Description OPTICAL INFORMATION RECORDING MEDIUM AND
TWO-PHOTON ABSORBING MATERIAL Field of the Invention The
present invention relates to an optical information recording medium and
a two-photon absorbing material. The invention is suitable for application
to, for example, an optical information recording medium that records
information using an optical beam and also reproduces the information
using the optical beam. Backmg@@q}gtmﬁllnvention As optical information
recording media, disk-shaped optical information recording media have
been widely used. For example, CD (Compact Disc), DVD (Digital
Versatile Disc), and Blu-ray Disc (registered trademark, hereinafter
réfefirédAd aS!BORAETIACOHNRHOARIBEN VM danWhilE, ihlbEh Gpticab HOTON
information recording and reproducing apparatus for such an optical
information recording riethtans aNfariétyl éFiafokmation is recorded in the
optical information recording medium, including music contents, image
contents, and like various contents, as well as various data for
. computers. Particularly, with the recent improvements in image resolution
Fleafd 86und Quaitl Btc: ®fhe amount of information is growing. Also, there
IS a (}%rgandpfgé geq{gateri%%rgggﬁgkcon'%egisatgebse to  an  optical
information recording medium and a two-photon absorbing
material. The invention i1s suitable for application to,
for example, an optical information recording medium that

records information using an optical beam and also

reproduces the information using the optical beamn.

Background c¢f the Invention

As optical information recording media, disk-shaped
optical information recording media have been widely used.
For example, CD (Compact Disc), DVD (Digital Versatile
Disc), and Blu-ray Disc (registered trademark, hereirafter
referred to as BD) are in common use.

Meanwhile, in an optical information recording and
reproducing apparatus for such an optical information
recofding medium, a variety c¢f information is recorded in
the optical information recording medium, including music
contents, image contents, and like wvarious contents, as

well as wvarious data for computers. Particularly, with
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recorded in one optical information recording medium. For these reasons,
optical information recording media with even higher capacity have been
desired. As an approach to increase the capacity of an optical information
recording medium, an optical information recording medium configured to
record information three-dimensionally in the thickness direction of the
optical information recording medium has been proposed. An example of
theSUGh:-aB opticakinfermation: kecarding megium is epe dhatdias arecowtingid
layer containing a two-photon absorbing material that foams upon
guativoephoten@bsorptionase that acecordingmatk cangisting @f bubblestisso,
formed by light beam irradiation (see, e.g., Patent Document 1). Patent
theDecument 1¢gR:2005L37658 |y saetian opticdlénformatiomreeoiding-c be
medium, a recording mark is formed through two-photon absorption of a
recedifht bearn@.@P60C i 750 fimlahaos used foio CofBY D is For
generally known that when a laser beam is 2 condensed by an objective
thegfs, #f¢ rsdifting SP6LSI2e is “ddteFfiftet By tHEFAvERRAGth B theblight T
beam and the numerical aperture of the objective lens. Therefore, for the

EVERUPO8E BF aCRiRGnG & shialiEr reeoiifg frizrk o

As an approach to increase the capacity of an
cptical information recording medium, an optical
information recording medium configured to record
information three-dimensionally in the thickness direction
of the optical information recocrding medium has been
proposed. An example of such an optical information
recording medium is one that has a recording laver
containing a two-photon absorbing material that foams upon
two-photeon abscrption, so that a recording mark consisting
of bubbles is formed by light beam irradiation {(see, e.g.,

Patent Document 1).

Patent Document 1: JP-2005-37658

In such an optical information recording medium, a
recording mark is formed through two-photon absorption of
a red light beam (e.g., ©00 to 750 [nm]} that is used for
CD or DVD.

It is generally known that when a laser beam is



increase the capacity of the optical information recording medium, it is
desirable to use a short-wavelength light beam to reduce the spot size. A
two-photon absorbing material absorbs light in proportion to the square of
light intensity. Therefore, in an optical information recording medium, a
recording mark is formed only at the central portion of a spot, where the
light intensity is highest. When the size of a spot is large, the light beam

conBas adeduced intensitypervunit area, Asaresyftuindtheoptieal: size is
information recording medium, the intensity of the outgoing light beam
dethamtobe insteased soas td inctaase e lightintensity: atthercential the
portion. In such a case, in the optical information recording medium,
numbedauske & pecording nrark sformed értespansdesronly tdlthercehtriag, for
portion of the light beam, this results in increased portions of the light
thebeRFrIots participatiig irethériiormatiofite? tHecfe cor@ing Tk |leadinly to-°
decreased efficiency in using the light beam. However, with respect to
InCEFGpRotorralsstrBiAg tiattriald thabekhibi two bHotsiF ab&Brpfish #f ¢ 1 ng
response 310 a short-wavelen\%th light beam with a wavelength of less

me A 606 fnmf sGrds @ bhFe-ViGletiifht Bear! With 2 WAVEEHGH of ¢

peallHASEEINEP i matetials hat

A two-photon absorbing material absorbs l1ight in
préportion to the sguare cof light intensity. Therefore,
in an optical information recording medium, a recording
mark ig formed only at the central portion o¢f a spot,
where the light intensity is highest. When the size of a
spot is large, the light beam has a reduced intensity per
unit area. As a result, in the optical information
recording medium, the intensity of the outgoing light beam
has to be increased s¢ as to increase the light intensity
at the central portion.

In such a case, in the optical informaticn recording
medium, because a recording mark 1s formed in response
only to the central portion of the light beam, this
results in increased porticns of the 1light Dbeam not
participating in the formation of the recording mark,
leading to decreased efficiency in using the light beam.

However, with respect to two-photon abscrbing

materials that exhibit two-photon abscorption in response



satisfy the conditions for two-photon absorption to occur have been
found, and no such materials have been yet proposed. The invention was
accomplished against the above background, and is aimed to propose a
two-photon absorbing material capable of exhibiting two-photon
absorption in response to a short-wavelength light beam; and an optical
information recording medium using the two-photon absorbing material.

to DRisglosuref ke Mventon inyarderdasolyeihe abeue prebigms, the less
optical information recording medium of the invention includes a

thareceing [layer, coataihing:a two-piioier absdring Imatetialbrepresentsd a
by general formula (1), and allowing a recording mark to be formed

wavthereintthroodh twbphdton ] absemptioniin re8pensato anecording fightnat
condensed at the time of information recording. 4 Ri R4 1 R2- C

satiGEE-GRe-c@R5 1PRS RE L. defferalfobftlad Ry OHis safisfies tiecur
conditions that the two-photon

have been found, and no such materials have been vyet

proposed.

The invention was accomplished against the above
background, and is aimed to propose a two-photon absorbing
material capable of exhibiting two-photon absorption in
response to a short-wavelength light beam; and an optical

information recording medium using the two-photon

absorkbing material.

Disclosure of the Invention

In order to solve the above problems, the optical
information recording medium of the invention includes a
recording layer containing a two-photon absorbing material
represented by general formula {1y, and allowing &
recording mark to be formed therein through two-photon
absorption in response to a recording light condensed at

the time of infeormation recording.



absorbing material represented by general formula (1) exhibits
two-photon absorption in response to a short- wavelength light beam.
Further, the two-photon absorbing material of the invention is a
compound represented by general formula (1) and exhibits two-photon
absorption in response to light. This satisfies the conditions that the
two-photon absorbing material represented by general formula (1)
exhibits two-photon absorption in response to a short- wavelength light
beam. Th&linvention thus achieves a two-floton absorbing material
capable of pxhibiting two-photon absorptioarr in response to a
shart-wavelength light beam; and an optical information recording
medumusmg The twe=photont SBsorng rvaterial Brief Description of the
Drawings Hig. | is a schematic diagram shawing the structure 5 of an
optical infgymation recording medium. Fig.,2 is a schematic diagram
showing th¥ structure of an optical inform fion recording and reproducing
apparatus. Fig. 3 is a schematic diagram for explaining the formation of a

recording mark through two-photon absorption.
. general formula (1)

This satisfies the conditions that the two-photon
absorbing material represented by general formula (1)
exhibits two~photon abscorption in response to a short-
wavelength light beam.

Further, the two-phcoton absorbing material of the
inventiocn is a compound represented by general formula (1)
and exhibits two-photon absorption in response to light.

This satisfies the conditions that the two-photon
absorbing material represented by general formula (1)
exhibits two-photon absorption in response to a short-
wavelength light beam.

The invention thus achleves a two-photon absorbing
material capable of exhibiting two-photon absorption in
response to a short-wavelength light beam; and an optical
information recording medium  using the two-photon

absorbing material.

Brief Description of the Drawings

Fig. 1 1s a schematic diagram shewing the structure



Fig. 4 is a schematic diagram for explaining the recording of information.
Fig. 5 is a schematic diagram for explaining the reproduction of
information. Fig. 6 is a schematic diagram showing the electron density of
a compound A. Fig. 7 is a schematic diagram showing the electron
density of a compound B. Fig. 8 is a schematic diagram showing the
electron density of a compound C. Fig. 9 is a schematic diagram showing

of the elgetion density inthe; HOMQ Of agompeuns: DyfFig. 10 is a

schematic diagram showing the electron density in the LUMO of the
compeynd P. Best-=Mede:ehearrying Qutthe Investiondlerginafier-adrure
embodiment of the invention is explained in detail with reference to the

of drawingsp6 {tEStructnreetepticah inforewatiod recordimgdmedisprAsiucing
shown in Fig. 1, (A) and (B), an optical information recording medium 100

aprhasassbstrate 102, a substrate 103, and a recording layer 101
therebetween, and thus as a whole functions as an information recording
medfal The dubstratés E0A &R 108 ardlgigssBubipategsplaining the

formation o©f a recording mark through  two-photon
absorption.

