1. T TLE OF THE | NVENTI ON Data Recording Apparatus and Met hQg2 %17

BACKGROUND OF THE INVENTION 1. Field of the Invention: TRESS
present invention relates to an apparatus for, and a nmethod of, recording
data into a disc-like recording nediumdriven”to spin at a constant speed.
2. Description of Related Art: The conventional apparatuses for
recording data into a recording nmedium include a one adapted to record
data into sectors forned on a magnetoopti'c disc by regularly dividing
concentric tracks on the disc circunferentially thereof, a one adapted to
record data i AIDLE ORGHE BOYENTIONsc at a constant frequency and a constant
speed of disc spinning, and a one adapted to record data into a

phase- changi ng optbhgtalRecdidifg Apparaarrzatidvitthbd equency and a constant speed
of disc spinning.

BACKGROUND OF THE INVENTION

1.  Field of the Invention:

The present invention relates to an apparatus for, and a method of, recording
data into a disc-like recording medium driven to spin at a constant speed.
2.  Description of Related Art:

The conventional apparatuses for recording data into a recording medium
include a one adapted to record data into sectors formed on a magnetooptic disc by
regularly dividing concentric tracks on the disc circumferentially thereof, a one
adapted to record data into a magnetooptic disc at a constant frequency and a constant
speed of disc spinning, and 2 one adapted to record data into a phase-changing optical
disc at a constant frequency and a constant speed of disc spinning.

The above-mentioned data recording apparatus adapted to record data into a

| magnetooptic disc having sectors formed thereon by regularly dividing concentric
tracks circumferentially of the disc, adopts the well-known CLV (Constant Linear
Velocity_) method to attain a high surface density with a constant linear density by
recording the data at a constant linear velocity. For recording data into a magnetooptic
disc having wobbling data tracks, this data recording apparatus detects track wobbling

modulated for data to be recorded onto all data tracks with a same linear density, in

order to record the data at a constant frequency.



The above-nentioned data recordi ng apparatus adapted to record.data into a
Jsragnet oopti c di sc having sectors formed thereon by regularly dividing
concentric tracks circunferentially of the disc, adopts the well-known CLV
(Constant Linear Velocity) nmethod to attain a high surface density with a
constant linear density by recording the data at a constant |inear.
velocity. For recording data into a magnét ooptic disc having wobbling data
tracks, this data recording apparatus detects track mobbling nodul at ed for

data to be recorded opto all a fracks wit sa J near densi in
order to record t hg thecapfrary, %ﬁgt’ \i e’ Bn‘g'\}a recording apparatus acIapfed to
2 On the éontrary t he aboye- nentloned ta recording apparatus
adapted to rdgenrd daiiata W@%@ﬁiﬁﬁé’ﬁ%@l C@n %ﬂuea% 3 sonstant spersdefy
and a constant_speed of disc_ spinning, gpts t he wel | -known CAV ( Const ant
Angul ar Vel ocidise) spining,cadopts the sstdnona dAVAConstant SngulanVelnoisy)i methadl toc
spinning not only in the lead-in zone but 1in the |ead-out zone on the
magnet oopt i ¢ desard the data at a constant speed of disc spinning not only in the lead-in zone but

in the lead-out zone on the magnetooptic disc.

The above-mentioned data recording apparatus adapted to record data into a
phase-changing optical disc at a constant frequency and a constant speed of disc
spinning, adopts the CAV method as in the data recording apparatus mentioned just
above. This data rccording apparatus is also adapted to generate a write frequency by
detecting a fine clock mark in order to record the data.

In the above-mentioned data recording apparatus adopting the CAV method for
data recording into a phase-changing optical disc, however, the linear density of
recording on data tracks formed in the lead-out zone is lower than that on the data
tracks in the lead-in zone since data is recorded at a constant speed of disc spinning
and a constant frequency not only in the data tracks formed in the lead-in zone but also
in the data tracks formed in the lead-in zone. Also, in a disc having track wobbles
modulated for data to be recorded onto all data tracks with a same linear density, the
CAV control is impossible for a quicker data access since it is necessary to lock write
clocks precisely to the track wobbles.

SUMMARY OF THE INVENTION

Accordingly, the present invention has an object to overcome the



The above-nentioned data recordi ng apparatus adapted to record data into a
phase-changi ng optical disc at a constant frequency and a constant speed of
disc spinning, adopts the CAV nmethod as in the data recordi ng apparatus
mentioned just above. This data recording apparatus is also adapted to
generate a wite frequency by detecting a fine clock mark in order to
record the data. In the above-nentj oned data recordi ng appar at us
adopting the CAV nethod for data recording into a phase-changi ng opti cal

di sc, however, .the linear,density o recordj ng on.data tracks_ formed in
the T ead-out RS menigaEs ool chihe Rionat b Divdinas ata econing wmecaons
zone since data js recorded_ at a constant speed. of disc spinning.  and a
constant freq M@ﬁi\@ﬁ agapted o reqeE Qét[adnﬁor %184@%’%‘6 Ferogding mediume withont amyne
but also in the data tracks formed in the |lead-in zone. Also, in a disc
havi ng track viewsr beear donsity-anednts gacksdn she lsadrout zenerentenl imthe C AV mads. a
tracks wwth a sane linear density, the CAV control is inpossible for a
qui cker data acces&hsiaboweidbjics carbesgminedtry providing atdata ctatdingpippaiased ¥
to the track wobbles. SUMMARY OF THE | NVENTI ON Accordingly, the
present i nventdogdprizasy, abcoplinges thepreset fmeRtidnhe
means for driving a disc-like recording medium having pre-formed thereon data
tracks for data recording, the data tracks being wobbled with signals generated by
modulating the frequency of a predetermined-frequency carrier correspondingly to an
address information;
means for recording into the disc-like recording medium being driven to spin
a data in sectors each consisting of a data block and a linking data next to the data
block in such a manner that the linear density of recording is constant;

means for calculating a number of bits which are to be recorded into an #-th one

of the sectors based on a following expression (1):
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‘where F : Write frequency, Hz

N : Spinning speed of the recording medium, s
R, : Radius of innermost data track on which the bits are to be written, m
P : Track pitch of data tracks, m

L : Physical circumferential length of each sector, m; and



3 “above- menti oned drawbacks of the prior art by providing a data recording
.apparatus and nmethod adapted to record data into a disc-like recording
medi um wi t hout any |ower |inear density on data tracks in the |ead-out

zone even in the CAV node. The above object can be attained by
provi ding a data recordi ng apparatus conprising, according to the present
I nventi on: nmeans for driving a di gc-1i ke recor di ngnedi um

havi ngpre-forned thereon data tracks for data recording, the data tracks

bei ng wobbl ed with sjanal Eorﬁ?&ﬁﬁghﬁdre%&dri{g) nglrugst %d;ﬂlaa%ﬁ?eagéf?% ?Q"C&?%‘i in?i on:

pr edet er mi ned-frequency carrier TOrrespo ess in

means for recordjng d,ntq the.disc-like .recordin dium bein riven to
S a dat  TirREReRS halidk HebR ErtouAfg G el HERRY bl stkORy  Gat
next to the data bl océ< in such a manner tt}@iﬂtgg | i near density of
recording is constlBffe datarecordingapparatysaccgrding toihepresent inysationa pimberafi ch

are to be recorded into an_n-th one | .
bits to be recorded into each sector is calculated by the calculating means to record

data in the calculated number of bits into each sector.

The abc;ve object can also be attained by providing a method of recording
sectors each consisting of a data block and a linking data next to the data block into
a disc-like recording medium having pre-formed thereon data tracks onto which data
is to be recorded, the data tracks being wobbled with signals generated by modulating
the frequency of a predetermined-frequency carrier correspondingly to an address
information, comprising, according to the present invention, the steps of:

calculating a radial position on the recording medium of an n-th one of the
sectors to generate a position information;

determining a write frequency based of the position information;

calculating a number of bits which are to be recorded mto the n-th one of the

sectors based on a following expression (1):
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N : Spinning speed of the recording medium, s~/

where F : Write frequency, Hz

R, : Radius of innermost data track on which the bits are to be written, m



of the sectors based on a following expression (1): [err] where F;
MWite frequency, Hz N Spi nning speed of the recording nedium °
s[err] Rlerr]: Radius of innernost data track on which the bits are
to be witten, m P: Track pitch of data tracks, m L Physi cal
circunferential |ength of each sector, m and

4 means for controlling the record®ng means so that the data is
recorded in a nunber of bits having been cal cul ated by the cal cul ating
nmeans into each segt & . ta recordi ng apparatus according to
t he present inventfoﬁacgpﬁ%}ﬁﬁgéggft}ﬁ |’?’2 to be recorded into each sector is

cal oul ated by the pabeulati g, IRANS: S ok AFSY shon Sk, b ahte o2l cul ated

nunmber of bits int

recording a data in the number of bits calculated based on the expression (1)
into the recording medium on the basis of the write frequency.

For recording data into each sector by the data recording method according to
the present invention, a pos.ition information indicative of a radial position of the
sector is generated and a write frequency and a number of bits to be recorded into each
sector are calculated based on the position information.

BRIEF DESCRIPTION OF THE DRAWINGS

These objects and other objects, features and advantages of the present
intention will become more apparent from the following detailed description of the
present invention applied to an optical disc reproducing apparatus when taken in
conjunction with the accompanying drawings, of which:

FIG. 1 is a schematic drawing of an example of an optical disc, showing the
physical structure thereof;

FIG. 2 schematically illustrates a lead-in zone, main data zone and lead-out
‘zone, fo_rming together a data area on an optical disc;

FIG. 3 shows a structure of a lead-in zone on an optical disc;

FIG. 4 shows a structure of a lead-out zone on an optical disc;

FIG. 5A schematically illustrates a groove spirally formed on an optical disc;

FIG. 5B schematically illustrates a groove wobbled along both sides thereof on



The above object can also be attained by providing a nethod of recording
,sectors ‘each consisting of a data block and a |linking data next to the data
block into a disc-like recording nmedium having pre-forned thereon data
tracks onto which data is to be recorded, the data tracks bei ng wobbl ed

w th signals generated by nodul ating the frequency of a

predet er mi ned-frequency carrier correspordingly to an address information,
conprising, according to the present invention, the steps of:

calculating a radlah ?osition on the recording nmediumof an n-th one of the
sectors to geﬁﬁ?ﬁb@ £550si tion information: deternmining a wite

bi to whi oh a6t o B R4S AREentEY Sraon Hegngrlaeed fos e ALoP RS on o
foll owi ng expressjion (1): [err where F: Wite frequency, Hz N
Spi nni ng_ speeghewingiies gooye apdsgli um s[err] Rlerr]: Radius of
i nnernost data track on which the bits are to be witten, m
FIG. 6B schematically illustrates a wobbling amplitude of a groove on the
optical disc in FIG. 6A;
FIG. 7 schematically illustrates an optical disc having segments formed
thereon;
FIG. 8 schematically illustrates a signal detected from a fine clock mark;
FIG. 9 schematically illustrates the format of one sector;
FIG. 10 shows a data structure in an ECC block;
FIG. 11 shows a data structure of 32 kilobytes;
FIG. 12 also shows a data structure of 32 kilobytes; '
FIG. 13 shows a linking data added to an ECC block;
FIG. 14 shows a linking point of a linking data;
FIG. 15 shows linking data added between ECC blocks;
FIG. 16 schematically illustrates a radially zoned optical disc;
FIG. 17isa schematic block diagram of the data recording apparatus according
to the present invention;
FIG. 18 is also a schematic block diagram of the to-be-recorded data generation
circuit;

FIG. 19A shows ideal sectors in the n-th zone, in which data 1s recorded;



5 ° P: Track pitch of data tracks, m -L : Physi cal

.circunferential l[ength of each sector, m and recording a data in
t he nunber of bits cal cul ated based on the expression (1) into the
recordi ng mediumon the basis of the wite frequency. For recording

data into each sector by the data recording nethod according to the
present invention, a position information indicative of a radial position
of the sector is generated and a wite frequency and a nunber of bits to

be recorded into ector are cal cul. d based qn,th si,t.i on
information. BRI ﬁ%ﬁg&ﬁ ORPAERTS Hy facig recorded "‘I’ﬁ@g]%ag)ﬁ? &0Rg and g

ot her objects, features and advantages of the present., intention wll
becone nore afssdrontzong aA same Tequeny aryl sneed of dige SRIBRINGPt i on of t he
present invention applied to an optical dirsc reproduci ng apparatus when
taken in conjunctFiéh 18Q showe sectorsrapawhichgdata aisvirmdedogy vtﬁe clata recording
apparatus according to the present invention;
FIG. 20 is a schematic block diagram of the data recording apparatus, for
explanation of the operations done for data recording;
FIG. 21 is a functional flow chart of an example of data recording by the data
recording apparatus of the present invention; and
FIG. 22 is a functional flow chart of another example of data recording by the
data recording apparatus of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First of all, an optical disc compatible with the data recording apparatus of the
present invention will be described concerning its physical structure.
The optical disc usable with the data recording apparatus of the present
invention is a one into which data can be recorded in the phase-changing mode and
which has a physical organization as shown in FIG. 1.
The optical disc is generally indicated with a reference 1. The optical disc 1
having a diameter of 120 mm. It is a lamination of two bonded substrates each of 0.6
mm in thickness, and thus the optical disc | has a total thickness of 1.2 mm. Itis

adapted to be mechanically clamped. That is, the optical disc 1 appears like a CD

(Compact Disc), DVD-ROM (Digital Versatile Disc-ROM or Digital Video



FIG 1.-is a schematic drawing of an exanple of an optical disc, showing the

.physi cal structure thereof; FIG 2 schematically illustrates a

| ead-in zone, main data zone and | ead-out zone, form ng together a data
area on an optical disc; FIG 3 shows a structure of a lead-in zone
on an optical disc; FIG 4 shows a structure of a |ead-out zone on
an optical disc; FIG 5A schematigally illustrates a groove spirally
formed on an optical disc; FIG 5B schematically illustrates a

groove wobbl ed..al ot | des thereof on
6 an optical %d‘?%gb & e T ‘G 6Ais a fragmentary sectional view,
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optical disc iagai{jilb% toGa'gi:onunodate the optical disc 1.

