Thi's "i-"n,v-éht-i_ on relates generally to optical data storage 'systgmgmfcﬁm
speci.—rf_i;,ca.l ly to a stora mul tiple data storage surfaces.
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optical data storage systems provide a means for storing great

quantities of data on a disk. The data is accessed by focussing a

laser beam onto the data layer of the disk and then detecting the

reflected light beam. Varlous kinds of systems are known., In a

ROM (Read Only Memory). system, data is.permanently embedded as

marks in the disk at the time of manufacture of the disk.

The data

is detected as a changejin 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 marx such as pits,

on a blank

optical disk surface Once the datcels recorded onto the disk it

cannot be erased. The data in a WORM svstem 1s also det

change in reflectivity.

[31]

ected as

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—-coptical

recording

Systems record data by orienting the magnetic domain of a spot in

either an-up or a down position. The data is read by directing a

low power laser to the data layer. The differences in magnetic

domain direction cause the plane of polarization of the

light beam

to be rotated one way or the other, clockwise or counterclockwise.
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over the data marks. A WORM (Wite Once Read Many) system allows the user
to wite 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 systemis also detected as a change in reflectivity.
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
erase the data. Magnet o-opti cal recording systens record data by
orienting the magnetic donain of a spot in either an up or a down

posi ti on._1e giahge S Leathi AhT SEUIAG, Ao, QW PORLI S3GL,LQ the data

| ayer. The differences I n nagnetl off N -di rection cause e pl ane of
pol ari zati on Ofhashechdrmglet rbearainkoubes rotsatectuaad whynger ofhehotdaes,
cl ockw se el count ercl ockwi se.  SA9-92-070
1 layer itself (amorphous/crystalline are two common types of pbaces)
to record the data. The data is detectéd as changes in reflectivity
as a beam passes over the different phases. a

Some of these optical disks use thin films to optimize
performance. See for example IBM TDE, Vol.33, No.1l0B, March 1991,
p.482; Japanese patent application 61-242356, published October 28,
1986; and Japanese patent application 4-61045, published February
27, 1992. '

In order to increase the storage capacity of an optical disk,
multiple data layer systems have been proposed. An optical disk
having two or more data layers may in theory be accessed at
different layers by changing the focal posiﬁion of the lens.
Examples of this approach include US Patent 3,946,367 issued March
23, 1976 by Wohlmut, et al.; US Patent 4,219,704 issued August 26,
1980 to Russell; US Patent 4,450,553 issued May 22, 1%84 to
Holster, et al.; US 4,905,215 issued February 27, 1990 to Hattori,
et al.; US 5,097,464 issued March 17, 1892 to-Nishiuchi, et gl.; Us
4,829,505 issued May 9, 1989 to Boyd, et al.; US 4,852,077 issued
July 25, 1989 to Clark, et al.; US 4,845,021 issued July 4, 1989 to
Miyazaki, et al.; US 4,682,321 issued Julyqzl, 1987 to Takaoka, et
al.; Us 4,298,975 issued November 3, 1981 to Van Der Veen et al.{
US 4,737,427 issued April 12, 1988 to Miyazaki, et al.; and
Japanese Published Application, 60-202545 published October 14,

19285; Japanese Published Application, 63-276732 published November
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This change in orientation of polarization is then detected. Phase
change reéordi ng uses a structural change of the data |ayer itself

(anmor phous/crystalline are two common types of phases) to record the data.
The data is detected as changes in reflectivity as a beam passes over the
di fferent phases. Sone of these optical disks use thin filnms to
optimze performance. See for exanple |BM TDB, Vol.33, No.10B, March 1991,
p. 482; Japanese patent application 61-242356, published Cctober 28, 1986;
and Japanese patent application 4-61045, published February 27, 1992.

I n order,to ligrggr gase the stor age capacity of an optical disk, multiple
data | ayer systen® hAVE"BBRn Stopdséd.andAnlBht Tealinigadk Dikoldsuget wo -or nore
dat a | ayansetiy, oLl QOry, bg agc ed LET | ayers_py changi ng the
focal position of the Ie%?s. %'Eéérer%lgés‘jg%y tlglhi ggprg%té%ﬂ’ Fhcflde US Pat ent
3,946, 367 issued March 23, 1976 by Whlmut, et al.; US Patent 4,219, 704

i ssued Augusf, 2 '

%roblem with these prior art systems has been that the
ability to clearly read the data recorded :stery 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.

The optical data storage system as claimed “has the object to -

overcome the above drawbacks.

—
[
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y
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1980 to Russell; US Patent 4,450,553 issued May 22, 1984 to Holster, et

al .¢ US4, 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 at—5—US 4,852,077 issued July 25, 1989 to d ark,
et al.; US 4,845,021 issued July 4, 1989 to Myazaki, et al.; US 4,682, 321
I ssued July 21, 1987 to Takaoka, et al.; US 4,298,975 issued Novenber 3,
1981 to Van Der Veen et al.; US 4,737,427 issued April 12, 1988 to

M yazaki, et al.; and Japanese Published Application, 60-202545 publ i shed

Cct ober 14, 1, e o shed 1|nv ' a 30 ¢ 2(: bl i shed
Novenber SASIJéa 2- 5%895@% BURLISRed APRLLEALI AN 83687 R132: Aub! i

2 storage system. comprlses an optical disk drive and a’3mu15;plk9r8&aby Wat anabe,
et al and | BM Tech Di S'%l'lx osure Bulletin, Val p. 667,
July 19§’f BS WEER: 3. The megipm d}aabraeﬁ%mlﬁt?haée“ﬁrrﬁt art systens

has beembdbba£ §éﬁ%r&béﬁlﬁﬁléﬂ} cheadd .y W%@dsurfaces of the substrate

members which are adjacent to the air spaces are the data surifaces.
The data surfaces are coated with a thin film of a semiconcuctor
material such as amorphous silicon. 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.

The disk drive'ccmprises a laser for generating a laser beam.
An optical transmission channel directs the light to the medium.
The transmission channel includes a focus element for focussing the
light onto the different data surfaces and ‘an aberrzation
compensator element to correct for aberrations due to variatiens in
the effective substrate thickness. A reception channel recsives
reflected light from the medium. The reception channel includes a
filter element to screen out unwanted light reflected frcm cata
surfaces other than the cne to be read. The reception channel has
detectors for receiving the reflected light and circuitry for
generating data and servo signals responsive thereto.

For a fuller understanding of the nature and advantages of the
Present _;nvention reference should be made to the following

detailed description taken in conjunction with the &accompanying

i



the data recorded is very difficult if there is nore than one data |ayer.

| nt efveni hg data |ayers greatly reduce the signal received fromthe deeper
data | ayers due to absorption and reflection |osses.

SUMVARY OF THE | NVENTI ON It is an object of the present invention to
aneliorate one or nore di sadvantages of the prior art. According to
one aspect of the present invention there is provided a nultiple data

| ayer optical data storage disk for use in an optical disk drive of the
type having a |l aser for generating a single wavel ength | aser |ight beam a
focusi ng | ensf¥dor di risctd wghemafyict diadramoér 2hi ghtiqalofetResEGATt 0 any one
of a plural]j f aced apart data layers, and an optical reception

devi ce fgyg{ﬁée%gf}vfﬁg réassee?glllné’ﬁflg?oenf’l ected fromany one of the data

| ayers, the dFi’K CIMpki Sickgss-&dekticialmendess tananpticadl nedium ¢hehsi ngl e
wavel ength laser 1ight and having a first data |ayer for storing recorded
data as WAPREY dPHeUCiithe first data |ayer, the first data layer having
a layer of a e CoRMCLOL B GLLAlalePOsiS BE ot NAEPRI: eE0qRg: Menber
having a second data [ayer tor storing recorded data as marks forned in
the secomddéhai;a | ayer; a support device for supporting the first and second
data layers in a spaced apart relationship; a nediumtransm ssive to the

singl e wavel &ig-h 34 4867 FPEfitseshtendc kv b REER T PPt AL second
data | aygL§iuyer eig. the layer of

Fig. 3B is a cross-sectional view of a portion of the optical
medium of Fig. 2B;

Fig. 47A is a graph of index of refraction and extinction
coefficient versus wavelength for a typical material;

Fig. 4B is a graph of index of refraction (n) and extincticn
coefficient (k) of amorphéus versus wavelengtﬁj

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;

Figqg. 6B is a cross-sectional view of alternative tracking
marks;

Fig. 6C is a cross-sectional view of alternative tracking
marks;

Fig. 6D is a cross-sectional view of alternative tracking
marks;

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

of the present invention;

(9]
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sem conductor material on the first data | ayer has a predeterm ned

t hickness enabling transm ssion of a portion of the single wavel ength

| aser light fromthe |laser to said second data |ayer and reflection of
light fromsaid second data |ayer to said optical reception device when
the focused spot is |located on said second data | ayer; and said
predeterm ned thickness enabling reflection of a portion of the single
wavel ength laser light fromsaid first data |ayer to said optical
reflection device when the focused spot is Ilocated on said first data

| ayer . Fig. 8 is a top view of an optical detector of Fig. 7; Accor di ng
to anot her aspect o; }she present invention there is provided.an optical
data storage syStem conpti Syt adt3EE® PAdPafPBR Yo EE toroydher ati ng

| aser |i ghdesaht ainvgebesgl |y fixed wavel ength; an optical medi um conpri sing
a first laser_radiation transm ssive nenber having a first data surface
for storing r&tdr dbl ia? gchenatdickdiadnemned] aj eentirelier stirdattaof hkace, a

| ayer of i . material deposited on the' first data surface, a
second d ae§§ﬂ?r;1‘c%gggﬁ)°3{’stori ng recorded data as marks forned in the
second data seid.ace}aaixdaagfapn df| @SRikih@Hrabir08iddaANs8L S YadTedi UM

| ocated between the first and second data surfaces for spacing the data
surf aces HFRIECeERtHpt i cal transni ssion

Fig. 11B is a graph of tracking errof 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 for the present invention;

Fig. 13 is a schematic diagram of a multiple data surface
aberration compensator of the present invention;

Fig. 14 is a schematic diagram of an alternative embodiment
of a multiple data surface aberraticn compensator of the present
invention;

Fig. 15 is a schematic diagrem of an additional alternati&e
embodiment of a mui;iple data surface aberration compensator of the
present invention;

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 of the

bPresent invention;

~ Fig. 18 is a schematic diagram of an alternative embodiment

SA9-92-070 6



device for directing laser light fromthe | aser radiation source through
said firsty nenber to any one of said data surfaces, said device including
a lens for locating a focused spot of laser light to any one of said data
surfaces; an optical reception device for receiving a reflected |aser
light fromany one of said data surfaces and providing a data signal
responsi ve thereto; and wherein the |ayer of sem conductor material on said
first data surface has a predeterm ned thickness enabling transm ssion of
the laser light at said fixed wavelength fromthe |aser radiation source
to said second data surface and reflection of Iight fromsaid second data
surface t ofsainprldppie dateegeptdcen atlemtars onhmpeheatdmeds eble gpEseits | ocat ed
on said secon data surface, said predeterm ned sem conductor | ayer
t hi ckness*&habr |ng reflection of laser light at said fixed wavel ength from

said first datig.surd aceatérosai-deilhslvikdldLahiconesle\Weceiphan; t he focused
spot is located on said first data surface. ] DESCRI PTI ON OF
THE PREFERREDFENBCD}‘NERIT? Sjchematic pngran gf | ¥F aht@eratigrdPrRpBretthe nature

and advangg g,ftaé%e HBLESR b QYUEILEOe LELELENGR.ShaW] be made o the

follomnng scription taken'in njunction Wit t he acconpanylng
dr awi ngs. g. 21 is a schematic diagram of an alternative embodiment

of a multiple data surface aberration compensator of the present
invention; |

Fig. 22 is a schematic diagram of an alternative embodiment
of a multiple data surface aberration compensator of the present
invention;

.Fig.~ 23 1s 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 of the present invention;

Fig. 25 is a schematic diagram of an alternative embodiment
of the aberration compensator of the present invention;

Fig. 26 is a schematic diagram of a mﬁltiple data surface
filter of the present invention;

Fig. 27 is a schematic diagram of an alternative embodiment
of a multiple data surface filter of the present invention;

Fig. 28 is a schematic diagram of an alternative embodiment
©f a multiple data surface filter of the present invention; and

Fig. 29 is a schematic diagram showing the process of

manufacturing the filter of Fig. 28.

SA9-392-070 7



Fig. 1 is a schematic diagram of an optical data storage system of the

present Tnvention; Fig. 2Ais a cross-sectional view of an optica
medi um of the present invention; Fig. 2B is a cross-sectional view
of an alternative optical nedium Fig. 3Ais a cross-sectional view
of a portion of the optical nediumof Fig. 2A Fig. 3Bis a

cross-sectional view of a portion of the optical nediumof Fig. 2B
Fig. 4A is a graph of index of-refraction and extinction coefficient

versus wavel ength for a typical material; Fig. 4B is a graph of index
of refraction (n) and extinction coefficient (k) of anorphous versus
wavel engt h; Fig. 5 is a graph of |ight percentage versus | ayer

t hi ckness Fig. 1 shows a schematic diagram of an optical data storage
system of the present invention and is designated by the ceneral
refereﬁce number 10. System 10 includes an opt;cal data storage
medium 12 which is preferably disk shaped. Méaium 12 is
removably mounted on a clamping spindle 14 as is known in the
art. Spindle 14 is attached to a spindle motor 16 which in turn is
attached to a system chassis 20. Motor 16 rotates
spindle 14 and medium 12.

