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This invention relates generally to optical data'storage media and

systems, and more specifically to opticalsmedie with multiple disk

surfaces and storage systems using such media.

' Optical data storage systems provide a

means for storing great

quantities of data on a disk. The data is accessed by focusing a laser

" beam onto the data layer of the disk and then detecting the reflected

light beam. Various kinds of systems are known. In a ROM (Read Only

Memory) system, such as a compact disk system-(CD ROM) , data is

permanently embedded as marks in the disk at

the time of manufacture of

the disk. The data is detected as a change in reflect1v1ty as the laser

beam passes. over the data marks. A WORM (Write-Once Read-Many) system

~allows the user to write data by making marks, such as pits, on a blank

optical disk surface. Once the data is recorded onto the disk it cannot

be erased. The data in a WORM system 1s also detected as a change in

reflectivity. There are also erasable opt1cal data storage systems, such

as phase change and magneto-optic (M- 0) systems. While phase change

systems. also read data by sensing a change indreflectivity, M-0 systems

read data by measuring the rotation of the incident polarization caused

by the M-0 media.

To increase the storage capacity of an

optical disk, multiple data

layer systems have been proposed. An optical disk having two or more

data layers may be accessed at different layers by changing the focal

position of the lens. One example_.of this type of system is described ‘in
U.S. Patent 5,202,875 assigned to IBM. In such systems, the light from

the laser source must pass through one or more of the light-transmissive

disk substrates in order to access the data layers on the different

substrates. The focusing of the light through a relatively thick

substrate introduces spherical aberration into the light beam. -+ In the

case of conventional single~disk optical systems, this can be corrected

by slightly changing the curvature of the focusing lens by a fixed amount

because the amount of substrate material through which the light must

pass remains fixed. However, in multiple data layer optical disk

systems, because the light is required to be

focused through different

numbers and thicknesses of substrates, depending on which data layer is

being accessed, some form of adjustable active compensation for spherical

aberration is required.




beam passes over the data marks. A WORM (Wite-Once Read- Many) system

al fows fhe user to wite data by nmaking marks, such as pits, on a bl ank
optical disk surface. Once the data is recorded onto the disk it cannot be ,
erased. The data in a WORM systemis also detected as a change in
reflectivity. There are al so erasable optical data storage systems, such as
phase change and magneto-optic (MO systens. Wil e phase change systens

al so read dahe-d2popensi ng a change in reglectivity, MO systens read data
by neasuring the rotation of the incident polarization caused by the MO
medi a. - To increase the storage capacity of an optical disk,
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required. the unique optical path lengths including substantially the same total

substrate material thickness.
For a storage system, where the'stofage substrates take the form of
disks, each disk 1n the stack is made of 11ght transmissive material,

- such as polycarbonate when the system is a CD-ROM system, and has a
partially light-transmissive data layer on at least one of its faces. A
focusing léns in the system focuses light to the data layers along
optical paths, with each data layer corfesponding to e unique optical
path length. However, the light is focused to each data layer by
reflection off adjacent data layers such that the total eubstrate
thickness through which the light passes is the same for each opticél
path. In this manner, the fixed spherical aberration correction provided
by the focusing lens is adequate and variable aberration correction is
not necessary. By appropriate selection of reflectivities of the
multiple data layers in the disk stack, it is possible to design the
system sq that the effective reflected light -intensity from each data
layer is the same, -and that adjustable signal amplification is not

necessary. !

Embodiments of the invention will how be described, by way of

ekample only, with reference to the accompanying drawings in which:

Fig. 1 is a schematic dlaqram of an opt1ca1 ‘disk storage system cf

the present invention in the form of a CD-ROM system;
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2 - The present invention seeks to address the shortconings of prior
arf nulflple | ayer systens. According to one aspect of the invention
there is provided an optical data storage system conprising: an optical
medi um conpriising two spaced-apart substrates having substantially the
sane material thickness, each substrate having a data |ayer, at |east one
‘'of the substrates haV|ng a data layer which is at |east partially
transni ssi v€A9R2t¢7%ght source |ocated nedr a first one of the substrates;
means for directing light fromthe source to the nedium the |ight
directing neans including means for focusing the light to a discrete

number of focusi Ay.pPSist & GRRematBE ARGt dOBhEIRbEIHaNChedld 1A hé‘cﬁbm RAt the

between theptdQht :nSQHLGE AN 22 GRG" BRPRANL W08 LLir G H1aNA egNE S, each

I, cal
of the two anhtcreflgcted at different intensities from the respective data layers;

Fig. 3 is a block diagram of a controller system of the present
1nvent10n~

Fig. 4 is a graph of the focus error signal (FES) versus lens

displacement for the present 1nventlon -

Fig. 5 is a sectional view of the optical medium illustrating the
various disk substrates and their data layers;

Fig. 6 is a sectional view of the preferred embodiment of the
optical medlum 1llustrat1ng the light being focused to the different data
layers;

Fig. 7 is a sectional vieﬁ of an alternative embodiment of the
optical medium illustrating the light being focused to the different data
Jayers., ' ' :

Fig. 1 shows a schemiatic diagram of an optical disk storage system
designated by the general reference number 10. System 10 will be
- explained in terms of a CD-ROM optical system. System 10 includes an
optical data storage medium 12 which is preferably disk shapéd and
removably mounted on a clamping spindle 14 as is known in theé art. =
Spindle 14 is attached to a spindle motor 16, which in turn is attached

to a system chassis 20. Motor 16'rotates spindle 14 and medium 12. .

An optical head 22 is positioned below medium 12. Head 22 is
attached to an arm 24, which in turn is connected to an actuator device
such as a voice coil motor 26. Voice coil motor 26 is attéchediEOn
chassis 20 and moves arm 24 and head 22 in a radial direction below

medium 12.

Fig. 2 shows a schematiq diagram of one embodiment of the optical
“head 22 and medium 12 of Fig. 1. Optical head 22 includes a laser diode
200, which may be a gallium-aluminum-arsenide diode laser producing a
primary beam of light 202 at approximately 780 nanometers wavelength.
Beam 202 is first diffracted by grating 201 to produce two secondary



|nclud|ng passage through substrate material having a total thickness
substantlally equal to three substrate thicknesses. - According to
anot her aspect of the invention there is provided an optical recording
medi-um conprising: two light-transm ssive di sk substrates of substantially
the sane thickness supported in.a stack with the disk substrates parallel
to and spaced apart from one another; a first of the substrates having an
outer face and-enoppner face with a pargially transm ssive data |ayer; the
second substrate having an inner face with a partially transm ssive data

| ayer facing the inner face of the first substrate and an outer face with

a data | ayerpehps frogftj.rggltin'ag I%rlt:{og {'.th%hé %@%#L‘ga&ﬂa g%a%r 691% I‘.}Q% second
substrate irst su For a
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Beam 204 then passes through a focus lens 210 and is focused onto one of
the data surfaces (surface 71 of substrate 70 as shown) of medium 12.
Lens 210 is mounted in a holder 2142 the position of which is adjusted
relative to medium 12 by a focus actuator motor 216, which may be a voice

c01l motor. L -

A portion of the light beam 204 is reflected at the data surface 71
as a reflected beam 220. Beam 220 returns through lens 210 and is
reflected by mirror 208. At beamsplitter 205, beam 220 is directed
through an astigmatic lens 232 and onto a multielement optical
detector 234,

