W0 97/21216 |
PCT/ EP96/ 05373 OPTI CAL RECORDI NG MEDI UM BASED ON FABRY- PEROT

PRI NG PLE The present invention is in the field of optical

r.ecor di ng nedj| as conpact discs (CDs) and digitgk r
cards, nore pg‘rﬁq?.’zzgflgrl y, so-called 5 WORM nedi a @é’r&?g‘%ﬁ)&ﬁ
(write-once-read-many-times conpact discs or tapes) and rewitable
CDs and tapes. These types of nedia allow information to be witten
by the consuner. In conventional read-only CDs the information is

stored in pits whi OPRCAL RECORDINGMEDIVMBRSEDIN FRBRY-SEROT PRINGIRIEE on

diffraction on the regular pit- edge structure. Interference of the
diffracted orders is dependent on the position of the |aser spot. ..

This results in a ' ' filenty 1V ik S dind $6&hid OkudrEadi ng
t he information. Tﬁggtﬂgg%/éerﬁ{}?%é;\héibﬁrlgag-ﬂc}%lrrile%q%rhg lo;lelc?r ing’ S'%II .‘ts’% le for
| ar ge- scal e pr oductompaetdisdse{Grs) andtdigital $apgssor(dands, ahorai perticularly, 56-called
witten disc) are conmplicated and, therefore onl ost effective in
s, product | or - HAMORM mERe (witienBRdapmyATes comPact (s orEres) Ao
whi'th can be produgsithileSOBS o @ApPa8S! Thess tyPesCGmBdRNakAy \ibirhatibnPle bée
consuner hinself. In EP 0.353,391 an optical recording nedium is

descri bed conpri si wttan by dfie consumari tti ng substrate having a deformabl e 20
surface,  a |light absorptive |ayer overlaying the defornable surface, and a
light reflective |l ayer overlaying the |light absorptive |layer, said

def-ormabl e - sk towentiehdloreddiontyr@lisctheyinforeiaiyn 4 Resrad 6 piteOvhich are
absorption of the owriti n%, | aser beam by the |ight absorptive |ayer,
i

to form optical®y p@Raaspdin the discyfhe reading ischased on diffiagtion opdhe A pit-
e e e g oy AP S BRI e ardciad o denk R

S position of the laser spot. This results in a modulation in reflection, which is

used for reading the information. The conventional read-only CDs are only
suitable for large-scale production as the production steps (for obtaining a -

16  written disc) are rather complicated and therefore only cost effective in

mass production. Hence there is need for CDs and digital tapes or cards

" whiich ati De prodiiced in 'smallef quantitiss ‘or can &ven be written by the

- consumer fimself. v EP: 0,353,381 an optical recording medium is

_described. comprising a light transmitting substrate having a deformable

20 - surface, a light absorptive layer overlaying the deformable surface, and a
ight reflective layer overlaying the light absorptive layer, said deformable

surface being deformable by energy generated upon absorption of the

writing laser beam by the light absorptive layer, to form optically readable

~ pits. The reading is again based on interference of diffracted orders. Duri_ng

25 irradiation with the reading laser the light travels through the light

absorptive layer and is reflected by the reflective layer. As the refractive

“index within a pit differs from' the refractive index outside it (land), the

optical pathlength within the pit differs from that of the land. The laser light

which falls within the pit interferes with the light which falls on the land

30 causing diffraction. The interference of the diffracted orders depends on the



absorptive layer and is reflected by the reflective |layer. As the
refractive”  ~“index within a pit differs fromthe refractive index
outside it (land), the optical—pathlength within the pit differs from
that of the land. The laser light |THIS %EH“H?\S'CP% thin the pit
interferes wadvaze |ight which fal|s ong Ab causPomyERKsfos3TaCt | on.
The interference of the diffracted | he

- 2- exact position of the reading spot. The resulting reflection

nmodul ation is used for reading the information. In US 5,238,722 an opti cal

recording nmedi um'hasg been di scl osed.conprjsing a substrate a recording
Tayer Gonprisi ngeXact PRRNLPE e rerdy spat oFer rhing ibedan. aghiation; &

-f-ormed -on the- supsdd fifreeadifg tiie infdrhifibhon | ayer formed on the recording
| ayer. According to this US patent, an undercoat |ayer can be interposed

between the substrate and the recording | ayer. The undercoat |ayer is

i sture. 1t 1o Aoere ST RRadY HPPRieoh et Rrhvi G Ecrifast Pl WRRM: o
di f ference. of5 t hiedff bRE réwritable thidial progostcsd fag. 160P ¢6-pehdingdPET patertave
reft-ective properties. Further, in the CDs of the present invention it is

not required to @aprlication ¥R 96/164@2 pnloplisal 1esording megiso ik Aeseripedrwhich

recordi ng | ayer. : ' oLdi.ng; | b

di scl -oseg co?/rpr [ %é.”ﬂﬁﬁge.%ﬁ%g%‘rb%pé@ qu ?fﬁh{'@géemgf Et E’Pﬁﬁw Sfrrn&\gl%gc ntag't%‘él as a

regor_' di 'ngl | ayer, relefbpmmquml (gy. \ﬁhbhaiasmravidauf\?im iac llyed (3) esrhprisingdiqaid-al ,

and a reflective |ayer for thereon. Ng reflective |ayer be t he

substrate and th%WF@Wd "I'%{y'&""fgs %F@%@éddgme%sﬁ%?‘im ABt form

a Fabry- Per ofg et ghieh. is JP6Vidbe withd Gl Fefléclived Bk () Ha%i@n rdflettaHoBesherDs -
50%. : ' T
Thus, in comparison with the above-described optical recording media, an _

extra thin reflective layer is present, resulting in the liquid-crystalline
material layer (3) being sandwiched between two reflective layers. In this
15 . .way a Fabry-Perot etalon is created. The Fabry-Perot phenomenon is used
. ,  %o obtain a difference in reflection between the written and the unwritten :
"7 77 State in‘the digital storage mediurn. ARbugh a satisfactory contrast céf be
" obtained with the concept described in’ application WO 96/16402, several
| problems still have to be solved. First of all, the use of liquid-crystalline
20 material for the recording layer makes the condept rather expensive. As the
liquid-crystalline material has to fulfill several requirements (Tg, Tc
orientability, etc.), the choice is rather restricted. In consequence of this,
the solubility of the liquid-crystalline material of choice in the spin-coating
solution often leaves much to be desired. Another disadvantage of the
_ 25 above-mentioned optical recording medium is that the writing principle is
based on phase change of the liquid-crystalline material. This has for its
consequence that the liquid-crystalline material has to be aligned after
application onto the substrate, which results in an additional fabrication
step. |
30
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In US 5,026,623 a different optical recordi ng nedi um has been discl osed
conpri sing a porous rtecording T'dayer. 'No groove in the substrate is
descrjbed, and because the recording layer is not sandw ched between a
reflective and a partially reflective |ayer, -no Fabry- Perot efal on n be
obt ai ned. Thevﬂb?'r”dé\ recordi ng medi um as di scl osed in. US 4, §é§”‘:%9@gﬁ s no
- grooved substrate, nor are the indices of refraction speC|f|ed or is the
t hi ckness of the recording |ayer such that the recording nediumis in the
high reflective state when unrecorded. )

=28 There'is’ SUih {Hacsbifcal rédiraing aiBéium BcddBihg abithi pfresuitdl ifviitibAhei N
t he WORM nedia and rewitable nedia proposed so far. 1n our co- pendi ng PCT

pat ent - appl i cat i onabey®@slentqued preblgins ate redused ar ﬁgemvmﬁiégﬂl@er i bed
whi ch conprises a substrate (1) prow ded with a partially transparent thin
reflective | ayer (2), which is provided with a layer (3) conprising
l'i qui d-crystal | i neTRat@tical rdvarding retilint lsesdingdlo el Weentidd Contprisé2 Qe nm
which is provided wt h@j; th| ck re?l ective layer (4) having a reflectance
over 50% Thus,5i nfQllBWin®B¥/8: wi th the above-described optical recording
medta, 2[32?2[ N o mat o) £BfdoVBd tibhEbateht BUSRE (1) SRbrpoqk by | 1o
reflective layers.. In thisa mprchnfdbyq:— cEmpdising @ partiab mirrent(2)d of Bhmaterial

