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TI TLE OF | NVENTI ON ' Optical Information Recoﬁéﬁﬁghwbduﬁﬁgnd
Opti cal 4 - Information Read/Wite Device BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The invention
relates to an optical information read/ wite device in use for
recordi ng i nf ot mati on signals on an optical information recording
medi um havi ng i nproved I nformati on density, where information is
w.itten on guide %O grooves as well as regi ons between two guide
grooves adj acent { wi th each other, all guide grooves of the optical

recordi ng . -1 -

TITLE OF INVENTION
Optical Information Recording Media. and Optical
Information Read/Write Device

BACKGROUND OF THE INVENTION

5 1. Field of the Invention
: - The invention relates to an optical information
read/write device in use for recording information signals on
an opticai information recording medium having improved
information density, where information is written on guide
10 grooves as well as regions between two guide grooves adjacent
with each other, all guide grooves of the optical recording
medium being formed before writing information.
2. Description of the Prior Art
In recent years there have been extensive xresearch
15 and development on bptical information recording media to
achieve high density recording of such information as image
and voice signals. One of the well-known examples is an
optical disk. A writable optical disk has guide grooves
formed in_ advance by cutting on a transparent substrate.
20 Information signals are read or written by focusing a laser
beam onto these tracks. When a commercially available optical
disk is used for writing information signals; signais are
normally written on either guide grooves or regions between
two guide grooves adjacent with each other (hereihafter

25 referred to as the land), but not on both.



medi um bei ng formed before witing information. 2. Description of
the Prior At In recent years there have been extensive
research 15 and devel opnment on optical information recording nmedia to
achi eve high density recording of such information as inage and

voi ce signals. One of the well-known exanples is an optical disk.
A witable optical disk has guide grooves formed i n advance by ,
cutting on a transparent substrate. 20 I nformati on signals are read or
witten by focusing a | aser beam onto these tracks. Wen a
commercially avail abl e optical - disk is used for witing information
signals, signals are _ normally witten on either guide grooves or
regi ons bet ween two gui de grooves adjacent with each other
(hereinafter 25 referred to as the land), but not on both.

When writing information signals, a laser beam ffom
an optical head is focused by an object lens onto a recording
layer in a guide groove.' When the intensity of the laser beam
is strong, the region the laser beam is focused on undergoes

5 a change in refiectance, and a recoxrd mark is formed. The
distance between record marks on adjacent guide grooves is the
width of the land between.them.

When reading information signals, record marks
arranged along a guide groove are irradiated by a focused

10 laser beam, which is either reflected or absorbed, thus the
intensity of the reflected laser beam varies. Reading of
information signals is performed by an optical head detecting
the variation of the intensity of the reflected light. The
track pitch, that is, the spatial period of guide grooves is

15 about the size of the laser beam spot and set to be 1.6 um in

-~

this explanation. The depth of the guide groove is about one

eighth of the wavelength of the read beam in optical length.

This depth gives rise to the maximum push-pull signals of

reflected light from an optical disk having guide grooves,
20 - thus provides the most stable push-pull tracking control.

In order to increase memory capacity of -an optical
disk it would be natural to write information signals on both
guide grooves and lands and increase information track
density. In tﬁis method, however, the distance between two

25 adjacent information tracks is épproximately a half the laser



-2- Wien witing information signals, a | aser beam from

an optical head is focused by an object I ens onto a recording | ayer
in a guide groove. Wen the intensity of the |aser beam i s strong,
the region the | aser beamis focused on undergoes 5 a change in
reflectance, and a record mark is fornmed. The - distance between
record marks on adj acent gui de grooves is the w dth of the |and

bet ween t hem When reading information signals, record

mar ks arranged al ong a guide groove are irradiated by a focused 10
| aser beam which is either reflected 3r-absorbed, thus the

intensity of the reflected | aser beam vari es. Readi ng of

information signals is perfornmed by an optical head detecting t he

variation of the intensity of the reflected light. The

beam spot. Therefore, the beam overlaps the information

tracks next to the information track intended to read. Thus,

the cross talk for reading becomes significant causing

degradation of the read S/N.ratio. A paper of SPIE Vol. 1316

5 Optical Data Storage (1990), pp. 35, "High track density

magneto-optical recording using a cross talk canceller"

describes a method to reduce the cross talk, in which an

optical read apparatus comprises triple-beam optics and a

cross talk cancellation circuit. A drawback, however, is that

10 the optics and signal processing circuits become large and
complex.

A;US Patent 4,423,502 presents a technique to reduce

cross talk between adjacent information tracks by using

different effective levels for adjacent information tracks.

15 When information is written on both guide grooves and lands,

SO,

the'diffefence between the effective levels means the depth
of the guide grooves. According to the US Patent, when the
writing mechanism is.to change the réflectivity'bf the medium,
the desirable effective level diffeience is between A_./8 and

20 A./4 (A, is the wavelength of the read laser beam at the

recording medium). This method allows one to reduce the cross
_talk without using the cancellation circuits mentioned above.

This patent, however, mentions nothing about
erasable media. We applied the method to an erasable optical

25 disk and found the following problems. (1) When the width of



track pitch, that is, thé spatial period of guide grooves is 15 - about

the size of the | aser beam spot and set to be 1.6 [err]min ~ this
expl anati on. The depth of the guide groove is about one ~eighth of

t he wavel ength of the read beamin optical |ength. This depth gives
rise.to the maxi mum push-pull signals of reflected Iight froman
optical disk having guide grooves, 20 thus provides the npst stable
push-pul |l tracking control. In order to increase nenory
capacity of an opti cal disk it would be natural to wite information
signals on both gui de grooves -arld 4 ands and i ncrease information
track density. In this nethod, however, the distance between two 25

adj acent information tracks.is approximtely a_half t he | aser

the guide groove is narrower compared to the read beam spot,
the beam erases part of marks on the adjacent tracks causing
degradation of the read signals. (2) When the width of the
guide groove is wider compared to the write beam spot, the
5 write beam tends to wobble from the center line of the guide
groove. It causes incomplete era;e of old marks when writing
in the over-write scheme, thus resulting again in degradation
of the read signals. (3) If the thermal conductivities of
medium materials are high, or the structure of the medium
10 makes the thermal conductivity high, the heat generated in
writing erases part of marks on the adjacent tracks giving
- rise to degradation of the read signals.

SUMMARY OF THE INVENTION

The object of the present invention is to present

15 optical recording media and optical read/write devices which

-
.,
v

allow higher effective information density while suppressing
degradation of read signals.

To achieve the aforementioned object the medium of

the piesent invention is made to have a depth of the guide

20 grooves between A/8 and A/4.7, where A is the wavelength of

the read optical beam in optical length, and almost equal

widths of the guide grooves and lands. The write_laser beam

has the beam diameter of R on the record layer, (R is the

diameter where the intensity reduces to 1l/e’ of the intensity

25 of the center of the beam) and has the following relation,



- 3- beam spot . Therefore, the beam overlaps the information

tracks next to the information track intended to read. Thus, t he
cross talk for readi ng becones significant causing degradati on of
the read S/Nratio. A paper of SPIE Vol. 1316 5 Optical Data Storage
(1990), pp. 35, "High track density magnet o- opti cal recording
using a cross talk canceller" descri bes a nethod to reduce the
cross talk, in which an optical read apparatus conprises
triple-beamoptics and a cross talk cancellation circuit. A

dr awback, however, is that 10 t he &pti cs and signal processing circuits
becone | arge and conpl ex. . A US Patent 4,423,502
presents a technique to reduce cross tal k between adj acent

i nformation tracks by using ~different effective levels for adjacent
i nformation tracks. 15 VWhen information is witten on both guide
grooves and | ands, 0.34 gn¥fRtfetefce between the effective |evels

nmeans the depth L
where W, is the width of the guide grooves.

With this configuration the write beam irradiates

the full widths of the guide groove and land. Consequently,

S the widths of the formed record marks are always narrower than

' , | Wy, and do not extend to the adjacent information tracks.
‘Therefore, when writing, the beam erases old marks completelyy.

butl does not erase even part of marks on the adjacent
information tracks, thus giving rise to no degradatién.of

10 write signals. |

Further a more desirable medium uses as a recoxd
film a material which undergoes a phase transition between an
amorphous phase and a crystalline phase, and has an arrange-
ment of a dielectric film, record film, another dielectric

(f 15 film, and reflection film, in this order, the record film
being between 5 nm and 70 nm in thickness and the reflection
film exceeding 10 nm. This arrangement suppresses the thermal
diffusion within the record film and the thermal effect on the
adjacent information tracks.

20 . The optical information read/write device of the
present invention comprises one of the aforemen?ioned optical
information recording media, an optical system irradiating an
optical information recording medium with an optical beam

emitted from a light source, optical beam control means for

25 switching the intensity of the optical beam between the write



of the guide grooves. According to the US Patent, when the witing

mechanismis to change the reflectivity of the nmedi um t he
desirable effective level difference is between [err]/8 and 20 [err]/4
([Lerr] is the wavel ength of the read | aser beam at the ‘recording
mediunm). This nethod all ows one to reduce the cross tal k w thout
using the cancellation circuits nentioned above. . This

pat ent, however, nentions nothing about erasable nmedia. W applied
the method to an erasable optical 25 di sk and found the follow ng
problens. (1) Wien the w dth of - 6 - _

-4- the gui de groove is narrower conpared to the read beam spot,

power level and the erase power level according to write

signal waveforms when'writing information signals, first.means

for moving the optical beam aloﬁg the direction normal to the

track, second means for relatively moving the 6ptical beam

5 along the direction of the tracks, means for detecting the

(_ lateral deviations of the optical beam from the information

track by measuring the reflected beam from or transmitted beam

through the optical information recording medium and putting

out signals associated with the deviation referred to as first

10 signals, means for receiving ;he first signals, inverting the

polarity of the first signals so that the polarity, when the

opticél beam is on guide grooves, is opposite to the polarity

when the optical beam is on regions between two guide grooves

adjacent with each other, and putting out the modified signals

15 referred to as second error signals, and tracking control

meané for receiving the second error signals and controlling

the optical beam moving means so that the optical beam
correctly traces the information tracks.

When writing information signals, the optical beam

20 control means switches the intensity of the optical beam

between the write power level and the erase power level

according to write signal waveforms. Therefore,.th;s configu-

ration.allows one to write new record marks érasing old reéord

marks simultaneously. Thus the optical information read/write

25 device is able to write information signals on the optical



the beam erases part of marks on the adjacent tracks causing

degradation of the read signals. (2) Wen the width of the gui de
groove is w der conpared to the wite beam spot, the 5 wite beam
tends to wobble fromthe center |ine of the guide groove. It causes
I nconpl ete erase of old marks when witing in the over-wite
schene, thus resulting again in degradation of the read signals.

(3) If the thermal conductivities of medi um materials are high, or
the structure of the nmedium 10 makes the thermal conductivity high, the
heat generated in witing erasgs-part of marks on the adjacent
tracks giving rise to degradation of the read signals.

SUMVARY OF THE | NVENTI ON The obj ect of the present
invention is to present 15 optical recording nmedia and opti cal
read/wite devices which al I ow higher effective information density
whi | e suppr esaifiggmation regogdidgt medivhm péatheipyesent invention in high To
achi eve the aforenentioned object the nedi um of t he present

i nvention i s G@dd Yo sl drg et BRF®%-he gui de

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
5 invention will become.clear from the following description

f' taken in conjunction with the preferred embodiments thereof
with reference to the accompanying drawings throughout which
like parts are designated by like reference numerals, and in
which:

10 FIG. 1 shows a top view of a part of the optical
disk used in the preferred embodiments of the present
invention;

FIG. 2 illustrates a magnified perspective view of
said optical disk;

15 FIG. 3 shows é magnified cross section of said
optical disk;

FIG. 4 shows the relationship between the write beam
spot size and the cross sectional dimensions of the guide
grooves and lénds of said 6ptical disk;

20 FIG. 5 illustrates a schematic view to explain.the
suppression of the cross talk of said optical disk;

FIG. 6 shows the relationship betwéenﬁthe total
reflected light intensity and the depth of the track (measured
in the optical length) of said optical disk when the adjacent

25 tracks have no record marks;



20 grooves between [err]/8 and [err]/4.7, where [err] is the wavel ength

of the read optical beamin optical |ength, and al nost equal

wi dt hs of the guide grooves and | ands. The wite | aser beam has t he
beam di anmeter of R on the record |ayer, (Ris the di anet er where
the intensity reduces to 1/e[err] of the intensity 25 of the center of
the beam) and has the followi ng relation,

- 5- 0.34 [err] Werr]/R [err] 1.0, wher e
Werr] is the width of the gui de grooves. Wth this

configuration the wite beamirradi atesg -

FIG. 7 shows the relationship between the total
reflected light intensity and the depth of the track (measured
in the optical length) of said optical disk when the adjacent
tracks have record marks;

5 FIG. 8 shows the relationship between the difference
of the total reflected light intensities and the depth of the
track (measured in the optical lengfh) of said optical disk;

FIG. 9 shows the relationship between the cross talk
and the depth of the track (measured in the optical length)

10 obtained by calculation based on the wave optics;

FIG. 10 illustrates how o0ld record marks are
incompletely erased by a wobbling beam;

FIG. 11 shows a magnified top view of the optical
disk illustrating erasure of marks on the adjacent track;

15 FIG. 12 shows the exror rate characteristic as a
function of the ratio of the guide groove width to the write
beam spot diameter in the first preferred embodiment;

FIG. 13 illustrates a magnified cxross éectional view
of the optical disk in the second preferred embodiment;

20 ' FIG. 14 shows a measured result of the error rate
of the read signals as a function of the thickness of the
record film in the second preferred embodiment:;

FIG. 15 shows a.measured result of the error rate
of the read signals as a function of the thickness of the

25 record film in the third preferred embodiment;



the full widths of the guide groove and | and. Consequently, 5 t he

w dths of the formed record marks are al ways narrower than Werr],
and do not extend to the adjacent information tracks. Ther ef or e,
when witing, the beam erases ol d marks conpletely, but does not
erase even part of marks on the adjacent I nformation tracks, thus
giving rise to no degradation of 10 write signals.

