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deposited on the polycarbonate substrate and the radiation beam is focused on the reflective

15 layer. This type of medium is frequently referred to, in the disk embodiment, as a read only
memory (ROM) disk. In order to provide copy protection security for the information stored
on an optical data storage medium, from now referred to as a medium, a need has been felt
for a technique for providing a medium with an identification mark. Optically readable
patterns are written outside the data recording area of the recording layer. The patterns are

20  readable with the naked eye or by machine and may serve as an identification mark. This
identification mark is applied to every piece of medium, e.g. optical disk. The identification
mark may, for example, be a bar code, representing a serial number. The identification mark
further includes such things as-serial numbers, lot numbers, logos, vendor identification,
distributor information, decorative paﬁéms, names, signatures, volume and issue numbers,

25  edition numbers, dates and the like. During recording of copy-protected content, the data is
encrypted with a key that is based on this identification mark. This prevents so-called bit
copying or cloning of the disk.

In US 4,961,077 a method for affixing an optlcally readable pattern upon the

non-information areas of a ROM disk is described. A relatively high power laser beam, e.g. a
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20  high power radiation beam source is needed. Control of the optimal amount of absorbed
radiation is difficult. Furthermore ablation of the reflective layer may still give rise to debris
being deposited in the recorded information area. This may cause an increased noise level

during read out of the information.

25
It is an object of the invention to provide an optical data storage medium of the
kind described in the opening paragraph with a reflective layer suitable for writing an
identification mark in a controlled manner using a radiation beam of relatively low power.
This object is achieved irl that the reflective layer comprises an alloy of the
30  formula AligyXy, in which formula Al is aluminum and X is an element selected from the
group of Ge and Si, and y the atomic fraction of X in at. % where 5 <y <35.
Due to the presence of Ge or Si, the absorption of the radiation beam power in
the reflective layer is relatively high. When using a radiation beam source, e.g. a laser, which

is focused onto the reflective layer, the absorbed energy in the focal point may cause a rapid



the reflective layer is relatively high. Wen using a radiati on beam
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In a favorable embodiment the value of y is smaller than 16. This has the
advantage that the radiation beam reflection of the reflective layer is higher than 70%, which
is required in order to be compatible with the CD red book standard. This standard requires

25  the reflection and substrate transmission, measured double pass, of a CD audio or CD-ROM
disk to be higher than 70% in a blank area. The CD system according to the red book
standard is optimized for a radiation beam wavelength between 770 and 830 nm, e.g. a 780
nm semiconductor laser may be used as a radiation source. Present developments are directed
towards optical recording systems usiné radiation beams with shorter wavelengths, e.g. 680

30  nm and even 405 nm. Use of these shorter wavelengths is explicitly not excluded from the
scope of the present invention.

It is favorable that the reflective layer has a thickness in the range of 10 —

100 nm. When the reflective layer is too thin, e.g. thinner than 10 nm, the optical

transmission of the layer is too high, resulting in a too low reflection of the reflective layer. A
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20  out of an identification mark that is present between the tracks generally has to be performed

with a radiation beam spot, e.g. a focused laser, that is tracking in ‘on land’ mode. The ‘on
land’ read out feature is relatively easy to implement in CD reproduction equipment, e.g. a
CD player. The advantage of having an identification mark written between the tracks ‘on
land’ is that no extra radial space is required outside the CD data area and that a relatively

25  small radial area is used in the data area in which the identification mark is written. This is
because the identification mark is written and read out in tracking mode. Theoretically, ‘on
land’ writing of an identification mark in, e.g., one revolution between two adjacent tracks
may be sufficient. In this way the identiﬁcation mark will be not or hardly noticeable by the
human eye. Read out of such a one-revolution identification mark must be performed by

30  machine. The possible interference of read out of the identification mark and read out of the
track of marks of CD data may be minimized by writing the identification mark in an area
where tracks of marks are present, but where no content is present. Most CD disks on the
market do not contain the full possible playing length of data. Usually the CD disk at the

outer radius only contains a CD track, without actual content, in order to give the disk a
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radi ation
called phase-change of alloys. Phase change optical recording involves the formation of

amorphous/crystalline recording marks in a crystalline/amorphous reflective layer using a
focused relatively high power radiation beam. High power in this context means enough
power to melt the reflective layer when writing amorphous marks or enough power to rapidly

