
1  211835 2 "Method of recording a digital information signal on a record
carrier having a radiation-sensitive information layer, apparatus for
carrying out the method, and optical record carrier provided with such a
digital information signal". 5                  The invention relates to a
method of record- ing a binary information signal on a record carrier
having a radiation-sensitive information layer, a recording pat- tern
corresponding to said information signal being formed in the information
layer of the record carrier by the 10 generation of radiation pulses of
fixed duration and in- tensity at selected instants of the sequence of
instants corresponding to the bit cells, which radiation pulses have such
an energy that unitary recording marks are form- ed on the record carrier,
the information signal compris- 15 ing a sequence of bit cells of which at
least n consecu- tive bit cells are of the same first type, n being  2..
The invention also relates to a record car- .rier provided with a digital
information signal stored in an information track, which information signal
comprises a 20 sequence of bit cells, of which at least n consecutive bit
cells are of the same type, a sequence of bit cells of a first type always
being represented by a plurality of uni- tary recording marks in the
information track. The invention also relates to apparatus for 25  carrying
out the method, which apparatus comprises a radia- tion source, an optical
system for focusing a radiation beam emitted by the radiation source onto a
radiation- sensitive information layer of a record carrier, and a control
device for controlling the radiation source depend- 30 ing.on an applied
binary information signal, which inform- ation signal comprises a sequence
of bit cells, of which at least n consecutive bit cells are of the same
type, n being [err]2.    To date record carriers with radiation-sensi- 



tive information layers command much interest. This is mainly because such
record carriers have a very high stor- age capacity, enabling a very large
amount of information, 5   for example data information and digitized video
and/or audio information, to be recorded on such record carriers. The
information layer of such a record car- rier comprises a material which
exhibits a physical reac- tion upon exposure to a radiation beam of
suitable inten- 10 sity, so that by modulating this recording beam a
corres- ponding recording pattern is formed on the record carrier. The
information layer may, for example, consist of a metal, inter alia
tellurium, which locally melts by heating upon exposure to said radiation
beam. Alternatively, this in- 15 formation layer may, for example, comprise
a double-layer structure of materials which react chemically under the
influence of the incident beam of radiation, for example, on ion or bismuth
on tellurium. Other suitable materials are, for example, magneto-optical
materials such as Gd-Fe 20 and cobalt ferrites. In itself the material
selected for the information layer is irrelevant to the present inven-
tion, provided that upon exposure to a modulated radiation beam a recording
pattern corresponding to the information signal is formed in this material.
25                 For an optimum use of the storage capacity of the record
carrier the information signal is generally modulated in a special manner,
i.e. the source coding of the information signal is converted into a
channel coding, which channel coding is adapted to suit the specific pro-
30 perties of the channel, in the present case the record carrier.
Parameters which are important in this respect are inter alia (1) the
maximum frequency of the recorded information sig- 35      nal is in view
of the limited transmission bandwidth of the record carrier and the
recording and reproducing apparatus, (2) the low-frequency signal content
of the information   



signal; this is in view of-cross-talk between the in- formation signal and
the low-frequency servo signals which are frequently used in read
apparatuses for op- tical record carriers for centring the read spot on 5
the information track and for focusing this read spot, (3) the maximum
number of consecutive bit cells of the same type; this is because it is
frequently required that the clock information can be divided from the in-
formation signal during read-out of the record carrier. 10
Netherlands Patent Application 80 00 121 (PHN 9666) describes a method of
the type mentioned in the opening paragraph and also describes some channel
codings. Furthermore, said Patent Application describes two methods of
recording the information signal on the record carrier 15 in accordance
with the channel coding. In accordance with the first method a light beam
is modul- ated exactly in accordance with the digital signal, so that
recording marks of variable length are recorded on the record carrier,
which marks correspond to the periods 20 that the information signal
assumes one of the digital values. In accordance with the second method the
light beam is pulsed, that is, for each bit cell of one type in the in-
formation signal a radiation pulse of fixed length and 25 magnetude is
generated. On the record carriers these ra- diation pulses produce
recording marks of constant dimen- sions, unitary recording marks, each
unitary recording mark consequently representing a bit cell of one specific
type. In comparison with the first method this second 30 method has the
advantage that the dissipation in the ra- diation source is smaller, which
has also a favourable effect on the lifetime of this radiation source.
Furthermore, said Netherlands Patent Appli- cation describes a channel
coding in which at least two 35  consecutive bit cells are always of the
same type. As the minimum number of consecutive bit cells of the same type,
ie. n, increases, the maximum frequency of the binary in- formation signal
decreases. It is obvious that this has a 



