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INFORMATION STORAGE MEDIUM, 
INFORMATION RECORDING APPARATUS, AND 
INFORMATION REPRODUCTION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
U.S. application Ser. No. 11/186,968, filed Jul. 22, 2005, and 
for which priority is claimed under 35 U.S.C. S.120. U.S. 
application Ser. No. 11/186,968 is a divisional of application 
Ser. No. 10/234,402, filed Sep. 5, 2002, now U.S. Pat. No. 
6,999,395, and for which priority is claimed under 35 U.S.C. 
S121. This application is based upon and claims the benefit 
of priority under U.S.C S 119 from the prior Japanese Patent 
Application No. 2001-276727, filed Sep. 12, 2001. The 
entire contents of each application listed above is incorpo 
rated herein by reference, in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an information 
storage medium that records data containing a SYNC code. 
The present invention also relates to an information record 
ing apparatus for recording data containing a SYNC code on 
an information storage medium. Furthermore, the present 
invention relates to an information reproduction apparatus 
for reproducing data containing a SYNC code from an 
information storage medium. 
0004 2. Description of the Related Art 
0005. The DVD format specifies the contents of a SYNC 
code. In this specification, there are a total of 32 different 
SYNC codes. The SYNC codes are described in Jpn. Pat. 
Appln. KOKAI Publication No. 7-254239. 
0006. In the existing DVD standard, in order to limit the 
pit length of a three-dimensional pattern or the maximum 
mark length of a recording mark (the run length of “O’s 
allocated between neighboring “1's in channel bit data), 
Source data undergoes a modulation process based on a 
specific modulation rule, and the modulated data is recorded 
on an information storage medium. A modulation method is 
generally expressed by (d., k, m, n), which symbols mean 
that “m-bits' source data is converted into data of “n-chan 
nel bits', and a modulated channel bit pattern has a mini 
mum of “d'O's run length and a maximum of “k'O's run 
length. That is, the modulated channel bit patterns satisfy 
conditions that a minimum of “d” pieces of “O’s succes 
sively arranged and a maximum of “k” pieces of “O’s 
Successively arranged. The modulation method in the exist 
ing DVD standard adopts a (2, 10; 8, 16) method (i.e., 
“d-2”, “k=10). 
0007. In the next-generation DVD, the recording density 

is to be further improved. Accordingly, low SYNC code 
detection precision may pose a problem. 

BRIEF SUMMARY OF THE INVENTION 

0008. It is an object of the present invention to provide an 
information storage medium compatible to high-density 
recording. 
0009. An information storage medium according to an 
embodiment of the present invention comprises a manage 
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ment area that stores management information, and a data 
area that stores predetermined data in predetermined record 
ing units, 

0010 the predetermined data is modulated according 
to a (d, k; m, n) modulation rule, 

0011 the (d, k; m, n) modulation rule modulates m-bit 
Source data into n-channel bit data, so that modulated 
channel bit patterns satisfy conditions that a minimum 
of “d” pieces of "O's successively arranged and a 
maximum of “k” pieces of “O’s successively arranged, 

0012 the predetermined data includes at least one 
SYNC code in the predetermined recording unit, and 

0013 the number of “1's included in a predetermined 
number of a series of channel bits at an arbitrary 
position in the SYNC code is not more than a half the 
predetermined number. 

0014) Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

00.15 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0016. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 
0017 FIG. 1 shows an example of SYNC frame data to 
be stored in an information storage medium; 
0018 FIG. 2 shows an example of the data structure 
when a SYNC code is appended to the SYNC frame data, 
and that of the SYNC code: 
0019 FIG. 3 is a block diagram showing a recording 
system of an information recording/reproduction apparatus 
according to an embodiment of the present invention; 
0020 FIG. 4 is a block diagram showing a reproduction 
system of the information recording/reproduction apparatus 
according to an embodiment of the present invention; 
0021 FIG. 5 shows an example of the data structure of 
physical sector data to be stored in an information storage 
medium; 
0022 FIG. 6 shows an example of the relationship 
between physical sector data and ECC blocks; 
0023 FIG. 7 shows an example of the relationship 
between physical sector data and ECC blocks; 
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0024 FIG. 8 shows an example of the data structure of an 
information storage medium; 
0.025 FIG. 9 is a block diagram showing the structure of 
a SYNC code generating/appending unit of the information 
recording/reproduction apparatus according to an embodi 
ment of the present invention; 
0026 FIG. 10 is a block diagram showing the structure 
around a SYNC code position detecting unit of the infor 
mation recording/reproduction apparatus according to an 
embodiment of the present invention: 
0027 FIG. 11 shows the first example of the data struc 
ture of a SYNC code: 

0028 FIG. 12 shows the second example of the data 
structure of a SYNC code: 

0029 FIG. 13 shows the third example of the data 
structure of a SYNC code: 

0030 FIG. 14 shows the fourth example of the data 
structure of a SYNC code: 

0031 FIG. 15 shows the fifth example of the data struc 
ture of a SYNC code: 

0032 FIG. 16 shows the sixth example of the data 
structure of a SYNC code: 

0033 FIG. 17 shows the seventh example of the data 
structure of a SYNC code: 

0034 FIG. 18 shows the eighth example of the data 
structure of a SYNC code: 

0035 FIG. 19 shows the ninth example of the data 
structure of a SYNC code: 

0036 FIG. 20 shows the 10th example of the data struc 
ture of a SYNC code: 

0037 FIG. 21 shows the 11th example of the data struc 
ture of a SYNC code: 

0038 FIG. 22 shows an example of the bit pattern of a 
SYNC code: 

0.039 FIG. 23 shows an example of the allocation rela 
tionship between SYNC codes and modulated SYNC frame 
data; 

0040 FIG. 24 is a view for explaining a method of 
determining the SYNC frame position in one physical sector 
on the basis of the order in which SYNC frame position 
identification codes in SYNC codes appear; 
0041 FIG. 25 is a flow chart for explaining a data 
conversion process upon adopting the SYNC codes shown 
in FIGS. 11 and 12: 

0.042 FIG. 26 is a flow chart for explaining a data 
conversion process upon adopting the SYNC codes shown 
in FIGS. 13 to 18: 

0.043 FIG. 27 is a flow chart for explaining a data 
conversion process upon reproducing information; 

0044 FIG. 28 is a flow chart for explaining a control 
operation executed when the SYNC codes shown in FIGS. 
11 and 12 are adopted and access to a predetermined position 
on an information storage medium is made; 
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0045 FIG. 29 is a flow chart for explaining a control 
operation executed when the SYNC codes shown in FIGS. 
13 to 18 are adopted and access to a predetermined position 
on an information storage medium is made; 
0046 FIG. 30 is a flow chart showing the method of 
determining a SYNC frame in a physical sector on the basis 
of the order in which a plurality of SYNC codes appear; 
0047 FIG. 31 is a flow chart for explaining the method 
of detecting abnormality Such as tracking errors on the basis 
of the order in which a plurality of SYNC codes appear; 
0.048 FIG. 32 is a view for explaining a SYNC code 
layout method in one physical sector data; 
0049 FIG. 33 is a view for explaining a practical bit 
pattern corresponding to SYNC codes shown in FIG. 32: 
0050 FIG. 34 is a view for explaining condition C. 
required for SYNC codes: 
0051 FIG. 35 is a view for explaining condition B 
required for SYNC codes: 
0.052 FIG. 36 shows a list of SYNC codes shown in FIG. 
22: 

0053 FIG.37 shows a list of SYNC codes shown in FIG. 
33; and 
0054 FIG.38 is a view showing reproduced signals of an 
existing DVD and next-generation DVD, and for explaining 
problems of the next-generation DVD. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.055 An embodiment of the present invention will be 
described hereinafter with reference to the accompanying 
drawings. 
0056. As methods of further improving the recording 
density in a next-generation DVD, 

0057 1) a method of generally increasing the record 
ing density while d=2 (to shorten the relative channel 
bit length), and 

0.058 2) a method of changing the modulation scheme 
of d=1, and using PRML (Partial Response Maximum 
Likelihood) in a reproduction circuit are available. 

0059) Even when either of these methods is adopted, the 
signal amplitude of a reproduced signal from a repetition 
position of the densest pattern (the resolution representing 
the amplitude ratio to the signal amplitude at a repetition 
position of the coarsest pattern) drops considerably. A 
method of improving the reliability of a reproduced signal 
using the above PRML technique against a signal amplitude 
drop of the reproduced signal from the repetition position of 
the densest pattern is being developed currently. 
0060. In general, an information reproduction apparatus 
or information recording/reproduction apparatus associated 
with an information storage medium Such as an optical disk 
or the like adopts “SYNC detection' upon reproducing data 
recorded on the information storage medium. “SYNC detec 
tion' is a method of extracting a reference clock (reproduc 
ing a carrier) from a signal reproduced from data recorded 
on an information storage medium, and decoding data 
recorded on the information storage medium in Synchronism 
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with the timing of this reference clock (carrier). Especially, 
when a signal amplitude drop of a reproduced signal from 
the repetition position of the densest pattern is considerable, 
the timing of this reference clock deviates, and data cannot 
be precisely reproduced even using the PRML technique. 
0061. In the existing DVD standard, SYNC codes are 
inserted at specific data intervals. Upon reproducing infor 
mation from an information storage medium, an information 
reproduction apparatus or information recording/reproduc 
tion apparatus detects the insertion position of each SYNC 
code, and extracts a gap position of data contiguously 
recorded on the information storage medium with reference 
to this SYNC code. Especially, this SYNC code has no error 
correction code unlike in general user data (SYNC frame 
data 105 in FIG. 1). Therefore, the information reproduction 
apparatus or information recording/reproduction apparatus 
is required to have very high detection precision of SYNC 
codes. 

