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PCT/ KRO8/ OG2 89127532 CATADI OPTRI C OPTI CAL SYSTEM OPTI CAL pRArffids 009
OPTI CAL DI SK DRI VE EMPLOYI NG THE SAME, AND OPTI CAL DI SK
Technical Field 5 The present invention relates to a catadioptric

optical syst ' ' a ' ' dr § i ng
opLI cal syst S AnASPEdl: Brier sys b BPHCAL Rt N AL
whi ch i nformati on DISK BRIVIE EMPLOYING ' THE'SAME! KENDQEPHCAL pIsed by
the optical pickup and the optical disk drive. 10 Background Art

Various nethods for increasing a recording capacity in an optical recording
and/or repr atus have been studi ed. Those basi c approaches are

redﬁ‘gI f'l“ﬁ%lﬁgﬁength of used light and to heighten a nurreri cal

apertures(NA) Of THe presentih%€n ' a
focused |ight spot. Anelcl)pt I ca ?%&Jé?ﬁ%dé E%P?icéles:}!%‘ng éﬂ? cz@ of

a focused | mytitarsppmcdd)dlkiedgivemmpigyhigethe optlcahmusnfgl syspern | 'ane al @igital data
descri bed W|th r ef egﬁnce to Fi The optical focusing system

shown in Fi Ftorgsgmmediumegy vghic gHEf‘gF?ém&f ISarecordedfmm whish igfermasiomis a
near field, e heri cal | ens. 2
called a solr}e?bm BCQS@E@E& éﬁaﬁﬁet %Z“é% sg‘a‘li,h?é(;'cusi ng systemis used as

20 an objective Iens for an optical disk 4, a slider 3 carries the

spherical lens_2 over the surface of the disk 4, and maintains the
di stancéobetmr?“%d er| cal lens 2 and the disk 4 to be less than

100nm The asph efracts a | aser ted fyom

a |ight source ??]%rﬁgé%gwﬁod]s J IpREFasing 2 Irggqrdpggapéaqtgc@sg °Pﬁ'§a‘t reqording

| i ght beam r@affcct Mcihd t e

faced to thél 25 de?go ' thﬁgﬂgﬁgg&ofb Egéﬁ‘hgnﬂsdéﬁf‘e“?ﬁ?ééﬂgﬁgg %xbéﬁéqé%

| aser |i ght reduae the ww!@aﬂh of used dmgln;and meaclglhten ainunmﬂxdahapentmfeo(an&) of@
r field

is recorded_Q ad fro

In the case uts%%f)i’becﬁé(? aFRSy ’Efﬁgt'ieaﬁﬂnﬂg‘h? r?ézes%érfpﬁ‘éq %I ]é&'%,‘ $Ptas An optical |
refractiyye t h

conver gllng g?\%l}s(laﬂg;gﬁgengggr i'é?iukigitag E?Eegn%ecégen%%al zﬁ;é%tggéi ﬁﬂ‘?eg%}{t thtehe
| aser |ight nhmermdhamrmlﬁansiesprmadl yithaeferenceriavBigerigt h of the |aser I i ght

beamis reduced 'f‘l'? er. rll JThe nunerical aperture
e optic focusmg system shown in Fig. 1 which reduces the size of a

focused light spot using a near field, includes an aspherical lens 1 and a spherical
lens 2 called a solid immersion lens. When the optical focusing system is used as
20  an objective lens for an optical disk 4, a slider 3 carries the spherical lens 2 over the
surface of the disk 4, and maintains the distance between the spherical lens 2 and the
disk 4 to be less than 100nm. The aspherical lens-l refracts a laser light beam
emitted from a light source (not shown), and the spherical lens 2 focuses the laser
light beam refracted by the aspherical lens 1 on the inside of its surface faced to the
25 disk4. The surface of the spherical lens 2 on which the laser light beam is focused
forms a near field, and thus information is recorded on or read from the disk 4 via
the near field. _
In the case that a material constituting the spherical lens 2 has a refractive
index "n", in the inside of the spherical lens 2, the converging angle of a laser light
30 beam becomes large and momentum of the laser light is reduced. Consequently, a

wavelength of the laser light beam is reduced to A/n. The numerical aperture



(NA) is.,also increased to NN [err]. Thus, a size of the |ight spot which «
is finally - formed in the inside of the surface of the spherical |ens
2 is propowoseiadsz o NA [err]. As a result, the size obcrharespoi7ican
be reduced using the refractive index "n" of the medi um of the

spherical lens 2. 5 However, the optical focusing systemof Fig. 1
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separately manufactur ordi ngly, I's “hard ™ e or "adjt
the optical foafedimnthesinsidersfhe sipface of theé SFitbricaPléns® is proportidhaAGHLNAF I .C
I's obtained. Since the optical focusing systemrequires 1ncident |aser

| i ght havi ng\saa besilt, thesizt @f thespot cemnboredngediusing themefrabeive indexotn"abf the
optical 10 coppon s ipcl.udin | ight reception unit are enlarged. As
well, in thd® ‘ﬁn‘i‘e SRH%‘F tlﬁ& sncl i nati on of incident beam that a | aser
beam deviates fr o] : thﬁl % fel.0 [

di sk occar s due }?gevgvvé\gi/ ‘%Qf%gﬁ%vﬁ°ﬁ‘é§§§§ Vc_a 6¢ Mégll ?:‘E‘ﬂg‘?%r‘htg arsgp 5‘3’%\1918% !
optical di slandithe sphetichl lens!2t whithrae gephrately fanafictered. SiA‘tEbbE'dinFly, it is hard
normal ly. 15 Further, the shortest wavel ength of |ight of a L
currently al@i®sspmble orcadiyspgthe optical; fagusing rsysteny shdbat podasired optical -

Al so, th Wor:1 Jer-Te) : f ' Al | ens | | l. .40
oresent - ThadEralHBRE OiRE | e O SRl Sonile USRS ilent 18sdt
required, light having’ #Weam @fanteleidRidre ahaRiorkstual %o Bifif, WESikd V¢ 410 optical

inclination of an incident beam 20 Accordingly, it is difficult to use
t he exi 40i ngompopents ineludinghg Hghtt reneptionruhdt ate enlarged.ondesr wiel), iinethencase
optical recoprding andior .repraduci ng. apparat us. ~.Disclosure of _
| nventi on Wherd' the’ i Hon gt inct n?qp?g'{?"téﬁﬁ %j?seafbe?ﬁdeY'éEeé oM, 3 ARt o
provide an @péd aale’WithSestceo aYSHtim d@ i %h e BBt
novel optical system to fl%gre%y have an Sk Be&g)gggglngn%w e&’r%rﬁ{l?r‘{g@ \E}P?ﬁal
respect to @ickupconientothtisgnaptichl diski, cin, is ndifficulptto aecord or repepdutens Ssignal
conpact and redulgg the size of a focused light spot. A second
obj ect of tR8™PFekent invention is to provide an optical pickup

enpl oyi g the aRittepPiie Mortdt Y : ty oSG
the present inventi gn'pi S toorprO\lﬁng&ﬁ?eioﬁglfh?%rfﬁg rﬁ%@h%?&hgb@biagﬁleda d(‘)3ve
opti cal foclighhspuwysisabout 600nm. : 2

Also, the numerical aperture of the objective lens is approximately 0.6 at
present. Thus, in the case where a numerical aperture of 0.6 or more is required,
performance of an optical pickup is much sensitive to inclination of an incident beam.

20 Accordingly, it is difficult to use the existing optical focusing system in order to

commercialize an optical recording and/or reproducing apparatus.

Disclosure of Invention
Thus, it is a first object of the present invention to provide an optical focusing
25  system for focusing a light beam using a novel optical system, to thereby have an
excellent performance with respect to an incident beam inclination, make optical
components compact and reduce the size of a focused light spot.
A second object of the present invention is to provide an optical pickup
employing the above optical focusing system.
30 A third object of the present invention is to provide a method for fabricating

the above optical focusing system.



A fourth object of the present invention is to provi de an optical di sk
driver * ng the above optical focusing system fth
obj ect of ?Vhem[;)gr gasge invention is to provide an optical pic up | ngc?fbmt'di1

a readout | ayer for arrpl ifying a light beam containing information recor ded

Lo provi do an ophifSHFthapteck B 89 Bipsent IS OnS e BOVIULAR Ptkal Rtearver
i nfornati OnEﬁlé)rl%ylng the aEBv@éﬁﬁ@ﬁlfoéﬂslhg%ygﬂeﬁt obj ect of the present

i nvention focusing systemfor use with a
l'i ght beam for fmlfi’ftmgbﬁcf of tiecprebanrinsetion isGo proeidepdn optical pickuprigcladiigem
conprises, a refractive surface on one side of the optical focusi ng
system and HBaieRdeutalayer fer pmplifyingra &rahwp%meconéammgstnfpgmm rererded oacan
on ai % ggﬁ (ﬁsﬁie surrounding the refractive surface and having a
second radi 0% curvature being different fromthe first radius of
curvature; a tragsiahesbjebeaMhe prestRCitbiention 4s ftéfﬁometilﬁoph&ﬂrdlsk de affow

t he optlcal f ocusi ng system and a second 15 reflection surface on said

ot her side meammgmaadngfrmrde@mfpomaaong surface wherein the

fract f f dent Light bea do |
o1l octi on sur { af® aFEPPREHS B i ORIRELAY ) PRCEBLITNFAORD: FOFHF s rgiided an

surface tov"%bﬁcilhﬁ)cum gdcy'sfeiﬂ f&eﬁéee@aﬂpm Bé&ﬁ foft gnﬁﬁ% 4 fb&ised %hﬁp&po@n

surface focuSes a | ase ht beam ect ed fromthe second
refl ectilon él‘thefqnmabfomlsmgmyamm oompnsgs,smra‘fmnuve aurfac@on onecidceof theaptical

spot . he secor}f hj ect _of B sent i n_\/er}tl on acconpl i shed

by an opti Cgpcusmg systema #nd B 5 Bfjrst “H‘l curvme,om Fé&rei‘l& cerpn

Lecor ds andlsofy Bﬁ@%?de surrb&ﬂdlhg%b%%#tﬁ@ snﬁﬁ%c%czg{d faving!s' ofd fﬁﬁﬂﬁegf
eam spot, conpri alig source;, 2 opti cal

det ecti on m&am*ture bemg different dfym ahe fifdradisp6f Subeature; a transparent bea
refractive surface on one side of the optical head and having a first
radi us of cdPeusing surface on the other sidg of thy optiralefacusingssysteiBe 294 2 see0nshe
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curvaturée bern rent rom curva
3 wherein the refractive surface refracts an incident light beam, the second

reflection surface reflects a light beam refracted by the refractive surface toward the-

first reflection surface, and the first reflection surface focuses a laser light beam

reflected from the second reflection surface on the beam focusing surface, as a
20 focused beam spot.

The second object of the present invention is accomplished by an optical
pickup for an optical disk. The optical pickup which records and/or reads
information to an optical disk using a focused beam spot, comprises,

a light source;

25 optical detection means;

an optical head comprising,

a refractive surface on one side of the optical head and having a first
radius of curvature; '

| a first reflection surface on said one side, surrounding the refractive

30 surface and having a second radius of curvature being different from the first radius

of curvature;



a transparent beam focusing surface on the other side of the optical head;
and a second reflection surface on said other side and
surroundi & FLERm - focusing surface, 5 PREKE98/0¢37k
refractive surface refracts an incident |ight beam the second

reflection surface reflects a |light beamrefracted by the refractive
surface toward the a transparest beani foonsingrsusfacé aaahe atibriside 6f thetoptiesl keatdi on
surface focus&s a laser |light beam reflected fromthe second
reflecti on 8fface on the beam focusi ng surface as a - focused beam
spot, - 10 opti t 0l | f | ]

hitied fromthe i gheoote rerRchEh st bF ol SalPburkf S0 i hilfodhihphe BEAHT
opti cal headoassihg swurfisdegrring a |ight beam: - outgoing fromthe =
refractive surface to said optical detection neans; and !
supportifg means to WReken thecrefractive surfaegirefracss amincadent dight beam) the second

supporting . i at .t h t l,.cal A _
3PP 10 refectich! VoAt Akt S MR b lop R R bR TR RS | e
pr edet er mi neigsidietlction Surfitesand the R reNédiiol slade focuses a laser FIR békni d
obj ect of the present invention is acconplished by a nethod for _ X
manuf act ur i Aeflegted fromather sraondnreflegtion rsurface honudhe \hieam fotusipg sbeface fasra
formng a ochS <{l§§§ esd eam spot and conprises, a concave refractive
surface on Sne 13 ‘e optical focusi ng'sys_tem and having a
first ragius of opicuPhathiteRing GRS fob hsRiring 81t lbedfh aulirlAFomtne et
one side, surrounding the refractive surface and having a secon

radi us of ceourgeUoethigerafractive fsurface dfr te optical ihead anddirassfefrimgiaviightr Beana -

transparent beam focusin urface on the other, sjde of the optical focusing
syst em outsoIRg °§é€}ﬁ?{&fa§ﬂ"gépﬁgﬁe 19,531 qptisal defeetion msans; 3d ang '

surroundi ng the ' : f.ac el reff: | .face
refracts an incia%?%?b f%?ﬂeggsaﬁ)]w%lhcgﬁgéggﬁgalzlgl arlgﬁi%c |bﬁ%ﬁ?@ycgélﬁ)rp§ﬁ1{é€ts
a |ight beatherefiticat head by thdtethe @ptieslt hiead movésainahé divection perpendicullar ot said -

reflection B%rdfélce . alp&#he,f iLrst reflection surface focuses a |aser |ight
beam !5 rInaded oplice ¢ Wdthin a predstermined idistange frapesaid leadedinntieal diskisi ng

f , th [ . S] .
abrroating a mans it Bpiddt SOmELRAENCORENiSH 16 LeIhPRaRd by g mstho, for
surface 30 manofacturing amoptionll fbcpsif @ystem which use withliadightbeatit for TormRig®d

is used in the step of fabricating, and the step of .
4 pcused beam spot and comprises, :a concave refractive surface on one side of the

optical focusing system and having a fil;st radius of curvature, a convex first
20  reflection surface on said one side, surrounding the refractive surface and having a
second radius of curvature being different from the first radius of curvature, a
transparent beam focusing surface on the other side of the optical focusing system,
and a second reflection surface on said other side and surrounding the beam focusing
surface, wherein the refractive surface refracts an incident light beam, the second
25  reflection surface reflects a light beam refracted by the refractive surface toward the
first reflection surface, and the first reflection surface focuses a laser light beam
reflected from the second reflection surface on the beam focusing surface, the
manufacturing method comprising a step of:
fabricating a mold for the refractive surface and the first reflection surface
30 from a primary mold plate.