Fig. 4 is a schematic diagram for explaining the
recording of information.

Fig. 5 1is a schematic diagram for explaining the
reproduction of information.

Fig. 6 1is a schematic diagram showing the electron
density of a ccmpound A.

Fig. 7 1is a schematic diagram showing the'electxon
density of a compound B.

Fig. 8 is a schematic diagram showing the electron
density of a compound C.

Fig. 9 1s a schematic diagram showing the electron
density in the HOMO of a compound D.

Fig. 10 is a schematic diagram showing the electron

density in the LUMO cf the compound D.

Best Mode of Carryving Out the Invention
Hereinafter, an embodiment of the inventicn is

explained in detail with reference to the drawings.



that light is transmitted at a high rate. The substrates 102 and 103 are in
the form of square plates or rectangular plates, where the length dx in the
direction X and the length dy in the direction Y are each about 50 [mm],
and the thicknesses t2 and t3 are each about 0.6 to about 1.1 [mm]. The
outer surfaces of the substrates 102 and 103 (faces that do not contact
the recording layer 101) have been subjected to AR (Anti Reflection
coating) treatment to form, for example, a multilayer inorganic layer (e.g.,
four layers of Nb202/SiO2/Nb205/Si0O2) that does not reflect light beams

(1) with wavelengths o£,405 {nm] and 30Qamd By selecting. materialsm

therefor or treating the surfaces thereof, the substrates 102 and 103 may

alsozhe cenfigurediea blackqultraviplet light witha wavejgngth of lessthaal
400 [nm]. As a result, the substrates 102 and 103 prevent the recording
inflayer1@bfromeneing exgoseekioun ultraviolet:kght, thereby improvihgihe a
durability of the recording layer 101. The substrates 102 and 103 are not
sublirited to glads platbss andanysinarioay optiddl ndtedakhintludeg, and
acryl resin, polycarbonate resin, and the like can be used. For example,
thughehpofycarbthete reSias1ided fof the 28ubstietes182 iy 103chiiing

provides the substrates 102
media.

The substrates 102 and 102 are glass substrates, so
that light is transmitted at a high rate. The substrates
102 and 103 are in the form o¢f square plates or
rectangular plates, where the length dx in the direction X
and the length dy in the direction Y are each about 50
[mm], and the thicknesses t2 and t3 are each about 0.6 to
about 1.1 {mm].

The outer surfaces of the substrates 102 and 103
(faces that do not contact the recording layer 101) have
been subijected to AR (Anti Reflectiocon coating) treatment
to form, for example, a multilayer inorganic layer (e.g.,
four layers of Nbp0,/5i0,/NbyC5/510;:) that does not reflect
light beams with wavelengths of 405 [nm] and 300 [nm].

By selecting materials <Therefor or treating the
surfaces thereof, the substrates 102 and 103 may alsc be
confilgured to block ultraviclet light with a wavelength of
less than 400 [nm]. 2As a result, the substrates 102 and

163 prevent the recording layer 101 from kbeing exposed to



and 103 with the function of blocking ultraviolet light. The thicknesses t2
and t3 of the substrates 102 and 103 are not limited to the above
examples, and can be suitably selected in a range of 0.05 [mm] to 1.2
[mm]. The thicknesses t2 and t3 may be the same or different. Further,
the outer surfaces of the substrates 102 and 103 do not necessarily have
to be subjected to the AR treatment. The recording layer 101 is designed

ultSa-dhatthe thickness thihergof (504 Immy te P lmllis : sufficigatly ne
larger than the height of a recording mark RM. The recording layer 101

recHusiallowsgpiurality of recording marks to be formed therein not only in
the plane direction but also in the thickness direction of the optical
infoffhatianutecording medidm 4:00, $@ that the necordihg marks ave glass
arranged three-dimensionally. The recording layer 101 has a binder resin
pladsthe pridcipahgompdnentyand gontains @atwo-photoniabsorbing: Buding
material dispersed in the binder resin. The two-photon absorbing material
acripamMs Bpon (WHE-pHetcPabsorptiss ot &- lightBebht Asithe bigdertesinsec -
any of various resin materials with high light beam transmittance can be
For,sed>EBr exaMple thétioptastire’irfthat $8ft8ns When igdted e the

substrates 102 and 103, this provides the substrates 102
and 103 with the function of blocking ultraviolet light.
The thicknesses tZ2 and t3 of the substrates 102 and 103
are not limited to the above examples, and can be sultably
gelected 1in a range of 0.05 [mmi? to 1.2 [mm]. The
thicknesses t2 and t3 may be the same or different.
Further, the outer surfaces of the sgubstrates 102 and 1063
do not necessarily have to be subjected to the AR
treatment.

The recording layer 101 1is designed so that the
thickness t1 therecf (= (¢.01 fmm] to 0.5 [mm]} is
sufficiently larger than the height of a recording mark RM.
The recording layer 101 thus allows a plurality of
recording marks to be formed therein not only in the plane
direction but alsoc in the thickness direction of the
optical information recording medium 100, so that the
recording marks are arranged three-dimensionally.

The recording layer 101 has a binder resin as the

principal component, and contains a two-photon absorbing



photo-curable resin that cures through photo-crosslinking or
photopolymerization, heat-curable resin that cures through thermal
crosslinking or thermal polymerization, and the like are usable. Resin
materials are not limited. PMMA (polymethylmethacrylate) resin, acryl
resin, polycarbonate resin, norbornene resin, nitrocellulose, and the like
are preferable in terms of weatherability, light transmittance, and the like.

mat &PNsiderngweatherability, ayesip maierial that stransmits no uliravielst o

light beam of less than 400 [nm] may be used for the binder resin, and it
absiSralsa possiblertaaddran iiravielat-abgerbing-maieriablothedesin of a
material. In addition, considering recording characteristics, manufacturing
1ighhataetefistics, strength characteristics, and the like, various additives
may be added to the binder resin. A material used as the two-photon
absérbing materiati¢s ome: that ,exhibits dio-photonuabsoeption inzésponskes
to 9 a light beam of not less than 400 [nm] and less than 600 [nm],
wittherebgiyenekativig heatA prefenedidxampte of 89 tweppheterd.  For
absorbing material is one that exhibits two- photon absorption in response
eXagPa lue Vivtétlight BEAAT of Fot idss tHamMO0F A 1édsthan 560 ed

[Cnm]. Foaming , . f s
photo-curable” resin that cures through photo-crosslinking

or photopolymerization, heat~curable resin that cures
through thermal crosslinking or thermal polymerization,
and the like are usable.

Resin materials are not limited. PMMA
(polymethylmethacrylate) resin, acryl resin, polycarbonate
resin, norbornene resin, nitrocellulose, and the like are
preferable in terms of weatherability, light transmittance,
and the like.

Considering weatherability, & resin material that
transmits no ultraviolet light beam of less than 40C [nm]
may be used for the bkinder resin, and it i1s also possible
to add an ultraviolet-absorbing material to the resin
material. In addition, considering recording
characteristics, manufacturing characteristics, strength
characteristics, and the like, various additives may be
zdded to the binder resin.

A material used as thes two-phcoton absorbing material

is one that exhibits two-photon absorption in response to



due to the two-photon absorption is a reaction by pyrolysis, that is, it
takes place in the heat mode. Generally, a two-photon absorbing material
is known to exhibit two-photon absorption when the following conditions
are satisfied in the molecular orbitals thereof. First, in the highest occupied
molecular orbital (hereinafter referred to as HOMO) that is the highest
energy orbital among the molecular orbitals occupied by electrons, it is

a 1reguired hat the-elestron density e, copgentraiad sypmetrically-atines o

opposite ends of a region involved in light absorption. In the lowest

[ nmunocaupiedholecular-arbityd thereinafter peferred te.as L) that is thee

lowest energy orbital among the molecular orbitals unoccupied by
twoelektrans, itds sequitedithatdhe electron denrsity be reonceniratedts two-
symmetrically at the central portion of the region involved in light
rphoébsorpticm.fEurther, inrorderdpachievedwa-photon-atisorption. oflat beam
high-energy, blue-violet light beam, the two-photon absorbing material is
of reefuiréd6 helvam lafder etetirom (D erer)y diffstedéd betifen HOMO1NY
and LUMO than does a compound capable of two-photon absorption of a
dueredlight Peam. Bisedritalyras eSO absorbihg m&@fiatcn Dy

pyrolysis, that is, it takes place in the heat mode.

Generally, a two~photon abscrbing material is known
to exhibit two-photon absorption when the following
conditions are satisfied in the molecular orbitals thereof.

First, 1in the hichest occupied molecular orbital
(hereinafter referred tco as HOMO) that 1is the highest
energy orbital among the molecular orbitals occupied by
electrons, it 1s regulred that the electrpn. density be
concentrated symmetrically at the opposite ends of a
regicn involved in light absorption.

In the iowest unoccupied molecular orbital
{hereinafter referred to as LUMO) that 1s the lowest
energy orbital among the molecular orbitals unoccupied by
electrons, 1t 1s reguired that the electron density be
concentrated symmetrically at the central portion of the
region involved in light absorption.