0062. In order to further improve the recording density in 
the next-generation DVD, the detection precision of SYNC 
codes lowers considerably since the timing of a reference 
clock deviates (bit shift occurs) near the repetition position 
of the densest pattern in a SYNC code. FIG.38 shows such 
state. In FIG. 38, the upper reproduced signal indicates that 
of the existing DVD, and the lower reproduced signal 
indicates that of the next-generation DVD. In the next 
generation DVD, the densest amplitude/coarsest amplitude= 
Imin/Imaxs O.15. In the reproduced signal of the next 
generation DVD, if the densest amplitude is small and 
asymmetry is poor, the timing of a reference clock of a 
reference clock generation circuit deviates and a bit shift 
may occur due to binarization errors in a Schmitt trigger 
circuit and PLL errors in a PLL circuit. 

006.3 Features of the present invention will be summa 
rized first. 

0064. As a pattern for a SYNC code that can assure high 
detection precision of the SYNC code even when the 
recording density of an information storage medium is 
improved, the number of times of repetition of the densest 
patterns in the SYNC code is limited, or a generation state 
of a pattern approximate to the densest pattern is con 
strained. 

0065. As a result (of the above device of the SYNC code 
pattern), the range of the amplitude value of a reproduced 
signal from the SYNC code is broadened, the reference 
clock extraction (carrier reproduction) precision by “SYNC 
detection” using a reproduced signal from the SYNC code 
position is improved, and the frequency of occurrence of 
timing deviation (bit shift) of a reference clock at the SYNC 
code position is decreased, thereby improving the detection 
precision of the SYNC code. 
0066. The SYNC code pattern in the present invention 
has the following features. 
0067 (1-1) A condition for limiting the number of times 
of repetition of the densest patterns from every SYNC code 
patterns, or for constraining the generation state of a pattern 
approximate to the densest pattern is set. 
0068 (1-2) The ratio of SYNC code patterns that meet 
the above condition to sets of SYNC code patterns to be used 
in practice is increased (set at a specific occupation ratio or 
higher). 
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0069 (1-3) As a condition setting method of the SYNC 
code pattern, a specific condition is applied to the frequency 
of occurrence of “1” within the range of a specific channel 
bit length N (indicating the bit boundary position of a 
three-dimensional pattern or the mark edge position of a 
recording mark when a mark length recording method based 
on an NRZI (Non Return to Zero Invert) method is used). 

0070 (1-4) As a condition setting method of the SYNC 
code pattern, the “condition of (1-3) is met everywhere in 
a SYNC code data area. 

0071. As shown in FIGS. 22,33, 34, and 35, the data size 
of a SYNC code in an embodiment of the present invention 
is 24 or 32 channel bits. If the condition is set for every data 
size (24 or 32 channel bits) of the SYNC code, the following 
problems are posed. 

0072 (2-1) Since the condition must be set for every 
SYNC codes, the condition to be set becomes complicated. 

0073 (2-2) Pattern matching for all patterns is required, 
and it becomes troublesome to check if the condition is met. 

0074 (2-3) If the data size of the SYNC code has 
changed, the condition must be changed. Hence, versatility 
upon changing the data size of a SYNC code or a modulation 
method becomes poor. 

0075. By contrast, if it is determined in the present 
invention that a discrimination unit (1 channel byte or more) 
smaller than the data size (24 or 32 channel bits) unit of a 
SYNC code is set, and the condition is met everywhere in 
the SYNC code area as in (1-3) and (1-4) above, the 
following effects are obtained. 

0.076 (3-1) The condition to be set for the SYNC code 
can be greatly simplified. 

0077 (3-2) Since the condition to be set is simple, it 
becomes very easy to check if the condition is met. 

0078 (3-3) High condition versatility that is hardly influ 
enced even when the data size of the SYNC code or the 
modulation method has changed can be assured. 
0079. Many information recording/reproduction appara 
tuses or information reproduction apparatuses execute data 
processes for respective bytes (8bits). Therefore, at least 8 
channel bits are required as the “specific channel bit length” 
that designates the range in the condition of (3-3) (in the 
present invention, modulated bits are expressed as channel 
bits). The present invention will define a method of setting 
the “specific channel bit length' to have “8+1 channel bits 
as a starting point in consideration of a slight margin for 8 
channel bits so that the condition of the present invention 
can be applied even when the d value or various states have 
changed upon modulation. 

0080 When d=1, a repetition pattern of the densest 
patterns within a channel bit range of 8 channel bits or more 
requires 9 channel bits, i.e., “101010101’, as shown in 
portion (a) in FIG. 34, and after a d--1 (=2) channel bit 
pattern repeats itself four times, “1” is inserted. On the other 
hand, when d=2, 10 channel bits, i.e., “1001001001, are 
required, as shown in portion (b) in FIG. 34, and after a d+1 
(=3) channel bit pattern repeats itself three times, “1” is 
inserted. 
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0081. A characteristic feature of the present invention lies 
in that the value of the “specific channel bit length N” is 
designated by the number of channel bits obtained by adding 
one channel bit required to insert “1” at the end of the pattern 
to a repetition pattern of the densest patterns of 8 channel 
bits or more. Irrespective of the d value that represents the 
“0” run length in the densest pattern after modulation (by 
providing versatility independently of the modulation 
method), the number of times of repetition of the densest 
patterns equal to or larger than 8 channel bits is given, to 
have “8+1 channel bits as the starting point, by: 

INTI9/(d+1) (1) 

where INTX) is an integer obtained by dropping digits after 
the decimal point of real number X. Since the number of 
channel bits for one period of the densest pattern is “d--1”, 
the number of channel bits obtained upon repetition by the 
number of times given by formula (1) is given by:. 

(d+1)xINT9/(d+1) (2) 

Since the number of channel bits obtained by adding 1 
channel bit required to insert “1” at the end of the pattern to 
formula (2) corresponds to the “specific channel bit length 
N”, the specific channel bit length N indicating the range for 
designating the constraint condition of the SYNC code is 
given by: 

As shown in FIG. 34, from equation (3), we have: 

0082 N=9 channel bits when d=1 
0083) N 10 channel bits when d=2 
0084 As the constraint condition of the SYNC code 
pattern, the present invention defines "condition C. as a 
condition that excludes patterns in which the first and last 
bits in N channel bits are “1”, and all bits between these bits 
are repetition of densest patterns. In a pattern of N=9 
channel bits from the head shown in portion (a) in FIG. 34. 
since the number of channel bits of a repetition pattern of 
one densest pattern is d+1 channel bits, the number of “1's 
in N channel bits is given by: 

INTIN/(d+1)+1=5 (4) 

Hence, if “condition C. is expressed by a numerical value, 
the number of '1's included in N channel bits can be limited 
to not more than: 

INTINI (d+1) (5) 

When d=1, since the pattern in portion (a) in FIG. 34 
includes five '1's within N=9 channel bits, it does not meet 
“condition C., and is not suitable for a SYNC code pattern 
in the present invention. A pattern shown in portion (c) in 
FIG. 34 meets “condition C, and can be used as a SYNC 
code pattern of the present invention, since there are four 
“1's (INTN/(d+1)=4) within N=9 channel bits. Likewise, 
when d=2, INTN/(d+1)=3. A pattern in portion (b) in FIG. 
34 does not meet “condition C., and a pattern in portion (d) 
in FIG. 34 meets “condition C. The existing DVD standard 
adopts a pattern in portion (b) in FIG.34 as a part of a SYNC 
code. At the recording density of the existing DVD, a SYNC 
pattern can be detected without any problem if “condition C. 
is not met. A characteristic feature of the present invention 
lies in that the SYNC pattern detection precision is improved 
by excluding patterns which do not meet “condition C. from 
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the SYNC codes when the recording density is to be further 
improved as in the present invention. 
0085. When the recording density on an information 
storage medium has been improved, signal detection must 
be done using the PRML method that uses a PR equalization 
circuit 130 and Viterbi decoder 156 of a recording/repro 
duction apparatus shown in FIGS. 3 and 4. When PRML is 
used, an effect of setting a higher density is expected upon 
adopting the modulation method of d=1 rather than that of 
d=2. Therefore, especially in respective conditions, those for 
d=1 will be explained in more detail. That is, in “condition 
C.” of the present invention, when d=1, “the number of “1's 
must be set to be 4 or less within 9 channel bits’. 

0086) “Condition C. constrains the repetition pattern of 
the densest patterns. In the present invention, “condition B 
and “condition Y are used to limit the ratio of adopting 
patterns approximate to repetition of the densest patterns. 
“Condition B and “condition Y are set by slightly moder 
ating equation (3) and formula (5). 
0087. That is, in “condition f3 of the present invention, 
the number of '1's within an area of continuous N-1 
channel bits is limited to not more than: 

INTI(N-1)/(d+1) (6) 

0088 Under this condition, 

0089 the number of “1's within 8 channel bits is 
limited to 3 or less when d=1, and 

0090 the number of “1's within 9 channel bits is 
limited to 2 or less when d=2. 

