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OPTI CAL DATA RECORDI NG METHOD, AND DATA RECORDI NG MEDI UM 5 Techni cal :
The present invention relates to a recording nmethod for recordi ng opticél

data to a wi twedboaestat a recordi ng nedium and to the structupergf a datg
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recordi ng medi um used by this nmethod. 10 Background Art Devices for
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Technical Field
The present invention relates to a recarding method for recording
optical data to a writable data recording medium, and to the structure of a data

recording medium used by this method.

Background Art

Devices for recording and reproducing optical data, particularly
digital data, to data recording media have been the subject of much
develocpment due to the ability of such devices to store large volumes of data
using media of a given physical size.

The phase change optical disk is one type of recordable optical
data recording medium. To record to a phase change optical disk, the beam
from a semiconductor laser is focused on the rotating disk to heat and meilt,
that is, change the phase of, a recording film. The temperature of the recording
film and the rate at which the film cools vary, for example, according to the
intensity of the optical beam.

When the intensity of the optical beam is high, the film cools
rapidly from a high temperature state, and the recording fitm is changed to an
amorphous phase. When the optical beam is relatively weak, the recording film
cools gradually from a medium-high temperature state, and the recording film
thus crystallizes. The résu!ting amorphous areas of the recording film are
normally referred to as a "mark;" the crystallized part between consecutive

marks is normally referred to as a “space." These marks and spaces can be
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20 filmand the rate at which the filmcools vary, for exanple, according
to the intensity of the optical beam Wen the intensity of the ,optical
beamis high, the filmcools rapidly froma high tenperature state, and the

recordi ng fil Rvadsongdanged to an anor phous phase. Wien the opidi@pdeddg@m i S
relatively weak, the recording film?2 cools gradually froma medi um hi gh

tenperature state, and the recording fibmthus crystallizes. The resulting
anor phous areas of the recordi ngﬁ‘filmare normally referred to as a "mark;"

the cryst al Y$9btP (1859 eyl dakh dhat s Qsanthiiks is normal ly referred to as
a "space." These marks, and spaces _can be 2 used to record two-value
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Is, a light beam not strong enough to produce a phase change in the
recording film is When reproducing data, a low power optical beam, that is, a light
beam not strong enough to produce a phase change in the recording film, is
emitted to the disk, and the light reflected back from the disk is then detected.
In general, the reflectance of the amorphous phase marks is low, and the
reflectance of crystal phase spaces is high. A reproduction signal can therefore
10 be obtained by detecting the difference in the amount of light reflected from the
marks and spaces.

Mark position recording (or PPM recording) whereby information is
recorded using the location of marks of a constant length, and mark edge
recording (or PWM recording) whereby information is recorded using the length

15 of the marks and the length of spaces between marks, are two methods of
recording data to a phase change optical disk. The data recording density of
mark edge recording is generally the higher of these two methods.

The mark edge recording method also generally records longer
marks compared with the constant mark length in mark position recording.

2 When a peak power laser beam is emitted to a phase change disk to record a
long mark, heat accumulation in the recording film produces marks that are
wider in the latter haif of the mark as seen in the radial direction, something like
a teardrop shape. Such marks significantly degrade signal quality, causing, for
example, degraded signal linearity in the recorded signal, increased jitter during ~ ¢
25 reproduction, mark remnants that are left when the marks are overwritten by
direct overwrite recording, and signal crosstalk between tracks during
reproduction.

Recording shorter marks and spaces is one means of increasing



emtted to the disk, and the light reflected back fromthe disk is then
detected. In general, the reflectance of the anorphous phase nmarks is |pw,
and the reflectance of crystal phase spaces is high. A reproduction si gal
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mark edge positions will vary, causing a higher error rate during reproduction.

To address the above-noted problems, Japanese Unexamined
10 Patent Application Pubtication (kokai) 7-129959 (U.S. Patent numbers
5,490,126 and 5,636,194) teach a method for recording marks by segmenting

that part of the recording signal corresponding to a mark in mark edge
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recording into start, middle, and end parts, the start and end parts each having

a constant pulse width and the middle containing pulses of a constant period.

15 This recording signal is then used to rapidly switch the output of a two-value
laser.

With this method, the width of the middle part of a long mark is

substantially constant and does not spread because laser output is driven with

a consfant period pulse current producing the minimum power required for mark

20 formation. An increase in jitter at the leading and trailing edges of the mark can

also be suppressed during direct overwrite recording because the laser beam is

emitted with a constant pulse width at the leading and trailing ends of the mark.

it is also possible to detect whether marks, or spaces before and

after a mark, are {ong or short, and change the position at which the start and

25 end parts of a mark are recorded according to the length of the mark and the

leading and trailing spaces. This makes it possible to compensate during

recording for peak shifts caused by thermal interference whereby heat at the

end of a recorded mark transfers through the following space and affects the



direct overwite recording, and signal crosstal k between tracks during
reproduction. Recording shorter marks and spaces is one neans of increasing
3 recording density. A short space |ength, however, can result in therm
interference. Wpjonenapl e, heat at the trailing end of a regRiGhmshg3BsK |
transferred through the foll ow ng space, which can then contribute to a
tenperature increase at the beginning ol the followng mark. Heat at the 5
begi nning end of one recorded nmark can al so transfer through the preceding
space and didating processoat thadeginning of ine nexs mark, and heat yribelaginpingpk. A
problemw th thermal interference in conventional, recordi Bwt hods &'s t hat

|
mark edge pREPX fgrardad natksanversaly iravels hacyrough tae Preceding $h3ng an
Pat ont - Appi HEE B SAIRBEkTant dufan ant or e BGeB e BREICET, Tl Rer e
> 490, 126 and 5, 636, }ali ! 2458080 MRLOOY bl {fUHRRER! NGal S :ﬁatngggrefggfe ing

that part of the recording signal correspdnding to a mark i n mar
5 determining the optimum positions of the start and end parts of a mark, nor

-

does it teach a specific structure and basis for changing or adjusting the start
and end edge positions.

If such an optimum method and structure are not deﬁ'ned, the
reliability of optimized recording will be low. Furthermore, even if optimized

10 recording is achieved, it will be at the expense of excessive time spent
searching for the optimum position and excessive circuit cost.

A method for changing the start and end edge positions of a mark
based on the data being recorded has been invented as a means of achieving
high density data recording. A problem with this method, however, is that the

16 edge of a recorded mark can move due to thermal interference as described
above. This edge movement phenomenon is also highly dependent upon the
disk structure and the composition of the recording film, and if either of these

change even slightly, optimized recording cannot be achieved.

20 Disclosure Of Invention
With consideration for the above described problems, an object of
the present invention is therefore to provide a method for determining the
optimum position of mark start and mark end parts.
A further object of the present invention is to provide a data
25 recording medium wherewith optimized recording is possible even with disks of
different types, including disk structure and recording film composition.
To achieve the above objects, a data recording medium according

to the present invention has a plurality of tracks to which data is recorded by



recording into start, mddle, and end parts, the start and end parts each
havi ng a constant pulse width and the m ddl e contai ning pul ses of a
constant period. 15 This recording signal is then used to rapidly sw t§h
the output ofwaodmszzval ue |aser. Wth this nethod, the w dt p-pipet he m dg
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spaces. This nmakes it possible to conpensate during recording peak
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mark transfers through the follow ng space and affects the
both of these adjusted start position Tu and end position Td values, or a typical

value therefor, and the method for using these Tu and Td values, are
prerecorded to a predetermined jocation on the data recording medium.
in a data recording medium according to the present invention, the
10 mark start position Tu can be determined based on the length of the mark part
of a recording signal and the space part immediately preceding the mark part.
The mark end position Td can be similarly determined from the length of a mark
part and the immediately following space part of a recording signal.
A data recording medium according to a first aspect of the present
15 invention having a plurality of tracks for recording information represented as
marks and spaces between the marks, the marks being formed by emitting to a
track in the data recording medium an optical beam modulated by one or a
plurality of drive pulses where a number of the drive pulses is adjusted
according to a length of a mark part in the original signal to be recorded to the
A track, comprises. a data recording area for recording data, and a control
information recording area for storing at ieast one of a first puise position Tu
value for determining a start position of a mark to be recorded, and a last pulse
position Td value for determining an end position of a mark to bé recorded.
it is therefore possible to achieve recording optimized for specific b
2 differences in disk structure and/or recording film composition by reproducing
these adjustment values Tu and Td and using them 1o generate an optimized
recording signal from which the marks and spaces are formed.

A data recording medium according to a second aspect of the
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4 heating process at the beginning of the next mark, and heat at the
begi nning of a next recorded mark conversely travels back through the

precedi ng space and affects the cooling process at.the end of the preceding

mar k. Kokai 7-ggdgfr%does not, however, teach a nethod for
the opti mum positions of the start and end parts of a mark,
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teach a specific structure and basis fog changing or adjusting the start
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equalizer distortion during reproduction, to achieve recording with little jitter.

A data recording medium according to a third aspect of the
present invention yet further expresses the first pulse position Tu as a time
difference TF between a first reference point R1, which is a leading edge of a
mark part in the original signal to be recorded, and a first edge of the first pulse
in a plurality of drive pulses, and expresses the {ast pulse position Td as a time
difference TL between a second reference point R2, which has a specific
known position relative to a trailing edge of a mark part in the original signal to
be recorded, and a trailing edge of the last pulse in a plurality of drive pulses.

it is therefore possible to obtain mark start position Tu and mark
end position Td more accurately.

In a data recording medium according to a fourth aspect of the
present invention, the length of mark parts in the original signal and the iength
of space parts between the mark parts are further specifically expressed as a
value NT where T is a reference period, and N is a positive integer from n1 to
n2. Mark and space parts are further separated into a plurality of groups used
for mark start and end position adjustment according to mark and space length,
and specific first pulse position Tu and last pulse position Td values are set for
each adjustment group.

Circuit scale can therefore be reduced by combining a plurality of
mark lengths and space lengths into a single group. Recording with even less

jitter can also be achieved by reducing the number of mark lengths and space



2D Di sclosure O Invention Wth consideration for the above descri bed

probl ens,» an object of the present invention is therefore to provide a
met hod for determ ning the optimum position of mark start and nmark end 3
parts. A furthweoooifsert of the present invention is to provi gerapdata 25%
recordi ng nmedi um wherewith optim zed recording is possible even with dislgs

of different types, including disk strucfure and recording film 1
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accor di ng t dnwentionffutther gpexdifically Sepalaies pharkparis sy temath jirito ttereel grolips,
predeterm ned constant value or |ess, and one or both of these adjusted
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A data recording medium according to a sixth aspect of the
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present invention yet further separates mark parts by length into four groups,
and separates space parts by length into four groups.
Recording with less jitter can thus be achieved by even more
10 precisely separating mark and space lengths and further increasing the number
of adjustment groups.
A data recording medium according to a seventh aspect of the
present invention increases the number of adjustment groups as a length of the
mark part and a length of the space part decreases.
15 ' Shorter marks and spaces occur more frequently, and by using a
signal with a high frequency of occurrence as the reference signal for adjusting
mafk position, it is passible to record with less jitter compared with using a
signal with a low frequency of occurrence as the reference signal.
In a data recording medium according to an eighth aspect of the
20 presentinvention ntis 3 and n2 is 11.
In a data recording medium according to a ninth aspect of the
present invention, mark parts are separated by length into three groups of 3T,
4T, and 5T or longer marks, and space parts are separated by length into three
groups of 3T, 4T, and 5T or longer spaces. b
25 in a data recording medium according to a tenth aspect of the
present invention, mark parts are separated by length into four groups of 3T, 4T,
5T, and BT or longer marks, and space parts are separated by length into three

groups of 3T, 4T, 5T, and 6T or longer spaces.
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ndl or recordingfilmco osi tjon by reproducing .
method of Td use Uses Td to change the falling edge position of a last drive

pulse without changing the width thereof.

In a data recording medium according to a thirteenth aspect of the
present invention, the method of Tu use uses Tu to change the width of a first
drive pulse without changing the falling edge position thereof, and the method
of Td use uses Td to change the width of a last drive pulse without changing
the rising edge pasition thereof.

In a data recording medium according to a fourteenth aspect of
the present invention, the information indicative of the method of Tu and Td use
is recorded to a position before the position where the Tu and Td values are
recorded referenced to the direction in which information is recorded.

A fifteenth aspect of the present invention relates to a method for
obtaining a first puise position Tu for a data recording medium having a plurality
of fracks, marks formed by emitting to a track in the data recording medium an
optical beam modulated by one or a plurality of drive pulses where a number of
the drive pulses is determined according to a length of a mark part in the
original signal to be recorded to the track, a data recording area for recording
information using the marks and spaces between the marks, and a control
information recording area having recorded thereto at least a first pulse position
Tu value and a last pulse position Td value whereby at least a first puise

position Tu and a last pulse position Td of the drive pulse is changed so as to



t hese adj ustnent values Tu and Td and using themto generate an opt|n1zed
recordi ng signal fromwhich the marks and spaces are forned. A data &
recording medium according to a second aspect of the 6 present inventgon
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pulses from the pattern signal; forming spaces and marks on the data recording

medium by generating and emitting thereto an optical beam modulated
according to the plurality of drive pulses; reproducing the marks and spaces
recorded to the data recording medium; comparing and obtaining a difference
10 between a combination of mark and space parts in the reproduced reproduction
signal, and a combination of mark and space parts in the stored pattern signal; %
and obtaining from this difference a first pulse position Tu for application to an
original signal containing a sequence of space parts of {ength QT and mark
parts of length PT.
15 More specifically according to a sixteenth aspect of the present
invention, first pulse position Tu is obtained for a plurality of combinations of
mark lengths and space lengths by changing the values of P and Q.
More specifically according to a seventeenth aspact of the present
invention, the pattern signal contains an adjustment signal for obtaining a DSV
2 of0.
An eighteenth aspect of the present invention relates to a method
for obtaining a last pulse position Td for a data recording medium having a
plurality of tracks, marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive pulses where
25 a number of the drive pulses is determined according to a Iéngth of a mark part
in the original signal to be recorded to the track, and a control information
recording area for recording information using the marks and spaces between

the marks, and having recorded thereto at least a first pulse position Tu value



difference TL between a second reference point R2, which has a specific
known position relative to a trailing edge of a mark part in the origi nal
signal to 15 be recorded, and a trailing edge of the last pulse in a°
plurality of dybyéeasy ses. It is therefore possible to obtai peffBoksibs
position Tu and mark end position Td nore accurately. In a data recordl ng
medi um according to a fourth aspect of 4g@ne present invention, the | ength of
mark parts in the original g_nal and the length 2D of space parts between
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conbl n| ng a ralTty of markK | engths and space | engt Into a single
group. Recoreﬂgtm ofi P andzBpaes arist ith & agperifiRo [dnptinadfi @Tedhbse Medsicd ng™t he

nunber of mark | engths and space
reference period, P is a positive integer from nt to n2, and Q is a positive
integer from n1 to n2; storing the pattern signal; generating a plurality of drive
pulses from the pattern signal; forming spaces and marks on the data recording
medium by generating and emitting thereto an optical beam modulated

10 according to the plurality of drive pulses; reproducing the marks and spaces
recorded to the data recording medium; comparing and obtaining a difference
between a combination of mark and space parts in the reproduced reproduction
signal, and a combination of mark and space parts in the stored pattern signal;
and obtaining from this difference a last pulse position Td for application to an

15 original signal containing a sequence of space parts of length QT and mark
parts of length PT. _

it is therefore possible to accurately obtain mark start position Tu
and mark end position Td using simple specific patterns with a short pattern
length.

2 Yet further preferably according to a nineteenth aspect of the
present invention, this method obtains last pulse position Td for a plurality of
combinations of mark lengths and space lengths by changing P and Q.

Yet further preferably according to a twentieth aspect of the
present invention, this method uses a pattern signal containing an adjustment

25 signal for obtaining a DSV of 0.

A twenty-first aspect of the present invention relates to an
apparatus for obtaining a first pulse position Tu for a data recording medium

having a plurality of tracks, marks formed by emitting to a track in the data



7 lengths in the group as the mark and space | ength decreases, and t
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occurrence ence ‘sign
pulse position Tu and a last pulse position Td of the drive pulse is changed so

as to make a reproduction jitter a specific value or less. This apparatus
comprises. means (125) for generating a pattern signal containing a pattern of
10 * consecutive mark parts with a specific length of PT and space parts with a
specific length of QT where T is a reference period, P is a positive integer from |
n1 to n2, and Q is a positive integer from n1 to n2; means (120) for storing the
pattern signal; means (111) for generating a plurality of drive pulses from the
pattern signal; means {109, 103 — 108) for forming spaces and marks on the
15 data recording medium by generating and emitting thereto an optical beam -
modulated according to the plurality of drive puilses; means (105 — 108, 112 —
118) for reproducing the marks and spaces recorded to the data recording
medium; means (120) for comparing and obtaining a difference between a
combination of mark and space parts in the reproduced reproduction signal,
20 and a combination of mark and space parts in the stored pattern signal;, and
means (127) for obtaining from this difference a first pulse position Tu for an
original signal containing a sequence of space parts of length QT and mark
parts of length PT, and storing first pulse position Tu.
Further preferably according to a twenty-second aspect of the rg
25 present invention, first pulse position Tu is obtained for a plurality of
combinations of mark lengths and space lengths by changing P and Q.
Further preferably according to a twent_y-third aspect of the

present invention, the combinations are classified, and the reproducing means



In a data recordi ng nedi um according to an eighth aspect of the 20 present
invention nl is 3 and n2 is 11. In a data recordi ng nmedi um accotdi ng
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Distortion error by the equalizer during reproduction can therefore
be reduced, and recording with less jitter can be achieved.

Yet further preferably according to a twenty-fourth aspect of the
present invention, the pattern signal contains an adjustment signal for obtaining
a DSV of 0. ,

A twenty-fifth aspect of the present invention relates to an
appgratus for obtaining a last pulse position Td for a data recording medium
having a plurality of tracks, marks formed by emitting to a track in the data
recording medium an optical beam modulated by one or a plurality of drive
pulses where a number of the drive pulses is determined according to a length
of a mark part in the original signal to be recorded to the track, and a control
information recording area for recording information using the marks and
spaces between the marks, and having recorded thereto at least a first pulse
position Tu value and a last pulse position Td value whereby at least a first
pulse position Tu and a Jast pulse position Td of the drive pulse is changed so
as to make a reproduction jitter a specific value or less. This apparatus
comprises: means (125) for generating a pattern signal containing a pattern of
consecutive mark parts with a specific length of PT and space parts with a
specific length of QT where T is a reference peried, P is a positive integer from
n1 to n2, and Q is a positive integer from n1 to n2; means (120) for storing the
pattern signal; means (110) for generating a plurality of drive pulses from the
pattern signal; means (109, 103 — 106) for forming spaces and marks on the
data recording medium by generating and emitting thereto an optical beam

modulated according to the plurality of drive pulses, means (105 — 108, 112 —
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vention, the nethod of Tu use uses Tu to change the rising edge

f a first drive pulse w thout changing the width thereof, and tk
nmet hod of Td use uses Td to change the falling edge position of a | ast
e wiwdeuiszehangi ng the width thereof. 10 pCiibodiofdat a  §
medi um according to a thirteenth aspect of the present i1nventiong
the nmethod of TU use uses Tu to change t3e wdth of a first drive pul se

an%i ngqﬁt he falli n%med e, position thereof, and the nmethod of Td
® ' ks FAndagpacs (Reqserd &0 thertiaie renensingdg t he |
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nmedi um

C i, eabic v 2L sorc Bomparing anch obfRifing o HFGRAES inEwhFbramat i on §

oFSmRIST A 2888 Pk, b, RERSS RO e °'° |
| Bl ESmbIREEGAR infdtki dnd At Bdrzt% An fthd tsRaY fpa?@?f ??P%E uﬁHsbg

beam

determ ned according to a length of a mark part in the original
beatselieneth & b ankkstpring last guiggiresitioroldli ng area for recordi ng

Further preferably according to a twenty-sixth aspect of the
present invention, first pulse position Tu is obtained for a plurality of
combinations of mark lengths and space lengths by changing P and Q.

Further preferably according to a twenty-seventh aspect of the
present invention, the combinations are classified, and the reproducing means
comprises an equalizer (114), and the ratio between the output amplitude of the

equalizer at the frequency of the longest mark and the output amplitude of the

equalizer at the frequency of the shortest mark is 3 dB or less, provided that the -

longest mark and the shortest mark are from the same classification.

Further preferably according to a twenty—eighth aspect of the
present inventicn, the pattern signal contains an adjustment signal for obtaining
a DSV of 0.

A twenty-ninth aspect of the present invention relates to a
recording and reproducing apparatus for recording and reproducing a data
recording medium having a plurality of tracks, marks formed by emitting to a
track in the data recording medium an optical beam modulated by cne or a
plurality of drive puises where a number of the drive pulses is determined
according to a length of a mark part in the original signal to be recorded to the
track, and a control information recording area for recording information using
the marks and spaces between the marks, and having recorded thereto at least

a first pulse position Tu value and a last pulse position Td value whereby at




25 information using the marks and spaces between the marks, and a control
information recording area having recorded thereto at least a first pulse
position Tu value and a | ast pulse position Td valwue whereby at |east a

first pul se posobigzTu and a | ast pul se position Td of the g 69dkdose i S
changed so as to make a reproduction jitter a specific value or |ess.
This met hod conprises generating a pattie¥n signal containing a pattern of

TR it A AR R ot
Storing ¢ LS%@&" ﬁgésgﬁélﬁﬂ%é 3cferPRisigh ity 4 5 EBF RTS8 2R om ¢ he
pattern sig k&ﬂ}gelgen%@(rgggrdl{%awe'@ mby

generating an engttl ng thereto an optlcal beam nodul ‘ated according“to.the

plurality of-dsHyEfopubpRaucinGR AL PURE HAMtTATE andngl IF93RMe pEGHdHITd to the
data recordi ng nedi um conparing and obtaining a difference 10 between a

conbi nat$ onprerecaadéd dad thepalata pecerdingn mediumpe preansc ¢t620) pfovdstoting rthei gnal |
and a conbination of mark and space parts in the stored pattern signal; and
obt ai ni ng f fepreduned fustfmlé%ﬁéﬁlﬂanfmmd ast Bulsp esitiopnTdruneans €§10) faiti on to

an generating a drive pulse based on a data recording signal, and correcting the

generated drive pulse based on the first pulse position Tu and last pulse
position Td; means (109, 103 — 106) for emitting an optical beam based on the
10 corrected drive puises to form spaces and marks on the data recording medium.
Further preferably according to a thirtieth aspect of the present
invention, the reproducing means comprises an equalizer (1514), and the ratio
between the output amplitude of the equalizer at the frequency of the longest
mark and the output amplitude of the equalizer at the frequency of the shortest
16  markis 3 dB or less.
A thirty-first aspect of the present invention relates to a
manufacturing apparatus for manufacturing a data recording medium having a
plurality of tracks, marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive puises where
2 a number of the drive pulses is determined according to a length of a mark part
in the original signal to be recorded to the track, and a control information
recording area for recordiﬁg information using the marks and spaces betwsen
the marks, and having recorded thereto at least one of a first pulse position Tu
value and a last pulse position Td value whereby at least one of a first pulse Lo
25 position Tu and a last pulse position Td of the drive pulse is changed so as to
make a reproduction jitter a specific value or less. This apparatus comprises:
means (2701) for storing previously obtained first pulse position Tu and last

pulse position Td values for a drive pulse sequence; adjustment method
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signal.

Other objects and attainments together with a fuller understanding
of the invention will become apparent and appreciated by referring to the
following description and claims taken in conjunction with the accompanying

drawings.

Brief Description Of Drawings

Fig. 1 is a block diagram of an optical data recording device
according to a first embodiment of the present invention;

Fig. 2 iliustrates signals used in the first embodiment shown in Fig.

Fig. 3 illustrates recording puise sequences in the first

embodiment shown in Fig. 1;

Figs. 4A and 4B show exemplary pulse movement tables in the

first embodiment shown in Fig. 1;

Fig. 5 is used to describe a grouping method in the first

embodiment shown in Fig.-1;
Fig. 6 is used to describe a grouping method in the first

embodiment shown in Fig. 1;
Fig. 7 is used to describe a grouping method in the first

embodiment shown in Fig. 1;
Fig. 8 is used to describe a grouping method in the first

embodiment shown in Fig. 1;

he

between}
on Tu %




1 0 and a last pulse position Td val ue whereby at | east a first pul se
position Tu and a | ast pul se position Td of the drive pulse is changed so
as to make a reproduction jitter a specific value or less. This nethod
conprises: gemevewissed a pattern signal containing a pattern mwfisonaaeuti ve
mark parts with a specific 5 length of PT and space parts with a specific
length of QT where T is a reference perli@od, P is a positive integer fromnl

to n2, and Qis a positiye.i er.f L to .St Or he pattern

signal ; generating a%Lfﬁ'u al'gl P'%/S%g’f t%lr{"\%&@ﬁl ?e@r']%‘l‘pdﬁ?twg 1R MSsiflgftal -

form ng Spaérﬁﬁo@i%n'?gﬁ&ﬁnﬂ?l:y‘? data recordi ng nedi um by generating and
a

emtting thereto an optic eam nmodul ated 10 according to the plurality
of drive pul ses; repFglu ng at frequsticy ScHEnactS AS BiaghSiA BP G FeprbBFctidAl 2
recordi ng nmedi um conparing and obtalning a difference between a

conbi nat i onequalizer ik the dirst eatodiraentsstiowrt indig.efsr oduced reproducti on signal,
and a conbination of mark and space parts in the stored pattern signal; and
obtai ni g fromthis &ig.rir Buslatys|signalp used indbe firgrembodinentshbwaaini on t o
an 15 original signal containing a sequence of space parts of |length QT
and mark pa'?’951?of length PT. It is therefore possible to accurately obtain

mark start posttion Hy ayRiies WoRRS usbdTn Ho thlt ShmBbRleht 3R5%hTn°

patterns with a shor

Fig. 1;
Fig. 13 illustrates signals used in the first embodiment shown in

10 Fig. 1;
Fig. 14 illustrates signals used in the first embodiment shown in

Fig. 1;

Fig. 15 is a block diagram of an optical data recording device
according to a second embodiment of the present invention;
15 Fig. 16 is a plan view of a data recording medium in the second
embodiment shown in Fig. 15;
Fig. 17 illustrates signals used in the second embodiment shown
in Fig. 15;
Fig. 18 illustrates recording pulse sequences in the second
26 embodiment shown in Fig. 15; |
Fig. 19 shows exemplary pulse movement tables in the second
embodiment shown in Fig. 15;
Fig. 20 is a waveform diagram for describing first pulse movement
according to the present invention, T
25 Fig. 21 is a waveform diagram for describing last pulse movement
according to the present invention;
Fig. 22 is a waveform diagram for describing first pulse width

adjustment according to the present invention;



| ength. 2) Yet further preferably according to a nineteenth
aspect of the present invention, this nethod obtains |ast pul se position
for a plurality of conbinations of mark | engths and space | engths by

changing P and%Q?WN@F further preferably according to a tweridrarbpmspect
the present invention, this nethod uses _a pattern signal containing an i
adj ust nent 25 signal for obtaining a D3V of 0. A twenty-first aspect of thg

present invention relF%'eﬁstigcﬁln%g@%e%ﬁﬁh‘%r;rﬂrf&ba%c&bgﬁ fafi io#'j%er g@i@e . k"‘._._:

of

3
b 1

position Tu for a data recor um Faving a

formed by esdjliétnittht aRcérdingeithé Prédat MkAtion; 1 1 recording nmedi um an’
opti cal beam nodul ated by one or a plurality of dri% pul ses where a nunber %

of the drive pul ses ifg.dst shovisalteraathar pilsg mavemert ngbles atcardimy to thart in
the original signal to be recorded to the track, and a control information
recordi ng apresenionvertiom di ng i nformation using the marks and 5 spaces

bet ween the marks, and having recorded thereto at |least a first pul se
5 Fig. 25 is a'plan view of a data recording medium according to the

present invention;
Fig. 26 is a plan view of a further data recording medium
according to the present invention; . 31
Fig. 27 is a block diagram of a system for cutting an optical disk
10 master according to the present invention; and -
Fig. 28 illustrates signais used in the first embodiment shown in

Fig. 1.

Best Mode for Carrying Out the Invention
15 ' The preferred embodiments of the present invention are described
below with reference to the accompanying figures.

An optical data recording method according to a preferred
embodiment of the present invention is described next below with reference to
the acéompanying figures. Fig. 1 is a block diagram of an optical data recorder

2 according to a first preferred embodiment of the present invention. It is to be
noted that this optical data recorder is used primarily by manufacturers and
other commercial users for manufacturing optical disks.

Shown in Fig. 1 are: an optical disk 101 having a plurality of
concentric or spiral tracks, spindle motor 102, semiconductor laser 103,  ,

25 collimator lens 104, beam splitter 105, objective lens 106, collective lens 107,
photodetector 108, laser drive circuit 109, pulse moving circuit 110, delay
circuits 128 and 129 each having the same delay time, pulse generator 111,

preamp 112, low pass filter 113, reproduction equalizer 114, digitizing circuit



position Tu value and a | ast pulse position Td val ue whereby at |east a
first pulse position Tu and a | ast pul se position Td of the drive pulse is
changed so as to make a reproduction jitter a specific value or less. This
appar at us conpMos84632reans (125) for generating a pattern si gonlirooasdai ni ng
a pattern of 10 consecutive mark parts with a specific length of PT and
space parts with a specific |ength of QTevxlnere Tis areference period, P

5. B post U1 Y68, PAEOPYs, ehiBoblaroR s eRoddcioR diai 1Y iddtbidiion/ddlr M L O

n2; means (1 storing the pattern signal, mneans ting

a plurality gindlM18epaWbaasting Bredit'® 9 plise gbskidiniiset m&&sﬁ#@ﬁmé%; -106)
for form ng spaces and marks on the 15 data recordi ng medi uni by gener'ating
and em ttingwifohr 21 savitchptontadts d@2miasdehdtied, patterrdsigpalt geridratop! 185l ity
of drive pul ses; neans (105 - 108, 112- 115) for reproducing the nmarks -and
spaces recortisd 126 canpegting: putes Positignneifsainmesewing credl} 28 andnpaiseng and
obt ai ni n%ja di fference between a conbination of nmark and space parts in_the
reproduced rBRYIBgUEtGUln 130.gRaA, memorynig G fen iening ifodale rRcording dPuWpece
parts in the store'g(.ﬁ@ttern signal; and neans (127) for obtaining fromthis
di fference 4"PYFEE ;5 Ioggatb%ition Tu for an original signal containing a

Storing first pulse. paErens RO R R Sioin B EiF o Thgee, W6
t went y- secongplaspset mebifiedeby the method of the present invention, and are then
rewritten as the two tables shown in Fig. 4A.

