23 Septenber 2004 - 1 - DESCRI PTI ON PROTECTI NG FI LM FQ$ﬁgPTICAL §E$CRDING
MEDI UM AND OPTI CAL RECORDI NG MEDI UM 5 TECHNICAL FI ELD EPE?&B “venti on
relates to a protecting film for optical lrecording to be used in an
optical recording nedium and to an optical recording nediumenploying it.
10 BACKGROUND ART A variety of opticghsrggﬁégbgg medi a that all ow
reproduction and recording to be acc F y light irradiation are
used as optical recording nmedia for 15 recording of different types of
conputer,. audio and V|g§% E@%&%G f £M6§6 bgT bﬂLC%%E%%bI%k§CS rewitable
opti cal nagnetlc di sc I ke, mnute
uneven grooves such as piﬂa iy & AhE8E B, i the recordlng of
data i nformation, tracking servo 20 S|gnals and the I|ke are acconpl i shed
are formed in the data recording |ayer constituting the recording nedi um
The struct ur eIEEEYIELALIESELD optical disc will be explained with reference
to Fig. 1, as an enmbedpfesen®l iavef@AvantedBdlkesopb (aa|prl’o&@@ﬂiin@;g fgei um 25
Fig. 1is an bbreV|at%g cross-.sectional view of a opti cal
recordi ng nedi ﬁﬁlfﬁtéF h&S5PESr gy £° %? Usf niﬁnFP faaiﬁ§Qﬂﬁﬂ5§%
recor di ng nedmedibf,hasdatosenuoptieailn rektbek iagdatea ivec engiloy ingyert .15 i s
formed gn one side of a transparent substrate 11, conprising mnute 30
unevenness such as guide grooves 12 or data pits 13 and a reflective film
14 covering t BACKGROUEDyARFenness, while a protecting film16 for the data

recording layer isp fv%&%@[yoaft %?t@étai' decol-difg wRidiectdneg filigd or
mechani cal durabilit i cal, recording nedium 3:5 10 shown in Fig.

1, a | aser beaﬁi@mdmteﬁnha@dbé@ﬁorééﬁaeﬁge&ewatcﬁoawl&tﬁh@& if¥e 4ighE 17 for
the read pi ckipraldsatibadiadleedsedt ast bptdeiade r@ced@ nk? nydidatfopits 13

15 recording of different types of computer, audio and video

data; for example, in compact discs, rewritable optical
magnetic discs and phase change-type discs, and the like,
minute uneven grooves such as pregrooves or phase pits in
which the recording of data information, tracking servo
20 signals and the like are accomplished are formed in the
" data recording layer constituting the recording medium.
The structure of a read-only optical disc will be
explained with reference to Fig. 1, as an embodiment of a
conventional optical recording medium.
25 Fig. 1 is an abbreviated cross-sectional view of a
common optical recording medium 10 of the prior art. As
shown in Fig. 1, the optical recording medium 10 has a
structure in which a data recording layer 15 is formed on
one side of a transparent substrate 11, comprising minute
30 . unevenness such as guide grooves 12 or data pits 13 and a
reflective fiim 14 covering the minute unevenness, while
a protecting film 16 for the data recording layer is
formed on the outside of the reflective film for
mechanical durability. 1In the optical recording medium
35 10 shown in Fig. 1, a laser beam 18 which has been |
condensed with an objective lens 17 for the read pickup
is irradiated onto the guide groove 12 or data pits 13



23 Septenber 2004 - 2 through the transparent substra for_rTecording
and reading of data. The transparent substrate is usuggﬁﬁ @”ﬁeégéﬁﬁaped

i njection nolded body made of a pol ymer-sach as 5 pol ycarbonate. However,
with the higher data requirenent in recent years there has been a demand
for greater recording data volune in optical recording nedia. As neans of
achi eving thtBrpughashpetnapspposet sebg¢tyatacléaséorheenandingasndo
aperture NA o;egagn@bbgcghgg lens, (2) narrow the track pitch and (3)
shorten the wavel ength of the |rrad|ated light in order to shorten the

m ni num pit | engt hTi8ptFeaFPaFeetr aRRgtRREPal i BAUALAYI Bi faFErsEaPetture

conprising a 1ﬂbaeahbhym@ndbanbaayeﬂadat@fr@cgbmym@rlamenSaalso exist, 15
such as _t he DVD 9§tal Versatile bDisc), and sone of these have been
i mpl emert ed. REI¥RBTBRAASFe, a DVD has a track pitch of about 0.74 m
conpared to the appowrvertekyth. 6hen hbghar daﬁparéqdusemehkuahlyecehe

recordi ng vavgLengtpaLot As20pcDYD:l SofoRanRL-camared Lc2A:Ap ocan

conpact disc & Rumeri cal apert ure i vé Tens Writi
and readi ng ovoduma is opéifel aecntdlngnmaded toASONEaﬂéroﬁ @@hbaﬁtnqlsc

Inan effort tAiteaki AacaBoeR! begborgaoLd! 1e) ”§9b96h5%5tﬁbtﬁuﬁe9igﬂfr

recordi ng density than been attenpted to ap ¥ green to blue
| aser i%ht b?P?EFPﬁérNAsﬁérFBﬁlﬁBJPﬁélV@cé?Hﬁmg(ﬁdvéﬁéﬁ@Wh hg; t¥dckner ease

t he nunerlcablaaﬁrbaae(mg QhokhenOBh@cwavelbﬁaah w&thhen@reaauaeéa hi gher
recordi ng den es . of tic recordin

necessary to EFE EhéR SHAPBRK Phﬁggﬁﬁ?nsFQE %FDFHBmIEéﬁriﬁaaﬁﬁrrPBgFﬁ?éd
onto the dat areecpddhggmbdyer wibhoaghullhelappectitvackense. coAprasiagublt, the

it ft [ h t .
This ha oreaprdalSed 8551 pB0RE0R0 8hka" PROSHILAGS 1k R aTHD) BR1SEL S0,
the |1idt issbrhadeatbd, DVDe(DngetaiaﬁgpaaémﬁesDb§pﬁaténdfépme of

these have been implemented.
As one example, a DVD has a track pitch of about

0.74 pm, cémpared to the approximately 1.6 um for a

compact disc. Usually, the recording wavelength for a
20 . DVD is 650 nm, compared to 780 nm for a compact disc.
The numerical aperture NA of the objective lens for
writing and reading of data is 0.6 for a DVD, compared to
0.5 for a compact disc.
In an effort to realize an optical recording medium
25 with a higher recording density than DVDs, it has been
attempted to apply green to blue laser light by further
shortening the recording wavelength, or to increase the
‘numerical aperture NA of the objective lens.
With increasingly higher recording densities of
30 optical recording media, it is becoming necessary to
further shrink the spot size of the laser beam irradiated
onto the data recording layer through the objective lens.
As a result, the position of the data signal approaches
' the surface of the optical disc. This has created a need
35 to reduce the thickness of the layer on which the light
is irradiated, i.e. the transparent substrate, for
writing and reading of the data on the optical disc.



witing and reading of the data on the optical disc. Zi gegtenber 2004 -- 3
Thi s becones apparent fromthe following relational e % gRISMbST 2004
D(2NA), f > WD (where f is the focal length of the objective lens, Dis
the effective dianeter of the 5 objective lens, NA is the nunerical
aperture of the objective lens and WD is the vertical working distance of

t he obj ectiveThéashecahes, aphereotafreepthei obkprésgedclatkPIMA) 2, the
skem/alloman0@§%§egéggg)3 and the thickness irregularity allowance as

A /(NA4. 10 us, when the nunerical aperture NA of the og'ec | ve_l ens
is set between 0.5£0=8B/WAFRY: nhi ntWPNiviGeTenE pPelBRi BRAAY; %ﬁﬂ 8% that

Ej rnet obj eCL ! ;/ethénté}ﬁgéléﬁivéo%ehgpfipt LY {:{igt befeptiical dliameli-.dk?gfrrgditaum t he
i stance betwegn the |aser begmirradiation surface an ata-
recordi my | ay8PIGFELKE 38??6aﬁﬂlééogg?nﬁuwgﬁFﬁﬁl PPS%thS ?ﬁ{gﬁﬁess of the
transparent suobgecatee ileng. 2nd. Win f.er thd- ver§ichdr woxkiphediFbanfA ef0. 6
t he thickness,, of . aNs At s rage i £hort cNAyr+Bséagt he

t hi ckness of FH% P%gﬁg%éggnggéggétr§?§EV5E§?3%ﬁgﬁgn . or %8 Nﬁpg 0.85 the
thi ckness of ubeAV(RASDAran skhdstaldicwdrsce Gad hiNA Huspdi iéeeasi ng t he
nunerical aperture NA of the objective lens requires a,correspondingly
smal | er transpacknessubsregudarhitykpaddovaneredsr M{N8)mechani cal strength
of the tical 25 cardi Lum.i ' 0 e oportional to
the cubd of the thi&ﬁklﬁés?E%ﬁ%hg}%‘@fggggmg%#&?gﬁ‘oges?@%i bed above
creates a probbderitnvehaendedseasitnhetieent Bi.SkRe$S ohitiee "RARRSZALES:

substrate w tgh%n?&%%%}rﬁ@edn qekinak aPekhuie tNA o sidee ivl aehisvackens
i ncreases 30 detormability of the substrate by the effgcts %i orientation
war pi ng or t h8P¥airprcssy ifkefthehersptadal ecarsd gy i*S% abri cat ed by

i nj ection nol dijagadse BesGeicBednabovweerswelant Hatr ddietdpin calrfacies andopy i s
increagﬁg. 35tkg %%%%rr%%o%éghg Hg§%rp%%m€ﬂg Sééyggfxlégbrding medium,
i.e. the thickness of the transparent substrate, is 1.2
.mm for NA = 0.5, for example. For NA = 0.6_the_thickness
of the tfaﬁsparent substrate is 0.6 mm, for NA = 0.75 the
thickness of the transparent substrate is 0.3 mm and for
20 NA = 0.85 the thickness of the transparent substrate is
0.1 mm; thus, increasing the numerical aperture NA of the
objective lens requires a correspondingly smaller
transparent substrate thickness.
However, the mechanical strength of the optical
25 recording medium is commonly known to be proportional to
| the cube of the thickness, and therefore the situation
described above creates a problem in that decreasing the
thickness of the transparent substrate with increasing
numerical aperture NA of the objective lens increases
30 deformability of the substrate by the effects of
orientation warping or thermal stress when the optical
disc substrate is fabricated by injection molding as
described above, such that the optical anisotropy is
. increased,
35 In order to avoid this problem, a method of
directing light from the protecting film side in Fig. 1



directing light fromthe protecting filmside in Fig. 2

Sept enber 2004 - 4 has been proposed. For the purpose%éﬁePﬁ@wﬁfgégﬁt
invention, a systemin which light is directed fromthe protecting film
side will be referred to as a "filmside- incident type", and a systemin
which light is directed 5 fromthe transparent substrate side shown in Fig.
1 will be rehasrbkdenoprasprastdubsteat e8pdevirresdeft tPBePreFRE fil m

si de-inci dent Lypge i bRe ahggéegﬁslafwhh@h @a@h%cagngl&@b&bau&&oaethe
equi valent to the thi ckness”of 10 the_transp arent substrate i.n

af or enent i oneBrO§aBELAGt E4ilBeSLAGI HéAL P?pée BaEedvER Rfef ¢ ﬁélgbfééﬁlve
lens NA = 0. 8%ncfiaenexagpke, hhﬁ thQEﬂ%&51ﬁfwhheh phiahectisngifriekbtedust be

0.1 mMm The thod f formn r ot ctln fi n.th at rdi ng
Vayer 1y be TORtRGA COFIFBRFERS SopRGote FiAg PoovE ar FigY RbEEY T
spin coating, berraf&etbddtofabaalmansgratEsadspan@nﬁenklme@ﬁto t he data
recordi ng ! ayer by Iﬂa% %fs_lﬁlnsggigeih}éqden@/ E'rpeTh%hEEttt?lq(ék?lfestororP @%ea

phot osetting resin or 't I'n coa I's assoclated with the
probl em of t birokeesd nigr g am.srt. @@ R VR Ieﬁlé‘- &0 &he Shifdnesy @f1 20 mm

while the met *Eﬁ@ %ah%g‘a%hlt”%u%stt&%f&%parneFtthef dedrdmentaymeid an adhesive
| ayer can resu | em of optical anlsotrg§¥ of .t he traQ§parent

fumN&mM%%M%W@%@W@%&W%M%H@“ &2k filFe QRIFETHYE t o
hi gher densifheati @& af o8¢ ,0FrC¥xamgl o,adiedithd dkedissmoteastse t hat a

O e bt R e oy 8! o5l PGS % 'l e den
flln}lnC|dentSU¢hea borotegtt ioas €9, 1nt e [thghtdata recordlng layer may be
a method of forming a photosetting resin or the like by
15 spin coating, or a method of laminating a transparent
film onto the data recording layer by way of an adhesive
layer. The method of forming a photosetting resin or the
1ike by spin coating is assoéiated with the problem of
thickness irregularities with films of approximately 0.1
20 mm, while the method of laminating a transparent film by
way of an adhesive layer can result in the problem of
optical anisotropy of the transparent film.
As mentioned above, an increasing NA of the _
objective lens due to higher densification of the optical
25 recording medium means that a greater proportion of the
light incident to the protecting film is incident at a
slant shifted from the normal to the protecting film,
even in a film-incident type. In most cases, the light
source used in the optical recording medium is a laser
30 and it is known that since the optical pickup system used
therein employs polarized light, the presence of optical
anisotropy in the protecting film constitutes a cause of
noise.
For a transparent film used as the protecting film
. 35 . in a film side-incident type, since it is usually
advantageous from the standpoint of moldability, it has
been proposed to use a polycarbonate having polycondensed



source used in the optical recording nediumis a | aser g known
that since the optical pickup systemused therein enp? g@ t?F?é@% i ght,
t he presence of optical anisotropy in the protecting f|In1const|tutes a
cause of noise. For a transparent filmused as the protecting film 35 in

a filmside-incident type, since it is usualbg dv anigg ous_fromthe
st andpoi nt ofulvbtela®f | FPPeFFikhky Hehl PRI & 20D ol JERT HOTAE e

haVlrng0|%Coﬁé§D§e@om osed2§f8@ptn@@mmp2@@@1c Bolyes. of commercially

avai | abl e bi sphenol A or norbornene OIP93 askic

pol ymer. However, %%%%%ﬁffOﬁ%TY?ntf%%a§§¥fC§P ?gg g% gn£$8£?§g§p§%tectlng
filmhas not bﬁ@npﬁﬁﬂécﬂeﬁ@dfinmth&s5n0ptbeam cenaadengdned|Uhe|n a film

si de-incident t

wh h ' ¢ t Wo-
di nensi dnal dﬁ?%gﬁ?laﬁ?ggf gﬁ% ﬁ??ﬁ ?ﬁegefg%@05$Hggiﬁglé%ﬁ%%?%gg f??n1has
been deal t mnéhenThhepresehas baean@onSLdenedze@nlﬁoﬁb9e WOrhat when it is
attempted to d0LHLEBARL) ! BGERASE aH§s6€£e§glwgtHQHSthg blags ept taal

recording medrumo e-inci dent g hn0| dent &Pgle of Iight
is greater anﬁrpﬁécéﬁﬂgcﬁﬁlmahﬁ§oP?@Bydﬁé BibBl enTA&t PERPG™i t hi n t he

pl ane of the @ﬂeéﬁebkagréahmhba§ Bbﬁ@véﬂ t brati Whenhhiekdesattempteidono 15-
of the protectln d tha ghn et sghbl Qgheduce the
opti calt%ni sofhs 9eﬁn9HFﬁePﬁ8 tB?aﬁ@°8F | 80ﬂ98ﬁ&|8naﬁ protgc g film it
is difficult ré@oradugeméhﬁumpbfcalfammseudepyncndené tivpsrt hekness
Japanese  Uned Bt REQ-PAPARE PAOTLRL: of PRORST) BLD G- 05240001 here
are gener al | yadi.sotoseg msnabprebﬂemgaﬁt @ﬂﬂﬁrﬁéﬁ@ln the plane of
protecting f£ilm but also in the film thickness direction
15 of the protecting film, and found that while it is
possible to reduce the optical anisotropy within the
plane of a conventional protecting film, it is difficult
to reduce the pptiéai anisotropy in the film thickness
direction of the protecting film.
20 In Japanese Patent No. 2774114 and Japanese
Unexamined Patent Publication (Kokai) SHO No. 62-240301
there are generally disclosed non-birefringent materials
which are composed of a mixture of a polymer with
positive birefringence and a polymer with negative
25 birefringence or a copolymer formed from a monomer that
can form a homopolymer with positive birefringence and a
monomer that can form a homopolymer with negative
birefringence. These non-birefringent materials,
however, are not designed based on research of
30 birefringence of a protecting film for qptical recording
media as according to the present invention, and only
two-dimensional birefringence is considered while three-
dimensional birefringence is not considered.
Also, Japanese Unexamined Patent Publication (Kokai)
35 HEI No. 2-304741 discloses injection molding of a
polycarbonate resin derived from a
bis (hydroxyphenyl)fluorene compound, for use as the



whi ch are conposed of '‘a m xture of a polyner with posiitz've birefringence
and a polyner with negative 25 birefringence or a copo %%Ptefr@reﬁ%@ rom a
nononer that can form a honopol yner with positive birefringence and a
nmononer that can form a honopol ynmer with negative birefringence.
These-non-birefringent materials, howefer, are not designed based on
research of 30 birefringence of a protecting filmfor optical recording

s . of aprotecting fil cal recordi
oirofr1 ngoneett LP8ohEr ol B RAe 2 ER T WeRSBral OB VER | HOBRGES | o ot

consi der edot Alisei gdapanesed Upexassagdcabent Publtbeathgns{ Kakab) ag' 5 HEl
No. 2-304741 discloses injection nolding of a polycarbonate resin derived
froma bPEFRGEt oXGPPERYTY FREGHER AT APRFAY NG o0 Usee Rre3rND3 Sept enber

2004 - 6 shbshrabe, forhqan;QpLi gl s Legording QFQE?HE—iP$§H§ﬁt Lpbg is not
desi gned based on research as a protecting ]fl mfor an optrcaf recording
medi um ascpteoa di ngcopdihg pedsent ihveénesonetandksi hokoi dcesuat

substrateside-inci dent t% . OGFP cal recordi ng nmedium. iﬁ does not._ take
"nto accobtooTRFRETar RRTEI BHAT: BT ST rerto Hien ropy=n vt ch TR obl em
of protecséfngrdétesBihor filhe sbderingi deat-iypedont i egbe &ECQFLI ng nedi a.

In light of these problens of the prior art, it is an object of the
present | FSEPEIHRO tePbkdVi de a protecting film for an optical recording

medi um whi ch i g, syj | §rasn @0 9PLLE reeordin [ profecti film
with | ow opti caﬁ1 a l?ﬂgot ropy n%tlgon y&bmstﬁ?nEE%elgf) ageé%%' tﬁ% %%o ecting
film butolajsctiofthieethrekaessinvercioontof ptbeige o eptotegcetihan £iknd

ticulagly which b i ed for .short - th | .
SOMARY TR ofib SPGB TV G proR aEeEdn Gt Feal T ecor di ng

medi um prepects NOré&d AYCRGr BEH Blih Z8Ho DY cPEh §IF 81 m Sk gh €1 4w anspyant film
made of a thernoplastic resin, havi ng a glass transition tenperature of
120C or hyHEPLERRY £Qfat@ry within the plane of the protecting film

but also in the thickness direction of the protecting film,
and particularly which can be applied even for short-

wavelength lasers.

SUMMARY

In one aspect, the present invention provides an optical
recording medium protecting film characterized by being a
single transparent film made of a thermoplastic resin, having
a glass transition temperature of 120°C or higher and a water
absorption of no greater than 1 wt$%, and having a retardation
at a wavelength of 550 nm that satisfies both of the
following inegualities (1) and (2).

IR{(550) | = 15 nm (1)

[K{550) | £ 40 nm (2}
where R(550) is the in-plane retardation of the transparent
film at a wavelength of 550 nm and K(550) is the wvalue
calculated by K = [n; - (ny + ny)/2] x d (where n,, ny, and n,

are the three-dimensional refractive indexes of the transparent



absorption of no greater than 1 w% and having a retaggation, at _a

wavel ength of 550 nmthat satisfies both of the folloméggePﬁgﬁﬁéé991es (1)
and (2). IR(550) 115 nm(1) IK(550) 140 nm(2) where R(550) is the in-plane
retardation of the transparent filmat_a wavel ength of 550 nm and K(550)
is the value calculated by K= [nl - % =+ ny) /2] x d (where nx, ny and
nz are the three-dinensional refractive indexes of the transparent 23
Sept enber £20Q4in 68e kLhmikN {hexXsaxha, 7-¥x@xi §;1208:75A%i s directions,
respectively, and d is the thickness of the transparent film for the

t ranspar ef€sSPeFhiBeln, warved| @righ thef BB kamss| wfatbeheraaspecentt e lp) esent

i nvention oyi.de pcal.recording_nediu har.a rized by having a
dat a rec5§5i§§g|§§§ﬁs %ggggp%% %C?ﬁn% g?Vﬁ?%ﬂgbﬁsﬁgsgégt%mmherein |i ght

i s incident from &hetseédeadpesn) delps opesidmy fhvenersh SabEidqeodtacting film
is a single transparent filmmnmade of a thernoplastic resin, having

ret ar dat | BRtAF24 gﬁQ@F@h@EhmﬁFllUESEhﬁﬁ?FH%l%ﬂi kyi B3vhpghaoflathe f ol | owi ng

i nequal i ti-g8okdlngadyke) and 9'B§§t&5@2§gtE?Tmt8HE§E§E%§@i§Ee%§Q%%§£?higher

and a water absorption of no greater t 1 W%

] K(550) | xighd hen {1291iddrt ef RB5D)e i sidhef rsaildampe atetcaridat ifurimofartiche
transparent. filmat, a wayel ength_of ,550 nm and K(550) _is the val ue
calculate§5%§ R?gkfﬁFlgg(ﬁ}hm g§)a/§Tn§98 E%ﬁ%?@aﬁﬁ?tngli%dmﬁQe at e?t he
t hree- di rensinoplasef cagtive, i nadexes Hétdheatidanspar entydlidn@inn oiche

X-axis, y-axis and z-axis directions, respectively, and d_is the thickness
of the tranSpaPehfat jatsfies Ratd fakdsarfedt oming dneguadvdliesgt(R)of 550

nm DI SCLOSYRE, OF Jfﬁléé\yE&\g&%\ﬁﬁbﬂ h@erg%a;@%% getpld€d reseanch on

pol ymer structures, and especially on S having a main chain wth
an aromat #gdod whtphatbsorpniporsteiictarer eest amttdrdralls wiexhi bi ti ng excel | ent
heat resistance_and water absorption, wth the aig1of devel opi ng an

optical recordilR§ORBUI gmiS> nm
|K(550) | < 40 nm (2)
where R(SSO) is the in-plane retardation of the transparent
film at a wavelength of 550 nm and K{(550) is the value
calculated by K = [n; - (ny + ny)/2] x d {(where n,, n, and n,
are the three-dimensional refractive indexes of the
transparent film in the x-axis, y-axis and z-axis directions,

respectively, and d is the thickness of the transparent

films) for the transparent film at a wavelength of 550 nm.

