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An embodiment of an optical storage system of the type mentioned in the
15  opening paragraph is known from European Patent Application EP 0 971 344 Al.
A further increase in data capacity of optical storage media will require the
writing and reading of smaller data markings on the medium which in its turn requires a very
small spacing between an optical head device and the medium, e.g. a disk. This is because a
decrease of the size of the data markings on the medium requires the lens system of the
20  optical head device to have a relatively high numerical aperture (NA), e.g. > 0.8. Such small
head-disk spacing may either be achieved with so-called slider technology or actuator based
technology. In the first technology a slider, e.g. known from hard disk drives, typically flies
above a flat surface of a storage medium at a height of several wavelengths \ of the radiation
beam or smaller. The use of slider technology for optical storage systems implies that such an
25  optical storage system is no longer a truly non-contact system, i.e. contact between the head
and optical recording medium will occur every now and then, e.g. during start-up. In hard
disk drives, the occasional contact between head and disk is significantly reduced using a
lubricant and hardcoat on top of the recording layer. The lubricant film that is present on hard

disk media has a multifunctional purpose: it acts as a cushion by dissipating part of the head-
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20  system, which is characterized in that the protective coating stack comprises a multi-layer of
at least:
-a first layer, being present most remote from the recording stack, said first layer having a
thickness smaller than 40 nm and having a surface with a surface energy smaller than 1.5
J/m?

25 —asecond layer, adjacent the first layer, said second layer having a Young’s modulus E
smaller than 10 GPa and larger than 0.001 GPa.

A multi-layer protective coating, also called capping stack, is present on top of
the recording stack. The capping stack has at least two layers. The first layer is relatively thin
and therefore has low mechanical stress and is highly compliant with the underlying second

30 layer. Furthermore, the first layer has a low surface energy, i.e. a passive surface, to prevent
sticking of the optical head device, e.g. a slider, and/or contaminants to the surface of the
optical medium. The second layer has a relatively low Young’s modulus, i.e. high elasticity.
Furthermore, the second layer acts as a thermal barrier between the recording layer and the

surface of the optical medium in order to prevent radiation beam induced thermal instabilities



WD 03/ 049098 PCT/1B02/05084 3 in the optical (servo) signals used during
reading and witing information. To protect the head during contact with
t he di sk,wpDla/0s2p8 ace of the di sk can be covered by an el 2€miBod/@ysr
which will act as a cushion by dissipating a |large part of the head-di sk

i npact energy in case of collision. H3wever, such an elastic |ayer alone
I s easi | dar]gged. Furt hernore, . el aséiipc S,materi,als tend_to have. a rather
hi gh surthseptieal ésegyo)risnals usag dusingieading apd Sritngdnioamaiion, Toroteg; thg

Accor dj . | i Jal 4l It d ' hi n
first hga@e&rl&g%% %{1 Fag{/%gf]gg{?léﬁ’ gléezsou%\%g? gf;ﬂgi? d\?ﬁﬁt dgﬁ %g %ﬁ%‘f‘“ﬁ‘g?? g}rll %%agm(eliea?glt’ r obust
agai nsivhidipaitt &t af a ceshjon hyhdissipatingad latpegart afdhe loed-diskt impaet gnekgyt inlcasor no

damage to the protective, coating stack dt der |.yi di t ack
2nd/ or ObERILTPRUAOw GHtErIChan JURHIGIAEeT AR B EeTP PRI ESL U e ikames 10
smak | ef, thaf @nd quha%aa hfiRr féi'gﬁ S ARGk s Bn £ PR RE g l0? tHetRalit@the

deformations resulting In image of the first layer. Therefore, the
Young' disknAcdondingfto theeinféntion i iagher costtoudtipnbe thareipsivelytthinfingt leyar agddhe | n a

preferred.enbodinent the materi.al.of the first layer. h nej: ness
b - opantis sepnd Byeywhifg cAEpaRHER it Ao feiinst REGieiitoe B.0E Qe T
first ligyies, it Vg 1kl o) @Rfoako BRIPraettivd ddatihb etablphad b uhéatyidlgvi ce is
counteracted. In a preferred enbodinent the first |ayer has a thickness
smal | erecohding St8ck amd/or subylaaie.sWhen e Yovas stooditps af the seaond dayper besgmashi ckness

resylts i ve l.iant |ayer with ' I pally
uadbul Sl teEDinf EAh ine 1 C Al b Sl FFER IR Bro RS rosfiBREH O

