ootz ¢,

1 ;NETHODS AND DEVI CES FOR RECORDI NG ONE OR MORE SI GNALS VWH CH HAVE BEEN
ENCODED BY ON ERROR DETECTI ON AND CORRECTI ON ALGORI THM ON A RECORD CARRI ER
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invention relates to a method of recording signals on a record carrier of a
type that can Methodeandrietording deviey for-re¢drdingrsigrialy of aGecsrldafriér] ¥

detectabl e marks are recorded on the record carrier in substantially

paral l el tracks. The tracks are scanned by a radiati on beam and the narks

ar e obt ai ned

10

15

20

25

The invention relates to a method of recording signals on a record carrier
of a type that can be overwritten, information patterns of optically detectable marks
being recorded on the record carrier in substantially parallel tracks, the tracks being
scanned by a radiation beam for the purpose of recording the marks, the optically
detectable marks being obtained by locally heating a suitable recording layer of the
record carrier by means of the radiation beam, the energy contents of the radiation
beam being set in response to the detection of undesired signals in a test information
pattern recorded with the radiation beam. |

The invention further relates to a recording device for recording signals in
substantially parallel tracks on a record carrier of a type that can be overwritten, this
recording device comprising scanning means for scanning the tracks with a radiation
beam for the purpose of introducing in the tracks an information pattern of optically
detectable marks which corresponds to the signal patterns, the device comprising setting
means for setting the recording intensity with the aid 6f a setting signal to be applied to
the setting means, this setting signal being dependent on the detection'of_undesired
signals in a test information pattern recorded with the radiation beam. -

A similar method and device for recording signals on the record carrier is

known from European Patent Application published under No. 0 400 726. The method N

and recording device described in that European Patent Application give a procedure for

media calibration by which a recording intensity is determined for a radiation beam by

which information patterns are introduced in the recording léyer of a record carrier.

The deséribed media calibrétion comprises the following procedure steps: |

a. an information pattern having a first frequency is recorded in a track with a
maximum recordmg intensity of the radiation beam;

b. then, in the same track, a second infdrmation 'pat'tem having a second frequency
is recorded with a low, minimum recording intensity of the radiation beam;

c. the information recorded in the track is read out after which the read signal is
applied to a detection mechanism tuned to the frequency of the first signal;
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by the radi ation beamlocally heating a suitable recording layer of the
record carrier. The energy contents of the radiation beamare set in

response to 4 of undesired signals fyoma test information tye
r'ecorded wi tﬁﬂ?ﬁgf r'ggﬁation beam The inventil on further relates to g?_05.{9@3
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the purpose of introducing in the tracks information patterns
det ect abl e marks wiieng inereasedhbya specific desiragnzandomlyt selectableistdpa setti ng

of & setting QbR 358 AR rorRiafl ohierd e R R Fridency R fo'ionger ' ©
5 been detected in procedure step d, an intensity setting of the radiation beam is found at
which there is a guaranteed minimum error rate of the information pattern to be
recorded and subsequently read out.
Above matter is illustrated with reference to Figs. 7 and 8 of said

Application, with Fig. 8 representing an error rate characteristic as a function of the

10 intensity of the radiation beam used for recording. As has been explained in the
application, the method and device described therein provide a setting of the radiation
intensity which is situated substantially in the middle of the flat domain of the error rate
characteristic in which the error rate is low.

Although the described method and recording device as defined in

15 European Patent Application 0 400 726 provide a highly reliable recording of
information patterns, with a very low error rate, there are nevertheless several inherent
disadvantages, for example:

- specially designed hardware is necessary for generating the information patterns
having a first and a second frequency and for detecting the rest of the first

20 information having the first frequency;

- a further disadvantage is that the first information pattern having the first
frequency is recorded with full power of the laser diode which generates the
radiation beam. Having the laser diode operated full power is disadvantageous
in that this shortens its useful life.

25 It is one of the objects of the invention to provide a2 method as well as a
recording device for which no additional hardware is necessary in the recording device
for determining an optimum recording intensity setting for the laser beam, at which the
information patterns recorded therewith yet have a desired low error rate.

It is a further object of the invention to provide a method and a recording

30 device according to the invention, in which information pattefns having a minimum
error rate can be recorded with a min’imuin recording intensity.

A method according to the invention is thereto gharacterized, in that the
test information pattern is a given randomly selectable data pattern, coded by means of
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sétti ng signal being dependent on the detection of undesired signals froma
test information pattern recorded wth the radati on beam A simlar nethod

and devi ce fopyNqex8eng signals on a recordscarrier is known from European
Pat ent Appl i cgtion N%% ("EP-A") 0 400 726. The method and recordi ng%ge&ﬁé%%
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i nformation patithea selected récokding isteassy 6Mthk iadiassrbélint dafted WiHict? thedefteCor d
carrier. The npedia calibration described in EP-A 0 400 726, conprise the
fol | owi ng st eﬁgf_ormanon pattern is read out and an error rate in the data pattern is established by
means of an error detection and correction algorithm, after which, in response to the
5 error rate, a setting for the recording intensity of the radiation beam is selected for
information pattern recording.

The method according to the invention utilizes the error detection and
correction algorithm already used when signals are recorded. If a recorded information
pattern is read out and processed by means of the error correction and detection

10 algorithm, after the test information pattern has been recorded, which is derived from a
randomly or freely selectable data pattern, the magnitude of the error rate in the known
data pattern can be established. By means of the found error rate the setting of the
radiation beam can be adjusted in the desired direction of intensity.

A recording device according to the invention is characterized, in that the

15 recording device further includes reading means for reading an information pattern
recorded with the radiation beam, and programmed data processing means for encoding
data patterns by means of an error detection and correction algorithm for determining an
error rate in a signal pattern belonging to a read out information pattern, and for
determining an adjustment signal in dependence on the detected error rate.

20 A recording device according to the invention utilizes a programmed data
processing means already used in the recording device, for encoding data patterns by
means of an error detection and correction algorithm and for decoding recorded signal
patterns by means of the error detection and correction algorithm. When a read out
information pattern is decoded, an error rate is determined on the basis of which a

25 setting signal for setting means to set the beam intensity of the radiation source is
found.

The embodiment with automatic optimum setting of the beam intensity is
especially suitable for recording devices_ in which the recording of the marks strongly

_ depends on the recording intensity like, for example, in magnetooptical recording

30 devices. However, the invention is not restricted to magnetooptical recordings but may
alternatively be applied to other recording principles, such as, for example, recordings
that can be overwritten on record carriers of the phase-change type, for which a record
carrier is used whose structure, when scanned by a radiation beam, can be changed
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a¥ a first information pattern having a first frequency is recorded in a
track with a maxinumrecording intensity of the radiation beam b. then, in
the sane track, a second information pattern having a second frequency is
recorded wi t PHN 14w86ni ni - num recording i nfensity of the radiati onl hoR1993
c: then, the information recorded in the track is read out and, the read

si gnal i s ap}ﬁtdrmdm!plmudéogcystamnmmwneymmtdepdming ohehd mmnanetﬁédt he
first information patt nal r f the first Bformatlon

et torn (havmo thoct| Fufther smboaiRelis il 5 adaalages tereas iiLba deseribbbine
repeated, t heeAogiN kifirdnct 89 9 arabAg PRles PESS! n Bfichel N9 | noreased by

speci fic desired randonly sel ectabl e
Figs. laand 1b show a record carrier,
5 Fig. 2 shows a magnetooptical device according to the invention,
Fig. 3 shows a recording signal and the associated information pattern,
Fig. 4 shows reading reliability as a function of recording intensity,
Fig. 5 shows a flow chart of a preferred embodiment for a method of
setting the recording intensity according to the invention,
10 Fig. 6 shows a first situation bf an initial recording intensity with respect
to the recording window in the error rate characteristic, and
Fig. 7 shows a further situation of an initial recording intensity relative to
the recording window.
Fig. 1 shows an embodiment of a record carrier 1 of a type that can be
15 overwritten, in which Fig. 1a shows the top elevation and Fig. 1b shows a small part of
the section along line b-b. The record carrier 1 comprises a track pattern presenting
information areas located substantially concentrically relative to each other, which areas
are intended for recording information in the form of information patterns of optically
detectable marks. The track pattern may consist, for example, of a continuous helical
20 servo-track 4 denoﬁng the middle of the information areas. The concentric information
areas, however, may also be denoted by a structure of commonly termed servo-patterns,
as has been described, for example, in Dutch Patent Application NL-A 8702905 (PHN
12.339). For recording purposes the record carrier ! comprises a recording layer 6
deposited on a transparent substrate 5 and covered by a protective coating 7. The
25 recording layer 6 is of a material suitable for magneto-optical recording. There should
be observed that information layer 6 may, however, also consist of a different material,
for example, a commonly termed phase-change mé.l:erial, whose structure may be
changed from amorphous to crystalline and vice versa by suitable radiation methods.
Fig. 2 shows an embodiment of a magnetooptical recording device 10
30 according to the invention for recording information on the record carrier 1. The
recording device 10 comprises a turntable 11 and a drive motor 12 for causing the
record carrier 1 to rotate around an axis 13. Opposite to the rotating record carrier 1 is
installed an optical read/write head 14 of a customary type suitable for magnetooptical
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Once rests of the first information pattern (having the first frequency)
are no longer detected in step d, an intensity setting of the rad:cat |hon
beamis foundpgly 11pgé there is a guaranteeds mi ninumerror rate of the
i nformati on ;g?tern to be recorded and subsequently read out. Wat Hésm;l?@ﬂ

' i bed 4o d it f e to Fl nd 8 of EP-A 0 400
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devi ce described in, EP-A QO 400 726 provide a setting of tRAe radiation _
i ntensity whikesPing tBe radiaton beas i3 focused onythe servordrack ddicustomary fdcating means

of the error [=Ic o ib(ai'!n ' error tate is_|ow Al though
this provi destagkﬁ%{i?;ﬁe?{gﬁ{dé%be rec%)":r @I °(r‘:{g°d;$'$ ¥y @F?F&Hgoﬁyﬁtag @g&vﬁgs?tomary
5 addressing means for retrieving viag a specific address, as has been described, for
example, in EP-A 0 265 904 and NL-A 8800151 (PHN 12.063 and PHN 12.398).
Opposite to the read/write head 14, on the other side of the record carrier 1, a magnetic

field modulator 16 is installed for generating a magnetic field H directed substantially
perpendicularly to the recording layer 6 in the area of the recording layer 6 radiated by

10 the radiation beam 15. The magnetic field modulator 16 is rigidly attached to the
read/write head 14 by means of a bracket 17. The read/write head 14 as well as the
magnetic field modulator 16 may be moved radially relative to the record carrier by
means of a displacement system 18, the bracket 17 providing that the magnetic field
modulator 16 continues to be positioned opposite to the read/write head. The magnetic

15 field modulator 16 is one of a type in which the direction of the generated magnetic
field can be modulated in accordance with a binary recording signal Vm. Such a
magnetic field modulator has been described in detail, for example, in Dutch Patent
Application no. 8702451 (PHN 12.294) which is considered included in this Application
by reference. '

20 The ‘device 10 further includes a control circuit 19a for controlling the
read/write head 14, the displacement system 18 and for generating the recording signal
Vm. When information is recorded, the servo-track 4 is scanned by the radiation beam
15 whose intensity is set to a recording intensity sufficiently high for heating up the part
of the record carrier 6 scanned by the radiation beam 15 near to the Curie temperature

25 of the material of the recording layer 6. At the same time the recording signal Vm and
hence the generated magnetic field H, is modulated in accordance with thé information
to be recorded, as a result of which a pattern of marks in the form of magnetic domains
occurs in the scanned part of the servo-track 4 which pattern corresponds to the
recordirig signal Vm. The domains thus realised may be detected optically as will be

30 further described in detail.

Essential to the recording device 10 according to the invention are the
signal processing means 19b which are coupled to the control circuit 19a via a two-way
data bus 19c. The data bus 19¢c may be a serial (1-bit-wide) or a parallel (multibit-wide)
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with a very low error rate, there are neverthel ess several inhcrcnt
di'sadvant ages, for exanple: specially designed hardware i s necessary for
generating theHNflar288 i on pat- terns havingga first and a second 3.1993
frequency, and for detecting the rests of the first information patté’r'ﬂ'
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addi - tional hardware is neceSsary In recording d
5 bus 19¢c, and so is a setting for the recording intensity of the radiation beam 15 with

which the information pattern is recorded in the recording layer 6 of the record carrier
1.
An information pattern read out with the read/write head and having
signal shape V1 is transferred by the control circuit 192 over the bus 19¢ to the
10 processing means 19b which attempt to encode the data pattern froni the information
pattern by means of the error detection and correction algorithm. The processing means
19b establish an error rate occurring in the data pattern and, on the basis of the error
rate, determine a setting signal for setting the recording intensity of the radiation beam
15. The control circuit 19a thereto receives the setting signal over bus 19¢. |
15 Fig. 3 illustrates the variation with time of the recording signal Vm, the
associated magnetic field H and the consequent pattern of magnetic domains with
different directions of magnetization. The domains with different directions of
magnetization are denoted by different reference characters,_ that is to say, 30 and 31.
The middle of the servo-track 4 in which the pattern is recorded is diagrammatically
20 shown by a line 4°. The pattern of magnetic domains 30, 31 may be read out by the
read/write head 14 which thereto scans the pattern with a scanning beam of linearly
polarized light. Upon reflection of the radiated beam the polarization direction of the
radiated beam is turned in a direction determined by the direction of the magnetization
of the scanned portion of the recording layer 6. In this manner a modulation phttem of
25 variations of polarization directions is obtained, which pattern corresponds to the
scanned pattern of the magnetic domains 30, 31. This modulation is detected in a
customary fashion in the read/write head 14 with the aid of, for example, a Wollaston
prism, photoelectric converters and an amplifier circuit which converts the output
signals of the photoelectric converters into a reading signal V1 which represents the
30 read out pattern as has been described, for example, in Dutch Patent Application NL-A
8602304 (PHQ 86.017).
One of the major aspects for recording is the reliability with which the
recorded information can again be read out. A known magnitude in which the reading
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3*deternmining an optinumrecording intensity setting for a | aser beam at
which the information patterns recorded therewith have a desired | ow error
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data (EFM) blocks per unit of time in which one or more uncorrectable errors have been
detected by means of the error detection and correction algorithm.