10 The optical data recorder shown in Fig. 1 is for generating a table
such as shown in Fig. 4A. The table shown in Fig. 4A and generated by the
recorder shown in Fig. 1 is then transferred to memory in another recording
device such as shown in Fig. 27, and is recorded to a predetermined recording
area on all manufacturad optical disks,

15 It is to be noted that the opticai head of the optical data recorder
shown in Fig. 1 comprises the semiconductor laser 103, collimator lens 104,
beam splitter 105, objective lens 106, collective lens 107, and photodetector
108. When an optical disk 101 is loaded to the optical data recorder, the optical
head moves to an area used for determining the optimum paositions for the start

20 position and end position of each mark.

This area for determining the optimum start and end positions is
an area at the inside circumference area or outside circumference area of the
disk, and is outside of the user data recording area. An exemplary area is the
drive test zone of the disk. Switch 121 switches contact 122 to contact 123 at

25 this time.

It is to be noted that if limited specifically to recording devices
used by a manufacturer of optical disks, this area for determining the optimum

start and end positions can be the user data area.



25 present invention, first pulse position Tu is obtained for a pl urallty
of conbi nati ons of mark | engt hs and space | engths by changing P and Q %
Further preferably according to a twenty-third aspect of the present ;
i nvention, theoxonkdznati ons are classified, and the reprodueichgrdsRagns 19
conpri ses an equalizer (114), and the ratio between the output anplitude o
the equalizer at the frequency of the N®ngest mark and the out put anpl i tud_‘
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the present |nvent|on the pattern signal contains an adjustnent Signal for !

obt ai ni ng #lcwS¥fonr the. pulSe generator 111 isAdésueibey -flnthérbelowarith Aifefdhgerbesent
invention relates to an apparatus for obtaining a last pulse position Td
for a dd&t a figcdrdi ng nmedi um

Shown in Fig. 2 are a first pattern signal 201, which is the output
signal from the pattern signal generator 125; output signal 202 from the pulse
generator 111; output signal 203 from the pulse moving circuit 110; and mark
pattern 204 formed in the recording track of the optical disk 101 as a result of

10 modulating laser power output between peak power and bias power levels
according to output signal 203. It is to be noted that while signals 201, 202, and
203 are not generated on the same time base, for convenience they are shown
with corresponding parts in each signal aligned vertically.

In first pattern signal 201, mark parts 209, 211, 213, 215§, 217, and

15 219 are the parts of the signal whereby a mark is to be formed on the disk, and
space parts 210, 212, 214, 216, 218, and 220 are the parts of the signal that
appear as a space on disk. It is further assumed below that mark part 209
follows space part 220 such that first pattern signal 201 comprises a repeating
pattern of parts 209 to 220.

20 For example, when data generated by (2,10) run-length limited
modutation is recorded using a mark edge recdrding method, the marks and
spaces have a shortest length of 3T and a longest length of 11T where T is the
reference period. Mark part 209 is a 6T signal (a 6T mark part below), space
part 210 is a 6T space, 211 is a 3T mark, 212 is a 6T space, 213 is a 6T mark, roy

25 214 is a 6T space, 215is a 6T mark, 216 is a 4T space, 217 is a 6T mark, 218
is a 6T space, 219is a 7T mark, and 220 is a 6T space.

' Note that if DSV is the difference of the sum of mark and space

lengths in a specific period, a reproduction signal with a small dc component or

g SRR




having a plurality of tracks, marks fornmed by emtting to a track in the
data recordi ng nedi um an optical beam nodul ated by one or a plurality of
drive pul ses where a nunber of the drive pulses is determ ned according to

a length 15 efodneRsk part in the original signal to be regergdpsohddet he
track, and a control information recording area for recording information

usi ng the marks and spaces between the2®arks, and having recorded thereto

at least a first pulse position Tu value and a |ast pul se position Td val ue
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with a specific length of PT and space parts wt speci of . Qr
where T is feeduirey coeBposernte toanP résuia irDCtﬁétdﬁ?nizir@t epeit f11@effonkBusly. and Q
Is a positive integer fromnl to n2; nmeans (120) for storing the 25

pat t er n i ggereratingha signalleith the wongssesguenge of @8 andiffsty of drive pul ses Trom
the pattern signal; neans (109, 103- 106) for form ng spaces and marks on
the data recordi ng nd@iRIAYEN then& &T imarkahait 8iPrandngT spacetrartd2d srecal
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the DSV is substantially 0. More specifically, first patten signal 201 is
generated so that the sum (34T) of the periods of mark parts 209, 211, 213,
10 215, 217, and 219 is equal to the sum (34T) of the space parts 210, 212, 214,
216, 218, and 220. DSV is calculated by adding the periods of the mark parts
as positive values and the periods of the space parts as negative values. As a
result, the DSV of first pattern signal 201 is 0.
This first pattern signal 201 is converted to a pulse sequence by
15 the pulse generator 111, resulting in pulse generator output signal 202. Pulse
output from the pulse generator 111 corresponding to marks of lengths from G{T
to 11T is shown in Fig. 3. _
Referring by way of example to a 8T signal in Fig. 3, the pulse at
the start of the signal is referred to as the first pulse 301, and the pulse at the
.20 end of the signal is the last pulse 304. The pulses between the first pulse 301
and last puilse 304 are referred to as multiple pulses 302 and have a constant
period.
in a 6T mark there are two multiple pulses 302, in a 7T mark there
are three, and in a 5T mark there is one. It will thus be obvious that the number Co
25 of muitiple pulses 302 between the first and last pulses increases by one with
each 1T increase in signal length, and decreases one with each 1T decrease in
signal length. A 4T mark, therefore comprises only the first and last pulses, and

has no multiple pulses 302 therebetween. In addition, a 3T mark comprises just



13 115) for reproducing the marks and spaces recorded to the data recorou ng

medi um means (120) for conparing and obtaining a difference between a %
combi nation of mark and space parts in the reproduced reproduction signal§

and a conbi nawbométz mark and space parts in the stored patpef/fpospfgnal ;

5 means (127) for obtaining fromthis difference a |l ast pul se position Td§
for an original signal containing a sedflence of space parts of length QT }
and mark p
preferably

pref erabl y 4888t ng to a tuenty-sixth ) nventon,
mar k1 6ngt hs and Spabs LBt I B e ik bbolinaty 156 Fhleriras 'y ©

gé%z) g | ength PT, and storing |last pul se position Td. Further
§t% ng to a twenty-sixth aspect of the present invention,
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the 15 Seqtha ilengthacounle g9rr pgliethf Hhese hrulsem capsbenvaried as3ned@ssany ess,

provi ded that the |

t he

10

15

As noted above, first pattern signal 201 and pulse generator
output signal 202 are not on the same time base. However, the difference
between the leading edge of first pattern signal 201 and the leading edge of the
first pulse of the pulse generator output signal 202 is the same for any
particular mark parts, and the difference between the trailing edge of the first
pattern signal 201 and the trailing edge of the last pulse of puise generator
output signal 202 is also the same for any particular mark parts.

The pulse generator output signal 202 is input to the pulse moving
circuit 110, which generates and outputs a signal 203 in which the positions of
the first pulse and last pulse are moved. Figs. 4A and 4B shows the
combinations of marks and spaces used for shifting the first pulse and iast
pulse positions.

Fig. 4A shows the pulse movement tables after correction by the
method of this present invention, and Fig. 4B shows the tables before
correction. Symbols 3S3M, 4S3M, and so forth in the tables in Fig. 4B are a
type of address, and are indicative of the signal type as well as the value
written to that addréss. When read as an address, the value 3S3M, for example,
represents a signal in which a 3T mark follows a 3T space. As will be described
more fully below, the value of the first pulse movement TF stored at the place
indicated by 3S3M is the movement required when a 3T mark foliows a 3T
space.

These first pulse movement TF values are obtained by, for

rtest mark are fromthe sane

ngest mark_ and the sho
classifi ca?F‘Eﬁfd"’ﬂJPgh%P{srﬁ?tere?fa prgiﬁi'dﬁgi Hl-to a twenty-eighth aspect of




present invention, the pattern signal contains an adjustnent signal for
obt ai ni ng abDSVof O. A twenty-ninth aspect of the present invention relates
to a recording and reproduci ng apparatus for recording and reproducing a

data recordin ' having a plurality of tracks, marks f

emtting to ag?ggdgif#pn the data recordi ng nedi um an opti cal O‘{)eam r%ﬁ Gl at ed
by one or a plurality of drive pul ses whgre a nunber of the drive pulses is
determined 25 according to a length of a mark part in the original signal

to be recor ®&aMpie. th¥ial EadieToIRIosesoHEiNg|a pattisulanoptinalitesidigknandithen f or
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values before correcting the last puise movement.

The position of the first pulse changes according to the length of
the mark and the immediately preceding space. In this preferred embodiment,
the marks and spaces are separated into three groups, that is, 3T, 4T, and 5T

10- orlonger. A total of nine different last pulse positions are therefore defined.

Fig. 20 is an enlarged view of the 6T mark 217 in the first pattern
signal 201 shown in Fig. 2, and the corresponding part in the pulse generator
output signal 202. As shown in the figure, a 4T space 212 is immediately before
the 6T mark 217. A 4T space followed by a 8T mark belongs to the 4S5M group

15 in the left table in Fig. 4A. Correcting the initial first pulse movement TF stored
for this group is described below.

The pattern signal generator 125 in the optical data recorder
shown in Fig. 1 generates a first pattern signal 201. This first pattern signal 201
is sent to the pulse generator 111, delay circuit 129, pulse position offset

20 measuring circuit 120, and memory 127. As noted above, the two tables shown
in Fig. 4B are prestored to memory 127. The pulse position offset measuring
circuit 120 also stores the first pattern signal 201, which is used for comparison
with the reproduction signal during data reproduction. The puise generator 111
generates the output signal 202 required for recording the pattern signal.

25 Referring to the signals shown on the top two rows in Fig. 3, for example, the
pulse generator 111 generates a first pulse 301 corresponding to the rising
edge of the mark in the first pattern signal 201, then outputs multiple pulses

302, and last pulse 304.



5 prerecorded to the data recording nedium mneans (1520) for storing the
reproduced first pulse position Tu and |last pul se position Td; neans (1510)
for generating a drive pul se based on a data recording signal, and
correcting theoyeneeated drive pul se based on the first pul serp®eioli on Ti
and | ast pul se position Td; neans (109, 103- 106) for emtting an optical}
beam based on the 10 corrected drive @@ ses to form spaces and marks on §
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the equal i Zphis preddierminBd dBRperiodtis 4 3THRtHIS BkemplaryBtbodimentdPh@irdtess. A §
thirty-first aspect of the present invention relates to a nmanufacturing

appar at us fmatterasigreat 201 iis@nalyded én nemoorgi 127 toedbtarminavtorwhieh pf theaBty of 3§
tracks, marks formed by emtting to a track in the data recording nediuyman %
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first pul seghR3i 34608 fiiowed by a 6T mark 217 in the first pattern signal 201 from the

pattern signal generator 125, memory 127 detects that the signal beiongé to the

10 485M group. In response to this determination, memory 127 then reads and
outputs to the pulse moving circuit 110 the amount of movement stored in the
table at 4S5M0. The initial 4S5M0 movement value is read from the table the
first time 2 movement value is read. The pulse moving circuit 110 then moves
the first puise of the pulse generator ocutput signal 202 supplied thereto after a

15 predetermined delay based on the initial movement value read from 4S5MO.

Movement of the first pulse is described in further detail below
with reference to Fig. 1 and Fig. 20. When the puise moving circuit 110 is
notified by memory 127 that a pattern belonging to a specific group will soon
arrive from the delay circuit 129, it also receives the first pulse movement TF

20 for that pattern from the memory 127. For example, when the memory 127
informs the pulse moving circuit 110 that a pattern belonging to the 485M group,
that is, a 4T space 216 following by a 6T mark 217, will arrive from the delay
circuit 129, it also éends the first pulse movement TF read for the 4S5MO group.
The pulse moving circuit 110 then begins counting first pulse movement TF at

25 the rising pulse edge of the 6T mark 217 received from the delay circuit 129,
that is, at time R1 in Fig. 20. Output of the first pulse from the delay circuit 128
is delayed for the period counted by the pulse moving circuit 110, that is, for

pulse movement TF1.



value and a | ast pulse position Td val ue whereby at |east one of a first
pul se 25 position Tu and a |ast pul se position Td of the drive pulse is
changed so as to make a reproduction Jitter a specific value or less. This

appar at us Cconil¢sgesaz Means (2701) for storing previously Obﬁ'e}%gm%éﬂ st
pul se position Tu and | ast pul se position Td values for a drive pulsSe

sequence; adjustnent nethod 15 i nfog®aati on storage (2702) for storing

i nformation indicatiyve of a pul se position adjustnent nethod; means (2703)
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follow ng description and clains taken in conjunction wth the acconpanyi ng
10 draw ngmted that the first pulse is moved without changing the pulse width. B
The pattern signal shown in Fig. 2 contains signal components
belonging to four of the 18 groups in the table shown in Fig. 4A: type 3M5S in
period 221, type 5S3M in period 222, type 4S5M in period 223, and type 5M4S
in period 224. Each of the puise signal components corresponding to these four
10 types in first pattern signal 201 are therefore moved.
The laser is therefore driven according to these moved puises to
record the actual marks. The resulting marks 204 are shown in Fig. 2. In a
preferred embodiment of the present invention, the first pattern signal 201
comprising elements 209 to 220 as shown in Fig. 2 is output repeatedly and
15 recorded around one track. When recording one complete track is thus
completed, the track is reproduced. As will be described more fully below,
reproduction includes converting an optical signat from the photodetector 108 to
an electrical signal, and then processing this electrical signal with preamp 112,
low pass filter 113, reproduction equalizer 114, and digitizing circuit 115 to
20 obtain reproduction signal 205. The reproduction signal 205 is input to puise
position offset measuring circuit 120. The reproduction signal 205 from a single
track is thus input repeatedly to the puise position offset measuring circuit 120.
The pulse position offset measuring circuit 120 thus reads each of the periods
221, 222, 223, and 224 associated with different signal types multiple times, o
25 and calculates the average for each period.
The pulse position offset measuring circuit 120 compares the
periods 221, 222, 223, 224 corresponding to the types obtained in the recorded

first pattern signal 201 during recording, and the averages for the same periods



Brief Description O Drawings Fig. 1 is a block diagram of an optical data
recordi ng device according to a first enbodi nent of the present invention}
15 gio(gs illustrates signals used in the first enbodi nent
shown in Fig. WOUH6%2 3 i || ustrates recording pul se sequenceRCHIRIVIIE:f i rst}
enbodi nent shown in Fig. 1; Figs. 4A and 4B show exenpl ary pul se novenent %
tables in the 20 first enbodl ment shown 1n Fig. 1; Fig. 5is used to
descri be a gbtinEhometimdepraduttiont sigsal 206 dolidetedt whether ianyFélgttinglin Fi g. 6‘}
is used to describe a grouping nethod in the first enbodi nrent shown in Fig. §
1; 25 puise posmpg hap qusuedUsing gy sy ofeexample the aignaistraoorded ande Tirst §
enbodl ment shown in Fi
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mark 217 in the first pattern signal 201 is compared with the average obtained
5 for the corresponding period 224 in the reproduction signal 205, and the
difference therebetween is; obtained. If there is a difference, the pulse position
offset measuring circuit 120 determines that the pulse position shifted, and the
calculated difference is therefore sent to memory 127. Because this difference
is the result of the initial movement value 4S5MQ, this initial movement value
10 485MO is increased or decreased in memory 127 according to‘th; difference,
thereby correcting the stored movement value. This corrected value is then
overwritten to type 4S5M.
It is to be noted that the stored movement value is corrected and
overwritten to 4S5M using a single feedback loop (through 110, 109, 108, 112,
15 115, 120, 126) in the above exemplary embodiment. It will be obvious, however,
that a plurality of feedback loops can be alternatively used to correct the value
of the first puise movement TF as shown in Fig. 20.
Movement of the last pulse position is similarly corrected. That is,
last pulse position movement changes according to the mark length and the
2 length of the following space. In this exemplary embodiment marks and spaces
are separated into three groups based on length, 3T, 4T, and 5T or longer, and
pulse position movement is defined for each of the nine possible mark/space
combinations. The last pulse movement TL is then calculated using the same
method used to calculate first pulse movement TF.
.3 Fig. 21 is an enlarged view of the part of the pulse generator
output signal 202 corresponding to the 6T mark 215 in the first pattern signal
201 shown in Fig. 2. The last puise movement TL is corrected in the same

manner as the first pulse movement TF described above. In the case of the last



16 Fig. 9 is used to describe a grouping method in the first enbodi nent
showmn in Fig. 1; Fig. 10 is a frequency characteristic diagram.for a
reproduction equalizer in the first enbodi nent shown in Fig. 1; 5

Fig. 11 ill usMooaed2si gnals used in the first enbodi ment sheewiesmoieey. 1;
Fig. 12 illustrates signals used in thgsfirst enbodi mrent shown in Fig. 1;
Fig. 13 illustrates signals used in th&~first enbodi nent shown in 10 Fig.

1; Fig. 14 plikeshémentsTigNadwewsethd pelibé fidm XiméeFentbrg RS bg¥s bf Fig.
1; Fig. 15 is a block diagramof an optical data recording device according
to a secondosssrddofitbettraiing édgepokthermariktocthei taailingl Bdge of the last pulsegs 16 i s
a plan view of a data recording nediumin the second enbodi nent shown in
Fig. 15; Figglledthe rltmesmfem!sa@f? s time iptanvalis chweeted dydmeans af therlbophown

described above with reference to the first pulse. The last pulse movement.TL

5 is approximately 13 ns in this exemplary embodiment. It is to be also noted that ~
the width of the last pulse does not change even though the amount of last
pulse movement TL changes, and in this exemplary embodiment the pulse
width remains the same with the pulse simply shifted on the time axis.

The output signal 206 from the pulse moving circuit 110 obtained

10 using the corrected pulse movement tables shown in Fig. 4A, the marks 207
recorded as a result of this output signal 206, and the reproduction signal 208
reproduced from these marks 207, are also shown in Fig. 2. While the
reproduction signal 205 obtained using the original, uncorrected pulse
movement table (Fig. 4B) is not identical to the original pattern signal 201, there

15 is substantially no difference between the reproduction signal 208 obtained
using the corrected pulse movement table (Fig. 4A) and the original pattern
signal 201.

It is to be noted that four of the eighteen pulse movement values
are corrected as described above using the first pattern signal 201 shown in Fig.

20 2. The other values are similarly corrected using other pattern signals. More
specifically, types 4M5S, 554M, 3S5M, and 5M3S are corrected using a pattern
signal 1101 as shown in Fig. 11; types 4M4S, 3M3S, 4S4M, 3S3M are
corrected using a pattern signal 1201 as shown in Fig. 12; types 4M3S, 4S3M
are corrected using a pattern signal 1301 as shown in Fig. 13; types 3M4S, .

25 3S4M are corrected using a pattern signal 1401 as shown in Fig. 14.

it is to be noted that types 5M5S and 5S5M can be corrected
using a pattern signal 2801 as shown in Fig. 28, or a default value therefor can

be simply defined. It is to be noted that types 5M5S and 5S5M are preferably



in Fig. 15; Fig. 18 illustrates recordi ng pul se sequences in the second 20
enbodi nent shown in Fig. 15; Fig. 19 shows exenplary pul se novenent tabl?
in the second enbodi ment shown in Fig. 15; Fig. 20 is a waveform di agramy
for describi nY*98€%¥2 pul se novenent according to the presenfPCRATAA} on; 24
Fig. 21 is a waveformdiagramfor deschikbing |ast pul se novenment accordi nd
to the present invention; Fig. 22 is a waveform di agram for descri bi ng ;
first pul seoredtd bafpresthemtheraypes. ihig)ist medahes fheseanarksrareigpages havel 7
Fig. 23 is a waveformdi agramfor describing [ast pul se w dth adjustnent
accordi ng tthe iongest perdod and aemthesefore-|egst atlecied By therms! iaterferensel The -

novenent tabpl es accordi to the present ipvention;
delay period is therefore smaﬁ, &nd can be used &5 a reference value for b{'
determining the other delay periods. ' \

5 The signal types used for changing the movement of the first pulse -

and jast pulse are determined based on the three major factors described
below. |

The first factor is the effect of heat accumulation in the recording
film when marks are recorded, the amount of thermal interference, and the

10 difference in the amount of thermal interference resulting from the specific
mark/space combination. Note that as described above thermal interference
refers to the process whereby heat at the end of a recorded mark transfers
through the following space and affects the heating process at the beginning of
the next mark, and heat at the beginning of a next recorded mark conversely

15  travels back through the preceding space and affects the cooling process at the
end of the preceding mark.

The affects of heat accumulation in the recording film can be
reduced by inserting a plurality of multiple pulses between the first and last
puises, and emitting a laser beam of the lowest power level required for mark

2 formation. These heat accumuiation effects cannot be completely eliminated,
however, because the multiple pulses are formed with a constant period in
order to simplify the pulse generator 111.

The extent of the effect of heat accumulation and thermal
interference is also dependent upon numerous factors, including the structure coy

25 of the optical disk 101, properties of the recording film, recording pulse, the
linear speed used for recording to optical disk 101, and the length of the
shortest mark. The effect of heat accumulation and thermal interference can

also be attenuated to a certain degree by optimizing each of these influencing



5 Fig. 25 is a plan view of a data recordi ng nmedi um accordi ng
to the present invention; Fig. 26 is a plan view of a further data
recordi ng medi um according to the present invention; Fig. 27 is a block

di agram of a ¥a@otmamssR2or cutting an optical disk 10 nmaster acaoediodgsto the
present invention; and 1 Fig. 28 illustrates signals used in the first
enbodi nent shown in Fig. 1. Best Mode 25 Carrying Qut the Invention 15

The pref er r g @eDPEimErRat P indER PR Yot (Y RIUUsBh AER tﬁ@%’égﬁezif R@%tﬁ‘(’)" dwi th

reference to the acconpanying figures. An optical data recordi ng ne
accordi ng tgcourmulafier rad endedi Rteierdndehany 4N HificreNEbMBiraliode st i-bed
next below with reference to the acconpanying figures. Fig. | is a block
di agram of markspandepaaest a recorder 20 according to a first preferred
enbodi nent of the present invention. It is to be noted that this optical

data recorder is used\_sﬁ!/'i'r?&_r'ﬂ‘)y"b‘yo‘ﬁfﬁérf%tiﬁc@rfgsws%i%@ﬁsiiﬁ%ﬂ onal users
U S N T R Rl
sem conduct gt LAS #4st blfbes. A method for determining which of these nine types to use
based on the above-noted first factor is described next below with reference to
Fig. 5 to Fig. 9. Fig. 5 shows a method for determining the dependency of the
elongation of the starting position of an 11T mark on the space preceding the
10 11T mark.

Shown in Fig. 5 are the original signal 500, that is, the two-vaiue
waveform of the signal used for récording; marks 501 recorded to the data
recording medium; and reproduction signal 502, that is, the two-value waveform
of the signal reproduced from the marks 501 recorded to the disk Original

16 signal 500, marks 501, and reproduction signal 502 are the result of recording
marks with a space (S x T) sufficiently long for an 11T mark recorded between
the marks. Intersymbol interference is thus minimized as a result of this
sufficiently long space.

it is to be noted that space ts1 in the original signal 500 is ideally

2 equal to the time interval of space tm11 in the reproduction signél 502. The
positions of the first and last pulses are moved to more closely approach this
ideal. if the position of the mark start position only is considered when
determining how much to move the marks, the first and last pulses can be
categorized into approximately three groups. A method for determining the \

25 mark start position group is described more fully below with reference to
original signal 520, marks 521, and reproduction signal 522 below.

The original signal 520 is the two-value waveform used for

recording. In this case, howsver, the space ts21 between the two 11T marks is



25 collimator lens 104, beamsplitter 105, objective |lens 106 collective

| ens 107, photodetector 108, laser drive circuit 109, pulse noving circuit
110, delay circuits 128 and 129 each having the sane delay tine, pulse
generator 111, WS084¢82 112, | ow pass filter 113, reproducti onPetymmbiozes 114,
digitizing CIrCUIt 18 115, PLL 116, € nodul ati on and error correction
circuit 117, reproduction data signal 1 power setting circuit 119, pul se

posi tion of shettemtmnuhanghawr inithe abade cagmhbﬁgﬁéilsoosmtﬁesan Nkt lad tHe 2,

123, and 124, pattern signal generator 125, bus 126 connecting pul se_
position of trsdmgrwadsgﬂlhﬁ mrkéaﬁtfm@rawopdh space 625 tothechextuitT thafk and
menory 127 for storing a table recording pulse novenent information. Menory

127 stores ORE. thys peanieratias 4o start pf 417 sparkTHes oThepomingl dengthof bt f i ed

by the net hod pf he e.sent and are then rewitten as the two
t abl es showﬁ'qrﬁ %aaseg\é eng?héZThe optical data recorder shown in

Fig | ig for genefatwg @SS (HE hi@vaP BPYPaddtsBh In froallfort g Shon

in Fig. and generate
522 corresponding to space ts21 in the original signal 520 is shortened, and the

correct reproduction signal cannot be obtained. A correct reproduction signal
can be obtained, however, by predicting the elongation at the start of 11T mark
526, and delaying the rising edge of the mark part tm22 in the original signal

10 520. The specific delay depends on the length of the space ts21. The length of
the space ts21 is therefore varied for each time T from 3T to 11T, an 11T mark
is recorded for each space ts21, and edge distance 527 is measured for each
case.

The resuits of these measurements are graphed in Fig. 6. The

15 horizontal axis shows the length 3T to 11T of each space ts21 in original signal
520, and the vertical axis shows the difference of the combined length of mark
part tm20 and space part ts21 in the original signal 520 minus the edge
distance r 527. As space length decreases, the point at which 11T mark 526
starts moves forward, that is, cioser to the preceding pulse, due to thermal

20 interference when the space is short, such as 3T or 4T.

Fig. 7 shows one way of combining spaces of substantially the
same length into common groups based on the values shown on the vertical
axis in Fig. 6. Spaces of substantially different iength are placed in separate
groups. This method produces three groups: 3T spaces, 4T spaces, and .

25 spaces of 5T or longer.

These results and groups are further mapped in Fig. 8. Shaded

cells indicate space/mark combinations for which measurements have been

obtained. Bold lines indicate the groups.



recorder shown in Fig. 1 is then transferred to nenory in another recording
devi ce such as shown in Fig. 27, and is recorded to a predeterntned
recording area on all nmanufactured optical disks. 15 It isto
be noted that WPR&#0/§323 cal head of the optical data recorder piuwmgpagesFi g. 1
conprises the sem conductor |aser 103, ,collimator |ens 104, beamsplitter
105, objective |lens 106, collective Ieﬁ 107, and phot odetector 108. Wen

an optical disk 101 a3 desaslbst whtrberérmeit@&tiﬂ.ds,taoﬁgawrd@trthetslw gphhcal
head noves to an area used for determ ning the optimum positions for the
start 20 pbki mark vands eacdomsiing ta the lehgtraohtheairkmediataly areceding spadee’ N ni ng
the optinmumstart and end positions is an area at the inside circunference
area or outandieanbe saparatetipte theapoye thiee aioups. 3n4Ti and GTwirdengss. t he user

o R eh 9y Shee” G B I 6 Sl S50 5 R L e
not e LU JBragbh A5 P8 Kb A8 SECRRLORE. Bt o
and end poSidduFomdig LS tHA BotSRBNGHR sHR8s are preferably separated into the
above three or more groups, 3T, 4T, and 5T or longer, for determining first
pulse movement.
Last pulse movement varies according to the mark length and
10 immediately following space. For the same reasons that apply to the first puise,
last pulse movement is preferably determined based on the same three or more
groupings, that is, 3T, 4T, and 5T or longer, of marks and spaces described
above,
It is to be noted that when measurement results are substantially
15 equal, such as from 5T to 11T, in adjacent cells in the maps shown in Fig. 8,
those cells are grouped together. This makes it possible to reduce the scale of
the pulse moving circuit 110,
As will be known from the above description, by focusing on the
difference in size resulting from speciﬂc mark/space combinations, and placing
.20 combinations where the space length is 3T or 4T into a group separate from
combinations where the space length is 5T or longer, this preferred
embodiment of the invention can control first pulse movement and last pulse
movement according to the mark/space pattern, and can thereby achieve
recording with little jitter.
25 In addition, by focusing on the difference in size resulting from
specific mark/space combinations, and placing combinations having a space
fength of 3T and combinations having a space length of 4T into separate

groups, this preferred embodiment of the invention can control first pulse



19 The power setting circuit 119 sets the |laser drive circuit 109 to either
peak power or bias power. At this tine the output signal frompattern

si gnal generator 125 is passed by switch 121 to the pul se generator 111.

Si gnal flow fW@R#1632 pul se generator 111 is described furt heeT/IPedepsson t h
reference to 5 Fig. 2. Shown in Fig. %fre a first pattern signal 201,
which is the output signal fromthe pattern signal generator 125; output

si gnal 202nfdvefdnt en8udst puBenaovdment bbtording 1oithe @RAIpade patteain t he pul se
nmoving circuit 110; and mark pattern 204 fornmed in the recording track of

the optical disk 10IThes peopestiad of thie T€productidnaequafizeaskid posver secanuit -
bet ween peak power and bias power |evels accordi’% to out put signal 203. It

is to be nfacter. (Reprodintios equplizers1bb propasties depend Pnasuch trcters as theed on
|1 cach. si HAAM SHOL Si7ECPLRTGT SR MK [Snof e hyert Spof S L RelebRMeRkY par t o
209, 214 S wibngth o I shDioorRs R CiphlP 8! Bl DpsRalhr e by
FUrther asColeevdRcl ek part 200 T oS @ space ondiske AL
A method of grouping marks and spaces in order to change first
pulse movement and last pulse movement due to this second factor is
described next below with reference to Fig. 10.

10 Fig. 10 is a typical graph of the frequency characteristic of the
reproduction equalizer 114. This shows the amplitude ratio of the equalizer
output signal to the input signal; signal frequency is shown on the horizontal
axis, and output amplitude is shown on a logarithmic scale on the vertical axis.

The frequency of 3T, 4T, 5T, and 11T signals is shown along the horizontal axis.

15 Note that the frequency of a 3T signal is high, the marks recorded and
reproduced for a 3T signal are thersfore small, and the amplitude of the
reproduced optical signal is therefore low. Equalizer characteristics are
therefore set to increase the output amplitude to compensate for this
attenuation of the optical frequency characteristic. This can be accomplished

20 by using a high pass filter or a bandpass filter with a peak at a frequency
slightly higher than 3T, with or without an amplifier used in combination.

