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ML,TLPLE DAT"E LAYER OPTI CAL DI SK DRI VE SYSTEM-W TH FI XED ABERRATI ON
CORRECTI ON AND GPTI MUM | NTERLAYER SPACI NG TECHNI CAL FI ELD This invention
rel ates generally to optical data storage systens, and nore specifically to
opti cal-di sks that have nultiple data |ayers and optical disk drives that
are operable with such di sks. BACKGROUND; OF THE | NVENTI ON Optical data
storage systens provide a neans for storing great quantities of data. The
data is accessed by focusing a | aser beamto a smal | spot on the data |ayer

of the optlcalwmrmwﬁAmrmqﬁﬁt [ am@ freal
di sk drive systens 03] rﬂ@; b@f&éﬁ@iﬁ% r@éﬁgﬁ% or m of
opt-i cal storage. Various Kinds WQ (Read

Only Menory) system such as a .g. CD-ROM  CD Audi o,

CD- Vi deo), data is permanently enbedded as rrarks in the disk at the tinme of
manuf acture of the disk. The data is detected as a change in reflectivity
as the | aser beam passes over the THRCHNECAL, FIBIIM (Wit e- Once Read- Many) .

system al | ows t hfhiésﬁ{vegﬁo\ﬁr téjsaéé"‘ngx%lly to optical data storage systems, and
more specifically to optical disks that have multiple data layers and optical
disk drives that are operable with such disks. -

BACKGROUND OF THE INVENTION
Optical data storage systems provide a means for storing great

quantities of data. The data is accessed by focusing a laser beam to a small
spot on the data layer of the optical medium and then detecting the reflected
light beam Optical disk drive systems with removable optical disks are the
most common form of optlcal storage. Various kinds of such systems are
known. In a ROM (Read Only Memory) system, such as a compact disk _
system (e.g. CD-ROM, CD-Audio, CD-Video), data is permanently embedded as
marks in the disk at the time of manufacture of the disk. The data is detected
as a change in reflectivity as the laser beam passes over the data marks. A
WORM (Write-Once Read-Many) system allows the user to write data by
making marks, such as pits, in a recording layer of the optical disk. Once the

- data is recorded onto the disk it cannot be erased. The data in a WORM
system is also detected as a change in reflectivity. There are also erésable
optical data storage systems, such as phase change and magneto-optic (M-O)
systems. While phase change systems also read data by sensing a change in
reflectivity, M-O systems read data by measuring the rotation of the incident
polanzatmn caused by the M-O media.

To increase the storage capac1ty of an optical disk, multiple data layer

systems have been proposed. An optical disk havmg two or more data layers

may be accessed at different layers by changing the focal position of the lens.



peki ng marks, such as pits, in a recording |layer of the optical disk. Once.
the data is recorded onto the disk it cannot be erased. The data in a WORM
systemls al so detected as a change in reflectivity. There are al so

erasabl e optical data storage systems, such as phase change and

magneto optic (MO systems. Wile phase ghange systens al so read data by
sensing a change in reflectivity, MO systens read data by neasuring the
rotation of the incident polarization caused by the MO nedia. To increase

the storag t
boen pr opo Bt SRS Bt BIGURTS Beschibis aBiblflcCaflR) BypPibplical Sk Rrive e
accessed agystiehd W‘t@i‘eui tiye optibal diWIcpmprﬂsbe eithezla phaﬁlntp of (silbstmtésgns

2 IBMs US Patent. 5,202,875 describ ltiple data J ' di sk
crive syst eanebiadetel {obpor Spaced prt By Air Sapse OF ROPIE AR PL AL layers
substrat es a

of dnt a1 st Posdlid bhdoPulc? B PURInCRIRB A Adighid B 11 S IBLBE, At HsBlid' Y

Phi l i ps, us@icturseotvith mﬂu@udata\nlayensulwhqﬂeeeathtdaﬂaalpges is ymcda@at a

| ayer is a,CD type data
Y layer. y n such multiple data layer optical disk drive systems, the light from

the laser must pass through one or more of the light-transmissive disk
substrates to access the data layers on the different substrates. The focusing

| of the light through a relatively thick light-transmissive substrate introduces -
spherical aberration into the light beam. If not corrected, this prevents the
pearly diffraction-limited spot size from being achieved. In the case of
conventional single-disk optical disk drives, this can be corrected by slightly
changing the shape of the surfaces of the focusing lens by a fixed amount
because the amount of substrate material through which the light must pass
remains fixed. However, in multiple data layer optical disk drives, because
the light is required to be focuéed through different numbers and thicknesses
of substrates depénding on which data layer is being accessed, some form of
adjustable active compensation for spherical aberration is required. For
example, US Patent 5,097,464 assigned to Matsushita, describes a rhulﬁple
data layer CD system that uses a lens with aberration corrected for the data
layer farthest from the lens and an optical patfl length corrector that is
inserted into the optical path when the laser spot is focused on data layers
closer to the lens. Also, IBM's US Patent 5,202,875 describes a multiple data
layer optical disk drive system with an active aberration compensator.

An additional problem in multiple data layer systems is the need to be
compatible with conventional single data layer disks, such as CDs. For
example, conventional CDs use a 1.20 mm thick polycarbonate substrate. A
mulﬁple data layer CD disk drive must be able to focus a nearly
diffractioni-limited spot on the data layer of the conventional single data layer



Jayer. In such nultiple data |ayer optical| HillSISHRETVAS BEENN
fromthe | aser nust pass through one or mjre of RERLAGFRht - t r
substrates to access the data |layers on the drrferent substrates. The
focusing of the light through a relatively thick light-transm ssive
substrate introduces spherical aberratiqn into the 1ight beam If not
corrected, this prevents the nearly di ffraction-1inited spot size from
bei ng achieved. In the case of conventional single-disk optical disk
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P separated by solid spacer material increases the overall thickness of the disk
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and the amount of required active spherical aberration correction, both of
which are undesirable.

What is needed is an optical disk drive that operates with single and
multiple data layer disks and that minimizes the eﬂ'epts of spherical
aberration and interlayer crosstalk.

_ SUMMARY OF THE INVENTION

‘The invention is a multiple data layer optical disk drive system that has

fixed aberration correction and uses a disk with maximum interlayer spacing

- for reduced interlayer crosstalk. In one embodiment the multiple data layer
disk has a substrate with a thickness that is reduced by approximately
one-half the th.ickness of the spacer layer that separates the first and last data
layers. The disk is designed to operate with a lens that has spherical
aberration correction to compensate for the thickness of a conventional single

- data layer disk. This allows the disk drive to handle multiple data layer disks
as well as to be backward compatible and thus handle conventional single data
layer disks. The thickness of the substrate material plus one-half the
thickness of the spacer layer material (which may have a different index of
rgﬁ'actio_n_than the substrate material) is equivalent, for purposes of spherical
aberration correction, to the thickness of the substrate material used in the

conventional single data layer disk. "The focused spot with minimum spherical
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<An additional problemin nultiple data |ayer systens is the ne‘e‘ﬂStSB'EEE HAS  BEEN

conpati ble wth conventional single data | ayer disks, such as_CDs. R?dTAGED

exanpl e, conventional CDs use a 1.20 mm t hi ck pol ycarbonat e substrate. A~
mul tiple data |layer CD disk drive nust be able to focus a nearly
difffraction-limted spot on the data I,{ayer of the conventional single data
. layer REPLACEMENT SHEET 3 di sk as as on the nultiple data | ayers of
the newer nultiple data layer disk. Still another problemthat occurs in
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error and tracking error signals fromadjacent data |layers interfering wth
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mat eri al increases the overa thi ckness of the di sk and the anmount of
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substrate thickness and spacer layer thickness are selected and then the lens
is corrected for spherical aberration corresponding to the thickness of
substrate material plus one-half the thickness of spacer layer material.
For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the following detailed description taken

together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a schematic diagram of an opﬁcal disk drive system of the
" present invention in the form of a CD system.
Fig. 2 is a schematic diagram of the optical head and two-layer disk of
the optical disk drive system. T

Fig. 3 is a block diagram of a controller system of the optical disk drive
system. )

Fig. 4 is a graph illustrating the light intensity of a focused spot as a
function of position across the beam for two cases: Curve A with minimal
spherical aberration aild Curve B with signiﬁcaht spherical aberration.

Fig. 51s a graph of Strehl ratio, for two materials with different indices
of refraction, as a function of distance from the location at which the spherical
aberration is a minimum for a lens with N.A.=0.45.

Fig. 6 is a sectional view of the two layer disk illustrating the spot with
minimum spherical aberration located in the middle of the spacer layer.

Fig.‘ 7 is a comparison of 1-Strehl ratio as a function of achievable data

layer separation (spacer layer thickness) for two optical disk drive systems
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{ ayer: di sks and that mnimzes the effects of spherical aberration and

I nterlayer crosstal k. SUMARY OF THE I NVENTION It is an object of the

i nventd on to aneliorate one or nore of the abovenenti oned problens of the
prior art. According to one aspect of _the invention there is disclosed an
optical data storage system conpri si n%: a laser light source for generating
a laser |ight beam an optical data nmediumconprising a partially
light-transm ssive first data layer, a light- reflective second data |ayer,
and a | i ghtwith ankmisswitheNshadeb5,| arye where dhe dspoé twidle mimichwe sphericad t he

first d .dat a, | t t hi f i d I : d
| ens. | ocat EReRRAHRILH arated,a thei Gt it lB0onARd Re FTRGRE e SPOLGHE of | he
medi um for r%ﬂﬁﬂﬁixﬂ%p%ﬁchﬁ%ﬁén‘dtﬂm iR PR thE Phidd & 6f kﬁé‘%pﬁ@é&* Ber.

correction for spherical aberration so that the focused spot has
appr oxi mat el y nilign@ns spsestional vaderofan air-ividentotvee daydrediskemithha thin st

and second data | a s. Accordin 0 ot her aspect of .the invention there
2" sc os ek oy HlitraR teiipeb SyER s ERETResteL mherraHar e ted fhne
havi ng cor Qggtmg%tﬁ@@?gb&ajaﬁgerration, t he anount of correction
corresponding to a fixed thickness of light-transm ssive material, the

system conprising: a laser light source for generating a |laser |ight beam
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic diagram of an optical disk data storagé system
according to the present invention designated by the general reference
number 10. System 10 will be explained in terms of a CD optical disk drive
system. System 10 includes an optical data storage disk 12 which is
preferably 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 disk 12.

