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Methods of determining the optimal erase and write power, and recording apparatus with
devices for said methods

The invention relates to a method of determining the optimal erase power for
erasing marks provided in an optical record carrier of the type in which marks are provided by
locally heating the record carrier with radiation pulses having a sufficiently high power so as
to cause changes in optical properties of the record carrier, which changes become manifest by
a reduced reflection of the radiation pulses. .

_ The invention also relates to a method of determining the optimal write power
for providing marks in an optical record carrier, which marks are provided by locally heating
the record carrier with radiation pulses having a sufficiently high power so as to cause changes
in optical properties of the record carrier, which changes become manifest by a reduced
reflection of the radiation pulses. .' _ | _

" | The invention further relates to an optical reéord carrier for use in one of the
methbds according to the invention, inscribable 'by a radiation beam, containing an area
comprising information about'prop'erties of the optical record carrier. |

The invention further relates to a recording apparatus comprising a calibration
device for détermining the optimal erase power required for erasing marks provided in an
optical record carriér of the type in which marks are prbvided by lbcélly heating the record
carrier with radiation pulses having a sufﬁcienily high power 50 as to cause changes in optical
properties of the record carrier, which changes become manifest by a reduced reflection of the
radiation pulses. B |

h ' The invention further relates to a recording apparatus comprising a calibration
device for determining the optimal write power required for providing marks in an optical
record carrier, which marks are provided by locally heating the record carrier with radiation
pulses having a sufficiently high power so as to cause changes in optical properties of the
record carrier, which changes become manifest by a reduced reflection of the radiation pulses.

The invention also relates to a calibration device for use in a recording
apparatus. ' '

CONFIRMATION GOPY.
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The optimal erase power and the optimal write power are dependent on
properties of the record carrier used and on the properties of the recording apparatus. These
powers should therefore be determined whenever a given record carrier is used in a recording
apparatus.

- Methods and apparatuses for determining these powers are known, inter alia,
from EP 0 737 962 (Ricoh Company Ltd). This application describes a method in which the
optimal write power is determined with reference to amodulation power curve to be fixed for

- each combination of record carrier and recording apparatus. The modulation power curve is

fixed by providing marks in the record carrier through a large range of write powers (Py) and
by subsequently measuring the modulation (m) of the associated ‘marks for each write power,
i.c. the reflected power coming from a mark relative to the reflected power coming from an
area without marks. The modulation values thus obtained are plotted versus the associated

- write powers in the modulation power curve (m(Pw)). Subseqxiently, a cur've (the ycurve) is

detenmned which represents the normalized first-ordér denvatwe (7 (dm/dP;y) (PW/m)) of
the modnlahon power curve (m(PW)) deseribed hereinbefore. Th1s ycm've - has an asymptotlc
variation, thh only a slight decrease of the y occurring at hxgher wnte powers. The optimal
write power is found by selectmg the power which is assoclated w1th a predeterxmned value of
the derivative y The optimal erase pOwer is subsequently hnea.rly dependent on the optlmal

write power found.

The detennmauon of an unamblguous value from an asymptoncally varyxng
curve, such as the ycurve, is not very welI pOSSlble Sma]l vanatlons of the mput value, the
predetermmed value of y, may result in large variations of the output value, the optimal write
power. Moreover, when detenmmng the modulation power curve, write powers are used
which lie above the optimal write power so that unnecessarily h1gh temperatures are caused in
the record carrier. - _ _

It is an object of the invention to provide.a method of unambiguously
determining the optimal erase power and to provide a method of unambiguously determining

the optimal write power, avoidihg unnecessarily high temperatures in the record carrier.

According to the invention, this object is achieved by means of a method of .
determining the optimal erase power, which is characterized in that the method comprises a
preparatory step of providing marks on the record carrier by locally heating the record carrier
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with radiation pulses having a first po_wer, followed by a first measuring step of determining a
second power (Pmin) of the radiation pulses, at which power the optical properties of the record
carrier at the location of the marks provided in the preparatory step do not substantially change
when the record catrier is irradiated at a power which is lower than said second power, and the
optical properties of the record carrier at the location of the provided marks change when the
record carrier is irradiated at a power which is higher than said second power, such that the '
normalized reflected power increases, and a second measuring step of determining a third
power (Pmax) of the radiation pulses, at which power the optical properties of the record carrier
change to such an extent that the normalized reflected power becomes maximal, when the

record carrier is irradiated at said third power at the location of the marks provided in the

~ preparatory step; followed by a comparison step of determining the optimal erase power (Pgo)

from the equation
P +2..
P = pr a8l

- in which e is a constant known in advance and Sis a variable which is dependent on

properties of the record carrier. The normalized reflected power (R) is understood to mean the - -
reflected power relative to the power at which the record carrier is irradiated.