Further a nore desirabl e nmediumuses as a record filma materi al
whi ch undergoes a phase transition between an anor phous phase and a
crystal line phase, and has an arrange-9 - ment of a dielectric film
record film another dielectric 15 film and reflection film in this
order, the record film bei ng between 5 nmand 70 nmin thickness
and the reflection : f|In1exceed|ng 10 nm Thi s arrangenent
suppresses the thernal diffusion within the record f|In1and t he
thermal effect on the FIG. 16 slioxsed weadisad ixpstthcRE. thegerror rate

The optical i rmation, read/wite devige of,t re ent inventjon
conpr | ses on8of HhcEeby SHERRIOnEd Gprrearrion of the HHiAiEss 6" the

reflection film in the fourth preferred embodiment;
FIG. 17 illuétrates a block diagram of ﬁhe optical
5 information read/write device in the fifth preferred embodi-
ment; |
FIG. 18 illustrates a more detailed block diagram
of laser d#ive circuit 231 in the fifth preferred embodiment;
FIG. 19 shows the write signals and the correspond-
10 ing laser power in the fifth preferred embodiment;
FIG. 20 shows a blbck diagram of the reference
voltage setter in the fifth preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED INVENTION

The invention will be described in detail with

15 reference to an erasable optical disk as an optical informa-
tion medium.

FIG. 1 shows a,ﬁop view of a part of the optical

disk used in the preferred embodiments. Guide grooves 101,

103, and 105 have been formed in advance in spiral shape on

20 the optical disk and regions 102 and 104 between the guide

grooves are the lands. Their widths are drawn exaggeratedly.

FIG. 2 illustrates a magnified perspective vieW'éf the optical

disk, in which both guide grooves and lands are used for

information tracks. In FIG. 2 a layer 110 is a recoxd layer

25 which includes a material such as phase transition materials



I nformation recording nedia, an optical systemirradiating an

opti cal

I nformati on recording nediumw th an optical beam emtted

froma light source, optical beamcontrol neans for 25 switching the
intensity of the optical beam between the wite

-6-

power |evel and the erase power |evel according to wite

signal waveforns when witing information signals, first neans for
nmovi ng the optical beamalong the direction normal to the track,
second nmeans for relatively noving the optical beam 5 al ong the
direction of the tracks, neans for detk@t+ng the | at eral devi ations
of the optical beamfromthe information

10

15

20

25

having'different.reflectivity;in the amorphous and crystalline
phases. This property allows one to write'information signals
by varying the intensity of a laser beam. Reference numerals
112, 114, and 116 are guide grooves formed on the optical disk
and 113 and 115 are lands, the widths of both being almost
equal to each other. A reference numeral 117 is a transparent
substrate made of polycarbonate, for example. The laser beam
is incident on the substrate from the bottom. A reference
numeral 118 is a record mark created in the guide groove or
land. The record mark is defined as a region of record layer
110 which is turned to the amorphous phase by the laser beam
irradiation.

FIG. 3 shows a magnified cross section of the

optical disk along the points A and B in FIG.. 1, mainly

illustrating a structure of the record layer. A reference
numeral 121 is a transparent substrate. Glasses and resins
are used fo; transparent substrate 121. More particularly,
transparent glasses, quartz, polycarbonate,

polymethylmethacrylate, etc. are ordinarily used. A reference
numeral 122 represents a first protection film, 123 a record
film, and 124 a second protection film. First and second
protection films 122 and 124 are made of dielecériq materials
such as oxides of metalloids, nitrides, chalcogenides,

carbides, and their mixtures, more specifically, S8i0O,, SioO,

A1203, GeOZI In203, TeOZ, TiOZ, MOO3, WO3, ZrOz, Si3N4, AlN, BN,



track by measuring the reflected beamfromor transmtted beam

t hrough the optical information recordi ng nedi um and putting out
signals associated with the deviation referred to as first 10 si gnal s,
nmeans for receiving the first signals, inverting the pol arity of
the first signals so that the polarity, when the optical beamis on
gui de grooves, is opposite to the polarity when the optical beamis
on regions between two gui de grooves adj acent with each other, and
putting out the nodified signals 15 referred to as second error _
signals, and tracking control - hdkans for receiving the second error
signals and controlling the optical beam noving neans so that the
optical beam correctly traces the information tracks.

When writing information signals, the optical bean1 20 control neans
switches the intensity of th optical beam tween the wite power

| evel and the'[‘lé‘kaéé1 y §FF') ZnSe, Zpl8r ¢hoH- t%b%'| #0Fsy gHEF 2 Mt Gs.
Therefore, this confl r at |0£%ﬁ£$ows one tg wite neW/record narks

erasing ol d &g ™ ure%mwkgaEFhﬁ? usPYS - TRQ24 netMar i RAN- a

I nformation read/ wite ) .
mixture of ZnS and SlOz and a mixture of ZnSe and SiO, are

suitable because they easily grow a film and have a good

5 thermal stability. Record film 123 is made of alloys of such

elements as Te, Se, Sb, and Ge, which undérgo a phase

transition between an amorphous phase and a crystalline phase,

or between two different crystalline phases. More specifical-

ly, GeSbTe, InSnTe, GaSb, InGaSb, and AgSbTe are suitable

10 because writing information sigﬁals is relatively easy with

these materials. A reference numeral 125 is a reflection

film, made of a metal such as Auv, Al, Ti, Ni, Cr, etc. or

their alloys. Some optical disks may not include a reflection

film. A reference numeral 126 is an overcoat made of a UV

[ 15 hardening resin. FIG. 3 is drawn with the vertical direction

(the direction of the film thickness) more magnified than the
horizontal direction (the direction of the disk radius).

FIG. 4 shows the relationship between the write beam

spot size and the cross sectional dimensions of the guide

20 grooves and lands of the optical disk in the preferred

embodiments. The widths of the leveled portions of the guide

grooves and lands are denoted as W,. The beam spot diameter

is defined as the diameter at which the intensity of the beam

reduces to 1/e’ of the intensity of the center of the beam and

25 is denoted as R. In the following preferred embodiments we



25 device is able to wite information signals on the optical

-7- i nformati on recordi ng medi um of the present invention in
hi gh quality and in high speed. BRI EF DESCRI PTI ON OF THE
DRAW NGS _ These and other objects and f eatures of the
pr esent 5 invention will becone clear fromthe foll ow ng description
taken in conjunction with the preferred enbodi nents thereof wth
reference to the acconpanying draw ngs throughout which | i ke parts
are designated by |like reference nunerals, and in whi ch:

- 12 -

assume W, to be 0.7 pym. The boundary between the guide groove
ahd land forms a_slope, which is referred to as the taper
portion. The width of the taper portion is approximately 0.1
um. The depth of the guide groove is approximately 84 nm,
5 which corresponds to the optical length of 0.13 pum with the
index of refraction of polycarbonate being 1.58.
Next the method of writing informatién signals on
the phase transition optical disk will be described below.
In the preferred embodiments of the present invention record
10 marks are created on the record film by modulating the laser
beam power between the erase and write levels depending on
input signals. Referred to as the single-beam overwrité, this
scheme writes new record marks on top of old ones. The
advantage of this scheme is high speed of writing due to
( . 15 simultaneous write and erase. A detailed description of the
single-beam overwrite is found in the paper, "High Speed
Overwritable Phase Change Optical Disk Material", Japanese J.
Appl. Phys., Vol. 26 (1987) Supplement 26-4.
The reason for so setting the depth of the guide
20 groove will be described in detail. FIG. 5 is a schematic
view of the optical disk. Now assuming that a beam is tracing
guide groove 132, we analyze the cross talk from lands 131 and
133. The depth of the guide groove gives rise to an optical
phase difference between land 131 and guide groove 132. We

25 also assume that there is no record mark at positions on lands



10 FIG 1 shows a top view of a part of the optical
di sk used in the preferred enbodi nents of the present _ i nvention;
FIG 2 illustrates a magnified perspective view of said optica

di. sk; 15
optical disk
wite beam
gui de

FIG 3 shows a magnified cross section of said
FIG 4 shows the relationship between the
spot size and the cross sectional dimensions of the
grooves and | ands of said optical disk; 20

FIG 5 illustrates a schematic view to explain the suppr essi on of

the cross tal
rel ati onship
depth of the
optical disk

k of said optical disk; - 13 - FIG 6 shows the
bet ween the total reflected light intensity and the
track (measured _ in the optical length) of said

when the adj acent 25 tracks have no record marks;

131 and 133 right next to the point A, while there are record
marks 134 and 135 next to the point B. In order to make the
description simpler we further assume that the reflectance of
the record mark is 0% and that of the part having no record
mark is 30% and that there is no record mark on guide groove
132. When the beam spot is at the point A, the beam is

reflected from lands 131 and 133 and guide groove 132. If the

'depth of the guide groove were zero, the simple sum of the

10

15

intensities of the individual reflected beams would be the
total intensity of the reflected beam to be observed, which
is denoted as I,. As the depth increases, interference
between the reflected beams sets in due to their phase
difference and the intensity observed by a photo detector
reduces. When the phase difference is close to n, the
cancellation becomes large and the total intensity of the

reflected beams becomes less than the intensity of the beam

reflected from only the guide groove. When the phase differ-

20

25

ence is m, that is, when the depth of the track is 1/4 in

optical length, the total intensity is minimal. FIG. 6 shows

the relationship between the depth of the track and the total
intensity of the reflected beams. When the beam spot is at
the point B, there is no reflection from lands 131 and 133
because the record marks have zero reflectance. The total
reflected intensity comes from only guide groove 132. Thus

the total intensity is independent of the track depth. FIG.



- 8- FIG 7 shows the relationship between the total

reflected light intensity and the depth of the track (neasured I n
the optical length) of said optical disk when the adjacent tracks
have record narks; 5 " FIG 8 shows the rel ationship between
the difference of the total reflected light intensities and the
depth of the track (nmeasured in the optical length) of said optical
disk; FIG 9 shows the relationship between the cross

tal k and the depth of the track (measured in the optical |ength)
10 obt ai ned by cal cul ati on based enl¢he wave optics;

FIG 10 illustrates how old record marks are

7 shows the relationship between the depth of the track and
the total intensity of the reflected beams. The cross talk
is regarded as the différence in the total intensity of the
reflected beams between a case in which a point has record
5 marks directly next to it on the adjacent information tracks
and another case in which the point does not have record marks
on the adjacent information traéks. Therefore, the difference
between FIG. 6 and FIG. 7 represents the cﬁoss talk. FIG. 8
shows the relationship between the ﬁifference of the two
10 figures (absolute value) and the track depth. It indicates
that as the depth increasés from zero, the cross talk
decreases, reaching zero when the total intensities from the
pointé A and B coincide with each other. Therefore, if the
guide grooves are formed with the depth so determined, the
15 cross talk will be minimal.

FIG. 9 shows the relationship between the guide
groove depth in optical length and the cross talk obtained bj
simulation based on scalar wave optics using the configuration
and parameters of the actual optical head and the shape of the

20 guide groove. We followed the method described by V.J. Jipson
and C.C. Williams in "Two-dimensional modeling of an optical
disk read out", Applied Optics Vol. 22, No. 14; pPp. 2202 (15
July, 1983). The wavelength A was assumed to be 780 nm,'the
pitch of the guide grooves 1.6 pm, the widths of the éuide

25 groove and land 0.7 pum, the NA of the focusing lens 0.55, and



I nconpl etely erased by a wobbling beam FIG 11 shows a

magni fied top view of the optical disk illustrating erasure of

mar ks on the adjacent track; 15 FIG 12 shows the error rate
characteristic as a function of the ratio of the guide groove width
to the wite beam spot dianmeter in the first preferred enbodi nent;
FIG 13 illustrates a magnified cross sectional view of the opti cal
di.,sk in the second preferred enbodi nent; 20 - FIG 14 shows a
measured result of the error rate of the read signals as a
function of the thickness of the - 15 fecord filmin the second
preferred enbodi nent. ; FIG 15 shows a neasured result of
the error rate of the read signals as a function of the thickness of

the 25 record filmin the third preferred enbodi nent;
the period of record marks 6.6 um with its shape being an
oblong of the width of 0.7 um. The reflectance of the record
mark was assumed to be 15% and.that of +the region with no
record mark 30%. 'The simulation indicates that the minimal
5 cross talk occurs at the guide groove depth of 130 nm oxr A/6.
When the depth is in the range between 100 nm and 160 nm
(approximately A/8 - A/4.7), the cross talk is less than -26
dB which is the normally allowable upper limit. Particularly,
when it is between 110 nm and 150 nm (approximately A/7 -
10 A/5.2), the cross talk is less than -30 dB, which provides a
good margin. "The actual reflectance can be different from

those mentioned above.
After intensive study to solve the'drawbacks'of the
prior art, we found that the scheme of writing information
15 signals on both guide grooves and lands is successfully
applicable to erasable optical information storage media by
"specifying the shape of the guide grooves on the media and the
structure of the media.
First, W, is set so thatlInequality (1) is satis-
20 fied.

0.34 < W,/R < 1.0 (1)
Let the wavelength of the laser beam be A and the. numerical
aperture of the objecf’lens in use for focusing the laser beam
NA. Then the diameter R (the diameter at which the intensity

25  of the laser beam reduces to 1/e’ of the intensity of the



-9- FIG 16 shows a neasured result of the error rate
of the read signals as a function of the thickness of the.

reflection filmin the fourth preferred enbodi nent; FI G
17 illustrates a bl ock diagramof the optical 5 information read/ wite
device in the fifth preferred enbodi - - ment; FI G
18 illustrates a nore detail ed bl ock diagram of laser drive circuit
231 in the fifth preferred enbodi nent; FIG 19 shows the
wite signals and the correspond- 10 ing |aser power in the fifth
preferred enbodi nent; - 16K G 20 shows a bl ock di agram of
the reference vol tage setter in the fifth preferred enbodi nent-.
DETAI LED DESCRI PTI ON OF THE PREFERRED | NVENTI ON The

invention will be described in detail with

center of the beam) of the write beam spot on the record

surface is given by Equation (2), if the iaser beam has a
uniform intensity distribution.