25 crystallize the reflective layer when writing crystalline marks. During recording of an
amorphous identification mark in a crystalline reflective layer, the medium is moved with
respect to the focused radiation beam that is modulated in accordance with the information to
be recorded. Note that the term in accorglance with does not imply that radiation beam
modulation duty cycle during writing is exactly equal to the desired duty cycle of the

30  identification mark during read out. E.g., when a series of identification marks is desired with
a duty cycle of 50% this may be realized by modulating the radiation beam with a duty cycle
of 7/16 or even a short series of pulses alternated with pauses. This generally is called write
strategy. Indentification marks are formed when the high power radiation beam melis the

reflective layer. When the radiation beam is switched off and/or subsequently moved



beam energy in a better controlled identification mark formation process.
In an alternative enbodinent the identification mark is formed by a solid
state 20wOraned7e8 mati on of material of the reflective | aperiaBe/denmswn solid
state transformation is so- called phase#hange of alloys. Phase change
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reflective | ayer. ApPuraIit of anorphous identification marks may form a
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subsequently converted by a detector into a nodul ated 10 photocurrent in
accordance with the recorded indentification mark. During fornmation of
crystalline identification nmarks in an anorphous reflective |ayer the

anor phous reflective |ayer nust be heated to a tenperature just below its
mel t 2¢g poi nt. Thi Entwditents bethe dhfagedrigeemedium according to the invention will be

described with reference to the drawings. It should be noted that drawings are not to scale.
For instance pit dimensions and track distances are drawn much larger than they generally
are. Further tracks are schematically drawn concentrically shaped but are generally spirally
shaped.
25  Inthe drawings:
Fig. 1 schematically shows the top view of the data storage medium according
to the invention.
Fig. 2 shows a cross sectéon along the line II-II as indicated in Fig. 1 of an
embodiment of the data storage medium.
30 Fig. 3 shows a cross section along the line II-II as indicated in Fig. 1 of
another embodiment of the data storage medium.
Fig. 4 shows a graph of the optical modulation M of an identification mark

versus the radiation beam write power (in mW) using an Al7,Ge,s reflective layer.



| ayer to change to the nore stable crystalline phase. This solid-phase
change generally even occurs at roomtenperature but is extrenely slow at
such | ow werpesEbsires. By rising the 15 tenperature of thecraBixnebive | ayer
to just belowits nmelting tenperature crygtallization practically occurs

I nst ant aneously. In analogy with the anorphous identification mark
formati on as descri bed above, wite strategies nay be applied. 20
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Al 72Ge28 muef | ective layer. WO 02/099798 PCT/1B02/02023 7 In Figs. 1 and 2
an optical data _storage nedium 20 is shown, The nedium has _a substrate 1,

h
with 18 s identiipationamarkpi i@’ iy present i the reflpeiive layere2. Teridentifisptiensmark her
stored igf e t ' ey . | l.at | eam
Too A rad 285 SRR Ak dofiel FANARIC Mo BFRA 1 i SEABR AT 8 P02
radi at i oranhmamarkesf drecof tho reflecti8layadd.clhe refisction & pofate Wiehtifieatfonanmk @ or
radi ation beamjn an actual optical disk player. The radiatio be 10 has
a wavel erfytdRPeds PRAhsFRdiaHRE PPYAT Bl SMTIBG VRGO She tig FRDAf ORA R