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

Fig. 2 shows a schematic diagram of one embodiment of the optical
head 22 and disk 12 of Fig. 1. Optical head 22 includes a laser diode 200,
which may be a gallium-aluminum-arsenide diode laser producing a primary
beam of light 202 at approximately 780 nanometers wavelength. Beam 202 is
first diffracted by grating 201 to produce two secondary beams for tracking, in
addition to the primary data beém, and then collimated by lens 203. The
resulting three-component beam 204 then passes to a beamsplitter 205. A
portion of beam 204 is reflected by beamsplitter 205 to a lens 206 and an
optical detector 207. Detector 207 is used to monitor the power of laser
beam 204: Beam 204 from beamsplitter 205 next passes to and is reflected by

a mirror 208. Beam 204 then passes through a focus lens 210 and is focused



,an-opntical disk conprising (a) a light-transm ssive substrate having a
first surface that fornms a disk outer face onto which the laser light is
incident, (b) a partially light- transm ssive first data |ayer on the
substrate surface opposite said first surface, (c) a light- REPLACENMENT
SHEET Date 3A reflective second data | gyer, and (d) a light-transm ssive
spacer |ayer |ocated between and separating the first and second data
_:cayers by the thi ckness of said spacer layer; a notor attached to the disk
or rotati t c t uthS
said fi rsta)gﬁrd ce o‘#% hﬁnﬁgﬁg’ k)?atq"e%fg' ?ﬁ%%ggﬁg’. ng (tiﬁg galgiedreg@llﬁlgmgggoﬁgna
spot, the &f which s a&ﬁmedwéldtngdﬁto diskni2ibysa fecusmactuiahdr rwtohRE6, widch

SUbst ant | aiay beya YeiFe AP EBORe Movamestiot tha 85 DR Bae e Schutor
Che Tens. 1 H0tel tie B acd o oo o Eor O e pot can
be noved from oAepatdion bfiter light deanh 204datreflectedr fromha rdata lagen 52h62550a
's ocat edreﬂect;ed beam 220. Beam 220 returns through lens 210 and is reflected by
mirror 208. At beamsplitter 205, beam 220 is directed through an astigmatic
lens 232 and onto a multielement optical detector 234.
Fig. 3 is a block diagram of a controller system of the opt1ca1 disk drive

system and is designated by the general reference number 300. The

multielement detector 234 (Fig. 2) generates output signals that provide a data
signal, a focus error signal (FES), and a tracking error signal (TES). These
signals are amplified by signal amplifier 236 and sent directly to
controller 314. A peak detector_310 also receives the FES, and a peak detector
312 also receives the TES from amplifier 236. Controller 314 also receives
‘input signals from FES peak detector 310, TES peak detector 312, and laser
. power detecf‘di" 207. Controller 314 is a microprocessor-based disk drive
controller. Controller 314 is also connected to and controls the laser 200, head
motor 26, spindle motor 16, and focus actuator motor 216. .
Referring again to Fig. 2, the disk 12 is shown in cross-section. The
disk 12 comprises a light-transmissive substrate 40, typically polycarbonate.
A first surface 41 of substrate 40 faces lens 210 and is the side onto which the
light is incident. The opposite surface of substrate 40 has formed on it a first
data layer 52. Data layer 52 is a pattern of pits or depressions formed into the
surface of substrate 40 and covered with a film of partially light-transmissive
material. Data layer 52 is formed by conventional injection molding,
embossing, or photopolymer repl_ication. Substrate 40 and first data layer 52
are similar to that in conventional CDs, with the exception that the film
coveriné the pattern of pits on the substrate surface is partially
light-transmissive rather than totally reflective. This film of material can be



on the first data layer it possesses spherical aberration because the total
substrate and spacer |layer material thickness traversed is |less than the

t hi ckness of material corresponding to the anmount of spherical aberration
correction by approxi mately one-half the spacer |ayer thickness, and when
the spot is |ocated on the second data | ayer it possesses spherical
aberration because the total substrate and spacer |ayer material thickness
traversed is greater than the thickness of nmaterial corresponding to the
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the surface in contact with data layer 52 has formed on it a second data

layer 62. Data layer 62 also comprises a pattern of pits, formed on the surface
of the spacer layer 44, and a covering film of light-reflective material, such as -
an aluminum alloy. The aluminum alloy covering film is preferably totally
reflective if the data layer 62 is the last data layer in the multiple data layer
disk, and has a typical thickness in the fange of 100-1000 Angstroms. The
embossed pattern of data layer 62 can be formed by a ghotopolymerization
process with a stamper in contact with the polymer, with the polymer cured by
ultraviolet radiation. If the spacer layer is formed by iamination, the data
layer 62 can be pre-embossed onto the plastic sheet before the sheef is glued to
substrate 40. Typically the depth of the pi_ts in the embossed patterns in data
layers 52, 62 is in the range of 1000 to 2000 Angstroms. Finally, a protective
layer 70 of a photopolymer is formed over data layer 62 by spin-coating
followed by curing. The two-layer CD as shown in Fig. 2 is a dual data layer
disk. The substrate 40 has a thickness t1 and is formed of light-transmissive
material with an index of refraction nl. Spacer layer 44 has a thickness t2
and is formed of light-transmissive material with an index of refraction n2.
Additional data layers may be used in the disk 12. For example, additional
embossed patterns and partially light-transmissive films can be formed

- between the first and second data layers 52, 62.



.aberration; and nmeans connected to the lens for noving the lens relative to
the di sk so the focused spot can be noved from one data | ayer to anot her
data | ayer, the fixed spherical aberration correction of the |ens having a
val ue such that a nearly diffraction liginted focused spot occurs
approximately at a distance t1 plus t2/2 fromsaid first surface of the

di sk substrate. 4 According to yet another aspect of the invention there

i s disclosed anThptdpezhtioatof optivad Gtottigeksysterai) (Fige 1) easlphbo&, by | aser

i ght trans tted hrough a lens having a correction for spherical
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sai d knowrefledted beame22@ cetiomsf amd whiditectdeto the multielement detector 234 by
the astigmatic lens 232. The FES, TES, and data signals are output by
detector 234 and amplified by amplifier 236 (Fig. 3). The FES is used by
controller 314 in a conventional servo control technique to control focus
actuator motor 216 so that lens 210 maintains the spot on the desired data
layer (e.g;, data layer 52) as the disk 12 rotates. When it. is desired to read
data from data layer 62, the controller 314 signals focus actuator motor 216 to
move the lens so the spot is moved from data layer 52 to data layer 62. When
the spot is located on data layer 62, the light from lens 210 travérses the
entire thickness t1 of substrate 40 and thickness t2 of spacer layer 44.

In optical disk drive systems it is desired to make the diameter of the

focused spot as small as possible and 16 have minimum spherical aberration.
Because the light is focused through the substrate, the refractive index and
thickness of the substrate must be included in the design of the objective lens.
Thus the lens is designed to have spherical aberration correction that
corresponds to a fixed thickness of light-transmissive material having a known
index of refraction. Fig. 4 is a graph of the light intensity of the focused spot
as a function of lateral position from the center of the spot for two different
spots: one having mzmmum spherical aberration and one having significant
spherical aberration due to a non-optimum substrate thickness. Curve A in
Fig. 4 represents a spot with minimum sphericél aberration, and is an
essentially Gaussian distribution of light intensity. The diffraction-limited
spot diameter is defined as the full width at half the maximum intensity

amplitude, and is depicted for Curve A in Fig. 4. Curve B in Fig. 4 represents



Jens . is spherical aberration corrected. According to yet another aspect of.
the invention there is disclosed an optical data disk of the type readable
by laser light transmtted through a | ens having correction for spherical
aberration, the amount of correction corresponding to a thickness of
light-transm ssive material, the disk gonprising: a light-transm ssive
substrate having a thickness t1 and a first surface that fornms a di sk outer

face onto which the |laser light is incident fromthe |ens; a partiall
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dr awi ngs. intensity of the nearly diffraction-limited spot without aberration 1s referred to
as the Strehl ratio. Fig. b is a graph of Strehl ratio as a function of thickness

deviation from the substrate thickness to which the lens was designed, for two

materials having different indices of refraction, for a lens with N.A.=0.45. The
solid line is the Strehl ratio for material with an index of refraction of 1.57
(e.g., polycarbonate) and the dashed line is the Strehl ratio for material with
an index of refraction of 1.10. At a thickness deviation of zero the light has
traversed the precise distance for which the lens has been corrected for
spherical aberration, so the Strehl ratio is theoretically 1.0. However, if the
light traverses more or less material the spot will possess spherical aberration.
In the case of a conventional CD system with n=1.57 and a lens having a
numerical aperture (N.A.) of 0.45, thé":fhinimum acceptable Strehl ratio is
approximately 0.9. This corresponds to a deviation of the material thickness
of approximately +/~ 0.125 mm. For a two data layer system like that shown
and described in Fig. 2, this means that if the spacer layer 44 is also of
material with an index of refraction near 1.57, thgn the spacer layer can not
be_ any thicker than approximately 0.125 mm or the spot will have
unacceptably high spherical aberration when it is focused on data layer 62.
For a lens with N.A.=0.55 with the same Strehl ratio requirement of 0.9 the
thickness of the spacer layer can not be larger than approximately 0.05 mm.
Thus the problem of spherical aberration in a multilayer optical disk drive
system is best solved by making the spacer layer as thin as possible.

waever, a.separate problem in a multilayer optical disk drive system is

~ interlayer crosstalk from adjacent data layers when the spot is located on the



4A BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic diagramof an
‘optical di sk drive systemof the present invention in the formof a CD
system Fig. 2 is a schematic diagramof the optical head and two- | ayer
di sk of the optical disk drive system Fig. 3 is a block diagramof a
controller systemof the optical disk ddiOve system Fig. 4 is a graph
illustrating the light intensity of a focused spot ﬁs a funf:tloR of I
osition acyoss .the beamfor two cases: Curve A with m niml spherica
gber ration J&ﬁ{f ta Bygr+ This problemasis bepheelved byamakingitbe.spaicgr 14yérsasm

graph of Sty kgpid or two materials with different indices of
refraction, as %gg)&lﬁ%ﬂ%n of distance fromthe |ocation at which the

spherical aberr dnithe presentiinventivh the anlitiyslevddta 1%1%@: opfic4Pdisk @rive 1S a
sectional view of the t | ayer, disk illustrating the spot with mninm
spheri cal spehem is designe %élﬂ&%fm@ 8Pek witle mipimeym sphericakig. 7 is a
SorEea oneread o Rkt utal il i) AR QRN v
: preferably at the midpoint between the two data layers nearest and farthest
from the lens. In the case of a two layer CD optical disk drive system like
that shown in Fig. 2, the disk drive is designed so that the spot with minimum
spherical aberration is located at the middle of spacer layer 44.