As shown in FIG. 1, the optical disc 1 has a lead-in zone 1a located near the
inner perimeter of the optical disc 1 and a data zone 1b disposéd outside the lead-in
zone la. There are pre-formed groove tracks in the data zone 1b on the optical disc
1. An physical address is represented by a wobbling of the groove. Owing to the
groove wobbling based on a signal generated by FM modulation of the address, an
absolute address can be extracted by FM demodulation of a reproduced information
from the groove as will be further described later.

The optical disc 1 is driven to spin in the CAV (Constant Angular Velocity)
mode, so the absolute address included in the groove is a CAV data.

The groove has a depth equal to one eighth of a laser wavelength A used for data
recording and reproduction, a width of 0.48 pum on average, and a wobbling amplitude
of 12.5 nm on average.

Note that the laser wavelength A is 650 nm (-5/+15 nm) and the numerical
'aperwrg (NA) of the optical head of a disc player with which the optical disc is
compatible is 0.6.

This optical disc 1 is used in the groove recording mode (no land is used for

recording), so the track pitch-directional distance from the center of a groove to that

of a neighboring groove is taken as a track pitch. The track pitch of this optical disc



FI _G 7 schematically illustrates an optical disc having segnents forned
thereon; FIG 8 schematically illustrates a signal detected froma
fine clock mark; FIG 9 schemati.-cally illustrates the format of one
sector; FIG 10 shows a data structure in an ECC bl ock; FI G
11 shows a data structure of 32 kil obytes; FIG 12 al so shows a data
structure of 32 kil obytes; FIG 13 shows a |linking data added to an
ECC bl ock; FIG 14 shows a linking point of a |inking data;

FIG 15 shows l i nking data added between ECC bl ocks; FIG 16
schematical | yli$9-899¥&t es a radially zoned optical disc; FIG 17 is
a schematic block diagramof the data_recording apparatus acc?,rdi n to the
present inventi on;Also data isgegorded into thissepticakdise favith aptanstant lingtradansity t he
to-be-recorded data generation circuit; . FIG 19A shows i deal
sectors in t héChDb) bf @38qum/bit (ditiadbit) dn0.d 7§ sm/bit (ehanukl bit).

Note however that a certain width is set for a range of the linear density and the
optical disc 1 is divided radially thereof into a large number of zones so that the linear
density is substantially constant over the optical disc 1. This linear density will be
called “zoned CLD (zoned Constant Linear Density)” which will be described in

further detail later.

Since the optical disc 1 has a data-recordable area and a zoned CLD set in an
area corresponding to the disc diameter of 120 mm as will be discussed later, the
above-mentioned track pitch of 0.80 um will implement a recording density of 3.0
gigabytes per side (one recording layer).

For modulation of a to-be-recorded data, the 8/16 (eight-to-sixteen) modulation
method is adopted as in a so-called DVD for a mark-edge recording to a
phase-changing recording medturm.

FIG. 2 schematically illustrates the structure of the data zone 1b extending from
the lean-in la to a lead-out zone 4 on the optical disc 1. Thus the data zone 1b
includes an lead-in zone 2, main data zone 3 and lead-out zone 4.

The lead-in zone 2 has a structure as shown in FIG. 3. It should be noted that
a physical sector number is shown to the left of this structural drawing and a

hexadecimal notation of an absolute address is to the right.



7 FI G 19B shows sectors in which data is recorded in the |ead-in
Zzone and | ead-out zone at a sane frequency and speed of disc spinning;
FIG 19C shows sectors in which data is recorded by the data recordi ng

apparatus according to the present invention; FIG 20 is a schematic
bl ock diagram of the data recording apparatus, for explanation of the
operati ons done for data recording; 10 FIG 21 is a functional flow

chart of an exanple of data recording by the data recordi ng apparatus of
t he present inventjo

anot her exanpl e ofhEFan{:eﬁg'l?IgE%‘?ed% hes #5101 5 Gtﬁi%miﬂé‘fvﬁerff é@gﬁégﬁgsl“é%lﬁg cslr}g_g t8‘f’t0t9he

e B S B e, R S

of the present invention wll be described concerning its_ physical

structure. sectors, a control data zone of 3,072 phys1cal sectors, and a second buffer zone of 512
physical sectors.

In these mmal reference code first buffer, control data and second buffer
zones, embossed pits are formed to record information.

The control data and reference code zones are written on the optical disc 1
during cutting in the process of mastering to provide read-only pit codes. There are
recorded in the control data zone a physical management information, etc. for the
optical disc 1. The zones other than the embossed area provide a data recordable area
(groove area) in which groove tracks are formed.

The control data zone is of 192 ECC blocks for recording, in addition to the
physical management information for the optical disc 1, information on a spinning
speed of the optical disc 1 for datarecording, and also information on a spinning speed
of the optical disc 1 for data reproduction.

The lead-in zone 2 includes a connection zone indicative of a boundary between
the embossed area and grooved area, first guard zone for protection of the disc, disc
test zonc;, drive test zone, second guard zone, first DMA (Defect Management Area)
zone, inner disc identification zone indicating an information on the manufacture and
format of the disc, and a second DMA zone.

The first and second guard zones are provided for synchronization of write



The optical disc usable with the data recording apparatus of the present
invention is a one into which-data can be recorded in the phase-changi ng
node and which has a physical organization as showmn in FIG 1. The
optical disc is generally indicated with a reference 1. The optical disc 1
having a dianeter of 120 mm It is a |lamnation of two bonded substrates
each of 0.6 mmin thickness, and thus the optical disc 1 has a total

t hi ckness of 1.2 mm is adapted to be nechanically clanped That is, the

opti cal dlsclapars l.ke a. Lonpa | S DVD- (Di i tal
Versatile Dis 81 Brwxanbg %p(t;D 18n'?iﬁoctﬁe aqsc ge)st Zone an Zores,

8 Disc-ROM) or th S dis a sed | gadj ng an

optical disc into 'gh g@ﬁtﬁfé%“i%mﬁ&qateﬁém%&e%% ‘F‘%Pgh"ool’é%l)ﬂﬁ%ﬁgate t he
optical disc 1. shown_in FIG 1, the optical disc 1 has a |lead-in
zone la | ocated nedhe fhﬁ‘éﬂ testaone I%E'F)Vlﬁé@@rch?ﬁ theeoperating gpnditions of theepticalat a

zone 1b di sposed outside the |ead-in
disc drive

The first and second DMA zones are formed near the inner perimeter of the
optical disc 1, and third and fourth DMA zones are provided neatr the outer perimeter
of the optical disc 1. These first to fourth DMA zones record a same data.

The DMA zones are provided to have recorded therein information on detection
of defects, if any, in the recordable area as well as on alternative sectors for the
recordable area. Since data is recorded or reproduced with reference to the contents
in the DAM zones, so the data recording or reproduction can be done bypassing the
defective zones.

The data zone has 1,474,560 physical sectors to record user data.

FIG. 4 shows a structure of the lead-out zone 4 on the optical disc 1. As shown,
the lead-out zone 4 includes the third DMA zone, outer disc identification zone, fourth
DMA zone, third guard zone, disc test zone, drive test zone and a fourth DMA
'zone.

I\iext, a wobble address format will be described herebelow.

In the optical disc 1 used in this embodiment of the present invention, tracks are
pre-formed from wobbling grooves in other grooved areas than the embossed area.

Also the wobbling groove represents an absolute address. Therefore, the data



zone la. There are pre-formed groove tracks in the data zone-lb on the
optical disc 1. An physical address is represented by a wobbling of the
groove. OMng to the groove wobbling based on a signal generated by FM
nodul ati on of the address, an absolute address can be extracted by FM
denodul ati on of a reproduced information fromthe groove as wll be
further described |ater. The optikaal disc 1 is driven to spin in the
CAV (Constant Angul ar Velocity) node, so the absolute address included in

1519008\ e by P SRR e
L o 0.8, e S ueBl bR o) hdBash, 48 et
ahi ch e opt Foaditionuet the ercssapHbAG it Grscal Gsc | is bong QYR Pl al disc 1 1s
used in the groove recording node (no land is used for recording), sq the
track pitch-directFighdl shoiwstaarssamplenfitht\grooues staictar oa the eptieal discthuged inf a
nei ghboring groove is taken as a track pitch. The track pitch of this
optical disc this embodiment of the present invention. As shown in FIG. 5A, a pre-groove 5 is

formed spirally from the inner to outer perimeter in the grooved area on the optical

disc 1.

FIG. 5B schematically illustrates, as enlarged in scale, a portion of the
pre-groove 5. As shown, the right and left side walls of the pre-groove are wobbled
correspondingly to an address information. That is, the pre-groove 5 is wobbled ata
predetermined period corresponding to a wobbling signal generated based on an
address. A land 6 is formed between one pre-groove 5 and a neighboring pre-groove
5. Data is recorded in the pre-grooves 5.

Therefore, the track pitch is a distance from the center of one pre-groove 5 to
that of a neighboring pre-groove 5, and it is about 0.8 pum as shown in FIG. 6A. The
pre-groove 5 has a width (bottom width of the groove 5) of about 0.48 ym, which 1s
therefore larger than the width of the land 6. |

T'he pre-groove 5 is formed to wobble as shown in FIG. 5B. The wobbling 1s
defined to have an amplitude WW as shown in FIG. 6B. In the optical disc 1 used in

the embodiment of the present invention, the wobbling amplitude WW is about 12.5

nm. Note that in the pre-groove 5, the wobbling is momentarily increased at a certain



9 1is 0.80 [err]m Al'so data is recorded into this optical disc I
W th a constant |inear density (CLD) of 0.35 [err]mbit (data bit) or
0.175 [err]m bit (channel bit). Not e however that a certain width is
set for a range of the linear density and the optical disc 1 is divided
radially thereof into a | arge nunber of zones so that the linear density
I's substantially constant over the optigal disc 1. This linear density wll
be called "zoned CLD (zoned Constant Linear Density)" which will be

descri bed in Jrfgdwg{ter@%f arﬁe Jn%gl%ﬁfsly intcreaséi RE6LIE REeaRBA bE §|ﬁrg th he

dat a-recor datﬁe area an n an area corresp on

di sc di aneter_of sse ve rrent | on
track pitch o} h QFM%WP‘)F@SF gpié% lmjﬁ%lg‘ @ a? cglfa'é‘oﬁw
gi gabytes per, one yecordi ng | ayer). For nodul atlon of a

t o- be-recorde‘aaéé?é nap foBgXAgRle ght - t o- si xt een) nodul ati on

One track (one-round track) has a plurality of wobbling address frames. The

wobbling address frames are servo segments 0 to 7 formed by dividing one track by
eight radially of the optical disc 1 as shown in FIG. 7. One of the servo segments (will
be referred to simply as “segment” hereinbelow) contains 48 bits mainly for an
absolute address. One segment has 360 wobbles. The wobbling address frame that
is one segment (among segments 0 to 7) includes wobbled grooves formed according
to a 48-bit wobble data subjected to FM modulation.

The above-mentioned fine clock marks are formed as regularly spaced on the
wobbled groove. The fine clock mark is used in a PLL (phase-locked loop) circuit to
generate a reference clock for data recording. On the wobbled groove, 96 fine clock
marks are formed per full turn of the optical disc 1. Therefore, such 12 fine clock
marks are formed in one segment.

FIG. 8 schematically illustrates the fine clock mark. On the assumption that as
shown in FIG. 8, a data of 48 bits 1s recorded in each wobbling address frame and one
bit is represented by seven carriers of a signal of a predetermined frequency, one
wobbling address frame will include 360 carriers. Thus, when the optical disc 1 is
driven to spin at a speed of 1,939 turns per minute, the frequency of the carrier will be

93.1 kHz.



met hod i s adopted as in a so-called DVD for a nmark-edge recording to a
phase-changi ng recordi ng nmedi um FIG 2 schematically illustrates
the structure ofthe data zone 1b extending from the lean-in la to a

| ead- out zone 4 on the optical disc 1. Thus the data zone |Ib includes an
| ead-in zone 2, main data zone 3 and | ead-out zone 4. The |l ead-in
zone 2 has a structure as shown in FIG 34lt should be noted that a

physi cal sector nunber is shown to the left of this structural draw ng and

2, hexacectml a4 6 BRCRURBLGE AP AR b S e

10 The | ead-1n zone as an ini Z0ne

sectors are seto.to .."0Q" ref exenge .code .zone of 32 physi.cal. sectors, a
first buffer ﬂ%ﬁqgnﬁqoﬁggarﬂ%s?@aﬁm@ DAk 15 SuRempase Pn&ﬁgfgaﬁtéu&jﬁu&dng .
physi cal sectors, gnd a second buffer zone of 512 physical sectors.

In these initi°8F PH4-er ence code, first buffer, control data and second

buf f er
The first one of the 4 bits in the period is defined to include the fine clock mark

while the remainder includes no fine clock mark. The bit including the fine clock mark
is shown as enlarged in scale in the lower portion of FIG. 8. The carrier wave contains
an increased-amplitude wave as a fine clock mark FCK at a half of the data bit length,
as will be seen,

The actual wobbling of the groove S on the optical disc 1 is such that the
wobbling amplitude WW is momentarily increased to 30 nm or so at a point
corresponding to the fine clock mark FCK.

Twelve fine clock marks will be recorded at every 3 bits in one wobbling
address frame. Therefore, one track (one full turn of the optical disc 1) will have 96
(= 12 x 8) fine clock marks written therein.

The fine clock mark (which will be used in the PLL circuit of the disc player to
generate a PLL clock) can be an information indicating a circumferential position in
more detail than a segment number.

