;e3e~~@.6dThr ML - 2 J Ul 2003 _g_ NEAR-FI ELD OPTI CAL STORAGE MEDI UM AND
OPTI CAL DATA STORAGE SYSTEM THEREFOR BACKGROUND OF THE I NVENTION 1. Field

of the Invention The present invention relates to a near-field optica JUL 2003
storage nedi um and an optical data storage system having a focusing optical
system and nore particularly, to an opjiLcal storage nedium which is used
together with an optical pickup having a near-field focusing optical system

such as a sol i fBAR SFIRDE DPTICAT ST ONAGE MEBIGH | ANT) 0P TITELSI on
| ens, and a near-field optical data storage systemfor performng witing

and/ or readi ng of inf S t st orage nmedi um
2. Description of the%ﬁé%ggwlihldﬁaﬁ?ogp Fggl'bglﬁgkmir‘age system an
optical pickup having a solid-state i mersion optical systemor solid-state
i mersion lens perforns witing and/or reading of information with respect
to the optical data storﬁé@m%&}ﬁﬁi@'md bet ween t he
solid-state i nmersion opt ' i on |l ens and the
optical data storage system FIGs. 1 and 2 show an existing optical disc
used as an opt i Egld daft Bhesduyerfiorsystem in which FIG 1 shows that an

exi sting optical disc is used together with the optical data storage system
havi ng a cat adieopresents ahvehtxmatrelatesretosiaomeaptfieldl optisalerstozage Fhegiumh
shows that an existing optical disc is used together with an optical data
st or age sydtamdpioahgdatar etaragei vesteppenanhg da sfoaugingmoptitiabnsytstem, and

more particularly, to an optical storage medium which is used together with
an optical pickup having a near-field focusing optical system such as a
solid-state immersion optical system or a solid-state immersion lens, and a
near—field optical data storage system for performing writing and/or reading
of information with respect to the optical storage medium.

2. Description of the Related Art

In an optical data storage system, an optical pickup having a
solid-state immersion optical system or solid-state immersion lens performs
writing and/or reading of information with respect to the optical data
storage system, using a near-field formed between the solid-state immersion
optical system or solid-state immersion lens and the optical data storage
system.

FIGs. 1 and 2 show an existing optical disc used as an optical data
storage system, in which FIG. 1 shows that an existing optical disc is used
together with the optical data storage system having a catadioptric
solid-state immersion optical system, and FIG. 2 shows that an existing
optical disc is used together with an optical data storage system having a

refractive type solid-state immersion lens.
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- 2JUI 2003 -21InFIG 1, alight beam1 emtted froma |ight

transm ssion and reception portion 10 is reflected by a reflective mrror

12 and incident to a catadioptric solid-state inmersion optical systerh 4. 2003

A slider 16 supporting the solid-state imersion optical system 14 floats

the solid-state i mersion optical system aerodynam cally through an air

bearing generated by a relative novement between an optical data storage

medi um 18 sugh piG.an, ot gt Bedh ANdehi@ed! Hdeh A61ight RrdreMiskionaNarid 1

gap is forned between the solid-state i mrersion optical system 14 and a

protecti r ofint:he Jkcal t < i 1 . b nf.e of
Pé%ef)ﬁ%ﬁﬁ é%dr?igﬁn ];110 dxlss{&%ct&gelpﬂaa ?‘e@%&ﬁ@@%nm?&' Y3 a?d id t%dé 3

the air ‘gap, ance ween the" opposi g 'Surfaces o
solid-state,i rsi optical system 14 and the tigal ,.dat t orage. nedi um
T8 s riatadioPHEy S-SR e rbival sl BB B shfigh a6, sEBBSRE <
preferable that it is maintained nuch smal]er_ than one vel ength of ' the
used | i gie. sl statea dmBarsians epheaks s¥stem nifedloags thpt sl ~sigta dmiaersian act s
andreflects thelight beanl incident fromthe reflective mrrorl2, and forns
abeam sputticat uspatesmi asrasiymaasiealty ptlsionght han opiri datlarge: agenerayed nbii vim 18.
Thebeam spotforns a near field in the air gap between
t hesol i dreitateeimoeersenhdtiveah sy somimal 4datad stdrags unfedoemoflBheucipt s an
storage nedi unl8. The optical data storage system shown inFIG 2 includesa
f ocusi ngmtiyadcdisy eannd rthe24liderd 16. r K¢ actreyeltsahi dirsigapeis forned obefveden 26,
rather than the catadioptric solid-state inmrersion optical system 14 shown
in FIG the Aolidsthtd raifstsion Oshtadd §RRERT 11N apAr lal PRoteltierl Ifyex [1Bghsf beam
1 having an optim zed dianmeter for the objective lens 24. A reflective
mrror 22.rghlieat 8athecdight 1,mt threrdd k S and
e {)12 ] :laJe{' 5%(53%'&- g%%p th'18& §r?qn{ér9m dretld 2 .gtarg'fll“t'i‘l'eng'ts 1%21051

reception ortion 20 toward the objectiV . The

OB <01 y5eliep, BALIRHIED R E e BB S RCLRE ORIl Bt

the solid-state jnmersion |lens.2 or a near f.ield between.the surface
opposi ngsytsﬁ%mogl[‘# cHt sb}ﬁ a%%tlcr?éd;%ﬁiﬁ lgbéﬂﬁe a"bfi"%‘t“é"ctﬁ;el? a?ﬁ‘“%é%e‘i%lnf?rhe
optical storage dium 18. The objectiyve |lens 24 and the_so||jd-state .

i mrer si o4 Fethipe 0BG p BEYE }slllgﬁ’bterusﬁéz Tﬁe‘%lqraé‘?raghi ftf”‘aétlé the
solid-state immersion | ens_26 aerodynami cally and fornms an air gap having
an i nt ervaintainedi mecle s@adeentdian oing jyavelgaath pet wiben used dightd- stldte
imersion |lens 26 and the optical storage nedium 18, |like the slider 16
shown i reafadioptric |solidhetabetinuakrsien sopgical aystemsi4émeftacts amd Feflects the 2, a
beam spot is forned in a near field generating portion being a

pr edet erlightetdeqasilt ineidemn froen thefrdlctiVvet hérroel 12)- siditfermamar besn epot cal
system 14 or the solid-state imersion | ens 26 which opposes the optical

st or age foedsetdnoks itd sugkiter abpodiRg és lopbicah it i stobdde rhe@iurd USES The
finite beam spot corresponding to a nunerical aperture (NA) of at |east one
for wri thdagh okpbeafhrit | Af aeamt fifld Viht Rheeapecgap ObbRee@d! tisdl sSi@rAbe

medi um 18. I n the case that used |ight has a wavel ength (err) of 650nm a
l'ight beamuhiigh Jpﬁ@? s%zs?&%ml&pe%q et H&18E62Tf! 1R B%Qﬁrs 1pe REdibeD
passes an alr gap of an‘interval of approximtely 110nm and a protective

| ayer 1 of 70-90nmthick) and transferred to a recording |ayer of the
optical storage nedium 18. The recording |ayer is disposed between the
protective l.ayer 183 .of the optical storage nedi 18 an substrate 181.
e Thght - beLbE ey dafar SRERcSFSBDY TRGTT djer 1T dndiFFECE b ST TRe
protective layer 183 and the air gap and is transferred to_the solid-state
i mer si CF;IPJ%‘HII & afns 2 anflos rteﬁr@ctlve solidgtate pmergiogo 6 atréa?eﬁng’faé? on

l ens 26. Cenerally, according to the refraction and total reflection | aws,
t he |i gtheceatadionitied sobdastiale gamnersion cepticglesystem i ¥ thoaynyin dfiected
fromthe em ssion surface of the solid-state imrersion optical system 14 or
t he sol iAl- Eght dramsmissicon dndnse@ptionhaorticn 2thermiemra flightdbgamedabaning
portion being an optical transmtting surface adjacent to the storage

medi um 1 diehefedr @liamBtdrhéocape bbpictiviee 1énmy e24/al Af rdflertig rgapor S22

| arger than the wavel ength a of the used light, the optical storage nedi um
18 is p%ﬁgt&“%ﬂ%' mfﬁth%eﬁﬂ{ 4l %Hmi&ﬁéioﬂ%n{ Wﬁengéﬁt Ft-8h SnisEts  ardd & et éistidn
contributed to the Targe nunerical aperture does not contribute to

formati on of the beam spot on the optical storage nedium 18. In other
words, the nunerical aperture of the |ight beamcontributed to the

formati on of the beam spot on the optical storage nedium 1$ becones snall er
than "1", while passing through the air gap. As a result, a spot size of
the |light beam focused on the storage medium 1$ with the light travelling
through the air gap having an interval |arger than the wavel ength of the

e r



- 2JUI 2003 -5 solid-state imersion lens 26. FIG 3 shows the near

field generating portion between the surface of the solid-state inmersion
optical system 14 or the solid-state imersion | ens 26 and the prOtGCQRHEZMB
| ayer 183 of the optical storage nedium 18. The interval SRD fromthe
surface of the solid-state inmmersion opfical system 14 or the solid-state

i mersion | ens 26 opposing the optical storage nmedium 18 to the protective

I 1 . ; di
| 2Yer MSkER  GSEAY Pl pLIA I 68095 T BHFECRRE MRS pSTRIASE, Ui one
19 1 POl gued v un the gistance providing s neap fueld ol Iocl o a0

