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OPTI GAL MEDI UM AND DATA STORAGE SYSTEM Thi's invention rat,g@)3§?.:f
gep€rally to -optical data storage nmedia and systens and nore specifically
t0 a storage system having multiple data storage surfaces. Opt i cal

data storage systens provide a neans for storing great quantitiés of data
on a disk. The data is accessed by focusing a | aser beamonto the data

| ayer of the disk and then detecting the reflected |ight beam Various

ki nds of systenms are known. In a ROM (Read Only Menory) system data is.
permanently enbedgedsasznmarks in the disk at the tine of manufacture of the
disk. The data is detected as a change in reflectivity as the | aser beam

passes over the data ggh E&E ﬁm&m &&%ﬁ%%@gy@@gﬁm al l ows the

user to wite data by naking 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 syst emi't% 1afe8biogertateegenesaldy CRARGE2 (2 12efioaras Rty and

systems and more specifically to a storage system having multiple data

storage surfaces.

Optical data storage systems provide a means for storing great
guantities 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 knocwn. In a ROM (Read Only
Memory) system, data islpermanently enbedded as _marks in the disk at the
time of manufacture of the disk. .The dalelis detected as a change in
reflectivity 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 is alsc

detected as a change in reflectivity.

Erasable optical systems are also known. These systems use the
laser to heat the data layer above a critical temperature in order to
write and erase the data. Magneto-optical recording systems record data
by orienting the ﬁagnetic QOmaip_qf_a spot in either an up or a down
position. The data is read by di;ectiné e.low power laser to the data
layer. The differences in maénet;cngomain direction cauee‘the plane of
polarization of the light beaﬁ.E01be;ratated cne way or the other,
clockwise or counterclockwise;'-This cEange in orientation of '
pelarization is then detected. Phase change recording uses a structural’
change of the data layer itself (amorphous/crystalllne are two common
types of phases) to record the data. The data is detected as changes in

reflectivity as a beam passes over the different phases.

Some ef these optical disks use thin films to optimize performance.
See for example IBM TDB, Vol. 3;, No. 1OB, March 1991, p 482, Japanese
patent application 61-242356, published:October 28 1986, and Japanese’
.patent application 4-61045, publlshed February 27, 1992 '

_ In order to increase the storage capacity of an optical disk,
multiple data layer systems have been proposed. 2an optical disk having
two or more data layers may in theory be accessed at different layers by
chanéihsﬁthe focal ppsition of the lens. Examples of this_approach
include US Patent 3(946,367 issued March 23, 1976 by Wohlmut, et al.; US



Erasabl e optical systens are al so known. These systens use the laser to
heat the data |ayer above a critical tenperature in order to wite and
egase t he data. Magneto- optical recording systens record data by orienting
t he magnetic domain of a spot in either an up or a down position. The data
is read by directing a | ow power |aser to the data |ayer. The differences
in magnetic domain direction cause the plane of polarization of the Iight
beamto be rotated one way or the other, clockw se or countercl ockw se.
Thi s change i n osapentai on of polarizatioreis then detected. Phase change
recordi ng uses a structural change of the data |layer itself
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I ssued May et al.; and IBM Technical Disclosure Bulletin, Vol. 30, No. 2, p. 667,
July 1987, by Arter, et al.

The problem with these prior art systems has been that the ability
to clearly read the data recorded is very difficult if there is more than
one data layer. Intervening data layers greatly reduce the signal
received from the deeper data layers due to absorption and reflection
losses. An optical data storage system is needed which overcomes these

problems.

Accordingly the present invention provides an optical data storage
medium comprising_: a first radiation transmissive member havihg a first
data surface for storing recorded data, the first data surface having' a
].;yer of a dye material deposited thereon; a second member, spaced from
the first member, having a second data surface for -storing recorded data;
and a radiation transmissive medium located ‘between ‘the’ first and second
data surfaces such that a beam of radiation from a first sids‘of the

medium may be focused on either the first or second data surface.

In a second aspect, there is provided an optical data storage

svstem incorperating such an optical medium.

In a preferred embodiment of the invention, an optical data storage
system comprises an optical disk drive and a mult:.ple data surface
optical medium. The medium has a pluralntﬂs of’ "sub'gtratq members
separated by air spaces. The surfaces of the substrate membexrs which are
adjacent to the air spaces are the data surfaces. The data surfaces are’
coated with a thin film of a dye material. The thickness of the film at
each data surface is such that the optical detectors of the disk drive
receives the same amount of light from each data surface.
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22, 1984 to Hol ster, et al.; US 4,905,215 issued February 27, 1990 to
Hattori, et al.; US 5,097,464 issued March 17, 1992 to N shiuchi, et al.;
US 4,829,505 issued May 9, 1989 to Boyd, et al.; US 4,852,077 issued July.

25, 1989 to dark, et al.; US 4,845,021 issued July 4, 1989 to Myazaki,
et-al.; US 4,682,321 issued July 21, 1987 to Takaoka, et hebEHaé
I-ssued Novenber 3, 1981 to Van Der Veen et al.; US4, 737, 427
12, 1988 to Myazaki et al.; and Japanese Published Appli cat
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publ i shed Novenbggg_15,0321988 by Wt anabe, et al.; and | BM Techm caI
Di sclosure Bulletin, Vol. 30, No. 2, p. 667 July 1987, by Arter, et al.
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light reflected from data surfaces other than the one to be read.
reception channel has detectors for receiving the reflected light and

circuitry for genereting data and servo signals responsive thereto.

Preferred 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 optical data storage system of

the present invention;

Fig. 2A is a cross-sectional view of an optical medium of the

present invention;
Fig. 2B is a cross-sectional view of an alternative optical medium;

Fig. 3A is a cross-sectional view of a portion of the optical

medium of Fig. 2A;

Fig. 3B is a, cross-sectional view of a portion of the optical

medium of Fig. 2B;

Fig. 4A is a graph of index of refractlon and ext:.nct:l.on

coefficient versus wavelength for a typ:.cal material;

Fig. 4B is a graph of index of refraction (n) and extinction

coefficient (k) of a dye versus wavelength;

Fig. § is a' graph of light percentage versus layer thickness for

one embodiment of the present invention;

Fig. 6A is a cross-sectional view of the tracking marks of the

medium of Fig. 2; -




recorded data as marks formed in the first data surface, the first data
surface having a layer of a dye material deposited thereon, the dye
materi al having an index of refraction (n) and an extinction coefficient
(k), the dye material having n> 1.5 and k < 0.5 for light of the first
wavel ength range, the first data surface being readable by |ight of the
first wavel ength range; a second nenber having a second data surface for
storing recorded data, the second data surface being readable by |ight of
the first wavel ength range; a spacing device for supporting the first and
second data surfaé®s9193a spaced apart reldtionship; and a radiation
transm ssive nedium | ocated between the first and second

3 data surfaces such ribatsatiba bramseéritmadiatd on aiteomacavef t:fashnsmdscs@f t he
medi um may be focused on either the first or second data surface.

According to another aspect gf, Lhe,lowenth an) et ba.dioclased an.opti cal
dat a st or age systen1conpr|5|ng a radiation source t1or pro ucing a

radi ation beamof a‘first wavel ength range; an optical medium conprising a
first radiation transrfil§siéhés refiser-settaviehgier pf pLertphive SUFFAE &aFiGy
storlng recorded data as nmarks fornmed in the first data

Fig. 7 is a schematlc diagram of an optical head and medium;.

Fig. 8 is a top view of an optical detector of Fig. 7;
Fig. 9 is a circuit diagram of a channel circuit;

Fig. 10 is a 'schematic diagram of a controller circuit;

Fig. 11A is a graph of tracking error signal versus head

displacement;

Fig. 11B is a graph of tracking error signal versus head

displacement for an alternative embodiment;

Fig. 11C is a graph of tracking error signal versus head

displacement for an alternative embodiment;

Fig. 12 is a graph of the focus error signal versus lens

displacement;

Fig. 13 is a schematic diagram of a multiple data surface

aberration compensétor;

Fig. 14 is a schematic diagram of an alternative embodiment of a

multiple data surface aberration compensator;

Fig. 15 is a schematic diagram of an additional alternative

embodiment of a multiple data surface aberration compensator;
Fig. 16 is a top view of the compensator of Fig. 15;

" Fig. 17 is a schematic diagram of an additional alternative

embodiment of a multiple data surface aberration compensator;



surface, the first data surface having a | ayer of a dye material deposited
thereon, the dye material having an index of infraction (n) and an
extinction coefficient (k), the dye material having n> 1.5 and k<0.5 for
radi ati on of the first wavel ength range, the first data surface being
readabl e by light of the first wavel ength range, a second nenber °~ having a
second data surface for storing recorded data, the second data surface
being readable by light of the first wavel ength range, a spacing device
for supporting the first and second data surfaces in a spaced apart

rel ati onshi p, an&*&®td@d2ati on transm ssives nedium | ocated between the
first and second data surfaces such that the beamof radiation froma
first side of the nedtigmeBy HecHeALYS Gtagih 6t bhQltdiitd bibamkntsecand -data

surface; an opti Galeib-aB8lic350a00 AEYAGE, EQelhtRELI NG the radiation beam
fromthe radiation source to one of the data surfaces of the optical

medi um and an optical, reception device for receiving a reflected

radi ati on beam from t‘T’ré Optir Gafrfedrshirdn i epPOVPUrTR o B &% gnal
responsi ve thereto. - DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT
Preferred enbodi nent srxmf 20 He a parendtio@iagidd ohewabergeser éndedimedyyofvay Of

exanpl e only, Wwoephiciieh&kenaaeiam he acconpanyi ng drawi ngs i n which:
Fig. 1 is a schematic diagramof an-optical data storage system of the

pr esent I nvention; Fig. 21 is a schematic diagram of an alternative embodiment of a

multiple data surface aberration compensator;

Fig. 22 is a schematic'diagram of "an alternative embodiment of a

multiple data surface aberration compensator;

Fig. 23 is a schematic diagram showing the process of manufacturing

the compensator of Figs. 21 and 22;

Fig. 24 is a schematic diagram of an alternative embodiment of the

aberration compensator;

Fig. 25 is a schematic diagram of an alternative embodiment of the

aberration compensator;

Fig. 26 is a schematic diagram of a mu;tiple data surface filter of

the present invention;

Fig. 27 is a schematic diagram of an alternative embodiment of a

multiple data surfaée filter;

Fig. 28 is a schematic diagram of an alternative embodiment of a

multiple data surface filter; and

Fig. 29 is a schematic diagram showing the process of manufacturing
the filter of Fig. 28.

Fig. 1 shows a schematic diagram of an optical data storage system
of the present invention and is designated by the general reference ’
number 10. System 10 includes an opticél data storage medium 12 which is
preferably disk shaped. Medium 12 is removably mounted on a clamping

spindle 14 as is known in the art. sSpindle 14 is attached to a spindle



Fig. 2Ais a cross-sectional view of an optical nediumof the present

I nvention; Fig. 2B is a cross-sectional view of an alternative
optical medi um Fig. 3Ais a cross-sectional view of a portion of the
eptical mediumof Fig. 2A Fig. 3Bis a cross-sectional view of a
portion of the optical nmediumof Fig. 2B;

3a Fig. 4A is a graph of index of refraction and extinction
coefficient versus wavelength for a typical material; Fig. 4Bis a

graph of index of refraction (n) and extinction coefficient (k) of a dye
versus wavel engt hgag-93-032 Fig. 5 is a graph of |ight percentage versus |ayer
t hi ckness for one enbodi nent of the present invention; Fig. 6Ais a

cross-sectional view of e Lragking Jarks . Ol Lhe.BAMMET fed: 18

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 attached to
chassis 20. Motor 26 moves arm 24 and head 22 in a radial direction

below medium 12.

The Optical Medium

Fig. 2A is a cross-sectional view of medium 12. Medium 12 has a
substrate 50. Substrate 50 is also known as the face plate or cover
plate and is where the laser beam enters medium 12. An outer diameter
.(OD) rim 52 and an inner diameter (ID) rim 54 are attached between face
plate 50 and a substrate 56, An OD rim 58 and an ID rim 60 are attached
between substrate 56 and a substrate 62. An OD rim 64 and an ID rim 66
are attached between substrates 62 and a substrate 68. 2An OD rim 70 and
ID rim 72 are attached between substrates 68 and a substrate 74. Face
plate'SO and substrates 56, 62, 68 and 74 are made of a light
transmissive material such as polycarbonate or other polymer material or
glass. In a preferred embodiment, face plate 50 and substrates 56, 62,
68 and 74 are 0.3 mm thick. The substrates may alternatively have
thicknesses of 0.01 to 0.80 mm. The ID and OD rims are preferably made
of a plastic material and are approximately 200 microns thick. The rims
may alternatively have thicknesses of 10-500 microns. The face plate,
subétrntes and rims‘are preferably made of polycarbonate and are formed -

by a molding process. .

The rims may be attached to the face plate and substrates by means
of glue, cement, ultrasonic bonding, solvent bonding, or other bonding
process. Tﬁe rims may alternatively be integr&lly formed in the
substrates durinhg the molding process. When in place, the rims form a
plurality of annular spaces 78 between the substrates and the face plate.
A spindle aperture 80 passes through medium 12 inside the ID rims for
receiving the spindle 14. A plurality of passages 82 are provided in the
ID rims connecting the aperture and the spaces 78 to allow pressure
equalization between the spaces 78 and the sﬁrrounding environment of the
disk file, which would typically be air. A plurality of low impedance
filters 84 are attached to passages 82 to prevent contamination of spaces

78 by particulate matter in the air. Filters 84 may be quartz or glass
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fibre. Passages 82 and filters 84 could alternatively be located on the
OD rim. Alternatively, the rims may be attached with a porous cement
which allows air the pass through but filters out the contaminants.
Another alternative, is to ultrasonically spot bond the rims leaving
small gaps between the bonded areas which are large enough to pass air

but small enocugh to filter out particles.

Surfaces 90, 92, 94, 96, 98, 100, 102 and 104 are data surfaces and
lie adjacent spaces 78. These data surfaces contain ROM data (of the CD,
OD-ROM or CD-ROM format for example) which is formed directly into the
substrate surfaces as pits or other marks.

Although Fig. 2A illustrates a medium of the present invention,

which has eight data surfaces, it should be understood that the medium

may comprise any number of a plurality of data surfaces. Additional

substrates and rims are added or subtracted. For example, medium 12 may
comprise only two data surfaces 90 and 92 by using only face plate 50,
rims 52 and 54 and substrate 56. In this embodiment, face plate 50 and
substrate 56 may both be the same thickness, preferably 1.2 mm.

Fig. 2B is a cross-sectional view of an alternative embodiment of
a highly transmissive optical recording medium and is designated by the
general reference number 120. Elements of medium 120 which are similar
to elements of medium 12 are designated by a prime number. Medium 120
does not have the ;ims and spaces 78 of medium 12. Instead, a plurality
of solid transparent members 122 separates the substrates. In a
preferred embodiment, the members 122 are made of a highly transmissive
optical‘cement which also serves to hold the substrate together. The
thickness of members 122 is preferably approximately 10-500 microns.
Medium 120 may be substituted for medium 12 in system 10. Medium 120 may
also be made of different numbers 6f data surfaces by adding or
subtracting Substrates and transparent members. For example, a two-data
surface medium comprises face plate 50‘, member 122 and substrate 56'.
Face plate 50’ and substrate 56’ may both have thé same thickness,
preferably 1.2 mm.

Fig. 3A shows a detailed cross-sectional view of a portion of disk
12 of Fig. 2A. Substrate 50 contains the embedded information in the .
data surface 90 and is covered by a thin film layer 124. Layer 124 is
made of a material which exhibits low light absorption at or near the

wavelength of a light used in the optical system. For light in the range



SA9- 93- 032 4 Fig. 6B is a cross-sectional

vi ew,of alternative tracking marks; Fig. 6Cis a cross-sectional
view of alternative tracking marks; Fig. 6D is a cross-sectional
vi ew of alternative tracking marks; Fig. 7 is a schematic diagram
of an optical head and medi um ~Fig. 8is a top view of an optical
detector of Fig. 7; Fig. 9 1is a circuit diagramof a channel
circuit; - Fig. 10 is a schematic diagramof a controller circuit;

Fig. 11Ais a guaph qf tracking error ’si ganal versus head displ acenent;.

of 400-850 nm in wa;elength, materials such as dves are used for laver
124. The thickness of thin film layer 124 is in the range 25-5000

angstrom. Layer 124 is preferably spin coated on to surface 90.

Laxér 124 may be covered by an coptional protective layer 126. Layer
- 126 may be made of a sputtered dielectric or a spin coated polymer.
Layers 124 and 126 are deposited after the information pits and tracking

groves have been formed into the substrate.

Substrate 56 with data surface 92 also has a layer 124 and a
protective layer 126. The other data surfaces 94, 96, S8, 100, 102 and
104, have similar coatings of thin film layvers 124 and protective layers
126. The data surface at the greatest depth (i.e. the data surface
furthest away from the optical head) may substitute a very high'
.reflectivity layer for the thin film layer 124. This reflective layer
may be made of a metal such as aluminum, gold or an aluminum alloy which ,

is deposited by sputtering or evaporation.

The protective layers.126 prevent dust, contamination, and
moisture, which may be present in the airspace 78 from adversely
affecting the layer 124 and the data surfaces. The protective 1ayers'125
are optional and may be qmitted depending upon the operating
requireﬁents. The thicknéss of the protective layers are in the range of

100 angstrom - S0 microns.

Fig. 3B shows a detailed cross-sectional view of a portion of the
disk- 120 of Fig. 2B. The layers 124' are deposited onto data surfaces
90° and 92°, respectivély. The member 122 separates the layers 124°.
There is no need for a protective layer in this embodiment becausé membex
122 serves as the proﬁective layer.