Fig. 3 is a block diagram of a controller system of the present
invention and is designated by the general reference number 300. A focus
error signal (FES) peak detector 310 receives a focus error 51gnal (FES),
and a tracking error signal (TES) peak detector 312 receives a tracking
error signal (TES). The multielement detector 234 (Flg 2) generates

"output signals tfiat are amplified by signal amplifier 236. and used to
generate the data signal, the tracking error signal (TES), and the focus
error signal (FES), each of which is sent to controller 314. Controller
314 also receives input signals from FES peak detector 310, TES peak

. detéctor 312, and laser power detector 207. Controller 314 is a -
microprocessor-based disk drive controller. Controller 314 is also
connected to and controls the laser 200, head motor 26, spindle motor 16,
and focus motor 216. :

The operation of optical storage system 10 iFig. 1) may now be
understood with reference to Figs. 2 and 3. Controller 314 controls
motor 16 that rotates disk 12 and motpf 26 that moves optical head 22 to
the proper position below disk 12. L.aser 200 is energized to read data

~ from medium 12. The beam 204 is focused by lens 210 on the appropriate
data surface. The reflected beam 220 returns and is directed to the
multielement detector 234 by the astigmatic lens 232. The TES, FES, and



However, the light is focussed to each data layer by reflection off

adJ acenf‘ data | ayers . 2a
such that the total substrate thi ckness t hr ough "whi ch the i ght passes is
the sane for each optical path. In this-nmanner, the fixed spheri cal
aberration correction provided by the focusing lens is adequate and _
variabl e aberration correction is not necessary. By appropriate selection
of reflectivisabem-0ofz2the nultiple data layers in the disk stack, it is
possi ble to design the systemso that the effective reflected Ilght
intensity fromeach data layer is the sane, and that adjustable signal

arrpl i ficati Omakﬁ sﬁeltlal@e&r%S%Mt by detecgfbgﬂi gﬁ@taﬁipf)lfflgg'%y éﬂ‘he?%\@‘ Il now
be descri bedvsh % 3Ry of exarrpl e only, wth reference to"t acconpanyi ng
h:

drawi ngs in

Fig. 4 shows a graph of the FES versus the displacement distance of
lens 210. Note that a nominally sinusoidal focus error signal is
obtained for eaéh of the data surfaces of medium 12 when the aberrations
intrbduced by the substrates are properly compensated. Between the data
layers, the FES is zero. During startup of the system, controller 314
first causes motor 216 to position lens 210 at its zero displacement
position. Controller 314 will then seek the desired data surface by
causing motor 216 to move lens 210 in a'positive displacement direction.
At each data layer, i.e., data laYers 51, &2, 71, 82 of disks 50, 60, 70,
80, respectively, peak detector 310-will détect the two peaks of the FES
Qhen.the focal spot of beam 204 passes through the data surface and the
substrate aberrations are properly compensated. Controller 314 counts
the peaks and determines the exact data surface on which beam 204 is
focused. When the desired surfaces are reached, controller 314 causes

-motor 216 to position lens 210 such that the focus error signal is
between the two peaks for that particular data surface. The focus error -
is then used to control the motor- 216 to seek the zero point focus error
signal between the peaks, i.e., lock on the positive slope signal such
that exact focus is achieved. The controller 314 will also adjust the .
power of laser 200 for thét particular data surface.

Fig. 5 is a cross-sectional view of the preferred embodiment of
optical medium 12 for use in a CD-ROM system. Medium 12 includes four
disk substrates 50, 60, 70, and 80. Substrate 50 is the substrate
closest to the optical head 22 (Fig. 1) and is where the laser beam
enters medium 12. BAn outer diameter (OD) rim 52 and an inner diameter
(ID) rim 54 are attached between substrate 50 and adjacent substrate 60.
An OD rim 63 and an ID rim 64 are attached between substrate 60 and
adjacent substrate 70, and an OD rim 72 and an ID rim 74 are attached
between adjacent substrates 70 and 80. Substrates 50, 60, 70, and 80 are
made of a light-transmissive material such as glass, polycarbonate, or
other polymer material. The ID and OD rims are also prﬂfﬁr:Lly made cf a

plastic material, such as polycarbonate.

The rims may he attached to the substrates by means of glue,
‘cement, or other bonding process. However, preferably the rims are

integrally formed in the substrates during fabrication, such as in the



Fig. 1 is a schematic di agram of an3optical di sk storage éysfen1of t he

préesent* invention in.the formof a CD ROM system : SA9- 92- 072
3 Fig. 2 is a schematic diagram of the optical head and nedi um of
the present invention illustrating the means for detecting and anplifying

light reflected at different intensities fromthe respective data | ayers;
Fig. 3 is a block diagramof a controller systemof the present invention;
Fig. 4 is a gwaphopt the focus error sigmal (FES)y versus |ens

conventional injection molding process for polycarbonate CD-ROM
substrates. When in place, the rims form a plurality of annular spaces
86 between the substrates and the face plate. A spindle aperture 90
passes through medium 12 inside the ID rims for receiving the spindle 14.
A plurality of passages 88 are provided in the ID rims connecting the
aperture and the spaces. 86. to.allow pressure equalization'between the
spaces 86 and the surrounding environment of the disk drive, which would
typically be air. The passages 88 could alternatively be located on the

OD rims. . =

Referring now to Fig. 6, there is illustrated a schematic of a
partial section of the preferred ehbodiment of the optical medium 12
showing representative opticél-paths A-D being focused to tﬁe respective
reflective data layers of the disk substrates. 1In the preferred
embodiment, each of the disk substrates is of the same thickness,
preferably approximately 0.4 mm, and is formed of conventional :
polycarbonate CD-ROM material. Each of the data layers (51 on substrate
50, 62 on substrate .60, 71 on substrate 76;kand 82 on substrate 80) is a
read-only data layer as used in CD-ROM disks, i.e., an embossed pattern -
of pits. Layer 61 on substrate 60 is a partially transmissive layer with
no data. However, the data layers are formed to be partially

transmissive and to have different reflectivities, as will be explained.

The spacing of.the substrates is selected such that the locations
of the virtual images, e.g., the points where optical paths A and B would
be focused if they were not reflected by layer 61, are not in close
proximity to other data layers. If these virtual images are too close to
data-layer 71 on substrate 70 or data layer 82 on substrate 80, crosstalk
will occur in the read signal. One embodiment of Fig. 6 that achieves
both low crosstalk and minimal overall thickness for medium 12 is a
structure with the spacing between substrates 50 and 60 set aff
approximately 0.2 mm, the spacing between substrates 70 and 80 also set
a£ 0.2 mm, and the spacing between substrates 60 and_?o set at twice that

distance, i.e., 0.4 mm.

