DESCRI PTION  OPTI CAL | NFORVATI ON RECORDI NG MEDI A TECHNI CAL FI ELD This
invention relates to optical information recording nmedia, and i articul
to optical information recording nedia having an optical recorﬂ”m ,mmmu”l
conprising at least .light absorbi ng material or simlar, and ,“n
or other light reflecting |ayer BRSaREFARSNucent substrate, and whisohsoi s
capabl e of recording and reproduction at high density and at high speed,

using for exanpl e shgptrmayekgpokiarednl aseoromightyadImavel en
670 nmor blue laser [ight of wavel ength 400 to 410 nm BAW@%WW“H'NI“I

specifications adopted for DVD-R ﬁ Di EI tal_Versatile (or Video) Di Stgopopzs
Witable) discs, capable of op of information at higher
densities than the recordabl e CD-R (Conpact Disc Witable) discs which

have in ther}ﬁ’?? 1 RN« ; whdeby adaptiad s joplil cal e nfor st | sacoeagndi ng
medi a, are ferent romthe specifications for CD-R discs. D fferences

i ncl ude, .for opt
short - r\r)\%‘el/e"laén thpﬁgggrcfu{il%ghtt@topttq vel gr{{gﬁ%%%%ﬁp%%gﬁ%lgﬁd an

SP{ gftfa?$ leagygcéragbpgqéﬁagug%scs rggogl:)alt%ﬁe ( apjg{%?%(gr%gvgeggge:jnatshg
traCleg ggl bSorglg%d%aEerfg¥ﬂ%fyélmllar, and a metal film or other
light reflecting layer on a translucent substrate, and which
;is capable of recording and reproduction at high density and
at high speed, using for example short-wavelength red laser

light of wavelength 630 to 670 nm or blue laser light of

wavelength 400 to 410 nm.
BACKGROUND ART

The specifications adcpted for DVD-R (Digital Versatile
{or Video) Disc Writable) discs, capable of optical recording
of information at higher densities than the recordable CD-R
(Compact Disc Writable) discs which have in the past been
| widely adopted as optical information recording media, are

different from the specifications for CD-R discs.

Differences include, for example, the fact that the
optical pickup uses short-wavelength red laser light of
wavelength 630 to 670 nm and an objective lens with a high

numerical aperture (NA) of 0.6 to 0.65.

In the prior art, in recordable CD-R discs the spiral-
shape pregroove, used as a tracking guide, 1s made to "wobble",

this wobble is frequency-modulated, and positicn informaticn
1



this wobble is frequency-nodul ated, and position information 7. called ATIP
(Absolute Time in Pregroove) and other address information is obtained. On
the other hand, in a DVD-R disc, in place of the above ATIP, together with
formati on of the "wobble", land pre-pits are formed in | ands between the
pregr asvelebyrthps (Apans utaddriess Iinnfloramatdoore Jarehdthere s exddres uf or mat i on
on the optical information recording nedia is obtained. Wien data bits

(recorghngrPitsdnare bpeanded.in optical information recording nedia in
whi ch such land pre-pits are forned and are then reproduced, the

above-descri bed optical _pickup reads both .the data pits apd_the_ | and
pre-pits, atd tRRePERFE PRE%r B é‘mq%tpa% ddeséé'nd]irhgp]g%c? h%Pr%rI‘%t?P/(éve

positional relationship between the dgtt.ta its d]el,and re- pits,.errors
may ocRUEPi ntP@BENSFgHALE ARSI it(ﬂp? ndﬂf)abrlb eco’msl%h‘it%g? eblts
Conventional optical information recording nedia %th | and $re-pi ts is -
expl ai vl berBes bRséangs PEGYeRS tHioRIEFEP Ve 24Y FiiyS 185785 an enl ar ged
pl ane view of principal portions of conventjional optical information
recor AL a@8i anfoamataongpash Bhahe FIE QG g LM PANT pr RS pit signal s
thereof; Fig. 16 is a cross-sectional view along |ine XVI-XVlI in Fig. 15;
Fig. 19ptscalctoisrsasirandlecdrédd SRfla ne XRT23/AE-in Fig. 15, and
Fig. 18 is a cross-sectional view along line XVIII-
When data bits (recording bits) are recorded in optical

information recording media in which such land pre-pits are

formed and are then reproduced, the above-described optical

pickup reads both the data pits and the land pre-pits, and

there is the problem that, depending on the relative

positional relationship between the data pits and land pre-

pits, errors may occur in read signals and reproduction may

become unstable.

Conventional optical information recording media with
land pre-pits is explained below, based on Fig. 15 through Fig.

24.

Fig. 15 is an enlarged plane view of principal portions
of conventional optical information recording media 1 and a
graph of the RF signals and land pre-pit signals thereof; Fig.
16 is a cross-sectional view along line XVI-XVI in Fig. 15;
Fig. 17 is a cross-sectional view along line XVII-XVII in Fig.
15; and Fig. 18 is a cross-sectional view along line XVIII-

XVIII in Fig. 15.
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XVIIl in Fig. 15. L The optical information recording nedia 1 has a
translucent substrate 2, a light absorbing layer 3 (optical recording

| ayer) formed on the substrate 2, a light reflecting layer 4 formed on the
| i ght absorbing layer 3, and a protective layer 5 fornmed on the |ight
reflecting TlagerpdicAlsphEaknehaps pregreove G'9did ok @S id the above
substrate 2. On the left and right of this pregroove are positioned

porti ansarod hecenhanubherprtegloove 18 ghtthatsoybirendsayex Laheopieapits 8 are
formed at a prescribed period in the Ilands 7, and address information and
ot her secdodingf bapat) ofiormedr ecortthed.suls tstadwn 4,n & lgl. g8, revheact heg
optical information recording nedia 1 is irradiated with laser light 9
(recordiygr 4igbtmefiooni nget heghitr ablsarapat 19§dm Fi gand5, the |ight
absorbing | ayer 3 absorbs the energy of this laser light 9 and so is

heat edbr gl t hes nah ybrassformet oh ateurs gt tieef siddeinf ldpersaubstrate 2
to formthe recorded pit 10. Fig. 15 mainly depicts the pregrooves 6, |ands

7, land pre-pits 8 and recorded pit. 10, omttjng the light reflecting
|l ayer S and®pPotERLT EaPﬁyBFegré’Pvt%hé &ﬁtifocoéflm%%flg} r?gﬁ‘ o‘?ﬁoY%cor di ng nedi a
1. Further, by formng updul ations ("wobhles", 6W in the regroove 6
al ong stLhkésH"f‘g%n.?ereﬁgi 5Bedille_55t REL (ﬁl_g?’%e Oofpttirb]g PIHHorHE% i Dh®recordi ng
nEdla"pggigpgxgdlBo?%gbn%Sth%%'t%%h @H% pregroove 6, that is, lands

7. Land pre-pits 8 are formed at a prescribed period in the

' lands 7, and address information and other sector information

is recorded.

As shown in Fig. 18, when the optical information
recording media 1 is irradiated with laser light 9 (recording
light, forming the circular spot 9S in Fig. 15), the light
absorbing layer 3 absorbs the energy of this laser light 9 and
so is heated, and thermal transformation occurs on the side of

o]

the substrate 2 to form the recorded pit 10.

Fig. 15 mainly depicts the pregrooves 6, lands 7, land
pre-pits 8, and recorded pit 10, omitting the light reflecting
layer 5 and protective layer 5 of the optical information

recording media 1.

Further, by forming undulations ("wobbles", 6W) in the
pregroove 6 along the circumferential direction of the optical
information recording media, as shown in Fig. 15, Fig. 16, Fig.

17 and Fig. 18, rotation of the optical information recording

W



17 and Fig. 18, rotation of the optical information recording nedia can be
synchroni zed with information recording and readout, and tracking action
can be secured during recording. The substrate 2 and |ight absorbing | ayer
3 are in contact at the first layer interface 11. The |ight absorbing |ayer
3 and dddid c®f | leet spgchayern z4d aighi A ndentadti ot 1940 =EdhE Payer
interface 12. The light reflecting layer 4 and protective layer 5 are in
cont actesdodthe dhdrdrhayéngi acenbaceahd beThe awrzmts|duanty sibseFated? is
formed primarily froma resin with excellent shock resistance, and which

is amterigl wih_high transparency i.th r t4ive . lndex for |aser
light in thﬂ’? aﬁ‘QESBF‘?g o? 8%%%&3?&1?%%%0%115% algaf r%i"naate%% ygﬁ for exanple,
pol ycarbonate, glass plate, .acryli.c plate oxy plate, or simlar nay be
used. elfﬁétal“‘?@h?gaBESr +hg &98@43 li“§658ffa§yeerelplc'onprisi ng |ight absorbing
material (light-absorption material) fornmed on the substrate 2; upon
irradiationryét hihpseabkoghting, Uakiex [3ayerd lingter goeSl dieaingglafasi én,

subl i mation, deformation, or degeneration. This |ight absorbing |ayer 3

uni forgdy ceatbAgacthatstihkaceehd haysbstrater2aMth. a cyani ne dye or
simlar, dissolved in a solvent, using spin-coating or other nmeans. As the

material used in the |ight ahsorhing |ayer 3, a rbitrary opti
recordi ng n"’é}t‘%rﬂ-éﬂhEaﬁe% e&&&&geg,ay%tﬁ a%r?mgﬁ}f%a TV & sg?%?lfvé %r%éani c dye
is preferable. ‘ .

in contact at the third layer interface 13.

The translucent substrate 2 is formed primarily from a
resin with excellent shock resistance, and which is a material
with high tfansparency and with refractive index for laser
light in the range of, for example, 1.4 to 1.6 approximately;
for example, polycarbonate, glass plate, acrylic plate, epoxy

plate, or similar may be used.

The light absorbing layer 3 is a layer comprising light
absorbing material (light-absorption material) formed on the
substrate 2; upon irradiation with laser light 9, this layer

{ undergoes heating, fusion, sublimation, deformation, or
degeneration. This light absorbing layer 3 uniformly coating
the surface of the substrate 2 with a cyanine dye or similar,

dissolved in a solvent, using spin-coating or other means.

As the material used in the light absorbing layer 3, an
arbitrary optical recording material can be adopted, but an

optically absorptive organic dye is preferable.

The light reflecting layer 4 is a metal film, formed by

evaporation deposition, sputtering or similar means from for

A



The light reflecting layer 4 is a metal film formed by evaporation
deposition, sputtering or simlar nmeans fromfor 4 exanple gold, silver,
copper, alumnum or an alloy conprising any of these. The protective |ayer
5is forned froma resin having excellent shock resistance, sinmlar to the
subst eakeyde Rorld exanbrer, apopperavRdHBENENr i A PEsid Livdy BERIpPT1ed by a
spin- coating nethod and then cured by irradiation with ultraviolet rays
to fommyt ke ltdyere. As indicated by the graph in Fig. 15, upon irradiation
with laser light 9 as reproduction light, the RF signal (on the left side

ekl i) Do Lecol ded oLt 10510b AdAZEM of @A kAN DG PIL 8 TS

obt ai ned at opfTate vel . pre-pit signal ({in the

f the fi for.a_ land e+ pi ' ded pi
ignzg%%egélegbtI%ﬁ%%‘%nlé%ggt%ﬁggppgggl% %lo“%ea‘_iJ %%Q:Qtatteovﬁ.e:]eig&{ ed pit

ropriate level. wever, and

re-pit 8 and recorded pit.10 are. nutual.ly adjace iin t ial.

8i reglteixéﬂ‘Pﬁfe t oﬂ?%%?iO%ﬁFBFHﬁfpgnIES&B?/EF g%ﬁegﬁjgl%%%%ﬁéﬁg:% Ar,
th is th bl that. the | | of .the |.and -pit S | . th
| ver SRS A Cma Bt REB: EHEFCT BPI GRSAr e e Gt SR &nee e

Specifically, in the case of a land pre-pit signal, the signal anplitude
decr edes Hhd IR Wie (Ap¥Ffure Ratio, an index of the rate of decrease in
anplitude) declines. The AR
As indicated by the graph in Fig. 15, upon irradiation

with laser light 9 as reproduction light, the RF signal (on

the left side in the figure) of a recorded pit 10 not adjacent

to a land pre-pit 8 is obtained at an appropriate level. Also,

a land pre-pit signal (in the center of the figure) for a land

pre-pit 8 not adjacent to a recorded pit 10 can also be

obtained at an appropriate level.

However, when a land pre-pit 8 and recorded pit 10 are
mutually adjacent in the radial direction of the optical
information recording media 1 in particular, there is the
problem that the level of the land pre-pit signal and the
level of the RF signal both either fall or rise (right side in

Fig. 15).

Specifically, in the case of a land pre-pit signal, the
signal amplitude decreases, and the AR (Aperture Ratio, an
index of the rate of decrease in amplitude) declines. The AR
is the ratio (as a percentage) of the land pre-pit signal in a

portion in which there is a maximum-length recorded pit 10 tco

(@3]



is the ratio (as.a percentage) of the land pre-pit signal in a portion in
which there is a maxi mum |l ength recorded pit 10 to 5 J the land pre-pit
signal in a portion with no recorded pit 10; the DVD-R standard requires
that the AR be 15% or higher. Fluctuations in the RF signal may |lead to RF
r eadouthe ekawd sPrehelbvelRNStandacd PREfUiTes) i ds P cfgT@rion Pk 10/
fluctuation of RF signals, that RF readout errors be fewer than 250. The
above-escPVbed prabfens secuirsst Fhatterrtchd R did 1 % 2 pilt59_dBWN in Fig.
19 are of circular shape, and when the |land pre-pits 8 are neandering, as

shoun in Figh,20uaftdns2inl 8n8 GFARN SRAWAY, AedeadpUe erLos,Ln el ation

to the anou uctuation in th signal 1n the case of circular |and

pre-PLiS B Flge Bopla 2:0hANDShANNGJT rRAdOU, &L 0s, ThoEel ation to

t he anmdbun I'Gctuation i _ signdl 1n the case of neandering |and
pre-pids, e, 48 bndigaked innthe Tl guresy campanad WA cigeutar.land
pr e- pi 8- hean ering | and preé-pits 8 have a narrower margin with
respect, to 5%@ anount of RF signal fluctuation resulting in an error, and
t he oﬁ??ﬂ%l 5ign range for such pre-pits nust be set strictly with
respect to various optical pickup types and spot dinensions, as well as
angul ar fl utheadbons;-debocabetll poobdtemenncduradkitiy Wlerctulae | basd and ot her
pre-pits shown in Fig. 19 are of circular shape, and when the

land pre-pits 8 are meandering, as shown in Fig. 20.

Fig. 21 is a graph showing RF readout errors in relation
to the amount of fluctuation in the RF signal in the case of
circular land pre—pits 8. PFig. 22 is a graph showing RF
readout errors in relation to the amount of fluctuation in the

RF signal in the case of meandering land pre-pits 8.

As indicated in the figures, compared with circular land
pre-pits 8, meandering land pre-pits 8 have a narrcower margin
r
with respect to the amount of RF signal fluctuation resulting
( in an error, and the optimal design range for such pre-pits
must be set strictly with respect to various optical pickup
types and spot dimensions, as well as angular fluctuations,

focal fluctuations, tracking fluctuations, and other

disturbances which readily occur at high speeds in particular.

