SPECI FI CATI ON RECORDI NG METHOD AND RECORDI NG UNI' T FOR OPTI CAL | NFORVATI ON
TECHNI CAL FI ELD The present invention relates to a recording nethod and a
recording unit for an optical. disk which records and reproduces information
at high speed and with high density by enpl oying an optical neans such as a
| aser beam BACKGROUND ART Techni ques for reproducing or recording

hi gh-density information by maki ng use of a | aser beamare well known and
mai nly put to practi SBECEESCATION i cal disks. Optical disks can be
classified rou hlé into a read-only type, a wite-once read-nmany type, and
a rewﬂﬁ%@Il‘gpﬁ.TR@Bdwm ?W&P}X\% I FPH RPTHCH: a@?%’ﬁi@? f or
exanpl e, as conpact disks and | aser disks, and wite-once read-mny and
rewitabl e types have been put to practical use as docunent files, data
files, and so forth. Furthernore, rewitable optical disks mainly include
nagmﬁ?FQHH¥ EEHLBhase change types. Phase change type optical disks
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reproduces information at high speed and with high density by
employing an optical means such as a laser beam.

BACKGROUND ART ‘

Techniques for reproducing or recording high-density
information by making use of a laser beam are well known and
mainly put to practical use as optical disks.

Optical disks can be classified roughly into a read-only
type, a write—-once read-many type, and a rewritable type.

Read-only types have been put to practical use, for
example, as compact disks and laser disks, and write-once
read-many and rewritable types have been put to practical use
as document files, data files, and so forth.

Furthermore, rewritable optical disks mainly include
magneto—-optical and phase change types.

Phase change type optical disks take advantage of the
fact that a recording layer gives rise to reversible state
changes, for example, either between an amorphous state and a
crystal state or between a crystal state and a different
structural crystal state, by irradiation of a laser beam or
the like. That is, at least one of a refractive index or an
exhaustion coefficient of a thin film changes by laser light

irradiation and performs recording, then the amplitude of the



the Iike. That is, at |east one of a refractive index or an exhaustion
coefficient of a thin filmchanges by laser light irradiation and perforns
recording, then the anplitude of the 5 ~2- transmtted or reflected |ight
changes at this portion, and the resultant change in the anpunt of the
transmtted or reflected Iight which |eads to a detecting systemis
detected and a signal is _reproduced. Note that an alloy of Te, Se, In, and
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state.

Also, in phase change type optical disks, l-beam
overwrite can be employed to overwrife a recorded mark. The
l1-beam overwrite is a method of recording a new signal while
erasing a previously recorded old signal, by modulating a
laser power between a recording power and a bias power (also
referred to as an erasing power) lower than the recording
power by a recording signal and then irradiating onto a signal
track. The overwrite itself requires two levels: a recording
power level and a bias power level, but if recording, erasion,
and reproduction are taken into consideration, there will be
required three levels: a recording power level, a bias power
level, and a reproducing power level.

For example, in crystalline-amorphous phase change type
optical disks, the region irradiated with a recording level is
rapidly cooled after melting, whether the original state is
amorphous or crystalline, and therefore the region becomes
amorphous. The region irradiated with an erasing level rises
to more than a crystallizing temperature, so it is
crystallized regardless of the original state and a new signal

is overwritten.

On the other hand, in a recording reproduction unit for



required three levels: a recording power |level, a bias power level, and a
repr oduci ng power |evel. For exanple, in crystalline-anorphous phase change
type optical disks, the region irradiafed with a recording level is rapidly
cooled after nelting, whether the original state is anorphous or
crystalline, and therefore the regi on becones anorphous. The region
irradiated with an erasing level rises to nore than a crystallizing
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new signal is overwitten. On the other hand, in a [ecordin% r epr.oducti on
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optical disk:.a nethod (CLV) of rotating a disk so that . linegr velocities
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enpl oyed ip_the external mory for conputers, CAV is used because it takes
time t8°9§£9n h80 rW§¥EQ%ﬁ%1uions of the disk. In this case the

For example, in the case where high-speed access is
required like data files which are employed in the external
memory for computers, CAV is used because it takes time to
vary the number of revolutions of thé disk. In this case the
linear velocity in the circumferential direction of the disk
becomes faster at the outer circumference and slower at the
inner circumference.

Also, there are two types of recording modulation: mark
spacing modulation (also referred to as mark position
modulation) and mark length modulation(also referred to as
mark edge modulation).

Mark spacing modulation recording varies mark spacing to
perform recording and, when reproducing, detects the position
of a mark to detect a signal.

Mark length modulation recording records marks with
various lengths at various mark spacings and, when reproducing,
detects the positions of both ends of a mark to detect a
signal. Mark length modulation systems can have high density
which is théqretically twice that of mark spacing modulation
systems.

Laser recording onto phase change type optical disks is
theoretically heat mode recording, so in the case where a long

mark is recorded, the trailing end of a mark becomes thicker



| i near velocity in the circunferential direction of the di sk becones faster
at the outer circunference and slower at the inner circunference. Al so,
there are two types of recording nodul ati on: mark spaci ng nodul ati on (al so
referred to as mark position nndulafiénf and mark | ength nodul ation(al so
referred to as mark edge nodul ation). Mark spaci ng nodul ati on recording
varies mark spacing to performrecordi ng and, when reproduci ng, detects the
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recor s wth various |lengths at various mark spaci ngs and, when
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of a mark becones thicker -4- than the | eading end due to a heat

accunul at i phefd fiste pnint bhe aforementioned mark length modulation
system, there has been proposed a recording method (also
referred to as multi-pulse recording) which coestitutes a
recording waveform for forming a single record mark by a
recording pulse train which consists of a plurality of pulses
(for example, Japanese Patent Laid-Open Application No. 3-
185628). With this, as compared with a method of recording by
a single pulse, the heat that a recording f£ilm receives can be
controlled, so the configuration of a mark is not asymmetrical
with respect to the leading and trailing edges of the mark as
'in the case of a single pulse, and the mark configuration
becomes satisfactory.

However, even in a multi-pulse recording system such as
the aforementioned, if mark spacing is narrowed for a high-
density requirement, thermal interference will arise between
marks and therefore the length or configuration of the mark
will be varied.

As a method of improving this, Japanese Patent Laid-Open
Application No. 7-129959, for example, has been proposed. 1In
the publication, the amount of thermal interference is
predicted and, in the aforementioned multi-pulse recording,
the positions of the start portion and the end portion of a

recording pulse train are changed by the length of a mark to

be recorded and the spacing between marks so that thermal



mark is distorted in the formof a tear drop, and consequently, a

repr oduced waveformis al so distorted and the positions of both ends of the
mark will be shifted. Therefore, in_t@e_aforenentioned mark | ength

nodul ati on system there has been proposed a recordi ng nethod (al so
referred to as nmulti-pul se recording) which constitutes a recording
waveform for formng a single record mark by a recording pul se train which
consi sirsterf ferghceabetyeen parkss i quppressed Ingakbat igeal Lai d- Open
Application No. 3- 185628). Wth this, as conpared with a nmethod of

recor dimaragterishire presmadehsatdfAfagk@r®- recording fil mreceives can be
controlled, so the configuration of a-mark is nqot asymmetrical w th'respect
to the | eadhkip antint}aPepmgoNesWEise thensmhas,deep ibertidedo? a single
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narrowed for a high- density requirenent, thermal interference wl/l| arise
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Furthermore, in multi-pulse recérding systems there has
also been proposed a recording method which adds laser light
irradiation at a power lower than a bias power (for example,
Japanese Patent Laid-Open Application No. 6-295440).

Also, there has been proposed a recording method where
irradiation time at a cooling power (hereinafter referred to
as cooling-power irradiation time) is varied by mark spacing
(for example, Japanese Patent Application No. 5-80491).

In the case where light from a light source such as a
semiconductor laser, for example, is irradiated to a so-called
optical disk (such as an optical disk using a rewritable phase
change material) to cause physical state change so that a
signal is recorded, the temperature of a recording layer
reaches several hundred degrees and a thin film for recording
is molten, by heat resulting from the light of the light
source.

Therefore, by superposing the number of overwrites, that
is, cycling the overwrite many times, signal degradation
arises due to thermal damage.

The cause of the signal degradation includes the



the positions of the start portion and the end portion of a recording pul se
train are changed by the length of a mark to be recorded and the spacing
bet ween marks so that thermnal -5~ pnterference between nmarks is
suppressed and that signal characteristics are nade satisfactory. Also, in
1- beam overwrite there has been provided a recordi ng net hod which nDduIates
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l'ight SO ey UsBr 88rAing many cycles and therefore both a thick
recording layer and a thin recording layer are produced on the
same track. Consequently, the reproduced signal waveform will
collapse and a signal cannot be reprbduced at that portion.
In any event, when the signal degradation due to many cycles
is large, the applications of optical disks will be limited by
the signal degradation.

Also, in the case where, in an optical disk unit, light
is irradiated to cause physical state change by a
semiconductor laser, for exémple, in the case where a signal
is recorded in an optical disk employing a rewritable phase
change material, the configuration of a recorded mark will
vary depending ﬁpon the manner in which a recording layer
heated by laser light is cooled.

That is, in the case where heat is held internally, a
recording layer which was once molten will not be made
amorphous but it will be crystallized. Consequently, a
recorded mark becomes-smaller or is distorted in shape, so the
quality of a reproduced signal is degraded.

Then, in the case where a conventional cooling pulse is
adopted, the heat staying at the rear end portion of a mark is
reduced and therefore it becomes easy to make a record mark

amorphous, but in some cases where the cooling speed is



sem conductor | aser, for exanple, is irradiated to a so-called optical disk
(such as an optical disk using a rewitable phase change material) to cause
physi cal state change so that a sigral7 i-<s recorded, the tenperature of a
recordi ng | ayer reaches several hundred degrees and a thin filmfor
recording is nolten, by heat resulting fromthe Iight of the light source.
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the rear end and therefore mark distortion is rather caused or

an unerased portion arises by overwrite.

In the case where higher-densit& recording is considered,
the symmetry between the front end portion and the rear end
portion of a mark is not sufficient, so a jitter, reproduced
after overwriting, is large and the quality of a reproduced
signal is not sufficient.

Also, in mark spacing modulation recording, by adding a
cooling pulse, a large mark is forméd and a C/N ratio is
increased so that satisfactory signal quality can be realized.
Here, the C/N ratio is a ratio between a carrier level and a
noise level.

However, depending upon the condition of the cooling
power, sometiimes overwrite characteristics are degraded. This
is probably because a record mark is excessively enlarged in
the lateral direction and theréfore an unerased portion arises
by overwrite.

The present invention provides a recording meﬁhod and a
recording unit which are capable of finely controlling heat
cooliﬁg conditions at the rear end of a recorded mark so that
the mark can be formed into a desired shape, further enhancing

the quality of a reproduced signal, and alleviating thermal



In any event, when the signal degradation due to many cycles is large, the
applications of optical disks will be limted by the signal degradation.

Al so, in the case where, in an optiecag disk unit, light is irradiated to
cause physical state change by a sem conductor |aser, for exanple, in the
case where a signal is recorded in an optical di sk enpl oying a remwitable

phase change material, the configuration a recorded mark var
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is cooled., Th t is, in the case where heat is held internally, a recording

| ayer HpFain once nolten wll not be nmade anorphous but it will be
crystallized. Cbnsequently, a recorded mark becones snmaller or is distorted
i n shape, so the quality of a reproduced signal is degraded. Then, in the
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-7- excessively Incre at the rear ortion, the anorphous
achieving the aforementioned object is a recording method

wherein, in mark length modulation recording and mark spacing
modulation recording, after laser light irradiation at
_ recording power, a laser power is reduced to a cooling power

lower than a bias power, and after it is held for a
predetermined time, the laser power is again raised up to the
bias power. In the recording method, laser light irradiation
at the bias power is performed between the laser light
irradiation at the recording power and the irradiation at the
cooling power immediately after the recording power.

Also, for the mark length recording, in a recording
method where after laser light irradiation at a multi-pulse,
laser power is reduced to a cooling power lower than a bias
power and where after it is held for a predetermined time, the
laser power is again raised up to the bias power, at least one
of cooling-power irradiation time or cooling-power start time
is varied according to the length of a mark which is recorded.

Also, in the mark spacing modulation recording, cooling-
power start time is varied according to the radius of a disk
in CAV mode.

Also, in the mark length modulation recording, at least
one of cooling-power irradiation time or cooling-power start

time is varied according to the radius of a disk in CAV mode.



region will be larger than the front end portion of the mark. Furthernore,
there are cases where overwite characteristics are degraded dependi ng upon
the conditions of a cooling power anrdothe irradiation tinme. This is
probably because a recorded mark is excessively enlarged laterally at the
rear end and therefore mark distortion is rather caused or an unerased
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overwite. e present 1 nvention provides a recording nethod and a
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light irradiation at a bias power is performed between the end
edge pulse of the aforementioned recbrding pulse train and the
laser light irradiation at a cooling power.

In addition, in the case where, in mark length modulation
recording, a recording pulse train comprises a start edge
pulse, an end edge pulse, and pulses which are switched
alternately with a cycle less than one cycle of a data clock
between the start edge and end edge pulses and where the
positions of the start edge pulse and the end edge pulse of
said recording pulse train are changed in accordance with the
length of the record mark and the spacing between the record
marks, laser light irradiation time at a bias power is
constant, and regardless of the position of the start edge
pulse or the end edge pulse of the recording pulse train, the
time up to the laser light irradiation which is performed at a
cooling power is constant after the start of the laser light
irradiation of the end edge pulse of the recording pulse train,
the timing of the laser light irradiation start time at the
cooling power is based on a clock.

Also, a storage unit for realizing the aforementioned

recording method comprises: a start edge pulse generation



cooling conditions at the rear end of a recorded mark so that the mark can
be formed into a desired shape, further enhancing the quality of a
reproduced signal, and alleviating thernal -8- damage so that
satisfactory cycle characteristics™c be obtai ned. DI SCLOSURE OF THE

I NVENTI ON A recording nmethod according to the present invention for

achi eving the aforenentioned object is a recording nethod wherein, in mark

| engt i @tvieiich €§eherBtleand BRal S RaYeN pulid hatviiony reecxontantaf t er
| aser I1ght irradiation at recording power, a |aser power is reduced to a

cool i Rgs pAyest | AWetatBaadgebpasirdver ofanthenfitiagh igeriodiedf the data;
predetermned tine, the |aser power is again raised up to t he bi as power.
I'n the nagesi @ataEEéﬁdrah:a&ﬁ_r clirghiiti whadiltderremtash e bhusspogate s
performed between the laser light irradiation at the recording power and
the i rgpgh#li e atmilialeopbeigipaver itieedisatic whert ttdhe thigh ceeriitdg pover .
Al so, for the mark length recording, in a recording method where after
| aser ¢f gttiei daddi Aki Gonat andnwhiichp gesmrdtempdmrst sgakelugdanad a
cooling power |ower than a bias -
when the high period of the data is short; an end edge pulse
generation circuit which generates an end edge pulse having a
constant width at an end edge position of the high period of
the data; a mark/space length detection circuit which
generates an nT mark signal including said start edge pulse
and said end edge pulse when the high period of the data has n
clocks and which generates an mT mark signal including said
end edge pulse and said start edge pulse of both edges of the
space when the low period of the data has m clocks (where n
and m are natural numbers existing in a data string); an
encoder which generates a select signal, which is for
controlling a start edge selector to be described later and an
end edge selector to be described later, from said nT mark
signal and said mT mark signal; a cooling-pulse generation
circuit which generates a cooling pulse having a constant
width from a delayed end edge pulse which is from a
programmable end edge delay line to be described later; the
start edge selector which selects and outputs one from a
plurality of start edge values by said selector signal; a
start edge sample/hold circuit which updates a start edge set
value output of said start edge selector only when said start

edge pulse appears and which holds a previous value when no

start edge pulse appears; a programmable start edge delay line



power and where after it is held for a predetermned tinme, the |aser power
Is again raised up to the bias power, at |east one of cooling-power
irradiation time or cooling-power Sliii time is varied according to the

|l ength of a mark which is recorded. o, in the mark spacing nodul ati on
recordi ng, cooling- power start tine is varied according to the radius of a
disk in CAV node. Also, in the mark | ength nodul ation recordi ng, at |east
one ofwisbehi vgrpesca guantiidly @f deimyprbyodie ngtaobeedge asett vaktues vari ed
according to the radius of a disk in CAV node. -9- Furthernore, in the
case whtrehei outpuk béEngalidnetart iealge exampl evthokd retoedibgapd| wbichai n
conprises a start edge pul se, an end edge pul se, and pul ses which are

sw t cheutplhiter aatelayeid: starty ddgd qusl sehawrhere $3ibd csbirt edge phise
between the start edge and end edge pul ses, laser light irradiation at a

bi as pbewedelayed;f theeend edge selactax géhich sselbecescand opvhPutBoned
recording pulse train, or laser light irradiation at a bias power is
per f oromel fromesnpilhradidyedfe end wdag vakues dp¥neaidopelieetedrdi ng pul se

train and the laser light irradiation at a cooling power.
signal; an end edge sample/hold circuit which updates an end

edge set value output of said end edge selector only when said
end edge pulse appears and which holds a previous value when
no end edge pulse appears; the programmable end edge delay
line which varies a quantity of delay by the end edge set
value of the output of said end edge sample/hold circuit and
then delays said end edge pulse and which outputs a delayed
end edge pulse where said end edge pulse is delayed; a
cooling-pulse delay line which varies a quantity of delay of
said cooling pulse and outputs a delayed cooling pulse; an AND
gate which performs a logical product between said burst pulse
and the clock and outputs a burst pulse; an OR gate which
performs a logical sum between said delayed start edge pulse,
said burst pulse, and said delayed end edge pulse and outputs
a recording signal; an inverter which inverts the cooling
pulse signal which is from said cooling-pulse delay line; a
bias current source which supplies a bias current of a laser
diode to be described later; a recording-current source which
supplies a recoding current of the laser diode in parallel
with said bias current source; a light-reproducing current
source which supplies a light reproducing current of the laser
diode in parallel with said bias current source; a switch

which turns the current of said recording-current source on



In addition, in the case where, in mark I ength nodulation recording, a
recordi ng pul se train conprises a start edge pul se, an end edge pul se, and
pul ses which are switched alternately;sith a cycle | ess than one cycle of a
data clock between the start edge and end edge pul ses and where the
positions of the start edge pul se and the end edge pul se of said recording

pul se train_are changed in accordance with the, length.of the record mark
and tHﬁ“tpaﬁfnBYbé?&geﬁeFﬁEqAQQNQFqﬁﬁqki 4&E¥Rt??gﬂglFLrgHF§Figﬁetine at a
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Also, another storaQe unit for realizing the
aforementioned recording method comprises: a start edge pulse
generation circuit which generates a‘start edge pulse having a
constant width at a start edge position of the high period of
the data; a burst gate generation circuit which generates a
burst gate signal at a middle position of the mark when the
high period of the data is long and which generates no burst
gate signal when the high period of the data is short; an end
edge pulse generation circuit which generates an end edge
pulse having a constant width at an end edge position of the
high period of the data; a mark/space length detection circuit
which generates an nT mark signal including said start edge
pulse and said end edge pulse when the high period of the data
has n clocks and which generates an mT mark signal including
said end edge pulse and said start edge pulse of both edges of
the space when the low period of the data has m clocks (where
n and m are natural numbers existing in a data string); an
encoder which generates a select signal, which is for
controlling a start edge selector to be described later and an
end edge selector to be described later, from said nT mark
signal and said mT mark signal; a cooling-pulse generation

circuit which generates a cooling pulse having a constant



a burst gate generation circuit which generates a burst gate signal at a

m ddl e position of the mark when the high period of the data is |ong and
whi ch generates no burst gate signal when the high period of the data is
short; an end edge pul se generation circuit which generates an end edge
pul se having a constant width at an end edge position of the high period of
the data; a mark/space Ig;gth detection circuit mhichagenerates an. nT nark

si gnal Wigthufren & @ngt fdoe RyElsR  wRichwas; quERHtefrom,fadd @R t he
hi gh period of the data has n ¢l ocks and whi ch generateg an mr si gnal
ol L AEe BB SEn deBRTE I LRI LG; Jehe P EAEhEATR, SEIEE N MR, of

e SPESTURSn e RSl 5L Sfr b SPLEChRS R SOSka (et g o e
oot IR, P8l G AP, S SRR B 02, i
B e R N e By g R N
e et by, Vi B LPHEIEOAS,8 B, PR AkpL B ity o Do
2o PRI o PRl e e St 3 EpLeckbenhutap sbeSi 02, |
start SAgE SMhEPIY sVt Wk SHithyiRife which varies a quantity of

delay by the start edge set wvalue oflthe output of said start

edge sample/hold circuit and which outputs a delayed start

edge pulse where said start edge pulse is delayed; the end

edge selector which selects and outputs one from a plurality

of end edge values by said selector signal; an end edge

sample/hold circuit which updaﬁes an end edge set value output

of said-end edge selector only when said end edge pulse

appears and which holds a previous value when no end edge

pulse appears; the programmable end edge delay line which

varies a quantity of delay by the end edge set value of the

output of said end edge sample/hold circuit and then delays

said end edgelpulse and which outputs a delayed end edge pulse

where said end edge pulse is delayed; a cooling-pulse delay

line which varies a quantity of delay of the cooling pulse,

which is output from said cooling-pulse circuit, and outputs a

delayed cooling pulse; an AND gate which performs a logical

product between the burst pulse from said burst gate

generation circuit and the clock and outputs a burst pulse; an

OR gate which performs a logical sum between said delayed

start edge pulse, said burst pulse, and said delayed end edge



edge pul se appears and which holds a previous val ue when no start edge
pul se appears; a programmabl e start edge delay |line - 11 - which varies
a quantity of delay by the start edgel4et val ue of the output of said start
edge sanmple/hold circuit and which outputs a del ayed start edge pul se where
said start edge pulse is delayed; the end edge sel ector which selects and

f I |_i f _ | ' l;
2%:22%%9%‘%”5#@?"{?%?: o 8 e ey AP, B SR EEhTE O 000 of
_ _ outpu
ol ds SPFESE o HEeCBRdaaiil kol ha R R0 b E0n “PETEESROBEAN Tl end

o0 SELGYAABUHIE Rty Sy AUEIALY r Selera s sorsatncdgpnsatal v

of the ou said e e ‘sanp circurt and t s said end

edge ph! 52ag"dupbient %Lgt&utl%sgﬁedig@aé%ﬁ%%@yiﬁédw&eﬁahd end edge

pul se 1s delayed; a cooling-pulse ch varies a quantity of

del ay \Aﬁ %ﬁfasﬂngoeh&%nwsﬁﬁufé% detfaegpﬁfé@y@dr&eeaiﬁg euteentap £AND

gate perfornms a | ogica roduct ween said burst“pulse and the
clock grd puEBY! diddellisl gudFie PRvith Osdd Wiss OErfenbsaukea;cal sum

bet ween sai d del ayed start edge pul se,
light~reproducing current source which supplies a light
reproducing current of the laser diode in parallel with said
bias current source; a switch which iurns the current of said
recording-current source on and off by said recording current;
a switch which turns the current of said bias current source
on and off by said cooling pulse signal; and the laser diode
which records disk signals driven in parallel by said bias
current source, said recording~current source, and said light-
reproducing current source.

Also, in mark length modulation recording, after a
recording pulse train for forming a single record mark, there
is added a pulse train (hereinafter referred to as a mark’s
rear end correction pulse train) as a cooling pulse which
arranges the configuration of the rear end of a record mark
and which differs from the recording pulse train.

Specifically, the mark’s rear end correction pulse train
irradiates laser light by at least two different powers which
include powers smaller than the bias power.

Also, the mark’s rear end correction pulse train has a
period where the laser light is varied after the recording
pulse train and continuously to a power less than either a

S

recording power or a bias power.



sai d burst pulse, and said del ayed end edge pul se and outputs a recording
signal; an inverter which inverts the cooling pulse signal which is from
said cooling-pulse delay line; a bias gurrent source whi ch supplies a bias
current of a laser diode to be describéd later; a recording-current source
whi ch supplies a recoding current of the |aser diode in parallel wth said
bias current source; a light-reproducing current source which supplies a
| i ght reprodlsopgbetweent thie esdrstiarg dwkse i tratn aand| thetmarkid bi as
current source; a switch which turns the current of said recaqrding-current
sour cerepar end tprreghiqs foulsedirpivcotdsay tightnirraddgitden W ch turns
the current of said bias current source on and off by said cooling pul se
si gnal peafgrmed mhddy &S BOWSr r ecords di sk signals driven in parallel
by said bias current source, .said recording-current soyrce ang,said
|i ght - r epr o4BPngtREr BEREYs FimEe ofathe Hrrerh el GRfFefEioreal i zi ng
t he af orenentioned regaordin thod conprises: a.start _edge pul se
g_eneraPPgﬁec}i"F@l}int Wﬂcctrp%‘)eﬁ'bf%? e%oﬁgﬁggf?ééaﬁeoﬁu%gg RRYFNG &8dnScht
width .ggr%e%ttqgn epd & Otsfatir? Ma é xBQPiQag?oPeéaSH T;ngth of a record

'mark.

Also, when an optical disk is rotated at a constant

angular velocity, the start time of fhe mark’s rear end

correction pulse train and the pulse configuration of the

mark’s rear end correction pulse train are varied according to

the radius of the disk.

According to the optical information recording method of

the present invention, the rear end portion of a record mark

can be formed into a desired shape and therefore satisféctory

reproduced signal éharacteristics are obtainable. In addition,

in accordance with the optical information recording method

and the recording unit of the present invention, thermal

damage can be considerably alleviated, so satisfactory cycle

characteristics are obtainable.

BRIEF DESCRIéTION OF THE DRAWINGS

FIG. 1 is a diagram of a recording waveform used in one
embodiment of the present invention;

FIG. 2 is a structural diagram of an optical disk used in
one embodiment of the present invention;

FIG. 3 is a diagram of an optical disk unit used in one

embodiment of the present invention;



the data; a burst gate generation circuit which generates a burst gate
signal at a mddle position of the mark when the high period of the data is
| ong and which generates no burst gategsignal when the high period of the
data is short; an end edge pul se generation circuit which generates an end
edge pul se having a constant width at an end edge position of the high
period of the data; a mark/space |l ength detection circuit which generates
an nT mark BIGnat iachudiagram dfsteameasibing pwlsedtsain vagdedde pul se
when the high period of the data has n clocks and which generates an nmrl
mar k segeaembodimentg ofaithepresgpt pinventhangai d start edge pul se of both
edges of the space when the | ow period of the data has mclocks (where n
and m are @ aP hanbeddagyam ofy a rerardingtwaygfornnusadodBr O ch
generates a_select signal, which is for controlling a start edge sel ector
to be emBediment| gfethenprasenty WRNSEPREtor to be described later, from
said nT mark signal and said nml mark signal;, a cool ing-pul se generation
circuit whiBFCgePeldt 8sddagsam &f fuIxeeoding vavetreinnpsed injgne i 4ip
froman end edge pul se whi ch was putgﬁéigﬁgnlsaid end edge pul se generation
14

ci r cui pmbpdiment, ot dhe puesant iRy

FIG. 7 is a diagram of a recording waveform used in one
embodiment of the present invention;

FIG. 8 is a diagram of a recording waveform used in one
embodiment of the present invention;

FIG. 9 is a diagram of a recording waveform used in one
embodiment of the present invention;

FIG. 10 is a diagram of a recording waveform used in one
embodiment of the present invention;

FIG. 11 is a block diagram of a disk storage unit used in
one embodiment of the present invention;

FIG. 12 is a signal waveform diagram of each part of the
disk storage unit used in one embodiment of the present
invention;

FIG. 13 is a block diagram of a disk storage unit used in
one embodiment of the present invention;

FIG. 14 is a signal waveform diagram of each part of the
disk storage unit used in one embodiment of the present
invention; and

FIG. 15 is a diagram of a recording waveform used in one
embodiment of the present invention.

(Description of symbols)

1 data



sel ects and outputs one froma plurality of start edge val ues by said

sel ector signal; a start edge sanple/hold circuit which updates a start
edge set value output of said start gdge selector only when said start edge
pul se appears and which holds a previious val ue when no start edge pul se
appears; a programmable start edge delay line which varies a quantity of
delay by the start edge set value of the output of said start edge

sanpl & hol ¢gtartcedgeansulkéech out puts a del ayed start edge pul se where said
start edge pulse is del ayed; the end edge sel ector which selects and

out puts ondursingate usibgnal of end edge val ues by said selector signal; an
end edge sanple/hold circuit which updates an end edge set val ue output of
sai d eéhd ecgel ssigetpuls@l y when sai d end edge pul se appears and which

hol ds a previous val ue when no end edge pul se appears; the programuabl e end
edge c®l ay 2T-maxkishgnalies a quantity of delay by the end edge set val ue
of the output of said end_edge sanple/hold circuit and then del ays said end
edge pul se 2EnBpdcehsbeRPlts a del ayed end edge pul se where said end edge
pul se is del ayed; a, cooling-pulse delay |ine which varies a quantity of
del ay b3 tfﬁ?iéﬁ#iﬁﬁgbﬁlse, which is output from said cooling-pul se

circuit, and outﬁgts a_del ayed cooligge%ylse; an AND gate which perforns a
| ogi ca}3 pr Rhrxabbtyeef EhaTbuPEEe,S Ssai d burst gate generation

circuit_and the cl gock and ogtputs a bqfst pul se; an
15 selected start edge set value

18 delayed start edge pulse

19 plurality of end edge set values
21 selected end edge set value

24 delayed end edge pulse

25 clock

26 AND gate

27 burst pulse

28 OR gate

29 recording signal

30 recording-current source

31 bias current source

32 light reproducing current source
33 switch

34 switch

35 1laser diode

38 inverter

39 hold start edge set value

41 cooling pulse

42 delayed cooling pulse

43 delayed cooling pulse (inverted)



OR gate which perforns a | ogical sum between said del ayed start edge pul se,
sai d burst pulse, and said del ayed end edge - 14 - pulse and outputs a
recording signal; an inverter which il8verts the del ayed cooling-pul se
signal which is fromsaid cooling-pulse delay line; a bias current source
whi ch supplies a bias current of a |laser diode to be described later; a

recordi ng-current souyce I ch.supplies a recoding current of the | aser
di ode %5 pQP&IdI &an 'et‘{geseﬁv% b‘f%éugurrent source; a |ight-reproducing

current source which supplie Lght, . : pduci ng current of the | aser
di ode 3t p§r°éﬂ%11é'19 \H"t%éaqécp%f%tsiéﬁr%]é%?ﬁ%gurce; a switch which turns the

current, of sai.d rec ' epfpsource on and of f by said recording
47 L AR R R

curre | _ he current of said bias current source on
and ofg‘1 by s%%ﬁx%! ng pul se signal; and the |aser diode which records
di sk si'gnal’'s driven in parallel by said bias current source, said

recor diNg- GAur. t j@nflagaid |ight- reproducing current source. Also,
4¥? %gﬁ?ﬂ;gﬁ%%gé@&l ayéi

in mark |l en Ion recording, after a recording pulse train for

forMngbea:géggfa{ﬁgoigyggrk, there is added a pulse train (hereinafter
referred to as a mark's

54 second dielectric layer
55 reflecting layer

56 protective layer

61 optical disk

62 spindle motor

63 optical head

64 laser drive circuit

65 waveform correction circuit

BEST MODE FOR CARRYING OUT THE INVENTION

In mark length modulation recording, the recording method
of the present invention:

(A) Performs laser light irradiation at a bias power
between a recording pulse train and the start of laser light
irradiation at a cooling power.

(B) Varies cooling-power irradiation time or laser light
irradiation start time which is performed at a cooling power,
in accordance with the length of a record mark.

(C) Only when the length of a record mark is shorter than
a predetermined length, varies cooling-power irradiation time
or laser light irradiation start time which is performed at a

cooling power.



rear end correction pulse train) as a cooling pulse which arranges the
configuration of the rear end of a record mark and which differs fromthe
recording pulse train. Specifically, {e—_mark's rear end correction pul se
train irradiates |laser light by at |least two different powers which include
powers smaller than the bias power. Also, the mark's rear end correction
pul se train has a period where the laser light is varied after the

recor di ng plPEeORtyi whendthendengdts|of B eqRRk Mark sis nghokterekhan

recordi ng power or a bias power. - 15 - Al so, _between_ the recording

15 -,
pul se @ reredekarmipedsdiengtiyaaddy) @ FobingPplFecwhigPnhasader | ght
irradiation is perfqorned with a bufs power . . Al so, tge staﬁt &%?e of the
mar k' SCPREFABRICORLABGPAYEFITFadAtioamERe pBfsEa88R! Fd9P&tion of the

mark' s, rear . end correcti&g ulse train are varied for each length of a
r ecor AXERRLR{EOB, SkR&T n%idtical disk is rotated at a constant angul ar

velocity. the, Shait bhiR b KRR ALEYs SkEOLE 5 2cBHLEERLr 81 1 and
angular velocity and when a mark less than a predetermined
length is recorded in the inner circumferential portion of the
disk, adds a cooling pulse.

(F) When an optical disk is rotated at a constant angular
velocity, varies cooling-power irradiation time and cooling-
power irradiation start time in accordance with the radius of
the disk.

Also, in mark spacing modulation recording, the recording
method of the present invention:

(G) Performs laser light irradiation at a bias power
until the start of laser light irradiation at a recording
power and a cooling power.

(H) When an optical disk is rotated at a constant angular
velocity, varies cooling-power irradiation start time in
accordance with the radius of the disk.

Since the present invention has either structure, it can
suppress the asymmetry between the configurations of the front
and rear end portions of a mark, form the mark into a desired
shape, and realize the satisfactory quality of a reproduced
signal.

Then, in the case where, in mark length modulation
recording, a recording pulse train comprises a start edge

pulse, an end edge pulse, and pulses which are switched



mark's rear end correction pulse train are varied according to the radius
of the disk. According to the optical information recording nethod of the
present invention, the rear end portidd of a record mark can be forned into
a desired shape and therefore satisfactory reproduced signal
characteristics are obtainable. In addition, in accordance with the optical

o RSO VASNTR, MA l SERThOSCHELL 8 asBicenn
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FIG 1 1s a diagramo g wa used fn one e t of the

preseﬂﬁe%ﬁBﬁnBEOEhergbs%ﬂﬁsfiﬁgdﬂ53ﬁ¥5” di agram of an optical disk used
0 f

in one e i ment of "the present 1 nvention; FIG 3 is a diagram of an

optical diskrypnpérpserlsi 1a8Be §TRAY TBHadB atith HESEBiddVEdReen;, - 16
- FIG 4 is a diagramof a recording pulse train used in one enbodi nent of

E) Eg Pr&sest theeehdoRdge pulnd DR théltd £6r&hert i8£8A0FB8oYALAIGOPRISEL i N
train. |

(J) Between the end edge pulse of the aforementioned
recording pulse train and the laser light irradiation at a
cooling power, performs laser light irradiation at a bias
power.

In addition, in the case where, in mark length modulation
recording, a recording pulse train comprises a start edge
pulse, an end edge pulse, and pulses which are switched
alternately with a cycle less than one cycle of a data clock
between the start edge and end edge pulses and where the
positions of the start edge pulse and the end edge pulse of
said recording pulse train are changed in accordance with the
length of the record mark and the spacing between the record
marks:

(K) Laser light irradiation time at a bias power is
constant, and regardless of the position of the start edge
pulse or the end edge pulse of the recording pulse train, the
time up to the laser light irradiation which is performed at a
cooling power is constant after the start of the laser light
irradiation of the end edge pulse of the recording pulse train,
or the timing of the laser light irradiation start time at the
cooling power is based on a clock.