The thin film layers 124 are used to provide desired amounts of
light reflectivity at each data surface. However, because there are
multiple data surfaces through which the light passes, the thin film
layers 124 must alsoc be highly transmissive and absorb as little light as
possible. These conditions can be met when the index of refraction (n)
is greater than the extinction coefficient (k) and particularly when the -
index of refraction (n) is relatively high {n gt 1.5) and the extinction
coefficient (ki is relatively low (k 1t 0.5). sSuch conditions oceur in

certain materials over certain frequency ranges. One region where these



Fig. 11B is a graph of tracking error signal versus head displacenent for
an alternative-enbodi nent; Fig. 11Cis a graph of tracking error
-signal versus head displacenent for an alternative enbodi nent; Fi g.
12 is a graph of the focus error signal versus |lens displacenent;

Fig. 13 is a schematic diagramof a nultiple data surface aberration

conpensat or ; Fig. 14 is a schematic diagramof an alternative

enbodi ment of a nultiple data surface aberration conpensator; Fi g.
15 is a schematj¢ di ggram of an additional alternative enbodi ment of a

mul tiple data SUFface aberratlon conpensat or ; Fig. 16 is a top view
of the conpensator of Fig. Fig. 17 i s a schematic diagramof an

addi ti onal al t eTH&tEens Caérf’ﬁo‘fflt nEnts e ‘a‘ghﬂﬂ'ﬁlﬁ‘l‘géhcféf‘%ﬁg FrfeReeietfer rati on
conpensat or; dilspers:.on absorption band.

Fig. 4A shows a graph of index of refraction (n) and extinction
coefficient (k) versus wavelength for a typical material which has an
anomalous dispersion absorption band. Anomalous dispersion is generally
defined to be the region where dn/d A is positive. A more detailed
discussion of anomalous dispersion is given in M. Born and E. Wolf,
*Principles of Optics", Pergamon Press, 3rd Edition, 1864. 1In the
present invention, the region of interest is where n>k. As can be seen
in Fig. 42, this region occurs at wavelengths above where an anomalous
dispersion region occurs. Materials which .exhibit this phenomena

strongly include dyes.

Dyes are generally defined as organic compounds that have
conjugated double bonds. Conjugated double bonds are formed when two
double bonds are separated by a single bond. Some dye families which may
be used for layer 124 are cyanine, sguarylium, phthalocyanine,
azomethinc, merocyanine, anthraquinone and phenylenediamine metal
complexes. Some specific examples of the above dyes are as follow:
Cyanine family: Diethyloxa~dicarbocyanine perchlorate,
Dicthylthiadicarbocyanine iodide, Dibutyl-tetramethyl-dibenzoindo-
dicarbocyanine-perchlorate;

Squarylium- family: Hydroxy squarylium;
Phthalocyanine family: Copper phthalocyanine, Cobalt phthalocyanine;
Azomethine family: Diethylammonium chloride;

Merocyanine family: Ethyl-ethylbenzothiazolidene-ethyl-rhodanine

thraquinone family: Tetra-aminoc-anthraquinone,

Diethyl-M-Amino-Phenolphthalein Hydrochloride;
Phenylenediamine metal complexes family: Bis(bezenedithiol} copper.

A more detailed discussion of such'dye families is given in Masaru

Matsuoka, "Infrared Absorbing Dyes", Plenum Press, 1991.



SA9- 93- 032 5 Fig. 18 is a schematic
di agram of an alternative enbodi nent of a nmultiple data surface aberration

conpensat or; Fig. 19 is a cross-sectional view of the Iens of Fig.
18; Fig. 20 is a schematic diagramof an alternative enbodi nent of
an optical head and nmedi um Fig. 21 is a schematic diagram of an

alternative enbodi nent of a nultiple data surface aberrati on conpensator;
Fig. 22 is a schematic diagram of an alternative enbodi nent of a multiple
data surface aberration conpensator; - Fig. 23 is a schematic diagram
showi ng t he prot&5%¥8%2 nanufacturing the Yompensator of Figs. 21 and 22;

Fig. 4B shows a graph of index of refraction (n) and extinction
coefficient (k) versus wavelength for a typical dye material. Note the
large range of wavelength where n is much larger than k. In these light
ranges, the dye material will transmit and réflect light without
absorbing, much of the light. The dye materials are good materials to use

as layer 124.

Fig. 5 shows a graph of percentages of 780nm wavelength light
reflected, transmitted, and absorbed versus dye thickness. Dyes have
relatively good reflectivity and low absorption compared to other
materials. Low absorption is important in a multiple data surface medium

. where a fraction of the light will be lost at each intervening layer.

Fig. 5 shows that the layer 124 has reflectivity, transmissivity,
_and absorption percentages which have large sinusoidal variations over a
range of thicknesses. By selecting the proper thickness, it is possible
to obtain a large number of different combinations of reflectivity,
transmissivity, and absorption. For example, this allows the media of the
present invention to be tuned, by varying the thickness of the layer 124,
such that the optical head of the disk drive will receive the same amount
of light from each data surface. In other words, the thiﬁkness of the
layer of the deeper data surfaces is chosen to have a higher reflectivity
than the reflectivity of the data surfaces lying cloéer to the outer

3 surface of the medium. This higher reflectivity is needed to compensate
for the losses encountered by the light in the intervening layers. The
end result is that from the perspective of the optical head, the same
amount of light will appear to be reflected from each layer.

Let t,, &, and r, denote the transmissivity, absorptivity and
reflectivity, respectively of the nth layer. Thus, they can have values
of between 0 and 1. Let N denote the total number of layers. Then the
following récqrsion relationship holds if the effective reflectivity from
each layer is identical, (in other words, the same amount of light is

detected at the optical head independent of layer),

2_ ' In
te = (1)
n T (e}




Fig. 24 is a schematic diagramof an alternative enbodi nent of the
aberr.ati on conpensat or; Fig. 25 is a schematic diagram of an
alternative enbodi nrent of the aberration conpensator; Fig. 26 is a
sthematic diagramof a nultiple data surface filter of the present

I nvention; - Fig. 27 is a schematic diagramof an alternative

enbodi nent of a multiple data surface filter; Fig. 28 is a
schematic diagram of an alternative enbodi ment of a nultiple data surface
filter; and Fig. 29 is a schematic diagram showi ng the process of
manuf acturing dhe fg;hter of Fig. 28. 1 Fig. 1 shows a schematic

di agram of an optical data storage systemof the present invention and is
desi gnated by the 98 neral reference nunber 10. System 10 r&cl udes an
optical data storag&°fediumid \AHTecTPsf”épt"%‘r%ﬁf SFAPY Tt S kPEHEBSE. Medi um 12
i s renovably nﬂﬁ'f‘h“‘étf tresefcliahpi igem &pe fefllewisd *pRFFERABRAIPH the art.
Spindle 14 is attached to a spindle

sl-ty-a,~1-t¢t, (2)

There is a maximum reflectivity r,, which can be achieved from the
layer furthest from the objective lens of the optical head (layer N)
which is dictated by the optical constants and thickness of the coating
on that layer. For dyes, this is typically less than ~35%. For metals,
this can be ~98%. The reflectivity of.the innermost layer plus the
desired total number of layers determines the maximum effective

reflectivity which can be achieved identically for each layer.

Using the above equations, the following relation must be true for

all layers.

¢, 2 W8T Ey) -1 . 3)

“ 2r (a«1)

This is exact in the limit of no absbiﬁtion and approximate when a
small amount of absorption is present. For example, if the Nth layer has
a reflectivity of 35% then t,; = 78%. This equation can be used to
determine the thickness’ of all of the layers which will give egqual
reflectivity as are illustrated in the following tables. First one
chooses the reflectivity Zaax ©f the Nth (innermost) layer. Then, the
transmission and reflection of the N-1 layer is calculated using equat%pn
(3) to give similar effective reflectivity as the Nth layer. This
process is repeated until the properties of the n=1 layer are obtained.
The actual reflectivity of layer 1 is the same as the effective

reflectivities of all the inner layers.

Dyes which exhibit anomalous abscrption are of most interest sinqe
they can be designed to have high real and low imaginary indices of
refraction at the wavelength of the readback laser. There are a number

of dyes which exhibit anomalous dispersion which are appropriate for use



SA9- 93- 032 6 nmotor 16 which in turn is attached
to a.systemchassis 20. Mdtor 16 rotates spindle 14 and nedi um 12.

An optical head 22 is positioned bel ow nedium 12. Head 22 is attached to an
afm 24 which in turn is connected to an actuator device, such as a voice
coil nmotor 26:. Voice coil notor 26 is attached to chassis 20. Mtor 26
noves arm 24 and head 22 in a radial direction below nedium 12. The
Optical Medium g9 o5 05,Fi 9. 2A is a cross-gectional view of medium 12.
Medi um 12 has a suﬁstrate 50. Substrate 50 is-al so known as the face pl ate

or cover plate and is where the | aser beamenters nedium 12. An outer
di anet er -as layers 124. They can be readily spin-coated on the substrates with a

controlled thickness.

The indices of refraction is controlled by selecting an appropriate
dyelcmnpo_gition. In addition, these dyes can be mixed together to yield
appropria:te optica-.l constants. Or, they can have small changes made to
their chemica-l structure by adding dopants to tune the wavelength
dependence. The real part ‘of the complex index of refraction can be made

as high as 2.7 while the imaginary part can be quite low.

Examples of coating thickness are given for 2, 6 and 8 data surface
structures are shown in the following tables. The criterion for these
calculations is that the effective reflectiwvity from each layer is
identical. Structures include medium 12 with all squarylium dye layers,
_medium 12 with all cyvanine dye layers, medium 12 with squarylium dye

layers except the last layer which is metal.

In all cases, the effective reflectivity of all layers is given by
the refiectivity of the first layer, r,. The calculated thicknesses do
not have to be exact. Similar effective reflectivity’s will be achieved
if- the dye-thickness is controlled within + 30A. This thickness control
is readily achieved in spin coating. The total absorption given in the
following examples are adequately low. However, dyes with imaginary
optical constants less than 0.02 could be used a.lso_with even more

favourable results.

The results shown here apply for 780nm wavelength lasers. Similar .
results would apply when a different laser wavelength such as 690nm (red)
or blue lasers are used in the future. The chemical structure of the
dyes at these other wavelengths would be modified so the real and
imaginary parts of the optical constants of the dye would be large and
small, respectively at that wavelength. For example the wavelength at
which peak absorption occurs for cyanine dyes can be shifted to shorter

values by reducing the number of carbon atcms in the conjugated chain.

The real and imaginary optical constants of squarylium at 780nm are
2.7 and 0.02, respectively. This allows a slightly higher effective
reflectivity to be achieved as compared to cyanine dye. Designs for 2, 6,
and 8 data surface systems for medium 12 ‘are given in Tables I, II, and
IIT.



(OD) rim52 and an inner dianeter (ID) rimb54 are attached between face
plate 50 and a substrate 56. An OD rim58 and an IDrim60 are attached

bet ween substrate 56 and a substrate 62. An D rim64 and an IDrim®66 are
attached between substrates 62 and a substrate 68. An D rim70 and IDrim
72 are attached between substrates 68 and a substrate 74. Face plate 50 and
substrates 56, 62, 68 and 74 are nmade of a light transm ssive material such
as pol ycar b(yggugg_og% other polyner raterial or glass. In a preferred

enbodi ment, face plate 50 and substrates 56, 62, 68 and 74 are 0.3 mm.
thick. The supstrates may alternativel have t hi cknesses of 0.01 to 0.80
nm The ID af edDT‘F? et éfaﬁ?se’l”é"}‘aﬁﬂ‘ify e¥§f a plastic material and are
appr oxi mat el FrcTqns t ek, FTB—TTey | of L Cf ot | Vt fTave
t hi cknesses [of 02500 ri ﬂ;lfg;mua € fg‘g“m@ LomPeq %ﬁ@ﬁl‘“ﬁilqg gr e

preferably de of pol )car Qreate gn a:rage or ned byayar nol dl NglayenCcesy.
The rinms may-be attached tol¥he fdce pllite and sub¥rateg if gl ue,

cenent, ul t;"asonixt' bondi ng, 280l verit bomdieng, pr other bomdi hg2roceds. The
rims may al jler natj vely ibe iptegrallly fgsged ip the substjates,during the
nol di ng pro F=F plﬁ e Ts—T0FTr 5 spaces
78 bet ween the substrat es_and the face plate. A spindle aperture 80 passes
t hrough meditait 12 iA%1%@ T‘ﬁéacfbwf“lhrﬁqufﬂlﬁ“fmeﬁyeﬂ ving the spindle 14. A
plurality o fraed 11Tt 511 116 COfMectl gt
aperture and tHe"Sphoes PATLIAR QWIIERRSULE EbATTen Fon DRl

bun 0

spaces 78 apd the surr L&Gr eENVIIr ONImaydr t he tivak fi)e, mpéch uI d
typically bgair A pliiralit¥ of low idbedancle fillfbrg 8 Iangstronl o ed to

passages 82fito prievent |contani natijon of2.spaces- 78 oby parficulste majiter in
the air. Filiters ;84 may be gyartz{or odags 0.6 118 :
3 11.2 87.6 1.2 162
4 14.8 84.4 0.8 202
5 20.5 77.8 1.7 278
6 35 63.7 1.3 482

Table III Eight data js.\.ii:faces. with sqiarylium dyve

Layer # Reflectivity Transmission Absorption of | Thickness of
of individual | of individual individual reflecting
layer layer layer layer
(2] - [3] (%) [Angstrom] .
1 6 93.5 0.5 . 68
2 6.9 92.7 ' 0.4 80
3 7.9 91.3 0.8 ) 110 -
4 9.3., 90 0.7 126
5 . 11.5 87.3 1.2 ] 166
6 14.9 84.2 0.9 204
7 20.8 77.5 1.7 282
8 © 35 63.7 1.3 482

. 2An example of a 2 data surface disk structure is given with both
‘layers having cyanine dye coatings. Cyanine dyes have slightly lower
real and higher imaginary indices of refraction which are n=2.5 and
k=0.06, respectively. Thus, their maximun effective reflectivity is
slightly lower than squarylium. Structures,of medium 12 with 2 and 4

data surfaces are shown in Tables IV and V.



SA9- 93- 032 7 fibre. Passages 82 and filters 84
could alternatively be |located on the OD rim Alternatively, the rinms may
be attached with a porous cenent which allows air the pass through but
f.ilters out the contamnants. Another alternative, is to ultrasonically

spot bond the rins | eaving small gaps between the bonded areas which are

| arge enough to pass air but small enough to filter out particles.

Surfaces 90, %0%2 96, 98, 100, 102 dfd 104 are data surfaces and lie

adj acent spaces 78. These data surfaces contain ROM data (of the CD, OB ROM
or CD-ROM f or¥rate Forve Ratapiuefacehivéth faninsrdved di rect ly into the substrate

surfaces as E—ppeles Al-though—ltg—73= a
medi um of thg presentt i ny@atliecrivitghil Clrahamgssde rtAbé&arlpalosmff aé"ensknelsf °§hpul d
be understood| that the nptfid Ma’cor?ﬁrlf‘g}{ nuiPRErSSt & of ¥R ol By [of
data surfaceq. Additional sub@irate$ andi®li ns _gre adeed orj stitstastie For
exanpl e, mediautjm 12,y [fonprise only twq data|surfagcges 90| and ;92 by fusing
only face pl dte 5u2 5

34.3 60.6 5.1 750

Table V Four data surfaces with cyanine dve

Layer # Reflectivity Transmission Absorption of | Thickness of
of individual | of individual individual reflecting
layer layer layer layer
[%) [%) [%] [Angstrom]
1 10 86.2 . . - 3.8 152
2 13.5 83.7 2.8 228
3 19.3 75.2 5.5 352
4 34.1 61 4.9 716

Using a metal reflector for the last layer allows the effective
reflectivity of the structure to be boosted. For example, using gold or
aluminum alloy reflectors, reflect1v1ty s above 90% can be achleved for
the 1ast layer In the following examples, squaryllum is used for the

dye and 2 and 8 data surface structures of medium 12 are shown in Tables

VI and VII. Cvanine or other dyes can be used also.
Table VI Two data surfaces with first layer squaylium and last laver
metal reflector
Layer Reflectivity Transmission Absorption of Thickness of
.. of individual | of individual individual reflecting
layer layer layer layer
%] [%) [%] [Angstrom]
35 63 2 486
2 - 88 - . - metallic
layer




rims 52 and 54 and substrate 56. In this enbodinment, face plate 50 and
substrate 56 may both be the same thickness, preferably 1.2 mm '

Fig. 2B is a cross-sectional view of an alternative embodi ment of a h|ghly
transm ssive optical recording nmediumand is designated by the general
reference nunmber 120. El enents of nedium 120 which are si-mlar to elenents
of nmedium 12 are designated by a prine nunber. Medium 120 does not have the
rinms and spaces 78 of nedium 12. Instead, a plurality of solid transparent
menber s 129A9smpeazat es the substratesis In a preferred enbodi nent, the
menbers 122 are made of a highly transm ssive optical cenent which al so

serves to hghdvihe SuRShlal Krf 0Ll Narsirskhayb i £eAQS funOdyen@ADRES 122 iS
preferably approxi ravel ymé&l&&@lw@r bayex - I\/Edl um 120 may be substituted for

medi um 12 —Modi pm 120 ppye_algg ££=$&we=@$=ﬁ#£¥e#eﬁ%=ﬁunbers of
dat a surf gcesrigper addi ngearecslubﬁyr CTﬁa s subs | rasestiandit|r Fris renbers.
For exanplle,. a two-daf &F safiifuel ‘%%"Q‘Bﬁbm sesEdEd a’EEéli;g“‘g nber 122
and substrjate 56 . FaLe plahe 50 an [substrate 56 myl bnbsthemie ff he sane
t hi ckness,f preferably 1.2,am 52. J:I 3A shows a [det aideed
Cross- sect'uuau view pf—a] UILiU of—grsk—I7of £ g 2”4 Subsirat g 50
contains t Hhfo *'nmiin ¥rhdata——sulface—9o—ane—is—e Pered by
a-thin filjmlayer 124 Laweﬂ 1241is e of la mat&ri al i ci#3 ' s. | ow
| i ght absqrptiog at of neat.d he pavelgpgth ¢f a bizght yYsed ige t he Jopti cal
system Fdr TTgRT Tnjhe range 83.7 1.4 210

6 21.3 77.6 1.1 285

8 88 - - metallic

: - layver

Although it is preferable to adjust the thickness of lavers 124 to
achieve the same effective reflectivity for each layer ;24, the layers
124 may alternatively be made of the same thickness. This may be
desirable in order to simplify the manufacturing process. In this case,
the effective reflectivity from each layer 124 will be different.
However, the optical drive may adjust the laser power and/or the
amplification of the optical detectors in order to compensate for the

different effective reflectivities of each layer 124.