0.091 Portions (a) and (b) in FIG. 35 show patterns which 
do not meet “condition f3, and portions (c) and (d) in FIG. 
35 show patterns which meet “condition f3. In the existing 
DVD, the ratio of patterns which meet “condition f3’ to all 
patterns adopted as SYNC codes is as low as 65.6%. In order 
to improve the density to be higher than that of the existing 
DVD and to improve the SYNC code detection precision, a 
large characteristic feature of the present invention lies in 
that the ratio of adopting patterns that meet “condition f3” is 
set to be at least 66%. In order to further improve the SYNC 
code detection precision, preferably, the ratio of adopting 
patterns that meet “condition f3’ must be set to be 75% or 
higher. 

0092. In “condition y” of the present invention, the num 
ber of '1's within 7 channel bits is limited to 3 or less, and 
75% or more of all SYNC code patterns are set to be patterns 
which meet “condition y'. 
0093 FIGS. 22, 33, 36, and 37 show embodiments of 
SYNC code patterns which are set in consideration of the 
above conditions. 

0094) The pattern of a SYNC position detection code 121 
shown in FIGS. 22 and 33 has the following features. 
0095) 1) The spacing between neighboring “1's is larger 
than the maximum length that can be generated by a 
modulation rule (in this example, “k+3'0's run, or “k+3 
pieces of “O's run) 
0096. 2) All patterns meet condition C. 
0097 3) 66% or more patterns of all patterns meet 
condition B. 
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0098 Pattern P1 shown in FIG. 36 does not conform to 
“condition y”. All patterns shown in FIG. 36 meet “condition 
C.' and “condition f3. 
0099 Pattern P1 shown in FIG. 37 does not conform to 
“condition y”, and pattern P2 does not conform to “condition 
B. All patterns shown in FIG. 36 meet “condition C.’. 
0100 FIGS. 22 and 36 show an identical pattern using 
different indication methods. The occupation ratio of pat 
terns which meet “condition f3” is 94%, and that of patterns 
which meet “condition y” is 97%. In FIG. 36, a pattern 
which does not meet “condition y' is indicated as pattern P1. 
0101 FIGS. 33 and 37 show an identical pattern using 
different indication methods. The occupation ratio of pat 
terns which meet “condition f3” is as high as 100%, and that 
of patterns which meet “condition y' is as high as 96%. In 
FIG. 37, a pattern which does not meet “condition y' is 
indicated as pattern P1, and a pattern which does not meet 
“condition B is indicated as pattern P2. 
0102) An information storage medium on which the 
aforementioned SYNC code patterns are recorded, and an 
information recording/reproduction apparatus for recording 
the SYNC code patterns on an information storage medium, 
and reproducing the SYNC code patterns from the informa 
tion storage medium will be described below. 
0103 FIGS. 1 and 2 are views for explaining the data 
structure recorded on an information storage medium of the 
present invention. 
0104 Portiona in FIG. 1 indicates a pack sequence which 
includes a video pack 101a, audio pack 102a, ... and portion 
b indicates logical sector information (103-0, 103-1, 103-2, 
. . . ) corresponding to each pack. Also, portion c indicates 
a state wherein one logical sector information 103-0 is 
scrambled, and PI information is appended to each row 
(each of 12 rows in this example). Furthermore, Data ID, 
IED, and CPR MAI are appended to the first row. The last 
row (13th row) of this logical sector information stores PO 
information. 

0105. A sector block (for 13 rows) shown in portion c in 
FIG. 1 is segmented into SYNC frame data 105-0, 105-1, . 
... (a total of 26 (13x2) data). ASYNC code (to be described 
later) is appended between neighboring SYNC frame data. 
That is, a SYNC code is appended to the head of each SYNC 
frame data. 

0106 FIG. 2 shows a state wherein SYNC codes are 
inserted between neighboring SYNC frame data, as indi 
cated by portions of symbols d and f. Each SYNC code is 
made up of a variable code field 112 and fixed code field 111, 
as in portion f, and these fields have contents, as shown in 
portions indicated by symbols g and h in FIG. 2. 
0107 A characteristic arrangement will be explained 
below. 

0108 Video information is recorded on an information 
storage medium 9 in the form of 2048-byte video packs 101 
and audio packs 102 (portion a), as shown in FIG. 1. This 
2048-byte recording unit is handled as logical sector infor 
mation 103 (portion b). 
0109. In the existing DVD standard, data obtained by 
appending Data ID 1-0, IED 2-0, and CPR MAI 18-0 to this 
data, and PI (Parity of Inner-code) information and PO 
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(Parity of Outer-code) information corresponding to an ECC 
structure shown in FIGS. 5 to 7 is segmented to form 26 
equal SYNC frame data 105-0 to 105-25 (portions of symbol 
d in FIGS. 1 and 2). In this case, PO information is also 
segmented into two equal data. 

0110. The respective SYNC frame data 105 are modu 
lated, and SYNC codes 110 of the present invention are 
inserted between neighboring modulated SYNC frame data 
106. A modulation method is generally expressed by (d, k: 
m, n), which symbols mean that “m-bit source data is 
converted into “n-channel bits', and a modulated channel bit 
pattern has a minimum of “d'O's run length and a maxi 
mum of “k'0's run length. That is, the modulated channel 
bit patterns satisfy conditions that a minimum of “d pieces 
of “O’s successively arranged and a maximum of “k” pieces 
of "O's successively arranged. 

0.111) An embodiment of the present invention adopts a 
modulation method described in... e.g., "Jpn. Pat. Applin. 
KOKAI Publication No. 2000-332613. In this modulation 
method, 

0113. Each SYNC code 110 is segmented into a fixed 
code field 111 and variable code field 112, and has a structure 
in which a “pattern 129 which integrally serves as a con 
version table selection code upon modulation, SYNC frame 
position identification code, and DC Suppression polarity 
inversion pattern” is allocated in the variable code field 112, 
and a SYNC position detection code 121 is allocated in the 
fixed code field 111. In the following description, reference 
numerals are assigned to these codes and pattern to refer to 
them as a conversion table selection code 122 upon modu 
lation, SYNC frame position identification code 123, and 
DC Suppression polarity inversion pattern 124, processes of 
which will be described independently. However, since 
these codes and pattern are integrally allocated in the 
variable code field 112, they are processed together. 

0.114) Note that modulation herein means conversion of 
input data into modulated data according to the aforemen 
tioned modulation rule. In this case, this conversion process 
adopts a method of selecting modulated data corresponding 
to input data from a large number of modulated data stored 
in conversion tables. Therefore, information indicating a 
table used to convert into modulated data upon modulation 
is necessary, and this information is the “conversion table 
selection code 122 upon modulation', which represents a 
conversion table used to generate the next modulated data to 
that immediately after a SYNC code. 

0115 The “SYNC frame position identification code 
123” is used to identify the frame position of the SYNC 
frame in a physical sector. A frame can be identified by the 
layout pattern of a plurality of SYNC frame position iden 
tification codes before and after the frame of interest. 

0116. A large characteristic feature of the present inven 
tion lies in that the practical contents of the SYNC position 
detection code 121 are formed by a combination of a pattern 
in which “k+3'0's run, and a pattern in which two "O's run, 
as shown in portion h in FIG. 2. In order to facilitate position 
detection of each SYNC code 110, a code which never exists 
in the modulated SYNC frame data 106 is allocated in the 
SYNC position detection cod 121. 
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0117) Since the modulated SYNC frame data 106 has 
been modulated according to the (d, k; m, n) modulation 
rule, “k--1'0's never run in the modulated data. Therefore, 
it is desirable to allocate a pattern in which “k+1 or more 
“O's run as a pattern in the SYNC position detection code 
121. 

0118. However, when the pattern in which “k+1*0's run 
is allocated as the pattern in the SYNC position detection 
code 121, if a plurality of bit shift errors occur upon 
reproducing modulated SYNC frame data 106, such errors 
may be erroneously detected as the SYNC position detection 
code 121. Therefore, a pattern in which “k+2 or more “O’s 
run is preferably allocated as a pattern in the SYNC position 
detection code 121. However, if the “0” run pattern is too 
long, a phase error readily occurs in a PLL circuit 174. 
0119) The existing DVD adopts a pattern in which 
“k+3'0's run (the modulation rule of the existing DVD is 
(2, 10; 8, 16)). Therefore, in order to suppress generation of 
bit shift errors and to assure reliability of the position 
detection of the SYNC code 110 and information reproduc 
tion compared to the existing DVD, the run length of “O’s 
must be set to be “k-3’ or less. 

0120) As described in “Jpn. Pat. Publication No. 
10-275358, a DSV (Digital Sum Value) value changes 
depending on a modulated bit pattern. If the DSV value 
largely deviates from 0, it can approach 0 by changing a bit 
from “0” to “1” at an optimal bit pattern position. 

0121. In this way, in the present invention, the SYNC 
code 110 includes a DC suppression polarity inversion 
pattern 124 having a specific pattern which makes the DSV 
value approach 0. 

0122) When the modulation method described in “Jpn. 
Pat. Appln. KOKAI Publication No. 2000-332613” is 
adopted, 6 channel bits to be demodulated must be modu 
lated also using 'selection information of a conversion table 
used upon modulation of 6-channel bit modulated data”, 
which is present immediately after 6-channel bit modulated 
data to be demodulated. 

0123 Therefore, as shown in portion e in FIG. 2, selec 
tion information of a conversion table for 6 channel bits 
which should appear after the last 6-channel bit data of the 
modulated SYNC frame data 106 allocated immediately 
before the SYNC code 110 is recorded in the conversion 
table selection code 122 upon modulation in the SYNC code 
110. That is, the SYNC code 110 includes the conversion 
table selection code 122 upon modulation. This conversion 
table selection code 122 upon modulation is conversion 
table selection information for 6-channel bit data which 
should appear after the last 6-channel bit data of the imme 
diately preceding SYNC frame data 106. By looking up this 
conversion table data, a conversion table to be used upon 
demodulating the next data can be determined. 

