
1 ..... ~- ~ ., .... · ........... , 

1 EP 0 326 206 81 2 

Das.crlptlon 

_, .· The invention relateS to a method of recording 
:~ •• )iof.Qm't_a.1f9o_~Jg1'1_'-",J~.~C?.u!ar. an EFM;;modu- . 
lated· signal, on a record carrier, which Information 5 

signal comprises time-code signals indicating the 
time poSltions ·of the associated signal portions 
within the information signal and which altemate ' . 
with· time-synchronl~'1on signals, in which meth~ 
a ·preformed servo ttack of the record cai'rier is 10 

scanned, an Information pattern of recording marks, 
corresPQndlng to ·theflnformation signal, being re­
CQrded in the servo ttack and the servo-track por" 
tion intended for. rec9rding being provided with a 
periodic track modulation whiCh can be distin- 15 

I 
gulshed from the inforinatlon pattern. 

The Invention further relates to an apparatus for 
carrying out the methOd, which apparatus com­
prises scanning mean~ for scanning the servo track 
with a specific · scann,lng velocity, which scanning 20 

~ }"S comprise wrl, means for forming the in­
ftrination pattern of recording marks corresponding 
to the information signals with a specific recording 
velocity, and means for detecting the track modula-
tion present in the scanned part of the track and for 25 

generating a detection signal corresponding with 
the detected track modulation. 

A method of and an apparatus for recording a 
digital information signal are known, inter alia from 
-United States Patent Specification us 4,473,829 30 

(PHN 10317). The mpthod described therein em-
ploys a record carrier provided with a preformed 
servo· track divided into synchronision areas and 
information-recording ·~reas, the two types 6f areas 
alternating with each ~ther. The information-record- 35 

il)g areas are intend~ for recording the information 
signal. At the locatio~ of the information-recording 
areas the track exhibits a periodic track modulation 
of constant frequency. During scanning of the track 
· · track modulation can be detected and from the 40 

~acted track modulation a clock signal for con­
trolling the recording process can be derived. 

The synchronisation areas contain the address 
. of the adjacent information recording area in the 

form of a prerecorded pattern of recording marks. 45 

This address information enables a specific track 
portion to be located rapidly and accurately. 

However, the record carrier used in the known 
method i~ not very suitable for recording EFM 

. signals in conformity with the CD Audio or the CD- 50 

ROM standard. Indeed, for recording such signals 
an uninterrupted information recording area is re-
quired. j 

It is the object df the invention to provide ~-
method and an apparptus which are better suitable 55 

for recording EFM signals, and which enable the 
positions of track po,rtions not yet co.ntaining an 
Information signal to be determined accurately. 

2 

As regards the method this object is achieved 
in that said record carrier is of a type· in which the 
frequency of the track modulation is modulated in 
conformity with a position-information signal, the 
position-int0m\aticin-···signa1--comf>ris1r.9 ··position- · 
code signals which indicate the positions of ·the 
associated track portions relative to the beginning 
of the servo track, which position-code signals al­
ternate wit!) position-synchronisation signals, and in 
that during· recording of the information signals a 
fixed phase relationship Is maintained betWeen the 
time-synchronisation signals and the posltion-syn­
chronisation signals represented by the track mod­
ulation of the track portions being scanned. 

As regards the apparatus this object Is 
achieved in that the apparatus comprises a FM­
demodulator for recovering a position information 
signal from the detection signal, and means for 
adapting the scanning and/or recording velocity, in 
order to maintain the fixed phase relationship be­
tween the time-synchronisation signals of the in­
formation signal and the position-S}'nchronisatlon 
signals represented by the servo-track portions be­
ing scanned. 

Thus, when the preformed track is scanned it 
is always possible to determine the position of the 
track portion being scanned. 

1V1oreover, maintaining the fixed phase relation­
ship between the first and the second synchronlsa· 
tion signals has the advantage that after recording 
the first and second synchronisation signals remain 
in synchronism for the entire recorded information 
signal. For the location of track portions in which a 
specific portion of the information signal has been 
recorded it is thus· possible to utilize both the time­
code signals included in the information signal and 
the position'"Code signals represented by the track 
modulation, yielding a highly flexible system for . 
locating a specific portion of the recorded signal. 

It is remarked that EP-A 0.299.573, which is to 
be considered, pursuant Art. 54(3)(4), as comprised 
in the state of the art, discloses the recording of 
information in a preformed servo track exhibiting a 
track modulation. The track modulation represents 
a position information signal comprising position 
synchronisation signals. The information recorded 
comprises time synchronization signals. During the 
recording a fixed phase relationship is maintained 
between the time synchronization signals and the 
position synchronization signals: The track modula­
tion exhibits a amplitude modulation of the radial 
track position or the track width. The track modula­
tion does not exhibit a frequency modulation. 

Further EP-A 0.265.695, which is also to be 
considered, pursuant Art. 54(3)(4), as comprised in 
the state of the art, discloses the recording of 
information comprising time synchronisation signals 
on ·a servo track exhibiting a track modul8tion re-

.• .. ~. · ... 
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P.resenling a position information signal comprising 
i>osltlon syOOhronlzation signals. No measures are 

-~,dlSclosed to maintain a fixed phase relation be­

\......~•tJ~~--~--~Y~~~J~_ ~gn~s _ ~urlng re-
cording. Moreover the track modulation does not s 
exhibit a frequency modulation. _ 

Further EP-A 0.265.984, which is also to be 
considered, pursuant Art. 54(3)(4}, as comprised in 
the state of the art, discloses the recording of 
Information comprislng time synchronisation signals 10 

on a servo track \which exhibit a periodic track 
modulation of whl~ the frequency is modulated In 
accordance with a ;position information signal. The 

· use of position syni:hronization signals in the posi-
tion lnformatlpn sig~al is not disclosed. 1s 

An embodiment of the method is characterized 
in that said record carrier is of a type in which the 
average frequency of the track modulation is a 
predetermined integral multiple of the repetition 
rate of the position-synchronisation signals, and in 20 

l.,tiat the scanning velocity is controlled by means of 
a closed-loop control system, a periodic measure-
111ent signal, whose frequency is dlctate_d by the 
scanning velocity, being derived by detection of 
the track modulation for control purposes, the 25 

phase of the measurement signal being compared 
with the phase of a periodic reference signal, the 
ratio between the frequency of the reference signal 
and the. time-synchronisation signals being equal to 
said predetermined multiple, and the scanning ve- . 30 

locity being adjust~. depending on the phase dif­
ference between tlje measurement signal and the 
reference signal, tQ a value for which the average 
phase difference is I.substantially constant. 

In this embodiment the fixed phase relationship 35 

between the two ~nchroriisation signals is main­
tained as a result of the fact that the ratio between 

- ' -

the average frecjue~cy or the track modulation and 
the repetition rate -of the second synchronisation 

,. signals is equal to the ratio between the frequency 40 

\.,;of the reference signal and the first synchronisation 
signals. 

In practice it is found that in the case of a 
record carrier· which exhibits flaws, for example 
scratches the phase relationship between the two 45 

synchronisation signals may change slowly as a 
result of disturbances caused by said scratches. An 
embodiment of the method which mitigates this 
drawback Is characterized in that during recording 

----•·.;the-preformed track-modulation is detected, in that 50 

the p(>sitlon-synchronisation signals are recovered 
from_ tl:le detected· track mOdulation, in that the 
phase· difference b~tween the time-synchronisation 
signals -and the popition-synchronisation signals· is 
_determined, and i~ that the detected phase dif- 55 

ference. is maintain~ substantially constant by ad-
. aptatlon of the recbrdlng velocity and/or the scan-

ning velocity. · 

3 

If a plurality of different contiguous Information 
signals has been recorded on a record carrier It is 
desirable to ensure that there Is always a fixed 
relationship between the time-code signals and the 
-i>osition::.code-Signa1S- ·1r.-·orc;9;. to- en8bre SJ>ecmc 
information signal portions to be located by means 
of both code signals. 

An embodiment of the method which meets 
this requirement is characterized in that the 
position~ode signal represented by the track por­
tion in which recording of the Information signal is 
started Is determined by detection of the track 
modulation, the time-code signals being adapted to 
the position-code signal thus determind. 

Embodiments of the invention and further ad­
vantages thereof will now be described in more 
detail, by way of example, with reference to Figs. 1 
to 12, of which 

Fig. 1 shows an embodiment of the record car­
rier in accordance with the invention, 
Fig. 2 shows a position-information signal, 
Fig. 3 shows a suitable format for the position­
information codes, 
Fig. 4 shows an embodiment of a recording 
and/or read apparatus in accordance with the 
invention, 
Figs. 5 and 12 are flow-charts of programs for a 
microcomputer utilised in the recording and/or 
read apparatus, 
Fig. 6 shows an example of a demodulation 
circuit for use in the recording and/or read ap­
paratus, 
Fig. 7 shows a track portion formed with a 
pattern of recording marks to a highly enlarged 
scale, 
Fig. 8 shows an example of an apparatus for 
manufacturing a record carrier by means of the 
method in ac~ordance with the invention, 
Fig. 9 shows an example of a modulation circuit 
for use in the apparatus shown in F ig. 8, 
Fig. 1 o shows a number of signals appearing In 
the modulation circuit as a function of time t, 
and 
Fig. 11 illustrates the position· of the time-synch­
ronisation signals of the recorded signal relative 
to the prerecorded position-synchronisation sig­
nals in the servo track. 
. The embodiments of the invention described 

hereinafter are particularly suitable for recording 
EFM signals in conformity with the CD-Audio or 
CD-ROM standard. However, it is to be noted that 
the scope of the invention is not limited to these 
embodiments. 

Before the embodiments are described a brief 
description will be given of those characteristics of 
the EFM signal which are relevant for a correct 
understanding of the invention. The EFM signal 
comprises subcode frames of · 98. EFM f~ames 
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each. Each EFM frame comprises 588 EFM chan­
nel· ~ts. The first· 24 bits of these 588 EFl\ll channel 
b.US. ·are · employed for a frame synchronisation 

. ·\_)~ ... !'~~~~ -~~- ~-·~111 .. ~i~h can b9 distin­
guished from the remainder of the EFM signal, the 
other 564 EFM channel bits being arranged as 14-
blt: EFM symbols. The synchronisation code and 
the EFM symbols are always separated ·from one 
another by 3 mergi~g bits. The available EFM 
symbols are divided j Into 24 data symbols, eac~ 
representing 8 bits oJ the non encoded signal, a 
parity. symbols ·for th~ purpose of error correction', . . ~ 

and one control symbpl representing 8 control bits. 
The 8 bits represeri~ by each EFM control sym­
bol are designated ~. a. R, s, T, u. v, w bits, 
each having a fixed bit position. The 16 bits of the 
EFM control symbols~ in the _first two EFM frames 
of each subcode frame form a subcode-synch­
ronisatlonsignal Indicating the beginning of the sub­
code frame. The remaining 96 Q bits of the 96 

l }dual EFM frame~ constitute the subcode Q-
01annel. Of these bits 24 bits are used to indicate 
an absolute time code. This absolute time code 
indicates the time which has elapsed from the 
beginning of the EFM signal. This time is ex­
pressed in minutes (8 bits), second (8 bits) and 
subcode frames (8 bits). 