Further, in order ¢ achieve two-photon absorption
of & high-energy, blue-violet light beam, the two-photon

abscorbing material is reguired to have a larger electron



a compound with a hexadiyne structure as represented by general
formula (1) is used. In the hexadiyne structure, among the six carbons,
the 3- and 4-position carbons at the center have a single bond between
them. There also is a triple bond between the 2- and 3-position carbons
and also between the 4- and 5-position carbons. The hexadiyne is
capable of forming a derivative with a symmetric structure about the

ene‘f%nyter Jetween the 3-and A-ppsitiop,earbans; Futher in the vo-photon ,

absorbing material, it is preferable that the 1-position carbon bonded to
comBddaR3:-apdithe 6-positign carbanbonded 49 R4 10 R6, form spdghybrich
orvitals, and, in general formula (1), at least one of R1 to R3 and at least
headne of R4 to R6 are each a phenyl group. The phenyl group is optionally
substituted with, for example, chlorine, a methoxyl group, a hydroxy
grougx car dlkykgroup, ete. Accordinglypthettwo-phiotan-absarbing treatesial
allows the formation of phenyl it-orbitals. At the same time, the 1-position
a  qarporvadd thet-pesitivhrcarborr forrmtspa-hyimed crbitals witereby ¢de iby
electrons are prevented 11 from being distributed to the center of the
genfévadiyite atrrturé ) TRérefdredthe electron density in the HOMO of the

two- ?hoton absorbing material can be concentrated on
n the hexadiyne structure, amcng the six carbons,

the 3~ and 4-position carbons at the center have a single
bond between them. There also is a triple bond between
the 2~ and 3-position carbens and alsc between the 4- and
5-position carbons. The hexadiyne is capable of forming a
derivative with a symmetric structure about the center
between the 3- and 4-position carbons.

Further, in the two-photon absorbing material, it is
preferable that the l-position carbon bonded to Ry to Rj
and *the 6~positicn carben bonded to Ry to Rg form SpB—
hybrid orvitals, and, in general formula (1), at least one
of Ry to Ry and at least one of Ry to Rg are each a phenyl
group. The phenyl group is cptlionally substituted with,
for example, chlorine, a methoxyl group, a hydroxy group,
an alkyl group, etc.

Accordingly, the two-photon  abscorbing material
allows the formaticn of phenyl mn-orbitals. At the same

time, the 1l-position carbon and the 6-position carbon form

sp3—hybrid orbitals, whereby the m electrons are prevented

11



the phenyl groups, which are equivalent to the opposite ends of the
molecule, while one-photon absorption that is ordinary optical absorption
in the visible region of wavelengths of 400 [nm] or longer can be
prevented. Preferred examples of such two-photon absorbing materials
include 1,1,6,6-tetraphenyl-hexa-2,4-diyne-|,6- diol represented by general
formula (2) (manufactured by Aldrich, S54527); 1,

£ rof-PisE2reljorgphenyl)s1. S-giphegyl-2,4-hexadiyne-1.6-diqlrepresented by

general formula (3) (manufactured by Tokyo Chemical Industry, B1508);

st rhds6 Bz tetrakis(3-methoxy-phenyl)-hexan . 4diyne+.6-digl repeesenied ¢
by general formula (4) (manufactured by Aldrich, 5109509); and

t hel,6vhis-Armethogmphenyinl, 6 rdiphenyinexa? dodiyneri S=diokated on
represented by general formula (5) (manufactured by Aldrich, 557054).

thel 200k € -CRC-C=E- GO genraral fermula2) G OHOMHEl 1chbEite
--C-C---C-C--- C general formula (3) OH OH f\ C -C(r)C-CSC- C C-9
ends of the molecule, while one-photon absorption that is
ordinary optical abscrption in the visible region of
wavelengths of 400 [nm] or ldnger can be prevented.
Preferred examples of such two-photon absorbing
materials include 1,1,6,6-tetraphenyl-hexa-2,4-diyne-1,6-
diocl represented by general formula (2) (manufactured by
Aldrich, S54527%; 1,6-kbis{Z2-chlcrophenyl)-1,6~-diphenyl-
2,4-hexadiyne~1, 6~dicl represented by general formula {3)
(manufactured by Tokyo Chemical Industry, B1508); 1,1,6,6-
tetrakis-{3-methoxy-phenyl}-hexa~2, 4-diyne-1, 6=dicl
represented by general formula (4} (manufactured by
Aldrich, S109509); and 1,6-bisg~ {4d-methoxy~-phenyl}~1, 6~
diphenyl-hexa-2,4-diyne-1, 6-diol represented by general

formula (5) [(manufactured by Aldrich, S$57054).

12



H3O ~/1 " 1 OCH3 | OCH3 OCT general formula (4) 13 OH OH CH30O C
OCH3 general formula (5) In the case where, for example, a
thermoplastic resin is used as the binder resin, the two-photon absorbing
material is added to a heated thermoplastic resin and kneaded in a
kneading machine, thereby dispersing the two-photon absorbing material
in the binder resin. The binder resin having dispersed therein the two-
photon absorbing material is then spread over the substrate 103 and
cooled to form a recording layer 101. Subsequently, the substrate 102 is

> jfe thermoplastic resin is dil | fth an organic solvent or
reinafter, this thermoplastic resinjis called a solvent-diluted
to b%ﬁhaped by 14

case WI

. general formula (2)

Gl oH o4 Gl

Moo o
(] J

. general formula (3}

/N G (=C—C=¢

. general formula (4)

13



heating), the two-photon absorbing material is predispersed in an organic
solvent, and then a solvent- diluted resin is dissolved in the organic
solvent. Alternatively, the two-photon absorbing material may be added
to a solvent-diluted resin that is diluted with an organic solvent, followed
by stirring. The two-photon absorbing material is thus dispersed in the
binder resin. The binder resin having dispersed therein the two- photon
absorbing material is then spread over the substrate 103 and dried by
heating to form a recording layer 101. Subsequently, the substrate 102 is
attached to the recorgﬁlg layer 101 using a UV adhesigg, for example.

An optical mformatlonlrecordlng medium 100 can thus?@ produced In
the case WHerg, a heat-curable resin ora photo curable resin jgUS

(}ﬂ@a

mounted thereon. An optical mformatlon recording medium 100 can thus
be produced.

. general formula (5)

In the case where, for example, a thermoplastic
resin 1is used as the Dbinder resin, the two-photon
absorbing material 1s added to a heated thermoplastic
resin and kneaded in & kneading machine, thereby
dispersing the two-photon absorbing material in the binder
resin.

The binder resin having dispersed therein the two-
photon absorbing material is then spread over the
substrate 103 and cooled te form a recording layer 101.
Subseqgquently, the substrate 102 1s attached to the
recording layer 101 using a UV adhesive, for example. An
optical information recording medium 100 can thus be
produced.

In the case where the thermoplastic resin is diluted
with an oxganic scolvent or the like (hereinafter, this
thermoplastic resin is called a solvent-diluted resin to

distinguish from a thermoplastic resin to be shaped by

14




15 It is also possible to bind the two-photon absorbing material to the
binder resin. The two-photon absorbing material in this case is first
dispersed in the binder resin and then heated, for example, whereby the
material is bound to the binder resin. The two-photon absorbing material
may also be directly bound to the binder resin using a functional group
thereof or indirectly bound to the binder resin using a coupling agent or

neathgilike; (2) Structure ef,gptical infarmatign secording andyepreduaing | 5
apparatus In Fig. 2, an optical information recording and reproducing

predppaatusl as a Wheleds ganfigured:suehthat theireeersingdayes 104 of -
the optical information recording medium 100 is irradiated with light,
dilwbetrebyriddmation is tecordéd-a#ria pliutality-aepossibie nrecordingl mank .
layers in the recording layer 101 (hereinafter referred to as virtual
Altrsoording eiark layees) @nc-thednformationds reproduceteReedrdingy  be
marks RM formed in the recording layer 101 are irreversible. The optical
addpforfiratién rebIdAG ahdreprstutimgidpparals L Shgs fetiordls with an
information in the recording layer 101 in a write-once fashion. The optical

OrIiMigimatich Fetording &rd Feffieduting Slpbaratlis 1 has™@ Bontrdfiersaoton

formed of CPU (Central
absorbing mateé%aﬂ ?s thus dispersed in the binder resin.

The binder resin having dispersed therein the two-
pheton abkscorbing materiazl d4s  then spread over the
substrate 103 and dried by heating to form a recording
layer 101. Subseguently, the substrate 102 i1s attached to
the recording layer 101 using a UV adhesive, for example.
An optical information recording medium 100 can thus be
produced.

In the case where a heat-curable resin or a photo-
curable resin 1s used the binder resin, the two-photon
absorbing material is added to an uncured resin material
and then stirred, thereby dispersing the two-photon
absorbing material in the binder resin,

Subsegquently, the Dbinder resin having dispersed
therein the fwo-photon absoribing material is then spread
over the substrate 1032, and the uncured recording laver
101 is subjected to heat-curing or photo-curing with the
substrate 103 being mounted tThereon. An  optical

information recording medium 100 can thus be produced.

15



16 Processing Unit) that provides centralized control. Various programs
including basic programs, information- recording programs,
information-reproducing programs, and the like are read from a
non-illustrated ROM (Read Only Memory), and stored in a non-illustrated
RAM (Random Access Memory), so as to execute recording of
information, reproduction of information, and like processing. The

controller 2 controls,an optical pickup; 3,50 that {he, optical PICkURD, 111 1

applies a light beam to a position to be irradiated with the light beam
materginafter refesred 1o, as a tatget mark position),ip-theoptisal sbsorbing
information recording medium 100, and also receives the light beam
ma teetiening fromcthesoptieal dnfarmation srecafding enedium 100 Jngeneralie r
defining the numerical aperture of an objective lens as NA, and the
reswavelengthloéa lightheain a2, the spotldiametes deiegulting fromttheial
condensation of the light beam is as represented by the following

the numerical aperture NA is constant, and thus the spot diameter d is
mat@%b%ﬁbﬂéﬁo%&?%a@ﬁmﬂﬁﬁ%ﬁﬁ%ﬁebound to the binder resin

using a functional group therecf cr indirectly bound to

the binder resin using a coupling agent or the like.