An optical head 22 is positioned below medium 12. Head 22.
is attached to an arm 24 which in turn is connected to an actuator
device, such as a voice coil motor 26.° Voice coil motor 26 is
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 $6. 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 50

and substrates 56, 62, 68 and 74 are made of a light transmissive

SA9-92-070 . 8



for one enbodi nent of the present invention; Fig. 6Ais a
cross-séctiohal view of the tracking marks of the nediumof Fig. 2;
Fig. 6B is a cross-sectional view of alternative tracking marks;
Fig. 6Cis a cross-sectional view of alternative tracking marks;
Fig. 6Dis a cross-sectional view of alternative tracking marks;

Fig. 7 is a schematic diagramof an optical

i nventi on;
5

SA9-92-070

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 approximatei&sboo microns thick.
The rims may alternatively have thicknesses of 10-500 microns. The
face plate, substrates 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 procéss. The rims may alternatively be integrally
formed in the substrates during the molding process. When in
place, the rims form a plurality of annular spaces 78 between the
substrates and the face plate. A spindle apérture 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 surrounding 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 mey be
quartz or glass fiber. -Passages 82 and filters 84 could
alterpat;vely 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 coﬁtaminants. Another alternative is to

ultrasonically spot bond the rims leaving small gaps between the

SA9-92-070 ' 9
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Fig.. 8 is a top view of an optical detector of Fig. 7; Fig. 9is a

circuit diagramof .a channel circ¢uit of the present invention; Fig.
10 is a schematic diagramof a controller circuit of the present

i nvention; Fig. 11A is a graph of tracking error signal versus head
di spl acenent ; 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 nment ; Fig. 12 is a graph -of the focus error signal versus

| ens di smlnée@mn@s fwivichhereplesgnenoimyte b ipaBs air but [Smgll eb8ughsta schemati c

dlagran1%{l% gle data surface aberration conpensator of the present
er ou e

i nventio Fs a schematic diagramof an alternative

enbodi nent oﬁuﬁaeuét bp| €98t 845UBEACGg ADEEY ALi LRATPRIISALQr @tat he
present invention;
. surfaces and lie adjacent spaces 78. These data surfaces contain
ROM data (of the CD, OD-ROM or CD-ROM format fef.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 sheuld 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 lzlmay_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 ealternative
embodiment of a highly transm1551ve optical recording mecdium and is
designated by the general reference number 120. Elements of medium
120 which are simila: to elements of medium 12 are designated by a

8 of

~!

prime number. Medium 120 does not have the rims and spaces
medium 12. 1Instead, a plurality of solid transparent members 122
seéarates the substrates. 1In a preferred embodiment, the members
122 are made of a highly transmissive optical cement which also
Serves to hold the substrate together. The thickness ¢f 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

SA9-92-070 10



Fig. 15 is a schematic diagramof an additional alternative enbodinent of
a nultiple data surface aberration conpensator of the present invention;
Fig. 16 is a top view of the conpensator of Fig. 15; Fig. 17 is a
schematic diagramof an additional alternative enbodinent of a nultiple
data surface aberration conpensator of the present invention; Fig. 18
Is a schematic diagram of .an alternative enbodi nent SA9- 92- 070

6 of a multiple data surface aberrati on conpensator of the

present invention;
of different numbers of data surfaces by adding or subtracting

subs;rates and transﬁarent 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 the 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 sSurface 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. Fof'light in the range of 400-850 nm in
.wavelength, materials such as semiconductors are used for laver
124. The thickness of thin film layer 124 is in the range
25-5000angstrom. Layer 124 is preferably spin coated on to
surface 90. |

Layer 124 may be covered by an optional protective layer 125.
Layer 126 may be made of a sputtered dielectric or a spin ccated
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 anc a
brotective layer 126. The other data surfaces 94, 96, 98,

100, 102 and 104, have similar coatings of thin film layers 124
and protective layers 126. The data surface at the greatest depth
(i.e. the data surface furthest away from the optical head) mey
Substitute a very high reflectivity layer for the thin film

layer 124. This reflective layer may be made of a metal such as

SA93-92-070 i1



Fig. 19 is a cross-sectional view of the lens of Fig. 18; Fig. 20 is
a schenmmtic ‘di agram of an alternative enbodi rent of an optical head and
medi.um of the present invention; Fig. 21 is a schematic diagram of an
alternative enbodiment of a nmultiple data surface aberrati on conpensator
of the present invention; Fig. 22 is a schematic diagram of an
alternative enbodinent of a nultiple data surface aberration conpensat or
of the present invention; Fig. 23 is a schematic di agram show ng

the process  of. manufacturing the conpensator of Figs. 21 and 22;
Fig. 24 i s24"SCHBmaPLd di%Zgrdin atuminum t a¥heat | vt @nbbtli AERES1tEE e

aberrationg ensalodr eP{pdAei f}f esent invention; Fig. 25 is a
schematic diagramof an alternative enbodi ment of the aberration

conpensat or of Thtepprtesenve iIayenti 0”6 prevent Figst ,26-onsamirs¢hematand di agr am
of a multiple data surface. filter of .the present invention; Fig. 27 is a
schemati c &G AR o‘?‘l h % @anfﬁfé‘ter’rﬁoﬁl?%?ﬁfsla?)‘fe._gangf?'i‘ PSR surface

filter of thRcRiRSAMe LOMANLEHPLnd the data surfaces. The protective
layers 126 are optional and may be omitted depending upon the
operating requirements. The thickness of the protective layers are
in the range of 100 angstrom ~ 50 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 927, respectively. The member 122
separates the layers 124°. There is no need for a protective
layer in this embodiment because member 122 serves as the
protective layer.

The thin film layers 124 are used to provide desired amcunts
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 also be highly transmissive and absor:t 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 > 1.5) and the extinction
coefficignt (k) is relatively low (k < 0.5). Such conditions cccur
in_certain materials over certain frequency ranges.

One region where these conditions can be met is on the high

wavelength side of an anomalous dispersion absorption band.

SA9-92-070 12



Fig. 28 is a schematic diagramof an alternative enbodinent of a nultiple

data surface filter of the present invention; and Fig. 29 is a
schemati ¢ di agram showi ng the process of manufacturing the filter of Fig.
28. © SA9-92- 070 Fig. 1 shows a schematic di agram of

an optical data storage systemof the present invention and is designated
by the general reference nunber 10. System 10 includes an optical data
storage nmedium 12 which is preferably disk shaped. Medium 12 is

Fig. 4A shows a graph of index of refraction (n) &nd
extinction coefficient (k) versus wavelength for a typical material
which has an anomalous dispersion absorption band. Anomalous
dispersion is generéily defined to be the region where dn/di is
positive. A more detailed discussion of anoméious dispersion is
given in M. Born and E. Wolf, "Principles of Optics", Pergamon
Press, 3rd Edition, 1964. In the present invention, the region of
interest is where n > k. As can be seen in Fig. 4A, this region
occurs at wavelengths above those wherein anomalous dispersion
region occurs. Materials which exhibit this phenomena strongly
include semiconductors.

.Semiconductors aré materials such as silicon and germanium
which are conductive in the presence of certain heat, light or
voltage perameters. Amorphous silicon has been fuound to be a good
material for use as layer-lé4 where light in the wavelength rance
of 400-850nm is used.

Fig. 4B shows a graph of index of refraction (n) &nd
extinction coefficient (k) versus wavelength for a typical
amorphous silicon. Note the large range of wavelength where n is
much larger than k. In these light ranges, the amorphous silicon
will transmit and reflect light without absorbing much of the
light. BAmorphous silicon are good materials to use as layer 124.

Other semiconductor materials in addition to amorphous silicon
may be used for layer 124. Any of the group IVA elements from the
Periodic table may be used such as c, &i, Ge, Sn, Pb, or

Combinations therof. 1In addition, combinations of group IIIA and

SA9-92-070 ' 13



renovably nounted on a clanping spindle 14 as is known in the art. Spindle
14 is attachted to a spindle notor 16 which in turn is attached to a system
chassis 20. Motor 16 rotates spindle 14 and nedium 12. An opti cal

head 22 is positioned bel ow medium 12. Head 22 is attached to an arm 24
which in turn is connected to an actuator device, such as a voice coil
notor 26. Voice coil nmotor 26 is attached to chassis 20. Mditor 26 noves
arm 24 and head 22 in a radial direction bel ow medi um 12.

The Optical Medium Fig. 2Ais a cross-sectional view of nedium 12.

Medi um 12 vhaslemeithss piradeced GenddBsdddbe RtéiSiadkS@nkEw Wik De hgedace

pl ate or cover plate and is where the |aser beamenters nmedium 12. An

out er di amdPEFe (EHFUIS A b safRlchRsi Afer . dharetieds (3DReast pnssekementyt t ached
bet ween fa e ate 56. A ' 8.a D rim60
are attachgs lﬁ%ﬁegﬁ&sgggtﬁg gb%rAa%\f I?ntgu%%ﬁsggf Eeﬁ%]fé %h&gbaég%’mP%ﬂ and an
IDrimo66 ame atiashesl betyesrt ebsieasns Heabed arsabstheatg@otB. vAN CD rim
70 and IDrim72 are =

elements consisting of N, P, As, Sb and Bi}“and O<x<1. These

include GaAs, AlAs, AlP, AlSb, GaP, GaN, GaSb, InP, InAs, and InSb
and combinations thereof.

Ternary and quatenary compounds comprised of elements from
these IIIA, IVA, and VA groups are also applicable.

These semiconductor materials are deposited as layer 124 in a
sputtering process; The semiconductor materials are in their
natural amorphous state and this is preferable. Alternatively,
after being deposited in their natural amorphous state, the
semiconductor materials may be changed to a crystalline state by an
annealing process.

Fig. 5 shows a graph of percentages of 780nm wavelength light
reflected, transmitted, and absorbed. versus amorphous silicen
thickness. Semiconductor materials. have relativelv c¢cood
reflectivity and low absorption compared tc other materizls. Low
absorption is important in a multiple data surface medium whers a
fraction of the light will be lost at each intervening laver.

Fig. 5 shows that the ambrphous'silicon 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 6btain a large number of

different combinations of reflectivity, transmissivity, and

849-92-070 14



attached between substrates 68 and a substrate 74. Face plate 50 and
substrat es 56, 62, 68 and 74 are nmade of a |ight transm ssive SA9- 92-070
8 mat eri al such as pol ycarbonate or other polyner nmaterial or
glass. In a preferred enbodi nent, face plate 50 and substrates 56, 62, 68
and 74 are 0.3 mmthick. The substrates may alternatively have
t hi cknesses of 0.01 to 0.80 mm The ID and OD rins are preferably nade of
a plastic material and are approximately 200 microns thick. The rins may
alternatively have thicknesses of 10-500 m crons. The face plate,
substr at es abanpdptiongs Thirse alprvef ehabhedianafl@nheOpreaolty cavdaiatetoabe are
formed by a nol.din rocess.
y tuned, béyJ%rang the thickness of the layer 124, such that the
optical head of thé disk drive will receive the same amount of
light from each data surface. In other words, the thickness of the
layer 124 of the deeper data surfaces is choé;n to have a higher
reflectivity than the reflectivity of the data surfaces lying
closer to the outer 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 ¢, , a and r denote the transmissivity, absorptivity and

ar
reflectivity, respectively of the nth layer. Thus, they can have
values of between 0 and 1. Let N denote the total number cof lavers.
Then the following recursion relatiénship 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),

where n + 1 < N. The absorption of each layer is kept low to

minimize loss of light. Then the following approximation holds:
r,=i-t,-a,=1-t,

There is a maximum reflectivity r_, which can be achieved from

SA9-92~070 15



The rinms may be attached to the face plate and substrates by neans of

gl ue, cenent, ultrasonic bonding, solvent bonding, or other bonding
process. The rinms nay alternatively be integrally formed in the substrates
during the nol ding process. When in place, the rinms forma plurality of
annul ar spaces 78 between the substrates and the face plate. A spindle
aperture 80 passes through nedium 12 inside the IDrins for receiving the
spindle 14. A plurality of passages 82 are provided in the IDrins
connecting the aperture and the spaces 78 to allow pressure equalization
bet ween the spaces 78 and the surroundi ng environnent of the disk file,

whi ch seuhdyéy piveahbye et feneAs REULALLE Vafs | QuybPPefamern fiklters 84 are
attached to passages 82 to prevent contamnation of spaces 78 by

part i clicagee tete optitl gonstants kot igunemsy ofetheForE#Ng 6R gl ass
fiber. P ges. 82 __and . filters .84 could. .alternatively be |ocated on
he GPEnTRE orson eoafihappkordy Enud ds EEM LY LEIDRhANTIK D0 eanmnt
whi ch @kl ee¥salai, reifre cpaSse akhrogighsbeds fi | tes se@uéctivatgost amenant s.

Anot her alternative is to ultrasonically spot::bond the rins |eaving snal

gaps lﬁ?PﬁEEﬁ?tth%yer plus the desired total number of layers determines
the maximum effective reflectivity which <¢an be achieved
identically for each layer.

Using the above equations, the following relation must be true

for all layers.

> (V1+A‘r(n°1))_l

n
2I(::~‘.)

This is exact in fhe limit of no absorption and epproximate
when a small amount of absorption is prssent. For example, if the
Nth layer has a reflecﬁivity of 35% then t, ,= 78%. This equation
can be used to determine the thickness ¢f all of the layers which
will give equal reflectivity as are iliustrated in the follcwing
tables. First one chooses the =zreflectivity r,, of the Nth
(innermost) layer. Then, the transmission and reflection oi the
N-1 layer is calculated using equation (3) to g¢ive similar
effective reflectivity as the Nth layé;: This process is repezated
until. the properties of the n=1 layer are obtained. The actual

reflecti#ity of layer 1 is the same as the effective reflectivities

0f all the inner layers.
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SA9-92-Q70 9 _

bonded areas which are |arge enough to pass air but small enough to filter
out particles. Surfaces 90, 92, 94, 96, 98, 100, 102 and 104 are data
surfaces and |ie adjacent spaces 78. These data surfaces contain ROM data

illustrates
dat a surf aces,

subt r act ed.

t he

present

surf aces.

Addi ti onal

(of the CD, OD-ROM or CD-ROM format for exanple) which is
into the substrate surfaces as pits or other

a nmedium of
it shoul d be understood
nunber of a plurality of data
added or

mar ks.
i nventi on,

formed directly
Al t hough
whi ch has ei ght
t hat the. medi um may. corpri se any
substrates and rins are

Table 1. Embodiment using Medium 12 having two data surfaces.
Each of which is covered by a layer 124 made of
amorphous silicon.

—

Data Effective Reflectivit Transmissio Absorption | Thickness
Surfac | reflectivit | y of n of of of
e # y of individual individual individual | reflectin
individual layer [Z] layer [Z] layer [Z] layer
layer (Z] Angstrom
1 26 26 64 10 125
2 26 65 29 6 400

Table II Embodiment using a medium 12 having four data surfaces.
The data surfaces one through three are covered by a
layer 124 made of amorphous silicon and the last data
surface is covered by an aluminum layer 124.

Data Effective Reflectivity | Transmission Absorp- | Thickness
Surfac || reflectivity of of tion of of
e # . .of individual individual individ | reflect-
individual layer layer -ual ing layer
layer (%} [z] (=] layer [Angstrom
(2] :
1 12 12 80.9 7.1 66
2 12 18 76.8 5.2 80
3 12 30.3 59.1 . 10.6 142
4 12 90 0 10 300
SA9-92-070 17




For- exanpl e, nmedium 12 may conprise only two data surf aces 90 and 92 by
using only face plate 50, rinms 52 and 54 and substrate 56. In this

enbodi ment, face plate 50 and substrate 56 nay both be the same thickness,
preferably 1.2 mm . Fi g. 2B. is a cross-sectional view of an
alternative enbodinent of a highly transm ssive optical recordi ng nmedi um
and is designated by the general reference nunber 120. Elenents of nedi um
120 which are simlar to elenents of nedium 12 are designated by a prine
nunber. Medi um 120 does not have the rinms and spaces 78 of nedium 12.