The slope of the curve, that is, the difference in the output
amplitude of a high frequency signal in which mark or space length is 3T, and
the output amplitude of a low frequency signal in which mark or space length is .

25 11T, increases as the shortest mark length decreases. As a result, the
difference between, for example, the output amplitude at a frequency of 5T and
the output amplitude at a frequency of 11T, also increases.

If marks for which the difference in output amplitude is great are



foll ows space part 220 such that first pattern signal 201 conprises a
repeating pattern of parts 209 to 220. 20 For exanpl e, when
data generated by (2,10) run-length limted noduldation is recorded using a
mar k edge r ecov@pii@3zzet hod, the marks and spaces have a shorraswrodmesgt h of

3T and a longest length of 11T where T the reference period. Mark part
209 is a 6T signal (a 6T nark part bel o%/g, space part 210 is a 6T space,

211 is a 3Tirvhided Rlthe sante GlouPahien séparatimgant mamkskor 3ﬁan§ﬁ§ first andP T
space, 215 is a 6T mark, 216 is a 4T space, 217 is a 6T mark, 218 is a 6T

space, 219 lastepulde meovementdraoduction 6qualizac d1.14N\ptopertiast préveRS\éorract he
difference of the sumof mark and space Iengt hs in a specific period, a
repr oduct i ofd8e qrasition fapredugtign even édhpdifshandrlast paises cater resqtdsdcto

naerting seaRElTealy miaedns fiecisayhent SsomuIlandn AR FERIngdi A be
obt ai ned R@g%g\%gﬁ#?eﬁ%ﬂéégnal wi th many dc conponents or | ow frequency.

conponen?s he digitizing circuit 115 erroneously
it is therefore preferable for the difference in the output amplitude

characteristic of the reproduction equalizer 114 to be as small as possible for
all marks in the same group.
It is further preferable for the ratio between the output amplitude of
10 the reproduction equalizer 114 at the frequency of the longest mark to the
output amplitude of the reproduction equalizer 114 at the frequency of the
shortest mark in the plurality of marks in the same group to be 3 dB or less.
This value, 3 dB or the square root of 2, is relatively commonly used when
warking with frequency characteristics. In other words, when signals of any
15 frequency but with the same amplitude the amplitude difference between the
input signal and output signal of the equalizer is
In other words, regardiess of frequency, when signals of the same
amplitude are input, the amplitude ratio of the input signal and output signal
from the equalizer will always be a difference equal to the square root of 2. By
20 controlling the output amplitude ratio to 3 dB or less as a threshold value for
grouping signals together as in this preferred embodiment of the invention,
distortion error introduced by the equalizer during reproduction is reduced, and
recording and reproducing with less jitter can be achieved.
It is to be noted that in mark edge recording using a
25 semiconductor jaser 103 with a 650 nm wavelength, an objective lens 108 with
an aperture of 0.6, a shortest mark length of 0.595 pm, and (2,10) run-length
limited modulation, marks shorter than 5T, that is, 3T and 4T marks, are

preferably not included in the same group as 11T marks. Further considering



5 generating a signal with the wong sequence of Os and Is. To prevent
this, a 7T mark part 219 and 6T space part 220 are inserted to the first
pattern signal 201 as a conpensation signal assuring that the DSV is
subst anti al | yW9.00M%22 specifically, first pattern signal 20FCFdPI8@3E? at ed
so that the sum (34T) of the periods o& mark parts 209, 211, 213, 10 215,
217, and 219 is equal to the sum (34T) Bf the space parts 210, 212, 214,

216, 218, apd ey tgﬁ{uis% rﬁg*.ti!t?x% REGH1 DY SEhDbrider mrks, AFBTOANd IhgBR! K

parts as positive v es an e periods of the space parts as negative

val ues. As njark§SWrk, préterdBhY iptiudedsin Pkt aamesigoap. AA1 this @xemplasy fir st
pattern signal 201 is converted to a pul se sequence by 15 the pul se

gener at or Emdadimest, [Tt isnapproximaitely 3Pemsr3 isr approximately fans.2amd 11Pis se
output fromthe pul se generator 111 corresponding to nmarks of |engths from
3T to 11T iappemomateln3s@ps. 3. Referring by way of exanple to a 6T signal in

e s P 505 o b R A e Y FEATA bl
oo PGS FRUREA S i IR b S04, ied o o
are two muldbpl & tRE pakern3Sgnalidendratdr 128 knd Rnfory 127.

Based on the above described first and second factors, marks or
spaces with a great difference in heat accumulation or thermal interference are

10 placed into different groups, and marks resulting in a significantly different
output amplitude from the reproduction equalizer are also placed in different
groups. However, the number of storage registers increases as the number of
groups increases, and this increases the scale of the pulse moving circuit 110.
In addition, if the number of registers is increased, the number of patterns used

16 for determining the values stored to the registers also increases, and the scale
of the pattern signal generator 125 therefore also increases. Yet further, the
time required to set the registers increases whether the register values are set
at the factory or by the end user, and the recording track space required for
setting the registers also increases.

2 It is therefore desirable to minimize the number of groups used for
determining first and last pulse movement.

By grouping marks of 5T and longer in the same group as
described according to this preferred embodiment, the scale of the pulse
moving circuit 110, and the scale of the pattern signal generator 125, can both vy

25 be minimized.

Although determining the optimum grouping of marks and spaces

is affected by several factors, the three factors described above are considered

in particular to determine the group types shown in Fig. 4A in the present



are three, and in a 5T mark there is one. It wll thus be obvious that the
nunber 25 of multiple pulses 302 between the first and | ast pul ses

i ncreases by one with each 1T increase in signal l'ength, and decreases one
with each | T XRW¥Was¥2 in signal length. A 4T mark, therefor ecrorprsees only
the first and | ast pul ses, and has no pultiple pulses 302 therebetween. In
addition, a 3T mark conprises just 34 one pulse. It is to be noted that
in this pr odi nent the tine-base length of the first pulse is
1.5T, the ﬁ%ﬁ%&%ueggbis 0.5T, and the length of the nmultiple pulses is also

0.5T. The invention ghgtd beiotdtbthae al protiétermine@ LAY valdd s Sef &eshpet N,
count, or period of these pul ses can be varied as necessary according to

t he structlneFigf 4Bebefpte qadttedn signdll reodsdingt etheaboindtialf valsiespean eisen si gnal
201 and pul se generator output signal 202 are not on the sane tinme base.
However, t tReparatelyr deteemiped\feam experipacsli ergtheygearvber alt set fatthersame gnal

o g o 5o Blied Ve is, eac or S, the Varld P gl P " -
stored for the first pulse movement in a 5S5M pattern in the left table in Fig. 48,
for example, is preferably stored for all patterns. In the case of the right table in
Fig. 4B, the value stored for 5SM5S is used. Note, further, that in this case the
value set for the 5S5M pattern is determined so that the time betwsen first

10 pulse 301 and multiple pulses 302 is 0.5T as shown in Fig. 3, and the value set
for SM5S is determined so that the time between multiple pulses 302 and last
pulse 304 is 0.5T.

It will also be obvious that the values set for 5S5M and 5M5S can
also be determined using other methods. An example is shown in Fig. 28.

15 As shown in Fig. 28, the pattern signal 2801 of the pattern signal
generator 125 in this example has a single period of 6T. Also shown are output
signal 2802 from the pulse generator 111; output signal 2803 from the pulse -
moving circuit 110; and marks 2804 formed in the recording track of the optical
disk 101 as a result of modulating laser power output between peak power and

20 bias power levels according to output signal 2803. it is to be noted that while
signals 2801, 2802, and 2803 are not generated on the same time base, for
convenience they are shown with corresponding parts in each signal' aligned
vertically.

The pattern signal 2801 in this case represents marks and spaces

25 with a simply repeating 6T period, and thus contains typs 5S5M and 5M5S of
the eighteen pattern types shown in Fig. 4A. The laser is then driven based on
drive signal 2803 in Fig. 28 to record the marks 2804. In this exemplary

embodiment, pattern signal 2801 in Fig. 28 is repeatedly recorded around one



particular mark parts, and the difference between the trailing edge of the
first pattern signal 201 and the trailing edge of the |ast pulse of pulse
generator out B?Jt signal 202 is also the sane for any particular nmark parts.
The pul se genel@f%¥F%But put signal 202 is input to the pul se 3¢9
circuit 110, which generates and outputgga signal 203 in which the
positions of the first pulse and | ast pu]r’se are noved. Figs. 4A and 4B
shows the caoobipheteicirasmédrence bbthamdcandingesacis Yvhdrothis tradk isv@cbfdedf itrist

pul se and | ast pul se positions. Fig. 4A shows the pul se novenent tables
after corredterorepigducad. Repradudtion ipeludes sopvertinatan aptical isignal fnom ey, 4B

shows t he tapl es, befor Qrrectjon, ‘bol s 3S3M 4S3M and so forth in the
tabl es i n FPgotogstegter §O$§3@%PIQ§H Eé@,naérﬂf‘daF N RERCesENgthist etegtricl gnal

{yPe, 25 el i MR By $12¢ G obh 08 RE AT om0,
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115 adjusts the slice level signal 2809 so that the output level corresponding to
a mark and the output level corresponding to a space in the output signal of the
digitizing circuit are at equal intervals, and applies this slice level signat 2809 to
10 the asymmetry measuring circuit 130.
The asymmetry measuring circuit 130 compares the average of
the high 2811 and low 2810 peak values of the reproduction signal 2805 with
the slice level signal 2809. When the difference therebetween is a predsfined
level or greater, the lengths of the marks 2804 and spaces are not equal. This
15 difference is attributable to a shift- in the first pulse and last puise positions.
Initial movement values 5S5M0 _and' 5M5S0 are therefore corrected according
to the sign of the difference so that, for example, the first pulse and last pulse
each move the same time-base distance in opposite directions. The corrected
valueé are then overwritten to memory 127.
Y. It is to be noted that the stored movement values are corrected
and overwritten to 5M5S and 5S5M using a single feedback loop (through 110,
108, 108, 112, 115, 120, 126) in the above exemplary embodiment. it will be
obvious, however, that a plurality of feedback loops can be alternatively used.
As a result, 555M and 5M5S values whereby 6T marks can be recorded atthe .
25 correct length can be obtained. By thus correcting the physical length of a mark
used as a reference, marks in other groups can also be recorded at the correct
length, and recording with less jitter can be achieved.

The output signal 203 from the pulse moving circuit 110 is input to



22 exanple, a trial and error process using a particular optical test disk,
and the resulting values are conpiled in the tables in Fig. 4A :The content
of the conpleted table is stored for all optical disks having the sane
structure as tWOMBPEREal test disk. Predetermined initial vaPOBZPINpIIBt Or ed
in the table on the left 5 in Fig. 4A§§r the first pulse. The table on
the right in Fig. 4B stores the initialYVvalues before correcting the |ast
pul se novemgrg las-g?%nﬁgsdnfcb@rm@fwﬁé}@b? 4str We?‘?s ?ﬁb’ﬂ‘tﬁ@éd%%%ﬂﬂbgla% pthe

|l ength of the mark and the i mediately pr e I ng space IS preferred
enbodi ment , enlits sﬁpé@( FWerswnue@uqm s ReBa¢ high, @ﬁméﬂﬂs%mm\k@ﬁt is,
3T, 4T, and 5T 10 onger. Atotal of nine different |ast pul se

posi tions aMétilsHbeefgmaétsde\m ﬁﬂ)efdrmlﬁlrgarmqusnem26maarSQGWn\mé’vg(ﬁ the 6T mark
217 in the first pattern signal 201 shown in 2, and the corresponding
part in the pul se ger@V%ﬂ'Q)FeRthiﬁé‘E?tO"s|tbﬂé1°"'2w°f g@f‘%ﬁ@ﬁmﬁqweﬂﬁeﬁﬁl lgsee, a 4T

or mar k Bel SRS PO GeOPr AN bt Qoo Parale A whigh isfien 7
Cor rect 19, iigddli 4 aho Bdth JHHS 168 LIGR pEsind Wbt Lot HoRIR, 1 S

descri bed bel©o
focused to a light spot by the objective lens 108, and emitted to the optical disk

101.
Light reflected from the optical disk 101 is then collected by the
10 objective lens 108, and passed back to the beam splitter 105. Light reflected by
the beam splitter 105 is collected by collective lens 107, and focused on
photodetector 108,
The photodetector 108 converts light incident therson to an
electrical signal, which is then amplified by the preamp 112. The output signal
15 from the preamp 112 is then passed through the low pass filter 113 whereby
high frequency signal components are blocked. The reproduction equalizer 114
then equalizes the signal, which is next binarized by the digitizing circuit 115
using a predetermined slice level. A reproduction signal 205 converted to a
sequence of Os and 1s is thus output from the digitizing circuit 115 to the pulse
2 position offset measuring circuit 120. The pulse position offset measuring circuit
120 measures the specific edge intervals 221, 222, 223, and 224 in the
reproduction signal 205.
If the measured edge interval 221 in Fig. 2 is longer than the
normal 9T interval, the setting for last pulse movement 3M5$ in Fig. 4Ais . |,
2 reduced by the difference between the measured interval 221 and the normal
9T interval from the current setting of 3M5S0 by way of bus 126. The setting for
first pulse movement 583M in Fig. 4A is similarly increased from the current

5S5MO setting by the difference between the edge interval 222 and the normal



The pattern signal generator 125 in the optical data recorder shown in Fig.
| generates a first pattern signal 201. This first pattern signal 201 is

sent to the pul se generator

111, delay circuit 129, pul se position offset

20 neasuring circuit 120, and nmenory 127. As noted above, the two tables

shown in Fi g.WapWieR prestored to rregn,ry 127. The pul se posPET/IRIGFEI%Set
f

measuring circuit 120 also stores th

irst pattern signal 201, which is

used for gpimanassy Wi' tdF Husel Teep ivsledde erhicd .sduhgoz hgﬁttﬁe h%ghgnduct ion.

The pul se generat or

1 generates the output signal equire

recor di ng9T irteqval. tRrervatiemstoredfor 486Meand Si45are iRewiseDriectdiPbised t he top
two rows in Fig. 3, for exanple, the pulse generator 111 generates a first
pul se SOlomﬁlﬁwpaw&drﬁgigﬁdnﬁh\@h283ﬁgdé-’66e of the mark in the first pattern

si gnal

del ay
pr edet

10

15

201, then o nultl ﬁulses 302, and | ast pul se 304.
pul se generator ouwﬂ
ircuit 128

eﬁﬁafP“ 6%“'

repeated until the difference between the normal interval and the measured
edge interval is below a predetermined threshold level simultaneously for all
four edge intervals. Note that when measuring the edge intervals, the edge that
is not moved is the falling edge of 6T mark 208, and the immediately following
space is 6T space 210, in the case of edge interval 221, for example. In the
case of edge interval 222, the rising edge of 6T mark 213 is not moved, and the
immediately preceding space is 6T space 212.

The mark and space between which are located the edge that is
not moved within a mark/space pattern are referred to herein as a refer;ence
signal. This edge is further referred to as the reference edge. If the reference
edge moves in conjunction with an edge that is moved, movement settings
cannot be correctly determined because there is no fixed point of reference.
The position of the reference edge must therefore must remain stationary and
cannot move in conjunction with the edge that is moved.

Furthermore, even when the edge in the reference signal does not
change in conjunction with an edge that is moved, it may be necessary to
change the reference signal so that the reference edge does not move in
conjunction with the shifted edge. For example, if the reference signal includes
a mark of the shortest possible length, it is necessary to change the reference
signal so that the reference signal edge does not change at any of the
movement settings defined for the shortest marks. Considering the potential for
setting variations, the reference marks are preferably fixed.

if the reference signal is included in the same group as the {ongest

23 The

gs gt apdﬁira theclirst patiernetignali2®d bK t he
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pattern signal 201 is analyzed in nenory 127 to determ ne to which of the
18 5 signal groups, that is, 3S3M 3S4M 3S5M 4S3M 4S4M 4S5M 5S3M
554M 5S5M 3MBS, 4M3S, 5MBS, 3M4S, 4MAS, 5MAS, 3MbS, 4MbS, and 5MsS, the
signal in thewomaedeng | OF or | onger period bel ongs. For eraempbwio3dsd a 4T
space 216 is followed by a 6T mark 217 in the first pattern signal 201 from
the pattern signal generator 125, mem)aﬁ 127 detects that the signal

197 then r SRIETe S TEHEe sidel SREROTBoH e Bl Sefifes Homs i Pidnafnt ot
movenent s tiflali st ridHLoddidh N bd iord Bobirate ef‘éé%?mi?%\ﬁﬁ{ﬁ/éhgx‘é lue is

read fromt e the first tine a novenment IS rea

novi ng Ci r Gyark/sphes idapibiaivons. t he first pulse of the pul se generator out put
signal 202 supplied thereto after a 15 predeterm ned del ay based on the

initial novenent val Tieoughesmélt, dheré3irbRisd\ifferamces af thehehanigeof thelhaek | S

described in further detail belowwth reference to Fi | and Fig. 20.
Wen thé p@dge prsitiaryevsn iuthe IMQG?ASNMHQTO'M bB?Wﬁ@anr 3lﬁgtzemenan heabpat t er n
belonging to a s soon rrlve fro delay circuit 129,

f
O ONIo" semitatine and Berm igte withinthe groupufor apg'astmwmmthe

cirourt 110 Eniaet YU FuovNRBR HEMRTET ¥ reiéot A rBe o Rlip SRl 43 <pace

216 fol | owrfgiBhate GlgriERivith 2LHighHedueREY bY Scdur@ct 18atd4158 Belongs to the

group containing the longest possible signal as in this preferred embodiment of

10 the invention, an overall reduction in the occurrence of imprecise edge
positions can be achieved.

Furthermore, though small there are also differences in the output
amplitude of the reproduction equalizer when reproducing different mark/space
signals in the group containing the longest possible mark because of

15 differences in the output amplitude of the reproduction equalizer 114 within the
group for changing first puise and fast pulse movement. However,by selecting
as the reference signal a mark/space signal with a high frequency of
occurrence that also belongs to the group containing the longest possible signal
as in this preferred embodiment of the invention, the occurrence of imprecise

20 edge positions can be reduced in the overall recording and reproducing system.

By thus achieving an overal} reduction in the occurrence of edges
at imprecise positions, the probability of reliable error correction by the
demodulation and error correction circuit 117 during actual data recording is
improved. | o

2 It is to be noted that the frequeﬁcy of signal occurrence increases
and the output amplitude of the reproduction equalizer increases as signal
length decreases. Selecting the reference mark therefore involves a trade-off

between frequency of occurrence and output amplitude. Furthermore, while



circuit 129, it also sends the first pulse novenent TF read for the 4S5M
group. The pulse noving circuit 110 then begins counting first pul se
novenent TF at 2 the rising pul se edge of the 6T nmark 217 received from
the delay cir®¥A%1433 that is, at time RL in Fig. 20. Out pBETERIMOPAESf | r st
pul se fromthe delay circuit 128 is de% ed for the period counted by the
pul se moving circuit 110, that is, for “pul se novenent TFI. 24 \When pul se

novement i smasdsedirkigitet @f Bifcorlondertre iy theRiamé sighl §iouptin m%tp?éf_erraagnal

201, for exanple, first pulse novenent TFl is expressed as the tine -

di f f er ence dmbodimeinéoé tive irtventionil 2 83 referance mark gs ugéd in cohdideratisrrgll ary
enbodi nent, pul se novenment TF is approximately 3 ns. It is to be 5 noted
that the fithereprodyetionsequalizar gharasleristigsangi ng the pul se width. The pattern

e eue™t o't S SRRt 1Sk S BRI aten B8 BA AR St K5
o7 Pect o, Zihesh s SRMAAT 0 o 28RaPE HRE S Bl e Ec
correct length. Different initial values can, however, be used based on the
structure of the optical disk 101.
When recording the first pattern signal is completed, a second

pattern signal is recorded. Shown in Fig. 11 are second pattern signal 1101,

10 which is the output sighal from the pattern signal generator 125; output signal
1102 from the pulse generator 111; output signat 1103 from the pulse moving
circuit 110; and mark pattern 1104 formed in the recording track of the optical
disk 101 based on output signal 1103. The first pulse settings 554M and 3S5M,
and last pulse settings 4M5S and 5M3S in Fig. 4A are then updated using the

15 same method described above using the first specific pattern signal 201.

When recording the second pattern signal is completed, a third

pattern signal is recorded. Shown in Fig. 12 are third pattern signal 1201, which
is the output signal from the pattern signal generator 125; output signal 1202
from the pulse generator 111; output signal 1203 from the pulse moving circuit

20 110; and mark pattern 1204 formed in the recording track of the optical disk 101
based on output signal 1203. In Fig. 12, the 10T period of 1210 and 1211 (a 6T
space and 4T mark) and the 10T period of 1212 and 1213 (a 4T mark and 6T
space) have the same time length and appear as a continuous wave. Measured
signal 1210 - 1211 and the next measured signal 1212 - 1213 therefore have  «

25 the same length, and it is difficult to accurately separate and measure the
measured signals. Utilizing the fact that jitter is minimized if the two 10T
periods are substantially the same length, a jitter meter can therefore be

substituted for measurement. Other than these signal periods, the same



10 types in first pattern signal 201 are therefore noved. The |aser is
therefore driven according to these noved pul ses to record the actual

mar ks. The resulting marks 204 are shown in Fig. 2. In a preferred

enbodi nent of W¥/1pR@sent invention, the first pattern sign&cT2e903699
conprising elements 209 to 220 as shown in Fig. 2 is output repeatedly and
15 recorded around one track. Wien reé& ding one conplete track is thus

eprouct | dRoie] G WARIGRIP 1ot 15 el B CCRR LBSRTRE Tt bte ot or

108 to an eAeQﬁﬁzgs' I@Qthénﬁf@éal\{l,aé}fh faBEpLIBE QMRS AMAS Ay sp@stahiqqt'mi gnal

wth preanp 11 ow pass filter 113, reproduction equali zer 4, and

digitizing circuit 1Whéroréddrdingtenthireippatiarat signalsisgeempResd, dMurth
reproduction signal 205 is input to pul se position offset neasuring circuit
120. The r epattanctignal isirgperdedoShbwoninaFigi gl aret fosctk patternusignaiptaot,
repeatedly to the pulse position offset nmeasuring circuit 120. The pul se
posi ti or® of Wiieh isndiag GM%@ Signatlipm hePatierR sigogh ear@tProt2Y; iInutpd signal 221,
222, 223, A B Rgh Sl SRl ok R B W e 2
T 10 SR OSSR 0TS PR roSBing ek SERS BEASIE " "0
recording, Qs 1bhenear g9 8atpLesignd® 1308ETRE firstdSulse setting 4S3M and last
pulse setting 4M3S in Fig. 4A are updated using the same method used with
10 the first pattern signal.
When recording the fourth patterh signal is completed, a fifth
pattern signal is recorded. Shown in Fig. 14 are fifth pattern signal 1401, which
is the output signal from the pattern signal generator 125; output signal 1402
from the pulse generator 111; output signal 1403 from the pﬁlse moving circuit
15 110; and mark pattern 1404 formed in the recording track of the optical disk 101
based on output signal 1403. The first pulse setting 354M and last pulse setting
3M4S in Fig. 4A are updated using the same method used with the fourth
pattern signal.
It is therefore possible with the method according to this preferred
2 embodiment to compensate during recording for the effects of heat
accumulation and thermal interference during recording and distortion from the
equalizer during reproduction, and thus record a mark/space pattem with little
jitter, by determining the mark start position from the length of the recorded
mark and the length of the space preceding the mark, and determining the mark Cy
25 end position from the length of the recorded mark and the length of the space
following thereafter. |
In addition, by recording first to fifth patterns and compensating

the mark start and end positions to minimize the offset from a specific reference



25 obtained fromthe reproduction signal 205 to detect whether any shifting
I n pul se position has occurred. Using by way of exanple the signals
recorded and reproduced as descri bed above, the conbined tinme of the 4T
space 216 and WPrO#A#Rk 217 in the first pattern signal 201 | PCTERPHBEI wit h
the average obtained 5 for the correspondi ng period 224 in the reproduction
signal 205, and the difference therebefleen is obtained. If there is a

di fference, bt : ' [ L . nes that
t he pul se peo | %ﬁ%hs%ﬁ? é t ehﬁaﬁ?ﬁg&%%@ﬁ cui g{%ggl ]gf%rgﬁlg%tcéﬁlg% 'eﬁrgn re sent
to menory lbah bBedaEARinkdifer nif QPﬁﬂcﬁaﬂtémtﬁ@t E&ritdinedOin HEE firdt! o' fifth
novenent val ue 4S5M), this initial novenent value 10 4S5MO i s increased or
decreased ipatteemsriyislihérefoeopatsitye tto redwrddharke ratibe cotreer positioroyudsgi ng t he
stored novenent value. This corrected value is then overwitten to type
4S5M |t i actusldetarcording and: nesording wilh litileditien can dhuscbé achieved:ct ed and

overwitten to 4S5M usi n& a single feedback | oop (through 110, 109, 108,
112, 155 115, 12D, 1B6hoiid alspbapotad thakthe methodassardiagito this prafemred,e

obvi ous, hoem yoditent uses simple symbol patterns whereby the difference DSV is
controlled to substantially zero only when DSV is not 0. As noted above, DSV is
the difference between the reference signal, measured signal, and marks and
spaces in a specific period.

10 For example, the sum of marks in the first pattern signal 201 in Fig.
2 is 34T and the sum of spaces is also 34T. By incorporating into one pattern
two types of measured marks with different edge intervais, the settings shown
in Fig. 4A can be determined using fewer patterns. It is also possible to
minimize the time and recording track space, and the scale of the pattern signal

15 generator 125, needed to determine the settings.

As described above, the puise position offset measuring circuit
120 measures the position offset of the output signal from the digitizing circuit
115 to detect the edge interval or jitter interval, modifies the table stored in
memory 127 based on the measured results, and sends a signal indicative of

20 the corrected pulse edge poéition to the pulse moving circuit 110 to shift the
first pulse and last pulse.

it is alternatively possible, however, to pass the output signal from
the digitizing circuit 115 over a general purpose interface bus (GPIB) to a timer
interval analyzer or other analyzer for measuring the time interval or jitter, S

25 further connect the time interval analyzer over a GPIB to a personal computer,
and then pass signals from the personal computer to the pulse moving circuit
110 through a SCSI or other bus interface. In this case it is not necessary for

the recording device to comprise the pulse position offset measuring circuit 120,



that a plurality of feedback |oops can be alternatively used to correct the
val ue of the first pulse novenent TF as shown in Fig. 20. Movenent of the

| ast pul se position is simlarly corrected. That is, |ast pulse position
movenent chany@90/¥820rding to the mark length and the 20 | ecmHey/esss he
foll ow ng space. In this exenplary enbodi nent marks and spaces are
separated into three groups based on | &&gth, 3T, 4T, and 5T or |onger, and
pul se positinn $ﬂp |ned for each of the nine possible markfspace
conbi nat i ons. ast pu se nnvenent TL is then cal cul ated using the sane

met hod used to cal cultgseofbhd pbtdRulinze W&Whte?fﬂe@%mbodn ent shift @g 21 1s
an enl arged view of the part of the pul se geherator out Si gnaf 2

cor r espondifirst pulsé laed6dstadse 2ddarding thithd spedifiomatespacy éﬂ?ﬁﬂ)ma@én ghewn in
Fig. 2. The last pul se novenent TL i's corrected in the same mannér as the

first pul sesams sethed Tan bewpherbtb eptimize the pulse widtheinad rédoedihg iethod 26
pul se nmovenent TL, howeve the period fromtine reference R2 offset 2T

forwar d Sof WhRrepy e pyige %‘3@ obthg ﬁféf RYlsR and lagipulseareimedifiege of the | ast

pul'se i's Fig. 22 shows the signal parts corresponding to 6T mark 213 in

first pattern signal 201 and 6T mark 213 in pulse generator output signal 202 in

Fig. 2 when the space length before the 6T mark is 6T, 4T and 3T according to

an alternative method of the present embodiment whereby optimization is
10 achieved by pulse width modification.

The width of the first pulse changes according to the length of the
mark and the preceding space. In this preferred embodiment, both marks and
spaces are separated into three groups of 3T, 4T, and 5T or longer, and mark
edge movement is therefore defined for nine possible combinations of marks

15 and spaces.
Movement of the rising edge of the first pulse is expressed as
movement TF referenced to the rising edge of first pattern signal 201, for
example. The falling edge of the first pulse does not move. 6T mark 213
belongs to the 5S5M group because the preceding space is 6T long, and TF1 is
2 approximately 1 ns. When the preceding space is 4T long, movement of the

rising edge of the first pulse is in the 4S5M group, and TF2 is approximately 3

ns. When the preceding space is 3T long, the first pulse width is in the 385M

group, and TF3 is approximately 5 ns. Note that while the value of TF changes,

the falling edge of the first pulse does not move. As a resuit, the width of the -
25 first pulse changes.

Fig. 23 shows the signal parts corresponding to 6T mark 213 in
first pattern signal 201 and 6T mark 213 in pulse generator output signal 202 in

Fig. 2 when the space length before the 6T mark is 6T, 4T and 3T according to



called the tine interval, and this tinme interval is corrected by neans of
the | oop descri bed above with reference to the first pulse. The last pul se

novenent . TL 5\*@ oximately 13 ns in this exenplary enbodl'; nt. It isto
i B

be al so noted t e wdth of the |ast pul se does not chan ough
t he amount of | ast pul se novenent TL c ges, and in this exenplary
enbodi nent the pulse width remains the sane with the pulse sinply shifted

on the ti nmeaduitiser diteenativepmatioidpidhe pleht enbblienentvioreBy bptmizatisyiss 110
obtained 10 wusing the corrected pul se novenent tables shown in Fig.-4A
the marks 2e¢hiewze£by19ulsas~idtnmgdlﬁpaﬁﬁn.thi s out put signal 206, and the
reproduction signal 208 reproduced fromthese marks 207, are also shown in

Fig. 2. Wile the repfddifcEr¥mh mIgmant efsthenfisingeadarsiof dhenlasb puigenis |
ted_pul tabl e (Fig. 4B3, ] t identical tq th i gi nal
ooy oL e e Ea B AL Brrh A E B Sk BPbA Rl | ™

ducki ' ' | gy t t abi
(FPo  aap o Herfiel patiinirts 207, HiW Fllind \Sudibf FE'ia fUisq BolBNa By, 7 8

of the ei ghpggiusetheFollBWiRgBPpaCY & B! BT ¢RarkeABad imthe NSS! ve
using the first patte‘r)n s]i gﬁgfzol shc?%n in Fig. 20l 2. Thescét?ﬁgeh'%&gl ues

are sim | ar Tyt ¢oappokimatelyl 18 net Whentht feltowing gpate is A0) movement oftie! v,
types 4MbS, 5S4M 3S5M and 5MBS are corrected using a pattern
rising edge of the last pulse is in the 5M4S group, and TL2 is approximately 11
ns. When the following space is 3T, the last pulse width group is 5M3S, and
10 TL3 is approximately 9 ns. Note that while the value of TL changes, the rising
edge of the last pulse does not change. As a result, the width of the last pulse
changes.

