THTLE OF THE | NVENTI ON Met hod for Controlling Laser Li gh?\elg%?,jﬂé-hod
~for Data Recording into Optical Disc, and Optical Disc RecofmhRg '
Apparatus BACKGROUND OF THE | NVENTI ON Field of the Invention: The
present invention relates to a nethod for controlling a laser Iight power
used in witing data into an optical disc, a method for verifying data
witten in an optical disc, an opticalidisc recording apparatus for witing
data while controlling a | aser |ight power, and an optical disc recording

appar at us e S VY itten in an optical disc.
Descri pti o’ﬁﬁgibﬁl?eq)g Qzﬁﬁ/ﬁr tIﬁ%ﬁi‘@&e change based optical disc has been
proposed 1nto 3ideflod riﬁ{?g‘(’:@bﬁl?rg%iglgp%%b}tﬂigm pigweir at Mk 1o d 2861

| ight onto the optica hase- change optical disc conprises a

transpar enp g $4bRleA &l itgle of it @l adkp € owlt erDdk csuchmd Q@ ticalbdbse and
having a nain side thereof covered with a nultiple layer nade of a
plurality Récbwdinigorepphayeus including a phase-change naterial |ayer.
Data wite and/or read is done onto and/or fromthe nmultiple |ayer as a

2?;2{ g: P?nﬁéﬂgigcﬁglr:g?;m? g Fu JH & fIMYEdﬂmIQ%Tnce inreflectivity between
ohase. change ATy R tiep?g%%%t?ont:he phase-change material in the

The present invention relates to a method for controlling
a laser light power used in writing data into an optical disc,
a method for verifying data written in an optical disc, an
optical disc recofding apparatus for writing data while
controlling a laser light power, and an optical disc recording
apparatus capable of verifying data written in an optical disc.

Description of Related Art:

A phase-change based optical disc has been proposed into
and/or from which data is written by irradiating a laser light
onto the optical disc.

The phase-change optical disc comprises a transparent
substrate made of a plastic material such as polycarbonate and
having a main side thereof covered with a multiple layer made
of a plurality of functional layers including a phase-change
material layer.

Data write and/or read is done onto and/or from the
multiple layer as a recording surface by making use of the

difference in reflectivity between crystalline and amorphous

phases of the phase-change material in the phase-change



2" | ayer. More particularly, data is witten as a pattern consisting
of spaces fornmed in the crystalline phase of the phase-change material and
marks fornmed in the anorphous phase, both along a track on the recording
surface when irradiated with a laser light having a controlled power.

For- witing such marks, a laser light is irradiated onto the recording
surface to heat a region, within a focased spot of the laser |ight, of the
phase-change material layer to a tenperature above its nelting point.
The phase1g§%qge material |ayer region is changed to an anor phous phase by
guenchi ng. " Also, for witing spaces, a laser light is irradiated onto

the recording sbkacpateiditlRirly,régioris wiribién ad acpattesRboridtiag aser
light, of the phase-change material |layer to a tenperature above its

crystal | i sifhngpamies foamd ddlimvthiescmgstahignpopitaset oft tiee gblyaseyshahlgeze t he
phase-change material |ayer region within the focused | aser spot. Al so,
for data meateniql andamarky §armedin thieamerphous haseobdithgadomigace to
detect a differgnce i£ return , anount Petwee t he refl.ectgd poytions of a
| aser |i gt tFR6k PRetBpakeSORAUN B REIRRESWIGT tERadAabedeith #kAfShat a

o e ATl RG son VAR APRAEIICLS OBl e 0 o6y the phase.change

For writing such marks, a laser light is irradiated onto
the recording surface to heat a region, within a focused spot
of the laser light, of the phase-change material layer to a
temperature above its melting point. The phase-change
material layer region is changed to an amorphous phase by
quenbhing.

Also, for writing spaces, a laser light is irradiate.d onto
the recording surface to heat a region, within a focused spot
of the laser light, of the phase-change material layer to a
temperature above its crystallizing point and below its
melting point, to thereby crystallize the phase-change material
layer region within the focused laser spot.

Also_, for data reading, a laser light is irradiated onto the
recording surface to detect a difference in return amount
between the reflected portions of a laser light from the spaces
and marks thus written in order to read data from the optical
disc.

Unlike the magneto-optic disc, the phase-chahg_e. optical

disc needs no application of any external mdgnetic field for



3" data wite and/or read. Nanely, it needs no nagnetic head or the like
for data wite and/or read. The phase-change optical disc has been
researched and devel oped as a data recording nedia of a next generation.
For form ng spaces and marks on the recordi ng surface of a phase-change
optical disc, it is necessary to irradiate onto the recording surface a

| aser |ight having a power correspondig to each of the spaces and narks,
respectively. Conventionally, a laser light of a preset power is

used. For dlafthSwi§Re0ndy 8 6t ETNEBAB1 Y, ie'n de 852868 mIATWEti hi or
phase-change material and the like in & phase-change optical disc is small.

Al so, a seohealilesl fuar idiataatirdte i sn &7 6 eatead .of That p hwsiet-tcdrang ¢ ho ppiacrls and
mar ks on the recording surface of a phase-change optical disc as the case
may be. disCohasnttiesmltescatahedosndvaevélan¢dnatsaeiladat cdcasdang
separate step_ _after witing a series of data. Therefore, the verification
takes a cE&edis af genexhBemeratiods been no way to conplete the
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pover conpidly i fige MleRA fig surface a laser light having a power
corresponding to each of the spacés and marks, respectively.

Conventionally, a lﬁser light of a preset power is used.
For this reason, the system margin for a phase change of the
phase-change material and the like in a phase-change optical
disc is small.

Also, a so-called verification is effected of data written
with spaces and marks on the recording surface of a
phase-change optical disc as the case may be.

Conventionally, the above verification is effected as a
separate step after writing a series of data. Therefore, the
verification takes a certain time, and there has been no way
to complete the verification in a shorter time, which has been
one of the causes of the low data transfer rate in the
phase-change recording technology.

SUMMARY OF THE INVENTION

Accordingly, the present invention has an object to

overcome the above-mentioned drawbacks aof the prigr art by

providing an laser light power controllihg method for



4° optimzing a laser light power while witing data into a phase-change
optical disc, and an optical disc verifying nethod for verifying data
witten in a phase-change optical disc while witing further data into the
optical disc. Al so, the present invention has another object to
provi de an optical disc recording apparatus adapted to optim ze a | aser

|l ight power while witing data, and angoptical disc recording apparatus
adapted to verify data witten in a phase-change optical disc while witing
further datprimizdnigdeaodised! 1dght. powerThRhiabeveypiyiagt 4atabénto a
acconplished by providing a |laser |ight power controlling nethod,

conpri si nphase-aridamget oo ptiec gdr edésic, i mnaht iaan, opliec st eddisof veridyiiatg ng
onto an optical disc a laser light generated by a |aser source driven under
a data w metkegnfipr veréfyimg dataf wadttempbnt fophaeseachasge |¢phical
irradiate%éonto Lge opti.cal dis&; qu detectj,ng an.undershoot of a

det ect i on9dsgrhide wirating fucthgr dats iptgnth &P AL 1dASS-ng the power of
the laser |ight, ,caorrgspandi . t . of e t under.shoot .
Wth this |ase?‘1|Si°ghfhgda‘gér%%#g’ﬁt‘ﬁ&%%oﬁg°itE‘Qi‘sg§6§§§Eigept’g"’d?t| m ze
the | aser 4Li RYET | %:1 (gﬁﬁh. t e b S€imiFBeref ore,
this nethgé %ggtsuppd?%n%pf?ggrag?gcs avfﬂgﬂza?ggggEghg#%g?E??g%?gs? Al so
this nethpadsak! eyghe pawersyshels nwirdting datd, Sand henalyyd callj afitsccan be

acconpl i shed by providing

' recording apparatus adapted to verify data written in a
phase-change optical disc while writing further data into the
optical disc.

The above object can be accomplished by providing a
laser light power controlling method, comprising, according
to the present invention, the steps of irradiating onto an
optical disc a laser light generated by a laser source driven
under a data write signal; detecting a reflected portion of a
laser light irradiated onto the optical disc; and detecting an
undershoot of a detection signal of the reflected laser light
and controlling the power of the laser light correspondingly
to the amount of the detected undershoot.

