1 17 November 2005 Methods and devices for recording marks on a recording surface of an optical
record carrier. The invention relates to an optical record carrier recording method for forming marks
and lands by applying a radiation beam to a recording surface of an optical record catrrier, the
radiation beam for each mark to be recorded being set to at least one write poWeNI¥GREAZ3Bk of
forming a mark during a write power irradiation period hnd being set for 5 each land section between
the marks, to at least one bottom power level incapable of forming a mark during a bottom power

radiation gtiodh. T INVeNUon, Ao ISIRLes in.en,CPUSRl RS d sartior iacording methed far, forming
marks and lands E)y app?ymg a radiation beam to a recorélnggsur ace oif‘ an gp ical record carrier, the
marks having a time length of nT, where T represents the time length of 10 one period of a reference
clock in a data signal and n represents a predetermined natural number. The invention also relates to
optical recording devices for carrying out such methods. 15 A recording method of the kind set forth in
the preamble is know from the Compact Disc Recordable (CD-R) System Description (also know as
the Orange-book). A mark is formed by applying a radiation beam having a write power level, P, to a

recording surface of an GISHEFRUCBYECRAFAER Bl ARBCAVIFRRY D SIEIETFEEREHIBR PistRa FPRECEMIESength
of the writg gRuakdrradiaionpating depgnesPpethe leagtR@lithe matkdobaresecdedcdie 20 length

of a mark is represented by a parameter nT, where T represents the time length of one period of a

reference EMSERTHRE GatipURghrandos caphdeaiioPpreaeidstisiig sstirat AeAtidle EdlcP R
system n igeifBdapanRe MR dhafihgurRip A Re potant linrRLYGIgRiboaRRR KHo\speed) of the

CD system is_hetween 1.2 and 1.4 m/sec. In a CD-R system this nominal constant linear velocity

speecPwill 3 REGISRTIAT REYSGR BEMAERH 1 ]ﬁﬁﬂﬁg&ﬁ’%&l’é’%‘?ﬁlﬁﬁé KfrRfbn ey iormiag g

MHz. Howgyefrth@usiyistarposodisposreGiiiedi d4a0i pertddigher speeds such as for example four times the
nominal speed (4x). Running at higher speeds, the write power level is enhanced with an extra power,

AP, at the beginning of tH¥ WHENHBIVEISREHREIIR PR as{FaplyiHy Eh iR BRAEP Gy
degradation@hiteritigs dua tenal thedpighispeaddmsonmawhaioredesdinkhaiddcbloremigica005

record carrier, the marks having a time length of n'T, where T represents the time length of
10 one period of a reference clock in a data signal and n represents a predetermined natural
number.
The invention also relates to optical recording devices for carrying out such

methods.

15 A recording method of the kind set forth in the preamble is know from the
Compact Disc Recordable (CD-R) System Description (also know as the Orange-book). A
mark is formed by applying a radiation beam having a write power level, Py, to a recording
surface of an optical record carrier during a write power irradiation period. The time length of
the write power irradiation period depends on the length of the mark to be recorded. The

20  length of a mark is represented by a parameter nT, where T represents the time length of one
period of a reference clock in a data signal and n represents a predetermined natural number.
For a CD-R system n is in an range from 3 to 11.

The nominal constant linear velocity speed (CLV-speed) of the CD system is
between 1.2 and 1.4 m/sec. In a CD-R system this nominal constant linear velocity speed will

25  result in an average EFM (Eight to Fourteen Modulation) clock frequency of 4.3218 MHz.
However the system is also specified to run at higher speeds such as for example four times
the nominal speed (4x). Running at higher speeds, the write power level is enhanced with an
extra power, AP, at the beginning of the write power irradiation period. By applying this

extra power, the degradation of the jitter due to of the high speed is somewhat reduced. The



5 2 jitter is the standard deviation of the time difference between level transitions in a digitized read
signal and the corresponding transitions in a clock signal, the time difference being normalized by the
duration of one period of said clock. It is a drawback of the known method that it does not allow a
sufficient reduction of the jitter in the read signal obtained from reading marksllyew%f‘éﬂbﬂ/?&qﬁg the
know method, especially when the marks are recorded at high speeds such as, for example, eight

times the npminalisPaeed@d)dcidatidn anthbiesiafifhednveptionta praidemimaibadaafieeasding marks
of the kind described in the opening ,aragg{ap,h_ which offeésareduce jitter. This object is achieved by a
ReEWﬁi

method as tEHSBRLAHIHE FPEEWE NSRS RSBt R L B d PRGBS Bset to at

least one intermBgiatBypowanieneh aftend pdhedsttan pwier irradiation period and before the write
power irradiation period, the intermediate power level being higher than the bottom power level and
being set in accordance with a time length of the preceding bottom power irradiation period. Marks are

recorded on a recordingsidriaiawlyaapplying lentadiatiomheain ihavirge subieiertlyriightwrite power
level to a Ioﬁcﬁ%tio.n on the recording surface of an 20 gptical record carrier, thua t‘f porarily increasing

the local tRSHERAAL BrHE PetlolThirig? PBWEILFOMHERBEPAIRY S g8 ature of

the actual iecatiaitodhespesaliging suthircadtkprrcheatedebecausespttde segondjmgrekarppayious
mark. This sq-called pre-heat effect § Its in an increase of particularly the leading edge jitter of the
mark to bem?%l&élﬂ?}%ﬂ?ﬁd}?ﬂ?éﬂﬁ ef‘ﬁ[.z cording of a mark slows down the cooling-down of the
location 25 of the previously recorded mark. This so-called post-heat effect results in an increase of

riblance sffocts (nalie e e LD B B BOS H S SAALE HEL N o T HAAALA Between
the actual kiedtiesceibdihénrgeaspénihgpiageapthetach ofésks ikdaded jeegrded and the location of the
previously recorded mark. Therefore, 30 the influence of the thermal interference effects depends on
the length of the land, IL, between the marks. This length can be expressed in the time length of the
bottom power irradiatiorTienbjtctlis beltiause ©f thagkladion dtscribled acthaptehivitsdpeddcH e thermal
interferencc z?rqg‘c%trslz%%r{nb&u{‘? %%%%giggoig %eogryl(iisngetac% ie{%tfae%r&eo%ig t1(121termediate power level after
15  the bottom power irradiation period and before the write power irradiation period, the

intermediate power level being higher than the bottom power level and being set in

accordance with a time length of the preceding bottom power irradiation period.