R =0.82 x A/NA (2)

5 _When,W&/R is greatexr than 1, that is, when the width

of the guide grooves 6r lands is wider than the write beam

spot diameter R, the differential tracking error signals are

reduced, and tracking deviation increases even if tracking

control is engaged. In the single-beam overwrite scheme

10 incomplete erase may occur resulting in increase of jitters

of read signals and hence error rate of read signals. As the.

record mark wfitten by the beam spot having the beam diameter

R has a width of approximately R also, incomplete erase of old

recoxd ﬁarks will occur as shown in FIG. 10. The wider W, is

(- 15 in comparison with R, the more the deviation of the beam spot

is, causing the error rate to increase éroportionally to W;.

If W,/R is less than 0.34, 1/3 of the beam spot

overlaps on the adjacent track. In the phase transition type

optical disk formation of a record mark starts at the center

20 of the beam spot spreading toward the circumference and stops

normally at the taper portion of the guide grooves. If 1/3

of the beam spot overlaps with the next track, however, a

record mark is created on the ﬁext track causing partial erase

of a signal there and giving rise to increase of the read

25 error rate.



15 reference to an erasable optical disk as an optical infornma-

tion nmedi um FIG 1 shows a top view of a part of the
opti cal di sk used in the preferred enbodi nents. CGui de grooves 101,
103, and 105 have been formed in advance in spiral shape on 20 t he
optical disk and regions 102 and 104 between the guide grooves are
the lands. Their wi dths are drawn exaggeratedly. FIG 2 illustrates
a_magni fi ed perspective view of the optical di sk, in which both

gui de grooves and | ands are used for ~information tracks. In FIG 2 a
| ayer 110 is a record |ayer 25 Whi £h +ncludes a material such as phase
transition materials - 10 -

In the present invention an appropriate setting of

W, as shown in Inequality (1) prevents read signals from
degrading. It allows one to write information signals'on both

guide grooves and lands of even erxasable optical disk in good

5 condition and provides high density recording.

{ | ' Secondly, the thickness of the record film is set
to be relatively thin, between 5 nm and 50 nm because we foﬁnd

that if the thickness is greater than that the heat is not

dissipated in the direction of the thickness but diffused to

10 * the next information track where record marks are partially
erased. FIG. 11 illustrates a magnified top view of the
optical disk to explain the next track erasure. Reference

numerals 141, 142, 143, and 144 are a record mark, a guide
groove, a land, and a beam spot, respectively. Beam spot 144

15 heats up record film 123 of land 143, which melts at the
melting point and then turns into-the amorphous phase during
the cooling process thus forming a record mark. If the recoxrd
film has a good thermal conductivity, the heat generated at
land 143 by the beam épot to melt the record film there may

20 - diffuse to guide groove 142 and erase part of a record mark
on groove 142. 1In the present invention the record film is
specified to have a limited thickness so that th;OVerwrite
operation does not partially erase record marks on the next
information track.

25 ' Thirdly, as the reflection film is made of a metal



having different reflectivity in the anorphous and crystalline

phases. This property allows one to wite information signals by
varying the intensity of a | aser beam Reference nunerals 112, 114,
and 116 are guide grooves formed on the optical disk 5 and 113 and
115 are lands, the widths of both being al nost equal to each
other. A reference nuneral 117 is a transparent substrate nade of
pol ycarbonate, for exanple. The | aser beam is incident on the
substrate fromthe bottom A reference nuneral 118 is a record
mark created in the guide groove or -1 - l|and. The record mark is
defined as a region of record |ayer 110 which is turned to the
anor phous phase by the | aser beam i rradi ation.

FIG 3 shows a magnified cross section of the optical disk al ong
the points Aand Bin FIG 1, mainly 15 Illustrating a structure of

the record | &idm ofaar bighefibermal conduglhdvity:2thieshgaty dfsp@xeneasily

substrate. dasses and resins . . .
diffused in the direction of the film thickness. Consequent-

ly, erasure of record marks on ﬁhe next tracks in overwrite
operation is ﬁrevented by spreading the heat over a wider
5 region of the record film.
b The preférred embodiments of the present invention
‘will be described below.
Embodiment 1

The optical disk of this embodiment has the same
10 structure as shown in FIG. 3. Substrate 121 is a
polycarbonate substrate having guide grooves formed in
advance. Record film 123 is made of a.GeSbTe alloy and 25 nm
thick. Protection films 122 and 124 are made of a mixture of
ZnS and SiO, including 20 mole % SiO,. Protection films 122
15 and 124 are 110 nm and 18 nm, respectively, in thickness.
Reflection £ilm 125 is made of Al and 150 nm thick. The depth

of the guide groove is approximately 84 nm.
FIG. 12 shows the read error rate as a function of
W,/R for the optical disk used in this embodiment which has
20 the same structure as shown in FIG. 3. It indicates that so
as to meet the ubper limit of 3% error rate of the CD Standard
the W,/R must be between 0.34 and 1.0. When W,/R is less than
0.34, the beam spot overlaps with the adjacent tracks and
partially erases record marks there giving rise to increase

25 of error rate. When W,/R is greater than 1.0, the track width



are used for transparent substrate 121. Mre particularly,

t ranspar ent gl asses, quart z, pol ycar bonat e,

pol ymet hyl met hacryl ate, etc. are ordinarily used. A reference 20

nuneral 122 represents a first protection film 123 a record film
and 124 a second protection film First and second protection
films 122 and 124 are made of dielectric materials such as oxi des
of netalloids, nitrides, chal cogeni des, carbides, and their

m xtures, nore specifically, SiJerr], SO 25 Alferr]Jerr], GJerr],

Inferr](err], Tederr], Tigerr], MOherr], WJerr], ZrJerr],
Siferr]NJerr], AN BN, : Ti N, ZnS, CdS, CdSe, ZnSe,

ZnTe, AgF, PbF[err], MF[err], NiF[err], SiC or

is wider than the beam spot and incomplete erase will take
place in single-beam overwrite resulting in increase of error
rate. We performed an experimeﬁt in which signals were
written first on a guide groove and then on the adjacent lands
5 one thousand times and the error rate of the signals of the
guide groove was measured. Thg result was in agreement with

the conclusion mentioned above.
The measurement method of the error rate is
described below. The EFM signals were written in the single-
10 beam overwrite scheme on an optical disk used in this
embodiment which was rotating at the rate of 1.25 m/sec. The.
signals were written fifst on a land and then on the adjacent
guide grooves one thousand times and then the signals on the
land were read. Compact Disk (CD) Standard uses the EFM
15 signals which include nine kinds of pulses, 3T ~ 11T, (T
repfesents a period) of different pulse widths (Refer to the
International CD Standard IEC-908). The laser used for
reading had a wavelength of 780 nm. The NA of the object lens
.was 0.55. ‘We used the model DR—3553 of Kenwood Corporation,
20 Ltd. and measured the number of block errors pér second to

plot the read error rate.
Embodiment 2

FIG. 13 shows a structure of the optical disk of
this embodiment. Substrate 121 is a polycarbonate substrate.

25 Record film 123 is made of an alloy of GeSbTe. Protection



their mxtures. Particularly, zZnS, Si(err], Si[err]Nerr], AN TiN, a

m xture of ZnS and Sierr], and a mxture of ZnSe and SiJerr] are

sui tabl e because they easily grow a filmand have a good 5 t her mal
stability. Record film123 is made of alloys of such el enents ‘as
Te, Se, Sb, and Ge, which undergo a phase transition between
an anor phous phase and a crystalline phase, or between two
different crystalline phases. Mre specifical- ly, GeSbTe, InSnTe,
GaSb, InGaSh, and AgSbTe are suitable 10 because witing information
signals is relatively easy with - 20t hese materi al s. A reference
nuneral 125 is a reflection film nmade of a nmetal such as Au, A,
Ti, Ni, C, etc. or their alloys. Sonme optical disks may not
include a reflection film A reference nuneral 126 is an overcoat
made of a UV 15 hardening resin. FIG 3 is drawn with the vertical
di rection films 1172 grpdctiZdn dFet RAdRi |95 t Ai dKrdswe ndfe Zafynanfeditthan

t he horizontal direction (the direction of the disk radius).
FIG 4 shows L{Reluéiagi 3Rsmele FetSikenantaxg itld panand 18 nm, spespertévand

the cross sectional dinmensions of the guide
' ly, in thickness. W, is approximately 0.7 upm, the width of

the taper portion approximately 0.1 pm, and the depth of the
5 guide grooves approximately 84 nm. With this structure in
this embodiment we measured the read error rate as a function
of the thickness of the recérd film. FIG. 14 shows the result
of the experiment. It indicates that so as to meet the upper
limit of 3% error rate of the CD Standard the film thickness
10 must be less than 50 nm. If it is thinner than 5 nm, the film
poorly absorbs the laser beam while the thermal radiation is
relatively lérge. Consequently, the write sensitivity (the
laser power needed to form a record mark) decreases. There-
fore, we must use a higher power laser source than a conven-
15 tional diode laser, resulting in higher cost of lasers. Hence.
the f£film of thickness less than 5 nm is not a practical
choice.
For ﬁhe measurement of the error rate we used the
same method in this embodiment as that used in the embodiment
20 1. _
Embodiment 3
In this embodiment we measured the error rate as a
function of the thickness of the record film of the optical
disk including an Al reflection. film having a high thermal

25 conductivity as shown in FIG. 3. Substrate 121 is a



20 grooves and lands of the optical disk in the preferred
enbodi nents. The widths of the |eveled portions of the guide

grooves and | ands are denoted as Werr]. The beam spot di aneter S
~defined as the diameter at which the intensity of the beam reduces
to 1/e[err] of the intensity of the center of the beamand 25 S

denoted as R In the follow ng preferred enbodi nents we

--12 - assume Werr] to be 0.7 [err]m The boundary between

t he gui de groove and land forns a slope, which is referred to as

t he taper portion. The wi-dthlLof the taper portion is

approximately 0.1 [err]m The depth of the guide groove is

approxi mately 84 nm

polycarbonate substrate. Record film 123 is made of a GeSbTe
alloy. Protection films 122 and 124 are made of a mixture of
gnS and SiO, including 20 mole % Si0; and are 110 nm and 18
nm, iespectively, in thickﬁess. Reflection film 125 is made
5 . of Al and 150 nm thick. W, is approximately 0.7 upm, the width
of the taper portion approximately 0.1 um, and the depth of
the guide grooves approximately 84 nm. "With the Al film
playing a roll of a heat sink the heat can diffuse easily in
the .direction of the thickness, and it prevenfs ﬁhermal
10 . erasure of the next information tracks. FIG. 15 shows the
reéult of the measurement of the error rate as a function of
the thickness of the record film.. It indicates that the error
rate of this embodiment is superior to that shown in FIG. 14,
where an Al film is not formed in the structure of the optical
('. 15 diék and that the thickness less thanl70 nm meets the CD
| Standaxd.
For the measurement of the erxrxor rate we used the
same method in this embodiment as that used in the embodiment
1.

20 Embodiment 4
In this embodiment we measured the error rate of the
optical disk as shown in FIG. 3 as a function of the thickness
of the Al film. Substrate 121 is a polycarbonate substrate.
Recoxrd film 123 is made of a GeSbTe alloy and 25 nm in

25 thickness. Protection films 122 and 124 are made of a mixture



5 whi ch corresponds to the optical length of 0.13 [err]mw th the

I ndex of refraction of polycarbonate being 1.58. Next
the method of witing information signals on t he phase transition
optical disk will be described bel ow. In the preferred

enbodi nents of the present invention record 10 mar ks are created on
the record filmby nodul ati ng the | aser beam power between the

erase and wite | evels depending on i nput signals. Referred to as
t he singl e-beamoverwite, this schene wites new record marks on
top of old ones. The advantage. of this schene is high speed of
witing due to 15 sinmul taneous wite and erase. A detailed
description of the si ngl e-beam overwite is found in the paper,
"Hi gh Speed Overwitabl e Phase Change Optical Disk Material",
Japanese J. Appl . Phys., Vol. 26 (1987) Suppl enent 26-4. .

The reason fo?fsinSand iy Q:hénddpehngf 20hmoli Y810, 20d aregibOvamwahd D@
described in detail. FIG 5 is a schenmatic view of the optica

di sk. Now asstmi eespestivebym in thickmgss. Reflecgivmef giroavzs 152, made

anal yze the cross_talk fromlands 131 and
of W, is approximately 0.7 um, the width of the taper

portion approximately 0.1 Hm, and the depth of the guide
5 grooves approximately 84 nm.l FIG. 16 shows the result of the
measurement of the read error rate as a fuhction of the Al
film thickness. The method of the measurement is the same
as that described in the embodiment 1. FIG. 16 indicates that
when the thickness exceeds 10 nm the heat sink effect as

10 mentioned in the embodiment 3 sets in and the error rate
starts decreasing. The reason for the larger error rate for
the thinner thickness is that the small thermal capacity of
the film cannot take away quickly enough the heat generated .
in the record film.

15 The reflection films made of other metals (Au, Ti,
Ni, Cxr, and so on) demonstrated the same effect over the
thickness of 10 nm.