With this laser light power controlling method, it is
possible to optimize the laser light power while writing data
into the optical disc. Therefore, this method can support
optical discs having various characteristics. Also this method
allows a large system margin. '

Also, the above object can be accomplished by providing



5" a nmethod for witing data into an optical disc, conprising, according to
the present invention, the steps of irradiating onto an optical disc a

| aser |ight generated by a | aser source driven under a data wite signal
detecting a reflected portion of the laser light irradiated onto the
optical disc; and detecting an undershoot of a detection signal of the
reflected laser light and discrimnatisg the | evel of the undershoot based
on a predeterm ned threshol d. This optical disc verifying nethod

permts tq Vglithy 4 @r}’%‘g’ifﬁ{ﬁ]g?aet?i‘orﬂﬁtd C Qg§PcW'd&W'ctdrH?Irw{ﬂ er

data into the optica no separate step of vefifying such

data wittaycendimg oot thal pdiesenitsineeationy, thei shegediofatiepadbatifiy ove
the data transfer rate and the I|ike. Further, the above object can be

acconpl i shenitdyaproptitalg discopt lasdr dlghtrgcnedahgdabyaaalamer SC@YIdesi ng,
according tq the present jnventioon, neans qQf irradiati nc}l a laser light onto
an opti calddiven agrd e oA tagmrite %P&ihﬁt]a deteetingrarehe pird quertiomor to

i se:  and S BRBor ROt GOC: SFTASTRRLCO e UbhEr SHRBICA it cdtidbn
5 5 O VRSSO B b el
e sheetaser A A ok ch g TR Qe e SaRAL o
based on a predetermined threshold.

This optical disc verifying method permits to verify data
written in an optic.al disc while writing further data into the
optical disc. Therefore, no separate step of verifying such
data written in the optical disc is necessary, which dedicates
to improve the data transfer rate and the like.

Further, the above object can be accomplished by
providing an optical disc recording apparatus, comprising,
according to the present invention, means of irradiating a
laser light omnto an optical disc correspondingly to a data
write signal; a photodetector-to detect a reflected portion of
the laser light irradiated onto the optical disc; amnd an
undershoot detector to detect an undershoot of a detection
signal of the laser light detected by the photodetector; the
power of the laser light being controlled based on the amount
of the detected undershoot.

This optical disc recording apparatus is hd.a.pte-d to

simultaneously optimize the laser light power while writing



6" data into an optical disc and verify data witten in the optical disc.
Therefore, the optical disc recording apparatus contributes to attain a

" high speed of data processing. BRI EF DESCRI PTI ON OF THE DRAW NGS

These objects and other objects, features, aspects and advantages of the

present invention will becone nore apparent. fromthe foll ow ng detail ed

description of one of the preferred enbodi nents of the present invention

when taken in conjunction with the acconpanyi ng draw ngs, of which:

FIGS. 1A tdathC {iPFdn hAJS Peilcal tdi¥dJagbarnie STQW Ndada r &4 Altk@ASP {8 ween
a power of laser light irradiated onto an optical disc and a reflected

| i ght | aserpficarh tliscoptThekeflose; the olpltBal 2dism r2Gdraling e freates
timng chart showi ng waveforns of data when witten over data already
witten orfantmibates to stain bhdgh speedarifcd vt pic odiespiag.of one
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overwiteajij $€ent from the following detailed description of one of the
preferred embodiments of the present invention when taken in
conjunction with the accompanyir‘lg drawings, of which:

FIGS. 1A to 1C form together a timing chart showing a
relationship between a power of laser light irradiated onto an
optical disc and a reflected light laser from the optical disc;

"~ FIGS. 2A to 2G form together a timing chart showing
waveforms of data when written over data already written on
a track;

FIG. 3 is a schematic block diagram of one embodiment
of the optical disc recording apparatus according to the
present invention;

FIG. 4 is schematic block diagram of the undershoot
detection circuit used in the embodiment of the optical disc
recording apparatus shown in FIG. 3;

FIGS. 5SA to 5D form together a timing chart showing
r-elations between data and each of operating signals;

FIGS. 6A and 6B form together a timing chart.showing

a relation between data and an overwrite pulse;



7" FIG 7 is atimng chart of a data wite signal FIG 8A shows a
configuration of each sector on the recording surface and FIGS. 8B to 8D
formtogether a sanple and hold timng chart; and FIG 9 graphically
shows the results of a nmeasurement of a return conmponent, from an optical
disc, of a laser beamirradiated onto the optical disc. DETAILED
DESCRIPTION ~ OF THE  PREFERRED EMBODI MENTS - FIGS. 1A to IB form
together a timng chart showing a relationship anong data witten along a

track on a recpygi N9 SUATAWLIPE ¢hPRSE-£ ENeewante Galgndilsc Wi th a pattern
of spaces 3 and marks 4, a data wite signal which drives a | aser source to

generate a | asEIG.i A Whoksi a1 i¢oafigaegtion oofhe achc oy el twr sonf ghe of

t he phase-change optical disc to wite the data there, and a return anount
of a refleeceddpogt sunfatef rand LG S.i §Bt tordM fhem dogedheg swwdmpde

FIG 1A shows_ the data witten with the pattern of spaces 3 and nmarks 4

al ong t heapdchodd Emm&dbhéﬂﬁga§drface of the phase-change optical disc.
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phase. I{rradiated onto the optical disc. '
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
FIGS. 1A to 1B form together a timing chart showing a
relationship among data written along a track on a recording
surface of a phase-change optical disc with a pattern of
spaces 3 and marks 4, a data write signal which drives a laser
source to generate a laser light which is irradiated onto the
recording surface of the phase-change optical disc to write
the data-_there, and a return amount of a reflected portion of :
the laser light from the recording surface.
FIG. 1A shows the data written with the pattern of .
spaces 3 and marks 4 along the rack on the recording surface
of the phase-change optical disc. |
As mentioned above, a region of the phase-change
material layer correspolnding to the space 3 is in a crystalline
phase in which the reflectivity of the layer is high. On the
other hand, a region of the phase-change material layer

corresponding to the mark 4 is in an amorphous phase. In



8  this phase, the region shows a low reflectivity. A focused spot 5
of the laser light is shown on the track on the recording surface. The
space 3 and nark 4 are witten onto the recording surface by switching the
| aser |ight focused into the spot 5 on the recording surface from one power

to -anot her. FIG 1B shows a -typical waveformof a data wite signal
whi ch drives a | aser source to generatg a laser light irradiated onto the
recording surface to wite the space 3 and mark 4 there. When writing

a space 3 o] retﬁp{ i u a | -havi ng an erasi ng power
PE is i rratgfl]at %gg\%{‘?i’c gg{égogl %ég?ﬁsn,a Wﬁﬁqiglhl?gdi ated | aser spot 5,
of the phase-changscaBséarspbt! Syef thR 189sér UISEBY 7§ Wheo Wnober thBafrddle
crystallizing point of the phase-change nmaterial and | ower than the nelting

poi nt.  Then pites aechardia granerfiazle. | dPke spaben3tiwdf marked hasewrspiain
reacts with the heating with the laser light of the erasing power Plerr] to
change to ente yshal | recopdang i sunhrce the pwabtiechinggéheatbaset dght a

hi gh reflectivita/. . Thus i‘he space 3 is forned. . Wien witipg the mark 4,
a laser i alpiot thg sewdr SR rthesresousdag suHachHokromeR e
recordi ng surface. The Jaser |light heats a region, within the focused | aser
spot 5, ofp?W(frpﬁ%saeq%%ﬁb'e material |ayer up to a tenperature higher than

the melting poigysof) BhenBRAS S ¢PPT8G1 WaSefdrm of a data write signal

which drives a laser source to generate a laser light irradiated
onto the recording surface to write the space 3 and mark 4
there. | |

When writing a space 3 onto the recording surface, a
laser light having an erasing power P is irradiated which
heats a region, within the irradiated laser spot 5, of the
phase-change material layer up to a temperature higher than
the crystallizing point of the phase-change material and lower
than the melting point. The phase-change material layer
within the focused laser spot reacts with the heating with the
laser light of the erasing power P; to change to a crystalline
phase in which the phase-change material shows a high
reflectivity. Thus the space 3 is formed.

When writing the mark 4, a laser light of a writing
power Py is focused to the spot 5 on the recording surface.
The laser light heats a region, within the focused laser spot
5, of the phase-change material layer up'to a femperature

higher than the melting point of the phase-'bhange material



9" which will thus be nelted.  As the region | eaves the focused | aser spot
5 the material in that region is quenched and changed to an anor phous
phase in which the phase-change material shows a low reflectivity. The nmark
4 is thus forned. It should be noted that the witing power Plerr] is
hi gher than the erasing power PE because it heats a region, within the
focused | aser spot 5, of the phase-chamge material up to a tenperature

hi gher than the crystallizing point of the material. FIG 1C shows a

wavef or m e TR e nef l.ect lase gt o
phase- cha%%{é;%t?’gg t& Sc. tmtmgi%(?_ tfﬁgJ ég‘%cgg?g?o&%;‘f’%gﬁ% i&\&nsﬁg
return anpuRkri SpRItOPY) tiPdamd e dalaiRuithadf rlepd omsey ghehlcheayi padt he
erasing power P[err] nultiplied by a reflectivity of the ' material in the
crystal |l i chaphpesé. tdoant emoaph olys t pharset imn wiioht the plopseidchaalget o t he
amount of the laser |ight having the witin ower Plerr] nmultiplied by the
refl ecti vimgtesfialhshamieri bow nefhec tievtittad gsomapkt A tshéhuest fio nmatbunt s

are ones when the phase-change terial,is in a transitional .condition. As
seen from Fi gulésﬁhQ“igréFuPHtSﬁgﬁﬁ@tfB‘PetWélﬁhﬂg ROWer Fyeist BdBhETat for
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a temperature higher than the crystallizing point of the
material.