_ An advantage of this method is that the powers Ppiy, and Ppax to be determined,
from which the optimal erase power follows via an equation, can be unambiguously
determined because they are located at points of inflection in a curve in which the normalized
reflected power (R) is plotted versus the power (P) at which the record carrier is irradiated at
the location of the marks provided in the preparatory step. This means that the first-order
derivative dR/dP exhibits an abrupt variation in value or sign at the powers P, and P so
that these powers can be determined in a simple and unambiguous manner. A further
adﬁantage of the method appears to be that fhe determined powers, Ppyip and Pp,y, are hardly
dependent on the write method with which the marks are provided on the record carrier in the

‘preparatory step. Also the number of times of consecutively performing the method, in which

marks are each time provided at the same position on the record carrier, has no significant

influence on the determined powers Ppi; and Prax.

According to the invention, this object is further achieved by means of a
method of determining the optimal write power, which is characterized in that the method
comprises a preparatory step of providing marks on the record carrier by locally heating the
record carrier with radiation pulses having a first power, followed by a first measuring step of .
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determining a second power (Piin) of the radiation pulses, at which power the optical

 properties of the record carrier at the location of the marks provided in the preparatory step do

not substantially change when the record carrier is irradiated at a power which is lower than
said second power, and the optical properties of the record carrier at the location of the
providéd marks change to such an extent that the ﬁormalizéd' reflected power increases, when

the record carrier is irradiated at a power which is higher than said second power, and a second

measuring step of determining a third power (Pps) of the radiation pulses, at which power the
optical properties of the record carrier change when the record carrier is irradiated at said third
power at the location of the marks proi'idéd in the preparatory step, such that the normalized

reflected power becomes maximal, followed by a comparison step of determ&ﬁng the optimal

write power (Pwo) from by the equation
By =5 p. ot Pos)
o

in which a is a constant known in advance and fand Jare variables which are dependent on
properties of the record carrier. = T i '

' Also in this method, the powers, Puin and Ppay, can be unambiguously =
determined because they are located at points of inflection in a curve in which the normalized
reflected power (R) is plotted versus the power (P) at which the record carrier is irradiated at

" the location of the marks provided in the preparatory step, and the determined powers, Pin

and Py, are hardly dependent on the write method and on the number of times of performing
the method. " ' ' o

_ The methods described are applicable, inter alia, when using optical record
carriers of the “phase change” type, in which marks are provided in the record cartier by '
locally heating the record carrier, under the influence of which a local transition takes place

from a crystalline state to an amorphous state, and vice versa. -

An embodiment of the method according to the invention is characterized in
that the first measuring step comprises at least two sub-steps, in which sub-steps the record
carrier is irradiated at the location of the provided marks with radiation pulses having a test
power of a selected value, which test power increases in the consecutive sub-steps as long as
the optical properties of the record carrier at the location of the irradiated marks do not
substantially change, and which sub-steps are terminated as soon as the optical properties of
the record carrier at the location of the irradiated marks change to such an extent that the
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normalized reflected power increases, followed by a first final step in which the value of the
test power in the last sub-step is allocated to the second power (Puin)- '

An advantage of this embodiment is that the sequence of consecutive sub-steps
is terminated by a clear stop criterion because the normalized reflected power upon irradiation
at a test power just above the second power (Pmin) exhibits a fairly abrupt increase with respect
to the normalized reflected power upon irradiation at a test po§ver just below the second power
(Penin). -

An embodiment of the method according to the invention is characterized in
that the second measuring step comprises at least two sub-steps, in which sub-steps the record
carrier is irradiated at the location of the provided marks with radiation pulses having a test
power of a selected value, which test power increases in the consecutive sub-steps and which
sub-steps are terminated as soon as the optical properties of the record carrier at the location of
the irradiated marks change io such an extent that the normalized reflected power decreases,

_ followed by a second final step in which the value of the test power in the last sub-step is -

allocated to the third power (Pmax)-

An advantage of this embodiment is that the sequence of consecutive sub-steps.
is terminated by a clear stop criterion because the normalized reflected power upon irradiation
at a test power just above the third power (Pyax) exhibits a fairly abrupt decrease with respect
to the normalized reflected power upon irradiation at a test power just below the third power
(Pmax). A further advantage of this embodiment is that the test powers do not become higher
than the minimal power which is required for providing marks. Consequently, the record
carrier is not irradiated with radiation pulses having an unnecessarily high test power, so that
no unnecessarily high temperatures are caused in the record carrier.