The frequency of a camier for each data of 48 bits takes a value for each such
data. Each data such as track number, etc. 1s subjected to bi-phase modulation, and
then to frequency modulation. The pre-groove is wobbled with this

frequency-modulated wave.



zones, enbossed pits are fornmed to record information. The control
data and reference code zones are witten on the optical disc 1 during
cutting in the process of mastering to provide read-only pit codes. There
are recorded in the control data zone a physical managenent information,
etc. for the optical disc 1. The zones other than the enbossed area
provide a data recordable area (groove gfea) in which groove tracks are

f or med. The control data zone is of 192 ECC bl ocks for recording, in

addition to the sj cal nagepent . infaormation for, t optd cal dis ,
i nformation on a s ﬁﬁﬁmﬁ'ﬁ i%ﬁcéagd omheor}foﬁt F%g?"r%ﬁog‘gedl dfjigar ‘gétlt g’er QE%FF@)IC%Q,
and al so information on a spinning speed of the optical disc | for data

repr oduct i on. #¥®®IOW.The | ead-in zone 2 includes a connection zone

i ndi cati ve ofa boundary between the enbossed area and grooved area, first
guard zone for prolncibis enbeskmenfcoffhe presentiavention; onepistergeangists; efqme RE
second guard zone, first DVA (Defect Managenent Area) zone, inner disc

i denti fi cati obleokrof 32rdlobatasn Patm récofdingristdope in sectdre eacinodrasitingfanECC
format of the disc, and a second DVA zone. The first and second
guard zones abkdhrandiad@kidgdatgynchr oni zati on of wite
As shown in FIGS. 9 and 10, each sector consists of a main data of about 2
kilobytes (2,048 bytes in detail) and an information of 16 bytes added to the main data.
This information includes a 4-byte ID (Identification Data), 2-byte IED (ID Error
Detection Code) , 6-byte RSV (Reserved Data) and an EDC (Error Detection
Code).
Each sector of 2,064 (=2,048 + 16) bytes has a data of 12 x 172 (=2,064) bytes
(one sector) shown as one row in FIG. 10. Sixteen such one-sector data are gathered
to organize a data of 192 (= 12 x 16) x 172 bytes as shown in FIGS. 11 and 12.
To this data of 192 x 172 bytes, an inner parity code (PI) of 10 bytes and an
outer parity code (PO) of 16 bytes are added to each of bytes in horizontal and vertical
directions to organize an ECC block as shown in FIG. 11,
Further, in the ECC block thus having a total of 208 x 182 bytes (= (192 + 16)
x (172 + 10)), an outer panty code (PO) of 16 x 182 bytes is segmented into 16
chunks of 1 x 182-byte data and one such outer parity code (PO) is added under each

of 16 chunks of 12 x 182-byte data for interleaving such data chunks. A dataof 13 (=

12 + 1) x 182 bytes is taken for one sector.



cl ock when witing an information into the disc test zone and DVA zones.
The disc test zone is provided to check the condition of the optical disc
1. The drive test zone is.provided to check the operating conditions
of the optical disc drive. The first and second DVA zones are
formed near the inner perinmeter of the optical disc 1, and third and
fourth DVA zones are provided near the o %r perinmeter of the optical disc
1. These first to fourth DVA zones record a sane dat a. The DMVA zones

T Cany, n the rechRRaIgrekapa S QT LGSR e AL Tpes po RRC

recordabl e ar eﬁz:%erl nce a. |59{ corded or reproduced with reference to the
contents in the BR S8HEEVIY, ®Hata recording or reproductlon can be

done bypassing the_ defective zones. data zone s. 1,474,560
physi c)altlo sect grs t Soleadingendafieaph EGC blockhav-lrng208 x 2 frames, . mking data of 13

rows x 2 frames, for example, is added as shown in FIG. 13. The linking data has its
bits calculated and added to leading or trailing end of each ECC block in the data
recording apparatus which will be further described. That is to say, a number of the
bits is calculated taking the ECC block and linking data as a data for one sector to
generate a linking data in the data recording apparatus.

For recording into the optical disc 1, the linking data is inserted between ECC
blocks each of 32 kilobytes. It should be noted however that actually, the linking data
is formed as a linking point providing a separation between a position at which
recording of an ECC block being a block (V) is ended and a position at which
recording of an ECC block being a block (N + 1) is started.

FIG. 14 shows the patterns of sync signals (SYO0 to SY7) of each frame of the
linking data and the contents of the linking data.

FIG. 15 shows an example of a linking data added between ECC blocks when
sectors N and N+1 are recorded. Namely, FIG. 15 shows a linkage between a linking
data add—ed to the trailing end of ECC block N and a linking data added to the leading
end of ECC block N+1. In this case, the size of the linking data is changed in this
embodiment of the present invention by deleting or adding a linking data belonging to

the sector N and/or sector N+ /. That is, in this embodiment, the number of bits in a



FIG 4 shows a structure of the | ead-out zone 4 on the optical disc 1. As
shown, the |ead-out zone 4 includes the third DVA zone, outer disc
identification zone, fourth DMA zone, third guard zone, disc test zone,
drive test zone and a fourth DVA zone. Next, a wobbl e address
format wll be described herebel ow In the optical disc 1 used in
this enbodi nent ofthe present invention,jjtracks are pre-fornmed from
wobbl i ng grooves in other grooved areas than the enbossed area. Al so the

bbl i t d .Ther efor t he data
1o ooy i o UihEaRE & Una B e e e b B IR BRI BiorLnn obt ai
i nf ti i ncl udi t | ut d b t ti ' I .
hecording 1o the wibBEebPcab At bied 11hs Aatageedoine Sarertus ASsoRRe dathisi sc
1 is being driven to spin. FIG .5 shows an exanpl e of the groove
structure on taRbadpmenahe GLR metheddsimplemenipdasarsned Gbmbidividiag heeptienl

invention. As shown in FIG 5A, a pre-groove 5 is
disc 1 radially into a great number of zones. This zoning will be described

hereinbelow.

FIG. 16 schematically illustrates an example of the optical disc 1 radially
divided into a plurality of zones (m+2 zones including zones 0 to m+1). Data is
recorded or reproduced into or from these m+2 zones. Actually, an optical disc used
in the present invention is divided radially into about 800 zones. In the data recording
apparatus that will be described later, the write frequency is changed for each of the
zones in order to record data into each sector.

Assure here that the number of sectors per track in the zone 0 is »# and the
number of sectors per track in the next zone 1 is #+ 1. Similarly, in each zone counted
outwardly from the zone 1, one sector adds to the sectors existing in the preceding
zone, Thus the sectors in the zone m counts #n+m, and the sectors included in the
outermost zone m+/ counts nt+(m+1),

The zones are separated from each other at a radial position where one zone can
have a capacity for n+1 sectors with a same innermost-zone linear density as in the
preceding zone. That is to say, the zone 1 begins at a radial position where it can have
a capacity for the n+/ sectors with as same innermost-perimeter linear density as in

the zone 0. Similarly, the zone m begins at a radial position where it can have a



formed spirally fromthe inner to outer perinmeter in the grooved area on
fhe optical disc 1. FIG 5B schematically illustrates, as enlarged
in scale, a portion of the pre-groove 5. As shown, the right and left side
wal I s of the pre-groove are wobbled correspondingly to an address

i nformation. That is, the pre-groove 5 is wobbled at a predeterm ned
period corresponding to a wobbling signajggenerated based on an address. A
land 6 is forned between one pre-groove 5 and a nei ghboring pre-groove 5.

Pt S p o0t Bfflcled S EoHBAMNR 2 Jame linear dordklF R AL SuodiBLIARAL 1

Is a distance e center of one pre-groove a neig

pre-groove 5, amijtai't I S abg)ut 0.8 [err]mas shown in FIG 6A. The
pre-groove 5 ﬂg&s %ﬂbe[:ﬁon(: ottomw dth of the groove 5) of about O0.48

[err]m which is refore larger th t he w.d f..the | and 6. )

The pre-groove 5 iéﬁ&?rﬁgawﬁ’dn\ﬁ%iﬂr@ Raug hpopfé_lagggp, %ﬁga%WSPF‘H@gi s
defined to have an anplitude WVas shown in FIG 6B. In the optical disc 1
used in the apRAsetumascordmgttndhe presenttinyenyiont i 1w datheconeding iapparatvs| aftithele WV

is about 12.5 nm Note that in the pre-groove 5, the wobbling is
nmoment ari |y i poasentsigdertionaisgenemally indicated with a reference 10. As shown, the data

recording apparatus 10 comprises a spindle motor 11 to support and drive to spin an
optical disc D at a predetermined speed, an optical head 12 to record an information
signal into the optical disc D by irradiating a laser beam onto the optical disc D, and
a driver circuit 20 to drive the spindle motor 11 and optical disc 12. The data
recording apparatus 10 further comprises a DSP (Digital Signal Processor) 25 which
receives a control signal from a CPU (Central Processing Unit) 70 to control the driver
circuit 20,

The spindle motor 11 has a turn-table on which the optical disc D is rotatably
supported. The spindle motor 11 drives to spin the turn-table, thereby driving to spin
the optical disc D supported on the turn-table. The spindle motor 11 is adapted to
drive to spin the optical disc D at a predetenmined speed under a signal from a spindle
driver 21 which will be further described later. Also the spinning speed of the optical
disc D ciriven by the spindle motor 11 is detected by the DSP 25.

The optical head 12 compnises a light source which emits a laser beam, an
optical system to collimate and project the laser beam from the light source onto the

optical disc D, a photodetector 12a to detect a return or reflected light from the optical



13 periodic interval. The nonentarily increased wobble is taken as a fine
clock mark which will be further described |ater. The wobbling anplitude
WV at such a nonent is 25 to 30 nm for exanple. One track
(one-round track) has a plurality of wobbling address frames. The wobbling
address franes are servo segnents O to 7 fornmed by dividing one track by
eight radially of the optical disc 1 as sitwpown in FIG 7. One of the servo
segnents (will be referred to sinply as "segnent" herei nbel ow) contains 48

bits mainly foy. sql ut dress. .One,segnent, has 360 wobbl es. The
Pobl g addr AP, it Focii Araf R R SRR R B g R B SR 0 t o 7)

I ncl udes wobbl ed grooves fornmed, accordin to 4§-bit Vﬁ)bbl e data

subj ected to FM nD§HPBJ4qddﬁl.that°‘b°“f°°PFF@dég@ﬁ/%1Pﬁ’g?ﬂ eRcorhekecerdsdwarafarm ar e

formed as regularly spaced on the wobbled groove. The fine clock mark is

used in a PLL gepheatar-winck auill be Spitheridescribed:later,ghe Bghttsourcerie dovemc &he light

for data recording. On the wobbl ed groove, 96 fine clock
source generates a laser beam with a predetermined write frequency and intensity
corresponding to the supplied to-be-recorded data. Also the light source is adapted to
emit a laser beam of a predete-rmined intensity for changing the phase of the optical
disc D on which a data is going to be recorded as well as to emit a laser beam of a
lower intensity than the predetermined one fof reproducing a recorded data from the
optical disc D.

The optical system comprises an objective lens, for example, to collimate and
project a laser beam from the light source onto the optical disc D. The optical system
is adapted to collimate a laser beam to a spot of a predetermined diameter on the
optical disc D by moving the objective lens in a direction toward or away from the
optical disc D.

The focus/tracking control mechanism is adapted to drive, based on a signal
from the driver circuit 20, the optical head 12 in a tracking direction as well as in a
“focusing direction. This mechanism thus collimates a laser beam from the light source
toa prcc'lctcrmined position on the optical disc D.

When recording or reproducing data into or from the optical disc D, the

photodetector 12a detects a return or reflected light from the optical disc D. The

photodetector 12a 1s adapted to convert the retum hight to an electric signal and



marks are formed per full turn of the optical disc 1. Therefore, such 12
fine clock marks are formed in one segnent. FIG 8 schematically "
illustrates the fine clock mark. On the assunption that as shown in FIG
8, a data of 48 bits is recorded in each wobbling address franme and one
bit is represented by seven carriers of a signal of a predeterm ned
frequency, one wobbling address frame wbl include 360 carriers. Thus,
when the optical disc 1 is driven to spin at a speed of 1,939 turns per
m nute, the freqﬂh‘3 ¥ of the arrler

14 Forsup ﬁ%ac%)ek ﬁfﬁ?trer woikh witl By Sordier desefivad dptesy dgmelythes of

the address information. .. one fine clock mark i s  superposed on one

of 4 bits incinhetadetastordda s‘mheéﬂle generated elactg signal apnto-be- rqg};@gqpeg,dgga ton

the period is defined to include the fine clock mark while the remainder

i ncl udes no f ianeRE eircwt,remdksupplies ibfa a foavis{irsicking cireuit Bheclotl genaratiok 32 and
wobble signal processor 33 as well.

The driver circuit 20 comprises a sled-motor 22 to move the optical head 12
radially of the optical disc D, a loading motor 23 to load the turn-table, a servo circuit
24 to control focus and tracking of the optical disc D, and the aforementioned spindle
driver 21 which drives the spindle motor 11.

The sled motor 22 moves the optical head 12 radially of the optical disc D under
a signal from the DSP 25 of CPU 70. The sled motor 22 is adapted to position, by
moving, the optical head 12 to above a predetermined data track for data recording or
reproduction.

The loading motor 23 loads the turn-table under a signal from the CPU 70.

The servo circuit 24 is driven under an electric signal detected by the
focus/tracking circuit 31, which will be further described later, and supplied from the
photodetector 12a. The servo circuit 24 is adapted to control the focus and tracking
by applying a drive voltage t§ a coil which moves the objective lens of the optical head
12ina ciircction toward or away from the optical disc D under a signal from the DSP
25, and a coil which moves the objective lens radially of the optical disc D,

respectively.

The spindle driver 21 supplies a drive signal to the spindle motor 11 under a



is shown as enlarged in scale in the lower portion of FIG 8. The carrier
wave contains an increased-anplitude wave as a fine clock mark FCK at a
hal f ofthe data bit length, as wll be seen. The actual wobbling of
the groove 5 on the optical disc 1 is such that the wobbling anplitude WV
is nmonentarily increased to 30 nmor so at a point corresponding to the
fine clock mark FCK. Twel ve fine,glock marks will be recorded at
every 3 bits in one wobbling address frane. Therefore, one track (one ful

112 e R A el LD
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subj ected to bi-phase nodul ation, and then to frequency nodul ation. The
pre-groove i sreondingitotheroptisakdis¢ Pequency- nodul at ed wave.

The DSP 25 controls the above-mentioned sled motor 22, loading motor 23,
servo circuit 24 and spindle driver 21. More particularly, supplied, from a signal
detector 30, with a servo control signal including a focus correction signal and tracking
correction signal based on an electric signal detected by the focus/tracking circuit 31
and supplied from the photodetector 12a, the DSP 25 generates, for supply to the
driver circuit 20, a signal which controls the tracking and focusing.

The data recording apparatus 10 according to this embodiment comprises the
signal detector 30 which receives the electric signal from the photodetector 12a, a to-
be-reproduced data processor 40 which is supplied with a signal from the signal
detector 30, a to-be-recorded data processor 50 to generate a to-be-recorded data, and
a to-be-recorded waveform generator 55 which supplies the to-be-recorded data to the
optical head 12.

The signal detector 30 comprises an RF circuit 34 to detect an RF signal from
the phot‘odetcctor 12a, and an AGC (Automatic Gain Control) circuit 35.

