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being started substantially at said boundary posi- tion, said boundary
position being situated at a The invention relates to a method of succes-
position between track portions in which two suc- sively recording a first
and a second EFM-modu-    cessive position synchronization signals have
been lated signal at arbitrary intervals, which signals   5   recorded,
such that the track portion from the comprise EFM subcode frames, the
beginning of      boundary position up to the beginning of the first each
EFM subcode frame being indicated by a        complete subcode frame of the
second EFM-mod- subcode-synchronisation signal, in which method    ulated
signal is sufficiently long to restore the chan- an information pattern of
recording marks is formed  nel clock recovery during the read out of the
re- In a servo track of a record carrier of an inscribable  10  corded
EFM-modulated signals. type which pattern is representative of the EFM-
With respect to the apparatus this object is modulated signals.
achieved in that the apparatus comprises means The invention further
relates to an apparatus for  for reading the position synchronzation
signals carrying out the method, which apparatus com-     prerecorded in
the servo track being scanned, prises a scanning device for scanning the
servo   15  means for maintaining the subcode synchronization track, which
scanning device comprises write       signals in the EFM-signals recorded
in phase with means for recording the EFM-modulated signals in   the
detected  position  synchronization  signals, the servo track being
scanned.                     means for detecting an instant that a boundary
Such a method and apparatus are known from      position is scanned which
is situated at a predeter- ted States Patent Specification US 4,473,829.
20  mined distance behind the track position at which a The record carrier
utilised in the method de-   detected position synchronization signal has
been scribed therein has a servo track which is divided  recorded, means
responsive to the detection of into information areas intended for
recording, which  such an instant to terminate a recording being
information areas alternate with synchronisation   made, and means
responsive to the detection of a areas provided for the purpose of
controlling the   25  later instant at which the boundary position is
recording process.                                 scanned again to start a
subsequent recording, The known method is not suitable for recording  said
boundary position is situated such that the EFM-modulated signals in
conformity with the CD-   track portion from the boundary position up to
the Audio or CD-ROM standard. This is because during   beginning of the
first complete subcode frame of reading of EFM signals the EFM channel
clock is  30  the second EFM-modulated signal is sufficiently recovered
from the read signal. Interruptions of the  long to restore the channel
clock recovery during recorded EFM signal by the synchronisation areas
the read out of the recorded EFM-modulated sig- are therefore undesirable
because such interrup-   nals. tions may disturb the channel-clock
recovery.          By recording the position-synchronisation sig- Moreover,
it is desirable that after reading of  35  nals in the servo track intended
for information the first EFM signal the channel clock' is available
recording the portion of the servo track intended for again as soon as the
first complete EFM subcode    information recording remains uninterrupted,
so frame of the second EFM-modulated signal is read.  that with this
recording method it is achieved that addition, it is desirable that the
last complete  the channel-clock recovery is not Interrupted during EFM
subcode frame of the first EFM signal and the   40  reading of a recorded
signal. Moreover, there is first complete EFM subcode frame of the second
hardly any uninscribed track portion between the EFM signal can be read
reliably.                   two successively recorded signals, so that the
It is the object of the invention to provide a  channel-clock recovery is
maintained except for a method and apparatus which meet the above re-
small disturbance in the boundary area between quirements.
45  the successively recorded signals. In respect to the method this object
is achieved   It is remarked that EP-A 0.265.695 and EP-A in that said
record carrier is of a type in which in  0.299.573 whose contents are
considered, pursuant the track portion intended for the recording the
Art. 54 (3)(4) EPC, as comprised in the state of the information signals
position information signals   art disclose the recording of EFM-modulated
sig- have been prerecorded as a preformed track mod-  50  nals in a servo
track which has been provided with ulation which can be distinguished from
the in-    prerecorded position synchronization signals in formation
pattern, the sub-code-synchronization    track portions intended for the
recording of the signals being maintained substantially in phase
EFM-signals. However the linking of two subse- with the prerecorded
position information signals  quently recorded EFM-signals at a
predetermined during the recording of the EFM-modulated signals,  55
boundary position is not disclosed. recording of the first EFM-modulated
signal being      Further EP-A 0.285.984 which contents is con- terminated
at a predetermined boundary position,   sidered, pursuant Art. 54 (3)(4)
EPC, as comprised and the recording of the second EFM-modulated      in the
state of. the art discloses the recording of 2    
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signals in a servo track which is       Figs. 5 and 12 are flow-charts of
programs for a provided with prerecorded position information sig-
microcomputer utilised in the recording and/or nals in track portions
intended for the recording.     read apparatus, The prerecorded position
information signals do not   Fig. 6 shows an example of a demodulation
comprise position synchronization signals. Also the   5  circuit for use in
the recording and/or read ap- linking of two subsequently recorded
EFM-signals      paratus, at a predetermined boundary position is not dis-
Fig. 7 shows a track portion formed with a closed.
pattern of recording marks to a highly enlarged An inaccuracy in
determining the beginning        scale, and the end of a recording may
result in the last  10  Fig. 8 shows  an example of an apparatus for part
of the first signal recorded overlapping the first  manufacturing a record
carrier by means of the part of the next signal recorded, which means that
method in accordance with the invention, the information recorded in the
area of overlap is    Fig. 9 shows an example of a modulation circuit
destroyed. Said choice of the boundary position       for use in the
apparatus shown in F ig. 8, prevents the last complete EFM subcode frame of
15   Fig. 10 shows a number of signals appearing in the first signal and
the first complete EFM subcode   the modulation circuit as a function of
time t, frame of the second signal from being destroyed       and as a
result of said overlap.                          Fig. 11 illustrates the
position of the time-synch- Since the end of the first signal recorded and
ronisation signals of the recorded signal relative the beginning of the
next signal recorded do not  20    to the prerecorded
position-synchronisation sig- coincide exactly the channel clock recovery
will be   nals in the servo track. disturbed in the boundary area. In order
to ensure     The embodiments of the invention described that channel-clock
recovery is restored at the be-  hereinafter are particularly suitable for
recording ginning of the first complete EFM subcode frame    EFM signals in
conformity with the CD-Audio or of an EFM signal which can be read
reliably, it is  25   CD-ROM standard. However, it is to be noted that
desirable that the distance between the boundary   the scope of the
invention is not limited to these position and the position where the next
position-  embodiments. synchronisation signal is recorded is not too
small.   Before the embodiments are described a brief Suitably, the
predetermined position precedes   description will be given of those
characteristics of the centre of the track portion situated between two
30  the EFM signal which are relevant for a correct successively recorded
position-synchronisation sig-  understanding of the invention. The EFM
signal nals.                                              comprises subcode
frames of 98 EFM  frames An embodiment of the method which is attrac-
each. Each EFM frame comprises 588 EFM chan- tive because of its simplicity
is characterized in  nel bits. The first 24 bits of these 588 EFM channel
that the record carrier which is used is of a type in  35  bits are
employed for a frame synchronisation which position-code signals are
recorded by means  code, which has a pattern which can be distin- of the
track modulation in track portions which are  guished from the remainder of
the EFM signal, the situated between the track portions used for re-
other 564 EFM channel bits being arranged as 14- cording the
position-synchronisation signals, the   bit EFM symbols. The
synchronisation code and position-code signals being indicative of the
posi-  40  the EFM symbols are always separated from one tion of the track
portion in which said position-code  another by 3 merging bits. The
available EFM signals are recorded, in which method the bound-   symbols
are divided into 24 data symbols, each ary position is derived from the
position-synch-   representing 8 bits of the non-encoded signal, 8
ronisation signals and the position-code signals be-  parity symbols for
the purpose of error correction, ing read.
