SPECI FFCATI ON ©ptical Recording Method, Optical Recordi ng Apparatus and @

ptical Recording nedium TECHNI CAL FI ELD Thi s
invention;relates to an optical recording nethod for recording signals on
a di sc-shaped recording nediumusing a |laser |ight beam an opti cal

recordi ng devi ce enploying the optical Y¥ecording nmethod, and an opti cal
recordi ng nmedi um on which signals have been recorded by the optical

recordi ng devi ce. . SPECIFICATHARKGROUND ART Anong t he
~existing types of the di sc- shaped optical _ recordi ng media, there are a
phase- ch&Rje A3}pBe6RFALAE Qﬁ?%’é°%nd)1’%1%bl$§tcé’r&dﬁgc praratugsand fRticadhce

or overwjte g{everm B"E‘L optical disc. Anong recording light sources in
opti cal s enploying these optical discs, there is known a

sem conduct or Iaser for recordin ]%IH)E optical disc and for
erasing the recorded signals. %@5&‘@?&‘% 3&[ eamradiated fromthe

sem conduct or er; Ty o] e ical _di . I zed
spot with a dlile{ﬁmist er no &Iear{r:g{éélf {EQ EH ?ﬁl?ticﬁﬁ‘ I‘%&%dl@p?“fﬁ%‘% %

opti cal q‘eﬁ::cosr'dltr{keg?ghﬁlgt)_ sgcgﬂ%) é(}gpl : cat 4 l:neﬁlﬁﬁl &g@lﬁaé ?aser

read-only nmenory. Thése arge quantities.
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capabl e of being duplicated in |arge quantities, such
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signals have been recorded by the optical recording device.

BACKGROUND ART

Among the existing types of the disc—-shaped optical
recording media, there are a phase—-change type optical disc and
a magneto—optical disc as a write-once or overwrite (reversible)
optical disc. Among recording light sources in optical recording
devices employing these optical discs, there is known a
semiconductor laser for recording signals on the optical disc and
for er;sing the recorded signals. The laser light beam radiated
from the semiconductor laser may be converged on the optical disc

Kj_ as a small-sized spot with a diameter not larger than 1 pm.
Among replay—-only optical discs, there is a CD—-ROM employing
a compact disc (CD) as a read-only memory. These CD—-ROMs can be
duplicated in large quantities. It is contemplated at present
to record, on the replay-only optical discs capable of being
duplicated in large quantities, such as CD-ROMs, information

data for identifying these replay-only optical discs, for



2- exanple, information data for discrimnating whether or not the optical
disc is anillicitly duplicated disc, in addition to the information
signals, such as audi o. The |l aser |ight radiated by the sem conductor
| aser has a wavelength of 780 nmand is free fromablation. Thus it is not
possi ble to produce a laser |ight output2z of an intensity capable of
directly recording signals on the replay-only optical disc. Thus, if the

i denti fi @&amp & nfiededmadiions ded apd are chirshati mimathiang whstdernogy o e
disc, it is not possible to mnutely record the _ identjficatjon information
on the r &@tdradnidjsepiiscar Hittcitlyngurhécabpfcdhdtet b? dddkriuistordhe |y
used as t,he recaqrdi n%jl i ght sour.ce. In view of the above-depicted
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opti cal recordin net hod, for recordi the identification_infaormtion
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replay—-only optical disc, it is not possible to minutely record
~ the identification information on the replay-only opticai disc
using the semiconductor laser customarily used as the recording
lighf source.

In view of -the above—depicted status of the art, it is an
object of the present invention to provide an optical recording
méthod for recording the identification information proper to an
optical medium on the recording medium and for reading out the
identification information using an optical pickup configured for
reading out the information signals recorded on the optical
'K;, recording medium, an optical redording device for carrying out

the optical recording method, and an optical recording medium
having the subsidiary information recorded thereon by the optical
recording device.

DISCLOSURE OF THE INVENTION

An optical recording method for recording pre—set

information on an optical recording medium according to the



3- present invention includes the steps of generating a UV |laser |ight of
a wavel ength absorbed by the optical recording nedium and radiating the U/
| aser light, and nodulating the intensity of the UV |aser |ight for '
recording the subsidiary information different fromthe pre-set
information recorded in an information 3recording area of the optical
recording mediumin an area other than the information recordi ng area.

An opti cRireseadr dinwprdpinay aincludes r tber ditegsprod- ganeraf rgmei &N AT
optical _recordi ng nmediumaccording to_ the resent invention includes a

| aser |igAghdogdce® MAVjensth iskporbeds puskhe| pghiced Fegardisggmedium
absorbed by the optical . recordi ng nedi um and radiating the UV | aser |.ight,

means foPTdSEGiating tihe i AR3gy btehhe +RA| BER1PEIRE £PEMITHEN T
l'i ght sourc S posi tion .conirol neans,for, being,mved on .the opt.cal
recordinﬁfng&ﬁﬂﬂ%(ﬁaiﬁﬁﬂiﬁgﬁft %rpﬁg??f%hn%ftgesﬁgpséplafﬁe AN Yeam
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recording area of the optical recordi ng nedi i'S recor In an area

ot her thamathgnd Mgl tOdd GV dEh ATEfe s An optical recording

medi um havi ng the pre-set information recorded thereon according to the

present inventnonoipglddes rak o rldi g W%Iﬁéj&&a!t@?sor GioRd HRD MBHAY grite-set
substantial information conposed of audi o data, video data or character

data recand@@mation on an optical recording medium according to the
~ present invention includes a laser light source for genérating
a UV laser light of a wovelength absoroed by the optical
recording medium and radiating the UV laser light, means for
modulating the intensity of the UV laser light from the laser
light source, spot position control means for being moved on the
optical recording medium for deciding the position of a spot of
the UV light beam converged on the optical recording medium, and
scanning means for scanning the optical recording mediunlwith the
spot. The subsidiary information different from the pre-set
k;-' information recorded in an information recording area of the
| optical recording medium ié recorded in an area other than the
information recording drea.
An optical recording medium having the pre—-set information
recorded thereon according to the present invention includes an

information recording area having the substantial information

composed of audio data, video data or character data recorded



4 thereon, and a subsidiary information recording area having t he
subsidiary information different fronthe substantial information recorded
t hereon. The subsidiary information is recorded in the subsidiary

i nformati on recording area by nodulating the UV laser |ight of a
wavel engt h absorbed by the optical recording nedium - The wavel engt h
of the UV laser light may be 190 to 370 nm The WV |l aser light may be

t he far- Hhargaml &nd e@sesruhs:giﬁarsgemﬁcammltwnfmqmm nfote & shajeheg at hen
by a neodyn1un1YAG (Nd: YAG). | aser, an Nd: YVCEerr | aser, an Nd: YLF 1aser
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| aser The subsidiary informatjon may be the
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pre-recorded  thereon, using e | aser 1ight, as trac Ing I's done Th
accor dancgni tdt dd1epbGui s 0 t BRPmWhY B st Needd £a 01 okt 8yl 1 Ohhe@liymium YAG
(Nd:YAG) " laser, an Nd:YVO41aser, an NA:YLF laser or a YAP laser.

The UV laser light may be a laser light from an Ar laser or
a He—-Cd laser. |

The subsidiary information may be the identification
informqtion proper to each optical recording medium.

The subsidiary information may be recorded on the optical
rgcording medium using a pre-recorded guide pattern for tracking.

If tracking is done using the guide pattern, the guide
ﬁattern may be detected using the light of a wavelength different
from that of the laser light.

