatively large. In such a
ase the first term in equation (13) can generally be ignored. If the information or
frequency contents and the modulation factors of the information planes | and 3 are
comparabie, the interference requirement (15) can be written as

2
(16) _._Rz Ry < Q.

TR
At equal values of the reflection coefficients and a negligible absorption in the
informaton planes, the reflection coefficieat should be smaﬂef than 0.15 so as to satisfy
4 interference requirement with Q = 0.03. In a record carrier having equal distances
between the information planes, the information planes should thus not have too high a
flection coefficient. However, the information plane which is furthest remote from the
Wjective system, i.e. the information plane 3 in Fig. SA, may have a high reflecton
Cefficient,
~ A record carrier with three information planes must comply with three
mm’fmnce requxrements, one for reading each of the planes, thereby reducing the
design ranges for the parameters of the record carrier. The designer of the record
®etier shown in Fig. SA has more freedom if he gives the intermediate layers 8 and 9
iffereny instead of equal thicknesses. This results in a decrease of the value of the
mod“hﬁon transfer function in the second term of equation (15) so that the sength of
¢ Wterference signal generated by the information plane 1 is reduced. A large degree
" freadom i in the choice of the values of the parameters of the record carrier is
h‘“ed when the ratio of the optical thicknesses i.e. d/n of the intermediate layers is



31 The tangential nodul ation transfer function is given.in. dinensionless
paraneters by [err] The paraneter d should be repl aced REPMCEMEN?%HEE
b refractive index of the internediate |ayers of the recofd-carrier {I'
~equal to 1. Dependent on the size of the detection syst atlo
area Sis equal to [err] (28) the area of overlap of gai é\%o#g?}e%$ f‘
if [err] In the case of a large radiation-sensitive surjf ace—ef—the

detection systemthe integration i S over§the area of oJerlap of the

zero-order and higher-order diffraction beans incident |

system (int egr at.ﬂagrl 9rl§%r&ut%§rr}1ap%equn?}ﬂl lgporf"at'gr? de I t 58> qd be g snal|

asicy, t r'Ilf..O sigul

qnaller than 3, and, praferably, smaller than 2. The lowest interference signals are

coned when the thinner intermediate layer is closer to the entrance facs of the racord

amer through which the radiation beam 32 enters the record carmer than the thicker
ermediate layer.

In a record carrier having more than three information planes, attention
should be paid during design to the positions of all imaginary information planes
resulting from reflecdons. If an imaginary information plane coincides, after two or
more specular reflections on other information pianes, with an exisdng information
plane, this will generally not lead to inadmissibly large interference signals because the
sgength of the interference signals rapidly decreases at an increasing number of
reflecdons of the radiation on information planes. A multiplane record carrier can
therefore often be realised satisfactorily by alternately placing a thicker and a thinner
intermediate layer between the information planes, as shown in Fig. 5B. The thickness
of 2 single intermediate layer is then determined by the interference requirement for the
™ information planes at both sides of the intermediate layer. The differencs in
thickness between two consecutive intermediate layers follows from the interference
rquirement (15). The record carmer shown in Fig. 5B can easily be made by stacking
hin transparent sheets of equal thickness. with an information plane on each side of a
shest, and with a spacer of air or a transparent material in between the sheets.

The quantity of radiation detected from an information plane read in
®flection is dependent, inrer alia on the transmission of the information planes lying
between the information plane to be read and the objective system. Generally, Lhe
Pawer of the read signal generated by the information plane to be read will therefore
locrease Wwith an increasing distance of this information plane to the objective system.
However, for a multiplane record carrier the power of the read signal of the dxfferent
Planesj » in which the value of j increases with an increasing distance to the objective
¥sem, can be maintained at a constant value if the condition

Y)! R . Rj
J+1 )
7

-
Usfied. For 4 four-plane record carrier with an ideal reflector for the fourth



radi ation-sensitive surface the integration within t hel p 7
only over the surface of the detection system (integr ?ﬁgeé{?éewégxf\#éﬁ%

equation (27)). It is apparent from equations (26), (37) @d %28) t hat} tihe
paraneter w, i.e. the frequency contents of the infornatji ch8pF&Rel3Sal o}
determ nes whet her the radiation-sensitive surface isir ed_as | argelor

small. If the sensitive surface is smaller than the ifgage of the spot o
the detection system there is confocal detection. |ntdrenrsionless
paraneters this corresponds to [err] <291/ (2[err[]). In the case of
confocal detection the value of the nodul ation transfer function very
rapi dly decreas Lth an increasing defocusing.[err]. |Infornation planes
not to be r‘@%faaf%ewm}ﬁ %‘éh"é‘hf‘gls"%&f‘lm i 8Fgr B%’bé%?sgr‘fﬁf gc?g%?nsequently,
the di stancg betéern=t 03| R o+ 0ERIi L8 Al aneso.can be further reduced than is
possi bl e wi tthout confocal detection, which enhances the information density
of the record carrier. The tangential nodulation transfer function for a

| arge detection systemis equal to the nodul ation transfer function of an
i ncoherently illum nated i magi ng systemas i s known, o
The modulation transfer function MTF occurring in the interferance

requirement is dependent on the optical parameters of the reading device. Before giving
an expression for the M7TF, the parameters occurting therein will be dealt with first.
The MTF is dependent, inter alia on the waveléngf.h A of the radiadon with which the
record carrier is read and on the numerical aperture (NA)- of the objective system 14 at
the side of the record carrier. These parameters determine the highest frequency which
is stll transmitted by the objective system, i.e. the highest spadal frequency of the
marks which can still be read separately. The highest transmitted frequency for a

normal coherently illuminarted optical system, referred to as the cut-off frequency, is
given in terms of spatial frequencies by

(18) f, = E{‘_

o, in terms of temporal frequencies. by

(19 fcl NA

B e V,

n which v is the velocity at which the spot scans the information plane. The highest
‘“nsnﬁm frequency for the reading device is equal to 2. T_he frequencies present in
Y information stored in the information planes and in the detection signals can be
"Presented by the dimensionless parameter w, with

Q) w=4

fe
Lik“"iSe. the distance d between the information planes can be given in ‘éms of the
oty of field of the object system

Qy 2dNA?

ge




iruer alia fromthe article "The defocused i mage of sin sgfﬁ%rtbc@f‘%’ﬂ RGEET

: WH. Steel

32 in Opaca Acta, vol. 3, no. 2, June 1956, 65-74. Th

Pp.
radial function Fr(q,d) in equation (24) is given in dinenki®d§ &8 1997
paramnmeters by [err] The function sine(x) is defined as sjin{x)/x. The radi
factor Flerr]. is based on the fact that the information in the track to b
read and the information in adjacent tracks are not corrjelated in _phase
The nodul ation transfer function is normalized at zero frequency and zero
defocusing for an-infinitely large detygctor. Theoretically, the nodul ation

when determining the interfersnce raquirement, the distancs berween the information
piane 0 be read and an interfersnce plane is equal to the defocusing. Hence, the
parameter § is 3 measure of the defocusing of an information plane with respect to the
spot with which the information in the record carrier is read. The dependence of the

modulaton transfer function on the size of the detection system 15 can be described by
means of the parameter 7, given by

- Fd
(- " SyNad

Here, 7, is the effective radius of the detection system. If no diaphragms are arranged
in the radiaion beam in front of the detection system, the effective radius is equal to the
rdius of the radiation-sensitive surface of the detection system. If a diaphragm has been
amanged, for example at a point of convergence of the radiation beam just in front of
the detection system, as is common practice for confocal detection, the effective radius
is equal to the radius of the diaphragm. The parameter M in equation (22) is the
magnification of the optical system from the record carrier 5 to the detel:iion system 15.
The optical system in the device shown in Fig. | comprises the objective system 14 and
the collimator lens 13.

The information in the information planes will often be ordered in tracks.
The dependence of the modulation transfer function on the period ¢ of the tracks is
®xpressed in the dimensionless parameter « as follows

i)l q NA

A

X =

The direction parallel to the tracks and in the information plane is denoted by the
Wbscript t of tangential in the following equations. The direcdon perpendicular to the
ks and in the information plane is denoted by.the subscript r of radial.