Also, there is the further problem, regarding meandering
land pre-pits 8, that the extent or protrusion length on the
inside and outside of the arc porticn of the meandering shape,

or the distance between arc end portions, cannot easily be set



di sturbances which readily occur at high speeds in particular. Also, there
is the further problem regarding neandering |and pre-pits 8, that the

extent or protrusion length on the inside and outside of the arc portion
of the meandering shape, or the distance between arc end portions, cannot
easi | yrbers etpf dpr it @ppoopi hat éovofbirnahieon nfsgrde lkend rfsiddefend for the

out side. The anobunt of RF signal fluctuation is the anount of fluctuation
in thedtevele.(when there is a land pre-pit 8 adjacent to the recorded pit
10) relative to the level when there is no fluctuation (when there is no

| and pre-pit 8 adjacent to the recorded pit. 10).,_ i ercent; in order for
there to b ee\ﬁé?o'ﬁ?%no}%%r RE- P84 og ugr%P%Fé,onaclcsortg‘leggan}Ogﬂﬁ gé.f1 22, the RF
signal_fluctuation anpunt_for. meanderi | and pre-_ pjts 8 nust, be at | east
1% ( 1914 S HdI W gB"\‘/%I h%)(ebﬁk’gﬁér .tg%§edé§crai g@d’pdaﬁﬁe,pqétptgu ni zed design
conditions to lower the readqut errqrs of |land pre-pits 8 ile

si mul BEEERAY £ okt | TIERESFBaboht lgr)rSF&a&rlé(er érfuitﬁ'bed%fe&evme%%ri ng | and
pre-pits 8 in particular, and it is necessary to s%%})i |ize the RF signal

fl uct (AYS%h ahotmtE BECHe_E1PRanY RERWRREE SnatintS) i R4 PAR (Binpl i t ude
decrease rate index) of |and pre-,pitz 8 at 15% or_higher. On the other
hand, 3G & yCie TReCEd8e B topPi calf ™ PFEGSTHL of' ST i media 1 on

which circular land pre-pits _8 are forned, there is theer,obI emthat the
RF Si@mﬁre to be fewer than 250 RE readout errors, according to Fig.

22, the RF signal fluctuation amount for meandering land pre-

‘ pits 8 must be at least 1% (1% as an absolute value) or lower.

As described above, optimized design conditions to lower
the readout errors of land pre-pits 8 while simultaneously
lowering RF readout errors are required for meandering land
pre-pits 8 in particular, and it is necessary to stabilize the
RF signal fluctuation amount at less than 1% while maintaining
the AR (amplitude decrease rate index) of land pre-pits 8 at
15% or higher.

On the other hand, particularly in the case of optical
information recording media 1 on which circular land pre-pits
8 are formed, there is the problem that the RF signal
fluctuates with the optical depth in the light absorbing layer

3, and the extent of fluctuation 1s comparatively large.
Fig. 23 is a graph of RF signals and land pre-pit signals

for optical information recording media similar to that of Fig.

15, and is a graph of RF signals for which the unrecorded

optical depth is approximately A/5.8 (in particular, signals



fluctuates with the optical depth in the |ight absorbing layer 3, and the
extent of fluctuation is conparatively large. Fig. 23 is a graph of RF
signals and | and pre-pit signals for optical information recording nedia
simlar to that of Fig. 15, and is a graph of RF signals for which the
unr ecafdled3dpti tal wdeph hats appr ekpraesity reioe st it arlOsighere 7 for 3T
pits which are the shortest recorded pits 10, where T is the basic length
r epr esentimg badeldehghhtbof repcoedadipiot $he T=00k3Y 0l zaweboied apdt pre-pit
signals. Fig. 24 is a graph of RF signals for which the unrecorded optical
dept h 50 appr OxhyTes &b Yo X/ ad (piEi-bakl yigdEipit signals) and of |and
pre-pit signals in the sane nedia. Here X is the wavel ength of the |aser
light 9. As shown in Fig. 23, when the unrecorded optical depth is

appr oxi mat efyg X/ B4 8ist he@BabPs aknBSt spgnéflipedio oM IHHR WpFecprEesi gnal
on the RF signal conpared with the graph on the Ileft side in the figure in
whi ch dheicecassiethpis dPpisxiinaekayed,/6ag i(siclidarr fy,0mMT heitri ght side of
the figure in which the recorded pit 10 is adjacent to a |land pre-pit 8,

and there.js) ophy ski ghhaf buetpati anqehitshe R nahe dldeyer, yybgn as in
Fig. 24 the unrecorded optical depth 7is approximately X/ 6.2, when a

recorded. pit, 10 and.a | and pre:- pi ar jacent, the RF signal is
affecS%dl%th?my?%%%e% gﬁ %?tggFg%éfgra%ggﬁﬁe%% is the problemthat
fluctuation of the signal anplitude of the RF signal increases.

As shown in Fig. 23, when the unrecorded optical depth is
( approximately A/5.8, there is almost no effect of the land
pre-pit signal on the RF signal compared with the graph on the
left side in the figure in which the recorded pit 10 is
isolated, as is clear from the right side of the figure in
which the recorded pit 10 1is édjacent to a land pre-pit 8, and

there is only slight fluctuation of the RF signal.

Howewver, when as in Fig. 24 the unrecorded optical depth
is approximately A/6.2, when a recorded pit 10 and a land pre-
pit 8 are adjacent, the RF signal is affected by the land pre-
pit signal, and there is the problem that fluctuation of the

signal amplitude of the RF signal increases.

The unrecorded optical depth can be calculated from the
depth.of the pregroove 6, the thickness of the dye on the land
7, the thickness of the dye in the pregroove 6, the refractive
index n of the dye and substrate 2, and other parameters; but
from the graphs of Fig. 23 and Fig. 24, when land pre-pits 8

are circular the extent of fluctuation in the RF signal 1is

a0



The unrecorded optical depth can be calculated fromthe depth-of the
pregroove 6, the thickness of the dye on the land 7, the thickness of the
dye in the pregroove 6, the refractive index n of the dye and substrate 2,
and ot her paraneters; but fromthe graphs of Fig. 23 and Fig. 24, when

| and pse=pi te depand eepFillar AThd BxidERtbiof Iﬁ%@u&ﬁ@ﬁopﬁetgeaﬂi Silgnal is
0 seen to depend heavily on the depth of the pregroove 6 and on the

t hi cknielss dliickeedyeoifn thige ddeposi tdtk fddprstar@. £ Gimt feabeher hand,
according to a discovery by the inventors, a neandering |and pre-pit 8 is

not so grex yth%”EkH%QC%%A@"QJJ&E&Q&?%&’Bt£¥%é%@SEgL9§ﬂgHQtiCa' dept h

conpared w ¢i'rcular land pre-pits and dependi ng deposi ted

fi1m S Ab8n 1 0PL1 MLZALLARCLS OSSI e uLthaty areally safLecting the RF

. 1
si gnal . en neanderi ng pre- pi aré ado the | aser

light 9 s shifted fr the center direction etr e o] opti cal
infonﬁﬁ#gﬁe?%gérgVngggg r&“fe? |%g¥“aﬁgﬁ%5%ééé§ex§€%%%} é?é?ﬁrbance
because neanderin re-qjts 8 general ly protr an arc ﬁhape in

| and de in.
the  GERVBFEoTabial 8 FEbtign TG et Re® irerf s | L= PHE0Gi £16 M End
eoordeg L, 10, 945t a8 3 POl ol e DL BLERIL & ROSLOREERIL O
that there js th grggleq]th p the recorded pit 10 cannot attain the
necess%féegkiﬁgaﬁa a s&tﬁ@ﬁgctory RF signal cannot easily be obtained.
Further, when meandering land pre-pits 8 are adopted, if
the laser light 9 is shifted erm the center direction
(detracked) of the optical information recording media 1
(disc) due to some external disturbance, because meandering
land pre-pits 8 generally protrude in an arc shape in the
outward radial direction of the disc, when a land pre-pit 8
and recorded pit 10 overlap a portion of the land pre-pit 8
encroaches into the recorded pit 10 and affects the shape and
size of the recorded pit, so that there is the prcblem that

the recorded pit 10 cannot attain the necessary size and a

satisfactory RF signal cannot easily be obtained.

Land pre-pits and pre-pits are described in Japanese
Patent Laid-open No. 9-17029, Japanese Patent Laid-open No. S-
326138, and Japanese Patent Laid-open No. 2000-40261 and

elsewhere.

DIS oF NVENTION

This invention was devised in light of the above problems,

and has as an object the provision of optical information



Land pre-pits and pre-pits are described in Japanese Patent Lai d-open No.
9-17029, Japanese Patent Laid-open No. 9- 326138, and Japanese Patent
Lai d- open No. 2000-40261 and el sewhere. DI SCLOSURE OF THE | NVENTI ON Thi s
invention was devised in |light of the above problens, and has as an object
t he provdsiamofmeptacaknidnfior patritorud areddtidihglineds a, eamdl ingparti cul ar
DVD-R di scs, enabling recording of optical information at high densities. A
furt hereobyectg ob £t bpsicavenhiformas itcme air dMvicgi alerofit opti cal i nformation
recording nmedia in which the shape of neandering land pre-pits is

optim zed, and address information_ and other sectar information gn the

OBt cal i il WAt TORE  PRAGFa Y. hEdia e e Bhret ridle SR Gr abb8r PRy, A

further oq%gct.o thigiinvention i_.s the,.pravision of . optical informtion
P

r ecor it Hi B WP TR bpPI maFCaESHET ESHE titortd st T° rYdtR® Phnd pre-pit

readout errors, ilg si mul.t aneousl ,reduc'ngv%ﬂe(gy readou% errors of
recor EP TSI A +IREHRF SoBf&Ct 16f Pt nt FEL RS ptovPETBALIER
optical information recording nedia ena?%%ng1the stabilization of RF
si gnal2®q Rt | BRCBABuADS Capatd CRp Sroxifato B it Gk Wit HPIRREHERt to
meanderi ng IandegreTQits in particular, while nmaintaining a |l and pre-pit
AR (amfi$eEeNUbreaseCRat B RBERY NEGF SPESTRA IR YherY - A further object of
this invention is the provision of

A further object of this invention 1s the provision of

optical information fecording media with optimal design
conditions set to reduce land pre-pit readout errors, while

simultaneously reducing the RF readout errors of recorded pits.

A further object of this invention is the provision of
optical information recording media enabling the stabilization
of RF signal fluctuation amounts up to approximately 1% with
respect to meandering land pre-pits in particular, while
maintaining a land pre-pit AR (amplitude decrease rate index)

of 15% or higher.

A further object of this invention is the provision of
optical information recording media enabling the stakilization
of RF signal fluctuation amounts up to approximately 1% even
in cases of recording at high speeds of for example four or
more times the conventional linear speed (3.5 m/sec), while
maintaining a land pre-pit AR (amplitude decrease rate index)

of 15% or higher.

A further object of this invention is the provision of

optical information recording media in which, by designing the



optical information recording nedia enabling the stabilization of RF
signal fluctuation anbunts up to approxinmately 1% even 1in cases of
recordi ng at high speeds of for exanple four or nore tines the
conventional |inear speed (3.5 msec), while maintaining a |land pre-
(anpl ithafee deed éasethat ¢ lizedeX) 1agd p?%iﬁlqﬁgﬂﬁﬁan/Qﬁiﬁm%brr©bﬁééﬁeof this

invention is the provision of optical

pit AR

i nformation recordi ng nedia in which,

by despagningpnhe teGashapshapdiortht hdesiere ofy |dak prleutpien ¢A Bheopti mal
relative positional relationship with the energy distribution of the
| aser lagdht bpoht epabl esnabdueissiatdqun soft itdre dfantherieampd tpretghal . A
further object of this invention is the provision of optical information
recor ddingnakedi a which can further clarify diffraction of |aser light at

land pre-pit portions, enabling the acquisition of satisfactory |and

-pit f h f.thi t t h f
opt i cal ;SIm%g MR FOREr BEPEing a1 TP opt] i Yac i b OKaRE pr o pi ¢
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A further object of this invention is the provision of
optical information recording media enabling optimization of
land pre-pit signals, without being greatly influenced by
differences in the unrecorded optical depth, and without the

state of the deposited film greatly influencing the RF signal.

A further object of this invention is the provision of
optical information recording media in which, by designing the
shape and/or the size of land pre-pits in relation to the
optimal relative size of recorded pits written by laser light,
the signals of the recorded pits and land pre-pits can both be

obtained satisfactorily.

A further obiect of this invention is the provision of
optical information recording media enabling acguisition of
the required RF signal, with minimal influence on recorded
pits, even when there is shifting from the center direction
(detracking) of laser light on the optical information

recording media (disc).



the signals of the recorded pits and | and pre-pits can both be obtained
satisfactorily. A further object of this invention is the provision of
optical information recording nedia enabling acquisition of the required
RF signal, with mnimal influence on recorded pits, even when there is
shifting frdnfereheenees editr &dt it s Gﬂﬁ%%ﬁ%ﬁ?mﬁscﬁhﬁd%%?v+5§ﬁﬂ 8A the
optical information recording nedia (disc). 1~ 1 A further object of this

i nvent?®hl ¢al t heLpEBRItdPen rEfCO reptid e d i orheth o r SelOF @R oy ABAE-&SI n

whi ch, through choice of an appropriate length for |land pre-pits in the
scanni®g 2di aeRrPphiatandepodh fgin lsinghdal e -Rds ben obrai pednnFhat is, this
invention (the first invention) is optical information recording nedia

whi ch,dioecsiog, ohaopt priezatiitos igha sheaghdpe anddiored he si ze of neandering
| and pre-pits, the inside protruding portion and outside protruding

portion, a”ﬁh%hf S %%i][sg'riﬁléﬂg‘h%ito% thg,d aéierJ! :igﬂlder?@f’ém has é‘pEE‘LEQi' ucent

substrate on ich"are a pregroove an pre-pitsin e | ands

on. o1 LeEoshde: gf LI pradronue, 20,00k caloo ragor ding Laver proy,ded on

this sh%s rate and”enal recor By Tecordit I"i ght
o) SOOI B BB, SR, 0 L, SRRl spor e | Aver andng ch
inside protruding portion and outside protruding portion, and
the size relative to the laser light spot, has a translucent
substrate on which are formed a pregroove and land pre-pits in
the lands on either side of the pregroove, an optical
recording layer provided on this substrate and enabling
recorxding by recording light, and a light reflecting layer
provided on this optical recording layer and which reflects
the above recording light, and which enables recording, by
irradiation with the above recording light of the above
optical recording layer through the above substrate, of
information which can be read optically; the optical
information recording media is characterized in that the above
land pre-pits are continuous along the above pregroove and
protrude in the radial direction of the above substrate, and
that, if e is the base of natural logarithms, then the inside
edge portion of the inside protruding portion and the outside
edge portion of the outside protruding portion of the above
land pre-pits are positioned within the range of the diameter

0of the spot of the above recording light in the 1/¢e? portion of

the Gaussian energy distribution of the spot.
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irradiation with the above recording light of the above optical recording
| ayer through the above substrate, of information which can be read
optically; the optical information recording nedia is characterized in
that the above Iland pre-pits are continuous al ong the above pregroove and
protrude i Thehesbadealndidecedon ePrichenalioe Wittt WL Ce geif e is
the base of natural |ogarithns, then the inside edge portion of the inside
pr ot r petixig. qpore £ ophanabohe odatdi gee-eddge Fant iben Rofs tthHeorma sideaprivd rudi ng
portion of the above I|and pre-pits are positioned within the range of the
di ameteemveafgd heospotl ohet henabaveoséddodi g Ithghtabave pdy edaporei on of
the Gaussian energy distribution of the spot. 12 The above inside edge
porti ameandbdhe abovedouysidghedge Hepart itor ohadwe aboemidndipy exgpids can
be positioned so as to converge toward the center position of the above
spot e 10t $§ heamboveel ecbedisng skiagitti a IHgnee trhisarshdper afhamwandering ' Land
pre-pits can itself be substantially a triangular shape. If the distance

bet ween t he above two_insid dge rtions of the ahove inside protruding
portions off h‘éh%b%%ﬁtap‘éﬁdgﬁsé{-gﬁﬂg s a%o,v,e, 45 Jtrhselacllel se?(g%ece bet ween t he

above two , outside edge portions of the abgve outside protrudin ortions
i s Lo®CT tiRIhS t heskEi §P§ﬁ8e§nﬁildeaﬁ&ol136&’tdlé'§n pd’ertrfaodbgpscfélﬂé‘? g‘fcﬁ\é% t he
above spot dianeter within the range, of the c&i}ameter of tge spot of the
above YR AP §ht Si hivhéd é’g‘epd?z'ﬁto?fl%? ¢ haceRusaF anPRKEr §Y°

di stribution of the sgot,. . . .
outside edge portions of the above outside protruding portions

{ is Lose, then these distances Lip, and Loy can be made smaller
than the above spot diameter within the range of the diameter
of the spot of the above recording light in the 1/e? portion of

the Gaussian energy distribution of the spot.