. Fabry- Per ot phenorrenon i s.used n .a.di fferﬁence in r fl ectio beihween

The v Tt on Bnaomenon haite e bioh SRR HAdE SF Faracion) WG dial Hhi e

a satisfactory contrast érﬁﬁ e dehhad Wh@ﬁéﬁsé&??qgm%?, degsri gl igo6 -
appl i cati on WO 96/ 16402 several problens.still have to be solved. First of

all, the use of0li qui d-i6r3ps©OA8 i ﬁ@q"rﬂnd@ 4 - {377 tritbemsle planengupespesediyas
the concept rat her ?Xpeﬁ‘ﬁﬁe‘ferayés 3P Cohph¥ing ™ &' NSH-M AR RN PgHASIdcBlar

weight material and optionally a dye, superposed by a thick

reflective layer (4), together forming a Fabry-Perot wherein the
thickness (d) of the buffer layer within the grooves is set so that the

18 . reflection of the medium is in the high reflective state, optionally - .
. superposed by |
““cjaprotective coating (5). T ¢ mERTw e
ta."-.‘."-"-'\-'.’._;':-‘r...\.(s;'.__._ ;5'.'..'...'.9!"%*".5_:5,. e e e U . - _ .o . . P q«a S S PR G

Preferably, the recording layer-corriprises. a partial mirror of a material

20 having a high complex index of refraction which is not within the hexagon
defined by the vertices 1-i0,2-1i0,2-i0.8,10-i2,10-i8,and 2-i1.5in

the nk plane. _ '

By virtue of the partial miror (2) a Fabry-Perot etalon is created.
Information can be written by deformation of one or more of the partial
25 mimor, the buffer layer, the thick reflective layer, or the substrate. The
deformation effects change or destroy the Fabry-Perot etalon and a
decrease in reflection occurs. As deformation effects are used for writing, a
non-liquid-crystalline high-molecular weight material can be used in the
buffer layer. The tracking (keeping the writing laser within the grooves) can
-~ 30 . take piace by employing the difference in reflected amplitude and/or phase

3



fulfill several requirements (Tg, Tc orientability, etc.), the choice is
rather restricted. In consequence of thi's, the solubiiity of the ]
liquig-crystalline material of choice in the spin-coating solution often
| eaves nuch to be desired. Another disadvantage of the above-nentioned
optical recowvoomgnedi umis that the witing principle is PESERIHNSIPhase
change of the liquid-crystalline material. This has for its consequence
that the liquid-crystalline material has to be aligned after application
onto the substrate, which results in an additional fabrication step.

VO 97/ 21216 o e T T I T DT T T T T
PCT/ EP96/ 05373 ~Of the -paffia] ymirmpy/sybstiate intefass dvityn @R (RHISiEe PG 86 t he
present inventi ofeddifing in diffRY6n BB Wil BE AdtHRT eRpRMedBiadoweduced or. even
sol ved al t oget her. The optical recording mediumaccording to the
invention conprises the 5 follow ng |ayers: a) a grooved
transparent substyg gt . €, S : a i er
conprising a par tﬁozl&rﬁQ%@P E%"g)éa% ’ g%ng g |C<'9 will be use@ to r‘%{gﬁ?‘%&"%ilcg%
conpl ex i ndex5of reedrdimgtmediavdtcoRlingtothe imvehtion. t he pent agon
def¥ned by the vertices 7.15 - i3.93, 7.15 - i5.85, 8.96 - 10

16.28, 9.56 - i5.90,-and 8.14 - i3.77 in the n,k plane, superposed by a

oot oo ot or 1 ) 6 TR PSR, P G LG B P s TSRy

reflective. | ayer plabed abgetiecdistancei () fofagach Btest Theedependenee of the
L okness (9) O chiGRbid Lo FAHRLRR Bt B 8 254SEe bimSys pliktigs b° 1°

' - 10 shown in Figure 1, which provides a schematic depiction of a CD with a

- substrate (1) having a refractive index of 1.58 and a thickness of 1.2 mm, a

| partial mirror (2) having a refractive fndex of 0.08 - i4.60 (gold) and a

thickness of 30 nm, a buffer layer (3) having a refractive index of 1.67, and

a thick reflective layer (4) having a refractive index of 0.08 - i4.60 (gold) and

. 156 & thickness of 200 nm. For reasons of clarity, the protective coating (5) is

. .. _ notdepictedhere. |

s

e e i endelies of the réflettance of a Fabry-Perot etalon on the specific

buffer layer thickness is shown in Figure 2, which provides a schematic

20 depiction of a CD with a substrate (1) having a refractive index of 1.57 and

' a thickness of 1.2 mm, a partial mirror (2) having a refractive index of 2 - i4

(aluminum of a thickness of 11 nm), a buffer layer (3) having a 'refréctive

index of 1.50, and a thick reflective layer (4) having a refractive index of 2 -

i75 (aluminum of a thickness of 100 nm). For reasons of clarity, the

25 protective coating (5) is not depicted here. The specific buffer layer
thickness is defined as n.d/A. '

For a gold partial mirror the reflectance is high. The reflectance changes at
regular intervals. A minimum reflectance is referred to hereinafter as a

30 reflectance dip. This minimum occurs when there is destructive interaction

4



super posed by ' C) a protective coatig (5): Preferably,
the recording |layer conprises a partial mrror of a material 20 having a
hi gh .conpl ex i ndex of refractlon which is not within the hexagon

defined by t es1-1i0Q 2-1i0, 2- 108, 10 - i2, ¥ d 2 -
il.51n h‘%?;/?%hlli pl ane. - By virtue of the partial m rr]’gg"s(?'?)1 a
Fabry-Perot etalon is created. I nformation can be witten by

def ormati on of one or nore of the partial 25 mrror, the buffer |ayer,
the thick reflective |ayer, or the substrate. The deformation effects

change or destroy udneeﬁamg/kgmraybhm aadnaadldbm betweenden'ms'ﬁ'ns iiS thef casgtion

occurs. As deformation effects ar sed T

non- 1 i qui d- cryst alWheTeths “rﬁ?f‘?éﬁ? & S @‘Pﬂ em}FgcgnthﬁereﬂgéamFHtst RL.
buf fer Tayer. The ﬁ&hﬂoarélfmﬁuémméme&fahhery;ohaser within the grooves)
can 30 take place by enploying the difference in reflected anplitude

and/ or phase ¢+ (4m.n. d/r=2n(m+%) [equatipn 1] VO
97/ 21216 PCT/ EP96/ 05373
of the parti al Sni rVY'?ﬁ'?’Qubst rate interface within and outside the groove,

resulting in diffracti QP sRndwi fot tHEeFﬁa'éé BRIt 6teiaged ligiet! vrefiection by thy
conveni ence's sake, the term CD will be used to refer to all- opti cal 5

recordi ng medi a accor difigefss t he i nventi on.
' n stands for the index of refraction in the unwritten state,
d stands for the layer thxckness of the buffer layer,
10 A stands for the wavelength of the laser light used for readlng,
m is an integer from 0-5. _
_ The phase shift ¢ depends on the wavelength of the laser light. the mirror
| thickness, and the indices of refraction of the mirrors and the adjacent
.media. As in the CD according to the invention information is written within

15 the grqoves',_-_'thé'thiﬂc_:[(ness d is the thickness within the grooves.

“It is preferred for the Fecsiding medium according to the'invention to be in

N the.high reflective state of Fabry-Perotwith a reflectance above 50% in the

_unwritten state when the read-out spot of the laser is position_ed over the

20 groove and a reflectance above 60% for the read-out spot over the fand,

because the conventional CD-players need about 20% background

reflection from the groove in the written state for tracking, and the CD-

~ standard demands 60% writing contrast. It was found that with partial mirror

material fulfilling the complex index of refraction requirerhents given-above,

25 CDs could be made according to the CD standard. If, however, CD-players

become available requiring smaller background reflection, lower reflectance

than 50% can be employed. For high-density recording media a reflectance
which is above 20% in the unwritten state is preferred. Upon writing the

Fabry-Perot is either detuned or destroyed by deformation of one or more

30  of the partial .mirror, the buffer layer, the thick reflective layer, or the

5



A Fabry-Perot etalon typically consists of two parallel reflecting. Iayers
pl aced at sone distance (d) fromeach other. The dependence of the - -
refl ectance of a Fabry-Perot etalon on the specific buffer layer thickness
is 10 shown in Figure 1, which provides a schematic depiction of a CD
with a wogielzidte (1) having a refractive index of 1.5BCHREI6HS3T3
thickness of 1.2 nm a partial mrror (2) having a refractive index
of 0.08 - 14.60 (gold) and a t hi ckness of 30 nm a buffer layer (3)
having a refractive index of 1 67 and a thick reflective |layer (4)
having a refracti ,4. 60

