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OPTICAL DATA STORAGE SYSTEM WITH MULTIPLE
WRITE-ONCE PHASE-CHANGE RECORDING LAYERS

Technical Field

This invention relates generally to optical data storage systems and
more gpecifically to such a system using an optical medium having multiple
recording lavers.

i0 Background of the Invention

Optical data storage systems, such as optical disk drives, allow the
storage of large quantities of data on the optical medium. The data is
accessed by focusing a laser beam onto the recording layer of the medium

5 and then detecting the reflected light beam.

In write-once read-many {(WORM) systems, the laser writes data by
making permanent marks on the recording laver. Once the data is recordad
onto the medium it cannot be erased. The data in a WORM system is

20 detected as a change in reflectivity between the written marks and
unwritten regions between the marks. In an ablative WORM system, the
laser writes data by melting portions of the recording layer, resulting in
physical pits in the recording laver.

25 In contrast to an ablative WORM system, a phase-change WORM system
uses phase-change alloys as the recording material and the laser writes
data by locally converting the phase-change media from omne structural
phase (eg amorphous) to a second structural phase (e.g., crystalline).
This is done when the amorphous region is heated and maintained at or

30 above its c¢rystallization temperature, or alternatively melted and slowly
cooled until the region is Ccrystallized. The WORM function is achieved
because the medium is designed so that the second structural phase does
not convert back easily to the first structural phase. Another type of
phase-change WORM system uses mixing or alloying of spatially separate

35 metallic layers. During the write process, the laser heats a local region
of the medium to cause inter-diffusion of the initially separate lavers,
resulting in a mixed alicy. The data in both types of phase-change WORM
systems is detected as a change in reflectivity between a non-written
region and a written region on the medium,

40

To increase the storage capacity of an optical disk, multiple
recording laver systems have been proposed. 2An optical disk having two or
more recording lavers may be accessed at the different spatially separated
recording layers by changing the focal position of the lens. Examples of

45 this approach include US Patents 5,202,875; 5,097,464;: and 4,450,553. One



15 and then detecting the reflected |ight beam In
write-once read-mny (WORM syst ' es data by maki ng
per manent marks on the recording |T&N@SHEETIHR“TBh§Nd ta is recorded

onto the nediumit cannot be eragsed. HEPLdgEB in 3 WORM systemis 20
detected as a change in reflectivity becweer~the-written marks and
unwritten regl’ﬁ’ﬁé"’/gléﬂ/\een the marks. In an abl ati ve WORM syET/ER6/0052

| aser wites data by nelting portions of the,recording layer, resulting in
physical pits in the recording |ayer. 25 In contrast to an

abl ative WORM system a phase-change WORM system uses phase change
all oys as the rec ter

| ocal Iy converti OE’?E& aSE ha%ltlgge ra‘zc’]"'di’nrgo{al rs m AR %& st phase
(eg anor phous) t CONA T PRdt T Y ™ pHARE P& Bigm%ra?ﬁréf‘l"e )

This i s done whelPXfR‘SaffisPEHide s oF &g s iTeTHE a1 @At Fhel lﬁ’hﬁrﬁ?%ﬁ%de‘éﬁrdﬁ?" 30
above its cryst ali¥rrarehiFet &ipetak lﬁl‘%ﬁac%l‘m%ﬂ VRICA SRR VERSF At etP ARfddettottd
cool ed unti|® t hetheeftbnoy Saihgatt sderdiad. laTee EORNet LAvetdcerPe SiskEhi eved
because the nedi tranewisdisi. grfeteuse thhonyeheionet ghekesthangd end kel ivise Yeldes
not convert backmsasidly Hedd tthesbsbitst Ml petdsnadge plfage. 1i4not heristiywpe of
phase- change VWORMssysileetd WsRS dfl ¥ farlfierdkdR¥ding BesPalrk alnkyirsepmbaite 35
metallic |ayers. ;odMiiB% 408 W ﬁ&epéﬂ%%sm h@ LRRGaARet 2 thOf @hed 80LON
of e, el gm0l r}gﬂe;fg ALISHOR: Aihd e AL ALY sspllelate] avere,

resulting in a m hase- C

System 1 det eclEadd 47e e RN IR SOl
region and a wri PYER)r EQIBHF SPFY% Fie ndfHYiFioBgre phase-change WOR*I*omFﬂ’fﬁ‘ﬁ‘ése t he
st orage capacity@Bran optical disk, nultiple recording | ayer
systens have been proposed. An optical disk having two or nor e
recordi ng |&yers nay Jdepanmee @sslddhalt pdthet dpflfieatdot 581240343l hwyMsdparaat ed

describes a laminated optical media structure for multiplexed optical
recording. The structure is illustrated with two individual light
abgorbing layers, without any immediately adjacent dielectric layers. The
two light ebsorbing layers are not separated by a sufficiently thick

20 gpacer layer because the spacer layer is deposited by vapor deposition,
which has too low of a deposition rate to form the spacing thickness
needed for a multiple recording laver system.

What is needed is a multiple data surface system that provides a
25 good signal from the recording layers cloger to the incident laser light,
as well as allowing writing and erasing with reasonsble laser power on all
recording layers.

Disclosure of the Invention

..........._

30
The invention is a multiple recording layer phase-change WORM

optical digk and digk drive. The disk hasg a light transmissive gsubstrate
onto which the laser light is incident. The substrate supports at least
two spatially separated multi-film recording stacks, each stack including

35 an active recording laver of phase-change WORM material. The disk is
either an air-gap structure wherein each recording stack is supported on a
separate substrate and the substrates are separated by an air-gap, or a
solid structure wherein a solid light transmissive spacer layer separates
the recording stacks. Each of the recording stacks lccated between the

40 substrate on which the laser light is incident and the farthesgst recording
stack includes an active recording layer and an optical interference f£ilm
in contact with the recording layer. The recording laver is made
sufficiently thin to have good light transmissivity, but at this low
thickness, without any other lavers, is not sufficiently reflsctive to act

45 as & recording layer with suitable servo and recording performance. The
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trangmissivity of the recording stack. The optical interference film is

‘ a2lso non-absorbing so that laser light can pass through it to focus on &
farther recording laver. This allows the farther recording layers to be
written using reasonable laser power.

10 Brief Pescription of the Drawing

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

15 Fig. 1 is 2 gchematic diagram of an optical disk drive system of the
present invention with 2 muitiple recording layer phase-change optical
disk;

Fig. 2A is a cross-sectional view of an air-gap multiple recording
20 layer optical disk;

Fig. 2B is & cross-sectional view of a dual substrate laminated
multiple recording laver optical disk:;

25 Fig. 2C is a cross-sectional view of a single substrate laminated
multiple recording layer optical disk;

Fig. 2D is a cross-sectional view of a laminated multiple recording
layer optical disk with a protective dust cover serving as the substrate
30 gpaced from the first recording layver by an air gayp;

Fig. 3 is a schematic diagram of the optical head and optical disgk,
in the form of a two recording layer air-gap structure, of the optical
digk drive system;

35
Fig. 4 is a block diagram of a controller svstem of the optical disk

drive system;

* Fig. 5 is a cross-sectional view of an air-gap multiple recording
40 layer optical disk illustrating the multiple recording layers with
adjacent optical interference films according to a preferred embodiment of
the present invention;

Figs. 62 and 6B are graphs of readback data jitter and mark length
45 as a function of laser write power for the first and second data lavers,
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onto which the laser light is incident. The substrate supports at |east 20
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transm ssivity of the recording stack. The optical interference filmis
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a f ast herlaveropticay diayddlusTirntsnakhonsitibie faotdiss leposordithg | ayers
to be Wi ddjetentisdval) fiees ecmbliag | @ser apensiaive emdbdiment Bifi €fe present

Description of thRed¥iawi Rga

Fig. 8 is a cross-sectional view of an air-gap multiple recording
10 layer optical disk illustrating the multiple recording layers with the
first recording layer sandwiched between adjacent £ilms according to an
alternative embodiment of the present invention.

Description of the Preferred Embodiments
15
Fig. 1 is a schematic diagram of an optical disk data storage system
according to the present invention designated by the general reference
number 10. System 10 includes an optical data storage disk 12 which is
preferably removably mounted on a clamping spindle 14 as is known in the
20 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 actuator device such as a
25 voice coil motor 26. Voice coil motor 26 is attached to chassis 20 and
noves arm 24 and head 22 in a radial direction below disk 12.

Fig. 2A is a cross-sectional view of disk 12. Disk 12 has a
sgubstrate 50 having an outer face 49 onto which the laser beam is
30 incident. An outer diameter {(OD) rim 52 and an inner diameter (ID) rim 54
are attached between face plate 50 and a second substrate 56. Substrate
50 mey be made of a light transmissive material such as glass,
polycarbonate or other polymer material. Substrate 556 may be made of a
similar material to substrate 50 or may be made of a material that is not
35 trangmissive of light in embodiments where the light does not have to pass
through the substrate 56. In a preferred embodiment, substrates 50 and 56
are 1.2 mm thick. Substrate 50 has a thin film recording stack 90 and
aubstrate 56 has & thin film recording stack 92. Recording stacks 90, 92
each contain a recording layer of an active phase-change WORM material and
40 at least one transmissive dielectric layer and are described in detail
balow. The substrates 50, 56 have optical tracking grooves or marks
and/or header information formed into the surfaces adjacent to recording
stacks %0, 92, respectively, by injection molding, a photo-polymer process
or an embosgsing process. Alternatively, the tracking features may be pits
45 formed in the substrates or recorded marks in the recording layver. The OD