As illustraiéd in Fig. 6, each of the optical péths_A—D has a
unique length, each lenqth being determined by the focusiﬁg position ci
lens_210,.which is controlled by lens focusing motor 216 (Fig. 2). Fcr
example,-in the case of optical path A, the laser beam is focused'to'dgta

layer 51 on substrate 50 by passing through, in succession, (a) the



di spl acement for the present invention; 'Fig. 5is a sectional view

of “the Optical mediumillustrating the various disk substrates and their
data | ayers; . Fig. 6 is a sectional view of the preferred enbodi nent
of the optical nmediumillustrating the |light being focused to the different
data | ayers; Fig. 7 is a sectional view of an alternative

enbodi nent of the optical mediumillustrating the |ight being focused to

t he differerdasdsi-a72 ayers. Fig. ¥ shows a schematic diagram of an

optical disk storage system designated by the general reference nunber 10.
System 10 wi Il be explained in terms of a CD-ROMoptical system System 10
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coi’l ‘notor COi ached to
substrate .60, and é?)agaln through tLe Jlr space between substrates 50

and 60. Thus, the optical path length A includes the distance from the
focusing lens to substrate 50, plus three times the substrate thickness

and two times the spacing distance between substrates 50 and 60.

Referring now to optical path B, in order to focus upon data layer
62 on substraté 60, the laser beam must péss through substrate 50 once
and substrate 60 twice (being reflected off of partially transmissive
face 61). The total optical path length B thus differs from that of A by
one .spacing distance between substrates 50 and 60. However, in both
optical path lengths A and B, the optical path length includes passage of
the light through é total of three substraté thicknesses.

In order to focus on data layer 71 on substrate 70, as shown by
optical path C, light must pass once through each of substrates 50, 60,
and 70. Similarly, the length of optical path D to data layer 82 on the
fourth substrate 80 is the same.as that of op#ical path C plus the

spacing distance between substrates 70 and 80.

In each of the unique optical path lengths A-D, the length includes
passage of the light through the éame amount of substrate, namely a
distance equal to three substrate thicknesses. Because the light in each
of these unique optical paths is focused to different points but thfough
the same amount and type of substrate material, and because the spacing
gaps are air which has an index of refraction of 1.0, there is no need
for a variable aberration corrector in the optical data system. That is,
the fixed spherical aberration correction of the focusing lens 210 (Fig.
2) can be set to accommodate a fixed total substrate thickneés (1.2 mm)

and should be adequate for focusing to all four data layers.

Thé reflected intensities Sj - Sp for light reflected from the cata
layers corresponding to each of the optical path lengths A-D,
respectively, in the embodiment of Fig. 6 can be represented in the
general case as follows, where R and T represent the reflectivity and

transm1551v1ty of the respective interfaces of each of the substrates,



chassis 20 and noves arm 24 and head 22 in a radial. direction bel ow nedium
127 : -Fig. 2 shows a schematic di agram of one enbodi ment of the
optical head 22 and nmedium 12 of Fig. 1. Optical head 22 includes a |aser .
di ode 200, which may be a gal l'ium al um num arseni de di ode | aser producing a
primary beam of |ight 202 at approximately 780 nanoneters wavel ength. Beam
202 is first diffracted by grating 201 to produce two secondary o

SA9- 92- 072 SA9-92-072 4 ‘keanms for tracking, in addition to
the primary data beam and then collimated by |ens 203. The resulting

t hr ee- conponent beam 204 then passes to a beamsplitter 205. A portion of
beam 204 is withl £eleed veyndensmaki ichedesR0R the 3pfRGYheh&NGhe Wpeide Hlce

optical detegf QhtLQ4yer 51 on substrate 50) and face 7 being that farthest from the
optical head (data layer 82 on substrate 80): -

Sp = N*{Ry*T;)2*R, | (1)
Sp = N*(R4)2*R3_‘;__ el (2) e
S¢ = N*(T4*Tg)2*Rg ' (3) '
Sp = N*(T4*T5*T6)2*R7 (4)
where ' -
N =

(T*T*Ty)2 - (5)

By setting the reflectivity of the 7th interféce (data layer 82 on
substrate 80) at 100% and constraining the-reflected intensities S - S5p
to be equal, then an effective reflected intensity for each of the
optical paths A-D of 2.7% is possible with reflectivities of ‘the

individual data layers given as follows:

+ Ry =14
Ry = 11
Ry = 65
Rg = 38

assuming T = (1-R), i.e.; the absorption of the data layers is zero. A
key advantage of setting the effective reflective'intensity to be
essentially constant, regardless of which data layer is being acceSsed,
is that there is no need for variable amplification of the output from
detector 234 (Fig. 2) and the fixed signal amplificatibn.prbvided by
amplifier 236 (Fig. 3) will be sufficient..

Referring now to Fig. 7, there is shown an alternative embodiment
of the optical medium, designated 12', which is a three-disk substrate
system providing four data layers. Substrates 400 and 410 are of the

"same thickness (0.4 mm) and are spaced apart 0.6 mm. The thifd
substrate, substrate 420 farthest from the optical heaq, has a thickness
one half that of substrates 400, 410, i.e., 0.2 mm, and is spaced apart
from its adjacentl. substrate 410 by a distance one-third of the spaciné

between the first and second substrates.

Substrate 1400 has a data layer 401 on its face away from the

optical head, substrate 410 has data laQers on both of its



Detector,.207 is used to nonitor the power of |aser beam 204. Beam 204 from
beanmsplitter 205 next passes to and is reflected by a mrror 208. Beam 204
t hen passes through a focus |lens 210 and is focused onto one of the data
surfaces (surface 71 of. substrate 70 as shown) of nedium 12. Lens 210 is
mounted in a hol der 214, the position of which is.adjusted relative to
medi um 12 by a focus actuator notor 216, which nmay be a voice coil notor

~ A portion ofsapez-b7ght beam 204 is refleeted at the data surface 71 as a

. refl ected beam 220. Beam 220 returns through lens 210 and is refl ected by
mrror 208. At beansplitter 205, beam 220 is directed through an astigmatic
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controller. ntroller. 314 is also connected tq and controls.t | aser
200, head maPOT 2L ‘351 55N & tRYoPT FRPIA ksl o, Ph st s LY

D' pass once through substrates 400 and 410 and twice through substrate
420 for a total of approximately 1.2 mm. The difference between the
lengths of optical paths A', B', €', and D' is siﬁply the spacing -
diséahce between disk substrates 400, 410, and 420. However, since this
space is air, with an index of refraction of 1.0, it has no effect on
aberration. As indicated for the embodiment of Fig. 6, the spacing
between the disks is selected so that there is minimal crosstalk caused
by closeness Gf;the virtual images to the data layers. The acfual
selected spacing distances in the embodiment of Fig. 7 result in just one
embodiment that achieves both low crosstalk and miniﬁalhbverall thickness
for the medium 12'. BAs is apparent from Fig. 7, the face 421 on the
third and farthest substrate 420 is a totally reflective layer which
contains no data but is needed to reflect light for each of the optical-
paths C' and D'.

