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ing the write spot and the record carrier with respect to each other can be
alleviated so that the write and The invention relates to an optical record
carrier  read apparatus can be simple manner and inexpen- to be
optically-provided with optically readable infor-  sive. mation, said
record carrier comprising a substrate   5  The user information is written
in recording layer provided with an information surface having a struc-
portions present on the servo-tracks. In the record ture of servo-tracks in
which the information is to be  carrier according to German Patent
Application recorded and which servo-tracks alternate in a trans-
3,100,421 the servo-tracks are not continuous tracks versal direction, i.e.
transversely to the track direc-  but they are interrupted by address and
synchroniza- tion, with intermediate lands located in a first informa-  10
tion areas. The address areas indicate the position on tion plane, whilst
the servo-tracks are located in a  the record carrier and the
synchronization areas are second plane, the servo-track structure having a
giv-  used to generate a clock signal with which the tangen- en transversal
track period and being provided with  tial speed, or the speed in the track
direction, of the an inscribable recording layer for writing optically de-
scanning spot can be controlled. If for the purpose of tectable information
areas in the servo-tracks.  15  remaining within the standard laid down for
the CD The invention also relates to an apparatus for   audio disc the
information is to be recorded in the form reading and/or writing
information in a pattern of opt-  of an EFM-coded signal, the address and
synchroni- ically detectable information areas in such a record  zation
areas are a handicap because such a signal re- carrier, said apparatus
comprising scanning means   quires an uninterrupted track. for scanning a
track by means of a radiation beam,  20  Particularly for recording an
EFM-modulated in- opto-electrical conversion means for converting radi-
formation signal it has therefore been proposed to use ation from the track
into an electric signal and asignal  a record carrier in which the
servo-tracks are contin- processing circuit for deriving from the electric
signal  uous tracks which have a geometrical modulation in- an information
signal representing the information re-  corporating the desired control
signals. This modula- corded in the scanned track.                   25
tion is, for example, a periodical transversal excur- in the case of a
round disc-shaped record carrier  sion of the servo-tracks, also referred
to as trackwob- the servo-tracks may be concentric tracks, but pre-  ble,
which excursion has an amplitude which is con- ferably these tracks are
quasi-concentric tracks    siderably smaller than the track width and a
frequen- which join one another to form a spiral track       cy which is
considerably lower than the frequency of Optical record carriers are
generally known   30  the information signal to be written. nowadays,
particularly on the consumer market, as       For the record carriers in
question it will be an ur- audio disc, or compact disc ("CD) and as video
disc,  gent requirement to obtain a maximum possible con- or Laservision
disc. These record carriers, which   trast, which in the case of a
reflective record carrier have been written by the manufacturer and can
only  means a maximum possible reflection difference be- be read by the
consumer, can be manufactured in  35  tween the servo-tracks and the
intermediate tracks. bulk quantities at low cost by using known pressing  A
high track contrast is particularly important if a and replica technique
starting from a so-called "mas-  tracking error detection method is to be
used which ter disc in which the Information is first written opti-  is
based on the measurement of intensitydifferences, cally. In addition, there
are record carriers In which a  such as the known three-spot tracking
method. Also user can write information himself.            40  if the
possibilityof counting tracks is to be used in the Such a record carrier
described, for example, in  case of a fast searching procedure for the
written re- German Patent Application DE-OS 3,100,421 laid      cord
carrier, in which the radiation spot is moved at open to public inspection
has a servo-track structure  great speed in the transversal direction
across the re- and a recording layer provided thereon whose optical  cord
carrier, it is quite desirable for these tracks to properties can be
changed locally by a radiation   45   have a sufficiently high contrast
with the intermediate beam focused to a small radiation spot. The inscrib-
tracks. able record carriers, which in the first instance are in-  As is
known, the servo-tracks may be relatively tended for professional or
semi-professional use, but  narrow or relatively wide. Relatively narrow
and rela- which are also going to be used in the consumer field,  tively
wide are understood to mean that the width of can be manufactured by means
of the same low-cost  50  the servo-tracks is smaller and larger,
respectively, method as the written record carriers for consumer  than half
the transversal track period. When writing applications.
an information area in a servo-track with a small ra- When the information
is written, the servo-tracks  diation spot having a sufficiently high
intensity, the are used to detect the position of the write-radiation
optical property of the recording layer in this area is spotwith respectto
the centre line of a scanned track   55  changed in such a way that this
area is well distin- and the tracking error signal obtained is used to cor-
guished from the rest of the servo-track and can rect this position.
Consequently, the requirements  therefore be satisfactorily detected
afterwards. It has imposed on the drive and guide mechanisms for mov-
been found thatwriting of such an areamaydetrimen- 2    
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contrast of the servo-track at the loca-  recording layer being
white-writing or black-writing. tion ofthis area, dependent on the
trackwidth and the   United States Patent4,363,116 mentions as pos- type of
recording layer.                            sible recording layers for a
record carrier having a nar- The optical recording layers may be divided
into  row servo-track both a reflective layer in which small two types,
namely the "white-writing" layers and the   5   holes having a reduced
reflection are melted during "black-writing" layers. A white-writing layer
is under-  writing, hence a black-writing layer, as well as a dou- stood to
mean a layer for which the radiation from a  ble layer comprising a first
layer of reflective material written information area has a higher
intensity than  coated with a second layer which is locally removed the
radiation from the ambiance of this area. The re-  during writing and thus
releases the reflective sub- verse is true of a black-writing material. In
the case   10  layer, this double layer thus being a white-writing lay- of
a reflective record carrier with a white-writing re-  er. cording layer the
effective reflection factor of an infor-  European Patent Application
0,144,436 de- mation area is largerthan that of its ambiance, where-
scribes an inscribable record carrier having either a as for such a record
carrier with a black-writing re-  black or a white-writing recording layer
which is eras- cording layer the effective reflection factor of the writ-
15  able and reinscribable, or non-erasable and inscrib- ten area is
smaller than that of its ambiance.      able, respectively. The polarity of
the recording layer The present invention has for its object to provide  is
laid down un a mark on the record carrier itself out- an inscribable record
carrier in which the said problem  side the annular area in which the
Information must be of a reduced track contrast due to the writing informa-
written or in the holder for this record carrier. This tion can no longer
occur. The record carrier according   20   mark is used to adapt the
polarity of the read informa- to the invention is characterized in that, to
increase  tion signal itself to the recording layer when reading the
contrast between the servo-tracks provided with  the record carrier or to
adapt the polarity of the infor- information areas and the intermediate
lands; one of  mation signal to be written when writing the informa- the
following combinations of properties is realized:  tion, so that no
adaptation is required during reading. - a white-writing recording layer
and a servo-  25   The adaptation of the polarity of the signal means that
track width which is larger than half the trans-  the sign of the pulses of
the digital signal changes, or versal track period,
in other words, the pulses are inverted. When writing - a black-writing
recording layer and a servo-   and reading the record carrier according to
the pres- trackwidth which is smallerthan half the trans-  ent invention,
the polarity of the write or read signal versal track period,
30   need not be adapted. The track width information and in that it
comprises an indication about the servo-  present in the record carrier is
used to set reference track width.
