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The invention relates to a device for opncally readmg record carriers of a
first type and record carriers of a second type, each type of information carrier having
an information structure, the information structure of the record carrier of the first type
being adapted to be read with radiation of a first wavelength and the information
structure of the record carrier of the second type being a phase structure arranged in
tracks and adapted to be read with radiation of a second wavelength longer than the first
wavelength, which device comprises scanning means for scanning the information
structure in a track of a record carrier of the first or the second type present in the
device by means of a focused beam of radiation of the first wavelength, a detection

system for converting radiation received from a scanned portion of the track into an

. analog read signal, and a signal converter for converting the read signal into a

corresponding binary information signal.

Such a device is known from EP-A-0,525,896. By means of the known
device it is possible to read high-density record carriers comprising an information
structure which is arranged in the form of tracks and whose dimensions are adapted to
be read by means of a beam of radiation having a short wavelength (of the order of
magnitude of 400 to 600 nm). In the known device the same radiation beam can be used
for reading record carriers with a lower information density, such as for example
Compact Discs, on which the recorded information is represented by a phase structure
arranged in tracks in the form of a pattern of pits whose geometry is adapted to be read
w1th a beam of radiation of a wavelength larger than that of the radiation beam used in
the device, for example of the order of magnitude of 800 nm. In order to ensure a
reliable read-out when the record carrier with the lower radiation density is read the
radiation beam is not aimed at the centre of the track, as is customary, but at the edge
of the track. To read the high-density record carrier the radiation beam is aimed, as is
customary, at the centre of the track. This means that depending on the type of record
carrier the tracking system is set to a first mode, in which the centre of a track is
followed, or to a second mode, in which the edge of a track is followed. Operating in
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It is an object of the invention to provide a device which is capable of
reading record carriers of both types by scanning the centres of the tracks of record
carriers of both types. .
This object is achieved with a device of the type defined in the opening

10 paragraph, which is characterised in that, for converting the read signal into the
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information signal when a record carrier of the second type is read, the signal converter
comprises first comparator means for supplying a first detection signal in the case that
the difference between two signal values of the read signal which are situated at a given
time interval from one another exceeds a given positive threshold value, second

15 comparator means for supplying a second detection signal in the case that the difference
between two signal values of the read signal which are situated at the given time
interval from one another is below a given negative threshold value, and signal recovery
means for deriving a binary information signal from the first and the second detection
signal.

20 The invention is based on the recognition of the fact that if a scanning
spot is used which is small relative to the pit width a substantial, almost maximal,
change in read signal strength occurs only when an edge of the pit is passed. The
positions of the edges of the pits can therefore be detected by detecting such large
changes. These positions are indicative of the information represented by the pattern of

25 pits. Therefore, the detections of these positions can be used effectively to derive the
information from the read signal.

In a first embodiment of the read device this is achieved in that the signal
recovery means comprise means for changing a logic value of the information signal in
response to the first detection signal and the second detection signal.

30 In a second embodiment of the read device this is achieved in that the
signal recovery means comprise a comparator for deriving a binary signal by comparing
the read signal with a reference signal, and transfer and hold means which are

controlled by the first and the second comparator means and which can be set to a
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information signal, and means for setting the transfer and hold means to the transfer
5 mode in dependence upon the first and the second detection signal during time windows
defined by the instants at which the first and the second detection signal are supplied.

This embodiment utilises only those portions of the read signal in which
the crossings of the reference level occur which correspond to the passage of the pit
edges. _

10 This embodiment has the additional advantage that it is simple to
regenerate a data clock signal.

To derive the reference level the last-mentioned embodiment may
comprise means for deriving the reference signal, which means are adapted to determine
the average value of the two signal values situated at the given time interval from one

15 another, and transfer means, controlled by the first and the second comparator means,
for transferring the determined average value of the signal values whose difference has
exceeded the first or the second threshold value to an output for supplying the reference
signal.

) The invention will now be described with reference to Figures 1 to 8, in

20 which

Figure 1 shows an optical head of a read device,

Figure 2a shows an underneath view of a phase structure of an
information carrier of a first type together with a read spot adapted to the phase

structure,
25 Fig. 2b shows the phase structure and the read spot in a transverse

sectional view taken on the line A-A in Figure 2a,
Figure 2c is a tangential sectional view of the phase structure and the read
spot shown in Figure 2a,
Figure 2d shows the associated read signal,
30 Figure 3a shows an underneath view of a phase structure of an
information carrier of a second type with a read spot which is not adapted to the phase

structure, i.e. which is too small,
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read signal into the
} spot shown in Figure 3a,

5 Figure 3d shows the associated read signal,
Figure 4 shows an embodiment of the device in accordance with the

invention,
Figure S shows an example of a comparator circuit for use in the device

in accordance with the invention,
10 Figure 6 shows an example of an information structure and the associated

read signal and information signal,
Figure 7 shows an example of a signal recovery circuit for use in a device
in accordance with the invention, and
Figure 8 shows a number of signal waveforms occurring in the signal
15 recovery circuit shown in Figure 7.
In the Figures corresponding parts bear the same reference numerals.
Figure 1 is a cross-sectional view showing a part of an optical information
carrier 1, which is scanned by a read spot 7 generated by an optical head of a read
device. The information carrier has an information surface 2 carrying information in the
20 form of a phase structure. This phase structure may be formed by pits in or hills on the
information surface. These pits or hills will be referred to hereinafter by the general
term "effect”. The phase structure is arranged in tracks 3 which extend perpendicularly
to the plane of drawing. The optical head comprises a laser source 4, for example a
diode laser. The radiation beam 5 emitted by the source is focused by a lens system 6 to
25 form a read spot 7 on the information surface 2. The read spot is held in the plane of
the information surface and on a track 8 to be followed by servo systems, not shown.
The radiation beam 9 which is reflected from the information surface is modulated with
the information of the phase structure. A beam splitter 10, for example a
semitransparent mirror, directs the reflected radiation to a radiation-sensitive detection
30 system 11, which converts the beam modulation into an electric read-out signal 12.
The dimensions of the read spot 7 and the geometry of the phase structure
should be adapted to one another in order to obtain a proper modulation of the reflected
beam 9. This is illustrated by means of Figures 2a, 2b and 2c¢, which show a phase
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5 central axes of adjacent tracks, the track period, is referenced pl. In the present

information carrier 1 the phase structure is a row of effects centred about the central
axis, the information being coded in the lengths of the effects and the spaces between
them. The width of the effects, or the track width, bears the reference wl. Figure 2b is

a sectional view of the information carrier taken on the line A-A. The radiation beam 5

10 is focused at the location of an effect 14 in the information surface 2. In the plane of
the information surface 2 the radiation beam forms a read spot 7 whose size is
proportional to the wavelength of the radiation. Generally, the read spot intensity is

maximal in the centre of the spot and decreases towards the edge. The information

| surface 2 reflects the radiation of the read spot 7, whose diameter is larger than the

15 effect width. Owing to the depth (height) of the effect the beam portion reflected from
the bottom of the effect will have traversed a longer path than the beam portion
reflected from outside the effect. This results in a phase difference between the two
reflected beam portions, so that the beam is phase-modulated. The depth (height) of the
effect determines the phase difference between the beam portions; the ratio between the

20 area of the read spot 7 inside and outside the effect 14 determines the relative intensities

* of the two beam portions. At the detection system 11 the beam portions will interfere

constructively or destructively depending on the phase difference and thereby modulate

; the detection signal. Figure 2c shows the effect 4 in a tangential sectional view and
Figure 2d shows the associated read signal 12, here referenced S;, as a function of the

25 position of the read spot 7 relative to the effect. The maximum modulation of the read
signal is reached when the read spot is wholly situated on the effect.

The above-described device with a radiation source 4 producing radiation
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of a first wavelength, for example in the blue part of the spectrum, is intended for
reading an information carrier 1 of a first type whose phase structure has a geometry
30 adapted to this first wavelength. The track period pl and the effect width w1 are
comparatively small, for example 0.8 gm and 0.3 um, respectively. Reading of an
information carrier of this new type is possible, inter alia, by the use of a conventional

diode laser having a wavelength of 0.8 um in combination with a frequency doubler
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5 Figure 3a is an underneath view of a part of such an information carrier

15 of the second type, for example the present audio disc known as "Compact Disc" or
"CD". This information carrier has been optimised for reading by means of a second
beam whose wavelength is substantially larger than the first wavelength of said
conventional diode laser. When the same lens system 6 is used the second beam forms a
10 second read spot which is twice as large as the first read spot 7 in Figure 2b. The width
w2 of the effect 16 is larger than the width w1 of an effect 14 of the information carrier
1. To enable the tracks of the information carrier 15 to be read with minimal crosstalk
by means of the second read spot the track period p2 of this information carrier is
larger than that of the information carrier 1. Moreover, the depth of the effect 16
15 should be equal to twice that of the effect 14 in order to obtain a high degree of
destructive interference when the second read spot of the second wavelength is used. If
the second information carrier is read with 2 beam 5 of the first wavelength the problem
will occur that the read spot 7 formed by this beam is not adapted to the geometry of
the effect 16. If, as is shown in Figure 3a and in the transverse sectional view of Figure
20 3b, the centre of the read spot 7 is situated on the central axis 18 of the track the beam
portion reflected by the effect is now substantially larger than the beam portion reflected
from the area outside the effect. Moreover, the phase difference between the beam
portions is 360° owing to the larger depth of the effect 16. It will be evident that
considerably less destructive interference will occur between the beam portions and that
25 the read signal 12 will have a smaller modulation depth.