favourable effect on the attainable storage capacity and the required
bandwidth of the recording and reproducing apparatus. It is an object of
the invention to provide 5   a method of the type mentioned in the opening
paragraph which enables a very high information density on the re- cord
carrier to be achieved without the need to impose extremely stringent
requirements on the recording equip- ment and which also enables the
dissipation of the radia- 10 tion source to be reduced even further. To
this end the invention is characterized. in that the radiation pulses are
dimensioned so that the unitary recording marks formed by said radiation
pulses represent m consecutive bit cells of the same first type, 15  for
which 1 < m [err] n ([err] and n being integers), and in that a greater
number of consecutive bit cells of the same first type is represented by a
plurality of unitary re- cording marks which are at least contiguous and
which are produced by a plurality of consecutive radiation pulses. 20
The invention is based on the recognition of the fact that in practice the
minimum size of the uni- tary recording marks is subject to limits. This
depends on material parameters of the information layer and on the
properties of the optical components by which the radia- 25 tion beam in
the recording apparatus is focused onto the information layer. If in
encoding systems in which the number of consecutive bit cells of the same
type is great- er than one bit cell, said unitary recording mark is not
related to one bit cell but to m bit cells, for which 30   1 < m [err] n,
the storage capacity of the record carrier can be increased substantially.
The increase obtained by means of the invention then depends on the value
of m. A pre- ferred embodiment of the method in accordance with the
invention is characterized in that m = n. This provides a 35  maximum
increase in storage capacity. A record carrier in accordance with the pre- 



sent invention is characterized in that one unitary record ing mark
represents m consecutive bit cells of the first    5 type, for which 1[err]
m [err] n (m and [err] being integers), and in that a greater number of
consecutive bit cells of said first type is represented by a plurality of
unitary re- cording marks which are at least contiguous. 5
Finally, a recording apparatus in accordance with the invention is
characterized in that the control device is adapted to supply control
pulses to the radiation source and said radiation source is adapted to
produce such a radiation pulse, in response to a control pulse 10 that on
the record carrier a unitary recording mark is formed which corresponds to
m consecutive bit cells of the same first type in the information signal,
for which 1 < m [err] n. The invention will now be described by way of 15
example, with reference to the accompanying drawings, in which: Figures 1,
2 and 3 represent signal waveforms and the associated recording marks to
illustrate the method in accordance with the invention, Figure 4 shows an
example of a device for 20  obtaining the radiation pulses required for the
method in accordance with the invention, and Figure 5 shows the signal
waveforms appearing in said device. Figure 1 schematically represents a
first 25 version of the method in accordance with the invention, using the
so-called Miller modulation. Figure la represents a bit sequence of a
digital signal, comprising a sequence of logic zeros and ones. In
accordance with the Miller modulation this digital 30 signal is converted
into a binary information signal as shown in Figure lb. In accordance with
the Miller modulation the binary in- formation signal then exhibits a
transition halfway a 



logic "1 " of the applied digital signal and transition 35  between two
consecutive "0"s of this signal. A characteristic feature of this Miller
mo- dulation is that the length of time in which the binary signal
continuously has one of the two values can assume    6 only a specific
number of discrete values, which values comply with the formula nT. T is
the greatest common di- visor of these possible discrete values and in the
Miiler Modulation it corresponds to half the bit length of the 5   original
digital signal. In this Miller modulation the paramater n may assume the
value 2, 3 or 4, as will be apparent from the Figure. Hereinafter the time
interval T will be referred to as bit cell, as is customary. For recording
the binary information signal 10 on a record carrier having a
radiation-sensitive layer a radiation beam must be modulated in such a way
that on this record carrier recording marks are formed whose se- quence
represents the binary information signal. For this purpose this radiation
beam may, of course, be modulated 15 directly with the binary information
signal to be recorded. In addition, the said Netherlands Patent Application
80 00 121 (PHN 9666) describes the possibility of record- ing unitary
recording marks on the record carrier by the pulsed operation of the
radiation source. For this purpose 20 a radiation pulse as shown in Figure
1c is generated-for each bit cell T, which represents a logic "1". Each of
the radiation pulses has a sufficiently high energy to produce a unitary
recording mark corresponding to one bit cell on the record carrier. Thus, a
pattern of recording marks S 25 (shown in Figure 1d) of fixed dimensions is
formed on said record carrier, which marks are referred to as unitary
recording marks and whose pattern represents the binary information signal.
In practice, the dimensions of these unitary 30 recording marks, in general
the diameter of the round 