A diamond cutting method is used in the step of fabricating, and the step of

4



fabrlcatl ng conprises sub-steps of: cutting the pri mary nol d
plate to‘gbg g first nold for a shape of the first Ej)ﬁ
surface; ass formng, in the first nold, a through hoFgln ch a
second nold for a shape 5 of the refractive surface is inserted; and
I nserting e.second nold in o the through hole formed in the first nold.
Al so, the icating; Gopaprises su s an optical disk drive for recording

and/ or " eadbi WY priffaty ‘?ﬁbm‘iﬂaﬂ% %’tch-&&l: b 2K "oy SASGItHRORIR

spot, the optica I 've “conprl
a |ight soweftection surface; a reflector optical detection neans;
an optical head conprisin refractive surface on gne

side of the opt Psamgaéadh%ﬁastnaol%@ t&rwslsbole in whigha secgnd apeld for acshape
a fi rstg ref kﬁgé i’ecﬂ]ac?We Sqﬁ_%&g? gl?segte@?g%u' de, surrounding t-he refractive

surface’ an§" Aav] Ng a Seco rvature being different fromthe
first radius jnseréih Qldé ¥é&dondanoklinto the throu %h hole&’ohhé@iﬂ@li@ firstafold.
focusi ng surface on the other side of the optical and

a second ref | ecAisonthapricaens invensioncprovides agi lecahdlsmrr\mmmgondmg ard{or
focusing surf rein th ref ctive ace..ref ts
2T ot o lFadtiE infarmariop o ancoptical Yk fisibec Toluied et fpdtorpE Bprte 4K
surface regrRetlcontpridiigt beam refracted by t he refractive surface:
toward the first reflectlon surface, and the first reflection surface
focusedoda | asera lbasght beamreflected fromthe second reflection surface on

t he beam focusi ng surface as a focused beam spot, opti cal
path altering etk °8‘F C%ransferring a light beamenitted fromthe |ight 30
source to the rgefd gt and transferring a light beamreflected fromthe
refractive sur acé to said optical detection means; and
a supporting nmaptical detebichntelans;opti cal head is attached, elastically
supporting the_optical head so that the optical head noves in the
direction per péRd@Rtifah head, campygsing, |

15 a refractive surface on one side of the optical head and having a first

radius of curvature; _

a first reflection surface on said one side, surrounding the refractive
surface and having a second radius of curvature being different from the first radius
of curvature; _

20 a transparent beam focusing surface on the other side of the optical head;
and _

a second reflection surface on said other side and surrounding the beam
focusing surface,

wherein the refractive surface refracts a light beam incident from the

25  reflector, the second reflection surface reflects a light beam refracted by the
refractive surface toward the first reflection surface, and the first reflection surface
focuses a laser light beam reflected from the second reflection surface on the beam
focusing surface as a focused beam spot,

optical path altering means for transferring a light beam emitted from the light
30 source to the reflector and transferring a light beam reflected from the refractive

surface to said optical detection means; and



| oaded gptical disk, within a predetermned di'stance from said | oaded

optical di $¥e 9927532 There is also provided an optical pj
reading information froman 5 optical disk using a near fig%%@&“

optical pickup conprising: _ ~an optical focusing systemfor

i ski and” ©Ca suppoy e Meei 2 WpEA the ORUAIESH inataReaF SR HCRITOTING
optical focusd Qs ' t r s . ' ' f QF
anpl i fyi ng. oy ORI BEE 5o that (hE oblitey ¥R o R i eh BHRCGR pefindiuli 1o B

recordi ng | doadled iptisal disk pwithih apredetermiingd distance from said loddedalpticapdizki ded
an optical disk for yse with an optical pickup for using a _hear field
for reading infhieEe il®rRlse provided an optisdl piskpp ifor igading information from an
substratg; . . a_recor g4 el lied over.the substrate and on
which in orﬁg??acgrfl 1?1%11&1 graeﬁ%rrgyg?’ lh%yoﬂm%?&clkﬁpFgg’t%lﬁmg_'ayer appl i ed on the
recordi ng | ayer anfopticalmPddulitig'eysterh if6F geR@atihg a neaf HAQ S Féhdidy RifFhaRoHn
recorded on the recording |ayer; a dielectric layer applied on
t he readout fogyarloadeddoptical disk; andan overcoat |ayer applied on the
dielectric layer._ 2 Brief scripti.on of .Drawings .. . -The
preferred enbodiar&q”f’agma}ageﬂé‘géfﬂ?eiﬂnvﬁ PH“F%f 8 @?Eepvkdt a‘%t petical fpcngjag system
wherein:  facing towafd Gaid. 1b8dedl \Wpfital QiskS*RirahRpifyifg C8 Medidcten gl
focusi ng syst errgj for 25  generat ng a nesar’ ?Jlre?@,b Byidg "8 t% yghg%ééﬁg .
vi ew f o0 exportaining informoation sécokdexdion rgresyntingriayer of daitgloaded optical disk.
preferred enbodipent, of the present inyention; | . .Figs. 3A through
3C are views forl{reb&ﬁlﬁﬁimpﬁ’aegﬁﬂ epfical disk forqussy, withan pptica] pickup for using a
magnet o- opt K& Ficl S WM b i ' focusing system
shown in 30 Filg. 2? &%ﬁrﬂgﬁgé’. ﬁgél{t%fmo{ljgﬁ cﬁﬁfdg@ i ews for
expl ai ni ng nodi kisnhstrabes of t he optical
6 focusing system shown in Fig. 3A which forman air bearing
on a surface of 3affcording layer appHedover the substraterppd gy vahigh Smfemmeatione is
for explai n{.&gr@edqanuf acturing nmethod of the optical : :
a readout layer applied on the recording layer, for amplifying a light beam
containing information recorded on the recording layer;
a dielectric layer applied on the readout layer; and
an overcoat layer applied on the dielectric layer.
20
Brief Description of Drawings
The preferred embodiments are described with reference to the drawings,
wherein:
Fig. 1 is a view for explaining a conventional optical focusing system for
25  generating a near field;
Fig. 2 is a view for explaining an optical focusing system according to a
preferred embodiment of the present invention;
Figs. 3A through 3C are views for explaining optical focusing systems for a
magneto-optical disk which are modified from the optical focusing system shown in
30 Fig. 2; '

Figs. 4A through 4C are views for explaining modifications of the optical



focusi ng systemshown in Fig. 2; 5 Fig. 6 is a view show ng an

optical syswemwefssgn optical pickup adopting the opti cal pd-HKRS&/HEBT
system of Fig. 3A Figs. 7A through 7C are views show ng

nodi fications of the optical focusing systemof Fig. 2 which are
appropriate : | LD ; t4 cal, pickup:; . . Fi gs. t hrough
10B show st r%%sdﬁg??g@lﬂog??dggllﬁgf %E jdgi%igheﬁﬁﬁlo% r"i‘ér QﬁaTBgOQFﬂ %cséllr?afc&?fgf'ﬁg
syst em accoropitiegl diskj he present invention; Figs. 11A through 11C
are views for explaining a flexure used in an opti cal di sk drives

shown in Figs. 8FigoSf0md 5B are views fqr expldiping a3 manufasmifing nesthodiofithegoptical
optical dis Wi i nformatiaqn i.s recorded or read by an optical
di sk drive ?ﬂ%\&%&ﬁfﬁf!&ss_hongﬁt%; 15 Fig. 12B is a view show ng an
optical kocusi ngFipy¥H ' : :

gy © BN bk RGowingad u:'aPF?éJIemkoti]%x\il’ Irbggcgpf)fc@cﬁﬁ ra;ﬂgwggﬁ??ﬁé

field form ng portion, instead of an %‘lca S
| ayer shown apticgl fpcuging; system of Fig. 3A;gs. 13A through 13D are views. for

expl ai ni ng anot her i ficatigns of an .optical focusing system .
according to t h?‘ﬁ?gggn@“?%%& ¥, vigws showing modificgfions) afrthenepticab faeusing
views for e LN 185 | € ' rj A ordin t he

I nventi on. %9&@%6%%2@ wg?éhcgﬁﬁgp%éﬁkﬁged#%@ﬁ% gﬂ%ﬁ op%capp}c tferred
enmbodi nent s of tFigspiesianugh nlGBtshow \wtrhuctires AFseptidid ddivkt Brivds ehf16yiaBECon

to the accoga.n i ng drawi ngs. . Referring to Fig. 2, an optica
f ocusi nd?sy OPERILIPCHSIRG SYSteE aecardingtootierprssent invensfor;he present i nvention

includes a refragtiVv aACH figst ref.lecti surface 203
both which are ﬁﬁ%g't Z(ljﬁ'?%l\%\o/al?u égﬁi %%?V fggﬁré’% ?‘quln@ﬁoﬁﬁé?mﬁ%&s‘é&jb‘éém@_“cal
f ocusi ng surdiskcdri?é¥siiowh én FaE0 8o ehBECt i on portion 205 both which are

| ocated 30 toward an optical disk 100. In the optical focusing system 20,
the first and s&id8nd2A is asyiewador explaining a0 optwak disk 46 whicheinformation is

characteri st} ' neans .of . a.coat.in N

7 tré@oﬁ‘dgdné?ggg%m AASRE ,%‘sﬁ%‘Z“Y%g?%YYPiWé: 1g%r§ £249Bp1 and the beam
focusi ngssurfacerig042B i - ﬁﬁz& ; i : t '
have a |light t ranlgm' ssilts)r? \Z‘i[]eg/r ggvglralgﬁg l'%cl%hlggggﬁgglc%ggZ‘ufreggg%la%gir
and the bea®pfasusfaeg of a meae fizldl formingipottivnm, cinsiead | ofaxi vptical disk having a

readout layer shown in Fig. 12A; . _ : o

Figs. 13A through 13D are views for explaining another modifications of an
optical focusing system according to the present invention; and

20 Figs. 14A and 14B are views for explaining another optical disk drive

according to the invention.

Modes for Carrying Out the Invention
Preferred embodiments of the present invention will be described with
25  reference to the accompanying drawings.

Referring to Fig. 2, an optical focusing system 20 according to an embodiment
of the present invention includes a refractive surface 201 and a first reflection
surface 203 both which are located toward a light source (not shown), and a beam
focusing surface 204 and a s.econd reflection portion 205 both which are located

30 toward an optical disk 100. In the optical focusing system 20, the first and second

surfaces 203 and 205 have total reflection characteristics given by means of a coating



of .the optical focusing system20. The first reflection surface 203 is
di sposed at, the 5 outer area of the refractive surface 201, and the slecond

refl_ectionwgl?szZ\?é 205 is di sposed at the outer area of
focusi ng surface 204. An optical surface whi ch is conposed of the beam
focusi ng surface 204 and the second reflection surface 205 has a shape

of a pl ane andr$caor. oHawever vt reficagtive sufece 201 hed phenheam focusing furface Q%

The refractive surface 201 which, has a shape. of a_spherical surface being
Concave or ATEAOL BERFESIREPY FRACHION f050inge Ry REY § el FRRSIsRE hAGiEteTStE:

ref | ect 0N The reffdtifyasRrfiRd 208 Snd e BERA theing Wiltsce HPinicRidetBE IoplcRblfCe
has a first radius o curvature and the f7rst reflection surface has a
second r adi efsthefopticalMfuicusinglsgsteng2Gun The firsbredlection satfaee 203 isedisposed at it

of the first radius of curvature. According to 15 convention of si gn@/.all
convex surfHes area ef she gefractive surface; 201, and \the seeonth sefigqtion surface 20, ds

surfaces hay e Y 1S tRLE s fQqr the.r '

surface 20%&%‘%‘3@ hagat{hf:r@t&?g}d%ﬁ ugpg!f&gé%l@aﬁ??semgﬁ ggn@édt iég |tgc%i:t§gféﬁ?%e
first whicheit comp6sed of ahé (Bea@ Fotiising auefade '204 dfid cthe Csecwad Lefleofion he
negative sign. The optical focusing system 20 is designed so that the

aperture ofsurfaser20% has ia, shapgr efacplane spoface orsafcurvedeghape slose tertheplane
that of the_gptical focusing system20. That is, the opti cal focusing
systemis o‘s&“ﬁ:ﬁed so that on the optical surface of the optical

focusi ng syst enTRE defraetifs sAbfacO201 WHiclh RUS G sBAPEE of lahSpReéidab Guriie swlﬁ%ce
201 has much smal | er occupancy than the first reflection surface 203.
Al so, the ogsmcaw¢ or recessgdutowagdsthet beanm Sodesing rsutface 204at thesfirsdfreflection

curface S0 GHTL B 6R FRBoEAANeBEy g Fotractilt spifage g5 « Hest Allius o,
refractive &ivhee agdind ehiieiotioh sGithcORATISBEMCRIdIAS OfbAr/ahilihavRIY &F

in a divergent form The first r ection surface 203 reflects
| i ght beam atsbletwadue largefrr thant that sefc thed firsf radins cof porvature. 205ceirdimg to

being refracted hy the refractive portion 30 201, toward the beam focusing
our | acei320 £ RTERIID Q8 FIE. (HLCRNEE SArtiest have,BResitive Fadtis,oF FUGRITR e Sk

| ocated to ] IS Lcal Ian :

g "BiiLave Sudles Raveazfogdihe, St of rpRLLER, THOSKRCN e rofrgotive

i nci dent t hsurfagk 200k hasf thacfirsteradius of paurvvampe Flthennégetiviee signf andi she first

surface 204 as a light spot. As a result, a beam spot generating.a
near fi el d i5ileqtion surface, 203 has theisesond sadius ofiurvatnes phthe pegative sign. “The

optical di sgq' ;i‘cq ol e f e : LT
reflection gﬁr’%ﬁi@ %erﬁglf %c?%?@(ptde%gﬁ gge gﬁ%i entoﬂzﬁl;éhﬁegbﬁg%gﬁifa? %
t he suricace20hiyrsdficiehtly smaller than that of the optical focusing system 20. That is, .the

optical focusing system is designed so that on the optical surface of the optical

focusing system 20 located on the light source side, the refractive surface 201 has

much smaller occupancy than the first reflection surface 203. Also, the optical

focusing system is designed so that most of the laser light beam having been

25 reflected from the first reflection surface 203 is focused on the beam focusing
surface 204. _

