Descri.ption BACKGROUND OF FHE | NVENTION Field of the Inventlonﬂwmyqpmssent
|nv§pt|on rel ates to an optical recording fredi um and. nore particularly, to .
a recordabl e optical disk of a single plate type conprising a recording =~

| aygy. containing a dye and a netal reflective |layer overlying the recording

| ayer which is recordable and has playability (i.e. capgg/ﬁégg gf bei ng
reproduced) by conmercially avai Iabl_e jcqmpact di sk pl ay .

' REPLACED SHEETS SG
TITLE OF THE INVENTION : [ Description : paged ... to paged .26....
laim(s)  :paged ..2%. to paged..7....
OPTICAL RECORDING MEDIUM Drawing(s) : paged ... Moo paged ..7.....
: [ff Abstract  :paged..2¥. to paged .. ...
DATE OF RECEIPT ...ccocovvivirricccereen,

BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to an optical record-
ing medium, and more particularly, to a recordable opti-
cal disk of a singlé plate type comprisigg a recording
layer containing a dye and a metal reflectivg layer overly-

10 ing the reéorﬁing layer which is recordable and has play-
ability (i.e. capability of being reproduced) by com-

mercially available compact disk players.

Description of the Rélated Art
An optical recording medium capable of writing com-

15 pfising a reéording layer containing a dye such as phthalo-

cyanine dye and the like and a metal reflective layer

overlying the recording layer for enﬁancing reflectivity

is disclosed, for example, in U.S. Pat. No. 4,298,975.

However, said U.S. Patent mentions nothing about play-
20 ability by commercially available compact disk (CD)

players.

Neither are disclosed conditions under which there is

produced a medium excellent in jitter value and error

rate when a pit length recording is conducted.

25 Optical recording mediums of a single plate type
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; DESCFIpthH of the Related Art An optical recording medi um capabl e of
- wkting .conpri'siihg a recording |ayer containing a dye such as. phthalocy-.-
-ani ne dye and the like and a metal reflectlve | ayer overlying the recordlng

. layer for enhancing reflectivity is disclosed, for exanple,

in.US. Pat.

Nox 4,298,975. However, said U S. Patent mentions nothing about playablllty

by connerC|aIIy avallable conpact didk- (CD) players. Neither _
in jitter value

conditions under whieh there is produced a nedi um excel | ent
and error rate when a pit length recording is conducted.

are di scl osed

having a high reflectivity and playability by commer-

cially available CD player have been recently proposed,

for example, in Optical Data Storage 1989 Technical

Digest Seriés, Vol. 145 (1989), EP 353393 and the like.

In particular, there are disclosed dyes used as a record-

'ing layer and characteristics of the reflectivellayer for

attaining a high reflectivity.

Further, U.S. Pat. No. 4,990,388 discloses a record-

ing mechanism for a recording layer of an optical record-

0 ing medium having playability by CD players.

In such optical recording mediums, it is necessary

for the mediums to give tracking error signals for track

control and radial contrast signals for access to an aimed

track.

5 When a recording layer is formed by a vacuum tech-

nidue such as sputtering and the like, the recording layer

is formed strictly following the shape of groove of the

substrate, and therefore, optimization of the above-men-

tioned tracking error signals and radial contrast signals

20 can be effected by simulation. .

However, in the case of an optical recording medium

using a layer formed by coating a dye as a recording

layer, the surface shape of the recording layer does not

follow the groove shape of the substrate, and therefore,

!5 it is difficult to design the optimum shape by simulation
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; Cptlcal recordlng nedluns of ‘a S|ngle plate type. having a high reflect|V|tyj
~and playability by connerC|aIIy avai | abl e CD pl ayer have been recently"
 proposed, foréxanple,- in Optical Data St orage 1989 Technical Digest:
Series, Vol. 145 (1989),.EP 353393 and the like. In pcarticular, there are,
di scl osed dyes used as a recording |ayger and characteristics of the
reflective layer for attaining a highteflectivity. Further, U S. Pat. No.
" 4,990, 388 discloses a recording nmechanismfor a recording |ayer of an
optical recording nedium having playability by CD players. In such optical
recording nmediuns, it is necessary for the nmediuns to give tracking error
signals for ‘track contro

as mentioned above, and the above-mentioned prior patents
disclose nothing about it.
The relation between a tracking error signal and a
' groove shape of a substrate is disclosed, for example,

5 in Japanese Patent Appllcatlon Laid-open No. Hei 3-22224.
However, the disclosure is not sufficient to attain a
complete playability by commercially available CD players.

| Among commercially available CD players, a player
~carrying a head of 3 beams has no problem, but the present

10 inventors have found that playability by a player carry-
ing a head of one beam is p;oblematic.though the reason
is not clear.

In addition, with respect to radial contrast signals,
the optlmlzatlon has not yet been made, and radial con-

15 trast SLgnals are not used for access, but an external
sensor or the like is used though the access speed is
slow.

Accoréing to the present inventors' investigation,
with respect to playability by CD players and radial con-

20 trast signals, it is not enough to optimize t?e.shape
of groove.

In the case of an optical recording medium capable
of recording‘comprising a recording layer containing a
dye formed by a coating method and a metal reflective

25 layer overlying the recording layer, the reflection at
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and- r adi al contrast S|gnals for access to an aimed track. Wen a recordlng
|l ayer is f or med by a vacuum't-echni que such as sputtering and the like, the
_ recordlng | ayer is formed strictly-followi ng the shape of groove of the
substrate, and therefore, optimzation of the above-mentioned tracking
er.ror signal s and radial contrast-'signals can be effected by sinulation.
However, in the case of an optical. récérdlng medi um using a | ayer forned by
coating a dye as a recording |ayer, the surface .shape of the recording
| ayer does not follow the groove shape of the substrate, and therefore, it
is difficult to design the optimum shape by sinmulation as ment i oned above,
and the above-nentioned prior patents disclose

the interface of the recording layer and the reflective

layer is predominant. Therefore the shape of the surface
of the recqr&ing layer and the thickness of the recording
layer on the groove and that on the land become important,

5 but the shape of the surface of the recording.layer and
the thicgness of the recording layer on the groove and
that on the land vary depending on coating conditions
such as concentration, surface tension and viscosity'of
the coating solution, boiling point and evaporation

10 speed of the coating solvent, the manner of rotation is
the éase of spin éoating, and the like even if the shape
of groove of the substrate is the same. Therefore, the
strict optimization has ,hot yet been effected.

EP 04710183 discloses difference in light path 1ength

15 between the recordlng layer on the groove portion and
that on the land portion and degree of modulation, but
mentions nothiné abouf_the problem 6f playability by com-
mercially available CD players and radial contrast
sifignals.

20 On the contrary, there are generally two‘methods for
recording information in an optical recording medium,
that is, pit position recording and pit length recording.
In the case of CD, pit length recording is effected with
pits of 9 kinds of length. 1In pit pength recording, for

IS . the purpose of lessening error rate, it is very important
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§ nothing about it. The rel-ati on between a tracking errar signal and a groove
 shape of a substrate is disclosed, for exanple, in Jap- anese Patent

- Application Laid-open No. Hei 3-22224. However, the disclosure is not
sufficient-to attain a conpl ete pl ayability by commercially avail.able CD

- players. Anong conmerci al Iy ‘avail abl e-C® pl ayers, a player carrying a head
- of 3 beans has no problem but the present inventors have found that

~playability by a player carrying a head of one beamis problematic though
t he reason is not clear.

to effect recording pits of various lengths with low
jitter value:(low fluctuation).
At present, various types of CD players are commer-
cially available, but the regeneration signal charactér—‘
5 istics are different from player to player, and therefore,
the error rate is also different from each other.
Therefore, it is required that the error rate is suffi-
ciently small even when regeneration is effected by many
types of commercially available CD players as far as
10 possible.
gowevér, the present inventors have found the fol-
lowing., 7Tt is said that the above-mentioned conventional

optical recording mediums capable of recording can be

regenerated by commerc1ally available CD players. How-
15 ever, the jltter value of pit (hereinafter called "pit
jltter value") and the jitter value of the part between
consécutivg pits (hereinafter called "land jitter value')
are not always small. Some CD players fail to reduce
sufficiently error rates. When audio information and the
20 like are recorded, there is not so noticeable.problem,
but wheﬁ code data and the like are recorded there are
serious problems.
Further, such optical recording medium is required
to be durable, but durability of conventional mediums is

25 not always sufficient. For example, according to the
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In addition, wi'th respect to radial- contrast signals, the optinization has
nof yet been. made, and radial contrast signals are not used for access, but
an external sensor or the like is used though the access speed is slow
According to the present inventors' investigation, wth respect to
playability by CD players and radial -=¢bntrast signals, it is not '‘enough to
optim ze the shape of groove. In the case of an optical recordi ng nmedi um
capabl e of recording conprising a recording |ayer containing a dye forned
by a coating nethod and a netal reflective |layer overlying the recording
| ayer, the reflection at the interface of the recording |ayer and the

ocord noCl npdsda PLASAROAN -5 [VELEIQLE &L AP CSvdds il gl Lhe
recordi ng | ayer

cal recording mediums are allowed to stand at 85°C at 95 %

RH for a loﬁg time,_characteristics of unrecorded portions

hardlylchange while error rate at recorded portions is

5 deteriorated to a great extent} and according to obser-

vation with a microscope of the region where error rate

has been deteriorated, pits having defects of several

microns with the pit at the center are found.

The present inventors have researched variously so

10 as to eliminate drawbacks of the above-mentioned con-
ventional recordable optical mediums having playabiiity.
by CD players, and investigated the shape of groove,
surface shape of recording layer containing a dye, thick-
ness of recording layer ;t a groove portion and that at

15 a land portion. | _

As a result, the present inventors have found parti-
cular conditions under which a sufficient radial contrast
signal can be assured, there is playability by wvarious
commercially available CD players, jitter value and error

20 rate aré small and further, characteristics such as error

rate and the like do not change when stood urder condition

of high temperature and high humidity for a long time.

SUMMARY OF THE INVENTION

'S An object of the present invention is to provide an
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; andfihe_thickneSs“df the'fécordihg'Iayer-qn_the groove and that on the'land
. .become inportant, but the shape of the .surface of the recording layer and
the thickness of the recording layer on the groove and that on the |and _
vary dependi ng on coating conditions such as concentration, surface tension
and viscosity of the coating solution,7bgiling point and evaporation speed
of the coating solvent. the manner of rotation is the case of spin coating,
and the like even if the shape of groove of the substrate is the sane.
Therefore, the strict optim zation has not yet been effected, EP-041083
di scl oses a optical recording nedi umwhich conprises a substrate having a
groove, a recording |layer-containing a dye, a reflective layer and a
protective | agptisatcesspvdlingf ediedmonaphakleubst aaserinteresnffheient
di fference _
radial contrast signal.
Another object of the present invention is to provide
an optical recording medium playable by commercially avail-
5 able CD players.
A further object of the present invention is to pro-
vide an optical recording medium of small jitter value
and small error rate.
Still another object of the present invention is to
10 provide an optical recording medium of which character-
istics such as error rate and the like are not adversely
affected even when the medium is placed under high tem-
perature and high humidity conditioné for a long time.
" According to the present invention, there is provided
15 - an optical fécording medium of & single plate-type capable
of recording which comprises a transparent resin sub-
strate having a groove and a land, the groove being 900 -
o .
1800 A in depth and 0.3 - O.G‘Pm in width, a recording
layer containing a dye overlying the substrate, a re-
20 flective layer overlying the recording layer and a pro-
tective layer overlying the reflective layer, the thick-

ness of the recording layer being 800 -~ 1250 A at the

. 0 :
groove portion and 500 - 1100 A at the land portion.

S BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a schematical cross sectional view of
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in light path Iength betmeen t he recordlng | ayer. on the groove portion and-
‘that -on the |land portion is. specified. And.this European Pat ent Appllcatlon
discloses that the depth of the groove is nmore than 50nm (clains 2 and 5)
‘or. 40nm (claim8), and that both the thickness of the recording |ayer at
the groove portion and at -the |and portgon are 90 - 350 nm (claim6 and 7).
‘However, the depth of the groove and the thickness of the recording |ayer
at the groove portion

an enbodiment of a part of the optical recofding medium

according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

5 Referring to FIG. 1, a recording layer 2 is formed
by coating a substrate 1 having groove portions 3 and
land portions 4 each of which is a region between two
grooves with a recording layer material.

The differénce in height ( AT) between the surface of

10 recording layer 3 on the groove portion and that on the
land portion is in@icated by 5.

As a transparent r¥esin substrate used in the present
-invention, such substrate capable of transmitting a light
used for recording signals and readout of recorded-infor-

15 mation is preferable. Preferable transmittance of ligﬁt
is 85 % or higher. Further, it is preferable that opfical
anisotropy of the substrate is small.

Examplary suitable substrates include thermoplastlc
resin substrates composed of acrylic resins, polycarbonate

20 resins, polyamide resids, polyvinyl chloride, polyolefin

resins or the like.
Among these resins, from the sﬁandpoints of mechani-
cal strength of substrate, easy formation of groers and
. pits and economy, acrylic resins, polycarbonate resins,

25 or polyolefin resins are preferable, and polycarbonate
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P2 and at the Iand portlon speC|f|ed in the Patent. Appllcatlon are

© reguisites ‘but” not  suffici:ent” conditions for neeting the standards of CD In

“reflectivity, degree of modul ati on and push-pull (tracking error) signals

before and after recording, In other mogps even if the optical recording

medi um meet s the above-nentioned conditi’ons, there are still. some prob-

| ens that it can not record accurately and_not be well reproducible by sone

comrercially available CD or CD - ROM players. On the contrary, there are

generally two nethods for recording information in an opti cal recordi ng
dlum t hat '

resin is éarticularly preferablé. These resins may be
formed into  the substrates by injection molding or cast
molding.
The shape of the substrate_may be in the form of plate
5 or film, or circle or card. The surface of the substrate
is provided with grooves for controlling the recording
position. The surface may have partly some prepits for
the information.
Such grooves and pits are preferably formed when the
10  substrate is fabricated by injection molding or cast mold-
ing. Further thef may be formed by applying an ultra-
violet light curable resin to a substrate, superposing a
stamper thereon and expesing to ultraviolet light.
According the present invention, the_opticél record-
15  ing medium'éomprises a transparent resin substrate, and
a recording,iayer containing a dye, a.:eflective layer
“and a protéctive layer subsequently superposed on the
substrate.

The dyes used in. the recording layer containing a
20 dye may be dyes having absorption in the wavelength region
of oscillation of semiconductor laser such as polymethine

dye, phthalocyanine dye, naphthalocyanine dye, naphtho-

quinone dye, azulene dye, dithiol metal complex dye and
the like.

25 These dyes may have various substituents so as to
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p|t p05|t|on recordlng and p|t | ength recording. In the casé'of'CD;ﬁpit"

i Iength recording is effected with pits of 9 kinds of length. In pit. pength.

recording, for the purpose of |essening error rate, it is very inportant to

;.effect recording pits of various lengths with lowjitter value (I ow
~ fluctuation). At present, various types E CD pl ayers are commercially
c

avail abl e, but the regeneration signal racteristics-are different from

- player to player, and therefore, the. error rate is also different from each

other. Therefore, it is required that the error rate is sufficiently snal
even when regeneration is effected by many types of commercially avail abl e
CD pl ayers as far as possible.

control the solubility of the dye in a solvent to a deslr_'
able range pr impart desirable recordlng characteristics.