Embodiment 5
Now we will describe the optical informétion

20 read/write device in use for reading and writing information
in the optical disks used in the embodiments of the present
invention. FIG. 17 illustrates a block diagram of the optical
information read/write de&ice. In the figure a numerical
reference 207 is an optical disk of the present invention, 208

25 an information track which is a guide groove in this case, 210



133. The depth of the guide groove gives rise to an optical

phase

difference between | and 131 and gui de groove 132. W 25 al so assune
that there is no record mark at positions on | ands

__]_3 -
record

131 and 133 right next to the point A, while there are
mar ks 134 and 135 next to the point B. In order to nake the

description sinpler we further assune that the refl ectance of t he
record mark is 0% and that of the part having no record 5 mark is 30%
and that there is no record mark on gui de groove 132. Wen the
beam spot is at the point A the beam 23 -

10

15

20

25

a diode laser, 211 a collimator lens for collimating the laser
beam emitted by diode laser 210, 212 a half mirror arranged
in the optical flux, and 213 an object lens for focusing the

collimated opticél beam through half mirror 212 onto the

record surface of optical disk 207. Reference numeral 214 is

a photo detector for the beam reflected from optical disk 207
and.transmitted through object lens 213 and half mirroxr 212.
Photo detector 214 comprises two photo detectors 214a and 214b
which are placed parallel to the tracks to obtain the tracking
error signal. Reference numeral 215 is an actuator to support
object lens 213. Diode laser 210, collimator lens 211, half
mirror 212, object lens 213, photo detector 214, and actuator
?15 are mounted on a head base and constitute optical head
216. Reference numeral 217 is a différential amplifier which
the signals from photo detectors 214a and 214b are fed to, and
218 a low-pass filter (LPF) which the difference signals
generated at differential amplifier 217 are fed to. Reference

numeral 62 is a polarity inverting circuit which receives the

‘tracking error signals form LPF 218 and the control signal L4

from system controller 232 to be explained below and outputs
error signals to tracking control circuit 219. The polarity
of the tracking error signals when the beam sbot_is_on the
guide groove is made to be opposite to that when the beam spot

is on the land. If the tracking error signal fed to tracking

control circuit 219 has the same polarity as the difference



reflected fromlands 131 and 133 and gui de groove 132. If the dept h
of the guide groove were zero, the sinple sumof the I ntensities of
t he individual reflected beans would be the 10 total intensity of the
refl ected beamto be observed, which is denoted as I[err]. As the
depth increases, interference between the refl ected beans sets in
due to their phase difference and the intensity observed by a photo
det ect or reduces. - When the phase difference is close to [err],
the 15 cancel | ati on becones large and the total intensity of the

refl ected beans becones | ess than the 2atensity of the beam

reflected fromonly the guide groove. Wien the phase differ- ence
is [err], that is, when the depth of the track is [err]/4 in

optical length, the total intensity is mnimal. FIG 6 shows 20 t he
relationship between the depth of the track and the total intensity
of the refl efid@adeafBom\dif ferenebad spopliifisr 217, twmchbrat ®ntdedre
is no reflection fromlands 131 and 133 because the record marks
have zero refHe@udricéld dererpingp that the dqagrspeti AfehBid Wi grooye

nl [ roqve 132. Thus .
only guide gln%ormaEion track. Tracking control circuit 219 has two

inputs, the output from polarity inverting circuit 62 and

5 control signal Ll from system controller 232 which will be
explained below, and outputs tracking control signals to drive
circuit 220 and traverse control circuit 226 which will be
explained also below. Drive circuit 220 outputs drive
currents to actuator 215. Reference numeral 221 represents

10 a summing amplifier which adds the output signals'from photo
.detectors 214a and 214b. Reference numeral 222 represents a
high-pass filter.(HPF) which receives the sum signal from
summing amplifier 221 and outputs its high-frequency compo-

nents to waveform shaping circuit 223 to be described below.

15 Reference numeral 223 is a waveform shaping circuit which
receives the high-frequency components of the sum signals

from HPF 222 and outputs digital signals to read signal
processing circuit 224 and address decoder 225. Reference
numeral 224 is a read sigﬁal processing circuit which outputs

20 information signals such as voice signals to output terminals
233. Reference numeral 225 is an address decoder which
receives digital signals from waveform shaping circgit 223 and
outputs address signals to system controller 232 to be
described below. Reference numeral 226 is a traverse control

25 circuit which receives control signal L2 from system control-



25 the total intensity is independent'of the track depth. FIG

- 14 -
and

7 shows the relationship between the depth of the track

the total intensity of the reflected beans. The cross talk

is regarded as the difference in the total intensity of the _

refl ected beans between a case in which a point has record 5 mar ks
directly next to it on the adjacent information tracks and anot her
case in which the point does not have record narks on the adjacent
informati on tracks. Therefore, the difference between FIG 6 and
FIG 7 represents the cross talk. FIG28 - shows the relationship
bet ween the difference of the two

10

15

20

25

ler 232 to be described below and outputs drive currents to
traverse motor 227 to be described below. Reference numeral
227 is a traverse motor which moves optical head 216 along the
radial direction of optical disk 207. Reference numeral 228
is a spindle motor for rotating optical disk 207. Reference
numeral 229 is a write signal p:ocessing circuit which
receives information signals such as voice signals from
external input terminals 230 and outputs write signals to
laser drive circuit 231 to be described below. Reference
numeral 231 is a laser drive circuit which receives control
signals L3 and L4 from system controller 232 and write signals
from write signal processing circuit 229 and outputs drive
currents to diode laser 210. Reference numeral 232 is a
system controller which outputs control signals L1, L2, L3,
and L4 to tracking control circuit 219, traverse control
circuit 226, laser drive circuit 231, and polarity inverting
circuit 62, respectively, receiving address signals from
address decoder circuit 225.

Now the operation of thé optical information
read/write device so configured will be explained with
reference to the same diagram.

The laser beam emitted by diode iasgr 210 is
collimated by collimator lens 211, passes through beam
splitter 212, and is focused on optical disk 207 by object

lens 213. The opticai beam reflected from opticél disk 207,



10 figures (absolute value) and the track depth. It indicates

that . as the depth increases fromzero, the cross talk decr eases,
reaching zero when the total intensities fromthe points A and B
coincide with each other. Therefore, if the gui de grooves are
formed wth the depth so determined, the 15 cross talk will be m ninal.
FIG 9 shows the relationship between the guide groove depth in
optical length and the cross tal k obtained by simul ati on based on
scal ar wave optics using the configuration and paraneters of the
actual optical head and the shape of-the -20 gui de groove. W fol |l owed
the nmet hod described by V.J. Jipson and C.C. Wllianms in
"Two- di mrensi onal nodel i ng of an opti cal : di sk read out", Applied
Optics Vol. 22, No. 14, pp. 2202 (15 July, 1983). The wavel ength
[err] was assuned to be 780 nm the itch of the guide grooves 1.6

[err]m the WS ipfergaitden of infgrmateonrdrachd?®8 Ayertd diffmdvA
of the focus!y%Jeﬂggéggg,tﬁggugh object lens 213 and is led to phot
! photo
detector 214 by beam splitter 212. The intensities of the
optical beam incident on photo detectors 214a and 214b are
5 converted to electrical signals which are fed to differential
amplifier 217 and summing amplifier 221. Differential
amplifier 217 converts each current input to a voltage signal,
then takes their difference, and outputs it in the push-pull
signal. LPF 218 filters the push-pull signals and passes
10 their low-frequency components to polarity inverting circuit
62 as tracking error signals. System controller 232 deter-
mines whether the present address sector is on a land or a
guide groove by referring to the address map and outputs a
indication signal as L4. Here we assume L4 to be a Lo level
15 when the beam spot is on a guide groove and a Hi level when
it is on a land. If a start address is for a land, polarity
inverting circuit 62 changes the polarity of input signals,
while if a start address is for a guide groove it does not ,
and then po;arity inverting circuit 62 outputs the signals to
20 tracking control circuit 219. Corresponding to the levels of
the input tracking error signals, tracking control circuit 219
outputs tracking control signals to drive circﬁit_220, which
in turn outputs drive currents to actuator 215 responding to
the signals, the actuator moving object lens 213 across the

25 track to the correct position. Thus the beam spot correctly



- 15 - the period of record marks 6.6 [errfmwith its shape

bei ng an oblong of the width of 0.7 [err]m The reflectance of the
record mar k was assuned to be 15% and that of the region with no
record mark 30% The sinulation indicates that the m ninal 5 Cross
tal k occurs at the guide groove depth of 130 nmor [err]/6. When
the depth is in the range between 100 nm and 160 nm (approxi mately
[err]/8 - [err]/4.7), the cross talk is | ess than -26 dB which is
the normally allowable upper limt. Particularly, when it is
between 110 nm and 150 nm (approxi mateby [err]/7 - 10 [err]/5.2), the
cross talk is less than -30 dB, which provides a good margi n. The

actual reflectance can be different from

traces the track whether a guide track or land. A focus
control circuit (not shown) controls the vertical position of
object lens 213 so that the beam spot is always focused
correctly on the optical disk.

5 Summing amplifier 221 converts the output current
signals from photo detectors 214a and 214b to voltage signalé,
adds them, and then outputs the sum signals to HPF 222. HPF
222 filters out low frequency components and passes main data
signals and address signals in analog form and outputs to

10 waveform shaping circuit 223. Waveform shaping circuit 223
converts the analog main data and address signals to pulsed
signals by data slice using a fixed threshold and outputs them
to read signal processing circuit 224 and address decoder 225.
Read signal processing circuit 224 demodulates the input

15 digital main data signals, performs erroxr corfection and other
opeiations on them, and outputs the modified signals to output
terminals as voice signals or other forms of signals. Address
decoder 225 demodulates the input digital address signals, and
outputs to system controller 232 to provide position informa-

20 tion on the optical disk. That is, when the beam spot scans
record marks, data signal processing circuit 224 receives data
signals, and when the beam spot scans prepits, aédress decoder
225 receives address signals. System controller 232 deter-
mines whether the optical beam is on the seeking address or

25 not based on the address signals from address decoder 225.



t hose mentioned above. _ After intensive study to solve the
dr awbacks of the prior art, we found that the scheme of witing

i nformation 15 signal s on both guide grooves and | ands is successfully
applicable to erasable optical information storage nedia by

speci fying the shape of the guide grooves on the nedia and the .

structure of the nedia. First, Werr] is set so that

| npequal ity (1) is satis- 20 fied. 0.34 [err]
Werr]/R [err] 1.0 (1) Let the
wavel ength of the | aser beam be [err4 Zd-the nunerical aperture of
the object lens in use for focusing the |aser beam NA. Then the
diameter R (the dianeter at which the intensity 25 of the | aser beam

reduces to 1/e[err] of the intensity of the

Traverse control circuit 226 supplies drive
currents, corresponding to the control signals L2 fiom system
controller 232, to traverse motor 227 in order to move the
optical head 216 to the target track. During this process

5 control signal Ll from system controller 232 disables the
tracking servo control.performed by tracking control circuit
219. When reading, traverse control circuit 226 drives
traverse motor 227, corresponding to the low frequency
components of the tracking error signals from tracking control

10 circuit 219, to move optical head 216 gradually in the radial
direction as the reading process proceeds.

Write signal processing circuit 229, when writing,
adds error-correcting code to the signals such as voice
signals fed to the external texrminals 230 and outputs the

15 coded write signals to laser drive circuit 231. If system
controller 232 sets laser driﬁe circuit 231 for write mode by
control signal L3, laser drive circuit 231 modulates,
corresponding to the write signals, the drive currents which
are applied to diode laser 210 (For example, the Hi level of

20 L3 may represent write mode). Thus the laser beam incident
on optical disk 207 varies in intensity corresponding to the
write signals and forms record marks. For reading! however,
control signal L3 sets laser drive circuit 231 for read mode
and laser drive circuit 231 controls drive currents so that

25 diode laser 210 emits at a constant intensity. This enables



- 16 - center of the beam) of the wite beam spot on the record

surface is given by Equation (2), if the | aser beam has a uni form
intensity distribution. R =10.82 x [err]/NA

(2) 5 Wen Werr]/Ris greater than 1, that is, when the

wi dt h of the guide grooves or lands is wder than the wite beam
spot dianeter R the differential tracking error signals are

reduced, and tracking deviation increases even if tracking cont rol

I S engaged. In the single-beamoverwite schene 10 i nconpl ete erase
may occur resulting in increase of j+t2%rs of read signals and
hence error rate of read signals. As the record mark witten by the
beam spot havi ng the beam di anet er R has a width of approxinmately R
al so, inconplete erase of old record marks will occur as shown in

FIG 10. The wider Werr] is
one to read record marks and prepits. While these processes

are being performed, spindle motor 228 is rotating optical
disk 207 at a constant angular velocity.
In oxrder to employ the single-beam overwrite scheme
5 in the present embodiment, laser control circuit 231 mbdulates
the intensity of laser diode 210 between the writ power level
and the erase power level. FIG. 18 illustrates a detailed
block diagram for laser drive circuit 231. Wheh reading
information signals on optical disk, control signal L3 having
10 - the Lo level is fed to reference voltage setter 241, which in

turn applies voltage V, only.to_constant—current source 244.
Constant-current source 244 supplies read current I, to diode
laser 210, which emits a laser beam at the read level. When
writing, control signal L3 having the Hi level is fed to
15 reference vbltage setter 241, which in turn applies voltage
V, to constant-current source 242 so that it generates bias
current I,. With bias current I, diode laser operates at the
erase power level. When forming record marks, xreference
voltage setter 241 not only applies voltage V, to constant-
20 current source 242, but also applies voltage V, to constant-
current source 243 so that it outputs peak current I,. At the
same time the modulated signals from write signal processing

circuit 229 switch on and off first switch 240. Thus peak

current I, is superposed upon read current I, and bias current



15 in conparison with R the nore the deviation of the beam spot

I's, causing the error rate to increase proportionally to Werr].