The refractive surface 201 refracts a light beam incident from a light source in

a divergent form. The first reflection surface 203 reflects the light beam reflected

from the second reflection portion 205 after being refracted by the refractive portion

30 201, toward the beam focusing surface 204 positioned on the center of the optical

surface which is located toward the optical disk 100. Thus, the optical focusing



second reflection surface 205 also reflects external |ight. In
this embodiWeaP2753 aperture of the refractive portion 201, PRAMKROS/00371

wi dt h of the refractive portion 201 perpendicular to the |ongitudinal
axis of the light beam 10, is approximately 0.8nm A |ight spot

focused on systeiezOrof Pigisd figusey mastorklle 130 bedm qpﬁh@m&ﬂ%@bﬂgl‘pth%&eﬂ’ﬁkﬁbén
in size and forns_a near field called an "evanescent

known, a neRPrtiqn 201 jon the bga@chcymg rsurfage ﬂﬂéla@ aehglstt smg vasm nesuﬂre a beam

o e oot ShotoRearbi, & AR AR Feed B "sRoRline R8I, rredfnsl RroRenitn 8 47 10

f r om t he beaphcal disk f100Us| fofméd 'ohathe bédth Rfcu%ﬁ% Sopface @04f OC'P!&' ﬂ%t%?fe@ﬁb@o
i nformati on can be recorded 15 on or read fromthe information recording

surface df S\FféaQﬂo?Q% aefle¢ts lextepgall orcambient dight incidéne toaheishrfabe diereéf.t HEhe
beam focusi ng s ce 204 v, ear field. Preferably, t he di stance
bet ween thes%iflna eﬁ'f’mf ﬁ@%‘é‘aﬁr&faﬁeﬁﬂgﬂglﬁx{%@ light. ané a surface of
th tical di t

e optical diskyi érﬁﬁ@&x%én{ Q&?ﬁé@erflﬁ‘g 092%1& ?‘@fraét%é?d 28ﬂ%t}?19Fh§v dgfs

t han 100nm 20 ocusi n

uses the |i ghtheoredfracti@eiportior 201 perpen‘dimnugih mahdn%lhﬁhﬁaﬂfafx&@bf e lghitt beaf
201. Theref a desired._| |gq1t spot can be tained wwth only the

| i ght beam ﬁé\/ r%emmte%ﬁ -behrtightapet decused math@dbeam foousing isneface
tical Preferab the b t f th

PPt bl 154 B aB¥rbeRutly Bt b i Sk e tgting | Fead O Tl o b

pi ckup, 25 fiklge. opAs Wé'll ﬁﬁtﬁﬂf' é‘ﬁeﬁyﬂfea”i‘s%% ﬁtzctl':drﬂa r%nﬁaﬁbl&%%ﬁﬁxgt@ﬁhﬁf 51% Of

all optical conponents I'ncluding a rec ared W
t he opti cal whwelgngthg of yuse chightt I‘—'l‘lg:refbre whenTthsuriiatd: el thfeooplﬁctaigthsksmml:s?O

per se can ﬁg ed.in conventi naI tical pic whi ch uses the
| aser beam gﬁ% &hﬁ’eﬁfﬁ &S%’E? length "or the hghtmmag)@\,f@mgﬁﬂ'xpdmam
focusi ng SYﬁicﬁHi'n Osu?facg' tﬁ@%gh?aluﬁ)‘égsxhg g&e&%d Ci?ﬁ’ &lﬁ eI' Forddl

enboss-pit optlca di sk, an I cal or ’a p ase

opti cal 1di sén whired fitoin ke infbfmamnnreﬂ:bhﬁngmdrifaeadf dge optical dlSk 100 located in
9 Herei nafter, for clar|t¥ of expl anati on,

refl ecti on GGcighbarheod of the beam fogusing surface;20k vissthernear dieldct Pvefemhly,ace

i s defined lect [ e rfac

I ocat ed at %Ee‘ﬁgtgﬁrr%é glkt@ﬁe&fgstﬁ% hsg 8%%%3% gmﬁgn‘&3 g%l’?%é‘é&%ée g@? iaﬁgd’ %‘gltl fe

"second the optidatcdisknl Guldcated toward the optical focusing system 20 is less than
100nm.

20 Also, the optical focusing system 20 of Fig. 2 uses the light beam 10 incident
through only the refractive portion 201. Therefore, a desired light spot can be
obtained with only the light beam having a much smaller beam diameter, compared
with the optical focusing system of Fig. 1. Preferably, the beam diameter of the
light beam 10 used is less than 1mm. Thus, when it is used in an optical pickup,

25  the optical focusing system 20 of Fig. 2 can reduce the size of all optical components
including a light reception unit, compared with the optical focusing system of Fig. 1.
The optical focusing system 20 per se can be used in a conventional optical pickup
which uses the laser beam having a beam diameter of 3mm.

The above optical focusing system 20 of Fig. 2 can be used in an optical

30 pickup for an emboss-pit optical disk, and an optical pickup for a phase-change

optical disk which allows both recording and reading.



5 - . Figs. 3Ato 3C show optical focusing systens which are nodified’
fromthe 2513 cal focusing systemshown in Fig. 2 so that the _
modi fi cat i o‘X?’&’g ppropriate for a magnet o-opti cal di BRT/ER&OL | cal
- focusing system 30 shown in Fig. 3A includes a focusing element 31
and a beam focusing portion 33. The beam focusing portion 33 1is
fornmed on the opi¢retnaftenciosiclarieyef explantion, haeBection snfaredpcitedlat densame as

that 10 f f.th ti.cal .f i 30 ich i | ted
oner d t ho Aselithe Seralivel i fRh i€ feahSf i) Prd YRAcon surfacer and  1ERGHED
The focusi ngughédRichtedlatithe s41HESidR as the beéﬁﬁ%f&fsﬁiig}%@uﬁh@ ﬁ%fﬁﬁ&la@&d"s@c&d st~

reflection surface 313 which forma surface optical focusing
syst em 30 | sefiectiontsurfacd”.a | i ght source, and a second reflection

sur face 5%15 for(r;_d.n .J?ge s#f' ce of .the_ focusi ng el enent 31 |l ocated toward
the 15 > nmagnet -‘S%t' P ¢y Jhoy gptical fogusing syptemsawhich argomedifigd frem theam
focusi ng popbii ; s mlh - ks tJ

t hi ckness aggngﬂgggus&% ?%%??{fth gw}p olP Fl}' 2 sgftp gec%lg%&!lﬁg’?@% %{8%39’:"2{}?%%??’

whi ch i s usednignetoraptiedlidisk.r eThe dptigdlr foeasing systeinB0 shown MRFIEIIA ahélusey
disk 110. In this enﬁodi nsnt, the beam focusing portion 33 has a 20
cylindri cal 24pcHsing e t 3 ipadia beam daepsing posionsd. f The heamfoeusimgppstianie

hei ght of : f r r o, d froma surface of t
second ref| 3ot gér%ﬁ%egm%lg dptidal %rfggig\g%g F\lgn* %@ﬁ’gﬁzﬂ'& "bF éwﬁt"pé‘fglccﬁ‘?gersaéggﬁtd
reflect ion efiafsarfacddf theaspeical Thbwsihg Sfstem 30 WHAHAS1BEAE kSwhIY theGhhitctd NI
Internal or external incident |ight, and the reflection characteristic

i s given vi@ptécalglish 11Qandas 2xylindrical shape. r Fhefocusing slerhente3 Bintludes a
refracts an_idici i eam 10 in.a divergent .fLorm The second
reflection gél}ﬁi: 3@% %‘i"@“???ﬂ%@?sa fiﬁsé rFﬂS?HO’bﬁ‘gg‘?"Se?l 13ywhigh, ‘%’E’E"eﬁl spxface of the
refractive pptidal Focisiig soueir30NBcitbd Shwaki hasiH f o
reflection oPn surfacge .213 refl e‘(;:ts the inci eﬂrﬁtfybﬂlgg%rﬁﬁfaﬁkg?%{?g%‘ggﬁ
from t he setWifreer 313 dorming the supface iofnthe1focusingr element 3dalodatedusdward the
portion,33. i ght ot finally focysed by 30, the aoptical focusing,
system b Fllllégggtﬂ'q%ém?gaﬁ%c} 19y, eé"%&%&‘r‘fd’*‘éh&?%@%@i thy; beam focusin ion-
field formes3z 33 being placed toward t he magnet o-optical disk 110. -

Ther ef or e, 10 .
each of the refThctbeam Socisiog Birtionn3d thas 4 ithivkness’ hadtshape sapprepidatdlforhas

a curvature . slightly differed froma corresponding one_of the
refractive %tfﬁc}lglgeﬁifgefomagm cﬂﬂr%’Lm% is used forcmagrgtics recqrding/reading o the 2.
In this casgaphdi§-dpiardiki SUF e'ﬁh;u i f rvag ure
havi ng s% ggysiigciildg't cglpvi lﬁgﬁﬁé‘ggt ﬁiﬁ?g o‘?jégﬁatgi Bgaré?fg gﬁsﬁ{}gﬁﬂﬁg‘?gﬁ asg
posses ichl sistpet efHere BE© nedihfleeforfifér 1331 isQGk ilRight of
surface 315 _has ane surface or a curved surface close to trlilge pl ane

: pl
surface as Df DeAk figld gﬂﬂner 33 protruded from a surface of the second reflection surface
315 of the focusing element 31. The second reflection surface 315 has a reflection
characteristic for reflecting internal or external incident light, and the reflection

characteristic is given via a metal coating.

25 The refractive surface 311 refracts an incident light beam 10 in a divergent
form. The second reflection surface 315 reflects the light beam being refracted by
refractive portion 311 toward the first reflection surface 313. The first reflection
surface 313 reflects the incid_ent laser light reflected from the second reflection
portion 315 toward the beam focusing portion 33. The light spot finally focused by

30 the optical focusing system of Fig. 3A is formed on a focusing surface 331 of the

near field former 33 being placed toward the magneto-optical disk 110. Therefore,
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reflection surface 205 being |ocated toward the optical disk 100 in the
optical wobge1sszng system 20 of Fig. 2. An anourdT/RR98/00371
| i ght beam proceedi ng toward the focusing surface 331 on 10 which a |ight
spot is forned relies on the thickness of the beam focusing portion 33.

The nore t h%a&lli‘ bf kﬁ??e"f’r&fnv%gﬁ{ﬂ@@@li aﬁhch% ?fré@r%?%én gl&lt}%@e 31? r%ﬁ%}%re

| aser |ight reaches ocusi ng sur Or €,

first refl eslightly différedefrGm3a corresﬁdndﬁi@oﬁé&ﬁtﬁdl@fra%ﬁ%@ﬁrfabe 2Jougim the Fnse O
i nci dent throH%R t he refraétlve surface t he thickness of the beam
focusi ng porefieftionssufacs. 203 9, Fig.s2. tHatth!swéagedbnoref@cnwefm&qeo?nlblhasaa:e

Lo an oxper FARRES ELfmte ARvRE fr0Rbdolfe R Je3F Rl Hhae of o paips of FoEORHS

system of Fipgsse3ded b eire fitwe réflection@iréice B3 3thestohb e efieatiot Mﬁd@ls has
portion 33 are nade of a material having a refractive index of 1.84

t he thi cknedsPipeisyafage o5 a curvséc%mg dose |t©rth3:plase ;sneﬂaecaaﬂ in the Iseeonche
f ab bI u 3mm. Wen, t
i Skness. ofeledioh SaftL M Beifl (Rt eWack; ene opficdldisic 100 e ditisel'®

an area occypéusthdyystdin JeLFigi@.surface 331 of the near field. former
33 on the optical surface facing the optical disk 100 is 0.5mm When

t he beam focu5| n@npmqun@mfshe ilightl dcagnprbceedingttowhapd tthe fadusing surfdie B8hon
t he i cal .aperture of 1.5 and_a

0 h
focal | engt &mﬁh ngg SE? g[flﬁ{f 5 @iﬁ%@é@@? 8 ﬂ%%'aeag%?@m%pwwm@
t he optical mle&ﬁoﬂé)ﬁxehﬁﬁcléﬁss of th@héﬁcﬁlﬂﬂe oghf'éir%tBGirs ﬂl&x E}gérﬁlbrfﬁﬁg s@FﬁEin

di aneter of the incident |aser beam 1 erefore,
when t he opreéashes thn:fmuaglgswfm ?(iﬂ Fi Therdfores wheacthé dirsareflectionyurfacel313

pi ckup, inf t|on ord d.on or read froma magneto-optical disk
at a surfac i 5(5?5& é@%s?‘ie@echg 1 bepm: 19 WEHCQFQFOBShﬁltﬁ"é?fqufﬂ"?ﬁéf@ﬁgéll

where the bmﬁ@knése%lﬁ 0 bBSth' tRAlsiig bOrtldiP 33 R ECeffintd 0O (Bat e 5bina

having a refractive index of ocusi ng el emen
desi gneds t or¢fdection sunfeeei3dsl dagsardt bleckofnote than 30% of the light beam 10Fi 9.~ 3B

shows an optical, focusin Eha/ste m 40 which_ is nodified fromthe optical
f ocusi ng syst em%ogsﬁﬁ‘&rﬁ F?‘Ben@ﬁptall'ﬁﬁs“ébiqs@él for d&ﬁszmgfspgto@ﬂpalofqmsmg '

E:J?fagg Iélglgw%a&tﬁgﬁ S‘?’orm&* f&ugﬁg ecléx%;e sur a%ggiug gﬁmgfra ;ﬁ

|i ght sourcerqmuewwmmtmmnaﬁnglasrmm irnewaro«ﬂ 1.84, tHeothiclafds o€ the’b'esm
refractive surface 401 has a radius of curvature havi ng an absol ute

val ue | ess ‘PFA‘ﬁ‘%E‘t’“W 8B ds rnrefarablyr within dhe  rangeo of sabouti 0.1 ~0.8mm he Mornest

o o N L o, B P s i
So that a fagal poa tne dhiinte bﬁ?ﬂé b BEPRd By e Bphiifg SARNEL 381 of e
f ocusi ng syseamfield. formesciod thefdptival surface facing the optical disk 100 is 0.5mm.
When the beam focusing portion 33 is designed to satisfy the above conditions, the
optical focusing system 30 has a numerical aperture of 1.5 and a focal length of
25 0.477mm, the optical surface of the system 30 facing the optical disk 100 has an
effective diameter of 3.4mm, and a beam diameter of the incident laser light beam 10
is 0.78mm. Therefore, when the optical focusing system of Fig. 3A is used for an
optical pickup, information can be recorded on or read from a magneto-optical disk
at a surface recording density of 10Gbit/inch? or more. In the case where the beam