Marks are recorded on a recording surface by applying a radiation beam

having a sufficiently high write power level to a location on the recording surface of an

20  optical record carrier, thus temporarily increasing the local temperature of the recording
surface. However, when recording a mark, the temperature of the actual location on the
recording surface is pre-heated because of the recording of a previous mark. This so-called
pre-heat effect results in an increase of particularly the leading edge jitter of the mark to be
recorded. Furthermore, the recording of a mark slows down the cooling-down of the location

25  ofthe previously recorded mark. This so-called post-heat effect results in an increase of
particularly the trailing edge jitter of the previously recorded mark.

The influence of these thermal interference effects (that is, the pre-heat and the
post-heat effect) depends on the distance between the actual location on the recording surface
where a mark is to be recorded and the location of the previously recorded mark. Therefore,

30 the influence of the thermal interference effects depends on the length of the land, Iy, between
the marks. This length can be expressed in the time length of the bottom power irradiation
period, t;, because of the relation: t; = I / actual CLV-speed.

The thermal interference effects can be reduced by introducing an intermediate

power level after the bottom power irradiation period and before the write power irradiation



power level after the bottom power irradiation period and before the write power irradiation 17
November 2005 3 period, the intermediate power level being dependent on the time length, tL, of the
preceding bottom power irradiation period. Version of the method according to the invention is
characterized in that an 5 intermediate power level following a first bottom pO\}v%NPr%g’l%ﬁ(ﬂ)eiriod
having a time length of (n+1)T is set to be larger than or equal to an intermediate power level following

a second paiunipowesiianiatipowariedehBYing & penadenaihief tivhe Thedermal inipiaranse effects
between two marks decrease when the distance between the marks increases. Therefore the
compensalﬁ%ﬁﬁomr%‘g%lgﬁi@féowﬁm’é]d 10 by introducing the intermediate power level needs to be
less for larger distances than for shorter distance. Therefore, the intermediate power level will be
closer to the write powey level in the case of long distances between the marks, A preferred version of

the method according to'tHE fVEhTRSIS RAG AR AN OB S AR iSeEhaneciritEe A BRI following
a first pottomrcpavditl adiai osy pefidid Radngiast Birten gdnet dTadatingtiioahange ofiliem 0.50 to

0.80 times, the riF%e ower level, that an intermediate power level following a sec gg bottom power
rraciation SBRBKPRGUIY A& AT TS S S WRHI 2 RS S A T5 63 SUIAMEE the write
power levekdand Bhabapsverfiediaicoppuaoievelifolowing ledbikdbbattom power irradiation period
having a 20 time length of mT, wh‘aretm represents at?redetermined aH;%ral nurr‘%;l};r Igar)%er than 4, is
Set 50 25 to be substantEHYISEHAl BITHEWARE Horker TEDRICRAB BRHRr RERES T WL BBncluded that
when recodiing &t tespaaciiof eigitt (@okiecsixtaer{dexhtimesjhsaaningl tipeesisedutiionaf the
jitter js, obtained when th intermeéijate ower level is within li}ie afbo e mentioned ranges. A
partidlarty YABUGHIRER S tHETHE S BRATNE P \Sh BRCAR 1 2 St 5eTh S RVSFHBIARG a frst
bottom poweirtéirddiation fasaddiavingiattimedengpoetdlkislseilbbeaddecbe shbsiandipdyaqual to
0.65 time%th(i .Wrg\e l!gl)owerlk]evelﬁgll andll?when a interﬁ%éadiate power level following a second
bottom po Sr ifhdiatde’ rﬂ’é BHEVY S GFE FERGHT B4 s set so as to be substantially equal to
0.85 times the write power level. However, the optimal setting of the intermediate 30 power levels
depend on properties of the optical record cayrier u e%. Therefore, it is. suggested that an Optimal
Power Calibration (OPC) HERBSHBOINLE (S AN (hE i eHion 1 charac ez
15 in that an intermediate power level following a first bottom power irradiation period having
a time length of 3T is set within a range of from 0.50 to 0.80 times the write power level, that
an intermediate power level following a second bottom power irradiation period having a
time length of 4T is set within a range of from 0.75 to 0.95 times the write power level, and
that an intermediate power level following a third bottom power irradiation period having a
20  time length of mT, where m represents a predetermined natural number larger than 4, is set
S0 as to be substantially equal to the write power level.
From experiments it was concluded that, when recording at a speed of eight
(8x) to sixteen (16x) times the nominal speed, reduction of the jitter is obtained when the
intermediate power level is within the above mentioned ranges. A particularly reduction of
25  the jitter is obtained when an intermediate power level following a first bottom power
irradiation period having a time length of 3T is set so as to be substantially equal to 0.65
times the write power level (11) and when an intermediate power level following a second
bottom power irradiation period having a time length of 4T is set so as to be substantially
equal to 0.85 times the write power level. However, the optimal setting of the intermediate
30  power levels depend on properties of the optical record carrier used. Therefore, it is
suggested that an Optimal Power Calibration (OPC) method should be used to determine the

optimal settings of the intermediate power levels for each individual optical record carrier.



