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determ ning the optimnumwite power The invention relates to a nethod for
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having a controllable value of a write power level (P), a control unit operative to record a

series of test patterns in a test area on the recording medium, each pattern being recorded
with a different value of the write power level (P), a read unit for reading the recorded test
patterns and for forming corresponding read signal portions, and setting means for setting an

20  optimum value (Pyy) Of the write power level in dependence on the read signal portions.

A method and apparatus according to the first paragraph are known from the
European patent application No. EP 0 737 962. The apparatus uses a method for setting the
optimum write power (Popr) of the radiation beam which includes the following steps. First
25  the apparatus records a series of test patterns on the recording medium, each test pattern with
increasing write power (P). Next, it derives the modulation (M) of each recorded test pattern
from the read signal portions corresponding to each of the test patterns. It calculates the
derivative of the modulation (M) as a function of the write power (P) and normalizes the

derivative by multiplying it by the write power (P) over the modulation (M). The intersection
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preset value ('target) determnes a target wite power |evel (Ptazget).
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because of environment and apparatus -to- apparatus deviations for every recording medium
20  and recording apparatus combination. The known methods for setting the optimal write
power (Pop) take the different characteristics of the recording media into account.
Furthermore, the methods are independent of the specific recording apparatus. They are
designed for providing a proper setting of the write power of the radiation beam for each
combination of recording apparatus and recording medium. Such methods are often referred
25  to as OPC (Optimum Power Calibration) procedures.

However, it is a disadvantage of the know method that an unambiguous value
for the opﬁmal write power level (Pop) is not always obtained. This is especially the case for
recording media comprising an information layer having a phase reversibly changeable
between a first state and a second state such as, for example, an information layer of the

30 phase change type having a crystalline and an amorphous state. On such a phase change type
information layer a mark is formed, for example, by an amorphous area within a crystalline

surrounding. Recording media comprising a phase change type information layer include, for

example, CD-RW and DVD-RW discs.
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achi eved when the nethod set forth in the preanble is characterized in
that the nmethod al so includes, before the first step, an initialization
step of applying Itlﬂﬁarf@ﬁecﬁtolfdﬁ prent inawitivg tepreidsempthodract@diig tb thet he
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always be executed, irrespective of whether or not any information is recorded in the test

area. The initialization step of erasing the test area should be executed even when a new
20  recording medium, i.e. a medium that is, has never been used before to record user
information, is used. Experiments performed by the inventor have a much more accurate and
unambiguous value (Pop) of the write power level (P) could be deduced revealed especially
for new recording mediums.
It is also to be noted that erasing the test area by writing the test patterns while
25  using a Direct-Overwrite (DOW) technique, that is, writing information to be recorded in the
information layer and at the same time erasing information previously written in the
information layer, is inadequate. The test area should preferably be erased by a so called DC
erasure, that is, applying a radiation beam having a constant erase power level without write
pulses in between, before writing the test patterns. After erasure, the test patterns may be
30 recorded using a DOW or any other recording technique.
An embodiment of the method according to the invention is characterized in
that the third step includes a first intermediate step of deriving a value of a read parameter
from each read signal portion, the values representing a relation between the read parameter

and the write power level (P), and a second intermediate step of selecting the optimum value
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following more specific descriptions of examples of embodiments of the invention, as
illustrated in the accompanying drawings where
20 Figure 1 is a flow chart of a version of the method according to the invention,
Figure 2 is a graph showing the derivative of the measured modulation as a
function of the write power level,
Figure 3 shows an embodiment of the optical recording apparatus according to
the invention, and

25 Figure 4 illustrates two read signal portions from two test patterns.

Figure 3 shows an optical recording apparatus and an optical recording
medium 1 according to the invention. The recording medium 1 has a transparent substrate 2
and an information layer 3 arranged on it. The information layer 3 comprises a material
30 suitable for recording information by means of a radiation beam 5. The recording material
may be of, for example, the phase-change type, the magneto-optical type, or any other
suitable material. Information may be recorded in the form of optically detectable marks on
the information layer 3. The apparatus comprises a radiation source 4, for example a

semiconductor laser, for emitting a radiation beam 5. The radiation beam is converged on the
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The write power control signal is apf)lied to a control unit 12. An information

20  signal 13, representing the information to be recorded on the recording medium 1, is also fed
to the control unit 12. The output of the control unit 12 is connected to the radiation source 4.
A mark on the recording layer 3 may be recorded by a single radiation pulse, the power of
which is determined by the write power control signal as determined by the setting means
200. Alternatively, a mark may also be recorded by a series of radiation pulses of equal or

25  different length and one or more power levels, each level being determined by the write
power control signal as determined by the setting means 200.

Before recording information on the recording medium 1 the apparatus sets its
write power (P) to the optimum value (Pp) by performing a method according to the
invention. This method is schematically depicted in the flow chart shown in figure 1.