5,470,627. In the case that the above existing optical disc is for exanple
a magnetiBopensien lansc26.t hd ki ieammcsraiefocusedf pacthes ssaligystate g impmegpion
dielectric layer, a recording |layer, and a second dielectric |ayer which
are di spesse@6oforans cn\rear i field| betvwedr dhe surfaceqoppesing THee roeakﬂcegtsitmgeayer
is made of netal such as al um num of 500- 1000A thick. The first dielectric
| ayer i snéediden o8 adndm aupronedtiveddaper si83i ¢onthe toptidel odtotdde 4d@didrhi 8. The
recording layer is made of rare-earth transition-netal alloy such as TbFeCo
of 150- 50Kk tdHjedtivdi1BAL | 34 dnfde the odifd-syftel BiflersionRGR 06 até | ippopiedr i de
Si 3Ng of 400-800 A thick. However, in the case that the above-described

exi sti ng,opt i GflerdioBC | THES Qdet N8B ORbAGA!thE At R G RLRISNINESHH Nishst W8
problensygs fo egms. These progfens taﬁ% pFace@?dentﬁgaP?¥ In bothsthe dat a
st or age ] di t ol Ld-state_i jon_opt:] ySi: 1 nd
the dat SLTORISBREYYT R L RFR 87 B SBrb Ty BIE PAndn Al Bl br
Therefore, for conyeni,ence of. expl anation,. .these.problenms wll,be described
T connetaTRnefy At ettopred  brieeR"Bie, SBria 58S RESIIRe AP SaflcitEne
solid-state jmmersion |lens 26. First, the oplemth the light beam
reflect é)@uF?i)ﬁthﬂ@gerE@éﬂHpnb&l@%ﬂﬁérﬁl&é ]gng?Wr‘i’glrb IGal disc having the
above structure contains noise due to interference will be described with
ref erence t dnFilgs onticghdata stexages sghgme shevdni HlGt dt eri dmerlean srols 26
having a refractive index of 1.8. In FIG 4, "air gap reflective |ight

(NB) " i li$ usrmedesn thendar gfieldoganetating Iportiefil beingdaf pradetémminedr pbsisiod
generating portion of the solid-state inmmersion |lens 26 and the air gap

bet ween ohhethsolsutfateat & itheersolidrstatas iRfneasibnt heptiqel | cgstearh orldgeormetiieum
18, and "recording layer reflective light (RB)" illustrates the |ight beam
ref | ect edlifi- omaé Henrheeniodlilegs | 26/ evhicR dhisosest itHeabpt sl agsragedinedida. 180 t he
case that the solid-state inmrersion |lens 26 has a refractive index of 1.8,

the totah LehbRA!ithe 399tein O5hdHn3 iedIge ft of he aebd dastplie IHBABY &gt | ens
26 corresponds to the nunerical aperture of 0.83. FIG 5 shows

0
cor i cal X .
B b e S S P Y B e A T
92 11t SEXRS. BpE oD wi HEER)0 SHONANM oS LLE SLBARR, Ol 264 ele>tf 05

W th respec e alr gap interval m curve ) .
T00nm ' SACE AL dSeRe EBh SR angl 8P EFHL Parb SRy A-HEP ePts WEN PEeBect

to the air gap interval of 150y Anong .the curves (a) through (c)). the
curves demsaaH Sggt"m"t@hmr%q@ BERGratiNgnPertiNaPASEET | &1 i U5 FR hgfr é8pect
to the p-polarized |ight bean1 and the curves denoted as ""gsolid | i.ne)
show andh&ryaf pkappreamatelyadi@msand & wretechue garer 1183t ale 79-Penmar thiely

| i ght beam The angle denoted at the horizontal axis indicates an incident
angl e pesdetrapdfamed lie a irghordiemniapen oéecitiengpticalt hwrage gaegidmond.t hdhe
solid-state i mersion | ens 26. - 2 JU 2003 For exanple, in the case

t hat an recdrdingl lapér tibedaiposehbatwieshi dge hrbreetivet leyeppl BB adf sther apecaiedi um
18 and the solid-state imersion | ens 26 becones | arger than the wavel ength

of the usefdel gediumhespaid i:08uBStrhfte 181 9hTHeeHghh&tany r@fleaftd €rdmriher
than the total reflection angle of 56.3 degree, particularly the portion of

oo, CHI-G88 B BRSHLO g R g syl ) e

nunerica pert ur nor e ~anong I ght “beam proceedi ng fromthe

sol i d- st at.e . rsion l.ens to t.he storage nediu 8..1do t m t
the air aggpylsg[}‘far?sﬁ{rggal yZ[?lgf |Sé>i@éaéﬁtﬁ fﬁ@?{ég@ ﬂ’% l%algeﬁ(i%tt%?‘i n(gg]I S@r%ti on
or in the inside of the air gap. As can be seen fromFIG 5 showi ng a
reflectance with respect to the nunerical aperture of 1.5, the air gap
reflective light NB has a relatively higher reflectance. Al so, since the
air gap and the recording |layer are very close to each other, an
interference occurs between the air gap reflective light (NB) and the
recording |layer reflective light (RB). Finally, the air gap reflective

o o b



Now, the problem caused by the optical storage nedium 18 which is nade at

hi gh density will be d; scribed with reference to FIG 6. In the case that
the optical storage medium 18 is fabricated into a high density opti-cadUl 2003
storage nedium grooves or pits of 100-150nm w de are fornmed on a substrate
181 for recording information thereon._4A reflective layer or a recording

| ayer on which information is actually recorded are in turn put on the

grooves RlidPkiate itHOHINh 35936 N process. In addition, a protective |ayer
183 of 150-200nmthick 1s fornmed on , the recording layer. In FIG 6, an

SIS %ér%i@frﬁé%mdnzahﬁsh&géf%%%m%351 A
8
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sol i d- st at tical system14 or, the solid-state on | ens
26 to t I @.'mgt%@t épﬁgesm.mmssx%egp%a I sygtamt B @roé@%sw}d-ﬁﬁa

more accurately the recording |layer, but is reflected in the vicinity of

t he i nnemmenseorodenshebsdhatids dfe nhar giadd eganevatingyrortivg3being anr eplital, t he
optical data storage system cannot performwiting and/or readi ng of

i nf or mattrarsmittibg r ssfecd ddjadtdmt to ghedstosagy mptivcal 1&t ofldpeeioed um the.
SUMVARY OF THE | NVENTI ON To sol ve the above problens, it is an object of
the pres@sé thaveahti@lertval WfotHedgiragap ki Rakers tRaradhe WdivelBnighls| WdioAghan
optical transm ssive layer having a desired thickness between a solid-state

| mer si QiRe@PhgEE|theyShtesal 0§to§a?éé ‘i‘n&ﬁéﬁ'ﬁ IBWEebééﬁBné&riﬁ ﬁi@p@rﬁi&?(}fe@bﬂﬁ
| ayer forned on the optlca storage nedium 1 n such a manner that the

above- deger hhed fiel gt ThE! ecﬁéeiggl§{ Uh ARl %Elhng?ﬁ’}ggohuﬁ%'l g,g)e?ﬁaﬂéo' S€