0124 FIGS. 3 and 4 show the structure of an information 
recording/reproduction apparatus according to the present 
invention. 

0125 FIG.3 shows a recording system, and FIG. 4 shows 
a reproduction system. A controller 143 controls the overall 
apparatus. A Data ID, IED, CPR MAI, EDC appending unit 
168 appends Data ID, IED, CPR MAI, and EDC to logical 
sector information 103 input from an interface 142. The 
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Data ID is generated by a Data ID generator 165 on the basis 
of a predetermined rule. The CPR MAI is output from a 
CPR MAI generator 167. The logical sector information 
103 appended with the Data ID, IED, CPR MAI, and EDC 
is input to a scramble circuit 157, and the entire data is 
scrambled. The scrambled data is input to an ECC encoding 
circuit 161, and is converted into ECC blocks. The ECC 
blocks are shown in portions indicated by symbols hand i 
in FIG. 6. 

0.126 The ECC blocks are input to a modulation circuit 
151 and are modulated. This modulation process uses a 
conversion table in a conversion table memory 153 (e.g., a 
conversion table from 4 bits into 6 bits). Upon selecting 
modulated data from a table, a DSV calculator 148 calcu 
lates a DSV of continuous modulated data, and modulated 
data is selected so that DC components fall within a prede 
termined level range (0 or 1 run length falls within a 
predetermined value range). A DC Suppression polarity 
inversion pattern is selected in accordance with the DSV 
calculation result. A SYNC frame position identification 
code generator 136 outputs a SYNC frame position identi 
fication code. The SYNC frame position identification code 
is used to identify a frame in one ECC block. 

0127. The modulated data (SYNC frame data) and modu 
lation related information (SYNC code: the conversion table 
selection code, the SYNC frame position identification code, 
information used to select the DC Suppression polarity 
inversion pattern, and the like) are stored in a temporary 
memory 150, and are then supplied to a SYNC code 
generating/appending unit 146. The SYNC code generating/ 
appending unit 146 appends a code shown in portion h in 
FIG. 2 in the SYNC code. That is, the SYNC code gener 
ating/appending unit 146 generates and appends a SYNC 
code pattern as the aforementioned characteristic feature of 
the present invention. 
0128. The detailed contents of the temporary memory 
150 of modulated data and modulation related information, 
and the SYNC code generating/appending unit 146 are 
shown in FIG. 9 (to be described later). 
0129. The data converted into SYNC frames are supplied 
to an information recording/reproducing unit 141, and are 
recorded on an optical disk. 
0.130 Data reproduced from the optical disk undergoes 
waveform equalization from the information recording/re 
producing unit 141 to a PR equalization circuit 130, and is 
then converted into digital data by an A/D converter 169. 
The digital data is input to a code position extractor 145 and 
shift register circuit 170 via a Viterbi decoder 156. Modu 
lated data in the shift register circuit 170 is input to a 
demodulation circuit 152 in accordance with the SYNC 
position extraction result of the code position extractor 145, 
and is demodulated using a conversion table in a demodu 
lation conversion table memory 154 (e.g., a conversion table 
from 6 bits into 4 bits). From the demodulated data, a Data 
ID field & IED field extractor 171 extracts Data ID and IED. 
The Data ID undergoes error checking by a Data ID field 
error checker 172 using the IED. If no error is found, it is 
determined that ECC blocks are normally reproduced. If any 
error is found, for example, ECC blocks are read again. 
0131 ECC blocks are input to an ECC decoding circuit 
162 to undergo an error correction process. The error 
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corrected data are descrambled by a descramble circuit 159 
to obtain original logical sector information, which is 
extracted by a logical sector extractor 173. The extracted 
logical sector is sent to a data decode processor (not shown) 
via the interface 142. 

0132 FIGS. 5, 6, and 7 show processes in which ECC 
blocks are formed based on the data sequence shown in 
portion c in FIG. 1. Portion d in FIG. 5 describes respective 
rows of an ECC block as data 0-0-0, 0-0-1, 0-0-2. . . . 
Physical sector data forms 13 rows of frames. PI information 
is appended to each row of this physical sector, and the last 
row corresponds to that of PO information. One ECC block 
is formed by a plurality of physical sector data. PO infor 
mation is generated for each ECC block formed by a 
plurality of physical sectors, and is distributed to every rows 
of physical sectors. 

0133. As shown in FIG. 7, every other physical sector 
data are selected and are distributed to first and second small 
ECC blocks 7-0 and 7-1. 

0134. In this example, one of physical sector data (por 
tion f) consists of 13 rows. One of these rows is a portion of 
PO information. One small ECC block is formed by 31 
physical sector data. Sixty-two physical sector data (two 
small ECC blocks) are divided into, e.g., even and odd sector 
data, thus generating PO information for each of a block 
formed by the even sector data, and that defined formed by 
the odd sector data. 

0135 FIG. 7 shows allocation of physical sector data and 
the relationship between the physical sector data, which are 
allocated in this way, and ECC blocks. FIG. 8 shows a state 
wherein physical sector data are laid out on the information 
storage medium 9. First and second small ECC blocks are 
formed by fetching every other physical sector data allo 
cated on a track. As shown in FIG. 8, the information storage 
medium 9 comprises a management area 9a and data area 
9b. The management area 9a is used to store management 
information. The management area 9a is also called a lead-in 
or lead-out area, and is assured on, e.g., the innermost or 
outermost periphery of the information storage medium 9. 
The management information includes, e.g., defect manage 
ment information or the like. On the other hand, the data area 
9b is used to store predetermined data. The predetermined 
data includes, e.g., user data. 
0136. In the embodiment of the present invention, the 
channel bit interval is shortened nearly to the limit by aiming 
at a higher recording density of the information storage 
medium 9. As a result, when a pattern 
“101010101010101010101010 as repetition of a pattern of 
d=1 is recorded on the information storage medium 9, and 
that data is reproduced by the information recording/repro 
ducing unit 141, it is close to the cutoff frequency of MTF 
characteristics of a reproduction optical system. For this 
reason, most of the signal amplitude of a reproduced signal 
is buried in noise. 

0137 As a method of reproducing recording marks or 
pits, the spacings of which are shortened nearly to the limit 
(cutoff frequency) of the MTF characteristics to attain a 
higher density, the embodiment of the present invention 
adopts a PRML technique. That is, a signal reproduced from 
the information recording/reproducing unit 141 undergoes 
reproduction waveform correction by the PR equalization 
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circuit 130. The A/D (analog-to-digital) converter 169 
samples the signals that has passed through the PR equal 
ization circuit 130 in synchronism with the timing of a 
reference clock 198 sent from a reference clock generation 
circuit 160, thus converting the signal into digital data, and 
the digital data undergoes a Viterbi decoding process in the 
Viterbi decoder 156. 

0.138. The data that has undergone the Viterbi decoding 
process is processed in the same manner as conventional 
data which has been binarized based on a slice level. Upon 
adopting the PRML technique, if the sampling timing of the 
A/D converter 169 deviates, the error rate of data after 
Viterbi decoding increases. Hence, in order to improve the 
precision of the sampling timing, the information reproduc 
tion apparatus or information recording/reproduction appa 
ratus of the present invention independently has a special 
sampling timing extraction circuit (a combination of the 
Schmitt trigger binarization circuit 155 and the PLL circuit 
174). 
0.139. The information reproduction apparatus or infor 
mation recording/reproduction apparatus of the present 
invention is characterized in that the Schmitt trigger bina 
rization circuit 155 is used as a binarization circuit. This 
Schmitt trigger binarization circuit 155 has characteristics in 
that a specific width (in practice, a forward Voltage value of 
a diode) is provided to a binarization slice reference level, 
and binarization is one only when that specific width has 
been exceeded. Therefore, when the aforementioned pattern 
“101010101010101010101010” is input, since the signal 
amplitude is very small, no binarization Switching takes 
place. When a pattern coarser than this pattern, e.g., 
“1001001001001001001001” is input, the amplitude of a 
reproduced signal increases. Therefore, polarity Switching of 
an output binary signal occurs in Synchronism with the 
timing of “1” in the Schmitt trigger binarization circuit 155. 
The embodiment of the present invention adopts the NRZI 
(Non Return to Zero Invert) method, and the “1” positions 
of the pattern match the edges (boundaries) of the recording 
marks or pits. 