Since the present invention has either structure, the



enbodi nent of the present invention; FIG 6 is a diagramof a recording
waveform used in one enbodi nent of the present invention; FIG 7 is a
di agram of a recordi ng waveform used 2l ene enbodi nent of the present
invention; FIG 8 is a diagram of a recordi ng waveform used in one
enbodi nent of the present invention; FIG 9 is a diagramof a recording

wavef Oé]ﬂlaﬁign N @Nenemidl Ormgﬁé e%ﬁ'f &' &r8"t é”c‘éﬁ&t%&gf Eh?selgr' e 2

di agr a a recordlng mav I'n one e odlnen e present

| nvent éflngBl® whbreby? | Ofdc 201G ph End! $éngtA! 88 ibLKUGGE Ld one

enbodi nent ‘the p ent I nvent1 on; 12 1s 5|gna wavef or m di.agr am
of eacehe%slo&ntt@%f@x%ﬁéé qséweéw'feaéfé marﬁselsnbegp%abeaf the present

i nvention; I's a bl ock diagram of di sk storage unit used in one

e”b()d'ﬁﬁat:eﬁf:rbhehﬁrgﬂﬁ-‘iﬂindl NtdSbrdihép 1§4pb§s§!b§é nahdwaretaemsdimegr am
of each part of the disk storage unit used in one enbodi nent of the present

I nvent t@fie,aby Makintp paxrtd ¢l aeiasf 1éveECohtlbnd vevRingTpuwed ,in one
enbodi ment of the present invention. (Description of symnbols)
total energy can be reduced during recording of a thin
recording film, and signal degradation due to thermal damage
in the case of a multi-cycle can be alleviated and
satisfactory cycle characteristics can also be realized.

Also, the storage unit of the present invention
comprises: a start edge pulse generation circuit which
generates a start edge pulse having a constant width at a
start edge position of the high period of the data; a burst
gate generation circuit which generates a burst gate signal at
a middle position of the mark when the high period of the data
is long and which éenerates no burst gate signal when the high
period of the data is short; an end edge pulse generation
circuit which generates an end edge pulse having a constant
width at an end edge position of the high period of the data;
a mark/space length detection circuit which generates an nT
mark signal including said start edge pulse and said end edge
pulse when the high period of the data has n clocks.and which
generates an mT mark signal including said end edge pulse and
said start edge pulse of both edges of the space when the low
period of the data has m clocks (where n and m are natural
numbers existing in a data string); an encoder which generates
a select signal, which is for controlling a start edge

selector to be described later and an end edge selector to be



1 dat a - 17 - 2 start edge pulse 5 burst gate signal 7 end edge
pul se 9 2T-mark signal 10 2T-space signal 12 select signal 13
plurality of start edge set val ues 1522sel ected start edge set value 18
del ayed start edge pulse 19 plurality of end edge set values 21 selected
end edge set value 24 delayed end edge pulse 25 clock 26 AND gate 27

burst pulse. 08, QR.gate 29 rorording, SO08hnd? ani®S3ud B Ghent Source
signal; a cooling-pulse generation circuit which generates a
cooling pulse having a constant width from a delayed end edge
pulse which is from a programmable end edge delay line to be
described later; the start edge selector which selects and
outputs one from a plurality of start edge values by said
seiector signal; a start edge sample/hold circuit which
updates a start edge set value output of said start edge
selector only when said start edge pﬁlse appears and which
holds a previous value when no start edge pulse appears; a
programmable start edge delay line which varies a quantity of
delay by the start edge set value of the output of said start
edge sample/hold circuit and which outputs a delayed start
edge pulse where said start edge pulse is delayed; a cooling-
pulse delay line which varies a quantity of delay of the
cooling pulse, which is output from the cooling-pulse
generation circuit, and outputs a delayed cooling pulse; the
end edge selector which selects and outputs one from a
plurality of end edge values by said selector signal; an end
edge sample/hold circuit which updates an end edge set value
output of said end edge selector only when said end edge pulse
appears and which holds a previous value when no end edge
pulse appears; and the programmable end edge delay line which
varies a quantity of delay by the end edge set value of the
output of said end edge sample/hold circuit and then delays
said end edge pulse and which outputs a delayed end edge pulse
where said end edge pulse is delayed.

(L) By inputting the delayed end edge pulse from the



32 | i ght reproducing current source 33 switch 34 switch 35 | aser
di ode 38 inverter 39 hold start edge set value 41 cooling pulse 42
del ayed cooling pulse 43 delayed ceokBng pul se (inverted) - 18 - 45
hol d end edge set value 36 cooling-pulse generation circuit 37
cool i ng-pul se delay line 51 substrate 52 first dielectric |ayer 53
recordin second dj ect lLectin Iayer 56

pr ot ec®¥ grgé§épi81en9pﬁ L g€¥eé?ésnﬁ?8 ing-pulse
generation circuit, a cooling pulse is generated.

(M) By inputting the end edge pulse from the programmable
end edge delay line to this cooling-pulse generation circuit,
a cooling pulse is generated.

Therefore, with the same operation as the aforementioned
recording method, the present invention can provide a unit
which can reduce total energy during recording of a thin
recording film, alleviate signal deg?adation caused by the
thermal damage in the case of a multi-cycle, and have
satisfactory cycle characteristics.

Furthermore, in mark length modulation recording, the
recording method of the present invention:

(N) After a recording pulse train for forming a single
record mark, provides a pulse train as a cooling pulse which
irradiates lasef light by at least two different powers which
include powers smaller than the bias power.

(0) Provides a mark’s rear end correction pulse train as
a cooling pulse which has a period where, after the laser
light irradiation in the recording pulse train, the laser
light power is varied continuously to a power less than a bias
power.

(P) Between the recording pulse train and the mark’s rear
end correction pulse train which is as a cooling pulse,
performs laser light irradiation by a bias power.

(Q) Varies the start time of the mark’s rear end
correction pulse train as a cooling pulse or the pulse

configuration of the mark’s rear end correction pulse train as



63 optical head 64 |laser drive circuit 65 waveformcorrection circuit
BEST MODE FOR CARRYI NG QUT THE INVEhH%g)JIn mar k | engt h nodul ati on

recordi ng, the recording nethod of th& present invention: (A Perforns
| aser light irradiation at a bias power between a recording pulse train and
the start of laser light irradiation at a cooling power. (B) Varies
cool i ng- povkingr padisat iimn adoverdamdenseith i igie lemgih aof oa maxkt toi e whi ch
is perforned at a cooling power, in accordance with the length of a record
mar k. fté€ofdeéed.when the length of a record mark is shorter than a
predeterm ned | ength, varies cooling-power irradiation tine or |aser |ight
i rradi ati on(R) aWheni ap aptdkals diskf dsnuptated @jola mppivant angulap - (D)
Onl'y when the length of a record nark is shorter than a predeterm ned
| engt hyetddity,cveries fhiesstartiting of cohetmaxkisoreay- gdder irradiation
time and laser light irradiation start tine, . )
correction pulse train or the pulse configuration of the
mark’s rear end correction pulse train in accordance with the
radial position of the disk.
Since the present invention has either structure, it can
suppress the asymmetry between the configurations of the front
and rear end portions of a mark, form the mark into a desired
shape, and realize the satisfactory quality of a reproduced
signal.
The present invention will hereinafter be described in
further detail with the drawings and specific embodiments of
the present invention.
The structure of a disk used in an embodiment of the
present invention will be described with Fig. 2. A dielectric
layer, a recording layer, and a reflecting layer are formed on
a transparent substrate 51 with a general thin-film formation
method such as vacuum deposition or sputtering. On the
substrate 51, a first dielectric layer 52, a recording layer
53, a second dielectric layer 54, and a reflecting layer 55
are provided in sequence. Furthermore, there is provided a
protective layer 56 attached fast to the reflecting layer'55.
Also, even an optical disk with a structure having no
reflecting layer 55 or no protective layer 56 is applicable as

an optical disk. Laser light for performing recording and

reproduction is incident from the side of the substrate 51.



(E) Only when an optical disk is rotated at a constant angul ar velocity and
when a mark | ess than a predetermned lLength is recorded in the inner
circunferential portion of the disk? 48ds a cooling pulse. (F) Wen an
optical disk is rotated at a constant angul ar velocity, varies

cool ing-power irradiation tinme and cooling- power irradiation start tine in

accordance hbhmhberiadl bt the Mpltdatd\s0 can WHé kgEass| nguapdyl,at i on
recordi ng, the recording nmethod of the present invention: (G Perforns

laser bbaearbodditdl,| B PoRyrb@tsy Dauethasiylat8e sARs6, otheaser |ight
irradiation at a recording power and a cooli1ng power. (H) Wen an optical

di sk | gubgt#at@ ayd KONBtaMBotHgplLEe VoL 081 pYateahaeingogirongepover
irradiation start tine in accordance with the radius of the disk. Since the
pr esenghapedntiracKiasg-aniide wievainess o6h tta supfaees the asynmetry
bet ween the configurations of the front and rear end portions of a mark,
form t he narhei protectdsie dhaysm 56 can usala zbayée cbtashedtbyy quality of
a reproduced signal. Then, in the case where, in mark | ength nodul ation
recor dcogting egat dryinylsesin adissohpedsis a spdvensdgy pubdetean end
edge pul se, and pul ses which are sw tched
bonded with an adhesive agent.
As a recording layer material which is employed in the
recording layer 53, there is well known a chalcogen alloy
which changes between an amorphous phase and a crystalline
phase. For example, a SbTe system, a GeSbhTe system, a
GeSbTeSe system, a GeSbTePd system, a TeGeSnAu system, an
AgSbTe system, a GeTe system, a GaSb system, an InSe system,
an InSb system, an InSbTe system, an InSbSe system, an
InSbTeAg and so forth can be uéed, and also an alloy,
including other elements in a range which has no influence on
the phase change characteristic or optical characteristics of
an alloy of the aforementioned system, can be used.
The dielectric layers 52 and 54 can use SiO,, SiO,ITiO,,
PbS, or a mixture of these.
The reflecting film 55 can use a material mainly
comprised of metal material such as Au, Al, Cu, Cr, Ni, and Ti,
or a mixture of these, and furthermore, the film 55 can use a
dielectric multilayered film having a large reflectance at a
predetermined wavelength.

Among the aforementioned materials, a disk used in the

following embodiments of the present invention employs a



- 20 - alternately with a cycle |l ess than one cycle of a data cl ock between
the start edge and end edge pul ses, the recordi ng nethod of the present
invention: (I) Perfornms |aser |ight~igfadiation at a bias power after the
end edge pul se of the aforenentioned recording pulse train. (J) Between the
end edge pul se of the aforenentioned recording pulse train and the | aser

| ght éﬁfzé‘gk?&b" 3%:%;“%0 {Sﬂ: 6 V\g%i&ﬁﬁi Lééé&rﬁhghrtfaré HOaP at a

bi as power ere;y 1 n nmar

recor didge Ber §3900hiY MDA rtid 568 aastaér-sﬁégqnméaenm end

edge pul se, pu ses ich are sw tched alfernatel ly with a cycle |ess

than oasscwkﬁeaf o Withididsdedreesodheast ar tiedaedaed At iRdaayud ses
and where the positions of the start edge pul se and the end edge pul se of

sai d regosgakderRrdnzs train are changed in accordance with the Iength of the
record mark and the spacing between the record marks: (K) Laser |ight

irradiati onals8p 8hedcbmposi®4¥n igf the recording layer of a disk
used in the following embodiments 1 and 2 is Ge,,Sb,,Te;,, and
the composition of the recording layer of a disk used in
embodiments 3 through 18 is Ge,,Sb,Te;;. The recording layer
was formed to a thickness of 250A, and a ZnS—SiO,xnixedlfilm
was formed to a thickness of 200A as a second dielectric layer.
For the reflecting layer, an Al film was formed to a thickness
of 1500A by sputtering. And, a polycarbonate protective film
was provided on the reflecting layer.

Now, for an optical disk unit employed in all embodiments
of the present invention to be described later, a description
will be made with Fig. 3. An optical disk 61 is attached to a
spindle motor 62 and is rotatable. An optical head 63 uses a
semiconductor laser as a light source and forms a laser spot
on the optical disk by a collimator lens and an objective lens.

The semiconductor laser is driven by a laser drive
circuit 64, but in the case where a signal is recorded, the
waveform of an input signal is corrected by a waveform
correction circuit 65, and then the corrected signal is input
to the laser drive circuit 64.

In general, in terms of cost it is undesirable to make
the waveform correction circuit intricate. Hence, for
waveform correction, it is considered to be beneficial to vary

a pattern which is as simple as possible. For example, it is



constant, and regardless of the position of the start edge pulse or the end
edge pul se of the recording pulse train, the tinme up to the laser |ight
irradiation which is perfornmed at a-c@adl -ng power is constant after the
start of the laser light irradiation of the end edge pul se of the recording
pul se train, or the timng of the laser light irradiation start tinme at the

00! | MRRUREsES WRASES Y A! Ok - SLOFR1HE%,REBERNS! BYSLIN RS O LT

structure tron art e ge pul’Se "and e end edge

pul se ]‘i‘éﬁﬂ%ﬁér‘%@ s, a?\%en r%“&ﬁé'a{-éQ riingGal828LH %fo{ﬁ dark due to

t her ma terference b cord s I STsuppressed erefore,

high'dﬁﬁéab¥e&ﬁﬁ3@@'ﬁﬁﬁ Rasgiw! e, and at the same tinme, by meking part of
a bias level 1nto a cooling power, total energy can be reduced during

recording of eohbhau&aeqw & fd |dpediEi s SGbrdEagagalsantdtgnt asldeer nal
damage in the case of a nmulti-cycl'e can be alleviated and satisfactory

cycl e ghahdcembodimehtcas Bevweineprigzed. Moweveéhs $hotage unit of the

present invention conprises: a start edge pul se generation circuit which

gener a@goding' puAdEe td Hfs \EiRBoagEODSbENFiYy.du) @hete are shown
typical recording pulse trains used when, in mark length
modulation recording, a 6T mark is recorded.

Note that in the mark length modulation recording of the
embodiments of the present invention, there are shown the'
results which were all performed when the first power of laser
light is taken to be a recording power, the second power is
taken to be a bias power, and the lowest power of a mark’s
rear end correction pulse train as a cooling power or a
cooling pulse is taken to be a reproducing power. Thus, if
the first power is taken to be a recording power, the second
power a bias power, and the lowest power a reproducing powér,
it wili be desirable because particularly the structure of the
waveform correction circuit can be simplified, but the powers
of the laser light which are applied to the present invention
are not limited to this. It is a matter of course that if the
first power is a power greater than a recording power and the
second power is a power lower than at least the first power
and if the lowest power is a power lower than either the
second power or the bias power, the powers can be freely set.

In Fig. 4 the recording pulse train A, in order to form a
record mark, is a recording pulse train constituted by a start

edge pulse, consisting of the first power 1.5T of laser light,



start edge position of the high period of the data; a burst gate generation
circuit which generates a burst gate S|gnal at a mddle position of the
mark when the high period of the data2Bs=~long and which generates no bur st
gate signal when the high period of the data is short; an end edge pul se
generation circuit which generates an end edge pulse having a const ant

width g u(i %d%ew'% rg]q?se %&Ié&&&&é} st §ged g&leﬁggag@lg space

Iength etec lon circuit generates an n sl gha sai d

start Pﬂﬁcﬂghsgta@&@sd ¥ SH9E AYleSEr \fi&‘sf‘é’dtrt@réliﬂme;%téﬂl &f cibexdat a

has n clocks and which generates an mlI mark signal including said end edge

pul se and sghd féabkdsﬁaepaqlsaet&falbptm adpasrdr 14 £k ca WWEBothe | ow
period of the data has mclocks (where n and mare natural nunbers existing

in a dah2k$t AsN@) redorIitRfPulde drHbneéohetitutelicby ai giakt vl is for
controlling a start edge selector to be described later and an end edge

sel ectgulhe konsistihy ofladws i hitkt apeéwerf100Tsefdlasernlighitgnal and said
ml mark signal; a cooling-pul se generation circuit which generates a

cool i ngupekes #hkae rhen fiast axid véekbdnd rpowergdehagedleagnatdgdypul se which
Is froma programmabl e end edge delay line to be

switched at cycles of 0.5T, and an end edge pulse consisting

of the first power 1.0T.

The recording pulse train C has the same structure as the
recording pulsg train B, and according to the length of a mark
to be recorded and the front and rear spacings of the mark,
the positions of the start edge pulse and the end edge pulse
of the recording pulse train are changed.

The recording pulse train D, in order to form a record
mark, is a recording pulse train constituted by a pulse where
the first and second powers of laser light are alternately
switched at cycles of 0.57T.

Note that it is a matter of course that the pulse width
(start edge pulse width, end edge pulse width, pulse width
between start edge and end edge pulses, pulse width of the
recording pulse train in the case of the recording pulse train
D, etc.) of a recording pulse train which adapts to the
present invention is not limited to those shown in Fig. 4 but
can be freely set.’

Also, in Fig. 5 there is shown a configuration of a
specific recording waveform adopted in embodiments of the
present invention in the case where, in mark spacing

modulation recording, a cooling pulse is added.



described later; the start edge sel ector which selects and outputs one from
a plurality of start edge values by said selector signal; a start edge
sanpl e/ hold circuit which updates a-s2far+ edge set val ue output of said
start edge selector only when said start edge pul se appears and whi ch hol ds
a previous value when no start edge pul se appears; a programmable start

val'ue of 1 %239%%"%#%&%%&& “a%f#g?‘?i'iﬁfeikﬁ’ﬂ%yézrh?uﬁlﬁ‘%%‘affﬁﬁ?gﬁft .
2 cool RRgnSR A EaChERENTRE" o e, 10 I chell Y GOE.PASR. D C° Ol T g

pul se, i.ahsi.s u ﬁéﬁ?i - r 24508 @ipl CYi gp and
out putgﬂgkgeﬁ'gyes?é%%oh}{%%pguﬁtégg'{ the endplejéogicggﬁc?%% ?\/Fnscﬁ geFeéts and
out put gnqng .gp@m a plurality of end edge values by said selector signal; an

end edge sanple/hold circuit which updates an end edge set val ue out put of

said end edgersgheqial akvieiia B Ul dle g1 N APERS SLRELHBLEN

hol ds a previ ous va when no end edge pul se appears; and the progranmabl e

end edgaydeban b, Nand bl YEdSTameYsisd Ywpdthelgyobysehe end edge set
val ue of the output of said end edge sanple/hold circuit and then del ays

said end edgergegbeqingdwakieEd ralFoulss thel e b e kbeshatinyg | €8e Vifipatsai d
end edge pul se is delayed. (L) By inputting the del ayed end edge pul se from
the waveform A, and a cooling power level is irradiated

immediately after irradiation of a récording power. The width

of the recording pulse is 0.25T and the cooling-power

irradiation time is 0.25T.

A recording waveform G is the case of recording the input
waveform A. After irradiation of a recording power level,
irradiation at a bias power level is performed, and then
irradiation a cooling power level is performed. The width of
the recording pulse is 0.25T, the cooling-power irradiation
time is 0.25T, and the cooling-power start time is 0.25T.

Also, in Fig. 1 there is shown a configuration of a
specific recording waveform adopted in embodiments of the
present invention in the case where, in mark length modulation
recording, a cooling pulse is added. In Fig. 1 there is shown
the case where the recording pulse train A of Fig. 4 is
employed.

An input waveform B is an example of the input waveform
of an EFM (Eight to Fourteen Modulation) signal. EFM
modulation modulates data by a combination of signals having
lengths of 9 kinds between 3T and 11T. The T used herein

means a clock.



- 23 - programmuabl e end edge delay line to this cooling-pul se generation
circuit, a cooling pulse is generated. (M By inputting the end edge pul se
fromthe progranmabl e end edge del ay BOne to this cooling-pul se generation
circuit, a cooling pulse is generated.. Therefore, with the sanme operation
as the aforenentioned recordi ng nethod, the present I nvention can provide a -
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t he bias po S a nark' s rear correcfion pulSe train as a
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in the recording pulse train, the laser
mark, the cooling-power irradiation time and the cooling-power
start time are set to constant values (0.5T and 0) and are
added.

A recording waveform J is a recérding waveform where a
cooling pulse is added in the case of recording the input
waveform B. Regardless of the length of an immediately prior
mark, the cooling-power irradiation time and the cooling-power
start time are set to constant values (0.5T and 0.25T) and are
added. )

The present invention will hereinafter be described in
further detail with specific embodiments.

(Embodiment 1)

In this embodiment a description will be made of the case
where, in mark spacing modulation, laser light irradiation at
a bias power has been performed between laser light
irradiations at recording and cooling powers.

For the evaluation conditions of an optical disk, the
wavelength of the laser light is 680 nm and the numerical
aperture (NA) of the objective lens of the optical head used
for the recording and reproduction of the recording unit is
'0.55. For (2, 7) modulation, clock T is set so that the

shortest mark pitch becomes 2.1 ym. By l-beam overwrite,

recording is performed 100 times, and a reproduced signal is



| ight power is varied continuously to a power |ess than a bias power. (P)
Bet ween the recording pulse train and the nmark's rear end correction pul se
train which is as a cooling pul se, peBflorns |aser light irradiation by a
bias power. (Q Varies the start time of the mark's rear end correction
pul se train as a cooling pulse or the pulse configuration of the mark's

o (AEEFBRETRates I, Hehafiagsian” 1p pRuREamsRl DHhES iy D Canee

with t ERGPY 151
rot at ega%ea GINHAR ANOHIGE Ve Cdetdctdn! is‘ignfa € waisdmeddufed! HiGdBIK s
e train or the pulse ¢ontiguration of the mark's

rear end cofrection pu

rear egdig%héctjii%&equls%ﬁdﬁa\ a@v§52ﬁaﬁaaﬁa Wt R st Re afiowagidipn of

the disk. Since“the present I nvention has either structure, it can suppress

the asypmehpy detletRSd KO8k 9w | Plse8F BEoELEYPL 18N€.0ER/s&Nd portions
of a mark, formthe markinto a desired shape, and realize the satisfactory
quality of @nrenigdussd%,sifdielsignal recording ,a recording

power ,where the C/N ratio saturates when a single frequency

where mark pitch becomes 2.1 pum is recorded, is taken to be a

recording power , and the power of the center value of a

power margin ,where the erasion rate exceeds -20 dB in the

case where the signal where the signal of the mark pitch is

overwritten with a signal frequency equivalent to mark pitch

5.6 pm , is set and taken to be a bias power.

The recording waveforms used in this embodiment and

jitters are shown in Tables 1 and 2, respectively.

[Table 1]

Recording waveform 1-1 1-2 1-3
Cooling-power irradiation time 0T|{ 0.25T{ 0.25T
Cooling-power start time oT 0T | 0.20T

[Table 2]
Recording waveform 1-1 1-2 1-3
Jitter 10.5% | 9.2% 8.5%

The recording waveform 1-1 of Table 1 is the case where
no cooling pulse is added, like the recording waveform E of
Fig. 5. The recording waveform 1-2 is the case where a
cooling pulse is added immediately after laser light
irradiation at a recording pbwer, like the recording waveform
F of Fig. 5. However, the cooling-power irradiation time at

that time is 0.25T. Also, the recording waveform 1-3 is the



The present invention will hereinafter be described in further detail wth
the draw ngs and specific enbodi nents of the present invention. The
structure of a disk used in an enbodi gent of the present invention will be
described with Fig. 2. Adielectric layer, a recording layer, and a
reflecting |layer are fornmed on a transparent substrate 51 with a general
thin-filmformatiaqn nej.had such as ,vacuum deposition.or sputtering. On the
substrﬁ?éeSY$%§qu§ﬁa 'é%%ﬂﬁr? ?e@%ﬁsSQ?wﬁgréﬁoPSFﬁarpg@gF r

.~ a second
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reflecting [Fayer no "protective Iayer I'S e as an optica
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the substrate may be a sno at e having groove- shapée

tracki pg- gui¢e WIRERERS &MU 14F HHF4@fftion at a recording power.

From Table 2, for the case of the recording waveform 1-1,
the jitter has gotten worse in comparison with other recording
waveforms. For the case of the recofding waveform 1-2, the
jitter has been improved as compared with the recording
waveform 1-1 but is worse in comparison with the recording
waveform 1-3. That is, for the recording waveform 1-3 of the
present invention where the cooling-power start time was
delayed, the jitter is improved in comparison with other
recording waveforms.

As described above, the recording where jitters are small
becomes possible by delaying the start of a cooling pulse in
mark spacing modulation.

In this embodiment, while the case of the reproducing
power has been taken as an example of a cooling power, similar
results were also obtained for the case where a cooling power
is between a bias power and a laser-off level.

(Embodiment 2)

In this embodiment a description will be made of the case
where an optical disk is rotated at a constant angular
velocity and where, when recording is performed in mark
spacing modulation, cooling-power start time is varied

according to the radius of the disk.



The protective |layer 56 can use a | ayer obtained by coating and drying
resin dissolved in a solvent or a plate bonded with an adhesive agent. As a
recording layer material which is enptgyed in the recording |ayer 53, there
is well known a chal cogen all oy which changes between an anorphous phase
and a crystalline phase. For exanple, a SbTe system a GeSbTe system a
GeSbTeSe system a GeSbTePd system a TeGeSnAu system an AgSbTe system a
GeTe systenforn thébevaduamioan congd tdpnsemthen nudiens \of argvelutionge
system an 1 nSbSe system an InSbTeAg and so forth can be used, and al so an
al | oy, of ntheddigkotise casistrant: s(130Q remhe HA R hed, nd) ikgdybattonn t he
phase change characteristic or optical characteristics of an alloy of the
af or enhgndhedcdpsked isavariedap that (the shorteshyBpaskspikah 54 can use
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e e ot b e v e e
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‘deviation and Tw is the window width of the detecting system.
The linear velocities at the respective radii are about 3.6,
4.7, 5.8, 6.8, 7.9, and 9.0 m/s. Note that the disk and the
other measurement conditions are the same as the embodiment 1.

The recording waveforms used in this embodiment and

jitters are shown in Tables 3 and 4, respectively.

[Table 3}
Recording waveform 2-1 2-2 2-3
1Cooling-power irradiation time 0T} 0.30T| 0.30T
Cooling-power start time oT 0T| 0.10T
[Table 4]
Radius | Recording waveform | Recording Recording waveform
2-1 waveform2-2 2-3
23 mm 14.1% 10.5% 11.2%
30 mm 12.2% 9.7% 10.5%
37 mm 11.3% 9.3% _ 9.8%
43 mm 10.5% 9.4% 8.9%
50 mm 10.8% - 10.0% 9.2%
57 mm 11.4% 10.7% 9.7%

The recording waveform 2-1 of Table 3 is the case where
no cooling pulse is added, like the recording waveform E of
Fig. 5. The recording waveform 2-2 is the case where laser

light irradiation at a cooling pulse is performed after laser



- 26 - substrate having a polycarbonate signal recording track with a size
of [err]130 mm and on the substrate, a ZnS-SiJerr] mxed filmwas forned
to a thickness of 1300A as a first dighectric layer by sputtering. Al so,
the conposition of the recording |layer of a disk used in the follow ng
enbodiments 1 and 2 is Ge[err]Sb[err]Te[err], and the conposition of the
recording |ayer of a disk used in enbodinments 3 through 18 is

Ge[ er r}Bphtr irfefdatiion Bile a aererding speveraslikenthet segordisgness of
250A, and a zZnS-SiJerr] mxed filmwas formed to a thickness of 200A as a
secondwaveferm Fcofafdd. for Hewewet ecthecoling-pewer irraddatieBrned to
a thickness of 1500A by sputtering. And, a polycarbopate protectiye film
was préimgeatotbate il d& iRy eAla@w, the  ferrEitng a¥aue R Mne T3

enpl oyed in all enbodi nents of the present invention to be described |ater,
a desciBpthencase whenmderadiation at a bias pgrey; i@ Bertoriediched to a
spindle_notor 62 and s rotatable. Ap optical head uses.a_sem conduct or

| aser after| igkaddahianr MMy 3 FeRCEAIRd POYHE: 28 'tggeﬁﬁﬁicﬁF'disk by a
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recording waveform G of Fig. 5. However, the cooling-power

irradiation time at that time is 0.30T and the cooling-power
start time is after 0.10T after the end of irradiation at a

recording power.

From Table 4, for the case of the recording waveform 2-1,
the jittef has gotten worse at the inner and outer
circumferences of the disk in comparison with other recording
waveforms. In the case of the recording waveform 2-2, the
jitter has been improved at the inner circumferential portion
of the disk. Also, in the case of the recording waveform 2-3,
the jitter has gotten worse at the inner circumferential
portion of the disk in comparison with the recording waveform
2-2, but the jitter has been improved at the.oﬁter
circumferential portion of the disk in comparison with the
other recording waveforms.

From the foregoing, as in the present invention, like
that recording waveform 2-2, for example, is applied at the
inner circumferential portion of the disk and that recording
waveform 2-3, for example, is applied at the outer
circumferential portion of the disk, by employing a recording
waveform which quickens cooling-power stért time at the inner

circumferential portion of the disk, satisfactory recording of



circuit 64, but in the case where a signal is recorded, the waveform of an
Il nput signal is corrected by a waveformcorrection circuit 65, and then the
corrected signal is input to the | asensdrive circuit 64. In general, in
terns of cost it is undesirable to make the waveform correction circuit
intricate. Hence, for waveformcorrection, it is considered to be
beneficial to vary a pattern which is as_sinple as possible. For exanple,

it is a reprpdugashciitier begomes BP§sikderecordi ng waveforms for all nark

angth. A cBRf FEEFFIRGR PO Spadt (LS r€ats (PR BuPB SPRIR LU it
v ougRoBesEt A} o Conaht, anaRiRE PEMPEATYecEORRT S PATRE used
e SRS, S AL TSk Pod RF R BB S L
e e T s e T A G Tl R
POWEl k%e inner circumferential portion of the disk.

In this embodiment, as with the embodiment 1, while the
results have been shown for the case where a cooling power is
a reproducing power, it is a matter 6f course that similar
results are obtainable for the case where a cooling power is
between a bias power and a laser;off level.

(Embodiment 3)

In this embodiment a description will be made of the case
where, in mark length modulation, laser light irradiation at a
bias power has been performed between laser light irradiations
at recording and cooling powers.

For the evaluation conditions of the optical disk, the
wavelength of the laser light is 680 nm and the NA of the
objective lens of the optical head used for the recording and
reproduction of the recording unit is 0.55. For the 8-14
modulated (EFM modulated) input signal, clock T is set so that
the shortest mark length becomes 0.90 uym. By l-beam overwrite,
recording is performed 100 times, and the jitter value,
osum/Tw (%), of the zero-cross point of the reproduced signal
between 3T and 11T was measured. Here, osum is the standard
deviation of the total of jitters between 3T and 11T and Tw is
the window width of the detecting system. The linear velocity

is 4.0 m/s.



taken to be a bias power, and the | owest power of a mark's rear end
correction pulse train as a cooling power or a cooling pulse is taken to be
a reproduci ng power. Thus, if the frr86 power is taken to be a recording
power, the second power a bias power, and the | owest power a reproducing
power, it will be desirable because particularly the structure of the
wavef or m copheetis QN 4QighC Ui i L t r t he | aser
| i ght whi chbgr ghg%pﬁies "t ﬁﬁ?pﬁ%nﬁ?ﬁ%ﬁ%bﬁgaﬁéﬁﬁfﬁmﬁ?@ Tto this.
11 1S gneRld ¢helc APWSELA hidtutat&s Fhedl aPEIRE1ES fRefARLYIWRLY (han a
recordi ng power and the second power is a power |ower than at |east fhe
first pawk lengtH Bdtomew\e®!9 peweisi fedopaull; Lsweakehagsoebehar the second
power or the bias power, the powers can be freely set. In Fig. 4 the
recor dirdgoRdisy igower A and €hélepowér f 6F NtRel 66ALErTRALuel Bfa af @Rl Ng
pul se train constituted by a start edge pul se, consisting of the first
power ha¥§ief, hirafe [Hlghterasion 2B8ate agficéeds! s20VWHBI &nt Rhef icasle and second
powers are alternately switched at cycles of 0.5T. The T used herein
denot egharel atie shiyhdakoof dilkg PDImerkr fsnoPerwpittdar wiehf e @igynadcor d
mark, is a recording pulse train constituted by a start edge

frequency equivalent to 11T, is set and taken to be a bias

power.
The recording waveforms used in this embodiment and
jitters are shown in Tables 5 and 6, respectively.

[Table 5]

Recordi
ng Mark
wavefor length
m

3T 4T ST 6T 7T 8T 9T loT 11T

Cooling-
power
irradiat
ion time
Cooling-
power
start
time
Cooling-
powver ¢.50 {0.50 {0.50 {0.50 {0.50 {0.50 [ 0.50 [0.50 |0.50
irradiat T T T T T T T T T
ion time
Cooling-
power
start
time
Cooling~
power 0.50 J0.50 {0.50 | 0.50 |]0.50 |0.50 |0.50 |0.50 |0.50
irradiat T T T T T T T T T
ion time
| Cooling- ' .

pover 0.20 |0.20 {0.20 10.20 |0.20 |0.20 |0.20 ]0.20 JO0.20
start : T T T T T T T T T
time

oT or 0T oT oT oT oT oT oT

oT oT oT oT oT QT oT oT oT

oT oT o or or oT oT oT oT

[Table 6]



pul se consisting of the first power 1.0T of laser light, a pulse where the
first and second powers are alternatel¥ switched at cycles of 0.5T, and an
end edge pul se consisting of the fiTs87power 1.0OT. The recording pul se
train C has the sanme structure as the recording pulse train B, and
according to the length of a mark to be recorded and the front and rear

spaci ngs of the mark, the positions of the start edge pul se and the end
edge pu| se of the.recording ]l’_\l_ll se train are changed—-Fhe-recordi ng pu| se

train D, in ordem waxeformr k. 3~d alr S di n@Tul e train
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shown gvg?§f§?ﬁ¥§§é”5fﬁr SPEEA !&agggg%ﬂgpg wavef orm adopted in

enbodi iren present 1 hvention In e case where, in mark spacing

modul ati on §£cep kN gmddAMRN'EHY SEd Al Shlse train A of Fig. 4

was employed.

" The recording waveform 3-1 of Tgble 5 is the case where
no cooling pulse is added, like the recording waveform H of
Fig. 1. The recording waveform 3-2 is the case where laser
light irradiation at a cooling power is performed immediately
after a recording pulse train, like the recording waveform I
of Fig. 1. However, the cooling-power irradiation time at
that time is constant (0.5T) regardless of mark lengths 3T
through 11T. Also, the recording waveform 3~3 is the case
where irradiation at a bias power is performed immediately
after a recording pulse train and, thereafter, irradiation at
a cooling power is performed, like the recording waveform J of
Fig. 1. However, the cooling-power irradiation time at that
time and the cooling-power start time are 0.5T and 0.2T
regardless of mark length.

From Table 6, for the case of the recording waveform 3-1,
the jitter has gotten worse in comparison with other recording
waveforms. In the case of the recording waveform 3-2, the
jitter has been improved in comparison with the recording

waveform 3-1. On the other hand, in the recording waveform 3-



- 29 - An input waveform A is an exanple of a (2, 7) nodul ati on nethod. The
width of a mark in this case is 0.5T. Here, there is shown the case where
mark spacings are 2.0T, 3.5T, and 1-5B8 A recording waveformE is the case
of recording the input waveformA, and the recording pulse width is 0.25T.
A recording waveformF is the case of recording the input waveformA, and a

Coo 1, 8933 ¥ AORHEIEH VERRS, AR 0 A e
B e e

of recordlng he ‘i npu ter 1rra atlon of a recordlng power

| evel | kAl i Rlndi i 85 GOHEEOH KB DI WL hego | £hadi ati on

a cooIPng power vel 1s perforne th of the recording pulse is

0. 25T, Pa*e%e&oﬂasﬂ%éwﬁé drhd BEEAL mncbmsaﬂl%o@x 4Akh Wthdhr&@Otd HgPover
start fine is 0.25T. Also, Iin Fig. 1 thére is showm a conflguratlon of a

speci f yaveFeid Ng wavef orm adopted in enbodi nents of the present invention
in the case where, in mark | ength nodul ation

As described above, the recording where jitters are small
becomes possible by putting laser light irradiation at a bias
power between the laser light irradiations of the recording
and cooling powers.