I nstead, a gluralit of solid transparent nenbers 122 separates the

subst r at®@&1® | 1 ﬁﬁ Fg@i gg%ﬁ#umt%hg?’ﬂ%ﬁsx qa%é gueffwade of a
hi ghly transm ssiy ;pgbhc de E d t he substrate
together. The tbaif‘j(l’ﬂﬁi-ﬁaéé i8E ol él&ﬁf Jé gagr oxi mately 10-500

m crons. Medium 120 may be Substltuted for nedlun112 in system10. Medium

120 may also 9- 92- 07(Q
10 Laye 'Effecti.x_re Reflectivit | Transmissio Absorption Thickness
r # reflectiv . yof n of " of of
_—ity of individual individual individual reflecting
individua layer layer layer layer
1 ]{.;{@.r . [Z] [Z] {Z} [Angstrom]
1 11.9 6 87.9 0.2 _ so
2 11.9 6.9 85.6 0.1 60
3 11.9 7.9 82.9 0.2 - 70
4 11.9 9.3 76.5 0.1 90
5 11.9 11.5 64.8 0.3 126
6 11.9 14.9 ——— —= 300

SA9-92-070 : _ 18



of different nunbers of data surfaces by adding or subtracting substrates
and trahsparent nenbers. For exanple, a two-data surface nedium conprises
face plate 50', nmenber 122 and substrate 56'. Face plate 50' and substrate
56' may both have the sane thickness, 'preferably 1.2 mm Fig. 3A
shows a.detail ed cross-sectional view of a portion of- disk 12 of Fig. 2A
Substrate 50 contains the enbedded information in the data surface 90 and
is covered by a thin film layer 124. Layer 124 is made of a material which
near the wavelength of a light used in

exhibits low |ight absorption at or

the optical systenT For light in the range of 400-850 nmin wavel ength,

materials su segh§91ductors arenysed for |ayer 1%4 The t hickness of
. . a :

thin filml 4 Sl.ll ac s?théil‘ agg%a :g‘iif?ggoonwgr@i‘gh sagﬁéeﬁ ga'vzé" I'S

preferably spln coatesveéiRdl By a layer 124 made of cry

stalline

Al, GA sePS; gand the last data surface is covered by
an a umlnum ayer 124. '
Laye Effect::.ve Reflectivit Transmissio Absorption Thickness
r # reflectivit v of n of of -of
oy gf individual individual individual reflecting
individual layer [Z}] layer [Z] layer (%] layer
layer [%] {Angstrom]
1 7.15 7.15 92.83 0.02 53
2 7.15 8.28 91.71 0.01 €3
3 7.15 © 9.85 90.12 0.02 80
4 7.15 12.14 87.85 0.01 g6
5 7.15 15.67 84.30 0.03 iac
6 7.15 22.01 77.96 0.03 150
7 7.15 36,05 63.91 0.04 25¢C
8 7.15 88 — — s60 i

Although it is preferable to adjust the thickness of layers
achieve the same effective reflectivity for each layer 124, the
layers 124 may a;ternatively be made of the same thickness. This
may be desirablg iq order to simplify the manufacturing process.
In this case, the effective reflectivity from each layer 124 will
be diffefent. 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

SA9-92-070 . 1¢



surface 90. . Layer 124 may be covered by an optional protective |ayer
126. Layer 126 may be nmade of a sputtered dielectric or a spin coated

pol ymer. Layers 124 and 126 are deposited after the information pits and
tracki ng groves have been fornmed into the substrate. Substrate 56
with data surface 92 also has a layer 124 and a protective |layer 126. The
ot her data surfaces 94, 96, 98, 100, 102 and 104, have simlar coatinas of
thin filmlayers 124 and protective |ayers 126. The data surface at the
greatest depth (i.e. the data surface furthest away fromthe optical head)
may Substit?fe a very high reflectivity layer for the thin film |ayer
124. Thi's refleghi veid ause BBY1RRIRAG10hafudlPtRl SURD BficinSA0; %070

transmission (t) and reflectivity (r) are the same for all alyers

124; The effective'reflectivity for the nth layer is

r (eff) = X r o
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.

_ 4_lcg(r/rn(eff))
-2 log(t)

For example, if "layer 124 has r = 12%, t = 87.5% and the minimuﬁ
effective reflectivity is 4%, then the maximum number of lavers
{data surfaces) is n = 5.

The following Table 5 shows an example of & medium of ths

present invention which has fcur data surfaces. The data surfaces

o]
]

one through three are covered by a layer 124 of amorphous silic
of the same thickness, and cdata surface four is covered by an

aluminum layer 124.

_ SA9f92“070 20



almnnum
sputteri’ng or
cont am nati on,

| ayers 126 are optional
requirenents.

100 angstrom -
view of a portion of
deposited onto

this enb
nfobd | ayQE%CJM

Ivity at

data sfirfaces tjhr quBiiwhi ¢h
hllyyetrr[amsnn ssi @ and

so be hi

gol d

50 microns.

alum num alloy which
evapor ati on.
and noisture,

ntocti va |

deposited by
The protective |layers 126 prevent dust,
whi ch may be present i
124 and the data surfaces.
and may be om tted dependi ng upon
The thickness of the protective |ayers are
Fig. 3B shows a detailed
the disk 120 of Fig. 2B. The |ayers
data surfaces 90" and 92',
" separ agsisle Ne Fayedstd Mirfaccdd)enerisreno effedtive zefppetisdtive
i 22 serves as

ai rspace 78 from
The protective

operating

in the range of
cross-sectional

are

respectively. The nenber 122

| ayer in
yer.

r ﬁefk‘&‘%ilufto
sur fvaste.

lfﬁglqu]g hit
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Amorphous

Silicon
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Aluminu
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little light as possible. These conditions can be net 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 > 1.5)
and the extinction coefficient (k) is relatively low (k < 0.5). Such
conditions occur in certain materials over certain frequency ranges. One
regi on where these conditions can be net is on the high wavel ength side of
an anonal ous di spersion absorption band. SA9- 92- 070
12 Fig. 4A shows a graph of index of refraction
(n) and extinction coefficient (k) versus wavel ength for a typical
mat eri al :
Fig. 6A shows an exaggerated detailed cross-sectional view of
a data surface pattern of medium 12 and is designated by the
general reference number 130. Surface 90 contains a pattern of
spiral (or alternatively concentric) tracking grooves 132. The
portions of surface 90 located between the grooves 132 are known as
the land portions 134. Surface 92 contains a pattern of spiral
inverse tracking grooves (raised ridges) 136. The portion of
surface 92 located between the inverse grooves 136 is the land 138.
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 tracking 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 bptical head 22 wil.l
track on the land portion 134 or 138 depending upon which suxrface
it is focussed upon. The recorded data is on the land portionms.
In order for the tracking errors signal (TES)- to be of equal
magnifude for both surfaces 90 and 92 the optical path difference
between _l_ight reflected from the lands and tracking marks must be
the same for both surfaces. Beam 144 focuses on surface 90 through

Substrate 50, however, beam 144 focuses on surface 92 through space

78. In the preferred embodiment space 78 contains air. For the

SA9-92-070 22



whi ch has an anomal ous di spersion absorption band. Anomeal ous di spersion
I's. generally defined to be the region where dn/[err] is positive. A nore
detail ed di scussion of anomal ous dispersion is givenin M Born and E
Wl f, "Principles of Optics", Perganon press, 3rd Edition, 1964. In the
present invention, the region of interest is where n > k. As can be seen
in Fig. 4A, this region occurs at wavel engths above those wherein

anonal ous di spersion region occurs. Materials which exhibit this

phenonena stroQggx i ncl ude sem conductors. Sem conductors are
mat er i al 8PS s}r?q%ﬂrﬁ%ﬁarg@e{mﬁ@‘mﬂn Wif dRNGE and draakinaeaks t he

Pr esence . plbeCekd 3 N mld: 00y OF o2P! (08 AA" BELY 8 /A0 BROUS S1 || con

has been fuound to be a goo use a ere light in
t he vvavehewgi feheadepth off -ﬂ-ﬁlﬂc &mnrrpeﬁpmedular dlsEalgce)A,anhDyvsuﬁ gr aph of
I ndex of efragtion % g an extinction coefficient (k) versus wavel ength

for a tyHieRl °F HF5Fp §F|?‘Ei§ﬁrakbt5é’ t it saFhe hedgge of "\ﬂé’&e‘ﬂéngt h where

N is nughdpah@tiuibPaRikeankd)t hese 41 Y ¢1h@NAGSex LHE @é?%@b% o licon
will transmt and refl ect Ilght wi t hout absorbing much of the
space 78. In a preferred embodiment, space 78 contains air which

has an index of refraction of 1.0 and substrate 50 (as well as the
other substrates) has an index of refraction 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 pattern 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 goove 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 then or
egual te approximately 200 Angstroms thick. If the protective
layer 126 is greatef 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 m;eron thick, then the interference phenomenon makes the
calculation of groove depth more difficult. However, the proper
groove depth can be determined using the thin -film optical

Calculations as shown in M. Born and E. Wolf, "Principles of
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| i ght. Anorphous silicon are good materials to use as |ayer 124.
sem conductor materials in addition to anorphous silicon may be used for

| ayer 124. Any of the group IVA elenents fromthe

O her

periodic table may be

used such as C, Si, Ge, Sn, Pb, or conbinations therof. In addition,
conbi nations of group IIl1A and SA9- 92- 070

13 VA el enents produce sem conductor materials which may be

used. These include alloys such as [err] , where Ais at |east one el ement

selected fromthe group II1 A elenents consisting of B, Al, Ga, In, and Tl;

B is at lgasdsQngeRifidBnbre! gl fromt roup VA elenents consisting
0 s"QllBe

of N, P, gs Sb an? Bi: and O<x<§%dlgﬁnésggsg' : .

Although the tracking 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 each data
surface, i.e., they are all clockwise or counté'z:-—-:c.lockwise spirals,
or they may alternate between clockwise and counter-clockwise
spiral patterns on consecutive data layers. This. 'alternating
spiral pattern may be preferéble for certain apélications, such as
storage of video data, xﬁovies for example, where continuous
t;acking of data is desired. In such a case, the beam tracks the
clockwise spiral paftern inward on the first data surface until the
spiral pattern. ends near t_he 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 outward until the

outer diameter is reached.

Fig. 6B shows an exaggerated detailed cross-sectional view of
an alternative surface pattern for medium 12 &and is designated by
the general reference number 150. Pattern 150 is similar to
pattern 130 except that the tracking marks for surface 92 are

grooves 152 instead of inverse grooves. The pitch and the ratio of

- 42/d1 are the same as for pattern 130. Beam 144 will track on land

134 on surface 90, but now beam 144 will track on groove 152 when
focussed on surface 92. Tracking in the groove 132 may be
desirable in certain situations. However, as will be described

below, beam 144 may also be electronically cc'mtrolled. to track on
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include GaAs, AlAs, Alp, AlSh, GaP, GaN, GaSb, InP, InAs, and InSb and

conbi nati ons thereof. Ternary and quatenary conpounds conpri sed of

el enents from these II11A 1VA and VA groups are al so applicable.

These sem conductor materials are deposited as layer 124 in a sputtering
process. The sem conductor materials are in their natural anorphous
state and this is preferable. Alternatively, after being deposited in
their natural anorphous state, the sem conductor materials may be changed
to a crystalline state by an annealing process. Fig. 5 shows a graph

of percentages of 780nm wavel ength light reflected, transmtted, and
absorbed verkid 13hBFf pHFTece 13- cHir tratkiopemsks forSERTEasTdutt-orf® adt eri al s

have  relatjgebye A9far k8MLEGIAL by AR LW, AHAALPLS 0N 05 URANGE 4Q Of her
mat eri al s. ow absorption is inportant rn a nultiple data surface nedi um

where a fracimidar gfo shefdqegB.wi || be | ost at each intervening | ayer.
Fig. 5 shows that the anorphous silicon has reflectivity, transmssivity,
and absorption percentages which have large sinusoidal variations over a

range of thicknegssages. gc BlowfhRIddGerated 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
focussed on surface 90 and will track on grooves 164 when focussed
on surface 92 (unless it is electronically switched to track cn the
land). The pattern for surfaces 94, $8 and 102 are similar to
surface 90 and the surfaces 96, 100 and 104 are similar to surface

g2.

Fig. 6D shows an exaggerated detailed cross-sectional view of

(]

an alternative surface pattern designated by the general referenc

1]

number 170. In pattern 170, the surface $0 has a similar structur
to surface 90 of pattern 160. Surface $2 has a similar structure
to surface 92 of éattern 130. The pitch and ratio of d2/dl is the
Same as fqr pattern 130. Beam 144 will track on inverse grooves
162 when focussed on surface 90 (unless it is electrdnically
Switched to ‘track on the land) and will track on land 138 when

focussed on surface 92. Surfaces 94, 98 and 102 have similar
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— 7"The proper thickness, it is possible to obtain a |arge nunber of different

conbi nations of reflectivity, transmssivity, and SA9- 92- 070

14 absOrption. This allows the nedia of the present invention
to be tuned, by varying the thickness of the |ayer 124, such that the
optical head of the disk drive will receive the sane anount of |ight from

each data surface. In other words, the thickness of the I|ayer 124 of the
deeper data surfaces is chosen to have a higher reflectivity than the
reflectivity of the data surfaces lying closer to -the outer surface

of the madi%g{'terns Tai Surﬂ&h% adekleeddeui 8y, 190needadst Rveoppensaase for
the | osses entountered by
gimilar 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 éé-are known 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.

The discussion of tracking marks is also applicable to other
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. Othgr optical media use pits to
emboss sector header information. 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 cn the various data surfaces
corresponding 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 the tracking marks. The pit;,
inverse pits, grooves and inverse g¢grcoves 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 pfoviding trécking information are known as non-data
tracking marks.

It should be understood that the medium of the present
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the light in the intervening |ayers. The end result is that from the
perspective of the optical head, the sane amount of light will appear to
be reflected fromeach | ayer. Let [err] and [err] denote the

transm ssivity, absorptivity and reflectivity, respectively of the nth

| ayer. Thus, they can have values of between 0 and 1. Let N denote the
total nunber of layers. Then the following recursion relationship holds if
the effective reflectivity fromeach |ayer is identical, (in other words,
the sane amount of light is detected at the optical head i ndependent of

| ayer ) inventignymay be madghip cany type[ ef rIptirairifdskbEQFSLi shch2seach | ayer is
kept | _rdid QL na 0s f_l] el oW a oxi mati on
hol ds:gﬁy\'l Fgrﬁﬂ -ek%l}rﬁ{gké ?rshggen%%r?ﬁ% ?Jg%]lw%gtfi%ﬁJ; ‘{t:k?‘]e . Ich can be

achi eved from SA9-92-070 15

The Optical System

Fig. 7 shows a schematic diagram of an'bétical head 22 and
medium 12. Optical head 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. EBeam
202 is collimated by lens 203 and is circularized by a circularizer
204 which may be a circularizing prism. Beam 202 passes to a
beamsplitter 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 mirror 368. 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 ig adjusted relative
to medium 12 by a focus actuator motor 216 which may be a wvoice
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 lens 210 and is reflected by mirror 208. At
beamsplitter 205, beam 220 ié reflected to a multiple data surface
filter 222. The beam 220 passes through filter 222 and passes to

& beamsplitter 224. At beamsplitter 224 é first portion 230 of
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the layer furthest fromthe internost |ayer (layer N) which is dictated by
the optical:constants and thickness of the coating on that |ayer. For

sem conductors, this is typically less than 70% For netals, this can be
as high as 98% . The reflectivity of the innernost |ayer plus the desired
total nunber of l|layers determnes the maxinumeffective reflectivity which
can be achieved identically for each |ayer. Usi ng t he above
~equations, the following relation nust be true for all |ayers.

peam 220 is directed to an astigmatic lens 232 and a quad optical
detector 234. At beamsplitter 224 a second portion 236 of beam 220
is directed through a half-wave plate 238 to a polarizing
beamsplitter 240. Beamsplitter 240 separates light beam 236 into
a first orthogonal polarized light componeﬁ£1542 and a second
orthogonal polarized light component 244. A lens 246 focuses light
242 to an optical detector 248 and a lens 250 focuses light 244 to
an optical detector 252.