During scanning of the effect 16 the read spot 7 will be situated briefly
above the front edge of the effect, as is shown in the tangential sectional view in Figure
3c. The situation then differs from the above situation in-which the beam is situated at

) the centre of the effect. The radiation which is reflected from halfway the slope of the

30 front edge will be approximately 180° shifted in phase relative to the beam portions
reflected from three sides outside the effect and from the bottom of the effect. If the
centre 19 of the read spot, where the intensity is maximal, is situated halfway the slope
the strength of the beam portioxi reflected from halfway the slope will be comparable in
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modulation of the read signal 12 at the location where the effect begins. Figure 3d

shows the variation of the read signal §; as a function of the position of the centre of

5 the read spot 7 relative to the effect 16. The modulation is reasonably strong at the
location where the read spot enters and leaves the effect and in the effect the modulation
is weak as a result of said smaller destructive interference. This distortion of the read
signal in comparison with the signal shown in Figure 2d may give rise to problems with
the processing of the read signal. This is because the customary devices detect the

10 presence of an effect by detecting whether the read signal comes below a given

reference level. In Figure 3d such a reference level is indicated by a broken line 33.

Owing to the distortion of the read signal the customary devices will now detect two

effects instead of one. The result is that an information carrier of the second type cannot

wviae

be read correctly or cannot be read at all in this way. The numerals 30 and 31 in Figure

15 3d indicate crossings of the reference level 33 by the read signal 12 which are not
caused by the read spot 7' moving past an effect edge. The last-mentioned crossings (30
and 31) will be referred to hereinafter as spurious level crossings. The level crossings
caused by the read spot 7’ passing an effect edge bear the reference numerals 34 and 35
in Figure 3d and will be referred to hereinafter as correct level crossings.

20 Some embodiments of a read device in accordance with the invention, by
means of which the information signal can be derived from the read signal in a reliable
manner, will now be described with reference to Figures 4 to 8.

Figure 4 shows an embodiment of an optical read device in accordance
with the invention. The read device comprises a signal converter 40 for converting the

{ 25 analog read signal 12 into a corresponding binary output signal which is available on an

output 41. For the conversion of the read signal 12, which has been obtained by

scanning a record carrier of the first type having an information structure adapted to the
read spot, the signal converter 40 may cémprisc a first circuit 42 of a customary type,

which during reading with an adapted read spot produces a binary output signal 49

1 30 corres}onding to the received.read signal. For the conversion of the read signal 12

obtained during scanning of a record carrier of the second type whose information
structure is not adapted to the read spot the signal converter 40 comprises a comparator
circuit 43. The comparator circuit 43 is of a type which determines whether the
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This enbodi nent utilises only those portions of the read signal in which
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47 and 2 second detection signal 48 to a signal recovery circuit 46. A logic value of the

5 detection signal 47 indicates that the difference between the signal values exceeds the
positive threshold value 44. A logic value of the detection signal 48 indicates that the
difference between the signal values exceeds the negative threshold value 45. The
detection signals 47 and 48 are applied to the signal recovery circuit 46, which
depending on the detection signals 47 and 48 derives a binary infonnation signal 50

10 which corresponds to the information represented by the read signal during scanning of
a record carrier of the second type whose phase structure is not adapted to the read
spot. Depending on the type of record carrier the information signal 49 or the
information signal 50 can be transferred to the output 41 with the aid of customary

selection means, for example in the form of a switch 50.
15 By way of illustration Figure 6 shows a possible pattern of effects 16 for

a record carrier of the second type. Figure 6 further shows the read signal 12 obtained

by scanning this pattern as a function of the time t. The reference numerals 60, 61, 62
and 63 denote variations in the read signal 12 which correspond to the passage of edges
of the effects 16. In the signal portions 60, 61, 62 and 63 the signal level of the read
20 signal changes from a substantially maximum value Vmax to a substantiaily minimum
value Vmin, or vice versa, within a short time. Figure 6 also shows that such variations
occur only when the read spot passes edges of the effects 16. This means that a large
variation of the read signal within a given short time interval indicates that the read spot

; passes an effect edge.

25 Figure 5 shows an example of the comparator circuit 43, which
determines whether a variation indicative of the passage of the effect edges has occurred
in the read signal 12. For this purpose the comparator circuit 43 comprises a sample-
and-hold circuit 51 for sampling the read signal 12 in synchronism with a clock signal
52. The signal samples of the read signal 12 taken by the sample-and-hold circuit 51 are

30 shown as vertical lines 65 in.Figure 6. The sample-and-hold circuit 51 supplies the
signal samples obtained by sampling to an output. The signal samples supplied to this
output will be referred to hereinafter as the signal samples A. The signal samples A are
applied to a time delay circuit 53. Signal sampies B which have been delayed by a given
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53. The signal samples A and the signal samples B are respectively applied to a first
input and a second input of a subtracter circuit 54. A signal representing a difference A-
B between the instantaneous value of the received sfgnal samples A and the

5 instantaneous value of the signal sample B becomes available on the output of the
subtracter circuit 54. The signal on the output of the subtracter circuit 54 is applied to
an input of a first comparator 55 and to an input of a second comparator 56. A signal
representing the positive threshold value 44 is applied to a second input of the

L% comparator 53, so that the detection signal 47 (which indicates whether the difference

10 A-B represented by the output signal of the subtracter circuit 54 exceeds the positive
threshold value 44) appears on the output of the comparator 55. A signal representing
the negative threshold value 45 is applied to a second input of the comparator 56, so
that the detection signal 48 (which indicates whether the difference A-B represented by
the output signal of the subtracter circuit 54 exceeds the negative threshold value 45)

15 éppears on the output of the comparator 56.

The signal recovery circuit 46 may comprise a so-called RS flip-flop
having a set input, to which the detection signal 48 is applied, and a reset input, to
which the detection signal 47 is applied. This flip-flop will be set each time that the
detection signal 48 indicates that the negative threshold value 44 is exceeded. The flip-

20 flop will be reset each time that the detection signal 47 indicates that the negative

threshold value 43 is exceeded. On an output of the RS flip-flop this results in a binary
signal having transitions corresponding to the passage of an edge of the effects 16 by
the read spot 16. This output signal can be used as the information signal 50. Fig. 6
also shows the information signal 50 corresponding to the output signal of the flip-flop.

- 25 The length chosen for the delay time T may correspond to the time interval between

two consecutive samples. However, it is also possible to select another value for the
delay time. It is merely essential that the delay time T is selected to be long enough to
allow a variation of the read signal 12 which is larger than the difference between the
signal value Vmin (see Figure 6) of the read signal in the case that the ceatre of the rad

. 30 spot is situated substantially on the edge of one of the effects 16 and the signal value Vp

(see Figure 6) of the read signal in the case that the read spot is situated substantially on

the centre of a long effect. If T is too short the difference between a variation of Vmin
and Vmax cannot be determined unambiguously on the basis of the difference A-B
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determined by the subtracter circuit 54. On the other hand, the length of the delay time

T should be small enough to avoid that within a time interval having a length T the read
signal decreases from its maximum value Vmax (see Figure 6) to the value Vmin and
subsequently increases toward Vp. This is because in that case the difference A-B

5 determined by the subtracter circuit can be situated between the threshold values 44 and
45, which results in an erroneous detection of a large variation.

In the example shown in Figure 5 the read signal 12 is applied directly to
the input of the sample-and-hold circuit 51. Although this is in principle not necessary,
it is advantageous to apply the read signal 12 to the sample-and-hold circuit 51 via a so-

10 called automatic gain control (AGC) circuit 57 in order to compensate for possible
variations in the amplitude of the read signal 12. Such variations influence the
magnitude of the difference A-B determined by the subtracter circuit.

Figure 7 shows another example of the signal reco{/ery circuit 46. The
shown circuit 46 comprises a comparator 70 having a first input to which the read

15 signal 12 is applied. A reference value 71, which lies substantially halfway between the
maximum value Vmax and the minimum value Vmin, is applied to a second input of the
comparator 70.
Figure 8a by way of illustration shows the read signal 12 as a function of
the time t. Figure 8a also shows the reference value 71. The reference numerals 80, 81,
20 82 and 83 indicate correct level crossings. The reference numerals 84 and 85 indicate
spurious level crossings. The comparator 70 supplies a binary signal 72 having a signal
level which indicates whether the read signal 12 exceeds the reference value. Figure 8b
shows the binary signal 72 as function of the time t. The signal 72 is applied to a time
delay circuit 73, which supplies a signal 74 which has been delayed by a time T’
25 relative to the signal 72. The signal 74 is shown in Figure 8c.

The signal recovery circuit 46 comprises an OR gate 76 having a first and
a second input to which the detection signal 46 and the detection signal 47, respectively,
are applied. A signal 77 appears on an output of the OR gate 76 and has a first logic
level which indicates that at least one of the detection signals 46 or 47 has a logic level

30 which indicates that the difference A-B has exceeded the positive threshold value 44 or
the negative threshold value 45. Since the value of A is obtained by sampling the
difference A-B will change at discrete instants. This means that the signal is sustained

: for a given time interval each time after the difference A-B has exceeded the positive or
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accor dancetheiegativeethiasheld tvabwe, Ifzthel delay time B of Hewvtime delayroizeuios3 s Gpal to

wavef ar ns
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%ngrrnrbhrr\]g i:ltenrvglhv%it}? ivﬁ\?c%l the read signal 12 is sampled by the circuit 51 the first
signal level of the signal 77 will be sustained each time for an interval having a length
equal to T. The signal 77 is shown in Figure 8d. The portions of the signal 77 which
have the first logic level define time windows Tv. The delay time T’ of the time delay
circuit 73 has been selected in such a manner that the level changes of the signal 74
which have been caused by correct level crossings (80, 81, 82 and 83) fall within the
time windows Tv. The signal 74 is applied to a data input of transfer circuit 75 which is
controlled by the signal 77. The transfer circuit 75 is of a type which transfers those
portions of the signal 74 received on its data input which are situated within time
windows TV to an output for the supply of the information signal 50. Outside the time
windows Tv the logic level of the signal on the output of the transfer circuit is held at
the signal value at the end of the last time window Tv. The transfer circuit 75 may be a
flip-flop of the latching type, also referred to as a "latch”. In that case the signal 74 can
be applied to a data input of the latch and the signal 77 can be applied to a control input
of the latch.