In this embodiment, while there has been shown the case
where the cooling-power is a light reproducing power, similar
results were also obtained for the case where the cooling
power is between 0 and a power smaller than a bias power.

Also, in this embodiment, while there has been shown the’
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 4)

In this embodiment a description will be made of the case

" where only cooling-power irradiation time has been varied
according to the length of a mark to be recorded.

The respective recording waveforms and jitters are shown

in Tables 7 and 8, respectively.  Note that the measurement



recording, a cooling pulse is added. In Fig. 1 there is shown the case
where the recording pulse train A of Fig. 4 is enployed. An input waveform
B is an exanple of the input wavef orm38f -an EFM (Ei ght to Fourteen

Modul ation) signal. EFM nodul ati on nodul ates data by a conbi nati on of
signals having |l engths of 9 kinds between 3T and 11T. The T used herein

nmeans %8%5%%§é 5?5?%?3%@Fﬁ% %géggggeaﬁégggiﬂbhki _the case of recording

the in € no cooling pulse is added. A

recor ding Waehapll 11,5 vhe SR JANE! OLLIKELE: 81 CORhENGrASR | s added

in the case of recordi'ng the 1 nput verorm B. Regardl ess o ngt h of

an i Mediatitlgl gy JBK: {ife COPhI PR2PRYBE Whesd! AbrRd &iith a¥kbK he

cool i ng-power. start tinme are sef to constant values (0.5T and 0) and are

added. pArikeq@ndtl Jeusdiden 36 andecordape yavekded,aglee shedel i ng pul se
I's added in the case of recording the input wavef or m B. Regar dl ess of the

| engt heQleryn 4 RBEALSE Yrédtdrding Waveé8ra8Q! i Nng-power irradiation time and
t he cool i ng- power
In this embodiment the recording pulse train A of Fig. 4
was employed.
The recording waveform 4-1 of Table 7 is the case where
no cooling pulse is added, like the iecording waveform H of
Fig. 1. The recording waveform 4-2 is the case where cooling-
power irradiation time is constant (0.10T) regardless of mark
length and where the cooling-power irradiation time is
immediately after a recording pulse t;ain, like the recording
waveform I of Fig. 1. Also, the recording waveform 4-3 is the
case where irradiation at a cooling power is performed
immediately after a recording pulse train, like the recording
waveform I of Fig. 1. However, the cooling-power irradiation
time at that time is 0.50T7, which is longer than the recording
waveform 4-2. Furthermore, the recording waveform 4-4 is the
case where irradiation at a cooling power is performed
immediately after a recording pulse train, like the recording

waveform I of Fig. 1. The cooling-power irradiation time

becomes longer as mark length becomes shorter.



start tinme are set to constant values (0.5T and 0.25T) and are added. The
present invention will hereinafter be described in further detail wth
speci fic enbodi ments. (Enbodi ment 1)} KB® this enbodi ment a description wll
be made of the case where, in mark spaci ng nodul ation, |aser |ight
irradiation at a bias power has been perforned betmeen | aser |ight
irradlggegg§ gt recordi ng and cooling powers. For the evaluation condltlons
of an & sk, the wavel ength of the laser light is 680 nmand the
nuneri cal aperture (NA) of the objective Iens of the optical head used for

the recording and reproduction of the recording unit is 0.55 For (2. 7)
nodul aReewrdiclock T is|set qo that the|shortijest nark pitch Qeconep 2. 1{pm
By 1-bedm ovefw Maxk recqpdijngg s pgfqurrg@d 104 t} ngs, RePr bduged
si gnal wpegefor | 3engthjj{ferentiated and{peak {detection i . The
jitte_EMaLu&r1§¥444¥#ﬂ ﬁﬁiﬁiémLéu- i Hede,
[err]|is the |FPeE™9st andard deviptionfand Tw is fhe window (wi dt h{ of tHhe
det ecfi ng sysl § ¥ The |i near| veywri tyrils @rd mer 0T oT oT oT
rradlat
ion time
4-1 Cooling-
power oT or| or oT or|{ oOT oT oT oT
start
time
Cooling-~ .
power 0.10 {0.10 }0.10 }0.10 |0.10 |0.10 |0.10 |0.10 |0.10
irradiat T T T T T T T T T
4-2 ion time
Cooling-
power 0T or| or or{ or| or or{ or oT
start
time
Cooling=-
power 0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |0.50
irradiat T T T T T T T T T
4-3 ion time '
Cooling-
power oT oT or oT oT or oT oT oT
start
time
Cooling-
power 0.50 [0.45 [0.40 {0.35 |0.30 |0.25 |0.20 {0.15 [0.10
irradiat T T T T T T T T T
44 ion time
Cooling~-
powexr 0T or| oT orT or| oT or| oT oT
start
time
[Table 8]
Recording waveform 4-1 4-2 4-3 4-4
Jitter 11.6% ] 10.3% | 9.6% 7.5%

From Table 7, in the case of the recording waveform 4-1,
the jitter has gotten worse in comparison with other recoxding
waveforms. In the case of the recording waveforms 4-2 and 4-3,

the jitter has been improved in comparison with the recording



On this disk, for signal recording ,a recording power where the CNratio
saturates when a single frequency where nmark pitch becones 2.1 pmis
recorded, is taken to be a recording gawer , and the power of the center

val ue of a power margin, where the erasion rate exceeds -20 dB in the case
where the signal where the signal of the mark pitch is overwitten with a

signal frequency, eqyival ent_t rkopiteh 5. s .S taken to be a
bi as pB\%é(F%FHby“r ;g?"b’? nbsm%vg?g‘riRIQSe&ni %ogwrés@lgr%loéﬁﬁgehnghgend jitters are
shown [n Tahl.es respectively. [Table 1] Recordi ng wavef orm

1-1 r%f’?%@ﬁﬂ ?%‘F%%-%oﬁér irradiation tine Or  0.25T 0, 25T

Cool i ng- po r i ; ; Tablse Hpeeordi ng
wavef or m V\@llihglg)f%é{i}?rﬁq't tler? the gc‘ﬁ‘alé)é) w%y%?}rh{g%f% 'Igﬁde recording
wav ef Og%ﬁfejnto‘cinmﬁan'ﬂ?é{]é £RSCcYUBEIRgRPoWRY ISthrtl tSithd ksirgs |1 ke
the reCording waveformE of Fig. 5. The récording waveform1-2 is the case
where aoae@ld e R SEcdsa aaleR 18HBEhababymel! Fhdrasy, Wrhtsymimaekpt i on at
a recording power, |like the recording waveformF of Fig. 5. wever, the

Co0l i NY=RYPRIN HHAKE PO ehd "Bndt reAdt ehd"PortidntP bf Al Staxrk his recordi ng
waveform 1-3 is the

controlled more satisfactorily for each mark length, so the

jitter value has been considerably improved in comparison with
other recording waveforms.

As described above, the recording where jitters are small
becomes possible by varying the cooling-power irradiation time
in accordance with a record mark length.

In this embodiment, while there has been shown the case
where the cooling power is a light reproducing power, similar
results were alsb obtained for the case where the cooling
power is between 0 and a power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 5)

In this embodiment a description will be made of the case

where cooling-power irradiation time has been varied according



- 32 - case where irradiation at a bias power is performed after

irradiation at a recording power and, thereafter, irradiation at a cooling
power is performed, |ike the recordTn@zmﬁveforan of Fig. 5. However, the
cooling-power irradiation time at that tine is 0.25T and the cool i ng- power
start tinme is delayed by 0.20T after the end of irradiation at a recording

pover .+ 57 A TaBhgtd offla trd?ﬁ:l@&ﬁ?lgﬁfwﬁéle £K6 OhaiRI1eAYehoi® khortde jitter
has gotten worse’in conparison witth other recordi ng waveforns. For the case

of thexhgaoadprederedinad wark eedgth &r has been inproved as conpared
with the recording waveform 1-1 but 1s worse in conparison with the .
recordi ng vweef pespécBivéhaecording wave fexms damng jdbtveéosmate3 shiownhe
present invention where the cooling-power start tinme was del ayed, the
jitterihsTabhesvodand dOparesymsciivdlyl hdNotte coalt nfheamehsuremedrt:

descri bed above, the recording where jitters are small becones possible by
del ayi cgndlitishar aref thec sdneqaputlse embodikespadi.ng nodul ation. In this
enbodi ment, while the case of the reproduci ng power has been taken as an
exanpl gTable @dol i ng power, simlar

Recordi
ng Mark
wavefor length
m

3T 4T 5T 6T 7T 8T oT loT 11T

Cooling-
power
irradiat
ion time
Coocling-
power
start
time
Cooling-
power 0.50 {0.45 | 0.40 | 0.35 {0.30 |0.30 |0.30 |]0.30 10.30
irradiat T T T T T T T T T
ion time
Cooling-
power
start
time
Coocling-
power 0.50 |0.45 | 0.45 | 0.45 |0.45 ] 0.45 1 0.45 [ 0.45 | 0.45
irradiat T T T T T T T T T
ion time
Cooling-
power
start
time

oT oT oT oT|{ OT oT or oT oT

oT oT or oT oT oT oT oT oT

oT oT oT oT oT oT or oT oT

oT oT oT oT oT oT oT oT oT

[Table 10]

Recording waveform | 5-1 5-2 5-3
Jitter 11.6% | 8.3% 10.0%

In Table 9, the cooling-power irradiation time and the

cooling-power start time, in the case where marks with each

mark length of between 3T and 11T are recorded, are shown



results were al so obtained for the case where a cooling power is between a
bi as power and a l|laser-off level. (Enmhgdinment 2) In this enbodi nent a
description will be nade of the caseé ere an optical disk is rotated at a
constant angul ar velocity and where, when recording is performed in mark
spaci ng nodul ati on, cooling-power start time is varied according to the

radi Uuse@briyh@ dislds of -redordig wdeefypmgati on conditions, the nunber of
revolutions of the disk is constant (1500 rpn). For a (2, 7) nodul ation

signal, clogk This eamboddnemt Rdfe tiecaiding pubse ktpainhabefoRrig.241
[errImat all tinmes. By 1l-beamoverwite, recording is perfornmed 100 tines,
and t hwagi etoploy®die, [err]sum Tw (%, was neasured at the positions when
the radius of the disk is at 23, 30, 37, 43, 50, and 57 nm Here, [err] is
the jitter Thendecdrddnigmwaorefoon Byl of MRakleaddwisi the oasehwheseecting
system The linear velocities at the respective radii are about 3.6, 4.7,
5.8, 6n®, coodingnhpulge nis. added, t hiket hbedreroxdinghwayedormihaf ement
conditions are the sane as the enbodiment 1. The recordi ng waveforns used
in thi Figrbddi nBive aegording waveform 5-2 is the case where

immediately after irradiation of a recording pulse train,

irradiation of a cooling power is varied only when mark length

is shorter than mark length having 3T through 6T, like the

recording waveform I of Fig. 1, and is the case where cooling-

~power irradiation time is made longer as a record mark length

becomes shorter. Also, the recording waveform 5-3 is the case

where cooling-power irradiation time is longer only when mark

length is at 3T and where a cooling power is added immediately

after irradiation of a recording pulse train.

From Table 10, in the case of the recording waveform 5-1,

the jitter has gotten worse in comparison with other recording

waveforms. On the other hand, in the case of the record mark

lengths of 3T through 6T according to the present invention,

in the recording waveform 5-2 where the cooling~-power start

time is made longer as the mark length becomes shorter, the

jitter has been improved in comparison with the recording

waveform 5-1.

Also, in the recording waveform 5-3 where cooling-power
irradiation time is added only when the record mark length
according to the present invention is at 3T, the jitter is

larger in comparison with the recording waveform 5-2 but has

been improved in comparison to the recording waveform 5-1.



jitters are shown in Tables 3 and 4, respectively. [Table 3] Recording
wavef orm 2-1 2-2 2-3 Coqling-power irradiation tinme

Orf 0.30T 0.30T Cooling-power starf fi‘ne or or 0.10T
[ Tabl e 4] Radius Recordi ng waveform Recording Recor di ng waveform
2-1 wavef or n2- 2 2-3 23 mm 14. 1%

10. 5% As desctibd¥® IBoWE, the recdrddifig where jitters9a¥e&o small
10. 5% 37 mm 11. 3% 9. 3% 9.8% 43 mMm

10. 5% becomes possiklel%Py varying and8af@ibg tihe cooling-powedh

10. 0% 9.2% 57 mMm 11. 4% 10. 7%

9. 7% Theradiatdiony tianefanly wlienfa Tabterd@ mesrkhdengtd \iseldesso theaal iang
pul se is added, |ike the recording waveformE of Fig. 5. The recording
wavef opmedetermimesl cmsromhanack atengthght This adecerdhngt waveforimng pul se
Is perforned after |aser - 34 - light irradiation at a recordi ng power,
li ke tmédmpdddiigind-hanaforcturefofiy. recordindgerirend tcedr g pover
Irradlgghggdered to be better in terms of cost.

In this embodiment, while there has been shown the case
where the cooling power is a light reproducing power, similar
results were also obtained for the case where the cooling
power is between 0 and a power than a bias power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 6)

In this embodiment a description will be made of the case
where cooling-power irradiation time is constant regardless of
mark length and where only cooling-power start time has been
varied according to the length of a mark to be recorded.

The respective recording waveforms and jitters are shown

in Tables 11 and 12, respectively. Note that the measurement

conditions are the same as the embodiment 3.



time at that tine is 0.30T. Also, the recording waveform 2-3 is the case
where irradiation at a bias power is perforned after irradiation at a
recordi ng power and, thereafter, irfadbati on at a cooling power is
performed, |ike the recording waveform G of Fig. 5. However, the
cooling-power irradiation tinme at that tine is 0.30T and the cooling-power
start iéng IS gﬁter 0. 10T after the end of irradiation at a recording

power . ? erdbile 4, for the case of the recording waveform 2-1, the jitter
has gotten worse at the inner and outer circunferences of the disk in

conparison aveforns. In the case of the recordin
wavef pregard2 $ | nprpved gt thelinnen circunfer nti al
portipn &8 th . A sor i nakhg cose ot He 1echr geng wavef anom 2- Bt the
jittefwaeafogol té@PWﬁNs- at {he inner circunflerent|al pdrtion| of the disk in
conpapi-sdh-with-the i vavtef orat2-2 —thut—t-he—f-Hiter
| nproyed at tfﬁPQiﬁPgr q tial portigqn of fhe dijsk in rison
with {he ot her?‘?“é@é’orgl ng omyef ams. & pm tolrd f c0EPoi 0F,| asdl h t bE | pr &Fent
i nventi on, Ilkéiﬁﬁiiﬁ recordiing wgveform 2-2,| for exanplle, is|applied at} the
I nner Clﬁthnfﬁbéai h? ortgmofthe—disk—arnd—thafTecqrdimgrwaveformm2- 3,
for exanple, ied at fhe outer circunflerent{al partionj of tTe di sk,
by en‘p| Oy| ng a_séﬁctorch hg oT oT oT or oT oT oT oT oT
time
Cooling- .
power 0.50 {0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |[0.50
irradiat T T T T T T T T T
6-2 ion time
Cooling~
power or{ or{ or| or{ or{ or| or| or| or
start
time
Cooling~
power 0.50 [0.50 |0.50 |0.50 |0.50 |[0.50 [0.50 |0.50 |0.50
irradiat T T T T T T T T T
ion time
6-3 Cooling-
power 0.40 }0.40 | 0.40 |0.40 |0.40 | 0.40 | 0.40 |0.40 |0.40
start T T T T T T T T T
time
Cooling- |
power 0.50 |0.50 |0.50 |0.50 {0.50 [0.50 [|0.50 |0.50 |0.50
irradiat | T T T T T T T T T
ion time
6-4 Cooling-
power op|0-95 |0.10 |0.15 | 0.20 |0.25 |0.30 |0.35 |0.40
gstart T T T T T T T T
time
[Table 12]
Recording waveform 6-1 6-2 6-3 6-4
Jitter 11.6% 9.6% 10.0% 8.0%

In Table 11, the cooling-power irradiation time and the
cooling-power start time, in the case where marks of each mark
length of between 3T and 11T are recorded, are shown every 4

kinds of recording waveforms. In this embodiment the



wavef or m whi ch qui ckens cool i ng-power start tine at the inner
circunferential portion of the disk, satisfactory recording of - 35 - a
reproduced jitter becones possi bl e.~Ad6descri bed above, in the case where
an optical disk is rotated at a constant angul ar velocity, the recording
where jitters are small over the entire circunference of the di sk becones

Ol cuntaparaids” S fbi ﬁ%’%??ifﬁﬁhﬁ%@éﬁ%%ﬁ?enéﬁn s Wth the
rou | |
cooling poviP®, £eRoraiRg SN ALNT P U (P40 CndORBal PSR 1 1

| t ' &, f : J3 I ' bi
oot SedESePe Sl [ ddpd o r SR casisiangusg b e o bl

power and a [ aser- evel . I ment ment a

descr i pion Wi | bple aRdedlhd WaveARANEI2, 14 HE' Kad&nghbrandul at i on,

laser light irradiation at a bias power has been perfornmed between |aser
i ght §pfadiditiedRs a¥tdre G ridibhiéhn COP| ANPe8BYBifig PAlskher@ya uation

conditions of the optical disk, the wavelength of the laser light is 680 nm

and thgrMAdefatlid® of a cooling power is performed, like the
recording waveform I of Fig. 1. However, the cooling-power
irradiation time is 0.5T regardless of the length of a mark to
be recorded. Also, the recording waveform 6-3 is the case
where after irradiation of a recording pulse train,
irradiation at a bias power is performed and, thereafter,
irradiation at a cooling power is performed, like the
recording waveform of Fig.'l. However, the cooling-power
irradiation time is 0.50T and the cooling-power start time is
0.4T. The times are constant regardless of the length of a
mark to be recorded. Furthermore, for the recording waveform
6-4, as with the recording waveform 6-3, the cooling-power
irradiation time is 0.50T and constant regardless of mark
length, but the cooling-power start time is quickened as the
length of a mark becomes shorter.

From Table 12, in the case of the recording waveform 6-1,
the jitter has gotten worse in comparison with other recording
waveforms. In the case of the recording waveforms 6-2 and 6-3,
the jitter has been improved in comparison with the recording
waveform 6-1. On the other hand, in the recording waveform 6-
4 of the present invention where the cooling-power start time
is quickened as the length of a mark becomes shorter, the

jitter becomes even smaller in comparison to other recording



objective lens of the optical head used for the recording and reproduction
of the recording unit is 0.55. For the 8-14 nodul ated (EFM nodul ated) i nput
signal, clock T is set so that the shantest mark | ength becones 0.90 pm By
1-beam overwrite, recording is perfornmed 100 tinmes, and the jitter val ue,
[err]sum Tw (%, of the zero-cross point of the reproduced signal between
3T and 11T _was neasured. Here, [err]sumis the standard deviation of the

t ot al ?VFFPF@FS between 3T and 11T and Tw is the w ndow width of the

for st gnal AecHpbragoed AR %ra'sé.e' 3, ety digme 3 {FTSES he E*%*%%gissﬁhen

C aken PECEeE" PR By ey S ﬁg%ﬁﬁinﬁf R T

o g EES i R S 1 0L NGRS 2 Opdf B! B8 Fase-usELe e si gnal
tten W Fghal

of the BT Rark s Coverwr i requency equivalent to 11T, is

set and takgp £0;0e cAnBlddnadiun M1 (RO HAW HEURT O 8hn UERY £8sbNi S

enbodi ment and jitters are de I'n respectively.
where the cooling power is a light reproducing power, similar

results were also obtained for the case where the cooling
power is between 0 and a power less than a bias power.

Also, in this embodiment, while‘there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 7)

In this embodiment a description will be made of the case
where cooling-power irradiation time is constant and where
cooling-power start time has been varied according to the
length of a mark only when the mark length is shorter than a
predetermined mark length.

The respective recording waveforms and jitters are shown
in Tables 13 and 14, respectively. Note that the measurement
conditions are the same as the embodiment 3.

In Table 13, the cooling-power irradiation time and the

cooling-power start time, in the case where marks with each



[ Tabl e 5] Recordi ng Mar k 3T 4T 5T 6T 7T 8T 9T 10T
11T wave for Ilength Cooling- power irradiat or or or or or or

Or Or O powering start Ohgg @ Oor or or or or or
Or time Cooling- power 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
0.50 irradiat T T T T T T T T T 3-2

Start I’[‘Tgﬁgoglﬁbgighgg%%een FEand LT Brecregorgedy 8o 8%ym ¢ 50 0. 50
g;go ié%%g#ﬁé_kéBgEi&£ Leco£Eing:%aveE6rmsj- In 'this 'embodiment Ihgon time
recording pulse train A of Fig. 4 was employed. '

The recording waveform 7-1 of Table 13 is the case where
no cooling pulse is added, like the recording waveform H of
Fig. 1. The recording waveform 7-2 is the case where after
irradiation of a recording pulse train, irradiation at a bias
power is performed and then irradiation at a cooling power is
performed, like the recording wavefofm J of Fig. 1. Also, in
the case where the length of a mark to be recorded has 3T
through 6T, the cooling-pulse start time is quickened as the
length of the mark becomes shorter. However, the cooling-
power irradiation time is 0.50T and constant regardless of

mark length.

[Table 13]

Recordi
ng Mark
wavefor length
m

3T 47 5T 6T T 8T 9T 10T 11T

Cooling-
power
irradiat
ion time
Cooling-
power
start
time
Cooling-
power 0.50 10.50 [|0.50 | 0.50 [{0.50 [0.50 [ 0.50 |0.50 |0.50
irradiat T T T T T T T T T
ion time :

Cooling-
power 0.00 |0.05 (0,10 [0.15 {0.20 (0.20 ]10.20 [0.20 |0.20
start T T T T T T T T T
time
Cooling- '

power 0.50 |0.50 ]0.50 | 0.50 |]0.50 J0.50 {0.50 [0.50 ]0.50
irradiat T T T T T T T T T
ion time

oT oT oT or oT 0T oT oT 0T

oT oT or oT oT oT oT orT or

~
w



n

1T

3-2

| of

power 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 start

T T T T T T T T T time [Tabl e 6] - 37 -
Recordi ng waveform 3-1 3-2 3-43rtter 11.6% 9.6% 9.2% |
Table 5, the cooling-power irradiation tine and the cooling-power start
time,, in the case where marks with each mar and. 1
are r , i eve 3 Ki nds pf rec his
enbod| nent t higPS¥&&or di i Yul éez?reﬂ‘ﬁ"A B30 0.20
recor Hi ng waveld i 3- 1 of FgbleTd is The cAs se i’y
addedi—H Rg—wareormH-eot—H-g—t—Fhe—recort-Ag—wavetor-m
IS the case where |laser light irradiation at a cooling power is perforned
i mmedi ately after a recording pulse train, like the recordi ng waveform
Fig. 1lprabdevesd,] the cooling-power irradiation time at that tine is

constant (0.5T) regardless of mark |l engths 3T through 11T. Al so, the
recordi ng waveform 3-3 is the case

Recording waveform 7-1 7-2 7-3
Jitter 11.6% | 8.4% 9.0%

Also, the recording waveform 7-3 is the case where a

cooling pulse is performed immediately after irradiation of a
recording pulse train, only when a mﬁrk with 3T is recorded,
and where cooling-power start time ié constant (0.20T) when a
mark having 4T through 11T is recorded.

From Table 14, in the case of the recording waveform 7-1,
the jitter has gotten worse in comparison with other recording
waveforms. On the other hand, in the case of the mark having
lengths of 3T through 6T according to the present invention,
for the recording waveform 7-2 where the cooling-pulse start
time is quickened as the length of the mark becomes shorter,
the jitter has been improved in comparison to the recording
waveform 7-1. Also, in the recording waveform 7-3 of the
present invention where cooling-power start time is quickened
only when the mark length has 3T, the jitter is larger in
comparison with the recording waveform 7-2 but has been
improved in comparison to the recording waveform 7-1.

As described above, the recording where jitters are small
becomes possible by varying and adding the cooling-power start
time only when the length of a mark is less than a

predetermined mark length. This recording waveform simplifies



where irradiation at a bias power is perfornmed inmediately after a
recording pulse train and, thereafter, irradiation at a cooling power is
performed, |ike the recordi ng waveferd®J~of Fig. 1. However, the

cool ing-power irradiation time at that tinme and the cooling-power start
time are 0.5T and 0. 2T regardless of mark |l ength. From Table 6, for the

case ofpLNgeLRRAUGING M S Ady dflEchid | HanBs OOhLEReYRESES Be
conmparrson- W Ser ' &cor |ng wav et or ms he case © e recording

wav ef gﬁ% nproved in conparison with the recording
mavefgéﬁ#g % f%gﬁkﬁ%ﬁ%t ‘ﬂgﬁﬁﬁ f% t he recordi ng waveform 3- -38- 3 of
the presentp Vgl eRpBRshent® widdld Mhdi¥Glas’ Iddn téﬂ@wﬁ Stﬁ’@' éé(ﬁé the

symetry between the front end and rear end portions of a mark

contr ojph&feMhe SHIISMRF Powdy i thEght ti@prmécbﬁgoaewéml bsfumar

conparison wth other recording waveforns. As described above, the
recor dir@gulsr eirel adlso VLt LHifed £HEERS PSS WheérdytRet tobPihgser |ight

irradiation at a bias power between the laser light irradiations of the
recor dpogenisC betweerP@\Rirfid a power less than a bias power.

Also, in this embodiment, while there has been shown the
caselwhere the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 8)

In this embodiment a description will be made of the case
where a cooling pulse with both a constant cooling-power
irradiation time and a constant cooling-power start time is
added only when a mark shorter than a predetermined length is
recorded.

The respective recording waveforms and jitters are shown
in Tables 15 and 16, respectively. Note that the measurement

conditions are the same as the embodiment 3.



In this enbodi nment, while there has been showi the case where the
cooling-power is a |ight reproducing power, simlar results were al so
obt ai ned for the case where the cooti®ml power is between 0 and a power
smal l er than a bias power. Also, in this enbodinment, while there has been
shown the case where the second power of a recording pulse train is a bias
power , féﬂléa? ﬁesults were al so obtained for the case where the second
power s greater than 0 and |l ess than a recording power. Also, in this
enbodi nent, while the case of the recording pulse train A of Fig. 4 has

been shown as_a recording pulse train simlar results gbLqued
for t|Receadés of the rlecord ng pul se tyains|B, C| and .
( Embodi nB#&t 4) IW?thl emboglnﬁnt ardescer pli gp Wildr b haigabke
wher € 'GHI&F °E gol ?ﬂ?tbo r irfadiatlion tf me has begn var ilng to|the
| engt S Agofg recof-gded—the—+pespective—record re—anyl
jitters are sigﬁﬁ P Tlabl es| 7 and 8, rkspectively. Not
nmeasur enent J.rraggat conelf {i 00% lar Mt he 8ape &F |t het® oT
ion time
8-1 Cooling-
power oT oT oT oT oT oT oT oT oT
start
time
Cooling- .
power 0.43 {0.43 |0.43 |0.43
irradiat T T T T 0T 0T 0T oT oT
ion time
8-2 Cooling-
power 0.08 [{0.08 [0.08 {0.08
ctart » T ™ - oT oT oT or 0T
time
Cooling-
power 0.43 or|{ or| or| or|[ or| or| or| or
irradiat T
ion time
8-3 Cooling-
power 0.08 or| or|{ or| or| or| or| or| or
start T
time
[Table 16])
Recording waveform 8-1 8-2 8-3
Jitter 11.6% | 8.7% 9.8%

In Table 15, the cooling-power irradiation time and the
cooling-power start time, in the case where marks with each
mark length of between 3T and 11T are recorded, are shown
every 3 kinds of recording waveforms. In this embodiment the
recording pulse train A of Fig. 4 was employed.

The recording waveform 8-1 of Table 15 is the case where
no cooling pulse is added, like the recording waveform H of

Fig. 1. The recording waveform 8-2 is the case where only



In Table 7, the cooling-power irradiation tine and the cooling-power start
time, in the case where marks with each mark | ength of between 3T and 11T
are recorded, are shown every 4 ki nds5@ -recording waveforms. In this
enbodi nent the recording pulse train A of Fig. 4 was enpl oyed. The
recordi ng waveform 4-1 of Table 7 is the case where no cooling pulse is
added, hike e i r f .El ; AL SN f ghm 4- 2
S the“%gg’et\%nerle (%}FI%%%E ?}r)lr_ka) igFFgrxfd#ldm}%?sﬂ cons%w\(l\%xqo%'

regar dl; fa v By, t4hs e:Lh | PRIy 1L ' t} IS

I mredi g‘?%%ﬁgfter*aii‘?eg%o?ﬁgpgpﬁﬁgelgrgfg?g [ Iég%he rreclor | n:gét\&/\gé]%f%??n | of
Fig. 1a é'e%%ré'hfquﬁ.fﬂg'%‘.gamyegﬂanhﬁéﬁ 13004 A% WHETE dogpghglion at a
cool ing power 1Is rtormed I nmedi ately after a recording pulse train, |ike

the re?%b@ﬂ”'&s"@@x_ffﬁfﬁéd of 1 Fk@- the HBWBYRing WAVEIIrnYr ROFEF ! radi ation

time at that tine is 0.50T, which is [onger than the recording waveform

4-2. FHOWRETD Whed Gnd £ 01 €h§6h V8l ChatWedn? ITS drde 6995 WSS BLhgr adi ation
at a cooling power is perfornmed imediately after a recording pulse train,
l'i ke t Balsecwidinbyay ed 066l iRg-pbderlirFadiadlon & iMBVeSE | § I 43 ahhan time
beconmes | onger as mark | ength becones shorter.

a cooling-power start time of 0.08T is added. Also, the

recording waveform 8-3 is the case where a cooling pulse with
both a constant cooling-power irradiation time of 0.43T and a
constant cooling-power start time of 0.08T is added only Qhen
the length of a mark to be recorded is 3T.

From Table 16, in the case of the recording waveform 8-1,
the jitter has gotten worse in comparison with other recording
waveforms. On the other hand, in the case of the recording
waveform 8-2 of the present invention, where a cooling pulse
with a constant cooling-pulse width and a constant start time
is added only when a mark less than a predetermined mark
length is recorded, the jitter has been improved in comparison
to the recording waveform 8-1. Also, in the recording
waveform 8-3 of the present invention where a cooling pulse is
added only when a mark with a shortest mark length is recorded,
the jitter is worse in comparison with the recording waveform
8-2 but has been improved in comparison to the recording
waveform 8-1.

As described above, the recording where jitters are small
becomes possible by adding a cooling pulse having a constant
pulse width and a constant start time only when a mark less

than a predetermined mark length is recorded. This recording



[ Tabl e 7] Recordi ng Mar k 3T 4T 5T 6T 7T 8T

oT 10T 11T wavef or | engt h Cool i ng- power or or or

or or or or Ol irradiat_4g53 _ ion tine Cooling- power

or or or or or or or or Or start tinme Cooling-
power 0. 10 0.10 0.10 O. 10 0. 10 0. 10 0.10 0.10 O0.10 irradiat
T T T T T 4-2 ion time
Cbo||ngav§§gym 31mp11ﬁyes tmg-str@gturecgf a Egcordepg cigpuit gnd o
start tinme Coqljng-. powe 0.50 0.50 0,50 .50 0.50 0.50 0.50
0.50 @&ssgonsigerad to bq—betteq—fromTthe sige of gost. T T T
T

In this embodiment, while there has been shown the case‘
where the cooling power is a light reproducing power, similar
results were also obtained for the case where the cooling
power is between 0 and a power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were alsﬁ obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 9)

In this embodiment a description will be made of the case
where an optical disk is rotated at a constant angular
velocity and where a cooling pulse is added only when a mark
less than a predetermined mark length is recorded.

For the evaluation conditions, the number of revolutions
of the disk is 1000 rpm). For an EFM signal, clock T is
varied so that the shortest mark pitch becomes 0.9 ym at all
times. By l-beam overwrite, recording is.performed 100 times,
and the jitter value, osum/Tw (%), of the zero-cross point of
a reproduced signal between 3T and 11T was measured at the
positions where the radius of the disk is at 23, 30, 37, 43,

50, and 57 mm. Here, ¢ is the jitter standard deviation and

or



Or time Cooling- power 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.15
O irradiat T T T - sq4 - T T T T T
or

ion time Cooling- power or or or or or or or or
1

-4 ion time Cooling- power or or or or or

4

0
4
or
4
0

or Ol start time [Table 8] Recordi ng waveform 4-1 4-2 4-3
-4 Jitter, . 11.6% 10.3% = 9.6% /.5% From Table 7, in the case
f the Twch? dvh@ whndewr width ofhihe dateqiskng@¥sehor 459 ddpari son
wi th other recording waveforns. In the case of the recaording waveforns 4-2
and 4- 3inearyvelerihiespatnthRprerRective Hadts Are Pt he? récot ding -

41 - waveform3-1_but is _.a_bad value in conparison with the
3.9, 4.5, 5.2, and 6.% m/s. Note tg%t the other measurement

conditions are the same as the embodiment 3.

The respective recording waveforms and jitters are shown
in Tables 17 and 18, respectively.

In Table 17, the cooling-power irradiation time and the
cooling-power start time, in the case where marks with each
mark length of between 3T and 11T afe recorded, are shown
every 3 kinds of recording waveforms.

In this embodiment the recording pulse train A of Fig. 4
was employed. The recording waveform 9-1 of Table 17 is the
case where no cooling pulse is added, like the recording

waveform H of Fig. 1.



recordi ng waveform 4-4. On the other

the present invention where the cooling-power start tinme becones | onger as

hand, in the

recordi ng waveform 4-4 of

a record mark | ength becones shorter, sghe symetry between the front end
and rear end portions of a mark is controlled nore satisfactorily for each

mar k | engt h,

conpari son with ot her
recor d[BgbkRedd Jjitters are snal

power
the ¢
bi as
wher e
resul
t han
case
pul se
recor

so the jitter value has been considerably inproved in

recordi ng waveforns. As described above,

t he

beconmes possi bl e by varying the

cooling-power irradiation time in accordance with a record mark length. In
t hi s "'enbodi ment, while there has been shown the case where the cooling
Rébd}dhlght repro u0|n , Tar [results weie al slo obt ai ned |f or
asenghere t¥exrkCcoOf | \Qg |s ,1be slin 0 d a Poyer, snal,Lar tﬁaln a
dg 9T 1
peawsrfor/\ sbengtir t |s e ? pMhi [ e |t heref has heén sjhown t{ he cgse
themsecpnd power} of a recorldi ng ulse trainfis albias lpower] simjlar
Bs wer e pferd-ipbt g b wherle t hel secopd power i s|greatler
and | egRo%ean a Algq, gy | hi gpénbaai [mengs | whigheg t he
pf t he rpEoRdiAY Fi g. {4 has| been|shown as ajrecor{di ng
treim, tipe obt-ailred—fprth s—of—the
Hi ng pul ¥ 8FRs| B, C| and [D of Fig. 4.
powex or or| oT oT oT o oT or oT
start
time
Cooling-~ ,
power 0.43 |0.43 [ 0.43 | 0.43
irradiat T T T T oT oT oT oT oT
ion time
-2 =
? Cooling-
power 0.08 [0.08 |0.08 |0.08
ctart - - ™ - oT 0T oT or oT
time
Cooling-
power ~ 10.43 1 op| or| or| or| or|{ or| or| or
irradiat T
ion time
9-3 Cooling-
power 0.08 or{ or| or| or| or| or| or| or
start T
time
[Table 18]
Radius | Recording waveform | Recording waveform | Recording waveform
9-1 9-2 9-3
23 mm 14.0% 11.S5% 12.8%
30 mm 13.3% 9.8% 10.8%
37 mm 11.8% 9.0% 10.0%
43 mm 10.9% 10.5% 10.7%
50 mm 11.4% 12.2% 11.8%
$7_mm 12.3% 13.4% 12.5%

The recording waveform 9-2 is the case where, only when a mark

with a length of 3T through 6T is recorded,

irradiation at a

bias power is performed after irradiation of a recording pulse

train and then irradiation at a cooling power is performed,

like the recording waveform J of Fig. 1.

