
;e3e{$xl46T$KS)~'~::r WO 03/113r13 PCT/IB02/039~5  Record carrier and
apparatus for scanning the record carrier The invention relates to a record
Garner comprising a servo track indicating an information track intended
for recording information blocks represented by marks, which servo track
has a periodic variation of a physical parameter at a predetermined
frequency and modulated parts for encoding position information at regular
intervals, a first type of modulated parts starting with a bit sync element
and being of a data type having a data bit element, and a second type of
modulated parts starting with a bit sync element and being of a word sync
type having a word sync element, the word sync element and the data bit
element being modulated according to a same predetermined type of
modulation of the periodic variation. 10 The invention further relates to
recording and/or playback device comprising means for writing and/or
reading information blocks in an information track on a record Garner that
comprises a servo track indicating the information track, which device
comprises means for scanning the servo track and demodulation means for
retrieving position information from a signal generated by a variation of a
physical parameter of the servo track 15 at a predetermined frequency,
which servo track has modulated parts for encoding position information at
regular intervals, a first type of modulated parts starting with a bit sync
element and being of a data type having a data bit element, and a second
type of modulated parts starting with a bit sync element and being of a
word sync type having a word sync element, the word sync element and the
data bit element being modulated according to a 20 same predetermined type
of modulation of the periodic variation. The invention further relates to a
method for manufacturing the record Garner. A record Garner and device for
reading and/or writing information are known 25 from WO 00/43996 {PHN
17323). The information to be recorded is encoded into an information
signal which includes address codes and is subdivided in accordance with
the address codes into information blocks. The record Garner is of a
recordable type and has a servo track, usually called pregroove, for
causing servo signals to be generated when scanning the track. A physical
parameter, e.g. the radial position, of the pregroove    WO 03/113e3-1 2
PCT/IB02/039~5 periodically varies at a predetermined frequency
constituting a so-called wobble. During the scanning of the track, this
wobble leads to a variation of the radial tracking servo signals and a
wobble signal can be generated. The wobble is modulated according to a type
of modulation using phase modulation for encoding position information. The
phase modulation 5 or frequency modulation used for encoding digital
position information is selected to minimally disturb the component of the
predetermined frequency in the wobble signal, because that component is
used to control the recording speed. Hence a majority of the 



periodic variations needs to be non modulated, i.e. having the zero
crossings not shifted from the nominal positions. During recording the
position information is retrieved from the wobble 10 signal and is used for
positioning the information blocks by keeping a predefined relation between
the address codes in the information blocks and the position information.
The addresses are encoded in modulated parts of the wobble starting with a
bit sync element followed by either a word sync element or a data bit
element. A problem of the known system is that detection of the word sync
element is 15 not reliable. It is an object of the invention to provide a
record Garner and device in which the synchronization is more reliable. 20
According to the invention a record carrier as defined in the opening
paragraph is characterized in that the effective strength of the word sync
element and of the data bit element are equal, the effective strength being
the number of periodic variations that are substantially different and
available for detection of the corresponding element. Further, the
recording and/or playback device as described in the opening paragraph is
characterized in 25 that the demodulation means comprise means for
detecting the type of the modulated parts across a same effective strength
by detecting the word sync element or the data bit element, the effective
strength being the number of periodic variations that are substantially
different for the corresponding element. The invention is based on the
following recognition. In DVD+RW, the wobble format consist of the
following ADIP units (2 indicating a modulated, 30 i.e. inverted, wobble; 0
indicating a not modulated wobble): ADIP word sync =
"2222000000000000000..." ADIP ZERO = "2000002200000000000..." ADIP ONE =
"2000220000000000000..."   WO 03/03-t-43~ PCT/IB02/1139-Ls The first
inverted wobble {indicated by "2") is the so-called bit sync. The next
three inverted wobbles form the word sync ("222" in case of a word sync,
"000" otherwise). The next four wobbles carry the ZERO or ONE information
("0022" or "2200"). After these first 8 wobbles follow only positive
wobbles that carry no information (but that are important for the PLL 5
performance). Apart from the bit sync, there are 3 modulated wobbles for
the word sync and only 2 modulated wobbles for the ONE and the ZERO. The
inventors have seen that the detection of the word sync element is less
reliable than the detection of a data bit element, which can be expressed
as effective strength. Further they recognized, that for reliable detection
of all elements with the minimum disturbance of the regular periodic
variations the 10 same strength for a11 elements is desirable. The
"L"-number indicates the effective strength of the modulated element. For
the word sync it has to be decided whether there is a word sync or not (so
compare "222" with "000"), which has an effective strength of 3 wobbles.