The invention will now be described, by way of exanple only, with

reference to the acconpanyi ng drawi ngs, in which: 15 Fig. 1is a
schemati c di agram of an optical disk drive system of the pr esent
invention with a multiple recording | ayer phase-change opti cal di sk;
Fig. 2Ais a crcss-sectional view of an air-gap nmultiple recording 20

| ayer optical &Y&%/02564 Fig. 2B is a cross-secti GfVCRHBMRDf a
dual substrate |am nated multiple recgrding |ayer optical disk; 25
Fig. 2Cis a cross-sectional view of a single substrate | am nated

mul tiple recording layer optical disk; Fig 2D is a

cross- sect i onal zhs%oﬁl 2 shamnaked BULLLPhgad ﬁ&g _paseriqn! B¥CLOPL T Cal
disk with a prote maag]]st &overons Qg s, ¢ % n pacqqd
fromthe first recor n T AC S © t§ce§ ¢
schematic di agrafff g B tﬁscléﬁ gh‘éeadcaﬁ‘ﬁ’b‘ oglttfcisfflmﬂf’g’l‘éimg' solven ﬁ"‘tdﬁﬁg*f 8F m

of a two recordi ﬁb"ﬁra‘ipé‘?'erﬁll?naéati?“g’tnﬂ%ﬁ?sé gFe tHes Gpt P diey alternatifjedy be
drive systen§ 35integrally formed [ ghe guhpstrarep| e k5bdfvrgrarrhofsubstoorn poyding
system of the opbrwabs.di¥en in placdr ithe rénsf2np4 form annular air ghkpg or Bpheesa
Cross-secti onal vs eataden ameadubsapesThid,t 5P) ea rspom diapgrt4Pe 80 daaysr tiphgcal
di sk illustratingidhe: nhdilabpine e 6 #0r lr-a¥Qk SngMiespindie 180] AGEM1081 beal
interference fil ggs.@660E81RE oy iRed LT RE B GMTDOLLIRALING tne apertulrBGoPLRSENT
i nventi on; 10 the spaces 78 to allow pressure egualization between the spaces 78 and the

surrounding environment of the disk drive. A plurality of low impedance

filters B4 are attached to passages 82 to prevent contamination of spaces

78 by particulate matter in the air. Filters 84 may be guartz or glass

fiber. Passages 82 and filters 84 could alternatively be located on the

15 0D rim 52.

Fig. 3 shows a schematic diagram of one embodiment of the optical
nead 22 and disk 12. Optical head 22 includes a laser diode 200, which
may be a gallium-aluminum-arsenide diode laser producing a primary beam of

20 light 202 at a fixed wavelength. Laser diode 200 is capable of operating
at at least two power levels, i.e., a first write power level that is high
enocugh to cause the active recording layvers to change phase and a second
lower read power level for reading the data by reflection from the
amorphous ané crystalline phase regions in the written recording layers.

25 Beam 202 is collimated by lens 203, circularized by circularizexr 204, and
then passes to a beamsplitter 205. 2 portion of beam 202 is reflected by
beamsplitter 205 to a lens 206 and an optical decector 207. Detector 207
is used to monitor the power of laser beam 202. Beam 202 from
beamsplitter 205 next passes to and is reflected by a mirror 208. Beam

30 202 then passes through a focus lens 210 and is focused to a
diffraction-limited spot onto one of the recording stacks 90, %82. Lens
210 is mounted in a holder 214, the position of which is adjusted relative
to disk 12 by a focus actuator motor 216, which may be a voice coil motor.
Movement of the lens 210 by the focus actuator motor 216 moves the focused

35 spot between the two recording stacks 90, 92 on the substrates 50, 56 of
disk 12.

A portion of the light beam 202 is reflected from a recording
stack 80, 82 as a reflected beam 220. Beam 220 returns through lens 210
40 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. 4 is a block diagram of a controller system of the optical disk
45 drive system and is designated by the general reference number 300. The



Figs. 6A and 6B are graphs of readback data jitter and mark | ength 45 as
a function of laser wite power for the first and second data | ayers,

4 respectively, for a two recording |layer disk according to the
pr esent i nvention; Fig. 7 is a cross-sectional view
of an air-gap nultiple recording 5 | ayer optical disk illustrating the
nul tiple recor® E%@ers With adj acent dual filns XETEBRIFMWEt 0 an
al ternative enbodi nent of the present gl nvention; and

Fig. 8 is a cross-sectional view of an air-gap nultiple recording 10

| ayer optical disk illustrating the multiple recording |ayers with the

multielement detector 234 (Fig. 3) generates output sigmals 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
diresctly to controller 314. A peak detector 310 also receives the FES,

5 and a peak detector 312 also receives the TES from amplifier 236.
Controller 314 also recelves input signals from FES peak detector 310, TES
peak detector 312, and laser power detector 207. Controller 314 is a
microprocessor-based disk drive controller. Controller 314 is also
connected to and controls the laser 200, head motor 26, spindle motor 16,

10 and focus actuator motor 216.

Fig. 2B is a cross-sectional view of an alternative embodiment of a
muleiple recording laver recording disk 112 that may be substituted for
digsk 12 in system 10. Elements of disk 112 are similar to elements of

15 disk 12 in Fig. 2a, but disk 112 does not have the rims and spacers of
disk 12. Instead, a solid transparent spacer 122 separates the substrates
150 and 156. 1In a preferred embodiment, the spacer 122 is made of a
highly transmissive optical cement which also serves to hold the
substrates 150 and 156 together. The thickness of spacer 122 is

20 preferably approximately 20-300 microns. The recording stacks 190, 192 on
respective substrates 150, 156 contain the WORM material.

Fig. 2C is a cross-sectional view of another alternative embodiment

of a multiple recording layer recording disk 412 that may be substituted

25 for disk 12 in gystem 10. Elements of disk 412 are similar to elements of
disk 112 in Fig. 2B. However, disk 412 does not use two separate
gubstrates as in the previous embodiments (e.g., substrates 150, 156 in
Fig. 28), but instead builds a multilayer structure from a single
substrate 450. The WORM recording stacks 490, 492 are separated by a

30 solid spacer layer 422. Spacer layer 422 is a light transmissive layer
formed by either lamination or deposition (such as a& photo-polymer process
or spin coating) over recording stack 490 on substrate 450. In a
preferred embodiment, the light transmisgive spacer layer 422 ig made of a
polyvmer material such as polycarbonate. The top surface of laver 422 has

35 tracking grooves and/or header information formed into its surface by
either a photo-polymer process or embossing. The second WORM recording
stack 492 is then deposited on top of spacer laver 422. A final
protective layer 456 of polymer material, such as ultraviclet (UV)
radiation curable spin-coated acrylate, or polvcarbonate with adhesive

40 coating, is then formed onto recording stack 492.

Fig. 2D is e cross-sectional view of another alternative embodiment
of a multiple recording layer recording disk 512 that may be substituted
for disk 12 in system 10. In this ambodiment the disk 512 includes =&

45 solid disk blank 556. A WORM recording stack 592 is deposited onto disk
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al ternative enbodi nent of the present invention. Descri ption of
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15 with a typical thickness of 10-150 microns. The dust cover 538 is made of
2 transparent polyvmer material such as polvcarbonate.

The deteiled description of the multiple WORM recording lavers and
their method of fabrication will be described below with respect to the
20 disk structure of Fig. 2A. However the multiple WORM recording layer
system of the present invention is also operable with any of the other
disk structures shown and described in Figs. 2B-2D.

Fig. 5 is a cross-gectional view of the optical data storage disk 12

25 with multiple phase-change WORM active recording layers 51 and 66. Disk
12 has a substrate 50 having an outer face 49 onto which the laser beam is
incident. Substrate 50 is preferably made of polycarbonate, amorphous
polyolefin (APQ), polymethylmethacrylate (PMMA), Or glass and is
non-absorbing at the recording wavelength. Substrate 50 is preferred to

30 have a thickness of 1.2 mm but other thicknesses can be used.
Pre-addresses and pre-grooves for the tracking servo of the laser light
bean may be formed on the surface of substrate 50 opposite outer face 49.
A recordable thin £ilm 51 of active phase-change WORM material is
deposited by sputtering or evaporation on substrate 50. The preferred

35 material is a phase-change type alloy of A,Sn,8b, (3%<x<45%; 1%<y<40%,
45%<2<96%; and x+v+2=100%) of thickness 2 to 15 nm, where A can be In, Cr,
Bi, 8i, and other transition metals., This type of phase-change alloy is
described in U.S. Patent 4,%960,680. However, as described in that
patent, the material is a single layer with a thickness of at least

40 approximately 20 nm. If this meterial is thicker than 20 nm, its light
transmigsivity is less than 15%. Thus the material at the conventional
thickness is not suitable for multiple recording layer optical disks which
reguires transmissivity greater than approximately 35%, which can only be
achieved for thicknesses less then approximately 7.5 nm. Further, a mere

45 reduction of thickness to less than 7.5 nm to increase light



each contain a recording |ayer of an active phase-change WORM nateri al and

40 at least one transm ssive dielectric layer and are described in

det ai | bel ow. The substrates 50, 56 have optical tracking grooves or
mar ks and/ or header information formed into the surfaces adjacent to
recordi ng stacks 90, 92, respectively, by injection nolding, a
phot o- pol yner B78%%4 or an enbossi ng process. Alt er rPEXiGR6/86527 he
tracking features may be pits 45 formed ip the substrates or recorded
marks in the recording |layer. The CD and IDrinms 52,
54 are preferably nade of a plastic material and are appr oxi mat el y
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disk 12 inside the IDrimb54 for receiving the spindle 14. A plurality of
In the present invention, one or more additional films, such as
optical interference film 53, is deposited in contact with recording
layer 51. By use of the optical interference effects of thin films, the
10 transmissivity, reflectivity, and absorptivity of the multi-thin film
recording stack 90 (active recording layer 51 and £ilm 53) can be adijusted
by varying the individual laver thicknesses. Ffilm 53 and recording laver
51 together form an interference structure. Constructive interfersnce
occurs if the thickness of £film 53 is properly selected, based on its
15 thickness and the real part (n) of its index of refraction. A& large
difference in the value of n for £ilm 53 relative to the indices of
refraction of its adjacent layers (recording layer 51 and air) increases
the interference effect for a given film thickness and will optimize the
signal contrast and the reflectivity of the recording stack %0. Optical
20 interference film 53 should also have low absorption {(low imaginary part
of its index of refraction, l.e., low extinction factor k) so that when
the light spot is focused on sscond recording layer 66 it will transmit
through recording layer 51 and film 53 with minimal absorption.
Dielectrics such as $io,, TiO,, Zr0,, Cu,0, SiN, SiC, amorphous Si, or
25 organic polymers and the like are preferred for optical interference £ilm
53, and can be deposited by sputtering, evaporation or 8pin coating on
active recording layer 51. Other suitable materials for optical
interference film 33 are oxides and nitrides of an element selected from
the group consisting of Al, Ti, Zr, Cu, Hf, Ta, Nb, Cr and W. Dielectrics
30 sych as Zn and Cr mixed with one or more of 8§, Se and Te are also usable.
These materials may be in the amorphous or crystalline phase. If in the
amorphous phase, a wide range of compositions are allowable. For example,
§i0, may have a composition with 1<x<2.1. The optical interference
effects are calculated using standard thin film interference calculations

35 as described, for example, in Optical Properties of Thin Solid Films, O.H.