" The refleécted intensities from optical paths A'-D' can be"
represented as follows, where again subscripts 1-6 refer to substrate

interfaces commencing with interface 1 closest to the optical head:

Sy = N*(Rg*T3) %Ry (6)

Sp- = N*(Ry)2*Ry | (7)

Se- = N*(Ty*Tsl*Rg)o*Ry _ (8)

Sp- = N*(T4*T5*Rg) 24Rg (9)
where again

N =TT (5)

By setting the refleqtivity of the 6th interface (reflective
Tayer 421 on substrate 420) at 100% and constraining the reflected
-~~~ intensities to be equal, then an effective reflected intensity of 1v7% is



The operation of optlcal storage system 10 (Fig. 1) may now be under st ood
with reference to Figs. 2 and 3. Controller 314 controls notor 16 that
rotates disk 12 and notor 26 that noves optical head 22 to the proper
position below disk 12. Laser 200 is energized to read data from nmedi um
12. The beam 204 is focused by lens 210 on the appropriate data surface.
The refl ected beam 220 returns and is directed to the nmultiel enent detector
234 by the agid-gpmi7ic | ens 232. The TES,;dES, and SA9- 92- 072
5 data signals are output by det ect or 234 and anplified by anplifier 236
(Fig. 3).

possible for each of the optical paths A'-D', with reflectivities of the

individual data layers given as follows: '

Ry = 13
Ry = .10
Ry = 56
Rg = 29

again assuming T = (1-R). ' -

In the fabrication of the CD-ROM disks represented by the optical
médiums in Figs. 6 and 7, the data layers are formed by conventional
injection molding, embossing, or photopolymer replication. The data
layers can then be made to the selected varylng reflect1v1t1es by use of
various conventional metallic- (e. g , Al, Au) layers, semiconductor
material (e.g., amorphous si, GaSb) layers, or dielectric (e.g., 2ro,,
SiN) layers. These materials can be dep051ted by sputtering or
evaporation, as is known in the art.

In both embodiments of Figs. 6 and 7, the refléctivitie530f the
data layers were selected such that the effective reflected intensity for
each of the optical paths was the same. BAs described, this eliminated
the need for a wvariable signal amplifier. However, if it is desired to
have different effective re%iecied'intensities for the different optical
paths, then the amplifier 236 (Fig. 3) would have to be a variable
amplifier with its level controlled by controller 314 and selected
according to which data layer was being accessed.

While the preferred embédiments of the present invention have been
illustrated in detail, it should”be apparent that modifications and
improvements may be made to the invention without departing from the

scope of the invention as described in the following claims.



Fig. 4 shows a graph of the FES versus the displacenent distance of |ens
210. No ' | y sinusoidal focus error signal is obtained for
each Of“nl"rmmﬂlﬂﬂnms of medium 12 when the aberrations introduced by
t he substratest ame properly conpensated. Between the data |ayers, the FES
IS zero. During startup of the system controller 314 first causes notor
216 to position lens 210 at its zero displacenent position. Controller 314
will then semk9eheradesi red data surface.fly causing notor 216 to nove |ens
210 in a positive displacenment direction. At each data layer, i.e., data

| ayers 51, 62; 71, 82 of disks 50, 60, 70, 80, respectively, peak detector
310 will detect the two peaks of the F&aQawken the focal spot of beam 204

passes through the data surface and the substrate aberrations are properly
conpensated. Controller 314 counts the peaks and determ nes the exact data

surface on whi chPh@RRPA4948 LR BY S MR ™R HE R Fsi red surfaces are
reached, controller 314 causes notor 216 to position |lens 210 such that the
focus error signagh dpeidagtiReih () tWhpbriRedsSa idtirdile) oaddakealapsrdat a
surface. The,f Q008 .CIL0T od S0 SR U3ed, L, SONLT BlushhS TR, &1 8. L9 pck the
zero point fosus-error sfyndl: BRI WEER: FRE agkeavirde PIBER bR 1% hosi ti ve
sl ope si gnatbiqkppss Rad sERRArtinoa dptp slagehiveiddis Riele@shteskiadiy 314 wil |

al so adj ust tidmempensee; of | aser 200 for that particul ar data surface. .

Fig. 5is a cross-sectional view of the preferred enbodi nent of opti cal
medi um 12 for use jn a CD-ROM system  Medium 12 incl udes four disk
substrates 50, 68,119Bt saREFegtRO% supstrate 50 is’ the substrate closest to
the optical head 22 (Fig. 1) and is where the |laser beamenters nedi um 12.
An outer di anet ehedn®Yorl 81Re22ingNTighl froi&the Hoah®d @6 thk [Mediind) Ke Akght

attached be§¥ﬁ§@ﬁﬁf9§4@a%ﬁ%§95§”9“ﬁ9£ cg&%ss%%§§;g£g 60. An OD-rim 63 and
an IDrime64 are attached between substrate 60 an _ _
means (216) coﬁpled to the focusing means for moving the focusing
means to a discrete number of positions, each position aefining a unique
optical path length between the focusing means and a corresponding one of
the data layers, each of the uniqué optical path- lengths including
substantially the same total substrate material thickness.

2. A system as claimed in claim 1 wherein one of the substrates (80)
has a substantially totally reflective layer (82) for reflecting light to
data layers on the other substrates.

3. A system as claimed in claim 1 or claim 2 wherein there are two
substrates of substaﬁtially the same thickness and spaced apart a
specifiéd distance, wherein tﬁe optical path length'to the data layer on
the first substrate nearest the focusing means is substantially equal to
the distance from the focusing means to the first substrate plus two
times.the spacing distance and three times the substrate thickﬁess, and
wherein the optical path length to_the data layer on the setond substrate
nearest the first substrate is substantially equal to the distance from
the focusing means to the first subst}ate plus the spacing distance and

three times the substrate thickness.

4. A system as claimed in claim 3 further comprising a third substrate

" of substantially the same thickness as the first and second substrates,
the thivd substrate bheing adjacent to and spaced from Lhe second
substrate, and wherein the optical-péth length to the data layer on the

third substrate is substantially equal to the distance from the focusing

T




adj ace

an ODrim72 and an IDrim74 are. attached

substrates 70 and 80. Substrates 50, 60, 70, and 80 are

befmeen
made of mﬂﬂﬂ ive material such as gl ass, polycarbonate, or
ot her

plastlc mat
to the subs
However, pr
fabrlcatlon
6 conven
substrates.

bet ween t he

he ID and GD rins are also preferably made of a
erial, such as pol ycar bonat e. The rinms may be attached

trates by neans of glue, cenent, or other bonding process.

gf$£ogbly; the rinms are integralJy formed in the substrates during ™

SUéR s in the A9- 92- 072
tlonal |nject|on nDIding process for polycarbonate CD- ROM
When

néatiors AhBoFLRt PhEErPhT a1 406 roRek biednY AssfilathpSP B °°

first, second, and third substrates and three times the substrate

thickness.

