Met hod and apparatus for reading and recording
information on a rewitable record carrier The present
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apparatus for recording data in the form of marks and
for erasing recorded marks in an information | ayer of
a record carrier by irradiating the information |ayer
by nmeans of a pul sed radiation beam a recorded nark
bei ng erased by a sequence of erase pulses, said
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The present invention relates further to a nethod and
a correspondi ng apparatus for reading data recorded in
the formof marks and spaces in an information |ayer

of a record carrier by irradiating the information

| ayer by neans of a sequence of read pul ses of a

pul sed radi-at
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It is an object of the present invention to provide a recording method and
apparatus as well as a reading method and apparatus by which a reduced laser power
consumption can be obtained, in particular when applied in portable optical devices such as
an SFFO drive.

This object is achieved according to the present invention by a method as

claimed in claim 1, according to which at least one of the erase pulses in said sequence of



conprising radiation source and a control unit is
defined in claim9. Erase pulses are typically applied
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mar ks i n case of phase-Change recordi ng. |In nost
applications, the erase power is a DC kind of signa
and the level is constant. It is known that a pul sed
erase strategy mnimzes the tenperature | eakage to
the adjacent tracks (heat |eakage to the adjacent
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size, duration etc. depend very much on the record carrier, in particular the number of
information layers, the material used and the thicknesses thereof, and the recording velocity.
In general, the number of steps could be between 2 and N, N being at least 20. The step size
could be between 2 and 99% of the highest erase power level, preferably between 5 and 10%.
According to another embodiment at least one of the erase pulses in said

sequence of erase pulses has an erase power level that is continuously decreasing with time.
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could be between 2 and 99% of the highest erase power
| evel, preferably between 5 and 10% According to

| east one of the erase pul/EB2804/051063
sai d sequence of erase pul ses has an erase power | evel
that is continuously decreasing with tinme. The decrease
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a sequence of write pulses for recording the marks and a sequence of erase pulses for erasing

n

recorded marks. The control unit is further operative for controlling the power of the
radiation beam for erasing a recorded mark such that at least one of the erase pulses in said
sequence of erase pulses has an erase power level which is decreasing with time. The control

unit can be implemented by generally known analogue or digital devices. Furthermore, the
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erase pul ses for erasing recorded marks. The contro
unit is further operative for controlling the power of
the radi ati on beam for erasing a recorded mark such
that at | east one of the erase pulses in said sequence
of erase pul ses has an erase power |evel which is
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Fig. 7 shows diagrams illustrating the time-dependence of the data signal (Fig.

7a) and different embodiments of a control signal (Figs. 7b-7f) according to the invention for
controlling the power level of the radiation beam during recording and

Fig. 8 shows a diagram illustrating an embodiment of a control signal
according to the invention for controlling the power level of the radiation beam during

reading.

A pulse-shaped erase level, so-called pulsed erase, has already been proposed
in the initial phase of the Blu-ray Disc system (in the former DVR land/groove system). A
pulsed erase strategy appeared to work properly for fast-growth materials (for example doped

SbTe compositions). A pulsed erase leads to a more or less DC-kind of temperature rise with



controlling the power |level of the radiation beam
during recording and Fig. 8 shows a di agram
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according to the invention for controlling the power

| evel of the radiation beam during reading. A

pul se-shaped erase | evel, so-called pul sed erase, has
al ready been proposed in the initial phase of the

Blu-ray Disc system (in the f Sr mer DVR | and/ gr oove
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increase, causing an even steeper temperature rise. A downwards staircase leads to the
opposite and wanted behavior, namely a more or less constant and lower temperature in time.
This behavior can be understood from the insight that a high laser power is applied when the
temperature of the medium is low. After the first time increment in which the laser power is

on, the stack heats up, and the laser power is reduced accordingly to compensate for the
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staircase (Fig. 4a) and a bl ock-shaped pul se (Fig.
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illustrated in Fig. 5 for SFFCconditions (I|inear
velocity LV=2.09 nml's, nunerical aperture NA=O0. 85,
wavel ength of |aser |ight | anbda=405nm. A
bl ock- shaped pul se typically results in a steady
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to be recongdeflbodident 5 BNAMRERI SNRWRIiIAYS pAdad isSh&Adin Fig,

