;e3e|d 66TsZ METHOD OF AND APPARATUS FOR RECORDI NG | NFORMATI ON BACKGROUND
OF THE I NVENTI ON The ﬁriient i nvention relates to a net hod of anﬁ%?ngh?%%1

appar at us fommmﬁmmn@“ Hﬂ nf ormati on using an information record
capabl e of r formati on by radi-ation of an energy beam or in

particular to a wedkeed of recording information high in conpatibility and
accuracy. A DVD-RAMfor realizing a nenory capacity of 2.6 GB on one side

of a disk 120 mmin_di rooS] ‘ﬁﬁﬁi&gﬁﬁiﬁf' finds

practi cal applicatig&bigfhsﬂgﬁﬁkﬂ%mgn%gggg3&@8 mark on t |Ei%isk, t he power
of an energy beamis changed between high and [ow | evels while the portions
(space portions) of the nmedium between recording nmarks are irradiated with
an energy beaRPBKGBOYBDpPEJEHEr AVHENTEPNf er ent power |evel. Specifically, a
mul ti - pul se energy bean1Ls radi ated.for forning a recordin ngrk and

i ncl udes (except for shoPf PEESPRFnINKEPKLSD: BELAEGPeEO0R 86F gd of e. a
first pulse, a gulti-gulsetcha%n (ngddlg.gglse ghaig% a gast gulse and 20
adneg?tlvetﬁufg £BI f RfﬁﬁlFﬁe PRstEREF éi'ThPE F%E_tapnﬁ nmBehal haf'thf _
advant age t ha a he O in .Qverwriting) is
possible in th%ﬁgﬁ%gﬁ?ﬁf%?ggfégﬁgiégggggréggaé%gr%kefgg?gélﬁﬁe exi sting

infornatgon. ;Hggpgggﬁobeg§lrgéiéggognggggnzggggagkbgaﬁecgﬁdgg bef or ehand

in the contro he” recordi ng nedi um e acfu radi ati on power

?Lf;?ﬁationBI %r?'gu3993t62aeﬂgfﬂ¥db8§”}E§ogﬁiﬁ§”1HfgrQQ§§gnoﬂi§Hi§n
. prior art described above, the energy
compatibility and accuracy.
A DVD-RAM for realizing a memory capacity of
2.6 GB on one side of a disk 120 mm in diameter using a
10 phase-change material finds practical applications. 1In
forming a recording mark on this disk, the power of an
enerqgy beam is changed between high and low levels while
the portions (space portions) of the medium between
recording marks are irradiated with an energy beam of a
15 predetermined different power level. Specifically, a
multi-pulse energy beam is radiated for forming a
recording mark and includes (except for short recording
marks) four types of pulses, i.e. a first pulse, a
multi~pulse chain (middle pulse chain), a last pulse and
20 a negative pulse following the last pulse. This
recording method has the advantage that what is called
the overwriting (rewriting by overwriting) is possible
in which new information is recorded while erasing the
existing information. The power level of the energy

25 beam is recorded beforehand in the control data of the

recording medium, and the actual radiation power of the

T
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amount contained in the mddle pul se chain depends on not only the high and
| ow power levels of the mddle 5 pulse chain but also the duty fact orjubf003
‘the ‘mddle pul se chain. Therefore, the energy anount contained in the

m ddl e pul se chain cannot be fully controlled sinply by setting the high
and | ower power |evels of the middl e pulse-ghain to a predetermnined val ue.
For this reason, 10 a recording mark is not necessarily fornmed to the

correct shape %?efr%fo%gw [ p&éé&;ﬁ{ﬁé&';%&%%@%r@e{ﬁf of 24

£in,
conpatibility I ng. Especrally e case ere 1nformation is

recorded with high density {Reaydidr B OVEEEAMpED ANSHE I G Endiyener gy

anmopunt in the mddle portion of  the recording mark under unstgﬁ?e contr ol

forms a recor difiguiBr KoMt4 dnéd t bh Ne i At &aPOTgiOfe Hafl ddppatidd cdent
magni tude of the rear portion of the recording mark, thereby causing J an

unrequi red edgeoshbhilyi thé heigepseducéi opowé SNpdvalsl 20 tHimidHle
insufficient conpatibility for recording and reproduction. .An excessively

| arge ene¥ gy armlse clkesithtbuy 41em site udst abf ecteonts Ol tid riwird gellese
portion of the recording mark, on the other hand, forns a recording mark
with a thick nthiziie. pofhénaforew the aen@5g e xaess tvetynt airged rigartiporti on,
and generates an unrequired edge shift in the reproduction signal, thereby
| eadi ng to thenitdle epiibie apha His utdnedienve coHmbhy | ¢intrgd ¥et sieurding and
repr oducti on. 31 JUL 2003 -3 SUMVARY OF THE | NVENTI ON According to one
aspect of the FHVEHRY obbe thbdle 3Rd piWeH RPYERE SR DfoF detr diiddle
information for formng, each recording nark in a recording nediumby 5
radiating a pdt&ESeHa? l%ft%nae?l’é?g?t%@?ﬂ“ﬁ‘?%c‘ﬁpdﬂ%g F Y riS1HHESO ni ddl e

pul se Chﬁﬂn’ f%'fﬁ%o%ﬁﬁ&& gggkais not necessarily formed to the

correct shape by the middle pulse chain, often
deteriorating the compatibility of recording.
Especially in the case where information is recorded
with high density in a 4.7 GB DVD-RAM, an insufficient
15 energy amount in the middle portion of the recording
mark under unstable control forms a recording mark with
a thin middle portion, or an insufficient magnitude of
the rear portion of the recording mark, thereby causing
an unrequired edge shift in the reproduction signal and
20 thus an insufficient compatibility for recording and
reproduction. An excessively large energy amount
resulting from an unstable control of the middle portion
of the recording mark, on the other hand, forms a
recording mark with a thick middle portion or with an
25 excessively large rear portion, and generates an
unrequired edge shift in the reproduction signal,
thereby leading to the problem of an insufficient

compatibility for recording and reproduction.



negative pulse follow ng the | ast pul se, conprising the steps of: i?cg[qmﬂg
t he designated val ues of the power 10 | evel of the first pulse, th Jpper
and | ower power |evels of the mddle pulse chain, the power |evel of the

| ast pul se and the power |evel of the negatjve pulse in a control data zone
of the recording nmediumin advance; adjust]%@ t he average power of the
first pulse 15 to the designated power |evel value of the first pulse in

the control dajanzone;orRdistinENTENVeEr age power of the m ddle pul se
chain to the arithmetic nean of the designated upper power |evel value and

t he designated | ower powtcHireyealo wldiadpedthe £ dtd dinwaaita crone;

adj usting the average power of the |ast pulse to the designated power |evel
of the | ast putlsere nid hrooidedla dedtthabre, wrijarstimy ife anedriage fmower of
t he negative 25 pulse to the designated power |evel of the negative pul se
in the control faming grch areteirst imey X Hen \aardetdrghing nevs youweyt | evel of
the energy beam of the mddle pulse chain to the 31 J UL 2003 -4

differ en% betHRER EHY e yhr haighaf poweanargrk|besyy including a

first pulse, a middle pulse chain, a last pulse and a
negative pulse following the last pulse, comprising the
steps of:
) - recording the designated values of the power
10 level of the first pulse, the upper and lower power
levels of the middle pulse chain, the power level of the
last pulse and the power level of the negative pulse in
a control data zone of the recording medium in advance;
adjusting the average power of the first pulse
15 to the designated power level value of the first pulse
in the control data zone;
adjusting the average power of the middle
pulse chain to the arithmetic mean of the designated
upper power level value and the designated lower power
20 level value in the control data zone;
adjusting the average power of the last pulse
to the designated power level of the last pulse in the
control data zone;
adjusting the average power of the negative
25 pulse to the designated power level of the negative
pulse in the control data zone; and
adjusting the variation of the power level of

the energy beam of the middle pulse chain to the



t he designated | ower power level in the control data zone. Accordgqqumqm3
anot her "aspect of the invention, 5 there is provided an apparatus*for
controlling the ratio of the average power between the first pul se, the

m ddl e pul se chain and the | ast pulse to a predeterm ned val ue. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a diég?an1shomjng an exanpl e of 10
ti me-sequential change of the power |evel of the energy beamradi ated on a

recordi ng nedi ¢ féesncafOetRééONthe desoisieted nupper mRslidmlidl zhds a
di agram showi ng a configuration of an information recordi ng apparatus. 15

DESCRI PTI ON Ot HéEERENERRED EVBEDI pEaNTS Fevesl , iantioxadgiersal data

ti me-sequential change of the power |evel of the energy beamradi ated on a
recordi ng nmedizoméor recording information therein will be explained with
reference to Fig. 1. The manner in 20 which the power |evel is changed in
ti me-sequential fashi on Xeprdeeertd ngndpier mspedt i [the igerertaidy, cal | ed
a wite strategy or a recording strategy. Take a DVD-RAM as an exanple. In
the case of DVEREIM 1% HRrehbie@san n%PRaJ@UMef%Ihd?QIE@tOJsJﬂM e zatinhgth
of 3T 25 (three_tinmes as long as the tine T% where T is the tine mndth of
the reference ®f oErlkef%Ye?%%%rEl‘P‘ﬁ“gralﬁ%itwe%ri gy {1%@3"uj§€|"'eptr}b‘ﬂd@t e