The modulation transfer function for a record carrier read in reflection

:"be Written in the following way as the product of a tangential modulation transfer
o
“Uon MTF, and a radial function ¥,

(24
) MTF(f.d) = MTF,(f.d) F,(q.d).



transfer function locally has deep and sharp m ni mrum val ues as a function
of the defocusing [err]. However, these m ni mum values only occur with
i nformati on planes in which only a single pure frequency occurs. |In nost

cases the information will have a spectrum of frequencijegg T%t(% gg -
m ni rum val ues will not occur in the nodul ation transfe ﬁ'fﬁ W\“ ’rE

determ ning the nodul ation transfer function the envel ¢pd of the funct on
defined in equation (24) will then preferably be taken| The 8nkieBdp® of f{
above-mentioned equation (24) for thejgodulation transferl_function is fn
good conformty with the measur ed transfer function of fan information
storage system Fig hows by way of exanple the nodulation transfer
function aBe &"$°&H‘E}tm?ﬂ¥‘%‘l°“t‘ﬁésrﬂt ﬂ‘@ﬁé‘?'b‘ﬁlae%% taérraewntr@s PERPECHAY t he
paranmeter values w =0.6,x=1 and n large. The curve is nornmalized at zero
defocusing, i.e. 20[e rr]Iog I+ %0 6[ er ng; MIF(O,[err])] is plotted
al ong t he &ﬁrtrcal .ETrFe—s JFdf | §neosimifwat es the val ue of equation
(24), the broken l'ine |nd| cat'ess't he envel ope. The value U

The parameter 4 should be replaced by d/n if the rafractive index of the intermediate

layers of the record carrier is not equal to 1. Dependent on the size of the detection

}Z,

@M 0< |8l <1, 0<e<yp-g if 7 < -3 ad

system, the integration area § is equal to

e

2
26) o<13|<1-§,o<e<}t-[|g|.;} if 7 > 1-[

(28)  the area of overlap of

said two areas if 1-% <7< 1-[.‘%]

2

[n the case of a large radiation-sensitive surface of the detection system the integration
is over the area of overlap of the zero-order and higher-order diffraction beams incident
o0 the detection system (integration area given by equation (26)); in the case of 2 small
fdiation-sensitive surface the integration within the area of overlap is only over the
Surface of the detection system (integration area given by equation (27)). It is apparent
from equations (26), (27) and (28) that the parameter w, i.e. the frequency contents of
e information plane, also determines whether the radiation-sensitive surface is

fgarded as large or small. If the sensitive surface is smaller than the image of the spot
o0 the detection system, there is confocal detection. In dimensionless parameters this
®rresponds to n < 1/(22). In the case of confocal detection the value of the modulaton
Tnsfer function very rapidly decreases with an increasing defocusing §. Information
Planes not to be read then produce only small interference signals. Consequendly, the
Uistance berween the information planes can be further reduced than is possible without
“nfoca] detection, which enhances the information density of the record carrier. The
“Wgential modulation transfer function for a large detection system is equal to the
'_WUlation transfer function of an incoherently illuminated imaging system as is known,

"er alig from the article "The defocused image of sinusoidal gratings" by W.H. Steel



of the envelope for [err] > 2.5, again normalized at zero defocusing, is
. given in a good approxi mation by [err] 33 1t will Q\gg@ﬁsr&
+ way of exanpl e how the distance between the information A‘I ﬁ equrr'e
a record carrier according to the invention can be de’rjved with the gi

Fig. 6 which results fromthe inventive idea and fro §hé 8§ nskiyH83/%n
this invention is based. An information storage systgmihas a_detecti
circuit with an interference ratio for3,i nterference pignals generated py
i nformati on planes which are not to be tead current| nf Q=0 01 =

The record carrier has two i
in Opaca Acta, vol, 3, no. 2, June 1956, pp. 63-74,

dB.

The radial function F,(q.d) in 2quation (24) is given in dimensionless

parameters by
g :

(29) F.(x,£) = smc(-l—§ r§ <21 and
’ s
2x

(30) = if £ 22,1,

a3

The function sinc(x) is defined as sin(x)/x. The radial factor F . is based on the fact that
the information in the track to be read and the information in adjacent wacks are not
correlated in phase. The modulation transfer function is normalized at zero frequency
and zero defocusing for an infinitely large detector. Theoredcally, the modulaton
mansfer function locally has deep and sharp minimum values as a function of the
de:'ocusing §. However, these minimum values only occur with information planes in
which only a single pure frequency occurs. In most cases the information will have a
fpectrum of frequencies so that the minimum values will not occur in the modulaton
Tansfer function. For determining the modulation transfer function the envelope of the
finction defined in equation (24) will then preferably be taken.
The envelope of the above-mentioned equation (24) for the modulaton

Tasfer function is in good conformity with the measured transfer function of an

' formation storage system. Fig. 6 shows by way of example the moduladon transfer
faction as a function of the dimensionless defocusing £ for the parameter values
©=0.6, x = 1 and n large. The curve is normalized at zero defocusing, Le.
a ‘°logt|mr(o.5,s)| / MTF(0,£)] is plotted along the vertical axis. The solid line
indicates the value of equation (24), the broken line indicates the envelope. The value U

" the envelope for § > 2.5, again normalized at zero defocusing, is given in 2 good
¥proximation by

) -

lo—‘/;E
(1) 2
U(w,§) = 0,072

J s
{u(l--‘%)} £



informati on planes with information coded in marks in the sanme way,
conpar abl e frequency spectra and conplying with equ
frequency in the spectrumof the information pl ane
read produces the | argest crosstal k, because generall
modul ati on transfer function decreases with increasilng| f2 quﬁ&ﬁci&g?Tc

REPLACENENT SFEED

yl t he val ue of

a reasonabl e approximation of the interference signal,lif IS _assuneg tiat

only the | owest frequency occurs in the Ispectrum Ifl this is a freque
with w=10.6, Fig."6 will give the associat ed nodul aL]

The interference requirement anounts to finding the smallest value of [err]
for which MIF(O0. 6, [ eRryill/ dd¢Dddiciea<t Quayl Beearfpke Row itfeedikindei t@rvedn @fe t he

aver age of

at & BFEFObBIREEn Y HE' ¥ TBUIFBRERET HT Prah dseaoplFeyt
with an interference ratio for interference signals generated by information planes which
are not to be read currently of Q = 0.01 = -30 ¢B. The record cartier has two
information planes with information coded in marks in the same way, with comparable
frequency spectra and complying with equation (17). The lowest frequency in the
specqum of the information plane which is currently not read produces the largest
crosstalk, because generally the value of the modulation transfer functdon decreases with
increasing frequency. To attain a reasonabie approximaton of the interferencs signal, it
is assumed that only the lowest frequency occurs in the spectrum. If this is a frequency
with w = 0.6, Fig. 6 will give the associated modulation transfer function. The
interference requirement amounts to finding the smallest value of £ for which
MTF(0.6,5)/MTF(0.6,0) < Q. The broken line in Fig. 6 of the envelope gives £ = 5.2
for 40 dB. It follows from equation (21), ata wavelength A = 0.8 um and a numerical
dperture NA = 0.5 that d = 8.4 um. [f various frequencies occur in a band of the
Spectrum, a weighted average of the MTF of this band should be determined. The
minimum thickness of the intermediate layer between the two information planes applies
0 the case where the intermediate layer is air. If the intermediate layer has a refractive
index of more than 1, for example 7 = 1.5, d/n must be 8.4 um, hence d must be 12.6
wm. Said thicknesses are the minimum thickness of the intermediate layer in which the
iﬂf.ormaxion in the information planes can still be read satisfactorily, or in other words,
the detection circuit 17 in the reading device can derive a reliable information signal S;
from the detaction signal S,. At the minimum thickness the information density in the
direction perpendicular to the information planes in the record carrier of the information
$orage system is maximal. If the thickness of the intermediate layer is larger than this
¥alue and one of the information planes is being read, the other information plane will
“use an interference signal in the detection signal S, which interference signal is more
than 40.4B below the level of the read signal.

The modulation transfer function for the zero frequency as used, for

*Xample for the DC interference requirement in equation (14) is given by

envel ope Qi Y&smh = D.2:19r. -40 dB 1t follows fromequation (21), at a
wavel engt h ;’2 = 0&%‘{ %%Irmrs] ranu(;{IrTg ar A CsRerd &%F%&PE%%‘%@\C ‘—“"8?"50'% ‘ﬁ‘&tbgd = 8.4
[err]m | denviedusthithegudestciigss oo reduls d-dann@ ialediive icRast fvm tha iNngmght ed
the. M[I% 0of thi.s band shoul d be determ ned. The m nimumthi ckness
of the intefhed %‘S



to the case where the internediate layer is air. If the interrredi ate | ayer

has a refractive index of nore than 1, for exanple n=3~5—anmust—be 8.4

[err]m hence d nust be 12.6 [err]m Said thicknesse$ %&%%E&irﬂfrﬁﬁum ’
thi ckness of the intermediate layer in which the inforgattomrinmtie

I nformati on planes can still be read satisfactorily, for nEP %ﬁ{}g@r is,| the
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detection circuit 17 in the reading device can deriveg 3
information signal Si fromthe detection signal Sd. At *tre~Timirmum
t hi ckness the infermation density in the direction pdrpendicul ar to the
I nformation planes in the record carrier of the informartOn Storage system

is maxi mak32) | f the #fFakpesst of the internediate |ayer ig 4 @ gemndhan this
val ue and one of the information planes is being read, the other
information plane will cause an interference signal in the detection signal
5d, whi ch(jj,ryterfereqmp(gs,gpgrga,J2 is nore than 40 dB bel ow theyl evel of the
read signal. The nodul ation transfer function for the zero frequency as
used, for exanple for the DC interference requirenent in equation (14)

given DY 4 vajue MTF = 0.15 as used in the consiceration following equation (14) can be

i's

realised with n = 0.387. It follows from equation (22) that at a radius 7, = 20 um, 3
magnificadon M = 10 and a numerical aperture N4 = 0.3 the defocusing or the
thickness of the intermediate layer 8 should be 5.2 um or more in this case.