107b. Therein, the control signal uses an N-1 write strategy, i.e. the number of write pulses for
writing a mark having a time length of NT is N-1, i.e. three write pulses 21 are applied for
writing the 4T mark and 6 write pulses 22 are applied for writing the 7T mark. Previously
written marks are erased during writing the spaces by applying block-shaped erase pulses 23,

24 having a constant erase power level.
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subsequent|ly conprises a 3T space, a 4T mark, a 6T
space and a 7T mark, T representing the period of a
al so cal |l ed the channel pi/1B2004/051063
period. The data is witten in an optical rewitable
record carrier having an information |ayer which
informati on | ayer has a phase reversibly changeabl e
between a crystalline phase ard an anorphous phase.
The marks representing the data are witten along a
track i 3 t ,h@oidmfg@d’ mapxie@nt ih\&yt&fn f&nerdsmg azdftca]tdmdahxg; sle(tuewest daf
ra r t he :
TRB PR B PR P REY R S S ok bl g s 7o
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pul ses avil ng constant erase power
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a_ sing - shaped uI se
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witing a space
t Inest mmeioww\f/ar@smgasmﬂa@eh isceo weldl pabible tlbeslrmla‘efrm E}rhies 521 of

; H&Qas@%u]% seEJéRJe%@ hARLE ?ns%t elreﬁ@%ot\»iepﬁgel d ﬁabeea t%c@%ﬁaped form,

[ses I n a sequence o erase ul ses as ah erase
p e othes grase mwSéHZ haye g dewrevagds pigiraapet farm: Erign, mqry. fitfieposgiftle that

ema@ﬁgmmes lﬁfan @fasegmfser sféhueﬁdegiﬁ aks st O etk g fdr QorkrBBsignal 60, have
i nventi.on such erase Eulses are shown in Fig.

S‘fﬁeﬁnﬁ“f‘“e“feﬁts er 6‘% gl FESCYRE ISGYIMEHRI 30 conpri ses
sequences Bik, emBadlmént ghooh ibEig. 7€ Saeeily |to/neinymzee;roa/s;ecopsmh1$ﬁm
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C @mplnuﬂe (&cprg erade palGe intoedd ewx bﬁsh@waa@bcwbtget@n iofitht heating up Of the
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Sl zes as t ower |eve e I ndi vi dua
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power is needed. Such a strategy may be beneficial for high-speed recording.
The embodiment shown in Fig. 7e is a combination between block-shaped
erase pulses and the staircase erase pulses. In this case less electrical power is saved, but the

erasibility may probably be improved. Such a pulse strategy may be beneficial for inter-

company overwrite. For example if data written in a different device is overwritten in the



Furt hernore, as shown in the control signal 50 of Fig.
7e not all erase pul ses nust have a downwar ds

w@r@snedse shape. It is as well possible that BCTIB2804/051063
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erase pul ses 521 of an erase pul se sequence 52 have a
constant erase power |evel and have a bl ock-shaped
form while other erase pul ses 522 have a downwards
staircase form Even nore, it8is possi bl e that the
erase pulses in an erase pul se sequence 62, as shown

| Ruirdn@drivéfThk 965515@ mffeﬁélm_:eﬁh glﬁfk'mz@ @he did¥m ﬂ{iyf Ye @Bt with higher
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el ectrical power is saved, but the erasibility

may
probabl y b Siausbepeted thal herpresens invention s maflimigd H’év %@Od‘mems
beredniif Figh. 7fad 8 lbﬁlﬁxﬂny Gﬁﬁ'ﬂ@h@ ){re@\jﬁfblM Bji singfefie }ammahcepulsfes in
data witten in E$ | erent devi | ﬁm[ h