s i PR RTASLTSRER, bttt plasi ey AR2S
in tHS r dichmgiowee. Indlisrca a T8lenm demidohdwad laser iswded Sfooused BvithasNA afdditat i on
beam ref | Gehsom wateudhs b SEle ond oAl St TR NER wihl  ASH yef ofité gy val ve of
radiation beam velocity relative to the medium of 2.4 m/s. The modulation M is defined as M
= |Ry-Ry)/Riax in which formula R, is the value defined above and R; is the reflection of an
unmarked area of the reflective layer outside the tracks 4 of marks and Ry is the maximum
20  value of either R; or Ry,. Modulation type can be so-called high-to-low in which case Ry, is
lower than R; or low-to-high when Ry, is higher than R;. Since the definition of the
modulation contains the absolute value of the difference of Ry, and R, the modulation is
always positive. In Fig. 4 the modulation M sharply increases to a value of about 7% at a
laser power of 3 mW and then remains substantially constant until a laser power value of 13
25 mW whereafter another sharp increase in modulation occurs. It is noted that the large
modulations that are obtained at laser powers above 13 mW can be attributed to ablative
writing. The modulation type of the latter is low-to-high.
In the embodiment of Figs. 1 and 2 an identification mark 6’ is present
between the tracks 4 of marks, i.e. pits. The identification mark 6’ is written ‘on land’. Read
30  out of the pits of the tracks 4 is still possible since the modulation of the identification mark 6
or 6’ generally is lower than the modulation of the pits of the tracks 4. The information
written in the identification mark generally has a lower tangential density than the regular

pits, e.g. three times as low. The reflective layer may be deposited by sputtering techniques,

which are well known in the art. A thus deposited layer generally has an amorphous



an unmarked area of the reflective layer 2. The reflection R of the
Identification mark 6 or 6' depends on the radiation power used during
writing oWvotoheod7dentification mark 6 or 6'. In Fig. 4 thecrudweavion of
the identification mark is represented ag a function of the radiation 15
beam power. In this case a 780 nm sem conductor |aser is used, focused with
an NA of s@udlfre. Marks are witten using a single tone carrier of 720 kHz
with a duty cycle of 7/16 at a radiation beamvelocity relative to the

medi um offhe idenfificationtraankéd is ferined by selidigntierisasiasmation of thernriariaRidiGea
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7% at a Thasdentifioatton irkD Wdmied Byhesolidemm transSerbgitian oif dlel rgflemivetayrt unti |

a |l aser power value of 13 25 mWwhereafter another sharp increasge in
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nodul ati on of the 'pits of the tracks 4. The information"witten in the
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8 structure. The identification mark 6' is fornmed by a solid state
t r ansf or gaedishohi8.? man,the eaflegtiveayar@f2lss digh mepibe partiadly crxséallizegddy, usinga

oot P8y Gt et SO HRPATR RIS, B b MR, 7 "
| aser tr agkjuddisk idhtifientid D)Iids be Ryitteh otisiilg thd@ath dedtdihg erhbi ByistaRing at a
| aser power of 5 mWa modulation of 7% is _ obtained according to the
fornmul a desrpsepegurnge locked to the revolution of the disk and rotating the disk in constant
20  angular velocity (CAV) mode, the identification mark 6 is written on the disk. No tracking is
used for the laser beam of the initializer during writing of the identification mark 6. Therefore
the identification mark 6 maybe slightly eccentric with respect to the tracks 4 of the pits. This
does not pose a problem because the identification mark 6 has a relatively large radial width
of several tens of millimeters. No tracking is required during read out of the identification
25 mark 6.
In Fig. 3 the identification mark is formed by partial removal of material of the
reflective layer. In this embodiment it is preferred to write the identification mark 6 or 6’
before depositing the protective cover layer 5. This has the advantage that material which is
expelled from the hole forming the identification mark 6 or 6’ and which is redeposited near
30  the identification mark as debris still may be removed from the disk, e.g. by blowing off or
other techniques. In this way interference of the read out signal by debris is counteracted. It
even may be possible to write the identification mark with a radiation beam that is focused

from the side opposite to the side of the substrate, e.g. through the protective cover layer 5 or

through free air when the protective cover layer 5 has not been deposited yet. It is remarked