DISCLOSURE OF THE INVENTION

In the course of detailed research on polymer
structures, and especially on polymers having a main chain
with an aromatic or aliphatic ring structure as materials
exhibiting excellent heat resistance and water absorption,
with the aim of developing an optical recording medium
protecting film that can solve the aforementioned problems,
it was found that a transparent film consisting of a single

layer of a thermoplastic resin and having necessary



protecting filmthat can solve the aforenentioned prob] A s found
that a transparent filmconsisting of a single |ayer gfggpFHEPﬁ§@thtic

resin and havi ng necessary 23 Septenber 2004 - 6b properties such as heat
resi stance together with a specific wayelength dispersion can be suitably
used as an optical recording nediunfbﬁgiébting filmfor an optica
recording device. The transparent filmis conposed of a thernoplastic
resin andpbBeLetoce BASHhLENLBANPGRAGLILANd L RERAUC! lven ¥i 8hdci FiE
optical recording nmediumprotecting filmof th i nvention mist have a

gl ass tramsveilengtbnpéspetusionfcd20e sunihalghgr uand aswaheppahbseipti on of
no greater than.l wt%.,. Protecting fil Wi _t hout such ysi cal property

val ues cﬁﬁﬁ8fgbggppﬁgﬁP8aPF? ﬁgggngsngFﬁégF'FQc6fﬁi q2§€§§ﬁF§ﬁﬁ£r 2004
-- 7 nediugipeot e@'hbnﬂrfah_lspﬁreﬁ% FBMii 9BedoRBoYsd bEaaSPREERbpIALHB: Used
as protecting filns for filmside-incident type optical recording nedia
shoul d ha¥&sLBw2Bgt FRarefare otadpylah hangsmngidy and.sibaeduchévpr oporti on
of Iight &ngggnt at a slant to the protecting filmrises as the NA of the
objective lens increases as expl ai ned above, |ow three- dinensional
refractive i ndékeanpsbtadpyecsriiafiemedduas protklctifle ftilreefdithensi onal
refractive i ndex aniso%rgp& 10 cin be expressed in terns of R(55%%rand
K(550), buPVRRICEE™ THSthé2dgsé Gf-afdstt réedited™ r&mmsadstise dfediaf ©
transparegt hibhABri knbsap@askk! 8bterpeabhzerancagsebute tuahug @ksl0 nmor
less for R(550), it is difficult in terms of production to achieve an
absol ut e Vaptiecsingofadnsswathoass stigh REYSO)CalFmropeiy &alfudars

fabricate spl.ut.i t.fi f.ormat i I |t extrusion from
polycarbogg é?thgéihéggéﬁggé%&éﬁgéﬁ &%?f@ggf%€b2%§¥55§f¥& avai l abl e

bi sphenol A can achieve an R(550) of 10 nmor |less, but an R(550) with an
absolute value of 50 nmor 20 less is difficult. Wien R(550) is
nevert hel ess reduced,



probl ens occur such as irregularities generated in the_.filmsurf or
drastical ly hanpered productivity, and thus it has beg%S@RFW§ﬁ§P§8
difficult to actually obtain transparenat7filns with small absol ute val ues
for R(550) 25 and K(550). Considering the definition of K(550), a large
K(550) is resulted fromthat the refractive index in the film thickness
di recti on di fRedsuBonspHeshbng fidMPthe refractive index in the in-plane

direction, and thlﬁslﬁaeﬁgleﬁéaaabweduerhﬁsba%ehltowlqrnlse%%l Qg during melt
shapi ng of the film or _the Iom1or|entat|on urlng evaporation_ of the
I

sol vent |nnedPéPEF?téPEeFléﬁ§t?ﬁ5 fhiPn8ldgsénefded ﬁf?@noééépaﬂllm
formati on, anﬂe&bediﬁgtméaah bheuﬂalﬁhvaU$bwbap@&baucaﬁdsbarabynlnahe

wrinkles, etc. i1 m 35 during_the ubse e ryi.n However,
there 1 a° | BAFPiFBTehe BbOreethP PEHRGERORT Aot RASKEYARCASPRE: 2Caf  be
achi eved by nstlafyi g thesgrbtbntﬂngnfmgmsrgﬁes asdtB8 Sapvéntbee 2004
pr obl ems OCCUBbié'gg'? RE S‘:H}:%ab@ agqi g%?@ggﬁéﬁe LhoREeOPSLL) @R pUCh as
surface flatnes I'm nati ng I'’ckness |rregular|t|es and
opti cal |rre@mman5@p@§l éefpﬁ@blﬁﬁsléﬁedragﬂﬁéﬁrp?Yrééu@é&fsrﬁﬁddéét|V|ty

Cbnsequent|y,wéyﬂdanﬁﬁéakhEéQ“@Eh@HsthhEer5€§5@£19E 1ﬂdb&a%%9%6%&bp ilm
requires research into the palynmer structu cul arg e 5@é)lymer
(

with al®ructGfe §|9FH58§§P9 éﬁaFPrWQIGésRﬁéﬁoﬁoPﬁdR§$§§P)an ®has
10 been desired. thbBecapti 6al ma@rcs@tﬁawddea@ﬁ;mbpclaalwwemainexpr essed in

terns of the [etardatio t .the retardation cgn, .gener
expressed in 5?HEP8FePEe éﬂbﬁe g lﬁeppss*ﬁé %ﬁnggléﬁefSPnﬁﬁﬁoﬁgg
retardati on Rtakupresseéd nm oiSleeesntoaf RiB60anglie disddi€tfdcdditi dn R2 in nm

units is Rl(%ﬁrmggg%n££$éP§t§gg %@hggﬁlevhia%h%b%%ﬁﬁEgakkﬁﬁe Eﬁaﬁﬁrhﬁg

wavel engt h) e retard rotectin
opt|caﬂfiecorﬁrnéeﬁﬁdf9ﬁ1Kdﬁﬁ@dtlyFaﬁféﬁﬁ@Pé@haﬁﬂiﬁﬁléﬁb@ﬁcﬁﬁ@dréadlng

light beam 2807h8LohScakbeRilR rbemabiB%S o fRNE! @Rkrvidliva Wirldh respect
polycarbonates having polycondensed units of commercially
évailable bisphenol A can achieve an R(550) of 10 nm or
less, but an R(550) with an absolute value of 50 nm or
20 less is difficult. When R(550) is nevertheless reduced,

- problems occur such as irregularities generated in the
film surface or drastically hampered productivity, and
thus it has been extremely difficult to actually obtain
transparent films with small absolute values for R(550)

25 and K(550). .

Considering the definition of K(550), a large K(550)
is resulted from that the refractive index in the film
thickness direction differs considerably from the
refractive index in the in-plane direction, and this is

30 primarily due to the flow orientation during melt shaping
of the film, or the flow orientation during evaporation
of the solvent immediately after casting in the case of
solution cast film formation, and the fact that the film
must be stretchednto eliminate wrinkles, etc. in the film

35 during the subsequent drying step. However, there is a
limit to the degree of reduction in the K value that can
be achieved by modifying these film forming steps, and



to the retardati on neasuring wavel ength used, Rl incr es tgmargbihe
short wavel ength end. Because | aser beam wavel engt hs A
progressively shorter due to recent demagds for higher density recording,
the 25 retardation as R2 is preferably snmaller with shorter wavel engths.
However, for all ordinary transparent filnms made of polynmer materials, R2
gener al I y i nchEadbdemd iecughenicdr asadelfdiguisy smd awdh fevlimghas hexi st ed with

the  above depibsd:RORCES JLORTRRLANAN GEes! LA agls S0 resi st ance

and noi sture resistance an with ract use. Incrdentally,
retardation mﬁﬂpmﬂéatéﬁﬁréséédtmﬁchﬂﬁﬁﬁlﬂsr@mmd@ghdu@StW@dpm&ﬂamal

SpeCIflcatlonle&besathQwarS%rS@%eb&b%Q ther%@Q&%awqwe&%%%h@ | aser for
t he purgﬁae of t 35 .present invention is a laser that emts Ilght of a

shorter havel Ef Hcﬁﬁﬁﬁtﬁbout 780 nm whi ch has been conventionally used

for CDs and the ||Kenseqmbn&iyﬁ5@un33m8@&h&ﬁb%6ua@l%n-1% e @r(5400
The present gvegghgg ?% €€1,Co leted as a . re uIt of . diligent research
cal

toward providing an recor %éeﬁeﬁﬁﬁﬁﬁﬁF °h§hPI3% i 1 ow
optical 5 anr§@Ku6pyrwh|@ndlsasmnCa&belwoa plod ypreat edttihng fsidmmedfirean

optical recor di;pg nEediy m&%mhk,%&ub% 200 BOAR & (s20) O k ‘6‘3' gagth

| asers, by drscoverrn hat special selection o ter
con5|déﬂhtlonbéﬁntﬁ6515ﬁ§duct|on conditions of the filmif necessary,

all ows 10 prOdUCt'QﬂeOBp%&c%Etb%%%o%%%%&dH@%cgﬁ%bﬁnbﬂkﬂ%ﬁ%%EHQX? roBsed
satisfying the condltlons a suitable ass transition ature and

wat er absor pt -8n*5EMg Bﬁo?gétFﬁﬁaFﬁPﬁﬂpér(nﬁﬁvrééﬁ F@@oﬁﬁQ%gdﬁédP§ L
havi ng sufflCgenEkﬁlHQWbbhe&gm@BﬁEHSu@n%brﬁﬁtbEaEh%nb&@ﬁkoﬁﬁ,w%ﬂd that the

15 protecti | mhas. th d_ desired
opt cal pr opePIFCECHESE AP0 CEETRGe AP FOr A O aEXEREsaEn. 0y pe

opti cally ecor demgsnedi tiret angdeakbhd meghedadensi RZ recamdiumng tishds with a
substrate5|deRthldentREy%m)/ nd C%EOthBngri ggnEBIbgg%ardation :

measuring wavelength). The value of the retardation R1
of a préteéting film for an optical recording medium
directly affects polarization of the reading light beam.

20 That is, when R2. is always a constant value with respect
to the retardation measuring wavelength used, RI
increases toward the short wavelength end. Because laser
beam wavelengths are becoming progressively shorter due
to recent demands for higher density recording, the

25 retardation as R2 is preferably smaller with shorter
wavelengths. However, for all ordinary transparent films
made of polymer materials, R2 generally increases with
shorter wavelengths, and no film has existed with the
above desired properties together with excellent heat

30  resistance and moisture resistance that can withstand
practical use. Incidentally, retardation will be
-expressed in nm units throughout the present
specification unless otherwise specified. S

] The short wavelength laser for the purpose of the

35 present invention is a laser that emits light of a
shorter wavelength than about 780 nm which has been
conventionally used for CDs and the like, such as 650,



20 in a major way to the feasibility of filn1side-in0|g§ pe opti cal
recording media. The prior art has included attenpts t ﬁ@@@ er 2004

bi refringence by m xi ng or conpoundi ng cogponents with positive and
negative refractive index anisotropy, but 25 since the main purpose of this
has been to reduce the two-dinensional birefringence, even in cases where
the three- diﬁ@@s@nnﬁOObhmefringence has been considered, it has not been

P Ped for oo Ene rLOEEE- CAVERSLOR o b@é&%f&&ﬂﬁﬂgeeataghs bLghLevel

required for optica recordin as according to
the present ¢ﬁv@hll@ﬂntAce©¢dr©@ tovahe Pﬁvéhdlbﬁ PR emticadund t hat by

mi xing or conpounghigq CH@EQ@ﬁnﬁfowéé91n§pgglﬁl@leﬁsnéwvspemeamegatIve
refractive index ani3otropy accord gr|n0| descri bed bel ow, 35

and noré pref%@h%@?r%BYn@hb¢%e¥%c§%6t%6%%|ﬁﬁ?l heoprotpetinfctihBnrtal

conponents, i&ni§ 99§§1b£@cé@diﬂ@|mé@lumOMhathecﬁlﬂgnappmababnéefbrngence
ani sotropy of suc%

I
recor di ng ned?%ﬂ¥5r%?%%}?ﬁg P??ﬁ?r%ndb¥héfs?ﬂggﬁ?ﬁgegb?ﬁgSggFﬂgﬁICa
preferred propeettisndesi tihd hatefialyeifii tomsiderahdiodenf tiipe optical

recording ”Eﬁ¢yga@é918§ éggdi#%gﬁs éfTb  £i DR 99thgagsgsfgrdamgoasd'un*

protecting fiTm provi resen |nvent|on tin
consi stlilng ofPQO@M@QientOénspaophlcailneﬁanélbg aed@h@rpﬁptagtn@gréslm

having a 9'aSéa%iQ@?iﬁgthetSﬁﬂﬁiéiHHE 8t ézgﬁieébﬂbgBﬁﬁséngranéﬁkﬁbn

absorption of 10 no ater Y- and having a fetardatign_at _a
wavel engt h of t&BpeR ?Hﬁta%étWéF?ésa%ﬁPHPBFOPhésfBIPERFﬁStlpﬁeG&émlFPés (1)

and (2). (R(559&ic5115e66rdiﬂ® m565505hd5h461ﬂg1éaffialénheye18@550) is the
i n-pl ane retardatlo iran par g1at mavehengt@st f 550 nm and
K(550) is theD 5%?u€l%ﬁpﬁﬁ?ﬁ? d°B§ H}so ERPY 4+ 8RY) FBP “{where nx,

ny and 15z ar eptbeethieg- ﬂmmnnhasnaheraécessarg phgexeal properties and
‘ desired optical properties as a protecting film for a
film side-incident type optical recording medium to
enable higher density recording than with a
substrateside-incident type, and can therefore contribute
20 ~in a major way to the feasibility of film side-incident
type optical recordlng media.

The prior art has included attempts to reduce
birefringence by mixing or compounding components with
positive and negative refractive index anisotropy, but

25 since the main purpose of this has been to reduce the
two-dimensional birefringence, even in cases where the
three-dimensional birefringence has been considered, it
has not been poSsible to realize low three-dimensional
birefringence at the high level required for optical

30 recording medium protecting films, as according to the
present invention. According to the invention it was
found that by mixing or compounding components with
specific positive and negative refractive index
anisotropy according to the principle described below,

35 and more preferably using a selected combination of

| specific chemical components, it is possible to realize
low three-dimensional birefringence anisotropy of such a



of the transparent filmin the x-axis, y-axis and z-axié 20 directions,
respectively,-and d is the thickness of the transparef®SePiember gp0 {he
transparent filmat a wavelength of 5530 yyn) The optical recording nedi um
protecting filmof the inventionis in the follow ng. manner significant
for 25 optical recording nmedia. Specifically, in a substrateside-incident
type, |ight BAghtédveloint he S@mﬁcaﬂdmetordﬁageme@ﬁu@h@nmﬁﬂaﬁﬂng pi ckup is
usually emtt hr h s_af i.n r cularly

pol ari zed i gg?l}" gs t?llea I letgl{%egg %%%ﬁgﬁﬁegé a%\régsc%&% d;ne of the
recor di ng nmedbuppestiest desiredt Keropuiaake éﬁémﬁld@:rtlﬂméiemtr dgotfieon of

propagation ignaktened by aing flidef Dealeshlind! ¢riigis. the Iike before
entering the optlcal detector. design is such that, due to the

pol ari zed beam spl FVEr @eoPPftHé‘falll EECOrHANG R tFaPHofeFddy fdfimect ed _

by the data p%eria@ag b§'Uthh@C‘§>r@@@$1thhanﬂE:liblﬂ 1 tah@wﬂegmaig I'F 123,
Sept enber 2004 onduct or. | aser ol ari zed beam

he
has been al teF8835§t§8ﬁe alt N9 rté‘f"ﬁ?tsﬁé‘rteé]\{"t ﬁé‘l“‘s&ﬁdlceo cﬁ or |aser.
This beamis ithiaemb@dal's&la:s riggd n ,r dlavtingbeaml azsd ta:iauimu:g}msever al factors

are 5 responsi. er that %%f)ol&eo Iﬂtll ?‘g%d an%[thgqa %krr %&éorl%q{}_c% ofs the

substrat e. ThIS S escrl exa
Technolldpgy" (pp. §6erSer ¢@@m|duma&hyapd7®avm@@i@ thﬁﬁﬂﬁﬂmﬁﬂlaﬁuacwo The

fol owing rel gLi,@Ash h' %fk'%%‘ﬁf” i t‘??é‘tStsal%@s‘ﬁ% tﬂ&ﬁhl%@'ﬁlfé‘ NGRS A
(deg.) of the substr he return light I. I asin 2 (A'2) The return

beamis prefe%&ﬁﬁyaréﬁﬁééd ﬂd &0 di2dum  since it is a cause of noise. 15
In a filmside-inciyg %%Ot pe ihggprotecting film cory sponds optically to
the substrate in al e(ubst?l[at esi deml nci dent type, and th?ref ore the
birefringence of th&(gsothgctd 2@ hid m nust be reduced. (2)

15 (where R(550) is the in-plane retardation of the
transparent film at wavelengths of 550 nm and X(550) is
the value calculated by X = {n, - (n, + n,}/2] x d {where
n,, hy and n, are the three-dimensional refractive indexes
of the transparent film in the x-axis, y-axis and z-axis

20 directions, respectively, -and d is the thickness of the
transparent film} for the transparent film at a
wavelength of 550 nm.)

The optical recording medium protecting film of the
invention is in the following manner significant for

25 optical recording media.

Specifically, in a substrateside-incident type,
light emitted from the semiconductor laser of the optical
pickup is usually emitted through the lens after being
converted to circularly polarized light, and is reflected

30 on the data recording plane of the recording medium to
return to the optical pickup, but the direction of
propagation is altered by a polarized beam splitter or
the like before entering the optical detector. The

i design is such that, due to the polarized beam splitter

35 or the like, thé light that has beeﬂ reflected by the

data recording surface does not return to the originating



For exanple, assumng that light with a wavel ength of 0.n ering a
protecting filmwth a thickness of 75 m enters at anﬁgg@PéﬂﬂFgéﬁﬁie of 40
with respect to the normal direction as 01 then the relationship between
the maxi mumretardation and the values of R and K, which changes until
the light exits the protecting film is as 25 shown in the follow ng table.
Cal cul ati on 4Gemciademctay lesiadent FowaysieR Wieh Kig o yatigaththemmn

retardation (mas (ARG Ja1lradB 1l sbrel akdQ28, 125 b thidms X223 3
425-2028. 725.8 Cal culation Exanple 1 is assuned to be according to 30 the

i nvention, andYHEYERA leFett- 4ThifkciRfAE e S FHRIF DT &S tHEh that of
Cal cul ation ExaRIres beah, ldhdI1epiriPele i -faZodstamd ity 40 incident

| ight alone is not always. present alone, but sjnce,the of the lens
tends to®be | FAFRONSHRIE ARG ets‘arteé‘lﬁydﬁ??g.m%iﬂ’i‘iﬂﬁ%ejr%ia% the trend is on

aver age towar ®iarefimnareasiagi nticdenitbsangite of Thihtid dederilmed t hitor
protecting fil I ch Jngrease. _gen | I er tardation
change of the %@ﬁg}p et lnpo e isbzoecg( b?e?ml%/a'tl iiﬁeﬁ%?%%%? or&éﬁ’t&fr gﬁt’
control the tofrds-adileersi andl3 r dfadict Gl UriePWilidetpnrectThy film
especi al 1y in @ ifidBriy desi NG AR RE WRINY Go 1k i S ISeleed NEnK val ue
reflects the optical anisotropy in” the direction of the protecting film

t hi cknes® and hitrefsringryore ant(dey rleducetlia  suhrtoate sard cbhe fyepirn

Cal cul ation ?%ggcl El_e4, the K value alone is not sufficient, as the R

val ue nust al so 1 ow a certain range. As explained 15 in the

af orenmenti oned " Opti cal sfhsqAVeghnol ogy", a correl ation exists between the

optical anisotropy ) : . :
The return beam is preferably reduced to a minimum,

since it is a cause of noise.

15 In a film side-incident type, the protecting film
corresponds optically to the substrate in a
substrateside~incident type, and therefore the
birefringence of the protecting film must be reduced.

For example, assuming that light with a wavelength of 400

20 " nm entering a protecting'film with a thickness of 75 um
enters at an incident angle of 40° with respect to the
normal direction as 0°, then the relationship between the
maximum retardation and the values of R and K, which
changes until the light exits the protecting film, is as

25 shown in the following table.

Calculation { R (nm) K (nm) | 40° incident [40° incident
example retardation | retardation

(nm) (deg.)