Thus, as shown in Fig. 6, the focused spot with minimum spherical
aberration is illustrated as being located at approximately the middle of spaéer
layer 44 (i.e., t2/2 distance from both data layers 52 and 62). The amount of
material traversed by the light to this poinf is approximately the t1 thickness
of substrate 40, with index of refraction of n1, and one-half the thickness of
spacer layer 44 (t2/2), with index of refraction of n2. In the preferred
embodiment, the lens 210 is like that used in conventional single layer disk
drive systems, i.e., corrected for 1.20 mm polycarbonate (n1=1.57) substrate
thickness. However, in the preferred embodiment the substrate 40 has
a thickness not equal to the conventional substrate thickness, but to the
conventional thickness less t2/2 of the spac_:er layer 44 thickness. In the CD
drive embodiment of the present invention, with a lens having N.A.=0.45, the
substrate 40 thickness t1 is approximately 1.075 mm and spacer layer 44
thickness t2 is approximately 0.250 mm. For a lens with N.A.=0.55 the -
substrate 40 thickness t1 would be approximately 1.15 mm and spacer
layer 44 thickness t2 would be approximately 0.10 mm. The spacer layer 44
material is preferably a polymer which has an index of refraction sufficiently
similar to that of polycarbonate that it is only a second order effect in the
spherical aberration correction and need not be factored into the selection of
substrate thickness t1. However, if the index of refraction of the spacer layer
is different from that of the substrate, the thickness t1 of the substrate is



.S withalens with N.A-=0.55 one where the spot with m ni num spheri cal
aberration is located on the first data |ayer, and one where the spot with
m ni mum spherical aberration is located in the niddle of the spacer |ayer.
Fig. 8 is a sectional view of an air-incident two layer disk with a thin
dust. cover illustrating the spot w th rdhi num spherical aberration |ocated
in the mddle of the spacer |ayer. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

actor di ‘né RT3 dbaht? Bl JBRlagia wiftodeR T gBActn Bl e £/2 of
number 10. ot Ay nitikish itk AR efralofloRt P ogbthb 3Pt legRlivallnk tf1thke

system Sys em 10 I ncl udes an optical data storage disk
pr ef er abl ythicknessHof maseriat do svhigshctheniens gs sphetical ahemtloa mea:tedn t he

ttached to a SJEEMORERS Foibair Jrvan LR st seltad Pt of Ak intuwm

An opti cal aeRpdaBié StreRP PhtibOWDEcH h QA idepehds odeltk RZAI 6f Bhd Mt andGhe
index of refraction of the substrate material. The thickness t2 is selected so
that t2/2 corresponds to.the maximum thickness variation where the spherical
aberration is still acceptable. For a CD two data layer drive with N.A.=0.45
this is t2/2=0.125 mm (Strehl ratio=0.9) or t2=0.250 mm. The result is a
doubling of the spacer layer thickness over what would be the case if the

focused spot with minimum spherical aberration were located on the first data
layer. The effect of interlayer crossta]_k is substantially reduced while the
amount of spherical aberration on both data layers is still acceptable.

An advantage of this embodiment of the present invention is that ‘since
the lens remains spherical aberration corrected for the conventional substrate
thickness of a single data layer optical disk, the optical disk drive can also
operate with conventional single data layer disks. Thus in the case of a CD
optical disk drive system, the drive is éperable with a two data layer disk
(substrate thicknesé $1=1.075 mm and spacer layer thickness 2=0.250 mm)
and is backward compatible with existing _single layer CDs (substrate
thickness 1.20 mm). '

In an alternative embodiment of the present invention the substrate and
spacer layer thicknesses are selected to optimize performance of the multiple
data layer disk and the lens is spherical aberration corrected for the selected
t1 of substrate with index of refraction nl and t2 of spacer layer with index of
refraction n2. In the case of CDs the conventional 1.20 mm substrates can be
used for the two data layer system and the spacér layer can be made
0. 250 mm thick. The lens would then be corrected for 1.325 mm
[1 20 + (t2/2=0.125)] of material (assummg N.A.=0.45 and the spacer layer is



.an arm 24, which in turn is connected to an actuator device such as a voice
coil nmotor 26. Voice coil notor 26 is attached to chassis 20 and noves arm
24 and head 22 in a radial direction below disk 12. Fig. 2 shows a
schemati c diagram of one embodi nent of the optical head 22 and di sk 12 of
Fig. 1. Optical head 22 includes a |gspr diode 200, which may be a

gal I'i um al um num ar seni de di ode | aser "producing a primary beam of |ight 202
at approxi mately 780 nanoneters wavel ength. Beam 202 is first diffracted by

grating 20k dde ¢F @deHal Watls eeoidRyofbrstrgction clok@elibgh torl.6%dhat ¢bhias t he
primary data beam and then collinmated by | ens 203 The resulting

t hr ee- conpoeghgible effecoanisphericad aberration peagsidpntt er 205. A portion of

beam 204 | f t ed,,b i 5 Yo\
Sorotior bo7 hIBEhEEMaY of SERRElbE Rendbrl dufou WneRlP AR 1Y
Beam 204 1 gl Hiavin! 4 plaRbPassbl pabsteate it awbll-knveti aehaiiyiy. The 1 or

208. Beam t hen passes through a faqcus lens 210 and is focused to a

. ) 6
di ffract i owaveelangsh ofihe lighhand ithe Shigknsnses and mdsensael refractionef Hos ¢ i on

material through which the light must traverse are used to generate a

polynomial equation that represents the shape of the lens. This method is

described, for example, by R. Kingslake, Lens Design Fundamentals,

pp. 119-122 and 205-208, Academic Press, 1978, and is not part of the present

invention. , '

| ‘Fig. 7 illustrates the increased data layer spacing that is achievable

" with the present invention for a lens with N.A.=0.55. For example, with
N.A.=0.55 and an acceptable Strehl raﬁo of 0.9 (1-Strehl ratio of 0.1 on Fig. 7),
a disk drive system with a spot with minimum spherical aberration located on
the first data layer indicates that the spacer layer can be no thicker than
approximately 0.065 mm. However, with the present invention, where the
disk drive system is designed so that spot with minimum spherical aberration
is located in the middle of the spacer Iéfyér; the spacer layer thickness can be
doubled to 0.13 mmm. In the preferred embodirriént a Strehl ratio of 0.9 has
been used. However, higher or lower values of Strehl ratio may be desired,
depending on the particular parameters of the disk drive system, such as the
N.A. of the lens and the indices of refraction of the substrate and spacer layer.-

The multiple data layer disk shown in Fig. 6 is illustrated as a solid

structure where the outer layers are the substrate 40 and protective Iayer 70.
In the case of a CD system the substrate 70 is polycarbonate with a thickness
of either 1.20 mm or 1.20 mm less t2/2, depending on the embodiment.
However, the multiple data layer disk may also be fabricated by bonding two
thinner single data layer disks together. In this type of structure the
protecﬁve ‘layer 70 is a second substrate identical to substrate 40. For

example, in the case of a CD system, two substrates of 0.60 mm thickness and



cof which is adjusted relative to disk 12 by a focus actuator notor 216,

whi ch may be a voice coil notor. Mvenent of the.lens 210 by the focus
actuat-or noves the focused spot between the two data |ayers 52, 62 of disk
12. A portion of the light beam 204 is reflected froma data | ayer 52, 62
as a.reflected beam 220. Beam 220 returd8 through lens 210 and is refl ected
by mrror 208. At beansplitter 205, beam 220 is directed through an
astigmatic lens 232 and onto a multielenment optical detector 234. Fig. 3 is

a bl ock di agichrh®fing « data ddyer arxybovded togddthep ptitle @l lighstradisnvigsidiest em and
I s designated by the general ref erence, nunber 300, The nultiel ement
det ect or 23nateriay), sush s canventaopyl ph @#ogﬁkmet,ﬁb@t SEENasHRs Bhe spacey laver,

a focus ern F I

i gnal's ar e Sh By i the Bllsthatt AfuelOuEIE a0 9381a bifiy TSRS

control | er tBdrdsmisspwakoviaing fibm 6\1& A it pat&mmd tize A&t layat on thak
detector 312 al so rec ive TES_fr.om anpl | r.236,, Controller 4 al so
recei ves i mobStEStY gfﬂﬂlt&@"‘fo A0 la%%gctptﬁlse ight-refleciive copardng dlomen,
and | aser powsi; ﬁ%ﬁ;_or 207. Controller 314 is a mcroprocessor-based di sk
drive controlfTer. ntroller 314 is also connected to and controls the

| aser 200, head Figt 8r1]]21§tr£p$ thé énvention Mith ot altecnatioe type of nmnnlﬂnpleZilﬁa