(2) Structure of optical infeormation recording and
reproducing apparatus

In Fig. 2, an optical information recording and
reproducing apparatus 1 as a whole is configured such that
the recording layer 101 o¢f the optical informaticn
recording medium 100 i1s dirradiated with light, whereby
information is recorded in a plurality of possible
recording mark layers in the recording layer 101
{(hereinafter referred to as virtual recording mark layers)
and the information is reproduced. Recording marks RM
formed In the recording layer 101 are irreversible. The
cptical information reccrding and reproducing apparatus 1
thus records information in the recozxding laver 101 in a
write—-cnce fashion.

The optical iInformation recozrding and reproducing

apparatus 1 has a controller 2 formed of CPU (Central
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light beam. 17 In the case of two-photon absorption, the reaction takes
place only when two photons are simultaneously absorbed. Therefore,
the photoreaction takes place in proportion to the square of light intensity.
Accordingly, in the optical information recording medium 100 of this
embodiment, as shown in Fig. 3, a recording mark RM is formed only in
the vicinity of the focus Fb of a recording light beam L1, where the light

prolfUENSityds exiramely high, The size.of the recording mark RM is spalles ; |

as compared with the spot diameter d of the recording light beam LI, and

varthedianetes dathereofds also.smalle As ajyesyktzndhe opticglmation-

information recording medium 100, recording marks RM can be formed at
recbighidensity,enabliag aninerease:instarage cdpadityy Howeyeenfsa and
reading light beam L2 of the same wavelength as that of the recording
thelight beamid i appliefrartarge prapeitionieft resadiny ligght bed@md@ with 1 v
not be directly applied to the recording marks RM, resulting in a great loss
Memofther reading lightlseaim Li2: Also, therreading dighebeam [BANvill poasibiyn
be reflected by recording marks RM adjoining the target mark position
Accgr@ inferereywith atefifn Highe Peart B3 [ersifgisei callediérdssTalk JOR

course, depending on the desired recording density, the wavelength
reproduction of Informaticon, and like processing.

The contreoller 2 controls an optical pickup 5, so
that the optical pickup 5 applies &a light beam to a
position to be irradiated with the light beam (hereinafter
referred to as a target mark position} 1in the optical
information recording medium 100, and also receives the
light beam returning from the optical dinformation
recording medium 10C.

In general, defining the numerical aperture of an
obijective lens as NA, and the wavelength of a light beam
as A, the spot diameter d resulting from the condensation
of the light beam 1is as represented by tThe following

formula:

dQC__:_%__ ...... (1)

NA

That is, when using the same objective lens 13, the
numerical aperture NA is constant, and thus the spot

diameter d 1is proportional to the wavelength A of the

light beam.

17



may be the same between the recording light and the reading light. 18
The optical pickup 5 in the optical information recording and reproducing
apparatus 1 according to this embodiment has, as light sources, a
recording light source 10 and a reproducing light source 15. At the time of
information recording, the optical pickup 5 uses a recording light beam LI
with a wavelength of, for example, 500 [nm], while at the time of

inforrpationeproductign, the optical pickup,5 usgs aeading lightheam .,

L2 with a shorter wavelength (e.g., 405 [nm]) than the wavelength for the

takidormationrecording. Ahthe timeof information recarding; As showedns 1y
Fig. 4, based on control by the controller 2, the optical pickup 5 causes

absthesesording tightbram L1 with a pMaveleagih-S500{nmldede epitied in
from the recording light source 10 formed of a picosecond laser, for
propxample; and, after sonverting thelregbtding:lightdieam L1fremadingly,
divergent light to a parallel light by a collimating lens 11, causes the light
in pdagn kPto eater ddichrois prism T2 Theddictroioprispml 218ds avf this
reflective/transmissive surface 12S that reflects or transmits a light beam
embgapéifdifig ot the Walrelength. Wien the rezordimgdighi lseafeltentéfs 1s

the dichroic prism 12, the
formed only in the vicinity of the focus Fb of a recording

light beam L1, where the light intensity i1s extremely high.
The size of the recording mark RM 1is smaller as

compared with the spot diameter d of the recording light
beam L1, and the diameter da tThereof is alsc smaller. As

a result, in the optical information recording medium 100,

recording marks RM can be formed at high density, enabling
an increase 1in storage capacity. However, if a reading
light beam LZ of the same wavelength as that of the
recording light beam L1 is applied, a large proportion of
reading light beam L2 will not be directly applied to the
recording marks BRM, resulting in a great loss of the
reading light beam L2. Also, the reading light beam L2

will possibkly be reflected by recording marks RM adjoining
the target mark position and interfere with a return light
beam L3, causing so-called cross talk. 0f course,

depending on the desired recording density, the wavelength
may be the same Dbetween the recording light and the

reading light.

18



reflective/transmissive surface 12S transmits the recording light beam L1,
and causes it to enter the objective lens 13. The objective lens 13
condenses the 1.9 recording light beam LI to focus the beam on an
arbitrary point in the optical information recording medium 100, so that,
for example, the two-photon absorbing material evaporates, thereby
forming a recording mark RM consisting of bubbles. At this time, at the

focu’?fep OB%'@&Qrd'ﬁQ@QQ%beﬁml% t@%ép%ﬂ@&%@r dlq{fla%matlon

recording light beam L1 is relatively small corresponding to the short

recWareleagthnfiheesprding light beaanllthus has a-small area indhe this
vicinity of the focus Fb, and the light intensity thereof is accordingly is

embbighnAs @ resslt, indhe oplicaldpformation secosdingdmedium 300, acurce
recording mark RM can be rapidly formed by decomposition of the

10 two<phetonrapsorbing. mateliabor:thes dimder atithe fochs Flulleurthéman of
the optical information recording medium 100, two-photon absorption

infoeors oply atzeporidhiwhere theslightintéasily ishighuand therefers in a
the vicinity of the focus Fb of the recording light beam L1, a recording

L e CREARI WA dRamBter Harshidile? tHAT thessisbt dishietef @bf th@mpLe,

recordlng |I%ht beam L1 |s formed.
[nm], ile at the time of information reproduction,

the optical pickup 5 uses a reading light beam L2 with a
shorter wavelength (e.g., 405 [nm]) than the wavelength
for the information recording.
At the time of information recording, as shown in
Fig. 4, based on contrcl by the controller 2, the optical
pickup 5 causes the recording light beam Ll with a
wavelength 500 [nm] to be emitted from the recording light
source 10 formed of a picesecond laser, for example, and,
after converting the recording light beam L1 from a
ivergent light to a parallel light by a collimating lens
11; causes the light beam Ll to enter a dichroic prism 12.
The dichroic prism 12 has a reflective/transmissive
surface 125 that reflects or transmits a light beam
depending on the wavelength. When the recording light
beam Ll enters the dichreoic prism 12, the
reflective/transmissive surface 128 transmits the
recording light beam L1, and causes 1t to enter the

objective lens 13. The objective lens 13 condenses the



Further, as shown in Fig. S, at the time of information reproduction, based
on control by the controller 2, the optical pickup 5 causes the reading
light beam L2 with a wavelength 405 [nm] to be emitted 20 from the
reproducing light source 15, and, after converting the reading light beam
L2 from a divergent light to a parallel light by a collimating lens 1.6,
causes the light beam L2 to enter a beam splitter 17. The beam splitter

rec%%gfﬁamEE&etr%@edé lii%.htt%e%é‘@sat ée %tg&ml&gdg tea %%I_tz: ry
e 1 I

causes’it to enter the dichroic prism 12. T dic%urom prism 12 reflects the

poitgading light heam L2 Dy the teflectiyeitrapsmissive. surface 125, 898, so

causes it to enter the objective lens 13. The objective™ lens 13 condenses
thathe reading lighthgam, L2 torfocus the heanan anarbitiary gointinthe; 21

optical information recording medium 100. When a recording mark RM is
evatormedds the:facusbpositiem of thesreadingdight. beam:1i2, tlaedothe st ing
difference in refractive index between the recording layer 101 and the
of kedordieg mark RM, the optical information recording medium 100 reflects
the reading light beam L2, whereby a return light beam L3 is generated.
Whehtng:- kéeordineemaric RM: s formed iftheddcts:position bfithey 1ight

beam L1, the spot diameter d c¢f the recording light beam
L1l is relatively small corresponding to the short
wavelength. The rececrding light beam L1 thus has a small
area 1in the wvicinity of the focus Fb, and the light
intensity thereof is accordingly is high.

As a result, in the optical information recording
medium 100, a recording mark RM can be rapidly formed by
decomposition of the two-photon absorbing material or the
binder at the focus Fb. Further, 1n the optical
information recording medium 100, two-photon absorption
occurs only at a portion where the light intensity is high,
and therefore, 1in the vicinity of the focus Fb o©of the
recording 1light Dbeam L1, a recording mark RM with a
diameter da smaller than the spot diameter d c¢f the
recording light beam L1 is formed.

Further, as shown 1in Fig. 5, at the time of
information  reproduction, based on contrel by the
controller 2, the optical pickup £ causes the reading

light beam L2 with a wavelength 40> [nm] to be emitted
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reading light beam L2, the optical information recording medium 100
transmits the reading light beam L2, whereby no return light beam L3 is
generated. When there is a return light beam L3 from the optical
information recording medium 100, the objective 21, lens 13 converts the
return light beam L3 into a parallel light, and causes it to enter the
dichroic prism 12. The dichroic prism 12 then reflects the return light

frof€am i3 bythe refigctiveltransmissive syfgace 125, and cayses it 19 ¢ o,

enter the beam splitter 17. The beam splitter 17 reflects a part of the

conkelwn; Hight beam L3.and causegifdo entgra condensing |‘%PS_ é%é@&ent
condensing lens 18 condenses the return light beam L3, and irradiates a

1ighhotorecepter LS with the fight kean L3onrespense; the photosecepioses
19 detects the light quantity of the return light beam L3, then produces a

thedétegtian siggal tdrrespending te:thecdetieeted light quantity, and sends
out the signal to the controller 2. Based on the detection signal, the
contfdlier 2eam regpghizeethe ieturr lightsheans L detectioncstate. 1ight
Incidentally, the optical pickup 5 is provided with a non-illustrated

beagctiator Baged it e6iisrby e controllerd ¢hetapticas pickup®isenter

freely movable in triaxial directions including the direction Z that is the
the dichroic prism 12

The dichroic prism 12 reflects the reading 1light
beam L2 Dby the reflective/transmissive surface 128, and
causes it to enter the objective lens 13. The objective
lens 13 condenses the reading light beam L2 tc focus the
beam on an arbitrary point in the optical information
recording medium 100.