5. A dystem as claimed in claim 4 further comprising a fourth
substrate adjacent to and spaced from the third substrate, and wherein
the optical peth length to the data layer on the fourth substrate is
substantially equal to the distance from the focusing means to the first
substrate plus the total spacing distance between the four substrates and

three times the substrate thickness.

6. A system as claimed in claim 1 wherein the optical medium comprises
three substrates; the first substrate nearest the focusing means having a
thickness t and a data layer on its face farthest from the focusing

meéans; the second substrate having a thickness t, being adjacent to and

spaced from the first substrate, and having data layers on both its

'faces; and a third substrate having a thickness t/2, being adjacent to

and speced from the second substrate and having a data layer on its face

facing the second substrate.

7. A system as claimed in claim 6 wherein the third substrate has a
nondata reflecting layer on its face opposite its data layer for

reflecting light to at least one of the data layers

8. A system as claimed in any preceding claim wherein each of the
substrates is formed of essentially polycarbonate and wherein the data
layers on the substrates are read-only data layers.

9. A system as claimed in any preceding claim wherein the data layers
comprise essentially amorphous silicon. o
i0. A system as claimed in any of claims 1 to 8 wherein the data layers

comprise essentially aluminum.

11. A system as claimed in any preceding claim wherein each of the cata
layers has a predetermined value of reflectivity, whereby the effective
reflected light intensity is substantially the same for each of the

optical path lengths.
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‘pagses tbmeh nedium 12 inside the ID rins for receiving the spindle 14. A
pl urallty of passages 88 are provided in the IDrinms connecting the

aperture emmnmmummu m to allow pressure equalization between the
spaces 86 lng envi ronment of the disk drive, which would
typi cal |y be &irt "he padssages 88.could alternatively be |ocated on the OD
rins; ‘Referring nowto Fig. 6, there is illustrated a schematic of -
a par'ti. al segéiPnof the preferred enbodj ~{)ﬂa‘nt of the optical nedium 12

showing representative optical paths A-D being focused to the respect ive
reflective data | ayers of the disk substrates. In the preferred enbodr nent,

each of the,di SkAsé{}Qt?énf QE etﬁai dOIn hﬁgfpgg&edkﬁt (:\I.kpme%\slt't el;'ecl:co%r 9:1.351?(% MEAISROM

apprOX|nateI conventr.onal carpona

mat eri‘al . éc‘:ﬁ’ "81“’”“}3% tgat]dgli‘ta%??cfﬂ £pom §Bb§FF%1tJ€Y5‘Tf ¥6‘2 Poovidimgser at e 60,
71 -on substrdafaesm’aland 82 on substrate 80) is a read-only data |ayer as
used -i'n CD- ROM di sks, i.e., an enbossed pattern of pits. Layer 61 on
substrate 6Qsis I n Y th no ver, the
data | ayer ng e fgos:}grréd'l & 2 cxla-Meg mﬁ% Zrévﬁéﬁﬁlggh\?em%ar? €°5 Rt °\)’ % ? er ent
refl.eétivit PRE Si@ay ’rWCI‘b‘BESeWFGPél‘ﬁ?Eodet°Ct1“g theThresphiyi § the ikt substrat es
i s seliect ed refiehtechdtont e detraflayers ofd tdwmsvédupliad to g edteft g, meahe POI Nt s

wher.e:# optl C@br RAPTIFyihpBkk Bemugdjlpgensggysed if they were not reflected by
| ayer:z61, are not in close*proxinmty to other data layers. |If these

wrtua,l images are too close to data layer 71 on substrate 70 or data | ayer
82 onisubst Fat e BEa¢TOBLE CRMCN Jata itentos AYathm qomRbisdhgnal . One enbodi ment
of Fi.g. 6 that achieves both | ow crosstal k and minimal overall thickness

for medium 12 | Sa §lurality of spaced-=apart read-only optical disks, each disk
, comprlslng a substrate of light- transm1551ve material and a partlally

transmissive data 1ayer on one of the substrate faces;
a light source;

means for focusing light from the source through a constant total
thickne§s of light-transmissive disk substrates to a number of unique -
optical path lengths, each optical péth length corresponding to an
associated data layer; and

means responsive to light reflected from the data layers for

providing a data signal.

15. A system as claimed in claim 14 wherein each of the data layers has
a predetermined value of reflectivity, whereby- the effective.reflected
light intensity is substantially the same for each of the optlcal path
lengths.

16. A system as claimed in claim 14 ot claim 15 wherein the means for
providing a data signal includes means for detecting the 1nten51ty of the
light reflected from the data layers and means coupled to the detecting
means for amplifying the detected 1nten51ty

17. An optical recording medium comprising:

a plurality of light-transmissive disk substrate
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structure W|th t he t ween substrates 50 and 60 set at

apprOX| mat e’ the spaC| ng between substrates 70 and 80 al so set at
0.2 nm and I’M’g en substrates 60 and 70 set at tw ce that

di stance, i. As illustrated in Fig. 6, each of the
optical paths A-D has a’ un| que | engt h, each | ength being determ ned by the
f ocusi ng position of lens 210, which is controlled by |lens focusing notor -
216 (Fig. 2) Ag_gé:_ro,,?xanpl e, in the case- f optical path A the |aser beam
is focused t% data layer 51 on substrate §o by passing through, in
succession, (a) the SA9 92-072 Y

| i ght-transm ssive substrate 50, the partially transm ssive data | ayer
51 on substrate S¥"% &pr tyEPasiting %\?:e‘?“B%ttr\Ré%sn 1§lfo§f?‘a‘t Biths ghey dislg

substrates parallel to and spaced apart from one another; and

each. substrate having a partially transmissive-data layer on one of
its faces for receiving a focused spot of light from a light beam
directed from the outer face of the outermost. disk in the stack, the
optical path distance of the light beam through the light-transmissive
substrates being the same for each of the data layers.
18. A medium as claimed in claim 17 wherein one of the disk substrates
has a substantially totally reflective layer for reflectlng light to data -
layers on the other substrates :

19. A medium as claimed in claim 17 or claim 18 wherein there are two
disk substrates, the said outermost disk substrate haviné a data layer on
its inner face and the second disk substrate having data layers on both
its faces, the outer data layer on the second disk substrate providing
reflection of the light beam to the inner data layer on the second disk

substrate and to the inner data layer on said outermost disk.

20. A medium as claimed in claim 17 wherein the optical medium
comprises three substrates; the first outermost substrate in the stack
havihg a thickness t and a data layer on its inner face; -the second
substrate having a thickness t, being adjacent to and spaced. from the
first substrate!mand having data_layers on both its faces; and a third
substrate having a thickhess_t/Z, being adjacent to and spaced from the
'second substrate and héving a data layer on its face facing the second

substrate.