Referring 30oiralek §69mrs alil®of indludes'an lionium GsR ok S, Waala®
layer 92 farthest from lens 210 formed on disk blank 91, a spacer layer 93 on
data layer 92 and a data layer 94 nearest to lens 210 formea on spacer
layer 93. A plastic ring 95 is bonded to aluminum disk blank 91 and extends
around the -outer perimeter of disk blank 91. The ring 95 supports a |
transparent plastic dust cover 96. The dust cover 96 is typically 100 microns
thick and is stretched across and bonded to ring 95. The dust cover 96 forms
an air gap of 0.2-2.0 rom between it and the data layer 94. Both data -
layers 92, 94 are recordable phase change WORM data layers, typically formed
of In-Sb-Sn. The first data layer 94 closest to lens 210 is 60-120 Angstroms
thick and is thus by its thickness partially light-transmissive. The second
data layer 92 farthest from lens 210 is 400-2000 Angstroms thick aﬁd thus has
an increased reflectivity over data layer 94. The spacer layer 93 is a
spin-coated and cured photopolymer film with a typical thickness of
0.05-0.15 mm. As shown in Fig. 8 the focused spot with minimum spherical
aberration is located at the middle of spacer layer 93. In this embodiment of
the invention the "substrate" through which the light passes to the data
layers 92, 94 is the dust cover 96. Thus the spherical aberration correction for
the lens 210 is the correction needed due to passage of the light through the
thickness of dust cover 96 (with its index of refraction nl1) and through
one-half the thickness of spacer layer 93 (with its index of refraction n2).
Passage of light through air does not introduce any spherical aberration so the



disk .12 conprises a light-transm ssive substrate 40, typically _
pol ycarbonate. A first surface 41 of substrate 40 faces lens 210 and is the
side onto which the light is incident. The opposite surface of substrate 40
has fornmed on it a first data |ayer 52. Data layer. 52 is a pattern of pits
or depressions formed into the surface offi substrate 40 and covered with a
filmof partially light-transm ssive material. Data |ayer 52 is formed by

conventional , injection nolding, enbossjng, or photopol yner replication.
Substrate 48iragap betweer gust cayer 96 2ngk Brsf; datazlayep es; ROl BEVER dntmthe

CDs, with t %@P&ﬂ&@a 'Bﬁtﬁo%t%oﬁ@%%%ﬁgﬁlbhe pattern of pits on the

substrate s ace is partral ransm ssi'vé rather than-totally

reflect ijve. Thi sThieIim:ve?timtlmé béemﬁlnshebed with arﬂmﬂ})a)zfergﬁ)skccﬁd%&rbﬁ,n&ie |
seni conductor naterija e.g., aporphous_Si, SiC,__GaSb), dielectric materia
(e.g., [errqnmqnw%t@nh@% rgthege gre agditigpal d epadesatads can

o et e edEibd AR ANIGE NG hostiel 1) o ¥ o8dna AP in L
| ayer 44 i sdaty hrrdike otiet farthuse frdd.théllenspaber ekapple, in an eight data
layer disk, where the spacer layer is defined as the thickness between the
nearest and faﬂ‘.hest data layers, the drive would be designed so that the lens
is still spherical aberration corrected for t1 plus t2/2 (where t2 is the thickness
of the solid light-transmissive mateﬁal between the nearest and farthest data
layers), and the nearly diffraction-limited spot would be located between the
fourth and fifth data layers from the lens.
The invenﬁon has also been described relaﬁve to a CD system.
However the invention is fully applicable with any multiple data layer optical
disk, such as magneto-optic, phase change, or ablative write-once/read-many
(WORM) disks.
While the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
improvements may be made to the invention without departing from the spirit

and scope of the invention as described in the following claims.



can he fornmed of a photopol yner material deposited by spi COUB S :&,ET HAS BEEN
Al'ternatively the spacer |ayer 44 can be formed by a | am nation T AGED

i.e.,.gluing a thin plastic sheet, enbossed with data | ayer 62, onto the
cover| ng filmof the data |ayer 52 on substrate 40. The surface of spacer
| ayer. 44 opposite the surface in cont ag% W th data | ayer 52 has forned on
it a second data |ayer 62. Data |ayer al so conprises a pattern of pits,
formed on the surface of the spacer |ayer 44, and a covering film of

i ght-refl agidivss éal s.such as an alum num alloy. The al um num al | oy
covering f|Im|s pre era y totally reflective if the data |ayer 62 is the
| ast data layer in the nultiple data | ayer disk, and has a typical

t hi ckness in the range of 100-1000 Angstromns. The enbossed pattern of data
| ayer 62 can be forned a phot opol yneri zati on process with a stanper in
contact with t hAnentea rétwﬁbﬁrqgﬁas FEehEImPHSHEhy Ul traviol et radiation.
| f the spacer l-ayer is formed by |amination, the data | ayer 62 can be
pre-enbossed onadasdrelightisouxcesheet before the sheet is glued to substrate
40. Typically the depth of the pits in the enmbossed patterns.in data |ayers
52, 62 is in thgnlopial datd 306diven 20B{brivieptd paBtialy tightitransipigsiee firse

Iayer 70 of a phot opolynmer is formed over data layer 62 by spin-coating
foll owed b r daba,
ayer ai sReatihiE0E: My oRiE e P R 280t it & ikt aflifin B Sicer

light-tr anlsé.yeri cated between and separating the first and second data layers by the

thicknese of said spacer layer;

a lens located between the laser light -source and the first data layer of
the medium for focusing the laser lighf to a spot, the lens having correction for
spherical aberration so that the focused spot has approximately m:lmmum

spherical aberration when located between the first and second data layers.
T
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material with an index of refraction nl. Spacer |ayer 44 hasHE SHEDKinAS BEER
and is fornmed of light-transm ssive material with an indey of rBEPBACEBN
n2. Additional data |ayers may be used in the disk 12. For exanpfe,

addi ti onal enbossed patterns and partially light-transm ssive filnms can be
fornmed between the first and second dgga | ayers -52, 62. 8 The operation
of optical storage system 10 (Fig. 1) may now be understood wth reference
to Figs. 2 and 3. Controller 314 controls notor 16 that rotates disk 12 and

motor 26 that nmgves opiispdicall@fdk gﬁv%cggg{gén% isiResi ti on bel ow di sk 12.
romdis

Laser 200 is energized t0 read data kK 12. TRe beam 204 is focused,
by lens 210 to a % ar g%/%ﬁl fofr(a:tc,t on-limted spot and this focused spot is
| ocat ed on the &e¥rre %% he dat a | ayers 52, 62. The reflected beam

220 returns and is diirected to the multie].ement detector 234 by the

astigmatic |ens a@a@phﬂélﬁggomw%@ Seltightrpnemisgive %ﬁl@ﬁ{ﬁtet}m}ege%t or
234 and anplified by anplifier 236 (Fig. 3). The FES iS used by controller
314 in a ctirsesurfacelthat femms andiskl outer faceqomto whidnthe laderdight is incident,

(b) a partially light-transmissive first data layer on the substrate surface
opposite said first surface, (c) a light-réﬂective second data layer, and (d) a
light-transmissive spacer layer located between and separéting the first and
second data layers by the thickness of said spacer layer;

a motor attéche_d to the disk for rotating the disk;

a lens located ;betweeﬁ the lasef light source and said first surface of the
substrate for focusing the laser light to a spot, the lens having correction for
spherical aberration caused by the total substrai;e thickness plus i
approximately one-half the spacer layer thickness; and

means connected to the lens fox:—mox;ing the lens relative to the disi: S0
the focused spot can be moved from one data layer to another data layer;
whereby when the spot is located on the first data layer it possesses spherical
aberration becatise the total substrate ax_id spacer layer material thickness
t;'aversed is less than the spherical ébené.ﬁon correction thickness by
approximately one-half the sbacer layer thickness, and when the spot is

located on the second data layer it posseéses spherical aberration because the

total substrate and spacer layer material thickﬁess traversed is greater than

- Thlisllslliiiﬂliiilﬂei“ .



actuator notor 216 so that |ens 210 maintains the spot on ||t hieisdasiaTedAsi SEAN
l'ayer (e.g., data layer 52) as the disk 12 rotates. Wen ijt is BEBLAGEDt o

read data fromdata | ayer 62, the controller 314 signal's focus actuator
notor 216 to nove the |lens so the spot is noved fromdata |ayer 52 to data
| ayer. .62. When the spot is |located on data |ayer 62, the light fromlens
210 traverses the entire thickness t1 oft7substrate 40 and thickness t2 of
spacer |layer 44. In optical disk drive systens it is desired to nmake the
di ameter of the focused spot as snmll as_ possjble and to have mi ni.num
spher i cal the)epheriralabazatignecorrectionyHuickaesby Mr?’ﬁf‘éﬁfﬁﬁy PH@‘T%%E gﬁ? ate,
the refractive index and thickness of the substrate nust be included in the
desi gn of gspdeerdbyer thicknlessis. Thus the lens is designed to have spheri cal
aberration correction that corresponds to a fixed thickness of
light-transm ssive material having a known index of refraction. Fig. 4 is a
graph of the light intensity of the focused spot as a:function of |ateral
posi ti on from Lhe ¢ ail.eh; ol aliPe £580im dbordife th e 2! wABREA RN

|

m ni nrum spheri cal abérration and”one having Signi ant spherica

aberration due . to_a nop-qpti mum substrate . t.hickn . ry\ I R.:H 4

r epr esent §oExegiioR for ?HHW%%?B%H caysed b ?as[q%gﬁ{atg#@vﬁrslé gnﬁ]el?é‘gﬁ st y
Gaussian distribution of light intensity. The diffraction-|I, rrfj@ted S fot

di amet er anddad iméex of refiracion mlsiand, whergim the dis i ﬁ@%‘?

material having an index of refraction n1 and a thickness of approximately

t1-t2/2, where t2 is the spacer layer thickness.

4, The disk drive systém according to claim 2 wherein the disk
substrate is formed of material having an index of refraction nl and a
thickness of approximately t1 and the spacer layer is formed of material
having an index of refraction n2 and a thickness of approximately t2, and

wherein the lens has correction for spherical aberration caused by t1 thickness

of substrate material and t2/2 thickness of spacer layer material.