45  and one control symbol representing 8 control bits. Embodiments of the
invention and further ad-    The 8 bits represented by each EFM control
sym- vantages thereof will now be desdribed in more     bol are designated
P, Q, R, S, T, U. V, W bits, detail, by way of example, with reference to
Figs. 1  each having a fixed bit position. The 16 bits of the to 12, of
which                                    EFM control symbols in the first
two EFM frames Fig. 1 shows an embodiment of the record car-  50  of each
subcode frame form a subcode-synch- rier in accordance with the invention,
ronisation signal indicating the beginning of the Fig. 2 shows a
position-information signal,     subcode frame. The remaining 96 Q-bits of
the 96 Fig. 3 shows a suitable format for the position-  residual EFM
frames constitute the subcode Q- information codes,
channel. Of these bits 24 bits are used to indicate Fig. 4 shows an
embodiment of a recording   55  an absolute time code. This absolute time
code and/or read apparatus in accordance with the    indicates the time
which has elapsed from the invention,
beginning of the EFM  signal. This time is ex- pressed in minutes (8 bits),
seconds (8 bits) and 3    
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bits).                             1d), are also suitable. Since a track
wobble is very Further it is to be noted that the EFM signal    simple to
realise during the manufacture of the e is d.c. free, which means that the
EFM fre-    record carrier a track modulation in the form of a quency
spectrum  exhibits hardly any frequency      track wobble is to be
preferred. components in the frequency range below 100 kHz.   5    It is to
be noted that in Fig. 1 the track modula- Fig. 1 shows embodiments of a
record carrier     tion has been exaggerated strongly. In reality, a 1,
Fig. la being a plan view, Fig. lb showing a     wobble having an amplitude
of approximately small part in a sectional view taken on the line b-b,
30.10-9 metres in the case of a track width of and Fig. 1c and Fig. 1 d
being plan views showing a  approximately [err]metres is found to be
adequate portion 2 of a first and a second embodiment of the   10  for a
reliable detection of the scanning-beam mod- record carrier 1 to a highly
enlarged scale. The     ulation. A small amplitude of the wobble has the
information carrier 1 comprises a servo track 4,    advantage that the
distance between adjacent ser- which is constituted, for example, by a
preformed    vo tracks can be small. groove or ridge. The servo track 4 is
intended for      An attractive track modulation is that where the
recording an information signal. For the purpose of  15  track-modulation
frequency is modulated in confor- recording the record carrier 1 comprises
a record-   mity with the position-information signal. ing layer 6 which is
deposited on the transparent       Fig. 2 shows an example of a suitable
position- substrate 5 and which is covered with a protective  information
signal comprising position-code signals ating 7. The recording layer 6 is
made of a        12 which alternate with position-synchronisation material
which, if exposed to suitable radiation, is  20  signals 11. Each
position-code signal 12 may com- subjected to an optically detectable
change. Such    prise a biphase-mark modulated signal having a a layer may
be, for example, a thin layer of a metal  length of 76 channel bits, which
signal represents a such as tellurium. By exposure to laser radiation of
position-information code of 38 code bits. In a sufficiently high intensity
this metal layer can be  biphase-mark modulated signal each code bit is
melted locally, so that this layer is locally given   25  represented by
two successive channel bits. Each another reflection coefficient. When the
servo track  code of a first logic value, in the present example 4 is
scanned by a radiation beam whose intensity    "0", is represented by two
bits of the same logic is modulated in conformity with the information to
value. The other logic value ("1 ) is represented by be recorded, an
information pattern of optically    two channel bits of different logic
values. Moreover, detectable recording marks is obtained which pat-  30
the logic value of the biphase-mark modulated sig- tern is representative
of the information.           nal changes after every pair of channel bits
(see The layer 6 may alternatively consist of dif-    Fig. 2), so that the
maximum number of successive ferent radiation-sensitive materials, for
example    bits of the same logic value is two at the most. The
magneto-optical materials or materials which upon
position-synchronisation signals 11 are selected in heating are subject to
a structural change, for ex-  35  such a way that they can be distinguished
from the ample from amorphous to crystalline or vice versa.   position-code
signals. This is achieved by selecting A survey of such materials is given
in the book     the maximum  number of successive bits of the "Principles
of optical disc systems", Adam Hilgar   same logic value in the
position-synchronisation Bristol and Boston, pages 210-227.
signals to be equal to three. The position-informa- By means of the servo
track 4 a radiation   40  tion signal shown in Fig. 2 has a frequency spec-
beam aimed at the record carrier 1 for recording    trum which exhibits
hardly any low-frequency com- the information can be made to coincide
accurately   ponents. The advantage of this will be explained with the
servo track 4, i.e. the position of the     hereinafter. radiation beam  in
a radial direction can be con-       As stated in the foregoing, the
position-informa- trolled via a servo system  utilising the radiation   45
tion signal represents an 38-bit position-information reflected from the
record carrier 1. The measure-    code. The 38-bit position-information
code may ment system for measuring the radial position of    comprise a
time code indicating the time needed to the radiation spot on the record
carrier may cor-   cover the distance from the beginning of the track
respond to one of the systems as described in the   to the position where
the position-information signal aforementioned book "Principle of optical
disc sys-  5o  is situated during scanning at nominal scanning tems".
velocity. Such a position-information code may In order to determine the
position of the track  comprise, for example, a number of successive
portion being scanned relative to the beginning of   bytes, as used for
example in recording EFM mod- the servo track a position-information signal
is re-  ulated information on CD-Audio and CD-ROM corded by means of a
preformed track modulation,  55  discs. Fig. 3 gives a position-information
code suitably in the form of a sinusoidal track wobble as  which is similar
to the absolute time code em- shown in Fig. 1c. However, other track
modulations   ployed in the case of CD-Audio and CD-ROM and such as, for
example track-width modulation (Fig.    which comprises a first BCD-encoded
portion 13 4    
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in minutes, a second BCD-      track portions modulated in conformity with
the encoded portion 14 indicating the time in seconds,
position-synchronisation signals 11 bear the refer- third BCD-encoded
portion 15 indicating a        ence numeral 140. The positions in which the
subcode-frame number, and a fourth portion 16      subcode-synchronisation
signals are recorded are comprising a plurality of parity bits for the
purpose   5   indicated by the arrows 141. As will be evident of error
detection. Such a position-information code  from Fig. 11a, the time
indicated by the position- for indicating the position in the servo track 4
is of  information code remains in synchronism with the advantage if an
EFM-signal modulated in confor-    time indicated by the absolute time
code. If at the mity with the CD-Audio or CD-ROM standard is to
beginning of a recording the initial value of the be recorded. In that case
the absolute time codes   10  absolute time code is adapted to the
position- present In the subcode Q-channel are of the same   information
code the track position indicated by the type as the position-information
code represented  absolute time code will always be equal to the by the
track modulation.                           track position indicated by the
position-information In the case of a record carrier intended for    code.
This has the advantage that for locating recording EFM-modulated signals in
conformity  15  specific portions of the recorded signal both the with the
CD-Audio or the CD-ROM standard it Is     absolute time code and the
position-information advantageous that for a customary scanning ve-
code may be used. locity (1.2-1.4 m/s) the average frequency of the
If, as is indicated in Fig. 11b, the track posi- intensity modulation
produced in the scanning      tions 141, in which the
subcode-synchronisation beam  by the track modulation is 22.05 kHz. This
20  code is recorded, coincide with the track portions means that the
average period of the track modula-  140 which are modulated in conformity
with the tion  should  be  between  54.[err]metres and
position-information signals, the difference between 64.10[err]metres. In
that case the record-carrier ve-  the track positions represented by the
position- locity can be controlled very simply by comparing  information
code and the absolute time code will the phase of the detected track
modulation with the   25  be minimal. Therefore, it is then advisable to
phase of a reference signal of a frequency which   minimise  the  phase
difference  between  the can be derived simply by frequency division from
position-synchronisation signals and the subcode- the 4.3218 MHz frequency
(which is the bit rate of  synchronisation signals during recording. the
EFM  signal), which is required anyway for         During reading of an EFM
signal the EFM recording an EFM signal. Moreover, the frequency   30
channel clock is recovered from the signal being of the track modulation is
situated outside the fre-  read. When a recorded EFM signal is read the
quency band required for recording the EFM sig-    EFM channel clock should
therefore be available as nal, so that the EFM signal and the position-in-
soon as the first subcode frame with useful in- formation signal hardly
interact with each other   formation is read. This can be achieved, for
exam- during reading. In addition, said frequency is situ-  35  ple, by
adding one or more EFM blocks with dum- ated outside the frequency band of
the tracking    my information at the beginning of the EFM signal. system,
so that the tracking is hardly affected by  This method is particularly
suitable for recording an the track modulation.
EFM signal in a completely blank servo track. If the channel-bit rate of
the position-informa-    However, if the EFM signal is to be recorded tion
signal is selected to be 6300 Hz, the number  40  contiguously with a
previously recorded EFM sig- of position-information codes which can be
read is  nal, it is preferred to make the position in the servo 75 per
second, which is exactly the same as the    track 4 where the recording of
the new EFM signal number of absolute time codes per second of the    is to
begin coincide substantially with the position EFM signal to be recorded.