Further it is to be noted that the EFM signal 
code is d.c. free, which means that the EFM fre­
quency spectrum exhibits hardly any frequency 
components in the frequency range below 100 kHz. 

Ag. 1 shows em~odiments of a record carrier 
1, Fig. 1a being a p}an view, fig. 1b showing a 
small part in a sectio~al view taken on the line b-b, 
and Fig. 1c and Fig. 1'.cl being plan views showing a 
portion 2 of a first and; a second embodiment of the 
record carrier 1 to d highly enlarged scale. The 
Information carrier 1 )comprises a servo track 4. 
which is constituted, for example, by a preformed 

, 1ove or ridge. The servo track 4 is intended for 
Yordlng an information signal. For the purpose of 
recording the record carrier 1 com.prises a record­
ing layer 6 which is deposited on the transparent 
substrate 5 and whict! is covered with a protective 
coating 7. The recording layer 6 is made of a 
material which, If exposed to suitable radiation, is 
S.Ubjected to an optically detectable change. Such 
a layer may be, for example, a thin layer of a metal 
such as tellurium. By exposure to laser radiation of 
sUffjclently · high Intensity this metal layer can be 

· melted locally, so that this layer is locally given 
another reflection coefficient. WJ:ien the ser\to track 
4 is scanned by a radiation beam whose intensity 
Is modulated In confqrmity with the information tQ. 
be recorded, an infQrmation pattern of optically 
detectable recording ~arks is obtained which pat~ 
tem Is representative ?f ~he information. 

._ 

The layer 6 may alternatively consist of dif­
ferent radiation-sensitive materials, for example 
magnetO-Optical materials or materials which upon 
heating are subject to a structural change, for ex-

5 ·-··· ···ample trom "amorphous -to-cryStalilne. or viee versa~ 

A survey of such materials is given in the book 
"Principles of optical disc systems", Adam Hllgar 
Ltd .• Bristol and Boston, pages 210-227. 

By means of the servo track 4 a .radiation 
10 beam aime.d at the record carrier 1 for recording 

the information can be made to coincide accurately 
with the servo track 4, i.e. the position of the 
radiation beam in a radiaTdirection can be con­
trolled via a S8rVO syStem utilising the radiation 

1s reflected-from the record carrier 1. The measure­
ment system for measuring the radial position of 
the radiation spot on the record carrier may cor­
respond to one of the systems as described In the 
aforementioned book "Principle of optical disc sys· 

20 terns". 
In order to determine the position of the track 

portion being scanned relative to the beginning of 
. the servo track a position-information signal is re­

corded by means of a preformed track modulation, 
25 suitably in the form of a sinusoidal track wobble as 

shown in Fig. 1c. However, other track modulations 
such as, for example track-width modulation {Fig. 
1 d), are also suitable. Since a track wobble Is very 

. simple to realise during the manufacture of the 
30 record carrier a track modulation in the form of a 

track wobble is to be preferred. 
It is to be noted that in Fig. 1 the track modula­

tion has been exaggerated strong.ly. In reality, a 
wobble having an amplitude of approxirriately 

35 30.10-9 metres in the case of a track width of 
approximately 10-6 metres is found to be adequate 
for a reliable detection of the scanning-beam mod­
ulation. A small amplitude of the wobble has the 
advantage that the distance between adjacent ser-

40 vo tracks can be small. 
An attractive track modulation is that where the 

track-modulation frequency is modulated in confor­
mity with the position-information signal. 

Fig. 2 shows an example of a suitable position-
45 information signal comprising position-code signals 

12 which alternate with position-synchronisation 
signals 11. Each position-code signal 12 may com­
prise a biphase-mark modulated signal having a 
length of 76 channel bits, which signal represents a 

50 position-information code of 38 code bits. In a 
biphase-rnark modulated signal each code bit is 
represented by two successive channel bits. Each 
code of a first logic value, in the present example 
"O", is represented by two bits of the same logic 

55 value. The other logic value ("1 ") is represented by 
two channel bits of different logic values. Moreover, 
the logic value of the biphase-mark modulated sig­
nal changes after every pair of chann~I bits {see 

4 

.... -~- :::~ ·., )LJ;:s?.1· 
..... 
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.• Fig~ 2), so that the maximum number of successive 
·bits of the samff logic value Is two at the. most. The 

~ . Position-synchronisation signals 11 are selected in 
~~$.ucb..ca 'mlYJh~ Ul~Y .~n ~ distif!g1Jishecl from the . . . . ........ ·-·-··-···-· 

cposltlon-cOde signals. This is achieved by selecting 
the. maximum number of successive bits of the 
same logic value In the position-synchronisation 
signals to be equal to three. The position-informa­
tion signal shown I~ Fig. 2 has a frequency spec­
trum which exhibits. hardly any low-frequency com­
ponents. The advahtage of this will be explained 

:"hereinafter. t . 
· · As stated In thd foregoing, the position-intOrma­

tion signal represerrts an 38-blt position-information 
code. The 38-bit :'position-Information code may 

· comprise a time code indlcaUngthe time needed to 
cover the distance .!from the beginning of the track 
to the position where the position-information signal 
is situated during scanning at nominal scanning 
velocity. Such a position-information code may 

v.mprlse, for example, a n.umber of successive 
·bytes, as used for example in recording EFM mod­
ulated information on CD-Audio and CD-ROM 
discs. Fig. 3 gives a position-information code 
which is similar to the absolute time code em­
ployed In the case of CD-Audio and CD-ROM and 
which comprises a first BCD-encoded portion 13 
Indicating the time in minutes, a second BCD­
encoded portion 14 indicating the time in seconds, 
a third · BCD-encoded portion 15 · indicating a 
subcode-frame nurpber, and a fourth portion 16 
comprising a plurality of parity bits for the purpose 
of error detection. $.uch a position-information c9de 
for· indicating the pP81tion in the servo track 4 iS of 
advantage If an EFM-signal modulated in confor­
mity with the CD-Audio or CD-ROM standard is to 

' ' be recorded. In th~t case the ·absolute time cofles 
present in the subCOde a-channel are of the same 
type as the position-information code represented 

· )ly the track modulation. 
\......: In the case of a record carrier intended for 

recording EFM modulated signals in conformity 
with the CD-Audio. or the CD-ROM standard it is 
advantageous ·that . for a customary scanning ve­
locity (1.2-1.4 mis)" the average frequency of the 
intensity modulation produced in the scanning 
beam by the track modulation is· 22.05 kHz. This 
means that the average period of the track modula­
tion should be between 54.1 o-6 metres and 

· 64~ 10-6 metres. In that case the record carrier ve­
locity can be controlled very simply by comparing 
the phase of the de.tected track modulation with the 
phase of a reference signal of a frequency which 
can ·be derived sln}ply by frequency division f~om 
the 4.3218 MHz fre.quency {which is the bit rate of 
the EFM signal), iwhich Is required anyway "for 

. recording an !=FM ~ignal. Moreover, the frequency 
of the track modulation is. situated outside the fre-

~ ' . 

1· 

quency band required for recording the EFM sig­
nal, so that the EFM signal and the position-in­
formation signal ha@ly interact with each other 

........ _. _ -~uri!'Q. reading. In addition, said frequency is situ-
5 ated outside the . frequency" b8rid of the tracking·-·- . . . -··· .... 

system, so that the tracking is hardly affected by 
the track modulation. · 

If the channel-bit rate of the position-informa­
tion signal is selected to be 6300 Hz, the number 

10 of positi~n-information codes which can be read Is 
75 per second, which Is exactly the same as the 
number of absolute time codes per second of the 
EFM signal to be recorded. If during recording the 
phase of the subcode-synchronisation signal, which 

1s indicates the beginning of the absolute time code, 
is locked to the phase of the position-synchronisa­
tion signals represen~ by the track modulation, 
the absolute time indicated by the position-Informa­
tion code remains in synchronism with the absolute 

20 time codes In the recorded EFM signal. 
Ag. 11a shows the position of the recorded 

subcode-synchronisation signals relative to the 
track portions modulated in conformity with the 
position-synchronisation signals 11 if during record-

25 ing the phase relationship between the position­
synchronisation signal and the subcode-synch­
ronisation signal is maintained constant. The servo­
track portions modulated in . conformity with the 
position-synchronisation signals 11 bear the reter-

30 ence numeral 140. The positions In .which the 
subcode-synchronlsation signals are recorded are 
indicated by the arrows 141. As will be evident 
from Fig. 11 a, the time indicated by the position­
information code remains in synchronism with the 

35 time indicated by the absolute time code. If at the 
beginning of a recording the initial value of the 
absolute time code is adapted to the position­
information code the track position indicated by the 
absolute time code will always be equal to the 

40 track position indicated by the position-information 
code. This has the advantage that for locating 
specific portions of the recorded signal both the 
absolute time code and the position-information 
code may be used. 

45 If as is indicated in Fig. 11 b, the track positions 
141, in which the subcode-synchronisation code is 
recorded, coincide with the track portions 140 
which are modulated in conformity with the 
position-information signals, the difference between 

so the track positions represented by the position­
information code and the absolute time code will 
be minimal. Therefore, it is then advisable to 
minimise the phase difference between the 
position-synchronisation signals and the subcode-

55 synchronisation signals during recording. 

5 

During reading of an EFM signal the EFM 
channel clock is recovered from the signal being 
read.. When a recorded EFM signal Is read the 
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EFM ·channel clock should therefore be available as 
soon as the first · subcode frame with useful in­
ftwmadon is read. This can be achieved, for e><am­
~.,.; .by. addlng _one. or more EFM .block$_.wfth dµm::-__ 
my information at the beginning of the EFM signal. 
This method Is particularly suitable for recording an 
EFM ~nal In a completely blank servo track. 

However, if the EFM signal is to be recorded 
contiguously with a P."eviously recorded EFM sig­
nal, It Is preferred to make the position in the serve;> 
lrack 4 where the recf.)rdlng of the new EFM sig°"I 
Is to begin coincide $ubstantially with the position 
where the recording'. of the previously recorded 
Ei=M signal has ceaspct. As In practice, the accu:­
racy with which the i beginning and end can be 
positioned is of the Order of magnitude of a feW 
EFM frames, either a: small blank track portion will 
be left between the track portions in which the 
signals are recorded or the first and the second 
siQnal will overlap one another. 
\_,.:Such an overlappjng or blank track portion re­
sults.in the channel clock recovery being disturbed. 
Therefore, It Is preferred to select the boundary 
144 between two recorded EFM signals 142 and 
143 in such a way that it is situated in an area 
between track portions 140, as is indicated in Fig. 
11c. The portion from the boundary 144 up to the 
beginning of the first subcode frame containing 
useful information is · then sufficiently long to re­
store ·the channel clock recovery before the begin­
ning of the_ first subc;:ode frame containing useful 
Information is reache~. Preferably the position of 
the boundary 144 is !!elected to be situated befc;>r~ 
the centre between the track portions 140a an(I I - . 