5 Fig. 4 shows the behaviour of the BLER value as a function of the
recording intensity P. It appears that the BLER value within a range from Phin 10 Prax
substantially adopts a constant minimum value, whereas outside this range the BLER
value rapidly increases. Between the values P, and P,,, the reading reliability is
substantially insensitive to intensity variations which are unavoidable as a result of the

10 variety of tolerances in the recording system.
Fig. 4 shows the error rate BLER as a function of the recording intensity

P for a specific scanning velocity of the track 4 during recording. The optimum

recording intensity is thus not situated midway between P;, and P, ., but just above

Pmifr The value of the optimum recording intensity may be determined in advance for a

15 specific record carrier. Prior to the recording of the information on this record carrier
the recording intensity of the recording device may then basically be set at this value.
However, the following problems will then occur:

1) There is a large variation in the radiation sensitivity of recording layers, even

though they are made of the same magnetooptical material. This is caused by
20 the customarily applied method of depositing the recording layer, such as, for
example, by sputtering.

2)  There is a great influence of the scanning velocity on the optimum recording
intensity. This is especially a problem if the recording velocity for various
recording devices varies strongly, as is the case, for example, with recording

25 devices for CD signals in which the permissible recording velocity is situated
between 1.2 m/sec and 1.4 m/sec.

3) Accurately determining an absolute radiation power is a great problem in
practice. The mutual spread of power meters is of the order of 10%. In
addition, different adjustment conditions cause additional deviations to occur.

30 4 Finally, the shape of the scanned spot caused by the radiation beam on the
recording layer 6 and the wavelength of the radiation likewise influence the
optimum‘ recording intensity.

All this means that the variation in the optimum recording intensity is so
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péttern coded by nmeans of an error detection and correction algorithm The
test information pattern is recorded with a selected recording intensity of

the radi ati on pHNMY.Z8¢reaf- ter, the test ||gformat|on pattern is rerfj ﬂgb%
and an error rate in the test data pattern is established by nmeans o P

Tror rate. B EE o A e A hat i ke feridgof AR Gireaienoine
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i nvention util,jz he .error detection and correction algorithmused whe
signals are r&oﬁg«g valge 15 Towt o1 ded test information pattern is read out
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which test information pattern is deriv roma ran
sel ect abl e Haferopding dntensityheannbeyset treliably and sxmply First a preferred embodiment of a

method according to the invention will be described with reference to Fig. 5 in which a
flow chart of this preferred embodiment is shown. '
Fig. 5 shows the flow chart representing the preferred embodiment of a

method according to the invention, by which an optimum setting of the recording

10 intensity for the radiation beam 15 in a recording device as shown in Fig. 2 is found. In
a first step S; an initial recording intensity E; for the proposed method as well as an
initial step size AE, which denotes the change in the recording intensity E,' are set. Said
step size AE is (Ep,,-Ep;p)/2. Herein Enax and E;, are the top and bottom limit
respectively, of the setting range of the intensity E of the radiation beam 15. In a next

15 step S, of the method the step size AE is halved. With these two steps the following is
obtained. The initial recording intensity Ej is selected to be in the middle of the setting
range of the write head '14. By setting the step size AE, in step S, there is achieved
that with a next setting of the recording intensity E the latter will be either the minimum
intensity E;; plus a quarter of the total setting range, or the maximum intensity Enax

20 minus a quarter of the setting range. In step S3 information is recorded on the record
carrier with the set recording intensity E. In a next step, Sy, of the method the
information is read from the record carrier and the error rate ER is determined on the
basis of the read out information. In a next step, Ss, there is determined whether the
error rate ER lies below an acceptable level ACC. In a next step, Sg, there is tested

25 whether, if the error rate ER lies below a desired level ACC, the step size AE is
smaller than a minimum step size AE_ .. If this is not the case, the recording intensity
E is adjusted with the step size AE, in a next step Sy, after which the steps 'Sz, S3, 54
and Sq are repeated. If, still in step Ss, it appears that the error rate ER is smaller than
the acceptable level ACC, again in step S¢ there is tested whether the step size AE lies

30 below the minimum: step size AE,;.. If that is the case, the desired recording intensity
Ey is set in a next step Sg, subsequent to a step S4, in which there is tested whether
the error rate ER lies below an acceptable level ACC, which recording intensity is equal
to a constant R multiplied by the recording intensity E set at that moment. The constant
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-the error rate in the known test information pattern can be established. By
means of the error rate found, the setting of the radi ati on beam can be
adjusted in ?ﬁl ed direction of intensijhty. A recording device .
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detection and correction algorithm for determning an error rate In thég
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5 . recording window represented in Fig. 4, because there has been assumed that the initial
setting of the recording intensity Ej is situated somewhere in the window between Prin
and Pp,...
Fig. 6 shows in this situation the initial recording intensity E; with respect
to the recording window between Py;, and P, ... It will be evident that since in step S,
10 the set recording intensity is constantly reduced by a step size AE, once a specific step
has been taken, the récording intensity E at that moment may be below the threshold
Ppin Of the recording window. This will appear in a next calculation of the error rate in
step S4 and the test in step Sq in which the error rate ER is tested relative to the
acceptable error level ACC. In this case step S5 will be followed by step S in which
15 there is tested whether a counter is set and has the value of unity. In the following this
will be further explained. If this counter has not been set, there is tested in step S|
whether the step size AE in recording intensity is smaller than or equal to the minimum
step size to be taken AE . If this is not the case, the recording intensity E is
increaséd by the step AE in a subsequent step Sy,. With this newly set recording
20 intensity E, after the intensity step size AE has been adjusted in step S,, the shifting of
the information in step S3 and the reading of the information in step S4, again the error
-rate ER is determined and in step Sq there is tested whether this error rate ER lies
below the acceptable level ACC. In the manner described hereinbefore the comer P,
in the error rate characteristic and the associated recording intensity E are found very
25 rapidly. The thus found recording intensity E is used as a basis for determining a
desired recording intensity Ey which is found by multiplying the recording intensity E
by a constant R. The result is that information on the record carrier 6 is recorded with
an intensity exceeding the minimum recording intensity Pp,;,, with which the
information can still be read out with an acceptable error rate ACC.
30 Above-described method works out correctly as long as the initial
recording intensity E; lies within the recording window or below the minimum
recording intensity P;,. The case where the initial recording intensity E; lies above

Prhaxs that is the corner between the recording window and the rising part of the error
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progfamed data processing unit already used in the record- ing device for
enco@i ng i nformation patterns by neans of an error detection and correction
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with auto- matic erotj mum setting of the beamintensity is especially
recording intensity. This means that the setting control works the wrong way.

Therefore, after a number of iteration steps have been made, in which the intensity step
5 size AE is constantly reduced, once the step size AE has been tested in step Sy when
the step size AE proves to be smaller than the minimum step size AE;, in a step S5
the step size AE is again made equal to the initial step size, while step S, is used as a
basis. In addition, a count C is made equal to 1 in step Sy3. From there a loop back is
made to step S+ in the procedure described above. In this step S, the setting for the
10 recording intensity E is modified, so that the recording intensity E is reduced. Needless
to observe that the known steps S5, S3, S4 and Sg are subsequently- carried out. There
may again be two situations. The found error rate ER indeed lies below the acceptable
level ACC, as a result of which the recording intensity for the next test is reduced via
the steps Sg and S. However, if the error rate ER is still above the acceptable level
15 ACC, there is tested in step S;o whether the count C is actually equal to 1. If this is the
case, the method is looped back to the steps Sg and S4, so that despite the fact that the
error rate ER exceeds the acceptable level ACC, in a next test cycle the recording
intensity E is lower than the previous recording intensity in a previous test cycle.
Worded differently, from point Ej first several test cycles are performed with recording
20 intensities E which are greater than the initial recording intensity Ey, after which a loop
back is made to a recording intensity E which is smaller than E;. The set counter with
count 1 provides that a test cycle is made with an ever decreasing recording intensity E,
which cycle results in the fact that a move to the left occurs in the error rate
characteristic towards the flat recording window between P, and P;;,. The moment
25 this flat recording window has been reached, each next setting of the recording intensity
E will be lower, until either the minimum adjustable recording intensity E;, (cf. Fig.
7) is reached, or the minimum recording intensity Py, is reached. In that case the
“corner of this minimum recording intensity curve is found sufficiently accurately by
performing several iterative steps around this corner. Therefore, it is necessary, in step
30 Sq, after the error rate ER has been found to be lower than the acceptable level ACC,
to reset the count of the counter to zero. This is to take place between the steps S5 and
S¢ while a loop back is to be made from step Sig to Se.
By starting from the middle of the setting.range of the recording intensity
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suitable for recording devices in which the recording of the marks strongly
depends on the recording intensity, like, for exanple, in nagneto-optical
recordi ng devi pgEN 14i2ggver, the invention is ot restricted to 11.03.1993
magnet o- opti cal recordings but nmay alternatively be applied to other """~
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5 head 14 is thus found very rapidly.

Needless to observe that there are various other methods of finding an
optimum radiation intensity for the radiation beam 15. A similar method will be
described hereinbelow by way of example.

In one of the methods this media calibration is performed in defined zones

10 on the inside edge and/or outside edge of the record carrier 1. Naturally, first a test
region which is to be recorded is first erased with a sufficiently high erase power, so
that a start may be made in a clean test area. Then, starting from a minimum setting of
the recording intensity, several sectors of, for example, 512 user bytes each are
recorded in order to consider the information sufficiently reliably for each recording

15 intensity setting, while steps of 1/10 mW each are taken. Then the sectors thus recorded
are read out and the associated error rate is determined for each recording intensity
value. A criterion could then be that, with a specific recording intensity, not more than
a single one of the number of recorded sectors is allowed to be erroneous, that is to
say, incorrigible. The minimum recording intensity may now be derived from the series

20 of recorded sectors for which the recorded information may still be qualified as just
sufficiently reliable. The recording intensity for the bottom limit of the recording
window is used in the manner described hereinbefore for determining the optimum
recording intensity for the write head 14. The multiplicand R which is the ratio of the
optimum recording intensity to the minimum recording intensity is to be selected around

25 l.6.

It will be evident that the method described with reference to Fig. 5 may
be modified in many ways. For example, the step size in recording intensity AE for the
successive iterations may be kept constant until a corner in the error rate characteristic
is found. Thereafter, the step size could be reduced and the range of the radiation

30 intensities in which the found corner of the error rate characteristic is situated, could be
covered with this smaller step size, so that the recording intensity belonging to the
corner of the curve is determined more accurately and a smaller range is determined in
which the comer lies. Then the step size AE could again be reduced and so on, until a_
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to the record carrier available at that moment will take longer.

Furthermore, a combination of the method described above and the
method described with reference to Fig. 5 is possible. First the setting range of the
radiation source is passed through with a reasonably large step size AE, so that, once
several steps have been made, the corner of the error rate characteristic and the
associated path determined by the step size are known. Then, starting from the
recording intensity set at that moment, the method could be followed which has been
described with reference to Fig. 5. In ihat case the method steps Sy, S;3, S14 and S; 5
in the flow chart shown in Fig. 5 may be omitted.

The methods described hereinbefore are applicable to many media, such
as MO are phase-change materials. However, a restriction is the group of media that
have a relatively narrow recording window in the error rate characteristic. In that case
one should not only determine the bottom limit of the Window, but also determine the
top limit of the recording window in the same manner, after which the average of the
top and bottom limits can be taken as the optimum power.
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1. Method of recording signals on a record carrier of a type that can be
overwritten, information patterns of optically detectable marks being recorded on the
record carrier in substantially parallel tracks, the tracks being scanned by a radiation
beam for the purpose of recording the marks, the optically detectable marks being
obtained by locally heating a suitable recording layer of the record carrier by means of
the radiation beam, the energy contents of the radiation beam being set in response td
the detection of undesired signals in a test information pattern recorded with the
radiation beam, characterized in that the test information pattern is a given randomly
selectable data pattern, coded by means of an error detection and correction algorithm,
which test information pattern is recorded with a selected recording intensity of the
radiation beam, after which the test information pattern is read out and an error rate in
the data pattern is established by means of an error detection and correction algorithm,
after which, in response to the error rate, a setting for the recording intensity of the
radiation beam is selected for information pattern recording.

2. Method as claimed in Claim 1, characterized in that various information
patterns are successively recorded in the recording layer each with increasing recording
intensity, after which each information pattern is read out and the error rate of each
information pattern determined, from which successive error rate a minimum recording
intensity can be determined with which the error rate lies at an acceptable bottom limit,
after which an optimum recording intensity is set by multiplying the found minimum
recording intensity by a fixed number.

3. Method as claimed in Claim 1, in which the radiation source has an
intensity setting range, the radiation source being initially set in the middle of its setting
range, an information pattern being recorded with associated recording intensity after
which this information pattern is read out and its error rate determined, the recording
intensity is changed with a specific step which depends on the error rate, after which
the writing and successively reading of an information pattern is effected and the error
rate of the thus Wﬂ pattern is determined and the setting of
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5 intensity determined by the corner in the error rate intensity characteristic.

4, Method as claimed in Claim 3, characterized in that the step size of the
modification of recordiﬁg intensity to be selected is reduced each time an error rafe is
determined.

5. Method as claimed in Claim 4, characterized in that the reduction is a

10 division by two.
6. Method as claimed in Claim 1, 2 or 3, characterized in that the constant
factor is situated between the values of 1.1 and 2.2.

7. Method as claimed in Claim 4, characterized in that the factor lies around
the value of L.6.
15 8. Recording device for recording signal patterns in substantially parallel

tracks on a record carrier of a type that can be overwritten, the recording device
comprising scanning means for scanning the tracks with a radiation beam for the
purpose of introducing in the tracks an information pattern of optically detectable marks
~ which corresponds to the signal patterns, the device comprising setting means for setting
20 the recording intensity with the aid of a Setting signal to be applied to the setting means,
which setting signal depends on the detection of undesired signals in a test information
pattern recorded with the radiation beam, characterized in that the recording device
further includes reading means for reading an information pattern recorded with the
radiation beam and programmed data processing means:
25 - for encoding data patterns by means of an error detection and correction
' algorithm,
- for determining an error rate in signal patterns belonging to a read information
pattern, | |
- for determining a setting signal as a function of error rates.
30 9. Recording device as claimed in preceding Claim 8, characterized in that
the programmed data processing means initially produce a setting signal for the setting
means which set the recording intensity of the radiation beam substantiaily in the middle

of its setting range.
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mat erifal , for exanple, a phase-change material, whose struc- ture may be
changqd from anorphous to crystalline and vice versa by suitable radiation
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carrigr 1. Thejpecordi ngg : b i . Lve ..

not or {12 for cégm ng the rgg%fgir;% %%#%?%él?ﬁfe? cﬁr H{eﬂi@%@ﬂﬁ ﬁpgk?lgagﬁcéenzed In

Opposijte to thehamheaproggammedrddtmmcessrnglmé&sme fpmgrﬁahxea&aﬂbmbﬁghﬁﬁﬂ gl4
sui tabl e for, net o- opti cal recording and rea

f t Lype
Wi th vii ch a T SHERAIS BN pbich 3 settieg thg reqading BRSNS theyradiation e is
‘recordi ng devi gﬁssw tﬁ{@ghégggggglﬁ lﬁvﬁqéﬁ go%gsy servo-tracki ng device (not

shovvn) for kee Ing t I at 1 on beam used on the servo-track 4; a
Recording device as claimed in Claim 10, characterized in that the initial

step size is substantially equal to 1/4 of the setting range.