K;Z According to the present invenfion, since thé identification
information proper to each optical recording medium is recorded
as the subsidiary information in the subsidiary information
fecording area, having the tracking guide pattern pre-recorded
thereon, using the UV laser 1light, as tracking is doné in

- accordance with the guide pattern with the aid of the light of

a wavelength different from that of the UV laser light, the mass—



a ‘wavelength different fromthat of the UV |aser |ight, the mass-
5 produced optical recording nedia may be discrimnated fromone another.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1 is a block diagram
showng an illustrative construction of an optical recording device
according to the present invention. 5 Fig.2 shows an illustrative

arrangenment of a UV |aser |ight _source constituting the optical recording
devi ce. Producedy optditiids 2RLPTIinS reedie ma¥oPai Ad Ssrdmd ngit edhd rom Qg
‘recordi ng nmedi um Fig.4 is a block diagram showing an

illust ragi‘\?é ®fonstruction of an optical recording/reproduci ng apparat us

according to the present, _invention. Fi i ematic
cross-sectional view of %M%Z%%%Igfé[@b] iorfl ?’%@3 d%i[‘rw

recordi ng/ repr, i ng, appar at,us. . Fig.6 i a graph_show t.he . .

rel ati on bet wng%u't&he l%Ili ffr ac?f%%k ef fiiléﬁé'%’é“y fﬁb""f]%égaphgge dlelgtqﬁfirnatt]hvee
FZP. G- i ' a Show rel ati on e
aberrati gr?%g]%rz’ﬁet 1Ii—)fba%fef gEle otrlréé&glt [ ggcg%g??ﬁa?egltcce&r a%g(rrﬁro@%‘] OE};B the
Fig.8 i s peseh@MBldvent g4 showi ng the setting of a non- spherical surface
in an objective lens of the optical recording/reproducing apparatus.

Figs. 9A, 9B, 9Ggands98wal 8ndk 28 t2HeWWRIaREnEBRLAYALF VRS 1aser light

source constituting the optical recording device.

Fig.3 shows an illustrative recording state of the optical’

\ga' recording medium.

Fig.4 1is a ©block diagram showing an illustrative
construction of an optical recording/reproducing apparatus
according to the present invention.

Fig.5 is a schematic cross—sectional view of an FZP employed

~in the optical recording/reproducing apparatus.

Fig.6 1is a graph showing the relation between the
diffraction efficiency and the phase depth in the FZP.

Fig.7 is a graph showing the relation between the

\;; aberration of the FZP ©before corfection and that after

correction.

Fig.8 is a schematic view showing the setting of a non-
spherical surface in an objective lens of the optical
recording/reproducing apparatus.

Figs.9A, 9B, 9C and 9D are gfaphs showing the residual wave

surface aberration of the wavelength of 532 nm in an objective



surface aberration of the wavelength of 532 nmin an objective
6 lens with a nunerical aperture of 0.4 after correction with the FZP

enpl oyed in the optical recording/reproduci ng apparat us. BEST
‘MODE FOR CARRYI NG QUT THE | NVENTI ON - Referring to the draw ngs,
preferred enbodi nents of the present inyention will be explained.in
detail. Fig.1l shows, in a block diagram an illustrative construction of
an opti caieng &ddhdian G uRss e e ARRBTURE the Presafites mamteohion with phetpe
opti cal recordin%’ device of the iIIust[at?d embodi nent, an
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inintensity by the subsidiary informtion whic e expl al ne

subsequentddording deVfcéNemBs€yihk Ibhe PERBeARAUhAEREibA. I NteNsity by the
light nodulator 2, is enlarged by | enses 3, 4 and passed through a phase

diffraction | atdi cehd sepesch? fakboeBiagSerevtic@NSRAF eYhe M {IDlisOFated
half-mrror 11. The WV laser light beam transmtted
embodiment, an ultra-~violet laser light source 1, referred to

~ hereinafter as a UV laser light source, capable of radiating a
laser light beam of high energy density, is used as a.signal
recording light source. Specifically, the UV laser light source
1l is a light source radiating a far—ultraviolet laser light by
employing generafion of fourth harmonics of e.g., a neodymium YAG
(Nd:YAG) laser. The light beam of the far-UV laser light and the
visible laser light, radiated by the UV laser light source 1, is
incident on a light modulator 2 by which the UV laser light is
modulated in intensity by the subsidiary information which will

(;/ be explained subsequently.

The UV laser light beam, modulated.in intensity by the light
modulator 2, is enlarged by lenses 3, 4 and passed through a
phase diffraction lattice 5 so as to fall on a Semi—transparent
mirror or half-mirror il. The UV laser light beam, transmitted

through the half mirror 11, is reflected by a mirror 14 so as to

be converged by an objective lens 6 mounted on a bi-axial



throughhthe half mrror 11, is reflected by a mrror 14 so as to
converged by an objective Iens 6 nmounted on a bi-axial
7 actuator 7 so as to be radiated as a light spot on the surfac

motor 10 which is roughly positioned by? e.g. screw feed along t

via the objective lens 6 so as to be reflected thereby to fal
hal f - mi r %H_Opﬂﬁf%kﬁq%ﬁﬁe% light incident on the half-nmirror

to a phot odet 0 d of silicon b li.ndrical |ens
confi gured fo%ﬁH%fE% 3 ggﬁﬂ%l%glﬁrkﬁPt gpgﬁalétl?ﬁebﬂh€t

be

e of an
optical disc 8. The optical disc 8 is kept in rotation by a spindle
he radi al
direction of the optical disc 8. The reflected |ight of the visible
Iaserl|gﬂﬂtq%kﬂﬁt S0 syp f heebof reAéadpdi eal adidghy mRAts agn thee sHTFRe 14
on the

11 i

s led
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detects t L u of the incident t .and outputs ele tr cal S|gn s
based upc}hrbet‘ﬁg ﬂ‘éll&erﬁouﬂ tP %Fﬁﬁﬁngge RY a8kEng *Sigital 5° $¢ o8 ui
groove f y u dgt ect ed u3|ng out put signals
fron1theq%hd&odé¥% or(%g P %ﬁggﬁg§£¥ro$ signals and tracking error

si gnal s may a'ﬁpe be P@&@g&eqlgmmwetﬁge% siile 31'59;@118195&9“%%% bynd he

phot odet ect or ese ocusing error signals trackin

error signals
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controll ed manner so that 'the UV Iight spot radiated on the opt

i cal

disc 8
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correctly positioned

half-mirror 11. The reflected light incident on the half-mirror

L

11 is led to a photodetector 13 formed of silicon by

a

cylindrical 1lens 12 configured for detecting focusing error

signals. Tﬁe photodetector 13 detects the volume of the incident

light and outputs electrical signals based upon the incident

~light wvolume. De—tracking signals from a guide groove

for

tracking 9 may be simultaneously detected using output signals

from the photodetector 183.

Focusing error signals and tracking error signals may also

be detected from the electrical signals outputted by the

&J; photodetector 13. These focusing error signals and tracking

error signals are fed back to the biaxial actuator 7 for moving
the actuator in a controlled.manner so that the UV light spot
radiated on the optical disc 8 is focused on the surface of the
optical disc 8 at the same time as it is correctly positioned
with respect to the guide groove for tracking 9. |

The optical disc 8 has a resin substrate formed of light-



with respect to the guide groove for tracking 9. The optical disc 8

has a resin substrate forned of |ight-

8 transmtting materials, such as polycarbonate or acrylic resins. Thus

the UV laser light radiated on the optical disc 8 needs to be a |aser

li ght beam appropriate for machining the8polycarbonate or acrylic resin

material. Since polycarbonate and acrylic_resins absorb the |ight having

the mvel%%lb$l%tm%ﬁﬁ@4ﬁn supdy agnPaAY cerdonedst OKagFRYligeresins.

wavel engt hs of not nore than 370 nm respectively, and the UV |aser |ight

havi ng tﬁg’%\fé}%r{ﬁ{ h 28T nbt8horead iated oo nhbe CRbteR bedi B9 &i peetfetoy

| aser |ight ith the vel ength of 190 tqg 370 nm,capabl e of bein
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light for recor
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| ight spot is renmoved by ablation for formng the pits.

subsi di argf img Oriedé 0BhaBPL 86€ARS ikhabisdebleld bsatd 0N, §HY ayvatd & PIPRRE tO
the optical disc 8 and is conprised of .

with the wavelength of 190 to 370 nm capable of Dbeing
o
e satisfactorily absorbed by the substrate of the optical disc 8

and being photodecomposed in a shorter time is preferably
employed as. the laser 1light for recording the subsidiary
information on the optical disc 8. Thus, in the present
embodiment, the subsidiary information is recorded using the UV
laser light with the wavelength of 266 nm generated by the fourth
harmonics_generated by thé:neodymium YAG laser.

By this UV laser 1light, the subsidiary information is

- recorded as pits on the optical disc 8. Specifically; the
portions of the disc irradiated with the UV light spot is removed
by ablation for forming the pits.