200 nm For 1 easoR @Y FRUKS 1 E APerBeRe o aetedigY (a tefst 2% TR

depi cted here. unwritter? BRtslependence of the reflectance of a Fabry-Perot. = ._ ..

etalon on the specific - buffer layer thickness is shown in Figure 2,
whi ch provides a schematic 20 depiction of a CDwth a substrate (1)

having a refract iZ%(S id ngéab%fd ﬂﬁlé b?\@&)tzsmon oﬁhkmfﬁg&giﬁée g & c?et%??ﬁmgd by o

partial mrror ( g are um nu

thi gkness of 18 ngquatmnbume wmemd(wx)e dlwhlwtlﬂe reflgorarideveip are influsnded of
1.507 and a thlck reflectlve rla(Q%/ having a refractive I ndex of 2 -
i 7.5 (al umi num of butheprYcabea etq@d ipdex-pf refragtiem $he abserption goeffigientis

protective coating,§ ﬁ')lckr%sgﬁt'f ﬁk%p;&a%a%w@ Jﬁtﬁﬁeoggg&b&?wﬁﬁéfﬁé e»lnaé{ﬁhﬁe

t hi ckness is defined as n mrror t
reflectance is hiufferTlayer &) é’d'eaaanﬂuel@egeqanabe determmengtwl&r thenhelpvaf 2. A -
m ni mum refl ectance is, referred to | ectance . dip.

“Thi's mi ni mum occutEMRHER Pregipm ﬁ:gseﬁgéé r%ué}&f G‘éE%%é'P‘akﬁméﬂf wave propagatlon

4 10 in isotropic stratified media developed by Abelés, such as described in M.
Born, E. Wolf, Principles of Optics, 4" ed., Pergamon Press (1970), p. 51. it
can be caiculated how in a digital storage medium with a substrate with a

a

refractive index n, and a thickness d,, a buffer layer with a thickness d and
a refractive index n,, and a thick refiective layer having a thickness d,, and
16 a refractive index n,, the thickness of the dielectric layer andfor the
| absorp‘aon of the buffer layer can be adapted to obtain a dlgztal storage

;9;:- .

";medlum which fulfils the requnrements of a hlgn tetlective area of a tuned
Fabry-Perot in the unwiitten” state. These™ cdiculations aréknown to
persons skilled in the art and need no further elucidation here.
20 S
~ In the known read?only CDs the recorded information is stored in a spiral
track in which regions of low reflectance (written groove area) are
alternated with regions where the background reflectance (unwritten groove
area) is higher than 65%. For conventional CDs the pit length varies from
25 0.9 to 3.3 um in 0.3 pm steps. In the longest pits (generating the 11T
signal) the reflectance must drop to below 40% of the reflectance in the
unwritten state. The read-out laser in a conventional CD-player has a
wavelength between 780 and 830 nm, in general 780 + 10 nm. In .order to
be compatible with the read-only CD, a CD according to the invention
'30  should have a reflectance in the unwritten state of 65% and the refiectance

6



WD 97/ 21216

PCT/ EP96/ 05373 between the light cycling back and forth between-
mrrogs. This is the case .. when the requirenents of equation 1 are
fulfilled. If the requirements of equation 1 are fulfilled, the

refl ectance i Q#1216 [err] + (4[err].n.d)/[err] BCUERAS{OPIH, +
[err]) [ equation 1] 5 wherein [err] stands for the phase
shift of the laser light on reflection by the mrrors,

n stands for the index of refraction in the unwitten state, : d

stands for the | a%ﬁglf'lét '@%{%gégréfﬂfwfd@e BHfoWﬁO%aH%gir%g?ctance in &' d}rlwﬁtinfiil‘gs

for the wavel ength I ght used for rea
an i nteger from O-siate, when u$ing ptarsventionditrefcout ladepfenGd-playerdse wavel engt.h . ..
of the laser light, the mrror . Lhigkness, and th inc”.%‘es oL
refraction of the TH&PESENLAYENtcR PIAYides s having pargmelerswhich eap beset to
according to the iRyeNHOBD BhApEMIE With the\Ebiveiionhll febA-ohly CDfheFEiPaKres .
the thickness d is the thickness within the grooves. 't 1s
preferred for ®he refereddoras the illistandawh)di ng to the invention to be in

t he™-hi gh reflective -state of Fabry-Pero with a reflectance above 50%in the
unwitten state when the read-out spot of the laser is positioned over the
20 groove and a rafd eptiediCRcolinvg rﬁ@ﬂ(vﬁp"acécf@iﬁge?dhﬂé'tinmbnompﬁﬁ& laand,
because the conventional CD-players need about 20% background

reflection from t IgsoQyashvaaibstatend ar The e Megiwm cist gead r theaualy, the ngubsteateD-

e e U 09 BRSPS QN Ve O it

mrror mat eri-a I''ng the co (
requi renent s d¢ovemusaddoeredding aiDwriting) th benventienal CDpilyess taset lightGlith a

tandard. If, h | . b i | abl i ri | e
background ref | e RSIenaRet 1EP; sy us80. Folvqaiaanaloo AEic e PG
o Bl an densi t g . ' : . o
The Unari tten st atar o0" Bl diRs, k] 81 BEHCHN Aransparentiat Hls avtietiin 4 | 1
ei ther detuned or havetsufficientoihesmnb stabillty rangk resistange tohunidity are tsyifable
par ti al i rror .t gy BHEEEY phguShondd3Subliralbs' L FErbhUA tbAKEH prigk drifease

15 of handling. Further, the properties of polycarbonate substrates are within
thg CD standard.. APOs also have properties which lie within the CD -

solvent normally used for applying the buffer layer material. With the CD
20 according to the invention this problem is reduced in two ways: first of all,
' the partial mirror may protect the substrate from solvent attack. Secondly,
as non-liquid-crystalline material is used for the buffer layer, a large
freedom of choice of solvent is created. Thus, a relatively mild solvent can
be used. Accordingly, in the case of the CD according to the invention
25 - polycarbonate can be readily used as a substrate. For high-density CDs the
substrate has to be iransparent in the wavelength range of 610 to 700 nm,

or below. |

As mentioned-above, a grooved substrate is used for the CD according to
30 the invention. Said groove is a spiral-shaped track which is pressed in the

7

AT dtandard, but thesé ‘Substrates ‘are more expensive than polycarbonaies: s 57"
“““Fowever, polycarbonate is susceptible to chemical attack by almost evetry: ¥+ -



5 - WD 97/ 21216

PCT/EP96/ 05373 ~~ '~ " substrate, resulting in a decrease in reflection by
at | east 40% of the unwitten state. As is described bel ow,
the position of the reflectance dip is determned by: 5 equation 1. The

wi dt h and t hwWO®@RtZa6 of the refl ectance dip are i nfl uenced PCT/EP9§)53Fhe
optical paraneters (the index of refraction, the absorption coefficient,

and t hickness) of the partial mrror (2) and t he absorption coefficient of
t he buffer layer (3). These influences can be determned with the

help of a = a t f LLsm f ve
propagation 10 %ﬁﬁ?!{l’ét%t rop g,ta? r%t?’ 38 &dﬁ?g&ggel 18’%%8%%}3%'?% &Enn ch as
described in M reading Bﬁﬂrme;g Wslthe dﬁrﬁﬁm:nbﬁha@élﬁ@ﬁﬂd&x o#[reﬂmdt:oaclthe

Per ganmon Press (1970) . b1, It can be calculated how in a digital

st orage medi um vmt'taﬁk‘agsﬁ%‘s?ﬁ' spee yia the, differenceipsrefiegted amplitide of B’P?ﬁe ﬁnd a
t hi ckness d[err] ahép?ﬂ rrér?s?ﬁ%%}r&‘!etln Halchl iﬁﬂ'?éﬁd gut[gﬁgc o é%o‘%[ refractive

i ndex n[err], Ive ayer avi ng" a err] and
15 :a refract Bve Thledsndﬂﬂélad rdjepth bétMmbmm decisive fdr thectrackirg. |Usuaily &nd/ or

t he-- b t f.th | bt d t al
orage  °reuad, Sheb 1 BT I T2 WALY 430, Hheralt Hhph? rAs bbbl
area of a tuned parametE?WhYdﬂﬁ‘éé)fo be cﬁ&‘én‘*i b With{thicRnesH38$# the buffer

R"YFIaE,
cal cul ati ons are known to persons skil In the art and need no
further el uci dat ilayerlaadeparttdl mirror, anchistussalty svherrange ofhB-46Dsm.NAerkaver ded

information is S{}?@ng‘ag gvlg?eg d%ﬁpegroovéatfelf:tﬁ 3¢ 9B So50°Hhah eoRibination

refl ectance .(wri
10 with a buffer layer th;ckness of 230 - 260 nm and an aluminum partial

~ mirror of 6 - 12 nm, or in combination with a buffer layer thickness of 220
'nm and a silicon partial mirror of 50 nm results in an optimal- tracking
contrast, while preserving the reflection properties. it is also possible to
obtain optimal tracking conditions with a track depth of 50 - 80 nm.
15 |
. ' In order to reduce the Ioss of laser Ilght by reﬂect\on at the air/substrate
oo 1mterface the s;ubstféf‘e may be provided with-an-anti-reflection structure on”
" “the side not covered with the thin reflective layer.

