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The invention further relates to a coding device for performing the method as

claimed, this device comprising an m-to-n bit converter for converting the m-bit information
words to n-bit code words, and means for selecting the p-bit merging words, and means for
15  converting the alternate n-bit code words and p-bit merging words into a modulated signal.

The invention further relates to a recording device in which a coding device of
this type is used.

The invention further relates to a signal.

The invention further relates to a record carrier on which the signal is

20  recorded.

The invention further relates to an apparatus for manufacturing said record
carrier, comprising an optical system for scanning a radiation-sensitive layer of a record
carrier by a radiation beam and a modulation unit for modulating the radiation beam in such a
way that the pattern formed by the radiation beam in the radiation-sensitive layer corresponds

25  to a control signal applied to the modulation unit.

The invention further relates to a decoding device for converting the signal to

a series of m-bit information words, this device comprising converting means for converting

the signal to a string of bits having a low or high logical value, this bit string containing n-bit
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constraint of the catenation of alternate code words and merging words is satisfied. The
20  alternate code words and merging words are converted, via a modulo-2 integration operation,
into a corresponding signal formed by bit cells having a high or low signal value, a "1"-bit
being represented in the modulated signal by a change from the high to the low signal value
or vice versa. A "0"-bit is represented by the absence of a change of signal value at a
transition between two bit cells. The minimum distance between consecutive transitions of
25  the modulated signal is d+1 bit intervals and the maximum distance between consecutive
transitions of the modulated signal is k+1 bit intervals. The dk-constraint is imposed as it is
desirable that the system is self-clocking, which requires that consecutive transitions in the
modulated signal should not be too far apart, and it is a further requirement that two
transitions of the modulated signal should not be following too closely in order to limit inter
30 symbol interference. In addition, the low-frequency components of the modulated signal
should be kept as small as possible. Such a signal is also called a dc-free signal. A first reason
for using said dc-free signals is that recording channels are not normally responsive to low-

frequency components. The suppression of low-frequency components in the signal is also

highly advantageous when the signal is read from an optical record carrier on which the
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dk- copst rb?tI Jahis Lg}’mé H’l% high signal value and the number of bit cells having the low signal value,
calculated over the modulated signal portion situated before this specific instant. A
substantially constant running digital sum value means that the frequency spectrum of the
signal does not comprise frequency components in the low frequency area. By deciding the
merging words according to above rules, low-frequency components of the modulated signal

25  can be reduced. The choice for the 3-bit merging words is based on the requirement that, on
the one hand the channel signal is substantially dc-free and that also the dk-constraint for the
channel signal is satisfied. Decoding of EFM signals is very simple. The 3-bit merging words
are skipped by the decoder, and the 14-bit code words are translated, using a look-up table or
PLA etc., into the information bytes.

30 An improved method for suppressing the low-frequency components is
described by K.A. Schouhamer Immink and U. Gross in the article entitled "Optimization of
Low-frequency Properties of Eight-to-Fourteen Modulation (EFM)", published in the
Radio and Electronic Engineer, vol. 53, pp. 63-66, 1983. In said article the authors describe a

method, where the selection of a p-bit merging word does not only depend on a single
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result in loss of clock synchronization, which, in turn, could [ead to a
bur st of components. It is known that violations of the d-constraint, i.e., runs of "0"s smaller than d,

20  are prone to error resulting from inter symbol interference. A violation of the k-constraint
could easily result in loss of clock synchronization, which, in turn, could lead to a burst of
errors The method is therefore not very effective as the frequency of violations of the dk-
constraint must be small as they will inevitably lead to bit detection errors at the receiver’s
site

25 Information recording has a constant need for increasing the reading and
writing speed. The aim of increased reading speed, however, requires higher servo bandwidth
of the tracking mechanism, which, in turn, sets more severe restrictions on the suppression of
the low-frequency components in the recorded signal. Improved suppression of the low-
frequency components is also advantageous for suppressing audible noise arising from the

30 tracking mechanism. For this reason, it is desirable to make as many efforts to prevent the

signal from containing low-frequency components.
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violated without compromising the reliability of the received code words. Then, as a result of
the increase of the size of the set of merging words from which can be selected, the low-

20  frequency components of the modulated signal can significantly be reduced with respect to
modulated signals generated under the rules of prior art methods or apparatuses. This
embodiment is advantageous in that the presence of low-frequency components in the
modulated signal can be significantly better avoided than in the prior art.