The modularion transfer function for reading devices with a non-uniform
intensity distribution over the radiation beam proximate to the objective system 14 and
with optical aberrations can be determined by means of numerical' methods as described,
for example in said book "Principles of Optical Disc Systems” and in the bock
"Scanning Optical Microscopy” by T. Wilson and C. Sheppard (Academic Press, 1934)
shapters 2, 3 and 4, and can subsequently be further used in conformity with equation
(24) in the interference requirement (2a) or (2b).

The embodiments. hitherto described, of the information storage system
according to the invention are adapted to detect radiation reflected by the record carrier.
However, in principle, all above-described methods of satisfying the interference
requirement are also applicable to information storage systems in which the radiadon is
detected which is transmitted by the record carrier. The consequences of the
interference requirement for an information storage system operating in transmission are
largely equal to those for an information storage system operating in reflection. Fig. TA
shows diagrammatically an information storage system operating in transmission. In the
feading device 6' a radiation source 11 generates a radiation beam which is focused on
4 information plane of the record carrier §' by a collimator lens 53 and an objective
SYstem 14. The radiation transmitted by the record carrier is collimated, for example by
i collector lens 54 and focused on a detection system 15 by a further collimator lens 53.
The detection system supplies a detection signal 5, which is converted inte an
nformarion signal S; by a detection circuit 17. For a correct operation of the reading
device, the objective sysiem 14 and the collector lens 54 should be centred on one and
he same optical axis during reading, so that the components 11, 53, 14 on the one hand



34 (32) MIF(0,d) = |

1, and (33) MIF(OQ,d) = n TR

n < 1. Avalue MIF = 0.15 as used in the considerati n}“T‘OT"I"ovm»ﬁg Uat on

(14) can be realised with n = 0.387. It follows from quhtzcgnge:ézmty t at

aradius rd = 20 [err]m amagnlflcatlon M= 10 and a |n rlcal é’ft - NA
0.5 the defocusing or the thickness of the internedijate be

5 2 [err]mor nore in this case. The nodul ati on transfler functlon for

readi ng devices with a non-uniformintensity distribution over tfe .

radi ati on beam proxinate to the objective system 14 and with optical 4

aberrations g?hn be detern ned by neans of nunerical nethods as descri bed,
¢ components 34, 35 and 13 on the other hand are to be moved by a common

driving device for displacing the radiation beam in the radial direction on a round
record carmier 5°.

Fig. 7B shows a cross-section of part of the record carrier and the
radiation beam 32 focused on the information plane 1 of the record carrier. The power
of the ransmitted beam 56 is independent of the information piane on which the beam
is focused. Hence, the power £ of the radiation beam coming from an information plane
is equal in the interference reqﬁirément (2a) or (2b) for all information planes, or

; for all j and i.

The read signal or the interference signal in the detection signal S, generated by an
information plane, is thus only dependent on the modulation generated by the relevant
information plane in the transmitted radiation and is not dependent on the possibly
different transmissions of the information planes or of the ordinal number of these

planes. The interference requirement (2a) for reading the information plane i can be
written as

,-,2.:- ); m;(f) MTF'(f,d;/n)
(35) - '

}: m(f) MTF'(£.0)

< Q.

The interference requirement (2b) can be rewritten in the same way.
Likewise as the modulation transfer function of an information plane read
in reflection, the modulation transfer function MTF’ for an information plane read in

transmission can be written as a product of a tangential modulation transfer function
MTF,' and a radial function F,:

(36) MTF'(f,d) = MTF,(f.d) F{q.d).

The radial function is given in equations (29) and (30). In principle, the tangential
modulation transfer function is known from said book *Scanning Optical Microscopy”.
[f the numerical apertures of the objective system 14 and the collector lens 54 are equal,

and if the optical aberrations are small, the tangential modulation transfer function can



for exanple in said book "Principles of Optical D sc Systens"” and in the

* book "Scanning Optical Mcroscopy" by T. Wlson and C. Skey ~t-{-Acaden-c
Press, 1984) chapters 2, 3 and 4, and can subsequently bg | iliﬁ'i:iéif"%e&hrmn‘
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with J, the first-order Bessel function and § being the area defined by

(38) - <B<yt-& and -f<e<t.

The parameters w and £ are defined in equations (20) and (21), respectively. The
parameter { is given by:

2xNA ry

9 e TMN

and is the dimensionless radius of the image which is formed of the radiation-sensitive
surface of the detection system 1S by means of the optical system with the components
35 and 54. The parameter M is the magnification of the optical system from the record
carrier §° to the detection system 15. The modulation transfer function is normalized at
2ero frequency and zero defocusing for an infinitely large detector.

The same methods as described for the record carrier read in reflection
¢an be used to satisfy the interference requirement (35). An advantage of the record
Carrier suitable for reading in transmission is that the modulation transfer function as a
function of the defocusing £ decreases more rapidly in value than the modulation
Wansfer function for record carriers suitable for reading in reflection. Consequently, the
information planes in the last-mentioned record carrier may be situated closer together
than in the record carrier suitable for reading in reflection. A further advantage of
teading ix_1 transmission is that imaginary information planes caused by mirroring on

Other information planes do not have much effect on the strength of the interference
Nignals.
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L. An information storage system comprising an optical record cartier having

at least two information planes, and a reading device for scanning the information
planes from one side of the record carrier, said device comprising a first opdeal system
for forming a radiation spot on an information plane to be read, a second opdcal system
for passing radiation from the record carrier to a radiation-sensitive detection system
which converts the radiation into an electric detection signal, and a detection circuit
electrically ‘connected to the detection system for converting the detecton signal into an

information signal, characterized in that the distances berween the information planes

-and the optical propertes of the information planes comply with the interference

requirement of the information storage system, i.e. the ratio betwesn the sum of
interference signals in the detection signal generated by the information planes aot to be
read and a read signal in the detection signal generated by the information plane to be
read is smaller than an interfarence ratio Q determined by the detection circuit.

2. An information storage system as claimed in Claim 1, characterized in
that the interference requirement is defined by

L E T m(f) MIF(f.d;/n)
j#i_ 7

E;;- ;: mi(f) MTF (£,0)

<@

in which the summation over j is over all information planes not being the information
plane i to be read, and the summation over fis over the frequencies present in the
signal received from an information plane, while E; is the power of the radiation in the
zeroth diffraction order from information piane j, m;(f) is the modulation factor at
frequency £ of the information plane j, in which m;(f) for an information plane not 1 be
read is determined with the radiation beam focused on plane j, and in which further
MTF(f,d/n) is the modulation transfer function at the frequency f of the radiadon from
the information plane j to the detection signal, dl is the distance between the information

plane j and the information plane i to be read, and n is the refractive index of the
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in which the parameters have the meaning as defined in Claim 2.
1, An information storage system as claimed in Claim 1, characterized in
that the record carrier has at least three information planes and in that the sum in said
interference requirement includes imaginary information planes each consttuted by

mirroring an information plane with respect to another information plane.

3. - An information storage system as claimed in Claim 2 or 3, characterized

in that a first information plane has an information structure which is optimally read in
a first read mode, and at least a second information plane has an information swucture
which is opdmally read in a second read mode, in that the reading device has the
disposal of both read modi and in that in the interfarence requirement the parameters E},
m; and MTTO“.d/n) for an informaton plane which is not to be read have those values

which are associated with the read mode in which the information plane i to be read is
read.

6. An information storage system as claimed in Claim §, characterized in

that the radiation source is adapted to supply a radiation beam having a first wavelength

in the first read mode and a radiation beam having a second wavelength in the second
tread mode.

7. A reading device as claimed in Claim § or 6, characterized in that the

detection system has the disposal of two detection modi for detecting, in the first and
the second read mode, the radiation from the record carrier in the first and the second

detection mode, respectively.