20 For the partial mirror (2) both metal and non-metal materials which fulfils
~ the above-mentioned index of refraction requirements can be employed as
| long as the layer can be made thin enough to be partially transparent for
the laser fight. This is usually in the 'range of 0.3-50 nm, cofresponding to
about 20-80% transmission. The complex indices of refraction of various

25 materials are listed in Handbook of Optical Canstants of Solids, parts 1 and
2, ed. Pallk, Acc. Press (1985). Thin metal films show a reduced metal like
behavior and a person skilled in the art can easily choose a suitable
material. With materials baving complex indices of refraction faliing within

the pentagon described-above, it is not possible to find a combination of

30 layer thicknesses and track depths with which an optical medium could be

8



alternated with regi ons where the background refl ectance (unwitten groove
area) i s higher than"65% For conventional CDs the pit length varies from
25 0,9 to 3.3 [errlmin 0.3 [err]msteps. In the |ongest pits (generating

the 11T ‘signal) the reflectance nust drop to below 40% qf the

refl ectance i N\VQP&1216 unwritten .state. The read-out |aser PFHERS0S37
conventional CD player has a wavel engt h between 780 and 830 nm in
genéral 780 10 nm In order to - be conpatible with the read-only CD,

a CD according to the invention 30 should have a reflectance in the

g“W““e“ %atgglgggg%%e@”ﬂamﬁ $tisfRESrPNRMection properties and tracking contrast.
PCT/-EP96/-05373 - - Preferabiyy mhteriaisn@ee tcheisenshavingl geenpiex ondigess off refraction

ead-out | aser 1 or AUBIAUHER e nexagsriiGscnbelansus. thil WiERY St Hicivated
havi ng paraneters iythelExaiiplde set to make the CD conpatible with the

conventional read-only CD (hereinafter 5 referred to as the CD standard).
The -optical recddrding medi umaccording to the invention conprises a

O SUP L bt RGAPANT i 880 DR € (R ifean Toe
light 10 wused formeanas i taeydarerhighly gefidctive aeanisedria trafSparieal emdronaemt
pol'yol ofin - ( ABEh s nd el CamREIRS) At pecsaN ey PIOMHSD B 1hS SHORHR
wavel ength and — ni RANBhSAY Whik i THY abd@tbtich oSt irh iid ¥xpradse @ BsSRARER (L 0n
hum dity are suitable . :

10 um). Accordingly, upon writing with a laser the laser light is reflected
(tracking) by the Fabry—Perot system and absbrbed by the metal pariial-
mirror. The absorbed Ia'sér light is converted into heat, and deformation of
one or more of the partial mirror, the buffer layer, the thick reflective layer,
or the substrate occurs. Suitable absorptive metals for the partial mirror (2)

15 are aluminum, nickel, vanadium, chromium, tantalum, iron, nickel-gold,
nickel-vanadium, nickel-chromium, aluminum-goid, and other alloys. It is

" *breferred that the métal Used has a réiatively i6w hisat Eonductivity, in oraef <~
to preserve the pit integrity. TR T e
Suitable ‘non-absorptive materials are for instance gold, silver, teliurium,

20 copper, or alloys thereof, or silicon, silicon nitride, silicon-germanium, silica,
SiO, SiO-germanium, etc. This type of material usually has one high part of
the index of refraction (the real or imaginary part). This means that the
material is reflective, but hardly absorptive. Upon writing with a laser on
CDs with this type of partial mirror, the laser light is reflected by the Fabry-

25  Perot system, but the absorption of the laser Ii'ght will mainly have to take
| place in the buffer layer. Thus, when employing a non-metal partial mjrror
in the CD according to the invention, it is preferred to use a highly
absorptive buffer layer. Especially preferred are germanium, silicon-

- germanium alloys, silicon nitride, and silicon because of their low imaginary

30 parts of indices of refraction, and gold, copper, tellurium, and alloys thereof

g



~substrates. .Pol ycarbonate substrates are preferred for their price and ease
15 of handling. Further, the propérties of polycarbonate substrates are
Wi t hin the CD standard. APGCs al so have properties which lie within the
CD standard, but these substrates are nore expensive than

pol ycar bonat We 9721216 However , pol ycarbonat e i's suscepti bl e tRECTEHPASHB[A
attack by al nost every solvent nornmally used for applying the buffer

| ayer material. Wth the CD 20 accordi ng to the invention this problemis
reduced in two ways: first of all, the partial mrror nay protect the
substrate froms [

material is usedqslfe %%%?ttﬁ%? l‘J"‘?F%‘er rYs oT.mdzce@?ofr}%ﬂF}r;fggﬁoﬁegP Xﬁtﬁgngr&e .
sol-vent i-s creat aoay Bbuapph@drmhtatﬂm&tqbstratednrsahweohvemmnal methed nsadally
Accordingly, in the ca f the CD according to the jnvention 25

pol ycar bonat e cari'Sd P ? ¢lg %B(?sa‘éacéluglﬂﬁ%sﬁpé elﬁﬁVo%SSﬁmo@?P:ﬂsltS?"Gid t he
substrate has tosggnéﬁ Isparent in the wavel ength range of 610 to 700 nm .
or bel ow. ‘i oned-above, a grooved substrate i's used for the CD
according to 80 the invention. Said groove is a spiral-shaped track which
o5, Dressed In tNeme non-liquid-crystalline high-molecular weight (500 - 258,090} matsifbr -

substrate. This theRfgkahy migefaltwhieRMas stiblé ageseﬁaetasosstémemnﬂni ifoHd
reading and witing. As the partial mrror has hi gh i ndex of refraction,

t he t r acki ndhe sixepbandas he applied withf s;aﬂsfa@@rv raceuracy dn dhickness. tihge or
phase of | t NGpiRRNddsr 1 bURAL RYESES &}e%ehﬂ}«ﬁ{sﬁ i‘r?g ol B iyl b ge the

groove. . .
10  umto 1 um. The Tg of the material preferably is above 70°C. Examples of

suitable non-liquid-crystalline high-molecular weight material are polymers
such as PMMA, styrene acrylonitrile, or glasses such as glasses of sulfonyl
dianiline and epoxides of cyanobiphenyl and o-biphenyl and glasses of
sulfony! dianiline and p-biphenyl. The dyes present in the buffer layer serve
15 to convert the writing laser light into heat, whereupon one or more of the
partial mirror, the buffer Iayer the thick reflective layer, or the substrate is

Bola -kv,. %

absorbed by the metal partial mirror and the refiective layer (4). Suitable
20 dyes must therefore absorb in the anelength range of the writing laser
used. For CDs according to the CD ‘standard, which are written with a 780
nm laser, néar-fnfrafed absorbing dyes, absorbing in the wavelength range
of 780 to 850 nm, are used. Examples are anthraquinone dyes: IR-750®,
ex Nippon KaYaku Co. Ltd, squarilium dyes: NK-2772®, ex Nippon Kankoh-
25 Shikiso Kenkyusho Co. Ltd, bis—[3—(7—isopropyl-1-methyl)-azulene-4-y|-2— .
ethyl-propionic acid n-butyl ester] squaric acid dye (EP 0,310,080, example
16), dyes described in EP 0,310,080, and croconium dyes: ST 172®, ex
Syntec, ST 9/3®, ex Syntec, ST 9/1®, ex Syntec, phthalocyanine dyes:
copper(ll)-1,4,8,11,15, 1 8,22,25-octabutoxy-29H,31H-phthalocyanine, zinc- |
30 1.4.8,11,15, 18,22,25-octabutoxy-29H,31H-phthalocyanine, ex Aldrich.