5. The disk drive system according to claim 2 wherein the lens has
correction for spherical aberration caused by approximately 1.20 mm of
polycarbonate, and wherein the disk substrate is formed of polycarbonate and
has a thickness of approximately 1.20 mm less one-half the spacer layer

thickness.
) I —
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anplistude, and is depicted for Curve Ain Fig. 4. Curve B ||nTHIBGHEET HAS BEEN
represents 9 a spot with spherical aberration and ill usfrat esREPLAGER '

peak intensity and the presence of side |obes. In an opticalarsk drrve, Tt
the lens is not corrected for the proper substrate thickness, the spot on
the data |layer will possess spherical _aberration. This is undesirable °
because the data, focus error and tradfi ng error signals all rely upon

havi ng maxi num optical resolution. The ratio of the peak intensity of a

spot with aberrgtionTh@ dilR Qe sidteDNabdordftlg td161aBRPL | Wherein the lens has
diffraction-limted spot wthout aberration I's referred to as the Strehl

ratio. Fig. 5 1s acsqraph of ;Strehl..ratjio a b | <]

devi ati on ?%ﬁ‘l’til% f&]ﬁ@ﬁ%&é‘ ééﬁr@éﬁé S Sg%?c%yé]%%lﬁgﬁ%&mgg b eS| é?led, for
two materials having different _indicegs, of refraction, for, a,lens with

N A 0. 45, Doleashanatel apd Wherein the dink SuRpirate dF formied Ok polycaRbaRateaad of
refraction of 1.57 (e.g., polyearbonate) and the dashed line is the Strehl
ratio for haserthitkugesshofmpprodimabélyr G 60 aom lessamethalf thatspacehilayerss
deviation of zero the light has traversed the precise distance for which
the | ens hgsckfaess.corrected for '

7. The disk drive system according to claim 2 wherein the disk
substrate is formed of polycarbonate and has a ttﬁékness of approximately
1.20 mm and wherein the lens has correction for spherical aberration caused
by 1.20 mm of polycarbonate plus app-roximately one-half the spacer layer
thickness.

|

8. The disk drive system according to claim 2 wherein the disk
substrate is formed of polycachJ-rxafe a;d h-as a thickness of approximately
0.60 mm and wherein the lens has correction for spherical aberration caused
by 0.60 mm of polycarbonate plus approximately one-half the spacer layer
thickness.

R
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spherd cal aberration, so the Strehl ratio is theoreticall yﬂl.ﬂd'.s S BEEN

the light traverses nore or less material the spot will po$isess 8 RE‘P'EQI

aberration. In the case of a conventional CD systemw th n=1.57 and a |ens
having a nunerical aperture (N A) of 0.45, the mninmum acceptable Streh
ratio is approximately 0.9. This corresponds to a deviation of the nmateri al
t hi ckness of approximately +/- 0.125 mmgFor a two data | ayer systemlike
t hat shown and described in Fig. 2, this nmeans that if the spacer |ayer 44
is also of material with an index of refracti-on near 1.57, then the spacer

| ayer can not gbe a ' . -0 uFPb spot will
have unaccept gbl y %ﬁ‘{%’ﬁ?%é‘gﬁsmg??‘% ((ﬁ)ﬁ‘r%k e%gls'%&?s O%E)sr,%%ﬁ%'n dat a

| ayer 62. For | en ith N.A =0.55 with the same Strehl ratio requirenment
of 0.9 the th® ﬁﬁ%"siigglf 8PHE®& pacer | ayer can not be larger than
approximately 0.05 mm Thus the probl em of spherical abertation.in.a

mul til ayer opaiGB)optiesl disk\comprising (a3 ajight-transmyssiye Fabshpte adpg &

| ayer as thin as possible. However, a separate problemin a nultilayer
optical ghigkndss vE andsa €ivst surfaicerthay forms asdishldutér fmeaointocwhichidhe | ayers
when the spot is |ocated on the

laser light is incident, (b) a partially light-transmissive first data layer on the

substrate surfacé opposite said first surface, (c) a light-transmissive spacer
layer having a thickness t2 and located on the first data layer, and (d) a
light-reﬂective second data layer on the spacer layer and separated from the
first data layer by approximately t2;

a motor attached to the disk for rotating the disk;

a lens located between the laser light source and said first surface of the
substrate for focusing the laser light to a spot, the lens having a fixed
correction for spherical aberration; and

means connected to the lens for. ul;:tov-ing the Iens relative to the disk so
the focused spot can be moved from one data layer to.another data layer, the
fixed spherical aberration correction of the lens having a value such that a

nearly diffraction limited focused spot occurs approximately at a distance t1

plus t2/2 from said first surface of the disk.

s
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10 desired data layer. This problemis best solved by nmaki ng THi® SHEET@AS BEEN
| ayer as thick as possible. In the present invention the nulltipl eRERLACED

| ayer optical disk drive systemis designed so that the f oc HSEE—SpoT—wEr——
m ni tum spherical aberration is not |located on any data |layer. Instead the
spot i's |ocated preferably at the m dgpint between the two data |ayers

nearest and farthest fromthe lens. In the case of a two |ayer CD opti cal

di sk drive systemlike that shown in Fig. 2, the disk drive is designed so
that the spot with m nimum spherical aberration is |located at the m ddl e of
spacer |ayer 440.Thudn opdicahdata ishorEige. digk dfhheftypaseddabhbyvilastenﬁightrum
spherical aberration is illustrated as being located at approximtely the

i ddl e of tgpagmittbdthtodch @ legs, hdéih% aleGriradisen Fo0sphsticaldderrhaivar s 52 and
62). The amount of material traversed by the light to this p0| nt is

appr oxi mat cﬁgg@%fq{n £ _ tion of
nl, and or?gi.% Pﬁd”ne" Eﬁl ckness o s%géglgaﬁ y s%ﬂrze}lg% Rﬁ%@% of
refracti on of n2 fer ed .epbodi nent ens 210 i.s |1

Used ' n corRpurR AbieR of FRREERS, e ﬁ@iﬂamsﬂgajet iz iangmiskife sbEinatpo,

1. 20 nm pol yearbonate (nl 1.57), substrate_thickness. " Hoveve , 1n_the

pr ef er r ed SeRpuidalEdightHizansmissive firgpdataslayer, a 11ght-reﬂect1ve second data

laye;', and a light-transmissive spacer layer located between and separating
the first énd second data layers, the thickness of the light-transmissive

substrate plus one-half the thickness of the spacer layer being substantially
equivalent to said fixed thickness 6f light-transmissive material having said

known index of refraction for which the lens is spherical aberration corrected.

11. The disk according to claim 10 wherein the disk comprises a disk
blank and a ring attached to and extendmg around the outer penmeter of the
disk blank, and wherein the substrate is a plastic dust cover supported by the
ring substrate is formed of material having an index of refraction nl1 and a
thickne_ss of approximately t1 and the spacer layer is formed of material
having an index of refraction n2 and a thickness of approximately 12, and
wherein the lens has correction for spherical aberration caused by t1 thickness.

of substrate material and t2/2 thickne'ss of spacer layer material.

T
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a thickness not equal to the conventional substrate thickneJtnﬂ§?rE%;%§%BEEN
conventional thickness less t2/2 of the spacer |ayer 44 thickhkess p—the

CD drive enbodi nent of the present invention, with a | ens having N. A =0. 45,
the substrate 40 thickness t1 is approximately 1.075 nmm and spacer |ayer 44
thickness t2 is approximately 0.250 nm For a lens wth N A =0.55 the
substrate 40 thickness t1 would be aP roximtely 1.15 mm and spacer | ayer

44 thickness t2 woul d be approximatel'y 0.10 mm The spacer |ayer 44

material is preferably a polymer which has an index of refraction

sufficiently a te t | S a second
order effect s‘iﬁﬂq%%a éaqtg c}}ggroftﬁg rrﬁéé?ﬁ? ﬂ’%%%iseﬁg@%ot be
factored into th | ection of, substrate thl kne ver,

i ndex oftr aesma&tpﬁ weh elensdeaying gacretionyfory ra?a%rrﬂa@n,o#hq aasi
substrate, the thickness t1 of the substrate |s adj usted so that t1 of

subst r atcommprtisanigal with i ndex of refraction nl and t2/2 of spacer |ayer
material with index of refraction n2 together are edquivalent to the

t hi ckness of tit2hnéMisdive BubSiatehavirg anrheclitesl tAbheid atfisst siafaest ed.
The thi ckness of spacer |l ayer 44 is selected based on the m ni num

that forms a disk outer face onto which the laser light is incident from the

B e wommmm—)

lens;

a partially light-transmissive first data la:;rer on the substrate surface
opposite saici first surface;

a light-reflective second data layer; and

a light-transmissive spacer layer having a thickness t2 and loc'ated:
between and separating the first and second data layers, the thiékness t1 of
substrate material plus one-half the thickness t2 of spacer layer material
being substantially equivalent to the thic;l_mess of méterial corresponding to

said correction for spherical aberration of 1-:he lens.
13. The d_isk according to claim 12 wherein the disk is a_compact disk
(CD), wherein the substrate is formed of pol&carbonate, and wherein the
amount of spherical aberration requi.red to be correctéd by the thickness t1 of
. substrate material plus one-half the thickness t2 of spacer layer material is
substantially equivalent to the amount of spherical aberration required to be

corrected by approximately 1.20 millimeters of polycarbonate.

