20SEP2004 DATA RECORD MEDI UM RECORDI NG APPARATUS, REPRODUCIN%L@PEQE@IEﬁ
AND REPRODUCI NG METHOD BACKGROUND OF THE I NVENTION . Field of 9&
The present invention relates to a data record nedium a recording
apparatus, a reproducing apparatus, and a reproducing nethod that all ow
addresses corresponding to a high density structure to -be displayed.
Description of the Related Art As.a record nediumon which audio data is
.digitized and optically recorded, a conpact disc (CD) is well known. A CD

has a di aneter of L rdokh EDI@MtcﬁEébRélﬁGpgppgﬁgT@sl|ne velocity of
1.2 ms. On a CI)ﬂéﬁglt ?Oaugﬁo data of Up to 74.7 mnutés can be

recorded. \Wen t heppr@skc Pt CRpPARATUSP ASDAREPADOOWING METBICHM as the
narrowest pitch defined in its standard, digital audio data of around 80
m nutes can be recorded. |BA@KGROUND, ORSTHEr EHUENETIYN ecord nmedi um a
.CD--ROM of which a CDis applled to a ROM (Read Only Menory) in such. a
manner that digiad atla eE digital audio data is pre--recorded to
an audio record area of the CD has becone common. In the sane standard as
a CD, digital data of 650eN\Npyeesnbrinveptegni valates to @ §gat® audio data

of 74.7 m nutes can be recorded to_a CD-ROM - .
record medium, a recording apparatus, a reproducing

apparatus,ﬂand a reproducing method that allow
‘addresses corresponding to a high density structure to
. be displayed.

-Description of the Related Art

As. a record medium on which audio data is
~digitized and optically recorded, a compact disc (CD)
is well'known. A CD has a diameter of 12 ém; a track
pitch of 1.6 pm, and a line velocity of 1.2 m/s. On a
CD, digital audio data of up to 74.7 minutes can be
recorded. When the track pitch of a CD is as narrow as
1.5 pm as the narrowest pitch defined in its standard,
digital audio -data of around 80 minutes éap be
recorded.

_ ~ In addition, as a feadvonly fécOrd medium, a
CD~ROM of which a CD is .applied to_é ROM ngad Only
 Me@or§) in sﬁch a manner that digital datAVOtﬁer than
_digital audio data is pre—recorded to an audio record
~area of the CD has become common. In the same standard
:as a CD, digital data of 650:Mbytes or more equivalent
to digital audio data of 74.7 minﬁtes can be recorded

to a CD-ROM.



2 0 SEP 2004 Each of a CD and a CD-ROM has a sub code corrposedacq)b ggpt 2004
channels (P, Q R S, T, U V, and W channels). Tine informati o]

digital data that is recorded is placed in 72 bits of the Q channel. The
time information is categorized as two types of reproduction el apsed tine
referred to as absolute time and relative tinme. The absolute tine
represents a tine period fromthe beginning of the record area. The
relative tine represents a tine period fromthe beginning of each nusic
program or each index. Each of the two types of elapsed tine is
represented as m nutes EaAINRQL sedchdsd SECQD-ROM Haaness@iFRAME as tine
units. In a CD the tine information represents address information of
digital data. CE*&&WS@@ e edight ilamneld NE, "SE®R, Sndl, "FRAVE"and Wssi gned

data of eight S re resented with a two-digit BCD (Bi nary Coded
Deci nal ) nunb “IBSrL? i l&‘eCE’) “&WGLWRG\# dwa}r Catepridsehted from

"00" to "59" |n th e%CD no atlo ??A%EJ | ese ted from"00" to "74"
since one second s %ddi ¥ fannek oprBient ed from
"00" to "79" u d er f d| ital data

correspondi nglE?LgC%t %ﬁ%%ﬁlsaitgg)g‘a(ri%b gsggr d M nuttes ((? ot her words,
in the non- CDre@&%ﬂ@%%@onnwh@bsb%.Eﬁﬂﬁ@%ﬁggéiiéd(¥g aﬂé%l fhétna BCD

notation). On CD-ROM tinme information (addres
and relative time. The absolute time represents a time

period from the beginning of the record area. The
relative time represents a time period from the

' beginning of each music program or each index. Each of
the two types of elapsed time is represented as minutes
(MIN}, seconds (SEC), and frames (FRAME) as time units.
In a CD, the time information represents address |
information of digital data.

Each of the time units "MIN", "SEC", and

"FRAME" is assigned data of eight bits and represented
with a two-digit BCD (Binary Coded Decimalf nunber.
Thusﬁ in-a CD and a CD-ROM, "SEC" is represented from
"00" to "59" in the BCD notation; "FRAME" is
represented from "00" to "74" since one second is
equivalent to 75'frames; and "MIN" is fepresented from
"00" to "79" because the recordable time period of
digital data corresponding to the CD standard is less
than 80 minutes (in other words, in the non-CD
standard, "MIN"™ is represented from "00" to "99" in the
BCD notation).

On a CD-ROM, time infermation (address



2 2 0 SEP 2004 information) has been recorded to a header portion of main

data as well as the Qchannel. As with the Q channel, each of UA@IEP%U{]I,.
"SEC', and "FRAME" is assigned data of eight bits and represente th a

two-digit BCD nunber. On a blank wite-once-read-nmany type CD-R

(CD- Recordable) disc and a rewitable type CO-RW(CD- Rewitable) disc,
record address information referred to as ATIP (Absolute Tine In
Pre-grooves) is FM . nodul ated and recorded to gui de grooves (pre-grooves)
that are wobbled in the radius direction with a sine wave of 22.05 kHz in
the format of ‘Ofymatioggchashpen proggrrdedy the2 HBBGRE RO ORLOMSOL

advancenent of _t.he pit form t echnol ogy . and recordi ng and/ or reproducing
t echnol ogi es ana™ g@ﬁiae\?@né"}ﬁq%ofa%ll}ﬂ}et @a{v&% hs Bf YiedertheBt, as with

a DVD (Digital.\Versati Ie%tccli){ & Ayt ucgardreag%?rgﬁ“ 'Ishjgsr S#)%ﬁ ﬁ% 2??? ty

of record medi uns teéends I'ncrease.

structures of sgenvert iQrRal: &3 @nd, ! rong. ) he
record densities of the@?onventi or?g} egs:legl%g%g\ﬁ}grae%%oubﬁ%e%lwg?%#tal
dat a of; aroungdukb@r.m nutes. can be recorded. When their record densities
are quadrupled, digital data of around 300 m nutes can be recorded.

On a blank write-once-read-many type CD-R
(CD-Recordable) disc and a rewritable type CD-RW (CD-
Rewritable) disc, record address information referred
to as ATIP (Absolute Time In Pre-grooves) is FM-

"modulated and recorded to guide grooves'(pre“groéves)
that are wobbled in the radius direction with a sine
wave Qf 22.05 kHz in the format of "MIN", "SEC”, and
"FRAME" in the BCD notation;

As advancement of the pit forming technology
and recording and/or reproducing technologies and
achievement of short wavelengths of laser light, as
with a DVD (Digital Versatile Disc or Digital Videb
Discf, the storage capacity of record mediums tends to
increase. Thus, requirements of high density
structures of conventional CD and CD-~ROM are becoming
strong.

_When the record densities 6f the conventional
CD and CD-ROM are doubled, digitél data ofraround 150

'mindtes.can be récorded. When their record densities
are quadrupled, digital data of around 300 minutes can
be recorded.

- However, in the conventional CD and CD-ROM,



However, in the conventional CD and CD-ROM 3 20SEP2004 as was Ser?e?UOII'
above, each of "M N', "SEC', and "FRAME" that are tine infor

represented with a two-digit BCD nunber. Thus, the time informtion of

t he conventional CD and CD- ROM cannot represent a tine exceeding 100
mnutes. As a result, the systemdoes not work. OBJECTS AND SUMVARY OF THE
| NVENTI ON The present invention is nade fromthe above- described point of

view. An object of the present invention is to solve a pr9b| em of
conventional @5 al@s CEeREN-BRE p?%‘?/‘f%le a?arcé*boroé nedi iy t ha8EQl t ovand i me

i nformation cq,r n to a hde Structure to be displayed with
mai nt ai ni ng th a?ﬁkﬁgtl N tt fn 1%id’d"i tﬁ%ﬁeﬁl@sﬁr}f&ﬁg hrasent

i nvention to a nputer, ddress |nf rratl of a
CD- ROM and ATI%% 1?1%%(215“3%5&% R\NTgrgg’ r presehted lPrJ;OtKHIS i ﬁlar%/lp
notation. Another QhiwGlciffat hep PERgeAb-ROMERENABLI Sl Py de Bime

recording apparatus that records such tinme information to a recor

medi um A furtdiefecolijirect 106 hhgupeesentasi averdddr | sthe RRAYeHE dbes
reproduci ng apparatus that reproduces such tine informati on from a record

medium 4 2 0r$tEwPr2004 In accordance with the first aspect of the

OBJECTS AND SUMMARY OF THE INVENTION

The present invention is made from the above-
described point of view. An object of the present
invention is to solve a problem of conventional CP and
CD-ROM and provide a record medium that allows time
information corresponding to a high density structure
to be displayed with maintaining the compatibility
thereof. In addition, to allow the present invention
to be properly applied to a computer, address
information of a CD-ROM and ATIP of a CD-R and a CD-RW
are represented in the binary notation. Another object
of the present invention is to provide a recording
apparatus that records such time information to a
record medium. A further object of the present
invention is to provide a reproducing apparatus that

reproduces such time information from a record medium.



invention, there is provided a data record nedi um for recordlng a ital
si gnal conposed of main data and a sub code, the sub code hav Eé 2004
information representing reproduction el apsed tine, the sub code belng
recorded in association with the main data, conprising: a sub code area
for recording the tine information represented as a binary coded deci nal
nunber , a header area for recording address information, said header area
being a part of the nain data and associated with the tinme informtion,
and a data area for recording external user data , said data area being a
part of the nmain ddira, admrsiandde atdnesshenf dimsti omspgediei ngt  the
represented as a binary nunber, wherein the tinme information includes hour

i nfor mati on #@ﬁﬁ@§éﬁ¥hngt%%r%oaﬁ doiporiad | al fagec araforck nedinm heosecond
aspect of the invention, there is provided a data record nediumon which
record addr es$SFRFEMREL % :%¥§6€1aﬁi&P%ﬁt?PTEﬁ%@%a%f BedR [Fed6r i o8 a

bi nary nunber, er the ata record diym has a record.are or
recordi ng mai i ggtéﬁg%a a S dgacorrggpogﬁnﬁﬁmﬁo e ré@gpamﬁgﬁ?%ss

i nf or nat i on, e subneods maég (delTByS 20SEEZ004. 4l O R 00, ePLEIEN | NY

reproductlon el apsed tine in |nary co deci mal 'notation I'n
associ ati on wWpkhngherecorded in association with the main data,

comprising:

a sub code area for recording the time information
represented as a binary coded decimal number ,

a header area for recording address information,
said header area being a part of the main data and
associlated with the time information, and

a data area for recording external user data , said
data area being a part of the main data,

wherein the address information is being
represented as a binary number,

wherein the time information includes hour information

representing an hour component.

In accordance with the second aspect of the
invention, there is provided a data record medium on
which record address information associated with data has
been recorded as a binary number,

wherein the data record medium has a record area
for recording main data and a sub code corresponding to
the record address information, the sub code having time

5



mai n data, wherein the tinme information includes hour informatio
representing an hour conponent. |In accordance with the third a%&cﬁEP 2384
invention, there is provided a recording apparatus for recording nmain data
and a sub code to a data record nedium the sub code having tine
information representing reproduction elapsed tine, the sub code being
recorded in association with the nain data, conprising: neans for

gener ati ng t hentfbrmat hdor reprenent epg exepkreduasien benapyegodeadedeasi nal
nunber; means for converting the binary coded decimal nunber into a

deci mal nunbeRingdy needrd f 8ecivalemotedioni dimddssssiphfonmatiitdn the
contained in the in data into a binary nunber, said address information
bei ng associ af‘@&r\?ﬁ{aﬁat he time information, and neans for recording the
resultant data along with time_i.nformatian into the dat% record

th
medi um  wherein t ReterB Y gtrlr% AOACFRRHIE S NG HPST i fgmation

representing aRBPAUELELPUE MUl BoRSSHance with the fourth aspect of the
i nvention, thergii S r[%rft';r\q/qaded auaat%ﬂgecordi ng apparatus 6 2 0 S E P 2004

for recording main data and a sub code to a data record nedium the sub
code having tine information
In accordance with the third aspect of the

invention, there is provided a recording apparatus for
recording main data and a sub code to a data record
medium, the sub code having time information
representing reproduction elapsed time, the sub code
being recorded in association with the main data,
comprising:

means for generating the time information
represented as a binary coded decimal number;

means for converting the binary coded decimal
number intoc a decimal number; and

means for converting said address information
contained in the main data into a binary number, said
address information being assocociated with the time
information, and

means for recording the resultant data along with
the time information into the data record medium,

wherein the time information includes hour

information representing an hour component.

In accordance with the fourth aspect of the
invention, there is provided a data recording apparatus

5]



representing reproduction el apsed tine, the sub code being recgrded in
association with the nmain data, said data recordi ng apparat u§ éoSIEPSZMQ-
nmeans for generating address information that is contained in the main
data, said address information is associated with the tinme information and
represented wth a binary nunber; nmeans for converting the binary nunber
into a binary. coded deci mal nunber; and neans for form ng_ a sub code

cor respondi ng tog rteﬁ:é’rtdilﬁr? S BP0 PR R FI98 &9 He B rrar 5° €08 d
el Tt b 510 cobuerLLog eans, g IR Lop recrghag e S

code al ong W main data to ti a recor
i nformation inelydeshawy +85L58BLL 98N RPIESEM | Rgn@, holle cQpponedte 1 N

accordance with the fifth aspect of the 1nvention, there is provided a
dat a recordi npedppanaidirdddrin esosdE NGt dah awt 0ha tthat daiec ik ATeds 4 on
which record address information for recording data have been fornmed with
a bi nary nunbéetandeche diagorgpaaddues sompirdrsiamtg:on has been assigned with

gui de grooves wobbl ed at_predeterm ned intervals, said data recording
appar at us conpri si R§anfedifs f PREEREbBUciay rass r eebpamabépesshatnfo? nat i on

fromthe datac%%%%&%e@?qhu%hé7ﬁ%£% %E@ﬁ%mggid address information is

associated with the time information and represented
with a binary number;

means for converting the binary number into a
binary coded decimal number; and

means for forming a sub code corresponding to
the time information converted into the binary coded
decimal number by said converting means, and

means for recording the sub code along with the
main data to the data record medium,

wherein the Lime information includes hour

information representing a hour component.

In accordance with the fifth aspect of the
invention, there is provided a data recording apparatus
for recording data to a data record medium on which
record address information for recording data have
been formed with a binary number and the record
address information has been assigned with guide
grooves wobbled at predetermined intervals, said data
recording apparatus comprising:

means for reproducing the record address
information from the data record medium,

9



first recording nmeans for recording time information repr esezgn§g8dzggj‘,
reproduction elapsed tine of nmain data in association with r r S

i nformation reproduced by said reproducing nmeans with a binary coded

deci mal nunber, the tinme information being in association with the main
data , and second recordi ng neans for recording the main data, wherein the
time information includes hour information representing a hour conponent.