The subsidiary information represents the identification
information proper to the optical disc 8 and is comprised of
micro—codes employed in coding or in a microprocessor. The
contents of the subsidiary information include the information

such as the serial number or pass—word-of the optical disc 8.



mcro-codes enployed in coding or in a mcroprocessor. - The contents of
the subsidiary information include the information such as the serial
nunber or. pass-word of the optical disc 8. ' '

9 The rel ation between the UV | aser Iight and the size of the
recorded pits is explained in detail. 9 The size of the pit reproducible
with a | ens havi ng‘ﬁa wavel ength of 780 nm and the nunerical aperture of

0.45 is not | fRARTof7 bpdmepm the HVi dagpe lighhedndythecorsl et drhe he

tical di 8 wth.fhe ablation, . at wee |l ocity of 1 to 4 njsec,
o e B e G RES aresa e L Dot et of b L
hi gh i t |.s.e .wi dt f 20 to 200 d I in
numer; ot RS G 4r LR o e P uR3p 1 BRE LB oL RED P et e
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the | ens Mavid0 piheeRUMRihEabnaRRE! Ug‘éi%lodf?c with He 31 o dif ddife
focusing error signals and tracking error signals usi ngethe et ect’e
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of 532 nm generated by the UV laser |ight source i's used sinultaneously

with a Uwiltaser walvieQleihg?en®of26s way,elnfili 1 tfd 366 A @m%rpwiaéd)rwﬂﬁ a
recording in consideration of sensitivity, reaction and |ight-induced

damage ofpullse skidtionofha@®debecdomr A8, and a Thendedvioigt Ae dumski
gui de groove 9 is set to one quarter of the wavel ength of 532 nmof the

| aser |i gimerdeama sof Ohdt oraxlemsn sitpealsineduwd fit tha fredt othws | f olr@edbtigy ned
focthe récording is substantially coincident with the size of the pit
reproducible with the UV laéer light of the wavelength of 780 nm
and with the lens having the numerical aperture of 0.45.

For detecting the focusing error signals and tracking error
signals using the reflected light from the optical disc 8, the
visible laser light with é wavelength of 532 nm generated by the
UV laser light source 1 is used simultaneously with a UV laser
light beam of a wavelength of 266 nm employed fqr pit recording
in consideration of sensiﬁivity, reaction and 1light—induced
(-z damage 6f the silicon photodetector 13.

The depth of the tracking guide groove 9 is set to one
quarter of the wavelength of 532 nm of the laser light beam so
that maximum signal modulation factor will be obtained for the
laser light having the wavelength of 532 nm. The depth of the

tracking guide groove 9 then becomes equal to one-half the

wavelength of 266 nm, so that the signal modulation factor is



| aser |4 ght having the wavel ength of 532 nm The depth of the tracking

gui de groove 9 then becones equal to one-half the wavelength of 266 nm so
that, the signal nodul ation factor is :

10 minim zed. The detection of tracking error signal in the tracking
operation is explained. For detecttong the tracking errors, a
three-beam method is wused. The three beans in the three-beam nethod are
gener at edniyimizded phase diffraction lattice 5. Thus a synthetic quartz
having a high transm ssion factor of e.g., not |lower than 90%for the W
| i ght havi ng tTHe wdetpetigon off 266anking camteyecdignad imt dheal tfacking
phase diffraction lattice 5 The phase depth of the phase diffraction

| atti ce PREF&EOR oiprREpmRinethe wavel ength of 532 nmof the |aser |ight
so that the Uy laser, light with the wavel ength of 266 nmw || be :
transmitted t HrYugHEteHet &t tHhRet BachingoorRarsehe difeestiaash nathed ehty.

wll becaone .mayximumifor the |laser Jig be W th e _wavel ength of 532
nm |If t%ee%‘caﬁ‘lfh@r irghé'e@a%?@a‘sbflnt ﬁéesgﬁfﬁﬁﬁ’nﬁa{ﬂuﬁ?%gogsaﬁ?sg He?d PYhe
phase dept rresp t o one wavel engt h f.or_the wavelength of the |aser
i ght of %%%r?‘]set r#t}rs}dffﬁancﬁmmzr} nl\g,;\%%lecedi T r'lgtélfsl oh Sy‘é?‘f}fecti c%/“.lartz hw{%ugh

scattering . h&ﬁﬂﬁﬁ%{%%&&{ércé@”gw n ?.Ute‘i‘iawfe € 3 SR dtec{d%e@ée

i nportance I's atta the” m ni num ffaction efficiency for
wavel engtfy o ;g€ MAvidd itheNOkSfbolength of 266 nm is employed as a

material for the phase diffraction lattice 5. The phase depth
of the _phase diffraction lattice 5 is set to one-half the
wavelength of 532 nm of the léser light so that the UV laser
light with the wavelength of 266.nm will be transmitted through
the lattice 5 and so that the diffraction efficiency will become
maximum for the laser light beam with the wavelength of 532 nm.
If the sdattering caused by the synthetic quartz is disregarded,
the phase depth corresponds to one wavelength for the wavelength
of the laser light of 266 nm, thus minimizing the diffraction
efficiency. |

Although scattering by the synthetic quartz cannot in effect
be disregarded, more impdrtance is attached to the minimum
diffraction efficiency for the wavelength of 266 nm. It is noted
that synthetic quartz needs to be employed not only for the phase
diffraction lattice 5 but also for the optical compohents
employed in the optical system excepting a mirror.

The visible laser light, with a wavelength of 532 nm,



that synthetic quartz needs to be enployed not only for the phase
diffraction lattice 5 but also for the optical conponents enployed in the
optical systemexcepting a mrror. The visible laser light, with a
wavel ength of 532 nm radiated fromthe UV |l aser |ight source 1
I's converted by the phase diffraction 1llattice 5 into three beans which
are then  radiated as spots 9a, 9b and 9c on the tracking guide groove 9
formed i radieatgd i Eedmdibe BY Theerefligbtedolirglet lof ishecanwibied Huasehe
light, radiated as the spots 9a, 9b and 9c, falls on the hot odetector 13
as spots Bimse 1dpfaRacidenankprtthice i fhiinke ukbseeopegms sybishi3ae 18hennd
13c are detected by the photodetector 13. Al though the existing '

phot odet éadiated SERY DpPfat 8Pf BRA §LoRPt Efed tTdal ing tHiel defgrreaesl Bv

| aser light fromthe optical . recording nediym focusing and tracking error
si gnal s 'ﬁﬁglﬁeﬁgfthtéﬁéédgFﬁca d g?ﬁh?éféﬁfﬁﬁdtﬁlﬁﬁé BfekBatvEpibLal
recordi ng, devi ce. enpl oyi | he visible |aser |ight. Me ile, by
arrangin%ﬁs%f {%§$P’ %?gpa#%grgauégFaﬁP° 5h8?0d§%é@ﬂ&w§9#1égiﬁ%n%ﬁ fren
the |ight t phat.od ct qr. assqcjated. wih tBe | i ght
spot s ga,p%?#%?gnéz%to%ﬁ %e% E)t%tc?r zig,’ra’dﬁgi?’r %gfieﬁﬁ %ﬂ?,{:ﬁ? g’e%fb’%re‘? 0%SPbl e
to sinmldangpusdgysdet f Ty i r i | gnal
by the astigmati c%met hod ‘enp ofléi' ng gjiﬁﬁersl ri caﬁst%d]eﬁos}; atzﬁ:dé< ;gxgoﬁ%&ec%bg

t hr ee- beam metAiatho UAs Rard i 848 3t in% photld@d tdSeo ! 040N J.é;'}gr@ﬁfﬁ.{é‘gfor

phot odetector is not appropriate Tor speedily detecting t reflected UV
Iager | i ghtomptly detecting the reflected UV laser light from the optical
~ reqording medium, focusing and tracking error signals can be
.detected_ speedily and accurately with the present optical
recording device employing the visible laser light.

Meanwhile, by arranging a pair of four—quadrant
photodetectors in register with the light.spots 13a, 13c on the
photodetector 13 associated with the light spots 9a, 9c forﬁed
by the =*1st order diffracted 1light, it becomes possible to
simultaneously detect focusing error signals and tracking error
signal by the astigmatic method employing a cylindrical lens and

&/ by the three—beam method, respectively.