12. Recording device as claimed in preceding claim 10 or 11, characterized in
that after each cycle in which information patterns are recorded with a set recording
intensity in the tracks, the recorded information patterns are read out and an error rate

10 is determined of each read information pattern and a new setting signal is generated in
dependence on the error rate, the step size of the setting of the recording intensity being
reduced.

13. Recording device as claimed in preceding Claim 12, characterized in that
the reduction is a division by two.

15 14, Recording device as claimed in one of the preceding Claims 8 to 13,
characterized in that the corner in the error rate characteristic belonging to the minimum
recording intensity with an acceptable error rate is iteratively found and an effective
recording intensity is set by multiplying the found minimum recording intensity by a

_constant factor.

20 15. Recording device as claimed in preceding Claim 14, characterized in that
the factor has a value between 1.1 and 2.2.

16. Recording device as claimed in preceding Claim 15, characteriz_ed in that
the constant factor is about 1.6. '
17. Recording device as claimed in one of the preceding Claims 8 to 16,

25 characterized in that a test information pattern comprises various information blocks, the
number of blocks being at least three and an acceptable error rate being a maximum of

one erroneous and incorrigible information block.
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ary focusing device (not shown) for keeping the radi ati on beam 15
ed on the recording |layer 6; and a customary addressing device (not

for retpymvi4fagyi a a specific addr gs, as has been described, for
e, in EP-A 0 265 904 and NL-A 8800151 ? o which EP-A 0 326 206! [af311993
Pat . No. 4 .300 correspond). Opposite to the read/wite head 14, on
her side e record carrier 1, is a magnetic field nodul ator (MM

gener at Method andgreedrding dedice fdrdeédi@ingd ant i aEfL per pendi cul arly
p recording layer 6 in the area of thegre%ﬁga‘;nn@ T§COtbarger. adi at ed by

the radi ati on beam 15. The magnetic field

A device (Fig. 2) is revealed as well as a method for recording signals on
a record carrier (1) with the aid of a radiation beam (15). The signals are recorded in

the form of optically detectable marks (30, 31) in parallel tracks (4) which have 3
substantially constant track pitch. The recording intensity of the radiation beam (15) is

5 setin such a way that with a "minimum" recording intensity, information patterns are
recorded with a low desired error rate "(Block) Error Rate". Funhémore, a method
and device are described by which the "minimum" recording intensity of the radiation
beam (15) can be determined.

10 (Fig.2)
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nodul at or 16 i Fhis'Shedt BhyBead Repeb@d to the read/wite head 14 by neans of a
bracket 17. The i d 14, as well as the magnetic field nodul ator
16, may be nove I Fti've to the record carrier 1 by nmeans of a

di spl acenent syst ; acket 17 ensuring that the magnetic field

nodul ator |16 continues to be positioned ppposite to the read/wite head 14.
The magnetic field nodulator 16 is of a type in which the direction of the

P ecor di ngMEHRE A peebfi SBNcR o R Rghdls BCIeSF Gctht T FRlicFvibua sweer
detail, for exanple, in Dutch Patent Appl«cation No. 870245] To Whrch-EP-—A

0 312 143 corresponds) which is incorporated herein by refefencg.g 'Ft'ae;} 1007
device 10 further conprises a control circuit 19a for e

The invention relates to a method of recording signals on a record carrier
of a type that can be overwritten, information patterns of optically detectable marks
being recorded on the record carrier in substantially parallel tracks, the tracks being
scanned by a radiation beam for the purpose of recording the marks, the optically
detectable marks being obtained by locally heating a suitable recording layer of the
record carrier by means of the radiation beam, the energy contents of the radiation
beam being set in response to the detection of undesired signals in a test information
pattern recorded with the radiation beam. '

The invention further relates to a recording device for recorc!ing signals in
substantially parallel tracks on a record carrier of a type that can be overwritten, this
recording device comprising scanning means for scanning the tracks with a radiation
beam for the purpose of introducing in the tracks an information pattern of optically
detectable marks which corresponds to the signal patterns, the device comprising setting
means for setting the recording intensity with the aid of a setting signal to be applied to
the setting means, this setting signal being dependent on the detection of undesired
signals in a test information pattern recorded with the radiation beam.

A similar method and device for recording signals on the record carrier is
known from European Patent Application pubiished under No. 0 400 726. The method
and recording device described in that European Patent Application give a procedure for
media calibration by which a recording intensity is determined for a radiation beam by
which information patterns are introduced in the recording layer of a record carrier.
The described media calibration comprises the following procedure steps:

a. an information pattern having a first frequency is recorded in a track with a
maximum recording intensity of the radiation beam;

b. then, in the same track, a second information pattern having a second frequency
is recorded with a low, minimum recording intensity of the radiation beam;

c. the information recorded in the track is read out after which the read signal is

~ applied to a detection mechanism tuned to the frequency of the first signal;
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Once rests of the first information pattern having the first frequency have no longer

been detected in procedure step d, an intensity setting of the radiation beam is found at

which there is a guaranteed minimum error rate of the information pattern to be

recorded and subsequently read out.
Above matter is illustrated with reference to Figs. 7 and 8 of said

Application, with Fig. 8 representing an error rate characteristic as a function of the

-intensity of the radiation beam used for recording. As has been explained in the

appiication, the method and device described therein provide a setting of the radiation

intensity which is situated substantially in the middle of the flat domain of the error rate
characteristic in which the error rate is low.
Although the described method and recording device as defined in

European Patent Application 0 400 726 provide a highly reliable recording of

information patterns, with a very low error rate, there are nevertheless several inherent

disadvantages, for example:

- spec1ally designed hardware is necessary for generating the information patterns
having a first and a second frequency and for detecting the rest of the first '
information having the first frequency;

- a further disadvantage is that the first information pattern having the first

| frequency is recorded with full power of the laser diode which generates the
radiation beam. Having the laser diode operated full power is disadvantageous
in that this shortens its useful life. |
It is one of the objects of the invention to provide a method as well as a
recording device for which no additional hardware is necessary in the recording device
for determining an optimum recording intensity setting for the laser beam, at which the
information patterns recorded therewith yet have a desired low error rate. |
It is a further object of the invention to provide a method and a recording
device according to the invention, in which information patterns having a minimum
error rate can be recorded with a minimum recording intensity.
A method according to the invention is thereto characterized, in that the

test information pattern is a given randomly selectable data pattern, coded by means of
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information pattern is read out and an error rate in the data pattern is established by
means of an error detection and correction algorithm, after which, in response to the
error rate, a setting for the recording intensity of the radiation beam is selected for
information pattern recording.

The method according to the invention utilizes the error detection and
correction algorithm already used when signals are recorded. If a recorded information
pattern is read out and processed by means of the error correction and detection
algorithm, after the test information pattern has been recorded, which is derived from a
randomly or freely selectable data pattern, the magnitude of the error rate in the known
data pattern can be established. By means of the found error rate the setting of the
radiation beam can be adjusted in the desired direction of intensity.

A recording device according to the invention is characterized, in that the
recording device further includes reading means for reading an information pattern
recorded with the radiation beam, and programmed data processing means for encoding
data patterns by means of an error detection and correction algorithm for determining an
error rate in a signal pattern belonging to a read out information pattern, and for
determining an adjustment signal in dependence on the detected error rate.

A recording device according to the invention utilizes a programmed data
processing means already used in the recording device, for encoding data patterns by.
means of an error detection and correction algorithm and for decoding recorded signal
patterns by means of the error detectioﬁ and correction algorithm. When a read out
information pattern is decoded, an error rate is determined on the basis of which a
setting signal for setting means to set the beam intensity of the radiation source is
found. -

The embodiment with automatic optimum setting of the beam intensity is
especially suitable for reco'rding devices in which the recording of the marks strongly
depends on the recording intensity like, for example, in magnetooptical recording
devices. However, the invention is not restricted to magnetoobtical recordings but may
alternatively be applied to other recording principles, such as, for example, recordings
that can be overwritten on record carriers of the phase-change type, for which a record

carrier is used whose structure, when scanned by a radiation beam, can be changed
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control unit 19a via the bus 19c, and so is a setti ng for t
Fntensity of the r &ojsShept edpi t h which the informati
recorded in the rec of the record carrier 1.
pattern read out by head 14 and havi ng signal
transferred by the control circuit 19a oder the bus 19c to
unit 19b, which attenpts to encode the data pattern fromth
pat t er n_byfromamorpltiouste &thﬂtindﬁh@@tde%rﬁ‘@hp@@dihg%n the @didddtOmeindd) The
processing unit 19b _establishes an error rate occurring in the data pattern
and, on the basis offufther empedimentscas well @s adyantagss shareofnyilkbeydescribed in

setting tta%tarne\ggégéfew\ge!tgt[ﬁpﬁﬁéo{%gﬁéd}gs E%iisaﬁd g@l&ﬁﬁam 15. Thereafter, the

control circuit a receives ng si gnal bus 19c.
Figs. la and 1b show a record carrier,

Fig. 2 shows a magnetooptical device according to the invention,

Fig. 3 shows a recording signal and the associated information pattern,

Fig. 4 shows reading reliability as a function of recofding intensity,

- Fig. 5 shows a flow chart of a preferred embodiment for a method of
setting the recording intensity according to the invention,

Fig. 6 shows a first situation of an initial recording intensity with respect
to the recording window in the error rate characteristic, and
. Fig. 7 shows a further situation of an initial recording intensity relative to
the recording window.

Fig. 1 shows an embodiment of a record carrier 1 of a type that can be
overwritten, in which Fig. la shows the top elevation and Fig. 1b shows a small part of
the section along line b-b. The record carrier 1 comprises a track pattern presenting
information areas located substantially concentrically relative to each other, which areas
are intended for recording information in the form of information patterns of optically
detectable marks. The track pattern may consist,- for example, of a continuous helical
servo-track 4 denoting the middle of the information areas. The concentric information

- areas, however, may also be denoted by a structure of commonly termed servo-pattems,
as has been described, for example, in Dutch Patent Application NL-A 8702905 (PHN
12.339). For recording purposes the record carrier 1 comprises a recording layer 6
deposited on a transparent substrate 5 and covered by a protective coating 7. The
recording layer 6 is of a material suitable for magneto-optical recording. There should
be observed that information layer 6 may, however, also consist of a different material,
for example, a commonly termed phase-change material, whose structure may be
changed from amorphous to crystalline and vice versa by suitable radiation methods.

Fig. 2 shows an embodiment of a magnetooptical recording device 10
according to the invention for recording information on the record carrier 1. The
recording device 10 comprises a turntable 11 and a drive motor 12 for causing the
record carrier 1 to rotate around an axis 13. Opposite to the rotating record carrier 1 is

installed an optical read/write head 14 of a customary type suitable for magnetooptical
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manner, a fopdeepingcine patidtennbeam 15 focused on the recording layer 6 and customary’

addressing means for retrieving vig a specific address, as has been described, for
example, in EP-A 0 265 904 and NL-A 8800151 (PHN 12.063 and PHN 12.398).
Opposite to the read/write head 14, on the other side of the record carrier 1, a magnetic
field modulator 16 is installed for generating a magnetic field H directed substantially
perpendicularly to the recording layer 6 in the area of the recording layer 6 radiated by
the radiation beam 15. The magnetic field modulator 16 is rigidly attached to the
read/write head 14 by means of a bracket 17. The read/write head 14 as well as the
magnetic field modulator 16 may be moved radially relative to the record carrier by
means of a displacement system 18, the bracket 17 providing that the magnetic field
modulator 16 continues to be positioned opposite to the read/write head. The magnetic
field modulator 16 is one of a type in which the direction of the generaied magnetic
field can be modulated in accordance with a binary recording signal Vm. Such a
magnetic field modulator has been described in detail, for example, in Dutch Patent
Application no. 8702451 (PHN 12.294) which is considered included in this Application
by reference. '

The device 10Q further includes a control circuit 19a for controlling the
read/write head 14, the displacement system 18 and for generating the recording signal
Vm. When information is recorded, the servo-track 4 is scanned by the radiation_bam
15 whose intensity is set to a recording intensity sufficiently high for heating up the .part'
of the record carrier 6 scanned by the radiation beam 15 near to the Curie temperature
of the material of the recording layer 6. At the same time the recording signal Vm and
hence the generated magnetic field H, is modulated in accordance with the information
to be recorded, as a result of which a pattern of marks in the form of magnetic domains
occurs in the scanned part of the servo-track 4 which pattern corresponds to the
recording signal Vm. The domains thus realised may be detected optically as will be
further described in detail.

Essential to the recording device 1Q according to the invention are the
signal processing means 19b which are coupled to the control circuit 19a vig a two-way
data bus 19¢c. The data bus 19c may be a serial (1-bit-wide) or a parallel (multibit-wide)
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(%Iﬁ% or other Reed-Solomon code) in the programmed processing means
19b. The information pattern thus obtained is applied to the control means 19a vig the
bus 19¢, and so is a setting for the recording intensity of the radiation beam 15 with
which the information pattern is recorded in the recording layer 6 of the record carrier
L.

An information pattern read out with the read/write head and having
signal shape V1 is transferred by the control circuit 19a over the bus 19¢ to the
processing means 19b which attempt to encode the data pattern from the information
pattern by means of the error detection and correction algorithm. The processing means
19b establish an error rate occurring in the data pattern and, on the basis of the error
rate, determine a setting signal for setting the recording intensity of the radiation beam
15. The control circuit 19a thereto receives the setting signal over bus 19¢c.