10

deformed I a metal part:al mirror is- used the’ dye conceniration: may Bt e
" decreased or the dye may even be omitted, because the laser light'is @igg "~~~ “"



5 The width and depth of the groove are decisive for the tracking. Usually

a track width of 0.1- 1.2 [err]mis used.” The track depth is an

| mpoy t ant paraneter which has to be chosen in relation with
thicknesses Q@ gﬂé Ruf fer - layer and partial mrror, apgrigpogazsmal |y in .
t he range of Nk 6 nm W have found that a relatively deep groove
depth of 200 - 250 nmin conbination 10 with a buffer |ayer thickness of
230 - 260 nm and an al um num parti al .mrror of 6 - 12 nm or in
conbination with a buffer layer thickness of 220 nmand a silicon

partial nmirror of Fe0 high-dessity €Disndyes epe rerviredrwbichrapsorb in theswavalepgth

whi | € preserving-the reflection properties, \t 18 A5, G6SSL bl et @ R
obtain optiml tr 5%@3918; é@ﬁé‘? ?ﬁgﬁ@ﬁﬁﬁ%@ﬁ%ékﬁé %e%f%-%’%f égblyy gﬁ %En?ml%'- -
In order to reducextfRshiorsateli Grasmitalsi GbHDuntinbbeinbheolyes: LOD 116® and
air/substrate interface, th substarte nay be ovided with an

r

“anti-reflection stGRAG8®. 8% Nippon K?Mék%pGeLF%tMﬂéW&i MrARA®LMBR®; 3R, SI-
reflective laygr. ,q t-Repartal: ( I

non- nmet al mat eri al‘@T%?uie&(hﬁﬁ1 %‘I"ffﬁwdﬂﬁ'gﬂ% %@é‘\-}’e-g %%?@E‘nggéﬁn%.g% and

refiracti on requir STESHGEO, exrSyntec tipheyyinethane dyes: |Faist Gasert REFRegral Salyantbe

- made thin enough tQ be E?ar i_a%l y transparent for the laser |ight.
This is usually i Plyel ’bﬁ%’é‘c f 0.3-50 nm .corresponding to about

20-80% transmi ssi bﬁ‘? t Sfay BONERS ubito” S0%:36¢ vt dyelr HeweveD it is
materials are | i's?@& |B-n rcfri}ggook yof Opt'i ggI'OConso{ag%ts_%f olids, parts 1
and 2, ed. PpatfekredAoemployan FMOEE)up tthd0%ny weight teraveidosegiegatinne ed
netal |ike behavi or -and I L] ' . LYy 1g§hoose
a suitable 10 RERRIPIE ﬁ\ﬁ’ Pﬁﬁﬁﬁtlégé?aﬁéyhé@gng%éﬂ% ggétl"n | cg%ﬁ% ¥'6;
refraction fallinguahther8 to improvihtRe Babiltyasfithel &fer.i Furcapplydngethei ufies layer,
possible to find a conbination of 30 |ayer thi ckne,sse? aRd track dde&%hs

" with which an opt iteel highunelasulaf weight material and optionally the dye an er

8 additives are, preferably, solved in.a suitable solvent and spin-coated.
Other conventional means of applying coatings with accurate thicknesses

15 may also be employed.

- Ll S he dptioned-above, the -absorplion -coefficicit of -the buffer Hayer ini -
. combination with.the optical parameters of the partial mirror influences the
reflection and absorption of the Fabry-Perot. The absorption coefficient is
20 determined by the dye concentration and its extinction coefficient in the
buffer layer. This can be used to determine the parameters for CDs |
| according to the invention which comply with the CD standard.

The thick reflective layer is preferably a metal layer subh as gold,
25 aluminum, silver, copper, chromium, nickel, platinum, alloys such as
aiuminum-titane, copper-aluminum, etcetera, _sup_erbosed onto the buffer
layer by, for instance, chemical vapour deposition or sputtering. This thick
layer shou'ld not be transpareht to the lasér light. As aluminum is cheaper
than gold, and the reflectivity of an aluminum _layer with a thickness above
30 50 nm is sufficiently high, the use of aluminum or alloys thereof for the thick

14



WD 97/ 21216

PCT/ EP96/ 05373 obt ai ned havi ng satisfactory reflecti on properties— - -
and tracking contrast. Preferably, materi.als are chosen having

conpl ex indices of refraction falling outside the hexagon

descri bed- ab®¥@P&7216s wi || be further el ucidated in tHEHREPEHILs. 5

Metal s usually have a high imaginary part of the index of refraction. This
means that they are highly reflective when used in transparent environnent
(such as air and poI ycar bonate) and absorptive, provided that the pr oduct

nk is high as wel éBFéer'?e@ Ftcoh@ehtidhal BORP NG IRThsAtission of 0—
-2[err]nk/[err] ( err] [err]m. Accordingly, upon witing with-

| aser the |aser I59@hts psefeEellie(EDedﬂgh densifyt rGlakiandjarisynisdien Faeiew - ﬁé%otls
syst em and absor bed t he netal parti al mrror. The absorbed | aser
light is converte‘Hf “heat, and deformation of one or nore of the
partial mrror, the buffer layer, the thick reflective |ayer, or the

substrate occurs. Suitable absorptive metals for the partial mrror (22 15
ar e ;al uni num 5ni cke |, protective wenatioar 61 gan - banaay uesini theningniac ihigh galpac

ni ckel - vanadi um | -.Cc I

preferred that tt{gégré%gﬁ nggwjglsu‘g cﬁ@ﬁ%%ﬁﬁjglwﬁﬂ h‘é’gkcncona?@ﬁ%!a’yt %}Sm

or der to prevatingcidlibeediby UVtingdiatiyn for cunngslmhabheutammé:émmtfowe
materials are for instance gold, silver, tellurium 20 copper, or alloys

thereof, or silidB® prenepv%ﬁoaﬂnsrareeep@mrﬁﬁlam aeyinmresis, §“l°PEa hard coat gj
Si O ger mani um et h Fhal

t he i ndex of ref rrg?:P %-oér‘lﬁlz hﬁé%ﬁaﬁ’é éE?ﬁse T}nh% tlmr@k{géé i F%S p@ﬁ“ﬁe@aaﬁgﬁﬁ ¥ ﬂBtt he
material is réfl extitncaleandaaqubam&htalﬁm)rqmge\m3tumrpw prefergblyii fo 6 imser on
CDs with this type of partial mirror, the laser light is reflected by the
Fabry- 25 Perot system but the absorption of the laser light will mainly

have to take TheOihaémdmsthé?la‘rﬁetedl 18 \eethbaUsr the YaBrictidh®fiamdoptical

non-netal partial mrror CD according to the invention, it is
preferred to use raconding edium aomrdmgplq the ipvention. |S@wbrneﬂuybe@mans§s the
preferred are gerd silicon- germani um al l oys, silicon nitride,.

and silicon becafsg or their |ow i magi nary 30 parts of indices of
refraction, #8d gol d, ec@pplying & paitial mirror ombal agjrbaves substratsf,

. applylng a buﬁ’er Iayer onto sand pamal mlrror

As mentioned-above, the partial mirror and thick reflective layer can be

20 applied by, for instance,; vacuum deposition, electron beam deposition, or
sputtering. The buffer layer may be applied by, for instance, spin-coating.

This method of fabrication can easily be made into a continuous process.
'An apparatus for fabrication of conventional read-only CDs can easily be

25 adapted for the fabrication of the optical recording medium according to the
invention by inserﬁng means for applying the partial mifror, and means for |
appIYing the buffer layer into the conventional line. The invention is also
directed to an apparatus for the continuous fabri'cation of an optical
recording medium according to the invention, comprising:

30 "« means for transporting a grooved substrate,

12



WD 97/ 21216

PCT/ EP96/ 05373 because of their low real parts of indi ces of
refraction. The partial mrror may be applied onto the substrate in
any conventional nethod normal I'y "used in the field suci,%.r m
deposi tion, eV O PLS beam .deposition and . Sputtering. %939@59%6

non-1iquid-crystalline high-nolecular weight (500 - 250,000) materi al
bei ng any material which has a suitable Tg, serves as a stable matrix for
the dye, and can be applied with satisfactory accuracy in thickness. The

thi ckness of the buff efe Infis fosapwiging & partishrnitror batogsaidgebstrytevary from