8. An information storage system as claimed in Claim 2 or 3, characterized

In that the record carrier has at least three information planes, in that the detection

¥stem is arranged in the path of radiation reflected by the record carrier, and in that
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than the information plane i, in which R, and T, are the radiation intensity reflection

and the radiadon intensity transmission, respectively, of information plane k.

9. An information storage system as claimed in Claim 4, characterized in

that the optical properties of the information planes comply with

Ry T my(f) MTF(f.daln) ~ RIR, T m,(f) MTF(/,
7 f

(dl ‘dz)/n)

T} Ry £ my(f) MTF(£.0)

- < @

in which d, and d, are the distances between the information blanes land 2, and 2 and

3, respectively, and n is the refractive index of the media between the informatdon

planes. -

10. An information storage system as claimed in Claim 9, characterized in
that the information planes comprise information having a substantially equal frequency
spectrum, in that m,, m, and m; are equal to each other, d; is equal to d,, and in that

holds for the radiation intensity reflections and radiation intensity transmissions of the

information planes.

L1. An information storage system as claimed in Claim 8, characterized in
that the radiation intensity reflection coefficients of the successive information planes

with an increasing distance of the objective system comply with

jo

SV X

12. An info_rmation storage system as claimed in any

one of Claims 2 to L1,

characterized in that the information in the information planes is ordered in tracks



36 be witten in dinensionless paraneters as: [err] with Ji the first-order
Bessel function and S being-the area defined by [err] The paranmeters w and

[err] are def ' [ (20) and (21), respectively. The parameter r
i's given by: e\[\ﬁﬁi}“&ﬂr‘iﬁﬂﬂ“t“ﬁ“fdl mensi onl ess radius of the imge which is
formed of th u Om-sensttive surface of the detection system 15 by
means of the optical systemw th the conponents 55 and 54. The paraneter M
is the magnification of the optical sy®temfromthe record carrier 5 to

the detection system 15. The nodul ation transfer function is nornalized at
extending in a tangendal direction, denated by the subscript t, and in that the

moduladon transfer function MTF(.d) is given by

MTF(fd) = MTF,(f.d) F.(q.d)
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the tangential modulation transfer function is given by

MTF: (@,5) =

q|e
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with § being the area defined by
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and in which the radial function is given by

EZ

Fr(",f) = SinC(T—a) ifE < 2.1 and
1
Rk
- 2x i
= Y: if & =2 2,1,

in which f, = NA/X is the cut-off frequency of the objective system, X is the
Wavelength of the radiation beam, NA is the numerical aperture of the objective system
& the side of the record carrier, ¢ is the track period, r, is the effective radius of the




zero frequency and zero defocusing for an infinitely |large detector. The
sane nethods as described for the record carrier read i Y AN-YS ¥ ¢
used to satisfy the interference requirenent (35). An a v%ﬁ{%&?:gﬁ%%%ﬁ
record carrier suitable.for-reading in transmission is that the nodulatiof
transfer function : f the defocusing [err] d%cﬂe&sﬁé&ﬂﬁﬁgk
rapidly in val uel“m“ﬂ“m‘m“m on transfer function fon_record carriprs
suitabl e for readfsigeci ntrenl exti*on. Consequently, the ipformation pl anes
the |ast-mentioned record carrier nay be,;situated closeltagether than in
the record carrier suitable for reading 1n reflection. A further advantage
of reading in transm ssion is that inmaginary information planes caused by
mrroring ofCWRINBSYIMorsthM Srihpmagrifcation ofiche omiizal sysiem Bomals reserdt he
strength t hearkial @f heeRESorS{yIRAL. S-

-

13. » An information storage system as claimed in Claim 2 or 3, characterized

4

in that the radiation recsived by the detection system is transmitted by the cecord
carrier, and in that

E; = E,.
14. -An information storage system as claimed in Claim 2, 3 or 13,
characterized in that the optical system comprises a collector lens for passing radiation
transmitted by the record carrier to the detection system, in which the numerical
aperture of the collector lens is equal to the numerical aperture of the objectve system,
and in that the information in the information planes is ordered in tracks extending in a

angental direction, denoted by the subscript t, and in that the modulation transfer
function MTF(f.d) is given by

MTF'(f,d) = MTF.(f,d) F/(q.d)

in which, expressed in the dimensionless parameters, the tangential modulation transfer
functdon is given by

MIT:(“%E) = 3 mCOS[E] -2 1 - [E]z =
. x 2
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37 CLAIMS: An.information storage system conprising an optical record
carrier having at least two informati on planes. and a readi ng device for
scanning the informati on planes fromone side of the record carrier. said
devi ce conprising-an-opti-eal—system for form ng a radi ati on spot on one of

the informati I f ding information stored in. the information
pl ane. a fadjm‘mm“m'mum etection systemfor receiving radiation from
the record cardier restlttng fromthe radiation beamand converting the
radiation into an electric detection signal. and a detection circuit

el ectrically connected to the detection systemfor converting the detection
si gnal i nt enduim Wiiflo theedtherrpasingdiers ha ek avcfing 26 defifkdtiRatlainh @ det ecti on

si gnal comegi ses ongwgr nore interference signals resulting fromthe one or
more infornation pldl gpq_qalt C“B_%‘F’n‘b"’?’@a’d e P EoRTRR Y PANSS B4 sPmpRgng r om t he
i nformati onll pheamehnidal edtotd cRRENBuRAGs d@hfkd i dh)Bhe LFSlaims 1 w 14.
]

16. An optical carrier as claimed in Claim 1§, characterized in that it

comprises three information planes and two intermediate layers separating the

information planes from one another, the ratio of the optical thicknesses of the

intermediate layers ranging berween 1,5 and 3.

17. An opucal record carrier as claimed in Claim 1S, characterized in that it

comprises information planes with interposed intermediate layers, the succsssive

intermediate layers having thicknesses alternating with each other in two different
values, '
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detection circuit has an interference ratio Q associated therewith

i ndi cative of an operational characteristic of the detection circuit, the
information planes being at a distance from one anot her and havi ng opti cal
properties such that a ratio of a sumof the one or nore interference
signals and the read signal is smaller than the interference ratio Q 2.
An information storage systemas clained in Caim1l1, characrterized in
that the interference requirenent is defined by [err] in which the
summation over j s over all informati éh planes not being the information
plane i to be read, and the sunmation over f is over the frequencies

pr esent i(%?m_%ztg_nal received froman information plane, while Ei is the
power of the radiation in the zeroth diffraction order frominformtion

pl ane j, MfylRylagssinformarioni storge opstémandrecatd farseuinaye fn abh thgstedf or mat i on
plane j, in which m(f) for an information plane not to be read is
determned with the radi ati on beam focused on plane j, and in which further

An information storage system is described which comprises a reading
device (6) and an opdcal record carrier (5) having at least two informadon planes (1, 2,
3). The radiaton from the record carrier is converted in a detection system (15) into a
detection signal (16) which is applied to a detection circuit (17). In order that this
circuit can derive the read information from the detection signal in a reliable manner,
the interference signals generated by the information planes which are not to be read
should comply with a requirement, referred to as the interferencs requirement, which is
characteristic of the detecton circuit. Values for the parameters of the record carrier,
such as the thickness of the layers betwesn the information planes and the reflection and

transmission coefficients of the information planes then follow from this interfersnce
requirsment.

Fig. 1.
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MIF(f,d/n) is the nodul ation transfer function at the frequency f of the
radiation fromthe information plane j to the detection signal, dj is the
di stance between the information plane j and the information plane i to be
read, and n is the refractive index of the nmedi um between the information
pl anes i and j. 38 An information storage systemas clainmed in Claim 1
characterized in that the interference requirenent is defined by [err] in
whi ch the paraneters have the neaning as defined in Claim2. 4.