The RF circuit 34 is supplied with an electric signal based on a laser beam

detected from the photodetector 12a. It detects an RF component of the electric signal

and supplies it to the AGC circuit 35.



Next, the | ogical format of a to-be-recorded data will be descri bed

her ebel ow. In this enbodi nrent of the present invention, one cluster
consists of one ECC block of 32 kilobytes. Data recording is done in
sectors each consisting of an ECC block and a |inking data. As

shown in FIGS. 9 and 10, each sector consists of a main data of about 2
ki | obytes (2,048 bytes in detail) and ard nformation of 16 bytes added to
the main data. This information includes a 4- byte ID (Identification

L), B, | SHPAC e gt i AR
1), Brtes 1% e 8 it e RO AR A4 EEES R,
data of 192 (3 %112 t)c(>—b]E’:E—3x)eprod1 ced gz}ltg%?ocaegsosrqgm 'n FIGS. 11 and 12.

The aforementioned focus/tracking circuit 31, clock generator 32 and wobble
signal processor 33, to which an electric signal is supplied from the photodetector 12a,
are included in the signal detector 30.

The focus/tracking circuit 31 detects a tracking error and focusing error under
an electric signal from the photodetector 12a, This circuit 31 employs the pushpull
method, for example, to detect a tracking error, and the astigmatism, for example, to
detect a focusing error. It supplies the above-mentioned DSP 25 with the tracking and
focusing errors as servo control signals.

The clock generator 32 detects from a pushpull signal from the photodetector
12a an electric signal corresponding to a fine clock mark formed on the optical disc D.
The clock generator 32 comprises an HPF and zero-cross detector as will be discussed
later, and it generates a clock signal from an electric signal corresponding to the fine
clock mark, and supplies it to the to-be-recorded waveform generator 55.

The wobble signal processor 33 comprises a BPF and an FM modulator, for
example, which will be further discussed later. By passing a pushpull signal from the
photodetector 12a through the BPF, the wobble signal processor 33 detects a wobble
signal, processes it by the FM modulator, and then delivers it to the to-be-recorded

data processor 50. The wobble signal processor 33 is adapted to generate an address



To this data of 192 x 172 bytes, an inner parity code (Pl) of 10 bytes and
an outer parity code (PO of 16 bytes are added to each of bytes in

hori zontal and vertical directions to organize an ECC bl ock as shown in
FIG 11. Further, in the ECC bl ock thus having a total of 208 x 182
bytes (= (192 + 16) x (172 + 10)), an outer parity code (PO of 16 x 182
bytes is segnented into 16 chunks of 1 23182-byte data and one such outer
parity code (PO is added under each of 16 chunks of 12 x 1 82-byte data

for interl eaviig{%@g&. Sl @usp Y ek ndbatEy dodidg the FNIndduldted w]o%gle%fér%% s

taken for one Séctor
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bl ock havi ng ﬁﬁg § 2 frames, a linking data of 13 rows x 2 franes, for
exanple, is a d%as shown in FIG 13. The |inki ng data has its bits

cal cul ated and added to leading or trailing igd of iaa h . ECC bl ock in the
dat a The to-be-reproduced data processor 40 1s supplie a to-be-reproduced

data from the AGC circuit 35 of the signal detector 30. In the to-be-reproduced data
processor 40, the supplied to-be-reproduced datais subjected to 8/16 modulation, data
compensation and other processing. The to-be-reproduced data processor 40 also
comprises a PLL (Phase-Locked Loop) circuit in which a sync signal is generated to
detect a to-be-reproduced data.

The to-be-recorded data processor 50 is supplied, via a host bus 16, with a user
data from a host computer which will be further described later. The to-be-recorded
data processor 50 comprises a to-be-recorded data generator 51 which generates a
to-be-recorded data, and a PLL circuit 56, and it is connected to a DRAM (Dynamic
Random Access Memory) 50a.

The to-be-recorded data generator 51 comprises an encoder to encode a user
data supplied over a host bus 41. This circuit 51 stores the encoded user data into the

"DRAM 50a once.

'I"he to-be-recorded data generator 51 is connected to the CPU 70 via the host
bus 41 and supplied with an information indicative of a number of bits per sector. This
circuit 51 changes the number of bits of linking data in each sector according to the

written bit count information to generate a to-be-recorded data. Also, when generating



recordi ng apparatus which will be further described. That is-to say, a
nunber of the bits is calculated taking the ECC bl ock and |inking data as
a data for one sector to generate a linking data i.n the data recording
appar at us. For recording into the optical disc 1, the linking data
I's inserted between ECC bl ocks each of 32 kil obytes. It should be noted
however that actually, the linking data 2us fornmed as a |inking point

provi ding a separation between a position at which recording of an ECC

bl ock being a _b) ock I,S.ended and. It t i . recordin f an
ECC bl ock bei r?ggoé %T"g@’?é*et‘l\?aia’d‘f‘ei°§r°§‘{tgsrf§‘<s§9 4dd¥ “?a“a%ﬁfﬂ“’s‘ Da\%‘g“tsgléﬁ as
patterns of sy signals (SY0 to SY7) .of each,frame of the.. |inking data
and the cont eﬁﬂgmé? g&ﬂ’é“? %k'iorﬁfna%i‘f%% to-be-recorg?c{ﬁatiggrsm%d% I, gaihieet s o
| i nki ng data added, between E Iocas when sectors N and N+1 are recorded.
Namely, FI G ronsipégotan Eqle gdat3.nki ng data added to the
trailing end of ECC bl ock N and a I|i nki ng_ data added to the | eading end of
ECC bl ock N+1. | n FKp.d8dsaleqasdhemetio blogk diagean ofithe togbeteacarded datagegeration
this enbodiment of the present invention by deleting or adding a |inking
dat a bel ongi ngircoit 50 heAs slodven, wheangberatimgat torbeNecdrded idata assin the dboive, the
enbodi nent, the nunmber of bits in a

circuit 51 is supplied, over the host bus 41, with a write start track number, write start

ps

clock mark number and a control signal indicative of the write start clock number from
the CPU 70.

The to-be-recorded data generator 51 comprises a track number decoder 81 to
decode an address signal indicative of a track number from the wobble signal
processor 33, a clock mark counter 82 to count clock mark signals from the PLL
circuit 56, a write clock counter 83 to count write clock signals, a write gate generator
84 to generate a write start signal, a to-be-written bits calculator 85 to calculate a
number of bits for writing into each sector, and a to-be-written bits counter 86 to count
bits to be written By the optical disc 12.

The track number decoder 81 decodes a track number-indicating address
‘information from the wobble signal processor 33 and supplies a comparator 87a with
a track 1.1umbcr under scanning by the optical head 12.

The comparator 87a is supplied with a write start track number from the CPU
70 and an address information from the track number decoder 81, and makes a

comparison between the write start track number and address information. When the



17 linking data is changed to change the nunber of bits in each sector.
In the optical disc 1 used in the data recordi ng apparatus according to
this enbodinent, the CLD nethod is inplenented as a zoned CLD by dividing
the optical disc 1 radially into a great nunber of zones. This zoning wl|
be descri bed hereinbel ow. FIG 16 schematically illustrates an
exanple of the optical disc 1 radially dsvided into a plurality of zones
(m+t2 zones including zones 0 to mtl). Data is recorded or reproduced into

or fromthese mt2 zones. ,Act ual | ap optical disc.used, .in the pre t

“hvention 15 EAUPHEGRFEHEOY SRR RCRIERRT DYty Hiredité Rt retkavb RS RE g
apparatus that will be described |ater, the wite fre@uenCﬁ ia_lchanged for
each of the gaskenumpersthgaddress infopnalion,the Fopprrator §78 upphes the write gale r ¢

here that the nunber of sectors per track in the zone 0 is n and the
nunber of secgenesatpedsd withdhe romparsonssaultindicating the goincidengg.| arly, in each
zone counted By counting a clock mark signal from the PLL circuit 56, the clock mark
counter 83 recognizes the number of the clock mark. It supplies a comparator 87b
with a clock mark number based on the clock mark signal from the PLL circuit 56.
The comparator 87b compares a write start clock mark number from the CPU
70 with the clock mark number from the clock mark counter-82. When the comparison
result shows a coincidence between the clock mark numbers, the comparator 87b
supplies the comparison result to the write gate generator 84.
The write clock counter 83 is supplied with, and counts write clocks from the
PLL circuit 56. It supplies the count result to a comparator 87c.
The comparator 87c is supplied with a write start clock number from the CPU
70, and a count result based on a write clock signal from the write clock counter 83.
When the supplied result of counting is found to coincide with the write start clock
number, the comparator 87¢ supplies the result of comparison to the write gate
generator 84.
'fllc write gate generator cjrcuit 84 is supplied with the results of comparison
from the comparators 87a to 87¢, respectively, and generates, based on the results of

comparison, an open/close signal under which a switch 88 is controlled for opening or

closing. The circuit 84 controls to open or close the switch 88 by supplying the switch



outwardly fromthe zone 1, one sector adds to the sectors existing in the
preceding zone. Thus the sectors in the zone mcounts n+tm and the sectors
included in the outernost zone mtl counts n+(mtl). The zones are
separated from each other at a radial position where one zone can have a
capacity for n+l sectors with a sane innernost-zone |linear density as in
the preceding zone. That is to say, the2&one 1 begins at a radial position
where it can have a capacity for the n +1 sectors mﬁth as sane

i nner nost - per ggi%gﬁ{cén ?@{gngﬁ m%éedy%afﬁ&glﬁ rﬁ%'?@ 0288 panson ﬁ:%m%e Xbm%agr%tozrg ne m

begins at ar posi re i

18 capacity ggr %,;n sectors with a sane |linear density as the

i nner nost - zon&'# % density in the zone 0. FIG 17 shows, in the

formof a scherratl bl ock diagram the data recordl n par at us accor di ng

to the present |nv aroelypin the E0-hed geoF Fg§ Eletmte ofgckssignal

I nvention is eneraII I ndicated with a reference 10. As shown, the data
from the PLL circuit 56 is supplied to the to-be-written bits counter 86 with the switch

88 kept closed to start recording when the track number detected by the track number
decoder 81 comcldes with the write start track number from the CPU 70 the clock
mark number detected by the clock mark counter 82 coincides with the write start
clock mark number from the CPU 70 and the result of counting detected by the write
clock counter 83 coincides with the write start clock number from the CPU.

Also the to-recorded data generator 51 is supplied, from the CPU 70, with a
number of bits for writing into a top block, a difference in number of to-be-written bits
from one to another sector, and a number of sectors into which data is serially
recorded.

The to-be-recorded data generator 51 includes the aforementioned to-be-written
bits calculator 85 which is supplied with a number of bits for writing into a top block
and a difference in number of to-be-written bits from one to another sector, and to-be-

‘written bits counter 86 which is supplied with an output signal and number of bits to

be written nto the top block from the to-be-written bits calculator 85 and a write clock
signal having passed through the switch 88.

The to-be-wnitten bits calculator 85 is supplied, from the CPU 70, with a

number of bits to be written into a sector in which data is first written, and also with



recordi ng apparatus 10 conprises a spindle notor 11 to support and drive to
spin an optical disc D at a predeterm ned speed, an optical head 12 to
record an information signal into the optical disc D by irradiating a

| aser beamonto the optical disc D, and a driver circuit 20 to drive the
spindle notor 11 and optical disc 12. The data recording apparatus 10
further conprises a DSP (Digital Signal Brocessor) 25 which receives a
control signal froma CPU (Central Processing Unit) 70 to control the

driver circujgiffence in numberdFeo-bBiwiitted b8 idin drle th afotAed d6bor vkl stviR gohi ch
the optical disc Dis rotatably supported. The spindle notor 11 drives to

spin the turnpd bsmﬁ%t@gm? §6-biinffivoh bifslalbylden RkCEY iChiplil WP ¢ o

on the turn-table. e notor 11 I's adapte Ive'to spin
optical disc . Dr: 11ed..spe r.a.Sj. fr i_nd
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the optical disc D.driven.by the i.ndle mtor 11 i et ected by the DSP
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beam an optical systemto collinmate and project the |aser beamfromthe
li ght source BH§ts6CtoRE angpexeseetagingd. d3asgd pRche supplied nformation, sheyeiraudt 8%

return or reflected light fromthe optical
calculates a number of bits to be written into the sector #+/, and supplies the to-be-
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written bits counter 86 with the calculated number of written bits in the sector n+1.
The to-be-written bits counter 86 is supplied with an information indicative of

the number of bits to be written in the sector # and also with a write clock signal from
the PLL circuit 56 via the switch 88, and thus counts each of the to-be-written bits -
delivered from the to-be-recorded data generator circuit 51. More particularly, when
supplied with a number of bits for writing into the sector # from the CPU 70, the to-
be-written bits counter 86 decreases the number of to-be-written bits by counting the
to-be-recorded data in the sector » delivered from the to-be-recorded data generator
51 according to the write clock signal from the PLL circuit 56. Also, when the number
of to-be-written bits becomes zero, the to-be-written bits counter 86 delivers to the
CPU 70 a zero flag indicating that the recording into the sector 7 has been completed.
Based c;n the zero flag from the to-be-written bits counter 86, the CPU 70 judges
whether recording into all the sectors has been completed.

~ The to-be-recorded data generator 51 is supplied with a clock signal from the

signal detector 30 via the to-be-written waveform generator 55 and a data transfer



19 disc D, and a focus/tracking control mechanismincluding coils, etc.
Supplied with a to-be-recorded data supplied froma to-be-recorded waveform
generator which will be further described later, the light source is

driven. The light source generates a |aser beamwth a predeternmined wite
frequency and intensity corresponding to the supplied to-be-recorded data.
Also the light source is adapted to eni48 a | aser beam of a predetermn ned
intensity for changing the phase of the optical disc Don which a data is

going to be r ¢mahglenabi¥lthe BSbd-Arieh watefondPenSlarsst The diRNRIS] dbth*%&%' ty
than the predeterm ned one for reproducing a recorded data fromthe

optical disc Bt prAM 50 ThE &‘r%ﬁéﬂaféﬂ' o sqé;e%mogem@ 3R BRI Gul By 1 O

exanpl e, toc oj ect a laser eam from source onto

the optical disc D a t g@ﬁ co ma e a | aser
beamto a jspotgeg?ra r§$é’tﬁ‘ggrglhﬁ1 H%@%‘%‘?e? f% ggxggolqu@ﬁcl& ¢ D by noving
the objective | enSThe toabe-reco%éd%]ax;[e omn%réjengrratc?rv% sup;ral?ensqthg gptical head 12 with a

signal having a to-be-written waveform corresponding to the to-be-recorded data from
the to-be-recorded data generator 51.