t ﬁé&aﬁ"rl?“isﬁfeqa?ﬁ%' rearRe Sepc?%‘éef“‘t?r féspafthf é’r‘)é H%‘é? Heaﬁ’a‘)l”& a§|a2 grase
( tpheerddvell adl etadipoviey leld, regpedtivey) which lis decrgdsimg witb vime a significant

lb?/é‘dq& g ohg io%gu%ﬁﬁorp’%%h Wﬁg]%{l meﬁr &@B? U@l?ﬁl%qvé‘s Qlich

i mm%ﬁ’r‘ékd@de & e aptieedrml |y bal ance strategy, taking
into account the wite pulses applied before and after
the train with erase pulses. Fig. 8 shows a diagram
illustrating an enbodi nent of a control signal 70
according to the invention for controlling the power

| evel of the radiation beam during readi ng, by use of
whi ch the information signal 10 (Fig. 7a) can be read.
As shown the control signal 70 conprises a sequence of
identical read pulses 71 having a read power |evel
which is decreasing with time in the formof a
staircase. However, it is also possible that the read
pul ses have ot her and/or different shapes simlar as
it is explained above and shown in Fig. 7. In this way
, the total read power can be reduced w t hout
sacrificing the signal-tonoise



ratio of the signals received fromthe record carrier
It should be noted that the present invention is not

wo povsoed21 o t he enbodi nents shown in Figs. 7 apdi/B0oui51063
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many variations are possible. By using erase

pul ses/read pulses in a erase pul se sequence or read
pul se sequence, respectively, of which at | east one
has an erase power |evel or read power |evel,
respectively, which is decreasing with tine a
sic@niffigcant reducti on of power consunption, which is
at least inportant for portable optical drives, such
as an SFFO drive, can be achieved. CLAIMS: 1. A nethod
of recording data in the formof marks and for erasing
recorded marks in an information |ayer of a record
carrier by irradiating the information |ayer by neans
of a pul se reco rk bein
orlased by & rdtp Bhetmre B Be b SLOSHAR R sSng pqpeed

[ mlfaﬂfsmfaimﬁ)fhnﬂaﬂyreliaydn afd riag)r(acaphab}eirracﬁatmg e lrifyrmatiarigealy e
OVBET PGB0 hIF. HRARE. RO 180, RS RDPUR AT B
imuSQKﬁié@qu@nmbm@ﬁmdmas@wmahyégeG@qwmszwmha@eaﬁWémase
pQYﬁI'élllh@%%e Ak ogs%ﬁs%a3| ng with tine. 2. 'Vbt hOd

['ai med in clainil wherein at | east one of
e rca%cteﬁaidg@@ai ah leash pre of B G@FFGRIseYIn GRS é@se(Psl_fes (3by2)
C QaSdnetaSe piweNleROWhick RYecrédsiB@iwiligtnad) | nt eger nunber
| arger than 1, the i-th portion having an i-th erase
power |l evel, i being an integer nunber in the range
bet ween 1 Methodias cldirgediia tiimpior ti on precedi ng the

(il and ! p .
| ev&\‘/fle%eml ag leﬁs?orﬁ o?ﬁ'lté ﬁan ptu‘%gqii ?a ({E) &Lpﬁce of grgse $ng€§\/\§3} 15 ?ﬁg@ér}sists ofn
3.poieeshi blelwnemaen@mlbpniargmliaml 2he inth @préprnhaaing Piib eraganewer

ofiedein Boefilo R ﬁm%l:ij mfSerifint BE esb%{»&ie@ﬁ&iid%nﬁ& AhoBbASEeeding the
pu ses § consi st's O% Oi‘tl on

s db‘ékfameiﬂa'i gd ‘t"i’?é"'%‘éﬁbthc?[ﬁs"aﬂoiwéﬂevehls hweﬁtrﬁ@a thedi+d)- e

| powéraévdd). 1, wherein at | east one of the erase pul ses
in said sequence of erase pul ses has an erase power

| evel which is continuously decreasing with tinme. 5.
Mt hod as dleswbdradldimedoh @aim2l, wherein all erase pul ses

Nyndd ndat REIHE 2)\‘1321]&) gx\fia\;]eepruﬁ% in ng é% eﬁge ) of § eﬁlilﬂé/ngiaﬂz) consists

erase povver Sl ng w
of n portions of substantially the same duration.