Fig. 8 shows a top view of a gquad detector 234. The detecfor
234 is divided into four equal sections 234A, B, C and D.

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
a2 double pole, double throw electronic switch 274. Switch 274 is
connected alternatively to a summing amplifier 276 or a
differential amplifier 278.

Circuit 264 has a pPlurality 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
& summing amplifier 290 is connected to amplifiers 282 and 286. A
differen?ial amplifier 292 is connected to summing amplifiers 288
and 290.

Circuit 266 has a pair of summing amﬁiifiers 294 and 296, and

a differential amplifier 298. Summing amplifier 294 is connected
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This is exact,

anount of
refl ectivi

absorption is present. For exanple, if the Nth |layer has
ty of 35%then [err] = 78% This equation can be used to

determ ne the thickness of all of the layers which wll give equal

refl ectivi

ty as are illustrated in the followng tables. First

chooses the reflectivity [err] of the Nth (innernost) |ayer.
the transm ssion and reflection of the N1 layer is calcul ated usi
equation (3) to give simlar effective reflectivity as the Nth |ay

Dr 0cess | 5.4 agal AibrsUDG lankBo ! QAT Ling aries 1] JoBYRL BpReOfAI ned.

The act ual
refl ectivi
16

reflectivity of layer as the effective
té espligiiegs |28t4h€nd AA&r baysrential am@AXEiS®2-PA)is connected

to summing ampllfle:s 294 and 296 via a double pole double thrcw
electronic switch 297. Switch 297 acts to invert the inputs to
amplifier 298.

Fig. 10 is a schematic diagram of a controller system of the
present invention and is designated by the general reference number
300. A focus error signal (FES) peak detector 310 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 contrﬁller 314 is connected to detector 310, detector 312,
detector 207 and circuits 262, 264 and 266. Controller 314 is a
microprocessor based disk drive controller. Controller 314 is also
connected to and controls the laser 200, head motor 26, spindle
motor 16, focus motor 216, switches 274 and 297, and compensator
212. The exact configuration and operation of compensator 212 is
déscribed in more detail below.

The operation of system 10 may now be understood. Controller
314 causes motor 16 to rotate disk 12 and causes motor 26 to move
head 22 to the proper position below disk 12. See Fig. 7. Laser
200 is energized to read data from disk 12. The beam 202 is
focussed 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, respectively, and are used to provide data
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Table 1, Enbodi nent using Medium 12 having two data surfaces.

of which is covered by a layer .124 made of

[err] Dat a Ef fective Refl ectivit Transm ssi o Absor ption
Thi ckness Sur f ac reflectivit y of n of of

of Tabl e I'l Enbodi nent using a nedium 12 having four data
surf aces. The data surfaces one through three are covered by a

| ayer 124 made of anorphous silicon and the | ast data

signals.

See Fig. 8. When beam 202 is exactiy focussed on data
surface 96, 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 fgéus 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
fodus 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 focussed 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 sectioné D and C. If the beam
is off track it w;ll fall 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 1light 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 266
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 poihts) of the TES
signals. There are two peaks between each track. By counting the
humber 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 slope signal to lock the
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surface is covered by an alum num |l ayer 124. : [err]
SA9- 92- 070
17 . :

peam on track. For example, a positive TES signal causes head 22
to move to the left toward the zero point land position and a
negative TES signal~causes the head 22 to move to the right toward
the zero point land position. 'Fig. 11A shows . the signal derived
from the preferred pattern 130 of medium 12 dﬁéﬁ switch 29i is in
its initial position as shown in Fig. 9. The same signal is also
generated for surface 90 of pattern 150, and surface 92 of pattern
170. The beam is automatically locked to the land because that is
the position where there is a positive slope. ”

Fig. 11B 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 whéen 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. 11C 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 signal is 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 grqq#es 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
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Table 111 Enbodi ment using a nedium 12 having six data surfaces.

The data surfaces one through five are covered by a | ayer 124
made of crystalline [err] and the |ast data surface is covered by
an al um num | ayer 124. [err]

it e Sunal LR

positioned to connect amplifier 276 when a ROM disk is to be read.
The signal from detectors 248 and 252 is added. Less light is
detected where data spots have been recorded and this difference in
1ight'detected is the data signal. Switch 274 will have the same
setting for reading WORM and phase change data:aisk. If a disk is
used which has magneto-optical data surfaces, then polarization
detection is needed to read the data. Switch 274 will be set to
connect amplifier 278. The diffg;ence in the orthogonal
polarization 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 sinusoidal -focus error signal is obtained for each of the
data surfaces of medium 12. Between the data layers, the focus
error signal is zero. Dﬁring startup of the system, controller 314
first causes motor 216 to position lens 21¢ at its zero
displacement position. Controller 314 will then seek the desired
data surface by cauéing motor 216 to move lens 210 in a positive
displacement direction. At each data layer, peak cdetector 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 focussed.
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
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focus €rror 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 compensatbr 212 as abpropriéte 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 oif the
disk of the preferred pattern 130. The controller 314 seeks and
reads the header information of the first track of the first data
surface. The header has information on 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 cf the
first data surface (perhaps the first layer has a different
tracking mark pattern), then controller 314 will set switch 2¢7 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 regquires polarization
detection) then the controller will set switch 274 to 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
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Table I'V. Epbodi nent using a nedium 12 having ei ght data

surfaces. The data surfaces one through seven are covered by a
| ayer 124 made of crystalline [err] and the |last data surface is
covered by an alum num | ayer 124. [err]

274 and 297 until it is successful at reading the track. Once
controller 3;4 has this header informaﬁion, 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 iﬁvention. In that
case, controller 314 is preprogrammed to store information on the
type of data surfaces, number of layers, and t&pes of tiacking

marks.
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Al though it i,s preferable to adjust the thickness of |ayers 124 to achieve
the sanme effective reflectivity for each |ayer 124, the |layers 124 may
alternatively be made of the same thickness. This nay 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
detectors in order to conpensate for the different effective
reflectivities of each |ayer SA9- 92- 070

19 124. In this case of |ayers 124 having the sane
t hi ckness, the transnissio#3§P¥9§ﬁaﬂﬁéﬁﬁégﬁﬁﬁé?¥uir) are the sane for al
al yers _ :

Lenses are typically designed to focus light through air which
has an index of refraction of 1.0. When such lenses focus light
through materials having different indices of fééraction, the light
experiences a spherical aberration, which distorts and enlarges the
beam spot, degrading the reading and recording performance.

In typical optical data storage systems, there is only one
data surface onto which to focus. The data surface 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 spherical 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
aberrationcompensator which is designated by the generazl reference
number 400 and may be used as compensator 212.

Compensator 400 comprises a stepped block 402 having three steps.
A first step 404 has a thickness of 0.3 mm, 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 féce 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
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124. The effective reflectivity for the nth layer is rn(eff) = Jerr]
Therefore if a lower linmt is set on [err](eff) and the values for t and r
known as determ ned by the |ayer thickness, then the maxi mum nunber of

| ayers can be determ ned. [err] For exanple, if layer 124 has r = 12%
t = 87.5%and the mninum effective reflectivity is 4% then the maxi num
nunberi of layers (data surfaces) is n =5. The followi ng Table 5 shows

an exanpl e of a nedium of the present invention which has four data
surfaces. The data surfaces one through three are covered by a layer 124
of anorphous silicon of the same thickness, and data surface four is

covered by agotég thr¥gglgf%gyérlé%%uator device) which in turn is connected

to controller 314. Motor 410 moves block 402 laterally into and
out of the path of beam 202.

Lens 210 is deéigned to focus on the lowest data surface of
medium 12. In other words, lens 210 is desigﬁéa.to compensate for
spherical aberrétions 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 through the face plate 50 and substrates 56, 62 and 68
(a combined thickness of 1.2 mm of the substrgte material). Note
that the air spéces 78 are not counted because they impart no
additional spherical aberra;ibn. Lens 210 is thus designed to
focus through 1.2 mm of polycarbonate and may focus equally well
on both data surfaces 102 and 104.

When beam 202 is focussed on either surface 102 or 104, the
block 402 is completely withdrawn and beam 202 does not pass
through it. When beam 202 is focussed on surface 98 or 100, block
402 is positioned such that beam 202 passes through step 404. When
beam 202 is focussed on surfaces 94 or 96, block 402 is positioned
such that beam 202 passes through step 406. When beam 202 is
focussed 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 aré focussed on, beam 202 will always pass
through the same total optical thickness of material and will not
experience spherical aberration problems. Controller 314 controls

motor 410 to move the block 402 as appropriate.
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Tabl e V Four data surfaces, different effective reflectivity

Fig. 14 shows an aberration compensator which is designatéd
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. Elock 434
is attached to a voice coil motor 436 and may be slid along the
surface of block 432. Controller 314 is connected to and contréls
motor 436. By moving block 434 relative to block 432 the overall
thickness of matefial 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
focussed 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, Eiement 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 represeﬁts 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.
Spindle 462 roﬁates element 452 such that beam 202 passes through
the same thickness of material no matter which data surface it is

focussed on.

'SA9~92-070 37



[err]

Fig. 17 shows_an aberration compensator which is designated
by the general reference number 570 and may be used for compensator
212. Compensator 570 comprises a stationary convex lens 572 and a
moveable concave lens 574. Léns 574 is attached to a voice coil
motor 576. Voice coil motor 576 is controlle&”;§ controller 314 to
move lens 574 relative to lens 572. Beam 202 passes through lens
572, lens 574 and lens 210 to medium 12. Moving lens 574 relative
to lens 572 changes the spherical aberration of beam 202 and allows
it to focus on the different data surfaces. In a preferred
embodiment lenses 210, 574 and 572 comprise a Cooke triplet having
movable center eleﬁént 874. Cooke triplets are described in more
detail in the article by R. Kingslake, "Lens Design Fundamgntals,"
Academic Press, New York, 1978, pp. 286-295. Although lens 574 is
shown as the moving element, alternatively, lens 574 could be
stationary and lens 572 used as the moving element. 1In 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 designated
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 controlled by controller 314 which moves
lens 582 relative to lens 210. Beam 202 passes through lens 210 and

lens 582 to medium 12. Moving lens 582 relative to lens 210
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Fig. 6A shows an exaggerated detail ed

cross-sectional view of a data surface pattern of nmedium 12 and is

designated by the general reference nunber 130. Surface 90 contains a

pattern of

spiral (or alternatively concentric) tracking grooves 132.

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 rho.
In a preferred embodiment, the surface of 584 shquld correspond to
the formula Z=0.00770¢°-0.00154¢°. -

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 .;re 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 205‘ and mirror
208’. The description and operation of compensator 662 is
described below. The operation of head 600 is otherwise the same
as described for head 22. Head 600 may ._be substituted for head 22
in system 10.

Fig. 21 shows a schematic diagram of an abérration
compensator which is designated by the general reference number 610
and may be used for compensator 602. Compensator 610 comprises a
substrate 612 having a reflective holographic coating 614.
Substrate 612 is attached to & stepper motor 616 which in turn is
controlled by controller 314. Holographic coating 614 ﬁas a2 number
of diffe;:ent holograms recorded, each of which imparts a particular
Spherical aberration to beam 202‘. These holograms are of the
Bragg type which are sensitive only to light incident at a specific

angle and wavelength. When substrate 612 is rotated a few degrees,
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portions of surface 90 | ocated between the grooves 132 are known as the

| and portions 134. Surface 92 contains a pattern of spiral inverse
tracki ng grooves (raised ridges) 136. The portion of surface 92

| ocated between the inverse grooves 136 is the land 138. The grooves 132
and the inverse grooves 136 are also referred to as tracking narks. In a
preferred enbodi nent, the widths 140 of the tracking marks are 0.6 m crons
and the width 142 of the land sections:'is. 1.0 microns. :This results in a

pitch of (1.0 + 0.6) = 1.6 mcrons. The tracking marks are used to
keep t | ght - beam Qi kiagk.c Whij.e the medium 12 rofndt §8mper LRI S iS
descri Ekgec#n{l N rore detarl  below. 6?“;5’5??‘8?%%30, a beam 144 from t he

opt i cal hdiegaai? recodtded: caniespondsheo |tmathyadet iccnd 18ferent Ep8ediaéndi ng upon
whi ch surface, it is focussed upon. The recorded data is on the |and

por t i onPerTRRiYgt RGP TEANHIEhg derofed iyt 25 TRt S BE of equal

Magni t uger cb@nbbBoiinGaCRe kARt ry 2R RPLLSM1RgId> ohd bermace Dbetween
light reflected fromthe |ands and tracking marks nmust be the sane for

bot h supdixsest BEansufhckocuses on surface 90 through substrate 50,

however, begm 144 focuges on surface 92 {hrough SPace .perraion

compensator which is designated by the general reference number 620
and may be used for compensator 602. Compensator 620 comprises a
subétrate 622, a transmissive holographic coating 624 and a stepper
motor 626. The compensator 620 is similar to compensator 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 202’ experiences each of
these holograms 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
broduces 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 a2 beam
662. Beam 660 is reflected by a mirror 664 and 666, and is
focussedlby é lens 668 to a point 670 in a plane 672. Beam 660
Passes through'a stepped block 674 similar td block 402. Beam 660
is then recollimated by a lens 676 and falls upon ‘a holographic

Coating 680 on a substrate 682. Substrate 682 is rotatably mounted
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78. In the preferred enbodi nent space 78 contains air. For the

SA9-92-070 ° 22
optical path length difference between the | ands and tracking narks to be

t he sanme dl n1 nust equal d2n2 (or d2/dl equals nl/n2), where dl is the
depth of mark 132 (perpendicular distance), nl is the index of refraction
of substrate 50, d2 is the height of mark 136 (perpendicul ar di stance),
and n2 is the index of refraction of space-78. In a preferred enbodi nent,
space 78 contains air which has an index-of refraction of- 1.0 and

substrate 50 g Qg}l %hﬁthe ot her substrates) has an _index of refraction
1.5. So the % 3§ §Pteqliepe 66252199, f3llt PAR I P HEABRRORNE dl s

700 Angst g@r&‘egra@da@ael srokD BNt rons. The sane pattern of tracking marks
'S Lens 668 forms an unaberrated spot on plane 672. This light
is then passed through a step 6f block 674 which has a thickness

representing the sum of the substrate thickﬁ;;ges which will be
encountered in accessing a particular recordiné layer. Lens 676 is
identical in design to lens 210 as used in the optical storage
head. It collimates the light into a beam that contains a specific
amount of sphefical aberration corresponding to the specific
thickness. This wavefront is holographically recorded by
interference withjihe reference beam 662. If the hologram is
oriented in approximately a plane 690 as shown, a transmission
hologram 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 the aberrations encountered in
accessing a different pair of recording lavers is holographically
stored by rotating the hologram to a new angular.position and
inserting the corresponding thickness plate of block 674. A
multiplicity of éngularly 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 nﬁmbers of datz

Surfaces to be used.
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repeated on.
surfaceés 94!
i nci dent su

above di scussion of goove depth ratio is applicable to the

the other surfaces of nedium 12. The other substrate incident

98 and 102 are simlar to surface 90 and the other space

rfaces 96, 100 and 104 are simlar to surface 92.

medi um 12 which do not have any protective |layer 126 or which have
| ayer 126 which is less than or equal to approxi mately 200

protective
Angstrons t
appr oxi mat e
used, but n
surface. | f
appr oxi mat el
phenomenon
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cal cul ation
23

hi ck. If the protective layer 126 is greater or equal
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enbodi nent s of
a thin

to.
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HLSn of 9F 3y e oW oh the second dat a

200 _Angstrons _and 1 micron thick, then the interference

RReE AR ankh ey be P§Rd oforg FERRARSAERR ¥0%0r e di fficult. However,
cORNLa £ SERKB gargsreeeyet ssmﬂeqng%gﬂsgﬂectw Fof,1 h B Qptd.cal

s as shown in Born and E
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 t:o 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
beamsplitter 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. 245-249.