When a recording mark RM is formed in the focus
positicen of the reading light beam 12, due to the
difference in refractive index between the recording layer
101 and the recording mark RM, the optical information
recording medium 100 reflects the reading light beam L2,
whereby a return light beam L3 is generated. When no’
reccrding mark RM is formed in the focus position of the
reading light beam L2, the optical information recording
medium 100 transmits the reading iight beam L2, whereby no
return light beam 13 is generated.

When there 1s a return light beam L3 from the

optical information recording medium 100, the objective
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direction of the optical. axis of the recording light beam LI, the direction X
that is perpendicular to the direction Z, and the direction Y. As a result,
the optical pickup 5 can freely form recording marks RM in the target
mark positions that are arranged three-dimensionally in the recording
layer 101. 22 Actually, the controller 2 is configured to control the position
of the optical pickup 5 so that the focus positions of the recording light

1enbeam Lland the reading light beam L2 canhe adjusted to the desired,; ; . ;

target mark position. As described above, the optical information

11 gFRcording apd reproducing apparatys 1 gppliestheshort wavelength e
recording light beam LI in such a manner that the light beam LI is

diceencentratedsan the smalh foess R ttherehy allewingrihe two-pheton, 1.3
absorbing material to efficiently undergo a photoreaction at the focus Fb,

by amdc enalilirg:thiefeymatiasof serallaecordinganarks RM scotrespanding it
to the wavelength. The optical information recording and reproducing

to apparatus it alsozappliesithé¢eadifg light beam L2 having a smaller spot
diameter than that of the recording light beam LI. Therefore, the optical
inforifetioR §éBordingldicte feprodutiig apparatus Racah apply-the resdingn

_ light beam _
light beam L3, and causes it to enter a condensing lens 18.

The condensing lens 18 condenses the return light beam L3,
and irradiates a photoreceptor 19 with the light beam L3,
In response, the photoreceptcor 19 detects the light
guantity of the return light beam L3, then produces a
detecticn signal corresponding +to the detected light
gquantity, and sends out the signal to the controllexr 2.
Based on the detection signai, the controller 2 can
recognize the return light beam L3 detection state.
Incidentally, the optical pickup 5 i1s provided with
a non-illustrated actuator. Based on control by the
contreller 2, the optical pickup 5 1s freely movable in
triaxial directions including the direction Z that is the
direction of the optical axis of the recording light beam
L1, the direction X that is perpendicular to the direction
Z, and the direction Y. As a result, the optical pickup 5
can freely form recording marks RM in the target mark
positions that are arranged three-dimensicnally in the

recording layer 101,
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L2 with a spot diameter suitable for a recording mark RM, thereby
preventing a loss in the reading light beam L2, while suppressing
crosstalk. (3) Examples In this example, with respect to the compounds of
the above general formulae (2) to (5), the electron 23 density and the
electron energy in HOMO and LUMO were calculated by the molecular
orbital method. Table 1 shows the electron energy in the HOMO and the

LU ach compound, to eygquer with the difference in the electron
Ng%§§§¢igﬁk§%é co%ﬁ 5 (ﬁﬂ]glls COTL %&ﬁ%%ito controel

energy betwe O7an ereinafter refer S energy

tnedifferepee) Herginafter, the.compaungds of general fgrmula (2).ggneral ., o

formula (3), general formula (4), and "general formula (5) are called a

pos€@MBRUNdA, & gaMPAURE B; R CAMBeYNd-G.and:a CROUkDreading
respectively. Table 1 Compound HOMO [eV] LUMO [eV] Energy

1igHifference [eV] A=z9.5948 :0.09328:5016 Bn®.248%:0:888% 94096 Gark
-9.0566 0.0055 9.0621 D -9.2107 0.0228 9.2335 (-9.2098) (9.2326) As
posinentioned above, in order for two-photon

As described above, the optical information
reccerding and reproducing apparatus 1 applies the short-
wavelength recording light beam L1 in such a manner that
the light beam L1 is concentrated on the small focus Fb,
thereby allowing the two-photon absorbing material to
efficiently undergoc a photoreaction at the focus Fb, and
enabliing the formation of small recording marks RM
corresponding to the wavelength.

The optical information recording and reproducing
apparatus 1 also applies the reading light beam L2 having
a smaller spot diameter than that of the recording light
beam L1. Therefore, the optical information recording and
reproducing apparatus 1 can apply thé reading light beam
L2 with a spot diameter suiltable for a recording mark RM,
thereby preventing a loss in the reading light beam L2,

while suppressing crosstalk.

{3) Examples
In this example, with respect to the compounds of

the above general formulae (2) to (5}, the electron
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absorption to occur in response to a short-wavelength, blue-violet light
beam, the energy difference between HOMO and LUMO has to be large.
As calculated by this molecular orbital method, a difference of 8.0 to 10.0
[eV] is desirable. As shown in the table, the compounds A to D all have
an energy difference of about 9.0 to about 9.5 [eV], thus satisfy the
condition that the energy difference is large. 24 The compound D had two
aen QMO orbals with raclicaly the same electron easray, o waelecion.
energy values are given for the HOMO: Figs. 6 to 10 show the electron

ca198nsibein the HRMO, and the LUMO of each of the.compeunds Ao B, s

The line color intensity in the figures represents the difference in
theMeleeular grbitaliphase (plys of mainushiAs mentionad-abovedn erderdarry
two-photon absorption to occur in response to a short-wavelength,
compltiervdoletdightbaam, itistrquired that ire-eleetren density:be electron
symmetrical about the two acetylene groups both in HOMO and LUMO,
enewith theéleetron HensityandQNMBDChelng: tecatizéd in-theoirterregions, as
while the electron density in LUMO being localized in the inner region.
eneThe compotmehas gehers fomitlayl) WhereirrREORBI Ry AndeREral

are each a phenyl group, and R2 and R5 are each
formuia (2), general formula (3}, general formula (4}, and

general formula (5} are called a compound A, a compound B,

a compound C, and a compound [, respectively.

Table 1
Energy
Ceompound HOMO [eV] LUMO [eV] difference [eV]
A -9.5848 -0.0932 8.5016
B -9.2481 ~-0.0885 .159%¢6
C -8.056¢6 0.0055 9.0621
-9.2107 9.2335
v (-9.2098) 0.0228 (9.2326)
As mentioned above, in order for two~photon

absorption to occur in response to a short-wavelength,
blue-violet 1ight beam, the energy difference betwsen HOMO
and LUMO has to be large. As calculated by this molecularxr
orbital method, & difference of 8.0 to 10.0 {ev]l 1is
desirable.

As shown in the table, the compounds A to D all have

an energy difference of about 2.0 to about 9.5 [eV], thus

satisfy the condition that the energy difference is large.
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a hydroxy group. As shown in Fig. 6(A), the electron density in the HOMO
of the compound A has symmetry and is localized in the vicinity of the
outer phenyl groups. Further, as shown in Fig. 6(B), the electron density
in the LUMO of the compound A has symmetry and is localized in the
vicinity of the inner hexadiyne structure. Accordingly, the compound A is
highly likely to undergo a photoreaction through two-photon absorption in

25 response;fg,a blyesviolet light heam, The cqpppund &'%"E‘Lscgﬁger?"with
formula (1) wherein R2, R3, R5, and R6 are each a phenyl group, with

praiBephenylgreups of Re.and R eaeh havingchjoring (Cl)afposition2 »on,
(meta position), and R1 and R4 are each a hydroxy group (OH). As

eneShEWR i1 Bigs 7= a8 cgmpared withihe capppeund A, the compound B has
the electron density changed due to the influence of chlorine that is an

elecrapsvithéirawing OgreupwHawever] the-eleetratedensity indAHQWO amdic
LUMO is similar to the case of compound A. The compound C has

andgenieeal Toitula (1) svherein R21ER8, REjramd RE arke each &-phefiykegroupe
with the four phenyl groups each having a methoxyl group (OCH3) at

co Lsasitiont3 @ik pdsiticiecarid RIzE# R4 Bieeeseh-& hydroxyEgrotpr Thee
compound D has general formula (12 wherein R2, R3,

in melecular orbital phase (plus or minus).

Az menticned above, in order for two-photon
absorption to occur in response to a short-wavelength,
blue-viclet light beam, it is reguired that the electron
density be symmetrical about the two acetylene groups both
in HOMO and LUMO, with the electron density in HOMO being
localized in the outer regions, while the electron density
in LUMO being localized in the inner region.

The compound A has general formula (1) wherein R;, Rs,
Ry, and Rg are each a phenyl group, and R; and Ry are each
a hydroxy group.

As shown in Fig. 6{A), the electrcn density in the
HOMO of the compound A has symmetry and is localized in
the wvicinity of the outer phenyl groups. Further, as
shown in Fig. 6(B), the electrcon density in the LUMO of
the compound A has symmetry and 1s localized in the
vicinity of the inner hexadiyne structure.