I n accordance w th ftistsi xtrlecaspdetg of ntdans nveidsd on,reddwetiend s priomt ded a
reproduci ng apparatus for reproducing nmain data and a sub code froma data
record medi umiNfReTRIY Wodechhesagt Lnge tepreodvattiiom ¢bppesdntiimg of
reproduction el apsed tinme represented, with a bjnary coded deci nmal nunber,

the sub code B& Wy FBLEr ded™i n aS80BC+atiOR wiYhtRhe ¥REW Yat £LITLRTF ;
duci . .S ng.: far, reproduyci.ng the nmain . data an
oD Sohe! 09, 2PRLRS AT TP 0 WSALAUELG R S

the sub code from ing neans to

extracting theihia¥e dodees Mridionif remHdle suR qade reprodusedPwhsaid
reproduci ng nmeans; "and second extracting nmeans for extracting address
i nformation repr esenicit @omn Witlarshaueet d4oa 4he€ main data reproduced
fromsaid reproducing neans. 8 2 0 S E P' 2004

second recording means for recording the main

data,
wherein  the time information includes hour

information representing a hour component.

In accordance with the sixth aspect of the invention,
there is provided a reproducing apparatus for
reproducing main data and a sub code from a data
record medium, the sub code having time information
representing reproduction elapsed time represented
with a binary coded decimal number, the sub code being
recorded in association with the main data, said
reproducing apparatus comprising:

means for reproducing the main data and the sub
code from the data record medium;

first extracting means for extracting the time
information from the sub code reproduced by said
reproducing means; and

second extracting means for extracting address
information represented as a binary number from the

main data reproduced from said reproducing means.



I n accordance with the seventh aspect of the invention, there is provided
a reproduci ng nethod for reproducing main data and a sub cod @EPQ
record medium the sub code having tinme infornmation represe |ng
reproduction el apsed tinme represented as a binary coded deci mal nunber,
the sub code being recorded in association with the main data, said
reproduci ng nethod conprising the steps of: reproducing the main data and
the sub code from Ihheadabpadaecor dwireldi uthe exteaettmng adeedt Mmeof nf et i on
fromthe sub code reproduced at the reproducing step;, and extracting

addr ess i nf or ntvediipapr dd@meedini throxidpinas y reprbencingmmsidodai fodat a
reproduced at the roduci ng step, wherein the tinme information includes

hour |nfornaﬁ@@ﬁopéﬁgggeﬁﬁﬂﬂgdétﬁoépdcénﬁ&ﬁeﬁp eAé@GWHthd%%ﬁaﬁe@%ﬁ%dlnent

of the presen .nvent for dat a recogp d medi um. such as hi density
CD, in con5|d%}a 70N of%gﬁe con%atlﬁlﬁlty i g%ﬁ@%ntibﬂg?rﬂ% ot when

necessary, timgg r@fs@mhbor}eﬁreaheewﬁ anpsbaf %;ﬁgt '%r@é‘gﬂ%%d' Ss a

represented in the BCD nota For a reco um such as a

ROM in consi @gnatiyorodieth deteémbar AoRbEa) | @R Wstb 8od@eheongl reedpuater, the
notatlon of "m nutes, seconds, and frames" is converted into the notation

of "frames" mepresanedtummr1w1th4 bhe (oai23-datd, bisadcdy muepbeducieg

method comprising the steps of:

reproducing the main data and the sub code from
the data record medium;

extracting the time information from the sub code
reproduced at the reproducing step; and

extracting address information represented with a
binary number from the main data reproduced at the
reproducing step,

wherein the time information includes hour

information representing a hour component.

According to an embodiment of the present
invention, for a data record medium such as a high
density CD, in consideration of the compatibility with
a conventional medium, when necessary, time information
including hour information {HOUR) is represented in the
BCD notation. For a data record medium such as a CD-
ROM, in consideration with the harmonization with a
personal computer, the notation of "minutes, seconds,
and frames" is converted into the notation of "frames"
represented with a 24-bit (or 23-bit} binary number.

B8a



2 0 SEP 2004 For mediuns such as a CO-R and a CRRRW in cons 3ﬁ w th
the harnoni zation with a personal conputer, ATI P IS represen? %ﬁ%
24-bit (or 23-bit) binary nunber. These and ot her objects, features and
advant ages of the present invention will becone nore apparent in |ight of
the follow ng detail ed description of a best node enbodi nent thereof, as
illustrated in 8b 2 0 S E P 2004 the acconpanyi ng draw ngs. BRI EF

DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram show ng the

structure of g,nasterln appar at us according to an enbodlnent of the
present inventi®dn % Sis Sy héﬁﬁtl@'dlgﬁr%n1§ﬁﬁhnnﬁ afR-Banpl ¥ of the
format of a fr%g% CD acc0£g| 10, %he enbodi nment, t he resen
invention; Fig it e difgr 3ATERBIFRG 3R Pe B r??ﬁ? or mat
of ‘sub code 1y atg& tmI@Dlsa gs@qltte@hmethe@oﬂ Il the prepent

i nvention; Fig. i's & schemati ¢ di'agram show ng an exanp t or mat

of a sub codebggggyoauggeghe CD according to the enbodi nent of the present
invention; Fig. 5 is a schematic diagram showing an exanple of the fornat
of a Q channel of the CRhearcordhfg techdie empgdiomnt ofchhgrBEeSeitd

i nvention;
advantages of the present invention will become more
apparent in light of the following detailed description

of a best mode embodiment thereof, as illustrated in

8b



Fig. 6 is a schematic di agram showi ng an exanple of the format of a data
bit block of the CD according to the enbodi nent of the presen

Fig. 7 is a schematic diagram showi ng an exanple of the for ggﬁmg@lr
bit block of TO'-- of a record nmedium according to the enbodi nent of the
present invention; Fig. 8 is a schematic diagram showing an exanple of the
format of time information of the record'q 2 0 SEP 2004 nedi um according to
t he enbodi nent of the present invention; Figs. 9A, 9B, and 9C are schematic
di agranms show ng exanples of the data format of a CD-ROM according to the
present i nventthenacFiogwanydagaddardBasr.e schematic di agrans show ng
exanpl es of the formats of header portions of a conventional CD-ROM and a
hi gh density CO-ROM Fig. 11 is a schematic dlagran1for explaining a

nmet hod for converting an_address represent ed in the BCD notation into an
address represented in t 155 bl ock di agram
showi ng the structure gf a reprodu a%paratus ?%Pordigg1to t he

enbodi ment of the presen%glnveﬁtlgn 5 139 8T A S A%y ed Der spect i ve

view show ng g2, QtiekPals QOﬁBEQQIQnggﬁpQEg%%%Séghé}dfﬁané% an

embodiment of the present invention;

Fig. 2 is a schematic diagram-showing an
example of the format of a frame of a CD accoxding to
the embodiment of the present invention;

Fig. 3 is a schematic diagram showing an
example of the format of sub code frames of the CD
"according to the embodiment of the present invention;

Fig. 4 is a schematic diagram showing an
example of the format of a sub code portion of the CD
according to the embodiment of the present invention:

Fig. 5 is a schematic diagram showing an
example of the format of a Q channel of the CD
aceording to the embodiment of the present invention;

Fig. 6 is a schematic diagram showing an
example of the format of a data bit block of the CD
according_to_the embodiment of the present invention;

_ Fig. 7 is a schematic diagram showing an
--example of the format of a data bit block of TOC of a
record medium according to the embodiment of the
present invention;
Fig. 8 is a schematic diagram showing an

example of the format of time information of the record



medi um according to the enbodi ment of the present invention; Fig. 14 is a
schemati ¢ di agram show ng pre- grooves of the record nedi um acgoy dj to
the enbodi ment of the present invention; Figs. 15A and 15B arééc$§%t2@ﬂ4
di agrams show ng exanples of the formats of ATIP of conventional CD-R and
CD-RWand the formats of ATIP of high density CD-R and CD-RW and Fig. 16
is a block diagram show ng the 10 20SEP2004 structure of a recording
apparatus according to the enbodinent of the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Next, with reference to the
acconpanyi ng dnesi wysaceardhbgdiaehhe obmbhdipensent theeptiesanwi || be
descri bed. An enbodi nent of the present invention is a nmastering apparatus
and a reproductmée@pptatus. The nmstering apparatus is a recording
apparatus that creates a_paser of co ct.disc (CD) as.a record nmedium
on which digital. audio Th¥3- agArra?’ﬁ’ d3ta Ras2reeerlfBRbidediaghans

i e (Compact Parerith SFERPERE GRS, hE) 1= SORRECRF e Bvon whi ch
digital - audio é’@é@r&h‘?x?‘g b@@“tﬂgcﬁfé@éint'{‘ng&gti&n; ref-erence nuneral 10 :

represents
' Figs. 10A and 10B are schematic diagrams

showing examples of the formats of header portions of a
conventional CD-ROM and a high density CD-ROM;

| Fig. 11 is a schematic diagram for explaining
a method for converting an address represented in the
BCD notation into an address represented in the binary
notation;

Fig. 12 1is a block diagram showing the
structure of a reproducing apparatus according to the
embodiment of the present invention;

Fig. 13 is an enlarged perspective view
showing a principal portion of pre-grooves of a record

- medium according to the embodiment of the present
invention;

Fig. 14 is a schematic diagram showing pre-
grooves of the record medium according to the
embodiment of the present invention;

Figs. 15A and 15B afe schematic diagrams
showing examples of the formats of ATIP of conventional
CD-R and CD-RW and the formats of ATIP of high density

| CD-R and CD-RW; and

Fig. 16 is a block diagram showing the

10



t he overal l

structure of the mastering apparatus. As shown in Fig.

1, the

mast eri ng apparatus 10 conprises a |laser.,11, a |light nodul at®r n
optical pickup 13 The laser 11 is for exanple a gas |aser (suzlo ﬁEFgm

ion | aser,

The light nodulator 12 is of an acoustooptic effect type. The |ight
nmodul ator 12 nodul ates (turns on and off) laser light emtted from
| aser 11 corresponding to a signal that is output froma CD signal

generator 15 (that will be descried 11 2 -0 S EP 2004 |ater). The opt
pi ckup 13 is &Wm@ﬁr&@a@cqmnma@mm}%adwdm andtke forth.

The opti cal

modul at or 12 &P

pi ckup 13 collects laser |ight that passes through the

(phot osensitive substance) .surface of a disc-shaped glass naser di
The mastering apparatus 10 further conprises a servo circuit 14, a
si gnal generat or é ﬁ%} \ 1S : el at
and a spindle notor—1 A T4 TE ‘

operation for keeping t@gg@sﬂg& ggg Qﬁé19&§l |ng aﬁgydn 3_and t he.

gl ass maser disc 19. const arit and cont

operation of ra5AinRd, earﬁme‘?rfbolﬁn(etrmtoﬂ"‘ﬂﬂe b LAQSHY 14

r ot

vi ng
)wilie

a He-Cd laser, or a. Kr ion laser) or a sem conductor |aser.

t he
i cal

| i ght

idieatte £ & Hh o dTaadidd drassrtiqnght to a phot oresi st

sc 19.
CD

CD

signal generator 15 generates a CD signal recorded on ﬁe gl ass maser disc
19 and turns @e ar&cafibedhe

An embodiment of the present invention is a

mastering apparatus and a reproducing apparatus. The

" mastering apparatus is a recording apparatus that

Creates a maser of a compact disc {CD) as a record

medium on which digital audio data as main data has

been recorded. The reproducing apparatus reproduces

digital audio data from an audio compact disc (Compact
Disc-Digital Audio: CD-DA) as a record medium on which
digital audio data has been recorded.

In Fig. 1, reference numeral 10 represents
the overall structure of the mastering apparatus. As
shown in Fig. 1, the maétering apparatus 10 comprises

1@3@1,11, a light modulator 12, and an optical pickup

137" The laser 11 is for example a gas laser (such as
an Ar ion laser, a He-Cd laser, or a Kr ion laser) or

semiconductor laser. The light modulator 12 is of an

'acoustooptic effect type. The light modulator 12

modulates (turns on and off) laser light emitted from

- the laser 11 corresponding to a signal that is output

from a €D signal generator 15 (thaf will be descried

11



| i ght nmodul ator 12 corresponding to CD-ROM data (main data) received from

a CD-ROM data generator 16 (that wll be described |ater) arZQSE? gﬁm

that is received froma sub code generator 17 (that w il

| ater). The CD-ROM data generator 16 generates the CD-ROM data. The sub
code generator 17 generates a sub code (that wll be described later).

The spindle notor 18 rotates and drives the glass nmaser disc 19. The

mast eri ng appar at us 10 nodul ates the laser light emtted fromthe | aser 11
correspondlng to 12 2 SEP 2004 a signal generated by the CD signal
generator 15. ?ﬁ%r)nas?ﬁﬁlﬁﬁtéﬁﬁérﬁﬂﬁ u201g diSatte & IPE HEGU IR | aser

light to th th b es a nmaser on which the
OO ROM dat & hb2BeBASr SRoPREGCEAVE dhd e%%%@%é%%aﬁi e RSP disc 1o

by the st er,0,caRPRs LS 40cks1ASNST A4 DY Lhe R, 81 gnalo gananat or

The CD si gnal *gener ator conver

CD- ROM dat a gg?ﬁﬁaﬁl@&uigtégd1§h§n3u9a89g%eg %rarc%ﬁ%&% %%befode

generator 17 1nfo data corresponding to forna si gnal

generator 15 diyhéesols PhbsoebspBe (pABRLE AL IRASWRLGSIERLQ-)i gh order
eight bits and low order eight bits. Each of the high order eight bits

and the | ow osdefaeeégbf bi isstsshapatiedlassamayekolisAnierror correction
code encodi ng process for adding
The mastering apparatus 10 further comprises

a servo circuit 14, a CD signal generator 15, a CD-ROM
data generator 16, a sub code generator 17, and a |

" spindle motor 18. The servo circuit 14 performs a
tracking operation for keeping the distance between the
optical pickup 13 and the glass maser disc 19 constant -
and controls the rotating and driving operation of a
spindle motor'18 {that will be described latexr). The
CD signal generator 15 generates a CD signal recorded
on the glass maser disc 19 and turns on and off the
light modulator 12 corresponding to CD-RCM data (main
data) received from a CD-ROM data generator 16 (that
will be described later) and a sub code that is
received from a sub code generator 17 {(that will be
described later). The CD-ROM data generator 16
generates the CD-ROM data. The sub code generator 17
generates a sﬁb code (that will be descfibed later).
The spindle motor 18 rotates and drives the glass maser
disc 19.

The mastering apparatus 10 modulates the

laser light emitted from the laser 11 corresponding to

12



error correction parity data or the like with for exanple CIRC (Cross -

I nterl eave Reed- Sol onon Code) and a scranbling process are 91'
2 0 SRrL0R

each synbol. The resultant data is nodul ated correspondi ng

to Fourteen Modul ation) nethod. Fig. 2 shows the data structure of-one
frame that has been nodulated. In a CD, with a total of 12 sanples (24
synbol s) of digital audio data of two channels, a parity Q of four synbols
and a parity P of four synbols are forned. One synbol of a sub code is
added to the 32 synbols. The resultant 33 synbols (264 data bits) are
treated as on@ BREBR! PRNSTREEIWRISEhel TR EEEPRI0AURFTanel  hat Thas been
EFM nodul ated contains 32 synbols conposed of a sub code, data of 24

SN T o e i s N A s i S
met hod, eac ol (ei ata bif.s) ig convel |

bits. Three g%ﬁ%?éfclooﬁh%i dege ”Fisa?creéltlbg)& e R A SRATET2 BT T . 2 bl ocks.

I n addition, SyRnG pa o t_. & i nni ng.,of the frane.