marks, is subject to a minimum limit. This minimum depends on the
parameters of the radiation-sensitive material and on the properties of the
optical components used for re- cording. If the radiation-sensitive
material is, for ex- 35 ample, a material which melts upon exposure to a
radiation beam of sufficient intensity, a specific minimum radiation energy
will be  required because of the reliability of the write process, which
radiation energy forms a unitary    recording mark of specific dimensions
via heating of the material. If even smaller unitary recording marks are
re- quired the recording process will become unreliable. The optical
components employed in the recording apparatus 5   inter alia determine the
diameter of the write spot pro- jected onto the information layer, This
write spot can be given a very small diameter by focusing, which results in
the high storage capacity of these optical record carriers, but in practice
this is also subject to limits. Indeed, 10  regardless of, for example,
flatness defects of the in- formation layer this write spot diameter must
always be maintained, which inter alia imposes stringent rewuirements on
the flatness of the information layer and the focusing control of the
recording apparatus. 15                Moreover, it should be borne in mind
that even if unitary recording marks of very small dimensions can be formed
on the record carrier by means of sophistic- ated techniques, this also has
consequences for the read apparatus with which this record carrier is to be
read. 20  The read apparatus should then be capable of reliably reading
these unitary recording marks, which imposes very stringent requirements on
the optical components and con- trol systems used therein, for example the
tracking system and the focusing system. Especially if this read apparatus
25  is a consumer product, for example for reading digital video and/or
audio information, the requirements that may be imposed are subject to
limits. As a result of this the diameter of the uni- 



tary recording marks S shown in Figure 1d is limited to 30  specific
minimum dimensions in practice. This diameter in conjunction with the
modulation system then determines the storage capacity of the record
cartier. The present invention aims at increasing this storage capacity in
a simple manner. Instead of re-, 35  cording unitary recording marks which
correspond to one bit cell it is proposed, in accordance with the
invention, to record unitary recording marks which correspond to m
consecutive bit cells of the same type in the binary in-    8 formation
signal, for which 1< m   n. As already stated, n = 2 in the case of Miller
modulation, so that in accor- dance with the invention it follows
automatically that for 'his modulation system m = n = 2 and consequently
one uni- 5   tary recording mark S' corresponds to two bit cells. More-
over, in accordance with the invention, a greater number of consecutive bit
cells of the same type are represented by a plurality of unitary recording
marks which are at least contiguous. 10                When the method in
accordance with the inven- tion is applied to the binary information signal
represent- ed by Figure lb, this yields for example the pattern of unitary
recording marks as shown in Figure 1f, for which radiation pulses as shown
inFigure le are required. Com- 15 paring the patterns of unitary recording
marks shown in Figure 1d and 1f then shows for example that the first two
unitary recording marks S of Figure lb are replaced by single unitary
recording marks S' in Figure 1, that the next three consecutive unitary
recording marks of Figure 20  1d are replaced by two partly overlapping
unitary record- ing marks S' as shown in Figure 1f, etc. The dimensions of
the unitary recording marks shown in Figure 1f are selected so that a
direct com- parison with the pattern shown in Figure 1d is possible. In 25
reality the unitary recording mark S' will be selected to 