A further embodiment of the invention is characterized in that synchronization

25  (sync) words are inserted into the series of code words, the sync words showing bit patterns
that cannot occur in the bit stream formed by the catenation of the alternate merging words
and code words. The selection circuitry excludes those p-bit merging words that when
catenated with the alternate code words would generate the sync pattern. The above
excluding rule treats the p-bit merging words that contain u "0"s between consecutive 1,

30  where uis an integer less than d, as the all "0"s word. This embodiment is advantageous in
that in the case the reading mechanism might detect the short "0" runlength as the all "0"s

word, false sync patterns are not generated.
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conditions that between the leading "1" in the merging word and the trailing "1" in the code

word preceding the merging word, and the trailing "1" in the merging word and the leading

20  "1"in the code word following the merging word are at least d "0"s. In a second aspect of the
invention, the encoder selects from said set of allowed merging words that merging word that
yields the cumulative dc imbalance nearest zero in the catenation of the code word and that
merging word after modulo-2 integration. For example, in the EFM code, where d=2, k=10,
n=14, m=8, and p=3, there are four 3-bit merging words of the 8 possible merging words

25  allowed, namely "001", "010", "000", and "100". In an embodiment of the invention, by way
of example, the remaining 3-bit merging words, namely "111", "011", "101", and "110" are
allowed to be used. There are, however, three restrictions: firstly, in the cascade of alternate
14-bit code words and 3-bit merging words the k(=10) constraint should not be violated, and
secondly in the cascade of alternate 14-bit code words and 3-bit merging words the sync

30  pattern may not be generated, and thirdly, in order to safeguard the reliability of the code
words, the number of consecutive "0"s at the beginning or end of the two code words joining
the merging word should be at least d(=2). TABLE 1 shows schematically the process of
generating the set of allowed merging words, the computation of the corresponding RDS, and

the selection of the merging word that yields the least dc-imbalance.
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TABLE 1 shows in detail the translation of the 8-bit information word

* 01000000 UL i fghARRE Rkt BB ) ati on

rn may not be

gener at

i nformati oh :/\Brgegll%lﬁzlifﬁ%

t abl e shdwh00000BT G dediAallibl, fb}]mved by the translation of the 8-bit information word
5 “010111117, in decimal 95. According to the translation table shown in FIGS. 4A-4H, the
information words are translated into the 14-bit code words “01001000100100” and
| “60100000000100”, respectively. For illustrative purposes it is assumed that the RDS at ‘thc
end of the code word “01001000100100” equals +5. For the specific case in hand all possible
3-bit merging words can be used without violating the prescribed constraints. TABLE 1
10  shows all possible 3-bit merging words, and it shows the resulting RDS after the merging
word and code word have been catenated and integrated modulo-2. According to the
invention, the encoder selects that particular merging word resulting in an RDS nearest zero,
i.e. it selects “101”. The RDS after cascading the merging words “101” and the code word
“00100000000100” is thus 0. In this manner the dc level of the modulated signal is
15 maintained at a substantially constant level and the frequency spectrum of the modulated
signal will show suppressed low-frequency components. Note that prior art encoders, where
the merging bits obey the prescribed (d)-constraint, will select the merging word “000”,
which will lead to a larger RDS, namely +4. This example shows that signals obtained in
accordance with the invented method show a more constant dc level of the modulated signal

20  than those generated by prior art methods.
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2 shows the

ds "001",

"01000001001001" are catenated. Merging words "001", "011", "101", and "111" are not
allowed as the trailing "1" of the merging word and the leading "1" of the code word
“01000001001001" are less than d(=2) "0"s apart. If it is assumed that the RDS at the end of
the code word "01001000100100" equals +5, then the RDS after a candidate merging word
and the 14-bit code word have been catenated and integrated modulo-2 is listed in TABLE 2.

According to an aspect of the invention, the encoder selects the merging word resulting in the

RDS nearest zero, i.e. it selects "110". The RDS after cascading the merging words "110" and

the code word "01000001001001" is thus +2. Note that a prior art encoder, where the

merging words obey the prescribed (d)-constraint, will select the merging word "000", which

will lead to a larger RDS, namely +4.

In the foregoing an explanation was given of an encoder that comprises means

for generating all possible p-bit merging words. The encoder further comprises means for

selecting that p-bit merging word that satisfies the given constraints and achieves the

minimum absolute value of the RDS. It will be obvious for a person skilled in the art that

there could be p-bit merging words within the set of possible words that will always lead to

the same value of the RDS of the catenation of p-bit merging word and n-bit code word. This

property can advantageously be exploited to decrease the selection set, and thus the

computational load and/or hardware requirements of the selection circuitry. It can easily be

verified that, for example, when p=3 the merging words "111" and "010" will always lead to

the same value of the RDS. One of the words, for example "111" can be excluded from the