0.2 10 [err]mto 1 [err]m The Tg of-the materi al preferably I'S above - 77

70[err] C. Exanples of * meansg fpE ﬁW'ﬂ“E@PWﬁQﬁJﬁW@PW%‘F pRRR! MiIFAf- nol ecul. ar
wei ght material are po'J”H?éa%sf ra;g}fl?:Hﬁré ﬂﬁ:gp%twéti t@%n&hﬁﬂé? %&ére or

gl asses such as gl asses of on ne an epoxi des o
cyanobi phenyl and o- blphenyl and glasses of .SUIfonyI di aniline and
p- bi phenyl . The dy. s pr

writing laser B ghthg r'ﬂ‘(?"ﬁ@'étw' ?%@bedf e(')’ﬁ@'aaé‘f r‘ﬂ'}ﬁ ret%?repﬁ% to nyi'r&hﬁggle

mrror, the bUfferurihﬁifﬁ'hveb?é‘fnbi&bCk reflective layer, or the substrate is
deforrred I'f a-metal partial mrror is used the dye concentration may be
decreased or the dye may even be omtted, because the laser light is also
absorbed by the maéal ggritial mrror and the reflective layer (4). Suitable
20 ‘dyes nust ther sorb in the wavel ength range of the witing |aser

used. For CDs accmyliviegnk®ftahcormputer protiram it WaisCeaiculftedvilidtRer ¥drhbinatio®0
nrn | aser, near-infrared absorbing dyes, absorblgfg in the wavel ength range

of 780 to 850 19m ofriaversticknessasopithespufferlayerand panial mierer cppld7be feynd |
ex N ppon Kayaku Q?i}]h b@a: ﬁﬂgﬁ%&bkﬁﬁk%ﬁ?vaﬁ%s%%& frJdace%f%ﬁE&»Bn%aﬁﬂfPh-

25 Shi ki so Kenkyusho
bi s-[ 3- ( 7-i sopr opythe folkewihg | Jeraandse werd -made-on the reflectivity and tracking. The
reflectivity in the land in the unwritten state should be higher than 0.65, the
| reflectivity in the track in the unwritten state should be higher than 0.5 and
15 the tracking contrast, defined as the reflectivity in the track divided by the
reflectivity in the land (both in the unwritten state), should be lower than
sttt e e el g 1t wa Tound that for"iié"rﬁal"'mirror-'mét'e;iéi Fi'éi‘iii%’-"?ﬁﬁé'*t:"b‘r‘ﬁ'piéx"iﬁdék of "
Cove et e refraction falling within the pentagon defined by the vertices 7.18:+43.93,
7.15 +i5.85, 8.96 + i6.28, 9.56 + i5.90, and 8.14 +i3.77 in the n k plane, no
20 'suitable combination of layer thicknesses couid be found fulfilling the
reflectivity and tracking requirements. The results of these caiculations are
given in Figure 3, wherein for all combinations of n and k the percentage of
the total amount of solutions fulfiling the reflectivity and tracking
requirements, are given. in the area 1, no solutions ¢ould be found. This .
25 area falls within the pentagon as defined-above. In the area 2, upto10% of |
the solutions were found. in the area 3, 10% up to 80% of the solutions
were found. In area 4, more than 80% of the solutions were found. A
compact disc was designed according to the solutions given by the
computer program.
30
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et hyl - pr-opi oni ¢ acid n-butyl es'ter] squaric acid dye (EP 0, 310,080, exanple
16), dyes described in EP 0O, 310,080, and croconi um dyes: ST 172[err], ex
Syntec, ST 9/3[err], ex Syntec, ST 9/1[err], ex Syntec, phthal ocyani ne

dyes: copp er(II) 1,4,8,11,15,1 8, 22, 25- octabutoxy 29H, 31

H-pht hal ocy 2@ A%21218 nc- 30 1,48, 11,15 18,22, 25-oct abut o??fm’@i"?’

H pht hal ocyani ne, ex Al drich. , _ 10
WD 97/ 21216 :

PCT/ EP96/ 05373 For high-density CDs, dyes are required which
‘absorb in the waggl - range of 400 to 700 nm Exanples of these
“dyes are: azo dyeés. -361[err], ex Mtsui Toatsu Chem cals GrbH,

ant hr aqui none dy@ynthe@@dfl@hdx@plasads (generallmpiihed)B, ex Ni ppon Kayaku Co.

Char ool o Grbi " Ao o1 abic, & oRiiound pontdining T &fveE9ropPs GBI
tri phenyl net haneaﬁlmseq GRS bo@beﬁnd E6hiafing an odirsed g@&b (epoxude y@ he8téd

Al dri ch. he buf | ayer may contain up to 90% by wei ght

However, it i§ for szﬁemurs.eaiepsnémgl op he diamine wsedo ummrby wérqgen to
+d t | T i
Y ob 1550 < anay B el BB A€ b2 Y oGb8; TAOR! ey o

the layer. For appinyineg drheépddiddsare a)set, 40% of w hhb@l"bmﬁrbbéhliétfe waisght
material and optionally the dye and ot her itives are, preferably,

solved in a suitagfed Jor \Rbkainiagda shemogenaaus, melt. Afteg hehow oat, 430 G nthe
means of appl y| n
enpl oyed. - Qh F&%)negﬁ%\t%vgd@?w a‘{tf)g](-)ﬁr%ﬁégn cog?’Fé?jeorﬂmé‘?&tdﬁ%ogﬁgf er
| ayer in - 10 ln tetrahydrofuran, and the solution of approximately 20% (m/M) was '
precipitated in a 10-fold excess of ethanol. The yields were in the range of
75 to 90%. |

Example 3
15 Synthesis of epoxide of cyanobiphenyl (epoxide 1)

L R mbdure of 36.0°g (0.20"mole) of hydroxycyanobiphényl, 100 mi (125" “

T Yhholésy > of ' epichlorohydrin,” and 044 g (24 mmoles) of benzyl - v

trimethylammoniumchloride was heated to 70°C. Next, a solution of 17 g

20 (0.42 mole) of sodium hydroxide'in 100 ml of water was dispensed in 3
hours. Following this addition, there was one extra hour of stirring at 70°C.
The reaction mixture was cooled to 20°C, and 200 mi of dichioromethane
weré added. The organic layer was separated and washed with,
successively, sodium chioﬁde' solution and water. After 'drying over

25 magnesium sulfate and concentration by evaporation, the crude product
was converted to the crystallized form from 450 ml of methanol. The yield
was 38.3 g (76%).

Example 4
30 Synthesis of epoxide of p-biphenyl (epoxide 2)
14



conbination with the optical parameters of the partial mrror influences

the™ " “refléction and absorption of the Fabry-Perot. The absorption
coefficient is 20 determ ned by the dye concentration and its extinction
coefficient in the buffer layer. This can be used to d ] he
par aneters f orWegY21216 according to the invention which co%ﬁ?%m&'gﬁkth
CD st andard. The thick reflective layer is preferably a netal |ayer
such as gold, 25 alumnum silver, copper, chromum nickel, platinum

al I oys such as .alum numtitane, copper-alum num etcetera, superposed
onto the buffer - ~ layer by, for instance, chem cal vapour deposition or
‘Sputtering. This thick - _ ‘layer should not be transparent tq the | aser

light.. As al uni num Tke ceraxsa of p-biphenyh @prYdeagdl Wik PrepRist i #ymMaNNgh
e | - . _ - U Yo th
56 of al unt num or  BSRAs B BPREsynfiteisl iEbSY bf LERBieneal O (e

PCT/ EP96/ 05373 _ reflective layer is preferred. For conventional CDs
a light transm ssion of O- 5% is preferred. For high-density CDs a
transm ssi on bel wémp-'ﬁ@ preferred. 5 The protective coating
(5) ~can be any resigsiig\Yongepokiié antP26% epoxide 61ESbibhBRACex UaHSEn atikds
curable resin is used,“which is applied by spin- coating, followed by
W irradiation for (giassnd) v@shprepared awith H3tsuifonylsdiapiline, ex Aldrigh, by the

oot ne. and ur et haribresgt ot r e RAfbes® & odrEL G grites SRR RIG .o,
| | - 99-104°C, MW 1706 (GPC). | |

10
Example 6 _
Using epoxide 2, a glass (glass 2) was prepared with 3,3'-sulfonyldianiline,
ex Aldrich, by the general method for the synthesis of non-LC glasses
- . specified above. Tg 84-87°C, MW 1232 (GPC).
15

Example 7
polycarbonate substrate having-a-pregroove with a depth of 170 nm, a
- width of 0.5 um, and a track pitch of 1.6 um. On said thin aluminum layer a
20 layer of glass 1 was spin-coated from a solution in diacetone aicohol (0.8 g
in 10 rhl). The thickness of the buffer layer was 250 nm. Onto said buffer
layer a 100 nm thick aluminum layer was vacuum-deposited. After drying in
a vacuum oven at 40°C, a protecting layer of UV curable epoxyacrylate |
resin was spin-coated hereonto and cured. The resulting CD was evaluated
25 using an evaluation equipment employing a laser beam of 780 nm. A signal
to noise ratio (CNR) of 51 dB was obtained by 1.3 m/sec, 720 kHz and 8
mW recording conditions with 0.7 mW writing power, é reflectivity of 72 %
was obtained in the land and a reflectivity of about 50% was obtained in the
track. The disc appeared {o be- replayable in a compact disc player.
30