Fig. 25 shows a schematic diagram of an &berration
compensator which is designated by the general reference number 720
and may be used for compensator 602. Compensator 720 comprises a
polarizing beamsplitter __722, a gquarter waveplate 724 and an
electrical controlled deformable mirror 726. Deformable mirror 726
is controlled by internal piezo-electric elements and is described
in more detail in J.P. Gaffare’l,- et al., "Applied Optics," Vol. 2§,
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,
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optics”

counter
counter

, ., Perganmon Press, 3rd Edition, 1964. Al t hough the tracking
mar ks are preferably arranged in a spiral pattern, they nmay alternatively
be in a concentric pattern. In addition, the spiral pattern may
sane for each data surface, i.e., they are all clockw se or
-clockwi se spirals, or they may alternate between cl ockwi se and

-cl ockwi se spiral patterns on consecutive data |ayers. .

be the

Thi s

alternating spiral pattern may be preferable for certain applications,
storage of. video data, novies :for. exanple, where continuous

such as

tracking of data is desired. In such a case, the beamtracks the
spiral PECEr PG Afatushed Hee fiornt a chefiectivPaser {ATe] FoRneEPOoRYINEal patt ern

ow an
Controller 314 controls the adjustment of mirror 726 as

appropriate.

The opefation of the aberration compensééaés 212 and 602 have
been described above in connection with medium 12. Due to the air
space between the layeré, 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 focussed én a2 particular 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 &t the
other. data surfaces. This unwanted reflected 1light must be
screened out for proper data and servo signals to be obtained. The
multiple data surface filter 222 of the present invention achieves

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
a8 lens 756. The desired light beam 230 is collimated because it is

the light which has been properly focussed by lens 210. Beam 230
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beam tracks the counter-clockw se spiral pattern outward until the outer
di aneter is’'reached. Fig. 6B shows an exaggerated detail ed

cross-sectional view of an alternative surface pattern for nedium 12 and

i s designated by the general reference nunber 150. Pattern 150 is .
simlar to pattern 130 except that the tracking marks for surface 92 are
grooves 152 instead of inverse grooves. The pitch and the ratio of d2/dl
are the sane as for pattern 130. Beam 144 will track on land 134 on
surface 90 but now beam 144 will track on groove 152 when focussed on

surface 9 r th roove 132 si.rabl gertain
S:Jt uati ons is I%caggwg Isﬂwsl ? °d\8/s‘?:‘?‘1“5e65&/be‘f “(ﬁ“%ﬁea% E +6lr:%ay al gl) be

el ectroni cabkyperant Eodusaddt Byt 1@k 08 andAPs 9dni@7@ot collimated. The
24 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
recollimated 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 determined
by the desired trade-off between alignment tolerances and
intérlayer signai rejection requireﬁents. Alternatively, aperture
764 may be a slit having a minimum gap distance of approximately
A/(2*(NA)). 1In suah a case plate 754 could be two separate members
which are separated by the slit. Plate 754 may Ee made of z metal

sheet or may be made of a transparent substrate having a light

blocking coating with aperture 764 being uncoated.

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 aperture 810 located at a focal point 812 of lens 802.
Plate 804 has a complementary aperture 814 which allows the
Collima;ed light 230 to be directed through aperture 810 while
blocking unwanted uncollimated light 820. Aperture 814 mav be a
Pair of parallel slits or an annular aperture. In a preferred

embodiment, the distance between the slits of aperture 814 is
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| and 138 of surface 92. -The tracking marks for surfaces 94, 98 and 102
are simlar to surface 90 and the surfaces 96, 100 and 104 are simnmlar to

surface 92. Fig. 6C shows an exaggerated detail ed cross-sectiona
view of an alternative surface pattern for nedium 12 which is designated
by the general reference nunber 160. Pattern 160 is simlar 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 deldlah enkhe, SaPE. a5 for  patlern 130, ., Beamdadoill, t rack

on i nverse grooves 162 when an track on

grooves 164smheils hppuscedteBN $hihiaes 2({UNhEHS | Foi Stid exliteondttiakl ¥
switched to track on the land). The pattern for surfaces 94, 98 and 102
are sinil ardtGLa%5 F2REE BPrniHget hehes umhars ediaEte 00t abte WM aPe Silkilar to

sur face should be greater than the diameter of aperture 810. In both
cases, the outer edge 822 of aperture 814 15" Tocated outside of
beam 230. Blocking plates 804 and 806 may be made of a metal sheet .
or may be made of ; transparent substrate having a light blocking

coating with apertures 810 and 814 being uncoated.

Fig. 28 shdws a schematic diagram of an alternative filter
830 ‘which may be used as filter 222. Filter 830 comprises a
beamsplitter 832 and a holographic plate 834." The coating on the
holographic plate 834 is tuned to efficiently reflect ccllimated
beam 230 while uncollimated beam 840 is allowéd to pass. The
desired beam 230 is reflected .from holographic plate &34 and
returns to beamsplitter 832 where it is reflected towards

beamsplitter 224.

Fig. 29 is a schematic diagram which éhows how holograrhic
plate 834 is “made. A collimated laser beam 850 having
approximately the same wavelength as laser 200 is split intc 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 opposite directions perpendicular to
the surface of plate 834. A reflective hologram is recorded by the

interference of beams 852 and 854. The holographic coating may be
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92. Fig. 6D shows an exaggerated detail ed 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
pattern 130. The pitch and ratio of d2/dl is the Sanme as for pattern 130.
Beam 144 wll| track on inverse grooves 162 when focussed on surface 90
(unless it is electronically Switched to track on the land) and will track
on land 138 when focussed on surface 92. Surfaces 94, 98 and 102 have

5|n1Iar 25

ade é%“% %1chré%ated gel or photopolymer material.

Filters 222 of the present invention have been shown in Fig.
7 to be located in the path of beam 220. However, one or more
filters can be located in the separate paths“of servo beam 230 or

the data beam 236.
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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 nmarks are forned into the substrate at the tinme of msmufacture by
i nj ection nolding or photopol ymer processes as are known in the art.

shoul d be noted that the thin filmlayers, as descr:”lmlmﬂ@“lﬂ“l&ujml
deposited onto the substrates after the tracking nma

The di scussion-of tracking marks is also applicable to Sther " features of
optical disks. For exanple, some ROM di sks, such as CD-ROV use pits
enbossed in the substrate to recordigliadse and/ or provi de tracking

I nformation. Other optical nedia use pits to enboss sector header

i nformati on. Sonme nedia use these header pits to also provide tracking

i nformation. Jn.,us c i d ce formof the
pr esent inveanlo# b%&glgatmg£gr?%r Q%umhﬁ gﬁg)r ?h@%fllséekgl ts on the

various data suﬁf:@x:eadlmme&madtmdenmmrmScar saanmeritoatfiest r acki ng

mar ks di scussed above. The otptical pat h Iendgth bet ween the | ands and the
pits or data surface (90; 90‘) for storing recorded data, the first data

surface (90; 90’) having a layer (124; 124‘) of a semiconductor
material deposited thgreon;

2 second member (56; 56')'having a second data surface (92;
92’) for storing recorded data;

means (52, 54; 122) for supporting the first (90; 90°) and
second (92; 92’) data surfaces in spaced apart relationship; and

a radiation transmissive medium (78; 122) located between the
first (90; 90°) and second (92; 92’) data surfaces such that a beam
of radiation from a first side of the medium (12; 120) may be
focussed on either the first (90; 90‘) or second (92; 92') data

surface.

2. The medium (12) of claim 1, wherein the radiation

transmissive medium (78) is air.

3. The medium (120) of claim 1, wherein the radiation

transmissive medium (122) is a solid transparent material.

4. The medium (12; 120) of any preceding claim, wherein the
second data surface (92; 92‘) has a layer (124; 124’) of a

semiconductor material deposited thereon.
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inverse pits is also simlar to the tracking marks. The pits, inverse
pits, grooves and inverse grooves are all located at a different el evation
fromthe land ( i.e. the perpendicul ar di stance between theSe itens and

the land), and are all referred to as marks ﬂ hi's
di scussi on. Mar ks which are specifically dﬂm“ﬂﬂnﬂmﬁﬂm mdi ng tracking
i nformati on are known as non-data tracking matks¢ t ®* Pt Should be

understood that the nedium of the present SA9- 92- 070
26 : i nvention may be made in any type of optical disk fornmat
such as CD, CD-ROM or OD-ROM These formats are well known in the art.

5. The medium of any preceding claim, wherein the data

surfaces are ROM data surfaces.

6. The medium of claim 1, 2, 3 or 4 wherein the semiconductor
material is comprised of at least one element £from the group

consisting of C, Si, Ge, Sn, Pb.

7. The medium of claim 1, 2, 3 or 4 wherein the semiconductor

material is amorphous silicon.

8. The medium of claim 1,2, 3 or 4 wherein the semiconductor
material is an alloy A B, ,» where A is at least one element from the
group consisting of B, Al, Ga, In, and Tl; B is at least one

element from the group consisting of N, P, As, Sb and Bi and 0<x<l.

9. The medium of any preceding claim further comprising
between the first (50; 50‘) and the second (74; 74‘) member: '

& plurality of radiation transmissive members (56, 62, 68;
56’, 62', 68‘) each member having on each opposite side additional
data surfaces for storing recorded data (92, 94, 96, 98, 100, 102;
92’, 94', 96’, 98’, 100‘, 102’), each additional data surface
having a layer (124; 124') of a semiconductor material deposited
thereon;

means (52, 54, 58, 60, 64, 66, 70, 72; 122) for supporting the

SA9-92-070 ' 48
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The Optical System Fig. 7 shows a schematic diagram of an optical
head 22 and nedium 12. Optical head 22 has a | aser diode 200. Laser 200
may be a galliuimal um num arseni de di ode Taser which produces a prinary
beam of |ight 202 at approximately 780 nano mm“ ﬁﬁm Beam 202 is
collimaTed by lens 203 and is C|rcular|zed 204 whi ch may
be a circularizing prism Beam 202 passes to a Lbeam;pl | tter 205. A
portion of beam 202 is reflected by beansplitter 205 to a focus |ens
206 and an optical detector 207. Detector 207 is used to nonitor the power
of beam 202. The rest of beam 202 passes to and is reflected by a mrror
208, Beama02 Lbaha PaRPCSVONGN Akocui kens, 210 and.gamiplipl e data
surface aberration corrpens 2 ocused ont’'o one the data

sur f acegelstichabepO@nds shown) of ITEdI um 12. Lens 210 is nounted in a

hol der 214. The position _of holder 214 is adjusted relative to medium 12

by a focus FEFOALHR FEiBMisdiramediv hi; bR laittsdeavedinethetbEhe A

portion ¢ofsd Qﬁdlé&:lahdWﬂ@%db§t{c§;alle&$@ads§fféél§ Qa& Perodldd ace as a
reflected beam 220. Beam 220 returns through
other additional data surface.

10. The medium (12, 120) of any preceding élaim, wherein the
thickness of the semiconductor layers (124, 124°‘) is such that the
amount of light reflected during the reading of the data surfaces
(90, 92, 94, 96, 98, 100, 102, 104; 90’, 92°, 94°, 96°, 98°, 100°,

1027, 104°) is the.same from each data surface.

11, An optical data storage system (10} comprising:

a radiation source (200);

an optical medium (12) comprising a first radiation
transmissive member (50) haviﬁg a first data surface (90) for
storing recorded data, the first data surface having a layer (124)
of a semiconductor material deposited tﬁereon, a second member (56)
having a second data surface (92) for storing recorded data, means
(52, 54) for supporting the first and second data surfaces in
spaced apart relationship, and a radiation transmissive medium (78)
located bgtween-the first and second data surfaces such that a beam
of radiation from a first side of the ﬁedium may be focussed on
either the first or second

data surface;

>
\0
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conmpensator 212 and lens 210 and is reflected by mrror 208. At
beansplitter 205, beam 220 is reflected to a nultipte data surface filter
222. The beam 220 passes through filtter 222 and pafy plitter
224. At ‘beansplitter 224 a first portion 230 of TWHEHIWH"H‘“I
27 beam 220 is directed to an astignmati ¢ | €ns?® 232 &nd a quad
optical detector 234. At beansplitter 224 a second portion 236 of beam 220
is directed through a half-wave plate 238 to a polarizing
beansplitter 240. Beansplitter 240 separates |light beam 236 into a first
ort hogonal pol gri g onent 242 ec t on pol ari zed
l'i ght comonen?azé&géﬁhl g%]asn 8121 SYOchedy (?ggt 0370965, 2061 "Nl

for directing a radiation beam from the radiation source (200) to

one of the data surfaces of the optical medium (12); and

an optical reception means (212, 210, éoé,.gos, 222, 224, 238,
240, 246, 248, 250, 252) for reéeiving a réfiéé;ed radiation beam
from the optical medium (12) and providing a data signal responsive

thereto.

12. The system of claim 11, wherein the radiation

transmissive medium (78) is air.

13. The system of c¢laim 11, wherein the radiation

transmissive medium is a solid transparent material.

14. The system of claim 11, 12 or 13 wherein the second data
surface (92) has a layer (124) of a semiconductor material

deposited thereon.

15. The system of claim 11, 12, 13 or 14 wherein the data

. surfaces are ROM data surfaces.

16. The system of claim '11, 12,“ 130r 14 wherein the
semiconductor material is comprised of at least one element from
the group consisting of C, si, Ge, Sn, Pb.