However,

the



(Enbodi ment 5) In this enbodinent a description will be nade of the case

cool i ng-power irradiation time has been varied according - 42 - to
the length of a mark only when the TraPk Fength is shorter than a
predeterm ned mark | ength. The respective recordi ng waveforns and jitters
are shown in Tables 9 and 10, respectively. Note that the neasurenent

wher e

condi t
3T

Cool i ngtapeWeime is(%?bST

ion ti

0. 30

b@Biiﬁ?epb%rs AR 261 4 ok PRk "est 0 330 Tahketlk Beodlidig-Kbwer
4T T 6T 7T 8T 9T 10T 11T wavefor |'engt h

or

me power

pulse is not added. Also, the recording waveform 9-3 is the
case where a cooling pulse is not added except for a mark
having 3T, like the recording waveform H of Fig. 1. However,
only when a mark with 3T is recorded, the cooling-power
irradiation time is 0.43T and the cooling-power start time is
0.08T.

From Table 18, in the case of the recording waveform 9-1,
the jitter has gotten worse particularly at the inner
circumference of the disk in comparison with other recording
waveforms. On the other hand, in the case of the recording
waveform 9-2 where a cooling pulse was added when a short mark
is recorded, the jitter has been improved at the ihner
circumferential portion of the disk in comparison with the
recording waveform 9-1. Also, in the case of the recording
waveform 9-3 where a cooling pulse was added when a 3T mark is
recorded, the jitter has been improved at the inner
circumferential portion of the disk. Therefore, for example,
for the inner circumferential portion at a radius of 37 mm or
up to 43 mm, the recording waveforms 9-2 and 9-3 can be
employed, and for the outer circumferential portidn than that,
the recording waveform 9-1 can be used.

As in the present invention, by employing the recording
waveform 9-2 or 9-3 at the inner circumferential portion of
the disk and the recording-waveform 9-1 which does not add a

cooling pulse at the outer circumferential portion, a

Mar k

@o thétime&Tare Riforfdl AlSH, inCthe OT 5-1
or or or or or or Ol. start

time CepabengheR@\e mark vi¥h Pr4bhr&udh 1073%s Reddrded3Oa @o¥limy 30



at T T T T T T T T T 5-2

I rradi

ti me Cool ing- power or or or or or or or or
start tinme Cooling- power 0.50 -0525- 0.45 0.45 0.45 0.45 0.45
0.45 0.45 irradiat T T T T T T T T
lon time 5-3 Cool i ng- power or or or or
or or Ol,start..tine [Tabl cor wavef orm -1,..5-2
3 1 or SELisEREREY gl o b'lﬁﬁ % "YGL S8 BE KBepdiaR-

i rradi

i on

5-

or
T
3

w th cach ree kIFafEReRr BN eﬁuﬁ% d S T o oG EeAT OIS ™0

rotated at a constant angular velocity, a cooling pulse is
added only when a mark shorter than a predetermined mark
length is recorded on the inner circumferential portion of the
disk inside a predetermined radius, whereby the redording
where jitters are small becomes possible at any radius of the
disk. This recording waveform simplifies the structure of a
recording circuit and is.considered fo be better from the side
of cost.

In this embodiment, while there has Béen shown the case
where the cooling power is a light reproducing power, similar
results were also obtained for the case where the cooling
power is between 0 and a power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 10)

In this embodiment a description will be made of the case
where an optical disk is rotated at a constant angular
velocity and where cooling-power irradiation time and cooling-

power start time are varied according to the radius of the



every 3 kinds of recording waveforns. In this enbodi nent the recording
pulse train A of Fig. 4 was enpl oyed. The recordi ng waveform5-1 of Table 9
is the case where no cooling pul se +ss@dded, |ike the recording waveformH
of Fig. 1. The recording waveform5-2 is the case where immedi ately after
irradiation of a recording pulse train, irradiation of a cooling power is
varied only when mark length is shorter than mark | ength having 3T through
6T, |igESkkhe recording waveform| of Fig. 1, and is the case where cooling-

' di ati tine,i de | d K b
Chorter  AkGe PREPPEESVE: RE-nRSORs: meyeromny mid (L saEF chle FRARED
' di ati ' IS | I k | '
cool | npPpBARLePS 1S0ARE e HeRRSGE IRy MEAH A HhoddufRHEBEZC T (.
train. FrqmTable 10, .i.n th t | f 5-1, the jitt
o GOTPRALEAPE AT Lo T, T (s AR 0 T e 0 the ot her

hand. in the, cage,al 1bne FeCRS ITHIC dana! o ola e 445 Ouihe BanaceRidi ng to

t he presen I-on, € recording waveformb-2 where the

Cho' | TBoRFYRE: iy WU S RS caatanamelabans! pakac s, 1oL
Al'so, bRk hGRY Y HARYEI LT IH Sankd PP Ca£80L£BBrBBYST are shown
every 3 kinds of recording waveforms.
- In this embodiment the recordiné pulse train A of Fig. 4
was employed.
The recording waveform 10-1 of Table 19 is the case where
no cooling pulse is added, like the recording waveform H of
Fig. 1. The recording waveform 10-2 is the case where
irradiation at a cooling power is performed after irradiation
of a recording pulse train, like the recording waveform I of
Fig. 1. However, the cooling-power irradiation time varies
depending on the length of a mark to be recorded, and the

cooling-power irradiation time has become longer as a mark

becomes shorter.



irradiation tinme is added only when the record mark | ength according to the
present invention is at 3T, the jitter is larger in conparison wth the
recordi ng waveform 5-2 but has been- iggroved in conparison to the recording
wavef orm 5- 1. - 44 - As described above, the recording where jitters are
smal | becones possible by varying and addi ng the cool i ng-power irradiation
time only when a record mark length is less than a predeterm ned record
mar k |BfaR¥e 1%his recording waveformsinplifies the structure of a
recording circuit and is considered to be better in ternms of cost. In this

enbodi nent, while there has been shown the case where the cooling power is
a | i Jiecoe@i dduci ng pdwer, siml ar re:FIts ere gl so optaingd for|the gase
wher g t hggcodl i ngarpowdr j.s pe 4n nd hower |t 0 byag pewel .14 g0,
i n tHivavefbodi Nesmigthwhi Iie'lst 1e%£erassq'been6§h )vm%t hek%gsa wherle t hef second
power of m rdcording | ulse frainlis a bias power | sim stHtstweredal so
obt aijned for |tdv@lémge [wherejthe decondl powel is dreatel tharn 0 angd | ess
than ja recordigRyegower]. Aypp, o |t higr pnbodil merir,| whet ¢ t loe jcaser pf e
recorldi ng irradiat
10-1 ion t‘::Lme
Cooling-
power or{ or| or| or| or| or| or| or or
start
time
Cooling- .
power 0.50 |0.45 |0.40 |0.35 {0.30 {0.25 {0.20 }0.15 |0.10
irradiat T T T T T T T T T
ion time
10-2 Cooling-
power oT 0T oT 0T 0T oT oT oT 0T
start
time
Cooling-
power 0.50 |0.50 |o0.50 |0.50 [0.50 [|0.50 {0.50 |0.50 ]0.50
irradiat T T T T T T T T T
ion time
10-3 Cooling-
power or | 0-05 |0-10 [0.15 0.20 [0.25 [0.30 |0.35 |0.40
start T T T T T T T T
time
[Table 20]
Radius | Recording waveform | Recording waveform Recording waveform
10-1 10-2 10-3
23 mm 14.0% 11.5% 11.3%
30 mm 13.3% 10.2% 10.4%
37 mm 11.8% 8.0% 8.3%
43 mm 10.9% 9.9% 10.4%
50 mm 11.4% 11.9% 12.2%
57 mm 12.3% 13.5% 14.2%

Also, the recording waveform 10-3 is the case where after
irradiation of a recbrding pulse train, irradiation at a bias
power is performed and then irradiation at a cooling power is
performed, like the recording waveform J of Fig. 1. However,

the cooling power irradiation time is 0.50T, and the cooling-



pul se train A of Fig. 4 has been shown as a recording pulse train, simlar

results were al so obtained for the cases of the recording pul se trains B,

C, and D of Fig. 4. (Enbodi nent 6) +ngdphis enbodi nent a description will be
made of the case where cooling-power irradiation tine is constant

regardl ess of mark | ength and where only cooling-power start tinme has been

e SR L o P LB, 57, e FESHER G EahER TS e
eoPechevEblorbRlE, WY 1 S EATETHY, RO Befl el EnaEE0 0
T e Pieyrable 20l LY nd TSP T, |,
tine' the jitter has gotten worse at the inner circumference of the
disk in comparison with other recording waveforms. On the
other hand, in the case where the recording waveform 10-2 was
employed, the jitter has been improved at the inner
circumferential portion of the disk in comparison with the
recording waveform 10~1, but the jitier has conversely gotten
worse at the outer circumferential portion. Also, in the case
whefe the recording waveform 10-3 was employed, the jitter-has
been improved at the inner circumferential portion of the disk
in comparison with the recording waveform 10-1, but the jitter
has conversely gotten worse at the outer circumferential
portion. Therefore, for an region inside a predetermined
radius, for example, for the inner cifcumferential portion of
the disk up to 43 mm, the recording waveforms 10-2 and 10-3
can be employed, and for the outer circumfeiential portion
than that, the recording waveform 10-1 can be used.

As in the present invention, the recording waveform 10-2
or 10-3 is employed at the inner circumferential portion of
the disk and also the recording waveform 10-1 is employed at
the outer circumferential pdrtion from the point of
simplifying a recording circuit, whereby a satisfactory jitter
is obtainable at any radius of the disk.

As described above, in the case where an optical disk is
rotated at a constant angular velocity, in the inner

circumferential portion of the disk the cooling-power



Cool i ng- power or or or or or or or or or

start tinme Cooling- power 0.50 0.50 0.50 0.50 0.50 0.50 0.50
0.50 0.50 irradiat T T - 61T- T T T T T
T 6-2 ion time Cooling- power or or or or or
or or or Or start tinme Cboling power 0.50 0.50 0.50
0.50 0Q.50 50 0.50 0.50 . 0. 0 irr d+ T T T T

T 1’Fradia151°n time is extended ag;t ?ml,-e‘éﬂBPi RS- p%ﬁ?‘ be°°"€s4o 0. 40
0.40 0,40, 0.40 0.4 0.40 0.40 0. 40.sta

T S‘?°rter 'T°r °°P ing-power stayt hi '&ﬁof‘?ngulﬁlﬁﬁ/&?d Wheéfeé’é( "6‘350

0. 50 50 0. P eradlat I T T

T r?cordlng wherF ji qrs are1s$%ﬁ ecpnes possible at any

radius of the disk.

In this embodiment, while there has been shown the case
where the cooling power is a light reproducing power, similar
results were also obtained for the case where the cooling
power is between 0 and a power smaller than a bias power.

Also, in this embodiment, while‘there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 11)

A description will be made of the case where mark’s rear
end correction pulse trains, which serve as various cooling
pulses, have'been added immediately after a recording pulse
train.

In this embodiment the recording pulse train A of Fig. 4
was employed. Then, various mark'’s rear end correction pulse
trains were added immediately after the recording pulse train.
Measurement conditions are the same as the embodiment 3.

Various recording waveforms used in this embodiment will

be described with Fig. 6. In the figure there are shown



6- 4 Cool i ng- power or 0.05 0.10 0.15 0.20 0.25 0.30 0.35
0.40 start T T T T T T T T
time [Table 12] Recording wavef orm 63%-4 6- 2 6- 3 6-4 Jitter

11. 6% 9. 6% 10. 0% 8.0% In Table 11, the cooling-power irradiation
time and the cooling-power start tinme, in the case where marks of each mark

I t f. b 3T.and 11T 4_kind f
: ecor -y?pgwé@“’e%é‘wg&%ﬁ vavsf%ﬁ%o%%‘%ﬁ%ﬁeed M FERc s T o
I g. was, e o] e T [ f 6-1 of Table 11 i h
mhgreiﬁ?é%ﬁJ%*gggufgerggagggédtn?imgvfhgrggcprd?ng 3avgforn:Z gfeFﬁgéel[
The recor difag. BYAI o P2 2okt 11810350 LHRCERSTWRMLAY & a5 o580 al i on
ing puls r

of a recor arn, 1rradiation of a cooling power Is perforned,

i k . o L2
i ke t %rn&ﬁ%g?gﬂgﬁgﬁ_ggm&ag_lfn Fi'sgcﬂo]t adieyer, the cooling-power

irradiatio regardl ess the Tength of a mark to be recorded.

Al S0, Lhe FReOlt il el eoh013-25 16N8 FeRe 1t Wil¥fodi Ikeséi on of a
g pulse traln,
immediately after a recording pulse train, laser light is
irradiated for a period of 0.5T with a light reproducing power.
After the irradiation, laser light irradiation is performed
with a bias power.

Recording waveform 11-3 is a recording waveform where
immediately after a recording pulse train, power is reduced
down to an intermediate level between a bias power and a light
reproducing power and then laser light is irradiated for a
period of 0.25T. Immediately after the irradiation, the power
is reduced down to the light reproducing power and then there
is added a mark‘’s rear end correction pulse train where laser
light is irradiated for a period of 0.25T. Thereafter, laser
light irradiation is performed with a bias power.

Recording waveform 11-4 is a recording waveform where
immediately after a recording pulse train, laser light is
irradiated fdr a period of 0.15T with a power higher than a
bias power by 2 mW. Immediately after the irradiation, there
is added a mark’s rear end correction pulse train where laser
light is irradiated for a period of 0.35T with a light
reproducing power. Thereafter, laser light irradiation is
performed with a bias power.

Recording waveform 11-5 is a recording waveform where

immediately after a recording pulse train, laser light is



irradiation at a bias power is perforned and, thereafter, irradiation at a
cooling power is perforned, |ike the recording waveformof Fig. 1. However,
the cooling-power irradiation tine is:9.50T and the cooling-power start
time is 0.4T. The tinmes are constant regardless of the length of a mark to
be recorded. Furthernore, for the recording waveform6-4, as with the
recordi ng waveform 6-3, the cooling-power irradiation tinme is 0.50T and
const dmradiptedecforoa periodendt 9. 2Muwitle aoblyhly-pepreduecing power.s

qui ckened as the length of a mark becones shorter. From Table 12, in the
case cimmeriatedydpfiferatbpodmradiatiian, jkaasr hbiglet ieninppdéated
conparison with other recording waveforns. In the case of_ the_recording
vavef ol ®-Perhadeof 0pAT withea RiasRIVeHpr FMLG IRt ATE8R Theh the
recordi ng waveform6-1. Oy the other hand, in the recordin mavefoan16- 4
of thetiradtatiPRyehPrER dicpddere & FRATKE KRRF RArEOFFRELFON B RENed as

e Sk ne e TRs™ 1Y Wead A ot PR ERa SO o 1,
recorq}ﬁghmgeifgLLt}gggo%%%i%gﬁgower. Thereafter, laser light
irradiation is performed with a bias power.

Recording waveform 11-6 is a recording waveform where
immediately after a recording pulse £rain, power is
continuously reduced from a bias power to a light reproducing
power for a period of 0.2T and where there is added a mark’s
rear end correction pulse train where laser light is
irradiated for a period of 0.3T with a light reproducing power.
Thereafter, laser light irradiation is performed with a bias
power.

Recording waveform 11-7 is a recording waveform where
immediately after a recording pulse train, power is
continuously reduced from a bias power to a light reproducing
power for a period of 0.25T. After the reduction, there is
added a mark’s rear end correction pulse train where power is
continuously increased from a light reproducing power to a
bias power for a period of 0.25T. Thereafter, laser light
irradiation is performed with a bias power. The respective
recording waveforms are shown in Table 21 and also the jitter

values after 100 overwrite operations are shown in Table 21.

[Table 21]

[ Recording waveform 44J Jitter l




beconmes possible by varying the cooling-power irradiation tine in

accordance with the length of a mark to be recorded. In this enbodi nent,
whil e there has been shown the case whgre the cooling power is a |light

reproduci ng power, simlar results were also obtained for the case where
the cooling power is between O and a power |ess than a bias power.

Al so,

in

thi s enbodi nent, Whifkéé&?&iﬂ@SWQ@éfofﬁoﬁﬁ-ine.EEf?B%“ re the second power

glts were al so

of a recording pul s¢ : ST 3§
obt ai ned for the cas H{#ifcgf?iAalégf il_é' I}aéil than 0 and |ess
than a recording p@ﬁﬂgegQ‘Q%ngrw?¥$u°§“uvi' —whitelthe case of the

recordi ng pul se trai

/-
train, simlar resulltRegording  wa

SOFleh SAoun a%-3%rgcordi ng pul Se
formdlinb tihe 8ad%s jof the recording

pul se trains B, C, anRdeafding.wavefémmolilnént| 7)810%t i s enbodi nent a

description wll be|mofdilg wasefohnr €16polli ngg ppyer] irradiation tine

I s constant_and where cooling-power start finme has been varjed, according to

the | engt h k¥om Takleoply aBehni kBenkecorsididh wavedaim diltdmniy th

forns and jitters

predeterm ned mark |ength. The respectjve recordin

e

t A wav
are sH%%ﬁeiWh?ﬁﬁlEQelégéﬁﬁ tAghte dragqiation nper termred fELtRaur enent

condi ti ons gre.the sane as.the enpodi
reproducing power ?

also re errégﬂgo:%s_a cooling power) lower

than a bias power, is added as a mark’s rear end correction
pulse, the jitter value after 100 overwrite operations has
been improved in comparison with the recording waveform 11-1.

On the other hand, as in the present invention, in the
recording waveforms 11-3, 11-4, 11-5, 11-6, and 11-7 where a
mark's rear end correction pulse train is added, the symmetry
between the front end portion and the rear end portion of fhe
mark is controlled satisfactorily, so the jitter has further
been improved in comparison with the recording waveform 14-2.

As described above, the recording, where jitters are
satisfactory after 100 overwrite operations, becomes possible
by adding a mark’s rear end correction pulse train after a
recording pulse train.

In this embodiment, while there has been shown the case
where the power of the mark'’s rear end correction pulse train
is varied in two stages, it is a matter of course that similar
results are also obtainable for the case where the
aforementioned power is varied in three or more stages.

Also, in this embodiment, while there has been shown the

case where the cooling power is a light reproducing power,



In Table 13, the cooling-power irradiation time and the cooling-power start
time, in the case where marks with each - 48 - mark length of between 3T
and 11T are recorded, are shown everyg® kinds of recording wavefornms. In
this enbodi ment the recording pulse train A of Fig. 4 was enpl oyed. The
recordi ng waveform 7-1 of Table 13 is the case where no cooling pulse is
added, |ike the recording maveforml%;ﬁ%gﬁé§51. The recoﬁding ﬁaveforn17-2
i s t heStmkbanhEp8utBeWere Adisq itained (0% e CH%F KBTS FP8j rr adi ati on
at a bias_power is perforned_and then irradiation at 00l | power is

per f orGal LREIBOWRE Ve St HIRNRE I apdra frgpey suaList; hhdnca

) e“case where
t he qugth of a mark to be recorded has 3T through 6T, the cooling-pul se
start e Pgwaﬁrckened as the length of the mark becones shorter. However,

o ongr oty Hag Bhkaa el Spag Ll R ke GG 53 f )
o %Qgéeléﬁeﬁgv%kgrseé&ﬂgﬁﬂbwer of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

(Embodiment 12)

Next, a description will be made of the case where laser
light irradiation is performed between a recording pulse train
and a mark’s rear end correction pulse train by a bias power.

In this embodiment the recording pulse train A of Fig. 4
was employed. Also, measurement conditions are the same as
the embodiment 11.

Various recording waveforms used in this embodiment will
be described with Fig. 6. In the figure there are shown
typical recording waveform patterns used when a mark with a
length of 6T is recorded.

Recording waveform 12-1 is the same recording waveform as
the recording waveform 11-3 of the embodiment 11.

On the other hand, the recording waveform 12-2 of the
present invention, where laser light irradiation is performed
between a recording pulse train and a mark’s rear end
correction pulse train by a bias power, is a recording
waveform where after a recording pulse train, laser light is
irradiated for a period of 0.2T with a biaé power. After the

irradiation, the power is reduced to a power between a bias



Cool i ng- power or or or or or or Oor OoOr Orirradiat ion
time OT or or or or or or or or 7-1 lon tinme Cooling-
power 0.50 0.50 0.50 0.50" ©8.50 start or or or or
or oOor or or Or tine Cooling- power '0.50 0.50 0.50 0.50 0.50
0.50 0.50 0.50 0.50 irradiat T T T T T T T T

T 7-2 po weiR lande aCQ:@pﬂﬂiumrpoweﬁ aﬁd ehaﬁ 1asél 1&91& i% 20 0.20 0.20

0. 20 20 start T T T Ttine
Cool i ngrrpadated ﬂbféQa [ﬁhﬁz{bd%SOO 2550 ﬂmﬁéd:.&téll)y afﬁér ghe0 O. 50
i rradiat T T T T T T T T ion time

1rrad1at10n, the power is reduced to the reproducing power and
then laser light is irradiated for a period of 0.25T.
Thereafter, laser light irradiation is performed with the bias
power.

The respective recording waveforms are shown in Table 22
and also the jitter values after 100 overwrite operations are

shown in Table 22.

[Table 22]
Recording waveform Jitter
Recording waveform 12-1 7.8%
Recording waveform 12-2 7.2%

From Table 22, as in the present invention, in the
recording waveform 12-2, where laser light irradiation is
performed between a récording pulse train and a mark’s rear
end correction pulse train by a bias power, the symmetry
between the front end portion and the rear end portion of the
mark is satisfactory, so the jitter has further been improved
in comparison with the recording waveform 12-1.

As described above, the recording, where jitters are
satisfactory after 100 overwrite operations, becomes possible
by performing laser light irradiation between a recording
pulse train and a mark’s rear end correction pulse train by a
bias power.

In this embodiment, while there has been shown the case
where the power of the mark’s rear end correction pulse train

is varied in two stages, it is a matter of course that similar



- 49 - power 0.00 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 start
T T T T T T T T T time [Tabl e 14] Recording
waveform 7- 7-2 7-3 Jitter - 67 -11.6% 8.4% 9.0% Al so, the
recording waveform 7-3 is the case where a cooling pulse is perforned

I medi ately after. irradiation of a recording pulse train, only when a mark

red at ] rece rai n '

when FRSKERCOFRGEREO] APOAIR =P LR e g e M8 14 in the case
f th di f 7-.1, the (it t | '

w th crheropenbiatRy"RaYERm, vadiad, dibivnie it e hEfasd, Phe mar

havi R ' f,0 t t. ] t] t

" avor dFHILSRD oFSPHETS, SRC PRI ° e SR A mePU7R Kl O ("

the | eng hcgi'réggigﬁr gpgg%o@?:%i q&ﬁﬁ%"%%%f&&% ebgfeeiéngr oved in

conparison to the rec I'ng wavef or In the recordi ng waveform

ooy HESSTRLERCPI B ERERY W, B0 Shda Ly Tt SelAEIRICY,
the resowé ngmdRYBLOERaA & Milad'Fowkaen

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtéined for the cases of the
recording pulse trains B, C, and D of Fig. 4.

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power was set between 0 and a power smaller than a
bias power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the cése
where the second power is greater than 0 and less than a
recording power.

(Embodiment 13)

Next, a descriétion will be made of the case where a
mark’s rear end correction pulse train is added to various
recording pulse trains.

Various recording waveforms used in this embodiment will
be described with Fig. 8. In the figure there are shown
typical recording waveform patterns used when a mark with a

length of 6T is recorded. Note that measurement conditions



i mproved in conparison to the recording waveform 7-1. As descri bed above,
the recording where jitters are small becones possible by varying and
addi ng the cooling-power start tine_oggy-when the length of a mark is |ess
than a predeterm ned mark | ength. This recording waveformsinplifies -
50 - the structure of a recording circuit and is considered to be better
fromthe side of cost. In this enbodinent, while there has been shown the
case wheectheesanmel asg thevembodimentykl « epr oduci ng power, sinmilar results
were al so obtained for the case where the coolin omei_is between 0 and a
pover |ess ThRRANracerdingoRrBlseatsain ok Iﬁ@%rﬂfo%‘%‘:‘?ﬁ FLRhi TRVEHRFRS has
been shown the case_where_the second power ,of a recordin ulse.train is a
bi as pbiet: é&rnPPgr 3 dSuthe %ﬂ%ﬂﬁiﬂﬁ%ﬁrﬁﬁF?ﬁ l?ﬂepﬂg§§ &ﬁ@ﬁ& ghe

secondﬂgomer ia greater than 0 and |l ess than a recording power. Al so, in
this efbolfitHent: while the case of the recording pulse train A of Fig. 4

bt ai ned of NP HESGAEHERT; “eRS BRI AA Ty T s e RS ki g 4
' rear end correction pulse train is not added.

The recording waveform 13-2 is a recording waveform where
immediately after a recording pulse train, laser light is
irradiated for a period of 0.5T with‘a light reproducing power.
After the irradiation, laser light irradiation is performed
with a bias power.

The recording waveform 13-3 is a recording waveform where
immediately after a recording pulse train, power is reduced
down to an intermediate level between a bias power and a light
reproducing power and_then laser light is irradiated for a
period of 0.25T. Immediately after the irradiation, the power
is reduced down to the light reproducing power and then there
is added a mark’s rear end correction pulse train where laser
light is irradiated for a period of 0.25T. Thereafter, laser
light irradiation is performed with a bias power.

Each of recording waveforms 13-4, 5, and 6 is the
aforementioned recording pulse train C of Fig. 4.

The recording waveform 13-4 is the case where no mark’s
rear end correction pulse train is added.

The recording waveform 13-5 is the case where immediately
after a recording pulse train, laser light is irradiated for a
period of 0.5T with a light reproducing power. After the

irradiation, laser light irradiation is performed with a bias



(Enbodi ment 8) In this enbodinent a description will be nmade of the case
where a cooling pulse with both a constant cooling-power irradiation tine
and a constant cooling-power start tigg is added only when a mark shorter
than a predetermned length is recorded. The respective recordi ng wavef or ns
and jitters are shown in Tables 15 and 16, respectively. Note that the

nmeasurenent conditions are the sane as the enbodi nent 3. - 51 - [Table
15] RES¥W&K - ng Mar k 3T 4T 5T 6T 7T 8T 9T 10T 11T
wavefor |ength Cooling- irradiat or or

ef or oo or o qr o o
OT ion ti nFhfodacording gravefgrm &3-6 & thegrcasgrwheze impedizfely it
time %¥¥;£K£ recording pulse train, the same mark’s rear end |

correction pulse train as the recording waveform 13-3 is added.
Thereafter, laser light irradiation is performed with a bias
power.

Each of recording waveforms 13-7, 8, and 9 is the
aforementioned recording pulse train D of Fig. 4.

The recording waveform 13-7 is the case where no mark’s
rear end correction pulse train is added.

The recording waveform 13-8 is the case where immediately
after a recording pulse train, laser light is irradiated for a
period of 0.5T with a light reproducing power. After the
irradiation, laser light irradiation is performed with a bias
power. |

The recording waveform 13-9 is the case where
immediately after a recording pulse train, the same mark'’s
rear end correction pulse train as the recording waveform 13-3
is added. Thereafter, laser light irradiation is performed
with a bias power.

The respective recording waveforms are shown in Table 23
and also the jitter wvalues after 100 overwrite operations are

shown in Table 23.

[Table 23]
Recording waveform Jitter
Recording waveform 13-1 11.0%
Recording waveform 13-2 9.4%
_Recording waveform 13-3 7.8%
Recording waveform 13-4 10.0%




power 0.43 0.43 0.43 0.43 irradiat T T T T or or or
or Or ion time 8-2 Cool i ng- power 0.08 0.08 0.08 0.08 or

or or or Or start T I70 T T or or or or
tine Cooling- irradiat 0.43 or or or Oor or or or OorT8-3
ion time Cooling- power 0. 08 oo o o or or or or or
time [Table 16] Rec ffhé@bﬁngBO&abefgrh 135 2] 818 JJtter 11. 6%
8.7% 9.8%In Tabl § 15 cLP81 Ohh@QfQ?ﬂ?ﬁB’%ra gLl 9g 1] e and the
cool i ng- power start AL SV AT ach mark | ength of
between 3T and 11T 3 _wavgform, Ser 4251845l of recording
wavefornms. In this enﬁﬂE%ﬂLﬁhWaFﬁfﬂrﬂ!tﬁ Ee10:2%0 A of Fig. 4 Was

enpl oyed. The recordi vefotrmr 39 1’ | 8.Of% kase where no

cooling pulpgohsrafligdzsl, k&

he Ve’ YSH W 1Ry S Qe Sk SR 13-2,

in the

case where, immediately after a recording pulse train, laser

light irradiation is performed with a light reproducing power,

the jitter value after 100 overwrite operations has been

improved in comparison with the recording waveform 13-1.

On the other hand, as in the present invention, in the

recording waveforms 13-3 where a mark’s rear end correction

pulse train is added, the jitter is smaller in comparison with

the recording

waveform 13-2. Thus,

for the recording pulse

train B of Fig. 4, in the case where a mark’s rear end

correction pulse train is added, the symmetry between the

front end portion and the rear end portion of the mark is

better, so the jitter has been improved.

Likewise, for the recording pulse trains C and D of Fig.

4,

in the case where a mark’s rear end correction pulse train

is added, the symmetry between the front end portion and the

rear end portion of the mark is better, so the jitter has been

improved.

As described above, the recording, where jitters are

satisfactory after 100 overwrite operations, becomes possible

by adding a mark’s rear end correction pulse train to the

recording pulse trains B, C, and D.

In this embodiment, while there has been shown the case

where the poWer of the mark’s rear end correction pulse train

is varied in two stages, it is a matter of course that similar



Fig. 1. The recording mﬁ&eforn18-2 IS the case where only - 52 - when
the length of a mark to be recorded is between 3T and 6T, irradiation at a
“ bias power is perforned after irradiayyion of a recording pulse train, and
then irradiation at a cooling power is performed, |ike the recording
waveformJ of Fig. 1. However, when mark length is between 3T and 6T, a
cooling pulLse with both a cqoling-power irradiation tine of 0.43T and a
cool i nESEBRER &rgr elsowhirinalnte Lon ke ca8eWhere FBBordi ng wavef orm
8-3 is the case where a cooLing’ ul se wwth both a constant cooling-gomer
i r r adi 3EPEAMERELO5R) PRYEL, F ah \'5&’6?? nQ% pBREF S+apesri nBl8Pro. 08T
is added only when_the |en of rk to be recorded_ is_3T, From Table
16, RS TRO Lk ERRRLE anl S APARAR S B9, CERE F1 PReREL Sg5EPEn vor se
i n conparison w th other, recardi ng waveforns. On,t ot her,hand, in the
case_obatt, B8Rzt dof Billas akA st hafiRch Fextan WRoSh! RERCE AL ¢ s
coolin ] C t.ant cool | ng- pul s ' . an o] art tinme
o adae e R i b e R, S, B o r PR RS E RR bR, B
record he i r e ' in conparison to the recording
wav ef ogﬁqwg?l.g él tg'tg'?: |1-'nrﬂl%[§‘hl(§'l ?’eqcaorglo%eeld'
Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power was set between 0 and a power smaller than a
bias power.
Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.
(Embodiment 14)
Next, a description will be made of the case where the
mark’s rear end correction pulse train start time is varied
according to the length of a mark to be recorded.
In this embodiment the measurement conditions are the
same as the embodiment 1ll. Also, in this embodiment the
recording pulse train A of Fig. 4 was employed.

Various recording waveforms used in this embodiment will

be described with Table 24.

{Table 24]
Mark Start time of a mark’ rear end correction pulse train
lengt after a recording pulse train




waveform 8-3 of the present invention where a cooling pulse is added only

when a mark with a shortest mark length is recorded,

the jitter

IS worse in

conparison with the recordi ng wavefer#28-2 but has been inproved in

conparison to the recording waveform 8-1. As descri bed above,
where jitters are_snmall

t he

recordi ng

becones possible by adding a cooling pulse having a

constant pul se direcandirg @evetcamt 14t1ar t| t Repoxhing winafoamnt12 | dss than a
pr edet er m jnedT K length iso0recorded. This recordin®@? - 53 - wgveform
sinmplifies| t4® sfructure of @Ffrecording dircuit andoi¥r considered|to be
better frgm 6e side of costoTIn this enfodinent, whid® there has [been
shown t he |case ere the cooP¥fng power ig a |ight repgdbduci ng power,

simlar resul? e 0 _0obPBined for thhe case whePet® he coolingipower is
between O |an@Ta power snpllePTthan a biad power, AI8&Tin this enfodi nent,
whil e therje BEs peen shown t#® case where the seconfl-¢®wer of a recording
pul se traijnlP% al bias power OBinmilar results were alst¥ obtained fgr the
case where f1BB skcond power PB greater than O and |@s8Fthan a recarding

power .

Recording waveform 14-1 is a recording waveform where,

immediately after a recording pulse train, power is reduced

down to an intermediate level between a bias power and a light

reproducing power regardless of the length of a mark to be

recorded and then laser light is irradiated for a period of

0.25T.

Immediately after the irradiation, the power is

reduced down to the light reproducing power and then laser

light is irradiated for a period of 0.25T. Thereafter, laser

light irradiation is performed with a bias power.

correction pulse train as the recording waveform 14-1.

Recording waveform 14-2 has the same mark’s rear end

The

start time of the mark’s rear end correction pulse train is

0.8 when a mark with a length of 11T is recorded.

As the mark

length becomes shorter, the start time is quickened 0.1T at a

time

When a mark with a length of 3T is recorded, a mark’s

rear end correction pulse train is added immediately after a

recording pulse train.

performed with a bias power.

Thereafter, laser light irradiation is

The respective recording waveforms are shown in Table 25

and also the jitter values after 100 overwrite operations are

shown in Table 25.

[Table 25]



Al so, in this enbodinent, while the case of the recording pulse train A of
Fig. 4 has been shown as a recording pulse train, simlar results were al so
obt ai ned for the cases of the recordi®d pulse trains B, C, and D of Fig. 4.
(Enbodiment 9) In this enbodinent a description will be nade of the case
where an optical disk is rotated at a constant angular velocity and where a
cooling pulse is added only when a mark | ess than a predeterm ned mark

l ength is recorded. Eor the evaluation conditiops, the nunber of
revol uti ons of the di sk Recti@lingppmavdformn EFMEitgre .| clock T is varied
so that the shortest] edopding waoewegm0.13-1m At Fl.B%tijres. By 1-beam

overwite, recordingd IRe®SFdPhEHavBecin™a~2anf tlge7i tier val ue,
[err]sum Tw (%, of The Zero-cioss polnt of a reproduce nal between 3T

and 11T ma§EMQmSﬂab@ea?5bhéspéﬁ1ﬁhﬁu?ﬂﬂﬁ§&$t*ﬁ¥¢%ﬂ4%%vo%ntgbedisk is at

23, 30, 37, 43, 50, and 57 nm Here, a is the jitter standard deviation and
. 54 -reQerdipgewavedonmilht? ofwhere d'ébecmaﬁlj syseam epdsormeeyiiqnar
velocities at the respective radii are about 2.4, 3.1, 3.9, 4.5 5. 2, and
6.0 mRulsp brapa: stea tottide rhs(aekedtaccording to the length of a

mark, the symmetry between the front end portion and the rear

end portion of the mark has gotten better, so the jitter has
further been improved in comparison with the recording
waveform 14-1.

As described above, the recording, where jitters are
satisfactory after 100 overwrite ope;ations, becomes possible
by varying the mark’s rear end pulse train start time in
accordance with the length of a mark to be recorded.