That_ is, although the existing Iphotodetector is not
appropriate for speedily detecting the réflected UV laser light
from the optical recording medium, the focusing and tracking
error signals can be detected speedily and accurately with the

present optical recording device employing the visible laser

light. In other words, the subsidiary information can be recorded



fromthe optical recording nedium the focusing and tracking error signals
can be detected speedily and accurately with the present optical recording
device enploying the visible laser |light. In other words, the subsidiary

i nformati on can be recorded 12
correctly by recording the subsidiary i d2ormation, with the aid of the W
| aser |ight bea as focusing control and trackin control are €£|Ied

Wwith the %ﬂ‘if'?ﬁt heXimmraingdrh ‘fl%ﬁ%ﬂdlary i ‘b‘f‘?‘?:r?gorfo "s}bl;Z z?h%i@N

| | t A 1

s conudth o5 n08, Yasr PHER PBeamh & ?fwsmgacam??ir 'ho fr%le'lﬁﬁqad
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medi um via an optl nd a mrror exciting
neodym um YAl yptal 23, Thus the excited light of the neodym um YAG
| aser with a wavel ength of 1064 nmis radiated from the neodym um YAG

crystal 23. A 1adbf RriQdcesh segond mlmmd@ﬁeiahwhtréﬂa!ﬁr@ gngon-
| i near optical crystal elenent 24 of KTP (KTiOPO4) within an external

resonat orlds¥r geng@taloMe $R&N@nZameR 868( G or Tecit 88t hé %&o@&miﬁﬁ
second harnonics, with a wavel ength of 532 nm generated by SHG

transmi t tyAt t]J"arsnrg.h &hd rYage?5l ight afﬂ-orﬂnth@ﬁlaﬁﬁeﬁCtdIbdhptzIlafaITDQUJJﬁIt &QN
(EOM el enent 26. The EOM el enent
external resonator of the neodymium YAG laser. That is, the laser

~ light falls on a crystal of the neodymium YAG laser 23, as a
laser medium, via an optical fiber and a mirror 22, for exciting
the neodymium—YAG crystal 23. Thus the excited light of the
neodymium YAG laser with a wavelength of 1064 nm is radiated from
the neodymium—-YAG crystal 23.

The ﬁroduced second harmonics laser light falls on a non-
linear optical crystal element 24 of KTP (KTiOPO4) within an
external resonator for generating second harmonics (SHG). The
laser light of the second harmonics, with a wavelength of 532 nm,
generated by SHG, is transmitted through a mirror 25 to fall on
an electro-optical modulation (EOM) element 26. The EOM elemént
26 is employed for high-speed phase modulation of the.fourth
harmonics laser light, radiated by the UV laser light source,
based upon a signél from a signal source 33.

The second harmonics laser light from the EOM element 26

~falls on an external resonator constituted by mirrors 27, 28 and



26 i s ehpl oyed for high-speed phase nodul ati on of the fourth harnonics
| aser light, radiated by the UV |l aser |light source, based upon a signal

froma signal source 33. The second harnonics |aser Iight fromthe EOM
element 26 falls on an external resonator constituted by mrrors 27, 28
and 13 13 a non-linear optical crystal
el ement 29 conpgsed of BBO _That is the second harnonics | aser |ight

falls vi a? PH@‘lePP@F optisad crpRtel nelement i 2hicomppaes of BREnt That isja
the mrr 27 to %enerate fourth harnonics laser |ight with a wavel ength

of 266 eoys%‘iln f ?H&?Thcﬁa}ﬁﬁﬁ%élﬁer@ﬁ“&n Vit etheuPERTREr ROnis 2

| di at t { th

| aser | 3’2} pEL LI ﬁgesﬁéﬁéﬁf{' p Lol emert. rzrggchégdéd}ﬁu'ﬂhBﬁ‘QYytzt}L iy
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t he exter naI resonat or can I VI ng he mTror ih a con
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excited into operation at a pre-set frequency in a sta i zed state.

Specifically, girsanpndnhalapescsikréeri thoRheoWh9eilRe ftho e HEM is
el enent 26 and reflected light by the mrror 27 is incident on a

phot odet ectcdrt 32 .cohitd nuteisadet edgbt 3Atbhentoonyenlstiba mhpchédecuted
reflected Iight into an electrical current which is supplied to a |ock
circuit ¥Fpeemidy.ockncadditiol] sivieettchd dde is high in uniformity, the

~ laser light.may be condensed easily to a spot with a diameter of
not more than 1 um.

The resonant frequency of the external resonator can be
swept by driving the mirror in a controlled manner by a voice
coil motor 30. That -is, the external resonator is excited into
operation at a pre-set frequency in a stabilized state.
Specifically, the second harmonics laser light outgoing from the
EOM element 26 and reflected light by the mirror 27 is incident
on a photodetector 32. The photodetector 32 then converts the

. incident reflected light into an electrical current which is
supplied to a lock circuit.31. The lock circuit 31 detects the
pbsition of the mirror 27, based upon the electrical current, and
negatively feeds back the position signal of the mirror 27 to the
voice coil motor (VCM) 30. The voice coil motor 30 controls the

position of the mirror 27, using the position signal transmitted

thereto, for 1locking the resonant frequency of the external



positien of the mrror 27, based upon the electrical current, and
negatively feeds back the position signal of the mrror 27 to the voice
coil nmotor (VCM 30. The voice coil nmotor 30 controls the position of the
mrror 27, using the position signal transmtted thereto, for |ocking the
resonant frequency of the external 14

14 resonator. Detailed description of the lock circuit is found in JP
Pat ent KOASINFRMT i c&re i @ dpBex4Pddbre orfr ddsodgickgedscust pat Epundlsns3y.
An illustrative exanmple of the recording state of the subsidiar

i nf or matdBP#yeRhe Kofeiic Aukfiiatiorn ~PP-#£130681 correspomcimg itgh US
signal s,_such a di o, video and data, are recorded in the information
recormlﬁf%ﬁ%%.é%gﬂﬁs}he optical -disc 8. On the inner peripheral side of

the informati on r.ecordi ng, area 50, .there i rovidedq. a lead-in area, as an
e Lo TRl T oo rRBR BN e PHeSEdinEn S [ ol SBnd

i nformation recorded iLn_the.infor Lon_recordi.ng area_50. A subsidiary
1t or mat P | SERRA T Ent SrantLbh; 8 FheoPak RE 8L deTHE aRRup tr BB En s

provided in tﬂ?f(l)ﬁﬁlgﬁigna%ggnaﬁgq tdfen | AL 1AL i\?f‘d&?f QLRI N, Proper to

the optical disc 1s recor i'n’the subsidiary 1’nformation recording area

S51. reddfasabs] A YnirBLALTRLhOPEEERT HENEr 8585 Jh &%%doafegca@ §9sct he

| ead-in area and may be In any other area provided that a guide groove for
trackinggis bar e (N pedlphers) ENBeIViIrd& el OONSrhE i 4 ABKEDIaIREV ES

as a guide for witing the
area 50, there is provided 'a lead—-in area as an area for
~ recording the information specifying the contents .of the
information recorded in the information recording are# 50. A
subsidiary information recording area 51 for recording the
subsidiary information is provided in the lead—-in area, and tﬁe
identification information proper to the optical disc is recorded
in the subsidiafy information recording area 51.
The subsidiary information recording area 51 need not be in
the lead—in area and may be in any other area provided that a
guide groove for tracking is formed therein. That is, the guide
\;, groove for tracking serves as a guidé for writing +the
identification information on the disc.
The information signals recorded on the optical disc 8 are
read out using an optical pickup employing a laser light source
such as a semiconductor laser other than the near—infrared laser.