0140. The PLL circuit 174 detects frequency and phase 
errors between a binary signal as the output from the Schmitt 
trigger binarization circuit 155, and the reference clock 
signal 198 sent from the reference clock generation circuit 
160, and changes the frequency and phase of its output 
clock. The reference clock generation circuit 160 feeds back 
(the frequency and phase of) the reference clock 198 to 
reduce the error rate after Viterbi decoding using the output 
signal from the PLL circuit 174, and decoding characteristic 
information of the Viterbi decoder 156 (more specifically, 
information of the convergence length (distance required 
until convergence) in a path metric memory (not shown) in 
the Viterbi decoder 156). 
0.141. The ECC encoding circuit 161, ECC decoding 
circuit 162, scramble circuit 157, and descramble circuit 159 
in FIG. 2 execute 1-byte processes. If 1-byte data before 
modulation is modulated according to the (d. k; m, n) 
modulation rule, the length after modulation is given by: 

8mm (11) 

0142. Therefore, when the data processing unit in each of 
the above circuits is converted into a processing unit after 
modulation, it is given by formula (11). Since the processing 
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unit of the modulated SYNC frame data 106 in portion e in 
FIG. 2 is given by formula (11), the data size (channel bit 
size) of the SYNC code 110 must be set to be an integer 
multiple of formula (11) for the purpose of achieving 
integration of processes between the SYNC code 110 and 
modulated SYNC frame data 106 shown in portione in FIG. 
2. Therefore, a large characteristic feature of the present 
invention lies in that integration of processes between the 
SYNC code 110 and modulated SYNC frame data 106 is 
assured by setting the size of the SYNC code 110 in the 
embodiment of the present invention by: 

8Nmm (12) 

where N is an integer value. 
0143. As an embodiment of the present invention, since 
an explanation has been given so far under the condition that 

if these values are substituted in formula (12), the total data 
size of the SYNC code 110 is: 

12N (13) 

014.5 FIG. 9 shows details of a block (SYNC code 
generating/appending unit 146) for generating a SYNC code 
110 according to the present invention, and for appending 
this SYNC code to a SYNC frame to generate a data unit to 
be recorded, and the temporary memory 150 of modulated 
data and modulation related information. The operations of 
these blocks will be described later with reference to the 
flow chart. 

0146 FIG. 10 shows details of the code position extractor 
145 and demodulation circuit 152. The operations of these 
blocks will be described later with reference to the flow 
chart. 

0147 FIGS. 11 to 21 show the structure in a SYNC code 
in the present invention. 

0148. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 11, a conversion table selection code 122 
upon modulation and SYNC position detection code 121 are 
allocated as SYNC information (SY), and a DC suppression 
polarity inversion pattern 124 and SYNC frame position 
identification code 123 are allocated in turn as frame infor 
mation (FR). 

0149. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 11, a conversion table selection code 122 
upon modulation, DC Suppression polarity inversion pattern 
124, and SYNC position detection code 121 are allocated as 
SYNC information (SY), and a SYNC frame position iden 
tification code 123 is allocated as frame information (FR). 

0150. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 12, a conversion table selection code 122 
upon modulation and SYNC frame position identification 
code 123 are allocated in turn as frame information (FR), 
and a SYNC position detection code 121 and DC suppres 
sion polarity inversion pattern 124 are allocated in turn as 
SYNC information (SY). 

0151. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 12, a conversion table selection code 122 
upon modulation, DC Suppression polarity inversion pattern 
124, and SYNC frame position identification code 123 are 
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allocated in turn as frame information (FR), and a SYNC 
position detection code 121 is allocated as SYNC informa 
tion (SY). 

0152. In a SYNC code 110 of an embodiment shown in 
portion (C) in FIG. 12, a conversion table selection code 122 
upon modulation, SYNC frame position identification code 
123, DC suppression polarity inversion pattern 124, and 
SYNC frame position identification code 123 are allocated 
in turn as frame information (FR), and a SYNC position 
detection code 121 is allocated as SYNC information (SY). 

0153. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 13, a conversion table selection code 122 
upon modulation and SYNC position detection code 121 are 
allocated as SYNC information (SY), and a pattern that 
integrates a SYNC frame position identification code 123 
and DC Suppression polarity inversion pattern 124 is allo 
cated as frame information (FR). 

0154) In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 13, a pattern that integrates a conversion 
table selection code 122 upon modulation and DC suppres 
sion polarity inversion pattern 124, and a SYNC position 
detection code 121 are allocated as SYNC information (SY), 
and a SYNC frame position identification code 123 is 
allocated as frame information (FR). 

0.155) In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 14, a pattern that integrates a conversion 
table selection code 122 upon modulation and SYNC frame 
position identification code 123 is allocated as frame infor 
mation (FR), and SYNC position detection code 121 and DC 
Suppression polarity inversion pattern 124 are allocated as 
SYNC information (SY). 

0156. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 14, a pattern that integrates a conversion 
table selection code 122 upon modulation and DC suppres 
sion polarity inversion pattern 124, and a SYNC frame 
position identification code 123 are allocated as frame 
information (FR), and a SYNC position detection code 121 
is allocated as SYNC information (SY). 

O157. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 15, a pattern that integrates a conversion 
table selection code 122 upon modulation and SYNC frame 
position identification code 123, and DC Suppression polar 
ity inversion pattern 124 are allocated as frame information 
(FR), and a SYNC position detection code 121 is allocated 
as SYNC information (SY). 

0158. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 15, a conversion table selection code 122 
upon modulation and a pattern that integrates a SYNC frame 
position identification code 123 and DC suppression polarity 
inversion pattern 124 are allocated in turn as frame infor 
mation (FR), and a SYNC position detection code 121 is 
allocated as SYNC information (SY). 

0159. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 16, a pattern that integrates a conversion 
table selection code 122 upon modulation, SYNC frame 
position identification code 123, and DC Suppression polar 
ity inversion pattern 124 is allocated as frame information 
(FR), and a SYNC position detection code 121 is allocated 
as SYNC information (SY). 
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0160. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 16, a pattern that integrates a conversion 
table selection code 122 upon modulation, SYNC frame 
position identification code 123, DC suppression polarity 
inversion pattern 124, and SYNC position detection code 
121 is allocated as SYNC information (SY). 
0161 In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 17, a pattern that integrates a conversion 
table selection code 122 upon modulation and SYNC frame 
position identification code 123 is allocated as frame infor 
mation (FR), and a pattern that integrates a SYNC position 
detection code 121 and DC suppression polarity inversion 
pattern 124 is allocated as SYNC information (SY). 
0162. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 17, a conversion table selection code 122 
upon modulation and SYNC frame position identification 
code 123 are allocated as frame information (FR), and a 
pattern that integrates a SYNC position detection code 121 
and DC Suppression polarity inversion pattern 124 is allo 
cated as SYNC information (SY). 
0163. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 18, a conversion table selection code 122 
upon modulation and DC Suppression polarity inversion 
pattern 124, and a pattern that integrates a SYNC position 
detection code 121 and SYNC frame position identification 
code 123 are allocated in turn as SYNC information (SY). 
0164. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 18, a conversion table selection code 122 
upon modulation, and a pattern that integrates a SYNC 
position detection code, SYNC frame position identification 
code, and DC Suppression polarity inversion pattern are 
allocated as SYNC information (SY). 
0165. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 19, a conversion table selection code 122 
upon modulation, SYNC position detection code 121, and 
DC Suppression polarity inversion pattern 124 are allocated 
in turn as SYNC information (SY), and a modulated SYNC 
frame position identification code 125 is allocated as frame 
information (FR). 
0166 In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 19, a conversion table selection code 122 
upon modulation, DC Suppression polarity inversion pattern 
124, and SYNC position detection code 121 are allocated in 
turn as SYNC information (SY), and a modulated SYNC 
frame position identification code 125 is allocated as frame 
information (FR). 
0167. In a SYNC code 110 of an embodiment shown in 
FIG. 20, a pattern that integrates a conversion table selection 
code 122 upon modulation and DC Suppression polarity 
inversion pattern 124 is allocated as SYNC information 
(SY), and a modulated SYNC frame position identification 
code 125 is then allocated as frame information (FR). 
0.168. In a SYNC code 110 of an embodiment shown in 
portion (A) in FIG. 21, SYNC information (SY) alone is 
stored, i.e., a conversion table selection code 122 upon 
modulation, SYNC position detection code 121, and DC 
Suppression polarity inversion pattern 124 are allocated in 
turn. 

0169. In a SYNC code 110 of an embodiment shown in 
portion (B) in FIG. 21, SYNC information (SY) alone is 
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stored, i.e., a conversion table selection code 122 upon 
modulation, DC Suppression polarity inversion pattern 124. 
and SYNC position detection code 121 are allocated in turn. 
0170 In a SYNC code 110 of an embodiment shown in 
portion (C) in FIG. 21, SYNC information (SY) alone is 
stored, i.e., a pattern that integrates a conversion table 
selection code 122 upon modulation and DC Suppression 
polarity inversion pattern 124, and a SYNC position detec 
tion code 121 are allocated in turn. 

0171 As described above, according to the present 
invention, different allocation structures of a conversion 
table selection code 122 upon modulation, SYNC position 
detection code 121, SYNC frame position identification 
code 123, and DC suppression polarity inversion pattern 124 
are available as examples of a SYNC code 110 without 
coming using them. 
0.172. In addition, structures that combine or commonly 
use some of those structures are available. 

0173 FIGS. 19 and 20 show structures in which a modu 
lated SYNC frame position identification code 125 is modu 
lated. With such structure, the channel bit size of a non 
modulated data field 108 can be reduced to improve the 
SYNC code detection performance. 
0.174 FIG. 23 shows various embodiments of a SYNC 
code allocation method in one physical sector according to 
the present invention. In b of FIG. 23, a sequence of SYNC 
codes 110 and modulated SYNC frame data 106, which are 
shown in line in portion e of FIG. 2, is rearranged into a 
matrix pattern for the sake of easy view. 
0.175. As application examples of the embodiment of the 
present invention, the internal structure of a SYNC code can 
have various structures, as shown in FIGS. 11 to 21. In order 
to obtain correspondence between the practical structure in 
each SYNC code 110 used in FIG. 23, and the structures 
shown in FIGS. 11 to 21, respective portions in the respec 
tive structures shown in FIGS. 11 to 21 are combined into 
groups “SY”, “ISY*', and “FR* (* indicates a numerical 
value), and correspondence between the respective portions 
and the combined groups are shown in FIGS. 11 to 21. 
0176). In the structure shown in FIG. 23, each SYNC code 
has an internal structure shown in one of portion (B) in FIG. 
16, portion (A) in FIG. 18, and portion (B) in FIG. 18. 
However, the structure of FIG. 23 has the same combination/ 
allocation order of SYNC position numbers 115 correspond 
ing to practical SYNC frame position identification codes 
123 (commonly used as other codes/patterns). 
0177. A large characteristic feature of the present inven 
tion lies in that not only “SYO' in FIG. 23 is allocated at the 
first position in a single physical sector, but also identical 
“SYO' is also allocated at other positions (second, fifth, 
seventh, 14th, 15th, 18th, and 20th). Also, the next charac 
teristic feature lies in that when one physical sector is 
completely segmented into two blocks (segmented into two 
blocks to have the last portion of modulated SYNC frame 
data 106-12 as a boundary), the positions of “SYO' before 
and after the boundary of segmentation blocks completely 
match. 