Normally, the lofgeséhg?ﬂkagé éﬁgcfaggspéise to a predetermined value.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing an example of
10 time-sequential change of the power level of the energy
beam radiated on a recording medium when information is
recorded in the medium.
Fig. 2 is a diagram showing a configuration of

an information recording apparatus.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
First, an example of time-sequential change of

the power level of the energy beam radiated on a
recording medium for recording information therein will
be explained with reference to Fig. 1. The manner in

20 which the power level is changed in time-sequential
fashion when recording information will be generally
called a write strategy or a recording strategy. Take a
DVD-RAM as an example. In the case of DVD-RAM, the
shortest mark or the shortest space has a length of 3T

25 (three times as long as the time T), where T is the time

width of the reference clock for recording and



| ength of 11T, although a special pattern has a length of 14T. A NRZI

signal constituting information to be 5 recorded chronol ogically onigy ﬁ“‘@m
recordi ng medi um when supplied, is converted into a tenporal change of the
power |evel of the energy beam by an appropriate signal processing circuit.
This tenporal change of the power |evel i s“?hdicated as an optical pul se
waveformin Fig. 10 1. The power is set to four |evels including the peak

power, the bi agepewBuctiohhe hb@ﬁaP@Y@rtﬁeQPQn§@§tbﬁ@?kp8$e§p§ceTM§s a
recordi ng medi um can be transferred to a first state in bias power 1, and

to a second statfgtR peakippwelthdhghbiasppevel Pattetn!|kyel aetgmytho or 15
| ower than the bias power 1. When form ng an area of second state 4T or
| onger (i.e. wefhlgfme NRZI signal 4T or longer) in the recording nmedium a
period of bias power 3 in power level is mxed in the radiation period of
t he peak power thereby tA WRETi spghsat eohbelitunbingy 20fbematich tbhebe
mufti-pul sated energy beam the first light pulse is called the first pul se
and the |ast | rghorgafisehrhnolagicpilgeonBet neeprdieyfirediuandvhest pul ses,
the light pulse alternating between peak power and bias power 3 is repeated
in accordance #HPRLiRd. 25S| eARYArbedt hRtARY| temppadl Jhendendérthe
alternations, i.e. r&getitions IS given as éqP- %% where n,is the | epgth of
the NRZI signaP°4R8 L&F§erofhhfe3enghay wieRE P¥pRti FPRECREI_ES FH¥R%hosed
between the first and.|ast. | ses_are ga{led t he m ddl e
I

pul se chai n. AP§8?§35ﬁgaaf?58§%5ﬁs;&hagggﬁﬁégﬁgfpﬁﬂ%?g?¢9 BF BY%ET power 2
| s, radiated f0&%9&@”95t?ﬁg&ggEe8”£§eanggﬁFP#%§388$§éhg?b§f3§$ 19 giéevel

equal to or |ower "Than as power OFMNQg an area in

second sigte correspangdhng:t oot e NRZ! £5h oAby baYi e AUk ERGL B of podi Of

nore, the recording putses inclu Irst pu p% ses, the

l'ast and the n?@@ékyetHH|E?asvﬁéﬂefoiﬂiﬁﬁeaﬂiééeﬁo&QrSQCQﬂé thél®ias
corresponding to 10 the NRZI signal having a | ength of 4T or nore, on the

ot her hand, thpgoweeoBdi nghputeesriinsbudeditie &asishe ptisgsféheediasd &nd the
negati ve pul se. Al so, when formng an area in second state corresponding to
the NRZI signafihati ngatel engbhasfp8ierthe #edotdi agspobsé 4batacimdes a
single light pulse (first pulse or a single
peak power. The bias power 3 is a level equal to or
15 lower than the bias power 1. When forming an area of
second state 4T or longer {i.e. with the NRZI signal 4T
or longer) in the recording medium, a period of bias
power 3 in power level is mixed in the radiation period
of the peak power thereby to multi-pulsate the energy
20 beam. Of the multi-pulsated energy beam, the first
light pulse is called the first pulse and the last light
pulse the last pulse. Between the first and last
pulses, the light pulse alternating between peak power
and bias power 3 is repeated in accordance with the
25 length of the NRZI signal. The number of alternations,
i.e. repetitions is given as (n - 4) where n is the

length of the NRZI signal and larger than 3. The whole

repetitive pulses interposed between the first and last



pul se) and the negative pul se. The reference values of the peak power, bias
power 1, bias power 2 arid bias power 3 nay be recorded in advance &f Jib 2003
appropriate place in the recording 20 nedium as nedi um i nformation. The
portion of the recording nediumwhere the nediuminformation on the
recording strategy is called the i nformati ot track of the control data
zone. The reference value of the power level is read fromthe information
track of the oMol 2be dadrlZ@nen®fmid®l & 501 Nehdmadi umiand pith _
reference to the particular reference val ue, each power |evel is determ ned
for the wite wpgiaivonpulse Wesdinat€te isdwer ofetdle PORIad @Rte0f2 t he
first pulse is the peak 31 J UL 2003 -7 power, the designated val ue of

t he upper powets |exdlaédt Hiel howlithe phe skachaiunl s, t Ehgpaakapowvestt | e t he
desi gnat ed val ue of the | ower power |evel thereof is the bias power 3, the
desi gnated vali® 2fttthe polevel es@iabft®d dheldwat thamsethis hims geempover,
and the designated val ue of the power |evel of the negative pulse is the

bi as powe? 2. The TRpordrereEeyhne RN A 1R ointmfgmts@'se may be al so
recorded in the informatjon track. - First, consider the case in_ which an
area in 10 secoilF $IRRRALRY reQ pohrii ¥RET cSiwe N viigal lendithgh I%engt h of

at least 4T is forned inWa recordj efine the

i di , d t
recor di ng wavetorffit het ‘:éaﬁ??l%r%o‘%g g&%‘%%‘?&‘@%&@% ’?%'Fﬁ%é’%siec'e pul se
hai i def i d , t int, faoll i t | of ti 15 TseP f
cha 15 deT e A LT B8 0 oyt il L o 1o 1o
| act o . i . . ( . h
Papse of (ime TS PETRGH B 08 AR gt i d e e ol
of the figst pulseyksr Tngx‘f‘é‘]f. %\?ﬁ?tfoé’aieﬁ&th?%fh@l‘%rffnﬁffé‘,c%rpeéﬁ’@e” TEFP

and TSFP. The | eading edge of the last pulse in the wite pulse chain
occurs at the diner podmd, fohd omédrd ey | psSe Hfidd el e fAomd he
reference tinme point earlier by 2T fromthe trailing edge of the NRZI
signal. The trmilseg Eogeladt tdred | dsd Rogptdwe puldde Wmide mHee chain, on
t he ot her hand, occurs at the time point followng the | apse of tine TEZP
fromthe referbmoeing rn pored Barsecwndyst2atd rammtdepanding np edye of t he
NRZI signal. The length of the 31J UL 2003 8 last pulse is TLe and
is equal to tHRZE f$egrmbchdeingen TEIF el TSP theerregandiand sulsan ddl e
pul se chain between the first_ pulse and the | ast pulse. The | eadi ng edge of

5 each pt?se iehides Rl ipd el bl Pebihcl HesS iRt e & single

pulse) and the negative pulse.

The reference values of the peak power, bias
power 1, bias power 2 and bias power 3 may be recorded
in advance at an appropriate place in the recording

20 medium as medium information. The portion of the
recording medium where the medium information on the
recording strategy is called the information track of
the control data zone. The reference value of the power
level is read from the information track of the control

25 data zone of the recording medium, and with reference to
the particular reference value, each power level is
determined for the write operation. The designated

value of the power level of the first pulse is the peak



reference clock position, and the trailing edge of each pul se occur$1qULtaﬁ
time, point followng the Iapse of time TMp fromthe trailing edge o eacﬁ
pul se. Now, consider the case in which an area in 10 second state
corresponding to the NRZI signal of 3T is fﬁrned in a recording nmedium The
| eadi ng edge of the light pulse occurs at fhe tinme point follow ng the

| apse of TsFp fromthe | eading edge of the NRZI signal. The trailing edge

of the light ppgbser,obhth@esthaetbantdallé OECtRE @ppéhepdud® DPOVEL of
following the lapse of time TELe fromthe reference tinme point earlier by