For the bit detection we have to decide between ONE and ZERO (so compare
"2200" and "0022"), which has an effective strength of L=4 wobbles. To
achieve the same strength for the word 15 sync detection and the bit
detection one would have to increase the number of wobbles used for word
sync detection by 1, from 3 to 4. Hence reliable detection in combination
with minimal disturbance of the periodic variations is achieved by
selecting equal effective strength for the data bit and word sync elements.
Further preferred embodiments of the method, devices and record carrier 20
according to the invention are given in the further claims. These and other
aspects of the invention will be apparent from and elucidated further with
reference to the embodiments described by way of example in the following 



25 description and with reference to the accompanying drawings, in which
Fig. 1 a shows a record carrier with a servo track (top view), Fig. 1b
shows a servo track (cross section), Fig. 1 c shows a wobble of a servo
track (detail), Fig. 1 d shows a further wobble of a servo track (detail),
30 Fig. 2 shows bi-phase wobble modulation, Fig. 3 shows MSK wobble
modulation, Fig. 4 shows a modulation scheme including split word sync,
Fig. 5 shows a device for reading information blocks, Fig. 6 shows a device
for writing information blocks.   W O 113/03.t-13~ 4 PCT/IB02/039~s In the
Figures, elements which correspond to elements already described have the
same reference numerals. Fig. 1 a shows a disc-shaped record carrier 1
provided with a track 9 intended for recording and a central hole 10. The
track 9 is arranged in accordance with a spiral pattern of windings 3. Fig.
1b is a cross-section taken on the line b-b of the record carrier 1, in
which a transparent substrate 5 is provided with a recording layer 6 and a
protective layer 7. The recording layer 6 may be optically veritable, for
example via phase change, or magneto 10 optically veritable by a device for
writing information such as the known CD-Rewritable or CD-Recordable. The
recording layer may also be provided with information via a production
process, in which first a master disc is made which is subsequently
multiplied through pressing. The information is organized in information
blocks and is represented by optically readable marks in the form of a
succession of areas reflecting much radiation and little 15 radiation such
as, for example a succession of pits of different lengths in a CD. In one
embodiment, the track 9 on the record carrier of a rewritable type is
indicated by a servopattern which is provided during manufacture of the
blank record carrier. The servopattern is formed, for example by a
pregroove 4 which enables a write head to follow the track 9 during
scanning. The pregroove 4 may be implemented as a deeper or a raised 20
part, or as a material property deviating from its ambience. Alternatively,
the servopattern may consist of an alternation of elevated and deeper
windings, referred to as land and groove patterns, with a transition from
land to groove or vice versa taking place per winding. Figs. 1 c and 1 d
show two examples of a periodical variation of a physical parameter of the
pregroove, called wobble. Fig. lc shows variation of the lateral position,
and Fig. 1d shows 25 variation of the width. This wobble produces a wobble
signal in a tracking servosensor. The wobble is, for example, frequency-
modulated, and position information such as an address, a time code or
winding information is coded in the modulation. A description of a
rewritable CD system which is provided with position information in such a
way can be found in US 4,901,300 (PHN 12.398). A servopattern may also
consist of, for example, regularly 30 distributed sub-patterns which
periodically cause tracking signals. Further the servopattern may include
modifications of the land area beside the pregroove, e.g. an undulating
pregroove having land pre-pits in a specific pattern for encoding position
information like in DVD-RW. 