0.178 That is, “SYO' is present immediately before 
modulated SYNC frame data 106-0, and “SYO' is present 
immediately before modulated SYNC frame data 106-13 in 
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correspondence with it. Also, “SYO' is present immediately 
before modulated SYNC frame data 106-1, and “SYO' is 
present immediately before modulated SYNC frame data 
106-14 in correspondence with it. Furthermore, “SYO' is 
present immediately before modulated SYNC frame data 
106–4, and “SYO' is present immediately before modulated 
SYNC frame data 106-17 in correspondence with it. 
0179. In this way, when one physical sector is segmented 
into two blocks, and “SYO' is symmetrically allocated 
before and after the boundary of segmentation, if “SYO' is 
detected at an arbitrary position in a physical sector, 26 
different ranges from which the position of modulated 
SYNC frame data 106 is to be detected in the conventional 
method can be halved to 13. This means that the position 
detection process of modulated SYNC frame data 106 can 
be simplified. 
0180. At the same time, the positions of “SY1” and 
“SY2' are symmetric and reversed before and after the 
boundary of segmentation. That is, “SY1 is present imme 
diately before modulated SYNC frame data 106-2, and 
“SY2” that replaces “SY1 is present immediately before 
modulated SYNC frame data 106-15 located at a corre 
sponding symmetric position. Also, “SY2' is present imme 
diately before modulated SYNC frame data 106-11, and 
“SY1” that replaces “SY2” is present in turn immediately 
before modulated SYNC frame data 106-24 located at a 
corresponding symmetric position. 
0181. In this way, when a physical sector is segmented 
into two blocks, and allocations before and after the bound 
ary of segmentation are checked, “SYO' are allocated at 
symmetric positions before and after the boundary of seg 
mentation, and “SY1 and “SY2 are allocated at symmetric 
but reversed positions before and after the boundary of 
segmentation. With this allocation, since only three different 
codes “SYO”, “SY1’, and “SY2" are allocated, the position 
of modulated SYNC frame data 106, which is currently 
being reproduced can be detected by examining the con 
tinuous allocation order of SYNC codes 110. 

0182. A method of determining the position of data which 
is currently being reproduced in a physical sector using a 
sequence of a plurality of pieces of information before and 
after a plurality of SYNC codes 110, which are allocated 
based on the SYNC code allocation method shown in FIG. 
23, will be described below using FIGS. 24 and 30. Note that 
FIGS. 25 to 29 are flow charts for explaining examples of the 
operations of the apparatus shown in FIGS. 3 and 4, but they 
will be described later. 

0183 Output data (FIG. 24) of the Viterbi decoder 156 
(see FIG. 4) is transferred to the SYNC code position 
extractor (or detector) 145 (step ST51), which detects the 
position of a SYNC code 110 from that data. That is, a 
SYNC position detection code detector 182 which com 
prises a comparator detects the position of a SYNC position 
detection code 121 by a pattern matching method (step 
ST52). 
0184. After that, information of the detected SYNC code 
110 is sequentially saved in a memory 175 via the controller 
143, as shown in FIG. 24. That is, a SYNC frame position 
identification code content identification unit 185 extracts 
information of a SYNC frame position identification code 
123 using the detection timing of step ST52, and extraction 
history information is recorded in the memory 175 via the 
controller 143 (step ST53). 

Mar. 22, 2007 

0185. If the position of the SYNC code 110 can be 
detected, only modulated SYNC frame data 106 in the data 
output from the Viterbi decoder 156 can be extracted and 
transferred to the shift register circuit 170. That is, only the 
modulated SYNC frame data 106 is extracted using the 
timing of step ST52, and is transferred to the shift register 
circuit 170 to delay and adjust the timing (step ST54). 
0186 The controller 143 then reads out history informa 
tion of SYNC codes 110, which is recorded in the memory 
175, and identifies the order in which SYNC frame position 
identification codes appear (step ST55). Then, the position 
of the modulated SYNC frame data 106, which is tempo 
rarily saved in the shift register circuit 170, in a physical 
sector, is detected (step ST56). That is, the controller 143 
determines the position of the modulated SYNC frame data 
106, which is transferred to the shift register circuit 170, in 
a physical sector, from data which appear in an order shown 
in, e.g., FIG. 23, on the basis of the identified order in which 
SYNC frame position identification codes appear. 
0187. The modulated SYNC frame data 106 which is 
transferred to the shift register circuit 170 is transferred to 
the demodulation circuit 152 to start demodulation as 
needed (step ST57). 
0188 For example, as shown in FIG. 24, if a sequence of 
SYNC codes 110, which is saved in the memory 175 is 
“SY0->SY2->SY1, it is determined that “modulated 
SYNC frame data 106-6' is present immediately after 
“SYO'; if it is “SYO->SYO->SY1, it is determined that 
“modulated SYNC frame data 106-0” is present immedi 
ately after “SYO”. 
0189 When the position in a physical sector is deter 
mined in this way, and it is confirmed that modulated SYNC 
frame data 106 at a desired position is input to the shift 
register circuit 170, that data is transferred to the demodu 
lation circuit 152 to start demodulation (step ST57). 
0.190 FIG. 25 is a flow chart for explaining a data 
conversion process upon adopting the SYNC codes shown 
in FIGS. 11 and 12. 

0191 In step ST1, the interface 142 receives logical 
sector information 103 to be recorded. In step ST2, the Data 
ID generator 165 generates Data ID information and IED 
information for each sector. In step ST3, the Data ID, IED, 
CPR MAI, EDC appending unit 168 generates the data 
structure shown in portion c in FIG. 1 or portion c in FIG. 
5. 

0.192 Furthermore, in step ST4 the scramble circuit 157 
scrambles the logical sector information 103. In step ST5. 
the ECC encoding circuit 161 forms ECC blocks with the 
structure shown in FIGS. 5, 6, and 7. 

0193 In step ST6, a physical sector that forms each ECC 
block generated in the ECC encoding circuit 161 is seg 
mented into 26 or 13 SYNC frame data 105, as shown in 
portion d in FIG. 1. 

0194 In step ST8, the modulation circuit 151 modulates 
each SYNC frame data 105, and transfers the modulated 
data to a temporary memory 139. 

0.195 (1) Upon modulation, the DSV value calculator 
148 calculates a DSV value as needed, selects a table used 
in modulation from the modulation conversion table 
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memory 153 on the basis of that value, and transfers that 
conversion table selection information 192 to a conversion 
table selection information memory 133 that stores a con 
version table used upon modulation. 
0196) (2) At the same time, of DSV value information 
191 calculated upon modulation, a difference for each 
SYNC frame data 105 is transferred to a DSV difference 
history memory 131 that stores a difference for each SYNC 
frame data 105. 

0197). In step ST9, a conversion table selection code 
generator 134 for generating a conversion table selection 
code upon modulation sets a conversion table selection code 
122 upon conversion on the basis of the data transferred 
from the conversion table selection information memory 
133. The conversion table selection code 122 forms a pattern 
129, which integrates and is commonly used as a conversion 
table selection code upon modulation, SYNC frame position 
identification code, and DC Suppression polarity inversion 
pattern. 

0198 In step ST10, a SYNC position detection code 
generator 136 generates a SYNC position detection code 
121. 

0199. In step ST11, a DC suppression polarity inversion 
pattern determination unit 132 sets a DC Suppression polar 
ity inversion pattern 124 on the basis of the DSV calculation 
result (the output from a DSV value calculator 149) for data 
which has been mixed by a recording data mixing unit 138 
and is to be recorded by the information recording/repro 
ducing unit 141, and the output result from a DSV difference 
history memory 131 for each SYNC frame data 105. The DC 
Suppression polarity inversion pattern 124 is a code that 
forms the pattern 129, which integrates and is commonly 
used as a conversion table selection code upon modulation, 
SYNC frame position identification code, and DC suppres 
sion polarity inversion pattern. 
0200. In step ST12, a SYNC frame position identification 
code generator 135 generates a SYNC frame position iden 
tification code 123. The SYNC frame position identification 
code 123 is a code that forms the pattern 129, which 
integrates and is commonly used as a conversion table 
selection code upon modulation, SYNC frame position 
identification code, and DC Suppression polarity inversion 
pattern. 

0201 In step ST13, a SYNC code 110 generator 137 
generates a SYNC code 110 by mixing data generated in 
steps ST9 to ST12. 
0202) In step ST14, the recording data mixing unit 138 
mixes the data generated by the SYNC code 110 generator 
137 and data recorded in the modulated data temporary 
memory 139 to generate the data structure shown in portion 
e of FIG. 2. 