30 First, in an initialization step 110, the apparatus applies a radiation beam 5 |
having an erase power level to the test area on the recording medium 1. The control unit 12
controls the radiation source 4 such that it emits a radiation beam 5 having a constant erase
power level. When a so-called “black-writing” record carrier of the phase change type is

used, the information layer 3 in the test area becomes the crystalline state. Previously written



20 signal 13, representing the information to be recorded on the recording
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I nf ofgrat LAR bR comprise a short mark, a long mark and a short mark, as denoted by the signal
parts 15, 16 and 17, respectively, in both the read signal portion 18 and the read signal

portion 19. An actual test pattern may comprise a few hundred marks of different or equal
length.
In the first intermediate step 114 of the third step 113 of the method, thr
25  processor 10 derives from the read signal Sg a read parameter for each read signal portion
18,19. A possible read parameter is the ratio of the lowest level of the amplitude of a read
signal portion (for the read signal portion 18 indicated by "a’in Figure 4) to the maximum
level of the amplitude of the same read signal portion (indicated by b”). A preferred read
parameter is the modulation (M), being the ratio of the maximum peak-to-peak value of a
30 read signal, indicated by c’, to the maximum amplitude b’ of the read signal portion.
Next, series of value pairs for the modulation (M) of a pattern and the write
power (P) with which that pattern has been written are formed. The write powers may be
taken from the value of the write power control signal during the recording of the test

patterns or, alternatively, from a measurement of the radiation power. A curve is fitted



15 recordi ng nmedium Subsequent test patterns may be recorded with a
step-wi se increased wite power |level (P) under the control of the control
unit 12. waorkmrsecond step 112 the recorded test patternBCHERIVBaE by t he
read unit 90 so as to forma read signalb SR Figure 4 shows the read
signal SR and two read signal portions 1 and 19 obtained fromtwo test
pat t er nsthvughttRemdhsur¥Pmaihibeseluddrih bdeP @Y\Shtain@venalytid BRpre@sdn 9 teat t er ns
shown conprise a short mark, a long mark and a short mark, as denoted by

t he si gneariatignof thergodulgicnms affunctioagyd dlag wiitel gpwarnl s fittingaay kedons; fal

portion r si gna riian o actual test pattern may
conpri seé)gmfpgqu%ﬁe rgggmnﬁrvggﬂé?o@ﬂfe%%rsg%%g%frlégéﬁgﬁolﬂ@%hgt h. In the first

i nternedi ate step Thife sdcohd entédiedihtesstep 1 15.9f taé tHifestemet IBthe pidtessdd 1pr ocessor
10 derives fromthe read signal SR a read paraneter for each read signal

por t i‘on cal@ilates a pormeadized derivatizel v phthgreasvrel snadutationtas 8 ferctionof thewedte | evel

of the anplitud f @ read ..si.gnal portian (for the read sj I ion 18
'ndi cat P 1% (P TRisgr@eFo i mBR L et ke bonsop BB AL REE e
same 1 easl gadvi o RAPHs BPrebdnfilh HRl RAimANzed cfe)ivatf\zeﬁf‘l@l‘( thE hfelsur&frhod B g 1S
the nodulation (M, beihg the ratio of the maxi num peak-to-peak value of a
30 read Singtial of thediritapeeetlyveél ®. The dashhe cumx 2 fnwepresentsi the dermdiized ferivative ead
si gnal porti_oa.@ Next . series of value pajrs far tge nodul ation (M of a

pat t er n GAgEAPHsInEhe msthiod knpyn fraom therrior atydhilehe selid FURiR2LERESHP ¢ t en
are fpr W . . | f ite

o el PR bR AR B TR D BRSO ) A IR

al t er nat Buthl grapHsrvie abiaird dceBBisusdmérieudifglidehti e rqeovkinig midiaurve is fitted
WO 02/ 47072 PCT/ EPQ1/ 13735 7 through the nmeasured nodul atjion val ues in
order to obtain anNgHathgtrecessondbdeiivas andntepmpediate yyrite ppwer lsveldh Eopphal at i on
as a fu | WLt This. fiLt] . be . e | e,
by meanci iz iRl | hefiRhecdiniius bbbbB T Rl E0 Ry realing SRR T

| nt er nedy Ah&yS@R tHelfecOdid ediﬁhraﬂdﬂéﬁﬁnﬁllx? thB 9 aRE Q€ BeSPiite bbwer kAtLRI ates a
normal i zed derivative y of the neasured nodul ation as a function of the -
witk poslengihgteethe pRset vihiesyone mdidaiezidyy the dashad lime 2§ (Pfigire 2efinallyitbet he
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t e t t Whi ofid curve

derived by usi ng thod known fro e prior ar e the
22 repr esattd f and the predetermined constant p may have values set by the manufacturer of the

-t

recording medium and pre-recorded on the recording medium itself in an area on the
20  recording medium comprising control information indicative of a recording process whereby
information can be recorded on said recording medium.