In the case of layers 124 having the same thickness, the
transmission (t) and reflectiwvity (r) are the same for all layers 12¢.

The effective reflectivity for the nth layer is r.(eff)=t?"lr,

Therefore if a lower limit is set on r,(eff) and the values for t
and r known as determined by the layer thickness, -then the maximum number

of layers can be determined.

loglz/z {eff)) (4)

n=1-+ -2 log(t)

For example, if layer 124 has r = 12%, ¢ = §7.5% and the minimum
effective reflectivity is 4% then the meximum number of layers (data

surfaces) is n = 5.



SA9- 93- 032 8 of 400-850 nmin wavel engt h,
materials such as dyes are used for layer 124. The thickness of thin film
| ayer 124 is in the range 25-5000 angstrom Layer 124 is preferably spin

£oated on te surface 90. Layer 124 may be covered by an optiona
protective |ayer 126. Layer 126 may be nade of a sputtered diel-ectric or a
spin coated polyner. Layers 124 and 126 are deposited after the

i nformation pi Y8 HilP2t r acki ng groves h¥ve been formed into the substrate.
Substrate 56 with data surface 92 also has a |layer 124 and a protective

| ayer 126. The ot h&re delitewisyitisieosivésan SEampBBef 200Q)1titBRemtkuctk®pE have
simlar coati nggief 14 hiifg finddiidad YRSyl Rsh GAGEnPIkOEES EareallayBess. 126. The
data surface atsibd@ BEQALQeOERLN chd 18¢ 1D& HAbR 8l {RE&ivd Urt hest awvay

fromthe opticalshead ubstitute a very high reflectivity layer for
the thin filmTayer 1%@?%&%?3:5 TefI8cTiVe T'ayer  may be made of a metal

such as al um nimie ¢9rd Q% o2 AlMWPLOUTLALLQY 1006 Nqud:-$1d6P 8N Led1 Yy
sput teri ng or evapor at I-'_leﬂar a metal reflector.

Layer # Reflectivity Transmission Thickness of Effective
of individual | of individual reflecting refl. as
layer layer layer seen by
(%] [%] {Angstrom] optical
) head [%]
1 10.5 88.4 150 10.5
2 11 88.3 150 8.6
3 10.5 88.4 - 150 6.4
4 11 88.3 150 ~ 5.2
5 10.5 88.4 150 . 3.8
6 70 -- metallic iayer 20

Fig. 6A shows an exaggerated detailed cross-sectional view of a
data surface pattern of medium 12 and is designateé by the general
reference number 130. Surface 90 contains a pattern of spiral (or
alternatively concentric) tracking grooves 132. The portionsg of surface
90 located between the grooves 132 are known as the land portions 134.
Surface 92 contains a ﬁattern of spiral inverse tracking grooves (raised
ridges) 136.

grooves 136 is the land 138.

The portion of surface 92 located between the inverse

The grooves 132 and the inverse grooves 136
are also referred to as tracking marks. In a preferred embodiment; the .
widths 140 of the tracking marks are 0.6 microns and the width 142 of the
land sections is 1.0 microns. This results in a pitch of (1.0 + 0.6) =

1.6 microns.

The frhcking marks are used to keep the light beam on track while

the medium 12 rotates. This is described in more detail below. For
pattern 130, a beam 144 from the optical head 22 will track on the land
portion 134 or 138 depending upon which surface it is focused upon. The
recorded data is on the land portions. In order for the tracking errors
signal (TES) to be of equal mégnitude for both surfaces 90 and 52 the
optical path difference between light reflected from the lands and
tracking marks must be the same for both surfaces. Beam 144 focuses on

surface 90 throdgh substrate 50, however, bsam 144 focuses on surface 92



The protective |ayers. 126 prevent dust, contam nation, and noi sture, which
may be present in the airspace 78 from adversely affecting the |ayer 124
‘and the data surfaces. The protective layers 126 are optional and nmay be
om tted dependi ng upon the operating requirenents. The thickness of the
protective layers are in the range of 100 angstrom - 50 m crons.

Fig. 3B shows a detail ed cross-sectional view of a portion of the disk 120
of Fig. 2B. The Jayers,124' are deposited,pnto data surfaces 90' and 92',
respectively. The nenber 122 separates thé |layers 124'. There is no need

for a protective Iayer in this enbodi nent because nenber 122 serves as the

protective | ayerhxoudh space Hpp q Ip fthe, prefpryed zf?‘é’tdémeﬁzfp%ffenu?é’aa’f’ﬁ *bFovi de
desired anounts Fof th¢ ghiticalepdth cieparhtdjféerensy distvieae &Ps dridaced Tpehdier
because there amerkautd bk skak ailsUhis@cesal AIraUEh dwmlcénut-rsenllmghtwrpasses,
the thin filml| JyelSthh24ptlst nthkSR20@etpe@ibylat [i@iaREed Siny Gsaitd @B&OED as
little light as r9&§§h@L Gt J&%&‘te%n%t 1008 HAM0S: HBk M’@e(BeJ;Jaﬁ‘dlhﬂdﬁx of
refraction (n) :;ﬂ er é‘ g gmtf| OQIOQ,OOQE fi CI ept gnk% and s
particularly mhe I A ex df refraction (N “ativel y 'pﬁ in gt 1.5)
and the extinct |e6’i’?dt'ﬂféf'f FRECRE C(’R‘)a“?ssa’rre‘t’h&f”? %ﬁl 9“ I%%"(ﬁf FeEERFEER. of &fcn
condi ti ons occurnd gubsgeate HOn(apedety haltke other sukstratien) bregdpiey crfanges. One
regi on where thesgaction 1.5. So the ratio of d2/dl equals 1.5. In a preferred

embodiment, dl is 700 Angstroms and d2 is 1050 Angstroms. The same
-pattefn of tracking marks is repeated on the other surfaces of medium 12.
The other substrate incident surfaces 94, 98 and 102 are similar to
surface 90 and the other space incident surfaces 96, 100 and 104 are

similar to surface 92.

The above discussion of groove depth ratio is applicable to the
embodiments of medium 12 which do not have any protective layer 126 or
which have a thin protective layer 126 which is less than or equal to
approximately 200 Angstroms thick. If the protective layer 126 is
greater or equal to approximately 1 micron thick, then the formula dl nl
=d2 n2 is still used, but now n2 is the index of refration of layer 126
on the second data surface. If the thickness of the protective layer 126
is between approximately 200 Angstroms and 1 micron thick, then the
interference phenomenon make the calculation of groove depth meore
difficult. However, the proper groove depth can be detexmined using the
thin film optical calculations as shown in M. Born and E. Wolf,

*Principles of Optics”, Pergamon Press, 3rd Edition, 1964.

Although the ﬁracking marks are preferably arranged in a spiral
pattern, they may alternatively be in a concentric pattern. In addition,
the spiral pattern may be the same for eaéh data surface, i.e., they are
all clockwise or counter-clockwise spirals, or they may alternate between
clockwise and counter-clockwise spiral patterns on consecutive data
layers. This alternating spiral pattern may be preferable for certain
applications, such as storage of video data, movies for example, where
continuous tracking of data is desired. 1In such a case, the beam tracks
the clockwise spiral pattern inward_on the first data surface until the
spiral pattern ends near the inner diameter, and then the beam is .
refocused on the second data surface directly.below and then the beam
tracks the counter-clockwise spiral pattern ocutward until the outer

diameter is reached.



SA9- 93- 032 : 9 conditions can be net is on the high
wavel.engt h si de of an anonal ous- di spersion absorption band. Fig. 4A
shows a graph of index of refraction (n) and extinction coefficient (k)
versus wavel ength for a typical material which has an anonmal ous .di spersion
absorption band. Anomal ous dispersion is generally defined to be the region
where dn/d [err] is positive. A nore detail ed discussion of anonal ous

di spersion is given in.M Born and E. WIf, "Principles of Optics",

Per ganon Press, gs3sdibdhtion, 1964. In the . gresent invention, the region. of
interest is where n>k. As can be seen in Fig. 4A this region occurs at

wavel engths above Where 98 AR U5, dLoRClEl A, LAdLALACKY' o R A1 S

whi ch exhibit this enonena strong

general |y definéd* afgath’ﬁéhﬁfécecB?fﬁﬁﬂh Tel‘?é‘tm ’r?a@‘é toRT IR ¥™6thI e bonds.

Conj ugat ed doubleenesahdstearnsefypbrrctSpheReteenry Hulsl Bimbbmde rateer8edlrated by a

si ngl e bond. Sorscabyechhanhd teskivgi elaksTegr befageld fmerorbeveerlsi Adst@pd ofyani ne,

squarylium pht hataey aBdaves. AmEIPREN &, cHIBF00) aNafR: =28 ths aghd HoBa and

g?g”g'se][‘g?: gvn\: ”%a@&&@!ﬂ&or&%)i@é w;§0£§%c1§l@§g1kxgd gsgreasagnl;@én@f ﬂu'@‘%;o@fi%ééfedyes
% Qrac)fc On(f’ éove ][39 WQA% on S r(% %l % be.[' Qc?urlxﬂ?dz.n ha

Di ct'hyl t hi adi car bocyanl ne enzoi

di car bocyanl ne- ﬁé?cﬁrﬁlla? éﬁﬁ)é.be desirable in certaln s:l.tua.t:.ons However, as will be
described below, beam 144 may also be electronically controlled to track

on land 138 of surface 92. The tracking marks for surfaces 94, 98 and
102 are similar to surface 90 and the surfaces 96, 100 and 104 are

similar to surface 92.

Fig. 6C shows an exaggerated detailed cross-sectional view of an
.alternative surface pattern for medium 12 which is designated by the
general reference number 160. Pattern 160 is similar to pattern 130
except. that surface 90 has inverse grooves 162 instead of grooves 132,
and surface 92 has grooves 164 instead of inverse grooves 136. The pitch
and ratio of d2/dl are the same as for pattern 130. Beam 144 will track
on inverse grooves 162 -when focused on surface 90 and will traqk on
grooves 164 when focused on surface 92(uniess it is electronically
switched to Erack on the land). The pattern for surfaces 94, 98 and 102
are similar to surface 90 and the surfaces 96, 100 and 104 are simiiar to

surface 92.

Fig. 6D shows an exaggerated detailed cross-sectional view of an
alternative surface pattern designated by the general reference number
170. 1In pattern 170, the surface 90 has a similar structure to surface
90 of pattern 160. sSurface 92 has a similar structure to surface 92 of
pattern 130. The pitch-and ratio of d2/d1 is the same as for pattern
130. Beam 144 will track on inverse grooves 162 when focused on surface
90 (unless it is electronically switched to track on the land) and will
track on land 138 when focused on surface 92, Surfaces 94, 98 and 102
have similar patterns to surface 90 and surfaces 96, 100 and 104 have

patterns similar to surface 92.

For all of the patterns 130, 150, 160 and 170 the tracking marks
are formed into the substrate at the time of manufacture by injection
molding or photopolymer processes as are knoﬁn in the art. It should be
noted that the thin film layers, as described above, are deposited onto
the substrates after the tracking marks are- formed. '



Squaryliumfam ly: Hydroxy squarylium Pht hal ocyani ne fam |y: Copper

pht hat ocyani ne, Cobalt phthal ocyani ne; Azonmet hine fam ly: Diethyl amoni um
chloride; = Merocyanine fam'ly:

Et hyl - et hyl benzot hi azol i dene- et hyl -r hodani ne Ant hr aqui none famly:

Tet r a- ami no- ant hr aqui none, Di et hyl - M Ani no- Phenol pht hal ei. n Hydr 6chl ori de;
Phenyl enedi am ne netal conplexes famly: Bi s(bezenedithiol) copper.
A nore detail %g_gg'_ gzussi on of such.dye fgam' lies is given in Masaru
Mat suoka, "Infrared Absorbing Dyes", Pl &hum Press, 1991.

The discussion of tracking marks is also applicable to cher
features of optical disks. For example, some ROM disks, such as CD-ROM,
use pits embossed in the substrate to record data and/or provide tracking
information. Other optical media.use pits to emboss sector header
informatign. Some media use these header pits to also provide tracking
information..In using such media in the multiple data surface form of the
present invention, the pits are formed as pits or inverse pits on the
various data surfaces corrésponding in a similar manner to the tracking
marks discussed above. The optical path length between the lands and the
pits or inverse pits is also similar to Ehé”tracking marks. The pits,
inverse pits, grooves and inverse grooves are all located at a different
elevation from the land ( i.e. the perpendicular distance between these
items and the land), and are all referred to.as marks for purposes of
this discussion. Marks which are specifically dedicated to providing

tracking information are known as nondata tracking marks.

It should be understood that the medium of the present invention
may be made in any type of optical disk format such as CD, CD-ROM or
OD-ROM. These formats are well known in the art.

The Optical Head

Fig. 7 shows a schematic diagram of an optical head 22 and medium

12. Optical heaa 22 has a laser diode 200. Laser 200 may be a
gallium-aluminum-arsenide diode laser which produces a primary beam of
light 202 at approximately 780 nanometers wavelength. Beam 202 is
collimated by lens 203 and is circularized by a circularizer 204 which

. may be a circularizing prism. Beam 202 passes to a beamsplitte; 205. A
portion of beam 202 is.reflected by beamsplitter 205 to a focus lens 206
and an optical detector 207. Detector 207 is used to monitor the power
of beam 202. The rest of beam 202 passes to and is reflected by a mirreor
208. Beam 202 then passes through a focus lens 210 and a multiple data
surface aberration compensator 212 and is focused onto one of the data
surfaces (surface 96 as shown) of medium 12. Lens 210 is mounted ‘in a
holder 214. The position of holder 214 is adjusted relative to medium 12

by a focus actuator motor 216 which may be a voice coil motor.

A portion of the light beam 202 is reflected at the data surface as
a reflected beam 220. Beam 220 returns through compensator 212 and lgﬁé
210 and is reflected by mirror 208. At beamsplitter 205, beam 220 is
reflected to a multiple data surface filter 222. The beam 220 passes



SA9- 93- 032 10 Fig. 4B shows a graph of

I ndex of refraction (n) and extinction coefficient (k) versus wavel ength
for a typical dye material. Note the |arge range of wavel ength where n is
much larger than k. In these |light ranges, the dye material will transmt
and reflect light w thout absorbingnmuch of the light. The dye materials are
good materials to use as |ayer 124, Fig. 5 shows a graph of

per cent ages of 780nm wavel ength light reflected, transmtted, and absorbed
versus dye thi ckesssi-ofdyes have rel ativel yaogood reflectivity and | ow
absorption conpared to other materials. Low absorption is inportant in a

mul tiple data suaﬁ:@&& Erﬁggrumzmgr&s&sfJoagtbggaapﬁfugrhmt| @hthedishliche 32ast at
each interveni nga|£a¥ %ort:.otn 230 of 2§0 .sl.s %\i"Secu&an Lpgséz.gx){a%lic :!I:gn% msand

reflectivity, transnls % sorption erc ngages | mpn%% e J.arge
si nusoi dal vari afiBfd “BFER etF‘éFﬁﬁé%‘f ﬁth?e@ﬂ??é rs':é’é ¢ SETECRTRG " the Tr oper
t hi ckness, it. i sbgags#0pisedirertehtaionaya hatfgueavgurines 2 tﬁFfﬂ”é?’éh’tng

conbi nations of pehbcttieviny. Berdspdiftesdd teparatnel lagisdrept i28f intPor f&38&NDI e,
this allows the Gﬁ:ﬁibg}m&ﬂc leQﬁi.zpcf @SB tcoigt it 24aNantia BeohdlBhpgdayl var yi ng t he
thickness of t hepilq}(lez d :!l;g[}xt c%%nexl:thﬁttl t H%eQPEh&%ch@saﬂlgﬁi 2&5‘@0 dhsk drive

wilt receive the Sa'g:nel ?etleﬁ:or Z(A-)J ané gqe Egﬂtaec%(s:es d:g éizﬂw:% %9 th.ch ot her

words, the thickf®s e {"ayer hé deeper a surfaces I's chosen to
have a hi gher ref$%€etF\4Ry than the reflect|V|ty of the data surfaces |ying
closer to the outer surface-of the medium This higher reflectivity is
needed to conpensat e rigr 4 bpwk eSe@svieneduntnedetttiyrot 324.| | Yhtdetqrteh@s4

intervening | ayers qikhhgs end do8sUllaisscdiBad 25aapm, thendopr spective of the
optical head, the same amount of l[ight will appear to be reflected from

h | . N
eac ayer Fig. 9 shows a circuit diagram of a channel circuit 260. Circuit

260 comprises a data circuit 262, a focus error circuit 264 and a
tracking error circuit 266. Data circuit 262 has an amplifier 270
connected to detector 248 and an amplifier 272 connected to detector 252.
Amplifiers 270 and 272 are connected to a double pole, double throw
electronic switch 274. Switch 274 is connected to a surming amplifier

276 and a differential amplifier 278.

Circuit 264 has a plurality of amplifiers 280, 282, 284 and 286
connected to detector sections 234A, B, C and D, respectively. A summing
amplifier 288 is connected to amplifiers 280 and 284, and a summing
amplifier 290 is connected to amplifiers 282 and 286. A differential

amplifier 292 is connected to summing amplifiers 288 and 290.

Circuit 266 has a pair of summing amplifiers 294 and 296, and a
differential amplifier 298. Summing amplifier 294 is connected to
amplifiers 280 and 282, and summing amplifier 296 is connected to
amplifiers 284 and 28l6. Differential amplifier 298 is connected to
summing amp]_.'ifiers 294 and 296 via a double pole dcuble throw electronic
switch 297. Switch 297 acts to invert the inputs to amplifier 298.