Accordingly, the compound A 1s highly likely to

underge a photoreaction through two-photon absorption in



R5, and R6 are each a phenyl group, with the phenyl groups of R2 and
R5 each having a methoxyl group at position-3 (para position) , and R1
and R4 are each a hydroxy group. As shown in Figs. 8 to 10, as compared
with the compound A, the compounds C and D also have the electron
density changed due to the influence of a methoxyl group, but the
electron density in HOMO and LUMO is similar to the case of compound

resBohsabpyeginthecompounds A 19D thatgatisfy general formula (1), the
electron density is symmetrical 26 about the two acetylene groups both in

HOM@ anehbUiMQ, with dhe leciremdensityin HOMO heingdacalized ir,,
the outer regions, while the electron density in LUMO being localized in

Ry, thenttinRg regionsihe campbunds thysalk satisfy thertenditionsyequiredips
for two-photon absorption to occur in response to a blue-violet light beam.

of (&) Gperationsamntheffects. Agcardingrtonthe above structars, therecordingta
layer 101 of the optical information recording medium 100 has a

Postnic-pRotoncdlss orbiriy Whateridl WitHEa Pexadiphe rstictdrerépreSehted by
general formula (1), and allows a recording mark to be formed therein
throfigh fGphotdh abSorption FF ré<pR3é 6l a'réedrdingflightmeound A,

condensed at_the time of information recordin‘gc.
the compound B has the elecltron density changed due to the

influence of chlorine that i1s an electron-withdrawing
group. However, the electron density in HOMO and LUMO is
similar to the case of compound A.

The compound C has general formula (1) wherein Rz, Rs,
Rs, and Rg are each a phenyl group, with the four phenyl
groups each having a methoxyl group {(OCH;) at position-3
(ortho position}, and R; and Rs are each a hydroxy group.

The compound D hzs general formula (1) wherein R;, Ri,
Ry, and Rg are each a phenyl group, with the Qhenyl groups
of R; and Ry each having a methoxyl grcup at position-3
{para position), and R; and Ry are each a hydroxy group.

As sghown 1in Figs. 8 to 10, as compared with the
compound A, the compounds C and D also have the electron
density changed due to the influence of a methoxyl group,
but the electron density in HOMO and 1LUMO is similar to
the case cof compound A.

As above, 1in the compounds A to D that satisfy

general formula (1), the electron density is symmetrical
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Accordingly, in the recording layer 101 allows a recording mark to be
formed therein in response to a recording light beam LI with a short
wavelength of less than 600 [nm] . Therefore, the spot diameter d of the
recording light beam L1 can be smaller than in the case of a red light
beam of not less than 600 [nm]. As a result, in the recording layer 101, the
light intensity at the focus Fb can be increased, the efficiency in using the

abolRCOFAIRg Jight Beamskl £an be.impraved,and; hedight IigRsittaidhe 1 th

time of the recording light 27 beam L1 emission can be reduced, as
theCMparetonithithescase Whereacedhghipeantisiemitted withithe samesr
light intensity. Therefore, the recording layer 101 allows a picosecond
reglbsel suclras seseminenduelos dasernto he=used @as thewrecordity light ing
source 10, in place of a femtosecond laser capable of emitting a laser
lockhédmagdithian exteemely:high lightintensity TAecordinglyathes structure ef. 1
the optical information recording and reproducing apparatus 1 can be
satgigfphified erratied itheqesordmgayedl Olomakes it pbssible tredupsion
the size of a recording mark RM to suit the spot _diameter d of the
Lo Ricording ighEBeamasL, Wheteby e SiGragé capakity SFRE optical
information recording

(4) Operation and effects

According to the above structure, the recording
layer 101 of the optical information recording medium 100
has a two-photon absorbing material with a hexadiyne
structure represented by general formula (1), and allows a
recording mark to be formed therein through two-photon
abscrption in response to a recording light condensed at
the time of information recording.

Accerdingly, in the recording layer 101 allows a
recording mark to be formed therein i1in response to a
recording light beam L1 with a short wavelength of less
than 600 [nm]. Therefore, the spot diameter d of the
recording light beam Ll can be smaller than in the case of
a red light beam of not less than 600 [nm].

As a result, in the recording layer 101, the light
intensity at the focus Fb can be increased, the efficiency
in using the recording light beam L1 can be improved, and

the light intensity at the time of the recording light
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medium 100 can be improved. It is generally known that the probability
that two- photon absorption by two-photon absorbing material will occur is
proportional to the square of light intensity. Therefore, the recording layer
101 allows the recording light beam L1 to be absorbed only in the vicinity
of the focus Fb1l of the recording light beam L1, i.e., near the target mark
position. As a result, the recording light beam L1 is barely absorbed in

peaflifigientyiriual secording, mark layers (hereinafier tefereq 10 asOther. . s

recording mark layers) other than the virtual recording mark layer 28 that
wheif€ludes thg targetrnark positians(heseinaften refered to.as anuiadiateg +
recording mark layer). As a result, in the recording layer 101, the
integceiding light beam L1 transmittance of the entire recording layer 101
can be improved, and the target mark position can be efficiently irradiated
withThe redarding lightbeam ¢ doEdrther, théagearding {ayer Edliows  a
contains the two- photon absorbing material represented by general
pilcfosmufadl) lwhersin thechpositios caslson and the g <positions scarbohdorhe
sp3-hybrid orbitals, and at least one of R to R3 and at least one of R4 to
useR6 afe ehél a pREAVIGFOED orlaRtibstftit&dBheh§kgradp. PLace of a

femtosecond laser capable of emitting a laser beam with an
extremely high light intensity. Accordingly, the
structure of the optical information recording and
reproducing apparatus 1 can be simplified.

Fruther, the recording layer 101 makes it possible
to reduce the size of a recording mark RM to suilt the spot
diameter d o0f the recording light beam L1, whereby the
storage capacity of the optical information recording
medium 100 can be improved.

It is generally known that the prokabkility that two-
photon absorption by two-photon absorbing material will
occur is proportional to the sguare of light intensity.
Therefore, the recording layer 101 allows the recording
light beam L1 to be absorbed only in the vicinity of the
focus Fbl of the recording light beam L1, i.e., near the
target mark position. As a result, the recording light
beam L1 is barely absorbed in different wvirtual recording
mark layvers (hereinafter referred to as other recording

mark layers) other than the wvirtual recording mark layer
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As a result, in the HOMO of the two-photon absorbing material, the
electron density can be concentrated in the outer regions, so that
two-photon absorption occurs easily. Further, the recording layer 101
contains as the two-photon absorbing material a compound bearing the
same substituents at R, and R4, R2 and R5, and R3 and R6, and thus
having a symmetrical structure about the two acetylene groups. The

thafesulling yeearding layer Jtoal'r%@é"’s the glectron.density to heqractically,
symmetrical both in the HOMO and the LUMO of the two-photon

refabsaringomaterial. Rurthey; in-the recerding:layer,1Qd, the fwo-photon 29
absorbing material exhibits two-photon absorption in response to a

bluendoletlightreant. A conventional trea-pheton@bsoebiag materigl thate
absorbs a red light beam is deteriorated due to absorption of blue-violet
rechghtiorgltravialet lightawith aTwaveleagthrshotternthan thé red ight beamre
wavelength. Accordingly, in order to use such a material for a recording
reclaydr ks heressahypio iweck blae-vinfetolight and uitravictet tight causing &
an increase in cost. In order for the two-photon absorbing material of the
PO SingéRtiorF b gsedifor e FdchYding 1a/et 202 t, vistHecessary #5Bledknd

only uItraV|oIet light with a
light ' beam L1.

Further, the recording layer 101 contains the two-
photon absorbing material represented by general formula
(1), wherein the 1l-position carbon and the 6-posgsition
carpon form Sp3—hybrid orkitals, and at least one of R; to
Ry and at least one of Ry to Rg are each a phenyl group or
a substituted phenyl group.

As a result, in the HOMO of the two-photon absorbing
material, the electron density can be concentrated in the
cuter regions, so that two-photon abscrption cccurs easily.

Further, the recording layer 101 contains as the
two-photon abscrbing material a compound bearing the same
substituents at R; and Ry, Rz and RK:, and Rz and R¢, and
thus having a symmetrical structure about the two
acetvlene groups.

The resulting recorxding layer 101 allows the
electron density to be practically symmetrical both in the
HOMO and the LUMO of the two-photon absorbing material

Further, in the recording layer 101, the two-photon
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wavelength shorter than that of the recording light beam L1, which is
blue-violet light. As compared with materials that absorb blue-violet light,
materials that absorb ultraviolet light are used more widely, and thus can
be selected from a wider range at lower cost. Therefore, the two-photon
absorbing material provides higher flexibility in design of the optical
information recording medium 100, and also enables cost reduction.