1 5 -20 8.6 7.7

2 10 -100 28.1 25.3

3 15 -50 " | 25.9 23.3

4 25 -20 28.7 25.8

‘ Calculation Example 1 is assumed to be according to
30 the invention, and the retardation at 40° incidence is
much smaller than that of Calculation Examples 2-4. In



represented by the K and R values of the protecting fi apd th I se
during witing and reading, with a |larger optical ani?§k$B%V“F%§8§%t to
result in greater noise. 20 Because of —etardati on wavel ength di spersion in
the protecting film the retardation al so depends on the wavel ength of
the | aser bean1fro .the opti cal pickup ~used, but in |light of recent trends
in the devel opffeHEld Fysﬁgrtlﬁﬁ%@?@ﬁgghggénF&SHGUéFoPOFaééW§ysd§Wﬁé@§tMAth a

25 wavelengthambnabouut499n650tﬁamaAeo@xaﬁét@dn%Otb@dm del ye Q%%@ekn the
future, and theégfore for the Fresent n%eat on it %gs consi der éd

appropri ate t 8-§8f PRE2FEL AFFY 96H90Pegﬁ8 GR&LEYng A ARPCh 18 @Rt of 550
nm whi ch i avarageekengt an therguddhe thhheatrangee bff 3QghR(550)1 s

15 nma I K( 4 en.the Le urn ue tao optical .ani sotropy
of the oot ectlg i MPnehE PebEERELAF) oM Drn EA RHE R g BhaRTatdY by
opti cal an|sé?ﬁdpytgfatbeepterecetﬁgdﬁthqnlsheggenptath¢ imedldiegitbl e. 35

As mentioned gBoXe; ;bReLaRh Ca&trgg%ﬂbgafg@g' 4HboREANEC NG ol B0 phe

i nvention can exhibit sp ecif si ca roperty val ues si red
three 23 Sept ERbBE- Q@MnSl%aldFﬁéﬁéPBhHE Féfiﬁéfcpivé ien@é’k)t&ﬁté@lgr opy,

gl ass transitiEgnm,t especabule andavatien abgerphicaachy RypROS@fidly sel ection
of thelﬁfeCIth natﬁ |aI nd con |dera%éon of bewpﬁrodu tion cgpdlthns of
the fil M depen8fA§ ﬁegdva PN TEELEFESNE i GEECEY e

i nvention. Thehepdefectédnphysthalppbﬁpettngvﬁh&msthubkn@ew b@ddu&cdssed

0 greater debablycAGEOLd! PAahBl e TOENLEOR, Hhe Cetaratian b,y

protecting fi a wavel en nmsSa est
i nequal i ti es EIpmpphd é2)thahK|eahueeabpeéeaabhpt Suﬁélﬁeﬁa¢daaﬁomh@tR

wavel engt hs of,43@ ﬂﬂb@nglgéobg”bé?&hsgycéé%aﬁher%ﬁbbomn@% b@iﬁ%ﬁheﬁ'es (3)

and (4), (B) .the follow ng inequa or, C% | ow n
i nequalli® y (4}n EBQREQBH?mPnF&QBE? OEtGS?l Disc Technology", e
correlation exists between the optical anisotropy

represented by the XK and R values of the protecting film
and the noise during writing and reading, with a larger
optical anisotropy thought to result in greater noise.

20 Because of retardation wavelength dlsper81on in the
protectlng film, the retardation also depends on the
wavelength of the laser beam from the optical pickup
used, but in light of recent trends in the development of-
short-wavelength semiconductor lasers, devices with a

25 wavelength of about 400-650 nm are expected to be widely
used in the future, and therefore for the present
invention it was considered appropriate to define
retardation of the protecting film with light of 550 nm,
which is a wavelength in the middle of this range. If

30 |R(550)] = 15 nm and |K(550)| = 40 nm, then the return

beam due to optical anisotropy of the protecting film is
essentially 0, and thus noise generation by optical
anisotropy of the protecting film is essentially
, negligible.
35 As mentioned above, the optical recording medium
protecting film of the invention can exhibit specific
physical property values for the desired three-



K(450) / K(550) <1 (4) (where R(450) and R(550) are the in-plane
retardation of the transparent film at wavel engths of 2356piembend0®50 nm
respectively, and K(450) and K(550) are-th® wvalues 20 calculated by K = [nz
- (n, + ny)/2] x d {where nx, ny and n, are the three-di nensional
refractive indexes of the transparent filmin the x-axis, y-axis and
z-axis direcfiBRESIPBEpeLiVarfivandnders aPRE R CPne$E 86 fti@nsition

transparent fibfibebatutrBeahtagapaiedbsbirb®iah ay2putgerleandt kedfect5@nnm and
550 nmrespectively.) he optical .anisotro of an optical recording

I f .t p I py.
medi um pr ot ecPEn§hPi PREFLELEWNERER LPde GRS FOPSTICTRERE AE2)t0& e sati sfi ed,
and if the repabdatiabnotoadiepbneabf reeordilng depainghngy elreathengiddd m

suitable for use_in an_30 optical .recordin di usi shart - wavel engt h
Caser 1 ght L8 SRAPESPTRPT HiERorlE FERErEndtn S thart VT Hequdl | tes (3)
and/ or (4) arprséeirskideghy$heapr preopeirny ialmesf wild inmredtd ciigmnefs@dabl y
has a snalIegnr§%g5q§giggtggl[he transparent filmwth 35 shorter

wavel ength in a measuring wavel ength range of 380-550 nm but froma nore
practical standpoi AEcorHangr épatdgt isvestiche tthendpddatatriqmed the

wavel engt hs OFréﬁgc%ﬁnéeEEme%E_%OQéyeléﬁg&i!aﬁ 550 idMiid 5@ NrBhe
satlsilisg breberabl il tollon ng, Lheavaly tuss (oFand (o dogtsparent
<0.95. (5) R(6%0f rBtazdhtrdn0246WwankdicngRHESQE 1450 e iamd| 60 nm
S arly, hE K o4 udogr e FOLARERAREr ot el GHBL He oA @0
550 nm and 658hemfsaflosfings inegeeddalyl | 3t)he dwl (Awitde | fslghesting es . (9) and
(10): K(450) ;KEaadhit§ 9969
15 R(450) / R{550) < 1 (3)
K(450) / K(550) < 1 (4)
(where R{450) and R(550) are the in-plane retardation of
the transparent f£ilm at wavelengths of 450 nm and 550 nm,
respectively, and K(450) and K(550) are the values
20  calculated by K = {n, - (n, + n,)/2] x d {where n,, n, and
' .hz are the three_ dimensional refractive indexes of the
transparent f£ilm in the x-axis, y-axis and z-axis
directions, respectively, and 4 is the thickness of the
transparent f£ilm} for the transparent film at a
25 wavelength of 450 nm and 550 nm respectively.)
If the optical anisotropy of an optical recording
medium protecting film is low then inequalities (1) and
(2) are satisfied, and if the retardation of an optical
recording medium protecting film suitable for use in an
30 optical recording medium using short-wavelength laser
light is smaller with shorter wavelength, then
inequalities (3) and/or (4) are satisfied.
The protecting film of the invention preferably has
a smaller retardation of the transparent film with
35 shorter wavelength in a measuring wavelength range of
380-550 nm, but from a more practical standpoint, the
retardation of the transparent film at wavelengths of 450



K(650) /K(550) >1.01(10) 15 where K(650) is the K valug %f th [ %éparent
filmat a wavel ength of 650 nm and nore preferably 263KRER%H) %6
<0.95(11) K(650) /K(550) >1.02(12). According to the i nvention,

t heret ardati onand K val ue of the transparent film at mavelengths of 450 nm
550 nm and 650 nm are denoted, respectively, as R(450), R(550), R(650) and
K(450), K(550nm,Kp680Rm &he 6éﬂanmasEbms@ﬁeshereﬁ&mgpdyemmeﬂﬂqhhuwihge 25
difference in t digference in the propagation speed
(refractive |n§Q§§SlP%?gg ?@ Qﬁ (% irection of orientation of the film
and the direction Rﬁéﬁﬂﬁl/tﬁéﬁépd <wRef5t he beam passd$)through a film of

t hi ckness d, and i g ggognQWQ(ggope>er0§sented by the (33 product And of the
di fference An betmeen e refractive _indexes in the élrectlon of

ori ent atd on aHHeFﬁeRéﬁﬁgétFénthﬁoFﬁaPl?HEré?&argﬁ&lPﬁe thit@ness d of the
film Since theahebatéﬁtlﬁmlﬁndtla paopoehigehabft @ stohem,bi refri ngence An if
the filmis trag ‘[éarentr % e gz retardati on wavel engt h di spersion

(wavel engt h ng n 858y? €&qhe yrep_resented as the wavel ength di spersion 23
Sept enber 2004 - 13(46ﬁavélBmgﬁﬁ)dSanGany) of birefr(ii7nigence An. Wen the
refractive index i oni |o i pection within t pl ane of the

t ranspar ent fl|ﬁ1lﬂ(%P érﬁgﬁgh t%eqrgﬁractlve |ndex(Pﬁ ‘the direction
normal 105 thereto, Snmlﬂgréaudth@ Kavelpesiofi Feopriaggpagifandotfddpy at and in

the opposite gagg1bhgkfsSaird459 RavesRegak a%dorataloc%lm FSUFIQRY. For
exanple, in the case’of uniaxial stretching.qf .a filmunder a condltlon

near its gl asBreErEAELYi Hetéﬁﬁépyﬂﬂﬁel?&qPﬁ}l ﬁﬂléﬁkiélﬁ Known 10
condi tion for produguson ¢f kesandatioeesfil ns, the origgnt ati on direction

of the transparent _fi [ tretchi.ng direction. Eqr biaxia
stretching, it is ﬁﬁégﬂB 7 kQ%SO% > H.%l (fH)
15 where K(650) is the K value of the transparent film at a
wavelength of 650 nm,

and more preferably

K(450) / K(550) < 0.95 (11)
. K(650) / K{(550) > 1.02 (12).
20 - According to the invention, the retardation and K

value of the transparent film at wavelengths of 450 nm,
550 nm and 650 nm are denoted, respectively, as R{450),
R(550), R(650) and K(450), K(550), K(650).
The retardation of the transparent film is the

25 ‘difference in phase based on the difference in the
propagation speed (refractive index) of light in the
direction of orientation of the f£ilm and the direction
normal thereto, when the beam passes through a film of
thickness d, and it is known to be represented by the

30 product An+d of the difference An between the refractive

indexes in the direction of orientation and the direction
normal thereto, and the thickness d of the film.

Since the retardation An-d is proportional to the

birefringence An if the film is transparent, the

35 retardation wavelength dispersion (wavelength dependency)
can be represented as the wavelength dispersion



direction of stretching that produces the higher orienéatlon 15 Accordlng
to the invention, the retardation refers to the absol G82ePMRer 6004 he
retardati on. When the optical anisotrepyd s negative the retardation is

al so negative, but according to the invention the positive or negative
sign will be ignored unless otherw se specified. 20 The neasuring opti cal
wavel engt h usE@bWeﬂeM@Ehnﬁepenﬁhecyhgofobirhérmpgénab Ani.sot ropy was 550

nm  According to the i ventl the single trapsparent filmmade of a
t her nopl astic re5|% h?oﬁ??ﬁ?%ﬁlvﬂlﬁﬁﬂgroﬁﬁlQBEtPEéFnEﬁF%BPropy i s not
particularly aikeaﬁionCWEﬁhﬁn tbagphsnet of abhhpr ovedeparenangpament fil m

oi mul taneous| y, sl sixlnocLhe. aboYe: LpeOyRhLLl €8 (1L 898ockdhy ARdnLY MY

be obtai ned by s ction O 'al's —and comnsi derat on of
product Bon cohmexebms ih aecaadénte hﬁVﬁ pheihsdud, optdciad pnébetubby,

sel ected from,30; Bpbyapes satbotylng Lheaf obl AuBgnegadiibon (a) or
reco I ng

(b). An optlcal di'um protecting ' msatisfyi condi tion_ (a)
or (b) bel ow PRtEF&E eRREBOFEBRY - t hECEt BHAPBI-Ar &R 5P8vpaﬁﬁg°§ ppagspatent

filmwth S”@ii@%cmfﬁﬁrgﬁtaoﬂlﬁﬁ §haékea E@Mghemghhﬁea§51@@)g&abbansparent
film(1) mhlch IS a

m nade of a ris nono unit of a
ol e i 4 h s frven benastabere gk | BR £20Bay HhdrBungen Kepdhr ed”23
SePtenner ZgOéondﬂﬁlontﬁ?ﬁSp bdﬁetlgnnOﬁereuatﬁ ﬁlandfalmngomhe ?nit gf a
pol ymer with n Vv e in ni I erred to
as "second nnn%n€${a§l9$ % mﬁ%rg tﬁﬁe%%%hgg%fﬁ% 6§H§f§the%polyner 5
based on the $trst0hnn9néxrantnons shak| biaxhad sheetRh4B@)/ RE536) tbe t he
pol yner baseﬁ%??eé@foﬁeS?”QtPQ@%H%E? upkt; ?Béuééé WRkCh iRagra- positive

refractive i ani sot r opy A tra sparent film(I) whichis a film
nmade of a poPyHeRt@BHPRising a nonomer unit that forms a pol yner

15 According to the invention, the retardation refers
to the absolute value of the retardation. When the
optical anisotropy is negative the retardation is also
negative, but according to the invention the positive or
negative sign will be ignored unless otherwise specified.

20 _ The measuring optical wavelength used to determine
the sign of the optical anisotropy was 550 nm.

According to the invention, the single transparent
film made of a thermoplastic resin with low three-
dimensional optical anisotropy is not particularly

25 restricted so long as it can provide a transparent film
simultaneously satisfying the above inequalities (1) and
(2), and it may be obtained by selection of the materials
and consideration of the production conditions in
accordance With the need, and is preferably selected from

30 among polymers satisfying the following condition (a) or
(b). BAn optical recording medium protecting film
satisfying condition (a) or (b) below is preferred from
the standpoint of providing a transparent film with

) smaller retardation at shorter wavelengths.

35 (a) A transparent film (1) which is a film made of a
polymer comprising a monomer unit of a polymer with
positive refractive index anisotropy (hereunder referred



with positive refractive index anisotropy (hereunder rgfer eﬂ t "first
nmononmer unit") and a nononer unit that forns a pol yrrer‘zg\ﬁeP# gf)&ie

refractive index 15 ani sotropy (hereunderigeferred to as "second nonomner
unit"); (2) wherein the R(450)/R(550) of the polymer based on the first
monormer unit is larger than the R(450)/R(550) of the polynmer based on the
second nonomeif® 2§ UAILCStaM@nEBRIWNNGH "Hasingl megatrioner efridctdfve | ndex
ani SOtT Opy. Aodyhidm,ati s vehe-catalcansnt aned: candidinng, (2) or (b).
t here may beA% sgri bed one fse)a?tisfyi ng the 25 flo oW ng c%#rfgzl{b?i ons (c) or
(d). (c) A trARSPAPEAET FERSCREdMiiccirs < s@oandmufeinest wnitdllend pol yner
conprising a polynmer w tl2)pesieliied® thef RRQEIMVME R (WY Y Sald %iy?d?eq: a
pol ynmer ér/]\n th Begat ive rhef ractive i ndex anisotropy and/or a copol yner
conpri sithg 30°8>fnSRetignifi st FOROMpre Nt HSpofialier rdramdiare i ndex
ani sotropy an#(a5myrare50yniof ahea ppdlyyieer baisidd diegatd Wed@id adnomd ndex
ani sotropy; ( }li\é,heggidn the R(450)/R(550) of the polyner wth positive
refractive indeXx anisotropy is smaller than 35 the R(450)/R(550) of the
pol ymer with negative rdBrawhiied hiasdex pasiitdtveopys f et i(v@) iwhkiech has a
positive refrgﬁggggrb\%gqx 23 Septenber 2004 - 17 - anisotropy. (d) A
transparent film(1 ich is a filmnmade of a blend polyner conprising a
pol ymer*&ui t h posi ti{fe &r erpasprrentnddtmarildotihdsh drid 2a fidimy medenictth a
negative 5 repbaghkyecoRgelsanigsal MeRbmeRdLei 2 t3RROI AR GOPNIWY a
nononer unit of.ta ol ymer wit pozl.tlve refractive index anisofropy and a
nononer unit Bf §8F§ﬁéP’emF? TagEdye ¢ dest PRSI IV SHF G Topy ;. ( 2)
wherein the RE4B6yLRESEO) asf "fhespompmemerl @nditi*h posi td nomir alitve
i ndex an'SOtrQHXt'%o&ﬁéggrpEE§Rer with negative refractive index
15 anisotropy (hereunder referred to as "second monomer
unit"); h
(2) wherein the R(450)/R(550) of the polymer
based on the first monomer unit is larger than the
R(450)/R(550) of the polymer based on the second monomer
20 unit; and '
(3} which has a negative refractive index
anisotropy.
As a film satisfying the aforementioned conditions
(a) or (b), there may be described one satisfying the
25 following conditions (c¢) or (d).
(c) A transparent film (1) which is a film made of a
blend polymer comprising a polymer with positive
refractive index anisotropy and a polymer with negative
refractive index anisotropy and/or a copolymer comprising
30 a monomer unit of a polymer with positive refractive
index anisotropy and a monomer unit of a polymer with
negative refractive index anisotropy;
(2) wherein the R(450)/R(550}) of the polymer
with positive refractive index anisotropy is smaller than
35 the R(450)/R(550) of the polymer with negative refractive
index anisotropy: and

(3) which has a positive refractive index



t he R(450)/R(550) of the polyner w th negative refracti | ndex
ani sotropy; and (3) which has a negative refractive inéé%epgﬂﬂg%?P%%y 15
Here, a polynmer with positive or negativeirefractive index anisotropy is a
pol ymer that gives a transparent filmwth positive or negative refractive
i ndex anisotropy. The reason for providing a material with |low three- 20
di nensi onal r@fh¢detrerYi-ndex anisotropy as the transparent filmis as

follows. It is the gamg teaseBarbAt EE@mCQQQ'hh@@hr%%UbrEEthR%d%eb§rgat'0“
to be smaller _at shorter measuri ng wavel engt hs. I's commonly known t hat

t he birefringeh@RdARCSYMGY SOMBELGABE Bléﬁéyﬁéﬁpwééé @PsﬂﬁéV@onponents

pol ymer A andreﬁgéaaﬁveBanaé& Eﬁl%@@&@%?nbﬁ@ ian bh?m%@'b&@hnﬁeqﬁﬂﬂ©é (H.
Saito and T. In Sci. ,Part 25,.,1629(1987)). An ="AnAf A~A +

ANBf B~B%+ AnFF¢ rsc&ﬁgﬁelﬂﬂﬁ# énﬂﬁetFﬂP¥|ﬁ§Pé°E|FeFPPH aweé GPMBELGAEE A,

30 AnB i s theaimbhomercuhikebfi agpao;gmei: RoltynposBi ifa Ir%frtabelﬂél entation
functi on of poI Il entation nct I Qn oﬁy& ynmer.B, 4Ais

r f,
t he vol une fr%c? O%H%FOgSP?ﬁePnﬂ acgopgmgﬁeuyé uﬁg fr 8 ontBonner B
(= 1-4A) and mﬂgatsveheeftautuueahnaéxbaneﬁommgpgce The birefringence An

I's generally 23 Septenbgﬁ ZgggrelQBthgxgqg??ﬁ?gﬁg o8 Me %anmgkue of

An' can al so be detern1né conbinin Infrare ectroscopy
with né&sureﬁ%h?hopoﬁh§lﬁétaﬁééﬁpéhveEqBéﬁﬁoﬁneﬁpté@ﬁﬁléﬁeﬂ?rﬂﬁﬁoﬁé§n

changes in 5 @@éaitZébbVRRBqueoEOtﬁbeﬁb&yﬁ@E KRR delya@n vRetreeeRActROkY MEr S
A and B, and this assuggtlon W | be adopted hereinafter as well. Because

optical transpBfeRcHrf tF@QﬁvréB for optically transparent film uses such
as according to the inyentivhdcht hasbhendgasipeetetfallct irel Gndempat i bl e
bl end, in mhlgnlggggoAnF is extremely small and nay be ignored.

15 = Here, a polymer with positive or negative refractive
index anisotropy is a polymexr that gives a transparent
film with positive or negative refractive index
anisotropy. '

The reason for providing a material with low three-

20 dimensional refractive index anisotropy as the .

' transparent film is as follows. It is the same reason
for the condition requiring the retardation to be smaller

at shorter measuring wavelengths.
It is commonly known that the birefringence An of a

25 polymer blend composed of two components, polymer A and
polymer B, can be represented in the following manner (H.
Saito and T. Inoue, J. Pol. Sci. Part B, 25, 1629(1987)).

An = An°AfAdA + An°BfB¢B + AnF (1)
where An®A is the intrinsic birefringence of polymer A,

30 An°B is the intrinsic birefringence of polymer B, fA is
‘the orientation function of polymer A, £f; is the

orientation function of polymer B, ¢A is the volume
fraction of polymer A, ¢B is the volume fraction of
polymer B (= 1-¢A) and AnF is the structural

35 birefringence. The birefringence An is generally



For the transparent filmhaving |ower birefringence at,shorter neasuring.
wavel engt hs, the only nmeasuring wavel engths consi der e€3 BePiEmper 20%k 450 nm
and 550 nm 15 If the birefringence of_ tjhe optical transparent film at
each of these wavel engths is designated as An(450) and An(550), then
An(450)/ An(550) < 1. Naturally in the case of a retardation film nade of

an ordinary pekypfessefii b AANE4AEART An(BRD)vaide @NOdAEDOk 28X 3NRIE pe20
An(450)/ An(550) for a polycarbonate obtained by polynerization of .
bi sphenol A aABtpEBLBERAELY sCOBBHR AR nALEhyonas8c WALFaTPe FReEbSAECIPD1

even for poly¥tRyheabeobRbn¥hbehths eepgirdgtednt 0 have | ow birefringence
wavel ength di spersion. 25 if Ané%SO [ An(550Q) is the birefringence

wavel engt h dlspergﬂBﬁt%BEffFél £he Ylﬁgﬁﬁﬁeﬁecpéﬁﬁ§§ehﬂed as follows
usi ng eguati opol&yizABL{A50Yy/ AE550) e1€ABAI £450) hAehattABB(%e0)EBa B)/ 30

On 0)f A~
Comost oo opahufeRE RORMATEP) ahiyl n i 6o RUILB L AR! hda"puadBpedae 1t 1o @
An(450)/An(55@¢r¢¢naﬁﬂen5a$4we}1Anseaaawga)bpzchépteanepazéﬁéylgs-
(AnA(550)t A + ég@i?ég) zB)k & maih§ g§ﬂg§§%3%ak&aﬁa hgagegubﬁ lable 1

bel ow were Into equation exam ne
b|refrlngence3999§¢éﬁ§thodtbﬁeﬁgV@ﬁtvapue§helhl¢aéléslpr3f?ﬁébéwréfrlngence

analas0) and ooy 8 hLERET  £aRiBh BRBR°AREC %'g'o%&igi%“%@% Pafis as0).