Fig. 10 is a schematic diagram of a controller syétem of the
present invention and is designated by the general reference number 300.
A focus error signal (FES) peak detector 310 is connected to the focus
error signal circuit 264. A track error signal (TES) peak detector 312
is connected to the tracking error signal circuit 266 . A controller 314
is connected to detector 310, detector 312, detector 207 and circuits

262, 264 and 266. Controller 314 is a microprocessor based disk drive



Let [err] [err] and [err] denote the transm ssivity, absorptivity and
reflectivity, respectively of the nth layer. Thus, they can have val ues of
between 0 and 1. Let N denote the total nunber of |ayers. Then the
following recursion relationship holds if the effective reflectivity from
each layer jis identical, (in other words, the sane anount of light is
detected at the optical head independent of |ayer),

[err] SA9- 93- 032 _ 11 where n +
1 < N. The absasptiwn of each layer is kept lowto mnimze |oss of |ight.
Then the foll ow ng approxi mati on hol ds: [err]

controller. <Controller 314 is alsc connected to and controls the laser
200, head motor 26, spindle motor 16, focus motor 216, switches 274 and
297, and compensator 212. The exact configuration and operation of
compensator 212 is described in more detail below.

_ The opgration of system 10 may now be understood. Controller 314
.é;uses motor 16 to rotate disk 12 and causes motor 26 to move head 22 to
the proper position below aisk 12. See Fig. 7. Laser 200 is energized to
read data from disk 12. The beam 202 is focused by lens 210 on the data
surface 96. The reflected beam 220 returns and is divided into beams
230, 242 and 244. Beam 230 is detected by detector 234 and is used to
provide focus and tracking servo information, and beams 242 and 244 are
detected by detectors 248 and 252, respecti;eiy, and are used to provide

data signals.

See Fig. 8. When beam 202 is exactly focused on data surface 9§,
beam 230 will have a circular cross-section 350 on detector 234. This
will cause circuit 264 to output a zero focus error signal. If beam 202
is slightly out of focus one way or the other, beam 230 will fall as an
oval pattern 352 or 354 on detector 234. This will cause circuit 264 to
output a positive or negative focus error signal. Controller 314 will
use the focus error signal to control motor 216 to move lens 210 until

the zero focus error signal is achieved.

If beam 202 is focused exactly on a track of data surface 96, then
beam 230 will fall as a circular cross-section 350 equally between the
sections A and B, and the sections D and C. If the beam is off track it
will fail on the boundary between a tracking mark and the land. The
result is that the beam is diffracted and cross-section 350 will move up
or down. More light will be received by sections A and B, and less by

sections C and D or vice versa.

Fig. 11A shows a graph of the TES produced by circuit 264 versus
the displacement of head 22. Controller 314 causes VCM 26 to move head
22 across the surface of medium 12. TES peak detector 312 counts the
peaks (maximum and minimum points) of the TES signals. There are two
peaks between each track. By counting the number of peaks, controller
314 is able to position the beam on the proper track. The TES signal at .
a land is a positive slope TES signal. Controller 314 uses this positive
s%ope signal to lock the beam on track. For example, a positive TES

signal causes head 22 to move to the left toward the zero point land



There is a maximumreflectivity [err] which can be achieved fromthe |ayer
furthest fromthe objective lens of the optical head (layer N) which is
dictated by the optical constants and thickness of the coating on that
l-ayer. For dyes, this is typically |less than -35% For netals, this can be
-98% The reflectivity of the innernost |ayer plus the desired total nunber
of layers determines the maxi mumeffective reflectivity which can be
achieved identically for each | ayer. . Usi ng the above equations, the
fol l owi ng rel atoq.gyst be true for all Jayers. [err] This is
exact in the limt of no absorptlon and apprOX|nate when a smal |l anount of
absorption is . present. For exa ﬁer has a reflectivity of

35% t hen [ er r | PS8R TR NS9%] YJNE'T: ﬁlgé‘%%cﬁlée%?éedhﬁa BetCePHHE e e t hi ckness'
of all of the ’rla%F%"ava’?ﬂnzWIﬂm’g‘i vardagaition-efiigct 14 thywsaheapienty | ust r at ed
i n the foll ow degivedfires theFpregérred @attlapotsost heliviel? @bdni switgh §9riq iof t he
Nt h (1 nner nostjes|iayBhl pddi€ibn dd1ehdwh ARSHILS S @Re 3@ sighdiecd ke of the N1

layer is cal cugeamdedugrng,reguaaol &npééémt B0 Jia)f sRichld 84 opfpzﬁgu m
reflectivi ty a’l?: tb am lzs rautoth:Lcall ?kegr 5_‘5 am?b aBs Ehagf:.lsnt e. pos h:lon

propertles of ayer "are” obtal ned. & act I'vity of |ayer
1 is the sane "§E§r"‘t H}f"%f‘f @chqsyigve sliope.

Fig. 11B shows a grapﬁ of the TES versus he;d displacement for
surface 92 of pattern 150, surfaces 90 and 92 of pattern 160 and surface
90 of pattefn 170 when switch 297 is in its initial position. Note that
in this case the tracking marks are such that_ the positive slope signal
occurs at the location of the tracking marks and so that the beam will -
automatically track on the tracking marks and not the land portions.

Tracking on the tracking marks may be desirable in some circumstances.

Fig. 11cC shows a graph of the TES versus head displacement for
surface 92 of pattern 150, surfaces 90 and 92 of pattern 160 and surface
90 of pattern 170 when inverter switch 297 is enabled such that the TES
signalhis inverted. The TES now has a positive slope at the land
positions and the beam will track on the land portion instead of the
tracking marks. Thus, controller 314 can track the grooves or the lands

by setting switch 297.

Medium 12 contains ROM data surfaces. Reflectivity detection is
used to read the ROM data. In data circuit 262, switch 274 is positioned
to connect amplifier 276 when a ROM disk is to be read. The signﬁl from -
detectors 248 and 252 is added. Less-light is detected where data spots
have been recorded and this difference in light detected is the data
signal. Switch 274 will have the same setting for reading WORM and phase
change data disk. If a disk is used which has magneto-optical data
surfaces, thén polarization detection is needed to read the data. Switch
274 will be set to connect amplifier 278. The difference in the
orthogonal pelarization light detected at detectors 248 and 252 will then
provide the data signal.

Fig. 12 shows a graph of the focus error signal from circuit 264
versus the displacement distance of lens 210. Note that a nominally
sinuscidal focus érrof Qignal is obtained for each of the data surfaces
of medium 12. Between the data layers, the focus.error signal is zero.

During startup of the system, controller 314 first causes motor 216 to



reflectivities of all the inner |ayers. Dyes which exhi bit anonal ous
absorption are of nost interest since they can be designed to have high
real and |ow i magi nary indices of refraction at the wavel ength of the
readback | aser. There are a nunber of dyes which exhibit anomal ous

di spersion which are appropriate for use SA9- 93- 032 _
12 as layers 124. They can be readily spin-coated on the substrates with
a controlled thickness. The indices of refraction is controlled by

sel ecting an appggggiq}g dye conposition. Ig addition, these dyes can bhe
m xed. t ogether to yléTa appropriate opticaf constants. O, they can have
smal | changes nmade to their chemical structure by adding dopants to tune
the wavel engt h dEpEHitRENt®s 2thet rigazeyradisplskenche Peifiynex ContdeilenBl4 @fitact i on
can be nade as hithén sekXhd dakiirkd adtacsur farg i bR adays Pl bt o 871 6 - tdEmGHl i Tefs b OON.
EX8.ITp| es of coat iiﬂg. ﬁ&%ﬁﬁk@%ﬁ)l&i’eﬁex@idﬁe&ti&t At eﬁc}aag:a&agét, ape%.klrdfe@&:@or

310 will detect the two peaks of the focus error signal. Controller 314

will count the peaks (two per data surface) and determine the exact data

surface on which beam 202 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 érror 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, the switch 297, and the

aberration compensator 212 as appropriate for that particular data

surface.

Also on startup, controller 314 determines what type of disk it is
reading. Switch 274 is first positioned for reflectivity detection and
switch 297 is set to read the land portions of the disk of the preferred
pattern 130. The controller 314 seeks and reads the header information
of the firéévtrack of the first data surface. The ﬁ;ader has information
ori the number of layers, what type of optical media is in each layer
(reflectivity or polarization detection), and what type of tracking mark
patterns are used. With this information, the controller 314 is able_to

set switches 274 and 297 to correctly read each data surface.

If controller 314 is unable to read the first track of the first
data surface (perhaps the first layer has a different tracking.mark '
pattern), then controller 314 will set switch 297 to its other setting
and will attempt to read the first track of the first data surface again.
If this still does not work (perhaps the first data surface is
magneto-optic and requires polarization detection) then the controller
will set switch 274 ko the polarization detection and try again, setting
switch 297 at one setting and then the other. In summary, controller 314
will read the header information of the first track of the first data
surface by trying the four different combinations of settings of-switches
274 and 297 until it is successful at reading the track. Once controller
314 has this header information, it can correctly set the switches 274

and 297 for each of the other data surfaces.

Alternatively, the disk drive may be specifically dedicated to work

with only the ROM medium of the present invention. In that case,



structures are shown in the follow ng tables. The criterion for these
calculations is that the effective reflectivity fromeach | ayer is
~identical. Structures include nedium12 with all squaryliumdye |ayers,
medium 12 with all cyanine dye | ayers, nedium 12 with squaryliumdye |ayers
except the last layer which is netal. In all cases, the effective
reflectivity of all layers is given by the reflectivity of the first |ayer,
[err]. The cal cul ated thicknesses do not have to be exact. Simlar
effective reflec??v%fgas will be achieved?f the dye thickness is
controlled within + 30A. This thickness control is readily achieved in spln
coating. The tot¥rtzabkaartiisrrrgparersried thetordiptpRPatdoremitpt Expeapiedata
adequat el y | ow. ddofwever purtlsrest Wavels,i arsgtveey yi opicktal mabnst ant s | ess t han
0.02 could be used also with even nore favourable results. The
resul ts shown hegg 2PRLYich WomkB i Wavel ength |l asers. Simlar results woul d
apply when a different Taser wavel ength such as 690nm (red) or blue |asers
are used in the future. The chemical structure of the dyes at these other
wavel engt hs woul d be P58 FTetFPeh thaeeur BntPrhadifrh &P garts vBich ke

opti cal constanta® gfex R rdfreciioulcfl 1be MerguchAehssidbius Yightpsknobgel y at t hat
wavel engt h. For rexeipischdviigy @iddelesy)gidicat ofvbéfeh-tponkthabsionpeimenicacsus s f or
cyani.ne dyes canphgishi {deefheid, SR Qlst 4L URS ohrsR0Ue Bagn tshst, Nnuber  of

carbon atoms in Je@%fd?x%“&h‘égﬁggqxg%lﬂé rQ¢ord1ng perforx-rgpxg real and i ITHgI nary

optical constants of squaryliumat 780nmare 2.7 and 0.02, respectively.
This allows a slightly higher effective reflectivity to be achi eved as
conpared to cyani ne HyEYPiFsPRIARIfI5Fa Btorgoe syfgers . dReze SuPtAcEesStens for
medi um ]_2 ar e giswefrce pnfaigliek th fofys. Ihelddtla| sirface is usually located beneath

a 1.2 mm thick face plate. The lens is typically a .55 numerical

.aperture (NA) lens which is specially designed to correct for sphericél
aberration caused on the light by the 1.2 mm face plate. The result is
that a good spot focus can be obtained at that exact depth, but at other
depths the focus gets blurry. This causes severe problems for any

multiple data layer system.

The aberration compensator 212 of the present invention solves this
problem. Fig. 13 shows a schematic diagram of an aberration compensator
which is designated by the general reference number 400 and may be used
as compensator 212. Compensator 400 cqmprises a stepped block 402 having
three steps. A first step 404 has a thickness of 0.3 ﬁm, a second step
406 has a thickness of 0.6 mm and a third step 408 has a thickness of 0.9
mm. The block 402 is made of the same material as the face plate and
substrates of medium 12 or other similar optical material. Note that
these steps increase in optical thickness in increments of the substrate
thickness. Block 402 is attached to a voice coil motor 410 (or similar
actuator device) which in turn is connected to controller 314. Motor 410

moves block-402 laterally into and out of the path of beam 302.

Lens 210 is designed to focus on the lowest data surface of medium
12. 1In other words, lens 210 is designed to compensate for spherical
aberrations caused by the combined thicknesses of the face plate and the
intervening substrates. For the present invention, in order to focus on
surface 102 or 104, beam 202 must pass throuch the face plate 50 and
substrates 56, 62 and 68 (a combined thickness of 1.2 mm of the substfate
material). Note that the air spaces 78 are not counted because they

impart no additional spherical aberration. Lens 210 is thus designed to



SA9- 93- 032 13 Table | Two data surfaces with

squaryl i um dye Layer # Reflectivity Transm ssi on Absor pti on
of Thi ckness of of individual of individual

i’ndi vi dual reflecting | ayer - | ayer

| ayer - layer [ %A [%A [ %A

[ Angst rom 20 78.3 1.7

272 2 32.6 " 66.1 1.3

438 Table |1 S® 8432 surfaces with squafylium dye Layer #

Refl ectivity Tr ansm ssion  Absorption of Thi ckness of
of individual ofe®adtytdld2 m Gfrrhilydagirabte and mayfofyseequphy well on both

| ayer | ay@sta surfaces 102 and ager | ayer [ %
[ %A [ %A [ Angstrom I 7
3(2) g ' 0; 7 When beam 202 is ?&used on eithegsurface 102 or 1048't§e block

4 és completely w1thdﬁi§2 and beam 202 does not pass through it. When
beam 202 is focused on surface 98 or 100, block 402 is positioned such
that beam 202 passes through step 404. When beam 202 is focused on
surfaces 94 or 96, block 402 is positioned such that beam 202 passes

87.6

through step 406. When beam 202 is focused on surfaces 90 or 92, block
402 is positioned such that beam 202 passes through step 408. The result
is that no matter which pair of surfaces are focused on, beam 202 will
always pass through the same total optical thickness of material and will
not experience spherical aberration proBléms.' Controller 314 controls .

motor 410 to move the block 402 as appropriate.

Fig. 14 shows an aberration compensator which is designated by the
general reference number 430 and which may be used for compensator 212.
Compensator 430 has a pair of complementary triangular shaped blocks 432
and 434. Blocks 432 and 434 are made of the same material as face plate
and substrates of medium 12 or material of similar optical properties.
Block 432 is positioned in a fixed position such that beam 202 passes
through it. Block 434 is attached to a voice coil motor 436 and may be
slid along the surface of block 432. Controlier 314 is connected to and
controls motor 436. By moving block 434 relative to block 432 the
overall thickness of material through which beam 202 passes may be
adjusted. The result is that beam 202 passes through the same optical

thickness of material no matter which data surface it is focuéed on.

Figs. 15 and 16 show an aberration compensator which is designated
by the general reference number 450 and may be used for compensator 212.
Compensator 450 has a circular stepped element 452. Element 452 has four
sections 454, 456, 458 and 460. Sections 456, 458 and 460 have
thicknesses similar to steps 404, 406 and 408, respectively, of
compensator 400. Section 454 has no material and represents a blank space
in the circular pattern as shown in Fig. 16. The circular element 452 is
attached to a stepper motor 462 which in turn is controlled by controller
314. sSpindle 462 rotates element 452 such that beam 202 passes through
the same thickness of material no matter which data surface it is focused

on.



4 14. 8 - 84.4 0.8 202

5 - 20.5 77.8 1.7 278

6 35 63.7 1.3 482 Tabl e
FIl  Ei ght data surfaces with squarylium dye Layer # . )
Reflectivity  Transm ssion  Absorption of Thi ckness of .

of individual of individual i ndi vi dual reflecting

| ayer . I ager -~ layer | ayer

1% - SA9-93-842 [ Angst r on 26 1 6

93.5 0.5 . 68 2 6.9

92. 7 Ffig.4 17 shows an aberrgijon compensator3which is designateq by the
91.3 general(reBerence number 570 &rk0may be used £r compensator 212.9 3 .

90 Ccmpedaaéér 870 comprises a &Egiionary convex 5ens 572 and a movédhld

87.3 congavellegs §74. Lens 574 il@@tached té a vo@ce coil motor 576 14V&ce

gé: g coil moﬁér 576 is controlled zontroller 314 Ef move lens 574 rel

63. 7 to lens]_57g . Beam 202 passesMough lens 572, ﬁnﬁiéﬁﬂdelw ZéLO 2:0dat a

surface di skmedfymt-urdeving kshy &t whtahivsotchldna\F@P shinged ke enpafiicAe dye
coatings. GuaptaasondyrBeshaaoe @biaghdvk \itl @\sicus ealthaadithregha@prtd magi nary

i ndices of rgkeacti ofh Wh-eh-AlaCorBoiineneaitdsds=No0B74 LRSPRCEMYEAIsY .2 Thus, their
maxi num ef egotoicev @r{p?lé Raq;ﬂ@/ ln&%biescentre element 574. Cooke triplets are

described in more detail in the article by R. Kingslake, "Lens Design
Fuﬁdamentals,' Academic Press, New York, 1978, pp. 286-295. Although
lens 574 is shown as the moving element, altérnativeiy, lens 574 could be
stationary and lens 572 used as the moving element. In Fig. 4 the
aberration compensator 212 is shown between lens 210 and medium 12.
However, if compensator 570 is used it will be located between lens 210

and mirror 208 as shown in Fig. 17.

Fig. 18 shows an aberration compensator which is deéignated by the
general reference number 580. Compensator 580 comprises an aspheric lens
element 582 with nominally zero focal power. Element 582 has a spherical
aberration surface 584 and a planar surface 586. Lens 582 is connected
to a voice coil motor 588. Voice coil motor 588 is controlied by
controller 314 which moves lens 582 relative to lens 512. Beam 202 passes
through lens 210 and lens 582 to medium 12. Moving lens 582 relative to
lens 210 changes the spherical aberration of the beam 202 and allows it

to focus on the different data surfaces.

Fig. 19 shows a view of lens 582 relative to axes z and p. 1In a
preferred embodiment, the surface of 584 should correspond to the formula
Z=0.00770p%~0.00154p".