If Werr]/Ris less than 0.34, 1/3 of the beam spot overlaps on the
adj acent track. In the phase transition type optical disk formation
of a record mark starts at the center 20 of the beam spot spreading
toward the circunference and stops normal ly at the taper portion of
t he gui de grooves. If 1/3 of the beam spot overlaps with the next
track, however, a record mark is created on the next track causing
partial erase of a signal there3@nd giving rise to increase of the
read 25 error rate. - 17 -

I,, and diode laser 210 operates switching between the write
and erase powexr levels. Record marks are formed at positions
which are . irradiated with the laser beam having the write
power level. FIG. 19 shows a series of write signals and
5 corresponding laser power outputs, where the Hi level of the
binary write signals is associated with the write power level
of the laser beam and thé Lo level the erase power level.
That is, record marks are formed during write signals are at
Hi levels, while the periods during write.signals being at Lo
10 levels correspond to regions between record marks. Because
erasure is performed when the write signal is at Lo level,
this scheme allows one to write new record marks erasing old

ones with a single laser beam.
Different writing wave forms may be used for lands
15 and grooves. More specifically, for example, V, and V, may be
made variable so that the write and erase power levels for
those two cases arxe different. Thus when the thermal
diffusion characteristics are different for the lands and
grooves, optimum power levels can be chosen for the each case
20 for writing information signals. FIG. 20 shows a reference
voltage setter designed to supply differenf voltages V, and V,
for writing on the lands and grooves. When writing informa-
tion signals on the grooves, control signal L4 induces first
selector 251 to select first cdnstant—voltage source 253, and

25 second selector 255 to select third constant-voltage source



In the present invention an appropriate setting of Werr] as shown

in Inequality (1) prevents read signals from degrading. It allows
one to wite information signals on both gui de grooves and | ands of
even erasabl e optical disk in good 5 condition and provides high
density recording. Secondl y, the thickness of the record

filmis set

to be relatively thin, between 5 nm and 50 nm because

we found that if the thickness is greater than that the heat is not
dissipated in the direction of the thickness but diffused to 10 t he
next information track where record sme3ks-are partially er ased.
FIG 11 illustrates a magnified top view of the optical disk to
explain the next track erasure. Reference nuneral s 141, 142, 143,
and 144 are a record nmark, a guide groove, a |land, and a beam spot,

respectively

. Beam spot 144 15 heats up record film 123 of |and 143,

whi ch el ts &5%-heControl sigheilng3 powitcher ath&eaancnchithigke SHECHRSUS

phase duri ng

10

20

252 and 256. Therefore, voltages V, and V,, are applied to
constant-current sources 242 and 243, respectively, in FIG.
18. Voltages Vy, and.Vﬂ are optimum voltages for erasing and
writing information signals on the grooves. When writing
information signals on the lands, control signal L4 induces
first selector 251 to select second constant-voltage source
254 (voltage V,;) , and second selector 255 to select fourth
constant-voltage source 258 (voltage V,;). Therefore,
voltages V,, and V,, are applied to constant-current sources
242 and 243, respectively, in FIG. 18. Voltages V,; and V,,
are optimuﬁl voltages for erasing and writing information
signals on the lands. Thus, optimum erase and write power
levels of the laser beam are obtained for writing information
signals on both lands and grooves. Therefore, suitable recoxd
marks are created in either case. Hence this scheme allows
one to write information signals in high quality even if the
thermal diffusion characteristic of the lands is different
from that of the grooves. For example, assume that eraée
power levels are P, and P,, for applied voltages V, and Vy,,
reépectively, and that write power levels are P, and P,, for
applied voltages V,, and V,,, respectively. If the land has a
slower thermal diffusion than the grooves, Vy,, Vy, V., and V,,

are set, so that P, > Py, and P,, > P,,. When reading, control



t he cooling process thus formng a record mark. If the record S film

has a good thernmal conductivity, the heat generated at | and 143 by
the beam spot to nelt the record filmthere may 20 di ffuse to guide
groove 142 and erase part of a record mark on groove 142. In the
present invention the record filmis specified to have a limted

t hi ckness so that the overwite operation does not partially erase,
record marks on the next information track. 25

Thirdly, as the reflection filmis made of a netal

- 18 - filmof a high thern®2 €onductivity, the heat is nore
easily

signal L3 switches off second and third switches 252 and 256.
Therefore, only voltage Vr generated by fifth constant-voltage
source 259 is applied to constant current source 244. Diode
laser 210 is driven only_@ith the read current I, supplied by

5 constant current source 244 and emits a laser beam at the read
power level.

Laser drive circuit 231 of the optical information
read/write device of the pfesent embodiment switches the laser
power level of diode laser 10 between the write power level

10 and erase power level according to the write signals, and
optical disk 207 is irradiated with the laser beams having
those levels.' Optical disk 207 has a structure, as shown in
the embodiments i through 4, that reduces incomplete erasure
of record marks and cross talks from adjacent tracks and

15 allows one to perform the single-beam overwrite of information
‘signals in high quality and in high density.

The present embodiment employs laser drive circuit
231 as shown inIFIG. 18. Other type of drive circuit may be
used, in which the write power level is modulatea with pulses

20 of a shorter period as is shown in US patent 5,109,373. This
method creatés record marks of more uniform shape and.improves

the quality of write signals.



diffused in the direction of the filmthickness. Consequent- ly,

erasure of record marks on the next tracks in overwite operation
is prevented by spreading the heat over a wi der 5 —_region of the record
film The preferred enbodi nents of the’ﬁ?egenL\anentlon
wi || be described bel ow Enbodi nent 1

optical disk of this enbodi nent has the sane 10 yg’@mgﬁ wn
in FIG 3.  Substrate 121 is a pol ycar bbn I/

havi ng gui de grooves fornmed in advance. Record f|In112 |§ nade of
a GeSbTe alloy and 25 nm t hick33Protection filns 122 and 124 are
made of a m xture of ZnS and Si2 including 20 nole % Siderr].
Protection films 122 15 and 124 are 110 nmand 18 nm respectively, in
t hi ckness. Reflection film 125 is made of Al and 150 nmthick. The
dept h of the guide groove is approximtely 84 nm

FIG 12 show¥HAR ¥eLLAIMED ISte as a function of Werr]/R for the

optical disk used in this enbodi nent which has
1. An optical 1nformatlon recording medium comprising

a record film which undergoes a local change in the reflect-
ance with irradiation of an optical beam and guide grooves
5 formed in advance,
both said guide grooves and regions between two
guide grooves adjacent with each other being used for
information tracks,.
the depth of said guide grooves in optical length
10 being between approximately A/8 and.l/4.7, where A is the
wavelength of a read optical beam,
the width of said guide groove and the width of said
region between the two adjacent guide grooves being approxi-
mately equal to each other,
15 _ satisfying a relationship given as follows:
0.34 £ W,/R < 1.0,'
wheré R represents the beam diameter of a write
optical beam on said recorxrd film as defined as the diameter
where the intensity reduces to 1/e* of the intensity of the
20 center of said write optical beam, and where W, said width of
said guide grooves.
2. The optical information recording medium of Claim
1 wherein said record film is made of a phase-change type
material that undergoes phase change between an amorphous

25 phase and a crystalline phase.



20

Werr]/R nmust be between 0.34 and 1.0. Wwen W/R-is less than
0.34, the beam spot overlaps with the adjacent tracks and

nen Veer 15 1% geater R 1% The' track oot (MM *

-.19 -
t ake
rat e.

the sane structure as shown in FIG 3. It indicates that so
as to neet the upper limt of 3%error rate of the CD Standard t he

—partially

is wider than the beam spot and intorfpl et en "
pl ace in single-beamoverwite resulting in increase of error

We perfornmed an experinent i n-w3dch signals were

10

15

20

25

3. The optical information recording medium of Claim
2 wherein a dielectric film, a record film, and another
dielectrié film are formed in this order on a substrate, the
thickness of said record film being between 5 nm and 50 nm.
4. The optical information recording medium of Claim
2 wherein a dielectric film, a reéord film, another dielectric
film, and reflection film are formed in this order on a
substrate, the thicknéss of said reflection film being not
less than iO nm.
5. The optical information recording medium of Claim
2 wherein a dielectric film, a record film, another dielectric
film, and reflection film are formed in this order on a
substrate, the thickness of said reflection £ilm being between
5 nm and 70 nm.
6. The optical information recording medium of Claim
5 wherein the thickness of said reflection film is not less
than 10 nm. |
7. An optical information recording medium comprising
a recoxd film which undergoes a local change in the reflect-
ance with irradiation of an optical beam and guide grooves
formed in advance,

both said guide grooves and regioné between two
guide grooves' adjacent with each other being used for
information tracks,

the depth of said guide grooves in optical length



~witten first on a guide groove and then on the adjacent |ands 5 one
thousand tinmes and the error rate of the signals of the gui de

groove was neasured. The result was in agreenment with t he
caoncl usi on nenti oned above. The neasurenent method of the

error rate is descri bed bel ow. The EFM signal s were-written in_the
single- 10 beam overwite schene on an optical disk used in this

embodi nent which was rotating at the rate of 1. mmmﬂﬂ“mmmm“‘ _
signals were wiitten first on a | and andtheno gui de
grooves one thousand tinmes and then thgssignals dn tthet Tand were

r ead. Conpact Disk (CD) Standard uses the EFM 15 signal s which

i ncl ude nine kinds of pulses, 3T ~ 11T, (T represents a period) of
different pulse widths (Refer to the I nternational CD Standard

| EC-908) . The | aser used for readi ng had a wavel ength of 780 nm
The NA of th&edbjdedeetwarn approximatedy53./7Wanded/5h2, netielreDRA 3553 thfe
Kenwood Corporation, 20 Ltd. and nmeasured the nunmber of block errors
per second t ¥avelengty of ghaeada@pidcal beea,

the width of said guide groove and the width of said
region between the two adjacent guide grooves being approxi-
5 mately equal to each other,
satisfying a relationship given as follows:
0.34 < W,/R < 1.0, |
where R represents the beam diameter of a write
optical beam on séid record film as defined as the diameter
10 where the intensity reducés to l/e2 of the intensity of the
center of said write optical beam, and where W, said width of
said guide grooves.
8. The optical information recording medium of Claim
5 wherein said record film is made of a bhase—change type
15 material that undergoes phase change between an‘amorphous
phase and a crystalline phase.
9. The optical information recording medium of Claim
8 wherein a dielectric film, a record film, and another
dielectric film are formed in this order on a substrate, the
20' thickness of said record film being between 5 nm and.SO nm.
10. The optical information recording medium of Claim
8 wherein a dielectric film, a record film, another dielectric
film, and reflection film are formed in this order on a
substrate, the thickness of said reflection film being not

25 less than 10 nm.



Enbodi ment 2 FI G 13 shows a structure of the optical disk

of this enbodi nent. Substrate 121 is a pol ycarbonate substrate. 25

Record film 123 is nade of an alloy of GeSbTe. Protection

- 20 - filnme 122 and 124 are nade of a mixXture of ZnS and—

Sigerr] including 20 nole % Si2 and are 11

respective- ly, in thickness. Werr] is appr$ui‘mmﬂi"ﬁ]mﬂmt] m

the width of _ the taper portion approxinmately W'L¢ he

depth of the 5 gui de grooves approximately 84 nm Wth this structure

in this enbodi mrent we neasured3ghe read error rate as a function
11. The optical information recording medium of Claim

8 wherein a dielectric film, a record film, another dielectric
film, and reflection film are formed in this order on a
substrate, the thickness of said reflection filhlbeing between
5 5 nm and 70 nm.
12. - The optical information recording medium of Claim
11 wherein the thickness of said reflection film is not less
than 10 nm.
13. An optical information read/write device comprising
10 _ (a) an optical system.irradiating an optical infor-
mation recording medium with an optical beam emitted from a
light souxce said optical information medium having record
tracks defined by guide grooves formed concentrically or
spirally on a substrate and lands each defined inbetween two
15 guide grooves adjacent with each other and a record £ilm
formed on record tracks which undergoes a local change in the
reflectance with irradiation of an optical beam,
(b) first means for moving said optical beam along
the direction noxrmal to tracks,
20 (c) second means for relatively moving said optical
beam along the direction of the tracks,
(d) means for detecting the lateral éev;ations of
said optical beém from the information track by measuring the
reflected beam from or transmitted beam through said optical

25 information recording medium and putting out signals associ-



of the thickness of the record film FIG 14 shows the result of
the experinent. It indicates that so as to neet the upper limt of
3% error rate of the CD Standard the fil mthickness—10———must--be-l}ess
than 50 nm |[If it is thinner than 5 nm the film absor bs

r
the | aser beamwhile the thermal radiation is U!ll““ﬂ ﬂl rge.
Consequently, the wite sensitivity (the to form

a.record mark) decreases. There- fore, we nust use a hlgher power

| aser source than a conven- 15 tional diode l|aser, resulting in higher
cost of |asers. Hence the f+I3of thickness Iess than 5 nmis not
a practical choi ce.. For the neasurenment of the
error rate we used the same nethod in this enbodi nent as that used
in the enmbodi nent 20 1. Enbodi nent 3 I n
this enbodi nent we nmeasured the error rate as a function of the

t hi ckness of atigg Widdr gafid geyilationsprefgrred to agliffirgth@ighiaks an A

reflection. filmhaving a high thermal )
%e means for receiving said first signals, invert-

ing the polarity of said first signals so that the polarify
when éaid optical beam is on guide grooves is opposite to the
5 polarity when said optical beam is on regions between two
guide grooves adjacent with each other, and putting out the
modified signals referred to as second error signals, and
- (£) tracking control means for receiving said second
error signals and controlling said optical beam moving means
10 '~ so that said optical beam correctly traces the information
tracks,

(g) means for writing information signals of series
‘of pulses on said information tracks with irradiation of said
optical beam having a light intensity enough for causing said

15 local change to form record marks correspoﬁding to pulse
durations of said informations, .