Fig. 3 illustrates the variation with time of the recording signal Vm, the
associated magnetic field H and the consequent pattern of magnetic domains with
different directions of magnetization. The domains with different directions of
magnetization are denoted by different reference characters,— that is to say, 30 and 31.
The middle of the servo-track 4 in which the pattern is recorded is diagrammatically
shown by a line 4’. The pattern of magnetic domains 30, 31 may be read out by the
read/write head 14 which thereto scans the pattern with a scanning beam of linearly
polarized light. Upon reflection of the radiated beam the polarization direction of the
radiated beam is turned in a direction determined by the direction of the magnetization
of the scanned portion of the recording layer 6. In this manner a modulation pattern of
variations of polarization directions is obtained, which pattern corresponds to the |
scanned pattern of the magnetic domains 30, 31. This modulation is detected in a
customary fashion in the read/write head 14 with the aid of, for example, a Wollaston
prism, photoelectric converters and an amplifier circuit which converts the output
signals of the photoelectric converters into a reading signal V1 which represents the
read out pattern as has been described, for example, in Dutch Patent Application NL-A
8602304 (PHQ 86.017).

One of the major aspects for recording is the reliability with which the

recorded information can again be read out. A known magnitude in which the reading
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algorithm FIG 4 shows the behavior, K of tfe BLER value as g function oftt
recording intensity P. It appears that the BLER value wthiln a range from

out 51 e ¢ rieuapisly, S BE BRpeee oP BRI LCRARSACD ROM BRI S U s BRREES
Pl err] and-(Biek) [ErtdreR4atea¢{BI9 ERefar ahott).t THe magnibsies(BL)ER |denotes the- number ot

(EFM) blocks per unit of time in which one or more uncorrectable errors have been .

detected by means of the error detection and correction algorithm.

Fig. 4 shows the behaviour of the BLER value as a function of the

recording intensity P. It appears that the BLER value within a range from P, to P,

substantially adopts a constant minimum value, whereas outside this range the BLER

value rapidly increases. Between the valhes Ppnin 2nd Py, the reading reliability is
substantially insensitive to intensity variations which are unavoidable as a result of the
variety of tolerances in the recording system.

Fig. 4 shows the error rate BLER as a function of the recording intensity

P for a specific scanning velocity of the track 4 during recording. The optimum

recording intensity is thus not situated midway between P ;. and Ppy,,, but just above

P_in- The value of the optimum recording intensity may be determined in advance for a

specific record carrier. Prior to fhe recording of the information on this record carrier

the recording intensity of the recording device may then basically be set at this value.
However, the following problems will then occur:

1) There is a large vaﬁaﬁon in the radiation sensitivity of recording layers, even
though 'they are made of the same magnetooptical material. This is caused by
the customarily applied method of depositing the recording layer, such as, for
example, by sputtering.

-2) There is a great influence of the scanning velocity on the optimum recording
intensity. This is especialiy a problem if the recording velocity for various
recording devices varies strongly, as is the case, for example, with recording
devices for CD signals in which the permissible recording velocity is situated
between 1.2 m/sec and 1.4 m/sec.

3) ‘Accurately determining an absolute radiation power is a great problem in

- practice. The mutual spread of power meters is of the order of 10%. In
addition, different adjustment conditions cause additional deviations to occur.

4) Finally, the shape of the scanned spot caused by the radiation beam on the
recording layer 6 and the wavelength of the radiation likewise influence the
optimum recording intenSity.

All this means that the variation in the optimum recording intensity is so
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In the following a method will be described in which the optimum
recording intensity can be set reliably and simply. First a preferred embodiment of a
method according to the invention will be described with reference to Fig. 5 in which a
flow chart of this preferred embodiment is shown.

Fig. 5 shows the flow chart representing the preferred embodiment of a
method according to the invention, by which an optimum setting of the recording

intensity for the radiation beam 15 in a recording device as shown in Fig. 2 is found. In

.2 first step Sy an initial recording intensity E; for the proposed method as well as an

initial step size AE, which denotes the change in the recording intensity E,. are set. Said
step size AE is (Ep,-Epyp)/2: Herein E,,, and E_; are the top and bottom limit
respectively, of the setting range of the intensity E of the radiation beam 15. In a next
step S of the method the step size AE is halved. With these two steps the following is
obtained. The initial recording intensity Ej is selected to be in the middle of the setting
range of the write head .14. By setting the step size AE, in step S,, there is achieved
that with a next 'setting of the recording intensity E the latter will be either the minimum
intensity E ;. plus a quarter of the total setting range, or the muihﬁm intensity E,,,
minus a quarter of the setting range. In step S4 information is recorded on the record
carrier with the set recording intensity E. In a next step, S4, of the method the
information is read from the record carrier and the error rate ER is determined on the
basis of the read out information. In a next step, Ss, there is determined whether the
error rate ER lies below an acceptable level ACC. In a next step, S, there is tested
whether, if the error rate ER lies below a desired level ACC, the step size AE is
smaller than a minimum step size AE; . If this is not the case, the recording intensity
E is adjusted with the step size AE, in a next step S+, after which the steps S,, S3, Sy
and Sg are repeated. If, still in step Sg, it appears that the error rate ER is smaller than
the acceptable level ACC, again in step Sg there is tested whether the step size AE lies
below the minimum step size AE ;.. If that is the case, the desired recording intensity
Eyy is set in a next step Sg, subsequent to a step S;4, in which there is tested whether
the error rate ER lies below an acceptable level ACC, which recording intensity is equal |
to a constant R multiplied by the recording intensity E set at that moment. The constant
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according to the invention and described hereinbefore determines the bottom P, of the
recording window represented in Fig. 4, because there has been assumed that the initial
setting of the recording intensity Ej is situated somewhere in the window between P
and P,
Fig. 6 shows in this situation the initial recording intensity E; with respect
to the recording window between P; and P,.,. It will be evident that since in step S;
the set recording intensity is constantly reduced by a step size AE, once a specific step
has been taken, the recording intensity E at that moment may be below the threshold
Ppin Of the recording window. This will appear in a next calculation of the error rate in
step S4 and the test in step Sg in which the error rate ER is tested relative to the
acceptable error level ACC. In this case step Sg will be followed by step Syq in which
there is tested whether a counter is set and has the value of unity. In the following this
will be further explained. If this counter has not been set, there is tested in step S,
whether the step size AE in recording intensity is smaller than or equal to the minimum
step size to be taken AE_ ;.. If this is not the case, the recording intensity E is
increased by the step AE in a subsequent step S5. With this newly set recording
intensity E, after the intensity step size AE has been adjusted in step S,, the shifting of
the information in step S; and the reading of the information in step Sy, agai:i the error
rate ER is determined and in step Ss there is tested whether this error rate ER lies
below the acceptable level ACC. In the manner described hereinbefore the comer Ppy;,
in the error rate characteristic and the associated recording intensity E are found very
rapidly. The thus found recording intensity E is used as a basis for determining a
desired recording intensity Ey, which is found by muitiplying the recording intensity E
by a constant R. The result is that in'formation on the record carrier 6 is recorded with
an intensity exceeding the minimum recording intensity Pp,;,, with which the
information can still be read out with an acceptable error rate ACC.
Above-described method works out correctly as long as the initial
recording intensity Ej lies within the recording window or below the minimum
recording intensity Pp,;,. The case where the initial recording intensity Ej lies above

- Prhax that is the corner between the recording window and the rising part of the error
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whi ch t herate characteristic, will cause a setting of the write head 14 to occur in the method

described hereinbefore, in which the radiation beam 15 is given an ever higher
recording intensity. This means that the setting control works the wrong way.
Therefore, after a number of iteration steps have been made, in which the intensity step
size AE is constantly reduced, once the step size AE has been tested in step S| when
the step size AE proves to be smaller than the minimum step size AE;;, in a step S
the step size AE is again made equal to the initial step size, while step Sy is used as a'
basis. In addition, a count C is made equal to 1 in step S{3. From there a loop back is
made to step S; in the procedure described above. In this step Sy the setting for the
recording intensity E is modified, so that the recording intensity E is reduced. Needless
to observe that the known steps Sy, S3, S4 and S5 are subsequently carried out. There
may again be two situations. The found error rate ER indeed lies below the acceptable
level ACC, as a result of which the recording intensity for the next test is reduced via
the steps Sg and S. However, if the error rate ER is still above the acceptable level
ACC, there is tested in step S;o whether the count C is actually equal to 1. If this is the
case, the method is looped back to the steps Sg and S, so that despite the fact that the
error rate ER exceeds the acceptable level ACC, in a next test cycle the recording
intensity E is lower than the previous recording intensity in a previous test cycle.
Worded differently, from point E; first several test cycles are performed with recording
intensities E which are greater than the initial recording intensity Ey, after which a loop
back is made to a recording intensity E which is smaller than E;. The set counter with
count 1 provides that a test cycle is made with an ever decreasing recording intensity E,
" which cycle results in the fact that a move to the left occurs in the error rate '
characteristic towards the flat recording window between Py, and Ppy;p. The moment
this flat recording window has been reached, each next setting of the recording intensity
E will be lower, until either the minimum adjustable recording intensity Epp (cf. Fig.
7) is reached, or the minimum recording intensity Py, is reached. In that case the
corner of this minimum recording intensity curve is found sufficiently accurately by
performing several iterative steps around this corner. Therefore, it is necessary, in step
Ss, after the error rate ER has been found to be lower than the acceptable level ACC,
to reset the count of the counter to zero. This is to take place between the steps S5 and

Sg while a loop back is to be made from step Sy to Sg.
By starting from the middle of the setting range of the recording intensity




optimum recording i
enbodi ment of such
with reference to Fl
enmbodi nent

ing to the invention,J]wI|l be deSTCFid
“ru llaErow chart of this jprpef@rfy ¢ehD 507

1k %iﬁﬁB&% g.set reliably and sinp| yitt KAGEUENT SHEET

i's shown: a flow chart representf ng_the preferrg

enbodi nent -of a nmet hod according to the ijpvention, by which an optinum

setting of the recording intensity for the radiation be (
iahuoordance-with the ln&:ﬁwmqne:me@nfeu efiibodirfiéht ahl m_ ﬂlﬁhéhhé"ﬂeﬂ gﬁ%& al
e

device as
recordi ng
change in
intensity
intensity

d

d

15 in_a recordinjg

intensity E, and an initial step size [err], which denotes
aftez eah HEAAG, thetomer By 5 indhe eror ratgiehatanteristi¢ maycgeneiaily be

o SATEHREREA 0 SO R A SR Ml
(E[err] - E[zzcoddidgto tHecnvéntidncthEloptimuimietting) forl tAR ré&diiding intensity of the write

head 14 is thus found very rapidly.

Needless to observe that there are various other methods of finding an
optimum radiation intensity for the radiation beam 15. A similar method will be
described hereinbelow by way of example. '

In one of the methods this media calibration is performed in defined zones
on the inside edge and/or outside edge of the record carrier 1. Naturally, first a test
region which is to be recorded is first erased with a sufficiently high erase power, so
that a start may be made in a clean test area. Then, starting from a minimum setting of
the recording intensity, several sectors of, for example, 512 user bytes each are
recorded -in order to consider the information sufficiently reliably for each recording
intensity setting, while steps of 1/10 mW each are taken. Then the sectors thus recorded
are read out and the associated error rate is determined for each recording intensity
value. A criterion could then be that, with a specific recording intensity, not more than

a single one of the number of recorded sectors is allowed to be erroneous, that is to

‘'say, incorrigible. The minimum recording intensity may now be derived from the series

of recorded sectors for which the recorded information may still be qualiﬁed as just
sufficiently reliable. The recording intensity for the bottom limit of the recording
window is used in the manner described hereinbefore f'or determining the optimhm
recording intensity for the write head 14. The multiplicand R which is the ratio of the
optimum recording intensity to the minimum recording intensity is to be selected around
1.6.

It will be evident that the method described with reference to Fig. 5 may
be modified in many ways. For example, the step size in recording intensity AE for the
successive iterations may be kept constant until a corner in the error rate characteristic
is found. Thereafter, the step size could be reduced and the rénge of the radiation
intensities in which the found corner of the error rate characteristic is situated, could be
covered with this smaller step size, so that the recording intensity belonging to the
corner of the curve is determined more accurately and a smaller range is determined in
which the corner lies. Then the step size AE could again be reduced and so on, until a

THIS SHEET HAS BEEN
REPLACED




bottomlinmits respectively, of the setting range of the | STty —E-of
the radi ation beam 15. In a next step, step S[err], the WLQQEMENEﬁHEHYS
hal ved. By setting the step size [err], in step S[err], Jt]Is ensured-that
a next setting of the recording intensity E will be either]|tfid nean negp
intensity E[err] plus a quarter of the total setting rangej or the naxi
intensity E[err] minus a quarter of the setting range. Ijn a thitTd$
step S[err], information is recorded on the record carriler W|th the set
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determ ned on the basis of the read out information. In a next step, step
S[err], a determnation is nade as to whether the error rate ER | ies bel ow
an acceptable level ACC. If the error rate ER |lies

12

desired minimum step size AE is attained. Obviously, a larger number of steps will be
necessary for this modification which implies that the adjustment of the recording device
to the record carrier available at that moment will take longer.

Furthermore, a combination of the method described above and the
method described with reference to Fig. 5 is possible. First the setting range of the
radiation source is passed through with a reasonably large step size AE, so that, once
several steps have been made, the corner of the error rate characteristic and the
associated path determined by the step size are known. Then, starting from the
recording intensity set at that moment, the method could be followed which has been
described with reference to Fig. 3. In that case the method steps S;q, S3, Sy4 and S5
in the flow chart shown in Fig. 5 may be omitted.

The methods described hereinbefore are applicable to many media, such
as MO are phase-change materials. However, a restriction is the group of media that
have a relatively narrow recording window in the error rate characteristic. In that case
one should not only determine the bottom limit of the window, but also determine the
top limit of the recording window in the same manner, after which the average of the

top and bottom limits can be taken as the optimum power.
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1. Method of recording signals on a record carrier of a type that can be
overwritten, information patterns of optically detectable marks being recorded on the
record carrier in substantially parallel tracks, the tracks being scanned by a radiation
beam for the purpose of recording the marks, the optically detectable marks being
obtained by locally heating 2 suitable recording layer of the record carrier by means of
the radiation beam, the energy contents of the radiation beam being set in response to
the detection of undesired signals in a test information pattern recorded with the
radiation beam, characterized in that the test information pattern is a given randomly
selectable data pattern, coded by means of an error detection and correction algorithm,
which test information pattern is recorded with a selected recording intensity of the
radiation beam, after which the test information pattern is read out and an error rate in
the data pattern is established by means of an error detection and correction algorithm,
after which, in response to the error rate, a setting for the recording intensity of the
radiation beam is selected for information pattern recording.