Heavens, Academic Press, 1955.

Another important characteristic of film 53 is low thermal

conductivity. With an active recording layer 51 that has high

40 transmissivity {(i.e., low absorption), the write sensitivity of the
phase-change material will not be as high as in a conventional thick
highly absorbing phase-change laver. Therefore, with film 53 in contact
with active recording layer 51, the thermal conductivity of £ilm 53 should
be small so as to reduce heat flow from the active recording layer 51

45 while the laser is at the write power level. In general, a non-absorbing



passages 82 are provided in the ID rim54 connecting the aperture 80 and 10
the spaces 78 to all ow pressure equalization between the spaces 78 and the
surroundi ng environnment of the disk drive. A plurality of |ow inpedance
filters 84 are attached to passages 82 to prevent contam nation of spaces
78 by particulate matter in the air. Filters 84 may be quartz or gl ass
fiber. PassageWOSMBH filters 84 could alternatively be | FEAGBIHNN he 15

QD rim52. Fig. 3 shows a schgmatic di agram of one
enbodi nent of the optical head 22 and disk 12. Optical head 22
I ncludes a | aser di ode 200, which may be a galliumal um num arseni de

di ode | aser prodmgg_eggalaw L gracwmlg?aclg}, ctg,?ty ledd Qﬁgn ¢ Q2 - chaix )quised for
wavel engt h. Las‘ﬂl déip eFo%OQxamﬁltecaEpl% as a the ee{lacotng tlhlté[ of 8‘ 01 h }[M(;

power |evels, i

cause-the active Y’éggrdﬁ?rﬁ% VG %S‘E“b“h%d@w Agroe: éﬁﬁd“ﬁt%éﬁ%ﬁa’f filn 53 CI%BWEI’
read power | evel Pt GFFEAIENY P fie 188 PW§T r“éfqvétlﬁbb% f PdAtecheic £ilm 53 also
anor phous arfd cr §%%%afd prrzopsridee ceafieh$oy fnhithactive treegydiesc davgr rig - [ vénpelr 45 25
Beam 202 i s col | psreténdlb\debondl 08, theispaedrasdtgestt tnrocding Ueperszier a2@4y cand
then passes to a beansplitter 205. A portion of beam 202 is refl ected by
beamsplitter 205 to a kgier 2Q6eang 1ann@pidch s HELOCHAY 14Q6bsad0t @61 207

is used to noni tth‘-:Lr':b.Le 1%\Q@Jregée Ifgﬁnegii Qﬁ@%&ggtes%nﬁ%ogecfo{'& lavers 51,

beansplittey, 205.ne S o
peamspl | pafsses ﬁ] Xk 159&S§:§ ot & Al sl SrhBL! 56 evla,egl R

rou
diffraction-1inite sp% e onﬁ’g’ The’ e a‘frﬁ atlgg mc%?’cﬁ ﬁ;}; g? alks 5(?8‘"5‘5 aqteve
210 is mounted i ﬁhaéeffg‘%mffﬁ mf’l‘f’é‘ Bodft i Brrepte °EW“PSI"’%( G858 Beebckve
to disk 12 by a FYCESBRROPE FBYEFED eEEheftfisch pﬁ%ffcb’é’eala%ﬁ G& CoFIRARtS or .
Movenent of the Fngerfegragge ofhereferding dexeatfor Tretsro@leecapiiog keher fbdgsed
35 Spotishet wetenladreadtiee regwlthontpyst dokshedhlc 8 e orrctdidng Bt aitésals,
56 of di s&isk?and does not have to be transmissive. Thus it can be of conventional
thickness, e.g., 20-200 nm. With a thicker active recording layer €6 the
absorptivity is higher, as compared to active recording laver 51.
Therefore, the write sensitivity for layer 66 can be higher so the thermal
20 conductivity of non-absorbing protective layver 64 is not as critical as
for £ilm 53. Thus, layer 64 can be selected from locw absorption
dielectrics such as those described above for laver 53 with a thickness
from 10 nm to several microns. The stack 92 of second recording layer 66
and protective layer 64 are deposited on the second substrate 56.
25 Substrate 56 can be formed of the same materials as substrate 50 or of
opagque materials such as opague plastic materials and metallic materials,
such as aluminum.

In a preferred embodiment of optical disk 12, as shown in Fig. 5,

3D with a laser operating at a 780 nm waveleagth, substrates 50 and 56 are
polycarbonate of 1.2 mm thickness. First active recording layer 51 is
In,;8n,8be; of 9 nm thickness. This film by itself transmits approximately
2%% of the incident light and has a reflectivity of 13%. By depositing
150 nm of an optical interference £ilm 53 of 8i0, with n = 1.5, the

35 transmissivity of the stack 90 becomes 41% and the reflectivity is 20%.
Such a phage-change WORM recording structure with a transmissivity greater
than 35% and a reflectivity greater than 10% is reguired for reliable
operation with good signal to noise with existing laser diode sources.
The air-gap 78 is 200 microns thick. The second active recording laver 66

40 on substrate 56 is In,;sSn,8bgs ©f 75 nm thickness. Protective layer 64 is
a spin coated photo-polymer {(UV-curable acrylate) of 2 microns thickness.
If the laser light is of & shorter wavelength to reduce the spot size and
chereby incresass the recording density, adjustment of the thickness of
recording layer 51 and film 53 is needed. For example, for laser light at



A portion of the |light beam 202 is reflected froma recording st ack
90, 92 as a reflected beam 220. Beam 220 returns through I ens 210 40

and is reflected by mrror 208. At beansplitter 205, beam 220 is directed
t hrough an astigmatic |ens 232 and onto a nultiel enent optical

detector 234. Fig. 4 is a block diagramof a controller

system of the SYR7&M4di sk 45 drive system and is desi gt YPSthe
general reference nunber 300. The nmul ti el ement
detector 234 (Fig. 3) generates output si gnal s that provide a dat a
signal, a focus error signal (FES), and a tracking error signal

(TES). These signakg ﬁﬁ@:a@émxlxd chl %ﬂe gxléalgﬁabf MY | i 1 8Topt a1 AP 1S GR! witn

directly to contr p so receives the FES, 5
and a peak det ect” glr:é’ gi yseé%rlelgaevfm t?’hE ?r om ‘anplifier 236.

Controll er 314 al so receives input signals from FES peak detector 310, TES
In a particular example of a two-layer disk similar to the

5 above-described preferred embodiment according to the structure of Fig. 5,
the active recording layexs 51, 66 were formed of In,sSn,Sb,s with the
transparent dielectric layers 53, 64 formed of £i0, . Layer 51 was & nm
thick and sputter deposited on polycarbonate substrate 50. The dielectric
layer 53 was sputter deposited to a thickness of 15 nm on layer 51. The

10 second data layer 66 was 75 nm thick and sputter deposited on
polycarbonate substrate 56. Protective layer 64 was 15 nm of 5i0, sputter
deposited on active laver 66. The two substrates were then bonded
together to have an air-gap 78 with a thickness of 300 microns. The two
recording stacks 90, 92 (recording layers 51, 66 and their associated

i5 optical interference layers 53, 64) had values of transmissivity,
reflectivity and absorption as shown in Table 1 below:

Table 1
Layer Munber Thickness  Transnissivity Reflaectivity Absorption
20 {8ea Fiyg. 5) faom) {%) %) {%)
1 {51) 8 44 17 39
(Larze 53 ) 18
2 {66} 75 1 31 68
{ravzr §4) 15

25

This two layer disk was tested on a dynamic test stand. 3 laser

beam of 780 nm wavelength was focused through a 0.55 numerical aperture
lens. The disk was rotated so that the local media velocity was 10.7 m/s.

30 Laser pulses of 12 ns were used to record pulse width modulation (PwM)
data of 8 clock cycles length. Each clock cycle (T.) was 35.4 ns.
Figs. 62 and 6B are graphs of readback data of mark trailing edge to
trailing edge (TE-TE) “jitter” for each of the two recording layers as &
function of laser write powar. Jitter is a measure of the deviation of

35 the written mark transitions from their ideal locations on the disk. Low
jitter at the correct mark length is important to ensure that data is read
back with ninimal errors. It is desirable to have the worst case jitter
be less than five percent of T_, which would be 1.8 ns in this case of a
35.4 ng clock. 2As shown in Figs. 6A-6B, the readback data on both

40 recording layers, at the correct mark length of 8T, =283.2 ns, exhibited
low jitter of less than 1.2 ns. The write power needed to achieve this
low jitter iz less than 23 mW for both recording layers, which is
achievable with presently available commercial lasers.



peak detector 312, and | aser power detector 207. Controller 314 is a
m cr opr ocessor - based di sk drive controller. Controller 314 is al so
connected to and controls the | aser 200, head notor 26, spindle notor 16,

10 and focus actuator notor 216. Fig. 2Bis a
cross-sectional view of an alternative enbodi nent of a mul tiple
recording | aye™3BOBF4i ng disk 112 that may be substitut ed BGHVGBSR0S2T (i sk
12 in system 10. Elenents of disk 112 are sifflar to elenments of 15 di sk