The PLL circuit 56 comprises a VFO to generate an iterative data pattern which
will be further described later, a frequency divider to divide the data pattern from the
VFO, and a phase comparator which is supplied with an output from a zero-cross
detector of the clock generator 32 and an output from the frequency divider. The
frequency divider is supplied, from the CPU 70, with a predetermined frequency
division ratio at which it divides the data pattern from the VFO. The to-be-written
waveform generator 55 is thus adapted to generate a write clock signal which is used
in data recording into the to-be-recorded data processor 50.

The to-be-written waveform generator 55 1s also supplied with a to-be-recorded
data from the to-be-recorded data generator 51, and supplies it as a to-be-written
‘waveform to the optical head 12.

A;s shown in FIG. 17, the host bus 41 has connected thereto the CPU 70,a ROM
(Read-Only Memory) 71, a SRAM (Static Random Access Memory) 72, a DRAM 73,
a host I/F (interface) 74 and a memory controller 75.

The ROM 71 stores a calculation program used for the CPU 70 to calculate a



optical_ disc D. The focus/tracking control mechanismis adapted to
drive, based on a signal fromthe driver circuit 20, the optical head 12
in a tracking direction as well as in a focusing direction. This nechanism
thus collinmates a | aserbeamfromthe |light source to a predeterm ned
position on the optical disc D When recording or reproduci ng data
into or fromthe optical disc D, the pho?cgodet ector 12a detects a return or
reflected light fromthe optical disc D. The photodetector 12a is adapted

to convert theufidetbPbits 96 be Writhéh RS ehd fechirIfRlexaigle. In th RAM
20 supplies it to a signal t,'detlector V\:hiCthir19| l?g fgret hélr geSSCI’I Z%Iaf‘%ter.
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the optical hWSOa according to a control signal from the CPU 70.

The host I/F 74 is connected to an external host computer, for example. The
host I/F 74 supplies with a user data from the host computer under a control signal
from the CPU 70, and delivers a signal recorded in the optical disc D.

The CPU 70 is connected to the host bus 41 and controls the above-mentioned
component units. It is connected to the driver circuit 20 and generates a control
signals allowing the spindle driver 21 to spin the optical disc D at a predetermined
speed for a constant angular velocity when letting the optical head 12 record or
reproduce a data into or from the optical disc D.

When supplied with an instruction for write of a user data from the host I/F 74
into the optical disc D, the CPU 70 controls the above-mentioned component units to
supply the DRAM 50a with the user data supplied from the host I/F 74. Thereafter,
under a write instruction from the host computer, the CPU 70 generates, for delivery
to the to-be-recorded data generator 51, a write start track number, write start clock
mark m;mber and write start clock number corresponding to an optical disc D into
which a data is going to be recorded. Further, the CPU 70 generates, for supply to the
to-be-recorded data generator 51, a number of to-be-written bits, decrement of to-be-

written bits and a number of blocks into which data is serially recorded according to



radially of the optical disc D, a |loading notor 23 to load the turn-table,
a servo circuit 24 to control focus and tracking of the optical disc D,
and the aforenentioned spindle driwver 21 which drives the spindle notor
11. The sl ed notor 22 noves the optical head 12 radially ofthe
optical disc D under a signal fromthe DSP 25 of CPU 70. The sled notor 22
I s adapted to position, by noving, the3gptical head 12 to above a
predeterm ned data track for data recording or reproduction. T
| oadi ng not or : = ;S : t 78,
(3 atuBAE of okl BRLAH BN o8 WHtichr 8% IB%QPHB% “the

The servo circult rrven un C sl‘gnha tected
focus/trackin LI cul ' 14l further described later, and

suppl i ed fromq?'ﬁgrg%ﬁg?dgéaet?\é%ogﬂgWéﬁrcgﬁrgeg'ervo circuit 24 is adapted to
control the focus and tracki by appl yi a. drive,.voltage to a,coil. i ch
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away fromthe optical disc D under a signal .fromthe DSP 25, and a coil
whi ch noves t headbi ecordsontathe optagl 3181: P, Bﬁﬂ%&“&}b‘ﬂ%@ﬁ OJﬂsecongcanchmd
respectively. . The spindle driver 21 supplies a drive signal to the
spi ndl e not or ajphysicaldength of one ideal sector. The physical length of one ideal sector is such

he

that an ECC block of 32 kilobytes is recorded with the above-mentioned
predetermined linear density and a linking data of 2 kilobytes is recorded. That s, the
physical length of one ideal sector is calculated by multiplying a length per ideal bit
by a number of bits in one ideal sector. Also the CPU 70 holds a track pitch in yum and
innermost position of the data area in mm, as physical information of the optical disc
D.

FIG. 19A shows ideal sectors in the #-th zone, in which data is recorded. When
data is recorded in ideal sectors, each of the sectors 100 consists of an ECC block 101
of 32 kilobytes and a linking data of 2 kilobytes. Even if each sector is recorded in the
lead-out zone, each linking data will have a same length as in the sector in the lead-in
zone, On the other hand, when a sector consisting of an ECC block 101 of 32
kilobytes and a linking data of 2 kilobytes is recorded in each of the lead-in and lead
out zonés at a same frequency and speed of disc spinning, the linear density will
actually be higher and physical length of each sector will be larger in the lead-out zone
than in the lead-in zone as will be seen from FIG. 19B.

The control signal indicative of the sector n recorded by the optical disc D



21 signal fromthe DSP 25 or CPU 70. More particularly, the spindle
driver2l is adapted to supply the spindle notor 11 with a drive signal
which allows the optical disc Dto. spin at a predeterm ned speed under a
signal fromthe DSP 25 or CPU 70 for data recording into the optical disc
D. The DSP 25 controls the above-nentioned sled notor 22, |oading
notor 23, servo circuit 24 and spindledriver 21. Mre particularly,
supplied, froma signal .detector 30, with a servo control signal including
a focus corregtj.on signal ,andtrackj correct.i si gn based on.an ..

ol ectric o gnildiEeahOBRmbarfok6RF SEAY seRBidRRGh B bedtePprdes Tdihe SRlicH e
fromthe photadetector 12a,.the DSP 25 generates, f.or, supply . tqQ the driver
o roui t 20, -l HHRaEORR €A dispRedsp el aORs BB aRye A (hRSt OEh . - 14 ihe
data recordi ng gpparat us 10 according to this enbodi nent conprises the

si gnal det ect or ITom thp penier efthe pptical Risc &). cFhat iy tha GRH| 70 gemeratese for supply to
phot odet ector 12a, a to- be-reproduced data processor 40 which is supplied
with a signal thetorhettecordeddata generator 51, a control signal allowing the optical head 12 to

record the sector # into the optical disc D.

F urthc'ar the CPU 70 generates a control signal for recording the sector » in each
zone, and selects a write frequency from a table stored in the ROM 71, for
example. |

Furthermore, to record the sector n, the CPU 70 selects a write frequency for
each zone. More particularly, the CPU 70 calculates the radial position of the sector
n, thereby selecting a write frequency for a zone into which the sector # is to be
recorded.

Based on the write frequency for the sector n, the CPU 70 generates, according
to the following expression (1), an information indicative of a number of bits for
writing into each sector in a same zone.

al 2—7[(\}R2+P—L( +1) /RH&] 1
2N P 0 ”n Ve ”n .......... (1)

where F : Write frequency, Hz
N : Spinning speed of optical disc D, s/
R, : Radius of innermost data track on which bits are to be written, m

P : Track pitch of data tracks, m



detector 30, a to-be-recorded data processor 50 to generate a
to-be-recorded data, and a to-be-recorded wavef orm generator 55 which
supplies the to-be-recorded data to the optical head-12.- The si gnal
detector 30 conprises an RF circuit 34 to detect an RF signal from the
phot odet ector 12a, and an AGC (Automatic Gain Control) circuit 35.

The RF circuit 34 is supplied with an eBgctric signal based on a | aser beam
detected fromthe photodetector 1 2a. It detects an RF conmponent ofthe

l ectric signal and ' AE el L pcuit 35.

gzec e s '?'he Aﬁdi@%%ﬂe%ugp&y?ﬁc%gggéﬁg%% e’f:{oﬁde of the RF signal
mng fromthe ci il 34.. 1Lt delive t he, anpl i.t ude- adj usted RF
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40. The af r,errenlionfgd focus/tracking circuit 31, clock generator

32 and wobbl e Multighang 3 piscumicrintighlength ner biby arusmbes of bits Bergestori s suppl i ed

fromthe photodetector 12a, o
The expression is used to calculate a number of bits in the sector # based on a

difference between an angle formed by the sector », for example, and an angle formed
by the sector n+1.

The CPU 70 generates, for supply to the to-be-recorded data generator 51, a
write start track number, write start clock mark number and write start clock number,
all indicating a position at which recording is started as mentioned above, and also
generates base on the expression (1), for supply to the to-be-recorded data generator
51, information indicating a number of bits for writing into a top sector, difference in
number of bits to be written between each of subsequent sectors and the top sector,
and a number of sectors in which data is serially written.

More particularly, supplying the above-mentioned information to the
to-be-recorded data generator 51, the CPU 70 has the circuit 51 delete or add a linking
data included n each sector. The CPU 70 can control the position of a sector as
shown in FIG. 19C by calculating a number of bits for deletion or addition of the
linking ;iata in order to record each sector.

At tlus time, the spindle driver 8 1s supplied, from the CPU 70, with a control
signal which allows the optical disc D to spin at a predetermined speed. Thus, under

the control signal, the spindle driver 8 drives the spindle motor 11 to spin the optical



are included in the signal detector 30. The focus/tracking circuit.
31 detects a tracking error and focusing error under an electric signal
fromthe photodetector 12a, This circuit 31 enpl oys the pushpull nethod,
for exanple, to detect a tracking error, and the astigmatism for exanple,
to detect a focusing error. It supplies the above-nentioned DSP 25 with
the tracking and focusing errors as sengo control signals. The

cl ock generator 32 detects froma pushpull signal fromthe photodetector

12a an el ectr%gcg%% E{MHQPM to a fine clock mark forned on the

optical disc generator 32 conprises an HPF and zero-cross

detector as wil| %Gdﬁﬁ?slﬁss%ﬁ%na&&%lgéliﬂﬁgxgm5ftgce Cﬁe‘c%?d@g&éﬁg&uﬂ@ﬁ}?dwﬁrom

an electric S|gnal correspondi supplies it
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wobbl e signal, processes it by the FM rmdul ator, and then delivers it to

t he t o- be-recir B§H 20y athbptdbsgmi fr@u therphotadesester Elaynfthepopsicsd boed 33 is s
adapted to generate an address
supplied to the wobble signal processor 33 in which it is passed through a BPF 33ato
provide a wobble signal. The wobble signal is passed through an FM modulator 33b
and decoder 33c in which it is processed to be an address signal indicative gf a track
number. The wobble signal processor 33 supplies the address signal to the
to-be-recorded data processor 50.
On the other hand, the pushpull signal from the photodetector 12a of the optical
head 12 is passed through a HPF 32a of the clock generator 32 to provide a clock mark
(CM) signal which is supplied via a zero-cross counter 32b to the PLL circuit 56
provided in the to-be-recorded data processor 50 and which comprises a VFO 56a,
frequency divider 56b and a phase comparator 56c¢.
The frequency divider S6b of the PLL circuit 56 is supplied, from a variable
frequency division ratio designator 70a, with a frequency division ratio for each zone.
Based or—x the frequency division ratio, a write frequency generated by the PLL circuit
56 is changed. More particularly, the CPU 70 controls the PLL circuit 56 to generate

a write frequency by changing a number of bits for writing between clock marks

according to a zone number in which a sector is to be recorded. Thereby, bits are



23 information indicating a track nunber by decodi ng the FM nodul at ed
wobbl e signal. "It supplies the address information to the to-be-recorded
data processor 50 via a data bus 15. The to-be-reproduced data
processor 40 is supplied with a to-be-reproduced data fromthe.AGC circuit
35 of the signal detector 30. In the to-be-reproduced data processor 40,

t he supplied to-be-reproduced data is supjected to 8/ 16 nodul ati on, data
conpensati on and ot her processing. The to-be-reproduced data processor 40
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supplies the to-be-written waveform generator 55 with the generated to-be-recorded
.data under the write clock signal, The to-be-recorded wave generator 55 supplies the
to-bc-recordea &ata as a to-be-written waveform to the optical head 12. Thus, the
optical head 12 emits a laser beam from the light source according to the to-be-written
waveform from the to-be-written waveform generator 55 in order to record the
to-be-recorded data into the optical disc D.

FIG. 21 is a functional flow chart of an example of data recording into each
sector on the optical disc D by the data recording apparatus 10 of the present
invention. At Step S-1, the CPU 70 designates a track number into which data is to be
recorded. Atthis time, the CPU 70 determines a write start position on the optical disc
D at which each to-be-recorded data is to be written, by designating, for supply to the
to-be-recorded data generator 51, a write start track number, write start clock mark
number and a write start clock number. In the to-be-recorded data generator 51, these
write start track number, write start clock mark number and write start clock number
are compared with an address signal from the wobble signal processor 33, clock mark
signal from the PLL circuit 56 and a write clock signal, respectively, to determine a
write start position. Then the CPU 70 proceeds to Step S-2.

At Step S-2, the to-be-recorded data generator 50 generates a data for recording



Random Access Menory) 50a. The to-be-recorded data generator 51
conpri ses an encoder to encode a user data supplied over a host bus 41.
This circuit 51 stores the encoded user data into the DRAM 50a once.

The to-be-recorded data generator 51 is connected to the CPU 70 via the
host bus 41 and supplied with an information indicative ofa nunber of bits
per sector. This circuit 51 changes thesgunber of bits of linking data in
each sector according to the witten bit count information to generate a
t o- be-recorded data. Al so, when generati_ng

24 a to- be- r detortheseotitn, It apquives pagen data framdhe DRAMAa 56 generatasfageatari on
such as address information to generate a to-be-recorded data for

recordi ng i n enwmsisting of an EGCAdeck of 3 2déilobptesasl b livkikg dath dfi2rkilobytedaiThen
FIG 18 is also a schematic bl ock diagram ofthe to-be-recorded data
generation citheCPU RlprobeedshhoBrep SxBen generating a to-be-recorded data as

in the above, the

At Step S-3, the CPU 70 calculates, from the write start track number, a radial
position at which the sector # is to be recorded, and determines, based on the radial
position thus calculated, a zone number into which the sector # is to be recorded.
Then the CPU 70 proceeds to Step S-4.