17. The system of claim 11, 12, 13 or 14 wherein the

549-92-070 50
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242 to an optical detector 248 and a Iens 250 focuses light 244 to an

opt i cal defector 252. Fig. 8 shows a top view of a quad detector 234.
The detector 234 is divided into four equal sectlkmw.
Fig. 9 shows a circuit diagramof a channel circui t”'m 6
conprises a data circuit 262, a focus error circuit H” WMH@I ng
error circuit 266. Data circuit 262 has an anplifi%®r t2 ted to
detector 248 and an anplifier 272 connected to detector 252. Anplifiers
270 and 272 are connected to a double pole, double throw el ectronic swtch
274. Swit connected alter at|v a summng anplifier 276 or a
di fferentslceglfg%%bllc??l "Par{ 7gal is amopp roélﬁ ?%’é‘ﬁghas a plurali ty of anplifiers
280, 282, 284 and 286 connect ed to detector sections 234A B, C and D,
respectively. A summng anplifier 288 is connected to a lifiers 280 and
284, and a stimi TRF afpttiem e?f 2982i% ¢bnndet ed3t #Tanpt | YiedP2d2%and 286. A
di fferent S; n S applid hesse and 290.
Groui 2o et B 2 D oA 20, "oy 10

element from the group consisting of B, A1, Ga, In, and Tl; B is at
least one element from the group consisting of N, P, As, Sb and Bi;

and 0<x<1.
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a differegntial anplifier 298. Summ ng anplifier 294 is connected

SA9- 92- 070 28

to anplifiers 280 and 282, and sumring anplifier 296 is connected to
anplifiers 284 and 286. Differential anplifier 298 is connected to summ ng
anplifiers 294 and 296 via a double pole double throw electronic swtch
297. Switch 297 acts to invert the inputs'to anplifier 298. Fig. 10
is a schematic diagramof a controller systemof the present invention and
is designated by the general reference nunber 300. A focus error signal
(FES) peak detector 310 is connegsedad© the focus error signal circuit

264. A track error signal (TES)

OPTICAL DATA STORAGE

An optical data storage system comprisés a multiple data
surface medium (12) and optical head. The medium (12) comprises a
plurality of substrates (50, 56, 62, 68, 74) separated by a light
transmissive medium (78). Data surfaces (90, 92, 94, 96, 98, 100,
102, 104) are located on the substrate surfaces. A layer of a .
semiconductor material is deposited onto each of the data surfaces.
The thickness of the semiconductor layer determines the amount of

reflectivity for each of the data surfaces.

This Sheet Has Been Re’ilaced |
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peak detector 312 is connected to the tracking error signal circuit 266. A

control ler, 314 is connected to detector 310, detector 312, detector 207

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

di sk drive controller. Controller 314 is also connected to and control s

the | aser 200, head notor 26, spindle notor 16, focus notor 216, swtches

274 and 297, and conpensator 212. The exact, gonflguratlon and operation of

conpensator 212 is gsAeserdgted in nore det ai I''bel ow The operation of

system 10 may now be understood. Controller 314 causes notor 16 to rotate

di sk 12 and causes notor 26 to nove head 22 to the proper position bel ow

disk 12. See Fig. 7. Laser 200 is energized to read data fromdisk 12.

The beam 202 is focussed by lens 210 on the data surface 96. The

refl ected beam 220 retwrns 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, respectivelyg and arge used {9 provide data

SA9- 92- 070 Sy Zf . 29
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signal s. . See Fig. 8. When beam 202 is exactly focussed on data
surface,96, 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 fal
as an oval pattern 352 or 354 on detector 234. This wll cause circuit 264
to output a positive or negative focus error signal. Controller 314 wll
use the focus error siohal-,to control - notor2/216 to nove |lens 210 until the
zero focus error signal” I's achieved. | f beam 202 is focussed exactly
on a-track of data surface 96, then beam 230 will fall as a circular
cross-section 350 equally :
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bet ween the sections A and B, and the sections Dand C. If the beam is off

track it wll fall on the boundary between a tracking mark and the |and.
The result Ts that the beamis diffracted and cross-section 350 will nove
up or down. More light will be received by sections A and B, and | ess by
sections C and D or vice versa. Fig. 11A shows a graph of the TES

produced by circuit 266 versus the displacegnent of head 22. Controller
314 causes VOM 26 F9-BdWé®head 22 across the surface of medium 12. TES
peak detector 312 counts the peaks (maxi mum and m ni num points) of the
TES signals. There are two peaks between each track. By counti.ng the
nunmber of peaks, controller 314 is able to position the beamon the proper
track. The TES signal at a land is a positive slope TES signal.
Controller 314 uses this positive slope signal to |lock the - SA9-92-070

30 '

] |
124 ~L G2
126~ |
78
126—F ;
124~ e G
50 V\E

FIG 34

55¢~L

124'~,
122
124’

F~ ’

T

()
Ny

7

}

o
[

_ FIG. 35

m—

This Sheet Has Been Reﬂlaced




beam on track. For exanple, a positive TES signal causes head 22 to nove
to the lLLeft toward the zero point |land position and a negative TES signal
causes the head 22 to nove to the right toward the zero point |and
position. Fig. 11A shows the signal derived fromthe preferred pattern 130
of medium 12 when switch 297 is in its initial position as shown in Fig.

9. The sane signal is also generated for suyface 90 of pattern 150, and
surface 92 of patterff® £7%° The beamis automatically |ocked to the |and
because that is the position where there is a positive slope. Fi g.
11B shows a graph of the TES versus head di spl acenent for surface 92 of
pattern 150, surfaces 90 and 92 of pattern 160 and surface 90 of pattern
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

| ocation of the tracking nq{ks and so that the beamw || automatically

track on the tracking T T i T T T T | i
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mar ks and not the | and portions. Tracking 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, surfaces 90 and 92
of pattern 160 and surface 90 of pattern 170 when inverter switch 297 is
enabled such that the TES signal is inverted. The TES now has a positive
slope at the land positions and the beamw || track on the land portion

i nstead of the trackiypg:mefks. Thus, controli/df 314 can track the grooves
or the lands by setting switch 297. Medi um 12 cont ai ns ROM dat a
surfaces. Reflectivity detection is used to read the ROMdata. |In data
circuit 262, switch 274 is SA9- 92- 070
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positioned to connect anplifier 276 when a ROMdisk is to be read.

si gnal

fromdetectors 248 and 252 i s added.

data spots have been recorded and this difference in

dat a si gnal
phase change data disk. If a disk is
surf aces,
274 wil |
or t hogonal

si gnal

that a

si gnal
not or

Controller

fromcircuit
nom nal | y si nusoi da
data surfaces of nedium 12.
During startup of the system controller 314
210 at its zero displacenent position.
314 will then seek the desi¥éd#0data surface by causing notor

is zero.
to position |ens

anplifier

216 to nove |lens 210 in a positive | .10

e

il

c. i [

Less light is

: The difference
pol ari zation light detected at detectors 248 and 252 w ||
provi de the data signal. Fig. 12 shows ‘a.graph of the focus error
264 versus the displacenent distance of
focus error signal is obtained for each of the
Bet ween the data l'ayers, the focus
first

AL R Ny Ny
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o e g4

AN
b

laced

detected where
| ight detected is the
Swtch 274 will have the same setting for reading WORM and
used whi ch has nmagnet o-optica
then pol arization detection %ﬁ_needed to read the data. Switch
be setsases2-®dhnect 8

| ens 210. Note



di spl acenent direction. At each data |ayer, peak detector 310 will detect
the two peaks of the focus error signal. Controller 314 will count the
peaks (two per data surface) and determ ne the exact data surface on which
beam 202 is focussed. Wen the desired surfaces are reached, controller
314 causes notor 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 notor 216 to seek the zero point

SA9-92-070 SA9-92-070 7/17 . _ 32
focus error signal between the peaks, i.e. lock on the positive slope
signal such that exact focus is achieved. The controller 314 wll also

adj ust the power of laser 200, the switch 297, and the
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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 portions of the disk of the
preferred pattern 130. The controller 314 seeks and reads the header
information of the first track of the first ggata surface. The header has
informati on on the FadAEro® |ayers, what type of optical nmedia is in each
| ayer (reflectivity or polarization detection), and what type of tracking

mark patterns are userer 314 is able
to set switches 274 anth 207 Mo saxracN ) hexd eachh dara sl face. | f

controller 314 is unabl®_to read the first track of the/—H\r%L data surface
%.

(perhaps the first layer/has & i N a2\ X racki Ng\mx K pfat t/&F t hen

controller 314 wil'l set¢switch 297 to its other settin d att enpt:

to read the first tracklo{ N t\d‘&‘e\ age a\n?' I~5th|s still
does not work (perhaps Dﬁm%él&i}rﬂm%—%m%ptlc and
a4

requires polarization ﬁ\\}\\\\\\\\\\\\\\ o
[ \\’1\\\\\\\\\\\\\\) 0

MULTIPLE
DATA SURFACE
ABERRATION
COMPENSATOR

=
}(_)ﬂ |

]
b
n

.

L

Ny
D
3]

MULTIPLE

; DATA
22271 SURFACE
AR .|

is Sheet Has Been Reﬂlaced

T




detection) then the controller wll
detection and try again, setting switch 297 at one
[ 314 will
first track of the first data surface
conbi nati ons of settings of swtches

ot her.
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Once

swi tches 274 and 297
Al ternatively,

In sumary, controller

274 and 297 until
controller

only the ROM nedi um of the present
is preprogramred to store information on the

set switch 274 to the

read the header

SA9-92-070
it is successful at

invention. In that

pol ari zati on

setting and then the
i nformation of the
by trying the four different

314A_%§4hgis header informavion, it can correctly set
r each of the other data surfaces. '

the disk drive may be specifically dedicated to, work with
case,
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type of data surfaces, nunber of |ayers, and types of tracking marks.

-
SA9-92-070 10/17

g€ 100 i02 104

LENS 210 DISPLACEMENT

FIG 72

207
DATA LASZR TO LASER 240
Frop  DATA gl
262 (3‘0 P 574 70 VCM 22
/ H
1 U
Fe L 70 SPINDLE
FROM FES FES ! 2
264 1 ""'iECAI'IéR S CCNTROLLER MOTOR 6
—~ : 70 VCM 216
' I 70 SWITCH 274
—
fRoM TES PR P 1 ' 7O SWITCH 297
265 r~TPEECAT%R —— TO COMPENSATOR 212
U -
_ \\
' —— 76 70 300
heet Has Bﬁ‘ei\‘li‘eﬁaced .



34

SA9- 92- 070
The Aberrati on Conpensat or Lenses are typic‘T ned to focus
refraction of 1. 0. Wien s

| ight through air which has an index of
| enses focus light through materials having dlfferent
refraction, the light experiences a spherical aberrat ﬂv torts
degradi ng the readi ng aPpde
ens, t

and enl arges the beam spot,
per f or mance. In typical optical data storage syst @Bﬁﬂlonly

one -
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data surface onto which to focus. The data surface is usually |ocated
beneath & 1.2 ., )mmthick face plate. The lens is typically a .55 nunerical
aperture (NA) lens which is specially designed to correct for spherical
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
dept hs the focugAggéfigburry. Thi s causes2gevere problens for any multiple
data | ayer systent -~ The aberration conpensator 212 of the present
invention solves this problem Fig. 13 shows a schematic diagram
of an aberrationconpensator which is designated by the general reference
nunber 400 and may be used as conpensator 212. Conpensator 400 conprises a
st epped bl ock 402 having three steps. A first step 404 has a thickness of
0.3 mm a second step 406 has a thickness of 0.6 mmand a third step 408
has a thickness of 0.9 mm The bl ock 40%=r—s=pmede—of=they sane nuterial as
the face plate and substrates of nedi UNEEZBE-OEREISSKRAl ar—dti ca
material. Note that these steps increasEhR opitear—LtHLkness in
increments of the substrate thickness.
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notor 410 (or simlar actuator device) which in turn is connected to
control l er 314. Motor 410 noves block 402 laterally into and out of the
pat h of beam 202. Lens 210 is designed to focus on the | owest data
surface of nedium 12. In other words, lens 210 is designed to conpensate
for spherical aberrations caused by the conbi ned t hi cknesses of the face
pl ate and the intervening substrates. Fqr_ the present invention, in
order to focus on sexface7d02 or 104, bearh°202 nust pass through the face
pl ate 50 and substrates 56, 62 and 68 (a conbined thickness of 1.2 nmm of
the substrate naterial). Note that the air spaces 78 are not counted
because they inpart no
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addi ti onal spherical aberration. Lens 210 is thus designed to focus
through, 1.2 mm of pol ycarbonate and may focus equally well on both data
surfaces 10Z and 104. When beam 202 is focussed on either surface 102
or 104, the block 402 is conpletely w thdrawm and beam 202 does not pass
through it. \When beam 202 is focussed on surface 98 or 100, block 402 is
positioned such that beam 202 passes through step 404. Wien beam 202 is
focussed on surfaces 94 or 96, block 402 is positioned such that beam 202
passes through step 406. When beam 202 is focussed on surfaces 90 or 92,
bl ock 402 is positioned>sget?7that - beam 202 pisdes through step 408. The
result is that no matter which pair of surfaces are focussed on, beam 202
will always pass through the same total optical thickness of material and
wi Il not experience spherical aberration problens. Controller 314 controls
notor 410 to nove the bl ock 402 as appropriate. SA9- 92- 070

36
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Fig. 14 shows an aberration conpensator which is designated by the general
reference nunber 430 and which may be used for conpensator 212.
Conpensator® 430 has a pair of conplenentary triangular shaped bl ocks 432
and 434. Bl ocks 432 and 434 are nade of the sane material as face plate
and substrates of nedium 12 or material of_simlar optical properties.
Bl ock 432 is pqsidj@ngd in a fixed posﬂPVbh such that beam 202 passes
through it. Block 434 is attached to a voice coil notor 436 and nay be
slid along the surface of block 432. Controller 314 is connected to and
~controls notor 436. By noving block 434 relative to block 432 the overal
thickness of material through which beam 202 passes mnmay be adjusted.
The result is that beam 202 passes through the sanme - optical thickness of
material no matter which data surface it is focussed on.
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Figs. 15 and 16 show an aberration conmpensator which is designated by the

general reference nunber 450 and may be used for conpensator 212.
Conpensat or 450 has a circul ar stepped el ement 452, El ement 452 has
four sections 454, sad5H ;5458 and 460. Sectigns_456, 458 and 460 have

t hi cknesses simlar to steps 404, 406 and 408"respect|vely, of
conpensator 400. Section 454 has no nmaterial and represents a bl ank space
in the circular pattern as shown in Fig. 16. The circular element 452 is
attached to a stepper notor 462 which in turn is controlled by controller
314. Spindle 462 rotates el ement 452 such that beam 202 passes through

the sane thickness of material no matter which data surface it is focussed
on. SA9- 92- 070 37
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Fig. 17 shows an aberration conpensator which is designated by the general
reference nunber 570 and nay be used for conpensator 212. Conpensator 570
conprises a stationary convex lens 572 and a noveabl e concave | ens 574.
Lens 574 is attached to a voice coil nmotor 576. Voice coil nmotor 576 is
controlled by controller 314 to nove lens 574 relative to |l ens 572. Beam
202 passes through-bengio 572, |ens 574 and!{1/drds 210 to nmedium 12. Moving

|l ens 574 relative to |lens 572 changes the spherical aberration of beam 202
and allows it to focus on the different data surfaces. In a preferred
.enbodi ment | enses 210, 574 and 572 conprise a Cooke triplet having novable
center elenent 574. Cooke triplets are described in nore detail in the
article by R Kingslake, "Lens Design Fundganentals,” Academ c Press, New
York, 1978, pp. 286-295. Although lens 574°is shown as the noving el enent,
alternatively, lens 574 could be st atBWaFY/TEnd | ens 572 used as the
noving elenment. In Fig. 4 the abeg;, atli onZé€énmpénsator 212 is shown between
| ens 210 and nedium 12. However, kI donpensat¢r 570-is used it will be

| ocat ed between |l ens T
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' 210 angdfmrror 208 as shown i
compensator which is desi gnat

n F|g 17 Fig. 18 shows an aberration

ed. by the gener—&{—«* f
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Conpensafor 580 conprjses an aspherl c lens [ﬁ d gﬁl .zer
oca Ve ﬁgéé nt hag a spherical aber ‘?SS'HP%WTQ%E 58%? -yt
LAQ#Q s 582 is connected C"gn § """
or=5 dcgntrol | ed by contro I ¥ 582
Otll’ rl'p\igﬁ @B """ %pé ed!am_ZCZ passes %{;roug hsuZifO arlj‘
rﬂe@a'mﬁﬁ)lz pPagefyyt- né O PARE 585 rel ati ve leng 210  SA9-92-070
i 3BDrawing(s) : paged ..... eﬁﬁﬁg@é’ ‘the’ |spherical aberr tmnmspbft RECEIRD. ?Gz" 2Agne
& hisawacti t :paged’.aT.usto pagadhe-diff f erent data surfaces.