The transfer circuit 75 transfers only those level changes of the signal 74
which result from correct level crossings 80, 81, 82 and 83. Level changes in the signal
74 resulting from spurious level crossings 83 and 84 fall outside the time windows Tv
and are therefore not transferred. As a result, the spurious level crossings 83 and &4 do
not influence the binary information signal 50 supplied by the transfer circuit 75.

The information about the phase of the read signal has been preserved in
the information signal obtained by means of the signal recovery circuit 46 shown in
Figure 7. This is because the signal level changes in the information signal have been
shifted in time exactly by a time interval T’ relative to the correct level crossings of the
read signal 12. This has the advantage that the clock signal 52 can be derived simply
from the information signal 50 by means of a phase-locked loop circuit 78.

In the case that the d.c. component of the information signal 50 should be
constant, as for example in the case of so-called EFM-modulated signals, the reference
value 71 can be adapted in customary manner on the basis of the d.c. component of the
information signal 50. For this purpose the signal recovery circuit may comprise a low-
pass filter 79 by means of which the d.c. component of the information signal 50 is

This Sheet Has Been Replaced

AR




recovery circuit shown in Figure 7. In the Figures corresponding parts bear
the sanme reference nunerals. Figure 1 is a cross-sectional view show ng a

part

gener
an in
struc
i nf or
the g
whi ch
conpr
emtt
on th

bf an optical information carrier 1, which is scanned by a read spot 7
At ed by an optical head of a read device. The information carrier has
| or medqn4sag2f ace 2 carrying inforpation in the form of agploas®wos
fure. This phase structure may be formed by pits in or hills on the
Tat i Qfatepiiided @ad viﬂ?&ﬁﬁjp?iiéssa ebrrétiibh Sightld 30 Rf coabeingetie refefpeeivataét er by
eneral term"effect”. The phase structure is arranged in tracks 3

ext SHdf Her henermeRAngny faus determings] devdates fromandlasiyed Yaweopt i cal head

ses a laser s f i Sey. lnﬁi A4l On beam 5
bd by t he sour?gé:r\egeé%cgu‘%glff&éf;{@h?gﬁg%se% Seénﬁﬁfi%gjo or % g&;g:g% spot 7

P i nfinflweatésosf varinficizen 2he dplithdadf eatad sighatlon the rédoeery! ofrtke of

5 information signal 50 it is preferred to derive the reference value 71 from the read

signal 12.

For this purpose the circuit arrangement shown in the Figure comprises a
circuit 91. The circuit 91 includes an averaging circuit 92, for example an adder circuit,
adapted to determine an average value (A+B)/2 from the instantaneous value of the

10 signal sample A and the instantaneous value of the signal sample B. The average value
(A+B)/2 is applied to a transfer circuit 94, for example a sample-and-hold circuit,
which is controlled by the signal 77 and which is of a type which transfers the
associated average value (A+B)/2 to an output each time that the signal 77 indicates
that a correct level crossing of the read signal has occurred.

15 The d.c. component of the values transferred to this output are determined
by means of an averaging circuit, for example a low-pass filter. This d.c. component

can be used as the reference value 71.
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the information surface and on a track 8 to be foll owed by servo systens,
not shown. The radiation beam 9 which is reflected fromthe information
surfaceiis nodulated with the information of the phase structure. A beam
splitter 10, for exanple a semtransparent mrror, directs the reflected
radi ati pn tpHM 14a@Rat i on-sensitive detectd on system 11, which congerigs4t he
beam nofdul ation into an el ectric read-out signal 12. The di nensions of the
read sppt TlaamM$he geonetry of the phase structure shoutd—be—adapted-to

one anofher in order to obtain a proper nodul ation of mgasgeﬁhliﬁ]%nelgcp egm 9.

This isfillustrated by means of Figures 2a, 2b and 2c, mﬂl (m”"” rse

1. A device for optically reading record carriers of a first type and record

carriers of a second type, each type of information carrier having an information
structure, the information structure of the record carrier of the first type being adapted
to be read with radiation of a first wavelength and the information structure of the
5 record carrier of the second type being a phase structure arranged in tracks and adapted
to be read with radiation of a second wavelength longer than the first wavelength, which
device comprises scanning means for scanning the information structure in a track of a
record carrier of the first or the second type present in the device by means of a
focused beam of radiation of the first wavelength, a detection system for converting
10 radiation received from a scanned portion of the track into an analog read signal, and a
signal converter for converting the read signal into a corresponding binary information
signal, characterised in that, for converting the read signal into the information signal
when a record carrier of the second type is read, the signal converter comprises first
comparator means for supplying a first detection signal in the case that the difference
15 between two signal values of the read signal which are situated at a given time interval
from one another exceeds a given positive threshold value, second comparator means
for supplying a second detection signal in the case that the difference between two
signal values of the read signal which are situated at the given time interval from one
another is below a given negative threshold value, and signal recovery means for
20 deriving a binary information signal from the first and the second detection signal.
2. A device as claimed in Claim 1, characterised in that the signal recovery
means comprise means for changing a logic value of the information signal in response
to the first detection signal and the second detection signal.
3. A device as claimed in Claim 2, characterised in that the signal recovery
25 means comprise a comparator for deriving a binary signal by comparing the read signal
with a reference signal, and transfer and hold means which are controlled by the first

and the second comparator means and which can be set to a transfer mode or to a hold
mode, in which transfer mode the binary read signal is transferred to an output for

A AR




5 structure which has been adapted to the read spot 7 and which is read in
reflection. Figure 2a shows an underneath view and Figure 2b a transverse
éectioral view of the information surface 2 with three adjacent tracks 3

havi ng

central axes represented as broken lines 13. The centre track 8 is

the triack PHNb.662ad. The distance betwben the central axes of O dj2akG94t

tracks

the track period, is referenced pl. In the present information

carrief 1 dubplypigathe reddrsigrtaliasd irswhich holdofodd thedast traasferredi valbe of titehmead ent r al

axis, fhe inf
spaces}

(mat i on, bei coded in the lengths of the effects and the
bet i BldAnd e f%g’ﬁfmfm'é trrepBly e e hiARmAtOR N &Pﬁ,mﬁear s

eam b5 I s focused at the location of

the referenegeifly el iHser ABd haldPmSAS 1 BRAkantfe? Wdde ih ¥RpdrabRieTloh A AR €r
§ % i

t aken pn the

Ine A-A. The radiation

an ef fiect ahd thersechad idetectionatignah denng time veindows ddfned byrtbe dfstants at which

5 the first and the second detection signal are supplied.
4. A device as claimed in Claim 3, characterised in that the device comprises
means for deriving the reference signal, which means are adapted to determine the
average value of the two signal values situated at the given time interval from one
another, and transfer means, controlled by the first and the second comparator means,
10 for transferring the determined average value of the signal values whose difference has

exceeded the first or the second threshold value to an output for supplying the reference
signal.
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the information surface 2 the radiation beamforns a read spot 7 whose size
i s proportional to the wavel ength of the radiation. Generally, the read
spot ifntensity is maximal in the centre of the spot and decreases towards
ge. The information surface 2 reflects the radiation of the read spot
7, whdse dpHMei4662s |arger than the effléct width. Owing to theldd@hiPp4
(heighit) of the effect the beam portion reflected fromthe bottom of the
effecty wil h 5 Qlt.aversed a longer path than the beam portion reflected
from qut si effect. s.results in a phase difference between the two
refledted Geﬁﬁ? ‘FPP ,reaglcﬂeyﬁgt the beamis phase-nodul ated. The depth
(heiglgt) of the effect determ nes the phase difference between the beam
porti gns; the ratio between the area of the réad spot 7 inside and outside
the ef(ff ect 14 determines the relative intensities of the two beam portions.
At thq detection system 11 the beam portions will interfere

An optical read apparatus is adapted to read record carriers of a first type
and record carriers of a second type. The record carrier of the first type comprises an
information structure (Figure 2a) arranged in tracks and adapted to be scanned with
radiation of a first wavelength. The record carrier of the second type comprises an

5 information structure in the form of a phase structure (Figure 3a) arranged in tracks and
comprising effects (16) which alternate with intermediate areas. The information
structure (Fig. 3a) of the record carrier of the second type is adapted to be scanned with
radiation of a second wavelength longer than the first wavelength. The device comprises
scanning means (4, 6, 10) for scanning the information structure in the track of a record

10 carrier of the first or the second type present in the device by means of a focused beam

' (9) of radiation of the first wavelength. A detection system (11 converfs radiation from

the scanned portion of the track into an analog read signal (12). A signal converter (40)
converts the read signal (12) into a corresponding binary information signal (49). The
signal converter (40) comprises a first comparator (55) for supplying a first detection

15 signal (47) if the difference (A-B) between two signal values (A; B) of the read signal

(12) which are situated at a given time interval (T) from one another exceeds a given
positive threshold value (44). A second comparator (56) supplies a second detection
signal (48) in the case that the difference (A-B) between two signal values (A; B) of the
read signal (12) which are situated at the given time interval (T) from one another is

20 below a given negative threshold value (45). A signal recovery circuit (46) derives the

binary information signal (50) from the first (47) and the second detection signal (48).