The dyes may be ﬁsed alone or in combination.

Among the dyes, phthalocyanine dye and naphthalo-

5 cyanine dye are preferable from the standpoints of light
resistance:and durability.

According to the present invention, the recording
layer conta;ning a dye can be usually formed by ; coating
method such as spin coating, spraying, dippingvand the

10 .like.

When the above-mentioned dyé is formed intp a layer
by a coating method, the dye may be dissolved in a sol-
vent not adversely affec¢ting the substrate. |
Such solvents are, .for example, aliphatic or alicyciic

15 hydrocarbons such as hexane, heptane, ocﬁane, decane,
cycloHexane, methylcyclohexane, dimethylcyclohexane,
cyclooctane and the like; - .
ether type non-polar solvénts such as diethyl ether,
dibutyl ether, diisopropyl ethér and the like; and

'0 alcoholic éolar solvents such as methyl alcohol, ethyl
.alcohol, isépro?yl alcohol, allyl alcohol, methyl cel-
losolve, and the like.

According to the present invention,'it is important
to control the shape (depth and width) of groove of the

5 substrate, thickness of recording layer at the groove
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‘However, the present .inventors have found the following. It is said that

t he- above- nentioned conventional optical .recordi ng nmedi uns ‘capabl e of _
‘recordi ng can be regenerated by commercially avail able CD pl ayers. However,
the jitter value of pit (hereinafter called "pit jitter value") and the
‘jitter value of the part between consecutiye pits (hereinafter called "land

jitter value") are not always.small. Sone. pl ayers fail to reduce
sufficiently error rates. Wien audio information and the |like are recorded,
there is not so noticeable problem but when code data and the |ike are.
recorded there are serious problens. Further, such optical recording nmedi um
Is required to be durable, but durability of conventional nmediuns is not
portion, that at the land portion and the surface shape

(AT) of the recording layer.
Thaﬁ .is, for purposes of obtaining radial contrast
signal satisfying the CD standard for both unrecorded por-
5 tions and recorded portions, assuring playability by a com-
mercially available CD players, and obtaining excellent.
jitter value and error rate} it is preferable that the
groove in the substrate is 900 - 1800 K in depth and 0.3
- 0.6 Pm_in width and the thickness of recording layer
10 at the groove portion is 800 - 1250 A and that at the
land is 500 - 1100 i. Mofe preferably, the surface of
recording layer at the land portién is higher than that
| at the groove portion by at least 500 i. _
| When the thickness of recording layer at the groove
15 . portion is;less than 800 K or that at the land portion
is leéss than 500 K, radial Eqntrast signal becomes small,
and though the jitter value is small,fhe error rate be-
comes large.
The reasan for increase in error rate despite of
20 small jitter value appears to be Ehat the length of 11T
pit and-length of 11T part between consechtive pits
which aré to be inhereﬁtly equal to each other become
fairly different.
When the difference in height between the surface

25 of recording layer at the land portion and that at the
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; al ways sufficienf For exanple accordlng to the present inventors'
~inyvestigation, when conventional optical recording.nediunms are allowed to
“stand at 85[err]C at 95 % RH for-a long tinme, characteristics of unrecorded
portions hardly change while error ‘rate at recorded portions is
deteriorated to a great extent, and accq&dlng to observation with a-
m croscope of the region where error rate has been deteriorated, pits
havi ng defects of several mcrons with the pit at the center are found. The
present inventors have researched variously so as to elim nate drawbacks of
t he above-nentioned conven- tional recordable optical nediuns having
pl ayability by CD players, and investigated the shape of groove, surface
groove portion (AT) is less than 500 A, the radial con-
trast 51gnal becomes small.
The thickness of recording layer at the groove por-
Q
tion exceeding 1250 A is not preferable since the error
5 rate increases to a great extent when the medium is allowed
~ to stand under high temperature and high humidity condi-
tions for & long time.
The thickness of-recording layer at the land portion
. (4]
exceeding 1100 A is not preferable since jitter value and
10 error rate are deteriorated.
On the other hand, the upper limit of the difference
in height between the surface of recording layer at the
land portion and that at the groove portion is preferably
o ) ]
1200 A.  When the difference exceeds 1200 X, the tracking
15 error singnal becomes too large or assuring the reflecti-
vity of groove of 60 % or more becomes difficult sometimes,
and playability by commercially available CD player is
not possible.
When the width of groove exceeds 0.6 pm, the pit
20 jitter value and the land jitter value become so large
that poor playability by commercially available CD players
is obtained, and thougthlayability by CD players carry-
ing a 3 beam head can be assured, it is difficult to

assure playability by CD players carrying a 1 beam head.

} -}
5 When the depth of groove is less than 900 A, poor
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“ shape of .recording | ayer containing a- dye, thickness of recording |ayer at
ra groove portion -and that at a land portion. As a result, the present. - . V-
“inventors have found particul ar conditions under which a.sufficient radial
contrast signal can he assured, there'is playability by various
~cormercially available CD players, jitte3 value and error rate are small
“and further, characteristics such as error rate and the |like-do not change
-when stood undercondition of high tenperature and high humdity for a | ong
time. SUMVARY OF THE | NVENTI ON An object of the present inventionis to
provi de an optical recording nedi um capabl e of assuring a sufficient radial

playability by commercially avéilahle CD players is
obtained, and though playability by CD players carrying
a 3 beam head can be assured, that carrying a 1 beam
head is assured with difficulty. When regeneration (re-

5 production) is effected with a CD player carrying a 1
beam head, access is not possible or it takes a long
time for access though it is possible to regenerate in-
formation sequentially from the beginning;

When the depth of groove exceeds 1800 X,'radial con-

10 trast signal becomes large, but reflectivity of groove
becomes less than 60 % and-thergfore, playability by CD
'players is not possible. |

.It is substantially difficult and not practical to

fabricate 5 subétrate having a groove of 900 A or more
15 in depth and less than 0.3 pm in width,

The formation of the recording layer having a aif-
ference in height ( AT) between the surface of recording’
layer_at the land portion and th;t at the groove portion
of 500 i or higher may be effected by controlling or

20 .selecting the depth of groove in the substratg, type of
solvent (boiling point, vaporization speed, and surface
tension) useﬁ for coating or coating conditions (rotating
conditions‘in the case of spin coating).

For example, when the groove is made deeper and the

'3 vaporization speed of solvent slower, the difference in
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f'contrast S|gnal Another object of .the present -invention is to provide an
*“opti cal recordlng nedlun1playable by conmerci ally-available CD players. A -
f.urther object of the present invention-is to provide an optical recording
medi um of small jitter value and snmall error rate. Still another object of
the present invention is to provrde an 4qptJi cal Tecording medi um of which
characteristics such as error rate and the |ike are not adversely affected
even when the nediumis placed under high tenperature and high

layer thickness between the recording layer at the groove )
portion and ‘that at the land portlon becomes larger.
The shape (the depth and the width) of groove in the
substrate ahd the_shape (AT) of the surface of recording
5 layer at the land portion and groove portion can be meas-
ured by means of a scanning type tunnel microscope or by
observing the cross section of the substrate and recording
layer with a micrdscope. The thickness of the recording
layer at the groove portion and land portion can be meas-

0 ured by observing the cross section of the recording layer
with a microscope. | | |

The width of groove in the present 1nventlon is a
half-value width, .that is, the width at a2 position where
the depth of groove is a half of the total'depth.

5 on tﬁe other hand, the term "radial contrast signal"
means a quotient of the division of the £luctuation of
reflectivity by the average value of reflectivity when
the light beam of a player traverses the track while the
light beam is focused on the recording layer (focus con-

J trol). That is, it is defined by the following formula:

Rc (radial contrast signal) ‘

= 2 (I max - I min) / (I max + I min)
where I max and I min are maximum reflectivity and hini-
mum reflectivity when the beam traverses the track, re-

spectively.
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hun1d|ty condi.ti ons: for a long tinme. According.to the present invention,
thefe is provided an optical recording nmediumof a single plate type as .
defined in claim 1. BRI EF DESCRI PTION OF THE DRAWNG:FIG 1 shows a

schemat i cal

cross sectional view of an enbodiment of a'part of the opti cal

recordlng medi um according to the present i nventi on. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS : LRI

10

15

20

25

According to the CD standard, it is required that the

Rc value is- 0,05 or more at the unrecorded portion while
it is 0.2 or more at the recorded portion.

When a recording layer containing a dye is prepared,
in addition to the dye used in the present invention,
there may be used resins such as nitrocellulose, ethyl-
cellulose, acrylic resins, polystyrene re;ins, urethane
resins and the like, leveling agents, deforming agents
and the like in an amount which does not adversely affect

the effect of the present invention, for example, about

20 % or less, preferably about 10 % or less.

As the reflective layer provided.on the recording
layer, in usual, a metal thin film is preferably used.

For purposes of impartihg ﬁlayahility by ordinaly
CD players to the mediﬁm of the preSegt invention, the

reflectivity of the medium is preferably 60 % or more.

As preferable metals, there may be mentioned aluminum,

gold, silver, copper, platinum, nickel and the like and
alloys containing the metals as mentioned above as a com- .

ponent or components. The reflective layer.made of the

metal may be formed by vapor deposition, sputtering and
the like. In usual, the thickness of reflective layer

is preferably 500 - 2000 A.

—
—

—
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f'Referrlng to FIG.l a recordlng Iayer (2) is forned by coating a substrate
- (1) "havi.ng groove" portlon (3) "and’ l'and -portion(4). A reflectlve ayéer (6)
"is formed on the recording Iayer and a protective | ayer. (7) ts formed. on-
the reflective layer. The groove depth and width are i ndi cat ed respectlvely

. by~(8) and (9). The thickness of the recording layer at the groove portion -
and | and portion are indicated by (10) 1d (11). The difference in height
(AT) between the surface of This'is the replacenment sheet

In order to protect the metal reflective layer, a
protective:layer is formed on the reflective layer. As
the protectivé layer, resins are usually used. In parti-
cular, from the étandpoint of productivity, ultroviolet

5 light curable resins are preferable. The thickness of
the protective layer is preferably about 1 - 15 Jpm.

The optical recording medium of the present invention
is irradiated with a laser beam through ﬁhe substrate to
record information signals or read out the information.

10 Wavelength of the laser beém is preferably 640 - 850 nm.-
Semicondudtor.laser having an oscillatory'wavelength of such
range as above is preferably used. For recording, the
laser output is made about 5 - 12 mW oh‘the recording
film while rotating the medium, and for_réadout, the laser

15 output is made about 1/10 times that for recording.

Printing may'be made on the.protective layer of the

optical recording medium of the present invention.

20
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1.3 the recordlng Iayer on the Iand portlon (4) and that on the groove_
’_portlon (3) is indicated by (5). As a transparent resin -substrate used in
. the present invention, such substrate capable of. transnlttlng a l'ight used
for recording signals and readout of recorded information is preferable.
Preferable transmittance of light is 85 %or higher. Further, it is
preferable that optical anisotropy -oft7t he substrate is small. Exanpl ary
sui tabl e substrates include thernoplastic resin substrates conposed of
acrylic resins, polycarbonate

The present invention is explained in detail in the
following referring to examples, but should not be con-
strued as limited by the examples.

As phthalocyanine dye used in Example 1, Pd-tetra-
(tfbutylcyélohexyloxy) phthalocyanine was prepared by
using 3-(t—butylcyclohéxyloxy)-1,2-dicyanobenzene and
PdCl2 according to a conventional method, for example,
EP 232,427,

Then, one mole of the resulting Pd-tetra-(t-butyl-

) cyclohexyloxy)phthalocyanine was reacted with 3.3 moles
of Bry in a solvent, methylene chloride and a phthalo- ’
cyanine dye -composed of Pd-tetra-(t-butylcyclohexyloxy)
phthalocyanine having avérage 3.0_atoms of bromine per
one_molécule of 'said phthalocyanine was obtained.

In Examﬁle 2 et seg., the dyes were prepared in a

manner similar to the above-mentioned procedure.

Example 1

A 31 wt..% solution of a brominated (average 3.0
atoms/molecule) Pd-tetra—(t-bﬁtylcyciohexyloxy) phthalo-
cyanine in methylcyclohexane was dropped on the center
portion of the surface having a groove (1400 2 in depth,
0.5 pm in width, 1.6 pm in pitch) of an injection molded
Polycarﬁonate resin substrate of 1.2 mm thick énd 120 mm

in diameter. Then the resin substrate was rotated at a
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té§[ns polyantde re5|ns ponV|nyI -chloride, polyolefin resins or the
li-ke. Annng these resins, fromthe standp0|nts of mechani cal strength of

: slbstrate, easy f or mat i on ‘of grooves ‘and pits and econony, acrylic resins,

pol ycar bonate resins, or polyolefin resins are preferable, and

pal ycarbonate resin'is par- ticularly preferable. These resins nmay be
formed into the substrates by |nject|on nol di ng or cast nol ding. The shape
of the substrate may be in the for nrof 8 ptrate or film.or circle or card.
The surface of the substrate is provided with grooves for controlling the
recordi ng position. The surface nmay have partly sonme prepits for the infor-
mat i on. ' :

speed of TOOO rpm for 10 sec. The resin substrate was
dried at 40°cC for'10 min. and a recording layer substan-
tially compésed of a phthalocyanine dye was formed on
a resin substrate.
The thickngss and surface shape of the recording layer was
measured by obserbing the-cross section by means of an
electron microscope. The thickness at the groove por-
tion and that at tﬂe land portion Pf the recording layer
were 1100 i and 700 K, re;pectively, and the surface of
) the recording layer at the land portion was higher than
that at the groove portidn by 1000 3 (AT = 1000 X).

On the recording layer was formed a gold thin film
of 80 nm thick as a refi;ctive layer by means of sputter-
ing, and fui;het an ultraviolet rayfcuied resin layer of
5 pm thick waé fo;med on a reflective layer to,producé
an optical récording medium.

While the fesulting optical recording medium was
placed on a turntable and rotated at a linear speed of
1.4 m/s, ;here was used a drive provided with an thicai
head carrying a semiconductor laser having an oscillation
wavelength of 780 nm and a laser beam was controlled such
that.the laser beam focused on the recording layer through
the resin substrate. Thus there were measured reflectivi-
ty on the groove and radial contrast signal at the un-

recorded portion with a laser output of 1 mW on the re-

cording surface.’ Table 1 shows the result. This Sheet Has Been Repla
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§-Such grooves and plts are preferably formed when the substrate is

. fabricated. by injection nolding or cast nDIdlng Further they may be 'f or.ned
: by applyi ng an ultraviol et Ilght curable resin to a substrate, superposing
" a stanper thereon and exposing to uItravtglet |l ight. According the present
‘invention, the optical recordi ng medi umtonprises a transparent resin .
substrate, and a recording |layer containing a dye, a reflective layer and a
- protective |layer subsequently superposed on the substrate. The dyes used in
the recording | ayer containing a dye may be dyes havi ng absorption in the
wavel ength region of oscillation of sem conductor |aser such as pol ynet hi ne

dye, phthal ocyani ne Thién RN H8EPCYRAHRE S mABPMHAOWbEimum record-

iﬁé-condition of this medium, 7 mW, and a music was re-
corded with the same EFM_modulaﬁion signal as that used
in CD, and then the output of laser was made 1 mW.