OPTICAL DATA STORAGE

ABSTRACT

An optical data storage system comprises a multiple data surface medium

(12) and optical head. The medium (12) comprises a plurality of substances (50,

- 56, 62, 68, 74) separafed by a light transmissive medium (78). Data surfaces (90,
92, 94, 96, 98, 100, 102, 104) are located on the substrate surfaces. A layer of a

~ semiconductor material is deposited onto each of the data surfaces. The thickness

of the semiconductor layer

data surfaces.
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Fig. 19 shows a view of lens 582 relative to axes z and rho. In a

.. preferred enbodi nent, the surface of 584 should correspond to the fornula

Wa=[err] Fig. 20 shows a schenatic diagram of an alternative optica
kﬁead of the present invention and is designated by the general reference
nunber 600. El enments of head 600 which are simlar to elenents of head 22
are designate by a prine nunber. Note that head 600 is simlar to system
10 except that the aberration conpegzzﬁpr 212 has been elimnated and a
new aberration conpensator 602 has added between beansplitter 205
and mrror 208'. The description and operation of conpensator 602
is described below. The operation of head 600 is otherw se the sane -as

descri bed for head 22. Head,.600 may be substitqt d for head 22 in system
10. Fi g. 21 shows<fa 2éhemadfc diagr@m of an aberration
conpensat or which is desi rence nunber 610 and

may be used for conpensator 602 “Conp safjor- p10 conprises a substrate 612
having a reflective hol ¢gr i [ coa |?¥ 6144.
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Substrat’e 612 is attached to a stepper notor 616 which in turn is
controlled by controller 314. Hol ographic coating 614 has a nunber of

di fferent hol ograms recorded, each of which inparts a particular spherica
aberration to beam 202'. These holograns 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, SA9- 92- 070

- 39 beam 202" will experience a different hologram - The
nunber of hol ograns recorded corresponds to the nunber of different
spherical aberration corrections requircg For medium 12 as shown, four
different recordings are necessary each /laépondlng to one of the pairs
of data surfaces.
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Fig. — 22 'shows _a schematic diagram of ~an aberration conpensator
which is designated by the general reference nunber 620 and may be used
f.or 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 ographi ¢ coating 624 has a nunmber of hologranms recorded, each of which
corresponds to the amount of spheri cam@errati on conpensation required.
Beam 202" experiences each of these |[*ograns in turn as substrate 622 is
r ot at ed. Fig. 23 shows a schematic di.agram of a recordi ng system used
to make the hol ographic coatings 614 and 624, and is designated by the
‘general reference nunber 650. System 650 has a | aser 652 which produces a
|l i ght beam 654 at a frequency simlar to the laser 200. Light 654 is
collimted by lens 656 and is passed to a beansplittér 658. Beansplitter-
658 divides the light into a beam 660 and a beam 662. Beam 660 is
reflected by a mrror 664 and 666, and is focussed by a lens 668 to a
point 670 in a plane 672. eanT 660 \
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passes t'hrough a stepped bl ock 674 simlar .to bl ock 402. Beam 660 is then
recollimated by-a lens 676 and falls upon a hol ographic coating 680 on a
substrate 682. Substrate 682 is rotatably nounted SA9- 92- 070 :

40 to a stepper notor 684. Beam 662 also falls upon coating
680 at a 90 degree angle from beam 660. Lens 668 forns an
unaberrated spot on plane 672. This |i4f{7 is then passed through a step of
‘bl ock 674 which has a thickness:- representing the sumof the substrate

t hi cknesses 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 cBli-raes—the ijghf i‘ nta 2 hp;lam t hlar (‘(?nt aj ps-a specific
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anount of- spherical aberration corresponding to the specific thickness.
This wavefront” is holographically recorded by interference with the
r.ef erence beam 662. If the hologramis oriented in approxinmtely a pl ane
690 as shown, a transmission hologramis recorded. If it is oriented in
approximately a plane 692 as shown as a dash line, a reflective hol ogram
is recorded. The wavefront required to correct the aberrations encountered
in accessing a different pair of regﬁéﬂyng | ayers i s hol ographically
stored by rotating the hologramto a angul ar position and inserting

t he correspondi ng thickness plate of block 674. A multiplicity of

angul arly resol ved hol ograns are recorded, each corresponding to and:

providing correction for a different pair of recording |ayers. The
hol ographic coating nmay be nade of dichromated gelatin or a
phot opol yner materi al . The individual holograns can be recorded in

increnments as snmall as one degree w thout appreciable cross-talk. This
permts |arge nunbers of holograns to be recorded and correspondi ngly
| arge nunbers of data surfaces to be used.
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SA9- 92- 070 - 41 _
Fig. 24 shows a schematic diagram of an alternative aberration
conpensat or which is designated by the general - reference nunber 700 and
may be used for conpensator 602.  Conpensator 700 conprises a polarizing
beansplitter 702, a quarter waveplate 704, a carousel 706 attached to a
stepper notor 708 and a plurality of erical aberration mrrors 710 each
providing a different spherical .aberration correction. Beam 202' is
oriented with its polarization such that it passes through beansplitter
702 and plate 704 to one of mrrors 710. Mrror 710 inparts the _
appropriate spherical aberration to 4@ BRam 202' which then returns
through plate 704 and is refl ected qy rJ
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beanspli'tter 702 to mrror 208'. Motor 708 is controlled by controller
314 to rotate the carousel 706 to position the appropriate mrror in
place. Mrrors 710 are reflecting Schm dt corrector plates. See M Born
et al., "Principles of Optics,” Perganon Press Oxford, 1975, pp. 245-249.
Fi g. 25 shows a schematic diagram of an aberration conpensator
whi ch is designated by the general reﬂ?ﬂﬁhce nunber 720 and may be used
for ‘conpensat or 602. Conpensator 720 conprises a polarizing beansplitter
722, a quarter waveplate 724 and an electrical controlled deformable
mrror 726. Deformable mrror 726 is controlled by internal piezo-electric
el ements and is described in nore detail in J.P. Gaffarel, et al.,
"Applied Optics,"” Vol. 26, pp. 3772-3777, (1987). The operation of
conpensator 720 is simlar to conpensator 700, except that mrror 726 is
electrically adjusted to provide the appropriate spherical aberration. In
ot her words, SAQ-Q%L?7O :
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mrror 726 is adjusted to forma reflective surface corresponding to the
different Schm dt corrector plates 710 of conpensator 700. controller 3 4l:.ot
controls the adjustnent of mirror 726 as approprialbisis the repiagement S
operation of the aberration conpensators 212 and 602 have been descri bed
above in connection with nedium 12. Due to the air spacePl%%:ween t he

| ayers, one aberration conpensation setgj wll work forl each r {_
data surfaces. However, in the case vvhesrlemmadi um 120 i s used, a&?r%{@ oﬂ%
conpensati on sef\i NN mReNt e eN{ tazsurface. This is
because there a , H4%urf ace
Filter
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When beam 202 is focussed on a particular data surface of nedium 12 a
reflected beam 230 is returned to head 22 fromthat surface. However, sone .
of light beam 202 is also reflected at the other data surfaces. Thi s
unwanted reflected 1light nust be screened out for proper data and servo
signals to be obtained. The multiple data surface filter 222 of the

present invention achieves this functuggﬁ7 Fig. 26 shows a schematic
diagramof a filter 750 which may be as filter 222 Filter 750
conprises a blocking plate 754 and a |lens 756. The desired |ight beam 230
is collimated because it is the light which has been properly focussed by

| ens 210. Beam 230 SA9-92-070 354
43 .
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is focussed by lens 752 to a point 760. Unwanted |ight 762 is not properly
focussed by lens 210 and is thus not collinmated. The light 762 will not
f.ocus to point 760. Plate 754 has an aperture 764 at point 760 which
allows light 230 to pass. Most of the wunwanted light 762 is bl ocked by .
plate 754. The light 230 is recollimated by lens 756. In a preferred
enbodi ment aperture 764 is circularly] ged and has a di aneter of
approximately [err]/(2*(NA)), where [err? is the wavel ength of the l'i ght
and (NA) is the nunerical aperture of |lens 752. The exact dianeter is
determined by the desired trade-off between alignment tolerances
and interlayer signal |rejection requirenents. Alternatively, aperture 764
may be a slit having alm ni num gap di stance of approxi mately
[err]/(2*(NA)). In suah a case plate 754 could be two separate nenbers

whi ch are separated byjthe slit. Plate 754 may be made of a nmetal sheet or
may be made of a transnarent substrate havi ng a ht bl ocki ng coati ng
with aperture 764 being 96 98 102 10
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Fig. 27 shows a schematic diagramof a filter 800 which al so may be used

as filter 222. Filter 800 conprises a lens 802, a bl ocki

bl ocki ng plate 806 and a | ens 808. Pl ate 806 has an apertu?gso‘ a‘“?oc@é{e:e ent she
at a focal point 812 of lens 802. Plate 804 has a conplenentary apertur

814 which allows the collimted |ight 230 to be directed tﬁawgzhﬁg%%u

810 while bl ocking unwant ed uncol | i mat gilmght 820. Aperture 81

pair of parallel slits or an annul ar In a preferred

enbodi nment, the distance between the sI its of aperture 814 is SA9- 92- 070

44 gr eatp—fthapthedrameger of aperture 810. The dianeter of
aperture 810 is apploxihpteryoqum~ra) [err]l4 2*(NA)).  For the
alternative ) ————————
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annul ar “shaped aperture, the inner dianeter of the annular slit should be
greater than the dianeter of aperture 810. In both cases, the outer edge
822 of aperture 814 is located outside of beam 230. Bl ocking plates 804
and 806 may be made of a netal sheet or may be nmade of a transparent
substrate having a light blocking coating with apertures 810 and 814 being
uncoat ed. Fig. 28 shows a schematic diagram of an alternative
filter 830 which may be used as filter igg}7 Filter 830 conprises a
beansplitter 832 and a hol ographic plate . The coating on the

VPR W P WA S W AT SN
SO B o B N A AN A v Bl U S

ol I i mat,ed - beam 230

N L O, N W, .

hol ographic plate 834 is tuned to eff

whi | e uncol i mat ed beam 840 i s al | owse=EEARASSS—~~IRe—~~des-red "beam 230 is
refl ected from hol ographic-pl ate 834 W FaREo-peansplitter 832 where
it is reflected towards beansplitter*228 —— —Fg. 29 is a schemtic
di agr am whi ch shows how hol ographic pl 3 1202 made. A collinmated

| aser beam 850 having approxinatel wavel ength as laser 200 is
split into two
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beans 852 and 854 at an anpl i tude beams-pll itter 856. Beans 852 and 854 are
directed by nmirrors 860 and 862, respectively, and fall upon hol ogram
pl ate 834 from opposite directions perpendicular to the surface of plate

834. A reflective hologramis recorded by the interfereneeiginebRpiefidat shmet

and 854. The hol ographi c coating may be SA9- 92- 070 made of
a di chromated gel or photopol ymer mat erli3f17 Fi l tgrs 222 of the
present invention have been shown in Fig. 7 to be |ocat® n Jiit 998
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SA9- 92- 070 ' 46

CLAI M5 1. A multiple data | ayer optical data storage disk for use in an
optical disk drive of the type having a |aser for generating a single
wavel ength | aser light beam a focusing lens for directing a spot of .| aser
light fromthe beamto any one of a plurality of spaced apart data |ayers,
and an optical reception device for receiving |aser light reflected from
any one of the data |layers, the disk C?;Qgsfing: a first nenber _
transm ssive to the single wavel ength light and having a first data
| ayer for storing recorded data as marksthorned in the first data |ayer,
the first data I|ayer having a | ayer of em conductor nmaterial deposited
t her eon; a second nenber having émégi%nd data layer for storing -

recorded.data as marks forned in the sé&éhd,data | ayer:;
710 W T '
706 1 |
] FROM
‘ BEAMSPUTTER
205"
I L70_4 702J 202
/708
. 700
710

FIC. 24
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208’ I
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BEAMSPLITTER
205"

bl i il
726 794 722~ 202
720
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a support device for supporting the first and second data layers in a
spaced apart rel ationship; a nmediumtransm ssive to the single
wavel ength | aser light and | ocated between the first and second data

| ayers; wherein the | ayer of sem conductor material on the first data

| ayer has a predeterm ned thickness enabling transm ssion of a portion of
the single wavelength laser light fromthe laser to said second data |ayer
and reflection of light fromsaid sng data | ayer to said optical
reception device when the focused sp | ocat ed on said second data

| ayer; and said predeterm ned thickness enabling reflection of a portion
of the single wavelength laser light fromsaid first data |ayer to said
opti cal reflection devi ce when the focused spot is |located on said first

data | ayer. . The disk of claim1, wherein the transm ssive mediumis
air. 3. The di sk ZFIa|n1 1, wherspin the trans ive mediumis a solid
t ranspar ent naterla The di sk of} claim 3, in the transm ssive
nedlun1funct|0330 the s pp deV|ce 5. The diskf of claim1, wherein
t he second data I er ha a I of a m conduct or terial deposited
t her eon. 760
FROM 10
BEAMSPLITTER BEAMSPUTTER
205 224
750
82071
FROM 10
BEAMSPLITTER BEAMSPLITTER
205 224

7
7
4
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The di'sk of claim 1, wherein the data |ayers are ROM data surfaces.
The disk of claim1, wherein the sem conductor nmaterial is conprised
f at least one element fromthe group consisting of C, Si, CGe, Sn, Pb.
The disk of claim1, wherein the sem conductor material is anorphous
ilicon. 9. The di sk of claim 1, wherein the sem conductor material is
err], where Ais at |east one el errerlt7/¥7mthe group consisting of B, Al,
Ga, In, and TI, Bis at |east one el en%e fromthe group consisting of N,
P, As, Sb, and Bi, and 0 < x < 1. 10. disk of claim1l1, wherein the