FIG. 1C shows a waveform of the return amount of the
reflected laser light from the phase-change optical disc.

For the space 3 shown in FIG. 1A, the return amount is
proportional to an amount of the laser light having the
erasing power P; multiplied by a reflectivity of the material
in the crystalline phase. For the mark 4, the return amount
is proportiona-l to the amount of the laser light having the
writing power Py multiplied by the reflectivity of the material
in the melted phase. Both the return amounts are ones when
the phase-changeé material is in a transitional condition. As
seen from Figures, the return amount for the mark 4 is larger
than that for the space 3.

Also, it is seen that when the power of the laser light
irradiated onto the recording surface of the phase-change

optical disc falls from the writing power Py do.wn to the

erasing power Pg, the return amount of the ‘reflected laser



10 light fromthe optical disc shows an undershoot 6. As shown in
FIG 1A, the undershoot 6 wll take place because the focused spot 5 of the
| aser |ight of the erasing power P[err] nonentarily overlaps the
lowreflectivity mark 4 having just been witten. The undershoot 6 wll be
| argest at the above-nentioned fall of the laser |ight power and di sappear
soon as the mark 4 | eaves the focused li®@ser spot 5. A status of the
mark 4 formed by irradiation of the laser light of the witing power Pw can

be known fl’i%'ﬂtti‘ﬁoh'i“@ﬁé%‘ﬁ%cﬁ dMPE & Wi £ i d¥rsHBRR @ sufficient
anor phous phase has been teached in the mark 4, the mark 4 will show a | ow

reflectivity anflst fRowmleishB0G.6 1iss, Ithegaand €nshboetcontwidi ytalkndrepl 4 be

anor phous phase of the mark 4 is insufficient, the reflectivity of the mark
4 is high bedause thdefokusted pot S sofiithe liasercdaphti ebnthe verdsinge
above-nenti oned qQnes, respectjvely. Based on this _fact,.a so-called APC
(aut omat | P OWEST Forinogngnsant e Q¥RELaPS ¢ Kae j?&'ﬂﬁ%ﬁ&%ﬂé’r mark 4
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A status of the mark 4 formed by irradiation of the laser
light of the writing power Py can be known from the
undershoot 6. More particularly, when a sufficient amorphous
phase has been reached in the mark 4, the mark 4 will show
a low reflectivity and the undershoot 6 is large. On the
contrary, when the amorphous phase of the mark 4 is
insufficient, the reflectivity of the mark 4 is high and the
undershoot 6 is. small, in comparison with the
above-mentioned ones, respectively.

Based on this fact, a so-called APC (automatic power
control) can be done of the laser light power correspondingly
to the amount of the underéhoot 6.

For instance, a minimuﬁl value V; of the undershoot 6
corresponding to the amorphous-phase degree of the mark 4 is
detected to control the writing power Py of the laser light
until the minimum value Vg reaches a predetermined value.
Then, the mark 4 of a predetermined reflectivity is formed on

"’

the recording surface.



Wth this nethod, the laser |ight power control can be effected following a
change of the undershoot 6 on the real-tine basis, so that a | arge system

"margin is avail able. ‘Al so, when the anmount of the undershoot 6 exceeds
a threshold VT in the negative-going direction, the mark 4 can be verified
by consi dering the anorphous-phase degree to be sufficient. Since this

verification can be done while data isiheing witten into the optical disc,
it is nore advantageous in the respect of tine saving than the conventi onal

met hod of verifixpdh othMhieBthedt othe Doser Sdpdtapdwetroomitholdesn be
witing. Therefore, the verifying nethod of the present invention can
greatly coeffebted tfwldowing ovenehangie t6f dhea wndessboatat@, caicthe
FIGS. 2A to 2G show together a tim ng chart show ng waveforns of various

si gnal s torealvkime dmsisarsedbhatngilerge aystemamacgia 65 aveilgbdse- change
optical disc. FI G 2A shpws a attergob data,wijten \g’th sgaﬁes 3 and
marks 4 al ong a®lFQek WHRERNERSHATROBRAN G &P andarshoot, 6 Kwxgeeds &

corTeSpondgne AW B8 P wble} o dos BRLBIPERTEE SH PP s fomn, |,
(e 200y BSGaTIETBY bt shefr AL pssoued ol be o
sufficient.

Since this verification can be done while data is being
written into the optical disc, it is more advantageous in the
respect of time saving than the conventional method of
verification which is to be done separately from the data
writing. Therefore, the verifying method of the present
invention can greatly contribute to an improvement of the data
transfer rate, etc.

FIGS. 2A to 2G show together a timing chart showing
waveforms of various signals to be written over data written
along a track of the phase-change optical disc.

FIG. 2A shows a pattern of data written with spaces 3
and marks 4 along a track of the phase-change optical disc.

In Figure, "O0" corresponds to the space 3 while "1"
corresponds to the mark 4. |

FIG. 2B shows data to be written into the phase-change
optical disc. As in the above, "0" corresponds to the space
3 while "1" corresponds to the mark 4. ' ‘

FIG. 2C shows a reflectivity of the track on the



12° phase-change optical disc in which the data shown in FIG 2Ais
witten. The space 3 indicated with "O" is in a crystalline phase and thus
"shows a high reflectivity, while the mark 4 indicated with "1" is in an
anor phous phase and therefore its reflectivity is |ow FIG 2D shows a
data: wite signal or pulse which drives a | aser source which generates a

| aser light used to wite the data showy in FIG 2B. The space 3 indicated
with "0" in FIG 2B corresponds to the erasing power PE while the mark 4

i ndi d wi wqn ) . E
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irradiation of a laser light of which the power is controlled Under the

data write phhse ahawthius NKdpwaDa Tigh etafle caivity, depébestivpomark ager

| i ght power controlled with the data wite signal shown in FIG 2D

However, siimolicated ofitdct"ilVi iy of athamarphpingikaseamdttherefone FtG 2A
is low, the return anount, of the reflected laser light is |less than a one
fromthe sggddestivitixasd®With "0". FIG 2F shows a return anmount of
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13 data shown in FIG. 2B. The space 3 indicated with "0" in
FIG. 2B corresponds to the erasing power P; while the mark
4 indicated with "1" corresponds to the writing power Py.

FIG. 2E shows an imaginary return amount of the
reflected laser light which would be measured when no
recording is successfully completed even with irradiation of
a laser light of which the power is controlled under the data
write pulse shown in FIG. 2D. The return amount depends
upon a laser light power controlled with the data write signal
shown in FIG. 2D. However, since the reflectivity of the
mark 4 indicéted with "1" in FIG. 2A is low, the return
amount of the reflected laser light is less than a one from the
space 3 indicated with "0".

FIG. 2F shows a return amount of the reflected portion
of a laser light irradiated onto the phase-change optical disc
to write data with the spaces 3 and marks 4 and of which the
power is controlled under the data write signal sh(;w.n in FIG.

2D. As shown in FIG. 2D, the undershoot 6 takes place when



the power of the data wite pulse falls fromthe witing power Plerr] down

to the erasing power Plerr]. As di scussed above, the APC (automatic
“power control) can be applied to the laser |ight by detecting an anmount of
t he undershoot 6, for exanple, an mninmumvalue Vferr]. Al so, a

witten data can be verified by discrimnating the |evel of the undershoot
6 to see if it exceeds a predeterm ned reshold VT. Nanely, when-the |evel
of the undershoot 6 exceeds the predeterm ned threshold VT in the
negat i ve- gqing..di t] i | de f LGl ous
phase has gg%npg’t{’g?nggqlhr? Pﬁggkﬁtﬁm& &‘Eglr% ﬁ&n?g?}‘éj y&éltggkmﬁg%%? t he
return amoygnt ®bwided dhleeeradihgspoweghp exceeds an suitably set
threshold V[err] in the positive-going diréection, it can be verified

whet her a previ qusldisgissed aboked tlie cAPRA(antomatiacpowes ¢onoesl)

i nst ead. That is, when the return anpunt exceeds the threshold VT2 in
t he positivemdiagagiplecti 6a, the tasebelightsibderdetadting aaufémoiwnt of
anor phous. phase has been attained in the space 3. It should be noted

that the withehigtderehandedsHoot caxamples aRpBABIMP Wi lfeter data

previously w1 Uyehyd " ity PSP AIoReS BB SRl R R A I

rligi on wheng A 1SBECHh & dRd M {RFGY Mol K87 if'%?&@@ggd\é’i L'p%é‘&@t@}ﬁ‘iﬁed
threshold V;. Namely, when the level of the undershoot 6
exceeds the predetermined threshold V; in the negative-going
direction, it can be considered that a sufficient amorphous
phase has been attained in the mark 4.