30 focusing portion 33 is fabricated by using a material having a refractive index of

1.58, the focusing element 31 can be designed to have a numerical aperture of 1.1.
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surface 405 having a plane shape or a curved shape close to the pl ane

surface'reflects the light beamrefracted by the refractive surface
401 towardwoD 99/27s32 refl ection - surface 403. The first repceatrdsosT
surface 403 reflects the |ight beamincident from t he second

reflection surface 405 toward a beam focusing portion 41 having a 15

circular plate shap t] f L.ng e shown_i n. & g.. 3B has
substantially the 'sglr?es%—(?rgsuc u&r)é&%aé ﬁ%gglhgf sﬁ%‘t‘o‘& %ﬁﬂf%ﬂﬁl&ahﬁ&%fﬁnu &
Fig. 3A,  optieat depisihgaystene30 showat invEigs B4 ac ThéWptical Q&uﬁi{%hyﬂ@ﬁﬁw ot
opposite sige t&t he refractive surface 311 of Fig. 3A. Therefore, the
|ight beam Fi& 3R 1ss@anyfastured as a single ppticalcglement, @nddas faxesractiveisyrface 46éd,

55 @ 110N Sy s 05 BRI BT "

D)

system 30 sisovenviex towardFtl@. light sdiReOPiTHeArefratiVe irfaces 4OM BAs ahpidiud bf
Fig. 3Cincludes a fo.cusin(r:& el ement 51 and a beam focusing portion 53.
The focusi nEPI¥ABER having anatsglnte value less than thastafitbe sading of cBrvatuze posgessed

' f ti f 25,..513 of .
aaphor | cal DREESARE rENERTon detich Hos, o i achfy SHiateA 3¢ i rerfagif usfecs
pl ane surf 4@ bis theCpisigve §i'gfhfa%@6rdihg)-$@ Gdhvbﬁﬁorpgfgftfgnng!i][ E@fﬁﬁ%@"gﬁgﬁacg 1

f ocusi ng portion 53 is formed on a surface
bei ng | ocat4Q} reftastsian incidentdight heam d Ociptthe abnvirgkntifodm sothabe foeal ipoint PRt

the b f ' lon 53 | t d t h tical ' f the

opt 1 o M ocefirieap K Susiderol the ontical, FHIng 3vs{seh o Assapudzreficction
ti cal f o y8t Bt PR JEFHgYSis on &

bt Gal i o DTS YA R i chbe B (OEY {iape Rl P (BT8L plok bt e oot

refractive the light beam refracted by the refractive surface 401 toward2a first reflection

portion 511 i&?co ex. @ §urfa e 531 of the_beam focusi_ng gorti_on. 53 is the
focusi ng suY¥FEEE 483 wnT i TirstGedisrtion surface, 4Q3qretiests the light hear incident from
| i ght spot .th & At r C I pCl t,.l {.ght beam
1091 the: e secoldetRHiaH su¥fagp 405 bwald of BeatCiotudlle) BONitEllur, bitihs"s
| ocat edl5t ovkiraklarhplategsteipe- opThe adptitak foddding Ssyistsoh €40 Sshiov |ihOFig.b8BMhas

refracted bg(l t he .rﬁfr ctive surface 511 toward the first reflection
surface 513ubsigntially the same strucrresas that ofthe ansicak &acusing sysiem ok Kig. 3A,

reflected fexeepd fifat Stﬁg ORGrachibe es‘ﬁrl‘f{algg n%??%n@é? t&g?{cp %zlaé %@gsélp‘? g?d:fr ch(iﬁe

531 of the _beam Tocusi ng por a resu
fornmed by aefriagtive spofiace 311 6DOFigmesAon Theeefore Ui light bea@erdiiebtedl from the

The beam f USIF%? ortion 53 is designed to have a higher refractive index
than that Jfst sYurface | 403eist focused, as alighthepog, ontaefodquging surfanei 40 dfnt

to the 30  the beam focusing portion 41. . . '

Fig. 3C shows another modification of the optical focusing system 30 shown in

Fig. 3A. The optical focusing system 50 shown in Fig. 3C includes a focusing
element 51 and a beam focusing portion 53. The focusing element 51 includes a
refractive surface 511 having a concave or recessed shape, a first reflection surface

25 513 of an aspherical shape, and a second reflection surface 515 having a shape of a
plane surface or a curved surface close to the plane surface. The beam focusing
portion 53 is formed on a surface of the focusing element 51 being located toward

the magneto-optical disk 110,.in the manner that the beam focusing portion 53 is
centered on the optical axis of the optical focusing system 51. The beam focusing

30 portion 53 has a cylindrical shape in which ‘the optical axis is coincident with the

optical axis of the focusing element 51 and the surface facing toward the refractive
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beam focusing portion 53 is further converged by the beam focusing portion

53. Fwoerempl e, the focusing elenent 51 is nade of a gegenatesepi7ical
gl ass having a refractive index of about 1.55. The beam focusi ng
portion 53 is made of GaAs 15 having a refractive index of about 3.

Thercfore. bafiohl 3814 Vel ARGrrdcR SBF fine bearh 'ochéif Bofion 54 35 e 3!

is half the*sizeé © orned b ocusli ng

syst em of Ff@usﬁtg surface on wthhﬁnOldEnc Hight beami 10 iss Yedused ashofimal hight gpot. 3A
to 3C can be used for an enboss-pit optical disk, a phase-change

optical di skhesefractivgysunface bl refaacts ﬁgkmcml@nt hght beam 49 m4he @@Vqse%tmn

t I
resent i nval oo tettbetioff sSbE 315 bFCIods oA HARL e ma i 0Pl if 116
instead of fdipechedne flfgmsnéam refracwar yoﬂle3?ef9$ctﬁ'egsur%e 318! fodlard Ghel first
attached on the surface of the focusing el enent | ocated toward the

di sk 110. Treflestiodesurédcenbildh Thenfioss reflestiont surface ﬁbanfqgls&s 2abe kghtl beam.
f t that of .the f t

o f ace of TotiEeind: ROgh Uit secPnd sStintion snees STSop we tngusing suftacs val Sasbe
lid 65 f

art of el ST fOFUHE pd055 YA e YebulOGThed: BEIdfid Sodhid By n ENCdgor

magnet o- opt fmkecﬂbnkh&fﬁcusmgismﬂamﬁt ocusi ng portion 653 having the
sane optical axis as that of the focusing elenent 31. A |I8ht 30 beam 10

is focud®d on a I beamm ferusing postian 5 issAetisnast tq Bavesadhigher refEantiye: mdax d
the disk byl RenbP6Hhe SodlsH Bemthe 5379 ABMtathgly dthe' ﬁél@éaﬁm HAEEAR G Yne -

fromthe

surface of bédnlfosusihgpurtiog B¢ ifarthéd donvérged byt théSbélim Fodudiag Pordbn 53.
beari ng between the slider 65 and the magneto-optical disk 110 when

rotating thEomggample, the focus;pglqianem 8k xs_made of a general qptigal glass hawingan

optical head ~/0A.that. th ti.c f oGusSi temSOS A
Do 1 e aferfativk Blsek 6% ARG ﬂ35 | Bark 55 Ry Sack miafle Or%GaRS
focusi ngs el RaER a7r3emﬁvb hgdét bﬁlﬁbmﬁ@ amaaé& Rhe SBE VF Alightspok F6rrhétEon -
sane refractive i ndex and are attached to each other with an adhesi ve
havi ng t he gmnfpcusmg suriface 631 cisi half thesizehaf thé light spot dermeqd dlyetheneptical or

the slider %‘ ?@ reference nuneral 711 denotes a refractive:
surface, 71 ciu§m§ 8 Bedfon surface, 10 715 is a second reflection

surface, 751A i 1R Gpiiddl UdkRding AYdtefds3 sBoRB AN FRSUSIAN% 3C caRBe 86& for an’

emboss-pit optical disk, a phase-change optical disk and a magneto- optical disk.

20 Figs. 4A to 4C show optical .heads employing the optical focusing system
according to the present invention.

Fig. 4A shows an optical head 60 in which instead of the beam focusing

portion 33 of Fig. 3A, a slider 65 is attached on the surface of the focusing element
31 located toward the disk 110. The slider 65 which is made of a material having a

25  smaller refractive index than that of the focusing element 31, is attached to the
surface of the disk of the focusing element 31 by using an adhesive. The slider 65
includes a protrusion 651 located at a relatively forward part of the slider 65 with
respect to rotational movement of the magneto-optical disk 110, and a beam focusing
portien 653 having the same optical axis as that of the focusing element 31. A light

30 beam 10 is focused on a surface of the beam focusing portion 653 positioned toward

the disk by the focusing element 31, and thus a near field is generated from the
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Fig. 4C shows an optical head 70B including a slider 75B having a different
shape fromthat of the slider 75A shown in Fig. 4B. Elenents shown in Fig.

4C hawwogksszanti al |y the same shapes and functions as tpeqagkdgR¥i7Y
the same reference 15 nuneral in Fig. 4B. The slider 75B has a groove for
appl ying a magnet coil for recording informati on on the

, t o- opti i . : Fi A i ew f | ai nj
Taaut act ur 1 sartact of fhd Wlam focusing portion 633, e, Bratiiion 853, i 4ih beftng
el enents.  fhetwedbthiet slidek 63 aidnR! magnetbloptical disﬂﬂgfﬁﬁéﬂ‘fétﬂﬁnMé‘ﬂﬂFg&o;he

optical focusing systemshown in Fig. 2 iS described as 20 an exanp
nmol di ng i s @ptigakdiskdifh a shape of the optical focusing system 20

hown in Fig. 2...A | d f molds 151 .and 155 and ,
shoun (1 Fig. 2 g Pl I oS00SSl JU0LS 1ok, 300 120 A gyt
fabri cat son iﬁfFi?.h@A is mdtﬁigsd t%haggtétd’%&si  elbRleht i ﬁﬁfélfd%h 75l | ephi on

surface 203 is tabricated Ing a primary no ate having a

t hi ckness sfo¢usingelethent Fhanidnthet slidere75Acdrevmadsd of smaferinds Datingnthet Sane
first reflectjon.surface 203. Subseeauentl)é,_ a through-hole 153 for o
inserting t NETAGHYF infisX; and, ags, atfached fo; eachothar sith ARradhpEvaAdiayingsthe same
fabri cated \ | f ot L, i . t | gy 151
for formng rtefﬁgcsur ggse(eis thaﬁ:)); Eﬁ@cﬁ"%}ggtel%@ tec ?f)rtlﬁ %151‘;1@%25’ OSITtl?glrg' QB ’
fabricated veferelicermmmerali711 dgnotébha refradtiv® burface, 718ris faofifst Reflédtdn surface,
refractive slirf_ace 201 is _separately fabricated. 30 Once the nolds
151 and '453 73p ds fasncord refiecon: syrface, 53 A is a pretresion; and 768 beam focusing
t hrough- hol g,/@3. of the mold 151 to forma conplete upper nold. Wen the
upper ) 14 nmol d

is made using suEiB. 40"stidwWlan dpEieall hédd TOR ificlhding £5hd&E 198 h%VfJIga&@iﬁ&]:n?nd'
the first reflection surface 203 neet does not rounded. Therefore, 1t is

al | owed t hashape fromnthat wfche sliler 75Af showrc it Big. 148 .ng Elerhents shownaindFig. 4C

ool o assenbrs SURARRHY R sims spand S Biigt es st bey el anG refrence
opti cal 15 ocugmegalsinSFRMAY TR sHJIEE T Ay | bl k AGH I

i ndex. Wen a shape O%rr][ he opti csal a?ogﬁg%%gysg%\%nﬁoﬁoaquﬁ%lagglggﬁ&r@&L;&e
means of t h&cqpsdingantermution omthesmagnste-opticalhdisbiOcal focusing system 20

IS coat ed, ,so that. the .first and second reflection surfaces 203 and
205 have refl ecrl-‘i'slg‘nﬂx 18 ?:hvd?‘é{c?%r FQgIF‘EEn%r?d’?@é‘ﬁ‘é‘??ﬁ%t¢?@°§u??é€% opticah 55

a refracti veodkRga Gy fehst iof: ;@néoéd}?ngloexeﬂeﬁ@]:}‘ gﬁ&; iéﬂgrgﬁ); rc{/f?%&yl%gafti&ﬂs tfk

i ght transm ssion Characteristic. _
expl ai ni ng manufasturing intthictbof thatdpticahfechsitg\sipsteln shown in Fil. {2 Brdeséribedoas
that ex% ai A %xgmﬁli)i]e.r eAeI;lg ?Eg t1s0ué:t:idgt'o o’g\in aA ghgé)epgt[ thrcreocl)l()jticsa? c%glcr:]usiixpg system 20
shown in Fig. 2. An upper mofd composed of molds 151 and 155 and a lower mold
157 are used in order to form the optical focusing system 20. For fabrication of the
upper mold, a mold for forming the first reflection surface 203 is fabricated by
cutting a primary mold plate having a thickness sufficient for shaping the refractive
25 surface 201 and the first reflection surface 203. Subsequently, a through-hole 153
for inserting the mold 155 is provided to the mold so that the mold 151 is fabricated
completely. At this time, the inner surface of the mold 151 for forming the surface
of the first reflection surface 203 is fabricated via diamond cutting. The mold 155
for fdrm_ing the refractive surface 201 is separately fabricated.
30 Once the molds 151 and 153 are fabricated, the mold 153 is inserted into the

through-hole 153 of the mold 151 to form a complete upper mold. When the upper
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Fig. 5B is for formng the refractive surface 201 and the first reflection
surface ofwogeptkdse optical focusihg system 20, and is fabrigei/Reofdo3dsi N9
a dianond cutting and so 15 on. Steps which do not explained with regard
to Fig. 5B are the sanme as those explained with regard to Fig. SA