optimal settings of the intermediate power levels for each individual optical record carrier. 17
November 2005 4 Version of the method according to the invention is characterized in that the time
length of the intermediate power irradiation period is substantially equal to 1/4T. Although the time
length of the intermediate power irradiation period may be set to any value, sddiNgyY s &Hﬁﬂe 1/8T,
1/2T and IT, results are obtained for all recording 5 spéed when the intermediate power irradiation

period is set so as to bevabiaatialy meataktactin Aot nereHIRGS VhsprediZcERrasemis a time
length of 231.4 ns g1{4.3218 MHz). At a higher speed of eight times the nominal srf/eed B8x)T
representd P8 sdhgtNSABE NS d NPT R aeE Sbassiod U bRl BrhaE Tength 10 of 7.2

ns (=T/4 at eight times nominalisprattheah bt oasiy andracsitaigdyebiainistioy preriasaly be
contemporary electronics. Alternative methods for reducing the jitter emp|oy.a time shift of the
leading-edé 'GfARe Ve 5%%5&8@%&%@&% e yﬁﬁsqg&@aﬁsﬁ%aaﬁﬁ@ﬁ@as%@ﬁ% G hinal

speedsthespdéme/shiftaoinldfdasaeaponte ibadibiiain erissing seonsempobanuinatiomcsgHbwever, at
eight times }h_le[ nominal speed (8x) these time shifts would be in the 15 range of 1.4 ns, being a value
being difficuift to obtain accurately. At an even higher recording speed of sixteen times the nominal

speed (16x), the time shifishyauldibel iOIthesand® affdcéonss whiladhergikesmediate power level should
be maintaiped for a ti n 3.6,ns 20 The object is also achieved by means of a method
according &8 e ve oA Kb A e BB S L L R Al RO ction of the
jitter is obtaipeddys apilyérigniaistal Wiite pavieeriayélavwhriwiedovdingaineinal ksr theniaikegthower
level heing set in acc %anc.e with the time length of the mark to be recorded. For.the shorter marks
the Ao PP sl s SR B SURTIHE SR R DB S AAUISEUR SOV ORCEBE e 6rRwhat
longer madectmecrajsearypdagioeis) islenlytaaphiethtalafoorioncaidhe-gnaoéiiydoyritane viert
irradiation iod. The time length of this portion be equal far all mayks or, alternatively, can be
made. e BB A R Gl BT YRR B b e SPHE RHGRIOARATE HoTEHSh power
level is apfli20l. 8Onominal speed these time shifts of 11.6 ns can also be obtained using contemporary

electronics. However, at eight times the nominal speed (8x) these time shifts would be in the

15 range of 1.4 ns, being a value being difficult to obtain accurately. At an even higher
recording speed of sixteen times the nominal speed (16x), the time shifts would be in the
range of 0.7 ns while the intermediate power level should be maintained for a time length of

3.6 ns

20 The object is also achieved by means of a method according to the invention
which has the features as described in claim 7.

A further reduction of the jitter is obtained by applying a raised write power
level when recording the marks, the raised power level being set in accordance with the time
length of the mark to be recorded. For the shorter marks the raised power level is applied

25  over the entire write power irradiation period. For the somewhat longer marks the raised
power level is only applied to a portion at the end of the write power irradiation period. The
time length of this portion may be equal for all marks or, alternatively, can be made
dependent on the length of the mark to be recorded. For the longer marks no raised power
level is applied.

30

A preferred version of the method according to the invention has the features
as described in claim 8.

From experiments it was concluded that reduction of the jitter is obtained

when the raised write power levels are within the specified ranges. A particularly reduction



A preferred version of the method according to the invention has the features as described in claim 8.
From experiments it was concluded that reduction of the jitter is obtained when the raised write power
levels are within the specified ranges. A particularly reduction 17 November 2005 5 5 of the jitter is
obtained when the first raised write power level, when recording a mark havind7&\{ﬂﬁ@48 O 3T, is
set so as to be substantially equal to 1.10 times the write power level and when the second raised

write powesfligigindies speaieingirRmaskiavingded time length Rh 4 wikset & @Esda hpusulsiaptially
equal to 1.04 times the write power level. Although the range specified for the first raised write power

level overlAEntREHEahd sisé St PR sEUHAYA98Y (rite! BORSS BN THfePRErAs¥El power

level is in geneiisekteeohipheiediiadpeartiatisonhstidhe daganddrisading iaipaveidavet Itis a
further object of the invention to provide an optical recording device for 1Q carrying out the methods
according T0 tHeSHvErtiaR. PFridootRetl samﬁ&%ﬁ-B‘y‘ U Sptical FHE ARG §&Fice which has the
featurgs as described intladngR HdisngbjestdFialbagtiguedrhyddrovicing asraptigalvedasding device

which has the features as degcrihed in claim 11, 15 Although the inyention is explained by using a
CD-R systiTAESHERERERHA (11BE SHSpadAE HBLE RN Ghi S A HAR DR FRERLBH Sy also

be applieditogaiteriatver opiidalregoding@ptems: Wie alkisctonteatidedswand pelvantagss of the
invention will be apparent from the 20 following, more specific description of embodiments of the
invention as illustrated in the accompanying drawings; therein: Figure 1 shows diagrams of a first
version of a method acdetidinguithtie ivardfahe iASdnientio prandeanepiion] figitting gbols fdiagrams
of aj§cond version of a metﬂggsaccor ing to the Figure 3 shows a diagram of an optical recording

devi ac C%Yﬁ%gt8lﬁ1téle met according to the inveéntion.