levels for servo-signals or auxiliary signals in an elec- This solution to
the problem which has now be-   tronic processing circuit with which the
output signals come urgent is based on the recognition that for the  of a
radiation-sensitive detection system are process- conventional size of the
radiation spot a narrow ser-  35  ad to information and servo-signals.
European Patent vo-track behaves as a diffractive element so that this
Application 0,144,436 does not state that there track effectively has a
smaller reflection or transmis-  should be a given relationship between the
polarity of sion coefficient than the contiguous intermediate   the
recording layer and the width of the servo-tracks. tracks, whereas a wide
servo-track has a larger ef-     The indication about the servo-track width
may fective reflection or transmission coefficient than the   40   be
provided in an optically readable feature located intermediate tracks.
Moreover, due to the intensity  outside the servo-track area. distribution
within the radiation spot, an information  However, this indication is
preferably provided in area written in the centre of a servo-track has a
great  a lead-in track preceding the servo-track structure. Influence on
the radiation from the entire track width.  A preferred embodiment of this
record carrier Is It is to be noted that inscribable record carriers  45
further characterized in that the lead-in track com- having a narrow or a
wide servo-track are known per  prises a previously recorded standard EFM
signal se, for example, from United States Patent 4,363,116  with a subcode
signal, the Indication aboutthe servo- and European Patent Application
0,189,940, respec-  track width being incorporated in the Q-channel sig-
tively. However, neither of these Patent publications  nal of the subcode
signal. states a relationship between the track width and the   50  The
terms EFM signal, subcode signal and Q- recording layer being white-writing
or black-writing.  channel signal are known from the technology in the It
is further to be noted that JP-A 61-74147 dis-  field of audio CD record
carriers. closes thatthe arnountof radiation reflected by the in-  It is to
be noted that JP-A61-243974 discloses a formation surface is dependent on
the width of the   magneto-optical record carrier wherein Information
tracks. According to JP-A 61-74147 the track width  55  relating to
recording and reproducing conditions is en- should be set to half the track
period In order to obtain  coded in the sub-code Q-channel. This
publication a good tracking-errorsignal. This publication does not  does
not mention small and wide tracks or white- state a relationship between
the track width, and the  writing and black-writing layers. 3    



5                   EP0327172B1                     6 The information
previously provided in the lead-  these tracks. For the sake of clarity
Fig.1 only shows in track is recorded in the form of information areas  a
few servo-tracks 3 and intermediate tracks 5. The alternating in the track
direction with intermediate  spiral track is mainly a continuous track and
has only areas. The information areas have such a small width  a lead-in
track section 8 at its start and possibly a and the distance between the
plane of these areas   5   lead-out track section 7 at its end. The lead-in
track and the plane of the intermediate tracks is such that,  section may
be followed by a quantity of previously upon scanning with the radiation
spot, these areas al-  recorded user information, which is standard
informa- ways supply a satisfactory track width indication sig-  tion for a
large number of users. nal whose quality is independent of the width of the
Record carrier parameters which are important subsequent servo-tracks.
10  for writing and reading are stored in the lead-in track According to a
second aspect of the invention the  section. One of these parameters is the
width of the apparatus forreading and/orwriting the record carrier
servo-track important for the present invention. In ad- is characterized in
that means are provided for deriv-  dition, data such as the difference in
reflection of the ing a track width indication signal from the electric
recording layer before and after recording informa- signal and setting
means setting the signal process-  15  tion, the desired writing strategy
and the desired writ- ing circuit in dependence upon the derived track
width  ing intensity may be laid down. indication signal for reading a
black-writing or white-  As is shown in Figs. 2 and 3, which are a plan
view writing recording layer.                           and a tangential
cross-section, respectively, of a part A preferred embodiment of this
apparatus is fur-  of the lead-in track section 6on an enlarged scale, the
ther characterized in that the signal processing circuit  20  lead-in track
section comprises a plurality of lead-in comprises an EFM subcode
demodulator for deriving  information areas 8 alternating in the track
direction the Q-channel signal from the electric signal, the set-  with
intermediate areas 9. A given succession of ting means comprising detection
means for detecting  areas 8 and intermediate areas 9 represents a given
the unique code in the Q-channel signal indicating the  combination of
digital ones and zeros. The lead-in in- location of the track width
indication signal and for  25  formation areas 8 comprise pits recessed in
the sur- separating the track width indication signal from the  face 2 of
the record carrier substrate 10. These pits Q-channel signal in response to
the detection of the  may have the same depth as the servo-tracks. This
unique code.                                       depth [err] with respect
to the surface 2, represented by The invention will now be described in
greaterde-  the intermediate areas 9 in Fig. 3, is then chosen to tail, by
way of example, with reference to the accom-  30  be such that the pits can
be satisfactorily read by panying drawings in which
means of the known so-called "Central Aperture" Figs. la and lb show an
embodiment of an in-    method, or integral method on the one hand and that
scribable record carrier in a plan view and in a ra-  the position of the
scanning radiation spot with re- dial cross-section,
spect to the centre line 4 of the servo-track can be Fig. 2 shows In a plan
view and on an enlarged   35  satisfactorily determined by means of the
known so- scale a part of the lead-in track on this record car-  called
Push-Pull"ordifferential detection method on rier,
the other hand. In the latter method the radiation com- Fig. 3 shows this