It is to be noted that various methods other than changing the
pulse position or pulse width can be used for controlling the mark start and

15 mark end positions, including adjusting the laser power at a specific pulse.
Using the TF and TL value tables to achieve the intended optimized recording
benefits of the present invention therefore requires that the optimization method
used to correct these tables be recorded with the tabies. This can be
accomplished by recording the contro! method or by recording a predetermined

2 code indicative of the control method.

A data recording medium and optical data recording method
according to alternative embodiments of the present invention are described
next below with reference to the accompanying diagrams. Fig. 15 is a block
diagram of a data recording medium and optical data recording device . .

25 according to a second preferred embodiment of the present invention. Shown in
Fig. 15 are: an optical disk 1501, spindle motor 1502, semiconductor laser 1503,
coliimatori lens 1504, beam splitter 1505, objective lens 1506, collective lens

1607, photodetector 1508, laser drive circuit 1508, pulse moving circuit 1510,



signal 1101 as shown in Fig. 11; types 4M4S, 3MBS, 4S4M 3S3M are corrected
using a pattern signal 1201 as shown in Fig. 12; types 4M3S, 4S3M are
corrected using a pattern signal 1301 as shown in Fig. 13; types 3M4S, 25
3S4M are corré’g‘?MG@,@i ng a pattern signal 1401 as shown in FCIIPINIEWt s
to be noted that types 5MbS and 5S5M c?n be corrected using a pattern
signal 2801 as shown in Fig. 28, or a e4fault val ue therefor can be sinply

defined. |tdélaytdrchRs NG26carid 18629, y5ase hsratetd1 SISO reampr SfLaR! pass 27
corrected before the other types. This is because these nmarks and spaces

have the | ofiitgrst Sp&r repfodindicar equdlizeefi@id, |digitizingf diruited5D§, PLer 1616,
interference. The delay period is therefore small, and can be used as a
ref erence vé@medalgtion@ndreraniongectien sirpwit 18¢7, apppasiiction data signal 1518,  The

signal types used for changi t he nove t of the first pulse and | ast
pul se are dRP¥PMHEt @Qﬁﬁ%ﬁ%ﬁgﬁﬂg mePY 1f0or factors described bel ow. The

first fagtor is the @if ofd iOf diGflieRF6HRY Gilcalalsk 1807, WFERE Udthplary -
embodiment the optimum position information for the mark start and end
positions, that is, the two corrected tables shown in Fig. 4A and determined as
described in the first embodiment of the present invention, is stored in
recording area 1601. These tables comprise pit and land or mark and space bit

10 sequences printed to the inside circumference area of the disk by the disk
manufacturer prior to shipping. These two corrected tables are compiled by the
manufacturer of the optical disk, and are prestored to every optical disk. The
end-user thus obtains optical disks to which these two corrected tables have
already been stored, and uses such disks with the device shown in Fig. 15.

15 The optical data recorder shown in Fig. 15 has an optical head
comprising semiconductor laser 1503, collimator lens 1504, beam splitter 1505,
objective fens 1506, collective lens '1507, and photodetector 1508. When an
optical disk 1501 is loaded into this optical data recorder and the recorder
completes a specific operation for recognizing the disk, the optical head moves

20 to the recording area 1601 storing the optimum mark start and end position
data tables, and reads the stored information. The data read from recording
area 1601 thus contains the information compiled in the two tables shown in Fig.
4A, and the feproduced tables are thus stored to memory 1520.

Mass manufacturing optical disks thus containing the corrected

25 tables described above is described next below.

Two corrected tables such as shown in Fig. 4A are first compiled
by determining the optimum mark start and end positions using a method such

as described in the above first exemplary embodiment of the present invention.




filmwhen marks are recorded, the amount of thermal interference, and the
10 difference in the amount of thermal interference resulting fromthe
speci fic mark/space conbi nation. Note that as described above thermnal

i nterference refoawasky the process whereby heat at the end opcpisgsRssied
mark transfers through the foll ow ng space and affects the heating process
at the beginning of the next mark, and REat at the beginning of a next

et e Fas RPreh et these bRsiis tnsif esotduebib e ol aace B LoE P act <
f heat i | .t i i | red d by i i ng-
O urer oo amic Lk 181! diind B3R 0% tnblThsRflatith, i tHe Hapter ki Sy b3 °
emtting a '@@&df&eﬁamsingtml SBBPHisROMIDH dupin |pr6€t§’é{iorne\9h%l‘?rthc?§éé§rlaikgnat o

formati on. These heat accunul ation effects cafnot be conplete

however, becgueset601eisrotdrded withud pieand(ahd sugedeeri th a constant period in
order to sinplify the pulse generator 111. The extent of the effect of heat

accunul atdon and t her irdg. Bhtshdws eno@stesingl systerspfon deuitingl on opticar disk
factors, including the structure 25 of the optical disk 101, properties of
t he recor di ngasternPhewe it fignd7 e seemeny2/01 hadjusisiant dnaibed dats gergratadi ng to

opti cal di sk, )01, and, the Lenglh of he S har st TR 70l BaS ESterdlor 2!
2705, lens assembly 2706, glass master 2708 coated with a photosensitive
material 2707, turntable 2709, and motor 2710.

10 The two corrected tables shown in Fig. 4A are stored to the
memory 2701 in Fig. 27. Next, the method used for adjusting the first and last
pulses is output from the adjustment method data generator 2702, and the
content of the two tables is then output from memory 2701. The recording
signal generator 2703 then processes the adjustment method and table data,

15 including modulation, adding an error correction code, scrambling, and other
desired processes, and generates the two-value data used for recording. The
laser beam generated from the solid laser generator 2705, which oscillates at
the wavelength of ultraviolet or the like wavelength, is power modulated by the
output signal from the recording signal generator 2703. The modulated laser

2 beam is fed through the lens assembly and impinges onto the photosensitive
material 2707 on the giass master 2708. Recording the two-value signal is
achieved at this time by turning the laser beam on and off to expose or not
expose the photosensitive laye} appropriately. It is to be noted that the two
tables stored to the memory 2701 are recorded to an area on the inside * !

25 circumference side of the user data area where the end user records data, and
the adjustment method data is recorded to the area to the inside circumference
side of the area to which the two tables are stored.

The area exposed by an ultraviolet laser is then melted and a



al so be attenuated to a certain degree by optim zing each of these

I nfl uenci ng 28 factors. To nore fully understand this, let us focus on
how t he effects of heat accumul ation and thermal interference vary with

di fferent conbwoataeps of nmarks and spaces. As will be knowedw®sedzisg. 4A,
each first pulse is classified as one 5 of nine types or groups, which are
used for determ ning the novenent of thBfirst and | ast pul ses. A nethod

rrst h omdtd! aaing meshEa AR 8 pdiea Wosmitsring e aless o
s €M J 9
the start nguBRERbNin bibkel| AEE). R st SERERETHEKRE s b & RER"" 01
mar k. Showny :?Pﬂr?b a i SubshiatePsh WnidH a %aﬁgrag?m,ss tdttHed! A ssﬁataoaignﬁrsval ue

wavef orm of "t he sitgnal used for recording; ks 501 recorde e data
recordi ng mpebdiBedast coRbiniritNg Substiayes|atJ6&st dnsasf whichtHa® & wecordinge

wavef orm of the signal reproduced fromthe marks 501 recorded to the disk
Original § film formed thereon.

Returning to Fig. 15, the laser beam emitted from the
semiconductor laser 1503 is converted to parallel light by the collimator lens
1504, and passed to the beam splitter 1505. Light passing the beam splitter
1505 is collected by the objective lens 1506, and emitted to the optical disk

10 1501 as a light spot.

Light reflected from the optical disk 1501 is then collected by the
objective lens 1506, and passed again through the beam splitter 1505, Light
reflected from the beam splitter is collected by the collective lens 1507, and
focused on the photodetector 1508.

15 The photodetector 1508 converts the light quantity to an electrical
signal, which is amplified by the preamp 1512, The output signal from the
preamp 1512 is then passed through the low pass filter 1513 whereby high
frequency signal components are blocked. The reproduction equalizer 1514
then equalizes the signal, which is next binarized by the digitizing circuit 1515

2 using a predetermined slice leve! to output a signal of Os and 1s. The clock of
the output signal from the digitizing circuit 1515 is extracted by the PLL 1516,
An output signal synchronized to the clock is then supplied to the demodulation
and error correction circuit 1517 for demodulation and error correction of
correctable data, resuiting in reproduction signal 1518, Co

2 The reproduction signal 1518, that is, the content of the two tables
and the adjustment method information, is then stored to memory 1520. The
optimum movement information for the mark start and end positions is then

passed over bus 1521 to the pulse moving circuit 1510.



15 signal 500, marks 501, and reproduction signal 502 are the result of
recording marks with a space (S x T) sufficiently long for an 11T mark
recorded between the marks. Intersynbol interference is thus mnimzed as a
result of thi sveukdesxi ently |ong space. It is to be noted thatrppasgeetsl in
the original signal 500 is ideally 20 equal to the tine interval of space
tm 1 in the reproduction signal 502. Th&7positions of the first and | ast

pul ses are noved to this id osition of

| osel . If
Phe” mark Start posi t B SRR YR EBIGe e RAER <AL Firthihd SAB Skt L «
th dr st : . i zed.i -
opr oxi at ol ST it 188 d Sffterta ot b ek Hoblinb 61 s ihuep,
poSi ti ONn gr @iyhal AoWas BbsAREdTRMRerf BeIbY AR rRVérshéditd BigegNCce to original

signal 520, marks 521, and reproduction signal 522 bélow. The original.
signal 520 is the twoShawniin Fig effoare theedath aecoreirey sighgl 1701 infpus (& %L,

however, the space ts2l between the two 11T marks is 29 shorter than
t hat shodin ippisehgengratos 151 githeaoutpug signab 302 A the pulse, gérematoatiSthe
and the output signal 1703 from the pulse moving circuit 1510. The recording
marks 1704 are formed in the recording track of the optical disk 1501 by
modulating laser power between peak power and bias power levels, Note that
signals 1701, 1702, and 1703 are not actually on the same time axis, but are
10 shown with corresponding parts aligned vertically in Fig. 17 for ease of
understanding only.

in data recording signal 1701, mark parts 1706, 1708, and 1710
are the parts of the signal whereby a mark is formed on the disk, and space
parts 1707, 1709, and 1711 are the parts of the signal that appear as a space

15 ondisk.

For example, when déta generated by (2,10} run-length limited
modulation is recorded using a mark edge recording method, the marks and
spaces have a shortest length of 3T and a longest length of 11T where T is the
reference period. Mark part 1706 is a 6T mark, space 1707 is a 6T space, 1708

2 isaA4T mark, 1709 is a 4T space, 1710 is a 6T mark, and 1711 is a 6T space.

This data recording signal 1701 is converted to a pulse sequence
by the puise generator 1511, resulting in output signal 1702. Pulse output from
the pulse generator 1511 corresponding to marks of lengths 3T to 11T is shown
in Fig. 18.

25 Referring by way of example to a 6T signal in Fig. 18, the pulse at
the start of the signal is referred to as the first pulse 1801, and the pulse at the
end of the signal is the last pulse 1804. The pulses between the first pulse

1801 and last pulse 1804 are referred to as muitipie pulses 1802 and have a



trailing end of 11T mark 524 transfers through space 525 to the next 11T
mar k 526, thus accelerating the start of 11T mark 526. The nom. nal |ength
of 11T mark 526 is thus increased by length a2. 5- As a result,

the tine intemudongizspace ts31 in reproduction signal 522 ep¢s@spsesi ng to
space ts2l in the original signal 520 is shortened, and the correct

reproduction signal cannot be obtai ned48A correct reproduction signal can
be obtai ned, however, by predicting the elongation at the start of | IT
mark 526, &QOSWOFREYOR the rising edge of the mark part tn22 in the

i gi | i | 10 520 L fi del . N h of ‘th
apace 152w “The i engfhadTT TRk dfsrecfiel By g PlibeRor 4k imch 7 metch 1 e
T from 3T @er_lzJJre tﬂFbe“aFdWﬁré<5T5r?]érRCtﬂéy‘ée{%hJer%F égxgﬁhhépgsﬁ]%’maﬁ gcdge

di stance 5 I's measured for each case. ts o ese neasurenents

are graphegumbdridd- méitiplEhsulsds 1802 Bsteah tAX ifistdiaast PRseSMardhsal o 1 1T

of each space ts21 in original signal 520, and the vertical axis shows the
di f f er edce onk witie ezchiliThisdrdasegnisigrial femdthpand deo2@sasdnepgitte epol 11Tt s217 i n
the original signal 520 mnus the edge distance r 527. As space |ength
decr eases, deneeaseiinsignal [BRotn A14T mask.ikheedoretapmpsisa® vely the finstrand lastat i s,

C e L0 el SET A Bie et Yeb A SBhefeen! I SAiE0E"S 57 hgk 1 "°
comprises one pulse.

It is to be noted that in this preferred embodiment the time-base

10 length of the first pulse is 1.5T, the last pulse is 0.5T, and the length of the
multiple pulses is also 0.57. The invention shall not be so limited, however, and
the length of these pulses can be varied as necessary according to the
structure of the optical disk 1501.

As noted above, data recording signal 1701 and output signail

15 1702 are not on the same time base. However, the difference between the
rising edge of data recording signal 1701 and the rising edge of the first pulse
of output signal 1702 is the same for any particular mark parts, and the
difference between the falling edge of the data recording signal 1701 and the
falling edge of the last pulse of output signal 1702 is also the same for any

20 particular mark parts.

The pulse generator output signal 1702 is input to the pulse
moving circuit 1510, which generates and outputs a signal 1703 in which the
positions of the first pulse and last puise are moved. Fig. 19 shows the tables
stored to memory 1520,

<] it is to be noted that the tables in Fig. 19 are identical to the tables
shown in Fig. 4A, and show the combinations of marks and spaces used for
shifting the first pulse and last pulse positions.

The position of the first pulse changes according to the length of



Fig. 7 shows one way of conbining spaces of substantially the sane |length
I nto comon groups based on the values shown on the vertical axis in Fig.
6. Spaces of substantially different I ength are placed in separate groups.

Thi s method prwegwesss:s hree groups: 3T spaces, 4T spaces, andpép;podiitess Of
5T or longer. These results and groups are further mapped in Fig. 8. Shaded
cells indicate space/ mark conbi nati ons f4g whi ch nmeasurenents have been
obtained. Bold lines indicate the groups. 30 As described with reference

to Fig. 5 dhengatk and afﬂe frvaediatgly prrcesing sAace 3R Kh'ﬁaﬁf‘?fésfedcgﬂquln@nto t he
| h of di d d b h

bbove thr ec PGIRLS A SHades g s'g%n?%ﬁgéf?r%eﬁ‘%é‘ﬂpﬁewo«%zﬁ?hg? %st of
the eval “at'moﬁ§ér°ht%ﬂ o?Hf?‘\éedléféﬁthr‘%ts{%ﬁ%ggﬁgﬁé)a@ rom°'}?. that bot h

perfornmed for a rows and col ums novvn
marks and spaces are RARfeR{enPby tHiec@at plige dd&tti%ntté‘%mﬁmwecdﬁ&c%‘d Ofhdt', ©

groups, 3T, 4T, and 5T or longer, for determning firsf

5 last pulse position movement changes according to the mark length and the

_length of the following space. In this exemplary embodiment marks and spaces

are separated into three groups based on length, 3T, 4T, and 5T or longer, and

pulse position movement is defined for each of the nine possible mark/space

combinations. The last pulse movement TL is then calculated using the same

10 method used to calculate first pulse movement TF as described in the first
embodiment.

The output signal 1703 from the pulse moving circuit 1510 is input
to the laser drive circuit 1509, which produces a laser beam at peak power at
high pulses and at bias; power at low pulses in the output signal 1703. The

15 reéui.ting sequence of marks 1704 is shown in Fig. 17.

It is therefore possible _to reproduce from a predetermined area on
the optical disk and store in the optical data recorder data for changing mark
start and end positions according to a data signal input to the optical data
recorder for recording. As a result, it is possible for the optical data recorder to

2 optimally record a signal of marks and spaces even using optical disks having
different disk structures and recording films.

it is to be noted that it is not necessary to obtain the optimized
mark start and end position information recorded to a particular area of the disk
for all disks. More specifically, if the variation between disks is small, the values

25 obtained for disks of the same structure and same recording film composition
can be recorded as typical optimized values.

Furthermore, when the optimized mark start and end position

values are obtained again during actual recording to further improve jitter, the



pul se novenent. Last pul se novenent varies according to the mark | ength and
10 imrediately foll owm ng space. For the same reasons that apply to the
first pulse, last pulse novenent is preferably determ ned based on the sane
three or nore g kpgs, that is, 3T, 4T, and 5T or longer, pf.pRLKS and
spaces descri bed above. It is to be noted that when neasurenen results are
substantially 15 equal, such as from5Tsgg 11 T, in adjacent cells in the
maps shown in Fig. 9, those cells are grouped together. This nakes it

possi bl e to ¥wauUequired ferciiecoptimizationppriosessroan bg reduead if typical optimizéed be
known frothhﬁyabove description, by focusing on.the difference in stze
resul ting frYRIWEH&ES Areresardedsioag P MakeRopisthesdigk @saipi thip spemplary

conbi nati ons er.e the space | hS. 31 or AT | Qup_separate from
conbi nat i onse';\/q\ﬁgqtg‘et%ea%‘gg}:egeltgﬁg%lhmqhzess%}eotﬂsqﬁo%gggéf,gu@lPfg@'eﬁBBT 8&?@'&"9 _
enbodi nment r&fﬁﬂ% ﬁ@h o e novenent and | ast pul se
novenment acg%?Plﬁghto t H('ad)éf%r sf)éggéegg@{rﬁgréﬁ?or%%ﬁcan t hereby achi eve
recordingswith littleFutthbBhore?While marks and Ispagééliaié @Bpafdited GfteaSinpge O t he

difference in size resulting from specific mark/space conbi nati ons, and
pl aci ng conbgroaps,ddiF, 415 \entgSE or fomger, in this preferred embodiment, the method for
determining these groupings is the same as in the first embodiment above.
Insofar as the optimized values for first and last pulse movement are recorded
to disk, various other groupings can be used according to particular conditions.
10 For example, four groups, such as 3T, 4T, 5T, and 6T or longer, could be
alternatively used.

Tables for pulse movement groupings based on mark and space
lengths of 3T, 4T, ST, and 6T or longer are shown in Fig. 24. Increasing the
number of length groups used makes it possible to more precisely control first

15 pulse movement and last pulse movehent according to the specific symbol
pattern recorded, and thus enables recording with even less jitter.

It is to be noted that this preferred embodiment of the present
invention determines and stores optimized movement information for both first
and last pulses, but the invention shall not be so limited. Recording optimized

2 movement information for only one of the puises is still beneficial for
determining the optimum pulse movement, and makes it possible to achieve
recording with little jitter.

it will also be obvious to one with ordinary skill in the related art
that while this exemplary embodiment has been described recording first and

25 last pulse movement information optimized for particular mark and space
combinations, a recording method whereby the puise width of the first puise
and last pulse is change can be alternatively used as described in the first

embodiment. Optimized recording of mark and space sequences can be



| engt h of 3T and conbi nati ons having a space length of 4T into separate
groups, this preferred enbodi nent of the invention can control first pulse
31 novenent and | ast pul se novenent according to t-he mark/space pattern.
The properti eswvoboish2 reproducti on equal i zer 114 are a secorstrpsdRtss
Reproduction equalizer 114 properties depend on such factors as the beam
spot size and shortest mark | ength. Th&ibeam spot size is determ ned by 5
t he wavel ength of the sem conductor |aser 103 and the aperture of the

obj ect i ve |@{devask evan With Gifesentypesi ¢lgorkiaak Slisksd sigh cass whenothgedisko
change firs | se_mpvenent .and. | ast lse movenent due to . this second

f act gr i s G%Q'&T‘i"ﬁeﬁr ey 'BSI@W Ri %ﬁerreglﬁetpyeRg%e?%%ﬁggpgtm.zeg(pulse width

Fig. 10 is; keal rp%T{b- cy characteristic of the
reproducti dﬁfir)é}%gﬁﬁégg i.tﬂ%hélrgsggﬁv\%&?ﬁe anplitude ratio of the equalizer
out put signal to they Rptd beirHtad ;that eirdust MBEHERICHtheP 1S4 WRaking NRe

hori zontal axis, and output anplitude is shown on a logarithm<C Scale on
t he vert§ cgulgipbsition or width can be used for controlling the mark start and end
positions, including changing laser emission power at a particular pulse. Using
the TF and TL value tables to achieve the intended optimized recording
benefits of the present invention therefore requires that the optimization method
used to correct these tables be recorded with the tables.

10 Fig. 25 is a plan view of an optical disk 2501. In this exemplary
embodiment user data is recorded to data area 2502. information indicative of
the method used to adjust the first pulse and last pulse according to the input
data signal is recorded to area 2503 at the inside-most circumference area of
the disk using a sequence of pits and lands (marks and spaces). The optimized

15 or typical mark start and end position information, that is, tables such as shown
in Fig. 4A or Fig. 24, is recorded to area 2504 using a sequence of pits and
lands (marks and spaces).

It is therefore possibie to know by reproducing the data stored to
area 2503 what method is used for adjusting the marks and spaces, that is,

20 whether the first or last pulse is moved or whether the pulse width is changed.

It is to be noted that variables introduced by the' recording device,
such as the shape of the laser spot emitted to the disk, can also cause the
optimum position of the mark start and end positions required for the best
recording results to vary. To compensate for this, the optimized or typical '

25 position information recorded to a particular area of the disk during disk
manufacture can be reproduced and these initial values used for a recording
test whereby the position values are optimized for the recording device.

This makes it possible to reduce the number of patterns that must



The frequency of 3T, 4T, 5T, and 1 T signals is shown along the horizontal
axis. 15 Note that the frequency of a 3T signal is high, the marks
recorded and reproduced for a 3T signal are therefore small, and the

anpl i tude of &phgogiRp0duced optical signal is therefore Iow.,,éf.gg?mggggr
characteristics are therefore set to increase the output anplitude to
conpensate for this attenuation of the gptical frequency characteristic.
This can be acconplished 2) by using a high pass filter or a bandpass
filter with be (Regrdeg to deteemingrthe aptimum mark stark andiang positianst fer @ctu@l t hout
an anplifier,used in cophination. The. slope.of .the curve, that is, the

di fference iq?ltl"[’ ﬁ%c%g'PSUHbEMPPP?ﬁFet il o Fé)%efjrfg'h IS-RRlindzalion ProRedWech mar k
or space length is 3Tg; A | [t f o] r engy,.sl gnal
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out put anplitude af a frequency of and the output anplitude at a

frequencys ofindi¢dtiveabihel methedased tb fadjurst kise first piBecdnd fast Pulké eiceb’iing N~
output anplitude is great are 32
to the input data signal is recorded to area 2603 at the inside-most

circumference area of the disk using a sequence of pits and lands (marks and

spaces). The optimized or typical mark start and end position information is

recorded to area 2604 using a sequence of pits and lands (marks and spaces).
10 In addition, this optical disk 2601 comprises a test recording area 2605.

With an optical disk 2601 thus comprised, the optimization method
is read from area 2603, and the mark start and end position information is read
from area 2604, and based on this information a test recording is made in area
2605 using a method such as described in the first embodiment of the present

15 invention. This makes it possible to achieve more optimized recording than is
possible using only the settings prerecorded to the disk.

It should be noted that by recording the area 2503 or 2603
containing the method used for adjusting the first pulse and last pulse to the
inside circumference side of the area 2504 or 2604 to which the optimized or

2D typical mark start and end position information is recorded during disk
manufacture as shown in Fig. 25 or Fig. 26, respectively, the recording method
can be quickly determined when reproduction proceeds from the inside
circumference area of the disk, and the time required to complete any settings
that are dependent upon the recording method can be reduced. "o
5 It will also be obvious to one with ordinary skill in the related art
that while the preferred embodiments of the present invention have been
described above using an optical disk by way of example, the invention shall

not be so limited. More specifically, the same benefits can be achieved using a




i ncluded in the sane group when separating the marks for changing first and
| ast pul se novenent, reproduction equalizer 114 properties prevent correct
edge position reproduction even if the first and last pul ses are recorded
to specificalwposliémnate the effects of heat accunul ati on ipaTirPe/esegor di ng
filmand 5 thermal interference. It is therefore preferable for the
difference in the output anplitude char®8teristic of the repr oducti on

equal i zer 1gafbet Qr b@arasﬁyégai'écotﬂﬁnﬁ%éaighﬁ Jrofeca}c{irmﬁ B%ﬂhé‘prﬁi’gt . é% oup.

It is furth preferab for e rati o between of 10

the reprodugithent @éba{iﬁgﬁbmhhés@bpémtﬁé%&w% didifms! ongest mark to the

out put anplitude of the reproduction equalizer at the frequency of the
shortest mark in the ipwill thustbe krfowrafram the dboee tratmnooptical dstalrecsr or

| ess. This value, 3 dB or the square root of 2, is relatively commonly used
when wor ki ndevice hagaosdjng nigy theh aresentr invention records isst (o fifith, pattenmssofynal s

of any 15 frequency but wth the sane arrplié) de the anplitude difference
bet ween §hee?‘ﬂﬂ8la%f%ﬁ95¢mar§¥“&’l9i BBRURNCERafNG ineNTEPINSES these pattefnstther

T e e G MoyelF AT 7 S TR TP e,
equal i zer Welds ZHdGY FasPpufser nidvehfiitt &/aifibrd then FecofiEY fo tRQ reBérding BY

medium during production. As a result, when an end user records information
to the recording medium, this information can be reproduced to reduce or

10 eliminate the time and effort required for the recording device to iearn the
optimum movement information. Marks can therefore recorded with higher
precision, and recording with little jitter can be achieved.

Furthermore, optimized recording can be achieved even with

different types of optical disks, that is, optical disks having different disk

15 structures or recording film compositions, using a data recording medium
according to the present invention by recording to a particular area of the data
recording medium information indicative of the change in the mark start and
end positions required for input data signals of different symbol patterns, and
then reproducing and storing this information in the recording device at the time

20 of data recording.

Although the present invention has been described in connection

with the preferred embodiments thereof with reference to the accompanying
drawings, it is to be noted that various changes and modifications will be
apparent to those skilled in the art. Such changes and modifications are to be . |

25 understood as included within the scope of the present invention as defined by

the appended claims, unless they depart therefrom.



2D controlling the output anplitude ratio to 3 dB or less as a threshold

val ue for grouping signals together as d enbodi nent of the
i nvention, distortion error int roducedmnmm!{[uﬂ imn]zl during reproduction
i s reduced, arWopepd?2di ng and reproduci Rg W Mess |+ lter ROTAPRE/EENRI eved.
It is to be noted that in mark edge recg rding using a 25 sem conduct or

| aser 103 with a 650 nm wavel engt h, Jectlve |l ens 106 with an aperture
of 0.6, a shortest mark length of 0.5@palg&r] m and (2,10) run-length

i mted nodul ati on, marks shorter than 5T, that is, 3T -and 4T marks, are

preferably riot i ncl udadizta rédieding MediumUraviry ébllfamrdf?«racﬁs“fdrhﬁﬁordmg
consi deri ng 33 the size of the pulse noving circuit 110, 5T and | onger

marks, or 6infarmatiom gepresented asamarksr aidspatas beMeedddeumarﬂ(hethaamdgy oup.
In th| s exenpl ar¥0errbod| ment, T is approximately 30 ns, 3T is approximtely
90 ns, and TERS Bmelfmttlésyfos@@raq méhe data Tecordingmediupdangntisel i s t he

ol o of shndelH] HogRbAy A o b ARG b BGRLS Share SChhBS: 8F 1 WY
drive pulses is determined according to a length of a mark part in the original
signal to be recordsd to the track, the data recording medium comprising:
a data recording area for recording data, and
a control information recording area for storing at least one of a
10 first pulse position Tu value for determining a start position of a mark to be
recorded, and a last pulse position Td value for determining an end position of

a mark to be recorded.

2. The data recording medium as set forth in claim 1, wherein the
15 first pulse position Tu is obtained from a length of a mark part and immediately
preceding space part in the origihal signal, and last pulse position Td is
obtained from a length of a mark part and immediately following space part in

the original signal.

20 3. The data recording medium as set forth in claim 1, wherein the
first pulse position Tu is expressed as a time difference TF between a first
reference point R1, which is a leading edge of a mark part in the original signal
to be recorded, and a first edge of the first pulse in a plurality of drive pulses,
and

25 the last pulse pasition Td is expressed as a time difference TL
between a second reference point R2, which has a specific known position
relative to a trailing edge of a mark part in the original signal to be recorded,

and a trailing edge of the last pulse in a plurality of drive pulses.
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scal e of the pattern signal genM‘mmry 127. Based on the
above described first and seconc”ﬂ_ or spaces with a great
difference in heat accunul ation ﬂm’wm"m']ﬂg'ference are 10 placed into
different grog@00/e@dz® mar ks resul*tifAg tnm sIgrlficantly di fPerarwbiomed put
anplitude fromthe reproduction equali er are also placed in different
groups. However, the nunber of storage égi sters increases as the nunber of

groups increases, and this increases the scale of the pulse noving circuit
110. In addition, if the nunber of registers is increased, the nunber of

patterns usdd 15 for Thedatarredorginghmediimias sstdorH ihClAiRe 1] Mierdifthealt SO

I ncreases, and the scale of the pattern signal generator 125 therefore al so
i ncreases. Yengthof meark patthén tHenerigingjsignal and tbe tengtieof sprcet parts betweenases
whet her the register values are set at the factory or by the end user, -and
t he recor di Hie Mask Ragp A exgsFedas AorluRNTiWherehe registers al so
increase? 2D 111 i s therefore desirable to m nimze the nunber
of group® used for det er niniSRaPrEOLe RRHOHRTY byl se movenent. By groupi ng

mar ks of 5T and | onger in e i.Bed according to this
preferred enbodi nent, the '\jsic}’a g@ﬁ"ﬁ’@%’ﬁé"e’gﬁ@&sﬁg circuit 110, and the
scal e of the pattern gagahddiReabarts B8 sepanatb@tifta’a pReallly Y greaps
according to mark and space length; and
specific first pulse position Tu and last pulse position Td values

10 are set for each group.