15

A thifi aldmints T oF 10 il thickhess was dépdsited on &2 mm thick ™~



10 critical and_is usually within the range of 3 to 30 [err
5.to 15 [err]m The invention is further directed t m"ﬁ“mclm mlll

the fabrication of an optical recording medi um accordirg tco the*
~invention. Said nethod conprises the steps of: 15 ' * ap |y g a
~partial mrrei0OB¥EIBEa grooved substrate, * appl‘(iﬂi’ﬁt?ﬁfaﬂﬁ-'hffer

| ayer onto said partial mrror, applying a thick reflective

| ayer onto said buffer |ayer. As mentioned-above, the parti al

mrror and thick reflective |ayer can be 20 applied by, for instance,

vacuum deposi ti or | ectron beam deposi tion, or " sputtering. The

buffer layer may plied by for instance, spin-coating. Thi s

met hod of fabrication can easily-be nmade into a continuous process.

An apparatus for fabrication of conventional read-only CDs can easily be 25
adapted for the fhmQﬁmbwcafdwm@e@mm@ampn@emﬁfg;lowgw lawemsecor ding to

t he I nventi on Qﬁ]b%ﬁ&%ﬁ%#gﬁ%bggémq@pl hgq)ogg& artial mrror, and

nmeans for app y l"ayer I nto &TCORVeAti onal |ine. The
inveption is also b)a recdwdtrcg:hgdr cm'nansxag)papaitla!snmr (2)haef a:matermhhawng a

[ aventon. " conpe <A Sgpplex index! S RSB gRch MAASHT i ob Gaba germeo
3 3?3& r2 ?ré e, . | by the vertices 7.15 - |3.93, 7.15 5.85, 8.96 - 828, 9.56 - |5,§é@|§9a6n/d05373
'8.14 - i3.77 in the n.k plane, superposed by a buffer layer (3) comprising
a nbn-liquid-crystalline high-molecular weight material and optionally a
dye, superposed by a thick reflective layer (4), together fbrming a Fabry-
Perot wherein the thickness (d) of the buffer layer within the grooves is
set so that the reflection of the medium is in the high reflective state,
optionally superposed by
c) a protective coating (5).

e .y 2. The optical recordmg medlum of clalm 1 whgrem the reflectance within-
the groove of the medium is above 50% in the unwritten state and betow 7
40% of the.unwntten state in the written staté, ant for a high-density

reooi'ding medium wherein the reflectance is above 20% in the unwritten

state.

3. The optical recording medium of claim 1 or 2 wherein the partial mirror
(2) comprises aluminum, nickel, vanadium, chromium, tantalum, or alloys

thereof.
4. The dptical recording medium of claim 1 or 2 wherein the partial mirror

(2) cbmprises'gold. silver, copper, teliurium, or alloys thereof, or silicon

nitride, silicon, or silicon-germanium.
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e o et ng 2 bt mer SontacSar nartrar e ror, (NN TININVA
nmeans, for applying a thick reflective layer onto said buffer 4ayerr ® $ =

The invention WJH%‘IZEGE further elucidated with reference to Lpeghddssd N9
QAL

unlimtative Exanmple 1 By neans of a conputer
programit was cal cul ated whether conbinations 10 of |ayer thicknesses of
the buffer layer and partial mrror could be found with partial
mrror materials with various conplex indices of reflection when t he

fol 'ow ng demands sierte Bpstal GBcdrtigr RISHRIFR Iofidry onel dff clgimsng-4 Wierein the
reflectivity inthe land in the unwitten state shoul d be hi gher than 0. 65,

t he ref | ect i vEuRstiate isyaage gERolyparbRBalgRIAMArBhOUS BRNCIeARBUI d be hi gher
than 0.5 and 15 the tracking contrast, defined as the reflectivity in the
track divided by the reflectivity in the land (both in the unwitten
state), shoul d besl Gker opficah recordidgomedium ol sarfyoamel of helainfson-avrhereih ther r or

mat eri al having a conpl ex i ndex of refraction.falling within the

pent agon def i nad by DU 1g¥e% SQTRRISES @ dye wHich gbeprbs in The wavglength Bngg ofg o
+ i%6.28, 9.56 + i5. mlér78b® 880 .t he n, k plane, no 20 suitable
conbi nation of | ayerga?ﬁ?zg?\gss'eg go?}rg beﬁ} ound fulfilling the :
reflectivity and tracking requirenents. The results of these cal cul ations

o2 e age ot . B ey A ol HAER B il 8 b

reflectivity and tratihings 1-6, compasitg tisssteps of:are given. In the area 1, no
solutions could be found. This 25 area falls within the pentagon as

defi ned- above. |n tRARPIINGA partiglynigionants a groovedsybstEditut i ons were found. In
the area 3, 10% up 9 AWk A . ound. In area 4,
nore than 80% of théaps@?‘ééa?%%sé?mg obgdu%cl.a pﬂrt:al mﬁp&{&%ﬂ%act di sc was

desi gned accor di ng &pplying ssihicktirefiectivgilayen onto saié buffer Jayetonput er program 30
13

8. An apparatus for the continuous fabrication of the opticél recording
medium of any one of claims 1-6, comprising:
means for transporting a grooved substrate,

TG SR « n e
Fidd. »é«%’u:ﬁ;q.m@*ji I, SRR, S
- . e S TR Toa
e

‘méans for Gpplying d partial mirror onto said substrate, R
wnow s s s means for applying a buffer layer onto said partial mirror, and < e
~ means for applying a thick refiective layer onto said buffer layer.
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Exanpl e 2 Synt hesi s of non-LC glasses (general nethod): A

m xture of 1 eq of a conpound contai-ning two am ne groups (diam ne)

and. 4 eq of a cont ai ni ng an oxirane group (epoxide) bogsad 5
for 5-20 hour sysggﬁ%gﬂﬁgl ng on the diam ne used, under a ni trosg%&P »

at nosphere at a tenperature of 130C. Wien two or nore different

di am nes or- epoxi des are used, 40% of wei ght of chl orobenzene was

added for obtaining a honpbgeneous nelt. Afigre 1y hour at 130[err]C the

chl or obenzene was distilled off. The nelt was cool ed down and " di S'SOT'ved'__l_._(_)'_'

in tetrahydrofuran, and the solution of" Woxir e %+20% (MM was
precipitated in a 10-fold excess -of et haﬁ%?ﬁ?gswmr e in_the rang
of 75 to 90% 9] th of nde

1
cyanobi phenyl (epoxi de %I 5 A 39. (0.20
hydr oxycyanobi phenyl , Q 1.25 s) of igpi chl or phy d 0.{44
g (2..4 mol es) of -benZéI trime ni unchljgri de wasg} h
70[err]C. Next, a solu i®K offj 17 g ¥ 2 nol e)i{jof sodi Ym hydroxiljde in
100-m of water was diépf 1sedfin 3 . Folffowing this additi* n,
there was one extr&dhodr/ ¢f stirring at 70ferr]C. ‘Theljr eacti on 'xtqre
was cooled to 20[e ]Coé\ d 2p0 m ¢f dichlyoronet hane
= -
O O.oi— )
Lu
T 0.4r
0 .
© Q03r
02
0.1r
0 700 720 740 760 780 800 820 840 860 880 800

WAVELENGTH (nm) -
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wer e added. The organic |ayer was separ at ed and washed W th, :
successi vely, sodium chloride solution and water.”After drying over 25 =~
magnesi um sul fate and concentration by evaporation, the crude product

was converte crystalli'zed formfrom 450 nl of netha el d
was 38.3 ¢ 8%9%7;2]%6 Exanpl e 4 30 Synt hesi s of epOX| dern# EI 3"enyl
(epoxi de 2) V\D 97/ 21216
PCT/ EP96/ 05373 The epoxi de of p-bi phenyl (epOXI de 2) was
prepared in a manner anal ogous to a,tez‘or the synthesis of the
epoxi de of cyanobi phenyl.” ° "5 Exanple” Usi ng"90% epoxide 1 and
10% epoxi de” of ©0- bi phényl, "ex Janssen, “a gl ass  ~  (glass'1) was
prepared with 3,3’ -sul fonyl. dianiline,-ex Adrich,-by the. .. general :
nmet hod for the synthesi SFabryOFelrﬁtmea’MOnpemfspémﬁchuffgr Layer 99-1
O4[err]C, MW 1706 (GPC) 10 Exarrpl ?h?ckness '