with respect to Light reflecte romthe recor yer, 1n or to be

used to e tic i d- te |

opt | cal %‘29‘&% bel P PR A SRR Sito cfetdondth i REoPrbigHeRy Bee
information. It noth r o the present inpvention to ovj de an
opt 1 car TR B g ot WhERsaEhe, BWTBHCACADGETRTeL sty dne ; KBBE cheryn

i nformati on _on an o t| cal st.orage nedi um or reading information therefrom
To accor?BPFréthtleﬁetoal%‘?/éogﬁFE@B fo thebepresent onntheopbinal skuegei meghti ded
an optlcal storage nedi um for stor informati on thereon, which is -2
U | 20038 begemgst sgwdleer thant K'1an volptge crasspig kihgonali the aaif ogapi ngAspei cal
system the optical storage nmedium conprising: a recording |ayer; and a

pr ot ect irgsulk,agespotwhiee edfnthendight dtemnc dobesateen the spiriagal medidrac k8 obithhe
opposite focusing optical systemand the recording layer is smaller than

t he wavehengglt ofavellyng thsedgianthet i fgapckaess cin tiherpabtiagidry ehdraie i s

| arger than the wavel ength of the used |ight. To acconplish the above

obj ect ofavdiengihessintthenviesdi dght,t hRE6mes ddrger Ptioan detk abeft ispat sizer age
medi um for storing information thereon) which is
formed on the near field generating portion of the solid-state immersion
optical system 14 or the solid-state immersion lens 26. However, in the
case that an interval of the air gap is sufficiently smaller than one wavelength
of the used light, preferably A/4, the spot size of the light beam incident to
the optical storage medium 18 is close to the size of the beam spot formed
in the near field generating portion. Therefore, under this condition, the
optical data storage system shown in FIG. 1 or 2 can write or read

information at high density with respect to the recording layer of the optical

storage medium 18, using the solid-state immersion optical system 14 or the



used together with an optical pickup having a focusing optical systemfor
generating a near field, the optical storage nmedi um conpri sing: an(uziﬁ?mm
transm ssive | ayer having a thickness |arger than one wavel ength of I'é
used and a recording layer which is put on one surface opposing the other
surface of the optical transm ssive | ager opposing the focusing optical
system To acconplish the other object of the present invention, there is

al so pr%}:ﬂiiée&a@(ﬂ ifphés#dn daga o8t or age system for witing or reading
t

information w respect to an optical storage nmediumusing an opti cal

pi ckup, the Iﬁ@é L‘g ?%bod‘?%a ﬁ%‘x%t %glgq%&arzé SIS0HE P(Zrlltg)% b%%e&{“ﬂh%%gﬁa%“&

i ncluding a generating-a near- f and an optic

transm ssi ve | ayer. having a thickness |arger,than,one vel engt h_of 1ight
used andhe heolfiStats TABFSIAn nRRHGRn FYEICH 1 & rieoraHgSTaS el AT o
put on one surface opposing the other surface of the optical trapsnjssive

| ayer opggtsihganddhecbipieeiyve dager Ag%cﬁfdmﬁg OP@CPhét?ﬁag%mea’Weigi o€t her e
is also provided an optical data storage systemfor witing or reading

i nf or matntenvali SRD efpecttheo surface 201) the | solfbStateo immerswin Hpdicahesyadernum
usi ng optical pickups, the optical data storage system conprising: the

opti cal 1di okupe dahid-gthteginiimessionndns 2o nppoginige dhe ipticap storagleudiadyum
focusi ng optical systemgenerating a near field and the optical storage

nedi um i1Rcltydithg Brétebdve WptdrcalRk3stmbagead@tiatdly| N Utlendedorfdifigt 18 cal
transm ssive | ayer having one surface opposing the first optical pickup, a

second @pEbSRE §MmANEF thehV 8nk a¥RN et 9oL MRe SHfécﬁQ%}RPFH?ﬂ e t AR oPGiHGN
optical pickup, and first and second recording |ayers which are

[Sjgre‘:t WA P the Wlofdlfe MMl 487 RCFoGtiohBE Fithil tRRIAICAInde BRAILSS e
near field effect.

An example of an existing optical disc is disclosed in U. S. patent No.
5,470,627. In the case that the above existing optical disc is for example a
magnetooptical disc, the disc includes a reflective layer, a first dielectric layer,
a recording layer, and a second dielectric layer which are disposed on a
conventional substrate in sequence. The reflective layer is made of metal
such as aluminum of 500-1000A thick. The first dielectric layer is made of
aluminum nitride or silicon nitride of 150-400A thick. The recording layer is
made of rare-earth transition-metal alloy such as ThFeCo of 150-500A thick.
Finally, the protective layer is made of silicon nitride SisN4 of 400-800A thick.

However, in the case that the above-described existing optical disc is
used, the optical data storage system has two problems as follows. These
problems take place identically in both the data storage system including the
solid~state immersion optical system 14 and the data storage system

including the solid-state immersion lens 26. Therefore, for convenience of

explanation, these problems will be described in connection with the existing



and the other surface of the second optical transm ssive |ayer, wherein the
first and second optical transm ssive layers have a thickness |arger -than 2003
one wavel ength of |ight used and the distance between the opposing one
surfaces of the focusing optical systemand the optical transm ssive |ayer
beconmes snaller than the one wavel engtlly of the used |ight beam BRI EF

DESCRI PTI ON OF TI ME DRAW NGS The objects and ot her advantages of the

present {Ayedion i hOREARRSHRE SnARBRIS ledd 28escribing [n detail the

structures and operations o e present 1nvention with reference to the
St or age. SysUEHEh mFUB R ik O HEhDRerEnroHRetad A e atses e
et o Sy SearmTREhGoomL 0S5 o s oS oty e, 8
solid-state inmrersion |lens therefor; FIG 3 shows a near field generating
por ti on interférenoptwitabeddesaribedrwith mferanee stvofGsndrarg 51 dfl(; 4 shows J U
L 2003 -11 FIG 4 is a view for explaining air gap reflective |Iight and
recor di npel sgied-stafd énmersidni ¢dhts B6i kaviageagmfeaaived indext kd EBG. 18 §¥G&t em
4, "air gap reflective light (NB)” illustrates the light beam totally reflected
from the near field generating portion of the solid-state immersion lens 26
and the air gap between the solid-state immersion lens 26 and the optical
storage medium 18, and "recording layer reflective light (RB)” illustrates the
light beam reflected from the recording layer in the optical storage medium
18. In the case that the solid-state immersion lens 26 has a refractive
index of 1.8, the total reflective angle of 56.3 degree at the solid-state
immersion lens 26 corresponds to the numerical aperture of 0.83. FIG. 5
shows angle-reflectance characteristics of the solid-state immersion optical
system 14 or the solid-state immersion lens 26 with respect to three air gap
intervals. In FIG. 5, curves (a) show angle-reflectance characteristics with
respect to the air gap interval of 50nm, curves (b) show angle-reflectance
characteristics with respect to the air gap interval of 100nm, and curves (c)
show angle-reflectance characteristics with respect to the air gap interval of
150nm. Among the curves (a) through (c), the curves denoted as ”"++"
show angle-reflectance characteristics with respect to the p-polarized light

n

beam, and the curves denoted as "—(solid line) show angle-reflectance
characteristics with respect to the s-polarized light beam. The angle
denoted at the horizontal axis indicates an incident angle possessed by the

light beam proceeding to the air gap from the solid-state immersion lens 26.