An embodiment of the method according to the invention is characterized in
that the marks, which are provided in the preparatory step, are of a maximum length which
maximum length is the maximum length allowed by the applied coding method.

In this embodiment, the longest possible marks are provided which are allowed
within the scope method. For example, a mark with a length of (d+1) times the channel-bit-
length (.e., a (d+]) carrier) is provided when a (d,k) RLL coding method is applied.

The length of these longest possible marks is at least larger than the diameter of
the cross-section of the beam of radiation pulses with respect to the record carrier. An
advantagé of this embodiment is that, due to the provision of these marks, a maximally

unambiguous transition in normalized reflected power (R) is obtained between amark and an
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area without marks. This is particularly important where the optical properties of a record
carrier at the location of a mark differ only slightly from the optical propemes in an area
without marks.

An embodiment of the miethod according to the invention is characterized in
that the marks, which are provided in the preparatory step, are coded with an I11 carrier in
accordance with the EFM+ (Eight-to-Fourteen Modulation Plus) coding method,

In this embodiment, the longest possible marké are provided which are possible
within the scope of the EFM+ coding method, which method is used, inter aha, in DVD
systems. '

An embodiment of the method according to the invention is characterized in
that the marks, which are provided in the preparatory step, are provided in selected
distinguishable areas.

For example, the marks may be provided in a limited number of sectors of a
track. An advantage of this embodiment is that the measuring steps can be performed more
rapidly than when the marks are provided in larger areas such as, for example, a complete
track. '

An embodiment of the method according to the invention is characterized in
that the selected distinguishable areas are evenly spréad across the surface of the record
carrier. : '

. An advantage of this embodiment is that irregularities in the optical properties
of the record carrier, which are not evenlj-spread across the surface of the record carrier, have
a smaller influence on the results of the méasuring steps than in the case where the
distinguishable areas are not evenly spread across the surface of the record carrier. By using
areas which are evenly spread across the surface of the record carrier, optimal values for the

erase power and the write power applying to the entire record carrier are found.

An embodiment of the method according to the invention is characterized in
that the factor @ in the compérison step has a value of 2. _ '

Although it is evident to those skilled in the art that the factor @ may assume
any value between (Ppyin+Pma)/Pmin 204 (PintPmax)/ Pmax, it Was found in measurements that at
a value of 2 for the factor of a, the method yields a good approximation of the optimal erase

power and write power if fis assumed to be ~ 1.
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An embodiment of the method according to the invention is characterized in
that the factor ez in the comparisdn step has a value of 2 and the factor Sin the compari_édn
step has a value of between 0.7 and 1.3.

Measurements proved that a value of fin said range appeared to yield an
optimal value for the erase power and the write power, with the value for §at which these

optimal values are reached being dependent on the properties of the record carrier used.

An embodiment of the method according to the invention is characterized in
that the factor £in the comparison stage is read from an area on the record carrier, which area
comprises information about properties of the record carrier.

Since the value for £, at which the optimal values for the erase power and the
write power are reached, is dependent on the properties of the record carrier used, this value
can be determined once during the production of the record carrier and fixed on this record
carrier.

It is a further object of the invention to provide an optical record carrier for use

in one of the methods according to the invention.

An optical record carrier according to the invention is characterized in that the
area comprising information about properties of the record carrier comprises a value for the
factor B used in the comparison stage of the method according to the invention.

An optical record carrier according to the invention is characterized in that the
area comprising information about properties of the record carrier comprises a value for the
.factor 0 used in the comparison stage of the method according to the invention.

Since the value for B, respectively 6, at which the optimal values for the erase
power and the write power are reached is dependent on the properties of the record carrier, this
value can be determined once during the production of the record carrier and can subsequently
be stored in an area on the record cairier comprising information about properties of the record
carrier.