part in a tangential cross-   Ing from the record carrier and condensated
byan ob- section,                                       jective system is
detected by means of two radiation- Figs. 4 and 5 show the relationship
between the   40  sensitive detectors which are located on different
contrast of the servo-tracks and the intermediate  sides of a line which is
effectively parallel to the track tracks on the one hand and the width of
these   direction. The difference between the output signals servo-tracks
and the type of record carrier on the  of these detectors represents the
magnitude and the other hand,                                     direction
of a deviation between the centre of the ra- Figs. 6 to 9 show different
embodimentsof the re-  45  diation spot and the centre line of the
servo-track. In cord carrier according to the Invention,        the Central
Aperture method the radiation coming Fig. 10 shows an embodiment of an
apparatus for  from the record carrier and condensated by the objec-
writing and reading this record carrier,       tive system is received by a
central radiation-sensi- Fig. 11 shows an embodiment of a signal proc-
tive detector. essing and control circuit of this apparatus,  50  The pits
8 may alternatively have a larger depth Fig. 12 shows a pattern of
information areas writ-  than the servo-tracks 3. Then both a maximum Cen-
ten in the record carrier, and                  tral Aperture signal of
these pits and a maximum dif- Fig. 13 shows the format for the Q-channel
signal  ferential tracking error signal of the servo-tracks can
incorporated in a standard EFM signal.          be obtained. The round
disc-shaped record carrier of Fig. 1  55  As already noted, the bounding
linesof the servo- with the information surface 2 has a multitude of ser-
tracks may have periodical excursions with respect to vo-tracks for example
joining one another to form a  their centre lines shown in Fig. la, the
phases of the spiral track. Fig. la only shows the centre line 4 of
excursions of the two bounding lines associated with 4    
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equal. Such tracks are also referred  reference to Figs. 4 and 5 for a
reflective track struc- to as wobbling tracks. For a track structure having
a  ture which is exposed through the substrate in con- transversal track
period of 1600 nm the wobble am-  formity with the situation shown in Fig.
3. Fig. 4a is a plitude is, for example, 30 nm so that for a track width
radial cross-section of a part of a record carrier with [err] of 1200 nmthe
wobble amplitude is equal to [err]/40   5   narrow servo-tracks in the form
of grooves 20 in the and for a track width W2 of 600 nm it is equal to
[err]/20.  substrate 10. The track structure is coated with a re- The
frequency of the track wobble is of the order  flective recording layer21.
The servo-tracks have, for of several tens of kHz and is much smaller than
the  example, a width [err] of 0.6um and the transversal frequency of the
information signals to be written,  track period [err] is, for example, 1.
6pm. When scan- which is of the order of MHz. The wobble frequency   io
ning these grooves with a radiation spot whose half- may have a fixed
component which is used for gen-   value width is of the order of 1um,
which spot is erating a clocksignal with which the writing speed can
formed by a radiation beam incident on the lower side be controlled. This
fixed wobble frequency may also  of the substrate (arrow 13), the radiation
is reflected be used to make a dynamic signal from the differen-  (arrow
14) and diffracted. The half-value width may tial tracking error signal.
The wobble frequency may   15  be defined as the distance between the
points in the be modulated with a digital position information signal
radiation spot where the Intensity is equal to l/[err]2 of so that the
position of the radiation spot on the record  the maximum intensity, in the
centre of a radiation carrier can be determined when scanning the servo-
spot. Due to the diffraction less radiation will be re- tracks.
ceived by an objective system which is arranged un- The track wobble is
only an example of possible  20   der the record carrier (see Fig. 10) so
that less radia- manners of servo-track modulation for storing the   tion
is incident on a radiation sensitive detection sys- said clock and position
information. Such a track   tem arranged behind the objective system. If
the ra- modulation may also consist of a depth or width mod-  diation spot
is located on the centre of an intermedi- ulation of the servo-track. For
all possible ways of  ate land 5, a maximum quantity of radiation passes
track modulation it holds that the amplitude of this  25  through the
objective system because then there is modulation is small.
hardly any diffraction. To be able to use theservo-tracks with a satisfac-
Fig. 4b shows the variation of the intensity [err]of tory result, these
tracks must have a sufficiently high  the radiation beam behind the
objective system as a contrast with respect to the intermediate lands. If
in-  function of the radial position rof the radiation spot on formation
areas, diagrammatically shown by means   30  the record carrier in
accordance with Fig 4a. In Fig. 4b of the reference numeral 15 in Fig. la,
are recorded  the reference [err] denotes the minimum desired re- in a
servo-track, these areas will have a great influ-  flection difference
between a groove and an inter- ence on the intensity of the radiation
coming from the  mediate land. record carrier and received by the detector.
These In-  When writing information areas in the servo- formation areas
will determine the contrast of the ser-  35   grooves, for example, pits
are melted in the recording vo-track with respect to an Intermediate track
to a  layer, which pits have a reflection-reducing and dis- considerable
extent. This also applies to a record car-  parsing effect. The information
areas may also be rier having a relatively wide track, as shown in Fig. 2,
written in so-called phase change materials which in which the information
areas extend across, for ex-  change their reflection underthe influence of
incident ample, only a part of the track width. This is a result  40
radiation. Afterwriting information areas in the servo- ofthefactthatthe
radiation beams used have a clock-  tracks and upon re-scanning these
tracks, the inten- shaped, for example, Gaussian intensity distribution
sty of the beam from the servo-tracks is reduced, as with a maximum
intensity on the centre line of the  is evident from a comparison of Figs.