In this embodiment, while there has been shown the case
where the power of the mark’s rear end correction pulse train
is varied in two stages, it is a matter of course that similar
results are also obtainable for the case where the
afprementioned power is varied in three or more stages. Also,
similar results are obtainable for the case of a mark’s rear
end correction pulse train having a period where after a
recording pulse train, laser light is continuously varied to a
power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power is between 0 and a power smaller than a bias

power.



conditions are the same as the enbodi nent 3. The respective recording
wavefornms and jitters are shown in Tables 17 and 18, respectively. In Tab
17, the cooling-power irradiation tine and the cooling-power start tinme,
the case where marks with each mark I ength of between 3T and 11T are
recorded, are shomn every 3 kinds of recording waveforns. In this

embodi ment ”% o g&i{gf%§§lﬁéﬁtn nefleFithert Was HEIP)RHbwn Nehe

recordi ng mav 0 e 17/ is the case where no cooling pulse is

gdded C;:Aéé(%ﬁéﬁ?ereﬁé ’\géE‘Gn&a)S%%M Qf ﬂ@dbrti‘a.ngr pul$® trainbie a7]
ecor 7T 8T 9T . 10T

&T wdgé)rpowéfngwmlﬂrnfgggilrgtagé};%owﬁeo r]a.]islonedm_l:alnéa' for Glhe c&Be OT
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were aiso obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 15)

Next, a description will be made of the case where the
pulse configuration of a mark's rear end correction pulse
train is varied according to the length of a mark to be
recorded.

In this embodiment a recording pulse train (the recording
pulse train A of Fig. 4) was employed. Also, measurement
conditions are the same as the embodiment 11.

Various recording waveforms used in this embodiment will
be described with Fig. 9. Note that in the recording waveform
15-1 of Fig. 9 there is shown a typical recording pattern used
when a mark with a length of 6T is recorded. Also, in the
recording waveform 15-2 there are shown recording patterns
used when, among marks with lengths of 3T through 11T, the
marks with lengths of 3T through 57, 10T and 11T are recorded.

The recording waveform 15-1 is the same as the recording
waveform 11-3 of the embodiment 11.

The recording waveform 15-2 is a recording waveform where,

immediately after a recording pulse train, the power is varied

| e
in



Cool i ng- start or or or or or or or or or

ti me Cooling- power 0.43 0.43 0.43 0.43 or or or or
Or irradiat T T T - 75 9.2 ion time Cooling- power

0.08 0.08 0.08 0.08 or or or or Or start T

T T T tinme Cooling- power 0.43 irradiat T Or or

T T Boro Surin?ee 155 Whap! P ELGedSBES sncelofl 1,

%2128:‘{%:%%82{%;?%ﬂ%ﬁ?;%:)@ﬁe%\%&% T AR, R oot 18 0 o)
' to a light reproducing power, and when é%éLQT mark is recordé8;8@6
the power is set to a power greater than the light reproducing
power by 1/8 of the power between a bias power and the light
reproducing power. Thus, as the mark length becomes longer,
the power is increased. Laser light is irradiated with the
power for a period of 0.25T. Immediately after the
irradiation, the power is reduced doﬁn to the light
reproducing power and then there is added a mark’s rear end
correction pulse where laser light is irradiated for a period
of 0.25T. Thereafter, laser light irradiation is performed
with a bias power.
The respective recording waveforms are shown in Table 26

and also the jitter values after 100 overwrite operations are

shown in Table 26.

[Table 26]
Recording waveform Jitter
Recording waveform 15-1 7.8%
Recording waveform 15-2 6.4%

From Table 26, as in the recording waveform 15-2 of the
present invention, in the recording waveform where the
configﬁration of the mark’s rear end correction pulse train
start time is varied according to the length of a mark to be
recorded, the jitter value after 100 cycles has been improved
in comparison with the recording waveform 15-1.

As descriﬁed above, by varying the pulse configuration of

the mark’s rear end pulse train start time in accordance with



37 mMm 11. 8% 9. 0% 10. 0% 43 mm
10. 9% 10. 5% 10. 7% 50 nmm 11. 4%
12. 2% 11.8% 57 mm - 7¢ - 12. 3% 13. 4%
12.5% The recordi ng waveform 9-2 is the case where, only when a mark with a
| ength of 3T through 6T is recorded, irradiation at a bias power is
performed after_irradiatign of a recordi pul se train gFthen I rradiation

at a cﬂ&l%@nﬁﬁﬁepfl & H@Fﬁ‘oﬁ%c}’e I’W&P’f re ?cﬁﬂ@“‘ﬁﬁ?& frees: tbey. 1.
Ho th | di at t ' 0 dth
Cool | i pBhernd: 5PA% PH&%OQI‘ES% Lo (heCoRse et toE Rg, HheRRZETS 1 t he
K t Tt ded Li | t
e 05k SeBoPRht pll e, S ATy 5% & PR anfef SRS DS S o
I S not a?bﬁg ge t f%r narkl¥}¥§g 3T, like the recording waveformH of
Fig. FEFOLEPEORMES PORT th 3T is recorded, the cooling- power
di at t | t ' | 0 From
ll';[)?el T8, oo FB %Z%’gbélﬁl%‘ﬁé‘gre% TR B 'govk, 8o logld- | TOC,

“Drsedﬁgfécuhérbxwék E&etﬂguﬂérk's rear end correction pulse train

is varied in two stages, it is a matter of course that similar
results are also obtainable for the case where the
aforementioned power is varied in thiee or more stages. Also,
similar results are obtainable for the case of a mark’s rear
end correction pulse train haviﬁg a period where after a
recording pulse train, laser light is continuously varied to a
power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power is between 0 and a power smaller than a bias
power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a
recording power.

Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 16)



circunference of the disk in conparison wth other recording waveforns. On
the other hand, in the case of the recordi ng waveform 9-2 where a cooling
pul se was added when a short nmark is fgcorded, the jitter has been inproved
at the inner circunferential portion of the disk in conparison wth the
recordi ng waveform 9-1. Also, in the case of the recording waveform 9-3
where a cooling pul se was added when_a 3T mark i.§ recorde the jitter has
been i nproMart 2 rdeseriPtirpckidd, oS made, g% WP AagqeY J§?.a¢l’herefore,

for exanple,_ for the inner ciycunferential ortiog at_a rad%us of, 37 nm or

e Sy e e oty
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recorﬁﬁﬁl%ﬁﬁ}‘g?‘ﬁfgj 1 A ﬁfl _ sf'cﬁ?‘%h aaﬁac;lééogbl n]_g_ puPs'e_ af tg'g_ out er

any 1 adh s BHSe nechp Rinngr jof raboy iy e Yo ddET1d 21 ORBTERRY, R

disk 18 &0k8tednakr gg%%%ﬁntéTB¥ﬂ£¥ Wi QFdYed %s650ChhBILRE! SRortest
mark length becomes pm at all times.

In this embodiment the same recording pulse train as the
embodiment 11 (the recording pulse tfain A of Fig. 4) was
employed.

Various recording waveforms used in this embodiment will

be described with Table 27.

[Table 27]
Recordi | start time of a mark’s rear end correction pulse train
ng after a recording pulse train
wavefor
m
16-1 ——
16-2 QT
Inner circumference 0T
16-3 Middle circumference 0.2T
Outer circumference 0.5T

Recording waveform 16-1 is the case where no mark’s rear
end correction pulse train is added.

Recording waveform 16-2 is the same as the recording
waveform 11-3 of the embodiment 11.

Recording waveform 16j3 also has the same mark’s rear end
correction pulse train as the recording waveform 11-3 of the
embodiment 11, but as in the present invention, the start time
of the mark’s rear end correction pulse train is made shorter

as the radial position of the disk gets closer to the inner



added only when a mark shorter than a predeterm ned mark length is recorded
on the inner circunferential portion of the disk inside a predeterm ned
radi us, whereby the recording where-jT8ters are small becones possible at
any radius of the disk. This recording waveformsinplifies the structure of
a recording circuit and is considered to be better fromthe side of cost.

In this,enbodi . il h . h '
pgw'%ﬁauﬁ?'a%‘éf?&s%?&?éﬁgeE@ﬁ%ﬁ?l%%%% Wed (the iy Se PRoED0 0O
the ca e ' ' ’ . h

bi s (3heR SR pb Rt R GO ety PR © POE: P Ebr2ERLLER | 0A0 2,

wher e é@fséeEQPQ.np(}.\Qe%ﬁefﬁ%ﬁ%ﬁﬂ&g@‘%ﬁ%f ri febSrdikhagulQ¥tiradni | ar

resul tS Were al So obt ai ne r the ca e the second™power is greater

than Oygnd LES3ol BaRRERY Ukh FPURY, MhéTsripe! fifiocsRothabiibrindl | e the

case e recording pulse train A Fig. 4 has been shown as a recording

pul se 153-Nend! Bolrdedtio (tgﬁuw @ 5P PPIdéDRfed Oby! D292S88d0WhERe
recording pulse trains B, C, and D of Fig. 4. (Enbodinent 10) In this

enbodi gﬁ“isab@%%@npww%da 57 g, Rdse Gitdbe €2H€ vhCtReaRalRl sCaeadi sk is
rotated at a constant angul ar velocity and where cooling-power irradiation
time aggqcegkrBdtion pulse train is delayed by 0.5T.
The respective recording waveforms are shown in Table 28
and also the jitter values after 100 overwrite operations are
shown in Table 28. Note that measurements were made at each
radius when the inner circumference is 26 mm, the middle
circumference is 38 mm, and the outer circumference is 50 mm.
Also, the respective linear velocities at the radii are about
2.7, 4.0, and 5.2 m/s.

Also, the other measurement conditions are the same as

the embodiment 11.

[Table 28]
Recordin Jitter
g Inner Middle Outer
waveform| circumference circumference circumference
16-1 13.5% 11.6% 11.4%
16-2 9.0% 7.8% 9.3%
16-1 9.0% 6.7% 8.0%

From Table 28, in the recording waveform 16-1, the jitter
becomes worse because heat stays indoors, but if a mark’s rear
end correction pulse train is added like the recording
waveform 16-2, no heat stays indoors and therefore the jitter
value after 100 overwrite operations has been improved over

the entire circumference of the disk.



power start tine are varied according to the radius of the - 58 - disk.
The respective recording waveforns and jitters are shown in Tables 19 and
20, respectively. Note that measur efren? Conditions are the same as the
enbodi ment 9. In Table 19, the cooling-power irradiation tinme and the
cool i ng-power start tinme, in the case where marks with each mark | ength of

bet ween 3T GRdiid Tofher’ Aaadjeds Ane tHE Wreneity thienkio®f ikcendi ng
waveforms. In this enbodi nent the recording pulse train A of Fig. 4 was

enpl oyedeoFenge Gavé fgm\avei Dvheie kivé Jeatt dPmeésofhtheamariiiare no
cooling pulse is added, like the recording waveformH of Fig. 1. The

r ecor dr8grvendf eorrktiorrs pulkse aataiegeart raimat isnvariedcackcorgimgier i s
performed after irradiation of a recording pulse train, |like the recording
wavef oten thef raddall pdsdvtsiar ,0of hche aoarkg- pheemal r cadtaovilohasi ieenar i es
depending on the length of a mark to be recorded, and the cooling-power
i rradi finehyt pee foamedecdmthomyiidls andeoutércobucunfierestial

portions, so the jitter has further been improved.

As described above, the recording, where jitters are
satisfactory after 100 overwrite operations, becomes possible
by varying the start time of the mark’s rear end pulse train
in accordance with the radial position of the disk.

In this embodiment, while there has been shown the case
where the power of the mark’s rear end correction pulse train
is varied in two stages, it is a matter of course that similar
results are also obtainable for the case where the
aforementioned power is varied in three or more stages. Also,
similar results are obtainable for the case of a mark’s rear
end correction pulse train having a period where after a
recording pulse train, laser light is continuously varied to a
power smaller than a bias power.

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power is between 0 and a power smaller than a bias
power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a

bias power, similar results were also obtained for the case

where the second power is greater than 0 and less than a



[ Tabl e 19] Recordi ng Mar k 3T 4T 5T 6T 7T 8T oT

10T 11T wavef or | ength Cooling- p r irradi at or or or

or or or or or OT ion °“tinme Cooling- power or or
or or or or or or Or start time Cooling- power 0.50
0.45 0.40 0.35 0.30 0.25 0.20 0.15 O0.10 irradiat T T

T rdcordindg power. T T T ion time 10-2  Cool i ng-
“power or or or or or or or or Or start tinme

Cooling- Also, in this embodiment, while the case of the recording
pulse train A of Fig. 4 has been shown as a recording pulse ‘
train, similar results were also obtained for the cases of the
recording pulse trains B, C, and D of Fig. 4.

(Embodiment 17)

Next, a description will be made of the case where an
optical disk is rotated at a constant angular velocity and
where the pulse configuration of a mark’s rear end correction
pulse train is varied according to the radial position of a
disk.

In this embodiment the same recording pulse train as the
embodiment 11 (the recording pulse train A of Fig. 4) was
employed.

Also, measurement conditions is the same as the
embodiment 16.

Various recording waveforms used in this embodiment will
be described with Fig. 10. In the figure there are shown
typical recording patterns used when a mark with a length of
6T is recorded. Also, in the recording waveform 17-2 there
are shown recqrding waveforms used at the inner, middle, and
outer circumferences of the disk.

The recording waveform 17—1'is constant in the
configuration of a mark’s rear end correction pulse train
regardless of the radial position of the disk, and the
recording waveform is the same as the recording waveform 11-3
of the embodiment 11.

The recording waveform 17-2 is a recording waveform where,



0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 O0.50 irradiat

power

T . T T T T T T Tion tinme 10-3

cool i ng- power 0.05 0-A®10-15 0.20 0.25 0.30 0.35 0.40

start or T T T T T T T Ttine

[ Tabl e 20] Radi us Recording wavef or m Recor di ng wavef orm Recordi ng waveform

ig é@,ummedlately aftef1a3§e§8qhﬂg pulse trQ{hﬁig %jggwer of the 1?60326
0,

ig f'rr{;):r%a?rm rear e&S SarHec%{on pulse tragub }s 8\ra@z/51ed so as th 4% 53 ﬁ:{;’

11. 4%

0 osition 1Ff XRe d{¥k gets closer 12.3%
13. 5% e recording waveform10-3 is the case

where abtehel iﬁﬁgga gf’:uﬁiffe"i‘:ern% %rld'ém&‘“ Spditi fballly AdRSA Ophét a bi as

power 1s perforne en irradiation at a cooling power is perforned,

like thgq§ggoidi Bat%éﬁf QBmahdofsflnﬁu lehe IQSWEF  a£6r CERL| FECPEURRY

irradiation time is 0.50T, and the coollng-
pulse train is set to a power higher than a light reproducing

become smaller a% 41: % Xladlal

power by 1 mW, when the radius is between 35 and 46 mm, the
power is set to between a bias power and a light reproducing
power, and when the radius is betweeh 47 and 57
mm, the power is set to a power lower than a bias power by 1
mW. With the power, laser light is irradiated for a period of
0.25T. Immediately after the irradiation, the power is
reduced down to the light reproducing power and then there is
added a mark’s rear end correction pulse where laser light is
irradiated for a period of 0.25T. Thereafter, laser light
irradiation is performed with a bias power.

The respective recording waveforms are shown in Table 29

and also the jitter values after 100 overwrite operations are

shown in Table 29.

[Table 29]
Recordin Jitter
g Inner Middle Outer
waveform circumference circumference circumference
17-1 9.0% 7.8% 9.3%
17-2 8.1% 7.8% 7.9%

From Table 29, the symmetry between the front end portion

and the rear end portion of the mark is better at the inner

and outer circumferential portions for the recording waveform

17-2 of the present invention where, immediately after a




- 60 - power start tine varies depending on the length of a mark to be
recorded, and is quickened as the mark becones shorter. From Table 20, in
the case of the recording waveform 10g3, -the jitter has gotten worse at the
i nner circunference of the disk in conparison with other recording
waveforns. On the other hand, in the case where the recordi ng waveform 10-2
was enployed, the jitter has been inproved at the_inner circunferential

por t i oR 6PN AEHES FxdhbartRBrPOVER PhethecBATKNG F&3&f 67 10-1, but the
W so PREERCTAER HaE XHALR obbr TRRLSTaser BF nFR0PeCRES BHAIIPE 24 he
jitt b [ ved at _the i ' nt tial ti, f the disk
| conthR Z8RRY MU TREo7hi The BEEK o oo 1088k, SpBRel iRt A © ' °
fconver 2§ Le B U 56 Ale { NGrD ee%or.cé T Gid ej 0843 h2$ rﬂégﬂ' iiﬁﬁga?:aﬁr €,

or an Fegion inside a predeternm ned radi us, 10F exanpre, for the | nner

circun&gr%%h§grﬂ¥q§i¢§£ ftﬁgergégg?ggg:ﬂaggfgg% &Bglrecording wavef or s

10-2 an can be enpl oyed, an e ou circunferential portion

than that, %Eed&%‘i&%@e@g alsd rorﬂﬂe}gfj%c% _,Suv?l?é’reAfi{:EaI:QeaP esent

I nventi on, e recording waveform I's enpfoyed at the inner

Ci r cunkakgRiFadt 1Y td A ©f 16 G Coe Sifr 8pefat SnE?CEEQBHLQsV‘@ fs3Pel0-1 1S
enpl oyed at the outer circunferential portion fromthe point~ o

by varying the pulse configuration of the mark’s rear end

pulse train in accordance with the r;dial position of the disk.

In this embodiment, while there has been shown the case
where the power of the mark’s rear end correcfion pulse train
is varied in two stages, it is a matter of course that similar
results are also obtainable for the case where the
aforementioned power is varied in three or more stages. Also,
similar results are obtainable for the case of a mark’s rear
end correction pulse train having a period where after a
recording pulse train, laser light is continuously varied to a
power smaller than a bias power. |

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the
cooling power is between 0 and a power smaller than a bias
power.

Also, in this embodiment, while there has been shown the
case where the second power of a recording pulse train is a
bias power, similar results were also obtained for the case
where the second power is greater than 0 and less than a

recording power.



sinplifying a recording circuit, whereby a satisfactory jitter is

obt ai nabl e at any radius of the disk. As described above, in the case where
an optical disk is rotated at a constgpt -angul ar velocity, in the inner
circunferential portion of the disk the cooling-power -61- irradiation
time is extended as the length of a mark becones shorter, or cooling pomer
start tine is quickened, wherehy the recordyéhFWMere tters are

becomes podtspe b hhisr gmbedigenthe whide tFREe dﬁhﬁeﬁ?c° FP@ t here
has been  shown the _case _where the coolin ower i.s t repraqducing
power ,PRlse| braipsh of e A s*t?%tf?%??legh BR ffie? c£§8° &Pg 50l i ng
power is between Q and a paower a Al so, hi s
enbodi WERLR s WAL Lok Xe soéE‘?F% °tEﬁgeé‘;%dm%?e%ﬁec?é"@&n&fgm of a
recordin lse tr n .S a Dbi .resylts were al so obtained

f or th%egﬁgalﬂﬁepg ﬁétgﬁﬂﬂﬁﬁﬂibﬁg¢ ?Edgbeﬁ%gﬁlgha *0 and less than a
recordi ng paﬁﬁg.dAlsot &H this enbodi nent, while the case of the recording
pul se train ? ??8 4*fds been shown as a recordi ng pul se

Among the cases of the present invention, the operation
in the case where the time between the end edge pulse of a
recording pulse train and the start of laser'light irradiation
which is performed with a cooling poﬁer is constant will first
be described with a block diagram of a disk recording unit of
Fig. 11 and the signal waveform diagram of each part of Fig.
12.

In this embodiment, data 1 is PWM data (Fig. 12a) having
a high period and a low period which are two or more cycles of
a clock in the length of clock unit. The high period of the
data is recorded on a disk in correspondence with a mark, and
the low period is recorded in correspondence with space.

‘ Also, each width of a start edge pulse 3 and an end edge
pulse 7 is assumed to be one cycle of the clock, and the width
of a single burst pulse 27 is assumed to be a half cycle of
the clock.

The width of a cooling pulse is taken to be a half cycle
of the clock, and the time between the end edge pulse of a
recording pulse train and the start of laser light irradiation
which is performed with a cooling power is also taken to be a
half cycle of the clock.

Furthermore, a mark/space length detection circuit 8

detects the space length at which the thermal interference



train, simlar results were also obtained for the cases of the recording
pul se trains B, C, and D of Fig. 4. (Enbodinent 11) A description wll be
made of the case where mark's rear—eRf@ Correction pulse trains, which serve
as various cooling pul ses, have been added imedi ately after a recording
pul se train. In this enbodi nent the recording pulse train A of Fig. 4 was

enpl OpgtwedhChharkd aUSdB K th Mg fg?h-eaéné‘ﬂ{:&eﬁébaﬂdﬁﬁbsﬁnur Allyp wer e added
i mMedi ately after the recording pulse train. Measurenent conditions are the

sane aétbbesem@dms&lﬁ/ aé@rlé’l&%tﬁ eger Wheh\peakosHE fits g iised live

enbodi nent will be descri bed Fig. 6. In the figure there are shown

- 62 tot fBbCih:eE;Q{éQf(@l Rthavaeter e et 6£Na vepdodherianmayistent.h a | ength
of 6T is recorded. Recording waveform 11-1 is the case where a mark's rear

end correcthothpsl emboddments itotisadssiimé® coliat ntheaskboteastl12? is a

recordi ng waveform where inmedi ately after a recording pulse train, |aser

| i ght magki anddi2at epdoe, avhpirh cslkbét OihTawdabaaskirdhy tepbedusicuyrdeder .
are detected.

First, in a start edge pulse generation circuit 2, the
start edge pulse 3 with a width of one cycle of the clock is
generated at the start edge portion of the high periqd of the
data 1 (Fig. 12b).

In a burst gate generation circuit 4, a burst gate signal
5 with a length of the mark length reduced by three clocks is
generated at the intermediate position of the mark. Note that
when the mark length is 3 clocks or less, no burst gate signal
is generated (Fig. 1l2c).

In an end edge pulse generation circuit 6, the end edge
pulse 7 with a width of one cycle of the clock is generated at
the end edge portion of the high period of the data 1 (Fig.
12e).

In a mark/space length detection circuit 8 detects data
having a two-clock width, that is, a 2T mark and a 2T space.
When a 2T mark appears, a 2T-mark signal 9 with a two-clock
width is genera£ed so as to include the start edge pulse and
the end edge pulse of the 2T mark (Fig. 12f). When a 2T space
appears, a 2T-space signal 10 with a four-clock width is
generated so as to include the end edge pulse and the start
edge pulse of both edges of the 2T space (Fig. 12g).

In an encoder 11, the attributes of the start edge pulse



After the irradiation, laser light irradiation is perforned with a bias
power. Recording waveform11-3 is a r8%cc_)_rdi ng waveform where i medi atel y
after a recording pulse train, power “i's reduced down to an internedi ate
| evel between a bias power and a |ight reproducing power and then | aser
light is irradiated for a period of 0.25T. Inmmediately after the
| rr adidataneh,tiid cendvedge Spukdecidadewdetermined byt thep2avuanky power and
then there is added a mark's rear end correction pul se train where | aser
| i ght siiggnal &iadkdtier2B-gpacedsbfnal2il, ahdr eafedect asigmdl gt is
irradiation is performed with a bias power. Recording waveform 11-4 is a
r ecor édutputayefivat viteer alatrarsdi th dbgtiaf 4 e3T amarkoodi mgrpubsd & 3Th, | aser
light is irradiated for a period of 0.15T with a power higher than a bias
power space my nomedisitxeéfentedrtohasi fnadmadi.dn, Dakar with betddaa 3trk' s
rear end correction pulse train where laser light is irradiated for a
peri othagtk @R IPNER tand & JRt spapgeodiscrafepsadr toTasr @dst.er Patasaith ght
irradiation is performed with a bias power. Recording waveform 11-5 is a
r ecor doth 28 drarkhend an3EdsRaseyolf Meres ifeE8ieRe®h NS ] 1Zh%: | aser
light is
g Data with both a 2T mark and a 2T space is referred to as 2Ts
- 2Tm. Thus, the data is classified into 4 kinds of
attributes (Fig. 12h).
Next, in a start edge selector 14, a single start edge
set value is selected by the selector signal 12 from a
plurality of start edge set values 13, that is, a start edge
set value during "normal,” a start edge set value during 2Ts,
a start edge set value during 2Tm, and a start edge set wvalue
during 2Ts - 2Tm, and then a selected start edge set value 15
is output.
In a start edge sample/hold circuit 16, only when the
start edge pulse 3 appears, updating is performed, and when
the start edge pulse 3 does not appear, a previous value is
held and a held start edge set value 39 is output (Fig. 12i).
Then, in a programmable start edge delay line 17, the
start edge pulse 3 is output as a start edge delay pulse 18
after the delaYed time of a value based on the held start edge
set value 39 (Fig. 123).
Similarly, in an end edge selector 20, a single end edge
set value is selected from a plurality of end edge set values
19 by the select signal 12, and a selected end edge set value

21 is output. In an end edge sample/hold circuit 22, only



- 63 - irradiated for a period of 0.2T with a |ight reproduci ng power.

| medi ately after the irradiation, | r_light is irradiated for a period
of 0.1T with a bias power. Innediateﬁi after the irradiation, there is
added a mark's rear end correction pulse train where laser light is
irradiated for a period of 0.2T with a |ight reproduci ng power. Thereafter,
| aser wheghttherandaedge palger florappkars h wpdatingae rperfarmed pgandvef or m
11-6 is a recording waveform where i medi ately after a recordi ng pul se

t r ai n,whmmwetheé sendnedgeopsilper dduoes frakmappeals, poverevious | vghue is
reproduci ng power for a period of 0.2T and where there is added a mark's
rear dmidorrdcai balduesd edden sgermalusdS |igmutput r (Bivat bdkder a
period of 0.3T with a light reproduci ng power. Thereafter, |aser |ight

i rradi ati offhen pekn o npEOUF afmabipaendokslge KRedawdiliddenddf dihe 180F s a
recordi ng waveform where inmmedi ately after a recording pulse train, power

i s corfRdgrRIBRIger 2ddSeQutPih a%idasdPAKad (endy ed9pPYESR otticRBE®Bower for

a periaod of 0.25T. After the reduction, there is added a mark's rear end
cor r ecthoAplprEed: FAMe Qfele Viedhs Rasedan khriMld (RRGLLIeF8M a | ght

reproducin ower to a_hias power for a period of 0.25T. Thereafter, |aser
Iigm:qu%%ig i bhifs ﬁ@Sﬁorned with a bias power. The respective

Now, a description will be made of the output of a
delayed cooling pulse signal.

In a cooling pulse generation circuit 36, a cooling pulse
is generated at the rise timing of the delayed end edge pulse
by the amoﬁnt of the half cycle of the clock (Fig. 12n).

In a cooling pulse delay line 37, a cooling pulse 41
which is output from the cooling pulse generation circuit 36
is delayed by a constant quantity, and a cooling pulée signal
42 is output (Fig. 120).

The cooling pulse 42 is passed through an inverter 38 and
is output as a delayed cooling pulse signal 43 where a high
and a low were inverted (Fig. 12p).

Furthermore, in an AND gate 26, a logical product is
taken between the aforementioned burst gate signal 5 and the
clock 25, and a burst pulse 27 is generated (Fig. 12m).

In an OR gate 28, a logical sum is taken between the
delayed start edge pulse 18 and the burst pulse 27, and a
recording signal 29 is generated.

A laser diode 35 is biased by a generating light current
source 32 so that the diode 35 emits a reproducing light power

for a phase change type optical disk.



recordi ng waveforns are shown in Table 21 and also the jitter values after

100 overwite operations are shown in _Table 21. [Table 21] Recording
wavef or m Jitter - 64 - Record’ng waveform 11-1 11. 6% Recor di ng
waveform 11-2 9. 6% Recordi ng waveform 11-3 7. 8% Recor di ng
waveform 11-4 8. 4% Recordi ng waveform 11-5 8. 7% Recor di ng

waveform 1i- pias 1lefrdodigeresit ngoubraf 9lmahd- 4 recorfli4fg Aerelabl e 21, as
in the recording waveform 11-2, in the case where the laser |ight

i rr adictirir@ht BodEeesi0 vaté provpdedudnPpar@lle) aristh retierred to as a
cooling power) lower than a bias power, is added as a mark's rear end
corr egleprodudisey lighti tterensl seuxicdec32,0@aml carfiviie operantoof bhhe been
i nproved in conparison with the recording waveform 11-1. On the other hand,
as i nreconuigsrnievel/ecarvanti soulreer 8@ordd nprmedfon nor 10£8, bylad, 11-5,
11-6, and 11-7 where a mark's rear end correction pulse train is added, the
symretssitch 33 and if the bias level current source 31 is turned on

or off by a switch 34, the drive current of the laser diode 35

can be switched between three currents: a recording level

current, a bias level current, and a reproducing light level

current.

That is, by controlling the aforementioned recording
signal 29 with this switch 33 and the delayed cooling pulse
signal 43 with the switch 34, laser light can be emitted while
switching the laser diode 35 with the recording power, the
bias power, and the cooling power. With an optical head
having the laser diode 35 incorporated therein, marks and
spaces are formed on a phase change type optical disk by a
recording method where a cooling pulse is added (Fig. 1l2q).

Next, the fabrication method of the delayed cooling pulse
signal in the case where the timing of the start of the light
irradiation at a cooling power is based on a clock will be
described with the block diagram of the disk unit of Fig. 13
and the signal wavefdrm di#gram of each part of Fig. 14.

In this case, a cooling pulse 48 is output from the
cooling pulse generation circuit 46 at the same timing as the
rise of the end edge pulse that was output from the end edge
pulse generation circuit 6 (14f).

The cooling pulse delay line 37 outputs a cooling pulse

delayed by a constant quantity of delay (Fig. 140).



between the front end portion and the rear end portion of the mark is
controlled satisfactorily, so the jitter has further been inproved in
conmparison with the recordi ng waveforgg 14-2. As descri bed above, the
recording, where jitters are satisfactory after 100 overwite operations,
beconmes possible by adding a mark's rear end correction pulse train after a
recording pulse train. In this enbodi ment, while there has been shown the

case wher e Tht PJher perabionpk BringiPdRs aser &be Samsuiask thain is

varied in two stages, it is a matter of course that simlar results are
al so GWECKemeNEIPBRdrhe case where the aforenentioned power is varied in

e O MRS 35 2unfha obeb k3t MR RSy, By i aben Shovn
oL LA BROb InbELEph 5 RRBRReRE, Aot SR g T ERLARROT S
Coor ok LA BRUs ] SERERARI Y GBI R igpetoRl BR1 ) @
for trﬁh§a§€art and end edges of a mark in accordance with the
length of the mark to be recorded and the front and rear space
lengths of the mark, whereby the mark and the space can be
recorded in correspondence with data;
In this embodiment, while (1-7) RLL code signal recording
has been assumed and in the mark/space length detection
circuit there has been shown 4 patterns consisting of a 2T
mark and a 2T space which are the shortest inverted spacings
and a mark and a space which are greater than 2T, data can be
further classified into a mark and a space which are greater
than 3T, whereby the positional precision of the edges of each
mark can be enhanced.
Also, while the start edge pulse and the end edge pulse
has been taken to be.a 1T width and the burst pulse a 0.5T
width, it is also possible to select an optimum pulse width in
accordance with the relative velocity between a recording film
(or a storage medium) and an optical spot.
Also, although the cooling pulse width has been assumed
to be 0.5T which is a constant value, total energy can also be
further reduced by varying the pulse with in accordance with
mark length and mark spacing.
For the evaluation conditions of an optical disk, the

wavelength of the laser light is 680 nm and the NA of the



where the second power is greater than O and | ess than a recordi ng power.
(Enbodi nent 12) Next, a description will be nmade of the case where | aser
light irradiation is perfornmed betwea® a recording pulse train and a mark's
rear end correction pulse train by a bias power. In this enbodinent the
recording pulse train A of Fig. 4 was enpl oyed. Al so, neasurenent

ised PRI ACRRREAT Bhe) OBELABL: PP WREh Fory A TRr LY (ANE ¢ hor e
engt AeRE sty Shon SF dbhe "ReRRraiRg WBTE arnr35r | EOfna 43nd ) BB di ng
T, L A0 SO R BB R e O 5,2
SN pSI LS O | PR TEELPEL G inE ERRRI 8BRS S A 2 T <
10 SPGBl 5 BB AR hR, RychRIChebln 3 R b o o0
pover RN 2 PidSmeasured. Here, csum is the standard deviation
of the sum of jitters between 2T and 8T, and Tw is the window
width of the detecting system. The linear velocity is 4.0 m/s.
On this disk, for signal recordihg, the recording power,
where the C/N ratio saturates when a single frequency where
the length of a mark becomes 0.6 ym is recorded, is taken to
be a recording power. The power of the center value of the
power margin, where the erasion rate exceeds -20 dB when the
2T mark is overwritten with a single frequéncy corresponding
-to 7T, is set and taken to be a bias power.
The cycle characteristic of the disk was judged by the
number of cycles where the jitter value ogsum/Tw (%) of the
zero-cross point of a reproduced signal between 2T and 8T is
less than 13%.
With Fig. 15, the recording waveforms used in this
embodiment will be described. In the figure there are shdwn
typical recording waveform patterns used when a 7T mark is
recorded. For recording waveforms 18-1 through 18-3, the
recording pulse train B of Fig. 4 is employed, and for
recording waveforms 18-4 through 18-7, the recording pulse
train C of Fig. 4 is employed.
The recordihg waveform 18-; is a recording pulse train

where the width of the start edge pulse is 1.0T and the width



- 66 - power and a reproducing power and then laser light is irradiated for
a period of 0.25T. Imediately after the irradiation, the power is reduced
to the reproducing power and then ta%@r-light is irradiated for a period of
0. 25T. Thereafter, laser light irradiation is performed with the bias
power. The respective recordi ng waveforns are shown-in Table 22 and al so

the jdéf Zttg'fe \F?é{x:% ?%tflﬁét &g\}é 0 jQvr Bafr;[dt) gﬁ{%é Petwéén S@H%gsﬁgxiﬂgfi%hﬁezz'

[ Tabl orm ecor di ng wavetform 7.8%

Recorgiq Qeﬂ@\/éégée ")faéi-sagi, i labe?”0IRIgHR TR £réddi#6ed NaibErRaLaEY! for

I nvention, 1nt ecor g waveform 12-2, where laser light irradiation is

per f of TR 164 WG S5 2w 8RO LRIENS RIIRE Pdvi andl forBakpérisar 0¢5% 4athection
pul se train by a bias power, the symetry between the front end portion and

the napd ENEsP0H6WER.Of TANENTB! kake ¥ IYATMY Youlde tiie addé@l has further
been i nproved in conparison wth the recording waveform 12-1. As descri bed

above, theHeeGEEh dindheaGebirine18-2 455 AHe e 'whetd eimmédiaveLy i te
oper ations, becones possible
after the end edge pulse of the recording pulse train, a
cooling pulse having an irradiation time of 0.5T at a cooling
power is added to the aforementioned recording waveform 18-1
regardless of the length of a mark td be recorded.

The recording waveform 18-3 is the case where a cooling
pulse is added to the aforementioned recording pulse 18-1.

The cooling pulse is a pulse where the irradiation time at a
cooling power is 0.5T regardleés of the length of a mark to be
recorded and where the time between the fall of the end edge
pulse of the recording pulse train and the start of the laser
light irradiation which is performed with a cooling power is
constant like 0.5T.

The recording waveform 18-4 is the case where the
positions of the start edge pulse and the end edge pulsg of
the recording pulse train are changed according to the length
of the mark recorded with the recording waveform 18-1 and the
front and rear spacings of the mark and where no cooling pulse
is added.