\
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acceptable Strehl ratio, which in turn depends on the N A fT"t”ﬁ@-éEﬁé"/h‘?naEEN '
the index of refraction of the substrate nmaterial. The thic SS 'i'%CED L
sel ected so that t2/2 corresponds to the maxi numthi ckness variation where
the spherical aberration is still acceptable. For a CD two data |ayer drive
with N A =0.45 this is t2/2=0.125 mm (Strehl ratio=0.9) or t2=0.250 mm The
result is a doubling of the spacer |ayer thickness .over what woul d be the
case if the focused spot with m ni mum @r?neri cal aberration were | ocated on
the first data |layer. The effect of interlayer crosstalk is substantially
reduced while the anmount of spherical aberration on both data |ayers is _
still acceptabde. Phealisknricegeling toldaine M2oeherein tife disk isrz semipachdisit i on
is that since the | ens renmains spherical aberration corrected for the

convent '(gpg*( vg!ria%tiﬁach% dHstA8SS fBfmad UfifeatBbAatetaid Mbdreal the sk, the

opti cal Ive can al so operate with conventional single data |ayer

di sks. Thus in the,case a ot | i I . | kS
oper abl £HROPRY é’tfme%%?l?&%a} g‘%‘i‘?@%‘%g ﬁgt%%%ﬁ%%iﬁig{% F;:l?ﬁ'sgié )‘r{nfnognd
spacer | ayer thickness_t2=0.25( and, | s bac rd conpati bl e, wit.h,

exi st i ngsuhstnrte majeriabpluy Ql}%‘g\f&g}@ Pnlmc ﬁ%é\ﬁ?ﬁﬁa rﬁg‘y@ﬁ materalis,at i ve
enbodi nent of the present invention the substrate and spacer |ayer

t hi cknessubstantiatlyl eptivdlend topthenamoupt of sphenical sbernadionrequired to be

corrected by approximately 0.60 millimeters of polycarbonate.
’/."’_”_
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data 4 ayer disk and the lens is spherical aberration corrected TS SHEET HAS BEEN
selected tl of substrate with index of refraction nl and t2 o1__s_p§QEF.PVéQ%‘P

with index of refraction n2. In the case of CDs the conventional I1.20 mm
substrates can be used for the two data | ayer system and the spacer |ayer
can be made 0.250 mmthick. The | ens wou2®8 then be corrected for 1.325 nm
[1.20 + (t2/2=0.125)] of material (assum ng N A =0.45 and the spacer | ayer
S 12 made of material with an index of refraction close enough to 1.57
that it has negligible effect on spherical aberration correction). The

met hod of correcting | enses for known spherical aberration in systens
having a plano-parallel substrate is a well-known techni que. The wavel ength

of the |ight MULTIFLE AKAISSEERVPTICK DISKIORIVEE SESTEM WITH Rexigy e i al

t hrough which the light nmust traverse are used to generate a pol ynom al

equation t hat ABERReSHON CORREOTIGNANDIOPTEMYM TNTERIAYER SPACIRGS' i bed,
for exanple, by R Kingslake, Lens Design Fundanentals, pp. 119-122 and
205- 208, Academ c Press, 1978, and is not part of the present

ABSTRACT

A multiple data layer optical disk drive system (10) has fixed aberration correction and uses a
disk (12) with maximum interlayer spacing for reduced interlayer crosstalk. The disk (12) is
designed to operate with a lens (210) that has spherical aberration correction to compensate for
the larger thickness of a conventional single data layer disk. This allows the system (10) to be
backward compatible and thus handle both multiple and conventional single data layer disks.

The fpcused light spot with minimum spherical aberration is thus located at the middle of the
spacer layer (44) rather than on the first data layer (52). The spacer layer (44) thickness is _
selected so that when the focused spot is located on either thé first (42) or last (62) data layer |
there is some deliberately designed spherical aberration. Thus the thickness of the. spacer

layer can be increased and interlayer crosstalk reduced.

Fig. 2.



Af, 9y

--kﬁ"ﬁﬁilon Pig. 7 illustrates the increased data | ayer spacing that is
achi evable with the present invention for a lens with N A =0.55. For
exanple, with N. A =0.55 and an acceptable Strehl ratio of 0.9 (1-Streh
ratio of 0.1 on Fig. 7), a disk drive sgisenlmjth a spot with m ni num
spherical aberration |ocated on the fir data | ayer indicates that the
spacer | ayer can be no thicker than approximately 0.065 nm However, wth
the present invention, where the disk drive systemis designed so that spot
wi th m ni mum spherical aberration is located in the mddle of the spacer
| ayer the spacer |ayer thickness can be doubled to 0.13 mm In the
preferred enbodinent a Strehl ratio of 0.9 has been used. However, higher
or |ower values of Strehl ratio may be deS|redPJdedﬁﬁﬁ‘ng on the partlcular
paraneters of the disk drive system sugsh gs ti@® N|ANOf the lens and the
i ndi.ces of refraction of the substrategandhspa rr| . The nultiple data
| ayer disk shown in Fig. 6 is illustratedq 8s amﬁ dgg ructure where .the
outer layers are the substrate 40 and i gyer| 70. In thedcase of a
CD system the substrate 70 is polycarb tEH ﬂ<nesz’pffé$hher 1.20
mmor 1.20 mmless t2/2, depending on wevef, the multiple
hi nner single data
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pfotective layer 70 is a second substrate identical to substrate 40. For
exanple, in the case of a CD system two substrates of 0.60 mmthickness
and REPLACEMENT SHEET 15 1. An optical data storage system conprising: a
| aser |ight source for generating a laser |ight beam an optical data

medi um conprising a partially light- tra%; 55|ve first data layer, a light-
reflective second data |ayer, and a light-transm ssive spacer |ayer l|ocated
bet ween and separating the first _and second data | ayers by the thickness of
sai d spacer layer; and a lens |ocated between the Iaser Iight source and
the first data_la light beamto a

.W‘Wiﬂﬂlilllﬂfllflﬁ' pifon sothal The
m%%% \. bt i cd2 di sk drive system

bet ween t

of the typgsth : 7S wavpNg CoLre '@therlcal
aberration, {110 A0 or r £spandif fixed thickness of
| i ght- transm gsiy afle he/sygt em cehmpii sing:
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a‘lasef light source for generating a |aser |light beam an optical disk
conpri-sing (a) a light-transm ssive substrate having a first surface that

forms a di sk outer face onto which the | aser

i ght

is incide

nt, (b) a

partially light- transm ssive first data |layer on the substrate surface

opposite said first surface,

(c) alights7reflective second data |ayer,

and

(d) a light-transni ssive spacer |ayer |ocated between and separating the
first and second data | ayers by the thickness of said spacer

attached to the disk for

| ayer; a notor

rotating the disk; a lens | ocated between the

| aser |ight slource¢ and|said first suffacq of §he substrjte or-focusiﬁ§q¢he
| aser |ight beam o a bpot, | the|fixed thijcknegs of |lighf-trfHnsm ssive
material to ichithe anount of |spheficalf abedrati pn-cofrecflion of the |ens
corresponds RKei ngjsubstantilal equi jal enft tojthe fotal} subdtrate thi gkpess
pl us approxi qatel y onef hal f] t spacer | gyer thickphess;| ang jreans conq\bied
to the Il ens flor mpvi ng{ the Iég? relativeijto the di gk so t focused s
can be noved |from|lone Hdata |l a3fef to pnotter data I pyer; effeby when ﬁgﬁh
spot is locatled oh the] firgt adafa | ayer ijt possesses spheri dal aberratio
because the tlotal {subsfiratd and|spacer |dyer fmatex]al/tlhickfless traversed
is less than {the fhickhess ofghuterial cdrrespondi to the anopunt of
spherical abgrratijon cprreqti@n|by approxi mat¢ly ohe-half the spacer |ayer
t hi ckness, ard whén the spqgt is|located dn thé secpnd data jayer it
possesses spljeri cal aberration‘bgﬁau e the total s)bstrate gnd spacer | ayer
mat eri al thidqkness$ tralversdd isjgneater y
)
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than the thickness of material corresponding to the anount of spherical _
aberration correction by approximtely one-half the spacer |ayer thickness.
16 3. The disk drive systemaccording to claim2 wherein the fixed

t hi ckness of

i ght- transm ssive materi al

correspondi ng to the anount of

correction for spherical aberration of 4fk lens is substantially equival ent
refraction nl, and

to a substrate having a thickness t1 and an i ndex of
wherein the disk substrate is forned of materia

havi ng an i ndex of

refraction nl and a thickness of approximately tl-t2/2, where t2 is the

spacer | ayer thickness.

wherein the disk substrate is forned of materi a

4. The disk drive system according to claim?2

havi ng an i ndex of

refraction nl and a thickness of approximately t1 and the spacer |ayer is

formed of material
approximately t
corrgs

mat eri al

of the lens ig

<
=

poRding to thgj

I
|

havi ng an i ndex of
2nd wherein the fixed thickness of
anount of correction for sphe
tantially equivalent to t1 thickness 0§~
mat eri al pIusU}Z{Z,thickqgés of spacer |ayer material.

¢

/

refraction n2 and a thi ckness of

i ght-transm ssive

1.0 -

STREHL RATIO

~0.2

0.2

SPOT LOCATION DEVIATION (mm)

I ke al
sabstrat e

aberration

5
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5% The di sk drive system according to claim2 wherein the fixed thickness
of light- transm ssive material corresponding to the anount of spherical
dberration correction of the lens is approxinmately 1.20 nmm of

pol ycar bonate, and wherein the disk substrate is formed of pol ycarbonate
and has a thickness of approxinately 1.20;nmm|ess one-half the spacer |ayer
t hi ckness. 6. The disk drive systemaccdrding to claim2 wherein the fixed
t hi ckness of light- transm ssive material corresponding to the anmount of
spherical aberration correction of the lens is approximately 0.60 nmm of

pol ycarbonate, and wherein the disk substrate is fornmed of pol ycarbonate
and has a thickness of approximately 0.60 mAQ ess one-hal f the spaﬁgr | ayer
t hi ckness. 7. The disk drive systemaccording to claim 2 wherein thé/
substrate is fqroed had_a_thickne 0 DI QXi e