5 There were measpred radial contrast signal, 3T pit jitter
value,3T land jitter value and error rate at the record-
ing portion. The result Qas summarized in Table 1.
Further, for purposes of investigating plafability by
commercially available CD player, regeneration of record

10 was effected by the following CD player. The regenerated

result was summarized in Table 2.

No. Manufacturer Type of CD Player Type of Head

15 A Sony CD? - €900 3 beams

B Marantz Japan Cb - 50 3 beams

C Marantz Japan CD - 99SE 1 beam

D Yamaha CDX - 1050 3 beams

E Matsushita
2 Denki Sangyo Sp - PA1O0 : 1 beam

F Matsushita .

Denki Sangyo SL - P550 1" beam
Durability of the medium was investigated by allow-

:5 ing the medium to stand for 1000 hours under condition of

S
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; none dye, .azul ene dye, dithiol ‘metal conplex dye and the |like. These dyes

f~may have various ‘substituents so as to control the solubility of the dye.in

- a solvent to a desirable range or inpart desirable recording

" characteristics. The dyes may be used al one or in conbination. Amrong the
dyes, phthal ocyani ne dye and naphthalqpﬁ@nlne dye are preferable fromthe

- standpoints of light re- sistance and durability. According to the present

i'nvention, the recording |ayer containing a dye can be usually fornmed by a

coating met hod such as spin coating, spraying, dipping and the |ike.

85°C and 95 % RH and then measuring the jitter'value and

error rate. .

Table 2 shows thé result,

Examples 2'- 4 and Comparative Examples 1 - §

The procedure of Example 1 was repeated using the
. same dye as in Example 1 except that there were used a
substrate having a groove of a shape, a solvent, a con-
centration of the solution ana a rotating speed as shown
below, and a medium was produced and evaluated.
The reCording laser power was the optimum power for

each medium; Table 1 and Table 2 show the results.

Shape of groove §olvent Concent- Rotating
Degth- width = ration speed
Example (pm) . ($ by weight) (rpm)
2 950 0.35 Methyleyclo- 2.8 1000
) hexane
3 1400 0.50 Dibutyl ether 3.1 700
4 950 0.35 Octane 3.1 700
Comparative
Example ' _
1 950 0.35 Octane 3.5 700
2 950 0.35 Methylcyclo-. 3.0 ° 1100
hexane
3 800 0.35 Methylcyclo- 3.1 1100
hexane :
4 1900 0.58 Ethylcyclo- 2.1 1000
hexane
S 950 0.70 Methylcyclo- 3.1 1000
hexane
is Sheet Has Been Replaced
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Vhen the above- nentloned dye is formed into a | ayer by a coatlng nethod

t he dye may- -be . di ssolved-in a sol vent. not adversely af fecting the. -
“substrate. Such solvents are, for exanple al i.phatic oralicyclic .

hydr ocpar bons such as hexane, . hept ane, oct ane, decane. cycl ohex- ane,

met hyl tycl ohexane, dlnethylcyclohexane cycl ooctane and the |ike; ether
~type non-pol ar solvents such as diethyl -ether, dibutyl ether, diisopropyl
ether and the like; and alcoholic- po? -sol vents such as nethyl al cohol ,

et hyl al cohol, isopropyl alcohol, aIIyI al cohol, nmethyl cellosolve, and the
li ke. According to the present invention, it is inmportant to control the
shape (depth and wi dth) of groove of the substrate,

Examples S5 and 6

The procedure of Examplé 1 was repeated except that
there were used a substrate having a groove of a shape,
a solution having a concentration of a brominated (average
3.5 atoms/molecule) Pd-tetra—(t~butylcjclohexyloxy)phthalo-
cyanine dye in a solvent and a rotatind speed as shown
below, and a medium was produced and evaluated.

The recdrding laser po&er was the optimum power for

each medium. Tab}es 1 and 2 show the results.

Shape of groove Solvent Concent- Rotating
, DeEth Wwidth ration - speed
Example {um) (% by weight) (rpm)
5 1600 0.5 Dibutyl 4.0 700
ether -
6 1600 - 0.5 Ethylcyclo- 4.0 ' 700
hexane

Examples 7 - 8 and Comparative Examples 6 - 8

The procedure of Example f'was repeated except that
there were-dsed a substrate having a groove of.a-shape;
a solution having a codcentration of a brominated (average
3.5 atoms/molecule) Pd—tetra-(Z,4-dimethylfpentan-3-oxy)
phthalocyanine in a solvent and a rotating speed as shown
‘below, and a mediﬁm was produced and evaluated.

The recording laser power was the optimum power for

each medium. Table 1 and 2 show the results.
Thxs Sheet Has Been Repl
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‘t hi ckness of recording.layer -at the groove portion, that at the |and
portion and the surface shape [err] of the-recording layer. -That is, for
pur poses df obtaining radial contrast signal .satisfying the CD standard for
bot h unreqorded portions and recorded portions, assuring playability by a.
comrerci alfl y available CD players, and obtaining excellent jitter value and
error ratd, it i's preferable that the groove in the substrate is 90 - 180
nm (900 - {1800 [err]) in depth and 0.3 - B & [err] in width and the

t hi ckness jof recording |ayer at the groove portion is 80 - 125 nm (800 -
1250 [err]j) and that at the land is 50 - 110 nm (500 - 1100 A.) Mre
preferably, the surface of recording |ayer at the land portion is higher

t han t hat jat. : :

Shape of groové Solvent Concent- Rotating
_ Degth . Width ration speed
gggmple (A) {um) ($ by weight) (rpm)
7 1250 0.45 Dimethyl- _ 3.1 1000
' cyclcohexane
8 1250 0.45 Dimethyl- 3.5 700
' cyclohexane .
" comparative
Egémgle
6 950 0.35 Dibutyl ether 3.1 700
7 950 - 0.35 Methylcyclo- 4.0 700
hexane

8 1250 0.45 Octane 3.0 700

This Sheet . Has Been Replaced -
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record

pnparative
' *amﬁle
1 1450 1100 600

dove-portion by,af.léast;SO Am (500 A.) Wen the thickness of .. ..
ing layer- at the groove portion is |l ess than 80 nm (-866~Ar—er—that at

The reason for increase in.error rate despite of s
5 to be that the length of 11T 78 t- and | ength of - 11
Uti ve pits which are to be inherently equal to each other becone
different. When the difference in height between the surface of

?.the.laﬁd portion is .less than 50. nm (500 [err]) radial cont Last. signal _
"~ beconep small, and though the jitter value is small, the.mﬁgimﬁﬁ'm fes -
: ue

ng |l ayer at the |and pog%égg;a%nd that at the groove
Layer s AT Reflec- Rc Jitter Error
thickness(A) 0 tivity : value (ns) rate
Fﬂmle Groove Land (A) (%) Recb Rca Pit Land (%)
r:—— i100 -700 1000 67 0.09 0.57 19 20 0.08
2 950 600 600 68 0.06 0.38 18 .19 ~ 0.04
3 4150 550 800 69 0.07 0.42 16 18 0.02
4 1250 1000 700 71 0.06 0.34 19 20 0.10
5 1150 650 1100 67 0.10 0.62 15 18 0.06
6 1200 600 1000 68 0.09 0.55 17 18 0.04
7 i 850 600 1000 73 0.06 0.45 16 16 0.01
8 1250 900 900 67 0.08 0.50. i8 21 0.02

69  0.06 0.36 20 22 0.20

2 750 500 700 €8  0.00 0.10 18 20 2.8
3 850 550 500 71  0.05 0.23 21 24  0.09
4 1200 500 1200 55  0.12 0.55 21 23 0.1
5 1050 700 600 71  0.05 0.35 32 36 3.8
6 1050 550 450 70  0.03 0.15 18 22  0.03
7 1600 1300 650 65  0.06 0.40 31 33 3.2
8 1100 450 . 600 69  0.03 0.18 19 25 3.5

AT : Difference in level between land and groove at the

surface ¢of recording layer
Rc

Radial contrast signal
RC = 2(I max - I min)/(I max + I min)
I max: Maximum value of reflectivity upon travers-
ing the track '
I min: Minimum reflectivity upon traversing the
track
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é‘portlon
'gsnaH
“nm (125
. extent
humi di t
the | an
jitter
limt o
~the lan

(AT) rs-less than 50 nm (500 A.) the radial contrast .signhal becones
The thickness of recording layer at ‘the groove portlon exceedlng 125
[err]) is not preferable since the error rate increases to a great
en the mediumis allowed to stand under high tenperature and high
con- ditions for a long tine, The thi ckness of recording |ayer at

I portion exceeding 110 nm (110G4err]) is not preferable since
alue and error rate are deteriorated. On the other hand, the upper

the difference in height between the surface of recordlng'Layer at
j Table 2
Playability by Jitter Err§r
CD players value (ns) rate

Example A B cC D E -F Pit Land (%)
1 | o o o o o o 20 22 | 0.08
2 o o (o} o o o 18 21 0.05
3 . "o o © o o o 18 .19 . 0.03
4 e o o o o o 20 21 0.1
5 | o o) o] o o e} 17 19 "0.08
6 o o o o o o 18 20 0.04
7 © o o o o o 16 17 .  0.02
8 © o o o o o 18 20 0.02

Comparatlve'- |

Example
1 o} o °© .o o o 23 26 5.8
2 .0 o o ’ o o o . 18 20 3.2
3 .0 © X o X X 23 25 0.11
4 X o x X X X 22 24 0.2
5 o o X o x X 33 36 4.0
6 o o o o o o] 20 22 0.05
7 o o) o] o] o o 35 40 15
8 o o) o o o o 21 28 4.5

Playability by CD players was tested by regenerating
using commercially available CD players A - F as
mentioned in Example 1.

d ¢ No problem

x : Access to an aimed track is not possible.

i ' : ~ This Sheet Has Been Replaced
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~portion-and that "at the groove .portion i-s preferabty 120 nm (1200 [err])

Whent-t he di-fference exceeds 120 nm (1200-[err]) - the tracking error singnal

. becones, t 00 ['arge or assuring the reflectivity of. groove of 60 %or nore

- -becones}difficult sonetinmes, and.playability by commercially available CD
player ks not possible. Vhen t he mﬁdth'g_ groove exceeds 0.6 [err], the pit

jitter .yalue and the land jitter value come so |large that poor

As is clear from Table 1 and Table 2, the examples
of the present invention all exhibit high réflectivity
and sufficiently low jitter values and error rates. The
radial corntrast is large both at unrecorded portion and

5 recorded portion. The mediums have a good Playability

by commerciélly available CD players. Even when. the
mediums are allowed to stand under high temperature and
high humid conditioné, they exhibit excellent character-
istics such that the jitter values‘and error rates are

:10 hardly changed.

T The comparative examples are summaiized as shown
below.

In Comparative Examples 1 and 7, the layer thickness
of the recording layer at the groove portion is thick so
15 that after'éhe durability test, erfor_rates increased to
a great extent. When the mediums subjectéq to such dura-
bility test were observed with an electron Aicroscope, it
was found that a defect of about 2 ym was formed at the
center of pit.

- 20 In Comparative Example 2, the layer thiqknéss of the
‘recording iayer at the groove portion was ;o thin that
error rate and radial contrast were very poor and there-
fore, the medium was not preferable. |

In Comparative Example 3, the dépth of the groove

. 25 of the substrate is small so that playability after

' This Sheet Has Been Repl
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- -4- playability by commercially available CD players is obtained, .and .
- though playability by CD players carrying a 3 beamhead can be assured, it
is difficult  to assure playability by CD players carrying a 1. beam head. '
When thb depth of groove i's less than 90 nm (900 A), poor playability by
commerclally availabl e CD players is obtained,. and though playabilily by CD.
pl ayers]carrying a 3 beam head can be-aSHULed, that carrying a 1 beam head
is assuted with difficulty. Wen regeneration (reproduction) is effected
with a €D playercarryinga 1 beam head, access is not possible or it takes a
l ong tipe. for access though |t is possible to regenerate information
sequent{ally fromthe

Trecording was poor.
In Comparative Example 4, the groove is so deep
‘that reflectivity was lowered and there were many play-'

ers which could not regenerate the record.

? 5 In Comparative Example 5, the groove was so wide
.that both jitter value and error raté were poor, and
playability by commercially available CD players was poor.

In Comparative Example 6, the diffefence in height
between the surface of recording layer at the.land por-
10 tion and that at the groove portion was so small that
radial contrast was poor.
in Comparative Example 7, the thickness of recording
layer on the land portion was so thick that jitter value
and error rate were poor.
15 . In Comparative Exémple 8, the recording layer thiék—
ness at the land portion was so thin that error rate and

radial contrast were poor.

: .
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'beginning. when t he depth of groove exceéds 180 nm (1800 A ) radial
~coptrast signal becomes’ |arge, but reflectivity of groove becones 1 ess than
- 60 % andytherefore, playability by CD players is not possible. I's

substantijally difficult and not practical to fabricate a substrate haV|ng ) N

groove of 90 nm (900 A) or nore in depth gnd | ess than O. SM:|@j3|41vmdth
The formati on of the recording | ayer haV| g a difference in helght (AT)

bet ween {he surface of recording layer at the land portion and that at the
groove p@rtlon of 50 nm (500 A) or higher may be efmm}ﬁdmysda@nei\aa&d i ng or

Seren MR R

1. An.optical recording medium of a single plate

WHAT IS CLAIMED IS:

type capable of rgcording which comprises a transparent

resin subgtrate having a groove and a land, the groove
5 being 900 - 1800 & in depth and 0.3 - 0.6 jm in width,

a recordiné layer containing a dye overlying the sub-

strate, a reflective layer overlying the recording layer

and a protective layer overlying the reflective layer,

the thickness of the recording layer being 800 - 1250 ﬁ

10 at the groove portion and 500 - 1100 R at the land portion.

2. The optical recording medium according to claim
1 in which the surface.of the recording layer at the land
' portion is higher than the surface of the recording layer

15 at the groove portion by at least 500 i.

3. The optical recording medium according to claim
2 in which the reflectivity at an unrecorded portion at

the groove portion through the substrate is 60 % or more.

20
4. The optical recording medium acca;ding to claim
3 in which the recording layer contains a phthalocyanine
dye. '
25 | 5. The optical recording medium according to any
one of claims 1 ~ 4 in which signals are recorded in the

groove by pit length recording.
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~the depth of groove in the substrate, type of solvent (boiling point,
. vaporization speed, and surface tensi on) used for coating or coating-:
condi ti pns (rotating conditions in the case of spin coating). For exanple,
when thF groove is nmade deeper and the vaporization speed of sol vent
slower,{the difference in layer thickanesg between the recordi/3638ager at
. the groove portion and that at the | and portion becones |arger. The shape
(the depth and the width) of groove in the substrate and the shape (AT) of
the surface of recording |layer at the land portion and groove portion can
be neasured by nmeans of a scanning type tunnel m croscope or by observing
the cross section of the substrate and recording |ayer with a m croscope.
The thi ckness BBSTRACITeC8r #HEQDISCLOSURE .