4. Method as claimed in claim 1,
wherein at least one of the erase pulses in said sequence of erase pulses has an erase power

level which is continuously decreasing with time.

5. Method as claimed in claim 1,
wherein all erase pulses in said sequence of erase pulses (31, 32) have an erase power level

which is decreasing with time.

6. Method as claimed in claim 1,

wherein all erase pulses in one sequence of erase pulses (31, 32) are identical.



6. Method as clainmed in claim1, wherein all erase
pul ses in one sequence of erase pul ses (31, 32) are
wo dmspnoqaad . 7. Method as clainmed in claiml, WhECEIBR004151063
front portions of the erase pulses (42) in one
sequence of erase pul ses have different erase power
| evels. 8. Method as clained in claim1, wherein the
ti me dependency of the erase ppver | evel of the at
| east one erase pul se is dependent on properties of
the record carrier and the erasing velocity. 9. An
optical recording device for recording data in the
fdrm of nmaMREoLFFleinsd Inf'a®ilng recorded marks in an
I wvhereiatiel fnt foaioas oftlie efasé RO@E @2 iabfid sequeldg of erasa@ulads ihing
tggfhggo&gatkggv&ayer with a pul sed radiation beam
sal'd 't 8F AR on Tayer havi ng a phase reversibly
5 changeabl e between a crystalline phase and an
agor phous phase.. L.hgqdeMiiag. conprising a radiation
source for prOV|élng the radi ati on beam and a contro
uihereis phertigiejdorendaney ¢f divterast povsgleyahef throaidaast gpe argsepulse is
I acHeAdehOdh PRl PdTthelreordRRPivl Al Y eAsineRURMAEE Oof write
pul ses (21, 22) for recording the marks and a sequence
of erase pulses (31, 32) for erasing recorded marKks,
10 clar act er i Zgdptical réchaiingtdbvécedarrtdoalingliatatin ths foap ef airksaad for

for .controlli .t he power .of the rafiati nb n1¥or
N R R R R R

elirdgranatian lsyeswitina pdsediradigtipnénae saf indrmateon fayerdesing 8hase32)
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151 Q&Qf)ﬂro?ﬁxg EHe EWR Y thé rafaaii@tagm arltdher dr%d;ﬁgwafd]@ﬁbelofw&tg pliyes

mean a sequence of rea ul ses 0 ul se

O S p e edr s A Bt o R ey Glup o S gded

rensessi bly changeabl e between a crystalline phase and

anh %r'cr:?errige%q}fl f?xatRFeac%r?trol ﬁrlﬁ?irs gCtra 1% &)?gonkr&liégnﬁé ogxser cl)fgl%srgdizgigg

of 'F e 'Fead pul'ses 1n sa|%’sequence of° T e pul'ses

( Pegm fongasimg areqdiep wassudhéheedt lesbtiophofitie: erse pulms inrsgfd wiquigmce of
20 t lef¥6e puis%s 3 N%&ﬂ%g arfetask Ip@vl'em:e%l 'w_rl‘nicﬁ lisadegkaggg \QM?%E@.' n at

| east one of the read pulses in said sequence of read
pul ses (71) consists of n portions, n being an integer

nygber | ar gﬁ{etﬁo}? 81 reddingldR@ rdcoriéll iR eHe tfdrMrbS an A s@déﬁsi' in &)
eve In the

read power , | being ap integer number
¢ SR EER areRtPere DB S pR e Be B P ECRATHE ¥ fe
((isedugnct bf rpdairpuisex(7 1)@nalpuMae radiatiort Haem, i saitl hfsreatbnpayaeiaving a
25 ! ep}{aesle relvgrsiDIIy gpa%éeaglg %cht:err]l% cﬂylst-gllli)lé éhgseraﬁc’flg] A?n%%gus phase,
characterized in that at least one of the read pulses in said sequence of read pulses (71) has an

read power level which is decreasing with time.