Together with the above inside edge portion and outside
edge portion of the above land pre-pits, the inside maximum
protrusion portion of the above inside protruding portion, and
the outside maximum protrusion portion of the above outside
protruding portion, can be positioned within the range of the
above spot diameter of the above recording light in the 1/e?

portion of the Gaussian energy distribution of the spot.

The above inside edge portion and the above outside edge
portion can be positioned within the range of the diameter of
the spot of the above recording light in the 1/e porticon of

the Gaussian energy distribution of the spot.

As a result of positioning such that the entirety of the

above land pre-pits converge toward the center position of the
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Toget her with the above inside edge portion and outside edge portion of
the above land pre-pits, the inside maxi num protrusion portion of the
above inside protruding portion, and the outside maxi mum protrusion
portion of the above outside protruding portion, can be positioned within
t he radgevofsphe, hbevehspét odi awetnse rgng H@%@@T@b@ﬁdmgwhght in the
1/e2 portion of the Gaussian energy distribution of the spot. The above

i nsi degeniyea by t poatandet he above costsinge edge 1tporlf drecan be positioned
within the range of the diameter of the spot of the above recording |ight
in thesdtstporiabhyoh trhenGalssi amagrer gy fdicturidaut i ome ofbohe $potl. As a
result of positioning such that the entirety of the above |land pre-pits
convermge: tpivas dcéhebeentae posiat itan sofyutlle |SSaboveispote $hepshape of
meandering | and pre-pits, which generally protrude in an arc shape, can

i tsel frbsgpessbssdanshabky art ehargwranshiaper sty se, the above | and
pre-pits can be nade in a triangular shape, an arc shape, a trapezoidal
shape, or othe itrary shape. ion recording nedia

i_cal f or mat

of Chi s | nvbRToht St EnePErE E‘?tllﬁ’\?eﬁte‘:(?ﬁpdtl%ér}? P e BasESBrmhaar
Logar! | Lopor origmt el . T2k e zigﬁ@fa%o%eo Prissnel e inside
port o0, o1 L andprecpLLs ae.fosL il oned o be N he tange of the |
the Ga Sglfgglde protruding portion and the outside edge portion of

the outside protruding portion of land pre-pits are positioned

to be within the range of the diameter of the spot of the

above recording light in the 1/&? portion of the Gaussian

energy distribution of the spot, so that the diffraction state

of laser light irradiating a land pre-pit is satisfactory on

the land pre-pit inside and outside and the land pre-pit

signal can be more clearly acquired by the laser light, and

even when a recorded pit exists near a land pre-pit the effect

on the RF signal can be reduced.

Further, land pre-pit signals can be optimized without
being greatly affected by differences in unrecorded optical
depths, and depending on the deposited film state, without

greatly affecting the RF signal.

In this way, RF fluctuations can be stabilized at
approximately 1% during reproduction and the AR of land pre-
pits can be maintained at 15% or higher, so that readout

errors for RE signals and land pre-pits can be avoided, and
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energy distribution of the spot, so that the diffraction state of |aser
light irradiating a land pre-pit is satisfactory on the |and pre-pit

i nside and outside and the |and pre-pit signal can be nore clearly
acquired by the laser light, and even when a recorded pit exists near a
Iand|ﬁ6§¢ﬁ$a1%ese¢tectlnéﬁrmﬁélﬁp siagndle @ b editledingdirever, | and
pre-pit signals can be optim zed without being greatly affected by

di f f ereneesDVPr Rindeésosdet! bptihcalensddptess arghd iddpeariede on t he deposited
filmstate, without greatly affecting the RF signal. In this way, RF
fluctuatio n t at p t % ction and
the AR of ﬂihgébrgglglﬁpb%gﬁggg néP%tglne—ij'1§§ﬁj&qﬂ|§her£§€%8?

oo dn ESERRY ol OFp E5 £ 81 ABA KR AT AU Pl RIS 1S Mﬁae&%@

necessar ec ot i nforh &n"can “be ¥ét i’abl ned even Trom

at h ities d_hi speeds.. Next nvention (the second
|nve|ntgclqb et %pw%ZPr LR RRGE b MRS chél%%cu%h%g on
0] tlnlzatl n of . shape and/ or zZ€e of and rin n iits, the
Unsi deTH IHT Lﬁalf%grbg%Psoﬁogﬁaogutaadd@%rﬁ&ﬂeud%%& FOboheoRt rafdl s
relative to, recor its, has a translucent substrate on mhlch are forned
a predgribove Andr e ﬁHl PelBi £&PH I8h @ U Edd % it S bf t he

regroove, an optica ecordin er provided on ubstrate and
P ran] St Eles b b cPeagrasd ety Sy et ] ohind Hoee et Fghts

the lands on either side of the pregroove, an optical

dISCS

recording layer provided on this substrate and enabling
recording of recorded pits by recording light, and a light
reflecting layer provided on this optical recording layer and
which reflects the above recording light, and which enables
recording, by irradiation with the above recording light of
the above optical recording layer through the above substrate,
of information which can be read coptically; the optical
information recording media is characterized in that the above
land pré—pits are continuous along the above pregroove and
protrude in the radial direction of the above substrate, and
that, if Li, is the distance between the two inside edge
portions of inside protruding portions of the above land pre-
piﬁs, Lour is the distance between the two ocutside edge
portions of outside protruding portions of the above land pre-
pits, and T is the basic length representing the length of the
above recorded pits, then tﬁe distances Lj; and Ly are in the

range 3T to 6T.



reflecting | ayer provided on this optical recording |layer and which

refl ects the above recording light, and which enables recording, by
irradiation with the above recording light of the above optical recording
| ayer through the above substrate, of information which can be read
optically; e aptveatistafhoesafliomr@chndi pgnniedi dinsteHakactér zed in
that the above I|and pre-pits are continuous al ong the above pregroove and
protrudergen 3 hecTadeab.difecti on of the above substrate, and that, if Lin
is the distance between the tmo inside edge portions of inside protruding

portions of.t e " ance between the two
out si de ed&gnypor$?%ngkg FS|d% protrud%ngl%%rtlg E%%fr?ﬁgea v&9 and

pre- , and T is the ba5|c | ength representing the length of the above
recoré%d pits, then the distances Lin, and LO"t are in the range 3T to 6T.
1 5 The above distances Lin and Lout can be limted to the range 3.36T to
5.22T. The Bbovabdvstanseahtn tap den Ibaileditedtbhe tasgeaddet 3.46T The
above distance Lin can be limted to the range 3.36T to 3.73T. The above

di stance 3owdTcan be limted to the range 4T to 6T. The above di stance Lout
can be limted to the range 4.85T to 5. 22T.

The above distance Lo can be limited to the range 4T to

6T .

The above distance Lgy: can be limited to the range 4.85T

to 5.22T.

The above land pre-pits can be formed in triangular
shapes, arc shapes, trapezoidal shapes, or other arbitrary

shapes.

In an optical information recording media of this
invention (the second invention), the distance betwezsn the two
inside edge portions of inside protruding portions of land
pre-pits L;j, and the distance between the two cutside edge
portions of outside protruding portions of land pre-pits Lout
are set in the range 3T to 6T, so that even in states in which
recorded pits having ten different lengths 3T, 4T, ..., 10T,
11T, 14T overlap with land pre-pits, the RF signal can be
obtained satisfactorily without exerting a critical influence
on the shape and/or size of recorded pits, and readout errors

for land pre-pit signals can also be reduced.

Next, this inventicn (the third invention) is optical

information recording media which, focusing on appropriate
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The above | and pre-pits can be forned in triangular shapes, arc shapes,
trapezoi dal shapes, or other arbitrary shapes. In an optical information
recording nmedia of this invention (the second invention), the distance
between the two inside edge portions of inside protruding portions of |and
pre-pi ¥3"¢¢e BRH Fhe distance bet errede W buPsibdeiddgéddportions of
outside protruding portions of land pre-pits Lout are set in the range 3T
to 6T,PebtiPras efehnPadst BEES ARG &9 L et ddld Jing has iyt seadndi f f er ent
| engths 3T, 4T, ..., 10T, 11T, 14T overlap with |land pre-pits, the RF
si gnal feanthbe doptanfedlsat bstagesr itig wivchout seads tdagp apertiooal of
i nfluence on the shape and/or size of recorded pits, and readout errors
for | amdtpide pprosigdahg pantabss bé rdeduced.c-NeXts, thas anvention (the
third invention) is optical information recording nedia which, focusing on
approprianeludént apgestieret he @hstanee elif'ordretdveeptdp-dawe | asddeaedge
portions of inside protruding portions of land pre-pits and for the
di st anzestpit s beh weba fhedswonoetishee edge pdr ttilenpodgreats) denpr ot rudi ng
portions of land pre-pits, has a translucent substrate on which are forned
a pregspoiea Andetandingr dapetspirbvtibed andshan eiddeirsideawd t he
pregroove, an optical recording |ayer provided on this substrate and
enabl i evgpls ECrog di @go ofiingcordedcpirtiedby irecandimg didihty angha, sh@hs
reflecting | ayer provided on this optical recording

light reflecting layer provided on this optical recording

layer and which reflects the above recording light, and which
enables recording, by irradiation with the above recording
light of the above optical recording layer through the above
substrate, of information which can be read optically; the
optical information recording media is characterized in that,
when the distance between the two inside edge portions of the
above land pre-pits is Lj, and the distance between the two

outside edge portions of the above land pre-pits is Loy, these

values are set such that 0.40 um < L;, £ 0.80 pum and 0.40 pm <

: Love £ 0.80 um.

The above distances Li, and Lo can be set such that 0.45
pm £ Lijn £ 0.50 pm and 0.65 pm £ Lgye £ 0.70 pm.

The above land pre-pits can be formed in a meandering
shape.

With respect to the above land pre-pits, it is sufficient
that the distances Lj, and Lgy: be in the above range, and so in

general the shape of meander-shape cor meandering land pre-pits

17



| ayer and which reflects the above recording light, and which enables
recording, by irradiation wwth the above recording 1|ight of the above
optical recording layer through the above substrate, of information which
can be read optically; the optical information recording nedia is :
char actlei¢zedronrtfiat in whem rche rdipst artce et phevhvohi hsi de edge
portions of the above land pre-pits is Li" and the distance between the
two oatlss denedgeélportiangudfzrt.he Cdhavidsand ipr ealpbvs 1sndopretpithese

val ues are set such that 0.40 m<_ Lin <0.80 mand 0.40 m L,,ut <0 . 8
0 m Theyabovendistanaasgullik'r amddequtarcardesisgpe suehtthpez01451m S Li" S
0.50 mand 0.65 m _< Lout 5 0.70 m The above land pre-pits can be forned

in a negnderi @g shapherVhthikespectsHapd.he above land pre-pits, it is
sufficient that the distances Li" and Lout be in the above range, and so
in general_the shape of neander-shape or, neandering_|and pre-pits 17 which
pr ot r ude inI%noﬁFécgﬁaﬁéfﬁﬁﬁaﬁéoé SR Qﬂp?gaas%%sfgh?iéPVgnFFPBnguIar
O course the above |and pre-pits nmay be in a triangular shape, an arc
shape, (&N¢ riEpaz8i 4arenspgpe - 6Peaﬁ&”r‘Féft1é3rrb? th A yERRaPES TRRCEPL Lemiand
information recording nmedia of this invention (the third invention), the
condi thansof of . § Berdi St Ances ALi80 awd anicbut. OF 100 49 Imu<-< 1§ B0 101 88ren and
0.40 m< Lout S 0.80 mare set, so that the diffraction state of |aser

| i ght $ec) denttbat the diffraction state of laser light incident on

land pre-pits is satisfactory on the land pre-pit outside and
inside, a clear land pre-pit signal can be obtained using this
laser light, and even when a recorded pit exists near the land

pre-pit, the effect on the RF signal can be reduced.

Further, the land pre-pit signal can be optimized without
being greatly influenced by differences in unreccrded optical
depth, and depending on the deposited film state, without

greatly affecting the RF signal.

In this way, the RF fluctuation amocunt during
reproduction can be stabilized at approximately 1%, the land
pré—pit AR can be maintained at 15% or higher, readout errors
for RF signals and land pre-pits can be avoided, and necessary
sector information can be reliakly obtained even from DVD-R

discs at high densities and high speeds.

Next, this invention (the fourth invention) is optical
information recording media which, focusing on the arc shape
of meandering land pre-pits, the disc radial-direction inside .

protruding length on the inside of the arc and the radial-



| and pre-pits is satisfactory on the land pre-pit outside and inside, a
clear land pre-pit signal can be obtained using this laser light, and even
when a recorded pit exists near the land pre-pit, the effect on the RF
signal can be reduced. Further, the land pre-pit signal can be optim zed

wi t howdirpethgn gpehslgei REPGEREEA Iby e@idf-erdhdese | plumi@e op Bedheptireal
dept h, and dependi ng on the deposited filmstate, without greatly affecting
t he RFa$ gnatranpluagstwapbstine tRFon whtlgdt iagie afpumd durppggreepeoduct i on
can be stabilized at approximately 1% the land pre-pit AR can be

mai nt admeédland 1596 opLlhbghar theeddodis err grishenrs Rie st nlhe andgkande,
pre-pits can be avoi ded, and necessary sector information can be reliably
obt ai et ewehcdltoneOVDIRNGdileys raprivghiedensi tileiss amdb 4 gt spaeds. Next ,
this invention (the fourth invention) is optical information recording
medi a evmlching ocesongiog bheraccorshapge lightyeardera ngidrandrpf beptiag t he
disc radial-direction inside. protruding length on the inside of the arc
and t heayardiptod8dddr ent kb sovbsiide lpretcoudiingy |length amd tdhiei ot si de of the
arc, has a translucent substrate on which are fornmed a pregroove and |and
pre-pitsfiecthethandsocos eetbedisigde ightt hermt egigyvesnaldne opti cal

recordi ng | ayer provided on this substrate and enabling recording by

recor diexgotdohg, apdiarhbghtibef keehi rge ladyere pravd dethen idhs eptical
recording |layer and which reflects the above recording light, and which
enabl eshe above optical recording layer through the above substrate,

; of information which can be read optically; the optical
information recording media is characterized in that the above
land pre-pits are continuous along the above pregroove and
protrude in the radial direction of the above substrate in an
arc shape, and that, if the inside protrusion length in the
radial direction on the inside of the arc is Ry, and the |

outside protrusion length in the radial direction on the

outside of the arc is Reye, then 0.120 pm < Ry, £ 0.182 um and

0.100 pm < Roye £ 0.250 pm.

The above Rjn and Reur can be set such that 0.140 pum £ Ry,

IA

0.173 pum and 0.100 pm =< Reye € 0.192 pm.

The above Rj, and Reyr can be set such that Rin £ Rouc-

The above Rjn and Reye can be set such that 0.140 pm £ R,

IA

0.156 pm and 0.156 pm < Reoue £ 0.1%2 pm.