The recorded subsidiary information may be reproduced using an

optical pickup configured for reprodﬁcing the information



identiftcation information on the disc. The information signals
recorded on the optical disc 8 are read out using an optical pickup
enpl oying. a | aser light source such as a sem conductor |aser other than
the near-infrared |laser. The recorded subsidiary information may be
reproduced using an optical pickup conflbgured for reproducing the

I nformation - 15 signals. The
read- out lighdlss of Theersadsioditarsignegly naf i bhe smhgddiprof infomnabies,
directly enters a mcro-processor, not shown, for discrimnating the
cont ent s e 1P i ¢f FRhetPoRedes, directily paERECS! W MY e TEMAEHO kot
The optical disc,is pgass-produced using a stanper. Specifically, a
phot or esiPH 4 nf9% LHSERIMOA2L 1BBadhep cantenty °§i§ﬁ§l§n§PémP§éGﬂﬂ§Pr

t hereon by. | aser. |.i ght d. devel oped to . prepare a master disc. A netal

nol d (sté%ﬁ?f?ixsﬁé%ﬁ?é%ﬁﬁ?%af@% OQE}%ﬁlt%égﬁaster di sc. The optical disc,
havi ng the inf tiqn _signals recorded_theregn y be produced in | arge
quantities usllﬁ{legmtqrﬁ%sqlcs ]larrp(g}?cml?hemgﬁf’f REQUBFCPhe Y5dti & al® di TR T vi ng

the recordust iy Qhphbd03k31s8 T0A 16! dBA1Ua 8l hEE1LAD b Par donRi t od

by vacuum deposition and a protectiv ayer o restnirs

thereon t3 &R &ffe ardiBkbcal @hddifaby dilSGer 1ightTh§1é§t %Bv%flop%ﬁorf% ng

the subsidiary information on the optical disc using the far-UW Taser
light ragirimetd eomubberWistasel ndtaht mear qst&mﬁgrqaiélﬁ%@%a@e@&@e& he

step of vacuum deposition of the netal filmin the above-described nethod
for pr odugciingy thike maptiecald idicSC. The optical disc, having the information
b signals recorded thereon, may be produced in large quantities
using this stamper. On the surface of the optical disc carrying
the recqrded information signals, a metal film for reflection is
deposited by vacuum deposition and a protective layer'of hard
resin is formed thereon to complete a duplicated optical disc.
The step of recording the subsidiary information on the
optical disc using the far—-UV laser light radiated from“fhe uv
~laser light source 1 is carried out before the step of vacuum
deposition of the metal film in the above—described method for
producing the optical disec.
In the aBer—described embodiment, an Nd:YAG laser capable
of "radiating the laser light with a wavelength of 266 nm by
~ fourth harmoﬁics generation from the 1laser 1light with a
wavelength of 1064 nm is employed as the UV laser light source.

As alternative solid lasers, use may be made of an Nd:YVO4

padiating the laser light by fourth harmonics generation of the



|  t he above-descri bed enbodi nent, an Nd: YAG | aser capable of radiating
the laser light wth a wavel ength of 266 nm by fourth harnonics generation
fromthe laser light with a wavelength of 1064 nmis enployed as the W/

| aser light source. As alternative solid |lasers, use nmay be made of an

- Nd: YVJ err] radlatlng the laser light B¢ fourth harnmonics generation of

- the 16 wavel ength of 266 nm from

the |asequVied|ﬂn&ﬁh tHe %@ﬁlemengwmowe1@e§eﬁmll§|htNd>fYL & aEvaliengttheof
| aser qrt by fourth harnonics . generation of the wavel ength of 262 nm

fron1the Ofdoinm,; NSFYLFhEaﬁé9EFBﬁgFHeoiaEBH7 hERT e BN YRR &% i ng
from & nEerdihs rY qEHhe graverad ﬁ%ﬁeéﬁglﬁ% Tspn o Tasar 1ighe of
fadratind B ARG e 1A andBnan TR FRa5al ?glge a3ty
aser |1 e A gng othie ek 8AdLl 8hnlr ;%mhoﬁ ghfa el GELLTLR tﬁnowﬁo%%

| aser source capable o |ng aser haV|ng e wavel en

of 0.9 tapch 1 £RET] MakRY: bey; gipl oygd. {fei Swa'v%qeng%%' blgeto1ygg a Arﬁlsef

~light froma gas |aser source, such as an Ar |aser Source capable of
- radi ati ngyideasfit Ivaly, CHstUﬁeV\@élxﬁi@QH&HétQP Qa%éé AMgrd: ?s%z{c%r rJiBa@l§33

[err]m 0.351. [err]n1or 0.364 [err]m or He- | aser capabl e of
- radi ati ng1 asevectlyghtadian g t&@m&alﬂwd hﬁa@é, Q320 dAd [ Taddr GsAdhee
[err]m Al though KTP or BBO ([err]-BaBlerr](err]) 1is wused in

the abowepatdesai edd babdolg NbaseAsliBatnaBvlingedheoplavedlenygtistcd 0.78
elﬁﬂent,to 0.86 um or an InGaAs laser source capable of radiating the
laser 1light having the wavelength of 0.9 to 1.1 mum may be
employed. It is also possible to use a laser light from a gas
laser source, such as an Ar laser source capable of radiating
laser light of the wavelengths of 0.275 pm, 0.308 um, 0.333 um,
0.351 um or 0.364 um, or a He—Cd laser capable of radiating laser
light having the wavelengths of 0.325 um or 0.354 um.

Although KTP or BBO (B—Ban%) is used in the above-
described embodiment as the non—-linear optical cfystal element,
LN, QPM, LN, LBO or KN may also be employed.

In addition, although the three—beam method is employed in
the above—described embodiment for detecting focusing and
tracking, it is possible to use a skew beam method or a push—pull
method for detecting focusing or tracking, respectively.

The optical recording/reproducing apparatus according to the

present invention is now explained.



LN, QPM" LN, LBO or KN may al so be enpl oyed. In addition, although
the three-beam nethod is enployed in the above-described enbodi nent for
detecting focusing and tracking, it is possible to use a skew beam net hod

or a push-pull nmethod for detecting focusing or tracking, respectively.
The optical recording/reproduci ng appardtus according to the present
i nvention is now expl ai ned. 17

The optical reEBedPRELieapr se¢oirdd nggperaodscing whearatins inghdepuacBVil,
an optical pickup 40 for radiating a |ight beam outgoing fromthe UV | aser
li ght souti8ht IPureeR bptﬁ%aPPHilgelsplaﬁuptflanécmtw gatg@grefﬂeehédbeaght
fromthe optical disc 8 to _a ?hotodetector 45, and a servo circuit 47 for
ef f ect i ngPYbEQLNECHPRPob BV Rdl 2pBR bLERht SerERAIL 0?1t bRae ppBt baelcdise 85,
as shown in Fig.4..The parts or _conponents which are the sane as those
shown in ??3.g}%?%mﬂggfﬁgeﬁﬁﬁyr?ﬁgeggﬁg tLEBFehERMNbhBraPEicalndipped to
correspondi iption,is om tted for si,npligit he, UV | aser
|'i ght sougcggﬂggggﬁggégra4kar909 Fa§§?wridﬁg%ﬁﬁia%%Mﬁﬂﬁ(ﬁﬁgéﬁhb%goFeFVﬁm
200 to 30 d,3.Las | O ' he vi.si bl e waveform.ran of . fyom 400
to 700 anOHEI'thI ggg% 4 ﬁ'{pg*r{ %‘%t%ﬁ% é%—n Gt _rOaI{/i%m% SE‘P & gﬁ%)e%r%gﬁgelé’s_ &8¢
to a wav th,e | 4t0 - hal f .t f iSi Rl i g as
ShERAt bnepugl 4t Q"ﬂ%egﬁrft.s hat c%ﬂ%of}x},n\{:ﬁi Wilie C%J.Fé p{l@%u%arﬁ as

expl ai ned previously. erri.ng to e optl

i ncl udes gnhbs&hhowMtiensiiky 1nMRdy! @é?icéédfﬂy ALk ggfépég}:gt Eﬁ‘iﬁé%%ﬂgf

the laser light fromthe UV laser Tight source 1, and an o ctrve I'en§ 42
and the corresponding description is omitted for simplicity.

~ The UV laser light source 1 radiates a far-UV laser light

in a waveform range of from 200 to 300 nm and a laser light in

the visible Waveform range of from 400 to 700 nm. The laser

1igh£ of the far—ultraviolet (far-UV) range is set to a

wavelengfh equal to one-half that of the visible light range, as
explained previously. .