2. Method as claimed in Claim 1, characterized in that various information
patterns are successively recorded in the recording layer each with increasing recording
intensity, after which each information pattern is read out and the error rate of each '
information pattern determined, from which successive error rate a minimum recording
intensity can be determined with which the error rate lies at an acceptable bottom limit,
after which an optimum recording intensity is set by multiplying the found minimum
recording intensity by a fixed number.

3. Method as claimed in Claim 1, in which the radiation source has an
intensity setting range, the radiation source being initially set in the middle of its setting
range, an information pattern being recorded with associated recording intensity after
which this information pattern is read out and its error rate determined, the recording
intensit); is changed with a specific step which depends on the error rate, after which’
the writing and successively re#ding of an information pattern is effected and the error
rate of the thus recorded and read information pattern is determined and the setting of

’ THIS SHERT I'/’\ S BEEN
mFPI ‘r -1

e

© e




. l —
constant R mul tipli e@is®eet BE B qprlgi ng intensity E set at tHEPg‘A%M‘éNt SHEkE
constant Ris a facto %1 and smaller than 2.2f In

magnet o- opti cal recorH"mm[ Hﬁmgﬁﬂor preferably |ies betwelerB Sh#A8 5237
boundaries 1.5 and 1."* sired recording intendithElerr] has

been set, the program stops at step S[err]. The part of tthe nethod
according to the invention described her eilfbef or e det er nitres—the hot t om
wi ndow represent e FI G 4 because it has been

P ft di di

e sunedt helt rHOAR iqlpe LGt on Thecbseticof e Hundhemorstatg withes 150 | <
i tuated ' ' ' he : P ._FIG

5 Shove 1 ho e o e Sl OP e e feBeate ol § e i eerror”

situated i rratchiatengity chamgeristicl vfonad efesr vhieh ah opifthnPiménsity setting for the

recording intensity is established by multiplying by a fixed factor a minimum recording

intensity determined by the comer in the error rate intensity characteristic.
4, Method as claimed in Claim 3, characterized in that the step size of the
modification of recording intensity to be selected is reduced each time an error rate is
determined.
5. Method as claimed in Claim 4, characterized in that the reduction is a
division by two.

- 6. Method as claimed in Claim 1, 2 or 3, characterized in that the constant
factor is situated between the values of 1.1 and 2.2.

' 7. Method as claimed in Claim 4, characterized in that the factor lies around
the value of 1.6.
8. Recording device for recording signal patterns in substantially parallel

tracks on a record carrier of a type that can be overwritten, the recording device

comprising scanning means for scanning the tracks with a radiation beam for the

purpose of introducing in the tracks an information pattern of optically detectable marks -

which corresponds to the signal patterns, the device comprising setting means for setting

the recording intensity with the aid of a setting signal to be applied to the setting means,

whi¢h setting signal depends on the detection of undesired signals in a test information

pattern recorded with the radiation beam, characterized in that the recording device

further includes reading means for reading an information péttem recorded with the

radiation beam and programmed data processing means:

- for encoding data patterns by means of an error detection and correction
algorithm,

- for determining an error rate in signal patterns belonging to a read information
pattern,

- for determining a setting signal as a fuﬁcﬁon of error rates.

9. Recording device as claimed in preceding Claim 8, characterized in that

the programmed data processing means initially produce a setting signal for the setting

means which set the recorWn beam substantially in the middle
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It will be evident that since in step S[err] the set redoldrmg Tntensity—t
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t 0 whet her tﬁ] Iﬂ" ﬂ“m Elm S bel ow the acceptable erfor Tever ACC™}
this case, sﬁm r'l II uc followed by a step S[erf], in which a
deternination s ‘made 8s fo Whether a counter is set and has the varue of
unity. If the counter has not been set, in a step S[err] a determnation is
made as to whether the step size [err] in the recording intensity Eis
smal l er than or equal to the mnimumsteplsize [err]. If this is not, the
recording intensity Eis increased by the step [err] in a subsequent step,
10. Recording device as claimed in preceding Claim 8 or 9, characterized in

that the programmed data processing means are programmed for producing setting
si’gnaié with which a setting range of the recording intensity of the radiation beam is
passed through successively in various steps.

11. Recording device as claimed in Claim 10, characterized in that the initial
step size is substantially equal to 1/4 of the setting range.

12. Recording device as claimed in preceding claim 10 or 11, characterized in
that after each cycle in which information patterns are recorded with a set recording
intensity in the tracks, the recorded information patterns are read out and an error rate
is determined of each read information pattern and a new setting signal is generated in
dependence on the error rate, the step size of the setting of the recording intensity being
reduced.

13. Recording device as claimed in preceding Claim 12, characterized in that
the reduction is a division by two. '

14, Recording device as claimed in one of the preceding Claims 8 to 13,
characterized in that the corner in the error rate characteristic belonging to the minimum
recording intensity with an acceptable error rate is itératively found and an effective
recording intensity iS set by rriultiplying the found minimum recording intensity by a
constant factor. _

15. | Recording device as claimed in preceding Claim 14, characterized in that
the factor has a value between 1.1 and 2.2.

16. Recording device as claimed in preceding Claim 15 , Characterized in that
the constant factor is about 1.6.

17. Recording device as claimed in one of the preceding Claims 8 to 16,
characterized in that a test information pattern comprises various information blocks, the
number of blocks being at least three and an acceptable error rate being a maximum of

one erroneous and incorrigible information block.

This Sheet Has Been Replaced

L 7 THIS SHEET HAS BEEN
REPLACED




step S[err]. Thereafter steps S[err]-S[err] are repeated as descri bed -
above. In the manner descri bed here€i nbefore, the corner P[err] in the-error .
rate ER characteristic and the associ ated recordi nfJ I & jound -
very rapidlLy. The.recerding intensity E found in thﬁ{#ﬁaaﬁé?j}-%&éd as a
basis for deternining a desired recording intensity E[€rr] which ip :found -
by nmultiply- ing the recording intensity E by a cophs{afts RIARTE® T epult is
that infornmation on the record carrier 6 is recordediwith an intengity
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can still be read out with an
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Abstract:

Method and recording device for recording signals on a record carrier

A device (Fig. 2) is revealed as well as a method for recording signals on

a record carrier (1) with the aid of a radiation beam (15). The signals are recorded in
the form of optically detectable marks (30, 31) in parallel tracks (4) which have a
substantially constant track pitch. The recording intensity of the radiation beam (15) is

) set in such a way that with a "minimum" recording intensity, information pattems are
recorded with a low desired error rate “(Block) Error Rate". Furthermore, a method
and device are described by which the "minimum" recording intensity of the radiation
beam (15) can be determined.

_Fig. 2
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acceptable error rate ACC. The above- descr i bed met hod works out correctly-
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recording intensity E, lies above Plerr] i.e., in th

recording wi ndow and the rising part of the error rafejcQd d¢ARrEti
t he net.hod descri bed above were used, the read/wite] hgad 14 woul d h

cor ner bet Ween] t he
, land

Ve its

radi ati.on beam 15 set at an ever higher rqcording ingensity. This wouli
{

mean that the setting control worked in the wong Therefore,

aftel a

nunber of iteration steps have been made in which the intensity step size.
[err] is constantly reduced and it is determned in step S[err] that the -
step size [err] is smaller than the mninumstep size [err], in a step

S[err] the step size

o]
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Is again made equal to the initial step size: Step S[err] .,is used as a ~
basis. In addition, a count Cis nmade equal to 1 in Eﬁeﬁ—SPe++}r~F¢ “+t her e
a | oop back is made to step S[err] of the procedure {dHRUAGERIENDOSIEEET

step S[lerr], the setting for the recording intensity}Efs—rott+fi-et—~sp that
the recording intensity E is reduced. Thereafter, thge st g? g& Ak S[ err ],
S[err] and S[err] are subsequently carried out. At tha 9 "t

situations may again exist: the error rate ER may be| betrowor—above=t h
acceptable level ALL. If the error rate ER indeed ligs bel ow the accepjable
| evel ACC, the recording intensity for the next test TS5 TEdUTEdvFaE=stEps
S[err] and S[err]. However, if the error rate ERis still above _the
acceptable level ACC, a determ - nation is made as to whether the count C.

is actually equal to | in step S[err]. If this is the case, the method is
| ooped back

U

s cmmam el St E— f—— S—— —— G TS S— ——— ——— S—— S— —— —

BLER | |

ACC 1
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to steps S[err] and S[err], so that despite the fact thagt
exceeds the acceptable level ACC, in a next test cycle t
intensity E i1s |ower than the previ ous recordi ng intensi
t est cycle’l‘hns\/&bn:tzllélelsBffﬂﬂf~ ly, frompoint E, first sevd
ntensities whi ch are greater

h@kp%ﬁr r T, SHEE

?ER

ty[Th a preV| oU
raf 1 8sfMiQytHRRs

arge

tjhan the initis

per f or med WI
recordi ng | , after whi a |l oop back is fade to a recording
intensity E |s srraller than E[err]. é_r_ with count 1

The set count
provi des that a test cycle |s—rra'd'€-m-t-h-a-n—e¥e:_.d.e“rea3|

ng recording

intensity E, which cycle reshlts SET &< t he tSdEnthe error rate .
char ac- teristic towards thelflat recor |h ndowtfetMeen Plerr] and
| 57 SET AE=(Epax- -EM|N)/2 1o
2 0
—» E=E-AE E=E+AE ‘__'
AE:=AE/2}~S2
D, WRITE INFO >
ReAD INFO
CALC : ER

SET AE:=(E max ~EMN)/2
C:=

i
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12 b[ern]. The nonent this flat recordi ng wi ndow has been reached, each

hext setting of the recording intensity E will-be | ower, Untl#EUILuc1 +Ree
m ni nrum adj ust abl e recording intensity E[ferr] (in conformty RUﬁﬁFWERT7$hEET
is reached, or the mnimumrecording-intensity P[err] is_reachedtnt+hat

case, the corner of "the minimumrecording intensity curve ip fogmng psa :ﬂa
sufficiently accurately by performng several iterative steps around
corner. Therefore, it is necessary, in step S[err]. after the errorrate—t
has been found to be | ower than the acceptable |evel ACC, tjo reset the
count of the counter to zero. This is to tjake place between the STEPS
S[err] and S[err] while a | oop back is-to4be made fromstep Slerr] to
Slerr].

BLER
ACC T i
T RS
Emin Pmin  EI Emax —P
BLER |
PY R SS— - . |
_ FIG.7
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v Teo¥ya=a=t -
By stating fromthe mddle of the setting range of the recording intensity

~i n aecordance with the ncthod in the preferred enbodi nrent and by hal vi ng
the step size after each iteration, the corner Plerr].in the error rate
characteristic may general ly be found with precision after four or five.
steps. Accordingly, in the preferred enbodi nent . of the met hod according to
the invention, the optinumsetting for tfie recordi ng T ht Ehﬁlty of the
read/ wite head 14 is found very rapidly: Neverthel ess, there are various

ot her nethods of fi HWHOMMND”DWGESOFOEMSORDDI@ he radi ati on
beam 15. One such neth OfeRs1 1S WHTCHCHAVE Way of exanpl e.
In one of the other netho ﬁct%gjm\?qﬂw ERIEOR
DETECTION AND CORRECTION
ALGORITHM ON A RECORD CARRIER BY
MEANS OF AN OPTIMAL RECORDING
INTENSITY

BACKGROUND OF THE INVENTION

The invention relates to a method of recording signals on
a record carrier of a type that can be overwritten. Informa-
tion patterns of optically detectable marks are recorded on
the record carrier in substantially parallel tracks. The tracks
are scanned by a radiation beam, and the marks are obtained -
by the radiation beam locally heating a suitable recording
layer of the record carricr. The energy contents of _the
radiation beam are set in response to detection of undesired
signals from a test information pattern recorded with the
radiation beam.
The invention further rclatecs to a recording device for
recording signals in substantially parallel tracks on a record
carrier of a type that can be overwritten. The recording
device comprises a scanning unit for scanning the tracks
with a radiation beam for the purpose of introducing in the
tracks information pattems of optically detectable -marks
which correspond to the signal patterns; and a setting unit for
setting the rccording intensity of the radiation beam with the
aid of a setting signal to be applied to the setting unit, the

N~ setting signal being dependent on the detection of undesired
signals from a test information pattern recorded with the
radiation beam.

A similar method and device for recording signals on a.
record carrier is known from European Patent Application
No. (“EP-A") 0 400 726. The method and recording device
described in that application give a procedure for media
calibration by which a recording intensity is determined for
a radiation beam by which information patierns are intro-
duced in the recordmg layer of a record carrier. The media
calibration described in EP-A 0 400 726, comprises the
following steps:
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formed in defined zones on the inside edge and/or outside edge of the
record carrier 1. First, a test region which is to be recorded is erased
W|th a sufficiently hi gh erase power, so that a‘test may .be made in a clean
" test area. Then, starti ng froma mnimum setting of the r ecor di ng intensity
and then with recordl ng i nten5| ties @hich are increased by [err] mW steps,
several sectors of, for_ exa 512 user bytes each are recorded at each
intensity setting im arfirst i manmndpanmhamgam first \f; raqncnga(cﬁ recordi ng
intensity setting. Thecorded ifi aatdckewithachaximmameaec dg)unemmyo e
2550;3: :E:aldl terrg;I {at %E@nﬂﬁn‘ﬁﬁtﬁ‘ﬂmd for each recor ng i ntenshtgn\éﬁlt ue.
re
not rmretha% a5|n Ig{kgngﬂo t 8 tﬁ#e%'ofca ﬁ@ﬁgﬁm aIIovvedyto
be erroneous, i.e., iGYREAfSegPRd é?ﬂ!‘ Witk &
mum recording intensity of the radmuon beam;
c. then, the information recorded in the track is read out and,
the read signal is applied to a detection mechanism tuned
to the frequency of the first information pattern;
d. if signal rests of the first information pattern (having the
first frequency) are still detected, steps b to d are repeated,
the recording intensity for each repetition being increased
by a specific desired randomly selectable step.
- Once rests of the first information pattern (having the first .
W, frequency) are no longer detected in step d, an intensity
setting of the radiation beam is found at which there is a
guaranteed minimum error rate of the information pattern to
be recorded and subsequently read out.
What has just been described is illustrated with reference
to FIGS. 7 and 8 of EP-A 0 400 726, with FIG. 8 repre-
senting an error rate characteristic as a function of the
intensity of the radiation beam used for recording. The
method and device described in EP-A 0 400 726 provide a
setting of the radiation intensity which is situated substan-
tially in the middle of a fiat domain of the error rate
characteristic in which the error rate is Jow. Although this
“ provides a highly reliable recording of information patterns,
- with a very low error rate, there are nevertheless several
inhcrent disadvantages, for example: specially designed
— . hardware is necessary for generating the information pat-
temns having a first and a second frequency, and for detecting
the rests of the first information pattern (having the first
- frequency). A further disadvantage is that the first informa-
tion pattern (having the first frequency) is recorded with full
power of a laser diode which generates the radiation beam.
Having the laser diode operated at full power is disadvan-
tageous in that this shortens its useful life.