The variation of the servo track includes relatively large parts of
monotone   WO U3/U3-t.l3.l PCT/IB02/039.1s 5 wobble, so called non
modulated parts. Further the servo track has relatively short parts where
the frequency and/or phase of the wobble deviates from the predetermined
wobble frequency, called modulated parts. In this document any servopattern
of a periodic nature in combination with any additional elements encoding
information is referred to as a servo track having a periodic variation of
a physical parameter at a predetermined frequency, or wobble, that has
modulated parts. Figure 2 shows bi-phase wobble modulation. An upper trace
shows the wobble modulation for a word sync pattern, a second and third
trace show the wobble modulations for data bits of the address, the total
modulation being called Address In Pregroove (ADIP). 10 Predetermined phase
patterns are used for indicating a synchronizing symbol (ADIP bit sync) and
a synchronization of the full address word (ADIP word sync), and for the
respective data bits (ADIP Data=' 0', and ADIP data = ` 1 ' ). The ADIP bit
sync is indicated by a single inverted wobble (wobble # 0). The ADIP word
sync is indicated by three inverted wobbles directly following the ADIP bit
sync, whereas data bits have non-inverted wobbles in this 15 area (wobble #
1 to 3). An ADIP Data area comprises a number of wobble periods assigned to
represent one data bit, in the Figure the wobble periods numbered 4 up to 7
(= wobble # 4 to 7). The wobble phase in first halve of the ADIP Data area
is inverse to the wobble phase in the second halve of the area. As such
each bit is represented by two sub-areas having different phases of the
wobble, i.e. called bi-phase. Data bits are modulated as follows: ADIP 20
Data='0' is represented by 2 non-inverted wobbles followed by two inverted
wobbles, and ADIP data = ` 1' vice versa. In this embodiment the modulation
for data bits is fully symmetrical, giving equal error probability for both
data bit values. However other combinations of wobbles and inverted
wobbles, or other phase values may be used. In an embodiment a
predetermined modulation is used after a ADIP Word Sync, indicating 25
`empty', instead of a data bit. Monotone wobbles may be used after the
first data bit, or further data bits may be encoded thereafter. Preferably
a large majority of the wobbles is not modulated (i.e. has the nominal
phase) for ensuring an easy lock and a stable output of a PLL in a
detector; in this embodiment the 8 possibly modulated wobbles are followed
by 85 not modulated (i.e. monotone) wobbles (wobble # 8 to 92). The output
frequency of the PLL has 30 to be as stable as possible, because during
writing the write clock is derived from the PLL output. Figure 3 shows MSK
wobble modulation. The Minimum Shift Keying (MSK) modulation uses a first
pattern 31 for transferring a first bit value and a second pattern 32 for
transferring a second bit value. Further combinations of the patterns 31,32
may be used to   WO 03/03~~3~ PCT/IB112/039-1S 6 transfer synchronisation
information. Each MSK pattern has a central part of at least one full
wobble period, in the first pattern the central part 34 in non-inverted,
while in the second pattern the central part 37 is inverted. Each MSK
pattern further has a starting part and an ending part. The left MSK
pattern has a starting part 33 and an ending part 35 just being a single
wobble period. The right MSK pattern has a starting part 36, which inverts
the phase by having a frequency of 1.5 times the wobble frequency, i.e. by
having 3 halve sine periods within one wobble frequency period. The ending
part is similar to re-invert the phase to the non-inverted state. Detection
of MSK data bits is primarily based on the detection of the central part,
because both central parts exhibit the maximum difference between the two
10 patterns. In addition the difference of the not modulated starting part
33 and modulated starting part 36, and the not modulated ending part 35 and
modulated ending part 38 can be exploited for detection, the total length
of these differences is estimated to have 50% of effective strength of
detection when compared to the central part. The MSK encoding can be used
to encode address bits in a pregroove wobble, but the pregroove wobble
needs to be not 15 modulated for the majority of wobble periods. The large
majority of not modulated wobbles is needed for reliably controlling the
rotation speed of the disc and/or the write clock of the recording process.