The frane syn%a%%?ngn%EECBa%%gt?giﬁmﬁi%%%%;qff%ﬁngﬁg%%#ﬁgaﬁ%%é Tis the

period of one channel Ri k) gn3iCheRRALTh ithed M QUG LAL &gt does

not take place in the EFMrule. In other words, Wth such an uni que
pattern, a fragetrh¥nfakserdaleciptraie flan® igerkemesehpitme t@pal of 588

channel bits.
signal generator 15. The CD signal generator 15
.converts the CD-ROM data generated by the CD-ROM data
generator 16 and the sub code generated by the sub code
" generator 17 into data corresponding to the CD format.
The CD signal generator 15 divides 16 bits of one
sample or one word into high order eight bits and low
order eight bits. Each of the high order eight bits
and the low order eight bits is treated as a symbol.
An error correction code encoding process for adding
error correction parity data or the like with for
example CIRC (Cross Interleave Reed-Scolomon Code) and a
scrambling process are performed for each symbol. The
resultant data is modulated corresponding to EFM (Eight
.to Fourteen Modulation) method.
Fig. 2 shows the data structure of.one frame
that has been modulated. 1In a CD, with a total of 12
samples (24 symbols) of digital audio data of two
channels, a parity Q of four symbbls and a parity P of
four symbols are formed. One symbol of a sub code is

~added to the 32 symbols. The resultant 33 symbols (264

data bits) are treated as one block. In cother words,

13



A block of 98 franes is referred to as sub code frane. As shown in Fig. 3,
a sub code frane of which 98 franmes are successively arranged jn_the
vertical. direction is conposed of a frame synchronization p%r&@EPaZ@ﬂn’p
code portion, and a data and parity portion. One sub code frame Is
equivalent to 1/75 seconds of the reproduction tine of a conventional CD.
A sub code generated by the sub code generator 17 is placed in a sub code
portion. As showmn in Fig. 4, the sub code portion is conposed of 98
frames FOL to F98. The franmes FOl and FO2 of the sub code portion serve as
synchronous p&Peefr3msf thRé &gis beep Fr¥EmoZd4tesdeontates. 3% additi on,
the frames FO apd_ F02 serve  as patterns SO and S| of an out-of-rule of

EFM  respect PYBPYLSEGRRPEPEdP T Re SMPamOEeEORdtE 10d8 24f styReolsub & Rle

portion conposes.the P, R..S, T, U_V and Wchannels. For exanple, the
P channel is %g%g‘sjeafofc‘guﬁaﬁ’gmgﬁssoagﬁd°S% ERd o Pt §oBEs SYRE IR -channel
to Wchannel are used f S i al rpo u a,still picture and a
sub title of so-call edg&agggkgﬂﬁgtgggﬁa%%gﬁ %&g%p%ﬁ_e %lghgnﬁfecca are used
to control thgitkpckspeshibeRef iHhe RiaCkuRnneeR ¢isgi t gk data recorded on

the CD-ROMis reproduced. The P channel is used to record a signal "0" in
a so-called | eafinkbr@bRabatst Beel PlAteBCbeRR@Ed two 14-channel-bit

bloéks. In addition, a frame sync pattern is placed at

the beginning of thé framé. The frame sync pattern is

a pattern of 11T, 11T, and 2T (where T is the period of

" one channel bit). Such a pattern is a unique pattern

that does not take place in the EFM rule. In other

words, with such an unique pattern, a frame sync is

detected. One frame is composed of a total of 588

chanhel bits.

A block of 98 frames is referred to as sub
code frame. As shown in Fig. 3, a sub code frame of
which 98 frames are successively arranged in the
vertical direction is composed of a frame
synchronization portion, a sub code portiqﬁ, and a data
and parity portion. One sub code frameris equivalent
to 1/75 seconds of the reproduction time of a
‘conventional CD.

A éub code generated by the sub code
generator 17 is placed in a sub code portion. As shown i
in Fig. 4, the sub code portion is composed of 98
frames FO01 to F98. The frames F0l1 and F02 of the sub

code portion.serve as synchronous patterns of the sub

14



portion of the disc and to record a signal that repeats "O0O" 1]3§EF9§2004
predetermned intervals in a so-called |ead out area at the o t

peri pheral -portion of the disc. In addition, the P channel is used to
record a signal "I" between nusic progranms in a programarea formed
between the lead in area and the | ead out area of the disc and to record a
signal "0" in the other area. The P channel is also used to detect the
begi nni ng portion of each music program when digital audio data recorded
on the CD is reproduced. The Q channel is used to accurately control the
pi ckup when dtgdeaframeso daraadditepnodtbedffanas Fhé @Dd AB2skewwei n Fig.
5, one sub code frane of the Q channel is conposed of a synchronous bit
portion 21, 1%5 RYSEPPRY4SH %Bﬁtﬁéloﬁlﬂnpéﬂﬁr@ﬁ pplegafaBlMess bit portion

23, a data bit portjon, 24, and CRC bit portion 25. The sgnchronous bi t
portion 21 isTeonposEEEhy- dhfelo lFmebFF§ f#ﬁ@eéyﬁeﬁr5ﬁoﬁg bPE $Bftion 21

contains a par{tlbof0 Qe gbgyendegcrbed s¥€chéonﬁ pattgrn e co trol b|t
portion 22 is conbosedpo¥ Q5L 2 0P 7 otir “Bf t at repre enP t é ﬁﬂ er

audi o channq&s @Qg?égﬁntlggre%?gﬁﬁ%é; gh !gaé ggﬁgl"ggosgﬁpoggrtg v%en

the four-bit dat e contr portion I't represents
t wo- channel aygtgg MtEoULLPr €1 eaphashs. cdpggt he four-bit data of the

The R channel to W channel are used for a
special purpose such as a still pictuie and a sub title
of so-called Karaoke. The P channel and the Q channel

" are used to control the track position of the pickup
when digital data recorded on the CD-ROM is reproduced.

The P channel is used to record a sigmnal "Q"
in a so-called lead in area at the inner peripheral
portion of the disc and to reco;d a signal that repeats
"0" and "1" at predetermined intervals in a so-called
lead out area at the outer peripheral portion of the
disc. In addition, the P channel is used to record a
signal "1" between music programs in a program area
formed between the lead in area and the lead out area
of the disc and to record a signal "0" in the other
area. The P channel is also used to detect the
beginning portion of each music progrém when digital

‘audio data reeorded on the CD is reproduced,
7 .The Q-channel is uSed to accﬁrately control
the pickup when digital audio data is reproduced from
the CD. As shown in Fig. 5, one sub code‘frame of the

Q channel is composed of alsynchronous bit portion 21,
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control bit portion 22 is "1000", it represents four- channel audio w thout

pre-enphasis. Wen the four-bit data of the control bit porti '
11000111, it represents two-channel audio with pre-enphasi sngﬁZUm"

four-bit data of the control bit portion 22 is "1001", it represents
four-channel audio with pre- enphasis. Wen the four-bit data of the
control bit portion 22 is "0100", it represents a data track of a

so-called CD-ROM (CD-Read Only Menory) or the like rather than audi o data.
The address bit portion 23 is conposed of data of four bits that represent
the format and cppérofl bdat pocdritai 38d am thidreatsa HHitt pparttiicon 224 (¢ hat

will be described |later). The CRC bit portion 25 is conposed of data of 16
16 2 0 SEP 2002tBi bdtt Rartéent di9n @adaaf ERCAELdcPondgiam &5r.or of CRC
(Cyclic Redundancy Check code). The data bit portion 24 is conposed of data
of 72 bits. Wen the folPepPYPEREITONSt Rd Cag@rddonp?l igocomppsey jof

"0001", as shgwn.in_Fig. 6.,the data bit portion.24 is conpgsed of a track
nunber porti oRo(FNOF H:%?, g?i{?"rsi'nd epgﬁrpFBﬁOPPHBE%%SfPrér‘roé’l %ﬂsed time

m nute conpo tLo |La g second comnponent

portion (SEC Bgﬁ?agﬂgekagggy tglkrrgﬁ%er %ﬁggepggglggneggﬁﬁﬁﬁ}%rg&oug zero portion

(ZERO 36, an ute time m nute conponent portion (AMN) 37, an
padlgehy

The control bit portion 22 is composed of
data of four bits that represent the number of audio
channels aﬁd identify emphasis, digital data, and so

" forth. When the four-bit data of the control bit
portion 22 is "0Q000%, if represents two-channel audio
without pre-emphasis. When the four-bit data of the
control bit portion 22 is "1000", it represents four-
channel audio without pre-emphasis. When the four-bit
data of the control bit portiom 22 is "Q001", it
represents two-channel audio with pre-emphasis. When
the four-bit data of the control bit portion 22 is
"1001", it represents four-channel audio with pre-
emphasis. When the four-bit data of the control bit
‘portion 22 is *g0100", it represents a dataﬁtrack of a
so—~called CDwROMV(CD—Read Only Memory) orAﬁhe like
rather than audio data. '

The address bitrportion 23 is composed of

~data of four bits that represent the format and type of
data contained in the data bit portion 24 (that will be
described later). | |

The CRC bit portion 25 is gomposed bf data of 16
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absol ute time second conponent portion (ASEC) 38, and an absolute tine
frame portion (AFRAME) 39. Each of these portions is conpose f

eight bits. The track nunber portion (TNO 31 is represent edm ISEPaZﬁhIT
two-digit binary coded decimal (BCD) nunber. when the track nunber portion

(TNO 31 is "00", it represents a lead in track nunber of a track from
which data is read. Wien the track nunber portion (TNO 31 is one of "01"
to "99", it represents a track nunber of a nusic. program a novenent, or

the like. Wien the track nunber portion (TNO 31 is "AA" in the

hexadeci mal néidtS ey candmiss difte foresetentindde arnferc®iCRE track
with which data that is read is onpl et ed. When the index portion (I NDEX)
32 is "00" reﬁrcé@g'lhcecﬁ{e\ﬂ aﬁlctﬁ’\/\ﬁ-?@i‘:&i €O8€D -nunber, it represents 17
20SEP2004 a pause. Wen fhe jndex .portion (I X). 32 is one of ."0Ol1" to
"99", it represents a St}ltt)let s )é’fll%apﬁf i grlagglrsarﬁomé’oﬁt?\?gr%%tqat& t he

ke, Lach of dhesebapsed Lk BHAULE.CORANGAL BY D LML 3G d he

el apsed tine second conponent  portion , and t apsed tinme frane
portion (FRAME-t3on 3 SRI €900ued Wist Br@uhWandirdigl, BCDdpueiva phhus, the

el apsed tinme (TIME) of each nusic or each novenent is represented with a
total of siXx @iogitisn 24 is composed of a track number portion (TNO)
| 31, an index portion (INDEX) 32,_an elapsed time minute
component portion (MIN) 33, an elapsed time second
component portion (SEC) 34, an elapsed time frame
" portion (FRAME) 35, a éero portion (ZERQ) 36, an
absolute time minute component portion (AMIN) 37, an
absolute time second component portion (ASEC) 38, and
an absolute time frame portion (AFRAME) 39. FEach of
these portions is composed of data of eight bits.

The track number portion (TNO) 31 is
represented with a two-digit binary coded decimal (BCD)
number. When the track number portion (TNO) 31 is
"00", it represents a lead.in track number of a track
from which data is read. ' When the track number portion
(TNO) 31 is one of "01" to "99", it represents a ﬁrack
nﬁmbe:_of a music program, a movement, -or the like.
‘When the track number portion (TNO) 31 is "AA"™ in the
hexadecimal notatidﬁ;"it represents a leadHOﬁt track
number of a track with which data that ié read is
completed. |

When the index portioﬁ (INDEX) 32 is "00"

represented with a two-digit BCD number, it represents

17



The eight bits of the zero portion (ZERO 36 are all "Gs". Each of the
absolute tine mnute conponent portion (AMN) 37, the absol utzcg]isgfm
conponent portion (ASEC) 38, and the absolute tine frame port F

39 is represented with a two-digit BCD nunber. These portions represent an
el apsed tinme (ATIME) fromthe first nusic programwth a total of six
digits. As shown in Fig. 7, the data bit portion 24 of TOC (Table O
Contents) in the lead in area of the disc is conmposed of a track nunber
portion (TNO 41, a point portion (PO NT) 42, an el apsed tine. mnute
conponent portddPayst N) 4Ween ahhe| Gpded péneisecOBRIDEXDNPRNERt oper bifon ( SEC)
44, an el apsed time_frame portion (FRAVE) 45, a zero portion (ZERO 46, an
absolute tinme nfhut®e® conponeht FRPI¢IREPM NjLRTCragk @bsalmuelici me second
conponent portion %PSE(C% 48, and an absolute tinme franme portion (PFRAME)
49. Each of 1DV SEFOATHIEF hor?T orle® i 51 k9nposed of data of eight bits.

Each of the track nunber tion (T 41, .the elapsed tinme minute
conmponent portion (MN) gfg&{tdﬁ]g tellf'%pes a@%?%t%%éﬁﬁj‘ﬁ%%%ﬂgﬂ?n'ﬁ%ﬁt i on ( SEQ)
44, and the Spsesh tivmyf r td FA,[\@ 45, i i "00" in the
hexadeci nmal ngé ation. gAs v& t%tfh%%eér%%%{ ion (%Ecltz%jé Sésggélge%}gght bits
of the zero pgidiorod %) 454, Aty Aile "é).l.sé'l'psed time frame portion

'(FRAME) 35 is represented with a two-digit BCD number.

Thus, the elapsed time (TIME) of each music or each _
movement is represented with a total of six digits.

The eight bits of the zero portion (ZERO) 36
are all "Qs".