'h
—

s N [\ AN
0a INC N\ T
0z >/ N—f—

Reflectance
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Usi ng epoxide 2, a glass (glass 2) was prepared with

3, 3'-su|fony|d|an|I|ne ex Aldrich, by the general nmethod for the
synt hesis of non-LC gl asses speC|f|ed above. Tg 84-87[err]C, MN 1232
(G*Q). 15 woorBiagpl e 7 - A thin aluminum fil'mof 10 pdsdisdsness

was deposited on a 1,2 mmthick pol ycarbonat e substrate having a
pregroove with a depth of 170 nm ‘a width of 0.5 [err]m and a track
pitch of 1.6 [err]m On said thin alumnumlayer a 20 |ayer of glass 1 was
spin-coated froma solution in diacetone gkﬁﬁggg (0.9 ¢ in 10 M)

The thickness of the buffer |ayer was 250 to sald buffer Iayer'“““'
a 100 nmthick, aluminum|ayer was vacuumdeposited, After drying in. a

vacuum oven at 4(Qlerr|[C, a protecting l-ayer -of UV curable- epoxyacryl.ue

usi ng an evalu%tlon equi pnent enploylng a | aser beam of 780 nm A sighal
to noise ratio?(gNR) of 51 dB was obtained by 1.3 nisec, 720 kHz and §8

MmNV recording conditions with 0.7 mMVwiting power, a reflectivity of 712 %
was:obtained ig tlhe land and a reflectivity of about 50% was obtaineq in .

t he™ track. |The di sc appeared to be replayable in a conpact
pl ayer. 30 .
PCT/EP96/05373}
?
' ¢
k
H
‘1.
3

3/3



"1. An optical recording nmedium corrprl Si ng the follow ng | ayers: | a)
a grooved transparent substrate (1), -superposed by b) a recording
JJayer conprising a partial mrror (2) of a material having a hi gh

9 seee

conpl ex index of refraction which is not within the. pentagon ‘def i hed, R
by the vertices 7.15 - i3.93, 7.15 -.i5.85, 8.96 - {6.28, 19156°- t5.90: "arids"
8.14 - i3.77 in the n,k plane, superposed by a buffer 'l ayér '(3) étnmprisimg *
“a non-liquid-crystall ine hi gh-nol ecul ar weight material and optionally a

dye, super posed by a thick reflective |ayer (4) togethér form ng a Fabry-
~Perot wher gin rooves is -

“set” so t ha¥® ?%?‘?esétf?%g’f qﬁ%%%ééj%'ﬂ%]b d Lﬁ%é%’l fing f%ﬁe%m&rmpa‘f‘llage?%éls?pate

- opt-i onal | yfop WRSHR gstﬁg u’%‘fbrmauon c) a protective coating (5). 2.
The optical recording nediumof claiml wherein the reflectance within

t he gr oovelnof/StH236g@2uanm optleaicreeorsiﬁmg mediume hasvibeeait discioiset eoanstisied aw

40% of the ynwitten state in the witten state, and for a high-density
rec(:)rdl ng ﬁg}ﬂ W?V\ﬁef%qoﬁdme%réﬂcé’é‘ﬁ%ﬂﬁ%g i Apreansdaatarialn orafrieP én

state. sulfudeﬁwhﬁ?ﬁs%%@é'or{ %Oééﬂéﬁ%téreﬂ"ld’@ r%fﬂeEﬂl?ﬁ E\y%r‘?&rn?e%ﬁrtﬁb” the |

pari'ti al mirror conprises aluninum nic nadi um chrom um
t ant al um mcoedhhgykayer ACCOFCtItthI’tethIS US patentd ahhendptdoadl layerc aadi be

medi um of clalml rein the part rlses
gold, sil veterpeaﬁfs W%%n Qﬁ?@?ﬁtr%? 2pe| §§epﬂ@%#ayeéﬁ§¢ |un§§ﬁ=oat layer

2|6t ri de Sié'br%‘?/fbeoo"to ?Hp'r&%‘_‘tﬁé’fé%h&”hnd to protect the recording layer from
moisture. It is not the purpose of the undercoat layer to affect the phase
-difference of the reflection in the land and the groove, nor does it have
reflective properties. Further, in the €CDs of the present invention it is not-
required to use inorganic material as the main component in the recording
layer. | _ |
In EP 23809 another optical recording medium has been disclosed comprising
a substrate, a thin layer of tellurium which acts as a recording layer,
w superposed by a transparent OpHlL idisiectic” matefiai,” and ‘a .(efi'e'utive layer
: formed thereon. No reflective layer-batwesn the substrate and the recording
layer is disclosed. Such CDs, which do not form a Fabry-Perot etalon, operate
differently from the presently claimed CDs.
In US 5,026,623 a different optical recording medium has been disclosed
comprising a porous recording layer. No groove in the substrate is described,
and because the recordihg layer is not sandwiched between a reflective and a
partially reflective layer, no Fabry-Perot etalon can be obtained.
‘The optical recording medium as disciosed in US 4,398,203 has no grooved
substrate, nor are the indices of refraction specified or is the thickness of the
recbrding layer such that-the recording medium is in the high reflective state

when unrecorded.

AMENDED SegT
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5. The optical recording nmediumof "any orie of clains 1-4 wherein the
.Substrate is made of pol ycarbonate or anorphous pol yolefin.

6. The optical recording medi umof any one of clains.1-5 whergin*{hes ST
buf fer layer conprises a dye which absorbs in the wavel ength, rangb of * 32t

400 to 700 nm or 780 to 850 nm 2a- 7. A method for the °* ¢
fabrication of the optical recording mediumof any one of
claims 1-6, conprising the steps of: applying a parti al

ont 0 sai aere (S FERR 16F gt cvement in refiectvity auaRtesLh e WbBMct i ve

llayer ontfegpi enBucheitablay®edia proposed so far. InSurAfo-pBRaINAt PET Eétérﬁe
continuous fabrication of the optical recording medi um of

any one dipplicatios W@, 9@6%@2 samgt:ptxcal recording mediumnisaesérived rveispor t i ng

ubst r at Eomprises " subkirate (1 fpxRiled il 5 BAghy tstiepant dhit rfketvea o

Fg;nfalralonto %lglr(é) %ch is growded WIth deayer {9y c%ﬁ’iﬁrbé‘nﬁ!.? IRidcRfstafhb ective
material having a thickness (d) between 100 and 1200 nm, which is provided
with a thick reflective layer (4) having a reflectance over 50%.
Thus, in comparison with the above-described optical recording media, an extra
thin reflective layer is preseni, resulting in the liquid-crystalline material Iayer
(3) being sandwiched betw_een two reflective layers. In this way a Fabry-Perot
etalon is created. The Fabry-Perot phenomenon is used to obtain a difference |
in reflection between the written and the unwritten state in the digital storage
mediurh. Although a saﬁsfactory contrast can be obtained with the concept
described in application WO 96/16402, several problems still have to be
solved. First of all, the use of liquid-crystalline material for the recording layer

*" makes "ihe’ concept rather expensive. As the liquid-crysiaiiiia material-has o
fulfill several requirements (Tg, Tc orientability, etc.), the choice ig.rather
restricted. in consequence of this, the solubility of the liquid-crystalline material
of 'choice in the spin-coating solution often leaves much to be desired. Another
disadvantage of the above-mentioned bptical recording medium .is that the
writing principle is- based on phase change of the liquid-crystalline material.
This has for its consequence that the liquid-crystalline material has to be
aligned after application onto the substrate, which results in an additional

fabrication step.
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The optical recording medium has a grooved transparent substrate superposed by a recording layer comprising a partial mirror, a
buffer layer, a thick reflective layer, and optionally a protective coating. By virtue of the partial mirror, the buffer layer, and the thick
reflective layer, a Fabry-Perot etalon is created. Information can be written by deformation of one or more of the partial mirror, the buffer
layer, the thick reflective layer, or the substirate. The deformation effects change or destroy the Fabry-Perot, and a decrease in reflection is
created. As deformation effects are used for writing, a non-liquid crystalline high-molecular weight material can be used in the buffer layer.
The tracking (keeping the writing laser within the grooves) can take place by employing the difference in reflected amplitude or phase of

the partial mirror/substrate interface within and outside the groove.