This object is achieved by an optical recording device which has the features
as described in claim 9. This object is also achieved by providing an optical recording device

which has the features as described in claim 11.

15 Although the invention is explained by using a CD-R system as an example, it
will be apparent to those skilled in the art that the invention may also be applied to alternative

optical recording systems.

The objects, features and advantages of the invention will be apparent from the
20  following, more specific description of embodiments of the invention as illustrated in the
accompanying drawings; therein:
Figure 1 shows diagrams of a first version of a method according to the
invention,
Figure 2 shows diagrams of a second version of a method according to the
25  invention, and
Figure 3 shows a diagram of an optical recording device according to the

invention.

Figure 1a shows a data signal 10. When this data signal 10 is recorded on an
30  optical record carrier, the 'high' periods 11 are recorded as marks and the 'low' periods 121,
122 and 123 are recorded as lands (e.g. unwritten areas between the marks). The time lengths
of these periods in the data signal are expressed by the number of periods, T, of a reference
clock in the data signal. In this example, the time length of the 'high' periods 11 is 4T. The
time length of the 'low' periods 121, 122, and 123 is 3T, 4T and 5T, respectively.



Figure 1 a shows a data signal 10. When this data signal 10 is recorded on an 30 optical record
carrier, the 'high’ periods 11 are recorded as marks and the 'low' periods 121, 122 and 123 are
recorded as lands (e.g. unwritten areas between the marks). The time lengths of these periods in the
data signal are expressed by the number of periods, T, of a reference clock mWn@%‘ﬁi%‘l%‘?@ﬂgpﬁn this
example, the time length of the 'high’ periods 11 is 4T."The time length of the 'low' periods 121, 122,

and 123 is 3T, 4T and 5igiesn®cialy- aldohteyensher 2GS BofiguiadhlshawmeAdtantraldigival 13 for
controlling the power of the radiation beam. When a mark is r%orded, the contro| signal 13, and hence

the power B4R YRAAAIN s Frorrded (e sontee baamal IR -AmeWeatHfy B b SR iAihAtion
period 14.Pdag, duisatianaclthe perkier poweP il adiaionaad oo wér skrinkashtpeii@icorresponding ‘high'

period 5 11 in the data signal 10. In this example the duration of the write powey. irradiation period 14
is set to b WW@% MHERPEEDHAGIRNE LB éﬁgwaﬁeiaé?iw %ﬁ%}&%ﬁ%\%ﬁ%%ewaéanon

beamsis set @ ehbatensi e lenehR e duiig adotamnpareidiaiiogondenadiatlbe sitHadan of
which is related to th esponding 'low' perjod in the data signal 10. In this example the duration of
i 5 Theoeid

the bottorr pSivEL § BlyuL s RCPBE 0L L8Rl b 208 B TEROBT L Uectively.
When a maikiisisaceededfelowiadaloaitpsivpowesliadiatignpeiioth flvadrrespoodipgrieda’low'
eriod 121 of 3T, the cantrol signal 13, and hence the power of the radigtion beam, js set to a first
termedalle JARPR DL PRSBSOS T 8 A SRA RO L A5 When
a mark is recongidiiel wingradielobottonppuiesriradiation periods 152, cazesorsiing da elbw' period
122 % 4T’é?e cgntré)%ii\%nal 13. is set to a second intermediate power level P2 for the duration of a
meé

second int i &PRYAYon period 162, and when a mark is recorded following a bottom
power irradiation period® HéaBacasiksipeachnd:dofellowinzesibottbad mfviet ithel eoiotl plesighalb13 is set to

the write power level Pw for the duratj f ird intermediate er irradiation period 163. When a
20 ek iSRRIt PO BSHGH Aer hrA T B BLP LS 15 BHONG Bdli of rom
6T to 11 ITatheinidnediate povidilaatimaldegide dhievelite fovke datibh Alihtggh the duration

iosf éﬁ;;fgg\}\%géifl%t‘?h g\g(}e"r\ég?recrieil Cﬁli,#po e(cigdé }ﬁ?}l % a_lgld 1r asma Op A gdé%(freqt, re ucttion of thg jitter
y'all'nave value aué? o T/4. Elgﬁr}% eIt g |5%§I When this
data Kignap@@dsirectbintied periad 152 corresponding to a 'low' period 122 of 4T, the control signal 13
is set to a second intermediate power level P, for the duration of a second intermediate power
irradiation period 162, and when a mark is recorded following a bottom power irradiation
periods 153 corresponding to a 'low' period 123 of 5T, the control signal 13 is set to the write
power level Pw for the duration of a third intermediate power irradiation period 163. When a
20  mark is recorded following a bottom power irradiation period corresponding to a 'low' period
of from 6T to 11T, the intermediate power level is also set to the write power level P,,.

Although the duration of the intermediate power irradiation periods 161, 162 and 163 may be

different, reduction of the jitter is obtained when they all have value equal to T/4.

25 Figure 2a shows a data signal 20. When this data signal 20 is recorded on an
optical record carrier, the 'high' periods 211, 212 and 213 are recorded as marks and the 'low'
periods 22 are recorded as lands (e.g. unwritten areas between the marks). The time length of
these periods in the data signal are expressed by the number of periods, T, of a reference
clock in the data signal. In this example, the time length of the 'high' periods 211, 212 and

30  2131s 3T, 4T and 5T, respectively. The time length of the 'low' periods 22 is 4T.