The above Rin, and Reue can be set such that 0.120 pm < Rjj,

IA

0.130 um and 0.180 pm £ Rouye £ 0.244 um.
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recording, by irradiation with the above recording |ight of the above
optical recording |layer through the above substrate, of information which
can be read optically; the optical information recording nedia is
characterized in that the above I|and pre-pits are continuous along the
above pregrebee ahd wareilrardgH rof heh¢ agbale dieectiongofiithe abowe
substrate in an arc shape, and that, if the inside protrusion length in

the radiakedbraghip0neytH NG itk At PgarSeis R A and EP%veOUtSid?
protrusion length i'n the radial direction on the outside of the arc is

Rout, then 0,120 mS Rn < Q.182 an .100 m<_ Rout <_ 0.250 }.tm The
above éf%gggavﬁoﬁﬁncgﬁ ﬁgtsgf)gﬁgﬂnT% t/%2140 m<_Rn50.173 .mand 0. 100
m<_ Rout < 0.192 m The above Rin and Rout can be set such that Rin <

Rout. The abryeaBoReanghtRasl Galtdiel 56t Basdrthah SoddPiBeSIRyAt<_ 0.156 m
and 0.156 m<_ Rout S 0.192 }gym The above R n and Rout can be set such

that 0a328rPLrgRnBteri@113ARynante GEd0rmi fg Heslt aBoPe 244cB-glfgWen the
wavel engt h of the above recording light is 2,7 the recording depth in the

unrecor dedrstate in the above pregroove can be set to ??/8 to ?,/5. The
above optical recording layer can conprise |light absorbing materi al
capabl e of absorbing the above recording light. In optical information
recor di ng medi aP6f BRI 4 NLrERGisH recording media of this invention

(the fourth invention), for the inside protrusion length in
the radial direction on the inside of the arc Ry, and the
outside protrusion length in the radial direction on the

outside of the arc Ry, the values

0.120 pm £ Riy £ 0.182 pm and

0.100 pm < Rour £ 0.250 pm

are set, so that when a land pre-pit and a recorded pit

are adjacent, and/or when there is partial overlap, not only
is the outside protruding length Rgye 0of the land pre-pit

, stipulated, but the inside protruding length Rj, is also
stipulated; hence the RF fluctuation during.reproduction can
be stabilized at approximately 1%, the AR of land pre-pits 8
can be maintained at 15% or higher, readout errors for RF
signals and land pre-pits can be avoided, and necessary sector
information can be reliably obtained even from DVD-R discs at

high densities and high speeds.

BRIEEF DESCRIPTION OF THE DRAWINGS




(the fourth invention), for the inside protrusion length in the radial
direction on the inside of the arc Rin and the outside protrusion |ength
in the radial direction on the outside of the arc Rout, the values 0.120
um<_ Rin <_ 0.182 umand 0.100 um_< Rout _< 0.250 um are set, so that
when a | andEpfe- pi £5aRd &Wécorded pine e atjcny , lanandpran@anthere is
partial overlap, not only is the outside protruding |ength Rout of the

| and pFlepPPtiEppuliafegmapirnt ke qasiidy prestradi hef eagf hr REnagpeakso
stipul ated; hence the RF fluctuation during reproduction can be stabilized
at app?bxiFhaselpvensiohe (ARr6ft liaweprieonit 28l arpdet mihéai aed at 15% or
hi gher, readout errors for RF signals and |land pre-pits can be avoi ded,
and negestary séctoneainnforimgt ilemdan e irteldladnd obtadnedosved &rom DVD-R
discs at high densities and high speeds. BRI EF DESCRI PTI ON OF THE DRAW NGS
20 Fi gcigcusaanspntafgedipllase rvildwhshdn ing-ddi enireg geseat  t he opti cal
information recording nedia 20 of a first aspect of this invention (first

i nvention), d Ln,pacti.cul ar artian aof a meandering | an re-piit 21 and
a portion O?§§_ (b:i %fgzu aF%§5gt S% olfonlagsevrlﬁwl gh %Q?F%g?%t?ﬁggsgﬁg? Fig. 2
is a C%P%—s_fg(:&h.og?l syhew of a portion of a land pre-pit 21 of sanme; Fig. 3
is an en a?ged plane“Vview illustrating the state

Fig. 3 is an enlarged plane view illustrating the state

of irradiation with laser light 9 (circular spot 95) of a land

pre-pit 21 of same;

Fig. 4 is an enlarged plane view showing another example

of a land pre-pit of same (land pre-pit 30);

Fig. 5 is an enlarged plane view showing still another

example of a land pre-pit of same (land pre-pit 31);

Fig. 6 1is an enlarged plane view showing in enlargement
the optical information recording media 40 of a second aspect
of this invention (second invention), and in particular a
{ . portion of a meandering land pre-pit 21 and a portion of a

circular spot 2S5 of laser light 9 irradiating same;

Fig. 7 is an enlarged plane view for a case in which a
recorded pit 10 overlaps with a portion of a conventional

meandering land pre-pit 8;

Fig. 8 is an enlarged plane view for a case in which a
recorded pit 10 overlaps with a portion of a meandering land

pre-pit 21 of this invention (second invention);

XS]
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of irradiation with laser light 9 (circular spot 9S) of a land pre-pit 21
of sane; Fig. 4 is an enlarged plane vi ew show ng anot her exanple of a

| and pre-pit of sanme (land pre-pit 30); Fig. 5 is an enlarged plane view
showi ng still another exanple of a land pre-pit of same (land pre-pit 31);
Fig. 6 is aigenl@rigecepl aneavgew phenenyliew emlcarigamdm ertlie Tprecal
information recording nedia 40 of a second aspect of this invention
(secondei mperitdadn)in fedna nipar recokding pedtiao® Oofo fa anddnidet iagpreand
pre-pit 21 and a portion of a <circular spot 9S of |aser light 9

i rradiodt ithd ssdmejerfi pn 7(tsiad énkangednpl, aredviiewpfeart izwclase &4 n which a
recorded pit 10 overlaps with a portion of a conventional neandering |and
pre- pivbr8;idd @f & iseandeniaggednpl pne-piew2florna capertmovhicfi a recorded
pit 10 overlaps with a portion of a neandering land pre-pit 21 of this

I nventdigryisecHpbd nvenbfonyse211Ehge 9 iis radienliagedns ;ane vi ew show ng
in enlargenent the optical information recording nedia 50 of a third
aspect of this |nvent|on é hird |n ention) gg in particul . portion of
a neanderi Aig9-and pre-pite212568 ap BPEi rJreES’f R S t 9S of | aser
light 9 irradiating s is an enlar ane view of a portion of
e aRABCaT N B BF TORY: A & Re COBr PELL P GG YEb e A Rad: . o

a fourth aspect of this |nvent|on gLourth |nvent|oqg
media of a fourth aspect of 1s invention ourth invention);

Fig. 11 is a graph showing the relation of AR to Reur and

Rip in same;

Fig. 12 is a graph showing the numerical range of RF
signal fluctuations and the range over which AR is 15% or
higher in same, with Rgye on the horizontal axis and Rin on the

vertical axis;

Fig. 13 is a graph showing the numerical range of RF
signal fluctuations and the range over which AR is 18% or
higher in same, with Rgye on the horizontal axis and Rin on the

{ vertical axis;

Fig. 14 is a graph showing the numerical range of RF
signal fluctuations and the range over which 2R is 18% or
higher in same, with Row on the horizontal axis and Rin, on the

vertical axis;

Fig. 15 is a partial enlarged plane view of conventional
optical information recording media, and a graph of RF signals

and land pre-pit signals thereof;



Fig. 11 is a graph showing the relation of ARto Rout and Rin in sane; Fig.
12 is a graph show ng the nunerical range of RF signal fluctuations and
the range over which AR is 15% or higher in same, with Rost on the

hori zontal axis and Rin on the vertical axis; Fig. 13 is a graph show ng

t he nuneri calg r ahgeldf aRFrogisghglc tiloneatluatiicons land thiena afige-%Verimhi ch AR
is 18% or higher in same, with Rout on the horizontal axis and Rin on the
vertidalgaxis; Fig. 14 is a graph showi ng the nunerical range of RF signa
fluctuations and the range over which ARis 18%or higher in sane, with

Rort on thesior zonial oaxtsand R 0.t e NP GAI AXIS T Bxd? | p

partial enla | ane view of “convention ¥ OF et i ‘on recordlng
medi a, andéﬁ59raph of RF signals and |land pre-pit signals thereof; 22

Fig. Flg i's a cross-sectional view along line XVI-XVI in 15; Fig.Fig. 17
is a cross-sectional viewalong line XVI1-XVIl in 15; Fig.18 is a
cross-sect il V8ewsabongobsneeXYlibhaXVidilew mldrg liSje XVIII-XVIII

in Fig. 15;
Fig. 19 is a plane view of a circular land pre-pit 8 in

same;

Fig. 20 is a plane view of a meandering land pre-pit 8 in

same;

Fig. 21 is a graph showing the relation between the RF
signal fluctuation amount and RF readout errors, for circular

land pre-pits 8 in same;

Fig. 22 is a graph showing the relation between the RF
signal fluctuaticn amount and RF readout errors, for

meandering land pre-pits 8 in same;

Fig. 23 1is a graph of the RF signals (3T pit signals) and

land pre-pit signals when the unrecorded optical depth is

approximately A/5.8 in same; and,

Fig. 24 is a graph of the RF signals (3T pit signals) and

land pre-pit signals when the unrecorded optical depth is

approximately A/6.2 in same.
S ODE_FOR _CA IN T NVENTION

Next, the optical information recording media 20 of a

first aspect of this invention (first invention) is explained
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Fig. 19 is a plane view of a circular land pre-pit 8 in sane; Fig. 20 is a
pl ane view of a neandering land pre-pit 8 in sane; Fig. 21 is a graph
showi ng the relation between the RF signal fluctuation anount and RF
readout errors, for circular land pre-pits 8 in sane; Fig. 22 is a graph
show g g orel Btdgonl bebwespht RegRF3.si gmalt Ml Uit lulaty iorg sgwivihd nahdoRF
readout errors, for neandering land pre-pits 8 in sanme; Fig. 23 is a graph
of thedRk simgnassm{BIrptd pbghabsk and Filgand Sprerpmiughsi il s2 dhen t he
unrecorded optical depth is approximately x,/5.8 in same; and, Fig. 24 is
a grapteloftddet RFcisé gpnal sx( 3Ttpietresiagrdlgsedandhe |smde preripd s signdl s when
the unrecorded optical depth is approximately 2./6.2 in sane. BEST MODE
FOR CARRM NG DlHe IHEL p DVENE| ONeextt, atrlee capttiteal. i nf or mati on recordi ng
media 20 of a first aspect of this invention (first invention) is explained
2 3 based on. Fig, 1 throu Fig., 3. In the follow ng .explanation ortions
simlar to pdftibnsSi ﬁ”ﬁg?afggfihﬂ}&&ﬁ FitgV fﬁ’ovflé]‘%tléhpﬁrgl‘?%%e%ér?tbf art
are assigned the sane synbols, and detailed descriptions thereof are
oni tt &€ MRELIG3} 1R Oéﬁ?’é?a@drﬁFﬁﬁél@ﬁe\R}e&H&M g &i’ﬁ:} uli a??g%?rbﬁ?Ia{ he

optical information recording nmedia 20 and in particular a
P portion of a meandering land pre—th 21 %nd a portion of a

circular spot 9S of laser light 9 irradiating same; the
Gaussian energy distribution of the circular spot 9S of laser

{ light 9 is also shown.

As shown in Fig. 1, a land pre-pit 21 is formed in a
portion of the pregroove 6 in an arc shape, protruding outward
in the radial direction of the optical information recording

media 20.

A land pre-pit 21 is delineated by the inside protruding
portion 23 which extends in substantially a triangular shape
from the pair of inside edge portions 22 on the left and right
in the figure, and by the outside protruding portion 25 which
extends in substantially a triangular shape from the outside
edge portions 24, and is formed so as to protrude in
substantially a triangular shape on the side of the land 7
from the pregroove 6 on the outside circumference in the

radial direction of the optical information recording media 20.

Substantially an isosceles triangle is formed between the

most prominently protruding edge portion 26 on the inside of

24



portion of a meandering land pre-pit 21 and a portion of a circular spot
9S of laser light 9 irradiating sane; the Gaussian energy distribution of
the circular spot 9S of laser light 9 is also shown. As shown in Fig. 1, a
| and pre-pit 21 is forned in a portion . of the pregroove 6 in an arc
shape,thar atiraidiango oot wad dngi potrhe onadilalardi rtéct ipni ofo £ hienopd e catige
information recording nedia 20. A land pre-pit 21 is delineated by the

i nsi deduotsnizg. portion 23 which extends in substantially a triangul ar
shape fromthe pair of inside edge portions 22 on the left and right in

the figure, and b outsid di t 25 wh t end

subst :ag'tji aﬁ@gsdt‘—i‘g? gﬁY;?nlsﬁgﬁgrc%ﬁ%% ![t%g Gt ('ﬁ! 3]25 %%’ﬂ%el%g?ﬂe‘)éﬁgg iheand is
f d t trud bstanti al | t | d

f | @i T F RO HheSBPRGHOOTE B0 B oo b (0t LT e eneRel Rt pe

radi al direction of the optical information recordin dia 20
Subst &g HYES e | EB%EEP%”EH PREGHEN < Gt ?'tf‘e o%%%dﬁr%ﬁ?ﬁent ly

protrudi ng edge gortlon 26 on the inside of 24 the |n5|de pr ot rudi ng
porti iPX3L@nd 4he pair of inside edge portions 22. Substantially an
i sosceles triangle is forned between the nost prom nently protrudi ng edge

portion 27 on ¢herost stde 9hsitke ppukside R dmdidy Pordn@nogbsand the
pair of outside edge portions 24.
protruding portion 25 can be designed based on the shapes of

arbitrary curves.

Other portions of the optical information recording media
20 are similar to those of the optical information recording

4

media 1 shown in Fig. 15 through Fig. 18.

The distance between the two inside edge portions 22 of

the inside triangular shape of the land pre-pit 21 is Lj,.

The distance between the two outside edge portions 24 of

the outside triangular shape of the land pre-pit 21 is Leye.

Fig. 2 is a vertical cross-sectional view of the land
pre-pit 21, and as shown in the figure, the inside wall of the
land pre-pit 21 in the substrate 2 has an inclination angle G
of 40 to 80°, and the above distances Liy and Loy are defined
as the width at one-half the depth D of the land pre-pit 21

(the half-maximum width).

If the wavelength of the laser light 9 is A, then for
design conditions in which the optical depth in the unrecorded

state in the pregrcove 6 is from A/8 to A/5 and the track

R
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O course, the inside protruding portion 23 and outside protruding portion
25 can be desi gned based on the shapes of arbitrary curves. Other portions
of the optical information recording nedia 20 are simlar to those of the
optical information recording nedia 1 showmn in Fig. 15 through Fig. i8.
The disiescecbetmeeprebecbwe iensisde redge .par ticorts. &2 jof, ttites i hshde
triangul ar shape of the land pre-pit 21 is Li,,. The distance between the

two outsids; edos: POt LARS 24vehclibe Quisided rianguld shapes ofghbe |and
pre-pit 21"is Lo"t. Fig. 2 is a vertical cross-sectional view of the |and

pre'p!%og@ioﬁQdZQSoﬁhQH@ iRsthe Hn@ditde Jiside ved 1504 the | and

pre-pit 21 1n the substrate 2 has an inclination angle G of 40 to 80, and

t he ab ISt S.LiLh; ut, care defj j i -hal f the
opt h B o7 B A b B B B e a3 e P L B8 el engt

of the Lagel bhofiko9abs b bhenhaf ¢ (dealdn Gondl tians:dgahiehepbe opti cal

depth in the unrecorde Sta n the pregroove Is fro 5 and

e L1888, jaygnBLE 0l uhIBPIEITAS A2 BOLEIMOOTD kR SR ctdp Lhe | and

{
i'S rnvention are suc hat "t i NSi ortions 22 of

ot si 08" B 1 AP hb -BAFE0Bn 35 B A HNE Bt O 21 o B pobt T FnohOUFt i

r 5 a‘lan -pit 21 are positione thin

tegﬁsg? 9¢,0L-ENe 18PRhetLATR! 8% B oMYA I NG S 2 A0 H Mot 1 Do

2.72).

{ In other words, the distances L;, and Ly of land pre-pits
21 are made smaller than the spot diameter E2 in the effective
energy range, which is the 1/e° portion of the Gaussian energy

distribution of the circular spot 95 of laser light 9.

Further, it is preferable that, with respect to the land
pre-pits 21, together with the inside edge portions 22 and
outside edge portions 24, the most prominently protruding
inside edge portion 26 of the inside protruding portion 23 and
the most prominently protruding outside edge portion 27 of the
outside protruding portion 25 be positioned within the spot
diameter E2 of the 1/e® portion of the Gaussian energy

distribution of the circular spot 95 of laser light 9.