21. A medium as clalmed in claim 20 wherein the third substrate has &
nondata reflecting layer on its face opposite its data layer for
reflecting light to at least one of the data layers in the dlsk stack.

a}hwfkmnR.i
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(d), the Jartially transm ssive data | ayer 62 on substrate 60, (e) twice
through “substrate 60 due to reflection frompartially transnmissive face 61,
(f) again through partially transm ssive data |ayer 62 on substrate 60, and
(g) again through the air space between substrates 50 and 60. Thus, the
optical path length A includes the distance fromthe focusing lens to-
substrate 50, plus three tines the substrate thickness and two tinmes the
spaci ng di stangs.pst ween substr at es 50 apg 60. - Referring now to
optical path B |n order to focus upon data |ayer 62 on substrate 60, the

| aser beam nust pass through substrate 50 once and substrate 60 tw ce
(being reflected off of partially trangm.ssqve face 61). The total optical
path Iength B thus differs from that Gﬁ—/@gv one spaci ng di stance between
substrates 50 and 60. However, in both opt| cal path Iengt hs A and B, the
optical path |engt ALE AT A (SURBACFC OP ) STORM mt al of three
substrate thicknesses. In or der to focus on data Iayer 71 on
substrate 70, as_sho ptica St ugh each
of substrates 50A“6’6¥m°aﬁ'dd% @r?ﬁqp Th:em ‘fsﬁ n 1h:aotme |(E:|%Imap%1t to
data | ayer 8Pagknof Heaﬁﬂ:lmfts‘tﬂféﬁﬁtla@eslﬁoﬂ?'s59h€°sa3r9e éé‘c’t ek g st i cal

pat h C pl us st SQ&QH@@fdlﬁja&FlﬁﬁnhﬁEm&nmsﬂébS&]r at@h g9 pandtaBebnate when | N

each of the i, gg@e PBE 1:C8)-rBAt e LENOLNP ol B pdehSalienoighe] DahigsRacsage of

the light throu stance equal to .
t hree subst faf% ¥ﬁ"cR‘hé§s¥"§St ‘E?éc%ﬁjéés tfﬁ%eﬁ i ghifof#5188 RnD 2P HdsBeuni que
optical patlisgsien foussedigla to ftherdand Jpgers sldingt opticalighths, with each

data layer corresponding to a unique optical path length. The light is

focused to each data layer by reflection off adjacent data layers such
that the total substrate thickness through which the light passes is the
same for each optical path. In this manner, the fixed spherical '
aberration correction provide&’by the focusing lens is adequate and
variable aberration correction is not necessary. By appropriate
selection of reflectivities of the multiple data layers in the disk
stack,'it is possibié to desigﬁ the system so that the effective
reflected light intensity from each data layer is the same, and that

adjustable signal amplification is not necessary.
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ghe sgme anount and type of substrate naterlal ‘and because the spacing
gaps dre air which has an index of refraction of 1.0, there is no need fqr
a variable aberration corrector in the optical data.system That is, the

fi xed spherical aberration correction of the focusing |lens 210 (Fig. 2) can
be set to acconmpdate a fixed total substrate thickness (1.2 mm and should
be adequate for focusing to all four data |ayers. The refl ected
intensities S[érr] - Y[err] for light/5eflected fromthe data |ayers
correspondi ng to each of the optical path lengths  A-D, respectively, in the
enbodi nent of Fig. 6 can be represented in the general case as follows,
where R and T represent the reflectivity and transm ssivity of the

respective interfaces of each of the substrates, SA9- 92- 072
8
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R

wit h face 1 being the face closest to the optical head (the opposite face
to data’ layer 51 on substrate 50) and face 7 being that farthest fromthe
optical head (data | ayer 82 on substrate 80): - o Sferr] =
hF(R[efr}*T[err])[err]*R[err] (1) e Slerr]

= N(Rerr])[err]* R[err] = (2) - S[err] =
N (T[err]*T[err])[err]*Rlerr] 2/5 (3) : Sferr]=
hF(T[err]*T[err]*T[err])[err] Rierr] - : (4) where

N = (T[err]*T[err]*T[err])[err] - (H) By

settlng the reflectivity of the 7th interface (data | ayer 82 on substrate
80) at 100% and constraining the reflected intensities SA SD to be equal,
then an effective reflected intensity for each of the optical paths A-D of
2. 7% is possible with reflectivities of the individual data | ayers given as

fol [.ows: : Rerr] =14 - . Rerr] =11
Rlerr] = 65" SR = 3¢ 1N = (1-R), i.e., the
absorption of a age of setting the
effective reflective intensity to be essenti y stant, regardl ess of
whi ch data | O\ | 70 :
| ) {
(1\\ TN SNSRI é0 62
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204 290 200
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i$ that there is no need for variable anplification of the output from
detector 234 (Fig. 2) and the fixed signal anplification provided by
anplifier 236 (Fig. 3) will be sufficient. Referring nowto Fig. 7,
there is shown an alternative enbodi nent of the optical nedium designated
12', which is a three-di sk substrate system pfoviding four data | ayers.
Substrates 400 and 410 are of the sagg t hi ckness (0.4 mm and are spaced
apart 0.6 mm The third substrate, §trate 420 farthest fromthe opti cal
head, has a thickness one half that of substrates 400, 410, i.e., 0.2 nm
and is spaced apart fromits adjacent substrate 410 by a di stance one-third
of the spacing between the first and sécond substrates. Substrate
400 has a data layer 401 on its face away fron1the opti cal 'head, substrate
410 has data | ayers on both of |ts
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SA9-92- 072 -9 faces 412, 411, and substrate
420 has a data | ayer 422 on its face facing substrate 410. -As can be .
understood by reference to the graphical representations of the respectlve
optical paths A -D to the respective data | ayers 401, 412, 411, and 422,
the optical paths have uni que lengths corresponding to unlque p05|t|ons of
the focusing lens. However, the total amount of substrate material through .
which the |ight passes in each of the optical paths A'- D is the sane.
This distance is three tines thé thikkhess of substrate 400, or
approximately 1.2 mm Optical paths A and B' pass once through substrate
400 and twi ce through substrate 410 for a total of approximately 1.2 mm
Optical paths C and D pass once through substrates 400 and 410 and twi ce
t hrough substrate 420 for a total of approximately 1.2 nmm The difference
“between the lengths_of optica ths A, B, C, and D is sinply the
spaci ng di stance bet weenwdiGk| qubstrates 400, 410, and 420. However, since
this space is air, with an inggx of refraction of 1.0, it has no effect on
aberration. As indicated f {He_embodi nent of Fig. 6, the spacing between
1t

S

[

I

the disks is sef®e 0 het ¢ 1@ug-pi mal  crosstal k caused by
cl'oseness of the virtu to e data |l ayers. The actual selected
spaci ng di stances in the S f Fig. 7 result _.in just one enbodi nent
that achieves both |low c
medium 12'. As is appare
farthest substrate 420
but ts_needed'tgireflect

b m ni nal >ral |l thickness for the
1. |7 face 421 on the third and

Ld—1ief | ective | ayer which contains no data
egch of the opticai paths C and D .
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The ‘i?ef | ected intensities fromoptical pat hs A'-D can be represented as
foll ows, where again subscripts 1-6 refer to substrate interfaces
commencing with interface 1 closest to the optical head: '

S[err] = N*(R[err]*T[err])[err]*R[err] : (6)
S[err] = N(Rerr])[err]* R[err] : : = (1)

S[err] = N(Tferr]*T[err]*Rerr])[err]*Rerr] - - (8)

- Slerr] = N*(T[err]*T[err] R[err])[eEr/r% *R err] ' ' (9)
where again (T[err]*T[err]*T[err])[err].