Figure 2b shows a control signal 23 for controlling the power of the radiation
beam. When a land is recorded the control signal 23, and hence the power of the radiation
beam, is set to a bottom power level Py during a bottom power irradiation period, the duration

of which is related to the corresponding 'low' period 22 in the data signal 20. In this example



optical record carrier, the 'high' periods 211, 212 and 213 are recorded as marks and the 'low' periods
22 are recorded as lands (e.g. unwritten areas between the marks). The time length of these periods
in the data signal are expressed by the number of periods, T, of a reference clock in the data signal.
In this example, the time length of the high’ periods 211, 212 and 30 213 is 3T 4¥ay5§Bet 2005
respectively. The time length of the 'low' periods 22 is It Figure 2b shows a control signal 23 for

controllingttheaipamien of the sadiatipdvwre amdivhien gl israceidebenercomtepksignatan, and hence
the power of the radiation beam, is set to a baottom pawer level Po, during a bottom power irradiation

period, the’QUEIHIBRIBHWRRFT AT R EMHEL SI¥Bhon Hing! 16 A7 JRISETCS R PR Bat Eldrd2o. In

this example HdrbiavestharizRehditkepdwativmahihm betompowahisradiationmaiioptAs?2 is set to be
4T. After the bottom power jrradiation period 152 the contro| Eignal 23 is set to an intermediate power

level P2 ol CHAERIPHE G it ERT LU RSB EN YR Bh e HIE TS AR MaN Bhé it SHEREET the
bottors powsotidadiBtianeRpriat¢liangeshthd sating of thiguntermediate power level changes 5
accordingly as explaine%durin the discussion of Fi ure%fz The duration qf the write power irradiation
period is felated to the CRELEBIEARG PghHoRBHSS 119500 BPB0Y hIEtEita mal 20. In this

example therdupationo i weited ®oWerirmaghdtion pe fiedsa?ddigrd2 anch 248 éssaplothe 3T, 4T and
5T, respegctively. 10.\When_a mark corresponding t 'h'g?(‘e eri %ﬁl of 3T s or%eﬁ%, tg\i control
cighal 23, SHAHEHEL e G B G A AT PR £ 1L S et PSP el pleiell PRI for
the duratiasptatiiegdt/write power irradiation period 241. When a mark corresponding to a'high' period
212 of 4Tis recorded, th§] ontrol signal 23 is set to a second rai géj write power level PR2 during a
secol portion 2422 of & BERHAUNEOBEREP VREAGHONES PUIREIAZ bl f B&Wrfe Bower level PW
during a fiksirpatidpna# 23, ahthiecsecdndpoite qakieentiathatiaameiiodt242. (ks et dnarike
corresponding t a'h%h' erigd 213 of 5T is recorded, the control signal 23 is,set.to the write power
evel P P S LA0H Y SETAPR b TN oSS PR B HE Bonding to
a'high' perhmdr&f;fﬁﬂdi_r@'l’tot@ ik’ j&_m_dmdﬁdf ﬂiﬁ@mﬁtﬂ@igﬂh&lo&&ﬁ&l&d@%ﬂdiba wﬁem‘mbr Iev_el
;"l’hg“i zcgrt?%%ﬁ%g’vngtﬁo%%‘fv%‘éf i Beriod, Fiaue:SSRps, A QRlical regording devige ageording
15  period 242 and to the write power level P, during a first portion 2421 of the second write

power irradiation period 242. When a mark corresponding to a 'high' period 213 of 5T is

recorded, the control signal 23 is set to the write power level Py, for the duration of a third

write power irradiation period 243. When a mark corresponding to a 'high' period of from 6T

to 11T is recorded, the control signal 23 is also set to the write power level Py, during the

20 write power irradiation period.

Figure 3 shows an optical recording device according to the invention for
recording a data signal 20 on the recording surface 301 of a disc-shaped optical record carrier
30. The optical record carrier is rotated around its center by a motor 34. A radiation beam 32
25  is generated by a radiation source 31 and focused onto the recording surface 301 by a lens 33.
The data signal 20 is connected to control means 60. A current source 61
within the control means 60 has four outputs, A, B, C and D. Output A provides a current
which, when fed to the radiation source 31 through a control signal S¢, will produce the
radiation beam 32 having a write power level Py,. Likewise, outputs B, C and D provide
30  currents resulting in the raised write power level, the bottom power level Py and the
intermediate power level, respectively. The current of each output A, B, C and D can be
selected by a switch-unit 62 within the control means 60. The switch-unit 62 is operated by a
pattern generator 63 controlled by the data signal 20. The pattern generator 63 transforms the

data signal 20 into a control signal 23.



recording a data signal 20 on the recording surface 301 of a disc-shaped optical record carrier 30.
The optical record carrier is rotated around its center by a motor 34. A radiation beam 32 25 is
generated by a radiation source 31 and focused onto the recording surface 301 by a lens 33. The
data signal 20 is connected to control means 60. A current source 61 within tHe B2 60 has
four outputs, A, B, C and D. Output A provides a curreht which, when fed to the radiation source 31

through a control signal B sittRoduses e aradiatiggtibessniag MeNdGa RuritetaawalclevatR: dikewise,
outputs B, C and D provide 30 currents resulting in the raised write power level, the bottom power level