At Step S-4, the CPU 70 selects a write frequency from the zone number into
which the calculated sector n is to be recorded, by making a reference to the table
stored in the ROM 71, for example. Then the CPU 70 proceeds to Step S-5.

At Step S-5, the CPU 70 uses the aforementioned expression (1) to calculate a
number of bits for writing into the sector n, and supplies the calculated number of bits
for the sector n to the to-be-written bits calculator 85 and to-be-written bits counter 86
in the to-be-recorded data generator 51. Then the CPU 70 proceeds to Step S-6.

At Step S-6, the to-be-recorded data generator 51 lets the optical head 12 seek
a target position in which the sector 1 is to be written, according to the write start track
‘number, write start clock mark number and write start clock number from the CPU 70.
Then the CPU 70 proceeds to Step S-7.

At Step S-7, the to-be-written bits counter 86 is driven synchronously with a
write clock signal corresponding to the above-mentioned write frequency. Thus, the

to-be-recorded data generator 51 supplies the to-be-wrnitten waveform generator 55



circuit 51 is supplied, over the host bus 41, with a wite start track
nunber, wite start clock mark nunber and a-control signal indicative
ofthe wite start clock nunber from the CPU 70. The t o-be-recorded
data generator 51 conprises a track nunber decoder 81 to decode an address
signal indicative of a track nunber fromthe wobble signal processor 33, a
clock mark counter 82 to count clock markcsignals fromthe PLL circuit 56,
a wite clock counter 83 to count wite c?ock signals, a wite gate

generator 84 t enerate a,wite start sjgnal, .a to-be-witten.bits

cal cul at or 85“’?@ "gﬁﬁ)@tﬂe‘é?réie‘é&gtﬁ aeRpegngto ‘b*"? goyng i&OW"i?‘F forbe Tt nytsIcouRier or |
and a to-be-wi ttgn bits counter 86 to count bits to be witten by the
optical disc 3$6. The to-be-writeniayeform geperatasds saryertsthekcbrirasorded dagainto a
nunber -i ndi cating address _information fromthe wobble signal processor 33
and supplies to-bompitcatwavefrm andisupplaestit ticthe ophiead heacht2whsohan tumgwillystarh e
optical head 12. The conparator 87a is supplied wwth a wite start
track number fecondihpef €idto-bétreanded datadd mgsitionfdesignited as i die dbvve by akik
nunber decoder 81, and makes a conparison between the wite start track
nunber and addPesy0. Thed (BTN 70 PeRReds® Step S-8.

At Step S-8, it is judged whether the number of sectors in which data is serially
recorded, designed by the CPU 70, has been counted down to zero by the to-be-written
bits counter 86. Thereby, it is judged whether the recording is complete or not.

When the number of sectors in which data is serially recorded has not yet been
reduced to zero, the CPU 70 will start a recording procedure from Steps S-2 to S-8 for
a next sector n+/, When the number of sectors is found zero, the CPU 70 will
terminate the recording to the optical disc D.

Alternatively, the CPU 70 may put into run the calculation program stored in
the ROM 71 for calculation of a number of bits for writing into each sector in order
to write a to-be-recorded data into the optical disc D.

FIG. 22 is a functional flow chart of another example of data recording using
the above-mentioned calculation program to write a to-be-recorded data into the
optical disc D.

As shown in FIG. 22, first at Step S-11, a wnite request for writing a user data

into the optical disc D is supplied to the CPU 70 from the host computer via the host

I/F 74. According to the write request, the CPU 70 will acquire the calculation
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25 conparison result shows a coincidence between the wite start track
Runber and the track nunber the address information, the conparator 87a
supplies the wite gate generator 84 with the conparison result indicating
t he coi nci dence. By counting a clock mark signal fromthe PLL
circuit 56, the clock mark counter 83 recogni zes the nunber of the clock
mark. It supplies a conparator 87b wth-a clock mark nunmber based on the
clock mark signal fromthe PLL circuit 56. The conparator 87b

mark namber PR BQROMPTTRATR CHUPTR bltRaRd o st $H120 1 Moy Re
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wite clock countlgr 83 |$ supplied with, and counts wite clocks fromthe
e

PLL circuit S58art S the count result to a conparator 87c.

The conparator 87c is suppl wth a wite start cl ock nunber fromthe CPU
At Step S-12, the CPU 70 interprets the content of the write request on the basis

of the calculation program and supplies the host I/F 74 with a control signal for
storage into the DRAM 50a. Then the CPU 70 proceeds to Step S-13.

At Step S-13, the CPU 70 determines, under the calculation program, an angle
start_ang formed by a first sector in which data is to be recorded, track number 17 7,

clock mark number cm_n and write clock number we_n as shown in following

expressions (2) to (7). Then the CPU 70 proceeds to Step S-14.

2 , PL
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cm__n[%x(tr_n_f —tr_n)] ........................................... (6)



70, ‘and a count resutt based on a wite clock si gnal fromthe wite clock
counter 83. When the supplied result of counting is found to coincide with
the wite start clock nunber, the conparator 87c supplies the result of

conparison to the wite gate generator 84. The wite

gat e gener at or

circuit 84 is supplied with the results of conparison fromthe conparators

87a to 87c, respectively, and generates,3gpased on the results of

conparison, a
opening or ¢

by supplying the switch

88 with contr
conpar at ors
generator cir
supplied to t
closed to sta
nunber

n open/cl ose signal under which a switch 88 is controlled for

| osing. Thercircuit 84 controls to open or close the switch 88
[ cm_n 26
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cuit 51, the wite clock sigmal fromthe PLL c|{rcuit 56 is

he to-be-witten bits counter 86 with the switch 88 kept

hefd ﬁolidécﬁ\(%ly\ﬁ%n tﬁ@gp&caflﬁécﬁmber detected by the track

R, : Top position of data track in data zone

L : Length of each sector

B : Length per bit.

The expressions (5) to (7) indicate that the track number #7_r, clock mark number cm_n
and write clock number we_n are smaller integers, respectively, than calculated.

Also the expression (3) indicates a radial position when the first sector is
recorded at the angle start_ang, the expression (4) is used to use the radial position
calculated using the expression (3) for calculation of a track number when the first
sector is recorded at the angle start_ang.

At Step S-14, the CPU 70 determines, for each sector, a zone number into which
a to-be-recorded data is written, according to the track number tr_n. Then, referring
to the table stored in the ROM 71, for example, and which lists a write frequency for
each zone number and a spinning speed for the optical disc D, the CPU 70 will select
a write f:requcncy wc_fand spindle motor speed m¢_ffor each zone number, Then the
CPU 70 proceeds to Step S-15.

At Step S-15, the CPU 70 sets a frequency division ratio for the write frequency

we_fin the frequency divider in the PLL circuit 56 which generates a write clock signal



decoder 81 coincides with the wite start track nunber fromthe CPU 70, the
clock mark nunber detected by the clock mark counter 82 coincides with the
wite start clock mark nunber fromthe CPU 70 and the result of counting
detected by the wite clock counter 83 coincides with the wite start

cl ock nunmber fromthe CPU. Al so the to-recorded data generator 51
I's supplied, fromthe CPU 70, with a nugder of bits for witing into a top
bl ock, a difference in nunber ofto-be-witten bits fromone to another

sector, and af&“ﬂﬁ@%ﬁ?é&e&éﬁ%ﬁ%%ﬂeﬂk&e&?@% E@ed%%o?ﬁeﬁaisaﬁ&y. recor ded.

The t o-be-recorded tor 51 1 ncludes the a enent i oned
to-be-witten bit ' ' i i i,ts
for witing into aﬁ{ g%k)ﬁ%%&%%ng ')gué?{] gﬁgﬁtbgﬂﬁcgﬁ%e%gﬁregﬁakigm{g_c%;quratt%n
bits fromone to _another tor, and.to-ber itten hits .co 86 i ch
s Sl ed et b oE 6 e o fangine B st e gD arocet
the top bl ock frome%whto-be-vwitten bits calculator 85 and a wite cl ock

si gnal havi ngt%§§"§ rough the switch 88. The to-be-written bits

calculator 85 is supglied fromthe CPU 70, with a nunber of bits to be
witten into a secfb tepﬁ'%ﬁhﬂﬁﬁﬁf@ wilj sapply theforherreaordsd dataipsecessert$0 with

the track number tr_n, clock mark number cm_n and write frequency we_nhaving been
determined in the above process for recording the sector », and a number of bits bit_n
to be written into the sector n. Then, the to-be-recorded data processor 50 supplies the
track number 77 n to the comparator 87a and clock mark number cm n to the
comparator 87b, generates, for supply to the write clock PLL circuit 56, the write
frequency wc_n as write clock signal, and supplies the to-be-written bits counter 86
with the number bif_n of bits to be written into the sector #. The CPU proceeds to Step
S-18.

Next at Step S-18, the to-be-recorded data processor 50 generates a sector stored
in the DRAM 50a and consisting of an ECC block and linking data on the basis of a
number bit_n of to-be-written bits supplied from the CPU 70. At this time, the
to-be-recorded data processor S0 deletes or adds the linking data inherently of 2
kilobyte;s by adjusting the number of bits forming the linking data according to the
number of to-be-written bits supplied from the CPU 70. Then, the CPU 70 proceeds
to Step S-19.

At Step S-19, the optical head 12 will be moved to a track designated by the CPU



27 a difference in nunber of to-be-witten bits-fromone to another sector
via a swtch 89. Mre particularly, the to-be-witten bits cal cul ation
circuit 85 is supplied with an information indicative of a nunber of bits
for witing into the sector n, for exanple, and an information indicative
of a difference in nunber of to-be-witten bits between the sector n and
next sector n+l. Based on the supplied iapormation, the circuit 85

cal cul ates a nunber of bits to be witten into the sector n+l, and supplies

the to-be- Wil tRRoDULS ofRUGELC BPis¥ilieh 16 il GUhANEHMINMIEN bed 1Hile"

bits in the sector n% _ o _ e-witten s counter
SUPD!1 00, 12 0 R el Ao Y s o VRAMTGhPaRAE  mtc
SR L WU T T A T
Cact or 1 onfhHeResAKSOURIREL] end WS ok qouHeE B4 SopBHias Bhotbe Rk S  he
nunber of to-be-witten bits by counting the

optical head 12 is positioned. Then the CPU 70 proceeds to Step S-20.

Next at Step S-20, when it has been recognized that the optical head 12 is at a
designated position, the to-be-recorded data generator 51 delivers at the to-be-recorded
data processor 50 a to-be-recorded data to the to-be-written waveform generator 55
according to the write frequency we_n. The to-be-written waveform generator 55 will
convert the data to a to-be-written waveform by delaying or otherwise, and supply the
waveform to the optical head 12 which thus will record the data into the optical disc D.
Then the CPU 70 proceeds to Step S-21.

At Step S-21, the to-be-recorded data generator 51 will judge whether all the
sectors have been recorded. When the judgment result is “Yes”, the operation is
terminated. If the judgment result is “No”, the CPU 70 proceeds to Step S-22 where
it will repeat the procedure from Steps S-11 to S-20 again for a next sector. Thus, the
sector n+/ and subsequent ones are recorded.

Tilere fore, the datarecording apparatus 10 constructed as having been described
in the foregoing is capable of recording a to-be-recorded data for each sector into the

optical disc D by changing the number of bits for writing into each sector. Even if the

linear density of recording varies from the lead-in zone to lead-out zone on the optical



to-be-recorded data in the sector n delivered fromthe to-be-recorded data
generator 51 according to the wite clock signal fromthe PLL circuit 56.
Al so, when the nunber of to-be-witten bits beconmes zero, the
to-be-witten bits counter 86 delivers to the CPU 70 a zero flag
indicating that the recording into the sector n has been conpleted. Based
on the zero flag fromthe to-be-witten hyjts counter 86, the CPU 70 judges

whet her recording into all the sectors has been conpl et ed. The

t o- be-recorded,.d nerat or,. 51 | Ul i i I I f he
si gnal det ect gll;sc%atggaafiaﬁgcqrgl_ngeap Pﬁﬁsgﬁ ﬁ#&%%t%‘%ﬁg@gf %& g@oéﬁ%ggﬂ at a
transfer

. _ . . oy 8 tiymn ign
fromthe to- bdositiopten eagh, sackarhygdsleting o adding Hecinking éﬁa. S’Iihllfe%f’%e&éﬂ’%t
DRAM 50a the generated to-be-recorded data; to thfﬁatp-gqe-wri tten, wavef orm
generator 55 dpersded brepesitigngawating pesitienineach o 1 data frackssqdhat the taeks
The to-be-recorded waveform generator 55 supplies the optical head 12 with
a signal havimgradially-dligned wmitheachathef.oThe date recopding iapparas tifeof the present
t o- be-recorded data from

invention can attain a more rapid seek for reproduction of a recorded data.



the' 't o- be-recorded data generator 51. The PLL circuit 56 conprises a
VFO to generate an iterative data pattern which wll be further described
| ater, a frequency divider to.divide the data pattern fromthe VFO and a
phase conparator which is supplied with an output froma zero-cross
detector of the clock generator 32 and an output fromthe frequency
divider. The frequency divider is suppljed, fromthe CPU 70, with a
predeterm ned frequency division ratio at which it divides the data
pattern from .~ 1 ~he-witten waveform generator 55 is thus
adapted to geh@ﬁé[\fglgacmcﬁgck signal which is used in data recording
into the to-be-recorded dat rocessor 50. . The to-be-witten
wavef or m genertat or 5113 CHARE NBANEPIRINE t 0- be-recorded data fremthe
t o- be-recorded data generator 51, and supplies it as . a to-pe-witten

wavef ormto the opwicass fopdmyng 2 disc-like reconding medivm havmgpresformed thepepsydaga s
41 has connected thereto the CPU 70, a ROM (Read-Only Menory) 71, a SRAM
(Static Randotrasks frsdate nmogding,2the alapRsdekaheimngawhblled with gignale meaerajed7dy and
a nenory controller 75. The ROM 71 stores a cal cul ati on program used
for the CPU 7@nddulatinigahié fitguemcy of a predetermined-frequency carrier correspondingly to an

address information;

means for recording into the disc-like recording medium being driven to spin a
data in sectors each consisting a data block and a linking data next to the data block in
such a manner that the linear density of recording is constant;

means for calculating a number of bits which are to be recorded into an #-th one
of the sectors on the basis of a following expression (1):

F 2z( |, PL \/2 PL J
— — 1)- — 1| I
N P[\/R°+7z(n+) Qo (1)

where F : Write frequency, Hz

N : Spinning speed of the recording medium, s

R, : Radius of innermost data track on which the bits are to be recorded, m

P : Track pitch of data tracks, m

L-: Physical circumferential length of each sector, n1; and

means for controlling the recording means so that the data is recorded in a
number of bits having been calculated by the calculating means into each sector.