be identical to the marks S of Figure 1d. The pattern shown in Figure 1f is
then reduced to the pattern shown in Fi- gure 1[err], from which it is
evident that-the method in ac- cordance with the invention leads to an
increase in the 30  storage capacity of the record carrier by a factor 2.
In addition to the Miller coding described in the foregoing several other
codes exist in which the minimum number of consecutive bit cells of the
same type is greater than one. These codes include serial codes 35 (amongst
them the Miller code) in which data bits of. the digital source signal are
consecutively transformed into bit cells of the binary information signal
and so-called block codes, in which words of the digital signal are con-
verted into an unambiguous pattern of bit cells of the binary information
signal. An example of such a code is the so-called EFM (Eight to Fourteen
Modulation), describ- ed in Netherlands Patent Application 80 0[err] 028,
which code 5   is employed as a modulation for recording audio informa-
tion on an optical disc in the so-called Compact Disc Audio System. In the
case of this EFM modulation the resulting binary information signal is
characterized in that at least 3 consecutive bit cells are of the same type
(n = 3), 10 whilst the maximum is 11. A number of alternatives to the
method in accordance with the invention will be described with reference to
Figure 2 which represents a signal obtain- ed by means of this EFM
modulation. - Figure 2a represents the binary signal. The 15 radiation
pulse used for recording is such that a unitary recording mark S is
obtained which corresponds to 3 bit cells, the minimum number of
consecutive bit cells -of type "1", i.e.m = n = 3. A greater number of bit
cells of type "1" can be recorded in the same way as illustrated by Fi- 20
gure 1 by means of a number of consecutive radiation pul- ses spaced at
time intervals of one bit cell, which re- sults in the pattern shown in
Figure 2c, generated by the radiation pulses shown in Figure 2b. The Figure
shows that 



this results in a substantial overlap of the unitary re- 25 cording marks.
In the pattern of radiation pulses shown in Figure 2d every second
radiation pulse of the sequence, by means of which a plurality of
consecutive bit cells of type "1" should be recorded, is suppressed, except
for the 30 last radiation pulse of such a sequence. From the pattern of
unitary recording marks corresponding to these radia- tion  pulses, shown
in Figure 2c,  it appears that this pat- tern still unambiguously
represents the binary signal. The advantage thus obtained is of course that
the dissipation 35 of radiation source is reduced. In addition to the first
and the last radia- tion pulse whose presence and position are compulsory
the pattern of radiation pulses shown in Figure 2f, only com-    10 prises
the minimum number of intermediate radiation pulses in order to obtain a
sequence of partly overlapping uni- tary recording marks (Figure 2[err]),
which is achieved by po- sitioning the intermediate radiation pulses at
equal time 5   intervals relative to the first and the last radiation
pulse. Finally, in the pattern of unitary recording marks shown in Figure
2i, a sequence of consecutive bit cells of type "1" may be represented by a
plurality of 10 non-overlapping but contiguous unitary recording marks, so
that the required number of radiation pulses (Figure 2) is reduced even
further. It will be evident that by means of logic circuitry the desired
pattern of radiation pulses can be 15 derived from the binary information
signal in a simple manner. Apart from the said dissipation the choice of
this pattern of radiation pulses also depends on the desired reliability.
When the number of unitary recording marks is reduced this will ultimately
also lead to a reduction of 20  the reliability. 



Figure 3 represents an alternative to the method represented in Figure 2.
Figure 3a again represents the binary signal shown in Figure 2a. However,
in contra- distinction to the situation of Figure 2, the unitary re- 25
cording marks S now correspond to two bit cells, hence m = 2. The sequence
of radiation pulses shown in Figure 3b then results in a pattern of unitary
recording marks S' as shown in Figure 3c. This alternative method also
allows a number of radiation pulses to be suppressed, for example 30 every
second radiation pulse (except the last one) of each sequence, which
results in the sequence of radiation pulse shown in Figure 3d and the
pattern of unitary recording marks shown in Figure 3e. Figure 4 by way of
example shows a logic 35 circuit for deriving the radiation pulses from the
binary information signal, whilst Figures 5a to 5d show the cor- responding
signals. This example is based on a binary information    signal I in which
at least 3 consecutive bit cells are of the same type, so that unitary
recording marks which cor- respond to 3 bit cells can be recorded. In the
logic circuit shown in Figure 4 the 5  binary information signal I (Figure
5a) is applied to a device 1 in which this information signal is delayed by
two bit cells (Figure 5a). The delayed information signal I' and the
information signal I are applied to two inputs of an AND-gate 2. A third
input of this AND-gate 2 re- 10 ceives a clock signal k (Figure 5c)
comprising pulses halfway every bit cell. At the output of this AND-gate 2
this yields the pulse train shown in Figure 5d, which pulse train is
applied to a radiation source 3. This radiation source 3 then produces
radiation pulses for forming a uni- 15 tary recording mark corresponding to
3 bit cells on the record carrier. The optical components and the control
sys- tems, such as a focusing control system, used in this re- 