PO and thd frRuER A s el seetel) - TS et s PuqH BRPIRCAUE R SIS §hn be
selected by acswitebpundBeowiihit kahir eldnganspelod el switchauaib 62, is epesatedey a pattern

generator 63 controlled by the data signal 20. The pattern generator 63 fransforms the_ data signal 20
into a contﬁ%rg[#aﬁ%l?a%s%%s S8 e EE G EFS B SHEb B BHSEPEBHIFAG T RBans 64
for segting filel stk o Bid heaautp s Bearit D DhéhrGunteTaopic® 6 tHheuauieiwl oatpyisg of the
current source 61 is set in dependence on the length of the 'high' perjod, 211, 212 and 213, to be
rocorde THGECTUE LR, DO R e AT el BYar IS B fFafbidence
on 5 the lenib, bf thatmatkde ecreearslaguilbetbeiahaiMatkppbheoldhe tueent sapiedendeisset in
dependence gn the length of the 'loy' period 22 preceding the 'high' period to be recorded. Thus, by
setting theﬂ&%?%lﬁfﬁ)?%oﬁﬁfp PHfiee ﬁt}&ﬂlgfg E%E?e‘iefe({?gF set in dependence on the length of the
land preceding the mark to be recorded. 10 Figure 3 shows an embodiment of an optical recording
deviceg according to the _inventjon. However, it will be gg arent io tho%e skc'géed in the art that

embodiments of an opticaFFSCoTENG ABTRL ULMG T & L ARV SSLREdnn d5y e g BEAa iy
further outpivisnttorthd wuerent isou iceetib garend yoetkisyedikigl ¢ enstivit @l tait &AbdMidneovesfihivill be

apparent that. a single output B, respectively D, olth current sourc gl vidi varying current
can, as 15 SHANGTRATUBE 5VSH R ILE B ERT CONPA LR R AN OHNG S PSR A R the
setting methies: tdcsreleairtiees Apptbpyiatecadipg tifoxsettingthe2aldetcuvie powikbleyvepannk heat
Intermedlagesi gi’g%ﬁllt%ﬁ?hf ?g p%(c:g\\llgly’litoafn %et I%?r'elglt(s:lo'lﬁlcl\eﬂgl providing a varying current can, as

15 an alternative, be replaced by several outputs, each providing a different current, while the

setting means 64 select the appropriate output for setting the raised write power level and the

intermediate power level, respectively, at any time.



17 November 2005 1. An optical record carrier recording method for forming marks and lands by
applying a radiation beam to a recording surface of an optical record carrier, the radiation beam for
each mark to be recorded being set to at least one write power level capable of_forming a mark during
a write power irradiation period and being set for each land section 5 between HA&NRY; ?’E&%Qjeast
one bottom power level incapable of forming a mark daring a bottom power irradiation period,
characterizgdAnnigt the radiation beam is set to at least one intermediate power level after the bottom
power irradiation period and before the write power irradiation period, the intermediate power level
being higher than the bottom power level and being set in 10 accordance with a time length of the
preceding bottom power irradiation period. 2. An optical record carrier recording method as claimed in
claim 1 for recording marks having a time length of nT, where T represents the time length of one
period of a reference clock in a data signal and n represents a predetermined natural number, and
where 15 in the radiation beam is set to the intermediate power level during an intermediate power

irradiation period, charadtefipteai ¢hardisartifiaderiginomeiaddtirniediang puiileranditingivRyperiod is
SUbStamiaQ}&ﬁﬁ%%'é‘?aM%ﬁogge%nﬂ% QRUCH FRE U ERETIRTLEGREAING G HOM AS HRIPRAR.Glaim 1 for

recording marks having a time length of nT, where T represents the time length of one period of a

reference BRER fareardanarlrialberigaeidgstoseresc oradleastonsatiriarrarhlvelearabisratterized in
that an intggmediate-pRWanIReh foleuing & frsidaiion aaehiiradiation Rariogh 2mhavingR time

length of (n+1)T is set to be larger than or equal to an intermediate power level following a second

bottord poRkiMieeadRRBIa e riod hisar g e holsorman aflavel Angrpabyriea fosdng eands feE8edRng
method asogm?;gweglﬁqghi%ﬁ&pﬁéﬁ%@rgﬁgag@e%ﬁ Ngyember 2005 10 an intermediate power

level following a first bottom power irradiation period having a time length of 3T is set within a range of
from 0.50 to 0.80 times m:er@m?@%h@m@,@g tpaf least one intermediate power level after the

bottom power irradiation period and before the write power irradiation period, the
intermediate power level being higher than the bottom power level and being set in

10 accordance with a time length of the preceding bottom power irradiation period.

2. An optical record carrier recording method as claimed in claim 1 for recording
marks having a time length of nT, where T represents the time length of one period of a
reference clock in a data signal and n represents a predetermined natural number, and where
15  in the radiation beam is set to the intermediate power level during an intermediate power
irradiation period, characterized in that
the time length of the intermediate power irradiation period is substantially

equal to 1/4T.

20 3. An optical record carrier recording method as claimed in claim 1 for recording
marks having a time length of nT, where T represents the time length of one period of a
reference clock in a data signal and n represents a predetermined natural number,
characterized in that

an intermediate power level following a first bottom power irradiation period
25  having a time length of (n+1)T is set to be larger than or equal to an intermediate power level

following a second bottom power irradiation period having a time length of nT.

4. An optical record carrier recording method as claimed in claim 3,

characterized in that



an intermediate power level following a second bottom power irradiation 5 period having a time length
of 4T is set within a range of from 0.75 to 0.95 times the write power level, and that an intermediate
power level following a third bottom power irradiation period having a time length of mT, where m
represents a predetermined natural number larger than_ 4, is set so as to be sGBXANEAIRFEGUA to the
write power level. 10 5. An optical record carrier recor]o(?ng method as claimed in claim 1 for recording

marks having a time lengthémiodiie R weicptesesiswhedtinTadepaid afnepriivk.aba paliesence
clock in a data signal and n represents a predetermined natural number, wherein the radiation beam

for each m¥H18 BEMSclsTedh ohaingsatambiAganes o birai Amleiedb Pdpnssdhets™d 898 &rmined

natural nuaber tasger than 2, is set to a write power level capable of forming a mark, and wherein the
radiation beam for each mark to be recorded, having a time length. of uT, where u represents a