2. The data recording apparatus of Claim 1, wherein each of the data tracks on the

_
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29 nunber of bits to be witten into each-sector, for exanple. In the SRAM
¥2 and DRAM 73, information is rewitten as necessary for the host

conputer or CPU 70, for exanple. The nenory controller 75 controls the ROM
71, SRAM 72, DRAM 73 or DRAM 50a according to a control signal fromthe
CPU 70. The host I/F 74 is connected to an external host conputer,
for exanple. The host I/F 74 supplies waBh a user data fromthe host
conput er under a control signal fromthe CPU 70, and delivers a signal

recorded in the optical _disc D The CPU .70 is connﬁtcieg to the host
bus 41 and coseersizg medivapbestoraed therrag a plaraibhelrongnia reordine Sal23ifeet ed
to the driver circuit 20 and generates a ,control. signals allow ng the
spindl e dri vesexmallyo:ogpﬁanﬂmer%ﬁ%apd&i@hmmaﬁrka%ﬂ&dﬁbéﬁﬁ%@a%m for

a constant angul ar velocity when.letting t he optical head, 12 record or

reproduce a détattaime oonstant epgrlanuslasyy | whem driver tospin by the driyiegmeansel i ed wit h
an instruction for wite of a user data fromthe host I/F 74 :
3. Thedatarecordingapparatus of Claim 1, further comprising:
adatatablein w.hilch,:t_he write frequency is recorded for each of the data tracks,
and wherein:
the calculating means selects from the data table a wnite frequency for a data
track into which bitsjé;fe 10 be recorded and calculates a number of bits in each sector
on the basis of the expression (1) and selected write frequency.
4, The data recording apparatus of Claim 3, further comprising:
means for calculating a radial position on the recording medium of a data track
onto which bits are to be recorded; wherein the calculating means for the number ofbits
to be recorded selects from the data table a write frequency corresponding to the radial
position of the data track and calculates a number of bits in each sector on the basis of
the expression (1) and selected write frequency.
S. ' The datarecording apparatus of Claim 1, wherein the controlling means controls
the recording means by changing a number of bits included in the linking data to change
the recording location of the sector.
6.  Amethod of recording sectors each consisting of a data block and a linking data
nextto the datablockinto a disc-like recording medium having pre-formed thereon data

tracks onto which data is to be recorded, the data tracks being wobbled with signals

—_—
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into the optical disc D, the CPU 70 controls the above-nenti oned conponent
units to supply the DRAM 50a with the user "data supplied fromthe host I/F
74. Thereafter, under a wite instruction fromthe host conputer, the CPU
70 generates, for delivery to the to-be-recorded data generator 51, a
wite start track nunmber, wite start clock mark nunber and wite start

cl ock nunber corresponding to an optical 4disc Dinto which a data is going
to be recorded. Further, the CPU 70 generates, for supply to the

t o- be-recorded data generator 51, a nunber of to-be-witten bits, decrenent
of to-be- wrgeesatedi by modnlatingrtherfrequenry el & presefgsmenredifeauensy s eanrigr | y

recorded according to . . 30 the
amount . of i nf osrrespondinglyrte ad\eddreiss inforgnation; bemprising e séépsofD i nt o whi ch the
t o-be-recorded data is going to be recorded. Further, the CPU 70

generates control ldnaing 4 ralliglagositidneors det ecordingmedium ofilan A€¢adnd 2f the
records onto the optical disc D physical information of the optical disc D
and sectors to generate a position information;
determining a write frequency based of the position information;
calculating a number of bits which are to be recorded into the n-th one of the
sectors on the basis of a following expression (I):

F 2z |, PL , PL )
S —\n+ 1) 4Ry +— 1
27N P(\/;°+Jr(n ) ° ”n ™)

where F : Write frequency, Hz

N : Spinning speed of the recording medium, 5

R, : Radius of innermost data track ori which the bits are to be recorded, m

P : Track pitch of data tracks, m

L : Physical circumferential length of each sector, 7; and

recording a data in the number of bits calculated based on the expression (1) into
the recording medium on the basis of the write frequency.
-7. The method of Claim 6, wherein each of the data tracks on the recording medium
has formed thereon a plurality of zones to record the data with a generally constant
linear density, and wobbling marks to allow the recording medium to attain a constant
angular velocity when driven to spin by the driving means.
8. The method of Claim 6, wherein the write frequency determining step includes

—
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a physical length of one ideal sector. The physical |ength of one ideal
sector is such that an ECC bl ock of 32 kil obytes is recorded with the
above-nmentioned predetermned linear density and a |inking data -of 2

kil obytes is recorded. That is, the physical length of one ideal sector is
calculated by nmultiplying a length per ideal bit by a nunber ofbits in one
i deal sector. Also the CPU 70 holds a trggk pitch in [err]mand i nnernost
position of the data area in nm as physrcal information of the optical
disc D. FIG .19A shows, i de sectors in the n-thdzlon in Lch
data is recorded. Seieting famathe datastaBlefyrits fregrencyLortespn E%tg%ﬂ}?qus ¥n
sectors 100 consists of an ECC block 101 of32 kilobytes and a |inking data
of 2 kil obyt einformagion) andewaereianttes recardieg@ePled i nthe | ead-out zone, each
linking data will have a sanme length as in the sector in the lead-in zone.
On the ot her hand dathBrecordedinto tixoresostingpediiomon BRCbasio ok thetsblasted3write

kil obytes and a linking data of 2 kil obytes is recorded in each of the

| ead-in and | gagheneyit zones at a sane frequency and speed of disc spinning,
the linear density wWll actually be higher and physical |ength of each

sector will bgr Lg@ﬁ@éﬁ}% BECI8R%, MbrefOMahe F2BRIIhE step SddtLRAebstdé@fifto B

w ll be seen . . The control signhal Indicative of the
sector n rec Orreggxqiir?@’ e B PRLERE nfinfi€r Rat a number of bits included in the linking data

is changed base on the calculated number of bits.

_—
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31 indicates the nunber for one of the sectors that is to be recorded into
the optical disc D. The sectors are disposed spirally along the groove 5
in the order of 1, 2, ..., n, ntl, ... fromthe center of the optical disc
D. That is, the CPU 70 generates, for supply to the to-be-recorded data
generator 51, a control signal allowng the optical head 12 to record the
sector n into the optical disc D. Bérther the CPU 70 generates a

control signal for recordi t nﬁp sel ects a
wite frequengg froma talﬁlﬁiﬁA E%Fégﬁh% ﬁ"*’%ﬁﬁ‘% or exarrpl e.
Further nore, ABSTRAGTHOFRBHEdMSOLOSURe CPU 70 sel ects a write frequency

for each zone. More particularly, the CPU 70 cal cul ates the radial
position of the sdoroecordingdtarietoya die¢-bke revgrdingunietimni methoenany fower Hnearne
into which the sector nis to be recorded. Based on the wite
frequency f ordédsity reddtatratks ihhiee leRbodtzape reeminathe CACE atodiengradial position on
the recording medium of an r-th one of the sectors is calculated to generate a position
information; a write frequency is determined based of the position information; a

number of bits which are to be recorded into the n-th one of the sectors is calculated

based on a following expression (1):

F 2z ., PL PL
— P[\F-{- (n+1)- \/ + nJ .......... 1)

where F : Write frequency, Hz

N : Spinning speed of the recording medium, s

R, : Radius of innermost data track on which the bits are to be recorded, m

P : Track pitch of data tracks, m

L : Physical circumferential length of each sector, m; and a data in the number
of bits calculated based on the expression (1) is recorded into the recording medum on

the basis of the write frequency.



to the follow ng expression (1), an information indicative of a nunber of
bits for witing into each sector in a sanme zone. [err] where F. Wite
frequency, Hz N: Spi nning speed of optical disc D, s[err]

Rlerr]: Radius of innernost data track on which bits are to be witten, m
P: Track pitch of data tracks, m

32 L: Crcunferential physical |length of each sector The
CPU 70 cal cul ates a physical length L of each to-be-recorded sector by
multiplying a circunferential length per bit by a nunber of bits per

sector. The expression is usedlyaocalculate a nunber of bits in the
sector n based on a

b 1a 1 la 1b
) | |
I W 777\ 25 \77Z R
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di fference between an angle fornmed by the sector n, for exanple, and an
angle formed by the sector n+1. The CPU 70 generates, for supply
to the to-be-recorded data generator 51, a wite start track nunber, wite
start clock mark nunber and wite start clock nunber, all indicating a
position at which recording is started as nentioned above, and al so

gener ates base on the expression (1), for supply to the to-be-recorded data
generator 51, information indicating %Vgﬁnber of bits for witing into a
top sector, difference in nunber of b to be witten between each of
subsequent sectors and the top sector, and a nunber of sectors in which
data is serially witten. More particularly, supplying the

above-nentioned infornation to the

t o- be-recorded data generator 51

t he

CPU 70 has the circuit 51 delete or add a linking data included in each

sector. The CPU 70 can control

the position of a sector as

shown in FIG

19C by calculating a number of bits for deletion or addition of the

| inking data in order to record each sector
fromg THERE

spindle driver 8 ig supplied,
allows the optical {disc Dto spin
the control signal, the spindle dr
spin the optical
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provided in the to-be-recorded data processor 50 and which conprises a VFO -
56a, frequency divider 56b and a phase conparator 56c. The
frequency divider 56b of the PLL circuit 56 is supplied, froma variable
frequency division ratio designator 70a, with a frequency division ratio
for each zone. Based on the frequency division ratio, a wite frequency
generated by the PLL circuit 56 is changed. Mdre particularly, the CPU 70
controls the PLL circuit 56 to generate a wite frequency by changing a
nunber of bits for witing between clock marks according to a zone nunber
in which a sector is to be recorded. Thﬁ[ by, bits are

34 witten with a constant |inear densi’'ty and at a frequency changed for
each zone. The to-be-recorded data generator 51 of the

t o- be-recorded data processor 50 reads a user data stored in the DRAM 50a
to generate a to-be-recorded data, and supplies the to-be-witten waveform
generator 55 with the generated to-be-recorded

FIG.5B



data under the wite clock signal. .The to-be-recordedwave generator 55
supplies the to-be-recorded data as a to-be-witten waveformto the
opti.cal head 12. Thus, the optical head 12 emits a | aser beamfromthe

| i ght source according to the to-be-witten waveformfromthe
to-be-witten waveformgenerator 55 in order to record the to-be-recorded
data into the optical disc D. FIG 21 is a functional flow chart of
an exanpl e of data recording into each sector on the optical disc D by the
data recordi ng apparatus 10 of the present invention. At Step S-1, the CPU
70 designates a track number into whichhdgta is to be recorded. At this
time, the CPU 70 determnes a wite start position on the optical disc D
at which each to-be-recorded data is to be witten, by designating, for
supply to the to-be-recorded data generator 51, a wite start track
nunber, wite start clock mark nunber and a wite start clock nunber. In
the to-be-recorded data generator 51, thg_e wite start track nunber,
wite start clock nmark nunber and wjte Statt shock number are conpar ed
with an address signal fromthe wobb] e siggal processor 33, clock mark
signal fromthe PLL circuit 56 and awite/cloc , respectively, to
determine a wite start positifon. T eds to Step S-2

At Step S-2, the to-be-recorde
recordi ng

FIG.6A

FIG.6B



35 into the sector n. It acquires a user data fromthe DRAM 50a and
generates a sector n consisting of an ECC bl ock of 32 kil obytes and a

| i nki ng data of 2 kilobytes. Then the CPU 70 proceeds to Step S 3.

At Step S-3, the CPU 70 calculates, fromthe wite start track nunber, a
radial position at which the sector nis to be recorded, and determ nes,
based on the radial position thus cal culated, a zone nunber into which the
sector nis to be recorded. Then the CPU 70 proceeds to Step S-4.