Referring to Fig.4, the optical pickup 40 includes a light

intensity modulator 41 for modulating the intensity of the laser

light from the UV laser ligﬁt source 1, and an objective lens 42

K;: - for converging the laser light on the optical disc 8. The

.optical pickup also includes a Frenel zonhe plate (FZP) 43 for

converging the laser light of the visible range on the optical

disc 8 in a state free from aberration, and a bi—axial actuator

44 for driving the objective lens 42 in a direction along the

optical axis and in a direction normal to the optical axis. The

optical pickup finally includes a photodetector 45 for detecting



for converging the laser |light on the optical disc 8. The optical

pi ckup al so includes a Frenel zone plate (FZP) 43 for converging the | aser
light of the visible range on the optical disc 8 in a state free from
aberration, and a bi-axial actuator 44 for driving the objective |ens 42
ina direction along the optical axis d®d in a direction normal to the
optical axis. The optical‘fickUﬁ finally includes a photodetector 45 for
detectingthe light reflected by the optical disc 8 agd thensinghtedetheeusl by

the optical disc 8 and transnmitted through the objective |ens 42, and an
optical sYR¢epPasctbyecdbpBctinganthen ohidfak s¥stamht4q ofemeconducting

phot odet ect or,_ 45. The | aser |jght outgoing fromthe UV | aser |ight
source 1 “F% Eﬁﬁ?sTbtﬁegeghggblF?tEPg4BE°$PgeF€ﬁ§8§ 48a, 46b constituting

ti f ' I 46. . The | 46 [l t hy h t
o ortt on of SPlLegl BIRhE ™A bos T kS U L DSOS s dea
i nt d. [ 46b f ti the, b di t { - t
POt 20 d o dFe LS8 SOl 96 FELLL oLy DOP s POl A oL 0 LGS
h [1i . ji.gh h ' 6¢C. T [itt 46
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nodul at or 41. The light intensity nodulator 4171's an optica enen

expl 0i ti nghPbwkR- Bt €ctdd LRl pefd ey BY Wid 12in3046BaREeSsb bt i hef EREHYE
I ndex caused by inpression of electrical voltage. -
spot diameter to a pre—-set diameter. The lens 46b collimates the

~ light from the lens 46a and sends the collimated light to the
beam splitter 48c.

The beam splitter 46c bends the optical axis of the lens 46b
by 90 for directing the léser light towards the optical disc 8.
This laser light falls on the light intensity modulator 41.

The 1light intensity modulator 41 is an optical element
exploiting photo—electrical effects by utilizing changes in
refractive index caused by impression of electrical voltage. .
Alternatively, it is an optical element exploiting acousto-
optical effects by utilizing the correlation betwgen the sound
wave and the light wave passing through the medium. The light
incident on the light intensity modulator 41 is modulated in
accordance with the subsidiary information supplied from outside,
and a 0’th order light of the modulated light is taken out.

The laser light from the light intensity modulatqr 41 1is

sent to e.g., the biaxial actuator 44 fitted with the FZP 43 and



Alternatively, it is an optical element exploiting acoustoQ opti cal
effects by utilizing the correlation between the sound wave and the |ight
wave passing through the medium The light incident on the light intensity
nmodul ator 41 is nodulated in accordance with the subsidiary information
supplied fromoutside, and a Oth orde¥8light of the nodulated light is
t aken out . .The laser light fromthe Iight intensity nodul ator 41 is
sent to &h§. oRirchivki diendct dat oS 4,HGkqld GPRROFRRLEZP 4T hfgbiaxial
19 the obj ectlve ns 42 as Qptical conponents. The
act uat or a&%“&lti"\?e%“t ’élY)‘B? ettﬁq P Jleé‘ﬁswz?z lepsagiina fidﬁ'ecr’fdl%‘atlé@lcwed
arrows shown in Fig.4, that in a ction along t.he pti axi
t he objeEY|fnggﬁ§ ﬁ?bgﬂd]fh g ﬁl#ectﬁﬁﬁ noF mal dﬁﬁ§°3dt|cd$i%&$s n
- The FZP 4 Lransparent terl I h|b| i little

absorptl ﬁtl%a%hggﬁar- ran g ggﬁéﬁea gsnt%e 'z eén éuggf§°t1?ﬂenﬁfﬂgi3 i's
a concentri ¢4RN Ihf ,agtd on lattice forned on the substrate surface.
Fig.5 sh%&s Q %?ﬁégslsegﬁlonal profile of the phase diffraction lattice.

The FZP 43 i ST'h‘iﬁ@"Z'Py 432Gl AU Al '6‘f ! 0§§a§§ﬁ£b€ﬁ‘€' mé@é??ala@th%%thg

constant lattice depth without regard to the radial position, as shown in
Fig.5 hataddi ta®sorpbEoiZA3tHas £#40L-Uv attling® ,Pe64188 RNESH tHRRABANT

‘on the radial position fromthe center towards the outer rimportion, as
shown i nghla@gt%.. Tiee PrPngsplie of ddiedmdF A3 phdde beiekuatdabadlattice

subsequent|y. The optical disc 8 is irradiated via the objective |ens
42 formed on the substrate surface. Fig.5 shows the cross—sectional
. k\/" .

profile of the phase diffraction lattice.
The FZP 43 is ideally recténgular in cross—sectional shape
and has a constant lattice depth without regard to the radial
position, as shown in Fig.5. In addition, the .FZP 43 has the
lattice period changed depending on'the radial position from the
center towards the outer rim portion, as shown in Fig.5. The
principle of the FZP 43.will be elucidated subsequently.
The optical disc 8 is irradiated via the objective lens 42
with a laser lighf corrected by the FZP 43 which functions as a
\_ _lens in the visible light range and which fails .to function as
a lens in a band of the far—-infra—-red range.

The photodetector 45 converts the detected 1light into
electrical signals which are transmitted to the servo circuit
47. The servo circuit 47 finds a 'signal controlling the

operation of the biaxial actuator 44 by the resulting focusing

error ‘signals and tracking error signals.



with a faser light corrected by the FZP 43 which functions as a lens in
the visible light range and which fail.s to function as a lens in a band of

the far-infra-red range. - The phot odet ector 45 converts the detected
light into electrical signals which are transmtted to the servo circuit
47. The servo circuit 47 finds a29ignal controlling the operation

of the biaxial_actuator 44 by the resulting focusing error signals and
tracki ng err(NTQﬁgﬂﬁﬁ%$al actuator 44 shifts the objective lens 42(pin the

The bi axi actuator_ 44 shifts the objective lens 42 in the direction
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I's known that a l'ens forned of a transparent optllca materia

transmt dgiei minghle clo® dd ndethaed charid¥ ic@Ngdand ehdi %éé&yiﬁg@n&'s@re{%ﬁ £k ly
for the visible range. For exanple, if the single Tens formed

artifici aomuarl zmdprbd heanpyvel esgt hwitang@eof ;268 1M itheusad 1f1'£1re theght
wavel ength of 532 nm the

_ range, the information signals can be reproduced with optimum
N~ playback characteristics.

The principle of the FZP 43 is explained.

It is known that a lens formed of a transparent optical
material designed to transmit thé light in a defined far-UV range
is difficult to use directly for the visible range. For example,
if the single lens formed of artificial quartz fqr the wavelengfh
.range of 2686 nrh is used for the wavelength of 532 nm, the
wavelehgth diépersion of the artificial guarti may be calculated
ﬁsing parameters now to be explained. | |

As for the wavelength-dependent p;rameters, the refractive

index N is such that

refractive index for the wavelength of 266 nm N%S 1.499
refractive index for the wavelength of 532 nm N532 = 1.461
The increase in the focal length for the wavelength 532 nm

qf the single lens, caused by such difference in the refractive

index, is obtained from the equation (1):



wavel ength di spersion of the artificial quartz nmay be cal cul ated using

paraneters now-to be expl ai ned. As for the wavel engt h-dependent
paranmeters, the refractive index Nis such that refractive index for
t he wavel ength of 266 nm N err] = 1.499 refractive index for the

wavel ength of 532 nm Nerr] = 1.461 21 The increase in the focal length
for the wavel ength 532 nm of the single |ens, caused by such difference in

the refractive index, is o igRed of Iy < (1):

21 (0. t}ftgg ‘§461)/@@)L{}(be 7% -

(1) Thus, with the focal length of 4.5 nn1of the single lens for the
wavel engt h of 266 nm the increase in the focal |ength of G single | ens
for. the wavel ength of 532 nmis 343 rr us it seen that a | aser
light spot wit H‘?% WV diigt 1 oL 5§?n|[3ﬁ1h| gf ﬁr?f’f“&ﬂft ?dlnﬁl 16n1eRs f?rﬁge

P e heed Fap MaE iR fﬁ"ﬁﬁgﬁ% Gg?lmssgﬁ‘ﬁnfnff'eftggﬁﬁésﬁ:tﬁ ?%C&slf E%ﬁegélhiﬁé‘ﬁﬁﬁ the
focal 1 enaBhBofennardr nind YEheFenafhcaroy 0 s 8 Phs BRE. TE et i B’ A

focal |eéng e sing éf e f'ed
a secondglens¢nb$ ‘ésef'aéé‘r' R i AR & f&@t@%h""'tm J‘éel Cof! 839 np! Bs
effect, given the second lens Vi ng a const ant cknéss, thel?ocal

| ength Oalfb@céfeoeg £6P3 bR Rel qmygemplane forl ftﬁ@%éﬁgpmgtﬁnéfl g66
constituted by the FZP 43 as shown I n
nm.