absEupher the cecording layer 107 allows a,recording, markiRM £onsisting of,

bubbles to be formed therein. Therefore, such a recording mark RM can

respedamnedin, respansetgaiecording lightheam Li applied from one
direction. As a result, the structure of the optical 30 information recording

and xzeprodueiig apparatus iocarhhe simpliied fourther, i theregordingat
layer 101, a plurality of recording marks RM are formed in the optical axis
absdiréction ofdhe reécdrding=ight beanellsandhindhe dirbotioh pespendiculann
to the optical axis direction, so that the recording marks are formed
of thivesdimernsichally. Jsyé Fesultzin theltecerting fayer 10K the irvadiated a
recording mark layer has to be irradiated with the recording light beam L1

waviheR iappliéd tHroGgh thB28thértecofdifig mafkiayeps 8f theasibsirae-h -

102 side _ ,
Accordingly, in order to use such a material for a

recording layer, it 1s necessary to block blue-violet
light and ultraviolet light, causing an increase in cost.
In order for the twe-photon absorbing material of
the invention to be used for the recording layer 101, it
is necessary ¢ block only ultraviclet light with a
wavelength shorter than that of the recording light beam
Ll, which 1s Dblue-viclet light. As compared with
materials that absorb Dblue-viclet light, materials that
absorb ultraviclet light are used more widely, and thus
can be selected from a wider range at lower cost.
Therefore, the two-photon absorbing material provides
higher flexibility in design of the optical information
recording medium 100, and alsc enables cost reduction.
Further, the recording laver 101 allicws a recording
mark RM consisting of bubkbles to be formed therein.
Therefore, such a recording mark RM can be formed in

response to a recording light beam L1 applied from one

direction. As a result, the structure of the optical
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where the recording light beam L1 enters. Accordingly, in the recording
layer 101, the virtual recording mark layers located near the substrate
102 are particularly subjected to multiple, repeated exposures to the
recording light beam L1. A volume recording medium, such as the optical
information recording medium 100, which records a recording mark RM
three-dimensionally, has a number of virtual recording mark layers. For

in£S¥AAPIE, With fespect {9 %ﬂ%‘%é@%@é@@ﬁ@?%ﬁﬁﬁ%é the ﬁégﬁq be

layer from the substrate 102, by time w ation i1s recorded in
s imhe:20th yirtual recording mark layer, such a first layer is exposed to the
_recording light beam Li for other recording layers at least 19 times. 31

Howeyet.Ha the easeofdhe secardingdayerdod, the: fwer-photeRatity of
absorbing material hardly absorbs the recording light beam LI in other

rectecoiding mark kayersMccordingly o the: tecording light beant kkappliedto s
the irradiated recording mark layer has almost no influence on the other
dirpecoiding mdrk fayers. Zescaresuly aslcarhparedewith al.tecardimg layer the

~ 101 that forms recording marks RM through one-photon absorption or
dirgreimanresponss that takes place g praportiohltodightintersitygtthen, so
~ recording layer 101 has improved durabiligl.
that the recording marks are formed three-~dimensionally.

As a result, in the recording layer 101, the
lrradiated recording mark layer has to be irradiated with
the recording light beam L1 that is applied through the
other recording mark layers on the substrate 102 side
where the recording light beam L1 enters. Accordingly, in
the recording layer 101, the wvirtual recording mark layers
located near the substrate 102 are particularly subjected
to multiple, repeated exposures to the recording light
beam L1.

A wvolume recording medium, such as the optical
infermation recording medium 100, which records a
recording mark RM three-dimensicnally, has a number of
virtual recording mark layers. For example, with respect
to a virtual reccrding mark layer that is the first layer
from the substrate 102, by the time when information is
recorded in the 20" virtual recording mark layer, such a

first layer 1is exposed to the recording light beam 11 for

other recording layers at least 1% times.
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Further, the optical information recording medium 100 includes ultraviolet
light blocking layers formed by selecting the materials for the substrates
102 and 103 or by treating the surfaces thereof. The ultraviolet light
filtering layers are formed to sandwich the recording layer 101 and do not
transmit ultraviolet light. Accordingly, in the optical information recording
medium 100, the recording layer 101 is protected from ultraviolet light

expeguire., LIS prevents the, two-photop, absarhing;m tef@#g@mlm the

degradation due to ultraviolet exposure, and degrada ion of the recording

twolayghi0l cansalsg ?orﬁg%@ggaéca%@mgfoam% abgve shucture,4he;ng
recording layer 101 of the optical information recording medium 100

11igeantainsithe twa-phetonsabsesbingdnateriabwith 2292 hexadybeordingly,
structure, and thus allows a recording mark RM to be formed therein in
theresponsedarthe shostawavelength Lriecarding lighit beam tAe Thisrthusi ated
achieves a two-photon absorbing material capable of two-photon
recabsbrptiomefrd shovewavelengthiight beam;land s nptcatinfotmatioher
recording medium using the two-photon absorbing material. (5) Other
recembodimemis AltHotighiBe abdve embBGdiheht shoved TP 2asE whéfe: a

least one of R1 to R3 and at least one of R4 to R6 are
recording layer 101 that forms recording marks RM through

one-photon absorption or thermal response that takes place
in proportion to light intensity, *the recording layer 101
has improved durability.

Further, the optical information recording medium
100 includes ultraviolet light blocking layers formed by
selecting the materials for the szubstrates 102 and 103 or
by treating the surfaces thereof. The ultraviclet light
filtering lavers are formed to sandwich the recording
layer 101 and do not transmit ultraviolet light.

Accordingly, in the opticel information recording
medium 100, the recording laver 101 is protected from
ultraviclet light exposure. This prevents the two-photon
abscrbing material from degradation due to ultraviolet
exposure, and degradation of the recording layer 101 can
also be prevented.

Bcecording to the above structure, the recording
layver 101 of the optical information recording'medium 100

contains  the two-photon absorbing material with a
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each a phenyl group or a substituted phenyl group, the invention is not
limited thereto. A phenyl group or a substituted phenyl group does not
necessarily have to be included. Further, although the above embodiment
showed the case where a two-photon absorbing material is dispersed in
or bound to a binder resin, the invention is not limited thereto. The
two-photon absorbing material may also be dispersed in an inorganic

nex QRIS chandiass. Fufiher. aliDoudh e Abgve embodiment ahay oty

ases where various resin materials are used a naer resins,

to iggenfigpﬁ@@og}{gi%megqo.fégfg@g%olecOvatgiggs afdifves,a0d: engeh
a

sensitizing dyes, such as cyanine- based, coumarin-based, and

recinoline-based pigments, may aiso;be pdded;as, fequireds33 FUtheGton
although the above embodiment showed the case where two-photon

absaksgrpiomaceiirs #1 respeasd o a fecordingtighbbeasmbbwithon of a
wavelength of 500 [nm], the invention is not limited thereto. What is

shomécessagy isnthat two-ghotorrabsorptiondshewld ogcur i tesporisertosad ion
light beam with a short wavelength of less than 600 [nm]. Further,

recgitfbugh theddbuvelerhbadintent showedthercaseseidrertbe recerding -
light beam LI and the reading light beam L2 are each applied to the
substrate 102 side

{5) QOther embodiments

Although the above embodiment showed tThe case where
at least one c¢f Ry Tto Ry and at least one of R; to Rg are
each a phenyl group o¢r a substituted phenyl group, the
invention is not limited thereto. A phenyl group or a
substituted phenyl group does not necessarily have to be
inciuded.

Further, although the above embodiment showed the
case where a two-photon absorbing material 1s dispersed in
or bound to a binder resin, the invention is not limited
thereto. The two-photon absorbing material may also be
dispersed in an inorganic material, such as glass.

Further, although the above embodiment showed the
cases where various resin materials are used as binder
resins, the Invention i1s nct limited thereto. For example,
various additives and sensitizing dyes, such as cyanine-
based, coumarin-based, and guinoline~based piligments, may

alsc be added as recuired.
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of the optical information recording medium 100, the invention is not
limited thereto, and the recording light beam L1 may be applied to the
surface on the substrate 103 side, for example. Light or a light beam may
be applied to either side or both sides. Further, although the above
embodiment showed the case where a reading light beam L2 with a
shorter wavelength than that of the recording light beam L1 is used, the

inve é!%%]lﬁ% ot "E‘it@%%g‘?totﬁgr example, éHB:P&%ﬁJQI@tﬁO UREMNR the

recor f beam LI'and the reading light beam L2 of the same

caswavglenath while, chapgingthe spet diamsters hereef by swilching o

between two objective lenses with different numerical apertures or using
recdyofthng mechapisim ta varyhe lumingus flux ggiameters Whemthe, light e
use efficiency of the recording light beam LI is improved, and relatively
inviange recotdingn 34 marks RM aretforraed,. this mayrallow arssesefdhey is
recording light beam L1 and the reading light beam L2 of the same
thawavetengthatitmous tlsanging tre agberture obthewsbjective deps:Fmrthen a
in the second embodiment mentioned above, the recording light beam LI
Ligémitkepffomithe racerdingt lightvsduree 1o and theseadinglight Beamr2

do not always have to have Wavelen%hs of 500 [nm] and 405 [nm],
Further, although the above embodiment showed the

case where the recording light beam L1 and the reading
light beam L2 are each applied to the substrate 102 side
of the optical information recording medium 100, the
invention is not limited thereto, and the reccrding light
beam L1 may be applied tc the surface on the substrate 103
side, for examéie. Light or a light beam may be applied
to either side or both sides.

Further, although the above embodiment showed the
case where a reading light beam L2 with a shorter
wavelength than that of the recording light beam L1 is
used, the invention is neot limited tTheretco. Tor example,
it is possible to use the recording light beam L1 and the
reading light beam L2 of the same wavelength, while
changing the spot diameters therecf by switching between
two objective lenses with different numerical apertures or
using a throttling mechanism to wvary the Iluminous flux
diameter. When the light use efficiency of the recording

light beam L1 is improved, and relatively large reccrding
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respectively, and they may also have other wavelengths. In short, what is
necessary is that a recording mark RM consisting of bubbles should be
formed in the vicinity of a target mark position in the recording layer 101.
Further, although the above embodiment showed the case where a
recording mark RM is formed three- dimensionally, the invention is not
limited thereto. For example, there may be only one virtual mark

mar(ﬁf&oﬁ‘?&”%r'%y%me&?b ﬁ%cé”?ﬂt%% a%‘éwR'\éaﬁ éorg‘ﬁdtt%{"eo'éetacording

mensionally. Further, although ove embodiment showed the case

1icwhersdhg twa-phgten absorbing material eyaporales, Upen yyo-phIon 4 e

absorption, thereby forming a recording mark RM consisting of bubbles,
wa viEdAeioniis met dimitegi ihereto . trer exgmple,; the By¥o-pRetoBLjective

absorbing material may have its refractive index changed through
Len®o-photon absorption, thereby forming a recording mark RM. 35 In this

case, it is also possible to divide a recording light beam L1 emitted from

one lighttsetirece imottwo beams)dseatiiatdnaand thersamentaigefomark,

position is irradiated with the beams from opposite directions, thereby
theforpsing ¥edording hadrks RNVEDY Hologeaphyt Edrthercaithbligh the abodéng

embodiment showed the case where the recording layer 101 of the
lig@ﬁﬁcgource 10 and the reading light eam L2 do not
always have to have wavelengths of 500 {nm}l and 405 [nm],
respectively, and they may &also have other wavelengths.
In short, what 1is necessary 1is that a recording mark RM
consisting of bubbles should be formed in the vicinity of
a target mark positilion in the recording layer 101.