An optical recording medium of a single plate type
capable of recording comprises a transparent resin sub-
strate having a groove of 900 - 1800 g in depth aﬁd 0.3

5 - 0.6 pm iﬁ width, a recording layer containing a dye
overlying the substrate, a reflective layer overlying
the recording layer and a protective layer overlying the
reflective layer, the thickness of the recording layer
being 800 - 1250 K at the groove portion and 500 - 1100

)
10 A at the land portion.

15
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| ayer at the grooVé portion and 1and portion can be neasured-by'obserVing :
the: cross-section of -the recording |layér w'th a mcroscope. ‘The w dth of
gfoove iin the present invention is-a half-value width, that is, the width

~at a position where -the depth-of groove is a half of the total depth. On

t ke other hand, the term "radial contrast signal neans a quo%hgy%}gf t he
di vi sion of the fluctuation of reflectivitﬂ/dy t he average val _ -4
reflectivity when the |ight beam of a player traverses the track while the
| ight beamis focused on the recording |ayer (focus control). That is, it
I's defined by the follow ng formnul a: \

This Sheet Has Been Replaced
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Rc (radial contrast signal) [err] where 1 max and 1 min are maxi W™ =**
reflectivity and minipumreflectivity when the beamtraverses the track,
resgec- REPERYEDASE®ERIISNg t 8G he €D standard, it is required that the Rc
val Ugg irfesQifdon Ofpapédr .£1.ato pdged uPr.e¢or ded portion while it is 0.2 or nore at

t he igeofded pordban.=. .\l\hegsngadrecomdi ng |ayer confai TREB @CE‘MSNWSQ@E}?WV 5dG
In I3 Qhgls? t;bea,cﬂ ...... uSpabel N=1.hg present inventig L, -
[7] Abstract  :paged .M. 10 paged ..7.....
DATE OF RECEIPT ....ociirriiiiriromamensiianene

TITLE OF THE INVENTION

- OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical record-
ing medium, and more particularly, tq a recordable opti-
cal disk of a-singlé plate type comprising a recording
layer containing a dye and a metal reflective layer overly-
ing the recording layer which is recordable and has play-
ability (i.e. capability of being reproduced) by com%
mercially available compact disk players.

- Description of the Related Art

An optical recording medium capable of writing com-
prising a recording layer contéining a dye such as phthalo-~
cyanine dye and the like and a metal reflective layer
overlying the recording layer for enhancing reflectivity
is disclosed, for example, in U.S. Pat. No. 4,298,975.
However, said U.S. Patent mentions nothing about play-
ability by commercially available compact disk (CD)
players.

Neither are disclosed conditions under which there is
producéd a medium excellent in jitﬁer value and error
rate when a pit length recording is conducted.

Optical recording mediums of a single plate type

"“ced - ~ This is.the replacement shest
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may be used resins such as nitrocellul ose, ethylcellul ose, acrylic resins,
pol ystyrene resins, urethane resins and the like, |leveling agents,
deform ng agents and the like in an anmount which does not adversely affect
the effect of the present invention, for exanple, about 20 % or |ess,
preferably about 10 %or |ess. As thg%reflective | ayer provided on the
recording layer, in usual, a netal thin filmis preferably used. For
purposes of inparting playability by ordinaly CD players to the medi um of
the present invention, the reflectivity of the mediumis preferably 60 % or
nore. As preferable netals, there may be nentioned alum num gold, silver
copper, platinum nickel and the like and alloys containing the netals as

mentioned ahava P £ KPP e edF i FORPUWDISLayability by commer-
cially available CD player have been recently proposed,
far example, in Optical Data Storage 1989 Technical
Digest Series, Vol. 145 (1989), EP 353393 and the like.
In particular,'there are discloged dyes used as a record-
ing layer aﬁd characteristics of the reflective layer for
attaining a high reflectivity. |

Further, U.S. Pat. No. 4,990,388 discloses a record-
ing mechanism for a recording layer of an optical record-
ing medium having playability by CD players.

In such optical recording mediums, it is necessary
for the mediums to give trackiﬁg error signals for track
contr61 and radial contrést signals for access to.an aimed
track.

When a'recording layer is formed by a vacuum tech-
niéue such as spuﬁtering and the like, the reéord;ng layer
is formed strictly following the shape of groove of the
substrate, and therefore, optimization of the above-men-

- tioned éracking error signals and radial contrast signals
can be effected by simulation.

However, in the case of an optical recording medium
using a layer formed by coatinq a dye as a‘recording'
layer, the surface shape of the recording layer does not
follow the groove shape of the substr#te, and therefore,

it is difficult to design the optimum shape by simulation

————
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The reflective | ayer nade of the netal may be formed by vapor deposition,
sputtering and the like. In usual, the thickness-of reflective |layer is
preferably 50 - 200 nm (500 - 2000 A') In order to protect the netal
reflective layer. a protective layer is formed on the reflective layer. As
the protective layer, resins are usually used. In particular, fromthe

st andpoi nt of productivity, ul trovi ol et Tight curable resins are pref-
erable. The thickness of the protective layer is preferably about 1 - 15
pm The optical recording mediumof the present invention is irradiated
with a | aser beam through the substrate to record information signals or
read out the information. Wavel ength of the | aser beamis preferably 640 -

850 nm as mentioned above, and the above-mentioned prior patents
disclose nothing about it.

The relation between a tracking error signal and a
groove shape of a substrate is disclosed, for example,
in Japanese Patent Application Laid-open No. Hei 3-22224.
However, the disclosure is not sufficieﬁt to attain a
complete playability by commercially available CD players.

Among commercially available CD players, a player
carrying a head of 3 beams has no problem, but the present
inventors have found that playability by a player carry-
ing_a head of one beam is problematic-though the reason
is not clear.

In addition, with respect to radial contrast signais,
the optimization has not yet been made, and radial con-
trast signals are not used for access, but an external
sensor or the like is used though the aeqess speed is
slow.

Accoraing to the present inventors' iﬁvestigation,
with respect to playability by CD players and radial con-
trast signals, it is not enough to optimize tﬁe.shape
of groove.

In the case of an optical recording medium capable
of recording comprising a recording layef containing é
dye formed by a coating method and a metal reflective

layer overlying the recording layer, the reflection at

Sheet Has Been Replaced This is the replacement shaset

B



Sem conductor |aser having an oscillatory wavel ength of such range as above
Is preferably used. For recording, the l-aser output is made about 5 - 12 mW
on the recording filmwhile rotating the medium and for readout, the |aser
output is nade about 1/10 tinmes that for recording. Printing may be nmade on
the protective |ayer of the optical recording nediumof the present

i nvention. The present invention is explained in detail in the follow ng
referring to exanples, but should not be construed as limted by the

exanpl es.

the interface of the fecording layer and the reflective
layer.is predominant. Therefore the shape of the surface
of the recgraing layer and the thickness of the recording
layer on the groove and that on the land become important,
but the shape of the surface of the recording layer and
the thickness of the recording layer on the groove and
that on the land vary depending on coating conditions
such as concentration; surface tension and viscosity.of

" the coating sclution, boiling point and evaporation
speed of the coating solvent, the manner of rotation is
the case of spin coating, and the like even if the shape
of groove of the substrate is thé same, Therefore, the
strict optimization has ,hot yet been effected.

EP 0410183 disc}oses différence in light path length
between thé feéording layer on thé groove portion and
that on the land portion and degree of modulation, but
mentions nothiné aboutithe problem 6f playability by com-
mercially available CD players and radial contrast
sifignals.

On the contrary, there are generally two_methods for
recording information in an optical recording medium,
that is, pit position recording and pit length recording.
In the case of CD, pit length recording ié effecteé with
pits of 9 kinds of length. In pit pength recording, for

. the purpose of lessening error rate, it is very important
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5 As pht hal ocyani ne dye used in Exanple 1. Pd-tetra-(t-butyl cycl ohexyl oxy)
pht hal ocyani ne was prepared by using

3:(t-butyl cycl ohexyl oxy) -1, 2-di cyanobenzeneand PdCl 2 according to a
conventional nethod, for exanple, EP 232,427. Then, one nole of the
resulting Pd-tetra-(t-butylcycl ohexyl gxy)pht hal ocyani ne was reacted with
3.3 noles of [err] in a solvent, nethyl 8ne chloride and a pht hal ocyani ne
dye conposed of Pd-tetra-(t-butylcycl ohexyl oxy) phthal ocyani ne

to effect recording pits of various lengths with low
jitter value (low fluctuation).

At present, various types of CD blayers are commer-
cially available, but the regeneration signal character-
istics are different from player to player, and therefore,
the error rate is also different from each other.
Therefore, it is required that the error rate is suffi-
ciently small even when regeneration is effected by many
types of commercially available CD players as far as
possible.

Howevér, the present inventors have found the fsl-
lowing. 7Tt is said that the above-mentioned conventional

optical recording mediums capable of recording can be

regenerated by commerczally available CD players. How-
ever, the jitter value of pit (hereinafter called "pit
jitter value") and the jitter value of the part between
consécutivg pits (hereinafter called "land jitter value")
are not always small. Spme CD players fail to reduce
sufficiently érror rates. When audio information and the
like are fecorded, there is not so noticeable problem,
but when code data and the like are recorded there are
serious problems.

Further, such optical recording medium is required
to be durable, but durability of conventional mediums is

not always sufficient. For example, according to the
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havi ng average 3.0 atons of brom ne per one nol ecul e of said phthal ocyani ne
was obtained. In Exanple 2 et seq., the dyes were prepared in a manner
stm'lar to the above-nentioned procedure. Exanple 1 A 3.1 wt. % sol ution of
a brom nated (average 3.0 atons/nol ecule) Pd-tetra-(t-butylcycl ohexyl oxy)
pht hal ocyani ne i n net hyl cycl ohexane s dropped on the center portion of
the surface having a groove 140 nm (71400 A in depth, 0.5 [err] in wdth,
1.6 [err] in pitch) of an injection nolded polycarbonate resin substrate of
1.2 mmthick and 120 nmin dianeter. Then the resin substrate was rotated
at a speed of 1000 rpmfor 10 sec. The resin substrate was dried at

present inventors' investigation, when conventional opti-
cal recording mediums are allowed to stand at 85°C at 95 %
RH for a loﬁg time, characteristics of unrecorded portions
hardly change while error rate at recorded portions is
deteriorated to a great extent; and according to obser-
vation with a microscope of the region where error rate
has been detgrioratgd, pits having defects of several
microns with the pit'at the center are found.

The present inventors have researched variously so
as to eliminate drawbacks of the above-mentioned con-
ventional recordable optical mediums having playability
by CD players, and investigated the shape of groove,
surface shape of recording layer containing a dye,lthick-
ness of recording layer at a groove portion and that at
a land portion. |

As a result, the present inventors have found parti-
cular conditions under which a sufficient radial contrast
signal can be assured, there is playability by various
commercially available CD players, jitter wvalue and error
rate aré small and further, characteristics such'as error
rate and the like do not change when stood under condition

of high température and high humidity for a long time.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an

d . .
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40C for 10 mn. and a recording | ayersubstantially conposed of a
pht hal ocyani ne dye was fornmed on a resin substrate. The thickness and
surface shape of the recording | ayer was neasured by obserbing the cross
section by nmeans of an electron mcroscope. The thickness at the groove
portion and that at the land portiopn ¢f _the recording |ayer were 110 nm
(1100 A) and 70 nm (700 A), respectively, and the surface of the recording
| ayer at the land portion was higher than that at the groove portion by 100
nm (1000 A) ([err]T = 100 nm (1000 A)). On the recording |layer was forned a
gold thin filmof 80 nmthick as a reflective |ayer by neans of sputtering,
and further an ultraviolet ray-cured resin layer of 5 [err] thick was
formed on a sptiesli vrecbajéngt mefdiasdueapablapbEcabsne¢ogdangufficient
| radial contrast signal.
Another object of the present invention is to provide
an optical recording medium playable by commercially avail-
able CD playérs.
A further objeét,of the present invention is to pro-
vide an optical recording medium of small jitter value
and small error rate.
Still another object of the present invention is to
provide an optical :ecording medium of which character-
istics such as.error rate and the like are not adversely
affected even when the medium is placed under high tem-
perature and high humidity conditions for a long time.

According to the present invention, there is provided

an optical fecordiﬁg medium of a single plate'type capable

of recording which comprises a transparent resin sub-
strate having a groove and a land, the groove being 900 -~
1800 K in depth énd 0.3 ~ O.G‘Fm in width, a recording
layer containing a dye éverlying the substrate, a re-
flective layer overlying the recording layer and a pro-
tective layer overlying the reflective layer, the thick-
ness of the recording layer being 800-- 1250 g at the

. 0
groove portion and 500 - 1100 A at the land portion.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a-schematical cross sectional view of
-
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medium Wile the resulting optlcal recordi ng nmedi um was placed on a
turntable and rotated at a |inear speed of 1.4 ms, there was used a drive
provided with an optical head carrying a semi conduct or | aser havi ng an
‘oscillation wavel ength of 780 nm and a | aser beam was control | ed such that
the | aser beam focused on the recordlqg layer through the resin substrate.
Thus there were neasured reflectivity on the groove and radi al contrast
signal at the unrecorded portion with a | aser output of 1 nWon the
recording surface. Table 1 shows the result. Then the |aser output was nade
the opti numrecord-condition of this nmedium 7 mW and a nusic was recorded

an enbodiment of a part of the optical recording medium

according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a recording layer 2 is formed
by coating a substrate 1 having groove portions_B and
land portions 4 each of which is a region between two
grooves with a recording layer material.

The differénce in height ( A7T) between the surface of
recording layer 3 on the groove portion and that on the
land portion is indicated by 5.

As a transparent resin substrate used in the presént
invention, such substrate capable of transmitting a light
used for recording signals and readout of recorded infor-
mation is preferable. Preferable transmittance of ligﬂt
is 85 % or higher. Further, it is preferable that opﬁical
anisdtropy of the éubstrate is small.

Exampiary suitable substrates include thermoplastié
resin substrates composed of acrylic resins, polycarbonate
resins, polyamide resins, polyvinyl chloride, polyolefin
resins or the like.

Among these resins, from the standpoints of mechani-
cal strength of substrate, easy formation of grooées and
pits and economy, acrylic resins, polycarbonate resins,

or polyolefin resins are preferable, and polycarbonate
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wi th the sane EFM nodul ati on signal as that used in CO and then the output
of laser was nade 1 mW There were neasured radial contrast signal, 3T pit
jitter value, 3T land jitter value and error rate at the recording portion.
The result was sunmarized in Table 1. Further, for purposes of

i nvestigating playability by connercnéﬂ |y avallable CD pl ayer, regeneration
of record was effected by the foll dwi"ng CD pl ayer. The regenerated result

was sunmarized in Table 2. No. Manuf act ur er Type of CD Pl ayer
Type of Head A  Sony COP - (€900 3 beans B
Marant z Japan CD - 50 3 beans

resin is particularly preferable. Theﬁe resins may be
fofmed into ‘the substrates by injection molding or cast
molding.