Each of the absolute time minute component
pOition (AMIN) 37, the absolute time second component
portion (ASEC) 38, and the zbsolute time frame portion
(AFRAME) 39 is represented with a two-digit BCD number.
These portions represent an elapsed time (ATIME) from
the first music program with a total of six digits.
| As shown in Fig. 7, the data bit portion 24
of TOC (Téble Of Contents) in the lead in area of the

. disc is composed of a track number portion (TNO) 41, a
point portion (POINT) 42, én.elapsed,time_minute
Compongnt portion (MIN) 43, an elapsed time second
component portion (SEC) 44, an elapsed time frame
portion (FRAME) 45, a zero portion (ZERO) 46, an
absolute time minute component portion (PMIN) 47, an
absolute time second component portion (PSEC) 48, and

an absolute time frame portion (PFRAME) 49. Each of

18



When the point portion. (PONT) 42 is "AO" in the hexadecimal notation,
the absolute tinme mnute conponent portion (PMN) 47 represe J
I?pg ﬁE ozpﬂ&n

musi ¢ program nunber or the first novenent nunber. Wen the

(PONT) 42 is "Al" in the hexadecimal notation, the absolute tine mnute
conponent portion (PMN) 47 represents the |ast mnusic program nunber or
the first novenent nunber. Wien the point portion (PAONT) 42 is "A2" in

t he hexadeci mal notation, the absolute tinme mnute conponent portion
(PMN) 47, the absolute tine second conponent portion (PSEC) 48, and the
absol ute time Fhase portioms (PFRAE)oLEdrepreseat oft begabsbliuke tinme
(PTIME) at which the lead-out area starts. Wien the point portion (PO NT)
42 is represented W|th Ba¢hordi it Bomhumirepert hersbsol WFYO)t AR M nute
conponent pOI‘tIOI’lé 47, the absolute .time second conponent portion
(PSEC) 48, and-fheSlaipd <Fu¥3é“?|fﬁ9emf?9an%0rﬁieﬁ>ff%ﬁ PPFRARE) (MON) eBBesshe an
address at whi Crﬁﬁ’ Sic gro a novenment starts 19 2 0 SEP 2004 in an
absolute time if%l %%%ﬁ’n%d?l?ﬁ?h%n (HECH nf6r naPAokRe

(rjiegge;sgntsﬁdgm%ﬁ%gf (?ere #rom &f"f;lh&f W{ hﬁe]gl?agdg%gg]r grgea E(tt_htehe
repr ﬁzentl ng {08 Mele GleddedimPr ASEL BT OV ] checessLiBedoLpihgal ity
‘ (ZERO) 36, the eight bits of the zero portion (ZERO) 46
are all "Os". -

When the point portion (POINT) 42 is "A0" in
the hexadecimal notation, the absolute time minute
component portion (PMIN) 47 repreSents the first music
program number or the first mOvemenﬁ-number. When the

- point portion (POINT) 42 is "Al" in the hexadecimal
netation, the absolute time minute component portion
(FMIN) 47 represents the last music program number or
the first movement number. When the point portion
(POINT) 42 is "A2"™ in the hexadecimal notation, the

7 absolute time minute component portion (PMIN} 47, the
absolute time second compouent portion (PSEC) 48, and
the absolute time frame portlon (PFRAME) 49 represent
the absolute time (PTIME) at which the lead -out area
starts. When the point portion (POINT) 42 is

‘represented with a two-digit BCD number, the absolute
time minute component portiou (PMIN) 47, the‘absolute

.time second component portion (PSEC) 48, and the

absolute time frame portion (PFRAME) 49 represent an

. address at which a music program or a movement starts

19



foll owi ng description, all the elapsed tinme mnute conponent portion (MN)

33, the absolute tinme mnute conponent portion (AMN) 37, the 1
m nute, conponent portion (MN) 43, and the absolute tine m233$E$I 200@

conponent portion (PMN) 47 are referred to as "MN'. Likewi se, all the

el apsed tine second conmponent portion (SEC) 34, the absolute tinme second
conponent portion (ASEC) 38, the el apsed tine second conponent portion
(SEC) 44, and the absolute time second conponent portion (PSEC) 48 are
referred to as "SEC'. In addition, all the elapsed time frane portion
(FRAMVE) 35, fiheaabsbkuletti gembr apeIgasti on (AFRAME) 39, the elapsed tine
frame portion (FRAME) 45, and the absolute tinme frame portion (PFRAVE) 49
are referred to as r, FRAME, theoChehamoedisconmnatihe tahkowntgréesdobnpti on,
"M N' represents at |east one of the elapsed tine mnute conponent portion
(MN) 33, therapsepartedi wkthn2dubateoapshenthpshei 6nrpAM NE 3%e t he

el apsed tinme mnute conponent portion (MN) 43, and the absolute =0 20
SEP2004 tinme RFAGEMcRRBBNRAt ChBr fi6R ¢PVPAJIBTLY fRéfipsent fopm the
represents at IeasIL' one Igf %he el. apsed tine second conponent portion (SEC
34, the absol GPE"EFnBL §BEohG2CoiPoRERR - portion (ASEC) 38, the el apsed tine

ngf{‘gn‘:?ggcég”zégf’o{;i gxg%;l(:f"f%?é‘lref)‘@gséﬁ%iﬁgs%'o%gt LEMBngegend conponent
information will be described in reality. 1In the
following description, all the elapsed time minute
éomponent portion (MIN) 33, the absolute time minute -

" component portion (AMIN) 37, the elapsed time minute
component portion (MIN) 43, and the absolute time
minute component portion (PMIN) 47 are referred to as
"MIﬁ“. Likewise, all the elapsed time Second componenf
portion (SEC) 34, the absclute time second component
portion ({ASEC) 38, the elapsed time second component
portion_ﬁSEC) 44, and the absolute time second
compconent portion (PSEC) 48 are referred to as "“SEC".
In addition, all the elapsed time frame portion (FRAME)
© 35, the'absolute time frame portion (AFRAME) 39, the
elapsed time frame portion (FRAME) 45, and the absolute
time frame ﬁortioh,(PERﬁME) 49 are referred to as
"FRAME". |

In other‘words( in the following description,
. "MIN" répresénts at least one of the elapsed time :
minute cémponént'pdrtion (MIN) 33, the absolute time
minute component portion (AMIN} 37, the elapsed time

minute component portioﬁ (MIN) 43, and the absolute

[A»]
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"FRAME" represents at |east one of the elapsed time franme portion (FRAME)

35, the, absolute tine frane portion (AFRAVE) 39, the el apsed)t
portion (FRAME) 45, and the absolute tine frame portion (PFRZ\I\;E]SEPQ@A'

the follow ng description, information represented in a conbination of
"MN', "SEC', and "FRAME" is referred to as tine information. As shown in
Fig. 8 inthe tinme information, eight bits assigned to each of "M N",
"SEC', and "FRAME" is divided into high order four bits and | ow order
four bits so as to represent a two-digit decimal nunber. Now, the case
that "10 m nuttdse 0 nseeordsipdi:ntf pared'on S PMIPNesent ed.ivitdvwi &€, consi der ed
as a real exanple. In this case, in "MN', the high order four bits

denot ed by M "S&6CWA repressarits "al’ ligastthendecifitdihe redtagtsesh, tber eas the | ow
order four bits denoted by Mo to MB represent "0" in the decinal notation.
Thus, ML to KBCPEFr ESEROTERF0PIOTEon LiSES ¢, ithe SkEclaie timaVE", S
to S8 and FI to F8 represent "00010000" and. "00010000", respectively. The
above descri pEEGANaSTRORSET HPrLied DRSES) 3% §@qugvf\é\f%‘3‘r it
shoul d be notgg th the pr

representation gpn%;gggpgpg%zcggoergg\é?E)(:s%gzl)gicé?igl %E‘é{)}ﬂeg%hjlr% i €lhI SdC}IthC;\]/Ie
o 20T e EAVRCSSERLAF SRR BORILACERIR) 30 R (RS Iah1
"FRAME" represents at least one of the elapsed time
frame portion (FRAME) 35, the. absolute time frame
portion-(AFRAME) 39, the elapsed time frame portion
(FRAME) 45, and the absolute time frame portion
(PFRAME) 45. In the following description, information
represented in a combination of "MIN", "SEC", and
"FRAME" is referred to as time information.

As shown in Fig. 8, in the time information,
eight bits assigned to each of "MIN", "SEC", and
"FRAME" is divided intc high order four bits and low
order four bits so as to represent a two-digit decimal
number. HNow, the case that "10 minutes, 10 seconds, 10
frames" is represented will be considered as a real
example. 1In this case, in "MIN", the high oxder four
'bité denocted by M1 to M4 represent "1" in the decimal
notation, whereas the low order four bits denoted by M5
to M8 represent "0" in the decimal notation. Thus, M1
to M8 represent "00010000". Likewise, in "SEC" and
"FRAME", S1 to 58 and F1 to F8 represént "00010000™ and
:"00010000", respectively.

‘The above description was focused on a CD-DA.
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ot her words, the present invention can be applied to various types of CDs.

In addition, the present invention can be applied to a phase c
disc, a magnheto-optically recordable disc, and so forth as 2@§Eﬁ)@04

di scs. Next, the case that the present invention is applied to for exanple
a CDOROMw I| be described. In a CD-ROVM the access unit is 2,352 bytes
contained in 98 franes of one period of a sub code. This access wunit is
also referred to as block or sector. The Ilength of one frame is the sane
as the length of the sub code frane of the above-described CD. Thus, the

| engt h of one Hawguel,s iy Z@elcbriys . noteCD-1REN Hdwe presanotesenbaenar e
node O, node 1, and node 2.  As .shown in Figs. 9A 9B, and 9C the data
format of the CXDRREALIGHY ERRY &S ortss gartisietia teth @bde. I n ot her
wor ds, as sho in Fig. 9A, in the ata forpat of the npde 0, there are a
sync portion %S%tﬁyt resSfader 5% GIEF FFCPAKS, Ot LR

portion of 23%31§Pyatbessoilu‘lgée as%/ﬁcesgsoers:t ia%rgipggngé itr}%séjfre_si en%%%%o%%??e:% iting a

frame. The hea portion w e "descri | a is all

0. The 20SER004 fie, 0k diSSthd U b GGk iiithg casgy that the

lead in area and the lead out ‘area are the sane as ose of t'he CD- ROM

structure. As gy Wdtdd,g-t1fBpidsdiie idatdh diddtaPibe tHpmde do there

are a sync portion of 12 bytes, a
various types of CDs. 1In addition, the present

invention can be applied to a phase change type disc, a
magneto-optically recordable disc, and so forth as
recordable discs.

Next, the case that the present invention is
applied to for exampie a CD-ROM will be described. - In
a CD-ROM, the access unit is 2;352 bytes contained in
98 frames of one period of a sub code. This access
unit is also referred to as block or sector. The
length of one frame is the same as the length of the
sub code frame of the above-described Cb. Thus, the
length of one frame is 1/75 seconds. A CD~-ROM has
three modes that are mode 0, mode 1, and mode 2. As

~shown in Figs. 9A, 9B, and 9C, the data format of the
~CD-ROM slightly varies corresponding to each mode.

In other wordg, as shown in Fig. 9A, in the
data format of the mode 0, there are a sync portion of
12 bytes, a header portion of four bytes, and a data
portion of 2336 bytes. The sync portion contains a
signal for delimiting a frame. The header portion will

be described later. The data portion is all "0". The

M
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header portion of four bytes, a user data portion of 2048 bytes, and an__:
auxiliary data portion of 288 bytes. The sync portion contai ns2a)s§&fRI 2004
for delimting a franme. The header portion will be described later. The
user data portion is target information. The auxiliary data portion
contains an error detection/correction code. In the node 1, wth the
auxiliary data portion, the error correction capability 1is inproved. The
node 1 is suitable for recording data wth high reliability such as
character code and conputer data. As shown in Fig. 9C, in the data format
of the node Rpdehér ésaneed Sypmcapdnmmgnbdbck2ibytae, casecheader iy ti on of
four bytes, and a user data portion of 2336 bytes. The sync portion
contains a si §RafR iBradepi ahdi Ajealprdneut Theeheader ther sitow wisl | be
described later. The user data portion is target information. In the node
2, all areas pre&gded B?etﬁ@‘RﬁgaaEFuEBPF?on are used as the user data

portion rather than thg adgitional errOé correﬁéion code. The node 2 is
suitable for recording 08t 2"PH&t *Bah*Be 2Pt of™ EBPr afadifymak. of

nLer ol ot nacpeoRssg 55 LD autlho; 2,20 SEP: 2R08 gt gngvideo date.

The header portion o conventi ona as a

Fig. 10A regapdhgsr P6rthen APIELQr Byt8%, 2a ﬁQePtQSEa“BEQ§iOBh%fheader

portion is
2048 bytes, and an auxiliary data portion of 288 bytes.

The sync portion contains a signal for delimiting a
frame; The header portion will be described later.

" The user data portion is target information. The
auxiliary data portion contains an error
~detection/correction code. In the mode 1, with the
~auxiliary data portion, the error correction capability
is improved. The mode 1 is suitable for reccrding data
with high reliability such as character code and
computer data.

As shown in Fig. 9C, in the data format of
the mode 2, therg are a sync portion of 12 bytes, ér
header portion of foﬁr bytes, and a user data portion
of 2336 bytes. .The sync poftion contains a signal for
delimiting a frame. The header portion will be
described latef. The'user data portion is target
information. TIn the mode 2, all areas preceded by the
header portion are used as the user data portion rather
than the additional error correction code. The mode 2
1is suitable for recording data that can be error

corrected by an interpolating process as with audio
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conposed of an absol ute address portion (ADDRESS) of 24 bits and a node
portion (MODE) of eight bits. The absol ute address portion reqmﬁp gm#

absolute. address of a frame with tine information of mnutes

seconds (SEC), and frames (FRAME). The node portion (MODE) represents one
of the above-descried nodes. The absol ute address portion (ADDRESS) is
conposed of an absol ute address m nute conponent portion (MN), an

absol ute address second conponent portion (SEC), and an absol ute address
frame portion 1,,FRKME). Each of these portions is conposed of eight

bits. The absdclajtee aadtrdslepatatan (ADDRESS) is equivalent to the tine
information of the Q channel of the sub code of the above-described CD DA
(nanely, they are corrdlt &f3deE ROFEieR iTh dfcunentoloned . CEaBBMof t he

absol ute address minute conponent portion (MN), the absolute address
second conponélit® ﬁorstqrdlr?t(usr%cafs. Slgﬂﬁl tiHe-Fahol Wtfe ZRAREECTT ape EbRponent

o el oo LSBT 36 2 M L U0 ROR e A B R
oSSl AL Qs i s DS AT B2, 5,200
invention (hepgitRabher al MR MdS RSB & W PR bits. The

absolute address portion ?epresents the absolute

address of a frame with time information of minutes

(MIN), seconds (SEC), and frames (FRAME). The mode

portion (MODE) represents one of the above-descried

modes.

The absolute address portion (ADDRESS) is
composed of an absolute address minute component
portion (MIN}, an absolute address second component
portion (SEC), and an absolute address frame portion
{FRAME) . Each of these portions is composed of eight
bits. The absolute address portion (ADDRESS) is
equivalent to the time information of the Q channel of
‘the sub code of the above-dsscribed CD-DA (namely, they
are correlated in the relation of one to one). Each of
_the‘absqlute address minﬁte component porfion (MIN),
the absplute address second component portion (SEC), . -
and the absoclute address frame component portion
{FRAME) is represented with a two-digit BCD number.

| A CD-ROM has the above-described sub code

portion {(not shown). The Q channel contains an

absolute address represented with the above-descried
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hi gh density CD-ROV), to allowtine information of digital data t hat
exceeds 80 mnutes or 100 mnutes to be represented, as sho h?ﬁr
all the areas of "MLNTT, "SEC', and "FRAME' of the header gg?’ez
represented with a 24-bit binary nunber. When addresses are represent ed
with a 24-bit binary nunber, there are conbinations of 224 = 16777216.
Thus, assuming that the data anmount of one frane is 2 kbytes, data of up
to around 33 CGbytes can be represented Thus, the time information of
digital data corresponding to a high density CD-ROM can be represented.
In addition, WMIone SHCEdetemdri TRRAME'T. or a plurality of predetern ned
bits of 24 bits, address. information represented in the BCD notation can
be distinguished from dddre®difHaddil oM eprearhied 9 théepbenany

not ati on. For .exa Ie t he nost sr nificant bit of 24 bits can be used so

that they canibg® n(é’t‘fir?ﬂé’@ 46T (5 T 4 R aind derifeseed ebP ed@nted i n
convent onal COEOUAEATY G ROMIF g1 al it %‘ﬁ%a#%&i@fgﬁ% st
actual ly- thera Bre nSRie sc%‘;f‘aé:?m%%%fdng%fé%j%%é%% LR S
exceedi ng 80 Wenuepsesbhted, ! B8 Whthm Si0Hild Candp bid1dogs "é’ﬁe&)&‘?@ﬁﬁ L
I n other words,

"MIN", "SEC", and "FRAME" of the header portion are

represented with a 24-bit binary number. When

addresses are represented with a 24-bit binary number,

there are combinations of 2% = 16777216. Thus,

assuming that the data amount of one frame is 2 kbytes,

data of up to around 33 Gbytes can be represented.

Thus, the time information of digital data

corresponding to a high density CD-ROM can be

represented.

In addition, with one predetermined bit or a
plurality of predetermined bits of 24 bits, address
information represented in the BCD notation can be
distinguished from address information represented in
the binary notation. For example, the most significant
bit of 24 bits can be used so that they can be
distinguished. In the case of an address represented
in the binary notation, "1" is assigned to the most
significant bit. When a conventional CD-ROM deals with
digital data of 99 minutes, the most significant bit of

the time information {minutes) may become "1".