The © SNoSoflis Rt sy Sala HEEOY 1 poficlRert npPetivE ik 2 4RE
which is e”ﬂhEtfﬁgt reﬂectﬁ)ﬁ%{ﬁﬁcé 2@33 Ene'e't ﬁafs ActUonsd a'l'ﬁex*&@rea itRvadlosndt thapf

about 600nm is collinmated imating lens 63 to be parallel wth
an optical theiuppef nmidié mzfdurmamdl uagng enly the diamdnd cuttlng:enNext, ithe uppert mpld a

gt beam Bih4He: 10WET SRRt 15 5% rassFmbled o AcRiold, S3peTHycAnd JheR fhe Fold
laser = s #sgﬁﬁlybfs%&%f Hx%;l&iﬁgtﬂé éﬁﬁ%&l . ‘ﬁg@ gﬁlrh 0¥rofi fedhfth 'hﬁg%&‘ﬁ

toward a refracti've ocu5| ng syst

the opti cal désiredvefigctiyesintdex 30, WRén a shape ef theaiptical focokingesyStein 20iis aiolded
second reflection surfaces 313 and 315 and a beam f ocusi ng porti on 33
have the sabi msams i thenmold assemhly ¢ they surfagss ef dee; eptipalgfocusing,fystem 20

i Loct i on ) sogfhae I BriGRReeoh® bhfod Birri@8 g3 e 205 2**%8&%@?%%&6

surface 33lcharacteriSikCambtheaefRefivé Berfaed 20Rhaé AGefrabave Eﬁiﬁﬁt&ﬁn@ndn@rﬂhe
optical disk 110 is maintained 30 by an air_bearing and becones |ess than

100nm R | |Mn§m151ﬁg)$1m§%¢ec204tha§ a light tr@nirmsn@nmhatmﬁlmﬂ generates a
near field. The g chan
15 FIg 1R i% & ik ToE GAPHFHRE s, ipes mald dabriction method, ik it eq
tight beam gipft&icFro that ex@ﬂﬁi&d%ﬁﬂ%@ﬁ?eﬂc@ foSEige8iaed Anip r{ie?embﬁf SR B0
mrror 67 and the beamsplitter In sequéence, and then is incident
to a detectFign ﬂBalssf(ﬁ'Qforfﬂmg theet mfraumwelmﬁicSQOI and theafisstireBettinn kmnjhne bfam

i nci dent fromthe amsplitter .ali ecei ving s surface, of o
light det o opfical ocksilg systep 2By an a% gihnfiaied P using; évarm& GHtting andgso

I s designe 0 S

pol ari zigggd%%amgggFﬁte?igpoqosﬁ?tnsee Evvel%%%‘f]% Fqé Bgeté‘r&s:tﬁ{l%gﬁ gr?g tg and
the |ight detplained with regaddt@@lglgm det ector 71 is replaced by two ¢
| i ght detectors,, The polarizing beamsplitter divides the_ li ht beam
transmtted 10 fswr%éﬂwq aopucal pickp which has 3 gansral gpticah and|uses she)

conponents. é(‘!&%nf%/systéiﬂ %Od}elﬁtgs W € filef’%tég 1ht' 6ant 16 \)Jljugﬂtls letted

det ectors, respec vi ews for “explaini
nodi fi cati ofremod 1dsbelight souete 6Dandi Ihag a wavelé‘ﬂgﬂi Gﬂsbdiﬁssnonhﬁds wbnhnmeﬁejy@ce

to H gs 2 (t:ol‘ii’u%u 1?1g ﬁéns' 634%) %)g p?l?z;/lﬁ:l %vushhgr? optical axis of the collimating lens 63, and
then is incident to a beam splitter 65. The beam splitter 65 transmits the incident
laser light beam toward a reflection mirror 67, which is arranged so that the laser
light beam 10 incident from the beam splitter 65 is reflected toward a refractive
surface 311 of the optical focusing system 30. In the optical focusing system 30,

25 the refractive surface 311, first and second reflection surféces 313 and 315 and a -
beam focusing portion 33 have the same optical characteristics as those described
with reference to Fig. 3A, with respect to the light beam 10 incident from the
reflection mirror 67. As a result, a light spot is formed on a focusing surface 331.
Spacing between the optical focusing system 30 and an optical disk 110 is maintained
30 by an air bearing and becomes less than 100nm. A light spot formed on the

focusing surface 331 generates a near field. The near field is changed by an
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appropriate for use in an optical pickup. Specifically, Figs. 7Ato 7C
illustrate 15 optical focusing systens 20a and 20b nodified fromthe
optical f3¥Q892#§3%yst em 20 of Fig. 2. Fig. 7A depicts PREKRAS0pIA
focusing system 20a including a protrusion 220, Fig. 7B depicts the
optical focusing system 20b including a supporter 230, and Fig. 7Cis
a proj ect i isforinatioh ratording Layee bff therdislad 10ppathesrefiecrdd Tiglst bmnamhtammg

f ocusi ng system 20a or 20b. A reference nuneral 10 denotes a | aser ht
ray. 20  such amhange s reflactad from thestaflectormyirror 67 and &lm’eaalatspattsb i18n

opt1 cal 1 odeaienEEy pRA IR B i8R o WErerbi 1ehf 0o THE S 1cHs 582
reflection yinsmits théalight bkdntinGident frdihoheUsda sphfter tdsetcs lapnght @écéi\'iﬁg
shown in Fig. 7B is fornmed on an interface portion where the.

refractisvesptfﬂcﬁ ohadightidetectonrZL. refl ection portlon of the optical focusing

25 system 20b t But tern 230

i nterface port |18n ¢ casebg\a&g.gﬁ pﬁ@a{ gfﬂgt ?(/S'S%ugf ?cgesdé‘be(#k &gpé{aefor a
reflecti on pwpnkarepGcal disk, a sepataAe diriziag beam sPHRBP NS Shsetftd BONcRAT iHRJ
with a reflection mrror 67b i5 parallel wth the direction

per pendi culdgtection tléwms 69tamdathe dighs defectdre? bparidcthie lightuddtegsor Vdtie replaned by
protrusion 22 1 suppor.ter .230 vi.ewe e dir ctlon of th

ot cal axitBogient et o ThepolRine Heamplich dies e e bemn Hadir

of an G}B”mtﬁ{ougﬁrﬂea&et@m 1643 69%ntd/ @wo lxnearly olaf288 - cd?nﬁﬁﬂén% Sh'PH\‘: tt%
structures of Optical disk drives In an ogtlca

16 componemts aire: detestadnby thre tyd hght détecmss,ngsmcslveln according to the
present invent

conf d in_a gene hard di sk drive. 8
shows an opti claﬁgﬁh Zﬁ 9 1Gare gh&gm? or éxpl °§Fﬁ°"6‘f9§‘? é’i’ﬁltﬁﬁ |°§’IF\‘\ééln€P°Hgmg

phase- chan | § K S S&ha

ref erence %g?rtgl?lg ggfr%gﬁo?“et? gaﬁgeglggqgl og% % hﬁd&r%lt erlga tts ePTgtl ndﬁ

| ens, 83 i appropeiue fpt iuse éin, arBépticalepickap. oSpedifically, Bigh. am\ctpt‘ic dllustrate
focu5| ng systemof Fig. 2 accordlmg to the present_invention, 86 an optlcal

di sk, g7 aoptical {pepgingsystemsn20a ard 20b medifigd feem the optical Wﬁ@ga?yﬁfe%l?@ 90

a swi ng ar ugt or [ lﬂp%\lﬁ

di sk dri vergfgﬁéa% FlgsgA d%ﬁ%%f@% q\ﬁé"& ﬁocusmﬁh‘?s‘em ?(Sﬁclﬁange t'l cal %)!n
and a magneRo; Fig. |mldeﬁicsmherlmdaefmngesysmaebandedn:Igea t;i:pporter 23 and
el ements as _those of Fig. 8 A reference nuneral 85B denotes an opti cal

f ocusi ng syigeds Fﬁ)\ﬁnpmje‘F‘F‘Gs vieyn thet SCviewed deomitds wppergtide of tia opticd)
d | |
for Cdet oo focusififsySelfl s G206 7 AATRISREL pulithin A Bhiiesa IR UACLRT O

beam spbi tter. The protrusmn 220 shown in Fig. 7A is formed at a portion where the

refractive portion and the first reflection portion of the optical focusing system 20a
meet and has a shape protruding toward a reflection mirror 67a. Like the
protrusion 220, the supportér 230 shown in Fig. 7B is formed on an interface portion
where the refractive portion and the first reflection portion of the optical focusing
25  system 20b meet. But, the supporter 230 is formed by cutting the interface portion
between the refractive surface and the first reflection surface so that a surface of the
supporter 230 contacting with a reflection mirror 67b is parallel with the directién
perpendicular to the optical axis of the optical focusing system. The protrusion 220 |
and the supporter 230 viewed at the direction of the optical axis of the optical
30 focusing systems 20a and 20b have a shape of an annular band as shown in Fig. 7C.

Figs. 8 and 9 show the structures of optical disk drives in which an optical
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15.- . The optical systemof the optical pickup enploying the optical
focusing s according to the present invention has cribed
with ref er)eoflé:g 7331'—1 g. 6. Thus, since the optical syst emﬂ‘ﬁ{@”l

function of the optical disk drive shown in Figs. 8 and 9 are apparent
to those skill ed 'bn the art, explanation of the operation of . the
optical di sP'KuPyBayngray opiica}l focysing, fysteay acgording to the psesemp Anyeptionis

are views s ' ' ' [ Si | cal .. . in
are Vi eus. SRahBGrenaP pehdhl Shkafliiatfel™! B AR Sflopsice allf WA R
focusing systnbosspitossticald @igk afd fa pltasedchahBe opticaldiskS9 A Gefrtice AuMétdl BO
arm 92 a magnet, 93 a voice coil notor, 94 a yoke, 95 the sane slider
as the slidéeness a base.75A seferamresnemeraln8Fidenotes a tlaserCdiogls, a 82udpnotss an,
and 97 a_spi not or.. . 29, \Wen a magpeto-gptical, disk is used. jn the .

opt | cal S SROMEFRAE T, B3, 1% bl APHE" 882 TBReCd ity kA, an Ppicah
88B and t he fasisaig &sbén D FI S2labbdrd i iy éhti isk,
additional ly prqvgl ?gd andngged.a inggéo ﬁi&%‘i‘ggédi lillz‘l{Léh,&mt%(’) Sflancd?}%fri:gl \(/lllsécﬁvsmfaor
expl ai ni ng defecuaurien B8 adighitadetsctonediangwingearm, and 90 & swihpamti aguator,
system 85C to _the suspension 96 shown in Fig. 10A or 10B. The 30 flexure
98 incl ydesr%Ppﬁf)ﬁl Y- 981 hol ding the optical focusing system85C and a
proj ecti on 983, mg. MWW AnFdftical Wik afie fdreﬁ“éﬁxb%gs-bﬁ bpo&d didk ! Qe@@%’:‘-ﬂ?
t he susp@nsichangetopticad diskmaridna magnefolOptiddi@isk. o] The réfer&ftd ninétakdeifotéthe

pi vot to venent of the flexure 98. That is, The gsroj ection 983

al | ows the FIB&iemeptsias Hose of Figy §ot Avgofegencennumera] 898 ylemotss an optical

Fig. 11 Ci : ' i rol.eciion 983, .

t oget her wi t?%&?hg #jogégggﬁgwgﬁg@g?g@%es% idgé&%% Igé’ﬁ ‘i‘%‘”‘%ﬁg%e‘?ﬁ?%wgga
shown in Fian S@Blarfiagion] t6mpbawet, B8R xadhvtes 1ahdight dtedtBE ! foNdetecting P IR
serving as a pivot is forned at the hol der 981, (%fferlng fromthe

proj ecti on Polarizatgm sopiponget, fapd,Q1r dermges; A palarizing bgamisplitter. Even
wh ir beakd the. slider 95 t h i cal di sk

then any@l - beashOARIPLakE HShSS e SR S a8 M e TS he Sy
due to 10 aécoRdid@CR ithe PredEneGhvéditth Rds %%h?@éscﬁbé{s With R féfend b "Bl . 600

factors, the flexure 98 "' secures that an interval between a surface
of the slid&husssines thegpticalesystérn eingd the fungtidn tdfeths woptivak disk diiee ahbivaain

Structuro of g HBL BTG SORFRLD Bozs skillsdia he art eplanation it dbe Aperacion of

i nvention. eSoptRal Gk digve 5f 292, 839 SHissehngs a layer structure of an 15
optical disk for a near field recording nethod which uses a near field in a

recor di #y Figs. 10A and 10B are views showing an optical disk drive using an optical
head shown in Figs. 4A to 4C. A reference numeral 85C denotes the same optical
focusing system as one shown in Figs. 4A through 4C. 89B denotes a swing arm,
92 a magnet, 93 a voice coil motor, 94 a yoke, 95 the same slider as the slider 65,
75A or 75B shown in Figs. 4A to 4C, 96 a suspension, and 97 a spindle motor.
25 When a magneto-optical disk is used in the optical disk drive shown in Figs. 10A and
10B, light detectors 88A and 88B and the polarizing beam splitter 91 shown in Fig. 9

are additionally provided and used.
Figs. 11A to 11C are views for explaining a flexure 98 used for suspending the
optical focusing system 85C to the suspension 96 shown in Fig. 10A or 10B. The
30  flexure 98 includes a holder 981 holding the optical focusing system 85C and a

projection 983, as shown in Fig. 11A. The flexure 98 is fixed to the swing arm

17



and/ or reading information. According to this patent, the optical disk for

a near field recording nmethod has a | ayer structure in which a
reflective WenpeR753a first dielectric layer, a nenory | apenr/krespesand
di el ectric layer and an overcoat or protective |ayer are applied on a

substrate in sequence. On the outer surface of the 20 overcoat |ayer, a
l'ubri cant | ggpiby dfe §uspensiors b6 48 showh il Fig) eagpd éH‘?;ﬁ iShy i
wi t hout any dana{ge on ?he surface of tl%?%pﬁﬁgal ﬁé‘?é‘k"? }é@r%d%g%eg_agg |‘£:°etll
di sk udedndvement ofrthesftexuré 98.e nThatris f The projection (988 atlows thaflexure 198\te be

whi ch is disposed bet ween the_nmenpry_| ayer and the second dielectric
| ayer of thé’?‘é‘%fxp‘é‘éﬂd eRnisrmgAroppd of ltsquhem&y]e]tc i an enlarged ey vich shows

above pat entpa b i ' The~r L ks

di scl osed at parﬁg*ggﬁg?%%@?'n t %%em g%dfgél%ie@t ta'lo ent Jd1§\C1 Eﬁ%&ﬁkﬁ g&ienﬁ