12 in Fig. 2A, but disk 112 does not have the rins and spacers of

disk 12. Instead, a solid transparent spacer 122 separates the substrat es
150 and 156. in a pref@r S1Ro he, spacer, 122 de

hi ghl y transni ssive Opt I %&ge Qmjacg%:i\ﬂgnt 5 %he Bresent 1n\fent:3f_|06xr%s }P_leen 9escr1bed

substrates 150 ang et sht"”u‘:t““r% %"“"kﬁ%sFégof pRtfefs T80 eppifcanle
preferably appro%?% }éﬁ r%ﬁ %46 Sr‘ii“bﬁ*B’H’sg as Fhemr e biedr - %Pcacks 190, 192 on
respective substrat es“fSO7 19 B6CTA5RISEF H.OPMe VIRERRA #RRLEPT AFbodiment of the
Fig. 2Cis & cr 0§BtiSeE Eighal, Vpeignwed 3ot hEtenahtserh dfdh 82 e Fkrsdirreatnilar to
of a multiple reetmdntrgof el 12 egorddeipgathidsky 4 riddatmbeay inee sidasttdeutddy 25
for disk 12 in sysgeensitOnas Glert srafsniliske £1Bnsase §1 Abpodl tddOoe i € NMRNG 2 cOf
disk 112 in Fi g. o2Bikiavenes. sl Skn 442 a80@8ad30in¥s nt WRo REPGH 8l gh index of
substrates as i nréﬂgcﬂ"oﬁva]ng%we{m%ylmﬁéctﬁﬁtg matéﬂg?txgaﬁoﬁsa\;g?P bl;’SQOJI.' n
Fig. 2B), b | n%&g t d@fr@d LEi gcr:tust ructure 119 ai
substrate 450. dl ;J? 298, > AT BrEs F%b ate G E 30
solid spacer | ay& l?m ms 4?2‘31 @ ik Hht ohe §1‘H‘§Fr’r°§s‘?§/§ gé?efr"l’“
fornmed by either >} dfi ar?&?‘i‘%hs}ﬁfa ‘H’e F‘E“ibb??t Tueh £ a55ph67c -0- PP Vitetitdcess
or spin coating) beKRpetow EREPH ﬁ@f‘%‘t’%kﬁl’&@ B?F aeAsgearat e hi®On, Whengas £ilm 57
preferred enbodi seeid hehre highghtbut iy saricessiay Elys pavc rerhady emddetdvity. nade of a
pol ymer mat&r i al psuletkrass potly earshonatio.. v, cop, urdrgaecofolveyrerand2thenas 35
tracki ng groovesiardier pheates iorf anAeEs. Oned @bsmgriont delddtrsddr firBeadynose
described above for layer 53 (Fig. 5) are preferred for f£ilm 37. The
optical properties of recording laver 51’ can be optimized by adjusting
the thicknesses of layers 55 and 57. For example, Si0, with a thickness
20 of 10-80 nm can be used for £ilm 55 and SiN, with a thickness of 20-100 nm
can be used for layer 57. Another change can also be made for sscond
recording laver 66°. The thickness of protective layer 64’ can be
adjusted, making use of the optical interference effect, to maximize the
signal contrast for the second recording layer 66’. 8i0, may be deposited
25 by evaporation or sputtering on active recording laver 66° to a thickness
range of 50-200 nm. wWith this thin §i0, layer 64°, the signal contrast
increases by a factor of 1.3 to 2.2 as compared to an active recording
layer 65’ without any optical interference coating. This increase in
contrast is useful where improved signal to noise is required as, for
30 example, in the case of high-density, pulse-width-modulation (PWM)
recording. Furthermore, the dielectric coatings 55 and 57 on recording
layer 51*' can be deposited on substrate 50’ between the substrate and
active recording laver 51’ instead of on top of active recording layer
51¢. This is because the placement of dielectric coatings between
35 recording layer 51’ and substrate 50' is sometimes desgsirable due to
manufacturing issues such as adhesion of various layers.

Fig. 8 is & cross-sectional view of another embodiment of the
optical disk 12, designated 12%. Elements of disk 12°' that are similar
40 to elements of disk 12 are designated by a double prime number. In a
manner similar to optical disk 12’ in Fig. 7, multiple recording layer
WORM disk 12" has two non-absorbing films 72 and 74 near active recording
layer 51*. The difference is that the active recording layer 51" is
sandwiched between non-absorbing films 72, 74. Dielectric f£ilm 72 is
45 deposited directly on substrate 507, the active phase-change recording



ei ther a photo-pol yner process or enbossing. The second WORM recordi ng
stack 492 is then deposited on top of spacer |ayer 422. A final

protective | ayer 456 of polynmer material, such as ultraviolet (UV)

radi ati on curabl e spin-coated acrylate, or polycarbonate with adhesive 40
coating, is then formed onto recordi ng stack 492. Fig. 2D is
a cross-secti o996ty of another alternative enbodi ment  PCI/GBE00SRT

mul tiple recording |ayer recording disk 512,that may be substituted

for disk 12 in system 10. In this enbodi ment the disk 512 includes a 45 .
solid disk blank 556. A WORM recordi ng stack 592 is deposited onto disk

7 bl anﬁy@?@larﬁq Eh%ﬁr@pé %e gg(}rlgr\r‘} %@QE %rlgerﬁxgn fdr QJE‘lEi'heon

i nci dent | aser

" spac
recording stack B35 raccqgmg ay 51 Pri \‘e/ﬁ?\’ﬁ/l r%co?%fsﬁs th’f°éfc€E ?)0 near est
to the incident PRSEECFRIGALEHR 72 bef“e fbfﬁaézae%ﬁ‘%ﬁ%&"éii”’lga%ﬁé@r 53 Rpis
pr ot ect i ve coati Wd'l%hthég Qiim TRFOFPing stack 90°° also takes advantage of the

5. optical interference effects to maximize performance. The function of

films 72, 74 is identical to film 53 of digk 12 in Fig. 5. fThus,
£ilmg 72, 74 should have low thermal conductivity and high n. The
advantage of this structure over the structure of disk 12 is that under
some high write power conditions, ablation of the recording laver may take

10 place. Ablation in a phase-change medium is not desirable because it may
increase error in the placement of data marks. With a sandwich structure
as shown, the possibility of ablation in the recording lever is minimized.
In a preferred embodiment of the structure of Fig. B, with a laser
operating at a wavelength of 780 nm, substrate 50F and 56" are

15 polycarbonate of 1.2 mm thickness. First dielectric laver 72 is 810, of
2 nm thickness. First active recording layer 517 is In,;Sn,Sb, of 8 nm
thickness. The second dielectric layer 74 is spin-coated Uv-curable
acrvliate of 2 microns thickness. The air-gap 78" is 200 microms thick.
The second active recording layer 66" on substrate 56" is In,sSn,Sby of

20 75 nm thickness. Protective layer 64° is & gpin-coated UV-curable
acrylate of 2 microns thickness.

The present invention has been described and shown in the drawings
for 2 multiple recording laver disk with only two recording layers.

25 However, it is posgsible to have more than two recording lavers. One or
more additiconal recording layers and associated optical interference films
can be located between the first and second recording layers. For
example, if a third recording layer {(and a second coptical interference
£ilm in contact with it) is included in the preferred embodiment of

30 Fig. 5, the first recording layver would be In8Sn,Sbeg with a thickness of
7 om and the first optical interference film would be 8i0Q, with a
thickness of 150 nm. The third recording layer would be In,;Sn,Sbg with a
thickness of 7 nm and the second optical interference £ilm would be 8§iQ,
with a thickness of 150 nm. This would result in a transmissivity of 50%

35 for each reccrding stack so that 25% of the laser light incident on the
first substrate would reach the second or farthest recording laver.

In place of a phase-change type alloy of A.8n,5b,, other material
compositions that undergo an amorphous to crystalline transformation and
40 have a reflectivity difference associated with those two gtructurally
distinct states may be used for the phase-change WORM recording layers
{51, 51°, 5i+*, 68, 66’, 66").. A general principle guiding the choice of
applicvable compositions is that the materials be at or close to a
stoichiometric compeosition. This is a composition at which little or no
45 phase separation occurs duvring crystallization. This condition may be



5 phot opol yner may be fornmed on recording stack 590 by a spin-coating
process. A plastic ring 536 is bonded to spacer |ayer 522 and extends
around the outer perineter of spacer |layer 522. The ring 536 supports a
transparent plastic dust cover 538. The dust cover 538 is typically 100
mcrons thick and is stretched across and bonded to ring 536. Dust 10
cover 538 has MO VO face 549 onto which the | aser beam i BCIVGRIGESAT .

The dust cover 538 forms an air-gap 540 of 0,2-2.0 nmm between it and the
first recording stack 590. The disk blank 556 is preferably nmade of solid
material with a snmooth surface, such as an alum num all oy. The spacer

| ayer 522 is a spin- AN- QL. ther ly-cure hot o- pol ymer film 15
with a typi cal tﬁigs;gl%%&gfn Qagfal Ow%m(l:rcgﬁsstgﬂlfﬁem{ﬁss?abg% e?s'%Sgyfngtaﬁﬁaeleof
a transparent poPViter: mEterrat’ sueh 3 cpot’ycarpbiafsgaliize the quickest agpo
det ai Fed descri pf‘%/"tfna%’fli‘farli’éeTrui“i‘ﬁlb’r"éaml\ﬁ"Fé‘@é?’aia?’rb thay 8¢ Fongystailizet hej
met hod of fabri c&4%6RWi fasthehedded EHE sHarvweviieRld be petativadvt insulging to
di sk struct re ofedieg. the/coviidgwearer Thie iauke ippben\ORY arpsel tizag sbaty érom
system of the preswonttinp@nk itonthesaratsouopeimbiee v hbltany cofthkhecotdies

di sk structur es Smﬁﬂlﬁb deseed b%r!%aﬁi gEhiszfé:sZQ:equirex_nent is to ensudl _Qlat5
I's a cross-secti effthatde@dt 0fn LRG BPLEAREL At SIRL dEEdbnK dRrdInou1ahdeh
mul tiple phase- CQ@%gﬁigm%t &%@uét@gg?]dﬂ\ﬂgrila@y%qz& %%_aag&aﬁqateg Sttner in,

.12 .has a su traggregg&agégc@%igﬂ' tggtrgéordaceld'ygeror}t ge 2 al.t% ftrornGi S A %@m IS
i ncident. Su str?te IS preterab) naﬁ%;o? paigcé} onat €, anDPbﬁous
pol yol efi n (APO) ‘®1for yigt ﬁg?lhé?‘ﬁaﬁ’%ﬂaﬁ"e”( PROMACYeRY 1618 -and i s
non- absorbi ng at the recordi ng wavel ength. Substrate 50 is preferred to 30
have a thickness of 12"0gn¥h® PetFLper “RiEh AERPSe SUEHRLID @IRpSY Fompositions are
Pre- addr esses an@efs: eirfrodhes $ade: tShéetr ukiFrgwidr Yr<oft, tHieSe. apdssel i ghite,
beam may beid or neifreoreittes, Suréaderef SteThs tresit, eadh e, OpySes| ARTOULATe,f FQEe49.
A recordabl e thi Buké,l mupd,, ddashC ahd @ephasaactiangey WORMen®dng6d iakonsScan be
slightly off stoichiometry and crystallize extremely cuickly by adding
nucleating agents such as Ti, Pd or Cr. Ternary compositions suitable for
phase-change WORM include compositions along the composgition tie-line
20 connecting GeTe with Sb,Te; and in particular, GeSb,Te,, Ge,8b,Te5, GesSb,;Te,
or compositions aldng that tie line with small amounts of excess 8b, Ti,
Pd, Sn or Cr. Other materials include In,SbTe;. Another material
composition is (InSb),.,{(Gasb), where .5<x<=1. Aalsc active recording £films
such as sub-oxide films of the type TeQ,, CGel,, SbO,, and InQ, with
25 metallic additives (e.g., Pd, Ni, Cu) are also applicable. These suboxide
systems also make use of the thermally-driven amorphous-to-cryvstalline
phase transition as the recording mechanism. For each of thess materials,
new thicknesses for the non-absorbing layers 53, 55, 57, 64, 72, and 74
{and their primed counterparts) are determined based on the teaching
30 described above.