allowed as the trailing "1" of the nmerging word and the | eading "1" of the
code word "01000001001001" are less than d(=2) "O's apart. If it is
assunmed tweto2onésy7RDS at the end of the code word "010010@QTOPLO0GI15SEqUAl S
+5, then the RDS after a candi date nergi word and the 14-bit code word
have been catenated and integrated nodulo-2 is listed in TABLE 2. 10
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|
that a cayehpaticons afit mighé lesdie ayialgiangf the k constraint. In a preferred embodiment,
20 the merging word selection circuitry can avoid the generation of false sync patterns and/or

false k-constraint violation by treating the merging words "111", "011", "101", and "110" as
"000" in the computation of the sync pattern or k-constraint. For example, if k=10 then the
selection circuitry will exclude merging words that generate sequences such as
00001100000’ or V0010100000’ and so on as they might lead to false k(=10)-constraint
25  violations. If the sync pattern is *10000000000100000000001’ then the selection circuitry will
exclude merging words that generate sequences such as '10011000000100000000001° or
’10000000000100010100001’ and so on that might lead to the generation of a false sync
pattern.
An embodiment of the invention is described below referring to the diagrams.
30 In Fig. 1, reference numeral 1 denotes an input terminal which is supplied with
digital data to be recorded on a recording medium such as an optical or magneto-optical disc,
numeral 2 refers to a serial-parallel converter for converting input data into data of m parallel
bits, and numeral 3 denotes a data converter. The data converter 3 is fed with data bits

di,...,d8 and converts the data bits into 17 channel bits c1,...,c17. The 17-bit word consists
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m ght lead to the generation of a false sync pattern. An enbodi ment of the
i nvent i orfrg sptigeedr i bed bel ow referring to the diagrams. 30 In Fig. 1,
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20 modulation. The 14-bit data is converted from a parallel into a serial converter using
converter 24. The coupling bit adder, 25, generates the various candidate merging words that
satisfy the prescribed dk-constraint. The set of candidate merging words is preferably stored
in ROM, PLA and others. The selection circuit, 26, selects from the candidates the one with
the RDS nearest zero. The selection circuit comprises an arithmetic unit for computing the
25  RDS of each possible candidate merging word catenated by the 14-bit code word. The signal
generator 29 generates signals for timing control for the selection circuitry 27. The modulated
signal obtained after modulo-2 integration of the catenation of alternate merging words and
code words, taken out from terminals 29 and 30, is forwarded to an optical pickup or other
recording means via a recording amplifier and recorded onto an optical carrier, not shown,
30  such as optical or magneto-optical disc or tape or other recording medium.
Fig.3 shows the catenation of two m(=14)-bit code words and the p-bit
merging words. In the preferred embodiment the value of p is 3 or 2.

Fig. 4A-H shows the preferred conversion tables for translating the 8-bit data

words, dl,...,d8, into the 14-bit code word cl,...,c14. The conversion tables comply with the



nodul at or never fails to place at |east k(=2) and at nost d(=10) "0"s

bet ween consecutive "1 "s. O ock generator 6 generates a cl ocking signal
for the cwowmriota7g4 The data converter 3 has additional nPaemgEPhDoygener ate
the 3-bit word, cl5,...cl7. The additional- neans can either consist of
ROM PLA and so on or |t can be built usﬂi’a a conputer that has been 10
progra r r oyt G, fl f1ons
Gesar bedtisiiydrEni® AFah fickhblo m%ﬁﬂ%‘f’@n TR eefBih SR LA
devi ce ateandeR@ot thdt kedd dsntﬁeﬁsmrtaltlys diffletenbfrofethosd shodnde Fig. |4tAeH oaii)b(de can
be carried out. In Fig. 2 reference nuneral 21 refers to an input term nal
supplied uigd-h the si gnal data to be translated prior to be recorded on a 15
recordi ng medi um : or
Converting i nput aaral B et LEEpmRe frdRih Mok ApRA Byl B RAOTBIRGATT
a data cqmvedésen. 1m13|madesystemcfnx/£ecb1elmg ad, platin g backaligitad irfomrhatie@n Rlige-and