The shape of the substrate_may be in the form of plate
or £film, or circle or card. The surface of the substrate
is provided with grooves for_controlling_the recording
position. The_surface may have partly some prepits for
the information.

Such grooves and pits are preferably formed when the
substrate is fabricatéd by injectibn molding or cast mold-
ing. Further they may be formed by applying an ultra-
violet liéht curable resin to a substrate, superposing a
stamper ﬁhereon and expesing to ultraviolet light.

According the present invention, the opticél record-
ing medium comprises a transparent resin substrate, and
a recording layer containing a dye, a reflective layer

"and a protéctive layer subsequently superpose§ on the
substrate.

The dyes used in the recording layer containing a
dye may be dyeg having absorption in the wavelength region
of oscillation of semiconductor laser such as polYmethine
dye, phthaldcyanine dye, naphthalocyanine dye, naphtho-
guinone dye, azulene dye, dithiol metal complex dye and
the like.

These dyes may have various substituents so as to
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C Marantz Japan CD - 99SE 1 beam D Yanmaha

COX - 1050 3 beans E Mat sushita Denki Sangyo SL - PA1O 1
beam F Mat sushita Denki Sangyo SL - P550 1 beam Durability of
the nedium was investigated by allowing the nediumto stand for 1000 hours
under condition of 85[err] C and 95 Qbfgiand then measuring the jitter

value and error rate. Table 2 shows the’ result.

control the solubility of the dye in a solvent to a desir- -

able range or impart desirable recording characteristics.

The dyes may be used alone or in combination.

Among the dyes, phthalocyanine dye and naphthalo-
cyanine dye are preferable from the standpoints of light
resistance.and durability.

According to the present invention, the recofding
layer containing a dye can be usually formed by a coating
method such as spin coating, spraying, dipping and the
like.

When the above-mentioned dye is formed into a layer
by a coating method, the dye may be dissolved in a sol-
vent not adversely affe¢ting the substrate.

Such solvents are,.for example, aliphatic or alicyclic
hydrocarbons such as hexane, heptane, octane, decahe,
cyclohexane, methylcyclohexane, dimethylcyclohexane,
cyclooctane and the like; |

ether type non-polar solvénts such as diethyl ether,
dibutyl ether, diisopropyl ether and the like; and
alcoholic polar solvents such as methyl alcohol, ethyl
alcohol, isopropyl alcohol, allyl alcochol, methyl cel-
losolve, and the 1like.

According to the present invention, it is important
to control the shape (depth and width) of.groove of the

substrate, thickness of redording layer at the groove
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Exanples 2 - 4 and Conparative Exanples 1 -5 The procedure of Exanple 1 was
repeated using the sane dye as in Exanple 1 except that there were used a
substrate having a groove of a shape, a solvent, a concentration of the
solution and a rotating speed as shown bel ow and a medi um was produced and
eval uated. The recording | aser power was the optimum power for each nmedi um
Table 1 and Table 2 show the results. VExanpl e Shape of groove
Sol vent Concentration_ Rot ati ng speed (% by wei ght) (rpm

portion, that at the land portion and the surface shape
(A T) of the recording layer.

That 'is, for purposes of obtaining radial contrast
signal satisfying the CD standard for both unrecorded por-
tions and recorded porfions, assuring playability by a com-
mercially available CD players, and obtaining excellent
jitter value and error rate, it is preferable that the
groove in the substrate is 900 - 1800 i in depth and 0.3
- 0.6 Pm_in width and the thickness of recording layer
at the groove portion is 800 - 1250 A and that at the
land is 500 ~ 1100 i. Mofe preferably, the surface of
recording layer at the land portion is higher than that
at the groove portion by at ieast 500 i.
| When the thickness of recording layer at the groove
portion is'less than 800 i or that at the land portion
is less than 500 i, radial contrast signal becomes small,
and though the jitter value is small, the error rate be-
comes large.

The reason for increase in error rate despite of
small jitter value appears to be fhat the length of 11T
pit and length of 11T part between consecutive pits
which are to be inherently equal to each other become
fairly different.

When the difference in height between the surface

of recording layer at the land portion and .that at the
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Depth (A) (nm) Wdth [err] 2 (950) 95 0.35
N@thylcyclohexane 1000 -6 (conti nued)

- 12 -

groove portion (AT) is less than 500 3, the radial con-

trast signal becomes small.

The thickness of recording layer at the groove por-
tion exceéding 12590 R is not preferable since the error
rate increases to a great extent when the medium is allowed
to stand under high temperature and high humidity condi-
tions for a long time.

The thickness of recording layer at the land portion
exceeding 1100 g is not preferablelsince jitter value and
error rate are deteriorated.

On the other hand, the upper limit of the difference
in height between the surface of recording layer at the
land portion.and that at the groove portion is preferably
1200 i. When the difference exceeds 1200 K, the tracking
error singnal becomes too large of assuring the reflecti-
vity of'grpove of 60 % or more becomes difficult sometimes,
and blayability by commercially available CD player is
not possible.

When the width of groove exceeds 0.6 pm, the pit
jitter value and the land jitter value become so large
that poor playability by commercially available CD players
is obtained, and though playability by CD players carry-
ing a 3 beam head can be assured, it is difficult to
assure playability by CD players carrying a 1 beam head.

(-]
When the depth of groove is less than 900 A, poor

. 1 naet
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Exanpl e Shape of groove Sol vent Concentration

Rotating speed (% by weight) (rpm Depth (A (nn) Wdth (pm 3
(1400) 140 0. 50 Di butyl ether 3.1 700 4
(950) 95 0. 35 Cct ane 3.1 700

Conpar at i ve Exanpl e 13

playability by commercially available CD players is
obtained, and though playability by CD players carrying
a 3 beam head can be assured, that carrying a 1 beam
head is assured with difficulty. When regeneration (re-
production) is effected with a CD player carrying a 1
beam head, access is not possible or it takes a long
time for access'though it is possible to regenerate in-
formation sequentially from the beginning. o

When thg'depth of groove exceeds 1800 X, radial con-
trast signal becomes large, but reflectivity of groove
becomes less than 60 % and-therefore, playability by CD
'players is not possible.

It is substantially difficult and not practical to
fabricate é substrate having a groove of 900 A or more
in depth and less than 0.3 pm in width.

The formation of the recording layer having a dif-
ference in height ( AT) between the surface of recording
layer at the land portion and that at the groove portion
of 500 i or higher may be effected by controlling or
.selecting the deﬁth of groove in the substrate, type of
solvent (boiling point, vaporization speed, and surface
tension) usea for coating or coating conditions (rotating
conditions in the case of spin coating).

For example, when the groove is made deeper and the

vaporization speed of solvent slower, the difference in

e

heet Has Been Replaced This is the replacement sheet

i e et



ObrhwWNEF

(950) 95 0. 35 Cct ane _ 3.5
(950) 95 0. 35 Met hyl cycl ohexane 3.0
(800) 80 0. 35 Met hyl cycl ohexane 3.1
(1900) 190 0.58 . Et hyl cycl ohexane 2.1
(950) 95 0.70 Met hyl cycl ohexane 3.1

were used a substrate having a groove of a shape,

layer thickness between the recording layer at the groove
portion and ‘that at the land portion becomes larger.

The shape (the depth and the width) of groove in the
substrate and the shape (AT) of the surface of recording
layer at the land portion and groove portion can be meas-
ured by means of a scanning type tunnel microscope or by
observing the cross section of the substrate and recording
layer with a microscope. The thickness of the recording
layer at the groove portion and land portion éan be meas-
ured by observing the cross section of the recording layer
with a microscope.

The width of groove in the present inveﬁtion is a
half-value width,-fhat i's, the width at a position where
the depth of groove is a half of the total depth. .

On the other hand, the term "radial contrast signal"
means a quotient of the division of the ﬁluctuation of
reflectivity by the average value of feflectivity wheﬁ
the. light beam of a player traverses the track while the
light beam is focused on the recording layer (focus con-
trol). That is, it is defined by the following formula:

Rc (radial contrast signal)

= 2 (I max - I min) / (I max + I min)
where I max and I min are maximum reflecﬁivity and mini-

mum reflectivity when the beam traverses the track, re-

spectively.
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a solution having a concentration of a brom nated (average 3.5

at onrs/ nol ecul e) Pd-tetra-(t-butyl cycl ohexyl oxy) phthal ocyani ne dye in a
solvent and a rotating speed as shown bel ow, and a medi um was produced and
eval uated. The recording | aser power was the optimum power for each nmedi um

Tables 1 and 2 show the results. Exanple Shape of groove

Sol vent Concentration (% by 1Rotati ng speed (rpm) wei ght) Depth
(A (nm) Wdth [err] 5 (1600) 160 0.5 D butyl ether
4.0 700 . :

. According to the CD standard, it is required that the
Rc value is- 0.05 or more at the unrecorded portion while
it is 0.2 or more at the recorded portion.

When a recording layer containing a dye is prepared,
in addition to the dye used in the present invention,
there may be used resins such as nitrocellulose, ethyl-~
cellulose, acrylic resins, polystyrene résins, urethahe
resins and the like, leveling agents, defbrming agents
and the like in an amount which does not adversely affect
the effect of the present invention, for example, about
20 % or less, preferably about 10 % or less.

As the reflective layer provided.on the :ecbrding
layer, in usual, a metald thin film is preferably used.

For purpoées of imparting playability by ordinaly
CD players to the medium of the preéept invention, the
reflectivity of the ﬁedium is pieferably 60 % or more.
As preferéble metals, there may be mentioned aluminum,
gold, éilver, copper, platinum, nickel and the like and

. alloys containing the metals as mentioned above as a com-

ponent or components. The reflective layer.made of the

metal may be formed by vapor deposition, sputtering and
the like. 1In usual, the thickness of reflective layer

is preferably 500 -~ 2000 X.
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6 ( 1600) 160 0.5 Et hyl cycl ohexane 4.0

700 Exanples 7 - 8 and Conparative Exanples 6 -8 The procedure of Exanple 1
was repeated except that there were used a substrate having a groove of a
shape, a solution having a concentration of a brom nated (average 3.5
~atons/ nol ecul e) Pd-tetra-(2,4-di nethyl -pentan-3-oxy) phthal ocyanine in a
sol vent and a rotating speed as shomq bel ow, and a medi um was produced and
eval uated. The recording | aser power Ras t he opti num power for each medi um
Table 1 and 2 show the results. Exanple Shape of groove

Sol vent .Concentration Rot ati ng speed

.In order to protect the metal reflective layer, a
protective layer is formed on the reflective layer. As
the protective layer,.resins are usu;lly used. In parti-
cular, from the standpoint of productivity, ultroviolet
light curable resins are preferable. The thickness of
the protective layer is preferably about 1 - 15 pm.

The optical recordiné medium of the present invention
is irradiated with a laser beam through Ehe substrate to
record information signals or read out the information.
Wavelength of the laser beam is preferably 640 ~ 850 nm.-
Semiconductor laser having an oscillatory wavelength of such
range as above is preferably used. For recording, the
laser output is made about 5.r 12 mW on the recording
film while rotating the medium, and for readout, the laser
outpﬁt is made about 1/10 times ihat for recording.

Printing may be made on the.protective layer of the

optical recording medium of the present invention.
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(% by wei ght) (rpm Depth (A (nm Vthh [err] 7 (1250)

0. 45 D et hyl cycl ohexane .1 1000 8
125 0. 45 Di nethylcyclohexane - 3.5 700
Conpar ati ve Exanple 6 (950) 95 0. 35 D butyl ether

700 - 17 ~

The present invention is'explained in detail in the
following referring to examples, but should noﬁ be con-
strued as limi#ed by the examples.

| As phthalocyanine dye used in Example 1, Pd-tetra-
(tfbutquy§lohexyloxy) phthalocyanine was prepared by
using 3-(t-butylcyclohexyloxy)-1,2-dicyanpbenzene and
PdCl2 according to a conventional méthod, for example,
EP 232,427. |

Then, one mole of the resulting Pd-tetra~(t-butyl-
cyclohexyloxy)phthalocyanine was reacted with 3.3 moles
of Bry in a solvent, methylene chloride and a phthalo-~
cyanine dye -composed of Pd-tetra-(t—bﬁtylcyclohexyloxy)
phthalocyanine havihg average 3.0 atoms of bromine per
one molecule of said phthalocyanine Qas obtained.

' In Example 2 et seg., the dyes were prepared in a

manner similar to the above-mentioned procedure.

Example 1

a 3.1 wt..%_solution of a brominated (average 3.0
atoms/molecule) Pd—ﬁetra—(t-butylcyclohexylony phthalo-
cyanine in methylcyclohexane was dropped on the center
portion of the surface having a groove (1400 i in depth,
0.5 Jm in width, 1.6 pm in pitch) of an injection molded
Polycarbonate resin substrate of-1.2 mm thick and 120 mm

in diameter. Then the resin substrate was rotated at a

.
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7 (950) 95 0. 35 Met hyl cycl ohexane 4.0 .
700 8 -~ (1250) 125 0.45 Cct ane 3.0

700 - 7-
- 18 -

epeed of 1000 rpm for 10 eec. .The resin substrate was
dried at 40°C for 10 min. and a recording layer substan-
tially compesed of a phthalocyanine dye was formed on

a resin substrate.

The thickness and surface shape of the recording layer was
measured by obserbing the cross section by means of an
electron microscope. The thickness at the groove por-
tion and that at the land portion of the recording layer
were 1100 X and 700 i, reepectively, and the surface of
the recording layer at the land portion was highe: than.
that at the groove portien by 1000 i (AT = 1000 i). -

On the recording 1eyer was formed a gold thin film
of 80 nm thick as a reflective leyer by means of sputter-
ing, and fufther an ultraviolet ;ay—cufed resin layer of
5 pm thick was formed on a reflective layer to produce
an optical recordiﬁg medium. |

While the fesultihg optical recording medium was
placed on a turntable and rotated at a linear speed of
1.4 m/s, ;here was used a drive provided with an optical
head carrying a semiconductor laser having an oscillation
wavelength of 780 nm and a laser beam was controlled such
that the laser beam focused on the recordlng layer through
the resin substrate. Thus there were measured reflectivi-
tY-on the groove and radial contrast signal at the un-
recorded portion with a laser output of 1 mW on the re-

cording surface. Table 1 shows the result.
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surface of
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Difference
recordi ng | ayer

max + |

Then thé laser output was made
ing condition of this medium, 7 mW,
corded with the same EFM modulation
in CD, and then the output of laser

There were measured radial contrast

in
Rc
m n)

| evel ,

between |and and groove at
Radi al contrast signal Rc = 2(|I
- 19 -

the optimum record-_
and a music was re-
signal as that used
was made 1 mW.

signal, 3T pit jitter

value, 3T land jitter value and error rate-at the record-

ing portion.

Further,

for

The result was summarized in Table 1.

purposes of investigating playability by

commercially available CD player, regeneration of record

was effected

by the following CD player.

result was summarized in Table 2.