The invention has been described in the embodiment of an optical
disk drive. However, there are other types of optical data storage
systems to which the invention is applicable. These systems usually have

35 the feature that the mediuwm upon which the data is stored can be remcved.
The common systems are those using optical medis in the form of a tape or
card. The drive associated with the tape or card moves the tape or card
by translation, instead of rotation in the case of a disk, for the reading
and writing of data. It is desirable to also increase the data storage

40 capacity of optical tape and cards by use of multiple recording layers of
phase-change WORM material. In the optical tape or card the multiple
recording stacks may be supported on an opacgue substrate and covered with
a trangparent protective layer onto which the laser light is incident. In
this case the protective laver functions like the previously described

45 disk substrate. Both the tape or card protective layer and the disk



deposited by sputtering or evaporation on substrate 50. The preferred 35
material is a phase-change type alloy of Alerr]Sn[err]Sb[err] (3%x<45%

1%y <40% 45%z<96% and x+y+z=100% of thickness 2 to 15 nm where A
can be In, Cr, Bi, Si, and other transition nmetals. This type of
phase-change alloy is described in U S. Patent 4,960,680. However, as
described in twetemne2sss patent, the material is a single | agEGBY/NIL7 a

t hi ckness of at |east 40 approximately 20, nm If this material is
thicker than 20 nm its |ight transm'ssivity is less than 15% Thus
the material at the conventi onal thi ckness is not suitable for

mul tiple recordi n‘%il%er optical disks whi reqrui res transr%lsgg vity
greater than ap £ 8pra§ﬁﬁtc“ffm%§ﬁ %Fﬁ’ab%a“ outer surlAfe R

t hi cknesses | esstlt%é??eép‘ﬁfﬁbtxﬁ?reﬂ‘%ﬂdﬁm? an3 AETPRoyRidiethe Bshptéshfstravels to
reduction of thiEknereeriige|atgsksthan 7.5 nmto increase |ight

8 transm ssivity causes ot her problens. For thicknesses |ess than
approximatelsy 7.5 nm the reflectivity of the anorphous and crystalline
phase is too low to assure accurate focusing and tracking, or readi ng of



data with a low error rate. Al so,. »:suah a_| th|n phase-change layer is 5

susceptible to corrosion if not pr ch S In the present
i nvention, one or nore additional 'f| | n§,,~ subh asryy .l opti cal
interference film53, is deposi tefil-lz&:sontaef»vm th ,r ecordi ng | ayer

51. By use of the optical interference effects-of- hin filns, the 10
transm ssi vi ty“"’r%’ﬁ&éﬁt ivity, and absorptivity of the nult | PCIHFBI6/00S2Tm,
recording stack 90 (active recording layer §1 and film53) can be adjusted
by varying the individual |ayer thicknesses. Film53 an

51 together forman interference structure. Constructlvg ll“ﬂ%am“gm
occurs if the thickness of film53 is propgr sel ect ed, ORn Its "1

t hi ckness and the real part (n) of its index osf refraction. A | ar ge
difference in the value of n for filmb53 relative to the indi ces of

refraction of ity adjaﬁc‘t‘?ﬁfc"ﬂla%FsreE?’é]&B? BEHG | P rowrieig ' rd HiRtT BHDES
t he interferencelS@ fiearsripyivy 1§ thenlionr mre Mievkges Siatdswritpte Spati FATPe & he
si gnal cont sast <isd quher fedd ¢4X)| entbywhdéh fhgerr Beby denigesdeatk (BD.a Gotskcal 20
i nterference filxracb3ishoalar at1soothanvasel dangbsonpidnos ngtaawal ragiedatzpn paet
of its index of wepbémehic@Ntack 1. thel MMLEXT (HCHL @Pt fcaClifterdrente tthak (9dHE N
the light spot igntagusRd OR FREONEJRGRY tiyRY dn@VREnPsdile Wol {nel L RMEMche

t hrough recordi ng. L ayer téif Qrsicefmmréiiu\@ Lh m&wﬂeégétqwtal e scanely

Di el ectric DSUChdJ% er%lnt from the -:I';n og ]réfract gof he rgil-: r]ecdrd ’la%r é.nd a
amor phous Si', 0 nd er et

téhﬁ }ép. *? 1cl1gntp9 érov% [<] ryctiv t {e g 5 k3 h
optical interfereHE&FFIS SETOVARY 8%fﬁ e oeebrbff &4 SOt 187 thg
evaporation or spienfidshrefRydge Laver a“dar(f‘lel‘?Pél?aécH’rtBTEl‘fge’F& mEP COR AT

sui tabl e mat eri afighfisr PIpEildaft transmissiyey c3nfieddnt E2F9P RS Are 18%97dé%P) affd
nitrides of an atreserhamge|witednéa prherial spacehdren o fevnsieseidige deved., Ti,
Zr, Cu, Hf 15Ta, Nb, C and W Dielectrics 30 sych as Zn and O m'xed
with one or nore.of She Deriiad mkeivdr sccat@fg Usadllan 1 wherein THrCSR:ibEl @bdiahs
may be in the any phepsical GEY Sh@khéren PRaSRrst herbBr 15O onto whicBNePh@US

phase, a wide rangg: ot GEMRASILi ORSLALEAl | owabl e. For exanpl e,
SiJerr] may have a conposition with 1<x<2.1l. The optical interference

20 3. The optical disk (112) according to claim 2 further comprising a
spacer layer (122) transmissive to the light and located between and
separating the first (51) and second (66) recording lavers by the
thickness of said spacer laver.

25 4. The optical disk (112) according to claim 3 wherein the second
recording laver (66) is formed on the spacer layer (122).

5. The optical disk (12) according to claim 2 further comprising a
second substrate (56) and wherein the second recording laver (66) is

30 formed on the second substrate and the first (50) and second substrates
are spaced apart by an air gap (78).

6. The optical disk (512) according to claim 2 further comprising a
disk blank (556) and a ring (536) attached to and extending around the

35 outer perimeter of the disk blank, anéd wherein the substrate is a plastic
dust cover (538) supported by the ring.

7. The optical disk according to claim 6 further comprising a spacer
laver {522) transmigsive to the light and located between and separating

40 the first (590) and second {592) recording layers, wherein the second
recording laver is formed on the disgk blank (556), wherein the first
recording layer is formed on the spacer layer, and whersein the first
recording layer and the plastic dust cover (538) are separated by an air
gap (540).

45
is Sheet Has Been Replaced
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effects are calculated using standard thin filminterferenc IcuI ations

35 as described, for exanple, in_Opti caJ,,PfﬁﬂﬂffT'es of T m ﬁ[mjﬁm
O H. Heavens, Acadenic Pr e‘fo LB T A EUON
con uct|V|ty Wth an

characteristic of f| Im53 is | ow ther a1 L ACED

)

active recording | ayer 51 that ha$---—high 4G  tTafsm ssi vi ty (i.e., low
absorption), tR&RO sensitivity of the phase- chang'éf'fm@‘iﬂﬁﬁl will
not be as high as in a conventional thick 4 hi ghl'y absor bi ng
phase-change | ayer. Therefore, with film53 in contact with active.
recording layer 51, the thermal conductivity of film53 should - be

mﬂ:'e fﬁealsats grréducemp%et Jahoaafs;t n%‘ L{e%ralqlt;l%ecmgwm&m ayneghé% 45 )
reco?ﬁtl \NCI; t_ yer (%]12 r e clg &e El%hflrsb fg‘\ilirence dc)a%

9 mat e

con | Vi
be used for °pp°?i|tﬁrﬁh§3dmklf’8fe Raitplie §1¥ s°p§“f etitl

conducti vi ty of @191@3W16nf}q:(med on the first recor ing Waye* {(51).
5

9. The optical disk (12) according to claim 2 wherein the optical
interference £ilm (53) is formed on the substrate (50) and the first
recording layer (51) is formed on the optical interference £ilm.

16 10. The optical disk (12) according to claim 2 wherein the optical
interference £ilm (53) has sufficiently low thermal conductivity to allow
the first recording laver (51) to retain heat from the focused spot at the
write power level to thereby change phase.

15 11. The optical disk according to claim 2 further comprising a low
thermal conductivity £ilm in contact with and located between the first
recording layer and the optical interference film, the low thermal
conductivity £ilm allowing the first recording layver to retain heat £rom
the focused spot at the write power level to thereby change phase.

20
12. The optical digk (127) according to claim 2 wherein the optical
interference £ilm (74) is formed directly on the substrate (50") and the
first recording laver (51%) is formed on and in contact with the optical
interference film and further comprising a second optical interference

25 film (72) formed on and in contact with the first recording layer; wheresby
the the two optical interference films and the intermediate recording
layer form a trilayer film stack.