Such an area is for example the so-called pregroove in the lead-in area on 2
Compact Disk Recordable (CD-R). This pregroove is frequency-modulated with an auxiliary
signal and information about properties of the record carrier are coded in the auxiliary signal.
A description of a record carrier having such information recorded in the pregroove may be

found in EP 0 397 238. Another example of such an area is a control area on a record carrier,
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8
which record carrier is divided in an information recording area for writing user infofmation,
and a control area for storing information relevant for writing, reading and erasing information
on the record carrier. A encoded value for B, respectively 5, may be stored as a pattern of
marks in this control area. The control area may be embossed. '

Recording media of a different type, such as for 'example an optical type, may
be provided with information about properties of the record carrier in a different manner, for
example, by arranging an area comprising information about properties of the optical record
carrier at the beginning of the tape or along an auxiliary track.
| * Other information about properties of the record carriers which could be stored
in the area on the record carrier comprising information about properties of the record carrier
include for.example one or more speeds of recording, fixed power levels of the radiation beam
used during the recording, such as a bias power level, and the duration and duty cycles of
radiation pulses. . '

An embodiment of the method according to the invention is characterized in

- that the factor §in the comparison step is read from an area on the record carrier, which area

comprisés information about properties of the record carrier.
Since the value for &, at which the optimal value for the write power is reached,
is debendent on the properties of the record carrier used, this value can be determined once

during the production of the record carrier and fixed on this record carrier.

It is a forther object of the invention to provide a recording apparatus using the
method of determining the optimal erase power, and a recording apparatus using the method of

determining the optimal write power.

A recording apparatus according to the invention is characterized in that the
calibration device is adapted to provide marks on the record carrier by locally heating the
record carrier with radiation pulses having a first power, and to determine a second power
(Pmin) of the radiation pulsés, at which power the optical properties of the record carrier at the
location of the provided marks do not substantially change when the record carrier is irradiated
at a power which is lower than said second power, and the optical properties of the record
carrier at the location of the provided marks change when the record carrier is irradiated at a
power which is higher than said second power, such that the normalized reflected power
increases, and to determine a third power (Pmax) of the radiation pulses, at which power the
optical properties of the record carrier change to such an extent that the normalized reflected
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power becomes maximal, when the record carrier is irradiated at said third power at the
location of the provided marks, and to determine the optimal erase power (Pgo) from the
equation '

o Py + Py

P = (.~ min 7 “max/

0 =B p

in which a is a constant known in advance and ABis a variable which is dependent on

properties of the record carrier.

A recording apparatus according to the invention is characterized in that the
calibration device is adapted__to ﬁoﬁde marks on the record carrier by locally heating the
record carrier with radiation pulses having a first power, and to determine a second power
(Pumin) of the radiation pulses, at which power the optical properties of the record carrier at the
location of the provided marks do not substantially change when the record carrier is irradiated
at a power which is lower than said second powér, and the optical properties of the record
carrier at the location of the provided marks change to such an extent that the normalized
reflected power increases, when the record carrier is irradiated at a power which is higher than
said second power, and to determine a third power (Pma) of the radiation pulses, at which
power the optical properties of the record carrier change when the record carrier is irradiated at
said third power at the location of the provided marks, such that the normalized reflected
power becomes maximal, and to determine the optimal write power (Pwo) from the equation
Pp=6-8 Ao + P )

a . _
in which ais a constant known in advance and Sand & are variables which are dependent on

properties of the record carrier.

These and other aspects of the invention are apparent from and will be

elucic_iaied with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a graph showing diagrammatically the relation between the normalized
reflected power (R) and the _tesi power (P) at which the record carrier is irradiated at the
location of the marks provided in the preparatory step,

Fig. 2 is a graph showing examples of the results of a number of measurements
of the normalized reflected power (R) as a function of the test power (P),
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Fig. 3 shows a flow chart of 2 method according to the invention,

Fig. 4 shows flow charts of embodiments of a method according to the
invéntion, and |

Fig. 5 is a block diagram of a calibration device in a recording apparatus

according to the invention.

The curve (10) in Fig. 1 shows diagrammatically the relation between the test
power, P, at which the record carrier is irradiated (11) at the location of the marks provided in
the preparatory step, and the normalized reflected power, R, (12). The second powet, Puin, (15)
is the power at which the curve has a point of inflection (22) located between an area having a
substantially constant normalized reflected power (21) and an area having an increasing '
normalized reflected power (23). The third power, P, (16) is the power at which the
normalized reflected power is maximal, Ruax, (19). This is also the power at which the curve

~ has a point of inflection (24) located between an area having an increasing normalized
. reflected power (23) and an areahavmg a decreasing normalized reflected power (25) The

optimal erase power (17) is between Ppin (15) and P.m (16).