2T from the trahki ngdatlgepalsthehdR| isi ghal pedhepewsés whpbetilon having a
power |evel of bias power 2 follow ng the |ast pul se of the recording 20
pul se chain 4Tdesibpaged walfiel béwthg ldeer epoweir nfepel sehafed, i shilod
portion has a length of TLC. The reference values of the tinme points TgFP
TEFP, TFp, TSZpia¥EPpweTzP, Ths dadignptédrvabhendhgthdepowenrbével puf ses
are read fronlthe information track of 25 the control data zone of the
recordi ng°medi the AA8tbhulereisntbetBeheReWeEf epACENG sdetynaked val ues of

t hese tine point f are determ ned. _The_tipe 80|nts Tsep, Teep, . TFP~ TsLe~
f ELP~ Tze~ TzcV214& UtEGZEGEerQ gkal TRP Fof ReFRhiTe EW%ﬁ?e%%rG?%g pul ses

changed ﬂiﬁ?%ﬁﬂﬁaﬁaﬁt N hEREoRBTRAER D P PaE %{ﬁz*raﬁ%ﬁéfe%%%%i’?der
he Case o1 BB B LIS n.S gmaeily 0, o] BRI
e 3 shorte tren Uit ccspplgepctss el 49 Bizer i
adj oi ni ngomar kgebPRHCEEEEe corresponding to the NRZI signal having a
length of at least 4T is formed in a recording medium,
and let us define the recording waveform. The leading
edge of the first pulse in the write pulse chain is
defined at the time point following the lapse of time
15 Terp from the leading edge of the NRZI signal, and the
trailing edge of the first pulse in the write pulse
chain is defined at the time point following the lapse
of time Tg, from the leading edge of the NRZI signal.
The length of the first pulse is T, which is equal to
20 the difference between Ty, and Tg,. The leading edge of
the last pulse in the write pulse chain occurs at the
time point following the lapse of time Tg, from the
reference time point earlier by 2T from the trailing
edge of the NRZI signal. The trailing edge of the last:
25 pulse in the write pulse chain, on the other hand,
occurs at the time point following the lapse of time Ty,
from the reference time point earlier by 2T from the

trailing edge of the NRZI signal. The length of the



10 to such an extent that it is difficult to assure an always stable
recordi ng operation. An idea conceived to overcone this inconvenieggeJmtﬂmp
change the recordi ng waveform adaptively in accordance with the corbi hation
of the portions before and after the NRZI signal. The 15 follow ng two

met hods are available for correcting the shi®ft of the front edge. 1) To
change TseP while fixing TEFp. In the process, TFP changes with TSFP. 2 )

To change Tsee)uRil ﬁ%é'&% FEPanld itshe R 1pRecese diEeR ehrrges tiddy Tsfp
On the other hand, the fol omnng two nethods are enployed for correcting

the shift of tirg rens edge. 1) To change TELp while fixing TSLP. In the
process, TLP changes with TEZP. 25 2 ) To change TELp while fixing Tzp. In
t he process, TSLp changeSheirehmékZpxidhi ahmitidlikepabeeechrihi beederrt hods
is selected for controlling the front edge and the rear 31 JUL 2003 - 10
edge depends omhehdimsinenlise whidcfihehé asécpudisrg nBHeudersidesiedgedodnd
the recording characteristics of the recording nedium Wich nmethod is to
be sel ect &d foracbnpudiskei iy the shidbileobulise thear edgacddeshwitbathedge 5
i s best understood by the _manufacturer of the recording nmedium and

t her ef or e suchr&§IRERGFEcCILEX PRSILdEHmMBAE Fbetﬁéaiﬁﬁagnﬁﬁgénoﬁeééﬁhlng
apparatus as to ﬁhlch net hod shg1e be select& g control Ling the edge
shift. SpecifiBYLE§, CCFETTaAlt ZCEUFEMSoPOLRE FoLOPHIRY tHeneaPEm Mites a
reconmmendat i on_of <27 edge shif ntrol hod Al a,s ified place on the
recordi ng nedlﬁ9 T P%q%ﬁ?brmﬁ: Lllnﬂéaéfﬁy thgac§f%P%5tlon recordi ng

apparatus thereby to detﬁéw ne . a ARthodyaf caat ehh?ghtgﬁ gggg spift. In

such a case, the medium ¢harac rlstlcs I'nt'en € recording

medi um meguf ackWEBhdCan JRe EB'&%s?bhhh%%dt%ytthNkﬂﬁoéﬁath”oEegﬁr95”9
apparatus, and therefore a nost stable i'nformation recording is nade
possi bl e. A sofoirhed ee0krdiredoredndgMmeBauhact gher 1paERAGEEdgel 8@KtHR table
light pulse occurs at the time point following the lapse
of Tgp from the leading edge of the NRZI signal. The
trailing edge of the light pulse, on the other hand,

15 occurs at the time point following the lapse of time Ty,
from the reference time point earlier by 2T from the
trailing edge of the NRZI signal.

There is a portion having a power level of
bias power 2 following the last pulse of the recording

20 pulse chain 4T or longer or following the recording
pulse of 3T, which portion has a length of T..

The reference values of the time points Tg,
Teepr Tepr Tszpr Tewpr Tipr T @and Ty for defining the
recording pulses are read from the information track of

25 the control data zone of the recording medium, and by
reference to these reference values, the values of these

time points are determined.

The time points Terpsr Terer Trpr Tewpr Tewpr Tier Tic



20 for edge shift control and records it in the recording nedium This

| ook-up table is read by the information recordi ng apparatus, and by{ JUL 2003
referring to it, the edge shift is controlled. In this way, all the nedi um
characteristics intended for by the recording nmedi um 25 nmanuf acturer can be
utilized by the information recording appardtus, and thus a nost stable
information recording is nade possi ble. These ideas can provide neans for

securing the besy Qﬁmrl Rid it n@f thRe recd3kddHly 2U@3esmabesekdiangayist h hi gh
recording density. Let Mn) be the length of a mark to be recorded, and
S(n-1) be the lhesgik af prieeespaaenkeaadungel, heufbnky Bberkgakren tabbe for
the front edge is a 5 series of values determ ned by the conbi nations of
M n) and S(n-lxhahicel ial sesordance eithethposbibirabionegéat tiie. NRBI M n)
be the length of a mark to be recorded, and S(n+1l) be the length of the
space 10 fol | owiiggatlise miokisities ltbekcapet alfl @ PYP-RAM hadingdge is a
series of values determ ned by the conbinations of Mn) and S(n+l) which
val ues carR be &iPREEtositt idvd 6B pBganEvEidasidepartbedlaboevehehe mark
edge position can 15 be contrall_ed al ways accurately by changing Tsep and
TELe in accor d&REE& Bisth Mak& @énﬁﬂnéﬁﬁoﬁs16P9Fhe°§oPgPB£sObé?omécéﬁasafter

t he NRZI si | . .The. tibili f.the r di f.the i.nf ti
usi ng the af or GRSAE: @ PR RG S tPa 8Gy  50°RPH B8+ HrEheCef obel ow

microns. In this high-density recording operation, the
thermal interference between adjoining marks increases
10 to such an extent that it is difficult to assure an
always stable recording operation. An idea conceived to
overcome this inconvenience is to change the recording
waveform adaptively in accordance with the combination
of the portions before and after the NRZI signal. The
15 following two methods are available for correcting the
shift of the front edge.
1) To change Tgp while fixing Tgrp. In the
process, TFP changes with Tg,.
2) To change T4, while fixing T.,. In the
20 process, Ty, changes with Tg.
On the other hand, the following two methods
are employed for correcting the shift of the rear edge.
1) To change Ty, while fixing Tg,. In the
process, T,, changes with Tg,.
25 2) To change T, while fixing T,,. In the
process, T, changes with Ty,.
Which of the above-mentioned methods is

selected for controlling the front edge and the rear



Assune that the recording conpatibility is defined as the fact that

stable wite operation can be perforned with a simlar wite stratébiJUL2m3
bet ween different apparatuses and the recording marks witten by 25 the
apparatuses can be read as a reproduction signal having a simlar
characteristic. Wth a veritable optical df apparatus, it is essential to
have a recording conpatibility, as well as a reproduction 3 1 JuL 2003 -

12 Conpatibil!Eﬁgetee;%ﬁhkzgnthﬁeiﬁhﬁh@@@@geahakhtxhefrgé§rggherﬁaehga

medium This in turn requires the follow ng conditions. 1 e recordi ng

wavef orm has ngsexe@sghke anvehsheakoehiHgdenskaeter2ktIhg emekgy anount
contained in each of the first pulse, the mddle pulses, the |ast pulse and

the negative pwkgerdohgahedi@nageWRAWRr meevel 9k tBebBuksesectwhi €bris given
as the energy contained in a pulse 10 divided by the pulse holding tine) is

controlled to soptedélenn nbd walide. of) thiee fepatggdbeaorf ehehekdirngdybe
power |evel of bias power 1 is supplied in stable manner and the val ue of
bi as poweb 1 i g$scbesitouhddrisaoadpbgdéher manedatSuvakuef bthet hecavdiage
power is controlled to a
medium, and therefore such a manufacturer can recommend
to the information recording apparatus as to which
method should be selected for controlling the edge
shift. Specifically, the manufacturer of the recording
10 medium writes a recommendation of an edge shift control
method at a specified place on the recording medium.
This information is read by the information recording
apparatus thereby to determine a method of controlling
the edge shift. 1In such a case, the medium
15 characteristics intended for by the recording medium
manufacturer can be fully utilized by the information
recording apparatus, and therefore a most stable
information recording is made possible. Also, the
recording medium manufacturer prepares a look-up table
20 for edge shift control and records it in the recording
medium. This look-up table is read by the information
recording apparatus, and by referring to it, the edge
shift is controlled. 1In this way, all the medium
characteristics intended for by the recording medium
25 manufacturer can be utilized by the information
recording apparatus, and thus a most stable information

recording is made possible. These ideas can provide

means for securing the best compatibility of the



predeterm ned val ue during the period when the | evel of bias power i th2%3
hel d. In a phase-change nediumli ke the DVD-RAM the condition (2) Bove 'S
especially inportant for securing 20 the recording conpatibility.
Specifically, the first pulse has the function of starting the nelting of
the recording filmby radiating a | arge avéﬂage power on the recording

medi um and the m ddl e pul ses have the function of continuing the nelting

of the recordipgcdidimddSwithhhagkorPasding! yeh OV @ver age power. On the
ot her hand, the last pulse applies a rather |arge average power to secure a

stabl e shape of the rearLpormion V¢ the Iecori M abnksk Who lee t he negati ve
pul se of a small 31 J UL 2003 -13 average power follow ng the | ast pulse
is used to stabetorzeéedheastapénol) the tkearlaoyth onf ofhé¢ hepame dratdighgrar K.