13, The optical disgk (12) according to claim 2 whersin the phase-change

30 material in the first (51) and second {66) recording layers is an alloy
comprising &, Sn and Sbh, where A is an element selected from the group
consisting of In, Cr, Bi and 8i.

i4. The optical disk (12} according to claim 2 wherein the phase-change

35 material in the first (51) and seccnd (66) recording lavers of the optical
disk is a mixture of ons or more oxides selected from the group consisting
of Tel,, Gel, 5bO, and In0, and one or more metals selected from the group
consisting of P4, Ni and Cu.

40 15. The optical disk {12) according to c¢laim 2 wherein the phase-change
material in the first (51) and second (66) recording layers of the optical
disk consists essentially of a material selected from the group consisting
of GeTe, SnTeg, PhTa, SbSe, Sbh,8e,, Sb,.,S& with 0<x<0.4, Bi,5e, Sbhi,Se,.
Bi,Te, BiTe, Bi,Te,, Sb,Te, SbTe, 8b,Te;, TeSi, Ag,Se, AgSe,, Ag,Te, Ag;Te,,

45 AgTe;, Au,Se;, AuTe,, GasSh, and GeSe.
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at 400 degK. The requirenent of |low thermal conductivity for film53 can

be relaxed if higher |aser power is avail able. Dielectric film53 also 5
acts as a protective coatingfor: ' ctive recordlng | ayer 51, which is
especially desirable if the spacé Thet ¥ recordgng layers is an air gap.
A spacer layer 78 in the form of an ai ﬁ A%L‘ad]l alcent to the

opti cal |nterference filmb53 and gh‘% twmrecordl ng layers 51, 10

66. A |ayer 6 ¥ G264 on- absor bi ng prot ectlve Tayer, such RCTEHRIPPI2TCoAt ed
phot o- pol ymer (UV-curable acrylate) may deposited on the second active
phase-change recording |ayer 66. Because recording Iaye i aul,

| ayer 64 may not be required either as a pridtective |lay ﬂ&ﬁﬁﬁlmﬂumw
the performance of recording layer 66. The second recordihg ‘1 ayer"66°is 15
t he | ast actlve record| ng layer in the nultiple recording | ayer optical

di sk and does nbt' hawé ‘Pg“ﬂé HehndA g8raréingThS1dim T athersén ¢he baseepidnomal

t hi ckness, e. g.’f’-atzE)l-aZOH’ AR EiMsth(5d) tanid cleepnda (86l viecosidoy divigs| oty ere 6 itdne
absorptivity isdiskgivnpistasesgarpariedo o rmetdive seboedichgn bRy §foudloonsisting
Therefore, the o e, ensebbredycédsirel,aygebtef & (heohi Gher) Saethe thernal

20 condyct i vigsy<af. non- absorbing protective layer 64 is not as critical
as for filmb53. Thus, |ayer 64 can be sel ect ed from | ow absorption

dl el ect rl CS SUCi\; aS 'I’slglgﬁglcqgsffig* b(gg) gp{%\églélf?orof C? 2 al:’lgergénorta?aﬁtapj;cggness

from 10 nmtos er 66

m.c
and protective Jfa edr r%nfe glde<§3)C)sf’|(Et T8 Thithe lfﬁ SH%“EEFo%?r%t‘%e SHierdg or
Substrate1 6 can % ° ¥ fitd of the sane materials as substrate 50 or of
opaque materials such as op aqaue plastic materials and netallic materials,
such as al umi nutf- The optical disk (L) acqordingryoeelagniforiareint tbd oppichtal di sk
12, as shown i niacpgfer@ice3[Glm (530 tof the| epsigalobiek abimgsat ad o8P BiMnitride
wavel engt h, subst raeesuebo sahebt5d fasre the grouppahynRiRoBate, afi, kr? dWNus,
t hi ckness. Fir sta, act, i catice@ordi ng | ayer 51 is
1s
19. The optical disk (12) according to claim 2 wherein the optical
interference £ilm (53) of the optical disk comprises zZn or Cr mixed with
ocne or more of the elements selected from group consisting of §, Se and
Te.
20
20. The optical disk (12) according to claim 2 further compriging a
third recording layer of phase-change write-once material located between
the first and second recording lavers and a second optical interference
£ilm in contact with the third recording layer and transmissive to the
25 light, the second optical interference film having an index of refraction
significantly different from the index of refraction of the third
recording layer and a thickness sufficient to provide constructive
interference of the light, the third recording laver and the second
optical interference film in contact with it providing a light
30 transmission of greater than approximately 25 percent.

21. an optical data storage svstem {10) comprising:

a laser light source (200) for generating laser light at a
38 predetermined wavelength and at different read and write power levels:

an optical data recording medium (12) as claimed in any one of claim
1 to claim 20; :

40 a lens (210) located between the laser light source and said first
surface of the member for focusing the laser light to a spot; and

means {216} comnected to the lens for moving the lensg relative to
the medium so the focused spot can be moved from one recording laver to
45 ancther recording layer; whereby the light a:c the read power level is
This Sheet Has Been Replaced
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Inferr]n[err]Sb[err] of 9 nmthickness. This filmby itself transmts

approxi matel y 29% of the incident i ght and has a reflectivity of
13% By depositing 150 nm of—=&an merence film53 of
Sierr] with n=1.5 the 35 quéh%gﬁT Py oof |t he stack 90 becones
41% and the reflectivity is 20% | “phase-'change WORM r ecor di ng
structure wit W@942864smmi ssivity greater t han 35% andpgn/cBdsloe2ti vity
greater than 10%is required for reliable 18 operation with good signal
to noise with existing |aser diode sources. The air-gap 78 is 200

m crons thick. The second active recording |layer 66 40 on substrate 56

is Inferr]Sn[err m t Sy Protectiv r 64|s a .
spi n coated photl})g?é% bac @ mcg?eag e ar(?FO % te)>of a¥§ HE Pl caI%ness

o)
't the laser |igHEST ¥‘6‘f¢*" R o s Ferope a%et%f e EpBt6P 7 and
t her eby i ncr easet®fe 2PecBe ditfkf ferfet t‘“’gilteaB‘i‘”’ﬁEtlﬁ’é‘?"}t ipftraei 4R CRIZGE B
recordi ng | ayer Br¥suirgedriding bayer gnddddcprifdringsringairee b ihpopradei itk &t
10 5 a S5@@nrymeweoeeligntpchsedt dre thdhisedoné gecayfiirfoi lane® 3665 topthianed e 110

nm wth phase of the material in the second recording layer.

AR
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recording | ayer S5l1%having a thickness of B nm In a
particul ar exanple of a two-layer disk simlar to the B -
above-descri bed preferred enbodi nent according to t%@é rmthr‘e of Fig. 5,
the active recording |ayers 51, 66 were forned of w(srr Splerrk

with the transparent dielectric |ayers 53, r
Layer 51 was 8 nm t hi ckwexSveRisERRL PROBREOREAEAREN PO! Y Ca g
substrate 50. The ‘dielectric | alperpatiogabPuelis sputter deposited to a

t hi ckness OfINTERNATWIQNAL APRLICSTION PUBLISHED UNDER THEPATENT COPERATON TREATS (BTH

t hi ck and nal B, ol 0 , 00.
(G thbbrhitibral ¥ala ClalsiClod P g@gfpgmm%&ﬁ%gﬁ feiinés: WO 97/02564

Protective | (oY} s 15 nmof S u osited on active

| ayer 66. Th@@m@éﬁgt rates were the igo nd&iEEternational Public@lig€Ddtee 1 128 Jainsry $990¢23.01.97)
air-gap Bwth—athrckmess—of—360nrcronsT—Thetwo recCoT ar Ty Stacks
90, 92 (1 erQhehtichal piRstion Kinber66 aRAI/GHIG00527 L BH Wesighdted dtatdsd BR, CA, OMICGZCHL, 1P, KR, PL, R,
interfergnce | ayers 53, 64) haglgq\z/le | ues. of {r ang#eSuaree (AT, BE, CH, DE, DK, ES, F, IR,
reflecti \i‘?’&’"‘ﬁ'ﬂ%‘”ﬁ%’?ﬂ?%ﬂ’on as g\’\%&%w&?%t)l e \¥

» Uy Mc. NL. PT. SE).

Tabl e* 1 Layer Number Thi ckn¢ss Fansmi ssi vi ty
vil om Priags : ¥ pub

?oe/;a ectvi W 08/49‘(,5, tion ?%Oolune 1995 (30.06.951( (SE?:)UEI gu %’i 'ntemagior:]quaarch report. 44
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(54) Title: OPTICAL DATA STORAGE SYSTEM WITH MULTIPLE WRITE-ONCE PHASE-CHANGE RECORDING LAYERS

a solid light transmissive spacer layer

{22) separates the recording stacks (90,

92). Each of the reconding stacks (90,

92) Tocated betweon the substrats (50) S

on which the laser Tight is incident and 12

the farfhest recording stack includes

. an active phase-change recording layer

(51) and an optical interference film (53) in contact with the recording Iayer (51), The recording layer (51) is made sufficiently thin fo have
good light transmissivity, bat at this low thickness, without any other layers, is not sufficiently reflective to act as a recording layer with
suitable servo and recording performance. The optical interference film (53} in contact with the recording layer (51) has a high index of
refraction relative to the adjacent recording layer (51) and spacer (122) to increase the optical interference effect in the recording stack (50).
The optical intexference film (53) optimizes the contrast, reflectivity and transmissivitzy of the reconding stack, The optical interference film
{(53) has low absoprtion so that laser light can pass through it to focus on a farther recording layer (66). This allows the farther recording
layers (66) to be written using reasonable laser power.

(57) Abstract

An optical disk drive (10) uses 3 h
an optical disk (12) with spatially sep- : 8§~ 56
arated multiple phase-change WORM N,
recording layers (51, 66). The optical p=
disk has a light transmissive substrate 92 //// /I ////‘/J ookt it ..w./ 6:
onto which the laser light is incident. 2 el My e A PR P I b
The substrate supports at least two < BEEERR N : \\
spatially separated multi-flm record- 78~ 54 : \" 52
ing stacks (90, 92), each stack includ- N N
ing an sctive reconding layer of phase- - PR SRR AR TR T e~ 53
Chmge WORM material. The disk is [ :':.n ".'..:' 2. o % &> -:. . ARG RLR I .
either an air-gap (78) structure wherein 90 A 51
each reconding stack is supported on a S <
separate substrate (50, 56) and the sub- 3~ 50
strates (50, 56) are separated by an air-
gap (78), or a solid structure wherein N 2

49
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This two |ayer disk was tested on a dynam c test stand. A |aser beam
of 780 nm wavel ength was focused through a 0.55 nunerical aperture
| ens. The disk was rotated so that the local nedia velocity was 10.7 nis.