predetermined natural rfBSFRSHRLIREN', f& Setqfoy e erssand RefapaRErievRialible of
forming a pearkd the fishraiseengiteopawes levelibging MighasfAeoia7he \wrie fpoawehtewelitand being
set in accordance with a time length of the mark to be recorded, and wherein the radiation beam for
each markP{oM5é Eeé'(%r?fé HKhving a time length of VT, where v represents a predetermined natural

number lower than w angh high@iddiar poiscsrivtd fhowmtig ponver tevehtpowgrdriugijpomiperioda write
power irradiation period and to second raised write power level during a second portion of the
Wit powaFiHISBAUGH Mo O 7B B SE0I i L LD HBHLA AN 07 e PHhised
write powet, lgwet beingtorighebsharndhe siite paenashandrbeiag set in accordance with a time
length of the mark to be recorded. 30 6. An optical record carrier recording method as claimed in
claim 5, wherein u equals 3 and w represents a predetermined natural number larger than 4, and
wherein thg first raised wWiiteppieulatteve kinset rydoeding eastiod & vaitkdibivinthim tinfier leegiiiag uT,

i & T T Y 13 Eth BERT, Mo T Roresin 1he ANa kAN E TR a4
reference clock in a data signal and n represents a predetermined natural number,
wherein the radiation beam for each mark to be recorded, having a time length
15  of WT, where w represents a predetermined natural number larger than 2, is set to a write
power level capable of forming a mark, and
wherein the radiation beam for each mark to be recorded, having a time length
of UT, where U represents a predetermined natural number lower than w, is set to a first raised
write power level capable of forming a mark, the first raised write power level being higher
20  than the write power level and being set in accordance with a time length of the mark to be
recorded, and
wherein the radiation beam for each mark to be recorded, having a time length
of VT, where V represents a predetermined natural number lower than w and higher than u, is
set to the write power level during a first portion of a write power irradiation period and to a
25  second raised write power level during a second portion of the write power irradiation period,
the first portion preceding the second portion and the second raised write power level being
higher than the write power level and being set in accordance with a time length of the mark

to be recorded.

30 6. An optical record carrier recording method as claimed in claim 5,
wherein U equals 3 and W represents a predetermined natural number larger
than 4, and
wherein the first raised write power level is set, when recording a mark having

a time length of UT, within a range of from 1.05 to 1.15 times the write power level, and



wherein the second raised write power level is set, when recording a mark having a time length of 4T,
within a range of from 1.00 to 1.08 times the write power level. 7. An optical record carrier recording
method for forming marks and lands by 5 applying a radiation beam to a recording surface of an
optical record carrier, the marks having a time length of nT, where T representgt Yﬁﬁg’?éﬁ'&ﬁ?of one
period of a reference clock in a data signal and n rep}ésents a predetermined natural number,

wherein the radiation begreriah eackeBoatkitasbe wererstadeavingsadimenangitorafny b mdrere w
represents a predetermined natural number larger than 2, is set tg a write 10 power leve| capable of

forming a IHATREAHESHEPSH e Tadvith bRnes R Laen % iR W raeb e Ha DAY i length of

uT, where u represents a predetermined natural number lower than w, is set to a first raised write

power leve| capable of forming a mark, the first raised write power leve| being higher, than the write
bower level-and being SAPTAAFASHEL-ATRA A SR IBAGRALBAHE R BRATS FEOHIE Pind wherein

the radiatiappigiamfesdEachnbailnte e desdideduifavénss artispéidengdorafcuiriovasanarepresents a

predetermjned natural number lower than w and higher than y, is _set to the write power level during a
et portoM S B BRR PAD R B ARPOBCTS UMaRe kS0t WAB SeAdRF U uring o

second pogtisuk of a dvtiieigaxienitiaciptianiicH ok dbriisiqoitionapieeabling the second portion and
the second raised write power level being 20higher than the write power leyel and being set i
accordance with a time RSP RGBS G A RO RS e s SEAGHE btween
the marks dfievTiadiatesvibegreismehtoraddeast onbraitamnpanarieyel ingapailecotdarmiilg a mark
duri:@a bottom t’iJower irr%)iiatié) 25§eriod. . An optical record carrier recording method as claimed in
claim 7, thRAVET AR FRPERICP é‘]ﬁgl 8 4RY K Atesents a predetermined natural number larger

30wherein the first raisesihsriie gawediaual isset fovirachracokdin @ aresarddatingng timisdeisggthof uT,

ithi f from 1.05 to 1.15 times the wri level, and in th ised writ
povier el Geb \GHeH TRy AT EHRUIFR AL RARER ST W &8 RS GE b RO 100 to

1.08 timesvihieewtitecpbaver depebld sMavemben20bShe first raised write power level being higher
than the write power level and being set in accordance with a time length of the mark to be
15 recorded, and
wherein the radiation beam for each mark to be recorded, having a time length
of VT, where v represents a predetermined natural number lower than w and higher than u, is
set to the write power level during a first portion of a write power irradiation period and set to
a second raised write power level during a second portion of a write power irradiation period,
20  the first portion preceding the second portion and the second raised write power level being
higher than the write power level and being set in accordance with a time length of the mark
to be recorded, and
wherein for each land section between the marks the radiation beam is set to at

least one bottom power level incapable of forming a mark during a bottom power irradiation

25  period.
8. An optical record carrier recording method as claimed in claim 7,
wherein U equals 3 and W represents a predetermined natural number larger
than 4, and
30 wherein the first raised write power level is set, when recording a mark having

a time length of UT, within a range of from 1.05 to 1.15 times the write power level, and
wherein the second raised write power level is set, when recording a mark

having a time length of 4T, within a range of from 1.00 to 1.08 times the write power level.