R Rl KL
one-hal f the %‘% SN AR R
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17 8. *The disk drive systemaccording to claim2 wherein the disk substrate
is formed of polycarbonate and has a thickness of approximately 0.60 mm and
wherein the fixed thickness of light-transm ssive material corresponding to
t he amount of spherical aberration correction of the lens is substantially
equi val ent to 0.60 mm of pol ycarbonate gfls approxi nately one-hal f the
spacer |ayer thickness. 9. A conpact disk (CD) optical disk drive system
conprising: a laser light source for generating a laser |ight beam a CD
optical disk conprising (a) a light-transm ssive substrate having a
thickness t1 and a first surface that forns a disk outer face OntCDV\:hICh
the laser light is incident, (b) a parti all'y P{ght-transm sswe"ﬁlcr:st dat a
| ayer on the substrate surface opposite said fiyst surface, (c) a
| i ght-transni ss\ve spacer |ayer having a thickngss t2 and | ocated on the
first data layer \and (d) a light-reflective sechnd data | ayer on the
spacer | ayer and arated fromthe first data | &ger by approximately t2; a
notor attached to t disk for rotating the disk; | ens | ocat ed |bet ween
the | aser |light sourc® and said first surface of tRe substrate fgr focusing
the laser |ight bgamtoa spot, the |l ens having a fixed correcti¢n_for
spheri cal aberratitgn; ane neans connected to the Ier§ for novi ng_tﬁﬁ.e_ | ens
relative to the digkgso t f ocused spot e
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can bé noved from one data | ayer to another data layer, the fixed spherical
aberration correction of the |lens having a val ue such that a nearly
difforaction limted focused spot occurs approxinately at a distance t1l plus
t2/2 fromsaid first surface of the disk substrate. 10. An optical data
storage di sk of the type readable by |a3éi |ight transmitted through a |ens
having a correction for spherical aberration, the anount of correction
corresponding to a fixed thickness of light-transm ssive material having a
known i ndex of refraction, the disk conprising a light-transm ssive
substrate, a partb ly light-transm ssive first data | ayer, a .

| ight-reflective Seco data layer, and a light-tra 1 Ssive spacer Tayer

| ocat ed between and searating the first and second gata | ayers, the
thickness of the Iight-transm ssive substrate plus ghe-half the thlckness

of the spacer y el g AU . - iy c k i §§ﬁ2
of light-trangmssjte erf a virg yd Kn ex/of retrdcia o for
which the leng/1 $/s I cdl Aber rdt i,0n CaorT eft gd. "REPL ET 1

11. The di sk fagcopdi xg o Al 1 r t S i ges/a Adi bl apk
and a ring ' 92 |,
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attached to and extending around the outer perineter of the| GEPKAOEMENT SHEET
wherein the substrate is a plastic dust cover supported by | he rigg aaﬂ |
frormed of material having an index of refraction nl and a tihDekne go AN.1997.
approximately t1, wherein the spacer layer is fornmed of nat

I ndex of refraction n2 and a thickness ofgapproximtely t2, and wherein the
disk is readable by laser light transmtted through a | ens having a
correction for spherical aberration, the amount of correction correspondi ng
to tl thickness of substrate material plus t2/2 thickness of spacer |ayer

‘material. dla(as%aex@asbﬁ%eﬁaf 1ists 1 rst&%é rﬁaﬁ R gudWybogisk, | 1oht -
EIpe, date oy

transmtted t%ﬁjg | ens VI ng c rectlon erica erration, the

anount of cor %ﬂ?@%‘ﬂéﬁ‘t‘fl ‘Wﬁ“‘isdn Jultiple Eﬂtééé‘/ 361SY¥t?1§ﬁ s ‘frP%ﬁ‘@hFé%ﬁedé’
mat eri al , undesithbikddta,focussérpor ard trackitig-drictsighiaksromf aajabeﬂtrdataelai?&y lifterfering

LI ckness ity el Sl Y G, dafCeyd o s el igRie A Bochlh 81 o ve
first dat anueelymr agosstaile Jolayoidathis problearié ivpgeessaryetogmaidtain a selatively begs a
l'i ght -ref |sﬁ ad Seﬁ%ﬁﬂ'ﬁﬁk %@:} PagEﬁ:Y owevtd, #réladly faf epagensﬁﬂbﬁﬁ i e?ﬁ%ﬁf'arla%%}éer

having a t ess t2 ate etween and

second d atthatlaﬁ? é‘?@fat?%by #olid spagetsmateriak ingreases the evergl gnaaqesmﬂfae disk.and the
the thi ckaegmnt 8f fa‘qu&e@aaivd sphiericarabatitivn dofrebior; Wofi 8Mwhich lave eesitaBlent to
the thickness \?g?t ig qehégiar? r(;‘pﬁca'l \élskr@} rtﬁa%'ope&@s%ﬁ?&%él@%n& uﬁﬁ lg d%go unt

of correction
‘layer disks and that minimizes the effects of spherical aberration and interlayer crosstalk.

SUMMARY OF THE INVENTION

It is an object of the ;nvention to ameliorate one or more of the abovementioned

problems of the prior art. -

According to one aspect of the invention there is disclosed an optical data storage
system comprising:

a laser light source for generating a laser light beam;

an optical data medium comprising a partially light-transmissive first data layer, a light-
reflective second data layer, and a light-transmissive spacer layer located between and
separating the first and second data layers by the thickness of said spacer layer; and

a lens located between the laser light source and the first data layer of the medium for
focusing the laser light beam to a spot, the lens having correction for'spherical aberration
so that the focused spot has approximately minimum spherical aberration when located
between the first and second data layers.

According to another aspect of the invention there is disclosed an optical disk drive
system of the type that includes a lens having correction for spherical aberration, the
amount of correctlon corresponding to a fixed thickness of light-transmissive material, the
system comprising:

"a laser light source for generating a laser light beam;

an optical disk comprising (a) a light-transmissive substrate having a first surface that
forms a disk outer face onto which the laser light is incident, (b) a partially light-
transmissive first data layer on the substrate surface opposite said first surface, (c) a light-



aberration of the lens. 13. The di sk accor di ng to claim 1f2 ' IFEBLACEMB\I‘EISHEET
' conpact disk (CD), wherein the substrate is forned o ol ycar a
and wher 6 bunt ol .

and wherein the anmount of spherical aberration correction rggoates
t hickness t1 of substrate material plus one-half the thickneSs&tZor—spacer—

| ayer material is substantially equival enfAto the akmun_t of spheri cal
aberration correction required for approxi mately 1\./\%0 milli Hetgrskof

ol ycarbonate,. 14. The disk according to claim12 erein the disk is a

2 0 rr%act dF“g’IPCE“&ﬁ‘?CORMP ilﬁyﬂcfhén%@a&l#gélt-éran%mwm layen lpeated beaween andd
“wher ei n t bepasatingrthe fiistant aecond| dagbRyers byQhe ﬂﬂdldheh lf_ﬁtdrf%a%dh@ﬁiﬂrrlﬁfbr%gr ]Ehe .
t hi ckness t Mgﬁi e .erial .Us_.gng-ha t he I ckness ~of sp

| ayer nater%é‘?gt?é su é‘?gon?lggllﬁ%fogﬁﬂ%% g’ﬁt l§ko t he amount of spheri cal
aberration @dmsdeeateshbetwgen thedases lighpsnusse andtsaid/ fist Sirface lof ireetubstyate ffor

ol ycar bo i . I F J .

poly fikbiSing the ThSerIighrlbbdm th\® s?&?%%ﬁﬁd@c?ﬁ%}ﬁ gfgl ht ﬁﬁgfvg??ﬂt%r% e

3" “The sk tie ADaydt Sl abershion SriEr U PL e corerIRIdH BREas
substantially equivalent to the total substrate thickness plus approximately one-half the
spacer layer thickness; and

means connected to the lens for moving the lens relative to the disk so the focused spot
can be moved from one data layer to another data layer; whereby when the spot is located
on the first data layer it possesses spherical aberration because the total substrate and spacer
layer material thickness traversed is less than the thickness of material corresponding to the
amount of spherical aberration correction by approximately one-half the spacer layer
thickness, and when the spot is located on the second data layer it possesses spherical
aberration because the total substrate and spacer layer material thickness traversed is greater
than the thickness of material corresponding to the amount of spherical aberration
‘correction by approximately one-half the spacer layer thickness.

According to yet another aspect of the invention there is disclosed a compact disk

(CD) optical disk drive system comprising:

a laser light source for generating a laser light beam; -

a CD optical disk comprising (a) a light-transmissive substrate having a thickness t1 and
a first surface that forms a disk outer face onto which the Iaser light is incident, (b) a
partially light-transmissive first data layer on the substrate surface opposite said first
surface, (c) a light-transmissive spacer layer having a thickness t2 and located on the first
data layer, and (d) a light-reflective second data layer on the spacer layer and separated
from the first data layer by approximately t2;

a motor attached to the disk for rotating the disk; _

a'lens located between the laser light source and said first surface of the substrate for
focusing the laser light beam to a spot, the lens having a fixed correction for spherical
aberration; and

means connected to the lens for moving the lens relative to the disk so the focused spot
can be moved from one data layer to another data layer, the fixed spherical aberration
correction of the lens having a value such that a nearly diffraction limited focused spot
occurs approximately at a distance t1 plus t2/2 from said first surface of the
disk substrate.



correction for spherical aberration caused by a substrate aREmgAQEMENTSHEET
thickness t1 and an index of refraction nl, and wherein thg¢ di sk gupsimneios?
is formed of material having an index of refraction nl and|/aDatéi.ckResS: ot -

approximately t1-t2/2, where t2 is the spacer |ayer thickn —f—The

di sk drive systemaccording to claim2 wherein the disk substrate is forned
of material having an index of refraction nl and a thickness of
approximately t1 and the spacer layer is formed of material havi nlg an i ndex

of refracti onAgeomding t@ ek pothersaspest Oéplpﬁr iaxentiondheretipdisplosedaneeptical date | ens
has corregolfue disk oﬁﬂh@%&&hdzﬁﬂhew fdsbORgHt anadiveY tﬁrlaulglh h%&%&uigl a Substrate

mat eri al andt2/ ness of -.spacer mat er. sk drive

Syst em acCOTERHRY Tob SRS, SerHEob e “fffeqfscorrggu%‘fqr&ép?%% [ B3y | cal

aberr at i othiclarsseof lghtarymsmissive tedtgridl .haOingrn loiomhgtc:ammmcmn ahgldisker ei n

the di sk .

appr ox) e 4ife§ e pARIRENC plRloke0s bANANT IRBLGRMBN LR TaRt o o

SHEET HASlighteneflective second data layer, and a hght—transmlsswe spacer layer located between and
separating the first and second data layers, the thickness of the light-transmissive substrate
plus one-half the thickness of the spacer layer being substantially equivalent to said fixed
thickness of light-transmissive material having said known index of refraction for which the
lens is spherical aberration corrected.