t hi ck n%ﬁﬁﬁ%e offhe tRétQsyr. Bhotéltre, e Y aagandolidyest thariridaypashduld bt spércal |y
defornmed, the first layer preferably is relatively thinin 20 order to
limt thee G&IngPRon of cracks or other damamge to this layer during inpact
with an optical ' . ' I: er has
an el ectri cal resﬂi‘I| g?’ genfglg&is&ng??dé@eﬁttﬁéﬁﬁf%ggg%%?ggtlalfg%?lhgéelf?g\?\lli dtlﬁ?ays(dléeg%el of
resi st afEkoritheddraB ¢ isinga relatively hirddayer epdfadd dxsnagodf tedfirsblayerabringn and
adhesi on of dust particles or the like is dimnished because electrostatic
chdb ge inciderialicpataiith Casmicurhead deicerissouBlerstRdh B2 Prefid rpadym i,
thickn - | W fhigaRly 16

intr od??% l%p@?légfl t%lg%{é? %%?%%?ho 2@%211% gg‘%glesctiﬁ %mggﬁg{%?gr%ea_m r esu}{ t iwng in a
di st or tigidkiieaatksalts ird very spmpliarElayehsitow, medianigalestioss, asgecigHy Neefol where

radi ati . i | i
| ayer t Iuglrrllg%%ra({qaygr%f: \?/Hl% eElSrl yuc?ellc Sa? re atzli\'geli?l latr(g)é) thllc%gseseg. h%#er%grse,sm%e tilg e second

second layer can be easily elastically deformed, the first layer preferably is relatively thin in

20  order to limit the formation of cracks or other damage to this layer during impact with an
optical head device.

In a preferred embodiment the first layer has an electrical resistance smaller
than 10'® Q/square. Below this level of resistance the layer has antistatic properties and the
attraction and adhesion of dust particles or the like is diminished because electrostatic charge

25  build up is counteracted.

The second layer preferably has a thickness smaller than 125 pm. A too large
thickness would easily introduce optical aberrations of the focused radiation beam resulting
in a distorted read or write spot. Furthermore, the use of a high NA of the radiation beam
becomes troublesome at a too large thickness of the second layer.

30 The second layer preferably has a Young’s modulus E smaller than 1 GPa. A
Young’s modulus smaller than 1 GPa has the advantage that the cushion action and
mechanical energy dissipation capability of the layer is further improved.

In a special embodiment the second layer has a thickness smaller than 30 pm.

The optical storage medium, for example, may be a magneto-optical disk. If the thickness of
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%ead devslce and medium surface dur?ng impact. The surface stress of the first and second

layer can thus be tuned to create an optical storage medium with a limited surface roughness.
20  Limited surface roughness means that the optical signal from the optical disk is not or only
slightly affected, while the contact area between optical head device and medium during

impact is significantly reduced.

25 An embodiment of an optical storage system according to the invention will be
described with reference to the drawing in Fig.1. It should be noted that the drawing is
schematic and not to scale.

Fig. 1 shows a cross-section of an embodiment of the optical storage system
comprising an optical disk, an optical head device and a radiation beam that is focused onto

30 the recording stack of the optical disk.

In Fig. 1 the optical storage system comprises an optical storage medium 1

that has a substrate 2. On a side thereof is deposited a recording stack 3 having at least one
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The surface energy of the materials of the first layer 5 should be smaller than
1.5 J/m?, preferably smaller than 0.75 J/m?, and more preferably smaller than 0.1 J/m>.
Substrate 2 has a depression pattern corresponding to a servo pregroove or
information signals. Substrate 2 can, for instance, be made by injection molding of a resin,
25  exemplified by polycarbonate (PC), or by injection molding of an UV-curable resin on a
glass layer. The recording stack 3 is obtained by depositing, e.g. by sputtering ,subsequent
layers on the surface of substrate 2 on which the depression pattern has been formed. The
recording stack 3 may comprise a so-called phase-change recording layer, a magneto-optical
recording layer or a dye layer. Other types of recording layers, e.g. fluorescent layers, are not
30  excluded. Read-only (ROM) type layers, e.g. metals like aluminium, may also be used.
Examples of phase-change materials are metals and alloys comprising one or more of, e.g.
the elements Ge, Sb, In, Ga, Ag and Te. Examples of magneto-optical materials are alloys

comprising e.g.Te, Ge, Fe and Co. The present invention can also be applied to magneto-

optical recording systems with domain expansion read-out techniques, such as magnetic
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20  no clear visible damage could be observed upon impact, neither on the optical storage

medium 1 nor the glass slider 6.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any

25  reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising", “comprise” or “comprises” does not exclude the presence of elements or
steps other than those listed in a claim. The word "a" or "an" preceding an element does not
exclude the presence of a plurality of such elements. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a combination of these

30 measures cannot be used to advantage.

According to the invention an optical storage system, comprising an optical
storage medium and an optical head device, is provided. The medium is provided with a
protective layer, which is very resistant to impact of the optical head device without the use

of lubricants.