(h) means for reading said information with
irradiation of said optical beam haviﬁg a light intensity not
dausing said local change, and

20 : (i) optical beam intensity control means- for
controlling the irrédiation light intensity of said optical
beam upon writing said information signal .sof.that the
irradiation light intensity for each pulse space of said
information signal is different from that for each duration

25 of said information signal,



25 conductivity as shown in FIG 3.. Substrate 121 fs a

- 21 -
GeSbTe

pol ycarbonate substrate. Record film 123 is made of a
alloy. Protection filnms 122 and 124 are made of —a-mt xture of

ZnS and Si including 20 nole % SiJerr] and are—tt0 nm and 18

respectively,
150 nm t hi ck.

taper portion approxinmately 0.1 [err]m and the d

e £ et T U~
corv M

$ the guide

grooves approximately 84 nm Wth the Al film playing a roll of a
heat sink the heat can diffuse easily B& -

10

15

20

25

wherein the irradiation light intensity of said
obtical beam upon writing said information signal on each
guide groove is differentiated from that upon_writing said
information signal on each land.
14. The optical information read/write device as- claimed
in claim 13, wherein the depth of said guide grooves in
optical length being between approximately A/8 and A/4.7,
where A is the wavelength of said read optical beam,

the width of said guide groove and the width of said
region between the two adjacent guide grooves being approxi-
mately equal to each other,

having a relationship given as follows:

0.34 < W,/R < 1.0,

where R represents the beam diameter of said laser
beam on said recoxrd film as defined'as the diameter where the
intensity reduces to 1/e? of the intensity of the center of
said laser beam, and where W, is said width of said guide
grooves.
15. The optical information read/write device of Claim
14 wherein said record film of said optical information
recording medium is made of a phase-change type.material that
undergoes phase .change between an amorphous phase and a
crystalline phase.
16. The optical information read/write device of Claim

15 wherein said optical information recording medium has a



the direction of the thickness, and it prevents thermal 10 erasure of

the next information tracks.. FIG 15 shows the result of the
measurement of the error rate as a function of ——___the thickness.of the
record film It indicates that the error rate of this enbodiment is
superior to that shown in FIG 14, wher e an mm”m rmed
in the structure of the optical 15 di sk and tha WHEHBE UF

than 70 nm neets the CD St andar d.

measurement of the error rate we used the - same nethod in this
enmbodi nrent as that used in the enbodi-aSst - 1. 20

Enbodi nent 4 In this enmbodi nent we neasured the error
rate of the optical disk as shown in FIG 3 as a function of the

t hi ckness of the Al film Substrate 121 is a pol ycarbonate
substrate. Record film 123 is nmade of a GeSbTe alloy and 25 nmin

25 t hi cknedtele@rpiecEidm., f Bl ¥gCPrd Zddm oang anpfhenidielgstpie £ilm

formed in this order on a substrate, the thickness of said

record film being between 5 nm and 50 nm.

17. The optical information read/write device of Claim
5 15 wherein said opticél information recording medium has a

(: dielectric film, a record film, another dielectric film, and
reflection film formed in this order én-a substrate, the

"thickness of said reflection film béing not less than 10 nm.
18. The optical information read/&rite device of Claim

10 15 wherein said optical information recording medium has a
dielectric film, a record film, another dielectric film, and
réflection'film formed in this order on a substrate, the
thickness of said reflection film being between 5 nm and 70
nn.

15 19. The optical information read/write device of Claim
18 wherein the thickness of said reflection film is not less
than 10 nm.

20. The optical information read/write device as claimed
in claim 13 wherein the irradiation light intensity for

20 erasing the information written on each guide groove is
differentiated from that for erasing the information written
on each land by said optical beam intepsity coﬁtrgl means.
21. An optical information read/write device comprising

(a) an optical system irradiating an optical infor-

25 mation recording medium with an optical beam emitted from a



- 22 - of ZnS and SiQ2 including 20 mole % Si2 and are 110 nm
and 18 nm respectively, in thickness. Reflection film 125 is nade
of Al. Werr] is approximately 0.7 [err]m the width of the taper

portion approximately 0.1 [err]m and the depth ofmfhe—gukde“u“5___“grooves

“approximately 84 nm FIG 16 shows the result of t measur enment
of the read error rate as a function of the Al l,u%muulmulmmﬁ The
net hod of the neasurenent is the sane as th he
enbodiment 1. FIG 16 indicates that when the thi cknéss Sexéeeds 10
nmthe heat sink effect as 10 nment4oned in the enbodi ment 3 sets in and
the error rate starts decreasing. The reason for the |arger error
rate for : -

light source said optical information medium having recoxd
tracks defined by guide grooves formed concentrically on a
substrate and lands each defined inbetween two guide gfooves
adjacent with each other and. a record film formed on record
5 tracks which undergoes a local change in the reflectance with
( irradiation of an optical beam,

(b) first means for moving said optical beam along
the direction normal to tracks,

(c) second means for relatively moving said optical -

10 beam along the direction of the tracks, | |

(d) means for detecting the lateral deviations of
said optical beam from the information track by measuring the
reflected beam from or transmitted beam through said optical
information recording medium and putting out signals associ-

(- 15 ated with said deviations referred to as first signals,

(e) means for receiving said first signals, invert-
ing the polarity of said first signals so that the polarity
when said opticél beam is on guide grooves is opposite to the
polarity when said optical beam is.on regions between two

20 guide grooves adjacent with each other, and putting out the
modified signals referred to as second error signals, and

(f) tracking control means for receiviﬁg said second
error signals and controlling said optical beam moving means
so that said optical beam correctly traces the information

25 tracks,



the thinner thickness is that the small thermal capacity of t he

fil mcannot take away qui ckly enough the heat generated in the
record film 15 The reflection filnms _nmade of other netals
(Au, Ti, Ni, C, and so on) denonstrated the sane effect over—the
t hi ckness of 10 nm Enbodi ment 5 wll-
describe the optical information 20 read/ wite dH",m" """ aﬂ'\/ m
reading and witing information in the opticak dFs 5 use

enbodi ments of the present invention. FIG 17 illustrates a block
di agram of the opti cal I nforAradion read/ wite device. In the
figure a nuneri cal reference 207 is an optical disk of the present
i nvention, 208 25 an information track which is a guide groove in this
case, 210

(g) means for writing information signals of series
of pulses on said information tracks with irradiation of said
optical beam having a light intensity enough for causing said
local change to form record marks Corresponding to pluse

5 durations of said informations,

(h) means for reading said information iwth
irradiation of said opticla beam having a light intensity not
causing said local change, and

(i) optical beam intensity control means for

10 - controlling the irradiation light intensity of said optical
beam upon writing said information signal so that the
irradiation light intensity for each pulse space of said
informafion signal is different from that for each duration
of said informétion signal,

15 whereby said information signal is written on each
guide groove and land with irrédiation light inténsities
different from each other, respectively.

22. The optical information read/write device as claimed
in claim 20, wherein the depth of said guide grooves in

20 optical 1length being between approxiﬁately A/7 and A/5.2,
where A is the wavelength of a read optical beam,

the width of said guide groove and the.wigth of said
region between the two adjacent guide grooves being approxi-
mately equal to each other, |

25 having a relationship given as follows:



-23 - a diode laser, 211 a collimator lens for collimting the

| aser beamem tted by di ode |aser 210, 212 a half mrror arranged
in the optical flux, and 213 an object |lens for focusing the

collimated optical beamthrough half mrror 212 onto the 5 record
surface of optical disk 207. Reference nuneral 2IZ477s ——————&aphoto
detector for the beamreflected fromoptical disk

transmtted through object |lens 213 and half m rroﬂi@ﬂﬂlﬂl"""lﬁ}ﬂ”loto
detector 214 conprises two photo detectors 214a ands Lo ich are
pl aced parallel to the tracks to obtaig2the tracking 10 error signal.
Ref erence nuneral 215 is an actuator to support obj ect lens 213.

D ode | aser 210, collimator lens 211, half mrror 212, object |lens
213, photo detector 214, and actuator 215 are nounted on a head

base and constitute optical head
0.34 £ W/R £ 1.0,

where R represents the beam diameter of said laser
beam on said record film as defined as the diameter where the

intensity reduces to 1/e* of the intensity of the center of

5 said laser beam, and where W, is said width of said guide
{ grooves.
23. The optical information read/write device of Claim

21 wheﬁein said record film of said optical information
recording medium is made of a phase-change type material that
10 undergoes phase change between an amorphous phase and a
crystalline phase.
24, "The optical information read/write device of Claim
23 wherein said optical information recording medium has a
dielectric film, a record film, and anéther dieleC;ric film
( 15 formed in this order on a substrate, the thickness of said
recoxd f£ilm being between 5 nm and 50 nm.
25. The optical information read/write device of Claim
23 wherein said optical information recording medium has a
dielectric film, a record film, another dielectric film, and
20 reflection film forﬁed in this'ordér on a substrate, the
thickness of said reflection film being not less than 10 nm.
26. The optical information read/write device of Claim
23 wherein said optical information recording medium has a
dielectric film, a record film, another dielectric f£ilm, and

25 reflection film formed in this order on a substrate, the



216. Reference nuneral 217 is a differential amplifier which 15 t he

signals fromphoto detectors 214a and 214b are fed to, and 218 a
| ow- pass filter (LPF) which the difference signals generated at
differential anplifier 217 are fed to. Reference————nureral 62 is a

polarity inverting circuit which receives the ' i r
signals formLPF 218 and the control signal L4 20”““' m ‘mﬂmﬁ
controller 232 to be expl ained bel ow and out puts * C mor ssi @gnals to

tracking control circuit 219. The polarity of the tracking error
signals when the beam spot is on the. 43 - gui de groove is nmade to be
opposite to that when the beam spot is onthe land. If the tracking
error signal fed to tracking 25 control circuit 219 has the sane

polarity as the difference
thickness of said reflection film being between 5 nm and 70
nm.
27. The optical information read/write device of Claim
26 wherein the thickness of said reflection film is not less
5 than 10 nm.
28. The optical information read/write device as claimed
in claim 13 wherein the irradiation light intensity for
erasing the information written on each guide groove is
differentiated from that for erasing the information written

10 on each land by said optical beam intensity control means.



- 24 - signal fromdifferential anplifier 217 i
circuit 219 determines that the beam spot is on a guide groFﬁgiIS SHEETORAS BEEN

information track.  Tracking control circuit 219 has two REPLAQ?D
the output frompolarity inverting circuit 62 and 5 control S|gnal L1
fromsystemcontroller 232 which will be expl ai ned bel ow, and

out puts tracking control signals to drive circuit 220 and traverse
control circuit 226 which will be expl ai ned al so bel ow. Drive
circuit 220 outputs drive currents to actuator 215. Reference
nuneral 221 represents 10 a summ g alplifier which adds the output
signals from photo detectors 214a and 214b. Reference nuneral 222
represents a hi gh-pass filter (HPF) which receives the sum signal
from summi ng anplifier 221 and outputs its high-frequency conpo-
nents to wavef or m shapi ng CIrCUIt 223 to be described below. 15

Ref er ence nuRBEIRAET3 OFg THE\RISCIHOSUREapi ng circuit which recei ves

t he hi gh-frequency congpnen LS f t he sun15|gqﬁls

ide grooves and lands of an optical informa-

tion recording medium constitute information tracks, the depth

of the guide groove being between approximately A/8 and

5 approximately A/4.7 in optical length and the width of the
guide groove being between 0.34R and R, where R represents the

beam diameter of a write laser beam on the record film and the
power for writing information on each guide groove being

differentiated from that for writing information on each land.

This Sheet Has Been Rep
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from HPF 222 and outputs digital signals to read signal processi ng

circuit 224 and address decoder 225. Reference nuner
read signal processing circuit which outputs 20 infornat?gﬂgs ﬁggg%SEEEN
such as voice signals to output termnals 233. Referlence AtREFaR
225 is an address decoder which receives digital signals from-’ '
wavef orm shaping circuit 223 and out.puts address signals to system
controller 232 to be descri bed bel ow. Reference nuneral 226 is a
traverse control 25 circuit which receives control signal L2 from
system control - - 25 -

Fig. 7

—,
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| er 232 to be described bel ow and outputs drive currents t
traverse notor 227 to be described bel ow. Reference nuneral THIS SHEETM BEEN
a traverse notor which noves optical head 216 al ong the . RERVAGED

direction of optical disk 207. Reference nuneral 228 5 is a spindle
notor .for rotating optical disk 207. Reference nuneral 229 is a
wite si gnal processing circuit which receives information signals
such as voice SI é? extérnal input termnals 230 and outputs
wite S|gnals to é%L | aser drive circuit 231 to be described bel ow

Ref erence ral 231 is a laser drive circuit which receives
control signals L3 and L4 fromsystemcontroller 232 and wite
signal s fromwite signal processing circuit 229 and outputs drive
currents to diode |aser 210. Ref erence nuneral 232 is a system
control |l er which outputs control signals L1, L2, L3, 15 and L4 to .
tracking control circuit 219, traverse control circuit 226, |aser
drive circuit 231, and polarity inverting circuit 62, respectively,
recei ving address signals from address decoder circuit 225.
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Now the operation of the optical information
device so configured will be explained with
The | aser beamenitted by di gde | aRERPLATED is

sanme di agram

collimated by collimtor |ens 211, passes through
212, and is focused on optical disk 207 by object

optical beamreflected fromoptical disk 207,
Carr ing information of information track 208 due to

-.26 -
diffrac-

detector 214 by be

/ \

Laser beam: A=780nm
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beam Sprittrer
25 |l ens 213. The

é%? passes through object Iens 213 and is led to photo
splitter 212. The intensities of the