5. The data recording medium as set forth in claim 4, whersin mark
parts are separated by Ilength into three groups, and space parts are separated

by length into three groups. -

15
6. The data recording medium as set forth in claim 4, wherein mark
parts are separated by length into four groups, and space parts are separated
by tength into four groups.

2 7. The data recording medium as set forth in claim 4, wherein the
number of adjustment groups increases as a length of the mark part and a
tength of the space part decreasss.

8. The data recording medium as set forth in claim 4, whereinntis 3 -

25 andn2is 11.

9. The data recording medium as set forth in claim 4, wherein mark

parts are separated by length into three groups of 3T, 4T, and 5T or longer
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Al t hough determ ni ng the optimum grouping of marks and spaces is affected

by several factors, thegy _ escri bed above are considered in
particular to determ njmmﬁiﬂ“ﬂﬂ"mﬂm shown in Fig. 4A in the present
34 enbodi mentwolobn43sz t 0 *be cnoteor t at *a predet erm ned i ni tigdr/poddsgeel S Set
as shown in Fig. 48 before pattern signal recording. These initial values

can be separately determ ned from expeS€nce, or they can be all set to the
same 5 value, Jf the same ipitial valuye is used.for all, the value, for
exampl e, 1 rﬁgfksstagge%ochrpq 028 ?%l?a’ﬁt%"s%v r‘ﬁﬂgg?rﬂ'ﬁ? thiee 0ouRRI B AT dTh in the

left table J ' anple, is preferably stored for all patterns.
In the caseéﬂcﬂgrﬁglérfggﬁ%%%ﬁ’(e in Fig. 4B, the value stored for 5MbS i s

used. Note, further, that in this case the value set for the 5SSM pattern
is determined so that the tine between first 10 pulse 301 and nultiple
pul ses 302 16 0. 5T aTheldata récorfing. médiumnds sbeforihl inecisint 4f whefEWP drk

determ ned so that the tinme between nultiple pulses 302 and | ast pul se 304
is 0.5T.5 parts are separated by length into four groups of 3T, 4T, 5T, and 6T or longer
‘marks, and space parts are separated by Jength into three groups of 3T, 4T, 5T,

and 6T or longer spaces.

1. The data recording medium as set forth in claim 1, wherein there
10 are two or more methods of using Tu and Td with a plurality of pulses, and
information indicative of the method of use is prerecorded to the control

information recording area.

12, The data recording medium as set forth in claim 11, wherein the
15 method of Tu use uses Tu to change the rising edge position of a first drive
puise without changing the width thereof, and the method of Td use uses Td to
change the falling edge position of a last drive pulse without changing the width

thereof.

2 13 The data recording medium as set forth in claim 11, wherein the
method of Tu use uses Tu to change the width of a first drive pulse without
changing the falling edge position thereof, and the method of Td use uses Td to
change the width of a Iast drive pulse without changing the rising edge position

thereof.

14. The data recording medium as set forth in claim 11, wherein the
information indicative of the method of Tu and Td use is recorded to a position

before the position where the Tu and Td values are recorded referenced to the
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It will also be obvious that the val ues—set—for—5S5Mand 5MbS can al so be

det erm ned usi ng other nethods. An exa [ Sl jwmFi g. 28. 15
As shown in Fig. 28, the pattern signarm mjﬂu) EMIH tern signal
generator 125 W@ aHFF2exanpl e has a singl ecperiad of 6T. Al secIlIeymssave

out put signal 2802 fromthe pul se generator 111; output signal 2803 from
the pulse noving circuit 110; and marks 804 formed in the recordi ng track

of the opti C@ﬁ'eéﬁoﬂ‘injégﬂc@ﬁf%}n{a%ﬁHlii ré?ﬂcolr&@dj.‘“ ating | aser power out put

bet ween peak power and 20 I as power |evels according to output- signal
2803. It is to be noted that while signals 2801, 2802, and 2803 are not
generated on the sane tine base,.for convenience they are shown with
correspondi ntB.parts i /A anethodi fpnabbtairimmeal first tpulse Ippsitibhe Tpafdrean datgnal
2801 in this case represents marks and spaces 25 wth a sinply repeating
6T period, aifgording mastirainay¥ingyps 5S5M and 5MBS of the ei ghteen pattern
types sho in Fig. 4A. The |aser is then driven based on drive signal 2803
in Fig. to record the nﬁtpﬂéga%d’ﬁraf’gs'thi s exenpl ary enbodi nent, pattern

signal 2801 in Fig. 28 is pepeatedly shesod 457 eMiHE %o°%Ctrack in the data

recording medium an optical beam modulated by one or a piurality of drive
pulses where a number of the drive pulses is determined according to a length
of a mark part in the original signal to be recorded to the track,
10 a data recording area for recording information using the
marks and spaces between the marks, and
a control information recording area having recorded
thereto at least a first pulse position Tu value and a last pulse position Td value
whereby at least a first pulse position Tu and a last pulse pasition Td of the
16 drive puise is changed so as to make a reproduction jitter a specific value or
less,
said method comprisfng:
generating a pattern signal containing a pattern of consecutive
mark parts with a specific length of PT and space parts with a specific length of
20 QT where T is a reference period, P is a positive integer from n1 to n2, and Q is
a positive integer from n1 to n2;
storing the pattern signal;
generating a plurality of drive pulses from the pattern signal;
forming spaces and marks on the data recording medium by '
25 generating and emitting thereto an optical beam modulated according to the
plurality of drive pulses;

reproducing the marks and spaces recorded to the data recording

medium; I

e
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35 conpl ete circunference of therecording—traek. Wen this track is
recorded, it is then reproduced. Reproduction includes converting an

optical signal fromthe phot oﬁﬂﬂmmu mgmuﬂn el ectrical signal, and then
processi ng thi woakeesi cal si ' 1112, | ow pass Ppcti®bnikss, and
reproduction equalizer 114. 5 *Thé repr'oddcti*on signal 2805 fromthe
reproduction equalizer 114 is applied t®8asymetry neasuring circuit 130

and digitizing circuit 115 The digi.t.izing.gcircui 15 adj usts the slice
| evel signal 2809 so %qma’{”ﬁeafb%b&'"'r‘gﬁﬁ"f&ﬁ?%% GRS OMPIRAIoR ahd t he

di'orti 21 ng DR GRS SBABE RS I RRASAP bRBAEIH afal Bl o Yamtifation,
si gnal 28090?R)a}lpan%QSaé’éﬁ%ﬁﬂﬁe@é’éﬁﬁdﬂﬂrﬁ%@ﬁﬁ%hﬂé%- The asymmetry

measuring circuirt 130 conpares the average o I gh 2811 and | ow 2810
peak val ues of the r aptaiing! iiom Signadifié@ABe viat iréthpuiski pesitiBNETuSigNal
2809. Wien the difference therebetween is a predefined |evel or greater,

t he | engbhs applidationrtarasoriitel signd! cpataining asaguence ohspacEhpartsl 6f ledgthf er ence
is attributable to a shift in the first pulse and | ast pul se positions.
Initial nmov&¥epnd M@rkeansobkpod T sVES0 are therefore corrected according
to the sign of the difference so that, for exanple, the first pul se and

| ast pul se each nove the sanme tinme-base distance in opposite directions.

The correctgg The method as set forth in claim 15, wherein first pulse position Tu
is obtained for a plurality of combinations of mark lengths and space lengths by

10 changing P and Q.

17. The method as set forth in claim 15, wherein the pattern signal

contains an adjustment signal for obtaining a DSV of 0.

15 18B. A method for obtaining a last pulse position Td for a data
recording medium having
a plurality of tracks,
marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive pulses where
2> a number of the drive pulses is determined according to a length of a mark part
in the original signal to be recorded to the track, and
a control information recording area for recording
information using the marks and spaces between the marks, and having
recorded thereto at least a first pulse position Tu value and a last pulse position T
25 Td value whereby at least a first pulse position Tu and a last pulse position Td
of the drive pulse is changed so as to make a reproduction jitter a specific value

or less,

said method comprising: ,
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val ues are then overwitten to nenory 127. 20 It

is to be noted

that the stored novenent 3 ted and overwitten to 5MS and
5S5M usi ng a single feedbg ﬂﬂ“@lﬂﬂmﬂjgﬁ 110, 109, 108, 112, 115, 120,
nts.

126) in the abesewssEnpl ary embodi ne wi |l be obvious,

horgrsenssed hat a

plurality of feedback |oops can be alternatively used. As a result, 5S5M

and 5MbS val ues whereby 6T marks can beS8ecorded at the 25

correct length

be obtained. By t tjing the physical |ength of k ysed
ot erence, marks i 1 GBI, AR dn’ dBof 5N ERing BofeterR, ofcoiatullve” °° °

| ength, andppee Pgﬂg Reth's sBedifi ?edtg'tlﬁ BﬁgTiCaZﬂ!I %&?ﬁ%@‘ﬁﬂhg-ﬁpﬁgﬂ# ?iég@h ?F gnal

203 fromthe pul'se noving cIrcul

ive

circuit 109QwhgRerayT I8 PéfeRMEBperpdPUY i ditiveqnielat frofn1 &, Hiid3s at

peak power while output signal 203 I1s high, and emits at bias power while

the signal &positive ihtegéofromanteri;sequence 204 as shown in Fig. 2. During
reproduction, the collinmator lens 104 converts the |aser 5 beamenitted
f rom t heSseni conduct @toringthe pattern signakal | el |ight, which is then

generating a plurality of drive pulses from the pattern signal;

forming spaces and marks on the data recording medium by

generating and emitting thereto an optical beam modulated according to the

plurality of drive pulses;

10 reproducing the marks and spaces recorded to the data recording

medium;

comparing and obtaining a difference between a combination of

mark and space parts in the reproduced reproduction signal, and a combination

of mark and space parts in the stored pattern signal; and

15 obtaining from this difference a last puise position Td for

application to an original signal containing a sequence of space parts of iength

QT and mark parts of length PT.

19. The method as set forth in claim 18, wherein last pulse position Td

20 is obtained for a plurality of combinations of mark lengths and space lengths by

changing P and Q.

20. The method as set forth in claim 18, wherein the patten signal

contains an adjustment signal for obtaining a DSV of 0.

21. An apparatus for obtaining a first pulse position Tu for a data

recording medium having

a plurality of tracks,
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i ncident on the beam splitter 105. t+ght—passing—thebeam splitter 105 is

focused to a light spot by the objecty ; , d emtted to the

optical disk 101. Light reflected framﬁb g | ilE: ﬂﬁ[sk 101 is then

col l ected by tRg,d0 .0bjective |ens s ack to tllkel_‘{gggg@
BY

splitter 105. Lig reflected by the beamsplitter 105 is col 1E¢
col l ective lens 107, and focused on photggetector 108. The phot odet ector
108 converts light incident thereon to an electrical signal, which is then
anplified by the preanp limarksrgiedphby emilingl to1& track dmthealata eaeqrding? i s

EL‘ﬁBoFZ?@E"aér@%&‘fﬁgpoéé‘p%c%ﬁé“ea"rﬁ‘%%&%ééEswléi”ﬁéé‘g&»B%ﬁt%%ﬁ&%ﬁ@é?{%%?{‘ﬁla
STl o R Ety oL B Bl s ARk Rl Sldrbt s Wk GeR
sequence of ﬁth@@igﬁﬁl§§ntcxmbsbé’l"§cﬁmedft6%éftr@?§8étﬂi tizing circuit 115 to the

pul se 20 position’o t neasuring circult The pul se position offset

measuringscircuit 120 measgr esortlof wiefhatioh efdrordingerardhs 1821 recotding?23,
and 224 in the reproduction signal 205. If the neasured edge int ervalg 221

in Fig. 2 isinfarmgationt bsingt the markslandT spates betwedarhdhs agnarksg dnar hlawipg pul se
roverment 3N5|§30iopdeliii t 'ere%g\ ait lseast a ﬁrsft pulse position Tu value and a last pulse position
Td value whereby at least a first pulse position Tu and a last pulse position Td
of the drive pulse is changed so as to make a reproduction jitter a specific value
10 orless,
said apparatus comprising:
means for generating a pattern signal containing a pattern of
consecutive mark parts with a specific length of PT and space parts with a
specific length of QT where T is a reference period, P is a positive integer from
5 nito n2, and Q is a positive integer from n1 to n2;
means for storing the pattern signal;
means for generating a plurality of drive pulses from the pattern
signal;
means for forming spaces and marks on the data recording
2 medium by generating and emitting thereto an optical beam modulated
according to the plurality of drive pulses;
means for reproducing the marks and spaces recorded to the data
recording medium; _
means for comparing and obtaining a difference between a =
25 combination of mark and space parts in the reproduced reproduction signal,
and a combination of mark and space parts in the stored pattern signal; and
means for obtaining from this difference a first puise position Tu

for an original signal containing a sequence of space parts of length QT and
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25 reduced by the difference between—theneasured interval 221 and the

normal 9T interval fromthe curigemt g i 3MbSO by way of bus 126. The
setting for first pulse rmvema”'m @ﬂmwﬂﬂm Ais simlarly increased
fromthe curr g oggsyO setting by ¢ he Ok e between thepggggwwberval
222 and t he normal 9T interval by way of bus 126 if the edge i'nterval
222 is longer than the normal 9T intervgh. The val ues stored for 4S5M and
S5MAS are |ikew se corrected_based on the neasured edge intervals 223 and
224. \Wen t mafk pagisof denath Rds agd stafipgdirstipulse gositieB Tupat t er n si gnal 201 5
I's again recorded and the edge intervals are neasured. This process Ts.
repeated until the difference between the nornmal interval and the neasured

d [ i s bel ] |l | . siomul ly f
ST four - cda® i nt or val e SR AT IR £1) ke Bt PR RORREY ¢ he
edge that 1 g,n@lobtiesior dilifaitpbd ddibiRdienohs AR BRGNS Lhd GikbeliBfioths
I mredi atel y %Jol lom ng 10 ‘space is 6T space 210, In lhe cas 01? ed%e

i nterval 522py chahgipgdahe¢ Q. n the case of edge interval 222, the risi ng’
edge of 6T mark 213 is not noved, and the inmediately preceding space is 6T

space 212.
23. The apparatus as set forth in claim 22, wherein the combinations

are classified, and wherein the reproducing means comprises an equalizer, and
the ratio between the output amplitude of the equalizer at the frequency of the
10 longest mark and the output amplitude of the equalizer at the frequency of the
shortest mark is 3 dB or less, provided that the longest mark and the shortest

mark are from the same ciassification.

24, The apparatus as set forth in claim 21, wherein the pattern signal

15 contains an adjustment signal for obtaining a DSV of 0.

25. An apparatus for obtaining a last pulse position Td for a data
recording medium having
a plurality of tracks,
2 marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive pulses where
a number of the drive pulses is determined according to a length of a mark part
in the original signal to be recorded to the track, and
a control information recording area for recording = !
25 information using the marks and spaces between the marks, and having
recorded thereto at least a first pulse position Tu value and a last pulse position
Td value whereby at least a first pulse position Tu and a last pulse position Td

of the drive pulse is changed so as to make a reproduction jitter a specific value
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The mark and space between which are located the edge that is not noved
within a mark/space pattern are referred to herein as a reference 15

signal. This edge is further referrddill |60l BiBr ence edge. |If the
HIFiIK

reference edgew@yég&2a N conjunction Wl ; t is ”Dv?gtuﬂﬂMﬁﬁ?”t
settings cannot be correctly determ ned°‘betaute thére is no ti'xed point of
reference. The position of the referencgoedge nust therefore nust remain
stationary and cannot nove in conjunction with the edge that is noved. 20
Fur t her nor e,ord@8$% when the edge in the reference signal does not change in
conjunction with an edge that is noved, it nmay be necessary to change the

reference signal so tﬁﬁ&dﬁﬂP@r?‘HFéP@ﬁEiéihﬂdge does not nove in conjunction
t he,.referen udes .a mark

of the short est pose: 1REARcIRy EMeTetite, = BBLER, SITRAL conlaya0 1 EaLErE cbnce. 25
oAb FREE AR S ORI A PEEOR A B Bielfe
o o chi S 4RGSR AT TGS e I ptd g i
n1 to n2, and Q is a positive integer from n1 to n2;
means for storing the pattern signal;
means for generating a plurality of drive pulses from the pattern
signal;

10 means for forming spaces and marks on the data recording
medium by generating and emitting thereto an optical béam modulated
according to the plurality of drive pulses;

means for reproducing the marks and spaces recorded to the data
recording medium;

15 means for comparing and obtaining a difference between a
combination of mark and space parts in the reproduced reproduction signal,
and a combination of mark and space parts in the stored pattern signal; and

means for obtaining from this difference a last pulse position Td

for an original signal containing a sequence of space parts of length QT and

20 mark parts of length PT, and storing last pulse position Td.

26. The apparatus as set forth in claim 25, wherein first pulse position
Tu is abtained for a plurality of combinations of mark lengths and space lengths

by changing P and Q.

27. The apparatus as set forth in claim 26, wherein the combinations
are classified, and wherein the reproducing means comprises an equalizer, and

the ratio between the output amplitude of the equalizer at the frequency of the
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38 signal, the sanme reference signal can be used for all settings shown in
Fig. 4A, and mark start and en H"H“Mj’lﬂﬁmre more accurately determ ned
i n various nmark/space conbi nat there are al so

di fferences i nwolwengagsnge of the marK 5 5"edye *posi tion even i pdiyesd@agest
signal group because of differences in heat accumnul ati on and ther nal

interference within the group for changB@g first pulse and | ast pul se .

W th o hi gh s s e BE it S e Shletien et of rRduepdlf e’ "7
t -of

S0 The 75, SR AR 9N B Bk Pl S LhaBieRRH s SR O

posi tions cafarRGra$fingwdsarel cldesifigitigh. t hough smal | there are also
differences in the output anplitude of the reproduction equalizer when .

reproducing different nmark/space signals in the group containing the

| ongest possi bl e mark because of 15 differences in the output anplitude of
the repr&du@ion equaFheapparatusiks Betforthdn giaion23,ovharaian dhenpattemssionall se
and | ast pul se novenent. However,hy selecting as the reference signal a
mar k/ space §P§¥@PSW@HJL¥§W?W'Q'?%€RFE‘?¥8§'%T9% PEBce that also belongs to

the group containing the | ongest possible signal

29, A recording and reproducing apparatus for recording and
reproducing a data recording medium having
10 a plurality of tracks, _
marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive pulses where
a number of the drive pulses is determined according to a length of a mark part
in the original signal to be recorded to the track, and
15 a control -information recording area for recording
information using the marks and spaces between the marks, and havirig
recorded thereto at least a first pulse position Tu value and a last pulse position
Td value whereby at least a first pulse position Tu and a last pulse position Td
of the drive pulse is changed so as to make a reproduction jitter a specific value
2 orless,
said apparatus comprising:
means for reproducing a first pulse position Tu and a last pulse
position Td prerecorded to the data recording medium;
means for storing the reproduced first pulse position Tu and fast * ¢
25 pulse position Td;
means for generating a drive pulse based on a data recording
signal, and correcting the generated drive pulse based on the first pulse

position Tu and last pulse position Td;

This Sheet Has Been Replaced

[T

THIS SHEET HAS BEEN
REPLACED




as in this preferred enbodi nent of the invention, the occurrence of

| npreci se 2D edge positionselmxmﬁﬂ"‘ E gin the overall recording and
reproduci ng system By thus ' m lmtwm,all reduction in the
occurrence of ‘gd&ﬁs ﬁt i npreci‘se‘posi th orts, *the probability of reliable
error correcti"GA"B3¥he denodul ation and error correction ciYCUFPo3E%
during actual data recording is inprovegg 25 It is to be noted
that the frequency of signal occurrence increases and the output anplitude
of the reproduction e®@ans ferr eMittng: apeaptigs! beamdiased an thedewramied drive

Sel ecting the reference mark therefore {nvol veé acHgade- of f between -
frequency oPUReSurtPe OB o R RAGRY pﬁf‘darﬁ}ﬁ"k?ud’@. Gr 19783 nppeerdipg; |mediumgg
mar ks and spaces of 5T or longer are in the sane signal group in this
preferred enbodi nent of the invention, a 6T reference mark is used in

Further not eg that ey b FheliRgRideio SNRAGRAS St i gl 207 °°
sel ect ed 5t o WHERéinldiRn ¥ isalEMeepiiBe kositibh Tuldhd REOpElSs pvkitibn tTAYs set with -
respect to a class of combinations of mark lengths and space lengths, and
wherein the reproducing means comprises an equalizer, and the ratio between
the output amplitude of the equalizer at the frequency of the longest mark and
the output amplitude of the equalizer at the frequency of the shortest mark is 3

10 dB or less, provided that the longest mark and the shortest mark are from the

same classification.

31. A manufacturing apparatus for manufacturing a data recording
medium having a plurality of tracks,
15 “marks formed by emitting to a track in the data recording
medium an optical beam modulated by one or a plurality of drive pulses where
- a number of the drive pulses is determined according to a length of a mark part
in the original signal to be recorded to the track, and
a control information recording area for recording
20 information using the marks and spaces between the marks, and having
recorded thereto at least one of a first pulse position Tu value and a last pulse
position Td value whereby at least one of a first pulse position Tu and a last
pulse position Td of the drive pulse is changed so as to make a reproduction
jitter a specific value or less, s
> said apparatus comprising:
means for storing previously obtained first puise position Tu and
last pulse position Td values for a drive pulse sequence;,

adjustment method information storage for storing information
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correct length. Different initial vatuesTtan,—however, be used based on the
structure. of the optical disk 101. ) i e first pattern signal
is conpleted, a second pattern si gnmnm"mmnmlm“!ﬁhown in Fig. 11 are
second patter io?p , 1101, 10 whi ch i 8 tthe#ousput signal fromthe %gttern
signal generat 9P 1252 out put signal 1102 from the pul se genePSigPooPIed

out put signal 1103 fromthe pul se novingsircuit 110; and nmark pattern 1104
formed in the recording track of the optical disk 101 based on out put

si gnal 1103.indipative efsa pise positientadiiptmestimediad; 3S5M and | ast pul se

settings 4MbS and 5MBS in ngg 4A are then updated usi ng the 15 sane "net hod
descri bed above usi ng™e88stiof orvpang: the &ﬁ?%mﬂsifgﬁap 2information, fisslor di ng

shoun 1 i GtV P b@HIn 3SR ReE bR b ool L 4 SRRy G el
f h gﬁ'@d BER G : i | 1202 f h I
g:ag(ranr ;t grp?tlai‘;%r%burﬁéut |agnal 8@9%59%%055#{)%%& :;gggvi ng ci r(r:lcj)imttzg plilg?

and mark gpattern 1204)dsgf g@ﬁ'erhﬂn%hﬁeérﬁ%F geRerating &klasér bbsm Pidsesaln tHesk 101
based on output signal 1203. In Fig. 12, the 10T period of 1210 and 1211 (a

6T space andeddrdimy signaind the | OT peri oa of 1212 and 1213 (a 4T mark and 6T
space) have the sane tine |length and appear as a conti nuous wave. Measured
signal 1210 - 1211 and the next neasured signal 1212 - 1213 therefore have
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25 the sane length, and it is difficult to accurately separate and neasure
the neasured signals. Uilizing the fact that jitter is mnimzed if _the
two 10T periods are substantially the sanme length; a jitter nmeter can

t herefore bei%ggé#h uted for neasurenent. Ot her than these scg@doIesr i ods,

t he sane d used with the first pattern is applied to set and
update the first pul se settings 454M and 3S3M and | ast pul se settings 4M4S
and 3M3S in Fig. 4A. Wen recording the third pattern signal is conpleted,
a fourth pattern signal is recorded. Shewsm in Fig. 13 are fourth pattern

signal 1301, 5 which is the output signal freamthe pattern signal generator
125; output signal 1302 fromthe pul se gener

11; output signal 1303
fromthe pulse noving circuit 110; and nmark giggern 1304 formed in the
recording track of the optical disk 101 base®®n out put signal 1303. The
first pulse setting 4S3M and | ast pul se settE%§E4NBS in Fig. 4A are updated

usi ng the sanme method usg 10 the firstsBattern signal. Wen
recording the fourth pat 5 ggnal is conpl & ddo a fifth
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pattern signal is recorded. Showmn in Fig. 14 are fifth pattern signal 1401,
whi ch is-the output signal fromthe pattern signal generator 125; out put
signal 1402 fromthe pul se generator 111; output sSignal 1403 fromthe pul se
Movi Ng Circuiwokdnsdd0; and mark pattern 1404 forned in the RCFTBIMMAY track
of the optical disk 101 based on output signal 1403. The first pul se
setting 354M and | ast pul se setting 3MAS in Fig. 4A are updated using the
sanme nethod used with the fourth pattern signal. It is therefore possible
with the method according to this prefe?488 20 enbodinent to conpensate
during recording for the effects of heat accunulation and thernal ’
interference during recording and distortion fromthe equalizer during
reproduction, and thus record a markl space pattern with little jitter, by
determning the mark start position fromthe |l ength of the recorded mark
and the length of the space preceding the mark, and determ ning the mark 25
end position fromthe I ength of the recorded mark and the | ength of the-
space follow ng thereaffer. {n additin, by recording firs) tp fifth
patterns and conpensati th reystart and d posit]jons to nimze the
of fset froma specificge
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41 edge and the normal mark | ength, optinmumfirst pulse and |ast pul se
novenent can be determ ned for any signal pattern not contained in the
first to fifth patterns. It is therefore possible-to record marks at the
correct positywenoeeéssi Nng actual data recordi ng, and recordi ngcwikdenobdedt | e
jitter can thus be achieved. 5 It should al so be noted that
the nmethod according to this preferred enbodi nent uses sinple synbol
patterns whereby the difference DSV is controlled to substantially zero

only when DSV is not 0. As noted above, ,.DRY is the difference between the
reference signal, neasured signal, and s and spaces in a specific-
period. 10 For exanple, the sumof nmarks in the first pattern

signal 201 in Fig. 2 is 34T and the sum of spaces is also 34T. By
incorporating into one pattern two types of neasured nmarks with different
edge intervals, the settings shown in Fig. 4A can be determ ned using fewer
patterns. It is also possible to mnimze the time and recording track_
space, and the scale of the pattern signal 15 generator 125, needed to
determ ne the settings. As rgged above, the pul se position offset
measuring circuit 120 neas rd€]t position offset of the output signal
fromthe digitizing circuit

11T MARK SIGNAL _| L

{301 302_ 304

v

11T PULSE SIGNAL

sot putse siaNaL I UL
ot puLse siavaL _ | JUHIAAN.___
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115 to detect the edge interval or jitter interval, nodifies the table

stored in nenory 127 based on the neasured results, and sends a signal

i ndicative of 20 the corrected pul se edge position to the pul se noving
circuit 110 t@oghfkathe first pulse and last pulse. It is atdrewrsmissssel y
possi bl e, however, to pass the output signal fromthe digitizing circuit

115 over a general purpose interface bus (GPIB) to a tiner interval

anal yzer or other analyzer for measuring the tine interval or jitter, 25
further connect the tine interval anal yg€es5over a GPIB to a personal
conputer, and then pass signals fromthe personal conputer to the pul se
nmoving circuit 110 through a SCSI or other bus interface. In this case it

is not necessary for the recording device to conprise the pul se position

of fset measuring circuit 120, 42 and can thus be sinplified. It is tg_hg\\\
noted that while this preferred enbodinent shifts the first pul se | ast .
pul se according to the specific mark/space conbination, the sa met hod.. can

be applied to optim ze the_pul idth in a record xgahrjﬁg
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5 whereby the pulse width of the first pulse and | ast pul se are nodifi ed.
Fig. 22 shows the signal parts corresponding to 6T mark 213 in first
pattern signal 201 and 6T mark 213 in pul se generator output signal 202 in
Fig. 2 when tHie oRaee | ength before the 6T mark is 6T, 4T amrdr3dsemsedor di ng
to an alternative nmethod of the present enbodi mrent whereby optim zation is
10 achieved by pulse width nodification. The width of the first pul se
changes according to the length of the mark and the precedi ng space. In
this preferred enbodi nent, both marks aqg/é aces are separated into three
groups of 3T, 4T, and 5T or |onger, and rmark edge novenent is therefore
defined for nine possible conbinations of marks 15 and spaces. Myvenent of
the rising edge of the first pulse is expressed as novenent TF referenced
to the rising edge of first pattern signal 201, for exanple. The falling
edge of the first pul se does not nove. 6T mark 213 bel ongs to the 5S5M
group because the preceding space is 6T long, and-JTFl is 20 approxinmately
1 ns. Wen the precedingfgg is 4T 1 ong, venment of the rising edge of
the first pulse is in the #485Mgroup, and AF2 is approxi mately 3 ns. \Wen
the preceding space is 3T long, the first/pulse width is in the 3S5M group,

and TF3 is approﬂd@ml_y 5 ns._Not®d t hat /while the i changes,
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the falling edge of the first pulse does not nove. As a result, the width
of the 25 first pulse changes. Fig. 23 shows the signal parts
corresponding to 6T mark 213 in first pattern signal 201 and 6T mark 213 in
pul se gener at oWO&0MI4322 signal 202 in Fig. 2 when the space | eqgiPeshadoer e
the 6T mark is 6T, 4T and 3T according to 43 a further alternative

nmet hod of the present enbodi mnent whereby optim zation is achieved by pul se
wi dth nodification. In this case novenent of the rising edge of the | ast
pul se is expressed as TL referenced, for gxsgwple, to two clocks before the
falling edge 5 of the first pattern signal 201. The falling edge of the

| ast pul se does not nove. Because the follow ng space is 6T |long, 6T mark
213 is in the 5105S group, and TL1 is approximtely 13 ns. Wen the

foll owi ng space is 4T, novenent of the rising edge of the last pulse is in
the 5MAS group, and TL2 ipg=appppxi mately 11 ns. \When the foll ow ng space is
3T, the last pulse w dtth s 5MBS, and 10 TL3 is approximtely 9 ns.
Note that while the value ol TL changes, the rising