140b, because In th~ case a comparatively long 
time is available in w~ich the channel-clock recov­
ery can be restored.! However, the boundary 144 
should be situated sufficiently far from the end Of 
the last subcode frartle containing useful informa­
L_) of the recorded EFM signal 142 (this end 
C<>rresponds to position 141a), in order to prevent 
that the last complete subcode frame of the EFM 
signal 142 from being overwritten and, consequent­
ly, the last part of the information in the last sub­
cocle frame of the EFM signal 142 from being 
destroyed as a result of inaccuracies in positioning 
of the beginning of the recording of the EFM signal 
143. -

_Apart from the destruction of recorded informa-
-tiori; such an overlap also results in the absolute 
time code belonging to the last subcode fr~me and 
the subcode-synchronisation signal end of the sub­
code frame no longer being read reliably. Since the 
a!*>lute time code rnd subcode-synchronisatio~­
s1gnals _are used for ~ontrolling the read process it 
is desirable that t1'9 number of rion-readabl~ 
subcod~synchronlsa~on signals and absolute time:. 
code slgn~ls is mini~al. It will be evident that the 
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recorded information of the EFM signal 142 be­
tween position 141 a and the boundary 144 cannot 
be read reliably. Therefore, it is also preferred to 

__J'Q®!'(I __ d.llrrn:ny ioform~oo. __ for ~xampl~ ___ E;f.M_ 
-pause-code signals In said part. 

Fig. 4 shows a recording and read apparatus 
50 in accordance with the Invention by means of 
which an EFM signal is recorded In such a way 
that the position synchronisation signals 11 repre­
sented by the track r'nodulation remain in synchro­
nism with the subcode-synchronisati0n signals in 
the recorded EFM modulated signal. The device 50 
comprises a drive motor 51 for rotating the record 
carrier 1 about an axis 52. An optical read/write 
head 53 of a customary type is arranged opposite 
the rotating record carrier 1. The read/write head 
53 comprises a laser for generating a radiation 
beam 55 which is focussed to form a tiny scanning 
spot on the record c~rrier 1. 

The read/write head 53 can be operated in two 
modes, namely: a first mode (read mode), in which 
the laser produces a radiation beam of a- constant 
intensity inadequate to bring about the optically 
detectable change in the recording layer 6, and a 
second mode (recording mode). in which the radi­
ation beam 55 is modulated depending on an in­
formation signal to be recorded in order to form a 
pattern of recording marks having modified optical 
properties and corresponding to the information 
signal Vi in the recording layer 6 at the location of 
the servo track 4. 

The recording and read apparatus 50 com­
prises tractsing means of a customary type, which 
keep the scanning spat produced by the radiation 
beam 55 centred on the servo track 4. As the servo 
track 4 is scanned the reflected radiation beam 55 
is modulated by the track modulation. By means of 
a suitable optical detector the read/write head 53 
detects the modulation of the reflected beam and 
produces a detection signal Vd representing the 
detected modulation . 

By means of a band-pass filter 56 having a mid 
frequency of 22.05 kHz the frequency component 
modulated in conformity with the position-informa­
tion signal and produced by the track modulation is 
extracted from the detection signal. By means of 
an edge-restoring circuit, for example a level con­
trolled monostable 57, the output signal of the filter 
56 is converted into a binary ~ignal, which is ap­
plied to a frequency divider 59 via an EXCLUSIVE­
OR gate 58. The output of the frequency divider 59 
is connected to one of the inputs of a phase 
detector 60. A 22.05 kHz reference signal gen­
erated by a clock-generation circuit 63 is applied to 
a frequency divider 62 via an EXCLUSIVE-OR gate 
61. The output of the frequency divide~ 62 Is con­
nected to tile other input -of the -phase detector 60. 
A signal whi~h is indicat~ve of the phase difference, 
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' 
determined by the ·phase detector 60 between the 
.Signals on the two Inputs · IS applied to an ener­

·.~gislng circuit 61 for generating an energising signal 

<..._..:>rttie ~~ m.Qto~ ~t~.lJ:I~ ·~~l;>~l<.ce>rl!l'o.i_~r~.it ... 
thus· formed constitutes a phase-locked-loop ve­
IOclty control system, which minimizes the detect­
ed phase difference which is a measure of the 
velocity deviation. 

The bandwidth of the .phase-locked-loop ve­
k>city control systftm Is small (generally of the 
order of .magnitud~ of 100 Hz) in c0mparison with . , . . 
the bit rate (6300 l Hz) of the po~ition-informatlon 
signal. Moreover, !the position-Information signal 

· with which the frequency of the track modulation 
has· been modulat9d does not contain any low-

. frequency compon~nts, so that this FM modulation 
does not Influence; the velocity control, the sean­
nlng velocity thus being maintained constant at a 
value for which the average frequency of .the fre­
quency components produced In the detection slg-

, 'ill Vd by the track modulation is maintained at 
\..t2,05 ·kHz, which means that the scanning velocity 

is maintained at a constant value between 1.2 and 
1.4 metres per second. 

For the purpose of recording the apparatus 50 
comprises an EFM modulation circuit 64 of a cus­
tomary type, which circuit converts the applied 
information into a signal Vi modulated in conformity 
with the CD-ROM or CD-Audio standard. The EFM 
signal Vi Is applied to the write/read head via a 
suitable modulation circuit 71 b, which convertsthe 
EFM signal into a .sequence of pulses, in such a 

I 

way that a pattern :of recording marks correspond-
ing to the EFM signal Vi is recorded in the se.rvo 
:track 4. A suitable tnodulation circuit 71 b is known, 
Inter alia from United States Patent Specification 
US 4,473,829. The :eFM mOdulator is controlled· by 
a control signal of a frequency equal to the· EFM bit 
rate of 4,3218 MHz: The.control signal is generated 

, '?Y the clock-gener~tion circuit 63. The 22.05 kHz 
Ueference signal, which is also generated by the 

clock-generation circuit 63, is derived from the 
4.3218 MHz signal by frequency division, so that a 
fixed phase-relationship is established between the 
control signal of tl'.le EFM modulator 64 and the 
22.05 kHz reference signal. Since the control signal 
for the EFM modulator is phase-locked to the 22.05 
kHz reference signal the detection signal Vd is also 
phase-locked to said 22.05 kHz reference signal, 
so that the absolute time codes generated by the 
EFM modulator remain in synchronism with the 
position-Information codes represented by the track 

· modulation of the servo track 4 being scanned. 
However, if the record carrier 1 exhibits flaws, for 
example scratches:. dropouts etc., it is found that 
this may give ris~ to an increasing phase iJif­
ference between the position-code signals and the 
absolute time code~. 

In order to preclude this the phase difference 
between the subcode-synchronlsation signals gen­
erated by the EFM modulator 64 and the position­
synchronisation signals being read Is determined 

5 ... and the scanning velocity is correctecf depending . ... . -····· .. 

on the phase difference thus determined. For this 
purpose a demodulation circuit 65 Is used which 
extracts the position synchronisation signals and 
the position-code signals from the output signal of 

10 the filter 56 and, moreover, recovers the position· 
informati9n codes from the position-code signals. 

The demodulation circuit 65, to be described In 
detail hereinafter, applies the position-Information 
codes to a microcomputer 67 of a customary type 

1s via a bus 66. Moreover, the demodulation circuit 65 . 
supplies a detection pulse Vsync via a signal· line 
68, which pulse indicates the instant at which a 
position synchronisation signal is been detected. 
The EFM modulator 64 comprises customary 

20 means for generating the subcode signals and for 
combining the subcode signals with the other EFM 
information. The absolute time codes can be gen­
erated by means of a counter 69 and can be 
applied to the EFM modulator 64 via the bus 69a. 

25 The count of the counter 69 is incremented in 
response to control pulses having a· frequency of 
75 Hz. The control pulses for the counter 69 are 
derived from the 4.3218 MHz control signal by 
frequency division by means of the EFM modulator 

30 and are applied to the count input of the counter 69 
via a line 72a. 

The EFM modulator 64 moreover generates 
the signal Vsub which indicates the instant at which 
the subeode-synchronisation signal is generated. 

35 The signal Vsub is applied to th~ mlcrocmputer 67 
via a signal line 70. The counter 69 comprises 
inputs for setting the count to a value applied via 
these inputs. The inputs for setting the count are 
connected to the microcomputer 67 via a bus 71. It 

40 is to be noted that it is also· possible to include the 
counter 69 in the microcomputer 64. 

The microcomputer 67 is loaded with a pro­
gram to position the read/write head 53 opposite 
the desired track prior to recording. The position of 

45 the read/write head 53 relative to the desired track 
is determined by means of the position-information 
codes generated by the demodulation circuit 65 
and the read/write head 53 is moved in a radial 
direction which depends on the position thus deter-

so mined until the read/write head has reached the 
desired position. For moving the read/write head 53 
the device comprises the customary means for 
moving the read/write head 53 in a radial direction, 
for example a motor 76 controlled by the micro-

55 computer 67 and a spindle n. As soon as the 
desired track portion is reached the initial count of 
t~e counter 69 is adjusted to set the initial value for 
the absolute time code to the value corresponding 

7 

'(' 
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to the· position-inform8tion code of the trac~ p()rtion 
being .~ned. Subsequentty the read/write head 
r::~ Is set to the write mode by the microcomputer 
~ivla .. a.~slgnat linEP .. 7'1.~_Q!i~.11!~_1;.fM_rri.q~_LIJ~tQr.~4 ... 
Is activated via a signal line 72, to start the rec<>rd­
ing, the recording of the absolute time codes in the 
EFM signal being maintained in synchronism, in 
. the- same way as described hereinbefore, with the 
position-code signal represented by the track mod­
ulation at the recordi(lg ·position. This has the ad· 
vantage that the r~rded absolute time codes 
always correspond to!. the p6sition-code signals rer 
presented by track inodulation at· the the traCk 
pOrtion in which the 'absolute time codes are re­
corded. This is of particular advantage if different 
Information signals hi;lve been recorded after one 
another, because the absolute time-code signals do 
not exhibit any abrupt changes at the transition 
betWeen two successively recorded EFM signals. 
Thus, in order to locate specific portions of the 

\.._ _;orded information signals it is possible to utilise 
ooth the absolute time codes recorded together 
with the information ~ignal and the position-code 
signals represented by the track modulation, which 
yields a highly flexible retrieval system. 