Fig. 20 shows a schematic diagram of an alternative optical head of
the present invention and is designated by the general reference number
~ 600. Elements of head 600 which are similar to elements of head 22 are
designate by a prime number. Note that head 600 is similar to system 10
except that the aberration compensator 212 has been eliminated and a new
aberration compensator 602 has been added between beamsplitter 206’ and
mirror 208¢. The description and operation of compensator 602 is

described below. The operation of head 600 is otherwise the same as



slightly I ower than squarylium Structures of nmedium12 with 2 and 4 data

surfaces are shown in Tables IV and V. SA9- 93- 032

14 Table IV Two data surfaces with cyani ne dye Layer #

:Refl ectivity  Transmi ssion  Absorption of Thi ckness of

of i1ndividual of individual I ndi vi dual reflecting

| ayer | ayer | ayer | ayer [ %

[ %4 [ %A [ Angstrom 1 20

74. 4 sa8-96-032 364 27 2 34.3

60.6 . 5.1 750 Table V Four data surfaces with
cyani ne dye ef " R | I ' ) SSI QN S | on of
Thi ckness of T:scr&@é for head 22'01(CEII e%ﬁﬁ};({/?‘)ﬁ ugﬁ su%? ﬂ{),?ﬁrﬁ \%?rdg%ald 22A'Bll %{:TP%;'{ dual
reflecting ) | ayer | ayer | ayer

| ayer
Fig. 21 shows a schematic diagram of an aberration compensator

which isrﬁesignated by the general reference number 610 and may be used
for compensator 602. Compensator 610 cdmprises a substraté 612 having a
reflective holographic coating 614. Substrate 612 is attached to a
stepper motor 616 which in turn is controlled by controller 314.
Holographic coating 614 has a number of different holograms recorded,
each of which imparts a particular spherical aberration to beam 202°.
These holograms are of tpe Bragg type which are sensitive only to light
incident at a specific angle and wavelength. When substrate 612 is
rotated a few degrees, beam 202’ will experience a different hologram.
The number df holograms recorded corresponds to the number of different
_spherical aberration corrections required. For medium 12 as shown, four
different recordings are necessary each corresponding to one of the pairs

of data surfaces.

Fig. 22 shows a schematic diagram of an aberration compensator
which is designated by the general reference number 620 and may be used
for compensator 602. Compensator 620 comprises a substrate 622, a
transmissive holographic coating 624 and a stepper motor 626. The
compeneator 620 is similar to eompensator 610 except that here the
holographic coating 624 is transmissive rather than reflective.
Holographic coating 624 has a number of holograms recorded, - each of which
corresponds to the amount of. spherical aberration compensation. required.
Beam 292' experiences each of these hplograms in turn as substrate 622 is

rotated.

Fig. 23 shows a schematic diagram of a recording system used to
make the holographic coatings 614 and 624, and is designated by the
general reference number 650. System 650 has a laser 652 which produces
a light beam 654 at a frequency similar to the laser 200. Light 654 is
collimated by lens 656 and is passed to a beamsplitter 658. Beamsplitter
658 divides the light into a beam 660 and a beam 662. Beam 660 is
reflected by a mirror 664 and 666, and is focused by a lens 668 to a
point 670 in a plane 672. Beam 660 passes through a stepped block 674
similar to block 402. Beam 660 is then recollimated by a lens 676 and
falls upon a holographic cocating 680 on a substrate 682. Substrate 682
is rotatably mounted to a stepper motor 684. Beam 662 also falls upon
coating €80 at a 90 degree angle from beam 660Q.



[ %A [ %A [ %A [ Angstron] 1

10 - 86. 2 3.8 192 2 13.5
83.7 ' 2.8 228 3 19.3

75.2 55 352 4 '34. 1 61
4.9 716 Using a netal reflector for the |last |ayer

allows the effective reflectivity of the structure to be boosted. For
exanpl e, using gold or alumnumalloy reflectors, reflectivity's above 90%
can be achi eved2i@gp-Bhe | ast layer. In ®he follow ng exanples, squarylium
is used for the dye and 2 and 8 data surface structures of nedium 12 are
shown in Tables VI mad 6 ltorneyanidite@aceatper oalpemectln. berissedhtalso.  Tabl e

VI Two data sygf 9&@5& wobgri LTe8lp bRYESck Sl Al dnlinhs N ehilcagks | ayer _
metal reflect Orre?resentlng !y he sum of theR%sttQéeé YAILM!GSSGIrVﬁQMIﬁ-y&n Absor ption

_of _ Thl ckness I vid uaj. 9 L dg.;g

i ndi vi dual enTOé\Ftleéﬁq |:|.zh Qccess:mg a particular recor 111%[ aeyer. ens J.Is

| ayer 1p%ﬂyeﬁa1 .in design to lens 210 as u gqln the optzcal storage head. It [Q@
[ Angstrom collimdtes the light into 35beam that contains aGfpecific amount of 9

4f36 2 spherical abe:ranBn corresponding to the specific thickness. This

netallic wavefront is holographically recorhéﬁygy interference with the referénce

beam 662. If the hologram is oriented in approximately a plane 690 as
shown, a transmission hologrém is recorded. If it is oriented in
approximately a plane 692 as shown as a dash line, a reflective hologram
is recorded. The wavefront required to correct ;he aberrations
encountered in accessing a different pair-of recording layers is
holographically stored by rotating the hologram to a new angular position
and inserting the corresponding thickness plate of block 674. A
multiplicity of angularly resolved holograms are recorded, each
corresponding to and providing correction for a different pair of
recording layers. The holographic coating may be made of dichromated
gelatin or a photopolymer material. The individual holograms can be
recorded in increments as small as one degree without appreciable
cross-talk. This permits large numbers of holograms to be recorded and

. correspondingly large numbers of data surfaces to be used.

Fig. 24 shows a schematic diagram of an alternative aberration
compensator which is designated by the general reference number 700 and
may be used for compensator 602. Compensator 700 comprises a polarizing
beamsplltter 702, a quarter waveplate 704, a carousel 706 attached to a .
stepper motor 708 and a plurality of spherical aberration mirrors 710
each providing a different spherical aberration correction. Beam 202/ is
oriented with its polarization such that it passes through beamsplitter
702 and plate 704 to one of mirrors 710. Mirror 710 imparts the
appropriate'spherical aberration to the beam 202 which then returns
through plate 704 and is reflected by beaﬁsplitter 702 to mirror 208°.
Motor 708 is controlled by controller 314 to rotate the carousel 706 to
position the appropriate mirror in place. Mirrors 710 are reflecting
Schmidt corrector plates. See M. Born, et al., "Principles of Optics,"

Pergamon Press Oxford, 1975, pp. 245-248.

Fig. 25 shows a schematic diagram of an aberration compensator
which is designated by the general reference number 720 and may be used

for compensator 602. Compensator 720 comprises a polarizing beamsplitter



SA9- 93- 032 15 Tabl e VI I Ei ght data surfaces

wth first layers squaryliumdye and | ast | ayer a net al

reflector layer. Layer # Ref l ectivity Transm ssi on

;B\lrolzlo\r“pghgln of 'rl'g:c lc(lggte_s?] of _ of : ndi vi dual  of. i ndi vi dual
| .

| ayer | ayer ’ [ %4 [ %4 v [ %4 el

[Angstror‘r]' 1 6.7 .. 92.6 0.7

86 2 SA9-93-032 7.7 2991. 8 . 0.5

08 - 3 9.2 . 89.8 1.0 '

132 4722, a quarter.wavgéhaéb 724 and an eldB¥ri®al controlled deflgrm@ble

jz'ig _gmirror 726. Defol'éabge mirror 726 is r%ébrélled by internal 1.4

286 7piezo-e1eccric eleménts and is described more detail in J.%'. %affarel,

486 et al., "Applied Optics,* Vol. 26, pp. 3772-3777, (1987). The operation

of compensator 720 is similar to compensator 700, except that mirror 726
is electrically adjusted to provide the appropriate spherical aberration.
In other words, mirror 726 is adjusted to form a reflective surface
corresponding to the different Schmidt corrector plates 710 of

compensator 700. Controller 314 controls the adjustment of mirror 726 as

appropriate.

The operation of the aberration compensators 212 and 602 have been
descrihed above in connection with medium 12. Due to the air space
between the layers, one aberration compensation setting will work for
each pair of data surfaces. However, in the case where medium 120 is
used, aberration compensation settings will need to be made for each data

surface. This is because there are no air spaces.

Multiple Data Surface Filter

When beam 202 is focused on a particulaf data surface of medium 12
a reflected beam 230 is returned to head 22 from that surface. However,
some of light beam 202 is also reflected at the other data surfaces.
This unwanted reflected light must be screened cut for proper data and
servo signals to be obtained. The multiple data surface filter 222 of
the present inveﬂtianaachieves this function.

Fig. 26 shows a schematic diagram of a filter 750 which may be used
as filter 222. Filter 750 comprises a blocking plate 754 and a lens 756.
‘The desired light beam 230 is collimated because it is the light which
hes been properly focused by lens 210. Beam 230 is focused by lens 752
to a point 7€0. Unwanted light 762 is not properly focused by lens 210
and is thus not collimated. The light 762 will not focus to point 760.
Plate 754 has an aperture 764 at point 760 which allows light 230 to
pass. Most of the unwanted light 762 is blocked by plate 754. The light
230 is reccllimated by lens 756. In a preferred embodiment aperture 764
is circularly shaped and has a diameter of approximately A/(2*(NA)),
where A is the wavelength of the light and (NA) is the numerical aperture
of lens 752. The exact diameter is detérmined by the desired trade-off
between alignment tolerances and interlayer signal rejection

requirements. Alternatively, aperture 764 may be a slit having a minimum
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| ayer Al though it is preferable to adjust the thi ckness of | ayers
124 to achieve the sane effective reflectivity for each layer 124, the

| ayers 124 nmay alternatively be nmade of the sane thickness. This may be
desirable in order to sinplify the manufacturing process. In this case, the
effective reflectivity fromeach |layer 124 will be different. However, the
optical drive may adjust the |aser power and/or the anplification of the
optical detectesseiqnzpnrder to conpensatesdor the different effective
reflectivities of- each | ayer 124. In the case of layers 124 having

the sane thi cke@psalstm% de %ﬁ.&%&ﬁ%&%«%d &@fshapslcm )sla(te)vaarc%ultahe sane

for all layers 124, The effe tISVw heflectivit 1 L
[err](eff)=[err % SPATae Y erore 1T A lowe Ldybyg fp%s %gﬁt a7)§‘tra["'e¥r] and

the val ues for Pt ™3 £ RHOwieaS °ﬂé‘?’é?°ﬁ1’“ﬁ%ed°fl)§ rtrﬁ‘éspf‘%?%rs“‘?sﬁf%‘:l?rf?é”s“ t hen
t he maxi mum nufbdghtobloFkipe cgatiph wid aher@rei’ fbdleing uncoated.
[err] -

Fig. 27 shows a schematic diagram of a filter 800 which also may be

used as filter 222. Filter 800 comprises a lens 802, a blocking plate
804, a blocking plate 806 and a lens 808. Plate 806 has an apérture 810
located at a focal point 812 of lens 802. Plate 804 has a complementary
aperture 814 vhich allows the collimated light 230 to be directed through
aperture 810 while blocking unwanted uncollimated light 820. Aperture 814
may be a pair of parallel slits or an annular aperture. In a preferred
embodiment, the distance between the slits of aperture 814 is greater
than the diameter of aperture 810. The diameter of aperture 810 is
approximately equal to A/(2*(NA)). For the alternative annular shaped
aperture, the inner diameter of the annular slit should be greater than
the diameter of aperture 810. 1In both cases, the outexr edge 822 of
aperture 814 is located outside of beam 230. Blocking plates 804 and 808
may be made of a metal sheet or may be mads of a transparent substrate
having a light blocking coating with apertures 810 and 814 being

uncoated.

Fig. 28 shows a schematic diagram of an alternative filtexr 830
which may be used as filter 222, Filter 830 comprises a beamsplitter 832
and a holographic plate 834. The coating on the h&lographic plate 834 is
tuned to efficiently reflect collimated beam 230 while uncollimated beam
840 is allowed to pass. The desired beam 230 is reflected from
hologréphic plate 834 and returns to beamsplitter 832 where it is

reflected towards beamsplitter 224.

Fig. 29 is a schematic diagram which shows how holographic plate
834 is made;_ A collimated laser beam 850 having approximately the same
wavelength as léser 200 is split into two beams 852 and 854 at an
amplitude beamsplitter 856. Beams 852 and 854 are directed by mirrors 860
and 862, respectively, and fall upon hologram plate 834 from opposité
directions perpendicular to the surface of plate 834. A reflective
hologram is recorded by the interxference of beams 852 and 854. The
holographic coating may be wade of a dichromated gel or photopolymer

material.



For exanple, if layer 124 has r = 12% t = 87.5%and the mi ni mum ef f ecti ve
reflectivity is 4% then the maxi mum nunber of |ayers (data surfaces) is n

=" 5. SA9- 93- 032 16 The
follow ng table gives an exanple of a multi-layer structure of nedium 12
usi ng identical Squaryliumdye thicknesses for all |ayers. Using a netal
reflector for the last layer allows the effective reflectivity of that

| ayer to be boosted. Table VIIlI six data surfaces with first |ayers
squarlyliumdye and | ast | ayer a nmetal reflector. Layer #
Reflectivity $iapspession . Thickness gf Ef fective

of individual of individual reflecting refl. as

| ayer l ayerpi]_ters 222 of tlrx@%?ersent inventiomw &L }g&n shown in Fig. 6 to [%

[ % AngSt r OIT] bgéﬁcx&ed in the pg&t Iifggelam 220. However,l ne or mbneeagiltLroé can be 1

10.5

located-in the separate paths of servo beam 230 or the data beam 236.



2 11 88. 3 150 8.6 3

10.5 88. 4 150 : 6.4 4 11
88.3 150 . 5.2 5 8874
#2150 3.9 .6 782 tal |la y
| ayer 20 Fig. 6A shows an exaggerated det af cet Has Boen Replacs
cross-sectional vi 8A9e3-@32lat a surface pattern of nedium 1 “IHU“IJ‘
designated by the general reference nunppm0. Surface 90

pattern of spiral (or alternatively concentric) tracking grooves 132. The
portions of surface 90 | ocated between the grooves 132 are known as the

| and portions 134. jSurf ag@ dbti cgpdut@gtaﬁag@m&mﬁwm fisig@i ral i nverse tracking
grooves (raised ridges) 1 The ortlo et ween t he
i nverse gfooves 136 is tﬁzgft ﬁg iati llsﬂY%B\?ng? %’%ﬁ%ﬁéﬁ%ﬂm
grooves 136 are al for stedfigg reedrded dam,ltheaﬁltstdgasmfm.having adlapercdfor dyed

enbodi nent, the w cking marks are 0.6 mcrons and the
width 142 of the Ig}ﬁ? ?diéitg&?}gerl m'crons. This results in a pitch of

(1.0 + 0.6) = 1.6 mcrons. The tracking marks are used to keep the _
light beam on track whil g skdtdThenber, dpacedfrofbhe fik§ti ferhber( 88¢ihg BQ8cdnd nore
det ai | beI ow. For ter %0 a. beam 44 fromthe optical head 22 w |
track on'®he | and P8RS Eﬂrmgggc B pon which surface it is

focused upon. The recorded data is on the land portions. In order for the
and 92 the opt cal path 5%@%@?%%%@@%9%&%’?é%ﬁﬁ%ﬁﬁaf2%29_
and tracking mar kss¢agad data supfacesseh gadigtiansfromeafirst sideofcuses on
surface 90 throughggulédinm Bay Be fé&‘é&l’&i elﬂi%?ﬂié fidt of ScUR®da Sufféd, ace 92
15 ' ' .

2. A medium as claimed in claim 1, wherein the dye material has an

index of refraction (n) and an extinction coefficient (k), the dye

material having n>k for the wavelength range of said radiation.

20 3. A medium as claimed in claim 2, wherein said wavelength range is
400-850 nanometres.

4. A medium as claimed in any previous claim, wherein the radiation
transmissive medium is air.

25
5. A medium as claimed in any of claims 1 to 3, wherein the radiation
transmissive medium is a solid transparent material which supports the
first and second data surfaces in spaced apart relationship. -

30 6. A medium as claimed in any previous claim, wherein the second data
surface has a layer of a dye material deposited thereon.

7. A medium as claimed in any previous claim, wherein the data
surfaces are ROM data surfaces.

36 _
8. A medium as claimed in any previous claim, wherein'the dye,

comprises a cyanine dye, or
a squarylium dye, or ‘
a phthalocyanine dye, or | THIS SHEET HAS BEEN

REPLACED -
R A HNRE -




SA9- 93- 032 : 17 t hrough space 78. In the preferred
enbodi nent space 78 contains air. For the optical path Iength difference
between the | ands and tracking marks to be the same dlnl must equal d2n2
{or d2/dl equals nl/n2), where dl is the 8pth of nmark 132 (perpendi cul ar
di stance), nl is the index of refraction of substrate B@ShebZHissBetﬂ‘Bﬁ

headght
of mark 136 (perpepad®3los2 di stance), and n2 is the ind n of
space 78. In a preferred enbodi nent, space 78 contains n
i ndex of refraction of 1.0 and substrate 50 (as well as the other
substrates) has an i ndexa sfomethinedy¢.0r 1.5. So the ratio of d2/dl equals
1.5. In a preferred enbodi nent, dl is 700 Angstronms and d2 is 1050
Angstrons. The sane pattern of tracking marks is repeated on the other
surfaces ©f nedi um 12. ThECHRGYARDE F¥e+9Tat e i nci dent surfaces 94, 98 and 102
are simlar to surface 90 and the other space incident surfaces 96, 100 and
104 are simlar to surfage gﬁ. . The above di scussi on of groove depth
ratio is applicable to t b EngﬁggaéF medi um 12 whi ch do not have any
protective |ayer 126 or which have a thin protective layer 126 which is
| ess than or equal to-ap?bﬂébﬂﬁk&ﬁﬁﬁ&ﬂﬁmﬁﬂ&ihﬁ&ﬂﬁy&h'Ck- If the protective |

| ayer 126 is
10

9, The medium as claimed in any of claims 1 to 7, wherein the dye
comprises a diethyloxa-dicarbocyanine perchlorate dye, or

a dicthylthiadicarbocyanine dye, or
15 :
a dibutyl-tetramethyl-dibenzoindo-dicarbocyanine-perchlorate dye,

or

a hydroxy aquarylium dye, or
20 a copper phethalocyanine dye, or
a cobalt phthalocyanine dye, or
a diethylammonium chloride dye, or
an ethyl-ethylbenzothiazolidene-ethyl-rhodanine dye, or
a tetra-amino-anthraquinone dye, or
26 a diethyl-m-amino-phenolphthalein hydrochloxide dye, or
bie (benzenedithiel) copper dye.