If during recording the  where the recording of the previously recorded
phase of the subcode-synchronisation signal, which   45  EFM signal has
ceased. As in practice, the accu- indicates the beginning of the absolute
time code,  racy with which the beginning and end can be is locked to the
phase of the position-synchronisa-  positioned is of the order of magnitude
of a few tion signals represented by the track modulation,  EFM frames,
either a small blank track portion will the absolute time indicated by the
position-informa-  be left between the track portions in which the tion
code remains in synchronism with the absolute  50  signals are recorded or
the first and the second time codes in the recorded EFM signal.
signal will overlap one another. Fig. 11a shows the position of the
recorded        Such an overlapping or blank track portion re-
subcode-synchronisation signals relative to the    suits in the channel
clock recovery being disturbed. track portions modulated in conformity with
the    Therefore, it is preferred to select the boundary
position-synchronisation signals 11 if during record-  55  144 between two
recorded EFM signals 142 and ing the phase relationship between the
position-   143 in such a way that it is situated in an area
synchronisation signal and the subcode-synch-      between track portions
140, as is indicated in Fig. ronisation signal is maintained constant. The
servo-  11 c. The portion from the boundary 144 up to the    9
EP0325329B1                        10 



beginning of the first subcode frame containing    pattern of recording
marks having modified optical useful information is  then sufficiently long
to re-  properties and corresponding to the information are the channel
clock recovery before the begin-  signal Vi in the recording layer 6 at the
location of ning of the first subcode frame containing useful  the servo
track 4. information is reached. Preferably, the position of   5  The
recording and read apparatus 50 com- the boundary 144 is selected to be
situated before  prises tracking means of a customary type, which the
centre between the track portions 140a and     keep the scanning spot
produced by the radiation 140b, because in that case a comparatively long
beam 55 centred on the servo track 4. As the servo time is available in
which the channel-clock recov-  track 4 is scanned the reflected radiation
beam 55 ery can be restored. However, the boundary 144   10  is modulated
by the track modulation. By means of should be situated sufficiently far
from the end of  a suitable optical detector the read/write head 53 the
last subcode frame containing useful informa-  detects the modulation of
the reflected beam and tion of the recorded EFM  signal 142 (this end
produces a detection signal Vd representing the corresponds to position 141
a), in order to prevent  detected modulation. that the last complete
subcode frame of the EFM   15   By means of a band-pass filter 56 having a
mid signal 142 from being overwritten and, consequent-  frequency of 22.05
kHz the frequency component ly, the last part of the information in the
last sub-  modulated in conformity with the position-informa- code frame of
the EFM  signal 142 from being       tion signal and produced by the track
modulation is destroyed as a result of inaccuracies in positioning
extracted from the detection signal. By means of the beginning of the
recording of the EFM signal  20  an edge-restoring circuit, for example a
level con- 143.                                               trolled
monostable 57, the output signal of the filter Apart from the destruction
of recorded informa-  56 is converted into a binary signal, which is ap-
tion, such an overlap also results in the absolute  plied to a frequency
divider 59 via an EXCLUSIVE- time code belonging to the last subcode frame
and  OR gate 58. The output of the frequency divider 59 the
subcode-synchronisation signal end of the sub-  25  is connected to one of
the inputs of a phase code frame no longer being read reliably. Since the
detector 60. A 22.05 kHz reference signal gen- absolute time code and
subcode-synchronisation     erated by a clock-generation circuit 63 is
applied to signals are used for controlling the read process it  a
frequency divider 62 via an EXCLUSIVE-OR gate is desirable that the number
of non-readable       61. The output of the frequency divider 62 is con-
subcode-synchronisation signals and absolute time-  30  nected to the other
input of the phase detector 60. code signals is minimal. It will be evident
that the  A signal which is indicative of the phase difference, recorded
information of the EFM signal 142 be-     determined by the phase detector
60, between the tween position 141a and the boundary 144 cannot    signals
on the two inputs is applied to an ener- be read reliably. Therefore, it is
also preferred to  gising circuit 61a for generating an energising sig-
record dummy information, for example EFM   36  nal for the drive motor 51.
The feedback control pause-code signals in said part.
circuit thus formed constitutes a phase-locked-loop Fig. 4 shows a
recording and read apparatus     velocity control system, which minimizes
the de- 50 in accordance with the invention by means of    tected phase
difference which is a measure of the which an EFM signal is recorded in
such a way        velocity deviation. that the position-synchronisation
signals 11 repre-  40  The bandwidth of the phase-locked-loop ve- sented by
the track modulation remain in synchro-  locity control system  is small
(generally of the nism with the subcode-synchronisation signals in   order
of magnitude of 100 Hz) in comparison with the recorded EFM modulated
signal. The device 50   the bit rate (6300 Hz) of the position-information
comprises a drive motor 51 for rotating the record  signal. Moreover, the
position-information signal carrier 1 about an axis 52. An optical
read/write  45  with which the frequency of the track modulation head 53 of
a customary type is arranged opposite   has been modulated does not contain
any low- the rotating record carrier 1. The read/write head  frequency
components, so that this FM modulation 53 comprises a laser for generating
a radiation    does not influence the velocity control, the scan- beam 55
which is focussed to form a tiny scanning  ning velocity thus being
maintained constant at a spot on the record carrier 1.                 50
value for which the average frequency of the fre- The read/write head 53
can be operated in two   quency components produced in the detection sig-
modes, namely: a first mode (read mode), in which  nal Vd by the track
modulation is maintained at the laser produces a radiation beam of a
constant  22.05 kHz, which means that the scanning velocity intensity
inadequate to bring about the optically  is maintained at a constant value
between 1.2 and detectable change in the recording layer 6, and a   55  1.4
metres per second. second mode (recording mode), in which the radi-
For the purpose of recording the apparatus 50 ation beam 55 is modulated
depending on an in-     comprises an EFM-modulation circuit 64 of a cus-
formation signal to be recorded in order to form a  tomary type, which
circuit converts the applied 6    11                EP 0 325 329 B1
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information into a signal Vi modulated in conformity  4.3218 MHz control
signal by frequency division by with the CD-ROM or CD-Audio standard. The
EFM      means of the EFM modulator and are applied to signal Vi is applied
to the write/read head via a  the count input of the counter 69 via a line
72a. suitable modulation circuit 71b, which converts the    The EFM
modulator 64 moreover generates EFM signal into a sequence of pulses, in
such a   5   the signal Vsub, which indicates the instant at way that a
pattern of recording marks correspond-  which the subcode-synchronisation
signal is gen- ing to the EFM signal Vi is recorded in the servo  erated.
The signal Vsub is applied to the microcm- track 4. A suitable modulation
circuit 71b is known,  puter 67 via a signal line 70. The counter 69 inter
alia from United States Patent Specification  comprises inputs for setting
the count to a value US 4,473,829. The EFM modulator is controlled by   10
applied via these inputs. The inputs for setting the a control signal of a
frequency equal to the EFM bit  count are connected to the microcomputer 67
via a rate of 4.3218 MHz. The control signal is generated  bus 71. It is to
be noted that it is also possible to by the clock-generation circuit 63.
The 22.05 kHz  include the counter 69 in the microcomputer 64. reference
signal, which is also generated by the       The microcomputer 67 is loaded
with a pro- clock-generation circuit 63, is derived from the   15  gram to
position the read/write head 53 opposite 4.3218 MHz signal by frequency
division, so that a  the desired track prior to recording. The position of
fixed phase-relationship is established between the  the read/write head 53
relative to the desired track control signal of the EFM modulator 64 and
the     is determined by means of the position-information 22.05 kHz
reference signal. Since the control signal  codes generated by the
demodulation circuit 65 for the EFM modulator is phase-locked to the 22.05
20  and the read/write head 53 is moved in a radial kHz reference signal
the detection signal Vd is also  direction which depends on the position
thus deter- phase-locked to said 22.05 kHz reference signal,   mined until
the read/write head has reached the so that the absolute time codes
generated by the   desired position. For moving the read/write head 53 EFM
modulator remain in synchronism with the     the device comprises the
customary means for position-information codes represented by the track
25   moving the read/write head 53 in a radial direction, modulation of the
servo track 4 being scanned.     for example a motor 76 controlled by the
micro- However, if the record carrier 1 exhibits flaws, for  computer 67
and a spindle 77. As soon as the example scratches, dropouts etc., it is
found that  desired track portion is reached the initial count of this may
give rise to an increasing phase dif-     the counter 69 is adjusted to set
the initial value for ference between the position-code signals and the
30  the absolute time code to the value corresponding absolute time codes.
to the position-information code of the track portion In order to preclude
this the phase difference  being scanned. Subsequently the read/write head
between the subcode-synchronisation signals gen-   53 is set to the write
mode by the microcomputer erated by the EFM modulator 64 and the position-
67 via a signal line 71a and the EFM modulator 64 synchronisation signals
being read is determined   35  is activated via  a signal line 72, to start
the record- and the scanning velocity is corrected depending   ing, the
recording of the absolute time codes in the on the phase difference thus
determined. For this  EFM signal being maintained in synchronism, in
purpose a demodulation circuit 65 is used which    the same way as
described hereinbefore, with the extracts the position-synchronisation
signals and  position-code signal represented by the track mod- the
position-code signals from the output signal of  40  ulation at the
recording position. This has the ad- the filter 56 and, moreover, recovers
the position-  vantage that the recorded absolute time codes information
codes from the position-code signals.  always correspond to the
position-code signals re- The demodulation circuit 65, to be described in
presented by track modulation at the the track detail hereinafter, applies
the position-information  portion in which the absolute time codes are re-
codes to a microcomputer 67 of a customary type   45  corded. This is of
particular advantage if different via a bus 66. Moreover, the demodulation
circuit 65  information signals have been recorded after one supplies a
detection pulse Vsync via a signal line  another, because the absolute
time-code signals do 68, which pulse indicates the instant at which a   not
exhibit any abrupt changes at the transition position-synchronisation
signal is detected. The   between two successively recorded EFM signals.