By way of illustration Fig. 7 shows a pattern of 
recording marks 100 formed when the EFM signal 
Vi Is recorded in the servo track 4. It is to be noted 
again that the bandwidth of the tracking control is 
substantially smaller than the frequency of the 
scanning-beam modulation caused by the track 
modulation (in the present case in the form of a 
1rack.wobble), so ihafthe tracking control does not 
respond to tracking ;errors caused by_ the trac~ 
undulation. Therefore~ the scanning beam will not 
exactly follow the track but will follow a straight 
path which is represeiltative of the average position 

l • 

of the centre of the :servo track 4. However, the 
amplitude of the tra~ wobble is small, suitably of 

( ~ order of magnitude of 30.10-9 metres ( = 
~.1 o-s metres peak to peak), in comparison with 
the track width, which is of the order of magnitude 
10-6metres, so that the pattern of recording marks 
100 is always substaptially the centred relative to 
the servo track 4. It is to be noted that for the sake 
of clarity a rectangular track wobble is shown. 
However, in practice it is preferred to use a 
sinusoidal track wobble, because this minimises 
the number of high-frequency components in the 

_ modulation of tlie scanning beam 55 produced by 
the track modulation. so that the _EFM signal being 
read is affected to a minimal extent. 

During recording the microcomputer 67 per­
forms a program to derive from the signals Vsync· 
and Vsub applied via the signal lines 68 and 79 
derive the time interval between the instant a~ 
which a synchronisation signal is detected in th~ 
track . portion being 'scanned and the instant at 

which the subcode-tynchronisation signal is gen­
erated. As long . as the position synchronisation 
signal leads the subcode-synchronisatlon signal 

. gene.~ti~n by_ 1T1ore than il .. pr~tl.~'I':l!ll_~ ~-~h_oJ.d .. · 
5 value the microcomputer 67 supplies one or mote 

additional pulses to the divider 59 via the signal 
line 73 and the EXCLUSIVE-OR gate 58 after every 
synchronisation signal detection, which causes the 
phase difference detected by the phase . detector 

10 60 to increase and which causes the energising 
circuit 61 to reduce the speed of the drive motor 
53, so thaf the phase difference between the de­
tected P<>sition-synchronisatlon signals and the 
generated subcode-synchronisation signal de-

15 creases. 
As long as the detected synchronisation signal 

lags the generated subcode-synchronisation signal 
by more than a predetermined threshold value the 
microcomputer 67 applies additional pulses to the 

20 divider 62 via a signal line 74 and the EXCLUSIVE­
OR gate 61. This causes the phase difference 
detected by the phase detector to decrease, as a 
result of which the speed of the drive motor 53 
increases and the phase difference between the 

25 detected position-synchronisation signals and the 
generated subcode-synchronisation signals de­
creases. In this way a pennanent synchronisation 
between the two synchronising signals is main· 
tained. It is to be noted that in principle it is also 

30 possible to adapt the write velocity instead of the 
scanning velocity in order to maintain the desired 
pJlase relationship. This is possible, for example, 
by adapting the frequency of the control signal of 
the· EFM "'!Odulator 64 depending on the detected 

35 phase difference. · 
Fig. 5 is a flowchart of a suitable program for 

maintaining the synchronisation. The program com· 
prises a step S1 in which the time interval T 
between the detection instant Td of the synch-

40 ronisation signal read and the generation instant To 
of the subcode-synchronisation signal is deter· 
mined in response to the signals Vsub and Vsync 
on the signal lines 68 and 70. In step S2 it is 
ascertained whether the time interval T is greater 

45 than a predetermined threshold value Tmax. If it is 
greater, step S3 is carried out, in which an addi­
tional pulse is applied to the counter 62. After step 
S3 step S1 is repeated. 

However, if the time interval T thus determined 
50 is smaller than Tmax, step S2 °is followed by step 

S4, in which it is ascertained whether the time 
interval T is smaller than a minimum threshold 
value Tmin. If it is smaller, step S5 is performed, in 
which an additional pulse is applied to the counter 

55 59. After step S5 step S1 is repeated. If during 
step $4 it, is found that the time interval Is not 
smaller than the threshold ,value no additional 
pulse is .generated but the program proceeds with 

a_ 

.... _,. .. ·-.c-::1· 
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step s1. , 
-· --Fig. 12 sh<>Ws 1 a flow chart of a suitable pro­

~' gram for the microcomputer 67 for reeording an 
\......'.EFM .slgnal _contlguQY~ly_W.Hh _@_ R.r~vi<w.sJY ~~r<led 

EFM signal. The program includes a step $10 in 
which the position-Information code AB Is deter­
mined, which code indicates the position where the 
previously recorded information ends. This 
position-Information_ code can be stored in the 
memory of the m_icrocomputer 67, for example, 
after recording of the preceding signal. Moreover, 
In step -S10 the sjosition-inforrnation code AfF is 
derived from the ~r_.mber of subcode frames to: be 

'recorded, which cdde indicates the position where • 
the recording· should end. This information can be 
generated, for example, by the· storage mediu~ in 

- which the information to be recorded is stored and 
-can be applied tO the microcomputer 67. This 
storage medium and the method of detecting the 
length of the signal to be recorded fall beyond the 

l_.,scope of the present invention and are therefore 
not described any lurther. After step $10 step S11 
is performed, in which in conventional manner the 
read/write head 53: is positioned opposite a track 
portion which precedes the point where the record­
ing of the EFM signal should begin. 

Su~sequently in step 11 a the detection signal 
Vsync is awaited which detection signal ls supplied 
by the demodulation circuit 65 via the signal line 
68 and indicates that a newly read position-in­
formation code is applied to the bus 66. In step 
$12 this position-information code is read in and in 
step 813 it is ascertained whether this read_ in 
position-information~ code corresponds to ,the 
posltion-lnformatior{ code AB· indicating the starting 
point of the recordjng. If this is not the case, step 
S13 Is followed byj step S11 a. The program loop 
comprising the st~ps S11a, S12 and S13 is re­
peated until the r~ad in position-information code 

Vcorresponds to the position-information code AB. 
After this, in step. S14, the initial value of the 
absolute time code in the counter 69 is set in 
conformity with the position-information code AB. 
8ubsequently,-ln step 815, the EFM modulator 64 
is put into operation via the signal line 72. 

In step 816 a waiting time Td is observed, 
which time corresponds to the displacement of the 
scanning spot over a distance corresponding to the 
distance SW between the boundary 144 and the 

-- preceding track portion 140 (see Fig. 11c). At the 
end of the waiting time the position of the scam:iing 
spot In the servo track 4 corresponds to the de­
sired starting position of the recording and the 
readiwrite head 53 is set to the write mode during 
step $17, after which recording is started. Subse­
quently, in step S18 every following detection pulse 
Vsync is awaited and after this, -In step S19, jthe 
detected position-information code is read in, upon 

' 
I 

- . 

which it is ascertained In step S20 whether the 
read-in position-information code corresponds to 
the position-information code AE indicating the end 
Qf the -~corcll_f1g~ __ ~·:i. _ \tl_'i' __ ~ _9.t ~~Jtc.9~n- __ _ 

5 dance the program proceeds with step 818 and In 
the case of correspondence a waiting time Td Is 
observed In step $21 before proceeding with step 
822. In step S22 the read/write head 53 is again 
set to the read mode. Subsequently in step S23 

10 the EFM modulator 64 is de-activated. 
The above method of determining the track 

positions indicating the beginning and the end of 
the reco~ding utilises the prerecorded position-In­
formation codes. However, it is to be noted that It 

1s is not strictly necessary to determine the posltion­
information codes in order to detect the beginning 
and end positions. For example, by counting 
prerecorded position-synchronisation signals from 
the beginning of the servo track 4 it .is also possl-

20 ble to detect the position of the track portion being 
scanned. 

Fig. 6 shows an embodiment of the demodula­
tion circuit 65 in detail. The demodulation circuit 65 
comprises an FM demodulator 80, which recovers 

25 the position-information signal from the output sig­
nal of the filter 56. A channel clock_ regeneration 
circuit 81 regenerates the channel clock from the 
recovered position-information signal. 

The position-information signal is further ap-
30 plied to a comparator circuit 82, which converts 

said signal Into a binary signal which is applied to 
an 8-bit shift register 83, which is controlled by the 
channel clock. The parallel outputs of the shift 
register 83 are fed to a synchronisation signal 

35 detector -84, which detects whether the bit pattern 
stored in the- shift register corresponds to the posi­
tion synchronisation signal. The serial output of the 
shift register 83 is connected to a biphase-mark 
demodulator 85 for the recovery of the code bit of 

40 the position-information code represented by the 
biphase-mark modulated position-code signal. The 
recovered code bits are applied to a shift register 
86 which is controlled by a clock frequency equal 
to half the channel-clock frequency and which has 

45 a length equal to the number of bits. (38) of the 
position-code signal. 

The shift register 86 comprises a first section 
86a having a length of 14 bits and a second 
section 86b having a length ~f 24 bits and following 

50 the first section 86a. 
The parallel outputs of the first section 86a and 

the second section 86b are fed to an error detec­
tion circuit 87. The parallel outputs of the second 
section 86b are fed to a parallel-in parallel-out 

55 register 88. 
The position-information code is recovered as_ 

follows. As soon as the synchronisation signal d~ 
- tector 84 - detects the presence of a bit pattern 
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' 
cor.responding to the : position synchronisation sig­
naUn ~.the shift reglSter 84 a detection pulse is 
-·""1erated whJ9ti Is applied to a pulse delay circuit 
\.:J..vla._a.s.igo.aUio~ .89 •. _Jb~ .~r~~ _90 ~~lays the 
detection pulse by a specific time corresponding to 
the .processing time of the biphase-mark modulator 
so . that after ·the instant at which the detection 
pulse from the signal line 6'3 appears on the output 
of the delay circuit 90 a complete position-informa­
tion code Is present .in the shift register 86. The 
delayed detection pul~e on the output of the circu~t 
90 Is· also applied to )he load Input Qf the registe.i' 
88, so that the 24 bits representing the posltiori­
lnformation code are ~oaded into the register 88 iil 
response to the deJayed detection pulse. The 
position-Information cbde loaded ·into the register 
88 is available on the output of the register 88, 
which outputs are cormected to the microcomputer 
67 via the bus 66. The error detection circuit 87 is 
l<'l!;oactivated by the delayed detection pulses on 
V output of the circuit 90, after which the detec-
tion circuit 87 detects whether the received 
position-Information code is reliable in conformity 

· with a customary detection criterion. An output 
signal which indicates whether the position informa­
tion ls reliable is applied to the microcomputer 67 
via a signal line 91. 
- Ag. 8 shows an embodiment of an apparatus 
181 for manufacturing a record carrier 1 in aecor­
dance with the Invention. The apparatus 181 com­
prises a turntable 182 which is rotated by a drive 
means 183. The turntable 182 is adapted to sup~ 
port is disc-shaped c~rrier 184, for example a flat 
glass disc provided With a radiation-sensitive layS,r 
185, for example, In t~e form of a photoresist. \ 

A_ laser 186 prodyces a light beam 187 whiGfi 
is projected onto the ;light-sensitive layer 185. The 
light beam 187 is firs~ passed through a deflection 

. device. The deflecti9n device is of a type by 
vans of which a Ilg~ beam can be deflected very 

accurately within a narrow range. In the present 
example the device is an acousto-optical modulator 
190. The deflection device may also be formed by 
other devices, for exa~ple a mirror which is pivota­
ble through a smalli angle or an electro-optical 
deflection device. The. limits of the deflection range 
are indicated by a broken line in Fig. 8. The light 
beam 187 deflected by the acousto-optical modula­
tor 190 is passed to an optical head 196. The 

. optical head 196· comprises a mirror 197 and an 
objective 198 for focussing the light beam onto the 
light~sensltive layer 185. The optical head 196 is 
radially movable relative to the rotating carrier 184 
by means of an actuating device 199. 