As stated before Figure 2 shows two graphs representing the normaﬁzed
derivative y of the measured modulation as a function of the write power level P. The dashed
curve 21 represents the normalized derivative y derived by using the method known from the

25  prior art while the solid curve 22 represents the normalized derivative ¥ derived by using the
method according to the present invention. Both graphs were obtained from measurements
using identical new recording media, i.e. media which were never used before to record user
information. From figure 2 it is evident that the intermediate write power level P; obtained by
using the method according to the present invention deviates significantly from the

30 intermediate write power level P; obtained by using the method known from the prior art.
Experiments have revealed the normalized derivative ¥ derived by using the method
according to the present invention (solid curve 22) was reproducible, i.e. successive OPC-

procedures resulted in a substantially identical curve, whereas the normalized derivative y



10 the nornalized derivative y derived by using the method according to the
present invention. Both graphs were obtained from nmeasurenents using

i denti cawoewemnd: ng nmedi a. Next, the processor 11 derivesPE@nEPoBrisedi at e
wite power |level Pi fromthe normalized derivative y. The internediate
wite power |level Pi is derived by reading a preset value yo fromthe
recordi n&ﬂv&dbzrﬁhﬁg%@ﬁk%mmwg IR thé3) ?aﬁgdésfi@d Wirhé 81 PRUEkot! B ¥ppealedl S
bel onging to the preset value yo as indicated by the dashed |ine in
figure 2thaFnmesergnd @Re-progedireuisingthe meftRsidaipwafirarh ghegriararighevdashed getve ( P)

is obtai by . i plyi t.he internediate. power level Pi by a
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manuf acturer of the recording nediumand pre-recorded on the recording
medi U i ingeemediate powealeval, and thegefo® foe theraptimymreal e (Rogbefthe siriigpewert levil,
information ipdicative,of a recording process, whereb info tiop ¢ be
+ecor dectpedired betinr AgTrliErare g vE Y AEGte iy ovee e stitio bR Bl
graphs 1 gideseabdnad chie 219THRS isAREausd fe ddhld¥Red/ 1ift 23, RErEHRAMNE do fRRAUI ati on
as a fu&%??on of thg mmitg pomgr I%ﬁel P. The %aéhed CE%@% Zlgrepresents

t he nor npreset e@dlud ¢%,icvassesvthe dashed icued 24 foushireegdiffrentreliascbf Kinowritef poovar idwel 25
prior art while the solid curve 22 represents the nornalized derivative y

derived &)- ewaprithe nosmpalized devasivaivsligtives Rnesing b dprthed ReCATGiRgto thet h
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I evel ,  those listed in the claims. Any reference sign placed between parentheses in the claims shall

20  not be construed as limiting the claims.



can be derived fromthe normalized derivative y derived by using the nethod
known fromthe prior art (dashed curve 21). This is because the

dash- dot tvedl od/s022 25, corresponding to the preset value yECTEP@SSESS t he
dashed curve 21 for three different valugs of the wite power |evel (P)
However, the nornmalized derivative y derived by using the nethod according
to the 10Lppgsent invention (solid curve 22) was found to be represented by
a nonotonously decreasing function. Therefore, an unanbi guous val ue for
the internedi ate power level, and therefore for the optinum val ue (Poet)
of the wite power |evel, can always be derived because such a

nonot onousl y decreasing function has only a single value Pi,E of the wite
power level (P) for which it crosses a horizontal line 25. 15 It should be
noted that the above-nentioned versions and enbodi ments illustrate rather

doeign | ter nat | AR ehEPbe R pPABER Bhle REO BB bk b aRBLg™ © 1

clai ns. fadiatibe beah €5) fohasen@rag opticAlFedordiag appdatud Sorcanjinidiatérmationl on ant

excl ude the presence of steps or elenents other than  those [isted in the
cl ai ns. 9igalispadingaredipm {1y the epficabregpidinginedinm roswsising anHafosmationlayers| |
20 not b L i - / 7 13735 9
CLAI Ms: (%) ﬁ%ﬂﬁ%% %g%e%\r’érglgm #Hr%gg%lﬁ?eo%t‘?%ﬁsnﬁ %%Pﬁgééégt%cggﬁﬁ%ﬁé e power

| evel5 ( Pnf@tnation beidg atritten dnethaoptidal fezbrdisemedivaninahd faral ofrrearks Hy applying
apparatus for witing informatjon_on an optical recordin ium (1), the
opti cal 6%{1@1%&%&9%%2%@%}%%@%& Hutd GrFahsh/Be arpgy fi ng a
phase 1 eyedslby 158PRARRBIE tlb@ﬁ)@@&ﬂte?‘thtefeb?tfoz%ﬁ fheahflia second state, the 5
information beingwitten on the optical fecording nediumin the form of
mar ks bythapmtodepmpriseng aflisastep of eiting heendes alitesh patternh @acnfestrpatieinon | ayer