AnA (5 5 O)AmﬁhQSﬁaﬁ)béOLQnﬂré& 011.15 20.2-0.11.151.01 30.1-0.21.010.15
For the transparent film having lower birefringence
at shorter measuring wavelengths, the only measuring
wavelengths considered here will be 450 nm and 550 nm.
15 If the birefringence of the optical transparent film at

each of these wavelengths i1s designated as An(450) and
An(550), then An(450)/An(550) < 1., Naturally in the
case of a retardaﬁion film made of an ordinary polymer
- film, An(450)/An(550) > 1, and for example,
20 An(450)/An(550) for a polycarbonate obtained by

polymerization of bisphenol A and phosgene is
approximately 1.08, while it is about 1.01 even for
polyvinyl alcohol which is considered to have low
birefringence wavelength dispersion.

25 If An(450)/An(550) is the birefringence wavelength
dispersion coefficient, then it may be represented as
follows using equation (i).

An(450)/An(550)
= (An°A(450)fA0A + An°B(450)£fBB)/

30 (An°A(550)fA¢A + An°B(550)£B¢B) (ii)

Assuming that fA = fB because it is a compatible

blend, equation (ii) may be rewritten as follows.
An(450)/An(550)
= (An°A(450)¢A + An’B(450)¢B)/



40.1-0.2L 1.151.01 10 when the values in Table 1 are plgg%ged intg ﬁ]uation
(iii), Figs. 5 to 8 are obtained as functions of 4A gtember ¢804 espond
to Figs. 5to 8, respectively. in 15 Tabl g1, polymer A represents a
polynmer with positive refractive index anisotropy while polymer B
represents one with negative refractive index anisotropy, and therefore
t he optical ani sot reRYaeEsbhen bk engde JRYB) S negatiypg ip the region in
which $A is | ess téan tﬁe 2g$asynptéf§i in Figs. 5to %?uVﬁile t he

ani sotropy is posifthevenagingey eglored nligtiach A Tab kg datlelaharendhe
asynptotes. A$1H@Rd I Sflfady (ndi Cale.olfdr ﬁ‘(é?é?ﬁirﬁﬂ(%ﬁ@) <1lto
be true, it IS necessary for the 25 birefringence wavel engt | spersion
coefficient ofIedIPAIAIGFe HHSARRNI D BERIRA IAT MHaES hat! bfTalhke negat i ve

one and g or t h&cORiireHr ianjesRld Al fr dieh tvanspareit pdiywadd beapositive,
as in cases 1 and 3 in Table 1, or for the birefringence wavel ength
di spersi on codNE édte Jd sdred HaFERG (e MbPYABP ) aPBRHe A00B bE5 Yt eat er t han
that of the negative one and for the optical anisotropy of the 23
Sept enber 2004 - 20 transparent filmto be negative, as in cases 2 and 4.
Al t hough typical wavel engths of 450 nm%HRtS50 nmwere used here, the sane
relationship is established even with other wavelengths. 5 Incidentally,
in consideration-of equation (iii) _.a transparent filmaccording to the
i nvention cahftS%e ABRABEEd viheAntBie T ¥ efr i AgéAE50avel endiBAEEDR! sijon
coefficients|of theg positive and negative pal yner‘s@s0) conpl shtd ppsaqguall.
10 This cons|degatijon-1 g .pased [on eqyain on ([I) abovyel buf [The 1des IS dery
wel | substanfraged [ h agt.@gal syjstens.g.guch gs théeiexanpl es [descrl bad
hereinafter,[and 1t wTIp,3al so [be showz to Qe cornggl by the exanpkes. Hor
exanple, with the pol ycaraonati d copalgy,er hdving a.i5 1.01

10 . .

7 When the values in Table 1 are plugged into eguation

(iii), Figs. S td 8 are obtained as functions of OA.
Cases 1-4 correspond to Figs. 5 to 8, respectively. 1In

15 . Table 1, polymer A represents a polymer with positive
refractive index anisotropy while polymer B represents
one with negative refractive index anisotropy, and
therefore the optical anisotropy of the blend polymer is
negative in the region in which ¢A is less than the

20 asymptotes in Figs. 5 to 8, while the anisotropy is
positive in the region in which ¢A is greater than the

asymptotes.

As Figs. 5 to 8 clearly indicate, for

An(450)/An(550) < 1 to be true, it is necessary for the

25 birefringence wavelength dispersion coefficient of the
positive polymer to be smaller than that of the negative
one and for the optical anisotropy of the transparent
film to be positive, as in cases 1 and 3 in Table 1, or
for the birefringence wavelength dispersion coefficient

30 of the positive polymer alone to be greater than that of
the negative one and for the optical anisotropy of the



15 fluorene skeleton in the follow ng exanpl es, the Q | ositive
when An(450)/An(550) < 1, and therefore the value d|f2§§ é?ﬁ%&?ﬁ@

speaking but corresponds to cases 1 and 3,o0f Table 1, while in the case
of the polystyrene and pol yphenyl ene oxi de bl end, 20 the anisotropy is
negative when An(450)/in(550) < 1, and therefore the value differs

stri c:j ly Spealﬁkﬁﬁs@ﬁ&en%o&'gﬁ?lp@.@)d%et LRIV @@dBAa ldaﬁEaablze al}dd-ﬁhe abeve

consi deration cussed for t conpone t ut the s i dea applies

for three or ﬁ;ﬁlﬂ:gougg EERPERNIEYVS W& 4350 nR And ein aOcJWbr’“i%eng t Wo

conponents wi UbeﬁOhletrleVEthﬂt is@dle &@llmm@ndsomtadﬂrmmmtemri hwith

negative an'SBEBQQVWaEQ%e % rlngence val ues and birefringence dispersion
h*

val ues of the conponents positive optical anisotropy are 30
conpensédt ed for byInkéddesitads yf,r dat icomsistensdriarheft weiuatoimoneitis wiat h

positive ani SQEEHB¥Jar@B@ tf'l‘igl;‘sé(gé:o‘i‘a'ﬂhgﬁec@ Sch%arerFérPtQLQﬁi delififhag,one

corrponent So t on eduati on ove etc. can be
appl i ed. The eRpraR&d heBadde &drefrdfigshas )Waé’(%@é’f?ﬁé‘d i SPErSHiingd of

pol ynmers A andoaffla@hehk&@ b@e%h@ewgl@df@m nég%tﬁa_xfé Iyl pmandd isd-of or a
copol yner risi ngggg(norrer 23 Septenber 2004 - units of different

pol yners, W fA¥3ldea may be applied by consi dering the
copol ymsy to con3| E[‘thl@f censidmpalipiern g pelsgeron)edaseibron i) fabte mononer

unit and polyner sed o a SSN ne
di fferent f ro glh%’ r’nf)Lr?orsfgr""ﬂyu}‘i"ettfEL Ci-h Cfisgpme cftd{eaaf%?ﬁsi:bems
simlarly appksueh aevélhla‘ @maalpﬂxelsymsqﬂlémﬂ dfelaelhmﬁm iy nerd il Walll

copol yrer e MoZoTelo] e ﬂ |égcaqﬁ) the idea
may be appli egﬁg ﬁkm% {%%e%%otr?p\ggnent é rrers)g% 10 the polyrrer bl end

down into theeééﬁ‘ﬂlletrué’ﬁtt msHEmo0 matréaortadaﬁqu grethd 36i84et bl end as

an aggriegat e @fiuchemRPekeTRSC AP IR ﬂHllQﬂ&huWﬁ@lé@} tghand
considering the aggregate to be a conbination of onent A conposed of

a group of hoRPPEOYFOPY ist positive when An(450)/An(55 < 1, and
therefore the value differs strictly speaking but
corresponds to cases 1 and 3 of Table 1, while in the
case of the polystyrene and polyphenylene oxide blend,

20 . the anisotropy is negative when An{(450)/An(550) < 1, and
therefore the value differs strictly speaking but
corresponds to cases 2 and 4 in Table 1.

The above consideration was discussed for two
components, but the same idea applies for three or more

25 components. For example, in a system comprising two
compenents with positive optical anisotropy and one
component with negative anisotropy, the birefringence
values and birefringence dispersion values of the
components with positive optical anisotropy are

30 compensated for by the volume fraction between the two
components with positive anisotropy, and the two
components can be considered as one component so that the
idea based on equation (i) above, etc. can be applied.

. The explanation based on equation (i) concerned a

35 blend of polymers A and B, but the idea described above
is similarly valid for a copolymer comprising monomer



15 positive optical anisotropy and a conponent B conpo 0 a p of
honopol ymers w th negative ani sotropy. For exanpl e, giéggeB%WVﬁﬁgé&i and Y

having positive optical anisotropy and_a,gopolymer with nonomer units X
and z having negative optical anisotropy, considering 20 that in a case
where x has positive optical anisotropy and z has negative optical

ani sotropy, theieemMeEnaditrserWnith joASindse ARt WEdlcARaSRE ORY ide@ HayY and
X, their  bir fring@pc§h§9Iues and hirefrin enc%ﬁgis rsi on Valuez are
conpensat ed byt REAIGEIMEY FROS IS BAIMSES LRETAIGE 35 CoMsonénCE @ t h
posi tive ani sbbmopy,lvaed t(ipe lyhreee A )c drgzere rins aarfe reon sicthemed tomike azxd

si ngl e conponen ' t ot i ' r IS

consi der ed to%béoﬁgﬁgg#g%trt g%8§%§2?}ofb\%ﬁ§%o%§’?%urﬁﬁ%oﬁa %%tr?(? eruzlflg'r e the
i dea based ondéfdsrienns friom térer figwt I@ne@mesppiniidd to conponent A and

conponent B. I nci gepihian, WiRD ddif ROBPAlH™e i 1409ky GRiaRat e as the

honopol yner based on the first or _ second nononer unit, the polycarbonate
is usually oBVEINE@ThY PONESTdEHENd &f 6 homARRIIISE, A¥inso GRPoAndess

phosgﬁne,b_ anﬂotrhlglr %;foqualefrgg{]neléﬁe ot %W@d%l@imeﬁﬁﬁ' y ey itmaﬂlg @astﬁ_he tfHéﬂOWE][ s
are the bi sphengl - base | roxy cqQnpoynd an osgene. .For .this type o
35° Sept enber 3068 Moy e, GRRIGAn i3 GL R ot RIS Bl s o

deri vedl0 f r omthiee poilypieandl eannd ddees incio ithe woben stthie-yeord imemondar i ved from
t he phosgene.- di ' L, cii ethEQ
photoelasticif@ﬂi%ﬁff?%#%%#ﬂﬁggghﬁgﬁq%égwﬁ?ggﬂggFiﬁ%gna s aﬁ%nﬁ%éé
retardation edemgipoddrginse caupiopest ofsegsimganonar theltcagdidbf film

shapi ng, aft e%o%@%dfe!r'irﬂg ft‘?{efmatdgqfégae{% std e N /RS o RESE are not
actually in correlation.” Rather,” the retardation is the 10 product of the

bi r ef ri ngence CAMPAIEY A FAMBEEES hiIOUR KF BITIRI K With he
product1®f thedsitiivesicpt iidiefar ingaiaspanthd he aongitait @& donprisean, ofand
therefore the I NI RIS MENCS, AN (B A SUAd A dnct fon

For example, given polymers X and Y having positive
‘optical anisotropy and a copolymer with monomer units x
and z having negative optical anisotropy, considering

20 that in a case where x has positive optical anisotropy

~ and z has negative optical anisotropy, the components

with positive optical anisotropy are X, Y and X, their
birefringence valueg and birefringence dispersion values
are compensated by the volume fraction between the three

25 components with positive anisotropy, and the three
components are considered to be a single component A
while the component with negative anisotropy is
considered to be component B composed of monomer unit z,
and therefore the idea based on equations (i), etc. can

30 be applied to component A and component B.

Incidentally, when the homopolymer is a
polycarbonate as the homopolymer based on the first or
second monomer unit, the polycarbonate is usually
obtained by polycondensation of a dihydroxy compound and

35 phosgene, and therefore from the standpoint of
polymerization the monomers are the bisphenol-based

dihydroxy compound and phosgene. For this type of



must be considered fromthe standpoint of nolecul ar ﬁ der to
obtain a transparent filmwith [ow retardation and hla %ﬂﬁ%??@? It
is first necessary to reduce the intrinsjg blrefrlngence Si nce the
orientation function is a factor relating to the orientation of the
polymer, it is thought to depend on 20 the shapi ng process. Wen

consi deri ng thelgokubpoateastthef momohermund tstiep thempanity cusddrasetihe

shaping step Eobn LhbMsbhichB1nSGESSA0L b+l QBT HIE G abalibgn funct i on

through the process in having ‘alargée ntrinstc blrefrlngence
and in the caé@réﬁego#ﬁo@xﬁéﬁn@moszgnélsturbance such as tenperature

irregularity or teﬂ%b%”dl%&h%gﬁb%%'%Miltﬁbﬁer%SQBhﬁgchB%eb%QQeQH'%ﬂ%”‘ty

of the orientation_function, such that the obtained transparent ['m has
a hi gh ret ar dBRPERSLEFtiKd tat RePTRiRdenitt MEREUTIERt Fiedd EOOFY ef ri ngence i s
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intrinsic bir&PPPAGEnEE & §DEJCEEELPH g Mo SPRE TGy &ittiesn thgs T | MENTS
OF CARRYI NG CBErmHEleVENBI@Nrﬁhehdm@ieabpsecbmdlm@eﬁedmﬂmlmbatectlng film
of the inventj [ r i y bei_n si_nagl ransparent,

Sept enber Zooébggaiiylﬁﬁ %%%%E1F%q ?her%gﬁﬁgsfl§%%e Fﬁarﬁ%&lﬁg &Sg g?s
transi thlon t erpedactr efothe2dlref ringkaceandda thet il Lmabddchness whide
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5 g(egggl) |1 t resl(éﬁae andiﬁﬁ)s1)<:Tm;:terf@qu@lelntcbe&n61]2th@n%ﬂ%$&&q8ar %@%Qb&lﬁo

S n rereraqg S nm
T R(550) 1 s S5THATRRE EOBRAGFE i BBEy SHRACEOD S Of hﬂsie)rcpe(l@éon s 20
nm The5 et ardasiign.i nInneqdal ttice®btin an&r@&bp@m@ndeﬁunadwa&halow
wavel engt h Qfﬁe§§9dQ%hoR”%ndt%§g%f% PR 918Y VaAlues G R aleeaRly

satisfied wt
to reduce the intrinsic birefringence. Since the

orientation function is a factor relating to the
orientation of the polymer, it is thought to depend on

20 the shaping process. When considering the scolution cast

 film forming step commeonly used as the shaping step for

films, it is necessary to lower the orientation function
through the process in the case of having a large
intrinsic birefringence, and in the case of some external

25 disturbance such as temperature irregularity or tension
irregularity, this results in the non-uniformity of the
orientation function, such that the obtained transparent
film has a high retardation. On the other hand, if the
intrinsic birefringence is low, the retardation would be

30 expected to be low and uniform even with some
irregularity in the orientation function. A material
with low intrinsic birefringence is used according to the
invention.

3% EMBODIMENTS OF CARRYING OUT THE INVENTION
The optical recording medium protecting film of the

invention is characterized by being a single transparent



measurenent at the wavel ength of the laser |ight used. The princjpl e has
al ready been explained for a material which satisfiesz%%segnﬁpbﬁgﬁ4ies
with a single transparent film a specifig material will now be

di scussed. The transparent filmhas a glass transition 20 tenperature of
120C or higher. if it is below 120C, problens such as warping during
durability tedstilngmele odceurthetieplatern cakeesipt,i tavisidna greaiser than 1
w% if the r, s rption _of the tr parent f.ilmis greater than 1
W% the opti?% %Fégg% |%§mﬁ§§ﬁ&§F55° rggéc%iﬁ&'ﬂﬁﬂhgﬁéf“%eapﬁﬁﬁﬁénatic in
practical ter@bsorpidonatodr nabgomepttiean thennir et efaaidalyy no greater than
0.5 wt% The t fii] f; I.n ti | de_of, a_ thernoppl astic
resin, and as%ﬁéﬁﬁﬁgﬁgg%gégvg?%ﬁﬁ%gg?gbé%gsagg%ﬁﬁgée&ogﬁdaHﬁ%ﬁﬂfﬁﬁﬁﬁﬁkr or
copol ynet. Thdle &€ W3 )par titcdisar Lses wpriedeirars. o hhrec tehrgzebloast i ¢ resin

of the tra_nsp@rielutltfah_te@us&yb!s%qsfgqln?gfr%r' e xC QR0 ro%att'h%fy' ng the
above-nentloneg conditions is preferred for use, and the thernoplastic 35
resin pref er aBryTREETEACIEAe AR eBaL itdgSst(dicand d4vi-sfact ory opti cal
performance and suirhebiihielgynaflari23 $ept amber 23004 e p24é a3l q@(%%bq!
formati on. As exgnBIes of therroplastic resins there nai be "appropriately
sel ected any Sné>of®rmbFé5PPdm =aRBnilpolpaeyPEEESTapdly ¢BIBEY) | < 10

pol ycaripnat e I fiins,-pal yet hers, pol ysul f one- based , caopal rs, 5
poIysuﬁggnes,ﬁgélsgﬁégbgﬁlFoﬁésngrapﬁeeVPPem?¥ﬁ Pﬁggéﬁggigflg(gggﬁges

pol yner, the sehmactikyespiqex 2f nihe %H@p?'[ek:gkaa@i%ﬂdiﬁr 19k 357 cRAkymer
Is preferably approximtely equal because of the need tTor ogtlcal
transparency. (A3 &pdci(fi)c asrarnplfésedf atoabiwvaatilengtdf oF0 5810emeh,pdhytner s

there my be ERA!heBRdn@ntaBHEAILLINCE 2-ROLLETRLAN MRERICEYLA ) 85 2
polymer with negative optical anisotropy and a po y€V|nyL| éene fludoride),
a pol y(et hyl BRESBXFPBENtoAtathsl YEVRARNOGENE LS [ther ilaser light used.

© 15 The principle has already been explained for a
material which satisfies these properties with a single
transparent film; a specific material will now be
discussed.

The transparent film has a glass transition

20 temperature of 120°C or higher. If it is below 120°C,
problems such as warping during durability testing may
occur. The water absorption is no greater than 1 wt%.
If the water absorption of the transparent film is
greater than 1 wt%, the optical recording medium

25 protecting film may be problematic in practical terms.
The water absorption is more preferably no greater than
0.5 wtsg.

The transparent film of the invention is made of a
thermoplastic resin, and as mentioned above, it may be

30 composed of a blend peolymer or copolymer.