Further, by judging whether the return amount of the

- reflected laser light exceeds an suitably set threshold V4, in
the positive-going direction, it can be verified whether a
previously written mark 4 is erased and a space 3 is formed
instead. That is, when the return amount exceeds the
threshold V., in the positive-going direction, it can be
considered that a sufficient amorphous. phase has been
attain.ed in the space 3.

It should be noted that the width of the undershoot 6
varies depending upon whether data previously written in the
phase-change optical disc has been written with spaces 3 or
marks 4.

More particularly, when writing a space 3 into-a region

where a space 3 is already written, no change will take place



in reflectivity, so that_thé wi dt h of the undershoot 6 depends upon a tine
taken after |eaving of the focused | aser spot 5 | eaves the previously
witten space 3 until a mark 4 having been witten just before the space 3

in consideration is witten goes out of the focused | aser spot 5. On
the contrary, when witing a space 3 into a region where a mark 4 is
already witten, a predetermned tine g required for the phase-change

material | ayer to react with the heating with a |l aser light of the erasing

pover %%r%?}?@ﬁi;tgi‘? t?ogi['}ﬁfte prowuﬁ RS b Cerrx?.toadd '6n9e s, the

undershoot erm ne COI’I’ESpOI’l to a I’ action

time for wypeh Tahelma%marwﬂerfau%whgl Jerthies ng@& lds dhagfof rom
anor phous t'o crystalline. be understood fromthe above, the

wi dth of tllea wesdethsshgmte ¥i d ws by |W|rngem sypaee33i nintih 4 emiack Whdrevimgark 4
is already witten, will be larger than that in witing the space 3 into a
region i nerh Varsq:tame Jlssialbegqyethlhtet espace 3 én, d9njidiefaigomated on
a reaction tjnme for phase change_of the phase-change material |ayer,

whet her t HETHH§@NE 0SS PHE %ﬁdbﬁsﬁ%vse hﬁ%sqrr 8P&tsed the threshoid V[err],

Fl G 26 shows G HRGerBmIgarss o HeR FEHBHHE aoRRE R I HATR RGP A aser
L'O?t‘tesggg‘c’}g t%geZ'a?mnékaﬁeﬁ’§egﬁfﬂ?&’yb%ﬁﬁ'@ﬁ}’ & grebs ceP il titne is
under shootr @ ¥@REFD 1t {iee IPheSEOLHaXEed i ferindIPdy ¥ L-1@0kBect with the
heating with a laser light of the erasing power Py and to
change its phase from amorphous to crystalline. Thus, the
undershoot 6 will have a2 width determined correspondingly to
a reaction time for which the phase-change material layer is
changed in phase from amorphous to crystalline.
As will be understood from the above, the width of the
undershoot 6 in writing a space 3 into a region where a mark
4 is already written, will be larger than that in writing the
space 3 into a regio.h in which a space is already written.
Also, by judging, based on a reaction time for phase
change of the phase-change material layer, whether the
amount of the undershoot 6 has traversed the threshold V,,
it is possible to verify whether a space 3 has been positively
formed.
FIG. 2G shows the undershoot 6 of the return amount of
the reflected laser light shown in FIG. 2F, repr‘es-e-nte'd by |

binary signals in which "1" corresponds -to a time when the



direction "0" corresponds to other tinme. If the binary signals are all "1",
it nmeans that a mark 4 is witten in the optical disc. It should be
noted that for the verification of the status of the phase-change material,
a physical verification is also available in which occurrence of a "1"
pul Se is detected. Also, the verification nmay be effected through
conmparison of a timng of occurrence ofisthe "1" pulse with the data wite

si gnal . FIG 3 is a schematic block diagramof one of the preferred
enbodi mentwndershe o6l exic elide theCehde 8H oddP M AtinS thECOi €lp At ¥ &- ¢ ding
present invention. As shown, the optical disc recordi ng apparatus

accor di ng direadtd opr E9&ncoirmeepoingds ¢onethes timenj of thembinamyssignhisi ng a
photodetector 10, a light irradiator 20, an APC (aufomatic power

control | er3rg@llan Iindet In6dm sddhatt ar maxk hdis wedtgar isothecopdical 2.
The refere&‘nce nuneral 1 indicates a phase-change optical disc set in this
appar at us.915¢. The phot odet ector 10 conprises a beamsplitter 11, and first

ond, second |1 ot SRLTH B g URal TRtk werisi RGAIR SHRL bbb,
oo LT dhshiSehag mneaRy Enyi e A s, tgratager o
16 througivailablebelin widpidh t @€cuttenice df radirgtredpubd¥ Ois t Hetected.
Also, the verification may be effected through comparison of
a timing of occurrence of the "1" pulse with the data write
signal. |

FIG. 3 is a schematic block diagram of one of the
preferred embodiments of the optical disc recording apparatus
according to the present invention.

As shown, the optical disc recording apparatus according
to the present invention consists of major components
including a photodetector 10, a light irradiator 20, an APC
(automatic power controller) 30, an undershoot detector 40,
and a comparison circuit 2. The reference numeral 1
indicates a phase-change optical disc set in this apparatus.

The photodetector 10 comprises a beam splitter 11, and
first and second light detection elements 12 and 13.

The beam splitter 11 reflects a part of a laser light
supplied from the light irradiator 20 toward the first light

detection element 12 while allowing the..remain.de.r. of the

laser light to pass through it. The laser light having passed



phase-change optical disc 1, and a reflected portion of the |aser |ight
fromthe optical disc 1 is reflected at the beamsplitter 11 toward the

> second |ight detection el enent 13. The first light detection el ement

12 converts the amobunt of the incomng |laser to a current which will be
supplied to the APC 30. The second |ight detection elenent 13 converts the
anount of the incomng |laser light to agcurrent which will be supplied to
t he undershoot detector 40 and a signal reproducing system The |i ght

i rradi at orghd@£@hsi $he obenmat aplitter siphal igenaraidinted t omanertie a
data wite signal froman input signal, and a | aser source 22 which
gener at es phaseechhinge opticalr adisst ds ambre oreflecirdspentinge obtthel

disc 1 through the beamsplitter 11 |n t.he phaot odet ect or The data
wite sigrlasegeddghtofrom dhfereptical s vlr ilSe f§fgﬁﬁfe%ﬂéht13w$| bepm

Soutce- o2 RIidEe Aok red iR T speosd T L sRaTaR Sldemiyhd unaer
write control shgnak sypRliadaeRYiOE SrdAey 19 ShaRArCPRE AL Blo Pl

The above- nenti S supplle a curren correspondil ng to an

amount  of 6#3&@3%&9&% getest &4 @ycﬁﬂ%ﬁt rvshléhgwlmesecgappleé@nwt 12

I n the photodetector a mninmumval ue V[err]
previ ousl e PO &30 und&r@hmtoﬁdf topht hbewuiﬂbmhe(bbnMECl:brcdﬂveBased on

t hese signal s, 17 the APC 30 wi ||

control thheamousit obeheaiacominged @en hight toi gheurremtivahbehowidb t hat

the mni rTubn;Vzisluupeplvl[eedrr]tolSthke pundershoot detector 40 and a signal
reproducing system.

- The light irradiator 20 consists of a data write signal
generator 21 to generate a data write signal from an input
signal, and a laser source 22 which generates a laser light and
irradiates it onto the phase-change optical disc 1 through the
beam splitter 11 in the photodetector 10.

The data write signal generator 21 generates a data write
signal which will be supplied to the laser source 22 and the
comparison circuit 2. The laser source 22 is controlled by
the APC 30 to generate a laser light under a write control
signal supplied from the data write signal generator 21.

The above-mentioned APC 30 is supplied with a current
corresponding to an amount of the laser light detected by the
first light detection element 12 in the photodetector 10 and

a minimum value V; of the previously-mentioned ‘undershoot

6 from the undershoot detector '40. Based on these signals,



at’ a predeterm ned |evel. The undershoot detector 40 is supplied with
a current corresponding to the return anount of the reflected |aser |ight
"fromthe second light detection elenent 13, and detects fromthe supplied
current signal a m ninumvalue VB of the undershoot 6, which will be

del i-vered to the APC 30. Also, the undershoot detector 40 judges whet her

t he undershoot 6 exceeds a threshold VI7 and supplies a result of the
judgnment to the conparison circuit 2. The conparison circuit 2 is

Supplled YA, ABEMs Wil RoHAUA Ph! B8P3 e (UM IR IBharRE] bY Jnonal

gener at or I rradiator he  résult o from

the under SpREt1iYat€qLPsd o BasGds O HAC TR WAL iRE nt| UARLS, Vi;NgsCRERAT at o

30 verifies a witten data and delivers a result of the verification as an

out put . at fipredectomincldy leaelof exanple, the configuration of the
under shoot detector 40 included as an enbodi nent in the present invention.