According to yet another aspect of the invention there is disclosed an optical data disk
of the type readable by laser light transmitted through a lens having correction for spherical
aberration, the amount of correction corresponding to a thickness of light-transmissive
material, the disk comprising:'

a light-transmissive substrate having a thickness t1 and a first surface that forms a disk
outer face onto which the laser light is incident from the lens;

a partially light-transmissive first data layer on the substrate surface opposite said first
surface;

a light-reflective second data layer; and :

a light-transmissive spacer layer having a thickness t2 and located between and
separating the first and second data layers, the thickness t1 of substrate material plus one-
half the thickness t2 of spacer layer material being substantially equivalent to the thickness
of light-transmissive material corresponding to said amount of correction for spherical
aberration of the lens.

For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the following detailed description taken together with the
accompanying drawings.



REPLACED 18 6. The disk drive systemaccording to claim?2 WkEFL@iOEMé}«FrSHEET
|l ens has correction for spherical aberration caused by appr XI mat eﬂ . 60

nm of pol ycarbonate, and wherein the disk substrate is forngdats:. Y. 9 ..... 1997 .
pol ycarbonate and has a thickness of approximately 0.60 mm
t he spacer |ayer thickness. 7. The di s# drive systemaccording to claim?2
wherein the disk substrate is forned of pol ycarbonate and has a thickness
of approximately 1.20 mm and wherein the | ens has correction for spherical
aberration caused by 1.20 mm of pol ycarbonate plus approxi mately one-half

t he spacer |ayer thickness. 8. The di sk drive system according to claim?2
wherein the disk substrate is forned of pol ycarbonate and has a thickness
of approximately 0.60 mm and wherein the | ens has correction for spherical
aberration caused by 0. 60BRIEBDDEMIRIPTIONQF dHE DRAWRNGSi nat el y one- hal f

t he spacer |ayer thickness.

Fig. 1 is a schematic diagram of an optical disk drive system of the present invention
in the form of a CD system.

Fig. 2 is a schematic diagram of the optical head and two-layer disk of the optical
disk drive system.

Fig. 3 is a block diagram of a controller system of the optical disk drive system.

Fig. 4 is a graph illustrating the light intensity of a focused spot as a function of

. position across the beam for two cases: Curve A with minimal spherical aberration and
Curve B with significant spherical aberration.

Fig. 5 is a graph of Strehl ratio, for two materials with different indices of refraction,
as a function of distance from the location at which the spherical aberration is a minimum
for a lens with N.A.=0.45. " | |

Fig. 6 is a sectional view of the two layer disk illustrating the spot with minimum
spherical aberration located in the middle of the spacer layer.

Fig. 7 is a comparison of 1-Strehl ratio as a function of achievable data layer
separation (spacer layer thickness) for two optical disk drive systems
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a lens located between the laser light source and the first data layer of the medium for
focusing the laser light beam to a spot, the lens having correction for spherical aberration
so that the focused spot has approximately minimum spherical aberration when located
between the first and second data layers. |

2. An optical disk drive system of the type that includes a lens having correction for
spherical aberration, the amount of correction corresponding to a fixed thickness of light-
transmissive material, the system comprising:

a laser light source for generating a laser light beam;

an optical disk comprising (a) a light-transmissive substrate having a first surface that
forms a disk outer face onto which the laser light is incident, (b) a partially light-
transmissive fnist data layer on the substrate surface opposite said first surface, (c) a light-
reflective second data layer, and (d) a light-transmissive spacer layer located between and
separating the first and second data layers by the thickness of said spacer layer;

a motor attached to the disk for rotating the disk;

a lens located bétween the laser light source and said first surface of the substrate for
focusing the laser light beam to a spot, the fixed thickness of light-transmissive material to
which the amount of spherical aberration correction of the lens corresponds being
substantially equivalent to the total substrate thickness plus approximately one-half the
spacer layer thickness; and

means connected to the lens for moving the lens relative to the disk so the focused spot
can be moved from one data layer to another data layer; whereby when the spot is located
on the first data layer it possesses spherical aberration because the total substrate and spacer
layer material thickness traversed is less than the thickness of material corresponding to the
amount of spherical aberration correction by approximately one-half the spacer layer
thickness, and when the spot is located on the second data layer it possesses spherical
aberration because the total substrate and spacer layer material thickness traversed is greater
than the thickness of material corresponding to the amount of spherical aberration
correction by approximately one-half the spacer layer thickness.
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4. The disk drive system according to claim 2 wherein the disk substrate is formed of
material having an index of refraction nl and a thickness of approximately t1 and the spacer
layer is formed of material having an index of refraction n2 and a thickness of
approximately t2, and wherein the fixed thickness of light-transmissive material
corresponding to the amount of correction for spherical aberration of the lens is
substantially equivalent to t1 thickness of substrate material plus t2/2 thickness of spacer
layer material.

5. The disk drive system according to claim 2 whereinithe fixed thickness of light-
transmissive material corresponding to the amount of spherical aberration correction of the
lens is approximately 1.20 mm of polycarbonate, and wherein the disk substrate is formed
of polycarbonate and has a thickness of approximately 1.20 mm less one-half the spacer
layer thickness. -

6. The disk drive system according to claim 2 wherein the fixed thickness of light-
transmissive material corresponding to the amount of spherical aberration correction of the
lens is approximately 0.60 mm of polycarbonate, and wherein the disk substrate is formed
of polycarbonate and has a thickness of approximately 0.60 mm less one-half the spacer
layer thickness.

7. The disk drive system according to claim 2 wherein the disk substrate is formed of
polycarbonate and has a thickness of approximately 1.20 mm and wherein the fixed
thickness of light-transmissive material corresponding to the amount of spherical aberration
correction of the lens is substantially equivalent to 1.20 mm of polycarbonate plus
approximately one-half the spacer layer thickness.
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approximately one-half the spacer layer thickness.

9. A compact disk (CD) optical disk drive system comprising:

a laser light source for generating a laser light beam;

a CD optical disk comprising (a) a light-transmissive substrate having a thickness t1 and
a first surface that forms a disk outer face onto which the laser light is incident, (b) a
partially light-transmissive first data layer on the substrate surface opposite said first
surface, (c) a light-transmissive spacer layer having a thickness t2 and located on the first
data layer, and (d) a light-reflective second data layer on the spacer layer and separated
from the first data layer by approximately t2;

a motor attached to the disk for rotating the disk;

a lens located between the laser light source and said first surface of the substrate for
focusing the laser light beam to a spot, the lens having a fixed correction for spherical
aberration; and .

means connected to the lens for moving the lens relative to the disk so the focused spot
can be moved from one data layer to another data layer, the fixed spherical aberration
correction of the lens having a value such that a nearly diffraction limited focused spot
occurs approxifhately at a distance t1 plus t2/2 from said first surface of the
disk substrate.

10. An optical data storage disk of the type readable by laser light transmitted through a
lens having a correction for sphérical aberration, the amount of correction corresponding to
a fixed thickness of light-transmissive material having a known index of refraction, the disk
comprising a light-transmissive substrate, a partially light-transmissive first data layer, a
light-reflective second data layer, and a light-transmissive spacer layer located between and
separating the first and second data layers, the thickness of the light-transmissive substrate
plus one-half the thickness of the spacer layer being substantially equivalent to said fixed
thickness of light-transmissive material having said known index of refraction for which the-
lens is spherical aberration corrected.
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correction for spherical aberration, the amount of correction corresponding to t1 thickness
of substrate material plus t2/2 thickness of spacer layer material.

-~ 12. An optical data disk of the type readable by laser light transmitted through a lens
having correction for spherical aberration, the amount of correction corresponding to a
thickness of light-transmissive material, the disk comprising:

a light-transmissive substrate having a thickness t1 and a first surface that forms a disk
outer face onto which the laser light is incident from the lens;

a partially light-transmissive first data layer on the substrate surface opposite said first
surface; :

a light-reflective second data layer; and _

a light-transmissive spacer layer ha\;ing a thickness 12 and located between and
separating the first and second data layers, the thickness t1 of substrate material plus one-
half the thickness 12 of spacer layer material being substantially equivalent to the thickness
of light-transmissive material corresponding to said amount of correction for spherical
aberration of the lens.

13. The disk according to claim 12 wherein the disk is a compact disk (CD), wherein
the substrate is formed of polycarbonate, and wherein the amount of spherical aberration
correction required for the thickness t1 of substrate material plus one-half the thickness t2
of spacer layer material is substantially equivalent to the amount of spherical aberration
correction required for approximately 1.20 millimeters of polycarbonate.

14. The disk according to claim 12 wherein the disk is a compact disk (CD), wherein
the substrate is formed of polycarbonate, and wherein the amount of spherical aberration
correction required for the thickness t1 of substrate material plus one-half the thickness 2
of spacer layer material is substantially equivalent to the amount of spherical aberration
correction required for approximately 0.60 millimeters of polycarbonate.
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MULTIPLE DATA LAYER OPTICAL DISK DRIVE SYSTEM WITH FIXED
ABERRATION CORRECTION AND OPTIMUM INTERLAYER SPACING

ABSTRACT

A multiple data ﬁyer optical disk drive system (10) has fixed aberration correction and uses a
disk (12) with maximum interlayer spacing for reduced interlayer crosstalk. The disk (12) is
designed to operate with a lens (210) that has spherical aberration conecﬁon to compensate for
the larger thickness of a conventional single data layer disk. This allows the system (10) to be
backward compatible and thus handle both multiple and conventional single data layer disks.
The fpcused light spot with minimum spherical aberration is thus located at the middle of the
spaéer layer (44) rather than on the first data layer (52). The spacer layer (44) thickness is
selected so that when the focused spot is located on either thé first (42) or last (62) data layer
there is some deliberately designed spherical aberration. Thus the thickﬁess of the spacer

layer can be increased and interlayer crosstalk reduced.

Fig. 2.