so as to cause the. area of th | nf ti ] to b t he f.i t
stato, tHIPNEIRE RGN A A on the FEoRiLs DECEEH SPT NP hote LHHET of
Wi ting @ith a'difseMlval RIS tRAWRS PewerQddd (F)5Fithd@kia80R be&RNMPr i sing marks, in

a test area on the recording nedium each test pattern being witten 10°
wi th a disdcendsiep ehfeadingfthe weitian tasbpastemsrto lfemecorfespording rrad sigabpartipnsheam

a second_step.qaf reading.the wi.tten tes atterns. to form r.espondi ng
Fead si gl Piserepl SeidShing e Balibh By Grio i S PP T BB Ve
(Pops) ofiepehi@enet oh theRWEEigh@RItidds) I N dependence on the read signa
ortions,
P characterized in that the method also includes before the first step, an initialization step of
15 applying the radiation beam having an erase power level to the test area so as to cause the

information layer in the test area to become the second state.

2. A method as claimed in claim 1, characterized in that the third step includes a

first intermediate step of deriving a value of a read parameter from each read signal portion,
20 the values representing a relation between the read parameter and the write power level (P),

and a second intermediate step of selecting the optimum value (Pqp) of the write power level

(P) in dependence on the relation between the read parameter and the write power level (P).

3. An optical recording apparatus for recording information on an optical

25  recording medium (1), comprising a radiation source (4) for emitting a radiation beam (5) for
recording information on the recording medium, the radiation beam having a controllable
value of a write power level (P),
a control unit (12) operative to record a series of test patterns in a test area on the recording

medium, each pattern being recorded with a different value of the write power level (P),



characterized in that the nmethod al so includes before the first step, an
initialization step of 15 applying the radi ati on beam havi ng an erase
power | ewed ot/e7othe test area so as to cause the infarmtPONVEP@&YBr3s n t he
test area to becone the second state. 2.;4A method as clained in claimi,
characterized in that the third step inc]l udes a first internediate step of
deri vi nga Ral ahi €100) fér fetdidlg RS REGHEd tebt @8 Ghd fFeaerhingtalrefonHingRead 20 t he
val ues representing a relation between the read paraneter and the wite
power | esignal pprtiongflda second i ntermedi ate step of selecting the optimm

bot weon LRiEHey (ROTbE SR oo pbC ol o RTARERRFLRANG "L o

r ecor di ngepandencé bl shef red kigaglrpditivghs] Nf or mati on on an optical 25 recording
medi um (1), conprising a radiation source (4) for emtting a radiation beam
(5) for chagckriged i that be mediation whraerd) isalsgredripgedricgsmiing radiationpag (5 fetheam
havi ng ¥ 1o e ntrol unit

(12) " operiitt it ol erotlitelirafle dhdchin R adiiitn bcam (B0 1" e

r ecor di ngpntroHable vplue af n persé poweddevelg recorded with a different val ue of
the wite power |level (P), .02/ 47072, PCT/ EP01/13735 ., 10 a read unit (100)
f or read?qﬁlgnvf?é thescomg aﬂ)uf &y lspajfct erenaliva e corsrol s RAEOR SPYIES FDsHsthgat Bad
si gnal  PRIALORS radiforS B j h T

(Poet) o%ptlheﬂr\%rr?t gﬁj%omea?ﬁ F%\?gﬁ ﬁ??}h&%@%@ﬁ&@%ﬁ/@%{g t?ﬂteégaelggbgl gna?l&g%&%ti ons,
5 chHr acmedinme@d) befordtit seties ofdekit patiarms o wcoededdn the raxbstinggqudimped to enit a
radi ati on beam (5) for erasing information fromthe recordi ng nedium (1),
the radiation beam (5) having a controllable value of an erase power

llevel, apd in thatAhBtiEAIRding Bpfarddds dISnRH$P cRRBBAt M Ecidie@ HaPlhet he
radi ati on source (4) such that 7t applies the radiation beam (5) having

t he er aseonpeherit (1) é opegativgdo cerfrol sheradiation heuree (o suéhniat is@pphissi anadiation

before t Sek | f tes tternsc.are. recorded.q he recordi ng.medium 4.
A opti cim G bR fing 65 pBRLLELA % AORE SRREBS e Mealo BB PRI | 1 i
the.15 cesdianl (1)Béford thdketics sTRE Phtkerss 4 réordedo! the radiation source (4)
such that is applies a radiation beam (5) having an erase power |evel of

constant value to the test area on the recording 15 nedium (1) before the
series of test patterns are recorded.