There are no particular restrictions on the
thermoplastic resin of the transparent film. A blend
polymer or copolymer satisfying the above-mentioned
conditions is preferred for use, and the thermoplastic

35 resin preferably has excellent heat resistance,
satisfactory optical performance and suitability for



cotrifluoroethylene) as polyners with positive optical ani sotropy, a
conbi nati on of pol y(phenyl ene oxide) as a pol ymer mﬁt%§%8gﬁﬁiﬁézg§¥ica

ani sotropy and pol ystyrene, poly(styrene-go-Iauroyl maleinide),

pol y(styrene-co- cyclohexyl malein de) an3 pol y(styrene-co- phenyl

mal ei m de) as polyners with negative optical anisotropy, 20 a conbination
of pol y(styrersslo: it ef { Tm afdwt 06 . WiAH e*@q&léy%pp@ﬂ@ﬁhoﬁm@%é opy and
a polycarbomﬂf%giﬁ{lt gsitive qgtical anjsoF{op ,. a conbi nation of poly(
acrylonitril e-Co bl adi ene) W e pURETReL gt 1 o LeFredt 3 pyORM PR

poln%/)_( acryl oni ]EWQITGE-@UBIEt-wm)pmy&ryﬁéﬁté@ga@dl@@@fﬂ'§ﬁ!p@méﬁﬁs&p%lte@nd a
conbi nation o 0 negatj.ve optic ani sotropy and a

pol ycar bonat e-%m@lﬂ?ip%ﬁﬁlgﬂ/?%%f%% “HniRotYD ,Orb%%b?%ee# ecop%]?)ﬁgers,
restrictPon t@Pteselfangsi quokyrdyhersffomes foonhe hkilsd andpoi nt of

transparency are a Lomiaaldan of 3% Aoy It Re and, enyl an
oxi de) such as fgoll{e(()z, 6- di net hyl -1, 4-phe C?( ne oXi e{l lgér)]%dyéi&%lo‘f%ilr{é%’%n of
a pol ycar bon&t'e-¥ MRG0 IG thl ey vl grditatolymes oty apse tenhlaly
pol ycar bonat e appoot ety ddudloHddatise A AR AHUSESORpLidhi he case of
the former 35 « I’Tbsl nqa#é ocny tt}_\te pro o.r# on ofnﬁgsct%%rene IS preferably
from67 w%to RV BTt he ADtHECHILS 1fq LembiRationg dfer abl y
obt ai nel0 by cdvifsind mplynpntsy cdrdronaiasy 23 Septieidesd 20 Womb Afat Wi hof
bi sphenol A a Otlt?e(tnggtq{ C d. .havi n osi tive, gptical anisotropy
with a pol ycarborat e WI}Elh gﬁ{s}%{y nlge\q"fef)uanse PR dfjoﬁqpéb‘?%%‘fﬁ and
having a pri @RbYSRY |asate aielaibr Py oontynitdeanfe tfimdride), a
bi sphenol f | uorRNe @AMANSIE d:ft ddie Jotal Cg_l Aol 1 S I 0; 90 nol e
percent. In the ?a,se of this ty|5:'£5 of balaé)n %(gﬁyrf_\élrl,dséé{ég%r%oa |%F‘|"I I zi ng
agent or the [GR& iy FeeddueETOr as msrlawar sconiidt s ditive ptisal
copol yne§ s t heme sty dpy ,Use Gonlim 4P ¥ pdd) (Al RN & LuPPl Aty rene) ,
poly(ethylene-cq;npolx§gx{en%},.pon acryloni tril e-co-but adi ene),
polymer Wi positive ‘optical anisotropy and polystyrene,
poly(styrene-co-lauroyl maleimide), poly(styrene-co-
cyclohexyl maleimide) and poly(styrene-co-phenyl
maleimide) as polymers with negative optical anisotropy,
20 _ a combination of poly(styrene-co-maleic anhydride) with
negative optical anisotropy and a polycarbonate with
positive optical anisotropy, a combination of
poly(acrylonitrile-co-butadiene) with positive optical
_ anisotropy and a poly(acrylonitrile-co-styrene) with
25 negative optical anisotropy, and a combination of a
polycarbonate with negative optical anisotropy and a
polycarbonate with positive optical anisotropy, but there
is no restriction to these. Particularly preferred from
the standpoint of transparency are a combination of
30 polystyrene and a poly(phenylene oxide) such as poly(2,6-
dimethyl—l,4~phenylene oxide) and a combination of a
polycarbonate (copolymer) with negative optical
anisotropy and a polycarbonate (copolymer) with positive
optical anisotropy. 1In the case of the former
35 combination, the proportion of polystyrene is preferably
~from 67 wt% to 75 wt% of the total. 1In the latter case,

it is preferably obtained by combining a polycarbonate



pol y( acrylonitrile-co-butadi ene-co-styrene), polycar ate copaql r,
pol yester copol yner, polyester 15 carbonate copolyner,ngP9§W§PE§@%PE
copolyner, and the like.. Particularly _praferred for the segment with the
fluorene skeleton is a polycarbonate copolyner, a polyester copolyner,

pol yester carbonate copol ynmer or polyarylate copolynmer with a fluorene
skel eton, in order bispeeudl Ara20chegdidVecofbdceht aBhg§OhaOPYg The pol yner

mat eri al may : d ; or.more different copolyners, a blend of
one or nmore copo y%a‘?ésl O%Jf%]gfhaeﬁ% QPN bHe P P h¥C 3 PaRaE R Edpol yner

or two or norel#Ri¢rebitudiemisaortvoplyherenssnetbesan@Shpelyges bl ends.
I n such cases,pit s €01 et O fd1es é)ieslp&?nm'f'lllélj_oéc%‘@ go?gnelgt W th respect
i ﬁ ent. Th ?y%a oh

to the tgtal i.s, suitably 10-90 nole percent e po fe copol yrer
produced”by r d2cER %lf%%%fﬁféﬁmoquﬁfd‘r i compourice Whbkénd oisrs a car boni ¢
acid 30 esterswicdbBs h-phemdleagdanaie, or phosgene exhibits superior

t ransparency, heat fesistance an roductivit and is therefore

particul arly preferfed oS8y ddHsriaiRe Dhdrlard pelyrerferably a
copol ymer i nglamfatyl st kicing egartth cr filuoriene ske) $onnddde /5 component

with the fl uor-q,%ﬁa}%% |.S:referably present at 1-99 nole percent.
Specifically, lt ere nn;egcg@dr‘rt:ln |loler‘ a pol ycarbonate 23 Sept enber 2004 - 26

5 copol Wrer conpri dihFaselotens &hparac ety dfe aigepeatongexample f epresent ed
eprosent at Feadt ana i st e B A e
hydr ocar bons RSHYEW T&1%on Raldnsic e nd tisl ies-@p-butadiene),
poly(acrylonitrile—co-butadiene—co—styrene),
polycarbonate copolymer, polyeste; copelymer, polyester
15 carbonate copolymer, polyarylate copolymer, and the like.
Particularly preferred for the segment with the fluorene
skeleton is a polycarbonate copolymer, a polyester
copolymer, polyester carbonate copolymer or polyarylate
copolymer with a fluorene skeleton, in order to result in
20 negative optical anisotropy.

' The polymer material may be a blend of two or more
different copolymers, a blend of one or more copolymers
with the aforementioned blend or another copelymer, or
two or more different blends or copolymers or other

25 polymer blends. 1In such cases, the content of the
bisphenolfluorene component with respect to the total is
suitably 10-90 mole percent.

The polycarbonate copolymer produced by reacting a
bisphenol with or a compound which forms a carbonic acid

30 ester such as diphenyl carbonate or phosgene exhibits
superior transparency, heat resistance and productivity
and is therefore particularly preferred. The
polycarbonate copolymer is preferably a copolymer

' including structure with a fluorene skeleton. The

35 component with the fluorene skeleton is preferably
present at 1-99 mole percent.

Specifically, there may be mentioned a polycarbonate



25 and 90-10 nol e percent of a repeating unit
formula (11) RI1 R12 Rs3 R16 0 --
represent at |east one selected fron1an$9g hydr ogen,
hydr ocar bons of 1-22 carbon atons, and

formulas 35 C-C H3 C Ar, Ara CH3 R 19 ,
Sept enber 2004 opkme:rC ok bt shih LChicd d&ht |
and R 23 15 vvhere gl? Rlsjprml angg RZZ%ezncoﬁeSa} enJ’enttI—
| east one sel ébted FFRIRShRS RIrdgert
carbon atons, R20 and R23 each |ndependently represent at
sel ected fronlannng

represen

C where R9-R16 eé(ggep%ﬂ@ﬁé

hal ogens and
I's one of the follow ng 30
-C () R18 CCH3 1 23
yaRrreeﬁar%atl%gO R22
° Heavsdeh £ ok Lahy(drlocar bons of  1- 22

follomnng

qghtly

esent” at

| east one
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10 where R,-R, each independently represent at least one

selected from among hydrogen, halogens and hydrocarbons

0of 1-6 carbon atoms, and X is

_...C._
O
I
and 90-10 mole percent of a repeating unit represented by
the following formula (II)
20
R R R R4
9 10 13 O
[0 ™ o)
\\ O \\ / Y 0 — (IT)
25 Rn R12 Ris Rlﬁ
where Ry-R,, each independently represent at least one
selected from among hydrogen, halogens and hydrocarbons
of 1-22 carbon atoms, and Y is one of the following
30 formulas
R, Ar, R 1
.__C__
..... ,._.....C __C__ .........._.....C__..._..._..
35 | ! O CH, l
H,C
Ar, . Ar, . Lol CH, R N




hydr ocar bons of 1-20 carbon -atonms, and Art, Are and Ar3_20, each
i ndependent |y represent at |east one sel ected from anﬁﬁ&eaFVﬁBQ?@@bs of
6-10 carbon atons. In formula (1), RL-R8 afe_independently selected from
anong hydrogen, hal ogens and hydrocarbons of 1-6 carbon atons. As
hydr ocarbons of 1-6 carbon atons there 25 may be nentioned al kyl groups
such as nethyl, ethyl, isopropyl and cycl ohexyl, and aryl groups such as
phenyl . HydrogenGHnd nmethyl are preferPed anong these. In formula (I1),
R9- R16 are independentl| selecég fromlanong hydrogen, hal ogens and

t ons

hydr ocar bons of 122 3 bon hydr ocar bons of 1-22 bon at ons
there may bemen®i I/@roups—ﬁfsi—ewcarbon at ons sU et hyl
exy++— and a;él groups such as phenyl, biphenyl

et hyl, isopropyl &nd c

and terp%enyl Hydr ogen and/net hyl are preferred—aBomg—these. 3" 5 1n Y in

formula (11) , REH;RL9, égnd R22 eac i ndependently represent at |east

one sel ected from anong hydrogen, hal ogens and hydrocarbons of 1-22 carbon

atons. 23 Septenber 2004 - 28 The sanme hydrocarbons nenti oned above nay be

mentioned here as well. R20 and R23 are each ingepeﬁdently selected from
anong hydrocarbons of 1-20 carbon atons, and thoSgi nentioned above may be
nmenti oned here as well. Arl Are 5 and Ara are each an aryl group of 6-10

carbon Bt ons su __aq? pth |__The transparent filmof the -
invention is preferably nad% of a polgfarb0ﬁarﬁsmrrﬁ“a fluorene skKel et-on.

A polycarbonatgiwith a fluorene skelefon is preferred 10 betauBesitTal | ows
a small er K val ue of the transparent ilm and this is attributed to the
fact that the -refractive index is not significaRt],y redyged in the
direction of the filmthickness due to the optically negative conponent
even when the main chain is oriented 15 in the plane. In the case of a

polycarhbnatewwdﬁmiRnJﬁﬁuNEweaﬁ&ekgt@achlEnﬁép@ﬁﬂbﬁﬁhyrﬁé reaknthet
refractive 'ﬂ%%ét!%n%o %?E%éd”%fd%tiﬁ%dﬁ %?3£éﬁéﬁﬁ hgloJins and
hydrocarbons of 1-22 carbon atoms, R,, and R,; each
1ndependently represent at least one selected from among
hydrocarbons of 1-20 carbon atoms, and Ar,, Ar, and Ar,
20 each independently represent at least one selected from
among aryl groups of 6-10 carbon atoms. |
In formula (I), R,-R, are independently selected
from among hydrogen, halogens and hydrocarbons of 1-6
carbon atoms. As hydrocarbons of 1-6 carbon atoms there
25 may be mentioned alkyl groups such as methyl, ethyl,
isopropyl and cyclohexyl, and aryl groups such as phenyl.
Bydrogen and methyl are preferred among these.
In formula (II), R,~R,;; are independently selected
from among hydrogen, halogens and hydrocarbons of 1-22
30 carbon atoms. As hydrocarbons of 1-22 carbon atoms there
may be mentioned alkyl groups of 1-9 carbon atoms such as
methyl, ethyl, isopropyl and cyclohexyl, and aryl groups
such as phenyl, biphenyl and terphenyl. Hydrogen and
methyl are preferred among these.
35 In Y in formula (II), R,;;—R,s, Ry and R, each
independently represent at least one selected from among
hydrogen, halogens and hydrocarbons of 1-22 carbon atoms.



t hi ckness because the fluorene nol ecule has high refr ndex

ani sotropy and the direction of the 20 fluorene in mhigﬁ%FH@”F@fﬁg%%ive

i ndex-of the fluorene is high is also pregent in the direction of the film
t hi ckness even when the pol ycarbonate main chain is oriented in the plane.
The pol ycarbonate with the fluorene skeleton is 25 preferably a

pol ycar bonat e Thgxﬂ@mmrhyﬁmmmmmmbmﬂ mentbpeat | dgowainay epe esemnt tohdoy

formuila (1) above, ep%§t'99duﬁ'ta2 ESEE”EE@ ﬁ&nﬁ @Ekaséhhltéﬁove

or a blend of a po ycar onaté°conpo ¥d o a repea represented by
formula (1) abt'mmaarmmag poy ree doret e 30 bommse;ob@rﬂ etm@eaamcﬂmgtme

represented by ér‘i’{f%é’d(éﬁévearl? %e%@n#i@n&@”ﬂ?ﬂé 04 %é’ig‘;' aA:Q')m‘ e.

the copol yner  composition in t case of a copo or t
conposi tiPon r a%m@) A e €aSh G RIN|ledFOups 0§U|5L-dt9l Waﬂ’ﬁﬂ@@%se sp@rhcent

of the total p@gy§@é@@pa@§ naernyt. is 35 outside of this range, it becones
difficult to obtaln uniformre ardatlon filmwith a | ow retardat,

val ue. The content Qﬁ PORRTRAren Y TPt orhe R8sl BEORpEE BREERHIR er
20|04 - 59 pensedé &hda @éby@aﬁﬁ@m@béyvéﬁﬂnw fntgh@r@ﬁécelﬂ$lé‘f:ohhe Atotal
ol ycar bonat e. e.c mer nglude a c nation_o nmor e
8| f%lerent repe%?? car&%)?%te e%me%tg%u%ﬁe?%r%ﬁ?ja% n(ﬁ %r%}f\%:%d and in

t he casa Oof a.m¢@ﬂm5@51me¢llOWaoaoemahbee Elﬁibﬂ@h@frbbeatrﬁgsnﬁrestnay be

conbi ned. For gj{her ﬁdc€@£%yf§ra@9919$€&9 t £§é¥f@ﬁé9 tﬁ€“ be
det erm ned usi ng nUcl ear netic resonance exa e, with the
whol e bul k of ¥¢£¥¢ﬁ#¥%%r elion%bn%b%mhﬁl@ﬁ@ aﬁ@%ﬁ?@ﬂtlﬁth? The

pol ycar bonat e &AﬁébﬁfﬁmféEOEﬁ@efﬁkeleﬁgakmésgneﬁe eéeéﬁéabbylaally

ol ycarbonate ¢ nmer and/ or bl end r n ercen f a
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15 in the plane. 1In the case of a polycarbonate with a
fluorene skeleton, it is conjectured that the refractive
index is not very low in the direction of the £ilm
‘thickness because the fluorene molecule has high
refractive index anisotropy and the direction of the

20 fluorene in which the refractive index-of the fluorene is
high is also present in the direction of the film
thickness even when the polycarbonate main chain is
oriented in the plane.

The polycarbonate with the fluorene skeleton is

25 preferably a polycarbonate copolymer composed of a
repeating unit represented by formula (I) above and a
repeating unit represented by formula (II) above or a
blend of a polycarbonate composed of a repeating unit
represented by fdrmula,(x) above and a polycarbonate

30 composed of a repeating unit represented by formula (ITI)
above, and the content of formula (I), i.e. the copolymer
composition in the case of a copolymer or the blend
composition ratio in the case of a blend, is suitably 10-
90 mole percent ef the total polycarbonate. When it is

35 ° outside of this range, it becomes difficult to obtain a
uniform retardation film with a low retardation value.
The content of formula (I) is preferably 35-85 mole



where R24 and Res each independently represent at Ieast 25 one sel ected
from anong hydrogen and nethyl, and 70-15 nol e percent 236epte 404
represented by the following formula (1V)>g30 (1V) where R26 and R27 are
each independently selected from 35 anong hydrogen and nethyl, and Z is at
| east one group selected fromanong the foll ow ng groups. 23 Septenber 2004
- 30 5 GH3 (pefrcEnB afid Gbide, paaderdb5945andoﬁaélénpbbseﬁepsﬁttH& uni t

(rrr) are 10 p t Since the optical anisotropy is wusually
| ower by the sg§%§g2€%¥¥g$ Q%o? H8tion method when R24 and R25 are met hyl

than when they are Bydrogenlyinerisayeastendeoar edubentbeonabpesyof R and K

The specific 0, S t it is c ectured that 15 the
t hr ee- d|nen3|éﬁ§€§s§%%g%5%2£dF%?eggfhgaun%gguF?p ?Sepﬁg dPY f EPEREL@®I ecul ar

structure. Thelhbo¥ed nkhii oneddcbpothereraandsr abbaddpatywell, cawo ber

produced by anyok&oaDr pEPSLES BétPR y n ained by a
nmet hod of pol yconde satlon orreg & &ﬁig%n@gﬁsgg?%ﬂHg gédlhydroxy

conpound and phosgen®t €th? ?ﬁeac%gEome%¥b@@ﬁdblanéonthﬁlm@bablewU1ms

pref erred butcaweMemﬂéh@umlﬁ@ﬂpugiﬁgC@ﬂ@ﬁéb?'hhéMetﬂ@tEQéﬁﬂaEQQ NM
refractive indgxes Qg ge (of0) onegts can mnimze |jght scatterlﬁ %gimeen
the conponents ahd npé Ve Y Noghe uhale Btk Oﬁhéhﬁlﬁ?%Y%@rb¢%%©%lty of

t he poI9@arbommmwo%xngxﬂb@mmﬁamSp@reﬁerﬁblm 0.3-2.0dl/g. If it is less

than 0.3 dl/g such fﬁ@bﬂ§f§c§§b9ﬁ5£él DERSLRRYL PISLLYe skeleton is most
preferably a polycarbonate copolymer and/or blend
comprising 30-85 mole percent of a repeating unit
represented by the following formula (III)

15
f: -0
20 | (III)
where R,, and R,, each independently represent at least
25 one selected from among hydrogen and methyl,

and 70-15 mole percent of a group represented by the
following formula (1IV)

R .5 R ,;

‘ where R,; and R,, are each independently selected from
35 among hydrogen and methyl, and Z is at least one group
selected from among the following groups.




mai nt ai ned mechani cal strength result, while if it is %8 reater than 2.0
the solution viscosity increases too greatly, |eading QE@H*%?B%4enB as
creation of a die line during solution_fihlhmformation and difficult
purification when polynerization is conplete. The optical recordi ng medi um
protecting filmof the 35 invention is preferably transparent, and thus
the haze value of the transparent filmis preferably no greater than 3%
and the total |ight beamtransmttance is 23 Septenber 2004 -H31

preferably 80% or ghgater and nore preferably 85% or ‘greatep,at a

measuri ng mavelengt$ of 380-780 nm Col orl ess transparency iE preferred,
and the transparenc is preferably no greaterthan 1.3 and_gpLe_preferably

no 5 greater t -9 as defiged_by b* using 2 visual fiel C light
source aBcording to,the L*a* lor spqgcifigation in JISZ-8R79. There may
al so be added to the transparent|filma L+Ravitblset absorfér juch as
phenyl salicylic aciyg, 2- 10 xybénEopheno or- triphen phgsphate, a
bl ui ng agent for coldr adjustment,” an antioxidant, or am@ |iRe:” The nethod

of producing the transparent filmof the invention nmay be a known nelt
extrusi on nmethod, solution casting nmet hod ,or the like, but solution
casting is 15 pref etz e ram tRetBEaR@B8RRLNET UPLEM LRLEKAESS

irregul i ti eprntkmier wPIBAN ANCELNN tihd St SO Ltd i S@sdpy iids, the

main chain te -4 sily.be ariented in the plape during the cast film-.

f ormati on and sub"ﬂ*sle%ugf\1 Ve y}?%gag? epyne I:iﬁ?‘hgte’cﬁgt&ﬁq‘%l?g BT VG t he

contraction stheszndckgnpaaymaghyhetbshvehenevhpyr ateohydndgehe s$tréss of

transport undefzsidghd ' the dr.yi st ori entation
asid SPRAIAL UWife Qz)’%iﬁse de ¢ é’ﬁé‘%. mﬁégﬁeeclﬂce

of the main chain in the direction stress,  Tresul I'nin-plane
ori entation. FEEON ik Sl D5iprumtear obweakts ihgoniectheeddthatof a

pol yner 1pat erittle thrde ROShdAYE0PL | S8 AL SO PPVerd NEs MBI FoSBd ot S
oriented paralliel §0rdd% M RSHQN L dOSdLLmsurface,

The above-mentioned copolymer and/or blend polymer -
can be produced by any known process. The polycarbonate
may be obtained by a method of polycondensation or melt

20 polycondénsation of a dihydroxy compound and phosgene.
In the case of a blend, a compatible blend is preferred
but even without complete compatibility, matching the
refractive indexes of the components can minimize light
scattering between the components and improve the

25 transparency.

The limiting viscosity of the polycarbonate
(copolymer) is preferably 0.3-2.0 dl/g. If it is less
than 0.3 dl/g such problems as brittleness and poorly
maintained mechanical strength result, while if it is

30 greater than 2.0 the solution viscosity increases too
greatly, leading to such problems as creation of a die
line during solution film formation and difficult
purification when polymerization is complete.