Fig. 2 is a graph showing examples of the results of a number of measurements
(31 through 34) of the normalized reflected power, R, (12) as a function of the test power, P,
(11) in arbitrary units. In measurement 31, a write method for providing marks in the
preparatory step is used, which deviates from the write method used in measurements 32.

. through 34. The measurements-31 and 32 were performed on a record carrier on which no

previous measurements had been perfomied. The measurements 33 and 34 were performed on
a record carrier on which 100 previous measurements had been performed in measurement 33
and 1000 in measurement 34, at which the marks were always provided in the same position

on the record carrier. The measurenients shown in the graph prove that Py, (15) and Ppax (16)
are relatively independent of the write method used and of the number of times of performing

the measurements on one and the same record carrier.

Fig. 3 shows a flow chart of a method according to the invention. In the
preparatory step (40), marks are provided on the record carrier. Sﬁbsequently, the second
power, Pyiy, can be determined in a first measuring step (41), followed by determining the
third power, Pray, in a second measuring step (42). After the preparatory step (40), the third

power, Py, can be determined in a second meas'uﬁng step (42), followed by determining the
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second power; Ppin, in the first measuring step (41). When both measuring steps have been
performed, the optimal value for the erase power and the write power, respectively, is
determined in the comparison step (43).

Fig. 4A shows a flow chart of an embodiment of the first measuring step (41)
for determining Ppp, and Fig. 4B shows a flow chart of an embodiment of the second-
measuring step (42) for determining Ppex. In block 51, an initial value of 1 is allocated to a
counter, n, which keeps track of the number of sub-steps performed. Subsequently, in block

'52, the record carrier is irradiated at the location of the marks provided in the preparatory step

(40) with radiation pulses having a test power of a selected value, P(1), and the normalized -
reflected power, R(1), associated with this test power is measured. In block 53, the counter, n,
which keeps track of the number of sub-steps performed is raised by 1. In block 54, the record
carrier is subsequently irradiated at the location of the marks provided in the preparatory step
(40) with radiation pulses having a test power of a value P(n), in which P(n) is larger than the
value of the test power in the previous step P(n-1), and the normalized reflected power, R(n),
associated with this test power is measured.

In comparison block 551 in Fig. 4A, the normalized reflected power in the
current sub-step, R(n), is compared with the normalized reflected power in the previous sub-
step, R(n-1). If the two powers are substantially equal, the blocks 53 and 54 are repeated via
path 581. If the two powers are not substantially equal, the value of the test power in the last
sub-step, P(n), is allocated to Py, in block 561 via path 591.

In comparison block 552 in Fig. 4B, the normalized reflected power in the
current sub-step, R(n), is compared with the normalized reflected power in the previous sub-
step, R(n-1). If the value of R(n) is smaller than the value of R(n-1), the value of the test
power in the last sub-step, P(n), is allocated to Pmax in block 562 via path 592. If the value of
R(n) is not smaller than the value of R(n-1), the blocks 53 and 54 are repeated via path 582.

Fig. 5 is a block diagram of a calibration device (60) in a recording apparatus
according to the invention. Block 81 shows an optical system in the recording apparatus,
Which optical system irradiates an optical record carrier (85) with radiation pulses (84) and
receives reflected radiation pulses and converts them into an information signal (71). The
optical system (81) is driven by a block (82) with control logics. This control logics block (82)
controls, inter alia, the power of the radiation pulses (84). The calibration device (60)
comprises a block (61) with control logics for performing the preparatory step in accordénce
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with the inventive methods, a block (62) with control logics for performing a first measuring

step in accordance with the invented methods, a block (63) with control logics for performing
the second measuring step in accordance with the invented methods, and a block (64) with
control logics for performing the comparison step in accordance with the invented methods.
Block 61 sends information to the control logics (82) via a:_control signal 72,
which information is necessary for providing marks on the optical record carrier (85). Blocks
62 and 63 send information td"dxe control logics (82) via control signal 73, which information
is necessary for performing the measuring steps Information sighal (71) supplies the blocks
62 and 63 with information about the reflected radiation pulses Block 62 supphes the result of
the first measuring step via signal 75, and block 63 supplies the result of the sécond measuring