30 Laser pulses of 12 ns were used to record pul se wi dth nodul ati on
(PVYW) cl ock cycles length. Each clock cycle (T[err]) was
35.4 ns. dﬁ%ﬁ? 3. 6A and 6B are graphs of readback datacaﬁmkaw 7
trailing edge to trailing edge (TE-TE) "jitter" for each of the two
recording layers as a function of laser wite power. Jitter is a
measure of the deviation of 35 the\Mﬁfffn mark transitions fromtheir
i deal | ocations on the disk. Low ji'tter at the correct mark | ength
is inmportant to ensure that data is read back with mniml errors.
It is desirable to have the worst case jitter be less than five
perceht of T[err], which would be 1.8 ns in this case of a 35.4 ns
clock. As shown in Figs. 6A-6B, the readback data on both 40 recordi ng
| ayers, at the correct mark | ength of 8T =283.2 ns, exhibited | ow

jitter of less than 1.2 ns. The wite power negged;tgachi eve this
low.jitter is less than 23 mWfor both recordi g FAygfs, which is

achi evable with presently avail able con‘&r@ﬁal ZRBPIS
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The preferred enbodi rent of the present invention has been descri bed
for an air-gap structure as shown in Fig. 2A but is fully applicable

with the' other disk structures as shown in Figs. 2B-2D. Fig. 7
iIs a cross-sectional vi ew of anot her enbodi nent of the 5 optical disk
12, designateqag El enents of disk 12' that are simlar to

el enents of dieRH%5% o desi gnated by a prime nunber. The PEFEB%PRERYr di ng

| ayer 51' has two light-transm ssive filns 55, 57 deposited on it in place
of film53 (Fig. 5). In certain cases where the choice of a high index of
refraction and | ow thermal conductivity terial is not available, for 10
exanpl e due to difficult manufacturing rSZJ' enents, doubl e transparent
thin films can then be used. Thus in disk 12' the function of single film
53 is acconplished by the conbination of filnms 55, 57. Film55 should

have tow thermal conductivity but nQt necessarily high n, whereagfilm57

shoul d have high n b not necessar | ow t her ma onductivity.
Di efectrics such as G%fierr], Tide , ZrJerr], [err]O, or o ni c
pol yners and the li ke are preferred for filmM55. Low absorp%ion
di electrics such as those described above for layer 53 (Fig. 5) are
preferred for film * The ¢+ cal properties of recording kayer 51
can be optimzed by @ usting he t hi cknes of layers 5 nd 57.
For exanple, SiJerr th a thickn of 1 0 nm can be d for
film55 and SiNJerr][Nwth a thlcknegﬁhaf 20- 100 n can beigsed for
Iayer 57. Anot her change can also b de for secon recording | ayer
66' . The thickness of protective |ayer 64" can be adj ust ed, naki ng
use of the optical interference eg ecth to nmaxim ze the si gnal
contrast for the §§coﬁ§ recordi ng& ayE} 66' SlCIerr] may be dep05|ted 25
by evaporation or ring on g Kt 66't ¢ 3 --ss
range of 50-200 n this th o \; = .,,. a
i ncreases by a f r 1.3 to : ﬁ\ ac‘tlve ] D)
|l ayer 66' wi thout{Zhylda=al inY; "m isinc
contrast is usefu I mproveg §§ equi reg &
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30 exanple, in the case of high-density, pulse-w dth-nodul ati on (PW)
recording. Furthernore, the dielectric coatings 55 and 57 on recording

| ayer 51" can be deposited on substrate 50' between the substrate and
active recording layer 51' instead of on top of active recording |ayer
51'. This is bgﬁgﬁ% t he placenment of dielectric coatings between 35
recordi ng | ayer d substrate 50" is sonetines desirabl RETHRICANS27
manuf acturi ng i ssues such as adhesi on of various |ayers.

Fig. 8 is a cross-sectional view of another enbodi nrent of the opti cal
di sk 12, designated 12". Elements of disk . that are simlar 40 to
el ements of disk 12 are designated by a do I% prime nunber. 1In a

manner simlar to optical disk 12' in Fig. 7, nultiple recording |ayer
WORM di sk 12" has two non-absorbing filnms 72 and 74 near active recording
| ayer 51". The difference is that the active recording |layer 51" is
sandwi ched bet ween non-absorbing filzgs 72, 73 Dielectric film72 is 45
deposited directly on sqgstrate 50",(the act(ge phase- change recordi ng

12
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| ayer 51" is then deposited on film72, and film74 is then deposited on
active recording layer 51". The |aser |ight passes through the
non-absorbing film72 before it reaches the recording |ayer 51[err]. This
trilayer thin-filmrecording stack 90"' al so takes advantage of the 5
optical interference effects to maximze perfornmance. The function of
films 72, 74 i WOYHOE¥$cal to filmb53 of disk 12 in Fig. 5. PCI/ERIGO0S2T
films 72, 74 should have | ow thermal conductivity and high n. The
advantage of this structure over the structure of disk 12 is that under
some high wite power conditions, ablation of the recording | ayer may take

10 pl ace. Ablation in a phase change el um is not desirabl e because
it may increase error in the placenent of data narks. with a
sandwi ch structure as shown, the possibility of ablation in the
recording layer is mnimzed. In a preferred enbodi ment of the
structure of Fig. 8 wth a |laser operating at a wavel ength of 780
nm ‘substrate 50" and 56" are 15 pol ycarbonate of 1.2 mmthickness.
First ‘dielectric layer 72 is Si Q2 of 2 nmthickness. First active
recording layer 51" is In[err]Sn[err]Sb[err] of 8 nm t hi ckness. The

second dielectric | a 4 Js-gplp-cqated LN-curable acrylate of 2

m crons thickness. The 3 i db m cr PRS i Ok. Th¥ second
active recording Iayr S 56" is|lIMer eN ] Sk[ ex~ 86 20
75 nmthickness. Prbhe i$ a sp:n;c t - CNrabl e

acrylate of 2 mcr WM rdplégs

been descri bed agg

er

| ayer disk with onl o récordi g Fayery. 25 N Fbmever~ |tr|s w568l e
to have nore than tw ‘gecordlng ayerfPp N One 0'\\ "nDre adal i\nal
recording | ayers ge oci ated opti ¢ nddr f ce filns ‘Q\:anﬁﬂe
| ocat ed between the NWst and second rkglbdhuggte ers. For \\5xanple,
if athird recordi%f:_ T AN e ST O opt i clk- L rETRErenTeT = 1~ 53
T LA PO W~ . ¢ - - aeeng
90 Ty PR Y » . -~ %, Pt R A e % " ,.‘ “
////////////< 7 ///////// gl
A AN
AN \ .
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filmin contact with it) is included in the preferred enbodi mrent of 30

Fig. 5 the first recording |layer would be In[err]Sn[err]Sb[err] with a

t hi tkness of 7 nmand the first optical interference filmwould be
SS2 with a t hi ckness of 150 nm The third recording |ayer woul d be
Inferr]Sn[err] Sb[err] with a t hi ckness of 7 nmand the second
optical interf¥p ilmwould be Si with a thi cREEEES2I50 nm
This would result in a transmssivity of 50% 35 for each recording
stack so that 25% of the |aser light incident on the first substrate
woul d reach the second or farthest recordi$g6layer. In place
of a phase-change type alloy of Alerr]Sn[err]'Sb[err], other materi al .
conpositions that undergo an anorphous to crystalline transformation and 40
have a reflectivity difference associated with those two structurally

di stinct states may be used for the phase-change WORM recordi ng | ayers

(51, 51', 51", 66, &6, eé’WM.DAEAanEFSéMma.n\?elpcléy@w& $he choice of

appkicabl e conpositﬁaT§—T§‘rﬁﬁT"Fﬁ§_ﬁﬁrETTéﬂ@“ﬁ@ﬂar‘ﬁrTET6§@‘Fﬁﬁz <
stoi chionetric conposiition. This itstaDabafdmyerion at which little|[8 no 45
phase separation occufs during crys2ald paleson. This coRdiTion may be
13 o Jotad 1o &
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obtained for materials which crystallize into stable phases or netastable
phases. Cenerally, those materials which crystallize the quickest are

most applicable. Additionally, for materials that do not crystallize
extrenely fast, the thin filmstructure should be relatively insulating to