10. An optical data storage system comprising:
30 a radiation source for producing a radiation beam;
an optical medium as claimed in any previousl claim;
an optical transmission means for directing a radiation beam from

35 the radiation source to one of the data surfaces of the optical medium;
and ' :

| THIS SHEET HAS Beew
_REPLACED

* c L M s * .




greater or equal to approximately 1 micron thick, then the formula dl nl =
d2 n2 is still used, but nown2 is the index of refration of |ayer 126 on

- the second data surface. If the thickness of the protective |layer 126 is
-bet ween approxi mately 200 Angstrons and 1 34yi cron thick, then the

i nterference phenonenon nmake the cal cul ati on of groove depth nore
difficult. HoweverSA983-032oper groove depth can be determ ned using the
thin filmoptical calculations as showmn in M Born and E. Wl f, "Principles

of Optics", Perganon Press, 3rd Edition, 1964. Al t hough the
tracking marks are preferably arranged in a spiral pattern, they may
al'ternatively be in a cogrepiic fecéptidxmehnslfﬁrmddvtugwmeﬂbdstedmmﬁinmhi ern

may be the same fo hd  face épg gé %@’A e or
count er - @ ockwi se éﬁ?’ratﬁ? 5“8‘? ,"y ﬁﬁ‘{,P’Eﬁ 11%% %ﬁgﬂ r’?{)%‘%b‘g% & and
counter-cl ockwi se spiral patter ns on consecutive data layers. This
alternating spiral pattern may be preferable for certain applications, such
as storage of video data, novies for exanple, where continuous tracking of
data is desired. In such a case, the beamtracks the cl ockw se spiral
pattern inward on the first data surface until the spiral pattern ends near
the inner dianeter, and then the beamis refocused on the second data
surface directly. below and then the beamtracks the counter-clockw se
spiral pattern outward until the outer dianmeter is reached.

This Sheet Has Been Reﬂlaced
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SA9: 93- 032 18 Fig. 6B shows an exagger at ed
detail ed cross-sectional view of an alternative surface pattern for medi um
12 and i s desi ghated by the general reference nunber 150. Pattern 150 is
ssimlar to pattern 130 except that the tracking marks for surface 92 are
- grooves d82spngdizead of inverse groovesss The pitch and the ratio of d2/dl

‘are the sane as for pattern 130. Beam 144 will track on | and 134 on surface
90, but now beam 144 will track on géoove 152 when .focused on surface 92.
Tracking in the groove 132 may be d&8F%&ffe in certain situations. Hovever,

as wll be descri bed beI ow, beam 144 may al so be electronically controlled

to track -on | b‘t?l{ﬁ Hore Bfﬁip AR &bt Sdphaces 94, 98
and 102 are simlar to sur acg§90 an e surfaces 96, 100 and 104 are
simlar to.surface 92. Fi g. GC shows an exaggerated detail ed
cross-secti onze{ o)bi:ﬂ'kHlOﬁat&l‘lseézta@én@tét\éﬁ csdmpf:me pakdleipnd aataredfgeel?2 which
i s desi refer ce nu 1605, Patterne S.sLmlar
to pattgejﬂpe%R 9? sur é’é“pllns\?esrséﬂélrr%ov soiGSg'%F%sat %ad of

grooves %Erateﬁ@dbsm fla@Te‘: 92am5g¥‘t?ome%l%4 Dagist erdacts enveleseted 98ves 136.

The pi t ohheaBehdtabi® sab 4Rkl zarleyémefsa@eaﬁatfeOiiaJpatst@nesi@éh oBeadl4 Wil
track on %nverse groqves 162 wh focused on surface wll track on

gr ooves A6A RN BEHEET - onTIEEuFbe?‘é’eﬁﬁ(ﬂan’eeséintlai%r ‘i‘eé:@f?'ﬂ?ﬁsc'é]ﬁ y Sw tched
to traclkmonnt g refigrtivilty frat beeh ofothes defaacesfAs. 98 and 102 are sinmilar
to surface 90 and the surfaces 96, 100 and 104 are simlar to surface 92.
Fig. 6D shows an exaggerated detailed cross-sectional view of an
alternative surface pattern designated by the general reference nunber 170.
In pattern 170, the surface 90 has a simlar structure to surface 90 of
pattern 160. Surface 92 has a simlar structure to surface 92 of

Sheet Has Been Re laced

T
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pgtteern 130. The pitch and ratio of d2/dl is the sane as for pattern 130.
Beam 144 will| track on inverse grooves 162 when focused on surface 90
(unless it is electronically switched to track on the land) and will track
on | and 138 when focused on surface 92. Surfaces 94, 98 and 102 have
simlar patterns to surface 90 and surfaces 96, 100 and 104 have patterns
simlar to surface 92. For all of the patterns 130, 150, 160 and
170 the tracking marks are formed into the substrate at the tine of

manuf acture by injection nolding or photdddllymer processes as are known in
the art. It should be noted that the thin filmlayers, as.described above,

are deposited onto the substgpates 3ftepythe tracking marks are forned.
SA9- 93- 032 -9 The di scdésion of tracking
marks is also applicable to o _ i di sks. For exanpl g,

some ROM di sks, such as CD- #ﬁe ts mimoogsed 1n the substrate to
record data and/or provide tracx g i@io:ﬁati 140t her optical nedia use
pits to enboss sector header nfo tion.~So th a use these header pits

to al so provide tracking infqgrmatiof- jain the multiple
data surface formof the present invention, the pids arle formed as pits or

inversé pits on the
20
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vafi dus data surfaces corresponding in a sinmlar nmanner to the tracking

frar ks di scussed. above.
pits or inverse pits is also simlar to the tracking marks.
grooves and i nverse grooves are al
the per pendi cul ar di st.ance between these
referred to as marks for purposes of this
Mar ks which are specifically dedicated to providing tracking

i nverse pits,

el evation fromthe land ( i
itenms and the |and),

di scussi on.

information are known as nondata tracking marks.

The opti cal

. e.
and are al

The pit
| ocated at a diff

It shoul d

path |l ength between the | ands and the

S,
erent

be

understood that the nmediumof the presen/fifiventi on may be made in any type

of optical
known in the art.

di agram of an opti cal

di ode 200. Laser

The Opti cal Head

M

1192 and nmedi um

Fig. 7 shows a schemati

produces a pri/fe
wavel engt h. Bgaw

di sk format such as CD, . CD-ROM or OD-ROM These formats are wel |

I C

80Cptlcal head 22 has a | aser
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a focus | ens 84081
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reflected bysg~u
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216 and is reflected by mirror 208. At beansplitter 205, beam 220 is
teflected to a nultiple data surface filter 222. The beam 220 passes
SA9- 93- 032 20 through filter 222 and passes to a
beansplitter 224. At beamsplitter 224 a first portion 230 of beam 220 is
directed to an astigmatic |lens 232 and a quad optical detector 234. At
beanmsplitter 224 a second portion 236 of beam 220 is directed through a
hal f -wave plate 238 to-a polarizing beansplitter 240. Beansplitter 240
separates |ight beam 236 into a first ‘orthogonal polarized |ight conponent
242 and a second orthogonal polarized |i@wf7conponent 244. A |lens 246
focuses light 242 to an optical detector 248 and a | ens 250 focuses |ight

244 to an optical detector 252. Fig. 8 shows a top view of a quad
detector 234. The detector 234 is divided into four equal sections 234A, B,
C and D. " Fig. 9 shows a circuit diagramof a channel circuit 260.

Grcuit 260 conprises a data circuit 262, a focus error circuit 264 and a

124 —~L ~J 92
126 \

18
126»\qt )
124 — =90
50—~ \

56° )
124/~ ~7 97’
122/ ' -
124"~ -

50/ —L N— 9o

FIG. 3B



trackKing error circuit 266. Data circuit 262 has an anplifier 270 connected
to detector 248 and an anplifier 272 connected to detector 252. Amplifiers
270 and 272 are connected to a double pole, double throw electronic switch
274. Switch 274 is connected to a sunming anplifier 276 and a differenti al
anplifier 278. Circuit 264 has a plurality of anplifiers 280, 282,
284 .and 286 connected to detector sections 234A, B, C and D, respectively.
A sunming anplifier 288 is connected to anplifiers 280 and 284, and a
summing anplifier 290 is connected to anpfiTiers 282 and 286. A
differential anmplifier 292 is connected to sunmng anplifiers 288 and 290.
Circuit 266 has a pair of sunmng anplifiers 294 and 296, and a
differential anplifier 298. Summ ng anplifier 294 is connected to
anplifiers 280 and 282, and summng anplifier 296 is connected to
anplifiers 284 and 286. Differential anplifier 298 is connected to sunmm ng
anplifiers 294 and 296, via a double pole double throw el ectronic switch '
297. Switch 297 acts to invert the inputs to anplifier 298. Fig. 10
is a schematic diagramof a cohtrdllet systemof the preseht invephtion and
is designated by the general rpf8MMEaMAIERKIer 300. A focus error pignal
(FES) peak detector 310 is cdmected to the focus eryor signal ciTcuit 264.
A track error sign&,x ES) peak detector 312 is gzﬂﬂécted"to t he tracking
error signal circhggap @b Agpntrol ler 314 is,Cornected to detecior 310
detector 312, detggiaqh 207 and| circuits 262, 2%4 ahd 26@1 Controljer 314 is
a mcroprocessor ghiofi sk drj ve / \
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SAQ- 93- 032 21 controller. Controller 314 is also
tonnected to and controls the | aser 200, head notor 26, spindle notor 16,
focus notor 216, switches 274 and 297, and conpensator 212. The exact
configuration and operation of conpensator 212 is described in nore detail™
bel ow. The operation of system 10 may now be understood. Controller
314 causes notor 16 to rotate disk 12 and causes notor 26 to nove head 22
to the proper position below disk 12. See Fig. 7: Laser 200 is energized to
read data fromdisk 12. The beam 202 is Ez*ised by lens 210 on the data
surface 96. The reflected beam 220 returds'and is divided into beans 230,
242 and 244. Beam 230 is detected by detector 234 and is used to provide
focus and tracking servo information, and beans 242 and 244 are detected by
detectors 248 and 252, respectively, and are used to provide data signals.
See Fig. 8. \Wen.beam 202 is exactly focused on data surface 96, beam 230
wi |l have a circular cross-section 350 on detector 234. This wll| cause
circuit 264 to output-a zero focus error signal. If beam 202 is slightly
out of focus one way or the other, beam 230 will fall as an oval pattern
352 or 354 on detector 234. This will cause circuit 264 to output a
-positive or negative focus error signal. Controller 314 will use the focus "
error signal to control notor 216 to.nove |lens 210 until the zero focus

error signal is achieve@l—
[T, n=27 k=0.02 REFLECTION
e e TRANSMISSION
—--—-— ABSORPTION
PERCENTAGE
OF LIGHT : .
REFLECTED, el o]
CTRANSMITTED 0T e
AND ABSORBED -
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20+
0 R e e e et aiaiat e
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| f vhbeam 202 is focused exactly on a track of data surface 96, then beam 230

W™Mll fall as a circular cross-section
and B, and the sections D and C

wi Il be received by sections A and B,
ver sa. Fig. 11A shows a graph

If the beamis off track it will-fall
- the boundary between a tracking mark and the |land. The result
beamis diffracted and cross-section 350 will

350 equal ly between the sections A
on
is that the
nove up or down. More |ight
and | ess by sections C and D or vice
of the TES produced by circuit 264

versus the displacenent of head 22. Control ) er 314 causes VCM 26 to nove
head 22 across the surface of nmedium 12. fé§7peak detector 312 counts the

peaks (maxi nrum and m ni mum poi nts) . of
bet ween each track. By counting the )
'to position the beamon the proper tr
positive slope TES signal. Control
to I ock the. beam on trackg4

the TES signals. There are two peaks
ﬁb of peaks, controller 314 is able
K

The TES signal at a land is a
uses this positive slope signal
_positive TES signal causes head

22 to nove to the Ieff}%omar ’p | a SA9- 93- 032
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position and a negative TES signal causes the head 22 to nove to the right
stoward the zero point |and position. Fig. 11A shows the signal derived from
the preferred pattern 130 of nedium 12 when switch 297 is inits initial
position as shown in Fig. 9. The same signdl is also generated for surface
90 of pattern 150, and surface 92 of pattern 170. The beamis automatically
| ocked to the | and because that is the position where there is a positive
sl ope. Fig. 11B shows a graph of the TES versus head di spl acenent
for surface 92 of pattern 150, surfabeséﬁp fﬂd 92 of pattern 160 and
surface 90 of pattern 170 when switch 2 7 sinits initial position. Note
that in this case the tracking marks are such that the positive sl ope
signal occurs at the location of the tracking marks and so that the beam
will automatically track on the tracking marks and not the |and portions.
Tracki ng on the tracking marks may be desirable in sonme circunstances.

Fig. 11C shows a graph.of the TES versus head di spl acenent for surface 92
of pattern 150, surfadesQQQvancLi? of ttern- 160 ¢ surface 90 of pattern
170 when inverter switch 29y is nabLEp‘suc tlhhat §he¢_ TES signal is
inverted. The TES now h& B9sitive slope at the land pdsitions and the
beamw || track on the | angd por on | ead t he acki'ng gar ks. Thus,
control l er 314 can tra&r\tNe grjo thel?ﬂnds &rqsett ngf‘M@ich 297.
Medi um 12 contai ns ROM data”sur f .e? |ty detection 1s used to
read the ROM data. In data cygcnl ., SW 274 is positioned to connect
anplifier 276 when a RCM §E’| OZE fro -d@tectors 248
and 252 is added. Less lig e Been
recorded and this differenge in [T is the dafa S|gnal. Switch
274 w1l have the sane l and phasg change data di sk.

If a disk is used which has] magnet o-opti cal data surfacds, then
pol ari zation detection is needed to read the data. Swtch
160 °
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274 Will be set to connect anplifier 278. The difference in the orthogonal
pol ari zation light detected at detectors 248 and 252 will then provide the
data signal . Fig. 12 shows a graph of the focus error signal from
circuit 264 versus the displacenent distance of lens:210. Note that a
nom nal | y sinusoidal focus error signal is obtained for each of the data
surfaces of nedium.12. Between the data |ayers, the focus error signal is
zero. During startup of the system controller 314 first causes notor 216
to SA9- 93- 032 23 position lens 210
at its zero di splage ' , t hen seek the
desired data surface s §\v19 In a positive
di spl acenent dlrégglon At each data Iayer peak detEg;i%QQQH)\M |1 detect
the two peaks of t/Rg N ORUS T SRR, SO T RE 24 W02 count the

peaks (two per dgta surface—andt—de Hre—the—exactglataldur f ace on which
beam 202 is focuyeg—Wher—the-dasied aces—areregchegg controller 314
causes notor 216ALO\NPRSN NoM\| ® O\sdech\ thah e focus°§rror signal is
bet ween the two {peaks §or that particular data “*—”
;\\lk\\\\\\\\\\\\\\
L\\IL\\\\\\\\\\\\\\/’ .
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surface. The focus error is then used to control the notor 216 to seek the
zero point focus error signal between the peaks, i.e. lock on the positive
sl ope signal:-such that exact focus is achieved. The controller 314 wll

al so adjust the power of |aser -200, the switch 297, and the aberration
conpensator 212 as appropriate for that particular data surface.