As seen, the unBdreshondedeheottod e4céompridsas supp Meduwitht avchuragat
converter 41, a first, hold circuit 42, a second hold circuit 43, a first
di vi der 44cozrespemdimg tgethggetyarmhamouny qbtbearefleged lapestlight

conpar at or .47 second ¢ atat or . 48,. an averagi ng.circyi 9, .an.i deal
modul at i onfrom tne seconcf)rfqgh% ditection ¢ emegfsgé”%ﬁat E]ggfcas c{fr&f&ri son

clreutt Plne, SUBERALT et 0Bnp s AR Sulhe oY BT HEYe: o
laser |ighfinfded¥Hdt CCHWRich will be delivered to the APC 30. Also,
' the undershoot detector 40 judges whether the undershoot 6
exceeds a threshold Vi, and supplies a result of the judgment
to the comparison circuit 2,

The comparison circuit 2 is suppliéd with a timing of the
data- write signal from the data write signal generator 21 in
the light irradiator 20 and the result of the judgment from the
undershoot detector 40. Based on these supplied signals, the
comparator 30 verifies a written data and delivers a result of
the verification as an output.

FIG. 4 shows, by way of example, the configuration of
the undershoot detector 40 included as an embodiment in the
present invention.

As seen, the undershoot detector 40 comprises an I/V
(current/voltage) converter 41, a first hold circuit 42, a
second hold circuit 43, a first divider 44, a second divider

45, a threshold generator 46, a first comparator 4;1,..a second

comparator 48, an averaging circuit 49, an ideal modulation



| rght detection elenent 13, and converts the current to a voltage which

w Il be delivered to a next stage. The first swtch SW opens and
closes.a circuit forned fromthe 1/V converter 41 and the first hold
circuit 42. The second switch opens and closes a circuit including the I/V
converter 41 and the second hold circuit 43. The third switch SWB opens and
closes a circuit of the I/V converter 41, first and second dividers 44 and
45, The first to third switches S® to SW are opened or ¢l osed based

o YOS BT TG £ P, Vo B, S B

phase-changgighésB Wil 30 §ws. being irradiated with a laser Iight having a
witing power Plerr], the switches SWL to SWB are all opened so that no

output will be Blppl/¥d donverter 14Y donsajiplied]l with he ciurdemnt psovd ded
downstream of the swtches. Al so, while the phase-change optical disc 1
i s bei ng inetadnatamoninth of | therre¢flgntesdd kaser abight fonm ther spcomk
first and .second, switches SW. and SWB are cl osed while the second switch
SV is Opelﬂgg._t dricctignoglamentohiheandyconverts the current to a

L0 ety SRR o1 b2 ALY Aok G Wk 22 o the fi st
‘Fj,i[ Zrcr]11 | fhgei NG AY St 68 hN WA ed d A a"EYS D85 % COIIY POYEed
from the I/V converter 41 and the first hold circuit 42. The
second switch opens and closes a circuit including the I/V
converter 41 and the second hold circuit 43.. The third switch
SW3 opens and closes a circuit of the I/V converter 41, first
and second dividers 44 and 45.

The first to third switches SW1 to SW3 are opened or
closed based on a timing signal and the like supplied from the
controller 52. In FIG. 3, the signal path is indicated with a
dashed line.

While the phase-change optical disc 1 is being irradiated
with a laser light having a writing power Py, the switches
SW1 to SW3 are all opened so that no output will be suppliéd
from the I/V converter 41 to the circuit provided downstream
of the switches.

Also, while the phase-change opfical disc 1 is being
irradiated with a laser light of an erasing power Pg, the first

and second switches SW1 and SW3 are»closed‘ while the

second switch SW2 is opened. Thus, an output from the I/V



first swtch SW. is opened while the second and third switches SW2 and SWB
are closed. Thus, an output fromthe I/V converter 41 is supplied to the

" second hold circuit 43, and the first and second dividers 44 and 45.

The first hold circuit 42 holds a voltage applied fromthe I/V converter 41
via'the first swwtch SWL. and which corresponds to a return anmount of the

‘reflected portion of a laser |ight of i@e erasing - power Pl[err] irradiated
onto the phase-change optical disc 1, and will supply the first divider 44

with the vophagetes 21" eéciepptiddl e 1€ £it8tChatdnNeiPewst 42E and toThe
second hold circuit 43 holds a voltage applied fromthe I/V converter 41

via the fitls¢ fingt alm dSY2 camdl whivild exor44spwddb5t 0 a return anount of the
reflected portion of a laser |ight of the cooling power Pc irradiated onto
t he phase-chandéuvthé¢talwhile the phiase+¢haogevepticelvdisagk io beingirst
divider 45 as g reference value for the copling power Plerr]. The
first dividdadiatad, mtﬁlz@s a5¢4| frasjet dpyieg arepcdkeg powebnRer t tre 41

and uni oh £OLLeRONY Qe P £ET P R08 R et N OLLESEH BUd hgRi%L, 2

| aser lig 1§t ¢
PLeri] LouienBhee e g st ok, 0176ch, LAY, SR bAeRY 2

reference value delrTvered tfromthe
I/V converter 41 is supplied to the second hold circuit 43,
and the first and second dividers 44 and 45.

The first hold circuit 42 holds a voltage applied from the
I/V converter 41 via the first switch SW1 and which
corresponds to a return amount of the reflected portion of a
laser light of the erasing power Py irradiated onto the
phase-change optical disc 1, and will supply the first divider
44 with the voltage as a reference value for the erasing power
P:.

The second hold circuit 43 holds a voltage applied from
the I/V converter 41 via the first switch SW2 and which
corresponds to a return. amount of the reflected portion of a
laser light of the cooling power P, irradiated onto the
phase-change optical disc 1, and will deliver the voltage to
the first divider 45 as a reference value for the cooling power
P..

The first divider 44 normalizes a voltage applied from

the I/V converter 41 and which corresponds to .a return

amount of the reflected portion of a laser light of the erasing



Then the normalized voltage is applied directly to the first conparator 47
and to the averaging circuit 49 via the fifth switch SWb. Wiile a

" laser light of the cooling power is being irradi ated onto the phase-change

optical disc 1, the output fromthe first divider 44 is not selected by the

fourth and fifth swtches SW and SWs. Thus, the output will not be

delivered to the circuitry. |l ocated do tream of these sw tched SW and

SWb. The second divider 45 nornmalTzes a voltage applied fromthe 1/V

converter gdwadpWhiidinCelié GRRSESchRng e Blp'ti Ba AP 106 taevw{ﬁ%%‘éﬂ

portion of a | asef l'ight of the cooling power fromthe phase-change opti cal
disc 1 by vib MWafegbyha ydfleagadry waleéededieevaludrdeal i tiee efifstomdhe
first hold circuit 42. The normalized voltage is applied directly to the
second corqaicaidr 428. It should be noted here that while the
phase-change optical disc 1 is_peing irradiated with a | aser |ight of the
erasi ng power PEienpghsumarmalizsd hgodtasndlsi yppdicdsdirestlypitamethe

delivered t.o the ci rcui{% ‘g%at%d downstream of. t he sw t.ch4 WL singe it is
not sel ect'@§Shy® P HEP &} and torihe; RVEHAF P& IR 426 Hieh es a
t hreshol d 4: . 21 delivery to the
first and tfslgé%n%wég?rlplarsgygr's 47 and 48. The threshold corresponds to the

threshold VT shpwilen £ Paséfe light of the cooling power is being
irradiated onto the phase-change optical disc 1, the output
from the first divider 44 is not selected by the fourth and
fifth switches SW4 and SWS5. Thus, the output will not be
delivered to the circuitry located downstream of these
switched SW4 and SWS5.

The second divider 45 normalizes a voltage applied from
the I/V converter 41 and which corresponds to a return
amount of the reflected portion of.a laser light of the cooling
power from the phase-change. optical disc 1 by dividing the

~ voltage by a reference value delivered from the first hold
circuit 42. The normalized voltage is applied directly to the
second comparator 48.

It should be noted here that while the phase-change
optical disc 1 is being irradiated with a laser light of the
erasing power Py, the output from the second divider 45 will
nbt be delivered to the circuitry located downstream of the
switch SW4 since it is not selected by the: switch SW4.