By means of the optical system described 
above the light bea~ 187 Is focussed to form a 
scanning spot 102 on the radiation-sen~itive lay~r 
185, the position of ~aid scanning spot 102 being 

dependent on the deflection of the light beam 187 
bythe acousto-optical modulator 190 and on the 
radial position the write t:Jead 196 relative to the 
_carrier 1~ •.. _1!1 ... ~~ .. ~l'!~~-.PQ_~!~Q.11 ... ~ -~~ optl~I 

5 head 196 the scanning spot 102 can be moved 
within a range 81 by means of the deflection 
device 190. By means of the optical head 196 the 
scanning spot 102 can be moved through a range 
B2 for the indicated deflection. 

to The device 181 comprises a control deVice 
101, which may comprise for example the system 
described in detail in Netherlands. Patent Applica­
tion 8701~ (PHN12.163), herewith incorporated 
by reference. By means of this control device .101 

15 the speed of the drive means 183 and the radial 
velocity of the actuating device 199 are controlled 
in such a way that the light-sensitive fayer 185 is 
scanned with a constant scanning velocity along a 
spiral path by the radiation beam 187. The device 

20 181 further comprises a modulation circuit 103 for 
generating a periodic drive signal whose frequency 
is modulated in conformity with the position-in­

. formation signal. The modulation circuit 103 will be 
described in detail hereinafter. The drive signal 

25 generated by the modulation circuit 103 is applied 
to a ··voltage-controlled oscillator 104 which gen­
erates a periodic drive signal for the acousto op­
tical modulator 104, .whose frequency is substan­
tially proportional to the signal level of the . drive 

30 signal. A d_eflection produced by the acousto-op-
. tical modulator 190 is proportional to the frequency 
of the drive signal in such a way that the displace­
ment of the scanning spot 102 ·is proportional to 
the signal level of the drive signal. The modulation 

35 circuit 1 O:Y, the voltage-controlled oscillator 104, 
and the acousto-optical modulator 190 are adapted 
to one another in such a way that the amplitude of 
the periodic radial excursion of the scanning spot 
102 is approximately 30.10-9 metres. Moreover, the 

40 modulation circuit 103 and the control circuit 101 
are adapted to one another In such a way that the 
ratio between the average frequency of the drive 
signal and the scanning velocity of the radiation­
sensitive layer 108 is situated between 2205011.2 

45 m-1 and 22050/1.4 m-1, which means that in every 
period of the drive signal the displacement of the 
radiation-sensitive layer 185 relative to the scan­
ning spot is between 54.10-6metres and 
64.1 o-i; metres. 

50 After the layer 185 has been scanned as de-
scribed in the foregoing, it is subjected to an etch­
ing process to remove the portions of the layer 185 
~hich have been exposed to the radiation beam 
187 yielding a master disc in which a groove is 

55 formed which exhibits a periodic radial wobble 
whose frequency is modulated In conformity with 
the position-information signal. From this . master 
disc· replicas are made on which the recording 

10 
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· layer 8 is · depos~. In record carriers of the in­
scrlbable ·type ihus'.obtained the part corresponding 

.... to that part of the master disc from which the 
\_..J'adlation~s.e~!Sit!~J~Y~L.1_~J~~ .been rern()Ved is 
· · ·used as the servo track 4 (which may be either a 

groove or a ridge). A method of manufacturing a 
record carrier in which the servo track 4 corre­
sponds to that part of the master disc from which 
the radiation-sensitive layer has been removed has 
the advantage of a very good reflection of the 

· servo track 4 and hence a satisfactory signal-to­
noise ·ratio during ~ead out of the record carrier. 
Indeed, the ·servo hck 4 then corresponds to :·the 

. I ' 
highly smooth surfpce of the carrier 184, which is 
generally made of glass. 
. Fig. 9 shows an example. of the modulation 
circuit 103. The mbcrulation circuit- 103 comprises 
three cascaded cyclic 8-blt BCD counters 11 o, 111 
and 112. The counter' 110 is an 8-bit counter and 
has a counting rarige of 75. When its maximum 

\...t.::oui'lt is reached the counter 110 supplies a clock 
pulse to the count input of the counter 111, which 
Is employed as s~onds counter. After its maxi­
mum count 59 Is reached the counter 111 supplies 
a clock pulse to the count input of the counter 112, 
which serves as minutes counter. The counts of the 
counters 110, 111 and . 112 are applied to a circuit 

·. 116 via the parallel outputs of the counters and via 
the buses 113, 114 and 115 respeetively to derive 
the fourteen parity bits for the purpose of error 
deteetion In a customary manner. 

The ·modulation circuit 103 further comprises a 
42-bit shift. register 117 divided into five successive 
sections 117a, .•. 117e. A bit combination "1001" is 
applied to the fouriparallel inputs of the 4-bit ~ec­
ti0n 117a, which bit combination is converted into 
the position synchrbnisatlon signal 11 in a manner 
to be described Hereinafter during the biphase­
mark modulation. Jhe sections 117b, 117c and 

1. ... ~117d each have. a length of~ bits and the section 
~117e has a lengt~ of 14 bits. The count of the 

counter 112 is applied to the parallel inputs of 
section 117b via the bus 115. The count of the 
counter 111 is applied to the parallel inputs of the 
section 117c via the bus 114. The count of the 
counter 110 istran~erred to the parallel inputs of 
the section 117d via the bus 113. The fourteen 
parity bits generatedby the circuit 116 are applied 
to parallel inputs of section 117b via a bus 116a. 

· ·The serial output signal of the shift register Is 
fed to a blphase-mark modulator 118. The output of 
the modulator 118 is applied to an FM modulator 
119. The circuit 103 further comprises a clock­
generation circuit 120 for generating the control 
signals for the counter 118, the shift register 117 r 
the biphase-mark i modulator 118 and the FM 

. modulator 119. 

i. 

In the present example the radiation-sensitive 
layer 185 is scanned with a velocity correiponding 
to the nominal scanning velocity of EFM modulated 

iJi9r1iil:!~'- _O :~-:.1.·:4 ___ '!'(s) ~uring . ~~~-re _of_ !he 
5 master disc. The clock-generation circuit 120 then 

generates a 75-Hz clock signal 139 for the counter 
110, so that the counts of the counters 110, 111 
and 112 constantly indicate the time elapsed dur­
ing scanning of the layer 185. 

10 Immediately after adaptation of the counts of 
the counters 110, 111 and 112 the clock-generation 
circuit supplies a control signal 128 to the parallel 
load inplll of the shift register 117, causing the shift 
register to be loaded In conformity with the signals 

15 applied to the parallel Inputs, namely: the bit com­
bination "1001 ", the counts of the counters 110, 
111 and 112, and the parity bits. 

The bit pattern loaded into the shift register 
117 is applied to the biphase-mark modulator 118 

20 via the serial output in synchronism with a clock 
signal 138 generated by the clock-generation cir­
cuit 120. The frequency of this clock signal 138 is 
3150 Hz, so that the entire shift register is empty at 
the very instant at which it is reloaded via the 

25 parallel inputs. 
The biphase-mark modulator 118 converts the 

42 bits from the shift register into the 84 channel 
bits of the position-code signal. For this purpose 
the modulator 118 comprises a clocked flip-flop 

.:Jo 121 whose output logic level changes in response 
to a clock pulse on the clock input. By means of a 
gate circuit the clock signals 122 are derived from · 
the signals 123, ·124, 125 and 126 generated by 
the clock-generation circuit 120 and from the serial 

35 output signal 1'27 of the shift register 170. The 
output signal 127 is applied to an input of a two­
input AND gate 129. The signal 123 is ~plied to 
the other input of the AND gate 129. The output 
signal of the AND gate 129 is applied to the clock 

40 input of the flip-flop 121 via an OR gate 130. The 
signals 125 and 126 are applied to the inputs of the 
OR gate 131, whose output is connected to one of 
the inputs of a two-input AND gate 132. The output 
signal of the AND gate 132 is also applied to the 

45 clock input of the flip-flop 121 via the OR-gate 130. 
The signals 123 and 124comprise two 100• 

phase-shifted pulse-shaped signals (see Fig. 10) of 
a frequency equal to the bit rate of the signal 127-
( = 3150 Hz) from the shift register 117. The sig-

so nals 125 and 126 comprise negative pulses being 
repetition rate of 75 Hz. 

The phase of the signal 125 is such that the 
negative pulse of the signal 125 coincides with the 
second pulse of the signal 124 after reloading of 

55 the shift register 117. The negative pulse of the 
signal 126 coincides with the fourth pulse of the 
signal 12,4 after reloading of the s~ift register 117. 

, . 11 . 

""f .••• ; •••• 
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The · biphase-m~-modulated position-code 
signal 12 on the · output of the flip-flop : 121 is 
. Clenerated as follows.·,The pulses of the signal 124 

'V::.:t".~s_f~!f~ -~ -~ ~ock _Input of the flip-'flop 121 
Via the AND gate 132 and the OR gate 130, so that 
the logic value of the position-code signal 12 
changes in response to every pulse of the signal 
124. Moreover, if the logic value of the signal 127 
is "1" the pulse of the signal 123 is transferred to 
the clock input of the flip-flop 121 via the AND 
gates 129 and 130, so that for every"1" bit an 
additional change of ~e logic signal value is ob­
tained. In principle, ule synchronisation signals are 
generated in a similar way. However, the applica'­
tlon of the negative Pulses of the slgnals 125 and 
126 prevents the se«>nd and the fourth pulse of 
the signal 124 after reloading of the shift register 
from being transferred to the flip-flop 121, yielding 
a position-synchronisation signal which can be dis­
tinguished from a biphase-mark-modulated signal. 