. step to block 64 via signal 76: This block 64 supplies the optimal erase power and the optimal-

write power, respectively, via signal 79 to the recording apparatus. Information about thé :
parameters Sand & is obtained via mfonnatmn signal 71 from the optlcal record carrier (85),
or via signal 78 from the recordmg apparatus '

Vv
By
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CLAIMS

1. A method of determining the optical erase power for erasing marks provided in
an optical record carrier of the type in-which marks are provided by locally heating the record
carrier with radiation pulses having a sufficiently high power so as to cause changes in optical -
properties of the record carrier, which changes become manifest by a reduced reflection of the
radiation pulses, characterized in that the method comprises

a preparatory step of providing marks on the record carrier by locally heatmg
the record carrier with radiation pulses having a first power, followed by

a first measuring step of determining a second power (Pmin) of the radiation
pulses, at which power the optical properties of the record carrier at the location of the marks
provided in the preparatory step do not Substantially change when the record carrier is
irradiated at a power which is lower than s4id second power, and the optical properties of the
record carrier at the location of the provided marks change to such an extent that the
normalized reflected power increases, when the record carrier is irradiated at a power which is
higher than said second power, and

a second measuring step of determining a third power (Pnax) of the radiation
pulses, at which power the optical properties of the record carrier change when the record
carrier is irradiated at said third power at the location of the marks provided in the preparatory
step, such that the normalized reflected power becomes maximal, followed by
a comparison step of determining the optimal erase power (Pgo) from the
equation : '

' P, +P
Pso_=ﬁ‘——'—"( = pe o)

in which & is a constant known in advance and Sis a variable which is dependent on

propetties of the record carrier.

2. A method of determining the optical write power for providing marks in an
optical record carrier, which marks are provided by locally heating the record carrier with
radiation pulses having a sufficiently high power so as to cause changes in optical properties

R g
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of the record carrier, which changes become manifest by a reduced reflection of the radiation
pulses, characterized in that the method comprises '
| a preparatory step of providing marks on the record carrier by locally heating
the record carrier with radiation pulses having a first power, followed by
a first measuring step of determining a second power (Pmin) of the radiation
pulses, at which power the optical properties of the record carrier at the location of the marks
provided-in the preparatory step do not substantially change ‘when the record carrier is
irradiated at a power which is lower than said second power, and the optical properties of the
record carrier at the location of the provided marks change to such an extent that the
. normalized reflected power increases, when the record carrier is irradiated at a power which is
higher than said second power, and
. asecond measuring step of determining a thll'd power (Pmax) Of the radiation
pulses, at which power the optical properties of the record carrier change when the record
carrier is irradiated at said third power at the location of the marks provided in the preparatory
step, such that the normalized reflected power becomes maximal, followed by
a comparison step of determining the optimal write power (Pwo) from the

equation _
By =55 Fen* Pus)
in which & is a constant known in advanée and Sand Sare variables which are dependent on

propetties of the record carrier.

3. Amethod as claimed in claim 1 or 2, characterized in that the first measuring
step compnses at least two sub-steps, in which sub-steps

the record carrier is irradiated at the location of the provided marks thh
radiation pulses having a test power of a selected value, which test power increases in the
consecutive sub-steps as long as the optical properties of the record carrier at the location of
the irradiated marks do not substantially change, ' _

and which sub-steps are terminated as soon as the optical properties of the
record carrier at the location of the irradiated marks change to such an extent that the
normalized reflected power increases, followed by

a first final step in which the value of the test power in the last sub-step is
allocated to the second power (Pmir).

_
Ry LT

i

i




10

15

20

25

30

WO 00/41172 PCT/EP00/00094

4. . A method as claimed in claim 1 or 2, characterized in that the second measuring
step comprises at least two sub-steps, in which sub-steps '
the record carrier is irradiated at the location of the provided marks with
radiation pulses having a test power of a selected value, which test power increases in the
consecutive sub-steps, '

_ and which sub -steps are terminated as soon as the optical properties of the
record carrier at the location of the irradiated marks change to such an extent that the
normalized reflected power decreases, followed by

a second final step in which the value of the test power in the last sub-step is
allocated to the third power (Pmax)- oo

5. . A method as claimed in claim 1 or 2, characterized in that the marks, which are
provided in the preparatory step, are of a maximum length which maximum length is the
maximum length allowed by the applied coding method.