The threshold generator 46 generates a threshold for



The first conparator 47 receives a voltage corresponding to a return
anmount of the reflected portion of a laser light having the erasing power
" PE and nornalized by the first divider 44, and conpares the voltage with a
voltage of the threshold applied fromthe threshold generator 46. The
first conparator 47 will output the result of the conparison. ' VWi | e
t he phase-change optical disc 1 is bei&g_ irradiated with a |aser |ight of
the cooling power Plerr], the output ffom the first conparator 47 will not

s not sel et Tl RRESEHS, BRSPS or S MR A S TAEC
receives ﬁuevscﬂéﬁgeq&ﬁrer@smaeifwtm @hf@&Hb'l‘daWU?hd%nt ke 'PEI.fG.egfg‘?
i ght of t y the

portion of a laser he cooling power P[err] and nornalize

first divider 45heafidseocpipsrdtoa 4ql rageivet ha av yMalgag @ oafrelshp d dieghol d
applied fromthe threshold generator 46. The second conparator 48 wll
out put theto resudtturaf 4 e wohpef ithen.reflecvwdl p artéophadeaciasge dpgheal
disc 1 is being irradiated with a laser |light of the erasing power PE, the
output frdmvheg dbeonerasimar aoweas Ry | andotnoemadizedr duyt shehefirst

circuitr ocat ed, downst,ream of the switch SW since it i not sel ected
by the S\>II\A'4]JC‘H : _44?, and compares tﬁe voltage wint a voftage o? Fhe

threshold applied from the threshold generator 46. The first
comparator 47 will output the result of the comparison.

While the phase-change thical disc 1 is being irradiated
with a laser light of the cooling power P., the output from
the first comparator 47 will not be delivered to the circuitry
located downstream of the switch SW4 since it is not selected
by the switch SW4.

The second comparator 48 receives a voltage
corresponding to a return amount of the reflected portion of
a laser light of the cooling power P, and normalized by the
first divider 45, and compares the voltage with a voltage of
the threshold applied from the threshold generator 46. The
second comparator 48 will output the result of the
comparison.

While the phase-change optical disc 1 is being irradiated
with a laser light of the erasing power Pg, the output from the
second comparator 48 will not be delivered to the circuitry
located downstream of the switch SW4 since it is not.selected

by the switch SW4.



22 The fourth switch SW is opened or closed as tinmed wth a signal
~supplied fromthe controller 52. Mre particularly, while the phase-change
optical disc 1 is being irradiated with a laser |ight of the erasing power
Plerr], the switch SWM selects the output from the first conparator 47.
The- switch SW selects the output fromthe second conparator 48 while the
optical disc 1 is being irradi ated V‘“:} a laser light of the cooling power
Pl[err]. The output thus selected is de Fvered to the conparison circuit 2.

Note that nonegofe lftfu At BYER SIS SIPATL S MHEQ bES1a0Ed dd Giin P idlP

witing power Plerr]. The fifth sw SWb 1 s opene osed wth a
signal supplsiga aflr edpipléedofit 6@ | e S n s HepabRi, cuMbs e/ .p atdoullhely,

phase-change optical disc 1 is irradiated with a |laser |ight of the erasing
power PE, whelewihtecph3wk -icchahgeedpticgpladiscol tisebatngaprrmd tarealiiwitdd a
vol t age corresponding to the retuyrn anbunt of the reflected |aser_I|ight and
normal i zed Bgsendightsofthg ¢dasing ppiverthw theeswitgh $¥54tpeleots ing
power Pc or while the.laser _light of the witing, power Plerr] i '
i at edioniQR (L pFESB: ttctTsht FOMPAFSEOR 4Pne EH S Witehn SE | <
opened so that . .th u fr eqflr Lwider 44 w, || t .del i, vered
to a next ssetl'lgggéts the %&g&{‘{{ ?g]gélp ﬁ%hfé%‘gn?hg%é?ggf%bf)o&gr."@Elll%.s the.
| rradi at ey QRL W1ScPNASE YO Aadidlted Sith 4 NFaSVPTAGHIO ff NG t 49
wi |l averade the voltage corresponding to the return anount “of the
refl ected dosking i gbwend® haviTe bgatpuer thuszedldytédeis delivered to

' the comparison circuit 2. Note that none of the outputs is

selected when the laser light has the writing power Py.

The fifth switch SWS5 is opened or closed with a signal
supplied from the controller 52. More particularly, when the
phase-change optical disc 1 is irradiated with a laser light of
the erasing power P, the switch SW4 is closed to pass to the
averaging circuit 49 a voltage corresponding to the return
amount of the reflected laser Iight' and normalized by the first
divider 44. While the laser light has the cooling power P, or
while the laser light of the writing power Py is being
irradiated onto the phase-change optical disc 1, the first
switch SWS5 is opened so that the output from the first divider
44 will not be delivered to a next stage.

When a laser light of the erasing power P is irradiated
onto the phase-change optical disc 1, the averaging circuit 49

will average the voltage corresponding to the returm. amount

of the reflected laser light and having been ndormalized by the



23 first divider 44. Aresult of the averaging is delivered to the
conparison circuit 51. The ideal nodulation circuit 50 generates an

" ideal nodul ation signal for delivery to the conparison circuit 51 at the
next stage. The conparison circuit 51 is provided to conpare signals
supplied fromthe averaging circuit 49 and the ideal nodulation circuit 50,
respectively, to supply the controller2 2 with a result of the conparison.
Under the signal fromthe conparison ci“fcuit 51, the controller 52

generates pidts@peides 4.t e ddshAlic 6P thief b e Wigliaipess ¥l itve Wb to shenal
I ndicative of a timng of switching, fromone | aser power to another, of

the | aser ¢ogipatisde dircadcaikd onto the phase-changed optical disc 1.
Each of the switches, SWM to SWb is_ opened or, cl osed under the signal cIJi ven
thereto, respeckhgelideal madydatigmercinearisi gh@l gemprates f mam idea

nal ,congerning the
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phase-chandfe ideal modulation circuit 50, respectively, to supply the
controller 52 with a result of the comparison.

Under the signal from the comparison circuit 51, the
controller 52 genérates and supplies to the first to fifth
switches SWI1 to SWS5 a signal indicative of a timing of.
switching, from one laser power to another, of the laser light
to be irradiated onto the phase-changed optical disc 1. Each
of the switches SWI1 to SWS5 is opened or closed under the
signal given thereto, respectively.

Also, under the signal .supplied from the, comparison
circuit 51, the controller 52 generates a signal concerning the .
minimum value V; of the undershoot 6, which will be supplied
to the APC 30.

Next, the data write signal under which the laser source
is driven to generate a laser light used to write data into the
phase-change optical disc 1, will be discussed in further
detail. ,

Referring now to FIGS. 5A to 5D, the princi'pl._e_ of each

of various signals used to write data into the phase-change



24 optical disc 1 wll be described herebelow. FIGS. 5A to 5D show the
wavefornms of an NRZI pulse, a wite pulse, a bias pulse, and an overwite
pul se, respectively. The NRZI (non-return to zero inverted) pul se
shown in FIG 5A is a signal derived fromnodul ation of a digital signal.
It is not changed between "0" and "1" when the digital signal has a val ue
"0". When the digital signal value is 341", the NRZI pulse is changed to "0"

or "1" The "0" status in FIG 5A corresponds to the space 3, while
the "1" st@pticclordieepanesiliobehdederkbéd hEhebelotw PEFIGISI S5 A2k6N5EF
T[err] herein. The NRZI pulse is already subjected to an EFM (eight to

fourt een rsdueivatthenwageflorms lof digiNRIZhydils e,eahmalidgypubseseerhiss
succession of "0" or "1" of the NRZl pulse is within a range of 3T[err] to
U T err]. PUISC,Tﬁédwﬂllt@VQHstétO\m/'ékScﬂ,m%ﬁDthﬁlF.W-G 5B is used for

witing the "1 st f the NRZI pulse in FIG 5A as a rk 4 onto, the
recordi ng surfércléegi\llﬁﬁi (RQ8sIERURBtOpEFEY| 1Y EELE pug;e sHEOWMT dA FI G

5B, 3 M Rhe B SFy CRTRALSO AL AV Homol B ASR; 08 Tery] ginyper o
success Shigdll, T b ehubdl BWAL *U2, ang, TR MARIIUIR
Tlerr] indigieal oyigai€l had adwralug 200er i wohdhegtid -diglital | siidval twiduul ses
of T[err] in duration are used for

is "1", the NRZI pulse is changed to "0" or "1"

The "0" status in FIG. 5A corresponds to the space 3,
while the "1" status corresponds to the mark 4. The unit
period is taken as Ty herein.

The NRZI pulse is already subjected to an EFM (eight to
fourteen modulation) used in the digital audio technology. As
seen, a succession of "0" or "1" of the NRZI pulse is within
a range of 3Ty to 11Ty.