EFM modulator 64 comprises customary means for  so   Thus, in order to
locate specific portions of the generating the subcode signals and for
combining   recorded information signals, it is possible to utilise the
subcode signals with the other EFM informa-    both the absolute time codes
recorded together tion. The absolute time codes can be generated by  with
the information signal and the position-code means of a counter 69 and can
be applied to the    signals represented by the track modulation, which EFM
modulator 64 via the bus 69a. The count of  55  yields a highly flexible
retrieval system. the counter 69 is incremented in response to con-      By
way of illustration Fig. 7 shows a pattern of trol pulses with a frequency
of 75 Hz. The control  recording marks 100 formed when the EFM signal
pulses for the counter 69 are derived from the     Vi is recorded in the
servo track 4. It is to be noted 7    13                 EP 0 326 329 B1
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again that the bandwidth of the tracking control is  tained. It is to be
noted that in principle it is also substantially smaller than the frequency
of the      possible to adapt the write velocity instead of the
[err]nning-beam  modulation caused by the track       scanning velocity in
order to maintain the desired modulation (in the present case in the form
of a    phase relationship. This is possible, for example, track wobble),
so that the tracking control does not   5   by adapting the frequency of
the control signal of respond to tracking  errors caused by the track
the EFM modulator 64 depending on the detected undulation. Therefore, the
scanning beam will not   phase difference. exactly follow the track but
will follow a straight     Fig. 5 is a flowchart of a suitable program for
path which is representative of the average position  maintaining the
synchronisation. The program com- of the centre of the servo track 4.
However, the   10  prises a step S1 in which the time interval T amplitude
of the track wobble is small, suitably of  between the detection instant Td
of the synch- the order of magnitude of 30.10-[err]metres
ronisation signal read and the generation instant To 60.10[err]metres
peak-to-peak), in comparison with     of the subcode-synchronisation signal
is deter- the track width, which is of the order of magnitude  mined in
response to the signals Vsub and Vsync 10[err]metres, so that the pattern
of recording marks   15  on the signal lines 68 and 70. In step S2 it is
100 is always substantially centred relative to the  ascertained whether
the time interval T is greater servo track 4. It is to be noted that for
the sake of  than a predetermined threshold value Tmax. If it is clarity a
rectangular track wobble is shown. How-    greater, step S3 is carried out,
in which an addi- ever, in practice it is preferred to use a sinusoidal
tional pulse is applied to the counter 62. After step k wobble, because
this minimises the number  20   S3 step S1 is repeated. of high-frequency
components in the modulation of       However, if the time interval T thus
determined the scanning beam 55 produced by the track mod-     is smaller
than Tmax, step S2 is followed by step ulation, so that the EFM signal
being read is af-    S4, in which it is ascertained whether the time fected
to a minimal extent.                         interval T is smaller than a
minimum threshold During recording the microcomputer 67 per-  25  value
Tmin. If it is smaller, step S5 is performed, in forms a program to derive
from the signals Vsync    which an additional pulse is applied to the
counter and Vsub applied via the signal lines 68 and 70     59. After step
S5 step S1 is repeated. If during derive the time interval between the
instant at     step S4 it is found that the time interval is not which a
synchronisation signal is detected in the   smaller than the threshold
,value no additional track portion being scanned and the instant at  30
pulse is generated but the program proceeds with which the
subcode-synchronisation signal is gen-    step Si. erated. As long as the
position-synchronisation sig-    Fig. 12 shows a flow chart of a suitable
pro- nal leads the subcode-synchronisation signal gen-   gram for the
microcomputer 67 for recording an eration by more than a predetermined
threshold       EFM signal contiguously with a previously recorded value
the microcomputer 67 supplies one or more  35   EFM signal. The program
includes a step S10 in additional pulses to the divider 59 via the signal
which the position-information code AB is deter- line 73 and the
EXCLUSIVE-OR gate 58 after every    mined, which code indicates the
position where the synchronisation-signal detection, which causes the
previously  recorded  information  ends.  This base difference detected by
the phase detector       position-information code can be stored in the 60
to increase and which causes the energising   40   memory of the
microcomputer 67, for example, circuit 61 to reduce the speed of the drive
motor   after recording of the preceding signal. Moreover, 53, so that the
phase difference between the de-    in step S10 the position-information
code AE is tected position-synchronisation signals and the     derived from
the number of subcode frames to be generated  subcode-synchronisation
signal de-      recorded, which code indicates the position where creases.
45  the recording should end. This information can be As long as the
detected synchronisation signal   generated, for example, by the storage
medium in lags the generated subcode-synchronisation signal   which the
information to be recorded is stored and by more than a predetermined
threshold value the    can be applied to the microcomputer 67. This
microcomputer 67 applies additional pulses to the   storage medium and the
method of detecting the divider 62 via a signal, line 74 and the EXCLUSIVE-
5o  length of the signal to be recorded fall beyond the OR gate 61 This
causes the phase difference         scope of the present invention and are
therefore detected by the phase detector to decrease, as a    not described
any further. After step S10 step S11 result of which the speed of the drive
motor 53     is performed, in which in conventional manner the increases
and the phase difference between the      read/write head 53 is positioned
opposite a track detected position-synchronisation signals and the   55
portion which precedes the point where the record- generated
subcode-synchronisation  signals de-     ing of the EFM signal should
begin. Control means creases. In this way a permanent synchronisation
suitable for this purpose are described comprehen- between the two
synchronising signals is main-      sively inter alia in United States
Patent Specifica- 8    15                 EP0325329 B1
16 



tion US 4,106,058.                                   nal of the filter 56.
A channel-clock regeneration Subsequently, in step 11 a the detection
signal   circuit 81 regenerates the channel clock from the Vsync is awaited
which detection signal is supplied  recovered position-information signal.
by the demodulation circuit 65 via the signal line       The
position-information signal is further ap- 68 and indicates that a newly
read position-in-   5   Plied to a comparator circuit 82, which converts
formation code is applied to the bus 66. In step     said signal into a
binary signal which is applied to S12 this position-information code is
read in and in  an 8-bit shift register 83, which is controlled by the step
S13 it is ascertained whether this read-in      channel clock. The parallel
outputs of the shift position-information  code  corresponds  to  the
register 83 are fed to a synchronisation-signal de- position-information
code AB indicating the starting   10  tector 84, which detects whether the
bit pattern point of the recording. If this is not the case, step  stored
in the shift register corresponds to the S13 is followed by step S11a. The
program loop       position-synchronisation signal. The serial output of
comprising the steps S11a, S12 and S13 is re-        the shift register 83
is connected to a biphase-mark peated until the read in
position-information code   demodulator 85 for the recovery of the code
bits of corresponds to the position-information code AB.   15  the
position-information code represented by the After this, in step S14, the
initial value of the    biphase-mark modulated position-code signal. The
absolute time code in the counter 69 is set in       recovered code bits
are applied to a shift register conformity with the position-information
code AB.    86 which is controlled by a clock frequency equal Subsequently,
in step S15, the EFM modulator 64      to half the channel-clock frequency
and which has is put into operation via the signal line 72.    20   a
length equal to the number of bits (38) of the In step S16 a waiting time
Td is observed,        position-code signal. which time corresponds to the
displacement of the        The shift register 86 comprises a first section
scanning spot over a distance corresponding to the   86a having a length of
14 bits and a second distance SW  between the boundary 144 and the
section 86b having a length of 24 bits and following preceding track
portion 140 (see Fig. 11c). At the   25  the first section 86a. end of the
waiting time the position of the scanning     The parallel outputs of the
first section 86a and spot in the servo track 4 corresponds to the de-
the second section 86b are fed to an error-detec- sired starting position
of the recording, and the    tion circuit 87. The parallel outputs of the
second read/write head 53 is set to the write mode during   section 86b are
fed to a parallel-in parallel-out step S17, after which recording is
started. Subse-   3o  register 88. quently, in step S18 every following
detection pulse     The position-information code is recovered as Vsync is
awaited and after this, in step S19, the    follows. As soon as the
synchronisation-signal de- detected position-information code is read in,
upon  tector 84 detects the presence of a bit pattern which it is
ascertained in step S20 whether the      corresponding to the
position-synchronisation sig- read-in position-information code corresponds
to  35   nal in the shift register 84 a detection pulse is the
position-information code AE indicating the end  generated, which is
applied to a pulse delay circuit of the recording. In the case of
non-correspon-      90 via a signal line 89. The circuit 90 delays the
dence the program proceeds with step S18 and in      detection pulse by a
specific time corresponding to the case of correspondence a waiting time Td
is      the processing time of the biphase-mark modulator, observed in step
S21 before proceeding with step   40  so that after the instant at which
the detection S22. In step S22 the read/write head 53 is again     pulse
from the signal line 68 appears on the output set to the read mode.