The recording waveform 18-5 is the case where immediately
after the end edge pulse of the recording pulse train, a
cooling pulse having an irradiation time of 0.5T at a cooling
power is added to the aforementioned recording waveform 18-4

regardless of the length of a mark to be recorded.



by performng laser light irradiation between a recording pulse train and a
mark' s rear end correction pulse train by a bias power. In this enbodi nent,
whil e there has been shown the case 9here the power of the mark's rear end
correction pulse trainis varied in two stages, it is a matter of course
that simlar - 67 - results are also obtainable for the case where the

: r : . ' il
Coou e orERE rOUERINS, KAVEE 1 -I)B?%f"[ﬁﬁf%a?%i‘?f%ﬁa”eifpgi{lﬁgnaég| se
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boon THE boot® pilS e 33 oL pdIife MUELL Phle DL 2EaLRR B ednd e o 270
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hi s enbodi ment, while there Has been shown the c e cooling

pover régo2dblidRhd’ Re2E!EHe AL hetShdlh 3Ehé efai%sof’e{:ﬁealeﬁ(& %?r% ned for

t he case where the cooling power was set between and a power | er than
a pulse of the recording pulse train and the start of the laser

light irradiation which is performed with a cooling power is
constant like 1.5T.

The recording waveform 18-7 is tﬁe case where a cooling
pulse is added to the aforementioned recording pulse 18-4.
The cooling pulse is a pulse where the irradiation time at a
cooling power is 0.5T regardless of the length of a mark to be
recorded and where the irradiation start at a cooling power is
delayed than the rise of the end edge pulse of a sub-pulse (a
pulse between the start edge pulse and the end edge pulse) by
a constant quantity such as 2.5T. That is, in this case the
start time of the cooling pulse irradiation is based on a
clock.

The respective recording waveforms, the jitter values
after 100 overwrite operations, and the number of cycles where

a jitter value is less than 13% are shown in Table 30.



bi as power. Also, in this enbodiment, while there has been shown the case
where the second power of a recording pulse train is a bias power, simlar
results were also obtained for the-c&8e-where the second power is greater
than O and I ess than a recording power. (Enbodinent 13) Next, a description
will be made of the case where a mark's rear end correction pulse trainis
added hgpy@ar k@ys recording pulse trains. Various recording waveforns used
in tth enbog nt will be described with Fig. 8. In the figure there are
shown typical recording waveform patterns used when a mark with a | ength of

6T is rﬁchded te that neasurenent conditiaons - 68 - are the sanf as
i £ 1] n_ef ) rdin vef or ns

Eg?1?n2 BZﬁgfg ?i' Iﬁft o |oﬁed%§g@%%%|%£ g?ggst%a£§§%y3Pg%i$é 4. The
recor di pavefetor{m éygﬁg cas¢ where a ngﬁz reé& nd correcfion
pul se tfai pgkg nqt addqd,3% 300,000

18-2 9.0% 800,000

18-3 7.5% 800,000

18-4 7.3% 500,000

18-5 6.9% 1,000,000

18-6 6.3% 1,100,000

18—-7 6.4% 1,100,000

From Table 30, as in the present' invention, in the
recording waveform 18-2 where the cooling pulse is added,
thermal damage has been improved in comparison with the
recording waveform 18~1 where no cooling pulse is added, so
the number of cycles satisfying jitter < 13% has been
satisfactory.

Also, as in the recording waveform 18-3, by performing
laser light irradiation by a 0.5T bias power after the
recordihg pulse train, the symmetry between the front edge
portion and the rear edge portion of the mark is controlled
more satisfactorily, so the jitter has become smaller in
comparison with the recording waveform 18-2.

In addition, even in the case where the positions of the
start edge pulse and the end edge pulse of the recording pulse
train are changed according to the length of a mark to be
recorded and the front and rear spacings of the mark, thermal
damage has been improved for the recording waveform 18-5 where
the cooling pulse is added as in the present invention, in
comparison with the recording waveform 18-4 where no cooling

pulse is added. Therefore, the number of cycles satisfying



The recording waveform13-2 is a recording waveformwhere imediately after
a recording pulse train, laser light is irradiated for a period of 0.5T
with a light reproducing power. AfteB3the irradiation, |aser |ight _
irradiation is performed with a bias power. The recording waveform13-3 is
a recordi ng waveform where i medi ately after a recording pul se train, power

S rgﬂy@@ dgmq3gohg% éﬂwggtfgf dﬁ¥g§§betmeen a bias power and a light

repr C|ng power an en |"aser irradiated for a period of 0.25T.

| medi at el AL EEnDE, | 164! ke IR APWNe |5od SEHGED JPULOct el | Ot

repr oduci ng power an ere 1s a rear

pul S:%c?z‘.tié' ﬁuF'gg;?nbai‘ﬁr |t d oélﬁfgéaéfdtﬂgrrécgfﬂiﬂg ?ngez‘ﬂzal

Ther I'i ght |rra I er f or med owerPEach of

recorgi&ocNeNgEar Becbiding: f%@ 1@.?%9% é‘éoieﬂ&:?i' eaeﬁerfgge%aa pul se

train Cof Fig. 4. The recordi ng wav I'sS the case ere no mark’

rear £ €R&" £8bheN apdl Ted aghd shgyldog! tﬂ@%&fﬁoréhagc&ﬁfféakﬁhi%ﬁf : Z

the case where imediately after a Tecording pulse train

i rratiptesefRArR PaR 9@ @ore %Bﬂ»e:.t&weaIﬂmnr@ﬂéoéagénahae&BEheAfter the
irradiation, laser light irradiation is performed wth a bias
positions are not changed, so the jitter has become smaller.

Moreover, as in the recording waveforms 18-6 and 18-7 of
the present invention, irradiation at‘a bias power is
performed between the end edge pulse of the recording pulse
train and the laser light irradiation which is performed with
a bias power, whereby both the jitter value after 100 cycles
and the number of cycles satisfying jitter < 13% are improved,
and satisfactory values are obtainable in comparison with the
recording waveform 18-5 where immediately after the recording
pulse train, laser light irradiation is performed with a
cooling power.

As described above, the laser 1ight irradiation at a bias
power is put between the end edge portion of the recording
pulse train where laser light irradiation is performed with a
cooling power and the laser light irradiation which is
performed with a cooling power, whereby the jitter value after
100 cycles is improved and satisfactory recording become
possible even when a multi-cycle is performed.

Also, in this embodiment, while there has been shown the
case where the cooling power is a light reproducing power,
similar results were also obtained for the case where the

cooling power is between 0 and a power smaller than a bias



- 69 - power. The recording waveform 13-6 is the case where i mredi ately
after a recording pulse train, the sane mark's rear end correction pul se
train as the recordi ng waveform 13= P4s~added. Thereafter, 'l aser |ight
irradiation is performed with a bias power. Each of recordi ng wavef or ns
13-7, 8, and 9 is the-aforenentioned recording pulse train Dof Fig. 4. The
recogg; waveform 13-7 is the case where no mark's rear end correction
pul s€ train is added. The recording waveform 13-8 is the case where

| mredi at elpy & { efn 8k £6 0O6MbAdiREhEe Whiile thses Hdd!Beéds showdi ehed for a
period of 0.5T with a i ght reproducing power. After the irradiation, |aser

|l ghteddd afhaié OBheSsBebhdr PRAred (¥ a hitdcor@iRg apﬁhgereea&ﬂi ig waveform
13-9 is the case where inmediately after a recording pulse train, the sane

nar K'i5i d£powed, COLMEThIrorepW1Ye Wettd) £bsé hebtainedi sgrwenef camel3- 3 is
added. Thereafter, laser light irradiation is perforned with a bias power.
The naspestiNe second poweayvdisOigrestier Stivam 0 narddbles@3thad al so t he
jitter values after 100 overwite operations are

recording power.

INDUSTRIAL APPLICABILITY

According to the recording method of the present
invention, a fluctuation in the length of a mark due to the
thermal interference between marks is suppressed and the
symmetry between the front end portion and the rear end
portion of the mark becomes better. Therefore, the mark can
be formed into a desired shape, the high-density requirement
for optical disks can be met, and an enhancement in the
quality of a reproduced signal can be realized even in the
case where a method of rotating a disk is constant in angular
velocity. Also, signal degradation due to thermal damage in
the case of a multi-cycle can be alleviated and satisfactory

cycle characteristics can be realized.



shown in Table 23. [Table 23] Recordi ng waveform Jitter Recording

wavef orm 13 1 11. 0% Recor di ng waveform 13-2 9. 4% Recordi ng waveform
13 3 7.8% Recordi ng waveform+43234 - 10.0% - 70 - Recording

8. 1% Recor di ng waveform 13-6 7. 0% Recor di ng wavef orm
13 7 Mﬁ’, j“"ﬂ“"\,ﬂt/eform 13-8 10. 5% Recor di ng WayeiOE# 33 9: BEEN
8. 9% From he recogflhffggwavef orm 13- 2, inwflihe ceksjpr mj@,ge,

i medi ately after a" recordlng pul se traln | aser Ilght | rragatTomTs
performed with a |ight reproducing power, the jitter value after 100
overwite operations has been inproved in conparison with the recordi ng

waveform 18:1. fh &heopthealhandoraatiibn! RRCYRENY MeMesd iWRichN the
recordi ng waveforns 13-3 where a nmark's rear end correction pulse train is
addedswiibehieist tatvd iirratildids i Tas@ PRI gEOhaiRg a plurality of

powers onto an optical storage medium having a thin storage

film which changes reversibly between optically recognizable

states, and which overwrites a digital signal having modulated

pulse widths by employing a light beam, the optical

information recording method wherein,zin the case where a

record mark is formed by irradiating laser light by a

recording waveform which has a recording pulse train,

comprising a plurality of pulses where said laser light is

modulated between a first power préviously set to a power

greater than 5 recording power for recording said thin storage

film and a second power previously set to a power lower than

said first.power, and which also has, after said recording

pulse train, a cooling pulse which irradiates laser light by a

cooling power lower than a bias.power where the laser light

power is less than said recording power,

said recording waveform has a period where the power of
the laser light varies by stages or continuously between the
fall edge of an end edge pulse of said recording pulse train
and said cooling power.

2. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable

states, and which overwrites a digital signal having modulated

This Sheet Has Been Replaced
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t he recording , for the recording pulse train B of Fig.

4, in the case 's rear end correction pulse train is added, the
synmmetry betmeH ﬂﬂu H portiom and the rear end portion of the mark
s better en i nproved. Likew se, fpr Tdig; feCor dizngy
pul se trains C and D of F|g 4, in the case where a mark's ra@m,qug

correction pulse train is added t.he sy y et ween, t re—front—end—porTi on

and tpilseavidkhspby: eoRleying %ﬁ'r‘b@l}*s ert %cPQ‘h’ec"j‘ tter has been

i nproved. As descri bed gbove, .the, recordjng, r itters are_satisfactor
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modulated between a first power previously set to a power

greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recording
pulse train, a cooling pulse which irradiates laser light by a
cooling power lower than a bias power where the laser light
power is less than said recording power,

laser light irradiation at said bias power is performed
between said recording pulse train and said cooling pulse.

3. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digitallsignal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a
record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train,
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to é power
greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than

said first power, and which also has, after said recording

This Sheet Has Been Replaced




This S . . .
end_corw Beot el Replagegai N having a period where after a recording pul se
train, j # ~continuously varied to a power snal[er-th a bias
power . enbodi nent, whide there has been sho 1t heidias g, WhEn:
|

t he cool i ng power a light reproducing power, simlar r §HMM@E§HSGN
obtained for the case where the cooling power was set between 0 an
smal l er than a bias power. Al so, in this enmbodinent, while there has been
showpulee dasmimher econdingcpndsgombicl irnadinths L 38eEelivBEnbYs2a bias
power, simlar results were also qgbtained for the case where, the second
povercdol ifre fpewex hhawer akhane &s bigs, PoWaIc TR ?\e}?s?ﬁnﬁbgﬁﬁe nt 14)
Next, a description will be made of the case where the mark's rear end

cor r ®aWesh il kess rhhanseald rerendngh BMPSecording to the length of a
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a mark' r ' rain. ; ; i
train or® gsggr E% ioﬁﬂggd¥%§féﬂr¥1me at said cooling power is

varied according to the length of said record mark.

4. The optical information recording method as set
forth in claim 3, wherein said laser iight irradiation time at
said cooling power is made longer when a short record mark is
recorded than when a long record mark is recorded.

5. The éptical information recording method as set
forth in claim 3, wherein said laser light irradiation start
time at said cooling power is quickened when a short record
mark is recorded than when a long record mark is recorded.

6. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a

. recoxrd mark ié formed by irradiating laser light by a
recording waveform which has a recording pulse train,
éomprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than a recording power for recording said thin storage

film and a second power previously set to a power lower than

————
———
—————
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wavef or m 14his Sheet m@BQﬁdEMecy\ﬂVef orm 14-2 3T or
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either laser light irradiation start time at said cooling
power with respect to an end point of said recording pulse
train or laser light irradiation time at said cooling power is
varied only when the length of said record mark is less than a
predetermined length. |

7. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a
record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train,
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recérding
pulse train, a cooling pulse which irradiates laser light by a
cooling power lower than a bias power where the laser light
power is less than said recording power,

a laser light irradiation period at said bias power is

provided between said recording pulse train and the laser

* [ L M s *




| i ght |rrem&@g$g erforned with a bias power. Recording waveform 14-2

wavef orm 14- me of +h®9rark's rear end correct|UnbpuL$e%trﬁ$ﬁ£N

has the sane 1{hs iﬁw #¢d correction pulse train as the recording
is 0.8 when ﬂﬂ Iength of 11T is recorded. As the|mark ReRigtdiED

becgneslshorher the start tinme is qU|ckened 0.1T at a tinme. Wen a nmark
with_a lLen of.3T.is cord Sy trai
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wave ecor waveform 14-1 Recordlng wavef or m

wavergagn A5 %28?%5?‘?%@#%? tihe 3¢ 31 %??’32’1‘1"3%‘?‘2 S A atart i
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only when the length of said record mark is less than a
predetermined length, laser light irradiation is performed at
said cooling power.

8. The optical information recdrding method as set
forth in claim 7, wherein, only when the length of said record
mark is shortest, laser light irradiation at said cooling
power is performed.

9. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a
record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train,
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recording
pulse train, a cooling pulse which irradiates laser light by a

cooling power lower than a bias power where the laser light

* [ L M s *




mark, the symmetry between the front end portion and the rear end portion
of the nerthist$ast BRBe&RePRlg €7, SO the jitter has further been inproved in

conpari son |ng wavef @0t +4-1. As descri bed ‘”“W
recordi ng, um are satisfactory after 100 overw itté> o {B‘e‘r E]’an 1
becones possl BPLE

ng the mark's rear end pul se tra|n_std Ae—f

d ith th ded.
i | PR oLt chnERo A, £ %ﬁ@rﬂ”&f G pover of 'the. war o 1 ear end
correcti on a%{ &jﬁé‘éf ééoﬁéée&eg?nuhb ed land ot iR E‘e[toi course

that si mi I58r S are or the case where t

aforqggn%re ob?Rg !%@ﬁﬁilraﬁgwee or nore stages. Also, S|mlzu

resul or t case of a mark's rear end correction pul se

train haVH ﬁEﬁi&H &@eéﬁlafbﬁEL%aﬂe@@aydykIMEdﬁhﬂrfhdhdéaﬂﬁr light is
continuously varied to a power snmaller than a bias power. Also, in this

enbodjh .a Pib8et B nddS riRBusS  aMer Nens abengtRr 6f t BRLGOPELOZAPOVES S
a light reproduci ng power, simlar results were al so obtained for the case

wher gndhe £905hB88tBSRhainS D YPrivpitdimitied DONGEh sNit| £8 s6bectedi as power.

either whether laser light irradiation start time at said
cooliﬁg power level with respect to an end point of said
recording pulse train is quickened or.whether laser light
irradiation time at said cooling power level is lengthened.

10. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
£film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a
record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train,
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recording
pulse train, a cooling pulse which irradiates laser light by a
cooling power lower than a bias power where the laser light
power is less than said recording power,

said optical storage medium is rotated and driven at a
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- Al so, Thinsgebirhs gTbQdi ment, while there has been shown the case where

the second po Whg pulse train is a bias power, simlar ,,\
results were ” Wﬂ or the dsxke where the second power |s/gre=ater

than 0 and |l e ding power. Also, in this enbodgHEﬂL ewhif e the/j
case of the recordlng pulse train A of Fig. 4 has been sho V1342 acrel Tig
pul se r re al so obtained for the cas e
recoragﬁ uIs ngﬁggééiqgiéﬁij D of Fig. 4. (Enbodi nent 15) Next, a
descrlptl e;go UG of a

mar k' s rea?nggd Boﬁrgg |%%B8% :%?#gf%é%é?&éﬁgggcégd?%Eg %%ﬁ engt h of

a mar g@bf REN 5 diph S& I (the

ecor HrRaeErhanRr Xongeh ! Y s A RLAHE HL e Palia®ih! %t%h”easulﬁf‘e%e%

condi 5,985 868 ihlye poadE afi e nfeat aﬁlenaabb%% 03C UHE Nchggw ef or ns
used In this enbddi ment mnll be escribed with Fig. 9. Note that in the

recor

pattern used when a nark with a length o

recor

digatvayehai@tionl &t Jdil @eé@ﬁdfu?s shayn and RIsed rigay di ng
firpadiavebar Bille At IR o EIyNpoRee! dired st ity NS
predetermined times, respectively; and

in a region of said optical storage medium inside at
least a predetermined radius, only when the length of said
record mark is shorter than a predetermined length, laser
light irradiation is performed at said cooling power.

11. The optical information recording method as set
forth in claim 10, wherein, only when the length of said
record mark is shortest, laser light irradiation at said
cooling power is performed.

12. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein:

a record mark is formed by irradiating laser light by a
recording waveform which has a recording pulsé train
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than a recording power for recording said thin storage

film and a second power previously set to a power lower than

R )

Tis recorded. Also, in the



used when, anmong marks with lengths of 3T through 11T, the marks with

| engt hs of c lace T and 11T are recorded. The recordi ng waveform
15-1 is the H l u ﬂ ordi ng mav&2orm 11-3 of the enbodi nent 11. The
recordi ng wa a recordi ng wavef orm where, i ' after

recording pulse train, the power is varied - 75 - so as fBﬂﬁéﬁgﬁmhr,

t he Ieggiﬁ Egrgt Baeggcones shorter. Specifically, when t
recorded, the power is set to a |light reproducing power, and when
mark is recpprediat8eyPa¥Rerl §aidl re@ordiNee pullRAitFaihartKewe | ight
reproduci ng power by X/8 of the power between a bias power and the I|ight
repr oddgied ROWBH1ihkgupulde dimnpHIding igulee obbsin opgRstitiedobgr i S

i ncreased. Laser light is irradiated wth the power for a period of 0.25T.
| mredi pheey alight which had aitd Aeadthawwvkif ferdareuseverswhepet kbhel | ght
reproduci ng power and then there is added a mark's rear end correction
pul se basee light pogex iis ilessditdiad daid aof jpest gpowér p. &bd. Thereafter

| aser light irradiation is perforned with a bias power. The respective
recordi ng waveleast ane sffothei pulsiel €radn of said cooling pulse is

a power smaller than a bias power.'

13. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein:

a record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train
comprising a plurality of pulses where said laser light is
modulated bétween a first power previously set to a power
greater than a recording power for recording said thin storaée
film and a second power previously set to a power lower than
said first power; and

there is added a cooling pulse having a structure which
has a period where the laser light is varied-immediately after
said recording pulse train and where the laser light is
continuously varied to a power less than either said second
power or a bias power.

14. The optical information recording method as set

forth in claim 12, wherein

I
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and al so theTP$SMBﬂhy eyﬁa, {4 er 100 overwite operations are‘shpmn I n

Tabl e 26 [Ta I rgw Ng wavef orm Jitter Recordipg: WaQETﬁTn?*-&‘_1
15-1 . 8% m orm 152 103 6. 4% From Tabl e 26,[_as im®: t)he EN
recordlng waver or he present invention, in the recor O m
where the conflguratlon of the mark's rear end correction pulse train start

time is Varégggaeasp gh hgsqbfehf-ié LUt A yted ™ r% I%Pe\bfox!iﬁ;ﬁ Qﬁg thigai itter

val ue after cyc een 1 nproved I n co | son recordi ng

wavef og 1§oﬁrtﬁ$ A0 VEasdY YPGHLNY the pul se configuration of
t he nar "s rear pul se traln start tifre 1n accordance with - 76 - the

I ength of %mkthQrﬁe pofed’ 4ad.a ftvey gRidtePotngensdi® f6@ptnand rear
ends of the disk becones better and therefore the recordi ng where the

qual i t yoRbraahapsa@diord: MKHIR eithéat s8iacteeynd mgewag pesghbdebibs this
enbodi nent, while there has been shown the case where the power of the
mar k' spewég;end correction pulse train

immediately after said recording pulse train, laser light
irradiation at said third power is performed; and

immediately after said laser light irradiation at said
third power, laser light irradiation‘at said fourth power is
performed.

15. The optical information recording method as set
‘forth in claim 12, wherein

said cooling pulse is constituted by previously set fifth
and sixth powers of the laser light;

said fifth power is a power greater than said bias power
and said sixth power is a power smaller than said bias power;

immediately after said recording pulse train, laser light
irradiation at said fifth power is performed; and

immediately after said laser light irradiation at said
fifth power, laser light irradiation at said sixth power is
performed.

16. The optical information recording method as set
forth in claim 12, wherein

said cooling pulse is constituted by previously set
seventh, eighth, and ninth powers of the laser light;

said seventh power and said ninth power are both smaller
than said eighth power and are powers smaller than either said

second power or said bias power;

AR




\‘
Is varied in two stages, it is a matter of course that simlar results are
al so obtalnébk§MkﬂhsB&§ gs Where the aforementioned power is varied in
erds abter S

t hree or S|n1IaL R@aul-ts are .obtainable
a mark's rear gmn pul se train having a period -
recordi ng pul se light is continuously varied ACED

small er than a bias power. Al so, in this .enbodi_ment, whil here been
shown t he dameddat Yh%fﬁﬁﬁlﬁﬁédp6ﬁ9P349qgIﬂﬁﬂﬁerﬂﬁﬁfﬂﬂfﬁ %éaﬁt

simlar results were al so obtained for the case.where the coollng power is
bet we e XAGHYE EOR oAk S8R F?rveﬂ& PA"'fﬁ’és"%oQ%’Ff°ﬂ‘§§ in this enbodiment,

whi | e there has_peen, sho the ¢ s wher secon cordi ng
pulsem;ralﬁﬂﬁ?é%ﬁﬁ gger Fsﬁﬁéaﬁé} ) 4%0 0 alnegaigr t he
case ere t e_second .S reater ih d S a |
power . s%‘\f%‘b |B°VﬁFs &%ﬁ&&r r}éﬂhgc L %’gs%eo?égﬁ e’igggpd Er)g’%%‘trqu;g
train Ao g s been shown as a recording pulse train, simlar

resul tRERETE" ?S tained for the cases of the recording pulse trains B,

C, and D of; Héhlateigngggégeleﬁﬁhaser light irradiation at said

eighth power, laser light irradiation at said ninth power is

performed.

17. The optical information reeording-method as set
forth in claim 13, wherein said cooling power has both a
period where the laser light is varied immediately after said
recording pulse train and continuously to a power smaller than
either said second power or said bias power and a period where
from said power smaller than either said second power or said
bias power, the laser light power is varied continuously to
either said second power or said bias power.

18. The optical information recording method as set
forth in any of claims 12 through 17, wherein between said
recording pulse train and said cooling pulse, laser light
irradiation is performed by either said second power or said
bias power.

19. The optical information recording method as set
forth in any of claims 12 through 17, wherein either cooling-
power start time or the pulse configuration of said cooling
pulse is varied according to the length of the record mark.

20. The optical information recording method as set
forth in any of claims 12 through 17, wherein, when said

optical storage medium is rotated at a constant angular

e
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- 77 - Next, qhggﬁg{' ion will be nmade of the case where an optical disk

is rotated at DReplacedir vel ocity and where the stanft kB oh ohs prrw |
mark's rear engim{ﬁ | se trailmy s- varied according to thegeadial, J
i SREPIHCY

position of a nunmber of revolutions of the dirsk—s—%866
rpm and for an EFM signal, Clock T was varied so that the shortest mark
cones [er In this epbodi ne the_sanme recording

I th b : t all, ti :
pﬁlnge_ YPiPﬁlé'ré' rt ﬁé’%dﬁ%”ﬁ‘{s‘ﬁé SR%E oF Hae poF sg}lﬁr BPASR of Fig. 4)
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Mddle ci rey id el eopticglzlngéi'ﬁgtiioﬁcE’gc%&%'l%% methood 5a-.rs set

forth in any of claims 1 through 20, wherein

said record mark is formed by irradiating laser light by
the recording pulse train constituted by a plurality of pulses
modulated between the previously set first and second powers;
and |
said recording pulse train irradiates said first power,
which is constant, at the start edge of said recording pulse
train and alternately switches and irradiates the laser light
having said first and second powers at a portion other than
the start edge of said recording pulse train with a cycle less
than one cycle of a data clock.
22. The optical information recording method as set
forth in any of claims 1 through 20, wherein
said record mark is formed by irradiafing laser light by
the recording pulse train constituted by a plurality of pulses
where the laser light is modulated between the previously set
first and second powers; and
said recording pulse train alternately switches and
irradiates the laser light having said first and second powers
with a cycle less than one cycle of a data clock.
23. An optical information recording method wherein:
a record mark is formed by irradiating laser light by a
recording pulse train constituted by a plurality of pulses

where laser light is modulated between previously set first

T LLLE




Recordi ng waveform 16-1 is the case where no mark's rear end correction
pul se train |S'Hmﬂ%duHﬁﬁﬁ lgqwaveform 16-2 is the sane as the recording

wavef orm 11- 3 of 11_ Reeordi ng waveform 16-3
same nmark's rear n pulse train as the recordi Yiev et 05
of the enbodi nen n the present invention, the [start kibiTg

the mark's rear end correctlon pul se train is nmade shorter as
posi t iasnd csecprdJPOWeEsts cl oser to the i nner -78 - circunferentia

side. Specifically, when the radius.of .the di sk is het 23 and 34
mark' s rearSak ’E%‘F?E‘E%PﬁnPBEIF%tFFéPn1F§a3& % &f—‘* e

{ﬁggﬂa'ﬂk”l LAr oBRE 2B roa l&h’e}fﬁt&?ﬁmee% i LN %T‘Sf batre of
I S between h
pul o X946 883 b I e oA Slad o o8 40 edegOr T ection

h Lo o5 ; I espec recording waveforns are
shown e and_a t t ft 500, e ations
are s € 15.8F& )Z-,gr é’ %%Jtd rf‘éeg.‘goure r'a‘i/veéri{ecl nade&%fﬁ\é\géléﬁ s{? ?Es when

the i nen&r‘e C'arrxgu%gr 0 e'd%eZ%anafd“}éE%ﬁg pulse train, said
recordihg pulse train alternately switches and irradiates said
first power and said second power with a cycle less than one
cycle of a data clock; and |

immediately after said recording pulse, laser light
irradiation is performed with a cooling power which is a power
lower than a bias power where the laser light power is less
than said recording power.

24. The optical information recording method as set
forth in claims 23, wherein said recording pulse train is a
recording pulse train which changes positions of the start
edge and the end edge of said recording pulse train in
accordance with the length of the record mark and the spacing
between the record marks.

25. The optical information recording method as set
forth in any of claims 1 through 20, wherein

said record mark is formed by irradiaﬁing laser light by
the recording pulse train constituted by a plurality of pulses
modulated between the previously set first and second powers;
and

said recording pulse train irradiates said first power,
which is constant, at the start edge and the end edge of said

recording pulse train, and between the start edge and the end

(A




circunfere nd the outer circunference is 50 nrm Al so, the

respective %% at the radii are about 2.7, 4.0, and 5.2 ms.
Al so, the ot t condi tionsOAre the sanme as the -nenL 11
[ Tabl e 28] Jitter g | nijef’

M ddl e Cuter wavef orm circunference circu

C|rcun33§gngg il recordlég‘ﬁd@se traln, saia Qébordlﬁ? pulsel kA

9. 0% .3% 16-1 %)

6. 7% altern8t@iyFiRitods 2% iﬁraaeategosduagﬂmea‘ Yowekb-and dwid i tter
beconmes worse because heat stays indoors, but if a mark's rear end .

COr r eCe88nfAUpSVel atiltH < asigelle | 1&8st gRanconed cpelen o @ ata 214tk heat
stays indoors and therefore the jitter value after 100 overwite operations

has been i np6overheveptibaleihiformativmirecnoding néthdtdsks set- 79 - On
the other hand, as in the present invention, in the recordi ng waveform 16-3
wher e fbetht dnt anyreodfcIdiment ktsrough 20, wherein
said record mark is formed by irradiating laser light by
the recording pulse train constituted by a plurality of pulses
modulated between the previously set first and second powers;
said recording pulse train irradiates éaid first power,
which is constant, at the start edge and the end edge of said
recording pulse train, and between the start edge and the end
edge of said recording pulse train, said recording pulse train
alternately switches and irradiates said first power and said
second power with a cycle less than one cycle of a data clock;
and
said recording pulse train changes positions of the start
edge and the end edge of said recording pulse train in
accordance with the length of the record mark and the spacing
between the record marks.
27. The optical information recording method as set
forth in claim 26, wherein
between said recording pulse train and the laser light
irradiation which is performed at said cooling power, laser
light irradiation at said bias power is pgrformed; and
the time between the start of the laser light irradiation

at the end edge pulse of said recording pulse train and the

start of the laser light irradiation at said cooling power is

AU

constant.



rear end corr

radi al
the m
been i
sati sf

r adi al

t hr ee

g.ﬁis' N RVBaS rEfIRED start time is varied according to the

posi ti off - thermal control has been finely pgariormed-atr—

ddl e and H “‘E l_Hrent i al 18§r tions, so the jittef has ,aiqr[f\r}e;:; Bl
¥ 1 é 'l yl;\_ st - Lo

npr oved. #Hbove, the recording, where jitters—a+re

actory after 100 overwite operations, becones possible by varying
the start t2¢® Ofhd "SptBE&l SiheefmeBdoAUkeeokrddng metdnndranget Wi th the
position of the disk. In this enbodi nent, while there has been shown
the cagervhein thaimow®, ehededinaite % iming evfl €her searenofulthe train is
varied in two stages, it is a matter of course that simlar results .are

al so opasénablightodriradietdonva aditt cdel bngnpowerdipobaseids omtibed i n

or nore stages. Also, simlar results are obtainable for the case of

a mar keésockar end correction pulse train having a period where after a
recording pulse train, laser light is continuously varied to a power

smal l er thad9a HMmsopuieal Ddhformahiohi stemwbgd mavitt whichk iseaedhsk been

shown

si mi | astoragkt umidr whdicho nsstcaidsech flokgh pexied @fiedatehendeola siiglover is
between 0 and a power snaller than a bias power. Also, in this enbodinent,
whi | e ihecerhespoodensieowitthha gwark ind cre¢erdecandopoperiod #f dhe di ng

pul se

the case where the cooling power is a |light reproduci ng power,

train is a
data in correspondence with a space between marks, the optical

information storage unit comprising:‘

a start edge pulse generation circuit which generates a
start edge pulse having a constant width at a start edge
position of the high period of the data;

a burst gate generation circuit which generates a burst
gate signal at a middle position of the mark when the high
period of the data is long and which generates no burst gate
signal when the high period of the data is short;

an end edge pulse generation circuit which generates an
end edge pulse having a constant width at an end edge position
of the high period of the data;

a mark/space length detection circuit which genérates an
nT mark signal including said start edge pulse and said end
edge pulse when the high period of the data haé n clocks and
which generates an mT mark signal including said end edge
pulse and said start edge pulse of both edges of the space
when the low period of the data has m clocks (where n and m
are natural numbers existing in a data string);

an encoder which generates a select signal, which is for

controlling a start edge selector to be described later and an
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bi as power, 15l gL ¥ gesul ts were al so obtained for the case where the
second power ca3 Rep 0 and less than a - 80 - recordirrg—power.

Al so, in thi iUH‘Eﬂ 7] ile the d®@% of the recording pul sejtiFdbisAsol: 5 o
Fig. 4 has be@mEsmaNMisaE jgd r ecording pul se train, simlar resul rgAksae

obtai ned for the cases of the recording pulse trains B, C, and D of Fig. 4.

(Enbodj ngéga@ su%tﬁtgg: 485 Ye RidE-Mdd giaf:é@d Phmt £8iG250 MARkKe an

optica I's rota at” a constant an ar ng00|ty and where the pul se

confi gyg Bhﬁnaﬁﬁ 3 n® B SighLpsrection pulse train is varied

according to the radial position of a disk. In this enbodi nent the sane

recording pallésoiiﬂgﬂpaasbh%e%@i%@ir&mcilr%dw%ﬁqprqﬂéﬁ@r&&weatrai n A of
Fig. 4) was enployed. Al so, 'neasurenent conditions is the sanme as the

enbodi 8BBL 14§ pUdised v i dli dhyearet OfidthiSefonNat détapaiodhaeatigs | | be
described with Fig. 10. In the figure there are shown
pulse which is from a programmable end edge delay line to be
described later;

the start edge selector which selects and outputs one
from a plurality of start edge values by said selector signal;

a start edge sample/hold circuit which updates a start
edge set value output of said start edge selector only when
said start edgé pulse appears and which holds a previous value
when no start edge pulse appears;

a programmable start edge delay line which varies a
quantity of delay by the start edgé set value of the output of
said start edge sample/hold circuit and which outputs a
delayed start edge pulse where said start edge pulse is
delayed;

the end edge selector which selects and outputs one from
a plurality of end edge values by said selector signal;

an end edge sample/hold circuit which updates an end edge
set value output of said end edge selector only when said end
edge pulse appears and which holds a previous value when no
end edée pulse appears;

the programmable end edge delay line which varies a
quantity of delay by the end edge set value of the output of
said end edge sample/hold circuit and then delays said end
edge pulse and which ocutputs a delayed end edge pulse where

said end edge pulse is delayed;
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,_niddle,la@d—outer ci rcunf erences
is constant in the configuration

2 {

typi cal reg\?ﬁigéhggligi]f;%ﬁ feddsed when a mark with a length of 6T is

recor ded. Y rdi ng waveform 17-2 there are shown recordi ng
wavef orms us I mm E
The recordin g

qt The—disk.___
f [ N SRR (I AR
éeaL enddcorrection pul se train regardl ess of the radial posi‘t et
i sk, and the recordi ng.waveformis_the.s .t %ﬁfH ' eform 11-3
a;] the errb(?digmnli'.i"g%%ergsgf"‘gi Prd’\ﬁay&l%@f |sJa re@o’?‘% \é%fmveform
ere, - - di at.el y_af.ter e ' pul jy N ower of the
mar k' SGLRY %%qsﬁbwg?f’ral&ﬁ%ﬁu&éset ragfén ré| si E/&a].ll"gsl e% &é%l% éMtioa: %ggn smal | er as
the radial position of the disk gets closer to the inner circunferential
s;cka 3%§§$flcally, when the radius is between 23 and 34 nmm the power
after the rec in | S€3 Liald. 3 oyt B &n | &
Al §o 4! GE1ERAPAREDARL o ASHRAUE prBAE Béeén | said

reproduciné"bomer the radius 71s between 35 and 46 mm the

power %@ré@tPﬁfsQeE eLnR @1%%193:@{7 Sicpdes | ahbureer pduseng pover, and

when the Tadrus I's between 47 an nm~ the power is set to a power |ower
than a bias, poyRrgh¥elwhich performs a logical sum between said

a’ ek 8AS Einn
R .P r

_,‘)

delayed start edge pulse, said burst pulse, and said delayed
end edge pulse and outputs a recording signal;

an inverter which inverts the cﬁoling pulse signal which
is from said cooling-pulse delay line;

a bias current source which supplies a bias current of a
laser diode tb be described later;

a recording-current source which supplies a recoding
current of the laser diode in parallel with said bias current
source;

a light-reproducing current source which supplies a light
reproducing current of the laser diode in parallel with said
bias current source;

a switch which turns the current of said recording-
current source on and off by said recording current;

a switch which turns the current of said bias current
source on and off by said cooling pulse signal; and

the laser diode which records disk signals driven in
parallel by said bias current source, said recording-current
source, and said light-reproducing current source.