Al so on startup, controller 314 determ nes what type of disk it is

reading. Switch 274 is first positioned for reflectivity detection and
switch 297 is set to read the | and porti @dg7of the disk of the preferred
pattern 130. The controller 314 seeks and reads3she header information of
the first track of the first data surface__The heade has infornation on

t he nunber of |ayers, what type of optida] ifln each | ayer
(reflectivity or polarization detection), pd3df tracking mark
patterns are used. Wth this informatiorn, - ag0 314 is able to

set switches 274 and 297 to correctly rqg sur face. ' | f
controller 314 is unable to read the fir he first data surface
(perhaps the first layer ‘has a different k pattern), then
controller 314 will set switch 297 to it othef setfilng and will attenpt to
read the first track of the first data surface agarm. Ifxthis still does
not work (perhaps the first data surface is gnet o-opti cand requires

pol ari zati on detection) then the controllerFﬂE set swi ta3kh 274 to the

pol ari zation detection and try again, setting switch 297 at one setting and
then the other. In summary, controller 314 wll read the header information
of the first track of the first data surface by trying the four different
conbi nati ons of settings of switches 274 and 297 until it is cessful at
readi ng the track. OncertontTofl & 312 has This~héeader—i nf o na it can
correctly set the switches ZI¥4 a 7597 for each of tQ#s ot he ta s rfaces.
Al ternatively, the ' V\dgglcated|to worR 4 t h
only the ROM nmedi um of ih
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SA9:93- 032 24 controller 314 is preprogranmmed to
store information on the type of data surfaces, nunber of |ayers, and types
of tracking marks. The Abertation Conmmensat or Lenses are
typically designed to focus |ight through air which has an index of
refraction of 1.0. Wen such | enses focus |Iight through materials having
different indices of refraction, the |ight experiences a spherical
aberration, which distorts and enl arges the beam-pot, ‘degradi ng the
readi ng and recordi ng perfornmance. In typical optical data storage
systens, there is only one data surface e which to focus. The data
surface is usually logated beneath a 1.2 mmthick face plate. The lens is
typically a .55 nunerifcal aperture (NA) lens which is specially designed to
correct for spherical jJaberration caused on the light by the 1.2 nm face
plate. The result is

90 92 94 9 98 100 102 104

FES
0
0 .
LENS 210 DISPLACEMENT
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that a good spot focus can be obtained at that exact depth, but at other
depths the focus gets blurry. This causes severe problens for any nmultiple
data | ayer system The aberration conpensator 212 of the present
invention solves this problem. Fig. 13 shows a schematic di agram of an
aberration conpensator which is designated by the general reference nunber
400 and nay be used as conpensator 212. Conpensator 400 conprises a stepped
bl ock 402 having three steps. A first step 404 has a thickness of 0.3 mMm a
second step 406 has a thickness of 0.6 nﬂﬂéﬁd a third step 408 has a
thi ckness of 0.9 nMm —=HhexhwekcAB2 s made of the sane naterial as the
face plate and subst forEi~Ph-nBULuRrA2 et~ 18t her sinilar optical naterial
Note that these stepEREFEage—t=opyical thickness in increnments of the
substrate thickness. Brgek 402 Is gﬁtz&?ed tg,a voice coil notor 410 (or

Or

simlar actuator devige) \whi.eHb S ogﬁkcted to controller 314.
Mot or 410 noves bl ock’#4 al ly] n -Qut of the path of beam 302.
Lens 210 is designed t@mj us on th t & tal surface of nmedium 12. In

ot her words, |lens 240 esigned to conpensate for spherical aberrations
caused by the conbined Jth cknessgﬁ-of the face plate and the intervening
substrates. For the pr i nve tion,Jf orEir to focus on surface 102 or
104, beam 202 nust 5 t hr ough0G he fa eﬂsli 50 and substrates 56, 62 and
68 (a conbi ned thickness of 1.2 nmof the substrate nmaterial). Note that
the air spaces 78 are not counted because they inpart no additional
spherical aberration. Lens 210 is thus designed to

(@
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SA9- 93- 032 25 focus through 1.2 nm of
- pol ycarbonate and may focus equally well on both data surfaces 102 and 104.
When beam 202 is focused on either surface 102 or 104, the block 402 is
conpletely withdrawn and beam 202 does not pass through it. Wen beam 202
is focused on surface 98 or 100, block 402 is positioned such that beam 202
passes through step 404. When beam 202 is focused on surfaces 94 or 96,

bl ock 402 is positioned such that beam 202 passes through step 406. Wen
beam 202 is focused on surfaces 90 or 922 Mfjock 402 is positioned such that
beam 202 passes through step 408. at no tter which pair
of surfaces are f.ocused on, beam . ough the sane
total optical thickness of materi aE% S xperlence spheri cal
aberration problenms. Controller 3I4/ca troﬁﬁ%nntor 410 to nove the bl ock

402 as appropriate. Fig. 14 gho berrati on conpensator which

i s designated by the general refer e r 430 and gppi ch may be used for
conpensat or 212. Conpensator 430fas\a alr of cogpkéhentary triangul ar
shaped bl ocks 432 and 434. Bl ocks 43 nd arle made of the same materi al
as face plate and substrates o/HEdT fm 12 of tlerial of simlar optical
properties. Block 432 is p05|t|oned fiked pusiﬁﬂbn such that beam 202
passes. through it. Block 434 is7a to & VoM decoi|l notor 436 and may -
be slid along the surface of block 432. nt Lol | 314 is connected to and
controls notor 436. By noving bIo g ative to block 432 the overal

t hi ckness of material through whic 2 passes nmay be adjusted. The

result is that beam 202 passes thrFTer f?e same optical
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. thiscckness of material no matter which data surface it is focused on.

+igs. 15 and 16 show an aberrati on conpensator which is designated by the
general reference nunber 450 and may be used for conpensator 212.
- Conpensator 450 has a circul ar stepped el enent 452. El ement 452 has four
sections 454, 456, 458 and 460. Sections 456, 458 and 460 have thicknesses
simlar to steps 404, 406 and 408, respectively, of conpensator 400.
Section 454 has no material and represents a blank space in the circul ar
pattern as shown in Fig. 16. The C|rcunai1klenent 452 is attached to a
st epper notor ¢4 v ' 9 oller 314. Spindle
462 rotates el gver rough the sane

' re—REtt e ™ 3 . < +~f{ is focused on.
SA9- 93- 032 26 g>\17 shows an aberration
conpensat or thEh I S de5|qnated by the general refetknce nunber 570 and nay

be used for cog@bq§afb\\2TQf\debQﬁ&:bQ‘\SR;\QBnﬁ%{§es a stationary convex

| ens 572 and a|novea§|e concave |lens 574. Lens 574 Qs attached to a voice

coll motor 576 i \\\\\\\\\\\\\
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coi*l “'motor 576 is controlled by controller 314 to nove lens 574 relative to
1 ens 572. Beam 202 passes through lens 572, lens 574 and lens 210 to
medi um 12. Moving lens 574 relative to |l ens 572 changes the spheri cal
aberration of beam 202 and allows it to focus on the different data
~surfaces. In a preferred enbodi nent | enses 210, 574 and 572 conprise a
Cooke triplet having novable centre elenment 574. Cooke triplets are
described in nore detail in the article by R Kingslake, "Lens Design
Fundanental s,"” Academ c Press, NEM/YOrk““Hi?B, pp. 286-295." Although | ens
574 is shown as the noving element, alternatively, lens 574 could be
stationary and |l ens 572 used as the novj @ ﬁ#enent. In Fig. 4 the
aberration conpensator 212 is shown bet R ens 210 and nedi um 12.
However, if conpensator 570 is used it wid® be | ocated between | ens 210
and mrror 208 as shown in Fig. 17. X Fig.éﬁ shows an aberration
conpensator which is dgsignate@o%y\the general: g ence nunber 580.
Conmpensat or 580 conpriégghgg aspheiLcHAan;fﬂe-f g%z with nomnally zero

focal power. Element 5 spheri gal atl on surface 584 and a _
pl anar surface 586. LeAs conneat voice coil notor 588. Voice
coil motor 588 is contZ8} | ed by-comtsr| ¢ %ﬁic noves | ens 582
relative to |l ens 512. Beam 202 passe? rough s 21 and | ens 582 to
medi um 12. Moving lens 582 relative to | ens 210 chang t he spheri cal
aberration of the beam 202 and allows it to focus on the different data
surfaces. Fig. 19 SFC}G Z}/l ew of lens 582 relative to axes z and
p. In a preferred enbodi nent, 1*h& surface of 584 should correspond to the
formul a Z=0. 00770p[err]-0.00154p[err]. '
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Figs 20 shows a schematic diagramof an alternative optical head of the
present invention and is designated by the general reference nunber 600.

El ements of head 600 which are simlar to elenments of head 22 are designate
by a prime nunber. Note that head 600 is simlar to system 10 except that
the aberration conpensator 212 has been elim nated and a new aberration
conpensator 602 has been added between beansplitter 206" and mrror 208'.
The. description and operation of conpensator 602 is described bel ow. The

operation of head 600 is otherw se the sane as SA9- 93- 032
27 described for head 22. Head 600 may bg;gubstituted for head 22 in
system 10. : Fig. 21 shows a schematic di agram of an aberration

conpensat or which is designated by the general reference nunber 610 and may
be used for conpensator 602. Conpensator 6110 conprises a substrate 612
having a reflective hol ographic coating 6URROBuUbstrate 612 is attached to a
stepper notor 616 which in turn is control?@@ y control ler 314.

Hol ogr aphi c ‘coating 614 has a nuﬂger of {di er%nt hol ogr ans recorded,

Al
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each Of which inparts a particular spherical aberration to beam 202'. These
hol ograns are of the Bragg type which are sensitive only to light incident
at a specific angle and wavel ength. Wen substrate 612 is rotated a few
degrees, beam 202" will experience a different hologram The nunber of

hol ograns recorded corresponds to the number of different spherical
aberration corrections required. For nedium 12 as shown, four different
recordi ngs are necessary each corresponding to one of the pairs of data

. surfaces. Fig. 22 shows a schematic diagramof an aberration
conpensator which is designated by the g&fhéi7al reference nunber 620 and ‘may.
be used for conpensator 602. Conpensator 620 conprises a substrate 622, a
transm ssi ve hol ographic coating 624 and a stepper notor 626. The
conpensator 620 is simlar to conpensator 610 except that here the

hol ographi c coating 624 is transm ssive rather than reflective. Hol ographic
coating 624 has a nunber of hol ogranms recorded, each of which corresponds
to the anobunt of spherical aberration conpensation required. Beam 202
experiences each of these hol ogranms in-turn as subsé@ te 622 is rotated.
Fig. 23 shows a schematic78=agram of a'fedording sy used to nmake the

~ hol ographi c coati.ngsyipld andjgz47, he genera

ref erence nunber. 650. System/650 R
. beam 654 at a frequencyS+m{4

654 1s colli mated

by lens 656 and is 5 ! 130 &1 tter 688 divides
the. light into aiﬁgggigﬁ% an ~Ifer i ell egtR@PPER m rror
664 and 666, and ed : i 6V0/in a ggne 672.
Beam 660 passes thro§h a st i to\bl ock 4 Beam 660

is then recol | it edby ohe

=

on a substrate 682. SubstréféféSZ is, rotat@bly nounted to a stepper notor
684. Beam 662 al so falls upon COé;yﬁb 680 at a 90 degree angle from beam
660. : .
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SA9-:93- 032 28 Lens 668 fornms an unaberrated
spot on plane 672. This light is then passed through a step of block 674
whi ch has a thickness representing the sumof the substrate thicknesses
which will. be encountered in accessing a particular recording |ayer. Lens
676 is identical in design to lens 210 as used in the optical storage head.
It collimates the Iight into a beamthat contains a specific anmunt of
spherical aberration corresponding to the specific thickness. This
wavefront is hol ographically recorded by inftppference with the reference
beam 662. |If the hologramis oriented inTfOapproxi mately a plane 690 as
shown, a transm ssion hologramis regopgdediieRf it is oriented in

approxi mately a plane 692 as shown as aodash line, a reflective hologramis
recorded. The wavefront requiredzwo correct tijhe aberrations encountered in

accessing a different pair of rec | ng | ayeris i s hol ographically stored by
rotating the hologramto a new angul pr positijon and inserting the
correspondi ng thickness plate of blogk 674. multiplicity of angularly"

resol ved hol ograns are recorded, each corresponding to and providing
correction for a different pair of recordingilayers. The holographic
coating may be made of _dichromated \gel atin or phot opol ynmer naterial. The
i ndi vi dual hel ograns can_be recordedNn incremgnts as snall as one degree
wi thout appreciable cféB@talk. This pdmits |arge nunbers of holograns to

be recorded and . BEAMSPUTIER
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correspondi ngly | arge nunbers of data surfaces to be

used.

Fig 24

.shows a schematic di agram of an alternative aberratifo
. desi gnat ed enera by—the—general reference nunber 700 and

conpensat or 602 Q{ Lf4ced/ 00 conprises a pol ari Zi
guarter wave ousel 706 atBached to als
plurality of s ation mrrors 710 each pr

spheri cal aber ion. Beam 202' is oriente

EACHUENT e

VVII chis

pviding a diff

g beamsplltter 702, a
| epp2ryyIrigeg 708 and a

erent

Wt ts

pol ari zati on such t hat |t passes throughapggnsplitter 702 and plate 704 to
ﬁ e spherical aberration

to the beam 202' which then returns through plate 704 and is reflected by

beansplitter 702 4o m r Aaropid8l datd/blorage Ai28iuns carnpdisingd ed by control ler 314

to rotate the carousel 7Q6t g@ﬁBBQ{* tulagg?my;\? F%}{%Ea'vi‘ﬁge%m'srt Hﬁ{agui]fa%

one of mrrors 710. Mrror 710 inparts the appropriat

Mrrors 710 are reflectln correc

" Principles of Opt fosStor%?e&amﬁ datag dhe ’@%&%suri@wa\'@salm@ lye
Fig. 25 shows a seiediml depctita@tiiealf, an aberration conpensator which is
desi gnated by the general reference nunber 720 and nay be used for
conpensat or 602. Conpensator 720 conprises a polarizing beansplitter

a second member, spaced from the first member, having a second

data surface for storing recorded data; and

' a radiation transmissive medium located between the first and
second data surfaces such that a beam of radiation from a first side of
the medium may be focused on either the first or second data surface.

ace.
et al.

2. A medium as claimed in claim 1, wherein the dye material has an
index of refraction (n) and an extinction coefficient (k), the dye
material having n> k for the wavelength range of said radiation.

3. A medium as claimed in claim 2, wherein said wavelength range is

400-850 nanometres.

4. A medium as claimed in any previous claim, wherein the radiation

transmissive medium is air.

5. A medium as claimed in any of claims 1 to 3, wherein the radiation
transmissive medium is a solid transparent material which supports the

first and second data surfaces in spaced apart relationship.

6. A medium as claimed in any previous claim, wherein the second data
surface has a layer of a dye material deposited thereon.

7. A medium as claimed in any previous claim,

surfaces are ROM data surfaces.

8. A medium as claimed in any previous claim,

comprises a cyanine dye, or
a squarylium dye, or
a phthalocyanine dye, or

wherein the data

wherein‘the dye,

* c L L} S *



SA9- 93- 032 29 722, a quarter wavepl ate 724 and an
‘el ectri ble mrror 726. Def oryal 641 S
_:controlled by int er nal p| ezo electric elements nq:kgpg\mm'l mTl

detail i nTﬂlsShee ., "Applied Optics,|" Mot—26; y712- 3777,
(1987). Th corrpensator 72831 s si mj off- 700,
. except that electrically adjusted tjo pra& i@mﬁ@? ppriopri ate
726

spherlcal aberratlon I n other wor ds, mrror S ad| usted to flodm a

710 of conpensator 700. Controller 314 controls the
726 as appropriate. a szomethimealyeyat i on of the aberratlon corrpensators
212 and 602 have been described above in connection with nedium 12. Due to
the air space between the |ayers, one aberration conpensation setting wll
work for each pair of d&ﬂ&f@wﬁﬂﬁ@é@?, Mowever, in the case where nedi um 120
I's used, aberration conpensation settings will need to be nmade for each
data surface. This is becay t here are no air spaces. Mul ti pl e Data
Surface Filter %@W%ﬁtﬂ%@ﬂ”& Tf ocused on a particul ar- data
surface of nedium 12 a reflected beam 230 is returned to head 22 fromt hat
surface. However, sone }?He deflected at the other
data surfaces. This un%lr}%d rd ecteg&H&?‘@LMt be screened out for
proper data and '

9. The medium as claimed in any of claims 1 to 7, wherein the dye

comprises a diethyloxa-dicarbocyanine perchlorate dye, or

a dicthylthiadicarbocyanine dye, or

a dibutyl-tetramethyl-dibenzoindo-dicarbocyanine-perchlorate dye,
or -

a hydroxy aquarylium dye, or

a copper phethalocyanine dye, or

a cobalt phthalocyanine dye, or

a diethylammonium chloride dye, or

an ethyl-ethylbenzothiazolidene-ethyl-rhodanine dye, or

a tetra-amino-anthraquinone dye, or

a diethyl-m-amino-phenolphthalein hydrochloxide dye, or
bie (benzenedithiel) copper dye.

10. An optical data storage system comprising:
a radiation source for producing a radiation beam,;
an optical medium as claimed in any previous claim;
an optical transmission means for directing a radiation beam from

the radiation source to one of the data surfaces of the optical medium;
and :

[
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servo signals to be obtained. The nultiple data surface filter 222 of the
present invention achieves this function. Fig. 26 shows a schematic
diagramof a filter 750 which may be used as filter 222. Filter 750
conprises a blocking plate 754 and a | ens 756. The desired |ight beam 230
is collimted because it is the light whicBt has been properly focused by

| ens 210. Beam 230 is focused by lens 752 to a point 760.- Unwanted |i ght
762 is not properly focused by lens 210 and is thus not collimted. The
light 762 will not focus to point 760. Plate 754 has an aperture 764 at
point 760 which allows light 230 to pass. Most of the unwanted light 762 is
bl ocked by pl ate 754..Th'%PIl?ilng§ﬂ 230t'i s recollimited by lens 756. In a
preferred enbodi nent ape g&ception micansfo kédkivg has .a di ameter
of approxi mately [ & theXoptid) hedhesd dr6¥ilidhg oS thﬁgﬁ%@ﬁ%%ﬁg‘?ﬁ%?n beam| i ght
and (NA) is the numerical aperture of 1 ens gafatasignal responsivatietas, i s
determined by the desired trade-off between alignnent tol erances and
interlayer signal rejection requirenents. Alternatively, aperture 764 may
be a slit having a m ni num '
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'SA9- 93-032 ' 30 gap distance of approxife@Mg -+
ferr]/(2*(NA)). In such a case plate 764 could be two separate nmgfheps
‘whi ch are separated by the slit. Plate 754 may be made of a netal s §t\ or
may be made of a transparent substrate having a light blocking coati z :
‘Wi th aperture 764 being uncoat ed. Fig. 27 shows a schenatic di agram
of a filter 800 which al so may be used 3% filter 222. Filter 800 conpri ses

pi ate. soa Bt EIsatA MiRkher Bbmal MEBDR AN AR SR Ropciestihs

Pl ate 804 has a conplenentary aperture 814 which allows the collimated
light 230 to be directed through aperture 810 whil e bl ocki ng unwant ed
uncol I'i negefrhicght 820. Aperture 814 may be a pair of parallel slits or an
annul ar aperture. In a preferred enbodi nent, the distance between the slits
of aper tAl 8piided dafh I8¢ §stelnd d6mprises A BHRDR da®d sIFRRE mbdfurS AR opfichl AEAITEL er
of aperture 810 is approximately equal to [err]/(2*(NA)). For the
al t er natTheemediom @2) sdrapdsks ajptutalityeof substrates (S50, 86 2623168, 745 sdpamatahbywhar slit
shoul d be greater than the diameter of aperture 810. In both cases, the
out er edight 8aasmnoissive pedium.c Datxsurfaceo (98 82, i, 98, H00,HO2m10HMare Biaatedi ng
plates 804 and 806 mmy be made of a nmetal sheet or may be nade of a
t r ans paradyithe substxatesustases;i Adayer ef rdyenaerialig depnsited gnigicaph ghthetdataes 810
and 814 bej ng uncoat ed. ) .