6. A method as claimed in claim 5, characterized in that the marks, which are
prqvide_d in the preparatory step, are coded with an I11 carrier in accordance with the EFM+
(Eight-to-Fourteen Modulation Plus) coding method.

7. A method as claimed in claim 1 or 2, characterized in that the marks, which are
provided in the preparatory step, are provided in selected distinguishable areas.

8. - Amethod as claimed in claim 7, char_acterized in th_at the selected

distinguishable areas are evenly spread across the surface of the record carrier.

9. A method as claimed in claim 1 or 2, characterized in that the factor zin the
comparison step has a value of 2.
10. A method as claimed in claim 1 or 2, characterized in that the factor  in the

compatison step has a value of 2 and the factor £in the comparison step has a value of
between 0.7 and 1.3.
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11.  Amethodas claimed in'claim 1 or 2, characterized in that the factor Sin the
comparison step is read from an area on the record carrier, which area comprises information

about properties of the record carrier.

12 Amethod as claimed in claim 2, characterized in that the factor §in the
comparison step is read from an area on the record carrier, which area comprises information
about properties of the record carrier. - o |

13. " An optical record carrier for use in one of the methods as claimed 1 or 12,
inscribable by a radiation beam, containing an area comprising information about properties of
the optical record carrier, characterized in that the area compﬁsi'ng_ information about

properties of the record carrier 6ompﬁses a value for the factor B used in the comparison stage -

of the method.

14. An optical record carrier for use in one of'the méthods_as claimed in claim 1 to
12, inscribable by a radiation beam, containing an area comprising information about
properties of the optical record carrier, characterized in that the area comprising information

about properties of the record carrier compﬁses a value for the factor & used in the co:hparison

stage of the method.

15. A recording apparaﬁls comprising a calibration device for determining the
optimal erase power required for erasing marks provided in an 6ptica1 record carrier of the
type in which marks are provided by locally heaﬁng the record carrier with radiation pulses
baving a sufficiently high power 50 as to cause changes in optical properﬁes of the record
carrier, which changes become manifest by a reduced reflection of the radiation pulses,
characterized in that the calibration device is adapted

to provide marks on the record carrier by locally heating the record carrier with
radiation puises having a first power, and _

to determine a second power (Pumin) of the radiation pulses, at which power the
optical properties of the record carrier at the location of the provided marks do not
substantially change when the record carrier is irradiated at a power which is lower than said
second power, and the optical properties of the record carrier at the location of the provided
marks change to such an extent that the normalized reflected power increases, when the record
carrier is irradiated at a power which is higher than said second power, and
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to determine athn'd power (Pmax) of the radiatiop pulses, at which power' the
optical properties of the record carrier change when the record carner is irradiated at said third
power at the location of the provided marks, such that the normalized reflected power becomes
maximal, and | |
to determihe the optimal erase power (Pgo) from the equation

_(Pmm +P|ux)

Pyp=p pe

in which « is a constant known in advance and fis a variable which is dependent on

. properties of the record carrier.

16. A recording apparatus comprising a calibration device for determining the
optimal write power required for providing marks in an optical record carrier, which marks are
provided by locally heating the record carrier with radiation pulses having a sufficiently high
power so as to cause changes in optical properties of the record carrier, which changes become
manifest by a reduced reflection of the radiation pulses, characterized in that the calibration

- device is adapted

to provide marks on the record carrier by locally heating the record carrier with
radiation pulses having a first power, and

to determine a second power (Pyn) of the radiation pulses, at which power the
optical properties of the record carrier at the location of the provided marks do not
substantially change when the record carrier is irradiated at a power which is lower than said
second power, and the optical properties of the record carrier at the location of the provided
marks change to such an extent that the normalized reflected power increases, when the record
carrier is irradiated at a power which is higher than said second power, and

" to determine a third power (Pyax) of the radiation pulses, at which power the

optical properties of the record carrier change when the record carrier is irradiated at said third
power at the location of the provided marks, such that the normalized reflected power becomes
maximal, and

to determine the optimal write power (Pwg) from the equation
By =5.p Bt B

o

in which « is a constant known in advance and fand & are variables which are dependent on

properties of the record carrier.
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17. A calibration device foruse in a recording apparatus as claimed in claim 15 or
16. | '
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