It is still more preferable that the inside edge portions
22 and outside edge portions 24 of land pre-pits 21, and also
the most prominently protruding inside edge portion 26 and the
most prominently protruding outside edge portion 27 be

positioned within the range of the spot diameter El of the 1/e



energy distribution of the circular spot 9S of the laser light 9, where e
is the base of natural logarithns (approximately 2.72). In other words,
the distances Li" and LO,,t of land pre-pits 21 are nmade snaller than the
spot dianeter E2 in the effective energy range, which is the 1/e2 portion
of thedGaussi anf enkee gyaudsstni bukirgy ofi stthe sitricul arf splot 9Brofilhaser |i ght
9. Further, it is preferable that, with respect to the land pre-pits 21,

t oget hgronidh dhelansideigtgedporti ons 22 and outside edge portions 24,
the nmost prominently protruding inside edge portion 26 of the inside
protrudi ng portion 2 ge edge

3 and, .the. nost. prom nently. protruding. outsi

portion 27 '6ttH2° SB?gFHElﬁpggrﬂﬁﬁﬁgeﬁ&Pﬂ:%?%ﬁsﬁﬁf;ﬁ%??i%ﬁ%dnaﬁthin t he
spot diameter E2 of the_1l/e2 porti f the ussi an_engr gy istribution
of thé’ocﬁlrfciﬁ%?gs%’fhég bPel 5e8pe iogﬂtt%f. PG | THO oy 'p?‘ége?abl e that
the inside edge portions_ 22 and outside edge paqrtions. 24 of land.pre-pits
D1 aRPH ST THESHOS OBF RRentry WEoERRR B 1 (P RdGE: Fopt FBn256 and
the nost prom nent| rotrudi ng outsjde edge portjon 27 be ogiti ned
wi t hi P @%%njg%v%‘?t%/ﬂg §p6t 18Panst &498 RA* %?@%/%2 2%“%0?‘6?%?1 Bf °t'HE
Gaussi an energy distribution of the circular spot 9S of laser |ight 9.
Wier e dorReht £ Hnal e ABaAdEFPNEOISaTd PrE Rid € ar'e RNV HoSF t FeNEdwi t hi n

the range of the circular spot 9S, but a portion extends outside, in the
case dih8 HeeahE Epé;bppg 9f the circular spot 9S8 of laser light 9.

In optical information recording media 20 having land
pre-pits 21 configured in this way, intensity differences due
to diffraction of laser light at the land pre-pit portions 21
can be made clear and the accuracy of detection of land prea-
pits 21 can be improved so that land pre-pit signals can be
obtained; in addition, the effect on RF signals can be reduced,

and fluctuations therein can be held below a prescribed level.

Fig. 3 is an enlarged plane view illustrating the state
of irradiation with laser light 9 (circular spot 9S) of a land
pre-pit 21. When directing the circular spct 95 of the laser
light 9 onto 2 land pre-pit 21 to cbtain a signal frem the
land pre-pit 21, diffraction of the laser light 9 by the land
pre-pit 21 results in a clear difference above and below the
range of the circular spot 95 (in the spot upper range SA and
spot lower range 9B), enhancing. the detection accuracy, so
that even if the land pre-pit 21 is in proximity to a recorded

pit 10, the AR of the land pre-pit signal is maintained at 15%



of this invention the inside edge portions 22 and outside edge portions 24
thereof are positioned so as to converge toward the center position of the
circular spot 9S of laser light 9. In optical information recording nedia
20 having land pre-pits 21 configured in this way, intensity differences
due toor diiffreactaroh oéadlagerekirght atret hgolided préigiet ther thfonsi@nalcan be
made cl ear and the accuracy of detection of |land pre- pits 21 can be

i npr ovfadh s dthiadn | andupt ecpint bsi gpabistoanele toltailded; in addition, the
effect on RF signals can be reduced, and fluctuations therein can be held

bel bed | evel .. Fiqg. I, I | [ h

tate “of (PIHUTS1 ontaf i hosBF I?aﬁ? 308 PR ERE B B A
t 21. Wen dj ' h t of th light 9 ont

A Faﬁla:lpwla %”ao*%[ﬁ% PAi ﬁae;?arﬁ%i‘ 5% Bhe teind PRSI 2110 81 1 fracti on

of the Iaser ht 9 by the I 1 result, clear ifference
above PP i) ?) ??@Pd?%ﬁg8n F Fhé gtﬁchaF%§p8Fp§§ %%41 upbRr range
9A and spot | ower range, 9B) enh?n0| t he ggtect on accuraqx so that
even|H°qqﬂ945ﬂkFQﬁ%tpP?lQ§ pgeRrhlyr 8 ﬁﬁFFy yadﬁ dGFEEFE DIt 181t he AR
of the land pre-pit signal is maintained at 15% 27 or hi gher and readout
er r or sirares vt deo t whe | edenghRENsEhRak andecttuarm dr Safsunt’ camdbe held to
|l ess than 1% Further, if a land pre-pit 21 is positioned within the
ci r culwart ispod @Eb@tlpheffasennbighb 8F tshenadd] wst rodwatt icpt jpossa blien
depending on the state of the deposited filmin this

is possible.

In this invention, if land pre-pits 21 are positioned
within the circular spot 9S of the laser light 9, the shape of

the land pre-pits 21 can be chosen arbitrarily.

For example, Fig. 4 is an enlarged plane view showing
another example of a land pre-pit (land pre-pit 30); this land
pre-pit 30 protrudes in an arc shape in the outward radial
direction of the optical information recording media 20, and
the inside edge portions 22 and most prominently protruding
inside edge portion 26 of the inside protruding portion 23, as
well as the outside edge portions 24 and most prominently
protruding outside edge portion 27 of the outside protruding

portion 25, are positioned within the range of the circular

spot 9S.

Fig. 5 is an enlarged plane view showing still another
example of a land pre-pit (land pre-pit 31); this land pre-pit
31 protrudes in a trapezoidal shape in the outward radial

direction of the optical information recording media 20, and

[N~
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portion wi thout being greatly affected by differences in the unrecorded
optical depth in the range from2/8 to k/5 and wthout greatly affecting
the RF signal, so that optim zation is possible. In this invention, if
| and pre-pits 21 are positioned wthin the circular spot 9S of the |aser
| i ght t8e time istmpeied poheidand2pr enpi nes2l raam e rdHos e @F i€ agily. For
exanple, Fig. 4 is an enlarged plane view showi ng another exanple of a
| and phe-ipiet dgmd@reipnt 280pf thesihadde pretpiudi3® mottiesiPn ad arc
shape in the outward radial direction of the optical information recording
medi aw2Q,1 anrd tHheowthside edge portions 22 amdi mostt prromiinesntyy protrudi ng
i nsi de edge portion 26 of the inside protruding portion 23, as well as the
out si ge cedgelipay téwnsi@4 asdenpsttpoanientt] ytheprottraidieng oot sidengdge
portion 27 of the outside protruding portion 25, are positioned within the
range pefr kg G Cculd8E poPoOtiffedFingrhini s han renlgyr gell tleanei véehashow ng
still another exanple of a land pre-pit (land pre-pit 31); this |and
pre- pishot3bgprotrudes in a trapezoidal shape in the outward radial
direction of the optical information recording nedia 20, and 28 L U the
i nside edge portions 22 and_npst prom nent| rotrudi ng. ipside edge
portion 26NﬁXQ¢K$¢%s?HElE?6tFG@PE@aﬁépPi5#£§%é%ﬁ9 Wﬁéﬁaa.gtﬁg %u?side
edge portions 24 and nost promnm nentl , . . .

second aspect of the invention’ (second invention) is explained,

based on Fig. 6 through Fig. 8.

Fig. 6 is an enlarged plane view showing in enlargement
the optical information recording media 40, and in particular
a portion of a meandering land pre-pit 21 and a portion of a

circular spot 9S of laser light 9 irradiating the media.

As shown in Fig. 6, in the optical information recording
media 40, similarly to the optical information recording media
20 of the first invention (Fig. 1), land pre-pits 21 are
formed in a portion of the pregroove 6 to protrude in an arc
shape in the radial direction on the outer circumference side

of the optical information recording media 40.

In this invention (the second invention), when the
wavelength of the laser light 9 is A, then for design
conditions in which the optical depth in the unrecorded state

in the pregroove 6 is from A/8 to A/5 and the track pitch of

the pregroove 6 is from 0.70 to 0.85 pm, the land pre-pits 21

of this invention are such that the distances Ljij, and Loy range

between the shortest pit length, 3T, to twice this length (6T).

29



protrudi ng outside edge portion 27 of the outside protruding portion 25,
are positioned within the range of the circular spot 9S. Next, the optical
information recording nedia 40 of a second aspect of the invention (second
invention) is explained, based on Fig. 6 through Fig. 8. Fig. 6 is an
enl arged pl Bnetkeew showisng ried eenlbdregdmertt thched optdicads i hfrormat Lot
recording nedia 40, and in particular a portion of a neandering |and
pr e- pitbe 2in ande arpanti dmoof 3a 364 rteulsar22dpot 9S of |aser light 9
irradiating the nedia. As shown in Fig. 6, in the optical information
recordi ng ﬂfdia 40, .sim to the. o i.nfor i ng nedi a

[

, larly i cal. on_recgor
20 of the fTT8¢’in eﬁ?iSﬁe?ﬁfﬁplf)Fhﬁ&n%ﬁﬁ%éﬁﬁ%%p%§3%?egfog§e %Fn a
portion of the pregroove._6 to protrude in an arc . shape,in_the_ radial
direct?%%g%ngfﬂg ggtﬁ? g?rcﬁ elEiEe PESHE T35 % it b fﬁc%ﬁ 1A of ABEFon
recordi ng nedig 40. Ln ghis invention (the second invention), when the
wavel ehfth of SPhetPaserl3Firght 9 is 2, then for design conditions in which
the optical depth in the unrecorded state in the pregroove 6 is from?/8

to )/5 and sheotraekipi pekfefraptihe tpragroevelGsisnds am,0. 79 19 Oh85 m the
| and pre-pits 21 of this invention are such that the distances Li" and

Lo"t rangge bebmeen thBesghorhnesindded Jreymaidab 37, sd 011 M o thésrhegeth (6T).
29 Further, it is preferable that the distances Lin and Lout be in the

range from 3.86T te 5.22T.

Even when, in optical information recording media 40
having such land pre-pits 21, a land pre-pit 21 overlaps with
a recorded pit 10, by maintaining the shape and size of the
recorded pit 10 at the necessary level the effect on the RF
signal is reduced and the fluctuation amount can be held
within a prescribed range; in addition, the accuracy of
detection of land pre~pits 21 can be improved, and land pre-

pit signals can be obtained.

Fig. 7 is an enlarged plane view for a case in which a
recorded pit 10 overlaps with a portion of a conventional
meandering land pre-pit 8, and Fig. 8 is an enlarged plane
view for a case in which a recorded pit 10 overlaps with a
portion of a meandering land pre-pit 8 of this invention,
showing in particular the state in which the laser light 9 is
slightly shifted to the disc radial-directicn center side

(deﬁracking).

As is shown in Fig. 7 and Fig. 8, tracking of the laser

light 9 ideally should involve movement of the center %C along

30



Also, it is preferable that the distance Li" be in the range from3T to

4T, and nore preferably still, in the range from 3.36T to 3.73T. Also, it
is preferable that the distance Lost be in the range from4T to 6T, and
nore preferably still, in the range from4.85T to 5.22T. Even when, in

opt i calhd nfeortreat | bime eg®r df nghAeRr&9400Visad: nd Usuch |&HeHPr et pi t 3521, a

| and pre-pit 21 overlaps with a recorded pit 10, by maintaining the shape
and sirzecfdithe syeeds dede pihctaseds hé wecessary 9evef &hMe L2F8Et on the
RF signal is reduced and the fluctuation amount can be held wthin a

pr escriihgt ranteriatne adiirdnonhet hendecurldoy ¢IC afettdrt iREDfOPEAdOpre-pits
21 can be inproved, and land pre- pit signals can be obtained. Fig. 7 is an
enl ar gei pleaerdeevwfos A0case br wkicolrdad.recorded pit 10 overlaps with a
portion of a conventional neandering land pre-pit 8 and Fig. 8 is an

~enl d pl i ew for, ' i_ch ' 0 ith
por i on of & B Pho -and pr 8URF 1876F R € T mvenCl O, PKBang in

particular the state in which the laser light 9 is | i gh ifted to the
di sc rSAfRE - #% e%t?%ﬁugén?gregFaé’ac%ngﬂtac i hg)e l@sm?sig rﬁ)%/\% ?ﬂgFi g. 7 and

Fig. 8, tracki(glg of th? | aser |.ight Z ié%ealtlr%/ shoul d in,é/%veirm%{grrent of

the céftEre 0@ bhy” 30t e BEREEEY P rof- Thé Pregr oove™ 6; *But®in

aCtum;;Q“dégigned, shape and size of the recorded pit cannot be
obtained, and a satisfactory RF signal cannot be obtained upon
reproduction, so that there is a high probability of readout

errors. This tendency is prominent in the case of recorded

pits 10 which are shorter than 3T or similar.

On the other hand, as shown in Fig. 8, in the case of the
land pre-pits 21 of this invention the distances Li, and Legut
are wifhin the range 37 to 6T. Hence in the example shown,
the inside edge portions 22 of the inside protruding portion
23 in particular are positioned closer to each other than in
the case of conventional arc-shape land pre-pits 8, so that
the area of encrocachment of the land 7 (inside protruding
portion 23) on the portion of the recorded pit 10 is smaller
than in the prior art, and the effect exerted on the shape and

size of the recorded pit 10 can be reduced.

Moreover, readout errors occur less readily during

reproduction even when detracking of the laser light 9 occurs.

If a land pre-pit 21 is positioned within the circular

spot 9S of the laser light 9, then adjustmeht is possible
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recordi ng speeds are increased, the center 9C of the laser light 9
deviates fromthe center line 6C of the pregroove 6 and recorded pits 10
may be recorded. As shown in Fig. 7, when |and pre-pits 8 have an arc
shape, as a result of encroachnent of the |land 7 into the center portion
of a réeReABH"Hi PR16NSt REANET Ml “hate RS ¥R d sl ekt ghellS BA&PECANd si ze
of the recorded pit cannot be obtained, and a satisfactory RF signal
cannot¥behebt appedJupshatieprddetissh P i@ ramed® 15 &i gh probability
of readout errors. This tendency is promnent in the case of recorded
pits lnwnbtchdadeopharkér depah 3h athesimardgr .££am thB oidex/hamtd as shown
in Fig. 8 in the case of the land pre-pits 21 of this invention the

di stangesnbhp @REakyt ardee tWnhithd he ranga BT 40 &at EniPathenexanpl e
shown, the inSide edge portions 22 of the inside protruding portion 23 in
particukar,aLe,pesitioned closer to each other than in the case of
conventional arc-shape |land pre-pits 8, so that the area of encroachnent
of the land 7 (inside protruding portion 23) on the portion of the
recorded pi¥e4Dd,ishgnaPréFalt Rad armathepriesonting arrdidecef fetbledert ed
on the shape and size of the recorded pit 10 can be reduced. Moreover,
readoudsSeeebrefobBif LB¥SNLagd |(ERdurd g esPricducti reevbninhen Hesedcki ng
of the laser light 9 occurs. If a land pre-pit 21 is positioned within the
‘circul@® Epdt 9S of the laser light 9, then adjustnent is possible 31

Fig. 9 is an enlarged plane view showing in enlargement
the optical information recording media 50, and in particular
a portion of a meandering land pre-pit 21 and a portion of a
circular spot 95 of laser light 9 irradiating this pre-pit.

As shown in Fig. 9, in the optical information recording
media 50, similarly to the optical information recording media
20 of the first invention (Fig. 1) and the optical information
recording media 4C of the second invention (Fig. 6), land pre-
pits 21 are formed in a portion of the pregroove 6, protruding
in an arc shape in the radial direction on the outer

circumference side of the optical information recording media

50.