Figure 4 shows an modulation scheme with split word sync based on the MSK
wobble modulation. In each cell of the matrix shown a zero indicates a not
modulated 20 wobble, a one indicates a starting part of 1,5 wobble to
invert the phase, a two indicates an inverted wobble, and a three indicates
an ending part of 1,5 wobble to re-invert the phase to the normal state, as
described above with reference to Figure 3. In each row of the matrix 56
consecutive wobbles are indicated (columns 37-54 a11 being zero), and each
row starts with a bit sync element in columns 0,1,2. A total ADIP address
word comprises 83 rows, and the 25 rows are numbered according to their
ADIP bit number. The ADIP bits numbered 0,2,4,6 and 8,13,18, etc are
isolated bit syncs (40,41 ). The ADIP word includes several word sync
elements, which a11 comprise two partial elements separated by a number of
not modulated wobbles. Such sync elements are referred to as split word
sync. In ADIP bit 1 there is a first split word sync element called sync0,
and in ADIP bits 3,S,7 there are three further split word 30 sync elements
sync 1, sync2 and sync3 . All split word sync elements have a different
location for maximum reliability of detection. Starting at ADIP bit 8 there
is a repetitive pattern of 5 rows consisting of one isolated bit sync
followed by 4 data bits; the values of the data bit elements in the Figure
being arbitrary examples. Hence in total 13 x 4 = 52 data bits are
available in the ADIP address word. The effective strength of the MSK
modulated elements   WO 03/113.I-43.1 PCT/IBIl2/U39-l~ is indicated by the
"L"-number: 2 wobbles for "L=2" marks, even though the modulation extends
for 3 wobble periods. As explained above for MSK the starting and ending
parts are considered to have an effective strength of 50%, hence the total
of a central part of 1 wobble and 2 starting / ending wobbles at 50%
accumulates to L=2. In an embodiment the method of detection requires even
values, e.g. "L=2" and "L=4", because in that case the total number of
wobbles in an ADIP unit (56) can be divided by the L-value. In constructing
the scheme the following problem is solved: 1. For detection, it is an
advantage to have only 1 type of modulated element: so only "L=2" elements
or only "L=4" elements. In that case, one only has to build one detector 10
or filter to detect the elements, and not 2 different detectors or filters.
2. To have similar strength of the word sync detection and bit detection,
one would need "L=2" elements for bits (ONE or ZERO) and "L=4" elements for
word syncs. The problem is how to balance these 2 requirements. One
unsuitable option is to use a single "L=2" element for both the bits and
the word syncs. But this means that the word sync is 15 weaker than
required and this will then be the weakest link in the detection scheme)
Another unsuitable option is to use a single "L=4" element for both the
bits and the word syncs. But this means that the bit detection is
unnecessarily strong. This is of course no problem for bit detection, but
one should keep in mind that these modulated elements disturb the PLL and
using elements that are too long implies unnecessary distortion of the PLL.
The solution is to 20 use a single "L=2" element for the bits ONE and ZERO
and 2 "L=2" elements for the word syncs. In this way the appropriate
strengths are given to both bits and word syncs while retaining the
advantage of using only a single element so that only one type of element
detecting is required. By using a fixed distance between the 2 "L=2"
elements of a word sync, the detection of the word sync is the same as
adding the outcome of the detector of a 25 single "L=2" element at 2 points
in time, at the distance between these points is fixed. In an embodiment
the distance between the "L=2" elements of a word sync is fixed at 8 wobble
periods, and for the word syncs the following sequences are proposed: 



'12300000123000001230000000000000000000000000000000000000'(sync0)
'12300000001230000012300000000000000000000000000000000000'(syncl) 30
'12300000000012300000123000000000000000000000000000000000'(sync2)
'12300000000000123000001230000000000000000000000000000000'(sync3) and for
the bits the following sequences:
'1230xxxxx00000000000000000000000000000000000000000000000'(0 or 1). The
sequence 'xxxxx' is either ZERO or ONE as follows:   WO 113/(13.1.13 8 ONE
: '12300' ZERO: '00123' PCT/IB02/039~5 Figures 5 shows a reading device for
scanning a record carrier 1. Writing and reading of information on optical
discs and formatting, error correcting and channel coding rules, are
well-known in the art, e.g. from the CD system. The apparatus of Figure 5
is arranged for reading the record carrier 1, which record carrier is
identical to the record carriers shown in Figure 1. The device is provided
with a read head 52 for scanning the track on the record carrier and read
control means comprising drive unit 55 for rotating the record Garner 1, a
read circuit 53 for example comprising a channel decoder and an error
corrector, 10 tracking unit 51 and a system control unit 56. The read head
comprises optical elements of the usual type for generating a radiation
spot 66 focused on a track of the recording layer of the record Garner via
a radiation beam 65 guided through optical elements. The radiation beam 65
is generated by a radiation source, e.g. a laser diode. The read head
further comprises a focusing actuator for focusing the radiation beam 65 on
the recording layer and a 15 tracking actuator 59 for fine positioning of
the spot 66 in radial direction on the center of the track. The apparatus
has a positioning unit 54 for coarsely positioning the read head 52 in the
radial direction on the track. The tracking actuator 59 may comprise coils