K»; Thus, if the single lens is to be used for the wavelength
of 532 nm, it is possible to form a’spot on the same image plane
if a thin-walled lens having a focal length equal to the focal
length of the single lens dividéd by 7;7(%), referred to herein
as a second lens, ié used in intimate contact with the single
lens. In effect, given the second lens having a constant
thickness, the focal length of the second lens is 60 to 70 mm.

If the second lens is constituted by the FZP 43 as shown in
Fig;S,.and the lattice has a pre—set depth t equal to 532 nm, the

phase depth ¢ for the wavelength A = 266 nm is equal to 2w, as

shown by the equation (2):
$=2% (N-1) t/A=2%%0.499x532/266=2%

| (2)
That is, the diffraction efficiency at the wavelength A=266
nm of the FZP 43 becomes minimum such that the FZP fails to

function as a ‘lens.



Fi-g. 5, "and the lattice has a pre-set depth t equal to 532 nm the phase
depth [err] for the wavelength [err] = 266 nmis equal to 2[err], as shown
by the equation (2): [err]=2[err] (N-1) t/[err]=2[err]xO

. 499x532/ 266=2[ err] _ : _
(2) That is, the diffraction effi2Rency at the wavel ength [err] =266
nm of the FZP 43 beconmes m ni mum such that the FZP fails to function as a
| ens. On the other hand, the phase depth2P becomeyequml cihdl. Fhd,
the phase depth [err] becones equal to O. 92[err] as indicated by the

equat i on@g3)indicated by the qauafieneld): (N 1) t/[err]:2[err]xO
461x532/532 =0. 92[err]

(3) That is, in phenvinci)id/M =0 terddBisadjs3athear odpe diffraction
efficiency- becones maxi mum the FZP 43 functions effectively as a lens
havi ng a constant focal |ength. Fig.6 shows the relatbgg bet ween t he
phase depth [err] transmttance of the 0 th order | i ght nd the

diffraction |C|ency .Of g first-order ed I| t I . 1n
Fig.6, arrows ﬂérrfs 4[err]"H %ﬁ%f%f%%p?ésent tﬁ?ﬁﬁ%l &%%fr%ﬁFlon

second hayggniy cﬁﬁ%'e’&% e nm?rlu%pgtth} Ofp7332 "R AN ! *Lf% eotgibfct&x}?ff"

havi ng t he mave W’t h wavel eng th nm bei'n hat

of the fyn t t 2[err] for the fourth
Wndamntaly § a6, commsfoéjﬁp M i)

har noni cs of the wavel ength of 266 nmis naturally equi valent to [err]=0.
Fig.6 shows the relation between the phase depth ¢,

Y transmittance of the 0’th order light I0 and the diffraction
efficiency of the first—order diffracted light Il.

In Fig.G, arrows 260, 4% in fig.6 represent the positions of
the second harmonicg having the wavelength of 532 nm and the
fourth harmonics having the wavelength of 266 nm, with the
wavelength of 1064 nm being that of the fundamental wave.

The phase depth ¢=2m for the fourth harmonics of the wavelength
of 266 nm is nafurally‘equivalent to ¢=0.

If, with the FZP 43 having the focal length £, the radius
vector is r and the coefficient is a, the phase depth ¢(r) of the

.
vy
' wave surface is given by the equation (4):

¢ (r)=ar?
(4)

The phase depth #(r) of the FZP 43 is set to 0 and ¢ for the

range shown in the equation (5):



I f, with the FZP 43 having the focal length f, the radius vector is r and
the coefficient is a, the phase depth [err](r) of the wave surface is

gi ven by:the equation (4): [err] (r)
=ar[err] (4)

The phase depth [err](r) of the FZP 43 B8 set to O and [err] for the range
shown in the equation (5): 23

2nferr]-[err]/2 <[err](r) < ZqﬁI%{gé?{e,r(H_Z‘gm.m/z

(5) and otherw se, respectively, mis a natural nunber. The
rel ati on between the coefficient a and the focal length f is represented
by the equation (6): : (5)

(6) For preparing the FZP 43 with the focal length f=65 mMm for the
wavel eng@Rd & e-—’g"}?%mr%stpeﬁff’f"i"c]é’s’ t'eRe Bol§ kPatnaag‘E%eszT‘é‘P‘PTrf rom the
equation (6). Fqr. producin e FZP_.43 having the foc | engt h =65
o exiie retaR o BEETERE5PR $APFTIe nhE SnY L Aosal e
a=28.92[err,]_ f t e t 6 . {{h a |l ens construction

conpri sed of° tr{?g)rpo Jj)%lctte%g"‘}l g:nr}lse( Lfggu%tak/cfrhgygn)t)' aberration for the wavel ength
[err]=532 nm the spherical aberration produced on using the |ens
construction for the : a=n/Af :

(6)

For preparing the FZP 43 with the focal length f=65 mm for

~ the wavelength A=532 nm, it suffices to set so that a=28.92w from
the equaﬁion (6). |

For producing the FZP 43 having the focal length f=65 mm,
for example, for the wavelength A=532 nm, it éuffices to set
a=28.921 from the equation (6).

With a lens construction comprised of the objegtive'lens 42
having no aberration for the wavéiength A=532 nm, the spherical
aberration produced on using the lens construction for the
wavelength A=532 nm is represented by the equation (7):

(7)

The coefficients A and B in the equation (7) are fourth-
order and sixth-order coefficients of spherical aberration on
polynomial expansion of the spherical aberration. These
coefficients of spherical aberrafion may be calculated using a

general-purpose optical design program.



wavel engt h [err] =532 nmis represented by the equation (7): _
(7) The coefficients A and B in the equation (7) are fourth- order
and :si xt h-order coefficients of spherical aberration on polynom al
expansion of the spherical aberration. These coefficients of
spherical aberration may be cal cul ated gaing a general-purpose optical
desi gn program 24 The phase
depth [err] (r)The p&hsa/\/deethuwﬂadeofephesemvedswfam reiqmwseroteq At)y nteye be
“nodi fied as shown in the equation (8): err{é
=ar [ er r ] e2vartrijon N-4D) q&y[hgrqqiyqxgd]gs/qhgwq in the equation
(8) Specifically, since the anount of the spherlcal aberration in
the vicinity of the pupil f he Egpe of the objective |ens
42 of 0.4 is on the order 6€(€%E§?]HﬂFQVQ€& 43 C e satisfactorily
fabricated by correcting the spherical aberratlon represengg? by the

h

equation (7) The relation of [err](r) wth respect t e radi us
vect or - represented .b roken |i.ne cifyi.ng th ence of
aberratl on an s’qu Rkt n’esrlé{?r ar?bo"lnnt %%s%eco%lb‘%t dﬁ Bts)qeatfreat’t?nl s
seen fromlFl 7 1.hat n f corpection i.s_ incr utmar from
P m ag sﬁ'glvﬁq Jfl&mlt P LS Slo SPT ESE! LAY el DI RH A E Yol

nuneri cal ebgl R4 1Q=J°nfé)4”2 i §hy §£‘°&‘$dtH8 6RHEECHRD Y, e B4R 43 dan

r epr esent as sho
be satisfactorily fabricated by correcting the spherical

\v; aberration represented by the equation (7).

The relation of ¢(r) with respect to the radius vector r may
be représented by a broken 1line specifying the absence of
aberration and a solid line representing the post-correction
state. It is seen from Fig.7 that the amount of correction is
increased outwardly from r=1 mm as shown for example in Fig.7.