The regenerated

No. Manufacturer Type of CD Player Type of Head
A Sony CDf - €900 3 beams
B Marantz Japan ch - 50 3 beams
C Marantz Japan. CD - 99SE 1 beam
D Yamaha CDX - 1050 3 beams
E Matsushita _
Denki Sangyo SL - PA1O 1 beam
F Matsushita |
Denki Sangyo SL -~ P550 1" beam

Durability of the medium was investigated by allow-

ing the medium to stand for 1000 hours under condition of
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| max: Maxi mum val ue of reflectivity upon travers- ing the track I mn:
Mnimumreflectivity upon craversing the track Rcb : Radiai contrast S|gnal
at” unrecorded portion Rca : Radial contrast signal at recorded portion
Tabl e 2 - 20 -

85°C and 95 % RH and then measuring the jitter value and
error rate. .

"Table 2 shows the result.

Examples 2'- 4 and Comparative Examples 1 - 5

The procedure of Example 1 was repeated using the
. same dye as in Example 1 except that there were used a
substrate having a groove of a shape, a solvent, a con-
centfatioh of the solution and a rotating speed as shown
below, and a medium was produced and evaluated.
The recording laser power was the optimum power for

each medium; Table 1 and Table 2 show the results.

Shape of groove §olvent Concent- Rotat;ng
Depth- width ration speed
Example E (pm) , (% by weight) (rpm)
2 950 0.35 Methylcyclo- 2.8 1000
' hexane
3 1400 0.50 Dibutyl ether 3.1 700
4 950 0.35 oOctane . 3.1 700
Comparative
Example
1 950 0.35 Octane 3.5 700
2 950 0.35 Methylecyclo-. 3.0 1100
hexane
3 800 0.35 Methylcyclo- 3.1 1100
hexane :
4 1900 0.58 Ethylcyclo- 2.1 1000
hexane
5 950 0.70 Methylcyclo- 3.1 1000
hexane

.
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Exanpl e Pl ayability by CD pl ayers Jitter val ue

(ns) Land Error rate Pit (%9 A B C

D- E F1 o] o] o] o] o] o]

20 22 0.08 2 .%1 .0 0 0 0

0 18 21 0. 05 - 0 0 0 0
o] o] 18 19 0.03 4 o] 0 0
0 0 o 20 21 0.1

Examples 5 and 6

The procedure of Example 1 was repeated except that
there were used a substrate having a groove of a shape,
a solution having a concentration of a brominated (average
3.5 atoms/molecule) Pd-tetra-(t-butylcyclohexylbxy)phthalo—
'cyanine dye in a solvent and a rotating speed as shown
below, and a medium was produced and evaluated.
The recdrding laser power was the optimum power for

each medium, Tab;es 1 and 2 show the results.

Shape of groove Solvent Concent- Rotating
_ Deith Width ration ' speed
Example (A) (um) (% by weight) (rpm)
5 1600 0.5 Dibutyl 4.0 700
ether '
6 1600 - 0.5 Ethylcyclo- 4.0 ' 700
hexane

. Examples 7 - 8 and Comparative Examples 6 -~ &

The procedure of Example 1 was repeated except that
there were ﬁsed a substrate having a groove of_a-shape[.
a solution having a concentration of a brominated (average
3.5 atoms/molecule) Pd-tetra-(2,4—dimethy17pentan-3—oxy)
phthalocyanine in a solvent and a rotating speed as shown
‘below, and a médiﬁm was produced and evaluated.

The recording laser power was the optimum power for

each medium. Table 1 and 2 show the results.

This is the raplacement sheet
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o] o] 0 0 0 0 17 19
0] 0] 0] 0] 0] 8s
0.04 7 0] 0] 0] 0] 0] 0]
17 0.02 8 o) o] 00
18 20 0. 02 Conparative Exanple 1 o]
0] 0] 0] 23 26 58 2
o] o] o] O. 22 _ 19 20
Shape of groove SolQent Concent- Rotating
Depth width ration speed
gxample (a) (um) (3 by weight) (zpm)
,7 .
7 1250 0.45 Dimethyl- 3.1 1000
cyclohexane
8 1250 0.45 Dimethyl- 3.5 700
' cyclohexane -
comparative
Example
6 950 0.35 Dibutyl ether 3.1 700
7 950 0.35 Methylcyclo- 4.0 700
hexane
8 1250 0.45 Octane 3.0 700

This is the replacement shest

10 DEC 9%

This Sheet Has Been RTlaced '

Date:



3 0 0 X 0 X X 23 25

0.11 4 X 0 X _ X X X
24 0.2 5 0 0 0
33 - 36 4.0 6 0 0 SheetHasBeenR laced
0 20 22 0.05-723 - | Il 0
0 0 35 40 15 8
0o o] 21 28 4.5 Playab|I|ty yCD
Pl ayers was test ed by regenerating wghng tomercially available CD players
A - F as nen- .
Layer AT Reflec- Rc Jitter Error
: thlckness(A) o tivity value (ns) rate
Bample Groove Land (A) (%) Rch Rca Pit Land (%)
_ _
1 1100 -700 1000 67 -0.09 0.57 19 20 0.08
2 950 600 600 68 0.06 0.38 18 19 0.04
3 ~ .1150 550 800 69 0.07 0.42 16 18 0.02
4 1250 1000 700 71 0.06 0.34 19 20 0.10
5 1150 650 1100 67- 0.10 0.62 15 18 0.06
6 1200 ,600 1000 68 0.09 0.55 17 18 0.04
7 i 850 600 1000 73 0.06 0.45 16 16 0.01
8 _ 1250 9a0 900 67 0.08 0.50 18 21 0.02
' pnparative
' gamgle :
1 1450 1100 600 69 0.06 0.36 20 22 0.20
2 750 500 700 68 0.00 0.710 18 20 2.8
3 850- 550 500 71  0.05 0.23 21 24  0.09
4 1200 500 1200 55  0.12 0.55 21 23 0.1
5 1050 700 600 71 0.05 0.35 32 36 3.8
6 1050 550 450 70 0.03 0.15 18 22 0.03
7 1600 1300 650 65 0.06 0.40 31 33 3.2
8 1100 450 600 €9 0.03 0.18 19 25 3.5
AT : Difference in level between land and groove at the

surface of recording layer

" Rec : Radial contrast signal
Rc = 2(I max - I min)/(I max + I min)
I max: Maximum value of reflectivity upon travers-
ing the track -
I min: Minimum reflectivity upon traversing the
track
Rcb : Radial contrast signal at unrecorded portion

Rca : Radial contrast signal at recorded portion

This is the replacement shaet
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tioned in Exanple 1. o: No problemx: Access to an ainmed track is not
possible. As is clear from Table 1 and Table 2, the exanples of the present
invention all exhibit high reflectivity and sufficientlyTowJitter—values
and error rates. The radial contrast is |arge both at unreﬁ,qgsqggﬂpsqgegﬁ laced

and recorded portion. The nediuns have a good playability b
avai |l abl e CD pl ayers. Even when the reiduns are allowed to Hﬂﬁm H

tenperature and high hum d conditions, they exhibit excelle
characteristics such that the jitter values and

Table 2
Playability by Jitter Error
' CD players value (ns) rate
Example ‘A B C D E 'F Pit Land (%)
1 ©o © o o o o 20 22 0.08
2 o o o o o o 18 21 0.05
3 o o) o] o (o] o) 18 19 . 0.03
4 o o o o] o) o 20 21 0.1
5 o o o o o o 17 19 0.08
6 o o o o o o 18 20 0.04
7 © o © o o o 16 17 .  0.02
8 o o o} o o- o .18 20 0.02
Comparative
Example
1 o o o o] o o 23 26 5.8
2 o o o o o o 19 20 3.2
3 .0 "0 X o X X 23 25 0.11
4 X ©o x x x X 22 24 0.2
5 .o (e} x -o x x 33 36 4.0
6 o o o o o o 20 22 0.05
7 o o o o o o] 35 40 15
8 | (o] o © ©o o o 21 28 4.5

Playability by CD players was tested by regenerating
using commercially available CD players A - F as
mentioned in Example 1.

o : No problem

x : Access to an aimed track is not possible.
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error rates are hardly changed. The conparative exanples are summari zed as
shown bel ow. -9- In Conparative Exanples 1 and 7, the |ayer thickness of
the recording layer at the groove portion Is thick SO t hat

- 25 -

As is clear from Table 1 and Table 2, the examples
of the present invention all exhibit high reflectivity
and sufficiently low jitter values and error rates. ‘The
radial cortrast is large both at unrecorded portion and
recorded portion. The ﬁediums have a good Playability
by commerc;élly available CD players. Even when.the.
mediums are allowedltc stand unéer high temperature and
high humid conditioné, they exhibit excellent character-
istics such that the jitter values and error rates are
hardly changed.

The comparative examples are summafized as shown
beiow.

In Comparative Exgmples,T and 7, the layer thickness
of the recording layer at the groove portion is thick so
that after ‘the durability test, error rates increased to
a gréat extent. When the mediums-subjectéﬁ to such dura-
bility test were observed with an electron microscope, it
was found that a defect of about 2 pm was formed at the
center of pit. '

In Comparétive Example 2, the layer thickness of the
recording layer at’tﬁe gréove portion was. so thin that
error rate and radial contrast were very poor and there-
fore, the medium was not preferable. |

In Comparative Example 3, the depth of the Qroove

of the substrate is small so that playability after

-
et Bes Pig RTaced This is the replacement shee‘t
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alter the durability test, error rates Increased to a great extent. Wemn
the nmedi uns subjected to such durability test were observed with an

el ectron mcroscope, it was found that a detect of about 2 [err] was forned
at the center of pit. In Conparative Exanple 2, the |ayer thickness of the
recording |layer at the groove portion was so thin that error rate and
radi al contrast were very poor and therefore, the nedi umwas not

preferable. In Conparative Exanple 3,-t%& depth of the groove of the
substrate is small so that playability after recording was poor. In

Conpar ative Exanple 4, the groove is so deep that reflectivity was | owered
and there were many players which '

recording was poor.

In Comparative Example 4, the groove is so deep
that reflectivity was lowered and there were many play-
ers which could not regenerate the record.

In Comparative Example S,Ithe groove was so wide
-that both jitter value and error rate were poor; and
playability by commercially available CD players was poor.

In Comparative Example 6, the diffefence in height
between the surface of recording layer at the land por-
tion and that at the groove portion was so small that
radial contrast was poor.

in Comparative Example 7, the thickness of recording
layer on the land portion was so thick that jitter value
and error rate were poor.

In Comparative Exémple 8, the recording layer thick-
ness at the land portion was so thin that error rate and

radial contrast were poor.

S
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could not regenerate the record. In Conparative Exanple 5, the groove was

so wide that both jitter value and error rate were poor—and—playabitty—by
comercially available CD players was poor. In Cbnparat§§e 6, t

Exq{ | e hg
difference in height between the surfacz7of recording | he 0 ©
portion and that at the groove portion was so small thatJ I t“ t
was poor. I n Conparative Exanple 7, the thickness of rec t he

| and portion was so thick that jitter value and error rate were poor.

WHAT IS. CLAIMED 1IS:

1. An.optical recording medium of a sinqle plate
type capable of recording which comprises a transparent
resin sub§trate having a groove and a land, the groove
being 900 - 1800 A in depth and 0.3 - 0.6 pm in width,

a recordin§ layer containing a dye overlying the sub-
strate, a reflective iayer.overlying the recording layer
and a protective layer overlying the reflective layer,
the thickness of the recording layer being 800 - 1250 g

at the groove portion and 500 - 1100 i at the land portion.

2. The optical recording medium according to claim
1 in which the surface of the recording layer at the land
portion is higher than the surface of the recording layer

-]
at the groove portion by at least 500 A.

3. The optical recording medium according to claim
2 in which the reflectivity at an unrecorded portion at

the groove portion through the substrate is 60 % or more.

4, The optical recording medium according to claim _
3 in. which the recording layer contains a phthalocyanine

dye.

5. The optical recording medium according to any
one of claims 1 - 4 in which signals are recorded in the

groove by pit length recording,

This is the replacement shast
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I n Conparative EXanple 8, the recording |ayer thickness at the land portion
was so thin that error rate and radjal’; contrast were poor. Clains 1. An
optical recording nediumof a single plate type capable of recording which
conprises a transparent resin substrate (1) having a groove (3) and a | and
(4), a recording layer (2) containing a dye overlying the substrate, a
reflective layer (6) overlying the recor@gng | ayer and a protective |ayer
(7) overlying the reflective |ayer, and the thickness of the recording

| ayer of which is 80 - 125 nn69§1&£f §ﬁ88ﬁglﬁ8rﬁ£890ﬁlo) énd 50 - 110 nn1§t

the | and

ABSTRACT OF THE DISCLOSURE

An optical recording medium of a single plate type
capable of recording comprises a transparent resin sub-
strate having a groove of 900 ---1800 g in depth ahd 0.3
- 0.6 pym in width, a recording layer containing a dye
overlying the substrate, a refleétive layer overlying
the recording layer and a protective layer overlying the
reflective layer, the thickness of the-récording layer
being 800 - 1250 g at the groove portion and 500 - 1100

]
A at the land portion.

FIGURE 1.
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portion (11) characterized in that the groove depth (8) is 90 - 180 nm and
the groove width (9) is 0.3 - 0.6 fert}t&ndithe difference in height (5)
bet ween the surface of the recording |ayer on the |land portion and that on
the groove portion is 50 . 120 nm 2 The optical recording nmedi um
according toclaim1 in which the reflectivity at an unrecorded portion at
the groove portion through the substrate is 60 % or nore. 3. The opti cal
recordi ng medi um according to:claim2 in which the recording | ayer contains
a phthal ocyani ne dye. 4. The optical recording nediumaccording to any one
of claimse 1 - 3 in which signals are recorded in the groove by

FI1G.1
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OPTICAL RECORDING MEDIUM

Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates 1o an optical recording medium, and more particularly, 10 a recordable optical disk
of a single plate type comprising a recording layer containing a dye and a metal reflective layer overlying the recording
layer which is recordable and has playability (i.e. capability of being reproduced) by commercially available compact
disk players. .

Description of the Related Ant

An optical recording medium capable of writing comprising a recording layer containing a dye such as phthalocy-
anine dye and the like and a metal reflective layer overlying the recording layer for enhancing reflectivity is disclosed,
for example, in U.S. Pat. No. 4,298,975. However, said U.S. Palent mentions nothing about playability by commercially
available compact disk (CD) players.

Neither are disclosed conditions under which there is produced a medium excellent in jitter value and error rate when
a pit length recording is conducted.

Optical recording mediums of a single plate type having a high reflectivity and playability by commercially available
CD player have been recently proposed, for example, in Optical Data Storage 1989 Technical Digest Series, Vol. 145
{1989), EP 353393 and the like. In panticular, there are disclosed dyes used as a recording layer and characteristics
of the reflective layer for attaining a high reflectivity.

Further, U.S. Pat. No. 4,990,388 discloses a recording mechanism for a recording fayer of an optical recording
medium having playability by CD players.

In such optical recording mediums, it is necessary for the mediums to give tracking error signals for track control
and radial contrast signals for access to an aimed track.

When a recording layer is formed by a vacuum technique such as sputiering and the like, the recording layer is
formed striclly following the shape of groove of the substrale, and therelore, optimization of the above-mentioned
tracking error signals and radial contrast signals can be effected by simulation.