An iof ornmation(btorage system ass,cd @ g, im)(Srermss, characterized in
s

: L L E m() MIF(f.d;/n)
(2a) Claim 2 A 4 < Q.
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[,-E.- (}s: £ m () MTF(f,dj/n))2]

2b) Claim 3 < Q.
L E; mi(f) MIF(£0)
E f
3) ,- ;r_i Ej; MTF(0,d;/m) < Qpe,
4) ;"- < Q.
1
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that the record carrier has at |east three informati on planes and in that
the sumin said interference requirenent includes imginary information

pl anes each constituted by mirroring an information plane with respect to
anot her information plane- An information storage systemas clained in
Claim2 or 3, characterized in that a first information plane has an
information structure which is optimally read in a first read node, and at

| east a second information gllape has an information structure which is
optimaly r@dh in a second read hudrr, 0y Iak phe. readi ng device has the

di sposal of both read nodi arft in that fn the Initerference requirement the
paranerers Ei, n and MIFOf,d/n) for an information plane which is not to
be read hagd) Ctémvaal us which are associated with the read node in which the
i nformation pl anezi to be read is 6. - An i nformation storage system
as claimed in C3% RyE ehaNMTR(&ed) i T RDAL T hg( HMTRY, @)-aomyce is
adapted to supply_a radi ati on beam having a ffirst wavelength in thg first
read node and a radiation bearg-lilf\!kgl? ﬁx,@?ﬁﬁ%d(f‘,’ﬁv_el ength 1 n the s€&tond

2
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@7) Claim 12
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read node. 7. A reading device as clainmed in aimb5 or 6,
characterized in that the detection system has the disposal of two
detection nodi for detecting, in the first and the second read node, the
radiation fromthe record carrier in the first and the second detection
node, respectively. 8 An information storage systemas clainmed in Claim?2
or 3, characterized in that the record carrier has at |east three
information planes, in that the detect{ion systemis arranged in the path of
radi ati on (mlegketh by the rle%brgi T iler[,%F‘hd in that [err] 39

(29) Claim 12 F,(x.5) = sinc(..L_;.) | if§ < 2,1
i
(30) Claim 12 I S I if £ 221,
45
L
02_2
3D Uw,f) = 0,072 - s
' {uu-;)} g
(32) MTF(0,d) = 1 ifn 21,
(33) MTF©Q,d) = n* ifqg < 1.

(34) Claim 13 E; = E,

T I m(f) MTF'(f,d;/n)
(35) ini f

< Q.

I my(f) MTF/(£,0)
(36) Claim 14 MTF/(f,d) = MTF,(f,d) Flq,d).

(37) Claim 14 -
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(38) Claim 14 yri-g <a<\/;2-e2 and -f<e<{.
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for an information plane j which is situated closer to the objective system

than the information plane i, and [err] for an information plane | which is
situated further renote fromthe objective systemthan the information
plane i, in which Rk and Tk are the radiation intensity reflection and the

radiation intesity transm ssion, respectively, of information plane k. 9.
An information storage systemas clainmed in Caim4, characterized in that
the optical properies of the information planes conply with [err] in which
d, and d are the distances between the info n planes | and 2, and 2 and 3,
respectively, and nis the refractive index of the nedia between the

i nformati on planes. 10. An quOrnation storage systemas clained in
Claim9, characterized in.

REPLACEMENT SHEET |
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that the information planes conprise information having a substantially
equal frequency spectum in that m, n2 and nB are equal to each other, dl
is equal to d2, and in that holds for the radiation intensity—+efttections |
and radiation intensity transm ssions of the information ipRERREEMF T Srizet
An information storage systemas clained in Caim8, charjacgertzed T That
the radiation intensty reflection coefficients of the su cess%ﬁeggg'ﬁg?
i nformati on planes with an incressing distance of the objlecti system
conply with [err]. 12. An i nformation storage syst s—ctai Wed 1 n
any one of Clains 2 to 11, charactewi%f%iin that the infoymation in the

I nformation planes is ordered in tracks
5
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extending in a tangential direction, denoted by the subscript t, and in

that the nodul ation transfer function MIF(f.d) is given by [err] in which,
expressed in the dinensionless paraneters [err] the tangential nodul ation
transfer function is given by [err] with S being the area defined by [err]
the area of overlap of said two areas and in which the radial function is

given by in which fc =NA/[err] 1is the cut-off frequency of the objective
system [err] is the
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wavel ength of the radiation beam NA is the nunerical aperture of the

obj ective systemat the side of the record carrier, q is the track period,
rd is the effective radius of the REPLACEMENT SHEET 41 detection system
and Mis the magification of the optical systemfromthe record carrier to
the detection system An information storage systemas clained in daim?2
or 3, characterized in that the radiatian received by the detection system
is transmtted by the record carrier, and in that 14. An i nformation
storage systemas.clainmed in Claim?2, 3 or 13,

415




characterized in that the optical systemconprises a collector |lens for
passing radiation transmtted by the record carrier to the detection system
in which the nunerical aperture of the collector lens is equal to the
nunerial aperture of the objective system and in that information in the
information planes is ordered in tracks extanding in a tangenti al

direction, denoted by the subscript t, and in that the nodul ation transfer
function MIf(f,d) is given by [err] in which, expressed in the dinensonless
paranmeters the tangential nodul ation rfgwfer function is given. by [err]
with S being the area defined by [errﬁ
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“42 and in which the other par aneters have the neani rv as defi ned in Claim

12. 15. An optical record carrier having at |east é\ﬁaé#‘ﬁ Ianes
~and conprising all the techni cal record carrier fectlL[JIILeS
any one-of O ains to 14. An optical record garjrier j@ﬂda md|n

Cl ai m 15, char act'm !Hﬂ"! ﬂ ” conpgises three | nflonit 139$n bs fand
two i nternediate t he rmation pl hnet her ,
i

the ratio of the optlcal cf<nesses of the internegiate |ayers rangl g
between 1.5 and 3. 17. An opt igraAMscord cakH-er—as—clained |

Cl ai m 15, characterized in that it conprises internediate |ayers planes with
i nt er posed.i nt er nedifat iafdrmadon stotdpe systemesaipyiei §mheipﬁeﬂlredcﬂd kayier savirgvitng

thickness«is al terpatin th each other in two different
east two mntormation planes, and a reading device for scanning the information planes from

one side of the record carrier, said device comprising an optical system for forming a radiatioﬁ
spot on one of the information planes for reading information stored in the information plane.
a radiation-sensitive detection system for receiving radiation from the record carrier resulting
from the radiation beam and converting the radiation into an electric detection signal, and a
detection circuit electrically connected to the detection system for converting the detection
signal into an information signhl, characterized in that the detection signal comprises one or
more interference signals resulting from the one or more information planes not being read
and a read signal resulting from the information plane which is being rea.d, and in that the
detection circuit has an interference ratio Q associated therewith indicative of an operational
characteristic of the detection circuit, the information planes being at a distance from one

another and having optical properties such that a ratio of a sum of the one or more interference

signals and the read signal is smaller than the interference ratio Q.

2. An information stofage system as claimed in Claim 1, characterized in

that the interference requirement is defined by
L E T m() MIF(f.d;/n)
J=i J

E; ; m;(f) MTF(f,0)

in which the summation over j is over all information planes not being the information
plane i to be read, and the summation over fis over the frequencies present in the
signal received from an information plane, while E; is the power of the radiation in the
zeroth diffraction order from information plane j, m;(f) is the modulation factor at
frequency f of the information plane j, in which m;(f) for an information plane not to be
read is determined with the radiation beam focused on plane j, and in which further
MTF(f,d/n) is the modulation transfer function at the frequency f of the radiation from
the information plane j to the detection signal, d; is the distance between the mformanon

plane j and the information plane i to be read, and 7 is the refractive index of the
medium between the information planes i and j.



val ues. 18. A reading device for scanning an pptital—Tecord-caryier
having at |e ast_two information planes, the informati rREBL&GE‘ﬁE%E%ET
scanned from on of the record carrier, said devjcE

optical system @ ,Im m”ml ation spot on one of| t hep isnfJYiimgago

pl anes for readi tored in the informatfi on plane a radijatj on-
sensitive detection system or“recei \38ng radiation frlomthe recorad carrj er
resulting fromthe radiati on beam and converting the jradiation into an

~electric detection sjgnal N ' t Céh'aHé

the det e_ct?on systerf*‘?gﬁ ‘E"b%?gr‘?‘?’ggé ?ﬁgénggfﬁagrﬁgﬁnins%aﬁxgli into g.ﬁﬂ@d‘%?t ed o
i nformati OdhaﬁttﬁrlﬁierﬁMEﬁ@écPEmﬁﬂﬁt {sndefined byhe detection signal conprises one
or nore |nterfer1nce signals resultin ..the one or nore infornmation

—+

pl anes not bei ng |r dad| And; an( EnddBF I/n)9 dlting fromthe information

pl ane which is bqi/mj éad and in that tHejdete |on circuit has an
interference ratio Q a A ggm( £By th indica i've of an operational
characteristic of the }Ztéct’i n CII’CUI'[, the information planes being at a

di stance from one
in which the parameters have the meaning as defined in Claim 2.

4, An information storage system as claimed in Claim 1 characterized in
that the record carrier has at least three information planes and in that the sum in said
interference requirement includes imaginary information planes each constituted by
mirroring an information plane with respect to another information plane.

5. An information storage system as claimed in Claim 2 or 3, characterized
in that a first information plane has an information sirucmre which is optimally read in
a first read mode, and at least a second information plane has an information structure
which is optimally read in 2 second read mode, in that the reading device has the
disposal of both read modi and in that in the interference requirement the parameters E;
m; and MTF(f,d/n) for an information plane which is not to be read have those values
which are associated with the read mode in which the information plane i to be read is
read.