SUMMARY OF THE INVENTION

It is one of the objects of the invention to ﬁrovide a
method, as well as a recording device, for which no addi-
tional hardware is necessary in the recording device for
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13 recording inte
sectors for which
reliable. The rec
w ndow i s used |n
opti mum recor d-

R, which is the r
recording intensit
that the nethod d

nsity may now be derived fromthe series of recorded
‘r.ecorded information is qualified as suffciently

ording intensity for the bot- tomlimt of the recording
t he manner descri bed hereinbefore for determ ning the

ng intensity for the read/wite head 14. The nultlpllcand
atio of the optimumrecorsdling intensity to the m ni num

éé is to be selected to pe around 1.6, %bmnll be evi dent

ISTTNEINE AR ORRB: fegording intensity setling
laser beam at which the information patterns recorded

therewith have a desired low crror rate.

It is a further object of the invention to provide a method
and a recording device in which information patierns having
a minimum error rate can be recorded with a minimum
recording intcnsity.

A method according to the invention comprises the steps
described in the opening paragraph and is characterized in
that the test information pattern is a randomly selectable data
pattern coded by means of an crror detection and correction
algorithm. The test information pattern is recorded with a
selected recording intensity of the radiation beam. Thereaf-
ter, the test information pattern is read out and an error rate
in the test data pattern is established by means of thc crror
detection and correction algorithm. Thereafter, in response
to the error rate, a setting for the recording intensity of the
radiation beam is selected for information pattern recording.

The method according to the invention utilizes the error
detection and correction algorithm used when signals are
recorded. If a recorded test information pattern is read out
and processed by means of the error correction and detection
algorithm, which test information pattern is derived from a
randomly or freely selectable data pattern, the magnitude of
the error rate in the known test information pattern can be
established. By rheans of the error rate found, the setting of
the radiation beam can be adjusted in the desired direction
of intensity.

A recording device accordmg to the invention comprises
the elements included in the recording device described
above; a reading device for reading a test information
pattern recorded with the radiation beam; and a programmed
data processing unit for encoding the test information pat-
tern by means of an error detection and correction algorithm,
for determining an error rate in the test information after it
is recorded and read out, and for determining the setting
signal in dependence on the detected error rate.

A recording device according to the invention utilizes a
programmed data processing unit already used in the record-
ing device for encoding information patterns by means of an
error detection and correction algorithm and for decoding
recorded information patterns by means of the error detec-
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to FIG 5 may be nodified in many ways. For exanple, the step size in
recording intensity [err] for the successive itera- tions may be kept
constant -until a corner 'in the error rate characteristic is found.
Thereafter, the step size could be reduced, and the range of the radiation
intensities in which the found corner of the error rate characteristic is
situated could be covered with this srralf#er step size, so that the
recording intensity belonging to the coMer of the curve is determ ned nore
accurately and a smaller range is deter- mned in which the corner |ies.
Then the step si zenﬁ’(ﬂnr]méo e rRlgerithia, When aaidesh information  a desi red
M ni num st ep si ze [mmaadm out is@ecoded, an errot mat@ iy detgrhatedf st eps
woul d be necessary fomrthetbasiswfiwhictpd seutinghiighall foe 'the Settid! utif ¢tgrdi ust ment
of the recording degerthe! edrliIntetisfty bi e’ tallfation beam) is found.

An embodiment according to the invention with auto-
manc opimum setting of the beam intensity is especially
suitable for recording devices in which the recording of the

marks strongly depends on the recording intensity, like, for
example, in magneto-optical recording devices. However,
the invention is not restricted to magneto-optical recordings
but may altcmativcly be applied to other recording prin-
ciples, such as, for example, recordings that can be over-
written on record carriers of the phase-change type, for
which a record carrier is used whose structure, when
scanned by a radiation beam, can be changed from amor-
phous to crystallinc and vice versa depending on the radia-
tion method.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments as well as advantages thereof will
be described in detail with reference to the drawings, in
which:

FIGS. 1z and 1b show a record carrier;

FIG. 2 shows a magncto-optical device according to the
mvention;

FIG. 3 shows a recording signal and an associated infor-
mation pattern;

FIG. 4 shows reading reliability as a function of recording
intcnsity;

FIG. § shows a flow chart of a preferred embodiment for
a method of setting the recording intensity according to the
invention;

FIG. 6 shows an instance of an initial recording intensity
with respect to a recording window in an error rate charac-
teristic; and

FIG. 7 shows another instance of an initial recording
intensity with respect to the recording window.
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avail abl e at that nonent will take |onger. Furthernore, a conbination of

t he net hod descri bed above and the nethod described with reference to FIG
‘5 is possible. First the setting range of the radiation source is passed
through wirth a reasonably |arge step size [err], so that, once severa

steps have been nade, the corner of the error rate characteristic and the
associ ated path determ ned by the stepngize are known. Then, starting from
the recording intensity set at that no t, the method could be foll owed
whi ch has been described with reference to FIG 5. In that case, the nethod

steps S[err], S[err], S[PETAIREDSRESCRIPEIONOF THEhart shown in FIG 5
may be onmitted. The met hod PREFERRED EMBODIMENT Sare applicable to nany
medi a, such as MO orcfhase-change materials. How

FIGS. 1a and 1b show an embodiment of a record carricr
1 of a type that can be overwritten, in which FIG. 1a shows
the top view and FIG. 1b shows a small part of the section
along line b—b. The record carrier 1 comprises a track
pattern prescnting information areas located substantially
concentrically relative to each other, which areas are
intended for recording information in the form of informa-
tion patterns of optically detectable marks. The track pattern
may have, for example, 2 continuous helical servo-track 4
. denoting the middle of the information areas. The concentric
" information areas, however, may also be denoted by a
structure of commonly termed servo-patterns, as has been
described, for cxample, in Duich Patent Application NL-A
8702905 (to which EP-A 0 319 101 and U.S. Pat. No.
5,048,003 correspond). For recording purposes, the record
carrier 1 comprises a recording layer 6 deposited on a
transparent substrate 5 and covered by a protective coating
7. The recording layer 6 is of a materal suitable for
magneto-optical recording. It should be noted that informa-
tion layer 6 may, however, also be made up of a diffcrent
material, for example, a phase-change material, whose struc-
ture may be changed from amorphous to crystalline and vice
versa by suitable radiation methods.

FIG. 2 shows an embodiment of a magneto-optical
recording device 10 according to the invention for recording
w information on the record carrier 1. The recording device 10
comprises a turntable 11 and a drive motor 12 for causing the
record carrier 1 to rotate around an axis 13. Oppositc to the
rotating record carrier 1 is an optical read/write head 14 of
a customary type suitable for magneto-optical recording and
reading, with which a radiation beam 15 is focused on the
recording layer 6. The recording device 10 also comprises a
customary servo-tracking device (not shown) for keeping
the radiation beam 15 focused on the servo-track 4; a
customary focusing device (not shown) for keeping the
radiation beam 15 focused on the recording layer 6; and a
customary addressing device (not shown) for retrieving via
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ever, if a group of nedia has a relatively narrow recording w ndow in the
error rate characteristic, it is desirable to not only determ ne the bottom

limt of the window, but also the 14 top limt of the recordi ng wi ndow
in the sane manner. Thereafter, the avefage of the top and bottomlinits
can be taken as the optinmum power. 15

a specific address, as has been described, for example, in
EP-A 0 265 904 and NL-A 8800151 (to which EP-A 0 326
206 and U.S. Pat. No. 4,901,300 correspond). Opposite to
the read/write head 14, on the other side of the record carrier
1, is a magnetic field modulator (MFM) 16 for generating a
magnetic field H directed substantially perpendicularly to
the recording layer 6 in the area of the recording layer 6
radiated by the radiation beam 15. The magnetic field
modulator 16 is rigidly attached to the read/write head 14 by
means of a bracket 17. The read/write head 14, as well as the
magnetic field modulator 16, may be moved radially relative
to the record carrier 1 by means of a displacement system 18,
the bracket 17 ensuring that the magnetic field modulator 16
continues to be positioned opposite to the read/write head
14. The magnetic field modulator 16 is of a type in which the
o direction of the generated magnetic field can be modulated
o in accordance with a binary recording signal Vm. Such a
magnetic field modulator has been described in detail, for
example, in Dutch Patent Application No. 8702451 (to
which EP-A 0 312 143 corresponds) which is incorporated
berein by reference.
The device 10 further comprises a control circuit 192 for
controlling the read/write head 14 and the displacement
system 18, and for geperating the recording signal Vm.
‘When information is recorded, the servo-track 4 is scanned
- by the radiation beam 15, whose intensity is set to a
recording intensity sufficiently high for heating up the part
of the record carrier 6 scanned by the radiation beam 15 near
to the Curie temperature of the material of the recording
' layer 6. At the same time, the generated magnetic field H is
U modulated in accordance with the information to be
recorded, as a result of which a pattem of marks in the form
of magnetic domains are formed in the scanned part of the
servo-track 4, which pattern corresponds to the recording
signal Vm. The domains which have been obtained may be
detected optically (as will be further described in detail
below). '

The recording device 10 still further comprises a process-
ing unit 195 which is coupled to the control circuit 19a via
a two-way data bus 19¢. The data bus 19¢ may be a serial
(1-bit-wide) or a parallc] (mult-bit-wide) data bus. The
processing unit 19b receives via a two-way (input and
output) bus 19d a data pattern which is to be eacoded by




CLAIMS 1. A nethod for recording one or nore signals encoded by neans of an
error detection and correction algorithmin a track on a record carrier of
a type that can be overwitten, the nethod conprising the follow ng steps:
(a) recording a test information pattern on the record carrier by means. of
a radiation beam being set at a sel ecked recording intensity to produce a
recorded information pattern on the récord carrier, the test infor- mation
pattern havi ng been encoded by neans of the error detection and correction

al gori thm (b) I GRAnEOF R ol tdtifod HPEREcS dlgbiitinl (OIRQ the record
carrier 1o profise o%éreﬁr;ﬁfg% omon' COde) ihoﬁxepﬁluhi?ﬂﬁg unit 195.

The information pattern thus obtained is applied to the

control unit 192 via the bus 19¢, and so is a setting for the

recording intensity of the radiation beam 15 with which the

information pattern is recorded in the recording layer 6 of

the record carrier 1. .

An information pattern read out by the read/write head 14
and having signal shape V1 is transferred by the gontrol
circuit 19a over the bus 19¢ to the processing unit 19b,
which attempts to encode the data pattern from the infor-
mation pattern by means of the error detection and correc-
tion algorithm. The processing unit 195 establishes an error

\J ratc occurring in the data pattern and, on the basis of the
error rate, determines a setting signal for setting the record-
ing intensity of the radiation beam 15. Thereafter, the control
circuit 19a receives the setting signal over bus 19c. )

FIG. 3 illustrates the variation of the recording signal Vm

over time, the associated magnetic ficld H over time and the
resulting pattern of magnetic domains with different direc-
tions of magnetization over time. Domains with different
directions of magnetization are denoted by different refer-
ence characters, i.e.,, 30 and 31. The middle of the servo-
track 4 in which the pattern is recorded is diagrammatically
shown by a line 4". The pattern of magnetic domains 30 and
31 may be read out by the read/write head 14 by scanning
the pattern with a scanning beam of linearly polarized light.
Upon reflection of the radiated beam, the polarization direc-
o tion of the radiated beam is turned in a direction determined
: by the direction of the magnetization of the scanned portion
of the recording layer 6. In this manner, a modulation pattemn
of variations of polarization directions is obtained, which
pattern corresponds to the scanned pattern of thc magnctic
domains 30 and 31. This modulation is detected in a
customary fashion by the read/write head 14 with the aid of,
for example, 2 Wollaston prism, photoelectric converters
and an amplifier circuit which converts the output signals of
the photoelectric converters into a reading signal V1 which
represents the read out pattern as described, for example, in
Dutch Patent Application NL-A 8602304.

One of the major aspects for recording is the reliability
with which the recorded information can be read out. A

known magnitude for which reading reliability can “P"Pw*'? p——
i it ohkii
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(c) determining an error rate for the reproduced informa- tion pattern on
the basis of the error detection and correction algorithm (d) selecting an
optimal recording intensity for use,in reecording the one. or nore signals on
- the ‘basis of the error rate; and (e) recording the one or nore signals on
the record carrier by means of the ra ati on beam being set at the opti nal
recording intensity. 2. The nmethod as clained in claim1, wherein in step

(a), the test infexpeassed fontrceondedsCDeA0 P8 LD-ROM rsignals isrthei nes by neans
of the radiation geagilled ‘{BIC¢IER0L Ratel! (BLER foreshort)cThe mbag-mat i on
patterns, the radiggiderBPER A&RIES e humibe? offi(EFM ) blocks pee uait recordi ng
' nten- of time in which onc or more uncorrectable errors have been

detected by means of the error detection and correction

algorithm.

FIG. 4 shows the behavior of the BLER value as a

function of the recording intcnsity P. It appears that the

BLER value within a range from P, to P, substantiaily

adopts a constant minimum value, whereas outside this

range the BLER value increases rapidly. Between the values

P, and P, .. the reading reliability is substantially insen-

sitive to intensity variations which are unavoidable as a

result of the variety of tolerances in the recording system.

A The BLER values shown in FIG. 4 are a function of the
recording intcnsity P for a specific scanning velocity of the
track 4 of FIGS. 1a and 1b during recording. The optimum
recording intensity is not situated midway between P,,,,,, and
P,.... but just above P,,,.. The value of the optimum record-
ing intensity may be determined in advance for a specific
record carrier. Accordingly, prior to the recording of the
information on that record carrier, the recording intcnsity of
the recording device may be sct at that value.

However, the following problems can occur:

1) There can be a large variation in the radiation sensitivity
of recording layers, even though they are made of the
same magneto-optical material. This is causcd by the
customarily applied method of depositing the recording
layer, such as, for example, by sputtering.