4c and 4b. track where the centres of the information areas are    Fig. 4c
relates to a black-writing recording layer. also located. For a record
carrier in which the servo-  45  If a white-writing recording layer were
provided on the tracks have the same width as the lead-in information
track structure of Fig. 4a, the reflection would be lo- areas 8 and in
which the written information areas 15  cally increased by writing
information areas, as is have at least the same width, the influence of the
in-  shown in Fig. 4d. Then the situation may occur that formation areas on
the track contrast is evident.   the difference in reflection between the
written ser- According to the invention the record carrier is  50
vo-tracks and the intermediate lands becomes small- adapted to be such that
writing of information areas  er than the minimum desired difference [err].
In ex- in a servo-track increases the contrast of this track  treme cases
the reflection of a written servo-track with respect to the contiguous
Intermediate lands.  may even be larger than that of an intermediate land.
This is achieved by providing a white-writing record-   It follows from the
above that a black-writing re- ing layer in the case of wide servo-tracks
and a black-  55   cording layer must be used for narrow servo-tracks.
writing recording layer In the case of narrow servo-    Besides the said
reflective layer in which pits are tracks.
melted, black-writing recording layers may alterna- The inventive concept
will now be described with  tively be layers of alloy materials which can
melt to- 5    



9                   EP 0 327 172 B1                 10 gether upon laser
light radiation and then exhibit a re-  writing layer 24. Also in this
record carrier the servo- duced reflection or transmission coefficient, and
lay-  tracks may be formed by wide ridges on the informa- ers of so-called
phase change materials which      tion surface 2 Instead of bygrooves.
Aprotective layer change from the crystalline to the amorphous state  28
which need not be transparent and need not have under the influence of
incident radiation, or converse-   5   a good optical quality may be
provided on the record- ly, which change is accompanied by a change of the
ing layers 21 and 24. reflection or transmission coefficient. An example of
If the recording layers 21 and 24 in the record car- a black-writing phase
change material is gallium an-  riers according to Figs. 6 and 7 are
transmission lay- timonide.                                          ers
Instead of reflective layers, these record carriers There are also
white-writing phase change mate-  10   may be read in transmission. The
protective layer 26 rials such as indium antimonide. Other examples of
must then have a good optical quality. white-writing recording layers are a
double layer com-  Such a good quality is also required for the pro-
prising a sub-layer of reflective material and an upper  tective layer 29
of the record carriers according to layerwhich, when melted away, increases
the reflec-  Figs. 8 and 9 which are written and read by radiation tion of
the double layer, or layers of alloy materials  15  which is incident from
the top, and which does not whose reflection or transmission coefficient is
in-  pass through the substrate 30. This substrate may creased when they
melt together.                   then be opaque. In the record
carrieraccording to Fig. Fig. 5a shows a reflective track structure with  8
the servo-tracks consist of narrow ridges 27 on the wide servo-grooves 23.
The width [err] of these     information surface 2 and the recording layer
is a grooves is, for example, 1.1um and the track period   20
black-writing layer 21. In the record carrier according Pt is, for example,
1. 6im. These grooves behave for  to Fig. 9 the servo-tracks consist of
wide ridges 28 on a radiation spot with a half-value width of the order of
the information surface 2 and the recording layer is a l um as mirror
portions reflecting the radiation sub-  white-writing layer 24. The narrow
and wide ridges 27 stantiallywithoutdiffraction. However, if the centre of
and 28 may also be replaced by narrow and wide the radiation spot is
located on the centre line of a nar-  25  grooves in the information
surface. row intermediate land 5, the radiation is largely dif-  As is
known, record carrierswhich are written and fracted.
read through the substrate are preferred to record Fig. 5b shows the
variation of the radiation inten-  carriers for which this is not the case.
sity incident on the radiation-sensitive detection sys-  Fig. 10 shows
diagrammatically an embodiment tern as a function of the radial position of
the radiation   30  of an apparatus for writing and reading a record car-
spot.                                              rier according to the
invention. The record carrier 1 Fig. 5c shows how the intensity of the
radiation  with the information surface 2 provided with servo- from the
grooves is reduced if an information area 25  tracks 3 and the recording
layer 21 on this surface is is written In a black-writing recording layer
24. The  shown in a radial cross-section. This record carrier is contrast
difference between the servo-tracks and the   35  scanned by a beam b
emitted by a radiation source intermediate tracks can now become
smallerthan the  40, preferably a semiconductor diode laser such as an
minimum desired value [err].                          AIGaAs laser. The
beam b Is focused on the informs- If the recording layer 24 is a
white-writing layer,  tion surface 2 by means of an objective system 44. In
the writing of information areas in the servo-tracks in-  the radiation
path there is arranged a collimator lens creases the reflection difference
between these   40  42 converting the diverging beam emitted by the di-
tracks and the intermediate tracks so that this differ-  ode laser into a
parallel beam having such a cross- ence amply exceeds the value [err].
section that the pupil of the objective system is well It will be obvious
that a white-writing recording  filled sothatadiffraction-llmited
radiationspotVwith layer must be used if the servo-tracks are wide    a
minimum size is formed on the information surface tracks.
45  2. The height of the apparatus can be limited by ar- Figs. 6 to 9 show
different embodiments of a re-  ranging a mirror 43 between the collimator
lens and flective record carrier according to the invention. The  the
objective system, which mirror reflects the beam record carriers according
to Figs. 6 and 7 have a  at an angle of 90. transparent substrate 10 and
are written, and read     During writing of the information the intensity
of through this substrate, as is indicated by the arrows   50  the beam is
switched between a high (write) level re- 13 and 14 atthe bottom of these
Figures. In the record  alizing an opticallydetectable change in the
recording carrieraccording to Fig. 6the servo-tracks are narrow  layer and
a low (read) level at which such a change grooves 20 and the recording
layer is a black-writing  does not occur. The intensity modulation of the
beam layer 21. Instead of being formed by grooves the ser-  is preferably
realized by modulating the electric cur- vo-tracks in this record carrier
may alternatively be  55  rent through the diode laser by means of a
control cir- formed by ridges on the information surface 2. In the  cult 50
to which the information signal [err] to be written record carrier
according to Fig. 7 the servo-tracks are  is applied. wide grooves 23 and
the recording layer is a white-    During the writing procedure it can be
ascer- 6    



11                  EP 0 327 172 B1                 12 tained by means of
the radiation reflected by the re-  ated by radiation beam b, so that a
pattern of infor- cording layerwhether the centre of the radiation spot
mation areas is provided in the track 3 representing deviates from the
centre line of the servo-track por-  the signal [err] to be recorded. tion
to be written. This reflected radiation traverses  Fig. 12 shows an example
of a pattern of informa- the objective system 44 and the collimator lens 42
5   tion areas 15 provided in a track portion 3 in the man- and at least a
part of this radiation is reflected to a ra-  ner described hereinbefore.
diation-sensitive detection system 48 by a beam-       If the information
thus recorded in the track por- separating element 41, for example, a semi-
tion 3 must be read again, the pattern of information transparent mirro.