(Figure 4)
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constructively or destructively depending on the phase difference and

t hereby nodul ate the detection signal. Figure 2c shows the effect 4 in a
tfangential sectional view and Figure 2d shows the associated read signal

12, hefe referenced S[err], as a function of the position of the read spot
7 relagive to the effect. The maxi mum nodul ation of the read signal is
reachefd when the read spot is wholly Lyuated on the effect. The
above-Hescri bed device with a radiati source 4 producing radiation of a
first vel ength, for exanple in the blue part of the spectrum is intended
for refding an information carrier 1 of a first type whose phase structure
has a peonetry adapted to this first wavel ength. The track period pl and
the effect width wl are conparatively snmall, for exanple 0.8 [err]mand 0.3
[err]ng respectively. Reading of an information carrier of this newtype is
possi bje, inter alia, by the use of a conventi onal

J—

FIG.1
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di ode

frequency doubl er

fadi at
be usd
readi 1
3a is
secong

| aser

havi ng a wavelength of 0.8 [err]min conbination with a

6 which converts the radiation of the diode |aser into

ion of half the wavelength. It is desirable that this device can al so
d for reading information carriers of a second type designed for

g by neans of a wavel ength [ onger than the first wavel ength. Figure
an underneath view of a part OQ!?ECh an information carrier 15 of the

type,

for exanple the present

i o disc known as "Conpact Disc" or
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"CD'. This information carrier has been optinised for reading by means of a
second beam whose wavel ength is substantially larger than
wavel gngth of said conventional diode |aser. Wen the sane
used fhe second beamfornms a second read spot which i.s twic
the ffrst read spot 7 in Figure 2b. The width w2 of the eff
than {he width wl of an effect 14 ofJffe information carrier 1. To enable
the tfacks of the information carrier 15 to be read with m ninmal crosstalk
by mehns of the second read spot the track period p2 of this information
carri ¢r is | ¥Wlgg '

ire at of : R, carrier reover, the
dept hjof tHe—ef w ti-teequatto-tw-cpthat effect 14 in
orderito obtain g degree o T interferen en the second

read : I f the second infofmation
carrigr is read with a beam5 of/the fytrst wavel ength the pro

5 FIG.3b
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geonetry of the effect 16.

t'r ans

si tuatied on the centra
t he efff ect
t he arjpa outside the effect.

rse sect

[ f,
i onal

Mor eove

the centre of t

occur that the read spot 7 forned by this beamis not-adaptedto-the

as is showmn in Figure 3a and i.p.

vi ew of Figure 3b, he re 3
axis 18 of the track the beam portion ﬂ:‘

I's now substantially larger than the beam portion r

t he phase difference between the

1€

i

beam gortions is 360[err] owing to the larger depth of the effect 16. It
wil | evident that considerably |less destructive intgrference will occur
bet wegh the beam portijong ang that the read sigpal 12 will have a smaller
nodul & ion depth. Durilhg scamning of the effect (16 the read spot 7 wll be

si tuatked b

Lefy—aboPel fhelfrontodge of the—eflect
/]

el e

is shown in the

OV T LA "2 |

ot o

tangergi dl sectional vi in Figure 3c. The situation tlhen differs fromthe
above ki tluat+en— A : . i
b
LU\L
P — “.
Ba
| A
Uy 17 YT
| L

r————————— —
1N { 51\ 5;3 B [L[_'i_ b7 {
“\9 '| |
fi [ - T _L A-B 5% | R 50

57 | L \ 3 5 |

} 54 | S

| 5—/ 8 l

L——-r-— ____________ i 05

L3/

B At .



the centre of the effect. The radiation which is reflected from hal fway the
sl ope of the front edge will be approximately 180 shifted in phase relative
to the beamportions reflected fromthree sides outside the effect and from
the bpttomof the effect. If the centre 19 of the read spot, where the
intengity is maximal, is situated hal fway the slope the strength of the
beam portion reflected from hal f way slope will be conparable in 7
strength with the sum of the beam portions reflected fromthe bottom and
froméeutside the effect. This results in a destructive interference which

yi el d$§ a reasonably strong

16

F16.6
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nmodul ation of the read signal 12 at the | ocation where the effect begins.
Figure 3d shows the variation of the read signal Si as a function of the
~position of the centre of the read spot 7 relative to the effect 16. The
"nodul ation is reasonably strong at the | ocation where the read spot enters
and | eaves the effect and in the effect the nodulation is weak as a result
of said smaller destructive interfeqﬁﬁﬁ This distortion of the read
signal in conparison with the signal own in Figure 2d may give rise to
problens with the processing of the read signal. This is because the
customary devices detect the presence gb an effect by detecting whether the
read signal cones below a given teferente level. In Figure 3d such a
reference level is indicated by brdken Ifne33. OnMng to the distortion

of the read signal the customaryjdeviicess W1 | “Pow detect two effects
i nstead of one. The result is th igf o

matTon carrier of the second
t ype cannot
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be read correctly or cannot be read at all in this way. The nunerals 30 and
31 in Figure 3d indicate crossings of the reference |l evel 33 by the read
signal 12 which are not caused by the read spot 7' noving past an effect
edge. The last-nentioned crossings (30 and 31) will be referred to

herei nafter as spurious |evel crossings. The |level crossings caused by the
read spot 7' passing an effect edge b the reference nunerals 34 and 35
in Figure 3d and will be referred to hereinafter as correct |evel

crossings. Sone enbodi nents of a read device in accordance with the

i nvention, by neans of which the information signal can be derived fromthe
read signal in a reliable manner, will now be described wth reference to
Figures 4 to 8. Figure 4 shows an enbodi nent of an optical read device in
accordance with the invention. The read device conprises a signal converter
40 for convqnting t he

=g 1)
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anal g read signal 12 into a corresponding binary output signal which |5§,,,
avai l abl e on an output 41. For the conversion of the read signal fﬁ”‘”\f’\m ch
has been obtai ned by scanning a record carrier of the first type having an
i nformati on structure adapted to the readlspot, the signal converter 40 may
conprise a first circuit 42 of__a.customary type, which during read| ng with
an adapted read spot produces. a bLE‘EB&L&t"EMEDIH‘t %&"g‘r’ﬁal 30 corresTp'i ! “Ref‘hﬁed
t he received read signal. For tﬁe “convEssi ansoft. theorahd, sugnal bl |

during scanning of a record carr;/fer g@a‘j\therﬁeggn.d, tp@pgwmo$e in
structur;e;,g,g o)y dapted 1o the;/reagl sag\t gheqs’lg aR&Has comyenter 40 corrprl ses

a conparat or qi_ Elﬂ A8 A%V The qon’parg;p; cnﬁ&ylik 43 ?{:@e@f. aztype whi ch
det er m nes..whet P he | ?

Y
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The invention relates to a device for optlcally readmg record carriers of a
first type and record carriers of a second type, each type of information carrier having
an information structure, the information structure of the record carrier of the first type
being adapted to be read with radiation of a first wavelength and the information
structure of the record carrier of the second type being a phase structure arranged in
tracks and adapted to be read with radiation of a second wavelength longer than the first
wavelength, which device comprises scanning means for scanning the information
structure in a track of a record carrier of the first or the second type present in the
device by means of a focused beam of radiation of the first wavelength, a detection
system for converting radiation received from a scanned portion of the track into an
analog read signal, and a signal converter for converting the read signal into a
corresponding binary information signal.

Such a device is known from EP-A-0,525,896. By means of the known
device it is possible to read high-density record carriers comprising an information
structure which is arranged in the form of tracks and whose dimensions are adapted to
be read by means of a beam of radiation having a short wavelength (of the order of
magnitude of 400 to 600 nm). In the known device the same radiation beam can be used
for reading record carriers with a lower information density, such as for example
Compact Discs, on which the recorded information is represented by a phase structure
arranged in tracks in the form of a pattern of pits whose geometry is adapted to be read
with a beam of radiation of a wavelength larger than that of the radiation beam used in
the device, for example of the order of magnitude of 800 nm. In order to ensure a
reliable read-out when the record carrier with thé lower radiation density is read the
radiation beam is not aimed at the centre of the track, as is customary, but at the edge
of the track. To read the high-density record carrier the radiation beam is aimed, as is
customary, at the centre of the track. This means that depending on the type of record
carrier the tracking system is set to a first mode, in which the centre of a track is

followed, or to a second mode, in which the edge of a track is followed. Operating in
This is the replacement sheet
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8: di fference between signal values of the read signal 12 which occur at a
given tine interval fromone another overstep a given positive threshold
value 44 or a given negative threshold value 45. The conparator circuit 43
supplies a first detection signal 47 and a2fsecond detection signal 48 to a
signal recovery circuit 46. A logic value of the detection signal 47

” i H . ' ! b
bosi 41 ve. t hr abRofielshf SEAGHoRR KRGReSRIE" TR, pHGHESy SEIFEE e By 2 -
i ndi cat es t hasalted ehrel-§goe tracking st ¢havifpeosd @aial spuindesveestaR@spbRPis used,

negative threshol d value 45. The detection signals 47 and 48 are applied to
the signal redByisBecaysedar & givgn papition of direstslilg saets relativeetoclbe inain spagritiss 47

and 48 deri vefe ol Hatsblk ¥ PLKRE b ARcRihgW3ters Gor a very Limited number of track pitch

and track width combinations on the record carriers.