:s to be noted that this modulation method may 
~d to tWo different synchronisation signals which 
are inverted relative tq one another. 

·The positlon-lnfor,mation signal ·thus obtained 
on the output of the flip flop 121 is applied to the 
FM mod_ulator 119, which is suitably of a type with 
a fixed relationship between the frequencies gen­
erated on the output of the FM modulator and the 
bit rate of the position-information signal. When the 
scanning velocity control is not disturbed the 
subcode-synchronisation signals in the EFM signal 
remain in synchronism with the position-synch­
ronisation signals 11 in the track 4 during recording 
of an EFM signal by ;means of said apparatus 50. 
Disturbances in the '{~locity control resulting from 
imperfections of the irecord carrier can be co~­
pensated for by very \small corrections, as already 
described with reference to Fig. 4. 

In the FM modulator 119 shown in Fig. 9 said 
. lvantageotis relationship between the output fre.­
"-q(lencies and the bit lates of the position-informa­

tion signal ·are obtained. The FM modulator 119 
comprises a frequency divider 137 having a divisor 
"8". Depending of the logic value of the position­
information signal a c;lock signal 134 having a fre­
quency of (27). (6300) Hz or a clock signal 135 
having a frequency oi (29).(6300) Hz is applied to 
the frequency divider 137. For this purpose the FM 
modulator 199 comprises a conventional multiplex 
circuit 136. Depending on the logic value of the 

· position-information signal the frequency on the 
output 133 of the FM modulator is 
fl .6300 = 22,8375 Hz or ~7 .6300 = 21,2625 Hz. 

. Since the frequency of the signals 134 and 135· 
are integral multiples of the channel-bit rate of the 
position-information signal the length of one chan­
nel bit corresponds:· to an integral number Qf 
periods of the clock~ signals 134 anc:I 135, which 

, . 

means that the phase steps In FM modulation are 
minimal • 

·Moreover, it is to. be noted that on account of 
the d.c. component of the position-information sig-

5 · --rial tfiif averagi!f ·f1'8Quency ·of the FM-mooulated 
signal Is exactly equal to the 22.05 kHz, which 
means that the velocity control is influenced to a 
negligible extent by the FM modulation. 

Moreover, it is to be noted that tor. the FM 
10 modulator other FM modulators can be used than 

the modulator 119 shown in Fig. 9, for example a 
conventional CPFSK modulator (CPFSK = Con­
tinuous Phase Frequency Shift Keying). Such 
CPFSK modulators are described inter alia in: 

15 A.Bruce Carlson: "Communication Systems", Mac­
Graw Hill, page 519 ff. 

Moreover, It is preferred to utilise an FM 
modulator with a sinusoidal output signal. With the 
FM modulator 119 shown in Fig. 9 this can be 

20 achieved, for example, by arranging a band-pass 
filter between the output ·of the divider 117 and the 
output of the modulator 119. Further, it is to be 
noted that the frequency swing is suitably of the 
order of magnitude of 1 kHz. 

25 Finally, it is to be noted that the scope of the 
invention is not limited to the embodiments de­
scribed herein. For example, in the embodiments 
described the frequency spectrum of the position­
information signal exhibits substantially no overlap 

30 with the frequency spectrum of the signal to be . 
recorded. However, in that case the position-in­
formation signal recorded by means of the prefor­
med track modulation can always be distinguished 
from the subsequently recorded information signal. 

35 In the case of magneto-optical recording the fre­
quency spectra of the prerecorded position-infor­
mation signal and the subsequently recorded in­
formation signal may overlap one another. Indeed, 
during scanning with a radiation beam the track 

40 modulation results in an intensity modulation of the 
radiation beam, whilst the information pattern 
formed by magnetic domains modulates the direc­
tion of polarisation (Kerr-effect) of the reflected 
radiation beam independently of the intensity mod-

45 ulation. In the embodiments described In the fore­
going the scanning beam is modulated depending 
on the information to be recorded. In the case of 
recording on magneto-optical record carriers It is 
also possible to modulate the magnetic field in-

50 stead of the scanning beam. 

Claims 

1. A method of recording an information signal, in 
55 particular an EFM-modulated signal, on a 

record carrier, which information signal com­
prises time-code signals indicating the time 
positions of the associated signal po~ons with-

12 

___ _:_:..:..._ ______ ·---·-··-
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The biphase-mark-modulated position-code 

signal 12 on the output of the flip-flop 121 Is 
. penerated as follows. The pulses of the signal 124 

J. transferred to the clock input of the flip-flop 121 
via the AND gate 132 and the OR gate 130, so that s 
.the logic value of the position-code signal 12 
changes in response to every pulse of the signal 
124. Moreover, if the logic value of the signal 127 
is "1" the pulse of the signal 123 is transferred to 
the clock input of the flip-flop 121 via the A.ND 10 

gates 129 and 130, so that for everY""1" bit an 
additional change of Vie logic signal value is ob­
tajned. In principle, the synchronisation signals are 
generated in a similar way. However, the applica-
tion of the negative pulses of the signals 125 and 75 

126 prevents the second and the fourth pulse of 
the signal 124 after reloading of the shift register 
from being transferred to the flip-flop 121, yielding 
a position-synchronisation signal which can be dis-
tinguished from a biphase-mark-modulated signal. 20 

( 's to be noted that this modulation method may 
'lead to two different synchronisation signals which 
are inverted relative t~ one another. 

The posilion-infor,mation signal · thus obtained 
on the output of the flip flop 121 is applied to ·the 25 

FM modulator 119, which is suitably of a type with 
a f1Xed relationship between the frequencies gen­
erated on the output of the FM modulator and the 
bit rate of the position-information signal. When the 
scanning velocity control Is not disturbed the 30 

subcode-synchronisation signals in the EFM signal 
remain in synchronism with the position-synch· . 
ronlsation signals 11 in the track 4 during recording 
of an EFM signal by . means of said apparatus 50. 
Disturbances in the "!elocity control resulting from 35 

imperfections of the ;record carrier ·can be com­
pensated for by very ,small corrections, as already 
described with reference to Fig. 4. 

In the FM modulator 119 shown in Fig. 9 said 
( lvantageous relationship between the output fre- 40 

· quencies and the bit lates of the position-informa­
tion signal are obtained. The FM modulator 119 
comprises a frequency divider 137 having a divisor 
"8". Depending of the logic value of the position-
information signal a c;lock signal 134 having a fre- 45 

quency of (27}. (6300) Hz or a clock signal 135 
having a frequency of (29).(6300) Hz is applied to 
the frequency divider 137. For this purpose the FM 
modulator 199 comprises a conventional multiplex 
circuit 136. Depending on the logic value of the 50 

position-information signal the frequency on the 
output 133 of the FM modulator is 
r .6300 = 22,8375 Hz or ~7 .6300 = 21,2625 Hz. 

Since the frequency of the signals 134 and 135 
are integral multiples of the channel-bit rate of the 55 

position-information signal the length of one chan-
nel bit corresponds to an integral number of 
periods of the clock·, signals 134 and 135, which 

12 

means that the phase steps In FM modulation are 
minimal. 

Moreover, it is to be noted that on account of 
the d.c. component of the position-information sig­
nal the average frequency of the FM-modulated 
signal Is exactly equal to the 22.05 kHz, which 
means that the velocity control is influenced to a 
negligible extent by the FM modulation. 

Moreover, it is to be noted that fOr. the FM 
modulator other FM modulators can be used than 
the modulator 119 shown in Fig. 9, for example a 
conventional CPFSK modulator (CPFSK = Con­
tinuous Phase Frequency Shift Keying). Such 
CPFSK modulators are described inter alia In: 
A.Bruce Carlson: "Communication Systems", Mac­
Graw Hill, page 519 ff. 

Moreover, It is preferred to utilise an FM 
modulator with a sinusoidal output signal. With the 
FM modulator 119 shown In Fig. 9 this can be 
achieved, for example, by arranging a band-pass 
filter between the .output of the divider 117 and the 
output of the modulator 119. Further, it is to be 
noted that the frequency swing is suitably of the 
order of magnitude of 1 kHz. 

Finally, it is to be noted that the scope of the 
invention is not limited to the embodiments de­
scribed herein. For example, in the embodiments 
described the frequency spectrum of the position­
information signal exhibits substantially no overlap 
with the frequency spectrum of the signal to be . 
recorded. However, in that case the position-in­
formation signal recorded by means of the prefor­
med track. modulation can. always be distinguished 
from the subsequently recorded infon:nation signal. 
In the case of magneto-optical recording the fre­
quency spectra of the prerecorded position-infor­
mation signal and the subsequently recorded in­
formation signal may overlap one another. Indeed, 
during scanning with a radiation beam the track 
modulation results in an intensity modulation of the 
radiation beam, whilst the information pattern 
formed by magnetic domains modulates the direc­
tion of polarisation (Kerr-effect) of the reflected 
radiation beam independently of the intensity mod· 
ulation. In the embodiments described in the fore­
going the scanning beam is modulated depending 
on the information to be recorded. In the case of 
recording on magneto-optical record carriers it is 
also possible to modulate the magnetic field in­
stead of the scanning beam. 

Claims 

1. A method of recording an information signal, in 
particular an EFM-modulated signal, on a 
record carrier, which information signal com­
prises ~me-code signals indicating the time 
positions of the associated signal portions with-
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in ·the informapon signal and which alternate 
with time-synehronlsatlon signals, in which 

ing velocity and/or the scanning velocity. 

·" -- -~ · method a preformed servo track of the record 4. A method as claimed In any one of the preced· 
i--' -carrier Is scanned, an. information pattern of Ing Claims, characterized In that the posltior:i· 
· ···--·· -recon!ing.mart<s. corresponding to the liifOmia:. - --- 5-- ·-· - -·· ·-· ·c:O<fa···Sigrl"ill represented by the track portion 1r-.- -- ·- -- --- · --·-- ·-- · · -, 

tion signal, being recorded in the servo track which recording of the information signal Is 
and the servo-track portion intended for re- started is determined by detection of the track 
cording being provided with a periodic track modulation, the time-code signals being adapt-

- . modulation which can be distinguished from ed to the position-code signal thus detennind. 
the information pattern, characterized in that 10 

said record carrier is of a type in which the 
-frequency of th.e track modulation is modulated 

· · In conformity ~Ith a position-information sig.hal, 
the position·l~nnation signal comprl~ing 
position-code ~ignals _which indicate the posi- 15 

· tions of the asS,ociated track portions relative to 
the -beginning; of the servo track, which 
position-code ~ignals alternate with positjon­
synchronlsation signals, and in that during· re-
oording of the information signals a fixed 20 

5. A method as claimed In any one of the preced­
ing Claims, characterized In that the position­
cod~ signals are of the same type as the 
abs0lute-time-code signals in an EFM signal 
modulated in conformity with the CD-standard. 