SYMPOSI UM Osusenisiodl 96/Ek0RY ihoBfg., 10B:! dFig. 11C shéws anoysaniple)thana Jrpjetibnom

August 30, 39%83 to Septenber 1, 1995. Fig. 12Bis a viewin which

the optical “PSKSIYIG FsaPiyet isHormed\as the doldezt9Bds differing Sromelie prajestion

readout |ay iaS e.0f Jjt.he slider 95 that is |ocated 30
Sancof fleicndt B ShCHCER, (S

toward the optical di: _ _ r field. Figs..13A to
13D shows ot her Bweh whefah GiSbedrim)géitirhted betwéenSthe $1i%# 98 Mnd the o tical disk -
according to the present invention. -The optical focusing systens g own I n
Fi gs. as Fn reslt of air flew ganerated rbywmotationrofotitel disk i aoemniformi dae 2o
refractiye C n a focusi.ng el nt having a_first and a second
reflect ilgn gﬁa;%%cgsﬁaﬁx&ngfaﬁggmg an omq:&%gf %‘V&er %’é‘gg%& ga".é‘é"ﬁatﬂ&? gl!eg;ure 98
fabricated. sécuredtidtain fual BawRLALHirtle 200 O the didek DS dimidPa deif Hiaes
a concave-pl ano optical el enment having a concave refractive surface
201-1, and &nd ghesurfaceptheroptival disk ia always maiitaiaed iconstany.f ace 203-1, a

beam f ocusi rface 204-1 and a second reflectiaon surface 205-1. A
surface of the Fig. i?éc%v\’fgai‘f‘m"%@iQfg‘hFthQ'ﬁEn‘é%r@ék'élgl‘&ﬁ@ in the

tical el I f -' £ |
oL Co oo, SRR MAMBARD S, fent N 5280 4D 85Es 04 R Sl

havi ng &5 conptical disk farca near fieldf recordifig nikbthewhichi Wy i field ifla9%BoYding
having a fi rg&l r ef I&({:lt i,o? surface 203-2, a beam focusing surface 204-2 and
a ‘secofffPErRURE JRIQRation. herording to,thisy patest, thecoptinal disk)fan @ meat

of Fig. 13Bfjeld | r e-plang optical. el enent S, a
convex shapel.e Arﬁeémhm%o%ﬁ%og ﬂ?%éﬁé%g %@é\ '?8“’%“‘3} afegleciiye \%Xﬁli’u?ig%sh
convex- pl andielgutitic alayet,eaemembly lager, g secERD \dgledtle! Bel VdhdS Yhf Fedcefl Lo
and a focusi ng el enent havi n? a first reflection Surface 203-3, a beam

focusi ng suPTaiegiveolayer arsapplisd e substrage in saquence. sOnfthe euggSusfacé\ of the

f f ' .of Fiqg.,.13C ich f t d .
convex. 2 ang PEchACHTLET TubTEl i€ puf o imhe s sder a9ty b HeB4 S prapachiycytia
focusi ng sysfithou?@ny dainage ®n HEDsdrfsdeUste thePoRRAY Wsk?! 2NRe ARigned-oRtiGT &K

havi ng a

used in the present invention further includes a readout layer which is disposed
between the memory layer and the second dielectric layer of the optical disk having
the layer structure referred to the above patent and amplifies only a desired signal.
25 The readout layer is disclosed at pages 27-28 in the technical digest of
"INTERNATIONAL SYMPOSIUM ON OPTICAL MEMORY 1995", held at
‘Kanazawa city in Japan from August 30, 1995 to September 1, 1995.
Fig. 12B is a view in which the optical disk disclosed in the above U.S. Patent
is used and a readout layer is formed on a surface of the slider 95 that is located
30  toward the optical disk and generates a near field. |

Figs. 13A to 13D shows other modifications of an optical focusing system
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20, convex refractive surface 201-4, and a focusing el ement having a first
reflection ,ngaf ace 203-4, a beam focusing surface 204-4 and a second
reflection ¥OPPALR2205- 4. A surface of the focusing el eREHTKRIS/003
13D which face toward the convex-pl ano optical elenment has a convex
surf ace. Fi gs. 14A and 14B show anot her optical disk drive
accordi ng t accordingivenhe presedd invidntionpt it opticak focusisg Shsremsi shown Flged
and 14B i s ;ﬂfiﬁ,ﬁofromthe optical disk . drive of Figs. 10A and 10B.
In the opti 53 t# O are gramgplegiip which an gptical elgmentdaving a refrestivesurfagn and

denotes a rgf ' ) r h Ve [0 LS RY
mrror and ?si:%l%i\? neweirjds?i%%v-{gﬁ -a;?%'%f%magﬁg% |ng é‘?‘?%’?toh ﬁ:ﬂrggcraegf ﬁ{elgtai ggam
mrror 84A ifecusing sufact irersepdidselyyifabiridated! t AN optital Fedusaiy $yseerii20- PEhSRA
with respect tg a refractive 30 surface of the optical focusing system
85C. For rdt &iignddA incindesaa epncavs-plano opticalaglement Baviogos soncavst refrastive
el ect romagnegt.| t I d.for.driving.a nLcro- .
o Shitiod 20T, ah o138 Hsing ecmbent 15T g gutit Fefectionsurace A5 ea oAt or
 B4A when T eqobusidly sdrface 204 Nend P skidha Acbh Mrfae A3 £ W0 Ruffatd A 48

i s actuated by an unshown actuator or the actuator 90A, and Cransfers
| i ght beam fetusingelement Jacing pbiwatd: the3Gommasiephano optical eldmeiti g arshape oB4A,
even when a W n% ?rm 89A noves, . The reflection mrror 5 99 also is a
gal vano ni r PHUE SUrfage. . 2yn sptical focusing system 202 jof fEigg 438, includss| 3 congave-
83, a dg§echiddd bsiical i gh Fg‘&t . Aar | Xeqdnpy t 80.
Till now, the presén:t %ﬁ%ﬂ% ?nginlgs5 eég)g' al ng%ﬁ%&tv% sﬁ“é’gda(')rédg?gad)pi{hﬁcglaﬁgusmg'
. focusing  elemem thawing o firsterefleatiom guifacec203-2| & bdamFatusihg isarRpO204Y afda
one skilled in the art to the optical focusing systens of the

use
i nvention i RGP, e°§9§tsé‘ﬁ?aGF 2052y # sheface of the focusing elpmmenti ofeBigb 3R,

an optical GAGM4SIfAG S¥RhARIMHEO" ) ry an opti cal :
pi ckup enpl oyi.n_g t he g\gme acégggro ?él‘{;g ?%ngh‘g‘ﬁ%rales%eg{’%tﬁ@%n?i %?ﬂve&‘aﬁlpa}pgduc%n
the size of optitalgiocusipgtsybrni203 af IFigl 18Ceindludey ncémiangplado loptithl ERAENt
havi ng a_be di ameter smaller than that of the |aser beamused for an

m. . .
exi stind® opﬁ?\'z‘&g 3 SOB¥eRgefractive; gurfaee 201-F,0and agfogusingrelement having a first
Accordi ngly pt.i helkup ording. to the resgnt invention . can
record or r 5"5&%@3@5‘#‘% Sr ?rg%lé'o i ?ggrgn Rejoug §a§urgq°§§q1453i ?Rjie secon&s’t‘ﬁﬂl"'ﬁ'd‘é“ '
recor di ng denfadey205-310QRisurfags ifahé lfossit® ERmedt $9-FigY43C which fd&@iﬂ@:ﬁ}d

beam inclination occurs due to novenent of the disk or the optical
pi ckup, i nf Ben&eRYAx-pleRo opticad celement (hasbe sheporafes planorsurface odukr dogtioa

an optical gisk; enbl,isn - .opti,cal focusi sysfemjnto an
opt | (F:) al pi cgdfggglﬁﬁ% [anb 381"88% %g%‘t I%P_‘Pglté‘dg&gé‘ﬂm%?ggo %’6’(‘?’?&13"‘% hawing2 e
easi |y perfosnwst. refracéiven@irface"E01RR! land!a FOGH TS Bletbht Hiving a first reflection

surface 203-4, a beam focusing surface 204-4 and a second reflection surface 205-4.

A surface of the focusing element of Fig. 13D which face toward the convex-plano
optical element has a convex surface.

| Figs. 14A and 14B show another optical disk drive according to the invention.

25 The optical disk drive shown in Figs. 14A and 14B is modified from the optical disk

drive of Figs. 10A and 10B. In the optical disk drive of Fig. 14, the reference

numerical 84A denotes a reflective mirror. The reflective mirror 84A is a galvano

mirror and is driven by using an electromagnetic effect. The reflective mirror 84A is

used for adjusting a tilt of the reflective mirror 84A with respect to a refractive

30 surface of the optical focusing system 85C. For reference, U.S. patent No.

5,748,172 discloses that the electromagnetic effect is used for driving a micro-
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ac,co'rdi‘ ng to the present invention not only provides an extremely excellent

angul ar ch cteristic (i.e. field characteristic) but %Jﬁ i ases
a numneri cewogffé%gre, in conpari son with other convent F g&gg{éﬁ.’ial
systens, that is, a lens or a reflection mrror. Thus, the optical

focusi ng system can be used for devices requiring such a 25 field

char act er i sRirrorsarcay.asAa avtegtori 004 drjves thepreflectivermirnoz Rdde whedt requising a
Wil e only gcertai,n enbodirents, of .t he invention have en_spegificall
descr i bed” PAFPKiRE SRFTAHSRe. o eestion o o8 ds eusied d0r o B Ritpoe
irrﬁ\cj_:m o lof @h€aetustdr OO/, dfP Wankfads ligRITbEAR bebWEdd tRBeas @pﬁu@:fz 83 hed the
CLAIMS  reflective rhirrén 84A1, ieweh whenes swing gam @9A noves.e Thelreflettiafhmitream
for formng.a ., focused peam spqt, the optical focusi stem .
corpr | sPng 39°21so is a BaIvARS RPERR, | vA later <iods Bl & RRUGRRHDE Iets RS Dehsplicter
focusing syst %fﬁéié&iio?nai\éh@%ﬁnd% ligh{ &éte%ﬁij hﬁ%r?ffix%gfd@ﬁx'ér@ése 80 .0 a
first reflection surface on said 8ne srde, surrounding the refractive
surface arillhaywnghe presean dnveitionsisoéxplaihed twitle régardgtodoptieal efotuding m
the first radius of curvature; . a transparent beam focusing
surface on sysemstfpe generatinga neqs figld, buy itfivapparent tooonessiglednin theyart to use

Focusi ng saps SRaCA Tobding SFgihs 28 che BhiiSoh i 3pRER Sifiof 40% 4F AdE "0
incidenp |ight beagescritRdd®98dan opticilefdcasing ¥seti forCRriag aGicar Field ahd
beamrefracted by the refractive surface toward the 15 first reflection

surface, ant aptical pickup eafpleying dhe same aceorfling focthe present inventipn, pamraduce

reflected fromth ecaond flection surface on the beam focusing suJface,
e 2"t o ek 4% g Spef Formit a Hea Hold R okl FREE R Balfherh hodt
accordi ng idqarfiétdt BinhileyRRAE thht [ dTothe S &CheMR used for dhfAGRIMPASPHEAR HRMFing
optical axis as that of the beam focusing surface.

system for forming a near field. Accordingly, the optical pickup according to the

15  present invention can record or reproduce information to an optical disk having a
surface recording density of 10Gbit/inch® or more. Also, even if an incident beam
inclination occurs due to movement of the disk or the optical pickup, information can
accurately be recorded on or reproduced from an optical disk. Assembling the
oﬁtical focusing system into an optical pickup and the adjustment of the assembled

20 optical system are easily performed. Further, the optical focusing system
according to the present invéntion not only provides an extremely excellent angular
characteristic (i.e. field characteristic) but also increases a numerical aperture, in
comparison with other conventional 'optiéal systems, that is, a lens or a reflection |
mirror. Thus, the optical focusing system can be used for devices requiring such a

25  field characteristic such as a high-density stepper, a microscope and so on.

While only certain embodiments of the invention have been specifically
described herein, it will be apparent that numerous modifications may be made

thereto without departing from the spirit and scope of the invention.
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20, , 3. The optical focusingsystem-aecording to claiml, wherein an

absol ute woo99erzsze of the first ypch vature i s | esSPCTKRISN0371
absol ute val ue of the second ” “@ ,ﬂml\rm ure. 4. The
optical focusing system accordi ng £0 cCl ai S ein the refractive

surface hasCﬁAﬁﬁgs:ave shape recessed toward the beam focusi ng surface. 25
5. .The optrca ocusing system according to claim4, wherein the

refractive 1 surmapticah faaising\isy tehd €of iuset withf k elighobeamr forc forming a
6. The optical focusing system according to claim4, wherein the refractive
surface is fopuseddbensy spot; thgPptiealifopusing system ¢cumpEsingace. 7. The

st ace has. a cBACHRCTR, BETRGE PR hrcceifs e S, ort B Bodtld o0 Rehl it Wit
beam 5 fR&Usadids d¢'chiature; _ _ _

21 ) 8. The optical focusing systemaccording to claim?7,
V\/ne-][ ei n the refadirst veflection sarfacecon saidt ome side; surrehndingr the reffactiveisynface
sur f ace.

hr ot neohRYiag; § second SRARF Bl VR SR Lsate SaHEsen R the frky Fadhsof

reflection &H\%ﬁ?@- -5 10. The optical focusing system according
to claim 1, erein the first reflection surface has an aspheri cal
shape. a trahSpartne beahi foauisihg Gusfacey anythecother sidedofthe optitali focising
wherein each of the first and the second reflection surfaces

i ntercelt s ORtERAAd | | ght . _ 12. The optical focusing system -
according to clai s riure . of e f ' a LS
sufficiently sél%én? \é%?e? fﬁg? aﬁ&{?ﬂ?ﬁe&gpﬁugaqtﬁ&ogﬁ% ﬁfg"&sé‘g‘? é‘?#‘ﬁné ulrhfe bEarh
13. The optfocasingsatfacelg system according to claim 12, wherein the aperture
of the refractive surface is |ess than about 1nm 14. The

optical focusi niherein heakefeactivesurface| eafracts anyjnoident light hgam; (the secondlof

the refractj ' uf 1 : 5. h ' cusl
ystem ' accistrdh piTEre feffeoRbh ugnERBim reracted by dhgirp bRy e ShlrhRL i3l
first apd spiergfle@ionr satface, Satid e Sirftareticelion Surfaee focyest Adaser lightPbésia!
focusing systemto forma beam spot of the size for generating a near field
on t herelegieds froms ithe) secordageflection surface ometheTheam plocysingf snrfiadenps a
system accotroglnilsrleg1 ée%n?lsa(i)tm 15, wherein the optical 20 focusing system -
conpri ses, Spot.