It is an object of the invention to provide a device which is capable of
reading record carriers of both types by scanning the centres of the tracks of record
carriers of both types. - _

This object is achieved with a device of the type defined in the opening
paragraph, which is characterised in that, for converting the read signal into the
information signal when a record carrier of the second type is read, the signal converter
comprises first comparator means for supplying a first detection signal in the case that
the difference between two signal values of the read signal which are situated at a given
time interval from one another exceeds a given positive threshold value, second
comparator means for supplying a second detection signal in the case that the difference
between two signal values of the read signal which are situated at the given time
interval from one another is below a given negative threshold value, and signal recovery
means for deriving a binary information signal from the first and the second detection
sighal. |

The invention is based on the recognition of the fact that if a scanning
spot is used which is small relative to the pit width a substantial, almost maximal,
change in read signal strength occurs only when an edge of the pit is passed. The
positions of the edges of the pits can therefore be detected by detecting such large
changes. These positions are indicative of the information represented by the pattern of
pits. Therefore, the detections of these positions can be used effectively to derive the
information from the read signal.

In a first embodiment of the read device this is achieved in that the signal
recovery means comprise means for changing a logic value of the information signal in
response to the first detection signal and the second detection signal.

In a second embodiment of the read device this is achieved in that the
signal recovery means comprise a comparator for deriving a binary signal by comparing
the read signal with a reference signal, and transfer and hold means which are
controlled by the first and the second comparator means and which can be set to a
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whi ch corresponds to the information represented by the read signal during
Scanning of a record carrier of the second type whose phase structure is
not adapted to the read spot. Depending on the type of record carrier the
information signal 49 or the information signal 50 can be transferred to
the output 41 with the aid of customary sel ection neans, for exanple in the

formof a sw trafsférOmoddyommya hbldi hodes tin athichnrdnsfen ntode thé bimaryarqadsinhl &
pattern of effects 16 for a record carrier of the second.ty igure 6

further shows!trapserrehie & GHRYt fop sunpplving e 1634 sigadlAnAgn tHch E&fit o the lat

Lt on o Db o B0 LT SRR TSyl 0 Bt RIS

of the effect mfdmnatibn signel, shdmwanp fortsening (e trafisfer 41 twoldi nfednd ethe i@Rgk,

| evel of the read,signal changes from a substantjally maximm val ue Vmax to

a subst ant i al MpdgihA¢RsAdence upon the first and the second detection signal during time windows
defined by the instants at which the first and the second detection signal are supplied.

This embodiment utilises only those portions of the read signal in which
the crossings of the reference level occur which correspond to the passage of the pit
edges. _

This embodiment has the additional advantage that it is simple to
regenerate a data clock signal.

To derive the reference level the last-mentioned embodiment may
comprise means for deriving the reference signal, which means are adapted to determine
the average value of the two signal values situated at the given time interval from one
another, and transfer means, controlled by the first and the second comparator means,
for transferring the determined average value of the signél values whose difference has
exceeded the first or the second threshold value to an output for supplying the reference
signal.

’ The invention will now be described with reference to Figures | to 8, in
which |

Figure 1 shows an optical head of a read device,

Figure 2a shows an underneath view of a phase structure of an
information carrier of a first type together with a read spot adapted to the phase
structure, '

Fig. 2b shows the phase structure and the read spot in a transverse
sectional view taken on the line A-A in Figure 2a,

Figure 2c¢ is a tangential sectional view of the phase structure and the read
spot shown in Figure 2a,

Figure 2d shows the associated read signal,

Figure 3a shows an undemeath view of a phase structure of an
information carrier of a second type with a read spot which is not adapted to the phase

structure, i.e. which is too small,
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value Vmn, or vice versa, within a short tinme. Figure 6 al so shows that
such variations occur only when the read spot passes edges of the effects
16. This neans that a |large variation of the read signal within a given
short time interval indicates that the rea#i spot passes an effect edge.
Figure 5 shows an exanple of the conparator circuit 43, which determ nes

whet her a variation indicatjve of the passage of t ef.f ect _edges

occurred in the read SigH% ¥ 2 %PW%?W&?%&%VPE&%%%F%‘EC&‘?‘C@B?%t 43

conprises a - ihelgregcuit 51 for sanpling the read signal 12 in
SRR npeE el

synchroni smw k signal '52. The signal sanples of the read signal
12 taken by the sanpl Figunel3tid al tangential sechibnalrdews odthe phase strudturglandjtheseads
in.Figure 6. The sanple-and-hold circuit 51 supplies the signal sanples

obt ai ned by %hﬁ]%ﬁ’g‘nt%g‘é’ﬁ ut put. The signal sanples supplied to this

Figure 3d shows the associated read signal,

Figure 4 shows an embodiment of the device in accordance with the
invention,

Figure 5 shows an example of a comparator circuit for use in the device
in accordance with the invention,

Figure 6 shows an-example of an information structure and the associated
read signal and information signal,

Figure 7 shows an example of a signal recovery circuit for use in a device
in accordance with the invention, and

Figure 8 shows a number of signal waveforms occurring in the signal
recovery circuit shown in Figure 7.

In the Figures corresponding parts bear the same reference numerals.

Figure 1 is a cross-sectional view showing a part of an optical information
carrier 1, which is scanned by a read spot 7 generated by an optical head of a read
device. Thé information carrier has an information surface 2 carrying information in the
form of a phase structure. This phase structure may be formed by pits in or hills on the
information surface. These pits or hills will be referred to hereinafter by the general
term "effect”. The phase structure is arranged in tracks 3 which extend perpendicularly
to the plane of drawing. The optical head comprises a laser source 4, for example a
diode laser. The radiation beam 5 emitted by the source is focused by a lens system 6 to
form a read spot 7 on the information surface 2. The read spot is held in the plane of
the information surface and on a track 8 to be followed by servo systems, not shown.
The radiation beam 9 which is reflected from the information surface is modulated with
the information of the phase structure. A beam splitter 10, for example a
semitransparent mirror, directs the reflected radiation to a radiation-sensitive detection
system 11, which converts the beam modulation into an electric read-out signal 12.

The dimensions of the read spot 7 and the geometry of the phase structure
should be adapted to one another in order to obtain a proper modulation of the reflected

beam 9. This is illustrated by means of Figures 22, 2b and 2c, which show a phase
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utput will be referred to hereinafter as the signal sanples A The signal
sanples A are applied to a tinme delay circuit 53. Signal sanples B which
have been del ayed by a given 9time Trelative to the signal sanples A
appear on the output of the tinme delay cirguit 53. The signal sanples A and
the signal sanples B are respectively applied to a first input and a second

oo e WERAE VAT s3bor\cnhovel eprsie gl f et | ¢
i nst ant aneouBigusd 2wesholwstaneurdiegieath Wewnhe Fiube b aasanaversd sdashienadrvigvhef thet put
of the information surface 2 with three adjacent tracks 3 having central axes represented as
broken lines 13. The centre track 8 is the track to bc; read. The distance between the
central axes of adjacent tracks, the track period, is referenced pl. In the present
information carrier 1 the phase structure is a row of effects centred about the central
axis, the information being coded in the lengths of the effects and the spaces between
them. The width of the effects, or the track width, bears the reference wi. Figure 2b is
a sectional view of the information carrier taken on the line A-A. The radiation beam 5
is focused at the location of an effect 14 in the information surface 2. In the plane of
the information surface 2 the radiation beam forms a read spot 7 whose size is
proportional to the wavelength of the radiation. Generally, the read spot intensity is
maximal in the centre of the spot and decreases towards the edge. The information
surface 2 reflects the radiation of the read spot 7, whose diameter is larger than the
effect width. Owing to the depth (height) of the effect the beam portion reflected from
the bottom of the effect will have traversed a longer path than the beam portion
reflected from outside the effect. This results in a phase difference between the two
reflected beam portions, so that the beam is phase-modulated. The depth (height) of the
effect determines the phase difference between the beam portions; the ratio between the
area of the read spot 7 inside and outside the effect 14 determines the relative intensities
of the two beam portions. At the detection system 11 the beam portions will interfere
constructively or destructively depending on the phase difference and thereby modulate
the detection signal. Figure 2c shows the effect 4 in a tangential sectional view and
Figure 2d shows the associated read signal 12, here referenced S;, as a function of the
position of the read spot 7 relative to the effect. The maximum modulation of the read
signal is reached when the read spot is wholly situated on the effect.