Subsequently, in step S23      of the delay circuit 90 a complete
position-informa- the EFM modulator 64 is de-activated.                tion
code is present in the shift register 86. The The above method of
determining the track         delayed detection pulse on the output of the
circuit positions indicating the beginning and the end of  45   90 is also
applied to the load input of the register the recording utilises the
prerecorded position-in-  88, so that the 24 bits representing the
position- formation codes. Hpwever, it is to be noted that it  information
code are loaded into the register 88 in is not strictly necessary to
determine the position-  response to the delayed detection pulse. The
information codes in order to detect the beginning   position-information
code loaded into the register and end positions. For example, by counting
50   88 is available on the outputs of the register 88, prerecorded
position-synchronisation signals from    which outputs are connected to the
microcomputer the beginning of the servo track 4 it is also possi-  67 via
the bus 66. The error-detection circuit 87 is ble to detect the position of
the track portion being  also activated by the delayed detection pulses on
scanned.                                             the output of the
circuit 90, after which the detec- Fig. 6 shows an embodiment of the
demodula-   55  tion  circuit 87 detects whether the received tion circuit
65 in detail. The demodulation circuit 65  position-information code is
reliable in conformity comprises an FM demodulator 80, which recovers
with a customary detection criterion. An output the position-information
signal from the output sig-  signal which indicates whether the position
informa- 9    17                 EP 0 325 329 B1                     18 



tion is reliable is applied to the microcomputer 67  to a
voltage-controlled oscillator 104 which gen- -a a signal line 91.
erates a periodic drive signal for the acousto-op- . Fig. 8 shows an
embodiment of an apparatus      tical modulator 104, whose frequency is
substan- 181 for manufacturing a record carrier 1 in accor-  tially
proportional to the signal level of the drive dance with the invention. The
apparatus 181 com   5   signal. A deflection produced by the acousto-op-
prises a turntable 182 which is rotated by a drive  tical modulator 190 is
proportional to the frequency means 183. The turntable 182 is adapted to
sup-     of the drive signal in such a way that the displace- port is
disc-shaped carrier 184, for example a flat  ment of the scanning spot 102
is proportional to glass disc provided with a radiation-sensitive layer
the signal level of the drive signal. The modulation 185, for example, in
the form of a photoresist.  10  circuit 103, the voltage-controlled
oscillator 104, A laser 186 produces a light beam 187, which     and the
acousto-optical modulator 190 are adapted is projected onto the
light-sensitive layer 185. The  to one another in such a way that the
amplitude of light beam 187 is first passed through a deflection  the
periodic radial excursion of the scanning spot device. The deflection
device is of a type by        102 is approximately 30.10[err]metres.
Moreover, the means of which a light beam can be deflected very   15
modulation circuit 103 and the control circuit 101 accurately within a
narrow range. In the present    are adapted to one another in such a way
that the example the device is an acousto-optical modulator  ratio between
the average frequency of the drive 190. The deflection device may also be
formed by    signal and the scanning velocity of the radiation- er devices,
for example a mirror which is pivota-  sensitive layer 108 is situated
between 22050/1.2 are through a small angle or an electro-optical  20
[err] and 22050/1.4 [err], which means that in every deflection device. The
limits of the deflection range  period of the drive signal the displacement
of the are indicated by a broken line in Fig. 8. The light
radiation-sensitive layer 185 relative to the scan- beam 187 deflected by
the acousto-optical modula-   ning  spot  is  between  54.10[err]metres
and tor 190 is passed to an optical head 196. The       64.[err]metres.
optical head 196 comprises a mirror 197 and an   25     After the layer 185
has been scanned as de- objective 198 for focussing the light beam onto the
scribed in the foregoing, it is subjected to an etch- light-sensitive layer
185. The optical head 196 is  ing process to remove the portions of the
layer 185 radially movable relative to the rotating carrier 184  which have
been exposed to the radiation beam by means of an actuating device 199.
187, yielding a master disc in which a groove is By means of the optical
system  described   30  formed which exhibits a periodic radial wobble
above the light beam  187 is focussed to form a     whose frequency is
modulated in conformity with scanning spot 102 on the radiation-sensitive
layer  the position-information signal. From this master 185, the position
of said scanning spot 102 being   disc replicas are made, on which the
recording dependent on the deflection of the light beam 187   layer 6 is
deposited. In record carriers of the in- by the acousto-optical modulator
190 and on the   35  scribable type thus obtained the part corresponding
radial position of the write head 196 relative to the  to that part of the
master disc from which the carrier 184. In the shown position of the
optical   radiation-sensitive layer 185 has been removed is [err] 196 the
scanning spot 102 can be moved         used as the servo track 4 (which may
be either a within a range Bi by means of the deflection        groove or a
ridge). A method of manufacturing a device 190. By means of the optical
head 196 the   40  record carrier in which the servo track 4 corre-
scanning point 102 can be moved through a range     sponds to that part of
the master disc from which B2 for the indicated deflection.
the radiation-sensitive layer has been removed has The device 181 comprises
a control device       the advantage of a very good reflection of the 101,
which may comprise for example the system      servo track 4 and hence a
satisfactory signal-to- described in detail in Netherlands Patent Applica-
45   noise ratio during reading of the record carrier. tion 8701448
(PHN12.163), herewith incorporated     Indeed, the servo track 4 then
corresponds to the by reference. By means of this control device 101
highly smooth surface of the carrier 184, which is the speed of the drive
means 183 and the radial     generally made of glass. velocity of the
actuating device 199 are controlled     Fig. 9 shows an example of the
modulation in such a way that the light-sensitive layer 185 is  50  circuit
103. The modulation circuit 103 comprises scanned with a constant scanning
velocity along a   three cascaded cyclic 8-bit BCD counters 110, 111 spiral
path by the radiation beam 187. The device   and 112. The counter 110 is an
8-bit counter and 181 further comprises a modulation circuit 103 for  has a
counting range of 75. When its maximum generating a periodic drive signal
whose frequency  count is reached the counter 110 supplies a clock is
modulated in conformity with the position-in-   55   pulse to the count
input of the counter 111, which formation signal. The modulation circuit
103 will be  is employed as seconds counter. After its maxi- described in
detail hereinafter. The drive signal   mum count 59 is reached the counter
111 supplies generated by the modulation circuit 103 is applied  a clock
pulse to the count input of the counter 112, 10    19                 EP 0
325 329 B1                     20 



which serves as minutes counter. The counts of the       The biphase-mark
modulator 118 converts the counters 110, 111 and 112 are applied to a
circuit   42 bits from the shift register into the 84 channel 116 via the
parallel outputs of the counters and via  bits of the position-code signal.
For this purpose the buses 113, 114 and 115 respectively to derive  the
modulator 118 comprises a clocked flip-flop the fourteen parity. bits for
the purpose of error   5   12l Whbse output logic level changes in response
detection in a customary manner.                     to a clock pulse on
the clock input. By means of a The modulation circuit 103 further comprises
a    gate circuit the clock signals 122 are derived from 42-bit shift
register 117 divided into five successive  the signals 123, 124, 125 and
126 generated by sections 117a, ... 117e. A bit combination "1001" is  the
clock-generation circuit 120 and from the serial applied to the four
parallel inputs of the 4-bit sec-   10  output signal 127 of the shift
register 170. The tion 117a, which bit combination is converted into
output signal 127 is applied to an input of a two- the
position-synchronisation signal 11 in a manner   input AND gate 129. The
signal 123 is applied to to be described hereinafter during the biphase-
the other input of the AND gate 129. The output mark modulation. The
sections 117b, 117c and         signal of the AND gate 129 is applied to
the clock 117d each have a length of 8 bits and the section   is  input of
the flip-flop 121 via an OR gate 130. The 117e has a length of 14 bits. The
count of the       signals 125 and 126 are applied to the inputs of the
counter 112 is applied to the parallel inputs of     OR gate 131, whose
output is connected to one of section 117b via the bus 115. The count of
the       the inputs of a two-input AND gate 132. The output counter 111 is
applied to the parallel inputs of the  signal of the AND gate 132 is also
applied to the section 117c via the bus 114. The count of the   20  clock
input of the flip-flop 121 via the OR-gate 130. counter 110 is transferred
to the parallel inputs of     The signals 123 and 124 comprise two 180[err]
the section 117d via the bus 113. The fourteen       phase-shifted
pulse-shaped signals (see Fig. 10) of parity bits generated by the circuit
116 are applied  a frequency equal to the bit rate of the signal 127 to
parallel inputs of section 117b via a bus 116a.   (= 3150 Hz) from the
shift register 117. The sig- The serial output signal of the shift register
is  25   nals 125 and 126 comprise negative pulses being a fed to a
biphase-mark modulator 118. The output of   repetition rate of 75 Hz. the
modulator 118 is applied to an FM modulator          The phase of the
signal 125 is such that the 119. The circuit 103 further comprises a clock-
negative pulse of the signal 125 coincides with the generation circuit 120
for generating the control    second pulse of the signal 124 after
reloading of signals for the counter 118, the shift register 117,  30  the
shift register 117. The negative pulse of the the biphase-mark modulator
118 and the FM            signal 126 coincides with the fourth pulse of the
modulator 119.                                       signal 124 after
reloading of the shift register 117. In the present example the
radiation-sensitive       The  biphase-mark-modulated  position-code layer
185 is scanned with a velocity corresponding   signal 12 on the output of
the flip-flop 121 is to the nominal scanning velocity of EFM modulated   35
generated as follows. The pulses of the signal 124 signals (1.2-1.4 m/s)
during manufacture of the      are transferred to the clock input of the
flip-flop 121 master disc. The clock-generation circuit 120 then   via the
AND gate 132 and the OR gate 130, so that generates a 75-Hz clock signal
139 for the counter   the logic value of the position-code signal 12 110,
so that the counts of the counters 110, 111      changes in response to
every pulse of the signal and 112 constantly indicate the time elapsed dur-
40   124. Moreover, if the logic value of the signal 127 ing scanning of
the layer 185.                       is "1" the pulse of the signal 123 is
transferred to Immediately after adaptation of the counts of    the clock
input of the flip-flop 121 via the AND the counters 110, 111 and 112 the
clock-generation   gates 129 and 130, so that for every "1" bit an circuit
supplies a control signal 128 to the parallel  additional change of the
logic signal value is ob- load input of the shift register 117, causing the
shift  45  tained. In principle, the synchronisation signals are register
to be loaded in conformity with the signals  generated in a similar way.