This system comprises two detec-  areas 15 is scanned by the radiation beam
b, whilst torn 47 and 48 which are separated from each other  l0  the
intensity of the radiation beam b is set to a level by a narrow strip which
is effectively parallel to the  which is too low to bring about an
optically detectable track direction. The output signals of the detectors
47  change. The low intensityofthe radiation beam b may and 48 are applied
to a signal processing and control  be set by bringing the multiplex
circuit 63 by means circuit 50 in which a tracking error signal [err]
compris-  of the control unit 62 to a state in which a control sig- ing
information about the magnitude and direction of  15  nal II at one of the
inputs of the multiplex circuit 63 is a deviation between the centre of the
radiation spot  applied to the laser 40. When scanning the pattern of V and
the centre line of a scanned track portion 3 is  information areas 15, the
intensity of the reflected ra- derived from the difference between the
detector sig-  diation beam b is modulated in conformity with the nals.
This tracking error signal Is applied to a control  pattern. member 52 with
which the position of the radiation   20  The signal component representing
the intensity spot can be corrected.                             modulation
brought about by the pattern of informa- This control may consist of
tilting the reflector43  tion areas is separated by means of a high-pass
filter through small angles about the axis 51, which tilting  64 from the
sum signal 49 of the detectors 47 and 48, moves the radiation spot V in the
radial direction. The  which signal is proportional to the intensity of the
re- radial ortransversal control signal may be split up into  25  flected
radiation beam. This signal component is ap- a fine-control component with
which an accurate con-  plied to an EFM demodulator 88 of a conventional
trol can be realized within a limited control range, for  type, which
converts the signal into an information example, by tilting the reflector
43, and a coarse-  signal So. The EFM demodulator 66 comprises a sub-
control component with which a coarser control can  code demodulator 73 for
recovering the Q-channel be realized over a larger range. The coarse
control  30  signal which is incorporated in the EFM signal. The Q- may be
realized by moving a holder 53 which holder  channel signal is applied via
a signal line 72 to the only accommodates the reflector and the objective
control unit 62 which controls the reading operation system, or a holder
accommodating all optical com-  in a conventional manner by means of the
applied Q- ponents of the apparatus, in the radial direction.  channel
signal. For reading the information written in the record  35  The record
carrier according to the Invention in- carrier also the apparatus according
to Fig. 10 is used  corporates an indication about the width of the servo-
the radiation beam b having now a constant intensity.  tracks, which
indication Is read by the apparatus ac- Then the sum of the signals of the
detectors 47 and  cording to Figs. 10 and 11 and is used to set various 48
is determined and further processed in the signal  controls dependent on
whetherwideornarrowservo- processing circuit. The output signal [err] of
the circuit  40  tracks are present in the record carrier. 50 represents
the information read from the record    If record carriers are used for
recording EFM sig- carrier.                                           nals,
it is preferable to incorporate this indication in a Fig. 11 shows an
embodiment of the signal proc-  Table of contents (TOC) recorded in the
lead-in track. essing circuit 50 comprising an encoding circuit, for  The
lead-in track, which is constituted by a sec- example, an EFM modulator 60
of a conventional type   45  tion of the track structure not intended for
recording, with which an information signal [err]to be recorded can  is
denoted by the reference numeral 6 in Fig. 1. Fig. be converted into an
EFM-modulated signal.         2 shows a part of the lead-in track 6 on an
exagger- The EFM-modulated signal at the output of the   ated scale
comprising a pattern of areas which have EFM modulator 60 is applied to a
circuit61 which con-  been recorded in advance. Fig. 3 is a tangential
cross- verts the EFM-modulated signal into a series of con-  50  section of
this part. trol pulses for the laser 40 as described in detail, for  The
so-called Q-channel is eminentlysuitable for example, in United States
Patent no. 4,473,829. The  recording the track-width indication. This
Q-channel output signal of the circuit 61 can be applied to the las-
comprises 98 bits which are recorded in each EFM er 40 via a multiplex
circuit 63 controlled by a pro-  subcode frame together with the other
information. grammable control unit 62. In response to the control  55
Fig. 13 shows the format of the 98 Q-channel bits pulses the laser 40
generates radiation pulses having  associated with a subcode frame. The 98
bits are an intensity which is sufficient to realize an optically  spread
over a group 80 of 2 bits, two groups 81, 82 detectable change In the
portion of the track 3 irradi-  of 4 bits, two groups 83 and 84 of 8 bits,
groups 85 7    



13                  EP 0 327 172 B1                   14 of 56 bits and one
group 86 of 16 bits. The bits of  same polarity. group 80 are used for
synchronization. The bits of      For the track loss detection and the
signal loss or group 81 are used as control bits. In the lead-in track
dropout detection reference may be made, for exam- 6 the 12 bits of groups
82 and 83 constitute a code  pie, to European Patent Application no.