The above-described device with a radiation source 4 producing radiation
of a first wavelength, for example in the blue part of the spectrum, is intended for
reading an information carrier 1 of a first type whose phase structure has a geometry
adapted to this first wavelength. The track period pl and the effect width w1l are
comparatively small, for example 0.8 xm and 0.3 um, respectively. Reading of an
information carrier of this new type is possible, inter alia, by the use of a conventional
diode laser having a wavelength of 0.8 um in combination with a frequency doubler
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subtracter circuit 54. The signal on the output of the subtracter circuit
54 is applied to an input of a first conparator 55 and to an input of a
second conparator 56. A signal representing the positive threshold val ue 44
is applied to a second input of the conparator 55, so that the detection
signal 47 (which indicates whether the difference A-B represented by the

out put signal,. tract.er ¢ircui 4 exceeds,.t he ILtive reshol d
val ue 44) a;%%%l g&%ﬁnﬁ#ﬁe %ﬁ{%&? ng‘het ‘lﬁ@&% g’ﬁ?fafpg’t ‘38‘3%%'.‘ OQR%? neaTvaYei%\gg'% relﬁti ng
the negati vgs Hesiableohst MRl devictTah s8R sl fdrOreddif® GFOfndHOR Waridrs bhe
conparator 56, so that the detection signal 48 (which indicates whether the
di fference Ae®nddppedesigned fox readiag it peans of grivavelsngthHengaibamdedustci r cui t

54 exceeds é}%@ef%ﬁg[ﬂtive t hreshol d val ue 45) appears on the output of the
conpar at or ) Signal recovery circuit 46 nmay conprise a so-called RS

flip-flop Figure 3a is an undemeath view of a part of such an information carrier
15 of the second type, for example the present audio disc known as "Compact Disc" or
"CD". This information carrier has been optimised for reading by means of a second
beam whose wavelength is substantially larger than the first wavelength of said
conventional diode laser. When the same lens system 6 is used the second beam forms a
second read spot which is twice as large as the first read spot 7 in Figure 2b. The width
w2 of the effect 16 is larger than the width w1 of an effect 14 of the information carrier
1. To enable the tracks of the information carrier 15 to be read with minimal crosstalk
by means of the second read spot the track period p2 of this information carrier is
larger than that of the information carrier 1. Moreover, the depth of the effect 16
should be equal to twice that of the effect 14 in order to obtain a high degree of
destructive interference when the second read spot of the second wavelength is used. If
the second information carrier is read with a beam 5 of the first wavelength the problem
will occur that the read spot 7 formed by this beam is not adapted to the geometry of
the effect 16. If, as is shown in Figure 3a and in the transverse sectional view of Figure
3b, the centre of the read spot 7 is situated on the central axis 18 of the track the beam
portion reflected by the effect is now substantially larger than the beam portion reflected
from the area outside the effect. Moreover, the phase difference between the beam
portions is 360° owing to the iarger depth of the effect 16. It will be evident that
considerably less destructive interference will occur between the beam portions and that
the read signal 12 will have a smaller modulation depth.

During scanning of the effect 16 the read spot 7 will be situated briefly
above the front edge of the effect, as is shown in the tangential sectional view in Figure
3c. The situation then differs from the above situation in which the beam i3 situated at
the centre of the effect. The radiation which is reflected from halfway the slope of the
front edge will be approximately 180° shifted in phase relative to the beam portions
reflected from three sides outside the effect and from the bottom of the effect. If the
centre 19 of the read spot, where the intensity is maximal, is situated halfway the slope
the strength of the beam portion reflected from halfway the slope will be comparable in
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having a set input, to which the detection signal 48 is applied, and a

reset input, to which the detection signal 47 is applied. This flip-flop
will be set each time that the detection signal 48 indicates that the
negative threshold value 44 is exceeded. The flip- flop will be reset each
time that the detection signal 47 indicates that the negative threshold

val ue 45 is exesgiledth (he sam ofuthe Weampoktishs FeflédtddofrbmaRe bbiitem rafé Ytdn® obide
bi nary signal having transitions corresponding to the passage of an edge of
the effects e Bifesthdhisgaslisin destructive dnterfeisnee whigh yicléan ressonabbiisEenst he
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the delay tinghows iRy vaRMOR DP Uitdreh® sighel §;ia® fuRéttnvel! thd pbyEET of e centre of
consecutive sanples. However, it is also possible to select another val ue

for the del.aythe read sppt 7 irelative t9| the seaini6. Fihemppgdulatina igjesasgpablyngirongias the

sel ected to qgcéu%ﬂ QuifeP@ el d spot enters and leaves the effect and in the effect the modulation
is weak as a result of said smaller destructive interference. This distortion of the read
signal in comparison with the signal shown in Figure 2d may give rise to problems with
the processing of the read signal. This is because the customary devices detect the
presence of an effect by detecting whether the read signal comes below a given
reference level. In Figure 3d such a reference level is indicated by a broken line 33.
Owing to the distortion of the read signal the customary devices will now detect two
effects instead of one. The result is that an information carrier of the second type cannot
be read correctly or cannot be read at all in this way. The numerals 30 and 31 in Figure
3d indicate.crossings of the reference level 33 by the read signal 12 which are not
caused by the read spot 7° moving past an effect edge. The last-mentioned crossings (30
and 31) will be referred to hereinafter as spurious level crossings. The level crossings
caused by the read spot 7' passing an effect edge bear the reference numerals 34 and 35
in Figure 3d and will be referred to hereinafter as correct level crossings.

Some embodiments of a read device in accordance with the invention, by
means of which the information signal can be derived from the read signal in a reliable
manner, will now be described with reference to Figures 4 to 8.

Figure 4 shows an embodiment of an optical read device in accordance
with the invention. The read device comprises a signal converter 40 for converting the
analog read signal 12 into a corresponding binary output signal which is available on an
output 41. For the conversion of the read signal 12, which has been obtained by
scanning a record carrier of the first type having an information structure adapted to the
read spot, the signal converter 40 may cc;mprise a first circuit 42 of a customary type,
which during reading with an adapted read spot produces a binary output signal 49
corresponding to the received .read signal. For the conversion of the read signal 12
obtained during scanning of a record carrier of the second type whose information
structure is not adapted to the read spot the signal converter 40 comprises a comparator

circuit 43. The comparator circuit 43 is of a type which determines whether the
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allow a variation of the read signal 12 which is larger than the difference
bet ween the signal value Vmn (see Figure 6) of the read signal in the case
that the centre of the rad spot is situated substantially on the edge of
one of the effects 16 and the signal value gp (see Figure 6) of the read
signal in the case that the read spot is situated substantially on the

centre of a |fQffereRéd @é‘dveed Sigralivaldes of &i&%&d kiBRalciof WRICR BeQIre Vi edh Bme
variation of Vmn and Vmax cannot be determ ned unanbi guously on the basis

of the diff eristecel from one m)mmcenerﬁmgmn phsitive thresholdevalusi 44cod 2 g4n On t he

other hand, nrtlagatllv%n&resh&]:i value ge lﬁ% comparator circuit 43 supplies a first detection signal
47 and a second detection signal 48 to a signal reco'very circuit 46. A logic value of the
detection signal 47 indicates that the difference between the signal values exceeds the
positive threshold value 44. A logic value of the detection signal 48 indicates that the
difference between the signal values exceeds the negative threshold value 45. The
detection signals 47 and 48 are applied to the signal recovery circ;uit 46, which
depending on the detection signals 47 and 48 derives a binary information signal 50
which corresponds to the information represented by the read signal during scanning of
a record carrier of the second type whose phase structure is not adapted to the read
spot. Depending on the type of record carrier the information signal 49 or the
information signal 50 can be transferred to the output 41 with the aid of customary
selection means, for example in the form of a switch 50.

By way of illustration Figure 6 shows a possible pattern of effects 16 for
a record carrier of the second type. Figure 6 further shows the read signal 12 obtained
by scanning this pattern as a function of the time t. The reference numerals 60, 61, 62
and 63 denote variations in the read signal 12 which correspond to the passage of edges
of the effects 16. In the signal portions 60, 61, 62 and 63 the signal level of the read
signal changes from a substantially maximum value Vmax to a substantially minimum
value Vmin, or vice versa, within a short time. Figure 6 also shows that such variations
occur only when the read spot passes edges of the effects 16. This means that a large
variation of the read signal within a given short time interval indicates that the read spot
passes an effect edge.

Figure 5 shows an example of the comparator circuit 43, which
determines whether a variation indicative of the passage of the effect edges has occurred
in the read signal 12. For this purpose the comparator circuit 43 comprises a sample-
and-hold circuit 51 for sampling the read signal 12 in synchronism with a clock signal
52. The signal samples of the read signal 12 taken by the sample-and-hold circuit 51 are
shown as vertical lines 65 in.Figure 6. The sample-and-hold circuit 51 supplies the
signal samples obtained by sampling to an output. The signal samples supplied to this
output will be referred to hereinafter as the signal samples A. The signal samples A are
applied to a time delay circuit 53. Signal samples B which have been delayed by a given
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T shoul d be small enough to avoid that within a tine interval having a

|l ength T the read signal decreases fromits maxi num val ue Vmax (see Figure
6) to the value Vmin and subsequently increases toward Vp. This is because
in that case the difference A-B deternined%y the subtracter circuit can be
situated between the threshold values 44 and 45, which results in an
erroneous dettims Taplagye tp thasigaal samplesi Arappean ontbe extpnipoiethe Wiontdelay Eirgiv e 5

the read signgl 12 i | i ed, directl. o .the Lnput of the sanple-and-hold
cirout 51 AR FBEsleerREeiE % hd B ik Gahgs R kesliorvef AtERaTR A Mestgeous
to apply the ;;83UnékaaB8edndlidpitoftah@baadtsl SrandsdQl Sl eptelentifg Wl differefds A.-
call ed automatic gain control (AGC) circuit 57 in order to conpensate for

possi bl e var iBabstwaen the insientanepns value ob thetmesivedatignal samplesi A angubld vari ati ons
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subtracter circuit 54. The signal on the output of the subtracter circuit 54 is applied to
an input of a first comparator 55 and to an input of a second comparator 56. A signal
representing the positive threshold value 44 is applied to a second input of the
comparator 55, so that the detection signal 47 (which indicates whether the difference
A-B represented by the output signal of the subtracter circuit 54 exceeds the positive
threshold value 44) appears on the output of the comparator 55. A signal representing
the negative threshold value 45 is applied to a second input of the comparator 56, so
that the detection signal 48 (which indicates whether the difference A-B represented by
the output signal of the subtracter circuit 54 exceeds the negative threshold value 45)
éppears on the output of the comparator 56.