However, the applica- applied to the parallel inputs, namely: the bit com-
tion of the negative pulses of the signals 125 and bination "1001", the
counts of the counters 110,     126 prevents the second and the fourth
pulse of 111 and 112, and the parity bits.                    the signal
124 after reloading of the shift register The bit pattern loaded into the
shift register   50  from being transferred to the flip-flop 121, yielding
117 is applied to the biphase-mark modulator 118     a
position-synchronisation signal which can be dis- via the serial output in
synchronism with a clock    tinguished from a biphase-mark-modulated
signal. signal 138 generated by the clock-generation cir-    It is to be
noted that this modulation method may cuit 120. The frequency of this clock
signal 138 is  lead to two different synchronisation signals which 3150 Hz,
so that the entire shift register is empty at  55  are inverted relative to
one another. the very instant at which it is reloaded via the         The
position-information signal thus obtained parallel inputs.
on the output of the flip-flop 121 is applied to the FM modulator 119,
which is suitably of a type with 11    21                EP 0 325 329 B1
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a fixed relationship between the frequencies gen  scribed herein. For
example, in the embodiments [err] on the output of the FM modulator and the
described the frequency spectrum of the position- rate of the
position-information signal. When the  information signal exhibits
substantially no overlap scanning velocity control is not disturbed the
with the frequency spectrum of the signal to be subcode-synchronisation
signals in the EFM signal   5   recorded. However, in that case the
position-in- remain in synchronism  with the position-synch-    formation
signal recorded by means of the prefor- ronisation signals 11 in the track
4 during recording  med track modulation can always be distinguished of an
EFM signal by means of said apparatus 50.    from the subsequently recorded
information signal. Disturbances in the velocity control resulting from
However, in the case of magneto-optical recording imperfections of the
record carrier can be com-   10  the frequency spectra of the prerecorded
position- pensated for by very small corrections, as already  information
signal and the subsequently recorded described with reference to Fig. 4.
information signal may overlap one another. In- In the FM modulator 119
shown in Fig. 9 said    deed, during scanning with a radiation beam the
advantageous relationship between the output fre-  track modulation results
in an intensity modulation quencies and the bit rates of the
position-informa-  15  of the radiation beam, whilst the information
pattern tion signal are obtained. The FM modulator 119     formed by
magnetic domains modulates the direc- comprises a frequency divider 137
having a divisor  tion of polarisation (Kerr-effect) of the reflected "8".
Depending of the logic value of the position-  radiation beam independently
of the intensity mod- infomation signal a clock signal 134 having a fre-
ulation. In the embodiments described in the fore- [err] of (27). (6300) Hz
or a clock signal 135   20  going the scanning beam is modulated depending
having a frequency of (29).(6300) Hz is applied to  on the information to
be recorded. In the case of the frequency divider 137. For this purpose the
FM  recording on magneto-optical record carriers it is modulator 199
comprises a conventional multiplex   also possible to modulate the magnetic
field in- circuit 136. Depending on the logic value of the   stead of the
scanning beam. position-information signal the frequency on the   25 output
133 of the FM  modulator is [err] .6300 =      Claims 22,8375 Hz or [err]
.6300 = 21,2625 Hz. Since the frequency of the signals 134 and 135  1. A
method of successively recording a first and are integral multiples of the
channel-bit rate of the  a second EFM-modulated signal at arbitrary
position-information signal the length of one chan-  30  intervals, which
signals comprise EFM-sub- nel bit corresponds to an integral number of
code frames, the beginning of each subcode periods of the clock signals 134
and 135, which        frame being indicated by a subcode-synchro- means
that the phase steps in FM modulation are        nization signal, in which
method an information minimal.
pattern of recording marks is formed in a servo Moreover, it is to be noted
that on account of  35  track of a record carrier of an inscribable type,
the d.c. component of the position-information sig-    which pattern is
representative of the EFM- nal the average frequency of the FM-modulated
modulated signals, characterized in that said signal is exactly equal to
the 22.05 kHz, which         record carrier is of a type in which in the
track means that the velocity control is influenced to a   portion intended
for the recording the informa- negligible extent by the FM modulation.
40      tion signals position information signals have Moreover, it is to
be noted that for the FM        been prerecorded as a preformed track modu-
modulator other FM modulators can be used than         lation which can be
distinguished from the the modulator 119 shown in Fig. 9, for example a
information pattern, the sub-code-synchroniza- conventional CPFSK modulator
(CPFSK  = Con-            tion signals being maintained substantially in
tinuous Phase Frequency Shift Keying). Such   45       phase with the
prerecorded position informa- CPFSK modulators are described inter alia in:
tion signals during the recording of the EFM- A.Bruce Carlson:
"Communication Systems". Mac-         modulated signals, recording of the
first EFM- Graw Hill, page 519 ff.                                modulated
signal being terminated at a pre- Moreover, it is preferred to utilise an
FM         determined boundary position, and the record- modulator with a
sinusoidal output signal. With the   50  ing of the second EFM-modulated
being start- FM modulator 119 shown in Fig. 9 this can be           ed
substantially at  said boundary position, said achieved, for example, by
arranging a band-pass        boundary position being situated at a position
filter between the output of the divider 117 and the   between track
portions in which two succes- output of the modulator 119. Further, it is
to be      sive position synchronization signals have noted that the
frequency swing is suitably of the   55  been recorded, such that the track
portion from order of magnitude of 1 kHz.                          the
boundary position up to the beginning of Finally, it is to be noted that
the scope of the   the first complete subcode frame of the sec- invention
is not limited to the embodiments de-        ond EFM-modulated signal is
sufficiently long 12    21                 EP 0 325 329 B1
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a fixed relationship between the frequencies gen-  scribed herein. For
example, in the embodiments [err] on the output of the FM modulator and the
described the frequency spectrum of the position- rate of the
position-information signal. When the  information signal exhibits
substantially no overlap scanning velocity control is not disturbed the
with the frequency spectrum of the signal to be subcode-synchronisation
signals in the EFM signal   5   recorded. However, in that case the
position-in- remain in synchronism  with the position-synch-    formation
signal recorded by means of the prefor- ronisation signals 11 in the track
4 during recording  med track modulation can always be distinguished of an
EFM signal by means of said apparatus 50.     from the subsequently
recorded information signal. Disturbances in the velocity control resulting
from  However, in the case of magneto-optical recording imperfections of
the record carrier can be com-   10  the frequency spectra of the
prerecorded position- pensated for by very small corrections, as already
information signal and the subsequently recorded described with reference
to Fig. 4.                 information signal may overlap one another. In-
in the FM modulator 119 shown in Fig. 9 said    deed, during scanning with
a radiation beam the advantageous relationship between the output fre-
track modulation results in an intensity modulation quencies and the bit
rates of the position-informa-   15  of the radiation beam, whilst the
information pattern tion signal are obtained. The FM modulator 119
formed by magnetic domains modulates the direc- comprises a frequency
divider 137 having a divisor  tion of polarisation (Kerr-effect) of the
reflected "8". Depending of the logic value of the position-  radiation
beam independently of the intensity mod- rmation signal a clock signal 134
having a fre-  ulation. In the embodiments described in the fore- ency of
(27). (6300) Hz or a clock signal 135   20  going the scanning beam is
modulated depending having a frequency of (29).(6300) Hz is applied to  on
the information to be recorded. In the case of the frequency divider 137.