_ surfaces. The thickness of the dye layer determines the amount of reflectivity for each of

the data surfaces (90, 92, 94, 96, 98, 100, 102, 104).
Fig. 2A |
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Fig. 28 shows a schematic diagramof an alternative filter 830 Weicygrey be
used as filter 222. Filter 830 conprises a beansplitter 832 and @f\m‘ \
hol ographic plate 834. The coating on the hol ographic plate 834 i idr?em'
efficiently reflect collinmted beam 230 while uncol | imated beam 840 is

al lowed to pass. The desired beam 230 i3 reflected from hol ographic plate
834 and returns to beansplitter 832 where it is reflected towards

S o e, Bl . A1 R S
ana 854 20 ARk 8T HRAE, AL P S R by P, o0 2 YR AT 6 by

mrrors 05399 a%ssue@ Mechi 17211992 36 Widtahdhi, R, ; N9$ 29B03 REdSH4 fg,om_
opposite directions perpendicular to the surface of plate 834. A re?l ective

hol ogr am1989 ke Boydest dby U a,852677 surddelyols, bwsoso EiarkaedalBbys 4,885,021

hol ographi ¢ coating may be nade of a dichromated gel or phot opol yner

mat er i al issued July 4, 1989 to Miyazaki, et al.; US 4,682,321 issued July 21, Q987 & Thkaoki)
optical data storage nediumfor use in an optical system having a radiation
beam of &t al.r &S 8| B gissved Mogemhen3s i198hitp Van Der Hedn etsal.;r USi 4736427

transm ssi ve nenber having a first data _surface for storing .
issued April 12, 1988 to Miyazaki et al.; and Japanese Published Application 60-202545

published October 14, 1985; Japanese Published Application, 63-276732 published

November 15, 1988 by Watanabe, et al.; and IBM Technical Disclosure Bulletin, Vol.
30, No. 2, p. 667, July 1987, by Arter, et al.

The problem with these prior art systems has been that the ability to clearly fead _
the data recorded is very difficult if there is more than one data layer. Intervening data
layers greafly reduce the signal received from the deeper data layers due to absorption
and reflection losses. An optical data storage system is qeeded which overcomes these
problems.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed an optical data storage
medium for use in an optical system having a radiation beam of a first wavelength range
comprising: a first radiation transmissive member having a first data surface for storing
recorded data as marks formed in the first data surface, the first data surface having a
layer of a dye material deposited thereon, the dye material having an index of refraction
(n) and an extinction coefficient (k), the dye material having n>1.5 and k<0.5 for light
of the first wavelength range, the first data surface being readable by light of the first -
wavelength range; a second member having a second data surface for storing recorded

.data, the second data surface being readable by light of the first wavelength range; a
spacing device for supporting the first and second data surfaces in a spaced apart

relationship; and a radiation transmissive medium located between the first and second
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recorded data as marks fornmed in the first data surface, the first data
surface having a |layer of a dye material deposited thereon, the dye

mat eri al having an index of refraction (n) and an extinction coefficient
(k), the dye material having n> 1.5 and_k<0.5 for light of the first

wavel ength range, the first data surf ac® bei ng readabl e by light of the
first wavel ength range; a second nenber having a second data surface

for storigg §1ﬁfh‘&éﬁj§lﬂ:hd @thetis'&m e di Sl RS B ﬁﬁdé ;frzﬂe mﬂﬁﬂhﬁ?ﬂ el 1 0Nt

of the first wave engt rang a spacl ng I ce Tor supportimng the

first an%@;@é&ﬂﬁ‘ eﬁﬁéﬁh&@frit&ﬁ%&dﬂﬂ dtSRAERE, apart relationship; and a
radi ati on transm ssive nedium | ocated between the first and second data

surfaces sutcbhtihg ttheanbthemaspect asti thei @verftionntharef isr 8isclosedeamioptiosl a@mdi um
may be focused on either the first or second data surface. 2. The nedium

of cl ai mstbragehsysteenm comprifingsta madiationrsguive fanpmwdicing @Qra8atiom beamesfer first. 3.
The mediumof claim1, wherein the radiation transm ssive nediumis air.

4.  The vavdleogthorange; aarnpntlcal\/rmdeum comprisiagi & firss radiations franuissivermemberi s a
solid transparent material. . . The nmedium of claim1, wherei n the second

data sur haveemiirst dags syriage @rmm&wﬁqcemem dagpe a Siarksformed dp the first da
surface, the first data surface having a layer of a dye material deposited thereon, the dye

material having an index of infraction (n) and an extinction coefficient (k), the dye
material having n> 1.5 and k<0.5 for radiation of the first wavelength range, the first
data surface being readable by light of the first wavelength range, a second member
having a second data surface for .storing recorded data, the second data surface being
readable by light of the first wavelength range, a spacing device for supporting ﬂ:le first
ﬁnd~ second data surfaces in a spaced ap&t relationship, and a radiation transmissive
medium locatéd between the first and second data surfaces such that the béam of
radiation from a first side of the medium may be focused on either the first or second
data surface; an optical transmission device for directing the radiation beam from the
radiation source to one of the data surfaces of the optical medium; and an optical
reception device for receiving a reflected radiation beam from the optical medium and
providing a data signal responsive thereto. ..
| DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred 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 optical data storage system of the present
invention;

Fig.2A is a crosé-sectional view of an optical medium of the present invention;

Fig. 2B is a cross-sectional view of an alternative optical medium;

Fig. 3Aisa cross-sectional view of a portion of the optical medium of Fig. 2A;

Fig. 3B is a cross-sectional view of a portion of the optical medium of Fig. 2B;
REPLAGEMENT SHEET
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6. The nediumof claiml, wherein the data surfaces are ROM data surfaces.

7.. The nmediumof claim1l, wherein the dye conprises a cyani ne dye. 8.
The nedium of claim 1, wherein the dye conprises a squaryliumdye. 9.

The

medi um of claim 1, wherein the dye conprises a phthal ocyanine dye. 10. The

medi um of claim 1, wherein the dye corrp??ses a azonet hi ne dye. 11. The
medi um of claim 1, wherein the dye conprises a nerocyani ne dye.

33 12. The npghi_ugpo | @ 1 ei | : gy e
dve. 13! The tedimmior B HEREIdR, feRpheif R Blisplion oRficiE WG
phenyl eneduvelemsgh #&t atypicapipkeialdye. 14. The nediumof claim 1, wherein
the dye conprises a diethyl oxa- di car bocyani ne perchlorate dye. 15. The
medi um of cl aFip. 4B istacgraphn of imdest of refraqionS(@} and ekthickivh ChéffidienR ) ATRBYE
i odi de dye. 16. The nmediumof claim 1, wherein the dye conprises a

di but y| - t eerpeswavejength;

Fig. 5 is a graph of light percentage versus layer thickness for one embodiment of

the present invention;

Fig. 6A is a cross-sectional view of the tracking marks of the medium of Fig. 2;
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di benzoi ndo- di car bocyani ne-perchl orate dye. 17.
wherein the dye conprises a hydroxy squarylium dye! “edl um of
claim 1, wherein the dye conprises a copper phthdl
medi um of claim 1, wherein the dye conqrises a c¢bdl tg@ hgazyapi he dye.
20. The nmediumof claim1, wherein the aye conprifs¢s a di et hyl anpropi um
chloride dye. 21. The nmediumof claim1, wherein ' | Sps an
ethyl - ethyl benzothi azol i dene- et hyl cgAggi ne dye. 22. The nedi um of
claim1l1, wherein the dye conprises a tetra-am no-anthraqui none dye. 23.
The nmedi um ofAse bﬁﬁéﬁl-ldata/\/ﬁﬁt ienmediRnd Y& e 415 ofticil dyfeRyhavihg &l Adiation
phenol pht hal ei n hydrochl ori de dye. 24. The nmediumof claim1, wherein the
dye conpibesmofa firss wabelength eatigelvoniprisimgpper dye. 25. The nedium of claim
1, further conprising at |east one additional data surface. 26. An optical
dat a st or age as fissteradsasionr frahsmgissive memberr haiing i 20 dirsto dataesvréace pfardstoring a
radi ati on beam of a first wavel ena{ﬁh _range; an optical nmedium

conpri si Aecoaded data as muarks iformed: imthei fitst data surfacs, thefirsiglata surfage having a

layer of a dye material deposited thereon, the dye material having an index of refraction -

(n) and an extinction coefficient (k), the dye material having n> 1.5 and k<0.5 for light
of the first wavelength range, the first data surface being readable by light of the first
wavelength range;

a second member having a second data surface for storing recorded data, the
second data surface being readable by light of the first wavelength range;

| a spacing device for supporting the first and second dqta surfaces in a spaced apart

relationship; and |

a radiation transmissive medium located between the first and second data surfaces
such that the beam of radiaition from a first side of the medium may be focused on either
the first or second data surface. |
2. The medium of claim 1, wherein the first wavelength range is 400-850 nanometers.
3.  The medium of claim- 1, wherein the radiation transmissive medium is air.
4, The medium of claim 1, wherein the radiation transmissive medium is a solid
transparent material.
5. The medium of claim 1, wherein the second data surface has a layer of a dye
material deposited thereo.n. |
6. The medium of claim -1 , wherein the data surfaces are ROM data surfaces.
7.  The medium of claim 1, wherein the dye comprises a cyanine dye.
8.  The medium of claim 1, wherein the dye comprises a squarylium dye.
9.  The medium of claim 1, wherein the dye comprises a phthalocyanine dye.
10. The medium of claim 1, wherein the dye comprises a azomethine dye.

11. The medium of claim 1, wherein the dye comprises a merocyanine dye.

.




data surface for storing recorded data as nmarks fornmed RAEPLAGEMENT sSHEEDt
surface, the first data surface having a |l ayer of a dyg materiral dep¢sited

t hereon, the dye material having :

34 an index of infraction (n) and an extinction coeff.icieQ\P ?%',19?7% dye
material having n > 1.5 and k <0.5 for®¥ adi ation of tjhd-—i gfth
range, the first data surface being readable by |ight] of the first

wavel engtyy, r afiemedunoshul P HELeARL We RoRBIRAY MU dYcs TOT STOT i Ng

recorded data, the sec a sar el ng rea e by light of the

first wavis enthehme@fi® of Scl@iRRql, Roh¥eM! e dye' commpiines ti PRery@eliafnihe Hidtal
second data surfaces in a spaced apart relationship, and a radiation

transm ssionplexedyeym | ocat ed between the first and second data surfaces
such that the beam of radiation froma first side of the nediummy be
f ocused dd.eiTheemedium of rckaimot, whersind thitadye eemprises;a diethyloxardicarbocyainine
transm ssion device for directing the radiation beamfromthe radi ation

sour ce t deptidorgte dy¢e data surfaces of the optical medium and an
optical reception device far receiving a reflected radi ati gn_beam fromthe
optical ediths mediun &fi%ﬁlwgla“g@fean g%ﬁ&? CORPHsts# whicthylthigdigarbocyanine

iodide dye.
16. The medium of claim 1, wherein the dye comprises a dibutyl-tetramethyl-
dibenzoindo-dicarbocyanine-perchlorate dye. |
17. The medium of claim 1, wherein the dye comprises a hydroxy squarylium dye.
18. The medium of claim 1, wherein the dye comprises a copper phthalocyanine dye.
19. The medium of claim 1, wherein the dye comprises a cobalt phthalocyanine dye.
20. The medium of claim 1, wherein the dye éomprisés a diethylammonium chloride
dye. | | i
21. The medium of claim 1, wherein the dye comprises an ethyl-
ethylbenzothiazolidene-ethyl-rhodanine dye.
22. The medium of claim 1, wherein the ldye comprises a tetra-amino-anthraquinone
dye.
23. The medium of claim 1, wherein the dye comprises a diethyl-m-amino-
phenolphthalein hydrochloride dye.
24. The medium of claim 1, wherein the dye comprises a bis (benzenedithiol) copper
dye. .
25. The medium of claim 1, further comprising at least one additional data surface.
26. An optical data storage system comprising:

a radiation source for producing a radiation beam of a first wavelength range;

an optical medium comprising a first radiation transmissive member having a first
data surface for storing recorded data as marks formed in the first data surface, the first

data surface having a layer of a dye material deposited thereon, the dye material having

(LT



27. The system of claim 26, wherein the first wavel ength range is 400-850
nanoneters. 28. The nedium of claim 26, wherein the radiation transm ssive
mediumis air. 29. The nedium of claim 26, wherein the radiation

transm ssive nediumis a solid transparent material. 30. The nedi um of
claim 26, wherein the second data surfat®e has a |ayer of a dye material
deposited thereon. 31. The nedium of claim 26, wherein the data surfaces

o M S B oy, O, AP SRR PARIOR T B L o

conpri ses a cyani ne

conpri sesy 3 1 SAILR Fk‘ﬂ!ﬁ‘f&yﬁd&%ﬂ-of %é‘ﬁﬁsﬂgfﬁ%%lg;}ggﬁmr@gég ilﬂg_%ﬁst PRES G DR IY €

conpri ses a phthal ocyani ne I m 26, erein the

dye conprieadibléebfapebh iﬂibeﬁﬁkwvaveﬁﬁ%mTﬂAﬁgawédwh@ine@ﬁb& Mavidg #\6R0AH Yatdre
dye conprises a nerocyani ne dye. 37. Thée medium of claim 26, wherein the

dye conprsusfase forastbring aetonrdutied:dy,ethe seéond1daea suefhice beinl rehduble BY lighhef ¢éhen t he
dye conprises a phenyl enedi am ne netal conplex dye.

first wavelength range, a spacing device for supporting the first and second data surfaces
in a spaced apart relationship, and a radiation transmissive medium located between the
first and second data surfaces such that the beam of radiation from a first side of the
medium may be focused on either the fitst or second data surface;

an optical transmission device for directing the radiation beam from the radiation
source to one of the data surfaces of the optical medium; and

an optical reception device for receiving a reflected radiation beam from the optical
medium and providing a data signal responsive thereto.
27. The system of claim 26, whefein the first wavelength range is 400-850 nanometers.
28. The medium of claim 26, wh'ferein the radiation transmissive medium is air.

~29. The medium of claim 26, wherein the radiation transmissive medium is a solid

transparent material.
30. The medium of claim 26, wherein the second data surface has a layer of a dye
material deposited thereon.
31. The medium of claim 26, wherein the data surfaces are ROM data surfaces.
32. The medium of claim 26, wherein the dye comprises a cyanine dye.
33. The medium of claim 26, wherein the dye comprises a squarylium dye.
34. . The medium of claim 26, wherein the dye comprises a phthalocyanine dye.
35. The medium of claim 26, wherein the dye comprises a azomethine dye.
36. The medium of claim 26, wherein the dye comprises a merocyanine dye.
37. The medium of claim 26, wherein the dye comprises a anthraquinone dye.

38. The medium of claim 26, wherein the dye comprises a phenylenediamine metal

complex dye.
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35 39. The nedium of claim 26, wherein the dye conprises a

di et hyl oxa-di car bocyani ne perchlorate dye. 40. The nedi um of claim 26,
wherein the dye conprises a diethylthiadi carbocyanine iodide dye. 41. The
medi um of claim 26, wherein the dye co i ses a di butyl-tetranethyl -

di benzoi ndo- di car bocyani ne-perchl orate dye. 42. The medi um of claim 26,
wherein the dye conprises a hydroxy squaryliumdye. 43. The nedi um of

cl ai m 26,3%heTies metiinen 0F elabarge, i wieseia o @pe copbiibal o dictiylowe-divébocykhineT he

medi um of claim 26, wherein the dye conprises a cobalt phthal ocyani ne dye.
45. The rpegchlonates dyd.ai m 26, wherein the dye conprises a diethyl anmoni um
chloride dye. 46. The nedium of claim 26, wherein the dye
conpr i ses#0.anTheemegdium of claimb2h 7 wheret tei dyereonanrisgs ardiehylthindicarhecyanine. The
medi um of, ¢| aim 26, wherein the dye conprises a tetra-am no-ant hraqui none
dye. -48.10dide d¥edi um of claim 26, wherein the dye conprises a
diethyl - ”11‘2‘”“' © m 11?191%[3 r}: hl%l P2'6? vr} ggl%c Ie:o rdlyt(:j eco%/p%ises a dibutyl-tetramethyl-
dibenzoindo-dicarbocyanine-perchlorate dye.
42, The medium of claim 26, wherein the dye comprises a hydroxy squarylium dye.
43. The medium of claim 26, wherein the dye comprises a copper phthalocyanine dye.
44, The medium of claim 26, wherein the dye comprises a cobalt phthalocyanine dye.
45. The medium of claim 26, wherein the dye comprises a diethylammonium chloride
dye. |
46. The medium of claim 26, wherein the dye comprises an ethyl-
ethylbenzothiazolidene-ethyl—rhodaniﬁe dye. | |
47. The medium of claim 26, wherein the dye comprises a tetra-amino-anthraquinone
dye. |
48. The medium of claim 26, wherein the dye comprises a diethyl-m-amino-
phenblphthalein hydrochloride dye.
49.\ The medium of claim 26, wherein the dye cdmprises a bis (benzenedithiol) copper
dye. |

50. The medium of claim 26, further comprising at least one additional data surface.
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49. The nmedi um of claim 26, wherein the dye conprises a bis
(benzenedi thiol) copper dye. 50. The nmedium of claim 26, further
conprising at | east one additional data surface.

A,
).’\ /

36

MULTIPLE DATA SURFACE OPTICAL MEDIUM AND DATA STORAGE SYSTEM
ABSTRACT
An optical data storage system comprises a multiple data suﬁaw medium and optical head.
The medium (12) comprises a plurality of substrates (50, 56, 62, 68, 74) separated by a
light transmissive medium. Data surfaces (90, 92, 94, 96, 98, 100, 102, 104) are located
on the substrate surfaces. A layer of a dye material is deposited onto each of the data
surfaces. The thickness of the dye layer determines the amount of reflectivity for each of
the data surfaces (90, 92, 94, 96, 98, 100, 102, 104).
Fig. 2A |
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