The identification mark 6 is fornmed by a solid state transformati on of the
reflective layer nmaterial. This identification mark 6 may be witten in a
producti owoappga7et us called an initializer, in which a | 2senBX@em3scans
and heats the reflective layer 2, which ngves 10 relatively to the |aser
beam to a tenperature belowits nmelting tenperature but above its

crystal | i thatrefott@Topried Wiclia @ay bt perfémedanfuph ehesproRtliRe Edveeldyad Ghisdesd
crystallize. This production apparatus crystallizes a path that has a
radi al wi ¥t mashodnis mpre ped paoreused fprsnewes bighadansity siegion bt tiy qase deoverrlaydie
producti o nedi may be wused for recording
an i dent I@o@%ﬁe@ﬁ%&‘@b@ca@@@%rﬁ&ﬁﬁgﬂ?ﬁn:Lqe t%tcg”s{éesﬁt i nvention. At the inner

15 and the outer rdgilwuid bé n(ﬁthdfﬂdttﬂié abev@mehﬁ@nda\@lwdn@mtud%trateaamalddhms of
23.5 mm and, beyond , a radi us_of the reflective |ayer of the disk
may be paimitang pventipgs and thztetaowyske&qdna the atbmltb@alpla%de%@hwmaltwtwe
initiali r gggﬂ rd i que
di sk i deft(fffnlE ?d?g?’?‘gr‘?’l?i‘uﬁt‘gphﬁﬂ‘?fg&‘%%? enotf;tlt} Pl%'g‘ﬁ ‘]"l:'l ?gmrj%cd; %Iﬂlgr ea.
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rotating the disk.in constant 20 angular velocity (%g) nmode, th&ﬁu
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i denti fi cabdsafes2andBbK uSed dorhdbhsiaged the | dentl fi catl on mark is forned by
partial removal of material of the reflective layer. In this enbodinent it
is preferred to widecording iafdatnvention pwaptical Hatg storagy medimmdpreredd polyi t i ng
t he protective caver. r 5..Thi.s has,.the .advantage that Il which is
expel | od TPRIFES PrRUAEE T CHe merribinds FBRAIR BN EHaniger PR SOME i oh | <
redepisi t RfedtBNayd cbmgrxsét%rﬁdxﬁpo@ﬁa bPthe TBfnfula SAKBRKI, § 51115\R1h11ch fcstmm@m fenoved
fromthe disk, e.g._by blowing off or other techniques. ép@
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f ocused #fr%g)?ﬁp the é’ﬁe Ug %%?‘}t ‘gﬂ% ?&{e f?{/]e érkhaya rtf:%lg%%rgs?a%é Sorpl%m% W["ngough
t he pr ot egiables cmntﬁredlaataam fecording hxrsaﬂngtphfas@&taagé révbating bﬁarptﬂeﬁtettdaum cover
| ayer 5 has not been deposited yet. It is remarked WO 02/ 099798

PCT/ | B02/®2%23 9 that read out of optical nedia nay be perforned through
the protective cover layer. This read




out nethod is nore and nore used for newer high-density nedia. In this case
the cover layer should be of good optical quality with a uniform

t hi cknesswolo/ost1etil d be noted that the above-nentioned enipediTBeni2823
illustrate rather than 5 limt the invengion, and that those skilled in
the art will be able to design many alternative enbodinments w thout

departi ngcfAns:t he scope of the appended clainms. In the clainms, any

ref erence signs placed between parentheses shall not be construed as
limting the claim The word "conprising”, "conprise" or "conprises" does
not exclude the presence of elenents or steps other than those listed in a
claim The word "a" or "an" preceding an el enent does not 10 excl ude the
presence of a plurality of such elenments. The nere fact that certain
measures are recited in nutually different dependent cl ainms does not

i ndicate .that a conji nati of, these ..ne res _cannot he i age.
accordind-to the. | rLiicah gt SR I FapaT R st pRad SRRy
pur poses zksa (@Y RIS HackEN®) dBdhltErdrssettingstoriliinfrieasn thef isecddable byahgas
than 50% The 15 reflective |ayer conprises a conmpound of the formula