—0 0o o

sem conductor material is GaAs. 11.BERMSPUT®R of claim 1, wherein the
sem conductor nmaterial is Al As. 12. Th@ i sk,of claiml1l, wherein the
sem conductor material is Al P.23B. |The“di'sk bf claim 1, wherein the
sem conductor material is Al Sb. \44) The disk|of claim31, wherein the
sem conductor material is GaP. 15.|The disk pf claim1l, wherein the
sem conductor material is GN. 16. | The disk pf claim1, wherein the
sem conductor material is GaSh. 17] The diskfof claim1l, wherein the
sem conductor material is InP.
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18, Me disk of claim1, wherein the senicondu
The "di sk of claim 1, wherein the seniconduct or ) ! s agddls,
diisk of claim1, wherein the sem conductor ag d

) T3 %(% aged .....
refraction (n) and an extinction coeffjci ent Q ’Sﬁﬁ%ﬁ al
0.5. 21. The disk of claim1, wherein the pregete né'§'s é""

| ayer of sem conductor rraterial is in the range of 25 5000 Anstr qu 22.
y ATE. £) Q .1

The di sk pf 31@8%163 ﬁ{aﬁ(ﬂdﬁ% h&raC rmpllj AQcilicd 198

surf ace. clai’'m rt er conprising a rretal reflectlve
| ayer deppggredulgnion7! be Arkecaryl. data surface. 24. The disk of claiml1,
wherein the second nenber is a |aser Ii ght radiation transm ssive nenber
and has a thiThe problenh ayitr thepppaiot artt systeme hasn dectnthat treyabilitynd cléaryt Fead
conprising a third nenber having a fourth data | ayer and a second | aser

i ght ratlie aiataarccondadsisms:sfi difiendidif uhert de paoraithan tone datatlayert hintervening datar t h
data | ayers. 25. The disk of claim 24, wherein the second and
third datlayersaseatlyheeduce the signal received from the deeper data layers due to absorption

RPPLACEMENT SHEETS
tt i pdgéd BI%@ agé@.:‘..

and reflection losses.
SUMMARY OF THE INVENTION

It is an object of the present invention to emeliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a multiple data
layer optical data storage disk for use in an optical disk drive of the type having a laser
for generating a single wavelength laser light beam, a focusing lens for directing a spot
of laser light from the beam to any one of a plurality of spaced apart data layers‘: and an
optical reception device for receiving laser _light reflected from any one of the data
layers, the disk comprising: a first member transmissive to the single wavelength laser
light and having a first data layer for storing recorded data as marks formed in the first
data layer, the first data layer baving a layer of a semiconductor maferial deposited
thereon; a second member having a second data layer for storing recorded data as marks
formed in the second data layer; a support device for supporting the first and second data
layers in a spaced apart relationship; a medium transmissive to the single wavelength
laser light and located between the first and second data layers; wherein the layer of
semiconductor material on the first data layer has a predetermined thickness enabling
transmission of a portion of the single wavelength laser light from the laser to said
second data layer and reflection of light from said second data layer to said optical
reception device when the focused spot is located on said second data layer; and said
predetermined thickness enabling reflection of a portion of the single wavelength laser
light from said first data layer to said optical reflection device when the foeu_sed spot is

located on said first data layer. _ . _
This is the replacement sheet
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sem contduct or | ayer deposited thereon. 26. The disk of claim24, further
conprising a netal reflective |ayer deposited onto the fourth data |ayer.
27. The disk of claim1, further conprising a dielectric protective |ayer
overlying the sem conductor layer. 28. The disk of claim1, wherein the
sem conductor material |ayer has a thickness such that the total effective
reflectivity of the single wavel ength | aser light fromeach of the first

o Soon0 SRR Y BB bt BT, ef iy S0P ket .

I | iaht e _ : .

cgrsrgii s:dg% sé&:agé‘g??tﬁlgl;tgdrrﬁ ﬁr%%‘?%’?? éﬁﬁfﬂ%ﬁ?g}l% fr?\ra errgﬁ%é/:fa%ér QEH[]T !lﬁpast dat a
surf ace gbfiraffy Ofikdd0 WwRERhEMY sRichiea ARl f@ﬁ(?ﬂiﬂgﬁ at st 1ds8t 1d@haon

surface, a layer of a sem conductor material deposited on the first data

sur f ace tragsREIVE dnélabér hawihg ac €irétodats istffacty fore siofidg dreclrtied @ataas lbarker med
in the second data surface, and a solid |aser radiation transm ssive

medi um Iformaddeinl the fivet elatat duefate,r slayemnof & senricshddeton matoriah depositéd on sheafirsng t he
data surfaces apart; an optical transm ssion device for directing
| aser | idgtat sufrfage; alssconds datarsiatfage ifomn stosing rreeorded datgassmiarksf formed rierther to

any one of said data surfaces, said device includi ng. a lens for locating a

f ocused seqamd dsta surface, andym solichlager ragiption fransmissive, Jogated between the
first and second data surfaces for spacing the data surfaces apart; an optical transmission

device for directing laser light from the laser radiation source through said first member
to any one of said data surfaces, said device including a lens for locating a focused spot
of laser light to any one of said data surfaces; an optical réception dévice for receiving a
reﬂected laser light from any one of said data surfaces and providing a data signal
responsive thereto; and wherein the layer of semiconduct(;r material on said first data
surface has a predetermined thickness enabling transmission of the laser ligi;f at said
fixed wavelength from the laser radiation source to said second data surface and
reflection of light from said second data surface to said opticél reception device when the
focused spot is located on said second data surface, said predetermined semiconductor
layer thickness enabling reflection of laser light at said fixed wavelengfh from said first
data surface to said optical reflection device when the focused spot is located on said first
data surface.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

. For a fuller understanding of the nature and advantages of the present invention

reference should be made to the following detailed description taken in conjunction with

the accompanying drawings.
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an,optical reception device for receiving a reflected laser i ght from any

one of said data surfaces and providing a dat a—STgnm——res-pmm—ve—t her et 0;

and , wherein the |ayer of sem conductor na rst data

surface has a predeterm ned thickness _enabling g mmgl mlﬂml he Iaser

light at said fixed wavel ength from t¥e | aser ra | 0N SOUISCE »

second data surface and reflection of light from said second data surface

to said optical reception device wh t focused spot is |located on said
second data surface, said predetermned sem conductor |ayer thickness

enabling. A multiple data la ayer optlcal data storage disk for use in an opeifal diSlaki®6tdron of
| aser light at said fixed wavel ength fromsaid first data surface to said

optical thetypechdviiy gdxdet Forvbereritip 4 QigheoatdMétigth faskOtightcbbad) £ fdcilsing! St

data surface. 30. The system of claim29, wherein the second data surface
has a | dgm fonfdimctimpaispoinofliaserrlight from tie bamooi dnycorehsfreploralit bf spivedsyst em

of claim 29, wherein the data surfaces are ROM data surfaces. 32. The
system @part|datanlagers, and: A ioptical aecaptivg davice fan reneivingi laser light teflected fdorof  at
| OaSt Oy ouS OF the dats layers, (it Gk comprising: 0 O 0 o & S PR

a first member transmissive to the single wavelength laser light and having a first
data layer for storing recorded data as marks formed in the first data layer, the first data
layer having a layer of a semiconductor material deposited thereon;

a second member having a second data layer for storing recorded data as marks
formed in the second data layer;

a support device for supporting the first and second data layers in a spaced apart
relationship;

a medium transmissive to the single wavelength laser light and located between the
first and second data layers; wherein the layer of semiconductor material on the first data
layer has a predetermined thickness enabling transmission of a portion of the single
wavelength laser light from the laser to said second data layer and reflection of light
from said second data layer to said optical reception device when the focused spot is
located on said second data layer; and said predetermined thickness enabling reflection of
a portion of the single wavelength laser light from said first data layer to said optical
reflection device when the focused spot is located on said first data layer.

2.  The disk of claim 1, wherein the transmissive medium is air.

3. The disk of claim 1, wherein the transmissive medium is a solid transparent
material.

4. The disk of claim 3, wherein the transmissive medium functions as the support
device.

5.  The disk of claim 1, wherein the second data layer has a layer of a semiconductor

material deposited thereon.
This is the replacement sheet
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33,. The* system of claim29, wherein the sem conductor material is anorphous
silicon. 34. The systemof claim29, wherein the Sem conductor material is
[err], where A is at |least one elenent fromthe gr ﬂlﬁﬂllﬂﬂ“ B, A,
Ga, In, and TI, Bis at |least one elenent fromthenm“ﬂm i of N,

P, As, Sb, and Bi, and 0 < x < 1. 35%8The system of *clirh 28, W%hefein the
sem conductor material is GaAs. 36. The systemof claim29, wherein the

serm conguot ol lest Ahink 3, Phin o Garghiers k¥ ROMbarh kg0, wherei n the

sem conductor material 1s e system clarm 29, wherein the
sen conduct ophend@ibieof dlaiinS1,Avirein 2 seli@nadictoe fakial it dhpi¥sed Wredteletst t he
sem conductor material is GaP. 40. The system of claim 29, wherein the
sem condnetelsmen fvim dle groufadhsistibg.of B)SisGet R, cl ai m 29, wherein the
sem conductor material is GaSb. 42. The systemof claim 29, wherein the
sem conduct dhentisleof clhim 3, wherein #@.seffifvondyctoramatefialcis amoriwus wiieoni n t he
sem conductor material is InAs. 44. The system of claim 29, wherein the
sem conduct drherdisleef elaim 4, wherein thessemipanductor mptesial iy Ak 8129 Where Aelsratt he
sem conductor nmaterial has an'index of refraction (n), and an extinction

coef f i cileast opg plegagnt, komy the,growp copsisting of B, Al, Gagln,agd Ty & ispatdeassonem 29,
wherein the predeterm ned thigckn f .t | ayer of, .sem conductor materi al
ool ARt PTG e 6 ou Gens R et A, b, aid B, sha 0 X £

10. The disk of claim 1, wherein the semiconductor material is GaAs.

11. The disk of claim 1, wherein the semiconductor material is AlAs.

12. The disk of claim 1, wherein the semiconductor material is AP,

13. The disk of claim 1, wherein the semiconductor material is AISb.

14. The disk of claim 1, wherein the semiconductor material is GaP.

15. The disk of claim 1, wherein the sémiconductor material is GaN.

16. The disk of claim 1, wherein the sémiconductor material is GaSb.

17. The disk of claim 1, wherein the semiconductor material is InP.

18. The disk of claim 1, wherein the semiconductor material is InAs.

19. The disk of claim 1, wherein the semiconductor material is InSb.

20. The disk of claim 1, wherein the semiconductor material has an index of refraction
(n) and an extinction coefficient (k) such thatn > 1.5and k < 0.5.

21. The disk of claim 1, wherein the predetermined thickness of the layer of
semiconductor material is in the range of 25-5000 Angstroms.

22. The disk of claim 1, further comprising at least one additional data surface.

23. The disk of claim 1, further comprising a metal reflective layer deposited onto the
second data surface.

24. The disk of claim 1, wherein the second member is a laser light radiation
transmissive member and has a third data layer opposite the second data layer and
further comprising a third member having a fourth data layer and a second laser light

radiation transmissive medium located between the third and fourth data layers.
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47. The:
surf ace.

48. The system of claim 29, further “r“ reflective
| ayer deposited onto the second data surface. m\)\! “‘ \m he system of
claim?29, further conprising a diel ectrl C prot

system of claim29, further conpri sing at—east one addi tional

ayers oVver | yi ng

sem conductor layer. 50. The syst em®f claim29, wherein the
predeterm ned thickness of the sem conduct or material |ayer allows the

total ehiseclinte il |Ctiaph! $40 whdiinl \ﬂe'aﬁa'gfn{i/m't A Ly have @M ach

of the

I rst an secon ta layers |s su stantr al
semiconductor layer deposited thereon.

26. The disk of claim 24, further comprising a metal reflective layer deposited onto the
fourth data layer.
27. The disk of claim 1, further comprising a dielectric protective layer overlying the
semiconductor layer.
28. The disk of claim 1, wherein the semiconductor material layer has a thickness such
that the total effective reflectivity of the single wavelength laser light from each of the
first and second data layers is substantially the same.
29. An optical data storage system comprising:

a laser radiation source for generating laser light at a geperally fixed wavelength;

an optical medium comprising a first laser radiation transmissive member having a
first data surface for storing recorded data as marks formed in the first data surface, a
layer of a semiconductor material deposited on the first data surface, a second data
surface for storing recorded data as marks formed in the second data surface, and a solid
laser radiation transmissive medium located between the first and second data surfaces
for spacing the data surfaces apart;

an optical transmission device for directing laser light from the laser radiation
source through said first member to any one of said data surfaces, said device including
a lens for locating a focused spot of laser light to any one of said data surfaces;

an optical reception device for receiving a reflected laser light from any one of said
data surfaces and providing a data signal responsive thereto; and

wherein the layer of semiconductor material on said first data surface has a
predetermined thickness enabling transmission of the laser light at said fixed wavelength
from the laser radiation source to said second data surface and reflection of light from
said second data surface to said optical reception device when the focused spbt is located

on said second data surface, said predetermined semiconductor layer thickness enabling

dat a

t he
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reflection of laser light at said fixed wavelength from said first data surface to said
optical reflection device when the focused spot is located on said first data surface. -
30. The system of claim 29, wherein the second data surface has a layer of a
semiconductor material deposited thereon.

31. The system of claim 29, wherein the data surfaces are ROM data surfaces.

32. The system of claim 29, wherein the semiconductor material is comprised of at
least one elenient from the group consisting of C, Si, Ge, Sn, Pb.

33. The system of claim 29, wherein the semiconductér material is amorphous silicon.
34. The system of claim 29, wherein the semiconductor material is A; By, where A
is at least one element from the group consisting of B,'Al, Ga, In, and TI, B is at least
one element from the group consisting of N, P, As, Sb, and Bi, and 0 < x < 1.

35. The system of qlaim 29, wherein the semiconductor material is GaAs.

36. The system of élaim 29, wherein the semiconductor material is AlAs.

37. The system of ¢laim 29, wherein the semiconductor material is AP,

38. The system of claim 29, wherein the semiconductor material is AISb.

39. The system of claim 29, wherein the semiconductor material is GaP.

40. The system of claim 29, wherein the semiconductor material is GaN.

41. The system of claim 29, wherein the semiconductor material is GaSb.

42. The system of claim 29, wherein the semiconductor material is InP.

43. The system of claim 29, wherein the semiconductor material is InAs.

44. The system of claim 29, wherein the semiconductor material is InSb.

45. ) The system of claim 29, wherein the semiconductor material has an index of
refraction (n) and an extinction coefficient (k) such thatn>1.5 and k < 0.5.

46. The sysfem of claim 29, wherein the pfedetermined thickness of the layer of
semiconductor material is in the range of 25-5000 Angstroms.

47. The system of claim 29, further comprising at least one additional data surface.

48. The system of claim 29, further comprising a metal reflective layer deposited onto

the second data surface.
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49. The system of claim 29, further comprising a dielectric protective layer overlying
the semiconductor layer.

50. The system of claim 29, wherein the predetermined thickness of the semiconductor
material layer allows the total effective reflectivity of the fixed wavelength laser light

from each of the first and second data layers is substantially the same.
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