11. Method as claimed in claim 10,

30  wherein at least one of the read pulses in said sequence of read pulses (71) consists of n
portions, n being an integer number larger than 1, the i-th portion having an i-th read power
level, i being an integer number in the range between 1 and n, the i-th portion preceding the
(i+1)-th portion, and wherein the i-th read power level is higher than the (i+1)-th read power

level.



| evel . 12. Method as clainmed in claim1l, wherein at
| east one of the read pulses in the said sequence of

wo ead/opibses (71) consists of n portions of PCT/IB2004/051063
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substantially the same duration. 13. Method as clai ned
in claim10, wherein at |east one of the read pul ses
in said sequence of read pulses (71) has a read power
| evel which is continuously dicreasing with tinme. 14.
A nmethod as clainmed in claim wherein all read
pul ses in said sequence of read pulses (71) have a
read power |evel which is decreasing with tine. 15.
MBEhod as Melphasglameddn daim 110, wherein all read pul ses
| vhexem aSleﬁU@ia GEthofead @.ﬁués Pulesseid sdqhdnke afreadiptisddt(719 @dnsistd 6f n
Met hod 2 @5? m 10, wherein the front
pBPEPBP: “Qﬁm¥ﬁ %gﬂwéﬁP@%% in one sequence of read

pul ses have different read power |evels. 17. Method as
clhigimed in the time dependency of

thg r ead pg@é@i%@%@wmmyﬁ& eaat | east one read pulse is
d ehenaid @hleasbene 9f bp eepd pudsss infsaid praugneeefirend ulpasi(dp hagrgdead pewer
r & wHthM&doRGubXsty dbreasd witRtilngal recording device for
reading data recorded in the formof marks and spaces
in an information | ayer of a record carrier by
inuadiatingr&hﬁdhﬁ&ﬁmaﬁhhﬁm1kayer by neans of a

ggvguﬁﬁ%{rlléglre&d P?[}feeg? S%(ﬁlesl}cé %adl?{)fglsgé ggvreg,%l a{ea% POW rI e(\)/ g hIICh is
chamgeabWehmmtmeen a crystalllne phase and an

anor phous phase, the device conprising a radiation
source forpFrOV|d|ng the radi ati on beam and a contro
udft oper aMetped gsshairgsdnin ¢1gm 10ng t he power of the

I 3fhkeRiniafl Reall 8RS HVhe EQlenBs GV ipigks #7135 B URAGE. of read

pul ses for reading the information, characterized in
that the control unit is operative for controlling the
pager of tmthbcad;ioaiimalnnbaalnnofor readi ng the

i nf t f
: P\]Nhgrgln é esfo onhpeorr]t(l:ogs %ﬂﬁerrgaa CPU|S?,I 6}12 ce)nseos?q?lix?ce ﬁ} read apu?sesq'gee A %ergnt

I eudlpowmlle(vbiu s decreasing with tine.

17. Method as claimed in claim 10,
wherein the time dependency of the read power level of the at least one read pulse is

dependent on properties of the record carrier and the reading velocity.

18. An optical recording device for reading data recorded in the form of marks and
spaces in an information layer of a record carrier by irradiating the information layer by
means of a sequence of read pulses (71) of a pulsed radiation beam, said information layer
having a phase reversibly changeable between a crystalline phase and an amorphous phase,
the device comprising a radiation source for providing the radiation beam and a control unit
operative for controlling the power of the radiation beam and for providing a sequence of
read pulses for reading the information,

characterized in that the control unit is operative for controlling the power of the radiation
beam for reading the information such that at least one of the read pulses in said sequence of

read pulses (71) has a read power level which is decreasing with time.