for radially moving an optical element or may be arranged for changing the
angle of a reflecting element on a movable part of the read head or on a
part on a fixed position in the case part of the optical 20 system is
mounted on a fixed position. The radiation reflected by the recording layer
is detected by a detector of a usual type, e.g. a four-quadrant diode, for
generating a detector signals 57 including a read signal, a tracking error
and a focusing error signal. The tracking unit 51 is coupled to the read
head for receiving the tracking error signal from the read head and
controlling the tracking actuator 59. During reading, the read signal is
converted into 25 output information, indicated by arrow 64, in the read
circuit 53. The apparatus is provided with a demodulator 50 for detecting
and the retrieving address information from the wobble signal included in
the detector signals 57 when scanning the servo track of the record
carrier. The device is further provided with a system control unit 56 for
receiving commands from a controlling computer system or from a user and
for controlling the apparatus via control lines 30 58, e.g. a system bus
connected to the drive unit 55, the positioning unit 54, the demodulator
50, the tracking unit 51 and the read circuit 53. To this end, the system
control unit comprises control circuitry, for example a microprocessor, a
program memory and control gates, for performing the procedures described
below. The system control unit 56 may also be implemented as a state
machine in logic circuits. The read device is arranged for reading a  



WO 113/03.13.t PCT/IB02/1139~5 9 disc having tracks having a periodic
variation, e.g. a continuous wobble. The read control unit are arranged for
detecting the periodic variations and for reading in dependence thereon a
predetermined amount data from the track. In particular the demodulator 50
is arranged for reading position information from the modulated signal
derived from the modulated wobble. The demodulator 50 has a detection unit
for detecting modulated wobbles starting at the bit sync elements in the
wobble signal which arrive after a long sequence of non modulated wobbles.
The demodulator further has a word detection unit for retrieving the words
of address information based on the word sync elements. The beginning of
such a word is detected from a word synchronisation signal after the bit
sync element. The value of a data 10 bit is detected based on the data bit
elements encoded by modulated wobbles. Further the device has a
synchronisation unit 67 for detecting the word sync elements. In the
modulation scheme described above with reference to Fig. 4 a word syncs are
included that have two modulated partial elements separated by an interval
of not modulated periodic variations. The synchronisation unit 67 detects
the partial elements at the predefined distance, and from the 15 result
detects the word sync element. In a preferred embodiment, the demodulator
SO and synchronisation unit 67 share a filter unit for detecting one single
type of modulated element, in particular in the case that the modulated
parts of the data bits have the same structure as the two modulated partial
elements of the word sync element. Figure 6 shows a device for writing
information on a record carrier according to 20 the invention of a type
which is (re)writable in, for example a magneto-optical or optical manner
(via phase change or dye) by means of a beam 65 of electromagnetic
radiation. The device is also equipped for reading and comprises the same
elements as the apparatus for reading described above with Figure 5, except
that it has a write/read head 62 and recording control means which comprise
the same elements as the read control means, except for a 25 write circuit
60 that comprises for example a formatter, an error encoder and a channel
encoder. The write/read head 62 has the same function as the read head 52
together with a write function and is coupled to the write circuit 60. The
information presented to the input of the write circuit 60 (indicated by
the arrow 63) is distributed over logical and physical sectors according to
formatting and encoding rules and converted into a write signal 61 for the
30 write/read head 62. The system control unit 56 is arranged for
controlling the write circuit 60 and for performing the position
information recovery and positioning procedure as described above for the
reading apparatus. During the writing operation, marks representing the
information are formed on the record carrier. The recording control means
are arranged for detecting the periodic variations, for example by locking
a phase locked loop to the   W O 113/03r43-4 PCT/I B02/039.15 10
periodicity thereof. The demodulator 50 and the synchronisation unit 67 are
described above with reference to Figure 5. Although the invention has been
explained by embodiments using a wobble modulation, any other suitable
parameter of the track may be modulated, e.g. the track width. Also for the
record carrier an optical disc has been described, but other media, such as
a magnetic disc or tape, may be used. It is noted, that in this document
the word `comprising' does not exclude the presence of other elements or
steps than those listed and the word `a' or `an' preceding an element does
not exclude the presence of a plurality of such elements, that any
reference signs do not limit the scope of the claims, that the invention
may be 10 implemented by means of both hardware and software, and that
several `means' may be represented by the same item of hardware. Further,
the scope of the invention is not limited to the embodiments, and the
invention lies in each and every novel feature or combination of 



features described above. 15   W O 03/03.I3-4 CLAIMS: 11 PCT/IB02/039~5 1.