5 reduce the cooling rate. This is to prevent the crystallized spot
from cONQ8M2584g back to the anorphous phase. due to REVEBMHOBT t he
recording | ayer by the focused | aser beam This last requirenent is
to ensure that the material can only be witten once. This neans

t hat there shoul d not be a high theézﬁl conductivity material, such
as a netal l|layer, either in 10 di rect tact with the recording |ayer
or separated fromit by-a-thin, (e 9— I(:\nghan approxinatl ey 30 nm
dielectric |ayer. AMQNAON! e mat i CR_a st

sui tabl e binary conpdsi N o axe B\geTe, S Se J~ 567
Sb[err] Se[err], Sb[erohSe\w X i 2Se, SeNerN . \Bi [lerr] Te,
15 *  BiTe, Bi 2Tgj8rf Y, A, £/ Sbl er /A5 / folerritse,
AgSe[®err], Ag2Te " “Ag[ier ]Te[err* ,chgled, - ‘Al eT L [SSeerk] T T Al &4,
GasSh, and GeSe. Additrymarty; T fest—TC Sitior t\,'ﬁﬁ-f SR fightly of f
stoi chionetry and _gwy ‘Sil lize extrene .uiw Wbl | addi ng 2+6Qt’i ng
agents such as Ti /®Pqg ey Ternary E oSN 5ui t abl e for %

phase- change WORM i Rpq ong t E-6 SH-ORHERHDe
connecting GeTe w o, ) 1n partjik [ $ X Aler T,
Ge[err] Shlerr] Te80 €4S ar T Tl o= 0f conpdsh-bi-ehstalond.-i kit~ e i ne
with small anmounts {f % 1 Pd, A//}//Q‘ﬁ@a’ 57 (S
include In[err] SbTe[d(r Aot Rer\pater Nl OMPOSNT QN ,
(InSb)[err] (GaSb) [ er qINwhsr e\ 5xx<=4. A g0 actijwg recorndi hg N <~ 50
such as sub-oxide filNs f he ty 30 rr] e O ernY,, KbOher Ndnd
Inderr] with 25 Lt < e—g— "-- ) C—afe-—atsd
applicable. These subOX|de systens also nake use of he

thermal | y-driven anor phous tgfcrystalline phase tranggt'l on as the
recordi ng mechani sm Fojo% of these materials,
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new t hi cknessams fas-othe non-absorbing |ayers 53, 55, S5Z%ewGhge7/23 ARGs?¥4997
(and their primed counterparts) are determ ned based on the teachi’ h’g 30

descri bed above. The invention has been -described:if the
enbodi ment of an opti cal di sk drive. ,However, there are Ot her types
of optical data storage systens to \M?n ch the invention is

appl i cabl e. These systens usually have 35 the feature that the nedium
upon Wwhi ch t herdatea ¢tenvetpioadl canstyectiomevied the presencihef cémheand sipatens iar e
t hose using ophecalskoedia in the formof a tape or card. The drive
associated with the tape or card noves the tape or card by
translation, instead of rIof QN4 in.t e_of a_di he readlng
and witing of dat gapefntes gi bqate? aﬁ? slgaflnoélr ‘régszzg?‘ﬁ %ﬁab{orm ora e 40

capacity of opffcaPes a?péa%t%daf’a%mﬁir “t?ééa GETHTAYER pl98 PREOPHIARE ‘P%WE?JS of

phase- change WERMdiat er Fag stiyetphe igptilsatratapevioh tar thdiedundl tighte

recordi ng st aaksommayg baystiperthed: any ammepaguey &ldﬁ)éidelhat&eaﬁﬁzrﬁﬁvm’yeds Wi trhe

a transpg ent c%oltl%ﬁéla\as@oéqusrla Qésoay\@lnsb g srat%aeﬁy i Q@tlb%dt@f't@@@ﬁ I n

this case the Br ot egtl ve, axse . uncag:é)n§al e (ﬁ o lrt%g bougaa/ dgsc E{eoql 45

di sk substrat & PEPR TOF AT 3E)F“tec XY erand the ‘
which has too low of a dep031t10n rate to form t € spacing thlckness

needed for a multiple recording layer system.

15 Disclosure of the Invention

The invention is a multiple recording layer phase-change WORM
optical disk and disk drive. The disk has a light transmissive substrate
onto which the laser light is incident. The substrate supports at least

20 two spatially separated multi-film recording stacks, each stack including
an active recording layer of phase-change WORM material. The disk is a
solid structure wherein a solid light transmissive spacer layer separates
the recording stacks. Each of the recording stacks located between the
substrate on which the laser light is incident and the farthest recording

25 stack includes an active recording layer and an optical interference £film
in contact with the recording layer.

=
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14 L es$s-abe are transparent nembers that,,nave aﬂcmemdecbrPawrﬂam@

ont o which ' the laser light is incident and‘ths ough V\hl-cl'g the’i aser
light travels to . t he recordi ng stacks. ‘5, Pre e
CLAI M5 5 1. An optical data recording medium (12’) cofbri'si ng

(a) a first nenber (50) transm ssive to a laser light and having a first
surface that forns a disk outer face (49) onto which laser light is

i nci dent, ) a f| r st record| ng Iayer (51) ,of phasq cha ge
Wite-once nERRERPR— Eare . SR 1i53010[=I m LV & he neRper
(c) an opti ca:dnde:qtcefr te&r@nwnf relmv&s}'mqi?ec@mtaaemt FREITEPE 1P~¥ FEOBTeH hy

increase the optical interference effect in the recerding stack. The
optical interference film optimizes the goatrast, reflectivity and

5 transmissivity of the recording-staCk. The optical interference £ilm is
also non-absorbing so-£3at laser light can pass through it to focus on a
farther roseerding layer. This allows the farther recording layers to be

e - S v o e onen o Yo P Yo VoV X7
Dbyl i

10 Brief Description of the Drawing

The invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:

‘18 Fig. 1 is a schematic diagram of an optical disk érive system of the
present invention with & multiple recording layer phase-change optical

disk;

Fig. 23 is a crcss-sectional view of an air-gap multiple recording

20 layer optical disk:

Fig. 2B is a cross-sectional view of a dual substrate laminated

multiple recording layer optical disk;

25 Fig. 2C is a cross-sectional view of a single substrate laminated
- multiple recording layer optical disk;

Fig. 2D is a cross-sectional view of a laminated multiple recording
il’ laver optical disk with a protective dust cover serving as the substrate
30 spaced from the first recording layer by an air gap:

Fig. 3 is a schematic diagram of the optical head and optical disk,
in the form of a two recording layer air-gap structure, of the optical
disk drive system;

35
Fig. 4 is a block diagram of a controller system of the optical disk

drive system;

Fig. 5 is a cross-sectional view of an air-gap multiple recording
40 layer optical disk illustrating the multiple recording layers with
adjacent optical interference films according to a preferred embodiment of

the present invention;

Figs. 6A and 6B are graphs of readback data jitter and mark length
45 as a function of laser write power for the first and second data layers.
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| ayer and trapgsisssoye to the light, the optical |nterng{,qaggg flblmg}agyllrg%
an index of refraction significantly different fromthe index of
refraction of the%%er and a thickness sufficient to 15
provi de constructljmfm f the light, the first recordi ng | ayer
and the optical . lﬂﬂm ”ﬁﬂﬂﬁﬂ@n contac with it bei ng |ight

transm ssive, and {d)» asseeOnd recording | ayer (66) of phase-change
write-once naterial spaced from t heufiMsst recording |ayer, 20
whereby the laser light is reflected back fromthe fi rst recordi ng | ayer
(51) andsthe QPt ! 09:}1 dp@&@ahf gi&h Qch'dErYQ é‘ég%]um Llf‘p light is

f ocused on th |r? record m& aé/ 31' 12 é\@ansm %

t hr ough t he f| B R r&ﬁﬁm‘tsﬁév% |?: 2Sfhtef %FE‘?‘l ViR fh FATSt

contract wit hsvlffa\ﬁ/ﬁe?hafih@m&saeldlﬁi gHEes §a$%)c(6§bd>né‘h whgh degendighicéfdi ng 25
| ayer, icdisteact eri sed in that the optical data recording nedi um
further conprises first rec(oeam@ smﬁelzsmaa.:erph(aa@%haﬁgeamﬁme%ﬁc\éem&&rwﬁ |'i ght

and | ocated bg{,é/g%gnf the members[ﬁp;%&aga!cggb}; Qge ér(Sl) and second (66)

recordlng | ay NESS sai acer er, and 3
Wherein The. SdEofl TR RETAVEI BaR (L)t of ﬁ@&t% b SiSuarsy gpsprains
(122), layey and tynsmépiiveato ﬁéﬂlh}ﬁh@cébﬁa diofgealo ieteat prencanfdiai viihe
opti cal nedi uam index ofj sefgacphi cighiflicskcbndiffreret Mrbhehki ingiex meEnber (50)
ont o whi ch theedas€ion36t the dilrghlrelcsrdingl 8BL dn @ SUBBIdsAt Mufricient to 3.

The opt '1§a| db%lﬁ%? QER}e“QnélegééJc@& ”5 tlll‘éﬁt Cgﬂpréﬁéﬂqgg% dlng layer

second substrat econd recor
ttrates 40

formed on thes PR R F HA TP, POEOTEGS il Solbis
are spaced apé‘?étnsﬁyssaﬁealaﬁdgap (78).

{d} a second recording layer ({66) of phase-change write-once material
spaced from the first recording laver,

20 whereby the laser light is reflected back from the first recording laver
{(51) and the optical interference film (53} when the laser light is
focused on the first recording layver and the laser light is transmitted
through the first recording layer and the optical interference film in
contract with it when cthe laser light is focused on the second recording

25 laver,
characterised in that the optical data recording medium further comprises
(e) a spacer layer (122) transmissive to the light and located between and
separating the first (51) and second (86) recording layers by the
thickness of said spacer layer, and

30 wherein the second recording layer (66) is formed on the spacer layer
{122),

2. The optical medium according to claim 1 wherein the optical medium
is an optical disk and wherein the first member (50) onto which the laser
35 light is incident is a subsctrate.

2. The optical disx (12} according to claim 2 further comprising a

second substrate (56) and wherein the second recording layer (66) is

formed on the second substrate and the first (50) and second substrates
40 are spaced apart by an air gap (78).

a. The optical disk (512) according to claim 2 further comprising a
disk blank (556) and a ring (536) attached to and extending around the
outer perimeter of the disk blank, and wherein the substrate is a plastic

T duar rover (538) supported Ly the ring.
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4, The optj als 4 K" (512) according to claim?2 further conprisi a
di sk bl ank (5%%) ané%a ring (536) attached to and extendi ng aro&%d‘ﬂtqﬁel”?
outer perineter of the disk blank, and wherein the substrate is a plastic

45 dust cover (538) supported by the ring.
15a 5. The optical disk accordi¥§ to claim4 further conprising
a spacer | ayer (522) transm ssive to the light and | ocated between

and separating 5 ghe bf@chi rabk (2800aiandcSeLARds (B9Ner’ 8GREIENG b AYRES,
unerein (e sgeendiszs) tAaRERRIINOLL 3YEM ok, [T 00, g,k Sind L BNk (n36) .
wher ei n {he fII‘S%, 59rgcor In ayer. 1's or.med on the spacer Fagler, @nd
wherein The fiffstirst (330 c?ﬁddlsﬁ%nlia e F/ECTHEY pl2aETS Wﬁfgﬁncﬂ?e? ©848) are
separ at ed by u@§ording laverghs fpmueg)on the disk blank (556}, wherein the first
recording layer is formed on the spacer layer, and wherein the first
recording layer and the plastic dust cover (538) are separated by an air

gap {540).

I
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