Suppl s SR BrRu e oformatiupis 3orSd i aiedssio o SpaseA P Ahogphs of both
Qonver si of kidhlsad iEADaRS oA shBeckli g8 bk RibidisttLIG oBEBLe 1 fochRfiRcS L he

formerly proposed EFM 20 nodul ati on. The 14-bit data i's converted froma
par al | eI w1th vsuecewsianalf codnwerdseThadighyl infoometéen isrth@aby storedogtpdn inproved

dd h di t hat tisfy th
o ecct | bR pa T Rty B B e TR B or de 1 < pr ef et abl y

storgd in ROM PL@\I&MgmHﬁfrésenﬂi'ﬂeeﬁﬁinQﬁﬁs bédh ddsEEbHdlin déBil vaed &fér&uc%rt@m the
candi dates the one with the RDS nearest zero. The selection circuit

conpr i sedtsaresanily pivkarred amhadiment, ié i be padprithed lz:sthqssomrdw@@hskplé #sthp ag

candi dat ten
gener at Oﬁhggf gener Q@ggatg&& ﬂ%gﬂj c&)lraé“(t“{1 ttrﬂng‘rlltg]:;Zﬂé on lﬁiggﬁo%}eg}r&? ﬁdet 2 e?ceoi)F ?’gﬁle
ci rcui t r Mnvkationhecovbdingla] ﬂ(ﬂs nct igaiededakitahdigdleraionee 1imitkd, 6xctpt a1gghat i on of

the catenation of alternate nerging words and code vvords t aken out from
t er ni nal £Ppendsd glaims. Ary refsreRaedisns dg nahliniithe saopp P thgslaims gHise¥ordy ecor di ng
angsVi a )| not
shows>. 30°ZuBHSAE A BIPldINdehe BtA-ECPLAEF BNk BBl 45T InER i ln o
recor di n@lamdUsemf tﬂiegvo%d Shbes an’h precedlaglam elemeof ddesmom@ccmtbe -the presamde ofwor ds
and the p-b lt rps (gh words. In the preferred embodinent the value of pis
3 or 2. mlyaliyelsp ®Rife preferred conversion tables for translating the
8-bit data words, dl,..., d8, into the 14-bit code word cl,..., cl4. The
conversion tables conply with the WO 02/ 063774 PCT/ EPO1/01151 11



rule that there are always at |least two and at nost ten "O's between
consecutive "1 "s. It wll be understood that code conversion tables

di f f er entwbroessi7mose shown in Fig. 4A-H can be wused. It WCIIEPOE01151
appreciated fromthe foregoing descripti 5 that the present invention "5
provi des an inproved system for recordi ng and pl ayi ng back digital

i nformatig@gm@iasa di sc- shaped record. The information is stored in a
successi on of spaced marks, the lengths of both the marks and the spaces
bet ween successive marks being discretely variable in accordance wth a
successi on of code words. The digital information is thereby stored with an
i nproved suppression of the | ow frequency conponents of the recording
signal. 10 Although the present invention has been described in detail with
reference to its presently preferred enbodinent, it will be understood by
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code wor dirpneaegliired to bbeyreiddegnstaid. are at least d "O's, and that between
the trailing "1" in the nmerging word and the |leading "1" in the code 10
word following the nerging word are at ‘least d "O's, characterized in that

the merging words ARpRiAlasBAMEd HOCTI QPEHeSR FbH nfePBRE k@ are operative
for constraining the number of “0”’s between consecutive “1”’s of the catenation of the
15 alternate code words and merging words to at maximum s, where s an integer equal to or

exceeding k.

3. A method as claimed in Claim 1 and 2, wherein p-bit merging words are
operative for diminishing the cumulative dc imbalance of the signal generated after modulo-2

20  integration of the catenation of the alternate code words and merging words.

4, A method of encoding a binary digital signal according to Claims 1, 2, and 3,
wherein d=2, k=10, m=8, n=14, and p=3.

25 5.7 A method of encoding a binary digital signal according to Claims 1, 2 and 3,
wherein d=2, k=10, m=8, n=14, and p=2.

6. A decoder for decoding an encoded signal in accordance with method claimed

in any of the preceding Claims 1 to 5.



2. Anethod as clainmed in aim1l, wherein-p-bit nerging words are
operative for constraining the nunber of "O's between consecutive '1"s of
t he cat emaDioen6I74t he 15 alternate code words and nergi ng POGrEPS1/0050t
maxi num s, where s an integer equal to oli% exceeding k. 3. A nmethod as
claimed in daim1l and 2, wherein p-bit rging words are operative for
di m ni shing the cunul ative dc i nbal ance of the signal generated after
nodul 0-2 20 integration of the catenation of the alternate code words and
mer gi ng Words. 4. Annsfdrodtion resocslin mgdiambiavingrecihrded @nbre@hgtnalhfoauntmndi ng to
Clainms 1, and 3... wherein d=2 =10 -8, _n3l4 = 5.
rethod oFTBHEBdPRedindFeRSs o tat taafodiog it ol ShiipedERepl f tpefdettis Lidkg 5
wher ei n @pdusi%e=10, m=8, n=14, and p=2. 6. A decoder for decodi ng an encoded
signal in accordance with nethod clainmed in any of the preceding Clains 1
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10  data bits into a sequence of binary channel bits as claimed in any of the Claims 1 to 5,
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