In this way, the recording pulses including the first pulse, the mddle

pul ses, the | ashepoisk. anBhehkoskpupsealpbe fort dilg) fhent eadde ofs  as power
3 have different functions, and therefore the values thereof or the ratio
of the vabues $hEEedfOhreateqgsi deternined dey uthe tgmebmtinedt M mlan
actual recording apparatus, the 10 radiation energy anount of the energy
beam i s vari ed®Wth(Pne) t BhbeR avatees ne@pele o EhRL IRREIL ¢ QF of all,
therefore, the ratjp of average power is controlled between the first

pul se, niddlelﬁﬁ9§%§Yethe | ast pul se and the negative pul se, and then while

hol ding the 15 rati o, thg%ghﬁkg}gggfégéeﬁ%%g§?6$€q¥%%%%%8$dq;ernine an

opti mum power. By doi ng ys %Ié?y determ ne

the recording PgééfdgéﬁggéﬁegtnlfﬁlﬁéiPge?héﬁﬁgéﬁ%?93ﬁ§§ lsm suitable for

t he recordi ng nmedi um extent that ener gy anount

remains imchanged) ofPNEVERe hAEK 2VerRYe1 PO¥BIp OfalePChr &F {Hie fddStedyd SE,
the m ddl e pul se

is a series of values determined by the combinations of
M(n) and S(n+l) which values can be either positive or
negative.

As described above, the mark edge position can

15 be controlled always accurately by changing T, and T,
in accordance with the combinations of the portions
before and after the NRZI signal.

The compatibility of the recording of the
information using the aforementioned recording strategy

20 will be discussed below.

Assume that the recording compatibility is
defined as the fact that a stable write operation can be
performed with a similar write strategy between
different apparatuses and the recording marks written by

25 the apparatuses can be read as a reproduction signal
having a similar characteristic. With a writable
optical disk apparatus, it is essential to have a

recording compatibility, as well as a reproduction



chain, the last pulse and the negative pul se can be controll ed. Tgf L 7003
recordi'ng conpatibility can be 25 substantially secured if the av Edg
power of each pul se as described in (2) above is controlled to about 5% in
terns of an error froma value to be set. | ong as the average power is
controlled this way, the overshoot 3 1J UL 2003 -14 or undershoot
described in (1) above is allowable to about 10% of the power |evel to be

set or to aboutokp¥tebitheypower rkavekechBagentébenaggesdingtpubgseshare a
pul se chain very high in speed, and therefore an 5 overshoot or an

undershoot is LhébkeataoaceeriuvAs fahiasihheueandefudpes(2heabovowsnget,
however, a large allowance of (1) above can be given and thus the apparatus
design is facikphdtiedon¥his nmakes it possible to realize a recording
apparatus having a stable 10 performance and to performthe
recordi ng/ reproduction i A)sThBl serashAiioa wevRfarni hAscoApakEBEEivg. As for
the condition (3) above, on the other hand, the bias power 1 is a quasi-DC
| evel exi stingPBRERBEATaCH WBACKSPPPLpul se chain and the fol | owi ng

mufti-pul se chain, and it is. not 15 very difficult to hold the accuracy of
the bias power 1 at the éécﬁpﬁc?nSFgﬁbaﬁPug@bCE@EﬁlRﬁganhéaﬁbePggEhBomer

SLaESEdBE “he BbGRF PUTEF. oPrEnuthiaf BufhEse Che nash ggligpsawmg@g df
vedi um such oSBT VD, AR oVBh T FRE S05: BO8CoNErChr Of ner iy BAF Sopul oo

chain 1s set tQnacAr edelavhngd YAbugnells BLAfLenBarihog ghitbe record ng

mark cannot be formed with a 25 su cient accuracy int case where the
change wipdth Oﬁibhaeﬁobﬁrthévﬁhlbé Bxcasabvelvel ai gecontexcesqi ¥vgl ¥ snal |

The designated val ue of the change width of the power |evel of the mddle
pul se chain i sptbaedetheneacealudl J U L 2003
3) The energy beam for holding the power level
of bias power 1 is supplied in stable manner and the
value of bias power 1 is controlled to a predetermined
15 value, or the average power 1is controlled to a
predetermined value during the period when the level of
bias power 1 is held.
In a phase-change medium like the DVD-RAM, the
condition (2) above is especially important for securing
20 the recording compatibility. Specifically, the first
pulse has the function of starting the melting of the
recording film by radiating a large average power on the
recording medium, and the middle pulses have the
function of continuing the melting of the recording film
25 with a comparatively low average power. On the other
hand, the last pulse applies a rather large average

power to secure a stable shape of the rear portion of

the recording mark, while the negative pulse of a small



-15 between the designated peak power value and the designated val §d Hi 2003
bi as power 3. In the actual recordi ng waveform however, an error of up to
about + 20% fromthe designated value is allowed for the change 5 w dth of
"the power |evel of the m ddle pul se chain. fis a result, once the average
power of the middle pulse chain is adjusted™to the accuracy of 5% fromthe
desi gnated value, an error of up to about 10% from the desi gnated val ue can
be al |l owed forat’Beaypppbweenweblanaihg the hawer ppewer isrespgctbvely, of the
m ddl e pul se chain. A sufficient recording conpatibility can be nai ntained
by setting thestabliowzegthar gebpeabtieshef rehe gverags poWeheOtetbeding
respective pulses. Specifically, 15 the average power |evel of the first
pul se is set tmatrke dé&si ghasedageakhpowecovding pb¥seshénaledane tpbeer

| evel of the mddle pulse chain is set to the designated m ddl e power | evel
f 5% when the 8éssgnatddeni dieempoder pyldesinsticasadtspulédesngnbhed peak
power val ue + 20 _designated val ue of bias power 3), the average power | evel
of the |aSt puP8éspsig&t hedding 4Bsi daHeédofebkagorerevaPubavey, and the
average power | evel of the negative pulse is set to the_designated val ue of
bi as power 2 é@@f?ﬁénﬁegpﬁﬁégeaswaﬁ gstBrreherpeaRepyaéres 25hgr 8t pdtier 1,

bi as power 2 a ﬁ?bia . power may .be recorded in the contro| data of the
recordi ng nedig Fﬁ%ﬁﬁigﬁ E§§ev%ﬁ8§sc e5802e356a58q3§€8q eRewhen

adj usting the | f.ea I ;N 31 J Ul 2043 -16 advance, the power
of each pul se %gEggP?§%9d§§8?% égegbove first of all. Then, the power of

h pul [ h di h [ f
each pulse is changed i ntgugh ngg@e%gg?ﬁgghgagpgg??ggst gpkatio o

average power between thése pul ses, ~a muid 5 power is

determ ned. FropytheibaneaealyychaBdatob st ReePeWRkdChHah! ¥s! adiakgd on the
recording nmedium the followng nethod is proposeg as one of the nethods of

determ ni ng thgiaKerage tpaperatavel chhngBe bl shepulige. Speektisal hyi, 10
assunme that the line representing X% of the power |level to be set is
crossed first uhesedoby,thtel evelioobft heeckigst ppukseiat cbherblbedpoint 1
and the line representing X% of the power level to be set is first crossed
downwar d by t hkekeeeh thet lfierkitr pulpel smidtdlehpulSes| nehpolast2pulbe power
| evel s of these two tine points are integrated with each other, and the
result is dividad bpet hegpistiegr auilsa, t ed tbeobwhiihet heldivgaghkepower of
the first pulse. In this nmethod, X% may be 90% 95% or otherw se can be set
accordi ng>t o t hat20:cohEi PREAE BPVERelgNBar afushanged to determine an

optimum power. By doing so, it is always possible to
accurately determine the recording pulse capable of
realizing a recording mechanism suitable for the
recording medium. To the extent that the radiation

20 energy amount remains unchanged, however, the average
power of each of the first pulse, the middle pulse
chain, the last pulse and the negative pulse can be
controlled.