FIG 5 is a graphical view show ng angle-refl ectance characteristics
according to air gap changes in the optical data storage system shov_v;]lzei nl 2003
FIG 1 or 2, FIG 6 is a view for explaining the case that an uneven &
structure fornmed on the substrate of the optical storage nmediumis not
detected by an optical pickup in the qp,t_i cal data storage system shown in
FIG 1 or 2; FIG 7 shows an optical data storage system according to a

first e dj of. t S Lavent L on, L.ch i : i an
opti cal 'Fg)gt %)E%ﬁ@read% @&s?%s% ia%;ctl éﬁilﬁgéﬂggggtf 2@1,30%5?%19:% ?%ﬁél% a‘{@e.ﬁm@ si on

l ens; FIG. 8 shows an optical_ data storage system according tg second
enbodi meREICRF Steragsy S e o the vl state, spmarsiga; hers wi %%ﬁmt?ﬁt i cal
data storage systemincluding a transm ssive solid-state inmersion |ens;
FIG O iggarvinan for WapFlangiingt e cwed ighb W6 DREHEM s $he it beam
formed on the substrate of the optical disc is detected by an opti cal

pi ckup havitge ept ianale dirgest thagetlsy stodal steflention En@le 8pf FAG3 1dkgrhews an
optical data storage systemaccording to a third enbodi nent of the present

i nvent i paitiddi&lylthehwtsion bf eharlidhic deast rooatrithetedl té he pheealurdescal
according to the first enbodi ment of the present invention; and FIG 12 is

a graphizpaityyé eprS Bﬁ’éﬁ"n?%, Lihe ﬁﬂﬁa@gi%apfapbﬂ%ré &lfat bver W%molﬁ itRé 11ghtf or ce

with the texturing depth in the optical disc shown in

beam proceeding from the solid-state immersion lens 26 to the storage
medium 18, does not transmit the air gap, but is totally reflected in the near
field generating portion or in the inside of the air gap. As can be seen from
FIG. 5 showing a reflectance with respect to the numerical aperture of 1.5,
the air gap reflective light NB has a relatively higher reflectance. Also,
since the air gap and the recording layer are very close to each other, an
interference occurs between the air gap reflective light (NB) and the
recording layer reflective light (RB). Finally, the air gap reflective light
(NB) functions as noise with respect to the recording layer reflective light
(RB).

Now, the problem caused by the optical storage medium 18 which is
made at high density will be described with reference to FIG. 6. In the
case that the optical storage medium 18 is fabricated into a high density
optical storage medium, grooves or pits of 100-150nm wide are formed on a
substrate 181 for recording information thereon. A reflective layer or a
recording layer on which information is actually recorded are in turn put on
the grooves or pits, through a coating process. In addition, a protective
layer 183 of 150-200nm thick is formed on.the recording layer. In FIG. 6,

an unevenness structure 185 formed as the grooves or pits on the substrate



- 2 J U1l 2003 DETAI LED DESCRI PTI ON OF THE PREFERRED Ef ~I1 BODI MENTS
Preferred enbodi nents of the present invention will be described w t-l'Q JUL 2003
reference to the acconpanyi ng drawi ngs, in which el enents having the sane
reference nunmerals performthe same functions. Referring to FIG 7) an
optical data storage system according 1o a first enbodi ment of the present

i nvention includes an optical pickup having a |ight transm ssion and
recepti porti 0; ref, tiye, m 1 at agh.apt i {d-state

| mersi o logt SRfayin Jeciof Y S ciRGke s Pey BEE, ME AT R HE G i
68. Since the elenments sh in FIG, 7.perform.the. sanme optical, functions
as t hosd CRETAHY ﬁ‘ﬂ@f s efﬁ)\éﬁ]%r@‘ﬁcer%ﬁ%ﬁ?%llgy%rh lsn?ﬁlgﬁ‘ afy he Wit o g
description thereof will be om tted. The optical, storage di um 68 i ncl udes
a subst r¢ft hgg Brogresper caitsy theankshlr dogamr dincdente ﬁ'ﬁ%rt esoliptate
recording |ayer disposed between the substrate 681 and the protective |ayer
686, whiiotmersioeneptatdly systenhel4 ooimtbe solidsdate Amrhersierseless 26 to the
overwitable optical storage nedium 68, the recording layer is formed by
coat i ng auticapt sttahpy seediut vES medbes | abt onedadhe ther fmeves tone mEtd)stmaree
681. The optical storage nedium68 is fabricated in such a nmanner that the
|i ght beamueselyt aflefl Faudriitg dayadi Butt id Creflebicd- 3t afhe vigIRItST of et iigder
system 64 transmits the protective |layer 686 having an optical transm ssive
char act efjgstdrc 1RO S RIS tHe HrBtecidebRIBY SIBBL Ak heehiE ¥HAI BtitAY 8hta
Differently fromthe existing storage nedium 18 having a thin protective

| ayer 1 e i.ca r di : h ot eckis

t hi cker 8%%55# t ﬁge\g\éar{%/ekae%@h%gﬁoﬁgMggdgﬁ%&a??%g% g?(i]}sl]'?% et?(\g/\?eg%@tthhe
protectiy yer .and 3 Li.d-;state i Sl pti cal - 2 JU 2003
-13 systreegpéﬁi. Fol.rt]@?gpgﬁec}ér{@ﬁtf§B|r;1g%llcgtabagg% ﬁgg%llﬁingﬁgﬁat ei nmer si on

optical system 64 positioned toward thereflectivemrror 12has an

asphe: -ical surface formng a mnimzed beanspot on the recordi ngl ayer of

t he optical storage nedi um §8 aking fhe ' knessa ef ractive i ndex of

t heprotective | ayer 686 i nes L5 M & 8 R DIRUA DU HIN 6D

cat adi optricsolid-stateimersionoptical system64 is fabricated in the
shape and naferselvestha 1aoveopraemsofit tifean gIhiaCts 04t de presesitoinvsmtional
system 14 of FIG 1. As described above, the shape is slightly changed
consi dertongrawée tan optiegk stéraghemedbanrimchiding cieroptitah toamsmissetedgier of
the used light. The |ight beam 1 proceeding fromthe reflective mnor 12 to
t he sol ilhshat 2 demmeadsitbitkiness ifetwieenr af selid-edatendmnedrisent exptical tdyestem
solid-state imMersion lens 64 and fornms a beam spot in the center of the
sur f ace @@ppolRdAgatd enhetsicn | eas| aydra 6@eordinghtaye of@atedresH Wie68ptias]
shown in FIG 7. The slider 66 floats the solid-state i Mmersion | ens 64

aer odynagtheld Y¥nddigm, t e sedhf acaahet B abtPeagBo@didsdtiB8d bughhefeﬂel:@fgi ve

novenent between the rotating storage medium 68 and the slider 66, an
forms arfrgn aBeafr RApPEbYe bl BEnARRLHsN G0l WAe Srelbett 80 SHORAGRIIEBEQUM 68

and the slider 66. Here, the interval of the air gap existing between the

surface X j+6l- St i; ' 4 . ect.h: 686
s i neEe ey reSra A, TRE S, 18 el Angy il SRR bR O
is the light beaml.emtted.fromthe |light transm ssion.and reception
portion ]?%.mgn %esodﬁl}sm URGETSIQN (b ‘%éi rsygsgﬁmi rﬂ%ﬁ?ﬁfi—ﬂatﬁaf’ﬁ&ﬂrﬁl@@ into
| ess than 1/4 wavel ength) an interference phenonenon is reduced to thereby
obt ai n dfNeXEEIWEHNEZsPyIERANG HYPEBaHARi 0. - 2 J U | 2003 -14 The |ight
beam incident to the storage nedi um 68 passes through the optically tr
anspar ent pritiscahotheragblect 8 Ghin present hiayentienr ke pravidg hayepticathdata i n
the case that the optical storage nedium68 is fabricated in the formof a
hi gh dengotageoplystah sictudige amdoptigalt pigkup sfort hecorpirige ahfctataticat amga
system 68 has grooves or pits of 100-150nm w de and a protective | ayer 686

of 150- 2901 thbge H@iw@pPbh rfaé@i'ﬂ\ﬁt hgosHafias eheteftbi, st or age nmedi um 68

positioned toward the air gap to the grooves or pits becones |arger than

the width Of’rgh%cg&ﬂgﬁ% Phe phfé ?;ﬁﬁﬁgct L€ G présmS iR AEHN Wihkfe Ofs r ead

information wth respect to t ensity optical storage nedium
provided an optical storage medium for storing information thereon, which is



FIG 8 shows an optical data storage systemaccording to a second

enbodi nent of the present invention. The FIG 8 systemincludes an 0
objective lens 74, a refractive solid-state inmersion |lens 76 and a—sz rjﬁke?[]