(11T+sXT)=r
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edge of the |ast pul se does not change. As a result, the width of the | ast
pul se changes. It is to be noted that various nethods ot her than changi ng
the pul se position or pulse width can be used for controlling the mark
start and 15 @ #1833 positions, including adjusting the | asecTyromesssat a
specific pulse. Using the TF and TL value tables to achieve the intended
optim zed recording benefits of the present invention therefore requires
that the optim zation nmethod used to correct these tables be recorded with
the tables. This can be acconplished by7¢¥@ording the control method or by
recording a predeterm ned 2D "code indicative of -the control nethod. A data
recordi ng medium and optical data recording nethod according to alternative
enbodi ments of the present invention are described next below wth
reference to the acconpanying diagrans. Fig. 15 is a block diagramof a
data recordi ng nmedi um and optical data recording device e 25 according to
a second preferred enbodi nent of the present invention. Shown in Fig. 15

are: an optical disk 1501, spinefje tpr 1502, senfcophductor | aser 1503,
collimator | ens 1504, beam spli{ }er}1505cbjectiv 6, collective
| ens 1507, phot odetector 1508, tasei dfive circhitj15pD9,} pul se noving
circuit 1510, —
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44 delay circuits 1528 and 1529, pul se generator 1511, preanp 1512, | ow
pass filter 1513, reproduction equalizer 1514, digitizing circuit 1515, PLL
1516, denodul ation and error correction circuit 1517, reproduction data
signal 1518, pwowwissztting circuit 1519, and nenory 1520. 5 pcT/Ip9sn3sso

Fig. 16 is a plan view of the optical disk 1501. In this exenplary

enbodi nent the optimum position information for the mark start and end
positions, that is, the two corrected tables shown in Fig. 4A and
determined as described in the first emS@®@%ent of the present invention

is stored in recording area 1601. These tables conprise pit and | and or-
mar k and space bit 10 sequences printed to the inside circunference area
of the disk by the disk manufacturer prior to shipping. These two corrected
tabl es are conpiled by the manufacturer of the optical disk, and are
prestored to every optical disk. The end-user thus obtains optical disks to
whi ch these two corrected tables have already been stored, and uses such

disks with the device shown in Eilg. |15, 13 The ¢ptical data
recorder shown in Fig. 15 has an " ° n conduct or
| aser 1503, collimtor |ens 1504} bdamjspijat fer |15¢5,
26
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objective |l ens 1506, collective | ens 1507, and photodetector 1508. Wen an
optical disk 1501 is loaded into this optical data recorder and the
recorder conpletes a specific operation for recoghizing the disk, the
optical head woees320 to the recording area 1601 storing tRer/aRI®PILANM mar k
start and end position data tables, and reads the stored information. The
data read fromrecording area 1601 thus contains the information conpiled
in the two tables shown in Fig. 4A, and the reproduced tables are thus
stored to nenory 1520. Mass manufacturingg@tical disks thus containing the
corrected 25 tables described above is described next below. Two corrected
tabl es such as shown in Fig. 4A are first conpiled by determ ning the
optimum mark start and end positions using a nethod such as described in
the above first exenplary enbodi nent of the present invention. 45 The
content of these tables is then recorded to the recording area 1601 of the
optical disk 1501 using a laser to cut the information into the naster _that
will be used for stanping the optical disk 1501 during production when the

recordi ng

Fig.10
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area 1601 is recorded with a pit and | and sequence. 5 Fig. 27
shows a mastering systemfor cutting an optical disk master. Shown in Fig.
27 are nmenory 2701, adjustnment nethod data generator 2702, recording signal
generator 2708pcbigkd nodul at or 2704, beam gener at or 2705,Iﬂ§ﬁ§?$@§gﬁbly
2706, glass master 2708 coated with a photosensitive material 2707,
turntable 2709, and notor 2710. 10 The two corrected tables
shown in Fig. 4A are stored to the nmenory 2701 in Fig. 27. Next, the nethod
used for adjusting the first and last pll4s is output fromthe adjustnent
met hod data generator 2702, and the content of the two tables is then -

out put fromnenory 2701. The recording signal generator 2703 then processes
t he adj ustnent nethod and table data, 15 including nodul ation, addi ng an
error correction code, scranbling, and other desired processes, and '
generates the two-val ue data used for recording. The | aser beam generated
fromthe solid | aser generator 2705, which oscillates at the wavel engt h-of
ultraviolet or the like vel ength, is ppwer dul at qd_ by gye put si gnal
fromthe recording sign enerpt or {2708. The Togdul ated | aSer 20] beamis
fed through the I ens assenply ahd ifpi nges onto |the phgtosensitiye materi al
2707 on the gl ass masters. 8. Recornding, the t val ue {si | islachieved
and pff to posge}or | not
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expose the photosensitive |ayer appropriately. It is to be noted that the
two tables stored to the nenory 2701 are recorded to an area on the inside
25 circunference side of the user data area where the end user records
data, and thewaditsstdrent nethod data is recorded to the arelCT/orwmaIsd? nsi de
circunference side of the area to which the two tables are stored. 46
nmetal stanping naster with pits and | ands i s produced by sputtering the

gl ass substrate with nickel or metal. This netal stanping naster is used as
a die for producing a disk substrate onty@abch a recording filmis forned. A
single disk is produced by conmbining two substrates, at |east one of which
has a recording 5 filmfornmed thereon. Returning to Fig. 15, the |l aser beam
emtted fromthe sem conductor |aser 1503 is converted to parallel |ight by
the collimator |ens 1504, and passed to the beamsplitter 1505. Light
passing the beam splitter 1505 is collected by the objective | ens 1506, and
emtted to the optical disk 10 1501 as a light spot. -
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Light reflected fromthe optical disk 1501 is then collected by the

obj ective |l ens 1506, and passed again through the beamsplitter 1505. Light
reflected fromthe beamsplitter is collected by the collective | ens 1507,
and focused omwabdpasphaot odet ect or 1508. 15 The phptooebesheor
1508 converts the light quantity to an electrical signal, which is
anplified by the preanp 1512. The output signal fromthe preanp 1512 is

t hen passed through the | ow pass filterﬁ£§ wher eby hi gh frequency signal
conponents are bl ocked. The reproductio alizer 1514 then equalizes the
signal, which is next binarized by the digitizing circuit 1515 2 usi ng a
predeterm ned slice level to output a signal of Gs and Is. The cl ock of the
output signal fromthe digitizing circuit 1515 is extracted by the PLL
1516. An output signal synchronized to the clock is then supplied to the
denodul ati on and error correction circuit 1517 for denodul ati on and error
correction of correctable data, resulting in reproduction signal 1518. 25
The reproduction signal 1518, that is, the content of the tw tables and

t he adjustnent nethod information, is then stored to menory 1520. The

opti mum novenent information for the mark start and end positions is then
passed over bus 1521 to the pulse noving circuit 1510.
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47 During actual recording, the power setting circuit 1519 sets the | aser
drive circuit 1509 to either peak power or bias power |evel. Subsequent
signal flow is described further below with reference to Fig. 17. Shown in
Fig. 17 are t{g lakg, recording signal 1701 input to the 5 pwcpgrwmseyat or
1511, the output signal 1702 fromthe pul se generator 1511, and the out put
signal 1703 fromthe pulse noving circuit 1510. The recording marks 1704
are formed in the recording track of the optical disk 1501 by nodul ating

| aser power between peak power and bi aggpeser |evels. Note that signals
1701, 1702, and 1703 are not actually on the sane tine axis, but are 10
shown with corresponding parts aligned vertically in Fig. 17 for ease of
understanding only. In data recording signal 1701, nmark parts 1706, 1708,
and 1710 are the parts of the signal whereby a mark is forned on the disk,
and space parts 1707, 1709, and 1711 are the parts of the signal that
appear as a space 15 on disk. For exanple, when data generated by (2, 10)
run-length limted
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nodul ation is recorded using a mark edge recordi ng nethod, the marks and
spaces have a shortest length of 3T and a | ongest length of 1 IT where T is
the reference period. Mark part 1706 is a 6T nmark, space 1707 is a 6T
space, 1708 2Qgoi/fs3de 4T mark, 1709 is a 4T space, 1710 is apGTormrokssand
1711 is a 6T space. This data recording signal 1701 is converted to a pul se
sequence by the pul se generator 1511, resulting in output signal 1702.

Pul se output fromthe pul se generator 1511 corresponding to marks of

|l engths 3T to 11T is shown in Fig. 18. 13525 Referring by way of
exanple to a 6T signal in Fig. 18, the pulse at the start of the signal is
referred to as the first pulse 1801, and the pulse at the end of the signal
is the | ast pul se 1804. The pul ses between the & r,st pul se 1801 and Iast
pul se 1804 are referred to as nultiple pul ses 1E§g and have a WO

00/ 16322 S8 PCT/ JP99103699 48
constant period. In a 6T mark there are two nul 8‘BI e pulses 1802, in a JT
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there are three, and in a 5T mark there is one. It wll thus be obvious
that the nunber of nmultiple pulses 1802 between the first and | ast pul ses
increases by 5 one with each IT increase in signal |ength, and decreases
one with eachw61&§1"rease in signal length. A 4T mark, ther gtpy@ogs0%ri ses
only the first and l'ast pul ses, and has no nultiple pul ses 1802

t herebetween. In addition, a 3T nmark conprises one pulse. It is to be noted
that in this preferred enbodi ment the tinme-base 10 |ength of the first
pulse is 1.5T, the last pulse is 0.5T, ggﬂ the length of the nultiple

pul ses is also 0.5T. The invention shal'B/#8t be .so linited, however, and
the I ength of these pul ses can be varied as necessary according to the
structure of the optical disk 1501. As noted above, data recording signal
1701 and output signal 15 1702 are not on the sane tine base. However, the
di fference between the rising edge of data recording signal 1701 and the
rising edge of the first pul se of output signal 1702 is the sane for any
particular nmark parts, and the difference between the falling edge of the
data recordi ng signal 170;: 6iE§ falling edge of the |last pul se of output
signal 1702 is also the s v ny 2) particular mark parts. The pul se
generator output signal 1702 is input .

1601
1602
Fig.17
1706 1708 109 1710 11
1701 _] 6T |’K°7| 4171 { [ 6T
6T 4T 6T

1702 WL Mo 1

1703 ML T T
1704 C o CD C
1705 T I L1 T




noving circuit 1510, which generates and outputs a signal 1703 in which the
positions of thé first pulse and | ast pul se are noved. Fig. 19 shows the
tabl es stored to nenory 1520. 25 It is-to be noted that the

tables in Fig. wb%oaési dentical to the tables shown in Fig. QQTJ@%ﬂpgpow
t he conbi nati ons of marks and spaces used for shifting the i pUree and

| ast pul se positions. The position of the first pul se changes according to
the |l ength of 49 the mark and the imediately preceding space. In this
preferred enbodi nent, the marks and spacgi/g#e separated into three groups,
that is, 3T, 4T, and 5T or longer. A tot nine different |ast pulse
positions are therefore defined. Movenent of the |ast pulse position is
simlarly corrected. That is, 5 |ast pulse position novenment changes
according to the mark length and the I ength of the follow ng space. In this
exenpl ary enbodi nent marks and spaces are separated into three groups based
on length, 3T, 4T, and 5T or |onger, and pul se position novenent is defined
for each of the nine possible nmark/space ' -

Fig.18
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conbi nati ons. The | ast pul se novenent TL is then cal cul ated using the sane
10 nethod used to calculate first pulse novenent TF as described in the
first enbodi ment. The output signal 1703 fromthe .pulse noving circuit 1510
is input to tRGehAees drive circuit 1509, which produces alﬁgﬁﬁ%ﬁﬁéglat
peak power at high pul ses and at bias power at |ow pul ses in the output
signal 1703. The 15 resulting sequence of marks 1704 is shown in Fig. 17.
It is therefore possible to reproduce froma predeterm ned area on the
optical disk and store in the optical daiasrecorder data for changi ng mark
start and end positions according to a data signal input to the optical
data recorder for recording. As a result, it is possible for the optical
data recorder to 20 optinmally record a signal of marks and spaces even
usi ng optical disks having different disk structures and recording fil ns.
It is to be noted that it is not necessary to obtain the optimzed mark
start and end position inf.ormation recorded to a particular area of the
disk for all disks. Mre specifically, if the variation between disks is

smal |, the values 25 obtained for disks.of the_sganme structure and sane
recording film conposition can be rigorded &5 tggical optim zed val ues.
Furt hernore, when the optinizedggar%’sﬁ%rk and q position
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val ues are obtained again during actual recording to further inprove
jitter, the "50 tine required for the optim zation process can be reduced
if typical optimzed values are prerecorded to a particular area of the

di sk as in thwo®exeszpl ary enbodi nent, and these typical val ussr/mosoissed as
default values for obtaining mark start and end position values optim zed
for jitter. 5 Furthernore, while marks and spaces are separated
into three groups, 3T, 4T, and 5T or longer, in this preferred enbodi nent,
the nethod for determning these groupiggs i_.s the sane as in the first
enbodi nent above. Insofar as the optim d, alues for first and | ast pul se
novenent are recorded to disk, various other groupings can be used
according to particular conditions. 10 For exanple, four groups, such as
3T, 4T, 5T, and 6T or longer, could be alternatively used. Tables for pul se
novenent groupi ngs based on mark and space | engths of 3T, 4T, 5T, and 6T or
| onger are shown in Fig. 24. Increasing the nunber of |ength groups used
makes it possible to nore precisely control first

- Fig.20
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15 pul se novenent and | ast pul se novenent according to the specific synbol
pattern recorded, and thus enables recording wwth even less jitter. It is
to be noted that this preferred enbodi nent of the present invention

det erm nes angogi/REAS optim zed novenent information for boP¢Ir/ /6% Nd

| ast pul ses, but the invention shall not be so [imted. Recording optimzed
20 novenent information for only one of the pulses is still beneficial for
determ ning the opti mum pul se novenent,. and nmakes it possible to achieve
recording with little jitter. it wll sa=be obvious to one with ordinary
skill in the related art that while this” eXenplary enbodi nent has been
described recording first and 25 |[|ast pul se novenent information optim zed
for particular mark and space conbi nati ons, a recordi ng net hod whereby the
pul se width of the first pulse and | ast pulse is change can be
alternatively used as described in the first enbodi ment. Optim zed
recordi ng of mark and space sequences can be 51 achi eved even with
different types of optical disks, such as when the disk

Fig.21
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structure or recording filmis different, by prerecording optimzed pul se
width information to a particular area of the disk. It is to be noted that
vari ous net hods ot her than changing the 5 pulse position or width can be
used for contggldhésdz the mark start and end positions, incl wdrigeedsssgi ng

| aser em ssion power at a particular pulse. Using the TF and TL val ue
tables to achieve the intended optim zed recordi ng benefits of the present
invention therefore requires that the optim zation nethod used to correct
these tables be recorded with the tabl es20/15 - Fig. 25 is a plan
view of an optical disk 2501. In this exenplary enbodi nent user data is
recorded to data area 2502. Information indicative of the nethod used to
adjust the first pulse and | ast pul se according to the input data signal is
recorded to area 2503 at the inside-nost circunference area of the disk
usi ng a sequence of p| 22 nds (marks and spaces), The optim zed 15 or
typical mark start and ﬂgp tion information, that is, tables such as
shown in Fig. 4A or Fig. is recorded to area 2504 using a sequence of
pits and | ands (marks and spaces). It is,theyref ossi bl e to,know by
reproduci ng the data gtoréd t? ahda %503‘mha3 d%fho is}usdd fbr adj usting

the marks and spaces, ﬂhaq isy 2 mhether the rrsi_orilast polse is noved
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It is to be noted that variables introduced by the recordi ng device, such
as the shape of the |laser spot emtted to the disk, can also cause the
optimum position of the mark start and end positions required for the best
recordi ng resyWoleasisz vary. To conpensate for this, the opti Bctadesmtsshypi cal
25 position information recorded to a particular area of the disk during
di sk manufacture can be reproduced and these initial values used for a
recordi ng test whereby the position values are optim zed for the recording
device. This nmakes it possible to reducgyypg nunber of patterns that nust
52 be recorded to determine the optimum mark start and end positions for
actual data recording. It also reduces the tine required for this

optim zation procedure. Fig. 26 is a plan view of a further optical disk
2601. In this exenplary enbodi nent user data is recorded to data area -2602.
I nformation 5 indicatl of iya met hod used to adjust the first pul se and

| ast pul se according t Igyeéj put data signal is recorded to area 2603 _at
the inside-nmost circunference area of the disk using a sequence of pits and
| ands (marks and
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spaces). The optim zed or typical mark start and end position information
is recorded to" area 2604 using a sequence of pits and | ands (nmarks and
spaces). 10 In addition, this optical disk 2601 conprises a test recording
area 2605. Wwboamsagpti cal di sk 2601 thus conprised, the optROTIIPgS/G362
method is read fromarea 2603, and the mark start and end position
information is read fromarea 2604, and based on this information a test
recording is nade in area 2605 using a %$P d such as described in the
first enbodi nent of the present 15 inve This makes it possible to
achieve nore optim zed recording than is possible using only the settings
prerecorded to the disk. It should be noted that by recording the area 2503
or 2603 containing the nethod used for adjusting the first pulse and | ast
pul se to the inside circunference side of the area 2504 or 2604 to which
the optimzed or 20 typical mark start and end position information is
recorded during di sk manufacture as shown in Fig. 25 or Fig. 26, -

respectively, the recording nethod eggu er mi ned when
reproduction proceeds fromthe i nspieRi e%% cgg rea of the disk, and
the tine required to conplete any @ktﬁ?rgé%t ependent upon the
recordi ng nmet hod can be reducgg. %5 ) @ cn oyl | al so be obvious to
one with ordinary skill in the&relia e drt=t hal \l\/nige the preferred
enbodi ments of the present ingentiop tene Bebn® | ©
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descri bed above using an optical disk by way of exanple, the invention
shall not be so limted. Mre specifically, the sane benefits can be

achi eved using a 53 tape or card type recording medi umor recordi ng and
reproduci ng deyy dAsiskt hout departing fromthe scope of the aeaoMPaIseng
claims. It will thus be known fromthe above that an optical data recording
devi ce according to the present invention records first to fifth patterns
of 5 exenplary recordi ng synbol sequences, and then reproduces these
patterns to determ ne the optinun1nnven§gp?gf the first and | ast pul ses.
These optim zed first and/or |ast pul se novenent. val ues are then recor.ded
to the recordi ng nedi um during production. As a result, when an end user
records information to the recording nedium this information can be
reproduced to reduce or 10 elimnate the tinme and effort required for the
recording device to learn the opti mum novenent information. Marks can
therefore recorded with higEET E?:*sion, and recording with little jitter
can be achi eved, Furthernor ,S;E ¥ zed recordi ng can be achieved even with




different types of optical disks, that is, optical disks having different

di sk 15 structures or recording filmconpositions, using a data recording
medi um according to the present invention by recording to a particular area
of the data reeeigésmg nedi uminformation indicative of the coaops/dset he
mark start and end positions required for input data signals of different
synbol patterns, and then reproducing and storing this information in the
recording device at the tinme Z2 of data recording. Al though the present

i nvention has been described in connecpsgaswith the preferred enbodi nents
thereof with reference to the acconpanying drawings, it is to be noted that
various changes and nodifications wll be apparent to those skilled in the
art. Such changes and nodifications are to be 25 understood as i ncl uded

wi thin the scope of the present invention as defined by the appended
clainms, unless they depart therefrom 54 CLAI M5 1. A data recording
medi um having a plurality of tracks for recording
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information represented as marks and spaces between the marks in a data
recordi ng area of the data recording nmedium the marks being fornmed by an
opti cal beam nodul ated by one or a plurality of drive pulses conprising a
first pulse, gyd@sleaul se and one or nore nultiple pul ses begweRgdage first
and | ast pul ses, where a nunber of the drive pulses is determ ned accordi ng
to a length of a mark part in the input signal to be recorded on the track,
characterized by a control information recording area storing: first pul se
novenents (TF) for nodifying said first %?Z}te of said drive pulses, said
first pulse novenents (TF) being separat | east into nine groups-
determ ned by a conbination of three groups of different length of a mark
and three groups of different length of a space imedi ately preceding said
mark, the three groups of different mark |l ength being a group with only the
first pulse, a group with the first pulse and the | ast pul se, and a group
with the first pulse, the multiple pulse and the |ast pulse, wherein said
first pulse novenment (TF) indicates either a pulse shift amount for h
shifting said first pulse without changing the pulse width, or a pul se

w dt h amobunt for changing the pulse wwdth of said first pulse, and, a code
i ndi cating a nethod for rfin Egé;d first pul se novenent (TF) either as a
pul se shift anount or as alﬁ wi dt h anount .
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55 2. ' The| BiseafitterSpeisey natitnen as set forth in claim1, wherein the
first pulse noverment TF is expressed as a time diffif@hce TF betvveeff!‘: valt
fi.rst reference point RL, which is a | eadi ng edge Cdurom@arbEehdbudgmest | NEutobbh Patent Attorney

i i i Dipf -IygG fi Dipl 1y Frank M
original signal to be recorded, and a first edge ofoﬂ.heot.f;fal;eé‘ nupul S eDl fRhvgFrank Meser

plurality of drive pulses. 3. The data recordi ng gig Wi vikeos et T OthRanivite
claim1, wherein the length of mark parts in the or.qwglmahens&%?al anghnspan pintig

length of space parts between the mark parts are exgl Asnit ahaa val 87 M.
where T is a reference period, and Nis a positive Jhdn r fromnl tvava@oron
mar k and space parts are separated into a plurali tf“’li?‘gg“&fﬁ% accorgli.ng, to
mar k and space | ength; and specific first pul se nowedmentstelF | S set f@denva®Ch
group. 4. The data recording nediumas set forth $¥{/c¥dim 1, V\herg"jfmg_ng.‘l{‘mm

. Rainer Frusct
parts are separated by length into four groups, and space parts ar elum-Chem.GabneielLsibler

separated by length into four groups. 5. The dat §*Eessredi ng medi L@?jﬁmﬁgpptmsmw

forth in claim1, wherein the separation Tel +49-(0}421-36 350
Fax +49-{01421-337 8788 (G3) Beriin
Fax 39-(0):2’1‘-3288631 1G4) Eatemanwaite A
i P
Bimmen, 28 September 2000 maiGeiseniihrcom Dipt g Henning Chiistens
. Dipi -ing Joach;(r:dvon Oppe
Dipl-Ing J
Qur Ref.: M 6015 JOE/aw DISI-Irr:g h:;at::ras Kzr;lhubsr
Appicentt  MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. B todomaik Altoms
- Serial Number; PCT/JP99/03699 ' Dipl -Ing Jurgen Klinghardt

A T

New Claims

- 1. A data recording medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an optical
beam modulated by one or a plurality of drive pulses comprising a first pulse, a last
pulse and one or more multiple pulses between the first and last pulses, where a
number of the drive pulses is determined according to a length of a mark part in the
input signal to be recorded on the track,

characterized by a control information recording area storing:

first pulse movements (TF) for modifying said first pulse of said drive

pulses, said first pulse movements (TF)} being separated at least into nine groups
determined by a combination of three groups of different length of a mark and three
groups of different length of a space immediately preceding said mark, the three
groups of different mark length being a group with only the first pulse, a group with
the first pulse and the last pulse, and a group with the first pulse, the multiple pulse
and the last pulse, wherein said first pulse movement (TF) indicates either a pulse
shift amount for shifting said first pulse without changing the puise width, or a
pulse width amount for changing the pulse width of said first pulse, and,

a code indicating a method for using said first pulse movement {TF} either
as a pulse shift amount or as a puise width amount.

-
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of .groups. becones fine as a length of the mark part and a | ength of ‘the
space part decreases. 6. The data recording nmedi umas—set forth in claim
3,. wherein nl is 3 and n2 is 11. 7. A recording and E Produm ng appar at us

for recording and reproducing a data recoerZi ng medi um mw(ymumf' m

1, said apparatus conprising: nmeans (1505 - 1508, 151
reproducing said first pulse novenents (TF) and the code frém%aid data
recordi ng nmedium neans (1 520) for storing the reproduced first pulse
novenents (TF) and the, code; nmeans (1510) for generating a drive pul se
based on a dafza r eThé dataOresbdiire mediueh a@eemmmg cldirh 1gevigréihete dnrétvmﬂwl se

206) for et (aRmeRTh & SRHERRE S o dind “@f?’?‘é o rﬁ,&e T8dist fdichg
form spaces. it AahdS Bioscing aRLPt ADak ARt AR IS ﬁﬁeﬁletpr?esfs?%gﬁa
pul se novenen®@ f(rsnrgdgesofsf@p fm priseinpa pluralisy of drive gulses.

3. The data recording medium as set forth in claim 1, wherein the length of
mark parts in the original signal and the length of space parts between the mark -
parts are expressed as a value NT where
T is a reference period, and
N is a positive integer from n1 to n2;
mark and space parts are separated into a plurality of groups according to
mark and space length; and
specific first pulse movement TF is set for each group.

4, The data recording medium as set forth in claim 1, wherein mark parts are
separated by length into four groups, and space parts are separated by length into
four groups.

5. The data recording medium as set forth in claim 1, wherein the separation
of groups becomes fine as a length of the mark part and a length of the space part
decreases.

6. The data recording medium as set forth in claim 3, wherein n1 is 3 and n2
is 11.

7. A recording and reproducing apparatus for recording and reproducing a data
recording medium as claimed in claim 1,

said apparatus comprising:

means (1505 - 1608, 1512 - 1517) for reproducing said first pulse
movements (TF) and the code from said data recording medium;

means {1520) for storing the reproduced first pulse movements (TF) and the
code;

means {1510) for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the first pulse movements (TF)
and the code;

means {109, 103 - 108) for emitting an optical beam based on the corrected
drive pulses to form spaces and marks on the data recording medium,

wherein said first pulse movement (TF) is set with respect to a class of
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conblnatlons of mark I engths and space |engths, and wherein t he reproducing
nmeans conprises an equalizer (1 514), and the ratio between the output
anpl i tude of “iﬁ eaual i zer at the frequency of the |ongest mark and the

out put anplit
3 dB or |ess,
the sane cl assificati on

*

le“ﬂﬂﬂ 'Lzer at the-f¥equency of the shortest mark is
e | ongest mark and the shortest mark are from
The recordi ng and reproduci ng appar atus as

set forth in claim7, vvhereln said first pul se novenents (TF)
respect to the type of the recording filmconposition changes.

is set with
9. The

recording and JaRAieRs ;amam%mg A8 Spabe 6, | AdOWRERIN/tHe reproduvinicei n

df t I
Structure of RSP GO PR SIS

havi ng a pl ur &f the eayaliggraatithe ffGﬂu?Wo?fcﬂ‘ﬁ@ﬂgﬁFWﬁﬂ‘ﬁW B OHRE

& ([fg 1 ifataﬁ”tﬁé"r’gﬁg %?ﬁﬁéen tﬂegnﬁa

litude
o

and spaces betineegudiber areikisequenay ahthe shectestharls i3 dB ooless. ipeorddecithatgbs di ng
medi um the ”Sﬁ&iiespﬁ'la'ﬂgaﬁ@ "ti‘f@a%éﬁ/es@'hé?i@tak&ﬂbmbmé%ﬂ%%s%tf&dnbﬁ one or a

plurality of
nore multiple pul ses between the first and | ast pul ses,
the drive pul $bs | ThadecardingaNdFeRMAYFing IRPaRAtYS AT EeL Brthan

composition changes.

e pulses conprising a first pulse, a last pulse and one or

AR BaNPSIR {he

i nput signal tsaid¥est sy modernantsHEFltis aetuyith respect to the type of the recording film

9. The recording and reproducing apparatus as set forth in claim 7 or 8,
wherein said first pulse movements {TF) being set with respect to the disk structure

or recording film composition.

10. A data recording medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an optical
beam modulated by one or a plurality of drive pulses comprising a first pulse, a last
pulse and one or more multiple pulses between the first and last pulses, where a
number of the drive pulses is determined according to a length of a mark part in the

input signal to be recorded on the track,

characterized by a control information recording area storing:

last pulse movements (TL) for modifying said last pulse of said drive
pulses, said last pulse movements {TL} being separated at least into nine groups
determined by a combination of three groups of different length of a mark and three
groups of different length of a space immediately following said mark, the three
groups of different mark length being a group with only the first pulse, a group with
the first pulse and the last pulse, and a group with the first pulse, the multiple pulse
and the last pulse, wherein said last pulse movements (TL) indicates either a pulse
shift amount for shifting said last pulse without changing the pulse width, or a
pulse width amount for changing the pulse width of said last pulse, and,

a code indicating a method for using said last pulse movement (TL) either

as a pulse shift amount or as a pulse width amount.

11. The data recording medium as set forth in claim 10, wherein the last pulse
movement TL is expressed as a time difference TL between a first reference point
R1, which is a leading edge of a mark part in the original signal to be recorded, and

a first edge of the last pulse in a plurality of drive pulses.
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characterized by a control inforrrat”"’"“’"k}",”l"wm"ea storing: last pul se
movenents (TL) for nodifying said | ast cpul Sew Ofs d drive pul ses, said

| ast pul se novenents (TL) being separated at |east into nine groups

determ ned by a conbi nation of three groupé-of different |ength of a mark

and three groups of different length of a space imediately follow ng said
mark, the three groups of different mark I ength being a group with only the
first pulse, a group with the first pulse and the | ast pul se, and a group

with the first pulse, the nultiple pulse and the |ast pulse, wherein said

| ast pul se nDVESENtThe(ddta rédtidifg nfsditth (d3eet PortinSdaifNi G twRérBiAthe 16Hgth of
it "o 3 pad 3 Sl 50011 {anR W 3o it iR BHL k! 01
i ndi cating a rRATHoRIee¥Pressetgs dape NEwWhaitse novenent ’ (TL) "either as a
pul se shift anmount orTaisaasfedrse periddharchount. 11. The data recording
medi um az set f;)rth igfifgqjogmw,imggg,:ﬁbm dhe bg;s% pul se novenepttTL is ]
expressed as a ti r e refer 0 iC
o e Teadi ng edge dFeTk R BaEEPAts A SBaGnRY itk ¥ gl SR e ¥ and
a first edge onatkand spacedengtl; anfl a plurality of drive pul ses.

specific last pulse movement TL is set for each group.

13. The data recording medium as set forth in claim 10, wherein mark parts are
separated by length into four groups, and space parts are separated by length into
four groups.