In this invention (the third invention), when the
wavelength of the laser light 9 is X, then for design
conditions in which the optical depth in the unrecorded state -

in the pregroove 6 is from A/8 to A/5 and the track pitch of

the pregroove 6 is from 0.70 to 0.85 pum, the land pre-pits 21.



depending on the state of the deposited filmin this portion wthout being
greatly affected by differences in the unrecorded optical depth in the
range from X/ 8 to ?/5 and wthout greatly affecting the RF signal, so that
optim zation 1is possible. Next, the optical information recording nedia of
a thirF taspecineénthdbs bpeestican thhi 10d donyentd dn) § sO ekdlianneadndbased on
Fig. 9. Fig. 9 is an enlarged plane view show ng in enlargenent the
optical ,nf tion recogdi media 50, and in particular a portion of a
neandg?ﬁﬁg*ﬁggglﬁPéibi '%q @ﬁd a portion.of a circular spot 9S of |aser
light 9 irradiating this pre-pit. As shown in Fig. 9, in the optical

i nformationy ecordi8ge rgBALEALBA: 9.5l il ¥ Q. they opd i |Gl andf or sBt juan
recording media 20 of the first invention (Fig. 1) and the opti cal
information recording nedia 40 of the second invention (Fig. 6), land pre-
pits # lare - H% a portion of the pregroove 6, protruding in an arc
shape in the radial direction on the outer circunference side of the

optical i nfQlamtion ¢REOLALAAMRAR Foedirdizy IdWad ohdide third

i nvention), n the "wavelengt f the laser light 9 is X, then for design
condi t | [ . whi opki cal i g tate.,Ln the
pregrg)or\c/)ogcs%d#]lswr%%r%gnt ggx%gda%?%%gge?regg{e ﬁ%ﬁl(%?;d%ﬁe@%r%g%oove 6 is
from Odu7tos£<9e Opﬁét%ds.ﬂs EQQQigrne'Z@ ¥ 2hes? 1and pre-pits 21 are

positioned within the range of the circular spot 9S of the

laser light 9.

In other words, by limiting the distances Lj, and Loy, the
land pre-pits 21 are positioned within the circular spot 95 of

the laser light 9.

Whereas conventional meandering land pre-pits are not
positioned within the range of the circular spot 9§, but a
portion extends outside, in the case of the land pre-pits 21
of this invention the inside edge portions 22 and outside edge
portions 24 thereof are positioned so as to converge toward

the center position of the circular spot 95 of laser light 9.

In optical information recording media 50 having land
pre-pits 21 configured in this way, intensity differences due
to diffraction of laser light at the land pre-pit portions 21
can be made clear and the accuracy of detection of land pre-
pits 21 can be improved so that land pre-pit signals can be
obtained; in addition, the effect on RF signals can be reduced,

and fluctuations therein can be held below a prescribed level.

(]
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of this invention are such that 0.40 umLIiR < 0.80 um and O . 4 0 urn <_
Lout <0. 80 ~tm. It is preferable that 0.45 umLin 0.50 umand 0. 65 um
Lout S 0.70 um That is, the inside edge portions 22 of the inside
protrudi ng portion 23 and outside edge portions 24 of the outside

prot rudi ng Thertt iicn 2bhaf theseéisandgprelpints P2k -ari¢ Zdosiitilonedsekt hin t he
range of the circular spot 9S of the laser light 9. In other words, by

i m tilnghtthe ditteanceschiarasdotos) , t He relcandg he piitrssWiaarepposbi oned
within the circular spot 9S of the laser light 9. Wereas conventi onal
meandeys rthd and gy er Piis ar entet thposkhidopead wiitthil ttee alangien of t he
circular spot 9S, but a portion extends outside, in the case of the |and
pre-pigigndl  ffort hilse | Iveat bea-bhe Rosi dacedge gior tiiams 2wt oud si de edge
portions 24 thereof are positioned so as to converge toward the center

posi t icait afndineyicd f etth @ c690L s 9Bnetehaselr, linghimckedveopiicaletatorantion
recordi ng nmedia 50 having land pre-pits 21 configured in this way,

i nt ensidays idS erencesreveq, t eodihhtastkon iaf thasandd gie-atitd hell asd
pre-pit portions 21 can be nmade clear and the accuracy of detection of

land prepRititnidly ces berbrprauadpse that thandrois pide signalsreapibe
obtained; in addition, the effect on RF signals can be reduced, and
fluct uatdns therei M saReheabeh dsbghowignRieseid heddemelerdods are

avoided, while the RF signal fluctuation amount can be held to

less than 1%.

Further, if a land pre-pit 21 is positioned within the
circular spot 9S of the laser light 9, then adjustment is
possible depending on the state of the deposited film in this

portion without being greatly affected by differences in the
unrecorded optical depth in the range from A/8 to A/5 and
without greatly affecting the RF signal, so that optimization
is possible.

Next, the optical information recording media 60 of a
fourth aspect of this invention (fourth invention) is

explained, based on Fig. 10 through Fig. 14.

Fig. 10 is an enlarged plane view of a portion of a
meandering land pre-pit 8 in the optical information recording
media 60. Land pre-pits 8 are formed in circular arc shapes
or elliptical arc shapes, similarly to those of the prior art

shown in Fig. 20, in portions of the pregroove 6 protruding in

34



That is, when irradiating a land pre-pit 21 with laser Ilight 9 (the
circular spot 9S), directing the circular spot 9S of the laser light 9
onto the land pre-pit 21 to obtain a signal fromthe land pre-pit 21, the
margin wth respect to external disturbances is increased, and noreover

t he detkcdirenshapeueacy hies dufpricleed i spiiigervensidet he faadrpAéapit 21 is
in proximty to a recorded pit 10, the AR of the |land pre-pit signal is
mai nt aflheecat ons5ooit higi givdrl cand imdadmat eon orgcareinavoeded, 6Ghil e the RF
signal fluctuation amount can be held to less than 1% Further, if a |land

pre-pit 21 &g, pogLti %”%%n‘é‘% éo*}'&g ihe ¢ cid cul ar, SPO dglé(oilﬁé hepLager |ight 9,

then adjustnent is® possi ending on the state thé deposited film

e oot EREEPETalt I a2Id B N AILECHE DAL TLELRneRS bR 1y
affectigg%the RF
i

i gnal, t hat i mi zat.i i s ible, Next, th

opt ot PhTSE Rt Fof Pass: GRS e 60 Tor e ot (G ebbet t ot Nt ARG
i t] fourth, i tion) .i | ai ned, based op Fig. 10.through Fig.
P A S S s s R e VR R
-pit 8 in the_optical informati di di a. 60. d pre-pits 8
prepii 8 LpeLhsconti el Lol on rscordlog, el 60, Land precplts ¢
;?8ffu§$5tgﬁn8%§92u%ﬁkg %%angf}éﬂf%rZg¥cngéggtégnghgfoapgiggegrOove 6

circumference side in the radial direction of the optical

i information recording media 60.

The inside arc-shape portion 62 and outside arc-shape
portion 64 are both based on an elliptical arc shape, and are
formed in arc shapes by selecting the curve of a portion of an
ellipse. Of course, similarly to the first through third
inventions, the inside arc-shape porticn 62 and outside arc-
shape portion 64 can be designed based on a triangular shape,
arc shape, trapezcidal shape, or other arbitrary shape or

arbitrary curve.

As in the first through third inventions, the other
portions of the optical information recording media 60 are
similar to those of the optical information recording media 1

shown in Fig. 15 through Fig. 18.

The inside protrusion length in the radial direction on
the arc inner side of a land pre-pit 8 (the distance from the
additional line connecting the inside arc shape edge portions

61 cn both sides to the additional line tangent to the inside

[¥9)
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an arc shape on the outside circunference side in the radial direction of
the optical information recording nmedia 60. That is, a land pre-pit 8 is
delineated by the inside arc-shape portion 62 extending in an arc shape
fromthe pair of inside arc edge portions 61 on the left and right in the
figureﬂandﬁmw@rﬁpbnt@hdé2aﬁé-§%§p@ﬁ@ﬁ%ﬁnﬂ¢ﬂﬂﬁQ%&EHRN¢EF¢¢#%% arc shape
fromthe outside arc-shape edge portions 63, and is fornmed protruding in a
ci r culparr aran shapef ohheheiogtdipde arsi durifher émcel &3 der ¢ nshdee radr allon
direction of the optical information recording nedia 60. The inside

ar c- shipe jporki.on 62 and outside arc-shape portion 64 are both based on an
elliptical arc shape, and are forned in arc shapes by selecting the curve

of a porti of an .elljpse. . coyrse,. .si.mlarly cthe,fi . 1 hr qugh
third invgﬂ%?o%%?sfﬁg P§8?58g29§-§ﬁ§e§ﬁxﬁﬂi€§? éﬁéﬁkﬁé%%%%légchshape

ortion 64 can be designed_based on a tri.angul ar, shape [Cc.Sha
Prapez %Eﬁr%h%%%?ro?lg?th ar ortrary Ssi é%éq%r@ﬂgﬁﬁf'?%ﬁ@g%u$€%mp 8% n the
first through third inventions, the other . portions of the optical

1 or A9 O RRthr WG HEANSCB"r & ho0 TR G AR RS R apns
information recordi media, 1 shown in Fig. 15 through Fig. 18. The inside
protr 6ﬁwgﬁﬁﬁhs?§gfhéor58?a?4&%§%ﬂﬁ%ﬁ1ﬁ%?etqﬂp%ﬁ%giﬁﬁegh%iaﬁtﬁfgﬁ | and
pre-pit 8 (the distance fromth addi tional, |i connecting the inside arc
B hape wiige e | BRECL6Y B Bt RTs G655 6 LR A LY G T FhERd angent Lo e
InSId%mmtion 66 of the circular arc of the outside arc-shape

portion 64) is Rege-

However, similarly to the land pre-pit 21 shown in Fig. 2,
the inner wall portion of a land pre-pit 8 in the substrate 2
has an inclination angle G of from 40 to 80°, and each of the
above additional lines is drawn at the width at one-hzalf the
depth D of the land pre-pit 8 (the half-maximum width}).

In this invention (the fourth invention), when the
wavelength of the laser light 9 is A, then for design
conditions in which the optical depth in the unrecorded state
in the pregroove 6 is from A/8 to A/5 and the track pitch of
the pregroove 6 is from 0.70 to 0.85 pum, it is preferable that
the land pre-pits 8 of this invention be such that 0.120 pum <
Rin £ 0.182 pum, and 0.100 pm < Reye < 0.250 pm. This is

explained below.

As stated above, in order to simultaneously reduce the RF

readout errors of recorded pits 10 and the readout errors of



7 r arc-shape portion 62 at the nost prominently protruding portion 65 of
the circular arc of the inside arc-shape portion 62) is Rir. The outside
protrusion length in the radial direction on the arc outer side of a |land
pre-pit 8 (the distance fromthe additional |ine connecting the outside
arc shapel edge giord i HnsheB3enpl bpihgshdesdesinbeladd tiremal>dd e tahgent to
the outside arc-shape portion 64 at the nost prom nently protruding

porti ®&F 64 qofalf Hel witricat aon armowofit t hesbubsi deldr toshépecapdr ties 64) i s
RoLt. However, simlarly to the land pre-pit 21 shown in Fig. 2, the inner
wal | poratd ary ofarad liandaqt e pbh Bhénchheastubstsates2ofhdaheanamtlpnati on
angle G of from40 to 80, and each of the above additional lines is drawn

at theiwdtsh athonerdalfhé her depphibuoé tiberkand preepiindx)thenust
hal f-maxi mumwi dth). In this invention (the fourth invention), when the

wavel epgtty iofc diteed aseri134 obt Rigse?, then for design conditions in which
the optical depth in the unrecorded state in the pregroove 6 is from?/8

to ?,/5 and the track pitch of the re r oov is from0.70 to it
i s preferalfiiéthat 1% He 57D pPROPFE 8f rFﬁF’ElPHVQHt oh %5 P@HEhaT‘?swat

0.120 .imS R " < 182 m and 0.100 m5 Rout < 50 his i
expl aifned %%Ibﬂﬂl%ét§9aﬁ8dtéﬁo$égurﬁ'oﬁﬂerqﬁ?%ﬂWﬂHt%ﬁniﬁéYyagéﬁﬁEeABhe RF

readout errors of recorded glts 10 and the readout errors of
and the influence of Rj, dominates.

As shown in Fig. 11, when the figure of AR=153% is taken

as a target, the value Rjp,=0.120 pm lies on the borderline of

(]

optimal design conditions for land pre-pits 8.

This invention (the fourth invention) was devised by
discovering regularity between the design values for R;i, and
Roue (the meandering shape design values), the amount of RF
signal fluctuation, the AR (amplitude decrease rate index),
and other measured electrical signal values, and drawing
graphs with R;, and Rgye plotted on the vertical and horizontal
axes.

Fig. 12 is a graph showing the range cf RF signal
fluctuation amounts and the range over which the AR is 15% or
higher, plotting Rey on the horizontal axis and Rip on the
vertical axis. Here, the range over which AR 1s 15% or higher
is indicated by an arrow on the Rj, axis, and RF signal .
fluctuation amounts are indicated in percentages (%) for

regions delineated by arc-shape boundary lines.



36 | and pre-pits 8 when enpl oying neandering |and pre-p~. -'-s 8, the RF
signal fluctuation anount nust be held to at least less than 1% and in
addition the characteristics of the and pre- pits 8, that is, the AR
(amplitude decrease rate index), nmust be naintained at 15% or higher. Fig.
11 i s a graph shoidagedheyr ehat bbiigfueARin@sRaut Fnd 1Rn;tlas radgeated in
the figure, Rout does not greatly affect AR, and the influence of R n

dom nates: WAsichowmei ARFig. 123, owhen ghlke fargurteneofalARI1E% isalakenf as a
target, the value Rin=0.120 mlies on the borderline of optiml design

Conﬁi%go@%Jﬁgl'fika&§t95E§ 8s Thi g nwenrt ison o tihe figurd k. neptign) was
devi sed by "~ discovering regularity between the design values for Rin and

Rou,, (the neandering shape design val ues), the amount of RF signal
fluct b i & e BRUT aiplavt udle” dee? edBe rate index), and ot her measured
el ectrical signal values, and drawing graphs with Rin and Rout plotted on

the verti Ca%sl and bpLhzoptgh payesiiFigg ¥ 4.S 13 9raph KONG4 hgerange of

RF si gnal uctuati on anmobunts and the range over which the AR is 15% or

hi gher, plotting Ro"t on_the harizagntal isand Rinon the . vertical axis.
Her e, R[ih_eg)r;%‘ngeg@vd"%\?ﬁi CREAR 59 A)eorvifl(%eheﬁg}g’i ntit c&ted™By an arrow on
the Rn axis, .and RF signal fluctuation anmounts are indicated in

per ceMIFERT {Dpe 1oF OPBEMBASs IGELTRe &G 1y B -ISHape@ b iR YL F P nés.

and there are concerns that the AR may fall below 15% due to
external disturbances arising from the specifications of the

land pre-pits 8 or due to high recording speeds.

Fig. 13 shcws & case in which the design margins are
expanded to stipulate that the AR be 18% or higher and that RF

signal fluctuation amounts be less than 0.7%.

Similarly to Fig. 12, Fig. 13 is a graph showing the
range of RF signal fluctuation amounts and the range over
which the AR is 18% or higher, plotting Rge on the horizontal

axis and Rj, on the vertical axis.
As indicated by the oblique lines in Fig. 12, the range
over which the AR is 18% or higher and the absolute value of

RF signal fluctuations is less than 0.7% is 0.140 pm £ R, <

0.173 um and 0.100 pm < Rgue < 0.182 pm.