0,138,273 "100" (hexadecimal) indicating that the relevant track    5
(PHN 10.804). Reference levels for the signals are portion forms part of
the lead-in track 6.           used for these detections, which levels are
different The type of information stored in group 85 is char-  for a wide
servo-track than for a narrow servo-track. acterized by means of 8 bits of
group 84. The 16 bits  In the signal processing and control circuit the
track- of group 86 are used for error detection.            width
information read from the lead-in track 6 is used A unique bit combination,
for example, FF (hexa-  l0  to realize a desired adaptation of the said
reference decimal) can indicate that the bits in group 85 repre-  levels to
the track width. sent information about the parameters of the record
carrier. A number of these bits, for example, those of sub-group 85a may be
used to indicate the track      Claims width. The other bits of group 85
may be used to in-  15 dicate other parameters, for example, the desired
1. An optical record carrier (1) to be optically provid- write intensity
and the desired write strategy.         ed with optically readable
information, said re- The indication about the servo-track width may
cord carrier comprising a substrate (10) provided simply be recovered when
scanning the lead-in track     with an information surface (2) having a
structure 6 from the Q-channel bits which are applied via the   20  of
servo-tracks (3) in which the Information is to signal line 72 to the
programmable control unit 62.     be recorded and which servo tracks
alternate in This information is used to set various auxiliary con-  a
transversal direction (2), i.e. transversely to the trol circuits in the
write-read apparatus in depend-    track direction, with intermediate lands
(5) locat- ence upon the servo-track width.                        ed in a
first information plane (2), whilst the ser- This apparatus may comprise
further known sub-   25  vo-tracks are located in a second information
apparatus not shown in Figs. 10 and 11, such as sub-    plane, the
servo-track structure having a given apparatus for
transversal track period (P) and being provided - the correction of offsets
in the tracking error    with an inscribable recording layer(11; 21; 24)
for signal;                                            writing optically
detectable information areas - detecting whether the radiation spot moves
so    (8;22;23) in the servo-tracks, characterized in alongside the
servotrack, hence whether there      that to increase the contrast between
the servo- Is track loss;                                    tracks (20)
provided with information areas - detecting signal loss due to
irregularities in the  (8;22;23) and the intermediate lands (5), one of
information surface ("drop-outs").                the following
combinations of properties is real- An offset
ofthetrackingerrorsignal,[err]inFig. 10,  35    ized: is understood to mean
that this signal indicates that      - a white-writing recording layer (24)
and a the radiation spot V is not centred on the servo-track
servo-track width ([err]) which is larger than to be scanned, whereas this
is actually the case, or         half the transversal track period ([err]),
conversely. Such an offset may be caused, for exam-        - a
black-writing recording layer (21) and a ple, by an asymmetry in the
intensity distribution of  40    servo-track width (WI) which is smaller
the scanning beam or by an oblique position of the re-       than half the
transversal track period ([err]) cord carrier. As described, for example,
in United      and in that it comprises an indication about the States
Patent no. 4,471,477 (PHN 10.202) a signal       servo-track width. which
is indicative of this offset can be obtained by wobbling the radiation spot
and the track with respect  45   2. An optical record carrier as claimed in
Claim 1, to each other in a transversal direction upon scanning
characterized in that the servo-track width indica- a track, so that the
detector signal acquires a wobble  tion (85a) is provided in a lead-in
track (6) preced- component. By comparison of the phase and the fre-
ing the servo-track structure (3). quency of this component with that of
the movement of the radiation spot and the track with respectto each  55
3. An optical record carrier as claimed in Claim 2, other, the desired
offset signal can be obtained, with  characterized in that the lead-in
track (6) com- which signal the tracking error signal can be correct-
prises a previously recorded standard EFM signal ed. The offset signal has
a different polarity for a wide  with a subcode signal, the indication
about the track as compared with the polarityfora narrowtrack.
servo-track width being incorporated in the Q- With the indication about
the track width obtained  55  channel signal (80-86) of the subcode signal.
from the lead-in track 6 it can be ensured in the signal processing and
control circuit that the offset signal is  4  An optical record carrier as
claimed in Claim 3, combined to the tracking error signal always with the
characterized in that the location of the servo-    13
EP0327172B1                      14 



of 56 bits and one group 86 of 16 bits. The bits of  same polarity. group
80 are used for synchronization. The bits of      For the track loss
detection and the signal loss or group 81 are used as control bits. In the
lead-in track  dropout detection reference may be made, for exam- 6 the 12
bits of groups 82 and 83 constitute a code  ple, to European Patent
Application no. 0,138,273 100" (hexadecimal) indicating that the
relevanttrack   5   (PHN 10.804). Reference levels for the signals are
portion forms part of the lead-in track 6.          used for these
detections, which levels are different The type of information stored in
group 85 is char-  for a wide servo-track than for a narrow servo-track.
acterized by means of 8 bits of group 84. The 16 bits  In the signal
processing and control circuit the track- of group 86 are used for error
detection.           width Information read from the lead-in track 6 is
used A unique bit combination, for example, FF (hexa-  10  to realize a
desired adaptation of the said reference decimal) can indicate that the
bits in group 85 repre-  levels to the track width. sent Information about
the parameters of the record carrier. A number of these bits, for example,
those of sub-group 85a may be used to indicate the track     Claims width.
The other bits of group 85 may be used to in-  15 dicate other parameters,
for example, the desired    1. An optical record carrier (1) to be
optically provid- write intensity and the desired write strategy.
ed with optically readable information, said re- The indication about the
servo-track width may      cord carrier comprising a substrate (10)
provided simply be recovered when scanning the lead-in track     with an
information surface (2) having a structure 6 from the Q-channel bits which
are applied via the   20  of servo-tracks (3) in which the information is
to signal line 72 to the programmable control unit 62.     be recorded and
which servo tracks alternate in This Information is used to set various
auxiliary con-  a transversal direction (2), i.e. transversely to the trol
circuits in the write-read apparatus in depend-    track direction, with
intermediate lands (5) locat- ence upon the servo-track width.