The write pulse waveform shown in FIG. 5B is used for
writing the "1" status of the NRZI pulse in FIG. 5A as a mark
4 onto the recording surface of the phase-change optical disc.

As seen from FIG. 5B, a multiple pulse comprising a
plurality of pulses of Ty in period and T, in duration is used
for writing a mark 4 corresponding to a succession of "1"
over a plurality of unit periods.

For writing a succession of marks of 11Ty in period, for

instance, ten pulses of T, in duration are used during_a period

Tw. Similarly, two pulses of T, in duratidn are used for



25 witing a succession of marks of 3T[err] in |ength. The bi as

pul se shown in FIG 5C is used to erase a mark 4 in the nelted anorphous
"phase and rewite it to a space 4 in the crystalline phase by irradiating
a laser light of the erasing power Plerr]. The bi as pul se corresponds
to the erasing power Plerr] of the |laser source 22 and used to wite a
space 3 into the phase-change opti cal dis(s)c 1. The bias pulse rises when the
NRZI pul se shown in FIG 5A changes to ". When the wite pulse rises to

"1", the bigsigwge §ﬁ‘bb%s§§oﬁh@f‘ﬂn?i‘k§'&‘f_ 395, in 1en¥&.overwi te pulse

shown in FIG 5D7s a conbination of a wite pulse shown in FIG 5B and a
bi as pul se showThe Fidss pdlseTilcowneim FIG.pSICdsi Gsedeth terade aendintia
over data already witten as a pattern of spaces 3 and marks 4 on the
recordi ng surimadeofmehte phamongieoygs phaiscalndi gewrite it tdrae space 4
specifically, the overwite pulse has three |evels corresponding to the
witing poddy tererystaldingg pdvaks Pyeirradiatiog 3 nkeponekighiterqf thghe
overwite power. P errév corresponds to a power of the wite pulse in FIG 5B
and the bi &&dRdr BBYESr f@sponds to a power o-f the bias pulse in FIG 5C.

The, c0cl 110 povaty £% SoY LSARGB s foRRLHR, AR LRy daafls BRI BiliH,
cool 109 Povs L e5oboeel g0l abaai e, reroning suT kol \Fpele
described phase-change optical disc 1. The bias pulse rises when the
NRZI pulse shown in FIG. 5A changes to "0". When the write
pulse rises to "1*, the bias pulse falls as shown in FIG. 5C.
The overwrite pulse shown in FIG. 5D is a combination
of a write pulse shown in FIG. 5B and a bias pulse shown in
FIG. 5C. This overwrite pulse is used to write data over data
already written as a pattern of spaces 3 and marks 4 on the
recording surface of the phase-change optical disc 1.
More specifically, the overwrite pulse has three levels
corresponding to the writing power Py, erasing power Py and
cooling power P.. The overwrite power Py corresponds to a
power of the write pulse in FIG. 5B and the bias power Py
corresponds to a power of the bias pulse in FIG. 5C.
The cooling power P, corresponds to a status not being
"1" of both the write pulse in FIG. 5B and bias pulse in FIG.
5C. The laser light of the cooling power P. will not heat the

recording surface to a temperature for recording data.

The waveform of an actual write pulse will be described



26 here with reference to FIG 6. FIG 6A shows the waveform of the
above-nenti oned NRZI pul se; and FIG 6B shows the waveformof the wite

pul se. As af orenentioned, the NRZI pulse is already subjected to the
EFM nodul ati on. Supposing that the unit period of the pulse is T[err], the
NRZlI pul se is a succession of "0" or "1" within a range of 3T[err] to

11 T[err] as having previously been deggribed. The "0" status corresponds to
a space 3 on the recording surface of the phase-change optical disc 1 and

the "1" Shlrds witll @eHeRende td T, 4. FIG.FEA G #0WMhel heaveygEar m of
an actual wite pulse used to wite data I1nto the phase-change optical disc

1 correspofdithgl ybioové e ehRZbned NRZI pulddy iadsad tPEGIUEB 1o sl 18 eof
T[err] in period and T[err] in duration as shown in FIG 5B, the wite
pul se is aawefopmeofulilse veoiter puillng. an initial pulse of 3T[err]/2-T[err]
in duration foll owed by anot her pul se of Tierr in period and T[err]/2 in
dur at i on. Aspatgrgmentinned, othe INRZ I pulseusailsnadyosabiscted oA,

f i nst o tial I f 3T J2-TFM i ndi cat.ed with, FP i rst
ol se) 1 e EEM madadGny SiRBasiag thatihe ATl AE the pul se
f 11T ' ti T T ti I W R ted
witn e PSR T8 Te "Bhel ARZY mifs¢ld MCRuseRsMb! (1 B 8F 105 °%' ©
ei ght pul ga3neach hewape df BTgt abust fer) ks tReviREprdaldusilyerpteq and a

duration
described. The "O" status corresponds to a space 3 on the
recording surface of the phase-change optical disc 1 and the
"1" status correspdnds to a mark 4.

FIG. 6B shows the waveform of an actual write pulse-
used to write data into the phase-change optical disc 1
correspondingly to the NRZI pulses.

Unlike the multiple pulse of Ty in period and T, in
duration as shown in FIG. 5B, the write pulse is a multiple
pulse comprising an initial pulse of 3Ty/2-Tyy in duration
followed by another pulse of Ty in period and Ty/2 in
duration.

For a write pulse of 11Ty in duration shown in FIG. 6A,
for instance, an initial pulse of 3Ty/2-T{y indicated with FP
(first pulse) in FIG. 6A is generated with a delay of Tyy from
a rise of the pulse of 11Ty in duration. Then, it is followed
by a multiple pulse indicated with MPC (multi-pulse chain) in
FIG. 6B and comprising a succession of eight plul._s.es each

having a "1" status during the former half Ty/2 and a duration



27 of T[err]/2 within a range of unit periods 2T[err] to |0T[err] del ayed
fromthe rise of the NRZI pul se. Further, for a wite pulse of 5T[err]
in duration shown in FIG 6A, an initial pulse FP of 3T[err]/2TFMis
generated with a delay of TFMfromthe rise of this wite pul se, and
followed by a multiple pulse conprising a succession of two pul ses of
Tlerr]/2 in duration in each of which phe former half of each unit period
T[err] is a pulse within a range of 2T[err] to 4T[err] del ayed fromthe
rise of tlhef Quy/d iwitloin Sd[eange of unAtsperiodsaz®ry tto QWOTEg deldfledd r] in
duration showmn in FIG 6A, an initial pulse FP of 3T[err]/2TFM in duration
i s gener atfed mi the aidel af cheTRRZdoputtse.ri se of the pul se of

3T[err]/2-TFM in duratiqn as in _the above. In_this case, .the .
above- nent i onegqﬁ}llﬁtelfpl goﬁuﬁs&’f\hf?l Pﬁiﬁebﬁfgéﬂ“ew dt"edf“fatmq\le%h?wéh 18ct ual

' i 11 _be dj. d ip,d Ll h bel . i th f
oreTve e b soe it oDt S B BB T O Foot bl SRS
d whi t RS [ . I ' f
under whl il APSEL TICIRE 5 L QAT FutsR, BT gl

the | aser gy ghim AOVRIIE iptls4dR odn PEAK ndPVETs R e s il T RbAS pReveds BRIerr],

a second bias power 'BP2,” a cooling power Plerr], and a readi ng power RP
arranged iThgAhdnddacandongiwrebvh off wdiidh the fokmdd Galf, of kadlefiance
T[err] indicates the duration of an
period Ty is a pulse within a range of 2Ty to 4Ty delayed
from the rise of the duration of 5Ty.

Also, for a write pulse of 3Ty in duration shown in FIG.
6A, an initial pulse FP of 3Tw/2Tgy in duration is generated
with a delay of Ty from the rise of the pulse of 3T/2-Tgy in
duration as in the above. In this case, the above-mentioned
multiple pulse will not be generated.

Next, an. actual overwrite pulse will be discussed in
detail herebelow with reference to FIG. 7. The overwrite
pulse corresponds diréctly to a data write signal under which
the laser source 22 is driven to generate a laser light for
writing data into the phase-change optical disc 1.

As shown in FIG. 7, the laser light powers include a
peak power PP, a first bias power BP,, a second bias power
BP,, a cooling power P, and a reading power RP arranged in
the descending order of level.