However, actually, there are no discs containing



the nost significant bit is always "0". As a result, wth the value of the

nost significant bit of 24 bits (eight bytes), an address repr 1}
time information (in the BCD notation) can be distinguished f%omrséch@[M

address represented in the binary notation. They can be distinguished with
a predeterm ned one bit or a plurality of predeterm ned bits instead of
the nost significant bit. In addition, since an address represented as
time information varies in a different manner from an address represented
in the decimal notation, they can be distinguished. Corresponding to the
di fference, thegditsd tlgpe earnclelidet SOnriechteds. wathuwdesatidbaethsapove, the
format of the tinme information of the Q channel of the sub code of

repr oduced dafagsf facEPLROMEI sloeise nodmbegomehdtl 'of dn CDHRA (weelFi gs_

and 7)'. However, when the tinme information of the sub code is partly

modi fied, | on§BF mPFHESFHPbﬁﬁﬁﬁpdnbﬂﬁaﬂstﬁ%W%WWeﬁl|on#ﬁtﬁrﬁ?ﬁuﬁﬁwnatlon

b d h .NE f t f th b d
containe Phe TRFEC BBRL TRAOE( oERE RaE0Ss 5 wﬁ%ﬁ%”%"}rﬁ%r@s” ey
Wth the zerqegﬁ aﬁptggéhfggi%ggrgggg |%%%rnatlgﬁ Q?QF extended. In

ot her words, usi S or Sof the zero

portion 36, 4 | h S hS c r.d t| ely,
all eight 26 g Obgégﬁg%%4@%?tgﬁgr%%gwg%%gw |f%§b tﬁgsgéidﬁgo f%n 36,

46 are from an address represented in the binary notation.
They can be distinguished with a predetermined one bit
or a plurality of predetermined bits instead of the

" most significant bit. In addition, since an address
represented as time information varies in a different
manner from an address represented in the decimal
notation, they can be distinguished. Corresponding to
the difference, the disc type can be determined.

As was described above, the format of the
time information of the Q channel of the sub code of
reproduced data of a CD-ROM is the same as that of a
CD-DA (see Figs. 6 and 7). However, when the time
information of the sub code is partly modified, longer
time information than the conventional time information
can be represented. In other words, the time
information of the sub code contains the zero portion
{ZERO) 36, 46 of which all eights are all "0s™. With
the zero portion 36, 46, the time information can be
eXxtended. 1In other words, using all eight bits or low
order four bits of the zero portion 36, 46, information

of hours (HOUR) is recorded. Alternatively, all eight



used for representing the digit of "100" of m nutes. Thus, tine
information of the sub code corresponding to a high denS|ty CD@C@/ISEerEUD‘r
represented. Fig. 10C shows the format of the sub code of which hour
information is recorded with the zone portion. The eight bits of the zero
portion 36 area divided into two four-bit portions. The first four-bit
area 40a is assigned to the "hour"” digit (HOUR) of the relative tine- The
second four-bit area 40b is assigned to the "hour" digit (AHOUR) of the
absolute tinme. Since the. relative hour information is less inportant, in
the case of aPhtghodehevey &P, bhbar ofi aher mericopoirsinet 34t ¥dl lage
recorded. Instead, these areas contain "FF FF FF Fh". The "hour" digit of
t he absoluteu??ﬂﬁ ?ﬁkEiP§QF§nFéB9e§Eﬁt@agﬂﬁ Pﬁe"B@@"c@éeméﬂutﬁé 9). In a

hi gh density disc, for exa the startg ition of the lead in area is
0 hours, 09 u?éstlm%nﬁn r??ﬁﬁﬁg ?% the gBEoFﬁ?@ FPrEesRREFeRy tRe start

posi tion of tgeqﬁ% ggcbngthg Spe regﬁggge% and 00 franes in the
re are

absol ute tine represénting ne "addresses that are

BCD notation (as time 'ﬁi@r”?étogﬂow§ngh9'EBEMa@OB§t%HQ Fbgmﬁﬁgr’o%hey are

correlated in the relation of one to one. erence to Fig.
11, the rel atwmrb&id@@nlﬁﬂ\@rrﬂﬂﬂiﬁﬁsléePé§§§8Etin91tHeEH@d§oWel| be

descri bed. Wen address information 27 2 0 S E P
portion. The eight bits of the zero portlon 36 area
divided into two four-bit portions. The first four-bit
area 40a is assigned to the "hour" digit (HOUR)} of the
"relative time. The second four-bit area 40b is
assigned to the "hour" digit (AHOUR) of the absolute
time. Since the.relative hour information is less
important, in the case of a high density disc, hour
information is not actually recorded. Instead, these
areas contain "FF FF FF Fh". The "hour" digit of the
absolute time (AHOUR) is represented in the BCD code (0
to 9). 1In a high density disc, f@r example, the start
position of the lead in area is 0 hours, 09 minutes,
and 50 frames in the absolute time, whereas the start
position of the program area is 0 hours, 127minutes,
and 00 frames in the absolute time.
Thére are two representing methods of

- addresses that are BCD notation (as time information)
and binary notation. However, they are correlated in
the relation of one to one. Next, with reference to

Fig. 11, the relation between two address representing

methods will be described. When address information
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represented in the BCD notation is converted into that in the binary

notation, the followi ng operation is performed. The sum of (v@l
"hour" digit x-60 x 60 x 75 + value of "mnute" digit x 60 X 25[3‘28?5”%0@#

"second" digit x 75 + value of "franme" digit) is represented with a 24-bit
(or 23-bit) binary nunber. In contrast, when an address represented in the
bi nary notation is converted into tinme information (HMSF) represented in
the BCD notation, the follow ng operation is perforned. Assum ng that the
val ue of the binary nunber of 24 bits (or 23 bits) is a, the follow ng

di vi sions ar eegaiendrdtest:ira Yhe 6BCX okt i) is Hdqaserpsd iomtg thatb (as
remai nder) b / (60 x,75) = M (as quotient) ... ¢ (as remainder) ¢/ 75 =S
(as quotient) i (e ddmdEmtarotaned, the eprbducimy eppatiies 1hat
reproduces data froma CD- ROM copied froma naser that contains a signal
of tine infor K5 Mhr esented in the BCD notation and an signal of

address information represented in the binary notatjon by the mastering
apparatus 10 will be desdd e e(‘f%ﬂ“}%digi’ﬁbou’é’bﬁgrgdt%s" &h ¥ e ofiuce
data froma COsDA /a3 QW il fi G tg st RERPICI NG ApRgLALYS 28
"second" digit x 75 + value of "frame"™ digit) is
represented with a 24-bit (or 23-bit) binary number.
In contrast, when an address repreéented in
the binary notation is converted into time information
(HMSF) represented in the BCD notation, the following
operaticn is perfbrﬁed. |
Assuming that the value of the-binary number
of 24 bits (or 23 bits) is é, the following diwvisions
are calculated:
a / (60 x 60 x 75) = H {(as quotient) ... b
(as remainder)
b / (60 x 75) = M (as guotient) ... c (as
remainder)
c / 75 = 5 (as quotient) ... F (as remainder)
Next, a reproducing apparatus that reproduces
data from a CD“ROM'CQpiEd from a maser that contains a
signal of time information represented in the BCD
notation and an signal of address information
represented in the binary notation by the mastering
apparatus 10 will be described. The reproducing
apparatus can réprodﬁce daté from a CD-DA.

As shown in Fig. 12, a reproducing apparatus
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2 0 S E P 2004 50 conprises a spindle notor 51, an optical pickup 52, and

a waveform shaping portion 53. The spindle notor 51 rotates d 2
disc 67. The optical pickup 52 is a reproduci ng neans havi ngig 5£Erzﬂg§

optical system and so forth. The laser is for exanple a gas |aser (such
as a He-Ne laser) or a sem conductor laser. The optical systemradiates

| aser light emtted from the |aser to the disc 67. The wavef or m shapi ng
portion 53 inputs an RF signal read by the optical pickup 52 fromthe
disc 67 and shapes the waveformthereof. The reproducing apparatus 50 al so
conprises a s®voonpriies 3H4spamd BENhaterodil at angopbitadbnpbhbkup sab code -
denodul ating portion 56, and a systemcontroller 57. The servo circuit 54
controls the rdf@td ngfer fRgShaperatPortofn t he. spThell spimdbe Bdtor
correspondi ng %g:%%Fre roduced clock of the RF signal received fromthe

wavef or m shapi 1roh % St Eohtd dHsS¢ He? opeFlag i oRtiehlt RECkPPI 88

pi ckup 52 correspondin oinformatiqn that is input fromthe system
control | er 57.lﬁTﬁa%ﬁﬁﬁ%%ﬂﬁﬁﬁﬁnﬁﬁ??ﬁ;%iﬁﬁqq(ﬁ]%ﬁﬁ%@ﬂnﬂ%l%?%%cﬁlsignal t hat
has been EFM t o] s djqital_ data apd parit data. The sub
code derpdul atihyg 6§f§gg%q%% éﬁ%&UIalgi:ﬁ?ﬁg?éﬁ%vggﬁe%%?$%%ﬁ duBP8ode. The

system controliffed7(sidiPUS 4 NeSHb Pa%‘@r)d%@dé’{]%rﬁjgcg%d&@?oﬁufagw?

denodul ating portion 56, controls the servo circ 4" "corresponding to

i nformation offHhedtichannglswedd e LeLhamed pivhi iR ABRLGOPLLQAL s
i nput from an operating
the laser to the disc 67. The waveform shaping portion

53 inputs an RF signal read by the optical pickup 52
from the disc 67 and shapes the waveform thereof.

The reproducing apparatus 50 also comprises a
servo circuit 54, an EFM demodulating portion 55, a sub
code demodulating portion 56, and a system controller
57. The servo circuit 54 controls the rotating/driving
operation of the spindle motor 51 corresponding to a
reproduced clock of the RF signal received from the
waveform shaping portion 53 and contrcls the operation
of the optical pickup 52 corrésponding to information
that is input from the system controller 57. The EFM
demodulating portion 55 demodulates a.signal that has
been EFM modulated and'outputs digital data and parity
data. The sub code demodulating bortion 56 demodulates
the above-described sub-code. The system controllexr 57
inputs the sub code demodulated by the sub code
demodulating portion 56, controls the servo circuit 54
Corresponding to information of tﬁe P channel and the Q

channel and information that is input from an operating

29



29 2 0 SEP 2004 portion 62 (that will be described |ater), and ener at es
information that is displayed on a displaying portion 61 (thaf) {}Ji §iEPe2004
described |l ater) corresponding to information of the sub code. The
reproduci ng apparatus 50 further - conprises a CIRC error correcting portion
58, a nenory 59, a data interpolating portion 66, and a DA
(digital/anal og) converting portion 60. The CIRC error correcting portion
58 inputs an eight-bit data denodul ated by the EFM denodul ating portion 55
and correctss an error of the denodul ated data corresponding to CIRC

met hod. The nep@ryi®g GUf fehat daih! vibeséesrrdbedhbistbeen eodrected by the
CIRC error correcting portion 58. The data interpolating portion 66
perforns an iFREGTHIET | HYEPFEResen fbratata dhesbaeed opn cautléispbeybey

corrected by the CGIRC egrror, correcting portion 58, The D/ A converting
portion 60 corR/%’FtEJsorbliﬁtgtfhaaﬁdfjoudakP dGRosEPRr bRt PRk BRERCEBPRAEREd i nto

an anal og sig o T | RC error_.correcting portion 58 conprises a C
error correct?ﬁ% kﬁ#%%é%F%ﬁf %é)Eﬁﬁrﬁ%el%%.?hg portion 64, and a C2 error

correcting portion 65. f4he 4 J%C‘L?éiﬁé);%%ﬁfﬁ%%ﬁgﬁﬁ ;P]grggegerforrrs a d

sequence error correcting process for enodul ated by the

ot oot SRS G g erl oo o BRELLR™ 61 Sekahag) covs
59, a data interpolating portion 66, and a D/A
(digital/analog) converting portion 60. The CIRC error
correcting portion 58 inputs an eight-bit data
demodulated by the EFM demodulating portion 55 and
coffects an errox of the demodulated data corresponding
to CIRC method. The memory 59 buffers data whose error
has been corrected by the CIRC error correcting portion
58. The data interpolating portion 66 performs aﬁ
interpolating process for data whose errér could not be
corrected by the CIRC error correcting portion 58. The
D/A cgnverting portion 60 converts digital audio data
whose error has been corrected into an analog signal.

‘The CIRC error ccrrecting portion 58

comprises a Cl error correcting portion 63, a
deinterleaving portion 64, and a C2 error correcting
portion 65. The Cl error correcting portion 63
performs a Cl sequence error correcting process for
eight-bit data demodulated by the EFM demodulating
portion 55. The deinterleaving portion 64

deinterleaves data whose error has been corrected by

the Cl error correcting porfidn 63. The C2 error
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the Cl error correcting portion 63. The C2 error 30 2 0 SEP 7-004

correcting portion 65 perfornms a C2 sequence error correcti ggﬂﬂ'%ﬁpsm
sl el

data that has been deinterleaved. Wen the disc 67 is a CD

i nterpol ati ng process is not perforned. An output signal of the' CIRC error
correcting portion 58 is supplied to a CD-ROM si gnal processing portion
71. The CD-ROM signal processing portion 71 perfornms a signal process for
a signal corresponding to the CO-ROM format. Data that is output fromthe
CD- ROM signal processing portion 71 is supplied to an external host

conput er thro@tmﬁiﬂ@rﬁ@n@iqrno% shomfyrmdhe 2t aequbatei srread fromthe
CD- ROM si gnal processing portion 71 contains an address represented in the
bi nary notat |Q§?Frelcﬁ'elfi%mlﬁmﬁﬁﬁgf%p%ﬁm Ush&p gsobeenpri ses the above
ment i oned di sp| aying portion 61 and operating portion 62. The displaying
portion 61 di s‘Jﬁﬁ T e tlon gener at ed by the system control |l er 57

corresponding to tine i |on of t e operating portion
62 has operation buttongecr kées dlasc 4]7ey]t%1 T%%l\ﬁ ah}a a. pause button.
An address i nfiqr | N £ %pycgé%gsagjfgtﬁ 7e2rf&9 pect E tgoﬁhe CD- ROM

si gnal processing portion X ress G mat on°8tPPhe header of
the data. signal of the CIRC error correcting portion 58 is

supplied to a CD-ROM signal processing portion 71. The
CD-ROM signal processing portion 71 performs a signal
process for a signal corresponding to the CD~ROM
format.- Data that is output from the CD-ROM signal
processing portion 71 is supplied to an external host
computer through an interface (not shown). The data
that is read from the CD-ROM signal processing portion
71 contains an address represented in the binary
notation.

The reproducing appafatus 50 alsoc comprises
the above mentioned displaying portion'Gl and coperating
portion 62. The displaying portion 61 displays
information generated by the system controller 57
'corresponding to time information of the Q channel.