It should be noted that the above-nentioned enbodi nents illustrate rather
than |imt the invention, and that those skilled in the art will be able
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t he appended clains. In the clains, any 25 reference signs placed between
par ent heses shall not be construed as |7mting the claim The word
"conprising", "conprise" or "conprises" does not exclude the presence of

el ement GL- Séteps other than those listed in a claim The word "a" or "an"
precedi ng an el enent does not exclude the presence of a plurality of such
el ements. The nmere fact that certain nmeasures are recited in nutually
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30 neasures cannot be used to advantage. According to the invention an
optical storage system conprising an optical storage nmedi umand an
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head dqﬂ&gm@&gk, t he nmedi um conprising a substrate (2) with deposited on at
| east one side thereof - a recording stack (3) having at |east one

r ecor di nayrekardeng stawk (Bl agedsy onemosrdofg layd fhoreesting aylinebasarf abeam (7) ,
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t r ans pan@idrical efbld Eﬁaﬁ&ﬂ%@&n%ﬁ ichthea@ HeviBgigyeen the recording stack
(3) and the optical head device (6), for protecting the recording stack
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stack (ibhd devkél(d)j rst layer (5) having a thickness snmaller than 40 urn and
having a surface with a surface energy smaller than 1.5 J/n2 15 - a second

| aylér (chpracteizediarihat the pratedive|caglans 18Xk (4 @wmpeiseond mudijdayer @) Shelatng a
Young' Sleas’Ede us E smaller than 10 GPa and |arger than 0.001 GPa.
- a first layer (5), being present most remote from the recording stack (3), said first layer (5)
having a thickness smaller than 40 nm and having a surface with a surface energy smaller
than 1.5 J/m? |
15 - asecond layer (4), adjacent the first layer (5), said second layer (4) having a Young’s

modulus E smaller than 10 GPa and larger than 0.001 GPa.

2. An optical storage system according to claim 1, wherein the material of the
first layer (5) has a pencil hardness H or harder.

20
3. An optical storage system according to any one of claims 1 or 2, wherein the

first layer (5) has a thickness smaller than 20 nm.

4. An optical storage system according to any one of claims 1 or 2, wherein the

25  first layer (5) has a thickness smaller than 10 nm.

5. An optical storage system according to claim 1, wherein the surface of the first

layer (5) has an electrical resistance smaller than 10'* Q/square.



2. An optical storage systemaccording to claim1l1, wherein the material of
the first layer (5) has a pencil hardness H or harder. 20 3. An opti cal
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| ayer (5) has a thickness smaller than 20 nm 4. An optical storage system
according to any one of clainms 1 or 2, gherein the 25 first layer (5) has
a thickness smaller than 10 nm 5. An optical storage system according to
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second | ayer (4) has a thickness srraller than 125 m 7. An optical storage
system according to any one of Clainms 1 - 6, wherein the 5 second |ayer
(4) had-a Young Anraptighlistorazesshistempaccording to auyone®f Claimspt 1 & athexein thege
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according to claim§6, vvherei n the second | ayer (4) conprises an UV-Ilight
curable acrylic resin. 10. An optical storage system accordi ng to any one

of clafms 1 or 6Angpsicalstorpgrsystan ageordiys o 3)one orplaime 8 o5 Tnubereinghe
sel ect g& Bﬁq{r‘?g}g@ Iﬁggglﬂfﬂ{(sssérhhle?@hz?ﬁdcgﬂe silicon oxide, 15 silicon

oxynitri I“anon e carbon 11. An optical storage system

according to claiml1l, wherein the first layer (5) has a surface stress

exceeding a critical surface stress of .the second | ayer 0 12, An
%q%ﬁca@fi

opt?caP- st orage MEIRHTR 1(819ra&%85@&¢§e:?<f°8§13ngmwwheeﬁp laygisam
accordlc?,gfhgesaﬁmq pkur lﬂ@a cegling clains. 13. Use of an optical storage

medi um he o |ca storage system according to any one of clains 1
- 11 in high density optical recording appli catl ons, in which the optical

25 headq device ( ur n r eadi and wr t| n
pr esensoat a di s?z{'n(lpg ge sti?élfgwaffoﬁdl °§ﬁ£’f%}g§ 65 Wﬁ%ge]r?ethf’ um (1).
first layer (5) comprises a matenal selected from the group of silicon nitride, silicon oxide,

15  silicon oxynitride and diamond-like carbon (DLC).

11. An optical storage system according to claim 1, wherein the first layer (5) has

a surface stress exceeding a critical surface stress of the second layer (4).

20 12. An optical storage medium (1) as described in the optical storage system

according to any one of the preceding claims.

13. Use of an optical storage medium (1) in the optical storage system according
to any one of claims 1 - 11 in high density optical recording applications, in which the optical
25  head device (6), during reading and writing in the medium (1), is present at a distance closer

than 0.2 mm to the surface of the medium (1).