ed in a first Information plane (2), whilst the ser- This apparatus may
comprise further knownsub-   25  vo-tracks are located in a second
information apparatus not shown in Figs. 10 and 11, such as sub-    plane,
the servo-track structure having a given apparatus for
transversal track period (P) and being provided - the correction of offsets
in the tracking error   with an inscribable recording layer (11; 21; 24)
for signal;                                           writing optically
detectable information areas - detecting whether the radiation spot moves
30   (8;22;23) in the servo-tracks, characterized in alongside the
servotrack, hence whether there      that to increase the contrast between
the servo- is track loss;                                    tracks (20)
provided with information areas - detecting signal loss due to
irregularities in the  (8;22;23) and the Intermediate lands (5), one of
information surface ("drop-outs").                the following
combinations of properties is real- An offset of the tracking error signal,
[err] In Fig. 10,  35  ized: is understood to mean that this signal
indicates that      - a white-writing recording layer (24) and a the
radiation spot V is not centred on the servo-track       servo-track width
([err]) which is larger than to be scanned, whereas this is actually the
case, or         half the transversal track period (P), conversely. Such an
offset may be caused, for exam-        - a black-writing recording layer
(21) and a pie, by an asymmetry in the intensity distribution of  40
servo-track width ([err]) which is smaller the scanning beam or by an
oblique position of the re-      than half the transversal track period
(P), cord carrier. As described, for example, in United       and in that
it comprises an indication about the States Patent no. 4,471,477 (PHN
10.202) a signal       servo-track width. which is indicative of this
offset can be obtained by wobbling the radiation spot and the trackwith
respect  45   2. An optical record carrier as claimed in Claim 1, to each
other in a transversal direction upon scanning  characterized in thatthe
servo-track width indica- a track, so that the detector signal acquires a
wobble  tion (85a) is provided in a lead-in track (6) preced- component By
comparison of the phase and the fre-      ing the servo-track structure
(3). quency of this component with that of the movement ofthe radiation
spot and the trackwith respecttoeach   50  3. An optical record carrier as
claimed in Claim 2, other, the desired offset signal can be obtained, with
characterized in that the lead-in track (6) com- which signal the tracking
error signal can be correct-  prises a previously recorded standard EFM
signal ed. The offsetsignal hasadifferent polarity fora wide   with a
subcode signal, the Indication about the trackascomparedwith the
polarityforanarrowtrack.        servo-track width being incorporated in the
Q- With the indication about the track width obtained  55  channel signal
(80-86) of the subcode signal. from the lead-in track 6 it can be ensured
in the signal processing and control circuit that the offset signal is  4.
An optical record carrier as claimed in Claim 3, combined to the tracking
error signal always with the   characterized in that the location of the
servo- 8    15                  EP 0 327 172 B1                 16 



track width indication in the Q-channel is indicat-  mationsgebieten (8;
22; 23) versehenen Servo- ed by means of a unique code (85a) in the Q-
spuren (20) und den Zwischenspurbereichen (5) channel.
eine der foigenden Kombinationen von Eigen- schaften verwirklicht lst: 5.
An apparatus suitable for reading and/or writing   5  - eine weill
schreibende Aufzeichnungs- information in a pattern of optically detectable
in-    schicht (24) und eine Servospurbreite (WI), formation areas (8) in a
record carrier (1) as          die grOfter als die halbe transversale Spur-
claimed in any one of the preceding Claims,             periode (pt) ist,
which read apparatus comprises scanning               - eine schwarz
schrelbende Aufzeichnungs- means for scanning a track (3) by means of a ra-
10    schicht (21) und eine Servospurbreite (W1), diation beam  (6)
opto-electrical conversion            die Wleiner ala die halbe
transversale Spur- means (46) for converting radiation from the
periode (pi) !st, track into an electric signal (49) and a signal proc-
und daB es eine Angabe Ober die Servospurbrei- easing circuit (50) for
deriving from the electric  te gibt. signal an information signal (50)
representing the   15 information recorded in the scanned track (3),  2.
Optischer Aufzeichnungstrager nach Anspruch characterized in that means
(64, 56, 73) are pro-  1, dadurch gekennzeichnet, daB die Angabe Ober vided
for deriving a track-width indication signal  die Servospurbrelte (85a) in
einerder Servospur- (72) from the electric signal (49) and setting
struktur(3) vorangehenden Anlaufspur(6) vorge- means (62) setting the
signal processing circuit  20  sehen ist. (50) in dependence upon the
derived track-width indication signal for reading and/or writing a  3.
Optischer Aufzeichnungstrager nach Anspruch black-writing or white-writing
recording layer.    2, dadurch gekennzeichnet, daB die Anlaufspur (6) ein
zuvor aufgezeichnetes Standard-EFM-Si- 6. An apparatus as claimed in Claim
5, character-  25  gnal mit einem Subcodesignal umfalt, wobei die ized in
that the signal processing circuit compris-  Angabe Ober die
Servospurbreite im Q-Kanalsl- es an EFM subcode demodulator (73)
forderiving     gnal (80-86) des Subcodesignals enthalten ist. the
Q-channel signal from the electricsignal (49), the setting means (62)
comprising detection     4. Optischer Aufreichnungstrager nach Anspruch
means for detecting the unique code in the Q-  30  3, dadurch
gekennzeichnet, daBl der Ort der Ser- channel signal indicating the
location ofthetrack-  vospurbreltenangabe in dem Q-Kanai mitHllfeei- width
indication signal and for separating the     nes einmaiigen Codes (85a) im
Q-Kanal angege- track-width indication signal from the Q-channel   ben
wird. signal in response to the detection of the unique code.