78, instead of the solid-state i mrersion optical system 64 and the slider

66 shown in FIG 7. FIG 9 is a enl arg?d_ view of the optical storage nmedi um
88 and the solid-state imersion lens 76 shown in FIG 8. The objective

| ens 74 faogu e Jight b NG t : h ctd i 22 0N
the ref Fagt DLt vt ") SPISREPLAERSE, b fodifid SH ittt he
differently fromthe ahove-descr. bed st_ora&% dium68, the p %.i cai st or age
medi um $BUCAC SIRIEECANEIUP, SRBPEENE A iTREOTNS JAY €| AHY h PRPLSTVE laver,
characterjistic on one surface opposing the solid-state i nmrersion |ens 76,
and a proh@En ke gidanggsbeiveie asn mnticalrswdece Hf thenpppesite| fogueng: e
imersion lens 76. Grooves or pits for recording information are forned on
t he suboptisale FSterof anfe thptiecardisgotanpr edimallas.than theeveavelssgth rafct ure
885 formed by the grooves or pits fornmed on the - 2JUIl Z003 -is

opti cal lighanssedshueé shbsthiakees38lofi shel pbrustecavedldyert e fargar ofhamedde or
wel | concave toward the substrate 881 in FIG 9. The solid-state i nmrersion

| ens 76 wavdlength eptthei dgd Ligam spot on the recording |ayer of the optical
storage nedium 88, in the center of the surface of the solid-state

i mrersion | eps A@oaRRN MHe (1D BbREe R @hdIPra8entishWéhtidie tHegBlisPaRm
incident fromthe objective lens 74. In this case, the objective lens 74

R L R e R

nureri cal “aperture o one on’ a urrace o

sol ¢ S\aLe Lawhal uhens Goucd"ibbIfevi H RSy bhegRBH L ARt

TRl 8P S e 1o AL R PR L0, LaCen 0l IS povicl e
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or m)reu%];d;t rall(r%d a recording layer which is put on one surface opposing the other
surface of the optical transmissive layer opposing the focusing optical
system.

To accomplish the other object of the present invention, there is also
provided an optical data storage system for writing or reading information
with respect to an optical storage medium using an optical pickup, the
optical data storage system comprising: the optical pickup including a
focusing lens generating a near field, and an optical transmissive layer
having a thickness larger than one wavelength of light used and the optical
storage medium including a recording layer which is put on one surface
opposing the other surface of the optical transmissive layer opposing the
focusing lens.

According to the present invention, there is also provided an optical

data storage system for writing or reading information with respect to an



wavel ength of the used light, the |ight beam providing the nunerical _
aperture of one or nore is totally reflected fromthe air gap when tnhdé JUL 2003
| i ght beam form ng the beam spot on the surface of the solid-state

i mrersion lens 76 opposing the storage nmedi um 88 passes through the air

gap. Thus) only the |ight beam providipg_the nunerical aperture of |ess

than one is transferred to the optical storage nedium 88. The spot size of

Hovever CRUGER PREZPR: QRoa i ERE ooy TROARECRECabfedl 1oty siotl

However, nterval of t al'r gap ess than of 't

wavel ength.of the used light, the li.ght beam of. the _nunerjcal aperture, of
one or RS DRiiTEer fiG SR Fitkips RelRing sbr g rcoffe obHCEhe
beam spot, -2 J Ul 2003 -1G becones small. Also, since the, unevenpess

st ruct urRiClERs incliding & %C‘%%’&%r%ﬁtifgﬁl%}%?mi gengrating iasneay rh‘qunn"‘fl e{}bﬁ r
gap conpared with the existing optical storage nedium the recording |ayer
ref | ect iaRsice] gheraae prasteny nrlediom & mingle ephiedleplosage enedupndngluding @
reflective light. Thus, the optical data storage systemshown in FIG 8 can
write orfinséaebticd] oransimossivie tlayer dpaing tane lsergaptai epoin®rihge finsidiophicaB

wi th an excellent signal to noise ratio as well. In FIG 9, the solid arrow
| i ne demitlesp," & esevotidngptieyletranefiliesive viayer didving ebhe ctuefhcer oppdding the
recordi ng | ayer of the storage nedium 88 and the dotted arrow | i ne denotes

"air gapecehleeptivgl | pigkhp, rAid efifstd ahHoBetbgd Sredoramgoflal bl swhich saat e

imrersion lens 76, the air gap and the substrate 881. FIG 10 shows an

optical dapa-tiicdyaget S URE GheP! dirfsbd @f atHehiffr8t optical transmissive layer
and the other surface of the second optical transmissive layer, wherein the
first and second optical transmissive layers have a thickness larger than one
wavelength of light used and the distance between the opposing one

surfaces of the focusing optical system and the optical transmissive layer

becomes smaller than the one wavelength of the used light beam.

BRIEF DESCRIPTION OF T DRAWINGS

The objects and other advantages of the present invention will become
more apparent by describing in detail the structures and operations of the
present invention with reference to the accompanying drawings, in which:

Fig. 1 shows an existing optical data storage system including an
existing optical disc and a catadioptric solid-state immersion lens therefor;

FIG. 2 shows an existing optical data storage system including an
existing optical disc and a refractive type solid-state immersion lens
therefor;

FIG. 3 shows a near field generating portion in the optical data storage

system shown in FIG. 1 or 2;



enbodi ment of the present invention. The system shown in FIG 10 includes a
doubl e-si ded optical storage nedium 90. The optical storage nedi um 96 2i /L 2003
fabricated in a manner that substrates 681 of two sheets of the optical
storage nedia 68 shown in FIG 7 are adjacent to each other or contact each
other. Qtherwi se, the storage nedium9gis fabricated in a manner that
protective |ayers 883 of two sheets of the optical storage nedia 88 shown

in FIG 8 argaady RCankidw ﬁﬁcexarahﬂhgozmcg@bafséﬂ&qm Ughe an@' re@Blding
protective |ayer 883 remains after two sheets of the optical storage nedia

have been in t n y i s a pair of the
ght t?a’ﬁslm?gge%gfr’]ﬂaﬁghtr 3%:@8 |%ﬁ gﬂﬁ?lﬁlg(% éosh% ﬁgépgf ?fé:ﬂtéﬂ@e mrrors 22,

the obj ect i epses ol i. d- st 0 7

S1' ders. 76, TGk Pnes obt FEdRIEoies " SEbTNY oBh2le Rl EtARte pen AR B, e
FIG 10 s m can be a ci at ed b one the art. wel | thraugh
The abofebaRiey | Bod o icangss Inihadrticeb s SRrBRE o StRlt ool | be
zZ ~ a ~F§{9}O ? omtted. Jince fabrication of the optical data storage
system f vir P 'Zig and/or reading information with respect to the optical
storage nedi UE90 shown, in FIG 10 usi ng t he s¥stem shown in FIG 7 or 8 is
al so appar edt!G P tifo8 eVigMo fRBGXDAHNEILItREr(ASEK At AR VREVERRESS; RRUGHITSI | ed

description thereof will be omtted. In the above-described first
enbodi mépimed m the cabstratefoft the ppealcstoyage medium is not detected by an

optical pickup in the optical data storage system shown in FIG. 1 or 2;

FIG. 7 shows an optical data storage system according to a first
embodiment of the present invention, which is used together with an optical
data storage system including a catadioptric solid-state immersion lens;

FIG. 8 shows an optical data storage system according to a second
embodiment of the present invention, which is used together with an optical
data storage system including a transmissive solid-state immersion lens;

FIG. 9 is a view for explaining the case that an unevenness structure
formed on the substrate of the optical disc is detected by an optical pickup
in the optical data storage system shown in FIG. 8;

FIG. 10 shows an optical data storage system according to a third
embodiment of the present invention;

FIG. 11 shows a hierarchical structure of the optical disc according to
the first embodiment of the present invention; and

FIG. 12 is a graphical view showing the change of the relative
movement stiction force with the texturing depth in the optical disc shown

in FIG. 11.



| ayer 686 may becone thick infinitely in principle) but it is so sufficient
that the air gap between the solid-state i mrersion optical systen164.pmﬂ_mm3
the protective |layer 686 is smaller than one wavel ength of the used |1 ght.
However, considering the practical thickness and the nunerical aperture
determ ning the size of the light spotg,the thickness of the protective

| ayer 686 may be enough several mcroneters to several hundred m croneters.