The optical recording medium protecting film of the

35 . invention is preferably transparent, and thus the haze
value of the transparent film is preferably no greater

than 3%, and the total light beam transmittance is



and the refractive index (nz) in the direction of the zéh%gk%n#%5ﬁﬁgs S

small with respect to the refractive 30 index (nx, ny) ne
direction. As a result, the K value inc[egfeg with a larger in-plane
orientation wth the sane R value, but when a conventional polycarbonate
or anorphous polyolefin is used, it has been difficult to |ower the

absol ute val ue pule férdi vt 803 2r RridladRe AHEMAS Y Y Jt hg Jprgduct i on
st ep. hbverth%Egézpljt has been confirned possible to reddce the K val ue
ma ira

when a pol yner B Lade BEFPHG 10§ 7Y i nsddy &fodB02G8d g2 i nventi on
is used, and tﬁbiotiea&tmkhms@drb@c@hasf@Q@fe&&ﬁa,t%@erﬁkﬁQ&%%%ﬁdEQﬁé# n
the direction ' l,ckness i s.not .reduced very much because of the
optically nega?%vgk%gkgéﬁg tg%e gﬁaﬁﬁéntﬁﬁ@ ﬁﬁgna@ﬁé@ﬁr@sggaéﬁréﬁﬂ§dnph t he
pl ane. Patti cubaeR§ern thaa Oage asf defipely byr bonasd ng th 28 fideraneield
skel eton, the tl uggaRe soplectlbes AlagCausidler ¢d L nays i gh refractive

;
i ndex anisotroBéF,and t is_conjectu that the refractive index in the
direction of fPPRFEALERKESE 8 ASEZr8dd8ed 10 very greatly because the

direction of the |argerer ah agngaebEnaaaeeftbh%hkl%egﬁegagén%'%qlﬁfhﬂnted
in the directh?ﬁ 8f.fh|n1%§ickﬁess even when the polycarbonate "nain chain
is oriented i not REZBI-ANEL RESELREL: F¥ChhasophraylsaAisyLisppcidongtet el y 15
di ffererdt0 nechbrdsosybeazbpheavad be heiphepgnsphbephate,t Renantingal
ani sotropy exhphited=wWi.t h_hnjecti.on, mol din and .t he .opti cal ani sotropy
exhi bi t ed mﬁthéggﬁgtfg% gggﬁk gﬁPH?FH?Hgfigﬁ.aégéefﬁﬁéﬁFvyPrtﬁ@eo&%keal
anisotropy is not HBeemsshpHyofeguoddcéngnthkenranppbyert @aler bal t3@ -
suitabl e for regvsehlgdcohhgz9PLical |.SO Y. LR.Rjection | di S

o St b o R kAR hEAEY i rbBuBh bEnofy Polfisitene

mol ded by solution,cast fi ormat I or ., fn-or
optical anisotTdpyiie Pethpdepsrtbe ldkgesbyt shéupsbgneastangrial in

consi derat i on poéfetrhednetbadiheedchadhabhtcakesing £hhifknbBgi dentally, 25
by injection nPégégg%%t.Ls di;fiog&%eéoafaggkgggg.a transparent filmwth
a filmthi ckness o ELT1R8n2880 PP A
: With most solution cast films, the main chain tends
to easily be oriented in the plane during the cast film
formation and subsequent drying steps. During cast film
20 formation,-the contraction stress accompanying the
solvent evaporation and the stress of transport under
high temperature during the drying step cause orientation
of the main chain in the direction of the stress,
resulting in in-plane orientation. Here, in-plane
25 orientation means that, in the case of a polymer material
with positive optical anisotropy, the main chain is
oriented parallel to the direction of the film surface,
and the refractive index (n,) in the direction of the
film thickness is small with respect to the refractive
30 index (n,, ny)rin the in-plane direction. As a result,
the K value iﬁqreases with a larger in-plane orientation
with the same R value, but when a conventional
polycarbonate or amorphous polyolefin is used, it has
’ been difficult to lower the absolute value of K due to
35 in-plane orientation during the production step.
Nevertheless, it has been confirmed possible to reduce
the K value when a polymer material according to the



mand with low filmthickness irregularity. As the solyent for sqlution
casting there may be suitably used nethyl ene chloride?§é$8%?ﬂﬁﬁgogﬁd t he

i ke. 30 The residual nethylene chIoriQe3 ontent is preferably no greater
than 0.5 % nore preferably no greater than 0.3 w % and even nore

preferably no greater than 0.1 wt% The film obtained by this nmethod may be
i nparted with iheendeshred seiar d@ﬁ&%pghyyi @ibﬁﬁe@'@é'@kes %@EC“I ng.
e.

35 An additive such as a plastjcizer _or the |1 al so be added to the

! ,nay | .
transparent fiFht St TRELREFITS el NLh 30 ¢ Bhe (Hbre@E ke a®f ofil Wavel engt h

di spersion of tihicRBeSepienhet P280dced 3BerPphibsil be€sREdi 88 aREI um
protecting filg1€f tgf I nvention, and the anpunt of additiop is greferably
no greater tHEACI0" Wt 96 HhEF nbYe PYERRREhEy AECYrelen  thRAAR R GReETh 1H

respect fo t heopidyped swlile coldeat. Bafdhictbhackpebs tifietdesé ransparent
filmused as t I [ | p L.hg fil | S ferably
from5 pmto z%%l}ﬁ&ﬁ%ﬁ#% %gﬁl?cig%is‘qgg%%%e ]gér%é:#é@' %1’%2}_ %%P%ﬁ% | aser
beam wavel engtfPieriilee aemscours idered fiop hivee dpighatefractiivagindexi um 10

The irregul aridyidyerd@y) o i the é&ﬁf@émfw%ﬁaﬁhé heeproLesting film

Is preferably no greater than .1.5 nore preferably no greater than 1

pm and even' noP¥€H R e?%l@?ﬁf’%#%?& £hHn DN ECERRSThis e hogedrced

measuri g the fétyn geekneISeddugune i dyrodcide b enOtest4@g filmis the
net hod descri bed.in the Exampl es The_filmthickness irrf‘gularit IS
preferably as HH HEF-VE AR08 Fhi Ehe petiesePanth Fhee T HeEHed khkskhe

irregularity dixosedsor gantihe floteisneds tdweeh asiesn belen ol ¢ herdei@te :
recording | ayqﬁa-]t[)‘ga 5, U422y O qég&ffl?d%ﬁéégpié)ngp diffraction of the |aser

beam sonetines Ing to probléns suc recording or reading errors.
The transparent fil%§ cFORGREISIViEIR ieptical chiseteepyedcoypbeselnavi ng a

high surbace hesginassnt MM 8k tOrd NSl IMEE | 0. bd N-SspSn&VBl dak e by
the 25 Tollow g, MEAK N LA T 008y S 0 600 Y PY3ect£0h So1ding
and the optical anisotropy exhibited with solution cast
film formation. Specifically, the optical anisotropy is
not necessarily reduced even when a polymer material
20 suitable for reducing the optical anisotropy in injection
molding is molded by solution cast film formation. That
is, in order to reduce the optical anisotropy it is
preferred to design the polymer material in consideration
of the method used to fabricate the film. ZIncidentally,
25 by injection molding it is difficult to fabricate a
transparent film with a film thickness of less than 200

um and with low film thickness irregularity.

As the solvent for solution casting there may be
suitably used methylene chloride, dioxirane and the like.
30 The residual methylene chloride content is preferably no
greater than 0.5 wt%, more preferably no greatexr than 0.3
wt% and even more preferably no greater than 0.1 wts.
The film obtained by'this method may be imparted with the
) desired retardation by uniaxial or biaxial stretching.
35 ‘ An additive such as a plasticizer or the like may
also be added to the transparent film. Such an additive
can alter the retardation wavelength dispersion of the



Co., Ltd. Variations in the hardness can be produced 2§gendin on_the
condition of wear of the indenter used. It is therefofe RREEYERLY04 0 use a
material exhibiting a constant hardness, 6 such as a single crystal silicon
wafer 30 to confirmthat the neasured vm%} ‘is always constant, before
measuring the hardness. Particularly when the neasurenent is carried out

under condi t1 gpe: BhACEoLbRlin, FeREBRUELDGCLOR, Ieachl ediher cunder,

differences in e tip shape enter wl how variations in the
35 neasured vanuestégen anththReaBgHbtsafppredibhant Rer Breferapdyi go

preferred for EEQtE?aﬁﬂéﬁ”EDtw@@daﬁ@"ﬁaféSQBef@rEBl§3nSGQE@aE@E 26804 3 34
conducted as cIoseI ossi bl e | accgrdance ﬁ”éh measuri ng net hod.
BFnBO f

According to YH& Wﬁ%BnF? Rec§atPsk AMGpt FC FPPﬁﬁﬁﬁrdness of 16
kg/ M2 @ greater vhs ghvekassepbifcahe brhhbpawehh padhi askdr kg ekeel | ent

- f Th d .' bI 8 , d
mor o’ pref or abPy SO TicBPRRE o Sgieai B BEFRRERNYn T Al PARFEAPPLy hro

general |y knowhohos gxhibi toa amtfemﬁ@tfrematﬂatkﬁ@ssahuedéeérahaaaed 10
i ncident light conpared to. front incident According to the

i nventi on, thbaﬁﬁﬁe@nthﬁnéﬁéﬁélbeﬁ@fWﬁ&?#989gﬁdé%dthﬁhéePﬁaH§pHP§ﬁt Film

IS representegorbyhaxopaycgmdra§ora@g embaggﬁ are defi ned as foll ows. nx:
Refractiive index in maLn ori ﬁnt ation |re£t on bn th g Earent film

pl ane Mf Refracti v8%i ngELIPhagiFéc{ VL8 PﬁBéoﬁEl EEEi on

direction in bhetheapspaeenunblEmumphanprBZerEbﬂyaubrgeemmeexthnndﬂnéction

normal to the 20 transggrent Erlnrsurface orientation
tgrek

direction neal®:tWe*f B ¥i B8R SFeFﬁﬁrfFFﬁP ;nHmr e PE o™ Eﬁenicél

t t t f t at | '
Chat e opPFESPERAS, BB gHbateL, Shafl 006, BLY 598, glckie pal yyer el

anrsotropy i smaegatring thkeedidm €hdgckness irregularity of the
- 15 protecting film is the method described in the Examples.
The film thickness irregularity is preferably as minimal.
as possible, because when the film thickness irregularity

exceeds 2 um the focus of the laser beam on the data

recording layer becomes fuzzy or shifted due to
20 diffractien of the laser beam, sometimes leading to
problems such as recording or reading errors.

" The transparent film of the invention is
characterized by also having a high surface hardness.
According to the invention, this is evaluated by the

25 following measuring method using an ENT-1100 by Elionix
Co., Ltd. Varlatlons in the hardness can be produced
depending on the condltlon of wear of the indenter used.
It is therefore necessary to use a material exhibiting a
constant hardness, such as a single crystal silicon wafer

30 to confirm that the measured value is always constant,
before measuring the hardness. Particularly when the
measurement is carried out under conditions other than
the measuring load described hereunder, differences in

- the tip shape of the indenter will show variations in the‘

35 measured values even with the same sample, and therefore

it is preferred for the measurement and comparison to be



The three-dinensional refractive index is nmeasured. by ol ari zi nal ysi s
which is a method in which polarized light is directeaggﬁpéﬂgmfggkgparent
filmand the polarized state of the eni;éid light is analyzed, but 30
according to the invention the optical antsotropy of the 35 transparent
filmis considered to be for a refractive index ellipsoid and the

three-di mensi eRAlyEIIRAGH K8 oslele%sl $odslign ned ﬂ&d%&o%%%i%n the
known fornula for a refractive index ellipsoid. Since the
t hr ee- di mensi SF&ASUrdNgadeti@d-ndex i s dependent on the wavel ength of the

light source used, Adcdr@iiPigeher abley indehicnes by dies mavr) engldpi@icdine |ight
source used. Th Zﬁﬁge t enber. 2004 -, 35 optical anlsotroeé can be,

repr esent ed u§Pﬁﬂ‘ Se O tdilke #SY BRal OF ePF 2R E Y eCPRIEE VBy *PhEPFLF RO ng
gq]lcjat i OrBh( 13h}fiﬂlm _‘v":i(tm%_p-a-rt:ﬁ).ﬂ(a?&y“ exye 10k @a&lﬁﬂpmfﬂd};&ﬂtﬁ]dﬁ.ed to.
efine the three-di_nensi ona refractive . inde the_incident angl.e
dependency of | e%aF gﬁ&aﬁﬁoﬁrﬁéeﬁﬁ #%&ﬂBW%@?rNE P& 9ﬁegg?5hggggfm8F§-l.5.
N. | s pr ef er alpire fleetavdan 20. kgdmzloﬂ,gaaalt@a_rt i c_uI arly vvhe_n NZ = 0.5, the
ol dent angl e depgndeReyiQh it st ehatiaL g 'a%é%%&%{ﬁ) IRhAE] Go SO

at’1 on valoe th~an
r

that the same retar ) results w y angl e of light
i nci dence. Ac&¥hdbid o i eaearte FetrircRdd odeviading tHentest r acti ve

i ndex ofgthe shewdaits 19igrd Hoaparaert fidome knhdiddhdasidrwe optical

ani sotropy as _a transparent fanlaccqrdln%.to he invention is n, and the
refractive i ndSEOrGANhES & dnventdony. thas SsH&E > the specific
chem cal struglefractisd Mpae-arit the achingyarere Sl ers nedpradadnted at 20

ohorter wavel S00U1 Y1 Iy SIOREEE by LRLTRERCHR8, olpidypecor i no
wavel engt h n.: Refractive index in main orientation direction
15 in the transparent film plane
' n,: Refractive index in direction orthogonal to main
orientation direction in the transparent film
plane ' |
n,: Refractive index in direction normal to the
20 : transparent film surface
Hefe, the main orientation direction means the flow
direction of the film, and in terms of chemical structure
it refers to the direction of orientation of the polymer
main chain. The optical anisotropy is positive when n, >
25 n,, and the optical anisotropy is negative when n, < n,.
The three-~dimensional refractive index is measured by
polarizing analysis which is a method in which polarized
light is directed to the traﬁsparent film and the
polarized state of the emitted light is analyzed, but
30 according to the invention the optical anisotropy of the
transparent film is considered to be for a refractive
index ellipsoid and the three-dimensional refractive
index is determined by a method based on the known
J formula for a refractive index ellipsoid. Since the
35 three-dimensional refractive index is dependent on the
wavelength of the light source used, it is preferably
defined by the wavelength of the light source used. The



di spersion being determ ned by the chem cal structure, but is should also
be noted that it will fluctuate 25 dependi ng on the add?SepiembesgPld ching
conditions, blend state, nolecular meighb etc. According to the

i nvention, the transparent filmhas |ow tardation and excel | ent heat
resi stance, durability and mechanical strength, and its use as a

protecting fildpe 3Gif oln {165 AR I £6BLiNG ) Syl O @é‘i&ftﬁ}‘&%ltﬂz’?& rdi ng
medi um can provide an optical recording mediumallowng ~highly reliable
hi gh density rEdHIRPETHe kratisba eritdey by ciie bbby ing el atien
protecting film#por an optical recording nmediumon the 35 recording |ayer
on the substrate or_on another vayer by adhesi on using a known
acrylic-based or otther ﬁ?pé’o?ﬂ ek er or adhesive &b%ht. 23 Sept enber

2004 - 3% - Figse vhdm thishove exeadplies o i€ed tlecos-of hgen sbshal e
enpl oyi ng an qptjcal, recordin di um protectin filmaccording to the

I nventi on, butrpet S e 1Y e}g"l ﬁ%d’e‘b&tcge % Ef'ré‘gjt? i%‘??%&ew H° hfeh'%vri ting
and readi ng 5 dsga@mdertelamci slemin fmaimwhen pfotiectinng frianmesiode 0 . Bre . 5.
protecting fil ' i hav dat a .. r.di I r, fornmed
on either oneIg}QEOFEESFgé§&§a%%§g%§Rd%bgl%&? éﬁg’mﬁ%ﬁp ﬁg%gggﬁ%%ﬁﬁhg film
is positionedi&h the=ufpérnbbe ducfidestorngie depsndiengyl@inddieum a

har dcoaj o | ayerredfa @t idiefd £cdide dayad1 IRz e B SOsbec o thoneshen the

protecting layer for inproved hardness. Jf a hardcoat {ayer is used it may
be a known a&ﬁﬁquéiégiiYﬁIQﬁxﬁﬁﬁéiﬁﬁuﬁ%?%i?ﬁYf%ﬁg Sl e19B%t there is

no limtation inridese. The protecting layer of 15 the ipven;ion may be
Fecor ding med; um A5 TS HE oI Ul T Sre T 1R car s ey ohe. O o
provi de nul ti plef mhattal veeciordingp £ atyer sslawd dahis e a stigmadpaeent yEibprove
the recpgding capagidds ¢ A BREDFSHR AL PR dHE SR NG ent £iim
according to the invention is n, and the refractive index
of the fast axis is n,.

As mentioned above, the specific chemical structure

is important for achieving a smaller retardation at

20 shorter wavelength with a transparent f£ilm used as an
optical recording medium protecting f£ilm, with a
considerable degree of the retardation wavelength
dispersion being determined by the chemical structure,
but is should also be noted that it will fluctuate

25 depending on the additives, stretching conditions, blend
state, molecular weight, etc.

According to the invention, the transparent f£ilm has
low retardation and excellept heat resistance, durability
and mechanical strength, and its use as a protecting film

30 for'the data recording layer of an optical recording
medium can provide an optical recording medium allowing
highly reliable high density recording.

The trahsparent film can be positioned as a
protecting film for an optical recording medium on the

3% recording layer, on the substrate or on another layer by
adhesion using a known acrylic-based or other type of

tackifier or adhesive agent.



Fig. 1 is an abbreviated cross-sectional view of an L.cal recordin
negiun1according to the prior art. Fig. 2 is an abbre §§@8mbergb04 °
cross-sectional view of an 25 enbodi nent ,of a film side-incident optical
recording nediumusing 'an optical recoéglﬁg medi um protecting film
according to the invention. Fig. 3 is an abbrevi ated cross-sectional view

of an enmbodi ment of. @& fi'9&33d@hé@@égémglggtb@abpfﬁéandr@go§@lﬂ§dlun1u31ng
an opti cal recordlng medi um pr ot ect j ng I m accord Qg to the inyention.

Fig. 4is anIH%%*%V@%P%@WE$%S%DS%E¥+%%%Ir%?%ﬁﬁbﬁgaﬂe HBoBY REREEHRIa il m

si de- InCIdentfppml&@éof@f@@dt@gth@eﬂmuamﬂﬁbng it ophikeal arecasbdi ng medi um

protecting film 3 ccor to the,inven .S a_graph homﬁng

t he relatlonsh?Ee%g?aé b?hge%FF%$?+%@Encé°§ngF8n8Fﬁtapgpgﬁgl% 2

-~ volune 23 Seppesbesr@00dcidddt framttie prodbéchibyofddmpendat blend polyner

corresponding to cul at n b | [ grgrh
fg{ﬁ%h%oggm 8P £ Lok N @Dk fydn Ebl. m?g fadedtAg

showi ng the rel at I'ré rlngence wave h di spersion
and vol une 5 daﬁgtreoondﬁngflaYeMDf@DmQ@n@htebtbﬁé Qﬁﬁyﬁﬁrboébrﬁééﬁéndlng

to CalCU|at'O%b§¥éthg %ei W, ?h& whefl ghe’ pkét@cg&ﬁghfimﬁwh@g t he
relationship ween I fefringence wavel en ersion and vol une

th _di
fracti on 4A dpoaltkgneéoﬁﬁohbﬂtUBPQHEOEBI9H§?a§g eSrFi EpoREPRGTS

Cal cul atyi on -Ex88PhR, 3ai Ratabbgtliafes. o3 hﬁt@ géﬂmbcahQWIﬂ@ybhemay
relationship betmeen t he blrefrlngggce wayel %&89 & %er5|on nd vo une
r

fracti on 4A of}&Ct 18- EBﬁbBH@HdePEn BoPTRERC §AdiTRG 8P Ve ati on
Exampl e 4 in Hablgeds.151Fi g. hardeoatgnapbrshemuagdth& melyatbieoms kinpwinet ween

t he pol yphenyl ene. ox uge fract n SOk R g blend of
pol ystyrene afi@~ §5F§pﬁ8ﬁ§geﬂ£ GRPEE~ b%%egsgggéﬁva ues%iggble'l is a %raph
showi ng t he rehateonshnp hemm@en1oﬁotohéhpaﬁyph@hﬁl@ﬁ@t@ﬁﬁdégvé@w#ﬁ
fract|Q% and E%QSQ%QBﬁﬁégk may be used in a plurallty of number,

instead of only one, for a single optical recording
medium. By using a plurality of films it is possible to’
provide multiple data recording layers and thereby
significantly improve the recording capacity.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an abbreviated cross-sectional view of an

optical recording medium according to the prior art.
Fig. 2 is an abbreviated cross-sectional view of an
25 embodiment of a film side-incident optical recording
medium using an optical recording medium protecting f£ilm
according to the invention.

Fig. 3 is an abbreviated cross-sectional view of an
embodiment of a film side-incident optical recording

30 medium using an optical recording medium protecting film
according to the invention.

Fig. 4 is an abbreviated cross-sectional view of an
embodiment of a film side-incident optical recording
medium using an optical recording medium protecting film

35 according to the invention..

Fig. 5 is a graph showing the relationship between

the birefringence wavelength dispersion and volume



for a blend of polystyrene and pol yphenyl ene oxi de (cal ulated val ues).
EXAMPLES 25 The present invention will now be explalng WBQW@Q?@Q4detaiI
by way of the follow ng exanples, with the, understanding that the
invention is inno way limted to these exanples. (Evaluation nethods) 30
The material property values nentioned throughout the present

specification 9@5%1 g hngg gyt%geﬁﬁﬁbkﬁgk?g%%%%glg%ﬁk %rnethods (D)

Measur enent o retar |on val ue " ( val ue 35 The
retardati on Revakeepohdiheg apt cedkuletdb mxaaiplSe anrbarak2@04 .38 medi um

protecting film ?ﬁlch |s&§P§e%E%%ﬁc%§§%ELE€ 'reﬁkhﬁgﬁﬂﬁF Aqx%i pthe film

t hi ckness d, and W T A spec sonet er
(" ML50", prodmhe bnréisa@g@@cp yavﬁﬂenﬁthabu@pmxﬁﬁbnnﬁnduuniumqrlthe _

i nci dent |gh beam and._t h m_surface_orthaogana Lo each ot her. The K
val e () | EZGBEaPT RSBy Cc RARGERUCPRE Sn G hdt BRY et dent 11 ght | beam
and the film &uﬁ:ﬁ:@@@onm&axs;uriﬂon@atlla;elmti@mdmample/aa uen atalgacht angl e, then
cal culating nX, nY_and ree-di nensi_onal refractlvqilndexes by

g,.as the 1 t%
curve fitting withi8n dqddt PodPER SURRIRE reYs 4& AR NRISP & $5"psot d,
and substitut thg bhesednialgeesd mavetleaditdl Idiwpeg ssigpratarmmh ydidme K = (nZ-

(nx+ny)/2)*d (14) rement of ter tion This was neasured
according to %¥§§Flﬁﬁt 6d§¥b8r WPr&QPPE“ﬁEteglﬁﬁgﬁﬁﬁﬂ18H3and Boi | i ng Wt er
Absor ptin”  desekls %@hdu@;gllt% lé?aa@%,la%&@eptmam@né he ﬂmlfdﬁmq of the

dried filmwas 130 The size of the test piece is 2 0 nmm squar e,

and the change in @éggh@ ii$ ﬁe&§@@@d5h§FF%Wg|§Hﬁﬂ%ﬁ#ﬁfﬁ9ﬂ§ YR war m
water at 25C tae 24 refeunsenthl wave ldhetIntdiraidon ovatard abshums i on whi ch

'S fraction ¢A of a two-component blend polymer
corresponding to Calculatlon Example 4 in Table 1.