The recording compatibility can be

25 substantially secured if the average power of each pulse
as described in (2) above is controlled to about *5% in
terms of an error from a value to be set. As long as

the average power is controlled this way, the overshoot



From the tenporal change of the power actually radiated on the recordin
medi umr on the other hand, the follow ng nethod is proposed as ohb1dﬂLﬂ&é
met'hods of determ ning the average power |evel of the mddle 25 pulses. In
view of the fact that the mddle pul ses are ,generated only in a recording
mark not |less than 5T in length, the description belowis |limted to the
recording mark not less than 5T in | ength. Assum ng 31 J UL 2003 -mthat
the | ength of btheuhBRékshbgbaliessriedniz 4)) sbosédes &heowabkeseguenti al
change for (n-4)T. Consider two tine points, tine point 1 and tinme point 2
di stant from eabbubt Hel 0byof vithd ipmeveequerdl dlo deargges.onb thhegeut e points
are set in such a manner as to contain all the m ddle pul ses between them
The power |evelObBepfiethet heweroleveat pbangs. i sThatrgrareétngapdlsés aesul t
is divided by the integration tinme thereby to determ ne the average power

| evel of the nRdBRéSBuFBasn YOr¥rbiavhbhént ehpedal arhabgereforaeapovner

actual ly Eadiated on the recordiagﬁnediun1 the following nethod is proposed

as one of °t he ABEREHSC6F CHeRBr HRAFRYNPAE aFethgRPohRrOFEVEt ohStHRY| ast
Covel 15 to bedtettPs TPILELRnT 17t SBHAr e P L PRORE T of St HEEPRSI pul se
Set is aot oressgdsfaRarathyToREs BRI BEr T Ve e RulSehe The tine
Phe resul 1 T g e a8a By T Reor nt 2ot AT ToR CFFe { ol Gbt alA e Bvey At Hover

of the last putgerchDitbi g EB&BQQin?“aﬁﬁxrQeugoﬁavﬁég QrsPLbEEW se can be
set according to the conditions of fhe apparatus. Fromthe tenporal change

of the pooer apkufbkyarber adiatedpentbhe tREOFdtoad IRg) tébrbiect 0bh oy ng
met hod i s proposed as one of the nethods of determ ning the average power
| evel of the nsgabileefpshsen ®pekiéihigh compatibility. As for the
condition (3) above, on the other hand, the bias power 1
is a quasi-DC level existing between a given multi-pulse
chain and the following multi-pulse chain, and it is not
15 very difficult to hold the accuracy of the bias power 1
at the accuracy of about =*5%.
Even when the average power of the middle
pulse chain is set to a predetermined value, the width
of change of the power level of the middle pulse chain
20 is not always secured due to the overshoot or under-
shoot. For a phase-change recording medium such as the
DVD-RAM, even if the average power of the middle pulse
chain is set to a predetermined value, the middle
portion of the recording mark cannot be formed with a
25 sufficient accuracy in the case where the change width
of the power level is excessively large or excessively
small. The designated value of the change width of the

power level of the middle pulse chain is the difference



tally, assunme that the line representing Z~ of the power 31JUL 00&3-
is level to be set is crossed first downward by the | evel of the ﬁdgé i 3
pulse at the time point 1 and the line representing Z~ of the power |evel
"to be set is last crossed upward by the Ievg! of the negative pulse at the
5 tinme point 2. The power |evel between théese two time points is integrated
and the result is divided by the integration tine to obtain the average
pover |evel of beheeedgahieveaerilysatedn pliks pdRRogalds ARY BAel110k 105 or
ot herwi se can be set according to the conditions 10 of the apparatus. In
t he case wher edebéghhasdpeatne? odnthiklse phivas powernltheeaatubhe sane | eve
or have only a small difference, however, the tinme point 2 may be difficult
to define. |n sechrdicgseavelfernm, rhopeivielr,2ans eregar déduas tbhabbute 2poi nt
following the |apse of the 15 tinme required to hold the bias power |evel 2
fromthe time gORntfrom Thendeshengbwer veduel iseewdenwethhéori tbepchangel and
2 is integrated, and the result is divided by the integration tinme thereby
to deternne tHéd&PepPdgébsonrerest Lenelnedatheempdride. PPdser 6haiRe t Bfporal

change of the power tually radiated on the recqrdjng iLum the
f ol | owi ng nethgdrﬁ§ug&0p8§§& & eoﬁ¥e5ﬁg?h8°W§Fh835t £ @gggﬁﬁiﬁP §€t he

I | of bi . i fi [ 1 h h i
aver age pover Lexel 9F W38 Bovet o ongeil) cal Lo apogpe e the 1 ime
negati ve pU|S§£%§gng§ep'qgl%%'nEPBF&§8Eh%fOB§s%Fa§@5§Q 4R E&g

representing ower 1 éve 0"bé sét rossed™d ﬁaFBeby t he
| evel of the bj ; tal 1 3 £l 0 e e en
t hese two tinehg§ﬁ§?§%§daﬁﬁlggi§a§nPég?é?8§gga§ rt%ggrQEEF# %ghg?v%ﬁgd by
the integpati oRnkl TBWee %@E@'rn rhepaverage ypower tak hiadheapupower 1. In
this nmethod, W- may be 110k 105 or otherw se can be 5 def erm ned accordi ng
to the conditi engiaf. t he apparatus. However, the holding tinme of the bias
power 1 is so long that if the power is determined fromthe average power,
t he conparatively sl ow pawsufdhangetadeeozeliypgatbmptitihilhiéyeranebe
characteristic cannot be suppressed. It is 10 therefore necessary to take
care to reducengidiaangowby ckatdeg Ahet Hed lemihodi emgedf veheesnvénthen
will be explained with reference to Fig. 2. Fig. 2 is a block diagram
showi ng an i nf BVERBUENPSWEragd APpSaraspectByelbuhapsef ERBILARACROAY.t he
information storage apparatus wth a_recordi ng nedi um 100 nounted thereon
i s shownlSFor &her rRN§rPAEOPREEF0ASVERe OfeEBrIEAGSHERIERE106 Sete§8efibPal .

The recording di,um 100, however, is renoved from or nounted on the
i or mat | on' ot OFAGEPE5CAppARk: HvisE Tedufr du. 5, he aVrags povet

level of the middle pulse chain is set to the designated
middle power level * 5% when the designated middle
power is defined as 0.5 x (designated peak power value +

20 designated value of bias power 3), the average power
level of the last pulse 1s set to the designated peak
power value * 5%, and the average power level of the
negative pulse is set to the designated value of bias
power 2 * 5%. The designated values of the peak power,

25 bias power 1, bias power 2 and bias power 3 may be
recorded in the control data of the recording medium, in
which case they can be read and used.

Even when adjusting the ratio of each pulse in



In Fig. 2, a chucking nmechanism 112 for holding the recording medium 100 is
nounted on the rotary shaft 111 of a notor 110 mounted on a box 108.1 3He003
chucki ng nechani sm 112 thus constitutes a hol ding 25 nechani sm of the
recordi ng medi um 100. Also, the motor 110, the rotary shaft 111 and the
chucki ng mechani sm 112 make up a novi ng nmechani sm for noving the recording
medi um 100 and the energy beamrel atively to each ot her. 31 J UL 2003
-20 A rail 115 acyvamment edheopaves lodx eb@B. pAlgal nsofsetaieks geisdedibletic gui ded
by a rail 114 are nounted on the case 117. Also, a linear gear 119 is
mount ed on t he admste Fizstamf & llot afpegeathe2@owermodneedhoputlise lisnear 5
gear 119. The turning effort of the rotary notor 118 nounted on the box 108
is transmtted dhenges dat SUFhy@amanP@rs@st et the chasgelthel iragael pInoves
along the rail 115. The direction of this linear nmotion is substantially

al ong the radi &R PIECORA G SFe HPETE1OULEES  A2REgBLS12he) §PRdTNTed on
the case 117. An ob'ectiv% | ens 136 is nounted al so on the case 117 through
a suspensiton 1P9“SfaptedS &M NEShe objective lens 136 only in two
directions, i.e. substantd.ally.,15 the,normal to,the recordin urface
of the recording nediun1%3%néﬁﬁ“%&%§ g%?%aﬁpﬁgggdpglﬁ§eoP°V 3 9558%&§Xg
medi um 100. Al sQ,4: i |1 i .ant Lald:y. op eqd .k .L.an e
magnet 121 is Sﬁn%l?nl'%et%@or?nt %éelo%jez%?i%&ggl gf’%lglﬁé. QE% gﬁ%gi"g’?h glteg&%rgent to

the coil 20 |23 sapdddalse PrRdUsING 2 tiRIRREhe a&f £8CHetkhRi BRGC KK | ens
136 can be noved in two directions, i.e. substantially along the normal to

the recordi ng swerage @ovidie 1eR@Qr difngheediwFr1ed1aed substamticahhy,
radially of the recording nedium 100. The rail 115, the rail guideS 25 116,

the caselbl7, thsumgneélatlZhe UH@esuspeeseanihd3xst be edel pdRdrandvehe
objective |l ens 136 make up a positioning nmechanismfor setting the energy
beamin positi ao e skt recardissgdrEdrsm b@@ard By tbe 28031- B Ahe

sem conductor |aser 131 constituting an energy beam generator is nounted on
the case 117. TH&sdnengdypehadmtdve ttioe Podmtt Reapdntbenddoeor | aser 131 is
passed through a collimate |l ens 132, a beam splatter 133 5 and then through
the objective [FERFeERHLiNge XY Gt the Powers AeveLh&cobeeseitvas| EAgsE36 is
partially reflected fromthe recording_nedium 100, passes through the

obj ective | ens CF9ESSFeosRrad S Pymtise 1685 SpI APeef 1183, PRAder 6LusBE by a

detecti I 134 .t hat, the. 10 |ight i nt ' h f is.detect b
phot o detéct or (138 EME oot 0 [hE: BEYBF 153CRA O FPORE: PEerHMRgoRreRs ~

Ot o i o ot Sl AEEe Rl B o 8B efstegteo [ each
arithmetically 419 i-eC83584e LRGSR td8heELHRIbNELLAT A" R 9ReL3GEVO
power of the first pulse. In this method, X% may be
90%, 95% or otherwise can be set according to the
20 conditions of the apparatus.