\...) phase relationship is maintained between the 
time-synchronisation signals and the positlon­
synchronisatiol"! signals represented by the 

6. An apparatus for carrying out the method as 
claimed in any one of the preceding Claims, 
which apparatus comprises scanning means 
(53,55) for scanning the servo track (4) with a 
specific scanning velocity, which scanning 
means comprise write means (55) for forming 
the information pattern of recording marks cor­
responding to the information signals with a 
specific recording velocity, and means (53,56) 
for detecting the track modulation present in 
the scanned part of the track and for generat­
ing a detection signal corresponding with the 
detected track modulation, characterized in 
that the apparatus comprises a FM-demodula­
tor (80) for recovering a position Information 
signal from the detection signal, ANd means 
(57,58,59,60,61,62,65,67) for maintaining the 
fixed phase relationship between the time-syn· 

I : 

v 

:·.'· .. : 

track modulati~n of the track portions being 
scanned. 

2. A method as claimed in-Claim 1, characterized 
in that said record carrier is of a type in which 
the average frequency of the track modulation 
is a -predetermined Integral multiple of the rep­
etition rate of the position-synchronisation sig­
nals, and in that the scanning velocity Is con­
trolled by means of a closed-loop control sys­
tem, a periodic measurement signal, whose 
frequency is dtclated by the scanning veloqity, 
being derived by detection of the track mQdu-

· lation for· contt,ol purposes, the phase of 
1 
the 

measurement signal being compared with the 
phase of a petiodic reference signal, the ratio 
between the frequency of the ·reference signal 
and the timefsynchronisation signals being 
equal to said predetermined multiple, and the 
scanning velocity being adjusted, depending 
on the phase difference between the measure­
ment signal and the reference signal, to a 
value for whic" the average phase difference is 
substantially constant. 

3. A method as claimed in Claim 1 or 2, char-
, ·acterlzed In t~at during recording the prefor­
med track modulation is detected, in that the 
position-synchronisation signals are recovered 
from the detected track modulation, in that the 
phase difference between the time-synch".' 
ronlsation signals and the position-synchronisa-

- tion signals i~ determined, and in that the 
detected phase difference is maintained sub­
stantially cons~nt by adaptation of -the recc)rd-

. ; . ~ 
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. chronisation signals of the information signal 
and .: the position-synchronisation signals com­
prised by the recovered position information 
signal by adaptation of the scanning and/or 
recording velocity. 

7. An apparatus as claimed in Claim 6, character­
ized in that the apparatus comprises a closed­
loop control system for controlling the scan­
ning velocity depending on the detected track 
modulation, for which purpose the control sys­
tem comprises means (57) for deriving from 
the detected track modulation a periodic mea· 
surement signal whose frequency is indicative 
of the scanning velocity, means (63) for gen­
erating a periodic reference signal, the ratio 
between the frequency of the periodic mea­
surement signal and the frequency of the time­
synchronisation signals being equal to the ratio 
between the average frequency of the track 
modulation and the frequency of the position­
synchronisation signals, phase-comparison 
means (60) for detecting the phase difference 
between the measurement. signal and the ref-
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erence signal, and means (61) for adjusting the 
scanning velocityi depending upon the detect­

-~, ed. phase difference to a value for which the 

1,.,..1~ --~~~~ yalue ~ . ~~e saicl J>~. dl~~_r_e~---
·J · remains substantially constant. 5 

& An. apparatus as claimed in Claim 6 or 7, 
characterized In that the apparatus comprises 
detection means for detecting the track modu-
lation of the track portion being scanned, 10 

means (80,81,84,90) for recovering the 
~tion-synchron!sation signals from the de­
teCted ·track modulation, second phase-com;;;, 
parison means (67) for detecting the phase 
difference betwebn the time-synchronisation 1s 

signals and' th~ recovered- position-synch­
ronisation signals, and means (58,61,67) for 
adapting the reoording velocity and/or scan,-
nlng velocity dep~nding on the detected phase . 
difference. 20 

\,t: An apparatus as claimed in any one of the 
Claims 6, 7 or 8, characterized in that the 
apparatus compri,es means (64) for generating 
the information signal, which means comprise 25 

means for generating the time-code signals, 
the apparatus further comprising means 
(80,83,85) for recovering the position-code sig-
nals from the detected track modulation and 
adjustment means (67,69) for adjusting the so 
time-code signal generating means at the be­
ginning of the recording in conformity with the 
recovered position-code signals. 

PatentansprUche 

1. Verfahren zum A~fzeichnen eines Information~: 
signals, insbeson'clere eines EFM-modulierten 
Signals, auf einem Aufzeichnungstrager, wobei 

35 

· das lnformationssignal Zeitcodesignale umfaBt, 40 

\.,,/ die Zeitpositlonei;i zugeordneter Signalanteile 
innerhalb des lnfOrmationssignals angeben und 
die mit Zeitsynchronisationssignalen abwech-
seln, In welchem Verfahren eine vorgeformte 
Servospur des Aufzeichnungstragers abgeta- 45 

stet wird, wobei , ein dem lnformationssignal 
entsprechendes i.nformationsmuster aus Auf­
zeichnungsmarken in der Servospur aufge­
zeichnet und der zur Aufzeichnung bestimmte 

·;;:;i:':,('S&tyospui'abschnitt mit einer von dem lnforma- 50 

tlonsmuster uhterscheidbaren periodischen 
$ptJrmodulation versehen ist, dadurch gekenn­
zeichnet, daB der genannte Aufzeichnungstr§-
ger voli einer Art ist, bei der die Frequenz der· 
Spurmodulation entsprechend einem Positions- 55 

informationssignal modullert wird, wobei das 
Positionslnformatioossignal Positionscodesi .. 
gnala· enth§lt, ciie .. die Positionen der zugeord~ 

. . I .. 

.. ; . 

14 
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neten Spurabschllitte in bezug auf den Anfang 
der Servospur angeben, wobel die Posltionsco­
designale mit Posltionssynchronisatlonssigna­
len abwechseln, und da8 beim Aufieichnen 

· .. ·-·-··--·-der· ·-1iii0i'iiiationssigrl8le · 9ii19 ·feSte ·· Ph·asen~···· ·· ····-··--· ·-·-·· ··-·· -·- ·-···-···-· 
ziehung zwischen ·den Zeitsynchronisationssi-
gnalen und den durch die Spurmodulatlon der 
abgetasteten Spurabschnitte repriisentierten 
Positlonssynchronisationsslgnalen aufrechter-
halten wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn­
zelchnet, daB der verwendete Aufzeichnungs­
tr§ger .von einer Art 1st, bei der die mittlere 
Frequenz der Spurmodulation ein zuvor be­
stimmtes ganzzahliges Vielfaches der Folgefre­
quenz der Positionssynchronisationssignale 1st, 
und da8 die Abtastgeschwindigkeit mit Hilfe 
eines Ragelsystems mit geschlossener Schlei­
fe geregelt wird, wobei fUr Regelzwecke durch 
Detektion der Spurmodulation ein periodisches 
MeBsignal abgeleitet wird, dessen Frequenz 
durch die Abtastgeschwindigkeit bestimmt 
wird, wobei die Phase des MeBsignals mit der 
Phase eines periodischen Bezugssignals ver­
glichen wird und das Verhaltnis zwischen der 
Frequenz des Bezugssignals und den Zeitsyn­
chronisationssignalen gleich dem zuvor be­
stimmten Vielfachen ist und wobei die Abtast­
geschwindigkeit abhangig von dam Phasenun­
terschied zwischen dem Me8signal und dem 
Bezugssignal auf einen Wert eingestellt wird, 
bei dem der mittlere Phasenunterschied im 
wesentlichen konstant ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB wahrend der Aufzeich­
nung die zuvor gebildete Spurmodulation de­
tektiert wird, daB aus der detektierten Spurmo­
dulation die Positionssynchronisationssignale 
zuri.ickgewonnen warden, daB der Phasenun­
terschied zwischen den Zeitsynchronisationssi­
gnalen und den Positionssynchronisationssi­
gnalen erm!ttelt wird und da8 der ermittelte 
Phasenunterschied durch Anpassung der Auf­
zeichnungsgeschwindigkeit und/oder der Ab­
tastgeschwindigkeit im wesentlichen konstant 
gehalten wird. 

4. Verfahren nach einem der· vorstehenden An­
sprUche, dadurch gekennzeichnet, daB das Po­
sitionscodesignal, das durch denjenigen Spur­
abschnitt repr§sentiert wird, bei dem mit Auf­
zeichnen des lnformationssignals begonnen 
wird, durch Detektion der Spurmodulatlon er­
mittelt wird, wobei die Zeitcodesignale an das 
so bestimmte Positionscodesignal angepaBt 
warden.· 



· .. :.:,;.;,,·.,, ... 
··. ·; '··>---·-------·-·.-"-·_.C:.C·-".·~·"-"-~:·_'_:.:·_":·~,:. ___ ·~· ... ___.~-~··;:::·r --.-·. 

... , 

27 EP 0 326 206 81 28 ' 1111111 \l\lll lllll lllll \l lll\ 

,_ 

· 5. · · Verfahren nach einem der vorste~~J~n An· 
_sprUche, dadu)ch gekennzeichnet, daB die Po­
sitionscodesigflale der gleichen Art sind wie 
die Absolutzeitcodeslgnale In einem nach dem 
·co~St&nctaid m0du11erten- ei=M:s1ona1. -··--· 

\. ' YY.'-:'- -

6~ Elnrlchtung zum DurchfUhren des Verfahrens 
nach einem der vorstehenden AnsprOche, wo­
bel die Einrichtung Abtastmittel (53, 55) zum 
Abtasten der Servospur (4) rnit einer bestimm­
ten ·Abtastgeschwlndigkeit umfaBt, und die Ab­
tastmlttel SCh~ibmittel (55) zum Bilden, mit 
einer bestlmm)en Aufzeichnungsgeschwindlg­
keit, des den; lnformationsslgnalen entspre­
chenden lnfor{nationsmusters aus Aufzeich­
nungsmarken tjnd Mittel (53, 56) zur Detektion 
der in dem abgetasteten Tell der Spur vorhan­
denen Spurmo'dulation und zum Erzeugen ei­
nes der detektierten Spurmodulation entspre­
chenden Detektionssignals aufweisen, dadurch 

\......-·: gekennzeichnet, daB die Elnrlchtung einen FM­
Demodulator (80) zur ROckgewinnung eines 
Positlonslnformationssignals aus dem Detek­
tlonssignal sow,ie Mittel (57, 58, 59, 60, 61, 62, 
65, 67) zum ~ufrechterhalten der fasten Pha­
senbezlehung zwischen den Zeitsynchronisa- · 
. tlonssignalen des lnformationssignals und den 
In dem zurOckgewonnenen Positionsinforma­
tionsslgnal enthaltenen Positionssynchronisa­
tlonssignalen, durch Anpassung der Abtast­
und/oder Aufzeichnungsgeschwindigkeit, um­
faBt. 