0203. In step ST15, the data generated in step ST14 is 
transferred to the information recording/reproducing unit 
141, which transfers that data to the information storage 
medium 9. Also, the DSV value calculator 149 calculates the 
DSV value of that data and transfers the value to the DC 
Suppression polarity inversion pattern determination unit 
132, as needed. 
0204 FIG. 26 is a flow chart for explaining a data 
conversion process upon adopting the SYNC codes shown 
in FIGS. 13 to 18. 
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0205. In step ST1, the interface 142 receives logical 
sector information 103 to be recorded. In step ST2, the Data 
ID generator 165 generates Data ID information and IED 
information for each sector. In step ST3, the Data ID, IED, 
CPR MAI, EDC appending unit 168 generates the data 
structure shown in portion c in FIG. 1 or portion c in FIG. 
5. 

0206. In step ST4, the scramble circuit 157 scrambles the 
logical sector information 103. In step ST5, the ECC encod 
ing circuit 161 forms ECC blocks with the structure shown 
in portion c in FIG. 5 and portions hand i in FIGS. 6 and 7. 
0207. In step ST6, a physical sector that forms each ECC 
block generated in the ECC encoding circuit 161 is seg 
mented into 26 or 13 SYNC frame data 105, as shown in 
portion d in FIG. 1. 
0208. In step ST7, the SYNC frame position identifica 
tion code generator 136 generates a SYNC frame position 
identification code corresponding to the position of each 
modulated SYNC frame data 106 in one physical sector, as 
shown in portion e in FIG. 2. This SYNC frame position 
identification code is allocated at the head of each SYNC 
frame data 105 in portion d in FIG. 1 in the modulation 
circuit 151. 

0209. In step ST8, the modulation circuit 151 executes a 
modulation process as well as the SYNC frame position 
identification code which is allocated at the head of each 
SYNC frame data 105. 

0210 (1) Upon modulation, the DSV value calculator 
148 calculates a DSV value as needed, selects a table used 
in modulation from the conversion table memory 153 that 
stores conversion tables to be used in modulation on the 
basis of that value, and transfers that conversion table 
selection information 192 to the memory 133 as conversion 
table selection information indicating a table adopted upon 
modulation. 

0211 (2) At the same time, of DSV value information 
191 calculated upon modulation, a difference for each 
SYNC frame data 105 is transferred to the DSV difference 
history memory 131 that stores a difference for each SYNC 
frame data 105. 

0212. In step ST9, the conversion table selection code 
generator 134 for generating a conversion table selection 
code upon modulation sets a conversion table selection code 
122 upon conversion on the basis of the data transferred 
from the conversion table selection information memory 
133. 

0213) In step ST10, the SYNC position detection code 
generator 136 generates a SYNC position detection code 
121. 

0214. In step ST11, the DC suppression polarity inver 
sion pattern determination unit 132 sets a DC Suppression 
polarity inversion pattern 124 on the basis of the DSV 
calculation result (the output from the DSV value calculator 
149) for data which has been mixed by the recording data 
mixing unit 138 and is to be recorded by the information 
recording/reproducing unit 141, and the output result from 
the DSV difference history memory 131 for each SYNC 
frame data 105. 

0215. In step ST13, the SYNC code 110 generator 137 
generates a SYNC code 110 by mixing data generated in 
steps ST9 to ST11. 
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0216) In step ST14, the recording data mixing unit 138 
mixes the data generated by the SYNC code 110 generator 
137 and data recorded in the modulated data temporary 
memory 139 to generate the data structure shown in portion 
e of FIG. 2. 

0217. In step ST15, the data generated in step ST14 is 
transferred to the information recording/reproducing unit 
141, which transfers that data to the information storage 
medium 9. Also, the DSV value calculator 149 calculates the 
DSV value of that data and transfers the value to the DC 
Suppression polarity inversion pattern determination unit 
132, as needed. 
0218 FIG. 27 is a flow chart for explaining a data 
conversion process upon simply reproducing information by 
the apparatus of the present invention. 

0219. In step ST21, the interface 142 receives an instruc 
tion of a range to be reproduced from the information 
storage medium 9. In step ST22, the information recording/ 
reproduction unit 141 reproduces data that includes both 
SYNC codes 110 and modulated SYNC frame data 106 
shown in portion e in FIG. 2, and directly transfers repro 
duced data to a shift register circuit 181. In step ST23, a 
SYNC position detection code detector 182 which com 
prises a comparator circuit detects the transfer timing of a 
SYNC position detection code 121. 
0220. In step ST24, a variable code transfer unit 183 
extracts a conversion table selection code 122 upon modu 
lation on the basis of the timing detected in step ST23, and 
transfers that code to the a modulation conversion table 
selection code identification unit 183. 

0221) In step ST25, the modulation conversion table 
selection code identification unit 183 decodes the conversion 
table selection code 122 to obtain conversion table selection 
information 196, and transfers the decoding result to a 
demodulation conversion table selection/transfer unit 189. 

0222. In step ST26, an identification unit (for identifying 
the contents of a SYNC frame position identification code) 
185 or 186 in the SYNC code position extractor 145 or 
demodulation circuit 152 reads information of a SYNC 
frame position identification code 123 from the data trans 
ferred from the information recording/reproduction unit 141 
on the basis of the timing detected in step ST23. By the 
method shown in FIG. 30, the position of modulated SYNC 
frame data 106 is determined, and a demodulation process is 
done using the data transferred in step ST24. 
0223) In step ST27, the ECC decoding circuit 162 makes 
error correction. In step ST28, the descramble circuit 159 
executes a descramble process. 
0224. In step ST29, the logical sector information extrac 
tor 173 deletes Data ID, IED, CPR MAI, and EDC, and 
transfers logical sector information 103 alone to an external 
apparatus via the interface 142. 
0225 FIG. 28 is a flow chart for explaining the control 
operation when the SYNC codes shown in FIGS. 11 and 12 
are adopted, and access is made to a predetermined position 
on the information storage medium. 

0226. In step ST31, the interface 142 receives an instruc 
tion of a range to be reproduced from the information 
storage medium 9. In step ST32, the controller 143 calcu 
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lates the value of Data ID 1 corresponding to the reproduc 
tion start sector on the information storage medium 9 on the 
basis of the information received in step ST31. 
0227. In step ST33, the controller 143 controls the infor 
mation recording/reproducing unit 141 to start reproduction 
of information from an approximate reproduction start posi 
tion on the information storage medium 9. In step ST34, the 
information recording/reproduction unit 141 reproduces 
data that includes both SYNC codes 110 and modulated 
SYNC frame data 106 shown in portion e in FIG. 2, and 
directly transfers reproduced data to the shift register circuit 
181. 

0228. In step ST35, the SYNC position detection code 
detector 182 detects the transfer timing of a SYNC position 
detection code 121. In step ST36, the modulation conversion 
table selection code identification unit 187 decodes conver 
sion table selection information 196 using the timing 
detected in step ST35, and transfers the decoding result to 
the demodulation conversion table selection/transfer unit 
189. 

0229. In step ST37, information of a SYNC frame posi 
tion identification code 123 present in the variable code 
transfer unit 183 or a variable code transfer unit 184 is read 
using the timing detected in step ST35. By the method 
shown in FIG. 30, the position of SYNC frame data 106, 
which is currently being reproduced, in a physical sector is 
detected, and that detection result is transferred to the 
controller 143. 

0230. It is checked in step ST40 if the detected position 
of SYNC frame data is that of first SYNC frame data 106-1 
in a physical sector. If YES in step ST40, Data ID 1-0 and 
IED 2-0 information present at the head position of first 
SYNC frame data 105-0 in a physical sector are transferred 
to the Data ID field & IED field extractor 171 using the 
timing detected in step ST35 in step ST41. On the other 
hand, if NO in step ST40, the flow returns to step ST34. 
0231. The Data ID field error checker 172 checks in step 
ST42 if Data ID 1 information detected using IDE 2 is free 
from any errors. 
0232. It is determined in step ST43 if Data ID 1 suffers 
any errors. If YES in step S43, the ECC decoding circuit 162 
extracts Data ID 1 after an error correction process in step 
S44. If Data ID 1 is free from any errors, it is checked in step 
ST45 if a target track on the information storage medium 9 
is currently being traced. If YES in step ST45, reproduction 
of information from the information storage medium 9 is 
started in step ST46. On the other hand, if NO in step ST45, 
the controller 143 calculates a track error amount on the 
information storage medium 9 on the basis of the difference 
between the value of Data ID 1 of the reproduction result, 
and Data ID 1 of a target reproduction start sector in step 
ST47, and the flow returns to step ST33. 
0233 FIG. 29 is a flow chart for explaining the control 
operation when the SYNC codes shown in FIGS. 13 to 18 
are adopted, and access is made to a predetermined position 
on the information storage medium. 
0234. In step ST31, the interface 142 receives an instruc 
tion of a range to be reproduced from the information 
storage medium 9. In step ST32, the controller 143 calcu 
lates the value of Data ID 1 corresponding to the reproduc 
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tion start sector on the information storage medium 9 on the 
basis of the information received in step ST31. 
0235) In step ST33, the controller 143 controls the infor 
mation recording/reproducing unit 141 to start reproduction 
of information from an approximate reproduction start posi 
tion on the information storage medium 9. 
0236. In step ST34, the information recording/reproduc 
tion unit 141 reproduces data that includes both SYNC 
codes 110 and modulated SYNC frame data 106 shown in 
portion e in FIG. 2, and directly transfers reproduced data to 
the shift register circuit 181. 
0237). In step ST35, the SYNC position detection code 
detector 182 detects the transfer timing of a SYNC position 
detection code 121. 