2. The optical focusing system according to claim 1, wherein the refractive
surface has the same optical axis as that of the beam focusing surface.

20 3. The optical focusing system according to claim 1, wherein an absolute
value of the first radius of curvature is less than an absolute value of the second
radius of curvature.

4. The optical focusing system according to claim 3, wherein the refractive
surface has a concave shape recessed toward the beam focusing surface.

25 5. The optical focusing system according to claim 4, wherein the refractive
surface contacts with the first reflection surface.

6. The optical focusing system according to claim 4, wherein the refractive
surface is spaced apart from the first reflection surface.
-7. The optical focusing system according to claim 3, wherein the refractive

30 surface has a convex shape protruded toward the opposite direction to the beam

focusing surface.

2]



a focusi-ng el enent including the refraﬁ'ivemsurface,'_t_h_e first and second

reflectiong . and a uuﬂj muoni | udi
circul ar swg{:egﬁli ch is protruded as'';NE® ﬂw d H* th thgei@%ﬁ@&ﬁ
reflection surface and serves as the beam focusing 25 surface.

17. The optical focusing system according to claim 16, wherein the beam
f ocusi ng porti of§- haEhéxoBHea) fospsing systemeacaordingt tactining 7a wheyein theorafractive

t her et o. .he | C cusing systemaccording to claim 16,
wherein t he_s'frg%ctfs?or{lég&s J;B%f}%préﬁ?gﬂ%c f%s‘ggifﬁf focusing portion have a
refractive indew, ofTRbeptical Béusiaf dysteADacdordinle®SAaith 7 Neh&rRAMHeOftFictiVe -

portion protruded fromthe second reflection surface ~is wthin the
range of ab#8irfae is spacel apart from the first reflection surface.
22

19. .The_.optical focusing.systemaccording to ¢lajm
T8, wherkin the Pni 2ttt syiSh A aRARE LS TR oy POLS e BTy
0.13mm andr&lbcﬁﬁﬁrshﬁfaﬁe?nﬁsBﬁ%ﬁ?ﬁ&@&al hapd.0CUSi ng surface is about 0.5mm -
20. The optical focusing syste accorgl n% to claim15, wherein the optical
5 focusing syst dih cAher optical focusing system aceordingotoetlaimnt, wheteinieach ofahe -
refractive glurfa e, the fjrst and second, reflection surfaces; and
a beam focu Fﬂé‘“ﬁdpf’isﬁﬁ’q raflegting surfaces interceptsextaraal\igkh i s protruded as

~conpared with t S | e a beam f ocusi.ng
curface, 10 andZhaviegordBl padiehlyShieh BECorNiE ACGHER o le ol e o
surfacelo  the refractid surface ixpdufficiently Gusdlles thas tHRNOEERObPIiEA fobusih@isiited.
wherei n the beam focusi ng portion has a shape apprkoiri ate for

attachi ng a nagAdt ddiel ontiral &eeusing system according beclapmi k2| wherein theppeysire m

according t ' ' focusin el enent has a refractive
i ndex | ess ?%g{r?axlteﬁgtgggf\gpﬁég%%afrﬁgg&%s#d‘tgmi on. 15 - 23. The optical
focusi ng systemaccard dystidap fédui %%terﬁlﬂ&&@ﬂdi‘né i cla®fiUs], \Bherein t1R! {hRike
has a refractive i ndex of about 1.55, and the beam focusing portion-has a
refractive phthexefractive gurface is about 0.8mei. The optical focusing system
accordi to cl akm 1, wher ei he second reflection surface is ,
subst a.n[glJ ally ailg1 aneBg PP e. %%smg systezg'acfﬂg:{lg%t o 4 a%ci@’! vPeein: dhe
accordi ng tfeffdctive'sdffac¥tecfifst ARl 26818 reflectionCiitFdeds %W% %ﬁ%éssto allow the
substantially a plane surface. ~26. The optical focusing system
accor di ng teptidakfogusing systameitor forme atheam spot of the size for generating a near field on

the beam focusing surface.

16. The optical focusing system according to claim 15, wherein the optical
20 focusing system comprises, _ |
a focusing element including the refractive surface, the first and second
reflection surfaces; and
a beam focusing portion including a circular surface which is protruded as
compared with the second reflection surface and serves as the beam focusing
25  surface.
17. The optical focusing system according to claim 16, wherein the beam
focusing portion has a shape appropriate for attaching a magnef coil thereto.
18. The optical focusing system according to claim 16, wherein the focusing
element and the beam focusing portion have a refractive index of about 1.84, and a
30  thickness of the beam focusing portion protruded from the second reflection surface

is within the range of about 0.1 to 0.2mm.
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focusing surface contacts with the s ﬂﬂm surface. 27.
An opt i cal W@i9Ra%2f or recording and/ Q ﬂﬁﬁgﬁtlon RE TRV Ua) 25
di sk using a focused beam spot, the opt |CcalL pucC npri sing:

| i ght source; optical detection neans; an optical

head conprising]l9. The optical focusing s;etem@tmtdngunhﬁmm !)81 wherein the thickness
~ opti.cal head and having a first, 30, radius of curvature

first refle®f mmbsmf feusiag ROFFeN s eprefezably Qi1 pmmnqand anRperurs of thgdeam

23 focus %a%%%siggumm a second radius of curvature bei ng

di fferent from |rst of curvature;

transparent bealzof OCTHY BfticdlIfosesingRystem Qédoedingitdeclaiim 15¢ vdmremaﬂ)eimd:a]
and 5 a second reflectlon surface on said other side and

sur r oundi ngfacksingesyistem COH\P@GG& ng surface, wherein the
refractive surfac refra ent { bea he s 0

reflectron surf éc ‘i”éﬂge ey f’ﬂﬁ‘f‘ﬂﬁgatr'ﬁe g‘{'}fa:fgt ‘ﬁ? f&écﬁ%ésecond

surface t owpdtbctidg surfaces: 'z{n‘ilt reflection surface, and the first reflection
surface focuses a |laser light beam 10 reflected fromthe second reflection
surface on the lacbeani doousing pnmbaaachmlnrg a cncuﬂarcswémbebwhmls fooprotruded as

optical path alterin ans f ransfer memttedfro t he
' ght Coripeadyvith o espRd ceNUHAR ArEAce 04 SETYES g e ogart EORyS g purtace,

t f f t d
opt i cal et £ PaviiRe OOREx Sé‘afg?’%‘gﬁﬂ&g“”ﬁm‘%@?ef*frﬁfe‘%“%?"?%%ai”2haf e "

optical head is2att amEdpueﬂaﬁicumgl sysﬁammcandmg to claitnh20omihieccih the dstanp
that the optical head nmoves in the direction perpendicular to said

| oaded opt i Eegusingsportignthasia shapeapprentiata dor attaching:a magnst soil dhesetn.ng

etoritng t o) 22m AACHA ARG ool according to ol 39, HIRrOBhE Hholl P

optical axi gleafent ha$ adlefiabeve tadexf less! tiandhat 61 thebeam focusing porﬂen The
optical pickup according to claim27, wherein an absolute val ue of t he
first r&ius of 28ur vERe optical fpeusing pysiemracaerding toeclaimn 22, grhereia the fosusing |

radius of  gjemenl m48'a féfractive index of about 1.55, and the beam focusing portion has a

refractive index of about 3.
24. The optical focusing system according to claim 1, wherein the second
reflection surface is substantially a plane surface.
20 25. The optical focusing system according to claim 24, wherein the beam
focusing surface is substantiaily a plane surface.
26. The optical focusing system according to claim 25, wherein the beam
focusing surface contacts with the second reflection surface.
27. An optical pickup for recording and/or reading information to an optical
25  disk using a focused beam spot, the optical pickup cbmprising:
a light source;
optical detection means;
an optical head comprising,
a refractive surfacé on one side of the optical head and having a first
30 radius of curvature;

a first reflection surface on said one side, surrounding the refractive
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30. The optical pickup accoygh aim 29, wherein the refractive '
surface 25 has_a concaveH ”ﬂg’ E l ward the beam focusing surface.
31. The op‘P’Pc?a‘fr’??Fckup accordl , wherein the r&G¥ (P57

surface has a convex shape protruded toward the opposite direction to
t he beam f ocusi ng surf ace. ' 32. The optical pickup according
to cl ai m 2&urface aed having a e¢qoadtradins frduseatnre3being kidfférens froam thes ficss madius
reflection surfaces have shapes to allow the optical focusing system
to forma BYFREYYICof the size for generating a near field on the beam

24 f Og;ﬂn@ Hi b&ME focusing sqrfaﬁeg:é' thd BEnFRIACHE tHRI dpticl head;

according to claim erein the optica e conpri ses,

focusi ng elamdent including the refractive surface, the first and second 5
refl ection surfaces; and ) a_slider including the beam. focusjng
surface’ and havi ng2&espiheefiestign surface onsaid othepsidenand syrgounding [the, Prog
the opti cal |d | oaded optical disk as a result of air flow
gener at ed ofr?ggag%(rgggggé’of sai d | oaded optical disk. 34. The

optical pickup accokdiehéinttie eéfeaotivéIJurfabe réfricts B inditelarlight Yehme tidsecdade
refractive index as that of the focusing el enent. 35. The opti cal

pi ckup accdeflesidon surface reflgsts alightdheam refragtediby theeefrastiyegurface tgwargvibe
bt o- opa ket sithadt, TG A efiBfion Binshck lefEar b TR B, °
33, whefei refiRsted! frefy tl*i\=§j‘%e@<m$15 refl@tioAChirtace BA%the! Bin toawsihg Hurfabet{iCa

focusi ng el enent. 37. The optical pickup according tTo claim 32,
wher ei n t hefoopseddedanh spot, conpri-ses, a focusing el enent

2”51 i der i ncl udtPEA ReLSUEAIAE Mekn R trnsterrmace bR Bt Fom e ~
e ot car R, e S PRt rO BN OELE' LRSS
gener at ed cutgoingrffameaherefractivd suarfeed to said opticat detedtiok .means; and 38. The-
optical lspi ckup &%%%;t?rllgn etags %(la %Irhqqclf’ Zﬁe \o,\gt?cr;a%ihréa(tl I}Se a?tluizlge%r, e?zfas%icglrl])? supportihg
the optical head so that the optical heéd moves in the direction perpendicular to said
loaded optical disk, within a predetel_'minéd distance from a recording surface of said
loaded optical disk.
| 28. The optical pickup according to claim 27, wherein the refractive surface
20  has the same optical axis as that of the beam focusing surface.
29. The optical pibkup according to claim 27, wherein an absolute value of
the first radius of curvature is less ﬁan an absolute value of the second radius of
curvature.
30. The optical pickup according to claim 29, wherein the refractive surface
25  has a concave shape recessed toward the beam focusing surface.
31. The optical pickup according to claim 29, wherein the refractive surface
- has a convex shape protruded toward the opposite direction to the beam focusing
surface.
'32. The optical pickup .according to claim 27, wherein the refracﬁve surface,
30 the first and second reflection surfaces have shapes to allow the optical focusing

system to form a beam spot of the size for generating a near field on the beam
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25. sane refractive index as that_of ThF‘ focusing el errent 39.

The opti calygyopssd according to c | whe re| n the sli pmmo_w,l
second refl ection surface positio I,ml, wﬁm of the slider facing
sai d | oaded optical disk. tical pickup according
to claim32, wherei aperture of the 30 re ractive surface is

suf f.i ci ent I?cgﬂﬁglsg?faf:%an that of the second reflection surface.

41. The optical 3pi CKiye aﬁﬁ&ldpﬁauﬁ%cebﬁlﬁg% chiver 820 wikteaD lid Wpticeaf ht-ha:
25 refractive surface is |ess than about 1nm .

The optlcalcqmpm&qs accordi ng to claim41l, V\herel n the aperture of the
refractive surfacg i s _about

t
~according to cl&iipcusn \AHéFEPh lggf‘ﬁdmgerq}% m%nsur c&f ‘b%gbéﬁt ‘Eu%qcﬂﬁd
surface sa”dreﬂel: @,ﬂg@% faedst Gl di sk is less than or equal to a :

wavel engt h of eamemtted fromthe optical source. 44,
The optical pi cklshdacmhxdimg]tlte(beahafanuémg sairface| and havmgtaeshaple tb generate an

t he beamfocusmg syrface and a | paded optical dis intained to b
| ess than air-begfipgfon ﬂt,;‘qlgg;;opncal hea ‘m’PI‘fL 5 gf disk SR B |?\t§alf0

claim 32, 5 4P ses a flexure which

pi vot - suppor?‘;le%eﬁe (?I c%ﬁﬁ o mal dzgfin()pt%gp?{rﬁ' erval bet ween the
beam f ocusing s84f aqmeadsphdam?xblaqﬂadcaﬂing:% oldigk 380 wkereinsheiglider has the
46. The optical pickup according to claima45, wherein the flexure

conpri sks, same refractiveindey aefhat of thelf@nusgla plemept. cal head; and 15 | |
aprojectlonfo ol der w the eto be |vot ved :
centering on th% 8%80?3 B:ﬁppxc‘icup accdrdt 3 “'i"HE’ élfﬂ Felﬂl t@ﬁlﬁg 55&‘6‘?@&% to
claim 27, vwheoee 'ip?ﬁiﬁla@@ffblcﬁhad!ﬁﬁé‘a ma%neildcﬁtﬁm f&%’é&oﬁﬂﬁ@@ﬁf&ﬂﬁubh&fﬂ a -
beam enitted from l'i ght source in t form of paral | el beam and

transfers tmagpeiowiptichl disght beamto the refractive surface. 20 48.
The optical pickup cordi.ng to,claim wher IdOth

al tering neans %Trpaﬁ"fegp'écgef”l‘:&?oﬁc"? ‘QSI'(S\NCE“% 3?\[ ﬁfa‘? cfg't‘ﬁFr St Re
[ef 1 aCtisVe refractive! ARSIk U Mat biithe RIhSH 'a&néﬁtrface 'n the direction ..
substantially perpendicular to he refractive surface. 49,
The optical piclép dbeoopiical pickup aaqcoﬂdingvmeckanm 82e whdreritiie apgicab head

i nstal |l ed on alportion where the refractive surface and the first

refl ecti on CURRIARES.

a focusing element including the refractive surface, the first reflection surface;

‘and

20 a slider including the second reflection surface and the beam focusing surface,
and having a shape to generate an air-bearing for floating the optical head on said
loaded optical disk as a result of air flow generated on a surface of said loaded
optical disk. |

38. The optical pi'ckup according to claim 37, wherein the slider has the

25 same refractive index as that of the focusing element.