The ope;gting portion'62 has bperation.buttons such as
_a.playﬁack button and a pause button.
| An address 1nformat10n reproduc1ng portion 72
connected to the CD-ROM 51gnal processing portion 71
extracts address information of the header of the data.
When the disc 67 is a conveﬁtional CD-ROM, the address

information is represented as time information. When
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When the disc 67 is a conventional CD-ROM the address information is
represented as tine information. When 31. 2 0 SEP 2004 the di chGSgP Zg[]lr
hi gh densi'ty disc, the address information is represented i n®the“btna
notation. The extracted address information is supplied to the system
controller 57. The address information is used to seek a predeterm ned
position of the CO-ROM 1In addition, the address infornmation is used to
di stingui sh whether the address infornmation is represented in the BCD
notation or the binary notation. Corresponding to the distinguished
result, it carf¥fe Heterhl ded et Herdate twidics 7 e aaddweent i onal CD- DA

(CD-ROM or a high ensity disc. Corresponding to the determned result,
the servo systﬁﬁﬂf‘c{t}@rﬁdj%sﬁ%%?% gLt QR Y PR b0t heTlRE

equal i zer can j r.selected f.or the disc.. Next, the case that
the present i ne\%gcn :jéc*):;é% ga%%p?pﬁsi eld‘é.cfrcl)“aatlﬁﬂ I%Sansdlpé)‘ﬁd[i'\%ﬁ% e Y ERRr i bed.
ACD RWis a Dg;m% ty i i : ' or de W th

| aser |ight and dat &q%%gle’ rgglr%fu%ge%sg;ﬂn%%ﬁnogﬁ}h%%dﬁe%eﬂé(gejn%%e]E:)f
light amounts.a Preddrtraliidld Podita s Anavieirae r ecqy dydddmds, coat ed

i s polycarbonate.. Track gui dé grooves are formed on the base material by
an injection roediatigresec@storitay ar @ sahsed eferdied i aSsprendrpoves. A

land is formed between adjacent grooves. G ooves are forned

the address information is represented in the BCD
notation or the binary notation. Corresponding to the
distinguished result, it can be determined whether the

- disc 67 is a conventional CD-DA (CD-ROM) or a high
density disc. Corresponding to the determined result,
the servo system can be adjusted and the gain and so
forth of the RF equalizer can be adjusted or selected
for the disc.

MNext, the case that the present invention is
applied to. a CD-R and a CD-RW will be described. A CD-
RW is a phase change type disc of which data can be
recordgd_withrlaser light and data can be reproduced by
detecting the difference of light amounts. The
material of the base on which a record film is coated
is polycarbonate. Track guide grooves are formed on
the base.material by an injection molding process.
They are also referred to as pre-grooves. A land is
formed 5e£wéeﬁ adjacent grooves. Grooves are formed

- successively and spirally from the inner periphery td
the oufgr periphe;y. On the other hand, a CD-R is a

write-once-read-many type record medium whose record



successively and spirally fromthe inner periphery to the outer periphery.
On the other hand, a CD-Ris a wite-once-read-nmany type re )

whose record 3 2 0 SEP 2004 nmaterial is an organic pignent. gwm 2”04
Fig. 13, on a CO-R and a CO-RW wobbl ed gui de groves are pre-forned
(referred to as pre-grooves). The pre-grooves are fornmed by frequency-
nodul ating a carrier signal of 22.05 kHz with address information and
radially wobbling a | aser beamwith the resultant frequency nodul at ed
signal. Inthe CD-R and the CO-ROM wth reference to an address obtai ned
corr espondi ng - SABHEE1 d 5 mioFEiEnds, pilgmesyitd cal pickup is noved to a
desired wite position and data is witten thereto. Wien digital data is
recorded and/or reproddSed N h Ith& igr-e13gr s8ves CRrk gingd i dLByREAr onous
signal for coq;%gﬂé %_Lhe Epindle notor is obtajned. As shown in Fig. 14,
the pre-groovéS AreS HHEF STVRE 3&ht Pré FlOSthd e _d i #Fmtion is
pre-assigned. ol S i r ion is referr to ATI P (Absolute
Time In Pr e-nggcgs’i%%%rﬁ%’? 'regih%sgﬁie BSS 0t *Fad roergréeégﬁ%yn %??eq‘tﬁ%%f"l n a
CD-R and a CDnpRW I bl ory, i EM ( a
frequency of 1 kl}grtqa)éte% ga?ar\}%itierﬁgpa 2.05?%?42@ G@eztnq‘{lh%q sgl%%al is
derodul at ed, anfForphasens agaakaids a0hlakoes 1Wnigh 2 161R6K a3 dizndhen

t he bi - phase. signal is denodul at ed, o

resultant frequency modulated signal. In the CD-R and
the CD-ROM, with reference to an address bbtained
corresponding to wobble information, the optical pickup

 is moved to a desired write position and data is
written thereto. When digital data is recorded and/or
reproduced with the pre~grooves, a rotation synchronous

- signal for controlling the spindle motor is obtained.
As shown in Fig. 14, the pre—grooves are formed on the
entire disc and address information is pre—-assigned.
The address information is referred to as ATIP
(Absolute Time In Pre-grooves) that represent absolute
addresses on the disc.

In a CD-R and a CD-RW, grooves are wobbled
cbrresponding to FM (FSK) at a frequency of + 1 kHz
'with a carrier of 22.05 kHz. When‘the FM signal is
demodulated, a bi-phase.signal is obtained with a clock
of 6.3 kHz. When the bi-phase signal is demodulated,
data of 3150 bits/sec is obtained. Since cne second is
equivalent to 75 frames, one frame of ATIP data is

composed of 42 bits.

Fig. 15A shows the data structure of one
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data of 3150 bits/sec is obtained. Since one second is equivalent to 75

frames, one frame of ATIP data is conposed of 42 bits. Fig.”2§§A;E$w?00¥i
[

data structure of one 33 2 0 SEP 2004 frane-of ATIP of conve

CD--R-and CD-RW The ATIP of one franme is conposed of a sync portion of
four bits, an absolute address portion (ADDRESS) of 24 bits, and a CRC
(Cyclic Redundancy Check code) portion of 14 bits. The sync portion is
used to identify the begi nning of-the ATIP. The absol ute address portion
(ADDRESS) will be descried |later. The sync portion is a unique pattern
that does not f&Re Sifadd i&s of prQiprisel Oty ICDThrard GRHM bi tTipordTHRs of

24 bits represent. . rﬁ? nutes, seconds, and franmes of an address (tine
i nf or mati on) F&gf@fé P9 1% HEERIS OISk 15 YR (O PN 2AE bEQSE  addr esses

of up to 99 mpytes, 59 ds, d_J74 franes represented.
Assunmi ng thatmbt LIEé‘a’dﬁltna agsr?%&(r?ﬁnceofaoﬁgrn?es% @ ZW%%S,) afﬂ‘grgs]sté’st%f
around 900 r t S e £ rijon
(ADDRESS) . tRe i SR IR S a ) IR AR R P e

i nformation coapesedrol By ¢odM .1 ST o (REGbi ANd{d ames (FRAME) .

The absol ute address portion (ADDRESS) is conposed of an absol ute address
m nut e conponekrip@thiqod £ MhlY) ATAP absolduta RAAES SadBaeN G o vorgpnent

portion (SEC), and an absol ute address

(ADDRESS} will be descried later. The sync portion is

ra unique pattern that does not take place as a bi-phase
mark.: Three.eight-bit portions of 24 bits represent

- minutes, seconds, and frames of an address (time
information)'repiesented in the BCD notation. With the
24 bits} addresses of up to 99 minutes, 59 seconds, and
74 ffémeslcan‘bé represented. Assuming that the data
amountibffpgerframe is 2 kbytes, addresses of around
900 Mbytes can be represented.

In the absclute address portion (ADDRESS),
the absolute address of a frame is represented with
time information composed of minutes (MIN), seconds
(SEC){Iapd_frames (FRAME) . The absolute address

' po;tibn_}ADpRESS}'is composedlof an absolute address

rminutgxgbmpohent portion (MIN), an absolute address
Second,comébnent portion (SEC); and an absoclute address
frame -component pQrtion (FRAME) . Each of these
portions'is composed of eight bits. The absolute
address portion (ADDRESS) is eguivalent to the time

_.infotmation placed‘dn:the Q channel éf the sub code

portion'of the above-described CD-DA. Each of the
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frame conponent portion (FRAME). Each of these portions is conposed of

eight bits. The absolute address portion (ADDRESS) is equi e
time information placed on. the Q channel of the sub code zgrﬁgﬁogﬁﬂghe

above-descri bed CD-DA. Each of the 34 2 0 S E P 2004 absol ute address

m nut e conponent. portion (MN), the absolute address second conponent
portion (SEC), and the absolute address franme conponent portion (FRAME) is
represented with a two-digit BCD code. According to 'the enbodi ment of the
present invention, as shown in Fig. 15B, in a high density disc, the

addr ess repr e SORAIMY pHAGISS Sofrizwilts teonponendp mesdnited (MINhe tiamary
notati on. Wen 24 bits are represented in the binary notation, addresses

of 22" 1677756 H&IES S SRR AAIPONENSuRTtmat (3%, g anount

of one frane it%eZal%%%E%%,e data of ;}Lp to around 33 Cbhytes can be addressed.

Thus, addresses correspon&?ir‘f%etsﬁ TRf5h CEERENE iR AT bE R es®nt ed.

In other word f..t he e-..0s.Q0 area exceeds 80 m nutes or 100
%ep %@n%%%@g%ﬁa %h&ﬂ%ﬁp&%%% oo code

m nutes i-n high ensity an absolute address can be

represented with a 240id 9 @3+ et RALLAWERE' JOTnA of "MN".,
"SEC', and "FRAME" of the A‘Il'lné.3 In the formats of corilzveeﬁl1 |ro‘%<r31 R and '

CR-RW the noshvenghbhi, cast shictni SnNet gactdal | ¥ nused dh ahidiary, words, the
nost significant bit is always "0 '

: disc, the address representing portion of 24 bits is
represented in the binary notation. When 24 bits are
represented in the binary notation, addresses of 22 =

- 16777216 can be represented. Thus, assuming that the
data amount of one fréme is 2 kbytes, data of up to
around’ 33 Gbytes can be addressed. Thus, addresses
corresponding to a high dengity disc can be
represented. In other wordé, when data of the pre-
groove area exceeds 80 minutes or 100 minutes in high
density CD-R and CD-RW, an absolute address can be
represented with a 24-bit or 23-bit binary number for
all areas of "MIN", "SEC", and "FRAME" of the ATIP.

In the formats of conventional CD-R and CR-REW,

_the most significant bit is not actually used. 1In

.othe; wqfds, ﬁhe most significant bit is always "o".

- Thus, when the most significant bit is "1", it
represents an-address in the binary notation. 1In this
Casé, although time information or addresses that can
be represented is halved, much more addresses than

conventional discs can be represented. In additicn,

instead of address information; additional information
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Thus, when the nost significant bit is 11111, it represents an address in
the binary notation. In this case, although tine informatio

that can be represented is halved, nuch nore addresses than?%\ggﬁm
di scs can be represented. In addition, instead of address information,
additional information 35 2 0 SEP 2004 can be distinguished with the nost
significant bit. Since the process for assigning absolute addresses to
pre-grooves is the same as the process of which the nastering apparatus 10
records tine information to a disc, the description of the process is
onitted. As arfdkdtfpldE Findeished stigidithe appetr stignifiatant ebdtds data to
a disc on which grqooves have been fornmed and absol ute addresses have been
assigned to the grodtss, tBf @S d&F i35 3BWNY RS0t taitaddraasas

recorded on a,d] by the CD.recorder is the sane as the-data format of
t he above- desct(ryi Ejgréa RAT® A° (HiSs P A ThHhPTOGERE YietoRdBREi n

associ ation V"'-Irta@tféaxtiqlg aélf)g)ce{)x{hg:é.%bslcb' Y2 QU €SS r%_q{teosren{gigﬂ%w %gn‘éﬂﬁe?e?ﬂg[

portion of the data are as tinme information 1°n

they synchronigeqy tthd ke 2bsg)tits O@d@m@s%rro%gsgsq% ey dhe ATIP. Wth
a

reference to Fig. 16, an exanple of the sfructure o recorder wll be
described. .In Figas b exehgencF mureralcodhiingy %E)ﬁ%&tehﬁ?s! dhge - for

exanple a CO-RW The optical disc 81 is rotated an

records data to a disc on which grooves have been
formed and absolute addresses have been assigned to the
grodves, a CD recorder is known. The format of data

- recorded on a- disc by the CD recorder is the same as
the data format of the above-described CD-ROM. At this
point, the O channel recorded in association with data
and the‘absolute address represented with the header
portioﬁ of the data are recorded as time information in
such a manner that they synchronize with the absolute
address represented by the ATIP.

With reference to Fig. 16, an example of the
strﬁcture of.a CD recorder will be described. In Fig.
16, reference numeral 81 is an optical disc - for
examplé'§VCD—RW. The optical disc 81 is rotated and
drijeﬁ py a spindle motor 82. An optical pickup 83.is
'disposed 50 as to record data to the optical disc 81

~and reproduce data therefrom. ' The optical pickub—83 ié

.‘travéléd in the radius direction of the optical disc 81
by a feeding motor 84.

~ Data is Supplied from an external host computer 90

to the drive through an interface 88. A&an



driven by a spindle notor 82. An optical pickup 83 is disposed so as to

record data to the optical disc 81 and reproduce data therefr X
optical pickup 83 is traveled in the radius direction of the Zgﬂlggﬁag@*

81 by a feeding notor 84. Data is supplied froman external host conputer
90 to the drive through an interface 88. An 36 20SEP2004 encoder/ decoder
bl ock 85 is connected to the interface 88. A buffer nenory 86 is connected
to the encoder/decoder block 85. The buffer nmenory 86 stores wite data
or read data. The wite data is supplied fromthe interface 88 to the
encoder / decodendgdsgk/ &%5:0dethd lendo @y /idecadaredt @t ke 85t KONVREEBFERE Wit e
data into sector structured data. In addition, the encoder/decoder bl ock
85 encodes t h&8ur i e fife rnimemnogy 86 rier ccumresdtdddrtcodes Moreover, the
encoder/ decoder bl ock 85 perforns an EFM nodul ati ng process and a frane

synchronous si€FRYCEdGeresrobdSsk B -adding dnfiken heem P, 86 hetores

encoder/decodw k 85 adds addresses_as a sub code to wite data and to

the header of 5&??%@@%5&?& (PEG -dattds $ispIdad rronumelied
creader | deconticl ot sk R 1 WS oBEonlilid it S, ccor
data to the ophkCahcotk$ya8loqddR BHBE%ts%i%%%%é¥t§'¥%45§¥¥té“é£%ﬁ 87 1s
into sector structured data. 1In addition, the
encoder/decoder block 85 encodes the write data with an
error correction code. Moreover, the encoder/decoder
" block 85 performs an EFM modulating process and a frame
synchronous signal adding process.
'In addition to the ATIP, the encéder/decoder block
85 adds'addresses as a sub code to write data and to
the ‘header of data.
Frame struétufed data is supplied from the
encoder/decoder block 85 to a laser driver 87. The
laser driver 87 generates a drive wave form having a
predetermined level so as to record data to the optical
disc 81. An output signal of the laser driver 87 is
supplied to the optical pickup 83. The optical pickup
83'records the data to the optical disc 81. The laser
~output of the laser driver 87 is properly controlled by
an APC (Automatic Power Control) of an RF signal
processing block 91.
The optical pickup 83 réproduces data from the
optical disc 81. A signal deteéted by a four-divided

photo detector is supplied to the RF signal processing
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supplied to the optical pickup 83. The optical pickup 83 records the data

to the optical disc 81. The laser output of the |aser drivery&7 A
properly controlled by an APC (Automatic Power Control) of aZnﬁ?lSEPgBQﬂ#

processi ng block 91. The optical pickup 83 reproduces data fromthe

optical disc 81. A signal detected by a four-divided photo detector is
supplied to the RF signal processing J7 2 0 S P P 2004 block 91. In the RF
signal processing block 91, a matrix anplifier calculates a detection
signal received fromthe photo detector and generates a reproduction (RF)

signal, a wobBleck gral , T thheclBMgsegraok i gread s 1, b lamelk a1 pcas er ror
signal FE. The RF si gnal is supplied to the encoder/decoder bl ock 85. The

wobbl e si gnapﬁ%lﬁbﬁé}%lﬁ FPRHPAT sidptactionupbiiael receanedTl P
denodul at or King error_signal and the focus error signal are

tra
supplied to a ghﬁl (5’ ton defRs e UKt /HRdtedddre %I%c@@%@%‘é@‘?b@ﬁs an EFM

denodul ati ng e error I’I’thl on code decodi ng rocess (namely,
an error corrgclii‘?‘g §'§L rocéssaﬁ WObg ctoriTg 5t U ot igRAYerting

sector struct gged gagafi R L ER0 n dat a) he en der/decoder
bl ock 85, the rep?a(r)lductlc?n ata iIs ;%i egln theThb ;bet 86 VWhen

the encoder/ dgsa@g@&eal Rek the RLRINEY e dRAd HYERNYL f ””Hé %&S’f&
conmputer 90, th

51gnal is obtained as a push pull signal is supplied to
an ATIP demodulator 92. The tracking error signal and
the focus error signal are supplied to a servo block
94.