Of the design range for Ri, and Rgyw shown in Fig. 13, the
range in which the inside protruding length Ri, 1is greater than
the ocutside protruding length Roue (Rout<Rin) is difficult to

realize, considering the fabrication and moldability of the

(%]
(es]



37 As indicated by the oblique lines in Fig. 12, the range over which the
AR is 15% or higher and the absolute value of RF signal fluctuations is 1%
or less is 0.120 m _< Rir, < 0.182 mand 0.100 m<_ Roar S 0.250 m As is
clear fromFig. 11 and Fig. 12, the design value Rin=0.120 m when

t ar getoiprtig- adle e emAR=15% e¢ardangheedpar §€r Rinfe 6 SFEMAET desi gn
conditions for land pre-pits 8 and there are concerns that the AR nay
fall kéleow k5% duealpstéxaetnal 18i $supbanessbade $had Rion?e het
specifications of the Iland pre-pits 8 or due to high recording speeds.

Fig. 13.shows s caseihacubich. the desi gnanergicns; amre, expanded to stipul ate
that the AR be 18% or higher and that RF signal fluctuation anbunts be
less than 0.7% Simlarly to Fig. 12, Fig. 13 is a graph showing the range
of RF signdlhdt ucs uasimhlarbunts Ahad-t Aé r ddge dverl S hiRReSINR IRT 18% or
hi gher, plotting Rout on the horizontal axis and Ri" on the vertical axis.
As i ndircatmethdy ¢heRBbbigoell fhestibatEpg. an@untise anghdédre FATIWPEPT t he AR
is 18% or higher and the absolute value of RF signal fluctuations is |ess
t han GuhA%H stide 1M s <l8Ri ar DigH8rm RAGtGipQ0 Rau< ONRAUte ©oi29Ptad OF t he
design range for Rir, and Rout shown in Fig. 13, the range in which the

i nsi dexgrotarutlihg benghle Rertilsagr @atiey- than the outside protruding | ength
Rout (Rout<Rin) is difficult to realize, considering the fabrication and

nDldab“it3@§ﬁi$§fcated by the oblique lines in Fig. 14, the range

over which the AR is 18% or higher, the absolute value of RF
signal fluctuations is less than 0.7%, and in addition Ry, is
at maximum approximately 0.156 pum and RinSRour, 15 0.140 pm < Ryg

< 0.156 pm and 0.156 pm < Roye £ 0.192 um.

When the circular spot 9S of the laser light 9 deviates
from the center direction of the optical information recording
media 60 (disc) due to some external disturbance and 1is
shifted from recorded pits 10 and land pre—pitslB {detracking),
the RF signal and land pre-pit signal are expected to
fluctuate according to the extent of this deviation; in order

to reduce insofar as possible the influence of this detracking,

it is preferable that 0.120 pm < Rijp £ 0.130 pm and 0.180 um <

Rout S 0-244 }—lm.

Thus in consideration of the ease of manufacturing,
including the fabrication or molding of the optical
information recording media 60 or stamper therefor, even under

conditions in which margins are reducead due to external

(@8]
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38 optical information recording nmedia 60 and the stanper therefor;
realistically, it is preferable that Rin be at naxi mum approxi mately 0. 156
~1lm and that RinSRout. That is, simlarly to Fig. 13, Fig. 14 is a graph
showi ng the range of RF signal fluctuation amunts and the range over

whi ch dihe AR drscd8%lor i hgghernh-pbetktd ng dRostiron tdre dworimontal deaxgs and
Rin on the vertical axis. As indicated by the oblique lines in Fig. 14, the
range i Ovefs s ch thecARabeql8¥%ear hisghertidhelehsottteivalue of RF  signal
fluctuations is less than 0.7% and in addition Rinis at maxinmm

appr oxigetietad Ofdb6t ReandnRi psBowtit i8S AR 140nfim thd¥ de & @2456ratand 0. 156
m _ < Rout <_ 0.192 him Wen the circular spot 9S of the laser |light 9

devi atigsdefr aidd hel ceptak idhkeeti @meoRt hei ppticat rémfoscmtden peesr ding
media 60 (disc) due to sone external disturbance and is shifted from
recorded pits 10 and | and pre-pits 8 (detracking), the RF signal and |and
pre-pit signal are expected to fluctuate according to the extent of this
deviation; in order to reduce insofar as possible the influence of this
detracki ng,This fgcprefepable thiast 1OVEXG A Rhis L raf 130venF#Pahd 0. 180 m
5 Rout < 0.244 m Thus in consideration of the ease of manufacturing,
i ncl udifiy ¥heldabedeat Per térrgpRdichg o idfe e RPTtidrdroat L8A9r ecor di ng
nmedi a 60 or stanper therefor, even under conditions in which margins are
reducedr el 9 axeepPpgftioned within the circular spot of the laser

light, which is either recording light or reproduction light,

so that laser light diffraction can be made clear and the

accuracy of land pre-pit detection can be improved, readout

errors can be avoided through reduction in errors for both

land pre-pit signals and for RF signals, and the specific

shape of land pre-pits can be designed to accommodate high

optical information densities and high speeds.

Also, according to this invention (the second invention),
the distance L;, between tne pair of inside edge portions and
the distance Ly between the pair of outside edge portions of
a land pre-pit are limited to the range 2T to 6T, so that the
effect on recorded pits of even slignht deviations in the laser
light during recording or reproduction is reduced, errors can
be reduced and readout errors avoided for both land pre-pit
signals and for RF signals, and the specific shape of land
pre-pits can be designed to accommodate high optical

information densities and high speeds.



J J di sturbances during high-speed recording, an optim zed design is

possi bl e which adequately satisfies characteristics required for the | and
pre-pit 8 AR (anplitude decrease rate index) and fluctuations of the RF
signals fromrecorded pits 10. Thus according to this invention (the first

i nvention),Alshe raspddiedgé opdttiisonsvard: iout sidee edyerpornvensiefn)l and
pre-pits are positioned within the circular spot of the laser [|ight, which
i s eitberseecondi nfel cghtiian omepricdudthiecorlidggmtges shint hatd Laserfl ilghtO
diffraction can be made clear and the accuracy of land pre-pit detection
can bejnproved, of @adaut aner 0% Gan e, aval ded d hioughhd edied & onigrcerrors
for both land pre-pit signals and for RF signals, and the specific shape
of | ang. - pi c be designed 10 acepnmdat e hi optical -Lnfarpation
densi t?égfgﬁgtalgahggﬁeg sﬁdglgasofieé%cor ing to ﬁ‘f sg(lg%ventg:jonv%t Ee sggond

i nventjon), he.dis ce _Li." tueen t i . of, insi g ortions and
t he diis?%%\c%r%oﬁfgﬁe%\%\ge%et ﬁénp%% rodf eolfl}foslpsgeéaergd%é p%%??%%g %?8 a | and
pre-pit are |limted tqo the ra T.to .6 t hat, t he e op_recorded
pits o eaec\i/ Lrlll:s?f:éﬁfsdg\ypé?iegns%%%n%%%tg Iléf:;sgec% quﬁ td%%?rﬁ‘g{%egé%crid?ﬁé or
reprodyction is_reduced, errors can _,be reduced and readout errprs avoided
for ng!tzj T’hﬁaagﬁe- BP? g'glegr%)!esmanl& fsglraplﬁ: Ogr‘l ;lnaar?(g?%en %ﬁ_(sa %%%C!BFi c shape
of |an re- can be desclegned to cconl'rm.dnagoemklléglhor(l)pélegglltilegf gﬁgﬂtl on

LS
densi 1155 aTatnr §noEheahe et oM AT
high speeds.
Alsoc, according to this invention (the fourth invention),
by designing meandering land pre-pits so as to satisfy the
conditions regarding the inside protruding length Ri, and

‘outside protruding length Rgye of 0.120 pm < Rjn < 0.182 um and

0.100 pum < Roye £ 0.250 pm, RFE signal fluctuation amounts can

be held to less than 1% and the land pre-pit signal AR can be
maintained at 15% or higher, readout errors can be avoided,
and the specific shape of land pre-pits can be designed to

accommodate high optical information densities and high speeds.



40 Al so, according to this invention (the third invention), by setting the
conditions for the distances Lin and Lout of 0.40 ~im _< Lin <_ 0.80 ~Lm
and 0.40 dim<_ Lout < 0.80 um the laser light diffraction can be nade
cl ear and the accuracy of detection of I|and pre-pits can be inproved,
errors can be reduced and readout errors avoided for both land pre-pit
signals and for RF signals, and the specific shape of |and pre-pits can be
designed to acconmodate high optical information densities and high
speeds. EAPESNAIEEH Aing ¥4 s i nvention (the fourth invention), by

desi gning neandering |land pre-pits so as to satisfy the conditions

regar di g t heOPAJICA P BORUAT AgGN| RS D R ¢ MERT A é)ﬂ%/@i de PrBPPEHiNg°1 engt h
.Rout of 0.120 .im_< Rin S 0.182 LLmand 0.100 m< Rout S 0.250 m RF
signal fByctuation anbunts can be held to |less than 1% and the | and
pre-pit signal AR can be nmintained at 15% or higher, readout errors can
be avoi ded, epdnshespecidizsstwpe of |and pre-pits can be designed to
accommodat e high optical information densities and high speeds. 41

EXPLANATI ON' OF 1SYBGeS GG CALa + NECRYET t O, REEERRONGGMERVAR(FI G 15
THROUGH FI G 18) 2TRANSLUCENT SUBSTRATE 3LI GHT ABSORBI NG LAYER( OPTI CAL

RECCRD'WG LAYE%EHT REFLECTING LAYER

5 PROTECTIVE LAYER
6 PREGROOVE

6w WOBBLE (UNDULATION) OF PREGROOVE 6

7 LAND
8 LAND PRE-PIT
9 LASER LIGHT (RECORDING LIGHT, REPRODUCTION LIGHT)
98 CIRCULAR SPOT OF LASER LIGHT 9 (SPOT)
SA SPOT UPPER RANGE OF LASER LIGHT 9 (FIG. 3)
SB SPOT LOWER RANGE OF LASER LIGHT 9 (FIG. 3)
10 RECORDED PIT (FIG. 7, FIG. 8, FIG. 15, FIG. 18)
{ 11 FIRST INTERFACE BETWEEN SUBSTRATE 2 AND LIGHT ABSORBING
LAYER 3
12 SECOND INTERFACE BETWEEN LIGHT ABSORBING LAYER 3 AND

. LIGHT REFLECTING LAYER 4
13 THIRD INTERFACE BETWEEN LIGHT REFLECTING LAYER 4 AND
PROTECTIVE LAYER 5
20 OPTICAL INFORMATION RECORDING MEDIA (FIRST INVENTION,

FIRST ASPECT, FIG. 1)
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4L1 GHT REFLECTI NG LAYER 5PROTECTI VE LAYER 6PREGROOVE 6WAOBBLE ( UNDULATI ON)
OF PREGROOVE 6 7LAND 8LAND PRE-PI T 9LASER LI GAT ( RECORDI NG LI GHT,
REPRODUCTI ON LI GHT) 9SClI RCULAR SPOT OF LASER LI GHT 9 (SPOT) 9ASPOT UPPER
RANGE OF LASER LIGHT 9 (FIG 3) 9BSPOT LOAER RANGE OF LASER LIGHT 9 (FIG
3) 10 RECORDED PIT (FIG 7, FIG 8, FIG 15, FIG 18) 11 FIRST | NTERFACE
BETWEEN SUBSTRATE 2 AND LI GHT ABSORBI NG LAYER 3 12 SECOND | NTERFACE

BETWEEN LI GHT ABSORBI NG, LAYER LI GHT REFLECTI NG LAYER 4 13 THI RD
| NTERFAGE BETWEEN 4G é#f“gc‘sr‘?‘a’?ﬂvm 4 AND PROTECTI VE LAYER 5 20

OPTI CAL | NFORMATI ON RECORDI NG VEDI A (FI RST | NVENTI ON, _ EIRST ASPECT, FIG
1) 42 222VEANDERING L50EF FRERDIGN 29F | RSP REEPRETBERFNENEFERT @
PROTRUDI NG PORTI ON 23 23 | NSI DE PROTRUDI NG PORTI ON 24 OUTSI DE EDGE PORTI ON
OF OUTSI2DE PRONRUDIING FROFRIYDNI@5PORBIQUTSI DE PROTRUDI NG PORTI ON 26 MOST
PROM NENTLY PROTRUDI NG | NSI DE EDGE PORTI ON OF | NSI DE

24 OUTSIDE EDGE PORTION OF OUTSIDE PROTRUDING PORTION 25

25 QUTSIDE PROTRUDING PORTION

26 MOST PROMINENTLY PROTRUDING INSIDE EDGE PORTION OF INSIDE

PROTRUDING PORTION 23

27 MOST PROMINENTLY PROTRUDING OUTSIDE EDGE PORTION OF

OUTSIDE PROTRUDING PORTION 25

30 LAND PRE-PIT (FIG. 4)
31 LAND PRE-PIT (FIG. 5)
40 OPTICAL INFORMATION RECORDING MEDIA (SECOND INVENTION,

SECOND ASPECT, FIG. 6)

50 OPTICAL INFORMATION RECORDING MEDIA (THIRD INVENTION,

THIRD ASPECT, FIG. 9)

60 OPTICAL INFORMATION RECORDING MEDIA (FOURTH INVENTION,
: FOURTH ASPECT, FIG. 10)

61 INSIDE ARC EDGE PORTION OF LAND PRE-PIT 8

62 INSIDE ARC-SHAPE PORTICON OF LAND PRE-PIT 8

63 OUTSIDE ARC EDGE PORTION OF LAND PRE-PIT 8

¢4 OUTSIDE ARC-SHAPE PORTION OF LAND PRE-PIT 8

65 MOST PROMINENTLY PROTRUDING FORTION OF ARC OF INSIDE

ARC-SHAPE PORTION 62

66 MOST PROMINENTLY PROTRUDING PORTION OF ARC COF CUTSIDE
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PROTRUDI NG PORTI ON 23 27 MOST PROM NENTLY PROTRUDI NG QUTSI DE EDGE PORTI ON
OF QUTSI DE PROTRUDI NG PORTION 25 30 LAND PRE-PIT (FIG 4) 31 LAND PRE-PIT
(FIG 5) 40 OPTI CAL | NFORVATI ON RECORDI NG MEDI A ( SECOND | NVENTI ON,  SECOND
ASPECT, FI G 6) 50 OPTI CAL | NFORVATI ON RECORDI NG MEDI A ( THI RD | NVENTI ON,
THI RD ASPECT, FIG 9) 60 OPTI CAL | NFORVATI ON RECORDI NG MEDI A ( FOURTH

I NVENTI ON, FOURTH ASPECT, FIG 10) 61 | NSIDE ARC EDGE PORTI ON OF LAND
PRE-PIT 8 62 | NSIDE ARC- SHAPE PORTI ON OF LAND PRE-PIT 8 63 OUTSI DE ARC
EDGE PORTION OF LAND PRE-PIT 8 64 OQUTSI DE ARC- SHAPE PORTI ON OF LAND

PRE- PI T ZRGSSHOBT PREMINENPEY PROTRUDI NG PORTI ON OF ARC OF | NSI DE

ARC- SHAPE PORTI ON 62 66 MOST PROM NENTLY PROTRUDI NG PORTI ON OF ARC OF

QUTSI DE 43 ARG SHARE PORTI'G@NESS TN DI STANCEDBETREENITWO |I2NSIDE EBEE
PORTIONS 22 OF LAND PRE-PIT 21 (FIG 1, FIG 6, FIG 9) 1~t DI STANCE

BETVEEN M ©kATSh DE( EBEE PORFIENS 624 FQ LAND PRE-PIT 21 (FIG 1, FIG 6,
FIG 9) R n INSIDE PROTRUDI NG LENGTH I N RADI AL DI RECTI ON ON I NSIDE OF ARC

SHAPE OF LAND PREr Bl d:8pErli®en19o OUTSIDE EDGE PORTIONS 24 OF LAND

Qut

PRE-PIT 21 (FIG. 1, FIG. 6, FIG. 9)

Rin INSIDE PROTRUDING LENGTH IN RADIAL DIRECTION ON INSIDE
OF ARC SHAPE OF LAND PRE-PIT 8 (FIG. 10)