As an exanpl e, the tfp qkﬂﬁ%gmfnﬂsgmroﬁt @prHgimgwEwﬁmti le disc
(DVD) is 0.6mm that 15, ~C m 'S apparen 0 kKeep nore practical
wi th the above thickness. Also, ptical axis of the
solid-state i nmersion opti cal SM@M solid-state i mersion | ens
76 is not p ndi gul ar to the surface of the optical ..storage di,um 68 or
59 but s SIBEEded HembPmETS, Ab WE<PHveBt JBr AL CHIT f5 CeSHBEd  Hi
solid-state i mmersion optical system 64 or solid-state innmersion |lens 76

f ar t hestrefeTénte fe Hi¢r REGEMBRANYIRE STRWINES, 4R oVBKA sleanents dsavupgsthe same: he
surface of the optical storage nedium 68 or 88 is within the wavel ength of
t he usedefergnee numeeralymerfssamthefdamee dunetieons.t he i nside of the air gap or
the inside of the storage nedium between the air gap and the recording

| ayer does nidefefringt toollas Toirs ephiceh dats stotage sy2ediaceoiing~to at firsthe

light beamreflected fromthe recording layer. In particular, if the size

of the ldnghédibesmn boctredbroyertthénsentich shalelesnaRr dptidalopiclond Bawihgmabs or
solid-state imrersion lens 76 maintains 0.1-0.2mm at the tinme of passing

through i swahaaRstdn t BRJdOReLERMorPt ?6195% Megl U G8f1&tIVES, niifroRx Cll, | @nt
recordi ng or reproduction characteristic can be obtained with respect to

th ti : ; ' ; ; ' : t f
tner oof ot WPPHICERITTSHE eIl PG SE T O AT SRR O B T,

houn | RPErE Yy REREROG TSt BE. Seet Miovh b R ToBa b T
ol oot 198 FPETeb et s ot babTe 1R S oEer e ee BreRA SpeFeea,
567 wii R Bl puthseiied esinia® aharech Will § PHeShnot rate 681 |5 made
O O ass PO C patal Storage nediim 68 includes & Subsirate 681, an optically
transparent protective layer 686, and a recording layer disposed between the
substrate 681 and the protective layer 686, which is generally in the form of
a disc. In the case of an overwritable optical storage medium 68, the
recording layer is formed by coating an optically sensitive material on the
surface of the substrate 681. The optical storage medium 68 is fabricated
in such a manner that the light beam emitted from the -catadioptric
solid-state immersion optical system 64 transmits the protective layer 686
having an optical transmissive characteristic and forms a minimized beam
spot on the recording layer. Differently from the existing storage medium
18 having a thin protective layer 183, the optical storage medium 68 has the

protective layer 686 thicker than the wavelength of light used. An air gap

exists between the protective layer 686 and the solid-state immersion optical



unevenness structure of a track pitch of 0.3-0.4,i mand a groove depth of
50-800 A . The reflective |layer 682 is made of one of alumnium (A ),
nickle (Ni), copper (Cu), platinum (Pt), silver (Ag) and gold (Au), addUbd8]
a thickness of 500-2000 A . The first and second dielectric |ayers 683 and
685 are made of SisNg, ZnS-Si Oz, etc. _;gg(_a first dielectric |ayer 683 has a

t hi ckness of 100-400 A and the second dielectric |ayer 684 has a thickness
of 300- 8&% The re ' I IS o] EH%;Q :

etc., in-order r‘@() pg%%?frrgl}g’ an%%ﬁlestq%ﬁapdtei cdgﬁqrr%%cg?l (?-E%g&anl agﬁgﬁ t r?i-gc?illéﬁless
of 150-400A. The protective |ayer 686 can be made of .gither an optically
transparsé’rﬁtel?lngf‘;gaﬁﬂsénﬁﬁ‘hqderﬁoé‘f Iglr Lgﬁ OFYEHYE nETEPT allg &‘ffst s @ pﬁ}e‘?cﬁf UL
2003 -19 enbodi ment, the protective |layer 686 is Q'n%de by spi r}-ﬁ$ati ng

acryl r atSUriasee foraigEna minintaed beam SPRbn dhe gerorsing ayehoisthe spcak
tide protective |layer 686 is texturing-processed in order to reduce a

sti cti orstordgeedmedsurat i68, f takingontheThthicknessv andof refraniiiye bindexe ekxthe i ng
process is 20-60 ~ mand a texturing depth (or bunp height) is 5-50 A . The
| ubri catprotedtiveniz3@Y 686 mtd conditerapioat ecti ve | ayer 686 has a thickness of
1-3nmand is a lubricant which does not react chemically wth the
protective |AiternéiBeelpndhencieadfoptiPEsIRbrsthteononednstdrhedptical heydtenblhn Z
Dol or Fonblin 2001 which is used in a hard disc is used as a |lubricant.
The Gal dgnfad¥idatedSiad tR6 sha3Rl waAt mAtXAd] Wikial N 1tHBEE Caithe Redlpd+dtae t O
FIG 12, in the case that texturing is not processed on the surface of the
optical :di & Stielho UnRg. ef, in.t : t j vin
P 1g1rﬁgxs1€n dptfcdal Oy REM! flﬁ 0 i, 1A LR FRRg Bgéée ﬂ%@[;ertaﬁg faving

a depth .~ or nore iI's perforned, the stiction I's reducéd.

Present SRFER, eRosbAS Okl 308 ATRISLC S8 S RNE' BIEL Sobh R
di KiJ 1 ] h | f [ i cal b
ised | nevaxgestl A8 B Tied fBbE" frorsi on opt i cal System o sol | d- ot ate
' air gap between the emtting surface of_ the optical

i mrer sion | e,EE, h,f thg

system and t hBEplighbchedra |layi¥ocesdinge fram, she Chife SnERET | that€one
wavel ength of the used |ight and the thickness of the protective |layer is

t hi cker ohdnstate wamersingt tenst Gdnés usadrpatedhand |Wﬂq¢éec§bﬁvéth§@hd1ﬁéate
enbodi nents, the reflective mrror 12 or 22 plays a role of transferring

t he |i ghmmezsoreniensefi4f roth forms i ghbeamarspot sisi dheanentezc ept then spofadeon 10
or 20 to the solid-state imersion |lens and transferring the |ight beam

i nci dentopposeing thesptdtdetstatlayenmists iofntHee rsoraget htediught68, as Zhdwi) in 2003
-20 transm ssion andreception portion. Thus, various opti cal

el enent spll.chz.an ciraegesiaderopts Caflodtat htHd keoR@+dtate Camrhersieied 1bRst epdof
thereflective mrror.As descri bedabove, the optical data storage system

accor di n@red§MARI@AGNEronl UBR! sAFUEE SofathORtbRle SMQTARE 6ZEBLUMd NRlative

t hi ckness of whi chtransm ssive | ayerput between theemtting Surface of a
focusin i u Fﬁpéi - [Fmﬁ{ i {.galy m._Qr

sol i d-s'?gtg{éérﬁi@m%ﬁl g}ﬂesqgga a r%ggér%it gaé aye?agjs%q%g&]agréltl%%tghg%d
wavel en f_Light d. Thus, i1 the present d nventi he |ight,.beam
ot tect SatpBoat FE peiEflk. vhPra' e BGRBNER e RE b A iiGeq Hibp TS
medi um het ween .t he.air .gap,.and {he.recordi | ayer does.not function.as
nor Se witEhF ShEcHide BRe Heght toimier o) B TIF GFAR KeITRRRHGEP aiér

Al so, since the fpresent_ i nvention can thicken the thickness of the )

pr ot ect iSKEfACcEyep!l bhe REdspiade rimmaermor Heme &dnagdi the Bxetechze laver 486 Bf the
optical storage nedium information can be witten or read accurately wth
r espect mainthimedpirtoalesst thagewaedengtth aissgsshdstbyorthdamaed. light, thay i9 |

2003 -21 What is clainmed is: 1. An optical storage nediumfor storing
i nf or matthenligheram MWheneittads from the light transmission and reception portion

10. In the optimal case, if the air gap interval is maintained into less than
1/4 wavelength, an interference phenomenon is reduced to thereby obtain an

excellent signal to noise ratio.



used together with an optical pickup having a focusing optical systemfor
generating a near field, the optical storage nedium conprising: an op§
transm ssive |layer having a thickness |arger than one wavel ength of T
used. and a recording layer which is put on one surface opposing the other
surface of said optical transm ssive | gyer opposing said focusing opti
system 2. The optical storage nmedi um according to claim1, wherein sa

optical tranpp %?é%eg!eé‘%erinélégnta.té hﬂh%kgﬁ)?ﬁgt@;r_nﬁgﬁfrﬁxé%a%}%s SG¥EhGh the.