6. An information storage system as claimed in Claim S, characterized in
that the radiation source is adapted to supply a radiation beam having a first wavelength
in the first read mode and a radiation beam having a secorid wavelength in the second
read mode.

7. A reading device as claimed in Claim 5 or 6, characterized in that the
detection system has the disposal of two detection modi for detecting, in the first and
the second read mode, the radiation from the record carrier in the first and the second
detection mode, respectively.

8. An information storage system as claimed in Claim 2 or 3, characterized
in that the record carrier has at least three information planes, in that the detection
system is arranged in the path of radiation reflected by the record carrier, and in that

5.%
E, TR



interference rati
characterized in
for optimally reading a fif'st ont of the jgnformatio
I nformati on structure, the second node béi'ng for opfjin
one of the information planes having a different. sgcond information

struct ure. fo¥0an informationRstarck Nwhith i cluAed closkrtg the o
first waveMdpgR4ANP

anot her and having optical properties such that a ratio of a_sumof_the

or- nore interfereBe\’srﬁr?“anthhe read signal isjs SJA%EMERW‘S?RE@'
lm' ng
[«

ordi 0. Claiml

e LSty TB g f:

IR =, v o2

)

in that the radiatiqn spource is adapted to supply a radiati on beam havin
1 Liadst read node and a radiation beam having a
second wavel ength in the second read node. - 43
2 .
E_IR
Ex‘ Rz

for an information plane j which is situated further remote from the objective system
than the information plane i, in which R, and 7} are the radiation intensity reflection
and the radiation intensity transmission, respectively, of information plane k.

9. An information storage system as claimed in Claim 4, characterized in
that the optical properties of the information planes comply with

Ry ,; my(f) MTF(f d,/n) + R3 R, ,; m,(f) MTF (f ,(d~dp)/n)
<0

TR, }; my(f) MTF(f,0)

- in which 4, and d, are the distances between the information planes 1 and 2, and 2 and
3, respectively, and 7 is the refractive index of the media between the information

planes.
10. An information storage system as claimed in Claim 9, characterized in

that the information planes comprise information having a substantially equal frequency
spectrum, in that m;, m, and m; are equal to each other, d, is equal to d,, and in that

2.
R
R .

Q
T3 R;

holds for the radiation intensity reflections and radiation intensity transmissions of the
information planes. .

11. An information storage system as claimed in Claim 8, characterized in

that the radiation intensity reflection coefficients of the successive information planes

with an increasing distance of the objective system comply with

R, =
e = 3
T
12. An information storage system as claimed in any one of Claims 2 to 11,

characterized in that the information in the information planes is ordered in tracks

one

g.a



21. Readi ng de\u'_c_e_am:mdi__g to daim19, characterized in that the

devi ce has two det tectl ng, in the first and second read
node, the radi atio mmwﬁﬂﬂm carrier in the first and second
detection nodé respecticv ptIC record carrier conprising at

| east two information planes for storlng nformation whi ch can be read by a
readi ng devi ce which scans the record carrier fromone side thereof; which
devi ce i nclexgadinginAPtahgehtiabHiséctioh B@fmédoswmermmrrpwmtdmnmbew on one of
t he pl anes so that that “pl ane can be read,” a detection systemfor receiving

radi ation fmegation trassfer durctioniMFF (@4 is giversb¥r om t he radi ati on beam and
produci ng a detection’ signal based thereon,

REPLACEMENT SHEET
25 JUK 1333

Mﬁ(f,d) = m;(fvd) Fr(Q1d)

in which, expressed in the dimensionless parameters

2
© = i _ £ = 2dNA
A N
N = ———rd X = ——q NA
2M NAd A

the tangential modulation transfer function is given by
. 2
MTF,(0,8) = = I J dB de cos(wtBw)
T s

with S being the area defined by

2 ' 2
@ - 9 i -1£
0<|B|<1_2.,0<e<J1 [IB|+5] ifg > 1[2},

0 < |B8] <1, 0<e<\/n2—62 if g < 1-.;_’ and
the area of overlap _ ' ;
of said two areas if 1-.;1 <9< -1-[%] ,
and in which the radial function is given by
. E? .
Fr(x,E) = SmC(l—§ . . 1fE < 2,1 and
1
2x
= ifE 2 291:
4

in which f, = NA/\ is the cut-off frequency of the objective system, A is the
wavelength of the radiation beam, NA is the numerical aperture of the objective system
at the side of the record carrier, ¢ is the track period, r, is the effective radius of the



whi ch det ecti on_signal includes-one or nore interfer- ence signals

resulting fromt g anes which are not being read and a read
signal resulti ndm“m"iﬂllmmmt\hl ch is being read, and a circuit for

deriving an infornati on segnal ,* corresponding to the information included
in the plane being read, fromthe det ectdlon si gnal, which circuit has an

interference ratio Q associated therewith indicative of an operati onal

char act ef igsiefiof Syddif, &hd | the WABRFICAISBF PleiRicaPsyuch frorflusd A8 O
pr op 0o

one anot her and have optica rties such that a rati a sum of the
one or norerrienttetiedetactionssygteat.s and the read signal is smaller than the

nterfer kN ratio gn information storage system as claimed in Claim 2 or 3, characterized
in that the radiation received by the detection system is transmitted by the record
carrier, and in that
Ej = El"
14. An information storage system as claimed in Claim 2, 3 or 13,
characterized in that the optical system comprises a collector lens for passing radiati_on
transmitted by the record carrier to the detection system, in which the numerical
aperture of the collector lens is equal to the numerical aperture of the objective system,
and in that the information in the information planes is ordered in tracks extending in a

tangential direction, denoted by the subscript t, and in that the modulation transfer
function MTF(f,d) is given by

MTF'(f,d) = MTF.(f,d) F.(q,d)

in which, expressed in the dimensionless parameters, the tahgential modulation transfer
function is given by

MTF! (0,8 = % arccos[.‘i".] -_;’.. |1 - [;]2 *

1) s e e )
VB2 +& {(B+atu)tee

%I Idﬁ de cos(Bw + wEw?)
S

with S being the area defined by
_‘/;2-52 <ﬁ<¢r2—¥ and -{<e<{, _
] Iy —
: 25 Juw 908 |
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23. The optica ecord carrier—as claimed in clai nfLT L east
three i nforrrat“'@@mﬂl}mmu"r ng infor- mation h \ﬂﬁ?@xgﬁ)@ﬁﬁt%zﬂ Iy
equal frequencys h nf ormati on pl anes havifng substantially equal
nodul ation factors and bei fig §paced at agbstantial |y|egual Jull $83hcks
wherein in which Rerr], Rerr] and R erri-are the|lradiation intengijy

refl ections coefficients of information planes 1, and 3, .respectively,
and T[ er r jand dn twhich, the;osher paramatens have the meaning 3s @ fCRImAL. of

informatiqg plang optical record carrier having at least two information planes and comprising

- all the technical record carrier features as defined in any one of Claims 1 to 14.
16. An optical record carrier as claimed in Claim 15, characterized in that it
comprises three information planes and two intermediate layers separating the.
information planes from one another, the ratio of the optical thicknesses of the
intermediate layers ranging between 1,5 and 3. )
17. An optical record carrier as claimed in Claim 15, characterized in that it
comprises information planes with interposed intermediate layers, the successive
intermediate layers having thicknesses alternating with each other in two different

values.
- 18. A reading device for scanning an optical record carrier having at least two

information planes, the information planes being scanned from one side of the record carrier,
said device comprising an optical system for forming a radiation spot on one of the
information planes for reading information stored in the information piane, a radiation-
sensitive detection system for receiving radiation from the record carrier resulting from the
radiation beam and converting the radiation into an electric detection signal, and a detection
circuit electrically connected to the detection system for converting the detection signal into an
information signal, characterized in that the detectibn signal comprises one or more
interference signals resulting from the one or more information planes not being read and a
read signal resulting from the information plane which is being read, and in that the detection
circuit has an interference ratio Q associated therewith indicative of an operational
characteristic of the detection circuit, the information planes being at a distance from one |
another and having optical properties such that a ratio of a sum of the one or more interference
signals and the read signal is smaller thé.n the interference ratio Q.

19. Reading device according to Claim 18, characterized in that the device has two
read modi, the first mode being for optimally reading a first one of the information planes
having a first information structure, the second mode beiﬁg for optimally reading a second one

of the information planes having a different, second information structure.

20. Reading device according to Claim 19, characterized in that the radiation source

is adapted to supply a radiation beam having a first wavelength in the first read mode and a

radiation beam having a second wavelength in the second read mode.