An aspherical lens with the numerical gperture qf 0.4, which
should be corrected by'the FZP 43, is represented as shown for
example in Fig.8. The design dimensions of the aspherical lens
are as shown in Table 1. It is noted that the focal length and

~ the residual wave front aberration for the wavelength A=266 nm

are also shown in Fig.8.



exanple in Fig.8.'The desi gn di mensions of the aspherical lens are as
shown in Table 1. It is noted that the focal length and the residual wave
front aberration for the wavelength [err]=266 nm are also shown in Fig.8.

25 TABLE 1 radi us of t hi ckness

refractive aspherical curv@ure - i ndex

coefficient article surface first 2.50144 2.500000

1.499679 K:-0.177604 surface TABLE 1 (synt hetlc

A:-0.20 quartz

B:-0.244P32E radius of thickness refractive aspherlc;%%

C: 0. 0000000E curvature index coefficik

D. 0.00 VARV secong =14 8353

3.001502 article (air) ®K: -175.| surface

128050 | surface N -0 . 166

523815;8(2) first 2.50144 2.500000 1.499679 %:'— . cgcg
surface (syntheti e E

E- 00. | - “quartz) B[00

E+00  ifmage -p. 00006 surflace L@;I Joergglt4@3sz5 m,

([err] =266 nm 4.86¢75 ([err]=532 nm wave front abbrraqkpn on axifs:

0.006 rnp[err] wave front] aberration éutside axi s: | @.0%6 gorl®E |

Fi gs. 9A fand 9B show the residual- wave front jaberration oh +00
D: 0.000000E

+00
~ second -14.83532 3.001502 1 (air) K:-175.
surface _ 128050
A:-0.166
201E-02
B:-0.103
811E+00
C: 0.000000
E-00 .
D: 0.000000
E+00
image © -0.00006
surface
.focal length: 45 mm (A=266 nm) 4.8675 (A=532 nm)
wave front aberration on axis: 0.006 rmsi
v wave front aberration outside axis: 0.016 rmsi

Figs.9A and 9B show the residual wave front aberration on
allowing the laser light with the wavelength lé532 nm to fall on
the objective lens 42, with the.numerical aperture of 0.4, as
corrected with the FZIP 43. In these figures, the abscissa
denotes the relative pupil coordinate of the lens and the

ordinate denotes the wave front aberration with the full scale



aklowing the laser light with the wavel ength [err]=532 nmto fall on thé
objective lens 42, with the nunerical aperture of 0.4, as corrected with

t he. FZP -43. In these figures, the abscissa denotes the relative pupi
coordinate of the lens and the ordinate denotes the wave front aberration
with the full scale 26 26 being one
wavel engt h. Fi gs. 9A and 9B show aberration characteristics in the

tangentibﬁiﬁgrééﬁiHﬁvﬁﬂ?ﬁgﬁhe i mge hei ght being 40 [err]m and aberration
characteristics in the sagittal direction with the inage, hejght belnge40

[err]m respeEiEFePd. %dt *E ofREM haPRerTakigs. %‘%W’sﬂb Bl &
b t h t th tial d
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Th h t d 29 h
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aperture i S dimni By constructing the FZP 43

describedaREeWit Q3! MirkbtiBY NPk A5 dbd LSt idh L BRa¥aELELEsti BB in
range, while failing to function as a lens in the far-UV range. Since

det eri or 8hieOBak tthhediirsichlienl, i ¢blspeangedly.t he characteristics of the
| ens designed for far-UV Iight may be conpensated in this manner,
The rms spherical aberration.is 0.002 A and 0.029 A on the
¥”/ axis and with the image height of 4040 um, respectively. These
values are satisfactory as chafacteristics of the optical
recording/reproducing apparatus. Before correction of the
spherical aberration, the rms spherical aberration is not less
than 0..07 A if the numerical aperture is diminished to 0.3.
By.constructing the FZP 43 as described previously, it may
function as a lens in the visible light rangé, while failing to
function as a lens in the far~UV range. Since deterioration in
the visible 1light range in the characteristics of the lens
designed for far-UV light may be compensated in this manner,
focusing error and tracking.erfor signals may be obtained using
the photodetector 45 by correctionlin the visible light range
without deteriorating light condensing characteristics in the
far-UV range, so that sufficient recording characteristics may

be achieved for recording.

It will be apparent from the above description that the



focusing error and tracking error signals nay be obtained using the

phot odet ector 45 by correction in the visible |ight range wthout

deteriorating |ight condensing characteristics in the far-UV range, so

that sufficient recording characteristics may be achieved for recording.

It will be apparent fromthe above des&f ption that the

27 present invention provides an optical  recording nethod for

recor di mereeotetinvanian i #royides ophi calbtieedbr disrprinainmethaghi énr

when a UV laser light of a wavel ength absorbed by the opti cal recordlng
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recordlng pre or ma on an caI rec ram having a
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absorbed e optical recording ting t aser [ight,
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| i ght source, spot position control neans bei ng noved on the opti cal

recordi ngn desk WRHOF HiRG dinkg 1hh©rﬁﬁ&!1@rp@e66ralﬁﬁohreﬁ,t ReuEVehbBhtngeam
converged on the optical recording nedium and scanning neans for scanning

the opti taént e€bedt hgnnedi eachi bhttibelspecordliag medium.
~ The present invention also provides an optical recording
apparatus for recording pre-set information on an optical
recording medium having a laser light source'fop generating a UV
laser light of a wavelength absorbed by the optical recording
medium and radiating the UV laser light, means for modulating the
intensity of the UV laser light from the laser light source, spot
position control means for being moved on.the optical recording
medium for deciding the position of a spot of the UV light beam
converged on the optical recording medium, and scanning means for
L; scanning the optical recording medium with +the spot. The
subsidiary information different from the pre—set information
recorded in an information recording area of the optical
recording mediﬁm is recorded in an area other than the
information recording area. Thus the subsidiary information for

identification of each optical recording médium may be recorded

on the optical recording medium, so that it can be decided easily



subsi diary information different fromthe pre-set information recorded in
an-information recording area of the optical recording nediumis recorded
in ar area other than the information recording area. Thus the subsidiary
information for identification of each optical recording nedium my be
recorded on the optical recording nedidfn so that it can be deci ded easily
28 whether or not the optical recording _nmedium has been dupli cated

illicitlyhethas %Fd%?hl??ﬂgoPhécﬁbtFEﬁPrﬁéESrﬁ?ﬁbuﬁﬁﬁ?ﬁn???Bn@uBéFﬁ@ted
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recordlng ng 15c8¢e ﬁ b?é Kt invention al so provi des an opti cal
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optical recording nediu as an information'r |ng area havin
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recorded thereon he subsidiary information is recorded in the

subsi di apptiehor petboaingcpeding. area by nodul ating the UV |aser |ight of
a wavel engt h absorbed by the optical recording nedium Thus
the subsidi aThe prkeenatiinivamsticcoiles photvhaesulasi dptdcd Nf pesBrHAAg
recording _

medium having the pre—-set information recorded thereon. The

~ optical recording medium has an information recording area having
the substantial information composed of audio data, video data
or character data recorded thereon, and a subsidiary information
recording area having the subsidiafy information different from
the substantial information recorded thereon. The subsidiary
information is recorded in the subsidiary information recording
area by modulating the UV laser light of a wavelength absorbed
by the optical recording medium. Thus the subsidiary
information is recorded in the subsidiary information recording
area in the same configuration as that of the substantial
information recorded in the information recording area and may
be read out easily using an optical pickup as reading means
configured for reading out the substantial information.

Since the subsidiary information is fhe identification

information proper to each recording medium, it becomes possible

to identify each optical recording medium.



area in the.-sane configuration as that of the substantial information
recorded in the information recording area and nmay be read out easily
usig an optical pickup as reading neans configured for reading out the
substantial information. Since the subsidiary information is the
identification information proper to @8ch recording nmedium it becones
possible to _identify each optical recordi ng nedi um )

29 By rd&8br 8PRGTEHBEs bR disaPy idire¥nat REATBALEAR it i & PREBFAIng
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may be rEEA ARk An dndY %54 SPeadOShL! @8rrectly.
| Since the guide pattern may be detected using the light of
a wavelength different from the wavelength of the laser light,
tracking error signals can be detected promptly and accurately,

while the subsidiary informafion may be recorded at a precise

position.