The encoder/decoder block 85 performs an EFM
dembdulating process, an error coriection céde decoding
process (namely, an error correcting process), and a
de-sectoring process (for converting sector structured
data into reproduction data). In the encoder/decoder
block 85, the reproduction data is stored in the buffer
memory 86. When the encoder/decoder block 85 receives
a rééd command from the host computer 90, the

- encoder/decoder block 85 sends read data to the host
computer 90 through the interface 88.

An ATIP dgmodulator 92 supplies the wobble signal
to an FM demodulator through a béna pass filterx that
passes only a signal with a carrier frequency (22.05
kHz). The FM demodulator outputs a bi-phase signal.

In addition, a clock signal is obtained from the bi-
phase signal. The clock signal is usedgto control the

spindle motor 82. With the clock signal, address data.
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encoder/ decoder block 85 sends read data to the host computer 90 through
the interface 88. An ATIP denodul ator 92 supplies the wobble |@nﬁgpmq¢
FM denodul at or through a band pass filter that passes only a“s a
carrier frequency (22.05 kHz). The FM denodul at or out puts a bi-phase
signal. 1In addition, a clock signal is obtained fromthe bi- phase signal
The cl ock signal is used to control the spindle notor 82. Wth the clock
signal, address data. 38 20 SEP2004 is extracted fromthe bi-phase signal.
The address data is supplied fromthe ATIP denodul ator 92 to a

control |ing niisr exsmpoted F3onThbecbit-polalsiend Ireloc oMY efdPBesontrol s the
seek operation using the address. The controlling m croconputer 93
control s the dRfffeifastuprl8ied: aomntbgeATdEC demodilatioB8H2 tthe &RF si gnal
processi ng bl ock 91 and the servo block 94. The frane synchronous signal,
the tracking EPPSFOLLLHHAMICEZREOMRETRECES -er Tle siogrialolldewd ved from the RF
si gnal processi. bl ock,k 9 ock.signal received fromthe ATIP

denodul at or 92% 5?8C8ﬁBBFFEd350COPﬁ§Oé§r§Beb GEK @Perﬂﬁ%QﬂﬂqR}Qﬂ(ﬁﬂ?
f t d f t th
ot 1 cal b ckube889p5 L ifler PR pEE: B0 B s RE Rt oF i Phpibh e

fﬁ;vgeggsggtlQHtEQEaEQe8§P'EﬂgeenEBBQE/ggcgagrablgr%@%5§GQ¥33qgfratlon for

signal processing block 91, and the servo block 94.

The fraﬁe synchronous signal, the tracking error

signal, and the focus error signal received from the RF

" signal processing block 91 and the clock signal
received from the ATIP demodulator 92 are supplied to
the servo block 94. The servo block 94 performs a
tacking servo operation and a focus servo operation for
the optical pickup 83. 1In addition, the servo block 94

- performs a spindle servo operation for the spindle
motor 82 and a thread servo operation for the feeding
motor B84.

Next, the recording operation of the CD recorder
according to the present invention will be described.
Record data received from the host computer 90 is
stored to the buffer memory 86 through the interface
88. The controlling microcomputer 93 controls the
servo block 94 so that data-is récorded at a>desired
position of the optical disc 81. . The servo block 94

. operates the spindle motor 82 and the feeding motor 84
S0 as to control the position of the optical pickup 83

against the optical disc 81. The ATIP information
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Next, the recording operation of the CD recorder according to the present
i nvention will be described. Record data received fromthe h
%0, SEP2604

90 is stored to the buffer nmenory 86 through the interface 8
controlling mcroconputer 93 controls the servo block 94 so that data is
recorded at a desired position of the optical disc 81. ,The servo bl ock 94
operates the spindle notor 82 and the feeding notor 84 so as to control
the position of the optical pickup 83 against the optical disc 81. The
ATIP information 39 20 SEP2004 formed on the optical disc 81 is denodul at ed
by the ATIP fiermeill @t oth&2ophioaghdibe 8ptisabepbakupt8d. b¥henedemodul at ed
ATIP information is supplied fromthe ATIP denodul ator 92 to the
control | i ng MEFRDcmedwliatsr 9%hehroheghl bhdedpoptiatapidksp 8%.i sTaehi gh
density disc, the ATIP information is input as binary data to the
control | i ng ¥y @rADBP IpEordatien| fagsupbtiedofpanethe3A#EPer ni nes
g ! . . . ! . .
that the optufaj é%fc 81 %f a hlgh denS|tX_d|sc“correspond|ng to the
contents of FHERRAFINiLr el bR r eoRF vy 1R8N RECRITPIERRDAGE at or  92.
I n addition, kﬂi rollin 1l Cr OC ut er ﬁB. deternm nes the pqsition of
the opti cal g?cth l%ﬁ%ﬁ%s$g¥ﬁ%agp t2al Bhile 31048 hg?ﬂ%lﬁﬁtgFﬁEd bi nary
data. The enqgggqggg;qgﬁfoi% Ko 805 adgs error__correction de to the
record data stored in the d??er hennr@ 6?£i§l%%ﬁ¥t?%ﬁ? Fﬂegge
encoder/ decod@ntt¥ACkK P microcomputer 93. The controlling
microcomputer 93 determines that the optical disc 81 is
a high density disc corresponding to the contents of
" the ATIP information received from the ATIP demodulator
92. In addition, the controlling microcomputer 93
determines the position of the optical pickup 83
against the optical disc 81 with the cbtained binary
data. The encoder/decoder block 85 adds an error
correction code to the record data stored in the buffer
memory 86. In addition, the encoder/decoder block 85
converts the record data into sectors shown in Fig. 9.
The absolute address contained in the header portion is
added .in synchronization with the ATIP at the record
positon on the ‘optical disc 81 by the controlling
micrqcompute; 93. When the opfical disc 81 is a high
density disc, since the ATIP information (see Fig. 15B)
and the absolute address (see Fig. 10B) added to the
header portion are composed of binary data, the
controlling microcomputer 93 can directly use the ATIP

information at the record position as the address of

the header portion. 1In addition, the encoder/decoder
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converts the record data into sectors shown in Fig. 9. The abhsgQl ute
address contained in the header portion is added in synchron%zétScEPvQ@ﬁlr
the ATIP at the record positon on the optical disc 81 by the controlling
m croconputer 93. When the optical disc 81 is a high density disc, since
the ATIP information (see Fig. 15B) and the absol ute address (see Fig.

| OB) added to the header portion are conposed of binary data, the
controlling mcroconputer 93 can directly use the ATIP information at the
record position as the address of the header portion. In addition, the
encoder / decodeloadlp 29 BEb20oArbrockr88childs pardtycdataechndnapanity data
and a sub code to record data that has been converted into data in the
CD- ROM f or natSo%e &P reref¥d dabachbalichpdckodnr cobrerkegsifibomsagasub code
frame as shown in Fi 3.. \Wen the optical disc 81 is a high density disc,
the absol ut el’?iﬂéeicg'?ﬁ%t’f%ﬂnﬂaceasoﬂ FReUE chiRfetnepderdesgbesode,

(where tine inf i on includes, the "hour" digit, (AHOUR) _as shown in Fig.
10Q), is recok%h(fg%{%vétﬁo%m%d) t3ReSOFhuETme Q\Igss}ﬂé‘g’&r%‘[ﬁeﬁl%i'tﬁ'reference
to Fig. 11, t ¥ i opput er .conyerts, the ATIP information
at the recor dmgeorg?{}%%%éﬂr\ltq%ag %& %:rgdie.g arﬁlzlglgséc{) g letl’i(?%s?_hf g}?ﬁati on

Conver t ed ATIP | mrormmiian oo e 7o ey Shcaerf heRe b B |

EFM nodul at escHehesureayde dafwhere time information includes the
"hour" digit (AHOﬁR) as shown in Fig. 10C), is recorded
with a BCD code. Thus, as was described with reference
"to Fig. 11, the confrolling microcomputer 93 converts
the ATIP informétion at the record position into a BCD
code. The absolute time information placed on the Q
channel is added to the record data corresponding to
the converted ATIP information. In addition, the
encoder/decoder block 85 EFM-medulates the record data
as sub code frames. The resultant data is supplied to
the laser driver 87. The laser driver 87 drives the
optical pickup 83 in synchronization with the input
Hrecord data and radiates laser light with a
predetermined record power to a designated position of
the optical disc 81 so as to record the record data to
the optical disc 81; |

In the above described example, the ATIP

information has been recorded as binary data on the
optical disc 81. When the ATIP information has been

recorded as a BCD code composed of "hour", "minute™,

"second", and "frame" digits, the controlling

41



as sub code franmes. The resultant data is supplied to the |aser driver 87.

The | aser driver 87 drives the optical pickup 83 in synchron?zﬂatSEf\ﬂ[][}lt
the input record data and radiates laser light with a predetérm héd record

power to a designated position of the optical disc 81 so as to record the
record data to the optical disc 81. In the above descri bed exanple, the
ATIP information has been recorded as binary data on the optical disc 81.
When the ATIP information has been recorded as a BCD code conposed of
“hour"”, "mnute", "second", and "frame" digits, the controlling 41 20
SEP2004 m cr oeonmdeim@d orerésnddiec AHHR ixfor naliondtison Dhpary data so
that the ATIP information corresponds to the address infornmation recorded
in the header ipovariyratehusy fimtt heheC TR drdeyrrecciarrdi dyr tas pdwed Pr esent

i nvention, data can be handl ed anong a plurality of different address
representing fié¥nadlress dasirindl atbowvesongesh ditrheheD hressbrdgroreton ds
data, the CD recorder performnms an ATIP denodul ating process so as to
reproduce an addredUs AR Bhg Ghereannsasy assordisw o thRliRTosenthen t he

CD recorder r.ecords dat xceedi O nm.nutes or 100 m nutes, the CD
recorder reads“anm &d’lnés%agﬁ‘a Eﬁrbrl%nglaigclﬁrdataé‘ﬂ?g PepriddRies Y to%s with the

2$?¥e'describ%qf&%&%&gy%ﬂﬂgieggu%%ﬁ?éﬁ%n.%hg cﬁ%§Q%ﬂdi”9 to the address of

As described above, when the CD recorder records
data, the CD recorder performs an ATIP demodulatiﬁg
process s¢0 as to reproduce an address of ATIP in the

" binary notation. In addition, when the CD recorder
records data exceeding 80 minutes or 100 minutes, the
CD recorder reads an address of ATIP and accurately
reproduces it as with the above-described reproducing
apparatus 50. Corresponding to the address of ATIP
represented in the binary notation, the CD recorder
records the address represented in the binary notation
to the header portion of the record data along
therewith. 1In addition, thé CD recorder records
"HOUR", "MIN", "SEC", and "FRAME" of the Q channel as
time information and represents an absolute address of
the record data. The CD recorder converts the address
represénted in the binary notation into time
information in the above-described manner. The sub
code may the same as that of tﬂe conventional CD-DA.
Alternatively, the "houx™ digit may be recorded to the
zero portion. 1In addition, the "minute" digit may be

extended to the zero portion.
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represented in the binary notation, the CD recorder records the address
represented in the binary notation to the header portion of 23E1§£3?5§9Q$
data along therewith, In addition, the CD recorder records ai ,
"SEC', and "FRAME" of the Q channel as tinme information and represents an
absol ute address of the record data. The CD recorder converts the address
represented in the binary notation into tine information in the
above-descri bed manner. The sub code nmay the sanme as that of the
conventional CD-DA. Alternatively, the "hour” digit may be recorded to the
~zero portion. In additias, isheltarndiein dhgi tboay bhescexpended to the zero
portion. 4?7 20 SEP2004 As is clear fromthe above description, according
to the presenBCravéanboh? &benpgretotophiventionecesdmagdeuns optidlrads a
CD-ROM a CD-R, and a CD-RWof high density type are becom ng comon, even
if addressesT8XEEEdMRgI99SnFHGNedS 99CBeReMdsa ?B-RyanBd 2af®-REqUIfT ed,
data record ngdiﬁng corgesgondin to such addresses can be provided. In
consi der at i on"WEhIE Pt bBI E¥PEf 35St PRECMIBYr SSBHPAL | BHeBudf as pl ayback
time, since tj ' r ign.recqgrded as a s code i,s represented in the
BCD not at i on %@_ﬁwe%ﬁégo%%é%?%ﬂi Qéi %%EFE%?ghggdﬁ‘ﬁ%PWSdi 28 TRRFRSNi gn
conpatibi 1ty ¥t heGQPY¥ERT | §0RkL ;Qbéfa ﬁg&i&§58889g8£b8989ng to such
addresses can be provided. '
In consideration with a problem of a time
representation such as playback time, since time
" information recorded as a sub code is represented in
the BCD notation as with conventional discs, high
density discs with high compatibility with conventional
discs can be accomplished.
In addition, since each of address
information of the header portion of a CD-ROM and
record information of ATIP is represented with a 24-bit
binary number, they are highly harmonized with a
computer environment, easily used, and applicable to a
storage capacity of up to 33 Gbytes.
In addition, the formats of a CD-ROM, a'CD—R,
and a CR-RW are the same as those of conventional discs
except for the address representing portion of 24 bits.
Thus, required circuits and software can be suppressed
from being largely changed. As a result, it is easy to
have compatibility with conventional discs.