For this purpose the FM  recording on magneto-optical record carriers it is
modulator 199 comprises a conventional multiplex    also possible to
modulate the magnetic field in- circuit 136. Depending on the logic value
of the    stead of the scanning beam. position-information signal the
frequency on the   25 output 133 of the FM  modulator is [err] .6300 =
Claims 22,8375 Hz or [err] .6300 = 21,2625 Hz. Since the frequency of the
signals 134 and 135  1. A method of successively recording a first and are
integral multiples of the channel-bit rate of the   a second EFM-modulated
signal at arbitrary position-information signal the length of one chan-
30  intervals, which signals comprise EFM-sub- nel bit corresponds to an
integral number of            code frames, the beginning of each subcode
periods of the clock signals 134 and 135, which        frame being
indicated by a subcode-synchro- means that the phase steps in FM modulation
are        nization signal, in which method an information minimal.
pattern of recording marks is formed in a servo Moreover, it is to be noted
that on account of  35  track of a record carrier of an inscribable type,
the d.c. component of the position-information sig-     which pattern is
representative of the EFM- nal the average frequency of the FM-modulated
modulated signals, characterized in that said signal is exactly equal to
the 22.05 kHz. which        record carrier is of a type in which in the
track eans that the velocity control is influenced to a     portion
intended for the recording the informa- negligible extent by the FM
modulation.        40      tion signals position information signals have
Moreover, it is to be noted that for the FM         been. prerecorded as a
preformed track modu- modulator other FM modulators can be used than
lation which can be distinguished from the the modulator 119 shown in Fig.
9, for example a       information pattern, the sub-code-synchroniza-
conventional CPFSK modulator (CPFSK  = Con-            tion signals being
maintained substantially in tinuous Phase Frequency Shift Keying)  Such
45       phase with the prerecorded position informa- CPFSK  modulators are
described inter alia in:         tion signals during the recording of the
EFM- A.Bruce Carlson: "Communication Systems", Mac-         modulated
signals, recording of the first EFM- Graw Hill, page 519 ff.
modulated signal being terminated at a pre- Moreover, it is preferred to
utilise an FM          determined boundary position, and the record-
modulator with a sinusoidal output signal. With the   so  ing of the second
EFM-modulated being start- FM modulator 119 shown in Fig. 9 this can be
ed substantially at said boundary position, said achieved, for example, by
arranging a band-pass        boundary position being situated at a position
filter between the output of the divider 117 and the   between track
portions in which two succes- output of the modulator 119. Further, it is
to be       sive position  synchronization  signals have noted that the
frequency swing is suitably of the   55  been recorded, such that the track
portion from order of magnitude of 1 kHz.                           the
boundary position up to the beginning of Finally, it is to be noted that
the scope of the   the first complete subcode frame of the sec- invention
is not limited to the embodiments de-        ond EFM-modulated signal is
sufficiently long 12    23                 EP 0 325 329 B1
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to restore the channel clock recovery during    5. An apparatus as claimed
in Claim 4, character- the read out of the recorded EFM-modulated
ized in that the detection means (67) are signals.
adapted to generate a detection signal after a predetermined time interval
after reading of the 2. A method as claimed in Claim 1, characterized   5
position-synchronisation signal recorded direct- in that the predetermined
position procedes        ly before the boundary position (144), which the
centre of the track portion in which said      detection signal indicates
the instant of scan- two  successively  recorded  position-synch-
ning of the boundary position (144). ronisation signals (140) are situated.
10  6. An apparatus as claimed in Claim 5, character- 3. A method as
claimed in any one of the Claims        ized in that the predetermined time
interval is 1 or 2, characterized in that said record carrier  smaller than
half the period of the position- is of a type in which position-code
signals are    synchronisation signals being read. recorded by means of the
track modulation in track portions which are situated between the   15  7.
An apparatus as claimed in any one of the track portions used for recording
the position-    Claims 4 5 or 6, characterized in that the synchronisation
signals (140), the position-       apparatus comprises means (80, 82, 83,
85) code signals being indicative of the position of   for detecting the
instantaneous scanning posi- the track portion in which said position-code
tion by reading the position-code signals, the signals are recorded, in
which method the   20      detection means (67) being adapted to select,
boundary position (144) is derived from the        depending on the
detected scanning position, position-synchronisation  signals  and  the
the position-synchronisation signal recorded position-code signals being
read.                  immediately before the boundary position (144) from
the position-synchronisation signals 4. An apparatus for carrying out the
method as   25    (140) being read. claimed in claim 1 or 3, which
apparatus com- prises a scanning device for scanning the ser-
PatentansprUche vo track (4), which scanning device comprises write means
(53) for recording the EFM-modu-    1. Verfahren zum aufeinanderfolgenden
Aufzeich- lated signals in the servo track being scanned,  30  nen eines
ersten und eines zweiten EFM-mo- characterized in that the apparatus
comprises      dulierten Signals bei beliebigen Intervallen, wo- means
(53,56) for reading the position syn-        bei die Signale
EFM-Subcoderahmen enthal- chronization signals prerecorded in the servo
ten, der Anfang jedes EFM-Subcoderahmens track   (4)   being   scanned,
means             durch ein Subcodesynchronisationssignal an-
(58,59,60,61,62,65,67) for maintaining the sub-  35  gezeigt wird, in
welchem Verfahren ein far die code synchronization signals (141) in the
EFM-     EFM-modulierten Signale representatives Infor- signals recorded in
phase with the detected        mationsmuster aus Aufzeichnungmarken in ei-
position synchronization signals (140), means      ner Servospur eines
AufzeichnungstrAgers \Wt'  (67) for detecting an instant that a boundary
vom  beschreibbaren Typ gebildet wird, da- position (144) is scanned which
is situated at a   40  durch gekennzeichnet, daB der Aufzeichnungs-
predetermined distance (Sw) behind the track       trdger von einer Art
ist, bei der in dem fir die position (140a) at which a detected position
Aufzeichnung  der  Informationssignale  be- synchronization signal has been
recorded,          stimmten Spurabschnitt Positionsinformations- means (67)
responsive to the detection of such     signale in Form einer von dern
Informations- an instant to terminate a recording being   45     muster
unterscheidbaren, zuvor gebildeten made, and means (67) responsive to the
de-         Spurmodulation, voraufgezeichnet sind, wobel tection of a later
instant at which the boundary   die Subcodesynchronisationssignale mit den
position (144) is scanned again to start a sub-    voraufgezeichneten
Positionsinformationssigna- sequent recording, said boundary position is
len wahrend der Aufzeichnung der EFM-modu- situated such that the track
portion from the   so  lierten Signale nahezu in Phase gehalten wer-
boundary position up to the beginning of the       den, wobei das
Aufzeichnen des ersten EFM- first complete subcode frame of the second
modulierten Signals bei einer zuvor bestimm- EFM-modulated signal is
sufficiently long to       ten Grenzposition beendet wird und das Auf-
restore the channel clock recovery during the      zeichnen des zweiten
EFM-modulierten Si- read out of the recorded EFM-modulated sig-  55
gnals nahezu bei dieser Grenzposition anf~ngt, nals.
wobei die Grenzposition auf einer Position zwi- schen Spurabschnitten
liegt, in denen zwei auf- einanderfolgende Positionssynchronisationssi- 13
25                 EP 0 326 329 B1                     26      1         C
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gnale aufgezeichnet worden sind, so daBl der        gen ist, daB der
Spurabschnitt von der Grenz- Spurabschnitt von der Grenzposition bis zum
position bis zum Anfang des ersten vollstandi- Anfang des ersten
vollstandigen Subcoderah-         gen Subcoderahmens des zweiten EFM-modu-
men des zweiten EFM-modulierten Signals             lierten Signals lang
genug ist. um die Kanaltak- lang genug !st, urn die KanaltakrUckgewinnung
5  truckgewinnung wahrend des Auslesens der wfhrend des Auslesens der
aufgezeichneten           aufgezeichneten EFM-modulierten Signale wie-
EFM-modulierten Signale wiederherzustellen.         derherzustellen. 2.
Verfahren nach Anspruch 1, dadurch gakenn-       5. Einrichtung nach
Anspruch 1, dadurch. gekenn- zeichnet, daB die zuvor bestimmte Position der
10  zeichnet, daB die Detektionsmittel (67) fOr die Mitte des
Spurabschnittes, in dem die beiden        Erzeugung eines Detektionssignals
nach einem aufeinanderfolgend aufgezeichneten Positions-       zuvor
bestimmten Zeitintervall nach dem Aus- synchronisationssignale (140)
liegen, voran-        lesen des unmittelbar vor der Grenzposition geht.