Over coat

Reflection film

2nd protection film

Recording film
1st protection film

Transparent substrate



optical beamincident on photo detectors 214a and 214b are

C .
converted to electrical signals which are fed to differentiglTHIS SHEET HAS BEEN
anplifier 217 and summing anplifier 221. Di fferenti 4l REPLACED

anplifier 217 converts each current input to a voltage signdl, Then
takes their difference, and outputs it in the push-pull signal. LPF
218 filters the push-pull signals and passes 10 their | ow frequency
conmponents to polarity inverting circuit 62 as tracking error
si gnal s. Systen1¢5' (ﬂj er 232 deter- : m nes whet her the present
address sector iS ‘a’land or a gui de groove by referring to the
address map and outputs a i ndi cation signal as L4. Here we assune
L4 to be a Lo level 15 when the beam spot is on a guide groove and a H
| evel when it isonaland. If a start address is for a |and,
polarity inverting circuit 62 changes the polarity of input
signal s, while if a start address is for a guide groove it does not
and then polarity invertin it Tio b Lo outputs the signals to 20
tracklng control circuit 219. Cbrrégggﬁgﬁﬁgﬁ?ﬁzthe | evel s of t he
i nput tracking error signals,.tracking caiMrol circuit 219

Intensity distribution
of recording beam

3 >
Radius direction of disk

~
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outputs tracking control signals to drive circuit 220, whi cj=— I n
turn outputs drive currents to actuator 215 responding to | THIS SHERTEHAS PRQN

signals, the actuator noving object |ens 213 across the 2 t RERIKAC:
correct position. Thus the beam spot correctly -

- 27 - traces the track whether a guide track or |and. A focus
control circuit (not shown) controls the vertical position of

object lens 213 so that the beam spot is always focused correctly
on the optical di Summ ng anplifier 221 converts the
out put current /§7Z7.f55

135

3
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them and then outputs the sumsignals to HPF 222. HPF

out | ow frequency conponents and passes main data si g
address signals in anal og formand outputs to 10 ‘wavef or m shapi ng
circuit 223. Waveform shaping circuit 223 converts the anal og nmain
data and address signals to pul sed signals by data slice using a
fixed threshold and outputs them to read signal processing circuit
224 and addr.ess decoder 225. Read signal processing circuit 224
denodul ates the input }Eégz é;;Iigital mai n data signals, rfo error

signals from photo detectors 214a and 214b'to vol t age Sig”a'S’LTH5’§HE§@ﬁﬂ§BEEN

al.s..and

correction and ot her perations on them and ou nodi fi ed
signal s to output erm nal s as voice signals or ot er fornB of
signal s. Address decoder 225 denpdulg@tes the input digital address
si gnal s, an® outputs to systemcontrBler 232 to provide position

i nf or ma- ZQ tion on the optical disk. That is, when the beam spot
scans rgcord marks, data signal process g circuit 224 receives

dat a o ®R’Qnals, and mhen t he bean1spotos s prepits, address decoder
225 recelveg adgre signals. System contr ol 232 deter-

ctio
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m nes whether the optical beamis on the seeking address or ! PBIS S I |
based on the address signals from address decoder 225. HEFﬁHASBEH“

- 28 - Traverse control «circuit 226 PH+-es
currents, corresponding to the control signals L2 fromsystem

controller 232, .to traverse notor 227 in order to nove the opti cal
head 216 to the target track. During this process 5 control signal L1
fron1systen1con IIer 32 disables the tracki ng servo control
performed by tr ontrol circuit 219. Wen reading, traverse
control circuit 22 drives traverse notor 227, corresponding to the

| ow frequency

: o A/6
__20<>-O—O~O.Ou\

Cross talk value (dB)
l
w
o
D/V
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conponents of the tracking error signals fromtracking contr ol pedOwm : :
circuit 219, to nove optical head 216 gradually in the radial § THIS SHEET HAS BEEN
direction as the readi ng process proceeds. Wiji t e sSRERIBACED
processing circuit 229, when witing, adds error-correctT™hg code-to e
t he signals such as Voi ce signals fed to the external termnals 230

and out puts the coded wite signals to laser drive circuit 231. |If
system oII 232 sets laser drive circuit 231 for wite node by
control signal ZEI drive circuit 231 nodul ates, correspondi ng

to the wite S|gnal the drive currents which are applied to diode

| aser 210 (For exanple the H level of 20 L3 nay represent wite

mode). Thus the | aser beam i ncident on optical disk 207 varies in
intensity corresponding to the wite signals and forns record marks.

For readi ng, however, control signal L3 sets laser drive circuit 231

for read node and laser drive circuit 231 controls drive currents so
that 25 di ode |l aser 210 emits at a constant intensity. This enables

Incomplete erasure of old record marks

Guide
groove
or Land

Newly written record marks Beam spot
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- 29 - one to read record marks and prepits. Wil T{Hfﬁpﬁéﬂ HAS BEEN
Ot &t REPLACED

processes are being perforned, spindle notor 228 is

opti cal di sk 207 at a constant angul ar vel ocity.

In order to enploy the single-beamoverwite scheme 5 in the present
enbodi nent, |aser control circuit 231 nodul ates the intensity of

| aser di ode 210 between the writ power |evel and the erase power
level. FIG 18 ip-kust aies a detailed bl ock diagram for |aser
drive circuit 23/ in readi ng informati on signals on optica

di sk, control signal L3 having 10 the Lo level is fed to reference

vol tage setter 241, which in

Region heated up
Melting point exceeding melting point
of record film Region turned to

amorphous phase
/-\/Thermally diffused region

L\ 143 Land

\ L\142 Guide
Q—\ groove
141 Recording pit

Temperature Region affected by

distribution. heat diffusion
of record film

144 Beam spot
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turn applies voltage V[err] only to constant-current source 3%
Constant-current source 244 supplies read current I[err] to di 648 SHEET HAS BEEN
| aser 210, which enits a |aser beamat the read |evel. Wen REPLACED

witing, control signal L3 having the H level is fed to 15 reference
vol tage setter 241, which in turn applies voltage Vb to
constant-current source 242 so that it generates bias current
lferr]. Wth bia urr I[err] diode | aser operates at the - erase
power | evel. ?déhg record marks, reference vol tage setter
241 not only appI| voltage Vb to constant- 20 current source 242,

but also applies voltage V[err] to constant- . current source 243 so
that it outputs peak current I[err]. At the sanme tinme the nodul at ed
signals fromwite signal processing circuit 229 switch on and off
first switch 240. Thus peak current I[err] is superposed upon read
current I[err] and bias current

—_

<
[\
|

Error rate

fe o0 e me e e am e e e e e e

| 1 >
0 0.34 0.5 1.0 1.5

Width of guide groove/Diameter of the write beam spot
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- 30 - I[err], and diode |aser 210 operates sw tchi Yo

the wite and erase power |evels. Record nmarks are foignme WI@% \é@ HAS BEEN
positions which are irradiated with the | aser beam ha 'ng 1 L\ﬁpﬁpe
power level. FIG 19 shows a series of wite signals and 5 '
correspondi ng | aser power outputs, where the H |evel of the bi nary
write signals is associated with the wite power |evel of the | aser
beam and the Lo ZB erase power |evel. That is, record marks

are formed durin ot ignals are at H |evels, while the periods
during wite signals being at Lo 10 | evel s correspond to regions

bet ween record marks. Because erasure is perforned when the wite
signal is at Lo level, this schene allows one to wite new record

mar ks erasing old ones with a single | aser beam

Different witing wave forns nmay be used for |ands

/ 126 Over coat

124  2nd protection film

{Z}—~-123 Recording film
[ N\122 st protection film

I’”‘

\\\Q\“““,«m

T 727 7))
NN N\K

—~—121 Transparent substrate
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15 and grdoves. More specifically, for exanple, Va and
made variable so that the wite and erase power |evels for S"?EEITM BEEN
two cases are different. Thus when the thernmal i f f BEPIACED ‘
characteristics are different for the | ands and grooves, optinmum
power |evels can be chosen for the each case 20 for witing
information signals. FIG 20 shows a reference vol tage setter
designed to supply different voltages V[err] and V[err] for witing
on the | ands anc}C.'g ?ﬁL When writing informa- tion signals on the
grooves, control Q 4 induces first sel ector 251 to sel ect '
first constant-voltage source 253, and 25 second sel ector 255 to
select third constant-voltage source
- 31 - _
1071 [~
3X 1072 |- mmm e e
_.G_),
g 102
5 ,
T '
!
103 — |
:
) 1
1
10—4 : | | 1 | >
0 5 50
Thickness of the record film (nm)
Fig.15
{
2
o
Le..
L
>
/

Thickness of the record film (nm)
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257. Control signal L3 switches on.second and third sw tches | THiS SHERSRAS BEEN

and 256. Therefore, voltages V[err] and V[err] are applied tp REf ACED
constant-current sources 242 and 243, respectively, in FIG - *é.

Voltages V[err] and V[err] are optinmmvoltages for erasing and 5

witing information signals on the grooves. When witing
information signals on the | ands, control signal L4 induces first
sel ector 251 tonE_el uacond constant -vol t age source 254 (vol tage
Vb2) , and seco 255 to select fourth const ant - vol t age
source 258 (voltage V[err]). Therefore, 10 voltages V[err] and
V[err] are applied to constant-current sources 242 and 243,
respectively, in FIG 18. . Voltages V[err] and V[err] are optinmm
vol tages for erasing and witing information signals on the |ands.
Thus, optinum erase and wite power | evel s of the | aser beam are
obtained for witing information 15 signals on both | ands and grooves.
Therefore, suitable record marks are created in either case.  Hence
this schene allows A
101 -
2
£ 102
S
L0
1073 -
pedl— e
0 10 20 30 40 150

Thickness of reflection film (nm)

_

This Sheet Has Been

H"Illl TR



one to wite information signals in high quality even if the | THIS - N
thermal diffusion characteristic of the lands is different SHEET HAS BEEN
t hat of the grooves.  For -exanple, assune that erase 20 . P ORI FQ
are Plerr] and P[err] for applied voltages V[err] and V[jerr],

respectively, and that wite power |evels are Pl[err] and P[err] for
applied voltages V[err] and V[err], respectively. |f the land has a
sLower ther nal cﬁgffu n than the grooves, Vierr], V[err], Verr], and
Vlerr] so that P[err] > Plerr] and Plerr] > Plerr]. Wen
readi ng, control 32
signal L3 switches of

| -

E

- J{\J_
second and third swt d 256. g i/

Therefore, only voltage Vr gengrated by fiftlh constant-{voljage
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source 259 is applied to constant current source 244. Di ode
210 is driven only with the read current I[err] supplied by TIEG)IS SHEé]aﬁKé BEEN
constant current source 244 and emts a | aser beamat the rehd. REPLACED

power |evel. Laser drive circuit 231 of the optical

i Af or mati on read/ wite device of the present enbodi nent sw tches
the | aser power |evel of diode |aser 10 between the wite power

| evel 10 andigw e;ggrer | evel according to the wite signals, and
optical disk 207 ri( « ated with the | aser beans having t hose

| evel s. Optical disk 207 has a structure, as shown in t he

enbodi nents 1 through 4, that reduces inconplete erasure of record
mar ks and cross tal ks from adj acent tracks and 15 all ows one to perform
t he singl e-beamoverwite .of information signals in high quality
and in high density. The present enbodi nent enpl oys | aser
drive circuit 231 as shown in FIG 18. O her type of drive circuit
may be used, in which the wite power |level is nodulated with

pul ses 20 of.a.shonter.perLod as Js.shown jn US_patent_5, 1Q9 373.

This | 1 ~— 241
—>1 Reference

— 1> voltage setter 243 242 244
ommmmemmemeeeees 1 @/ la ¢lb ¢lr

~— 229
Write signal

. O
processing > \7
circuit '
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met hod creates record narks of nore uniform shape and inpr S SHEET Héé]%EN .
quality of wite signals. _ REP

- WHAT | S CLAIMED I S: 1. An optic

recordi ng nmedi um conpri si ng a record fil mwhich undergoes a | ocal
change in the reflect- ance with irradiation of an optical beam and
gui de grooves 5 formed i n advance, both sai d gui de
gtooves and regi ons between two gui de grooves adjacent with each

ot her being useFTig. 79

______ -- -- Write power level
Laser
ower '
P 1-- -- - -- Erase power level.
-
1 1 { ] ] 1
1 I 1 1 H 1
R 1 1 1 H ]
] 1 1 1 1 1
] 1 ] H 1 i
SRS TP U] Tt SPUpUE R M Read power level
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i nformation tracks, the depth of said gu TYrropy e —
optical length 10 bei ng between approxi mately [err]/8 aﬁﬁls[g%fﬁzgég,rﬁm'
AT

where [err] is the wavel ength of a read optical bepm

the width of said guide groove and the width of said regi on between
__tAe two adj acent gui de grooves being approxi - mately equal to each

other, 15 satisfying a relationship given as foll ows:

0-~34 [err] Werr]/R [err] 1.0, where R represents the

beam di anet er of optical beamon said record film as

defined as the gﬁ” where the intensity reduces to 1/e[err] of

the intensity of t center of said wite optical beam and where

Werr] said width of sai d gui de grooves. 2. The

optical information recording mediumof Caim 1 wherein said record

filmis made of a phase-change type mat eri al that undergoes phase

change between anprphous._ 25 _ _phase and a_crystalline phase.