However, in the case of an optical recording medium using a layer formed by coating a dye as a recording layer,
the surface shape of the racording layer does not follow the groove shape of the substrate, and therefore, it is difficult
to design the optimum shape by simulation as menlioned above, and the above-mentioned prior patents disclose
nothing about it.

The relation between a tracking error signal and a groove shape of a substrate is distlosed, for example, in Jap-
anese Patent Application Laid-open No. Hei 3-22224, However, the disclosure is not sufflicient to attain a complete
playability by commercially available CD players.

Among commercially available CD players, a player carrying a head of 3 beams has no problem, but the present
inventors have found that playability by a player carrying a head of one beam is problematic though the reason is not
clear.

In addition, with respect to radial contrast signals, the optimization has not yet been made, and radial contrast
signals are not used for access, but an extemnal sensor or the like is used though the access speed is slow.

According to the present inventors' investigation, with respect 1o playability by CD players and radial contrast
signals, il is not enough to oplimize the shape of groove.

In the case of an optical recording medium capable of recording comprising a recording layer containing a dye
formed by a coating method and a metal-refiective layer overlying the recording layer, the reflection at the interface of
the recording layer and the reflactive layer is predominant. Therefore the shape of the surface of the recording layer
and the thickness of the recording layer on the groove and that on the land become imgortant, but the shape of the
surface of the recording layer and the thickness of the recording layer on the groove and that on the land vary depending
on coating conditions such as concentration, surface tension and viscosity of the‘coating solution, boiling point and
evaporation speed of the coating solvent, the manner of rotation is the case of spin coaling, and the like aven if the
shape of groove of the substrate is the same. Therelore, the sirict optimization has not yet been effected.

EP-041083 discloses a optical recording medium which comprises a substrate having a groove, a recording layer
containing a dye, a reflactive layar and a protective layer successively formed on the substrate, wherein the difference
in light path length belween the-recording layer on the groove portion and that on the land portion is spacified. And
this European Patent Application discloses that the depth of the groove is more than 50nm (claims 2 and 5) or 40nm
{claim B), and that both the thickness of the recording layer at the groove portion and at the land portion are 0 - 350
nm (claim 6 and 7). Howaevar, tha depth of the groove and the thickness of the fecording layer at the groove portion
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were observed with an el ectron mcroscope it was found that a defect of
about 2 [err] was fornmed at the center of pit. In Conparative Exanple 2.
the | ayer thickness of the recording |ayer at the groove portion was so
thin that error rate and radial contragt. were very poor and therefore, the

medi um was not preferable | n Conparative Exanp Ie 3 the dept h of the
groove of 2f4R "?lfﬁ%?‘?“éﬂ’ &psciieddnyhe Fa‘%AHPI*?a’d""ﬁ{%{ 'B'le 'F"E"t—? ‘°?’19l‘,“€5‘rsﬂ}ﬁr ‘§°

poor. In @3 ggRRr ﬁ?'ﬁ'} F reg. of T‘HE’" “‘p gt betory $nd
thwor s, aven i \%ﬂ'\ jve men ne con ifions. (e are

| ower ed arb(}ﬂ Bl &n WFe@orm rat yé%gnot cc:Fnﬁtgr%QIE5 ﬁ’etc %fsg%e Ob-
players.

On the contrary, there are generally two methods for recording informalion in an optical recording medium, that
is, pit position recording and pit langth recording. In the case of CD, pit length recording is effected with pits of 9 kinds
of length. In pit pength recording, for the purpose of lessening error rate, it is very important to effect recording pits of
various lengths with low jitter value {low fluctuation).

At present, various types of CD players are commercially available, but the regeneration signal characteristics are
different from player to player, and therefore, the error rate is also different from each other. Therefore, it is required
that the error rate is sufficiently small even when regeneration is effected by many types of commercially available CD
players as far as possible.

However, the present inventors have found the following. It is said that the above-mentioned conventional optical
recording mediums capable of recording can be regenerated by commercially available CD players. However, the jitter
value of pit (hereinafter called "pit jitter value®) and the jitter value of the part between consecutive pits (hereinafter
called "land jitter value") are not always small. Some CD players {ail to reduce sufficiently error rates. When audio
information and the like are recorded, thers is not so noticeable problem, but when code data and the like are recorded
thare are serious problems.

Further, such optical recording medium is required to be durable, but durability of conventional mediums is not
always sufficient. For example, according to the present inventors' investigation, when conventional optical recording
maediums are allowed to stand at 85°C at 95 % RH for a long time, characteristics of unrecorded portions hardly change
while error rate at recorded portions is deteriorated to a great extent, and according to observation with a microscope
of the region whers error rate has baen deteriorated, pus having defects of several microns with the pit at the center
are found.

The present inventors have researched variously so as to eliminate drawbacks of the above-mentioned conven-
tional recordabie optical mediums having playability by CD playsrs, and investigaled the shape of groovs, surface
shape of recording layer containing a dye, thickness of recording layer at a groove portion and that at a land portion.

As a result, the present inventors have found particular conditions under which a sufficient radial contrast signal
can be assured, thers is playability by various commercially available CD players, jitter value and error rate are small
and further, characteristics such as error rate and the like do not change when stood under condition of high temperature
and high humidity for a long time.

SUMMARY OF THE INVENTION

An object of the present invention is 10 provide an optical recording medium capabie of assuring a suff:cxent radial
contrast signal,

Another object of the present invention is o provide an optical recording medium playable by commercially available
CD players.

A further object of the presenl invention is to provide an optical recording medium of small jitter value and small
error rale.

Still another object of the present invention is to provide an optical recording medium of which characteristics such
as error rate and the like are not adversely affected even when the medium is placed under high temperature and high
humidity conditions for a long time.

According o the present invention, there is provided an optical recording medium of a single plate type as defined
in claim 1.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a schematical cross sectional view of an enbodiment of a part of the optical recording medium
according to the present invention.

ESCRIPTION OF THE PREFERRED EMBODIMENTS

—

Relerring to FIG.1, a recording layer (2) is formed by coating a substrate (1) having groove portion (3) and land
portion {4). A reflactive layer (6) is formed on the recording layar and a protective layer (7) is formed on the reflactive
layer. The groove depth and width are indicated raspectively by (8) and (9). The thickness of the recording layer at the
groove portion and land portion are indicated by (10) and (11). The difference in height (AT) between the surace of
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I'n Conparative Exanple 5, the groove was so wide that both jitter val ue and
error rate were poor, and playability by comercially available CD players
was poor. In Conparative Exanple 6, the diff erence in hei ght between the
surface of recording |layer at the |and portion and that at the groove
portion was so small that radial contrasB was poor. |In Conparative Exanple

.7.’ the t h} Q m§r§§ layer Jn%%qgng %n ( r?tha?onntue groQve QQIOR%) Es'i&%g%@(éo thick that
jrtter va UQ«sgﬂ' rdnPrsid s%B i}'é‘ mﬂgﬁ Pdubsirie angmlmr'\é-'@hght used
recordi ngyd ?b).’&cﬁmgt hﬁé@h@%ﬁdéﬁ oitr rdL@iH mifidh ‘is' dodler¥iks PRRrdbi itnskniiiarce B1NigRis 8534 &
and radi ahlgher Further, it is prelerable that optical anisotropy of the substrate is small.

Examplary suitable substrates include thermoplastic resin substrates composed of acrylic resins, polycarbonate
resins, polyamide resins, polyvinyl chloride, polyolefin resins or the like.

Among these resins, from the standpaints of mechanical strength of substratle, easy formation of grooves and pits
and economy, acrylic resins, polycarbonate resins, or polyolefin resins are preferable, and polycarbonate resin is par-
ticularly preferable. These resins may be formed into the substrates by injection molding or cast molding.

The shape of the substrate may be in the form of plate or film, or circle or card. The surface of the substrate is
provided with grooves for controlling the recording position. The surface may have partly some prepits for the infor-
mation.

Such grooves and pits are praferably formed when the subsirate is fabricated by injection molding or cast molding.
Further they may be formed by applying an uftraviolet light curable resin to a substrate, superposing a stamper thereon
and exposing to ultraviolet light.

According the present invention, the optical recording medium comprises a transparent resin substrate, and a
recording layer containing a dye, a refiective layer and a protective layer subsequently superposed on the substrate.

The dyes used inthe recording layer containing a dye may be dyes having absorption in the wavelength region of .
oscillation of semiconductor laser such as polymethine dye, phthalocyanine dye, naphthalocyanine dye, naphthoqui-
none dye, azulene dye, dithiol metal complex dye and the like. .

These dyes may have various substituents so as to control the solubility of the dye in a solvent to a desirable range
or impart desirable recording characteristics. The dyes may be used alone or in combination.

Among the dyes, phihalocyanine dye and naphthalocyanine dye are preferable from the standpoints of light re-
sistance and durability.

According to the present invention, the recording layer containing a dye can be usually formed by a coating method
such as spin coating, spraying, dipping and the like.

When the above-mentioned dye is formed into a fayer by a coating method, the dye may be dissolved in a solvent
not adversely affecting the substrats.

Such solvents are, for example, aliphatic or alicyclic hydrocarbons such as hexane, heptane, octane, decane, cyclohex-
ane, methylcyclohexane, dimethylcyclohexane, cyclooctane and the like;

ether type non-polar solvents such as diethyl ether, dibutyl ether, diisopropy! ether and the like; and alcoholic polar
solvents such as methyl alcohol, ethyl aicohol, isopropy! aicohol, allyl alcohol, methyl cellosolve, and the like.

According 1o the present invention, it is important to control the shape (depth and width) of groove of the substrate,
thickness of recording fayer at the groove pomon {hat at the land portion and the surface shape (AT) of the recording
layer.

That is, for purposes of obtaining radial contrast signal satisfying the CD standard for both unrecorded portions
and recorded portions, assuring playability by a commercially available CD players, and obtaining excellent jitter vaiue
and error rate, it is preferable thal the groove in the substrate is 90 - 180 nm (800 - 1800 A)in depth and 0.3- 0.6 um
in width and the thickness of recording layer at the groove portion is 80 - 125 nm (800 - 1250 A) and that at the land
is 50 - 110 nm (500 - 1100 A.) More preferably, the surface of recording layer at the land portion is higher than that at
the groove portion by at least 50 nm (500 A.)

When the thickness of recording layer at the groove portion is less than 80 nm (800 A) or that at the land portion
is less than 50 nm (500 A,) radial contrast signal becomes small, and though the jitter value is small, the error rate
becomes large.

The reason for increase in error rate despite of small jitter value appears to be that the length of 11T pit and length
of 11T parn between consecutive pits which are lo be inherently equal to each other become fairly difierent.

When the difference in height between the surface of recording layer at the land portion and that at the groove
portion (AT) is less than 50 nm (500 A,) the radial contrast signal becomes small.

The thickness of recording layer at the groove portion exceeding 125 nm (1250 A) is not preterabie since the error
rale increases 1o a greal extent when the madium is allowed 1o stand under high lemperature and high humidity con-
ditions for a long time. '

The thickness of recording layer at the land portion exceeding 110 nm (1100 A) is not preferabls since jitter value
and srror rate are deteriorated. '

On the other hand, the upper limit of the difference in height between the surface of recording layer at the land
portion and that at the groove portion is preferably 120 nm (1200 A.) When the diflerence exceeds 120 nm (1200 A))
the tracking error singnal becomes 1oo large or assuring the refiectivity of groove of 60 % or more becomes difficult
sometimes, and playability by commercially available CD player is not possible.

When the width of groove exceeds 0.6 um, the pit jitter value and the land jitter value become so large that poor
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contrast were poor. Clainms 1. An optical recording nmediumof a single plate
type capabl e of recordi ng which conprises a transparent resin substrate (1)
having a groove (3) and a land. (4). a recording layer (2) containing a dye
overlying the substrate, a reflective_lgyer (6) overlying the recording
| ayer and a protective layer (7) overlying the reflective |ayer, and the
thi ckness gdyatileoylchidrbingghatedl¥ 6 pRfersWltidhed, SndiRbunh dayBoillyBy 8D playees cg Q| beam
portion ( 1&bhd adide 2fdured, & kQitHAN 1@ hssiich RayasikiEloyr didy@§icarlidg a Civam baatier i zed i n t hat
t he groove deyedtnhé 8apthics grodre 843 man 2oeh fobred)groomlegablilydhy onfr@)ciajlysavgiatge CD gaygrs is
[ err ] and obtained, and though playability by CD players carrying a 3 beam head can be assured, that carrying a 1 beam head
is assured with difficulty. When regeneration (reproduction) is effected with a CD player carrying a 1 beam head, access
is not possible or it takes a long time for access though it is possible to regenerate information sequentially from the
beginning.

When the depth of groove exceeds 180 nm (1800 A,) radial contrast signal bacomes large, but reflectivity of groove
bacomes less than 60 % and therefore, playability by CD players is not possible,

It is substantially difficult and not practical to fabricate a substrate having a groove of 90 nm (800 A) or more in
depth and less than 0.3 pm in widih. :

The formation of the recording layer having a difference in height (AT) between the surlace of recording layer at
the land portion and that at the groove portion of 50 nm (500 A) or higher may be effected by controliing or selecting
the depth of groove in the substrate, type of solvent (boiling point, vaporization speed, and surface tension) used for
coating or coating conditions {rotating conditions in the case of spin coating).

For example, when the groove is made deeper and the vaporization speed of solvent slower, the difference in layer
thickness between the recording layer at the groove portion and that at the land portion becomes larger.

The shape (the depth and the width) of groove in the substrate and the shape {AT) of the surface of recording
layer at the land portion and groove portion can be measured by means of a scanning type tunnel microscope or by
abserving the cross section of the substrate and recording layer with a microscope. The thickness of the recording
layer at the groove portion and land portion can be measured by observing the cross section of the recording layer
with a microscope.

The width of groove in the present invention is a half-value width, that is, the width at a position where the depth
of groove is a half of the total depth.

On the other hand, the term *radial contrast signal® means a quotient of the division of the fluctuation of reflectivity
by the average value of reflectivity when the light baam of a player traverses the track while the light beam is focused
on the recording layer (focus control). That is, it is defined by the following formula:

Rc (radial contrast signal)

= 2 (I max - | min)/ { max + | min)

where | max and | min are maximum reflectivily and minimum reflectivity when the beam traverses the track, respec-
tively. ’

According to the CD standard, it is required that the Rc value is 0.05 or more at the unrecorded portion while it is
0.2 or more at the racorded portion.

When a recording layer containing a dye is prepared, in addition to the dye used in the present invention, there
may be used resins such as nitrocellulose, ethylcellulose, acrylic resins, polystyrene resins, urethane resins and the
like, leveling agents, deforming agents and the like in an amount which does not adversely affect the effect of the
present invention, for example, about 20 % or less, preferably about 10 % or less.

As the reflective layer provided on the recording layer, in usual, a metal thin film is preferably used.

For purposes of imparting playability by ordinaly CD players to the medium of the present invention, the reflectivity
of the medium is preferably 60 % ormore. As preferable melals, there may be mentioned aluminum, gold, silver, copper,
platinum, nickel and the like and alloys containing the melals as mentioned above as a component or components.
The reflective layer made of the metal may be formed by vapor deposition, sputtering and the like. In usual, the thickness
of reflective layer is preferably 50 - 200 nm (500 - 2000 A)

in order to protect the metal reflective layer, a protective layer is formed on the reflective layer. As the protective
layer, resins are usually used. In particular, from the standpoint of productivity, ultroviolet fight curable resins are pref-
erable. The thickness of the protective layer is preferably about 1 - 15 pm.