m cronmeters to sever
accordin

undred m croneters: e optical storagée ne

r

s o sever red m crore e opt i'cal” stor
or ot oct L PueRLY o Peisfard° RO Genfh a0 LG8 AL IRAAE "o Rl s

medi um agcordj ng.to cl ai;g
subst r at YHvithdhgncasfe

ot her

2, . Wherein said optical transm,ssive |ayer i
Ahebie SPRERl SuaRs: MediuR BRelss dAPHERteS 18 ot

side, so that a pre-formatted structure for storing information

i cal

Jiit 203

cal
i d

um

age
s a

t her eon fpEMpOdvRdBIEh Sdemmily opnticadl storagagmeditnurthat ciss diheg andical adatas,

wherein said unevenness structure conprises a plurality of grooves or pits
whi ch arséomggr aystent dhhdst peooesf ac ity of al)-dbbmm svide @ osiprgtechive
focusing optical system 6. The optical storage nedium according to cl
5, wher ¢ayers@®88 of 150-200nm thick, the depth from the surface of the storage

medium 68 positioned toward the air gap to the grooves or pits becomes
larger than the width of the grooves or pits. Thus, the FIG. 7 system can
write or read information with respect to the high density optical storage
medium.

FIG. 8 shows an optical data storage system according to a second
embodiment of the present invention. The FIG. 8 system includes an
objective lens 74, a refractive solid-state immersion lens 76 and a slider 78,
instead of the solid-state immersion optical system 64 and the slider 66
shown in FIG. 7. FIG. 9 is a enlarged view of the optical storage medium
88 and the solid-state immersion lens 76 shown in FIG. 8.

The objective lens 74 focuses the light beam incident from the
reflective mirror 22 on the refractive solid-state immersion lens 76. In this
embodiment, differently from the above-described storage medium 68, the
optical storage medium 88 includes a substrate 881 having an optical
transmissive characteristic on one surface opposing the solid-state
immersion lens 76, and a protective layer 883 on the other surface far from
the solid-state immersion lens 76. Grooves or pits for recording information
are formed on the substrate 881 of the optical storage medium 88. An

unevenness structure 885 formed by the grooves or pits formed on the

aim



plurality of grooves or pits each have a wi dth of approximately 100-150nm

- 2J UL 2003 -22 and said recording |l ayer has a thickness of -2 JUL 2003
approxi mately 150-400nm 7. An optical data storage systemfor witing o¥
reading information with respect to an optical storage medi um using an
optical pickup, the optical data storagg_system conprising: the optical

pi ckup including a focusing | ens generating a near field and an opti cal

transm sginea] anfimiaW < quBsirite BBLSS iiasaated hanhenforn\ g weagk & wdlpht
used and the optical storage nediumincluding a recording |ayer which is

put on %%ngéft%g%égpﬁ%s'gﬁgsgﬁpﬁ ggfn\«m putfgce of said optical transm ssive

| ayer opposing said focu ens, erein an interval between the surfaces
s ol or o RaR ST ot dRSHRSEh 1BR Rdeliss AroatBiied SPdhT SheE rEe
W th T eapbcrecoatiog: it PEalne Cotage SHEaREn ATl U3 Ut Ghothe
portion of said focusing lens farthest fromthe surface of said optical
st or age S¥EEAGEMOANther 1seligustade einymeEuor l6psi €81 ORRASIRG ethee ftefingies MediRihi ned
wi thin one wavel ength of the used light. 9. The optical data storage system
accor di i, tusiog afhe ightiieas nnsidedt dporctite tobgectinies $énse 7Hay edn hidgs ecase,
t hi ckness of approximately several mcroneters to several hundred
m cr onettBesobjective lens 74 and the solid-state immersion lens 76 form a beam
spot providing a numerical aperture of at least one on the above-described
surface of the solid-state immersion lens 76. The slider 78 floats the
solid—-state immersion lens 76 from the surface of the rotating storage
medium 88 and maintains an interval of the air gap between the surfaces of
the solid-state immersion lens 76 and the substrate 881 into 1/4 or less of
the wavelength of the light beam emitted from the light transmission and
reception portion 20.

In the case that the interval of the air gap is 1/4 or more of the
wavelength of the used light, the light beam providing the numerical
aperture of one or more is totally reflected from the air gap when the light
beam forming the beam spot on the surface of the solid-state immersion
lens 76 opposing the storage medium 88 passes through the air gap. Thus,
only the light beam providing the numerical aperture of less than one is
transferred to the optical storage medium 88. The spot size of the light
beam reaching the storage medium 88 becomes relatively large. However,
when the interval of the air gap becomes less than 1/4 of the wavelength

of the used light, the light beam of the numerical aperture of one or more

i1s transferred to the storage medium 88, and the size of the beam spot



10. The optical data storage system according to claim9, wherein said
optical transm ssive layer is a substrate having an unevenness Stnﬂ?iﬁﬁu
formed on the surface of said other side, so that a pre-formatted str Zﬂﬁ
for storing information thereon is provided. 11. The optical data storage
system according to claim 10, wherein_34- 2 J Ul 2003 -23 said unevenness
structure conprises a plurality of grooves or pits which are engraved
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to the optical storage medium 88 with an excellent signal to noise ratio as
well. In FIG. 9, the solid arrow line denotes "recording layer reflective
light” reflected from the recording layer of the storage medium 88 and the
dotted arrow line denotes "air gap reflective light” reflected from the surface
of the solid-state immersion lens 76, the air gap and the substrate 881.

FIG. 10 shows an optical data storage system according to a third
embodiment of the present invention. The system shown in FIG. 10
includes a double-sided optical storage medium 90. The optical storage
medium 90 is fabricated in a manner that substrates 681 of two sheets of
the optical storage media 68 shown in FIG. 7 are adjacent to each other or
contact each other. Otherwise, the storage medium 90 is fabricated in a
manner that protective layers 883 of two sheets of the optical storage media
88 shown in FIG. 8 are adjacent to each other or contact each other, or
only a protective layer 883 remains after two sheets of the optical storage
media have been incorporated into one. The FIG. 10 system includes a pair
of the light transmission and reception portions 20, the reflective mirrors 22,
the objective lenses 74, the solid-state immersion lenses 76 and the sliders
78, for the optical storage medium 90. Since the operation of the FIG. 10
system can be appreciated by one skilled in the art well through the

above-described embodiments, the detailed description thereof will be



said focusing optical systemis a catadioptric solid-state inmersion

optical system 16. The optical data storage systemaccording to claim 14
wherein said focusing optical systemis a refractive type sol i d- st atel JUL 2003
i mersion lens. 17. The optical data storage system according to claim 14,
fur~her conprising: a light transm ssigp.and reception portion for emtting
a |light beam and detecting the incident |ight beam a slider for floating
sai d focygfitted, optical systemfromthe surface of said one side of said
optical storage nmedi um aerodynam cally and an optical path changi ng neans
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i ncl udi ngho have an ordinary skil

in the art, the detailed description thereof Wiﬁ) be
omitted.

In the above-described first embodiment, the thickness of the protective
layer 686 may become thick infinitely in principle, but it is so sufficient that
the air gap between the solid-state immersion optical system 64 and the
protective layer 686 is smaller than one wavelength of the used light.
However, considering the practical thickness and the numerical aperture
determining the size of the light spot, the thickness of the protective layer
686 may be enough several micrometers to several hundred micrometers.
As an example, the thickness of the substrate of a digital versatile disc
(DVD) is 0.6mm, that is, 600 #m. It is apparent to keep more practical
with the above thickness.