15 Fig. 9 is a graph showing the relatlonshlp between
the polyphenylene oxide volume fraction and R(450)/R(550)
for -a blend of polystyrene and polyphenylene oxide
(measured values).

Fig. 10 is a graph showing the relatlonshlp between
20 the polyphenylene oxide volume fraction and R(450)/R(550)
for a blend of polystyrene and polyphenylene oxide

{calculated wvalues).

EXAMPLES

25 The present invention will now be explained in

- greater detail by way of the following examples, with the
understanding that the invention is in no way limited to
these examplés.
(Evaluation methods)

30 The material propertylvalues mentioned throughout
the present specification were obtained by the following

evaluation methods.
(1) Measurement of retardation value (R = An-d (nm)) and

K value
35 The retardation R value of the optical recording



given in %units. (3) Measurement of polyner glass trangition tenperature
25 (Tg This was neasured by DSC ("DSC2920 Mbdul at ed Dségsl?QtemPErEﬁg‘frunents
Corp.). It was nmeasured not after film formation but after resin

pol ymeri zation, while in the state of flaRes or chips. 30 (4) Film

t hi ckness neasurenent This was neasured with an electronic m cro-neter
(Anritsu Co.). ) rement of.filmgthickness irregularity This was

cont i nuousl y ﬁ%%gﬁﬁe Léﬁ?&f%? W¥qu+ﬁh£ﬁ§t?ﬁ%kﬂﬁggu?Es?ért%? Anritsu
Co. The sanpl ingrefrimgendeasurad fihen fEbn Catli{eRfeout dasah@! LR¥SN Ten |ong
2 3 Septenber 2004 - 39 strips were, continuously cut out perpendicular to
the directior’®¥i§i |R%E MBI LAY 3R shaepersr#h ehbipsereteron of the

filmwinding (@MIB@, hr&dhdan ddeco st | On Shefk| PaYGAKAQ) . The
t hi cknes dlStFIbUtH%? 5W§Lf§§Ch‘Ofk%$e ;ﬁg;les was neasured with the ,
above- nBnti odSEFTHIH (i Thridts YRS THeR T | BR i RRAekRewAs1Mt aken as

t he aver Sg;af ofsuhfesee neaishuweTert s;o asukbh hethéhi ckTies SK spalus fetﬁm; jﬁ@ Lhe
maxi mum di f f er gnce. i V. an I ni rum val ue. (thj ckness
range) as 10 rreasurrﬁe)lﬁ%%/%?ﬂ{ h‘%@@?ﬁ e o ( éj%éa%ﬁr@?r%n%n%*g%%?y}é?h{

copol yneri zat iRaam And tie £ilas suefaced msageotnn DNIMR fedabdat ptm600" by

Ni ppon Denshi +0rue Lid. 1 2G| i &@ﬁﬁ I S nQl

bi scresol fl uor eneueco %I%/ancerllr:?&{rﬁﬁjw}agéﬂl%n c{a}ﬁ:_u ate ?(r)ﬁo% Hﬁegggoﬁbné%i ﬁ’{}gensi ty

ratio fof eacHER&IRANTG RNk arase kY tperee| fEhting (7)

Measur enent ofwilgtangiiddanciom GRe naphat oret elc£1¥k 3008ex &Y HhEaLhi
Laboratories) was used.. The neasurin vel ength was _20. 380- 780 nm . but
the represent ﬁﬂ@é‘ﬁ?&ﬁﬁ%@‘%@ﬁ%éﬁ’f‘%ﬁs EantWast P LeeHng opdefeion
exanpl es. (8)(IMdasurenent of hardness
K = (n, - (n, + n,)/2)%d (14)
15 {2) Measurement of water absorption
This was measured according to "Test Methods for
Plastic Water absorption and Boiling Water Absorption"
described in JIS K7209, except that the thickness of éhe
dried film was 130 50 pum. The size of the test piece is
20 a 50 mm square, and the change in weight is measured
after immersing the sample into warm water at 25°C for 24
hours. This is the saturation water absofption which is
given in % units. '
(3) Measurement of polymer glass transition temperature
25 (Tg)
This was measured by DSC ("DSC2920 Modulated DSC" by
TA Instruments Corp.}. It was measured not after film
formation but after resin polymerization, while in the
state of flakes or chips.
30 (4) Film thickness measurement
This was measured with an electronic micro-meter
(Anritsu Co.).
(5) Measurement of film thickness irregularity
This was continuously measured using a KG601lA film
35 thickness tester by Anritsu Co. The sampling of the
measured film was carried out as follows. Ten long



The fil m hardness was neasured using an ENT-1100 nano,i entﬁt % %ester
by Elionix Co., Ltd. The 25 neasuring conditions were 3 8% of 50
ngf, a data uptake step of 0.2 ngf, a da % upt ake |nterval of 40 nsec and

a maxi mum | oad holding time of 1 sec, usi 8 i ndenter with a di anond
triangul ar pyramd (115) tip, and the average of 5 continuous neasurenents

was taken 30 Lok igackd:RadonFiguSREILe RS i g2 (rgoﬁggpggy st age’

usi ng an |nst nt adhesive with the trade nane "Aronarufa Toa
Gosei Co., lre&ﬁéoﬁeééuﬁé%@nﬁlnﬂ&§gw§Ge5aﬁFbﬁRﬂQ%ﬂH%u}ﬂtthQ)stand f or

24 hours in amrabrmwhe)rfe take 23Gm madnargdrzasscdtalt ke v o oy almed 35
fromthe foll uatlo ness 79
maxi nrum | oad ﬁ& F ﬁlﬁusgﬁéﬂéﬁﬁggff 902) %ggégggéﬂﬁﬁﬁs trihytlcFThe
units ar® ng bcﬁr caled rex itimemslaodd ean drasmmiears urteel wiebh he dilspieacenent . )
IhemenoTe! SheNGUEER Sl AIYP e ey SIS Y
CH3 30 HO CH Fake@HapBthHa@Hrage of these measurements, and the
thickness spot refers to the maximum difference between
the maximum value -and minimum value (thickness range) as
io0 measured for the 10 films.
(6) Measurement of polymer copolymerization ratio
This was measured by proton NMR ("JNM-alpha600" by
Nippon Denshi Co., Ltd.); Particularly in the case of -
bisphenol A and biscresolfluorene copolymer, it was
15 calculated from the proton intensity ratio for each
methyl group, using heavy benzene as the solvent.
(7) Measurement of transmittance
" A spectrophotometer ("U-3500" by Hitachi
Laboratories) was used. The measuring wavelength was
20 380-780 nm, but the representative measuring wavelength
of 550 nm was listed for the examples.
(8) Measurement of hardness |
The film hardness was measured using an ENT-1100
nano indentation tester by Elionix Co., Ltd. The
25 measuring conditions were a maximum load of'SO ngf, a
data uptake step of 0.2 mgf, a data uptake interval of 40
mse¢ and a maximum load holding time of 1 sec, using an
indenter with a diamond triangular pyramid (115°) tip,
and the average of 5 continuous measurements was taken
30 for each load. The sample was fixed onto a metal sample
stage using an instant adhesive with the trade name
"Aronarufa (201)" by Toa Gosei Co., Ltd., and measurement
was made after allowing it to stand for 24 hours in an
’ atmosphere at 25°C. fThe hardness is the value obtained
35 from the following equation (2).
Hardness (kg/mm?) = 3.7926 x 107 x maximum
load/ (maximum displacement)? (2)



OH[C [D [E] 23 September 2004 - 41 - 5 HO OH [F] ( le 11 10 After
chargi ng an aqueous sodi um hydroxi de solution and i on%g%mfﬁ'&é‘ﬂ‘?%‘f er into
a reactor equipped with a stirrer, thecnggeter and ref |ux condenser,
nononers [A] and [F] having the structures shown above were dissolved- in
the nolar ratios listed in Table 2, and a small amount 15 of hydrosulfite
was added. Met(mHeenmioh) ofddengesondded md:henet oodhh Ahgs0ens. Was, bl own in
for about 60 m nutes at 20C. After adding p-tert-butyl pheno or
emul si fi cati ofMaX¥4US A STHiaReNRE added and the mixture was stirred at 30C
for about 3 hours tmheamRta the td f i he
R oA R & s O e

reaction, the organic _phase was separated off a ene C

was evapor at &3S FXSUEHST 25bISRIRTGHE e COPIIRARS . arhes haonpusiav onal,
rati o of5the obtained copol ynmer was- approxinmately the same as the nononer
charging ratio. 25 The copol yner was di ssolved in nethylene chloride to
prepare a dope solution with a solid concentration of 20 w% A cast film
was fabricated fromthe dope sofition to obtain a transparent film The

thickness irregularity , he fli | m @ um 30 The rrea]zur enent results
are summari zed i nHB g+ \ relgy R and K%hl ues, and the
range of variation of ) as mreaSuréf in the width direction of a 1 m

wide filgnwas 0.5 nm The retargation was snaller at a smaller wavel ength
in the measuring wavel ength range® 35 of 380-780 nm and the optical

ani sotropy was confirned to be positive. It was denonstrated to be
suitable as a prot ecHiagjlg filmfor an op@macal recordi ng nmedi um

CH,
|
HO“@*’(ID , OH [B]

25
[D]
CH,

CH,
o)A

15

30




23 Septenber 2004 - 42 The polycarbonate fil mwas coa to jth a
| i qui d photosetting resin and a di sk was punched out, gﬁgep¥ﬂﬁﬁpghégliquid

phot osetting resin was used as an adhesi to attach it to a 1.2 mmthick
optical disk 5 support substrate to fabricate a film side-incident type

hi gh density optical recording nedium The high density optical recording
medi um was found to have |ow error and satisfactory properties even with a
| arge aperture nunber of 0.85. 10 [ Exanp ﬁ 2] A pol ycarbonat e copol yner was
obt ai ned by the same nethodtlas 'a except that the nononers |isted
in Table 2 were used. Thg conj at i,oplpf the resulting copol yner
was approxi mately the sane Hr charging ratio. A filmwas
formed in the sane manner &

measurertent results are su
filmhad small R and K val ues id
nm the retardation 20 was sy
refractive index ani sotropy It was denonstrated to be
suitable as a protecting, fil side-incident type optical
recordi ng nmedium [Exanple 3] 25 A pol ycarbonate copol yner was obtai ned by
the same met h&F2H®LExddpl e 1, except that the monomers listed in Table 2
was usead The conpagitkirodalarigdhico a®f i ouseSddivig IRARYXNIERS séRution
approxi mat el y tae.sane ag t he , nononer, chargi ng rat. o. Axﬂ%dﬂﬁﬁﬁi'forned in
the same 30 n@Rfed-C8s SEXRRPIGEY “AGCbidT & o SRR a

neasur ement restbktrerar e heuneeitzed annl Tadlex2 cdridessser c onfrianmeads t[Agt t he
filmhad snal l.ues i.n Ur 0- 780
nm the retar .gtgi iﬁq \Iﬁg\sﬁg Ftll?gr S;t%%é:t%% grﬂ%%@rﬁ‘ﬁ%&ﬁlﬁgﬁgQBe@
refractive 35iPndég AMIlest reHLoRad Ysdsia iive Taklenads diforis taiildd ameupd

sui tablgs as acBr aheebisRd fhitldMfa@r Rddd .M Mgy NGidet1oride was added
thereto, and phosgene was blown in for about 60 minutes
at 20°C. After adding p-tert-butylphenol for
emulsification, triethylamine was added and the mixture

2. It was [Fgonfirmed that the
i ng wavel ength range of 380-780
| er wavel ength, and the

was stirred at 30°C for about 3 hours to complete the

20 reaction. After completion of the reaction, the organic
phase was separated off and the methylene chloride was
evapcrated to obtain a polycarbonate copolymer. The
compositionai ratio of the obtained copolymer was
approximately the same as the monomer charging ratio.

25 The copolymer was dissolved in methylene chloride to
prepare a dope solution with a solid concentration of 20
wt%. A cast film was fabricated from the dope solution

to obtain a transparent film. The thickness irregularity
of the film was 1 um.

30 The measurement results are summarized in Table 2.
The film had small R and K values, and the range of
variation of R(550) as measured in the width direction of
a 1l m wide film.was 0.5 nm. The retardation was smaller

. at a smaller wavelength in the measuring wavelength range

35 of 380-780 nm, and the optical anisotropy was confirmed
to be positive. It was demonstrated to be suitable as a

protecting film for an optical recording medium.



type optical recording medium 23 Septenber 2004 - 43 ample 4] A
pol ycar bonat e copol yner was obtai ned by the sane nethaéggggﬁﬁﬁﬁﬁbgﬁl,
except that the nononmers listed in Tahl g2 was used. The conpositional
ratio of the 5 resulting copolyner was approximately the sanme as the
nononer charging ratio. Afilmwas formed in the same nmanner as Exanple 1
to obtain a transpan@npoliybBrbdRateMEaIHr REENEoBESU & 2r QmsSwikar hzed in
Table 2. It was confirnmed that the filmhad small R and K values in the
.10 measuri nglihavéfenhPhopaRgangf r880n780dnm kK Wacaryaches owas sndl | er

with snaller gyl @Hgthliqﬁﬁlg bh@tb@éE%@thﬁesh.ﬁdﬁrésaﬁlls%e@t E@P¥as positive.
It was dem)nstrat ed t as a_protect %%al I m for a fslkl m

si de-i nci dent? ??EévﬁpFPcﬁFtPEBoﬂalﬁﬁ Redi aniiy &

pol ycar b;ﬁnat esGpporyNetbwasanbt anﬁdbb%chlﬂe aamlmmdsmd@ﬁmaaemp@pb, |

except that the Qner, n__Tabl.e 2 The conpositiona

rati o of the H%%@B??Pﬁé%XOBBE F ﬁ850586pgxﬁ%a ﬁy the sanme as the 20

nononmer . chargi ng Thei bigh Hiehmitgsopsired recoldiggmaediammerasagoirdnpl e 1

to obtain a trgn e T f d.in
£8 ARGE e by lglrﬁ_rbr heqa E?;%ﬁ %E?B%WE%MQ% SBIRL 2R 5

Table 2. It confirmed that the K values 1n the
measuri ng mavéﬁéﬁgtﬁpﬁéﬁ§§eoﬂu@9@r79@ AmB5the retardation 25 was smal | er
with sng |l er P@ygh gmath) and the refractive index anisotropy was positive.

it was denonstrated to be suitable as_a protectin f|| for film
si de-incident typ8 BRLYEAFPPBEGFULREOMEERHmYAPER: e same
pol ycar bonat emgenely ger Ewampdbt ai, n@@tcb)ptt #ﬂ.ﬁa&am&@mﬁﬁﬂm a&@emﬁlne 1,
except that t@ gnﬂ?ners listed |% Table 2. @as used. . gsi tional
ratio of the “FBLEI ¢ N§2€0HS  CoppeBtRRrY st S0 U e
nmonomer char graguilétng. cApbﬂymeawaSoa@@domnmauekmﬂhhe same as the

15 monomer charging ratio. A film was formed in the same

manner as Example 1 to obtain a transparent £ilm. The
measurement results are summarized in Table 2. It was
confirmed that the film had small R and K values in the
measuring wavelength range of 380-780 nm, the retardation

20 was smaller at a smaller wavelength, and the refractive
index anisotropy was positive. It was demonstrated to be
suitable as a protecting film for a film side-incident
type optical recording medium. 7
[Example 3]

25 : A polycarbonate copolymer was obtained by the same
method as Example 1, except that the monomers listed in
Table 2 was used. The compositional ratioc of the
resulting copolymer was approximately the same as the
monomer charging ratio. A film wag formed in the same

30 manner as Example 1 to obtain a transparent f£ilm. The
measurement results are summarized in Table 2. It was
confirmed that the film had small R and K values in the
measuring wavélength range of 380-780 nm, the retardation_

_ was smaller at a smaller wavelength, and the refractive

35 index anisotropy was positive. It was demonstrated to be
suitable as a protecting film for a film side-incident

type optical recording medium.



manner as Exanple 1 to obtain a transparent film The ;geasuremnen esults
are summarized in Table 2. It was confirned that the ?ggﬁpﬁgﬁeéﬁ@P R and
K values in the 23 Septenber 2004 44 npaffring wavel engt h range of 380-780
nm the retardation was snmaller with smaller wavel ength, and the
refractive index anisotropy was positive. It was denonstrated to be
suitabl e as a[pﬁgﬁggbing filmfor a filmside-incident 5 type optical

recordi ng medium _[ EX |l e, 7) Polystyrene as _a polyner wth negative
refractive index énPQig’Eéﬁg?o%‘%ﬁo%OBi{?}é’méﬁeFﬁaf'alo%%&&etdr i%¥s 08 3% and a
pol yphenyl enemetkbteaas Eaappllyndr, wixicl prosihtaity e hE) moefameats \id sitiedie d n

ani sotropy (pal ,8-dinmethyl-1,4; p I .0xi_de, .od f. Wako Pure
Chem cal Indg%¥§%eg,nggpg%dWerghgigggﬁggg%i%%€ﬁ16}oiﬁagﬁgf%§ proporti-on
of 70 amd 30 wespliésgecopedlypert vasr eparexdnadedy sdlautsane wst [fhe sol i d

concentrati onyghoh8 WeHnr§ihey ¢agh : | 5 was of JRld Gl eibd riemdne sdae

solution to obtain a traﬁép rent film The neasurenent results are
summari zed | PW¥FBBRE 25 Eppnpde doim Otdithat YRS SRAGRMad SWal | TREnd K

val ues | : nt hﬁeaea%;ﬁ}e@t\/\@é@hﬁ&@t aﬂea@glgm@ﬁ:im f7i80 THH1d _madz(w etzar dat i on
was smaller at a_smaller wavel ength, and the. refractiyve i.ndex .ani.sotropy
was negati ve. SPRERAREdy &GS g&qﬁb%ﬁ@ sslfﬂatlzibﬁ;é ae&é Jypﬁa&%ecst iy 19 m for
an optliccal rreasdiriggnmdiverhemsithg ranfgd msiddd-i TR0 dent thepeetsptdadalon
recordi ng devjce enploying.shor i %le 5 S Far. r eNncg,e Fig. 9
shows the rel g?lsoﬁg%ilg‘%get%\%@n sh%@egji re r%qr?glegndcl-g’ \%I%/delgg\egtlﬁé%as es’sﬁ on
coef fici ent anddexhangslofpioeyy Warse podidd weol urfk ek tdatPng iR tHG e o

bl end rati oS gf,;t8180LYSLY 108 RAL ROIpANPTIARNE Prinlesi L RiRIdde [ S seen

that the opti ani sotropy Is negative ,in the region of |ow polyphenyl ene

oxi de cont ent tYRRdORtiCadi ®GE Jimes dAFUR whi ch the birefringence
wavel engy h diispempiiensqoefficient is generally smaller than 1. On

A polycarbonate copolymer was obtained by the same
method as Example 1, except that the monomers listed in
Table 2 was used. The compositional ratio of the
resulting copolymer was approximately the same as the
20 monomer charging ratio. A film was formed in the same
mannef as Example 1 to obtain a transparent f£ilm. The
measurement results are summarized in Table 2. It was
confirmed that the film had small R and X values in the
measuring wavelength range of 380-780 nm, the retardation
25 was smaller with smaller wavelength, and the refractive
index anisotropy was positive. It was demonstrated to be
suitable as a protecting film for a film side-incident
type optical recording medium.
[Example 6]
30 A polycarbonate copolymer was obtained by the same
method as Example 1, except that the monomers listed in
Table 2 was used. The compositional ratio of the
resulting copolymer was approximately the same as the
) monomer charging ratio. A film was formed in the same
35 manner as Example 1 to obtain a transparent film. The
measurement results are summarized in Table 2. It was
confirmed that the film had small R and K values in the



t he other hand, the value is greater than 1 in the reg 3 hi gh
pol yphenyl ene oxi de content and positive refractive .?33& gﬂﬁ?%?P@%

Next, equation (iii) was then used to calgulate the 23 Septenber 2004 - 45
rel ati onshi p between the volune fractions and birefringence wavel ength
di spersion coefficients in Fig. 9, giving the graph shown in Fig. 10. Fig.

10 waes Ca'CH%@&@QrMh&hwéGéiéﬂétﬁ Péﬁgérb99§9@€78@|ﬁﬁs ehe Pelfr8aapgn0. 21
for polystyrene and g R% ene_oxi de at _a maveleg g 50 nn1ésee D.
Lef ebvre, B. Wa%s¥ha aeE WikBnpBREECT PERYARPNISN  70B9768R 1585 FCEMY

R(450) / R(550) inyek ugsiobttoff wad éoéﬁtlv@spemtiwebydeﬁbﬁseraaédhtagbes
seen between Fi

s...9 and 10. The dens s af the 1 poI styren
polyphenylenes%gF@%%ﬁe?ﬁ i.@ﬁ?gﬁﬁglﬁgogﬁi ? Féggec ﬁve 901? nple 8]
A polyc&rbonatypeopptyual masonﬂﬂagnmddbymthe sane nmet hod as Exanple 1,
except that t Qﬁ? i listed in 15 Table 2 were used. The conpositional
ratio of the resulting copolymer was approxi mately the sanme as the nononer
charging ratio. A Ppluswmsener pedai polkeesawdthrhggetize erémpréivet o

obtain a tra”§Héé§”5anb€koE?e(Wﬁﬁésﬁﬁﬁgeﬁhehﬁéﬁht&n@h%t%&@@@rmiad)ln Tabl e
2. It was 20 confirned d smal | g | ues i.n the
n

measuring wavaN@ngt ROLYRPENELeB80O#BFCnAF LhEOLIMBFdXiiton PORAS 1¥Ral I er at a

smal | e gwavel eagilctagd EhaekeﬁhiﬁbttapylQ@@&yﬂﬁlSgﬂﬁm@ﬁhwa31p@SItlve | t
was denonstrated t

si de- |nC|dentpE§n¥$EBeoB%gégﬁ P§8§P8?n§%ﬁ@8%8n?%f%'@gk%ékﬁ rfgggh - 46
Table 2 ExanptadExaﬂmbe ExadplyewExanpliesolved in chloroform at a
proportion of 70 and 30 wt%, respectively, to prepare a
dope solution with a solid concentration of 18 wt%. A
15 cast film was fabricated from the dope solution to obtain
a transpérent film.