13 fﬂ- 241
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: T Ans 11y
3." The optical informattion recording nmediumof daim ”ﬁ®£2°&f7b
wherein a dielectric film a record film and anot her o dielectric’
filmare formed in this order on a substrate, the ‘TP iy
record film being between 5 nmand 50 nm 5 4. 5322§§§§§§f£§ﬁﬁz?
i nformati on recordi ng nmedi um of Cl aim 2 whereinijajdielectric film
arecord film another dielectric film and refliedti 28 OCT9%5 e
formed in this order on a suddtrate, the thickngsg_of said
reflection film being not |l ess than 10 nm 10 5. The
optical information recording mediumof C aim

OPTICAL INFORMATION RECORDING MEDIA AND OPTICAL INFORMATION
READ/WRITE DEVICE

ABSTRACT OF THE DISCLOSURE

Both guide groo.ves and lands of an optical informa-
tion recording medium constitute information tracks, the depth
of i:he guide groove being between approximately A/8 and
approximately A/4.7 in optical length and the width of the
guide groove being beﬁween 0.34R and R, where R represents the
beam diameter of a write laser beam on the record £ilm and the
power for writing information on each guide groove being

differentiated from that for writing information on each land.

d



2 mhérein a dielectric film a record film another di el ¢REPLACEMENT SHEET

film and reflection filmare fornmed in this order on a substrat g,
t he thickness of said reflection film being between N
15° 6.7 The optical information recordi ng nedi um of g;gﬁgg?Q9i9
wherein the thickness of said reflection filmis not |esg t-tram-10
nm 7. An optical information recordi ng nmedli um conpri sing

a record filmwhich undergoes a |ocal change in the reflect- 20 ance
with irradiation of an optical beam and gui de grooves formed in
advance, both said guj gde; grooves and regions between two
gui de grooves adjacent with each other being used for . information
tracks, 25 t he depth of said guide grooves in optical |ength

Flig. 7




belng bet ween approxi mately [err]/? and [err]/5. 2, mher
wavel ength of a read optical beam t He

gui de groove and the width of said regi on betwden the two adj a¢enmt

gui de grooves bei ng appr oxi - 5 mately equal to ead
satisfying a relationship given as follows:

[err] Werr]/R [err] 1.0, where R rej
di ameter of a wite optical beapmign said recorc

REPEACEIAE SEET

h {ot & OCT 199
i 0.34
resents t he peam

t he di aneter 10f:y e the intensity reduces to 1l/e[err] of the
intensity of the center of said wite optical beam and where

Werr] said width of sai d gui de grooves.

118
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8. The optical information recording medi um of C
wherein said record filmis made of a phase-change type
that undergoes phase change bet ween an anor phous

crystal l 1 ne phase. 9. The optical infornafijon2&0GT199§
medi um of Ol aim 8 wherein a dielectric film a rjecord film and
anot her dielectric filmare fornmed in this _order|{ on a substrate,

the 20 t hi ckness of said record fiBMbeing between E_nm and 50 _nm
10. The OEF@ formati on recordi ng nmedi umof Caim 8
wherein a diele Im a record film another dielectric film
and reflection filmare formed in this order on a substrate, the
t hi ckness of said reflection filmbeing not 25 | ess than 10 nm

Over coat

Reflection film

ond protection film

Recording film
1st protection film

Transparent substrate

/ \

Laser beam: A=780nm
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36' - 11. The optical information r

FHI-RL 3|
daim 8 wherein a dielectric film a record fi RE?L&,{] bl SHEET !
dielectric film and reflection filmare forngd t1‘|"n“'t'“f‘i““s ord‘érioi a
substrate, the thickness of said reflection film beind miand
70 nm 12. The optical information recor di %E’)&;"@PQ lm
11 wherein the thlckness of said reflection fillmis nqt S w»—-tih N
10 nm ) An optical inforngtji-on read/ wite device conpri S‘,I ng
10 q/1;@<3%optical systemirradiating an ‘eptitcat—TNf 0f -
mation recordin «mw th an optical beamemtted froma l'i ght
source said optical information nedium having record tracks defined
by gui de grooves forned concentrically or spirally on a substrate
and | ands each defined i nbetween two 15 gui de grooves adjacent with

.each other and a record film

Light intensity

Intensity distribution
of recording beam

Guide groove

Taper portion

Radius direction of disk



formed on record tracks which undergoes a | ocal change
refl ectance with irradiation of an optical beam

first means for noving said optical beam al ong the¢ direction nofm
to tracks, 20 (c) second neans for rel atilvel y2 80QChd9%&i ¢l
opti cal beam al ong the direction of the tracks, .

(d) neans for detecting the |ateral deviations of sal d optical be
fromthe information track by neasuring bHa7 refliect ed beam fraom
transm tted beam-throygh said optical 25 i nformation recordi ng nmedi um
and putting out?gbgya associ -

- 37 -

131 182 133
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ated with said deviations referred to as first signals, REPLACE\@ENT QHE}:T
(e) neans for receiving said first signals, invert-
polarity of said first signals so that the polarity
optical beamis on guide grooves is opposite to the 5

said optical beamis on regions between two gui
with each other, and putting out the nodi fied signhals referred td
as second error signals, and (f) tracksrg—eonrtrot—mreans
for receiving said second errog/ghrgnal s and controlling said
opti cal beam novi ng nmeans © so that said optical beamcorrectly traces
the information ggc@ (9) nfa_y\ ﬁ writing
information signals of”s of pul ses on said i or'mati on tracks
W th |rrad_JEat|on of said optical be having a light intensity
enough forggausing said 15 | ocal change &0 formrecord narks
corresponding to pul se durations of sal d i.nformations,
(h) means gor )r\eadl ng said information with § A
"g lo -g lo
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i rradiation of said optical beam having a |ight intensi

causing said | ocal change, and 20 (i) o RE@@ CEMEM SHEET
intensity control nmeans for controlling the ifrfadi ati on |i ght
intensity of said optical beam upon witing s d 218 QCTeH09HN
signal so that the irradiation light intensity ffor each pul se
space of said informati on signdf1l7s different fromtThat Tor each
duration 25 ,said information signal, ,
- 38 - vg wherein the irradiation light intensity of said
optical beam upon Iting said informati on signal on each

' Al6
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e

gui de groove is differentiated fromthat upon witing Sdﬁ ; ;:ﬁ‘"s gw;*;t
i nformati on signal on each | and. 5 14. The TE%QL Sk *\‘; oﬁ

read/ wite device as cl ai ned in claim13, whereiln the depth of daitd
gui de grooves in optical |ength being between apprloxi2nfail y19f3§rr]/8
and [err]/4.7, where [err] is the wavel ength of isd d read&pﬂ_ggl
beam the w dth of saig ?,}u de groove and the w dth of
said 10 regi on between the two adjac h gui de groov i i
mately equal to ﬁ@ o}'l@r having a rel ati onship given
as foll ows: 0.34 [err] Werr]/R [err] 1.0, -

where R represents the beam di anet er of said |laser 15 beam on sai d
record filmas defined as the dianeter where the intensity reduces
to 1/e[err] of the intensity of the center of said | aser beam and
where Werr] is said wwdth of said guide gr ooves. 15.

The optical information read/wite device of aim 20 14 wherein said
record filmof said optical information

Incomplete erasure of old record marks

Guide
groove
or Land

Newly written record marks Beam spot



recording nmediumis nmade of a phase-change type materi g T
under goes phase change between an anor phous phase and eRE?thEMElWIS T
phase. 16. The optical information read/ wilte device of

25 7 15 wherein said optical information recordi ng mgdijunRta9CT 1996

- 39 - ~dielectric film a record film and gngther dielectrifc’
film forrred in this order on a %lbktrate, the tthickness of said i
record film bei betvveen 5 nmand 50 nm 17. The optical ...
i nformation rea(;& ewce of Claim

Region heated up

Melting point exceeding melting point

of record film HRegion turned to
amorphous phase

2 /\/Thermally diffused region

- 143 Land

L\142 Guide
(__\ groove
5 141 Recording pit

Region affected by
heat diffusion

144 Beam spot

Temperature
distribution
of record film

fne



5 15 wherein said optical information recordi ng nedi unys;
dielectric film a record film another dielectric film ;
refl'ection filmfornmed in this order on a substrate, the !
of said reflection filmbeing not |ess than 10 nm 182 8 ocﬂggg
optical information read/wite device of daim 10 15 erein said i
optical information recordi ng medi um hag/az dielectricTiTm " a ™
record film another dielectric film and reflectliion filmfornmed. i
this order on a zgt , the t hi ckness of said reflection film
bei ng between 5'n nm 15 19. The opti cal
information read/ wite device of Claim 18 wherein the thickness of
said reflection filmis not |ess than 10 nm 20. The
optical information read/wite device as clained in claim13
wherein the irradiation light intensity for 20 erasing the information
written on each guide groove is differentiated fromthat for erasing
the information witten on each land by said optical beamintensity
control neans. ' :
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2‘1. ' An optical information read/wite device conpri ,
(a) an optical systemirradiating an optical inf or- ZSWEP&NT SHEET
recording nediumw th an optical beamemtted froma _

- 40 - | i ght source said optical information jmedi

record tracks defined by guide grooves fornmed c ncen?ﬁmwgn a
substrate and | ands each defi ned i nbet r@?%two gui de graovb-b '
adj acent with e oth and a record Tiimforned on recdord = 5 tracks
whi ch under goes?ggg_cféchange inthe reflectance with Irradratror
of an optical bea (b) first nmeans for noving said

opti cal beam al ong

/ 126 Over coat

2nd protection film

Recording film

1st protection film

Transparent substrate

/ \

Laser beam: A=780nm



the direction normal to tracks, _(c) segen "“"ENE'GSHEET

relatively nmoving said optical 10 beam al ong the dir ERE
tracks, . (d) nmeans for detecting the |ajefal deviations #f
said optical beamfromthe information track by neasurinp he2 8 OCT 1996
refl ected beamfromor transmtted beamthrough said opt}cal
information recordi ng nmedi um and puttig/ppt signals asspc 15 at-ed
with said deviations referred to as first signals, (e)
means for I‘ECEIH sar first signals, invert- mg-the porarity o
said first sign that the polarity when said optical beamis
on gui de grooves is opposite to the polarity when said optical beam
is on regions between two 20 gui de grooves adjacent with each ot her,
and putting out the A nodified signals referred to as second error
signals, and (f) tracking control neans for receiving
sai d second errorfsignals and controlling said optical beam noving
nmeans 'so that saild optical beamcorrectly traces the information 25
tracks, | 10-1 — _
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;'41_
series
said . . op

| ocal change to

of said informations, (h) neans for rlegding said

(g) means for writing infornatiigEpsi Blg

of pulses on said information tracks with i 15HEET
tical beamhaving a light intensity enough {fdr causi ng saig
f-ormrecord marks corresponding to pluse q 280C1998s |

information iwth irradiation of said opticla beamp having a TTgnht

intensity not
optical beamin
light intensity

, sing said | ockl/¥hange, and , (i)
Jgaéytjfggntrol means for 10 controlling the irradiation
of "said opti cal -
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beam upon witing said information signal so that the o i:ﬁ gt ko
i nf o%%ﬂ“}{ L@g‘h‘aﬁ

light intensity for each pul se space of said

different fromthat for each duration of said inforiation signal,| |
15~ whereby said information signal is wi tteiﬁ (%)n 28c0CT 995 |
-guide groove and land with irradiation light intensities | j differen; |
fromeach other, respectively. 18217 The opti c{al information f
read/ wite devi gg as\gl ai ned in claim20, whereintthe-depth._of .saidi
gui de grooves i ”®N optical |length being between approximately [err]/7
and [err]/5. 2, where [ en ' ' beam
the width of said guifde grooveland the width of said regi an bef ween
the two adj acent gui dp grooves jbei ng appr oxil- ngt e equal®™Nt o ach
other, 25 avimg a yel ati onshi . pi ven as |f ol { ows:
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:‘42l- E 0.34 [err] Werr]/R [err1 10

where R represents the bean1d|aneter of said | aser
record filmas defined as the dianmeter where the

to 1/e[err] of the intensity of the center of 5 Sé
where Werr] is said width of said guide groovesy.
The optical information read/wri te deviggpf Caim

record film of s i nformation recordin

a phase-change t éghg? |aI that 10 under goes phas

anor phous phase an crystalline phase.
optical information read/ wite device of Claim
optical information recording nmedium has a

TREPLASEMBNTS

g nmediumis made

SHEET|

y reduge

lIJ lﬁ%ﬁbCﬁgggb n

ehangeerWeen an

24.

The

23 wherein said

- e ma mn we em Gm G s Bm wm T B Gm G S S M Em G Gt b G e Gm G Gm e e e G G v e e e e e e

——>1  Reference -
L4 1S lvoltage setter — 243 ] , 242
!
mmmmmmmmmsmseosees ; laE Lo
: év \
: 240
~— 229 DS
Write signal ' é
processing ———> \)
circuit :
{
231~ !

5'210

o] o o e e om s e w e G Am e A hm e e et v we W ww ww v Em e

Y

1



diel ectric film a record film and another dielectric f REBLPﬁx\ﬁu.forrred
in this order on a substrate, the thickness of said record film | :

bei ng between 5 nm and 50 nm 25. ~ The optica nf B qu%
read/vwirite device of daim 23 wherein said optical {nfoornmation l
recordi ng nmedi um has a dielectric film a record til

dielectric film and 20 reflection filmformed in this order on a
substrate, the t hi ckness of said ¥éeflZ%ection filmB&ng not [ess than
10 nm (ij The optical information read/wite device of Claim
23 wherein sai CIQFCLQI nformation recording nmedium has a

dielectric film a record film another dielectric film and 25
reflection filmfornmed in this order on a substrate, the

______ - - Write power level
Laser
power | _ - -- -- Erase power level
S T T T
! | ! 1 I !
! t ! 1 ! !
| f ' i 1 1
! I ! 1 1 I
1 ! ! 4 ! !
U TPUpU ) e IS N - Read power level
— >
Lo b b Time
1 1 1 ! t t 1 !
1 1 1 ! 1 1 1 !
1 i 1 1 1 I 1 :
Hi : 1 ] 1 ] ! 1 .
Write signal 1 :
Lo- :



- 43 - . t hi ckness of said reflection film being
70 nm 27. The optical information r
of Claim. 26 wherein the thickness of said reflect
les§ 5 than 10 nm - 28. The optical info
devi ce as cl ai ned in claim13 wherein the irradia
intensity for erasing the information witten on
i s differentiated fromthat fd7/d7asing the infor

on each | and byffal d ?D cal beamintensity control neans!
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