N\ 2) There can be a great influence of the scanning velocity on
' the optimum recording intensity. This is especially a
problcm if the recording velocity for various recording
~ devices varies strongly, as is the case, for example, with
recording devices for CD signals in which the permissible
recording velocity is situatcd between 1.2 m/sec and 1.4

m/sec.

3) Accurately determining an absolute radiation power can
be a major problem. The mutual spread of power meters
is of the order of 10%. In addition, different adjustment
conditions cause additional deviations to occur.

4) Finally, the shape of the scanned spot caused by the
radiation beam on the recording layer 6 and the wave-
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sity for each recording of the test information pattern; in step (b) each

of the recorded information patterns recorded on the record carrier is read

~to produce a plurality .of reproduced information patterns; in step (c), an
error rate for each of the reproduced_information patterns is determ ned,

the error rate for each of the reprodﬂced i nformati on patterns being

determi ned on the basis of the error detection and correction algorithm

and 16 length of the radiation can influence the optimum record-

ing intensity.

All of this means that thc variation in the optimum
recording intensity is so large that it cannot be guaranteed
that for a fixed setting of the recording intensity the record-
ing intensity will be within the recording window of a record
carrier in which the BLER value is low.

A method will be described hereinafter in which the
optimum recording intensity can be set reliably and simply.
A preferred embodiment of such a method, according to the
invention, will be described with reference to FIG. §, in
which a flow chart of this preferred embodiment is shown.

FIG. 5 shows a flow chart representing the preferred
embodiment of a method according to the invention, by
which an optimum setting of the recording intensity for the
radiation beam 15 in a recording device as shown in FIG. 2
is found. In a first step, step S, an initial rccording intensity
E, and an initial step size AE, which denotes the change in
the recording intensity E, are set. The initial recording
intensity E, is selected to be in the middle of the setting
range of the intensity E of the radiation beam 15. The step
size AE is (E, ox~Emm)/2. Epmax and E,,,, are the top and
bottom limits respectively, of the setting range of the inten-
sily E of the radiation beam 15. In a next step, stcp S,, the
step size AE is halved. By sctting the step size AE, in step
S,, it is ensured that a next setting of the recording intensity
E will be either the minimum intensity E,,, plus a quarter of
the total setting range, or the maximum intcnsity E, ., minus
o a quarter of the setting range.

N In a third step, step S,, information is recorded on the
record carrier with the set recording intensity E. In a next
step, step S,, the recorded information is read from the
record carrier, and the error rate ER is determined on the
basis of the read out information. In a next step, step Sg, a
determination is made as to whether the error ratc ER lies
below an acceptable level ACC. If the error rate ER lies
below a desired level ACC, in a next step, step 55, a
determination is made as to whether the step size AE is
smaller than or equal to a minimum step sizc AE_,,. If itis
not, then the recording intensity E is adjusted with the step
size AE, in a next step, step S, after which the steps S,, S,
S, and S, are repeated. If AE,_; is less than the AE, then the

7
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in step (d), the optinmal recording intensity is determned by (i)
determning fromthe error rates of the repro- duced information patterns a
m ni num recording inten- sity for which the error rate of one of the
reproduced information patterns is at or bel ow an -acceptable error rate,
and (ii) multiplying the mininumrecording inten- sity by a fixed constant.
3. The method as clained in claim2, wherein the constant is a val ue
between 1.1 and 2.2. 4. The net hod as-Fbained in claim3, wherein the
constant is a value substantially equal“to 1.6. 5. The method as clained in

claim2, wherein fhe test infor.nation. pattern includes at |egast three
i nf or mation bl ocké?s'mﬂgﬂﬁgd ﬁ%ﬁ?ﬁvfi? 8¢t 103 BEXLSIEP 3P am of one
subsequent to a step S,, in which a determination is again
whether as to the error rate ER lies below an acceptable level
ACC. The desired recording intensity EW is equal 10 a
constant R multiplied by the recording intensity E set at that
moment. The constant R is a factor larger than 1.1 and
smaller than 2.2. In magneto-optical recording this factor
preferably lies between the boundaries 1.5 and 1.7. Once the
desired recording intcnsity E,,, has been set, the program
stops at step S,.
The part of the method according to the invention
described hereinbefore determines the bottom P,,;, of the
(% recording window represcnted in FIG. 4 because it has been
assumed that the initial setting of the recording intensity E,
is situated somewhere in the recording window berween
P and P, .. FIG. 6 shows the situation where the initial
recording intensity E, is situated in the recording window
between P,,,, and P, ..
" It will be evident that since in step S, the set recording
intensity is constantly reduced by a step sizec AE, once a
specific step has been taken, the recording intensity E at that
moment may be below the threshold P,,,, of the recording
window. This would appear in a next calculation of the error
rate ER in step S, and in the determination, in step S, as to
whether the error rate ER is below the acceptable error level |

ACC. In this case, step S will be followed by a step S, in
which a determination is made as to whether a counter is set
and has the value of unity. If the counter has not been set, in
a step S;, a determination is made as to whether the step size
AE in the recording intensity E is smaller than or equal to the
minimum step size AE,.. If this is not, the recording
intensity E is increased by the step AE in a subsequent step,
step S,,. Thereafter steps S,-S are repeated as described
above.

In the manner described hereinbefore, the comer P, in
the error rate ER characteristic and the associated recording
intensity E are found very rapidly. The recording intensity E
found in that manner is uscd as a basis for dctermining a
desired recording intensity E,, which is found by multiply-
ing the recording intensity E by a constant R. The result is

(L
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erroneous and incorrgible information block. 6. The nethod as cl ai ned
in-claim1, wherein steps (a) through (c) are repeated a plurality of
‘times, and each tinme step (a) is perforned, the radiation beamis set at a
different selected recording intensity. 7. The nethod as clained in claim
6, wherein each tine steps (a) through (¢} are perfornmed, the selected
recording intensity in step (a) is nodified fromthe selected recording

intensity used th ' <1 : f : ep size

determ ned on. the%%%%%’hh@r&%ﬁgﬁéf%c%‘%}ﬁ &%&Bﬁ%&%uﬁﬁ me step (c)

was performed; st HEsH oA FecPR g Mrum r ecor di ng
I ﬁa%tsgg be reaghiqut Weh AR o pe ow an

i ntensity which pr¥Witicwhich the iafo
accept abl e error ratceptablé emor;ratenAQGe optimal recording

The above-described method works out correctly as long
as the initial recording intensity E, lies within the recording
window or below the minimum recording intensity P,. If
the initial recording intensity E, lies above P, i.e., in the
corner between the recording window and the rising part of
the error rate characteristic, and the method described above

~ were used, the read/write head 14 would have its radiation
beam 15 set at an ever higher recording intensity. This would
mean that the setting control worked in the wrong way.
_ Therefore, after 2 number of iteration steps have been made
N in which the intensity step size AE is constantly reduced and
it is determined in step S,, that the step size AE is smaller
than the minimum step size AE,,,,, in'a step S, 5 the step size
is again made equal to the initial step size. Step S, is used
as a basis. In addition, a count C is made equal to 1 in step
S,s. From there a loop back is madc to step S, of the
procedure described above. In step S, the setting for the
recording intensity E is modified so that the recording
intensity E is reduced. Thereafter, the steps S,, S5, S, and S,
are subsequently carried out. At that point, two situations
may again exist: the error rate ER may be below or above the
acceptable level ALL. If the error rate ER indeed lies below
the acceptable level ACC, the recording intensity for the
next test is reduced via steps S, and S.,. However, if the error
rate ER is still above the acceptable level ACC, a determi-
s nation is made as to whether the count C is actually equal to
1 in step S, If this is the case, the method is looped back
10 steps S4 and S,, so that despite the fact that the error rate
ER exceeds the acceptable level ACC, in a next Lest cycle the
recording intensity E is lower than the previous recording
inteasity in a previous test cycle. Worded differently, from
point E, first several test cycles are performed with recording
intensities E which are greater than the initial recording
-intensity E,, after which a loop back is made to a recording
intensity E which is smaller than E,.

The set counter with count 1 provides that a test cycle is
made with an ever decreasing recording intensity E, which
cycle results in a move to the left in the error rate charac-
teristic towards the flat recording window between P, and
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intensity is obtained by nmultiplying the mninmumrecording intensity by a
fixed constant. 8. The method as clainmed in claim7, wherein the test
informati on pattern includes at |east three information bl ocks, and the
acceptable error rate is a maxi num of one erroneous and incorrigible

i nformati on block. 9. The nethod as clained in claim7, wherein the radi a-
tion beam has a setting range of recoryiZig intensities; and the first tine
steps (a) through (c) are perforned, the selected recording intensity is
set in the niddl e Faint Hoe soomeny thimdiat reeording mindaw bas deatned in clai m

9, wherein the st egachedeeach next seatihy ofubstraosrding intensiey B wiline quarter of
the setting rangebe lower, until either the minimum adjustable recording

intensity E,,,, (in conformity with FIG. 7) is reached, or the

minimum recording intensity P, ,, is reached. In that case,

the comer of the minimum recording intensity curve is

found sufficiently accurately by performing several iterative

steps around this comer. Therefore, it is necessary, in step

Ss, after the error rate ER has been found to be lower than

the acceptable level ACC, to reset the count of the counter
to zero. This is to take place between the steps Sg and Sq
while a loop back is to be made from step §,, to S,. '

By starting from the middle of the setting range of the

N\ recording intensity in accordance with the mcthod in the
: preferred embodiment and by halving the step size after each
iteration, the comner P,,,,, in the error rate characteristic may
generally be found with precision after four or five steps.
Accordingly, in the preferrad embodiment of the method
according to the invention, thc optimum sctting for the
recording intensity of the read/write head 14 is found very
rapidly.

Nevertheless, there are various other methods of finding
an optimum radiation intensity for the radiation beam 15.
One such method will be described hereinbelow by way of
example. :

In one of the other methods, media calibration is per-
formed in defined zones on the inside edge and/or outside
edge of the record carrier 1. First, a test region which is to

" be recorded is erased with a sufficiently high erase power, so
- that a test may be made in a clean test area. Then, starting
from a minimum setting of the recording intensity and then
with recording intensities which are increased by Yo mW
steps, several sectors of, for examplc, 512 user bytes each
are recorded at each intensity setting in order to consider the
reliability for each recording intensity setting. Then the
recorded sectors are read out and the associated error rate ER
is determined for each recording intcnsity value. A reliability
criterion can be that, with a specific recording intensity, not
more than 2 single one of the number of recorded sectors is
allowed to be erroneous, i.e., incorrigible. The minimum




17 11. The nethod as clainmed in claim7, wherein the step size is reduced
each tinme the error rate found in step (c) differs substantially fromthe
error rate found the previous tine step (c) was perfornmed. 12. The net hod
as claimed in claim11, wherein the step size is reduced by one-half each
time the step size is reduced. 13. The Bod as clained in claim?7,
wherein the selected recording intensity I's reduced each tine step (a) is
performed, unless the error rate found the previous tine step (c) was

perforned was aboveracoedingcintemsityemay mow betderived frohe theesdries of cl ai med in
claim 13, wherein ifecof€ed sectors for which recorded information is qualified

as sufficiently reliable. The recording intensity for the bot-

torn limit of the recording window is used in the manner

described hereinbefore for determining the optimum record-

ing intensity for the read/write head 14. The multiplicand R,

which is the ratio of the optimum recording intensity to the

rlniﬁnimum recording intcnsity, is to be sclected to be around

It will be evident that the method described with reference
10 FIG. 5§ may be modified in many ways. For example, the
step size in recording intensity AE for the successivc itcra-

| tions may be kept constant until a corner in the error rate

U characteristic is found. Thereafter, the step size could be
reduced, and the range of the radiation intensities in which
the found corner of the error rate characteristic is situated

‘could be covered with this smaller step size, so that the

recording intensity belonging to the corner of the curve is
determined more accurately and a smaller range is deter:
mined in which the comer lies. Then the step size AE could
agam be reduced, and so on, until a desired minimum step
size AE is artained. Obviously, a larger mumber of steps
would be necessary for this modification which implies that
the adjustment of the recording device to the record carrier
available at that moment will take longer.

Furthermore, a combination of the method described
above and the method described with reference to FIG. 5 is
possible. First the setting range of the radiation source is

'&,' passed through with a reasonably large step size AE, so that,
once several steps have been made, the corner of the error
rate characteristic and the associated path determined by the
step size are known. Then, starting from the recording
intensity set at that moment, the method could be followed
which has been described with reference to FIG. §. In that
case, the method steps S, 4, S5, S,4 and S, 4 in the flow chart
shown in FIG. 5 may be omitted.

The methods described hereinbelore are applicable to
many media, such as MO or phase-change materials. How-
ever, if a group of media has a relatively narrow recording
window in the error rate characteristic, it is desirable to not
only determine the bottom limit of the window, but also the




error rate found the previous tine step (c) was perfornmed was above the
~acceptable error rate, the next time step (a) is perfornmed, the selected
“recording intensity is increased. 15. The-'nethod as claimed in claim?7,
wherein the constant is a value between 1.1 and 2.2. 16. The nethod as
clainmed in claim15, wherein the constant is a value substantially equal to
1.6. 17. A recording device for recording one or nore signals in
substantially parallel tracks on a record carrier of a type that can be
overwitten, the device conprising: flekording means for recording a test
information pattern and the one or nore signals on the record carrier by

neans of a radi abpohmiedN HRY rétordinge GARAOWI int the "ane ' mafide N9 neans for
setting the r econ%remeﬂ&se%vmgefoﬁﬁ% top and bottom limits can be
taken as the optimum power.
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radi ati on beamat (a) a selected recording intensity, on the basis of a
test information pattern, for recording the test setting signal, and (b) at
an optimal recording intensity, on the basis of an opti mal setting signal,

" for recording the one or nore signals; ieadl ng peans for teading the test

I nformation pattern, after the test i rmati on: ﬂlﬁ”lm‘ umﬁulrecorded
on the record carrier, to produce a reproduced ilm and
processi ng nmeans for (a) producing i nf or'mat’i ot pAtt&rn®and the one

tEe éga
or nore signals by neans of an erro ion and correction algorithm

(b) determin- ing an error rate for the reproduced information pattern on
the basis of the error detection and correction

1. A method for recording one or more signals encoded by
means of an error detection and correction algorithm in a
track on a record carrier of a type that can be overwritten, the
method comprising the following steps:

(a) recording a test information pattern on the record
carrier by means of a radiation beam being set at a
selected recording intensity to produce a recorded
information pattern on the record carrier, the test infor-
mation pattern having been encoded by means of the
error dctection and correction algorithm;

D (b) reading the recorded information pattern from the
record carrier to produce a reproduced information
pattern;

(c) determining an crror rate for the reproduced informa-
tion pattern on the basis of the error detection and
correction algorithm;

(d) selecting an optimal recording intensity for use in
recording the one or more signals on the basis of the
error rate; and

(e) recording the one or more signals on the record carrier
by means of the radiation beam being set at the optimal
rccording intensity.