The signal recovery circuit 46 may comprise a so-called RS flip-flop
having a set input, to which the detection signal 48 is applied, and a reset input, to
which the detection signal 47 is applied. This flip-flop will be set each time that the
detection signal 48 indicates that the negative threshold value 44 is exceeded. The flip-
flop will be reset each time that the detection signal 47 indicates that the negative
threshold value 45 is exceeded. On an output of the RS flip-flop this results in a binary
signal having transitions corresponding to the passage of an edge of the effects 16 by
the read spot 16. This output signal can be used as the information signal 50. Fig. 6
also shows the information signal 50 corresponding to the output signal of the flip-flop.
The length chosen for the delay time T may correspond to the time interval between
two consecutive samples. However, it is also possible to select another value for the
delay time. It is merely essential that the delay time T is selected to be long enough to
allow a variation of the read signal 12 which is larger than the difference between the
signal value Vmin (see Figure 6) of the read signal in the case that the centre of the rad
spot is situated substantially on the edge of one of the effects 16 and the signal value Vp
(see Figure 6) of the read signal in the case that the read spot is situated substantially on
the centre of a long effect. If T is too short the difference between a variation of Vmin

and Vmax cannot be determined unambiguously on the basis of the difference A-B
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Fi gure 7 shows anot her exanple of the signal recovery circuit 46. The shown
circuit 46 conprises a conparator 70 having a first input to which the read
signal 12 is applied. A reference value 71, which lies substantially

hal f way between the nmaxi nrum val ue Vnmax and ihe m ni numvalue Vmn, is
applied to a second i nput of the conparator 70. Figure 8a by way of

i I'lustration sbeniined®yrtRasutttagrakirddt §4. ©n ithi6theohkndf tHetengthof the ddlhy Ui
8a al so shows the reference value 71. The reference nunerals 80, 81, 82 and

83 indi cate cdrihould beypall grayghitaguoid that widiie adieeintenilrhavinguleagth B the read
ci'anal 72 havi e B B R Tl R m A S B2 S W O o 1 VPR Ana
exceeds the rgligeqnmeyJsdrees fovaird &/ p3IThihisWecdule ibthafedse the Bififereiie 26-B
function of the time t. The signal, 72 is applied to a tine
determined by the subtraCter circuit can be situated between the threshold values 44 and
45, which results in an erroneous detection of a large variation.

In the example shown in Figure 5 the read signal 12 is applied directly to
the input of the sample-and-hold circuit 51. Although this is in principle not necessary, |
it is advantageous to apply the read signal 12 to the sample-and-hold circuit 51 viag a so-
called automatic gain control (AGC) circuit 57 in order to compensate for possible
variations in the amplitude of the read signal 12. Such variations influence the
magnitude of the difference A-B determined by the subtracter circuit.

Figure 7 shows another example of the signal reco§ery circuit 46. The
shown circuit 46 comprises a comparator 70 having a first input to which the read
signal 12 is applied. A reference value 71, which lies substantially halfway between the
maximum value Vmax and the minimum value Vmin, is applied to a second input of the
comparator 70.

Figure 8a by way of illustration shows the read signal 12 as a function of
the time t. Figure 8a also shows the reference value 71. The reference numerals 80, 81,
82 and 83 indicate correct level crossings. The reference numerals 84 and 85 indicate
spurious level crossings. The comparator 70 supplies a binary signal 72 having a signal
level which indicates whether the read signal 12 exceeds the reference value. Figure 8b
shows the binary signal 72 as function of the time t. The signal 72 is applied to a time
delay circuit 73, which supplies a signal 74 which has been delayed by a time T°
relative to the signal 72. The signal 74 is shown in Figure 8c.

The signal recovery circuit 46 corﬁpris;:s an OR gate 76 having a first and
a second input to which the detection signal 46 and the detection signal 47, respectively,
are applied. A signal 77 appears on an output of the OR gate 76 and has a first logic
level which indicates that at Jeast one of the detection signals 46 or 47 has a logic level
which indicates that the difference A-B has exceeded the positive threshold value 44 or
the negative threshold value 45. Since the value of A is obtained by sampling the
difference A-B will change at discrete instants. This means that the signal is sustained
for a given time interval each time after the difference A-B has exceeded the positive or
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delay circuit 73, which supplies a signal 74 which has been del ayed by a
time T' relative to the signal 72. The signal 74 is shown in Figure 8c. The
signal recovery circuit 46 conprises an OR gate 76 having a first and a
second input to which the detection signal {6 and the detection signal 47,
respectively, are applied. A signal 77 appears on an output of the OR gate

76 and has afd i | ' YA (€ :_af of the
detection si gﬁléaﬁ%z{é@gy&ggwh%u%hr ggi% e@gf' qsv%ﬁtgﬁhlnﬁed? A(]:a(;{iéei%c“?% 'sﬁ%ﬁ to
di fference At samplisgdntetial] withewiiok ithe read signalstiois dampled dy/the eirclin S 1 MgOAEst Ve
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. have the first logic level define time windows Tv. The delay time T’ of the time delay
~ circuit 73 has been selected in such a manner that the level changes of the signal 74
which have been caused by correct level crossings (80, 81, 82 and 83) fall within the
time windows Tv. The signal 74 is applied to a data input of transfer circuit 75 which is
controlled by the signal 77. The transfer circuit 75 is of a type which transfers those
portions of the signal 74 received on its data input which are situated within time
windows Tv to an output for the supply of the information signal 50. Outside the time
windows Tv the logic level of the signal on the output of the transfer circuit is held at
the signal value at the end of the last time window Tv. The transfer circuit 75 may be a
flip-flop of the latching type, also referred to as a "latch”. In that case the signal 74 can
be applied to a data input of the latch and the signal 77 can be applied to a control input
of the latch.

The transfer circuit 75 transfers only those level changes of the signal 74
which result from correct level crossings 80, 81, 82 and 83. Level changes in the signal
74 resulting from spurious level crossings 83 and 84 fall outside the time windows Tv
and are therefore not transferred. As a result, the spurious level crossings 83 and 84 do
not influence the binary information signal 50 supplied by the transfer circuit 75.

The information about the phase of the read signal has been preserved in
the information signal obtained by means of the signal recovery circuit 46 shown in
Figure 7. This is because the signal level changes in the information signal have been
shifted in time exactly by a time interval T relative to the correct level crossings of the
read signal 12. This has the advantage that the clock signal 52 can be derived simply
from the information signal 50 by means of a ﬁhase—locked loop circuit 78.

In the case that the d.c. component of the information signal 50 should be
constant, as for example in the case of so-called EFM-modulated signals, the reference

« value 71 can be adapted in customary manner on the basis of the d.c. component of the
information signal 50. For this purpose the signal recovery circuit may comprise a low-
pass filter 79 by means of which the d.c. component of the information signal 50 is
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11 the negative threshold value. If the delay time T of the tine delay
Circuit 53 is equal to the sanpling interval with which the read signal 12
is sanpled by the circuit 51 the first signal level of the signal 77 wll
be sustained each tinme for an interval hax'%ng a length equal to T. The
signal 77 is shown in Figure 8d. The portions of the signal 77 which have

ol ay i rcuidbiermiR e i Smelia Sprediinratah o e oriing e ridlcechlifges
of the signajy if heMibCEMFMRNPARY dERHAME BYvisies FBRT a bRl valwssi ngs (80, 81,
82 and 83) fall within the time windows Tv. The signal 74 is applied to a
data input of transfeTherefergnce v8uenil walug gnay be constant. To minimise possible

influences of variations in the amplitude of the read signal on the recovery of the

information signal 50 it is preferred to derive the reference value 71 from the read

signal 12.

For this purpose the circuit arrangement shown in the Figure comprises a
circuit 91. The circuit 91 includes an averaging circuit 92, for example an adder circuit,
adapted to determine an average value (A-+B)/2 from the instantaneous value of the
signal sample A and the instantaneous value of the signal sample B. The average value
(A+B)/2 is applied to a transfer circuit 94, for example a sample-and-hold circuit,
which is controlled by the signal 77 and which is of a type which transfers the
associated average value (A+B)/2 to an output each time that the signal 77 indicates

that a correct level crossing of the read signal has occurred.
The d.c. component of the values transferred to this output are determined

by means of an averaging circuit, for example a low-pass filter. This d.c. component