14. The data recording medium as set forth in claim 10, wherein the separation
of groups becomes fine as a length of the mark part and a length of the space part
decreases. '

15. The data recording medium as set forth in claim 12, wherein n1 is 3 and n2
is11.

16. Arecording and reproducing apparatus for recording and reproducing a data
recording medium as claimed in claim 10,

said apparatus comprising:

means (1505 - 1508, 1512 - 1517) for reproducing said last pulse
movements (TL) and the code from said data recording medium;

means (1520} for storing the reproduced last pulse movements (TL) and the
code;

means (1510} for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the last pulse movements ({TL)
and the code;

means (102, 103 - 106) for emitting an optical beam based on the corrected
drive pulses to form spaces and marks on the data recording medium,

. wherein said last pulse movement (TL} is set with respect to a class of
combinations of mark lengths and space Jlengths, and wherein the reproducing
means comprises an equalizer {(1514), and the ratio between the output amplitude
of the equalizer at the frequency of the longest mark and the output amplitude of
the equalizer at the frequency of the shortest mark is 3 dB or less, provided that the
longest mark and the shortest mark are from the same classification. '
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57 12. The data recordi ng medium as set forth in claim10, wherein the
| ength of mark parts in the original signal and the length of space parts

between the mark parts are expressed as a val ue NT where
period, and Nis a positive integer from-8-to n2; nmark an
separated into a plurality of groups according to mark and
and specific last pulse novenent TL is set for each group.

and a length o ecreases

e.sp ar
set forth in CCHRPsitEn ‘aﬁ@gﬁn nlis 3and n2 is 11. 1 6.

ts are

i

recordi ng mediumas set forth in claim 10, wherein mark parts are sé paf at*ed
by length into four groups, and space parts are separated by length into

four groups. 1z, Tie réedrdingemdrréprogucingiapparatusses sétdbith in Blalth aBwherein
wherein the S"‘s%ﬁ{ ﬁ&é ;Smseoﬂwo%ﬂ!te'ﬁs (?B‘%?E&%w.ftﬂigé%p@éﬁhtﬁté&ﬂ&te%‘%ﬁeF %r

recor

[nqart

Ium as

A recor d| ng and
reproduci ng apparatus for recording and reproducing a data recordi ng nmedi um

as claimed in yd,ai mMhéGecording and reproducing apparatus as set forth in claim 16 or 17,

wherein said last pulse movements (TL} being set with respect to the disk structure
or recording film composition.

19. A data recording medium having a plurality of tracks for recording informa-
tion represented as marks and spaces between the marks in a data recording area
of the data recording medium, the marks being formed by an optical beam modu-
lated by one or a plurality of drive pulses where a number of the drive puises is
determined according to a length of a mark part in the input signal to be recorded
on the track,

characterized by a control information recording area storing:

a first pulse movement {TF) for modifying a first pulse of said drive
pulses, and a last pulse movement (TL) for modifying a last pulse of said drive
pulses, wherein said first pulse movement (TF) and last pulse movement (TL)
indicate either a pulse shift amount for shifting said first and last pulses, respect-
ively, without changing the pulse width, or a pulse width amount for changing the
pulse width of said first and last pulses, respectively, and,

a code indicating a method for using said first pulse movement (TF) and
last pulse movement (TL} either as a pulse shift amount or as a pulse width
amount.

20, The data recording mediurn as set forth in claim 19, wherein the first pulse
amount (TF) is expressed as a time difference between a reference point {R1},
which is located a predetermined distance from a leading edge of a mark, and a
first edge of the first pulse, and

the last pulse amount {TL) is expressed as a time difference between a
reference point (R2), which islocated a predetermined distance from a trailing edge
of a mark, and a trailing edge of the last pulse.

21. The data recording medium as set forth in claim 19, wherein the length of
a mark in the input signal and the length of a space between the marks are
expressed as a value NT where

T is a reference period, and

N is a positive integer from n1 to n2;

——————
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sai d apparatus...-conprising: neans (1505 - 1508, 1512 - 1517) for -
reproduci ng said | ast pul se novenents (TL) and the code from said data

recordi ng medi um neans (1520) for storing the +eproduced last pulse
movenents (TL) and the code; means (1510) 6f-or geJ%ﬁil n drive pul se

based on a data recording signal, and correcting ﬂﬂ‘m ’Hu“" ve pul se
103- 106)

based on the | ast pul se novenents (TL) and the c
for emtting an optical beam based on the corrected drlve puI sed to form
spaces and marks on the data recording nmedium wherein said |ast pul se

lrmve[rﬁnt (gL) IS Sefarkel drid spaaaeate digssified iatsa wraém‘m BRJUPS B cofdintptdthe
engths and s e repro UC|ng means conprises an
equal i zer (15@%?’?'3%%%9 ﬁithéﬂ g’ﬁ% {I outg rrpl i tude of_the

equal i zer at the f%86%[ 'séfpu é“PY)er{@%"ott $femouepant Hhipiere stfe of

the equali zerfca‘tetahbgi'mmquency of the shortest mark |s 3 dB or |ess,
provided that the | ongest mark and the shortest mark are fromthe sane

classificati 082,  The data recording medium as set forth in claim 21, wherein the marks are
classified by length into three groups, and the spaces are classified by length into
three groups.

23. The data recording medium as set forth in claim 21, wherein the marks are
classified by length into four groups, and the spaces are classified by length into
four groups.

24, The data recording medium as set forth in claim 21, wherein the number of
groups increases as the length of the mark and the length of the space decreases.

25. The data recording medium as set forth in claim 21, wherein n1 is 3 and n2
is 11.

26. The data recording medium as set forth in claim 21, wherein marks are
classified by length into three groups of 3T, 4T, and 5T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, and 5T or longer
spaces.

27. The data recording medium as set forth in claim 21, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, 5T, and 6T or longer
spaces.

28. The data recording medium as set forth in claim 19, wherein there are two
more methods of using the first pulse movement (TF) and last pulse movernent
(TL}, and wherein information indicative of the method of use is prerecorded to the
control information recording area.

28. The data recording medium as set forth in claim 28, wherein the method of
using the first pulse movement (TF) is to use the first pulse movement (TF) to
change the rising edge portion of the first pulse without changing the width thereof,
and the method of using the last pulse movement (TL) is to use the last pulse

!
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58 17. The recording and reproduci ng apparatus as set forth in claim 16,
wherein said | ast pul se novenents (TL) is set with respect to the type of

the recording fil meerpoesition—changes. 1 8. The recording and reproducing
apparatus as set fort

film conposition. 19'@’!@%&3

Euﬂr 175 7wherein said | ast pul se

for recording informa- tion represented as narks and spaces between the
marks in a data recording area of the data recording nedium the marks

_being formed byowvement(Ttado dhaage thedfalling @tigelpdsitiomesf the a3t plise alitHout ehardri ve

pul ses where %g'ﬂﬂ@%dﬂ:\fthtbﬁ%f.d” ve pul ses is determ ned according to a

| ength of a mar

part 1n e I nput signal to be recorded on the track,

characterized by a control information recording area storing: a first

pul se novenent3Q.TF)Thestatarmsiording megivm es setfarth én opins 28 awbereirctheunethod ofind a
| ast pul se novigswythe fitsk pulle Mademhpht TR id 66 Us thesfirsbbulel Modsrhee IF) 365,

wherein said f&ﬂa%

I ndi cate either al‘-:"a Sﬁéiﬁgﬁy}%@tﬁﬂgt:&%sf%# Eh%i@?ﬁfg‘@n é%éFTH:sition
e o

pul ses, respecereledng thim

amount for chandgengovemsent (TL) to change the width of the last pulse without changing the

rising edge position thereof,

31. The data recording medium as set forth in claim 28, wherein the information
indicative of the method of the first pulse movement (TF) and the last pulse
movement ({TL) is recorded to the position before the position where the first pulse
movement (TF) and last pulse movement (TL) values are recorded relatively to the
direction in which information is recorded.,

32. Arecording and reproducing apparatus for recording and reproducing adata
recording medium according to claim 19, said apparatus comprising:

means {1505 — 15608, 1512 — 1517} for reproducing the first pulse move-
ment (TF) and the code, which are prerecorded to the data recording medium;

means {1520) for storing the reproduced first pulse movement (TF) and the
code;

means (1510} for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the first pulse movement (TF)
and the last pulse movement {TL), said code selecting the use of said first pulse
movement (TF) and said last pulse movement (TL) either as a pulse shift amount
or as a pulse width amount.;

means (109, 103 — 106) for emitting an optical beam based on the cor-
rected drive pulses to form spaces and marks on the data recording medium.

33. The recording and reproducing apparatus as set forth in claim 32, wherein
each of said first pulse movement {TF} and last pulse movement (TL) is set with
respect to a class of combinations of a mark length and a space length, and where-
in the reproducing means comprises an equalizer {1514}, and the ratio between the
output amplitude of the equalizer at the frequency of the longest mark and the
output amplitude of the equalizer at the frequency of the shortest mark is 3 dB or
less.
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i ndicating a nethod for using said first pulisernovenent and | ast pul se
novenent (TL) either as a pulse shift anmobunt or as a pul se wi dth anount.
20. . The data recording mediumas set forrin claim19, wherein the first

pul se anount (TF) is expressed as a tinme difference between a reference
point (RI), which is |ocated a predeterm ned di stance froma | eadi ng edge
of a mark, and a first edge of the first pulse, and the | ast pul se anount
(TL) is expressed as a tine difference between a reference point (R2),
which is |ocat@4. a Ardstat escording miedivendevingom plutality |ofntraekig donfreeoningk,
and a trailingigdash difedeftdd BY! MBrksdnd sIQ@esdﬁé@vereﬁcﬂfedhﬁQ(s”ﬁp!auﬁhf%S
set forth in clal @19é V\hc’&,réeléltt heec I&ngt h%pod‘ marklgl rg‘t o nﬁﬁt W | and
Che 1engt h of EOiNg siea i Sytneopedind mediim, Jop Bietks Peing forpafl by RPAlfe) o 1
i s a ref er encebpaminorgiulaiag bx ang of agRharalitnef drivedylses where a numbenof the drive
pulses is determined according to a length of a mark part in the input signal to be
recorded on the track,

characterized by a control information recording area storing:

a first pulse movement (TF} for modifying a first pulse of said drive pulses,
wherein said first pulse movement (TF) indicates either a pulse shift amount for
shifting said first pulse without changing the pulse width, or a pulse width amount
for changing the pulse width of said first pulse, and

a code indicating a method for using said first pulse movement (TF) either
as a puise shift amount or as a pulse width amount.

35. The data recording medium as set forth in claim 34, wherein the first pulse
amount (TF} is expressed as a time difference between a reference point (R1),
which is located a predetermined distance from a leading edge of a mark, and a
first edge of the first pulse.

36. The data recording medium as set forth in claim 34, wherein the length of
a mark in the input signal and the length of a space between the marks are
expressed as a value NT where

T is a reference period, and

N is a positive integer from n1 to n2;

marks and spaces are classified into a plurality of groups according to the
mark length and the space length; and

a specific first pulse movement (TF)} is set for each group.

37. The data recording medium as set forth in claim 36, wherein the marks are
classified by length into three groups, and the spaces are classified by length into
three groups.

38. The data recording medium as set forth in claim 36, wherein the marks are
classified by length into four groups, and the spaces are classified by length into
four groups.

39. The data recording medium as set forth in claim 36, wherein the number of
groups increases as the length of the mark and the length of the space decreases.
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59 marks and spaces are classified into a plurality of groups according to

the mark Iength—a1°rd—t-1°re—s1aace—|—eﬁgth and a specific first pul se novenent
(TF) and | ast puJﬂE novenen h f are set for each group. 22. The data

recor d| ng nediu !H@! 1}"' claim2t,8 wherein the marks are classified

by length into the spaces are classified by I ength into
three groups. 23. The data Tecor di ng nediumas set forth in' claim2l,
wherein the marks are classified by length into four groups, and the spaces
are classified by length into four groups. 24. The data recordi ng nedi um
as set forth 40, cl Fhedadk, revdrdingi medibm asLseb éorthoin daiodS; wheeinadds 3andii®e
length of thegmjk and the Iength of the space decreases. 25. The data
recording mediumas set forth in claim2l1 , wherein nl is 3 and n2 is 11.
26. The data recording mediumas set forth in claim?21, wherein narks are
cl assi fi ed by4leng¥The idata recerdieg grasiiys asf segforth7in claiep 3 wheteiih arksrivek s,
and spaces ar @lashifiad idyi ledgthyintenigel drotps ohiBTe 471 anps5oObr bhged haridg)ceridT or

| onger spaces.gpaces are classified by length into three groups of 3T, 4T, and 5T or longer
spaces.

42. The data recording medium as set forth in claim 36, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or ionger marks, and
spaces are classified by length into three groups of 3T, 4T, 5T, and 6T or longer
spaces.

43. The data recording medium as set forth in claim 34, wherein the method of
using the first pulse movement {TF) is to use the first pulse movement (TF) to
change the rising edge position of the first pulse without changing the width
thereof.

44, The data recording medium as set forth in claim 34, wherein the method of
using the first pulse movement (TF) is to use the first pulse movement (TF) to
change the width of the first pulse without changing the falling edge position
thereof.

45, The data recording medium as set forth in claim 34, wherein the code is
recorded at a position before the position where said first pulse movement (TF) is
recorded relatively to the direction in which information is recorded.

46, Arecording and reproducing apbaratus for recording and reproducing a data
recording medium according to claim 34,

said apparatus comprising:

means (1505 — 1508, 1512 — 1517) for reproducing the first pulse
movement (TF) and the code, which are prerecorded to the data recording medium;

means (1520) for storing the reproduced first pulse movement (TF) and the
code;

means {1510) for generating a drive pulse based on a data recording signal, -
and correcting the generated drive pulse based on the first pulse movement (TF),
said code selecting the use of said first pulse movement (TF) either as a pulse shift
amount or as a pulse width amount;
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27. The data recording nmediumas set forth in claim2l1l, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or |onger

mar ks, assified by length into three groups of 3T, 4T, 5T,
and 6T or | on . The data rad@rdi ng nediumas set forth in
claim19, m a‘&mﬁm We two nore nethods of using the first pulse
novenment u se nmovenent (TL), and wherein information

i ndi cative *of the nethod of use is prerecorded to the control information
recording area. 29. The data recording nediumas set forth in claim?28,
wher ei n t he net hod ngangsil®g, t B + ri§i6) por waittinge AR rApticaFpesy basedsentthe

first pul se nuspigBtd drive) pulsesCldXogR sbicesrdridi merke d@ethe Watd fatording Rfedium st

pul se w t hout changl ng the wi dt h t hereof, and the met hod of usi ng the | ast
pul se novenent is to use the | change
the falling edye p SerpeRdine adepT? P‘”BE |a§’83'§ﬁn"%-"n€ﬁﬁ“éﬂ5 'P%E; hﬁh herels
thereof. 30. ¢Bob ofatsaidr ficsar pilleg mevkrentaéTReis $atr with mspbat o 28, clageodi n
the method of gombinations of a mark length and a space length, and wherein the reproducing
means comprises an equalizer {1514}, and the ratio between the output amplitude
of the equalizer at the frequency of the longest mark and the output amplitude of

the equalizer at the frequency of the shortest mark is 3 dB or less,

48. A data recording medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an optical
beam modulated by one or a plurality of drive pulses where a number of the drive
pulses is determined according to a length of a mark part in the input signal to be
recorded on the track,

characterized by a control information recording area storing:

a last pulse movement (TL) for modifying a last pulse of said drive pulses,
wherein said last pulse movement (TL) indicates either a pulse shift amount for
shifting said last pulse without changing the puise width, or a pulse width amount
for changing the pulse width of said last pulse, and,

a code indicating a method for using said last pulse movement (TL) either as
a pulse shift amount or as a pulse width amount.

49. The data recording medium as set forth in claim 48, wherein the last pulse
amount (TL) is expressed as a time difference between a reference point (R2),
which is located a predetermined distance from a trailing edge of a mark, and a
trailing edge of the last pulse.

50. The data recording medium as set forth in claim 48, wherein the length of
a mark in the input signal and the length of a space between the marks are
expressed as a value NT where '

T is a reference period, and

N is a positive integer from n1 to n2;

marks and spaces are classified into a plurality of groups according to the
mark length and the space length; and

a specific last pulse movement (TL) is set for each group.
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using the first pulse novenent (TF) is to use the first pul se novenent (TF)
to change the width of the first pulse wi thout changing the fatling edge
position thereof, and the method of using ,H;e | ast pul se novenent (TLC) Ts——
to use the last pulse novenent (TL) to chahbgé the wi dth of ”mmm ;
wi t hout changing the rising edge position thereof. 31. The!lotl ﬂmﬂﬁ},m,’
medi um as set forth in claim28, wherein the information indicative 6
met hod of the first pulse novenent (TF) and the | ast pul se novenent {TL) is
recorded to the position before the position where the first pul se nmovenent
(TF) and | ast Bl seThedategacording) mediimeas sgt éorteiboiaied Q.avbereinghy marks pe
direction in wblassifiedbglengith ino itisres geoupdeand the. spades sre@dbisifgddydength into
repr oduci ng apﬁ%@tgpog_‘pgor recordi ng and reproduci ng a data recordi ng medi um
according to clarm 19, sai d apparatus conprising: neans (1 505-1 508, 1512-
1517) for reproducing the first pulse nove- nent (TF) and the code, which
are prerecorde82t o Thedatatracordingrraedigmrasdietifarthibatrim(80,5pltgreinghe snasks atg t he
reproduced fir glas§lfié® By Nengeaito fodfgroapy] dndehe epacesisrariastitisd O 1émyth into
generating a dg&u\;&&%gsse based on a data recording signal, and correcting
the generated arive

ul se based on the first pulse novenent {TF) and the

| ast pul se novenent (TL), said code selecting the use of said first pulse
53. The data recording medium as set forth in claim 51, wherein the number of

groups increases as the iength of the mark and the length of the space decreases.

54. The data recording medium as set forth in claim 50, wherein n1 is 3 and n2
is 11, '

56. The data recording medium as set forth in claim 50, wherein marks are
classified by length into three groups of 3T, 4T, and 5T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, and 5T or longer
spaces.

56. The data recording medium as set forth in c¢laim 50, wherein marks are
classified by length into four groups of 3T, 4T, BT, and 6T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, 5T, and 6T or longer
spacss.

57. The data recording medium as set forth in claim 48, wherein the method of
using the last pulse movement (TL) is to use the last pulse movement (TL) to
change the falling edge position of the last puise without changing the width
thereof.

58. The data recording medium as set forth in claim 48, wherein the method of
using the last pulse movement (TL) is to use the last pulse movement (TL} to
change the width of the last pulse without changing the rising edge position
thereof.

69, The data recording medium as set forth in claim 48, wherein the code is
recorded at a position before the position where said last pulse movement (TL) is
recorded relatively to the direction in which information is recorded.
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novenent (TF) and said |ast pul se rmverrent (TL) either as a pulse shift

anopunt or as a pulse width anmount.; neans (109, 103 - 106) for emtting an

opti cal beam based on the cor- rected drlve pul ses to form spaces and narks

on the data recording r ect? di ng and reproduci ng appar at us

as set forth in clai nl““lma“ﬂﬂmuﬂm of said first pulse novenent (TF)

and | ast pul se novenent (L)' i< sét With respect to a class of conbinations

of a mark length and a space | ength, and where- in the reproduci ng neans
conprises an equalizer (1 514), and the ratio between the output anplitude

of the equaliz80. atArénerding 0@ repjodiicincharnamtye far reqording add repsodising e data
anplitude of tl‘&‘.o Heaﬁrm atcodingf toeelbifn 4y, eid bbsaratlierdopsgri k is 3 dB or

| ess. 61 34. é?ﬁ%d' ﬁ‘goﬁeal's"f@ ha\‘é&'?? far E’éﬂ:’rg&f&rﬁ;ﬁ‘e Fa%’f‘ of O

recordin |nformat|on nt e s in
ot e 1 Scor d Mvamest QL AR 2ode Eibh AR TREURHMO PR SeTAIeRercE MESkEF o0

by an optical beam meshs 520} for steringotheaeproducedi lest pufsednovement! [Fekandhthee a
number of the dgdase

means {1510) for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the {ast pulse movement (TL} and
the code;

means (109, 103 — 106} for emitting an optical beam based on the
corrected drive pulses to form spaces and marks on the data recording medium.

61. The recording and reproducing apparatus as set forth in claim 60, wherein
each of said last pulse movement (TL) is set with respect to a class of combinations
of a mark length and a space length, and wherein the reproducing means comprises
an equalizer (1514), and the ratio between the output amplitude of the equalizer at
the frequency of the longest mark and the output amplitude of the equalizer at the
frequency of the shortest mark is 3 dB or less.

62. A method for obtaining a first puise movement TF for a data recording
medium having a plurality of tracks and marks formed by an optical beam modu-
lated by one or a plurality of drive pulses,
said method comprising the steps of
a) generating a pattern signal containing:
al) ameasuring signal having a mark part with a specific length of PT
and a neighboring space part with a specific length of QT where
T is a reference period, P is a positive integer and Q is a positive
integer, and;
a2) areference signal having a mark part with a predetermined length
and neighboring space part with a predetermined length, said
reference signal located adjacent said measuring signal and is pro-
vided to define reference edges adjacent measuring signals;
b) storing the pattern signal;
¢} generating one or a plurality of drive pulses corresponding to said mark
part of the pattern signal;
d) forming spaces and marks on the data recording medium by an optical
beam modulated according to the plurality of drive pulses;
e) reproducing the marks and spaces recorded to the data recording
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pul ses is determ ned according to a length of a- mark part in the input
signal to be recorded on the track, characterized by a control information
recording area storing: a first pulse novenent (TF) for nmodifying a first
pul se of said drive pul ses, wherein said-fl®st pul se novenent

i ndicates either a pulse shift anmount for shifting salm,lmmuml 1t hout
changi ng the pul se width, or a pulse w dth amunt for IoW& hlm”“"rse
width of said first pulse, and a code indicating a nmethod®fot usirg said

first pul se novenent (TF) either as a pul se shift anmount or as a pul se
wi dt h anobunt. 35. Theediatrata eltairda reprodutied meprodsetiort signal; i n cl ai m 34,

wherein the first FPP'@&ai?i;gUé‘aiffeTgﬁqeib%tﬁé@ﬁ ASRerodbcéd FprBdubitioh &gy @nd

bet ween a reference pgin I ...s,located a predeterm ned di stance
froma | eading edge o tt Elé’,")"‘aeﬁeg’gf&%?‘r@? edge of the first pul se, 36.

The data recor di ng SheRftainingsframithisglifferenee  fisst prise meyeaiest 4 FifReaprRiicgtion of a
mark in the input sigwan eriginallsigriabogithinofy asepmoce btspaserpartscofiiength QT e

expressed as a val ue A Wagd Sarls bfledgftefer ence period, and Nis a positive
integer fromnl to n2; marks and spaces are classified into a plurality of

groups accordinsg to the . . L . .
63. The method as set forth in claim 62, wherein said measuring signal has a

mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more space
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained in a group of the longest entry in the measuring signal
and a space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

64. The method as set forth in claim 62, wherein said first pulse movement TF
is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and Q.

65. The method as set forth in claim 62, wherein the pattern signal contains an
adjustment signal for obtaining a DSV of O.

66. A method for obtaining a last pulse movement TL for a data recording
medium having '
a plurality of tracks and
marks formed by an optical beam modulated by one or a plurality of drive
pulses, '
said method comprising the steps of
a) generating a pattern signal containing:
al) ameasuring signal having a mark part with a specific length of PT and
a neighboring space part with a specific length of QT where T is a reference period,
P is a positive integer, and Q is a positive integer, and;
a2) areference signal having a mark part with apredetermined length and
aneighboring space part with a predetermined length, said reference signal located
adjacent said measuring signal and is provided to define reference edges adjacent
measuring signals;
b} storing the pattern signal;
¢) generating one or a plurality of drive pulses corresponding to said mark
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mark | ength and the space length; and a specific first pul se novenent (TF)
Is set for each group. 37. The data recording nediumas set forth in claim

36, wherein the marks are classified by length into three—groups, and the
spaces are classified by length into t hr &é gt oups. 38. recor di ng
medi um as set forth in claim36, wherein the marks ar%l’“mﬁmjﬂw .::Hwength
into four groups, and the spaces are classified by | engthe ) i oups.
39. The data recording nmediumas set forth in claim36, wherein the nunber
of -groups increases as the length of the mark and the | ength of the space
decr eases. pegt of thecpadterm sigvébr di ng medi um as set forth in claim 36,
wherein nl is 3 andi) nfdrinthglsbacéd and Fiuekslon she ésarrecardingatediomasy sebpfiedit h

in claim36, %ﬁﬁgdm{é@a@{?gdiﬁgﬁa;%%gmmi ot Bujspt.o three groups of

3T, 4T, and 5 nger nmar ces are cclja S| |'§d bg Ig,n th .nto
three groups of 3T, 47FProgdligngthemar (SPREF$SEcOrded to the data recording medium
to obtain a reproduced reproduction signal;
f} obtaining a difference between the reproduced reproduction signal and
the stored pattern signal; and
g} obtaining from this difference a last pulse movement TL for application
to an original sighal containing a sequence of space parts of length QT and mark
parts of length PT.

67. The method as set forth in claim 66, wherein said measuring signal has a
mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more mark
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained in a group of the longest entry in the measuring signal
and a space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

88. The method as set forth in claim 66, wherein said last pulse movement TL
is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and Q.

69. The method as set forth in claim 66, wherein the pattern signal contains
an adjustment signal for obtaining a DSV of 0.

70. An apparatus for obtaining a first pulse movement TF for a data recording
medium having
a plurality of tracks and
marks formed by an optical beam modulated by one or a plurality of drive
pulses,
said apparatus comprising:
means (125} for generating a pattern signal containing:
a measuring signal having a mark part with a specific length of PT and
a neighboring space part with a specific length of QT where T is a reference period,
P is a positive integer, and Q is a positive integer, and;
a reference signal having a mark part with a predetermined length and
neighboring space part with a predetermined length, said reference signal located
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42:. The data recording nedium.as set forth in claim36, wherein marks are
classified by length into four gr oups of' 3T, 4T, 5T, and 6T or | onger

and- spaces are cl assi |edu’_ﬁ ngth.into three groups of 3T, 4T,

mar ks
5T and 6T or Iongerelm ﬂﬂ lﬂ n data ecord| ng medi um as set forth in
claim 34, wherein th the first pulse nmoverment (TF) is to
use the first pul se m)verrent (

F) to change the rising edge position of the
first pulse wthout changing the width thereof. 44. The data recording
medi um as set forth in claim34, wherein the nethod of using the first

pul se nmovenent a¢iFFgntjsgic weastEingfignal arg 'spﬂﬂ‘é@mﬂe‘(ﬁmcq@%ﬁéﬁﬁée@%e
wi dth of the fimestudng signalst hout changing the falling edge position

thereof. 45. The d%@né?%%ﬁ&o 'th@béﬁerﬁeéx ,.fa(prt h in claim34, wherein

Pl so_movenent (TP Means 0] RinseRaratne poi, ARV o At PRSs AClpareina
i nf or mati on i ste ewdmarrld paeef tha nagiest a'igngl and reproduci ng apparatus for
recording and repr oghéght 09, d8Be1 08} ¢arfdrmingrspdcesnaraianarkdionght datalracondy,
sai d appar at us n’ﬁa%fmﬁ 'b§'arﬂgdptﬁ§ﬁ5b°an( IiRated 30&rdihg k8 the pRidity bPurl&puREsCi Ng
the first pulse means (105-108, 112-115) for reproducing the marks and spaces recorded
to the data recording medium to obtain a reproduced reproduction signal;
means {120} for obtaining a difference between the reproduced reproduction
signal and the stored pattern signal; and
means (127) for obtaining from this difference a first pulse movement TF for
an original signal containing a sequence of space parts of length QT and mark parts
of length PT.

71. The apparatus as set forth in claim 70, wherein said measuring signal has
a mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more mark
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained in a group of the longest entry in the measuring signal
and a space length cotresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

72. The apparatus as set forth in claim 70, wherein first pulse movement TF is
obtained for a plurality of combinations of mark iengths and space lengths by
changing P and Q.

73. The apparatus as set forth in claim 70, wherein the combinations are classi-
fied, and wherein the reproducing means comprises an equalizer (114}, and the
ratio between the output amplitude of the equalizer at the frequency of the longest
mark and the output amplitude of the equalizer at the frequency of the shortest
mark is 3 dB or less, provided that the longest mark and the shortest mark are from
the same classification.

74. The apparatus as set forth in claim 70, wherein the pattern signal contains
an adjustment signal for obtaining a DSV of 0.

75. An apparatus for obtaining a last pulse movement TL for a data recording

I
< Sheet Has Been Replaced

W e o

»
p




. SU-US;ZL)UU o T o JiIT UUIIuUoLIT
novenment (TF) and the code, which are prerecorded to the data recording
medi um neans (1 520) for storing the reproduced first pul se novenent (TF)
and the code; neans (1510) for generati ng_vg drive pul se based on a data
erat

recordi ng signal, and correcting the geni ed drive pul se based on the

first pulse novenent (TF), said code selecting the m{ f said first pul se

novenent {TF) either as a pulse shift anount or asl_ ‘Mjwlmmﬂtmunt

63 neans (109, 103 - 106) for emtting an optical
corrected drive pulses to formspaces and nmarks on the data recording

medi um 47. fiediumebaviding and reproduci ng apparatus as set forth in claim
46, wherein each of prwaiily fofteickpahde novement (TF) is set with respect to a

class of combi nat i Qs % Aol kerl GHEENLEHM rJBRIEE DY BREIH o AORIMNGT Give t he

reproduci ng neans conpri ses an equalizer (1514), and the ratio between the
out put anpl i t B&eHf the equal i zer at the frequency of the |ongest nark and
the output anpli t ushid epparatusceempiisieg: at the frequency of the shortest nmark
is 3 dB or |ess. means (125) for generating a pattern signal containing:

a measuring signal having a mark part with a specific length of PT and a
neighboring space part with a specific length of QT where T is a reference period,
P is a positive integer, and Q is a positive integer, and;

a reference signal having a mark part with a predetermined length and a
neighboring space part with a predetermined length, said reference signal located
adjacent said measuring signal and is provided to define reference edges adjacent
measuring signals;

means {120) for storing the pattern signal;

means {110) for generating one or a plurality of drive pulses corresponding
to said mark part of the pattern signal;

means {109, 103-106) for forming spaces and marks on the data recording
medium by an optical beam modulated according to the piurality of drive pulses;

means {105-108, 112-115) for reproducing the marks and spaces recorded
to the data recording medium to obtain a reproduced reproduction signal;

means (120)for obtaining adifference between the reproduced reproduction
signal and the stored pattern signal; and

means {127} for obtaining from this difference a last pulse movement TL for
an original signal containing a sequence of space parts of length QT and mark parts
of length PT, and storing last pulse movement TL.