A1100_yxyf a scanningiadiatipn baam 4103 2 reflechyedgyerud ellgcting thespdialiambpasm d&).dbg ed
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enabl s alnieflettiedapdtl(2) toteprises ai gl Gigoftihe $ahiude Pigs.eXchiavgdch faemubi Abisof an
identification mark, WD _02/099798 PCT/ |1 B02/020 10 . CLAINS: 1. An
optical @HBINYREEFE Isanglementsolected Siost theigrerrollie and Jb and ¥ fhegtomicy surf ace
area (3) ' I $ representing stored information that is
readablefggﬁggg%glﬁg"gg@%gﬁifﬁgfggdiation beam (10), a reflective |ayer
(2) reflecting the radiation beam (10), the nmediumfurther having a

radi ati on beam (10), reflection |larger . th 50% .charaggterjzed in that 5 the
reflecti \rtlze | ayer (2%“%W&fé@%?"%ﬁgeg‘i‘qwZ?O)taﬁéorldﬁ’tgﬁﬂI 2/} 100 _yXy , in which
formjha Alhdrsin 38U QeMeade X 1S an el enent selected fromthe group of Ge
and Si, and y the atomc fraction of Xin at. %where 5 <y < 35. 2. An

optical data storage medium (20) according to Cdaim1l, 10 wherein X is the
clement Ge. 3. AN Ot | i 8 oSl AHRuATE) HbdiAe LIRS 81 0 G aim L or

wherein y < 16.

15 4. An optical data storage medium (20) according to Claim 3,

wherein the radiation beam (10) has a wavelength selected from the range of 770 — 830 nm.

5. An optical data storage medium (20) according to any one of claims 1-4,
wherein the reflective layer (2) has a thickness in the range of 10 —~ 100 nm.

20
6. An optical data storage medium (20) according to any one of the preceding
claims,
wherein an identification mark (6, 6”) is present in the reflective layer (2), said identification
mark (6, 6°) having a radiation beam (10) reflection value different from the radiation beam

25  (10) reflection value of an unmarked area of the reflective layer (2).

7. An optical data storage medium (20) according to claim 6,

wherein the identification mark (6°) is present between the tracks (4) of marks.



wherein y < 16. 15 4. An optical data storage nedium (20) according to
Claim3, wherein the radiati on beam (10) has a wavel ength selected fromthe
range of wo®2/098%9) nn-i. 5. An optical data storage nedi eeT(iB@)o2ez3cor di ng
to any one of clains 1-4, wherein the rqﬁlective | ayer (2) has a thickness
in the range of 10 - 100 nm 20 6. An optical data storage medi um (20)
accordi ng. to any ong @ticbr@tmt%gemwmﬁtm)qseong&@blaixﬁe dgrgentification
mark (6, 6') (is present in the reflective layer (2), said identification
mar k (6, véeyeintheiidentification aatlo®, bodsfqrmeyl by ehttiat rdnerval of matetipf dfghent from
the radi atd N 5 (10) reflection value of an unmarked area of the
reflecti \?éeﬂﬁ%g}’gfa%z@' 7. An optical data storage nmedium (20) according to
claim6, wherein the identification mark (6') is present between the
tracks (Aﬁf})E of marks. WO 02/099798 PCT/1BQ2/ 02023 11 8, An optical data
storage Aedi um ( 20\tsRdakyStorage medpine (D agcordigg e elain 6198 7, dent i fi cati on
mark (6, 8oteid Fuel f2 kY S FRMR f | ective

| ayer (Zﬁ%elféﬁle,&ﬁéﬂgg&ﬁgé? H@%l{ g()?é t)(%gage rhnla) i) ﬁn‘ﬁg g%;ea%acngf(;orr%@ﬁ%n ?gﬁlcl aimé6 or
7, wher e¢flectine layelef®) materadi on mark (6, 6') is forned by a solid state
transformation of the reflective layer (2) material. 10. Use of an opti cal
data storage nedium (20) according any one of Clains 1-9 10 for recording

of an idggtificati @eTRaK opffeal fath storage medium (20) according any one of Claims 1-9

10  for recording of an identification mark (6, 6°).