From the temporal change of the power actually
radiated on the recording medium, on the other hand, the
following method is proposed as one of the methods of
determining the average power level of the middle

25 pulses. In view of the fact that the middle pulses are
generated only in a recording mark not less than 5T in

length, the description below is limited to the

recording mark not less than 5T in length. Assuming



signal) on the relative positions of the |light spot focused by the JUL 2003
objective lens 136 and the recordi ng medium 100 and an i nformation réad
signal. The servo signal is sent to a servo controller 151, and the read 20
signal is sent to a decoder 153. Once the recordi ng nedium 100 i s nounted

on the information storage apparatus and the chucki ng nechanism 112 is

fi xed on the recordi ng nedi um 100, the detector 140 is activated and

appl i es the outhuatt shgndlentht ler eble NBZA syghemh dennhrol(her 250. Upon

recei pt of the signal, the systemcontroller 150 controls the notor 110

t hereby to rot abestiderr eber diing-vediuemtiad ahaageagprogni-d)&.rpm Al so, the
systemcontrol l er 150 31 J UL 2003 - 22 controls the rotary notor 118
and thus sets €Coasides LIy¥p itimsopotings. F@mﬁh@pinﬁhé endt ameonprioll @r 150
causes the sem conductor laser 131 to emt while at the same tine
activating t hedd&itestedroroersh PgberThustwa %ﬁ@er@@aﬂynﬁéﬁércm§99ﬁ§

started s% that _the current is supplied to the coil 123 and the focus spot
formed by >t he SﬁféétF&@el@ﬁénf§GaF§ S&t iR 58§PtPOWaBHthéSrE@oFBPﬁélﬁedlum
100. Then, the r contraller .151 sends a the s ontroller
150 i ndi cating?® ig %ﬁgtmﬁﬁgﬂﬁogﬁgsgﬁoietgeFBr #ﬁ& P888¥d§ di um

100. The systemeontrolher (0 Jigal ugts a 1geg9g% %%édtoaﬁsceﬂs the signal

read out. | n the case ere th ad ou ot the information track

in the control ,data Zqneqikheicey ghe feéoghrt@g&%rtﬂaﬁp tdketnadel kst ruction

to the servo controller 151 to sef th ocus spot 1 n position

information traekeehihke teRNarRlradat povereledalt Be Eﬁ%uhhdﬁﬁetﬁhises
operation, the systemcontroller 150 reads the information track of t he

control data zone and redgsnt htemedhnpdradf ehambieon ff @he2Polvbe meeaadilng
operation. The paraneters for the recording strategy described with
reference to Frgdibdtade onr ithicereicortdhiag mediomy i dhet fadk oefinghmethotr o

data zone. Such information as the recording power |evel, the tenporal 25
rel ati on bet weés Plreposedr disngngulofeshannethedsook- deteahliniagethead by t he
systemcontroller 150 fromthe recordi ng nedi um 100. These paraneters of
the recordi ng eVexeagy parerwlieviedn oy thie 16§St piblsent r Sbkei 1801y, the 31

JUL 2003 -23 paraneter table of the signal processing circuit 154, the
par anet er tabléséﬂm@héhéél§Qecﬁﬁ@ﬁlFePgﬁséﬁGlPﬁeYéuP efhfiesPAKCEmDENEL

aranet er _of the rrent .sinks 15 he cas re an in on for 5
Pnfornatﬁén reﬁPo&%cFF&angc§QﬁFegr5 hBEWaEgn Fﬁgrlﬁhﬁ uaﬁ % i nput

coeele 150" 18 BRIy M e o s 1o
signal pr Oduce"}%f rogmthlée pBQl%trO l@%q(:ttgr bé?’éelts 1gecigg%d crossed downward
by the level of the last pulse at the time point 2. The
power level between these two time points is integrated
20 and the result is divided by the integration time to
obtain the average power of the last pulse. In this
method, Y% may be 90%, 95% or otherwise can be set
according to the conditions of the apparatus.
From the temporal change of the power actually
25 radiated on the recording medium, the following method
is proposed as one of the methods of determining the

average power level of the negative pulse. Specifi-

cally, assume that the line representing Z% of the power



10 by the decoder 153, and then the information read is sent to the ?Oﬁh
controller through an output connector 158. In the case where an 3 2003
instruction to wite information and the information to be witten are sent
15 fromthe host controller through the inpuyf connector 159, the system
controller 150 gives an instruction to the d8fvo controller 151 to set the
focus spot in position on the recording nmedium 100. Also, the information
to be witten isewonves tigdl ddit of Qe N e PO it B @ owirfWaaéd byt ke1es gl 1
processing circuit 161. The signal thus converted into the NRZI signal is
converted into &f pihe alédat Dfe appraprdtatthepuise grdims 1t kimaughd Ne s gnal
processing circuit 154. These pul se chains are transmtted through the
delay circuit Ipresdreimnurienft Zheipdeserl Qe velhe csibgnale tpricc desitng
circuit 161 and the signal processing circuit 154 constitute a circuit for
converting the ¢rdsgemhtiprard e Wrd thesrel iaft dhe megsatdivey pulsse athdihe
31 J UL 2003 - 24 The sem conductor |aser 131 is connected to a
const ant - cur r efiiRHPRTP U F7- t STIHIRAWET ke tonfiafitearlthesst e tigeal
current consuned in the sem conductor |aser 131 and the current sinks 156.
The const ant - ci#EHtS 53 ot ' RIIE~T & Hﬁkfct’?c?%tt H S Pvdead &y e he
current sinks 156. Wether the current sinks 156 operate and absorh the
current or not d& ee%raagtlo%n tﬁ‘?é“esi%a%qga@ﬁéﬁgleef\?%atgﬁe pﬁwgeﬁ:alqeﬁre c€5si ng
circuit 154 an e cjreuit 15 cti.vation 10 of
rgea}geggf’a%ﬂéeog:gﬁéé‘. G681 Bh A oo %s YRIN ACUIMAY,

the current sin ent produced Tromthe con curr'ent

sourse o7 13, Prgdd aly ym?p e cb% *Leetc%éced}tdi d;lﬁ:% i aMS{Jdgt%%%saser

result that the anpbunt o e current Tlowng into e sem con

131 is redyced,qf hefehypchanding thHhe Enerdsd SHRlr Lt HN S ik YRy Peam

generated fromthe semconductor |laser 131. The signal processing circuit

154 and the delsyg GinEUbiad g%v%:ﬁ ivalee atpliHalddne ofevdie ument cHiks 156
at an appropriate timng and thus realize the recording strategy shown in

Fig. 1. 20 For gesriarlr digf 1dwerader drmndvaedopariatd gointhe imafyoroeat i on
recordi ng apparatus is supplied with power from an external source through
a termnal 160.diffidelt Mfordefiron r doorgdialy aappeeat dheaddsiand pedrdbdve,
there are two nethods for realizing the 25 information recording method
descri bed with ¥efreegseded AFitge 1£img prhig el afinchdhendrapsebedmtdii t t ed
fromthe objective lens is neasured by power neter thereby to

15 time required to hold the bias power level 2 from the
time point 1. Then, the power level between the time
points 1 and 2 is integrated, and the result is divided
by the integration time thereby to determine the average
power of the negative pulse.

20 From the temporal change of the power actually
radiated on the recording medium, the following method
is proposed as one of the methods of determining the
average power level of the bias power 1. Specifically,
assume that the time point 2 is the one used for

25 determining the average power level of the negative
pulse and the time point 3 is the one at which the line

representing W% of the power level to be set is last

crossed upward by the level of the bias power 1. The



31 J UL 2003 -25 nmeasure the average power |level of the first pulse, the
m ddl e pul se chain, the |last pulse and the negative pulse. The pdmerjUbfRiifhe
energy beamemtted fromthe objective |l ens can be neasured by a power
meter 5 installed imediately after the objegtive I ens or by detecting part
of the light enitted fromthe energy beam generator. The desi gnated val ues
for the current sinks and the delay circuit are adjusted so that the

measur ement of pdweenvesage maergan ofhese byl sianel pigivcidesmand hi g he
correspondi ng desi gnated val ue or each neasurenent is ~ (a: real nunber)
times as | arge iastedres oot r espdnchergrekasli tgnist et wiadade byl ntHeh el roaser athieme
each neasurenent is set to a value ~ (a: real nunber) tines as large as the
correspondi ng desigr eebiaimuethe Ryeradanfeawet ioh tise ddesr devém the
recordi ng nmedi um whil e changing the value of ~ and reproduced fromthe
recor di ng nedi U theh MeHOdal e FY L§ sl U ustGh tar mthiativisa maredeor
informati on detected by the decoder. Assum ng that the value of ~ is
finally deternmRPHE R ACCrEiMht iR pFtddeaits & thhe AR v pul se
is al tinmes the_desi natq? val .u The, syst | | er has stored therein

. m.contso
the procedure FEM"EHHT orts HP 1S e & =i BiRFe.l B /R Y
L . . it . o |
ot on Focafl g sanaalys 25 [aedne e S o dfeclne

measuring the average power edc e in

described with . (F i i | i.al r
Specifically, aﬁ%gés- gr odéuﬁ(zle\gé_Ey 351116‘? ﬂﬁ%fzé%ga%d%%%foﬁ%ncﬂ ng
apparat us si nplghd Ne LS EMOE A OFe NS LONSIHARI A E MR AP, | N POVer

accuracy and tenporal accuracy of the recording pulse. In order to suppress
these vari@ti onshefdPOWREcd SsA8l) Uss athie eEraldy hatuwrensdde 4 igsledul se,

the | ast pulse and the
change.