Also, although the optical axis of the solid-state immersion optical
system 64 or the solid-state immersion lens 76 is not perpendicular to the
surface of the optical storage medium 68 or 88 but is slanted thereto, if the
distance between the portion of the solid-state immersion optical system 64
or solid-state immersion lens 76 farthest from the surface of the optical
storage medium 68 or 88, and the surface of the optical storage medium 68
or 88 is within the wavelength of the used light, the light beam reflected

from the inside of the air gap or the inside of the storage medium between

the air gap and the recording layer does not function as noise with respect
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unevenness structure of a track pitch of 0.3-0.4x#m and a groove depth of
50-800A. The reflective layer 682 is made of one of aluminium (Al), nickie
(Ni), copper (Cu), platinum (Pt), silver (Ag) and gold (Au), and has a
thickness of 500-2000A. The first and second dielectric layers 683 and 685
are made of SisNj, ZnS-Si0;, etc. The first dielectric layer 683 has a
thickness of 100-400A and the second dielectric layer 684 has a thickness
of 300-800A. The recording layer 684 is made of TbFeCo, NdTbFeCo,
TbFe, etc., in order to perform a magnetooptical recording, and has a

thickness of 150-400A. The protective layer 686 can be made of either an

optically transparent inorganic material or an organic material. In this
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embodiment, the protective layer 686 is made by spin-coating
acrylrate-based resin, and has a thickness of 5-100 #zm. The surface of the
protective layer 686 is texturing-processed in order to reduce a stiction
called a static friction. The interval of a bump by the texturing process is
20-60xm and a texturing depth (or bump height) is 5-50A. The
lubricating film 687 formed on the protective layer 686 has a thickness of
1-3nm and is a lubricant which does not react chemically with the
protective layer 686 and made of PFPE (PerfluoroPolyether). The Fomblin
Z Dol or Fomblin 2001 which is used in a hard disc is used as a lubricant.
The Galden SV is used as a solvent mixed with the lubricant.

Referring to FIG. 12, in the case that texturing is not processed on the
surface of the optical disc, a stiction occurs. However, in the case that
texturing having a depth of 5A or more is performed, the stiction is reduced.

In the present invention, the solid-state immersion optical system or
solid-state immersion lens has been used. However, it 1s apparent to those
having an ordinary skill in the art that a general focusing optical system
may be used instead of the solid-state immersion optical system or
solid-state immersion lens, if the air gap between the emitting surface of
the optical system and the protective layer of the storage medium is smaller
than one wavelength of the used light and the thickness of the protective
layer is thicker than the wavelength of the used light.

In the above-described embodiments, the reflective mirror 12 or 22 plays
a role of transferring the light beam emitted from the light transmission and
reception portion 10 or 20 to the solid-state immersion lens and transferring

the light beam incident from the solid-state immersion lens to the light
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transmission and reception portion. Thus, various optical elements which
can change an optical path like a prism can be used instead of the
reflective mirror.

As described above, the optical data storage system according to the
present invention uses an optical storage medium the thickness of which
transmissive layer put between the emitting surface of a focusing optical
system such as a solid-state immersion optical system or solid-state
immersion lens and a recording layer is larger than the wavelength of light
used. Thus, in the present invention, the light beam reflected from the
inside of the air gap or the inside of the storage medium between the air
gap and the recording layer does not function as noise with respect to the
light beam reflected from the recording layer. Also, since the present
invention can thicken the thickness of the protective layer or the substrate
which becomes the external surface of the optical storage medium,
information can be written or read accurately with respect to the optical

storage medium having dust or damage.



t P1@" SH#10% & () -m &#3 QH&" SH10% & ()-m &' SH10% & ()-m &' SH#10% & ()-m

& SH10% & ()-m #3 Qf | 1<=>] | </ 10X&10X& E&F1SHI0MEL () - &' SHI0W & () -1 #3 2003
QM SH10% & ()-m &' S#H10% & ()-m &' S#10% & () - m oNA410108~8&108&~&&
&SH10%&~&8&' () -G S#H10%-&& () - Q &SH109%&~&8E&' () - & &10Y&~&8& () -"

&F(" 10%8~8&&' () - LOX&N! oN- 4 &+@¢10ty&~&&§;() - &SH109R~&8& ()- &S

Y@ 10%8~&8&' () -sQ &Y@10%R&& ()-s& &y10%&~8&&& ()-" & 10%&~&8& () -

10&~&&! "#$37V. | vUAR &XFg#10% & & () - @ & Fg#10% & & () - @ &Fg#10% : & () - @
&y10% & % I3t l%zcyé’é%%:’ () - 108&~&8108~8&810&~8&! k#8&Yb Y %) YBY=Yp Wy U4&

8&l SH109&' () - &I10UK&&' ()- &Y(f109%k&& ()-10:& 10:& 10; & & & "g#10% & & () -
&' g#10% & & L) - P optical stoyage, redinnvgensteonng gnfogmaiken thereon, which 1s

& 10%VBM&' () - 10k&10k&10k&& &SH109K&& ()-G & & S#109k&&' ()- /1333333) 6vU4&
&8l @ 10%sed' ()getheDURER @En- oftitdl0¢ak&ip )hati@M OfvkiviiDRvRtI&RY AEIBIRNVEDY ) - F
8z #109VEBME' ()-F)6B689: :::,: | obU4& & 10% & & () - 10k&10k&10k&&

&k SH10%%et e atidy &k RO YAE, (he DBti@KSHIGUEESmehiin QGHAMKER!) -, : 0: {: 1 [;
[ bUA& & &SH10% & & () - & T#10% & & ()-& &SH10% & & ()- &SH10% & & () - &

&f #10% & & (dn EHAAIE EahdmissTE—Talel: Hdddng &SHhIRe8s& 1adger than one
&'910% & & ()-& & z#10% & & ()-9 &Fg#H10% & & ()-& &S, ! 10% & & ()- &F

10% & & ) oiezsny 222 I & &h 1SH10% & & ()- &S/ SH10% & & () - &
89, 1008 g‘:’%‘%@%‘?ﬁ%@iﬁ%@%ﬁ- & &) SH10% Y () -

cag#10% & & () 2600, G obike, (10KSE (o A0 b the ot
&3SH#10% & & - BBB"'Cl.[ ::bUM4& & f#10%&&' - &&@H10% &&' -.& i
PR iy CEOIe et L R it s Smoopticalue
& $ 10%KE8! é%- & B100KEE ()- & GR@10%KEL ()- & SH10UKEE () - & &SSH10UKE& () -
&8L @ 109WEEETY) - DD>EEEF] F| [ : bU4& &y1! 109K&& ()- &&/

2

The optical storage medium according to claim 1, wherein said
optical transmissive layer has a thickness of approximately several
micrometers to several hundred micrometers.

3. The optical storage medium according to claim 2, wherein said
optical transmissive layer is a protective layer made of an acrylrate-based
resin.

4.  The optical storage medium according to claim 2, wherein said
optical transmissive layer is a substrate having an unevenness structure
formed on the surface of said other side, so that a pre-formatted structure
for storing information thereon is provided.

5. The optical storage medium according to claim 4, wherein said
unevenness structure comprises a plurality of grooves or pits which are
engraved toward the surface of said other side opposing said focusing
optical system.

6. The optical storage medium according to claim 5, wherein said

plurality of grooves or pits each have a width of approximately 100-150nm
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said optical transmissive layer is a substrate having an unevenness
structure formed on the surface of said other side, so that a pre-formatted
structure for storing information thereon is provided.

11. The optical data storage system according to claim 10, wherein
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said unevenness structure comprises a plurality of grooves or pits which are
engraved toward the surface of said other side opposing said focusing lens.

12. The optical data storage system according to claim 11, wherein
.ald plurality of grooves or pits each have a width of approximately
100-150nm and said recording layer has a thickness of approximately
150-400nm.

13. The optical data storage system according to claim 7, wherein an
interval between the surface of said one side of said optical storage medium
and said focusing lens is less than 1/4 of the wavelength of light used.

14. The optical data storage system according to claim 7, wherein
said optical pickup comprises a focusing optical system having a numerical
aperture of one or more.

15, The optical data storage system acdording to claim 14, wherein
said focusing optical system is a catadioptric solid-state immersion optical
system.

16. The optical data storage system according to claim 14, wherein
said focusing optical system is a refractive type solid-state immersion lens.

17.  The optical data storage system according to claim 14, further
comprising:

a light transmission and reception portion for emitting a light beam
and detecting the incident light beam;

a slider for floating said focusing optical system from the surface of
said one side of said optical storage medium aerodynamically; and

an optical path changing means for transferring the light beam emitted

from said light transmission and reception portion to said focusing optical
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which are respectively put on the other surface of said first optical
transmissive layer and the other surface of said second optical transmissive
layer,

wherein said first and second optical transmissive layers have a
thickness larger than one wavelength of light used and the distance between
the opposing one surfaces of said focusing optical system and said optical
transmissive layer becomes smaller than the one wavelength of the used

light beam.