35  5. Einrichtung, die zum Lesen undloder Schrelben von Information als
Musteroptisch detektierbarer Informationsgebiete (8) in einem
Aufzeichnungs- kQ   PatentanspriAche
triger (1) nach elnem der vorhergehenden An- spruche geeignet ist, wobei
die Lese-Einrichtung 1. Optischer Aufzeichnungstrager (1), der optisch   40
Abtastmittei zum Abtasten elnerSpur (3) mit Hilfe mit optisch lesbarer
Information versehen wer-     elnes StrahlungsbOndels (b), optoelektrische
den soil, wobel derAufzeichnungstragerein Sub-     Konversionemittel (46)
zum  Umwandeln von strat (10) umfaat, das mit elner Informationsfla-
Strahlung aus der Spur in ein elektrisches Signal che (2) versehen ist, die
eine Struktur aus Ser-   (49) und elne Signalverarbeitungsschaltung (50)
vospuren (3) hat, In denen die Information aufge-  45  zum Ableiten eines
die in der abgetasteten Spur zeichnetwerden soil, und wobel die Servospuren
(3) aufgezeichnete Information reprasentieren- in elner transversalen
Richtung (2), d.h. querzur  den Informationssignals (Sj) umfalt, dadurch
ge- Spurrichtung, mit Zwischenspurbereichen (5) ab-    kennzeichnet, daS
Mittel (64, 66, 73) zum Ablei- wechseln, die in einerersten
Informatlonsebene     ten eines Spurbreitenangabe-Signals (72) aus (2)
liegen, wahrend die Servospuren in einer  6o   dem elektrischen Signal (49)
und Einstellmittel zweiten Informationsebene liegen, wobel die        (62)
zum Einstellen der Signalverarbeitungs- Servospurstruktur eine gegebene
transversale       schaltung (50) in Abhangigkeit von dem abgelei-
Spurperlode (pt) aufwelst und mit elner be-        tean
Spurbreitenangabe-Signal zum Auslesen schrelbbaren Aufzeichnungsschicht
(11; 21; 24)     und/oder Beschreiben einer schwarz schreiben- zum
Einschreiben optisch detektierbarer Infor-  65  den oder weil schrelbenden
Aufzeichnungs- mationsgebiete (8; 22; 23) in die Servospuren      schicht
vorgesehen sind. versehen ist, dadurch gekennrelchnet, daB zur Erhohungdes
Kontrasteszwbchen den mitinfor-     6. Elnrichtung nach Anspruch 5, dadurch
gekenn- *9 1   1111111111111 1111    
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Signalverarbeitungsschaltung    ment enregistrn comportant un signal de
sous- oinen EFM-Subcode-Demodulator (73) zum Ab-        code, l'indication
en ce qui concerns la plate d'as- leiten des Q-Kanalsignals aus dem
elektrischen    servissement etant incorporee dans le signal de Signal (49)
umfallt, wobel die Einstellmittel (62)  canal Q (80 - 86) du signal de
sous-code. Deteitionsmittel zum Deteotieren des den Ort   6 11-11  des
Spurbreitenangabe-Sgnals anzeigenden      4. Support
d'enregistrementoptique solon la reven- einmaligen Codes Im Q-Kanalsignal
und zum         dication 3, caracteris en ce qua la position de Trennen des
Spurbreitenangabe-Signals von        l'indication de largeurde plate dans
le canal Q est dem Q-Kanalsignal in Reaktion auf die Debt-tion  indiqu6e au
moyen d'un code unique (85a) ron- des einmallgen Codes umfassen.
10      ferme dans le canal Q. 5. Appareil convenable pour lire et/ou
enregistror Revendlcatlons                                       de
l'information dans une configuration de zones d'information (8) optiquement
d6tectables dans 1. Support d'enregistrement optique (1) qui de fa-  1s  un
support d'enregistrement (1) solon lune quel- con optique dolt etre muni
d'information optique-  conque des revendications precedentes, ledit ap-
ment lisible, ledit support d'enregistrement      pareil de lecture
comporte des moyens d'explo- comportant un substrat (10) muni d'une surface
ration pour explorer une plate (3) au moyen d'un d'information (2)
presentantune structure de pis-  faisceau de rayonnement (b), des moyens de
tes d'asservissement (3) dans lesquelles dolt  20  conversion
opto-electriques (46) pour convertir Atre enregistree l'information,
lesdites pistes   du rayonnement provenant de la plate en un si-
d'asservissement alternant dans une direction     gnal lectrique (49), et
un circuitde traitement de transversale (2), c'est-a-dire transversalement
a  signal (50) pourd6riverdu signal electrique un sl- la direction de
plate, avec des parties intormmdial-  gnal d'information (So) representant
l'information res (5) situess dans un premier plan d'infonma-  26
enregistr6o dans la plate explor6e (3), caracteri- tion (2) alors quo les
pistes d'asservissement    s6 on ce quo l'on a prevu des moyens (64,56,73)
sont situees dans un deuxibme plan d'informa-     pour ddriver du signal
6lectrique (49) un signal tion, la structure de pistes d'asservissement
prh-  d'indication de largeur de plate (72) et des sentant une perode de
plate transversale don-     moyens d'ajustage (62) pour ajuster Is circuit
de n6e (Pt) et etant munle d'une couche d'enregis-  9o  traltoment de
signal (50) en fonction du signal trement inscriptible (11, 21, 24) pour
enregistrer  d'indication de largeur de plate derive pour lire des zones
d'Information optiquement detecta-      et/ou enregistrer une couche
d'onregistrement bles (8, 21,23) dans les pistes d'asservissement,
inscrivant en noir ou en blanc. caracterise en ce quo pour augmenter le
contras- to entre lea pistes d'asservissement (21) munies  35  6. Apparell
solon la revendication 5, caracterise en de zones d'information (8,21,23)
etde parties in-  co quo le circuit de traltement de signal comportb
tbrmediaires (15), 1'une des combinaisons de ca-  un demodulateur de
sous-code EFM (73) pour IJ     racteristiques suivantes est reallbee:
deriver le signal de canal Q du signal electrique - une couche
d'enregistrement (24) Inscri-     (49), les moyens d'ajustage (62)
comportant des vent en blanc et une largeur de plate d'as-  4o  moyens de
dhtection pour ditecter Is code uni- servissement (WI) superieure a la
moitlI de  que renferme dans le signal de canal Q indiquant la perbode de
plate transversale (Pj,        la position du signal d'indication de
largeur de - une couche d'enregistrement (21) inscri-     plate et pour
separer le signal d'indication de lar- vant en noir et une largeur de piste
d'asser-  geur de plate du signal de canal Q en reaction A vissement (W1)
Inferieure A la moitie de la  45  la detection du code unique. perode de
plate transversale (P), et en ce qu'elle comporte une Indication concer-
nant la largeur de plate d'asservbserment. 2. Support d'enregistrement
optique solon la reven-  6o dication 1, caracteriae en ce quo l'indication
(85a) de largeurde piete d'asservissement est incorpo- ree dans une plate
d'entr6e (6) precAdant la structure de plate d'asservbssement (3). s6 3.
Supportd'enregistrement optique solon la reven- dication 2, caracteitse en
ce quo la plate d'entrhe (6) comporte un signal standard EFM precddem-- 10