30. An optical information storage unit which is a disk
storage unit which records a high period of data onto a disk

in correspondence with a mark and records a low period of the
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MmN Wth tmsgeef\ﬁgs,geg,g&agcegi ght is irradiated for a period of 0.25T.
| mredi atel y lation, the power is reduced down to the Iight

i TIE
repr oduci ng rwﬂéumﬂgwmin there is- afged-a mark's rear end gqorreeti-on— .
IWNs irradiated for a period of 0.25T.lTH@Pé&F¢éH;m§BuEN f

pul se where A :
| aser light irradiation is performed with a bias power. The pecf e CED

recording wagveforms are shown ip Table 29 apd al so the]é%&t r val ues ffter

100 ovEAkA f® GRS epce JWHtR RnSPage. beyweep, mar FPRFHCca
Jitter, . | nner . M. ddl e Qut er waveform
¢i r cunfBformation, skoraas dRit COBPFifPEfence 171 9, 0%

7.8% 9. 3% 17- 8.1% . . . . 7.8% '
7. 9% Fr om T&bPFE2%5E @:Bﬁiﬁﬁr%PQﬁﬁﬁﬁ%ﬂntﬁérFPéﬁtwgﬁghpggﬁﬁﬁ?EﬁﬁiQhe rear

end poLtion Qladhe [RUK L5 hett £ oah LRl DGk A QAT reyg erent i al

portio ecordi ng waverorm € present 1 nveniTon where,

ire”gfdieﬁé?a'i%i%fnt Yf &he gl §60P108 BY! £he! GAly; the power of the mark's

a burst gate generation circuit which generates a burst
gate signal at a middle position of the mark when the high
period of the data is long and which generates no burst gate
signal when the high period of the déta is short;

an end edge pulse generation circuit which generates an
end edge pulse having a constant width at an end edge position
of the high period of the data;

a mark/space length detection circuit which generates an
nT mark signal including said start edge pulse and said end
edge pulse when the high period of the data has n clocks and
which generates an mT mark signal including said end edge
pulse and said start edge pulse of boﬁh edges of the space
when the low period of the data has m clocks (where n and m
are natural numbers existing in a data string);

an encoder which generates a select signal, which is for
controlling a start edge selector to be described later and an
end edge selector to be described later, from said nT mark
signal and said mT mark signal;

a cooling-pulse generation circuit which generates a
.cooling pulse having a constant width from an end edge pulse
which was output from said end edge pulse generation circuit;

the start edge selector which selects and outputs one

from a plurality of start edge values by said selector signal;

A




correction pulse trainis varied so as to becone smaller as the radial
posi tion of tTes SlectKasdeénRepla@ger to the inner circunferential—side.

Therefore, the n i mproMdd in conparison wit fﬁéi$€ﬁﬂrﬂiﬁ§;:$?
wavef orm 17- 1. bove, the recording, where ji et
er

Rareacrn ]
satisfactory a Ite operations, becones possible by var

th | i i.an of Ce L . } . . q
W th che. o SFAEECRUEE Sapel® Y THRALE UM Addtid o e RaER T s
been sgayn Rt GRAIRSMRIHUINCPWEId YtdPe S8GK Sel&etofNBniY W on pul se

train 1s”varied in tw stages, it is a matter of course that simlar

resul t §a3gesths® @Rl FANlR faipddies Case WheER hoedal or pFedioaBed e’ s
varied in three or nore stages. Also, simlar results are obtainable for

the cagRefif n®d BREFtS dRY RIS MpPedr®n pul se train having a period where
after a recording pulse train, laser light is continuously varied to a
power snal | grptbgranmable et elded.ddlay NMisnerBotterdxriabi he there has
been shown the case where the cooling power is a |ight reproducing power,
si m | aguaftiltlys ofeidelalys btk nethifredde setsevabaecofheheoouitpmtper is
between 0 and a power smaller than a bias power. Also, in this enbodinent,
whi | e ghgde sitazthediyes manpldkhahd ec it t dved sehbal pavputef aa recordi ng
pul se train is a

delayed start edge pulse where said start edge pulse is

delayed;

the end edge selector which selects and outputs one from
a plurality of end edge values by said selector signal;

an end edge sample/hold circuit which updates an end edge
set value output of said end edge selector only when said end
edge pulse appears and which holds a previous valﬁe when no
end edge pulse appears;

the programmable end edge delay line which varies a
quantity of delay by the end edge set value of the output of
said end edge sample/hold circuit and then delays said end
edge pulse and which outputs a delayed end edge pulse where
said end edge pulse is delayed;

a cooling-pulse delay line which varies a quantity of
delay of the cooling pulse, which is output from said cooling-
pulse circuit, and outputs a delayed cooling pulse;

an AND gate which performs a logical product between the
burst pulse from said burst gate generation circuit and the
clock and outputs a burst pulse;

an OR gate which performs a logical sum between said

delayed start edge pulse, said burst pulse, and said delayed

* c L M S *




bi as powver, s kit i Btth RE,INES € @l SO obtained for the case where the

second power is . 0O and less than a recordi ng powef~—___ - 83 -
Al'so, in this I ﬂﬂ ﬂ“ll e the &a8e-of the recording pflS&:trajrA
Fig. 4 has bee cording pulse train, sinilar resultsuwetg; aliay

obtained for the cases of the recording pulse trains B, C, and D g 4.

( Enbodi nent , 18) g e Ofy LR tsidqneed i on, the operation in
Ehe_ caesrgivﬁﬁ% Pﬁgggi ﬁ%’fbgﬁ\%%gn % fle enéﬁre%;t?psuﬁ%ﬂe/ of a recordi ng pul se

rain and the siaileof dR$ER LhyBLts’ tAd AelaFedicobling ulyeed with a
cool i ng poﬁkr |§ﬁ%ons ant mnl# ?irst be descr?bed W th gpgfock di agram of a
di sk rsef%ﬂ nﬂhﬂﬁht i8f fEog shli@rbITiFigiale WRiprmk agr am of each part
of Fig: . In thi's enbodiment, data 11s PWdata (Fig. 12a) having a high
period and aFl bOY% PShPEn¥hsslraee whihoupdld ety @ dias cumiemk of 4 he
length of clock unit. The high period of the data is recorded on a disk in
corr espongdengodiet Rodvdidescribddialdtwy period is recorded in
correspondence with space.

a recording-current source which supplies a recoding

current of the iaser diode in parallel with said bias current
source;

a light-reproducing current souice which supplies a light
reproducing current of the laser diode in parallel with said
bias current source;

a switch which turns the current of said recording-
current source on and off by said recording current;

a switch which turns the current of said bias current
source on and off by said cooling pulse signal; and

the laser diode which records disk signals driven in
parallel by said bias current source, said recording-current
source, and said light-reproducing current source.

31. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein:

a record mark is formed by irradiating laser light by a
recording waveform which comprises pulses where said laser

light is modulated between at least three powers: a recording

I —————
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assuned to be a he ct okk4 The width of a coolli ng piELe G

4
t
}
H
s

]

Al so, each width of a.start.e pul se 3 and an end edge pulse-Z.i.s—assuned...
to be one cycl etﬁ’f iﬁﬂtﬁﬁ ?ﬁﬁe‘fi%d the width of a single burst Pyl BeEEHisREEN

taken to be a hal t clock, and the tinme between the end edge
pul se of a recording pulse train and the start of laser light irradiation

whi ch %@Ygeer (AR e ddlds %ﬁ? %mw§£o£5ﬁ3| $9 13K Hid P S {owef! € of

t he cl Furthernore, a space length detection circuit 8 detects the

space {RAA! Badly WlcOrdiigy IpweR| aRbeaf 8b8198g powedt Towdt Wakdn 'Bd k&
arises wth high-density rTecording and al so detects the mark/space |.ength
at whi phagepbwel;ft arises due to the frequency characteristic of a
reproduction system In this enbodinent it is assunmed that the shortest 2T

mark and 2TtR@atasewhildyhexiis ixradieted shetwgehoshtdr eecoidd marks
detected. First, in a start edge pul se generation circuit 2, the start edge
pul se Bywstaldabdia¥t lbowfermneamdgcl e of the clock is generated at the start
edge portion of the high period of the

a laser light irradiation period at said bias power is
provided between the laser light irradiation at said recording
power and the laser light irradiation at said cooling power.

32. In an optical information fecording method which
switches and irradiates laser light having a plurality of
powers onto an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein:

a record mark is formed by irradiating laser light by a
recording waveform which compfises pulses where said laser
light is modulated between at least three powers: a recording
power which records said thin storage film, a bias power lower
than said recording power, and a cooling power lower than said
bias power;

the laser light is irradiated between said record marks
by said bias power;

a laser light irradiation period at said bias power is
provided between the laser light irradiation at said recording
power and the laser light irradiation at said cooling power;

and

laser light irradiation start time at said cooling power

AW




| ength is

data 1 (K. 12b). In a burst gate generation circuit 4, a burst gate
signal 5 et Ha laggfl t he mark |ength reduced by three clocks is
gener at ed l" i 1 di at e positdi dnl®df-the mark. Note that en_the mark
In an end edge pul se generation circuit 6, the end edge pul sef 7 W tHEPaACHD

ss, no burst gate signal is generated] (Rigs:d2€):as puny

————

hY

i dt.h of; t i d . ;
h gh paitBaFsPEEcE Yo I G ol Be JOETRALA LOboERInG Pty 410 VAt AT T
[ [ : | | Qe ko Wk gt ; ' J d
21 spagSeoiing, e TMAT sl 16508 el Sprhbah horboll el Gt

i s generateg3so dget gpkBehidenFRemaialon R RIRe Mikhddeagndeedge pul se
of the 2T mark (Fig. EZf). When a 2T space appears, a 2T-space signal 10

With asbewh GoEeaintdn] syerein) eghs0idsalifat i6hugealklte tditk efgesPidse
and the start edge pul se of both edges of the 2T space (Fig. 12g). In an

encodegoblindpovdr | i8Il Skeh @ 5ﬁaatreggenpulfseaid opticald suskcage end
edge pulse 7 are determ ned by the 2T-nar
medium inside at least a predetermined radius than in a region
outside said predetermined radius.

34. In an optical information recording method which
switches and irradiates laser light having a plurality of
powers onfo an optical storage medium having a thin storage
film which changes reversibly between optically recognizable
states, and which overwrites a digital signal having modulated
pulse widths by employing a light beam, the optical
information recording method wherein, in the case where a
record mark is formed by irradiating laser light by a
recording waveform which has a recording pulse train,
comprising a plurality of pulses where said laser light is
modulated between a first power previously set to a power
greater than é recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recording
pulse train, a_cooling pulse which irradiates laser light by a
cooling power lower than a bias power where the laser light
power is less than said recording power,

said recording waveform has a period where the power of
the laser light varies by stages or continuously between said
cooling power and said bias power.

35. In an optical information recording method which

* € L M 5 %




signal 9 and the 2T-space signal 10, and a select signal 12 is output. That
Is, data with both a 3T nmark or nore and a 3T space or nore is referred to
as "normal ." Data with both a 3T nmarkig +wore and a 2T space_is referred-to

as 2Ts. Data with both a 2T mark and a 3T space or nore is f&fgsBadet o gsi

2Tm Data with both a 2T mark and a 2T space is referred to|as 2TRERLASER

f—
'
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appears, upddting is perforned? and when™t he sta?t edge pulse oes not

appear pud gif GMiiEs Y WinpFoPfhd aNflignbebdan!t athecdpeisal value 39 is
output (Fig. 12i). THen, in a progranimable start edge delay line 17, the

start eHeerRdtS®dm recOrd MY MmétRod!whéredfe gl ehePehse +Besbl @r the

del ayed tinme of a value based on the held start edge set value 39 (Fig.

12] ). Pebokd mark NRAESHeddsP S£8818E1iREG. 1as&kNylighengyedge
recording waveform which has a recording pulse train,
comprising a plurality of pulses whére said laser light is
modulated betweep a first power previously set to a power
greater than a recording power for recording said thin storage
film and a second power previously set to a power lower than
said first power, and which also has, after said recording
pulse train, a cooling pulse which irradiates laser light by.a
cooling power lower than a bias power where the laser light
power is less than said recording power,

said cooling pulse comprises a pulse train having a

plurality of pulses where said bias power and said cooling

power are alternately repeated and formed.

I
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set value is selected froma plurality of end edge set values 19 by the

sel ect signal 12, and a selected end edge set value 21 is output. In an end
edge sanple/hold circuit 22, only - 11786 - when the end edge pulse 7
appears, updating is perforned, and when the end edge pulse 7 does not
appear, a previous value is held and a held end edge set value 45 i's out put
(Fig. 12k). Then, in a progrannabhgbgfﬁAegge delay line 23, the end edge
pulse 7 is output as a del ayed end edge pul se 24 after the del ayed tine of
a val ue based on the held end edge set value 45 (Fig. 121). Now, a
description wll be nade of the output of a delayed cooling pul se signal.

I'n a cooling; Pls of SBREA! ggg'eiaﬁc&ingo%naﬁ&wié NedWi@&d | StBeper Rhsd at

the rise timng o end edge pul se by the anount of the half

cycle %i%ﬁﬁ £heclrob1em tke tHe aroP! énd 8 aemdekays! kapidly a cooling
pul se Ich 1s”output fromthe cooling pul se generation circuit 36 is

del aye&'o9¥eé AABS tRBlreF6HY ithe ¥k 6s CPOAT NGnAUbeCOMRENABXgR andoa put

(Fig. 120). The cooling pulse 42 is passed through an inverter 38 and
reproduced jitter is unsatisfactory and that signal
degradation occurs due to thermal damage caused by performing
a multi-cycle. ‘Therefore, in mark length modulation recording,
laser light irradiation at a bias poﬁer is performed between a
recording pulse train, which adds a mark’s rear end correction
pulse train to a recording pulse train, and the laser light
irradiation at a cooling power or the mark’s rear end
correction pulse train. Furthermore, cooling-power
irradiation start time, cooling—-power irradiation width, and.
the configuration of the mark’s rear end correction pulse
train are varied in accordance with the length of a record
mark. Also, in CAV mode, cooling-power irradiation time and
cooling-power start time are varied according to the radius of
a disk. Furthermore, in the case where the recording pulse
train comprises a start edge pulse, an end edge pulse, and
pulses between the start edge and end edge pulses, laser light
irradiation at the bias power is pérformed between the
recording pulse train, where laser light irradiation at the
cooling power is performed, and the cooling power. Moreover,
in the case where, in the recording pulse train, the laser
light irradiation start time is varied according to the length
of the mark and the space between the marks, the timing of the

laser light irradiation start time at the cooling power is



is output as a del ayed cooling pulse signal 43 where a high and a | ow were
inverted (Fig. 12p). Furthernore, in an AND gate 26, a |ogical product is

taken between the aforenentioned bardtt&ate signal 5 and the clock 25, and
a burst pulse 27 is generated (Fig. 12nm). In an OR gate 28, a logical sum
is taken between the del ayed start edge pul se 18 and the burst pul se 27,

and a peELbnad Paged o2 tre JANGELEF. of 4838y EE0odhelenids diiges ghlye a

generating l1ght current source 32 so that the diode 35 emts a reproducing
i ght gpwgr cheexa phase change type optical disk. - 87 - A bias leve
current source 31 and a recording |evel current source 30 are provided in
parallel with the reproducing light current source 32, and if the current
of the recording level current source 30 is turned on or off by a switch 33
and if the bias level current source 31 is turned on or off by a switch 34,
the drive current of the |aser diode 35 can be switched between three
currents: a recording level current, a bias |level current, and a
reproducing light |evel current.



That is, by controlling the aforenentioned recording signal 29 with this
switch 33 and the del ayed cooling pulse signal 43 with the switch 34, |aser
light can be emitted while switching the | aser diode 35 with the recording
power, the bias power, and the cooling power. Wth an optical head having
the | aser diode 35 incorporated therein, gq%gs and spaces are fornmed on a
phase change type optical disk by a recotdi nmet hod where a cool ing pul se
is added (Fig. 12g). Next, the fabrication nmethod of the del ayed cooling
pul se sigrfal [(® the case where the timing of the start of the Iight
irradiation at a cooling power is based on a clock will be described with
the bl ock diagram of the disk unit of Fig. 13 and the signal waveform

di agram o i 14. In this case, a cooling pulse 48 is output
fromthe MﬁﬁgM@g{)B&&ati on iTcuit 46 at the sane ti@i—rg as the rise
of the end edge pulse that was outYut fromthe end edge pul‘se® generation
circuit 6 (14f). The coolithg¥pul hy IinegSF out putfS—a-coofT™my pul se

del ayed by a constant quantity off delay (Fig. 140). - 88 - Thejother
operational principles are)t® same as—the ‘
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af orenenti oned. Wth a sequence of operations described above, the disk
storage unit in this enbodi nent adds laser light irradiation at a cooling
power and respectively changes the positions of the start and end edges of
a mark in accordance with the length of the mark to be recorded and the
front and rear space lengths of the mark, whereby the mark and the space
can be recorded in correspondence with dd5 In this enbodiment, while
(1-7) RLL code signal recording has been assuned and in the nmark/space

| ength detection circuit there has been shown 4 patterns consisting of a 2T
mark and a 2T space which are the shortest inverted spacings and a mark and
a space which are greater than 2T, data can be further classified into a
mar k and F?;qgﬁezphich are greater than 3T, whereby the positional
precision o e edges of each mark can be enhanced. Al so, while the start
edge pul se and the end edge pul se has been taken to be a 1T width and the
burst pulse a 0.5T width, it is also possible to select an optimum pul se
width in accordance with the relative velocity between a recording film(or
"a storage nedium and an optical spot. Al so, although the cooling pulse

wi dt h has been assuned to be 0.5T which is a constant value, total energy
can al so varying the pulse with in accordance with
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..................... .. b \52 FIRST DIELECTRIC LAYER
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mark | ength and mark spacing. For the evaluation conditions of an optical

di sk, the wavelength of the laser light is 680 nmand the NA of the - 89
- objective lens of the optical head used for the recording and
reproduction of the recording unit is 0.55. For a (1-7) RLL signal, clock T
is set so that the shortest mark length geqares 0.60 [err]m The jitter
value [err]sum Tw (% of the zero- cross point of a reproduced signal

bet ween 2T and 8T, when recorded, was neasured. Here, [err]sumis the
standard deviation of the sumof jitters between 2T and 8T, and Twis the
wi ndow wi dth of the detecting system The |linear velocity is 4.0 mis. On
this disk, for signal recording, the recording power, where the C/ Nratio
saturates when a single frequency where the length of a nmark becones 0.6
[err]misst?Q}dQE, is taken to be a recording power. The power of the
center val'ue® Oof ‘the power margin, where the erasion rate exceeds -20 dB
when the 2T mark is overwitten with a single frequency corresponding to
7T, is set and taken to be a bias power. The cycle characteristic of the

di sk was judged by the nunber of cycles where the jitter value [err]sum Tw
(% of the ’ _
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zero-cross point of a reproduced signal between 2T and 8T is | ess than 13%
Wth Fig. 15, the recording waveforns used in this enbodi ment will be
described. In the figure there are shown typical recordi ng waveform
patterns used when a 7T mark is recorded. For recording waveforns 18-1
through 18-3, the recording pulse train B of Fig. 4 is enployed, and for
recordi ng waveforns 18-4 through 18-7, #a€i1%ecording pulse train C of Fig.
4 is enployed. The recording waveform 18-1 is a recording pul se train where
the width i he start edge pulse is 1.0l and the wi dth - 90 - of the
end edge Ep & 1.0T and where between the start edge and end edge,

pul ses, |aser Ilght isirradiated alternately for a period 0.5T with the
second power and for a period 0.5T with the first power. In this case no
cool i ng pulse i s added. The recording waveform 18-2 is the case where

i mredi at ¢} Wgtmwpmqmgwg of the recording pulse train, a

cool i ng pu se having an |rra,qhgt-r| PBWEFWE of 0.5T at a _cooling power is
added to the aforenentioned recording waveform 18-{1 regar (l fl thhe _
length of a mark to be recorgggoND POWER ---- I | i I | l l '

REGENERATING |
POWER
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The recording waveform 18-3 is the case where a cooling pulse is added to
the af orenenti oned recording pulse 18-1. The cooling pulse is a pul se where
the irradiation tinme at a cooling powes/i1% 0. 5T regardl ess of the I ength of
a mark to be recorded and where the tinme between the fall of the end edge
pul se oI—_—t:BMquordi ng pulse train and the start of the laser |ight

irradia icl i~h is perfornmed with a cooling power is constant ]ike 0.5T.
The recordi ng waveform 18-4 is the case where the positions of the start
edge pul se and the end edge pul se of the recording pulse train are changed
according to the length of the mark recorded with the recordi ng waveform
18-1 an r rear spaci ngs of the mark and where no cooling pul se
is adde@.‘g&ﬁe\»%ﬁm A\Naveform 18-5 is the case where inmediately after
the end edge pul se of the recording pul se trainpgTcoold §g pul §& fpavi ng an
irradiation time of 0.5T at a cooliHfg-wever i s—pddedgqto the renmnti oned
recordi ng waveform 18-4 regardl ess of the | ength of mar k t e ;Hcorded.
- 91 - The recording waveform 18-6 {5 -Phre—case i —
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pul se is added to the aforenentioned recording pulse 18-4. The cooling
pulse is a pulse where the irradiation tine at a cooling power is 0.5T
regardl ess of the length of a mark to be recorded and where the tine
between the fall of the end edge pulse of the recording pulse train and the
start of the laser light irradiation vdrgg is perfornmed with a cooling
power Iﬁ.f stant like 1.5T. The recording waveform 18-7 is the case where
a cooliln g§| is added to the aforenentioned recording pul se 18-4. The
cool i ng pulse is a pulse where the irradiation tinme at a cooling power is

0.5T re a mark to be recorded and where'the

I rradi a%é@@@ V&%\Q&&QQM E’g i)ower I s delayed than the rise of the end
edge pul se of a sub-pulse (a ePOWRRen t RE™StaTT edge| gulis t he end
edge pul se) by a constant quan 2.5T. _That is, Lilnft is C

start tinme of the cooling pul§g HQPaHbQ{Eﬁ%n I's based on a clock. The

respective recordi ng wavef or "fREGENERATINGr valueés after 100 overwrite

operations, and the nunber of POWHRS where a jitter value is less than 13%
are shown in Table 30. - 92 -
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[ Table 30] Recordin Jitter after Nunmber of cycles satisfying g

100 cycl es jitter < 13% waveform 18-1 10. 3%

300, 000 18-2 9. 0% 800, 000 18-3 7.5%
800, 000 18-4 7.3% 500, 000 18-5 6. 9%

1, 000, 000 18-6 6. 3% 1,100, 000 18-7 6. 4%

1,100, 000 From Table 30, as in the pr&-£nd invention, in the recording
wavef orm 18-2 where the cooling pulse is added, thernmal damage has been

i npr ovep‘ ggcof]pari son with the recording waveform 18-1 where no cool ing
pul se is ed, so the nunber of cycles satisfying jitter < 13% has-been
satisfactory. Also, as in the recording waveform 18-3, by perform ng | aser
light irradiation by a 0.5T bias power after the recording pulse train, the
symmetry between the front edge portion and the rear edge portion of the
mark i s cRECORDINGWAVERORMA@-drily, so the jitter has become smaller in

conparison wWith the recordgpgpofer M 18:.2...J.n..addition, —aveni he case
where the positions of the
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start edge pul se and the end edge pul se of the recording pulse train are
changed according to the length of a mark to be recorded and the front and
rear spacings of the mark, thernmal damage has been inproved for the
recordi ng waveform 18-5 where the cooling pulse is added as in the present
I nvention, in conparison with the recording waveform 18-4 where no cool i ng
pul se is added. Therefore, the nunber Qﬁ”é&cles sati sfying - 93 - jitter
< 1396hgsAQsp satisfactory. Furthernore, in the case where the positions
of the Start ‘edge pul se and the end edge pul se of the recording pulse train
are changed according to the length of a mark to be recorded and- the front
and rear spacings of the mark, the configuration of the mark can be nore
controll ed than the case thkEEQQQwﬂﬁﬁitions are_not changed, so the jitter

has beconme RERORENNG\Dr eovel, as 'im The recor

e recordi ng [wavef ¢r 18-16 and 18-7

[
of the preswRVERORMI on, ié%%&ﬁﬁ%. a _bias pgwer i$ |pgr rnedlbetmeen
the end edge plBst of the r é%e train and the | aser |ight

i rradiation which is perfor NG as ppwer, whereby both the jitter.

val ue after 100 cycl es and unber of TyCles satisfying jitter < 13% are
i mproved, RECORDING FIRST POWER  =-=ee--
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and satisfactory values are obtainable in conparison with the recording
waveform 18-5 where immedi ately after the recording pul se train, |aser
light irradiation is performed with a cooling power. As described above,
the laser light irradiation at a bias power is put between the end edge
portion of the recording pulse train where laser light irradiation is
performed with a cooling power and theS¥d<$er |ight irradiation which is
performed with a cooling power, whereby the jitter value after 100 cycles
IS inprqﬂég(an%satisfactory recordi ng becone possible even when a

mul ti-cycl s perforned. Also, in this enbodinent, while there has been
shown the case where the cooling power is a |ight reproduci ng power,
simlar results were al so obtained for the case where the cooling power is
bet weenRECORDING WWRAIVEFBRM 15+han a bi as - 94 - power. Also, inthis
enbodi nent, ' has_been shown the case where the second power of a
recordi ng pu%ﬁng epults were al so obtained

S a bias powgr, si
for the case %d?\ld %ﬁggqng“oomr i s gneat hanl 0_and | ess than a
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recordi ng power. | NDUSTRI AL APPLI CABI LI TY According to the recordi ng net hod
of the present invention, a fluctuation in the length of a mark due to the
thermal interference between marks is suppressed and the synmmetry between
the front end portion and the rear end portion of the mark becones better.
Therefore, the mark can be forned into a desired shape, the high-density
requi rement for optical disks can be " 1%nd an enhancement in the quality
of ar E(&gcgbsi gnal can be realized even in the case where a nethod of
rotati ?Er i is constant in angular velocity. Al so, signal degradation
due to thermal damage in the case of a nmulti-cycle can be alleviated and

sati sfac | SL Gs can be realized. 95 1. An opti cal

i nf or mat W@éﬁ@\@ﬁ&%ﬁw ﬁ?—a/ni ch a nodul ated signal is recorded, by
swi tching | aser |ight betwe@RST HOWEBRI t y--0f---poret tircql cordi ng
medi um having a thin recording filmthat exhibits h revey g
between optically recogni zalpoONBRIPEOWER ORPY-Hs+-Rg— he ‘stleps X
said | aser light between a preset first power] havi ng power equal
hi gher than a recording pom@%&vﬁé‘ﬁﬁﬂﬂ'ﬁNGr ecardi ng on said thin recordi
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film and a preset second power having power |ower than said first power,
to forma recorded mark using a recording pulse train, applying a cooling
pul se after said recording pulse train, said cooling pulse having a cooling
power |ower than a bias power which is set |lower than said recording power,
and varylng said | aser light power durin a period starting fromthe nonent
an end ?._I.I V\é nkfal d recording pul se thbfA5egins to fall until said

cool i ng J i blreached. 2. An optical information recording nmethod
accordlng to claim1, wherein the step varylng the | aser |ight power

I ncl udes one of varying the | aser ht'dowe incremental ly and varying the
| aser |ight power continuously. 3. QP SF &al I nformati on recording

met hod according to claiml, mh"re:n uuuor+ttte ﬁ eet - 7 April 1999 96

said preset first power is appllexi§¥ tron of said recording
pul se train and, for portio her start portion of said

recordi ng pul se train, saidflasé¢r Ilght Is swit¢hed alternately between
said first power and said sg¢con als of time equal to or
shorter than one data cl ock{period. 4. |cal i nformati on recording

met hod according to claim1l] whe¢re H6 i s switched
alternately between said fifst \gi? (i3 ond power at intervals of
“f‘aae S

time equal to or i;orter t hanjone i od.
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5. An optical information recording nmethod according to claim11, wherein
said preset first power is applied at the start and end portions of said
recordi ng pulse train and, for portions between the start and end pul ses in
said recording pulse train, said laser light is switched alternately
between said first power and said secppgri®wer at intervals of tine equal
to or ﬂﬁﬁi(§r1ﬂhan one data clock period. 6. An optical information
recording method according to claim 1, mhereln said preset first power is

applied at the start andHenée--p: of satd1 ecordi pul g

for potpHATA petween the start iand 'En%zwl &K | nddai j&'& 2 di ng §UI $e l
train, said |laser light | swdched al nat el en satrd first po

and said second power at interﬁs of ti ﬂequal jr !short t han one
data clpsirARGT EDGE RUMASEM® statft]and end jpgrtions of |sdid rqcerding pul se
train are di spl aced in p05| a C T and

record UB ? g@ An optll—TI iinf or mati on recordl rig nmet|hod
according alm urther ¢orrpr| i ng ‘the step of: 97 'applyl ng | fser
.radiation with said bias power i;between sai d recording puI se itrain_and | aser
radiation with said coolingfjdqys ¢t b tihe 21 1h ] & df er
radi at ibFLRCK B end pul se oﬂ D ﬁ.u dii g | pH] [Sie z ] i -l eI i@t | b

[

the | aser radiation with sal d GooOI'l Ng” power |s xed.} 8. An optica

i nformation recording _method agcordifny toi cl fifn 6, wh:eﬂn tii i ng toH art
the | aseENPaBP&E BUL-SEth said GOO|I gl pover. s based © cliock.
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9. An optical information recording nethod by which a nodul ated signal is
recorded, by switching | aser light between a plurality of powers on an
optical recording mediumhaving a thin recording filmthat exhibits a
reversi bl e change between optically recogni zabl e states, conprising the
steps of: nodul ating said |aser |ight between a preset first power having
power equal to or higher than a recor d3wg! Power used for recording on said
thin re&o]@n'g‘]s I m and a preset second power having power |ower than said
first power, to forma recorded mark uiéng a recording pul se train,
applying a cooling pulse after said reedrding pulse train, said cooling
pul se having a cooling power |owerythan bigs power which is set |ower

t han said recordi ng power, and -——tubipkﬁh%éﬁeheet 47 April 1999 98
driving said optical recording ned% f atia Jnth a constant angul ar
velocity, wherein in an arep—e# sa'égb E%%Ftre,ording medi um at | east

I nsi de a designated radius,| at | east one of thelstart tinme of |aser

radi ati on with said cooling| power—t+etative—tyzthe; end of said recording
pul se train is advanced and| the durati 0 ser radiation with said
cooling power is extended when gaid recorded nafjk i 4Gshorter than a

predeterm ned | ength. 10. jan opti SAART ti @r’recordi ng met hod by which
a nodul ated signal is SAN%}ﬁngOL
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recorded, by switching laser light between a plurality of powers on an
optical recording nmediumhaving a thin recording filmthat exhibits a
reversi bl e change between optically recogni zabl e states, conprising the
steps of: nodul ating said |laser |ight between a preset first power having
power equal to or higher than a recording power used for recording on said
thin recording film and a preset secbadi@wer having power |ower than said
first pﬁaﬂlérétdltorma recorded mark using a recording pulse train,
applying a cooling pulse after said recording pulse train, said cooling

pul se hayi cool i ng pldvier-1pwer—Than_4 DlLag power ch. i[s sel - Towg
than s éﬁqugrdi ng power, driVind sa|@TdpBiTcdl % Lcondi di U%F or

rotation with a constantl&mgutar vel oCiTy.. an Su i tut heet - 7
April 98T AR £OGE poLBRe3 St ar ti me of Ilaier radi atifoh wit aid cooling
power relative to the end of las afli anwith saild 1d

t he durat.i digati oh with—pai d cooling power to & predererm ned
val ue &Wh@gﬁoﬁed frar k ifs| nott | onger than a predeternined

| ength. wherein in an area Sad ptieat recordrnygEdi U At east i sTde

a designated radius, |aser Rty ' i
only wHe LOGK corded narji |i t] (| Wa ) I :Eﬂ:ﬂ_
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11. An optical information recording nmethod according to claim210, wherein
| aser radiation with said cooling power is applied only when said recorded
mark is of a mnimumlength. 12. An optical information recording nmethod
by which a nodul ated signal is recorded, by switching |laser |ight between a
plurality of powers on an optical recording nmediumhaving a thin recording
filmthat exhibits a reversible changé Syt feen optically recogni zabl e

st at es, Ffigggéﬁsgg the steps of: nodulating said | aser |ight between a
preset r having power equal to or higher than a recordi ng power
used for recording on said thin recording film and a preset second-power
usi ng power |lower than said first power, to forma recorded nmark using a
recording pulse train, and applying a cooling pulse train inmediately after
sai d recordlng pul se Substitute sheet - 7 April 1999 100 train, said

cool i ng i n FABSTNGOWERs es-f-orned-wr T ashr [T ayi fig Ay | east
two dif rs each |ower than said firgt power} latj lleqst onE pul se
in sai d ul sEG@&DrPCDWEﬁg formed- 'a power—to an a bi
power . An optical |nf on recordifng method according to claim 12,
wherein mhen said o?ﬂSﬁéF |ng -fre Is rotated at a constant angular
vel ocity, at |east the start time of the cooling pulse application
and the pul se shape FIRSTAPOWERD! i-hg - put-se-+8--4 d cqtga pMth a
radi us REGORDIN®N said optical recording
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medium 14. An optical information recording nmethod according to claim12,
wherein said cooling pulse is forned with a preset third power and a preset
fourth power of laser light, said third power being set higher than said
fourth power and | ower than one of said second it ;
and further conprising the steps of: applying |aser r
third power imedi ately follow ng said reeording puls ;LA
- laser radivwhatds cldimbddsti d fourth power immedi ately fol|l ohiWwg seiid: r
radiation with said third power. 15. An optical infor j '
met hod according to claim 12, wherein said cooling pullse is forned wth
preset fifth power and a preset sixth power of |aser 101l-light said

[i7ih power beind Sein Begémnfﬁgﬁ@loﬁﬁ&rom.ﬁ@p“ Slamﬁmeﬁ'adnﬁuﬁ Bl &0

| ower than sa| "bi as po ng'the steps o

| aser radiatign d fifth nedi at owi n sald recordl

pui se ¢ rarstorad by awihing laset PRI bebdiRr o Pk’ &fxpﬂw o ARty

following said |aser radiation with said fifth power. An optical

i nf or nat | secording: mediume having aa chiny ireeprdingc il rtﬁgtz exmbés A rreygwseble =hangg

pulse is formed with a preset seventh power, a preset eighth power, and a
between optically recognizable states, comprising the steps of:

modulating said laser light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using a recording pulse frain,

applying a cooling pulse after said recording pulse train, said cooling
pulse having a cooling power lower than a bias power which is set lower than said

2 i
recording power, and

varying said laser light power during a period starting from the moment
an end pulse in said recording pulse train begins to fall until said cooling power is

reached.

2, An optical information recording method according to claim 1, wherein
the step of varying the laser light power includes one of varying the laser light power

incrementally and varying the laser light power cbntinuously.

3. An optical information recording method according to claim 1, wherein

AR



p?esef ni nth power of |
bot h bei ng set
second power an

said seventh power and said ninth power
th power and | ower than one of said
nd further conprising t he steps of :

applying laser rjdjation, ) tr aj d} sevent h powergj, |e¥tf(?| Wi qgggal d
recordi ng pul se {rai B & af}p 1’ g aser radi ation WI el ghth Bower
appl yi ng | aser r&di d {ni nt Bower . An opt i cal informt | on

r ecor di ng saigt prese¢tfirsd pdiveg is applied ah the, stavh podion eftsaldzamordnmg puise trains and.t
time of the cool ijng pulse—appttcarion and the pul se shape of said cooling

pul se i s Y@ pertiohd offeransn e stairt Porties of éaid r@bkjlﬂl@PGlsb train, $418 Idsbr lightis
optical information recording nethod according to claim 12, further

compri si NawitBfied HRBrriteRNBNieBA oS fifst/diivet arisiid! pﬁc?wénaéfj intSvaIof

power and one 0 as power sal recordin se train and

oclul ot od TR orgbsvﬁr“tagﬁtay%ﬂal% ?i?gk?%ha@” rFFSL?' 2Stveen a ol ural i1y

of powers on an optical recording nediumhaving a thin recording filmthat
exhibits a reversibl e change between optically recognizabl e states,
conprising the steps of: nodulating said |aser |ight between a preset first
power havi ng pdwer djuaptical informatiore recardingamethost aceagdipgvier claise d , fwherein
recording on said thin recording film and a preset second power having
power | owgaid laser kighitds switcliedaltermnatelybétwernasaid first power and said second power

at intervals of time equal to or shorter than one data clock period.