44 24. The optical record carrier as claimed in claim1, wherein the at
| east two infornation planes—are—successively an increasing distance from

t’he detection sys diation intensity reflection coefficients
R, whi ch'substan-ﬂﬁ[ﬂﬂ&ﬂ“mmmmrth the fornula [err] Were T, is the
radi ation intensi nsmwsspon* coeficiep of information plane j. 25. The
optical record carrier as clainmed in clai , including at |east three

informat{on planes and two internme- diate |ayers separating the information

| ayers ffopl.one anot : . jatdon am having a depth of field and in
y | f@éfc_hngt&eucreaagéoa}amg to E‘?mm 19, chargcterizeden that the device has two

in the first and second read mode, the radiation from the record
carnier in the first and second detection mode respectively.

detection modi for detecting,

-REPLAGEMENT SHEET
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‘which the differece between d[err]/n and d2/n2 is at least three tines the
depth of field of the radiation beam in which d2, d2 and nl,nz are the
-thi cknesses and refractive indices of the first and second internedi ate

| ayers, respectively, and the depth of field is [err]/M NA2), where [err]
and NA are the wavel ength and nunerical aperture of the radiation beam
respectively. 26. The optical record cagrier, as clainmed in clainl,
including at |east three informati on ptanes and two interne- diatc |ayers
separating the information |ayers fromone another, in which the difference
between d1/Dl and d2/n2 is at least 4 [err]m in which dl, D2 and nl, n2

are the thicknesses and refractive indices of the first and second
i nt er medi at e

MULTIPLANE INFORMATION STORAGE SYSTEM AND RECORD CARRIER FOR
USE IN SUCH A SYSTEM

ABSTRACT

An information storage system is desczibed which comprises a reading
device (6) and an oprical record carrier (5) having at least two informaton planes (1, 2,
3). The radiadon from the record carTier is convertad in a detecdion system (15) ino a
detecdon signal (16) which is applied to 2 detection circuit (17). In order that this
cireuit can derive the read information from the detection signal in a reliable manner,
the interference signals generated by the information planes which are not to be read
should comply with a requirement, referred to0 as the interference requirsment, which is
Characeristic of the detecton circuit. Values for the pa.rame:e.'i of the record carrier,
such as the thickness of the layers betwesn the information planes and the reflection and

transmission coefficients of the information planes then follow from this interfersace
requirement. '

Fig. 1.
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| ayers respectively. 27 The-optiealrecord carrier
I_ncl udi ng at | east tMﬂmml ' pl anes and two
Separating the infor M"mm?ﬂgm one anot her,
t hi ckmesses of the § ntfer me-
28. The optical record carrier as clainmed 1, includi
information planes and at |east a firstjyy a second an
|.ayer. which internediate | ayers sepa- rate the information planes from one
.anot her’,- wherein the first and third ipternediate |a
equal . - S _ .

opti cal

FEPLAEMET HEERS

iate layers rangi hg etv;%e% 5 lan

L. : An information storage system comprising an optical record carmier having at

least rwo information planes. and a reading device for scanning the information planes from

" ane side of the record carrier, said device comprising an optical system for forming a radiation

. spot on one of the information planes for reading information stored in the information plane.

a radiation-sensitive detection system for receiving radiation from the record carrier resulting
from the radiation beam and converting the radiation into an electric detection signal. and 2
detection circuit electrically connected to the detection system for'converting ;he detection
signal into an information signal, characterized in that the detection signal comprises ane or
.more interference signais resulting from the one or more information plané not being read
and a read signal rsi;hing from the information plane which is being read. and in that the
detection circuit has an interference ratio Q associated therewith indicative of an operational
characteristic of the detection circuit, the information planes being at a distance from one
another and having optical properties such that a ratio of a sum of the one or more interference
signals arid the read signal is smaller than the interference ratio Q.

.2. Aninfarmﬁonmﬁge-symasciaimedinaaiml,chmcmiudin
thattheinteéfaucerequi:emen:i;deﬁx_xepby

L E; T m(f) MIF(f4;/n)

ot J < Q:

E; J; m;(f) MIF(f,0)
in which the summation over j is over all information planes not being the information
plane i to be read, and the summation over fis over the frequencies present in the
signal received from an information plane, whﬂeE}is:hepowerof:heradiaﬁoninme
zeroth diffraction order from information plane j, m() is the modulation factor at
frequency f of the information plane j, in which m;(f) for an information plane not to be
read is determined with the radiation beam focused on plane j, and in which further
MIF(f,d/n) is the modulation transfer function at the frequency f of the radiation from
the information plane j to the detection signal, d; is the distance between the information
plane j and the information plane i to be read, and 7 is the refractive index of the
medium between the information planes i and j.



'45 t hi cknesses, the second internediate | ayer has a thickne | I's not -
equal to the_tJlu:_kM the first and third intfe d&ﬁt\@rkﬁgﬁggﬂ' and t he
hird

*second inter s _di sposed i nternedi ate
i nternedi ate mmﬂ ,mH!Hptlcal record carrilkrias cl alé‘ﬂ?%glan claim 1,
I ncl udi ng at ease Ly mati on pl anes whi ch| ate2di H-ii ngelfrom

one anot her and have optical properties such thatjthe nunher of
interference signals-resulting from | east two &f the informationipl anes
not being read which make up the sum®f interferepce signals—i-s—et—teast
- two,, 30 .The record carrier as clainmed in claim1, wherein the

: 3. An information storage system as claimed in Claim 1, characterized in

char.'._cne interfersncs requirsment is defined by ,
| ( LT Emn w:r‘(fd/n)) ]
<Q

j=i \F
L E m(f) MTF(SQ)
!

in which the parameters have the meaning as defined in Claim 2.

" 4. An informarion storage system as claimed in Claim 1, characterized in
that the record carrier has at least three information pianes and in that the sum in said
intarference requirement inciudes imaginary informarion pianes each constaued by
mirroring an information plane with respect to another information plane.

s. An information storage system as claimed in Claim 2 or 3, chancz:nmd
in:hataﬁmmfcrmznenphnehzsznmfommnmwhxchuopnmﬂymdm
a first read mode, and at least a second informarion plane has an informarion swucture
which is optimally read in a second read mode, in that the reading devics has the
disposal of both read modi and in that in the interference requirement the parameters £,
m; and amo?,d/n)foran'mfcmﬁon planewhichisnotmberadﬁavemosevalm

.whichq.tezssodztedwim&xemdmadeinwhichd:einformzﬁcuphneitoberadis
read. .

6. An information storage system as cizimed in Claim §, characterized in
that the radiation source is adapted to supply a radiation beam baving a first waveiength

in the first read mode and a radiation beam having a second waveleagth in the second

7. A reading device as claimed in Claim § or 6, characterized in that the

detection system has the disposal of two detection modi for detecting, in the first and

the second read mode, the radiation from the record carrier in the first and the second
detection mode, respectively.

8. An information storage system as claimed in Claim 2 or 3, characterized

in that the record carrier has at least three information planes, in that the detection

system is mng.edinthe path of radiation reflected by the record carrier, and in that
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or nore interference signals bel ow which the detect]i Plgh J E dliably
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- for an informadon plane j which is situated closer (0 the abjecdve system than the

jinfgirmaﬁen'plane i.'and

: r’cf an informaton plane j which is situated further remote from _the objecdive systam
than the information plane i, in which R, and T, are the radiation intensity reflection
and the radiation intensity wansmission, respectively, of information plane k. |
9. : An information storage system as claimed in Claim 4, characterized in
that the optical propertes of the informaton planes comply with

By I mylf) MTF(f ) + RIR, I min MTF(f,(d,~d)in)

T Ry L m) MIFUO)
in which 4, and &, are the distances between the information planes ! and 2, and 2 and
3, respectively, and 7 is the refractive index of the media betwesn the informaton
planes. ' ' :
10. An information storage system as claimed in Claim 9, characterized in
that the information planes comprise information having a substantially equal frequency
spectrum, in that m,, m, and m; are equal to each other, d, is equal © &, and in that

<0 .