In FIG. 7, the reference Ty indicates the duration of an

initial pulse, T,p indicates the duration of onte pulse included



initial pulse, T[err] indicates the duration of one pulse included

28 a multiple pulse, and T[err] indicates the duration of a cooling pul se.
The reading power RP is used for reading data witten as a pattern of the
spaces 3 and marks 4 in the recording surface of a phase-change opti cal
disc 1 by focusing a laser light onto the recording surface. For
witing a mark 4 onto the recordi ng su éace, the peak power PP is used. The
first bias power BP[err] is used to wite a space 3 onto the recording

surface. HouwRwetipkd FI8@QNanli TG, PRVETc ARserthle idu s s feLcd BRI gi ti al
pul se FP and nul tiple pul se MPC, ‘and between the pul ses included in the

mul tiple pptbkee MPC. A cooling pulse CP of T[err] in duration is generated
in a predeterm ned tine after conpletion of the nmultiple pulse MPC
FI GS. 8A shows Bheorgadimatpowedt REadn weedofomrierdim g d atiae wridbe i oy

surface of the phase-change optical djsc 1, apd FIGS. 8B tq, 8D for _
t oget her £ RElteryr 0y ?es%?n‘geﬁccﬁ &.nt‘i MR &S flnAEhEhfﬁ\fhoF IR GUBRCYat a
i sc 1 i o Shrponka i A gf, OBHIEH cigh 108S, Ros CEIRETSCIRSRE Tkt .
LD SoL OIS S o e gigikey et dTC pul i s furher comprses
an nrth witingepweritRuk! aimadked MWito the recording surface, the peak,
power PP is used. The first bias power BP, is used to write
a space 3 onto the recording surface. However, the second
bias power BP, is used between the initial pulse FP and
multiple pulse MPC, and between the pulses included in the
multiple pulse MPC. A cooling pulse CP of T in duration
is generated in a predetermined time after completion of the
multiple pulse MPC.

FIGS. 8A shows a configuration of each sector written on
the recording surface of the phase-change optical disc 1, and
FIGS. 8B to 8D form together a chart of sample and hold
timing.

As shown in FIG. 8A, data written along a track on the
recording surface of the phase-change optical disc 1 is
composed of sectors. In FIG. 8A, an n-th sector consists of
a n-th data write area Dn. The n-th APC pull-in area An
further comprises an n-th cooling power pull-in area Cn, n-th
erasing power pull-in area En, and an n;th writing power

3

pull-in area Wn.



29 FIG 8B shows an sanple and hold signal for the erasing power
pull-in area Cn. In Figure, "1" corresponds to "sanple", and "0"

" corresponds to "hold" (which is also true for the follow ng description).
Sanpl es are taken out at the timng when data is witten into the cooling
power pull-in area Cn. FIG 8C shows a sanple and hold signal for the
erasing power pull-in area En. Sanples,gre taken out at the timng when
data is witten into the cooling power pull-in area En. FI G 8D shows

a sanple and h@IGsigIBashbdors talke sdaiplovdi & 106 B sDEgn a3 Pt ah edled alsdlagn out
at predetermned tinme intervals. FIG 9 shows the results of

measur energowiert hpwl b n aaemunCmf t Hen r élilgategd 1 hSercdirgistp dmdm ttoe
phase-change optical disc 1 when data is witten into the optical disc 1 by
i rradiatiosadnplel asend| 'Gnt cOsresppads i@ t'‘heldt" davhiohi i slsgmalruea ong
t he hori zci:\;)t al , axis,.one divjsion corrssp nds lto 500 ns.whil e one division

al ong t he 19dr thEafollP¥ing dssihiadieg)so amples ang, tpkel Out AL et orm
Che 1o SRl WHe Rl abbl if e LA edd WO PIP°pBW P BLILAY ©

the fall
area Cn.

FIG. 8C shows a sample and hold signal for the erasing
power pull-in area En. Samples are taken out at the timing
when data is written into the cooling power pull-in area En.

FIG. 8D shows a sample and hold signal for the data
write area Dn. Samples are taken out at predetermined time
intervals.

FIG. 9 shows the results of measurement of the return
amount of the reflected laser light from the phase-change
optical disc 1 when data is written into the optical disc 1 by
irradiation of a laser light corresponding to the data write
signal. Along the horizontal axis, one division corresponds
to 500 ns while one division along the vertical axis
corresponds to 500 mV.

In Figure, the waveform of the return amount of the
reflected laser light shows an undershoot 6 at the fall of each

pulse.



300 WHAT IS CLAIMED | S: 1. Alaser light power controlling nethod,
conprising the steps of: I rradiating onto an optical disc a |laser
" light generated by a | aser source driven under a data wite signal;
detecting a reflected portion of the laser light irradiated onto the

optical disc; and detecting an undershoot of a detection signal of the
reflected laser light and controlling 3de power of the laser light in
accordance wth the anount of the detected undershoot. 2. The

met hod acCWHIAT I CLAIMMEDWS®sein the |aser |light power controlling step
further conprises a step of conparing the detected undershoot anopunt of a
detection signal. wi th lageedéghtepoveer e amtuolling mehedpatomprisilBg A
nmet hod for recording data into an optical disc, conprising the steps of:
irradi ati n@l%ﬁttépénoﬁbtical disc a laser light generated by a | aser source

L S SRR S an et el AR SR
under sheoty Bk RrORLGFLL R e flabls WBLENFRTighater | onC and
detecting a reflected portion of the laser light irradiated
onto the optical disc;
and

detecting an undershoot of a detection signal of the
reflected laser light and controlling the power of the laser
light in accordance with the amount of the detected
undershoot.

2. The method according to Claim 1, wherein the laser
light power controlling step further comprises a step of
coniparing the detected undershoot amount of a detection
signal with a preset referenc.e amount of undershoot.

3. A method for recording data into an optical disc,
comprising the steps of:

irradiating onto an optical disc a laser light generated by
a laser source driven under a data write signal;

detecting a reflected portion of the laser light irradiated
onto the optical disc;
and _

detecting an undershoot of a detection signal of the

reflected laser light and discriminating the level of the

IR R AN 1



31" undershoot with reference to a predeterm ned threshol d. 4. The
nmet hod according to Caim3, wherein an output resulted fromthe |evel
"discrimnation is conpared with the data wite signal. 5. The net hod
according to Claim3, further conprising a step of controlling the |aser

| i ght power correspondingly to the output resulted fromthe | evel

di scrim nation. 6. The nethod acgqrding to Claim3, wherein, in the
step of irradiating the laser light onto an optical disc, a laser |ight of

a first powaideérshéokt aseth Iriefei enlc eatsec pid deaveminwethireahotlde fir st
power are irradiated onto the optical disc in accordance with a data wite

si gnal . 7. 4.An Tite on¢thiodcaceoondingd apbaia ks, woereimsiangoutput
means of irradiati ngtzl a laser light onto_ an optical disc correspondingly to
a data wri #&s¥ilged) from the destedgdiscrdmipqtdencds gomppeedew ithr then of
the | aser Iiaght I .radi.ated onto the optical disc; and an under shoot
detector t §%d& ¥EEteFigff-shoot of a detection signal of the |aser

i gt detect eds by Ttie P QU & Mg to ChRFm BOWreRer S6md ALThy | O

being controll&d in accordance w ~anoun ’the “detect e
undershoot 4 step §f cdhfrFHARALAEHE B T Eté;?o@'éﬂ Borfes o dink it d%' evel

of the undershoot is discrimnated wth reference to a predetermn
threshol d. the output resulted from the level discrimination.

6. The method according to Claim 3, wherein, in the
step of irradiating the laser light onto an optical disc, a laser
light of a first pdwer and a laser light of a second power
lower than the first power are irradiated onto the optical disc
in accordance with a data write signal.

7. An optical disc recording apparatus, comprising:

means of irradiating a laéer light onto an optical disc
correspondingly to a data write signal;

a photodetector to detect a reflected portion of the laser
light irradiated onto the optical disc; and

an undershoot detector to detect an undershoot of a
detection signal of the laser 1light detected by the
photodetector;

the power of the laser light being controlled in
accordance with the amount of the detected undershoot.

8. The apparatus according to Claim 7, wherein the
level of the undershoot is discriminated with reference to a

"

predetermined threshold.
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32 9. The apparatus according to Claim 8, wherein an output resulted
fromthe level discrimnation is conpared with the data wite signal.

" 10. The apparatus according to Claim7, further conprising a neans of

di scrimnating the | evel of the undershoot with reference to a

predetermned threshold to wite and/ or erase data. 11. The apparat us
according to Claim®6, wherein the optigal disc is a phase-change optical
di sc. 12. The apparatus according to Caim7, wherein the |aser |ight

2 1aser 11Ght o a Secont powtr. | over Pham ha 11 St “pover onte the opti cal
di sc in accutpatoee sultiedafremathei kevel dasbrimination is compared with
the data write signal.

10. The apparatus according to Claim 7, further
comprising a means of discriminating the Ilevel of the
undershoot with reference to a predetermined threshold to
write and/or erase data.

11. The apparatus according to Claim 6, wherein the
optical disc is a phase-change optical disc.

12. The apparatus according to Claim 7, wherein the
laser light irradiating means is adapted to irradiate a laser
light of a first power or a laser light of a second power lower

than the first power onto the optical disc in accordance with

a data write signal.
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