Further, although the above embodiment showed the
case where a recording mark RM 1s formed three-
dimensiocnally, tThe invention is not limited thereto. For
example, there may be only one virtual mark recording
Lavyer, whereby recording marks RM are formed twc-
dimensionally.

Further, altheough the azghove embodiment showed <the
case where the two-photon absorbing material evaporates
upon two-photon abscrption, thereby forming a recording
mark RM consisting of Dbubbles, the invention 1s not
limited thereto. For example, the two-photon absorbing

material may have 1ts refractive index changed through

two-photen absorption, thereby forming a recording mark RM.
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information recording medium 100 has the shape of a square or a
rectangle about 50 [mm] on a side with a thickness tl of about 0.05 to
about 1.0 [mm], the invention is not limited thereto. The recording layer
101 may have any dimension or have any shape of any dimension, such
as a rectangular parallelepiped. In this case, the thickness t1 in the
direction Z is preferably determined in consideration of the transmittance

In Phhe r‘é%%ré'ingﬂi@hﬁge%'l‘s'bl %?éjs@ﬁbrf%di@g;e"%x?%m 2 816 IP8ing

optical information recording medium 100 ¢an rmed to have a

11 gfliekilike shape .and be drradigied with therecarding ight heambapd s,

the reading light beam L2 while the optical information recording medium

so 1QQ,beingcratatedso that secosding marks KM aresformeddn @i tion  is
concentric or spiral arrangement. For example, in order to achieve a

irreapacitydivetimes larges thareisre: twor tayer BBowitl arstorage capacity:s,
of 50 GB, the recording layer 101 preferably has a thickness of not less

thethainyl 00> 86i[pm] e this €¢bnpectionk th&kghape atthestdystrates 102 and
103 is not limited to a square plate or a rectangular plate. The substrates
mayhaveteny, shapé tsatBuitsihe rebording fayerdOleFartherotied the

material for the substrates 102 and 103 is not limited to glass, and may
casge where the recording layer 101 of the optical

infeormation recording medium 100 has the shape of a sguare
or a rectangle about 50 [mm] on a side with a thickness tl
of about 0.05 to about 1.0 [mmi, the invention is not
limited thereto. The recording layer 101 may have any
dimension o©or have any shape of any dimensicon, such as a
rectangular parallelepiped. In this case, the thickness
ti in the directicn & 1s preferakly determined in
consideration c¢f the transmittance for the recording light
beam Ll and the reading light beam L2, etc.

The optical information recording medium 100 can be
formed to have a disk-like shape, and be irradiated with
the recording light beam L1 and the reading light beam L2
while the optical information reccording medium 100 being
rotated, so that recording marks RM are formed in a
concentric or spiral arrangement. For example, in order
to achieve a capacity five times larger than in a two-
layer BD with a storage capacity of 50 GB, the recording

layer 101 preferably has & thickness of not less than 100
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polycarbonate, for example. In short, what is required for the material is
just to exhibit a reasonably high transmittance for the recording light
beam L1, the reading light beam L2, and the return light beam L3. It is
also possible to dispose a photoreceptor that receives the transmitted
light of the reading light beam L2 in place of the return light beam L3,
thereby detecting the optical modulation of the reading light beam L2
rdepending on the presence of a recording mark RM, so that information is
reproduced based on the optical modulation of the reading light beam L2.

Further, when therecordingrayer o1 dys- fselihasta desitedintensity, the:

substrates 102 and 103 may be omitted from the optical information
andetording nmedium i00: &urther, although thegaboyve embedimeatshowed r
the case where the recording layer 101 as a recording layer forms the
plagptical ifformatios reedrdmgrmeditmvkD0zasyans bptieal frifetmationts the
recording medium, the invention is not limited thereto. The optical
redpfgtiationregérding fiedium B7ahay includéany thee ¥éedrdingdlayerts e
with various structures. Industrial Applicability The invention is applicable

SUlp LG Stical Yaformatidn feddtditgtand feprsdlicitg pparatusiihat may de

rolycarbonate, for example. In short, what 1is reguired
for the material is Just to exhibit a reasonably high
transmittance for the recording light beam LZ; the reading
light beam 12, and the return light beam L3. It 1is also
possible to dispose a rphotoreceptor that receives the
transmitted light of the reading licht beam L2 in place of
the return light beam L3, thereby detecting the optical
modulation of the reading light beam L2 depending on the
presence of a recording mark RM, so that information is
reproduced based on the optical modulation of the reading
light beam LZ. Further, when the zrecording layer 101 by
itself has a desired intensity, the substrates 102 and 103
may be omitted from the optical Infermation recording
medium 100.

Further, although the above embodiment showad the
case where the recording layer 101 as a recording layer
forms the optical information recording medium 100 as an
optical Information recording medium, the invention is not

limited thereto. The optical information reccrding medium .
[
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records mass information including image contents, sound contents, and
the like in an optical information recording medium or like recording
medium, or also reproduces such information. 38 Claims 1. An optical
information recording medium comprising a recording layer, the recording
layer containing a two-photon absorbing material represented by general
formula (1), and allowing a recording mark to be formed therein through
twor bsorption | o] t ecording light. co sed at tk

e ik o oAt recoring. KUK Res CoCIECe. LB ReRa1s

st ruergeneral formula (1). 2. An optical information recording medium
according to claim 1, wherein: in the two-photon absorbing material, the
1-position carbon and the 6-position carbon form spa-hybrid orbitals, and
at least one of R1 to R3 and at least one of R4 to R6 are each a phenyl

Indgreupioria suhstituted pheayl group. 3. An optical information recording
medium according to claim 2, wherein:

The invention is applicable to an optical

information recording and reproducing apparatus that
records mass information inciluding image contents, sound
contents, and the like in an optical information recording
medium or like recording medium, or alsc reproduces such

information.
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39 the two-photon absorbing material exhibits two- photon absorption in
response to a blue-violet light beam. 4. An optical information recording
medium according to claim 2, wherein: the recording layer contains the
two-photon absorbing material by dispersing the two-photon absorbing
material in a binder resin. 5. An optical information recording medium
according to claim 2, wherein: the recording layer contains the
two-photon absorbing material by binding the two-photon absorbing
material to a binder resin. 6. An optical information recording medium
according to claim 2, wherein: the recording layer allows a recording mark
consisting of bubbles to be formed therein. 7. An optical information
recording mediumaseoeding tochaBrZ2wherein: the:-recerding layefedium
allows a plurality of recording marks to be formed therein in the optical
corgxis gliragtian :of e teicogdihgtight and in the direction perpendicular 40
to the optical axis direction, so that the recording marks are arranged
thred-dimensionallyding layer containing a two~photon

abscrbing material represented by general formula (1}, and
allowing a recording mark to be formed therein through
two-photon absorption in response to a recording light

condensed at the time of information recording:

R1 Rz

| |

R2 G (==¢( (==¢( G Rs

R3 Re

...... general formula (1.

2. An optical information recording medium according
to claim 1, wherein:

in the two-photon absorbing material, the l-position
carbon and the 6-position carbon form sp3whybrid orbitals,
and at least one of R; to R; and at least one of R; to Rg

are each a phenyl group or a substituted phenyl group.

3. An optical information recording medium according

to claim 2, wherein:
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8. An optical information recording medium according to claim 2, further
comprising ultraviolet light blocking layers that are formed to sandwich
the recording layer therebetween and do not transmit ultraviolet light. 9. A
two-photon absorbing material comprising a compound represented by
general formula (1), and exhibiting two-photon absorption in response to
light: RiR4 11 R2- C-CSC-C(r)C-C-R5 R3R6 ...... general formula (1).

41l tre two-photon absorbing material exhibits two-

photon abscrption in response to a bklue-violet light beam.

4. An optical information recording medium according
to claim 2, wherein:

the recording layer contains the two-photon
absorbing material by dispersing the two-photon aksorbing

material in a binder resin.

5. An optical information recording medium according
to claim 2, wherein:

the recording laygr contains the ‘two-photon
absorbing material by binding the two-photon absorbing

material to a binder resin.

6. An cptical information recording medium according
to claim 2, wherein:
the recording layer allows a raecording mark

consisting of bubbles to be formed therein.

7. An optical information recording medium according
to claim 2, wherein:

the recording laver allows a plurality of recording
marks to be formed therein in the optical axis direction

of the recording light and in the direction perpendicular
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to the optical axis direction, so that the recording marks

are arranged three-dimensionally.

8. An optical informaticn recording medium according
to claim 2, further comprising ultraviolet light blocking
layers that are formed to sandwich the recording layer

therebetween and do not transmit ultraviolet light.

9. A two-photon absorbing material comprising a
cempound represented Dby general formula (1, and

exhibiting two-photon absorption in response to light:

Ry

|

R4
|
R2 G =¢( C==¢( G Rs
|
R

|

R3

...... general formula (1}.
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