Record carrier comprising a servo track (4) indicating an information track
(9) intended for recording information blocks represented by marks, which
servo track (4) has a periodic variation of a physical parameter at a
predetermined frequency and modulated parts for encoding position
information at regular intervals, a first type of modulated parts starting
with a bit sync element and being of a data type having a data bit element,
and a second type of modulated parts starting with a bit sync element and
being of a word sync type having a word sync element, the word sync element
and the data bit element being modulated according to a same predetermined
type of modulation of the periodic variation, characterized in that the
effective strength of the word sync element and of the data bit 10 element
are equal, the effective strength being the number of periodic variations
that are substantially different and available for detection of the
corresponding element. 2. Record carrier as claimed in claim 1, wherein the
word sync element comprises two modulated partial elements separated by an
interval of not modulated periodic 15 variations. 3. Record Garner as
claimed in claim 2, wherein both partial elements are equal. 4. Record
carrier as claimed in claim 1, 2 or 3, wherein the data bit element 20
comprises portions of equal length, one portion being a modulated partial
element and one portion being not modulated according to a bi-phase
modulation. 5. Record carrier as claimed in claim 1, 2 or 3, wherein the
predetermined type of modulation is minimum shift keying modulation of the
periodic variation. 25 6. Recording and/or playback device comprising means
for writing and/or reading information blocks in an information track (9)
on a record carrier that comprises a servo track (4) indicating the
information track (9), which device comprises means for scanning the servo
track (4) and demodulation means (50) for retrieving position information
WO U3/U3.1~3~ 12 PCT/IBU2/U39~S from a signal generated by a variation of a
physical parameter of the servo track at a predetermined frequency, which
servo track has modulated parts for encoding position information at
regular intervals, a first type of modulated parts starting with a bit sync
element and being of a data type having a data bit element, and a second
type of modulated parts starting with a bit sync element and being of a
word sync type having a word sync element, the word sync element and the
data bit element being modulated according to a same predetermined type of
modulation of the periodic variation, characterized in that the
demodulation means comprise means (67) for detecting the type of the
modulated parts across a same effective strength by detecting the word sync
element or the data bit element, 10 the effective strength being the number
of periodic variations that are substantially different for the
corresponding element. 7. Device as claimed in claim 6, wherein the means
for detecting the type of the modulated parts are for detecting the word
sync element from two partial elements that are 



1 S separated by an interval of not modulated periodic variations. 8.
Device as claimed in claim 6 or 7, wherein the means for detecting the type
of the modulated parts are for detecting a modulated partial element, the
word sync element comprising two of the modulated partial elements
separated by an interval of not modulated 20 periodic variations, and/or
the data bit element comprising portions of equal length, one portion being
the modulated partial element and one portion being not modulated according
to a bi-phase modulation. 9. Method of manufacturing a record carrier, in
which the record carrier is 25 provided with a servo track (4) indicating
an information track (9) intended for recording information blocks, which
servo track (4) is provided with a variation of a physical parameter at a
predetermined frequency and modulated parts for encoding position
information at regular intervals, a first type of modulated parts starting
with a bit sync element and being of a data type having a data bit element,
and a second type of modulated parts starting with a bit 30 sync element
and being of a word sync type having a word sync element, the word sync
element and the data bit element being modulated according to a same
predetermined type of modulation of the periodic variation, characterized
in that the effective strength of the word sync element and of the data bit
element are made equal, the effective strength being the   WO 03/113~~3~
PCTlIB02/1139-4S 13 number of periodic variations that are substantially
different and available for detection of the corresponding element.
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