12 9. An optical recording device for recording data in the form of marks and lands on a recording
surface of an optical record carrier by irradiating the recording surface by means of a radiation beam,
the device comprising a radiation source for providing the radiation beam and control means for
controlling the power of the radiation beam such that it 5 has at least one Writelg%?é(re@b/%q %%%ble of
forming a mark during a write power irradiation periodzand that it has at least one bottom power level

incapable of forming a maykstitangecoldatioaaevves: Fsastiatipniperiadhe fanacierizersiaddaithe control
means are operative to control the power of the radiation beam, such that is has at least one

intermedia?® PETIEFIER T WS AEARRSIFR bERRRIG SUGIEHB It BERS I BErRe tHERRY power

irradiation jpesieds Bnehthaishocontiot Meass e nnsigtive iaseh thaiibtesnpdialeipower level in
accordancgqé%nth a gme Ien(gth of the preceding botfom power |rrad%?lti?n riod. 10. An p&l}\%&a‘ll

e
recording SRR LAMARG SRIRIT RS RS ORI RS IEVFR G éﬂ@ﬁ&%#@ﬁm deT
representshtherting dengtiit geyperioel ehpatttaseRaenalgckitirh daiasignalapewerepiisaiis a
predetermined natural number, characterized in that the control means are operative to control the
Ewor of (RE 1S AL & AP, ROl A R BB /ol TR B S Gifom 0.52 to

0.78 timeshibeowrjew2Dipadiatiteveddde shifradrieredadiaies power level follows a first bottom power
irradiation period having a time Ifn%\t?r)l_llof 3T, and.such that ii as an inte{%gdi%t{fgefo%er level within a
He At SYHR

range of from 0.78 to 0.5% iffE& A SR IQBH h EMFrREMAES BVEMbllows a
second bogtai thavie hiyadiatianpeiinchatiag pdine lengtitiof e ridsushnhaiihdiagab an

Vel oS ST e BEEE  PARTEL LA BEHSA RE L GAE length of mT. where m represents a
predetermined natural mhm&mﬁftfargﬁaﬁméoli&aMQ@ﬁeaiH@ﬁﬁwﬂﬁ@dwmﬂarla@id@ng_ data in the
o e BT e P et
represents the time length of one period of a reference clock in a data signal and n represents a
predetermilrbgd An optical recording device as claimed in claim 9 for recording marks having
15 a time length of NT, where T represents the time length of one period of a reference clock in
a data signal and n represents a predetermined natural number, characterized in that
the control means are operative to control the power of the radiation beam
such that it has
an intermediate power level within a range of from 0.52 to 0.78 times the write
20  power level when the intermediate power level follows a first bottom power irradiation
period having a time length of 3T, and such that is has an intermediate power level within a
range of from 0.78 to 0.92 times the write power level when the intermediate power level
follows a second bottom power irradiation period having a time length of 4T, and such that it
has
25 an intermediate power level substantially equal to the write power level when
the intermediate power level follows a third bottom power irradiation period having a time

length of mT, where m represents a predetermined natural number larger than 4.

11. An optical recording device for recording data in the form of marks and lands
30  on arecording surface of an optical record carrier by irradiating the recording surface by
means of a radiation beam, the marks having a time length of nT, where T represents the time
length of one period of a reference clock in a data signal and n represents a predetermined
natural number, the device comprising a radiation source for providing the radiation beam

and control means for controlling the power of the radiation beam such that it has



natural number, the device comprising a radiation source for providing the radiation beam and control
means for controlling the power of the radiation beam such that it has 17 November 2005 13 a write
power level capable of forming a mark when recording a mark having a time length of wT, where w
represents a predetermined natural number larger than 2, and such that it had A NAMSR e
power level capable of forming a mark when recordiné3a 5 mark having a time length of uT, where u

represents a predeterminggifaibiamevebeijaveothammgthenfirstwaisessidgmpaweiriegleing
higher than the write power level and being set in accordance with a time length of the mark to be

recorded, ANESUE iV Ha v RARivL TS BUGRT R PER G R AT S RO M OPRH HEE ol rrdbiation

period andupastaseeand raised write power level during a second portion of the write power 10

irradiation period when recording a mark having a time length of vT, where v represents.a
predetermined natural rﬂjﬁ{ﬁte‘iaféﬁaeﬂﬁgﬂ?wg%%ﬁigﬁ SRR BN SPssaIdg &R second

portios anehtie kaaapd taiselnutie ponerhevelibebrgsbighe ptbandhrinddtapovweiuiavel Rtbeing set

in accordance with a time length of the mark tq pe recorded, and such that it has 15 boftom power
evel moap I R TG R HAIREES GO ot (A BLRSE B pae L AR, 12 An

optical recerding @eviaacsHdiaimeachéisaligimotihovhereind beaqdaldc aad subpteserntisa predetermined
natural number larger 20 than 4, and wherein the control means are oggrativet control the power of

the radiation beam such YHAEPRAS Gt FufdaA dHel PR RAEIMGHRRY W YR BRAORFEYS to 1.15
times the aidt@qcvvecdadehivben recpuding lavlatkriipving @titsolengtbfehe hrangsuah that it has a

oo assiuticReve il i snae e on LE2.0.108 S . 9 ey o
predetermined natural number lower than w and higher than u, the first portion preceding the
second portion and the second raised write power level being higher than the write power
level and being set in accordance with a time length of the mark to be recorded, and such that
it has

15 bottom power level incapable of forming a mark during a bottom power

irradiation period between the marks.

12. An optical recording device as claimed in claim 11,
wherein U equals 3 and W represents a predetermined natural number larger
20  than 4, and wherein the control means are operative to control the power of the radiation
beam such that it has
a first raised write power level within a range of from 1.05 to 1.15 times the
write power level when recording a mark having a time length of UT, and such that it has
a second raised write power level within a range of from 1.00 to 1.08 times the

25  write power level when recording a mark having a time length of 4T.