2. The method as claimed in claim 1, wherein in step (a),

the test information pattern is recorded a plurality
s of times by means of the radiation beam to produce a

plurality of recorded information pattcrns, the radiation
beam being set at a different sclected recording inten-
sity for each recording of the test information pattern;

in step (b) each of the recorded information patterns
recorded on
the record carrier is read to produce a plurality of

reproduced information patterns;

in step (c), an error rate for each of the reproduced
information pallerns is determined, the error rate for
each of the reproduced information patterns being

determined on the basis of the emor detection and
correction algorithm; and
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al gorithmand (c) producing the test setting sign etting

al—and—the—optimal—s
signal, the optinmal setting signal being produced m I1|m“ he error
T ate. 18 18. The device as clained in claim 17”‘“‘”]““ M or di ng
nmeans is adapted to record the test infor- mation patterh a"plurdl ity of
times by means of the radiation beamtdgroduce a plurality of recorded
information patterns; said setting neans is adapted to set the recording
intensity of the radi atlon beam each tine,the tes{ |né)rmat|o

1n step (d), the optimal recording intensity is determine

by (i) detemnmng from the error ratcs of the repro-
duccd information patterns a minimum recording inten-
sity for which the error rate of one of the reproduced
information patterns is at or below an acceptable error
rate, and (ii) multiplying the minimum recording inten-
sity by a fixed constant.

3. The method as claimed in claim 2, wherein the constant
is a value between 1.1 and 2.2

4. The method as claimed in claim 3, wherein the constant
is a value substantially equal to 1.6.

5. The method as claimed in claim 2, wherein the test
information pattern includes at least three information

u blocks, and the acceptable error rate is a maximum of one
erroneous and incorrigible information block.

6. The method as claimed in-claim 1, wherein steps (a)
through (c) are repeated a plurality of times, and each time
step (a) is performed, the radiation beam is set at a different
selected recording intensity.

7. The method as claimed in claim 6, wherein each time
steps (a) through (c) are performed the selected recording
intensity in step () is modificd from the selected recording
intensity used the previous time step (a) was performed by
a step size delermined on the basis of the error rate found the
previous time step (c) was performed; steps (a) through (c)
arc rcpeatcd until a minimum recording intensity which
produces an error rate in step (c¢) which is at or below an
acceptable error rate is found; and the optimal recording

" intensity is obtained by multiplying the minimum recording
intensity by a fixed constant.

8. The method as claimed in claim 7, wherein the test
information  pattern includes at least three information
blocks, and the acceptable error rate is 2 maximum of one
erroneous and incorrigible information block.

9. The method as claimed in claim 7, wherein the radia-
tion beam has a setting range of recording intensities; and
the first time steps (a) through (c) are performed, the selected
recording intensity is set in the middle of the setting range.

10. The method as claimed in claim 9, wherein the step
size is initially substantially equal to one quarter of the
setting range.
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pattern is recorded by said recording means at a di f=ferent—setected—
recording intensity on the basis of a different test i |JEN} sai d
r eadi ng grgnaans S aéap_t ed to read the recorded infor%llﬂﬂlﬁlﬂ“iﬂlﬂﬂﬂ“l'to
produce reproduced information patterns; and said prdcedsi hg feahs 1s
adapted to (d) deternine an error ratfg on the basis of the error rate
detection and cor- rection algorithm for each of the reproduced inforna-
tion patterns; (e) produce each of the different test setting signals; and
(f) produce the ol MHe gethddas siamed imclaim hawherein thietoprror rate of at
| east one of theyseRy Qe EAKHPHERK thY) cPrt ke fourkd in Seep e)i ce as cl ai med
in claimi18, whegkgbf [ohaAMUAF from the error rate found the previous
time step (c) was performed.
12. The mcthod as claimed in claim 11, wherein the step
size is reduced by one-half each time the step size is reduced.
13. The method as claimed in claim 7, wherein the
selected recording intensity is reduced cach time step (a) is
performed, unless the error rate found the previous time step
(c) was performed was above the acceptable error rate.
14. The method as claimed in claim ‘13, wherein if the
error rate found the previous time step (c) was performed
: was above the acceptable error rate, the next time step (a) is
Y performed, the selected recording intensity is increased.
15. The method as claimed in claim 7, wherein the
constant is a value between 1.1 and 2.2
16. The method as claimed in claim 15, wherein the
constant is a value substantially equal to 1.6.

17. A recording device for recording one or more signals
in substantially parallcl tracks on a record carrier of a type
that can be overwritten, the device comprising:

recording means for recording a test information pattern
and the one or more signals on the record carrier by
means of a radiation beam having a recording intcnsity;

. setting means for setting the rccording intensity of the
radiation beam at (a) a selected recording intensity, on -
the basis of a test information pattern, for recording the
test setting signal, and (b) at an optimal recording

ot intensity, on the basis of an optimal setting signal, for
recording the one or more signals; ' '

reading means for reading the test information pattern,

“after the test informarion pattern has been recorded on

the record carrier, to producc a reproduced information
pattern; and '

processing means for (a) producing the test information
patern and the one or more signals by means of an .
error detection and correction algorithm, (b) determin-
ing an error rate for the reproduced information pattern
on the basis of the emror delecion and cormrection
algorithm and (c) producing the test setting signal and
thc optimal setting signal, the optimal setting signal

being produce i r . R .
gp ced on the basis of the error rate REPLACEMENT SHEET
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the optinmal setting signal, said processing neans is further adapted to (g)
determne fromthe error rates of the repro- duceWs a
m ni mum recording intensity.for which the error r one

reproduced information patterns is at or below an mﬁm“ g‘[‘ E!rate
and (h) nmultiply the m ni num recordi ng intensity b ant to
obtain the optimal recording intensit 20. The deV| ce as cI ainmed in claim
19, wherein the test information patt i ncl udes at |east three

i nformati on bl ocks, and the acceptable error rate is a maxi nrum of one

erroneous and i ncor | nfor t.| on, bl o he .device as clained in
claim 19, wherein t#egg%gf' ﬂ%ﬁl(ﬁ% gaéﬂ/vﬁh 555 CMng 2.2. 22. The
devi ce as cl ai ned isaid recordiig mﬂans 4 adapeed 1o record the test infor-

mation pattern a plurality of times by means of the

radiation beam to produce a plurality of recorded
information pattemns;

said setting means is adapted to set the recording intensity
of the radiation beam each time the test information
pattern is recorded by said recording means at a dif-
ferent selected recording intensity on the basis of a
different test setting signal; '

- said reading means is adapted to read the recorded infor-
mation patterns to produce reproduced information
patterns; and

said processing means is adapted to (d) determine an error
rale, on the basis of the error rate detection and cor-
rection algorithm, for each of the reproduced informa-
tion patterns; (e) produce each of the different test
setting signals; and (f) produce the optimal setting
signal on the basis of the error rate of at least one of the
reproduced information patterns.

19. The device as claimed in claim 18, wherein to produce
the optimal setting signal, said processing means is further
adapted to (g) determine from the error rates of the repro-
duced information patterns a minimum recording intensity
for which the error rate of one of the reproduced information
patterns is at or below an acceptable error rate, and (h)
mutltiply the minimum recording intensity by a fixed con-
stant to obtain the optimal recording intensity.

20. The device as claimed in claim 19, wherein the test
information pattern includes at least three information
blocks, and the acceptable error rate is a maximum of one
erroneous and incorrigible information block.

21. The device as claimed in claim 19, wherein the
constant is a value betwieen 1.1 and 2.2

22. The device as claimed in claim 21, wherein the
constant is a value substantially equat to 1.6.

23. The device as claimed in claim 18, further comprising
control means for controlling said rccording means and said
reading means in a2 manner whereby said recording means
records the test information pattern all of the times the test




constant is a value substantially equal to 1.6. 23. The device as clai med
in claim18, further conprising control neans for controlling said
Yecordi ng neans and sai d reading neans in a nanner

M
means records the test information pattern all of ,m, i’ imﬂ,ﬂl’
I nformation pattern is to be recorded, d thereaf rreans
reads all of the recorded information patterns. 24 The devi Ce -as Tl ai ned
in claim118, furt COﬁP“SIn control neans for controlling said

recording neans a et de; recardedaaad therealtey, saidd r ecor di ng
means and said redGRAiRgmasns 16pds all of the rmoordedsinfermatidrepatteras.n of

24. The device as claimed in claim 18, further comprising
contro! means for controlling said recording means and said
reading means in a manner whereby said recording means
and said rcading means operate in successive cycles, each of
the cycles involving said recording means recording the
information pattern once, and thereafier, said reading means
reading the recorded test information pattern produced

- therefrom to producc the reproduced information pattern
corresponding to the information pattern which was
recorded by said recording means.

25. The device as claimed in claim 24, whercin said

o control means is adapted to control said processing means in
a manncr whercby in cach of the cycles, said processing
means determines the error rate for the reproduced infor-
mation pattern corresponding to the test information pattern
recorded by said recording means in that cycle, and produces
a test setting signal which canse said setting means to
modify the recording intensity of the radiation team for
recording the test information pattem in that cycle from the
selected recording intensity at which the recording intensily
of the radiation beam was set al when the test information
pattern was recorded during the previous cycle by a step size
determined on the basis of the error rate found in the
previous cycle.

26. The device as claimed in claim 2§, wherein the
radiation beam has a settmg range of recording intensities;
and said processing means is further adapted to produce a

Nt first test setting signal which causes said setting means to set
the recording intensity of the radiation beam at a selected
recording intensity which is in the middle of the setting
range the first time the test information pattern is recorded
by said recording means.

27. The device as claimed in claim 26, wherein said
processing means is further adapted to cause the step size to
initially be substantiaily equal to one-quarter of the semng
range.

28. The device as claimed in claim 25, wherein said
processing means is further adapted to cause the step size to
be reduced each time the error rate found in a cycle is
substantially different from the error rate found in the
previous cycle.

REPLACEMENT SHEET

g7 JUH 1559




t he cycles involving said recordi ng neans recordi ng_the inforrmtinn pattern
once, and thereafter, said readi ng neans readi ng t

i nformation pattern produced therefromto-produce tﬁﬂ]ﬁﬂm W3| mat i on
patt'ern corresponding to the infor mat i on pattern whi racos by said
recordi ng neans. 25. The device as clébrred in claim:24, wherein said
control neans is adapted to control processi ng nmeans in a nmanner

whereby in each of the cycles, said processing neans determ nes the error
rate for the reproduced infor- mation pattern correspondi ng to the test

I nformation patter r h sqcycl e, and
produces a tgst se ?? &8 ﬁgﬁggyﬁ gugﬂ % |n mgﬁr{g %/o nodi fy the
recordi ng i nt ens téb S1ZE

be reduce by one-half each time the stcp size is reduced.

30. The device as claimed in claim 25, wherein said
control means is further adapted to continue the cycles until
a minimum recording intensity is found which is used to
record the test information pattern and to produces a repro-
duced information pattern corresponding thereto and having
an error rate which is at or below an acceptable error rate.

31. The device as claimed in claim 30, wherein to produce
the optimal setting signal, said processing means is further
adapted to multiply the minimum recording intensity by a

\ fixed constant to obtain the optimal recording intensity.

32. The device as claimed in claim 31, wherein the
constant is a value between 1.1 and 2.2,

33. The device as claimed in claim 32, wherein the
constant is a value subsmnnally equal to 1.6.

34. The device as claimed in claim 31, whexcin the test
information pattern includes at least three information
blocks, and the acceptable error rate is a maximum of one
erroneous and incorrigible information block.

* *® x *» %
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recording the test information pattern.in.that cycle fromthe sel ected
recording intensity- at which the recording intensity of the radiation beam
was set at when the test-information pattern was recorded during the

previ ous cycle by a step size determned on the basis of the error rate
found tn the previous cycle. 26. The device as clained in claim?25, wherein
the radi ati on beam has a setting range of recording rntensities; and said
processing nmeans is further adapted to produce a first test setting signal
whi ch causes said setting neans to set 2ile recording intensity of the

radi ati on beam at a selected recording intensity which is in the mddle of
the setting range the first tinme the test information pattern is recorded

by said recording METHODS AND DEVICES FOR RECORDING
ONE OR MORE SIGNALS WHICH HAVE
BEEN ENCODED BY ON ERROR
DETECTION AND CORRECTION
ALGORITHM ON A RECORD CARRIER BY

MEANS OF AN OPTIMAL RECORDIN
INTENSITY -

ABSTRACT

A method and device for recording signals on a record
carrier with the aid of a radiation beam (15). The signals arc
recorded in the form of optically detectable marks in parallel
tracks which have a substantially constant track pitch. The
recording intensity of the radiarion beam is set in such a2 way
that with a “minimum” recording intensity information
patterns are recorded with a low desired error rate “(Block)
Emor Rate”. Furthermore, a method and device are
described by which the “minimum™ recording intensity of
the radiation beam can be determined.

FIGURE 5
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27. The device as clained in claim 26, wherein said processing neans is
further adapted to cause the step’size to initially be substantially equal
to one-quarter of the setting range. 28. The device as clainmed in claim 25,
wherein said processing neans is further adapted to cause the step size to
be reduced each tine the error rate found in a cycle is substantially

different fromthe error rate found in the previous cycle. 20 29. The
device as claimed in claim28, wherein said
1
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processing nmeans is further adapted to cause the step size to be reduce by
one-half each tinme the step size is reduced. 30. The device as clained in

- claim 25, wherein said control nmeans is further adapted to continue the
cycles until a mnimumrecording intensity is found which is used to record
the test information pattern and to produces a repro- duced information
pattern corresponding thereto and having an error rate which is at or bel ow
an acceptable error rate. 31. The device a3 clained in claim30, wherein to
produce the optinmal setting signal, said processing neans is further
adapted to nmultiply the mninumrecording intensity by a fixed constant to
obtain the optimal recording intensity. 32. The device as clained in claim
31, wherein the constant is a value between 1.1 and 2. 2.
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" 33. The device as clainmed in claim32, wherein the constant is a val ue
substantially equal to 1.6. 34. The device as clained in claim31l, wherein
sthe test information pattern includes at |east three information bl ocks,

and the acceptable error rate is a maxi num of one erroneous and
incorrigible information block. * * * * *
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