Another embodiment of the invention will be
explained with reference to Fig. 2. Fig. 2 is a block
diagram showing an information storage apparatus. By

15 way of explanation, the information storage apparatus
with a recording medium 100 mounted thereon is shown.
For storing information, the recording medium 100 is
essential. The recording medium 100, however, 1is
removed from or mounted on the information storage

20 apparatus as required.

In Fig. 2, a chucking mechanism 112 for
holding the recording medium 100 is mounted on the
rotary shaft 111 of a motor 110 mounted on a box 108.
The chucking mechanism 112 thus constitutes a holding

25 mechanism of the recording medium 100. Also, the motor
110, the rotary shaft 111 and the chucking mechanism 112
make up a moving mechanism for moving the recording

medium 100 and the energy beam relatively to each other.



negative pul se. For the m ddl e pulse chain, on the other hand, the power is
adj usted while at the sane tinme adjusting the average power by regqlﬁ“jm%
of the duty factor. As a result, it is possible to produce a 10 superi or
recordi ng waveformw th the power. bal anced @etmeen the first pulse, the

m ddl e pul se chain, the |ast pulse and the A gative pulse. Also, while

mai ntai ning a predetermned ratio of power between these pul ses, the power

| evel of each pulse is agjystiad @ 51 i tRE IoFUPHROWRIX Malgue RS pair
determ ned, so that an optinmumrecordi ng power always suited to the

recordi ng nedi Wr gadi benokicd nedk gilivisy Pem eentlr alil4er feamosingeed onher ei n
the procedure for controlling this sequence. 20 It will thus be understood
fromthe foregailg aescrilpr. orklafo,t he lemeedi mealr &t isc oouditeg oo tthe
present invention, an always stable recording conpatibility can be secured,
and the |imtatdame drltheroler shomrargearhd 20nder sieoottedf onhéheeddmdiang
waveform 25 can be relaxed. This facilitates the design of the recording
appar at us,® resuedmdg it a HigHumtinbigitortamd doepaotsny mpter tHS
recordi ng appar at us. 31 J UL 2003 -, 27 CLAIMS: 1. A nethod of recording
i nf or mati on fomMJWHEhPreddie Rbridihg srdmensiid teg fdithe Fodiadm @E60) by

radi ati ng a pulse chain of an energy bﬁgﬁ\includinq7a first Qﬁgge,, m ddl e
pul se chain, a 2B s et diie éfar?eega"t]i 16‘_.95‘5:‘913’1‘ FAVEE 7 e £ eul se,

of Said first e, T SRR IS G aTiNg: Fover | ovel of -
said m ddl e pul PN, 0 ev f i S I ower

| evel of said nszl‘gba i \%{eﬁpau%lgg "ilolnov}ﬁ]eﬂl}:eo%ar 0 usggjtfg é%%né‘%%%@f?%@?&r I ng

medi um i n, adva y. adj usting the average power of the first pulse to the
desi gnat ed power level of the first pulse recorded in the control data

zone; adjusting the aver agenRavey f1 the mided R shchaige af.he an
arithnmetic mean of the designated upper power |evel and the designated

| ower power |ewgdjdeeorserbrid 13@ tonicnltdtntaa seonay Al usiseng ltthe aver age
power of the last pulse to the designated power |evel of the |ast pulse

recorded in thecltonigiola dedspermsieyn aldj I stdaypg dd e cavervaey e heo vy eaft itvee
negative pulse to the designated power |evel of the negative pul se recorded
in the control data ¥heynlandiradjvistdigeathionsr iiatd orswiifs tand igdwer | evel of
the energy beamof the mddle pulse chain to the 31 J UL 2003 Zs

di f f er encled bet vkang Hehalgwiggirmt dib Ugperrgmrdineaalr e fe tdesi gnat ed

| omer power |evel recorded in the control data zone. .
recording medium 100 and substantially radially of the

recording medium 100. Also, a coil 122 in substantially
opposed relation to the magnet 121 is mounted on the
objective lens 136. By supplying a current to the coil

20 122 and thus producing a magnetic effect, the objective
lens 136 can be moved in two directions, i.e. substan-
tially along the normal to the recording surface of the
recording medium 100 and substantially radially of the
recording medium 100. The rail 115, the rail guides

25 116, the case 117, the magnet 121, the suspension 123,
the coil 122 and the objective lens 136 make up a
positioning mechanism for setting the energy beam in

position on the recording medium 100.



2. A nethod of recording information for form ng each recording nahh hﬂ.ﬁm
recordi ng medium (100) by radiating a pulse chain of an energy bea
including a first pulse, a mddle pulse chain, a |ast pulse and a negative
pul se follow ng the | ast pul se, conprising E?e steps of: recording the

desi gnat ed val ues of the power |level of thé“first pulse, the upper power

| evel and the | ower power |evel of the m ddle pul se chain, the power |evel
of the last pulse and the paslcdrMRitod lEhermeagat iceaspultse ing e control
data zone of the recording nediumin advance; adjusting the average power
of said first puleseryt bddre garedatiorofid e uwesidgoat ethepdase l1avel \Taleue of
the first pulse recorded in the control data zone and the value ~, where ~
is a real nunbemerayj dstam gntite eal/ dirage thewsremifcosaiud twirddlasepullsSé disain to
the product of the value ~ and the arithmetic nmean of the upper designated
power |evel valp@ssatd threoudwe apddiigedeed gpond3 2l eveberal s lidderddd i n
said control data zone; adjusting the average power of said |ast pulse to
the product of afe (ﬁhﬁ'qgﬁﬁﬂthﬁﬂ dEenst 13%e | e gdiokd recor ded
in said control data zone and the val ue 31 J U L 2003 29 adj usting the
average power Gfisai TRt i ﬁiﬁjseé:ttld’et H&ETS dddct SoPatite adesi gnat ed power

| evel val f i | d i i d |_d d
the val ue. ad; uing TG GRERDE R R G Te RS LS0BI PGP Che (BGIGy beam
of said m ddl e jul %Za;tercadj&efﬁe%e P Qdycte 1ol e fg%%rﬁghl"é YU @gulg'tftfe rence

bet ween t he uppeér i'ghat ed "power 1¢€veél val ue an ower designated

power level valis regor deglidsSaiyd £l {08! 4 2an913 00 IBARUIIAD. t he

. f 20 .
recor di ng characteristic an e “recordi ng/ reproducti on characteristic

whil e changi ng ik tvaliiens 18f tele RS RQ HRE RO 0hHRAh ettt pul se
using the arbitrary value of ~, and determning the val ue of ~ associ ated

with the best regordithe @RS IRHedtE and e Rest ghecHedAe/ i nPEedAct | on
characteristic thereby to determ ne the opti mum recordi ng power for said

recordi ng nedi yagmdntAY it Aty ek dldaer MG rapRar atfhe Qdgd Si ng an
energy beam generator (131), a power adjusting nechani sm (150, 155-157)
capabl e of adj usttemg itthe dedwert ddeviel eafcht He ghrtergyr divdmogereratied by sai d
ener gy beam generator, a hol ding nechani sm (112) capabl e of holding said
recordi ng medi @hPld fved dy meclramldhiEr1 1521 whilel Heings aritdmericaddyabl e
of nnvinadfaid energy beam and said recqrdin% mediumrel atively to each
other, add a siPgraessHesbeddiatey dafiactirso thesdnfpgmptieon Jd&§F&ti ng t he
information to he recorded . to tqg ower 31 J U % %%QS _

signa on the relative positions o e light spot

focused by the objective lens 136 and the recording

medium 100 and an information read signal. The servo

signal is sent to a servo controller 151, and the read

20 signal is sent to a decoder 153.
Once the recording medium 100 is mounted on

the information storage apparatus and the chucking

mechanism 112 is fixed on the recording medium 100, the

detector 140 is activated and applies the output signal

25 thereof to a system controller 150. Upon receipt of the
signal, the system controller 150 controls the motor 110
thereby to rotate the recording medium 100 at an

appropriate rpm. Also, the system controller 150



~0 | evel of said energy beam wherein said recording nmediumis |rrag£df1 ﬁfl
with a pul se chain of the energy beamincluding a first pul se, c‘ 2003
pul se chain following said first pulse, a last pulse followi ng said m ddle
pul se train, and a negative pul se foll ow ng sal d last pul se when form ng
each recor di ng mark on the recording nedi un? thereby determ ning the
opti mum energy beam power for recording the information in said recording
medi um usi ng t heor 4¥ O STt H O Nr 61060 Ahdth rTEIT GhrRE GOl NG HO tHAidAsk an 2. 4.
An information recording apparatus for formng a recording mark by
radi ating an engf @PodE@von aneaw sl nhdredidyen Kt rurired SSepanalel v,
conprising: neans (131) for radiating the energy beamfor form ng one
recordi ng mar k tore ssendi cevdudiony heskurm3lanc comittr dligmgnsvh(il®0,atlthell2,
115, 116, 118122, 154, 161) for controlling a multi-pulse chain indicating
the radi ati on tdanend ie sadti eniny Heamdnves wntraldererl Es t Isssure a
predeterm ned ratio of the average power between said first pulse, said

last pul s&b and e FatrNe Triee b is atandhEa Hhat tde purgendnd  he

| ast pul se.
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through an input connector 158, the system controcller
150 instructs the servo controller 151 to set the focus
spot in position on the recording medium 100. Thus, the
signal produced from the photo detector 135 is decoded
10 by the decoder 153, and then the information read is
sent to the host controller through an output connector
158.
In the case where an instruction to write
information and the information to be written are sent
15 from the host controller through the input connector
159, the system controller 150 gives an instruction to
the servo controller 151 to set the focus spot in
position on the recording medium 100. Also, the
information to be written is converted into an NRZI
20 signal through the signal processing circuit 161. The
signal thus converted into the NRZI signal is converted
into a plurality of appropriate pulse chains through the
signal processing circuit 154. These pulse chains are
transmitted through the delay circuit 155 to the current
25 sinks 156. The signal processing circuit 161 and the
signal processing circuit 154 constitute a circuit for

converting the information to be written, into a

recording pulse chain.