(5) By setting the reflectivity of the 6th interface.(reflective

| ayer 421 on substrate 420) at 100%and constraining the refl ected :
intensities to be equal, then an effective reflected intensity of 1.7%is
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SA9- 92- 072 10  possible for each of tﬁ'féﬁ%ptlcal
paths A -D, with reflectivities of t He 'i‘ndi vi dual data. | ayers given as
fol | ows: Rlerr] =13 Rlerr] = 10
Rlerr] = 56 Rlerr] =29 again assumng T = (1-R). In
the fabrication of the CD-ROM disks -represented by the optical nediuns in
Figs. 6 and 7, the data layers are formed by conventional injection
nol di ng, enbossi ng, or phot opol yner r@gﬁ@tion. The data | ayers can then
be made to the selected varying reflectivities by use of various
conventional. netallic (e.g., A, Au) |ayers, sem conductor material (e.g.,
anor phous Si, CGafb)TirdgcDSIA SUREAGEH OPTICAL MREDIUM . ANDI ENY ers. These
materials can be deposited by sputtering or evaporation, as is known in the
art. I n both enbodi nents of Figs. 6 and 7, the reflectivities of
the data | aye®® sp¥icadefiatx sgosagen synkam usps ap raRtdrde “Fé’r‘!"b@?)e‘ﬁlaqent’%r%i ty

for stack of spaced-apart optical disks(ﬁo, 60, 70,-8@. Each disk in the
stack is made of light-transmissive material, such as polycarbonate when
the system is a CD-ROM system, and has a partially light-transmissive
data layer on at least one of its faces. & focusing lens 210 in the
system focuses light to the data layers along optical paths, with each
data layer corresponding to a unique optical path length. The light is
focused to each data layer by reflection off adjacent data layers such
that the total sﬁbstrate thickness through which the light passes is the
‘same for each optical path. 1In this manner, the fixed spherical
aberration correction provideé by the focusing lens is adequate and
variable abérratidn correction is not necessary. By appropriate
selection of reflectivities of the multiple data layers in the disk
stack, it is possible to design the system so that the effective
refleéted light intensity from each data layer is the same;, and that

adjustable‘qégnal amplification is not necessary.

Fig. 1
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T s o : e
‘each of the optical paths was the sane. As described, this elininang t he
need for a variable signal anplifier. However, if it is desired to have
different effective reflected intensities for the different optical paths,
then the anplifier 236 (Fig. 3) would havwe to be a variable anplifier with
its level controlled by controller 314 and sel ected according to which data
| ayer was bei ng accessed: : Wil e the preferred enbodi nents of the
present invent The phaes: ineetion! seplsst focddaeesi mhedsoricbmings of pridr cirbmuitipie layet
that nodifications and inprovenents nmay be made to the invention w thout
departing $ystems.he scope of-the invention as described in the foll ow ng
cl ai ns. o . N . . CLAIMS 1. An
optical data sAecerdingsipsonenaspeciynf the igvention therg ds pravided amepficahda@niienage ng
two spaced-apart substrates having substantially the ane materi al )

t hi ckness, SYSIRm COUDESING: o2 APHFR] Hedium,Ccomprising ﬁ‘f’o SRaRSH-2pRY Sypstigies having

substrates . . .
substantially the same material thickness, each substrate having a data layer, at least one

of the substrates having a data layer which is at least par_tially trﬁnsmissive; a light source
located near a first one of the substrates; means for directing light from the source to the
medium, the light directing means including means for focusing the light to a discrete
number of focusing positions, each position defining an optical path between the light
source and a corresponding one of the data layers, each of the two optical paths
including passage through substrate material having a.total thickness substantially equal
to three substrate thicknesses.

According to another aspect of the invention there is provided an optical recording
medium comprising: two light-transmissive disk substrates of substantially the same
thickness supported in a stack with the disk*substrates parallel to and spaced apart from
one another; a first of the subétrates having an outer face and an inner face with a
partially transmissive data layer; the second substrate having an inner face with a
partially transmissive data layer facing the inner face of the first substrate and an outer
face with a data layer for reflecting light to the inner data layer. on the second substrate
and to the inner data layer on the first substrate. |

For a storage system, where the storage substrates take the form of disks, each disk
in the stack is made of _light—transmissive material, such as polycarbonate when the |
sysfem is a CD-ROM system, and has a partially light-transmissive data layer on at least

“one of its faces. A focusing lens in the system focuses light to the data layers along
optical paths, with each data layer corresponding to a unique optical path length.

Hdwever, the light is focussed to each data layer by reflection off adjacent data layers
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having a data |layer which is at |east partially transm ssive; a light
source |l ocated near a first one of the substrates; means for
directing light fromthe source to the nmedium the light directing neans

i ncludi ng nmeans for focusing the light t ad di screte nunber of focusing
positions, each position defining an optical path between the |ight source
and a corresponding one of the data |ayers, each of the two optical paths

i ncl udi ng paRsAsEhE barabsaieIhicRi®s TRbEEH Mhichtay 1igBt Paskedtiglthd Sinsk fgSeach
substantially equal to three substrate thicknesses. 2. The system

accordi ng bpricall path. 1 Iii ik meannen nthe ifixed gspherdoa abersatiomscoreection tpnavided)by the
reflected fromthe data |ayers for providing a data signal. 3. The system
accor di ng fazusingi len® shadequatetdnd wvewiable faberrpti@y icornegticn daitnet siegessary. By
includes neans for detecting the intensity of the light reflected fromthe
dat a | ayer appaapriataesglestion of ireflectivitien cof the anultiplg datatayersoin theplisk ylaply, iths
detected intensity. 4. The systemaccording to claim]l furtgfr conpr.i si ng
a third subessible © desighthesysiamsso that/the efleativecreflscted lgg]bgtt%{ty Qny eagiedada e

thickness A & hCnt kime, S st tbis Sehaahe

ffic%tri]oen is not necessary.