In addition, since the disc type can be

distinguished corresponding to the address information
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In addition, since each of address information of the header portion of a
CD-ROM and record information of ATIP is represented with ﬁgﬂlsgp zﬂ[]iﬁry
nunber, they are highly harnonized with a conputer environnent, casily
used, and applicable to a storage capacity of up to 33 CGohytes. In
addition, the formats of a CO-ROM a CD-R, and a CRRRWare the sane as

t hose of conventional discs except for the address representing. portion
of 24 bits. Thus, required circuits and software can be suppressed from
being largely changed- As a result, it is easy to have conpatibility with
conventional @ifstée hrasddi hoariomside tGmE-RHMS Grid/ fithe afe e s Sindigui shed
corresponding to the address information 43 2 0 SEP 200~ of the header
portion of a GBLROW adid thise neeprek@vdraps retfitothadfidrhe ff ATTR), acie ess
information of ATIP, the servo and RF equalizer can be properly set
correspondi ngSEEVPhENE &E, cAUHIFGT G g?‘ias*—é?ﬁpemi\bferﬁqton has been shown
and described with respect to a best, 'nobde enbodi nent thereof, it should be
under st ood by “PRESEPSRARNEd fih th& 95+t that the foregoi ng and vari ous

ot her changes, om ssio and.additions in the fqormand detail thereof

may be nade therein mtﬁgﬁpo&%%ené)rﬁsfﬁ% HE VB i hﬁr‘?d%éec%bes%‘?“'? he

present inventjgng.44,iped with respect to a best mode embodiment
 thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions, and additions in the form and detail thereof
'may be made therein without departing from the spirit

and scope of the present invention.
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2 4 SEP 2004 Clains: 1. A data record nediumfor recording a digital

signal conposed of nain data and a sub code, the sub code B? 1 i

i nformation representing reproduction elapsed tine, the su XL335E22§Q4
recorded in association with the main data, conprising: a sub code area
for recording the tine information represented as a binary coded deci nal
nunber , a Eeade[ area for recording address information, said header area
bei ng a part®tfthe main data and associated with the tine information,

and a data area for rgcording _external user data , said data grea being a
part of the nai%'daté? &%%f%iﬁg?%ﬁda. réiﬂ?i PErn%ﬁ?%ﬁﬁﬁ%Q bginélgkﬁ? sent ed

as a bi nary; ghgbetonBeeal Bet fifal M d N dL Qho! REldes IOyl nkgydmt i on
2. Adatare e

representing an hour conponent. cor i'um on which record

address | RAPLAR! itUMeASSAEbahEEL dh t et cRBSnh o rRRIE86naSe Bapdiar y
nunber, wherein the data record nediumhas a record area for recording

mai n data amgea shb code coie ebpbngi mgcbedelie inr enyatiaddoes sqidi ofmat i on,
the sub code having 45 2 0 SEP 2004 time infornmation representing
reproduct i Balel dpsed edmarising: bi nary coded decimal notation in
association with the main .

a sub code area for recording the time information
represented as a binary coded decimal number ,

a header area for recording address information, said
header area being a part of the main data and associated
with the time information, and

a data area for recording external user data , said
data area being a part of the main data,

wherein the address information is being represented
as a binary number,

wherein the time information includes hour information

representing an hour component.

2. A data record medium on which record address
information associated with data has been recorded as a
binary number,

wherein the data record medium has a record area for
recording main data and a sub code corresponding to the

record address information, the sub code having
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data, wherein the tine information includes hour information representing

an hour conponent. 3. The data record nediumas set forth in c
wher ei n gui de grooves wobbl ed at a predeterm ned period have bzzﬁr]l@gl?m%om.

and the record address information nodul ated at the predeterm ned period
has been assigned to the guide grooves. 4. The data record nedium as set
forth in a%aone of the preceding clains, wherein the tinme information is

further compBSed™bPIHRhiRTe TERTSHSREL RGN (EREPEYERt PRgSRFFRIt el idbrient |
d i i ti d Lo d.f i nf ti
second in{.ormationrepresenti _n%g_%a%?%%n a{’[nc oA soonc%(%\ﬁ&,ggﬁn uwrﬁtggr%é‘? 'r?%:?r{; Eai |non

representing a frame conponen he ‘data récor
claim3 . Fguhgrein each of the mnute information, the second infornation,

and the frame information is represented with a one-byte binary coded

deci mal nunber. wBerde daba tigeorithMRahuMAS 186t udost Robh aAR¥eRS:Abn the
preceding clains, 46 2 0 S E P 2004 wherein the address information is

conposed oﬁ:eppesﬂltjtrfgee bytescomponEne.data record mediumas set forth in
any one of the %hecggh?gdgégjggéord medium as set forth in claim 2,
wherein guide grooves wobbled at a predetermined
pericd have been formed and the record address
information modulated at the predetermined period has been
assigned to the guide grooves.
4, The data record medium as set forth in any one of the
preceding claims,
wherein the time information is further composed of minute
information representing a minute componernt, second

information representing a second component, and frame

information representing a frame component.

5. The data record medium as set forth in c¢laim

wherein each of the minute information, the second
information, and the frame information is represented with a

one-byte binary coded decimal number.

6. The data record medium as set forth in any one of
the preceding claims,
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wherein the unit of the address information is a frane. 8. The data rec r%
medi um as set forth in any one of the preceding clains, Wnerei21 I&Eﬁ %ﬂ ll'
address information and the tinme infornmation are correlated in the relation
of one to one. 9. The data record nediumas set forth in any one of the
precedi ng clains, wherein the main data has address information

represented with_a binary nunber in association with the tine information.
10. The data re(‘f’B?He?'r‘édi%ﬁ] RAWESSt FRGPTALEPRI S oCONRSSdepndenttan at

| east cl ai )2 Vme%i n the data structure of the record address

information TS al'nbost the sane as the data structure of the address

information. 11.4Thepgatd.e¢0rd %%'&imna sgly far i ﬂgy e of he
precedi ng cl ai ns, wherein tahe najfn at a hgg eteﬁi'%r]r%ﬂu#gte gglgrg]gp%rh%i ng
to EFM nethoekeding Theimkata record mediumas set forth in 47 2 0 S E P 2004

any one of the pyecedi cl al, nd conposed of _an organi.c pignent. 13.
The data record19 Bt éléltlgFBEtﬂ"?r? SgneNEPrMIHEHAEcRdi ng cl ai ns and
bei ng a phasgnghange type record nmedium

8. The data record medium as set forth in any one of the

preceding claims,

wherein the address information and the time

information are correlated in the relation of one to cne.

9. The data record medium as set forth in any one of
the preceding claims,

wherein the main data has address information
represented with a binary number in association with the

time information.

10. The data record medium as set forth in claim
9, when dependent on at least claim 2,

wherein the data structure of the record address
information is almost the same as the data structure of the

address information.

1. The data record medium as set forth in‘any one of

the preceding claims,

wherein the main data has been modulated corresponding

to EFM method.

12. The data record medium as set forth in
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14. The data record nediumas set forth in any one of the preceding clains
and being a magneto-optical type record medium 15. The data Qe@oS%Pem%
as set forth in any one of the preceding clains and forned correspondi ng
to a pit-and- | and physical change. 16. The data record nediumas set forth
in any one of the preceding clains and having an identifier representing

a hi gh densi tly structure agai nst. CD standard. 17 A recording apparatus for
recordi ng % 88Fa And" cole CHAHafRd r SEBPFFRRIPLINERt KEIEHEE code
having ti r@i%ﬂgn rmati on representing reproduction elapsed tine, the sub
code being fetordéd in association with the main data, conprising: neans
for generating the time information represented as a binary coded deci nal
nunber; neans fdP- cofPer fRRY LRECHT NERY @b ki Feftihubberny ione of

deci mal nu r; ns..f.or _converting said.address information

cont ai ned irﬁr)llgt rﬁarae%%fjgg atcala?Ln 0 aamlekg%l SaEplgafﬁofﬁbeinrga‘?r Yy IR EFCOERi d
addr ess i niy@HM&EK] on being associated wth the tine information, and neans
for recording the resultant data along with the time information into the

data record nedilum viner @iafat hecbrdemédi e s | 88 | Aekudes, hawy 4 as#mati on
representi ng an hour conponent .
the preceding claims and being a magneto-optical type record

medium.

15. The data record medium as set forth in any one of
the preceding claims and formed corresponding to a pit-and-

land physical change.

16. The data record medium as set forth in any one of
the preceding claims and having an identifier representing
a high density structure against CD standard.

17 A recording apparatus for recording main data and
a sub code to a data record medium, the sub code having
time information representing reproduction elapsed time,
the sub code being recorded in association with the main
data, comprising:

means for generating the time information represented
as a binary coded decimal ﬁumber;

means for converting the binary coded decimal number
into a decimal number; and

means for converting said address information

contained in the main data into a
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18. A data recording apparatus for recording nain data and a agﬁ g%ﬂg éﬁ ﬁ
data record nedium the sub code having tinme information repr noOI U

reproduction elapsed tine, the sub code being recorded in association with
the main data, said data recordi ng apparatus conprising: means for
generating address information that is contained in the main data, said
address | fornationm%%ﬁ associated with the tine information and

a

represent ed*WPth "% rys%Hﬁb@ﬁ?rﬁ§§n§qﬁﬁrmﬁﬁ&%ﬁtPﬁ@?ﬂh@QﬁQE%%Fqﬁmher
into a bingry, Eggﬁgiggfig§gr$gg98r; 398 means for formng a sub code

corresponding to “tine’rn ornapfon converted into the binary coded
deci mal  number yy sai éoEO'B@déﬂdﬂufﬁ%ﬁé, AL, T Iifé“careaﬁégg”%it sub
e medi um er

code along with the main data to t data recor inthe tinme

i nf or mat i obhé neimdesnbhodkat DbAr MMtboAher @ALAS@BELRE AchBOUR, CONPoOnent. 19. A
data recordi ng apparatus for recording data to a data record medi um on

whi ch record addthesein9the( tSmg PLrdGHhainbor ratiloded ohonecdndbngatdatra have
been formed with a, binary nunber and the record address infornmation has
been assi gFRRFSAS 158 8@ RFWoveEPRBBBred at predeternined intervals, said

data recordi ng parat u conprising: neans for reproducing the record
addr ess i nformation Q& aata ecoré%%g apparatus for recogdlng main

data and a sub code to a data record medium, the sub code
having time information representing reproduction elapsed
time, the sub code being recorded in association with the
main data, said data recording apparatus comprising:

means for generating address information that 1is
contained in the main data, said address information is
associated with the time information and represented with
a binary number;

means for converting the binary number into a binary
coded decimal number; and

means for forming a sub code corresponding to the
time information converted into the binary coded decimal
number by said converting means, and

means for recording the sub code along with the main
data to the data record medium,

wherein the time information includes hour information
representing a hour component.

18. A data recording apparatus for recording data

to a data record medium on which record address
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fromthe data record nmedium first recording nmeans for recording tine

information representing reproduction el apsed time of main c@?&SEP 2004
association with record address information reproduced by said reproducing

means with a binary coded deci mal nunber, the tine information being in
association wth the main data. and second recordi ng nmeans for recording
the main data, wherein the tinme information includes hour information

representi ng“%OJFfB%Fl‘&BnﬁG’ﬁen]fe.c‘?@qilAgréiﬁ‘rté‘dg@‘ﬁ‘g BEsar ﬁ‘?%@“i‘@)r Wligﬁrﬁ%luci ng
[ d X de f t ' t : in
mai n ata,and .a syb code from %hga a_recaqr %ﬁf)l%%%ln 4 of@%?%‘glgnt avi ng

time information representing reprodﬁ%?? with a

bi nary codeg&eci maksigHaRer, Jihg, subgygede beifg, Jweorded ip;agsoci ation

with the main data, said reproduci ng apparatus conprising: means for
repr oduci ngrdue veini riial a iane rivhe ssubsaede dhtam téecHaldgr egas-Sme um
first extracting neans for extracting the tinme information fromthe sub
code reprodysadisyireni d reproduci ng neans; and 50 2 0 S E P 2004 second
extracting nmeans for extracting address information represented as a
bi nary nunber fr BfPFe P& FeRIRH G ddir e $¢ Bt add sy 2 pipEermaioreans.

21 A'repr odugi g et hod, £0r Lepr ofuci ng mai n data and

first recording means for recording time information
representing reproduction elapsed time of main data in
association with record address information reproduced by
salid reproducing means with a binary coded decimal number,
the time information being in association with the main
data. and

second recording means for recording the main
data,

wherein the time information includes hour information
representing a hour component.

20. A reproducing apparatus for reproducing main
data and a sub code from a data record medium, the sub
code having time information representing reproduction
elapsed time represented with a binary coded decimal
number, the sub code being recorded in association with
the main data, said reproducing apparatus comprising:

means for reproducing the main data and the sub code
from the data record medium;

first extracting means for extracting the time
information from the sub code reproduced by said
repreducing means; and
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a sub code froma data record nedium the sub code having tine infornmation
representing reproduction el apsed tine represented as a bina g@ 2004
deci mal nunber, the sub code being recorded in association wt he maln
data, said reproducing nmethod conprising the steps of: reproducing the

mai n data and the sub code fromthe data record nediunm extracting the

time information fromthe sub code reproduced at the reproduci ng step; and
extracti ng addr%%%o? fo?m?%wr}%prr%%aé% W[ t EEETRG RAFESS rom t he

mai n dat a ?‘%%lr h ol c#% Aol %%uca N ahrgp nmbeere £1.4 heféjfl Jnformation

i ncl udes hour representing a ur - conponen Erre hod

accordi ng &19t£|13é§902111cewﬂ%5:8inn5éf@ S Rdi86e" fefRdi Um i s as defined in any
one of clainms 1 to 16. 23. Data recording apparatus for recording data onto

a data record medi m&rsrepmmmmgnglee:mﬁr Gormeapsodasing aeoidi g JTeans
oper abl e, under control of the <control nmeans, to record a data record

medi um accar diukg aosiearfragnea oflatd argsotdt meddum24 thBatsabr eprded Ut gy
appar at us for reprodu0| ng data froma data record medi um conprising: 51
20 SEP2004t&BAt r bPEoEstoanr SRESsiidingy FERKSIBPELABI eel@mg colite ol of

the represented as a binary coded decimal number, the sub code

being recorded in association with the main data, said
reproducing method comprising the steps of:

reproducing the main data and the sub code from the
data record medium;

extracting the time information from the sub code
reproduced at the reproducing step; and

extracting address information represented with a
binary number from the main data reproduced at the
reproducing step,

wherein the time information includes hour information

representing a hour component.
22 A method according to claim 21, wherein the data
record medium is as defined in any one of claims 1 to 16.
23. Data recording apparatus for recording data onto a
data record mediums, comprising :
control means; and
recording means operable, under control of the
control means, to record a data record medium according

to any one of claims 1 to 16.

24. Data reproducing apparatus for reproducing data
from a data record medium, comprising:
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control neans, to reproduce data froma data record nedium according to
any one of clains 1 to 16 or to reproduce data according to ':%B g?gngﬂr
claim?21 or 22. 25. Recording/ reproducing apparatus conpri si r d
apparatus according to any one of clains 17 to 19 and 23 in conbination

wi th reproduci ng apparatus according to claim?20 or 24. 5la DATA RECORD
MEDI UM RECORDI NG APPAR@ﬁE§ REP | NG APPARATUS, AND REPRCODUCI NG METHOD
ABSTRACT OF THE DI Scteld AGFAE P8Cord medi um on which a di gital signal

has been recorded I%Qﬁﬁ@aﬁ% hédndli GheBlb1ST gRde PeCBALEOTPRFEG:hOf MRi n
data and a sub code sub code having tine information representing.

repr oducti Gﬂnbrfalbs@cﬂrta mEe rhpredice glidabdirny fedataletbcdnd aedbuinat i on with
t he mai n dat a, erein informati

n . that represents the reproduction
el apsed iR T CLEFBodES 7 GhAdEnted % 1 O b aFGoRUUSE titml
number and, adtl sty el ShBHLAILA HSWICBROBLZAL ion W th  the time

i nformation of main data 1s represente . a binary number, the
address i nf or map§ oReidithg/GoBBHAGING NabPSraBid dekdrfithg Srecording

apparatus according to any one of claims 17 to 19 and 23 in

combination with reproducing apparatus according to claim 20

or 24.
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20 SEP 2004

DATA RECORD MEDIUM, RECORDING APPARATUS,

REPRODUCING APPARATUS, AND REPRODUCING METHOD

ABSTRACT . OF THEZDISCLOSURE'

A data record medium on-which a digital
51gnal has been recorded is dlsclosed the digital
signal being composed of main data and a sub code, the
 sub code haV1ng tlme 1nformat1on.represent1ng
reproductlon elapsed tlme, the sub. code belng recorded
-1n aSSOClathn with’ the main- data,.whereln information
that represents the reproduction elapsed time of the
sub code is represented with a binary coded decimal
number and address information in synchronization with
the time information of the main data is represented
with a binary number, the address information being
contained in the main data. |

Fig. 5
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