10" 10" 910% & (

10968 () -
1096& () -

)-*adEbC 10@MLOYB& () - 109%6& () - 1096& ()-1096& ()-9

,109%& () -<ul_aBbC 10@*10%& () - y#109%& ()-s ! 31 JUL 2003
10968 ()-tLL! 1098& ()-! Y3%4.0955& () j GHI JdYNC 10@ 105 105

105910968’ () 710968 ()- 861096& () - L34! 1096& () -, MO ()-IX\ 4< u 1} <YNC
10@, -10% & ()-!C 29409 ()-! R 2940% " & ()2 FZ°/<10°/&' ()-1GLO%& ()-"' 10%&
)y- 1111 9" HE#$$S) [ 9+C
10! V&' " 10%&' () - 1 [ &&' " 10%8A &) s dn Belor d@ES £ ) T SNOL 008! 19 -CORHOYER (Do 4R 10%
((& ()-3$3%&34383%80/&a?C
10! VI Y&109%&' ()

10V&- "'
%40% " & () - S!
& ()- S/ *0*1*2* AAE*~***xY: Ol s, 10%&' () - LL10%&' () - YI0%& () - GLO%&' () -

cOhYBIDUER font YSdOL@e ()5 1090rde {nNtdinl Wofor{dtart) value

(((WV)/*zX6?C 10! s9("10%&' ()-'!s9("109%66& ()-!s9("10% : & () -
WD h& (PtHl &dfeént consumed in the semiconductor laser
f109%& () -

10 10 10%* ++c++LIHEY Ot se YOOD@en Y - 53009/l §9 - 10D (QorkOui e bos () -

| 109%& ()-+:,-D-y
& ()-t LI D% (S)Qurqed157/a§xcpm%¢12q@w*(b -

109& ()-)  109&
10s910%& () - 81
()-109%& () - 109

()-
10

10

15

20

25

- -dEXY:0!'s 9" 109& () - Y% 109%&' () - y#, 109%& ()- !"10%& () -
/ggA/ /%é//////xrrbm's 109 ()- 10 10

& ity ool g )curpErRg ( )

0@6

i 10())&?%5*1%&41&%%0@@ 1§1Y /DD detb QR R 04 ss9109%&
7 0%
3&3833333dEnbc1ﬁ£§f(*%‘9/& é‘%’f:’i Y ‘Z’% ’@Ecﬁ@?ﬁd%%d@@ Siped

109& ()-s!! 100

100 ()5, SR 4%“#1@-‘ S S T R AT O 1 0h (15 109 () -

passed through the delay circuit 155. Upon activation
of the current sinks 156, the current produced from the
constant-current source 157 is partially absorbed into
the current sinks 156, with the result that the amount
of the current flowing into the semiconductor laser 131
is reduced, thereby changing the energy level of the
energy beam generated from the semiconductor laser 131.

The signal processing circuit 154 and the
delay circuit 155 activate a plurality of the current
sinks 156 at an appropriate timing and thus realize the
recording strategy shown in Fig. 1.

For performing the aforementioned operation,
the information recording apparatus is supplied with
power from an external source through a terminal 160.

In the information recording apparatus
described above, there are two methods for realizing the
information recording method described with reference to
Fig. 1.

1) The power of the energy beam emitted from

the objective lens is measured by power meter thereby to
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the corresponding designated value. In the case where

each measurement is set to a value a (a: real number)
times as large as the corresponding designated value,
15 the information is recorded in the recording medium
while changing the value of a and reproduced from the
recording medium. Then, the value of a is adjusted to
minimize the error information detected by the decoder.
Assuming that the value of a is finally determined as
20 al, the optimum power level of the recording pulse is al
times the designated value. The system controller has
stored therein the procedure for controlling the
sequence mentioned above.
2) For the information recording apparatus
25 lacking the function of directly measuring the average
power of each pulse, the information recording method
described with reference to Fig. 1 is realized in

substantial manner. Specifically, a mass-produced
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other hand, the power is adjusted while at the same time
adjusting the average power by regulation of the duty
factor. As a result, it is possible to produce a

10 superior recording waveform with the powerlbalanced
between the first pulse, the middle pulse chain, the
last pulse and the negative pulse. Also, while
maintaining a predetermined ratio of power between these
pulses, the power level of each pulse is adjusted and

15 the optimum power value is determined, so that an
optimum recording power always suited to the recording
medium can be obtained. The system controller has
stored therein the procedure for controlling this
sequence.

20 It will thus be understood from the foregoing
description of the embodiment that according to the
present invention, an always stable recording
compatibility can be secured, and the limitation on the
overshoot and the undershoot of the recording waveform

25 can be relaxed. This facilitates the design of the
recording apparatus, resulting in a high reliability and

compatibility of the recording apparatus.
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radiating a pulse chain of an energy beam including a
first pulse, a middle pulse chain, a last pulse and a
negative pulse following the last pulse, comprising the
steps of:

recording the designated values of the power
level of said first pulse, the upper power level and the
lower power level of said middle pulse chain, the power
level of said last pulse and the power level of said
negative pulse in the control data zone of said
recording medium in advance;

adjusting the average power of the first pulse
to the designated power level of the first pulse
recorded in the control data zone;

adjusting the average power of the middle
pulse chain to the arithmetic mean of the designated
upper power level and the designated lower power level
recorded in the control data zone;

adjusting the average power of the last pulse
to the designated power level of the last pulse recorded
in the control data zone;

adjusting the average power of the negative
pulse to the designated power level of the negative
pulse recorded in the control data zone; and

adjusting the variation of the power level of

the energy beam of the middle pulse chain to the
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%5&}()-10%5&]quiagbng&a(pulsgochain of an energy beam including a
first pulse, a middle pulse chain, a last pulse and a
negative pulse following the last pulse, comprising the
steps of:
recording the designated values of the power
level of the first pulse, the upper power level and the
lower power level of the middle pulse chain, the power
level of the last pulse and the power level of the
negative pulse in the control data zone of the recording
medium in advance;
adjusting the average power of said first
pulse to the product of the designated pulse level value
of the first pulse recorded in the control data zone and
the value a, where g is a real number;
adjusting the average power of said middle
pulse chain to the product of the value a and the
arithmetic mean of the upper designated power level
value and the lower designated power level value
recorded in said control data zone;
adjusting the average power of said last pulse
to the product of the designated power level value of

the last pulse recorded in said control data zone and

the value 3a;
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upper designated power level value and the lower
designated power level value recorded in said control
data zone; and

measuring the recording characteristic and the
recording/reproduction characteristic while changing the
value a after adjusting the power of each of said pulse
using the arbitrary value of a, and determining the
value of a associated with the best recording
characteristic and the best recording/reproduction
characteristic thereby to determine the optimum
recording power for said recording medium.
3. An information recording apparatus comprising
an energy beam generator (131), a power adjusting
mechanism (150, 155-157) capable of adjusting the power
level of the energy beam generated by said energy beam
generator, a holding mechanism (112) capable of holding
said recording medium, a moving mechanism (111, 112,
115, 116, 118-122) capable of moving said energy beam
and said recording medium relatively to each other, and
a signal processing circuit (150, 154, 161) for

converting the information to be recorded to the power
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level of said energy beam;

wherein said recording medium is irradiated
with a pulse chain of the energy beam including a first
pulse, a middle pulse chain following said first pulse,
a last pulse following said middle pulse train, and a
negative pulse following said last pulse when forming
each recording mark on the recording medium, thereby
determining the optimum energy beam power for recording
the information in said recording medium using the
information recording method according to Claim 1 or 2.
4. An information recording apparatus for forming
a recording mark by radiating an energy beam on a
recording medium (100) mounted separately, comprising:

means (131) for radiating the energy beam for
forming one recording mark on said recording medium; and

control means (150, 110-112, 115, 116, 118-
122, 154, 161) for controlling a multi-pulse chain
indicating the radiation timing of said energy beam in
such a manner as to secure a predetermined ratio of the
average power between said first pulse, said last pulse
and the middle pulse chain excluding the first pulse and

the last pulse.