The measurement results are summarized in Table 2.
It was confirmed that the film had small R and K values
in the specific wavelength range of 380-780 nm, the

20 retardation was smaller at a smaller wavelength, and the
refractive index anisotropy was negative. It was
demonstrated to be suitable as a protecting £ilm for an
optical recording medium using a film side-incident type
optical recording device employing short wavelength

25 laser.

For reference, Fig. 9 shows the relationship between
the birefringence wavelength dispersion coefficient and
the polyphenylene oxide volume fraction with different
blend ratios of the polystyrene and polyphenylene oxide.

30 Here it is seen that the optical anisotropy is negative
in the region of low polyphenylene oxide content, and a
region is present in which the birefringence wavelength
dispersion coefficient is generally smaller than 1. On

J the other hand, the value is greater than 1 in the region

35 with a high polyphenylene oxide content and positive
refractive index anisotropy.

Next, equation (iii) was then used to calculate the



Exanpl e Exanpl e Exanpl e Exanpl e 12345678 Mononer 1 str ure [Al B
[O) [D| [E -[A] (charging nole @a(32)(40)(59)(35)(34)#@%??@T&9N8h@%e£ £
structure [F] [F] [F] [F] [F] [F) -[F] {cwrging nole

%9 (68) (60) (41) (65) (66) (50) (59) R(400) (run)2.16.14. 15. 24. 87. 4-9. 20. 4 R(450)
(nm) 3. 66. 65. 67. 05. 810. 9-11. 90. 5 R(550) (nm) 4. 77. 27. 08. 96. 713. 9-13.70. 5
R(650) (nm 5. 2¥c2dtbOn€Riplbetwddn58hd volume fractions and

R 650)/ R 550) R-H65T: BURRCh7 1 BaghatE i GBRT s{Rdycgeticients in Fig.
K(400) (nm) - 3. 4, 6g8vEn0- 8he- Graph. ohe@n1in0Fgy. 10. Fig. 10 was

ﬁgggggEﬂg;:g'géic%}gtgﬁzwiﬁg'iﬁgrg?%%ééﬁ%géfringence values of ~-0.10
K(650) () - 5. 80, 8- 216fargpplystyseng. angopglyphenylene oxide at a

R T e
. } . . . . . . i e
(n)7050801017%9E?9§5€@1Be&Yﬁﬁgnéﬁvi89522?§ééf§§2§3? 2§dfgh§?§(§g%§8

values of 1.06 and 1.15, respectively. Close matching is
seen between Figs. 9 and 10. The densities of the

10 polystyrene and polyphenylene oxide were 1.047 and 1.060
‘g/cm’, respectively.
[Example 8]

A polycarbonatée copolymer was obtained by the same

method as Example 1, except that the monomers listed in

15 Table 2 were used. The compositional ratio of the
‘resulting copolymer was approximately the same as the
monomer charging ratio. A film was formed in the same
manner as Exampie 1 to obtain a transparent film. The
measurement results are summarized in Table 2. It was

20 .confirmed that the film had small R and K values in the
.measuring wavelength range of 380-780 nm, the retardation
was smaller at a smaller wavelength, and the refractive
index anisotropy was positive. It was demonstrated to be
suitable as a protecting film for a film side-incident

25 type optical recording medium.
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[ Conparative Exanple 1] 5 A filmwas for g in the same manner as Exanple 1
using a conmercial ly avail abl e pol ycarbonate conposed of pol ycondensed

bi sphenol A and phosgene ("PANLI TE C1400" by Teijin Chemcals, Ltd.). The
measurenent results are summarized in kahke 3. The surface hardness of the
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val ue was| hi ghlegonegat| Ve sl [je tlee | ef7as dat 1om Was7.7l af ger.1af] anshor t ers
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R(550) ( 13 RE0) 1 g5()) (P13, 2.8 W(Aﬂﬁ\[Dﬁﬂﬂn\l-ﬁghl 0168 -12.3 -12.1
R( 650) / R( 5583 K650 Anm) nnp || -5.8 -7.3 -7.67 ~4.8 ‘| -7.8 -7.6 ~13.4 ~12.5
( ) ( OOV HsH YrR(gs0Y VY | 0.757 0.958 0.779 0.864 0.821 0.809 0.757 0,950
K (650) /K(550) 1.086 1,014 1.118 1.051 1.164 1.118 1.086 1.033
Film thickness {jm) 70 50 BO 101 71 91 75 95
Glass transition 227 220 192 233 248 230 134 219
temperature {°C)
- Water abscorption 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
{wth)
Transmittance (550 90 90 90 a0 90 90 91 g0
nm}
Hardness (kxg/mm’) 24 22 20 25 - 25 23 - 22
[Comparative Example 1]
5 A film was formed in the same manner as Example 1

using a commercially available polycarbonate composed of
polycondensed bisphenol A and phosgene ("PANLITE C1400"
by Teijin Chemicals, Ltd.}. ' The measurement results are
suﬁmarized in Table 3. The surface hardness of the film
10 was 15 kg/mm®’. The K value was highly negative while the
retardation was larger at a shorter measuring wavelength,
thus demonstrating that the film was unsuitable as an
optical recording medium protecting film for a film side-
incident type optical recording device employing short
15 wavelength laser.
[Comparative Example 2] 7
A norbornene resin ("ARTON" by JSR Co.) was used to
form a film in the same manner as Example 1. The
measurement results are summarized in Table 3. The K
20 value was highly negative while the retardation was
larger at a shorter measuring wavelength, thus
demonstrating thaﬁ the film was unsuitable as a film
side-incident type optical recording medium protecting
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the present invention, it is possible to efficiently provide a film

si de-incident type optlcal recording medium protecting filmas a single
transparent ffimmpade of a thernoplastic 10 resin, which exhibits the

requi red physical properties, |owthree-dinmensional optical anisotropy and
preferably |ower retardation at shorter wavel engths, so that the optical
recordi ng nmedi um can be used to realizeahl&i Bm side-incident type
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5 INDUSTRIAT,. APPLICABILITY
As explained above, according to the present
invention, it is possible to efficiently provide a film
side-incident type optical recording medium protecting
film as a single transparent film made of a thermoplastic
10 . resin, which exhibits the required physical properties,
low three-dimensional optical anisotropy and preferably
lower retardation at shorter wavelengths, so that the
optical recording medium can be used to realize a £ilm
side-~incident type recording medium with high recording
15 density.



transparent filn) for the transparent filmat ‘a wavel th of 550 nm 2.
An optical recording nmediumprotecting film 20 accordﬁageF@”ﬁpé'ggﬁ,
wherein the retardations at wavel engths 4¢f 450 nm and 550 nm satisfy (A)
both the followi ng inequalities (3) and (4), (B) the following inequality
(3),'or (O the following inequality (4). 25 R(450) /R(550) <1(3) K(450)

[ K(550) <1(4) where R(450) and R(550) @m@:mhe |n planeretardatlon of the
transparent filma | en

% ? $n1 nm and egEect%Vfly, and
K(450) and K(550) hre (7B ATLCET EaFCERAPadTRgTRR ProRsEam I TR) ) o1 X o
(where nx, nyclamdadBenZzedebyheeihgea- dinghsi bnahspefentt £fveni ndéxest of the
transparent fjil ax -
respegtlver,éaﬂ%é%mégf?%tﬁéh %gésh%¥§$& . ?igﬁg g#éﬁga#gﬁn) for the

t ranspaPent f¢¢m@%xaburﬂawéléa@fﬁ of hsghem and 55@ahﬁrrébpe§ptwenyof35 3.

An opti cal re\@@rgii:@gt@?dwahpi%@@tlQﬂdfhémnacs%étagdhel%a&m2 wher ei n
the in-plane retardation of 23 enber he transparent filmin

a wavel engt h Y&hng e%ﬁtQS@fS%@OnﬁW FgaFoﬁ%Flégl?ﬁebﬁéUePénﬁpﬁ felimatrer. 4.

An optical retosghayioedsuprahecieng film according to claim1l, which
conprises a transp rent film 5 (1) which is a f|In1nade of a pol ymer
conprising a nononeR(2PPY | of &5 pdPyner with positive (téfractive index

anlsotrgpy (hereun?&*?%gagrreggto as "first nonomer Zglt") and a nononer

unit of‘a pol yner gatfve BPefractive index ani ropy (hereunder 10
referred to aghé ﬁgcmnﬂsaanQEEhénhh"blaﬁa)r@e@faaﬂlbheoﬁ(éﬁa)/R(550) of the

pol ymer basedron thr LT ﬁ pononer unlig & nallgé thanatg K&E$QEO%IR(550)
of the pol yner” PAERALONCt helBeBbnd WBYKEHEPILHNPE; 23Rd T52PS) 8 a -
positive refreoeivelaadeaxlculated by K = [n, - (n, + n,)/2] x d (where
n,, n, and n, are the three-dimensional refractive indexes
15  of the transparent film in the x-axis, y-axis and z-axis
directions, respectively, and d is the thickness of the .
transparent £ilm) for the transparent film at a
wavelength of 550 nm.
2. An optical recording medium protecting film
20  according to claim 1, wherein the retardations at
wavelengths of 450 nm and 550 nm-satisfy (A) both the
following inequalities (3) and (4), (B) the following
inequality (3), or (C) the following inequality (4}.
R(450) / R(550) < 1 (3)
25 K(450) / K(550) < 1 (4)
where R(450) and R(550) are the in-plane retardation of
the transparent f£ilm at wavelengths of 450 nm and 550 nm,
respectively, and K(450) and K(550) are the values
calculated by K = [n, - (n, + n,}/2] x d (where n,, n, and
30 . n, are the three-dimensional refractive indexes of the
transparent film in the x-axis, y-axis and z-axis
directions, respectively, and d is the thickness of the
transparent film) for the transparent film at a
s wavelength of 450 nm and 550 nm respectively.
35 3. An optical recording medium protecting film
according to claim 2, wherein the in-plane retardation of



ani sotropy. 5. An optical recording nmediumprotecting fil.m according to
claim1, which conprises a transparent film (1) which? $§e@BFI redRte of a
pol ymer 20 conprising a nmononer unit thatgdorns a polymer with positive
refractive index anisotropy (hereunder referred to as "first nononer
unit") and a nmononer unit that fornms a polynmer with negative refractive

i ndex ani sotrapy theanepadentr €iem did towaveleagahd remreet BBioE5p0 2m (2)
wherein the 45 550) bas n the first nmonomer unit
is larger tha% gé %(Eﬁof%ﬁ(§§8$ SP%nﬁelﬁoFV%g}%Eésed on the second

mononer unit; and4(.3) whi opthiaslareegating meﬁmwmnpuyuemﬁang 3G31lm

ani sot r opy. GaCéerg%' Calo, C880RINNg HRLURCREOLEEE N0 didfBpaAeear diifg, | o
claiml1l, wherein't h ckneéss ransp f ent f|In1|s no -
greater fhan 1.5 m 7. Ad)oﬁﬁ#@@llﬁe@oﬁdﬂﬁgmﬁéﬁl@ﬁn@rﬁ%@d@ﬁﬁg film 35

according to gha Fﬁﬁl%,m\@h%r QoA ofird tnrl%n%rzarae@blwéf WEUW P8 iFe

pol ycar bonate w I"'uagr ene skel eton. 8. An optjcal recordjng nedi um

prot ecti ng f|Fﬁﬁf@cgéﬁpe&E@ﬁYQ@@4SOQ?@PYadéﬁﬁﬁWﬁ9QQ)qﬂgﬁqﬁ tghz?rsacterlzed
| nI t hat bt he t"lfal?.r%&alh@lmbnﬁelgl liﬁlnIJ.S: "e) t;rnainapafommdﬂ |u1‘hl’did:ﬁf| of @lymer f

pol ycar bonate_c and/ ar, gnd canpri sin e rcent of a
repeati ng unlyl% é @ﬁﬁgﬁ 5f§ﬁ%§ e O i ﬁ&%ﬁéﬁﬁﬂ (qge%g%nﬁ%gmhere

Ri --R9 ¥ach |m@épem@@n&byameﬂmﬂxmedamodam&n wng" )sel ected fromthe group

consi sting of hydrogen, 5 .and hyay, At ons,
and X is r .20 and 90- ldgﬁnggﬁﬂ%?%ﬁn?ﬂ%#{t¢%q§peét|n unljtreg;H ented by

t he follomﬁngbﬁ§pﬁup@ (the) f2g'st monomer unit is smaller than t
R(450)/R(550) of the polymer based-on the second monomex

unit; and

15 (3) which has a positive refractive index
anisotropy.

5. An optical recording medium protecting film
according to claim 1, which comprises a transparent film

(1) which is a film made of a polymer

20 comprising a monomer unit that forms a polymer with
positive refractive index anisotropy (hereunder referred
to as "first monomer unit") and a monomer unit that forms
a polymer with negative refractive index anisotropy
{hereunder referred to as “second monomer unit");

25 (2) wherein the R(450)/R(550) of the polymer
based on the first monomer unit is larger than the
R(450)/R(550) of the polymer based on the second monomer
unit; and '

(3) which has a negative refractive index

30 anisotropy.

6. An optical recording medium protecting film
according to ¢laim 1, wherein the thickness irregularity
of the transparent film is no greater than 1.5 pm.

. 7. An optical recording medium protecting film

35 according to claim 1, wherein said transparent film
comprises a polycarbonate with a fluorene skeleton.

8. An optical recording medium protecting film



R11 R1o R13 R14 R120-CR 15 R 16 | where R -R36 ntly
represent at |east one selected fromthe group consis??%ﬁ %?ﬂﬁgg&gg

hal ogens 30 and hydrocarbons of 1-22 carhgn _atons, and Y is one of the
following formulas R17 Are 5 CC 3 N3 CN3 R 1s 23 Septenber 2004 5 10
R22 R23 where R17-R19, R21 and R22 each independently represent at 15

| east one sele@beﬂdiﬁ@ntanamglmydrogﬁarabaé@geea @ﬂdthadren@rbons of 1-22
carbon atonms, R20 and R23 |nde endentl¥B ﬁg;esen | east one
0

sel ected fron?ﬁﬁﬁﬁ@arﬁ98r5&39b6ﬁs Aof£308H3LH Polid aﬂﬁ Ar11 Ar2 and

Ara each |ndp@@pdenbbyatepeepemymat hﬁaﬁbrohEeaéleompdléing120 abong aryl
groups of 6-1Q carbon at An op tical Ln | p ecting film
according to ePar nP?rcgﬁgrgctng?gaa ﬁnghaplg %rgﬁgggge FR%W1|S a
transpasent fibhiomdegofoamupel W&ar bonat e copolyner and/ or bl end conpri sing
30-85 25 nol e percent of a repeatlng uni t represented by the follow ng
formula (I111) 30

where R,-R, each independently represent at least one

selected from the group consisting of hydrogen, halogens

15 and hydrocarbons of 1-6 carbon atoms, and X is
__C__.._
o0
20 and 90-10 mole percent of a repeating unit represented by

the following formula (II)

R1a 14

o
25 %;:_2%_—— ;P ié CD_—dC (1I)

i1 R|2

where R,-R,, each independently represent at least one
selected from the group consisting of hydrogen, halogens
30 and hydrocarbons of 1-22 carbon atoms, and Y is one of

the following formulas

Rt17 A]z ' —_—C—- Rlia
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r > ? ) R e




0 35 where R24 and R25 each independently represent at | east one selected
from anong hydrogen and methyl, and 70-15 nol e per cent 2%PeRtePegE4844g uni t
represented by - 51 Chi 0 a 11 "(J13 QAS4,C__ CBn HKB3 G- C-0R20 O
CSi 11 1E 0 Of and 23 Septenber 2004 - 52 the following fornula (1V) 5
R26 R 27 (1V) where R26 and R2, are each independently selected from 10
anong hydrogen methyl, and Z is sebected fromanong the foll ow ng
groups. 15 CH3 3CH3 NO N H3 C CH3 and CH3 i

— CH, : |
—_— ; _—8
AL < >

/ I ==

10 C ) C
l I
l and Ry

where R,,-R,y, R,; and R,, each independently represent at
15 least one selected from among hydrogen, halogens and

hydrocarbons of 1-22 carbon atoms, R,, and R,; each

independently represent at least one selected from among

hydrocaibons'of 1-20 carbon atoms, and Ar,, Ar, and Ar,

each independently represent at least one selected from
20 among aryl groups of 6-10 carbon atoms.

9. Aﬁ optical recording medium protecting f£ilm
according to claim 7, characterized in that the
transparent film is a transparent film made of a
polycarbonate copolymer and/or blend comprising 30-85

25 mole percent of a repeating unit represented by the
following formula (IIT)

R,

30
(III)

35 where R,, and R, each independently represent at least
one selected from among hydrogen and methyl,

and 70-15 mole percent of a repeating unit represented by



20 10. An optical recording nmediumprotecting film accgrdin o claimb,
wherein said polynmer with positive refractive index §§§8WP rgao4

pol y(2, 6-di met hyl -1, 4- phenyl ene oxide), said polynmer wth negative
refracti ve index anisotropy is polystyFeRé, - and the pol ystyrene 25
content is 67-75 wt % based on the total of said polynmers wth positive and
negative refragtive,{ NAeX, r%éfﬁJPQV(IV 1. An optical recording nedi um
protecting f|In1accord|ng aracterized in that the

transparent filmis fabricated by solution cast film 30 formation. 12. An
optical recording nmediumprotecting film according to claiml,
characterized in that fthe flmgg t hi ckness of;qu transparent filmis 5-200
m 13. An optical recpgrding ng |un1character| ed by 35 @aw ng a data

recordi ng | ayer and pr ot ec filmon \bstrate whibr el n Ilght %
i nci dent fromthe side ©f ' prot €ctiT g sardc cting filmis
a single 23 Septenber\2004 - t ranspar ek |In1nade of t hernopl astic

resin, having retardation at a wavel ength of ‘550 nmthat Aatisfies both
of the followng inequalities (1) and (2), a-glass" transition tenperature
of 120C or higher and a water 5 absorption of no greater than 1 w %

| R(550) 1 s 15 Wig19 RK(&50)H,,sané aa€R) inmlepen®@eb50Y selebeeiinfpbane

retardagpon of f vel & K(550)
is 10 thg val uaeIﬁ ca cﬁ at edd E);é}}g ﬂ%mﬁ ?arllif(@f / %’igé@(?v%eérpéaﬁﬁong( ny and
nZ are the thride® di vl bial IriRact i ve |ndexes of the transparent filmin
the x-axis, y-axis and z-axis directions, respectivel'y, and d is the

t hi ckness of the transparent films) for t he transparent filmat a 15

wavel ength of 5500QHp 14. An optical recording nedlun1accordgrg to claim
13, wherein the reﬂardations of said protecting filmat wave engths of 450

nmand PO nm satisfy (A) both the —C—
O L}
CH, . H, » and [:f:]
20 : 10. An optical recording medium protecting film

according to claim 5, wherein said polymer with positive
refractive index anisotropy is poly(2,6—dimethyi—1,4—
?henylene oxide), said polymer with negative refractive
index anisotropy is polystyrene, and the polystyrene

25 content is 67-75 wt% based on the total of said polymers
with positive and negative refractive index anisotropy.

11. An optical recording medium protecting film
according to claim 1, characterized in that the
transparent film is fabricated by solution cast film

30 formation.

12. An optical recording medium protecting film
according to claim 1, characterized in that the film
thickness of the transparent film is 5-200 pm.

. 13. An optical recording medium characterized by

35 having a data recording layef and a protecting film on a
substrate wherein light is incident from the side of said
protecting film and said protecting film is a single



follow ng inequalities (3) and (4), (B) the follow ng Eﬁ negua (3), or
(C) the following inequality (4). R(450) /R(550) <1(3) ?B@‘ﬁ‘ﬁ ) <1(4)
where R(450) and R(550) are thein-planeretardation of the transparent film
at wavel engths of 450 nmand 550 nm 25 T¥®spectively, and K(450) and
K(550) are the values calculated by K =1n, -- (n, + ny)/2] x d (where nx,
ny and nz are t he threg g gensr naI refr ctlve i.ndexes o transparent
filmin the x- Qnga§e§ i §2ARaM298xPE 2qERELTPBASS ﬁgsﬁgéﬁPVe$?Vlgﬁd dis

t he th|cknessretarﬁataﬁntaanapaaeaﬂehghh)oEoBSDhentmaﬂspamenmfﬁebnbatha

wavel ength of ;450,AMm:aRd 390 ;NTLLESRETLEYE! Y1) and (2), a glass

transition temperature of 120°C or higher and a water

"5 absorption of no greater than 1 wt%.
IR(550)| = 15 nm (1)
[K(550)] = 40 nm (2)

where R(550) is the in-plane retardation of the
transparent film at a wavelength of 550 nm and K(550) is
10 the value calculated by K = [n, - (n, + n,)/2] x d (where
n,, n, and n, are the three-dimensional refractive indexes
of the transparent film in the x-axis, y-axis and z-axis
directions, respectively, and d is the thickness of the
transparént films) for the transparent f£ilm at a
15 wavelength of 550 nm.
14. An optical recording medium according to claim.
113, wherein the retardations of said protecting film at
wavelengths of 450 nm and 550 nm satisfy (A) both the
following inequalities (3) and (4), (B) the following

20 inequality (3), or (C) the following inegquality (4}.
R(450) / R(550) < 1 (3)
K(450) / K(550) < 1 - (4)

where R(450) and R(550) are the in-plane retardation of
the transparent film at wavelengths of 450 nm and 550 nm,

25 respectively, and K(450) and K(550) are the values
calculated by K = [n, - (n, + n,)/2] x d (where n,, n, and
n, are the three-dimensional refractive indexes of the
.tranSParent film in the x-axis, y-axis and z-axis
directions, respectively, and d is the thickness of the

30 transparent film) for the transparent film at a
wavelength of 450 nm and 550 nm respectively.