Rouc QUTSIDE PROTRUDING LENGTH IN RADIAL DIRECTION ON OUTSIDE
OF ARC SHAPE OF LAND PRE-PIT 8 (FIG. 10)

G ANGLE OF INCLINATION OF INSIDE WALL PORTION OF LAND
PRE-PIT 21 (40 TO 80°, FIG. 2)

D DEPTH OF LAND PRE-PIT 21 (FIG. 2)

2

E2 SPOT DIAMETER IN 1/e° PORTION OF GAUSSIAN ENERGY
DISTRIBUTION OF CIRCULAR SPOT 9S OF LASER LIGHT 9 (FIG. 1)
EL SPOT DIAMETER 1IN 1/e PORTION OF GAUSSIAN ENERGY

DISTRIBUTION OF CIRCULAR SPOT 9S OF LASER LIGHT 9 (FIG. 1)
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R', OUTSI DE PROTRUDI NG LENGTH | N RADI AL DI RECTI ON ON QUTSI DE OF ARC SHAPE
OF LAND PRE-PIT 8 (FIG 10) G ANGLE OF | NCLI NATI ON OF | NSI DE WALL PORTI ON
OF LAND PRE-PIT 21 (40 TO 80, FIG 2) D DEPTH OF LAND PRE-PIT 21 (FIG 2)
E2 SPOT DI AVETER IN 1/ e2 PORTI ON OF GAUSSI AN ENERGY DI STRI BUTI ON OF

Cl RCULAR SPOT 9S OF LASER LI GHT 9 £RRE!51) El SPOT DI AMETER IN 1/ e PORTI ON
OF GAUSSI AN ENERGY DI STRI BUTI ON OF Cl RCULAR SPOT 9S OF LASER LIGHT 9 (FIG

L) 44 CLAINE 1 optical i HOLmLi a0 recording fedia, havikg: a translucent
substrate on which are formed a pregroove and land pre-pits in the |and
portions positioned on the left and right of the pregroove; an optical
recordi ng bayernspuoended s tiret substwiaie) @nabfpPrgeFeeoPdPAF OBy S ecor di ng
light; and a light reflecting | ayer, provided on the optical recording

| ayer anghilehdr efrleeqtis ssaird ttec oraticigod £ ghens apds éhabhieAgoreédedilieg,t by
irradiation of said optical recording |layer with said recording |ight

t hr oughdsaiidhtsulistthat @regfrdaifeor mati on which can be read optically, the
optical information recording nedia being characterized in that, said | and

pre-pigs are continyoys along, saj 4, pr eGEO0YEaeBNHn L MRAB R RL! T ude in

enabling recording by recording light; and
a light reflecting layer, provided on the optical

recording layer, which reflects said recording light,

and enabling recording, by irradiation of said optical
recordihg layer with said recording light through said
substrate, of information which can be read optically, the
optical information recording media being characterized in

that,

said land pre-pits are cocntinuous along said pregroove
and are made to protrude in the radial direction of said

substrate, and

when e is the base of natural logarithms, then the inside
edge portions of the inside protruding portion and the outside
edge portions of the outside protruding portion of said land
pre-pits are positioned within the range of the spot diameter
in the 1/e® portion of the Gaussian energy distribution of the

spot due to said recording light.

2. The optical information recording media according to

Claim 1, characterized in that said inside edge portions and
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substrate, and when e is the base of natural |ogarithnms, then the inside
edge portions of the inside protruding portion and the outside edge
portions of the outside protruding portion of said land pre-pits are
positioned within the range of the spot dianmeter in the 1/e2 portion of

t he Gadssdi antemnelegy ddiestoddiutdnon ©f saied bptd RR-Bbt8af8Srecording |ight.
2. The optical information recording nedia according to Caiml,

char agbetizedein sthats sai dcamasitre ddye porithonseahdr 48084F4°8uPsi de edge
portions of said |land pre-pits are positioned so as to converge toward the
cent egapaskbbandafe tsaisthispotedusdiroy shightecording light. 3. The optica
information recording nedia according to Claiml1l, characterized in that,

shen for s3I0 Land prepiis Lizooha e slstances beLueen said o sl de

uding portion”an out 1's the“distance

between said two outside edge pqrtions of said_ outsi protruding.portion,
thesecéﬁéﬁaﬁee§hﬁﬁ?9%ﬁfHiﬁékiﬂe? {de %%%T|€?rt%%hds%g§d582% B F%né@ér in
the 1/e2 portion of said Gaussian Qperg¥ diistribution_of sa% SRaty due to
sai d AEcEPG A SIHAgIS DETWRRD ot LatWe nfof hati BRIF eRSF 8FRE mSdi & “accor di ng
to Caim1l, characterized in that, for said Iagd gre;giést in_addifion to
sai d LRSS BAGE PEHNDROHNP S A deesi 42 BAGe PortFEnS S HiFeN

t'he nost

rom nent | rotrudi ng inside ed ortion of said inside protr.udin

BortiéHOaﬁétgﬁgﬁnﬁﬁg%;Rﬂﬁ?&ﬂﬂﬁygg gal outside protruélng %ortlon, 9
these distances L;, and Lou: are made smaller than said spot

diameter in the 1/e? portion of said Gaussian energy

distribution of said spot due to said recording light.

4. The optical information recording media according to
Claim 1, characterized in that, for said land pre-pits, in
addition to said inside edge portions and said outside edge
portions, the most prominently protruding inside edge portion
of said inside protruding portion and the most prominently
protruding outside edge portion of said outside protruding
portion are positioned within the range of said spot diameter
in the 1/e? portion of said Gaussian energy distribution of
said spot due to said recording light.

5. The optical information recording media according to
Claim 1, characterized in that said inside edge portions and
said outside edge portions of said land pre-pits are
positioned within the range of the spot diameter in the 1/e
portion of said Gaussian energy distribution of said spot due

to said recording light.
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protrudi ng outside edge portion of said outside protruding portion are
positioned within the range of said spot dianeter in the 1/e2 portion of
sai d Gaussi an energy distribution of said spot due to said recording |ight.
5. The optical information recording nedia according to Caim1l,

char act eri fed i @gthiata lsai wf ¢ wei decedyecpodingngegdnd . $&ivd N6t si de edge
portions of said land pre-pits are positioned within the range of the spot

diameter in the 1%c&°{té8@?§%%§@i ggcgm%ger%n%%e@ﬂ St i on, of said

spot due 0 Sai d recordi ng Ical . information recording

medi a, _havi_ng: a translucent, su a n [ far ve and
| and Bpg-éﬁ giﬁ%%?ﬁiﬁ%ﬂﬁppéﬁ ig%éép%§F?F8ﬁgdggﬁ§%ﬁgn%enﬁglgﬁggﬁg% t of the
pregroogve; .an optical recording. |ayer, provided on the substrate, enabling
recorapﬁgr&QhFeé%écéhFpﬁi%gﬁgog%bording light; and, a light reflecting

| ayer, provided on the optical recording |ayer, which reflects said
recordi ng lainghtst jadedl enadbd ragng etoydrngprbyidedadnattihen sofb saiak @pt i cal
recording layer with said recording light through said substrate, of

i nf or eBbibAR nehireccadi bg ¢ eadeoptieal bytst bg repbircalng nfietnsst ianm r ecor di ng
medi a being characterized in that, said |land pre-pits are continuous al ong

said preQr%Q%%gﬁ%“Lé%f%g?gggt?a ggErgg%vhgegh%nr%%%moé¥fg§fIOn of sald

recording layer, which reflects said recording light,

and enabling recording, by irradiation ¢f said optical
recording layer with said recording light through said
substrate, of information which can be read optically, the
optical information recording media being characterized in

that,

said land pre-pits are continuous along said pregroove
and are made to protrude in the radial direction of said

substrate, and

when Li, is the distance between two inside edge portions
of the inside protruding portion of said land pre-pits, Louw 1S
the distance between two outside edge portions of the outside
protruding portion of said land pre-pits, and T is the basic
length representing the length of said recorded pits, these

distances Lj, and Loy are within the range 3T to 6T.

7. The optical information recording media according to
Claim 6, characterized in that said distances Lijp and Lgy. are

in the range 3.36T to 5.22T.
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substrate, and when Lin is the distance between two inside edge portions
of the inside protruding portion of said |and pre-pits, Lo,t is the

di stance between two outside edge portions of the outside protruding
portion of said land pre-pits, and T is the basic Iength representing the
| ength of <aid rBoordedipiisinfhesetidnstaAessinion"aad L ¢SCoHE W tHr n t he
range 3T to 6T. 7. The optical information recording nmedia according to

d ai mA,a ichat actterrzede £ nizéhat nsahdtdestidndésteingeand, Lis ,iarkhein the
range 3.36T to 5.22T. 47 8. The optical information recording nedi a

accor diangyed BT G@@i4r 6, characterized in that said distance Lin is in the
range 3T to 4T. 9. The optical information recording nmedia according to

Claim6, characterized in that _ said distan [ in_t ranae 6T to
3.73T. 10. “The ?c%?tf%?%rhﬁf?6ﬁaFé88r5F%§r§éaﬁa%§gg8r %&gﬁgyk%f%?WIG
characterizg?ngﬂ?that sai d istagce Lout in_ the _range AT to 6T. 11. The

IS 1
opt i c&lt3im B ¢ eTht 4FNgthe ?ataééépd?ﬁatﬁgceaﬁﬁrn Aihalacteri zed in
that said distance Lout_js in the range 4.85T to 5.22T. 12. Optica
inforﬁﬁﬂ§ﬁ1%f&é#cﬁ%ggn%%fa, havi ng: a translucent substrate on which are
formed a pregroove and land pre-pits in the | and portions positioned on
the left 10. The optical information recording media according to
Claim 6, characterized in that said distance Lo, is in the

range 4T to 6T.

11. The optical information recording media according to
Claim 6, characterized in that said distance Lo 15 1n the

range 4.85T to 5.22T.
12. Optical information recording media, having:

a translucent substrate on which are formed a pregroove
and land pre-pits in the land portions positioned on the left

anc right of the pregroove;

an optical recording layer, provided on the substrate,

enabling recording by recording light; and

a light reflecting layer, provided on the optical

recording layer, which reflects said recording light,

and enabling recording, by irradiation of said optical
recording layer with said recording light through said
substrate, of information which can be read optically, the
optical information recording media being characterized in

that,
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and right of the pregroove; an optical recording |ayer, provided on the
substrate, enabling recording by recording light; and a |ight reflecting

| ayer, provided on the optical recording |ayer, which reflects said
recording light, and enabling recording, by irradiation of said optical
recordi ng @yt it ASs&ihg céedrdiary Bagrter hfvughnsafd e8dBsPPafte onsf

i nformati on which can be read optically, the optical information recording
medi a dfeigrg chaaratterézedtbn anfdatou48swide Idistiangheeli weamcevwdet ween two
i nside edge portions of said |and pre-pits, and L,,,,t is the distance

bet weemttsigle cudest decetdgenporfi ens dofl agal ¢ deanpd: Y e-pie sdisthendeésthnces Li"
and Lout are such that 0.40 um<_ Lin <_ 0.80 umand 0.40 um<_ L;,, _<

0. 80 wnd I3, e opticgathhof or gat Len<r egording omadi a @ cor 40 ngmto 1Ll ai m
12, characterized in that said distances Lin and Lo"t are such that O0.45
in _<<L%' % 0.50 umand 0.65 pm<_ Lo"t 5 0.70 um 14. The optica
infornat'§ ﬁ@bording medi a according to Caim1l2, characterized in that
said land pre-pits are formed in a neandering shape. 15. Optical

i nformation 3ecorgh ngpedh @, iRavirR@it idnt Y rds! fdtbsd rat€ooni Mpi €8 are
formed a pregroove and land pre-pits in the land portions positioned on
the | efitairand right r 98- LPE-PHEYR0OKEt said distances Li, and Loy are

such that 0.45 pm < Ly £ 0.50 pm and 0.65 um < Lgye £ 0.70 pm.

14. The optical information recording media according to
Claim 12, characterized in that said land pre-pits are formed

in a meandering shape.
15. Optical information recording media, having:

a translucent substrate on which are formed a pregroove
and land pre-pits in the land portions positioned on the left

and right of the pregroove;

an optical recording layer, provided on the substrate,

enabling recording by recording light; and

a light reflecting layer, provided on the optical

recording layer, which reflects said recording light,

and enabling recording, by irradiation of said optical
recording layer with said recording light through said
substrate, of information which can be read optically, the
optical information recording media being characterized in

that,
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an optical recording |ayer, provided on the substrate, enabling recording
by recording light; and a light reflecting | ayer, provided on the optical
recording layer, which reflects said recording |light, and enabling
recording, by irradiation of said optical recording |ayer with said
recordi ng ldght tdndughe saids substratenuofisi aforngatsicon wWhisgy e be read
optically, the optical information recording nmedia being characterized in
t hat, A4 said dadd v eepdt sude eigoati Auoushapengnsaihed preegradove and are
made to protrude in an arc shape in the radial direction of said

subst rgtescainch WensRd ssoébeatasi dedprotruding length in the radial
direction on the inside of the arc shape and ROnt is the outside
protruding length in th on .t he . . out si e of g,arc shape,

di al, di t h
t he Iengtm¥qﬁql%mdlﬁo§g 238g3€@hb%e I%gjfb&%%ng%rl< . ﬁ%% itand 0. 100

um < Rout < 0.250 m 16 cal |nfﬁrnat|o§ record|Q%lned|a
accor P ToroTo 2R nt 1%, TRk %C?Erf @daFﬁ fREP s &l Iéﬁgﬁﬁ% % and Rost are
such that 0.140 um R n < 0.173 mand 0O ut .S 0.19 17. The

m
opt i c&LG rfhlf?‘b?lu@e‘&%rﬁ‘?rh‘étﬁeapata@céi?ﬁll g péreéltélor’ﬁ 8 érhed ai m 16,
characterized in that said lengths Rin apd Ro"t are such that Rin 5 Rout.
18. Thaoptde AL i Frordmei dn2PRcoFAPNSREANE e Gt riput o> X e Such that

0.120 pm £ Rjp £ 0.182 pm and 0.100 um < Roue = 0.250 pm.

16. The optical information recording media according to

Claim 15, characterized in that said lengths Rj, and Rour are

such that 0.140 pum < Rj, £ 0.173 pm and 0.100 pm £ Reue £ 0.152
pum.

17. The optical information recording media according to
Claim 15 or Claim 16, characterized in that said lengths Rj,
and Rgue are such that Rin £ Rout.

18. The optical information recording media according to
Claim 15, characterized in that said lengths Ri, and Rgyr are

such that 0.140 pm £ Ri, £ 0.156 pum and 0.156 pm £ Rgee < 0.192
pm.

19. The optical information recording media according to

Claim 15, characterized in that said lengths Ri, and Reue are

such that 0.120 pm £ Rj, £ 0.130 pm and 0.180 pum = Roye = 0.244
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Claim 15, characterized in that said lengths Rin and Rout are such that
0.140 mS Rin S0.156 imand 0.156 dim<_ R ,,.t 5 0.192 m 19. The optical
i nformation recording nedia according to C aim 15, characterized in that
said lengths Rir, and R ),;t are such that 0.120 mS Rn _< 0.130 m and
0.180 m5 R®)t <Thd Qadical 50fg0maThenopeiceoaldingf Sravitd Gt FRedY i NP nedi a
according to Caim15, characterized in that, when ? is the wavel ength of
sai d racording |dghtactbei opti eal tdept hwhent he isnreeondet 1 atptte ¢h said
pregroove is from?/ 8 to k/5. 21. The optical information recording nedia
accordj t i m 15. ar el hn &l t4 e ding | aver
corrprgsaer‘%j Ir%g%%q%bﬂg%rgf%gbha?g%i g?%ggsgbﬁteeggb Z@sgrh(t%orgﬁaci% recordi ng

||9htéé%%e in said pregroove is from A/8 to A/S5.

21. The optical information recording media according to
Claim 15, characterized in that saild optical recording layer
comprises light absorbing material capable of absorbing said

recording light.
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