0238. In step ST36, the modulation conversion table 
selection code identification unit 187 decodes conversion 
table selection information 196 using the timing detected in 
step ST35, and transfers the decoding result to the demodu 
lation conversion table selection/transfer unit 189. 

0239). In step ST38, the demodulation circuit 152 
demodulates from the head of modulated SYNC frame data 
106 using the timing detected in step ST35 and the conver 
sion table selection information 196 obtained in step ST36. 
At this time, demodulation starts from “modulated SYNC 
frame position identification code 125' located at the head 
of the modulated data field 107, as shown in portion (A) in 
FIG. 13, portion (B) in FIG. 13, and portion (A) in FIG. 14. 
0240. In step ST39, the SYNC frame position identifica 
tion code content identification unit 186 decodes the con 
tents of the demodulated SYNC frame position identification 
code 123, and determines the position of SYNC frame data 
106 by the method shown in FIG. 30. 
0241. It is checked in step ST40 if the determined posi 
tion is that of first SYNC frame data 106-1 in a physical 
sector. If NO in step ST40, the flow returns to step ST34. If 
YES in step ST40, Data ID 1-0 and IED 2-0 information 
present at the head position of first SYNC frame data 105-0 
in a physical sector are transferred to the Data ID field & 
IED field extractor 171 using the timing detected in step 
ST35 (step ST41). 
0242. The Data ID field error checker 172 checks in step 
ST42 if Data ID 1 information detected using information of 
IDE 2 is free from any errors. 
0243 It is determined in step ST43 if Data ID 1 suffers 
any errors. If YES in step S43, the ECC decoding circuit 162 
extracts Data ID 1 after an error correction process in step 
S44. If Data ID 1 is free from any errors, it is checked in step 
ST45 if a target track on the information storage medium 9 
is currently being traced. If YES in step ST45, reproduction 
of information from the information storage medium 9 is 
started (step ST46). 
0244. The controller 143 calculates a track error amount 
on the information storage medium 9 on the basis of the 
difference between the value of Data ID 1 of the reproduc 
tion result, and Data ID 1 of a target reproduction start sector 
in step ST47. 
0245. In the apparatus of the present invention, it is also 
easy to provide an abnormality detection function Such as 
track errors by monitoring the order in which SYNC codes 
appear. 
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0246 FIG. 31 shows such example. This process can also 
be implemented by an algorithm provided to the controller 
143. In step ST61, the interface receives an instruction of a 
range to be reproduced from an information storage medium 
by an external operation input or control input. Then, access 
to the reproduction start position on the information storage 
medium is executed based on the flow chart shown in FIG. 
28 or 29, thus starting data reproduction (step ST62). Then, 
seamless reproduction is executed according to the sequence 
shown in FIG. 27 (step ST63). The controller 143 predicts 
a continuous combination of next SYNC codes 110 to be 
detected (step ST64). History information of SYNC codes 
110 is read out by the method according to the flow chart in 
FIG. 30, and is compared with the combination predicted in 
step ST64 (step ST66). As a result of comparison, if the 
history information matches the predicted combination, it is 
determined that a target track on the information storage 
medium is being traced, and the flow returns to step ST63; 
otherwise, the flow returns to step ST62. 
0247 The present invention will be summarized below. 
0248 (1) User information is recorded on an information 
storage medium in first recording units (physical sectors 5) 
in a format after the user information is modulated according 
to the (d., k, m, n) modulation rule. At this time, the present 
invention is characterized in that a SYNC code is allocated 
at least at one position in the first recording unit, and all 
patterns that can be used as the SYNC code satisfy a 
condition that the number of '1's included in a series of N 
channel bits at an arbitrary position (at all positions) is equal 
to or smaller than INTN/(d+1)). Note that INTX) is an 
integer value obtained by dropping digits after the decimal 
point of X, and N={(d+1)xINT9/(d+1)}+1. 
0249 (2) User information is recorded on an information 
storage medium in first recording units (physical sectors 5) 
in a format after the user information is modulated according 
to the (d., k, m, n) modulation rule. At this time, the present 
invention is characterized in that a SYNC code is allocated 
at least at one position in the first recording unit, and at least 
66% of all patterns that can be used as the SYNC code 
satisfy a condition that the number of “1's included in a 
series of (N-1) channel bits at an arbitrary position (at all 
positions) is equal to or smaller than “INT(N-1)/(d+1)-1”. 
Note that INTX) is an integer value obtained by dropping 
digits after the decimal point of X, and N={(d+1)xINT9/ 
(d+1)}+1. 
0250 (3) User information is recorded on an information 
storage medium in first recording units (physical sectors 5) 
in a format after the user information is modulated according 
to the (d., k, m, n) modulation rule. At this time, the present 
invention is characterized in that a condition of d=1 is met, 
a SYNC code is allocated at least at one position in the first 
recording unit, and all patterns that can be used as the SYNC 
code satisfy a condition that the number of “1's included in 
a series of 9 channel bits at an arbitrary position (at all 
positions) in the SYNC code is equal to or smaller than 4. 
0251 (4) User information is recorded on an information 
storage medium in first recording units (physical sectors 5) 
in a format after the user information is modulated according 
to the (d., k, m, n) modulation rule. At this time, the present 
invention is characterized in that a condition of d=1 is met, 
a SYNC code is allocated at least at one position in the first 
recording unit, and at least 66% of all patterns that can be 
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used as the SYNC code satisfy a condition that the number 
of “1's included in a series of 8 channel bits at an arbitrary 
position (at all positions) in the SYNC code is equal to or 
smaller than 3. 

0252) By satisfying the conditions in (1) to (4), the 
frequency of occurrence of the densest patterns in a SYNC 
code can be reduced, and that of bit shift errors in the SYNC 
code position can be reduced, thus improving the reliability 
of a reproduced signal from the SYNC code. That is, as a 
result of devising the SYNC code pattern by the aforemen 
tioned method, the reproduced signal amplitude value range 
from the SYNC code can be broadened, the reference clock 
extraction (carrier reproduction) prediction based on 
“SYNC detection” using a reproduced from the SYNC code 
position can be improved, and the frequency of occurrence 
of timing errors (bit shifts) of a reference clock at the SYNC 
code position can be reduced, thus improving the detection 
precision of the SYNC code. 
0253) Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

1. An information storage medium comprising: 
a data area being configured to store predetermined data 

in predetermined recording units, 
wherein a part of the predetermined data is modulated 

according to a (d., k, m, n) modulation rule, 
the (d, k; m, n) modulation rule modulates m-bit source 

data into n-channel bit data, so that modulated channel 
bit patterns satisfy conditions that a minimum d pieces 
of 0s successively arranged and a maximum ofk pieces 
of 0s successively arranged, 

the predetermined data includes a plurality of SYNC 
codes in the predetermined recording units, 

a number of is included in a predetermined number of a 
series of channel bits at an arbitrary position in the 
SYNC code is not more than a half the predetermined 
number, 

each of the plurality of SYNC codes includes a fixed code 
and a variable code, 

wherein the fixed code includes k or more sequences of Os 
Successively arranged and d-1 sequences of 0s succes 
sively arranged, 

wherein the variable code is one of a first pattern (SY0), 
a second pattern SY1), a third pattern (SY2), and a 
fourth pattern (SY3), 
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combinations of the variable codes of three successive 
SYNC codes in the predetermined recording units are 
different from one another, and the SYNC code is 
comprised of 24 channel bits, SYNC frame data sub 
sequent to the SYNC code is comprised of 1092 
channel bits, four types of SYNC codes including the 
first pattern, the second pattern, the third pattern, and 
the fourth pattern, respectively, are defined, each of the 
predetermined recording units is called one sector, and 
the third pattern is arranged in each of sixteenth and 
twenty-second positions from an initial position of said 
One SectOr. 

2. A medium according to claim 1, wherein all patterns 
contained in the SYNC code satisfy a condition that a 
number of Is included in a series of N channel bits is not 
more than INTN/(d+1) 
where INTX) is an integer value obtained by dropping 

digits after the decimal point of X, and 
N is given by N={(d+1).times.INTL9/(d+1)}+1. 
3. A medium according to claim 1, wherein nor less than 

66% of patterns contained in the SYNC code satisfy a 
condition that a number of 1s included in a series of (N-1) 
channel bits is not more than INT(N-1)/(d+1)-1 
where INTX) is an integer value obtained by dropping 

digits after the decimal point of X, and 
N is given by N={(d+1).times.INTL9/(d+1)}+1. 
4. A medium according to claim 1, wherein the predeter 

mined data stored in said information storage medium is 
modulated according to a (1, k; m, n) modulation rule, and 

all patterns contained in the SYNC code satisfy a condi 
tion that a number of Is included in a series of 9 channel 
bits is not more than 4. 

5. A medium according to claim 1, wherein the predeter 
mined data stored in said information storage medium is 
modulated according to a (1, k; m, n) modulation rule, and 

not less than 66% of patterns contained in the SYNC code 
satisfy a condition that a number of 1S included in a 
series of 8 channel bits is not more than 3. 

6. An information storage medium comprising: 
a data area being configured to store predetermined data 

in predetermined recording units, 
wherein a part of the predetermined data is modulated 

according to a (d., k, m, n) modulation rule, 
the (d, k; m, n) modulation rule modulates m-bit source 

data into n-channel bit data, so that modulated channel 
bit patterns satisfy conditions that a minimum d pieces 
of 0s Successively arranged and a maximum ofk pieces 
of 0s successively arranged, and 

the predetermined data includes a plurality of SYNC 
codes in the predetermined recording units. 

k k k k k 