5. An optical information recording method according to claim 1, wherein
said preset first power is appliéd at the start and end portions of said recording pulse
train and, for portions between the start and end pulses in said recording pulse train,
said laser light is switched alternately between said first power and said second power
at intervals of time equal to or shorter than one data clock period.

6. An optical information recording method according to claim 1, wherein

~said preset first powér is applied at the start and end portions of said recording pulse
train and, for portions between the start and end pulses in said recording pulse train,
said laser light is switched alternately between said first power and said second power
at intervals of time equal to or shorter than one data clock period, and the start andl
end portions of said recording pulse train are displaced in position in accordance with

recorded mark length and recorded mark spacing.

7. An optical information recording method according to claim 6, further

cbmpn'sing the step of:

* [ L M S *



recorded mark’ usi cording pulse train, applying a cooling pulse after
sai d recording pul REPLAGEWMENBAHEEFOP! i ng pul se having a cool ing power |ower
than a bias power] wateh—i-s—set 1 aowel than said recording power, and varying

el ative (o the dng o s FBSorldi g pul se tr ol TUARHICI BB o (AT PG o

relative to the ng

radi ati on with sdi ifn acdf dance with the length of said
recorded mark. 2Q. An optical infdrmation recording nethod according to
cl aim 19, wherei mttre—durat+er—oi-liaser radi ation with said cooling power

is made |onger when ghpRAHflidd@r radigties twith s8ids BRR! powdr Betwdenl 88/ fbdrding
short mark than when'recording a long nmark. 21. An optical information

recordi ng | 1. ' r | aser radiation with said
cool i ng pB%%q@n%ﬁgﬁé%dr}g%'rba?@mah@ea?%%g H‘lﬁgbrh short mark than when
recording a long mark. 22. An optical information recording nmethod by

whi ch a nodul ated signal is recorded, by switching | aser |ight between a
plurality of powers on an optical recordi ng nedi um havi ngl a thin recording
filmthat exhibits avheseipitaetime temthe start ablaseofmdiation 3t the ésgdpulsg otsaid
states, conprising the steps of: nodulating said | aser |ight between a
preset fi regorginggulseatraingo ploswstiartafithé laser cadigfiarhwith shidncanling power isfixesler
used for recording on said thin recording

8. An optical information recording method according to claim 6, wherein

timing to start the laser radiation with said cooling power is based on a clock.

9. “An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between
optically recognizable states, comprising the steps of: |

!
modulating said léser light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using a recording pulse train,

applying a cooling pulse after said recording pulse train, said cooling

pulse having a cooling power lower than a bias power which is set lower than said

A

recording power, and



film and a preset bqEPRACEHARKT S‘tﬁﬂ'n power lower than said first power,

to forma recorded jma -u-s+-ng«-e:~+ee—3r i ng pul se train, applying a cooling
pul se after said reto d e raim, sald coollng pulse havi ng a cooling
power |ower than a pi b set | egox di-n wer,
and varying at |eas Pt |time of t}sqw%e?i?ﬂé??%n?vé&' pggg
cooling power relatjve to the end of $ & recordl ng pul se train and the '
duration of |aser dtdingtsaichoplicahrecarding medium fooratatiamwith wheonstarité@ngatasr ded
mark is not Ionger than a predet erm ned | ength. Substitute sheet - 7
Apri | 199&03;% An optical information recording nethod conprising the
steps of: formi ng a recorded mark by laser radiation with a recordi ng pul se
train having a plurality of pulses nodulating |aser |ight between a preset
first power and a preset second power, applyi ng said preset first power at
start and end portions .of. said rec r di se train n id fjrst. power
of said laser Ii ght’v(?\%eﬂl'ﬂrﬁﬁ AR §QICQ8E@%J3% |lﬁa E%H’qpﬁser-
l'ight alternate bet ween said first power and said second power

| nCor val doognetadrasiimatess ongof (e Stk Amener IHzen rediatan Wi said;agoling
portions between the start and end pulses in said recording pulse train,

and power relative to the end of said recording pulse train is advanced and the duration of

laser radiation with said cooling power is extended when said recorded mark is sherter

than a predetermined length.

10.  An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of:

4 . }
modulating said laser light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using a recording pulse train,
applying a cobling pulse after said recording pulse train, said cooling
pulse having a cooling power lower than a bias power which is set lower than said

recording power,

driving said optical recording medium for rotation with a constant angular

velocity, and

A



3 + . i ADERARMT | e . . . .
applying |l aser rad 5”{&96{’1‘4&%&%{‘£Ty followi ng said recording pul se train,
the | aser radiatiop Kaving a cool i hglpower |ower than a bias power which is
set lower than a r C)rgigpqﬁé‘f}%\ﬁ%%. P4) An optical information recording
met hod according to ¢laim23, _whereif the start . rhi '
recording pulse tréain are displaced ijn positi onsﬁﬁgﬂﬁggﬁg‘%ﬁgeg\?\fpﬁi r@?c??ded
mark | ength and redorded nark spacinad. 99. An optical information
recordi ng method by which a nodul ated signal is recorded, by swtching
| aser |ight between a plurality of powers on an optical recording medium
having a thin recorglifgy Hd Statttithe BFI2sBI iddiationtWih saidl @dihg paiver P614BES to

105 optically recogni zabl e states, conprising the steps of” nodulating said
| aser i t t ' b O
than a r ang g ESRiEARRG il Sail S8eRlng WhEC P S o Faliah of el r RS,
a preset second power having power, |l ower, than said first power, to forma
ebor ded Wil RAIGRRNG POMES A3 AIRICORteEBINH.HalS o WhertSaid sBGHRRS AKIENG) ¢ e
said recording pulse train, said cooling pulse having a cooling power |ower
t han a bilesggrahien apredptarmingst lengther t han sai d recordi ng power, applying
| aser radiation with said bias power during a period between said recording
pul'se train and | aser radiation with said cooling power, setting the start
time of |aser radiation with said cooling power relative to

wherein in an area of said optical recording medium at least inside a

designated radius, laser radiation with said cooling power is applied only when said

recorded mark is not longer than the predetermined length.

11.  An optical information recording method according to claim 10, wherein
laser radiation with said cooling power is applied only when said recorded mark is of a

minimum length.

' : i .
12. - An optical information recording method by which a modulated signal is
recorded, by-switching laser Iight between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of:

modulating said laSer light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power using powér lower than said first power, to form a

recorded mark using a recording pulse train, and

applying a cooling pulse train immediately after said recording pulse

R A



R et B o RO VTS

the end of said feRiFidiCh ﬁ;ﬁl%*‘e“-trcu n and the duration of |aser radiation
with said coolin ewer-tu-a pregdetterm ned val ue, and appl ying | aser
radiation with s g)%:p g’@@ﬁe nIy when said recorded mark i s not

| onger than a pr dt ned | engtih. An opt I nf or mat i recqrding
net hod accor di ng |t o~eta T 25, wher & n Iaser rad#’HS?B tﬁnspﬁeia?};APB{gﬁigﬁ?q
power is appliedionly when said re pr dd®0nark is of a m nimum | ength.

106 27. trein,ogsid irohaving puiiesformed dthoasenlight havingdaf! leastdwo
signal is recorded, by switching | aser |light between a plurality of powers

on an optdifférent paweeb egclirislvemhan\said fiestt fower, at (et oael pulse ihshicsbollig s a
reversible change bet ween optically recogni zable states, conprising the

.steps of: |{ggi ﬁ;ﬁﬂél ,(ggft first power having
power EQLP to or %2'9% tdrygiﬁ?éa P{e%g! |ntH|§o§\%ebr?aéJE&§8¢'or recording on said
thin recording film and a preset. second power having power |ower than said
first power, to forma recorded mark using a recording pulse train, and

appl ying a cool | ul se i diately after said recording pulse train, said
cool i ng pul se 1éiant mpﬁtjcelq%’érmeﬁpm jngrmethod aﬁcgorc!m?o claint12, svherein
continuously varied i mmedi ately followi ng said recording pulse train, until
r eachi ng wheroseid oplisel racoeding imediumds iratated ehd qonstant angulabivelocityat leass.
An optical information recording nmethod according to claim27, wherein

one of the start time of the cooling pulse application and the pulse shape of said

cooling pulse is varied in accordance with a radius position on said optical recording

medium. _
14. - An optical information recording method according to claim 12,

wherein said cooling pulse is formed with a preset third power and a

preset fourth power of laser light, said third power being set higher than said fourth
‘ I )

power and lower than one of said second power and said bias power, and further

comprising the steps of:

applying laser radiation with said third power immediately following said

recording pulse train, and

applying laser radiation with said fourth power immediately following said

laser radiation with said third power.

15.  An optical information recording method according to claim 12, wherein |

said cooling pulse is formed with a preset fifth poWer and a preset sixth power of laser

) T O




d during which said |aser light is

said cooling pul A H-)
conti nuously vari eBEPHﬁ%&JEéﬁ‘eﬁy‘i I} owi ng said recording pulse train, until
ai d second power and said bias power,

| tha f
and. a period durl (rJIFET qamr]s%?! llaser 1ight po mé?b&ht&qgtshgggusf A y@ﬁb@@
sal ower,

fromthe power | o jan one of kald secaond po

until reaching saj d~onme~of sald second ﬁ@Mer and said bias power. 29. A

di sk recofightgaithih power fbeing selohighemthaptsaidbidsnpovenand sashsixtrdpewenseth a
H period of data and a Lo period of data as a space, conpri sing:
Subst i t ut ¢owdrethin-said Biasipow? %hdLfurther somptisingltse stepsasfating circuit for
generating a start pulse of prescribed duration at a start position of the
Hi period of data; a burst gate generating circuit for generating a burst
gate signal at a mddle position of the mark when the H period of data is

| ong, and for not g | e..sl I Hi ' f_data
Is short; an end pu%&@i@&%g? ﬁ@%‘h @E‘F‘tsﬁj‘%?‘ﬁ@e‘%@?ﬁﬁ%&%ﬁﬁ@ﬁﬁ&fﬁms#
prescri bed duratio E!ean e d position of the H period of data; a '

mar k/ spac &8¢UH I‘P'-a%? ¥ 8RYcircuit for generating an nT mark signal in
such a manner as to contain said start pul se and said end pul se when the Hi
period of data is n clocks:.long, and for generating an ml space signal in
such a manner as to contain said end pul se and said start pulse at both

ends of the space wapplyirieldser padiatioh with daidsikth powéoiekmediatay (olloing saidnd

m are natural nunbers existing in data
laser radiation with said fifth power.

16.  An optical information recording method according to claim 12, wherein
said cooling pulse is formed with a preset seventh power, a preset eighth power, and a
preset ninth power of laser light, said seventh power and said ninth power both being
set lower than said eighth. power and lower than one of said second power and said
bias power, and further combrising the steps of: |
i
appiying laser radiation with said seventh power immediately following

‘said recording pulse train,
applying laser radiation with said eighth power, and
applying laser radiation with said ninth power.

17.  An optical information recording method according to claim 12, wherein
at least one of the start time of the cooling pulse application and the pulse shape of

said cooling pulse is varied in accordance with recorded mark Iehgth.

[ ———

A




train); an encoder L@n Q)&ﬁ?ﬁﬁt mgg‘ﬁ sel ect signal for controlling a start
val ue sel ect or and F ctor (described hereinafter) fromsaid
nT mark signal ana sal d mT gggf ig al; a cooling pulse generating circuit
for generating a doo prescri bed durg&grg,muié SReat dgl ApAH1999
pul se output fromjn r nmabl e delay line hereinafter

descri bed,; 108 & start val ue sel ekt orl02r sel ecti ng one value from anmong
a plurality of stakt set values— cordance with said sel ect signal, and
for outputting the thus selected start set value; a start val ue

sanpl e- and- hol di&i r cAm toptical infotmation rebmdmgametlmﬂ aceodrdingstepplaimdi Z, rfartheri d
start value selector only when said start pulse has arrived, and for

hol di ng a g nﬁ;yﬁsir?thé‘étéﬁ o ‘applyiMgiaserradizlioh with ofe Bf S4id %@&Bﬁdﬂ PoWer and!drize

for delaying said start pul se by varying an anount of delay in accordance
with the hol d
circuit, %fggidoﬁﬁ%lﬂ%gduétﬂ ? |e ﬁgéﬁga'{jﬁgés&gﬁpg} qﬂ pu @gﬁ&hﬁ; @m geval ue
selector for selecti ng one value from anong a pI urality of end set val ues
in accordance with said select signal, and for outputting the thus selected

end set value; an end.val ue sanpl e-and-hold circuit for updating the end
set val ue 19.  An optical information recordlng method by which a modulated signal is

recorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of:

- modulating said laser light between a preset first power having powef
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a
recorded mark using a recording pulse train,

i
applying a cboling pulse after said recording pulse train, said cooling
pulse having a cooling power ldwer than a bias power which is set lower than said

recording power, and

varying at least one of the start time of laser radiation with said cooling
power relative to the end of said récording pulse train and the duration of laser

radiation with said cooling power in accordance with the I'ength of said recorded mark.

20.  An optical information recording method according to claim 19, wherein

the duration of laser radiation with said cooling power is made Ionger when recording

||IIIIII ] IIIII [N




s[JppI i‘ed from sai fi e ﬁ{}%fiﬁﬁgfs%ﬁ%& r only when said end pul se has arrived,
and for hol ding aj pfevious val ue btlherwi se; an end val ue programrmabl e del ay
line for del ayingjsai ¢ @ngPDubs® by|varying an anmount of delay in

accordance with thejend set val uejoytput from sa%ﬂegﬁgﬁ(ghggté7 Apri 1999a

sanpl e-and-hold circurt, and for outiputting the aye nd pul se;

cool i ng pul se del l'ine for outputting 1035el ayed cool i ng pul se by 109
varying a %nﬁst;mai%ﬂlaéwaﬁifepﬁ@ngmlpagmu in said cooling pulse; an AND
gate for ANDi ng said burst gate signal and clock, and thereby outputting a

burst pulse; an OR gate for ORI ng said delayed start pul se, said burst
pul se, and sai d del ayed end pul se, and thereby outputting a recording

signal; an inverer Ambptiwemfphﬁaﬁdmﬁemhgﬁﬁemua%%céwﬁqﬁltq eliraufo, Wirdheiral d
cooling pulse delay line; a bias current source for supplying a bias -
current t I s i rey , ' ; | r e,
connect ed o aaafipfl sl oy pBiver i ciaedearlor iigh Pty & Shbr A
recordi ng,current to the |aser diode hereinafter described; a read beam
current soUFRY e@dﬁﬁ%@f%@ﬁpg@?gﬁ'l el with said bias current source, for
supplying a read beamcurrent to the |aser diode hereinafter described; a
swtch for turning on and off the current fromsaid recordi ng current

22.  An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of: |

modulating said laser light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

. /
recorded mark using a recording pulse train,

~applying a cooling pulse after said i'ecording pulse train, said cooling
pulse having a cooling power lower than a bias power which is set lower than said

‘recording power, and

varying at least one of the start time of laser radiation with said cooling
power relative to the end of said recording pulse train and the duration of laser

~ radiation with said cooling power only when said recorded mark is not longer than a

predetermined length.

AN Hlll i |



RE’F‘U&GZ"J‘? SHEET |
source I n accordance (w ~e~-recordi ng signal; a switch for turning on
and off the current fjro Oﬁ%l nb{)@:«g rrent source in accordance with said
cool ing pul se signal;} a & asey diode for recording a disk signal
driven by said bias qurt a| recordi ur. i d
read beam current source in par al | el . 0. Adi ssgpﬁ tﬂlsfhgeg J?«g{ r:l%fgts'ﬂ
recordi ng optical informattomoma di SK M4 h a H period of data as a mark
and a Lo perio®df danapticaldnfopnation resording meghodicamprising dite stepsofr at i ng
circuit for generating a start pulse of prescribed duration at a start
position of the H period of data; a burst gate generating circuit for
generating a burst gate signal at a mddle position of the mark when the H

period of data is | %ER n?nél r t%rdﬁtgtr?)ﬂfr@ RSEP Padiatistl ﬁﬁth%”‘f’{'co?dlﬂagﬂulé@ |rf he

Hi period of data is an e generating circul enerarti ng

ot o it 2 GRER OBy HdobfheBh Bohrith Boidar & et s Cho ofd &

signal in such a manner as to contain said start pulse and said end pul se
when the kﬂ?reﬁ%trﬁ%&"afpod‘éﬁra is n clocks long, and for generating an nil space
signal in such a manner as to contain said end pulse and said start pulse
at both ends of the space when the Lo period of data is mclocks |ong
(where n and mare natural nunbers existing in data train);

applying said preset first power at start and end portions of said

(/1

recording pulse train when said first power of said laser light is higher than said

second power,

- switching said laser light alternately between said first power and said
second power at intervals of time equal to or éhorter than one data clock period for

portions between the start and end pulses in said recording pulse train, and

applying laser radiation immediately following said recording pulse train,
the laser radiation having a cooling power lower than a bias power which is set lower

than a recording power.

24.  An optical information recording method according to claim 23, wherein
the start and end portions of said recording pulse train are displaced in position in

accordance with recorded mark length and recorded mark spacing.

25.  An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording

medium having a thin recording film that exhibits a reversible change between

%* [ L M S *




an encoder for gem,erat—4-ﬁg~"a" ”Teﬁ signal for controlling a start val ue

Substitute sheet | pZrARLal: ‘19 1} sel ector and an end val ue sel ector

(described herein f%éF«)M‘TTOTﬁ'S& dt nT mark signal and said ml space signal;
r

a cooling pul se gen td ngeEiid or generati a cooli ul
prescribed durati ﬁomthe end_pulise out put fpgﬂ?it&ugegﬁgegulégpﬂhggg

generating circuit; ta—start val ue sdql ectl® for selecting one value from
anong a ploptiadliy se¢ofnizablet states ising theasteps dfince with said sel ect
signal, and for o Mg the thus selected start set value; a start val ue
sanmpl e-and-hold circuit for updating the start set value supplied from sai d
start value selector only when said start pulse has arrived, and for

hol di ng a previous ‘fﬁé pu@%@yféﬁer ﬁttﬁéﬁwe‘éﬁlé' @qrﬁg&%lehg%gy%é%ﬁ

for delaying said star varyrng an armu n acc
out LOm sai d st

e te Holel 1 O e indl ' Heeordifig et el r*Pm%ﬁmegF sHcC IR ySedging

sel ect or for sel ecting one val ue from anong plurality of end set val ues

i n accor ddiBeans @Peeset seeondt powey hﬁY'"gePQ!VQTdQWQUﬂﬁJTt $3id dirsthrower, o fema @ ed |

end set val ue; an end value sanple-and-hold circuit for updating the end

set val ue recm‘dedmaﬁ(nmingsai‘ebmdidgmhﬂraiaj ector only when said end pul se
has arrived, and for

applying a cooling pulse after said recording pulse train, said cooling

pulse having a cooling power lower than a bias power which is set lower than said

recording power,

applying laser radiation with said bias power during a period between

said recording pulse frain and laser radiation with said cooling power,

, /
setting the start time of laser radiation with said cooling power relative to
the end of said recording pulse train and the duration of laser radiation with said

cooling power to a predetermined value, and

applying laser radiation with said cooling power only when said recorded

mark is not longer than a predetermined length.

26.  An optical information recording method according to claim 25, wherein

laser radiation with said cooling power is applied only when said recorded mark is of a

AT

‘minimum length.
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an end val ue progr for delaying said end pul se by varying
an armount of del ayji % the end set val ue output from said

- d
;e)ﬂtjs\éal ;ecgglrriplng S | se delay Ii ne f or doL?{ou??lt g% és@g'tégﬁaéﬁozl gﬁd?}@gé’gnpy

varyi ng an anount of—delay—+e—be—t+ntrod06ed in the cooling pul se out put
from said coold7ag pAn sptug&lmufoanalnm reicording method\b wihitlk of moddkEkdgighal id
burst gate signal, output fromsaid burst gate generating circuit, and

clock, ~ angedriedehy switehig tased I tbdétﬁ/beﬁ‘é' ;ﬁﬁrah?y"b veEts dnf & ogﬁ}dgge&ﬂfdﬂg

delayed start pul se, sai burs pul se, and sai'd Iayed end

t her eby %lé[ﬁ [ e r v

del ayed coo y% h%&"?e%sﬁgﬁgﬂle%gm@p‘g?mb r%”ra‘ﬁres%)w {cst)o |r%\gé|'h[é ?hééagyi;’%ﬁ’ﬁgn a
bias curre ur S | yi a.bi urrept to a |l aser diode

her ei naf PQPC@E’ Pﬁﬁ@l&gél& #%@ﬁr?ﬁ'ﬂ@'%"tﬂ &@rﬁct eR%QFce, connected in parallel
with said bias current source, for supplying a recording current to the

| aser di ode hereinafter described; a read beam current source, connected in

parallel with said bias current
modulating said laser Ilght between a preset first power having power

equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using a recording pulse train, and

- applying a cooling pulse immediately after said recording pulse train,
said cooling pulse containing a period during which said laser light is continuously
varied immediately following said recording pulse train, until reaching a power lower
than either said second powef or a bias power.

28.  An optical information recording method according to claim 27, wherein
said cooling pulse contains a period during which said laser light is continuously varied
immediately following said recording pulse train, until reaching a power lower than one
of said second power and said bias power, and.a period during which said laser light
power is continuously varied from the power lower than one of said second power and

said bias power, until reaching said one of said second power and said bias power.

29. A disk recordihg -apparatus for recording optical information on a disk

with a Hi_ period of data as a mérk and a Lo period of data as a space, comprising:

S
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Substitute sheet - ﬁtApﬂgt; 49PSHEES pource, for supplying a read beam

current to the | asge fter described; a switch for turning on
and off the current t 8rp sfa,tog #@cofding current source in accordance with

sai d recordi ng sigpat; “a swtcﬁ of lurning on urrent . f

said bias current polw.ce-i-n-aceerdnge with sai %n”g’éﬁ ‘r'ﬁ’?gsn'fﬁ.ﬂ%sei(g é)gr%nd
a laser diode for f[ecording a disk signtd7driven by said bias current
source, said recor ¢ ingecircaitfos generating abstarhpulse ehpresoribed i n
parallel. 31. An optical infornmation recording nethod by which a nodul ated
si gnal | sduration aed stdry position bf the Migsetiod  df@fata;pet ween a plurality of powers
on an optical recording nmediumhaving a thin recording filmthat exhibits a
reversi bl e change between optically recogni zable states, conprising the
steps of: nodul ating said [aser Iight between at |east three power s,

i ncluding a recordip used f recordin hi n cording.film
a bias power | ower ?%ﬁﬁs getg 9%%%?@"91&"'5 or %aﬁnQ@ob Sﬁg 36%5
than said bjas power, two successive recorded marks bein separated by a
space forrmsil%?waen of thenark whea the Bi perigghokdata islong; and fordind geperatingia
using a recordi ng waveform havi ng one pul se, and applying | aser radiation
wi t h sai cowrstgatesignal whendbe Hipedod ofidataisshorti t h sai d recordi ng power and
| aser radiation with said cooling power. 32. An optical information -
recordi ng method by which a nodul ated signal is

an end pulse generating circuit for generating an end pulse of prescribed

duration at an end position of the Hi period of data;

- a mark/space length detection circuit for generating an nT mark signal in
such a manner as to contain said start pulse and said e'nd pulse when the Hi period of
d_ata is n clocks long, and for generating an mT space signal in such a manner as to
contain said end pulse and said start pulse at both ends of the space when the Lo
period of data is m 'clocke '}long (where n and m are natural numbers existing in data

train);

an -encoder for generating a select signal for controlling a start value
selector and an end value selector (described hereinafter) from said nT mark signal

and said mT space signal;

a cooling pulse generating circuit for generating a cooling pulse of
prescribed duration from a delayed end pulse output from an end value programmable

delay line hereinafter described; L
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114 recorded, by rswtechrmgtasgl_J1ight between a plurality of powers on an
optical recordi né RERLAG “%as\h égt@lthi n recording filmthat exhibits a
reversi bl e changed hetweerropticalll  recogni zabl e states, conprising the
steps of: nodul at}i Ng sai dohat@88 Ili ght bet ween a three . .

I ncludi ng a recoridi nggs|'50\'/\ilétr'—é used {far recording %Hbggtliget ﬁﬂ?@gﬁgmggﬂ | m
a bias power |owdr ‘ttamsard recordi ng ¥8wer, and a cooling power | ower

t han sai d bias pgwea startwalsecssiactor forrsetentidg bneavalae from amempaglelityy of
space forned by radfation with said bias power, to forma recorded mark
using a rstarersitnalives i aicobitante with ealdsslect aRfhalPid Faidolfptfting’ 8 #idsOn
with said bias power between |aser radiation with said recordi ng power and
| aser ra%é?édt@@s{ﬂrf tSAgk:cool ing power, wherein the start time of the

| aser radiation with sald cooling power relative to the end of the |aser
radiation with said recording power is varied in accordance with a radius
position on said optical recording nmedium 33. An optical information
recordi ng met hod according, to claim 32, wherein in an area of said optical
recordi ng medi um at@ St (vajues saaple-ged-hgleh ciseuit feri updatinge theagtast iseh valuen
said cooling power is started earlier than in an area outside said

desi gnat stipphed from said stan vajute salectonbolywhérosaidestant putse mas hoively amthifoh a
nodul ated signal is recorded, by switching | aser |light between a plurality
of power holdinga previoas lvalugcsthdiwige;medi um having a thin recording filmthat
exhi bits a reversi bl e change between _

a start value programmable delay line for delaying said start pulse by
varying an amount of delay in accordance with the start set value output from said

start value sample-and-hold circuit, and for outputting the thus delayed start pulse;

an end value selector for selecting one value from among a plurality of
end set values in accordance with said select signal, and fér outputting the thus

- selected end set value;

an end value sample-and-hold circuit for updating the end set value
supplied from said end value selector only when said end pulse has arrived, and for

holding a previous value otherwise;

an end value programmable delay line for delaying said end pulse by
varying an amount of delay in accordance with the end set value output from said end

value sample-and-hold circuit, and for outputting the thus delayed end pulse;

a cooling pulse delay line for outputting a delayed cooling pulse by

———
—
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aggﬂhﬂﬁﬁﬁﬁTéﬁﬁﬁﬂs conprising the steps of: nodul ating said

3. prese r4t power having power equal to or higher

g lpover . ps¢ g§o riecording on said thin recording film and
pove? ﬁagg. pauey 1 over than sigledlfebn@Q'er A 1995 2

sipng-a—+eeording pul se train, and applying a cooling pulse

i mmedi ately aftler said recording pul sel®®ain, said cooling pul se having a

cool i ng pamying & enfrastucatiin saidcooling pulse: t han sai d

recordi ng power, wherein a period is provided during which said |aser |ight

power is varied increnentally or continuously from said cooling power,

until said bias power is reached. 35. An optical information recording

met hod by whi ch a gRdanpt e%‘bﬂﬁﬂiDih%gﬂéﬁ%ﬁﬂfég%&ﬁgﬁ&ﬁ A ciogk! 356 thérebt

between a plurality of powers on an rdirng medi um having a thin
recordin | Ihi.ts a reversi bl e change between optically’
recognizgﬂﬁﬁh@%tgggﬁﬁéﬁ Pising the steps of: nodulating said |aser |ight
bet ween a preset first power having power equal to or higher than a

recordi ng power used for recording on said thin recording film and a

preset second power having power |ower than said first power, to forma
recorded mark usi ngnaORegatiedion ORingssaid delayedastart pulse, said burst pulse, and

~ 115 optically
| aser |ight be
than a recordi
a preset secon
recorded mark

said delayed end pulse, and thereby outputting a recording signal;

an inverter for inverting the cooling pulse signal output from said cooling

puise delay line;

a bias current source for supplying a bias current to a laser diode

hereinafter described;

. i .
a recording current source, connected in parallel with said bias current

source, for supplying a recording current to the laser diode hereinafter described;

a read beam current source, connected in parallel with said bias current

source, for supplying a read beam currént to the laser diode hereinafter described; .

a switch for turming on and off the current from said recording current

source in accordance with said recording signal;

a switch for tuming on and off the current from said bias current source

RN R O W0

in accordance with said cooling pulse signal; and



tely after said recording pulse train
said cooling puls power | ower than a bias power which is
set |ower than saild ' wherein said cooling pulse is forned
as a train of plurial X geper at ed by d

alternately betwee Bt and sai d coﬁqbtr?glaﬂ){c%gv\seﬁéaét -}a}ﬁ%ﬂ iogp cal
i nformati on record|n i ch alt®dul at ed signal is recorded, by
switching | aser |ight betmeen a lity of powers on an optical recording
nmedi um having a thi il mthat exhibits a reversible change

bet ween optical |y radasgern dmldbefostrebusi;ng:anﬁlsksslggalt tiivest by ssaid :bia® duk@nt ng
said |l aser |ight between a preset first. power having power equal to or

hi gher t hgdurae rﬁi@?ébdwmg@mnvmné ofind §416réad Beaf Gitteht SBufte!if paraliend
film and a preset second power havi ng power [ower than said first power,

to forma recorded mark using a recording pulse train, applying a cooling
pul se after said recording pulse train, said cooling pulse havi ng a cool i ng

B appl vi ng | R0er AP ‘Wﬂwﬁ%h plies Bl geRing Beloal rfommeton snof i

pul se train and said cooling puls
with a Hi period of data as a mark and a Lo period of data as a space comprising:

116 a;ﬁpl ying a coaqli

a start pulse generating circuit for generating a start pulse of prescribed

duration at a start position of the Hi period of data;

- a burst gate generating circuit for generating a burst gate signal at a
middle position of the mark when the Hi period of data is long, and for not generating a

burst gate signal when the Hi period of data is short;

an‘end pulse'generating circuit for generating an end pulse of prescribed

duration at an end position of the Hi period of data;

a mark/space length detection circuit for generating an nT mark signal in -
. such a manner as to contain said start pulse and said end pulse when the Hi period of
data .is n clocks long, and for generating an mT space signal in such a manner as to
contain said end pulse and said start pulse at both ends of the space when the Lo
period of data is m clocks long (where n and m are natural numbers existing-in data

train);

an encoder for generating a select signal for controlling a start value

||II|II| I III|| IlIII | |II|
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selector and alT end value selector (described hereinafter) from said nT mark signal

and said mT space signai;

a cooling pulse generating - circuit for generating a cooling pulse of

prescribed duration from the end pulse output from said end pulse generating circuit;

a start value selector for selecting one value from among a plurality of
start set values in accordance with said select signal, and for outputting the thus

selected start set value;

- a start value sample-and-hold circuit for updating the start set value
~ supplied from said start value selector only when said start pulse has arrived, and for

holding a previous value otherwise;

a start value’programmable delay line for delaying said start puise by
varying an amount of delay in accordance with the start set value output from said

start value sample-and-hold circuit, and for outputting the thus delayed start pulse;

an end value selector for selecting one value from among a plurality of
end set values in accordance with said select signal, and for outputting the thus

selected end set value;

an end value sample-and-hold circuit for updating the end set value

supplied from said end \/alue selector only when said end pulse has arrived, and for

* [ L M s *

holding a previous value otherwise;



e prni T QLD
REPLAGEMENT SHEET

| ' i t - 7 April 1999
08 APR i) Substitute shee p

112

an end value programmable delay line for delaying said end pulse by
varying an amount of delay in accordance with the end set value output from said end

value sample-and-hold circuit, and for outputting the thus delayed end pulse;

a cooling pulse' delay line for outputting a delayed coo'ling pulse by
varying an amount of delay to be introduced in the cooling pulse output from said

cooling pulse generating circuit;

an AND gate for ANDing 'said burst gate signal, output from said burst

gate generating circuit, and clock, and thereby outputting a burst pulse;

an OR gate for ORing said delayed start pulse, said burst pulse, and

said delayed end pulse, and thereby outputting a recording signal;
{

an inverter for inverting the delayed cooling pulse signal output from said

. cooling pulse delay line;

a bias current source for supplying a bias current to a laser diode

hereinafter described;

a recording current source, connected in parallel with said bias current

source, for supplying a recording current to the laser diode hereinafter describéd;

a read beam current source, connected in parallel with said bias current

(AN 1.
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current to the laser diode hereinafter described;

source, for s
a switch for turning on and off the current from said recording current

source in accordance with said recording signal;

a switch: for turning on and off the current from said bias current source

in accordance with said cooling pulse signal; and

a laser diode for recording a disk signal driven by said bias current

source, said recording current source, and said read beam current source in parallel.

31.  An optical information_ recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between optically

recognizable states, compriéing the steps of:

modulating said laser light betweeﬁ at least three powers, including a
recording power used for recording on said thin recording film, a bias power lower than
said recording power, and a cooling power lower than said bias power, two successive
fecorded marks being separated by a épace formed by radiation with said bias power,
to form a recorded mark using a recording waveform having one pulse, and applying
Ia_ser- radiation with éaid bias power betweén laser radiation with said rc_ecording pbwer

and laser radiation with said cooling power.

32.  An optical information recording method by which a modulated signal is

*= ¢ L N s *x
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recorded, by 4witching lase_rlitheMnJen a plurality of powers on an optical recording

medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of:

‘modulating said laser light between at least three powers, including a
recording power used for recording on said thin recording film, a bias power lower than
said recording power, and a cooling power lower than said bias pbwer, two successivé
recorded marks being separated by a space formed by radiatidn with said bias power,

to form a recorded mark using a recording waveform having one pulse, and

: abplying laser radiation with said bias power between laser radiation with

said recording power and laser radiation with said cooling power,

wherein the start time of the laser radiation with said cooling power
_. | '
relative to the end of the laser radiation with said recording power is varied in

accordance with a radius position on said optical recording medium.

33.  An optical information recording method according to claim 32, wherein
in an area of said optical recording medium at least inside a designated radius, the
radiation with said cooling power is started earlier than in an area outside said

designated radius.

- 34.  An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording

medium having a thin recording film that exhibits a reversible change between

N
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optically redognizable states, comprifing the steps of:

modulating said laser light between a preset first power having pdwer
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using-a recording pulse train, and

applying a cooling pulse immediately after said recording pulse train,
said cooling pulse having a cooling power lower than a bias power which is set lower

than said recording power,

whérein a period is brovided during whic'h said laser light power is varied
increm_entélly or continuously from said cooling power, until said biaé power is
reached. |
!
35. An 6ptica| information recording method by which a modulated signal is
reéorded, by switching laser light between a plurality of powers on an optical recording
medium having a thin recording film that exhibits a reversible change between

optically recognizable states, comprising the steps of:

modulating said laser light between a preset first power having power
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than s_aid first power, to form a

recorded mark using a recording puise train, and
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mmediately after said recording pulse train,'
said cooling pulse having a cooling power lower than a bias power which is set lower

than said recording power,

wherein said cooling pulse is formed as a train of plurality of pulses-
generated by switching said laser light altemately between said bias power and said

cooling power.

36 An optical information recording method by which a modulated signal is
recorded, by switching laser light between a plurality of powers on an optical recording
.medium having a thin recording fim that exhibits a reversible change between

ooptically recognizable states, comprising the steps of:

modulating said laser light between a preset first. power having power

i i '
equal to or higher than a recording power used for recording on said thin recording
film, and a preset second power having power lower than said first power, to form a

recorded mark using a recording pulse train,

applying a cooling pulse after said recording pulse train, said cooling
pulse -having é cooling power lower than a bias power which is set lower than said

recording power, and

apblying laser radiation with said bias power between said recording

pulse train and said cooling pulse.
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