39. The optical pickup according to claim 38, wherein the slider has the
second reflection surface positioned on the surface of the slider facing said loaded
optical disk.

40. The optical pickup. according to claim 32, wherein an aperture of the

30 refractive surface is sufficiently smaller than that of the second reflection surface.

41. The optical pickup according to claim 40, wherein the aperture of the
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nmeet. 50. The optical picku ccordl n to claim 27, wherein the -

optical detection means i ncl ude HI L Eﬂmdet ector for detecting
a light be¥¥Q9P4aB¥ted from an di ng sSuPCIACRISIOIMe Of
an enbossed-pit optical disk and a phase change optical disk.

51.. The optical pickup according to claim27, wherein said optical

detection refractive surface is less than about 1mm. 26
means includes two |ight detectors for detecting a |ight beamreflected
from an i nf3r nekheo aptieal ridkupy agcoriding: to fclamnd b sthereint theadpertuss .of the .

52. A net hodtf manutactur*) MB optical focusing system which uses wth
a |ight beaffFHVESURIACE 1S 2PY) BBeam spot and corrprl ses, a concave

refractive 5 sysfacgdp s S ng
a first radius of Br vatpt‘}rfe“;\p gé%(gﬁvgzwf H\as ﬁ)gé o%ms@mggﬂ%tﬂ&égl d

one side§ sther bemmfmgusing surfacer afid ea:lld»ad%dsupﬁmedxaladshltts nHam creequel to a
different fromthe first radi us of

Ezﬁ(rj;/;tsu(r)fe, curv tg‘a‘?tgfr\g theam F@é%%q from; the apticab SOuree. ot her si de of t he
ohd' 10 fsﬁflrjihﬂ oy TRCbp 8 oS RRorife B0 A3 WRSEIC SR Bt BEeln e

surface ref tecbeamfocusing Isﬁffade fahd| 4 (dHdelesptical sk RCRiAThtaRicde®! bOessUhhACe

reflects a |ight beamrefracted by the refractive surface toward the
first refl eB®QWA09BRY.ace, and the first reflectlon surface focuses a

| aser |jgpht beapkre C nthe s refl egti urfa e 0
beam fol':u5| ng SH:?T agle%aép%%ai GHUR FOR glanpﬁ PF&’HF& qxi;pg&pans
conpri sing démpésest £Flexure which prOt-;llg bi'tﬁ hé rb%n%am%éii t® rmﬁlhﬁl Sﬁé ?ﬁ&f\)ﬁ‘f
surface and the first reflection surf roma prinmary no plate.

53. The netbefwvean dbe beam focusingisurfaos andlehealoadedl optiealsdisk tofbef aimstanat i ng, a
di anond cutti ng, The net hod_according taq

d i
claimb52, wherefh t Hg’ S pgffagPlcFHBraFﬁ%pr%m claim éénﬁm%% tggglegpgepgorgprxses
cutting the pri Hoyddrolod H?Jhtﬁh@thé%pﬁf:ﬂaﬁéidaa grst mold-for a shape of the

first reflection surface ormng, in the first nold, a.

t hroughtol e i navmocetctmnsﬁumndl onl- thef holder,s hapatloRb the dlexube to der pivot-vifoved
surface is inserted inserting the second nold into the

t hr ough hol%e“?%ﬂge?}imﬂrﬂﬁcﬂ?q'st mol d. . © 55. The nethod according

to claimb54, whgyei THeNoptial ShieRup acktlidihf %o Slaim 27, wherein said optical path
altering means shapes the light beam emitted from the light source in the form of a
parallél beam, and transfers the parallel light beam to the refractive surface.

20 48. The optical pickup according to claim 47, wherein said optical péth
altering means comprises a reflector to allow a light beam incident to the refractive
surface to enter the refractive surface in the direction substantially perpendicular to
the refractive surface. '

49. The optical pickup' according to claim 48, wherein the reflector is

25  installed on a portion where the refractive surface and the first reflection surface
meet.

50. The optical pickup according to claim 27, wherein the optical detection
means includes a single light detector for detecting a light beam reflected from an
information recording surface of one of an embossed-pit optical disk and a phase

30 change qptical disk.

51. The optical pickup according to claim 27, wherein said optical detection
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di anond, cutting method is used. 56. An optical disk drive for
recordi ng awmosar?s3zadi ng infornmati on#ﬂ!&“ mmﬂﬁﬁ" di sk ugioTeKRYsivesHs ed
‘beam spot, the optical disk drive co AW I ! fIa base;

27 - a light source; a Teflector; _
optical det ' SRARS . ti,cal . head,. risin :
a refracti vg'(i‘l';sdlﬂlrg Pl ace or§1 e h§P (tjefi e&ct?rﬁepo%pg?ctg%tfn%8gld§lgt{:§eﬂg\ﬁeg§c§af frlpﬁ an

radi us of cinfortnation recording surface of a nfagnetdbpticl lddk!.i on surface on said
one side, surrounding the refractive surface and having a second

radi us of curvatd&e thodi for ananufactnoingtancopiticak foquaitigusystem whicli uses Witrl:
curvature; . a_transparent beam focusi ng,surface on t of her
side of thejaglbgl?tc%?m% 53‘& formmg %E%tglse rf)team spot and comprises,, A FONCRYS Egiraptive
surface on satfcOtdiebns! e VIoHRUBHE Hodlsi ges RANand hovifg P e FAUILE G
wherein the ref(r:activg surface refétgésatls a ]“lh htﬂ eariﬁnl nc?c}ggt rom ﬁ{e i‘g
reflector, tchevaeregna caviercfirsinrefiactinne surfideconssaid| ogdtsidsasurroeidiagt e

by th f ti surface toward the first reflection surface, and_the
f iyr st er ef | eééﬁaﬁr’ﬁ‘g‘hlﬁ‘}/fg%@ and’ ﬁa‘f’&s& gecond, radpis of; vatyge bemng dikforent fremnthene

second refl ¢fki RRISF AFatie ! %gx;[aﬁ ent bean f’&\ﬁih@%u?fﬁ{c% g:%gp@%ﬂ?erfs?c‘feuﬁf%ﬁt

beam spot, optica ering neans°-fo erring a

beam emi t t edpticalmfédusing ghsteR) ands ausevend oreflectioeishefatoromegidt baies side iand a -
i ght beamreflected fromthe refractive surface to said optical
det ecti of mSBHOunding the beam focusing surfare.gwherein the refractive perfags refracthead

opt hean - headPSBRLIER et JREYLMRE reflectioh Korfilh rEfeott 3 e beal refiakied by
opti-cal di skhe Wefrattive siFfacetoweid ehe st 28R&ct{onOsiraded drﬂalﬁiﬁd iR F&fdcrion,

di sk. 25 27. The optical disk drive according to claim56, wherein |
the |ight s&uffaee focuses adasgr dight beam deflected dromtiensecand refieaticopsuirfae quethi

o oot 20, BBl i bR o AR5 st mamureciling R prcs
15  a step of: : _
fabricating a mold for the refractive surface and the first reflection surfaéé
from a primary mold plate.
53. The method according to claim 52, wherein in the step of fabricating, a
diamond cutting method is used. '
20 54. The method according to claim 52, wherein the step of fabricating
comprises sub-steps of: |
cutting the primary mold plate, to create a first mold for a shape of the first
reflection surface; _
forming, in the first mold, a through hole in which a second mold for a shape
25  of the refractive surface is inserted; and
inserting the second mold into the through hole formed in the first mold.
55. The method according to claim 54, wherein in the step of cutting, a
diamond cutting method is used.
56. An optical disk drive for recording and/or reading information to an
30 optical disk using a focused beam spot, the optical disk drive comprising:

a base;
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al lows ,t hat a | i ght beam outgoing fromsaid opti.cal-path altering neans

enters the 9 J;é%ract Ive surface in the dir i substanti al |

per pendi cuI AP 0%8"Phe refractive Mﬂm Il ljliM'TﬂL PCT/KR98/00371

28 59. The opti cording to claimb58,
wherein the reflector is installed on a portion where the refractive
surface and the #lightsqQuse¢;ecti on surface -  neet. 60. The
optical disk dri vleﬁcgordl ng to claimb58, wherein the reflector is a 5

gal vano mrror atilt of areflection surface of the mrror to the
refractive - optichP8&elfion BfRafP!t i cal head is adjusted using a

el ectromagnetic effect. 61. The optical disk drive accordi ng to
cl ai m 60, whereian thmabhtad:abmpi'lsing, drive further conprises an actuator
for actuating the galvapo mrror, to allow. a fine-tracking operation
of the optical head.?2 fgtractive surface onpmecide o) thejoptical head aﬁ‘égﬁmﬂﬁgatﬁfﬂ

cl ai m 56, \Mggdlg* BftcP?vdtﬁﬂ:ht source, said optical detection neans.and
said optical path altering neans are installed on the supporting nmeans
63. The optical di ska dirsyeeflentiondsuifadecofi| saidnoné, sidéleseiromiding 1thé | refiabivé S
installed on af ortlon Where the refractive surface and the frrst .

refl ecti on SWHR d hayjipgia second radius of gyrvature hsing differantsfrony thedfinst casdius ng
to claim63, Bhfd.the reflector is a ~ galvano mrror in which a tilt
of a reflection Surface of the mirror to the refractive surface of the
optical inead is adj ustrads c}iﬁemg)eﬁnﬁfo@ﬁhhgﬁﬁﬂﬁéé bfi tRd betet side of the o txcalflﬁadThe
optical disk dr|ve according to claim®6 wherein the optical g

drive furthapd conprises an actuator- for actuating the gal vano mrror to
all ow a flnetra k|n eration_of the cal

optical pickup for r% greﬂ.pgt}%fqrg?.pef ?‘bﬁ?’g ?)’t?leﬁlana ugroyading the beain
near field, fddugingPdurese, Pi ckup conpri si ng: an optical focusing
system for generating a near field for reading i nformation 25 from a

| oaded optical di sk;whergin the refractlva swfatelteftatysecn lightabdant incident friokd ¢ied
surfacelg)f hif g(ﬁ_tl foc stem facing toward said | oaded
optical "di sk ﬁ‘ﬁl Is?‘iﬂ PeE‘Er(fEFq |r§ﬂ?°tbei!an‘1‘ght beam kedragtagy by the
i nfor mati ongg; f t

67. An optical d d.@%“%%‘%eﬁgﬁﬁfvf  Bfbe cBNEH Bl BT S0 JelRidl Srrage,
for focuses a laser light beam reflected from the second reflection surface on the beam

focusing surface as a focused beam spot,

An

optical path altering means for transferring a light beam emitted from the light
20  source to the reflector and transferring a light beam reflected from the refractive
surface to said optical detection means; and
supporting means to which the optical head is attached, elastically supporting
the optical head so that the optical head moves in the direction perpendicular to said
loaded optical disk, within a predetermined distance from said loaded optical disk.
25 57. The optical disk drive-according to claim 56, wherein the light source,
said optical detection means and said optical path altering means are fixed on the
base.
58. The optical disk drive according to claim 56, wherein the reflector
allows that a light beam outgoing from said optical path altering means enters the

30  refractive surface in the direction substantially perpendicular to the refractive

surface.
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. 30+ reading informati on, the opti l ri sing: a
substr at e; wo 99127532 ﬂ M uﬂ [ ru 'JJ /KR98/00371
-a recording layer applied over thes I n whi ch |n ormation Is

recorded;

a readout Iayer applled on the recordi ng Iayer for

Fecor ding | ayer 95 1he optical itk eivei dbopBias TariIAe tor heRE S dENeNEy dF

recordi ng | ayer;

and
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30

ins@le@\6H & PVrtioRWwhierdPihk! fefrathive Rarflbe'a5a! fleCrits®eflection surface
meet.

60. The optical disk drive according to claim 58, wherein the reflector is a
galvano mirror in which a til.t of a reflection surface of the mirror to the refractive
surface of the optical head is adjusted using a electromagnetic effect.

~ 61. The optical disk drive according to claim 60, wherein the optical disk
drive further comprises an actuator for actuating the galvano mirror, to allow a
fine-tracking operation of the opticél head.

62. The optical disk drive according to claim 56, wherein the light source,
said optical detection means and said optical path altering means are installed on the
supporting means

63. The optical disk drive according to claim 56, wherein the reflector is
installed on a portion where the refractive surface and the first reflection surface
meet. |

64. The optical disk drive according to claim 63, wherein the reflector is-a
galvano mirror in which a tilt of a reflection surface of the mirror to the refractive
surface of the optical head is adjusted using a electromagnetic effect.

 65. The optical disk drive according to claim 64, wherein the optical disk
drive further comprises an.actuatdr for actnating the galvano mirror, to allow a
fine-tracking operation of the optical head.

66. An optical pickup for reading information from an optical disk using a
near fleld the opt1cal pickup comprising:

an 0pt1cal focusing system for generating a near field for reading information
from a loaded optical disk; and |

a readout layer attached on an optical surface of the optical focusing system
facing toward said loaded optical disk, for amplifying a reflected light beam -
containing information recorded on a recording layer of said loaded optical disk.

67. An optical disk for use with an optical pickup for using a near field for
reading information, the optical disk comprising:

a substrate;
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a recording layer applied over the substrate and on which information is

recorded,;

30«

a readout layer applied on the recording layer, for amphfymg a hght beam

containing information recorded on the recording layer;”
5 -a dielectric layer applied on the readout layer; and

an overcoat layer applied on the dielectric layer.
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