The optical recording medium of the present invention is irradiated with a laser beam through the substrate to
record information signals or read oul the information. Wavelength of the laser beam is preferably 640 - B50 nm.
Semiconductor laser having an osciliatory wavelength of such range as above is preferably used. For recording, the
laser output is made about 5 - 12 mW on the recording fiim while rotating the medium, and for readout, the laser output
is made about 1/10 times that for recording. )

Printing may be made on the protective layer of the optical recording medium of the prasent invention.

The present invention is explained in detail in the following referring 1o examples, bul should not be construed as
limited by the examples.
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the difference in height (5) between the surface of the recording |ayer on
the land portion and that on the groove portion is 50 - 120 nm 2. The

optical recording mediumaccording to claim1 in which the reflectivity at
an unrecorded portion at the groove pogftion through the substrate is 60 %
or nore. 3. The optical recording nediumaccording to claim2 in which the
recordi ng | aAsehiha@penimb B usedi ExBapOC FRRird @b OyRciohdxylol) prigptyaciad was eeeardibn gsing
medi um ac Gdiradiviayslohesyiomy! Deieyamberz braanuiPdd!, acc@dingre aghnveiosl getaddor eamplp.EE 835128

in the gr OOVTé""by" qle qf {Bp (psyiting Be-tstref{-higyicyciohexyloxy)phthalacyanine was reacted with 3.3 moles of Br,
in a salvent, methylena chiofide and a phihalocyanine dye composed of Pd-talra-(l-butylcyclohaxyloxy) phithalocyaning
having average 3.0 atoms of bromine per one molecule of said phthalocyanine was obtained.

In Example 2 st saq., the dyas were praparad in a manner similar (o the above-mentioned procedurs.

Example 1

A 3.1 wt. % solution of a brominated (average 3.0 aloms/molecula} Pd-tatra-(1-butylcyclohexyloxy) phthalocyanine
in methylcyclohexane was dropped on the center porticn of the surface having a groove 140 nm (1400 A in depth, 0.5
Hm in width, 1.6 um in pitch) of an injection molded polycarbonate resin substrate of 1.2 mm thick and 120 mm in
diameter. Then the resin substrale was rotated at a speed of 1000 rpm for 10 sec. The resin substrate was dried at
40°C for 10 min. and arecording layer substantially composed of a phthalocyanine dye was formed on a resin substrate.
The thickness and surtace shape of the recording layer was measured by obserbing the cross section by means of an
electron microscope. The thickness at the groove portion and that at the land portion of the recording layer were 110
nm (1100 A) and 70 nm (700 A}, respectively, and the surface of the recording layer at the land portion was higher than
that at the groove portion by 100 nm (1000 A) (AT = 100 nm (1000 A)).

On the recording layer was formed a gold thin film of 80 nm thick as a reflective layer by means of sputtering, and
further an ultraviolet ray-cured resin layer ol 5 um thick was lormed on a raflaclive layer to produce an optical recording
medium. -

While the resulting optical recording medium was placed on a tumtable and rotated at a linear speed of 1.4 nvs,
there was used a drive provided with an optical head carrying a semiconductor laser having an oscillation wavelength
of 780 nm and a laser beam was controlled such that the laser beam focused on the recording layer through the resin
substrate. Thus there were measured reflaclivity on the groove and radial contrast signal at the unrecorded portion
with a laser output of 1 mW on the recording surface. Table 1 shows the result.

Then the laser output was made the optimum record-condition of this medium, 7 mW, and a music was recorded
with the same EFM modulation signal as that used in CO, and then the output of laser was made 1 mW. There were
measured radial contrast signal, 3T pit jitter value, 3T land jitter value and error rate at the recording portion. The resuit
was summarized in Table 1. Further, for purposes of investigating playability by commercially available CD player,
regeneration of record was effected by the following CD player. The regenerated.result was summarized in Table 2.

No. Manufacturer Type of CD Player | Type of Head
A | Sony COP - C900 3 beams
B | Marantz Japan CcD-50 3 beams
C | Marantz Japan CD - 99SE 1 beam
D | Yamaha CDX - 1050 3 beams
E [ Matsushita Denki Sangyo SL - PA10 1 beam
F | Matsushita Denki Sangyo SL - PS50 1 beam

Durability of the medium was investigated by allowing the medium to stand for 1000 hours under condition of 85°C
and 95 % RH and then measuring the jitter value and error rate.
Table 2 shows the result.

Examoles 2 - 4 and Comparative Examples 1 -5

The procedure of Example 1 was repealed using the same dye as in Example 1 except that there were used a
substrate having a groove of a shape, a solvent, a concentration of the solution and a rotaling speed as shown below,
and a medium was produced and evaluated.

The recording laser power was the oplimum power for each medium. Table 1 and Table 2 show the rasults.

Example - Shape ol groove Solvent Concentration Rolating speed
(% by weight) {rpm)

Depth (A) | (nm) | Width (um)
2 (950) 95 0.35 Methylcyciohaxane 28 1000
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(continued)
Exampls Shape of groove Solvent Concentration Rotating speed
. (% by weight) (rpm)
Depth (A) | (nm) | Width (um)

3 (1400) | 140 0.50 Dibutyl ether 31 700

4 (950) 95 0.35 Oclane 3.1 700
Comparative
"~ Example

1 (950) o5 0.35 Octane 3.5 700

2 {950) 95 0.35 Methylcyclohexane 3.0 1100

3 (800) 80 0.35 Methylcyclohexane 3.1 1100

4 {(1900) { 190 0.58 Ethyleyclohexane 2.1 1000

8 (950) 95 0.70 Methyicyclohexane 3.1 1000

Examples S and §

The procedure of Example 1 was repeated except that there were used a substrate having a groove of a shape,
a solution having a concentration of a brominated (average 3.5 atoms/molecule) Pd-tetra-(t-butyicyclohexylexy)
phthalocyanine dye in a solvent and a rotating speed as shown below, and a medium was produced and evaluated.
The recording laser power was the optimum power for each medium. Tables 1 and 2 show the results.

Example Shape of groove Solvent Concentration (% by | Rotating speed (rpm)
_ weight)
Depth (A} | (nm) | Width (um)
5 (1600) { 160 - 05 Dibuty! ether 4.0 700
6 (1600) | 160 0.5 Ethylcyclohexane 40 700

Examples 7 - 8 and Comparative Examples 8 -8

The procedure of Example 1 was repeated except that there were used a substrate having a groove of a shape,
a solution having a concentration of a brominated (average 3.5 atoms/molecule) Pd-tetra-(2,4-dimethyl-pentan-3-oxy)
phthalocyanine in a solvent and a rotaling speed as shown below, and a medium was produced and evaluated.

The recording laser power was the optimum power for each medium. Table 1 and 2 show the results.

Example Shape of groove Solvent Concentration Rotating speed
(% by weight) (rpm)
Depth (A) | (nm) | Width (um) _
7 (1250) | 125 0.45 Dimethylcyclohexane a1 1000
8 (1250) | 125 0.45 Dimethyleyciohexane 35 700
Comparative
Example
6 (950) 85 0.35 Dibuty! ether 31 700
7 {950) 95 0.35 Methylcyclohexane 40 700
8 (1250) | 125 0.45 Oclane ] 3.0 700
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Table 1 =
Layer ° AT . m
thickness (A Reflec- Jitter Error @
Groove Land tivity _ value (ns) rate o
(%) Rcbh Rca Pit Land (s) -
Example nm M nm M W nm 2
2
1 110 (1100) 70 ﬁqooy (1000) 100 67 0.09 0.57 19 20 0.08 .w
2 95 {950) 60 (600) ( 600) 60 68 0.06 0.38 18 19 0.04 Wm
3 115 (1150) 55 (550} ( 800) 80 69 0.07 0.42 16 18 0.02
4 125 (1250) 100 {1000) [( 700) 70 71 0.06 0.34 19 20 0.10
5 115 (1150) 65 (650) (1100) 110 67 0.10 0.62 15 18 0.06
6 120 (1200) 60 (600} (1000) 100 68 0.09 0.55 17 18 0.04
7 85 (850) 60 (60o0) (1000) 100 73 0.06 0.45 16 16 0.01
8 125 (1250) 90 (900) (900) 90 67 0.08 0.50 18 21 0.02
Comparative
Example
1 145 (1450) 110 (1100) (600) 60 69 0.06 0.36 20 22 0.20
2 75 (750) 50 (500) (700) 70 68 0.00 0.10 18 20 2.8
3 85 (850) 55 (550) (500} 50 71 0.05 0.23 21 24 0.09
4 120 (1200) S50 {(500) {1200) 120 55 0.12 0.55 21 23 0.1
5 105 (1050) 70 (700) ~ (600) 60 71 0.05 0.35 32 36 3.8
6 105 (1050) 55 {550) {450) 45 70 0.03 0.15 18 22 0.03
7 160 (1600) 130 (1300) (650) 65 65 0.06 0.40 31 33 3.2
8 110 (1100) 45 (450) (600) 60 69 0.03 0.18 19 " 25 3.5
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AT : Difference in level between land and -groove at the

surface of recording layer
Rc Radial contrast signal
Rc = 2(I max - I min)/{I max + I min)

I max: Maximum value of reflectivity upon travers-

..

ing the track
T min: Minimum reflectivity upon rraversing the
track
Rch : Radial contrast signal at unrecorded portion
Rca : Radial contrast signal at recorded portion

Table 2
Example Playability by CD players Jitter value {ns) Land Error rale
Pit (%)
A B c D E F
1 o o] o o o o} 20 22 0.08
2 o o o o o o 18 21 0.05
3 o o o (¢] o] o 18 19 0.03
4 o ° o [} o o 20 21 0.1
5 o o o o o o 17 19 0.08
6 (o) o o [+ o o 18 20 0.04
7 o o o o o o 16 17 0.02
8 o] o o o o o 18 20 0.02
Comparative Example
1 o o o o (o] o 23 26 5.8
2 ] o o o o o 19 20 3.2
3 o o X o X X 23 25 0.1
4 X o X X X X 22 24 0.2
5 o 0 X o X X 33 36 4.0
6 o o ) o o o 20 22 0.05
7 o o ] o o o 35 40 15
8 (o] o] o o o o 21 28 45
Playability by CD players was tested by regenerating using commercially available CD players A - F as men-
tioned in Example 1.

0 : No problem
X : Access to an aimed track is not possible.

As is clear from Table 1 and Table 2, the examples of the present invention all exhibit high reflectivity and sufficiently
low jitter values and error rates. The radial contrast is large both at unracorded portion and recorded portion. The
mediums have a good playability by commercially available CD players. Even when the mediums are allowed to stand
under high temperature and high humid conditions, they exhibit excellent characieristics such that the jitter values and
error rates are hardly changed.

The comparative examples are summarized as shown below.
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In Comparative Examples 1 and 7, the layer thickness af the recording laysr at tha groove portion is thick so that
altar the durability test, error rates increased to a great extanl. When the madiums subjected to such durabilily test
wera observed wilh an electron microscope, it was found that a defect of about 2 um was formed at the centar of pit.

In Comparative Example 2, tha layer thickness of the racording layer at the groove portion was sa thin that error
rate and radial contrast were very poor and tharelora, the madium was not preferable.

In Comparative Exampla 3, the depth of the groove of the substrate is small so that playability after recording was
poor.

ln Comparative Example 4, the groove is so deep that reflactivity was lowered and thare ware many players which
could not regenerate the record.

In Comparative Example 5, the groove was so wide that both jitter value and error rats wera poar, and playability
by commercially available CD players was poor.

in Comparative Example 6, the difference in height between the surface of recording layer at the land portion and
that at the groova portion was so small that radial contrast was poor.

In Comparative Example 7, the thicknass of recording layer on the land portion was 5o thick that pner value and
error rate were poor.

In Comparative EXample B, the recording layer thickness al the land portion was s0 thin that error rate and radial
contrast were poor.

Claims

i

1. An optical recording medium of a single plale type capable of recording which comprises a transparent resin
substrate {1) having a groove (3) and a land (4), a recording layer (2) containing a dye overlying the substrate, a
reflective layer (6) overlying the recording layer and a prolective layer (7) overlying the reflective layer, and the
thickness of the recording layer of which is 80 - 125 nm at the groove portion (10) and 50 - 110 nm at the land
portion (11) characterized in that the groove depth (8) is 90 - 180 nm and the groove width (9) is 0.3 - 0.6 um and
the differance in height (5) between the surface of the recording layer on the land portion and that on the groove
portion is 50 - 120 nm,

2. The optical recording medium according to claim 1 in which the reflectivily at an unrecorded portion al the groove
portion through the substrate is 60 % or more.

3. The optical recording medium according to claim 2 in which the recording layer contains a phthalocyanine dye.

4. The optical recording medium according o any one of claims 1 - 3 in which signals are recordsd in the groove by
pn length recording.
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In Comparative Examples 1 and 7, the layer thickness of the recording layer at the groove portion is thick so that
alter the durability lest, arror rates increased o a greal axtenl. When lhe mediums subjected to such durabilily test
ware obsarved with an elactron microscope, it was found that a defect of aboul 2 um was lormed at the center of pit.

In Comparative Exampls 2, the layer thicknass of the racording layer al the groove partion was so thin that error
rate and radial contrast were very poor and therelore, the medium was not prefsrable.

In Comparative Examgle 3, the dapth of the groove of the substrate is smail so that playability alter recording was
poor.

In Cemparative Example 4, the greove is so deep that reflaclivily was lowsred and thara ware many players which
could nct ragenerate the record.

In Comparative Example 5, the groove was so wids that both jitter value and error rate were pcor, and playability
by commercially available CD players was poor.

In Comparative Exampie 8, the differance in haight between the surlace of recording layer at the land portion and
that at the groove porticn was so small that radial contrast was poor.

in Comparative Example 7, the thickness of recording layer on the land portion was so thick that ptlar value and
arror rate were pcor.

In Comparative EXamgle 8, the recording layer thickness at the land portion was s thin that error rate and radial
contrast were pcor. .

Claims

-“

1. An optical recording medium of a single plate type capable of recording which comprises a transparent resin
substrata (1) having a groove (3) and a land (4), a recording layer (2) containing a dye overlying the substrate, a
reflactive layer (6) ovarying the recording layer and a protective layer (7} overlying the reflective layer, and the
thickness of the recording layer of which is 80 - 125 nm at the groove portion (10) and 50 - 110 nm at the land
portion (11) characterized in that the groove depth (8) is 90 - 180 nm and the groove width (8) is 0.3 - 0.6 um and
the ditference in height (5) betwean the surface of the recording layer on the land portion and that on the groove
portion is 50 - 120 nm,

2. The optical recerding medium according to claim 1 in which the reflsctivily at an unrecorded portion at the groove
portion through the substrata is 60 % or more.

3. The optical racording medium according to claim.Z in which the recording layer contains a phthalocyanine dye.

4. The optical recording medium according to any one of claims 1 - 3 in which signals are recorded in the groove by
pnt length recording.

IV YO 1
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