"f, Elnrlchtung nach Anspruch 6, dadurch gekenn­
zelchnet, daB die· Elnrlchtung e'n Regelsystem 
mit geschlossener Schleife zum Regeln der 
Abtastgeschwindigkeit abhilngig von der detek­
tierten Spurm~ulation umfaBt, wozu das Re­
gelsystem Mittel (57) zum Ableiten eines perio­
dlsches MeBsignals, dessen Frequenz die Ab­
tastgeschwindlQkeit anzeigt, aus der detektier­
ten Spurmodulation enthillt, Mittel (63) zum 
Erzeugen eim~s periodischen Bezugssignals 
enthiUt, wobei das Verhiiltnis zwischen der 
Frequenz des periodischen MeBsignals und 
der Frequenz der Zeitsynchronisationssignale 
gleich dem VE'jrhaltnis zwischen der mittleren 

. Frequenz der i Spu1TT1odulation und der Fre-
quenz der Positionssynchronlsationssignale ist, 

.,..-:~'" ·.: .. und_.Phasenvergleichsmittel (60) zum Detektie­
ren des · Phasenunterschieds zwischen dem 
MeBslgnal und dem Bezugssignal sowie Mittel 
(61) zum Einstellen der Abtastgeschwindigkeit 
abhinglg von dem detektierten Phasenunter­
schled auf elnen Wert, bei dem der Mittelwert 
dleses Phasenunterschleds im wesentlichen 
konstant bleibt,:, enthillt. 

l 
:,.-
; 
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8. Enrichtung n~~FAnspruch 6 oder 7, dadurch . 
gekennzeichnet, daB sie Detektionsmlttel zum 
Deteklleren der Spurmodulation des abgetaste­
ten Spurabschnitts, Mlttel (80, 81, 84, 90) zur 

-5 - ·-- -·- ·Ruckgewiiiriuiig der Positioiissynchronlsatron~· ·- .. ---·--

10 

15 

signale aus der detektierten Spurmodulatlon, -
zweite Phasenverglelchsmittel (67) zurn Detek-
tieren des Phasenunterschieds zwischen den 

· Zeitsynchronisationsslgnalen und den zurOck· 
gewonnenen Positionssynchronisationssignalen 
und Mittel (58, 61, 67) zum Anpassen der 
Schreib- und/oder Abtastgeschwlndlgkelt In 
Abhingigkeit von dem detektierten Phasenun­
tersqhied enthalt. 

9. Einrlchtung nach einem der AnsJ>fOche 6, 7 
oder 8, dadurch gekennzeichnet, daB sie Mlttel 
(64) zum Erzeugen des lnformatlonsslgnals 
enthalt, wobei die Mittel Mittel zum Erzeugen 

20 der Zeitcodesignale enthalten und die Elnrich­
tung Mittel (80, 83, 85) zur ROckgewinnung der 
Positi0nscodesignale aus der . detektierten 
Spurmodulation und Einstellmittel (67, 69) zum 
Einstellen der das Zeitcodesignal erzeugenden 

25 Mittel am Anfang der Aufzeichnung, entspre­
chend den zurUckgewonnenen Positionscode­
s!gnalen, enthalt. 

30 

Revendlcatlons 

1. Procede pour enregistrer sur un support d'eli· 
registrement un signal d'information, notam· 
ment un signal module en EFM, comportant 
des signaux de code de temps indiquant les 

35 positions dans le temps qu'occupent des par­
ties de signal associees dans le signal d'infor­
mation, signaux de code de temps altemant 
avec. des signaux de synchronisation de 
temps, procede suivant lequel est exploree 

40 une servopiste prealablement formee du sup­
port d'enregistrement, une configuration d'in· 
formation de marques d'enregistrement corres­
pondant au signal d'information est enregistree 
dans la servopiste et la partie de servopiste 

45 destinee a l'enregistrement est munie d'une 
modulation de piste periodique distinguable 
d'avec la configuration d'information, caracterl· 
se en ce que ledit support d'enreglstrement 
est du genre dans lequel la frequence de la 

50 modulation de piste est rilodulee en corresp0n­
dance avec un signal d'lnformation de position, 
le signal d'information de position comportant 
des signaux de code de position indiquant les 
positions qu'occupent les parties de piste as-

55 sociees par rapport au debut de la servoplste, 
signaux de code de position qui altement avec 
des signaux de synchronisation de position, et 

· que, au COl:Jrs de l'enregistrement des slgnaux 

15 
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d'lnformation, une relation de phase fixe est 
maintenue entre les signaux de synchronisa­

-. . tion. de temps etj les signaux de synchronisa­
~ ~' .tion de position. representes par fa modulation 
\/ .,.ae piste.des-parties i:fff J>iSte exptorees·: --· ·-· · --· 

2. Procede selon la revendication 1, cal'.8cterise 
en ce que !edit support d'enregistrement est 
du genre dans lequel la frequence moyenne 
de la modulation de piste est un multiple entier 
pr9determine de la frequence de repetition de 
signaux de synchronisation de position, et en 
ce qua la vftesse; d'exploration est command9 
au moyen d'un sys~me de commande a bou­
. cle fermee, un s}gnal de mesure periodiquEt, 
dont la frdquence~ est determinee par la vitesse 
d'exploration, etant deduit, a des fins de com­
mande, par deteC,\ion de la modulation de pis­
te, la phase du signal de mesure etant compa­
ree avec. la phase d'un signal de re~rence 

~ ... , , periodique, le rapport entre la fr9quence du 
........, signal de reterence et las signaux de synchro­

nisation de temps etant egal audit multiple 
. predetermine et la vitesse d'exploration etant 
reglee, en fonction de la difference de phase 
entre le signal de mesure et le signal de 
rererence, a une valeur pour laquelle la ditte­
rence de phase moyenne est sensiblement 
constante. 

3.. Procede salon la revendication 1 ou 2, caracte­
rise en ca que, au cours de l'enreglstrement 
est· detectee ia modulation de piste prealable­
ment formee, en ce que, a partlr de la modula­
tion de piste de~Ctee, sont recuperes les si­
gnaux de synchronisation de position, en ce 
qu'il est determi~e la ditterence de phase er!­
tre Jes slgnaux de synchronisation de temps et 
les signaux de synchronisation de position, et 

i 
°\..,.,) 

en ce que la ditterence de phase detectee est 
maintenue sensibJement constante par adapta­
tion de la vitesse1 d'enregistrement etlou de la 
vitesse d'exploralion. 

I 

4. Procede salon l'une quelconque des revendi­
cations precedentes, caracterise en ce que le 
signal de code cte position represents par la 
partle de piste dans laquelle est demarre l'en­
·registrement du signal d'lnformation, est deter­

,,jnirie par d9tectlon de la modulation de piste, 
.. les signaux de code de temps etant adaptes 

au signal de code de position ainsi determine. 

6. . Procede salon l'une quelconque des revendi-· 
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. cations precedentes, caracterise en ca que les ss 
signaux de code de position sont du m&me 
genre qua les signaux de code de temps ab-
soJu contenus dans un signal EFM module 

16 

salon la norme CD. 

6. Appareil de mise en oeuvre du procede salon 
l'une quelconque des revendicatlons preceden-

. leS, ·comportant des· moyens· d'explOratlOn '(53; -· -- · 
55) pour explorer la servopiste (4) 11 une vites-
se d'exploration determinee, moyens d'explo­
ration comportant des moyens d'ecriture {55) 
pour former, a une vitesse d'enregi$b'ement 
creterminee, la configuration d'informatlon de 
marques d'enregistrement correspondant aux 
signaux d'information, et des moyens (53, .56) 
pour detecter la modulation de piste presente 
dans la partie exploree de la piste et pour 
engendrer un signal de cretectlon correspon­
dant a la modulation de piste d9tectee, carac­
terise en ce qu'il comporte un demodulateur 
FM (80) pour recuperer un signal d'informatlon 
de poSition a partir du signal de cretectloil et 
des moyens (57, 58, 59," 60, 61, 62, 65, 67) 
pour maintenir la relation de phase flxe entre 
les signaux de synchronisation de temps du 
signal d'information et las signaux de synchro­
nisation de position compris par le signal d'in· 
formation de position recupere par adaptation 
de la vitesse d'exploration etlou d'enregistre­
ment. 

7. Appareil salon la revendication 6, caracterise 
en ce qu'il comporte un sys~me de comman­
de a boucle fermee pour regler la vitesse 
d'exploration en fonction de la modulation de 
piste detectee, raison pour laquelle le systeme 
de commande comporte des moyens (57) pour 
deduire de la modulation de piste detectee un 
signal de mesure periodique dont la frequence 
est indicative de· la vitesse d'exploration, des 
moyens (63) pour engendrer un signal de refe­
rence periodique, le rapport entre la frequence 
du signal de mesure periodique et la fr9quen­
ce des signaux de synchronisation de temps 
etant egal au rapport entre la frequence 
moyenne de la modulation de piste et la fre­
quence des signaux de synchronisation de po­
sition, des moyens comparateurs de phase 
(60) pour detecter les differences de phase 
entre le signal de mesure et le signal de 
reference, et des moyens (61) pour regler la 
vitesse d'exploration en fonction de la ditteren­
ce de phase detectee, a \'.me valeur pour la­
quelle la valeur moyenne de ladite difference 
de phase reste sensiblement constante. 

8. . Appareil salon la revendication 6 ou 7, caracte­
rise en ce qu'il comporte des moyens de de­
tection pour detecter la modulation de piste de 
la partie de piste exploree, des moyens {80, 
81, ~4. 90) pour recuperer les signaux de 

•. ! 
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synchronisation de position a partir .~;,,.,a mo­
-dulation de piste dete~e. des (;,i$conds 
moyens compa)rateurs de phase (67) pour de-

·~\,.:: .. : --:~::;.:h==,~~-= :~~: =~~~ ':1~:!~~= 5 -
synchronisation de position reeu~res, et des 
moyens (58, 61, 67) pour adapter la vitesse 
d'enreglstrement et/ou la vitesse d'exploration 
en fonction de la diMrence de Phase cletectee. 

9. _ Appareil salon l'une quelconque des revendi­
cations 6, 7 et· 8, caracterise. en ce qu'il com­
porte -des moy,ens (64) pour engendrer le si­
gnal d'information, pourvus de moyens pour 

· engendrer les signaux de code de temps, l~ap­
parell comport~t encore des moyens (80, :83, 
85) pour recuperer le signaux de code de 
position a partir de la modulation de piste 
c19tectee, ainsij que des moyens de reglage 
(67, 69) pour ~egler, au debut de l'enregistre­
ment, las moy~ns de generation des signaux 
de code de temps en correspondance avec les 
signaux de code de position recu~res. 
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