76. The apparatus as set forth in claim 75, wherein said measuring signal has
a

mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more mark
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained in a group of the longest entry in the measuring signal
and a space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

77. The apparatus as set forth in claim 75, wherein said first pulse movement

TF is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and O. '
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*48. A data recording nmediumhaving a plurality of tracks for recording
information represented as marks and spaces between the marks in a data

recording area of the data recordi ng nedi um the marks—betng—formed—by an
opti cal beam nodul ated by one or a plurakil?y of driyvga - nunber
of the drive pulses is determned according to a Ie, mmgﬁywmmgrt in
the input signal to be recorded on the track, chara el ze y & control

i nfformati on recording area storing: a |ast pulse novenent (TL) for

nodi fying a | ast pul se of said drive pul ses, wherein said [ast pul se

gmfgge \?\: : g It% is&di q?%%{;séawsefs SotBoHIS Ry cl%ﬂr‘ﬂ 78, vailawmmé gémsiﬁg{iéwggﬁﬁé&-l ast
changi ng t he pfclﬁ?zgg%"g?%g'ﬁfﬁga'?ﬁ’*%%w&?aé‘é%g'ﬁ’égg%\%ge&gaﬁ?&m\ﬂ' r?é'dame
met hod for usifAtic Batweeanibe ogtnus amplitudsoh the equplizar ahthe frraugnpy pE thedpngest
anount or as angrklad thedihipanaoplitude 9f thelagualiagraatrtbe dresjungeyredlitharsiaortesst
forth in clai méRis 388oPiess! fiBvidas thattheRnGER Wkrk GAY thd ShofreRf Rt Sredford
time di fferenccﬁ?gséﬁeb%%sﬁic%%égrence point (R2), which is located a

cerr

pr edet er m ned omatrailing edge of a mark, and a trailing edge
of the last pulse. 50. The data recording nediumas set forth in claim48,
wher ei n t he | et8gtThecdpparates ks set folth in clpint 75} whereirathe paliern siggélcontaias apace

bet ween the magk&trAkSt signal for obtaining a DSV of 0.
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expressed as a value NT where T is a reference period, am:N:+s ~a‘,,. ‘‘‘‘‘ *
integer fromnl to n2; marks and spaces are cl assified |hﬁ§5’a'im‘_ o 1! 5*"\»6
groups according to the mark | ength and the space | ength;] ~a"speci fic

| ast pul se novenent (TL) is set for each group. 64 51. qud% a opnt {
recordi ng nmediumas set forth in claimb50, wherein the ng TakﬁﬂTL egd
by length into three groups, and the spaces are classifidd! -

three groups. 52. The data recording nmediumas set forth in el aimb50,
wherein the marks are classified by length into four gro —and The spaces
are classified by length into four groups. 53. The data recordi ng nedi um
as set forth in claim51, wherein the nunber of groups increases as the

length of the mark and the Iength of the . space decreases. 54. The data
recordi ng nmedium as set forth in clai m%0, wherein s 3 and 2

WL

-

CLAIMS

1. A data re'c'ordin"g medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recérding medium, the marks being formed by an optical
W/ beam modulated by one or a plurality of drive pulses comprising a first pulse, a{ast
pulse and one or more multiple pulses between the first and last pulses, where a
number of the drive pulses is determined according to a length of a mark part in the
input signal to be recorded on the track,
" characterized by a control information recording area storing:
first pulse movements (TF} for modnymg said first pulse of said drive
pulses, said first pulse movements {TF} bemg separated at least into nlne groups
determined by a combination of three groups of different length ofa mark and three
groups of different length of a space |mmedlately preceding said mark, the three
groups of different mark length being a group with only the first pulse, a group with
the first pulse and the last pulse, and a group with the first pulse, the muttiple pulse
and the last pulse, wherein said first pulse movement (TF) indicates either a pulse
shift amount for shifting said first pulse without changing the pulse width, or a
" pulse width amount for changing the pulse width of said first pulse, and,
S a code indicating a method for using said first pulse movement (TF) either
as a pulse shift amount or as a pulse width amount.



i's 11. 55. The data recording mediumas set forth in cla-m.50,.wherein

marks are classified—by-length into three groups of 3T, 4?5?&“@'"5 Liar ]Sifé T“

| onger marks, and s SSI fied by length into threge wﬂups~~ 3T,
4T, and 5T or | onge mﬂgﬁgi ﬁ data recordi ng medi Umias, set,.forth tn
cl ai m 50, wherein naf ed by length into foyr [grotps fi‘é*r ;
4T, 5T, and 6T or | onger marks, and spages are classified hy.l.ength. int Q;
t hree groups of 3T, 4T, 5T, and 6T or | onger spaces. 57. | The data
recordi ng madi um as set forth in claim 48, wherei n the nethot-of-usi ;g t-hel
| ast pul se s .to us the | as .novenent (TL) to change
the falli ng gﬁ'ﬁs ?6?F°6$"“9H83 E%%ﬁ?*séf\% i bryhereiythehfirstirylse
t hereof. 58 mqwem;tTaF is exprassed) assdimerdiiferewte TRbetwden afirat refénceipairgi n
the net ho? @;1 w:m.stmaanagted u@ammgsmhm&ér) ih& sﬁg?}aﬁﬁﬁ?é %%ahgé&ﬁ 59. | se
movenent (T ou |
rising edgelapfdrélf)?g%gg?ﬁéér ft\ffu%qnozirﬁlépagm{%?tdgg Pgﬁﬁa medi um as set forth
in claim48, wherein the code is recorded at a position before the position
where said I3ast fbbsdatavecording rddium as set forth in claim 1, wherein the length of

mark parts in the original signal and the length of space parts between the mark

parts are expressed as a value NT where '

T is a reference period, and
"N is a positive integer from n1 to n2; _
mark and space parts are separated into a plurality of groups according to
WS mark and space length; and )
specific first pulse movement TF is set for each group,

4, The data recording medium as set forth in claim 1, wherein mark parts are
separated by length into four groups, and space parts are separated by length into
four groups.

5. The data recording medium as set forth in ¢laim 1, wherein the separation
of groups becomes fine as a length of the mark part and a length of the space part
decreases.

6. The data recording medium as set forth in claim 3, wherein n1 is 3 and n2
is 11. : '

7. 7 Arecording and reproducing apparatus for recording and reproducing a data
recording medium as claimed in claim 1,
said apparatus comprising:
means (1505 - 1508, 1512 - 1517} for reproducing said first pulse
- movements (TF) and the code. from said data recording medium;
means {1520} for storing the reproduced first pulse movements (TF) and the,
code; '
means (1510} for generating a drive pulse based on a data recording signal,
. and correcting the generated drive pulse based on the first pulse movements (TF)
and the code;
means {109, 103 - 108} for emitting an optical beam based on the corrected
drive pulses to form spaces and marks on the data recording medium,
wherein said first pulse movement (TF) is set with respect to a class of



tecorded relatively to the direction in which information ij

b Ao

65 60. A reulLdj_m__wg?rjci ng apparatus for recording d-"16} fh-@ﬁuéﬂﬂigT
a data recordi medi um according to claima48, said apparatjus conprising: |
neans (1505 1 | ” mﬁ”u” 7) for reproducing the |ast pul

(TL) and the . erecorded to the data recordij|ng

e 'tefrotiuced | ast ful se movenent (TL) [ar :

means (1510) for generating a drive pul se based on a data rjecordi ng signal,

(1520) for storing t

GOy ted

Sef gplé@f’; reshng
medi Gn fBan
o :

o

and correcting the generated drive pul se based on the | ast pul se novenent

(TL) and the cade, mneaps Q

106) for
based on t HFETRIPFIRNSAT /13 )

wherein the a

longest mark and the shortest mark are from the same classification.

égg %03 - emtting an optical beam
enfiPs a0di spacs iangthacand whereinrtke repradvsingat a
recordi ng reeénmcontilrises Enequabzerdil A4hraditbpratimuzitwgen tpowtbus aamliaate fort h
in clai m 6Gyf thBRGAAIePaEthefre§dirityl FtheNohdeat FRVEARNthe dithut 5@{:@/& &
[espect 1o e iakaPh FRTRAIBRLO R iRl HTE MahGO8' s RVRfE el 2N

d tha

8. The recording and reproducing apparatus as set forth in claim 7, wherein
said first pulse movements (TF) is set with respect to the type of the recording film

composition changes.

9. The recording and reproducing apparatus as set forth in claim 7 or 8,

C

or recording film composition.

wherein said first pulse movements (TF) being set with respect to the disk structure

10. A data recording medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an optical
beam modulated by one or a plurality of drive pulses comprising a first pulse, alast

- pulse and one or more miultiple pulses between the first and last pulses, where a '
number of the drive pulses is determined according to a lerigth of amark partin the

input signal to be recorded on the track,
characterized by a control information recording area storing:

last pulse movements (TL) for modifying said last pulse of said drive
pulses, said last pulse movements {TL) being separated at least into nine groups
determined by a combination of three groups of different length of a mark and three

.
'S :_,,/,

groups of different length of a space immediately followirig said mark, the three

groups of different mark length being a group with only the first pulse, a group with
the first pulse and the last pulse, and a group with the first pulse, the multiple pulse
and the last pulse, wherein said last pulse movements (TL) indicates either a pulse
shift amount for shifting said last pulse without changing the pulse width, or a
pulse width amount for changing the pulse width of said last pulse, and, .
a code indicating a method for using said last pulse movement (TL) either

as a pulse shift amount or as a pulse width amount.

11. Thedata recbrding medium as set forfh in claim 10, wherein the last pulse
movement TL Is expressed as a time difference TL between a first reference point
R1, which is a leading edge of a mark part in the original signal to be recorded, and

a first edge of the last pulse in a plurality of drive pulses.



A

an equal I zer (1514), and the ratio between the output anpli tuﬁg vheMMMW
equal i zer at the frequency of the |ongest mark and the out pu1 ﬁp}sitiﬁd{e&; M

the equalizer at—the—frequency of the shortest mark is 3 dB ITéss. 62, A
nmet hod f or obg ul se novenent TF for a data re,o dlpn;g pﬁdl?,g,gp
havi ng a pl ur mm, ﬂﬂm ME nd marks forned by an opti cal beam”nodu- ?
| ated by one or* acplur drive pulyzses, said nethod conpr ~s+~ng-the,m~...,z

steps of a) generating a pattern signal containing: al) a ngasuring signal
having a mark part with a specific length of PT and a nei ghbor| Ny~ space

Posi tive i nl pe%%%ﬁa{;j%%é‘@rﬁ%m Fi 8 el st T BB 16 VBl B farigch 8¢ g
havi ng a nef@ripasis ip the erigineldegns Andddeleng) bw eﬁﬁacmagmb@mﬁg\ shaowriar t

Wi th a predpires areexpresvegt &s a valud N‘éfvehaace& gnal | ocated adjacent said
measuring signal a 'asre?ér%ncé“ gﬁgdtgndjefl ne reference edges adjacent

measuring signals }5 tter nal ; c) generating one or a
plurality of dri ve'€ 138 S'@\S‘?F&&%‘Dﬁ?’ﬁ‘d‘ﬁ°§grd mark part of the pattern
si gnal ; mark and space parts are separated into a plurality of groups according to

mark and space length; and
specific last pulse movement TL is set for each group,

Fl 1

e

S 4

13, The data recording medium as set forth in claim 10, wherein mark parté are
separated by length into four groups, and space parts are separated by length into
W four groups.

14. The data recording medium as set forth in claim 10, wherein the separation
of groups becomes fine as a length of the mark part and a length of the space part
decreases.

16. The data recording medium as set forth in claim 12, wherein n1 is 3 and n2
is 11, ' C o o

18, Avrecording and reproducing apparatus for recording and reproducing adata
recording medium as claimed in claim 10,

said apparatus. comprising:

means (1505 - 15608, 1512 - 1517) for reproducing sald last pulse
movements (TL) and the code from said data recording medium;

¢ - means (1520} for storing the reproduced iast pulse movements (TL) and the

code; '

means {1510) for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the last pulse movements {TL)
and the code;" ' '

means {109, 103 - 106) for emitting an optical beam based on the corrected
drive pulses to form spaces and marks on the data recording medium,

wherein said last pulse movement (TL) is set with respect to a class of
combinations of mark lengths and space lengths, and wherein the reproducing
means comprises an equalizer {1514), and the ratio between the output amplitude
of the equalizer at the frequency of the longest mark and the output amplitude of
the equalizer at the frequency of the shortest mark is 3 dB or less, provided that the
longest mark and the shortest mark are from the same classification.



d) formng spaces and marks on the data—recording nedi| um by

nodul at ed according to the plurality | ses; rep
mar ks and spaces recorded to the dat l] HE m,”” d| umto
reproduced reproduction signal; f) o ence be

reproduced reproduction signal and the stored pattern si gnal
obtaining fromthis difference a first | se nmovenent TF for
an original signal containing a sequencé of space parts of |

@ﬁﬁ@t%@t’tﬁ‘”’f%‘“tr
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ing set with respect to the disk structure

19. A data recording medium having a plurality of tracks for recording informa-
tion represented as marks and spaces between the marks in a data recording area
of the data recording medium, the marks being formed by an optical beam modu-

lated by one or a plurality of drive pulses where a number of the drive pulses is

determined according to a length of a mark part in the input signal to be recorded

on the track,

characterized by a control information recording area storing:

a first pulse movement (TF} for modifying a first pulse
pulses, and a last pulse movement {TL} for modifying a last pulse

of said drive
of said drive

pulses, wherein said first pulse movement (TF) and last pulse movement (TL)
indicate either a pulse shift amount for shifting said first and last pulses, respect-
_ively, without changing the pulse width, or a pulse width amount for changing the

pulse width of said first and last pulses, respectively, and,

a code indicating a method for using said first pulse movement (TF) and
last pulse movement (TL) either as a pulse shift amount or as a pulse width

amount.

20. ..The data recording medium as set forth in claim 19, wherein the first pulse

st

amount (TF) is expressed as a time difference between a reference point {R1},

which is located a predetermined distance from a leading edge of a mark, and a

_ first edge of the first pulse, and

the last pulse amount (TL) is expressed as a time difference between a
reference point (R2), which is located a predetermined distance from a trailing edge

of a mark, and a trailing edge of the last pulse.

21. Ttte. data recording medium as set forth in claim 19, wherein the length of
a mark in the input signal and the length of a space between the marks are

expressed as a value NT where
T is a reference period, and
N is a positive integer from n1 to n2;
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TF is obtained for a plurality of r’m H Jrar k Ieng“t%ﬂﬁ?‘g’s‘g g?; 'l
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nei ghbor i ngfsriaen dgraap. Wi.th a predetermined length, said reference signal

| ocat ed adj acent said neasuring signal and is prOV|ded to define reference

edges adj acent neasuring signals;
22. The data recording medium as set forth in claim 21, wherein the marks are

classified by length into three groups, and the spaces are classified by length into
three groups. '

-23.  The data recording medium a‘s set forth in claim 21, wherein the marks are
classified by length into four groups, and the spaces are classified by length into
L four groups.
24, The data recording medium as set forth in claim 21, wherein the number of
groups increases as the length of the mark and the length of the space decreases.

25. The data recording medium as set forth in claim 21, wherein n1 is 3 and n2
is 11. ' S

26, The data recording medium as set forth in claim 21, wherein marks are
classified by length into three groups of 3T, 4T, and 5T or longer marks, and
spaces are classified by length into three groups of 3T 4T, and 5T or longer
spaces.

27. The data recording medium as set forth in claim 21, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer marks, and
il spaces are classified by Iength into three groups of 3T, 4T, 5T, and 6T or longer

spaces.

28. The data recording medium as set forth in claim 19, wherein there are two
more methods of using the first pulse movement {TF) and last pulse movement
(TL), and wherein information indicative of the method of use is prerecorded to the
control information recording area.

' 29. The data recording medium as set forth in claim 28, wherein the method of
using the first pulse movement (TF} is to use the first pulse movement (TF) to
change the rising edge portion of the first pulse without changing the width thereof,
and the method of using the last pulse movement (TL} is to use the last puise
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group of one or nore mark |length, and a space with various |engths each

representi n@a@ 9riHedLh rédRding rABdian@ det forth in claim 28, wherein the method of
using the first pulse movement (TF) is to use the first pulse movement (TF) to
change the width of the first pulse without changing the falling edge position
thereof, and the method of using the last pulse movement (TL) is to use the last
pulse movement (TL) to change the width of the last pulse without changing the
_ tising edge position thereof. ’

31. The data recording medium as set forth in claim 28, wherein the information

, indicative of the method of the first pulse movement (TF} and the last pulse
movement {TL) is recorded to the position before the position where the first pulse
movement (TF) and last pulse movement (TL) values are recorded relatively to the
direction in which information is recorded.

32. Arecording and reproducing apparatus for recording and reproducing adata
recording medium according to claim 19, said apparatus comprising:

means (1505 — 1608, 1512 — 1517) for reproducing the first puise move-

. ment (TF) and the code, which are prerecorded to the data recording medium;

means (16520) for storing the reproduced first pulse movement (TF) and the
code;

means (1510) for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the first pulse movement {TF)
and the last pulse movement (TL), said code selecting the use of said first pulse
movement (TF) and said last pulse movement {TL) either as a pulse shift amount
or as a pulse width amount.;

means {109, 103 — 106) for emitting an optical beam based on the cor-
rected drive pulses to form spaces and marks on the data recording medium.

33. The recording and reproducing apparatus as set forth in claim 32, wherein
each of said first pulse movement ({TF} and last pulse movement (TL} is set with
respect to a class of combinations of a mark length and a space length, and where-
in the reproducing means comprises an equalizer {1514), and the ratio between the

* output amplitude of the equalizer at the frequency of the longest mark and the
output amplitude of the equalizer at the frequency of the shortest mark is 3 dB or
less.
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characterized by a control information recording area storing:
a first pulse movement (TF) for modifying a first pulse of said drive pulses,
wherein said first pulse movement (TF) indicates either a pulse shift amount for
shifting said first pulse without changing the pulse width, or a pulse width amount

for changing the pulse width of said first pulse, and

a code indicating a method for using said first pulse movement {TF) either

as a pulse shift amount or as a pulse width amount.
35. The data recording medium as set forth in claim 34, wherein the first pulse
amount (TF} is expressed as a time difference between a reference point (R1),
which is located a predetermined distance from a leading edge of a mark and a
first edge of the first pulse.
36. The data recordmg medium as set forth in claim 34, wherein the length of
a mark in the input signal and the length of a space between the marks are
expressed as a value NT where '
T is a reference period, and
N is a positive integer from n1 to n2;
marks and spaces are classified into a plurality of groups according to the
. mark length and the space length; and ‘
o a specific first pulse movement {TF) is set for each group.

37. The data recording medium as set forth in claim 36, wherein the marks are
classified by length into three groups, and the spaces are classified by length into

three groups.

38. The data recording medium as set forth in claim 36, wherein the marks are
classified by length into four groups, and the spaces are classified by length into

four groups.

39. The data recording medium as set forth in claim 36, wherein the number of
groups increases as the length of the mark and the length of the space decreases.
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spaces are classified by length into three groups of 3T, 4T, and 5T or longer
spaces.

42. The data recording medium as set forth in claim 36, whetein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer marks, and-
spaces are classified by length into three groups of 3T, 4T, 5T, and 6T or longer
spaces. '

43. The data recording medium as set forth in claim 34, wherein the method of
using the first pulse movement (TF) is to use the first pulse movement (TF) to
change the rising edge position of the first pulse without changing the width
thereof.

44, The data recor.ding mediufn as set forth in claim 34, wherein the metﬁod of
using the first pulse movement (TF) is to use the first pulse movement (TF) to
change the width of the first pulse without changing the falling edge position
thereof.

45. The data recording medium as set forth in claim 34, wherein the code is
recorded at a position before the position where said first pulse movement (TF} is
recorded relatively to the direction in which information is recorded.

48, Arecording and reproducing apparatus for recording and reproducing a data
recording medium according to claim 34,
said apparatus comprising:
means (1505 — 1508, 15612 — 1517) for reproducing the first puIse
movement {TF) and the code, which are prerecorded to the data recording medium;
means {1620) for storing the reproduced first pulse movement (TF) and the
code;
' means {1510) for generating a drive pulse based on a data recording signal,
_and correcting the generated drive pulse based on the first pulse movement {TF),
said code selecting the use of said first pulse movement {TF) either as a puise shift
amount or as a pulse width amount;
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48, A data recording medium having a plurélity of tracks for recording
information represented as marks and ‘spaces between the marks in a data
recording'area of the data recording medium, the marks being formed by an optical
beam modulated by one or a plurality of drive pulses where a number of the drive
puises is determined according to a length of a mark part in the input signal to be
. recorded on the track,
characterized by a control information recording area storing:

. a last pulse movement (TL} for modifying a last pulse of said drive pulses,
wherein said last pulse movement (TL) indicates either a pulse_shift amount for
shifting said ias_t pulse without changing the pulse width, or a pulse width amount
for changing the pulse width of said last pulse, and,

a code indicating a method for using said last pulse movement (TL) either as
a pulse shift amount or as a pulse width amount.

49. The data recording medium as set forth in claim 48, wherein the last pulse'
amount {TL) is expressed as a time difference between a reference point {R2),

Yot which is located a predetermined distance from a trailing edge of a mark, and a
trailing edge of the last pulse.

5Q. The data recording medium as set forth in claim 48, wherein the length of
a mark in the input signal and the length of a space between the marks are
expressed as a value NT where )

T is a reference period, and

Nis a posi‘cive integer from n1 to n2;

marks and spaces are classified into a plurality of groups according to the
mark length and the space length; and:

a specific last pulse movement (TL) is set for each group.
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52, The data recordi'ng medium as set forth in claim 50, wherem the marks are
classified by length into four groups, and the spaces are classified by length into
four groups.

53. The data recording medium as set forth in claim 51, wherein the number of
groups increases as the length of the mark and the length of the space decreases.

. 54. The data recording medium as set forth in claim 50, wherein n1 is 8 and n2
o .
= is 11.

55, The data recording .medium as set forth in claim 50, wherein marks are
classified by length into three groups of 3T, 4T, and 5T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, and 6T or longer
spaces. : :

_ 56 * The data recording medium as set forth in claim 50, Wh_erein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer marks, and
spaces are classified by length into three groups of 3T, 4T, 5T, and 6T or longer
spaces.

57. The data recording medium as set forth in claim 48, wherein the method of
using the last pulse movement (TL) is to use the last pulse movement (TL} to

Yad change the falling edge position of the last pulse without changmg the width
thereof,

58, The data recording medium as set forth in claim 48, wherein the method of
using the last pulse movement (TL) is to use the last pulse movement {TL) to
change the width of the last pulse without changing the rising edge position
thereof.

59. The data recording medium as set forth in claim 48, wherein the code is
recorded at a position before the position where said last pulse movement {TL} is
.recorded relatively to the direction in which information is recorded.

-
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the code;
means (109, 103 — 106) for emitting an optical beam based on the
corrected drive pulses to form spaces and marks on the data recording medium.

81. The recording and reproducing apparatus as set forth in claim 60, wherein
each of said last pulse movement {TL) Is set with respect to a class of combinations
of amark length and a space length, and wherein the reproducing means comprises
an equalizer {1514}, and the ratio between the output amplitude of the equalizer at
the frequency of the longest mark and the output amplitude of the equalizer at the

- - frequency of the shortest ma_rk is 3 dB or less,

62. A rhejchod for obta'mirig a first pulse movement TF for a daté_ recording
medium having a plurality of tracks and marks formed by an optical beam modu-
lated by one or a plurality of drive pulses,
said method comprising the steps of
a) generating a pattern signal containing:
al) ameasuring signal having a mark part with a specific length of PT
and a neighboring space part with a specific length of QT where
T is a reference period, P is a positive integer and Q is a positive
integer, and; _—
a2) areference signal having amark part witha predetermined length
and neighboring space part with a predetermined length, said
reference signal located adjacent said measuring signal and is pro-
vided to define reference edges adjacent measuring 5|gnals
b} storing the pattern signal;
¢} generating one or a plurality of drive pulses corresponding to said mark
part of the pattern signal; )
d) forming spaces and marks on the data recording medium by an optical
beam modulated according to the plurality of drive pulses;
e) reproducing the marks and spaces recorded to the data recording




77. The apparatus as set forth in claim75, wherein said fil@PUsQFsdE™T SUSEE
movement. TF is obtained for a plurality of conbinations of imark—l'engths
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75, wherein the Rt Letafhid WitrerdibeTetiesh tteliidlead réiraBatdPsighlal a1l ng
the stored pattern signal; and
g) obtaining from this difference a first pulse movement TF for application
to an original signal containing a sequence of space parts of length QT
and mark parts of length PT.

63. The method as set forth in c¢laim 62, wherein said measuring signal has a
mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more space
length, and wherein said reference signal has a mark length corresponding to the
. length of the mark contained in a group of the longest entry in the measuring signal
R and a space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

64. The method as set forth in claim 62, wherein said first pulse movement TF
is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and Q.

65. The method as set forth in claim 62, whérein the pattern-signal contains an
adjustment signal for obtaining a DSV of 0.

‘66. A method for obtaining a last pulse movement TL for a data recording
medium having
a plurality of tracks and
. marks formed by an optical beam modulated by one or a plurality of drive
N pulses, : '
said method comprising the steps of
 a} generating a pattern signal containing:
~atl) ameasuring signal having a mark part with a specific length of PT and
a neighboring space part with a specific length of QT where T is a reference period,
P is a positive integer, and Q is a positive integer, and; ’
a2) areference signal having a mark part with a predetermined length and
a neighboring space part with a predetermined length, said reference signal located
adjacent said measuring signal and is provided to define reference edges adjacent
measuring signals;
b) storing the pattern signal;
c) generating one or a plurality of drive pulses corresponding to said mark
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part of the pattern signal;

d) forming spaces and marks on the data recording medium by an optical
beam modulated according to the plurality of drive pulses;

e} reproducing the marks and spaces recorded to the data recording medium
to obtain a reproduced reproduction signal;

f) obtaining a difference between the reproduced reproduction signal and
the stored pattern signal; and "

g) obtaining from this difference a last pulse movement TL for application
to an original signal containing a sequence of space parts of length QT and mark
parts of length PT.

67. The method as set forth in claim 66, wherein said measuring signal has a
mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more mark
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained In a group of the longest entry in the measuring signal
and a space length corresponding to the length of the space contained in a group

_of the longest entry in the measuring signal.

68. The method as set forth in claim 66, wherein said last pulse movement TL
is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and Q.

69. The method as set forth in claim 66, wherein the pattern signal contains
an adjustment signal for obtaining a DSV of 0.

70. An apparatus for obtaining a first pulse movement TF for a data recording
medium having
a plurality of tracks and
marks formed by an optical beam modulated by one or'a plurality of drive
pulses, :
said apparatus comprlsmg
means (125) for generating a pattern signal containing:
a measuring signal having a mark part with a specific length of PT and
a neighboring space part with a specific length of QT where T is a reference perlod
P is a positive integer, and Q is a positive integer, and;
a reference signal having a mark part with a predetermined length and
neighboring space part with a predetermined length, said reference signal located
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adjacent said measuring signal and is provided to define reference edges adjacent
measuring signals; '

means (120) for storing the pattern signal;

means (111) for generating one or a plurality of drive pulses corresponding
to said mark part of the pattern signal;

means (109, 103-1086) for forming spaces and marks on the data recording

" medium by an optical beamn modulated according to the plurality of drive pulses;

means (105-108, 112-115) for reproducing the marks and spaces recorded
to the data recording medium to obtain a reproduced reproduction signal;

means {120) for obtaining adifference between the reproduced reproduction
signal and the stored pattern signal; and .

means {127) for obtaining from this difference a first pulse movement TF for
an original signal containing a sequence of space parts of length QT and mark parts
of length PT.

71. The apparatus as set forth in claim 70, wherein said measuring signal has
a mark with various lengths each representing a group of one or more mark length,

‘and a space with various lengths each representing a group of one or more mark
length and wherein said referenée signal has a mark length corresponding to the .
_length of the mark contained ina group of the longest entry i in the measuring signal .

and a space length correspondmg to the length of the space ‘contained in a group
of the longest entry in the measuring signal.

72. The apparatus as set forth in claim 70, whe{'ein first pulse movement TF is
obtained for a plurality of combinations of mark lengths and space lengths by
changing P and Q.

73. The apparatus as set forth in claim 70, wherein the combinations are classi-
fied, and wherein the reproducing means comprises an equalizer (114}, and the
ratio between the output amplitude of the equalizer at the frequéncy of the longest
mark and the output amplitude of the equalizer at the frequency of the shortest
mark is 3 dB or less, provided that the longest mark and the shortest mark are from
the same classification.

74. The apparatus as set forth in claim 70, wherein the pattern signal contains
an adjustment signal for obtaining a DSV of 0.

75. An apparatus for obtaining a last pulse movement TL for a data recording
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medium having

a plurality of tracks and

marks formed by an optlcal beam modulated by one or a plurallty of drive
pulses,

sald apparatus comprising:

means (125) for generating a pattern signal containing:

a measuring signal having a mark part with a specific length of PT and a
neighboring space part with a specific length of QT where T is a reference pernod
P is a positive integer, and Q is a positive integer, and; .

a reference signal having a mark part with a predetermined length and a

" neighboring space part with a predetermined length, said reference signal located

adjacent said measuring signal and is provided to define reference edges adjacent
measuring signals;

means (120) for storing the pattern signal;

means {110) for generating one or a plurality of drive pulses corresponding
to said mark part of the pattern signal;

means (109, 103-106) for forming spaces and marks on the data recording
medium by an optical beam modulated according to the plurality of drive pulses;

means {105-108, 112-115} for reproducing the marks and spaces recorded
to the data recording medium to obtain a reproduced reproduction signal;

means (120) for obtaining adifference between the reproduced reproduction
signal and the stored pattern signal; and '

means (127} for obtaining from this difference a last pulse movement TL for
an original signal containing a sequence of space parts of length QT and mark parts
of length PT, and storing last pulse movement TL.

76. The apparatus as set forth in claim 75, wherein said measuring signal has
a

mark with various lengths each representing a group of one or more mark length,
and a space with various lengths each representing a group of one or more mark
length, and wherein said reference signal has a mark length corresponding to the
length of the mark contained in a group of the longest entry in the measuring signal
and a space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal.

77. The apparatus as set forth in claim 75, wherein said first pulse movement.
TF is obtained for a plurality of combinations of mark lengths and space lengths by
changing P and 0.
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78. The apparatus as set forth in claim 75, wherein the combmatxons are ciassu-
fied, and wherein the reproducing means comprises an equalizer (114), and the
ratio between the output ampﬁtude of the equalizer at the frequency of the longest
mark and the output amplitude of the equalizer at the frequency of the shortest

- mark is 3 dB or less, provided that the longest mark and the shortest mark are from

the same classification.

79. The apparatus as set forth in claim 75, wherein the pattern sugnal contains an
adjustment signal for obtaining a DSV of Q. ’
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An optical disc has a plurality of tracks for recording information represented as marks and spaces between the marks. The marks
are formed by an opfical beam modulated by a plurality of drive pulses where a number of the drive pulses is determined according to a
length of a mark part in the original signal to be recorded to the track. The optical disc has a data recording area for recording dara, and a
control information reconding area for storing a first pulse position Tu value indicative of rising edge of the first drive pulse for determining
a start position of a mark to be recorded, and a last pulse position Td value indicative of falling edge of the last drive pulse for determining

an end position of a mark to be recorded.
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