~ ﬁﬂ <0
L3R, |
holds for the radiation intensity reflections and radiation intensity wansmissions of the
information planes. | '
11. An information storage system as claimed in Claim 8, characterized in
that the radiation intensity reflection coefficients of the successive information planes
with an increasing distance of the objective system comply with

R
R, =2,

yAdl Tz
J

12 ~ An information storage system as claimed in any one of Claims 2 to 11,
characterized in that the information in the information planes is ordered in tracks
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extending in 2 tangential' direction, denoted by the subscript t, and in that the

. 'modulation transfer function MTF(f,d) is given by

MIF(fd) = MTF,(fd) F.(q.d) -
? | REPLACEMENT SHEET
in which, expressed in the dimensionless parameters | 25 SEP 1999
. L _ 2dNa*
TR ¢ A
. 'd L aha
17 IMNad fEAT

" the tangential modulation transfar function is givc;; by

MIF (@) = 2 [ [ d8 de cos(rEbu)
S

with 5 being the area defined by

@

2 2
0 -9 - +3 i -{ - ,
< Bl <1 2,0<e<J_1 [lﬁl 2] ifg > 1{2} '

0< (8] <, 0<e<yp-8 ifn<1-§ and

the area of overiap .

of said two areas if 1--2“15115 1-[%} ;

and in which the radial function is given by
. . EZ

F, (x,8) = smc(-l_s.) . if 2 < 2,1 and
. l . )
[I,Fs]i

2x )

—-——45_—- Xfe 2 2.1.

in which f, = NA/\ is the cut-off frequency of the objective system, A is the
wavelength of the radiation beam, NA is the numerical aperture of the objective system
at the side of the record carrier, ¢ is the track period, r, is the effective radius of the
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- dewﬁdon-systém, .an‘d M is the magnification of the aptcal system frem the recard

: ca;-xer o the detection gystem.
13. An information storage systam as claimed in Claim 2 or 3, characterized
in that the radiarion recsived by the detection system is ansmitted by the record -

cartier, and in that

E; = E,.
14, . An information storage system as claimed in Claim 2, 3 or 13,
WmmmmmmamWMfmmgmﬁaﬁm
twansmitted by the record carrier o the detection system, in which the numesical -
apefture of the collector lens is equal w the numerical aperture of the objective sysem,
and in that the information in the informarion planes is ordered in tracks extending in a
tangential direction, denoted by the subscript t, and in that the modulation transfer
funcdon MIF(f,d) is given by ’

MIF/(f,d) = MTF,(f.d) Fiq.d)

in which, expressed in the dimensionless parameters, the angential modulation transfer
function is given by .

wrten = o] -5 - 1] ]

27 W= e wetmi-d)

.;]'..[Idﬂde cos(Bw + xf
4 {82+ {(8+rtuw)?+e
with S being the area defined by
Ar2-2 <g<fi?-@ amd -p<e<y,
‘."ZfNA’J

M\
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and in which the ather garameters have the meaning as defined in Claim (2.

. 1s. Aa QP““‘ record cqrrier having at least twa informadon planes and comprising

all the :ac.‘uunl record cartier fzamures 1s defined in any ‘one of Claims | tw 14
16.  As optical record carmier as claimed in Claim 15, characerized in that ic
cdmﬁrisa three informadon planes and two intermediate layers separadng the

infcmzﬁon planes from one anather, the ratio of the opdcal thicknesses of the

' mn:r'nedxate layers ranging betwesn 1.5 and 3.
17, An opdcal record carrier as claimed in Claim 1S, chmc:mzedmmzm

comprises informaton pianes with interposed intermediate layers, the succsssive
intermediate layers having thicknesses aiternating with each ather in two different

18. A reading device for scanning an optical record carrier having acleast two
informarion planes, the informarion planes being scanned from ane side of the recand carier,
said device comprising an optical syseem for forming a radiation spot on one of the
information planes for reading information stored in the information plane, a radiation-
sensitive detection system for receiving radiation from the record camier resuiting from the
radiation beam and converting the radiation into an electic detection signal, and a detection
circuit electically connected to the detection system for converting the dcwcnon signal into an
information signal, characterized in that the detection signal comprises one or more
interference signals resulting from the one or more information planes not being read and 2
read signal resulting from the informarion plane which is being read, mdmthatmedetecnon
circuit has an interference ratio Q associated therewith indicative of an operational
characteristic of the detection circuit, the information planes being at 2 distance from ane
another and having optical propertes such that a ratio of a sum of the one ot more interfersnce
signals and the read signal is smaller than the interference ratio Q.

19. Reading device according to Claim 18, characterized in that the davice has two
read modi. the first mode being for optimally reading a first one of the information planes
having a tirst information structure, the second mode beihg for optimally reading a second one
of the information planes having a different, second information structure.

20. Reading device according to Claim 19, characterized in that the radiation source
is adapted co supply a radiation beam having a first wavelength in the first read mode and 2
radiation beam having a second wavelength in the second read mode.
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2'1. ~ Reading device according to Claim 19, charactenzed in

that the device has two detection modi for detecting, in the first

-and second read mode, the radiation from the record carrier in the

. first and second detection mode respectively.

22 An optical record carrier comprising at least two
information planes for storing information which can be
read by a reading device which scans the record carrier from
one side thereof;

which device includes an optical system for focusing a

radiation beam on one ol the planes so that that plane|

can be read, a detection system for receiving radiation
from the record carricr resulting from the radiation
heam and producing a detection signal based thereon,
which detection sigoal includes one or more interfer-
coce signals resulting from the one or more planes
which"arc not being rcad and a rcad signal resulting
from the plane which is being read, and a circuit for
deriving an information signal, corresponding to the
information included in the plane being read, from the
detection signal, which circuit has an interference ratio
Q associated therewith indicative of an operational
characteristic of the circuit;

wherein the planes are al a distance from one anotber and
have optical properties such that a ratio of a sum of the
onc or morc interference signals and the rcad signal is
smaller than the interference ratio Q.

23. The oplical record carrier as claimed in claim 1,
cornprisinn at least three information planes including infor-
mation having a substantially equal frequency spectrum, the
information planes having substantially equal modulation
factors and being spaced at substantially equal distances,
wherein _

RER,
T¥R;

<@

in which R,, R, and R, are the radiation intensiry reflections
coefficients of information planes 1, 2 and 3, respecuvely

and T, is the radiation intensity transmission coefficient of
information plane 2.
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24, The optical record carrier as claimed in claim 1,
wherein the at least two information planes are successively

an increasing distance {rom the detection system and have a

radiation intensity reflection coefficients R; which substan-

tially comply with the formula

R

'-

H

where T, is the radiation intensity transmission cocfficicat of
mformauon plane j.

25. The optical record carder as claimed in claim 1,
including at least three information planes and two inlerme-
diate layers separating the information layers from one
apother, the radiation beam having a depth of ficld and in

~ which the difference betweea d,/n, and d./n, is at least three
times the depth of field of the radiation beam, in which d,,
d» and n,, n. are the thicknesses and refractive indices of the
first and second intermediate layers, respectively, and the
depth of ficld i M(2 NA?), where N and NA arc the

wavelength and numedecal aperture of the radiation beam,
respectively.

26. The optical record carrier, as laimed in claim -1,

_ including at least three information planes and two interme-

diatc laycrs scparating thc information laycrs from onc

another, in which the difference between d,/n, and d./n, is

at least 4 um, in which d,, d, and 0,, 0, are the thicknesses

‘and refractive indices of the first and second intermediate
layers respectively. :

* 27. The optical rccord carricr as claimed in claim 1,
including at least thrée information planes and two interme-
diate layers separating the information planes from oac
another, the ratio of the optical thicknesses of the interme-
diate layers ranging between 1.5 and 3.

28. The optical record carrier as claimed 1, including at
least four information planes and at least a first, a second and
a third intermediate layer, which intermediate layers sepa-
rale the information planes from one another, wherein the
first and third intermediate layers are of essentially equal

-
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thickncsscs, the sccond intcrmediate laycr has a thickncss
which is not equal to the thickness of the first and third
intermediate layers, and the second intermediate layer is
disposed intermediate the first and thicd intermediate layers.

29. The optical record carrier as claimed in claim I,

. including at least three information planes which are at a
distance from one another and have optical properties such
that the number of interference signals resulting from at least
two of the information planes not being read which make up-
the sum of interference signals is at least two.

30. The record carrier as claimed in claim 1, wherein the
interfcrence ratio Q is indicative of a limit valuc for the sum
‘of the onc or morc intcrference signals below which the
dctection circuit can rcliably derive the mformauon signal
from the detection signal.
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MUL‘I‘IPLANE INFORMATION STORAGE SYSTEM AND RECORD CARRIER FOR

USE IN SUCH A SYSTEM

ABSTRACT

An informadon storage sysiem is described whick comprises 2 reading
Wa(é)mdmcgddmmarﬁemhavingulezs:minfctmm'onphna(i.z.

3). The adiadon from the record carmier is converted in 2 desecsion syste= (1) inw a
desecsion signal (16) which is applied o a decection cirouit (17). In order that this

cizeuit aan decive the read information from the desscsion signal in 2 relizble mannes,
the inerierence signals genewared by the informarion plines which ars 00% w be rmd

should comply with 2 requirement, referred © a3 the intesSerence requirsment, whick is

chamacreristic of the desesdon cireuit. Values for the paramesses of the reoord autier,

such is the thickness of the layers beswesn the information pianes and the reflecion and

cansmission coefficienrs of the infarmadon planes then follow from this intesfersacs

requirsment,

Fig. L.
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