cording apparatus are of minor importance to the present 20  invention. The
same applies to the organisation structure on the record carrier, for
example the presence of ab- sence of a pre-recorded track on this record
carrier. For an example of these aspects of the recording apparatus
reference is made to the previously mentioned Netherlands 25 Patent
Application 80 00 121 (PHN 9666), which is herewith incorporated by
reference. 30 35    CLAIMS: 1          A method of recording a binary
information signal on a record carrier having a radiation-sensitive
information layer, a recording pattern corresponding to said information
signal being formed in the information 5   layer of the record carrier by
the generation of radiation pulses of fixed duration and intensity at
selected instants of the sequence of instants corresponding to the bit
cells, which radiation pulses have such an energy that unitary recording
marks are formed on the record carrier, the in- 10  formation signal
comprising a sequence of bit cells, of which at least n consecutive bit
cells are of the same first type, n being [err] 2, characterized in that
the radia- tion pulses are dimensioned so that the unitary recording marks
formed by said radiation -pulses represent m consecu- 15 tive bit cells of
the same first type  for which 1m,[err] n (m and n being integers), and a
greater number of consecu- tive bit cells of the same first type is
represented by a plurality of unitary recording marks which are at least
contiguous and which are produced by a plurality of conse- 20  cutive
radiation pulses. 2.            A method as claimed in Claim 1,
characterized in that m = n. 3.            A method as claimed in Claim 1
or 2, charac- terized in that a number of consecutive bit cells of the 25
same first type greater than n is represented by a plural- 



ity of partly overlapping unitary recording marks. 4.            A method
as claimed in Claim 2, characterized in that for recording (n + p)
consecutive bit cells of the same first type (p + 1) radiation pulses are
generated, 30  which radiation pulses are spaced at time intervals of one
bit cell from each other. 5.            A record carrier provided with a
digital in- formation signal stored in an information track, which
information signal comprises a sequence of bit cells, of which at least n
(n[err]) consecutive bit cells are of the same type, a sequence of bit
cells of a first type al- ways being represented by a plurality of unitary
recording 5  marks in the information track, characterized in that one
unitary recording mark represents m consecutive bit cells of the first
type, for which 1 < m 4 n (m and n being integers) and a greater number of
consecutive bit cells of said first-type is represented by a plurality of
unitary 10  recording marks which are at least contiguous. 6.            A
record carrier as claimed in Claim 5, char- acterized in that one unitary
recording mark represents n consecutive bit cells of the first type and a
plurality of consecutive bit cells of the first type greater than n is 15
represented by a plurality of partly overlapping unitary recording marks.
7.            A record carrier as claimed in Claim 6, char- acterized in
that the overlap of the partly overlapping unitary recording marks
corresponds to n - 1 bit cells. 20  8.            An apparatus for carrying
out the method as claimed in Claim 1, which apparatus comprises a radiation
source, an optical system for focusing a radiation beam emitted by the
radiation source onto a radiation-sensitive information layer of a record
carrier, and a control device 25  for controlling the radiation source
depending on an ap- plied'binary information signal, which information
signal comprises a sequence of bit cells, of which at least [err]
consecutive bit cells are of the same type, [err] being [err] 2, 



characterized in that the control device is adapted to 30  supply control
pulses to the radiation source and said radiation source is adapted to
produce such a radiation pulse, in response to a control pulse, that on the
record carrier, a unitary recording mark is formed which corres- ponds to m
consecutive bit cells of the same first type 35  in the information signal,
for which 1 < m [err] n. 9.            An apparatus as claimed in Claim 8,
charac- terized in that the control device is adapted so that (n+p)
consecutive bit cells of the same first type of the in-    formation signal
result in (p + 1) radiation-source control pulses which are spaced from
each other by time intervals corresponding to one bit cell. lo.      A
method of recording a digital information signal on a record 5   carrier
having a radiation-sensitive information layer, substantially as
hereinbefore described with reference to Figures le to 1g and 2 to 5 of the
accompanying drawings. 11.      A record carrier as claimed in claim 5,
substantially as hereinbefore described with reference to Figures le to lg
and 2 to 5 10  of the accompanying drawings. 12.      An apparatus as
claimed in claim 8, substantially as hereinbefore described with reference
to Figures le to lg and 2 to 5 of the accompanying drawings. 20 25 30 35