(144) aufgezeichneten  Positionssynchronisa- 15      tionssignals
eingerichtet sind, wobei das De- 3. Verfahren nach Anspruch 1 oder 2,
dadurch            tektionssignal den Moment des Abtastens der
gekennzeichnet, daB der Aufzeichnungstrager         Grenzposition (144)
anzeigt. von einer Art isl, bei der Positionscodesignale mit Hilfe der
Spurmodulation in Spurabschnit-    6. Einrichtung nach Anspruch 5, dadurch
gekenn- ten aufgezeichnet sind, die zwischen den fir  20     zeichnet, daB
das zuvor bestimmte Zeitintervall das Aufzeichnen  der
Positionssynchronisa-          kleiner als die halbe Periodendauer der
ausge- tionssignale (140) verwendeten Spurabschnit-        lesenen
Positionssynchronisationssignale ist. ten liegen, wobel die
Positionscodesignale die Position des Spurabschnitts anzeigen, in dem
7. Einrichtung nach einem der AnsprUche 4, 5 diese Positionscodesignale
aufgezeichnet sind,  25  oder 6, dadurch gekennzeichnet, daB die Ein- und
wobei in diesem Verfahren die Grenzposi-        richtung Mittel (80, 82,
83, 85) zur Detektion tion (144) aus den gelesenen Positionssyn-
der momentanen Abtastposition durch Ausle- chronisationssignalen und
Positionscodesigna-       sen der Positionscodesignale umfalit, wobei len
abgeleitet wird.                                die Detektionsmittel (67)
fOr das Selektieren, in 30      Abhangigkeit von der detektierten
Abtastposi- 4. Einrichtung zum DurchfUhren des Verfahrens           tion,
des unmittelbar vor der Grenzposition nach den AnsprUchen 1 oder 3, wobei
diese           (144) aufgezeichneten  Positionssynchronisa- Einrichtung
eine Abtasteinrichtung (53, 55)         tionssignals aus den gelesenen
Positionssyn- zum Abtasten der Servospur (4) enthalt und
chronisationssignalen (140) eingerichtet sind. diese Abtasteinrichtung
Schreibmittel (53) zum   35 Aufzeichnen der EFM-modulierten Signale in
Revendications der abgetasteten Servospur enth~lt, dadurch gekennzeichnet,
daB die Einrichtung Mittel       1. Proced6 pour enregistrer successivement
des t  (53,56) zum Auslesen der in der abgetasteten          premier et
second signaux modul6s en EFM a Servospur (4) voraufgezeichneten Positions-
40     des intervalles arbitraires, signaux comportant
synchronisationssignale (141) enthalt, Mittel       des trames de sous-code
EFM, le debut de (58, 59, 60, 61, 62, 65, 67), um die in den         chaque
trame de sous-code EFM 6tant indiqu6 EFM-Signalen aufgezeichneten
Subcodesyn-           par un signal de synchronisation de sous-code,
chronisationssignale (141) mit den detektierten     procede suivant lequel,
dans une servopiste Positionssynchronisationssignalen  (140)  in  45
d'un support d'enregistrement de type enregis- Phase zu halten, Mittel (67)
zur Detektion eines    trable, est form6e une configuration d'informa-
Moments, bei dem  eine Grenzposition (144)          tion de marques
d'enregistrement representati- abgetastet wird, die auf einem zuvor
bestimm-       ve des signaux modul6s en EFM, caract6ris6 ten  Abstand (Sw)
hinter der Spurposition           en ce que ledit support d'enregistrement
est (140a) liegt, bei der ein detektiertes Positions-  50  du genre dans
lequel, dans la partie de piste synchronisationssignal aufgezeichnet
worcleii       destinde a l'enregistrement des signaux d'in- ist, Mittel
(67), die auf die Detektion eines       formation, sont pr6enregistrds des
signaux solchen Zeitpunkts reagieren und eine Auf-          d'information
de position sous la forme d'une zeichnung beenden, und Mittel (67), die auf
die     modulation de piste prealablement formee, dis- Detektion eines
spateren Zeitpunkts reagieren,  ss  tinguable d'avec la configuration
d'information, bei dem die Grenzposition (144) wieder abge-        les
signaux de synchronisation de sous-code tastet wird, und eine folgende
Aufzeichnung         6tant maintenus, au cours de l'enregistrement starten,
wobei die Grenzposition (144) so gele-     des signaux modules en EFM,
sensiblement 14    27                 EP 0 325 329 BI                    28
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en phase avec les signaux d'information de          laquelle a 6t6
enregistr6 un signal de synchro- position pr6enregistres, I'enregistrement
du        nisation de position detect6, des moyens (67) _,.   premier
signal' module en EFM etant termin6         servant, en r6action A la
detection d'un tel dans une position limite pr6determinee et l'en-
instant, a terminer l'enregistrement en cours et registrement des seconds
signaux modules en   5     des moyens (67) servant, en r6action A la EFM
etant d6mrarre sensiblement dans ladite         d6tection d'un instant
ulterieur ou est explor~e position limite, position limite qui occupe,
entre  a nouveau la position limite (144), & demarrer des parties de piste
dans lesquelles ont Wte        l'enregistrement suivant, ladite position
limite enregistr6s deux signaux de synchronisation         etant situ6e de
fagon que la partie de piste de position successifs, une position telle que
la  to  s'6tendant A partir de la position limite jus- partie de piste
s'6tendant A partir de la posi-     qu'au d~but de la premiBre trame de
sous- tion limite jusqu'au d6but de la premibre trame     code complete du
second signal modul4 en de sous-code complete du second signal mo-
EFM a une longueur suffisante pour retablir la dule en EFM a une longueur
suffisante pour           recup6ration d'horloge de canal au cours de la
retablir la rdcuperation d'horloge de canal au   is  lecture des signaux
modules en EFM enregis- cours de la lecture des signaux modul6s en
tr6s. EFM enregistres. 6. Appareil selon la revendieation 4, caract&rsW '.
Proc6d6 selon la revendication 1, caract6ris6       en ce que les moyens de
detection (67) sont en ce que la position pr6d6terminee pr6cbde   20
agenc6s pour engendrer, aprbs un intervalle le centre de la partie de piste
dans laquelle       de temps pred6termine aprBs la lecture du sont situ6s
deux signaux de synchronisation         signal de synchronisation de
position enregis- de position successivement enregistr6s (140).       tre
immediatement avant la position limite (144), un signal de detection
indiquant l'instant 3. Proc6dd selon l'une quelconque des revendi-  25
d'exploration de la position limite (144). cations 1 et 2, caract6ris4 en
ce que ledit support d'enregistrement est du genre dans       6. Appareil
selon la revendieation 5, caracterise lequel des signaux de code de
position sont         en ce que lintervalle de temps pred6termin6
enregistres, au moyen de la modulation de           est d'une dur6e
inf~rieure A la amoitie de la piste, dans des parties de piste situees
entre  30  periode de signaux de synchronisation de po- les parties de
pisto utilis6es pour 1renregistre-   sition lus. ment des signaux de
synchronisation de posi- tion (140), les signaux de code de position
7. Appareil selon lune quelconque des revendi- 6tant indicatifs de la
position de la partie de     cations 4, 5 ou 6, caract6ris6 en ce qu'il
corn- piste dans laquelle sont enregistr6s lesdits si-  35  porte des
moyens (80, 82, 83, 85) pour detec- gnaux de code de position, proc6de
suivant          ter la position d'exploration momentanee par lequel la
position limite (144) est d6duite des     lecture des signaux de code de
position, les signaux de synchronisation de position et de        moyens de
d6tection (67) dtant agenc~s pour v/    code de position lus.
choisir parmi les signaux de synchronisation 40      (140) lus, en fonction
de la position d'explora- 4. Appareil pour la mise en. oeuvre du proc6de
tion detectee, le signal de synchronisation de selon la revendication 1 ou
3, comportant un        position enregistre imm6diatement avant la po-
dispositif d'exploration de la servopiste (4),      sition limite (144).
comportant des moyens d'ecriture (53) pour enregistrer les signaux modules
en EFM dans   45 la servopiste exploree, caracterise en ce que l'appareil
comporte des moyens (53, 56) de lecture des signaux de synchronisation de
po- sition pr6alablernent enregistres dans la servo- piste (4) explor e,
des moyens (58, 59, 60, 61,  50 62, 65, 67) pour maintenir en phase avec
les signaux de synchronisation de position (140) detectes les signaux de
synchronisation de sous-code (141) contenus dans les signaux EFM
enregistr6s, des moyens (67) pour detec-   55 ter un instant ob est
explor6e une position limite (144) situee a une distance pred6termi- nee
(Sw) apr~s la position de piste (140a) dans 15    