- can be used as the reference value 71.
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controlled by the signal 77. The transfer circuit 75 is of a type which
transfers those portions of the signal 74 received on its data input which
are situated within time windows Tv to an output for the supply of the
informati on signal 50. Qutside the tine windows Tv the logic |evel of the

signal on the output of the transfer circuit is held at the signal value at
the end of thﬁqlé—ﬁagf“me w ndow Tv. The transfer circuit 75 may be a .
flip-flop of ching type, also referred to.as a "latch". In that case

the signal 74 can be applied tora data input of the |latch and the signal 77
can be applied to a control input of the latch. The transfer circuit 75
transfers only those | evel changes of the signal .74 which result from
correct |level crossings 80, 81, 82 and 83. Level changes in the signal 74
resulting fromspurious |evel crossings 83 and 84 fall outside the tine

w ndows Tv
1. A device for optically reading record carriers of a first type and record
carriers of a second type, each type of information carrier having an information
structure, the information structure of the record carrier of the first type being adapted
to be read with radiation of a first wavelength and the information structure of the.
record carrier of the second type being a phasé structure arranged in tracks and adapted
to be read with radiation of a second wavelength longer than the first wavelength, which
device comprises scanning means for scanning the information structure in a track of a
record carrier of the first or the second type present in the device by means of a
focused beam of radiation of the first wavelength, a detection system for converting
radiation received from a scanned portion of the track into an analog read signal, and a
signal converter for converting the read signal into a corresponding binary information
signal, characterised in that, for converting the read signal into the information signal
when a record carrier of the second type is read, the signal converter comprises first
comparator means for supplying a first detection signal in the case that the difference
between two signal values of the read signal which are situated at a given time interval
from one another exceeds a given positive threshold value, second comparator means
for supplying a second detection signal in the case that the difference between two
signal values of the read signal which are situated at the given time interval from one
another is below a given negative threshold value, and signal recovery means for
deriving a binary information signal from the first and the second detection signal.
2. A device as claimed in Claim 1, characterised in that the signal recovery
means comprise means for changing a logic value of the information signal in response
to the first detection signal and the second detection signal.
3. A device as claimed in Claim 2, characterised in that the signal recovery
means comprise a comparator for deriving a binary signal by comparing the read signal
with a reference signal, and transfer and hold means which are controlled by the first
and the second comparator means and which can be set to a transfer mode or to a hold
mode, in which transfer mode the binary read signal is transferred to an output for
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and are therefore not transferred. As a result, the spurious |evel
crossings 83 and 84 do not influence the binary information signal 50
supplied by the transfer circuit 75. The information about the phase of the
read signal has been preserved in the infofqmation signal obtained by neans
of the signal recovery circuit 46 shown in Figure 7. This is because the
signal |evel

20Ty oy s PARRSE I Pl WL BRUAR n3lcOHBle 8845 ARt Vil of i il
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manner on t hehdfisst andthet decomdl deteationpipnalndre ahipplied.

4. A device as claimed in Claim 3, characterised in that the device comprises
means for deriving the reference signal, which means are adapted to determine the
average value of the two signal values situated at the given time interval from one
another, and transfer means, controlled by the first and the second comparator means,
for transferring the determined average value of the signal values whose difference has
exceeded the first or the second threshold value to an output for supplying the reference
signal.

I
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I nformmation signal 50. For this purpose the signal recovery circuit may
conprise a low pass filter 79 by neans of which the d.c. conponent of the
i nformation signal 50 is 12 determ ned and which supplies a correction
signal 90 for correcting the reference val¥ﬁ 71 if the d.c. component thus
determ ned deviates froma desired val ue. e reference value 71 val ue may
be constant.gﬁgﬁﬁ%gggzse possi bl e influences of variations in the anplitude
of the read 3 the recovery of the information signal 50 it is

preferred to@g{ﬁausletdpﬁcﬂa%m gegee.value 71 fromthe read

An optical read apparatus is adapted to read record carriers of a first type
and record carriers of a second type. The record carrier of the first type comprises an
information structure (Figure 2a) arranged in tracks and adapted to be scanned with
radiation of a first wavelength. The record carrer of the second type comprises an
information structure in the form of a phase structure (Figure 3a) arranged in tracks and
comprising effects (16) which alternate with intermediate areas. The information
structure (Fig. 3a) of the record carrier of the second type is adapted to be scanned with
radiation of a second wavelength longer than the first wavelength. The device comprises
scanning means (4, 6, 10) for scanning the information structure in the track of a record
carrier of the first or the second type present in the device by means of a focused beam
(9) of radiation of the first wavelength. A detection system (11) converts radiation from
the scanned portion of the track into an analog read signal (12). A signal converter (40)
converts the read signal (12) into a corresponding binary information signal (49). The
signal converter (40) comprises 2 first comparator (55) for supplying a first detection
signal (47) if the difference (A-B) between two signal values (A; B) of the read signal
(12) which are situated at a given time interval (T) from one another exceeds a given
positive threshold value (44). A second comparator (56) supplies a second detection
signal (48) in the case that the difference (A-B) between two signal values (A; B) of the
read signal (12) which are situated at the given time interval (T) from one another is
below a given negative threshold value (45). A signal recovery circuit (46) derives the
binary information signal (50) from the first (47) and the second detection signal (48).

(Figure 4)
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signal 12. For this purpose the circuit arrangenent shown in the Figure
conprises a circuit 91. The circuit 91 includes an averaging circuit 92,
for exanple an adder circuit, adapted to determ ne an average value (A+B)/2
fromthe instantaneous value of the signal sanple A and the instantaneous
val ue of the signal sanple B. The average value (A+B)/2 is applied to a
transfer circuit 94, for exanple a sanpﬁe-and-hold circuit, which is
controlled by the signal 77 and which is of a type which transfers the
associ ated average value (A+B)/2 to an output each tinme that the signal 77
indicates that a correct |evel crossing of the read signal has occurred.
The d.c. conponent of the values transferred to this output are determ ned
by neans of an averaging circuit, for exanple a | owpass filter. This d.c.
conponent
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can be used as the reference val ue 71. 13 CLAI M 1. A devi ce
for optically reading record carriers of a first type and record carriers
of a second type, each type of information carrier having an information
structure, the information structure of the record carrier of the first
type being adapted to be read with radiztion of a first wavel ength and the
I nformation structure of the record caréier of the second type being a
phase structure arranged in tracks and adapted
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to be read with radiation of a second wavel ength | onger than the first
wavel engt h, which device conprises scanning neans for scanning the
information structure in a track of a record carrier of the first or the
second type present in the device by neans of a focused beam of radiation
of the first wavel ength, a detection s¥ften1for converting radiation
received froma scanned portion of the<track into an anal og read signal,
and a signal converter for converting the read signal into a correspondi ng
bi nary i nfor rray%on signal, characterised in that, for convertl ng the read

signal into Q Armat i on_ Lgna when_a_recordlcarrier e second type
is read, the'Sign s fi ar at or for
supplylng a first detection S|gnal i’n the case that the dlfference bet ween

two signal values of the read signdb which are situated at a givdh tine
interval from one another exceeds gi v h positive threshold val ue, second
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for supplying a second detection signal in the case that the difference
bet ween two signal values of the read signal which are situated at the
given tinme interval fromone another is below a given negative threshold
val ue, and signal recovery neans for deriving a binary i nformation signa
fromthe first and the second detection signal . 2. A devi ce as
claimed in daiml, characterised in tnat the S|gnal recovery neans
conprise nmeans for changing a logic value of the information signal in
response to the first d te%%]o? signal and the se%ond dejection signal. 3.
A device as clainmed in a characterised in that t he signal recovery

neans conprgifiﬁuunpd&g HrAHOrhue1|v1n ——brmary tstomat y conparing the

read signal a refer e signal, and transfer and hold neans which are
controlled py the first An the.second conpar at or neans_apd whi ch can be
set to a transter node a hold

{
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node, in which transfer node the binary read signal is transferred to an
out put for 14 supplying the read signal and in which hold node the | ast
transferred value of the read signal is held and supplied to the output for
supplying the information signal, and neans for setting the transfer and
hold nmeans to the transfer node in depﬁndence upon the first and the second
detection signal during tine wi ndows defined by the instants at which the
first and the second detection signal are supplied. 4. A devi ce as
claimed in Caim3, characterised in that the device conprises

50
i

FIG.b
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means. for deriving the reference signal, which neans are adapted to
determ ne the average value of the two signal values situated at the given
time interval fromone another, and transfer neans, controlled by the first
and the second conparator neans, for transferring the determ ned average
val ue of the signal values whose differgnce has exceeded the first or the
second threshold value to an output for Yupplying the reference signal.
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COMPATIBLE OPTICAL READ DEVICE

The invention relates to a device for optically reading record carriers of a
first type and record carriers of a second type, each type of information carrier having
an information structure, the information structure of the record carrier of the first type
being adapted to be read with radiation of a first wavelength and the information
structure of the record carrier of the second type being a phase structure arranged in
tracks and adapted to be read with radiation of a second wavelength longer than the first
wavelength, which device comprises scanning means for scanning the information
structure in a track of a record carrier of the first or the second type present in the
device by means of a focused beam of radiation of the first wavelength, a detection
system for converting radiation received from a scanned portion of the track into an
analog read signal, and a signal converter for converting the read signal into a
corresponding binary information signal.

Such a device is known from EP-A-0,525,896. By means of the known
device it is possible to read high-density record carriers comprising an information
structure which is arranged in the form of tracks and whose dimensions are adapted to

 be read by means of a beam of radiation having a short wavelength (of the order of
~ magnitude of 400 to 600 nm). In the known device the same radiation beam can be used

for reading record carriers with a lower information density, such as for example
Compact Discs, on which the recorded information is represented by a phase structure
arranged in tracks in the form of a pattern of pits whose geometry is adapted to be read
with a beam of radiation of a wavelength larger than that of the radiation beam used in
the device, for example of the order of magnitude of 800 nm. In order to ensure a
reliable read-out when the record carrier with thé lower radiation density is read the
radiation beam is not aimed at the centre of the track, as is customary, but at the edge
of the track. To read the high-density record carrier the radiation beam is aimed, as-is
customa:'y, -at the centre of the r_rack This means that depending on the type of record

‘carrier the tracfzmg system is seL to a first mode, in which the centre of a track is

followed, or to a second maqde, in which the edge of a track is followed. Operating in
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