Embodiments of the invention will now be described, by way of example only,
. with reference to the accompanying drawings in which:

Fig. 1 is a schematic diagram of an’ éptical disk storage system of the present

invention in the form of a CD-ROM system;
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third Went to and spaced fromthe second substrate, and
wher ei e optical path to the datatilayer. on the third substrate includes
passage ““mm\lﬁiﬂ‘\t mat erial having a total thickness substantially
equal to ‘mg »thicknesses. 5, The systemaccording to claim1l
further i stng” a Yourth substrate adjacent to and spaced fromthe
third substrate and having a data layer facing the third substrate, and
vvhe_rel n the optical path to the data lorgm®n the fourth substrate includes
a single passage through each of the first three substrates. 6. The
syst em acdor diAwoptical datarstorageisyistemn comaprisingsi ng a third substrate adjacent
to and spaced fromthe second substrate and having a thickness t/2 and a
data | ayer faanropticalhmedisonpomprising tao spacgddipati snbstratesthaving substantislly thee
has a thickness t and a data |layer on, . _
12 same material thickness, each substrate having a data layer, at least one of the substrates

having a data layer which is at least partially transmissive;

a light source located near a first one of the substrates;
means for directing light from the source to the medium, the light directing means

including means for focusing the light to a discrete number of focusing positions, each

position defining an optical path between the light source and a corresponding one of the

data layers, each of the two optical paths including passage through substrate material

_ having a total thickness substantially equal to three substrate thicknesses.

2. The system according to claim 1 further comprising means responsive to the light

reflected from the data layers for providing a data signal.

3. The system according to claim 2 wherein the means for providing a data signal

includes means for detecting the intensity of the light reflected from the data layers and

means coupled to the detecting means for amplifying the detected intensity.

4. The system according to claim 1 further comprising a third substrate having a data

layer and being of substantially the same thickness as the first and second substrates, the

 third substrate being adjacent to and spaced from the second substrate, and wherein the

optical path to the data layer on the third substrate includes passage through substrate

material having a total thickness substantially equal to three substrate thicknesses.

5. .. The system according to claim 1 further comprising a fourth substrate adjacent to

and spaced from the third substrate and having a data layer facing the third substrate, and

wherein the optical path to the data layer on the fourth substrate includes a single passage

through each of the first three substrates.

6. The system according to claim 1 further compr_ising a third substrate adjacent to

and spaced from the second substrate and having a thickness t/2 and a data layer facing

the second substrate, and wherein the first substrate has a thickness t and a data layer on
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its fam | i ght source; the second substrate has a

thickneH"m” | ayers on both its faces; and the optical paths for
each of ’ﬂ ﬂ yers include passage through substrate materi al
[

havi ng a tét ak of 3t. 7. Thizsystem according to claim 6
wherein the third substrate has a nondat reflecting |ayer on its face
opposite its data layer for reflecting light to at |east one of the data

layers.  8iji fackNBirth¥st #8mame Night "Bui@; thedbdbond subsifa® RaseaGhicRhesk teand data
substrates 1s formed of essentially polycarbonate and wherein the data

layers on fafhersSord bbihaite FackkLand @b optical gatha fot 8ytr 6f theSfour dhtwelagyst olude
according to claim 1 wherein the reflective data |ayers conprise

essent i al | pasazger thiough substrate material having asytal thicknassoafrdti ng to claim 1
wherein the reflective data | ayers conprise essentially alumnum 11. The
syst em accdr di The txysichniageardinge t@i glaign ¢h vdierein cthg athird) sybsiratenfias ;2 nondata
predeterm ned value of reflectivity, whereby the effective reflected |ight
i nt ensi ty reflecting layer on its face opposite its data layer for reflecting light to at least one of the
data layers.
8. The system according to claim 1 wherein each of the substrateé is formed of
essentially polycarbonate and wherein the data layers on the substrates are read-only data
layers. ' |
9.  The system according to claim 1 wherein the reflective data layers comprise
essentially amorphous silicon.
10. The system according to claim 1 wherein the reflective data layers comprise
essentially aluminum. _
11. The system according to claim 1 wherein each of the data layers has a
predetermined value of reflectivity, whereby the effective reflected light intensity is
substantially the same for each of the optical path lengths.
12. An optical recording medium comprising:
two light-transmissive disk substrates of substantially the same thickness supported
in a stack with the disk substrates parallel to and spaced apart from one another; a first of
the substrates having an outer face and an inner face with a partially transmissive data
layer; the second substrate having an inner face with a partially transmissive data layer
facing the inner face of the first substrate and an outer face with a data layer for
reflecting light to the inner data layer on the second substrate and to the inner data layer
on the first substrate.
13. The medium according to claim 12 wherein the first and second substrates have a

thickness t, and further comprising a third substrate having a thickness t/2, the third

substrate being adjacent to and spaced from the second substrate and .h'aving a partially
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substantially the sane Tor each of the optical path lengths.  12. An
opti cal i I_r 1 conpri si ng: - two light-transm ssive disk
substratgmmunmm“ll y the sane thickness supported in a stack with
the di sk substriates parallel to and spacig apart fromone another; a first
of the substrates having an outer face anhd an inner face with a partially
transm ssive data |ayer; the second substrate having an inner face with a

partial ly &IRRSMGGSHNE 18%reor AY Fice faRfigN@ie lsBEdNMErdBGAd e nbhtRitd reffcting
substrate and an outer face wth a data layer for reflecting light to the

i nner dat ajal@y e it§ biHeP Gace TP Feflebtins lipghd 16 clied datr lapers imtermettitm. | ayer  on
the first substrate. 13. The nedium according to claim 12 wherein the
first and BhRcoThe snddsim adcesrdimpy o alaiti Ik wheeein each of fthe substrates rip fosned) of
third substrate having a thickness t/2, the third substrate being adjacent
to and spaessehtiallyrpolyarbomaterandswhereinathe datadayesy ion gheasybatratespreyread-only data

layers.

15. The medium according to claim 12 wherein the reflective data layers comprise
essentially amorphous silicon.

16. The medium according to claim 12 wherein the reflective data layers comprise

essentially aluminum.
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13 transm ssive data |layer on its face facing the second substrate and a -
nondata reflecting layer on its other. face: for reflecting light to other
data layers in the medium 14. Thé nmedi um actording to claim 12 wher ei n
each of the substrates is formed of essintially.polycarbonate and wherein
the data |l ayers on the substrates are re 6-only data layers. : 15. The

medi um according to claim 12 wherein the reflective data | ayers conpri se
essentially anorphous silicon. 16. ThaB3WR4CTIim according to claim 12
wherein the reflective data | ayers conprise essentially alumnum

MULTIPLE DATA SURFACE OPTICAL MEDIUM AND STORAGE SYSTEM

An optical data storage system uses an optical medium 12 made of a
stack of spaced-apart optical disks 50, 60, 70, 80. Each disk in the
stack is made of light-transmissive material, such as polycarbonate when
the system is a CD-ROM system, and has a partially light-transmissive
data layer on at least one of its faces. A focusing lens 210 in the
system focuses light to the data layers along optical paths, with each
data layer corresponding to a unique optical path length. The light is
focused to each data layer by reflection off adjacent data layers such
that the total substrate thickness through which the light passes is the
same for each optical path. In this manner, the fixed spherical
aberration correction provideé by the focusing lens is adequate and
variable aberration correction is not necessary. By appropriate
selection of reflectivities of the multiple data layers in the disk
stack, it is possible to design the system so that the effective
reflected light intensity from each data layer is the same, and that

adjustable signal amplification is not necessary. }
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