At Step S-4, the CPU 70 selects a witg /hpequency fromthe zone nunber into
whi ch the cal cul ated sector nis to be recorded, by making a reference to
the table stored in the ROM 71, for exanple. Then the CPU 70 proceeds to
Step S-5. At Step S-5, the CPU 70 uses the aforenenti oned expression
(1) to calculate a nunber of bits for witing into the sector n, and
supplies the cal cul ated nunber of bits for the sector n to the
to-be-written bits calculator 85 and to-be-witten bits counter 86

1
: track (n)
_ segment7 , segment0
. ] ’

track {1}

track {0)

segment4 | segment3

48bit (48X7.5=360Carrier)/servo segment

.
>

FIG.7



in the to-be-recorded data generator 51. Then the CPU 70 proceeds to Step
S-6. At Step S-6, the to-be-recorded data generator 51 lets the
optical head 12 seek a target position in which the sector nis to be
witten, according to the wite start track nunber, wite start clock mark
nunber and wite start clock nunber fromthe CPU 70. Then the CPU 70
proceeds to Step S-7. At Step S-7, the to-be-witten bits counter 86
is driven synchronously with a wite clock signal corresponding to the
above-nentioned wite frequency. Thus, the to-be-recorded data generator
51 supplies the to-be-witten waveform @gaeérator 55

36 with a to-be-recorded data according to a bit count fromthe
to-be-written bits counter 86. The to-be-witten waveform generator 55
converts the to-be-recorded data into a to-be-witten waveform and
supplies it to the optical head 12 which in turn will start recording of
the to-be-recorded data at a position designated as in the above by the

48bit {48X7.5=360Carrier)/servo segment

vt

fpit 3bit qpje 3Dt qpjt 3bit

CARRIER fom) 9 _1,,.@...*
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.lf\—-/ FCK

1/2 DATA BIT LENGTH ny 1/2 DATA BIT LENGTH

FIG.8



CPU 70. Then the CPU 70 proceeds to Step S-8. At Step S-8, it is

} udged whet her the nunber of sectors in which data is serially recorded,
designed by the CPU 70, has been counted down to zero by the to-be-witten
bits counter 86. Thereby, it is judged whether the recording is conplete or
not . When the nunber of sectors in which data is serially recorded
has not yet been reduced to zero, the CPU 70 will start a recording
procedure from Steps S-2 to S-8 for a next sector n+l. Wen the nunber of
sectors is found zero, the CPU 70 wi || gtepm nate the recording to the
optical disc D Alternatively, the CPU 70 may put into run the

cal cul ation programstored in the ROM 71 for cal cul ation of a nunber of
bits for witing into each sector in order to wite a to-be-recorded data

into the optical disc D. FIG 22 is a functional flow chart of
anot her exanpl e of data recording using the above-nentioned cal cul ation
programto wite a to-be-recorded data into the optical disc D. As

shown in FIG 22, first at Step S-11, a wite request for witing a user
data into the optical disc D is?¥B¥5%d to t(béiﬂ.ﬁ&@ﬁﬂfﬂom_rhe host
conputer via the host |II/EF 74. According to thel wite requesti the CPU 70

w Il acquire the cal culation

SECTOR ADDRESS
DATA ERROR DETECTION
CODE

ONE SECTOR

FIG.9

172 BYTES

BY’?ES' BYTzESl BYTGES I

D | €D | msv |  Main data 160 bytes (Dg - Diso)
Main data 172 bytes {D1gp ~ D331)
Main data 172 bytes (D332 - D503}
Main data 172 bytes {Dso4 - Ds75)
Main data 172 bytes {Dg76 - Dg47)

12 Main data 172 byies {Dg4g - D1 081)
ROWS Main data 172 bytes (D1 920 - D1 191)
Main data 172 bytes (D4 192 - D4 353)

Main data 172 bytes (D 364 - D1 535)
Main data 172 bytes (D 536 - D1 707}
Main data 172 bytes {1 708 - D1 g79)
Main data 168 bytes (D1 ag0- D2 047) | EDC

I BY{}ES ]

FIG.10



37 programfromthe ROM 71. Then the CPU 70 proceeds to Step S 12. It
should be noted that the wite request is a request for witing data
serially into blocks from start-B to num B. At Step S- 12, the CPU 70
interprets the content of the wite request on the basis of the

cal cul ati on program and supplies the host I/F 74 with a control signal for
storage into the DRAM 50a. Then the CPU 70 proceeds to Step S-13. At
Step S-13, the CPU 70 determ nes, under the cal culation program an angle
start_ang fornmed by a first sector in which data is to be recorded, track
nunber trn, clock mark nunber cmn and’Wf?te clock nunber wen as shown in

followng expressions (2) to (7). Then the CPU 70 proceeds to Step S-14.
[err]

| 172 BYTES l 10 BE:’ETES :
__! ! 1
Bo.o | Bo.t Bo.170 | Bo.171
Bio | Bi. Bi.170 | Bui7d
Bao | Bay Ba.170 | Ba.171
182
ROWS
B1s9.0|B1sa.1 B1sg.171B189.17
B130.0 | B1go.1 B1g0.17B1g0.17
Bigt.17
PO
16
ROWS

ECC BLOCK

FIG.11



38
Top

Rerr]:

disc D
L: Length of each sector

10/20

[err]

[err]

where P: Track pitch on the optical

position of data track in data zone

B: Length per bit

[err]
ferr]
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The expressions (5) to (7) indicate that the track nunber tr_n clock mark
nunmber cmn and wite clock nunber we_n are smal |l er integers,
respectively, than cal cul at ed. Al so the expression (3) indicates a
radi al position when the first sector is recorded at the angle start_ang,
the expression (4) is used to use the radial position calculated using the
expression (3) for calculation of a track nunber when the first sector is
recorded at the angle startang. At Step S-14, the CPU 70 determ nes,
for each sector, a zone nunber into which a to-be-recorded data is
witten, according to the track nunber;{r,f. Then, referring to the table
stored in the ROM 71, for exanple, and MAICh lists a wite frequency for
each zone nunber and a spinning speed for the optical disc D, the CPU 70
will select a wite frequency we_f and spindle notor speed mt_ffor each
zone nunber. Then the CPU 70 proceeds to Step S-15. At Step S- 15,
the CPU 70 sets a frequency division ratio for the wite frequency wc fin
the frequency divider in the PLL circuit 56 which generates a wite clock
si gnal

2 BYTES 91BYTES 2BYTES 91 BYTES
] ] ]
T svo SY5
sY1 SY5
SY2 SY5
sY3 SY5
7 SY5
13 sY1 SY6
ROWS! Msva SY6
SY3 SY6
SY4 SY6
SY1 SY7
sY2 SY7
sY3 SY7
SY4 SY7
T [ |
[ FRAME | FRAME l

FIG.13



39 for the wite frequency. Then the CPU 70 proceeds to Step S-16.

At Step S-16, the CPU 70 uses the above-nentioned expression (1) to
calculate a nunber bitn of bits necessary for recording the sector n. Then
the CPU 70 proceeds to Step S-17. At Step S-17, the CPU. 70 will
supply the to-be-recorded dataprocessor 50 with the track nunber tr_n,
clock mark nunber cmn and wite frequencywc n having been determned in

t he above process for recording the sector n, and a nunber of bits bit n

to be witten into the sector n. Then, the to-be-recorded data processor 50
supplies the track nunber tr_n to the-ﬁﬁ@ﬂarator 87a and cl ock mark nunber
cmn to the conparator 87b, generates, for supply to the wite clock PLL
circuit 56, the wite frequency we_n as wite clock signal, and supplies
the to-be-witten bits counter 86 wth the nunber bit n of bits to be
witten into the sector n. The CPU proceeds to Step S-18. Next at
Step S-18, the to-be-recorded data processor 50 generates a sector stored
in the DRAM 50a and consisting of an ECC bl ock and |inking data on the
basis of a nunber bit_n of to-be-witten bits supplied fromthe CPU 70. At

this time, the

padac | of t6bitfietds | ,SYNC 91 16-bit fields
SY0 Linking Data SY5 | LinkingData | Linking Data
SY1 Linking Data SY5 Linking Data
sY2 Linking Data SY5 Linking Data
5Y3 Linking Data 8Y5 Linking Data
§Y4 Linking Data 5Y5 Linking Data
SY1 Linking Data SY6 Linking Data
SY2 Linking Data SY6 Linking Data
SY3 Linking Data sY6 Linking Data
SY4 Linking Data SY6 Linking Data
5Y1 Linking Data sSY7 Linking Data
SYz2 Linking Data SY7 Linking Data
SY3 Linking Data sSY7 Linking Data
SY4 Linking Data 8Y7 Linking Data

FIG.14



t 0o- be-recorded data processor 50 del etes or adds the |inking data
i.nherently of 2 kilobytes by adjusting the nunber of bits form ng the

| i nki ng data according to the nunber of to-be-witten bits supplied from
the CPU 70. Then, the CPU 70 proceeds to Step S 19. At Step S- 19,
the optical head 12 will be noved to a track designated by the CPU

40 70. Also, the optical disc Dis driven to spin at a predeterm ned
speed. The to-be-recorded data generator 51 conpares an address signal

i ndicative of the track nunber with t?ﬁ Eéack nunber tr_n supplied from
the CPU 70 to effect a seek by which 6% ock mark counter 82 and wite
cl ock counter 83 recognize where on the track the optical head 12 is
positioned. Then the CPU 70 proceeds to Step S- Next at Step
head 12 is at a

S-20, when it has been recognized that the optg
desi gnated position, the to-be-recorded data g@éh@iator 51 delivers at the
t o- be-recorded :
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data processor 50 a to-be-recorded data to the to-be-witten waveform
generator 55 according to the wite frequency wec_n. The to-be-witten
wavef orm generator 55 will convert the data to a to-be-witten waveform by
del ayi ng or otherw se, and supply the waveformto the optical head 12
which thus will record the data into the optical disc D. Then the CPU 70
proceeds to Step S-2 1. At Step S-2 1, the to-be-recorded data
generator 51 will judge whether all the sectors have been recorded. Wen
the judgnent result is "Yes", the operation is termnated. |If the judgnent
result is "No", the CPU 70 proceeds to18/éf S-22 where it will repeat the
procedure from Steps S-11 to S-20 again for a next sector. Thus, the

sector n+1l and subsequent ones are recorded. Therefore, the data
recordi ng apparatus 10 constructed as havi ng been described in the
foregoing is capable of recording a to-be-recorded data for each sector
into the optical disc D by changing the nunber of bits for witing into
each sector. Even if the linear density of recording varies fromthe

| ead-in zone to | ead-out zone on the optical

m zone

m+1 zone

FIG.16



41 disc D, the data recording apparatus 10 of the present invention can
control the wite position for each sector by deleting or adding the

| i nki ng data. Thus, data can be recorded by positioning a witing position
in each of radial data tracks so that the tacks are radially aligned with
each other. The data recording apparatus 10 of the present invention can
attain a nore rapid seek for reproduction of a recorded data.

42 WHAT IS CLAIMED | S: 1. A data recordi ng apparatus conpri sing:

means for driving a disc-like recordi ngsegli um having pre-fornmed thereon
data tracks for data recording, the data tracks being wobbled with signals
generated by nodulating the frequency of a predetern1ned frequency carrier
correspondingly to an address infornmation,;
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means for -recording into the disc-like recording medi um being driven to
spin a data in sectors each consisting a data block and a |inking data
next to the data block in such a manner that the linear density of

recording is constant; means for calculating a nunber of bits which
are to be recorded into an n-th one of the sectors on the basis of a
follow ng expression (1): [err] where F. Wite frequency, Hz N
Spi nni ng speed of the recording nmedium sf[err] Rlerr]: Radius o
i nnernost data track on which the bits are to be recorded, m P:
Track pitch of data tracks, m L:1gPBYysi cal circunferential |ength of
each sector, m and means for controlling the recordi ng neans so
that the data is recorded in a nunber of bits having been cal cul ated by
the cal cul ating nmeans into each sector. 2. The data recordi ng appar at us
of Caim1l, wherein each of the data tracks on the
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43 recording nedium has fonned thereon a plurality of zones to record the
data with a generally constant |inear density, and wobblig marks to all ow
the recording medium to attain a constant angular velocity when driven to

spin by the driving nmeans, 3. The data recording apparatus of Claim1,
further conpring: a data table in which the wite fequency is
recorded for each ofthe data tracks, and wherein: the cal cul ating

nmeans selects fromthe data table a wite frequency for a data track into
which bits are to be recorded and cal cul ates a nunber of bits in cach
sector on the basis of the expressionlfi1§0and selected wite frequency.
4, The data recordin apparatus of Claim3, further conprising:

means for calculating a radial position on the recording nedium of a data
track onto which bits are to be recorded; wherein the cal cul ati ng neans
forthe nunber of bits to be recorded selects fromthe datatable a wite
frequency corresponding to the radial position of the data track and

cal cul ates a nunber of bits in each sector on the basis of the expression
(1) and selected wite frequency. 5. The data recordi ng appar at us
ofClaim1l, wherein the controlling neans controls
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t he recordi ngneans by changi ng a nunber of bits included in the |inking
data to change the recording |location of the sector. 6. A net hod of
recordi ng sectors each consisting of a data block and a linking data next
to the data block into adisc-1ike recordi ng nmedi um havi ng pre-fornmed

t hereon data tracks onto which data is to be recorded, the data tracks
bei ng wobbled with signals 44
generated by nodul ati ng the frequency of a predeterm ned-frequency carrier
correspondingly to an address information, conprising the steps of:
calculating a radial position on the regghgi ng nediumof an n-th one of the
sectors to generate a position informtion; determning a wite
frequency based of the position informtion; cal cul ati ng a nunber of
bits which are to be recorded into the n-th one of the sectors on the
basis of a follow ng expression (1): [err]
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where F: Wite frequency, Hz N:  Spi nning speed of the recording

medi um s[err] Rl err]: Radius of innernost data track on which the

bits are to be recorded, m P. Track pitch of data tracks, m L
Physical circunferential |ength of each sector, m and recording a

data in the nunber ofbits cal cul ated based on the expression (1) into the

recordi ng nediumon the basis of the wite frequency. 7. The net hod of

Claim6, wherein each ofthe data tracks on the recording nedium has forned

thereon a plurality of zones to record the data with a generally constant

| i near density, and wobbling marks to allow the recording nediumto attain

a constant angul ar vel ocity when dringlé& spin by the driving neans. 8.

The nethod of Claim6, wherein the wi requency determ ning step

i ncl udes

" S-1

DETERMINE WRITE START POSITION

-
|

GENERATE DATA TO BE RECORDED /'S'Z
INTO n-th SECTOR

1
CALCULATE DISC RADIUS fS-S
I
SELECT WRITE FREQUENCY fS'4
|
CALCULATE NUMBER OF BITS
1
SEEK /3-6
|

START WRITE OF PREDETERMINED
NUMBER OF BITS AT
PREDETERMINED WRITE FREQUENCY

/S-5

S-7

RECORDING
OVER
?

FIG.21
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45 selecting fromthe data table a wite frequency corresponding to

the position information:

is recorded into the
frequency. 9. The
is recorded into the
bits included in the
of bits.

lining data

20/20

START

and wherein in the recordi ng step,
recordi ng medi umon the basis of the selected wite
met hod of Claim6, wherein in the recording step,
recording mediumin such a manner that a nunber of

I s changed base on the cal cul ated nunber

i
WRITE REQUEST

1 ,S-12
ACQUIRE USER DATA

S-11
/

T
/8-13

CALCULATE WRITE ADDRESS FROM
start_ang,tr_n, AND we_n

FIG.22

1 514
DETERMINE ZONE NO.FROM WHICH
CLOCK AND DISC SPEED ARE TO BE SELECTED
! S-15
SET FREQUENCY DIVISION RATIO [
CORRESPONDING TO CLOCK
1 /516
CALCULATE NUMBER
bt_n OF TO-BE-WRITTEN BITS
I
-17
SET tr_n,em_n,wc_n, AND bt_n s S-1
I /5-18
GENERATE TO-BE-RECORDED DATA
]
SEEK rS-19
‘ S5-20
RECORD
S-21
WRITING QVER
? 522
NEXT SECTOR
L

dat a

dat a



